
Durham E-Theses

"proline production in relation to stress in Sesleria
oaerulea L..”

Stuart Darke

How to cite:

Darke, Stuart (1976) "proline production in relation to stress in Sesleria oaerulea L..”. Masters thesis,
Durham University.

Use policy

The full-text may be used and/or reproduced, and given to third parties in any format or medium, without prior permission or
charge, for personal research or study, educational, or not-for-profit purposes provided that:

• a full bibliographic reference is made to the original source

• a https://etheses.durham.ac.uk/id/eprint/9207/ is made to the metadata record in Durham E-Theses

• the full-text is not changed in any way

The full-text must not be sold in any format or medium without the formal permission of the copyright holders.

Please consult the full Durham E-Theses policy for further details.

Academic Support Office, The Palatine Centre, Durham University, Stockton Road, Durham, DH1 3LE
e-mail: e-theses.admin@durham.ac.uk Tel: +44 0191 334 6107

https://etheses.durham.ac.uk

https://www.durham.ac.uk
https://etheses.durham.ac.uk/id/eprint/9207/
https://libguides.durham.ac.uk/open_research/etheses#s-lib-ctab-15326874-5
https://etheses.durham.ac.uk


"Proline Production i n Relation to 

S t r e s s i n S e s l e r i a caerulea L.." 

The copyright of this thesis rests with the author. 

No quotation from it should be published without 

his prior written consent and information derived 

from it should be acknowledged. 

M.Sco D i s s e r t a t i o n 

Stuart Darke 

September 1976. 



D I S T R I B U T I O N OF SESLERIA 

CAERULEA I N B R I T A I N -h N. I R E L A N D . 



ACKNOWLEDGEMENT,'. 

I w i s h t o acknowledge Dr. A. P e a r s o n 

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

of t h i s s t u d y . 

2 
• • • « 



T i t l e Page l?~-?e 1 

Acknowledgenen t s " 2 

D i s t r i b u t i o n of feesleria i n the 

B r i t i s h I s l e s ( P i g . I ) " 3 

L i n t o f Contents " 4 

A t t r a c t •' v 

I n t r o c! u c t i on " 6 

£ite D e s c r i p t i o n s 

Uetiiods nncl Hater i r i s 

R e s u l t s 

D i s c u s s i o n 

Summary 

Appendices 

Appendix I 46 

Appendix IT - 43 

Appendix I I I - 50 

Appendix IV - 74 

Appendix V - 78 

Appendix V I - 83 

Appendix V I I - 84 

Appendix V I I I - 86 

Appendix IX - 88 

Re f er enc e s Da /-re 92 

1 12 

' 17 

i y2 

1 43 

. . . 4 • 



ABSTRACT 

Leaves o f p l a n t s grown under optimum c o n d i t i o n s 

c o n t a i n a v e r y low p r o p o r t i o n o f p r o l i n e amongst t h e i r 

f r e e amino a c i d s . However, a f t e r h a v i n g w a t e r w i t h h e l d 

f o r a p e r i o d of 24 hours o r more, the p r o l i n e c o n t e n t 

o f t h e leaves becomes many times t h a t observed as b e i n g 

normal. 

Large s c a l e accumulation, o f p r o l i n e a l s o takes 

p l a c e i n response t o low t e m p e r a t u r e t r e a t m e n t , i n c r e a s e d 

c a l c i u m i o n c o n c e n t r a t i o n s and developmental s t r e s s . 

I n t e r - p o p u l a t i o n v a r i a t i o n w i t h regard t o 

s t r e s s induced p r o l i n e -production has been observed as 

w e l l as i n t r o - p o p u l a t i o n v a r i a t i o n . 



Chapter i 

I N T R O D U C T I O N 

S t r e s s and s t r e s s r e s i s t a n c e i n p l a n t s i s 

concerned w i t h t h e i r r e s i l i a n c e t o t h e p o s s i b l e i n j u r i o u s 

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

organism i n v o l v e d may e x h i b i t p h y s i c a l s t r a i n o r chemical 

s t r a i n i n c o r p o r a t i n g a s h i f t i n metabolism. I t i s t h e 

l a t t e r p o s s i b i l i t y t h a t has p r o v i d e d the impetus f o r t h i s 

and p r e v i o u s s t u d i e s on p r o l i n e p r o d u c t i o n . 

Numerous a u t h o r i t i e s ( 1 , 8, 9» 10, 12, 17, 18, 

2 1 , 22, 23, 25, 34, and 47) have noted t h a t when s u b j e c t e d 

to s t r e s s , p l a n t s cease t o s y n t h e s i s e p r o t e i n s and i n s t e a d 

accumulate h i g h l e v e l s of f r e e amino a c i d s . Such a r e a c t i o n 

appears to t a k e p l a c e i n response t o low tem p e r a t u r e ( 1 7, 

23), h i g h l i g h t i n t e n s i t y and h i g h t e m p e r a t u r e ( 1 3 ) , 

s a l i n i t y changes ( 3 2 ) , d r o u g h t ( 1 , 45) and f l o o d i n g ( 4 7 ) . 

Of these amino a c i d s p r o l i n e i s of ma j o r 

s i g n i f i c a n c e i n q u a n t i t a t i v e terms. B a r n e t t (1966) 

observed a 10 t o a 100 f o l d i n c r e a s e i n f r e e p r o l i n e i n 

the shoots o f Cynodon d a c t y l o n under w a t e r s t r e s s , com­

pared w i t h o n l y a 2 to 6 f o l d a c c u m u l a t i o n o f f r e e 

a s p a r a g i n e . S i m i l a r r e s u l t s h a v i n g been o b t a i n e d by a 

number o f o t h e r r e s e a r c h w o r k e r s . 

The s i g n i f i c a n c e o f such i n c r e a s e s i n p r o l i n e 

remains unanswered. W i l d i n g e t a l (1960) o b t a i n e d a 

c o r r e l a t i o n between amino a c i d c o n t e n t and h a r d i n e s s i n 

red c l o v e r , and p r o l i n e i n p a r t i c u l a r has been shown t o 

accumulate w i t h i n c r e a s i n g h a r d i n e s s and v i c e v e r s a . 



Le S a i n t (1966) a c t u a l l y induced h a r d e n i n g i n cabbage p l a n t s 

by p r o v i d i n g them w i t h an exogenous s o l u t i o n o f 5 g / l - ^ " p r o l i n e . 

High p r o l i n e l e v e l s appear t o be c o r r e l a t e d w i t h 

a number o f forms o f t o l e r a n c e . L i g h t r e s i s t a n t sun l e a v e s 

o f t h e copper beech have, a c c o r d i n g t o Haas (1 9 6 9 ) , h i g h e r 

p r o l i n e l e v e l s t h a n l i g h t s e n s i t i v e ones, and i n Carex 

p a c h y s t y l i s p r o l i n e and drought t o l e r a n c e show concomitance. 

Durzan (1969) d i s c o v e r e d a d i u r n a l p e r i o d i c i t y 

i n t h e p r o l i n e l e v e l s of w h i t e spruce and concluded t h a t 

because o f the wide range of f l u c t u a t i o n t h a t a caiasal 

r e l a t i o n s h i p between t h e mere presence o f p r o l i n e and 

t o l e r a n c e must a t l e a s t be q u e s t i o n e d . T h i s view suggests 

t h a t p r o l i n e may s i m p l y be a l e s s t o x i c amino a c i d and t h a t 

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

n o x i o u s s t o r e of NH,. 

I n e i t h e r event t h e r e are two w i d e l y accepted 

g e n e r a l i z a t i o n s t h a t can be made w i t h r e g a r d t o the p r o d u c t i o n 

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

F i r s t l y t h a t p r o l i n e accumulates as a r e s u l t of 

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

c o r r e l a t i o n e x i s t s between p r o l i n e p r o d u c t i o n and t o l e r a n c e . 

The p r e s e n t study i s t h u s concerned w i t h the 

u t i l i z a t i o n o f p r o l i n e p r o d u c t i o n as an i n d i c a t i o n o f t h e 

g e n e t i c p l a s t i c i t y of s t r e s s r e s i s t a n c e i n S e s l e r i a c a e r u l e a 

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

Turesson (1930) i n v e s t i g a t i n g t h e r e l a t i o n s h i p 

between b i o t y p e s apid c l i m a t i c c o n d i t i o n s c o n s i d e r e d t h a t 

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

a t any p a r t i c u l a r s i t e , such t h a t any p a r t i c u l a r species o f 



p l a n t may c o n s i s t o f v a r i e t y o f ecotypes w i t h g e n e t i c 

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

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

grow i n g . 

M o r p h o l o g i c a l v a r i a t i o n o f ecotypes i s now w e l l 

documented (40, 4 1 , 4 2 ) , indeed West (1975) d i s c o v e r e d 

c o n s i d e r a b l e v a r i a t i o n s i n the morphology o f S e s l e r i a 

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

work has t o date been conducted w i t h r e g a r d t o t h e g e n e t i c 

p l a s t i c i t y o f ecotypes as e x e m p l i f i e d i n the v a r i a b i l i t y 

o f the m e t a b o l i c pathways i n r e l a t i o n t o b i o l o g i c a l s t r e s s 

phenomena. 

The phenomena under c o n s i d e r a t i o n by t h e p r e s e n t 

a u t h o r are c h i l l i n g and w a t e r s t r e s s . Waldren and Teare 

(1974) observed t h a t soybean p l a n t s accumulated p r o l i n e 

some 60 f o l d when t h e l e a f w a t e r p o t e n t i a l (^ L) reached -14 

Barsand Sorghum showed 200 f o l d i n c r e a s e s i n p r o l i n e a t a 

of -24 Bars. B a r n e t t and N a y l o r (1966) found t h a t i n 

Bermuda gr a s s a t -30 Bars f r e e p r o l i n e l e v e l s i n c r e a s e d up 

t o 125 times t h a t i n the controls. These f i n d i n g s have been 

c o n f i r m e d by namerous a u t h o r i t i e s . 

I n a l l cases the e x t e n t o f p r o l i n e p r o d u c t i o n was 

d i r e c t l y r e l a t e d t o the ̂ /_ as summarised by Chu e t a l (1974) 

who, w o r k i n g on r a d i s h p l a n t s , found a c o r r e l a t e d i n c r e a s e 

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

c h i l l i n g are a t l e a s t i n p a r t the same as drought s t r e s s i n 

t h a t the w a t e r p o t e n t i a l i s a l t e r e d . C h i l l i n g a t 5° C. 

i n b a r l e y l e a d s t o the p r o d u c t i o n o f p r o l i n e a f t e r 24 hours 

w h i c h c o n t i n u e s f o r a t l e a s t a f u r t h e r 4 days a t a r a t e o f 

74 g/g d r y w t . / h r . " 1 Indeed L e v i t t (1956) suggests t h a t a 



4 

plant's r e s i s t a n c e t o c o l d , heat and w a t e r s t r e s s are i n t e r ­

r e l a t e d . I n a d d i t i o n , however, f u r t h e r i n d i r e c t s t r e s s 

t h r o u g h c h i l l i n g n i g h t be brought about by i n c r e a s e d 

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

c o n c e i v a b l y proceed faster t h a n t he p r o d u c t i o n o f c a r b o h y d r a t e s 

by photo sy n t h e s i s. 

W h i l s t t he l a t t e r remains unproven the r e l a t i o n s h i p 

between sugar c o n t e n t and p r o l i n e p r o d u c t i o n i s w e l l e s t a b l i s h e d , 

i t s r o l e p r o b a b l y b e i n g t h e f u r n i s h i n g o f a k e t o g l u t a r a t e and 

N.A.D.P.H. which are r e q u i r e d f o r p r o l i n e r.ynthesis. The 

process r e q u i r e s o x i d a t i o n and h i g h l i g h t s the importance o f 

a e r o b i c c o n d i t i o n s i n p r o l i n e p r o d u c t i o n as i n d i c a t e d by 

Thompson e t a l . (1966). 

W i t h t h i s i n mind the s y n t h e s i s o f p r o l i n e i n 

S e s l e r i a c a e r u l e a i n response t o e n v i r o n m e n t a l s t r e s s was 

i n v e s t i g a t e d f o r f o u r p o p u l a t i o n s a t Cassop V a l e , Durham. 

o 



CHAPTER I I 

SITE DESCRIPTIONS 

The f o u r study s i t e s a t Cassop V a l e , S i t e s A, 

B C and D are l o c a t e d as i n d i c a t e d i n P i g . I I , page 11(a). 

SITE A - l o c a t e d towards t h e base of a l i m e s t o n e 

c l i f f w i t h a s o i l depth of 23cm and a pH of 8, as measured 

by an "E.I.L." model 23A g l a s s e l e c t r o d e d i r e c t r e a d i n g pH 

meter. 

S o i l w a t e r c o n t e n t v a r i e d between 10.7$ when 

f i r s t recorded and 0.71$ a f t e r f i e l d d r o u g h t s t r e s s 

c o n d i t i o n s . 

Calcium c o n t e n t was between 5 and 12$ by w e i g h t . 

The S e s l e r i a p l a n t s bore mature l e a v e s which 

averaged 0.041 g D.W. and produced s p i k e s of 19.15 cm i n 

l e n g t h . 

SITE B y l o c a t e d i n a g u l l y overshadowed by 

s m a l l t r e e s , w i t h a s o i l depth o f 12 cm. and a pH of 7.9. 

S o i l w a t e r c o n t e n t v a r i e d between 21.87$ when 

f i r s t recorded and 8,25$ a f t e r f i e l d d r o u g h t s t r e s s 

conditio r i s . 

Calcium c o n t e n t was between 5 and 12$ by w e i g h t . 

The S e s l e r i a p l a n t s bore mature leaves w h i c h 

averaged 0.054 g D.W. and produced s p i k e s o f 27.99 cm i n 

l e n g t h . 

SITE C - l o c a t e d a t t h e t o p of a l i m e s t o n e c l i f f 

w i t h a s o i l depth of 4 cm and a pH of 8.2. 

S o i l w a t e r c o n t e n t v a r i e d between 19.56$ when 

f i r s t r ecorded and 5.96$ a f t e r f i e l d d r o u g h t s t r e s s c o n d i t i o n s . 

o • • • -L 0 • 



Calcium c o n t e n t was between 5 and 12% by w e i g h t . 

The S e s l e r i a p l a n t s bore mature l e a v e s w h i c h 

averaged 0.011 g D.W. and produced s p i k e s o f 19*75 cm. i n 

l e n g t h . 

SITE D - l o c a t e d a t a r o a d s i d e verge overshadowed 

by a dense cover of shrubs and t r e e s , w i t h a s o i l d e p t h of 

17 cm. and a pH o f 7.9. 

S o i l w a t e r c o n t e n t v a r i e d between 24.84!$ when 

f i r s t recorded and 16.89$ a f t e r f i e l d d r o ught s t r e s s 

c o n d i t i o n s . 

Calcium c o n t e n t was between 5 and 8/6 by w e i g h t . 

The S e s l e r i a p l a n t s bore mature leaves w h i c h 
1 " * 

averaged 0.0>57 g D.W. and produced s p i k e s of 18.85 cm. i n 

l e n g t h . 

1 1 . 
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Chapter I I I 

M E T H O D S A JST D M A T E R I A L S 

S e e l e r i a c a e r u l e a was c o l l e c t e d f r o m f o u r s i t e s 

a t Gas sop Vale, N a t i o n a l g r i d r e f e r e n c e nuriber NZ 341 383, 

and t r a n s p l a n t e d i n t o John. Innes No. 2 p o t t i n g compost i n 

the l a b o r a t o r y . The p l a n t s were s u b j e c t e d t o two s o i l 

depth regimes comparable t o the two extremes which were 

observed a t the f i e l d sites, t h a t i s 5 and 10 cm r e s p e c t i v e l y . 

A l l p l a n t s were k e p t w e l l watered f o r about f o u r weeks u n t i l 

new young leaves had been formed and were th e n removed to a 

co n s t a n t t e m p e r a t u r e room a t 2G°C w i t h a 14 hour p h o t o p e r i o d 

of 1,400 Lux i n t e n s i t y f o r a f u r t h e r week t o e q u i l i b r a t e 

s o l u b1e c a rbo hy d ra t e con t en t . 

S ubsequently S e s l e r i a p l a n t s a t b o t h s o i l depths 

were ' e i t h e r s u b j e c t e d t o d r o u g h t s t r e s s by w i t h h o l d i n g w a t e r 

or c h i l l i n g s t r e s s by removing them t o 1 and 5°C rooms w i t h 

comparable p h o t o p e r i o d s . 

I n o r d e r t o c o n f i r m whether p r o l i n e c o n t e n t 

f l u c t u a t e d under n a t u r a l c o n d i t i o n s S e s l e r i a l e a v e s were 

removed i n t i e f i e l d and placed i m m e d i a t e l y i n t o 25 cm of 

3% aqueous s u l f o s a l i c y c l i c a c i d . These samples b e i n g 

assayed on r e t u r n i n g t o the l a b o r a t o r y . 

P r o l i n e d e t e r m i n a t i o n s were made u s i n g a m o d i f i c a t i o n 

o f t h e a c i d N i n h y d r i n t e c h n i q u e d e s c r i b e d by Chinard (1952) 

and T r o l l asiHLindsley (1955). The a c i d n i n h y d r i n was p r e -
3 

pared by add i n g 125mg n i n h y d r i n t o 30 cm g l a c i a l a c e t i c a c i d 
3 

and 20 cm 6M phosphoric a c i d . T h i s m i x t u r e was t h e n warmed 

12 
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and s t i r r e d u n t i l the n i n h y d r i n was d i s s o l v e d . When s t o t e d 

at 5°C the reagent remained s t a b l e f o r 48 h o u r s . 

