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Tm PHYSIOLOGY OF BIOmfSXA &W$TXQmS DPRSMG mcaOgBOgftCaMPIOM 

D i o n y s i a s are h i g h a l p i n e p l a n t s which are r e s t r i c t e d i n t h e 
w i l d and scarce i n c u l t i v a t i o n . Fourteen s p e c i e s have been 
c u l t u r e d in vitro., b u t weaning has proved d i f f i c u l t , due t o 
water s t a t u s d i f f i c u l t i e s w i t h t h e p l a n t m a t e r i a l . 
P h y s i o l o g i c a l aspects o f t h i s problem have been i n v e s t i g a t e d . 

A c e t a t e p e e l s f r o m a d a x i a l l e a f s u r f a c e s showed t h a t c o n t r o l o f 
s t o m a t a l d e n s i t y was l o s t d u r i n g in vitro c u l t u r e . S t u d i e s o f 
th e j u x t a p o s i t i o n o f glands and stomata showed t h a t , a p a r t from 
stomata o f p o t grown (de novo) m a t e r i a l , c l u s t e r i n g o c c u r r e d 
f o r b o t h s t r u c t u r e s . Glands appeared t o p r o g r e s s i v e l y i n h i b i t 
a d j a c e n t s t o m a t a l development, from de novo m a t e r i a l where no 
i n h i b i t i o n o c c u r r e d , t o c u l t u r e s s u b j e c t t o water s t r e s s where 
i n h i b i t i o n was pronounced. Experiments t o det e r m i n e t h e a f f e c t 
o f s t o m a t a l d e n s i t y on weaning showed t h a t o n l y p l a n t s w i t h 
v e r y low s t o m a t a l d e n s i t i e s s u r v i v e d t o r o o t . Stomatal 
a p e r t u r e s , d e t e r m i n e d by f l o a t i n g leaves i n water o r ABA 
s o l u t i o n s , f i x i n g and removing e p i d e r m a l s t r i p s , were found t o 
be s i m i l a r , independent o f t r e a t m e n t . 

Epidermal s t r i p s were removed and s t a i n e d w i t h sodium 
c o b a l t i n i t r i t e and ammonium p o l y s u l p h i d e s o l u t i o n s t o determine 
potassium a c c u m u l a t i o n i n t h e guard c e l l s . Low l e v e l s o f 
potassium were found f o r a l l t r e a t m e n t s . Higher a c c u m u l a t i o n s 
were found i n f l a c c i d m a t e r i a l . C a t i o n a c c u m u l a t i o n s i n l e a f 
m a t e r i a l were a n a l y s e d by atomic e m i s s i o n and atomic a b s o r p t i o n 
f o r sample s o l u t i o n s p r e p a r e d by d r y combustion. The K:Na r a t i o 
was found t o drop i n in vitro c u l t u r e s . , b u t c o u l d be 
a m e l i o r a t e d by i n c r e a s i n g t h e pH and/or c a l c i u m c o n c e n t r a t i o n 
o f t h e media. No a m e l i o r a t i o n o f s t o m a t a l o p e r a t i o n was found. 

Samples o f f a r i n a f rom e i g h t s p e c i e s , i n c l u d i n g in vitro and de 
novo m a t e r i a l , were c o l l e c t e d by washing leaves i n acetone. 
D i f f e r e n c e s i n f a r i n a l c o m p o s i t i o n , r e v e a l e d by TLC, were found 
between s p e c i e s , s u g g e s t i n g t h e p o s s i b i l i t y o f a chemotaxonomic 
c l a s s i f i c a t i o n . Some q u a n t i t a t i v e and q u a l i t a t i v e d i f f e r e n c e s 
were found between in vitro and de novo m a t e r i a l . I t would 
appear t h a t some b i o c h e m i c a l changes occur d u r i n g in vitro 
c u l t u r e . 

