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ABSTRACT 

A Study was made on n i t r o g e n f i x a t i o n by Nostoc commune 

taken from two s i t e s i n No r t h e r n England, Tarn Moor, Cumbria, 

and S t a t i o n Quarry, N o r t t i Yorks. The r a t e a t which c o l o n i e s 

f i x e d n i r t r o g e n was measured using the a c e t y l e n e r e d u c t i o n assay 

t e c h n i q u e . 

C o l o n i e s were d r i e d and r e w e t t e d , and the r a t e s of water 

uptake by d r i e d c o l o n i e s were measured. Marked v a r i a t i o n i n 

r a t e s o f water uptake o c c u r r e d i n d r i e d c o l o n i e s of S t a t i o n 

Quarry, w i t h younger c o l o n i e s t a k i n g up water f a s t e r . Selected 

c o l o n i e s from Tarn Moor were more of the same age, and were 

found t o take up water at a s i m i l a r r a t e t o young c o l o n i e s of 

S t a t i o n Quarry Nostoc. 

Some c o l o n i e s of N. commune from botn s i t e s were d r i e d 

under d i f f e r e n t h u m i d i t y regimes and were found to commence 

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

h i g h e r the r e l a t i v e h u m i d i t y under wnich the algae were d r i e d , 

t h e s h o r t e r the l a g s . L i g h t - d r i e d and d a r k - d r i e d c o l o n i e s from 

Tarn Moor were a l s o shown t o have d i s t i n c t i v e l a g s a f t e r 

r e w e t t i n g . An at t e m p t was made t o compare the r a t e s of 

a c e t y l e n e r e d u c t i o n by c o l o n i e s s u b j e c t e d t o d i f f e r e n t 

t r e a t m e n t s . L i g h t - d r i e d Tarn Moor Nostoc c o l o n i e s had a mean 

r a t e 2.5 times t h a t f o r d a r k - d r i e d c o l o n i e s . Tarn Moor Nostoc 

d r i e d under 75 % r e l a t i v e h u m i d i t y sliowed a mean r a t e o f 

C5.08 + 0.0^1 nMole C 2 / i g c h l amin~-^at 72 hours a f t e r 

r e w e t t i n g , and was two times and f i v e times t i i e mean r a t e f o r 

->\ s.-cr.oM ^ 



algae d r i e d under 50 % r e l a t i v e h u m i d i t y and 10 % r e l a t i v e 

h u m i d i t y s e q u e n t i a l l y . The mean r a t e f o r S t a t i o n Quarry Nostoc 

d r i e d under 75 % r e l a t i v e h u m i d i t y was 0.03 + 0.02 nMole 
- 1 - 1 

^2^*4 /19 c h l a min. a t 72 hours a f t e r r e w e t t i n g , and was a l s o 

h i g h e r than the mean r a t e s f o r algae d r i e d under 50 % r e l a t i v e 

h u m i d i t y and 10 % r e l a t i v e h u m i d i t y , r e s p e c t i v e l y . 

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

c o l o n i e s from Tarn Moor were compared i n t h r e e 

t y pes o f i n c u b a t i o n : f u l l y submerged, 1/4-submerged and 

non-submerged. The r a t e s o b t a i n e d from c o l o n i e s under submerged 

c o n d i t i o n were s i g n i f i c a n t l y d i f f e r e n t (p <0.001) from the 

r a t e s o b t a i n e d from non-submerged c o l o n i e s . The r a t e s o b t a i n e d 

from c o l o n i e s under 1/4-subraerged and non-submerged c o n d i t i o n s 

were however not found t o be s i g n i f i c a n t l y d i f f e r e n t from one 

another (p >0 .1) . 



ABBREVIATIONS AND SYMBOLS 

c h l a = c h l o r o p h y l l a 

cm = c e n t r i m e t r e 

oc = degrees C e l s i u s 

D.F. = degree o f freedom 

g = gramme 

h = hour 

1 = l i t r e 

I x = l u x 

m = mole 

jdq ~ microgramme 

mg = m i l l i g r a a d e 

ml = m i l l i l i t r e 

mm = m i l l i m e t r e 

mMole = m i l l i m o l e 

min = minute 

nm = nannometre 

nMole = nannomole ( t e x t ) 

N MOLE = nannomole ( t a b l e s and f i g u r e s ) 

% = percentage 

p = s t a t i s t i c a l p r o b a b i l i t y 

R.H. = r e l a t i v e h u m i d i t y 

S.D. = sta n d a r d d e v i a t i o n 

T = c a l c u l a t e d v a l u e of st u d e n t ' t ' 

# = + 
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CHAPTER 1 

INTRODUCTION 

1.1 General i n t r o d u c t i o n 

Blue-green algae are w i d e l y d i s t r i b u t e d i n s o i l s and 

w a t e r s . They may be f r e e - l i v i n g or a s s o c i a t e d forms; many have 

been found t o f i x atmospheric n i t r o g e n , c o n t r i b u t i n g t o the 

n i t r o g e n c y c l e and the f e r t i l i t y of ecosystems. 

Work has been c a r r i e d out w i t h blue-green algae i n 

a g r i c u l t u r a l areas t h r o u g h o u t the w o r l d towards i n c r e a s i n g the 

b i o l o g i c a l c o n v e r s i o n of atmospheric n i t r o g e n to a form t h a t 

p l a n t s can use ( P o s t g a t e , 1978). This helps t o minimise the 

c o s t which would, o t h e r w i s e , be h i g h when chemical n i t r o g e n 

f e r t i l i z e r s are used. The use of f r e e - l i v i n g Anabaena and 

Nostoc, and s y m b i o t i c Anabaena i n paddy f i e l d s , f o r i n s t a n c e , 

has been found t o i n c r e a s e s i g n i f i c a n t l y the y i e l d where 

n i t r o g e n o u s f e r t i l i z e r s have not been used. The l i t e r a t u r e 

c o n t a i n s numerous papers d e a l i n g w i t h many aspects o f n i t r o g e n 

f i x a t i o n by b l u e - g r e e n algae i n a g r i c u l t u r a l systems e.g. Singh 

( 1 9 6 1 ) , H e n r i k s s o n , Henriksson and d a S i l v a (1975), Kawaguchi & 

Kyuwa ( 1 9 7 7 ) . 

Rychert e t a l . (1978) presented data showing values o f 

n i t r o g e n f i x e d by O s c i l l a t o r i a , Nostoc, M i c r o c o l e u s and 

N o d u l a r i a i n the Sonoran d e s e r t , and p o i n t e d out t h a t , not o n l y 

can b l u e - g r e e n a l g a l c r u s t s and/or blue-green a l g a e - l i c h e n 

c r u s t s f i x s i g n i f i c a n t amounts of atmospheric n i t r o g e n i n t o the 

d e s e r t ecosystem, but a l s o the c r u s t s serve t o . s , t a b i l i s e the 

\ \ I , , VioM 
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s o i l s u r f a c e , t o reduce erosion.and t o i n c r e a s e water r e t e n t i o n 

and i n f i l t r a t i o n . 

Blue-green algae have a l s o been s t u d i e d i n p o l a r and 

su b - p o l a r r e g i o n s . Alexander (1975) has reviewed the importance 

of b o t h f r e e - l i v i n g and s y m b i o t i c blue-green algae i n f i x i n g 

n i t r o g e n i n these r e g i o n s , and has suggested t h a t species such 

as Nostoc and Collema are a major source of n i t r o g e n i n such 

a r i d biomes. She a l s o quoted the work of Holm-Hansen (1963, 

1964) who had found l a r g e p o p u l a t i o n s of blue-green algae i n 

A n t a r c t i c a and had shown t h a t Nostoc commune was one o f the most 

abundant forms which f i x e d n i t r o g e n i n impure c u l t u r e . 

A c o n s i d e r a b l e number of papers have re v e a l e d the 

s i g n i f i c a n c e o f n i t r o g e n f i x a t i o n by blue-green algae i n o t h e r 

ecosystems; Saino e t aj.. (1978) , on marine Trichodesmium 

t h i e b a u t i ; W h i t t o n e_t a i l . (1971 , 1979), on Nostoc commune of 

Al d a b r a A t o l l , f o r i n s t a n c e . 

1. 2 Nostoc commune 

Species o f the genus Nostoc are among the most w i d e l y 

d i s t r i b u t e d of any blue-green a l g a e , and many, i n c l u d i n g obvious 

macroscopic forms such as N. commune are p r o b a b l y cosmopolitan 

( W h i t t o n & S i n c l a i r , 1975). 

N. commune n o r m a l l y i n h a b i t s damp s o i l s , s h a l l o w pools 

and/or pool margins. N. commune has been found i n r e g i o n s 

r a n g i n g from the poles t o the t r o p i c s ; a r c t i c and a n t a r c t i c 

(Holm-Hansen, 1963, 1964), t u n d r a ( T i c h o r n i r o v , 1957), temperate 

( G r a n h a l l , 1975; Henriksson e t a l . , 1975), s u b - t r o p i c ( S i n g h , 
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1961; Renaut e t a l . , 1975), t r o p i c (Venkataraman, 1975). 

N. commune i s more common i n temperate than t r o p i c a l 

r e g i o n s ( S i n g h , 1961). 

1.3 E f f e c t s of l i g h t and s u r r o u n d i n g h u m i d i t y on n i t r o g e n 

f i x a t i o n 

1.31 L i g h t 

I n h i s s t u d y on Nostoc spp. i n C a l i f o r n i a n streams, Horne 

(1975) suggested t h a t n i t r o g e n f i x a t i o n i s p r o b a b l y powered by 

p h o t o s y n t h e t i c energy from the p r e v i o u s day. I t i s e v i d e n t t h a t 

n i t r o g e n f i x a t i o n i s dependent on the energy supply from 

p h o t o s y n t h e s i s . N i t r o g e n a s e a c t i v i t y v a r i e s from v e r y l i t t l e t o 

absent i n the dark (Stewart e t a l . , 1978). 

Padan et. al _ . (1971a) have shown t h a t p r e - i n c u b a t i o n o f 

Plectonema boryanum i n the l i g h t produces a marked i n c r e a s e i n 

n i t r o g e n f i x a t i o n i n darkness f o r s e v e r a l hours. T h i s suggests 

a comparable s i t u a t i o n t o when algae are d r i e d and r e w e t t e d . 

For d r y a l g a e , the s i t u a t i o n i n which n i t r o g e n f i x a t i o n 

i n i t i a l l y i n c r e a s e s a f t e r r e w e t t i n g i n darkness and d e c l i n e s 

a f t e r sometime i s almost c e r t a i n t o be dependent on the s t o r e d 

p r o d u c t s when being d r i e d . Such a phenomenon was p o i n t e d out by 

Myers ( 1 9 7 4 ) , Donaldson (1978) and W h i t t o n e t a l . (1979) on 

r e w e t t i n g d r y c o l o n i e s of N. commune from the Aldabra a t o l l and 

Tarn Moor. 

A l l i s o n ( 1 9 3 7 ) , Fay (1965) and Khoja & W h i t t o n (1971) have 

shown t h a t dark growth of algae i n medium s u p p l i e d w i t h sucrose 

i s p o s s i b l e . N i t r o g e n a s e a c t i v i t y can c o n t i n u e i n the dark when 
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f i x e d carbon i s a v a i l a b l e , a l t h o u g h a t lower r a t e s than i n the 

l i g h t ( B o t t o m l e y & S t e w a r t , 1971). 

1.32 E n v i r o n m e n t a l h u m i d i t y 

Few d e t a i l s are a v a i l a b l e r e g a r d i n g the e f f e c t s o f 

atmospheric h u m i d i t y on d r y i n g algae i n r e l a t i o n t o n i t r o g e n 

f i x a t i o n when being r e w e t t e d . R e l a t i v e h u m i d i t y of the 

atmosphere may be one of the i m p o r t a n t f a c t o r s i n f l u e n c i n g 

n i t r o g e n f i x a t i o n . I n h i g h r e l a t i v e h u m i d i t y , algae l o s e t h e i r 

n i t r o g e n a s e a c t i v i t y slower when, being d r i e d , and recover 

q u i c k e r when r e w e t t e d (Stewart et a _ l . , 1978). 

Using the a c e t y l e n e r e d u c t i o n method, Okafor & MacRae 

(1973) showed t h a t n i t r g o e n f i x a t i o n was g r e a t e r i n 15.0 g 

samples o f a i r - d r i e d s o i l moistened w i t h 9.0 ml water than 

samples moistened w i t h 5.0 ml water. S i m i l a r work has been 

c a r r i e d o u t by Sfeyn & Delwiche (1970) showing the importance of 

m o i s t u r e as a l i m i t i n g f a c t o r a f f e c t i n g n i t r o g e n f i x a t i o n i n 

n o n - s y m b i o t i c microorganisms i n some C a l i f o r n i a n s o i l s . Day et^ 

a l . (1975) p o i n t e d out t h a t t h e h i g h n i t r o g e n a s e a c t i v i t y i n 

the t o p 7.0 cm s o i l (Broadbalk Wilderness) compared w i t h lower 

h o r i z o n s may w e l l be a response t o d i f f e r e n t i a l w e t t i n g r a t h e r 

than a t r u e i n d i c a t i o n of the r e l a t i v e abundance of 

n i t r o g e n - f i x i n g organisms. G r a n h a l l (1975) and Day et a l . 

(1975) suggested t h a t n i t r o g e n a s e a c t i v i t y was p o s i t i v e l y 

c o r r e l a t e d w i t h s o i l m o i s t u r e . This i m p l i e s i n d i r e c t l y t h a t the 

more humid thfe s o i l remained when being d r i e d , the more 

p o t e n t i a l t o recover the micro-organisms l i v i n g i n the s o i l w i l l <y 

i 
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have when beiny r e w e t t e d . 

I n t h e i r s t udy on the c o a s t a l dune systems of Morocco, 

Renaut et_ £l .(1975) d e s c r i b e s t h a t Nostoc spp. and the l i c h e n 

Collema develop p r o f u s e l y d u r i n g the r a i n y season, but d r y up i n 

the d r y season and do not f i x n i t r o g e n t h e n . They p o i n t e d out 

t h a t i n d r y season n i t r o g e n a s e a c t i v i t y occurs i n the morning 

when the algae are wet w i t h dew and d e c l i n e s l a t e r i n the day. 

The importance o f morning dew i n r e l a t i o n to n i t r o g e n f i x a t i o n 

was a l s o p o i n t e d out by S k u j i n s & West (1974) i n t h e i r s t u d y on 

the g r e a t b a s i n d e s e r t (U.S.A.). Experiments c a r r i e d out by 

Renaut et_ al. (1975) a l s o show a r t i f i c i a l wetted ( w i t h 

d i s t i l l e d water) samples having h i g h e r r a t e s of a c e t y l e n e 

r e d u c t i o n than u n t r e a t e d samples. S i m i l a r work was c a r r i e d out 

by Mayland e t a l . ( 1 9 6 6 ) showing the d i f f e r e n c e s i n r a t e s of 

a c e t y l e n e r e d u c t i o n by a l g a l c r u s t s i n a s e m i - a r i d s o i l i n the 

U n i t e d S t a t e s i n t h a t wet a l g a l c r u s t s gave h i g h e r r a t e s than 

w e t - d r y and d r y ones r e s p e c t i v e l y . 

I t i s c e r t a i n t h a t the h i g h e r the atmospheric h u m i d i t y the 

l e s s t h e water p o t e n t i a l the p l a n t c e l l s i n p r o p o r t i o n t o the 

water p o t e n t i a l of the atmosphere. T h e r e f o r e , p l a n t c e l l s are 

a b l e t o m a i n t a i n more m o i s t u r e so t h a t p h y s i o l o g i c a l a c t i v i t i e s 

are more s t a b i l i z e d . Dry algae i n low atmospheric h u m i d i t y 

c o u l d p o s s i b l y lead to d e s i c c a t i o n of the c e l l s b r i n g i n g about 

the slow recover'^of the a c t i v i t i e s when being r e w e t t e d . Showman 

& Rudolph (1971) have shown t h a t water l o s s i n l i c h e n s 

( U m b i l i c a r i a papulosa) kept i n 0% r e l a t i v e h u m i d i t y was 80% 

w i t h i n 10 t o 15 minutes i n both l i v i n g and dead l i c h e n s . I n 53% 
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r e l a t i v e h u m i d i t y , the l i c h e n s took more than 30 minutes to 

loose 80% of t h e i r water c o n t e n t . The s i t u a t i o n shown by 

Showman & Rudolph (1971) i s comparable to t h a t i n algae under 

a i r - d r i e d c o n d i t i o n s . 

