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ABSTRACT 

A l g a l samples were c o l l e c t e d f r o m t h r e e r i c e - f i e l d s i n Nepal: 

A) Parw a n i p u r (100 m), B) Khumaltar (1336 m) and C) Kakani (2064 m); t h e r i c e -

f i e l d a l g a l f l o r a f r o m 1982, 1983 and 1986 samples was re c o r d e d . 

Three C a l o t h r i x s t r a i n s were i s o l a t e d f r o m 1986 samples, one f r o m each o f 

t h e t h r e e s i t e s , as r e p r e s e n t a t i v e s o f t h e r i c e - f i e l d f l o r a . A study was 

c a r r i e d o u t on morphology o f t h e s e C a l o t h r i x i s o l a t e s , i n p a r t i c u l a r , t h e 

i n f l u e n c e o f phosphorus d e f i c i e n c y on morphology. S t a r t i n g w i t h hormogonium 

p r o d u c t i o n , m o r p h o l o g i c a l changes were f o l l o w e d i n one s e t o f c u l t u r e s w i t h o u t 

any f u r t h e r a d d i t i o n o f phosphate and i n a n o t h e r s e t , 10 mg I " - ' - P was added t o 

P - l i m i t e d c u l t u r e s . W i t h i n c r e a s e i n phosphorus d e f i c i e n c y , s y n t h e s i s o f 

hormogonia ceased i n a l l t h e s t r a i n s , w i t h obvious i n c r e a s e i n cyanophycin 

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

h e t e r o c y s t s i n C a l o t h r i x D794 and D795 and s e p a r a t i o n d i s c s i n C a l o t h r i x D796 

was f o l l o w e d by t h e f o r m a t i o n o f i n t r a - t h y l a k o i d a l v a cuoles and f a l s e - b r a n c h e s 

i n a l l , b u t no h a i r c e l l s formed i n any s t r a i n . The a d d i t i o n o f f u r t h e r 

phosphate t o P - l i m i t e d c u l t u r e s l e d t o renewed s y n t h e s i s o f hormogonia w i t h i n 

18 h i n a l l s t r a i n s . 

The e f f e c t o f l i g h t f l u x and n u t r i e n t c o n c e n t r a t i o n on morphology o f t h r e e 

s t r a i n s was t e s t e d . The e f f e c t o f change i n l i g h t f l u x on gas vacu o l e 

f o r m a t i o n was examined i n C a l o t h r i x D794. Gas vac u o l e s c o n t i n u e d t o form but 

a t a l o w e r r a t e when t h e a l g a was s h i f t e d t o 170 nmol photon m"̂  3-1 a f t e r 

i n i t i a l p e r i o d o f i n c u b a t i o n i n da r k . Gas-vacuolated hormogonia f o r m a t i o n , 

r e l e a s e and di s a p p e a r a n c e o f gas v a c u o l e s i n f r e e hormogonia o c c u r r e d w i t h i n 

two h o u r s o f exposure t o 170 \mol photo m"^ 3-1. 
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1 INTRODUCTION 

1.1 GENERAL INTRODUCTION 

Nepal l i e s on t h e s o u t h e r n s l o p e s o f t h e Himalayas. The c o u n t r y ' s economy 

i s p r e d o m i n a n t l y a g r i c u l t u r a l and 90% o f t h e t o t a l p o p u l a t i o n o f over 16 

m i l l i o n r e l i e s on a g r i c u l t u r e which t a k e s p l a c e on o n l y 16% o f t h e t o t a l area 

( a p p e n d i x 1 ) . Rice i s t h e m a j o r c r o p o f Nepal, c u l t i v a t e d on 55% o f t h e 

c u l t i v a b l e l a n d , and c o n t r i b u t e s 59% o f t h e t o t a l g r a i n p r o d u c t i o n . 

The p r o d u c t i o n o f r i c e y e a r a f t e r y e a r w i t h o u t a p p l i c a t i o n o f f e r t i l i z e r i n 

Nepalese r i c e - f i e l d s has been d e m o n s t r a t e d i n l o n g t e r m e x p e r i m e n t s (1975-

1977) a t P a r w a n i p u r (Deo and Shah, 1978). I n Bangladesh, p a r t o f t h i s 

n a t u r a l f e r t i l i t y has been a t t r i b u t e d t o n i t r o g e n - f i x i n g b l u e - g r e e n a l g a e 

(Brammer, 1983). I t i s p o s s i b l e t h a t b l u e - g r e e n a l g a e i n Nepal may p l a y a 

s i m i l a r r o l e . As t h e r i c e p l a n t s and t h e a l g a e r e p r e s e n t t h e two p r i n c i p a l 

components i n t h i s ecosystem, a p r o p e r u n d e r s t a n d i n g o f t h e i r v a r i o u s 

i n t e r r e l a t i o n s h i p s i s i m p o r t a n t (Roger and K u l a s o o r i y a , 1980), however, 

s t u d i e s on b l u e - g r e e n a l g a e f r o m Nepalese r i c e - f i e l d s a r e meagre. 

The p r e s e n t s t u d y was t h e r e f o r e p l a n n e d t o g i v e a b r i e f account o f t h e 

a l g a l f l o r a f r o m t h r e e d i f f e r e n t r i c e - f i e l d s ( a t 100, 1350 and 2064 m 

a l t i t u d e s ) , t o i s o l a t e C a l o t h r i x , one f r o m each o f t h e t h r e e s i t e s ( s i t e 

d e s c r i p t i o n i n Chapter 3) and t o s t u d y t h e i r morphology w i t h r e s p e c t t o 

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

t h e development o f gas v a c u o l e s have been e x p l o r e d w i t h t h e hope o f 

u n d e r s t a n d i n g t h e i r b i o l o g i c a l i m p o r t a n c e f o r m i c r o o r g a n i s m s t o ada'pt i n r i c e -

f i e l d e n v i r o n m e n t . 
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1.2 PHYSICAL ENVIRONMENT OF NEPAL 

Nepal o c c u p i e s 145305 km^ and i s s i t u a t e d between 26° 20' t o 30° 10' N and 

80° 1 5 ' t o 88° 15 E. I t i s about 800 km l o n g and 160 km b r o a d . The f l a t 

T a r a i i n t h e s o u t h , t h e c e n t r a l h i l l s and t h e h i g h Himalayas i n t h e n o r t h 

d i v i d e t h e c o u n t r y i n t o t h r e e areas ( F i g . 3.1) 

The t e m p e r a t u r e r e f l e c t s changes i n a l t i t u d e and decreases as one moves 

f r o m t h e T a r a i t h r o u g h m i d - h i l l s and h i g h - h i l l s t o h i g h e r Himalayan ranges. 

At Kathmandu, 1337 m above sea l e v e l , average m o n t h l y t e m p e r a t u r e s a r e 10°C i n 

January and 23°C i n May. I n t h e h i g h e s t Himalaya, a i r t e m p e r a t u r e s a r e 

always below f r e e z i n g p o i n t . R a i n f a l l ranges f r o m 1000-1500 mm o v e r most o f 

th e c o u n t r y . 

S o i l s o f Nepal a r e c a t e g o r i z e d as h a v i n g low t o medium o r g a n i c m a t t e r 

c o n t e n t , h i g h a v a i l a b l e phosphorus c o n t e n t , medium a v a i l a b l e p o t a s s i u m 

c o n t e n t , and d e f i c i e n t i n n i t r o g e n (Deo e t a l . , 1978). The pH o f most s o i l s 

l i e s between 5.9 and 7.6. 

1.3 RICE CULTIVATION IN NEPAL 

Rice i s c u l t i v a t e d f r o m t h e T a r a i (100 m) t o t h e h i l l y d i s t r i c t s (2465 m). 

The maximum r i c e p e r u n i t area a r e o b t a i n e d i n t h e m i d - h i l l s (Table 1.1) 

because o f t i m e l y i n p u t s , low n i g h t t e m p e r a t u r e and b e t t e r management. 

I n Nepal, 16% o f t h e r i c e l a n d i s i r r i g a t e d and t h e r e s t i s r a i n - f e d . 

Upland r i c e (9%) i s grown on b o t h f l a t and s l o p i n g f i e l d s t h a t a r e seeded 

under d r y c o n d i t i o n s w h i l s t r a i n - f e d low l a n d r i c e i s bounded t o g i v e a water 

d e p t h o f up t o 50 cm. 
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T a b l e 1.1 The area o f r i c e c u l t i v a t i o n , r i c e p r o d u c t i o n and y i e l d o f r i c e 

g r a i n p e r u n i t area i n d i f f e r e n t r e g i o n s o f Nepal i n 1976 ( M a l l i c k , 1982). 

Regions Area o f r i c e T o t a l p r o d u c t i o n Average y i e l d 

(ha) ( g t ^ h a " ' 

h i g h h i l l s 25,733 57,260 2.25 

m i d - h i l l s 194,445 502,818 2.58 

T a r a i 1041,441 1,826,194 1.75 

Land p r e p a r a t i o n v a r i e s among r i c e p r o d u c i n g a r e a s . I n t h e T a r a i , r i c e i s 

grown on l a n d p r e p a r e d w i t h a nimal-drawn implements, i n some a r e a s , 

by t r a c t o r - d r a w n i m p l i m e n t . D i r e c t s e e d i n g and t r a n s p l a n t i n g a r e t h e two 

methods o f p l a n t i n g r i c e . R i c e i s u s u a l l y c u l t i v a t e d as a monocrop. 