I t i s p o s t u l a t e d t h a t t h e m o r p h o l o g i c a l a d a p t i o n s shown by 
Dionysia aretiodes r e g u l a t e water l o s s and account f o r t h e 
apparent l a c k o f s t o m a t a l f u n c t i o n a l i t y . P h y s i o l o g i c a l 
d i f f e r e n c e s occur when p l a n t m a t e r i a l i s c u l t u r e d in vitro, but 
no e f f e c t i v e t r e a t m e n t s t o improve weaning were found. The 
s u r v i v a l and r o o t i n g o f propagules from c u l t u r e appears l i n k e d 
t o water l o s s as a r e s u l t o f s t o m a t a l d e n s i t y and developmental 
e p i d e r m a l p a t t e r n s . 
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INTRODUCTION 

1.1 Dio n y s i a s 

D i o n y s i a s are h i g h a l p i n e p l a n t s b e l o n g i n g t o t h e f a m i l y 

Primulaceae; t h e genus c o n s i s t s o f f o r t y one known s p e c i e s , 

t w e n t y o f which a r e c u r r e n t l y i n c u l t i v a t i o n . Most species 

are n a t i v e t o A f g a n i s t a n and I r a n ; Dionysia mira occurs i n 

Oman, w h i l e D. hedgei a l s o occurs on t h e b o r d e r o f A f g a n i s t a n 

and t h e former S o v i e t Union. A l t h o u g h o f g r e a t h o r t i c u l t u r a l 

m e r i t , many members o f t h e genus have proved d i f f i c u l t t o 

propagate v e g e t a t i v e l y , s e v e r a l s p e c i e s o n l y e x i s t i n v e r y 

s m a l l numbers i n c u l t i v a t i o n and t h e r e f o r e remain v u l n e r a b l e . 

P r o p a g a t i o n by seed i s a l s o p r o b l e m a t i c as many s p e c i e s , 

d e r i v e d from s i n g l e i n t r o d u c t i o n s , are e f f e c t i v e l y r e ndered 

s t e r i l e . I t i s u n l i k e l y t h a t f u r t h e r c o l l e c t i o n s w i l l be made 

i n t h e f o r e s e e a b l e f u t u r e due t o t h e p o l i t i c a l and s o c i a l 

s i t u a t i o n s i n these c o u n t r i e s . P o p u l a t i o n s are known t o be 

l i m i t e d i n t h e w i l d , and t h i s i n i t s e l f i s a cause f o r 

concern, p a r t i c u l a r l y as i t i s not p o s s i b l e t o v e r i f y c u r r e n t 

p l a n t numbers. 

D i o n y s i a s are d i f f i c u l t t o grow i n c u l t i v a t i o n w i t h o n l y f i v e 

s p e c i e s , D. aretiodes, D. curviflora, D. involucrata, D. 

mira, D. tapetiodes, that may be c o n s i d e r e d e a s i e r t o 

c u l t i v a t e . I n t h e w i l d D i o n y s i a s grow i n shaded o r p a r t i a l l y 

shaded c l i f f s , were t h e y are s h e l t e r e d f r o m t h e h o t d r y 
9 



c o n d i t i o n s o f t h e summer, and snows o f w i n t e r . The c o o l , 

m o i s t c l i m a t e o f Europe makes D i o n y s i a s v e r y d i f f i c u l t t o 

grow as t h e y are p a r t i c u l a r l y s e n s i t i v e t o a m o i s t atmosphere 

d u r i n g t h e autumn and w i n t e r . P r o p a g a t i o n by c u t t i n g s has 

proved s u c c e s s f u l f o r amenable species where a 70% t a k e may 

be expected, b u t f o r r a r e r species such as D. afganica and D. 

microphylla, 5% would be an o p t i m i s t i c f i g u r e (Grey-Wilson, 

1988) . 

A l t h o u g h i t has proved p o s s i b l e t o m u l t i p l y t h i r t e e n s pecies 

in vitro, d u r i n g t h e course o f t h i s r e s e a r c h (Table 1 ) , i t 

has proved d i f f i c u l t t o wean t h i s m a t e r i a l o f f t o normal 

a l p i n e house c o n d i t i o n s . Some l i m i t e d success has been 

p o s s i b l e w i t h D. aretiodes, D. lamingtonii, D. freitagii, 

however t h i s has been a s s o c i a t e d w i t h v e r y l a r g e l o s s e s . 

D. aretiodes, one o f t h e e a s i e s t members o f t h e group t o 

c u l t i v a t e , has been used t o i n v e s t i g a t e p h y s i o l o g i c a l changes 

which might occur d u r i n g m i c r o p r o p a g a t i o n , and a t t e m p t t o 

develop systems f o r improved weaning p e r c e n t a g e s . 

Taxonomic Treatment 

The genus may be d i v i d e d i n t o t h r e e s e c t i o n s , s e c t i o n 

Anacamptophyllum, s e c t i o n D i o n y s i a , and t h e s e c t i o n 

D i o n y s i a s t r u m (Table 1 ) . Species v a r y from t h e l a r g e woody 

y e l l o w f l o w e r e d p l a n t s o f Anacamptophyllum s u b s e c t i o n 
10 



Scaposae, t o the low growing r o s e t t e forming, purple flowered 
p l a n t s of Dionysiastrum, subsections Afghanicae and 
Microphyllae. 

