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I n t r o d u c t i o n 

In order f o r a plant to s u r v i v e i n a p a r t i c u l a r h a b i t a t , 

i t must be adopted both morphologically and p h y s i o l o g i c a l l y 

to i t s environmental c o n d i t i o n s . Turesson i n h i s s e r i e s of 

papers (1922, 1923, 1925, 1930), observed that i n many 

pl a n t s there was a s p a t i a l v a r i a t i o n i n t h e i r morphology and 

physiology, and that t h i s i n t r a s p e c i f i c v a r i a t i o n could be 

c o r r e l a t e d with h a b i t a t d i f f e r e n c e s . He recognized that 

v a r i a t i o n r e s u l t e d from the p l a s t i c response of p l a n t s to 

the environment, and the a c t i o n of n a t u r a l s e l e c t i o n on the 

genotype v a r i a t i o n w i t h i n the whole population. He f i r s t 

used the term "ecotype" to d e s c r i b e the g e n e t i c a l l y 

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

h a b i t a t s . 

Many ecotypes have now been described, and these may 

involve adaptations to any environmental f a c t o r , i n c l u d i n g 

temperature, moisture, s o i l c o n d i t i o n s , l i g h t , f i r e or 

s a l i n i t y . Studies have produced much evidence f o r the 

morphological and phenological v a r i a t i o n of populations from , 

d i f f e r e n t h a b i t a t s (Heslop-Harrison, 1964); i n v e s t i g a t i o n s 

have a l s o shown t h a t the p h y s i o l o g i c a l v a r i a t i o n of populations 

i s r e l a t e d to the environmental c o n d i t i o n s , fBradshaw, 1960; 

Bjorkman e t . a l . , 1960; Mooney and B i l l i n g s , 1961; 

Bjdrkman and Holmgren, 1963; Milner and Hiesey, 1964; 

Bjorkman,1968; Lloyd, 1974). 

In s t u d y ing the r e l a t i o n s h i p between a plant and i t s 

environment, ecotypes have often been used, and many s t u d i e s 



on the v a r i a t i o n w i t h i n a plant s p e c i e s over an a l t i t u d i n a l 

range been made, as i t i s p o s s i b l e to study the morphological 

and p h y s i o l o g i c a l changes i n response to gradual environmental 

d i f f e r e n c e s . For example, Clausen, Keck and Hiesey (1948) 

observed d i f f e r e n c e s i n the height and flowering of A c h i l l e a 

landulosa over an a l t i t u d i n a l range i n the S i e r r a Nevada; 

these d i f f e r e n c e s were l a r g e l y maintained when seeds were 

c o l l e c t e d and grown under uniform c o n d i t i o n s . Myers and 

Bormann, (1963), found morphological v a r i a t i o n i n Abies 

balsamina, l e a f length being connected with a l t i t u d e ; Ward, 

(1969), and Pearcy and Ward, (1972), found changes i n the 

phenology and growth of Deschampsia c a e s p i t o s a , the high 

e l e v a t i o n p l a n t s being e a r l i e s t i n development, s h o r t e r i n 

height and having s h o r t e r periods of growth. However, when 

grown i n uniform c o n d i t i o n s , there were e s s e n t i a l l y no 

d i f f e r e n c e s i n d i c a t i n g l a r g e ecotype p l a s t i c i t y . Physio­

l o g i c a l changes with a l t i t u d e have a l s o been recorded; 

W h i t f i e l d , (1932), observed a decrease i n the t r a n s p i r a t i o n 

and growth r a t e of Helianthus annuus at higher a l t i t u d e s ; 

Mooney, (1963), found that p l a n t s of Polygonum b i s t o r t o i d e s 

o r i g i n a t i n g from a warm c o a s t a l environment had growth and 

r e s p i r a t i o n r a t e s c o n s i d e r a b l y lower than a l p i n e p l a n t s ; 

F r y e r and Ledig, (1972), found that when Abies balsamea i s 

grown from seed, the phot©synthetic temperature optimum of 

the s e e d l i n g s decreases with the i n c r e a s e d e l e v a t i o n of the 

seed source. 

Many s t u d i e s have shown c o r r e l a t i o n s between growth form 

and h a b i t a t , but comparatively l i t t l e i s known about the 



adaptive s i g n i f i c a n c e of the observed d i f f e r e n c e s . Because 

morphological changes due to environmental and genetic 

f a c t o r s often resemble one another, the s t r u c t u r a l 

d i f f e r e n c e s have been considered to be of adaptive value 

without any knowledge of the p h y s i o l o g i c a l consequences, 

(Heslop-Harrison, 1964). However, Lewis (1969, 1972) c o n s i d e r s 

that i n the understanding of the adaptation of p l a n t s , i t i s 

important to study the r e l a t i o n s h i p between the s t r u c t u r e , 

the p h y s i o l o g i c a l f u n c t i o n i n g and the environmental complex. 

He uses t h i s approach i n h i s i n v e s t i g a t i o n of the physio­

l o g i c a l s i g n i f i c a n c e of d i f f e r e n t l e a f s t r u c t u r e i n Geranium 

sanguineum. Lloyd (1974) used a s i m i l a r approach i n h i s 

study of the morphology, photosynthesis and t r a n s p i r a t i o n 

of S e s l e r i a c a e r u l e a c o l l e c t e d from s i t e s i n Europe. He 

demonstrated the c l o s e r e l a t i o n s h i p between the morphology 

and physiology of a p l a n t , as the photosynthetic and t r a n s ­

p i r a t i o n r a t e s were a f f e c t e d by d i f f e r e n c e s i n the stomatal 

depression depths. 

The morphological and p h y s i o l o g i c a l adaptation of p l a n t s 

to t h e i r environment can r e a d i l y be s t u d i e d on s p e c i e s with a 

wide d i s t r i b u t i o n or which occupy d i v e r s e h a b i t a t s , as these 

have a l a r g e r number of ecotypes than s p e c i e s with a narrower 

d i s t r i b u t i o n (Turesson, 1930). The e x i s t e n c e of edaphic and 

c l i m a t i c ecotypes of S e s l e r i a c a e r u l e a was postulated by 

Round-Turner (1968), who studied the anatomy, growth and 

mineral r e l a t i o n s h i p s of two populations from d i f f e r e n t 

geographic a r e a s . T h i s s p e c i e s occurs mainly i n open h a b i t a t s 



and on b a s i c s o i l s , has a wide t o l e r a n c e of v a r i o u s s o i l -

water c o n d i t i o n s , and occurs over a l a r g e a l t i t u d i n a l range. 

There has been l i t t l e d e t a i l e d study of i t s morphology and 

physiology i n r e l a t i o n to i t s environment, except for the 

work by Round-Turner (1968) and Lloyd (1974), thus i t was 

decided to use t h i s s p e c i e s f o r study. 

The aims of t h i s present work a r e : -

(a) to study the r e l a t i o n s h i p between the morphology 

and physiology of a plant s p e c i e s and i t s environment, by 

i n v e s t i g a t i n g both the morphology and t r a n s p i r a t i o n r a t e s 

of various populations of S e s l e r i a c a e r u l e a from d i f f e r e n t 

h a b i t a t s and a l t i t u d i n a l s i t e s . 

(b) to determine the extent to which v a r i a t i o n i n t h i s 

s p e c i e s i s due to the p l a s t i c response of the p l a n t s or the 

expression of the genotype, by studying the change i n the 

morphology and t r a n s p i r a t i o n , when p l a n t s from d i f f e r e n t 

populations are t r a n s p l a n t e d and grown under the same 

c o n d i t i o n s . 

( c ) to i n v e s t i g a t e the extent to which high a l t i t u d e p l a n t s 

are adapted to lower s o i l temperatures, by measuring the e f f e c t 

of root c h i l l i n g on the water uptake of p l a n t s c o l l e c t e d from 

various a l t i t u d e s . 



D i s t r i b u t i o n of S e s l e r i a c a e r u l e a and d e t a i l s of s i t e s s t udied 

i ) D i s t r i b u t i o n 

S e s l e r i a c a e r u l e a ( L ) Ard. subsp. c a l c a r e a , h e r e a f t e r 

r e f e r r e d to as S e s l e r i a , i s a s p e c i e s with a very d i s j u n c t 

d i s t r i b u t i o n . I t occurs i n South-West and C e n t r a l Europe 

i n a v a r i e t y of h a b i t a t s a t d i f f e r e n t a l t i t u d e s , being 

common on limestone h i l l s and mountains. I t i s , however, 

absent from Scandinavia and has only a few populations i n 

I c e l a n d . 

The d i s t r i b u t i o n of S e s l e r i a i n B r i t a i n i s shown on the 

map ( F i g u r e 1 ) . In Northern England i t i s found mainly i n 

upland a r e a s on limestone, but a l s o occurs i n lowland and 

c o a s t a l s i t e s . In Scotland, i t i s found on the limestone 

and m i c a - s c h i s t s of the mountains, and i n West I r e l a n d i t 

i s widely d i s t r i b u t e d on the carboniferous limestone. I t 

does not occur, however, on the limestone or chalk f u r t h e r 

south than Malham, although i t i s found on both s o i l types 

a c r o s s the channel i n France. 



F i g u r e 1. D i s t r i b u t i o n map of S e s l e r i a c a e r u l e a (L) Ard. 
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•''By permission of the B o t a n i c a l S o c i e t y of the 
B r i t i s h I s l e s , taken from t h e i r A t l a s of the 
B r i t i s h F l o r a and updated by the B i o l o g i c a l 
Records Centre, Monks Wood Experimental S t a t i o n , 
Abbots Ripton, Huntingdon." 



i i ) D e s c r i p t i o n of S i t e s 

S e s l e r i a was c o l l e c t e d as l i v i n g m a t e r i a l from f i v e 

d i f f e r e n t populations a t Cassop Vale, near Durham, and eight 

other s i t e s a t d i f f e r e n t a l t i t u d e s i n B r i t a i n , (seven i n 
• 

N. England and one i n S c o t l a n d ) . These s i t e s were st u d i e d 

e i t h e r because i t was r e l a t i v e l y easy to obtain p l a n t s from 

the l o c a t i o n , and/or the s i t e was a t a p a r t i c u l a r a l t i t u d e . 

At each s i t e the a l t i t u d e , aspect, slope and depth of s o i l 

were recorded; s o i l pH was determined l a t e r i n the 

labor a t o r y . At Cassop i t was p o s s i b l e to c a r r y out a more 

d e t a i l e d d e s c r i p t i o n of the h a b i t a t s , by doing a phyto-

s o c i o l o g i c a l survey. 
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Table 1. 

S i t e s a t Cassop Vale 

National Grid Reference: NZ 341 383 

A l t i t u d e : 160 m. O.D. 

Underlying rock: Magnesian limestone 

S i t e . ... S o i l S o i l pH , . ; S i t e d e s c r i p t i o n , . , - .-• l e t t e r J . ^ . I . V « I depth moisture of s o i l 
(cm) (%) 

A Shallow dry s o i l on <10 3 7.35 
limestone c l i f f s . 
E a s t e r l y aspect 

B R e l a t i v e l y deep s o i l a t 
the base of a limestone 
c l i f f . 
Westerly aspect 10-20 16 7.4 

C Deep, w e l l drained s o i l . 
Open aspect >20 14 7.25 

D Damp s o i l , gently s l o p i n g . 
Southerly aspect 10-20 22 7.4 

E Wet s o i l due to 
drainage from above, 
s l o p i n g . 
Northerly aspect 10-20 28 7.4 



Tables 2-6. 

Phytosociology of s i t e s a t Cassop Vale 

(Braun-Blanquet's system used) 

Cover value s c a l e 

+ s p a r s e l y or very s p a r s e l y present; cover very s m a l l 
1 p l e n t i f u l but of s m a l l cover value 
2 very numerous or covering a t l e a s t 1/20 of the a r e a . 
3 any number of i n d i v i d u a l s c overing \ to \ of the area 
4 any number of i n d i v i d u a l s covering £ to $ of the area 
5 covering more than f of the area 

S o c i a b i l i t y s c a l e 

1 growing s i n g l y , i s o l a t e d i n d i v i d u a l s 
2 grouped or t u f t e d 
3 i n s m a l l patches or cushions 
4 i n s m a l l c o l o n i e s , i n extensive patches or forming c a r p e t s 
5 i n pure populations 

Table 2 

Phytosociology of S i t e A 

Cover 80% 

Species Cover 
va lue S o c i a b i l i t y 

S e s l e r i a c a e r u l e a 3 3 
Centaurea s c a b i o s a 2 2 
Lotus c o r n i c u l a t u s 1 2 
Leontodon h i s p i d u s 1 2 
Plantago media 1 2 
Festuca ovina 1 1 
B r i z a media + 1 
Plantago l a n c e o l a t a + 1 



Table 3. 
Phytosociology of S i t e B 

Cover 100% 

Species Cover 
va lue S o c i a b i l i t y 

S e s l e r l a c a e r u l e a 4 4 
Festuca ovlna 3 1 
Lotus c o r n l c u l a t u s 2 3 

.Centaurea s c a b i o s a 2 2 
Centaurea n i g r a 2 2 
Plantago l a n c e o l a t a 2 2 
D a c t y l i s glomerata 1 2 
Plantago media 1 2 
B r i z a media 1 1 
Leontodon h i s p i d u s 1 1 
Euphrasia o f f i c i n a l i s + 1 
Linum catharticum + 1 

Table 4. 