1.4 P h y s i c a l and chemical l a b o r a t o r y analyses 

1.41 Uptake of m o i s t u r e i n d r y algae 

There are some d i s t i n c t advantages of d r y i n g algae i n a l g a l 

s t u d y . Blue-green algae are r e s i s t a n t t o d e s i c c a t i o n (Rychert 

e t a l . , 1978). Dry algae can be kept f o r a long p e r i o d of time 

f o r i n s t a l l m e n t experiments i n l a b o r a t o r y by r e w e t t i n g them 

b e f o r e use. A i r - d r i e d algae and l i c h e n c r u s t s were r e v i v e d 

a f t e r f o u r years of d e s i c c a t i o n (Rychert et; a l ^ . , 1978). Dry 

algae kept i n the dark a t low t e m p e r a t u r e , on w e t t e d , d r i e d and 

r e w e t t e d ^ have been shown by Donaldson (1978) and W h i t t o n e t a l . 

(1979) t h a t t h e r e i s no d e t e c t a b l e e f f e c t on the l e v e l s of 

c h l o r o p h y l l a e x t r a c t e d or on the r a t i o ^ of c h l o r o p h y l l a to 

ph a e o p h y t i n a. 

1.42 A n a l y s i s of c h l o r o p h y l l a 

I t i s known t h a t t h e r e may be a l a r g e v a r i a t i o n w i t h i n one 

p o p u l a t i o n of Nostoe c o l o n i e s i n t o t a l n i t r o g e n when r e l a t e d to 

volume, weight or c h l o r o p h y l l â  c o n t e n t o f c o l o n i e s . I t seems 

pr o b a b l e t h a t t h i s i s due t o the presence o f n o n - a l g a l n i t r o g e n 

such as animal e x c r e t a ( W h i t t o n e t £l., 1979). The r a t e o f 

a c e t y l e n e r e d u c t i o n i s f r e q u e n t l y expressed i n r e l a t i o n t o 

c h l o r o p h y l l a i e . a s nanj^iomoles .C2H4 yug Chi a "•^min"^. 
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The d e t e r m i n a t i o n o f p h o t o s y n t h e t i c pigments e s p e c i a l l y 

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

w i d e l y used method i n s t u d y i n g a l g a l communities (Moss, 1967a.). 

C h l o r o p h y l l a i s the c e n t r a l ireact^on i n p h o t o s y n t h e t i c l i g h t 

r e a c t i o n , and i s n o r m a l l y the most abundant and i m p o r t a n t 

pigment i n p l a n t m a t e r i a l . 

A p a r t from the many problems a s s o c i a t e d w i t h t h i s method, 

which has been o u t l i n e d by S t r i c k l a n d ( 1 9 6 0 ) , some i m p o r t a n t 

problems i n v o l v e d i n the e x t r a c t i o n and e s t i m a t i o n of 

c h l o r o p h y l l a have been put fo r w a r d as o u t l i n e d below: 

1) A l g a l communities may sometimes c o n t a i n c h l o r o p h y l l 

d e g r a d a t i o n p r o d u c t s , which i n some i n s t a n c e s can c o n s t i t u t e a 

s i g n i f i c a n t f r a c t i o n o f the t o t a l green pigmented m a t e r i a l s 

p r e s e n t (Yentsch & Menzel, 1963; Lorenzen, 1967), These 

breakdown p r o d u c t s can g i v e l a r g e e r r o r s i n es t i m a t e d 

c h l o r o p h y l l a when s p e c t r o m e t r y i s used, as theuj absorb i n the 

red p a r t of the spectrum (Lorenzen, 1967). 

2) Algae may a l s o a s s o c i a t e w i t h l o c a l sediments combined 

w i t h t h e communities. Hydrogen i o n c o n c e n t r a t i o n i n e x t r a c t s 

from hard water may be a f f e c t e d by b i c a r b o n a t e s and p r e c i p i t a t e d 

c a r b o n a t e s which d i r e c t l y a f f e c t the pH (Marker e t a l . , i n 

press) . Th i s would subsequently causes i n t e r f e r e n c e i n the 

a b s o r p t i o n spectrum a t long wavelengths i e . 430 and 410 nm. 

3) When the a l g a l p o p u l a t i o n i s h e a l t h y and d e g r a d a t i o n 

p r o d u c t s o f c h l o r o p h y l l are a t a minimum, the g r e a t e s t e r r o r s 

11 a r i s e from incomplete e x t r a c t i o n (Marker e t a l _ . , i n wi 
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press) . 

4) Only a c e r t a i n percentage o f the t o t a l pigments may be 

o b t a i n e d when using c e r t a i n s o l v e n t s . The w i d e l y used s o l v e n t 

acetone i s u n s t a b l e f o r e p i l i t h i c communities a s s o c i a t e d w i t h 

s e diments, and a s t r o n g e r s o l v e n t such as methanol i s r e q u i r e d 

(Marker, 1972) . 

5) Methanol has been c r i t i c i s e d because of i t s t o x i c i t y 

(Marker e t a] ^ . , i n p r e s s ) . C h l o r o p h y l l i s a l s o r e l a t i v e l y 

u n s t a b l e d i s s o l v e d i n methanol (Marker et^£l./ i n press) and 

c e r t a i n d i f f i c u l t i e s are known t o a r i s e i n e s t i m a t i n g 

phaeopigments (Marker, 1972, 1977). Moed & H a l l e g r a e f f (quoted 

by Marker et. a l _ . , i n press) have shown t h a t the f o r m a t i o n of 

d f c a t T o n ^ o f phaeophytins i s a f u n c t i o n o f the hydrogen i o n 

c o n c e n t r a t i o n and water c o n t e n t o f the s o l v e n t system as w e l l as 

the p r o p e r t i e s o f the s o l v e n t s themselves. They i l l u s t r a t e d 

t h i s e f f e c t i n a c e ^ n e , e t h a n o l and methanol. 

6) A b s o r p t i o n c o e f f i c i e n t s are o n l y p a r t l y known t o r some 

pigments i e . phaeophorbide (Lorenzen, 1967) which i s a component 

of c h l o r o p h y l l d e g r a d a t i o n p r o d u c t s . These v a r y from s o l v e n t to 

s o l v e n t (Marker, 1972), and some are o n l y c a l c u l a t e d f o r 

p a r t i c u l a r s o l v e n t s . When small i n s t r u m e n t a l e r r o r s occur i n 

c o n j u n c t i o n w i t h e r r o r s i n the a b s o r p t i o n c o e f f i c i e n t s , l a r g e 

i n a c c u r a c i e s i n e s t i m a t i o n c h l o r o p h y l l a r e s u l t (Marker, 1972). 

7) Marker e_t £l. ( i n press) have shown t h a t the maximum 

a c i d r a t i o i s v e r y dependent on wavelength. I t can v a r y by 0-9% 

between 662 nm and 667 nm which c o u l d a f f e c t the c h l o r o p h y l l 

e s t i m a t e by 26%. He suggests t h a t i t i s i m p e r a t i v e to s e t the 
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wavelength a c c u r a t e l y . 

On a c i d i f i c a t i o n each c h l o r o p h y l l a molecule l o s s e s a 

magnesium atom and i s c o n v e r t e d i n t o p h a eophytin. Lorenzen 

(1967) a d v o c a t e d ' t h i s as a method of d e t e r m i n i n g c h l o r o p h y l l a 

i n samples c o n t a i n i n g phaeopigments, showing t h a t the a d d i t i o n 

o f 1.0 N HCl b r i n g s about a change i n the absorbance which 

d i s c r i m i n a t e s between c h l o r o p h y l l o u s magnesium c o n t a i n i n g 

compounds and those which are magnesium f r e e . The c a l c u l a t i o n 

o f photopigments assumes t h a t a l l the phaeopigment i s 

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

p r o d u c t s ( P a t t e r s o n & Parsons, 1963). L i v i n g s t o n e et a l . 

(1953) showed t h a t phaeophytin a was s t a b l e i n a c i d s o l u t i o n and 

formed an e q u i l i b r i u m w i t h n e u t r a l forms a t i n t e r m e d i a t e 

a c i d i t i e s . Marker et_ a^. ( i n press) suggest t h a t lower 

c o n c e n t r a t i o n s of water and h i g h e r c o n c e n t r a t i o n s of a c i d must 

be a v o i d e d . He p o i n t e d out t h a t the c o n v e r s i o n of c h l o r o p h y l l 

t o p h a e o p h y t i n i s g e n e r a l l y complete w i t h i n two minutes i n 

1.0 M HCl i n both acetone and methanol, and from t e n minutes to 

one hour i n 0.1 M HCl. The l a t t e r process i s slow and may 

h i n d e r r o u t i n e a n a l y s i s s i n c e because the o x i d a t i o n of ^ 

e p o x y c a r o t e n o i d s does not c o n t r i b u t e s i g n i f i c a n t l y t o the 

absorbance a t 750 nm and 665 nm o n l y f o r the f i r s t few minutes. 

The n e u t r a l i s a t i o n o f the a c i d i f i e d e x t r a c t (e.g. w i t h 

magnesium carbonate) t o b r i n g the s o l u t i o n to n e u t r a l i t y and t o 

compensate f o r s p e c t r a l changes on a c i d i f i c a t i o n had been 

advocated by Moss (1967a, 1967b). However, the n e u t r a l i s a t i o n 
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i s an e x t r e m e l y time consuming process which p o s s i b l y increases 

d e g r a d a t i o n of c h l o r o p h y l l a i n the s o l u t i o n (Donaldson, 1978). 

P o t t s (1977) noted t h a t the use o f magnesium carbonate i n 

n e u t r a l i s a t i o n of e x t r a c t s seemed to^^pen t o e r r o r s . However, L 
he p o i n t e d out t h a t t h e r e was no d i r e c t evidence of the e f f e c t 

o f n e u t r a l i s a t i o n and i t was d i f f i c u l t t o measure the pH i n 

aqueous o r g a n i c s o l v e n t s . 

I n t h i s s t u d y , methanol was used as the s o l v e n t i n a l l 

e x t r a c t i o n s o f c h l o r o p h y l l a, and no e x t r a c t s were n e u t r a l i s e d 

a f t e r e x t r a c t i o n . I t has been shown by Marker (1972) and Jones 

(1977) t h a t methanol i s much more e f f i c i e n t i n e x t r a c t i n g 

pigments than i s acetone, e s p e c i a l l y when a l g a l samples are 

a s s o c i a t e d w i t h sediments. 95% was the c o n c e n t r a t i o n ' of the 

methanol used because i t was suggested by Marker (1972) t h a t the 

use o f l e s s than 95% methanol would a l l o w p r e c i p i t a t i o n . 

1.43 A c e t y l e n e r e d u c t i o n t e c h n i q u e s 

Methods f o r the measurement o f n i t r o g e n f i x a t i o n i n c l u d e 

g r owth and m o r p h o l o g i c a l d e t e r m i n a t i o n s , N-analysis ( i n c l u d i n g 

i s o t o p i c methods) and r e d u c t i o n o f a l t e r n a t e n i t r o g e n a s e 

s u b s t r a t e s (Hardy e t a l . , 1973). 

A l t h o u g h i t i s one o f the s i m p l e s t method, the c o r r e l a t i o n 

between the presence of h e t e r o c y s t s and n i t r o g e n f i x a t i o n i s not 

a b s o l u t e (Hardy et, a l . , 1973). N2 f i x a t i o n occurs i n 

u n i c e l l u l a r algae (Wyatt & S i l v e y , 1969) and i n a f i l a m e n t o u s 

algae d e v o i d of h e t e r o c y s t s ( S t e w a r t , 1971). 
The K j e l d a h l method does not d i s t i n g u i s h n i t r o g e n o b t a i n e d 
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from o t h e r sources (Hardy e t a l ^ . , 1973), though i t i s h e l p f u l 

i n s c r e e n i n g new i s o l a t e s or communities f o r the a b i l i t y t o f i x 

N2, and made s u i t a b l e when s u b s t a n t i a l q u a n t i t i e s of N2 

i s concerned (Mague, 1978). 

Assays w i t h ^ r a d i o i s o t o p e t r a c e r , •'̂ N̂2 i s a thousand 

times as s e n s i t i v e as the K j e l d a h l d i g e s t i o n method (Hardy e t 

a l . , 1973; Mague, 1978), but i n v o l v e s h i g h expense o f 

•^^^2, a mass spectrometer and more e x t e n s i v e chemical 

m a n i p u l a t i o n s than the K j e l d a h l method (Hardy e t £l., 1973). 

The a c e t y l e n e r e d u c t i o n assay tech n i q u e i s by f a r the most 

u s e f u l and w i d e l y a p p l i e d method f o r e s t i m a t i o n of n i t r o g e n 

f i x a t i o n (Hardy e t a l . , 1973) and haye been used a t ( c e l l l e v e l s 

from p u r i f i e d n i t r o g e n a s e t o f i e l d samples (Hardy e_t a l . , 

1973) . T h i s method i s a t l e a s t a thousand times more s e n s i t i v e 

than •'•̂N2 uptake and c o n s i d e r a b l y f a s t e r and cheaper 

than mass s p e c t r o m e t r i c a n a l y s i s (Mague, 1978). The advantages 

of a c e t y l e n e r e d u c t i o n method are g i v e n by Hardy e t a_l, (1973), 

and i n a d d i t i o n the method makes f i e l d experiment c o n v e n i e n t . 

The method i s based on the i n d i r e c t measurement of n i t r o g e n a s e 

a c t i v i t y by u s i n g a l t e r n a t e s u b s t r a t e a c e t y l e n e which w i l l be 

reduced t o g i v e e t h y l e n e by the n i t r o g e n f i x i n g p rocess. There 

i s a r a t i o o f a c e t y l e n e reduced t o n i t r o g e n f i x e d which i s used 

as a c o n v e r s i o n f a c t o r t o c o n v e r t measurements from the 

a c e t y l e n e - e t h y l e n e r e d u c t i o n t o a b s o l u t e values o f n i t r o g e n 

f i x a t i o n . The v a l u e i s i n f a c t v a r i e d i n types of organisms and 

h a b i t a t s w i t h a usual v a l u e of around 3.0 (3.2 f o r blue-green 

algae) , a l t h o u g h t h e r e are some unusual h i g h v a l u e s o f up t o 
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25.0 f o r anaerobic s o i l (Hardy et a l . , 1973). 

1.5 Aims 

A l t h o u g h s e m i - t e r r e s t r i a l species of blue-green algae may 

be s u b j e c t e d t o p e r i o d s of wet and d r y c o n d i t i o n s , l i t t l e work 

has been c a r r i e d out r e g a r d i n g these e n v i r o n m e n t a l f a c t o r s i n 

r e l a t i o n t o n i t r o g e n f i x a t i o n . I n t h i s s t u d y , the main aim i s 

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

p e r i o d f o r d r y i n g Nostoc commune i n r e l a t i o n t o subsequent 

n i t r o g e n f i x a t i o n . I t has been shown t h a t Nostoc commune 

r e v i v e s when r e w e t t e d a f t e r long p e r i o d s of d e s i c c a t i o n 

( s e c t i o n 1.41) and t h i s , coupled w i t h i t s macroscopic form, 

wide d i s t r i b u t i o n and f r e q u e n t occurence i n environments s u b j e c t 

to a wide range o f h u m i d i t i e s ( s e c t i o n 1.2), makes i t a 

s u i t a b l e organism f o r t h i s s t u d y . 
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CHAPTER 2 

MATERIALS AND METHODS 

2.1 Algae 

2.11 Tarn Moor Nostoc commune 

Tarn Moor i s an upland area o f u n d u l a t i n g moorland i n 

c e n t r a l Cumberland l y i n g t o the west of Sunbiggin t a r n , i n 

Southern Cumbria, England (map r e f e r e n c e NZ 8502, l a t i t u d e 

54° 28'N, l o n g i t u d e 2° 30'W). I t i s an uneven p l a t e a u 

o f about 250 m above Ordnance Datum w i t h r i d g e s t o the n o r t h and 

south r i s i n g t o a p p r o x i m a t e l y 300 m. The moor o v e r l i e s a 

C a r n i b o f o r o u s l i m e s t o n e l o c a l l y i n t e r u p t e d by bands of 

sandstone, and c o n t a i n s a complex d r a i n a g e system w i t h numerous 

s p r i n g s and swallow h o l e s . The c l i m a t e i s wet w i t h the annual 

r a i n f a l l o v e r r a n g i j i g 1300 mm. The mean annual temperature 

d e r i v e d by Myers (1974) (from i n f o r m a t i o n g i v e n i n the 

C l i m a t o l o g i c a l A t l a s , 1952) i s a p p r o x i m a t e l y 9°C, w i t h an 

average summer temperature o f about 14°C and w i n t e r o f 

30C. 