Two o r f o u r c r o p s a r e h a r v e s t e d each year i n i r r i g a t e d area^. Due t o m o i s t u r e 

s t r e s s , s o i l c o n d i t i o n and r a i n f a l l p a t t e r n , however, a w i n t e r c r o p i s n o t 

grown. 

1.4 ALGAL COMMUNITIES IN RICE-FIELDS 

R i c e - f i e l d s c o n s t i t u ' t e an a r t i f i c i a l b i o t o p e o f a p a r t i c u l a r c h a r a c t e r , 

w h i c h can i n v o l v e c o m m u n i t i e s more t y p i c a l o f wa t e r and ones more t y p i c a l of 

s o i l . The l i f e - c y c l e o f organisms i n r i c e - f i e l d w a t e r i s , however, o f a 

s h o r t d u r a t i o n , e x t e n d i n g o v e r t h r e e t o s i x months. A f t e r h a r v e s t t h e 

m a j o r i t y o f t h e a q u a t i c m i c r o o r g a n i s m s e i t h e r d i e o r f o r m dormant s t r u c t u r e s 

(Venkataraman, 1972) . 

The a l g a l f l o r a o f r i c e - f i e l d s has a t t r a c t e d t h e a t t e n t i o n o f many workers 

i n t e m p e r a t e and t r o p i c a l r e g i o n s (Singh, 1961; Venkataraman, 1972; Roger and 

K u l a s o o r i y a , 1982). I n t e m p e r a t e r e g i o n s , f i l a m e n t o u s c h l o r o p h y t a are 

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

the r i c e p l a n t ; they a r e f o l l o w e d by 'Xanthophyta and Qyanophyta ( T s a n g r i d i s , 
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1982) . I n t h e t r o p i c s , i n c o n t r a s t t o t h e t e m p e r a t e r e g i o n , Cyanophyta 

dominate o v e r o t h e r a l g a e (Gupta, 1966; Pandey, 1965a; Sharma and Gaur, 1981). 

1.5 BLUE-GREEN ALGAE AND RICE-FIELDS 

B l u e - g r e e n a l g a e a r e o x y g e n - e v o l v i n g p h o t o s y n t h e t i c m i c r o o r g a n i s m s t h a t 

i n h a b i t v a r i o u s f r e s h - w a t e r e n v i r o n m e n t s , i n c l u d i n g t h e w a t e r - l o g g e d s o i l s o f 

r i c e - f i e l d s (De, 1939; Watanabe, 1959; M a t e r a s s i c and B a l l o n i , 1965; Kobayashi 

e t a_l.,1967). R i c e - f i e l d s p r o v i d e an en v i r o n m e n t f a v o u r a b l e f o r t h e g r o w t h 

o f b l u e - g r e e n a l g a e w i t h r e s p e c t t o t h e i r r e q u i r e m e n t s o f l i g h t , w a t e r , h i g h 

t e m p e r a t u r e and n u t r i e n t a v a i l a b i l i t y ( S i n g h , 1961; Fogg e t a l . , 1967; 

Ven)cataraman, 1972). T h i s a l s o accounts f o r the^abundance o f b l u e - g r e e n 

a l g a e i n t h e r i c e - f i e l d s t h a n i n o t h e r c u l t i v a t e d areas (Watanabe and 

Yamamoto, 1971). 

Abundant g r o w t h o f b l u e - g r e e n algae has been r e p o r t e d under w i d e l y 

d i f f e r e n t c l i m a t i c c o n d i t i o n s i n I n d i a ( M i t r a , 1 951), Japan (Olcuda and 

Yamaguchi,1952; 1 9 5 6 ) , and t h e U k r a i n e ( P r i k h o d ' k o v a , 1971). Over 70% o f t h e 

a l g a l s p e c i e s i n I n d i a n paddy s o i l s a r e co m p r i s e d o f b l u e - g r e e n a l g a e (Pandey, 

1965) . I n Sout h e a s t I r a q , b l u e - g r e e n a l g a e c o n s t i t u t e d upjto 86% o f t h e t o t a l 

a l g a l f l o r a ( A l k a i s i , 1976). 21 o f 41 s p e c i e s f r o m deep-water r i c e - f i e l d s i n 

Bangladesh were h e t e r o c y s t o u s b l u e - g r e e n s ( M a r t i n e z and C a t l i n g , 1982). The 

presence o f b l u e - g r e e n a l g a e i n t h e r i c e f i e l d s o f Nepal has been r e p o r t e d i n 

Parwa n i p u r and Bara d i s t r i c t (Maskey and B h a t t a r a i , 1984). 

A l g a l s u c c e s s i o n may be c h a r a c t e r i s t i c o f p a r t i c u l a r g e o g r a p h i c zones. The 

g r o w t h o f a h e t e r o c y s t o u s a l g a l bloom has been r e p o r t e d i n a paddy f i e l d i n 

M a l i i n e a r l y s t a g e , i n S r i Lanka,, Experiments i n d i c a t e d t h a t h e t e r o c y s t o u s 

forms were p r e s e n t t h r o u g h o u t t h e c u l t i v a t i o n c y c l e and some s p e c i e s o c c u r r e d 

o n l y d u r i n g t h e l a t t e r p a r t (Roger and K u l a s o o r i y a , 1980) . 

B l u e - g r e e n a l g a e grow i n t h e r i c e - f i e l d w a t e r as p l a n k t o n , e p i p h y t e s on r i c e 

p l a n t s and on t h e s o i l s u r f a c e . Free- l i v i n g b l u e - g r e e n a l g a e a r e abundant 



22 

i n t r o p i c a l and s u b - t r o p i c a l s o i l s t h an i n t e m p e r a t e s o i l s (Watanabe and 

Yamatomo, 1971; Fogg e t a l . , 1973; S i n c l a i r and W h i t t o n , 1975; S t e w a r t , 1977). 

T e m p e r a t u r e , l i g h t i n t e n s i t y , s a l i n i t y , combined n i t r o g e n and phosphorus 

a v a i l a b i l i t y a r e t h e ma j o r e n v i r o n m e n t a l f a c t o r s a f f e c t i n g t h e g r o w t h o f b l u e -

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

a l g a e grow p r e f e r e n t i a l l y i n en v i r o n m e n t s t h a t a r e n e u t r a l t o a l k a l i n e (Roger 

and Reynaud, 1979). There a r e r e p o r t s on t h e presence o f c e r t a i n b l u e - g r e e n 

a l g a l s t r a i n s i n s o i l s w i t h pH v a l u e s between 5-6. I n I n d i a , i t was i n f e r r e d 

t h a t b l u e - g r e e n a l g a e p r e f e r r e d a n e u t r a l o r near n e u t r a l pH 6.5-7.5, b u t 

o t h e r s were a l s o c a p a b l e o f t h r i v i n g over a w i d e r range 5.5-8.5 (Prasad e t 

a l . , 1978) . A u l o s i r a f e r t i l i s s i m a and C a l o t h r i x b r e v i s s i m a have been 

r e p o r t e d t o be u b i q u i t o u s i n K e r a l a r i c e - f i e l d s where t h e pH ranged f r o m 3.5 

t o 6.5 ( A i y e r , 1971). Weeding, water management, t h e n a t u r e and t h e q u a n t i t y 

o f f e r t i l i z e r s as w e l l as a p p l i c a t i o n t e c h n i q u e s have a c o n s i d e r a b l e i n f l u e n c e 

on b l u e - g r e e n a l g a e f l o r a (Roger and K u l a s o o r i y a , 1980). Thus d i f f e r e n t 

f a r m i n g p r a c t i c e s may i n f l u e n c e t h e i r development ( W h i t t o n and Roger, 1989). 

1.6 LIGHT AND TEMPERATURE 

1.61 L i g h t 

I n t h e p a d d i e s b l u e - g r e e n a l g a e occur e s p e c i a l l y as s u r f a c e scum, as a 

bloom, o r as c r u s t - f o r m i n g a g g r e g a t e s a t t h e s o i l w a t e r i n t e r f a c e . D u r i n g 

day t i m e , v e r t i c a l m i g r a t i o n o f algae occurs i n t h e water i n r e l a t i o n t o O2 

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

upon t h e season and l a t i t u d e , t h e c l o u d cover, and t h e t u r b i d i t y o f w a t e r . 

I n r i c e - f i e l d s , t h e l i g h t - s c r e e n i n g e f f e c t o f t h e c r o p canopy appears t o cause 

a r a p i d d e c r e a s e o f l i g h t . L i g h t t o l e r a n c e d i f f e r s between a l g a l s p e c i e s and 

may be r o u g h l y c o r r e l a t e d w i t h taxonomic groups (Roger and K u l a s o o r i y a , 1980) . 
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1.62 T e m p e r a t u r e 

The o p t i m a l t e m p e r a t u r e f o r t h e g r o w t h o f b l u e - g r e e n a l g a e i s about 30-

35°C. Tempe r a t u r e extremes i n h a b i t i n g t h e i r g r o w t h are beyond t h e range 

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

b l u e - g r e e n a l g a e i n paddy f i e l d s (Roger and Reynaud, 1978). 