Phytosociology of S i t e C 
Cover 100% 

Species Cover 
value S o c i a b i l i t y 

S e s l e r i a c a e r u l e a 3 3 
Festuca ovina 1 2 
Lotus c o r n i c u l a t u s 1 2 
Poterium sanguisorba 1 2 
T r i f o l i u m repens 1 2 
Centaurea n i g r a 1 1 
Plantago l a n c e o l a t a + 2 
A g r o s t i s t e n u i s + 1 
B r i z a media + 1 
D a c t y l i s glomerata + 1 
P o t e n t i l l a e r e c t a + 1 
V i o l a r i v i n i a n a + 1 



Table 5. 
Phytosociology of S i t e D 

Cover 80% 

Species Cover 
va lite S o c i a b i l i t y 

S e s l e r i a c a e r u l e a 3 3 
Thymus d r u c e i 1 2 
T r i f o l i u m repens 1 1 
Festuca ovina + 2 

'i 
Plantago l a n c e o l a t a + 2 
V i o l a r l v i n i a n a + 2 
A c h i l l e a m i l l e f o l i u m + 1 
B r i z a media + 1 
Centaurea n i g r a + 1 
Lotus c o r n i c u l a t u s + 1 
Polygala v u l g a r i s + 1 
S u c c i s a p r a t e n s i s + 1 
V i c i a h i r s u t a + 1 

Table 6. 
Phytosociology of S i t e E 

Cover 90% 

Species Cover 
value 

S o c i a b i l i t y 

S e s l e r i a c a e r u l e a 3 3 
Cteridium moluscum 2 3 
Thymus d r u c e i 2 2 
Festuca ovina 1 1 
P o t e n t i l l a e r e c t a + 2 
B r i z a media + 1 
Carex panicea + 1 
Gentiana amorella + 1 
P i n g u i c u l a v u l g a r i s + 1 
Sambucus n i g r a + 1 
Su c c i s a p r a t e n s i s + 1 
V a l e r i a n a o f f i c i n a l i s + 1 



P l a t e 1. S i t e A a t Cassop Vale 
( a t base of limestone c l i f f ) . 

P l a t e 2. S i t e B a t Cassop Vale 
(shallow s o i l on limestone c l i f f s ) . 
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P l a t e 3. S i t e C a t Cassop Vale 

P l a t e 4. S i t e D and E at Cassop Vale 
(E on the l e f t , D on the r i g h t of photo) 
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i i i ) C l i m a t i c data 

As the Durham U n i v e r s i t y Observatory was very c l o s e 

to the Botany Gardens, i t was p o s s i b l e to obtain c l i m a t i c 

data from t h i s m e t e o r l o g l c a l s t a t i o n f o r the duration of 

the experiments. 

National G r i d Reference: NZ 267416 

A l t i t u d e : 102 m. O.D. 

Hour of observations: 0900 G.M.T. 

Table 8. 

C l i m a t i c data for Durham (May-July 1975) 

Month Mean temp. 
(°C) 

T o t a l r a i n ­
f a l l (mm) Humidity 

<%) 
T o t a l 
Sunshine 
( h r s ) 

Mean 
Wind 
Speed 

(km. hn" 1) 
May 7.9 49.6 - 149.7 12.7 

June 13.1 24.8 45 
(Av. for 
1300 h r s . 
G.M.T) 

218.8 11.7 

J u l y 15.9 61.5 74 
(Av. f o r 
0900 h r s . 
G.M.T) 

144.3 8.5 



M a t e r i a l s and Methods 

i ) C o l l e c t i o n and establishment of p l a n t s 

P l a n t s of S e s l e r i a c a e r u l e a were c o l l e c t e d from the 

var i o u s s i t e s during e a r l y May. At each s i t e about t h i r t y 

i n f l o r e s c e n c e s were c o l l e c t e d a t random, and approximately 

one hundred p l a n t s were c a r e f u l l y removed, l e a v i n g the 

s o i l around t h e i r r o o t s . Each sample was then divided so 

that p l a n t s were a v a i l a b l e for e i t h e r morphological or 

physiological/growth s t u d i e s . 

I t was decided to use a standard s o i l i n the growth and 

physiology experiments, so that any d i f f e r e n c e s observed 

could be a t t r i b u t e d to the nature of the plant m a t e r i a l , 

and not to the edaphic c o n d i t i o n s . Loam, peat and sand were 

mixed i n the r a t i o of 5 : 2 : 1 and 30gm. of John Innes Base, 

and 120gm. of ch a l k were added to each l i t r e of s o i l obtained, 

which was then s t e r i l i s e d by heating i t to 80 C f o r 10 

minutes. Twenty s m a l l p l a n t s , each with approximately three 

leaves were then s e l e c t e d , and planted i n the s o i l u s ing 6cm. 

diameter p l a s t i c pots. These were placed i n the gardens a t 

Durham U n i v e r s i t y , watered r e g u l a r l y , and l e f t to e s t a b l i s h 

themselves during the succeeding weeks. 

Leaf length measurements were i n i t i a l l y made a t r e g u l a r 

i n t e r v a l s , so that growth r a t e s could be obtained. However, 

very l i t t l e new l e a f m a t e r i a l was produced during the next 

4-6 weeks, and there was sometimes an i n i t i a l dying of some 

of the l e a v e s ; i t was th e r e f o r e decided that no u s e f u l 

measurements of growth r a t e could be obtained by t h i s method 



1+ 

during the a v a i l a b l e time. 

I n J u l y , p l a n t s were again c o l l e c t e d from a l l s i t e s 

a t Cassop Vale and l e a f lengths were measured, so that a 

measure of the r a t e of growth of each population could be 

obtained. 

i i ) Morphological s t u d i e s 

P l a n t s from the other part of each o r i g i n a l sample were 

used f o r morphological s t u d i e s . T h i r t y p l a n t s were removed 

a t random and measurements of l e a f lengths, maximum l e a f 

width, height of i n f l o r e s c e n c e and length and dry weight of 

the i n f l o r e s c e n c e spike were recorded for each specimen. 

Studies of l e a f anatomy were a l s o made us i n g n a i l v a r n i s h 

impressions and t r a n s v e r s e s e c t i o n s of the youngest f u l l y 

expanded l e a f of s i x p l a n t s from each population. The number 
2 

of stomata i n f i v e a r e a s of 1 mm near the ce n t r e of each 

l e a f were counted, and measurements of the lengths of f i v e 

i h t e r s t o m a t a l spacings i n a l o n g i t u d i n a l d i r e c t i o n were made, 

together with the lengths of f i v e stomatal pores. T h i r t y 

measurements of each parameter were t h e r e f o r e obtained f o r 

each population. These were recorded f o r the upper l e a f 

s u r f a c e only, as very few stomata could be found on the lower 

s u r f a c e . Sections of the same leaves were then cut u s i n g 

a hand microtome, and measurements of the depth of the stomata 

below the s u r f a c e of the epidermis were made. These measurements 

were made i n the l i g h t of the report by Lloyd (1974) who found 

that the depression depth of the stomata was a s i g n i f i c a n t 

f a c t o r a f f e c t i n g the r a t e s of photosynthesis and t r a n s p i r a t i o n 
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i n t h i s s p e c i e s . 

In J u l y , when the potted p l a n t s from Cassop Vale and 

the shallow s o i l s a t d i f f e r e n t a l t i t u d e s had produced new 

l e a v e s , anatomical measurements were again made, i n order 

to determine the extent to which v a r i a t i o n i s due 

environmental or g e n e t i c f a c t o r s . 

i i i ) T r a n s p i r a t i o n s t u d i e s 

A number of d i f f e r e n t methods are a v a i l a b l e f o r measuring 

t r a n s p i r a t i o n i n the f i e l d and l a b o r a t o r y . Many of them, 

however, r e q u i r e a l a r g e amount of apparatus or are not 

s u i t a b l e f o r use with grass s p e c i e s , so i t was necessary to 

use comparatively simple methods i n t h i s study. 

(a) F i e l d measurements 

Rates of t r a n s p i r a t i o n i n the f i e l d were measured u s i n g 

the c o b a l t c h l o r i d e ( o r thiocyanate) method on the populations 

at Gassop Vale. Small s t r i p s of c o b a l t thiocyanate paper were 

cut, placed a c r o s s the upper s u r f a c e of the l e a f , and held i n 

place by two cover s l i p s on e i t h e r s i d e of the l e a f . V a s e l i n e 

was then placed around the edges to prevent water vapour from 

the a i r a f f e c t i n g the paper, and the time taken f o r the paper 

to change to a standard colour was recorded. However, i t was 

very d i f f i c u l t to decide e x a c t l y when the colours were the 

same, so i n s t e a d the time taken f o r a detectable colour change 

i n the thiocyanate paper was recorded f o r ten p l a n t s from 

each population. Measurements of l i g h t i n t e n s i t y , r e l a t i v e 

humidity and temperature 20cm. above the ground and 10cm. 

below i t were a l s o made a t each s i t e . However, lar g e 



v a r i a t i o n s i n the time taken for a colour change to occur 

were recorded for each population; i t was considered that 

the method was too i n a c c u r a t e for meaningful r e s u l t s to be 

obtained t h e r e f o r e no f u r t h e r measurements were made us i n g 

t h i s technique. 

(b) Laboratory measurements 

One month a f t e r p l a n t i n g , the potted p l a n t s i n the 

gardens have become e s t a b l i s h e d , and some were beginning to 

produce new l e a v e s , so i t was p o s s i b l e to begin measuring the 

t r a n s p i r a t i o n r a t e s of these p l a n t s . A phytometer method 

was used; the l o s s i n weight of a potted p l a n t was recorded 

over a period of time, the s o i l s u r f a c e being cohered to 

prevent evaporation. I t was o r i g i n a l l y intended to leave 

the p l a n t s i n t h e i r pots, and s e a l the holes a t the base, 

but t h i s was not e f f e c t i v e i n many c a s e s , and i t was necessary 

to t r a n s f e r the p l a n t s to polystyrene cups a few days before 

experiments were c a r r i e d out. As the polystyrene cups were 

the same s i z e as the o r i g i n a l pots, t h i s procedure involved 

very l i t t l e disturbance of e i t h e r the roots or the s o i l 

surrounding them. Holes were made i n the base of each cup to 

a l l o w f r e e drainage, and the s o i l was brought to f i e l d 

c a p a c i t y j u s t before the pots were s e a l e d at the base and 

s o i l s u r f a c e . T h i s was achieved by pouring molten v a s e l i n e , 

j u s t above i t s melting point, on the s o i l , and then p l a c i n g 

the cup i n another s i m i l a r one which contained a s m a l l amount 

of molten v a s e l i n e i n the bottom (Fi g u r e 2 ) . The t o t a l l e a f 

l ength of each plant was measured, and each pot was then 
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F i g u r e 2. Diagram of the phytometer used f o r the 
t r a n s p i r a t i o n experiments. 
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weighed a t the same time each day. Temperature and 

r e l a t i v e humidity measurements were made c o n t i n u a l l y i n 

the laboratory u s i n g a h a i r hygrometer, and the l i g h t 

i n t e n s i t y was a l s o recorded a t frequent i n t e r v a l s . However, 

because the main i l l u m i n a t i o n i n the laboratory was always 

provided by f l u o r e s c e n t bulbs, the l i g h t i n t e n s i t y d i d not 

var y g r e a t l y e i t h e r on any i n d i v i d u a l day or from day to day. 

Therefore only o c c a s i o n a l checks were made during the 

subsequent experiments. Weighings were continued for a week 

or l e s s , as a f t e r t h i s time changes i n weight and l e a f area 

occur, as p l a n t s begin to d i e ( e i t h e r due to l a c k of water 

or the presence of anoxic c o n d i t i o n s around the r o o t s ) or 

show s i g n s of growth. Leaf lengths were measured a t the 

end of each experiment to check that no s i g n i f i c a n t i n c r e a s e 

had occurred, and the dry weights of both root and shoot 

f o r each p l a n t were found. Leaf area was c a l c u l a t e d by 

m u l t i p l y i n g the l e a f length by the width, and then c o r r e c t i n g 

f o r l e a f shape by us i n g the r e l a t i o n s h i p determined by Lloyd 

(1974). Rates of t r a n s p i r a t i o n were found f o r : -

1) the populations from v a r i o u s h a b i t a t s a t Cassop Vale 

2) the populations from s i t e s with shallow s o i l s a t d i f f e r e n t 

a l t i t u d e s . 

3) p l a n t s grown i n Durham under the same environmental 

c o n d i t i o n s , having been o r i g i n a l l y c o l l e c t e d from v a r i o u s 

s i t e s a t Cassop Vale 

( I t was decided not to use the a l t i t u d i n a l populations from 

deep s o i l s f o r t r a n s p i r a t i o n measurements, as the p r e l i m i n a r y 



morphological s t u d i e s had i n d i c a t e d t h a t the v a r i a t i o n 

between populations was too great to in c l u d e a l l p o p u l a t i o n s ) . 

In each experiment f i v e p l a n t s of approximately the 

same s i z e were used. A c o n t r o l was a l s o s e t up which 

c o n s i s t e d of a polystyrene cup c o n t a i n i n g only s o i l a t 

f i e l d c a p a c i t y . I t was s e a l e d i n the same way as the other 

pots, and was used to f i n d out i f weight changes occurred 

other than those due to the water l o s s by the p l a n t s . 

i v ) Water uptake at low s o i l temperatures 

The e f f e c t of low s o i l temperatures on the water uptake 

from d i f f e r e n t h a b i t a t s and a l t i t u d e s was i n v e s t i g a t e d by 

measuring the t r a n s p i r a t i o n of p l a n t s with roots and s o i l 

c h i l l e d by an ice/water mixture. Water l o s s was determined 

using the same method as i n the previous experiment. As 

i t was necessary to change the environment around the pots 

with water of d i f f e r e n t temperatures, each pot was placed 

i n another polystyrene cup before being placed i n a water 

bath. In t h i s way i t was p o s s i b l e to remove and weigh each 

s e a l e d pot without the n e c e s s i t y of drying the oufcside f i r s t . 