The upper p a r t s of the moor are dominated by Calluna 

v u l g a r i s w i t h Nardus s t r i c t a as the most f r e q u e n t a s s o c i a t e i n 

the d r i e r p a r t s and Sphagnum spp., Molina c a e r u l e a and 

Trichophbrum caespitosum on the w e t t e r s l o p e s . There i s an 

i n t e r u p t e d b e l t o f "wet f l u s h " v e g e t a t i o n o v e r l y i n g a s h a l l o w 

peat or m i n e r a l s o i l along the s i d e s of the v a l l e y s i n which 

many o f the s p r i n g s emerge. Small Carex spp. are dominant i n 

t h i s zone which seperate the v a l l e y mires from the C a l l u n a moor 
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o f t h e r i d g e s . 

F u r t h e r i n f o r m a t i o n on the s i t e has been g i v e n by Myers 

(1974) and more d e t a i l s about the area can a l s o be o b t a i n e d from 

Holdgate (1955). 

The g e l a t i n o u s p a l e green-brown c o l o n i e s o f Nostoc commune 

Vaucher are found on the edges of these f l u s h e s near the 

s u r r o u n d i n g v e g e t a t i o n . Some occur i n the s l i g h t f l o w r i f f l e s 

but o f t e n out of i t . Many of them are found shaded i n clumps of 

grasses and mosses. Col o n i e s are i r r e g u l a r i n f e a t u r e and s i z e . 

They v a r y from a rounded shape a few mm i n diameter t o a c r u s t 

of over 25 ^ ^ ' ^ 

R e p r e s e n t a t i v e c o l o n i e s of N. commune from Tarn Moor were 

c o l l e c t e d from the edges o f the wet f l u s h areas where t h e y are 

found growing mixed w i t h the s u r r o u n d i n g v e g e t a t i o n which here 

c o n s i s t s m a i n l y o f mosses and gra s s e s . 

2.12 S t a t i o n Quarry Nostoc commune 

I n f o r m a t i o n on t h i s s i t e was o b t a i n e d m a i n l y from the 

Nature Conservancy C o u n c i l ( N o r t h e r n Region). Only a g e n e r a l 

background was a v a i l a b l e . 

The s i t e i s s i t u a t e d i n the so u t h e r n p a r t o f M i d d l e t o n i n 

Teesdale, North Y o r k s h i r e , England (map r e f e r e n c e NY 35/947246, 

l a t i t u d e 54° 39'N, l o n g i t u d e 2° 09'W). I t i s a disused 

Whin S i l l q u a r r y w i t h h i g h v e r t i c a l crags and s p ^ ' i l heaps, the 

f l o o r being i n p a r t s f l o o d e d w i t h s h a l l o w w a t e r . There are 

bands o f l i m e s t o n e o v e r l y i n g rocks of b a s a l t i c c o m p o s i t i o n and 

d r a i n a g e y°K which s u p p l i e s more a l k a l i n e pH water t o the 
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v e g e t a t i o n i n the area (Bradshore,per.comm.). 

The c l i m a t e i s wet p r o v i d i n g a number of wetland h a b i t a t s 

i m p o r t a n t f o r t h e i r f l o r a . A range of species l i s t e d by balby 

(1973) i n c l u d e s Eriophorum spp., S a l i x spp.. O r c h i s spp,, 

s m a l l Carex spp. and Sphagnum spp. The s i t e a l s o c o n t a i n s a 

range of b r y o p h y t e s . 

The g e l a t i n o u s c o l o n i e s of Nostoc commune are found on the 

upper p a r t o f the f l o o r where i t i s d r i e r . Crusts o f c o l o n i e s 

are y e l l o w i s h , g r e e n i s h and brown o c c u r r i n g on the s u r f a c e of 

the s o i l and d e b r i s . 

Samples of N. commune from S t a t i o n Quarry were c o l l e c t e d 

from the s u r f a c e o f humid s o i l i n t e r v e n i n g between li m e s t o n e 

^^cerarniys where grasses and s m a l l bryophytes o c c u r . Some 

c o l o n i e s were taken from s h a l l o w f l o o d e d areas. 

N. commune from both s i t e s were c o l l e c t e d d u r i n g the 

e x p e r i m e n t a l p e r i o d (May - June, 1980). Samples w e r e i a l l 

c o l l e c t e d between 1300 p.m.and 1500 p.m. on cloudy days w i t h 

sunny and shower i n t e r v a l s ,and were brought t o the l a b o r a t o r y 

i n p o l y t h e n e bags o r buckets and a r r i v e d t o the l a b o r a t o r y 

between 1700 p.m.and 1800 p.m. Colonies were separated from 

d e b r i s and mud by r i n s i n g w i t h d i s t i l l e d water and were 

a i r - d r i e d i n designed c o n d i t i o n s ( F i g . 2.1). 

2.2 Medium 

I n o r d e r t o ensure t h a t d r i e d a l g a l c o l o n i e s were i n a 

s t a n d a r d environment, a n u t r i e n t medium was used f o r 

r e m o i s t e n i n g , i n p r e f e r e n c e to d i s t i l l e d w a t er. The medium used 
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was a m o d i f i c a t i o n from t h a t o f A l l e n and Arnon ( 1 9 5 5 ) , which 

was designed f o r the growth of blue-green a l g a e . This medium i s 

f r e e o f combined n i t r o g e n and c o n t a i n s : 

K2HPO4 250.00 mg 1' 

CaCl2.2H20 66.20 mg 1' 

MgS04.7H20 200.00 mg 1" 

NaCl 230.00 mg 1' 

Fe(as EDTA c h e l a t e ) ... 4 . 00 mg 1' 

Mn 0.12 mg 1" 

Mo 0.08 mg l " 

Zn 0.01 mg 1" 

Cu.. 0.005 mg 1" 

B.. 0.09 mg 1" 

Co 0.005 mg 1" 

Ni 0.002 mg 1" 

A m o d i f i e d Fe-EDTA st o c k was made from 12.7 g Na.EDTA 

( e t h y l e n e d i a m i n e t e t r a - a c e t i c a c i d disodium s a l t ) mixed w i t h 

9.7 g FeCl3.6H20 and made up to 1.0 l i t r e w i t h 

d i s t i l l e d w a t e r . The s o l u t i o n gave 2.0 g Fe per l i t r e . 

The medium a l s o c o n t a i n e d 5.0 mM 

N - 2 - h y d r o x y e t h y l p i p e r a z i n e - N • - 2 - e t h a n e s u l p h o n i c a c i d (HEPES) and 

was b u f f e r e d to pH 7.2-7.5. 

2.3 Gasses 

Ap a r t from e t h y l e n e (BDH Chemicals L t d ) , gasses 

i e . a c e t y l e n e , gas m i x t u r e of argon, oxygen and carbon d i o x i d e , 
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and the gasses used f o r gas chromatography, n i t r o g e n , hydrogen 

and compressed a i r , were a l l o b t a i n e d from B r i t i s h Oxygen 

Company. 

2.4 H u m i d i t y c o n t r o l apparatus 

T h i s apparatus c o n s i s t e d of a non-h^^droscopic l e a k - p r o o f 

e n c l o s u r e made from an o r d i n a r y d e s i c c a t o r , the bottom of whicli 

c o n t a i n e d a s a t u r a t e d s a l t s o l u t i o n which gave a c e r t a i n vapour 

pre s s u r e a t a c e r t a i n temperature due t o the p r o p e r t i e s of 

w a t e r - s a l t systems i n r e l a t i o n to h u m i d i t y as d e s c r i b e d by Wylie 

( 1 9 6 5 ) . The use o f s a t u r a t e d s a l t s o l u t i o n s t o c o n t r o l 

h u m i d i t y i s both c o n v e n i e n t and cheap (Young, 1967), and 

c h e m i c a l s and apparatus i n v o l v e d are a v a i l a b l e i n the 

l a b o r a t o r y . Most reagents used are a v a i l a b l e i n a reasonably 

pure form and are a l s o n o n v o l a t i l e , thus a v o i d i n g c o n t a m i n a t i o n 

o f the specimen (Young, 1967). 

S a t u r a t e d NaCl (Analar grade, BDH Chemicals Ltd) s o l u t i o n 

was used t o g i v e a r e l a t i v e h u m i d i t y of 75%. Young (1967) and 

H e d l i n & T r o f i m e n k o f f (1965) have shown t h a t the s o l u t i o n w i l l 

m a i n t a i n a h u m i d i t y o f 75% a t 25°C. Anhydrous L i C l 

(commercial grade, BDH Chemicals Ltd) mixed w i t h d i s t i l l e d 

water i n a r a t i o o f 1:1 was used t o g i v e a r e l a t i v e h u m i d i t y o f 

50%. The use o f t h i s m i x t u r e was due to the d e s i r e to avoid 

u s i n g n i t r o g e n ^ c o n t a i n i n g s a l t s ie.MgNO3.6H2O, 

Ca(NO3)2.4H2O which are n o r m a l l y used to p r o v i d e 

r e l a t i v e h u m i d i t y of around 50%. Other non-nitrogenous s a l t s 

n o r m a l l y used f o r t h i s purpose were not a v a i l a b l e . S i l i c a g e l 

• s a t u r a t e d NaCl can a l s o remain g i v i n g a r e l a t i v e humidity 
of around 75% w i t h i n a temterature range of 5-60 C with 
the r a t e of change of -0,02% per °C (Young, 1967) 
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was used t o p r o v i d e a v e r y d r y atmosphere i n s i d e the chamber. 

The g e l was d r i e d d a i l y at 105°C and gave a r e l a t i v e 

h u m i d i t y of 10%. 

R e l a t i v e h u m i d i t y i n s i d e the chamber was measured w i t h a 

si m p l e hygrometer; t h i s was cons i d e r e d t o be s u f f i c i e n t f o r t h i s 

s t u d y . The temperature was kept a t 20°C + 2°C. A i r 

c i r c u l a t i o n i n s i d e the chamber c o u l d not be achieved due t o the 

type o f d e s i c c a t o r a v a i l a b l e . However, t h i s d i d n o t appear t o 

a f f e c t t h e system s i n c e the hygrometer gave c o n s i s t e n t r e a d i n g s . 

2.5 P h y s i c a l and chemical l a b o r a t o r y techniques 

2.51 Measurement of m o i s t u r e uptake i n d r y algae 

I n d i v i d u a l c o l o n i e s o f algae were used f o r measuring the 

uptake o f water w i t h t i m e . A d r y colony was removed from 

s t o r a g e , brushed t o remove any d e b r i s and was then weighed using 

an O e r t l i n g GC32 balance. The c o l o n y was then immersed i n 

d i s t i l l e d water i n a p l a s t i c p e t r i - d i s h . 

The c o l o n y was taken out again a t v a r i o u s time i n t e r v a l s 

f o r w e i g h i n g . Excess water was q u i c k l y removed by b l o t t i n g on 

f i n e t i s s u e paper b e f o r e weighing the co l o n y . 

C o l o n i e s were o v e n - d r i e d a t 105°C f o r 12 h a t the 

c o m p l e t i o n of the time c o u r s e , and d r y weights were o b t a i n e d . 

Some o f these d r i e d c o l o n i e s were r e w e t t e d a g a i n . 

The percentage m o i s t u r e c o n t e n t a t a p a r t i c u l a r time was 

o b t a i n e d using t h e fo r m u l a g i v e n by Showman and Rudolph (1971): 

%moi:sture c o n t e n t = Wt-Wd X 100 
Ws-Wd 
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where: 

Wt= wet weight i n gram a t time t 

Wd= d r y weight o f the colony 

Ws= f i n a l wet weight of the colony 

2.52 A n a l y s i s of c h l o r o p h y l l a 

2.521 E x t r a c t i o n o f c h l o r o p h y l l a 

The method used f o r measurement o f c h l o r o p h y l l a was a 

m o d i f i e d v e r s i o n of t h a t g i v e n by Hargreaves and Wh i t t o n (1976), 

which i s q u i c k and s i m p l e . This enabled d a i l y e x t r a c t i o n and 

f a c i l i t a t e d r o u t i n e a n a l y s i s o f up to 40 samples per day. 

The c o l o n i e s were squashed i n a few ml of 95% 

me t h a n o l ( A n a l a r ) i n 29 ml McCartney b o t t l e s , then added the r e s t 

o f methanol (10 ml was the t o t a l amount of methanol used i n each 

sample) and screwed l o o s e l y w i t h the caps w i t h rubber l i n e r s . 

The b o t t l e s were then s e t s t a n d i n g i n a water bath m a i n t a i n e d a t 

70°C. The water bath was covered w i t h a hood a l l o w i n g the 

e x t r a c t i o n t o take place i n darkness. A time of 15 minutes 

g i v e n f o r each e x t r a c t i o n was found t o a l l o w more than 90% of 

c h l o r o p h y l l a t o be e x t r a c t e d w i t h i n the f i r s t e x t r a c t i o n . 

E x t r a c t s were made using pressure f i l t r a t i o n t h rough 24 mm 

GF/C (Whatman) g l a s s f i b r e d i s c s , made the volume t o 10 ml or 25 

ml w i t h f r e s h 95% methanol w i t h i n the 10 ml or 25 ml Pyrex 

v o l u m e t r i c f l a s k which was used t o c o l l e c t the f i l t r a t e . 

E x t r a c t s were t r a n s f e r r e d i n t o 29 ml McCartney b o t t l e s and then 

the caps w i t h rubber l i n e r s were screwed down, 

10 ml o f the e x t r a c t was poured i n t o h i g h p r e c i s i o n 4.0 cm 
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o p t i c a l c e l l s (Thermal Syndicate L t d ) . A b s o r p t i o n were read a t 

665 nm using P e r k i n Elmer Model 403 u l t r a v i o l e t 

s p e c t r o p h o t o m e t e r . Absorbance was read again one minute a f t e r 

a c i d i f i c a t i o n w i t h 0.1 ml of 1.0 N HCl (BDH Chemicals L t d ) . 

C h l o r o p h y l l d e g r a d a t i o n d u r i n g the process was prevented i n 

t h a t a l l the steps were c a r r i e d out i n shade presumably t o 

min i m i s e l i g h t i n t e n s i t y and te m p e r a t u r e . I n a d d i t i o n , samples 

w h i c h ^ d e l a y e d between the process were kept i n i c e bucket w i t h 

the hood p r o v i d i n g low temperature and dark c o n d i t i o n . 

2.522 E s t i m a t i o n o f c h l o r o p h y l l a 

C h l o r o p h y l l a was c a l c u l a t e d using the formula f o l l o w i n g 

Marker ( 1 9 7 2 ) , but w i t h a c o n s t a n t d e r i v e d from a d i f f e r e n t a c i d 

f a c t o r . Marker (1 9 7 2 , i n press) g i v e s an a c i d f a c t o r of 1.5 

when using methanol. A mean value of 1.86 f o r a c i d f a c t o r was 

used by W h i t t o n ejt al^ . (1979) f o r N. commune from the Aldabra 

a t o l l , whereas Donaldson (1978) found a c i d f a c t o r of 1.89 f o r 

h i s a l g a l samples from the same a t o l l . However, a c i d f a c t o r i s 

v a r i e d i n species and communities ( W h i t t o n & L i v i n g s t o n e , 

per.comm.), and might a l s o ^^"^ varll&d s e a s o n a l l y . 