1.7 PHOSPHORUS 

1.71 Phosphorus i n r i c e - f i e l d s o i l 

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

f e r t i l i z e r s . De D a t t a (1970) r e p o r t e d t h a t t h e r i c e - f i e l d s o i l which i s 

under u p l a n d c o n d i t i o n and shows u n a v a i l a b l e phosphate i n s o i l t e s t , shows 

a v a i l a b i l i t y o f phosphorus a f t e r few days o f f l o o d i n g . Okuda and Yamaguchi 

(1952) f o u n d t h a t t h e g r o w t h o f b l u e - g r e e n a l g a e i n submerged s o i l i s c l o s e l y 

r e l a t e d t o t h e a v a i l a b l e phosphorus. The P l e v e l s w i t h i n a l g a l c e l l s may 

f l u c t u a t e w i d e l y d e p e n d i n g on whether o r n o t t h e a l g a e a r e g r o w i n g under P-

l i m i t e d c o n d i t i o n s . B l u e - g r e e n a l g a e a s s i m i l a t e more P t h a n t h e y r e q u i r e and 

s t o r e t h e excess as p o l y p h o s p h a t e , w h i c h can bê ^̂ -̂.̂ -

^ilsed under P - d e f i c i e n t c o n d i t i o n s (Roger and Reynaud, 1979) . 

Phosphorus a v a i l a b i l i t y has o f t e n been i m p l i c a t e d as a f a c t o r l i m i t i n g t h e 

g r o w t h o f a l g a e ( K u h l , 1962), p a r t i c u l a r l y n i t r o g e n - f i x i n g forms ( S t e w a r t and 

A l e x a n d e r , 1971; Fogg e t al.,. 1973). N i t r o g e n - f i x a t i o n p r e v e n t s b l u e - g r e e n 

a l g a e f r o m becoming n i t r o g e n d e f i c i e n t t h u s a l l o w i n g phosphorus d e f i c i e n c y t o 

d e v e l o p f u r t h e r (Healey, 1982). A number o f subsequent s t u d i e s have 

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

i m p o r t a n t f a c t o r i n t h e g r o w t h o f R i v u l a r i a c e a e ( W h i t t o n , 1987). For t h i s 

r e a s o n t h e phosphorus s t a t u s o f r i c e - f i e l d b l u e - g r e e n a l g a e i s i m p o r t a n t . 
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1.72 I n f l u e n c e o f p h o s p h o r u s on morphology 

The m o r p h o l o g i c a l v a r i a b i l i t y o f b l u e - g r e e n a l g a e as a r e s p o n s e t o 

e n v i r o n m e n t a l c o n d i t i o n s i s w e l l known and, among t h e s e , t h e R i v u l a r i a c e a e 

show a p a r t i c u l a r l y m arked r e s p o n s e ( L i v i n g s t o n e and W h i t t o n , 1 9 8 3 ) . The 

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

m o r p h o l o g y i n t h i s f a m i l y ( S i n c l a i r and W h i t t o n , 1 9 7 7 a ) . The m o r p h o l o g i c a l 

c h a n g e s o c c u r i n g i n s t r a i n s o f C a l o t h r i x p a r i e t i n a have been d e s c r i b e d 

( L i v i n s t o n e a n d W h i t t o n , 1983; Wood e t a l . , 1 9 8 6 ) . Under P - r i c h c o n d i t i o n s , 

t h e a p i c a l r e g i o n o f t h e t r i c h o m e c o n t i n u o u s l y g i v e s r i s e t o hormogonia, but 

w i t h i n c r e a s i n g P - d e f i c i e n c y a m u l t i c e l l u l a r c o l o u r l e s s h a i r i s formed i n s t e a d 

( L i v i n g s t o n e a n d W h i t t o n , 1 9 8 3 ) . 

1.8 MORPHOLOGY 

1.81 M o r p h o l o g y o f b l u e - g r e e n a l g a e 

B l u e - g r e e n a l g a e d i s p l a y a wide v a r i e t y o f morphology from u n i c e l l s t o a 

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

t o c h a n g e s i n t h e e n v i r o n m e n t i s w e l l known ( S i n c l a i r and W h i t t o n , 1977; Stam 

an d H o l l e m a n , 1979; J e e j i - B a i and S e s h a d r i , 1980; R o s e n c h e c k a nd M i k h a i l o , 

1980; S e k i e t a l . , 1981; M e f f e r t e t a l . , 1 9 8 1 ) . 

1.82 M o r p h o l o g y of R i v u l a r i a c e a e 

I t i s c l e a r f r o m t h e f l o r i s t i c d e s c r i p t i o n s o f R i v u l a r i a c e a e ( D e s i k a c h a r y , 

1959; K i r k y a n d W h i t t o n , 1976; W h i t t o n 1987) t h a t s p e c i e s i n t h i s f a m i l y a r e 

o f t e n v a r i a b l e . D e t a i l s o f t h e i r g rowth a r e g i v e n i n S i n c l a i r ( 1 9 7 7 ) , Wood 

(198 4 ) a n d W h i t t o n ( 1 9 8 7 ) . The R i v u l a r i a c e a e a r e c a p a b l e o f f o r m i n g 

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

a r e t a p e r e d a t one o r b o t h ends ( L i v i n g s t o n e a nd W h i t t o n , 1 9 8 3 ) . Many, but 

n o t a l l , " R i v u l a r i a c e a e c a n form h e t e r o c y s t s when grown i n t h e a b s e n c e of 

c o m b i n e d n i t r o g e n ( S i n c l a i r and W h i t t o n , 1 9 7 7 a ) . B r i e f d e s c r i p t i o n s o f t h e 

m o r p h o l o g i c a l f e a t u r e s and t h e i r known v a r i a b i l i t y a r e g i v e n below: 
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1.83 Hormogonia 

Hormogonia a r e s h o r t t r i c h o m e s , p r o d u c e d a t t h e t a p e r e d p a r t o f t h e p a r e n t 

t r i c h o m e . A f t e r t h e i r r e l e a s e f r o m t h e p a r e n t t r i c h o m e , few, i f any, c e l l 

d i v i s i o n s o c c u r b e f o r e f u r t h e r d i f f e r e n t i a t i o n o f t h e t r i c h o m e ( W h i t t o n , 

1987). However, M a x w e l l (1974) n o t e d e l o n g a t i o n o f hormogonia and t h e i r 

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

p o p u l a t i o n o f G l o e o t r i c h i a . G a s - v a c u o l a t e d hormogonia have been r e p o r t e d i n 

G l o e o t r i c h i a ( S i n g h and T i w a r i , 1970), C a l o t h r i x p a r i e t i n a ( L i v i n g s t o n e and 

W h i t t o n , 1983) and i n C a l o t h r i x (Wood, 1984) . I n C a l o t h r i x g a s - v a c u o l e s o n l y 

appear i n hormogonia which t e n d t o f l o a t once t h e y are r e l e a s e d . 

1.84 H e t e r o c y s t s 

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

w a l l s and homogeneous p a l e y e l l o w appearance. A f e a t u r e which i s perhaps 

q u i t e w i d e s p r e a d among R i v u l a r i a c e a e i s t h e p resence o f some h e t e r o c y s t s which 

a r e g r e e n o r b l u e - g r e e n e.g. i n C a l o t h r i x and G l o e o t r i c h i a f r o m r i c e - f i e l d s 

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

f r o m t h e c e l l w h i c h was n e a r e s t t h e mother t r i c h o m e b e f o r e t h e hormogonia was 

r e l e a s e d ( W h i t t o n , 1987). I n t e r c a l a r y h e t e r o c y s t s occur o c c a s i o n a l l y i n some 

C a l o t h r i x s p e c i e s ( G e i t l e r , 1932; J e e j i - B a i , 1977; Rai e t a l . , 1978). 

H e t e r o c y s t s a r e g e n e r a l l y produced when combined n i t r o g e n i s i n s h o r t s u p p l y 

o r a b s e n t . 

H e t e r o c y s t s a r e s p e c i a l i s e d c e l l s f o r n i t r o g e n f i x a t i o n . 