The procedure i n v o l v e d homogenising between 5 and 

20mg of S e s l e r i a i n 25cm of 3$ aqueous s u l f o s a l i c y c l i c 

a c i d . T h i s was c a r r i e d out on a " v i r t i s " homogeniser a t 

45,000 r.p.m. f o r 90 seconds. The homogenate was t h e n 

f i l t e r e d t h r o u g h W h a t m a n ^ 1 f i l t e r paper. 
3 3 10 cm of the f i l t r a t e was mixed 2cm of a c i d 

3 
n i n h y d r i n r eagent and 2cm g l a c i a l a c e t i c a c i d i n a b o i l i n g 

y t u b e . A t pH v a l u e s between 1 and 7 o n l y O r n i t h i n e i s an 

e f f e c t i v e contaminant a t 520nm and t o a l l e v i a t e t h i s problem 

l g o f P e r m u t i t a c i d i o n exchange m a t e r i a l was added t o the 

reagent m i x t u r e and shaken. 

The c o l o u r change was developed by h e a t i n g i n a 

w a t e r b a t h a t a t e m p e r a t u r e i n excess o f S0°G f o r an hour, 

a f u l l c o l o u r change b e i n g developed i n 30 minutes a t 

100°C. The r e a c t i o n was t e r m i n a t e d by p a r t l y immersing 

the b o i l i n g tube i n an i c e b a t h . 

The chromophore was e x t r a c t e d and c o n c e n t r a t e d by 

adding 4cm t o l u e n e and s t i r r i n g e l e c t r o n i c a l l y f o r about 

20 seconds. Then warmed t o room temperature t h e e x t e n t of 

the c o l o u r change was determined by p i p e t t i n g o f f t h e 

t i n c t o r i a l phase and r e a d i n g i t s o p t i c a l d e n s i t y a g a i n s t a 

b l a n k o f t o l u e n e i n a 'Uvispek* s p e c t r o p h o t o m e t e r a t 520nm. 

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

by comparison a g a i n s t a standard curve o b t a i n e d from hydroxy-

p r o l i n e f r e e L. P r o l i n e , as s u p p l i e d c o m m e r c i a l l y by the 

Sigma ch e m i c a l company. 

... 13 . 



Because o f the importance of sugar and changes 

on p r o l i n e p r o d u c t i o n , b o t h these c r i t e r i a were measured f o r 

each set o f experiments. 

The problems of f i e l d measurements and t h e u n a v a i l ­

a b i l i t y of a p o r t a b l e thermocouple psychrometer, as advocated 

by Boyer ( 1 9 6 8 ) , meant t h a t an e s t i m a t i o n o f was o b t a i n e d 

by u s i n g d e n s i t y method d e t e r m i n a t i o n s , nevertheless v a l u e s 

measured by the d e n s i t y o r dye method g e n e r a l l y agree t o 

w i t h i n 3 Bars o f those measured w i t h the thermocouple 

psychrometer i f l e f t t o s t a b i l i s e . 

The method was t o plac e t h i r t e e n . 5mg l e a f samples 

i n t o a s e r i e s o f s o l u t i o n s o f known w a t e r p o t e n t i a l , produced 
3 f l 

a c c o r d i n g t o Ursprung and Blum (1916) , and t o which a few 
drops of methylene b l u e had been added. Each t e s t s o l u t i o n 

3 
t o t a l l i n g .5cm o f l i q u i d . The S e s l e r i a l e a f samples were 

t h e n l e f t t o s t a b i l i s e f o r 4 h o u r s , whereupon a drop o f 

c o l o u r e d t e s t s o l u t i o n was removed and placed i n t o an 

u n c o l o u r e d c o n t r o l tube c o n t a i n i n g 5ml of t e s t s o l u t i o n of 

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

s o l u t i o n s have been c o n c e n t r a t e d and r i s e i f the s o l u t i o n s 

have been d i l u t e d . 

The ( j ^ b e i n g assumed t o eq u a l the t e s t s o l u t i o n 

t h a t b r i n g s about no change i n the p o s i t i o n o f the t r a n s f e r r e d 

methylene b l u e drop. T h i s method i s a c c u r a t e a t d e t e c t i n g 

l e a f sucrose c o n c e n t r a t i o n d i f f e r e n c e s of0.0005M. 

S o l u b l e sugar c o n t e n t was e s t i m a t e d by homogenising 
3 

0.2g o f S e s l e r i a i n 25cm d i s t i l l e d w a t e r and f u r t h e r d i l u t i n g 
3 

the homogenate w i t h 175cm d i s t i l l e d w a t e r i n a graduated 

f l a s k , which was t h e n shaken f o r one hour. The homogenate 

see Appendix ( I I ) 
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was t h e n f i l t e r e d t h r o u g h 12.5 cm ̂  1 f i l t e r paper, d i s c a r d -
3 

i n g t h e f i r s t few cm o f the f i l t r a t e , The s o l u b l e c a r b o -
3 

h y d r a t e was determined i m m e d i a t e l y by a d d i n g 2cm o f f i l t e r e 
3 

e x t r a c t t o 10cm of anthrone reagent i n a l o o s e l y covered 

Pyrex t e s t t u b e . T h i s was t h e n placed i n a Waterbath a t 

100°C f o r 20 m i n u t e s . On cooling t o room t e m p e r a t u r e t h e 

absorbance was measured i n a 10 mm o p t i c a l c e l l a t 620nm 

on t h e ' U v i s p e k ' s p e c t r o p h o t o m e t e r c a l i b r a t e d w i t h a f i l a m e n t 

lamp. The b l a n k c o n s i s t e d o f u n t r e a t e d e x t r a c t . 
3 

Anthrone reagent was produced by s t i r r i n g 760cm 
•z. 

of 98$ s u l p h u r i c a c i d i n 530cm/ of w a t e r , c o o l i n g and a d d i n 

l g o f t h i o u r e a and l g o f a n t h r o n e . The reagent can be 

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

Q u a n t i t a t i v e v a l u e s of s o l u b l e c a r b o h y d r a t e were 

o b t a i n e d by comparison a g a i n s t a standard curve produced by 

r e a c t i n g anhydrous D. glucose standards w i t h the r e a g e n t 

m i x t u r e . The glucose s t a n d a r d s b e i n g d e r i v e d by s e r i a l 

d i l u t i o n o f a glucose s t o c k s o l u t i o n c o n s i s t i n g o f 0.4g of 

anhydrous D. glucose i n 500ml of water. 

The percentage s o l u b l e c a r b o h y d r a t e i n t h e sample, 

as measured i n terms o f g l u c o s e , was f i n a l l y c a l c u l a t e d by 

m u l t i p l y i n g the d i f f e r e n c e between b l a n k and t e s t sample 

v a l u e s by 50. 

The n a t u r e of tfoe e x p eriments i n v o l v i n g d r o u g h t 

s t r e s s and c h i l l i n g s t r e s s n e c e s s i t a t e d removing i n d i v i d u a l 

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

c o n t e n t . As the glucose r e a g e n t s i n v o l v e d r e q u i r e d b e i n g 

used i m m e d i a t e l y and the a c i d n i n h y d r i n was a l s o o n l y s t a b l e 

f o r a s h o r t p e r i o d o f t i m e , t h e S e s l e r i a p l a n t s were 



frozen w i t h l i q u i d N itrogen and stored a t -20 C u n t i l 
required f o r p r o l i n e determinations. 

S o i l calcmum content was discovered by acid 
d i g e s t i o n of l g of -soil t h a t had been s i f t e d through a 
2mm sieve. The acid used f o r t h i s purpose being 4N.Hnoz. 
A f t e r f i l t e r i n g through Whatman g c m ^ l f i l t e r paper the 
f i l t r a t e was d i l u t e d to produce a concentration detectable 
w i t h i n the scope of an "Eel" flame photometer. Absolute 
values of calcium content were obtained by reference to a 
standard curve produced from galvanometer d e f l e c t i o n 
readings i n r e l a t i o n to known concentrations of calcium 
i n p.p.m. The calcium content of the s o i l s was used as a 
g u i d e l i n e i n determining a range of s u i t a b l e Ca concentrations 

f o r an experiment designed to make p r e l i m i n a r y i n v e s t i g a t i o n s 
w i t h the r e l a t i o n s h i p between s o i l Ca content and Sesleria 
p r o l i n e production. Calcium, i n the form of calcium corbon-
a t e , was added to John Innes number 2 p o t t i n g compost to 
produce 3 t e s t c o n d i t i o n s c o n s i s t i n g of 0.14, 5 and 12$ Ca 
by weight. S e s l e r i a , Phleum pratense L., Agropyron caninum 

and a sedge species were t r a n s f e r r e d to the t e s t c o n d i t i o n s 
and allowed to a c c l i m a t i s e f o r 14 days. Subsequently 
approximately 1 mg of mature le a f t i s s u e from each t e s t pot 
was used f o r p r o l i n e determinations according to the 

Ninhydrin method. 
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Chapter i y 

E E S U L T S 

P r o l i n e Production 
Sesleria samples were taken from the f i e l d s i t e s 

A to D 021 three occasions which correspond t o : -

i ) the s t a r t of the i n v e s t i g a t i o n 
i i ) a lengthy period of f i e l d drought s t r e s s , 

i i i ) a f t e r r e l i e f of the drought stress by 0-5 7 
inches of r a i n . 

The c l i m a t i c data during the periods of sampling were 
obtained from the Durham U n i v e r s i t y M e t e r o l o g i c a l 
S t a t i o n , located at N a t i o n a l Grid Reference Wo. NZ 267416 -
(see Appendix ( I ) ) . 

The n u l l hypothesis f o r a l l f i e l d experiments was 
t h a t given comparable periods of stress there would be no 

s i g n i f i c a n t v a r i a t i o n i n p r o l i n e production between s i t e s . 
P r i o r t o such an i n v e s t i g a t i o n of the nature of 

between s i t e v a r i a t i o n i t was considered important t o study 
w i t h i n s i t e v a r i a t i o n of g e s l e r i a specimens. Preliminary 
research by the present author on Chinese cabbage i n d i c a t e d 
t h a t young growing leaves e x h i b i t e d p r o l i n e l e v e l s several 
f o l d higher than those observed i n mature leaves. 

The Sesleria plants were thus s u b j e c t i v e l y 
divided i n t o e a s i l y recognisable age classes i n the f i e l d 
namely non f l o w e r i n g mature p l a n t s , immature plants and 
mature p l a n t s bearing i n f l o r e s c e n c e s . M a t u r i t y being 
determined i n r e l a t i o n to the mean height of the leaves of 
f l o w e r i n g p l a n t s . Thus at each s i t e three series of 

...17 . 



p r o l i n e determinations were made, i n c o r p o r a t i n g leaves 
from non f l o w e r i n g and f l o w e r i n g mature p l a n t s , along w i t h 
the infloresenees themselves. 

TABLE ( I ) * x 

DETERMINATION OF WITHIN SITE AGE VARIATION IN 
RELATION TO EROLINE PRODUCTION 

S i t e 
D e s c r i p t i o n Test used Test S t a t i s t i c 

Df = K - 1 
Degrees 

of freedom 
Level of 

Si g n i f i c a n c e 
P 

A 
Friedman two 
way analysis 
of variance 

44.46143 2 <'•"'. 001 

B 
Friedman two 
way analysis 
of variance 

62.20508 2 <T.001 

C 
Friedman two 
way analysis 
of variance 

47.12817 2 < .001 

D 
Friedman two 
way analysis 
of variance 

43.12817 2 C .001 

Having thus established s i g n i f i c a n t d i f f e r e n c e s 
w i t h i n s i t e s i t was important t o locate the p a r t i c u l a r age 
class t h a t gave the most consistent r e s u l t s involving the 
smallest standard e r r o r of the mean, as i n t h i s way a more 
r e l i a b l e estimate of any between s i t e variation t h a t might 
e x i s t could be obtained. 

As an o r d i n a l ranking scale had been produced f o r 
the r e l a t e d samples of Sesleria p l a n t s at any one s i g h t , the 
Wilcoxon signed rank t e s t allowed a Closer i n v e s t i g a t i o n of 
the nature of w i t h i n s i t e v a r i a t i o n . 

x l Data f o r t h i s t e s t i s located i n Appendix (m) 
*2 See Appendix ( I I I ) f o r Wilcoxon signed rank 

t e s t data. 
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I n a l l cases a s i g n i f i c a n t d i f f e r e n c e was located 
between the chosen age groups at each s i t e , the group having 
the smallest standard e r r o r of the mean being the leaves of 
the mature, but not f l o w e r i n g p l a n t s . 

TABLE ( I I ) 
LOCATION OF THE AGE CLASS CONTAINING LEAST WITHTN-SITE 

VARIABILITY IN M l E PROLINE PRODUCTION 

SITE AGE CLASS TESTED MEAN VALUE OF 
FREE PROLINE 
PRODUCED, mm/g 

S.E. OF THE 
MEAN 

A Leaves from mature 
non-flowering 
plants 

9.697 0.771 

A Leaves from mature 
f l o w e r i n g p l a n t s 10.403 1.556 

A Spikes from f l o w e r ­
i n g p l a nts 29.665 2.56 

B 
Leaves from mature 
non-flowering 
plant s 

13.451 0.272 

B Leaves from mature 
f l o w e r i n g p l a n t s 12.093 0.303 

B Spikes from f l o w e r ­
i n g p l a n t s 38.055 1.557 

C 
Leaves from mature' 
non-flowering 
p l a n t s 

7.616 0,470 

C Leaves from mature 
f l o w e r i n g p l a n t s 8.140 0.631 

C Spikes from f l o w e r ­
i n g p l a n t s 37.94 2.617 

1) 
Leaves from mature 
non-flowering 
plants 

19.534 2.191 

D Leaves from mature 
f l o w e r i n g p l a n t s 33.732 0.95 

D Spikes f r o n f l o w e r ­
i n g p l ^ n t F ' 51.315 3.32 
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When these mature leaves were compared between s i t e s a 
r e s u l t was obtained which i n d i c a t e d a p r o b a b i l i t y -^.001 
t n a t the plants concerned came from independent populations. 
A. f u r t h e r breakdown of the data w i t h paired values i n d i c a t e d 
s i g n i f i c a n t d i f f e r e n c e s between the s i t e s studied. 

TABLE ( I I I ) 
NON FLOWERING PLANTS PROM SITES A - D 

S i t e samples 
compared 

S t a t i s t i c a l L , i r,, , . , . ^ e s t Test S t a t i s t i c Df = k - 1 
Degrees of 
freedom 

S i g n i f i c a n t 
l e v e l 

P 
A"iB?C & D Kruskal-Wallis 

one way analysis 
of variance 

5 6 . 0 1 9 8 7 3 < ( . 0 0 1 

A, B. ti 11 it 4 0 . 0 8 4 4 3 1 < . 0 0 1 

A, & C it ii n 1 . 8 8 8 1 6 1 . 2 

A & D n it it 1 8 . 9 4 2 2 0 1 i^.bOl 
B & C it it I I 3 8 . 3 9 0 8 5 1 <.00l 
B & I) it it tt 1 . 7 4 0 1 4 1 . 2 0 

C & D It It M 1 7 . 0 7 5 4 5 1 4.OOI 

Leaves from f l o w e r i n g p l a n t s and the inflorescences 
themselves were subsequently compared betw&en the f o u r t e s t 
s i t e s to determine whether the observed v a r i a b i l i t y of 
Sesleria populations i n response t o environmental stress 
remains unaltered when the p l a n t s are subjected to the 
a d d i t i o n a l suspected morphological stress involved i n 
sexual reproduction. 

I n both cases the t e s t s showed oontinued 
d i s s i m i l a r l y i n the 4 populations response t o superimposed 
morphological s t r e s s ; but cl o s e r i n v e s t i g a t i o n revealed 
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t h a t the t e s t s t a t i s t i c was being influenced by one s i t e i n 
p a r t i c u l a r , t h a t i s , s i t e D. 
TABLE (IV) 

FLOWERING PLANTS PROM SITE A - D 

S i t e samples 
compared 

S t a t i s t i c a l t e s t 
used Teat S t a t i s t i c 

Degrees of 
freedom 

(Df - k-1) 
Sig n i f i c a n c e 

l e v e l 
P 

A, B, C & 
D 

Kruskal W a l l i s 
one way analysis 
of variance 

95.95595 5 "<.001 

A & B it it ii 0.25509 1 .70 
A & C it it ii 0.51593 1 .50 
A & D it I I it 58.50142 1 < .001 
B & 0 I I I I it 27.50444 1 < .001 

B & ' D I I I I I I 58.50212 1 <£.001 
C & D ti it I I 57.60887 1 <.001 

TABLE (V) 
INFLORESCENCES FROM SITES A - D COMPARED 

FOR PROLINE PRODUCTION 
Site samples 
compared S t a t i s t i c a 1 

used 
t e s t Test S t a t i s t i c Degrees of freedom 

Df * k - 1 
Sig n i f i c a n c e 

l e v e l 

A,B,C & D Kruekal W a l l i s 
one way analysis 
of variance 

24.91850 3' < .001 

A £c 3 I I it i, 5.74815 1 .02 

A & C ti ii I I 6.13949 1 .02 

A & D I I t! I I 17.52075 1 £ .001 

B & 0 it I S I I 1.53851 1 .05 
B & D ti i! it 8.19866 1 .01 
C & D I I ii 11.86694 1 . 001 

The phy s i c a l stress the Sesler i a population had t o endure 



during reproductive a c t i v i t y seemed therefore t o obscure 
the u n d e r l y i n g environmentally induced d i f f e r e n c e s i n 
p r o l i n e production p r e v i o u s l y observed to be prevalent at 
the t e s t s i t e s . This idea being supported by the much 
higher p r o l i n e l e v e l s which were found i n inflorescenses i n 
p a r t i c u l a r and f l o w e r i n g plants i n general. 