A mean value of 2.21 f o r the a c i d f a c t o r has been used to 

a l l the c a l c u l a t i o n s here. The maximum d e r i v e d of e x p e r i m e n t a l 

a c i d f a c t o r s were o b t a i n e d from the e x t r a c t i o n o f young b r i g h t 

green c o l o n i e s using the f o r m u l a : 

Af= Ag55(before a c i d i f i c a t i o n ) 
7^655 ( a f t e r a c i d i f i c a t i o n ) 



32 

where: 

Agg5 = absorbance a t 665, read from the 

spectrophotometer 

Af = a c i d f a c t o r 

The a c t u a l v a l u e o b t a i n e d was 2.1818 + 0.1968 w i t h n=10 

f o r S t a t i o n Quarry N. commune, and 2.2548 +0.1254 w i t h n=58 

f o r Tarn Moor N. commune. 

From t h i s mean va l u e f o r a c i d f a c t o r , a c o n s t a n t was 

d e r i v e d using f o r m u l a : 

K = Af 

Af- 1 

Where K = a c o n s t a n t 

C h l o r o p h y l l a was c a l c u l a t e d by: 

/ig c h l a = K(Ab-Aa) x 13.1 X V/1 

Where: 

c h l a = c h l o r o p h y l l a 

K = c o n s t a n t , d e r i v e d from an a c i d f a c t o r 

Ab = absorbance read a t 665 bef o r e a c i d i f i c a t i o n 

Aa = absorbance read a t 665 a f t e r a c i d i f i c a t i o n 

13.1 = Constant, assuming a s p e c i f i c a b s o r p t i o n 

c o e f f i c i e n t o f c h l o r o p h y l l a i n 95% methanol o f 

71.07 I g - ^ c m - l 
V = volume of s o l v e n t ( i n ml) used i n making up 

e x t r a c t 
1 = l i g h t path which equals t o the w i d t h o f o p t i c a l 

c e l l 
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2.53 A c e t y l e n e r e d u c t i o n assay techni q u e s 

2.531 General method used f o r e x p e r i m e n t a l assays 

I n t h i s s t u d y the g e n e r a l method o f a c e t y l e n e r e d u c t i o n 

assay proposed by Stewart e t aj.. (1967, 1971) was f o l l o w e d . 

A l l assays were c a r r i e d out i n 29 ml McCartney b o t t l e s f i t t e d 

w i t h rubber s t o p p e r l i n e r s . R e p l i c a t e s were made i n most assays 

and the number o f r e p l i c a t e s were v a r i e d as i n d i c a t e d . 

A p p r o x i m a t e l y 1.5 ml alga was used i n the case o f f r e s h 

c o l o n i e s , as t h i s was found t o g i v e s u f f i c i e n t c h l o r o p h y l l a. 

T h i s amount was n o t a b s o l u t e , but the volume o f algae has l i t t l e 

e f f e c t upon t h e c o m p o s i t i o n o f the f i n a l gas phase (Donaldson, 

1978). Whole a l g a l c o l o n i e s were used i n p r e f e r e n c e i n ord e r t o 

a v o i d e r r o r which might be caused by d i s r u p t i o n o f c o l o n i e s . 

Two o r t h r e e d r i e d c o l o n i e s and 3-4 ml o f medium were used i n 

each case f o r assays on r e m o i s t e n i n g . 

A c e t y l e n e used was conveyed i n a f o o t b a l l b l a dder f i t t e d 

w i t h "T" j u n c t i o n and a bung. Gas samples were taken when 

r e q u i r e d . 

3 ml of a c e t y l e n e gas was i n j e c t e d t h r o u g h the rubber 

s t o p p e r l i n e r i n t o each b o t t l e using G i l l e t t e S c i m i t a r 

d i s p o s a b l e s y r i n g e and v e n t i n g was made t o a d j u s t the pressure 

o f t h e gas phase i n s i d e the b o t t l e . 

A f t e r i n j e c t i o n o f a c e t y l e n e t he b o t t l e s were shaken to a i d 

the d i s s o l v i n g of the gasses. The a l g a l c o l o n i e s were then 

r e p o s i t i o n e d by g e n t l y t a p p i n g t he b o t t l e s such t h a t they 

r e c e i v e d maximum i l l u m i n a t i o n . 
Constant temperatures and l i g h t c o n d i t i o n s were p r o v i d e d by 
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s e t t i n g the i n c u b a t o r (Gallekamp Cooled I n c u b a t o r , IH-270) to 

g i v e t h e c o n d i t i o n s r e q u i r e d . I l l u m i n a t i o n i n s i d e the i n c u b a t o r 

was p r o v i d e d u s i n g f l u o r e s c e n t t u b e s . 

Sample b o t t l e s were l a i d on t h e i r s i d e s i n the i n c u b a t o r a t 

an approximate angle of 15° to the h o r i z o n t a l . Assays were 

i n c u b a t e d f o r 1-2 hours. At the end of the i n c u b a t i o n p e r i o d 

samples were shaken to a l l o w maximum amount o f gas to be 

r e l e a s e d i n t o the gas phase of the b o t t l e s . 1.0 ml of gas 

sample was removed from each b o t t l e and t r a n s f e r r e d i n t o a 

V a r i a n Aerograph S e r i e s 1200 gas chromatograph using a 1.0 ml 

SEBRE s y r i n g e . 

The gas chromatograph used was f i t t e d w i t h a s t a i n l e s s 

s t e e l column (1800 mm x 3.2 mm) packed w i t h Poropak R and 

m a i n t a i n e d a t 150°C. N i t r o g e n was used as a c a r r i e r gas a t 

a f l o w r a t e o f 30 ml min"^. The machine was c a l i b r a t e d 

u s i n g d i l u t i o n s o f h i g h p u r i t y e t h y l e n e (BDH Chemicals Ltd) 

prepared using a Hamilton gas s y r i n g e . C a l i b r a t i o n was made 

ever y time b e f o r e d e t e r m i n i n g gas samples. V o l u m e t r i c f l a s k s 

were f l u s h e d w i t h a gas m i x t u r e of 79.97% argon, 20.00% oxygen 

and 0.03% carbon d i o x i d e f o r 30 seconds and suba-sealed before 

f i l l e d w i t h s t a n d a r d s . 

The e t h y l e n e c o n t a m i n a t i o n o f the a c e t y l e n e was always 

determined i n each experiment by i n c l u d i n g c o n t r o l s w i t h o u t 

algae.. 

Dark c o n t r o l s were a l s o made on samples o f algae i n most 

assays by wrapping b o t t l e s w i t h aluminium f o i l . 
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2.532 E s t i m a t i o n o f e t h y l e n e produced 

From each c a l i b r a t i o n a s t a n d a r d t h e o r e t i c a l l i n e a r 

r e g r e s s i o n was o b t a i n e d . The volume o f e t h y l e n e was then 

c a l c u l a t e d from the s t a n d a r d . Knowing the volume of e t h y l e n e 

and gas phase i n the b o t t l e , t h e t o t a l amount of e t h y l e n e 

produced i n each b o t t l e c o u l d be c a l c u l a t e d . 

E t h y l e n e produced was expressed as nan^'omoles o b t a i n e d 

from: 
1.0 ml e t h y l e n e = 223 ^ 10^ nMoles (at20 °C) 

293 22.4 

2.6 Coding system 

A coding system was devised to d e s c r i b e the c o n d i t i o n s 

under which algae were s t o r e d and i n c u b a t e d . This i s shown i n 

F i g . 2.1. I n t e r p r e t a t i o n of the code i s as f o l l o w : 

1) The f i r s t l e t t e r i n d i c a t e s the i l l u m i n a t i o n c o n d i t i o n , 

l i g h t (L) or dark (D) , i n which the algae were d r i e d . 

2) The number i n d i c a t e s the r e l a t i v e h u m i d i t y i n which the 

algae were d r i e d . 

3) The second l e t t e r i n d i c a t e s the i l l u m i n a t i o n c o n d i t i o n , 

l i g h t (1) o r dark ( d ) , i n which d r i e d algae were r e w e t t e d under 

i n c u b a t i o n . 
A l l p o s s i b l e c o m b i n a t i o n s are shown i n F i g . 2.1. 
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F i g . 2.1 Diagram showing the coding system of c o n d i t i o n s i n 

which algae were d r i e d and rew e t t e d under i n c u b a t i o n (L or 1 = 

l i g h t , D or d = dark) . 
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CHAPTER 3 

RESULTS 

3.1 M o i s t u r e uptake experiments 

When d r y , most c o l o n i e s o f N. commune were v i s u a l l y 

browhy-black i n c o l o u r , a few c o l o n i e s of S t a t i o n Quarry 

N. commune were g r e e n i s h - b l a c k . Dry c o l o n i e s were a l l hard and 

b r i t t l e , b ut w i t h i n a few minutes a f t e r ^ i m m e r s e d i n d i s t i l l e d 

water they became s o f t and p l i a b l e and markedly increased i n 

s i z e and w e i g h t . 

The r a t e o f water uptake was measured a t room temperature 

w i t h i l l u m i n a t i o n o f 1000 I x . 

3.11 M o i s t u r e uptake by S t a t i o n Quarry N. commune 

W i t h i n 15 minutes o f d i s t i l l e d water being added, the 

g r e e n i s h - b l a c k c o l o n i e s , presumably young, had increased 

e x p o n e n t i a l l y i n s i z e and w e i g h t , and had reached a mo i s t u r e 

c o n t e n t o f about 80% the s a t u r a t i o n v a l u e . A f t e r t h i s p e r i o d , 

the r a t e began t o slow down and reached the maximum c e i l i n g 

l e v e l a f t e r 20-22 hours ( F i g s 3.1, 3.2). 

The browny-black c o l o n i e s , presumably o l d , had reached 80% 

s a t u r a t i o n i n about 2 h o u r s , but s t i l l the maximum water c o n t e n t 

was achieved a f t e r about 20-22 hours ( F i g s 3.1, 3.2). 

Comparisons between o l d and young c o l o n i e s i n d i c a t e t h a t 

t h e r e i s v a r i a t i o n i n the c a p a c i t y f o r m o i s t u r e uptake i n 

N. commune. 
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TIME 

(A) 

% WAT.CONTS. MEAN # S.D. 

(H) SI S2 S3 S4 S5 
0.016 28 21 28 25 23 25. 00 # 3 .08 
0.033 36 32 34 32 32 33. 20 # 1 .78 
0.083 46 51 40 42 43 44. 40 # 4 .27 
0.167 52 56 50 51 51 52. 00 # 2 .34 
0.250 60 60 52 53 57 56. 40 # 3 .78 
0.500 64 62 56 64 67 62. 60 » 4 .09 
0.750 66 64 58 67 73 65. 60 » 5 .41 
1.000 72 67 64 76 76 71. 00 « 5 .38 
2.000 78 80 80 84 84 81. 20 # 2 .68 
4.000 80 84 82 86 86 83. 60 # 2 .60 
6.000 82 88 84 88 86 85. 60 # 2 .60 
8.000 82 92 86 88 87 87. 00 # 3 .60 

14.000 88 99 90 92 90 91. 80 # 4 .26 
20.000 100 100 98 96 95 97. 80 # 2 .28 
22.000 100 100 100 100 100 00. 00 # 0 .00 
24.000 100 100 100 100 100 00. 00 # 0 .00 

(B) 
0.016 31 24 33 24 27 27. 80 # 4 .08 
0.033 39 35 38 37 35 36. 80 # 1 .78 
0.083 47 47 42 46 43 45. 00 # 2 .34 
0.167 53 53 51 52 49 51. 60 # 1 .67 
0.250 59 59 56 56 55 57. 00 # 1 .87 
0. 500 63 60 58 63 68 62. 40 # 3 .78 

• 0.750 69 63 60 69 75 67. 20 # 5 .84 
1.000 71 64 67 74 79 71. 00 # 5 .87 
2.000 80 76 79 83 88 81 . 20 # 4 .54 
4.000 82 81 85 86 90 84. 80 # 3 .56 
8.000 86 93 88 89 93 89. 80 # 3 .11 

12.000 90 97 92 90 96 93. 00 # 3 .31 
14.000 94 100 94 93 99 96. 00 3 .24 
20.000 98 100 98 96 100 98. 40 # 1 .67 
22.000 100 100 99 99 100 00. 00 # 0 .00 
24.000 100 100 100 100 100 00. 00 « 0 .00 

Table 3.1. Time course o f water uptake by d r y c o l o n i e s of 

S t a t i o n Quarry N. commune. (A) f i v e o l d c o l o n i e s w e t t e d ; (B) 

f i v e o l d c o l o n i e s w e t t e d , d r i e d and r e w e t t e d . 
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(A) 

TIME % WAT.CONTS. MEAN # S.D. 

(H) SI S2 S3 
0 .016 26 26 34 28. 66 « 4. 61 
0 .033 40 47 64 50. 33 #12. 34 
0 .083 60 75 82 72. 33 #11. 23 
0 .167 75 78 90 81 . 00 # 7. 93 
0 . 250 82 82 93 85. 66 # 6. 35 
0 .500 83 83 93 86. 33 # 5. 77 
1 .000 84 84 94 87. 33 # 5. 77 
2 . 000 85 85 95 88. 33 # 5. 77 
4 .000 87 89 96 90. 66 # 4. 72 
6 .000 91 93 97 93. 66 # 3. 05 

10 . 000 94 95 97 95. 33 # 1. 52 
14 .000 98 96 98 97. 33 # 1. 15 
18 .000 99 97 99 98. 66 # 0. 50 
20 .000 100 98 100 99. 66 # 0. 40 
22 .000 100 100 100 00. 00 # 0. 00 
24 .000 100 100 100 00. 00 # 0. 00 

(B) 
0 .016 28 25 30 27. 66 # 2. 51 
0 .033 41 39 55 45. 00 # 8 . 71 
0 .083 53 64 82 66. 33 #14. 64 
0 .167 73 79 91 81. 00 # 9. 16 
0 .250 82 84 93 86. 33 # 5. 85 
0 .500 84 85 94 87. 66 # 5. 50 
0 .750 85 88 95 89. 33 # 5. 13 
1 . 000 86 91 96 9 1 . 00 # 5. 00 
2 .000 93 91 97 93. 66 # 3. 05 
4 . 000 95 92 97 94. 66 # 2. 51 
6 . 000 97 94 98 96. 33 # 2. 08 

10 .000 98 97 99 97. 00 # 1. 00 
14 .000 99 98 99 98. 66 # 0. 50 
18 .000 99 100 99 99. 66 # 0 . 40 
20 . 000 100 100 100 00. 00 # 0. 00 
22 . 000 100 100 100 00. 00 # 0. 00 
24 . 000 100 100 100 00. 00 # 0. 00 

Table 3.2. Time course o f water uptake by d r y c o l o n i e s o f 

S t a t i o n Quarry N. commune. (A) t h r e e young c o l o n i e s w e t t e d ; (B) 

t h r e e young c o l o n i e s w e t t e d , d r i e d and r e w e t t e d . 
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TIME % WAT.CGNTS. MEAN # S.D. 

(H) SI S2 S3 
0 .016 29 44 45 39. 28 # 9. 27 
0 .033 43 56 52 50. 05 # 5. 51 
0 . 083 64 63 66 64. 26 # 1. 28 
0 . 167 71 81 72 75. 11 # 5. 54 
0 . 250 86 81 83 83. 32 2. 17 
0 . 500 86 81 83 83. 32 # 2. 17 
0 .750 86 85 90 86. 86 # 2. 44 
1 . 000 86 85 90 86. 86 # 2. 44 
2 . 000 93 89 93 91. 62 # 2. 37 
4 . 000 93 89 93 9 1 . 62 # 2. 37 
8 .000 93 93 97 94. 00 « 2. 21 

12 .000 93 93 97 94. 00 # 2. 21 
18 . 000 99 96 97 97. 61 # 2. 06 
20 . 000 99 96 99 98. 76 # 2. 13 
22 . 000 99 99 99 99. 99 # 0. 001 
24 . 000 99 99 99 99. 99 # 0. 001 

Table 3.3. Time course of water uptake by t h r e e d r y c o l o n i e s of 

Tarn Moor N. commune. 
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Both o l d and young c o l o n i e s which were r e d r i e d and rewetted 

gave s i m i l a r r a t e s o f water uptake as the f i r s t r e m o i s t e n i n g 

( F i g s 3.1, 3.2). 