1.85 Trichome development 

Once t h e hormogonium d i f f e r e n t i a t e s i n t o a h e t e r o c y s t and v e g e t a t i v e c e l l s , 

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

end o f t h e t r i c h o m e . 
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1.86 H a i r s 

The b l u e - g r e e n a l g a l h a i r s are d e f i n e d as a r e g i o n o f t h e t r i c h o m e where 

t h e c e l l s a r e narrow, e l o n g a t e d , h i g h l y v a c u o l a t e d and u s u a l l y a p p a r e n t l y 

c o l o u r l e s s ( S i n c l a i r and W h i t t o n , 1977) . I n R i v u l a r i a c e a e , t h e t a p e r e d 

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

p r o d u c e d i n response t o n u t r i e n t d e f i c i e n c y . As many members of t h i s group 

can f i x n i t r o g e n t h e r e are few cases o f n i t r o g e n d e f i c i e n c y l e a d i n g t o h a i r 

f o r m a t i o n , t h o u g h t S i n c l a i r (1977) f o u n d no h a i r p r o d u c t i o n i n a C a l o t h r i x 

grown i n an atmosphere d e v o i d o f n i t r o g e n . K i r k b y (1975) n o t i c e d t h a t h a i r s 

were more common when t h e e x t e r n a l phosphorus c o n c e n t r a t i o n was low and 

S i n c l a i r (1977) r e p o r t e d t h a t , i n c u l t u r e s o f 13 s t r a i n s grown t o e l e m e n t a l 

d e f i c i e n c y , h a i r s were more common under phosphorus d e f i c i e n c y . 

1.87 C e l l s t r u c t u r e 

1.871 P o l y p h o s p h a t e b o d i e s 

P o l y p h o s p h a t e b o d i e s c o n t a i n s t o r e d phosphate, t h e b o d i e s b e i n g absent i n 

young g r o w i n g c e l l s o r c e l l s grown i n a P - d e f i c i e n t medium ( T i s c h e r , 1957). 

P o l y p h o s p h a t e g r a n u l e s accumulate i n t h e s t a t i o n a r y phase o r when phosphate i s 

added t o a c u l t u r e ( S t e w a r t , 1977; Lawry and Jensen, 1975). Such r e s e r v e s 

d i s a p p e a r d u r i n g phosphate s t a r v a t i o n and are o n l y a b l e t o s u p p o r t a l i m i t e d 

amount o f g r o w t h ( S t e w a r t and Alexander, 1971). 

G e n e ral s t u d i e s o f p o l y p h o s p h a t e g r a n u l e s have been c a r r i e d o u t by v a r i o u s 

a u t h o r s . F o r m a t i o n o f p o l y p h o s p h a t e g r a n u l e s was o b served i n t h e b a s a l c e l l s 

o f C a l o t h r i x p a r i e t i n a 10 min a f t e r t h e a d d i t i o n o f phosphate t o P - l i m i t e d 

c u l t u r e ( L i v i n g s t o n e e t a l . , 1 9 8 3 ) . 
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1.872 Cyanophycin g r a n u l e s 

Cyanophycin g r a n u l e s , t h e n i t r o g e n s t o r a g e s t r u c t u r e s a r e h i g h l y r e f r a c t i l e 

g r a n u l e s i n t h e c e l l s ( B o r z i , 1886). The presence o r absence o f these 

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

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

d u r i n g g r o w t h , i t i s low i n t h e e x p o n e n t i a l phase and i n c r e a s e s d u r i n g t h e 

s t a t i o n a r y phase (Simon, 1973). Cyanophycin g r a n u l e s a re degraded r a p i d l y 

when c e l l s a r e t r a n s f e r r e d i n t o f r e s h medium. 

1.9 FACTORS INFLUENCING GAS VACUOLE FORMATION 

Gas v a c u o l e s appear as i r r e g u l a r and i n d e f i n i t e r e d d i s h s t r u c t u r e s under 

t h e l i g h t m i c r o s c o p e (Fogg, 1972; Walsby and Bro k e r , 1980: Smith and Peat, 

1987). Changes i n e n v i r o n m e n t a l f a c t o r s such as l i g h t i n t e n s i t y and n u t r i e n t 

a v a i l a b i l i t y have been shown t o pronounce f o r m a t i o n o f g a s - v a c u o l a t e 

hormogonia (Tandeau de Marsac, 1983; A r m s t r o n g e t a l . , 1 9 8 3 ; Rippka and 

Herdman, 1985). A t low l i g h t i n t e n s i t y gas va c u o l e f o r m a t i o n i s most a c t i v e 

w h i l e a t h i g h l i g h t i n t e n s i t y t h e y d i s a p p e a r (Walsby, 1967; Fogg, 1972; Walsby 

and Booker, 1980) . 

Other f a c t o r s have been shown t o i n f l u e n c e gas v a c u o l e f o r m a t i o n i n c l u d i n g 

a v a i l a b i l i t y o f n i t r o g e n (Klemer, 1978), i n o r g a n i c carbon (Booker and Walsby, 

1981) and phosphate (Booker and Walsby, 1981). The di s a p p e a r a n c e o f gas 

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

p a r t l y by an i n c r e a s e i n t h e c o n c e n t r a t i o n o f o r g a n i c . p r o d u c t s ( S i n s d a l e and 

Walsby, 1972; Grant and Walsby, 1977) and p a r t l y by l i g h t — s t i m u l a t e d 

a c c u m u l a t i o n o f p o t a s s i u m i o n s f r o m t h e suspending medium ( A l l i s o n and Walsby, 

1981) . 
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1.10 B I O LOGICAL IMPORTANCE OF GAS VACUOLE FORMATION IN BLUE-GREEN ALGAE 

Gas v a c u o l e s a n d t h e i r f u n c t i o n have been i n v e s t i g a t e d e x t e n s i v e l y by 

W a l s b y a n d c o - w o r k e r s . Gas v a c u o l e s a r e an e f f e c t i v e b u o y a n c y a i d (Walsby, 

1987) , w h i c h i s a c o n s i d e r a b l e b i o l o g i c a l a d v a n t a g e t o p l a n k t o n i c 

b l u e - g r e e n a l g a e . Gas v a c u o l e s a l s o a c t a s a s c r e e n a g a i n s t s t r o n g l i g h t and 

s c a t t e r l i g h t away from l i g h t s e n s i t i v e r e g i o n s (Walsby, 1969b; D u b e l a a r 

v i s s e r a n d Donze, 1987) . Gas v a c u o l e s p r o v i d e a buoyancy r e g u l a t i n g 

m e c h a n i s m ( W a l s b y a n d B o o k e r , 1980) r a t h e r t h a n l i g h t s h i e l d i n g (van L i e r e and 

W a l s b y , 1 9 8 2 ) . Some n o n - p l a n k t o n i c b l u e - g r e e n a l g a e p r o d u c e g a s - v a c u o l a t e d 

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

1972) . 

M e c h anisms o f b u o y a n c y r e g u l a t i o n have been r e v i e w e d by Walsby (1987, 

1988) . S t u d i e s done i n Anabaena f l o s - a q u a e (Walsby, 1971; D i n s d a l e and 

W a l s b y , 1972) have been shown t h a t t h e a l g a f l o a t s when i n c u b a t e d a t low l i g h t 

i n t e n s i t y and s i n k s when s h i f t e d t o h i g h l i g h t i n t e n s i t y . I n some i n s t a n c e s 

t h e r e v e r s e h a s b e e n d e m o n s t r a t e d , O'VJ'i'^S'^5 — A.e^ain . la Ouy'^'^c.^, Uj-kftoa 

s h i f t e d b a c k t o low l i g h t i n t e n s i t y ( D i n s d a l e and Walsby, 1972) o r d a r k n e s s 

(Kromkamp and Mur, 1984) . A buoyancy d e c r e a s e a t h i g h l i g h t i n t e n s i t y may be 

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

S u c h r e s p o n s e s t o l i g h t i n t e n s i t y would e n a b l e t h e s e o r g a n i s m s e i t h e r t o 

s t r a t i f y on a v e r t i c a l l y d e c r e a s i n g l i g h t i n t e n s i t y g r a d i e n t o r t o m i g r a t e up 

and down d u r i n g n i g h t and day ( R e y n o l d s and Walsby, 1975) i n t h e n a t u r a l 

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

a b s o r b n u t r i e n t s e f f e c t i v e l y by t h e i r movement t h r o u g h t h e w a t e r . 
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1.11 AIMS 

The aims o f t h i s s t u d y a r e : 

1) t o c o l l e c t samples f r o m t h r e e d i f f e r e n t r i c e - f i e l d ecosystems o f 

Nepal and t o g i v e a b r i e f account o f r i c e - f i e l d a l g a l f l o r a o f each 

s i t e . 

2) t o i s o l a t e one C a l o t h r i x f r o m each o f t h e t h r e e s i t e s o f d i f f e r e n t 

a l t i t u d e . 

3) t o compare t h e morphology o f C a l o t h r i x i s o l a t e s i n p a r t i c u l a r , t h e 

i n f l u e n c e o f phosphorus d e f i c i e n c y and f a c t o r s a f f e c t i n g g a s - v a c u o l e 

development. 
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2 MATERIALS AND METHODS 

2.1 CULTURE TECHNIQUES 

2.11 C l e a n i n g o f a p p a r a t u s 

A l l g l a s s w a r e was soaked i n h o t t a p water and d e t e r g e n t f o r 30 min, r i n s e d 

t h o r o u g h l y w i t h h o t t a p w a t e r and soaked i n a c i d f o r 20 min; t h e n i t was 

r i n s e d w i t h d i s t i l l e d w a t e r s i x t i m e s . F i n a l l y i t was r i n s e d w i t h M i l l i - Q 

w a t e r and d r i e d a t 105''C. S i l i c o n bungs were c l e a n e d by s o a k i n g i n a 2% 

s o l u t i o n o f p h o s p h a t e - f r e e d e t e r g e n t (Decon 90, Decon L a b o r a t o r i e s L t d . , 

England) f o r 15 min and r i n s e d s i x t i m e s i n d i s t i l l e d w a t e r and d r i e d a t 40°C. 