The temperatures outside and i n s i d e the pot were recorded by 

p l a c i n g one thermometer i n the water bath and another, s e a l e d 

i n with vaseline,, i n the s o i l next to the p l a n t . 

On the f i r s t day the water bath was f i l l e d with water a t 

room temperature, and the l o s s i n weight during 24 hours was 

found for a l l p l a n t s . On the f o l l o w i n g day the water was 

r e p l a c e d by an ice/water mixture at 0-l°C., and a f t e r the 

s o i l temperature had been s t a b l e f o r s e v e r a l hours, the l o s s 



i n weight over 24 hours was again found. The reduction 

i n t r a n s p i r a t i o n was then found; t h i s i s equal to the 

red u c t i o n i n water uptake i f uptake i s equal to l o s s of 

water over a 24 hour period. Measurements of a i r temperature, 

r e l a t i v e humidity and l i g h t i n t e n s i t y were recorded on the 

s u c c e s s i v e days, so that any change i n the environmental 

c o n d i t i o n s was known. 

In the p r e l i m i n a r y experiments with low s o i l temperatures, 

the weighings were i n a c c u r a t e because of condensation on the 

s u r f a c e of the v a s e l i n e (the cold/warm i n t e r f a c e ) . T h i s was 

prevented by covering the s u r f a c e of the v a s e l i n e w i t h paper 

t i s s u e between weighings, so that the water vapour i n the 

a i r did not come i n t o contact with the c o l d v a s e l i n e . 

The e f f e c t of low root temperatures on water uptake 

was i n v e s t i g a t e d on:-

1) populations from v a r i o u s h a b i t a t s a t Cassop Vale 

2) populations c o l l e c t e d from s i t e s w i t h shallow s o i l s a t 

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

i ) Morphology and growth of populations from Cassop Vale 

S e s l e r i a growing i n the v a r i o u s h a b i t a t s a t Cassop Vale 

showed considerable morphological v a r i a t i o n , ( F i g u r e 3 ) , 

w i t h both plant and i n f l o r e s c e n c e s i z e being i n f l u e n c e d by 

the depth and water r e l a t i o n s of the s o i l . On the 

r e l a t i v e l y deep, w e l l - d r a i n e d s o i l s , ( S i t e s B and C ) , l a r g e 

p l a n t s with long l e a v e s and t a l l i n f l o r e s c e n c e s were growing, 

but on the shallow, dry s o i l s on the limestone c l i f f s , 

( S i t e A), and the c o n s t a n t l y moist/wet s o i l s , ( S i t e s D and 

E ) , s i g n i f i c a n t l y s m a l l e r p l a n t s with s h o r t e r i n f l o r e s c e n c e s 

were present. The l e a f width and seed production, ( a s 

measured by length and dry weight of the i n f l o r e s c e n c e 

s p i k e ) , were a l s o found to be r e l a t e d to the s o i l - w a t e r 

c o n d i t i o n s , as p l a n t s from the d r i e r , w e l l - d r a i n e d s i t e s 

had s i g n i f i c a n t l y wider l e a v e s and l a r g e r i n f l o r e s c e n c e 

s p i k e s than those from the moist s i t e s ( F i g u r e 4 ) . 

A v a r i a t i o n i n the l e a f anatomy of S e s l e r i a from the 

d i f f e r e n t s i t e s was a l s o found, ( F i g u r e 5) and some of the 

f e a t u r e s were r e l a t e d to the s o i l - w a t e r c o n d i t i o n s , as 

l e a v e s from p l a n t s on the shallow, dry s o i l s had a higher 

stomatal frequency than those from the wetter s o i l s . However, 

no other anatomical f e a t u r e s t u d i e d seemed to be r e l a t e d 

d i r e c t l y i n t h i s way; there were no s i g n i f i c a n t d i f f e r e n c e s 

i n the depth of stomatal pores, and although the pore length 

v a r i e d i n d i f f e r e n t populations, i t could not be c o r r e l a t e d 



P l a t e 5. N a i l v a r n i s h impression of a S e s l e r i a l e a f 

P l a t e 6. N a i l v a r n i s h impression of stomata of 
S e s l e r i a l e a f 

(Epidermal c e l l s out of focus as. stomata1 
pores.are sunken below the s u r f a c e ) . 
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F i g u r e 3. Morphology of S e s l e r i a from Cassop Vale. 

( E x p l a n a t i o n of s i t e l e t t e r s A-E on Table 1. 

Sample s i z e = 3 0 . 

Mean and standard e r r o r of the mean p l o t t e d ) . 
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F i g u r e 4. S i g n i f i c a n c e t e s t s on the morphology of 

populations from Cassop Va l e . 

( E x p l a n a t i o n of s i t e l e t t e r s A-E on Table 1. 

Sample s i z e = 30. Student's t - t e s t u s e d ) . 
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F i g u r e 5. Leaf anatomy of S e s l e r i a from Cassop Vale, 

( i n c l u d i n g s i g n i f i c a n c e t e s t s on the d a t a ) . 

( E x p l a n a t i o n of s i t e l e t t e r s A-E on Table 1. 

Expl a n a t i o n of s i g n i f i c a n c e l e v e l s on F i g . 4. 

Sample s i z e = 30. 

Mean and standard e r r o r of the mean p l o t t e d ) . 

Student's t - t e s t u s e d ) . 
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with any measured h a b i t a t f e a t u r e . The r a t i o of i n t e r ­

stomatal spacing t o length of stomatal pore a l s o v a r i e d 

i n these populations (Table 9 ) . ( T h i s value was c a l c u l a t e d 

as i t may have an e f f e c t on the t r a n s p i r a t i o n r a t e , which 

would be measured l a t e r ) . 

Table 9. R a t i o of i n t e r s t o m a t a l spacing t o length of 

stomatal pore f o r the populations from Cassop Vale 

S i t e I n t e r s t o m a t a l spacing 
l e t t e r Length of stomatal pore 

A 4.3 

B 6.0 

C 6.1 

D 5.5 

E 4.3 

( E x p l a n a t i o n of s i t e l e t t e r s on Table 1) 

Growth r a t e s of p l a n t s i n the f i e l d from May to J u l y 

a l s o v a r i e d i n the d i f f e r e n t s i t e s , with g r e a t e s t i n c r e a s e 

i n s i z e , ( a s measured by longest l e a f length and t o t a l l e a f 

l e n g t h ) , o c c u r r i n g i n the open s i t e with the deep, w e l l -

drained s o i l , ( S i t e C ) , and l e a s t where t h e r e was a 

c o n s t a n t l y waterlogged s o i l , ( S i t e E ) . At t h i s s i t e no 

s i g n i f i c a n t i n c r e a s e i n s i z e was observed during the two 

months (Table 10), 
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Table 10. Changes i n l e a f length i n populations of S e s l e r i a 

at Cassop Va l e , during the period May-July. 

S i t e I n c r e a s e i n S i g n i f i c a n c e I n c r e a s e i n S i g n i f i c a n c e 
l e t t e r t o t a l l e a f t e s t on length of t e s t on 

length of change i n longest change i n 
pl a n t t o t a l l e a f l e a f length of 
(%) length of (%) longest 

plant l e a f 
A 22 * * 40 * * * 

B 4 N.S. 34 * * * 

C 28 * * * 48 * * * 

D 9 N.S. 35 * * * 

E - 1 N.S. 10 N.S. 

(Sample s i z e = 30) Key t o s i g n i f i c a n c e l e v e l s on F i g . 4 

Explanation of s i t e l e t t e r s on Table 1. 

When p l a n t s from the s i t e s were c o l l e c t e d and grown 

under the same environmental c o n d i t i o n s a t Durham U n i v e r s i t y , 

very few d i f f e r e n c e s i n the l e a f anatomy were found, as the 

new l e a v e s of a l l p l a n t s had s i m i l a r stomatal frequencies 

and pore depths. V a r i a t i o n i n the length of the pore was 

s t i l l present, but was l e s s than that found i n f i e l d 

populations ( F i g u r e 6 ) , and as a r e s u l t t h ere were a l s o 

d i f f e r e n c e s i n the r a t i o of i n t e r s t o m a t a l spacing/pore 

length (Table 1 1 ) . 



Figure 6. Leaf anatomy of S e s l e r i a c o l l e c t e d from Cassop 

Vale and grown under the same environmental 

c o n d i t i o n s . 

( E x p l a n a t i o n of s i t e l e t t e r s A-E on Table 1. 

Sample s i z e = 30. 

Mean and standard e r r o r of the mean p l o t t e d ) . 
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Table 11. R a t i o of i n t e r s t o m a t a l spacing to length of 

stomatal pore f o r the p l a n t s from Cassop Vale 

which had been grown under the same c o n d i t i o n s 

S i t e I n t e r s t o m a t a l spacing 
l e t t e r Length of stomatal pore 

A 8.3 

B 8.0 

C 7.5 

D 6.5 

E 6.1 

( E x p l a n a t i o n of s i t e l e t t e r s on Table 1) 

I t was not p o s s i b l e t o measure the growth r a t e of 

potted p l a n t s as they r e q u i r e d s e v e r a l weeks to become 

e s t a b l i s h e d before new l e a v e s were produced. However, a l l 

p l a n t s appeared to produce new growth at approximately the 

same r a t e as they were a s i m i l a r s i z e a t the end of the 

experiment, but no measurements were made as only a few 

p l a n t s from each population were a v a i l a b l e at t h i s time. 

Therefore many of the d i f f e r e n c e s i n morphology (and growth?) 

which e x i s t e d i n the f i e l d were not maintained when the 

p l a n t s were grown under the same environmental c o n d i t i o n s . 

i i ) T r a n s p i r a t i o n of p l a n t s from Cassop Vale 

D i f f e r e n c e s i n the t r a n s p i r a t i o n r a t e of S e s l e r i a from 

the various populations a t Cassop Vale were observed both 

i n the f i e l d and i n the l a b o r a t o r y , 

(a) F i e l d measurements 

When co b a l t thiocyanate paper was used, s m a l l d i f f e r e n c e s 
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i n the r a t e of water l o s s from p l a n t s i n the v a r i o u s 

h a b i t a t s were recorded (Table 11). S e s l e r i a i n the sunny 

dry h a b i t a t had a f a s t e r water vapour l o s s than that i n 

the shady dry h a b i t a t , but the measured r a t e s were not very 

a c c u r a t e as the method depends on the human eye to match 

c o l o u r s . Therefore no s i g n i f i c a n c e t e s t s were appli e d to 

the data. 

Table 12. F i e l d measurements of the t r a n s p i r a t i o n r a t e of 

p l a n t s i n Cassop Vale ( u s i n g the c o b a l t 

thiocyanate paper method) 

S i t e Average time Temp­ Temp­ S o i l R e l a t i v e L i g h t 
l e t t e r f o r a d e t e c t ­ e r a t u r e e r a t u r e mois­ Humid­ i n t e n s i t y 

able colour 20cm. 5cm. ture i t y ( A r b i t o r y 
change to above below (%) (%) u n i t s ) 
occur ( s e e s ) . ground ground 

(°C) (°C) 

A 51.0 - 3.2 22.0 21.0 3.3 50 17 

B 52.0 ± 3.9 24.0 20.5 17.3 52 18 

C 50.6 ± 4.1 23.5 22.0 15.5 52 18 

D 36.4 - 3.8 25.0 23.0 18.8 49 19 

E 40.2 ± 3.5 21.0 19.0 25.7 53 17 

(E x p l a n a t i o n of s i t e l e t t e r s on Table 1) 

(b) Laboratory measurements 

A n a l y s i s of vari a n c e showed that d i f f e r e n c e s i n the r a t e s 

of t r a n s p i r a t i o n of the v a r i o u s populations e x i s t e d i n the 

laboratory. G e n e r a l l y , S e s l e r i a from the w e t t e s t s i t e s , 

( S i t e s D and E) and from the dry shallow s o i l , ( S i t e A), had 

higher r a t e s of t r a n s p i r a t i o n than p l a n t s from the deeper, 

w e l l - d r a i n e d s o i l s ( P i g . 7 ) . However, when comparisons were 
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F i g u r e 7. T r a n s p i r a t i o n r a t e s of S e s l e r i a from Cassop 

V a l e , ( l a b o r a t o r y measurements). 

(a) On a l e a f area b a s i s f o r Day 1 and Day 6. 

(b) On a dry weight of pl a n t b a s i s f o r Day 1 

and Day 6. 

( c ) On a dry weight of root b a s i s f o r Day 1 

and Day 6. 

(Explanat i o n of s i t e l e t t e r s A-E on Table 1. 

Sample s i z e = 5. 

Mean and standard e r r o r of the mean p l o t t e d ) . 
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made between the mean r a t e s f o r the populations u s i n g a 

multiple-range t e s t ( s h o r t e s t s i g n i f i c a n t r a n g e s ) , the 

s i g n i f i c a n t d i f f e r e n c e s found on Day 1 depended on the 

b a s i s on which the r a t e was c a l c u l a t e d ( F i g u r e 8 ) . The 

population from S i t e E showed a l a r g e v a r i a t i o n i n the r a t e 

of t r a n s p i r a t i o n when expressed on a l e a f area b a s i s , and as 

t h i s a f f e c t e d the t o t a l v a r i a n c e , the s i g n i f i c a n c e t e s t s 

between a l l p a i r s of populations were a f f e c t e d , which made 

an important d i f f e r e n c e when populations A and B were 

considered. When a n a l y s i s of v a r i a n c e was used, the t r a n s ­

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

another, but when only these two populations were compared 

u s i n g a Student's t - t e s t , they were found to be d i f f e r e n t , 

( p < 0 . 0 1 ) . Greater sample numbers a r e t h e r e f o r e r e q u i r e d 

i n these experiments, because of the la r g e v a r i a t i o n i n r a t e 

of t r a n s p i r a t i o n of p l a n t s from one population. 

