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INTRODUCTION 

S e s l e r i a c a e r u l e a ( L ) Ard. ssp. c a l c a r e a ( C e l a k . ) Hegi Scop, 

i s a member of the t r i b e Festucae of the fam i l y Graminae. I t i s 

a gregarious grass which forms an important component of sub 

a r c t i c and a r c t i c a l p i n e grasslands throughout Europe and 

Fennoscandia. 

Apart from being found mainly on limestone s u b s t r a t a 

i t appears to t o l e r a t e a wide range of s o i l types and l o c a t i o n s 

from c a l c a r e o u s syrozems and protorendzinas to mature rendzinas, 

c f Bryan (1967); from C o a s t l i n e s i t u a t i o n s along the A t l a n t i c 

seaboard of Europe to the higher pastures and s c r e e s of the 

Centra 1 Alps, and from wet mountain f l u s h e s to dry south f a c i n g 

s l o p e s i n lowland s i t u a t i o n s . 

I t s d i s t r i b u t i o n i n the North E a s t of England i s perhaps 

unique f o r here i n a quite s m a l l area i t i s found i n h a b i t a t s 

which span the f u l l range of wet to dry, s k e l e t a l to mature s o i l s 

and lowland to montane s u b - a r c t i c a l p i n e s i t u a t i o n s see F i g . 1. 

The range of c a l c a r e o u s grassland i n the North E a s t of 

England has been i n t e n s i v e l y studied from the p h y t o s o c i o l o g i c a l 

stand point by Shimwell (1968). A synopsis of the phytosocio

l o g i c a l u n i t s i n which S e s l e r i a i s a dominant or important member 

which have been used i n t h i s study i s given below. 

C l a s s Fjestuco-Broraetea 

Order Brometalia_erect^L 

A l l i a n c e Mesombromion • 

Sub-Alliance Seslerio-Mesobromion 

A s s o c i a t i o n of S e s l e r i a - H e l i c t o t r i c h o n 

A s s o c i a t i o n Ses 1 e r - C a r i c e t u r a _ p u 1 i c i ^ r i a e 

A s s o c i a t i o n A s p e r u l o ^ e s l e r i e t u m 

Sub A l l i a n c e Eu-Mesobromion 
BCOTIDH 
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F i g . 1. 

B 682/1 £2 SESLEMA 
CAERULEA 

) (U)Ard. 

• iflOonwirdi 
o Before 1930 

I 

\ 

• 5 1 

1 i 

"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." 

.9 
9 
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A s s o c i a t i o n Helictotricho-Caricet^um f^laccae 

C l a s s Violetea_calaml.nariae 

A l l i a n c e Thlaspe^ion ca laminariae 

A s s o c i a t i o n Minuartio-^hlaspeet^um 

C l a s s Festuco-Brometea_ Br-JBlanq^ R.T.X._ 1943 

A c l a s s which c o n t a i n s the dry anthropogenic, b a s e - r i c h 

g r a s s l a n d s of C e n t r a l and Western Europe. The l i m i t s of these 

g r a s s l a n d s are somewhat obscure. I n the Mediterranean region 

they are confined to north f a c i n g s l o p e s on mountains (Braun 

Blanquet 1951) being replaced i n the lowlands by the more x e r i c 

g r a s s l a n d s of the c l a s s Thero-BrachypodieteaBr-B11947, and 

on the ma j o r i t y of the mountains by the c l a s s ONON^DO-ROSMARINETEA 

Br - B l 1947 

In the North and e s p e c i a l l y i n the sub a r c t i c c l i m a t e such 

g r a s s l a n d s are replaced by grass heaths of the c l a s s 

E l y n o - s e s l e r i a t e a Br-Bl-1948. I n the E a s t t h e i r l i m i t i s 

obscured by i n t e r g r a d a t i o n with the gras s l a n d s of the steppes of 

Poland. 

O r d e r - B r o r a e t a l i a _ E r e c t i Br-B1-1936 

T h i s order c o n t a i n s the bulk of the dry c a l c a r e o u s g r a s s l a n d s 

dominated by coarse g r a s s e s such as Bromus erectuSj Brachypodium 

pinnatum ?Festuca ovina and H e l i c t o t r i c h o n pratense 

A l l i a n c e Mesobromion-erecti Br-Blanq. Moor 1938 emend Oberd 1949 

The a l l i a n c e c o n t a i n s most of the f a m i l i a r c h a l k and limestone 

g r a s s l a n d s of the B r i t i s h I s l e s and a l s o i n c l u d e s some communities 

on s t a b i l i s e d c a l c a r e o u s dune systems. The majority of them must 

be considered to be secondary i n nature being formed on the steeper 

s c a r p s l o p e s layed bare by e a r l y d e f o r e s t a t i o n . 
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Sub AllianceJEu-Mesobromion Oberd 1957 

T h i s s u b - a l l i a n c e was crea t e d to include almost a l l the 

lowland BSiesobroraion a s s o c i a t i o n s which are f r e e from the 

de-alpine s p e c i e s (Meusel 1939) such as S e s l e r i a c a e r u l e a . 

A s s o c i a t i o n He ̂ i c t o t r i c h o - C a r i c e turn f^laccae 

An a s s o c i a t i o n which i n many ways r e p r e s e n t s a zone of 

communities poor i n order and a l l i a n c e c h a r a c t e r s p e c i e s found 

arov.nd the Northern and Western l i m i t s of the Cirsl.o_Brometum. 

I t forms a d e f i n i t e l i n k with the s u b - a l l i a n c e S e s l e r i o -

Mesobromion. 

The o u t l i e r communities of County Durham form part of a 

s u c c e s s i o n which proceeds to a low scrub community best 

r e f e r r e d to the a l l i a n c e Salicion_arenar/iae_R J UT^X^ 1952^ 

S u b - A l ^ i a n c e _ S e s l e r i o Mesobromion Oberd 1957 

A group of grasslands which occur i n a marked zone a c r o s s 

Northern England and Western I r e l a n d and form a f l o r i s t i c l i n k 

between the c l a s s e s . Festuco-Brometea and E l y n o - s e s i e r i e t u m . 

A s s o c i a t i o n S e s l e r i o - H e l i c t o t r i c h e t u r a 

An a s s o c i a t i o n p e c u l i a r to the magnesian limestone e s c a r p 

ment of E a s t e r n Durham at a l t i d u e s varying between 60 and 160 m 

above sea l e v e l . The c l i m a t e of the escarpment i s an extension 

of the d r i e r e a s t e r n c l i m a t e of South England^ cl i m a t e type 

VIib^Walter and L e i t h (1967), although the average minimum win t e r 

temperatures are somewhat c o o l e r , average 25°C. 

Thi s i s the most thermophilous a s s o c i a t i o n i n the sub-

a l l i a n c e and forms an important l i n k between the Eu-^Mesobromion 

a s s o c i a t i o n s to the South and the damper upland a s s o c i a t i o n s 
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of the Sesler^o-Mesobromium to the west, four s u b - a s s o c i a t i o n s 

are r e c o g n i s a b l e i n the ar e a . 

1. Sub-ass, of Encalypta and Plantago maritima although 

r e p r e s e n t i n g a second stage of c o l o n i z a t i o n of disturbed a r e a s , 

i s t y p i c a l of the sh a l l o w e s t s o i l s where summer dryi n g w i l l be 

most pre v a l e n t . 

2. Sub-ass, of H e l i c t o t r i c h o n pubescens i s f a i r l y widespread 

above the escarpment being found i n s m a l l a r e a s which have been 

d i s t u r b e d i n the past and a r e now grazed t o varying e x t e n t s . 

3. Sub-ass. Typicum occurs i n a r e a s of l e a s t disturbance on 

deeper s o i l s which r e t a i n t h e i r moisture w e l l throughout the 

summer. 

Sub-Ass. Caricetosum p u l i c a r i a e i s found on damp north and west 

f a c i n g slopes which enjoy a more humid micro-climate. The 

dampness of the h a b i t a t i s made c l e a r by the abundance of 

Ctenidium molluscum, Acrocladium CUBpidaturn and F i s s i d e n s c r i s t a t u s , 

and l o c a l l y P i n g u i c u l a v u l g a r i s and Brim u l i a f a r l n o s a , showing a 

d i s t i n c t a f f i n i t y w i t h the a s s o c i a t i o n of the Seslerio-Cari.ceturn 

p u l i c a r i a e described from the montane limestones of the Pennines. 

A s s o c i a t i o n Sesler^o_Car^cetum_puli.cariae 

Montane gr a s s l a n d s found a t a t t i t u d e s between 290 m and 

730 m above sea l e v e l , on steep south and west f a c i n g s l o p e s 

s o i l s ranging from c a l c a r e o u s syrozems to shallow rendzinas. 

1. Sub-ass. Typicum i s the most widespread and the d r i e s t of 

grasslan d s e r i e s being t y p i c a l l y found on steep south f a c i n g 

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

a. Ditrichum flexicaule-^Rhytidium v a r i a n t i s found on the shallow 

s o i l s which are the most p r i m i t i v e of the c a l c a r e o u s syrozen 

s e r i e s . 

http://Seslerio-Cari.ce
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b) Ca 1 luna-Erapetrum v a r i a n t on steep slopes with deeper s o i l s 

which show an accumulation of raw humus i n the s u r f a c e horizon 

and a r e best termed a s l i g h t l y podzolized red-brown c a l c a r e o u s 

s o i l . 

c ) T y p i c a l v a r i a n t developed over the deeper, protorendzina 

s o i l s , root depth being,up to 15 cm. 