2.12 S t e r i l i z a t i o n 

C u l t u r e medium and u t e n s i l s were s t e r i l i z e d by a u t o c l a v i n g a t 121°C f o r 20 

min. p r e s s u r e . To a v o i d c o n t a m i n a t i o n a l l s u b - c u l t u r i n g and i s o l a t i o n was 

c a r r i e d o u t i n a M i c r o f l o w P a t h f i n d e r l a m i n a r f l o w c a b i n e t . B e f o r e s t a r t i n g 

work, t h e c a b i n e t was s p r a y e d w i t h a b s o l u t e a l c o h o l , t h e f a n s w i t c h e d on and 

l e f t f o r 5 min. Wire l o o p s were p r e - s t e r i l i z e d i n a bunsen f l a m e . 

I s o l a t i o n n e e d l e s were d i p p e d i n a l c o h o l and fl a m e d b r i e f l y . 

2 .2 CHEMICALS 

A l l c h e m i c a l s used i n t h e p r e p a r a t i o n o f media were AnalaR grade except 

f o r t h o s e l i s t e d i n T a b l e 2.1. Chemicals were weighed on e i t h e r a M e t t l e r 

H51 5-place b a l a n c e o r a 2-p l a c e top-pan b a l a n c e . 
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Table 2.1 S p e c i f i c a t i o n and s u p p l i e r s of chemicals other than A n a l a r grade i n 

the study. 

Chemicals S p e c i f i c a t i o n S u p p l i e r 

agar D i f c o Lab.,U.K. 

peptone D i f c o , U.S.A. 

n u t r i e n t agar Oxoid, U.K. 

t r y p t o n e Oxoid, U.K. 

HEPES Sigma grade Sigma chemical Co., U.K. 

Casamino a c i d D i f c o , U.S.A. 

2.3 MEDIA 

2.31 Stock s o l u t i o n 

Stock s o l u t i o n s were s t o r e d i n 250-ml Pyrex reagent b o t t l e s . 

Macronutrients and m i c r o n u t r i e n t s for stock s o l u t i o n s are l i s t e d i n Table 2.2. 

2.32 Standard medium (Chu lOD-N) 

Standard medium i s a n i t r o g e n - f r e e m o d i f i c a t i o n of the no. 10 formula of 

Chu (1942). 

The l i q u i d medium was prepared according to a r e c i p e u s i n g c o n c e n t r a t e d 

stock s o l u t i o n as l i s t e d i n Table 2.22. The elemental composition of medium 

are l i s t e d i n Table 2.3 

Approximately 500 ml of d i s t i l l e d water c o n t a i n i n g 0.6 g HEPES was 

a d j u s t e d to pH 7.0 with NaOH (1.0 M). pH was measured u s i n g an E 12 model 

7050 d i r e c t reading pH meter f i t t e d with a combination e l e c t r o d e ( E l e c t r o n i c 

I n strument Ltd. Surrey, England). The b u f f e r e d d i s t i l l e d water was poured 

i n t o a v o l u m e t r i c f l a s k and then n u t r i e n t s t o c k s were added i n amounts and 

orders and made ... up to 1 - l i t r e with d i s t i l l e d water. 
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The s o l i d medium was prepared by mixing a mineral l i q u i d medium with 1% 

agar ( A l l e n , 1968). A f t e r a u t o c l a v i n g and c o o l i n g to about 40-45°C, media 

were poured i n t o s t e r i l i z e d P e t r i - d i s h e s i n a laminar flow c a b i n e t . When 

s o l i d , they were kept i n a r e f r i g e r a t o r a t 4°C. The c o n c e n t r a t i o n of 

ch e m i c a l s . i n s o l i d b a c t e r i a l media are l i s t e d i n Table 2.4. 
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T a b l e 2.2 C o n c e n t r a t i o n o f m i n e r a l s a l t s t o c k s o l u t i o n s used i n Chu lOD-N (pH 

7.0 + HEPES) 

S a l t s mg 1 1 

MgS04.7H20 25.0 

CaCl2.2H20 35.83 

NaHCOj 15.85 

Na2Si03.5H20 10.9 

KH2PO4 7.8 

M i c r o - e l e m e n t s o l u t i o n 

H3BO3 0.715 

MnCl2.4H20 0.045 

ZnS04.7H20 0.056 

CUSO4.5H2O 0.019 

C0SO4.7H2O 0.01 

Na2Mo04_4H20 0.007 

FeEDTA s o l u t i o n 

FeCl3.6H20 2.413 

Na2EDTA 3.175 



34 

Tabl e 2.3 F i n a l c o n c e n t r a t i o n o f elements used i n Chu lOD-N (pH 7.0 + HEPES) 

Elements mg l " - " -

B 0.0125 

Na 14.006 

Mg 2.43 

S i 1.43 

P 1.78 

S 3.254 

CI 35.21 

K 2.24 

Ca 9.4 7 

Mn 0.012 

Fe 0.5 

Co 0.002 

Cu 0.0012 

Zn 0.0134 

Mo 0.002 

2.33 S o l i d b a c t e r i a l media 

Chemicals r e q u i r e d f o r b a c t e r i a l media were t r a n s f e r e d t o a 2-1 f l a s k and 

made up t o 1-1 w i t h d i s t i l l e d w a t e r . 1% o f agar was added i n a l l medium. 

A f t e r a u t o c l a v i n g t h e medium was a l l o w e d t o c o o l t o 45-50°C b e f o r e p o u r i n g . 

P e t r i d i s h e s were s t o r e d i n r e f r i g e r a t o r as i n 2.311 ( b ) . 
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T a b l e 2.4 C o n c e n t r a t i o n o f c h e m i c a l s used i n s o l i d b a c t e r i a l medium 

Medium 9 ^ ^ 

SST 

G l u c o s e 10 

T r y p t o n e 10 

Yeast 5 

N u t r i e n t B r o t h 2 5 

Yeast 

Peptone-Glucose 

Glucose 1 

Peptone 1 

2.34 L i q u i d b a c t e r i a l medium 

T h i s medium was e n r i c h e d w i t h 10 mg I " - ' - NH4-N, 0.02% casamino a c i d s and 

0.5% g l u c o s e t o promote b a c t e r i a l g r o w t h . 10 ml o f l i q u i d b a c t e r i a l medium 

was d i s p e n s e d i n t o each t e s t t u b e (10 ml x 20 t e s t t ubes) and i n o c u l a t e d w i t h 

a s m a l l amount o f a l g a and k e p t i n t h e d a r k a t 32°C. 

2.35 E x p e r i m e n t a l media 

The s t a n d a r d medium was g e n e r a l l y i n v a r i a b l y t h e c o n t r o l f o r e x p e r i m e n t s 

i n v e s t i g a t i n g n u t r i e n t d e f i c i e n c i e s . The i o n i c background o f each t r e a t m e n t 

was k e p t as near c o n s t a n t as p o s s i b l e by u s i n g s u b s t i t u t e s a l t s o l u t i o n s t o 

s u p p l y t h e complementary i o n s presence i n t h e o m i t t e d s a l t s t o c k s . 
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2.4 CULTURE CONDITIONS 

2.41 I n c u b a t i o n chambers 

Stock c u l t u r e s and C u l t u r e s used f o r i s o l a t i o n and p u r i f i c a t i o n were 

grown i n t h e r m o s t a t i c a l l y c o n t r o l l e d g r o w t h rooms. F l a s k s were shaken by 

hand e v e r y o t h e r day. Exp e r i m e n t s were c a r r i e d o u t i n t h e r m o s t a t i c a l l y 

c o n t r o l l e d t a n k s o f d i s t i l l e d w a t e r . A s h a k i n g mechanism moved t h e f l a s k s 

t h r o u g h a h o r i z o n t a l d i s t a n c e o f about 60 mm a p p r o x i m a t e l y 65 t i m e s a m i n u t e . 

2.42 L i g h t and t e m p e r a t u r e 

I n t h e g r o w t h rooms i l l u m i n a t i o n was s u p p l i e d f r o m above by c o o l w h i t e 

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

beneath by a s e r i e s o f warm w h i t e f l u o r e s c e n t t u b e s . The te.mperature i n t h e 

g r o w t h room and t h e t a n k was m a i n t a i n e d a t 32°C. 

L i g h t c o n d i t i o n s i n v a r i o u s g r o w t h chambers are g i v e n i n Table 2.5. 

L i g h t f l u x was measured u s i n g by Macam Radiometer/Photometer (model 0101) and 

ex p r e s s e d as j m o l p h o t o n m~^ s"-'- PAR. L i g h t a t t e n u a t i o n was a c h i e v e d by 

w r a p p i n g t h e f l a s k s w i t h n e u t r a l d e n s i t y papers. Green and r e d l i g h t was 

o b t a i n e d by u s i n g t h e r e s p e c t i v e f i l t e r s (Lee F i l t e r s L t d . ) . 