The o r i g i n s of the genus Dionysia remain unclear, Dionysia 

and Hottonia may have evolved from Primula a f t e r h e t e o s t y l y 
had been developed, or Dionysia may have evolved from a 
forerunner of the Primula s e c t i o n Armeria. If the l a t t e r i s 
co r r e c t then the small r o s e t t e forming, pink flowered 
species, represent the most p r i m i t i v e types while the t a l l , 
l a r g e leaved, yellow flowered Dionysias evolved t o resemble 
Primula section Sphondylia (Richards, 1993). Wendeblo (1961, 
i n Grey-Wilson, 1989) suggested t h a t the yellow flowered 
Dionysias were p r i m i t i v e and t h a t cushion forming pink 
flowered species were more advanced. 
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Table 1. The Taxonomic Treatment of the Genus Dionysia 

Section ^AC&MPTOPHYLLUM 

Subsection SCAPQSAE 

1. D. mira 
2. D. bornmuelleri 
3. B. teucrioides 
4. D. balsamea 
5. D. paradoxa 
6. D. l a c e i 
7. D. saponacea 
8. D. h i s s a r i c a 

Subsection REVOLUT&E 

9. D. azetioides 
10. D. l e u c o t r i c h a 
11. D. revoluta 
12. D. a r c h i b a l d i i 
13. D. rhaptodes 
14. D. oreodoxa 
15. D. e s f a n d i a r i i 

Section DIONYSIA 

Subsection C&ESPXTOS&E 
16. D. lurorum 
17. D. caespitosa 
18. D. gaubae 
19. D. d i a p e n s i i f o l i a 
20. D. odora 
21. D. termeana 

Subsection BRYOMORPR&E 

22. D. sawyeri 
23. D. haussknechtii 
24. D. lamingrtonii 
25. D. michauxii 
26. D. c u r v i f l o r a 
27. D. janthina 
28. D. i r a n s h a h r i i 
29. D. bryoides 
30. D. zagrica 
31. D. sarvestanica 
32. D. denticulata 
33. D. tapetodes 
34. D. kossinskyi 

Subsection HETEROTRICH&E 

35. D. l i n d b e r g i i 

Section DIONTSIASTRUM 

Subsection IWOLUCRATAE 

36. D. i n v o l u c r a t a 
37. D. hedgei 
38. D. f r e i t a g i i 
39. D. v i s c i d u l a 

Subsection AFGB&NICAE 

4 0. D. afghanica 

Subsection MICROPSYLLAE 

41. D. microphylla 
Plants i n bold i n d i c a t e species c u l t u r e d during the research p r o j e c t . 
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1.2 Micropropagation 

Micropropagation has been used commercially t o propagate an 
increased range of h o r t i c u l t u r a l nursery stock and glasshouse 
m a t e r i a l ; t h i s has included p l a n t s which could not otherwise 
have been propagated i n the required numbers. Despite the 
successful micropropagation of many p l a n t species there are 
s t i l l problems associated w i t h the technique, i n c l u d i n g the 
t r a n s i t i o n from in vitro c u l t u r e t o the glasshouse 
environment. 

Plants c u l t u r e d in vitro must develop ways t o prevent water 
lo s s , f o l l o w i n g t h e i r t r a n s f e r from the water saturated 
environment i n c u l t u r e , t o the lower humidity of the 
glasshouse. This t r a n s i t i o n may r e q u i r e a t h i c k e n i n g of the 
e p i c u t i c u l a r wax and changes i n stomatal f u n c t i o n (Brainerd 
and Fuchigami, 1982). The major source of water loss from 
these propagules appears t o be through the stomata. 

The stomata of c u l t u r e d p l a n t s f a i l t o respond, or respond t o 
a smaller extent, t o darkness, ABA, and higher than ambient 
carbon d i o x i d e l e v e l s (Koshuchowa et a l , 1990; Brainerd and 
Fuchigami, 1982; Santamaria 1993). A higher p r o p o r t i o n of 
abnormal c i r c u l a r stomata, r a t h e r than the more normal 
e l l i p t i c a l stomata, may also formed i n c u l t u r e (Blanke and 
Belcher, 1989; Wetzstein and Sommer, 1993 [ i n Blake and 
Belcher, 1989]) . F a i l u r e of stomatal closure may be due t o 
the r i g i d i t y of the guard c e l l w a l l (Ziv et a l , 1987 i n Tort 
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and Coudret, 1993) and/or stomatal deformation (Blancke and 
Belcher, 1989). 