2. Sub-asSt Kobresietosum 

I s found e x c l u s i v e l y on Widdy Bank F e l l , being t y p i f i e d 

by the abundance and often dominance of Kobresia s i m p l i c i u s c u l a 

a plant of c a l c a r e o u s a l p i n e f l u s h e s of the order T o f l e I d i e t a 1 i a . 

Two f a d e s are represented here; i n the dampest Carex 

lepidocarpa becomes an important member of the f l o r a where 

the water i s almost at the s u r f a c e during a l l except the 

d r i e s t periods of the year. T y p i c a l l y the s o i l shows marked 

s i g n s of g l e y i n g and the e f f e c t i v e r o o t i n g depth appears to 

be the top few cms. only. 

C l a s s V i o l e t e a calarai.narj.ae _R/T^X. 1961 

Order Vio 1 e ta 1 i a ca larainariae Br-BJL RTX jL943_ 

Grassland communities of m e t a l i f e r o u s s t r a t a and metal mine 

s p o i l heaps c h a r a c t e r i z e d by the presence of V i o l a 

c a l a m i n a r i a L e j . a s p e c i e s as yet unrecognized i n B r i t a i n . 

Of the three a l l i a n c e s recognized by E r n s t (1965) only one 

occurs i n B r i t a i n and that i s t h e i -

http://Violetea
http://calarai.narj.ae
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A I l i a n e e Thlaspeion Calaminariae_Ernst_1965 a s i n g l e 

a s s o c i a t i o n Minuartio-Thl^aspejet^um has been recognized by 

Shimwell (1968) from metal s p o i l heaps. The s o i l s are very 

s k e l e t a l and although and there may be some accumulation of 

humus no s o i l p r o f i l e can be s a i d to e x i s t . 

I t i s thus obvious t h a t j ( 1 ) S e s l e r i a c a e r u l e a Ssp. c a l c a r e a 

hence r e f e r r e d to as S e s l e r i a i s found i n a whole range of h a b i t a t 

c o n d i t i o n s from r a p i d l y d r y i n g shallow s o i l s i n thermophilous 

lowland situations,, to deep wet s o i l s i n cold 'sub-alpine' 

s i t u a t i o n s '-(&) the north e a s t of England presents an i d e a l 

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

Rhizome 

I n f l o r e s e n c e 

Leaves 

CtuLm 

F IG 2 S E S L E R I A C&ERULEA 



-7-

P r e l i m i n a r y work (West 1975) has i n d i c a t e d that S e s l e r i a 

i s very p l a s t i c e s p e c i a l l y i n r e l a t i o n to s i z e pf the l e a v e s , 

and number and d i s t r i b u t i o n of stomata on the a d a x i a l s u r f a c e 

of l e a v e s . 

His conclusions based on a study of 9 populations, 8 of 

them i n northern England and one i n Scotland were as fo l l o w s 

1. The s i z e of p l a n t s measured both a s t o t a l l e a f length, 

length of longest l e a f and length of the i n f l o r e s c e n c e were 

gre a t e r the deeper the s o i l . 

2. Stomata1 frequency i s n e g a t i v e l y c o r r e l a t e d with s o i l depth 

at any one a l t i t u d e . 

3. I n p l a n t s from a s i m i l a r s o i l depth, ho r e l a t i o n s h i p was 

found between plant s i z e and a l t i t u d e , however stomata1 

frequency, length of stomatal pore and depth of stomata1 pore 

were s i g n i f i c a n t l y g r e a t e r a t higher e l e v a t i o n s . West s t a t e d 

that the v a r i a t i o n 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, but evidence of genetic 

d i f f e r e n c e s were a l s o found. 

I t was ther e f o r e decided t o attempt t o extend our knowledge 

of the p h y s i o l o g i c a l anatomy of the s p e c i e s a c r o s s the range 

of h a b i t a t c o n d i t i o n s found i n the north e a s t of England. 

MORPHOLOGY AND ANATOMY 

S e s l e r i a i s an e r e c t w i r y , t u f t e d ( F i g . 2) p e r e n n i a l which 

v a r i e s g r e a t l y i n s t a t u r e both as regards s i z e of le a v e s and 

i n f l o r e s c e n c e . Clapham e t a l . (1965) give a s i z e range of 15-40 cms. 

The l e a f blades are more or l e s s f l a t although being keeled 

and s u p p l i e d with b u l l i f o r m c e l l s may become folded to produce 



F I G . 3. 
-7a-

STOMATAL PORE STOMATAL PIT 

ACCESORY CELLS 
I INTERCOSTAL \ 

\ 

2 COSTAL 

SILICA CELL? 
CORK CEL 
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& boat shape l e a f e s p e c i a l l y near the t i p . 

The most s t r i k i n g f e a t u r e of the l e a f anatomy Prat (1936) 

Peelaby (1898) see F i g . 3 and P l a t e s 1 and 2 i s the presence of 

sunken stomata arranged along the i n t e r c o s t a l regions i n rows 

of two or more. The stomata are supported i n the main by 

recta n g u l a r ^l o n g - c e l l s ' (sensu Metcalfe 1960), which may, where 

the stomata are crowded become s h o r t e r with concave ends making 

them appear d i s t i n c t l y saddle shaped. 

The c o s t a l (above vei n ) c e l l rows a r e devoid of stomata, 
'i » 

t h e i r place appears to be taken by groups of three s h o r t - c e l l s 

(sensu Metcalfe 1960). Each group appears to c o n s i s t of 

one c e n t r a l s i l i c a c e l l between two cork c e l l s although 

s t a i n i n g r e a c t i o n s a r e not very c o n c l u s i v e . 
Aims of the Work 

1. To compare the d i s t r i b u t i o n of stomata and short c e l l groups 

on the l e a f of S e s l e r i a c a e r u l e a from the f u l l range of h a b i t a t s 

i n which i s found growing i n the N.E. of England. 

2. To i n v e s t i g a t e the p l a s t i c i t y of the above anatomical 

a t t r i b u t e s under c u l t i v a t i o n . 

3. To i n v e s t i g a t e the r e l a t i o n s h i p between stomatal number and 

t r a n s p i r a t i o n r a t e i n two c o n t r a s t i n g f i e l d populations. 

Study 1 Lowland populations on magnesian limestone 

Two populations were studied from the Cassop V a l e area of 

lowland County Durham both a t approximately 160m above sea 

l e v e l . 

Population A i s s i t u a t e d on the N.E. f a c i n g ledges of a disused 

quarry where maximum s o i l depth does not exceed 2 cms^in a 

p o s i t i o n where r a p i d d r y i n g out between r a i n s i s i n e v i t a b l e . 
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Table A presents p h y t o s o c i o l o g i c a l data f o r the c losed communities 

of the ledges 

V-Ses l e r i a caerulea 3.3 
I V - Carex f l a c c a + . 1 
I I I -He l ian themum chamaecystus + .2 
V- Plantago mar i t ima 1.2 
V-Encalypta v u l g a r i s + .2 

( I n the t a b l e , the roman f i g u r e s g iven before the p l a n t 

names i s a measure of constancy o f occurrence i n 10 sample p l o t s 

and the a rab ic f i g u r e s are the abundance s o c i a b i l i t y es t imates 

Braun Blanquet (1956) f o r the p l o t f r om which the samples were 

taken . Th i s fo rmat i s used throughout the t h e s i s . 

N . B . on ly the impor tan t ( c h a r a c t e r i s t i c ) species are l i s t e d . ) 
a 

The community i s best c l a s s i f i e d w i t h the sub a s s o c i a t i o n 

of Encalypta and Plantago mar i t ima of the S e s l e r i © H e l i c t o -

t r i c h e t u m 

Popu la t i on B 

In c o n t r a s t i s taken f rom a wide area o f deep s o i l (up 

t o 40 cm). I t s aspect i s n o r t h and the s i t e i s supp l ied by 

seepage water f r o m a cons iderable area of magnesian limestone,. 

Table B presents p h y t o s o c i o l o g i c a l data f rom the r e l e v a n t 

communities. 

Table B 

V Ses le r i a caerulea 3.4 
V Carex panicea + . 1 

IV Carex f l a c c a +.2 
I I I P ingu icu la v u l g a r i s +.2 

IV Carex p u l i c a r i s 1.2 
IV Ctenidium molluscum + .2 
V Acroccadium cuspidatum 1.2 
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Th e community of the area i s best r e f e r r e d t o the 

Sub. ass. Caricetosum p u l i c a r i a e 

Experiment 1 

C o l l e c t i o n and l a b o r a t o r y s tudy 

20 p l an t s c o l l e c t e d a t random f r o m the communities were 

s t o r e d i n polythene bags a t 0°C be fo re the f o l l o w i n g measurements 

were made on each. 

1 . Length of the longest l e a f ; 2 . number of stomata per u n i t 

area i n the mid s e c t i o n and top s e c t i o n o f the longest l e a f ; 

3. number of sho r t c e l l groups (hence c a l l e d sho r t c e l l s ) per 

u n i t area i n the mid s e c t i o n and top s e c t i o n of the longest l e a f . 

Resul ts 

The r e s u l t s are summarised i n Table 1 i n which the 

s i g n i f i c a n c e l e v e l s de r ived f r o m s tudent t t e s t s are shown. 