During the succeeding days, there was a reduc t i o n i n the 

r a t e of t r a n s p i r a t i o n of S e s l e r i a from a l l populations, but 

t h i s was g r e a t e r i n p l a n t s from the deeper or d r i e r s o i l s . 

By the s i x t h day, p l a n t s from the wet t e s t s i t e s , ( S i t e s D 

and E ) , had s i g n i f i c a n t l y higher r a t e s of t r a n s p i r a t i o n than 

p l a n t s from the deeper, w e l l - d r a i n e d s o i l s , ( S i t e s B and C ) , 

r e g a r d l e s s of the b a s i s on which the r a t e was c a l c u l a t e d . 

Some other d i f f e r e n c e s were a l s o found, but these were 

dependant on a p a r t i c u l a r b a s i s f o r the t r a n s p i r a t i o n 

measurement ( F i g . 8 ) . 



F i g u r e 8. S i g n i f i c a n c e t e s t s on the t r a n s p i r a t i o n r a t e s 

of p l a n t s from Cassop Vale. 

A n a l y s i s of v a r i a n c e and s h o r t e s t s i g n i f i c a n t 

ranges (S.S.R.) t e s t s used, (p = 0.5). 

(Explan a t i o n of s i t e l e t t e r s A-E on Table 1 ) . 



Figure 8. 

DAY 1 

(a) On a l e a f area b a s i s 

A. B C D E 

A' 

B N.S. 

C N.S. N.S. 

D N.S. N.S. * 

E * * * N.S. 

DAY 6 

A B 
A" 

B N.S. 

C N.S. N.S. 

D N.S. * 

E * * 

* 

D E 

(b) On a dry weight of p l a n t b a s i s 

A B C D 

A 

B * 

C * N.S. 

D N.S. N.S. N.S. 

E N.S. N.S. N.S. N.S. 

E A 

A 

B * 

C * 

D N.S. 

E N.S. 

B 

N.S. 

* 
* 

* 
* 

E 

N.S. 

( c ) On a dry weight of root b a s i s 

A B C D E 

A 

B * 

C * N.S. 

D N.S. * * 

E N.S. * * N.S. 

A B 

A 

B * 

C * N.S. 

D N.S. * 

E N.S. * 

* 
* 

E 

N.S. 



P l a n t s from a l l populations had s i m i l a r shoot/root 

r a t i o s , except those from S i t e E, which had a s i g n i f i c a n t l y 

lower r a t i o (p<O.Ol) than p l a n t s from S i t e s A, B and C 

(Table 13). The environmental c o n d i t i o n s were a l s o 

approximately constant f o r the duration of the experiment 

(Table 14) 

Table 13. Shoot/Root R a t i o s of p l a n t s from Cassop Vale used 

i n the t r a n s p i r a t i o n experiment 

S i t e Shoot/Root 
l e t t e r R a t i o 

A 0.41 + 0.03 

B 0.44 + 0.09 

C 0.38 + 0.02 

D 0.27 + 0.03 

E 0.16 + 0.03 

(Mean - Standard E r r o r ) 

(Sample s i z e «= 5) 

E x p l a n a t i o n of s i t e l e t t e r s on Table 1. 

Table 14. Environmental data f o r the t r a n s p i r a t i o n experiment 
u s i n g p l a n t s from Cassop Vale 

Environmental Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 
f a c t o r 

Temperature ( °C) 
24 hr. period 22.5 22.0 21.5 22.0 21.0 22.0 
Daylight hours 22.5 22.0 21.5 22.0 21.0 21.5 

R e l a t i v e humidity (%) 
24 h r . period Data not a v a i l a b l e 
D aylight hours 47 51 52 49 51 47 

(Averages of temperature and r e l a t i v e humidity for 24 hours 
and d a y l i g h t hours (0500-2100 hours G.M.T.) recorded). 
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When the t r a n s p i r a t i o n r a t e of p l a n t s grown under the 

same environmental c o n d i t i o n s were stu d i e d , very s m a l l 

d i f f e r e n c e s were found ( F i g u r e 9 ) , f o r although p l a n t s 

from S i t e s A, D and E s t i l l had higher r a t e s of t r a n s p i r a t i o n , 

a n a l y s i s of v a r i a n c e showed that no s i g n i f i c a n t d i f f e r e n c e s 

e x i s t e d except when the r a t e was expressed on a l e a f area 

b a s i s . I n t h i s case only the t r a n s p i r a t i o n r a t e s of p l a n t s 

from S i t e s C and E were s i g n i f i c a n t l y d i f f e r e n t from one 

another (p<0.05) on Day 1 and Day 4. A l a r g e v a r i a t i o n i n 

the t r a n s p i r a t i o n r a t e of p l a n t s from S i t e E was a l s o found 

i n t h i s experiment and t h i s again a f f e c t e d comparisons between 

a l l populations. 

A l l p l a n t s used had s i m i l a r shoot/root r a t i o s , and the 

environmental c o n d i t i o n s were approximately constant f o r 

the d u r a t i o n of the experiment. (Appendix). 

i i i ) E f f e c t of low root temperatures on the t r a n s p i r a t i o n of 

p l a n t s from Cassop Vale. 

Low root temperatures caused a l a r g e r e d u c t i o n i n the 

r a t e of t r a n s p i r a t i o n of S e s l e r i a from Cassop Vale. Using 

the ice/water mixture i t was p o s s i b l e t o o btain a s o i l 

temperature of 2°C t 1°C, and the t r a n s p i r a t i o n r a t e under 

these c o n d i t i o n s was about 20% of t h a t a t 23°C for a l l 

populations, there being no s i g n i f i c a n t d i f f e r e n c e between 

the s i t e s (Table 16). 



Figure 9. T r a n s p i r a t i o n r a t e s of S e s l e r i a c o l l e c t e d from 

Cassop Vale and grown under the same 
i 

environmental c o n d i t i o n s . 

(a) On a l e a f area b a s i s f o r Day 1 and Day 4. 

(b) On a dry weight of pl a n t b a s i s f o r 

Day 1 and Day 4. 

(c ) On a dry weight of root b a s i s f o r Day 1 

and Day 4. 

(Exp l a n a t i o n of s i t e l e t t e r s A-E on Table 1 

Sample s i z e = 5 

Mean and standard e r r o r of the mean p l o t t e d ) . 
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Table 15. E f f e c t of low root temperatures on the t r a n s p i r a t i o n 

r a t e of p l a n t s from Cassop Va l e . 

S i t e T r a n s p i r a t i o n r a t e at 2°C root 
l e t t e r temperature as a percentage of 

t r a n s p i r a t i o n r a t e a t 23°C root 
temperature 

A 16.6 + 1.9 

B 27.4 + 5.2 

C 28.2 + 5.7 

D 18.8 + 2.1 

E 22.8 + 3.2 

( E x p l a n a t i o n Of s i t e l e t t e r s on Table 1 ) . 

i v ) Morphology of populations from d i f f e r e n t a l t i t u d e s 

When many populations of S e s l e r i a from d i f f e r e n t a l t i t u d e s 

were s t u d i e d , an even g r e a t e r v a r i a t i o n i n the morphology was 

observed, but no trend with a l t i t u d e was found i n any of the 

morphological f e a t u r e s s t u d i e d ( F i g u r e s 10 and 11). However, 

the s i t e s v a r i e d c o n s i d e r a b l y i n the depth of s o i l present, 

and as t h i s had been found to be an important f a c t o r 

a f f e c t i n g the morphology of S e s l e r i a a t Cassop V a l e , i t was 

used as a b a s i s f o r d i v i d i n g the a l t i t u d i n a l s i t e s i n t o two 

groups. Populations growing on shallow, dry s o i l s , ( l e s s 

than 10cm deep) on limestone c l i f f s were s t u d i e d s e p a r a t e l y 

from those growing i n deep, w e l l - d r a i n e d s o i l s , (more than 

10cm deep). A c l e a r s e p a r a t i o n was p o s s i b l e because the 

limestone c l i f f h a b i t a t was c l e a r l y defined, and n e a r l y a l l 

the s i t e s with deeper s o i l s had a t l e a s t 20cm of s o i l 

p resent. There was a c l e a r d i f f e r e n c e i n the morphology of 

the p l a n t s from the two groups. As a t Cassop Vale, S e s l e r i a 



Figure 10. Morphology of S e s l e r i a from s i t e s a t 

d i f f e r e n t a l t i t u d e s , ( i n c l u d i n g s i t e s A and 

C a t Cassop V a l e ) . 

( i ) T o t a l l e a f length of plan t and length 

of longest l e a f . 

O shallow s o i l s ( < 10 cm) 

X deep s o i l s ( > 10 cm) 

(Sample s i z e = 30. Mean value p l o t t e d ) . 
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Figure 11. Morphology of S e s l e r i a from s i t e s a t 

d i f f e r e n t a l t i t u d e s , ( i n c l u d i n g s i t e s A and 

C a t Cassop Vale)... 

( i i ) Maximum l e a f width and height of 

i n f l o r e s c e n c e . 

Q shallow s o i l s ( < 10 cm) 

X deep s o i l s ( > 10 cm) 

(Sample s i z e •= 30. Mean value p l o t t e d ) . 
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growing i n deep s o i l s was much l a r g e r , had wider l e a v e s 

and g r e a t e r seed production than that on the shallow, dry 

s o i l s . T h i s d i f f e r e n c e was present i r r e s p e c t i v e of the 

a l t i t u d e of the s i t e . 

When the s i t e s with shallow s o i l s were compared, very 

few d i f f e r e n c e s i n morphology and no trends with i n c r e a s i n g 

a l t i t u d e were observed, except f o r a s m a l l i n c r e a s e i n 

s i z e ( F i g u r e 12). A l l populations had s i m i l a r l e a f lengths 

and widths, and only a t one s i t e , (600 m. 0. D), was the 

plant s i z e and height of i n f l o r e s c e n c e s i g n i f i c a n t l y l a r g e r 

than at other s i t e s ( p < 0 . 0 1 ) . When the population from the 
i 

dry, shallow s o i l a t Cassop Vale , ( S i t e 1 ) , was compared 

with those from d i f f e r e n t a l t i t u d e s , some other s m a l l 

d i f f e r e n c e s Were observed, p a r t i c u l a r l y the s i g n i f i c a n t l y 

wider l e a v e s of S e s l e r i a a t Cassop Vale ( F i g u r e 1 3 ) . 

S i m i l a r l y , no trends with a l t i t u d e were observed i n the 

morphology of the populations from the deeper s o i l s , but very 

few s i t e s of t h i s type were s t u d i e d , and s o i l depth was 

not measured a c c u r a t e l y enough f o r a comparison t o be made 

between these populations. 

The l e a f anatomy of S e s l e r i a from deep and shallow s o i l s 

was a l s o s t u d i e d s e p a r a t e l y , as d i f f e r e n c e s a t the same 

a l t i t u d e r e l a t i n g t o s o i l depth and dryness had a l r e a d y been 

found a t Cassop V a l e . S i m i l a r l y d i f f e r e n c e s were found i n 

these populations; p l a n t s from the dry, shallow s o i l s had 

a higher stomatal frequency than those from the deeper s o i l s 

a t a s i m i l a r a l t i t u d e , except f o r the population from Arnside, 



Figure 12. Morphology of S e s l e r i a from s i t e s a t 

d i f f e r e n t a l t i t u d e s , ( i n c l u d i n g s i t e s A and 

C a t Cassop V a l e ) . 

( i i i ) Length and dry weight of i n f l o r e s c e n c e 

s p i k e . 

0 shallow s o i l s (< 10 cm) 

^ deep s o i l s ( > 10 cm) 

(Sample s i z e = 30. Mean value p l o t t e d ) . 
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F i g u r e 13. S i g n i f i c a n c e t e s t s on the morphology of 

populations from shallow s o i l s a t d i f f e r e n t 

a l t i t u d e s . 

Key t o s i t e l e t t e r s used. 

1. Cassop Vale ( s i t e A) 160 m O.D. 

2. Sunbiggin Tarn 320 m O.D. 

3. Askrigg 440 m O.D. 

4. Askrigg 515 m O.D. 

5. Buckden Pike 600 m O.D. 

6. Ben Lawers 910 m O.D. 

( E x p l a n a t i o n of s i g n i f i c a n c e l e v e l s on F i g . 4. 

Student's t - t e s t u s e d ) . 
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(60m. 0. D), which had a high stomatal court s i m i l a r to 

those from dry s o i l s ( F i g u r e 1 4 ) . I t i s p o s s i b l e that 

t h i s s i t e i s r e l a t i v e l y dry d e s p i t e the depth of s o i l , as 

both general morphology and l e a f anatomy measurements 

i n d i c a t e t h i s , but no measurements of s o i l moisture were 

made i n the f i e l d . 

The populations from the shallow, dry s o i l s were 

c o l l e c t e d mainly from s i t e s i n the same geographic area and 

with the same s o i l type. However, as Cassop Vale has a 

magnesian limestone bedrock, and Ben Lawes i s l o c a t e d a t a 

d i f f e r e n t l a t i t u d e to the other s i t e s , i t was decided to 

omit them from the p r e l i m i n a r y a n a l y s i s . For the other 

populations, a decrease i n stomatal frequency and i n c r e a s e i n 

the depth of the stomatal pore w i t h i n c r e a s i n g a l t i t u d e was 

observed, together with a general i n c r e a s e i n the length of 

the stomatal pore ( F i g u r e s 14 and 15). The l e a f anatomy of 

the Ben Lawers and Cassop Vale populations was s i m i l a r to 

that of other high and low a l t i t u d e p l a n t s , but s l i g h t 

d i f f e r e n c e s i n the stomatal frequency of p l a n t s a t Cassop 

Vale and the depth of pore of p l a n t s a t Ben Lawers were 

observed, p o s s i b l y due to the d i f f e r e n t s o i l type or l a t i t u d e 

of the s i t e . For populations from deeper s o i l s a s i m i l a r 

decrease i n stomatal frequency, and a s l i g h t i n c r e a s e i n 

length and depth of the stomatal pore was observed with 

i n c r e a s i n g e l e v a t i o n of the s i t e ( F i g u r e 1 4 ) . 