TABLE (VI) 

Age class tested Mean value of P r o l i n e i n mm/g F.W. 
f o r s i t e s A,B,C & I) combined 

Leaves from non-flowering 
mature p l a n t s 12.57 

Leaves from f l o w e r i n g 
mature p l a n t s 16.09 

Spikes of f l o w e r i n g 
p l a n t s 39.24 

For subsequent considerations of Seslerias response 
t o environmnetally induced stress i t was considered important 
to use data obtained from p r o l i n e determinations on the leaves 
of mature non f l o w e r i n g p l a n t s . This assumption was based 
a) on the f a c t t h a t the confidence l i m i t s of t h i s p a r t i c u l a r 

age group were i n general much narrower i n v o l v i n g 
considerably less w i t h i n s i t e v a r i a t i o n and thereby 
a l l o w i n g more accurate comparisons between the various 
s i t e s and, 

b) t h a t the r e s u l t s from p r e l i m i n a r y experiments i n d i c a t e d 
the enhancing of the sress response by the f l o w e r i n g 
a c t i v i t i e s of the Sesleria populations. 

F i e l d measurements f o r the chosen Sesleria age 
class were not taken on Sunday,19th Ju l y , a f t e r a prolonged 



period of drought stress l a s t i n g 22 day s. I n a l l cases free" 
p r o l i n e content had increased considerably w i t h i n d i v i d u a l 
s i t e s ranging between 3.34 and 135.01 f o l d increases. 

TABLE ( V I I ) ; 

Lowest x value 
of p r o l i n e 

x value of p r o l i n e 
a f t e r (22.) days of 

drought stress 
f o l d 

increase 
s i t e 

number 
s o i l water 
content fj 

6.67 35.28 5.29 A . /-!-

11.74 39.16 3.34 B 8.25 
7.47 1008.53 135.01 C 5.96 
6.71 30.36 4.53 D 16.89 

A simple c o r r e l a t i o n between s o i l water content 
and p r o l i n e production p r o v i d e s an inadequate explanation 
f o r the p a t t e r n observed i n the S;eBleria p l a n t s taken from 
Cassop Vale. Indeed when other r e a d i l y o b s e r v a b l e s i t e 
v a r i a b l e s are superimposed upon the drought stress response 
the i n t r i c a t e network of environmentally important r e g u l a t i n g 
f a c t o r s becomes more apparent. 

TABLE ( V I I I ) 

S i t e Fold increase 
i n p r o l i n e 

S o i l water 
content i n S o i l depth 

i n cm PH : 

. A 3.66 .71 23 8 

B 2. 91 8.25 12 7.9 

C 132.35 5.96 4 8.2 

D 1.49 16.89 17 7.9 



I n the f i e l d the drought stress was r e l i e v e d on 
Monday ,12̂  t h July by the p r e c i p i t a t i o n of 0-51 inches, of water. 
Laboratory work had shown t h a t immediately on a p p l i c a t i o n of 
water Sesleria produced a stress response. 

TABLE (IX) 

THE EFFECT OF WATERING ON SESLERIA IN THE LABORATORY 

S i t e 
Free p r o l i n e l e v e l before 

watering i n mm/g 
Free p r o l i n e l e v e l a f t e r 

watering i n mm/g 

A 108 288 

B 97 302 

C 36 278 

D 86 652 

Consequently samples were not c o l l e c t e d u n t i l 24 hours 
a f t e r the r e l i e f of the drought stress. The subsequent p r o l i n e 
determinations when compared between s i t e s i n d i c a t e d t h a t the 
sampling areas did not include iSesIeria p l a n t s from a sin g l e 

continuous population (p^'.OOl). Closer i n v e s t i g a t i o n reveals 
t h a t i n f a c t a si n g l e s i t e , s i t e B, i s the only area i n which 
fr e e p r o l i n e l e v e l s are s i g n i f i c a n t l y d i f f e r e n t . 

TABLE (10 

( t h i s f o l l o w s on next page) 
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TABLE (X) 

S i t e Number Test used Test S t a t i s t i c Degrees of 
freedom 

Level of 
Si g n i f i c a n c e 

P 
A,B,C & D Kruskal-Wallis 

one way ana l y s i s 
of variance 

58.11728 3 <.001 

AB 36.77705 1 <\001 
AC " M « 4.76584 1 .05 
AD •» 0.00006 1 >.99 
BC " " " 36.77174 1 < .001 
BD 36.77351 1 <( .001 
CD t, „ » 1.84505 1 .20 

Whi l s t f i e l d observations suggested t h a t under n a t u r a l 
environmental conditions p r o l i n e production i n Sesleria v a r i e d 
according to the s p e c i f i c nature of the l o c a l p o p u l a t i o n , never­
t h e l e s s , i t was considered important t o be able to el i m i n a t e 
the wide number of s i t e v a r i a b l e s before drawing anything more 
than t e n t a t i v e conclusion w i t h regard to ecotype v a r i a t i o n . 

I n the l a b o r a t o r y Sesleria p l a n t s from a l l f o u r f i e l d 
s i t e s and a f u r t h e r s i t e i n L i p i n i a , Yugoslavia, were planted 
i n 10 cm and 4 cm of John Innes p o t t i n g Compost No. 2. These 
pl a n t s were then subjected to e i t h e r drought stress by w i t h ­
h o l d i n g water or cold s t r e s s by s u b j e c t i n g them to 5°C f o r 
10 days. The choice of two s o i l depths i n the l a b o r a t o r y was 
based on the f i n d i n g s of the i n i t i a l f i e l d experiments which 
showed t h a t five depth of s o i l appeared important i n connection 
w i t h p r o l i n e production. 

When subjected to drought stres s a l l p l a n t s e x h i b i t e d 
the same response p a t t e r n t h a t i s , an increase : decrease 
cycle throughout f ^ e 10 days of st r e s s and subsequent 
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period of watering. (See F i g . I l l page 26(jx.')). 
W h i l s t the o v e r a l l p a t t e r n of p r o l i n e production was 

s i m i l a r , absolute values w i t h regard to the amount of f r e e 
p r o l i n e contained i n the Sesleria leaves va r i e d considerably 
according to the p l a n t s l o c a t i o n ±n the f i e l d . 

TABLE (XI) 

S i t e Maximum value of 
p r o l i n e i n mm/g 

Time when maximum 
value reached 

A 862 - 80 A f t e r 198 hours 

B 520 ± 43 A f t e r 198 hours 
C 380 t 58 A f t e r 98 hours 
D 662 1 63 A f t e r 272 hours 

( i . e . 32 hours a f t e r 
the r e l i e f of drought 
stress by watering) 

Table ( X I ) gl@0 shows t h a t the t i m i n g of peak 
p r o l i n e values v a r i e s between s i t e s . At s i t e G where the 
pla n t s were growing i n extremely shallow s o i l w i t h poor 
r o o t i n g c o n d i t i o n s , p r o l i n e l e v e l s were highest a f t e r 98 hours 
of drought s t r e s s , w h i l s t the deeper r o o t i n g s i t e s such as 
A and B contained plants t h a t reached maximum p r o l i n e values 
a f t e r a much longer period of sustained drought s t r e s s ; a 
fea t u r e which adds support t o the possible casual r e l a t i o n s h i p s 
between p r o l i n e production and stress resistance as obtained 
from the Ca stress experiments. 

S i t e D which, although having c o m p a r i t i v e l y deep 
s o i l , reached i t s maximum value of f r e e p r o l i n e a f t e r a 
considerably longer period of time than the comparably 
deep r o o t i n g s i t e s of A and B. I n f a c t 317 hours experimental 

26. 



time means t h a t the highest p r o l i n e l e v e l s were obtained 
not during the drought stress period, but 77 hours a f t e r the 
r e l i e f of drought stress by thorough watering. This i s the 
s i t e i n the f i e l d which appeared to contain most moisture, 
both from s o i l water determinations an,d by specia composition 
observations. 

The ra t e of p r o l i n e production may, t h e r e f o r e , be 
as important, i f not more important, than the absolute value 
of the maximum l e v e l of f r e e p r o l i n e , as t h i s value might be 
super-optimal or merely contain a q u a n t i t y of proline.which i s 
superfluous i n terms of s u r v i v a l value. 

A more d e t a i l e d study of the r a t e of production 
was the r e f o r e undertaken by considering the rat e of increase 
between each observation and the next, i n terms of f o l d 
increases i n p r o l i n e , where 1 represents the maintainance 
of the st a t u s quo and the values 1 a decrease i n f r e e p r o l i n e 
l e v e l s . 
TABLE ('XII) 
RATES OF INCREASE IN PROLINE LEVELS OF PLANTS SUBJECTED 

TO DROUGHT STRESS AT 20^C 

TIME IN HOURS SITE A SITE B SITE C SITE D 

24 29.41 22.53 18.59 20.99 
50 0.74 0.61 0.68 1.13 
72 0.52 0.45 1147 0.70 
98 0.87 1.74 2.71 0.54 

120 2.46 1.4 0.67 0.93 
144 1.56 1.3 0.73 1.02 
170 1.92 1.27 0.6 1.0 
198 1.00 1.80 0.63 1.02 
219 0.12 0.22 1.06 1.48 
240 watered 0.95 0.87 1.08 2.36 
272 2.88 0.95 0.94 3.23 
317 0.22 3.24 3. 32 0.09 

x d a i l y increa 3e 3.62 3.03 3. 54 2.87 
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See f i g IV Page («0 

Figure W c l e a r l y shows the r e l a t i v e occurences of 
the increase/decrease cycle of p r o l i n e production located i n 
Sesleria caerulea and indicate® how a simple mathematical 
con s i d e r a t i o n of the x d a i l y increase values i s inadequate 
i n e x p l a i n i n g the presence of any i n t e r s p e c i f i c v a r i a t i o n i n 
s i t e response to drought s t r e s s . 

An i n t e r e s t i n g p i c t u r e i s also obtained when the 
rates of increase i n cold stressed p l a n t s from comparable 
s i t e s are viewed i n r e l a t i o n t o the r e s u l t s obtained under 
drought stress c o n d i t i o n s . When Sesleria p l a n t s are 
maintained a t a temperature of 5°C f o r a sustained period 
of time the c y c l i c a l nature of p r o l i n e production becomes 
f a r less pronounced and a t the same time t o t a l f r e e p r o l i n e 
f o r the experimental period i s considerably reduced, ranging 
between 37$ and 50$ of the l e v e l s obtained d u r i n g drought 
stress at 20°0. The temperature discrepancy between drought 
and cold stress c o n d i t i o n s i s assessed at 15°C, w±h t h i s i n 
mind, a temperature c o e f f i c i e n t c a l c u l a t i o n f o r Sesleria 
would i n d i c a t e t h a t under cold stress c o n d i t i o n s approximately 
66.67$ r e d u c t i o n i n f r e e p r o l i n e production would be expected 
i n r e l a t i o n to the drought conditions i f p r o l i n e content was 
regulated s o l e l y by temperature dependent metabolic processes. 
Data obtained during these experiments showed t h a t the re d a c t i o n 
ranged between 4$ and 63$ according t o the s i t e under 
cons i d e r a t i o n . 
TABLE ( X I I I ) 

S i t e Reduction i n p r o l i n e production during 
the course of the experiment. 

A 50.95$ 
B 57.24$ 
C 62.15$ 
D 58.34$ 
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S i t e C t h e r e f o r e represents the l e a s t r e s t r i c t e d 
temperature dependent metabolic process, w h i l s t S i t e s A and 
B, i n p a r t i c u l a r , have higher p r o l i n e l e v e l s i n the cold 
treatment than would be expected on t h i s basis, presumably 
because under drought conditions they are more susceptable ; 
to the water d e f i c i t being endured and tha t t h i s i s r e s t r i c t - . 
ing the temperature dependent process. 

A d e t a i l e d study of the rates of increase i n p r o l i n e -
production under cold stress reveals more accurately the 
depressed p r o l i n e production cycle w i t h decreased temperature. ; 

TABLE (XIV) 
RATES OF INCREASE IN PROLINE LEVELS OF PLANTS SUBJECTED 

TO COLD STRESS AT 5°C ; 

Time i n hours S i t e A S i t e B S i t e C S i t e D 

24 10.33 10.05 7.63 19.10 
50 2.28 0.95 2.25 0.30 
72 0.93 0.71 0.20 1.47 
98 0.92 2. 54 1.4 0.96 

120 0.93 0.90 0.94 0.98 
144 0.91 0.63 0.91 0.96 
170 0.90 0.64 0.8 0.96 
198 0.87 0.26 0.88 1.0 
219 0.53 1.0 0.95 0.96 
240 returned 

to 20°C 2.34 1.05 1.1 1 
272 1.86 4.15 11.68 1.36 
317 0.40 0.28 0.19 1.27 

See f i g V - page 29(a) 

A s i m i l a r depression of the c y c l i c a l nature of p r o l i n e 
production i s obtained from the drought stress, experiments 
i n v o l v i n g shallow s o i l s . Here i t i s suspected t h a t the 

... 29 . 
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reduced r o o t i n g capacity combined w i t h the lower t o t a l moisture', 
content i n the s o i l combine to l i m i t the metabolic processes f 

f 

involved more severely than occurs i n deeper rooted Sesleria 
p l a n t s . ; 
TABLE (XV) ;. ( 

t 

RATES OP INCREASE I I PROLINE LEVELS OP 
PLANTS SUBJECTED TO DROUGHT STRESS I N 

STL\LLOW WJTl AT 20 ecT 

Time i n hours S i t e A Si t e B Si t e C Site D 

50 53.08 244.75 172.28 168.6 
72 5.97 0.56 1.24 1.51 

120 1 . 0 3 0 . 93 0 .91 0 . 9 3 
170 0 . 94 0 . 9 5 0.80 0 .93 

219 1 . 09 0.82 0.88 1 . 0 3 
240 (watered) 0.54 1.16 1 . 03 0 . 95 
276 1.03 0 . 8 9 1.41 1.18 
317 0.31 0.76 0.37 0.42 

see Pig. ( V I ) page 30(P-) 

The l o c a t i o n of the peaks and troughs i n p r o l i n e 
production i n d i c a t e s a d i f f e r e n t i a l response of Sesleria 
plants from the four s i t e s to continued s t r e s s . This i s 
p a r t i c u l a r l y noticeable when the l e v e l s of f r e e p r o l i n e are 
p l o t t e d i n connection w i t h »jj p o t e n t i a l as shown i n Pig. (V) 
page 2,9(c0. This i n f o r m a t i o n c l e a r l y shows tha t S e s l e r i a 

p l a n t s taken from S i t e <C reach t h e i r maximum p r o l i n e l e v e l 
at a l e s s e r stage of d e s s i c a t i o n than the other s i t e s , even 
though t h i s maximum i s less than t h a t eventually obtained 
by Sites A, B and D. A r e s i a l t which lends support to the 
hypothesis t h a t i t i s possible f o r the ra t e of p r o l i n e 
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production to be of more importance i n terms of stress 
avoidance and/or resistance than the absolute value of 
p r o l i n e obtained a f t e r a sustained stress period. 

I n an attempt to discover p r e l i m i n a r y evidence 
t o i n d i c a t e the causal or non-causal r e l a t i o n s h i p between 
p r o l i n e and resistance, the re s t i l t s from the Ca stress 
experiments have proved e n l i g h t e n i n g . 

TABLE (XVI) 
MEAN VALUES OF PROLINE PRODUCED 
BY 4 PLANT SPECIES I N RELATION 

TO CALCIUM STRESS 

Plant species Ca s o i l content 
i n io by weight 

- .... ; -
i 

x l e v e l of f r e e p r o l i n e ! 
i n mm/g F.W. ' 

Phleum pratense L. 0.14 11.48 • 
ti it 5 10. 50 
it it 12 9 . 03 

Agropyron 
caninum 0.14 25 . 09 
it it 5 16.22 
it ii 12 18.38 

Sedge species 0.14 5.71 
5 6.58 

12 6.03 \ 
Sesleria 

caerulea 0.14 
\ 

2 9 . 3 0 ; 
I I I I 5 253.14 
I I ti 12 138.39 t ! 



CHAPTER V 

DISCUSSION 

G-enecological d i v e r s i t y w i t h i n a species population 

depends upon the three Turessonian p r o p o s i t i o n s : 
1) That a p l a n t species w i t h an extensive d i s t r i b u t i o n 

p a t t e r n e x h i b i t s s p a t i a l v a r i a t i o n i n morphological 
and p h y s i o l o g i c a l characters 

11) This v a r i a t i o n shows a strong c o r r e l a t i o n w i t h 
h a b i t a l d i f f e r e n c e s 

111) That such e c o l o g i c a l l y r e l a t e d v a r i a b i l i t y w i t h i n 
the species i s not simply due to genetic p l a s t i c i t y 
inherent i n the species population as a whole -
Turesson {1922) (1925) (1930) 

Morphological v a r i a t i o n was observed i n Sesleria 
p l a n t s studied at t h e f o u r s i t e s i n Cassop Vale, although the 
conclusions of the present author were s i m i l a r to those 
proposed by West (1975). That i s edaphic c o n d i t i o n s of the 
h a b i t a t were of major importance i n c r e a t i n g morphological 
d i f f e r e n c e s between s i t e s r a t h e r than the development of 
p a r t i c u l a r ecotypes. Sesleria morphology was c l o s e l y 
r e l a t e d t o s o i l depth w i t h stunted p l a n t s bearing s h o r t e r 
inflorescences being found on the shallow s o i l associated 
w i t h S i t e C. This p a r t i c u l a r population also bore narrower 
leaves than any of.-those growing on deeper s o i l , a f e a t u r e 
suggested as being important on dry limestone s o i l s by 
Turesson (1925) and given wider a p p r e c i a b i l i t y to 
X e r o p h i t i c conditions i n general by Stocker (1960). 