I n v e s t i g a t i o n of rose stomata from c u l t u r e , or the glasshouse 
environment, showed no u l t r a - s t r u c t u r a l d i f f e r e n c e s , except 
f o r the size of the vacuole. In vitro p l a n t s showed a vacuole 
occupying 40% of the guard c e l l area i n both l i g h t and dark, 
whereas glasshouse p l a n t s showed 4 0% and 25%, i n l i g h t and 
dark, r e s p e c t i v e l y (Tort and Coudret, 1993). I t was thought 
t h a t t h i s d i f f e r e n c e was, i n main, due t o guard c e l l w a l l 
r i g i d i t y . Rose stomata r a i s e d in vitro were found t o remain 
nonfunctional a f t e r t r a n s f e r t o a normal environment. 

Koshuchowa et a l (1990) found t h a t the degree of loss of 
f u n c t i o n shown by stomata of b i r c h depended upon the 
environmental c o n d i t i o n s , w i t h a smaller degree of loss under 
photoperiodic l i g h t i n g and small temperature gradients. A 
decrease i n humidity and an increase i n i l l u m i n a t i o n (Maene 
and Debergh, 1987 i n Tort and Coudret, 1993) have also been 
suggested t o increase f u n c t i o n a l i t y . Stomata of young b i r c h 
leaves were found always t o be f u n c t i o n a l but l o s t the 
a b i l i t y t o close a f t e r 4—8 days i n c u l t u r e , w i t h the guard 
c e l l w a l l s becoming r i g i d and i n e l a s t i c . A high l e v e l of 
potassium was found i n the guard c e l l s of b i r c h , but not i n 
roses (Sallanon et a l , 1993; i n Koshuchowa et a l ,1990). 

Hardening of in vitro p l a n t s p r i o r t o a c c l i m a t i z a t i o n 
(weaning) i n a glasshouse would seem t o be e s s e n t i a l f o r the 
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s u r v i v a l of a number of p l a n t species. The p a t t e r n i n g of 
stomata over the l e a f surface, pore length and the 
f u n c t i o n a l i t y of stomata, may have an important e f f e c t on 
water loss from the l e a f surface. This i s p a r t i c u l a r l y 
important i n the weaning of micropropagules, where the r a t e 
of water loss may have a great impact on the ra t e of 
establishment. 

1.3 Leaf Stomatal Patterns 

Stomatal density v a r i e s amongst species from 20-2000 pores 
mm"2, but more commonly between 40-350 mm"2 (Weyers and 
Meidner, 1990) . The t o t a l number of stomata per l e a f may be 
estimated by m u l t i p l y i n g the stomatal d e n s i t y by the l e a f 
area. However i t has been shown t h a t stomatal d e n s i t y i s not 
constant over the l e a f surface and t h a t d i f f e r e n c e s occur 
between leaves from the same p l a n t (Ticha, 1982). I t was 
found t h a t leaves of middle i n s e r t i o n showed the l a r g e s t 
t o t a l number of stomata per l e a f and t h a t the frequency of 
stomata i n f u l l y expanded leaves increased w i t h higher l e v e l s 
of i n s e r t i o n . On i n d i v i d u a l leaves the highest stomatal 
d e n s i t i e s were recorded at the l e a f t i p and showed a declined 
t o the lowest numbers at the l e a f base. Differences were 
found on the edge, the centre, and near the m i d r i b of leaves, 
but these were not u s u a l l y s i g n i f i c a n t . V a r i a t i o n i n stomatal 
c h a r a c t e r i s t i c s , i n c l u d i n g stomatal density, appear t o be a 
f u n c t i o n of the genotype w i t h i n the species f o r Populus 



(Pallardy and Kozlowski, 1979), f o r Sorghum (Liang et a l , 
1975), and i n barl e y (Mishin et a l , . 1972). 