For d a r k i n c u b a t i o n , t h e f l a s k s were c o v e r e d by two l a y e r s o f a l u m i n i u m f o i l 

f o l l o w e d by a l a y e r o f b l a c k p o l y t h e n e and bungs were c o v e r e d l o o s e l y by 

a l u m i n i u m f o i l . 
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Tabl e 2.5 L i g h t c o n d i t i o n s i n v a r i o u s g r o w t h chambers 

Growth chambers Type o f P o s i t i o n Photon f l u x d e n s i t y 

f l u o r e s c e n t o f t u b e s (nmol p h o t o n m"^ s"-"- PAR) 

tu b e s 

Growth room 

c o n t i n u o u s l i g h t w h i t e above 16-65 

d a r k / l i g h t w h i t e above 16-60 

Shaking t a n k s 

f u l l l i g h t w h i t e below 110-180 

h a l f l i g h t w h i t e below 50-120 

2.5 BLUE-GREEIN ALGAL SAMPLES 

2.51 P r e s e r v e d samples 

Samples were p r e s e r v e d i n two types o f p r e s e r v a t i v e s e p a r a t e l y 

I ) 4% F o r m a l i n s o l u t i o n ( b u f f e r e d ) 

I I ) K I + I s o l u t i o n 

P r e s e v a t i v e s were d i l u t e d t o two and h a l f p e r c e n t by sample w a t e r 

Ten p r e s e r v e d samples f r o m each s i t e were t a k e n . 

2.52 S o i l and d r i e d samples 

Two d r i e d samples and two s o i l samples were t a k e n f r o m each s i t e . These 

were s p r e a d on s t e r i l e f i l t e r paper i n f i e t r i d i s h e s and c o v e r e d w i t h s h e e t s o f 

f i l t e r paper. They were t h e n a l l o w e d t o d r y a t room t e m p e r a t u r e . Once a i r 

d r y , t h e samples were packed i n t o t h e paper bags and kept u n t i l r e q u i r e d f o r 

c u l t u r i n g . 
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2.53 L i v e samples 

F i v e l i v e samples (5 ml a l g a + 5 ml f i e l d w a t e r ) were c o l l e c t e d f r o m each 

s i t e and k e p t i n good c o n d i t i o n by l o o s e n i n g t h e caps o f t h e t u b e s t o p e r m i t 

gas.eous exchange. F i e l d w a t e r was added i n t o t h e t u b e s t o m a i n t a i n t h e 

o r i g i n a l l e v e l . 

2.6 ISOLATION OF AXENIC CULTURES 

A f t e r r e t u r n i n g t o England, b o t h l i v e and d r i e d samples were suspended i n 

l i q u i d medium and i n c u b a t e d i n t h e gr o w t h room a t 32°C. A l l s t r a i n s used f o r 

e x p e r i m e n t a l purposes were i s o l a t e d f r o m t h e samples c o l l e c t e d f r o m Nepalese 

r i c e - f i e l d s . The organisms used f o r e x p e r i m e n t s w i t h t h e i r o r i g i n a re g i v e n 

i n T a b l e 2.6. 

2.61 I s o l a t i o n and p u r i f i c a t i o n 

A l l a l g a e g r o w i n g i n samples were i d e n t i f i e d and r e c o r d e d . C y c l o h e x i m i d e 

was added t o c u l t u r e s dominated w i t h e u k a r y o t e s . S u p p r e s s i o n o f t h e s e 

o r g a n i s m s was u s u a l l y s u c c e s s f u l by t h e n e x t s u b c u l t u r e . Repeated 

s u b c u l t u r i n g was done t o e s t a b l i s h u n i a l g a l c l o n e d c u l t u r e s . I t was p l a n n e d 

to i s o l a t e one s t r a i n , one from each of the three s i t e s . Repeated 

subcultTiring r e s u l t e d i n u n i a l g a l cultures of Calothrix from s i t e s 

A, B and C. 
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T a b l e 2.6 C l o n a l and a x e n i c s t r a i n s o f b l u e - g r e e n a l g a e w i t h t h e i r 

s i t e s Durham c u l t u r e number (see appendix 4 f o r d e t a i l s ) . 

+, yes; -, no. 

Durham 

c u l t u r e 

no. 

D655 

D661 

D666 

D660 

D794 

D795 

D796 

D662 

D656 

D663 

D657 

D658 

D797 

S t r a i n 

Anabaena 

Anabaena 

Anabaena 

C a l o t h r i x 

C a l o t h r i x 

C a l o t h r i x 

C l o n a l 

C a l o t h r i x 

G l o e o t r i c h i a 

G l o e o t r i c h i a + 

G l o e o t r i c h i a + 

Nostoc 

Nostoc 

Synechococcus + 

Axenic s i t e and 

i s o l a t e d f r o m 

Khumaltar r i c e - f i e l d , 

mixed w i t h A z o l l a 

I I 

Parwanipur r i c e - f i e l d , 

w i t h w ater p l a n t 

Khumaltar r i c e - f i e l d , 

s o i l sample 

Parwanipur r i c e - f i e l d , 

f l o a t i n g sample 

Khumaltar r i c e - f i e l d , 

v e r t i c a l l y suspended up 

sample 

Kakani r i c e - f i e l d , 

d r i e d sample 

Khumaltar, sample 

a t t a c h e d t o r i c e p l a n t 

Kakani r i c e - f i e l d . 
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T a b l e 2.7 S t r a i n s used i n e x p e r i m e n t s 

S t r a i n s Date o f 

c o l l e c t i o n 

C l o n a l on Axenic on 

C a l o t h r i x D794 

C a l o t h r i x D795 

C a l o t h r i x D796 

28/08/86 19/01/87 

11/09/86 19/01/87 

21/09/86 02/01/87 

02/03/87 

02/03/87 

02/03/87 

D e t a i l s o f s i t e s o f C a l o t h r i x i s o l a t e s a r e i n Table 2.6 and Appendix 3. 

2 . 62 A x e n i c c u l t u r e 

U n i a l g a l s t r a i n s o f C a l o t h r i x f r o m s i t e s A, B and C were s t r e a k e d on s o l i d 

agar medium and p l a t e s were i n c u b a t e d i n t h e g r o w t h room a t 16 nmol photon 

PAR a t 32°C. On day 5, t h e r e was a zone o f hormogonia around t h e 

i n o c u l u m , some moving away f r o m t h e c e n t r e . W i t h t h e h e l p o f a b i n o c u l a r 

m i c r o s c o p e , a s i n g l e hormogonium was p i c k e d w i t h i s o l a t i o n n e e d l e and 

t r a n s f e r e d on t o a f r e s h agar p l a t e , . A f t e r s u c c e s s i v e t r a n s f e r on agar 

p l a t e s , a hormogonium was t r a n s f e r r e d i n t o a s e r i e s o f f l a s k s o f l i q u i d 

c u l t u r e medium. 50 ml o f medium was used i n each 100-ml f l a s k . These 

f l a s k s were i n c u b a t e d i n s h a k i n g t a n k so t h a t t h e hormogonium would grow 

r a p i d l y . The f i r s t a t t e m p t t o o b t a i n an a x e n i c c u l t u r e f a i l e d , so t h e l e a s t 

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

a g a i n on s o l i d medium i n o r d e r t o a c h i e v e p u r i f i c a t i o n i n a f u r t h e r a t t e m p t s . 

C a l o t h r i x c u l t u r e s presumed t o be f r e e f r o m b a c t e r i a l c o n t a m i n a t i o n were t h e n 

t e s t e d f o r p u r i t y . 

2.63 T e s t f o r p u r i t y 

The t h r e e s t r a i n s o f C a l o t h r i x were examined a f t e r t h e i n i t i a l 

p u r i f i c a t i o n b e f o r e each s u b - c u l t u r i n g and b e f o r e use as e x p e r i m e n t a l i n o c u l a . 



41 

Three d i f f e r e n t t e s t were c a r r i e d o u t : 

( I ) A l g a l m a t e r i a l was examined under t h e microscope 

( I I ) I f f r e e f r o m o b v i o u s c o n t a m i n a t i o n i t was t e s t e d i n Y, SST, NB, 

and PG p l a t e s (see Table 2 . 4 ) . P l a t e s were i n c u b a t e d i n d a r k a t 

32''C f o r t h r e e weeks, b u t a l s o o b s e r v e d a f t e r 24 h, 48 h and 

10 d. 

I f no b a c t e r i a l g r o w t h was o b s e r v e d on p l a t e , 

( I I I ) t h e n t h e f i n a l t e s t i n l i q u i d b a c t e r i a l medium e n r i c h e d w i t h 

^^4_ N (10 mg I"-'-) , ̂ Sucrose (0.2%) and Casamino a c i d was 

p e r f o r m e d . 10 ml o f medium was d i s p e n s e d i n t o each t e s t t u b e 

(10 mis x 20 t e s t t u b e s ) , and i n o c u l a t e d w i t h s m a l l amounts o f 

a l g a and k e p t i n t h e d a r k a t 32°C. These t e s t t u b e s were 

o b s e r v e d a f t e r 24 h, 48 h and 10 d, t h e l i q u i d d i d not t u r n 

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

F i n a l l y C a l o t h r i x s t o c k s f r o m t h e g r o w t h room were examined 

under t h e mic r o s c o p e f o r any o b v i o u s s i g n s o f b a c t e r i a . 

