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ABSTRACT

Eucalypts have been introduced i n t o  Kerala as a commercial 

p l a n t a t i o n .  To s tar t  wi th  E. globulus and E. rostrata were t h e  

species o r i g i n a l l y  introduced i n  t h e  high ranges of Kerala t o  

meet t h e  f u e l  needs of t h e  t e a   a n d  c o f f e e  Estates. When t h e  

demand f o r  raw materials f o r  paper and rayon pulp increased E. 

grandis, a species s u i t a b l e  f o r  t h e  high ranges and E. 

tereticornis (formerly c a l l e d  as E. hybrid), a species f o r  t h e  

p l a i n s  have been raised. The la t ter  two spec ies  c o n t r i b u t e  t o  

t h e  major part of about 30,000 ha i n  t h e  p lan ta t ion  sector of t h e  

Fores t  Department. The large scale introduction of euca lyp t s  has 

been a t t r a c t i n g  criticism from t h e  pub l i c  by a l l e g i n g  several 

negat ive  eco log ica l  e f f e c t s  inc luding high water consumption. 

This  r epor t  p r e s e n t s  t h e  results of a d e t a i l e d  inves t iga t ion  on 

t h e  a l leged excessive water consumption by t h e  two eucalypt  

species planted in Kerala. 

Three eucalypt  p l a n t a t i o n s  were chosen f o r  in tens ive  

monitoring. One of them, E. tereticornis p l a n t a t i o n  at Varavoor 

is located i n  an area wi th  r e l a t i v e l y  high evaporat ive demand, 

approximately 3000 mm annual r a i n f a l l  and 1800 trees ha-1. The 

second p l a n t a t i o n ,  E. tereticornis is s i t u a t e d  a t  Palode, where 

t h e  r a i n f a l l  is 2500 mm per annum, bu t  more uniformly 

d i s t r i b u t e d .  The p l a n t a t i o n  has a d e n s i t y  of 1050 trees ha-1. 

The t h i r d  p l a n t a t i o n ,  E.grandis is at  Muthanga, where t h e  annual 

r a i n f a l l  is 1300 mm The p l a n t a t i o n  exists a t  750 m above sea 

level and conta in  1600 trees ha-1. 
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Since t h e  monsoon period i n  Kerala lasts for t h r e e  months, 

June t o  August ,  no f i e l d  measurement of water consumption w a s  

p o s s i b l e .  It was a l s o  assumed t h a t  due t o  extremely low solar 

r a d i a t i o n  and low vapour p ressure  d e f i c i t ,  t r a n s p i r a t i o n  w a s  

n e g l i g i b l e  dur ing  t h i s  pe r iod .  F ie ld  measurements were confined 

t o  t h e  rest n ine  months of t h e  year. 

Using a sca f fo ld  tower i n  t h e  p l a n t a t i o n s ,  microclimate 

parameters l i k e  temperature, relative humidity, wind speed, t o t a l  

s o l a r  r ad ia t ion  and n e t  r a d i a t i o n  were measured 2 m above t h e  

canopy l e v e l .  The temperature at  t h e  ground l e v e l  was a l s o  

measured. All measurements were made us ing e l e c t r o n i c  sensors  

connected t o  a data logger .  Data were co l l ec ted  at 5 seconds 

i n t e r v a l  and averaged hourly.  Along with t h e  above microclimate 

parameters,  hourly measurements of t h e  stomata1 conductance were 

made. I n  E. grandis, t h e  canopy was t r e a t e d  as a two l aye r  

s t r u c t u r e  and appropriate measurements were made i n  both t h e  

l a y e r s .  I n  E. tereticornis, a s i n g l e  l aye r  model w a s  followed. 

The data co l l ec ted  thus  were applied i n  t h e  Penman-Monteith 

equation t o  get t h e  hourly water loss due t o  t r a n s p i r a t i o n .  The 

canopy l ea f  area index was a l s o  measured f o r  t h e  above 

computations. The d a i l y  t r a n s p i r a t i o n  rates were ext rapola ted  t o  

monthly values .  The t r a n s p i r a t i o n  loss  dur ing t h e  n ine  months of 

t h e  yea r  was est imated by totaling t h e  monthly values .  

The transpiration loss of water a t  t h e  three p l a n t a t i o n s  f o r  

t h e  9 months were as fol lows:  Varavoor 1563 mm, Palode 853 mm and 

Muthanga 1181 mm. The per tree consumption of water ranged 
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between 18 and 44  l i t r e s  

t h e  per t r e e  consumption 

a l l  t h e  t h r e e  l o c a t i o n s ,  

r e l a t i v e l y  higher levels 

-1 . day in  E. tereticornis. In  E. grandis 

was between 13 and 40 l i tres day . I n  

t h e  water p o t e n t i a l s  were maintained a t  

even dur ing the  non ra iny  months. Th i s  

-1 

means t h a t  t h e  plants  were n o t  under w a t e r  stress dur ing any part 

of t h e  yea r .  Even t h e  midday water p o t e n t i a l s  never reached t h e  

tu rgor  loss  po in t  (-1.75 MPa). 

The stornatal c o n t r o l  of t r a n s p i r a t i o n  i n  response t o  

increas ing atmospheric vapour pressure  d e f i c i t  when examined 

shows t h a t  i n  E. tereticornis apparently t h e  c o n t r o l  was no t  

existing at t h e  a v a i l a b l e  s o i l  water content .  I n  E.grandis, 

r e l a t i v e l y  good c o n t r o l  e x i s t e d  with nea r ly  complete c l o s u r e  a t  

va lues  above 4 .0  kPa i r r e s p e c t i v e  of t h e  s o i l  water 

a v a i l a b i l i t y .  

The r e l a t i v e l y  high water p o t e n t i a l s  and t h e  stornatal 

conductance values throughout t h e  year  g ive  i n d i c a t i o n s  f o r  

abs t rac t ion  of water from deeper l aye r s  of t h e  s o i l .  Since t h e  

water t a b l e s  i n  t h e s e  l o c a l i t i e s  occur anywhere wi th in  15 m 

depth ,  t h e  eucalypt  r o o t s  e x t r a c t i n g  water from t h e  p h r e a t i c  

aqu i fe r  cannot be ru led  o u t .  

The maximum n e t  photosynthet ic  rate in  both t h e  species was 

around 20 µmol m s . I n  E. tereticornis, t h e  water use  

e f f i c i e n c y  was similar dur ing  both pre and p o s t  monsoon pe r iod .  

I n  E. grandis t h e  water use  e f f i c i e n c y  w a s  l e s s  dur ing  t h e  post 

monsoon period compared t o  t h e  pre monsoon per iod .  I n  genera l ,  

the water use efficiency was better for E,  tereticornis. 

-2 -1 
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Complete c e s s a t i o n  of growth i n  g i r t h  w a s  found d u r i n g  t h e  

pre monsoon period i n  both  the  species. Extension g r o w t h  w a s  

maintained r e g a r d l e s s  of t h e  seasons .  



1 .  INTRODUCTION 

The g e n u s  E u c a l y p t u s  w i t h  a b o u t  6 0 0  spec ies  is m a i n l y  

found  i n  a l m o s t  a l l  o f  t h e  ma jo r  h a b i t a t  t y p e s  i n  i ts  n a t i v e  

A u s t r a l i a .  Apar t  f rom A u s t r a l i a ,  a  few species  a re  found  

n a t u r a l l y  o c c u r i n g  i n  Papua  N e w  G u i n e a ,  I n d o n e s i a  and t h e  

P h i l i p p i n e s .  The ecological and g e n e t i c  d i v e r s i t y  i n  t h e  

g e n u s  is s o  v a s t  t h a t  t h e  e u c a l y p t s  have  been  s u c c e s s f u l l y  

i n t r o d u c e d  w o r l d  w ide  f o r  o v e r  100  yea r s .  B e c a u s e  of  t h e i r  

m u l t i p l e  a d v a n t a g e s ,  a b o u t  40% of  a l l  t r e e s  r a i s e d  i n  

p l a n t a t i o n s  i n  t h e  t r o p i c s  b e l o n g  t o  e u c a l y p t s .  Some of t h e  

r e a s o n s  f o r  t h e  wide  s e l e c t i o n  o f  e u c a l y p t  as a commerc i a l  

and s o c i a l  f o r e s t r y  p l a n t i n g  mater ia l  c a n  b e  summar ized  as  

f o l l o w s  . 

1 .  

2 .  

3. 

4 .  

5 .  

6. 

7 .  

The e u c a l y p t s  o u t- p e r f o r m  t h e  n a t i v e  species  and o t h e r  

e x o t i c s  i n  h e i g h t  and g i r t h  i n c r e m e n t  ( T h i s  s t a t e m e n t  

c a n n o t  be j u s t i f i e d  i n  Kerala,  where  A c a c i a  

auricul i formis  t r e e s  have  o u t- p e r f o r m e d  t h e  e u c a l y p t s  

( Jayaraman and R a j a n ,  1991) .  

They p r o d u c e  wood f o r  t i m b e r ,  p o l e s ,  p u l p  and f u e l  

p u r p o s e s  i n  a  s h o r t  t ime.  

They are r e l a t i v e l y  e a s y  t o  c u l t i v a t e .  

The e u c a l y p t s  are  n o t  p a l a t a b l e  t o  mos t  g r a z i n g  a n i m a l s  

E u c a l y p t s  c a n  t o l e r a t e  d e g r a d e d  s i t e s  and a r e  d r o u g h t -  

r e s i s t a n t .  

When f e l l e d ,  t h e y  c o p p i c e  r e a d i l y  

They are a r i c h  s o u r c e  of f i r e w o o d  and p r o v i d e  good 

c h a r c o a l .  
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8 They  a r e  p l a n t e d  f o r  s h e l t e r  b e l t s ,  e r o s i o n  c o n t r o l ,  

l a n d  r e c l a m a t i o n  and d r a i n a g e .  

9 .  Minor  f o r e s t  p r o d u c t s  l i k e  honey  f r o m  f l o w e r s  and  

e u c a l y p t  o i l  f r o m  l e a v e s  a r e  a v a i l a b l e .  

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

s p e c i e s  q u a l i f y  f o r  a l l  t h e  mer i t s  m e n t i c n e d  a b o v e ,  

e u c a l y p t s  h a v e  b e e n  s u b j e c t e d  t o  s eve re  c r i t i c i s m .  T h i s  h a s  

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

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

t h e  f o l l o w i n g .  

1 .  The  e u c a l y p t s  consume l a rge  q u a n t i t i e s  o f  wa te r ,  

d e p l e t i n g  t h e  s o i l  a n d  s o m e t i m e s  t h e  a q u i f e r .  

2 .  T h e y  d e p l e t e  t h e  s o i l  n u t r i e n t s ,  t h e r e b y  d e g r a d i n g  t h e  

s i t e .  

3. T h e i r  1itter d o  n o t  d e c o m p o s e  r e a d i l y  

4 .  S i n c e  t h e  c a n o p y  is f a i r l y  o p e n ,  t h e y  do  n o t  s u p p o r t  any  

w i l d l i f e .  

5 .  T h e y  d o  n o t  p r e v e n t  s o i l  e r o s i o n .  

6 .  They  p r o v i d e  C o m p e t i t i o n  f o r  o t h e r  v e g e t a t i o n ,  

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

a l l e l o p a t h i c  e f f e c t s .  

7 .  The  s p e c i e s  c r e a t e s  l o t  of s o c i a l  a n d  e c o n o m i c  p r o b l e m s  

l i k e  d i v e r s i o n  o f  a g r i c u l t u r a l  l a n d  i n t e n d e d  f o r  f o o d  

p r o d u c t i o n  f o r  g r o w i n g  e u c a l y p t s  and  c o n s e q u e n t  

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

p r o d u c t s  from l o c a l  m a r k e t s  t o  i n d u s t r y  e t c .  h a v e  b e e n  

a l l e g e d .  
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D u r i n g  t h e  p a s t  decade, a number  o f  s t u d i e s  h a v e  b e e n  

u n d e r t a k e n  t o  i n v e s t i g a t e  t h e  t r u t h  c o n t a i n e d  i n  most of t h e  

c o n t r o v e r s i a l  a s p e c t s  m e n t i o n e d  a b o v e .  F o r  d e t a i l s  o f  s u c h  

s t u d i e s ,  o n e  may r e f e r  t o  D a v i d s o n  ( 1 9 8 5 ) ,  P o o r e  and  F r i e s  

(1985) a n d  FA0 ( 1 9 8 8 ) .  Most  r e c e n t l y ,  t h e  A u s t r a l i a n  C e n t r e  

f o r  I n t e r n a t i o n a l  A g r i c u l t u r a l  R e s e a r c h  ( A C I A R )  ( 1 9 9 2 )  h a s  

c o m m i s s i o n e d  a s c i e n t i f i c  s t a t e m e n t  on  t h e  p o s i t i v e  a n d  

n e g a t i v e  a s p e c t s  o f  e u c a l y p t  p l a n t i n g .  

I t  i s  t o  b e  p o i n t e d  o u t  t h a t  t h e  e u c a l y p t  c o n t r o v e r s y  

h a s  b e e n  a s u b j e c t  of  e m o t i o n a l  d e b a t e  i n  I n d i a  t o o .  T h e  

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

b e e n  t y p i c a l l y  e x p r e s s e d  b y  Vandana  S h i v a  e t  a l .  ( 1 9 8 2 )  a n d  

Vandana  S h i v a  and B a n d y o p a d h y a y  (1983, 1 9 8 5 ) .  Of t h e  many 

a l l e g a t i o n s ,  t h e  excess ive  water u s e  of  e u c a l y p t s  h a s  

a t t r a c t e d  t h e  maximum a t t e n t i o n  i n  I n d i a  ( see  C a l d e r ,  1 9 8 6 ,  

1 9 9 2 ) .  S e v e r a l  s t u d i e s  on t h e  water r e l a t i o n s  a n d  water u s e  

o f  e u c a l y p t s  h a v e  b e e n  c o n d u c t e d  i n  I n d i a  ( see  D a b r a l ,  1 9 7 0 ;  

R a w a t  e t  a l .  1984, 1 9 8 5 . )  However ,  many o f  them d e a l  w i t h  

o n l y  s e e d l i n g s .  S t o m a t a 1  p h y s i o l o g y  h a s  b e e n  s t u d i e d  u s i n g  

e p i d e r m a l  i m p r e s s i o n s  o n l y .  Hence  a p p l y i n g  t h e  r e s u l t s  o f  

t h e s e  s t u d i e s  t o  p l a n t a t i o n s  i s  d e b a t a b l e .  An i n t e r e s t i n g  

s t u d y  w a s  c o m m i s s i o n e d  i n  t h e  s t a t e  o f  K a r n a t a k a  i n  1 9 8 7  on  

t h e  s e v e r a l  a spec t s  of t h e  e u c a l y p t  c o n t r o v e r s y .  S e v e r a l  

f i n d i n g s  f r o m  t h i s  e x t e n s i v e  s t u d y  c a n  be f o u n d  i n  Ca lder  

e t  a l .  ( 1 9 9 2 ) .  

The p r e s e n t  r e p o r t  is on a s t u d y  c o n d u c t e d  i n  t h e  s t a t e  

of  Kerala.  Kerala h a s  n e a r l y  30,000 h a .  of e u c a l y p t  

3 



plantations u n d e r  two s p e c i e s ,  n a m e l y ,  E. tereticornis and  

E. grandis.  The a v e r a g e  y i e l d  a t  10 y e a r s  f o r  t h e  

p l a n t a t i o n s  i n  Kerala a r e  7 2 . 5 9  m 3  ha-1 f o r  E. tereticornis 

and  1 3 7 . 6 4  m3ha f o r  E. grandis ( J a y a r a m a n  & K r i s h n a n k u t t y ,  

1 9 9 1 ) .  E. tereticornis is p l a n t e d  i n  t h e  p l a i n s  a n d  E. 

grandis in the hil ls  of the State.  

- 1  

T h e  s t a t e  o f  Kerala is l o c a t e d  i n  t h e  s o u t h  w e s t e r n  

r e g i o n  o f  I n d i a  and i t  e x p e r i e n c e s  a n  average a n n u a l  

r a i n f a l l  o f  3000 m m .  The  d i s t r i b u t i o n  o f  t h e  r a i n f a l l  is 

n o t  u n i f o r m ,  most o f  t h e  r a i n s  a r e  b r o u g h t  i n  b y  t h e  two 

monsoons  o p e r a t i n p  b e t w e e n  t h e  m o n t h s  o f  J u n e  a n d  November .  

From a d e t a i l e d  a n a l y s i s  o f  t h e  d a t a  on t h e  d i f f e r e n t  

s p e c i e s  o f  e u c a l y p t  water c o n s u m p t i o n ,  P o o r e  a n d  F r i e s  

(1985) h a v e  c o n c l u d e d  t h a t  t h e r e  i s  n o  g e n e r a l  a n s w e r  t o  t h e  

q u e s t i o n  w h e t h e r  e u c a l y p t s  consume water i n  e x c e s s i v e  

q u a n t i t i e s .  From t h e i r  r e v i e w ,  i t  is a p p a r e n t  t h a t  t h e  

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

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

h a v e  b e e n  s t u d i e d  i n  d i f f e r e n t  p a r t s  o f  t h e  w o r l d ,  t h e r e  are  

v e r y  few c o m p a r a t i v e  s t u d i e s  on t h e i r  water u s e  i n  r e l a t i o n  

to o t h e r  e x o t i c s  o r  i n d i g e n o u s  s p e c i e s .  One s u c h  s t u d y  is 

t h a t  o f  C a r b o n  e t  a l .  ( 1 9 8 2 )  who compared  t h e  water 

c o n s u m p t i o n  o f  E. marginata w i t h  t h a t  o f   Pinus pineaster, 

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

n e u t r o n  s c a t t e r i n g  t e c h n i q u e s .  They  f o u n d  t h a t  t h e  p i n e  

f o r e s t  consumed more  water t h a n  t h e  o t h e r s .  I n  a  s im i l a r  
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s t u d y  u n d e r t a k e n i n  K a r n a t a k a ,  I n d i a ,  H a r d i n g  e t  a l .  (1992) 

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

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

an  a g r i c u l t u r a l  c r o p  ( r a g i ) .  They  d i d  n o t  f i n d  a n y  

s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  u s e  o f  water b e t w e e n  t h e  t r e e  

s p e c i e s ,  h o w e v e r ,  r a g i  consumed o n l y  52-65% o f  t h e  wa t e r  

consumed b y  t h e  t r e e  plantations. I t  s h o u l d  b e  m e n t i o n e d  

t h a t  t h e  e u c a l y p t  water c o n s u m p t i o n  measured by o t h e r  

methods was m u c h  more t h a n  t h a t  f o u n d  b y  s o i l  m o i s t u r e  

m e a s u r e m e n t s  ( C a l d e r  e t  a l .  1 9 9 2 ) .  

T h e  p r e s e n t  work i s  a comparative s t u d y  of t h e  water 

u s e  o f  E. tereticornis a n d  E. grandis ,  t h e  two main  e u c a l y p t  

s p e c i e s  r a i s e d  on a p l a n t a t i o n  s c a l e  i n  Kera la .  I t  s h o u l d  

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

p r i v a t e  g a r d e n s ,  p l a n t i n g  r o w s  o f  t r e e s  as w i n d b r e a k s  a n d  

avenue t r e e s ,  a n d  s t r i p - p l a n t i n g  of  e u c a l y p t s  i n  d e g r a d e d  

areas a r e  v e r y  common i n  Kerala .  The p r e s e n t  s t u d y  d o e s  n o t  

t a k e  i n t o  a c c o u n t  t h e  water  u s e  of s u c h  t r e e s  b e c a u s e  t h e i r  

a e r o d y n a m i c  properties a r e  much d i f f e r e n t  f r o m  t h a t  o f  

p l a n t a t i o n s  r a i s e d  on a l a r g e  s c a l e .  Hence  n o  a t t emp t  

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

s u c h  a reas  m e n t i o n e d  a b o v e .  A word of c a u t i o n  i s  a l s o  

g i v e n  a g a i n s t  i n t e r p r e t i n g  t h e  r e s u l t s  of  t h i s  s t u d y  i n  

a reas  w h e r e  e u c a l y p t s  h a v e  b e e n  m i x - p l a n t e d  w i t h  o t h e r  t r e e  

s p e c i e s .  

T h e  a p p r o a c h  made i n  t h e  p r e s e n t  i n v e s t i g a t i o n  h a s  b e e n  

t o  m e a s u r e  t h e  water c o n s u m p t i o n  o f  E .  tereticornis a n d  
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E.grandis p l a n t e d  a t  d i f f e r e n t  z o n e s  w i t h i n  K e r a l a .  Thus  E .  

tereticornis was s t u d i e d  a t  two l o c a l i t i e s ,  name ly ,  V a r a v o o r  

and P a l o d e .  The f o r m e r  l o c a l i t y  is c h a r a c t e r i s e d  by t h e  

maximum e v a p o r a t i v e  demand p r e v a i l i n g  i n  Kerala .  The l a t t e r  

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

t h e  a v e r a g e  r a i n f a l l  i s  n e a r l y  h a l f  o f  t h e  s t a t e ’ s  a v e r a g e .  

D u e  t o  t h e  e x t e n s i v e  t y p e  o f  measu remen t s  needed  i n  t h i s  

p r o j e c t ,  E .  grandis c o u l d  b e  s t u d i e d  i n  o n l y  one  l o c a l i t y ,  

name ly ,  Muthanga i n  Wyanad D i s t r i c t .  However, t h i s  is  t h e  

a rea  where  E .  grandis is p l a n t e d  on a m a j o r  s c a l e .  The 

measu remen t s  o f  v a r i o u s  p a r a m e t e r s  l i k e  leaf  water 

p o t e n t i a l s ,  m i c r o c l i m a t e  above  t h e  canopy ,  d i u r n a l  s t o m a t a 1  

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

made on sample d a y s  c h o s e n  a t  mon th ly  i n t e r v a l s  t h r o u g h o u t  

t h e  y e a r .  The monsoon months  had t o  b e  e x c l u d e d  f rom 

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

i n  a l m o s t  a l l  p l a c e s  i n  Kera la .  T h e  l o s s  o f  water d u e  t o  

t r a n s p i r a t i o n  was e s t i m a t e d  f rom Penman- Montei th  e q u a t i o n  

u s i n g  t h e  d a t a  c o l l e c t e d  in, t h e  e u c a l y p t  p l a n t a t i o n s .  S i n c e  

no  d i r e c t  i n t e r c e p t i o n  measu remen t s  were made, t h e  

i n t e r c e p t i o n  v a l u e s  were o b t a i n e d  f rom canopy  and 

a e r o d y n a m i c  parameters u s e d  i n  e x i s t i n g  m o d e l s .  

A s  a l r e a d y  m e n t i o n e d ,  water u s e  o f  e u c a l y p t s  h a s  t o  b e  

j u d g e d  by compar ing  them w i t h  o t h e r  s p e c i e s  i n  n e a r b y  o r  

s im i l a r  l o c a t i o n s .  Whi le  t h e  work on t h i s  p r o j e c t  was o n ,  

a n o t h e r  s t u d y  on some e x o t i c  and i n d i g e n o u s  s p e c i e s  had b e e n  

commiss ioned  by t h e  World Bank t h r o u g h  t h e i r  S o c i a l  F o r e s t r y  
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Programme i n  t h e  s t a t e .  The  r e s u l t s  of  t h i s  s t u d y  h a s  b e e n  

a l r e a d y  p r e s e n t e d  i n  t h e  form of  a r e p o r t  ( K a l l a r a c k a l  and  

Somen,  1 9 9 2 ) .  The  r e p o r t  d e a l s  w i t h  t h e  water u s e  s t u d y  on 

A c a c i a  a u r i c u l i f o r m i s ,  A n a c a r d i u m  occidentale  and  Tectona 

grandis.  S i n c e  t h e  a b o v e  s t u d y  h a s  b e e n  c o n d u c t e d  i n  

s i m i l a r  s p a t i a l  and  t e m p o r a l  s i t u a t i o n s  a s  t h e  p r e s e n t  o n e ,  

i t  i s  p o s s i b l e  t o  make r e l i a b l e  c o m p a r i s o n  of t h e  e u c a l y p t  

water u s e  w i t h  o t h e r  s p e c i e s  m e n t i o n e d  a b o v e .  



2. LAND USE AND WATER BALANCE 

I n  mos t  p a r t s  o f  t h e  w o r l d  l a n d  is b a s i c a l l y  u s e d  f o r  

a g r i c u l t u r e  and  f o r e s t r y .  Modern t imes h a v e  s e e n  t h e  

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

l a n d  is  p u t  t o  m u l t i p l e  u s e s ,  i t  is i m p o r t a n t  t h a t  p r o v i d e d  

water i s  f o r  d o m e s t i c ,  a g r i c u l t u r a l  a n d  i n d u s t r i a l  u s e s .  

However, t h e  l a n d  m a n a g e r  who o f t e n  meets w i t h  t h e  problem 

o f  l a n d  management  f o r  maximum a g r i c u l t u r a l  a n d  t i m b e r  

p r o d u c t i o n  is  u n a b l e  t o  p r o v i d e  e n o u g h  water f o r  t h e  

d i f f e r e n t  u s e s .  S i n c e  l a n d  management  u s u a l l y  i n v o l v e s  

c h a n g e  i n  t h e  t y p e  of v e g e t a t i o n  i n  a p a r t i c u l a r  l o c a l i t y ,  

t h e  q u e s t i o n  o f t e n  a r i s e s  as t o  t h e  v i a b i l i t y of s u c h  a 

c h a n g e  i n  m e e t i n g  t h e  water r e q u i r e m e n t  of t h a t  l o c a l i t y .  

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

w i t h  e x o t i c  spec ies  o r  a c h a n g e  from a n a t i v e  f o r e s t  t o  a n  

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

f o r e s t ,  a l l  i n v o l v e  t h e  c h a n g e  i n  water b a l a n c e  o f  a n  area 

o r  c a t c h m e n t  (McNaughton & J a r v i s ,  1983) .  F o r  m a n a g i n g  a 

c a t c h m e n t ,  i t  is i m p o r t a n t  t o  know t h e  t y p e  of v e g e t a t i o n  

w h i c h  w i l l  y i e l d  t h e  maximum water t o  a r e s e r v o i r  t h r o u g h o u t  

t h e  y e a r .  A s p e c i f i c  example is t h e  c o n v e r s i o n  o f  l a r g e  

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

y i e l d  p u l p  o r  f u e l  wood. I n  a s t u d y  of t h e  s o i l  m o i s t u r e  

regime i n  S o u t h  Africa,  S t u a r t - H i l l  & T a i n t o n  (1989) 

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

n e g l i g i b l e  i n  c o m p a r i s o n  w i t h  e v a p o t r a n s p i r a t i o n  from 

v e g e t a t e d  l a n d s .  T h u s  t h e  l o s s  of s o i l  water is m a i n l y  d u e  
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to p l a n t  e x t r a c t i o n .  The a b o v e  w o r k e r s  h a v e  o b s e r v e d  t h a t  a 

g r a s s  s w a r d  is  more  e f f e c t i v e  i n  d e p l e t i n g  s o i l  water  t h a n  

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

regime by l00%, w h e r e a s  r e m o v a l  of t h e  t r e e s  i n c r e a s e d  t h e  

s o i l  m o i s t u r e  b y  o n l y  2 0 % .  