TABLE 1 

S i g n i f i c a n c e 

D i f f e r e n c e P o p B 

Length of longest l e a f (DUB) 4.9 + 0.4 * * * 13.8 - 1.8 

Number of 
area Mid 

Stomata/Unit 
s e c t i o n 

669 + 24 * * * 417 ± 18 

Number of 
area Top 

Stomata/Unit 
s e c t i o n 

649 + 73 * * * 454 - 31 

Number of 
area Mid 

Short C e l l s / U n i t 
s e c t i o n 

372 + 36 NS 336 ± 25 

Number of 
area Top 

Short C e l l s / U n i t 
s e c t i o n 

315 + 25 NS 302 - 25 

S i g n i f i c a n c e Levels ( t h i s n o t a t i o n i s used throughout the t h e s i s ) 

* * * p B 0 . 0 0 1 ; * * p - 0 . 0 1 ; * p - 0 .05 ; NS - not s i g n i f i c a n t 

Conclusions 

The longest leaves i n p o p u l a t i o n A are s i g n i f i c a n t l y s h o r t e r 

than those of p o p u l a t i o n B. The number of stomata per u n i t l e a f 
( * A l l measurements of s tomata l and sho r t c e l l numbers r e f e r t o 

the a d a x i a l l e a f s u r f a c e , throughout the t h e s i s . ) 
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are 

a r e a / s i g n i f i c a n t l y grea te r i n p o p u l a t i o n A than i n p o p u l a t i o n B. 

There i s no s i g n i f i c a n t d i f f e r e n c e between the number o f shor t 

c e l l s per u n i t area of l e a f of the two p o p u l a t i o n s . 

Experiment 2 

Aim t o i n v e s t i g a t e the " p l a s t i c i t y " of the two popu la t ions 

Method 

50 p l an t s were c o l l e c t e d a t random f r o m each p o p u l a t i o n . 

On r e t u r n t o the l a b o r a t o r y they were po t t ed sepa ra t e ly i n 

20 cm. p l a s t i c pots f i l l e d w i t h John Innes No. 1 compost. 

The pots were then arranged i n two l a t i n squares i n the 

greenhouse, each one a mix tu re of 25 of each type of p l a n t . One 

set designated 'wet t r e a t m e n t ' were watered every day, the o ther 

se t designated d ry t rea tment were watered once every 7 days. 

The l eng th of a l l leaves of every p l a n t were measured. The 

experiment was t e rmina ted a f t e r 6 weeks, when the f o l l o w i n g 

measurements were made: 

1) Length o f a l l leaves (hence i t cou ld be c a l c u l a t e d which 

leaves had grown the mos t ) ; 2) l e n g t h o f the longest l e a f ; 

3) the f o l l o w i n g measurements were then made on a) the f i v e 

leaves t h a t had grown the most, and b) f i v e new leaves . 

Number of stomata and the number of shor t c e l l s i n the 

mid s e c t i o n of the l e a f . The r e s u l t s are summarised and 

s t a t i s t i c a l comparison of each data set u s ing the s tudent t 

t e s t i s shown below 



- 1 2 -

TABLE 2 

Stomata C e l l s 

1 . Popu la t ion A F i e l d raid s e c t i o n 669 + 24 372 - 36 
2. A " top " 649 + 73 315 ± 25 
3. B mid " 417 + 17 336 ± 25 
4 . " B " top » 454 + 30 302 ± 35 
5. A Labora tory wet 

grown most 
482 + 50 225 ± 27 

6. A Labora tory wet 
new leaves 

495 + 35 234 ± 48 

7. A Laboratory d ry 
grown most 

466 + 35 255 ± 21 

8. A Laboratory d ry 
new leaves 

503 + 34 258 ± 25 

9. " B Labora tory wet 
grown most 

403 + 72 375 - 23 

10. " B Laboratory wet 
new leaves 

507 + 52 306 ± 34 

1 1 . " B Labora tory d r y 
grown most 

513 + 23 517 ± 53 

12. " B Laboratory dry 548 + 20 401 ± 55 
new leaves 

TA BLE 3 
STOMATA 

1 
2 
3 
4 

5 
6 
7 
8 
9 

10 
11 
12 

2 
NS 

3 4 5 6 7 8 9 10 11 12 
*** *** *** *** *** *** *** *** *** *** 

NS ** * * * ** * NS 

NS * NS ** NS ** ** *** 
NS NS NS * NS * * ** 

NS NS NS NS NS NS NS 

NS NS NS : NS NS NS 

NS NS NS NS NS 

NS NS NS NS 

NS NS 

NS NS 

NS 



- 1 3 -

TABLE 4 

SHORT-CELLS 

1 2 3 4 5 6 7 8 9 10 11 12 

1 NS NS NS ** ** ** ** NS ** NS 

2 NS NS ** * ** NS NS NS ** 
3 NS * * ** NS NS ** * 
4 NS NS NS NS NS ** 

5 NS NS NS ** NS ** ** 
6 NS NS * NS ** ** 
7 NS * NS • • NS 

8 * NS ** NS 

9 NS ** NS 

10 ** ** 

12 
CONCLUSIONS 

STOMftTA 

Under the c o n d i t i o n s of the experiment new l e a f t i s s u e 

produced by the p l a n t s o f p o p u l a t i o n A ( d r y ) , produce 

s i g n i f i c a n t l y fewer stomata per u n i t l e a f area than i n the 

f i e l d s i t u a t i o n . I n c o n t r a s t the new l e a f t i s sue produced 
o 

by the p l a n t s of. the p o p u l a t i o n B ( w e t ) , produce s i g n i f i c a n t l y 

more stomata than when i n the f i e l d s i t u a t i o n . 

S h o r t - C e l l s 

Under the c o n d i t i o n s of the experiment the new l e a f 

t i s sue produced ; by the p l an t s o f p o p u l a t i o n A ( d r y ) show a 

s i g n i f i c a n t decrease i n the number o f s h o r t - c e l l s i n the 

t rea tments . I n c o n t r a s t those of p o p u l a t i o n B (wet) show a 

s i g n i f i c a n t increase i n the number o f c e l l s when grown i n the 

dry a l though the re i s no s i g n i f i c a n t change i n the wet 

t rea tment . 
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Experiment 3 

The summer of 1976 was e x c e p t i o n a l l y d ry f o r a pe r iod 

o f some two months when the drought was te rminated by 

t o r r e n t i a l r a i n s . I t was decided t o at tempt t o make use 

of these extreme c l i m a t i c c o n d i t i o n s t o t e s t anatomical 

v a r i a b i l i t y i n a f i e l d p o p u l a t i o n . To t h i s end the 

longes t new leaves were c o l l e c t e d f rom 20 se lec ted p l an t s 

a t random f rom the c o n t r a s t i n g popula t ions a t Cassop i n 

l a t e autumn. Counts were made of the stomata and s h o r t -

c e l l s i n the top s e c t i o n (grown d u r i n g the drought pe r iod ) 

and the basal s e c t i o n (grown d u r i n g the r a i n y p e r i o d ) . 

Al though i t i s f e l t t h a t d i r e c t comparison between 

years i s impossible because of the m u l t i t u d e of environmenta l 

v a r i a t i o n s , i t a t l e a s t seems sa fe t o compare the number 

of stomata i n the l e a f t i s s u e produced d u r i n g the drought 

w i t h t ha t produced i n the autumn r a i n s . 

S t a t i s t i c a l analyses of the r e s u l t s are summarised below. 

Resul ts 

Table 5 

Sample (20 of each) Stomata C e l l s 

1) Popu la t ion A. Top (Drought) 
2) Popu la t ion A. Bass (Rains) 
3) Popu la t i on B. Top (Drought) 
4) Popu la t ion B. Base (Rains) 

642 ± 39 
532 - 15 
614 - 20 
437 - 23 

302 - 23 
338 t 15 
410 ± 17 
296 - 21 
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Table 5 (Con'd) 

STOMATA 

A top A base B top B base 

A top *** NS *** 

A base * * 

B top *** 

B base 

[ORT-CELLS 

A top A base B top B base 

A top NS *** NS 

B top ** 

B base 

Conclusions 

Stomata 

Dur ing the drought pe r iod both popu la t ions were producing 

l e a f t i s sue w i t h a s i m i l a r number o f stomata per u n i t area . 

I n c o n t r a s t d u r i n g the wet pe r i od p o p u l a t i o n A i s producing 

more stomata per u n i t area of l e a f t i s s u e than p o p u l a t i o n B, 

thus r e v e r t i n g t o the normal f i e l d s i t u a t i o n . 

S h o r t - C e l l s 

Dur ing the drought p e r i o d , p o p u l a t i o n B was producing 

s i g n i f i c a n t l y more c e l l s per u n i t area of l e a f t i s s u e than 

p o p u l a t i o n A. This backs up the f i n d i n g s of experiment 2 . 
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STUDY 2 T h r i s l i n g t o n P l a n t a t i o n 

Experiment 4 

A s e r i e s of s i x c o n t r a s t i n g popu la t ions were se lec ted f o r 

s tudy f rom the lowland area of T h r i s l i n g t o n p l a n t a t i o n i n 

County Durham, a l t i t u d e W - w above sea l e v e l . D e t a i l s o f 

the ecology and phytosoc io logy of the chosen popu la t ions 

are g iven i n each s e c t i o n below. C o l l e c t i o n s were made i n 

l a t e autumn 1976 and measurements of t he f o l l o w i n g were made 

f rom each p o p u l a t i o n . Number of stomata and number of sho r t 

c e l l s , f rom the top s e c t i o n of each l e a f t h a t i s of t i s s u e 

formed d u r i n g the drought p e r i o d . To a l l o w f u r t h e r s tudy of 

the pos s ib l e e f f e c t s of the drought measurement were a l s o made 

t o a l l o w comparison between the top and the base of the l e a f , 

the l a t t e r being produced d u r i n g the wet autumn p e r i o d . 

Popu la t ion C 

H a b i t a t 

S k e l e t a l grass land on the edge of an o l d t rackway. 

The s o i l i s a protorendzina^ maximum r o o t i n g depth approximate ly 

2 cms. 