2.7 MAINTENENCE AND SUBCULTURING 

2.71 Stock c u l t u r e s 

A x e n i c C a l o t h r i x s t r a i n s were s u b - c u l t u r e d i n t o f r e s h medium (Chu lOD-N) i n 

s t r a i g h t - n e c k e d lOO-ml c u l t u r i n g f l a s k s capped w i t h s i l i c o n r u b b e r s t o p p e r s 

( t y p e c-30, Sanko P l a s t i c s Co.). These s t o c k c u l t u r e s were i n c u b a t e d i n dim 

l i g h t (16 nmol m"^ s"!) i n t h e g r o w t h room a t 32°C. 

2.72 I n o c u l u m 

For r o u t i n e s u b - c u l t u r i n g , clumps o f a l g a e were t r a n s f e r r e d u s i n g a s t e r i l e 

w i r e l o o p . For b a t c h c u l t u r e s , t h e homogenous i n o c u l u m was p r e p a r e d by 

a d d i n g e x p o n e n t i a l l y g r o w i n g a l g a l m a t e r i a l t o a known volume o f s t e r i l e 
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medium. The o r g a n i s m was grown under p h y s i c a l c o n d i t i o n s s i m i l a r t o t h o s e o f 

e x p e r i m e n t s . 

S t r a i n s D794 and D795 fo r m e d t h i n mats and c o u l d be b r o k e n e a s i l y by a 

w i r e l o o p . S t r a i n D795 always formed a t h i c k mat which was d i f f i c u l t t o 

break, hence i t was d i f f i c u l t t o o b t a i n a u n i f o r m i n o c u l u m ( K i r k b y , 1975). 

An a t t e m p t was made t o b r e a k t h e mat i n t o p i e c e s by p a s s i n g i t t h r o u g h a 

s y r i n g e w i t h o u t a n e e d l e . A l o o p f u l o f a l g a e was used as i n o c u l u m , however 

an e f f o r t was made t o t r a n s f e r p i e c e s o f a l g a l m a t e r i a l t h a t were o f u n i f o r m 

s i z e ( K i r k b y , 1 9 7 5 ). For t h e s t a t i s t i c a l a n a l y s i s o f gas v a c u o l e f o r m a t i o n , 

a l i g h t l y homogenized i n o c u l u m was used. T h i s was o b t a i n e d by p a s s i n g t h e 

c u l t u r e t h r o u g h a s y r i n g e f i r s t w i t h o u t needle and t h e n w i t h a needle (19 G, 

51 mm l o n g ) and f i n a l l y w i t h a f i n e n e e dle (21 G, 51 mm l o n g ) r e s p e c t i v e l y . 

A l a r g e i n o c u l u m 5-ml was used. 

2.73 P r e s e r v a t i o n 

I ) l i q u i d n i t r o g e n 

For l o n g - t e r m p r e s e r v a t i o n , a x e n i c C a l o t h r i x s t r a i n s were p r e s e r v e d i n 

l i q u i d n i t r o g e n . 5% d i m e t h y l s u l p h o x i d e was added as a c r y o p r o t e c t a n t . Two 

weeks o l d c u l t u r e s were used. A l i q u o t s were p l a c e d i n a s m a l l (5 ml) p l a s t i c 

ampoules (3 r e p l i c a t e s ) t h a t were s t o r e d i m m e d i a t l y i n l i q u i d n i t r o g e n . 

I I ) P r e s e r v a t i v e 

A d i f f i c u l t y was e x p e r i e n c e d d u r i n g c o u n t i n g i n e x p e r i m e n t s i n v o l v e d w i t h 

gas v a c u o l e f o r m a t i o n . Thus t h e organism was t e s t e d w i t h d i f f e r e n t f i x a t i v e s 

and c h a r a c t e r s were s c o r e d b e f o r e and a f t e r p r e s e r v a t i o n . The most s u i t a b l e 

p r e s e r v a t i v e was f o u n d t o be a m i x t u r e p r e p a r e d as f o l l o w s : 

0.05 M PIPES 

2.5% g l u t a r a l d e h y d e 

1.5% f o r m a l d e h y d e 
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1.5 g o f p a r a f o r m a l d e h y d e was d i s s o l v e d i n 20 ml of d i s t i l l e d w a t e r a t 60°C 

i n t h e fume hood. The m i x t u r e formed a p r e c i p i t a t e and a few d r o p s o f M NaOH 

were added u n t i l t h e c l e a r s o l u t i o n was o b t a i n e d . Then t h e s o l u t i o n was 

t r a n s f e r e d t o a 100 ml m e a s u r i n g c y l i n d e r and 1.512 g o f P I P E S b u f f e r was 

added t o t h e f o r m a l d e h y d e w i t h more NaOH i f t h e P I P E S r e f u s e d t o d i s s o l v e . 

F i n a l l y , t h e pH was a d j u s t e d t o 7.0, 10 ml o f 2 5 % g l u t a r a l d e h y d e was added and 

iK&i s o l u t i o n ^ u p t o 100 ml w i t h d i s t i l l e d w a t e r . 

I l l ) P r e s e r v a t i o n o f d r i e d C a l o t h r i x i s o l a t e s 

C a l o t h r i x D794, D795 and D796 from 1986 s a m p l e s and C a l o t h r i x D660 from 

1982 s a m p l e s w e r e s t o r e d i n d r y c o n d i t i o n w h i c h c o u l d be u s e d i n f u t u r e 

s t u d i e s a nd c o u l d be compared t h e s a m p l e s o f d i f f e r e n t t i m e s . C a l o t h r i x 

i s o l a t e s w e r e grown i n Chu lOD-N w i t h d i f f e r e n t s u b s t a t e s ( c o t t o n wool, c o t t o n 

t h r e a d , p i e c e o f f i l t e r p a p e r a nd p i e c e o f w r i t i n g p a p e r ) and a t 32°C f o r 7 d 

and e a c h t y p e o f s u b s t r a t e s w i t h a l g a l g r o w t h were d r i e d i n i n c u b a t o r a t 32°C 

f o r 2-3 d. T h e s e d r i e d s u b s t r a t e s were p u t i n s i d e t h e s p e c i m e n v i a l and 

s t o r e d i n d a r k a t 15°C. T h e s e C a l o t h r i x i s o l a t e s h a v e an a b i l i t y t o s u r v i v e 

a f t e r b e i n g d r i e d a n d s t o r e d one y e a r . 

2.8 MORPHOLOGY AND TAXONOMY 

2.81 M i c r o s c o p y a n d p h o t o m i c r o g r a p h y 

S a m p l e s f o r m i c r o s c o p y were mounted i n a d r o p o f medium, t e a s e d a p a r t w i t h 

a n e e d l e a nd c o v e r e d w i t h c o v e r s l i p (Chance 1.5 mm) ̂  e x a m i n a t i o n u n d e r 

l i g h t m i c r o s c o p e ( N i k o n F l u o p h o t ) f i t t e d w i t h N i k o n (M-350) c a m e r a s . 

Kodak 2415 (50 ASA) f i l m was u s e d f o r b l a c k & w h i t e p i c t u r e s and Kodak 

E k t o c h r o m e p r o f e s s i o n a l ( 5 0 ASA o r F u j i HK 100 ASA) f o r c o l o u r p r i n t s . 
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2.82 S c o r i n g o f m o r p h o l o g i c a l c h a r a c t e r s 

The f o l l o w i n g c r i t e r i a were used t o d i f f e r e n t i a t e d i f f e r e n t f e a t u r e ^ o f t h e 

a l g a . 

Hormogonium p r o d u c t i o n = c l e a r d i f f e r e n t i a t i o n o f hormogonium a t t h e 

t a p e r e d upper p o r t i o n o f t h e f i l a m e n t . 

B a s a l = few c e l l s n e x t t o t h e h e t e r o c y s t s 

A p i c a l = few c e l l s below t e r m i n a l c e l l s 

+ = p resence 

A l l e x p e r i m e n t s were c o n d u c t e d i n t h e s h a k i n g t a n k a t 32°C f o r 

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

l i q u i d medium w i t h a w i r e l o o p a f t e r 1-5 d g r o w t h . Each v a l u e i s t h e mean of 

50 f i l a m e n t s . 

2.83 S t a t i s t i c a l a n a l y s i s ( i n f l u e n c e o f l i g h t on gas v a c u o l e f o r m a t i o n ) 

The f l a s k was l i g h t l y shaken and sample was mounted on t h e s l i d e w i t h a 

m i c r o - p i p e t t e and t h e c o v e r s l i p g e n t l y p l a c e d on w i t h o u t p r e s s u r e . I n each 

s p o t , f o u r d i f f e r e n t t y p e s o f f i l a m e n t s and two t y p e s o f hormogonia, (each and 

e v e r y o r g a n i s m i n t h a t s p o t ) were counted. Then t h e s l i d e was moved t o 

a n o t h e r spot and t h e c o u n t i n g p r o c e s s was r e p e a t e d u n t i l t o t a l no. o f 

f i l a m e n t s = 500 and t o t a l hormogonia = 250. Some t i m e s more s l i d e s were 

p r e p a r e d t o make t h e r e q u i r e d c o u n t , i f necessary. 