3.12 Water uptake by Tarn Moor N. commune 

Since the algae c o l l e c t e d from Tarn Moor f o r t h i s 

experiment were a l l young c o l o n i e s ( s e c t i o n 2.11, Chapter 2 ) , 

the samples showed s i m i l a r r a t e s i n water uptake i n t h a t 80% 

s a t u r a t i o n was achieved w i t h i n 15 minutes a f t e r r e m o i s t e n i n g 

( F i g . 3 .4), and maximum l e v e l was a t t a i n e d a f t e r about 18-22 

hours ( F i g . 3.3). 

3.2 Comparison between r a t e s o f a c e t y l e n e r e d u c t i o n of 

submerged and non-submerged a l g a l samples 

T h i s experiment was c a r r i e d out i n i t i a l l y t o i n v e s t i g a t e 

the problems o f r e m o i s t e n i n g algae the procedure of which d r i e d 

algae were n o r m a l l y immersed i n the l i q u i d phase ( d i s t i l l e d 

water o r medium). Since N. commune from both s i t e s i s 

t e r r e s t r i a l , i t was suspected t h a t perhaps submerged c o n d i t i o n s 

may i n h i b i t t h e a c e t y l e n e r e d u c t i o n . 

Only algae from Tarn Moor were used i n t h i s i n v e s t i g a t i o n . 

Fresh algae were brought from the f i e l d , and c o l o n i e s of s i m i l a r 

s i z e s and f e a t u r e s were chosen f o r the i n v e s t i g a t i o n . Five 

samples of a p p r o x i m a t e l y 1.5 ml a sample were b o t t l e d w i t h 

3.5 ml medium which a l l o w e d the algae t o be submerged. Each o f 

anot h e r f i v e a l g a l samples was then placed i n b o t t l e s , the 

bottom and one s i d e o f which c a r p e t t e d w i t h f i l t e r paper wetted 
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w i t h medium. Th i s was a r t i f i c i a l l y made to imm i t a t e the a c t u a l 

s i t u a t i o n i n the f i e l d . 

A l l sample b o t t l e s were gassed and incubated f o r 1 hour a t 

20°C, 5000 I x . 

The r e s u l t s showed t h a t submerged samples gave lower 

e t h y l e n e on the gas chromatograph. S t a t i s t i c a l a n a l y s i s using 

Student ' t * t e s t o f d i f f e r e n c e s have r e v e a l e d the h i g h l y 

s i g n i f i c a n t d i f f e r e n c e i n the mean r a t e of a c e t y l e n e r e d u c t i o n 

between the two groups. The ' t ' v a l u e o b t a i n e d from the data 

was n u m e r i c a l l y g r e a t e r than the t a b u l a t e d v a l u e of ' t * f o r 
p <0,.002 (Table 3.4) . 

T h i s experiment was repeated and s i m i l a r r e s u l t s were 

o b t a i n e d (Table 3.5) w i t h the ' t ' v a l u e of d i f f e r e n c e g r e a t e r 

t h a n the t a b u l a t e d v a l u e f o r p <0.001. 

3.3 Comparisons between r a t e s of a c e t y l e n e r e d u c t i o n of 

submerged, 1/4-submerged and non-submerged a l g a l samples 

S i m i l a r procedures as i n experiment 3.2 were c a r r i e d out 

w i t h f r e s h algae from Tarn Moor. They were assayed f o r 

a c e t y l e n e r e d u c t i o n under d i f f e r e n t c o n d i t i o n s : submerged, 

1/4-submerged and non-submerged. A l l samples were incubated a t 

20°C, 5000 I x f o r 1 hour. The r e s u l t s have shown t h a t 

non-submerged and 1/4-submerged algae commenced ac e t y l e n e 

r e d u c t i o n a t a h i g h e r r a t e than t he f u l l y submerged a l g a e . The 

d i f f e r e n c e s between the means of e i t h e r between submerged and 

non-submerged or between submerged and 1/4-submerged were h i g h l y 

s i g n i f i c a n t a t p <0.001(Table 3 . 5 ) . 
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-4 X 10 N MOLE ETHYLENE/CHL A/MIN. 

(A) (B) 
SUB. NON-SUB. SUB. NON-SUB. 

28 .4376 236. 2670 85 . 2539 134. 9470 
43 . 7532 575. 5210 17 . 7520 129. 8550 
18 .7513 106. 6480 47 . 5608 282. 9390 
60 .4210 484. 0190 28 .4376 173. 9690 
45 .9409 826. 9360 45 .9409 317. 8980 
30 .9918 319. 3440 58 .0408 319. 0890 
42 .0031 165. 2460 39 .7344 144. 4430 
42 . 3418 552. 6320 30 .9918 236. 2670 

MEAN 39 .0803 395. 1309 44 .2140 217. 4259 
S.D. 12 .7359 264. 7955 20 .8178 81 . 7343 

T 3. 7988 5. 8086 
D.F. 14 14 
P < 0 .002 < 0 .001 

.4. (A) Comparison between r a t e s of ace t y l e n e 

i n submerged and non-submerged N.commune. The d i f f e r e n c e 

between means of the two groups i s h i g h l y s i g n i f i c a n t w i t h 

p <0.002. (B) Repeated (A) w i t h p <0.001. 
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X 10 N MOLE ETHYLENE/CHL A/MIN. 

MEAN 
S.D. 

(A) 
SUB. 

81.8149 
190.4045 
108.8048 
66.0288 

274.1869 

144.6480 
87.2851 

(B) 
NON-SUB. 
195.9318 
417.1447 
542.6017 
303.8415 
551.9205 

402.2881 
153.7637 

(C) 
1/4-SUB. 
271.6078 
350.0000 
556.1746 
476.9269 
261.0787 

383.1576 
129.3094 

Table 3.5. Comparison of r a t e s o f a c e t y l e n e r e d u c t i o n i n 

submerged (A) , non-submerged (B) , and 1/4-submerged (C) 

N.commune. Mean r a t e s o f (A) & (B) are s i g n i f i c a n t l y d i f f e r e n t 

w i t h p <0,001. Mean r a t e s o f (A) & (C) are s i g n i f i c a n t l y 

d i f f e r e n t w i t h p <0.001. Mean r a t e s o f (B) & (C) are not 

s i g n i f i a n t l y d i f f e r e n t (p >0.1). 

-4 
X 10 N MOLE ETHYLENE/CHL A/MIN, 

MEAN 
S.D. 
T 
D.F. 
P 

NON-SUB. 
253.1570 
326.7750 
324.9130 
357.6100 
400.9940 

1/4-SUB. 
272.0560 
369.1348 
480.9030 
297.0800 
282.2290 

332.6898 
54.1004 

1.3593 
8 

> 0.1 

340.2832 
87.3196 

Table 3.6. Comparison between r a t e s o f ac e t y l e n e r e d u c t i o n i n 

1/4-submerged and non-submerged N.commune. The d i f f e r e n c e 

between means of the two groups i s not s i g n i f i c a n t (p >0.1). 
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The mean va l u e s o f the r a t e s o f a c e t y l e n e r e d u c t i o n between 

1/4-submerged and non-submerged a l g a l samples were not d i f f e r e n t 

s i g n i f i c a n t l y (p > 0 . 1 ) ( T a b l e 3 .5). 

The experiment was repeated again to compare o n l y between 

1/4-submerged and non-submerged samples. Re s u l t s showed the 

d i f f e r e n c e between the r a t e s of a c e t y l e n e r e d u c t i o n of both 

sample groups a t p >0.1 (Table 3.6) which was s i m i l a r t o the 

r e s u l t o b t a i n e d from the f i r s t e x periment. 

3.4 Time course of a c e t y l e n e r e d u c t i o n by S t a t i o n Quarry Nostoc 

commune 

T h i s experiment was c a r r i e d o u t as to observe some gene r a l 

background on time course o f a c e t y l e n e r e d u c t i o n by N. commune. 

Algae were d r i e d i n shade a t room temperature o f 20°C. 

D r i e d N. commune were assayed f o r a c e t y l e n e r e d u c t i o n 

i m m e d i a t e l y a f t e r t h e y had been remoistened. The experiment was 

c o n t i n u e d up t o 96 hou r s . 

A sample s i z e o f t h r e e c o l o n i e s was taken t o ensure a 

d e t e c t a b l e r a t e o f a c e t y l e n e r e d u c t i o n . Comparison o f a c e t y l e n e 

r e d u c t i o n between samples re w e t t e d w i t h d i s t i l l e d water and 

medium were made. Samples were incubated a t 20°C» 3000 I x . 

Dark c o n t r o l s were a l s o d e t e r m i n e d . 

From the knowledge gained i n the m o i s t u r e uptake 

e x p e r i m e n t s , t he f o l l o w i n g procedure was c a r r i e d o u t . Colonies 

were r e w e t t e d w i t h 3.0 ml l i q u i d phase (medium or d i s t i l l e d 

w a t e r ) , which covered the algae c o m p l e t e l y . A f t e r an hour when 

the percentage m o i s t u r e c o n t e n t o f the algae reached >80% the 

l i q u i d phase would cover o n l y 1/4 of the moisted a l g a e . 
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I t was found t h a t by t h i s procedure, maximum e t h y l e n e produced 

c o u l d be evacuated whereas submerged c o l o n i e s were prooved to 

g i v e a h i g h l y s i g n i f i c a n t d i f f e r e n t from non-submerged c o l o n i e s 

i n terms of e t h y l e n e o b t a i n e d ( s e c t i o n s 3.2, 3.3). 

I t was shown t h a t a c e t y l e n e r e d u c t i o n commenced between 

24-48 hours a f t e r r e w e t t i n g and increased markedly u n t i l 96 

hours when the experiment was t e r m i n a t e d ( F i g . 3.5). Colonies 

r e w e t t e d w i t h medium showed an e a r l i e r a c e t y l e n e r e d u c t i o n and 

•increased w i t h a h i g h e r r a t e than c o l o n i e s r e w e t t e d w i t h 

d i s t i l l e d w a t e r . 
Reduction i n the dark was v e r y low and u n d e t e c t a b l e . 

The use of medium seemed t o minimize the t i m e l a g before 

r e c o v e r y : the r e s u l t s were however not c o n v i n c i n g because of the 

l a r g e v a r i a t i o n w i t h i n one p o p u l a t i o n . Small experiments were 

c a r r i e d out as a t t e m p t i n g to d e t e c t the e t h y l e n e w i t h i n the 

f i r s t 24 hours a f t e r r e w e t t i n g . No d e t e c t a b l e r e d u c t i o n was 

found u n t i l between 24-48 hours a f t e r being r e w e t t e d . I t was 

a l s o found t h a t i n c u b a t i o n p e r i o d o f up to 6 hours gave the same 

r e s u l t s . 

3.5 Time course of a c e t y l e n e r e d u c t i o n by S t a t i o n Quarry 

N. commune d r i e d i n d i f f e r e n t h u m i d i t y regimes 

R e s u l t s from experiment 3.4 Suggested t h a t the slow 

r e c o v e r o f a l g a l a c t i v i t i e s a f t e r r e w e t t i n g c o u l d be caused by 

th e c o n d i t i o n s when th e y were d r i e d . T h e r e f o r e , i n t h i s 

e x periment algae were d r i e d a t 20°C w i t h 3000 I x of l i g h t 

i n t e n s i t y i n d i f f e r e n t h u m i d i t y chambers g i v e n r e l a t i v e 
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h u m i d i t i e s o f 75%, 50% and 10%. 

Three r e p l i c a t e s of a sample of two t o t h r e e c o l o n i e s were 

taken as r e p r e s e n t a t i v e s of each h u m i d i t y . They were assayed 

f o r a c e t y l e n e r e d u c t i o n a c t i v i t y i mmediately a f t e r t hey had been 

r e w e t t e d and were f o l l o w e d a t time i n t e r v a l s up t o 4 days. 

I n c u b a t i o n p e r i o d was 1-2 hours a t 20°C under l i g h t 

i n t e n s i t y o f 3000 I x c o n s t a n t . 

The r e s u l t s show the d i f f e r e n c e i n r a t e o f a c e t y l e n e 

r e d u c t i o n both w i t h i n the same and between d i f f e r e n t h u m i d i t y 

regimes. S i m i l a r i t y w i t h i n the same h u m i d i t y might be 

re c o g n i s e d by means of rec o v e r y t i m e l a g . As shown i n t i g . 3.6, 

i t l o o k s as i f algae d r i e d a t a h i g h e r h u m i d i t y have t h e i r 

r e c o v e r sooner than those d r i e d a t lower h u m i d i t i e s . Acetylene 

r e d u c t i o n o f algae d r i e d a t 75% r e l a t i v e h u m i d i t y commenced a t 

about 24 hours a f t e r r e w e t t i n g or a l i t t l e e a r l i e r than 24 

h o u r s , a t 24 hours or l a t e r than 24 hours f o r those d r i e d a t 50% 

r e l a t i v e h u m i d i t y , and a t 36 hours or l a t e r f o r algae d r i e d a t 

10% r e l a t i v e h u m i d i t y . 

The l a r g e v a r i a t i o n s which occured w i t h i n the r a t e s of 

a c e t y l e n e r e d u c t i o n d i d not a l l o w meaningful comparisons t o be 

made q u a n t i t a t i v e l y . However, an attempt was made t o compare 

the mean r a t e s o f a c e t y l e n e r e d u c t i o n a t 72 hours a f t e r 

r e w e t t i n g as i t was the time a t which a l l the r a t e s had reached 

maximum e q u i l i b r i u m . A mean r a t e f o r L751 samples a t t h i s stage 

was 0.0309 + 0.0241 nMole Ĉ Ĥ  /ag c h l a min^ and was 

a p p r o x i m a t e l y 1.5 times the mean r a t e f o r L501 and two times 

t h a t f o r L101 samples. 
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Fig.3.8 Time 
N. commune. 

course of a c e t y l e n e r e d u c t i o n by Tarn Moor 
(A) L i g h t - d r i e d . © l i g h t - r e w e t t e d : A 
(B) D a r k - d r i e d . Only l i g h t - r e w e t t e d samples are d a r k - r e w e t t e d . [u) u a r K - u n e u . ^lu-j - L ^ V ^ . . . . I ' ^ ^ w Hpt-^rtable 

shown h e r e , because no d a r k - r e w e t t e d samples gave any d e t e c t a b l e 
r a t e s . 
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(H) 

(A) 

LIGHT-DRIED (X 10^N MOLE ETHYLENE/CHL A/MIN.) 

LIGHT-WETTED DARK-WETTED 
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SI S2 S3 S4 SI S2 S3 S4 
00. 00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
04. 00 2.83 6.22 0. 00 24.12 6.95 29. 29 16.34 2.09 
08. 00 4.95 10.18 6.45 58.11 10.59 46.32 35.99 7.46 
12. 00 27.57 44.11 42.98 110.73 39.50 5.97 5.37 0.00 
18. 00 31.81 104.61 174.05 312.45 12.64 0.00 0.00 0.00 
24. 00 102.50 285.56 302.98 772.91 3.16 0.00 0.00 0.00 

TIME 

(H) 

00. 00 
04.00 
08.00 
12.00 
18.00 
24.00 

(B) 
-4 

DARK-DRIED (X 10 N MOLE ETHYLENE/CHL A/MIN.) 
LIGHT--WETTED DARK--WETTED 

SI S2 S3 S4 SI S2 S3 S4 
0.00 0.00 0.00 0. 00 0.00 0.00 0.00 0.00 
0.00 0. 00 0.00 0.00 0.00 0.00 0. 00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1.41 7.01 17.52 1.68 0.00 0.00 0.00 0.00 
9.90 35.04 82.92 109.12 0. 00 0.00 0. 00 0.00 

29.69 189.19 185.68 176.27 0.00 0.00 0.00 0.00 

Table 3.8 Time course o f a c e t y l e n e r e d u c t i o n by Tarn Moor 

N. commune. (A) L i g h t - d r i e d c o l o n i e s r e w e t t e d i n l i g h t and 

da r k . (B) D a r k - d r i e d c o l o n i e s r e w e t e t t e d i n l i g h t and d a r k . 
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3.6 Time course o f a c e t y l e n e r e d u c t i o n when l i g h t - d r i e d and 

d a r k - d r i e d Tarn Moor N. commune are re w e t t e d 

D a r k - d r i e d and l i g h t - d r i e d c o l o n i e s were assayed i n both 

l i g h t (5000 I x ) and dark a t 20°C a t time i n t e r v a l s 

( F i g . 3.8) up t o 24 hours a f t e r r e w e t t i n g . Four samples of 

two t o t h r e e c o l o n i e s per sample were r e p r e s e n t a t i v e s of each 

c o n d i t i o n . ^ 

R e s u l t s showed c l e a r d i s t i n c t between sample d r i e d i n l i g h t 

and d a r k n e s s . For l i g h t - d r i e d samples, a c e t y l e n e r e d u c t i o n 

commenced at the f o r t h hour and p r o g r e s s i v e l y increased when 

r e w e t t e d under i l l u m u n a t i o n , but d e c l i n e d a f t e r sometime i n 

those r e w e t t e d i n darkness ( F i g . 3.8). 