Phytosociology 

V Ses le r i a caerulea 2.2 
V Hypochaeris r a d i c a t a + . 1 

I I I Hypericum montanum + . 1 
V Ceratodon purpureus +.2 

IV Encalypta v u l g a r i s 1.2 
I I E p i p a c t i s a t rorubens + 
I I Crataegus monogyna + 
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Syntaxonomy 

A s s o c i a t i o n S e s l e r i o H e l i c t o t r i c h e t u m 

Sub-Ass. Encalypta and Plantago mar i t ima 

Resul ts (Sample s i ze 10) 

Stomata C e l l s 

Drought 837 - 11 351 - 14 
Autumn r a i n 725 - 27 300 - 15 

Popu l a t i on D 

Short t u r f grass land found on or near marked breaks of 

s lope . The s o i l s are rendz inas , the maximum r o o t i n g depth 

being 6 cms. 

Phytosociology 

V Ses l e r i a caerulea 2.3 
V H e l i c t o t r i c h o n pubescens 1.1 

IV Daucus c a r r o t a + . 1 
IV Centaurea n i g r a 1.1 
V Plantago media 1.1 

Syntaxonomy 

A s s o c i a t i o n S e s l e r i o _ H e l i e t o t r i c h e t u r n 

Sub-Ass. H e l i c t o t r i c h o n pubescens 

Resul ts 

Stomata C e l l s 
Top (Drought) 715 - 43 359 - 14 

Popu la t i on E 

R e s t r i c t e d t r a c t s of grass land, a l though on gen t le south 

f a c i n g slopes are but l i t t l e e f f e c t e d by g r a z i n g by fa rm s t o c k . 

The s o i l s are best descr ibed as r endz inas , maximum 

r o o t i n g depth 30 cm. 
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Phytosocio logy 

I I Ses l e r i a caerulea 1.2 
V H e l i c t o t r i c h o n pubescens 1.1 
V H e l i c t o t r i c h on pratense 1.1 
V Poterium sangulsorba +2 

IV Car l ina v u l g a r i s +2 
I I I A n t h y l l i s v u l n e r a r i a + . 1 

I I Linum angl icum +2 

Syntaxonomy 

Sub-Al l i ance Mesj>brom^n-erect i 
A s s o c i a t i o n H e 1 i c t o t r i c h o - C a r i c e t u r n - f l a c c a e 

Resul ts (Sample s i z e 10) 

Stomata C e l l s 
Top (Drought c o n d i t i o n s 650 - 15 284 - 23 

Popu la t ion F 

A s i n g l e sma l l stand of grassland which i s being invaded 

by a h y b r i d p o p u l a t i o n of w i l l o w s . ( S a l i x repens x S a l i x 

a i g r a ) . i t i s i n r e a l i t y a damper v e r s i o n of the above being 

s i t u a t e d c lose t o the base of a main south east f a c i n g slope 

and i n pa r t i s sub j ec t t o seepage water d r a i n i n g o f f the s lope . 

Phytosociology (NB a s i n g l e stand) 

Ses le r i a caerulea 1.2 
H e l i c t o t r i c h o n pubescens 2.3 
Carex f l a c c a 1.1 
K o e l e r i a c r i s t a t a 1.1 
Primula f a r i n o s a +2 
Va le r i ana d i o i c a 1.1 

Syntaxonomy 

A s s o c i a t i o n He l i c t o t r i c h o - C a r i c e t u r a - f l a c c a e 

Border Community w i t h deve loping scrub r e l a t e d t o the 

A l l i a n c e Sa l i con a renar iae R.T .X. 1952 
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Resul ts (Sample Size 10) 

Stomata C e l l s 

Top (Drought) 604 - 33 250 - 9 

Popu la t ion G 

Trac ts of grassland on a range o f slopes which are sub jec t 

t o l i t t l e or no-g raz ing by fa rm s tock . S o i l s are rendzinas 

w i t h a maximum depth of 50 cms. 

Phytosociology 

V Ses l e r i a caerulea 2.3 
V H e l i c t o t r i c h o n pratense 1.1 

I I E p i p a c t i s a t rorubens +2 
I I I Betonica o f f i c i n a l i s +1 
I I I Campanula r o t u n d i f o l i a +1 

IV Carex f l a c c a 

Syntaxonomy 

A s s o c i a t i o n S e s l e r i o Mesobromion 

Sub-Ass. Typicum 

Resul ts (Sample Size 10) 

Stomata C e l l s 

Top (Drought) 505 - 17 241 ± 70 

Base (Wet) 450 - 27 216 - 12 

The r e s u l t s are summarised i n Table 6, where the r e s u l t s . o f 

comparison us ing s tudent t t e s t are g i v e n . 
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Conclusions 

There i s a p o s i t i v e c o r r e l a t i o n between the stomata and 

the a r b i t r a r y scale of depth/dampness of the s o i l . The number 

of stomata decrease s i g n i f i c a n t l y w i t h i nc rea s ing depth/dampness 

of the s o i l . The e f f e c t of the r a i n a f t e r the drought has been 

s i m i l a r t o decrease s i g n i f i c a n t l y the number of stomata formed 

on the leaves o f both p l an t s of the extreme 'wet* and extreme 

' d r y ' p o p u l a t i o n s . 

The c o r r e l a t i o n s and ' e f f e c t s ' on the shor t c e l l s are not 

n e a r l y as c l e a r c u t . Inc reas ing depth/dampness o f the s o i l 

goes hand i n hand w i t h a decrease i n the number of the sho r t 

c e l l s . The e f f e c t of r a i n compared t o drought i s t o 

s i g n i f i c a n t l y decrease the number o f c e l l s i n the extreme 

d r y p o p u l a t i o n , and e x a c t l y the opposi te i n the p o p u l a t i o n G 

f r o m the wet f i e l d c o n d i t i o n s . 

Study 3 Montane popula t ions 

Experiment 5 

A l l the f o l l o w i n g popu la t ions are s i t u a t e d a t about 540 m OD 

on the Widdy Bank F e l l N a t i o n a l Nature Reserve i n County Durham. 

The f o l l o w i n g a t t r i b u t e s were measured f rom each: 

1) Number o f stomata; 2) Number of c e l l S j per u n i t area i n the 

top s e c t i o n o f the leaves formed i n 1975 and d u r i n g the drought 

and the basal s e c t i o n formed d u r i n g the autumnal r a i n s of 1976. 

Popu l a t i on H 

H a b i t a t d e t a i l s 

S k e l e t a l grass land developed on an o l d s p o i l heap f r o m the 

Cow Green lead /bary tes mine. No s o i l as such e x i s t s , the p l a n t s 

are roo ted i n the f i n e s between the s p o i l . The s o i l s a re 

s u b j e c t t o very r a p i d d r y i n g a f t e r r a i n . 
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Phytosoc io logy 

I I I Ses l e r i a caerulea +2 
IV T h l a s p i a l p e s t r e +1 
IV Anthoxanthum odoratum +1 

I I I Carex c a p i l l a r i s +2 
IV Plantago lanceo la ta +2 

I I I M i n u a r t i a verna +2 

Syntaxonomy 

A s s o c i a t i o n M i n u a r t i o Thlaspeeturn 

Resul ts (Sample s i ze 10 

1975 Stomata 

385 - 17 

1976 Autumn 

Top 532 ± 17 

Base 521 - 17 

Popu la t i on I 

Grassland on s o i l s developed on steep slopes or c lose t o 

breaks of s lope . The s o i l s are a t the best considered t o be 

calcareous syrozems p r o v i d i n g a maximum r o o t i n g depth of 2 t o 

3 cms. 

Phytosociology 

V Ses le r i a caerulea 2 . 1 
V Ga l l ium s t e r n e r ! + 
V C o r n i c u l a r i a aculeata 1.1 

IV D i t r i c h u m f l e x i c a u l e +2 
IV Hieracium pi lose11a 1.1 

I I I Barbula f a l l a x +2 
I I I H e l i c t o t r i c h o n pratense 1.1 
I I I Carex e r i ce to rum + 

IV Carex p u l i c a r i s 1.2 

C e l l s 

91 t 2 

395 - 11 

362 - 11 
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Syntaxonomy 

Association Seslerio-Caricetum pul ica r iae 

Sub-Ass. Typicura 

Variant Ditr ichum and Rhytidium 

Results (Sample size 10) 

1975 Stomata Cells 

Top 677 - 37 194 - 23 

Population J 

Grassland wi th a mixture of heath species developed on 

gentle slopes on s l i g h t l y podsolised red-brown calcareous s o i l s , 

roo t ing depth not more than 10 cms. 

Phytosociology 

V Sesleria caerulea 2.3 
IV Gallium s te rne r i 1.1 
IV Cornicularia aculeata 1.2 
V Calluna vulgar is +2 

I I I Empetrusa nigrum +2 
I I I Carex p u l i c a r i s 1.2 

Syntaxonomy 

Association SesJ.erio Gajricetum jpul icar iae 

Sub-Ass. Typicum 

Variant Calluna/Empetrum 

Results (Sample size 10) 

1975 la te Stomata Cel ls 

645 ± 55 279 - 15 

1976 Top (Dry) 660 - 2 453 - 14 

Base (Wet) 576 - 19 358 - 12 
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Population K 

Extensive grasslands developed over a range of slopes on 

undulating ground, the s o i l s are protorendzinas up to 15 cms 

deep. 