The f o l l o w i n g c r i t e r i a were used t o d e s c r i b e d i f f e r e n t t y p e s o f f i l a m e n t 

p r e s e n t i n t h e sample: 

I ) n o n - hormogonial f i l a m e n t s ( w i t h gas-vacuole f o r m a t i o n a t t a p e r e d 

p o r t i o n b u t no c l e a r d i f f e r e n t i a t i o n o f hormogonia) 

I I ) Non-hormogonial f i l a m e n t s ( w i t h o u t gas v a c u o l e a t t h e t a p e r e d p o r t i o n 

and no c l e a r d i f f e r e n t i a t i o n o f hormogonia) 

I I I ) Hormogonial ( w i t h c l e a r d i f f e r e n t i a t i o n o f g a s - v a c u o l a t e 
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hormogonia b u t s t i l l i n s i d e t h e p a r e n t sheath) 

IV) H o rmogonial ( w i t h c l e a r d i f f e r e n t i a t i o n o f non g a s - v a c u o l a t e 

hormogonia b u t s t i l l i n s i d e t h e p a r e n t sheath) 

Released hormogonia ( f r e e f rom p a r e n t sheath) 

2.84 Taxonomy 

A l g a e were i d e n t i f i e d w i t h t h e h e l p o f D e s i k a c h a r y , ( 1 9 5 9 ) ; Starmach, 

(1966) and I s l a m and Uddin, (1973) . 

2.85 C y t o l o g i c a l o b s e r v a t i o n 

P o l y p h o s p h a t e g r a n u l e s were s t a i n e d u s i n g t h e method o f E b e l e t a l . 

( 1 9 5 8 ) , as m o d i f i e d by Fuhs (1973) u s i n g f r e s h m a t e r i a l . S t a i n i n g was 

c a r r i e d o u t i n a fume hood. Fresh m a t e r i a l was washed i n d i s t i l l e d w a t e r 

and t h e n soaked i n a 10% s o l u t i o n of Pb(N03)2 f o r 15 min. A f t e r t h o r o u g h 

washing w i t h d i s t i l l e d w a t e r i n a s e r i e s o f snap cap b o t t l e s , t h e m a t e r i a l was 

t r a n s f e r e d t o a n o t h e r b o t t l e w i t h 10% (NH4)2S and l e f t f o r 30 s. I t was t h e n 

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

P o l y p h o s p h a t e g r a n u l e s s t a i n e d dark-brown t o b l a c k when p r e s e n t . The e x t e n t 

o f p o l y p h o s p h a t e g r a n u l a t i o n was expressed i n terms o f e s t i m a t e d p e r c e n t a g e o f 

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

Cyanophycin g r a n u l e s were i d e n t i f i e d by t h e i r c h a r a c t e r i s t i c r e f r a c t i v e 

appearance (Fuhs, 1973). 

Gas-vacuoles were i d e n t i f i e d by t h e i r i r r e g u l a r i n d e f i n i t e r e d d i s h 

s t r u c t u r e under t h e l i g h t microscope (Smith & Peat, 1967; Fogg, 1972). 
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3 STUDY AREAS AND ALGAL SAMPLES 

3.1 STUDY AREAS 

P a r w a n i p u r , Khumaltar and Kakani r i c e - f i e l d s a r e a l l f r o m t h e c e n t r a l p a r t 

o f Nepal ( F i g . 3 . 1 ) , b u t l o c a t e d i n d i f f e r e n t r e g i o n s and a l t i t u d e s (Table 

3 . 1 ) . D e t a i l s o f t h e 3 s t u d y s i t e s a r e i n 3.1, 3.2 and 3.3. S i t e s A and B 

a r e m a j o r R i c e Research C e n t r e s w h i l s t s i t e C i s a t e r r a c e d r i c e - f i e l d owned 

by a f a r m e r and t h e s e s i t e s c o u l d be used f o r l o n g - t e r m s t u d i e s . I n Nepal, 

many r i c e - f i e l d s have been r e p l a c e d by houses and b u i l d i n g s as t h e r e was no 

d e f i n i t e p l a n n i n g f o r h o u s i n g u n t i l 1985. 

88 

F i g . 3.1 Map o f Nepal showing Rice Research Centres and s e l e c t e d s i t e s 
© denotes r i c e r e s e a r c h c e n t r e s 
® d e n o t e s s e l e c t e d s i t e s 
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3.2 DESCRIPTION OF SITES 

3.21 Parwanipur 

Parwanipur i s s i t u a t e d i n Bara d i s t r i c t and f a l l s under^ t r o p i c a l 

e c o l o g i c a l zone. This i s the Central Research S t a t i o n of r i c e f o r Tarai 

r e g i o n and was e s t a b l i s h e d i n 1947. National Rice Improvement s t a r t e d i n 

1972. The monthly average of d a i l y mean temperature ranges from 18°C t o 32°C. 

The s o i l i s very deep (138-184 cm), yellow-brown t o dark-brown and w e l l 

d r a i n e d sandy clay-sandy clay loam. I t has a s l i g h t l y a c i d i c t o n e u t r a l s o i l 

r e a c t i o n , pH (5.65 - 6.7), low organic matter content, very low n i t r o g e n 

content, medium t o high a v a i l a b l e phosphorus and medium a v a i l a b l e potash 

content ( M a l l i c k , 1982). 

Popular c u l t i v a r s include Chandani, Luxmi, Janaki, Durga and S a b i t r i 

developed at t h i s s t a t i o n . The samples were c o l l e c t e d from the f i e l d w i t h 

the c u l t i v a r Janaki. 

The y i e l d of r i c e grains per u n i t area here i s low due t o warm day and 

high n i g h t temperature, high humidity and low l i g h t i n t e n s i t y . 

3.22 Khumaltar 

Khumaltar l i e s w i t h i n the Kathmandu v a l l e y i n L a l i t p u r (Patan) d i s t r i c t and 

was e s t a b l i s h e d i n 1965. I t f a l l s under^temperate, e c o l o g i c a l zone. Major 

r i c e r e s e a r c h . f o r h i l l s i s conducted here. S o i l type i s c l a y , s i l t y loam 

w i t h pH between 5.65-6.7, very low n i t r o g e n content (0.03-0.07%), medium t o 

high a v a i l a b l e phosphorus (30-80 kg ha~^ P) and potassium content (120-200 kg 

ha"-'- P) as r e p o r t e d by Deo and Shah (1977) . I t i s also reported t h a t the 

respon t o n i t r o g e n i n r i c e g r a i n y i e l d i s higher at Khumaltar than at 

Parwanipur. 

Local c u l t i v a r ^ i n clude Pokhareli masinu, Marsi, Thapachinia, T a u l i , Rate 

dhan. The y i e l d per u n i t area i s higher (Table 3.1) i n t h i s area due t o the 
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u s e o f i m p r o v e d s e e d s , u s e o f maximum f e r t i l i z e r p e r u n i t a r e a , b e t t e r 

management, J^sCs l o w e r n i g h t t e m p e r a t u r e and h i g h e r r a i n f a l l . 

3.23 K a k a n i 

K a k a n i l i e s 27 Ion N o r t h West o f Kathmandu C i t y i n t h e h i g h h i l l a r e a 

( m o u n t a i n ) o f N e p a l o v e r l o o k i n g t h e N o r t h W e s t e r n H i m a l a y a n r a n g e s . S o i l i s 

s a n d y / s a n d y l o a m and u n l e v e l l e d . C u l t i v a t i o n h e r e i s i n t e r r a c e f i e l d s . 

U p l a n d c o l d - t o l e r a n c e r i c e v a r i e t i e s a r e grown h e r e . The s e l e c t e d s i t e was 

one o f t h e f a r m e r ' s f i e l d s , so t h e i n f o r m a t i o n a b o u t t h e c u l t u r a l p r a c t i c e i s 

b a s e d on an i n t e r v i e w w i t h t h e l a n d owner. O r g a n i c f e r t i l i z e r ( a n i m a l dung) 

i s a p p l i e d b e f o r e p l a n t i n g and and u r e a g r a n u l e s added on t h e day o f 

t r a n s p l a n t i n g . Weeding was c a r r i e d out t w i c e . The c u l t i v a r . Marshy, was 

d i r e c t s e e d e d i n A p r i l , t r a n s p l a n t e d i n J u n e and e x p e c t e d p e r i o d o f r i p e n i n g 

i n O c t o b e r . 

O t h e r d e t a i l e d i n f o r m a t i o n s o f t h r e e s i t e s a r e i n T a b l e s 3.1 
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F i g . 3.2 P a r w a n i p u r 

1) g e n e r a l v i e w 

2) s e l e c t e d f i e l d 



50 

1̂  
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F i g . 3.3 K h u m a l t a r 

1) g e n e r a l view 

2> s e l e c t e d f i e l d 
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4.-V 


























































































































































































