Stomatal density, when c o r r e l a t e d w i t h stomatal aperture, 
gives a measure of the gas d i f f u s i o n p o t e n t i a l . This appears 
t r u e f o r Populus, (Pallardy and Kozlowsky, 1979). Liang et a l 
(1975) found a negative and s i g n i f i c a n t c o r r e l a t i o n i n 
Sorghum, but t h i s was not found by Muchow and S i n c l a i r (1989) 
where epidermal conductance was unre l a t e d t o stomatal pore 
length, which v a r i e d w i t h genotype. Epidermal conductance 
increased w i t h increasing stomatal d e n s i t y . Commelina 

communis shows d i f f e r i n g p a tterns of stomatal d e n s i t y and 
stomatal aperture; stomata were not c l u s t e r e d , although the 
stomata were confined t o i n t e r v e i n a l areas of the l e a f . 
Higher d e n s i t i e s were found at the l e a f t i p s and margins 
(Smith et a l , 1989). Stomatal d e n s i t y i n Glycine max 

c u l t i v a r s was shown t o vary due t o the l e v e l of i n s e r t i o n , 
l i g h t i n t e n s i t y and water stress (Buttery et a l , 1993). 
I r r i g a t i o n caused a reduction i n stomatal de n s i t y due t o l e a f 
expansion. Ticha (1982) found t h a t stomata d i f f e r e n t i a t i o n 
continued u n t i l the l e a f reached 10-50% of i t s f i n a l s i z e . 
Peak values were found at a l e a f area expansion of 10% i n 
Lycopersicum esculentum, 15% i n Brassica hirta, 25% i n Citrus 
sp, and 60% i n pepper. 
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1. 4 flxaard C e l l Funotioa 

Stomatal Opening 

Guard c e l l s accumulate K+ i n order t o open. Proton pumping 
hyperpolarises the membrane causing K+ t o enter through the 
inward channel, gated by voltage and potassium concentration. 
Potassium may also enter through a s t r e t c h a c t i v a t e d channel. 
Energy f o r proton pumping i s provided by the consumption of 
ATP, t h i s i s st i m u l a t e d by l i g h t and auxins. Auxins also 
increase the loss of anions which depolarises the membrane, 
and may lead t o stomatal closure (Kearns and Assmann, 1993}. 
Uptake of c h l o r i d e ions by proton co-transport (Weyers and 
Meidner, 1990) or s t r e t c h a c t i v a t e d p o r t , balances the uptake 
of potassium ions, as does the release of malate from the 
ch l o r o p l a s t s (Cosgrove and Hedrich, 1991), (Figure 1 ) . 

Stomatal closure 

Potassium i s l o s t through the outward channel modulated by 
voltage and e x t r a c e l l u l a r potassium ions. Loss of anions 
through the anion channel also stimulates the outward 
potassium channel and causes a d e p o l a r i s a t i o n of the 
membrane. The entry of c h l o r i d e ions stimulates the outward 
potassium channel and anion channel. ABA, IP 3 and calcium 

ions have been found t o i n h i b i t the inward potassium channel 
i n some species. IP 3 has also been found t o accelerate the 
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Fig 1 I l l u s t r a t i o n of the Processes Underlying Guard C e l l 
Turgour as a Function of Stomatal Operation 

Based on the ideas of Weyers and Meidner (1990), Cosgrove and Hedrich 
(1991),Kearns and Assam (1993), and Lee and Bowling (1993) 
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release of stored calcium i n the guard c e l l (Kearns and 
Assmann, 1993) . 

1.4.1 Cations 

I t has been proposed t h a t the lack of a stomatal closure 
mechanism i n vitro c u l t u r e s may be due t o an a l t e r e d K:Na 
r a t i o (Brainerd and Fuchigami, 1982). Wardle et a l (1981) 
found t h a t the K: Na r a t i o dropped f u r t h e r when in vitro 

m a t e r i a l was subject t o NaCl stress when compared t o p l a n t s 
grown on v e r m i c u l i t e subject t o the same treatment. A 
d i f f e r e n c e between c u l t u r e s derived from seed or curd 
explants was reported; seedlings i n v e r m i c u l i t e contained 
large amounts of calcium, a lesser amount i n pl a n t s derived 
from curd and a n e g l i g i b l e q u a n t i t y i n seed c u l t u r e s . 
Differences were also found i n the K:Na r a t i o i n the two in 
vitro c u l t u r e s . These r e s u l t s should be i n t e r p r e t e d w i t h care 
as the explants were exposed t o l i q u i d c u l t u r e s , the l e a f 
m a t e r i a l was i n contact w i t h the media f o r most of the 
experiment and absorption through the leaves might e f f e c t 
s e l e c t i v i t y . The d e s c r i p t i o n of seed c u l t u r e s where 
'cotyledonary leaves [were] much t h i c k e r and more b r i t t l e 
than those produced by seedlings grown i n v e r m i c u l i t e ' would 
also seem t o suggest t h a t one c u l t u r e at l e a s t was v i t r i f i e d 
and t h e r e f o r e l i k e l y t o behave abnormally. 
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I n whole p l a n t s exposed t o NaCl stress sodium competes f o r 
uptake w i t h calcium (Martinez and L a u c h l i , 1993) and/or 
a f f e c t s i n t r a c e l l u l a r l e v e l s of calcium. Sodium increases 
membrane p o r o s i t y , and r e s u l t s i n membrane d e p o l a r i s a t i o n 
(Hawkins and Lewis, 1993). High s a l t l e v e l s reduces K/Na 
s e l e c t i v i t y but can be ameliorated by the a d d i t i o n of calcium 
(Martinezand L a u c h l i , 1993). N i t r a t e ions and calcium were 
found t o enhance the potassium concentration i n wheat 
(Hawkins and Lewis, 1993). 