S o i l water content however did not give as strong 
a c o r r e l a t i o n w i t h c e r t a i n morphological f e a t u r e s such as 
p l a n t height as was obtained when considering s o i l depth. 
I t i s t h e r e f o r e considered t h a t r o o t i n g depth i s a more 
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important f a c t o r i n f l u e n c i n g morphological expression than 
absolute values of the s o i l water,content. 

This i s confirmed by the f i n d i n g s of Todd, Ingram 
and S t u t t e (1962), who observed t h a t soiflL moisture l e v e l s 
between 8 and 30$ caused no s i g n i f i c a n t changes i n the 
r e l a t i v e t u r g i d i t y of a wide range of cereal p l a n t s . 
Such changes only t a k i n g place when the s o i l moisture content 
dropped below 6$. 

Stomatal s t r u c t u r e on the other hand bore a close 
r e l a t i o n s h i p t o s o i l water content w i t h plants from d r i e r 
areas having a gre a t e r frequency of occurrence of Stomata 
to w e t t e r areas, i . e . mean values of 380 stomata /mm and 
250 stomata /mm r e s p e c t i v e l y . 

The morphological v a r i a b i l i t y as observed i n new 
leaves was depressed when the Sesleria plants from a l l s i t e s 
were cultu r e d under uniform l a b o r a t o r y c o n d i t i o n s . THu$, 
there i s i n s u f f i c i e n t evidence from anatomical observation 
to confirm possible genotypic v a r i a t i o n between s i t e s . 

This study t h e r e f o r e concerned i t s e l f w i t h a more 
d e t a i l e d analysis of the p h y s i o l o g i c a l response of the 
Sesleria populations i n r e l a t i o n t o stress and s p e c i f i c a l l y 
w i t h regard to t h e i r accumulation of f r e e P r o l i n e . The 
r e l a t i o n s h i p between possible e c t o t y p i c v a r i a t i o n and p r o l i n e 
production was based on the t*o a p r i o r i • 

i ) t h a t p r o l i n e l e v e l s are c l o s e l y c o r r e l a t e d to the s e v e r i t y 
of the imposed stress f a c t o r 

i i ) t h a t tlfe range of possible p r o l i n e production i s governed 
g e n e t i c a l l y . 
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WATER STRESS AND SESLERIA CAERULEA 
The water balance i n the f i e l d i s summarised by 

H i l l e l and Rawitz (1972)*^ as c o n s i s t i n g of the f o l l o w i n g 
e l em en t s. 

(P +" I ) - /~R + D + C + (E + 1)7 = &.s 
where P i s equal t o p r e c i p i t a t i o n ; I , i r r i g a t i o n ; 
R, r u n o f f ; D, flow through the root zone; C, the amount 
of water incorporated i n the p l a n t s ; E, d i r e c t evaporation 
frmm the s o i l ; T, the water l o s t i n t r a n s p i r a t i o n ; and 
^ s , the change i n water stored i n the r o o t zone. The 
shallow s o i l present at s i t e C created a p o t e n t i a l l y more 
i n t e n s i v e drought area f o r the vegative cover as i t was 
located on the top of a porous limestone ridge whearre loss 
from drainage would be high, and flow through the r o o t zone 
i n the form of c a p i l l a r y r i s e would be low. Consequently 
when the plant had been subjected t o drought stress i n the 
f i e l d those p lants at s i t e C e x h i b i t e d l a r g e r increases i n 
fr e e p r o l i n e l e v e l s per u n i t weight. This was s t i l l 
evideaat when p r o l i n e values were corrected f o r dry weight 
values of Sesle r i a to compensate f o r the d i f f e r e n t i a l loss 
of l e a f water content at the four s i t e s . 

The large increases i n f r e e amino acids under 
f i e l d drought stress were not suspected t o be p r i m a r i l y 
due to l e a f p r o t e i n h y d r o l y s i s , as the changes i n f r e e 
amino acids i s not uniform. Barnett and Naylor (1966), 
Routley (1966), Steward et a l (1966), Also the work of 
Steward et a l (1966) showed t h a t p r o l i n e accumulation i n 
w i l t i n g p l a n t m a t e r i a l could be prevented by the a d d i t i o n 
of arsenate, a r s e n i t e f l o u r a c e t a t e , iodoacetate 
and iodoacetamide which blocks new synthegis 

*1 i n Kozlowski •** ^4. 



or p r o l i n e by i n h i b i t i n g g l y c o l y s i s and the t r i c a r b o x y l i c 
acid cycle. 

The synthesis of f r e e p r o l i n e i n plants maintained 
both i n the l a b o r a t o r y and i n the f i e l d corroborated such a 
hypothesis of f r e e p r o l i n e accumulation being c l o s e l y 
c o r r e l a t e d w i t h the sugar content of the Sesleria p l a n t s . 
This r e s u l t i s comparable t o t h a t obtained by Steward et 
a l (1966) who observed such a r e l a t i o n s h i p i n a wide 
range of p l a n t species. 

Drought stress thus seems to r e s u l t i n the 
synthesis of up to 383 f o l d increases i n f r e e p r o l i n e 
l e v e l s ; the exact l e v e l f o r a p a r t i c u l a r s i t e being 
determined l a r g e l y by the \j) l e a f ( l e a f water p o t e n t i a l ) . 
As the c e l l water content drops there i s a corresponding 
increase i n the amount of detectable f r e e p r o l i n e . Increase 
i n f r e e p r o l i n e during drought stress bas been w e l l documents 
Wample arid 'Bewliey/ (1975) observed t h a t sunflower plants 
accumulated p r o l i n e i n both i t s a e r i a l and subterranean 
parts when subjected to water s t r e s s . Chu et a l (1974) 
discovered t h a t Radish p l a n t s , which had water withheld 
f o r up t o 72 hours, accumulated p r o l i n e as the ̂  L 
declined. 

Period of Stress 
i n hours 

Water Stress 
i n ( b a r s ) . 

P r o l i n e i n mg/g dry 
weight 

0 -5.8 0.4 
48 -9.4 2.9 
60 -24.2 10.0 

72 -33.9 17.2 

. 5 5 . 



Harnett (1966) detected 10 to a 100 f o l d increases 
i n p r o l i n e i n Oynodon dactylon when subjected t o water stress 
of between -15 and -30 bars, and Singh (1973) observed 16 f o l d 
increases i n leaves of bar l e y p l a n t s at - 16 bars ^ L. 

In these experiments |/ L measurements in d i c a t e d 
increased p r o l i n e production to "£="-32 bars. The lack 
of continued p r o l i n e production beyond t h i s value may l a r g e l y 
be described by r e f e r r i n g t o the c o r r e l a t i o n obtained at 
t h i s p o i n t between dropping sugar content and decrease i n 
p r o l i n e . Indeed such a c o r r e l a t i o n has already been 
described by Stewart et a l (1966) working on excised bean 
leaves, who proposed t h a t the r o l e of sugar was to f u r n i s h 
0£ Ketoglutanate aa3d NADPH e s s e n t i a l f o r p r o l i n e production 

to proceed. 
Such an hypothesis can be e a s i l y summarised 

d i a g r a m a t i c a l l y , see Pig. V I I , page 35 

A 
Free 
P r o l i n e 
content 

Time 

Ff'G V// 

This general trend has been observed by a number 
of other researches. Thompson et at (1966) w h i l s t 
working on t u r n i p s recorded a s i m i l a r r e l a t i o n s h i p during 
a sustained stress period. I n f a c t some years before, 
t h i s trend had already been documented by Kemble and 
Liacpherson (1954) when working w i t h ryegrass. 

A simple schematic re p r e s e n t a t i o n as o u t l i n e d 
i n Pig. V I I i s , however, ir.pdequate i n e x p l a i n i n g the 

... 36. 



r e s u l t s obtained d u r i n g the l a b o r a t o r y i n v e s t i g a t i o n s i n t o 
drought stress on S e s l e r i a . The present author's 
f i n d i n g s i n d i c a t e d a more c y c l i c a l p a t t e r n w i t h regard to 
p r o l i n e production u t i l i z a t i o n and removal. 

This p a t t e r n coincides w i t h t h a t expected i n 
Stocker's (1960) advocation of a c t i v a t i o n , r e a c t i o n and 
r e s t i t u t i o n phases of drought response, and upheld by 
Chen et a l (1964) i n t h e i r work on rough lemon and sweet 
lime c i t r u s f r u i t s . 

In. these terms Sesleria when subjected to 
drought s t r e s s enters an a c t i v a t i o n phase or period of 
rapid increase i n p r o l i n e synthesis which i s detectable 
w i t h i n 24 hours. Subsequently u t i l i z a t i o n and removal 
processes proceed more r a p i d l y and there i s a net reduction 
i n p r o l i n e content - the r e a c t i o n phase. Even during t h i s 
phase i t i s important to note t h a t there i s only a loss in. 
p r o l i n e r e l a t i v e t o the highest values obtained and not a 
r e t u r n to the low l e v e l s of p r o l i n e observed i n the absence 
of stress c o n d i t i o n s . The r e s t i t u t i o n phase brings w i t h 
i t i n c r e a s i n g l e v e l s of f r e e amino acid w i t h decreasing ̂ /L 
u n t i l t h i s process i s apparently l i m i t e d by a sugar shortage 
brought about by depressed photosynthetic a c t i v i t y through 
shortage of water. 

At t h i s p o i n t i n time i f the stress c o n d i t i o n s 
continue then there i s a progressive r e d u c t i o n i n p r o l i n e 
as the r e d u c t i o n processes proceed more r a p i d l y than the 
now sugar l i m i t e d r a t e of synthesis. Such reduction appears 
to continue s t e a d i l y . 

I f the stress c o n d i t i o n s are r e l i e v e d by watering 
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them, i n a seemingly anomalous fa s h i o n , p r o l i n e synthesis 
i s accelerated or conversely the reduc t i o n processes 
decelerated such t h a t the net r e s u l t i s an increase i n 
fr e e p r o l i n e . A s i m i l a r r e s u l t was obtained by Wample 
and Bewley (1975) , who found t h a t when sunflower p l a n t s 
were w i l t e d i n the l i g h t and then watered and allowed t o 
recover, p r o l i n e accumulation doubled i n the a e r i a l parts 
w i t h i n the f i r s t 12 hours a f t e r watering. I t seems 
th a t t h i s i s yet another : n d i c a t i o n of the non-specific 
response of p r o l i n e production t o stress phenomena. 

Waldren and Teare (l°V4) maintain t h a t p r o l i n e 
production i s a noor i n d i c a t o r of stress c o n d i t i o n s as i t s 
accumulation takes Place a f t e r c r i t i c a l conditions have 
been reached. This i s c o n t r a d i c t o r y t o the r e s u l t s 
obtained i n t h i s i n v e s t i g a t i o n . Both i n the f i e l d and 
under l a b o r a t o r y c o n d i t i o n s the present author observed 
large and f r e q u e n t l y r a p i d increases i n p r o l i n e l e v e l s 
i n p l a n t s subjected to stress c o n d i t i o n s . Furthermore, 
even a f t e r a sustained period of 10 days drou^Jitsstress 
i n shallow s o i l s there was a 64$ recovery of the t o t a l 
number of experimental Sesleria p l a n t s , a cl e a r i n d i c a t i o n 
t h a t the high p r o l i n e l e v e l s produced under t^ese c o n d i t i o n 
did not take place a f t e r the c r i t i c a l s u r v i v a l period had 
been reached. 

In additim p l a n t s from the ffowr s i t e s under 
consideration e x h i b i t e d a s l i g h t staggering of t h e i r 
response to drought stress, by producing p r o l i n e at 
d i f f e r i n g Ijj values. Sesleria plants from s i t e C, 
p o t e n t i a l l y the most drought susceptible s i t e , produced 



t h e i r highest l e v e l s of f r e e amino acid at r e l a t i v e l y lower 
(j/ values than plants from s i t e s A, B and D. I f the 
r e l a t i o n s h i p between p r o l i n e production and drought s t r e s s 
resistance was causal then i t would be easy to see how the 
Sesleria plants at S i t e C had developed increased s u r v i v a l 
p o t e n t i a l by accelerated p r o l i 2 i e production. See P i & V I M p 3<? 

Singh et a l (1973) experimenting w i t h 14 d i f f e r e n t 
barley v a r i e t i e s grown i n a c o n t r o l l e d s o i l environment 
recorded t h a t those which accumulated l a r g e r concentrations 
of f r e e p r o l i n e tended to have leaves which survived extreme 
water stress more r e a d i l y and which grew f a s t e r on the r e l i e f 
of s t r e s s . Even so he was unable to confirm whether t h i s was 
a precise causal r e l a t i o n s h i p . S i m i l a r l y Stewart and Lee 
( 1 9 7 4 ) could not confirm the causal r e l a t i o n s h i p between 
s a l i n i t y stress and p r o l i n e production i n Armeria m a r t t i n i a , 
when they observed t h a t t h i s species developed higher p r o l i n e 
l e v e l s i n coastal regions than i n mountain ones. 

I f a causal r e l a t i o n s h i p between p r o l i n e production 
and s t r e s s resistance could be confirmed then the f a s t e r r a j e 
of production of p l a n t s from S i t e C i n the l a b o r a t o r y , and 
the higher l e v e l s of p r o l i n e produced by Sesleria i n the f i e l d 
at S i t e C would suggest a s u r v i v a l advantage o f t h i s possible 
ecotype t o drought s t r e s s c o n d i t i o n s . The calcium stress 

experiments give some clearer i n d i c a t i o n s w i t h regard to the 
r e l a t i o n s h i p of p r o l i n e synthesis and stress avoidance/resist­
ance. 

CALCIUM STRESS AND SESLERIA CAERULEA 

I n the B r i t i s h I s l e s S e s l e r i a grows on calcareous 
s o i l s only i n the North and extreme West ( i n I r e l a n d ) see 
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Fig. I - page 3 . Thus i t seems t h a t Sesleria's 
tolerance of calcium ions combined w i t h the colder weather 
and t h e r e f o r e slower growing co n d i t i o n s give i t a competitive 
advantage i n t&s p a r t i c u l a r h a b i t a t type. W h i l s t Sesleria 
cannot be termed, a t r u e calcicole, nevertheless as S u t c l i f f e 
(1962) p o i n t s out i t s physiology must be at l e a s t comparable 
to c a l c i c o l o u s p l a n t s i n t h a t i t must possess the a b i l i t y 
t o e i t h e r suppress calcium absorption or have the capacity 
to t r a n s p o r t the calcium r a p i d l y to i n a c t i v e centres before 
enzyme systems are blocked. 

A p l a n t species w i t h these advantages would 
ther e f o r e be t o l e r a n t of Calcium ions at l e v e l s which would 
produce severe stress to non t o l e r a n t calcium susceptible 
p l a n t s or c a l c i f u g e s . I f p r o l i n e was produced i n accordance 
w i t h the degree of s t r e s s bang sustained, i . e . i f a non-
causal r e l a t i o n s h i p between p r o l i n e and s t r e s s tolerance 
e x i s t e d , then one might expect higher p r o l i n e l e v e l s w i t h 
i n c r e a s i n g Ca concentration i n the plants not r e g u l a r l y 
associated w i t h the magnesiam limestone b e l t . 

A l t e r n a t i v e l y i f a causal r e l a t i m s h i p existed 
and p r o l i n e provided a s u r v i v a l davantage to the p l a n t then 
one might expect higher p r o l i n e l e v e l s w i t h i n c r e a s i n g Ca 
concentration i n S e s l e r i a . 

The r e s u l t s show the l a t t e r p o s s i b i l i t y to be the 
case. Sesleria p l a n t s produced over an 8 f o l d increase i n 
p r o l i n e when grown i n s o i l enriched w i t h Calcium t o 5$ by 
weight as opposed to when grown i n s o i l c o n t a i n i n g 0.14$ 
Ca by v/eight (P < 0.001). Phleum pratense L and Agropj^yron 

caninum a c t u a l l y e x h i b i t e d decreased p r o l i n e l e v e l s w i t h 
increased Calcium l e v e l s w h i l s t the sedge, a f r i n g e species 

... 40. 



on magnesium limestone, increased i t s p r o l i n e by a 
mere 13$. 

Whi l s t t h i s experiment gives a u s e f u l i n s i g h t 
i n t o the probable causal r e l a t i o n s h i p of p r o l i n e to stress 
tolerance, f u r t h e r studies i n calcium i o n a v a i l a b i l i t y must 
be undertaken as the present study only d e a l t w i t h t o t a l 
c one en t r a t i on s. 

GOLD STRESS AND SESLERIA CAERULEA 

A c e r t a i n degree of controversy surrounds the 
question of low temperature s t r e s s . Chu et a l (1974) 
maintain t h a t i n t h e i r experiments the accumulation of 
p r o l i n e during cold temperature treatment at 5°C was 
unrelated to changes in. Ijl W h i l s t the work of 
P a l f i and Juharz (1970) i s based s o l e l y on the assumption 
t h a t the e f f e c t of low temperature treatment i s to 
create a p h y s i o l o g i c a l drought s i t u a t i o n by r e s t r i c t i n g 
water uptake and tr a n s p o r t to i n t e n s e l y t r a n s p i r i n g 
shoots. 