A q u e s t i o n  w i t h  w i d e  i m p l i c a t i o n  is  w h e t h e r  i t  is 

r e a s o n a b l e  t o  manage a n  a rea  f o r  a s i n g l e  e n d  p r o d u c t .  When 

it  is p o s s i b l e  t o  manage a n  u p l a n d  f o r  c o n s e r v a t i o n ,  t i m b e r  

p r o d u c t i o n ,  r e c r e a t i o n  a n d  water y i e l d ,  is  i t  r e a l l y  

j u s t i f i a b l e  t o  c o n c e n t r a t e  on j u s t  o n e  o f  t h e  e n d  p r o d u c t s .  

The  o v e r a l l  r e t u r n  f r o m  a n  area as  a r e s u l t  o f  multiple u s e  

w i l l  c e r t a i n l y  e x c e e d  t h e  r e t u r n  from a s i n g l e  u s e  

(McNaughton a n d  J a r v i s ,  1983) .  I t  is t h e r e f o r e  e s s e n t i a l  

t h a t  w e  q u a n t i f y  t h e  e c o n o m i c  a n d  l a n d - u s e  c o n s e q u e n c e s  when 

c o n t e m p l a t i n g  a c h a n g e .  I t  is  h e r e  t h a t  t h e  s c i e n t i s t s  

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

c h a n g e s  s o  that the m o s t  s u i t a b l e  d e c i s i o n  c a n  b e  made.  T h i s  

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

c h a n g e s  on e v a p o t r a n s p i r a t i o n .  

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

of t r e e s ,  i t  is n e c e s s a r y  t o  g e t  an  u n d e r s t a n d i n g  of  t h e  

water c y c l e  and how it a f f e c t s  t h e  e n e r g y  r e l a t i o n s h i p s  i n  a 

f o r e s t  o r  p l a n t a t i o n .  The  s o i l  p l a n t  a t m o s p h e r e  is a 

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

w i l l  a f f e c t  t h e  water b a l a n c e .  

9 



When a r a i n f a l l  e v e n t  o c c u r s  i n  a n  a r ea  c o v e r e d  w i t h  

v e g e t a t i o n ,  some of t h e  water  is  i n t e r c e p t e d  by t h e  c a n o p y  

and i t  e v a p o r a t e s .  The r e s t ,  o f  t h e  water  r e a c h e s  t h e  s o i l  

d i r e c t l y  o r  d r i p p i n g  t h r o u g h  t h e  f o l i a g e  ( t h r o u g h f a l l )  o r  

f l o w s  down t h e  t r u n k  a s  s t e m f l o w .  Of the water t h a t  reaches 

t h e  s o i l  some may b e  l o s t  as  s u r f a c e  r u n o f f ,  some water is  

e v a p o r a t e d  d i r e c t l y  a n d  some i n f i l t r a t e  i n t o  t h e  s o i l .  T h e  

water  t h a t  g e t s  i n f i l t r a t e d  i n t o  t h e  s o i l  moves i n  d i f f e r e n t  

w a y s .  A p a r t  of i t  is r e t a i n e d  i n  t h e  s o i l  a g a i n s t  t h e  

f o r c e  o f  g r a v i t y .  I t  is t h i s  water w h i c h  i s  m a i n l y  u s e d  by 

t h e  v e g e t a t i o n  f o r  t r a n s p i r a t i o n .  Any s u r p l u s  water d r a i n s  

downwards  t o t h e  Water t a b l e  and then i n t o  streams, r i v e r s  

o r  u n d e r g r o u n d  a q u i f e r s .  The  o v e r a l l  water  b a l a n c e  o f  a n  

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

P = Q +  E + ∆ S  + D (1) 

w h e r e  P = p r e c i p i t a t o n  ( m o s t l y  r a i n f a l l  i n  t h e  t r o p i c s ) ,  Q = 

r u n o f f ,  E = e v a p o r a t i o n ,  ∆ S  = c h a n g e  i n  water  c o n t e n t  o f  t h e  

soil and  D = d r a i n a g e  t o  g r o u n d  w a t e r .  

To g e t  a c l e a r  p i c t u r e  o f  t h e  water b a l a n c e  o f  a 

l o c a l i t y ,  i t  is i m p o r t a n t  t o  q u a n t i f y  a l l  t h e  above 

p a r a m e t e r s .  T h e s e  parameters i n  b r i e f ,  r e p r e s e n t  t h e  

h y d r o l o g y  o f  a c a t c h m e n t  and  i t  is i m p o r t a n t  t o  remember 

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

I t  s h o u l d  be p o i n t e d  o u t  a t  t h i s  s tage  t h a t  t h e  water loss 

f r o m  t h e  v e g e t a t i o n  ( e v a p o t r a n s p i r a t i o n )  f o r m s  t h e  most 

i m p o r t a n t  a s p e c t  i n  t h i s  r e p o r t .  The  e v a p o t r a n s p i r a t i o n  h a s  



t h r e e  m a j o r  components v i z .  ( 1 )  E v a p o r a t i o n  of  i n t e r c e p t e d  

r a i n f a l l ,  ( 2 )  t r a n s p i r a t i o n  f r o m  t h e  c a n o p y  and  u n d e r s t o r e y  

and  ( 3 )  e v a p o r a t i o n  f r o m  t h e  s o i l .  

I n  t h e  e a r l i e r  p a r a g r a p h s  it  was m e n t i o n e d  t h a t  a pa r t  

o f  t h e  r a i n  water w h i c h  p e n e t r a t e s  t h e  s o i l  i s  r e t a i n e d  i n  

t h e  s o i l .  I t  is t h i s  water w h i c h  i s  most  u s e f u l  t o  p l a n t s .  

P l a n t  r o o t s  g r o w i n g  i n  t h i s  s o i l  c a n  u s e  most o f  t h e  water .  

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

c o m p a r a t i v e l y  smal l  p r o p o r t i o n  o f  t h e  water i n  t h e i r  

t i s s u e s ,  a n d  t r a n s p i r e  t h e  r e s t  t o  t h e  a t m o s p h e r e .  

T r a n s p i r a t i o n  i s  a p h y s i o l o g i c a l  p rocess  w h e r e  t h e  

water passes f r o m  t h e  s o i l  t o  t h e  a i r  s u r r o u n d i n g  t h e  leaves  

a l o n g  a g r a d i e n t  o f  water p o t e n t i a l .  T h e  main  r e s i s t a n c e  i n  

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

w h i c h  a r e  c o n t r o l l e d  b y  v a r i a b l e s  l i k e  l i g h t ,  v a p o u r  

p r e s s u r e  d e f i c i t  (D) and  s o i l  m o i s t u r e .  

E v a p o r a t i o n  is  a p h y s i c a l  p roces s  w h i c h  d e p e n d s  l a r g e l y  

on t h e  r a d i a t i o n  r e a c h i n g  t h e  s u r f a c e .  I f  t h e r e  i s  p l e n t y  o f  

water i n  t h e  s o i l ,  t h e  e v a p o t r a n s p i r a t i o n  d e p e n d s  on t h e  

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

T h u s  it i s  g e n e r a l l y  c o n s i d e r e d  t o  be t h e  same f o r  a 

v e g e t a t e d  a rea  o r  a b a r e  s u r f a c e  o f  water .  

However ,  when water is d e f i c i e n t  i n  t h e  s o i l ,  t h e  

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

f u r t h e r  l o s s  o f  water.  T h e s e  i n c l u d e  complete o r  p a r t i a l  
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s h e d d i n g  of l e a v e s ,  c u r l i n g  of  t h e l a m i n a ,  c l o s i n g  o f  t h e  

s t o m a t a  e t c .  T h e  s o i l  a l s o  forms a ha rd  s u r f a c e  c r e s t  

p r e v e n t i n g  any  f u r t h e r  l o s s  o f  water d u e  t o  e v a p o r a t i o n .  

A f t e r  an  e v a p o r a t i o n  l o s s  o f  a b o u t  1 2  m m  f rom s a n d y  s o i l s  o r  

20 mm f rom h e a v i e r  s o i l s ,  t h e  h y d r a u l i c  c o n d u c t i v i t y  of t h e  

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

e v a p o r a t i o n  r a t e  ( W i n t e r  1 9 7 4 ) .  However, i f  t h e  t r e e  r o o t s  

have  access t o  w a t e r  t a b l e ,  t h e y  w i l l  b e  a b l e  t o  u s e  as  much 

water  as t h e y  want  u s u a l l y  r e g a r d l e s s  o f  t h e  a t m o s p h e r e  

where  t h e  s h o o t s  a r e .  When t h e  t r e e s  l o s e  t h e i r  l e a v e s  o r  

c l o s e  t h e i r  s t o m a t a ,  t h e i r  g r o w t h  a l s o  s u f f e r s .  I n  g e n e r a l ,  

t h e  r a t e  o f  g r o w t h  o f  t r e e s  is p r o p o r t i o n a l  t o  t h e  amount o f  

water t h a t  t h e y  u s e .  

With t h i s  backg round  on t h e  water b a l a n c e  o f  

t r e e s / c a t c h m e n t  i t  is n e c e s s a . r y  t o  p r e s e n t  a b r i e f  r e v i e w  on 

t h e  methods  u s e d  t o  m e a s u r e  t h e  e v a p o t r a n s p i r a t i o n .  S i n c e  

s e v e r a l  methods  have  been  u s e d  by  d i f f e r n t  i n v e s t i g a t o r s ,  i t  

is n e c e s s a r y  t o  e x p l a i n  why some of  t h e  methods  a re  more 

a p p l i c a b l e  i n  t h e  p r e s e n t  s i t u a t i o n .  They c a n  b e  broadly 

d i v i d e d  i n t o  t h e  f o l l o w i n g .  

a .  Micrometeorologica l  methods  

Among t h e s e  t h e  most i m p o r t a n t  o n e s  a r e  t h e  Eddy 

c o r r e l a t i o n  t e c h n i q u e  and t h e  Bowen r a t i o  method .  B o t h  

t h e s e  methods  r e q u i r e  r e l a t i v e l y  f l a t  and v a s t  a reas  t o  

p e r f o r m  m e a s u r e m e n t s .  S i n c e  s u c h  areas  a re  a rare  f e a t u r e  

i n  Kera la ' s  d i f f e r e n t  a g r o c l i m a t i c  z o n e s ,  w e  have  n o t  

a d o p t e d  them.  
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b .  Water ba lance  methods for catchmenis  

T h e s e  i n c l u d e  h y d r o l o g i c a l  m e t h o d s  t o  measure t h e  w a t e r  

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

good i n f o r m a t i o n ,  t h e y  d o  n o t  g i v e  much s i g n i f i c a n c e  t o  t h e  

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

w e  a r e  more  concerned w i t h  t h e  v e g e t a t i o n a l  a s p e c t ,  t h i s  

method is n o t  f o l l o w e d .  T h i s  i s  m a i n l y  a h y d r o l o g i s t ’ s  

me thod  t o  s t u d y  t h e  water b a l a n c e .  A l a rge  number  of 

s t u d i e s  of  t h i s  k i n d  h a v e  b e e n  d o n e  a r o u n d  t h e  w o r l d  ( s e e  

reviews b y  H i t b e r t ,  1967 ;  B o s c h  & H e w l e t t ,  1 9 8 2 ) .  

c .  Sap flow methods 

I n  t h e s e  m e t h o d s ,  t h e  water f l o w i n g  t h r o u g h  t h e  t r u n k  

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

more r e c e n t l y  known, h e a t  b a l a n c e  method (Dye e t  a l . ,  1 9 9 2 ) .  

The  method h a s  shown good  r e l i a b i l i t y  w i t h  i n d i v i d u a l  t r e e s ,  

b u t  e x t r a p o l a t i n g  t h e s e  v a l u e s  t o  t h e  c a t c h m e n t  h a s  t o  be 

d o n e  w i t h  extreme c a u t i o n .  

d .  Chamber methods 

The  t r a n s p i r a t i o n  is  m e a s u r e d  u s i n g  a sma l l  p o r o m e t e r  

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

l a r g e  chamber  a n d  t h e  h u m i d i t y  c h a n g e s  n o t e d .  T h e s e  m e t h o d s  

s u f f e r  f r o m  t h e  a r t i f i c i a l  c o n d i t i o n s  c rea ted  i n s i d e  t h e  

c h a m b e r .  

e.Tracer methods 

L a t e l y  t r a c e r  m e t h o d s  h a v e  g a i n e d  much a c c e p t a n c e  among 

some i n v e s t i g a t o r s  (Ca lder  e t  a l . ,  1 9 8 6 ) .  D e u t e r i u m  is 
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m a i n l y  u s e d  a s  t h e  t r a c e r .  T h e  method l o o k s  v e r y  p r o m i s i n g  

i f  a p p l i c a b l e  f o r  a c a t c h m e n t .  

f .  Penman-Honteith Method 

T h i s  is  p r o b a b l y  t h e  mos t  p o p u l a r  and r e l i a b l e  method 

t o  s t u c y  t h e  water l o s s  f rom a s t a n d  (Whi t ehead  & H i n c k l e y ,  

1 9 9 1 ) .  S i n c e  t h i s  method combines  a e r o d y n a m i c ,  e n e r g y  and 

p h y s i o l o g i c a l  parameters ,  t h e  method can  be  a p p l i e d  t o  

smaller  c a t c h m e n t s .  A l t h o u g h  t h e  method i n v o l v e s  t h e  

measurement  o f  s e v e r a l  e n v i r o n m e n t a l  and p h y s i o l o g i c a l  

parameters and hence  c o n s i d e r e d  t o  b e  d i f f i c u l t ,  w e  t h i n k  

t h i s  to b e  t h e  most  r e l i a b l e  method f o r  p l a n t a t i o n s  i n  

K e r a l a .  

I n  t h e  above  p a r a g r a p h s ,  w e  have  l i s t e d  o n l y  a few of  

t h e  most  w i d e l y  u sed  methods  f o r  s t u d y i n g  water b a l a n c e .  

F o r  more d e t a i l s ,  r e a d e r s  may r e f e r  t o  Sharma (1984), 

Woodward & Sheehy  (1983). 



3 .  MATERIALS AND HETHODS 

3.1. S i t e  d e s c r i p t i o n  

I n v e s t i g a t i o n s  were c a r r i e d  o u t  on two spec ies ,  namely ,  

Eucalyptus tereticornis and E. grandis. Two p l a n t a t i o n s  o f  

E. tereticornis and one  of  E. grandis were i n t e n s i v e l y  

m o n i t o r e d  d u r i n g  t h e  s t u d y .  The s i t e  d e t a i l s  of t h e  t h r e e  

p l a n t a t i o n s  are  p r e s e n t e d  i n  T a b l e s  1-3. The g e o g r a p h i c a l  

l o c a t i o n s  a re  marked i n  F i g .  1. I t  may b e  n o t e d  t h a t  t h e  

t h r e e  p l a n t a t i o n s  a re  w i d e l y  s e p a r a t e d  w i t h i n  t h e  s t a t e  o f  

Kerala.  The E. tereticornis  p l a n t a t i o n  a t  Varavoor  is 

m e t e o r o l o g i c a l l y  i n f l u e n c e d  by t h e  P a l g h a t  g a p  o f  t h e  

Wes t e rn  G h a t s .  T h i s  area h a s  t h e  maximum e v a p o r a t i v e  demand 

(PET = 1663 m m )  when compared t o  o t h e r  pa r t s  of Kerala 

( F i g . 2 ) .  

The E. tereticornis p l a n t a t i o n  a t   P a l o d e  r e c e i v e d  more 

u n i f o r m  r a i n f a l l  when compared t o  t h e  o t h e r  two l o c a t i o n s .  

T h i s  is  p r o b a b l y  t h e  o n l y  pa r t  of Kerala which  r e c e i v e s  a  

more o r  l ess  u n i f o r m  d i s t r i b u t i o n  of r a i n f a l l  a l t h o u g h  t h e  

c u m u l a t i v e  a n n u a l  r a i n f a l l  is less  t h a n  t h e  S t a t e ' s  average 

of 3000 mm. 

The E. grandis  p l a n t a t i o n  a t  Muthanga e x p e r i e n c e s  a  

c l imate  which  is more o r  legs similar  t o  t h a t  of t h e  Deccan 

p l a t e a u .  However,  t h e  r a i n f a l l  is r e l a t i v e l y  h i g h  and t h e  

e l e v a t i o n  is n e a r l y  750 m. above  mean sea l e v e l .  
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Table 1. E. tereticornis - Site Details 

1. Species : Euca lyptus tereticornis 

2. Forest Division : Trichur 

3. ForestRange : Vadakkanchery 

4. Section : Varavoor 

5. Latitude : 10°41'00" to 100 42'30" 

6. Longitude : 76O 12'30" t o  76O 15'00" 

7. Altitude : 100 m 

8. Annual rainfall 

9. Soil Condition 

: 2837 mrn (1990) - Vadakkancherry 

: Lateritic 

10. Year of Planting : 1977 

11. Year of coppicing : 1987 

12. Rotation number : 2nd 

13. Average tree diameter : 9 cm 

14. Number of stems/ha : 1800 (surviving) 

15. Flanting distance : 2.5 x 2.5 m

16. Average tree height : 10 m 

17. Leaf area index : 2.17 

18. Period of study : June 1990 - May 1991 



Table 2. E. tereticornis - Site Details 

1. Species : Eucalyptus tereticornis 

2. Forest Division 

3. Forest Range 

: Trivandrum 

: Palode 

4. Section : Bharathannoor 

5. Latitude : 8O45'00" to 8O45'15" 

6. Longitude : 76O59'45" to 77O 00'00" 

7. Altitude : 100 m. 

8. Annual rainfall 

9. Soil Condition 

: 2465 mm (Aug. 1991-July 1992) 

: Lateritic 

10. Year of Planting : 1967 - augmented in 1989 

11. Year of coppicing : 1988 

12. Rotation number : 3rd 

13. Average tree diameter : 0.6 cm 

14. Number of stems/ha ; 1090 

15. Flanting distance : 3 x 3 m  

16. Average tree height : 10 m. 

17. Leaf area index : 0.60 

18. Period of study : September 1991 - August 1992 



Table 3. E. grandis - Site Details 

S No. Site factors Description 

1. Species 

2. Forest Division 

3. Forest Range 

4. Section 

5. Latitude 

6. Longitude 

7. Altitude 

8. Annual rainfal1 

; Euca yptusl grandis 

: Wyanad 

: Muthanga 

: Mavinhalla 

: 11°39'to 11O40' 

: 76O21' 30" to 76O22' 15" 

: 770 m 

: 1302 m m  (1992) 

9. Soil Condition : Forest loam 

10. Year of Planting : 1977 

11. Year of coppicing : 1989 

12. Rotation number : 2  

13. Average. tree diameter : 9.9 cm 

14. Number of stems/ha : 2500 

15. Planting distance : 2 x2m 

16.  Average tree height : 10 m. 

17. Leaf area index : 2.75 

18. Period of study : Feb. 1992 Jan. 93 
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3.2. S o i l  water 

S o i l  water c o n t e n t  was measured g r a v i m e t r i c a l l y .  The 

s o i l s  were sampled  f rom two l a y e r s ,  0 t o  0 . 3  m and 0 . 3  t o  

0 . 6  m. S i n c e  t h e  s p a t i a l  v a r i a t i o n s  were enormous ,  t h i s  

measurement  was d o n e  o n l y  a t  V a r a v o o r .  The predawn water 

p o t e n t i a l  v a l u e s  were u s e d  for i n f o r m a t i o n  on t h e  water  

a v a i l a b i l i t y  t o  t h e  r o o t s .  

3.3. Water potentials ( v  ) 
Predawn and midday water p o t e n t i a l s  were measu red  on 

s a m p l e s  c o l l e c t e d  from d i f f e r e n t  t r e e s .  The s a m p l e  leaves 

were e n c l o s e d  i n  a p o l y t h e n e  b a r  j u s t  b e f o r e  d e t a c h i n g  f rom 

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

T u r n e r  (1988) were t a k e n  f o r  t h e  s a m p l i n g .  

A S c h o l a n d e r  t y p e  p r e s s u r e  chamber ( S o i l  M o i s t u r e  

Equipment  C o r p o r a t i o n ,  Oh io ,  USA) was u s e d  f o r  f i n d i n g  t h e  

b a l a n c i n g  p r e s s u r e .  T h i s  b a l a n c i n g  p r e s s u r e  w a s  p r a c t i c a l l y  

t a k e n  as t h e  water p o t e n t i a l  as d e s c r i b e d  below ( M i l b u r n ,  

1 9 7 9 ) .  

Y = Yp + Y s  ( 2 )  

where ,  

Y = water p o t e n t i a l ,  

w p  b a l a n c i n g  p r e s s u r e  and 

Ys = s o l u t e  p o t e n t i a l .  

A s p e c i f i c  number o f  l e a v e s  were s a m p l e d .  The number 

was d e t e r m i n e d  m a i n l y  f rom t h e  e x t e n d  o f  v a r i a t i o n s  i n  t h e  

v a l u e s .  
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3 . 4 .  Weather parameters 

The  y e a r  round w e a t h e r  parameters  l i k e  t h e  r a i n f a l l ,  

maximum and m i n i m u m  temperatures ,  r e l a t i v e  h u m i d i t y ,  wind 

v e l o c i t y  e t c .  were c o l l e c t e d  f rom w e a t h e r  s t a t i o n s  l o c a t e d  

n e a r  t h e  p l a n t a t i o n s  u n d e r  i n v e s t i g a t i o n .  

3.5. Microclimate 

A 1 2  m h i g h ,  s t e e l  s c a f f o l d  t o w e r  was i n s t a l l e d  i n  t h e  

p l a n t a t i o n s  t o  mount t h e  m e t e o r o l o g i c a l  e q u i p m e n t s  t h r o u g h  

and above  t h e  c a n o p y .  The m e t e o r o l o g i c a l  s e n s o r s  were 

mounted a t  l e a s t  2 m above  t h e  canopy  l e v e l .  The f o l l o w i n g  

s e n s o r s  were u s e d  f o r  t h e  d a t a  c o l l e c t i o n .  

Tempera tu re  and r e l a t i v e  h u m i d i t y  - measured  u s i n g  a  

s h i e l d e d  t h e r m i s t o r  (Model 207 t emp .  and RH p r o b e ,  Campbe l l  

S c i e n t i f i c  I n c . ,  U tah ,  USA). 

Wind s p e e d  - measured u s i n g  c u p  c o u n t e r  anemometer  

(Model 014A, Met One, S u n n y v a l e ,  C A ,  USA) w i t h  a s w i t c h  

c l o s u r e  mechanism.  

Net r a d i a t i o n  - measured  u s i n g  a n e t  r a d i o m e t e r  of t h e  

F r i t s c h e n  t y p e  ( R E B S  I n c . ,  Wash ing ton ,  USA). 

Sho r twave  r a d i a t i o n  - measured  u s i n g  a p y r a n o m e t e r  

s e n s o r  (Model L I  -200S, L i c o r ,  N e b r a s k a ,  USA). 

A l l  t h e  above  s e n s o r s  were c o n n e c t e d  t o  a d a t a l o g g e r  

(Model 21X o r  CR10, Campbel l  S c i e n t i f i c  I n c . ,  U tah ,  USA). 

Logg ing  was  programmed f o r  5 s e c o n d s  i n t e r v a l  and h o u r l y  
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a v e r a g e s  were s t o r e d .  The s t o r e d  d a t a  were l a t e r  t r a n s f e r e d  

t o  a computer  f o r  f u r t h e r  a n a l y s i s  u s i n g  t h e  s o f t w a r e  

package PC-208 (Campbe l l  S c i e n t i f c  I n c . ,  U tah ,  USA). 

3 . 6 .  Stomata1 conductance (gs) 

A s t e a d y  s t a t e  p o r o m e t e r  (Model LI- 1600,  L i- C o r ,  

N e b r a s k a ,  USA) was u s e d  t o  n e a s u r e  t h e  s t o m a t a 1  c o n d u c t a n c e  

of  l e a v e s .  The measu remen t s  were made a t  t h e  a m b i e n t  

r e l a t i v e  h u m i d i t y .  An a v e r a g e  of  e i g h t  leaf  samples f r o m  

f o u r  t r e e s  a c c e s s i b l e  f rom t h e  s c a f f o l d  t o w e r  were sampled  

h o u r l y  f rom s u n r i s e  t o  s u n s e t .  

The i n f r a - r e d  gas analyser system (LI-6200, L i- Cor ,  

N e b r a s k a ,  USA) was a l s o  s i m u l t a n e o u s l y  u s e d  f o r  measurement  

a s  w e l l  as c r o s s - c h e c k i n g  t h e  p o r o m e t e r  d a t a .  

D a i l y  p a t t e r n s  o f  gs, were f o l l o w e d  on sample d a y s  

randomly  chosen  a t  a p p r o x i m a t e l y  one  month i n t e r v a l  o v e r  a 

c o m p l e t e  yea r .  Measurements  were made on d a y s  which  were 

n o t  r a i n y  o r  c o m p l e t e l y  o v e r c a s t .  However, t h e  measu remen t s  

had t o  be  c o m p l e t e l y  abandoned  f o r  3 months  o f  t h e  yea r ,  

s t a r t i n g  J u n e  b e c a u s e  of  t h e  heavy  down p o u r s  and f u l l y  

o v e r c a s t  s k i e s  b r o u g h t  by  t h e  South-West Monsoon. The 

r e l a t i v e  h u m i d i t y  ( r . h . )  w a s  extremely h i g h  d u r i n g  t h i s  

p e r i o d  ( > 8 5 % )  and  t h e  f r e q u e n t  r a i n s  k e p t  t h e  l e a v e s  w e t .  