Osborne et a l (1993) working w i t h the marginal p l a n t Gunnera 

tinctoria observed t h a t stomata were unable t o close due t o 
high concentrations of potassium i n the epidermis. 
C u l t i v a t i o n on a potassium f r e e substrate r e s u l t e d i n greater 
stomatal apertures i n the l i g h t and stomatal closure i n the 
dark. Responses were not s o l e l y due t o potassium loading but 
also a t t r i b u t e d t o the K:Na r a t i o . 

1.4.2 The e f f e c t of ABA 

The closure mechanism of stomata i s complex. ABA has been 
found t o cause a r a p i d e f f l u x of potassium through the 
outward channel and i n h i b i t the inward channel; p a r t of t h i s 
i n i t i a t i o n process may be calcium dependent, however i t 
appears t h a t the i n i t i a l r a p i d s t i m u l a t i o n of potassium 
e f f l u x i s calcium independent (MacRobbie, 1990). 
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Water stress causes an increase i n ABA l e v e l s i n the bulk-
l e a f t i s s u e or i n the t r a n s p i r a t i o n stream several times 
greater than normal endogenous l e v e l s . This change i s o f t e n 
accompanied by stomatal closure. Apoplastic ABA may increase 
due t o a release of ABA from the symplast of the mesophyll 
c e l l s when leaves become stressed (Tardieu et a l , 1993). 
Differences between xylem ABA, or t h a t produced i n s i t u may 
occur. ABA from the t r a n s p i r a t i o n stream may be removed 
f a s t e r than i n t r a c e l l u l a r pools which may be shielded from 
cytoplasmic degradation by the c h l o r o p l a s t i c envelope (Gowing 
et a l , 1993). Cannon (1990, i n Trejo et a l , 1993) showed t h a t 
mesophyll t i s s u e s modified the composition of the 
t r a n s p i r a t i o n stream before reaching the s i t e s of ABA a c t i o n 
on the guard c e l l s . 

Environmental c o n d i t i o n s , temperature, C02 concentrations and 
the n u t r i t i o n a l s t a t e of the p l a n t i n f l u e n c e d the apparent 
s e n s i t i v i t y of the stomata t o ABA. ABA i n the t r a n s p i r a t i o n 
stream due t o s o i l d r y i n g was also found t o have a h i g h l y 
v a r i a b l e e f f e c t on stomata (Trejo et a l , 1993). 

Gowing et a l (1993) found t h a t the r a t e of stomatal closure 
was p r o p o r t i o n a l t o the log of the concentration of ABA 
applied through the p e t i o l e , stomatal closure beginning a f t e r 
s i x t o e i g h t minutes. However i t has been shown t h a t the 
s e n s i t i v i t y to ABA i s h i g h l y dependent on the method of 
feeding. 
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Trejo et a l (1993) found t h a t luM of ABA was s u f f i c i e n t t o 
cause stomata on incubated epidermal s t r i p s t o close, stomata 
from l e a f pieces remained open, w h i l s t leaves fed through the 
mi d r i b showed an immediate response. The epidermal s t r i p s 
were found t o accumulate a larg e amount of ABA, where as l e a f 
pieces accumulated only small amounts of hormone ( f i f t y 
percent of which was located i n the c e l l s of the mesophyll), 
the s u b s t a n t i a l uptake being o f f s e t by i t s r a p i d metabolism. 
The epidermal c e l l s and guard c e l l s were found t o accumulate 
ABA i n the f l o a t e d epidermal s t r i p s , a l i n e a r r e l a t i o n s h i p 
was found between the ABA concentration i n the epidermis and 
stomatal response. Leaf mesophyll t i s s u e appeared t o have an 
c o n t r o l l i n g a f f e c t of ABA i n the l e a f . 