Phytosociology 

V Sesleria caerulea 3.3 
IV Gallium s t e r n e r i 1.1 
IV Cornicularia aculeata 2.2 

I I I Carex p u l i c a r i s 1.2 

Syntaxonomy 

Association Seslerio Cariceturn pul icar iae 

Sub-Ass. Typicum 

Variant typicum 

Results (Sample size 10) 

Stomata Cel ls 

1975 614 - 17 277 ± 28 

1976 top 643 - 21 361 - 11 

base 596 - 20 364 - 12 

Population L 

Habitat de t a i l s 

Grasslands developed i n damper areas, i n some cases 

depressions i n others near the base of main slopes adjacent to 

f lushes . S o i l p r o f i l e deep, to 30 cms. 

Phytosociology 

V Sesleria caerulea 1.2 
I I I Carex p u l i c a r i s 2.2 

IV Kobresia simpisiuscula 2.3 
V Carex f lacca 1.2 

IV Carex panicea +1 
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Syntaxopomy 

Sub-Ass. Kobriesietosum 

Results (Sample size 10) 

1976 Stomata Cel ls 

Top 

Base 

549 - 18 

541 - 17 

445 - 14 

378 - 12 

Population M 

As above but taken i n the areas where there i s an 

abundance of Carex lepidocarpa i n the community. Rooting depth 

less than 4 cms. 

Results (Sample size 10) 

The resu l t s as summarised i n Table 8 and 9 where the resu l t s 

of comparison using the student t tes t are shown 

Conclusions 

In the main the same trends are shown as f o r the lowland 

populations. The populations s i tuated on the dry ske l e t a l 

so i l s have more stomata than those on the deeper wetter s o i l s , 

the d i f ferences are however i n many cases not s i g n i f i c a n t . 

There are however two marked exceptions. The plants on 

the t h i n ske le t a l s o i l s on heavy metal s p o i l heaps have 

s i g n i f i c a n t l y fewer stomata, and those on the very wet f l u s h 

s o i l s appear to have s i g n i f i c a n t l y more stomata than they 

should i f the wet to dry series i s cor rec t . 

Stomata Cel ls 
88 ± 10 1975 796 - 68 
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In a l l cases where comparable data i s ava i l ab le , the 
seasonal charges are the same, stomatal numbers were highest 
i n leaf t issue formed during the drought of 1976 f a l l i n g again 
i n t issue produced during the wet autumn. I t must be noted 
that these d i f ferences were not as marked as w i t h the lowland 
populations. The changes and trends i n the numbers of short-
c e l l s are less easy to i n t e r p r e t . 

Experiment 5a 

Aim 

To tes t the p l a s t i c i t y of the above a t t r i b u t e s under 

experimental condi t ions . 

20 plants were col lec ted at random from populations H, J, 

K, L . They were potted out i n 20 cms. p l a s t i c pots, f i l l e d wi th 

John Innes No. 1 po t t ing compost. The 80 pots were randomised 

i n a l a t i n square i n the greenhouse where they were watered 

d a i l y f o r a period of 4 weeks. 

At the end of the experiment the plants were harvested and 

the f o l l o w i n g a t t r i b u t e s were measured on leaf samples from each. 

1) Number of stomata; 2) Number of c e l l s , on the new leaf t issue 

at the base and on the old leaf t issue produced during the autumn 

p r i o r to c o l l e c t i o n . The resu l t s are summarised i n Table 10 i n 

which the resul t s of s t a t i s t i c a l comparisons are presented. 
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TABLE 10 

Stomata and c e l l s (sample size 10) 

F ie ld Stomata Cells F ie ld 
1) Population H top (521) 497 - 29 

*.* 
373 ± 14 

NS 
(355) 

2) H base 641 - 27 403 ± 8 (362) 

3) " J top (576) 574 - 30 
** 

43£ i 65 
NS 

(453) 

4) " J base 770 - 38 511 ± 56 (358) 

5) " K top (596) 518 - 16 
#** 

360 ± 27 
* 

(361) 

6) K base 713 - 42 496 - 38 (364) 

7) M L top (541) 400 ± 38 
NS 

384 - 28 
NS 

(445) 

8) L base 478 - 35 366 - 36 (378) 

Conclusions 

In a l l cases the number of stomata per un i t area of leaf 

produced i n the greenhouse were greater than that produced i n 

the f i e l d . The increases were s i g n i f i c a n t i n a l l cases except 

population L from the deep wet s o i l . 

This i s i n marked contrast to the greenhouse experiments 

carr ied out on the lowland population which, i n every case, showed 

a decrease of stomata i n the wet treatment. The number of short-

c e l l s showed no s i g n i f i c a n t pat tern of change under the 

experimental condi t ions . 
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Study 4 

Transpirat ion 

Experiment 6 

Aim 

To compare the rate of t r ansp i r a t ion of plants col lected 

from f i e l d populations A and B i n Cassop Vale. 

Methods 

One hundred plants col lec ted at random from each population 

i n the f i e l d were potted i n d i v i d u a l l y i n 20 cms polystyrene cups 

f i l l e d wi th commercial ve rmicu l i t e . 

A l l plants were kept under the same conditions of l i g h t 

and temperature i n the laboratory. F i f t y of each batch being 

watered d a i l y (wet t reatment) , the other 50 being watered every 

7 days (dry treatment) . The experiment was begun a f t e r 14 days 

of laboratory growth. 

Ten plants from each treatment were watered u n t i l the 

vermicul i te was f u l l y saturated a f t e r which they were allowed to 

d ra in f o r 10 minutes before being sealed as shown i n F ig . 4 

Each transpirometer was then weighed t o an accuracy of 0.005 

gms and the leaf area of each plant was calculated a f t e r measure

ment of the length and maximum width of each l e a f . 

The plants were then placed i n a l i n e on the laboratory bench, 

a t r i g h t angles to the incident sun l igh t . 

For the f i r s t four days each transpirometer was reweighed 

every 8 hours and then every 24 hours f o r a fu r the r 13 days a f t e r 

which a l l plants were showing signs of s t ress . Each time a 

transpirometer was weighed i t was randomly replaced i n another 

pos i t ion i n the l i n e . 
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At the end of the experiment the leaf area of each plant 

was again measured. 

Results 

The resu l t s are summarized i n Table 11 below, and i n Figs. 5 

and 6. 

TABLE 11 

Experiment 7 

gms/cra2/Day - standard error 

Days Dry i n Dry Dry i n Wet Wet i n Dry Wet i n Wet 
1 0.12 + .04 0.43 + .05 0.56 + 0.07 0.33 ± .03 
2 0.31 + .03 0.32 + .03 0.48 + 0.04 0.46 + .06 
3 0.32 + .05 0.16 + .01 0.97 + .06 0.55 + .01 
4 0.11 + .04 0.07 + .02 0.53 + .03 0.61 + .02 
5 0.52 + 0.06 0.52 + .04 0.52 + .01 0.55 + .02 
6 0.34 + 0.04 0.31 + .07 0.40 + .03 0.56 + .04 
7 0.21 + 0.03 0.51 + .04 0.47 + .02 0.49 + .03 
3 0.01 + 0.03 0.43 + .03 0.41 + .04 0.18 + .07 

9 0.43 0.03 0.16 + .01 0.36 + .01 0.32 + .02 
10 0.32 + 0.04 0.31 + .02 0.18 + .01 0.36 + .02 
11 0.51 + 0.04 0.33 + .06 0.26 + .03 0.45 + .01. 
12 0.26 * 0.02 0.36 + .03 0.22 + .02 0.28 + .04 
13 0.13 + 0.01 0.14 + .01 0.17 + .01 0.21 + .02 
14 0.10 + 0.03 0.21 + .01 0.18 + .06 0.22 + .03 
15 0.12 + 0.02 0.09 + .02 0.09 + .03 0.19 + .07 
16 0.07 + 0.01 0.13 + .01 0.16 + .01 0.19 + .01 

17 0.09 + 0.01 0.26 + .07 0.23 + .06 0.46 + .02 
18 0.06 + 0.01 0.20 + .03 0.29 + .04 0.28 + .04 

MEANS 0.22 0.27 0.36 0.37 



-34-

Table 11 (Cont'd) 

Student t test 

1 2 3 4 
Dry i n Dry 1 NS NS ** 

Dry i n Wet 2 NS NS 
Wet i n Dry 3 NS 
Wet i n Wet 4 

Conelusions 

The rates of t r ansp i r a t ion show a d e f i n i t e gradation being 

greater i n the plants of treatment 4 (vet i n the wet) and least 

i n treatment 1 (dry i n the d r y ) . 

1 2 3 4 
0.22 0.27 0.36 0.37 

Only when the resu l t s of treatment 1 and 4 are compared 

i s there any s i g n i f i c a n t d i f fe rence 

I t was concluded from the resul t s of experiments 2 and 3 

above that the number of stomata formed per un i t leaf area was 

very p l a s t i c responding qu ick ly to change i n environment conditions, 

I t was therefore decided to carry out a f u r t h e r experiment. 

Transpirat ion 

Experiment 7 

Aim 

To compare the rate of t r ansp i ra t ion of the two populations 

A and B from Cassop Vale a f t e r a longer period of growth under 

the experimental condit ions i n the greenhouse. 
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In the l i g h t of the resu l t s of experiment one only the 

two extreme treatments were used, dry i n the dry, and wet i n 

the wet. The plants were grown under the experimental conditions 

i n the greenhouse f o r 28 days p r i o r to the beginning of the 

experiment. 

The method employed were exact ly the same as those used i n 

experiment 1. 

Results 

The resu l t s are summarised i n Table 12. 