Sampl ing  o f  t h e  l e a v e s  were d o n e  f rom t h e  d i f f e r e n t  

l ayers  o f  t h e  c a n o p y .  I n  E . tereticornis, p o r o m e t e r  

measu remen t s  were made on t h e  u p p e r  and lower s i d e s  of t h e  

l eaves .  S i n c e  t h e  r e s u l t s  showed t h e  p r e s e n c e  o f  s t o m a t a  



o n l y  on t h e  a b a x i a l  s i d e  of t h e  l e a f  i n  E .  grandis, 

measu remen t s  were made o n l y  on t h i s  s i d e .  I n  t h e  i n f r a - r e d  

gas a n a l y s e r  sys tem,  a p p r o p r i a t e  stomata1 r a t i o s  were fed  

i n t o  t h e  computer  c o n s o l e  f o r  t h e  two d i f f e r e n t  s p e c i e s .  

The gs, i n  b o t h  t h e  i n s t r u m e n t s  were c a l c u l a t e d  u s i n g  t h e  

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

3.7. Canopy condcutance (gc) 

The f o l l o w i n g  e q u a t i o n  w a s  u s e d  t o  c a l c u l a t e  t h e  canopy  

c o n d u c t a n c e .  

gc = gs, L (3) 

where ,  

L = leaf  a rea  i n d e x  o f  t h e  c o n d u c t i n g  s u r f a c e .  

3.8. Aerodynamic conductance (ga) 

The a e r o d y n a m i c  c o n d u c t a n c e  (ga) was c a l c u l a t e d  a s  t h e  

r e c i p r o c a l  o f  ae rodynamic  r e s i s t a n c e  (ra) f o l l o w i n g  t h e  

e q u a t i o n  o f  M o n t e i t h  ( 1 9 7 3 ) .  

whe re ,  

u 

z = anemometer  r e f e r e n c e  h e i g h t  ( m )  

= mean wind s p e e d  ( m s - l )  

d = z e r o  p l a n e  d i s p l a c e m e n t  - c a l c u l a t e d  as 0 . 6 4  h 

where ,  h = c r o p  h e i g h t  (m) 

zo = t h e  r o u g h n e s s  l e n g t h  (=0.13h) 

k = von Karman's  c o n s t a n t  (=0.41) 
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3.9. Leaf area index (LAI) 

LAI was measured u s i n g  t h e  p r i n c i p l e  of  l i g h t  

t r a n s m i t t a n c e  t h r o u g h  t h e  canopy  gaps w i t h  t h e  h e l p  of  a 

commercially a v a i l a b l e  canopy  a n a l y s e r  (Model L A I - 2 0 0 0 ,  L i -  

C o r ,  N e b r a s k a ,  U S A ) .  T h i s  i n s t r u m e n t  is p r o v i d e d  w i t h  a 

f i s h  eye l e n s  t o  scan t h e  c a n o p y .  The v a l u e  o f  LAI g i v e n  

by t h e  i n s t r u m e n t  was u s u a l l y  m o d i f i e d  by masking  one  o r  two 

h o r i z o n t a l  a n g l e s  u s i n g  t h e  C-2000 p rog ram.  F o r  d e t a i l s  o f  

t h e  i n s t r u m e n t ' s  f u n c t i o n i n g ,  t h e  m a n u f a c t u r e r ' s  o p e r a t i o n a l  

manual  may b e  r e f e r r e d .  

The l e a f  area i n d e x  was a l s o  measured  i n  E .  tereticornis 

by d e s t r u c t i v e  s a m p l i n g .  T h i r t y  t r e e s  w i t h  v a r i a b l e  t r u n k  

g i r t h  were f e l l e d  i n  a p l a n t a t i o n .  The l e a v e s  were m a n u a l l y  

c o l l e c t e d  f rom t h e  f e l l e d  t r e e s .  The area  o f  t h e  l e a f  on 

e a c h  t r e e  was d e t e r m i n e d  f rom an  a l l o m e t r i c  e q u a t i o n  

d e s c r i b i n g  t h e  w e i g h t / a r e a  r e l a t i o n .  A l i n e a r  r e g r e s s i o n  

was made be tween  leaf area per t r ee  and i ts  GBH. The LAI of 

t h e  p l a n t a t i o n  u n d e r  o b s e r v a t i o n  was l a t e r  p r e d i c t e d  from 

t h e  G B H  measu remen t s  o f  a l l  t h e  t r e e s  i n  t h e  e x p e r i m e n t a l  

p l o t .  

3.10. Canopy t r ansp i ra t ion  ( E t )  

Canopy t r a n s p i r a t i o n  (Et) was e s t i m a t e d  h o u r l y  u s i n g  

t h e  Penman- Montei th  e q u a t i o n  ( M o n t e i t h ,  1973) .  
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where ,  

E = e v a p o t r a n s p i r a t i o n  r a t e  ( m m  h-1) 

2 = l a t e n t  h e a t  of v a p o r i s a t i o n  of  water (JKg-l)  

Rn = n e t  r a d i a t i o n  (Wm-2) 

G = s o i l  h e a t  f l u x  (wh ich  c a n  b e  i g n o r e d  f o r  d a i l y  

c a l c u l a t i o n s )  

p = d e n s i t y  o f  a i r  (kgm-3) 

= t h e  s p e c i f i c  h e a t  of air a t  c o n s t a n t  pressure  cp

( JKg-20C-l) 

∆  = t h e  s l o p e  of  t h e  s a t u r a t i o n  v a p o u r  pressure  c u r v e  

f o r  water (KPaOC-l) 

D = v a p o u r  p re s su re  d e f i c i t  (KPa) 

ga = ae rodynamic  c o n d u c t a n c e  ( m s - l )  

y = p s y c h r o m e t r i c  c o n s t a n t  ( kPa°C-l)  

gc = canopy  c o n d u c t a n c e  (ms-l) 

The Et was c a l c u l a t e d  a s suming  a s i n g l e  layer  model i n  

E .  tereticornis  b e c a u s e  n o t  much d i f f e r e n c e  was n o t i c e d  i n  

t h e  s t o m a t a 1  r e s i s t a n c e  be tween  t h e  leaves of u p p e r  and  

lower  c a n o p y .  However, i n  E. grandis, a two layer  model was 

assumed b e c a u s e  of  i t s  d e n s e  n a t u r e .  The Rn f o r  t h e  lower 

canopy  was a p p r o x i m a t e d  f o l l o w i n g  L a n d s b e r g  (1986) u s i n g  t h e  

Beer - Lamber t  l a w .  

whe re ,  

Rna = n e t  r a d i a t i o n  above  t h e  canopy 
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Rnb = n e t  r a d i a t i o n  b e n e a t h  i n c r e a s i n g  a c c u m u l a t i o n  o f  

l e a f  a r e a  

k = an  e x t i n c t i o n  c o e f f i c i e n t  ( t a k e n  h e r e  a s  0 . 5 )  

Li = LAI o f  t h e  layer  

The D is u s u a l l y  t a k e n  as t h e  v a p o u r  pressure 

d i f f e r e n c e  be tween  t h e  l e a f  t e m p e r a t u r e  and t h e  a t m o s p h e r e .  

However,  i n  t h e  p r e s e n t  s t u d y  t h e  leaf  was assumed t o  b e  a t  

t h e  a t m o s p h e r i c  temperature  f o r  t h e  E t  e s t i m a t i o n s .  

3.11.  N e t  pohotosynthes is  (Pn) 

Leaf n e t  p h o t o s y n t h e s i s  (Pn) was measured  using a 

p o r t a b l e  i n f r a - r e d  g a s  a n a l y s e r  (Model LI- 6200,  L i - C o r ,  

N e b r a s k a ,  USA) f i t t e d  w i t h  a o n e  l i t r e  chamber .  The I R G A  

was f r e q u e n t l y  c a l i b r a t e d  u s i n g  known gas m i x t u r e s  o f  C O 2 .  

The measu remen t s  were r e c o r d e d  on t h e  compu te r  c o n s o l e  

s u p p l i e d  w i t h  t h e  i n s t r u m e n t .  The Pn was c a l c u l a t e d  i n  t h e  

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

m a n u f a c t u r e r .  

3.12. Growth measurements 

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

m o n t h l y  measurements  o f  g i r t h  a t  b r e a s t  h e i g h t  ( g b h )  u s i n g  a 

m e a s u r i n g  t a p e .  A t  l e a s t  40-50 t r ees  were measured  f o r  t h i s  

p u r p o s e .  
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4. RESULTS 

4.1. E. tereticornis 

4.1.1. Weather data 

The a n n u a l  w e a t h e r  d a t a  c o l l e c t e d  from s t a t i o n s  n e a r  

Varavoor  and P a l o d e  a re  p r e s e n t e d  i n  T a b l e s  4 and 5 .  I t  

may b e  n o t e d  t h a t  i n  b o t h  t h e  l o c a t i o n s ,  t h e  w e t t e s t  months  

o f  t h e  year are  f rom J u n e  t o  Sep tember .  T h i s  is d u e  t o  t h e  

h i g h  i n c i d e n c e  o f  r a i n f a l l  b r o u g h t  by  t h e  South-West 

Monsoon. The d r y  p e r i o d  is from December t o  March when 

t h e r e  is no  o r  s c a n t y  r a i n f a l l .  The t e m p e r a t u r e s  r e c o r d e d  

a t  Varavoor  are  c o m p a r a t i v e l y  h i g h e r  t h a n  t h e  r e s t  of  t h e  

s t a t e .  The r e l a t i v e  h u m i d i t y  r e c o r d e d  are a l s o  much lower  

t h a n  t h a t  of P a l o d e .  The p o t e n t i a l  e v a p o t r a n s p i r a t i o n  (PET) 

v a l u e s  c a l c u l a t e d  from t h e  d a t a  f o r  t h e  pas t  30 years is 

shown i n  F i g . 2  ( a f t e r  Rao e t  a l . ,  1971).  

From t h e  p o i n t  of  water a v a i l a b i l i t y  t o  t h e  t r ees ,  t h e  

year may b e  d i v i d e d  i n t o  t h r e e  p e r i o d s  - t h e  premonsoon 

p e r i o d ,  monsoon p e r i o d ,  and post-monsoon p e r i o d .  I t  is i n  

t h e  premonsoon p e r i o d  t h a t  t h e  water is l e a s t  a v a i l a b l e  t o  

t h e  p l a n t s .  I n  t h e  s t u d y  areas,  t h i s  is f rom J a n u a r y  t o  

May. D u r i n g  t h e  monsoon p e r i o d  and post-monsoon p e r i o d  t h e  

s o i l s  i n  Kerala are  m o s t l y  u n d e r  f i e l d  capac i ty .  

4.1.2. Soi l  moisture and leaf water potentials 

The s o i l  m o i s t u r e  d e t e r m i n e d  g r a v i m e t r i c a l l y  a t  two 

d e p t h s  d u r i n g  d a y s  when o t h e r  p h y s i o l o g i c a l  measurements  

were made are i n d i c a t e d  i n  F i g . 3 .  Each p o i n t  i n  t h e  f i g u r e  

is t h e  mean o f  t h r e e  i n d e p e n d e n t  d e t e r m i n a t i o n s .  The s o i l  
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Table 4. E. tereticornis - Weather data for Varavoor during 1990-91 

max. min. r .  h. 
( % )  

October 29.4 22.8 90.0 452 

November 29.3 22.5 86.5 60 

December 30.7 21.4 78.9 0 

January 31.0 21.5 75.3 0 

February 34.8 20.8 72.4 0 

March 36.0 2 3 . 7  78.6 0 

Apri1 36.7 23.8 81.7 137 

May 35.9 23.7 83.2 75 

June 31.0 23.3 84. 1 87 9 

July 28.5 22.3 95.3 994  

August 29.2 22.8 92.8 4 97 

September 31.8 22.9 64.2 116 

The rainfall data was collected from a weather station located 5 
km away from the study area. All other data were obtained from a 
weather station 20 k m  away from the plantation. 



Table 5. E.  tereticornis - Weather data for Palode during 1991-92 

August 29.5 21.0 02 3.6 226 

September 32.4 21.2 76 4.1 34 

October 30.2 21.5 84 2.7 428 

November 31. 1 21.1 79 3.0 26 1 

December 32.2 19.4 70 3.0 14 

J anua r y 33.1 18.6 62 4.6 32 

February 34.8 21.9 49 5.1 0 

March 

Apr i 1 

37.0 21.6 66 5.9 0 

35.8 24.8 71 5.0 119 

M ay 32.6 24.3 80 3.8 462 

June 30.2 24.0 86 3.0 479 

J u l y  28.9 23.7 85 2.6 410 

The above data was collected from a weather station located 3 
km. away from the study area. The r.h. recorded is the mean 
value from two observations taken in the morning and afternoon. 
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m o i s t u r e  c o n t e n t .  shows a p a t t e r n  c o r r e s p o n d i n g  t o  t h e  

r a i n f a l l  and l e a f  water p o t e n t i a l s .  

Predawn and midday water p o t e n t i a l s  measu red  on d a y s  

when o t h e r  p h y s i o l o g i c a l  measu remen t s  were made a re  shown i n  

F i g s .  4 a  and 4 b .  Each d a t a  p o i n t  i n  t h e  a b o v e  f i g u r e s  is 

t h e  mean va lue  of a t  l e a s t  s i x  i n d e p e n d e n t  measu remen t s .  The 

predawn water p o t e n t i a l s  a re  i n d i c a t i v e  o f  t h e  water 

a v a i l a b i l i t y  t o  t h e  r o o t s .  The midday water p o t e n t i a l s  

i n d i c a t e  t h e  maximum t e n s i o n  p r e v a i l i n g  i n  t h e  xylem 

c o n d u c t i n g  p a t h w a y .  S i n c e  a l l  t h e  measu remen t s  have  b e e n  

made on d a y s  w i t h  b r i g h t  sunshine, t h e  v a l u e s  of b o t h  

predawn and midday v a l u e s  c a n  b e  r e a s o n a b l y  c o n s i d e r e d  as  

r e p r e s e n t a t i v e s  of t h e  minimum water p o t e n t i a l s  a c h i e v e d  i n  

t h a t  month.  From F i g . 4 a  and b . i t  may be  n o t e d  t h a t  t h e  p re-  

dawn leaf  water p o t e n t i a l s  r e a c h  t h e  l o w e s t  v a l u e  of  - 0 .71  

MPa i n  May and t h e  l o w e s t  midday v a l u e s  (- 1.68 MPa) a re  

r e a c h e d  i n  March and May. The h i g h e r  predawn and midday 

v a l u e s  found  i n  A p r i l  were p r o b a b l y  d u e  t o  a few summer 

s h o w e r s .  

A t  P a l o d e ,  t h e  minimum predawn v a l u e  is f o u n d  i n  J a n u a r y  

(- 0 .34  MPa) and t h e  minimum midday v a l u e  ( - 1 . 4 0  MPa) is a l s o  

f o u n d  i n  t h e  same month.  

From an  a n a l y s i s  of t h e  pressure  volume c u r v e  ( F i g .  5 )  

f o r  E. tereticornis, it may be  n o t e d  t h a t  t h e  water 

p o t e n t i a l  a t  t u r g o r  l o s s  p o i n t  is -1.75 MPa. T h i s  means 

t h a t  t h e  E. tereticornis t r ees  a t  b o t h  l o c a l i t i e s  d o  n o t  
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reach  t h e  t u r g o r  l o s s  p o i n t  a t  any  t i m e  d u r i n g  t h e  y e a r .  A s  

w e  may see  i n  t h e  l a t e r  p a r t  of  t h i s  r e p o r t ,  t h i s  

o b s e r v a t i o n  h a s  i m p o r t a n t  i m p l i c a t i o n s  on t h e  s t o m a t a 1  

b e h a v i o u r  of t h i s  t r e e .  

Examina t ion  of t h e  water p o t e n t i a l  v a l u e s  on a s e a s o n a l  

b a s i s  shows t h a t  t h e y  a r e  a t  t h e i r  h i g h e s t  l e v e l s  d u r i n g  t h e  

post- monsoon p e r i o d  ( S e p t . - N o v . ) .  D u r i n g  t h e  pre-monsoon 

p e r i o d  ( D e c . - A p r i l )  b o t h  predawn and midday va lues  a r e  lower  

t h a n  t h e  post-monsoon p e r i o d .  However, t h e  v a l u e s  d o  n o t  

reach v e r y  low l e v e l s  as o b s e r v e d  i n  s e v e r a l  e u c a l y p t  

s p e c i e s  s t u d i e d  e l s e w h e r e .  D u r i n g  A p r i l  and May t h e  t r e e s  

show s l i g h t l y  h i g h e r  water p o t e n t i a l s ,  which  is d u e  t o  a f e w  

summer  shower s  e x p e r i e n c e d  i n  t h e s e  l o c a l i t i e s .  

The water t a b l e  o f  b o t h  t h e  l o c a l i t i e s  were o b s e r v e d  

f rom t h e  n e a r b y  w e l l s .  D u r i n g  t h e  d r y  s e a s o n  t h e y  r ema in  

be tween  10-15 m d e e p  and d u r i n g  t h e  monsoon and p o s t  monsoon 

p e r i o d ,  t h e  l e v e l s  come w i t h i n  2-3 m d e p t h  b e c a u s e  of t h e  

p o s s i b l e  s o i l  r e c h a r g e  and s a t u r a t i o n  d u r i n g  t h e  p r o l o n g e d  

and  heavy  monsoon p e r i o d .  

4.1.3. Microclimate 

The m i c r o c l i m a t e  p a r a m e t e r s  measured  2 m above  t h e  

c a n o p y ,  l i k e  a t m o s p h e r i c  t e m p e r a t u r e  ( Ta), r e l a t i v e  h u m i d i t y  

( r . h . ) ,  vapour  p r e s s u r e  d e f i c i t  ( D )  wind s p e e d  ( u ) ,  t o t a l  

solar  r a d i a t i o n  ( S )  and n e t  r a d i a t i o n  (Rn) are  p r e s e n t e d  i n  

T a b l e s  6 t o  13 f o r  V a r a v o o r .  T a b l e s  14 t o  20 show t h e  
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Table 6. E. tereticornis (Varavoor) - Hourly microclimate, aerodynanic and stomatal conductances and 
transpiration data on 9-10-90 

600 23.2 

700 23.08 

800 24.26 

900 26.63 

1000 28.47 

1100 29.6 

1200 30.3 

1300 30.8 

1400 30.8 

1500 31 

1600 30.6 

1700 29.4 

1800 26.7 

n.r. 

n.r. 

n r . 
n.r. 

n.r, 

n.r. 

n.r. 

n.r. 

n.r. 

n.r.  

n.r. 

n.r. 

n.r. 

100.2 

100.6 

99.9 0.3 

94.9 0.52 

86.9 0.89 

81.5 1.16 

78.4 1.38 

75.7 1.515 

73.7 1.6 

73.6 1.62 

73.8 1.6 

75.3 1.44 

79.7 1.18 

n.r. -15.73 

n.r. 2.074 

n.r. 72.5 

n.r 170.9 

n.r. 240.1 

n.r. 403.4 

n.r. 452 

n.r. 578 

n.r. 606 

n.r. 543 

n.r. 366.4 

n.r. 138 

n.r. 33.7 

2.98 

2.96 

2.99 

2.24 

1.80 

1.36 

1.24 

1.02 

0.79 

0.76 

0.91 

1.13 

1.58 

1.5 

1.5 

1.5 

2.0 

2.5 

3.3 

3.7 

4.5 

5.8 

5.8 

5.0 

4,0 

2.9 

-- 

-- 

-- 

290

509 

457 

625 

256 

406 

317 

389 

247 

247 

-- 

-- 

-- 

201 

399 

591 

771 

.85 

829 

692 

677 

372 

202 5.584 



Table 7. E. tereticornis (Varavoor) - Hourly microclimate, aerodynamic and stomata1 conductances and 
transpiration data on 6-12-90 

-- -- 600 23.41 n.r. 85.8 .39 n.r. -54.21 .62 3.4 

-- -- 700 23.93 n . r .  82.6 .52 n.r. -49.75 .64 3.7 

800 24.2 n.r. 82.5 .81 n.r. 9.5 .60 3.7 14 .131 

900 25.6 n.r. 80 .98 n.r, 134 1.52 4.1 267 , ,289 

1000 27.7 n.r. 74.7 1.3 n.r. 323.8 2.18 5.1 724 .78 

1100 29.4 n.r. 70 1.64 n.r. 465.5 2.14 5.1 508 .866 

1200 29.8 n.r. 68.5 1.72 n.r. 418.8 2.52 5.0 399 ,759 

1300 30.1 n . r .  68 1.75 n.r. 488 2.07 5.8 493 ,913 

1400 30.7 n.r. 67 1.85 n . r ,  541 2.20 6.7 584 1.102 

1500 31.1 n.r. 64.5 2.03 n.r. 433.1 1.96 6.7 353 .829 

1600 31.4 n.r. 61.6 2.2 n . r .  244.6 2.10 6.7 456 ,925 

1700 30.3 n.r. 64 1.99 n.r. 71.5 1.82 3.7 15 322 

1800 24.1 n.r. 67.4 1.69 n.r. -3.7 1.83 3.1 289 .355 7.271 



600 23.01 

700 22.89 

800 24 

900 27.1 

1000 29.4 

1100 29.4 

1200 30.3 

1300 30.3 

1400 32 

1500 31.2 

1600 28.7 

1700 29.6 

1800 28.3 

n.r. 97.9 ,058 n.r -14.79 .64 

n.r. 98 ,055 n.r.  -4.64 .64 

n.r .  96.8 .38 n.r.  93.5 6 58 

n.r .  90 .72 n.r.  270 .90 

n.r. 82.7 1.11 n.r.  444.5 73 

n.r .  80.2 1.19 n.r.  366.8 .71 

n.r. 77.2 1.38 n.r. 610.9 .76 

n.r. 76.4 1.43 n.r .  487 .88 

n.r .  70.9 1.8 n.r .  625.4 .64 

n.r .  73.6 1.63 n.r.  367.4 1.14 

n.r .  82.7 1.06 n.r .  213 1.05 

n.r .  77.4 1.33 n.r.  203.6 1.24 

n.r .  79.8 1.15 n.r.  13.8 1.10 

2.0 

2.0 

1 .8 

2.9 

2.4 

2.2 

2.3 

2.9 

2.0 

3.6 

3.4 

4.0 

3.4 

-- -- 
-- -- 
-- -- 

497 .380 

447 .574 

522 .561 

506 .800 

436 .690 

504 .889 

366 .600 

437 .400 

264 .395 

12 .158 5.447 



Table 9.  E tereticornis (Varavoor) - Hourly microclimate, aerodynamic and stomatal conductances 
transpiration data on 23-1-91 

600 22.52 

700 22.11 

8O0 22.2 

900 23.7 

1000 26.4 

1100 30.5 

1200 33.4 

1300 34.6 

1400 35.5 

1500 35.7 

1600 34.4 

1700 35.1 

1800 31.7 

n.r. 68.5 

n.r. 69 

n.r. 67 

n.r. 67 

n.r. 59 

n.r. 49 

n.r. 49 

n.r. 34 

n.r. 28 

n.r. 28 

n.r. 24 

n.r. 29 

n.r. 31 

.88 n.r -64.9 

.85 n.r. -62.94 

.832 n.r. -34.02 

.948 n.r.  133.2 

1.392 n.r. 312 

2.222 n.r. 482.8 

3.473 n.r. 569.6 

3.473 n.r. 598.6 

4.149 n.r. 569.3 

4.185 n.r. 489.8 

4.177 n.r. 357 

3.997 n.r. 187.7 

3.192 n.r. 11.01 

1.43 

1.44 

1.21 

0.88 

0.67 

0.68 

0.46 

0.57 

0.58 

0.58 

0.57 

0.80 

1.02 

3.2 

3.2 

3.8 

5.1 

6.8 

6.7 

10.1 

8.0 

8.0 

7.9 

6.0 

5.7 

4.5 

-- -- 

-- -- 

7 8 0.075 

101 0.137 

166 0.333 

215 0.659 

235 1.079 

183 0.995 

209 1.138 

180 0.99 

173 0.922 

297 1.146 

56 0.234 7.708 

and 

.- 
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Table 10. E. tereticornis (Varavoor) - Hourly microclimate, aerodynamic and stomata1 conductances and 
transpiration data on 20-2-91 

600 

700 

800 

900 

1000 

1100 

1200 

1300 

1400 

1500 

1600 

1700 

1800 

21.97 n.r. 87.9 ,319 

21.51 n.r. 88.3 .301 

21.98 n.r. 86.4 .361 

25.64 n.r. 66.1 1.131 

27.52 n.r. 48.89 1.879 

29.95 n.r. 41.98 2.465 

32.15 n.r. 34.43 3.147 

33.82 n.r. 26.78 3.86 

35.26 n.r. 21.25 4.494 

35.71 n , r .  20.93 4.623 

36.16 n.r. 21.07 4.732 

35.99 n.r. 21.13 4,683 

34.93 n.r. 23.28 4.302 

n.r. 

n.r. 

n.r. 

n.r. 

n.r. 

n.r. 

n.r. 

n.r. 

n.r. 

n.r. 

n.r. 

n.r. 

n.r. 

-24.92 .653 

-21.3 .559 

40.33 .539 

157.8 ,919 

386.5 1.67 

548.3 1.271 

632.7 1.478 

650,l 2.177 

617.6 2.496 

529.6 2.257 

388.2 2.025 

211.4 2.03 

23.21 1.703 

2.9 

2.6 

2.6 

4.5 

8.1 

5.8 

6.7 

10.0 

13.3 

9.9 

9.9 

9.9 

8 

-- 

-- 

-- 

131 

149 

199 

196 

142 

134 

134 

55 

60 

52 

-- 

-- 

-- 

,203 

,409 

.691 

.861 

,800 

,870 

.874 

,394 

,404 

,310 5.820 
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600 

700 

800 

900 

1000 

1100 

1200 

1300 

1400 

1500 

1600 

1700 

1800 

25.03 n.r. 

24.9 n.r. 

25.1 n.r. 

27.4 n,r. 

30.37 n.r. 

31.96 n.r. 

33.69 n.r. 

35.36 n.r. 

37.15 n.r. 

38.24 n.r. 

30.12 n.r. 

34.22 n.r. 

32.77 n.r. 

85.8 .451 

86.5 .425 

06.2 .439 

82.4 .652 

74.3 1.117 

67.95 1.523 

55.69 2.320 

42.22 3.325 

33.68 4.203 

30.11 4.695 

33.32 4.489 

55.03 2.424 

50.47 2.063 

n.r. 

n.r. 

n.r. 

n.r. 

n.r. 

n.r. 

n.r. 

n.r. 

n.r. 

n.r. 

n.r. 

n.r. 

n.r. 