A l s o , i n populations from both shallow and deep s o i l s 

an i n c r e a s e i n the r a t i o of i n t e r s t o m a t a l spacing t o length 



Figure 14. Leaf anatomy of S e s l e r i a from s i t e s a t 

d i f f e r e n t a l t i t u d e s , ( i n c l u d i n g s i t e s A and 

C at Cassop V a l e ) . 

(Sample s i z e = 30. Mean value p l o t t e d ) . 
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F i g u r e 15. S i g n i f i c a n c e t e s t s on the l e a f anatomy 

of populations from shallow s o i l s a t 

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

( E x p l a n a t i o n of s i t e l e t t e r s 1-6 on F i g . 13. 

E x planation of s i g n i f i c a n c e l e v e l s on F i g . 4. 

Student's t - t e s t used. Sample s i z e = 3 0 ) . 
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of stomatal pore with i n c r e a s i n g a l t i t u d e was recorded 

(Table 1 6 ) . 

Table 16. R a t i o of i n t e r s t o m a t a l spacing to the length of 

the stomatal pore f o r populations from d i f f e r e n t 

a l t i t u d e s 

A l t i t u d e Depth of I n t e r s t o m a t a l spacing 
(m) s o i l Length of stomatal pore 

(cm) 
60 deep 5.0 

240 deep 6.5 

320 shallow 2.9 

430 deep 6.5 

440 shallow 4.0 

515 shallow 5.6 

600 shallow 9.0 

1030 shallow 5.9 

When p l a n t s from shallow s o i l s a t d i f f e r e n t a l t i t u d e s 

were c o l l e c t e d and grown under the same environmental 

c o n d i t i o n s , the new l e a v e s produced were more s i m i l a r than 

those from the o r i g i n a l populations. Stomatal frequency s t i l l 

decreased and the depth of the stomatal pore s t i l l i n c r e a s e d 

with i n c r e a s i n g e l e v a t i o n of the o r i g i n a l s i t e , but the 

d i f f e r e n c e s between the populations were not so g r e a t . There 

was only a s m a l l v a r i a t i o n i n the length of the stomatal pore 

i n the d i f f e r e n t populations (Table 1 7 ) . 



Table 17. Leaf anatomy of p l a n t s c o l l e c t e d from shallow 

s o i l s a t d i f f e r e n t a l t i t u d e s and grown under 

the same environmental c o n d i t i o n s . 

A l t i t u d e Number of Length of Depth of 
(m) stomata stomatal pore stomatal pore 

(mm"2) <P) ( u ) 

320 289 - 5 14.5 - 0.3 8.9 ± 0.2 

440 286 - 7 14.4 ± 0.3 9.3 - 0.3 

515 259 ± 8 13.4 ± 0.3 10.6 - 0.3 

600 214 - 6 14.5 - 0.3 10.5 ± 0*4 

v) T r a n s p i r a t i o n of p l a n t s from d i f f e r e n t a l t i t u d e s 

Laboratory measurements shoved that s l i g h t d i f f e r e n c e s 

i n the average r a t e of t r a n s p i r a t i o n were present when S e s l e r i a 

from the same geographic area was s t u d i e d ( F i g u r e 16). However, 

although the r a t e of t r a n s p i r a t i o n of p l a n t s from high 

a l t i t u d e s was lower, a n a l y s i s of v a r i a n c e showed t h a t there 

were no s i g n i f i c a n t d i f f e r e n c e s between the populations, 

r e g a r d l e s s of the b a s i s of the t r a n s p i r a t i o n measurement. 

A repeat of the experiment, u s i n g the same populations 

and those from Cassop Vale and Ben Lawes, y i e l d e d s i m i l a r 

r e s u l t s , as there was g e n e r a l l y a n o n - s i g n i f i c a n t decrease 

i n the r a t e of t r a n s p i r a t i o n with a l t i t u d e ( F i g u r e 16). 

Both the Cassop Vale and Ben Lawers populations had t r a n s ­

p i r a t i o n r a t e s which di d not always agree with the general 

trend, but these d i f f e r e n c e s depended on the b a s i s of the 

t r a n s p i r a t i o n measurement. In both experiments a l a r g e 

v a r i a t i o n i n the t r a n s p i r a t i o n r a t e was observed, and so 



Figure 16. T r a n s p i r a t i o n r a t e s of S e s l e r i a from shallow 

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

(a) On a l e a f a r e a b a s i s f o r Experiments 1 

and 2. 

(b) On a dry weight of root b a s i s f o r 

Experiments 1 and 2. 

( c ) On a dry weight of pl a n t b a s i s f o r 

Experiments 1 and 2. 

(Sample s i z e = 5 

Mean and standard e r r o r of the mean p l o t t e d ) . 
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F i g u r e 17. E f f e c t of low root and s o i l temperatures 

on the t r a n s p i r a t i o n r a t e of S e s l e r i a from 

shallow s o i l s a t d i f f e r e n t a l t i t u d e s , 

( i n c l u d i n g s i g n i f i c a n c e t e s t s on the d a t a ) . 

( E x p l a n a t i o n of s i t e l e t t e r s 1-5 on F i g . 13. 

Explanation of s i g n i f i c a n c e l e v e l s on F i g . 4. 

Sample s i z e = 15 

A n a l y s i s of va r i a n c e and S.S.R's u s e d ) . 
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a l a r g e sample s i z e i s necessary to determine i f there a r e 

s i g n i f i c a n t d i f f e r e n c e s between the populations. 

v i ) E f f e c t of low root temperatures on the t r a n s p i r a t i o n of 

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

Low root temperatures caused a r e d u c t i o n i n the t r a n s ­

p i r a t i o n r a t e of S e s l e r i a c o l l e c t e d from shallow s o i l s a t 

d i f f e r e n t a l t i t u d e s . The g r e a t e s t r e d u c t i o n was observed 

i n populations from low e l e v a t i o n s , and t h i s g r a d u a l l y 

decreased with i n c r e a s i n g a l t i t u d e , so that there was a 

s i g n i f i c a n t d i f f e r e n c e i n the e f f e c t of low temperatures on 

the v a r i o u s populations ( F i g u r e 1 7 ) . The population from 

the shallow s o i l a t Cassop Vale has a l s o been included f o r 

comparison, as the r e d u c t i o n i n t r a n s p i r a t i o n of p l a n t s 

from t h i s s i t e was s i g n i f i c a n t l y g r e a t e r than any other 

s i t e s t u d i e d . 



1A 

D i s c u s s i o n 

Morphological v a r i a t i o n i n plant s p e c i e s has been 

a t t r i b u t e d t o the e f f e c t of various environmental f a c t o r s 

on the growth form (Heslop-Harrison 1964). I n Northern 

England, the growth of S e s l e r i a , (as measured by plant s i z e ) 

i s mainly r e l a t e d t o the edaphic c o n d i t i o n s of the h a b i t a t 

i n the s i t e s s t u d i e d , w i t h both s o i l depth and water r e l a t i o n s 

being important ( F i g u r e s 3 and 1 0 ) . The s p e c i e s favours a 

deep, w e l l - d r a i n e d s o i l , which provides an adequate water 

supply and ro o t i n g depth, and grows l e s s w e l l on a dry or 

c o n s t a n t l y wet s o i l . On the dry, shallow s o i l s the very 

low moisture content (Table 1) may be important, as i t i s 

w e l l known that a water d e f i c i t l i m i t s p l a n t growth, 

(Richards and Wadleigh 1952, S t a n h i l l 1957), but other 

f a c t o r s such as n u t r i e n t d e f i c i e n c y or r o o t i n g depth should 

a l s o be considered, and f u r t h e r i n v e s t i g a t i o n i n v o l v i n g 

measurement of these f a c t o r s i s necessary. S e s l e r i a was 

only found on one wet s i t e , and the poor growth here may be 

a d i r e c t e f f e c t of the waterlogged s o i l , (e.g. low oxygen 

co n c e n t r a t i o n around the r o o t s ) , or an i n d i r e c t e f f e c t of 

competition from other s p e c i e s more s u i t e d to t h i s type of 

h a b i t a t (Table 6 ) . 

Many environmental f a c t o r s change with a l t i t u d e , ( a i r 

temperature, s o i l temperature, l i g h t i n t e n s i t y , wind speed, 

r a i n f a l l , s o i l water and n u t r i e n t c o n t e n t ) , and these may 

a l l a f f e c t growth (Warren Wilson 1959, Hunter and Grant 1971). 

For c e r t a i n f a c t o r s approximate r a t e s of change with i n c r e a s i n g 



a l t i t u d e have been determined, and these can be appli e d 

to the f i e l d s i t u a t i o n provided that topographical f e a t u r e s 

are a l s o considered. Manley (1952) quotes an observed 

temperature lapse of 0.67°C/100m. of a l t i t u d e i n Northern 

England and an i n c r e a s e i n r a i n f a l l of approximately 

100mm/100m. i n North-West England, and Woodward (1973) quotes 

an i n c r e a s e i n the mean d a i l y windspeed of 0.66 ms~Vl00m. 
of a l t i t u d e , so t h i s data may be used when studying morpho­

l o g i c a l v a r i a t i o n w ith a l t i t u d e . In f i e l d i n v e s t i g a t i o n s , 

i t i s however very d i f f i c u l t to study the e f f e c t of one 

environmental f a c t o r , as they a r e not independent of one 

another. 

With i n c r e a s i n g a l t i t u d e there i s often a decrease i n 

the growth r a t e and height of p l a n t s (Clausen, Kech and 

Hiesey 1948, Ward 1969, Hunter and Grant 1971, Pearcy and 

Ward 1972, Woodward 1973). T h i s was not found i n populations 

of S e s l e r i a i n Northern England, over the range of a l t i t u d e 

s t u d i e d , and other environmental f a c t o r s not d i r e c t l y r e l a t e d 

to a l t i t u d e seem to be more important i n determining p l a n t 

s i z e . S o i l depth has a l a r g e i n f l u e n c e on the growth even 

a t r e l a t i v e l y high a l t i t u d e s , as a t Malham (430m. 0. D) 

p l a n t s were over three times the s i z e , and had wider leaves 

than those found on shallow s o i l s a t lower a l t i t u d e s ( F i g u r e 1 0). 

A deep s o i l w i l l provide a l a r g e r water and n u t r i e n t supply 

of longer duration, and a g r e a t e r r o o t i n g medium, but 

i n s u f f i c i e n t evidence i s a t present a v a i l a b l e to decide i f 

any one f a c t o r has more e f f e c t . S o i l moisture i s l i k e l y to 



3>t> 

be important as Turesson (1925) demonstrated t h a t the 

populations of a number of s p e c i e s growing on dry limestone 

s o i l s were g e n e t i c a l l y s m a l l e r , or narrower-leaved than 

populations from l e s s x e r i c h a b i t a t s . I t has s i n c e been 

shown by s e v e r a l workers t h a t s i z e r e d u c t i o n and narrowing 

of the l e a f i s a common fea t u r e of p l a n t s of dry h a b i t a t s 

( S h i e l d s 1950, Stocker 1960). 

As s o i l depth has such a l a r g e i n f l u e n c e on the morphology 

of S e s l e r i a , i t i s necessary to consider s i t e s w ith s i m i l a r 

s o i l depth, i n order that the e f f e c t of the changing c l i m a t e 

with a l t i t u d e can be s t u d i e d . P l a n t s growing on shallow 

s o i l s a t d i f f e r e n t a l t i t u d e s have very s i m i l a r morphological 

f e a t u r e s and no a l t i t u d i n a l trend can be observed, (Figure 12), 

so although higher a l t i t u d e s have a l e s s favourable c l i m a t e , 

and the growing season i s reduced by 20 days/lOOm a l t i t u d e 

i n N. England, (Manley 1952), t h i s has l i t t l e e f f e c t on the 

s i z e of S e s l e r i a over the a l t i t u d i n a l range s t u d i e d . At 

g r e a t e r e l e v a t i o n s the more severe c l i m a t e i s more important, 

as plant s i z e decreases i n populations of S e s l e r i a i n the 

Dolomites with an i n c r e a s e i n a l t i t u d e from 3000m to 6000m 

(Alexander 1975, unpublished). I n B r i t a i n , the low growth 

r a t e s of S e s l e r i a , (Woodward 1973), combined with the water 

d e f i c i e n c y on shallow s o i l s seem to be more important i n 

determining p l a n t s i z e . A s l i g h t i n c r e a s e with a l t i t u d e 

i s observed i f s i t e s from only one geographic area are 

considered, Cassop Vale and Ben Lawers populations being 

excluded. 