TABLE 12 

Days Dry Dry Wet Wet 
1 0.63 + .03 0.52 - .06 
2 0.44 + .03 0.43 - .06 
3 0.38 + .07 0.91 - .05 
4 0.42 + .06 0.26 ± .03 
5 0.31 + .05 0.23 - .03 
6 0.11 + .06 0.13 - .07 
7 0.36 + .04 0.21 ± .03 
8 0.27 + .05 0.14 - .05 
9 0.13 + .03 0.08 - .06 

10 0.34 + .06 0.32 ± .05 
11 0.45 + .06 0.36 - .03 
12 0.35 + .04 0.34 ± .05 
13 0.42 + .07 0.51 - .06 
14 0.41 + .03 0.32 ± .06 

MEANS 0.358 0.340 

T Test on Means 

DD WW 

DD NS 

WW 
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Conclusions 

There i s no s i g n i f i c a n t d i f fe rence between the rates of 

t r ansp i r a t ion i n the two treatments. 

Overal l conclusions 

I t i s impossible to come to any l i r m conclusion on the 

basis of these few, crude experiments. 

However the indica t ions are that the plants of population A 

(under the conditions of experiment 6) can con t ro l water loss 

from the i r leaves more e f f i c i e n t l y than those of population B. 

The graphs lend weight to t h i s conclusion ind ica t ing that 

even over the f i r s t two days of the experiment when i t appears 

that the plants are " s e t t l i n g down". A pat tern of d i f fe rence i n 

the rate of t r ansp i ra t ion between the population and the treatments 

i s set up and t h i s pat tern i s more or less maintained throughout 

the experimental period. 

The f ac t that these d i f ferences become obscured a f t e r 28 days 

of growth i n the greenhouse are best explained by 1) the great 

p l a s t i c i t y i n the number of stomata per un i t leaf area shown 

above and 2) the supposition that the bulk of t r ansp i r a t ion takes 

place via the youngest leaf t issue. 

Supporting although c i rcumstant ia l evidence f o r the l a t t e r i s 

provided by the fac t that the main v i s i b l e e f f e c t of stress over 

the period of the experiment was the rapid death of the leaves 

from the t i p backwards toward the meristem. 
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GENERAL DISCUSSION AND FURTHER EXPERIMENTS 

In order to attempt t o understand the e f f e c t s of the 

environment on the s t ruc ture and anatomy of the leaf of 

Sesleria a model of the development of the leaf blade i s 

presented below 
Dead Tip 

FIG. 7 

Blade 
Blade meristem 

Leaf sheath 
Culm X = 2 

I n i t i a t i o n of the s t ructure of the epidermis including 

the frequency of the stomata and the short c e l l groups must take 

place i n the leaf blade meristem, Thiele (1951). 

Invest igat ions were made i n t o development i n the region of 

the meristem, FeUlgen method, but a l l attempts at revealing 

the pat tern of m i t o t i c d iv i s ions f a i l e d . The actual process of 

i n i t i a t i o n and ear ly development of the stomata i s thus a matter 

of pure conjecture. 

From the experimental work described above and summarised 

i n Table 13 i t may be concluded that there i s no co r r e l a t i on 

between the number of stomata and the number of short c e l l 

groups formed per u n i t area of epidermis. In the l i g h t of t h i s 

together wi th the absence of any ove ra l l pat tern of response 

of the number of short c e l l s to environmental condit ions e i ther 

i n the f i e l d or greenhouse i t was decided to omit the short 

c e l l s from f u r t h e r discussion. 
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TABLE 13 

Summary o f Resu l t s s o f a l l c o u n t s Number o f Stomata 

pe r u n i t a rea and number o f s h o r t - c e l l s pe r u n i t 

a rea i n t h e same T i s s u e 

Stomata S h o r t - C e l l s Stomata S h o r t - C e l l s 

837 351 505 241 
796 88 503 258 

770 511 497 373 
725 300 495 234 
713 496 485 9 1 
677 194 482 225 
669 372 478 366 

660 543 466 255 
649 315 
645 279 454 302 

643 361 450 216 
642 302 437 296 
641 403 

640 284 417 336 
614 410 403 375 
614 277 400 384 
604 250 
596 364 
576 358 
574 438 
549 445 
548 401 
541 378 
532 395 
532 338 
521 362 

518 360 
513 517 
507 306 
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STOMATA 

A l l t h e f i e l d d a t a i n d i c a t e s t h a t t h e number o f s tomata 

produced per u n i t a rea o f e p i d e r m i s i s i n some way r e l a t e d 

t o a " s c a l e r " l i n k i n g d e p t h and dampness o f s o i l and w a t e r 

s u p p l y . The d i f f e r e n c e s a r e most marked i n the l o w l a n d 

p o p u l a t i o n s , bu t n e v e r t h e l e s s the t r e n d s t h r o u g h o u t t he montane 

p o p u l a t i o n s a r e t he same see summary t a b l e , 14. 

TABLE 14 

S o i l Type D r y / S h a l l o w Damp/Deep 

Lowland D r o u g h t 837 715 640 604 505 

Rains 725 NR NR NR 450 

Montane Drough t 677 660 643 549 NR 

Rains NR 576 596 541 

I t i s o f i n t e r e s 5 t t O no te t h a t f o r each s u b j e c t i v e l y 

comparab le s t e p i n t he depth/dampness s c a l e r the s t o m a t a l 

numbers a r e f e w e r i n t he montane p o p u l a t i o n s . I t must however 

be emphasised t h a t t h e s o i l s t e p u n i t s a r e i n no way d i r e c t l y 

comparab l e . 

Measurements o f the s o i l m o i s t u r e c o n t e n t (amount o f w a t e r 

p r e s e n t i n t he a i r d r i e d samples) o f each s o i l t y p e summarised i n 

T a b l e 15, bear o u t t he s u b j e c t i v e assessment o f d e p t h and dampness. 

TABLE 15 

S o i l M o i s u t r e % (5 r e p l i c a t e s ) 

S o i l Type D r y / S h a l l o w Damp/Deep 

Lowland 3 - 0 . 7 10 - 3.6 15 - 6 . 0 23 * 7 . 3 34 + 1.6 

Montane 5 - 2 . 2 8 - 4 . 1 12 - 1.7 20 - 11 .2 36 - 14.1 
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I t was i m p o s s i b l e t o c o l l e c t r e l e v a n t da ta on t h e 

m i c r o c l i m a t e o f t h e two s i t e s d u r i n g t h e e x p e r i m e n t a l w o r k . 

However data^ see T a b l e 16 f r o m t h e Upper Teesda le (Widdybank 

F e l l ) and Durham O b s e r v a t o r y M e t e r o l o g i c a l s t a t i o n s do h e l p 

t o i n d i c a t e t h e m a c r o - d i f f e r e n c e s between the c l i m a t e s o f t h e 

two s t u d y a reas t h r o u g h o u t 1976. 

The e x p e r i m e n t a l wo r k on p l a s t i c i t y back up t h e t r e n d s 

shown i n t h e f i e l d p o p u l a t i o n s a t l e a s t as f a r as t h e l o w l a n d 

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

( d r y s h a l l o w s o i l ) p roduced s i g n i f i c a n t l y f e w e r s tomata when 

grown unde r t h e " w e t " c o n d i t i o n s . I n marked c o n t r a s t t h e 

p l a n t s o f p o p u l a t i o n B (deep damp s o i l s ) p roduced s i g n i f i c a n t l y 

more s tomata when grown under " d r y " e x p e r i m e n t a l c o n d i t i o n s . 

These s i g n i f i c a n t changes were f o u n d b o t h on new l e a f t i s s u e 

and on new l eaves produced d u r i n g t h e e x p e r i m e n t a l p e r i o d . 

As t h e d e p t h o f t h e p o t t i n g compost was t h e same i n each 

o f t h e e x p e r i m e n t a l t r e a t m e n t s i t must be c o n c l u d e d t h a t 

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

sys tem W a l t e r ( 1 9 7 3 ) i s t h e ma in f a c t o r c o n t r o l l i n g t h e s t r u c t u r e 

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

t he greenhouse e x p e r i m e n t s were n o t k e p t s t a b l e a l t h o u g h t h e 

f l u c t u a t i o n s were s i m i l a r f o r a l l p l a n t s i n each e x p e r i m e n t . 

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

a round t h e p o t s s u b j e c t t o more r e g u l a r w a t e r i n g c o u l d be 

h i g h e r t h a n t h a t a round t h o s e i n t h e " d r y " t r e a t m e n t . 

i i 

The e f f e c t o f h y d r a t u r e on t h e s t o m a t a l number i s a l s o 

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

d u r i n g t h e summer d r o u g h t and t h e a u t u m n a l r a i n s o f 1976. 
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I n a l l cases t h e number o f s tomata p roduced d u r i n g t h e r a i n s 

were s i g n i f i c a n t l y f e w e r t h a n t h e number p roduced d u r i n g t h e 

d r o u g h t . 

T u r n i n g t o t h e montane p o p u l a t i o n s t h e r e s u l t s o f t h e 

e x p e r i m e n t a l w o r k , t hough a t f i r s t s i g h t p u z z l i n g a r e o f g r e a t 

i n t e r e s t . I n a l l cases e x c e p t f o r t h e w e t t e s t f i e l d p o p u l a t i o n , 

t he number o f s tomata produced i n greenhouse c u l t u r e whe the r 

"wet o r d r y " were g r e a t e r t h a n t h e number p roduced i n t h e 

f i e l d . T h i s can o n l y be e x p l a i n e d by s u p p o s i n g t h a t t h e 

c o n d i t i o n s o f b o t h e x p e r i m e n t a l t r e a t m e n t s a r e more ' x e r i c ' 

i n t e rms o f ' h y d r a t u r e ' t h a n those u s u a l l y e n c o u n t e r e d by t h e 

montane p o p u l a t i o n s i n t he f i e l d . U n f o r t u n a t e l y i t was 

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

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

The f a c t t h a t a l l t h e 1976 f i e l d compar i sons showed t h a t 

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

more s tomata per u n i t a rea t h a n t h a t p roduced d u r i n g t h e 

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

b e h a v i o u r o f a l l t he p o p u l a t i o n s t o an e f f e c t i v e s c a l e o f 

h y d r a t u r e . 