-34.2 .447 

-27.55 .474 

-0.50 .466

104.0 .507 

334.7 1.045 

520.1 .717 

608.9 1.00 

675.5 1.992 

684.5 1.54 

637.1 1.709 

539.8 2.13 

421.1 2.205 

186.1 2.244 

2.07 

2.179 

2.179 

2.4118 

5.08'5 

3 .375 

4.4778 

10 

6.6333 

7.94 

9.925 

10.075 

10.1 

-- 

-- 

-- 

164 

20 1 

35 2 

150 

141 

123 

110 

157 

05 

80.59 

-- 

-- 

-- 

.139 

.345 

.690 

.576 

.714 

.779 

.773 

.976 

.320 

.240 5.561 



Table 12. E. tereticornis (Varavoor) - Hourly microclimate, aerodynamic and stomatal conductances and 
transpiration data on 25-4-91 

600 

700 

800 

900 

1000 

1100 

1200 

1300 

1400 

1500 

1600 

1700 

1800 

26.54 n.r. 82.2 .613 n.r. 

25.38 n.r. 79.4 .667 n.r. 

27.53 n.r. 78.1 .811 n.r. 

29.93 n.r. 72.3 1.172 n.r. 

30.43 n.r. 73 1.174 n.r. 

31.56 n.r. 68.2 1.476 n.r. 

32.16 n.r. 63.21 1.766 n.r. 

32.47 n.r. 60.46 1.931 n.r. 

32.81 n.r. 551.4 2.022 n.r. 

33.02 n.r. 55.01 2.265 n.r. 

32.8 n.r. 55.36 2.22 n.r. 

32.33 n.r .  58.35 2.02 n.r. 

31.11 n.r. 65.0l 1.583 n.r. 

-38.21 1.209 

-13.96 ,552 

126.7 ,679 

315 1.222 

427.7 1.529 

554.5 1.697 

458.2 1.835 

623.4 2.586 

649.9 2.281 

572.5 2.382 

463.1 2.399 

254.6 2.089 

63.81 1.542 

5.8571 

2.5 

3.1539 

5.8143 

6,7833 

8.1 

8.1 

13.5 

10.1 

10.1 

10.1 

10.125 

10.15 

-- 

-- 

-- 

234 

297 

198 

162 

29 1 

286 

141 

175 

146 

68 

-- 

-- 

-- 

.387 

.503 

.476 

.439 

.800 

.826 

.494 

.565 

.411 

.149 5.061 
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600 

700 

800 

900 

1000 

1100 

1200 

1300 

1400 

1500 

1600 

1700 

1800 

26.85 n.r. 86.2 .486 

26.58 n.r. 86.7 .463 

27.05 n.r. 77.2 .819 

28.46 n.r. 75.7 .943 

29.88 n.r. 74.1 1.093 

30.64 n.r. 72.9 1.195 

31.98 n.r. 67 1.57 

33.21 n.r .  62.2 1.928 

34.69 n.r. 57.51 2.35 

34.15 n.r. 60.27 2.131 

33.06 n.r. 63.31 1.858 

31.91 n.r. 68.15 1.507 

31.01 n.r. 71.3 1.292 

n.r .  

n.r. 

n.r. 

n.r. 

n.r. 

n.r. 

n.r, 

n.r. 

n.r. 

n.r. 

n.r. 

n.r. 

n.r. 

-10.45 .462 

15.68 .522 

136.33 .553 

158.8 .594 

256.8 .751 

406.1 1.27 

658.9 1.581 

637.1 1.587 

568.6 1.405 

493.4 1.773 

241.5 1.793 

91.2 11.388 

9.44 1.079 

2.2 

2.4 

2.6 

2.7 

3.4 

5.8 

6.8 

b.7 

6.7 

8.1 

8.1 

6.8 

5.1 

-- 

-- 

44 

99 

186 

220 

202 

143 

94 

188 

172 

54 

19 

-- 

-- 

.066 

.147 

.295 

.408 

.539 

.470 

.380 

.586 

.430 

.117 

.0349 3.476 
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Table 14. E. tereticronis (Palode) - Hourly microclimate, aerodynamic and stomatal conductances and 
transpiration data on 14-7-91 

600 24.08 n.r. 86.4 ,409 n.r. 

70G 23.98 n.r. 86.6 ,401 n.r. 

800 26.09 n.r. 83.0 .576 n.r. 

900 27.76 n.r. 77.9 .824 n.r. 

1000 28.86 n.r. 74.9 ,997 n.r. 

1100 29.66 n.r. 72.5 1.146 n.r. 

1200 31.03: n.r, 67.7 1.455 n.r. 

1300 30.4 n.r, 69.67 1.325 n.r. 

-41.1 

-14.6 

124 

304 

459 

46 1 

58 1 

314 

.. 

.. 
" 

.. 

.. 
I .  

. I  

.. 

5.9 

8.3 

5.1 

10.2 

10.2 

10. 1 

8.1 

13.5 

-- 

25 1 

318 

408 

400 

506 

400 

362 

,035 

,081 

,157 

,194 

,274 

.291 

.205 

1500 29.58 n.r. 74.1 1.072 n.r. 313 .. 13.5 376 ,176 

l6OO 29.79 n.r. 73.4 1.113 n.r. 363 . 13.5 416 .202 

1700 29.18 n.r. 73.7 1.064 n.r. 216 I. 13.5 305 ,137 

4 4  



600 

700 

800 

900 

1000 

1100 

1200 

1300 

1400 

1500 

1600 

1100 

1800 

17.64 .. 
18.04 .. 
20.47 20.07 

24.87 .. 
27.36 .. 
29.34 .. 
29.61 29.5 

29.14 29.92 

29.85 30.36 

30.26 30.14 

30.24 30.5 

29.15 28.7 

28.04 27.08 

89.8 .205 -.042 

89.3 .221 17.37 

81.2 .466 173.5 

70.2 .941 412 

62.91 1.354 625.5 

56.84 1.767 782 

49.65 2.09 855 

49.58 2.108 861 

48.1 2.183 788 

45.27 2.357 663.7 

46.5 2.303 463.9 

48.5 2.082 242.7 

56.33 1.662 71.7 

-19.17 

-5.194 

91.5 

260 

425.7 

551.7 

616.6 

621.9 

557 

460.1 

298.3 

119.6 

-13.81 

.789 

.812 

1.087 

.948 

1.414 

1.279 

1.918 

2.152 

2.559 

2.135 

1.985 

2.528 

1.306 

3.9 

3.9 

5.2 

4.6 

6.8 

5.8 

8.1 

10.2 

13.5 

10.2 

10.2 

13.6 

5.8 

-- 

-- 

120 

312 

380 

32 1 

313 

215 

25 4 

226 

226 

144 

80 

-- 

-- 

.0244 

.1388 

.2401 

.281 

.2471 

.2126 

.2465 

.2334 

.2174 

.1206 

.0503 2.0122 
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Table 16. E. tereticornis (Palode) - Hourly microclimate, aerodynamic and stomatal conductances and 
transpiration data on 11-1-92 

Time T5 rh D S R" U 9a 9s 

-- -- 600 20 9 19.22 62.42 .928 -.007 -67.04 1.108 5.3 

700 

800 

900 

1000 

1100 

1200 

1300 

1400 

1500 

1600 

1700 

l800 

20.72 18.73 62.28 ,922 

21.09 18.86 61.31 .967 

24.01 22.29 59.15 1.227 

27.93 26.63 45.39 2.063 

29.63 29.27 39.25 2.526 

29.6 30.13 38.44 2.553 

31.16 30.83 35.33 2.933 

31.67 31.6 34.5 3.057 

31.83 32 34.06 3.106 

30.99 31.47 34.75 2.931 

29.78 29.67 36.85 2.646 

28.76 28.34 38.45 2.432 

3.497 -61.17 . 695 

66.85 -14.98 ,509 

359.1. 193.3 ,487 

581.6 360.6 .597 

782 518.7 .959 

891 607 1.729 

879 598.3 1.047 

856 569 1.188 

747 472.1 1.489 

555.3 322.8 2.446 

307.1 146.8 3.478 

126.4 13.22 3.245 

3.2 

2.4 

2.3 

2.7 

4.5 

8.1 

5.0 

5.7 

6.7 

10.2 

13.6 

13.6 

153 

350 

389 

408 

416 

37 1 

379 

318 

289 

174 

127 

.0498 

.1777 

.3443 

.4522 

.4608 

.4879 

5024 

.4176 

.3421 

.1842 

.1213 3.5403 

. . . . 
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Table 17, E tereticornis (Palode) - Hourly nicroclimate, aerodynamic and stomata1 conductances and 
transpiration data on 19-2-92 

-- -- 700 22.88 22.44 86 .39 5.35 -48.82 1.764 8.4 

800 24.14 23.83 82.3 .537 110.3 29.61 1.861 8.3 .319 .0644 

900 26.38 26.52 73.8 ,907 320.3 188.3 1.726 8.2 528 .1919 

1000 28.43 28.77 61.7 1.482 550.2 367.5 1.99 10.2 592 .3598 

1100 30.07 30.78 53.87 1.968 735 509.6 2.302 10.2 605 .4928 

1200 31.76 32.62 47.23 2.478 073 6i4.9 2.216 10.2 563 .5843 

1300 32.91 33.42 44.55 2.776 908 636.2 2.064 10.1 475 .5621 

1400 32.76 33.96 48.06  2.583  846 590.6 2.891 13.5 420     .4624 

1500 32.11 33.53 52.95 2.256 770 536.3 4.192 20.3 357 .3407 

1600 30.93 32.01 57.08 1.685 524.7 360.5 4.161 20.3 365 .284 

1700 29.92 30.37 5823 1.765 249.b 158.2 3.256 13.6 296 .2074 

1800 29.25 29.44 59.65 1.632 120.7 66.56 2.63 13.6 356 ,2195 3.771 

........................................................................................................ 
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-- -- 600 21.14 24.77 88.8 .38 -.025 -13.96 ,903 4.1 

-- -- 700 26.92 24.89 88.3 .415 28.11 8.23 1.029 4.6 

800 28.59 26.98 85.6 .562 190.7 129.9 1.004 4.5 544 .1274 

900 29.33 29.73 79.2 .851 316.2 301.9 2.056 10.2 708 .2598 

1000 30.64 31.15 73.3 1.178 522.9 458.5 2.129 10.2 - 786 .4045 

1100 31.52 32.61 68.57 1.453 .. 621.1 1.981 10.1 865 .5604 

1209 32.66 33.17 63.98 1.781 .. 656.1 1.964 8.1 773 .606 

1300 32.75 33.29 61.60 1.801 .. 656.0 1.842 8.1 64 1 .592 

1400 33.49 33.84 59.99 2.068 -6999 562.7 2.89 13.5 660 .5677 

1500 32.96 33.43 60.52 1.982 -6999 481.9 3.233 13.5 666 .5376 

1600 32.48 32.96 61.9 1.862 -6999 415 3.275 13.5 695 .5168 

1700 31.96 31.95 62.76 1.767 357.2 228.6 2.711 10.2 725 .47 67 

1800 30.78 30.37 65.98 1.512 107.1 48.66 2.481 8.3 382 .2155 4.8644 
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Table 19. E tereticornis (Palode) - Hourly Microclimate, aerodynamic and stomata1 conductances and 
transpiration data on 5-6-92 

600 

700 

800 

900 

1000 

1100 

1200 

1300 

1400 

1500 

1600 

1700 

1800 

24.39 24.19 85.9 .43 .. 
24.42 24.22 85.8 .435 23.69 

25.1 25 84.6 .492 211 

26.16 26.38 82.5 .597 500.5 

27.33 27.87 78.2 .793 784.9 

28.85 29.84 72.8 1.082 434 

29.4 30.26 69.92 1.233 432.9 

29.78 30.72 69.07 1.296 500.5 

29.46 30.19 70.5 1.214 256 

28.42 29.07 75 ,969 506.8 

29.56 31.07 70.8 1.208 125 

29.24 29.6 70.9 1.183 77.5 

28.32 28.33 72.9 1.045 52.95 

-12.09 

-4.611 

115.3 

323.1 

495.8 

245 

238.5 

315.8 

140.4 

355. 8

55.33 

20.2 

1.9 

1.771 8.3 

1.832 8.3 

2.125 10.4 

2.506 10.3 

2.71 13.7 

2.48 10.2 

2.51 10.2 

2.72 13.6 

3.042 13.6 

3.208 13.6 

3.671 20.4 

3.476 13.6 

3.155 13.6 

-- 

-- 
734 

798 

887 

772 

790 

037 

708 

81 1 

605 

482 

38 1 

-- 
-- 

.0849 

.1176 

.1743 

.2185 

.2561 

.2097 

.248 1 

.2162 

.2289 

.1858 

.1317 2.152 
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Table 20, E,  tereticornis (Palode) - Hourly microclimate, aerodynamic and stomata1 conductances and 
transpiration data on 25-8-92 

600 24.39 24.19 85.9 .43 .. -12.09 

700 24.42 24.22 E5.8 .435 23.69 -4.611 

800 25.1 25 04.6 .492 122.6 64.99 

900 26.16 26.38 82.5 .597 304.4 210.5 

1000 27.33 27.87 70.2 .793 485.0 361 

1100 28.85 29.84 72.8 1.08 730 554.6 

1200 29.4 30.26 69.92 1.233 692.7 521.8 

1300 29.78 30.72 69.07 1.296 696.4 514.1 

1400 29.46 30.19 70.5 1.214 524 303.1 

1500 20.42 29.07 75 .969 506.0 355.0 

1600 29.50 31.07 70.0 1.200 561.4 387.8 

1700 29.24 29.6 70.92 1.183 387.3 251.1 

1800 28.32 28.33 72.9 1.045 192.6 100.8 

1.771 8.3 

1.832 8.3 

2.125 10.4 

2.508 10.3 

2.71 13.7 

2.48 10.2 

2.51 10.2 

2.72 13.6 

3.042 13.6 

3.208 13,6 

3.671 20.4 

3.476 13.6 

3.155 13.6 

-- 

-- 

616 

94i. 

990 

97 1 

1000 

790 

811 

916

708 

603 

637 

-- 
-- 

.0762 

.1294 

.1876 

.2513 

.2958 

.2756 

.267 

.2162 

.3119 

.249 

.1901 2.45 
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s i m i l a r  t y p e  of m i c r o c l i m a t e  measu remen t s  made a t  P a l o d e  

d u r i n g  one  year of i n t e n s i v e  m o n i t o r i n g .  H o u r l y  v a l u e s  have  

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

a v e r a g e  o f  720 measurements  ( l o g g i n g  of  d a t a  d o n e  a t  5 

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

The h i g h e s t  t e m p e r a t u r e  a t  Varavoor  was n o t e d  i n  March 

when it r e a c h e d  more t h a n  38OC. The l o w e s t  r . h .  w a s  

o b s e r v e d  i n  F e b r u a r y .  The D v a l u e s  r ema ined  r e l a t i v e l y  h i g h  

d u r i n g  J a n u a r y  t o  March i n  b o t h  t h e  l o c a l i t i e s  ( >  2 . 0  k P ) .  

The wind s p e e d  (u) showed much h i g h e r  v a l u e s  d u r i n g  December 

t o  F e b r u a r y  a t  Varavoor  m a i n l y  b e c a u s e  of a s t r o n g  e a s t e r l y  

wind b l o w i n g  t h r o u g h  t h e  Palghat gap of t h e  Wes t e rn  G h a t s .  

The Rn a l s o  r ema ined  r e l a t i v e l y  h i g h  d u r i n g  t h e  pre-monsoon 

p e r i o d .  The measu remen t s  of S and Rn made s i m u l a t a n e o u s l y  

a t  P a l o d e  show good c o r r e l a t i o n  ( F i g . 6 ) .  

4 . 1 . 4 .  Stomata1 conductance 

A c o m p a r a t i v e  s t u d y  o f  t h e  a d a x i a l  and a b a x i a l  s i d e s  of 

t h e  E .  tereticornis l e a v e s  showed t h e  p r e s e n c e  of  s t o m a t a  on 

b o t h  t h e  s u r f a c e s  i n  almost e q u a l  f r e q u e n c y  ( T a b l e  2 1  ) .  

The leaves were h e l d  on t h e  t r e e  i n  a p e n d u l o u s  manner .  

However, it  is p o s s i b l e  t o  d i s t i n g u i s h  m o r p h o l o g i c a l l y  

be tween  t h e  a d a x i a l  and a b a x i a l  s u r f a c e s  o f  t h e  leaf f rom 

t h e  c o l o u r  and t h e  v e n a t i o n .  Whi le  making gs measu remen t s ,  

b o t h  t h e  s u r f a c e s  were measured c o n s e c u t i v e l y  and  t h e  h o u r l y  

a v e r a g e s  c a l c u l a t e d .  The gs measu remen t s  showed t h a t  b o t h  

t h e  s u r f a c e s  f u n c t i o n e d  i d e n t i c a l l y  i r respec t ive  of t h e  
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Table  21. Stomata1 frequency i n  the leaves of  Eucalyptus 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

S p e c i e s  A d a x i a l  s i d e  A b a x i a l  s i d e  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

(NO. mm-2) (NO. mm-2) 

E tereticornis  420 k 18 598 f_ 18 

E .  grandis  N i l  284 +, 13 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

k S . E .  is i n d i c a t e d ;  N = 10 

a z i m u t h  a n g l e  of t h e  s u n .  The gs v a l u e s  are  p r e s e n t e d  i n  

T a b l e s  6 t o  20 .  The canopy c o n d u c t a n c e  (g c) was c a l c u l a t e d  

f rom gs v a l u e s  u s i n g  t h e  e q u a t i o n .  

gc ( 7 )  

whe re ,  

L = leaf area i n d e x  of t h e  c o n d u c t i n g  s u r f a c e .  

The d i u r n a l  v a r i a t i o n s  i n  gs v a l u e s  d u r i n g  the p o s t  

monsoon and t h e  pre-monsoon p e r i o d s  are d e p i c t e d  i n  F i g s .  7a 

and b .  I t  may be n o t e d  t h a t  t h e  d i u r n a l  v a r i a t i o n s  f o l l o w  a 

c o n s i s t e n t  p a t t e r n  b o t h  i n  t h e  pos tmonsoon  and d r y  p e r i o d s ,  

w i t h  h i g h e r  v a l u e s  i n  t h e  morn ing  t h a n  t h e  a f t e r n o o n .  The 

s e a s o n a l  v a r i a t i o n  was w e l l  p ronounced  a t  Varavoor when 

compared t o  P a l o d e ,  w i t h  h i g h e r  v a l u e s  of gs i n  t h e  

postmonsoon p e r i o d .  T h i s  is p r o b a b l y  b e c a u s e  D v a l u e s  

r e a c h e d  much h i g h e r  l e v e l s  i n  F e b r u a r y  a t  Varavoor  compared 

t o  t h a t  o f  P a l o d e .  A t  P a l o d e ,  t h e  d i u r n a l  measu remen t s  
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showed t h a t  t h e  gs v a l u e s  were n o t  s i g n i f i c a n t l y  d i f f e r e n t  

i n  t h e  two p e r i o d s .  

F i g .  8 shows a  s c a t t e r  p l o t  o f  t h e  r e l a t i o n  be tween  gs 

and D m e a s u r e m e n t s .  I n  t h i s  g r a p h ,  a l l  t h e  gs v a l u e s  

measured  above  a n  Rn v a l u e  o f  100 Wm-2 have  b e e n  u s e d .  The 

c o r r e l a t i o n  be tween  t h e  two f a c t o r s  is p o o r  i n d i c a t i n g  

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

d e f i c i t .  I n  g e n e r a l ,  i n  b o t h  l o c a l i t i e s ,  t h e  r e l a t i o n  was 

s imilar  i n d i c a t i n g  n o t  much c o n t r o l  on t h e  s t o m a t a l  

mechanism by D. The i r r a d i a n c e  was c e r t a i n l y  i m p o r t a n t  i n  

s t o r n a t a l  f u n c t i o n i n g ,  however ,  t h e  v a r i a t i o n s  were 
 

n e g l i g i b l e  a f t e r  t h e  l i g h t  a v a i l a b i l i t y  became optimum. 

S i n c e  b o t h  t h e  p l a n t a t i o n s  i n  t h i s  s t u d y  a re  l o c a t e d  a t  

low l a t i t u d e s ,  l i g h t  was n o t  a  l i m i t i n g  f a c t o r  except d u r i n g  

t h e  monsoon p e r i o d .  

To  u n d e r s t a n d  what  c o n t r o l s  t h e  gs ,a  m u l t i p l e  

r e g r e s s i o n  a n a l y s i s  of t h e  f o l l o w i n g  form was d o n e  u s i n g  t h e  

e n v i r o n m e n t a l  f ac to r s  l i k e  D, Rn, Ta and ga. 

However, t h e  c o r r e l a t i o n  c o e f f i c i e n t  still  r ema ined  a t  

low l e v e l .  T h i s  p r o b a b l y  i n d i c a t e s  t h a t ,  when t h e  r o o t s  of 

E. tereticornis  have  access t o  water (as i n d i c a t e d  by  t h e  

h i g h  predawn water p o t e n t i a l s  t h r o u g h o u t  t h e  year ) ,  o t h e r  

f a c t o r s  have  very  l i t t l e  r o l e  t o  p l a y  i n  s tomata l  

f u n c t i o n i n g .  T h i s  is  u n u s u a l  when compared t o  many o t h e r  
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p l a n t s  s t u d i e d  i n  t h e  l i t e r a t u r e .  I n  E .  tereticornis i t  may 

b e  n e c e s s a r y  t o  examine  i f  s t o m a t a 1  c o n t r o l  e x i s t s  i n  

r e s p o n s e  t o  D when t h e r e  is  water s tress i n  t h e  s o i l .  The 

t r ees  i n  b o t h  l o c a l i t i e s  i n  t h e  p r e s e n t  s t u d y  do n o t  

e x p e r i e n c e  extreme stress c o n d i t i o n s .  R o b e r t s  e t  a l .  ( 1 9 9 2 )  

w h i l e  s t u d y i n g  t h e  E .  tereticornis i n  K a r n a t a k a  have  shown 

t h a t  when t h e  midday water p o t e n t i a l  is  a r o u n d  - 3 .6  MPa, t h e  

s t o m a t a  show almost c o m p l e t e  c l o s u r e .  But  when t h e  midday 

p o t e n t i a l s  were a r o u n d  - 2 . 0  MPa, t h e  stomata f u n c t i o n e d  

n o r m a l l y .  

4 . 1 . 5 .  Leaf area index (LAI) 

The LAI measu remen t s  u s i n g  t h e  canopy  a n a l y s e r  which  

u s e s  t h e  p r i n c i p l e  o f  l i g h t  i n t e r c e p t i o n  is a r e c e n t  method .  

Hence t h i s  was t e s t e d  a g a i n s t  t h e  d e s t r u c t i v e  s a m p l i n g .  

F i g .  9 shows t h e  r e l a t i o n  be tween  g b h  and leaf  area 

measured  i n  30 t rees  u s i n g  t h e  d e s t r u c t i v e  s a m p l i n g .  I t  may 

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

show good c o r r e l a t i o n  i n  a  l i n e a r  f i t .  

The LAI as measured  by t h e  canopy  a n a l y s e r  is 2 . 1 7  a t  

t h e  Varavoor  p l a n t a t i o n  and 0.60 a t  P a l o d e .  When 

measu remen t s  o f  t h e  g b h  were made t o  p r e d i c t  t h e  LAI i n  t h e  

above  two p l a n t a t i o n s  t h e y  a g r e e d  r e a s o n a b l y  wel l  w i t h  t h e  

LAI measu remen t s  using canopy a n a l y s e r .  

4 .1 .6 .  Transpirat ion 

The most w i d e l y  u s e d  form of t h e  c o m b i n a t i o n  e q u a t i o n ,  

name ly ,  t h e  Penman- Montei th  e q u a t i o n  was u s e d  t o  c a l c u l a t e  
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t h e  t r a n s p i r a t i o n  f rom t h e  p l a n t a t i o n .  T h i s  g i v e s  a  one  

d i m e n s i o n a l  d e s c r i p t i o n  of  t h e  i n t e r r e l a t i o n s h i p s  be tween  

t h e  w e a t h e r  and v e g e t a t i o n  v a r i a b l e s  ( M o n t e i t h ,  1973) .  

The m i c r o c l i m a t e  d a t a  c o l l e c t e d  above  t h e  canopy  and 

t h e  h o u r l y  measu remen t s  o f  gs formed t h e  b a s i s  of a p p l y i n g  

t h e  above  e q u a t i o n  i n  t h e  p r e s e n t  c i r c u m s t a n c e .  I n  o u r  

p r e s e n t  s t u d y  we have  t a k e n  t h e  a t m o s p h e r i c  D i n s t e a d  o f  t h e  

leaf  t o  a i r  D by a s suming  t h a t  t h e  leaf is always a t  t h e  

a m b i e n t  t e m p e r a t u r e .  Computing t h e  t r a n s p i r a t i o n  u s i n g  t h e  

above  parameters was done  on an  h o u r l y  i n t e r v a l .  R e s u l t s  

are  p r e s e n t e d  i n  T a b l e s  6 t o  20.  

From t h e  above  t a b l e s  and from F i g .  10 it may be s e e n  

t h a t  t h e  water l o s s  d u e  t o  t r a n s p i r a t i o n  v a r i e s  d i u r n a l l y  a s  

w e l l  a s  s e a s o n a l l y .  T h i s  is d u e  t o  t h e  i n t e r a c t i o n  of  

s e v e r a l  e n v i r o n m e n t a l  f a c t o r s  l i k e  Rn D, ga e t c .  and 

p h y s i o l o g i c a l  f ac to r s ,  m a i n l y ,  t h e  gs and t h e  water 

p o t e n t i a l  of t h e  p l a n t .  I n  t h e  Penman- Montei th  e q u a t i o n ,  

t h e  e n e r g y  f a c t o r  Rn, may n o t  p l a y  an  i m p o r t a n t  r o l e  i n  

d e t e r m i n g  t r a n s p i r a t i o n  v a l u e .  However,  so l a r  r a d i a t i o n  is 

a  p r e r e q u i s i t e  f o r  s t o m a t a 1  o p e n i n g  and h e n c e  a f f e c t s  gs 

v a l u e s .  

I n  most p l a n t s ,  gs and D are  f o u n d  t o  be h i g h l y  

cor re la ted  v a r i a b l e s .  But  h e r e  t h e s e  two va r i ab l e s  are n o t  

s o  c o r r e l a t e d .  Hence it c a n  b e  r e a s o n a b l y  c o n c l u d e d  t h a t  

t r a n s p i r a t i o n  proceeds i n  a c c o r d a n c e  w i t h  t h e  a t m o s p h e r i c  
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v a p o u r  p re s su re  d e f i c i t  i n  t h e  a b s e n c e  of a n y  r e m a r k a b l e  

p h y s i o l o g i c a l  c o n t r o l  on s t o r n a t a l  o p e n i n g .  As t h e  gs d o e s  

n o t  show a n y  r e s p o n s e  t o  D, any  i n c r e a s e  i n  t h e  v a p o u r  

p r e s s u r e  d e f i c i t  c o n t r i b u t e s  t o  i n c r e a s e d  t r a n s p i r a t i o n  a t  

l e a s t  u p t o  a t h r e s h o l d  v a l u e .  