D a r k - d r i e d samples r e w e t t e d i n l i g h t commenced acet y l e n e 

r e d u c t i o n a t the t w e l t h hour a f t e r r e w e t t i n g and co n t i n u e d 

showing a p r o g r e s s i v e i n c r e a s e u n t i l the experiment was 

t e r m i n a t e d . D a r k - d r i e d samples in c u b a t e d i n darkness showed 

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

ex p e r i m e n t . 

A l t h o u g h a wide range o f r a t e s o f a c e t y l e n e r e d u c t i o n was 

encountered i n t h i s e x p e r i m e n t , q u a n t i t a t i v e comparisons were 

made between the r a t e s f o r l i g h t - d r i e d and d a r k - d r i e d samples: 

the former was 0.0366 + 0.0285 nMole C^tichl a'''min^and was 

2.5 ti m e s t h e l a t t e r (0.0145 + 0.0072) a t 24 hours a f t e r 

r e w e t t i n g . 
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3.7 Time course o f a c e t y l e n e r e d u c t i o n by Tarn Moor N. commune 

r e w e t t e d i n d i f f e r e n t h u m i d i t y regimes and l i g h t c o n d i t i o n 

Algae were d r i e d i n d i f f e r e n t h u m i d i t y chambers 

( s e c t i o n 2.4) g i v i n g a r e l a t i v e h u m i d i t y o f 75%, 50% and 10% 

under i l l u m i n a t i o n of 3000 I x a t 20°C f o r two weeks. Some 

were d r i e d a t 20°C i n darkness under r e l a t i v e h u m i d i t y 

regimes of 75% and 10%. 

D r i e d algae were r e w e t t e d under both i l l u m i n a t i o n of 5000 

I x and darkness a t 20°C. Four samples of two c o l o n i e s per 

sample were r e p r e s e n t a t i v e s o f each c o n d i t i o n . Combinations of 

c o n d i t i o n s are demonstrated i n F i g . 2.1. A l l samples were 

assayed f o r a c e t y l e n e r e d u c t i o n from time 0 a t time i n t e r v a l s up 

to 84 h o u r s . 

Samples d r i e d i n darkness commenced a c e t y l e n e r e d u c t i o n 

between 12-18 hours a f t e r r e w e t t i n g under i l l u m i n a t i o n f o r those 

which were kept i n 75% r e l a t i v e h u m i d i t y ( D 7 5 1 ) ( F i g . 3.10) and 

a t o r l a t e r than 48 hours f o r those which were kept i n 10% 

r e l a t i v e h u m i d i t y ( D 1 0 l ) ( F i g . 3.10). No a c e t y l e n e r e d u c t i o n 

commenced f o r d a r k - d r i e d samples r e w e t t e d i n darkness under both 

75% and 10% h u m i d i t y regimes (D75d & D10d) ( F i g . 3.10) even a t 

84 hours a f t e r r e w e t t i n g when the experiment was t e r m i n a t e d . 

L i g h t - d r i e d algae from a l l h u m i d i t y regimes commenced 

a c e t y l e n e r e d u c t i o n w i t h i n 5 hours or s h o r t l y a f t e r 6 hours of 

be i n g r e w e t t e d under i l l u m i n a t i o n (L751, L501 and L101) 

( F i g . 3 . 9 ) . L i g h t - d r i e d algae r e w e t t e d i n darkness under 75% 

r e l a t i v e h u m i d i t y (L75d) and under 50% r e l a t i v e h u m i d i t y (L50d) 

commenced a c e t y l e n e r e d u c t i o n a t or s h o r t l y a f t e r 6 hours and 
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the r a t e of r e d u c t i o n i n c r e a s e d p r o g r e s s i v e l y u n t i l between 

18-24 hours a f t e r r e w e t t i n g , then d e c l i n e d ( F i g . 3.9). 

L i g h t - d r i e d algae r e w e t t e d i n darkness under 10% r e l a t i v e 

h u m i d i t y (L10d) commenced a c e t y l e n e r e d u c t i o n a t i r r e g u l a r time 

from 6 up t o 60 hours a f t e r r e w e t t i n g ( F i g . 3.9). 

The data suggest t h a t samples used i n t h i s experiment 

resemble 'type A.2' h y p o t h e s i s which means t h a t h u m i d i t y l e v e l 

a t which samples are d r y i n g ^ e f f e c t s n i t r o g e n f i x a t i o n when being 

r e w e t t e d . The h i g h e r the h u m i d i t y i n which algae are d r i e d , the 

sooner the algae w i l l r e s t a r t f i x i n g n i t r o g e n a f t e r r e w e t t i n g . 

For algae d r i e d i n low h u m i d i t y regime, i f not because o f the 

e f f e c t o f h u m i d i t y , d e t e c t a b l e r a t e of a c e t y l e n e r e d u c t i o n 

s h o u l d have commenced e a r l i e r than i t had been, or more or l e s s 

the same time as those d r i e d i n h i g h e r h u m i d i t y regimes. 

D e s p i t e the f a c t t h a t l a r g e v a r i a t i o n w i t h i n the r a t e s of 

a c e t y l e n e r e d u c t i o n d i d not a l l o w p a r a m e t r i c s t a t i s t i c s to be 

(made s u i t a b l y f o r q u a n t i t a t i v e approaches, a mean r a t e a t a 

g i v e n time was e s t i m a t e d f o r each group of samples and was used 

t o compare w i t h means from o t h e r groups. The mean r a t e f o r L751 
-1 - 1 

samples was 0.0805 + 0.0626 nMole Ĉ  H^jug c h l a min a t 72 hours 

a f t e r r e w e t t i n g , and was a p p r o x i m a t e l y two times the mean r a t e 

f o r L501 samples and f i v e times t h a t f o r L101 samples. D751 

samples showed a mean r a t e of 0.0324 + 0.0091 nMole Ĉ  Ĥ  

/jg c h l a"'"min''"at 72 hours a f t e r r e w e t t i n g w h i l e the mean r a t e f o r 
-1 -1 

D101 samples was 0.0063 + 0.0081 nMole C^H^/aq c h l a min a t the 

same s t a g e . 

* see s e c t i o n 4.3 page 68 
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Fig.3.9 Time course o f a c e t y l e n e r e d u c t i o n by Tarn Moor 
N. commune. (A) L i g h t - d r i e d under 75% R.H. © 4 r e p l i c a t e s o f 
l i g h t - r e w e t t e d : - I - 4 r e p l i c a t e s o f dar k - r e w e t t e d . (B) 
L i g h t - d r i e d under 50% R.H. 0 4 r e p l i c a t e s o f l i g h t - r e w e t t e d : 
4- 4 r e p l i c a t e s o f d a r k - r e w e t t e d . (C) L i g h t - d r i e d under 10% 

R.H. 0 4 r e p l i c a t e s o f l i g h t - r e w e t t e d : -\~ 4 r e p l i c a t e s o f 
d a r k - r e w e t t e d . 



62 

5 

0.18 

0.16 

0.14 -

0.12 -

0.10 -

0.08 -

0.06 -

0.04 -

0.02 -

0.00 

(A) 

12 

o • 1 8 
8 
o 

• 9 

24 3« 48 
TIME (H) 

60 

o 
e 

e 

72 84 

0.18 \-

0.16 ^ 

S 0.14 P 

0.10 ^ 

0.08 ^ 

0.06 ^ 

0.04 ^ 

0.02 ^ 

36 48 
TIME(H) 

60 72 84 

Fig.3.10 Time course o f a c e t y l e n e r e d u c t i o n by Tarn Moor 
N. commune. (A) D a r k - d r i e d under 75% R.H. Only l i g h t - r e w e t t e d 
r e p l i c a t e s are shown here because no d a r k - r e w e t t e d samples gave 
any d e t e c t a b l e r a t e s . (B) D a r k - d r i e d under 10% R.H. Only 
l i g h t - r e w e t t e d r e p l i c a t e s are shown here. No d a r k - r e w e t t e d 
samples gave any d e t e c t a b l e r a t e s . 
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3.8 Time course of a c e t y l e n e r e d u c t i o n by Tarn Moor N. commune 

r e w e t t e d under i l l u m i n a t i o n i n d i f f e r e n t h u m i d i t y regimes 

T h i s experiment was c a r r i e d out t o repeat experiment 3.7 

d a ta from which^suggested t h a t the h u m i d i t y c o n d i t i o n s under 

which algae are d r i e d has an e f f e c t on n i t r o g e n f i x a t i o n d u r i n g 

subsequent r e w e t t i n g . I t was decided to c o n t i n u e the experiment 

up t o s i x hours i n order t o i n v e s t i g a t e the i n i t i a l d e t e c t a b l e 

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

i e . L751, L501 and L101 ( F i g . 2.1). 

Four samples of two c o l o n i e s per sample were 

r e p r e s e n t a t i v e s o f each c o n d i t i o n . The samples were r e w e t t e d a t 

20°C and 5000 I x . 

R e s u l t has been shown t h a t L751 and L501 algae commenced 

a c e t y l e n e r e d u c t i o n a t 4 hours and 5-6 hours s e q u e n t i a l l y a f t e r 

r e w e t t i n g ( F i g . 3.11). L101 samples showed no d e t e c t a b l e r a t e s 

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

experiment was u l t i m a t e l y extended to 7 hours. 

However, a sample from each group of L751 and L501 d i d not 

commence a c e t y l e n e r e d u c t i o n t h r o u g h o u t the i n c u b a t i o n p e r i o d . 

The reason f o r t h i s i s s t i l l not e v i d e n t . 
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; , f t e r l i g h t - r e w e t t i n g Tarn nu _ _ 

seven hours a f t e r . . (a) 75% K.H.: 
l l g h t - d r i e a under d i f f e r e n t h u m i d i t y regimes. (a) 

(b) 50% R.H. 
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Fig.3.11 Time course o f a c e t y l e n e r e d u c t i o n by Tarn Moor 
N. commune w i t h i n t he f i r s t 7 hours a f t e r r e w e t t i n g . ( A ) 
L i g h t - d r i e d under 75% R.H. and 1 i g h t - r e w e t t e d : (B) l i g h t - d r i e d 
under 50% R.H. L i g h t - r e w e t t e d . No d t e c t a b l e r a t e s were 
o b t a i n e d from samples l i g h t - d r i e d under 10% R.H. Rewetted 
l i g h t . 
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CHAPTER 4 

DISCUSSION 

4.1 D i f f e r e n c e i n r a t e s of water uptake by o l d and young 

c o l o n i e s of Nostoc commune 

Young c o l o n i e s of N. commune i n i t i a l l y took up water more 

r a p i d l y than o l d c o l o n i e s ( f i g s 3.1, 3.2). Such d i s c r i m i n a t i o n 

^ i s l i k e l y t o be dependent on c o l o n y t e x t u r e i n t h a t Told colony 

comprise;^ of more n o n - l i v i n g e x t r a c e l l u l a r substance which 

appears t o be dark brown i n c o l o u r . The s i t u a t i o n corresponds 

t o what was found by Showman & Rudolph (1971) between the r a t e 

o f m o i s t u r e uptake of l i v i n g l i c h e n ( U m b i l i c a r i a papulosa) and 

dead l i c h e n . Any d r y m a t e r i a l i s h y d r o p h i l i c to some e x t e n t , 

and p h y s i c a l n a t u r e of the m a t e r i a l seems t o determine the r a t e 

o f water uptake r a t h e r than does the m e t a b o l i c processes of the 

l i v i n g c o n d i t i o n (Showman & Rudolph, 1971). The presence of the 

n o n - l i v i n g e x t r a c e l l u l a r substance c o u l d s i m p l y a c t as a b a r r i e r 

o b s t r u c t i n g water from d i s p e r s i n g t o the l i v i n g a l g a e . This can 

be observed when immersing c o l o n i e s i n t o the water, t h i c k 

dark-brown c o l o n i e s would remain i n s o l u b l e f o r sometime and 

g r a d u a l l y absorb water a f t e r w a r d s . Pressing the immersed o l d 

c o l o n y w i t h f o r c e p s seems to p r o v i d e some c a p i l l a r y spaces 
'7 

a l l o w i n g water t o d i s p e r s e t o the s i n k q u i c k e r . 

However, t h e r e are some common problems i n v o l v e d i n the 

measurement of water uptake by d r y algae as o u t l i n e d below: 

1) Dry c o l o n i e s which are more compact may show a markedly 

slower r a t e o f water uptake due to t h e i r l e s s s u r f a c e area f o r 
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a b s o r b s i o n . 

2) The removal o f excess water b e f o r e weighing the algae 

was always a snag. B l o t t i n g up the excess water w i t h f i n e 

t i s s u e paper, though handled c a r e f u l l y , c o u l d e a s i l y e x t r a c t 

water from the c o l o n y . 

3) At the b e g i n n i n g of the r e m o i s t e n i n g process when time 

i n t e r v a l s of removing the c o l o n y to weigh were small (seconds or 

m i n u t e s ) , t h e r e was a d e t e n t i o n of about 15-20 seconds i n 

b l o t t i n g up the excess water. This c o u l d cause an 

o v e r e s t i m a t i o n i n percentage of water uptake. 

4.2 E f f e c t of submerged c o n d i t i o n on a c e t y l e n e r e d u c t i o n 

The amount of e t h y l e n e d e t e c t e d from sample b o t t l e s 

c o n t a i n i n g submerged c o l o n i e s were c e r t a i n l y l e s s than from the 

ones w i t h non-submerged c o l o n i e s (Table 3.4 & 3.5). I t i s more 

l i k e l y t o be because of l e s s a c t u a l a c e t y l e n e reduced by the 

algae as a consequence o f submerged e f f ^ ^ t s . The presence of 

s u r r o u n d i n g water c o u l d i n t e r f e r e ^ the d i f f u s i o n of a c e t y l e n e 

i n t o t he r e a c t i o n s i t e s . The e f f e c t s of . f l o o d e d c o n d i t i o n on 

the gas exchange between the gas phase and a l g a e , which 

r e s t r i c t i n g oxygen s u p p l y , dark r e s p i r a t i o n , t r a n s p i r a t i o n and 

p h o t o s y n t h e s i s as d e s c r i b e d by Hardy e t a l . (1973) and 

Bergersen ( 1 9 7 7 ) , are r a t h e r r e l a t e d t o long term i n c u b a t i o n 

which was not the n a t u r e o f t h i s e xperiment. 

I n o r d e r t o overcome the problem of u n d e r e s t i m a t i o n of the 

r a t e o f n i t r o g e n f i x a t i o n on r e m o i s t e n i n g , 3.0 ml of medium was 

used t o rewet d r i e d algae i n a sample. I t was found t h a t the 
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l i q u i d phase would be reduced t o cover o n l y a quater of the 

algae w i t h i n 1 hour a f t e r r e w e t t i n g . Experiments on the water 

uptake by d r y algae i n d i c a t e d t h a t w i t h i n 15 minutes a f t e r 

r e w e t t i n g a l g a had taken the l i q u i d up to 80% of i t s s a t u r a t i o n . 