PLASTICITY 

Perhaps t h e moot s u r p r i s i n g r e s u l t s o f t he work o u t l i n e d 

above i s t h e r a p i d response i n t h e number o f s tomata p roduced 

p e r u n i t l e a f a rea i n r e l a t i o n t o h y d r a t u r e b o t h i n t h e 

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

I t w o u l d appear t h a t as soon as t h e l e a f b l ade m e r i s t e m 
t i 

i s pu t under a new regime o f h y d r a t u r e t h e r a t e o f i n i t i a t i o n 

o f s tomata changes , perhaps t o compensate f o r t h e change , i n 

w a t e r s u p p l y . 
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The i m p o r t a n c e o f such p l a s t i c i t y t o t h e success o f a p l a n t 

a b l e t o l i v e a c r o s s a range o f h a b i t a t s canno t be o v e r s t r e s s e d , 

c f . t h e f i n d i n g s o f C lausen Keck & H i e s e y f o r A c h i l l e a m i l l e f o l i u m 

( 1 9 4 8 ) . I t i s however o b v i o u s f r o m t h e d i s t r i b u t i o n o f 

S e s l e r i a t h a t i t i s u n a b l e t o compete w i t h t h e r a n k e r g r o w i n g 

g rasses o f t h e Mesobromion p r o p e r S h i m w e l l 1968, B e l l a m y e_t a l . 

( 1 9 6 9 ) . I t has been sugges t ed L l o y d (1974) t h a t i t s i n a b i l i t y 

t o compete i n t he warmer c o n d i t i o n s more t y p i c a l o f t h e 

Mesobromion may be due t o i t s s l o w r a t e o f g r o w t h compared 

w i t h t h e more t h e r m o p h i l o u s g r a s s e s . 

TRANSPIRATION 

The e x p e r i m e n t s on t r a n s p i r a t i o n r a t e a l t h o u g h o f a v e r y 

' c r u d e ' n a t u r e do g i v e b a c k i n g t o t h e above c o n c l u s i o n . The 

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

p o p u l a t i o n A t h a n f r o m t h e ' w e t ' p o p u l a t i o n B. West (1975) had 

a t t e m p t e d and f a i l e d t o ge t m e a n i n g f u l e s t i m a t e s o f t r a n s p i r a t i o n 

i n the f i e l d u s i n g a s i m p l e c o b a l t t h i o c y a n a t e paper t e c h n i q u e . 

H i s l a b o r a t o r y e x p e r i m e n t s u s i n g t h e same t e c h n i q u e as employed 

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

However t h e marked p l a s t i c i t y o f t he number o f s tomata r e p o r t e d 

he re and t h e f a c t t h a t Wests p l a n t s were grown i n t h e greenhouse 

f o r one month p r i o r t o c o m p a r a t i v e s t u d y p r o v i d e s an adequate 

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

More a c c u r a t e measurements on a range o f c o n t r a s t i n g 

p o p u l a t i o n s w o u l d be necessa ry b e f o r e v a l i d c o n c l u s i o n s c o u l d 

be d rawn . However i t does appear s a f e t o sugges t t h a t an 

i n c r e a s e d number o f s tomata per u n i t a rea o f e p i d e r m i s a f f o r d 
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b e t t e r c o n t r o l o f t r a n s p i r a t i o n . The mechanism o f such 

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

Browne & Escombe ( 1 9 0 5 ) , Kramer ( 1 9 6 9 ) . 

The t e n t a t i v e i n d i c a t i o n s a r e t h a t S e s l e r i a p l a n t s 

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

c o n d i t i o n s i n w h i c h i t grows i n N . E . Eng land respond t o w a t e r 

s t r e s s by i n c r e a s i n g t he number o f s tomata pe r u n i t a r ea o f 

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

The two e x c e p t i o n s t o t h i s r u l e , p o p u l a t i o n s H & M a r e 

o f i n t e r e s t . P o p u l a t i o n H a l t h o u g h g r o w i n g on v e r y s h a l l o w 

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

a rea o f e p i d e r m i s t h a n any o f t h e o t h e r montane p o p u l a t i o n s . 

An e x p l a n a t i o n i s sought i n t h e f a c t t h a t the s o i l s o f 

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

t h e heavy m e t a l s on t h e b i o g e o c h e m i s t r y o f t h e l e a f t i s s u e 

i s shown by t h e f o l l o w i n g i n v e s t i g a t i o n . 

HEAVY METALS I N POPULATION H 

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

m e t a l s ( i f any ) on S e s l e r i a t h e f o l l o w i n g a n a l y s e s were 

u n d e r t a k e n . 

Leaves were c o l l e c t e d f r o m t h e t w o p o p u l a t i o n s , H ( o n 

heavy m e t a l s p o i l ) and J an a d j a c e n t d r y s h a l l o w s o i l s f r e e 

f r o m t h e e f f e c t s o f m i n i n g s p o i l . 

On r e t u r n t o t h e l a b o r a t o r y t h e dead t i p s were removed f r o m 

a l l l e a v e s t h e dead m a t e r i a l b e i n g d i s c a r d e d . S i x r e p l i c a t e 

samples o f l i v e l e a f m a t e r i a l were s e l e c t e d a t random f r o m 

each o f t h e t w o p o p u l a t i o n samples . A f t e r d r y i n g t o c o n s t a n t 
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w e i g h t a t 105°C t h e y were we t d i g e s t e d w i t h a m i x t u r e o f 

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

U l r i c h t ( 1 9 5 9 ) . 

The d i g e s t s were a n a l y s e d u s i n g a P e r k i n Elmer 480 a t o m i c 

a b s o r p t i o n s p e c t r o p h o t o m e t e r f o r Mg, Ca, Pb, Z n , A l & K . A l l 

r e s u l t s c o r r e c t e d f o r m a t r i x enhancement Waughman ( p e r s . comm.) 

a r e summarized i n T a b l e 

TABLE 17 

mg per gm dry weight of plant tissue means + standard errors 
M g Cu Pb Zn Al K 

H J . H J H J H J H J H J 

0 . 5 5 9 0 . 5 6 5 5 . 1 5 5 . 1 4 0 . 2 0 0 0 . 1 4 1 0 . 2 0 5 0 . 1 4 4 0 . 1 8 1 0 . 1 3 4 1 0 . 5 5 1 0 . 1 4 

± 0 . 0 1 ± 0 . 0 1 2 ± 0 . 1 6 9 - 0 . 2 3 3 ± 0 . 0 1 7 ± 0 . 0 2 1 ± 6 . 0 1 0 0 . 0 0 8 ± 0 . 0 1 9 ± 0 . 0 1 2 ± 0 . 1 5 2 ± 0 . 2 3 3 

R e s u l t s o f s t u d e n t t t e s t , c o m p a r i n g e lement c o n c e n t r a t i o n s 

i n l e a f t i s s u e o f p o p u l a t i o n H & J . 

Mg NS 
Ca NS 
Pb * 
Zn ** 
A l * 
K NS 

The l e v e l s o f Pb, Zn and A l a l l o f w h i c h a re p r e s e n t i n 

l a r g e r t h a n ' n o r m a l ' amounts i n t h e s o i l s a s s o c i a t e d w i t h heavy 

m e t a l s p o i l heaps i n Upper Teesdale K o o k o r i n i s (1976) a r e 

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

t i s s u e s o f p o p u l a t i o n H t h a n i n t h e t i s s u e s o f p o p u l a t i o n J . 

The mechanism i f any l i n k i n g t h e s i g n i f i c a n t l y h i g h e r 

l e v e l s o f heavy m e t a l s and t h e r educed number o f s tomata i s 

o b s c u r e . Indeed i t m i g h t be expec t ed t h a t h i g h l e v e l s o f 

such m e t a l s c o u l d r e s u l t i n p h y s i o l o g i c a l d r o u g h t Raman (1911) 
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w h i c h m i g h t be e x p e c t e d t o r e s u l t i n an i n c r e a s e i n t h e number 

o f s tomata r a t h e r t h a n a d e c r e a s e . 

The r e s u l t s f r o m p o p u l a t i o n M a r e more r e a d i l y e x p l a i n e d . 

I n t h i s case a l t h o u g h t h e s o i l was w i t h o u t d o u b t t h e ' w e t t e s t ' 

s t u d i e d b e i n g a l o n g t h e edge o f a f l u s h d o m i n a t e d by 

v e g e t a t i o n r e f e r a b l e t o t h e E r i o p h o r e t u m l a t i f o l i a e , i t had 

s i g n i f i c a n t l y more s tomata pe r u n i t a rea o f e p i d e r m i s t h a n a l l 

t h e p o p u l a t i o n s f r o m ' d r i e r ' s i t u a t i o n s . D e s p i t e t h e f a c t 

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

d e p t h was l i m i t e d t o l e s s t h a n 3 cm due t o marked g l e y i n g o f 

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

West (1975) r e p o r t e d some measurements o f t h e r o o t / s h o o t 

r a t i o o f t h e p l a n t s he s t u d i e d . A t t e m p t s were made t o g a i n 

s i m i l a r i n f o r m a t i o n f o r t he p l a n t s used i n t h i s s t u d y . However, 

because o f t h e l e n g t h o f t i m e r e q u i r e d t o e x c a v a t e t h e r o o t s 

and the i n a c c u r a c i e s i n h e r e n t i n such w o r k due t o breakage o f 

the f i n e r r o o t s i t was abandoned e a r l y i n t h e s t u d y . 