4 .1 .7 .  R a i n f a l l  i n t e r c e p t i o n  ( E i )  

The amount of water l o s t  by i n t e r c e p t i o n  o f  r a i n f a l l  

h a s  been  e s t i m a t e d  f rom a  model r e q u i r i n g  min ima l  d a t a  

( C a l d e r  and Newson, 1979, 1980; C a l d e r ,  1 9 9 2 b ) .  

whe re ,  

f = t h e  f r a c t i o n  of t h e  c a t c h m e n t  area u n d e r  canopy  

c o v e r a g e .  

Pa = t h e  a n u a l  p r e c i p i t a t i o n  

α = t h e  i n t e r c e p t i o n  f r a c t i o n  ( t a k e n  a s  0 . 4 )  

W a  = t h e  f r a c t i o n  o f  t h e  year when canopy  is wet ( t a k e n  a s  

0 .000122  P a )  

EPET = P o t e n t i a l  e v a p o t r a n s p i r a t i o n  o f  t h e  a rea .  

I n  t h e  above  e q u a t i o n ,  f  w a s  measured  u s i n g  t h e  canopy  

a n a l y s e r  which  g ives  t h e  f r a c t i o n  o f  s k y  v i s i b l e  t o  t h e  

s e n s o r  (DIFN). f is c a l c u l a t e d  a s  (1-DIFN). 

U s i n g  t h e  above  e q u a t i o n  t h e  v a l u e s  o b t a i n e d  f o r  P a l o d e ,  

Va ravoor  and Muthanga are g i v e n  i n  T a b l e  2 2 .  I t  may be 
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Table 22. E. tereticornis & E. grandis - Rainfall 
interception estimated from equation ( 9 )  

S t a t  i o n  f Pa(mm) 

Varavoor 0.68 2837 0.4 0.35 1663 38 1 13.4 
( E . tereticornis) 

Pal ode 0.35 2465 0.4 0.30 1484 189 7.7 
( E .  tereticornis) 

Muthanga 0.86 1302 0.4 0. 16 1534 230 18.3 
( E . grandis) 
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n o t e d  t h a t  1 3 . 4 % ,  7 . 7 %  and 18.3% of  t h e  r a i n f a l l  are 

i n t e r c e p t e d  i n  t h e  t h r e e  l o c a l i t i e s  r e s p e c t i v e l y .  The 

d i f f e r e n c e s  i n  i n t e r c e p t i o n  are  m a i n l y  d u e  t o  v a r i a t i o n s  i n  

LAI . 

4.1.8. N e t  pho tosyn thes i s  (Pn) and water u s e  efficiency 

(WUE) 

F i g .  11 shows t h e  Pn, Ec and WUE(Pn/Ec) measured  

s i m u l t a n e o u s l y  i n  E .  t e re t i corn i s  a t  P a l o d e .  F o r  t h e  s a k e  

of  b r e v i t y ,  o n l y  t h e  sample d a y  measu remen t s  made on a p o s t  

monsoon d a y  and a d a y  d u r i n g  t h e  premonsoon p e r i o d  have  been  

g r a p h e d .  Each d a t a  p o i n t  i n  t h e  f i g u r e s  is  t h e  mean v a l u e  

o f  a t  l e a s t  s i x  measu remen t s  on d i f f e r e n t  leaves from 

d i f f e r e n t  t r e e s .  - The WUE is e x p r e s s e d  as t h e  µ mol CO2 

a s s i m i l a t e d  per  mmol H20 t r a n s p i r e d  on a u n i t  l eaf  area 

b a s i s .  

The d i u r n a l  v a r i a t i o n s  i n  Pn i n d i c a t e  t h a t  t h e  

p h o t o s y n t h e s i s  is more e f f i c i e n t  d u r i n g  t h e  morn ing ,  and 

t h e r e  is  a g r a d u a l  decrease i n  t h e  r a t e  d u r i n g  t h e  a f t e r n o o n  

( F i g .  l l a . ) .  

If w e  assume t h e  sample d a y s  measurement  as i n d i c a t i v e  

of t h e  p o s t  monsoon ( A u g u s t )  and premonsoon ( F e b r u a r y )  

p e r i o d s ,  it may b e  n o t e d  t h a t  t h e  Pn and Ec are n o t  

s i g n i f i c a n t l y  d i f f e r e n t  i n  t h e  above  p e r i o d s .  Hence t h e  

c a l c u l a t i o n  o f  t h e  WUE also does n o t  show much v a r i a t i o n s  

be tween  t h e  t w o  s e a s o n s .  T h i s  is u n l i k e  i n  E  grandis 

r e p o r t e d  h e r e .  From t h e  F i g .  l l c  i t  means- that the WUE 
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v a l u e s  i n  E .  tereticornis  r a n g e s  be tween  1 . 5  and 3 . 0  µ mol 

4 .1 .9 .  Growth 

The g r o w t h  i n  g i r t h  o f  40 t r e e s  f o l l o w e d  a t  m o n t h l y  

i n t e r v a l s  is  d e p i c t e d  i n  F i g .  12  a & b .  The a v e r a g e d  v a l u e s  

show t h a t  t h e  i n c r e a s e  i n  g i r t h  d u r i n g  t h e  pre-monsoon 

months  is m i n i m a l .  T h i s ,  however ,  d o e s  n o t  mean t h a t  

e x t e n s i o n  g r o w t h  is a f f e c t e d  d u r i n g  t h e  p re  monsoon mon ths .  

As a matter o f  f a c t  w e  have  o b s e r v e d  t h e  p r o d u c t i o n  of new 

l e a v e s  d u r i n g  t h e  pre-monsoon p e r i o d .  

4 . 2 .  E  grandis 

4.2 .1 .  Weather data 

The a n n u a l  r a i n f a l l  d a t a  c o l l e c t e d  f rom a s t a t i o n  

l o c a t e d  2 km. f rom t h e  p l a n t a t i o n  i s  p r e s e n t e d  i n  T a b l e  23 .  

I t  may b e  n o t e d  t h a t  t h e  wettest  months  of t h e  year are  from 

June t o  Sep tember  which  is d u e  t o  t h e  r a i n f a l l  b r o u g h t  by 

t h e  Sou th- wes t  monsoon. The d r y  p e r i o d  is f rom December t o  

March when t h e r e  is no  o r  s c a n t y  r a i n f a l l .  The PET v a l u e s  

c a l c u l a t e d  f o r  Mysore f rom t h e  d a t a  c o l l e c t e d  f o r  30 years  

have  b e e n  shown i n  F i g .  2 ( a f t e r  Rao e t  al. ,  1 9 7 1 ) .  T h i s  

is b e c a u s e  n o  s u c h  d a t a  is a v a i l a b l e  f o r  Wyanad. However, 

t h e  c l imat ic  s i m i l a r i t y  o f  Wyanad w i t h  t h a t  of Mysore is 

w e l l  r e c o g n i s e d .  

4 .2 .2 .  Leaf water potentials 

F i g .  13 shows  t h e  predawn and  midday water p o t e n t i a l s  
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Table 23. E. grandis (Muthanga) - Rainfall data for Muthanga 
during the study period (1992-93) 

F e bruary  N i l  

March N i l  

A pril 73 

May 172 

June 411 

July 220 

August 203 

September 140 

October 83 

November N i l  

December N i l  

The above data was collected from a station located 2 km. away 
from the study area. The number of rainy d a y s  with > 10 m m  
rainfall was 45 days. 
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i n  E .  grandis when o t h e r  p h y s i o l o g i c a l  and m i c r o c l i m a t e  

parameters were measu red .  Each d a t a  p o i n t  is t h e  mean v a l u e  

o f  a t  l e a s t  s i x  i n d e p e n d e n t  measu remen t s  t a k e n  f rom at l e a s t  

f o u r  t r e e s .  

From F i g .  13, it may b e  n o t e d  t h a t  E grandis  shows 

r e l a t i v e l y  h i g h  predawn water potentials t h r o u g h o u t  t h e  

year .  The v a l u e s  c e r t a i n l y  i n d i c a t e  t h a t  E grandis is 

s u b j e c t e d  t o  s l i g h t l y  more s t ress  t h a n  t h e  E. tereticornis 

s t u d i e d  a t  t h e  two l o c a l i t i e s .  T h i s  is d u e  t o  t h e  l ower  

r a i n f a l l  e x p e r i e n c e d  by t h e  E. grandis  s i t e  when compared t o  

t h e  o t h e r  two.  I n  E. grandis  t h e  predawn water p o t e n t i a l s  

r e a c h  t h e  l o w e s t  l e v e l s  t o w a r d s  t h e  end of t h e  d r y  p e r i o d .  

The c o r r e s p o n d i n g  midday v a l u e s  also show a s imilar  t r e n d .  

However, t h e  midday va lues  also n e v e r  r e a c h  l e v e l s  l e s s  t h a n  

- 2 . 0  MPa. A l t h o u g h  a p -v -cu rve  a n a l y s i s  of E. grandis  h a s  

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

assumed t h a t  t h e  water p o t e n t i a l  a t  t u r g o r  l o s s  p o i n t  t o  be 

a r o u n d  - 2 . 0  MPa, wh ich  means t h a t  t h e  water p o t e n t i a l s  i n  E. 

grandis  n e v e r  r e a c h  t h e  t u r g o r  loss l e v e l s .  

4 .2 .3 .  Microclimate 

The same m i c r o m e t e o r o l o g i c a l  parameters as measured  

above  t h e  E. tereticornis  canopy  l e v e l  were measu red  h e r e  

a l s o .  The r e s u l t s  are p r e s e n t e d  i n  T a b l e s  2 4  t o  2 9 .  

The h i g h e s t  t e m p e r a t u r e s  i n  t h i s  l o c a l i t y  were o b s e r v e d  

i n  March when t h e y  r e a c h e d  more t h a n  32OC above  t h e  t r e e  
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Table 24, grandis (Muthanga) - Hourly microclimate, aerodynamic and stomatal conductances and 
Transpirat ion data on 13-2-92 

a. Upper canopy 

600 
7 00 
800 
900 

1000 
1100 
120O 
1300 
1400 
1500 
1600 
1700 
1 800 

16.21 15.34 91.1 .164 
15.93 15.26 91.1 .161 
17.00 15.97 89.5 .205 
20.25 20.25 81.9 .436 
23.33 23.33 69.96 .863 
24.76 24.56 61.8 1.198 
26.48 26.63 49.66 1.742 
27.25 27-49 40.61 2.15 
28.37 28.46 36.43 2.457 
28.83 28.25 34.52 2.597 
28.94 28.12 33.29 2.663 
28.03 26.97 46.48 2.039 
26.24 25.41 56.31 1.49 

lower canopy 

600 

700 
800 

1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 

900 

16.21 15.34 91.1 ,164 
15.93 15.26 91.1 .161 
17.00 15.97 89.5 ,205 
20.25 20.25 81.9 .436 
23.33 23.33 69.96 .863 
24.76 24.56 61.8 1.198 
26.45 26.63 49.66 1.742 
27.25 27.49 40.61 2.15 
20.37 28.46 36.43 2.457 
28.83 20.25 34.52 2.597 
28.94 28.12 33.29 2.663 
28.03 26.97 46.48 2.039 
26.24 25.41 56.31 1.49 

0 
1 

91 
315 
535 
729 
663 
693 
728 
560 
477 
264 
133 

-078 
1 

91 
315 
535 
729 
663 
693 
728 
560 
477 
264 
133 

-14 
-7 
31 

168 
323 
481 
45 1 
470 
483 
352 
272 
142 
43 

-14 
-7 
i 2  
65 

125 
187 
176 
183 
108 
137 
106 
55 
16 

.76 3 
1.01 5 
1.17 5 
1.08 5 
1.10 5 
1.62 8 
1.85 8 
2.29 11 
2. 16 11 
1.60 7 
1.85 6 
1,74 8 
2.06 11 

.76 
1.01 
1.17 
1.08 
1.10 
1.62 
1.85 
2.29 
2.16 
1.60 
1.85 
1.74 
2.06 

3 
5 
5 
5 
5 
8 
8 

11 
11 
8 
8 
8 

11 

-- 
197 
270 
392 
209 
151 
120 
78 
64 
76 
72 
54 

-- 
-- 

19 
27 
39 
28 
15 
12 
7 
6
7 
7 
5 

-- 
.0419 

.3657 

.4173 

.3234 

.3124 

.2396 

.2387 

.1 670 

.0900 2.539 

.1368 

.2050 

.0207 

.0634 

.1735 

.191 1 

.1485 

.1459 

.1104 

.0950 

.1138 

.0808 
.0441 1.186 
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Table 25, E. grandis (Muthanga) - Hourly microclimate, aerodynamic and stomata1 conductances and 
transpiration data on 12-3-92 

600 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800

18.27 17.74 89.8 
17.58 16.86 90.4 
18.43 16.98 89.8 
23.17 19.36 74.5 
25.87 23.25 55.67 
27.89 27.04 42.56 
30.08 30.44 25.74 
30.73 32.05 15.16 
31.91 33.1 10.91 
32.72 33.31 10.32 
31.9 31.63 30.l 
29.88 29.29 38.79 
25.43 28.03 43.09 

.214 

.193 

.217 

.745 
1.479 
2.173 
3.168 
3.755 
4.216 
4.441 
3.34 
2.582 
i.208 

0 -24 1.17 
9 -18 1.21 

147 24 0.63 
404 176 0.60 
646 357 .85 
844 529 1.170 
955 616 1.91 
991 648 2.80 
940 598 2.43 

609 367 1.97 
334 192 2.40 
130 86 2.06 

848 528 2.12 

5 
6 
3 
2 
4 
5 
8 
14 
10 
10 
10 
10 
11 

-- 
192 
213 
48 
27 
21 
25 
25 
36 
50 
8 

-- 
.1674 
.3680 
.1515
.1160 
.1008 
.1362 
.1429 
.1519 
.1518 
.0213 1.51 

b.  Lower canopy 

600 18.27 17.74 89.8 .214 0 -24 1.17 5 - .0005 
9 -18 1.21 6 - .0005 700 17.58 16.86 90.4 .193 

800 18.43 16.98 89.13 .217 147 24 .63 3 .0007 
900 23.17 19.36 14.5 .745 404 68 .60 2 8  .0376 

1000 25.07 23.25 55.67 1.479 646 139 .85 4 8 .0745 
1100 27.89 27.04 42.56 2.173 044 206 1.17 5 5 .0686 
1200 30.08 30.44 25.74 3.168 955 240 1.91 8 2 .0468 
1300 30.73 32.05 15.16 3.755 991 252 2.80 14 1 .0240 
1400 31.91 33.1 10.91 4.216 940 233 2.43 10 1 .0279 
1500 32.72 33.31 10.32 4.441 848 206 2.12 10 1 .0511 
1600 31.9 31.63 30.1 3.34 609 143 1.97 10 4 .0780 
1700 29.88 29.29 38.79 2.582 334 75 2.40 10 4 .0626 
1800 28.43 28.03 43.09 2.208 130 33 2.06 11 1 .0213 .494 

- 

............................................................................................................ 

71 





Table 27. E. grandis (Muthanga) - Hourly microclimate, aerodynamic and stomatal conductances and 
t ranspirat ion data on 28-10-92 

600 
700 
800 
900 

1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 

18.13 18.01 89 .228 
16.22 18.01 89 .23 
18.68 18.65 88.9 .24 
19.79 19.59 88.5 .265 
21.56 21.13 85.7 .37 

22.52 21.58 79.7 .554 
22.14 21.23 80 .533 
23.78 22.28 75.7 .719 
25.89 24.45 72.4 .925 
26.2 25.11 70.1 1.015 
24.78 23.9 71.8 .883 
23.27 22.37 78.5 .617 

22.25 21.47 80.8 .514 

b. Lower canopy 

600 18.13 18.01 89 ,228 

800 18.68 18.65 88.9 .24 
900 19.79 19.59 88.5 .265 

1000 21.56 21.13 85.7 .37 
1100 22.25 21.47 80.8 ,514 
1200 22.52 21.58 79.7 .554 
1300 22.14 21.23 80 .533 
1400 23.78 22.28 75.7 ,719 
1500 25.89 24.45 72.4 .925 
1600 26.2 25.11 70.1 1.015 
1700 24.78 23.9 71.8 ,883 
1800 23.27 22.37 78.5 .617 

700 18.22 18.01 89 .23 

-.03 
11.49 
61.38 

159.5 
250.4 
183.3 
170.8 
212.6 
369.6 
313.5 
325 
119 
53 

-.03 
11.49 
61.38 

159.5 
250.4 
183.3 
170.8 
212.6 
369. 6 
313.5 
325 
119.5 
53.89 

-6.453 .452 
3.307 .452 

43.89 .49 
116.4 .504 
178.4 .564 
126.6 .623 
118.5 .646 
150.4 .504 
282.4 .519 
174.6 .693 
135.6 .862 
35.51 .74 

-10.78 1.076 

-6.453 .452 
3.307 ,452 

43.89 .49 
116.4 .504 
69.42 .564 
49.37 .623 
46.21 .646 
58.51 ,504 

110.1 .519 
68.09 ,693 
52.88 ,862 
13.84 .74 
-4.204 1,076 

2 
2 
2 
2 
2 
3 
3 
2 
2 
3 
4 
3 
5 

-- 
810 
65 7 
637 
784 
805 
544 
292 
190 
159 

-- 2 
2 
2 
2 
2 611 
3  7 5 5  
3 639 
2 536 
2 505 
3 300 
4 162 
3 247 
5 31 1 

-- 
-- 
-- 

-- 
.2349 
.238 
.245 1 
.2624 
.4144 
.3659 
.2724 
.1494 
.0904 

.1024 

.1439 

.1383 

.1185 

.1671 

.1341 

.0868 

.1004 

.0876 1.079 
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Table 28. E,  grandis (Muthanga) - Hourly microclimate, aerodynanic and stomatal conductances and 
transpiration data on 31-12-92 

a. Upper canopy 

600 
700 
800 
900 

1000 
1100 
120G 
1300 
1400 
1500 
1600 
1700 
1800 

12.37 
11.76 
11.9 
14.17 
18.45 
21.78 
24.49 
26.61 
27.42 
28.29 
28.1 
26.67 
23.54 

b. Lower canopy 

11.61 
11.16 
10.83 
13.95 
17.37 
20.3 
23.64 
25.63 
26.38 
26.52 
25.55 
24.25 
21.9 

600 
700 
800 
900 
l000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 

12.37 11.61 
11.76 11.1 
11.9 10.83 
14.17 13.95 
18.45 17.37 
21.78 20.3 
24.49 23.64 
26.61 25.63 
27.42 26.38 
28.29 26.52 
28.1 25.55 
26.67 24.25 
23.54 21.9 

90.2 .141 - 
90.3 .133 1 
90.4 .134 39 
89.9 .163 144 

63.52 .956 811 
48.02 1.606 313 
37.44 2.181 944 
35.86 2.344 630 
35.72 2.472 770 
36.62 2.41 613 
40.35 2.089 355 
50.12 1.459 72 

82.7 .382 598 

90.2 .141 - 
90.3 .133 1 
90.4 .134 39 
89.9 .163 144 
82.7 .382 598 
63.52 .956 811 
48.02 1.608 931 
37.44 2.181 944 
35.86 2.344 630 
35.72 2.472 710 
36.62 2.41 613 
40.35 2.089 355 
50.12 1.459 72 

-21 .46 
-20 .48 

2 .46 
43 .73 

250 .91 
487 1.30 
624 2.02 

689 1.96 
526 .97 
405 .87 

80 .72 
44 .69 

683 1.88 

-21 .46 
-20 .48 

2 .46 
16 .73 
97 .91 

190 1.30 
243 2.02 
266 1.88 
268 1.96 
205 .97 
158 .87 
31 .72 
44 .69 

2 
2 
2 
3 
4 
5 

11 
8 
8 
4 
4 
3 
3 

2 
2 
2 
3 
4 
6 

11 
8 
8 
4 
4 
3 
3 

-- 
-- 
-- 
510 
599 
540 
439 
25 6 
290 
205 
30 1 
192 
27 

-- 
-- 
-- 

29 
35 
31 
29 
29 
23 

7 
9 
2 
7 

-- 
-- 
-- 

.0712 

.2424 

.5491 

.7646 

.6578 

.7753 

.5837 

.6932 

.3484 

.0409 4.727 

-- 
-- 
-- 

.0237 

.0756 

.1684 

.3428 

.3534 

.3037 

.1071 

.1263 

.0273 

.0572 1.585 
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Table 29, E. grandis (Muthanga) - Hourly microclimate, aerodynamic and stomatal conductances and 
t ranspi ra t ion data on 31-1-93 

a. Upper canopy 

600 14.56 14.24 73.8 .435 - -66 
700 13.67 13.18 75.9 .378 1 '-64 
800 15.05 14.45 69.26 .533 31 -43 
900 18.2 17.91 55.38 .938 200 9 
1000 21.28 20.81 45.24 1.388 558 254 
1100 23.06 22.72 40.21 1.687 791 579 
1200 24.48 24.54 36.14 1.962 931 702 
1300 25.69 25.83 31.67 2.256 1010 763 
1400 26.76 26.31 30.77 2.434 964 729 
1500 26.96 26.4 31.06 2.453 871 639 
1600 27.42 26.7 23.75 2.787 286 215 
1700 26.2 25.64 27.2 2.477 139 50 
1800 24.62 24.22 32.12 2.104 50 -31 

b.  Lower canopy 

600 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 

14.56 
13.67 
15.05 
16.2 
21.28 
23.06 
24.48 
25.69 
26.76 
26.96 
27.42 
26.2 
24.62 

14.24 73.8 .435 
13.18 75.9 .378 
14.45 69.26 .533 
17.91 55.38 .938 
20.81 45.24 1.388
22.72 40.21 1.687 
24.54 36.14 1.962 
25.03 31.67 2.256 
26.31 30.77 2.434 
26.4 31.06 2.453 
26.7 23.75 2.787 
25.64 27.2 2.477 
24.22 32.12 2.104 

- 
1 
31 
200 
558 
791 
93 1 
1010 
964 
87 1 
286 
139 
50 

-66 
-64 
-17 
3 
99 
226 
273 
297 
284 
249 
83 
19 
-12 

.52 

.46 

.76 
1.14 
1.65 
1.72 
1.71 
1.67 
1.52 
1.49 
1.18 
1.09 
1 .06 

.52 

.46 

.76 
1.14 
1.65 
1.72 
1.71 
1.67 
1.52 
1.49 
1.18 
1.09 
1.06 

-- 2 
2 
3 150 
5 166 
9 286 
8 327 
8 294 
8 204 
7 212 
7 161 
6 132 
5 119 
5 77 

-- 

-- 2 
2 
3 6 
5 7 
9 18 
8 5 
8 11 
8 17 
7 13 
7 14 
6 10 
5 3 
5 

-- 

-- 
-- 

.0728 

.1524 

.4112 

.6156 

.6692 

.5712 

.6296 

.4883 

.3922 

.2941 

.1631 4.459 

-- 
-- 
.0187 
.0349 
.1388 
.0564 
.1296 
.2244 
.1937 
.205 1 
.1557 
.0452 
.0056 1.208 
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c a n o p y .  When compared t o  t h e  two p l a n t a t i o n s  o f  E. 

tereticornis,  t h i s  l o c a t i o n  is c o o l e r  b e c a u s e  o f  t h e  h i g h e r  

g e o g r a p h i c  e l e v a t i o n .  The g round  t e m p e r a t u r e  r e c o r d e d  

showed n e a r l y  2OC lower  t e m p e r a t u r e s  t h a n  t h e  above  canopy  

t e m p e r a t u r e s  i n  t h e  morn ing .  However, t o w a r d s  t h e  noon and  

a f t e r n o o n ,  t h i s  gap was na r rowed ,  and sometimes t h e  g r o u n d  

t e m p e r a t u r e s  s l i g h t l y  c r o s s e d  t h e  above  canopy  t e m p e r a t u r e .  

The r . h .  v a l u e s  r e c o r d e d  i n  t h i s  l o c a l i t y  are  

n o t e w o r t h y .  I n  March, t h e  r . h .  v a l u e  d e c r e a s e d  f r o m  90% i n  

t h e  morn ing  t o  n e a r l y  10% i n  t h e  a f t e r n o o n  (see T a b l e  2 5 ) .  

The D a l s o  showed r e l a t i v e l y  h i g h e r  v a l u e s  i n  March.  The Rn 

is a l s o  q u i t e  h i g h  d u r i n g  t h e  d r y  p e r i o d .  

F i g .  14 shows a p l o t  of t h e  Rn a g a i n s t  S measured  a b o v e  

t h e  E. grandis canopy .  The two v a r i a b l e s  show good l i n e a r  

c o r r e l a t i o n  

Rn = - 4 4 . 0 6  

r2 = 0 . 9 4  

S i n c e  

b e c a u s e  of 

t h e  above  

when f i t t e d  by t h e  f o l l o w i n g  e q u a t i o n .  

+ 0.72 S 

Rn is a d i f f i c u l t  p a r a m e t e r  t o  be measured  

t h e  r e q u i r e m e n t  of more s o p h i s t i c a t e d  s e n s o r s ,  

r e l a t i o n  c a n  b e  u s e d  f o r  p r e d i c t i n g  Rn where  S 

d a t a  is a v a i l a b l e  above  t h e  E. grandis  c a n o p y .  

4 . 2 . 4 .  Stomatal conductance (gs) 

M i c r o s c o p i c  e x a m i n a t i o n  of t h e  E. grandis  leaf  showed 

t h a t  t h e  s t o m a t a  were p r e s e n t  o n l y  on t h e  a b a x i a l  s i d e .  

T h i s  is u n l i k e  E. tereticornis where the  s tomata1 f requency 

is more o r  l e s s  e q u a l  on b o t h  leaf s u r f a c e s .  
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Measurements  w i t h  t h e  p o r o m e t e r  a l s o  c o n f i r m e d  t h i s .  

Hence o n l y  t h e  a b a x i a l  s i d e  was s u b j e c t e d  t o  p o r o m e t e r  

measu remen t s  l a t e r .  The h o u r l y  measurements d o n e  on leaves  

a c c e s s i b l e  from t h e  s c a f f o l d  t ower  is  p r e s e n t e d  i n  T a b l e s  24 

t o  29  . The LAI i n  E  grandis was much h i g h e r  t h a n  t h a t  of 

E.  tereticornis.  Hence a two layer  model o f  t r a n s p i r a t i o n  

was f o l l o w e d .  From o b s e r v a t i o n s  it was f r o u n d  t h a t  n e a r l y  

70% o f  t h e  t o p  layer  was r e c e i v i n g  f u l l  s u n l i g h t  and h e n c e  

t r e a t e d  a s  a separa te  l aye r  f rom t h e  l ower  30%, The 

measu remen t s  made i n  b o t h  t h e  layers a re  p r e s e n t e d  i n  T a b l e s  

24 t o  2 9 .  