A lack of response t o ABA both i n whole p l a n t s and w i t h in 

vitro c u l t u r e s has been shown f o r a number of species 
i n c l u d i n g Gunnera tinctoria (Osborne et a l 1993), Malus 

domestica in vitro (Brainerd and Fuchigami, 1981). 

1.5 Farina 

Dionysias i n common w i t h other members of the genus Primula 
produce f a r i n a , a complex and enigmatic mixture of 
substances, from glandular h a i r s on the l e a f surface. 

Muller (1915 i n Wollenweber and Schnepf, 1970) showed t h a t 
the f a r i n a of Primula pulverulenta was mainly composed of 
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flavone (C 1 5H 1 0O 2), mixed w i t h a small q u a n t i t y of a d d i t i o n a l 
substances. Blasdale (1947) found t h a t f o r twenty one species 
of Primula studied, at l e a s t seventy f i v e percent of the 
f a r i n a was composed of flavone. Blasdale believed f a r i n a t o 
be of taxonomic s i g n i f i c a n c e f o r d e f i n i n g sections of the 
genus Primula, but thought t h a t f a r i n a served no us e f u l 
purpose and was t h e r e f o r e excreted as a waste product. 

Flavonoid pa t t e r n s c o r r e l a t e d w i t h species and v a r i e t i e s has 
been observed i n Cheilanthes and Notholaena. Primula, 

however, produces a genus-specific f l a v o n o i d p a t t e r n 
(Wollenweber, 1977). Wollenweber also speculated t h a t as many 
f l a v o n o i d producing p l a n t s appeared t o be from semi-arid 
regions there might be a c o r r e l a t i o n between f l a v o n o i d 
production and an e c o l o g i c a l , or p h y s i o l o g i c a l , f u n c t i o n . 

Blasdale (1947) found d i f f e r e n c e s i n the s t r u c t u r e s of 
f a r i n a l glands from four species of Primula and also 
p o s t u l a t e d t h a t f a r i n a d i f f u s e d through the w a l l of the 
gland. Wollenweber and Schnepf (1970) found t h a t f a r i n a was 
secreted through the gland w a l l i n P. vulgaris and was not 
stored i n a s u b c u t i c u l a r space as were some o i l s . Flavonoids 
of Pityrogramma chrysoconia were found t o penetrated the 
c u t i c l e and t o c r y s t a l i s e on i t s the surface (Schnepf and 
Klasova, 1972). Smooth surfaced, t u b u l a r endoplasmic 
r e t i c u l u m was found t o be a prominent f e a t u r e of the 
cytoplasm of glands i n P. vulgaris (Wollenweber and Schnepf, 
1970). 
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L i m i t e d work on Dionysia f a r i n a has been c a r r i e d out; but has 
o f t e n been r e s t r i c t e d by a lack of m a t e r i a l (Wollenweber, 
1977). Harborne (1968) produced a systematic study of the 
components of Primula f a r i n a ; q u e r c e t i n , kaemferol, 
gossypetin, and 3',4'-dihydroxyflavone were also found i n the 
f a r i n a of Dionysia aretiod.es 

1.6 Aims 

The aim of t h i s research p r o j e c t was t o i n v e s t i g a t e the 
physiology of Dionysias, p a r t i c u l a r l y , Dionysia aretiodes 

'Phyllis Carter', during micropropagation. I n p a r t i c u l a r the 
f o l l o w i n g o b j e c t i v e s were pursued: 

To determine the reasons f o r weaning f a i l u r e s from in vitro 

c u l t u r e ; t o a s c e r t a i n the e f f e c t of stomatal p a t t e r n i n g and 
density on t h i s process. 

To i n v e s t i g a t e the a c t i v i t y of stomata under d i f f e r e n t 
c o n d i t i o n s ; t o ameliorate stomatal a c t i v i t y and t o improve 
water r e l a t i o n s of propagules p r i o r t o weaning. 