37 

The s l i g h t l y g r e a t e r growth of p l a n t s a t higher 

a l t i t u d e s may be due to g r e a t e r water a v a i l a b i l i t y as 

Woodward, (1973), found t h a t the i n c r e a s e i n r a i n f a l l and 

f a l l i n a i r temperature and t o t a l d a i l y s h o r t wave r a d i a t i o n 

f l u x d e n s i t y leads to a r e d u c t i o n i n the evaporation from 

the s o i l with i n c r e a s i n g a l t i t u d e . Hunter and Grant (1971) 

a l s o found a s i g n i f i c a n t c o r r e l a t i o n (p ^ 0.05), between 

decreasing s o i l moisture t e n s i o n and i n c r e a s i n g a l t i t u d e , 

when studying the growth of Lolium perenne o n S c o t t i s h 

mountains. Y i e l d of Lolium perenne on a y e a r l y b a s i s 

decreased with a l t i t u d e , as temperature was the most 

important c l i m a t i c v a r i a b l e a f f e c t i n g growth fo r most of 

the year. However, during the summer months, when the 

temperature was at an optimum, y i e l d a c t u a l l y i n c r e a s e d with 

a l t i t u d e , due to the development of moisture s t r e s s a t lower 

a l t i t u d e s . The adverse e f f e c t on growth of a s o i l moisture 

d e f i c i t was a l s o shown by comparing growth on two s o i l s with 

d i f f e r e n t moisture t e n s i o n s at the same a l t i t u d e . I t i s 

p o s s i b l e , t h e r e f o r e , t h a t growth of S e s l e r i a i n B r i t a i n i s 

l a r g e l y determined by the s o i l moisture t e n s i o n , but much 

more d e t a i l e d study on t h i s aspect i s r e q u i r e d before any 

d e f i n i t e c o n c l u s i o n s can be made. 

Studies on the l e a f anatomy of S e s l e r i a from Northern 

England have been made p r e v i o u s l y by Lloyd (1974) on l a b o r a t o r y 

grown p l a n t s , and he obtained r e s u l t s very s i m i l a r to those 

obtained i n t h i s i n v e s t i g a t i o n . Average values of approximately 
2 

350 stomata/mm , 16u pore length and l l - 1 2 u pore depth found 



by Lloyd, are w i t h i n the ranges found i n the f i e l d of 
2 

200-400 stomata/mm , 12-16.5u pore length and 8-13u pore 

depth ( F i g u r e s 5, 6 and 14 ) . T h i s wide range of values 

can be explained when i t i s considered that l e a f s t r u c t u r e 

i s modified s i g n i f i c a n t l y by the environment i n which the 

leaves develop, and s e v e r a l f a c t o r s are known to i n f l u e n c e 

l e a f shape and anatomy (Stocker 1960, Lewis 1969, 1972). 

High l i g h t i n t e n s i t y and s o i l dryness have s i m i l a r e f f e c t s 

on l e a f s t r u c t u r e i n many s p e c i e s , as l e a v e s produced under 

these c o n d i t i o n s often have a s m a l l e r a r e a , t h i c k e r lamina, 

g r e a t e r stomatal frequency, g r e a t e r v e i n d e n s i t y , more 

compacted mesophyll, s m a l l e r epidermal c e l l s and t h i c k e r 

c u t i c l e . I t was not p o s s i b l e to measure many of these i n 

t h i s i n v e s t i g a t i o n , but r e s u l t s obtained i n t h i s study 

i n d i c a t e that S e s l e r i a from dry h a b i t a t s does have s m a l l e r 

l e a v e s with a great e r stomatal frequency than t h a t c o l l e c t e d 

from s o i l s w i t h a higher moisture content ( F i g u r e s 5 and 14). 

Although s o i l moisture was not measured a t d i f f e r e n t a l t i t u d i n a l 

s i t e s , i t can be assumed that shallow s o i l s would dry out 

more q u i c k l y than deep ones. T h i s f a c t i s r e f l e c t e d i n the 

stpmatal f r e q u e n c i e s of the p l a n t s , as the higher stomatal 

f r e q u e n c i e s were found i n p l a n t s growing i n a shallow s o i l . 

The decrease i n stomatal frequency with i n c r e a s i n g a l t i t u d e , 

found i n the populations from shallow and deep s o i l s can be 

explained by a change i n s o i l moisture t e n s i o n with a l t i t u d e 

which has been recorded by Woodward, (1973), and Hunter and 

Grant (1971). 



S o i l dryness i s known to i n f l u e n c e stomatal frequency, 

and a s a decrease i n stomatal frequency and a decrease i n 

moisture t e n s i o n with i n c r e a s i n g a l t i t u d e have been recorded, 

i t i s p o s s i b l e t h a t t h i s i s a c a s u a l e f f e c t , but other 

f a c t o r s such as l i g h t i n t e n s i t y should a l s o be considered. 

The higher stomatal frequency found i n p l a n t s from shallow 

lowland s o i l s , a l s o corresponds to the higher drought 

s i t u a t i o n recorded by Woodward (1973) f o r s i m i l a r lowland 

h a b i t a t s i n N. England where S e s l e r i a was growing. 

D i f f e r e n c e s i n both length and depth of the stomatal 

pore were a l s o found i n the populations s t u d i e d . The length 

of pore was i n v e r s e l y c o r r e l a t e d with stomatal frequency 

( r •= 0.7) and a decrease i n the s i z e of the pore with 

i n c r e a s i n g s o i l dryness has a l s o been recorded for some 

s p e c i e s , (Stocker 1960), so the causes of pore length changes 

are probably s i m i l a r to those of stomatal frequency. 

Sunken stomata occur i n many s p e c i e s , e s p e c i a l l y those 

from extreme environments, ( S l a t y e r , 1967), or dry h a b i t a t s , 

(Stocker 1960), and as S e s l e r i a i s often found i n the l a t t e r , 

t h e i r presence could be mainly a morphological adaptation to 

reduce water l o s s . However, t h i s i s u n l i k e l y , as there was 

no c o r r e l a t i o n between depression depth and dryness of the 

h a b i t a t . With i n c r e a s i n g a l t i t u d e t h e r e i s an i n c r e a s e i n 

the depth of the pore, and as the depression depth a f f e c t s the 

length of the d i f f u s i o n pathway f o r water vapour and carbon 

dioxide i n t o and out of the l e a f , t h i s w i l l a f f e c t the r a t e 

of t r a n s p i r a t i o n and photosynthesis. At high a l t i t u d e s there 
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i s l e s s need to c o n t r o l water l o s s as the r a i n f a l l i s 

higher, and the lower temperatures w i l l a l s o reduce the r a t e 

of evaporation from both p l a n t and s o i l . Lloyd (1974) 

suggested that the deep depression depths i n S e s l e r i a help 

to r a i s e l e a f temperatures r e l a t i v e to a i r temperatures by 

i n c r e a s i n g the boundary l a y e r r e s i s t a n c e and reducing 

t r a n s p i r a t i o n . He showed experimentally t h a t p l a n t s with 

deeper stomatal pores had higher l e a f temperatures, and 

p r e d i c t e d that these p l a n t s would have higher r a t e s of photo­

s y n t h e s i s i n the temperature range of 5-15°C, as a s m a l l 

i n c r e a s e i n l e a f temperature w i l l produce l a r g e i n c r e a s e s i n 

the photosynthetic r a t e of 5-6% per °C at 10°C. The 

predominant e f f e c t of i n c r e a s i n g a l t i t u d e i s a f a l l i n the 

mean a i r temperature, (Woodward 1973), and t h i s reduces the 

photosynthetic r a t e and growth of many p l a n t s p e c i e s . I n 

S e s l e r i a however, l e a f temperatures g r e a t e r than a i r temperatures 

may be present a t high a l t i t u d e s , so the r a t e of photosynthesis 

i s reduced l e s s . T h i s may help to e x p l a i n why there i s no 

reduction i n the s i z e of S e s l e r i a w i t h i n c r e a s i n g a l t i t u d e . 

Morphological i n v e s t i g a t i o n s of S e s l e r i a c o l l e c t e d from 

d i f f e r e n t h a b i t a t s and grown under the same environmental 

c o n d i t i o n s i n d i c a t e t h a t a l a r g e v a r i a t i o n which e x i s t s i n 

the f i e l d i s mainly due to the p l a s t i c response of the p l a n t s 

to t h e i r environment, as p l a n t s grown a t Durham had s i m i l a r 

morphology ( F i g u r e 6 ) . Ecotypes may e x i s t i n d i f f e r e n t geo­

graphic l o c a t i o n s , as populations from d i f f e r e n t a r e a s and 

a l t i t u d e s s t i l l have some s i g n i f i c a n t d i f f e r e n c e s i n l e a f 

anatomy when grown under the same environmental 
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c o n d i t i o n s (Table 17). However, w i t h i n one s i t e , although 

a l a r g e v a r i a t i o n may be present i n the f i e l d , the p l a n t s 

appear to have s i m i l a r genotypes, as no s i g n i f i c a n t 

d i f f e r e n c e s i n l e a f anatomy are present when grown i n the 

same environment. I t i s l i k e l y t h a t the Cassop Vale 

population i s an edaphic ecotype as Round-Turner (1968) 

postulated, s i n c e i t i s g e o g r a p h i c a l l y separate, and many 

aspect s of the morphology and physiology of p l a n t s from 

t h i s s i t e are s i g n i f i c a n t l y d i f f e r e n t from t h a t of p l a n t s 

from s i m i l a r h a b i t a t s i n areas of carboniferous limestone 

( F i g u r e 12). 

Lloyd (1974) found t h a t populations of S e s l e r i a 

c o l l e c t e d from Malham and Teesdale had s i m i l a r morphology 

( l e a f width, stomatal frequency, length and depth of 

stomatal pore) and s i m i l a r physiology (photosynthesis and 

t r a n s p i r a t i o n ) , so no evidence of ecotypes was found. However 

the two populations, although from d i f f e r e n t geographic a r e a s , 

were c o l l e c t e d from s i t e s only 100m i n a l t i t u d e a p a r t , 

(Malham 395m, Teesdale 500m), and over t h i s a l t i t u d i n a l 

range very few d i f f e r e n c e s i n l e a f anatomy were recorded 

when p l a n t s were grown under the same environmental c o n d i t i o n s 

(Table 17) . 

I n studying the p h y s i o l o g i c a l responses of-the plant to 

i t s environment, two d i f f e r e n t approaches may be used. I f 

populations from d i f f e r e n t geographical a r e a s are c o l l e c t e d 

and grown i n uniform c o n d i t i o n s , any d i f f e r e n c e s i n physiology 

would be g e n e t i c i n nature and i t may be p o s s i b l e to r e l a t e 
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these to the ecology of the s p e c i e s . However t h i s approach 

may not be considered v a l i d , as the p h y s i o l o g i c a l responses 

of the pl a n t measured i n the laboratory may bear l i t t l e 

r e l a t i o n to the responses i n the f i e l d . F i e l d measurements 

should r e a l l y be made, but these u s u a l l y involve considerable 

p r a c t i c a l d i f f e r e n c e s i f accurate r e s u l t s are required,and 

a comparison of d i f f e r e n t populations would give no 

information about the genetic d i f f e r e n c e s . I d e a l l y l a b o r a t o r y 

measurements under uniform c o n d i t i o n s should be made together 

with measurements i n the f i e l d . 

T h i s approach was used by Mooney and B i l l i n g s , (1968), 

Mooney, Wright and S t r a i n (1964) and Bazzaz (1973) who 

measured the r a t e of photosynthesis i n both f i e l d and 

labo r a t o r y . They found d i f f e r e n c e s between the two 

s i t u a t i o n s because i t was not p o s s i b l e to e x a c t l y reproduce 

f i e l d c o n d i t i o n s i n the la b o r a t o r y . A c c l i m a t i s a t i o n of 

p l a n t s should a l s o be considered when p l a n t s are grown under 

uniform c o n d i t i o n s , as there are many examples of d i f f e r e n t 

growth temperatures a f f e c t i n g p h y s i o l o g i c a l processes (Drake 

and S a l i s b u r y 1972, Pasternak and Wilson 1972, B e a r d s a l l 

and M i t c h e l l 1973). I f a c c l i m a t i s a t i o n of p l a n t s has taken 

p l a c e , i t i s then no longer p o s s i b l e to ex t r a p o l a t e laboratory 

data to the f i e l d , so i t i s necessary to make c a r e f u l use of 

any measurements made under c o n t r o l l e d c o n d i t i o n s . 

In t h i s i n v e s t i g a t i o n an attempt was made to obtain 

some measure of water l o s s from p l a n t s i n the f i e l d and 

laboratory, but because of the nature of the plant m a t e r i a l 
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and the equipment a v a i l a b l e the methods chosen were not 

i d e a l . The co b a l t c h l o r i d e ( o r t h i o c y a n a t e ) paper method 

giv e s a measure of the escape of water vapour from a l e a f , 

but i n v o l v e s the removal of the boundary l a y e r around the 

l e a f , so t h a t wind has no e f f e c t and the l e a f below the 

paper i s t r a n s p i r i n g i n t o almost completely dry a i r . 

Milthorpe (1955) t h e r e f o r e s t a t e s that t h i s method i s i n ­

a p p l i c a b l e f o r measuring r a t e s of t r a n s p i r a t i o n i n the f i e l d , 

and i s more t r u l y an estimate of the d i f f u s i v e conductance 

of the stomata. Despite these l i m i t a t i o n s , i t was o r i g i n a l l y 

considered that any f i e l d measure of water l o s s would be 

u s e f u l , but the i n a c c u r a c i e s involved were too l a r g e f o r 

any d e f i n i t e c o n c l u s i o n s to be drawn from the r e s u l t s , and 

some other method of measuring t r a n s p i r a t i o n i n the f i e l d 

i s necessary. Although the environmental c o n d i t i o n s around 

the leaves were d i f f e r e n t a t a l l s i t e s s t u d i e d , the r e s u l t s 

do agree w i t h those of Mooney and B i l l i n g s (1968), who 

found that the t r a n s p i r a t i o n s i t e s were r e l a t e d to the water 

supply to the h a b i t a t (Table 12). 