I t i s undoubtedly t r u e t h a t low environmental 
temperature can lower the a v a i l a b i l i t y of water i n the 
s o i l and r e s t r i c t i t s movement, thereby r e s u l t i n g i n a 
lowering of the ^ L e v i t t (1956) r e f e r r i n g to the 
d i f f i c u l t y i n i s o l a t i n g the e f f e c t of temperature on 
metabolism from the concommitant changes i n the (p 
suggested the possible i n t e r r e l a t e d nature of the plant's 
resistance to co l d , heat and water s t r e s s . 

The present author observed s i m i l a r f i n d i n g s 
to Chu et a l , however, t h a t i s a temperature of 5°C 
had an i n c o n s i s t e n t a f f e c t on (|J producing l e a f water 
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d e f i c i t values of only approximately 3.8 to -8 bars. Thus 
i t appeared i n t h i s study t h a t temperature was the major 
c o n t r i b u t i n g stress f a c t o r . 

The Sesleria p l a n t s i n response to the low 
temperature conditions produced up t o 23.5 f o l d increases 
i n p r o l i n e w i t h the highest value reached being 203 mm/ga­
the r e being a s i g n i f i c a n t d i f f e r e n c e (P< . 0 0 1 ) i n the 
rates of p r o l i n e production between Sesleria plants from 
d i f f e r e n t s i t e s . 

.Proline production increased on being returned 
to 20°C a comparable r e s u l t t o t h a t obtained by Chu et a l 
(l974)working on barley. Barley p l a n t s subjected to a 
temperature of 5°G accumulated p r o l i n e a f t e r 24 hours and 
continued f o r a t l e a s t the f o l l o w i n g f o u r days at a ra t e 
of 74 mg (g dry wt)~^' hr On r e t u r n i n g to 20°c 

increased p r o l i n e production was observed f o r a f u r t h e r 
24 hours. 



CHAPTER VI 
SUMMARY 

Pr o l i n e production i s Sesleria appears t o take 
place i n response t o a wide v a r i e t y of stress phenomena. 
Within any one species population there i s a considerable 
dggree of v a r i a b i l i t y i n connection w i t h p r o l i n e production 
as a s t r e s s response. Despite t h i s , however, i t i s s t i l l 
p ossible t o detect a noteable v a r i a t i o n i n stress response 
between d i f f e r e n t populations i n the f i e l d . These 
di f f e r e n c e s i n p h y s i o l o g i c a l response to stress may be 
g e n e t i c a l l y maintained i n the form of ecotypes or may be 
a f u r t h e r expression of the plants genetic p l a s t i c i t y , 
which takes a longer period of time to be n u l l i f i e d than 
the morphological p l a s t i c i t y observed i n S e s l e r i a 
populations. 

P r o l i n e production i n Sesleria was found to 
a l t e r c o n t i n u a l l y both i n l a b o r a t o r y experiments and 
under f i e l d c o n d i t i o n s and p r e l i m i n a r y experiments have 
in d i c a t e d t h a t the r e l a t i o n s h i p between p r o l i n e and 
stress tolerance may be causal, p r o l i n e being of 
s i g n i f i c a n c e i n terms of s u r v i v a l , during periods of 
s t r e s s . I t i s s t i l l u n c e r t a i n , however, whether the 
r a t e of p r o l i n e production or the l e v e l of p r o l i n e 
produced i s of more s i g n i f i c a n c e i n t h i s respect. 

Morpholdgical development may be considered as 
a more unusual stress phenomenon which i n i t i a t e s a p r o l i n e 
response along w i t h the more conventional f a c t o r s of 
drought and low temperature. The w i t h h o l d i n g of water 
from Sesleria rooted i n deep s o i l produces a cycle of 
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p r o l i n e p r o d u c t i o n and r e d u c t i o n , t h i s c y c l e being 

depressed when low temperature t r e a t m e n t o r drought 

s t r e s s i n s h a l l o w s o i l i s experienced by the p l a n t . 

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

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

The p r e s e n t a u t h o r has i n d i c a t e d the n a t u r e 

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

t o t he p o s s i b l e r o l e o f p r o l i n e as b e i n g of c o m p e t i t i v e 

advantage i n t h e magnesium l i m e s t o n e environment where 

i t f l o u r i s h e s . 



APPENDIX 1 CLIMATIC DATA FOR DURHAM 1 J*.1976 TO 31.7.1976. 

RAINFALL IN mm 
APRIL 1st 11.3 

I T 2nd 6.1 
I I 3rd 2.0 
tr *fth 0 
rr 5 th 0 
i< 6 th 0 
I t 7th 0 
I I 8th 1.1 
I I 9th 0 
t i ­ 10th 0 
l l 1i1th k.O 
I I 12th O.T. 
IT 13'th 3.1. 
I I 14-th 2.0 
f t 15tlv Tr 
I I 16th, 0 
l i ­ 17 th 0.6 
l t 18 th 0.2 
I I 19thi 0 
rr 20th 0 
11 2Tst Tr 
I I : 22nd 0 
I t 23rd 0 
t l 2*fth Tr 
t l 25 th 0 
I I 26th Tr 
I I 27 th 0 
I I 28 th 0 
t l 29 th Tr 
I I 30 th 0.2 

RAINFALL IN mm 
MAY: Tst 2.3 
" 2nd 1.6 

3rd 2.6 
" 4-th 3.1 
" 5 th 0.2 
» 6th 0.7 
" 7th 1.9 
» 8th 0 
» 9 th 0.1 
" 10th Tr 
" 11th 3.11 

12th 3.S 
» T3th 0.1' 
» Tftth 0 
»• 15th 2.9 
'» 16th 0 
» 17th 11.3 
» 18th k.k 

" 19th 1.6 
" 20th ft. 6 
" 2Te t 0 
» 22nd 0.2 

" 23rd 0.1 
» 2kth 0 
" 25 th 2.3 
» 26th 15.4 
" 27th Tr 
" 28th 0.2 
" 29 th 1ft. 9 
» 30th 11.8 
» 31st 6.8 

^ 6 . 



RAINFALL IN mm 
JUNE 1st 17.4 
" 2nd Tr 
" 3rd 0 
" 4th 0 
" 5 th 0 
» 6th 0 
" 7th Tr 
'« 8 th 0 
" 9 th Tr 
» 10th 0.1 
" 1Tth 1'.3 
" T2th 0: 
» 13th 0 
" 14th 0.5 

15 th 
" 16 th 11.1 
" 17 th 
" 1'8th 11.4 
" 19 th 0.2 
" 20th 0 
" 21st o: 
" 22nd 0 
"• 23rd 0 
" 24th 0 
" 25th o: 
» 26 th 0 
" 27th 0 
» 28 th 0 
•»•' 29 th 0 
» 30th 0 

RAINFALL IN mm 
JULY Tst; 0 

i i 2hd 0 
i i 3rd Tr 
I I 4th 0 
H i 5 th 0 
I t 6th 0 
I I 7th 0 
I I 8th 0 
I I 9th 0.2 
11 10 th 0 
t l 11th Tr 
I I 12th 14.2 
H 13th 0.1 
M i 14th 1.T 
l»i 15th 1!1 *5 
H i 16 th Tr 
11 17th 0 
I I T8th 0 
I I 19th 0.1 
11 20th 1.7 
I I 21st Tr 
H I 22nd 0 
I I 23rd 0 
I T ! 24th 0 
IV 25 th 0 
I I 26th 0 
111 27 th 0 
I I 28 th 0 
I I 29 th 0 
I t 30th 11.1 
I t 31st 0 

NOTE :: Tr.- = Trace. 
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APPENDIX I I 

OSMOTIC PRESSURES OF CANE SUGAR SOLUTIONS, 
CONVERTED PRO! URSPRUNG AND BLUM (1916J" 

Mol cane 
sugar i n 
1 l i t r e o f 
s o l u t i o n 

Osmotic 
pr e s s u r e 
a t 20° C i n 

bars 

Mol cane 
sugar i n 
1 l i t r e o f 

, s o l u t i o n 

Osmolic 
p r e s s u r e 
a t 20°C i n 

b ars 

0.010 0.268 0 . 2 9 7.942 
0.020 0.535 0.3 8.236 
0.030 0.804 0.31 8.531 
0.040 1.071 0.32 8.826 
0 . 0 5 0 1.338 0.33 9.121 
0.060 1.607 0.34 9.416 
0.070 1.874 0.35 9.711 
0.080 2.142 0.36 1 0 . 0 0 5 

0 . 0 9 0 2. 410 0.369 10.271 
0.098 2. 624 0.37 1 0 . 3 0 3 

0.1 2.678 0.38 10.941 
0.12 3.211 0.4 11.259 
0.13 3.477 - 0.41 11.578 
0.14 3.744 0.42 11.896 
0.15 4.008 0.43 12.215 
0.16 4.278 0.44 12.534 
0.17 4.544 0.45 12.852 
0.18 4.811 0.452 12.916 
0 . 1 9 5 . 0 7 7 0.46 13.181 
0.192 5.131 0.47 13.511 
0.2 5.360 0.48 13.841 
0.21 5.646 0.49 14.172 
0.22 5.932 0.5 1 4 . 5 0 2 

0.23 6.218 0.51 ' 14.831 
0.24 6.504 0. 52 15.162 
0.25 6.791 0.53 15.492 
0.26 7.076 0.533 15.591 
0.27 7.362 0 . 54 15.843 
0.28 7.649 0.55 16.204 
0.282 7 . 7 0 5 0.56 16.565 
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APPENDIX I I - sheet 2. 

Mol cane 
sugar i n 
1 l i t r e o f 
s o l u t i o n 

Osmoiic 
pressure 
a t 20° C i n 

bars 

Mol cane 
sugar i n 
1 l i t r e o f 
s o l u t i o n 

Osmotic 
p r e s s u r e 
§t 20° C i n 

bars 

0.570 16.926 0.740 23.357 
0.580 17.286 0.750 23.754 
0. 5 9 0 17.646 0.757 24.03© 
0.600 18.007 0.760 2 4 . 1 5 9 

0.610 18.367 0.770 24.587 
0.620 18.742 0.780 25.017 
0.630 19.118 0 . 7 9 0 25.446 
0 . 6 4 0 19.493 0.800 25.874 
0.650 • 1 9.868 0.810 26.304 
0.660 20.243 0.820 26.732 
0.670 20.619 0.826 2 6 . 9 9 0 

0.680 20.994 0.878 2 9 . 1 0 9 

0.685 21.181 1.229 p. 813 
0.690 21.379 1.580 73.417 
0.700 21.775 1.931 1 0 9.588 
0.710 22.170 2.195 145.435 
0.720 22.566• 2.485 198.993 
0.730 22.962 

• . . 4 9 * 



APPENDIX I I I - sheet 1 

PROLINE LEVELS IN SESLERIA : RESULTS TATEN PSCM THE 
LEAVES OF MATURE N ON - PL CW BRING PLANTS 

SITE A 

I t o f S e s l e r i a 
i r m g . '/urn P r o l i n e Mm P r o l i n e / g 

P.W. 

0.265 1.8 6.79 
0.193 6.4 33.16 
0J62 2.4 14.8 
0.192 1.1 5.72 
0.122 1.5. 1 2 . 2 9 

0.32 2.3 7.18 
0.24 2.2 9.16 
0.313 2.3 7.34 
0.326 2.2 6.75 
0.281 2.2 7.82 
0.177 1.5 8.45 
0.118 1.1 9.3 
0.237 1.8 7.6 
0.190 1.6 8.4 
0.281 2.3 8.2 
0.211 1.3 6.16 
0.229 1.7 7.42 
0.252 2.4 9.5 
0.242 5.6 23.14 
0.242 2. 5 10.3 
0.225 2. 3 10.2 
0 . 2 0 9 1.9 9.1 
0.236 2 . 0 8.55 
0.291 2.1 7.21 
0.215 1.6 7.44 
0.183 1.5 8.2 
0.238 2.3 9.65 
0.23 2.4 10.4 
0.142 v> 1.2 8.45 
0.246 1.8 7.31 

1 

. . . 5 0 . 



SITE A - c o n t i n u e d APPENDIX I I I 

Wt of S e s l e r i a 
< iiumg. JEBXI P r o l i n e /am P r o l i n e / g 

E.W. 

0.121 1.1 9.1 
0.206 2.4 11.65 
0.145 1.5 10.32 
0.283 2. 2 7.77 
0.244 2.3 9.42 
0.248 1.9 7.65 
0.173 1.7 9.8 
0.190 1.5 7 . 9 2 

0.26 5 2.3 8.66 
0 . 2 9 3 2.2 7.5 



APPENDIX I I I - sheet 

PROLINE LEVELS IN SESLERIA ; RESULTS TAKEN FROM 'fHE 
LEAVES OP MATURE NON-FLOWERING PLANTS 

SITE B 

Wt o f S e s l e r i a 
mg yWffl p r o l i n e '/am p r o l i n e / g 

P.W. 

0.314 4.6 14.64 
0.238 3.1 13.02 
0,32 3.6 11.25 
0.206 3.3 16.01 
0.224 3.5 15.62 
0.328 4.2 12.8 
0.222 2.4 10.81 
0.278 2.9 10.41 
0.299 3.4 11.35 
0.281 4.1 14.6 
0.233 3.6 15.45 
0.211 3.4 16.1 
0 . 2 9 0 3.7 12.8 
0 . 2 7 9 3.2 11.44 
0.211 3.1 14.67 
0.314 3.9 12.4 
0.280 4.0 14.31 
0.238 3.5 14.66 
0.265 3.7 24.0 
0.237 3.2 13.51 
0.252 2.8 11.12 
0.340 . 4.1 12.06 
0.272 3.9 14.31 
0.264 3.7 14.01 
0.274 3.2 11.65 
0.227 3.5 15.36 
0.267 4.1 15.31 
0.254 3.7 14.6 
0.180 2.7 14.98 
0.2 25 3.5 l6.55 

• 0.326 3.6 11.02 
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APPEMIX I I I + sheet 4 

SITE B c o n t i n u e d 

Wt of S e s l e r i a 
mg jEim p r o l i n e Mm p r o l i n e / g 

F.W. 

0.201 2.5 12.41 
0.257 3.8 14.8 
0.280 4.2 15.01 
0.238 2.9 12.17 
0.231 3.3 14.24 
0.215 2.3 iO.66 
0.280 3.5 12.48 
0.230 3.0 13.01 

• • * 53 • 



APPENDIX I I I - sheet 5 

PROLINE LEVELS IN SBSLERIA : RESULTS TAKEN FROM THE 
LEAVES OF MATURE NON-EL.OWERING PLANTS 

SITE C 

Wt o f S e s l e r i a 
rag pan p r o l i n e pan p r o l i n e / g 

F.W. 

0 . 3 0 1 1.5 4.98 
0.269 1.6 5.94 
0.17 2.1 12.35 
0.222 1.2 5.40 
0.19 2.0 10.52 
0.27 2. 9 10.74 
0.20 0.7 3.5 
0.272 0.9 3.31 
0.201 2.2 10.98 
0.233 2.8 12.02 
0.296 1.7 5.76 
0.273 * 1.5 5.51 
0.317 1.6 5.04 
0.217 2.0 9.21 
0.396 2.1 5.31 
0. 369 1.5 4.07 
0.195 2.2 11.25 
0.233 2.5 10.71 
0.224 1.8 8.04 
0.187 2.1 11.21 
0.200 1.3 6.51 
0.281 1.7 6.06 
0.267 2.0 7.5 
0.264 0.9 3.42 
0.226 .2.3 10.16 
0.238 1.2 5 . 0 5 

0.321 1.4 4.37 
0.223 1.6 7.2 
0.250 2 . 5 10.02 
0.168 0.8 4.76 
0.144 1.7 11.81 

5 4 . 



APPEKJJIX I I I - sheet 6 
SITE C c o n t i n u e d 

Wt o f S e s l e r i a 
mg jfiim p r o l i n e /im p r o l i n e / g 

E.W. 

0 . 3 4 9 1 . 8 5 . 1 6 

0 . 3 1 8 1 . 3 4 . 0 9 

C . 2 1 1 2 . 7 1 2 . 7 7 

0 . 2 7 9 2 . 1 7 . 5 2 

0 . 2 8 8 1 . 9 6 . 6 

0 . 1 9 9 1 . 7 o c o 

0 . 2 3 ? 2 . 1 9 . 0 4 

0.255 2 . 7 1 0 . 6 

... 55 . 



A l P f i & I X I I I - Pheet7 

PROI^FE LEVELS I F S2SLERIA : REoUlTS TAKW FRO71* TITS 
.LEAVES OF rlATURE FCF-FLOWERIFG P K W S " 

SITE L 

Wt o f S e p l e r i a 
mg p? p r o l i n e 

Xiiai p r o l i n e / f i : 
' P.W. 

0 . 2 1 0. 3 1.42 • 
0.276 1 1 . 3 40.94 
0 . 1 3 5 6 . 3 2.22 
0 . 2 2 9 7.8 3 4.06 
0. 304 14.4 47.36 
0.28 4.2 15.00 
0.21 2.2 10.47 
0.19 ' 2.1 1 1 . 0 5 

0.258 3.7 14.33 
0.223 8.4 3 7.6 . 
0.198 7.8 3 9 . 3 5 

0 . 1 9 3 2.3 11.91 
0.273 4.1 15.01 
0.212 " 3.9 18.35 
0.186 1.5 8.06 
0 . 3 9 1 0 . 9 2.3 
0.243 4.0 16.43 
0.168 1.9 1 1 . 2 9 

0 . 1 3 3 2.2 16.46 
0.270 10.8 40.01 
0.318 1.7 5.35 
0.117 1.5 12.72 
0.225 6.8 30.18 
0.185 7 . 5 4 0.35 
0.310- 0.8 1/61 
0.218 •2.7 12. 36 
0.255 3.8 14. 8 5 

0.233 ; 4.6 19.7 
0.231 8.4 36.3 
0 . 2 4 9 11.1 44.48 
0.227 2.3 1 0.12 

. 56 . 
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S i t e .0 c o n t i n u e d 

Wt o f S e s l e r i a 
mg yam p r o l i n e pm p r o l i n e / g 

F.W. 