Such c o n d i t i o n was assumed t o p r o v i d e adequate l i q u i d f o r 

algae t o take up u n t i l s a t u r a t i o n was a c h i e v e d , and a t the same 

time h a v i n g ^ l i q u i d phase small enough to avoid problems o f gasi 

d i f f u s i o n and o t h e r p o s s i b l e submerged e f f e c t s . 

Samples c o n t a i n i n g 1/4-submerged algae was l i t t l e d i f f e r e n t ' 

from those o f non-submerged i n r a t e s o f a c e t y l e n e r e d u c t i o n . 

The mean r a t e found f o r samples assayed under 1/4-submerged i s 

s i m i l a r t o the mean r a t e f o r non-submerged samples. S t a t i s t i c a l 

t e s t s of d i f f e r e n c e s between two means gave computed values of 

' t ' l e s s than the t a b u l a t e d value f o r p=0.1 (Table 3.6). The 

d i f f e r e n c e between the sample means i s t h e r e f o r e 

n o n - s i g n i f i c a n t . With l a r g e r numbers of r e p l i c a t e s , a c l e a r e r 

n o n - s i g n i f i c a n t d i f f e r e n c e of the means co u l d be o b t a i n e d . ^ 

4.3 I n f l u e n c e o f s t o r a g e c o n d i t i o n s on the subsequent r a t e of 

n i t r o g e n f i x a t i o n by Nostoc commune 

I n o r d e r t o d i s t i n g u i s h the e f f e c t s of l i g h t and h u m i d i t y , 

i t i s p o s s i b l e t o suggest hypotheses to e x p l a i n a c e t y l e n e 

r e d u c t i o n a f t e r algae are r e w e t t e d as shown i n F i g . 4 . 1 . 

Type A d e s c r i b e s the s i t u a t i o n where samples re w e t t e d i n 

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

samples r e w e t t e d i n darkness show i n i t i a l i n crease i n a c e t y l e n e 

r e d u c t i o n f o l l o w e d by a d e c l i n e . 
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A.1 I f 'type A' samples commence a c e t y l e n e r e d u c t i o n soon 

a f t e r r e w e t t i n g , t h i s may be because when they are d r i e d algae 

have s t o r a g e p r o d u c t s t o be used immediately a f t e r being 

r e w e t t e d and the amount of s t o r a g e i s enough t o l a s t u n t i l the 

al g a e i s a b l e t o m a i n t a i n the r a t e o f n i t r o g e n f i x a t i o n by t h e i r 

a n a b o l i c p r o c e s s . I n t h i s case, h u m i d i t y may or may not have 

i n f l u e n c e on d e t e r m i n i n g the r e c o v e r y o f a l g a l a c t i v i t i e s when 

being r e w e t t e d . 

A.2 I f 'type A' samples commence a c e t y l e n e r e d u c t i o n l a t e 

a f t e r r e w e t t i n g . w i t h a marked^^;^'^ t i m e l a g , i t c o u l d be t h a t 

h u m i d i t y l e v e l ^ when algae are being d r i e d ^ a l s o ha\Ae i n f l u e n c e on 

d e t e r m i n i n g n i t r o g e n f i x a t i o n when they are r e w e t t e d . 

Type B d e s c r i b e s the s i t u a t i o n where samples r e w e t t e d i n 

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

samples r e w e t t e d i n darkness show no d e t e c t a b l e a c e t y l e n e 

r e d u c t i o n . I f t h i s s i t u a t i o n o c c u r s , no c o n c l u s i o n can be 

convinced whether atmospheric h u m i d i t y i n which algae are d r i e d 

has e f f e c t on d e t e r m i n i n g the r e c o v e r y of a l g a l a c t i v i t i e s when 

r e w e t t i n g . 

'Type A' n o r m a l l y occurs when samples are d r i e d i n the 

l i g h t . 'Type B' o f t e n occurs when rewet the d a r k - d r i e d samples. 

For algae d r i e d i n the d a r k , c a t a b o l i c process exceeds 

a s s i m i l a t i o n and most s t o r a g e i s e x p l o i t e d . Thus, d a r k - d r i e d 

a l g a e a r e l i k e l y t o have l i t t l e s t o r a g e or none. 
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F i q . 4 . 1 H y p o t h e t i c a l time course o f a c e t y l e n e r e d u c t i o n by 
rew^t^ed I . commune. (A) 'type A' occurs when t h e r e are s t o r e d 
p r o d u c t s p7es¥f7id-Tn d r y c o l o n y . (B) 'type B' occurs when 
t h e r e are no s t o r e d p r o d u c t s preserved i n d r y c o l o n y . 
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4.31 Importance of l i g h t , when d r y i n g Nostoc commune, on 

d e t e r m i n i n g the r e c o v e r y of n i t r o g e n f i x a t i o n a f t e r r e w e t t i n g 

As shown i n s e c t i o n 3.4, dark c o n t r o l d i d not g i v e 

d e t e c t a b l e v a l u e s o f a c e t y l e n e r e d u c t i o n . T h e r e f o r e , the 

s i t u a t i o n i n s e c t i o n 3.5 i s l i k e l y t o f a l l i n 'type B' 

h y p o t h e s i s i n t h a t the t i m e l a g s may or may not be due t o the 

h u m i d i t y e f f e c t s . However, t h i s was not c o n v i n c ^ d ^ i n c e i t 

seemed t h a t c o n d i t i o n of algae from S t a t i o n Quarry might be 

poor. Tests were made on a c e t y l e n e r e d u c t i o n of f r e s h algae 

from the s i t e and i t was found t h a t a c e t y l e n e r e d u c t i o n 

commenced between 24-48 hours a f t e r i n c u b a t i o n . T h e r e f o r e , t h i s 

c o u l d be the reason f o r the v a r i a t i o n s occurr^ed'^ 

As the consequence of experiment 3.5, i t was thought t h a t 

e xperiments u s i n g algae from o t h e r s i t e s would r e v e a l f u r t h e r 

i n f o r m a t i o n c o n c e r n i n g the s i t u a t i o n d e s c r i b e d above. Tarn Moor 

N. commune were then used as i t was shown by Myers (1974) and 

W h i t t o n e t a l . (1979) to have a s u f f i c i e n t r a t e of n i t r o g e n 

f i x a t i o n by r e s t a r t ^ r e d u c i n g a c e t y l e n e between 4-6 hours a f t e r 

r e m o i s t e n i n g . 

L i g h t i s i m p o r t a n t both when d r y i n g and r e w e t t i n g c o l o n i e s 

o f Nostoc commune. A l l l i g h t - d r i e d Nostoc c o l o n i e s commenced 

a c e t y l e n e r e d u c t i o n sooner than the d a r k - d r i e d ones a f t e r 

r e w e t t i n g ( F i g s 3.8, 3.9, 3.10, 3.11). I t i s c e r t a i n t h a t the 

e a r l i e r commence of a c e t y l e n e r e d u c t i o n i n l i g h t - d r i e d c o l o n i e s 

i s due t o the a v a i l i b i l i t y o f s t o r e d products from 

p h o t o s y n t h e s i s preserved i n d r y a l g a e . This i s e v i d e n t i n 

l i g h t - d r i e d samples r e w e t t e d i n darkness i n t h a t the r a t e of 
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a c e t y l e n e r e d u c t i o n i n i t i a l l y i n c r e a s e d and d e c l i n e d a f t e r 

sometime ( F i g . 3 . 8 ) presumably when a l l preserved products had 

been e x p l o i t e d . I t was co n f i r m e d i n d a r k - d r i e d samples r e w e t t e d 

i n darkness which never gave r i s e t o any d e t e c t a b l e r a t e s of 

a c e t y l e n e r e d u c t i o n ( F i g . 3 . 8 ) . 

General o b s e r v a t i o n s made from experiments suggest t h a t the 

amount o f preserved m a t e r i a l i s l i k e l y t o c o r r e l a t e d i r e c t l y 

w i t h t h e l e v e l of p h o t o s y n t h e t i c products b e f o r e d r y i n g . The 

s t a t u s o f t h i s preserved m a t e r i a l i n dr^^ algae i s a l s o p r o b a b l y 
L 

dependent on the c o n d i t i o n of d r y i n g , " c o n s i d e r a b l e amount of 

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

when d r y i n g i n darkness. 

The mean r a t e o f a c e t y l e n e r e d u c t i o n f o r l i g h t - d r i e d Tarri 

Moor Nostoc a t 24 li o u r s a f t e r r e w e t t i n g was e s t i m a t e d t o be 2.5 

times t he mean r a t e f o r those of d a r k - d r i e d . S i m i l a r s i t u a t i o n 

o c c u r r e d when mean r a t e s were compared between l i g h t - d r i e d and 

d a r k - d r i e d c o l o n i e s under d i f f e r e n t h u m i d i t y regimes. The mean 

r a t e f o r L751 samples was 2.5 times h i g h e r than t h a t f o r D751 

samles, and e q u i v a l e n t l y the mean, r a t e f o r L101 samples was 2.5 

times t h a t f o r D101 samples. Regardless of the l e v e l of 

h u m i d i t y under which algae were d r i e d , these e s t i m a t i o n s 

i n d i c a t e t h a t algae d r i e d under i l l u m i n a t i o n , on r e w e t t i n g had a 

h i g h e r r a t e o f n i t r o g e n f i x a t i o n than those d r i e d i n darkness. 

4.32 E f f e c t s o f atmospheric h u m i d i t y d u r i n g the p e r i o d f o r 

d r y i n g Nostoc on subsequent n i t r o g e n f i x a t i o n a f t e r r e w e t t i n g 
The o b s e r v a t i o n t h a t some d r y c o l o n i e s o f N. commune, on 
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r e w e t t i n g , gave e a r l i e r d e t e c t a b l e r a t e s of a c e t y l e n e r e d u c t i o n 

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

i n which they were d r i e d : the h i g h e r the h u m i d i t y , the sooner 

t h e d e t e c t a b l e r a t e s o f a c e t y l e n e r e d u c t i o n w i l l be obtained 

a f t e r r e w e t t i n g ( F i g s 3.6, 3.9, 3.10, 3.11). The c o n d i t i o n of 

l i g h t under which c o l o n i e s are d r i e d seem t o e f f e c t t he l a g by 

means of' t h e a v a i l i b i l i t y o f s t o r a g e ^ p r e s e r v e d i n d r y algae (see 

s e c t i o n 4.31). As i t was hypothesised i n s e c t i o n 4.3/ i f i t 

had been o n l y l i g h t t h a t e f f e c t s t he l a g s i n a c e t y l e n e 

r e d u c t i o n , and/or i f h u m i d i t y l e v e l had no i n f l u e n c e on the 

l a g s , a l l samples should have commenced the r e d u c t i o n w i t h the 

same or s i m i l a r t i m e l a g s . The comparison between samples d r i e d 

i n darkness under d i f f e r e n t h u m i d i t y regimes ( F i g . 3.10), i s 

a l s o e v i d e n t f o r the e x p l a n a t i o n above i n t h a t samples d r i e d i n 

10% r e l a t i v e h u m i d i t y should have shown the same l a g s as the 

ones d r i e d i n 75% r e l a t i v e h u m i d i t y , i f t h e r e had been no 

h u m i d i t y e f f e c t s . 

Althoxigh the v a r i a b i l i t y o f the m a t e r i a l prevented accurate 

d e t e r m i n a t i o n s t o be made, i t i s p o s s i b l e to observe the e f f e c t 

o f h u m i d i t y on a c e t y l e n e r e d u c t i o n q u a n t i t a t i v e l y . R e s u l t s from 

the experiments do not a l l o w p a r a m e t r i c s t a t i s t i c s t o be made 

s u i t a b l e i n the analyses due to the l a r g e v a r i a t i o n i n r a t e s o f 

a c e t y l e n e r e d u c t i o n . However, q u a n t i t a t i v e d i s c r i m i n a t i o n 

between r a t e s of a c e t y l e n e r e d u c t i o n i n samples from d i f f e r e n t 

r e l a t i v e h u m i d i t i e s c o u l d be concluded r o u g h l y i n terms o f 

ranges. Co l o n i e s d r i e d i n h i g h e r l e v e l s of r e l a t i v e h u m i d i t i e s , 

on r e w e t t i n g , seemed t o g i v e h i g h e r r a t e s than d i d samples d r i e d 

-7 
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i n lower h u m i d i t i e s ( F i g s 3.7, 3.9, 3.10, 3.11). The e s t i m a t i o n 

made as an a t t e m p t t o demonstrate the d i f f e r e n c e s i n r a t e s of 

a c e t y l e n e r e d u c t i o n i n Tarn Moor Nostoc a t 72 hours a f t e r 

r e w e t t i n g showed t h a t the mean r a t e f o r L751 samples was f i v e 

t i m e s h i g h e r than t h a t f o r L101 samples, so the mean r a t e f o r 

D751 was f i v e t i m es t h a t f o r D101 samples. This i n d i c a t e s t h a t 

whether the algae are l i g h t - d r i e d or d a r k - d r i e d , the r e l a t i o n of 

the r a t e f o r samples d r i e d under 75% R.H. t o samples d r i e d 

under 10% R.H. i s f i v e times g r e a t e r . 

I t i s e v i d e n t t h a t many speci e s o f Nostoc can succeed i n 

r e c o v e r i n g a f t e r long d r y p e r i o d s , the c a p a c i t y t o w i t h s t a n d 

d e s i c c a t i o n and m a i n t a i n t h e i r v i t a l i t y i s l i k e l y t o v a r y i n 

sp e c i e s and environments. N. commune from both Tarn Moor and 

S t a t i o n Quarry are s u b j e c t t o wet c l i m a t e , unusual low 

atmospheric h u m i d i t y may have a c o n s i d e r a b l e a f f e c t on a l g a l 

a c t i v i t i e s p a r t i c u l a r l y when^l^remained i n such h u m i d i t y regime 

f o r a long p e r i o d . T h i s suggests a f u r t h e r study on the e f f e c t s 

of d i f f e r e n t p e r i o d s of d r y i n g and s t o r a g e which would probably 

r e v e a l a more c e r t a i n c o n c l u s i o n on such h u m i d i t y e f f e c t s . 

4.4 V a r i a b i l i t y o f m a t e r i a l 
D e s p i t e the e f f o r t s made on s e l e c t i n g s i m i l a r s i z e and 

shape o f c o l o n y t o use i n experiments i n order t o minimise 

v a r i a t i o n , l a r g e v a r i a t i o n i n the r a t e o f a c e t y l e n e r e d u c t i o n 

o c c u r r e d i n most experiments p a r t i c u l a r l y i n q u a n t i t a t i v e terms. 

Such v a r i a t i o n may be e x p l a i n e d as f o l l o w i n g : 

1) I n d i v i d u a l c o l o n i e s , though o f s i m i l a r s i z e s and shapes 
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are d i f f e r e n t i n t h e i r t e x t u r e s . The same s i z e of c o l o n i e s may 

w e l l have d i f f e r e n t p r o p o r t i o n s between the n o n - l i v i n g 

e x t r a c e l l u l a r substance and the a c t u a l l i v i n g a l g a e . Colonies 

which have more n o n - l i v i n g substance showed slower r a t e s of 

water uptake ( s e c t i o n 4.1 and Figs 3.1, 3.2). Such d e t e n t i o n 

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

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

2) Because the n o n - l i v i n g e x t r a c e l l u l a r m a t e r i a l i s brown, 

i t c o u l d reduce i l l u m i n a t i o n t o the a l g a e . D i f f e r e n t l i g h t 

i n t e n s i t i e s would a l l o w d i f f e r e n t r a t e s of n i t r o g e n f i x a t i o n , as 

shown by Miyamoto e t al^ ( 1 9 7 9 ) . I n a d d i t i o n , such s u b s t a n t i a l 

e x t r a c e l l u l a r m a t e r i a l may a l s o a l t e r the s p e c t r a l c o m p o s i t i o n 

which mi g h t i n t e r f e r e the e f f e c t i v e n e s s o f l i g h t . 

3) I t i s p o s s i b l e t h a t the amount o f c h l o r o p h y l l a v a r i e s 

between communities. Shaded communities from the f i e l d may have 

more c h l o r o p h y l l a than the ones exposed to more i l l u m i n a t i o n . 