In the l a b o r a t o r y the phytometer method gives an accurate 

measure of the r a t e of t r a n s p i r a t i o n under constant conditions, 

and i s u s e f u l f o r studying the r e a c t i o n of p l a n t s to d i f f e r e n t 

environments. I t does, however, have c e r t a i n l i m i t a t i o n s i n 

i t s use, as e x t r a p o l a t i o n of t r a n s p i r a t i o n r a t e s of p l a n t s 

i n the l a b o r a t o r y to estimates i n the f i e l d i s u n r e l i a b l e , 

because of the d i f f e r e n c e i n environmental c o n d i t i o n s 

( S t a t y e r 1967, Kramer 1969). The edaphic c o n d i t i o n s of a 
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potted plant may be c o n s i d e r a b l y d i f f e r e n t from those i n 

the n a t u r a l environment, as i t i s necessary to confine the 

roots to a s m a l l space and use a standard s o i l a t f i e l d 

c a p a c i t y f o r phytometry experiments. Therefore, because 

of the d i f f i c u l t y of e x t r a p o l a t i o n to the f i e l d , and the 

f a c t t hat r a t e s measured i n t h i s way do not agree with r a t e s 

obtained using c o b a l t thiocyanate paper, ( B a i l e y e t . a l . , 

1952), r e s u l t s from t h i s method were used mainly for 

studying the r e l a t i o n s h i p between s t r u c t u r e and physiology. 

In the f i e l d the nature of the s o i l , plant and 

environment around the leaves a l l i n f l u e n c e t r a n s p i r a t i o n . 
r 

In l a b o r a t o r y experiments, however, both the s o i l and 

atmospheric c o n d i t i o n s are approximately the same f o r a l l 

p l a n t s , so any d i f f e r e n c e s observed should be r e l a t e d to the 

plant s t r u c t u r e , p a r t i c u l a r l y the s u r f a c e a r e a , e x t e r n a l 

morphology and i n t e r n a l s t r u c t u r e of the l e a v e s ( S u t c l i f f e 

1968). Leaf s t r u c t u r e a f f e c t s the t r a n s p i r a t i o n r a t e because 

the stomata, mesophyll and c u t i c l e of the l e a f , and the a i r 

boundary l a y e r adjacent to i t a l l c o n t r i b u t e to the t o t a l 

r e s i s t a n c e t o the d i f f u s i o n of water vapour (Fi g u r e 18). 

The r a t e of t r a n s p i r a t i o n i s i n f l u e n c e d to some extent by 

a l l these s t r u c t u r e s , as i t i s i n v e r s e l y p r o p o r t i o n a l to 

the t o t a l d i f f u s i v e r e s i s t a n c e i f there i s a constant vapour 

pressure d i f f e r e n c e between the l e a f and the bulk a i r 

outside (Kramer 1969). As the boundary l a y e r r e s i s t a n c e i s 

p r i m a r i l y determined by wind speed and l e a f geometry, l e a f 

width w i l l a f f e c t t r a n s p i r a t i o n . Lewis (1972) c o n s i d e r s the 

e f f e c t of t h i s r e s i s t a n c e on t r a n s p i r a t i o n to be s m a l l , but 
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F i g u r e 18. 
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Diagram of r e s i s t a n c e t o d i f f u s i o n of 

water vapour from a l e a f , 

( a f t e r Kramer, 1969). 
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from values quoted by S l a t y e r (1967) and Kramer (1969) i t 

may make a s i g n i f i c a n t c o n t r i b u t i o n to the t o t a l r e s i s t a n c e 

when the stomata are open. Lloyd (1974) a l s o concluded 

t h a t the d i f f e r e n c e s i n l e a f width i n S e s l e r i a i n f l u e n c e d 

the t r a n s p i r a t i o n and photosynthesis, and r e l a t e d t h i s to the 

ecology of the populations. 

The d i f f u s i v e r e s i s t a n c e due to the stomata can be 

c l o s e l y estimated from equations produced by Parlange and 

Waggner (1970) f o r pores of known geometry, but i n s u f f i c i e n t 

data are a v a i l a b l e from t h i s study to use these formulae. 

Lewis, (1972), however, found that the stomata1 r e s i s t a n c e 

was i n v e r s e l y p r o p o r t i o n a l to the product of storaatal 

frequency and pore depth, so i t should be p o s s i b l e to apply 

t h i s to S e s l e r i a provided t h a t populations with s i m i l a r pore 

depths are considered. Mesophyll r e s i s t a n c e i s d i f f i c u l t to 

measure experimentally, but appears to be i n v e r s e l y p r o p o r t i o n a l 

to l e a f t h i c k n e s s , and the value of the c u t i c u l a r r e s i s t a n c e 

i s high compared with the other d i f f u s i v e r e s i s t a n c e s 

( S l a t y e r 1967, Kramer 1969). 

Most of the d i f f e r e n c e s i n the r a t e s of t r a n s p i r a t i o n 

recorded f o r the p l a n t s from Cassop Vale i n t h i s i n v e s t i g a t i o n 

can be explained by d i f f e r e n c e s i n the stomatal r e s i s t a n c e . 

As there are no s i g n i f i c a n t d i f f e r e n c e s i n pore depth, 

stomatal r e s i s t a n c e i s approximately i n v e r s e l y p r o p o r t i o n a l 

to the product of stomatal frequency and pore length. A 

c o r r e l a t i o n between t h i s product and the r a t e s of t r a n s p i r a t i o n 

f o r the various populations gave values of r = 0.68 for l e a f 



area, r = 0.98 f o r t o t a l dry weight of p l a n t and r = 0.93 
f o r dry weight of r o o t bases of t r a n s p i r a t i o n , so the 
stomatal r e s i s t a n c e seems t o be the main f a c t o r i n f l u e n c i n g 
the r a t e of water l o s s . The high r a t e of t r a n s p i r a t i o n of 
p l a n t s from a dry s o i l was i n i t i a l l y q u i t e s u r p r i s i n g , but 
t h i s has been observed several times i n watered dry 
h a b i t a t p l a n t s (Schneider and Chi l d e r s 1941, Van der Paauw 
1949), and can be explained by the value of the stomatal 
r e s i s t a n c e . 

I n the wet s i t e p l a n t s the boundary l a y e r r e s i s t a n c e 
w i l l a l s o be lower, as these populations have s i g n i f i c a n t l y 
narrower leaves, and t h i s may help t o e x p l a i n the higher 
t r a n s p i r a t i o n r a t e s (Figure 7 ) . Although no measure 
r e l a t i n g t o mesophyll or c u t i c u l a r r e s i s t a n c e was made, 
there does not seem t o be any important d i f f e r e n c e s i n these 
values i n the various populations, as the t r a n s p i r a t i o n 
r a t e s can be explained by c o n s i d e r a t i o n of other d i f f u s i v e 
r esistances only. 

Other s t r u c t u r a l features which al s o a f f e c t the r a t e of 
t r a n s p i r a t i o n are the size of shoots and ro o t s and the shoot/ 
r o o t r a t i o . I t has been found t h a t on a per u n i t area basis, 
smaller p l a n t s o f t e n t r a n s p i r e a t a greater r a t e than l a r g e r 
p l a n t s , ( M i l l e r 1938), and t h i s may also p a r t l y e x p l a i n why 
populations from the wet s i t e s (D and E) have a higher 
t r a n s p i r a t i o n r a t e ; f o r although every attempt was made t o 
use p l a n t s of the same s i z e , i t was necessary t o use s l i g h t l y 
smaller p l a n t s on average from these populations. Parker (1949) 
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found t h a t t r a n s p i r a t i o n increases w i t h a decrease i n the 
shoot/root r a t i o , but there was no s i g n i f i c a n t d i f f e r e n c e 
i n t h i s r a t i o f o r a l l populations used, except f o r the 
population from the very wet s i t e (Table 12). At t h i s 
s i t e a lower r a t i o was found, and t h i s may also c o n t r i b u t e 
t o the higher r a t e observed i n t h i s p o p u l a t i o n . 

I n the t r a n s p i r a t i o n experiments on the p l a n t s grown 
under the same c o n d i t i o n s , very few d i f f e r e n c e s i n both the 
morphology and the t r a n s p i r a t i o n r a t e were observed, so a 
r e l a t i o n s h i p between s t r u c t u r e and physiology i s again 
evident. Although most of the p l a n t s used had new leaves, 
a very small amount of the o r i g i n a l p l a n t m a t e r i a l c o l l e c t e d 
from the f i e l d was sometimes s t i l l present; t h i s may have 
c o n t r i b u t e d t o any measurements made, so t h a t a c l o s e r 
r e l a t i o n s h i p was not obtained. I n both experiments the size 
of the r o o t system was approximately the same i n a l l 
populations, but any d i f f e r e n c e s were accounted f o r by 
expressing the t r a n s p i r a t i o n on several bases. 

Although n o n - s i g n i f i c a n t l y d i f f e r e n t t r a n s p i r a t i o n r a t e s 
were obtained from the a l t i t u d i n a l p opulations, t h i s may be 
due e n t i r e l y t o the v a r i a t i o n i n t r a n s p i r a t i o n r a t e recorded 
f o r each p o p u l a t i o n . As the sample s i z e was small ( 5 ) , and 
the v a r i a t i o n l a r g e , t h i s r e s u l t e d i n larg e standard e r r o r s 
and n o n - s i g n i f i c a n t d i f f e r e n c e s , so i t i s necessary t o use 
many more p l a n t s i n each experiment. I f , however, average 
r a t e s of t r a n s p i r a t i o n are used, some r e l a t i o n s h i p between 
s t r u c t u r e and physiology i s s t i l l e vident, as stomatal 
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r e s i s t a n c e (as c a l c u l a t e d by Lewis' formula, 1972) and 
t r a n s p i r a t i o n r a t e both change w i t h a l t i t u d e . There i s a 
good c o r r e l a t i o n between the t r a n s p i r a t i o n r a t e and the 
product of stomatal frequency and pore length ( r = 0.62 f o r 
l e a f area, r =0.80 f o r dry weight of p l a n t , r = 0.67 f o r 
dry weight of r o o t bases of t r a n s p i r a t i o n ) , but the values 
of r are not so high as obtained from the Cassop Vale 
populations. I t i s necessary t o include the populations from 
Cassop Vale and Ben Lawers i n t h i s c o r r e l a t i o n , as otherwise 
the sample s i z e would be too small f o r s t a t i s t i c a l t e s t s . 
These populations, however, provide the greatest d i f f e r e n c e s 
observed, and so reduce the value of r . 

I n these populations the e f f e c t of the d i f f e r e n t 
depression depths must also be considered, as depression 
depth increases w i t h a l t i t u d e . I t would be expected t h a t 
t h i s would al s o c o n t r i b u t e t o a r e d u c t i o n i n t r a n s p i r a t i o n 
r a t e , as Lloyd (1974) found a c o r r e l a t i o n between depression 
depth and minimum stomatal r e s i s t a n c e i n S e s l e r i a . I t i s 
t h e r e f o r e s u r p r i s i n g t h a t only small n o n - s i g n i f i c a n t d i f f e r e n c e s 
i n t r a n s p i r a t i o n r a t e are observed, and i t i s necessary t o 
consider other possible f a c t o r s which may a f f e c t the r a t e s . 

As Sesleria has a r e l a t i v e l y high number of stomata, i t 
i s possible t h a t these i n t e r f e r e w i t h one another, and so 
change the stomatal r e s i s t a n c e . Parlange and Waggner (1970) 
s t a t e t h a t i n t e r s t o m a t a l i n t e r f e r e n c e i s u n l i k e l y t o be of 
importance i f inteEStomatal spacing i s at l e a s t 3x stomatal 
l e n g t h . Values of less than 3 were obtained by Lloyd (1974) 



i n B r i t i s h populations of S e s l e r i a , which c o n t r i b u t e d t o 
t h e i r high stomatal r e s i s t a n c e and low r a t e s of t r a n s p i r a t i o n 
and photosynthesis compared w i t h other populations. In t h i s 
i n v e s t i g a t i o n a value of less than 3 was found i n only one 
pop u l a t i o n , c o l l e c t e d from a lowland h a b i t a t w i t h a dry 
shallow s o i l (Table 16). Stomatal resistance w i l l t h e r e f o r e 
be higher and t r a n s p i r a t i o n lower i n t h i s p o p ulation than 
would be expected from c o n s i d e r a t i o n of only the frequency 
and geometry of the pores. This r e d u c t i o n i n t r a n s p i r a t i o n 
may be r e l a t e d t o the ecology of the pop u l a t i o n , as higher 
water d e f i c i t s occur i n lowland s i t e s (Hunter and Grant 1971 
Woodward (1973)). Also, the e f f e c t of stomatal i n t e r f e r e n c e 
may help t o e x p l a i n why there i s only a small r e d u c t i o n i n 
t r a n s p i r a t i o n r a t e w i t h i n c r e a s i n g e l e v a t i o n of the 
populations, as the r a t i o of i n t e r s t o m a t a l spacing/length of 
pore increases i n populations from higher a l t i t u d e s and 
stomatal i n t e r f e r e n c e has less e f f e c t . Other f a c t o r s which 
may a f f e c t the r a t e of t r a n s p i r a t i o n do not seem t o be 
important i n t h i s experiment, as p l a n t s used were s i m i l a r i n 
s i z e , and had s i m i l a r shoot/root r a t i o s and l e a f w i d t h s , 
(Figure 10). T r a n s p i r a t i o n r a t e s recorded i n t h i s i n v e s t i g a t i o n 

-2 -1 
(a range from 0.2 - 1.1 kg. m day ) were s i m i l a r t o those 
obtained by Lloyd (1974). Over a short time p e r i o d he 

5 —2 — 1 —2 recorded r a t e s of approximately 1 x 10 kg. m s (1.2 kg*m 
day at 20°C and a vapour pressure d e f i c i t of 7nb. 