0 . 1 2 9 4.7' 36.26 
0.308 3. 4 11.04 
0.268 0.7 2.61 
0.141 1.6 11.35 
0 . 1 2 1 1 . 9 15.69 
0.157 2.2 14.01 
0.159 2. 6 16.34 
0.189 9.1 48.19 
0.166 6.5 39.21 



APPENPIX I I I - sheet 9 

PRC L I HE LEVELS IN 53SLSRIA : RESULTS TAKEN PROM TT-3S 
LEAVES OF MATURE FLOWERING PLANTS 

SITE A 

Wt o f S e s l e r i a 
mg /tra p r o l i n e am p r o l i n e / ? 

r F.W. 

0.27 1.1 4 . 0 7 

0.224 1.2 5.35 
0.284 0.8 2.81 
0.15 3.3 22.0 

0.21 4.5 21.42 
0.12 2 16.66 
0.193 0.7 3.62 
0.173 2.6 15.02 
0.389 1.7 4.36 
0.399 2.2 5. 51 
0.185 3.4 18.33 
0.171 3.7 21.61 
0.297 0.7 2.36 
0.181 3.6 19.84 
0.256 1.1 4.3 
0.246 1.5 6.1' 
0.193 1.8 9.35 
0.288 2.9 10.06 
0.205 3.1 15.11 
0.164 2.7 16.49 
0.178 1.3 7.31 
0.362 1.1 3.04 
0.215 4.1 19.1 
0.164 3.6 22;01 
0.187 3.9 20.91 
0.307 1.3 4.24 
0.388 1.2 3 . 0 9 

0 . 0 9 9 1.6 16.1 
0.360 0.9 2.5 
0.115 2.1 18.3 
0.120 2.6 21.6 

... 58-



APPENDIX I I I - sheet 10 

t e A inued 

Wt o f S e s l e r i a 
mg jUxn p r o l i n e Attn n r o l i n e / g 

"P.W. 

0.196 1.1 5.61 
0.140 2.3 16.42 
0.238 0.8 3.36 
0.235 0.7 2.98 
0.184 3.4 18.44 
0.127 0.3 2.36 
0.253 2.3 9.08 
0.162 2. 5 15.41 
0.138 2,4 17.37 

• .. 50, . 



APPENDIX I I I - sheet 11 

PROLINE LEVELS IN SE5LERIA : RESULTS TAKEN FROM 
THE LEAVES OF MATURE FLOWERING PLANTS 

SITE B 

I t e f S e s l e r i a 
mg jam p r o l i n e 'Jam p r o l i n e / g 

r "P.W. 

0.264 2. 7 10.22 
0.29 2.6 8. 96 
0.26 3.5 13.46 
0.254 3.5 13.77 
0.246 3.0 12.19 
0.236 3.6 15.25 
0.235 3.2 13.61 
0.39 4.7 12.56 
0.338 4.6 13.6 
0.257 2.7 10.49 
0.198 2.3 11.61 
0.238 3.1 13.04 
0.285 2.1 7.36 
0.265 2.7 10.21 
0.271 3.1 11.46 
0.308 3.3 10.73 
0.273 2.8 10.24 
0.263 2.3 8.76 
0.243 2.9 11.95 
0.251 3,1 12.36 
0.273 3.4 12.47 
0.224 2.7 1 2 . 0 3 

0.267 3.6 13.48 
0.227 2.6 11.46 
0 . 2 9 7 3.4 11.44 
0. 267 3.3 12.36 
0.242 2.8 11.55 
0.285 3.7 12.98 
0.240 3.6 15.01 
0.237 3.4 14.36 
0.25 2.1 8.4 

••••60 • 



APPMDIX I I I - sheet 12 

SITE B - c o n t i n u e d 

Wt o f S e s l e r i a 
mg pw p r o l i n e 

fi,~<. • • 

Mm vroline/g 
F.W. 

0.222 2.3 10.36 
0.187 2.7 14.44 
0.251 3.1 12.36 
0.235 3.0 18.76 
0.246 2.8 11.39 
0.245 3.3 13.45 
0.252 3.8 15.06 
0.215 3 . 1 14.46 
0.199 2.6 13.07 

... 61. 



APPENDIX I I I - sheet 15 

PROLINE EEiVELS I N SESLERIA : RESULTS TAKEN FROM 
THE LEAVES OF MATURE FLOWERING- PLANTS 

SITE C 

Wt o f S e s l e r i a 
mg jaxa p r o l i n e ma p r o l i n e / g 

F.W. 

0.263 0.2 0.76 
0.176 1.4 7.95 
0.273 2.2 8 . 0 5 

0.25 1.2 4.8 
0.137 2 14.5 
0.121 1.2 9.91 
0.14 2.7 19.28-
0 . 1 2 5 1.1 8.8 
0.270 1.9 7 . 0 5 

0.213 2.2 1 0.31 
0 . 2 0 9 2.5 11.97 
0.265 1.1 4.15 
0.388 1.3 3.35 
0.218 2.6 11.93 
0.251 2.1 8.36 
0.325 2.4 7.39 
0.201 1.8 8.97 
0 . 1 § 0 1.6 8.43 
0.165 0.9 5.46 
0.138 0.8 5.81 
0.252 1.1 4.36 
0.349 0.3 0.86 
0.203 1.7 8.36 
0.285 2.2 7.71 
0.281 1.3 4.63 
0. 293 1.7 5.8 
0.23^ 1.8 7.83 
0.154 1 . 3 8.46 
0.293 2. 2 9.33 
0.156 2.7 17.36 
0.173 1.4 8.08 

. .. 62 . 



APPENDIX I I I - sheet 14 

S i t e C - c o n t i n u e d 

Wt o f S e s l e r i a 
rng pm p r o l i n e mm p r o l i n e / ? 

F.W. 

0 . 2 0 9 1.7 8.13 
0.275 1.2 4 . 3 6 

0.189 2 . 6 13.76 
0.185 2.6 14 . 0 3 

0.214 1 . 6 7 . 4 9 
0 . 2 0 3 1 . 7 8 . 3 6 

0 . 2 9 7 1.3 4 . 3 7 

0.179 1 . 4 7 . 0 5 

0.194 1.3 6 . 6 9 

... 63 • 



APPENDIX I I I - staee-t- 1 5 -

PROUNB LEVELS I F SE5IERIA : RESULTS TAKEN FROM 
THE LEAVES OF MATURE FLOWERING PLANT'S 

SITE I) 

Wt o f S e s l e r i a 
rag pm p r o l i n e mm p r o l i n e / e : 

F.W. 

0.197 5.3 26 . 9 0 

0.273 6 . 5 23.8 
0.26 7.5 28.84 
0.294 10.1 34.35 
0.34 9.1 26.76 
0 . 2 5 3 11.5 44 . 9 2 

0.242 10.4 42.97 
0. 300 10.3 34.37 
0.285 7.6 26.66 
0.256 10.1 39.42 
0.278 7.5 25.98 
0.278 7.9 28.37 
0.274 8.3 30.24 
0.293 9.1 31.06 
0.239 10.1 42 . 2 9 

0.249 10.4 41.73 
0.228 7.6 33.39 
0.218 7.5 34.46 
0.202 5.6 27.73 
0.222 6.3 28.43 
0,280 11.5 41.06 
0.249 9.6 | 38.49 
0.282 11.1 39.37 
0.335 9.1 27.16 
0.341 9.4 27.55 
0.260 8.9 34.30 
0.247 9.3 37.61 
0.260 10.1 38.9 
0.220 10.8 40.02 
0.309 8.6 27.84 
0.281 7.5 26>69 
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APPENDIX I I I - sheet 16 

S i t e D - c o n t i n u e d 

Wt o f S e s l e r i a 
rag /m p r o l i n e 

• 
jam p r o l i n e / g 

F.W. 

0.279 9.3 33.3 
0.296 10.1 3 4 . 0 9 
0.262 10.3 39.37 
0.266 11.0 41.4 
0.271 11.1 40.9 
0.296 7.9 26.73 
0.266 7.8 29.37 
0 . 3 0 9 9 . 3 30.13 

. . . 65 • 



APPENDIX I I I - sheet 17 

PROLINE LEVELS IN SE5I.ERIA : RESULTS TAKEN FROM 
FLOWERING PARTS OP THE PLANTS 

SITE A 

Wt o f S e s l e r i a 
rr.g /tm p r o l i n e /im p r o l i n e / g 

F.W. 

0.13 3.6 27.67 
0.Q5 1.6 32 
0.144 2.7 18.75 
0.105 5.7 54.28 
0.071 4.2 59.15 
0.066 1.6 24.24 
0.06 1.1 18.33 
0.079 1.4 17.72 
0.065 1.7 26.3 
0.096 5.6 58.5 
0.069 1.3 18.79 
0.064 1.1 17.21 
0 . 0 9 9 2. 4 • 24.15 
0.083 4.6 55.2 
0.089 2.3 25.87 
0.109 2.4 22i05 
0.073 1.3 17.71 
0.087 1.6 18.45 
0.087 5.1 58.61 
0.084 2.3 27.75 
0.102 2.9 28.48 
0.091 5.1 56.21 
0.13 3.6 27.66 
0.124 2.4 19.37 
0.084 4. 9 58.3 
0.101 2.3 22.7 
0.010 2.1 21.05 
0.106 1.9 17.93 
0.085 5.0 59.01 
0.098 2.6 26.68 
0.104 2.7 26.04 
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APPENDIX I I I - sheet 18 
S i t e A c o n t i n u e d 

Wt o f S e s l e r i a 
mg yam p r o l i n e /cm p r o l i n e / g 

• '< . a 

0.C9 2.3 25.6 
O .O93 1.7 18.31 
O.O97 1.9 19. 6 
0.086 1.5 17.44 
0.088 5.2 59.12 
0.106 3.0 28.37 
0 . 1 1 1 2. 1 18.9 
0.086 4. 6 53.34 
0.089 2.6 29.06 

. . . 6 7 . 



APPENDIX I I I - ahee-t 19 

PROLINE LEVELS IN SESLERIA : RESULTS TAKEN PROM 
PL (BERING PARTS OP THE PLANTS 

SITE B 

Wt o f S e s l e r i a 
mg fljai p r o l i n e nm p r o l i n e / g 

F.W. 

0.168 8.1 48.21 
0.12 6 . 0 50 
0.143 3.2 22.37 
0.134 3.0 22.38 
0.10 3.8 38 
0.127 5.6 44.09 
0.123 5.1 41.46 
0.176 7.5 42.6 
0.135 3.1 22.7 
0.134 3.0 22.4 
0.163 3.6 22.06 
0.120 5.2 43.21 
0.095 3.7 38.97 
0.125 6.1 49.01 
0 . 0 9 2 3.9 42.36 
O.O94 3.7 39 . 4 4 
0.126 5.6 44.37 
0.125 5.8 46 . 2 9 
0.117 5.2 44.36 
0.123 5.7 46.21 
0.096 3.7 38.66 
0.091 3.6 39.4 
0.112 5 . 0 44.7 
0.150 3.4 22.7 
0.170 7.7 45.24 
0.164 7.9 48.06 
0.164 8.1 49.35 
0.169 7.5 44.37 
0.165 6.3 38.29 
0.151 5.8 38.33 
0.158 3.6 22.83 
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APPENDIX I I I - sheet 20 

S i t e B cor 1.1inv.ed 

Wt of S e s l e r i a 
rag yd/Jii p r o l i n e //m p r o l i n e / g 

'IVY. 

0.118 5 . 5 46.61 
0 . 1 1 2 5 . 1 4 5 . 5 4 

0.144 3.3 2 2.91 
0.135 3 . 1 2 3 . 0 1 

0.133 5.5 41.39 
0 . 0 9 9 3 . 9 3 9 . 4 0 

0 . 1 3 2 3 . 0 2 2 . 6 5 

0 . 1 2 5 5 . 0 40.01 
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APPENDIX I I I - sheet 21 

PROLINE LEVELS I N 5ESL3RIA ; RESULTS TAKEN 
FROM FLOWERING PARTS OP TPS PLANTS 

SITE 0 

Wt o f S e s l e r i a 
mg JJM p r o l i n e MM p r o l i n e / g 

F.W. 

0.08 3.1 38 . 7 5 
0.156 4.5 37.64 
0.07 4.0 57.14 
0.117 1.1 9.4 
0.139 2.9 20.86 
0. 094 3.5 37.23 
0.07 4.5 64.28 
0.072 4.6 6 4 , 3 4 

0.091 3.50 38 . 4 

0.078 4 . 4 56.48 
0.134 1.3 9.69 
0.099 2.5 25.38 
0.068 4.1 60.28 
0.103 2.5 24.21 
0.062 2.3 37.34 
0.094 3.6 38.21 
0.102 3.8 37.2 
0.101 4.0 39.46 
0 . 0 7 3 1.7 23.22 
0 . 0 9 3 3.2 34.36 
0.106 4.1 38.81 
0 . 0 7 5 4.3 57.43 
0.171 1.6 9.37 
0 . 1 0 5 3.8 36.04 
0.116 1.1 9 . 4 5 

0.073 4 . 3 58.61 
0 . 1 0 5 4.1 39.23 
0 . 0 9 5 3.6 38.07 
0.085 3.2 37.64 
0.083 4.7 56.51 
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APPENDIX I I I - sheet 22 

S i t e C - c o n t i n u e d 

Wt of S e s l e r i a 
rag /AM p r o l i n e /an p r o l i n e / g 

E.W. 

0.092 2.1 22.86 
0.085 3.3 38.85 
0.098 3.9 37.66 
0 . 0 7 7 4.2 54.44 
0.073 4.6 62.21 
0.088 3.4 38.66 
0.087 3.3 37.74 
0 . 0 9 4 2.9 30.78 
0.026 2.1 24.35 
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APPENDIX I I I - sheet 25 

P R O L I N E L E V E LS TN S1<:ST,"PTA : PTOTTT.Tfi TATTEW 
~ FROM FLOWERING ?^ETS OP THE PLANTS 

SITE D 

Wt of S e s l e r i a 
mg jum p r o l i n e jum p r o l i n e / g 

X' . n . 

0.057 3.7 66.007 
0.138 6.0 43.47 
0.164 6.6 40.24 
0 . 0 7 1.6 22.85 
0.11 6 . 7 60 . 9 0 

0.163 15.3 93.86 
0.113 3 . 0 26.54 
0.085 3.9 45.88 
0.079 3.5 44.36 
0.126 6.1 48.47 
0.098 6.4 65 . 0 9 
0.064 3.9 60.81 
0 . 1 5 9 14.8 92.87 
0.067 1 . 7 25.56 
0 . 1 0 5 2.3 21.83 
0.082 3.8 46.18 
0 . 0 7 5 3 . 4 45.37 
0.077 3.1 40.18 
0.096 2.3 23.97 
0. 096 6.5 67.94 
0.160 15.1 94.12 
0. 076 3.4 44.53 
0 . 0 7 4 3.0 40.79 
0.095 6.0 63.19 
0.101 6.2 61.28 
0. 086 3.7 43.17 
0.067 3.1 46.61 
0.162 15.2 93.71 
0 . 0 5 7 1.5 26.37 
0.086 1.9 22.01 
0.07 3.2 45.58 
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APPENDIX I I I - sheet 24 

S i t e D - c o n t i n u e d 

Wt o f S e s l e r i a 
mg JUM p r o l i n e — 

um p r o l i n e / g 
E. W. 

0.08 3.3 41.27 
0.092 6.0 65.39 
0.063 3.8 60.22 
0.072 3.1 43.36 
0.059 2.5 42.1 
0.042 2.0 47.76 
0.067 3.1 45.98 
0.169 15.4 91 . 2 7 
0.079 1.6 20.23 

• .. 73 . 



APPENDIX I V - sheet 1 

PROLINE LEVELS IN SESLERIA AFTER FIELD 
DROUGHT STRESS 

SITE A 

Wt o f S e s l e r i a 
rag ^/.xn p r o l i n e paa p r o l i n e / g 

F.W. 

0.06 1 . 6 6 27 . 6 6 

0.064 1 . 7 7 27 . 6 6 

0.06 2.91 48.5 
0.06 1.75 29.16 
0.07 1.95 27.85 
0 . 061 1 . 6 9 27.70 
0.06 1.65 27.5 
0 . 0 7 3. 55 50.75 
0.06 2 . 9 48.33 
0.07 2.48 35.42 
0.064 1.84 28.75 
0.063 1 . 7 5 27.77 
0.06 1.67 27.83 
0.062 1.71 27.58 
0.07 2.48 35.42 
0.072 2.61 36.25 
0.063 3 . 0 9 4 9 . 2 

G..06 3 . 0 3 50.5 
0.061 3 . 0 9 50.6 
0.058 1 . 9 34.4 
0.06 1.67 27.84 
0 . 0 5 5 1. 59 28.88 
0.07 1.95 27.86 
0.06 1.65 27 . 5 

0.063 3 . 2 • 50.79 
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APPENDIX IV - sheet 2 

PROLINE LEVELS IN SESLERIA AFTER FIELD 
DROUGHT SERESS" 

SITE - B 

Wt o f S e s l e r i a 
rag /cm p r o l i n e /on p r o l i n e / g 

0.086 2.37 27.56 
0.052 1.33 25.58 
0.093 2.78 29.89 

0. 084 2.32 27.62 
0.071 2.0 28.16 
0.066 1.83 27.72 
0.062 2.95 47.58 
0.075 4. 88 65.06 
0 . 0 5 7 3.56 62.46 
0.061 1.5 24.59 
0.075 1.9 25.33 
0.072 1.88 26.11 
0.061 2.4 39.34 
0.062 3.06 49.35 
0.064 1. 46 22.61 
0.062 1.73 27.9 
0.061 3.39 66.-47 
0.058 1.58 27.24 
0.079 4.42 55.94 
0.083 5.02 60 . 4 8 

0.081 2.27 28.02 
0.054 3 . 5 9 66.48 
0.092 2.56 27.82 
0.066 1.51 2 2.88 
0.058 3.86 66. 55 
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APPENDIX IV - sheet 3 

PROLINE LEVEL5 IN 5SSLEEIA AFTER FIELD 
DROUGHT STRESS 

SITE C 

Wt o f S e s l e r i a 
mg /uii p r o l i n e /M p r o l i n e / f t " 

F.W. 