A more o r  l e s s  c o n s i s t e n t  p a t t e r n  of  d i u r n a l  v a r i a t i o n s  

i n  gs was found  i n  p o r o m e t e r  measu remen t s  ( F i g .  15a & b ) .  

I n  E .  grandis, t h e  morn ing  measu remen t s  showed h i g h  gs 
v a l u e s  and i n  t h e  a f t e r n o o n  t h e  v a l u e s  d e c r e a s e d .  S i n c e  t h e  

p l a n t s  d i d  n o t  appear t o  b e  u n d e r  water s t ress ,  t h e  t r e n d  

was t h e  same d u r i n g  t h e  d r y  p e r i o d  a l s o .  The t r e n d  w a s  t h e  

same i n  b o t h  t h e  u p p e r  and lower c a n o p i e s .  The gs v a l u e s  i n  

t h e  pos tmonsoon  p e r i o d  r e a c h e d  more t h a n  800 mmol m -2s-1 

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

parameters on gs, a m u l t i p l e  l i n e a r  r e g r e s s i o n  model as 

d e p i c t e d  i n  e q u a t i o n  ( 8 )  was t e s t e d  u s i n g  Ta, ga, Rn and D 

a g a i n s t  gs. I t  showed t h a t  gs was mos t ly  c o n t r o l l e d  by  D 

and t h e  o t h e r  v a r i a b l e s  had o n l y  mino r  o r  n o n - s i g n i f i c a n t  

r o l e  i n  c o n t r o l l i n g  gs. 
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F i g .  16 shows t h e  r e l a t i o n  be tween  gs v s .  D v a l u e s  

measured  s i m u l t a n e o u s l y .  An e q u a t i o n  of  t h e  f o l l o w i n g  form 

 h a s  been  f i t t e d  t o  t h e  d a t a .  

l o g  gs = 6.7504 - 0.08065 D 

= 0.65  2 r 

T h i s  i n d i c a t e s  t h a t  E .  grandis  is p r o v i d e d  w i t h  a 

r e a s o n a b l y  good stomata1 c o n t r o l  of water l o s s  i n  r e s p o n s e  

t o  atmospheric water v a p o u r  d e f i c i t  i r r e s p e c t i v e  of t h e  

p r e s e n c e  of s u f f i c i e n t  water i n  t h e  s o i l .  I t  s h o u l d  b e  

p o i n t e d  o u t  t h a t  s u c h  a c o n t r o l  mechanism is r e l a t i v e l y  poor 

i n  E. tereticornis. 

4 . 2 . 5 .  Leaf area index 

The LAI measured  by  t h e  . c a n o p y  a n a l y s e r  g i v e s  a n  

average v a l u e  o f  2 . 7 5  which  is more t h a n  t h e  v a l u e  shown by 

E . tereticornis  p l a n t a t i o n s  a t  t h e  o t h e r  two l o c a t i o n s .  I n  

w o r k i n g  o u t  t h e  gs f o r  t h e  u p p e r  layer  o f  t h e  canopy ,  an  L A 1  

v a l u e  o f  1 .85  was u s e d  w h e r e a s  f o r  t h e  l ower  canopy  layer  a 

v a l u e  o f  0.8 was u s e d .  

4 .2 .6 .  Transpi ra t ion  (Et) 

As i n  E. tereticornis t h e  Penman- Montei th  e q u a t i o n  was 

u s e d  i n  t h e  c a l c u l a t i o n  of t r a n s p i r a t i o n  i n  E. grandis.. The 

h o u r l y  v a l u e s  of E t  c a l c u l a t e d  u s i n g  t h e  a b o v e  e q u a t i o n  is 

p r e s e n t e d  i n  T a b l e s  24 t o  2 9 .  I t  may b e  n o t e d  t h a t  t h e  

water l o s s  d u e  t o  t r a n s p i r a t i o n  f rom t h e  l ower  canopy  is 
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m u c h  less t h a n  t h a t  of  t h e  u p p e r  canopy .  T h e  s e a s o n a l  

v a r i a t i o n s  i n  d a i l y  t r a n s p i r a t i o n  r a t e  f rom t h e  u p p e r  and 

lower  l a y e r s  o f  t h e  canopy  a re  d e p i c t e d  i n  t h e  F i g .  1 7 .  

I t  may b e  n o t e d  t h a t  t h e  t r a n s p i r a t i o n  l o s s  i s  c o m p a r a t i v e l y  

low i n  F e b r u a r y  and March i n  s p i t e  o f  t h e  h i g h  a t m o s p h e r i c  

demand a s  i n d i c a t e d  by t h e  h i g h e r  v a l u e s  o f  D. T h i s  is  

b e c a u s e  of  t h e  p a r t i a l  s t o m a t a 1  c l o s u r e  a s  shown by t h e  low 

gs  v a l u e s .  On t h e  c o n t r a r y ,  i n  O c t o b e r ,  t h e  gs v a l u e s  are 

e x t r e m e l y  h i g h  (Fig. 15a & b ) .  I n  s p i t e  of this, 

t r a n s p i r a t i o n  ra tes  a r e  low m a i n l y  b e c a u s e  o f  t h e  

a t m o s p h e r i c  demand c r e a t e d  by t h e  monsoon s h o w e r s .  

4 . 2 . 7 .  R a i n f a l l  i n t e r c e p t i o n  

The r a i n f a l l  i n t e r c e p t i o n  (Ei)  as  

e q u a t i o n  ( 9 )  i s  d e p i c t e d  i n  T a b l e  2 2 .  

4 .2 .8 .  N e t  P h o t o s y n t h e s i s  (Pn) and Water 

(WUE) 

e s t i m a t e d  

low 

from 

u s e  e f f ic iency  

To u n d e r s t a n d  t h e  i n s t a n t a n e o u s  WUE i n  t h e  d i f f e r e n t  

s e a s o n s ,  t h e  Pn and Ec were measured  s i m u l t a n e o u s l y .  F i g .  

1 8 a ,  b & c shows Pn, Ec and WUE (Pn/Ec) measured  i n  E.  

grandis  d u r i n g  t h e  pos tmonsoon  and  d r y  p e r i o d s .  Each  d a t a  

p o i n t  i n  t h e  f i g u r e s  is t h e  mean v a l u e  o f  a t  l e a s t  s i x  

measu remen t s  on d i f f e r e n t  l e a v e s  f rom d i f f e r e n t  t r e e s .  The 

WUE is e x p r e s s e d  as t h e  mmol CO2  a s s i m i l a t e d  pe r  mmol H20 

consumed.  I t  s h o u l d  b e  men t ioned  t h a t  t h e  WUE c a l c u l a t e d  

t h u s  is  o n l y  a n  i n s t a n t a n e o u s  o n e .  I t  h a s  no  d i r e c t  
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r e l a t i o n  w i t h  t h e  o v e r a l l  b i o m a s s  i n c r e a s e  i n  r e l a t i o n  t o  

water c o n s u m p t i o n .  However,  i n s t a n t a n e o u s  WUE is an  

i n d i c a t o r  o f  how e f f i c i e n t  t h e  l e a f  is i n  C02 a s s i m i l a t i o n  

i n  r e l a t i o n  t o  t r a n s p i r a t i o n .  The d i u r n a l  v a r i a t i o n s  i n  Pn 

i n d i c a t e  t h a t  t h e  p h o t o s y n t h e s i s  is more e f f i c i e n t  d u r i n g  

t h e  morn ing  and d e c r e a s e s  i n  r a t e  i n  t h e  a f t e r n o o n .  

The f i g u r e s  i n d i c a t e  t h a t  t h e  Pn d u r i n g  t h e  pos tmonsoon  

and d r y  pe r iods  are more o r  less s imilar .  However, t h e  Ec 

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

t h e  d r y  p e r i o d  uhen  compared t o  postmonsoon p e r i o d .  Thus  

when t h e  W U E  i s  c a l c u l a t e d ,  i t  is found  t h a t  E .  grandis is 

more e f f i c i e n t  i n  i t s  water u s e  d u r i n g  t h e  d r y  pe r iod  when 

compared t o  t h e  pos tmonsoon .  When t h e  W U E  d u r i n g  t h e  two 

p e r i o d s  is compared ,  it shows t h a t  t h e  v a l u e s  i n  p o s t -  

monsoon p e r i o d  r a n g e s  be tween  z e r o  and o n e  mmol CO2  m m o l  

H2O-1 w h e r e a s  i n  t h e  d r y  p e r i o d  t h e  v a l u e s  are  be tween  o n e  

and 2 . 5  umol C O 2  m m o l  H20-1. I t  s h o u l d  b e  m e n t i o n e d  h e r e  

t h a t  t h e  measu remen t s  i n  b o t h  t h e  p e r i o d s  were d o n e  on c lear  

d a y s  when t h e  s k y  was n o t  o v e r c a s t .  

4 .2 .9 .  Growth 

The g r o w t h  i n  g i r t h  of t h e  E. grandis  t r e e s  i n  t h e  

p l a n t a t i o n  was c l o s e l y  f o l l o w e d  by m e a s u r i n g  t h e  g b h  of 

f o r t y  trees a t  m o n t h l y  i n t e r v a l s .  The r e s u l t s  a re  p r e s e n t e d  

i n  F i g .  19 .  The a v e r a g e d  v a l u e s  o f  f o r t y , t r e e s  show t h a t  

g i r t h  i n c r e a s e  o c c u r s  i n  a l l  t h e  months  except  F e b r u a r y  t o  

A p r i l .  
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The g r o w t h  measu remen t s  show good c o r r e l a t i o n  w i t h  o t h e r  

parameters l i k e  Pn a n d  Et. I t  seems t h a t .  t h e  c a m b i a l  g r o w t h  

ceases d u r i n g  t h e  above  p e r i o d .  However, t h i s  d o e s  n o t  

mean t h a t  t h e  e x t e n s i o n  g r o w t h  is a f f e c t e d  by water s t ress .  

Our casual o b s e r v a t i o n s  i n d i c a t e  t h e  e x i s t e n c e  of  e x t e n s i o n  

g r o w t h  even  d u r i n g  t h e  d r y  p e r i o d .  I t  may b e  u s e f u l  t o  

q u a n t i f y  t h i s  i n  r e l a t i o n  t o  water a v a i l a b i l i t y  i n  f u t u r e  

s t u d i e s .  
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5. DISCUSSION 

The water u s e  o f  t h e  two spec ies  of  e u c a l y p t s  p l a n t e d  

i n  Kerala h a s  been  s t u d i e d  i n  t h r e e  a g r o c l i m a t i c a l l y  

d i f f e r e n t  l o c a t i o n s .  E .  tereticornis,  g e n e r a l l y  p l a n t e d  i n  

t h e  p l a i n s  of t h e  S t a t e  and o c c u p y i n g  l o r g e r  area 

( a p p r o x i m a t e l y  20,000 h a )  t h a n  E .  grandis  ( a p p r o x .  10,000 

h a )  h a s  been  s t u d i e d  i n  two l o c a t i o n s .  I n d e e d ,  t h e  s t u d y  

would have  been  more u s e f u l  i f  euca lyp t  p l a n t a t i o n s  i n  a l l  

t h e  a g r o c l i m a t i c  z o n e s  o f  Kerala had been  c o v e r e d .  However, 

t h e  l o c a t i o n s  have  been  c h o s e n  w i t h  t h e  i n t e n t i o n  o f  

a p p l y i n g  t h e  r e s u l t s  o f  t h i s  s t u d y  t o  o t h e r  locations a l s o .  

Thus ,  one  of t h e  l o c a t i o n s  of  E .  tereticornis  ( V a r a v o o r )  h a s  

been  c h o s e n  i n  a n  area  where  t h e  e v a p o r a t i v e  demand is among 

t h e  h i g h e s t  i n  Kerala.  T h i s  is d u e  t o  t h i s  area g e t t i n g  

s u b j e c t e d  t o  t h e  e f f e c t s  of  P a l g h a t  gap, which  is a gap i n  

t h e  Wes t e rn  G h a t s  r a n g e  of m o u n t a i n s .  A t  t h e  same time t h e  

a n n u a l  r a i n f a l l  is  t y p i c a l  of Kerala ( n e a r l y  3000 mm per 

annum) w i t h  t h e  two monsoons g i v i n g  most  o f  t h e  r a i n f a l l .  

T h e r e  is a c lea r  c u t  d r y  p e r i o d  s t a r t i n g  f rom December t o  

March.  The s e c o n d  E. tereticornis p l a n t a t i o n  s t u d i e d  a t  

P a l o d e  r e p r e s e n t s  a n  area  i n  Kerala where  t h e  r a i n f a l l  is 

more u n i f o r m l y  d i s t r i b u t e d  and t h e  mean a n n u a l  r a i n f a l l  is 

l e ss  t h a n  2000 mm ( i t  s h o u l d  b e  p o i n t e d  o u t  t h a t  d u r i n g  t h e  

s t u d y  p e r i o d ,  t h e  r a i n f a l l  was h i g h e r  t h a n  n o r m a l ) .  The 

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

The Varavoor  p l a n t a t i o n  had 1800 stems ha-1 w h e r e a s  a t  

P a l o d e  t h e  d e n s i t y  was o n l y  1090 stems ha-1. The Varavoor  
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p l a n t a t i o n  was i n  t h e  s e c o n d  r o t a t i o n ,  w h i l e  t h e  P a l o d e  one  

was i n  t h e  t h i r d  r o t a t i o n .  The a v e r a g e  g i r t h  o f  t h e  t r e e s  

i n  b o t h  p l a n t a t i o n s  were s imi la r .  

The E. grandis p l a n t a t i o n  (Muthanga)  was c h o s e n  i n  a n  

area  (Wyanad) which h a s  t h e  majority o f  E. grandis 

p l a n t a t i o n s  i n  Kerala. The e l e v a t i o n  is h i g h  and 

temperatures a re  low when compared t o  o t h e r  par t s  of Kerala. 

The o t h e r  ma jo r  E. grandis  g r o w i n g  areas  i n  t h e  s t a t e  a r e  

Munnar and Peermedu which have  much h i g h e r  r a i n f a l l  t h a n  

Wyanad. The e v a p o r a t i v e  demand i n  Wyanad is also h i g h e r  

t h a n  Munnar o r  Peermedu.  

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

a l s o  v a r i e d .  The E . tereticornis  p l a n t a t i o n  a t  P a l o d e  had 

t h e  lowest LAI when compared t o  t h e  o t h e r  two .  T h i s  is 

b e c a u s e  t h i s  p l a n t a t i o n  had t h e  l eas t  number o f  stems ha-1 

by f o l l o w i n g  a 3 x - 3  m s p a c i n g .  The LAI as measured  by  t h e  

canopy  a n a l y s e r  and t h e  d e s t r u c t i v e  s a m p l i n g  method shows 

good a g r e e m e n t .  The p r e s e n t  i n v e s t i g a t i o n  h a s  a l s o  h e l p e d  

t o  d e v e l o p  a r e l i a b l e  method f o r  p r e d i c t i n g  t h e  LAI f r o m  

g i r t h  measu remen t s  of E. tereticornis t r e e s .  

5.1. Water status of the trees 

Measurements  of t h e  s o i l  water c o n t e n t  u p t o  1 m d e p t h  

have  been  made i n  s e v e r a l  s t u d i e s  d e a l i n g  w i t h  water u s e  of 

t r ees .  However, i n  t h e  p r e s e n t  s t u d y  i t  h a s  been  f o u n d  

i n a d e q u a t e  b e c a u s e  t h e  r o o t s  seemed t o  p e n e t r a t e  much 

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

89 



m o i s t u r e  measu remen t s  i n  p l a n t a t i o n s  o t h e r  t h a n  a t  V a r a v o o r .  

The predawn water p o t e n t i a l  c a n  i n d i c a t e  t h e  s o i l  water 

p o t e n t i a l  a c c e s s e d  by t h e  r o o t s  (Crombie e t  al., 1988).  

A look a t  t h e  water p o t e n t i a l  measu remen t s  i n  t h e  two 

s p e c i e s  shows t h a t  b o t h  t h e  species  a re  n o t  u n d e r  water 

stress d u r i n g  any  p a r t  o f  t h e  yea r .  T h i s  is  a p p a r e n t  from 

t h e  h i g h  predawn water p o t e n t i a l s  shown by t h e  t r ees  i n  a l l  

t h e  l o c a t i o n s .  Even i n  t h e  d r y  p e r i o d ,  t h e  predawn water 

p o t e n t i a l s  d i d  n o t  come down t o  l ess  t h a n  - 0 .7  MPa. The 

midday water p o t e n t i a l s  a l s o  i n d i c a t e  t h e  r e l a t i v e l y  h i g h  

water s t a t u s  o f  t h e  p l a n t s .  I n  E. tereticornis  t h e  minimum 

midday water p o t e n t i a l  r e a c h e d  was -1.68 MPa i n  March.  

C o n s i d e r i n g  t h e  t u r g o r  l o s s  p o i n t  i n  t h i s  s p e c i e s  which  is 

a t  - 1.75 MPa, it seems t h a t  t h e  t u r g o r  l o s s  p o i n t  is  n e v e r  

r e a c h e d  i n  b o t h  t h e  l o c a l i t i e s  o f  E.  tereticornis. If w e  

assume a s imi lar  t u r g o r  l o s s  p o i n t  f o r  E .  grandis, it seems 

t h a t  t h i s  spec ies  a l s o  n e v e r  r e a c h e s  t h i s  p o i n t  h e r e .  I t  

must  b e  men t ioned  t h a t  t h e  water p o t e n t i a l s  o b s e r v e d  i n  t h i s  

s t u d y  a re  among t h e  h i g h e s t  r e p o r t e d  f o r  e u c a l y p t  species  i n  

t h e  u n i r r i g a t e d  c o n d i t i o n .  

The r a n g e  i n  water p o t e n t i a l  v a l u e s  i n  a l l  t h e  t h r e e  

p l a n t a t i o n s  t h row l i g h t  on t h e  water h o l d i n g  capaci ty of t h e  

s o i l s  i n  t h e s e  l o c a t i o n s .  A s  c a n  be noticed from t h e  w e l l s  

dug a t  most  p laces  i n  Kerala, t h e  s o i l  r e a c h e s  f i e l d  

capacity d u r i n g  t h e  heavy  and c o n t i n u o u s  s h o w e r s  e x p e r i e n c e d  
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d u r i n g  t h e  two monsoons l a s t i n g  3-4 mon ths .  Hence water 

a v a i l a b i l i t y  is n o t  a p rob lem f o r  t h e  e u c a l y p t  p l a n t a t i o n s  

i n  K e r a l a .  As t h e  water p o t e n t i a l s  i n d i c a t e ,  i t  is p o s s i b l e  

t h a t  t h e  euca lyp t  r o o t s  are  p e n e t r a t i n g  much d e e p  i n t o  t h e  

s o i l .  T h i s  p o i n t  w i l l  be f u r t h e r  d i s c u s s e d  be low i n  

a p p r o p r i a t e  p laces  i n  some of t h e  f o l l o w i n g  p a r a g r a p h s .  

I t  is i n f o r m a t i v e  t o  compare t h e  water p o t e n t i a l s  of 

c e r t a i n  o t h e r  t r e e s  s t u d i e d  i n  s imilar  l o c a t i o n s .  The d a t a  

on s e v e r a l  t r e e  species s t u d i e d  i n  Kerala show t h a t  o f  t h e  

species  s t u d i e d ,  o n l y  A .  auriculiformis shows lower predawn 

and midday water p o t e n t i a l s  compared t o  o t h e r  t r e e  spec ies  

i n c l u d i n g  e u c a l y p t s  ( K a l l a r a c k a l  and Somen, 1992) .  The 

r e l a t i v e l y  h i g h  water p o t e n t i a l s  are c h a r a c t e r i s t i c  o f  

s e v e r a l  t r o p i c a l  t r ees  (Rob ichaux  e t  a l . ,  1984) .  R o b e r t s  e t  

a l . ,  (1992)  have  reported midday water p o t e n t i a l s  as low as 

- 3 . 6  MPa i n  E. tereticornis g r o w i n g  i n  t h e  n e i g h b o u r i n g  

s t a t e  o f  Karnataka where  t h e  a n n u a l  r a i n f a l l  e spec i a l l y  

i n  t h i s  p a r t i c u l a r  l o c a t i o n  was a p p r o x .  800 mm o n l y .  

The water t a b l e s  i n  t h e  s t u d y  l o c a l i t i e s  o f  Kerala a re  

be tween  10 t o  15 m d e e p .  The h i g h  water p o t e n t i a l s  shown 

b y  t h e  e u c a l y p t  species c a n  l e a d  us t o  a c o n c l u s i o n  t h a t  

t h e i r  r o o t s  a r e  i n  t o u c h  w i t h  t h e  water t a b l e .  However, 

before  r e a c h i n g  s u c h  a c o n c l u s i o n  it may be n e c e s s a r y  t o  

u n d e r t a k e  a r o o t  e x c a v a t i o n  s t u d y  o r  c a l c u l a t i n g  t h e  s o i l  

water b a l a n c e .  
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5.2 Microclimate 

Very few measurements  a r e  a v a i l a b l e  on t h e  m i c r o c l i m a t e  

parameters i n  f o r e s t s  o r  f o r e s t  p l a n t a t i o n s  i n  K e r a l a .  The 

t e m p e r a t u r e s  measured  above  and  be low t h e  canopy  d i d  n o t  

show d i f f e r e n c e s  o f  more t h a n  2 O C .  T h i s  v a r i a t i o n  was more 

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

monsoons.  The v a r i a t i o n s  were less  d u r i n g  t h e  summer 

mon ths .  U s u a l l y  t h e  d i f f e r e n c e s  were n e g l i g i b l e  i n  t h e  

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

d i f f e r e n c e  w i t h  more t e m p e r a t u r e  a t  t h e  g round  l e v e l .  T h i s  

is s imi la r  t o  t h e  measu remen t s  made i n  p l a n t a t i o n s  of  o t h e r  

t r e e s  i n  Kerala ( K a l l a r a c k a l  & Somen, 1992)  and a l s o  some 

temperate f o r e s t s  ( R o b e r t s  e t  a l . ,  1 9 8 4 ) .  However, 

measu remen t s  i n  t h e  Amazonian r a i n  f o r e s t s  have  shown 

d i f f e r e n c e s  of  a o b u t  5 u n i t s  be tween  t h e  u p p e r  and lower  

canopy  ( R o b e r t s  e t  a l . ,  1990).  I n  t h e  p r e s e n t  s t u d y  it may 

b e  a l s o  n o t e d  t h a t  t h e  v a r i a t i o n s  i n  t h e  above  canopy  and 

g r o u n d  l e v e l  t e m p e r a t u r e s  were s imilar  i n  b o t h  E. grandis 

and E .  tereticornis  a l t h o u g h  t h e  f o r m e r  had a much h i g h e r  

LAI t h a n  t h e  l a t t e r  a t  P a l o d e .  

R a d i a t i o n  measu remen t s  show t h a t  S and Rn are  n o t  

l i m i t i n g  f a c t o r s  i n  t h e  s t u d y  l o c a l i t i e s .  I t  h a s  b e e n  shown 

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

t h e  monsoon p e r i o d  i n  Kerala ( K a l l a r a c k a l  & Somen, 1 9 9 2 ) .  

Good c o r r e l a t i o n  e x i s t s  be tween  S and Rn above  t h e  e u c a l y p t  

c a n o p y .  The s l o p e  of t h e  c u r v e  is v e r y  s imilar  t o  t h e  o n e s  

shown f o r  cashew and t e a k  ( K a l l a r a c k a l  & Somen, 1 9 9 2 ) .  From 
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measurements  t a k e n  o v e r  ca shew,  t e a k  and e u c a l y p t s  i t  i s  

found  t h a t  Rn is always lower  by a f a c t o r  o f  a b o u t  0 . 7 5  

t h a n  S. 

5.3. Stomatal responses to environment 

I n  t h e  two spec ies  o f  e u c a l y p t s  s t u d i e d ,  o n l y  E .  

tereticornis  had s t o m a t a  on b o t h  s i d e s  o f  t h e  l eaves .  I n  

E. grandis  s t o m a t a  were p r e s e n t  o n l y  on t h e  a b a x i a l  s i d e .  

I n  E. tereticornis, t h e  s tomata l  f r e q u e n c y  was s l i g h t l y  more 

on t h e  a b a x i a l  s i d e  t h a n  t h e  a d a x i a l  s i d e .  However, i n  E .  

grandis,  a p a r t  f rom h a v i n g  s t o m a t a  on t h e  a b a x i a l  s i d e  o n l y ,  

t h e i r  f r e q u e n c y  was a l s o  much l e s s  t h a n  t h a t  of E. 

tereticornis. T h i s  f a c t  c o u l d  have  i m p l i c a t i o n s  on t h e  

l ower  water u t i l i z a t i o n  by E .  grandis found  i n  t h i s  s t u d y .  

P r e s e n c e  o f  s t o m a t a  o n l y  on one  s i d e  o f  t h e  leaf  and t h e i r  

l o w e r  f r e q u e n c y  c a n  r e d u c e  t h e  s t o m a t a l  c o n d u c t a n c e  f o r  

water v a p o u r .  