Possible e r r o r s i n the measurement of the r a t e s i n t h i s 
i n v e s t i g a t i o n must be considered as i t was not possible t o 
measure the t r a n s p i r a t i o n under c o n t r o l l e d c o n d i t i o n s ; t h i s 



so 

may e x p l a i n the large v a r i a t i o n i n the r a t e measurements. 
The important environmental f a c t o r s a f f e c t i n g t r a n s p i r a t i o n 
are l i g h t i n t e n s i t y , humidity of the a i r , temperature, 
wind speed and a v a i l a b i l i t y of s o i l water, and as i t was not 
possible t o c o n t r o l these i n the l a b o r a t o r y , changes i n any 
one of these f a c t o r s w i l l i n f l u e n c e the r a t e of water loss 
recorded. A l l p l a n t s were i n approximately the same 
environment, so changes i n the environmental f a c t o r s should 
a f f e c t them a l l e q u a l l y ; but.however, p l a n t s from d i f f e r e n t 
populations may not respond i n the same way, as shown by the 
d a i l y measurements of t r a n s p i r a t i o n of the 5 populations 
from Cassop. As the s o i l d r i e d out (or became anoxic?) the 
r a t e s of t r a n s p i r a t i o n of a l l populations decreased, but a 
much greater percentage decrease was observed i n the p l a n t s 
from dry h a b i t a t s than those from w e t t e r h a b i t a t s (Figure 7 ) . 
I t i s p o s s i b l e , t h e r e f o r e , t h a t changes i n other environmental 
f a c t o r s may also have d i f f e r e n t i a l e f f e c t s on the populations, 
but these are l i k e l y t o be small as the average temperatures 
and r e l a t i v e h u m i d i t i e s were approximately constant d u r i n g 
each experiment. Another possible e r r o r r e s u l t i n g from the 
l a b o r a t o r y arrangement, i s t h a t w i t h a la r g e number of pots, 
each p l a n t may have a s l i g h t l y d i f f e r e n t microclimate around 
i t . D i f f e r e n t l o c a l c o n d i t i o n s may c o n t r i b u t e t o the large 
v a r i a t i o n observed i n the t r a n s p i r a t i o n experiments, f o r 
although the average c o n d i t i o n s i n the l a b o r a t o r y remain 
constant, these can only be recorded a t one place i n the 
l a b o r a t o r y , and environmental c o n d i t i o n s around i n d i v i d u a l 
p l a n t s may be considerably d i f f e r e n t . Therefore, t o o b t a i n 
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accurate estimations of the r a t e of t r a n s p i r a t i o n , a l l 
environmental f a c t o r s should be kept constant throughout 
the experiment around i n d i v i d u a l p l a n t s . 

Low s o i l temperatures are known t o reduce the growth 
of many p l a n t species, and a v a r i e t y of f a c t o r s have bean 
considered as causal i n c l u d i n g e f f e c t s on r o o t growth, 
water uptake, r o o t metabolism, oxygen supply and mineral 
n u t r i t i o n (Richards e t . a l . , 1952, Nielson and Humphries 
1966). I t has been known since the time of Hales i n the 
eighteenth century t h a t low s o i l temperatures reduce the 
absorption of water by p l a n t s , (Kramer 1969). More r e c e n t l y 
Kramer (1942, 1969) from s t u d i e s on the e f f e c t of low s o i l 
temperatures on water absorption i n a large number of species, 
suggested t h a t p l a n t s n a t i v e t o colder climates might possess 
r o o t systems w i t h greater water p e r m e a b i l i t y at low s o i l 
temperatures than do p l a n t s n a t i v e t o warmer c l i m a t e s , as 
absorption was reduced more i n species which normally grow 
i n warm s o i l s . I t i s t h e r e f o r e possible t h a t as s o i l 
temperature decreases w i t h a l t i t u d e at approximately the 
same r a t e as a i r temperature, (Mueller 1970) h igh e l e v a t i o n 
populations are b e t t e r adapted t o water uptake at lower 
temperatures. T h i s has been studied i n recent years, and 
the r e s u l t s i n d i c a t e t h a t only some s p e c i e s respond iELuthe 

manner suggested by Kramer (1942). Anderson and McNaughton 
(1973) found t h a t i n 17 populations of 12 p l a n t species 
studied n e i t h e r t r a n s p i r a t i o n or photosynthesis was reduced 
at 3°C s o i l temperature compared w i t h r a t e s at 20°C i n 

.plan t populations from d i f f e r e n t a l t i t u d e s , although l e a f 



r e l a t i v e water content and growth were reduced i n response 
t o low s o i l temperatures. However, McNaughton (1974) found 
t h a t i n a l t i t u d i n a l ecotypes of Typha l a t i f o l i a , r o o t 
c h i l l i n g reduced both water and phosphate uptake. This 
e f f e c t was greater i n the lower a l t i t u d i n a l ecotypes, 
suggesting n a t u r a l s e l e c t i o n a t high a l t i t u d e s f o r a b i l i t y 
t o f u n c t i o n e f f i c i e n t l y i n c o l d s o i l s . S i m i l a r r e s u l t s t o 
those of McNaughton (1974) were found f o r a l t i t u d i n a l 
populations of Sesl e r i a i n t h i s i n v e s t i g a t i o n . With 
i n c r e a s i n g e l e v a t i o n of the p o p u l a t i o n , low s o i l temperatures 
reduced the water uptake l e s s , and several populations were 
s i g n i f i c a n t l y d i f f e r e n t from one another (Figure 17). High 
a l t i t u d e populations t h e r e f o r e appear t o be adapted t o 
lower s o i l temperatures, and they may have more permeable 
roo t membranes as suggested by Kramer (1942). This would 
be of e c o l o g i c a l importance i n a species such as S e s l e r i a , 
which grows i n s o i l s which are o f t e n j u s t above f r e e z i n g and 
whose growth i s l a r g e l y determined by the a v a i l a b l e water 
supply. This change i n water uptake a b i l i t y appears t o be 
r e l a t e d only t o the e l e v a t i o n (and presumably s o i l temperature) 
of the s i t e , and not t o the water a v a i l a b i l i t y , as p l a n t s 
from s e v e r a l s i t e s w i t h d i f f e r e n t s o i l moisture contents at 
the same a l t i t u d e a l l had s i m i l a r reductions i n water uptake, 
as a r e s u l t of low s o i l temperatures (Table 11). 

I n these experiments i t was necessary t o measure the 
t r a n s p i r a t i o n (and water uptake) r a t e s a t 23°C and 2°C on 
successive days, using the same p l a n t s , as only a few p l a n t s 
were a v a i l a b l e and the v a r i a t i o n i n r a t e s was l a r g e . This 



may have, however, caused some e r r o r s i n the a c t u a l value 
of the percentage r e d u c t i o n , as changes i n the environmental 
c o n d i t i o n s , other than s o i l temperature, during the time of 
the experiment, may have a f f e c t e d the water l o s s . Both 
temperature and r e l a t i v e humidity measurements showed no 
change i n the average d a i l y values, but the edaphic c o n d i t i o n s 
w i l l have changed s l i g h t l y . I n previous experiments a small 
d a i l y r e d u c t i o n i n t r a n s p i r a t i o n r a t e was sometimes observed, 
but as t h i s was not constant, i t could not be included i n the 
c a l c u l a t i o n s . 

As the same pl a n t s were used f o r both warm and co l d 
s o i l measurements, r a p i d c o o l i n g of the s o i l was necessary. 
This may have caused a greater r e d u c t i o n i n absorption than 
would be normally experienced, as Bohning and Lausanandana 
(1952) found t h a t water absorption i n kidney bean was reduced 
less i f the r o o t s were cooled g r a d u a l l y over a period of days. 
Most of the previous experiments on r o o t c h i l l i n g and t r a n s ­
p i r a t i o n used c o n t r o l p l a n t s at the higher temperatures on 
the same day, and plants which had been kept w i t h low r o o t 
temperatures f o r some time. However, comparable r e s u l t s f o r 
tlje percentage r e d u c t i o n were s t i l l obtained from t h i s 
i n v e s t i g a t i o n (Kramer 1969). 

The populations of Sesle r i a which occur i n a large number 
of h a b i t a t s are t h e r e f o r e adapted t o t h e i r environment, as 
f i e l d and l a b o r a t o r y s t u d i e s have shown tha t the morphology 
of the p l a n t i s r e l a t e d t o both i t s h a b i t a t and i t s physiology. 
The species has a large p l a s t i c response t o i t s environment 
wh'ich accounts f o r many of the observed d i f f e r e n c e s i n the 



f i e l d , but evidence was a l s o found of genetic d i f f e r e n c e s 

between populations i n d i f f e r e n t geographic areas. 



SUMMARY 

Studies on the morphology of Sesle r i a caerulea have 
shown t h a t there was a large v a r i a t i o n i n p l a n t s from 
d i f f e r e n t h a b i t a t s and a l t i t u d e s i n Northern England. 
Leaf lengths and widths, height of inflorescence and 
si z e of inflorescence spike were g e n e r a l l y g r e a t e r , and 
stomatal frequency lower, i n p l a n t s growing on deep than 
on shallow s o i l s , i r r e s p e c t i v e of the a l t i t u d e , i n d i c a t i n g 
t h a t the edaphic c o n d i t i o n s are a main f a c t o r i n f l u e n c i n g 
the growth of t h i s species. I n p l a n t s from s i m i l a r s o i l 
depths, no r e l a t i o n s h i p between p l a n t s i z e and a l t i t u d e 
was found, but the stomatal frequency and le n g t h of the 
stomatal pore both increased w i t h i n c r e a s i n g e l e v a t i o n of 
the s i t e . These features were considered t o be r e l a t e d 
t o the changes i n s o i l moisture t e n s i o n w i t h a l t i t u d e . 
The depth of the stomatal pore was also greater i n p l a n t s 
from high e l e v a t i o n s ; such d i f f e r e n c e s were r e l a t e d t o 
the physiology and ecology of the populations. Morphological 
s t u d i e s on f i e l d and l a b o r a t o r y grown p l a n t s have shown t h a t 
the l a r g e v a r i a t i o n i s mainly due t o the p l a s t i c response 
of the p l a n t s t o t h e i r environment, but evidence of genetic 
d i f f e r e n c e s was als o found, i n d i c a t i n g t h a t ecotypes of 
Se s l e r i a may e x i s t i n d i f f e r e n t geographic l o c a t i o n s . 

Laboratory measurements of the t r a n s p i r a t i o n of potted 
p l a n t s demonstrated the close r e l a t i o n s h i p between the 
morphology and physiology of the species, as water loss was 
c o r r e l a t e d w i t h l e a f anatomical measurements. Low s o i l 
temperatures caused a r e d u c t i o n i n the t r a n s p i r a t i o n r a t e 



of a l l populations, but t h i s was greatest i n p l a n t s from 
low a l t i t u d e s i t e s , suggesting n a t u r a l s e l e c t i o n a t high 
a l t i t u d e s f o r a b i l i t y t o f u n c t i o n e f f i c i e n t l y i n c o l d s o i l s . 
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Appendix 

L i s t of Tables 

1A. Morphology of Se s l e r i a from Cassop Vale. 

2A. Leaf anatomy of Ses l e r i a from Cassop Vale. 

3A. Leaf anatomy of Se s l e r i a c o l l e c t e d from Cassop Vale 
and grown under the same environmental c o n d i t i o n s . 

4A-6A. T r a n s p i r a t i o n r a t e o f Sesle r i a from Cassop Vale 
( l a b o r a t o r y measurements). 

4A. T r a n s p i r a t i o n r a t e on a l e a f area basis. 

5A. T r a n s p i r a t i o n r a t e on a dry weight of whole p l a n t basis. 
{ 

6A. T r a n s p i r a t i o n r a t e on a dry weight of r o o t basis. 

7A-11A. T r a n s p i r a t i o n of Se s l e r i a from Cassop Vale w i t h 

leaves grown under the same environmental c o n d i t i o n s . 

7A. T r a n s p i r a t i o n r a t e on a l e a f area basis. 

8A. T r a n s p i r a t i o n r a t e on a dry weight of whole p l a n t basis. 

9A. T r a n s p i r a t i o n r a t e on a dry weight of ro o t basis. 

10A. Shoot/root r a t i o s of p l a n t s . 

11A. Environmental data. 

12A. Morphology of Sesleria from s i t e s a t d i f f e r e n t a l t i t u d e s . 
13A. Leaf anatomy of Se s l e r i a from s i t e s a t d i f f e r e n t 

a l t i t u d e s . 

14A and 15A. T r a n s p i r a t i o n r a t e of Sesleria c o l l e c t e d from 
s i t e s a t d i f f e r e n t a l t i t u d e s ( l a b o r a t o r y 
measurements). 

14A. Experiment 1. 

15A. Experiment 2. 



E f f e c t of low r o o t temperatures on the t r a n s p i r a t i o n 
r a t e o f Sesleria c o l l e c t e d from s i t e s a t d i f f e r e n t 
a l t i t u d e s . 

Analysis of variance data. 
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Table 16A. 

E f f e c t of low root temperatures on the t r a n s p i r a t i o n 
r a t e of S e s l e r i a c o l l e c t e d from s i t e s a t d i f f e r e n t 
a l t i t u d e s 

A l t i t u d e Water l o s s a t 2°C root temperature 
(m) as a percentage of the water l o s s 

a t 23°C root temperature 

160 21.6 ± 1.9 
320 33.3 - 2.1 
440 39.2 ± 3.8 
515 39.1 - 3.3 
600 46.7 - 3.9 

(Sample s i z e = 15) 
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