0.041 122.18 2980.0 
0 . 0 5 3 7 . 9 0 149.06 
0.04 4.81 120.35 
0.044 5.94 135.0 
0.058 8.12 140.0 
0.062 9.18 148.07 
0.048 124.65 2601.04 
0.052 148.2 2850.0 
0 . 0 5 6.77 135.4 
0.041 6.13 149.51 
0.061 7 . 4 2 121.64 
0.O44 125.84 2860.0 
0.042 5.23 124.52 
0.038 97.13 2556.05 
0.032 72.62 2269.37 
0.046 6.84 148 . 7 0 

0.051 6 . 9 2 135.68 
0.055 6.73 122.36 
0.043 5.99 139 . 3 
0.052 7.62 146 . 5 4 

0 . 0 3 3 65.69 1990.61 
0.046 6.86 149.13 
0.057 164.16 2880.0 
0.031 4.36 140.65 
0 . 0 5 4 1 0 9.1 2020.91 



APPENDIX I V - sheet 4 

PROLINE LEVELS I N SE5LERIA APTER FIELD 
DROUGHT STRESS 

SITE D 

Wt o f S e s l e r i a 
mg ftm p r o l i n e /Urn p r o l i n e / g 

P.W. 

0 .07 2 .2 31 .43 
0 .038 1.23 32 .37 

0 .052 1.45 27 .88 

0 .13 3.45 26 .54 

0 .064 1.85 2 8 . 9 1 

0.063 2 .03 32 .22 

0 .066 2 .14 32 .42 

0 . 0 8 1 2 .58 31 .85 

0 .053 1.69 31 .89 

0 .048 1.33 2 7 . 7 1 

0 . 0 6 1 1.69 2 7 . 7 1 

0 .066 1.72 26.06 

0 .048 1.3 2 7 . 0 8 

0 . 0 6 1 1.76 28.85 

0 .072 2 .33 32 .36 

0 .058 1.86 32 .07 

0.066 2 . 1 31 .82 

0 .06 1 .91 31 .83 

0 .13 4 . 2 3 2 . 3 1 
0 .038 1.46 30 .53 

0.065 2 .10 32.46 

0 .069 2 . 2 31 .88 

0 .062 2 . 0 1 32 .42 

0 .064 2 .04 31 .87 

0.06 1 . 59 26 . 5 
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APPENDIX V - sheet 1 

PROLINE LEVELS I N SESLERIA, 24 HOURS AFTER 
THE RELIEF OP PIELD DROUGHT "STRESS BY RAIN 

SITE A 

Wt o f S e s l e r i a 
mg jyM p r o l i n e Mm p r o l i n e / g 

"F.W. 

0 .05 0 .34 6 .67 
0.06 0 .39 6.5 
0 .072 0.49 6 . 8 1 

0 .075 0 .49 6 .54 
0.068 0 .46 6.77 

0 .054 0 .37 6.85 

0.05 0 .32 6.4 
0 .062 0. 41 6 . 6 1 

0.055 0 .37 6.73 
0.058 0 .38 6.55 

0.064 0 .42 6.56 

0.044 0.29 6.59 

0.075 0. 51 6 .8 

0 . 0 6 1 0 .42 6 .89 
0.048 0 .32 6.66 

0.045 0.29 6 .74 

0 . 0 5 1 0 .33 6.47 

0.049 0 .32 6.53 
0 .058 0.39 6.72 

0.052 0 .34 6 .54 
0 .046 0 . 3 1 6 .74 
0 . 0 4 1 0 .28 6.83 
0 . 0 6 1 0 .42 6 .89 
0 .062 0 . 4 1 6 . 6 1 

0 .074 0 .49 6 .62 
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APPENDIX V - sheet 2 

PROLINE LEVELS I N SESLERIA, 24 HOURS AFTER 
THE RELIEF OP FIELD DROUGHT STRESS BY RAIN 

SITE B 

Wt o f S e s l e r i a 
mg flN p r o l i n e AOII D r o l i n e / g 

P.W. 

0 . 0 6 1 0 . 7 8 12 .79 
0.053 0 . 6 1 1 1 . 51 
0 .072 0 . 8 0 1 1 . 1 1 

0 .074 0 .82 1 1 . 0 8 

0 .054 0 . 6 1 11 .30 

0 .051 0.65 12 .75 
0 .061 0 .75 12.30 

0 .049 0 .56 11 .43 
0 .066 0 . 7 4 1 1 . 2 1 

0 . 0 6 1 0 .68 11.15 
0. 078 0 .90 11 .54 

0 .077 0 . 98 12 .73 
0.072 0 .83 1 1 . 53 
0.06 0 .76 12 .67 

0.053 0 .67 12 .64 
0.066 0 .75 11 .36 

0.064 0.73 1 1 . 4 1 

0 .059 0 .65 11 .02 

0 .057 0 .65 1 1 . 4 0 

0 .063 0 .77 12 .22 

0 .077 0 .88 11 .43 

0 .072 0 .82 11 .39 
0.064 0 .73 1 1 . 4 1 

0 .055 0 . 65 11 .82 

0.063 0 .78 12.39 
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APPENDIX V - sheet 3 

PROLINE LEVELS I F 5E&IERIA, 24 HOURS AFTER 
THE! RE1IEE OP E I EEL DROUGHT STRESS. RAIN 

SITE C 

Wt o f S i e s l e r i a 
mg A m p r o l i n e pm p r o l i n e / g 

0 . 0 4 1 
0.044 
0 .04 
0 . 0 5 1 
O.O43 
0. 042 

0.049 
0 .047 

0.053 
0.C55 
0.054 
0 . 0 4 1 
0 .046 
0 . 043 
0.044 
0.057 

0.055 
0.043 

0.047 
0 .05 

0 .057 
0.053 
0.042 
C. 047 

C O 41 

.42 

.33 

.19 

.25 

.23 

.2 

.25 

.23 

.25 

.26 

. 40 

.2c3 

.28 

.35 

.34 

. 46 

.45 

.33 

.48 

. 5 

. 56 

.57 

.43 

.47 

10 .24 
7.5 
4 .75 
4 . 9 0 
5.35 
4 .76 
5 .10 

4 .89 
4 .72 
4 .73 
7. AI 
6 .83 

6.09 
7.29 
7.73 
8.07 
8 .18 
7.67 

10 . 2 1 
10 .00 

9.C3 
9 - 8 3 
10.24 
10.00 

Q.27 

. . . 80. 



o f S e s l e r i a 
rng puVA p r o l i n e //jn pro l i n e /g 

r P.W. 

0 . 0 6 1 0.35 5.74 

0 . 065 0 .5 7.69 
0.066 0 .44 6 .67 
0 . 071 0 . 4 1 5 .78 

0 .059 0 . 4 6 .78 

0 .068 0. 46 6 .79 
0 .074 0 . 55 7.43 
0 .077 
0 .069 

0 .57 , 
0 . 4 

7 .70 
5 .80 

0 .052 0 . 3 1 5.96 

0 . 054 0 . 4 1 7 .59 
0.063 0 . 4 1 6 . 5 1 
0.073 0. 53 7 .26 
0 .056 0 .43 7 .68 
0 .062 0 . 36 5 . 8 1 . 

0 .074 0 . 56 7 .57 
0 .06 0 .35 5.83 
0 .057 0 .34 5 .97 
0 .062 0 .4 6.45 

0.073 0.49 6 . 7 1 
0 .07 0. 48 6 .86 

0.069 0 .44 6 .38 
0 .068 0 .44 6 .47 

0 .054 0 .38 7 .04 

0. 074 v. 53 7.16 

81' 



APPENDIX V I - ^heet 1 

PROLINE PRODUCTION I N SESLERIA : RESULTS PROM 
LABORATORY DROUGHT STRESS EXPBRI?'n3TTTlN _^SP~S01L 

SITE A 

Time 
i n 

Honrs 
X 

24 194 .2 1 7 0 . 6 1 188. 219 .49 208.05 197.17 180. 21 196. 33 193 . 
5G 144 .44 140 .7 155. 39 139.06 133 .88 144 . 61 150 . 09 147. 4 142. 08 

72 7 5 . 1 79.43 85 . 28 63 .4 72 .2 68. 61 80 . 47 78. 63 72. 78 

98 65 .42 69 .64 67. 6 58 .4? 70 .18 6 1 . 8 60 . 71 70 . 84 64 . 16 

120 160 .2 151 .34 156 .44 169 .12 171 .4 159. 61 163. 60 149. 05 159. 04 

144 250.15 220.7 238. 11 291.02 237.35 2 6 1 . 4 268 . 33 . 244. 36 239- 93 

170 480. 2 440.24 455. 2 493.02 498.34 502. 43 475. 6 496. 71 490. 06 

198 862.5 782 .3 846. 41 879 .4 8 9 0 . 3 1 865. 22 8 9 1 . 6 887 . 07 857. 69 
219 105 .3 120. 2 136 . 3 99 .6 87 128. 4 86 . 5 78 . 42 105. 98 

240 100 7 2 . 3 1 8 4 . 3 87 .9 1 2 2 . 4 1 1 3 1 . 86 127. 5 70 . 03 103. 69 

270 2 8 8 . 9 1 297.12 284. 35 327.6 2 4 2 . 6 1 246. 42 279. 4 355. 278 .4 

317 62 .46 6 8 . 8 1 69 . 5 62 .4 76 .8 57. 4 53. 21 49 . 2 62. 36 

SITE B 

" T i m e 
i n 

Hours 
y-

24 264.56 2 7 9 . 4 1 288 .3 2 3 4 . 3 1 298 .4 246 .5 2 4 8 . 2 1 219 .38 301.97 

50 161 .76 160 .94 173 . 5 188.46 151 .49 154 .3 1 5 9 . 7 1 160. 02 145 .66 

72 72.43 79-8 8 9 . 3 1 60 .05 62 .25 73.49 78 .07 75.19 61 .28 

98 125.13 122.41 106 .89 144 .37 136.5 119 .39 1 0 0 . 1 124.4 146 .98 

120 175 .24 150 .16 1 4 8 . 4 1 185 .37 190 .16 142 .4 1 6 8 . 9 1 2 0 3 . 6 1 212. 9 

144 228.30 2 20.44 197.08 184 .99 247 .36 244 .85 2 6 1 . 1 2 0 5 . 5 1 265 .07 

170 2 8 9 . 6 1 2 9 8 . 8 1 326 .4 221 .49 233 .6 314 .67 317.49 276.35 328 .07 

198 520.09 563 .09 548 .38 517.46 484.18 4 9 3 . 6 1 525.6 477.75 550.65 

219 1 1 5 . 3 1 114 .37 8 8 . 1 89 .47 134.6 1 2 1 . 7 1 120 .05 117 .4 136 .78 
240 100 .09 97 .08 l : ? i . l 5 134.65 84 .79 77.83 101 .49 1 2 0 . 9 1 72 .82 

272 95.46 72 .27 8 7 . 4 1 121.36 130.59 116.45 82 .48 80 .94 7 2 . 1 8 

317 308.2 300.46 287 .4 293.66 317.46 322. 53 318 .9 330.24 294.95 

82 . 



APPENDIX V I - sheet 2 . 
PROLINE PRODUCTION I N SBSLERIA ; RESULTS PROM 

LABORATORY DROUGHT STRESS EXPERIMENTS I N DEEP SOIL 

SITE G 

Time 
i n 

Hours 
X 

24 138 .88 1 2 7 . 3 1 120 .48 143.85 1 5 1 . 9 1 121.16 147 .08 1 4 1 . 7 1 157.54 
50 9 5 . 2 1 72 .25 108.23 121.43 101 .66 8 8 . 4 1 8 2 . 8 1 115.83 71 .06 

72 140 .4 1 2 1 . 4 1 156 .52 1 6 1 . 6 1 163.09 1 2 4 . 2 1 130 .34 141.33 124 .7 

98 3 8 0 . 6 1 419 .86 370.67 4 3 8 . 7 1 376 .42 384.5 364 .42 3 6 9 . 3 1 320 .99 
120 254.95 2 2 8 . 1 251 .12 280 .6 2 4 1 . 6 1 247 .75 203 .84 280.52 306.06 

144 185 .86 199-06 160 .2 158 .23 217 .4 220 .52 195 .58 1 8 7 . 8 1 148.08 

170 111 .73 90 . 96 121 .04 110 .42 136 .32 95.13 8 8 . 8 1 127 .97 123 .19 
198 7 0 . 8 1 59 .67 71 .74 7 4 . 7 1 68 . 58 77 .44 80 . 64 78 .9 54 .8 

219 74 .60 62 . 9 7 0 . 8 1 71 .82 79 .4 83 .46 68 . 21 69 .46 90 .74 
240 8 0 . 5 1 73.82 84 .75 83 . 6 80 .37 79-37 67 .06 85 .3 8 9 . 8 1 

272 7 5 . 7 1 7 2 . 6 1 70 .48 64 .46 71 .3 8 0 . 8 1 8 1 . 2 9 7 9 . 5 1 85 .22 

317 249.88 2 3 0 . 7 1 2 1 8 . 8 1 274 .6 251 .72 240.3 243.9 259 .08 279 .92 

SI E E D 

Time 
i n 

Hours 
X 

24 140 .62 120 .42 136 .02 148 .63 1 5 2 . 4 1 160 .22 141 .47 144 .16 121 .63 
50 159 .30 1 4 2 . 3 1 1 3 6 . 4 1 1 5 9 . 7 1 168 .28 1 7 5 . 4 1 160.63 157 .32 179.33 
72 1 1 2 . 2 1 98 .02 111.53 130 .86 121 .37 87 .53 95 .46 112 .47 140.44 
98 6 1 . 4 8 69 .94 58.69 46 .76 70 .4 7 3 . 4 1 66 .19 60 .65 45 .8 

120 57 .2 73 .22 63 .72 40 .73 66 .63 75.43 4 1 . 4 1 51.79 44.67 

144 58 .16 65 .16 60.66 5 7 . 4 1 54 . 5 8 50 .72 63 .82 61 .86 51.07 
170 58 ,43 63 .68 57.43 5 0 . 3 1 5 1 . 4 1 63 .98 61 .66 53 .24 65 .73 

198 59 .27 6 3 . 2 1 67 .07 58.33 53.78 69 .67 75.41 4 1 . m 4 4 . 7 1 

219 .87.44 99 .43 118 .72 121 .74 68 .93 69 .44 7 5 . 2 4 68 .47 77 .55 

240 2 0 5 . 2 1 1 9 1 . 1 226.92 250 .68 1 7 5 . 8 1 193.23 185 .13 201 .22 217 .59 
272 662^78 678 .6 6 9 3 . 0 1 5 9 9 . 4 1 601.62 675,03 6 7 0 . 9 1 681 .19 701.95 

317 62 . 5 65 .26 63 .44 55. 52 69 .47 71 .92 63 .84 58 . 61 51.94 

. . . 83 . 



AgPENDIX V I I - shee t 1 
PROLINE PRODUCTION I N SSSLERIA : RESULTS 
FROM LABORATORY DROUGHT STRESS EXPERIMENTS 

I N SHALLOW SOIL 

S i t e A 

„_ 
Time 

i n 
Hours 

x 

50 350.3 3 7 8 . 6 1 350 .46 386. 33 3 2 1 . 12 3 0 1 . 62 337. 28 364.68 362. 3 
72 2080.9 2099.47 2336 .11 1859. 26 2236. 34 2347. 14 2010. 13 1829.23 1929.52 

120 2150.4 2051.63 2436 .9 2 3 6 1 . 34 1892. 61 1849. qq 2450. 61 1690.07 2470.05 
170 2010.3 2 0 § 0 . 0 7 1869.04 2106. 47 1973 . 49 2065 .81 2154 .81 2 0 8 1 . 9 1 1740 .8 

219 2190.6 2 2 3 8 . 9 1 2316 .17 2189. 82 2 0 5 1 . 78 1928. 6 1 9 9 1 . 49 2204.44 2603.59 
240 L I 8 0 . 8 1091.28 1U7.62 998. 19 1354 .32 1279 . 33 1 1 9 1 . 58 984.39 1429.69 

272 1220 .41 1301 J. 31 1115.97 1279. 24 1 4 4 1 . 29 1 3 0 1 . 45 1014. 66 1097 .08 1 2 1 2 . 2 f 

319 380.5 392.22 320.44 412. 07 345. 54 338. 51 3 6 1 . 2 429 .79 4 4 . 2 3 

S i t e B 

Time 
i n 

Hours x 

50 2790 .1 2841.46 2779 .21 2651.40 2668.47 2 7 4 3 . 0 1 2889.28 2 9 0 1 . 43 2846. 54 
72 1562.5 1369 .21 1 7 2 1 . 9 1 1654.19 1 8 2 6 . 6 1 1643.43 1321.14 1406. 51 1557. 0 

120 1458 .24 1441.73 1769.84 1587.08 1450 .32 1327 .62 1098.13 1214. 67. 1776. 46 
170 1 3 8 0 . 8 1 1247.99 1569.12 1671.47 1422.44 1018.38 1279.69 1375. 22 1462. 17 
219 1125 .8 1364.04 1279 .62 1124 .88 1097.56 1018.74 1065.92 1229. 10 826. 54 
240 1300.13 1401.32 1526.35 1 3 2 4 . 9 1 1 3 0 7 . 2 1 1229.05 1 1 1 7 . 3 1 1 3 0 1 . 98 1197. 71 
272 1160.3 1421.69 1306.76 1098.93 1217.99 1143.57 1018.72 1244. 77 829 . 97 

319 ' 880 .2 921 .45 1019.22 779 .64 861 .87 784.69 871 .62 994 . 6 868 . 51 

. . . 84 . 