The d i u r n a l  p a t t e r n  o f  gs i n  t h e  two spec ies  shows some 

d i f f e r e n c e s .  I n  E  tereticornis, t h e       gs  va lues  were n e a r l y  

u n i f o r m  t h r o u g h o u t  t h e  d a y  i n  t h e  post- monsoon p e r i o d  

(Ka l l a racka l ,  1992)  a l t h o u g h  a t r e n d  o f  l ower  gs was 

a p p a r e n t  i n  t h e  d r y  p e r i o d .  The measu remen t s  i n  K a r n a t a k a  

have  a l s o  shown t h a t  t h e  d i u r n a l  v a r i a t i o n s  are less  i n  E .  

tereticornis when compared t o  E. camaldulensis ( R o b e r t s  e t  

a l . ,  1992) .  I n  E.  grandis t h e  gs was h i g h  i n  t h e  morn ing ,  

d e c r e a s i n g  i n  t h e  a f t e r n o o n .  A midday c l o s u r e  of s t o m a t a  is 

n o t  a p p a r e n t  i n  b o t h  t h e  species .  
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The s e a s o n a l  c h a n g e s  i n  gs a l s o  d e s e r v e  some comments 

h e r e .  I n  E tereticornis, t h e  s e a s o n a l  c h a n g e s  i n  gs was 

n o t  v e r y  a p p a r e n t  when compared t o  E .  grandis. The gs 

v a l u e s  were much h i g h e r  d u r i n g  t h e  post-monsoon p e r i o d  i n  E .  

grandis  when compared t o  t h e  summer p e r i o d .  I n  K a r n a t a k a ,  

s e a s o n a l  c h a n g e s  i n  t h e  gs v a l u e s  o f  E. tereticornis have  

been  shown t o  b e  g r e a t ,  e s p e c i a l l y  when t h e  leaf  water 

p o t e n t i a l s  were i n  t h e  r a n g e  of  - 3 . 0  t o  - 3 .6  MPa ( R o b e r t s  e t  

a l . ,  1 9 9 2 ) .  I n  t h e  p r e s e n t  s t u d y ,  t h e  t r e e s  were n o t  u n d e r  

a n y  s e v e r e  water s t r e s s  t h r o u g h o u t  t h e  yea r .  Hence,  i n  t h e  

a b s e n c e  o f  a n y  s t o r n a t a l  c o n t r o l ,  i t  is n o t  s u r p r i s i n g  t h a t  

E. tereticornis d o  n o t  show much s e a s o n a l  v a r i a t i o n s  i n  gs 

Very few s t u d i e s  a re  a v a i l a b l e  on t h e  e f f e c t  o f  

e n v i r o n m e n t a l  v a r i a b l e s  on s t o m a t a l  f u n c t i o n i n g  i n  E.  

tereticornis . From t h e  m u l t i p l e  r e g r e s s i o n  a n a l y s i s  o f  t h e  

d i f f e r e n t  e n v i r o n m e n t a l  v a r i a b l e s  a g a i n s t  gs it is found  

t h a t  i n c l u d i n g  D, none o f  t h e  v a r i a b l e s  a re  s t r o n g l y  

c o r r e l a t e d  w i t h  gs. The Rn is c e r t a i n l y  i m p o r t a n t  i n  

c o n t r o l l i n g  gs, however ,  a f t e r  r e a c h i n g  a n  optimum l e v e l ,  Rn 

d o e s  n o t  seem t o  have a p o s i t i v e  c o r r e l a t i o n .  I n  a la rge  

number of  p l a n t s  gs h a s  been  shown t o  b e  wel l  c o r r e l a t e d  

w i t h  D (Lange  e t  a l . ,  1971; S c h u l z e  e t  a l . ,  1972 ;  C a l d e r ,  

1978;  R o b e r t s ,  1978) .  I t  is p o s s i b l e  t h a t  i n  t h e  a b s e n c e  

of a n y  s o i l  water stress ( a s  is s e e n  f rom t h e  p r e s e n t  

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

a t m o s p h e r e  h a s  no  r e m a r k a b l e  i n f l u e n c e  on t h e  s tomatal  

mechanism i n  . E. tereticornis. However, i n  E. grandis, a 

r e a s o n a b l y  good c o r r e l a t i o n  h a s  been  found  t o  e x i s t  be tween  
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gs and D. I t  seems t h a t  below a vapour  p re s su re  d e f i c i t  of 

2 . 0  kPa, t h e  s t o m a t a  of  E .  grandis  r e s p o n d s  e x p o n e n t i a l l y ,  

b u t  above  2 . 0  kPa ,  gs decreases a t  a  s l o w  r a t e .  I t  is 

i n t e r e s t i n g  t o  n o t e  t h a t  t h e  gs v s  D r e l a t i o n  i n  E . grandis 

s t u d i e d  i n  S .  Africa is l i n e a r  (Dye, 1 9 8 7 ) .  The E. grandis  

t r ees  i n  t h e  p r e s e n t  s t u d y  were also n o t  e x p e r i e n c i n g  a n y  

severe s tress.  Thus i t  may b e  c o n c l u d e d  t h a t  E. grandis  

s t o m a t a  a l m o s t  c l o s e  when t h e  a t m o s p h e r i c  v a p o u r  p r e s s u r e  

d e f i c i t  i n c r e a s e s  t o  4 . 0  k P a .  T h i s ,  i n  f a c t ,  is a d e s i r a b l e  

c h a r a c t e r  i n  an a f f o r e s t a t i o n  programme where  b o t h  water 

c o n s e r v a t i o n  and b iomass  p r o d u c t i v i t y  a re  d e s i r e d .  

Colquhoun et al , (1984)  have c o n d u c t e d  d e t a i l e d  

i n v e s t i g a t i o n s  on t h e  r e l a t i o n  between gs and D i n  s i x  

w i d e l y  o c c u r i n g  e u c a l y p t  species i n  Wes te rn  Aus t r a l i a .  They 

found  t h a t  i n  E. marginata and E. calophylla t h e r e  was n o  

c o r r e l a t i o n  be tween  gs and D i n  which  case t h e y  are  s imi l a r  

t o  t h e  E. tereticornis  i n  t h e  p r e s e n t  s t u d y .  T h r e e  o t h e r  

species ,  namely ,  E. maculata, E. resinifera  and E. saligna 

showed some s tomata l  r e g u l a t i o n  b a s e d  on D. E. wandoo 

showed s t o m a t a l  c o n t r o l  and a l s o  d e v e l o p e d  lower  xylem 

p r e s s u r e  p o t e n t i a l s .  I n  E.  globulus s t u d i e d  i n  P o r t u g a l ,  

P e r e i r a  e t  a l .  ( 1 9 8 6 ,  1987) have  found  c o r r e l a t i o n  be tween  

gs and D, however ,  t h e  c o r r e l a t i o n  depended  on t h e  leaf 

water p o t e n t i a l  v a r i a t i o n s  a l s o .  Thus from t h e  a b o v e  

a c c o u n t  it seems t h a t  t h e  s t o m a t a l  c o n d u c t a n c e  i n  e u c a l y p t  

v a r i e s  much i n  d i f f e r e n t  species d e p e n d i n g  on t h e  v a r i a t i o n s  

i n  v a p o u r  pressure  d e f i c i t  as w e l l  as leaf water p o t e n t i a l .  
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What is most i m p o r t a n t  t o  l o o k  f o r  i n  water u s e  s t u d i e s  o f  

e u c a l y p t s  is how a p a r t i c u l a r  spec ies  b e h a v e s  i n  a  g i v e n  

e n v i r o n m e n t .  Thus i n  t h e  e u c a l y p t  spec ies  now s t u d i e d  i n  

Kerala, i t  seems t h a t  E tereticornis d o e s  n o t  have  a n y  

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

d e f i c i t  of t h e  a t m o s p h e r e .  O n  t h e  o t h e r  hand ,  E. grandis 

t r e e s  have  shown good s t o m a t a l  c o n t r o l  i n  r e s p o n s e  t o  

i n c r e a s i n g  a t m o s p h e r i c  vapour  p r e s s u r e  d e f i c i t  ( > 2 . 0  k P a ) .  

The q u e s t i o n  t h a t  c o u l d  b e  r a i s e d  i n  t h i s  f i n d i n g  is w h e t h e r  

E. tereticornis t r e e s  have a n y  s t o m a t a l  c o n t r o l  when t h e  

s o i l  water stress i n c r e a s e s .  From t h e  work d o n e  i n  

K a r n a t a k a  ( R o b e r t s ,  e t  a l . ,  1 9 9 2 ) ,  i t  seems t h a t  t h e y  d o  

have  a s tomata l  c o n t r o l  a t  lower  water p o t e n t i a l s .  However,  

t h i s  is n o t  a p p l i c a b l e  i n  Kerala where  t h e  c h a n c e  of E.  

tereticornis r e a c h i n g  water p o t e n t i a l  much lower t h a n  t h a t  

r e p o r t e d  i n  t h e  p r e s e n t  s t u d y  is r a t h e r  r e m o t e  b e c a u s e  of 

much h i g h e r  r a i n f a l l  and t h e  s o i l s  r e a c h i n g  t h e  f i e l d  

capaci ty  d u r i n g  t h e  monsoon p e r i o d .  If e u c a l y p t  spec ies  

s t u d i e d  a t  p r e s e n t  a re  compared t o  t r ees  of o t h e r  g e n e r a  i n  

Kerala, it c a n  b e  s e e n  t h a t  Acacia auriculiformis and 

Anacardium occidentale  show good stomatal r e g u l a t i o n  i n  

r e s p o n s e  t o  a t m o s p h e r i c  D ( K a l l a r a c k a l  & Somen, 1 9 9 2 ) .  O f  

t h i s  A .  occidentale is more s imi la r  t o  E. grandis i n  h a v i n g  

a r e a s o n a b l y  good s tomata l  r e g u l a t i o n  i n  r e s p o n s e  t o  D. 

However,  Tectona grandis, t h e  mos t  w i d e l y  p l a n t e d  t r e e  

species  i n  Kerala d i d  n o t  show a n y  s tomata l  c o n t r o l  a t  l o w e r  

l e v e l s  of D ( K a l l a r a c k a l  & Somen, 1 9 9 2 ) .  
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5 . 4 .  Transp i ra t ion  

From T a b l e  30, it  is a p p a r e n t  t h a t  t h e  E . tereticornis 

p l a n t a t i o n  a t  Varavoor  shows much more t r a n s p i r a t i o n  l o s s  

when compared t o  P a l o d e .  The r e a s o n  f o r  t h i s  d i f f e r e n c e  c a n  

be a s c r i b e d  t o  t h e  f o l l o w i n g  f a c t o r s  

1. P l a n t i n g  d i s t a n c e  

2 .  LAI d i f f e r e n c e s  

3 .  M i c r o c l i m a t e  

The p l a n t a t i o n  a t  Va ravoor  w i t h  an  LAI which  is f o u r  

times t h a t  o f  t h e  P a l o d e  p l a n t a t i o n ,  must  have  c rea ted  a 

greater  demand f o r  s o i l  m o i s t u r e  r e s e r v e s .  I t  is a l s o  

s u r p r i s i n g  t o  n o t e  t h a t  t h e  a n n u a l  t r a n s p i r a t i o n  a t  P a l o d e  

is n e a r l y  t w o - t h i r d s  of t h e  t r a n s p i r a t i o n  a t  Varavoor  i n  

s p i t e  o f  t h e  low LAI and n e a r l y  h a l f  t h e  number of  s tems ha-1. 

The o n l y  e x p l a n a t i o n  t h a t  c a n  b e  g i v e n  is t h e  p o s s i b l e  

r o o t i n g  d e p t h  and r o o t  sys tem r a m i f i c a t i o n  a t  P a l o d e  b e c a u s e  

it was i n  i t s  t h i r d  rotation cycle compared t o  t h e  s e c o n d  

cycle  a t  V a r a v o o r .  The c o m p a r a t i v e l y  h i g h e r  predawn and 

midday leaf  water p o t e n t i a l s  a t  P a l o d e  is a n  i m p o r t a n t  

e v i d e n c e  f o r  t h i s .  The d i f f e r e n c e s  i n  D between  t h e  two 

s i t e s  is a l s o  a p p a r e n t .  Va ravoor  e x p e r i e n c e d  much h i g h e r  D 

i n  summer when compared t o  P a l o d e .  

The lower  a n n u a l  t r a n s p i r a t i o n  shown by E .  grandis  is 

i n t e r e s t i n g .  I n  s p i t e  of t h e  h i g h e r  number of  stems ha-1 

and a l a r g e r  L A I ,  t h i s  species  u s e s  much l e s s  water t h a n  



Tab I e 30, Monthly estimates of water loss (mm month-1) from 
euca 1 ypt plantations by transpirat ion ( E t) 
e x  t rapo 1 a ted f rom daily measurements during 
premonsoon and postmonsoon period. 

September 168 62 101 

October 173 63 104 

November 163 61 145 

December 225 6 2  196 

January 

February 

239 1 1 0  176 

163 106 104 

March 172 134 62 

Ap r  i 1 152 146 116 

May 

Total 

108 109 177 

1563 853 1181 

Annual 
Rainfall 2837 2465 1302 

Et as % 55% 
of rainfall 

34% 9 1% 

Ei a s  % 13.4 
of rainfall 

7.7 18.3 
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E.tereticornis  a t  V a r a v o o r .  T h e r e  c a n  be  s e v e r a l  r e a s o n s  f o r  

t h i s .  A l though  t h e  LA1 is h i g h e r ,  s t o m a t a  a re  p r e s e n t  o n l y  

on one  s i d e  of t h e  l e a f  and t h e i r  f r e q u e n c y  is lesser  when 

compared t o  E. teretieornis. A p a r t  from t h i s  E. grandis 

shows e x c e l l e n t  stomatal r e g u l a t i o n  i n  r e s p o n s e  t o  

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

A number of  s t u d i e s  a r e  a v a i l a b l e  on t h e  t r a n s p i r a t i o n  

i n  severa l  euca lyp t  spec ies .  Us ing  d e u t e r i u m  t r ace r  t h e  

t r a n s p i r a t i o n  i n  E . tereticornis  and E . camaldulensis a t  

t h r e e  d i f f e r e n t  s i t e s  i n  t h e  n e a r b y  S t a t e  of K a r n a t a k a  h a s  

been  s t u d i e d  (Ca lde r  e t  a l .  1992a).  S o i l  m o i s t u r e  

d e p l e t i o n  measurements  a t  t h e  same s i t e s  u s i n g  t h e  n e u t r o n  

p r o b e  were made by H a r d i n g  e t  a l .  (1992) .  Both  these 

s t u d i e s  have shown t h a t  t h e  t o t a l  water u s e  of  t h e  e u c a l y p t s  

is e q u a l  t o  or o n l y  s l i g h t l y  l e s s  t h a n  t h e  r a i n f a l l .  I n  t h e  

f o r m e r  s t u d y ,  some t imes  t h e  water u s e  was found  even  g rea te r  

t h a n  the r a i n f a l l .  The r a i n f a l l  i n  t h e s e  l o c a l i t i e s  were 

be tween  500 and 1000 m m .  

Greenwood and B e r e s f o r d  (1979) i n v e s t i g a t e d  t h e  

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

s i t e s  w i t h  d i f f e r i n g  r a i n f a l l  regimes r a n g i n g  from 420 mm t o  

850 mm per  annum. They found  t h a t  E. globulus  t r a n s p i r e d  a t  

t h e  h i g h e s t  r a t e  i n  t h e  s i t e  w i t h  850 mm r a i n f a l l .  E .  

caladocalyx t r a n s p i r e d  h i g h e s t  a t  t h e  s i t e  w i t h  500 mm 

r a i n f a l l ,  and E. wandoo t r a n s p i r e d  h i g h e s t  a t  t h e  s i t e  w i t h  

420 mm r a i n f a l l .  
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Sharma (1984)  h a s  r e p o r t e d  t h e  e v a p o t r a n s p i r a t i o n  f rom 

a e u c a l y p t  community w i t h  d i f f e r e n t  s p e c i e s  i n  an  area  w i t h  

1031 mm a n n u a l  r a i n f a l l  i n  Wes t e rn  A u s t r a l i a .  The above  

community l o s t  923  mm a n n u a l l y  by  e v a p o t r a n s p i r a t i o n .  

S a m r a j  and h i s  c o l l e a g u e s  ( I C A R ,  1987) have  e s t i m a t e d  t h a t  

a f f o r e s t i n g  a w a t e r s h e d  w i t h  E .  globulus i n  N i l g i r i s ,  I n d i a  

w i l l  r e d u c e  t h e  water y i e l d  by 17% t h a n  when i t  is 

m a i n t a i n e d  as  g r a s s l a n d .  

Greenwood e t  a l . ,  (1985) by  s t u d y i n g  an  u p s l o p e  i n  

Wes te rn  A u s t r a l i a  have  r e p o r t e d  e v a p o t r a n s p i r a t i o n  r a n g i n g  

from 1600 mm t o  2700 mm i n  E.  maculata, E . globulus, E. 

caldocalyx, E. wandoo  and E. leucoxylon. The area had a n  

a n n u a l  r a i n f a l l  of 680 mrn. T h i s  means t h a t  t h e  

e v a p o t r a n s p i r a t i o n  exceeded  t h e  a n n u a l  r a i n f a l l  by  a f a c t o r  

o f  f o u r .  E x c a v a t i o n  s t u d i e s  a t  t h i s  s i t e  r e v e a l e d  t h a t  t h e  

r o o t s  of t h e  e u c a l y p t s  had p e n e t r a t e d  t o  a d e p t h  of 6 m and  

t h e  water t a b l e  was o n l y  5 m d e e p .  E v a p o r a t i o n  r a t e s  of t h e  

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

a l o n e ,  b u t  also by  a d v e c t i o n  of  h e a t  f rom t h e  a i r  mass 

moving above  t h e  f o r e s t  ( C a l d e r ,  1985).  Dye (1987) 

c o n d u c t e d  a s t u d y  on t h e  E. grandis a t  E a s t e r n  T r a n s v a a l  i n  

S .  Afr ica .  T r a n s p i r a t i o n  e s t i m a t i o n  u s i n g  t h e  Penman- 

M o n t e i t h  e q u a t i o n  showed a d a i l y  r a t e  o f  2 . 4  mm t o  8 . 9  m m .  

From t h e  above  a c c o u n t  o f  e u c a l y p t  water u s e  it is 

a p p a r e n t  t h a t  t h e  d i f f e r e n t  species  b e h a v e  d i f f e r e n t l y .  

Even t h e  same spec ies  c a n  show d i f f e r e n t  b e h a v i o u r  d e p e n d i n g  

on t h e  r a i n f a l l  and o t h e r  c l imat ic  o r  e d a p h i c  c o n d i t i o n s .  
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T h i s  f u r t h e r  s t r e n g t h e n  t h e  n e c e s s i t y  t o  s t u d y  t h e  e u c a l y p t  

water u s e  i n  d i f f e r e n t  g e o g r a p h i c a l  and c l i m a t i c  z o n e s .  

The t r a n s p i r a t i o n  f i g u r e s  shown i n  t h e  p r e s e n t  s t u d y  

i n d i c a t e  t h a t  i n  E. tereticornis, t h e  water l o s s  i n  t h e  non- 

r a i n y  months  by t h i s  p r o c e s s  is  o n l y  h a l f  o r  l e s s  t h a n  h a l f  

of t h e  a n n u a l  rainfall. The water l o s s  by t r a n s p i r a t i o n  

d u r i n g  t h e  monsoon p e r i o d  of  t h r e e  months  need  n o t  b e  t a k e n  

s e r i o u s l y  b e c a u s e  t h e  w e a t h e r  d a t a  i n  most l o c a l i t i e s  

i n d i c a t e  t h a t  t r a n s p i r a t i o n  would b e  l i m i t e d  by t h e  s u n l i g h t  

a v a i l a b i l i t y .  I n  E. grandis  however ,  t h e  p e r c e n t a g e  of  

water l o s t  by  t r a n s p i r a t i o n  is n e a r l y  e q u a l  t o  o r  o n l y  

s l i g h t l y  l e s s  t h a n  t h e  r a i n f a l l .  T h i s  a p p a r e n t l y  h i g h  water 

u s e  of  E. grandis  c a n  p r o b a b l y  b e  d u e  t o  t h e  low r a i n f a l l  

e x p e r i e n c e d  by t h i s  l o c a l i t y  when compared t o  t h e  two 

l o c a l i t i e s  o f  E. tereticornis. When E. tereticornis o f  

Varavoor  is compared t o  E.  grandis,  t h e  f o r m e r  t r a n s p i r e s  

much more t h a n  t h e  l a t t e r .  I n  a c l o s e l y  m o n i t o r e d  s t u d y  on 

a P i n u s  radiata c a t c h m e n t  i n  N e w  Z e a l a n d ,  50% o f  t h e  a n n u a l  

r a i n f a l l  w a s  s e e n  t o  be  l o s t  by t r a n s p i r a t i o n  (Whi t ehead  and 

K e l l i h e r ,  1991). 

When t h e  d i f f e r e n c e  i n  t h e  t r a n s p i r a t i o n  f i g u r e s  o f  E.  

tereticornis  a t  Varavoor  and P a l o d e  are  compared ,  it becomes 

a p p a r e n t  t h a t  s p a c i n g  of  t h e  p l a n t a t i o n  h a s  an  i m p o r t a n t  

r o l e  t o  p l a y .  The number o f  t r e e s  per h e c t a r e  a t  P a l o d e  is 

n e a r l y  h a l f  o f  t h a t  a t  V a r a v o o r .  A t  t h e  same time, t h e  per 

t r e e  consumpt ion  o f  water on a v o l u m e t r i c  b a s i s  shows t h a t  



i t  is n e a r l y  i n  t h e  same r a n g e  i n  b o t h  t h e  l o c a l i t i e s .  

Hence ,  t h e  s p a c i n g  and i ts  c o n s e q u e n t  e f f e c t  on r e d u c t i o n  o f  

leaf  area  i n d e x  is p r o b a b l y  r e s p o n s i b l e  f o r  t h e  l e s s  

consumpt ion  of water a t  p a l o d e .  A d l a r d  e t  a l .  ( 1 9 9 2 )  i n  a 

s t u d y  on t h e  s p a c i n g  i n  e u c a l y p t  p l a n t a t i o n  have shown t h a t  

a similar 

t o t a l  y i e l d  a t  t h e  r o t a t i o n  age of 8 years  when compared t o  

c l o s e r  s p a c i n g .  If water c a n  b e  c o n s e r v e d  w i t h o u t  much 

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

more p o p u l a r i t y .  Stoneman and S c h o f i e l d  ( 1 9 8 9 ) ,  i n  a s t u d y  

i n  Wes t e rn  Aus t ra l i a  have  p r o p o s e d  t h i n n i n g  E. marginata 

p l a n t a t i o n  t o  i n c r e a s e  t h e  water y i e l d .  I n  a d e t a i l e d  

h y d r o l o g i c a l  s t u d y  c o n d u c t e d  a t  N i lg i r i s ,  s o u t h e r n  I n d i a ,  

S a m r a j  and h i s  c o l l e a g u e s  ( I C A R ,  1987) have  a l s o  s u g g e s t e d  

w i d e r  s p a c i n g  f o r  h i g h e r  water y i e l d .  However, C a l d e r  

( 1 9 9 2 b )  b e l i e v e s  t h a t  t h i n n i n g  n e e d  n o t  r e d u c e  t h e  water u s e  

i n  water l i m i t e d  c o n d i t i o n s .  The p r e s e n t  s t u d y  shows t h a t  

water is n o t  a l i m i t i n g  f a c t o r  f o r  s i t e s  i n  Kerala. Hence 

t h i n n i n g  or p l a n t i n g  a t  lesser  d e n s i t y  c a n  p r o b a b l y  h e l p  t o  

c o n s e r v e  w a t e r .  

s p a c i n g  of 3 .75 x 3 m ,  o r  888 stems ha-1 g i v e s  a 

The t r a n s p i r a t i o n  l o s s  i n  E grandis p l a n t a t i o n  is o f  

some c o n c e r n  i n  a c o m p a r a t i v e l y  low r a i n f a l l  area l i k e  t h e  

p r e s e n t  o n e .  I t  s h o u l d  b e  remembered t h a t  s p a c i n g  i n  t h i s  

p l a n t a t i o n  is as c l o s e  as t h a t  of t h e  E .  tereticornis 

p l a n t a t i o n  a t  V a r a v o o r .  Hence ,  t h e  p o s s i b i l i t y  o f  u s i n g  

w i d e r  s p a c i n g  is t o  b e  l o o k e d  i n t o .  
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An i m p o r t a n t  aspec t  t o  b e  d i s c u s s e d  is t h e  r o o t i n g  

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

t h e  p r e s e n t  r a t e  o f  t r a n s p i r a t i o n .  Because  of t h e  p r o l o n g e d  

monsoon r a i n s  i n  Kerala, i t  s h o u l d  b e  assumed t h a t  t h e  s o i l  

i n  mos t  p a r t s  o f  Kerala r e a c h e s  t h e  f i e l d  c a p a c i t y  soon  

a f t e r  t h e  monsoon p e r i o d .  T h i s  is  u n l i k e  t h e  n e i g h b o u r i n g  

s t a t e  of  K a r n a t a k a ,  where  it need  n o t  r e a c h  f i e l d  capaci ty  

d u e  t o  low and some t imes  d e f i c i e n t  r a i n f a l l  ( H a r d i n g  e t  a l . ,  

1992 ) .  The f i e l d  capac i ty  i n  t h e  l a t e r i t e  s o i l s  i n  areas 

c l o s e  t o  t h e  p r e s e n t  l o c a t i o n s  have  been  shown t o  b e  a r o u n d  

0 . 2 5  m3 m-3  o f  s o i l  (Das e t  a l . ,  1976) .  If t h e  w i l t i n g  

p o i n t  is c o n s i d e r e d  t o  b e  0 . 1 2  m m-3 ,  t h e n  t h e  ava i l ab l e  

water is a p p r o x i m a t e l y  130 mm f o r  a r o o t i n g  d e p t h  of 1 m .  

3 

T h i s  means t h a t  f o r  s u p p o r t i n g  a t r a n s p i r a t i o n  of more t h a n  

1500 mm ( a s  i n  E. tereticornis a t  V a r a v o o r ) ,  a r o o t i n g  d e p t h  

of 1 2  m is r e q u i r e d  i f  w e  assume no  r a i n f a l l  i n p u t  d u r i n g  

t h e  p o s t  monsoon and premonsoon p e r i o d .  The r a i n f a l l  d u r i n g  

t h i s  p e r i o d  is u s u a l l y  l e s s  t h a n  200 mm i n  t h e  s t u d y  

locations. T h i s  means t h a t  t h e  r o o t s  o f  E .  tereticornis  a t  

Varavoor  c o u l d  p r o b a b l y  b e  e x t r a c t i n g  water f rom t h e  

p h r e a t i c  a q u i f e r  which  is f o u n d  anywhere  w i t h i n  15 m i n  mos t  

p a r t s  o f  Kerala.  

As s e e n  from t h e  r e s u l t s ,  E. tereticornis a t  P a l o d e  

t r a n s p i r e s  853 mm d u r i n g  t h e  post- monsoon and pre-monsoon 

p e r i o d s .  If t h e  same c r i t e r i o n  f o r  s o i l  water a v a i l a b i l i t y  

is a p p l i e d  h e r e ,  it r e q u i r e s  a r o o t i n g  d e p t h  of 6 . 5  m t o  

s u p p o r t  t h i s  much t r a n s p i r a t i o n  l o s s .  Thus  i t  may b e  
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r e a s o n a b l y  assumed t h a t  when p l a n t i n g  d e n s i t y  is  r e d u c e d ,  

t h e  r o o t i n g  d e p t h  is also r e d u c e d  i f  we assume t h e  l a t e r a l  

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

S i m i l a r l y  i n  t h e  E .  grandis p l a n t a t i o n  s t u d i e d  h e r e ,  i t  

r e q u i r e s  9 m r o o t i n g  d e p t h  t o  s u p p o r t  t h e  t r a n s p i r a t i o n  

e s t i m a t e d  i n  t h e  p r e s e n t  s t u d y .  The water t a b l e  a t  Muthanga 

is found t o  be 10-15 m d e e p .  