The e x p e r i m e n t a l w o r k i n w h i c h changes i n t h e number o f 

s tomata were o b t a i n e d i n s i m i l a r d e p t h o f s o i l and over a t i m e 

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

o f new r o o t s had o c c u r r e d a r e o f i n t e r e s t . They i n d i c a t e t h a t 

t h e amount o f r o o t s p r e s e n t on a p l a n t i s n o t t h e most i m p o r t a n t 

f a c t o r c o n t r o l l i n g s t o m a t a 1 number. 

F u r t h e r s t u d i e s on p o p u l a t i o n s f o u n d g r o w i n g i n o t h e r 

ex t r eme c o n d i t i o n s ar>s r e q u i r e d b e f o r e any c o n c l u s i o n s can 

be d r a w n . 
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MECHANISM OF MORPHOGENETICAL CHANGE 

West (1975) showed f o r t h e p o p u l a t i o n he s t u d i e d t h a t 

t h e r e was a 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 z e o f the 

S e s l e r i a p l a n t s and s o i l d e p t h a t any one a l t i t u d e . T h i s i s 

i n t he ma in borne o u t by t h i s s t u d y , f o r i n t h e m a j o r i t y o f 

cases the p l a n t s g r o w i n g on the d r y s h a l l o w s o i l were s m a l l e r 

t h a n those g r o w i n g on the a d j a c e n t damp/deeper s o i l s . I n t h e 

l i g h t o f these o b s e r v a t i o n s i t w o u l d appear p o s s i b l e t h a t t h e 

mechanism o f change i n t he number o f s tomata p e r u n i t l e a f 

a rea c o u l d be b r o u g h t abou t by a s i m p l e r e d u c t i o n i n t he 

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

o f s tomata was a f i x e d a t t r i b u t e o f the l e a f m e r i s t e m s y s t e m . 

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

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

METHODS 

The l o n g e s t l e a f o f t he t w e n t y p l a n t s s e l e c t e d a t random 

f r o m t h e f i e l d p o p u l a t i o n s A , B, C, G, H , J , K and L were 

c o l l e c t e d and t h e f o l l o w i n g measurements made on each 

( 1 ) L e n g t h o f the l o n g e s t l e a f 

(2 ) L e n g t h o f f i v e s tomata (see F i g . 

(3 ) L o n g i t u d i n a l d i s t a n c e between a d j a c e n t s tomata i n one 

c e l l l i n e . 

A l l t h e above measurements were made on t i s s u e s p roduced 

d u r i n g t h e d r o u g h t o f 1976. I n a d d i t i o n the same measurements 

were made on the c o n t r a s t i n g l e a f t i s s u e o f p o p u l a t i o n H , J , K 

& L produced d u r i n g t h e a u t u m n a l r a i n s o f 1976. A f i n a l s e t o f 

measurements were a l s o made on the t i s s u e s p roduced i n 

e x p e r i m e n t 4 d e s c r i b e d above . 
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TABLE 19 

SUMMARY 

No. o f Stomata D i s t a n c e L e n g t h 
per u n i t a rea mm mm 

837 0 . 0 9 0 0 . 0 4 0 

660 0 .074 0 . 0 3 6 

643 0 .062 0 .048 

642 0 .095 0 .026 

614 0 . 1 0 0 0 .033 

596 0 .084 0 . 0 3 8 

576 0 . 0 6 8 0 . 0 3 6 

549 0 .092 0 . 0 4 6 

541 0 . 1 0 0 0 . 0 5 4 

521 0 . 0 9 6 0 .042 

505 0 . 0 6 0 0 . 0 3 0 

454 0 . 1 0 0 0 .033 
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RESULTS 

The r e s u l t s a r e summarized i n Tab l e s 18 , 19 and 20 . 

DISCUSSION 

I n s p e c t i o n o f the d a t a shows t h a t t h e r e i s no s i m p l e 

r e l a t i o n s h i p between the number o f s tomata pe r u n i t a rea and 

e i t h e r o f t h e c e l l measurements . I t i s t h e r e f o r e o b v i o u s 

t h a t t he a d j u s t m e n t i n t he number o f s tomata b o t h i n t he 

f i e l d and i n t he l a b o r a t o r y a r e n o t b r o u g h t about by a s i m p l e 

i n c r e a s e i n the number o f s tomata p roduced i n each c e l l l i n e . 

The greenhouse e x p e r i m e n t f u r t h e r shows t h a t t h e 

l o n g i t u d i n a l d i s t a n c e between t h e s tomata does n o t change 

s i g n i f i c a n t l y a l t h o u g h t h e a c t u a l l e n g t h o f t he s tomata wou ld 

appear t o be more p l a s t i c . 

F i g 8 a and b shows t r a c i n g s o f r e p r e s e n t a t i v e s e c t i o n s 

o f the e p i d e r m i s o f the two c o n t r a s t i n g p o p u l a t i o n s A & B. 

I n b o t h the i n t e r c o s t a l c e l l l i n e s w i t h s tomata a r e i n 

r a n k s o f 3 sometimes 2 o r 1 . However i n p o p u l a t i o n A t h e s e a re 

s e p a r a t e d i n t h e ma in by 3 l i n e s o f c o s t a l c e l l s w h i l e i n 

p o p u l a t i o n B t h e number i s u s u a l l y 6. 

I t w o u l d t hus appear t h a t a d j u s t m e n t i n the number o f 

s tomata p r e s e n t per u n i t a rea o f e p i d e r m i s i s b r o u g h t abou t 

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

c e l l l i n e s . U n f o r t u n a t e l y t ime d i d n o t a l l o w f u r t h e r 

measurements t o be made. 
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M f t l N DISCUSSION CONTINUED 

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

t o s t o m a t a 1 c o n t r o l o f t r a n s p i r a t i o n . 

Pa r l a nge & 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 l i k e l y t o t a k e p l a c e when i n t e r s t o m a t a l 

s p a c i n g i s l e s s t h a n 3 t imes s tomata 1 l e n g t h . L l o y d (1974) 

o b t a i n e d v a l u e s o f l e s s t h a n 3 f o r some B r i t i s h p o p u l a t i o n s 

o f S e s l e r i a and sugges ted t h a t t h i s f a c t o r m i g h t c o n t r i b u t e 

t o t h e i r h i g h s toma ta1 r e s i s t a n c e and l o w r a t e s o f t r a n s 

p i r a t i o n and p h o t o s y n t h e s i s . I n W e s t ' s (1975) i n v e s t i g a t i o n 

he o n l y f o u n d a v a l u e o f l e s s t h a n 3 f r o m one p o p u l a t i o n 

on s h a l l o w s o i l f r o m a l o w l a n d h a b i t a t . 

U n f o r t u n a t e l y because o f t h e marked g r o u p i n g o f t h e 

s t o m a t a , t h e measurements r e c o r d e d above a r e o f no use i n 

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

be tween s tomata t o l e n g t h o f s t o m a t a l p o r e . I t i s n e v e r t h e l e s s 

o b v i o u s t h a t i n a l l c a s e s t h e i n d i v i d u a l s tomata w i t h i n t h e 

s t o m a t a l g roups a r e c l o s e enough t o i n v o k e some e f f e c t s o f 

i n t e r f e r e n c e . I t i s a l s o c l e a r t h a t i n t h e case o f p o p u l a t i o n A 

even t h e s tomata o f a d j a c e n t g roups c o u l d l i e w i t h i n t h e sphere 

o f each o t h e r s i n f l u e n c e . 

CONCLUSIONS 

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

o f t h e p o p u l a t i o n s s t u d i e d : -

(1) The number o f s tomata p roduced p e r u n i t a rea o f t h e 

a d a x i a l e p i d e r m i s o f ttie l e a f o f S e s l e r i a i s r e l a t e d t o 
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t h e ' h y d r a t u r e ' sensu W a l t e r (1973) o f t h e sys tem i n w h i c h 

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

(2) T h a t t h e l e s s r e a d i l y a v a i l a b l e w a t e r i s t o t h e l e a f 

b l a d e m e r i s t e m t h e g r e a t e r the number o f s tomata a r e 

f o r m e d p e r u n i t a rea o f e p i d e r m i s . 

(3) Tha t t h e m o r p h o g e n e t i c response t o ' h y d r a t u r e 1 i s v e r y 

r a p i d and hence t h e m o r p h o l o g y o f t h e e p i d e r m i s as 

r e g a r d s t o s t o m a t a l number i s v e r y p l a s t i c . 

(4) T h a t t h e i n c r e a s e d number o f s tomata i s p roduced b y 

a decrease i n t h e number o f f i l e s o f i n t e r c o s t a l c e l l s . 

(5) Tha t t h e i n c r e a s e d number o f s tomata h e l p s to c o n t r o l 

t h e r a t e o f w a t e r l o s s f r o m t h e l e a f . 

(6) Tha t p a r t o f t h i s c o n t r o l may be due t o 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 . 

( 7 ) Tha t much more w o r k i s r e q u i r e d b e f o r e any o f t h e 

above c o n c l u s i o n s may be r e g a r d e d as a n y t h i n g more t h a n 

mere i n d i c a t i o n s . 

(8) T h a t a f r u i t f u l l i n e o f r e s e a r c h w o u l d be s t u d i e s 

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

grown under a v a r i e t y o f c o n t r o l l e d c o n d i t i o n s i n a 

g r o w t h c a b i n e t . 
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