APPENDIX V I I . - sheet 2 

PROLINE PRODUCTION I N SSSLERIA : RESULTS 
FROM LTBORXTORY DROUGHT STRESS EXPERIMENTS 

" I N SHALL OW"~S O I L 

S i t e C 

Time" 
i n 

Hours 
X 

50 1286.9 1471.06 1306 .9 1217 .42 1149.28 1037 .41 1241.28 1275.97 1595.88 

72 1598.12 1 4 8 4 . 2 1 1 4 9 7 . 6 1 1 5 8 4 . 5 1 1591 .7 1749.43 1606 .34 1714.62 1556 .54 
120 1453.3 1603.73 1541.33 1309.67- 1347.06 1414 .47 1 4 6 4 . 2 1 1497.4 1448.53 

170 1161.26 1098 .42 1146.15 1227 .98 1349.45 1406.96 1021.24 1098 .72 941 .16 

219 1018.24 1049.63 1161 .72 1213.54 908 .95 817 .18 1017.99 1143.93 832 .98 

240 1047.2 1228 .23 987.66 779 .36 1006 .29 1341.48 1 2 2 3 . 8 1 1030.89 779.83 

272 1480 .68 1343.47 1691 .98 1643 .12 1228.19 1147 .41 1515-97 1481 .64 1793.66 

319 550.8 487.23 621.13 614.49 574.13 481 .32 499 .63 575.88 552.59 

SITE D 

T i g e 
Hour X 

50 1129.73 1423.46 1234.93 1119.41 987 .69 991.72 1014 .89 1 1 7 4 . 6 1 1091.68 

72 1708 .6 1563.37 1622 .21 1 8 9 4 . 2 1 1549 .82 1631.07 1876.43 1581.77 1949.92 

120 1587.84 1433.32 1698.45 1722.9 1414.78 1379.84 1 7 6 6 . 2 1 1659 .8 1577.42 

170 1481 .4 1 3 7 2 . 4 1 1622.19 1221 .59 1 3 9 1 . 6 1 1719.44 1592.46 1246.87 1684.63 

219 1 5 3 0 . 1 1761 .32 1391.28 1274.86 1189 .44 1 6 2 9 . 6 1 1362 .99 1801.64 1829.66 

240 1460.22 1531.74 1398.63 1621.23 1715,28 1229 .4 1346 .31 1621.45 1217.72 

272 1716.3 1698.49 1751.69 1764 .08 1682.19 1 7 9 4 . 6 1 1756 .99 1842 .91 1439-44 

319 7 2 0 . 6 1 6 9 9 . 4 1 747.60 710.49 739 .89 729.66 701 .4 742 .09 694.34 

• • • 8 5 • 



APPENDIX V I I I . - shee_t_l 

PROLINE PRODUCTION I N SESLERIA : RESULTS 
PROM LABORATORY"LOW TEM1ERATURE STRESS 
' "EXPERIMENTS 

S i t e A 

Time 
i n 

Hoi j r s 

24 68 .18 4 2 . 4 1 5 59 . 68 81 .69 50 .2 7 6 . 7 1 84 .02 80 .19 70 .54 

50 155 .17 135 .22 172 . 61 168.43 140 .23 1 7 7 . 5 1 149.46 158.43 139 .57 

72 144.2 1 3 0 . 6 1 1 6 1 . 34 141 .08 1 5 7 . 2 1 167 .2 1 3 8 . 6 1 129 .55 128 .0 

98 1 3 3 . 3 1 127 .47 148. 38 1 4 3 . 2 1 130 .2 131 .8 129.37 119.3 136.75 

120 124 .46 141 .24 i- / • 1 2 1 . 5 12 0 .43 119.72 134 .7 109 .7 110 .88 

144 1 1 3 . 7 1 133.24 127. 06 113 .9 1 1 0 . 8 1 8 5 . 7 9 3 . 4 1 121 .29 124 .27 

170 1 0 1 . 5 90.43 126. 'f> 116 .27 1 1 1 . 7 1 84.8 79.64 105 .38 •',97.47 

198 38,43 70 . 29 ' 93. 31 97 .46 79 .38 84 .8 65 .76 1 101 .34 <• 9 5 . 1 

219 47 .19 40 .77 53. 21 48.34 60 .4 39. 51 44 .45 47 .27 43. 57 

240 110 .8 90 .36 i n . 71 130.84 87.92; 93 .28 89 .43 1 4 1 . 9 140 .96 

272 2U5.36 229.06 233. 1 2 0 1 . 5 187 .4 194.07 1 8 9 . 2 1 . 219 .06 189 .48 

317 81.27 84.36 l-> i • i 101 .4 
. J 

77 .27 i 
i 

83 .2 85 .34 ' 
1 1 • 

73 .08 57 .8 

S i t e B 

Time 
i n 

Hours X 

24 118.27 116 .64 9 9 . 8 1 127 .08 119 .72 1 3 0 . 4 1 106.44 1 0 0 . 6 1 145.45 

50 112.34 8 9 . 3 1 95.56 1 2 7 . 8 1 121 .4 118 .76 115 .68 98 .73 131 .57 

72 8 0 . 7 1 70 .36 96 .73 85 .26 7 1 . 33 75 .26 8 3 . 2 1 9 0 . 0 1 73 .52 

98 203.6 184.49 1 7 5 . 2 8 220.37 219.23 206 .38 218 .37 171 .5 233 .18 

120 1 8 3 . 7 1 197.52 206 .9 1 7 3 . 4 1 180 .18 195 .02 1 7 7 . 2 1 179 .4 160.04 

144 115.5 130 .27 1 2 7 . 4 1 101 .06 98 .7 1 1 2 . 1 101 .4 111 .37 133 .69 

170 7 4 . 4 1 68 .68 59 .53 7 8 . 5 1 84 .09 87 .99 68 .29 77.66 70 .53 

198 1 9 . 1 18 .97 17 .72 21 .22 23 .44 14 .82 19 .56 21 .27 1 5 . 8 

219 1 9 . 0 1 1 7 . 1 1 16 .82 15 .79 23 .63 25 .12 17 .83 1 5 . 3 8 16 .4 

240 20 .2 17 .04 19 .45 19 .87 18 .72 18 .5 21 .37 20 .45 26 .2 

270 83 .45 75 .6 8 7 . 1 9 3 . 6 1 81 .09 7 9 . 0 1 86 .04 81 .69 83 .46 

317 23.27 20 . 91 17 .05 30 .44 2 8 . 2 1 1 8 . 6 1 22. 5 1 9 . 8 1 23 .63 

• . . 8 6 . 



APPENDIX V I I I - sheet 2 

PROLINE PRODUCTION I N SESLERIA : RESULTS 
FROM LABORATORY LOW TEMPERATURE STRESS 

EXPERTMEN TS 

S i t e C 

Time 
i n 

Hours 

24 57 .41 54 .08 6 3 . 6 1 71 .3 48 .07 49 .24 51.27 54.66 . 67 .05 
50 128 .24 119 • 91 135 .74 127.73 131 .02 121.68 12^.14 133 .27 132 .43 

72 25 .13 20 .64 1 7 . 9 8 29.82 3 3 . 2 1 18 .97 21.96 2 6 . 0 1 32.45 
98 35 .26 33. 56 45 .14 27 .49 29 .86 48 .24 29 .88 36 .58 31 .33 

120 33 .7 30 .49 38.12 4 1 . 5 1 28 .93 37.13 41 .4 33 .46 28 .56 

144 30.04 21 .47 28 .37 23 .77 34 .75 38 .28 4 1 . 2 1 22 .5 5 2 9 . 9 1 
170 24.96 20 .76 27 .29 31.96 2 2 . 6 1 27.06 21 .06 24 .37 24 .57 
198 21 .82 1 9 . 2 1 27 .44 28.43 20 .2 17 .19 16 .47 18. 58 27 .04 

219 20 .43 1 8 . 8 1 7 . 8 1 23 .22 22 .49 21 .24 20 . 58 22 .64 16 .66 

240 22 .27 19 .43 21 .07 25.16 28 .78 19 .56 21.39 . 20 .83 21 .94 
272 257 .69 239 .38 261.63 241.37 2 6 4 . 1 7 273.39 251.62 281 .92 248 .04 

317 4 9 . 4 1 38 .33 41 .29 5 3 . 4 1 51 .26 97 .81 60. 48 3 9 . 3 1 53.39 

S i t e D 

Time 
i n 

Hour r 
x 

24 128.42 108 .76 139.42 140.62 117 .18 . 146.03 99-6 1 3 2 . 7 1 143 .04 

50 38.37 3 1 . 6 1 48 .4 51 .06 22. 71 21 .49 29 .44 59 .07 43 .18 

72 56 .86 4 9 - 3 1 71 .84 75.95 39 .64 6 4 . 5 1 31.68 51 .89 70 .16 

98 54 .94 41 .92 38 .68 76 .12 6 9 . 8 1 43 .88 3 9 . 7 1 5 6 . 4 1 72 .99 

120 53 .37 51 .64 43. 69 71 .6 74 .49 3 ° . 12 3 6 . 1 1 7 7 . 7 1 39 .6 

144 51 .24 39 .39 7 3 . 4 1 33 .51 59.16 63 .49 57 .04 70.96 $2 .96 

170 49.66 38 .28 71.83 73 .37 38 .32 51.76 54.13 44 .42 45 .17 

198 49 .54 3 1 . 7 1 29 .07 51.29 5 4 . 7 1 63 .98 41 .36 3 8 . 3 8 65 .82 

219 47 .07 41 .24 66.69 28 .99 51 .55 40 .6 41.42 3 9 . 2 1 66 .86 

240 4 7 . 6 1 3 9 . 5 1 35 .18 56.44 61 .06 43 .13 3 8 . 8 1 43 .3 63 .46 

272 64 . 58 86 .38 5 9 . 3 1 79.26 53 .46 49 .28 71 .69 6 6 . 0 1 51.25 

317 81 .33 101 .72 9 6 . 4 1 6 3 . 8 1 7 9 . 3 1 89 .14 76 .97 73 .68 6 9 . 6 

. . . 87 . 



APPENDIX I X - shee t 1 

PROLINE PRODUCTION t RESULTS OBTAINED PROM 
CALCIUM STRESS EXPERIMENTS' 

Phleum p r a t e n s e L . 

i° c a l c i u m i n 
s o i l 

("by w e i g h t ) 

f 
W e i g h t o f 

p l a n t m a t e r i a l 
i n g 

yttm p r o l i n e ma p r o l i n e / g 
A " P.W. 

0 .14 0 .1329 1.46 10 .99 
0 . 1 4 0 .1307 1 . 5 1 1 . 4 8 

0.14 0 .1326 1.49 11 .24 
0 .14 0 .1347 1.55 1 1 . 5 1 
0 .14 0 .1389 1.6 11 .52 

0 .14 0 . 1 3 8 1 1.67 1 2 . 0 9 

0 .14 0 .1356 1.56 11 .50 

0 .14 0 .1337 1 . 53 11 .44 

.5 0.1376 1.24 ; 9 . 0 1 

.5: 0 . 1 3 8 1 1.45 10 .50 

.5 0 .1392 1.69 12 .14 

.5 0 .1344 1.54 11 .46 

.5 0 .1321 1 . 32 9 .99 

•5 0 .1373 1.12 8.16 

.5 0.1366 1.6 1 1 . 7 1 

.5 0 .1389 1 . 59 11 .45 
.12 0 .1396 1.38 9 .89 
. 1 2 0 .1362 1.23 9.03 
.12 0 .1362 1.36 9.99 
.12 0 .1376 1.33 9 .67 
.12 0 .1309 1 .11 8 .46 

.12 0 .1399 1.3 9 .29 

.12 0 .1374 1.16 8.44 

.12 0 .1398 1.28 9.16 

• • • 83• 



APPENDIX I X - sheet 2 . 

PROLINE PRODUCTION ; RESULTS 0"STAINED PROM 
CALCIUM STRESS EXPERIMENTS 

A g r o p ^ y r o n caninurn 

% c a l c i u m i n 
s o i l 

(by w e i g h t ) 
W e i g h t o f 

p l a n t r - m a t e r i a l 
i n g 

yfrm p r o l i n e Aim p r o l i n e / g 
y "F .W. 

0 .14 0 .1347 3 .32 24 .65 

0 .14 0.1355 3 .4 25 .09 

0.14 0.1369 3.79 27 .68 

0 .14 0 .1372 3 . 7 1 27 .04 

0 . 14 0 .1336 5.35 25 .07 
0 .14 0.1342 3.13 23 .32 • 

0 .14 0 .1357 1 0 „/ • X ~y 23 .50 

0 .14 0 . 1 3 6 1 3.39 2 4 . 9 1 
. 5 0.13&4 1.72 12.43 

.5 0 .1356 2 .2 16 .22 

. 5 0 . 1 3 2 1 1.94 14 .69 

.5 0.1373 2. 46 17 .92 

. 5 0 . 1 3 6 1 2 . 53 18 .59 

.5 0 .1322 2 .56 19 .37 

.5 0 .1337 2 . 2 16 .46 

. 5 0 .1398 1.94 13 .88 
.12 0 .1399 2. 31 16 . 51 

.12 0 .1333 2 .45 1 8 . 3 8 

.12 0 .1327 2. 55 19 .22 

.12 0 .1339 2 .62 19 .57 

.12 0 . 1346 2 . 67 19 .84 

.12 0 .1387 2 .62 18 .89 

.12 0 .1379 2 . 29 1 6 . 6 1 

.12 0.1366 2 .43 17 .79 



APPENDIX I X - Sheet 5 

PROLINE PRODUCTION : RESULTS OBTAINED 
PROM CALCIUM STRESS EXPERIMENTS 

Sedge sp 

fo. c a l c i u m i n 
s o i l 

(by v / e i g h t ) 

We igh t o f 
p l a n t m a t e r i a l 

in . g 
//m p r o l i n e urn o r o l i n e / g 

"P.W. 

0 .14 0 .1317 0 .81 6.15 
0 .14 0 .1328 0 . 8 5 . 7 1 
0 .14 0.1362 0 .86 6 . 3 1 
0 .14 0 .1347 0.76 5.64 
0 .14 0 .1361 0 .76 5.58 

0 .14 0.1337 0 . 7 8 5.83 
0 .14 0 .1333 0 .73 5.48 

0 .14 0 .1340 0 .82 6.12 

.5 0 .1306 0 ,88 6.47 

. 5 0 .1368 0 .9 6.58 

.5 0 .1399 0.93 6.65 

.5 0 .1322 0 .89 6.73 

. 5 0 .1341 0 .88 6. 56 

. 5 0 .1352 0 .89 6.58 

.5 0 .1366 0 .89 6 .52 

• > 0 . 1 3 7 1 0.92 6 . 7 1 
.12 0 .1369 0 .82 5.99 
.12 0 .1327 0 . 8 6.03 
.12 0 .1344 0 .84 6.25 
.12 0.1389 0 .86 6.19 
.12 0 .1327 0 .77 5.8 
. 1 2 0 . 1 3 3 1 0 .79 5.94 
.12 0.1342 0.82 6 . 1 1 
.12 0 .1367 0 .83 6.07 

. . 90. 



APPENDIX IX - sheet 4 

PROLINE PRODUCT!OF : ; RESULTS OBTAINED FROM 
CALCIUM STRESS EXPERIMENTS 

S e s l e r i a 

"A c a l c i u m i n 
s o i l 

(by w e i g h t ) 
Weigh t o f 

p l a n t m a t e r i a l 
i n g 

yttm p r o l i n e par\ n r o l i n e / g 
F.W. 

0 .14 O.O9O7 2 .47 27 .23 
0 .14 0 .0966 2 .83 29 .30 

0 .14 0.0862 2 .79 32 .37 
0 .14 0 .0857 2. 71 31 .62 

0 .14 0 .0992 2 .85 28.73 
0 .14 0 .0873 2 .6 29 .78 

0 .14 0 .0922 2 .65 28 .74 
0.14 0 .0847 2 .42 28. 57 

. 0.0879 20 .85 237.20 

.5 0 .0877 22 .2 253.14 

.5 0 . 0 9 3 1 24 .65 264.77 

.5 0.0942 23 .44 248.83 

. 5 0 .0869 21 .88 251 .78 

.5 0 .0871 21 .75 2 4 9 . 7 1 

0 .0924 24 .16 261.47 
.5 0 .0833 20.27 243 .34 
.12 0 .0913 16 .1 . 176 .34 
.12 0 .0896 12.4 138.39 
.12 0 .0872 12 .56 144 .04 
.12 0 .0864 10 .49 1 2 1 . 4 1 
.12 0 .0888 11.3 . 127.25 
.12 0 .0919 12.33 134 .17 
.12 0.0926 11 .95 129.05 
.12 0 .0847 11 .62 137 .19 

. . . 9 1 . 
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