The r o o t i n g  d e p t h  of e u c a l y p t s  men t ioned  a b o v e  is 

s imilar  t o  t h o s e  r e p o r t e d  i n  d i f f e r e n t  e x c a v a t i o n  s t u d i e s  

d o n e  i n  A u s t r a l i a  (Carbon  e t  al., 1 9 8 2 ) .  S e v e r a l  s t u d i e s  

d o n e  i n  A u s t r a l i a  have  shown t h a t  t h e  r o o t s  g e t  access t o  

t h e  phreatic a q u i f e r  (Greenwood and B e r e s f o r d ,  1 9 7 9 ; .  

Greenwood e t  a l . ,  1985).  I t  s h o u l d  b e  remembered t h a t  

a l t h o u g h  t h e  above- ground  c o p p i c e s  i n  t h e  p r e s e n t  s t u d y  are  

3-4 years  o l d ,  t h e i r  r o o t  sys tem is 15-20 years  o l d  b e c a u s e  

t h e y  are  i n  t h e  s e c o n d  or t h i r d  r o t a t i o n .  Hence t h e  

p o s s i b i l i t y  of t h e i r  r o o t s  p e n e t r a t i n g  i n t o  much d e e p e r  

l ayers  of t h e  s o i l  c a n n o t  h e  r u l e d  o u t .  Samraj e t  a l . ,  

(ICAR, 1 9 8 7 )  have  a l s o  d i s c o v e r e d  t h a t  d u r i n g  t h e  f i r s t  

r o t a t i o n  t h e  r o o t s  o f  E .  globulus  d o  n o t  e x t r a c t  w a t e r  f rom 

t h e  water t a b l e .  B u t  d u r i n g  s u b s e q u e n t  r o t a t i o n s  t h e y  r e a c h  

t h e  water t a b l e .  

5.5. Water loss by means o t h e r  than t r a n s p i r a t i o n  

As p o i n t e d  o u t  i n  t h e  s e c o n d  s e c t i o n  of t h i s  r e p o r t  

water is l o s t  f rom a f o r e s t e d  area o r  p l a n t a t i o n  by  s e v e r a l  

means o t h e r  t h a n  t r a n s p i r a t i o n .  They i n c l u d e  r a i n f a l l  

i n t e r c e p t i o n  l o s s ,  s u r f a c e  r u n o f f ,  e v a p o t r a n s p i r a t i o n  f rom 
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t h e  g round  v e g e t a t i o n ,  e v a p o r a t i o n  f rom t h e  b a r e  g round  and 

d r a i n a g e  of s o i l .  

A l though  t h e  p r e s e n t  s t u d y  d i d  n o t  e n v i s a g e  t h e  d i r e c t  

measurement  o f  any  of t h e  above  parameters except 

t r a n s p i r a t i o n ,  i t  w i l l  b e  o f  i n t e r e s t  t o  d i s c u s s  t h e s e  

p a r a m e t e r s  i n  t h e  l i g h t  o f  i n v e s t i g a t i o n s  done  e l s e w h e r e .  

R a i n f a l l  i n t e r c e p t i o n  as  e s t i m a t e d  f rom models  shows 

t h a t  it  is 13%  and 8% i n  E  tereticornis p l a n t a t i o n s  a t  

Varavoor  and P a l o d e  r e s p e c t i v e l y .  The v a l u e  of  13% is c lose  

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

spec ies  (George 1978). S i n c e  E. tereticornis t r e e s  have  

p e n d a n t  leaves ,  t h e  i n t e r c e p t i o n  p e r c e n t a g e  is low when 

compared t o  some o t h e r  s p e c i e s .  S i n c e  measu remen t s  o f  

i n t e r c e p t i o n  a t  h i g h  r a i n f a l l  areas l i k e  t h e  o n e s  i n  t h e  

p r e s e n t  s t u d y  a r e  r a r e ,  it is  d i f f i c u l t  t o  make c o m p a r i s o n s .  

I n  a s t u d y  on a 5 year o l d  E  tereticornis p l a n t a t i o n  i n  

West B e n g a l ,  I n d i a ,  B a n e r j e e  ( 1 9 7 2 )  h a s  measured  t h e  

i n t e r c e p t i o n  t o  b e  23% of  t h e  r a i n f a l l  i n  an  area  w i t h  

a v e r a g e  a n n u a l  r a i n f a l l  of 1000  mm. However, t h e  p e r c e n t a g e  

o f  i n t e r c e p t i o n  was <12% i n  E. tereticornis a t  Dehra  Dun 

where  t h e  a n n u a l  r a i n f a l l  is 2000 mm (George ,  1978).  

Measurements  i n  K a r n a t a k a  i n  E.camaldulensis have  shown t h e  

i n t e r c e p t i o n  t o  b e  4% and 12% i n  an  area w i t h  a n n u a l  

r a i n f a l l  of 993 mm and 4 2 3  mm r e s p e c t i v e l y  (Ha l l  e t  a l . ,  

1 9 9 2 ) .  Thus  from t h e s e  s t u d i e s ,  i t  is a p p a r e n t  t h a t  no  

d e f i n i t e  v a l u e  c a n  b e  f i x e d  f o r  i n t e r c e p t i o n .  The lower 

i n t e r c e p t i o n  v a l u e  shown by  t h e  P a l o d e  p l a n t a t i o n  is d u e  t o  



t h e  l ower  canopy  c o v e r a g e .  C a l d e r  ( 1 9 9 2 b )  h a s  o p i n e d  t h a t  

i n t e r c e p t i o n  v a l u e s  c a n n o t  b e  l owered  r e m a r k a b l y  by t h i n n i n g  

b e c a u s e  i t  would i n c r e a s e  t h e  canopy  v e n t i l a t i o n ,  r e s u l t i n g  

i n  i n c r e a s e d  e v a p o r a t i o n .  However,  i n t e r c e p t i o n  e s t i m a t e d  

a t  P a l o d e  from t h e  model d e f i n i t e l y  s u g g e s t s  a r e m a r k a b l y  

lower i n t e r c e p t i o n  f i g u r e  ( 7 . 7 % )  i n  t h e  p r e s e n t  s t u d y .  

Direct  measu remen t s  a re  p r o b a b l y  r e q u i r e d  t o  confirm t h i s .  

I n t e r c e p t i o n  es t imates  i n  t h e  E.  grandis p l a n t a t i o n  

s t u d i e d  h e r e  g i v e s  a f i g u r e  of  18% of t h e  a n n u a l  r a i n f a l l  o f  

1300 mm. When compared t o  E. tereticornis p l a n t a t i o n s ,  t h e  

LAI was h i g h e r  i n  E. grandis. The f i g u r e  of 18% is 

c e r t a i n l y  w i t h i n  t h e  l i m i t s  of i n t e r c e p t i o n  shown by s e v e r a l  

spec ies  o f  e u c a l y p t s  ( s ee  r e v i e w  by P o o r e  and F r i e s ,  1985).  

I t  s h o u l d  be p o i n t e d  o u t  t h a t  t h e  l e a f  a n g l e  i n  E.  grandis 

is much less  v e r t i c a l  t h a n  E. tereticornis which  would 

i n c r e a s e  t h e  i n t e r c e p t i o n .  

The i n t e r c e p t i o n  i n  e u c a l y p t  spec ies  may b e  compared t o  

c e r t a i n  o t h e r  s p e c i e s  s t u d i e d  i n  s imilar  areas o f  Kerala. 

Thus  i n  Acacia auriculiformis, t h e  i n t e r c e p t i o n  is 8% o f  t h e  

a n n u a l  r a i n f a l l  of  2360 mm ( K a l l a r a c k a l  and Somen, 1 9 9 2 ) .  

S i m i l a r l y  cashew t r e e s ,  (Anacardium occidentale) i n t e r c e p t e d  

15% of t h e  a n n u a l  r a i n f a l l  of  3175 mm. 

S u r f a c e  r u n o f f  d u r i n g  and soon  a f t e r  t h e  r a i n f a l l  

e v e n t s  is a l s o  a n  i m p o r t a n t  f a c t o r  t o  be c o n s i d e r e d  i n  water 

b a l a n c e .  I n  t h e  e u c a l y p t  p l a n t e d  s i t e s  i n  Kerala, most o f  
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which  are on t h e  s l o p e s  of h i l l s ,  t h i s  c o u l d  be a n  i m p o r t a n t  

f a c t o r .  D e t a i l e d  r u n o f f  s t u d i e s  made on a w a t e r s h e d  i n  t h e  

h i g h l a n d s  o f  Kerala (CWRDM 1 9 9 1 )  have  shown t h e  r u n o f f  

c o e f f i c i e n t  ( r u n o f f / r a i n f a l l )  a s  h i g h  a s  0 . 9 .  A n  a v e r a g e  

r u n o f f  c o e f f i c i e n t  o f  0 . 4  c a n  b e  d e r i v e d  f rom t h e  above  

work.  I t  may b e  r e a s o n a b l e  t o  u s e  t h i s  f i g u r e  i n  t h e  two E

tereticornis s i t e s  s t u d i e d .  However, t h e  E .  g r a n d i s  s i t e  

was more o r  l e s s  f l a t ,  hence  t h e  r u n o f f  l o s s  c o u l d  b e  

m i n i m a l .  

The t r a n s p i r a t i o n  and e v a p o r a t i o n  f rom g round  

v e g e t a t i o n  and b a r e  s o i l  c a n  b e  a l s o  s u b s t a n t i a l  i n  Kerala.  

Most e u c a l y p t  p l a n t a t i o n s  i n  Kerala have  a good u n d e r g r o w t h  

of weeds i n c l u d i n g  Eupatorium and L a n t a n a .  Grass is w i d e l y  

p r e v a l e n t  i n  E. g r a n d i s  p l a n t a t i o n s .  A l t h o u g h  most  o f  t h e s e  

u n d e r g r o w t h  a r e  s e e n  t o  d r y  o u t  d u r i n g  t h e  d r y  p e r i o d ,  t h e i r  

water consumpt ion  d u r i n g  t h e  p o s t  monsoon p e r i o d  c o u l d  b e  

s u b t a n t i a l .  Very f e w  s t u d i e s  a re  a v a i a b l e  on t h i s  fo rm of  

water l o s s  f rom e u c a l y t  p l a n t a t i o n s .  Water b a l a n c e  s t u d i e s  

on a Pinus r a d i a t a  c a t c h m e n t  i n  N e w  Z e a l a n d  (Whi tehead  and 

K e l l i h e r ,  1 9 9 1 )  have  shown t h e  e v a p o r a t i o n  f rom t h e  

u n d e r s t o r e y  and t h e  s o i l  t o  b e  7% o f  t h e  r a i n f a l l ,  t h e  

a n n u a l  r a i n f a l l  b e i n g  1400 m m .  The e u c a l p y t  canopy  i n  t h e  

p r e s e n t  two s i t e s  of E .  tereticornis was f a i r l y  o p e n .  T h i s  

would mean t h a t  t h e  above  t y p e  o f  l o s s  from t h e s e  

p l a n t a t i o n s  c o u l d  b e  more t h a n  t h a t  r e p o r t e d  f o r  P i n u s  

r a d i a t a  c i t e d  a b o v e .  
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T h u s ,  i t  is c l e a r  f rom t h e  above  d i s c u s s i o n ,  t h a t  o t h e r  

f a c t o r s ,  apa r t  f rom t r a n s p i r a t i o n  and i n t e r c e p t i o n  a r e  

i m p o r t a n t  i n  work ing  o u t  t h e  water b a l a n c e  o f  t h e  

p l a n t a t i o n s .  However,  t h e  p r e s e n t  p r o j e c t  d e a l s  w i t h  t h e  

q u e s t i o n  o f  t h e  " e x c e s s i v e  water use" of t h e  e u c a l y p t s .  

S i n c e  t h e  a p p r o a c h  t o  a n s w e r i n g  t h i s  q u e s t i o n  is t h e  

comparative water u s e  o f  e u c a l y p t s  and o t h e r  n a t i v e  o r  

e x o t i c  t r e e s ,  water l o s s  by t r a n s p i r a t i o n  c e r t a i n l y  f o r m s  

t h e  mos t  i m p o r t a n t  component .  
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6. CONCLUSIONS AND RECOMMENDATIONS 

From t h e  r e s u l t s  of  i n v e s t i g a t i o n s  on t h e  water u s e  o f  

t h e  two s p e c i e s  of  e u c a l y p t s  p l a n t e d  i n  Kerala, t h e  

f o l l o w i n g  c o n c l u s i o n s  can  be d r a w n .  

6 . 1 .  T r a n s p i r a t i o n  d u r i n g  t h e  p o s t  and pre-monsoon p e r i o d s  

-1 f rom a n  E .  tereticornis p l a n t a t i o n  w i t h  1800  stems ha  

shows t h a t  55% of  t h e  r a i n f a l l  is  l o s t  by  t h i s  p r o c e s s .  

A t  t h e  same time, when t h e  t r e e  d e n s i t y  is 1090 stems 

ha-1, o n l y  34% of t h e  r a i n f a l l  is t r a n s p i r e d .  When t h e  

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

e q u i v a l e n t s ,  t h e  f i g u r e s  a re  1563 mm and 853 mm 

r e s p e c t i v e l y  for t h e  above  two p l a n t a t i o n s .  I n  

v o l u m e t r i c  e q u i v a l e n t s ,  t h e  t r e e s  i n  t h e  p l a n t a t i o n s  

day-1 and 18-44 1 consumed be tween  19- 43 1 t r e e  

tree-1 day-1 r e s p e c t i v e l y .  T h i s  means t h a t  t h e  per  

t r e e  consumpt ion  of water was n e a r l y  t h e  same 

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

-1 

6 . 2 .  T r a n s p i r a t i o n  f rom a E .  grandis p l a n t a t i o n  w i t h  a 

d e n s i t y  o f  1600 stems ha-1 shows t h a t  91% of t h e  

r a i n f a l l  is t r a n s p i r e d  d u r i n g  t h e  p o s t  and pre-monsoon 

p e r i o d s .  I n  d e p t h  e q u i v a l e n t s  t h i s  is  1181 mm and i n  

-1 d a y  . -1 v o l u m e t r i c  e q u i v a l e n t s  t h i s  is 13-40 1 . t r e e  

6 . 3 .  B o t h  t h e  species i n  a l l  t h e  t h r e e  l o c a l i t i e s  m a i n t a i n  

r e l a t i v e l y  h i g h  l e a f  water p o t e n t i a l s  when compared t o  

e u c a l y p t s  s t u d i e d  e l s e w h e r e .  T h i s  means t h a t  t h e  
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e u c a l y p t s  i n  Kerala ,  i n  g e n e r a l ,  a re  n o t  under s e v e r e  

water s t r ess  d u r i n g  any  p a r t  o f  t h e  y e a r .  T h e  midday 

water p o t e n t i a l s  n e v e r  r e a c h e d  l e v e l s  less t h a n  t h e  

t u r g o r  loss p o i n t  (- 1 .75  MPa) i n d i c a t i n g  n o  complete 

s t o m a t a l  c l o s u r e  d u e  t o  l o s s  of t u r g i d i t y .  

6 . 4 .  Stomatal conductance measu remen t s  i n  E .  tereticornis 

and E. grandis i n d i c a t e  d i u r n a l  and s e a s o n a l  

v a r i a t i o n s .  The Conduc tance  was r e l a t i v e l y  h i g h e r  

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

h i g h e r  i n  b o t h  spec ies  d u r i n g  t h e  post- monsoon p e r i o d .  

However, a t  nc t ime d u r i n g  t h e  year ,  complete s tomata l  

c l o s u r e  was o b s e r v e d  p r o v i d e d  t h e  l i g h t  was n o t  

1 imi t ing . 

6 . 5 .  The s t o m a t a l  c o n t r o l  o f  t r a n s p i r a t i o n  i n  r e s p o n s e  t o  

a t m o s p h e r i c  v a p o u r  p r e s s u r e  d e f i c i t  was examined i n  

b o t h  s p e c i e s .  E. tereticornis d i d  n o t  show a n y  

a p p a r e n t  c o n t r o l  even  a t  r e l a t i v e l y  h i g h  v a p o u r  

pressure d e f i c i t  u n d e r  t h e  a v a i l a b l e  s o i l  w a t e r .  I n  E .  

grandis,  a l t h o u g h  no  c o m p l e t e  c l o s u r e  seemed t o  e x i s t  

t h e  r e s p o n s e  t o  a t m o s p h e r i c  vapour pressure defici t  was 

c l e a r l y  v i s i b l e .  Hence i t  may be  c o n c l u d e d  t h a t  E .  

grandis  h a s  b e t t e r  s t o m a t a l  c o n t r o l  mechanisms when 

compared t o  E. tereticornis. 

6 . 6 .  The r e l a t i v e l y  h i g h  water p o t e n t i a l s  and t h e  h i g h  

s t o r n a t a l  c o n d u c t a n c e  shown by t h e  two spec ies  i n d i c a t e  

a b s t r a c t i o n  of s o i l  water by d e e p  p e n e t r a t i n g  r o o t s .  



To s u p p o r t  a t r a n s p i r a t i o n  l o s s  of 1563  mm ( t h e  f i g u r e  

shown by E. tereticornis a t  V a r a v o o r ) ,  i t  requ i res  

r o o t i n g  d e p t h  of a p p r o x i m a t e l y  12  m i f  we a s s u m e  t h e  

water h o l d i n g  capac i ty  of  t h e  s o i l  is 0 . 2 5  m m 
- 3  

and 
3 -3  t h e  w i l t i n g  p o i n t  is a t  0 . 1 2  m m . T h i s  a s s u m p t i o n  

r e q u i r e s  t h a t  t h e r e  is n o  e x t r a  i n p u t  of r a i n f a l l  

d u r i n g  t h e  p o s t  and pre-monsoon p e r i o d s .  T h i s  p r o b a b l y  

g i v e s  an  i n d i r e c t  i n d i c a t i o n  t h a t  t h e  r o o t s  a r e  i n  

c o n t a c t  w i t h  t h e  water t a b l e  b e c a u s e  t h e  water t a b l e  a t  

Varavoor  was found  a t  9 m d e p t h .  E x c a v a t i o n  s t u d i e s  

w i l l  b e  r e q u i r e d  t o  c o n f i r m  t h i s .  

6 . 7 .  The maximum n e t  p h o t o s y n t h e t i c  r a t e  i n  b o t h  t h e  spec ies  

was a r o u n d  2 0   µ m o l  m - 2 s - 1  T h e  w a t e r  u s e  e f f i c i e n c y  o f  

E. tereticornis  d u r i n g  p o s t  and pre-monsoon p e r i o d s  

were s imi l a r .  However, i n  E. grandis, t h e  water u s e  

e f f i c i e n c y  was l e s s  d u r i n g  p o s t  monsoon compared t o  t h e  

pre-monsoon p e r i o d .  I n  g e n e r a l ,  t h e  water u s e  

e f f i c i e n c y  w a s  b e t t e r  f o r  E. tereticornis. 

6 . 8 .  A f t e r  f o l l o w i n g  t h e  g r o w t h  i n  g i r t h  o f  t h e  two e u c a l y p t  

spec ies  on a mon th ly  i n t e r v a l ,  i t  was found  t h a t  d u r i n g  

t h e  pre-monsoon p e r i o d  t h e r e  was c o m p l e t e  c e s s a t i o n  o f  

g r o w t h  i n  g i r t h .  However, e x t e n s i o n  g r o w t h  was 

o b s e r v e d  r e g a r d l e s s  o f  t h e  s e a s o n s .  

Based on t h e  above  c o n c l u s i o n s ,  t h e  f o l l o w i n g  s u g g e s t i o n s  

are  made. 
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I n  a p l a c e  l i k e  Kerala where  t h e  s o i l s  r e a c h  f i e l d  

c a p a c i t y  d u r i n g  t h e  monsoon p e r i o d ,  t h e  water a v a i l a b i l i t y  

t o  t h e  r o o t s  is n o t  l i m i t i n g  p r o v i d e d  t h e  r o o t s  are  a b l e  t o  

p e n e t r a t e  d e e p e r .  T h i s  is c e r t a i n l y  i n d i c a t e d  i n  t h e  

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

t r e e s  d o  n o t  show any  wate.: s t r ess  symptoms, i n d i r e c t l y  

i n d i c a t i n g  t h e  d e e p  p e n e t r a t i o n  o f  r o o t s .  From t h e  water 

t a b l e  d e p t h  i n  many l o c a l i t i e s ,  wh ich  o c c u r  w i t h i n  15 m ,  it 

seems t h a t  t h e  e u c a l y p t  c o u l d  b e  ea s i l y  e x t r a c t i n g  t h e  water 

t a b l e .  I n d e e d ,  an  e x c a v a t i o n  s t u d y  o f  t h e  r o o t  system i n  

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

d e s i r a b l e .  

If t h e  r o o t s  a re  e x t r a c t i n g  from t h e  water t a b l e ,  a re  

t h e y  r e a l l y  d a n g e r o u s  t o  t h e  water r e s o u r c e s ?  I t  is n o t  t h e  

f i r s t  time t h a t  it  is known t h a t  t h e  e u c a l y p t s  e x t r a c t  f rom 

t h e  water t a b l e .  S e v e r a l  i n v e s t i g a t i o n s  i n  A u s t r a l i a  have  

shown t h i s  t o  b e  t r u e .  S t u d i e s  have  a l s o  shown t h a t  

e u c a l y p t s  c a n  c o n s i d e r a b l y  r e d u c e  t h e  stream f l o w .  T h i s  

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

w i t h  e u c a l y p t s ,  t h e y  can  c e r t a i n l y  r e d u c e  t h e  water 

a v a i l a b i l i t y .  Moreover ,  i n  an  year w i t h  d e f i c i e n t  o r  

d e l a y e d  r a i n f a l l ,  t h e  p o s s i b l i t y  of t h e  water t a b l e  g o i n g  

down a t  a- f a s t e r  r a t e  c a n n o t  b e  r u l e d  o u t .  

The h i g h  water u s e  o f  e u c a l y p t s  i n  an  area w i t h  r i c h  

s o i l  water a v a i l a b i l i t y  and h i g h  v a p o u r  pressure  d e f i c i t  is  

n o t  a t  a l l  s u r p r i s i n g .  As t h e  p r e s e n t  s t u d y  h a s  shown, 
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E. tereticornis, which  is w i d e l y  p l a n t e d  i n  t h e  s t a t e ,  h a s  

l i t t l e  s t o m a t a 1  c o n t r o l  o f  water l o s s  when s o i l  w a t e r  is n o t  

1 i m i t i n g .  

The water u s e  of  E. tereticornis a t  P a l o d e  shows t h a t  

when ha-1, 

t h e  water consumption by t r a n s p  i r  a t  i o n  r e d u c e s  

c o n s i d e r a b l y .  A l though  t h e  pe r  t r e e  consumpt ion  r e m a i n s  t h e  

same, t h e  r e d u c e d  number o f  t r e e s  per  h e c t a r e  c a n  c o n s e r v e  

t h e  water t o  a g r e a t  e x t e n t .  I n  s u c h  a s i t u a t i o n ,  it c a n  b e  

r e a s o n a b l y  assumed t h a t  t h e  r o o t s  of t r e e s  n e e d  n o t  

p e n e t r a t e  d e e p e r  as i n  a d e n s e r  p l a n t a t i o n .  I n s t e a d ,  t h e y  

c o u l d  be s e e k i n g  water a v a i l a b l e  f rom t h e  l o c a l i t y  by 

l a t e r a l  s p r e a d  o f  r o o t s .  

t h e  t r e e s  a re  w i d e l y  s p a c e d ,  t h a t  is  1090 stems 

Some o f  t h e  r e c e n t  s t u d i e s  i n  K a r n a t a k a  have  shown t h a t  

888 stems ha-1 c a n  g i v e  a s imi l a r  y i e l d  o f  wood a s  a d e n s e r  

p l a n t a t i o n .  Moreover ,  when p l a n t s  a re  w i d e l y  s p a c e d ,  t h e  

i n t e r c e p t i o n  l o s s e s  can  a l s o  b e  minimised. A l t h o u g h ,  more 

open  canopy  w i l l  r e s u l t  i n  i n c r e a s e d  v e n t i l a t i o n ,  and 

t h e r e f o r e  i n c r e a s e d  e v a p o r a t i o n ,  t h e  n e t  g a i n  o f  water will 

c e r t a i n l y  b e  more t h a n  i n  a d e n s e r  p l a n t a t i o n .  I t  c a n  b e  

a r g u e d  t h a t  t h e  E .  tereticornis when p l a n t e d  at h i g h e r  

d e n s i t y  is consuming o n l y  55% of t h e  a n n u a l  r a i n f a l l .  I t  is 

c e r t a i n l y  a h i g h  consumpt ion  when t h e  water l o s t  by r u n o f f  

is also a c c o u n t e d ,  t h e  r u n o f f  f i g u r e  b e i n g  more t h a n  40% of 

t h e  r a i n f a l l .  The f i g u r e  c o u l d  b e  much h i g h e r  i n  many 

e u c a l y p t  p l a n t e d  areas ,  where  t h e  l a n d  is d e g r a d e d  d u e  t o  

l o s s  of much t o p  s o i l .  
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T h e  water consumption by E. grandis  is a l s o  q u i t e  h i g h .  

However, t h e  s t o m a t a 1  c o n t r o l  of water l o s s  by t h e s e  t rees  

is c o m p a r a t i v e l y  b e t t e r  t h a n  E. tereticornis. The water 

l o s s  by t r a n s p i r a t i o n  is c e r t a i n l y  h i g h  when worked as a 

p e r c e n t a g e  ( 9 1 % )  of t h e  r a i n f a l l .  However, t h e  r u n o f f  i n  

t h e  s t u d y  areas i n  Wyanad s h o u l d  be  c o n s i d e r e d  minimal  

because  of  t h e  f l a t  t e r r a i n .  I f  t h e  p l a n t i n g  d i s t a n c e  o f  

t h e  E. grandis  is i n c r e a s e d  from t h e  p r e s e n t  s p a c i n g  i n  

o r d e r  t o  c o n t a i n  o n l y  888 t r e e s  ha-1, i t  may be  p o s s i b l e  

t o  c o n s e r v e  water w i t h o u t  a f f e c t i n g  t h e  ph rea t i c  aqu i f e r .  
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