Such d i f f e r e n c e s c o u l d u n p r e d i c t a b l y a f f e c t the e s t i m a t i o n of 

n i t r o g e n f i x a t i o n . 



76 

SUMMARY 

1) A st u d y was made on n i t r o g e n f i x a t i o n by Nostoc commune 

take n from two s i t e s i n N o r t h e r n England, Tarn Moor, Cumbria, 

and S t a t i o n Quarry, North Yorks. The r a t e a t which c o l o n i e s 

f i x e d n i r t r o g e n was measured using the a c e t y l e n e r e d u c t i o n assay 

t e c h n i q u e . 

2) A s t a n d a r d method was devised f o r measuring water uptake 

by c o l o n i e s . Marked v a r i a t i o n i n r a t e s of water uptake o c c u r r e d 

i n d r i e d c o l o n i e s o f S t a t i o n Quarry, w i t h younger c o l o n i e s 

t a k i n g up water f a s t e r . Selected c o l o n i e s from Tarn Moor were 

more o f t h e same age, and were found t o take up water a t a 

s i m i l a r r a t e t o young c o l o n i e s o f S t a t i o n Quarry Nostoc. 

3) L i g h t appeared t o be one of the i m p o r t a n t f a c t o r s 

i n f l u e n c i n g the r a t e of n i t r o g e n f i x a t i o n . L i g h t - d r i e d c o l o n i e s 

commenced a c e t y l e n e r e d u c t i o n sooner than d a r k - d r i e d . The mean 

r a t e f o r l i g h t - d r i e d c o l o n i e s from Tarn Moor measured 24 hours 

a f t e r r e w e t t i n g was 0.0366 + 0.0286 nMole C^H^pq c h l a'̂ min;''' 

t h i s was a p p r o x i m a t e l y 2.5 times those o f d a r k - d r i e d c o l o n i e s 

from the same s i t e ( s e c t i o n 3.6). The r a t e s o f a c e t y l e n e 

r e d u c t i o n i n both l i g h t - w e t t e d and dark-wetted c o l o n i e s 

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

l i g h t - w e t t e d c o l o n i e s , b u t the r a t e s f o r dark-wetted c o l o n i e s 

decreased d u r i n g 8-12 hours a f t e r r e w e t t i n g ( t i g . 3 . 8 ) . 

4) Independent o f the e f f e c t o f l i g h t , c o l o n i e s d r i e d t o 

e q u i l i b r i u m w i t h a h i g h e r l e v e l o f h u m i d i t y commenced a c e t y l e n e 

r e d u c t i o n sooner a f t e r r e w e t t i n g . C o l o n i e s from S t a t i o n Quarry 
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showed d e t e c t a b l e r a t e s a f t e r a l a g of about one day, w i t h 

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

The mean r a t e f o r L751 c o l o n i e s was 0.0309 + 0.0241 nMole C„H, 
1 1 ~ Aig c h l a min and was a p p r o x i m a t e l y 1.5 times the mean r a t e f o r 

L501 c o l o n i e s and 2.5 times t h a t f o r L101 c o l o n i e s a t 72 hours 

when a i l the r a t e s had reached maximum e q u i l i b r i u m ( s e c t i o n 

3 . 5 ) . S i m i l a r r e s u l t s were o b t a i n e d from Tarn Moor Nostoc, but 

w i t h s h o r t e r l a g s i n comparison t o S t a t i o n Quarry Nostoc 

( s e c t i o n 3.7). L751 c o l o n i e s showed d e t e c t a b l e r a t e s w i t h i n 3-4 

hours a f t e r r e w e t t i n g , w i t h i n 5-6 hours f o r L501 c o l o n i e s , and 

a f t e r 7 hours f o r L101 c o l o n i e s . The mean r a t e o f e t h y l e n e 

p r o d u c t i o n f o r L751 c o l o n i e s was 0.0805 + 0.0626 nMole C H. 
- 1 - 1 - 2 1 

^ g c h l a min and was two times the mean r a t e f o r L501 c o l o n i e s 

and f i v e times t h a t f o r L101 c o l o n i e s a t 72 hours a f t e r 

r e w e t t i n g . 

5) A m e t h o d o l o g i c a l i n v e s t i g a t i o n was made on the e f f e c t o f 

submerged c o n d i t i o n on a c e t y l e n e r e d u c t i o n , s i n c e tne study 

i n v o l v e d immersing d r i e d algae i n t o a l i q u i d phase. I t was 

shown t h a t a c e t y l e n e r e d u c t i o n by a l g a l samples incubated under 

submerged c o n d i t i o n was s i g n i f i c a n t l y d i f f e r e n t (p <0.001) from 

t h a t o f samples i n c u b a t e d under non-submerged c o n d i t i o n ( s e c t i o n 

3 . 2 ) . 

6) To a v o i d such e f f e c t s o f submergence, a method was 

de v i s e d which depended on knowledge gained from the m o i s t u r e 

uptake s t u d i e s . I t was found t h a t a f t e r 1 hour o f r e w e t t i n g , 

having 1/4 of the algae submerged seemed to p r o v i d e an adequate 

amount o f l i q u i d phase f o r f u r t h e r uptake, and t o minimise the 
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submerged e f f e c t s a t the same t i m e . The d i f f e r e n c e between the 

mean r a t e s o f a c e t y l e n e r e d u c t i o n f o r non-submerged and 

1/4-submerged algae were not found to be s i g n i f i c a n t 

(p > 0 . 1 ) ( s e c t i o n 3 . 3 ) . 
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APPENDIX 

F o l l o w i n g t a b l e s a r e data from the experiment on time 

c o u r s e of a c e t y l e n e r e d u c t i o n by Tarn Moor N. commune d r i e d and 

r e w e t t e d under d i f f e r e n t h u m i d i t i e s and i l l u m i n a t i o n s . 
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TIME 

(A) 

N MOLE ETHYLENE/CHL.A/MINUTE 

(H) S I S2 S3 S4 
00 .0000 0 . 0000 0 . 0000 0 .0000 0 .0000 
06 .0000 0 .0373 0 .0103 0 .0146 0 .0401 
12 .0000 0 .0492 0 .0201 0 .0167 0 .0656 
18 .0000 0 .1219 0 .0223 0 .0139 0 .1727 
24 .0000 0 .0875 0 .0250 0 .0169 0 .1905 
36 . 0000 0 . 1161 0 . 0245 0 . 0172 0 .1064 
48 .0000 0 . 1314 0 . 0236 0 .0159 0 .1166 
60 .0000 0 .1735 0 .0223 0 .0139 0 .1090 
72 .0000 0 .1524 0 .0357 0 .0210 0 .1128 
84 .0000 0 .1429 0 .0303 0 .0245 0 .1166 

(B) 

TIME N MOLE ETHYLENE/CHL.A/MINUTE 

(H) S I S2 S3 S4 
00 .0000 0 . 0000 0 .0000 0 . 0000 0 .0000 
06 .0000 0 .0000 0 .0038 0 .0082 0 .0061 
12 .0000 0 . 0109 0 .0032 0 .0129 0 .0080 
18 .0000 0 .0051 0 . 0016 0 .0067 0 .0068 
24 .0000 0 .0063 0 . 0028 0 . 0021 0 . 0097 
36 .0000 0 .0014 0 .0000 0 .0015 0 .0039 
48 . 0000 0 . 0012 0 . 0000 0 . 0000 0 .0036 
60 . 0000 0 .0021 0 . 0014 0 .0014 0 .0009 
72 .0000 0 .0020 0 . 0019 0 .0017 0 .0011 
84 . 0000 0 .0037 0 .0016 0 .0028 0 . 0007 

T a b l e A l . Time c o u r s e of a c e t y l e n e r e d u c t i o n by Tarn Moor 

N. commune l i g h t - d r i e d under 75% R.H. (A) L i g h t - w e t t e d : 

(B) D a r k - w e t t e d . 
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(A) 

TIME N MOLE ETHYLENE/CHL.A/MINUTE 

(H) S I S2 S3 S4 
00 . 0000 0. 0000 0. 0000 0. 0000 0.0000 
06 .0000 0. 0020 0. 0015 0. 0032 0.0035 
12 . 0000 0. 0106 0. 0061 0. 0055 0.0097 
18 . 0000 0. 0119 0. 0054 0. 0053 0.0124 
24 . 0000 0. 0193 0. 0089 0. 0099 0.0171 
36 . 0000 0. 0160 0. 0094 0. 0134 0.0116 
48 . 0000 0. 0376 0. 0167 0. 0183 0.0099 
60 .0000 0. 0428 0. 0114 0. 0102 0.0149 
72 . 0000 0. 0680 0. 0656 0. 0218 0.0226 
84 . 0000 0. 0918 0. 0272 0. 0176 0.0193 

(B) 

TIME N MOLE ETHYLENE/CHL.A/MINUTE 

(H) S I S2 S3 S4 
00 .0000 0 . 0000 0. 0000 0. 0000 0. 0000 
06 .0000 0 .0000 0. 0014 0. 0000 0. 0000 
12 . 0000 0 . 0000 0. 0030 0. 0000 0. 0015 
18 . 0000 0 .0000 0. 0016 0. 0019 0. 0012 
24 . 0000 0 . 0000 0. 0014 0. 0000 0. 0000 
36 .0000 0 . 0000 0. 0009 0. 0017 0. 0000 
48 . 0000 0 .0000 0. 0011 0. 0000 0. 0009 
60 .0000 0 .0000 0. 0000 0. 0000 0. 0000 
72 . 0000 0 .0000 0. 0016 0. 0025 0. 0000 
84 . 0000 0 .0000 0. 0000 0. 0037 0. 0000 

T a b l e A2. Time c o u r s e of a c e t y l e n e r e d u c t i o n by Tarn Moor 

N. commune l i g h t - d r i e d under 50% R.H. (A) L i g h t - w e t t e d : 

(B) D a r k - w e t t e d . 
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TIME 

(A) 

N MOLE ETHYLENE/CHL.A/MINUTE 

(H) S I S2 S3 S4 
00 . 0000 0 .0000 0 . 0000 0 .0000 0 . 0000 
06 . 0000 0 .0012 0 . 0020 0 . 0008 0 . 0000 
12 .0000 0 . 0010 0 . 0033 0 .0015 0 .0000 
18 .0000 0 .0017 0 .0082 0 .0028 0 . 0000 
24 .0000 0 .0015 0 . 0044 0 .0026 0 .0000 
36 . 0000 0 . 0024 0 . 0128 0 . 0042 0 .0020 
48 . 0000 0 .0033 0 .0072 0 . 0047 0 .0012 
60 . 0000 0 .0159 0 . 0241 0 .0144 0 .0048 
72 .0000 0 .014 3 0 .0284 0 .0158 0 .0036 
84 . 0000 0 .0525 0 .0519 0 .0404 0 .0029 

(B) 

TIME N MOLE ETHYLENE/CHL.A/MINUTE 

(H) S I S2 S3 S4 
00 .0000 0 . 0000 0 . 0000 0 .0000 0 . 0000 
06 .0000 0 .0000 0 . 0000 0 . 0000 0 .0008 
12 .0000 0 . 0000 0 . 0000 0 .0000 0 .0010 
18 . 0000 0 . 0000 0 .0000 0 .0000 0 . 0000 
24 .0000 0 . 0000 0 .0000 0 .0000 0 . 0000 
36 . 0000 0 . 0000 0 .0000 0 .0000 0 . 0000 
48 .0000 0 . 0000 0 . 0000 0 . 0000 0 .0000 
60 . 0000 0 . 0012 0 . 0000 0 .0011 0 .0007 
72 .0000 0 . 0016 0 . 0000 0 . 0000 0 .0000 
84 . 0000 0 . 0040 0 .0000 0 .0000 0 .0007 

T a b l e A3. Time c o u r s e of a c e t y l e n e r e d u c t i o n by Tarn Moor 

N. commune l i g h t - d r i e d under 10% R.H. (A) L i g h t - w e t t e d : 

(B) D a r k - w e t t e d . 
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TIME 

(A) 

N MOLE ETHYLENE/CHL.A/MINUTE 

(H) S I S2 S3 S4 
00 .0000 0. 0000 0 . 0000 0. 0000 0. 0000 
06 . 0000 0. 0000 0 .0000 0. 0000 0. 0000 
12 .0000 0. 0000 0 .0000 0. 0011 0. 0000 
18 . 0000 0. 0037 0 . 0019 0. 0111 0. 0000 
24 . 0000 0. 0134 0 .0073 0. 0170 0. 0016 
36 .0000 0. 0395 0 .0271 0. 0277 0. 0088 
48 . 0000 0. 0328 0 .0287 0. 0236 0. 0171 
60 . 0000 0. 0522 0 . 0462 0. 0275 0. 0246 
72 . 0000 0. 0428 0 . 0354 0. 0300 0. 0212 
84 . 0000 0. 0729 0 .0366 0. 0383 0. 0269 

(B) . 

TIME N MOLE ETHYLENE/CHL.A/MINUTE 

(H) S I S2 S3 S4 
00 . 0000 0. 0000 0 . 0000 0. 0000 0. 0000 
06 . 0000 0. 0000 0 . 0000 0. 0000 0. 0000 
12 .0000 0. 0000 0 . 0000 0. 0000 0. 0000 
18 . 0000 0. 0000 0 . 0000 0. 0000 0. 0000 
24 . 0000 0. 0000 0 . 0000 0. 0000 0. 0000 
36 . 0000 0. 0000 0 .0000 0. 0000 0. 0000 
48 . 0000 0. 0000 0 .0000 0. 0000 0. 0000 
60 . 0000 0. 0000 0 .0000 0. 0000 0. 0000 
72 . 0000 0. 0000 0 . 0000 0. 0000 0. 0000 
84 . 0000 0. 0000 0 . 0000 0. 0007 0. 0000 

T a b l e A4. time c o u r s e of a c e t y l e n e r e d u c t i o n by Tarn Moor 

N. commune d a r k - d r i e d under 75% R.H. (A) L i g h t - w e t t e d : 

(B) D a r k - w e t t e d . 
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TIME N MOLE ETHYLENE/CHL.A/MINUTE 

(H) S I S2 S3 S4 
00 . 0000 0. 0000 0 . 0000 0. 0000 0. 0000 
06 . 0000 0. 0000 0 . 0000 0. 0000 0. 0000 
12 . 0000 0. 0000 0 .0000 0. 0000 0. 0000 
18 . 0000 0. 0000 0 .0000 0. 0000 0. 0000 
24 .0000 0. 0000 0 .0000. 0. 0000 0. 0000 
36 . 0000 0. 0000 0 . 0000 0. 0000 0. 0000 
48 . 0000 0. 0024 0 . 0012 0. 0000 0. 0000 
60 . 0000 0. 0096 0 .0017 0. 0000 0. 0000 
72 . 0000 0. 0184 0 .0025 0. 0016 0. 0026 
84 . 0000 0. 0229 0 . 0064 0. 0022 0. 0040 

TIME N MOLE ETHYLKNE/CHL.A/MINUTE 

(H) S I S2 S3 S4 
00 . 0000 0. 0000 0 . 0000 0. 0000 0. 0000 
6 . 0000 0. 0000 0 . 0000 0. 0000 0. 0000 

12 . 0000 0. 0000 0 . 0000 0. 0000 0. 0000 
18 . 0000 0. 0000 0 .0000 0. 0000 0. 0000 
24 . 0000 0. 0000 0 . 0000 0. 0000 0. 0000 
36 .0000 0. 0000 0 . 0000 0. 0000 0. 0000 
48 .0000 0. 0000 0 . 0000 0. 0000 0. 0000 
60 . 0000- 0. 0000 0 . 0000 0. 0000 0. 0000 
72 .0000 0. 0000 0 . 0000 0. 0000 0. 0000 
84 .0000 0. 0000 0 . 0000 0. 0000 0. 0000 

T a b l e A5. Time c o u r s e of a c e t y l e n e r e d u c t i o n by Tarn Moor 

N. commune d a r k - d r i e d under 10% R.H. (A) L i g h t - w e t t e d : 

(B) D a r k - w e t t e d . 
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