To examine the production and nature of f a r i n a under 
d i f f e r e n t environmental treatments, w i t h p a r t i c u l a r reference 
t o water loss and weaning. 
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2 METHODS mD gTATISTICM, AH&LYSXg 

2.1 Plant Material 

M a t e r i a l of Dionysia aretiodes 'Phyllis Carter' was derived 
from p l a n t s grown i n an a l p i n e house, at Houghall College, 
Durham (Plate 2) . Plants were grown i n 7" clay pots, w i t h a 
compost c o n s i s t i n g o f: 

1 p a r t J I No 2 
1 p a r t sand 
1 p a r t chick g r i t 
1 p a r t p e r l i t e 
1 p a r t v e r m i c u l i t e 

Pots were plunged i n a sand bench, which was watered f r e e l y 
during the summer but kept on the dry side during the wi n t e r 
months. A d d i t i o n a l water was given t o the pots during the 
summer i f the f o l i a g e showed a loss of t u r g i d i t y . Plants 
weaned from c u l t u r e (Plate 3) were p o t t e d i n t o aquatic 
containers t h a t could e a s i l y be t r a n s f e r r e d t o l a r g e r pots 
without the need f o r root disturbance. Dionysias have been 
shown t o be very s e n s i t i v e t o root disturbance and p o t t i n g 
can o f t e n cause the death of the p l a n t . The m a t e r i a l f o r 
t h i s , and the other species c u l t u r e d , was k i n d l y provided by 
Mr. E. Watson of Newcastle. 
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Cultures of Dionysia aretiodes 'Phyllis Carter' were 
i n i t i a t e d on 13/3/90 and had been subcultured 17 times at the 
conclusion of the p r o j e c t (Plate 1 ) . 

2.2 I n i t i a t i o n of Cultures. 

Seven young shoots, 10mm i n length and s l i g h t l y e t i o l a t e d , 
were removed from the centre of the stock p l a n t . The explants 
were washed i n four changes of s t e r i l e d i s t i l l e d water t o 
reduce contamination l e v e l s ; the f i r s t washing co n t a i n i n g 
0.01% Teepol. The explants were t r a n s f e r r e d t o a 10% bleach 
s o l u t i o n (Chlorex) containing 0.01% Teepol f o r f i f t e e n 
minutes followed by three washes of s t e r i l e d i s t i l e d water. 

Explants were i n i t i a t e d on h a l f s t r e n g t h Murashige and Skoog 
media (Murashige and Skoog, 1962), and placed i n a Baird and 
Tatlock cooled incubator w i t h s i x t e e n hour photoperiod, at 
535 lux using Sylvania Grow-Lux F20W/Gro tubes, at a 
temperature of 23°C. Dionysia aretiodes was f u r t h e r 
subcultured on a medium con t a i n i n g no growth r e g u l a t o r s , as 
was D. lamingtonii( Plates 4 and 5 ) . Other species were found 
t o b e n e f i t from the presence of 2 mg/1 BAP and 0.1 mg/1 IBA 
(Table 2 ) . 
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mm 

Plate 1 Culture of Dionysia aretiodes 'Phyllis Carter 

Plate 2 Dionysia aretiodes 'Phyllis Carter 



P l a t e 3 Dionysia aretiodes 'Phyllis Carter' 
a f t e r Weaning fr o m in vitro C u l t u r e 
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mm 

P l a t e 4 C u l t u r e o f Dionysia lamingtonii 

P l a t e 5 Dionysia lamingtonii E s t a b l i s h e d from C u l t u r e 
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D i o n y s i a s were c u l t u r e d i n 8oz p l a s t i c f o o d c o n t a i n e r s ( B e l l a 

C o n t a i n e r s [W. K. Thomas L t d . , Chessington, S u r r e y ] ) , which 

p e r m i t t e d t h e exchange o f gases, i n c l u d i n g water vapour, 

between t h e c u l t u r e v e s s e l and t h e growing environment. 

C u l t u r e s were s t r e s s e d by a l l o w i n g t h e l o s s o f water vapour 

from t h e c o n t a i n e r s . S t r e s s i n g o c c u r r e d g r a d u a l l y as t h e 

volume o f agar shrank and water uptake by t h e p l a n t m a t e r i a l 

became more d i f f i c u l t . P h y s i o l o g i c a l changes were found t o 

r e s u l t from w a t e r s t r e s s . 
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Table 2 F o r m u l a t i o n s o f T i s s u e C u l t u r e Media (mg/21) 

Chemical MSI MS 2 MK 

NH4N03 1650 1650 1598.8 
KN03 1900 1900 
NH 4H 2P0 3 123.7 
CaCl 2 332.2 332.2 332.2 
MgS04 180.7 180.7 180.7 
KH2PO4 170 170 
FeS0 4.7H 20 27.8 27.8 27.8 
Fe Na EDTA 36.7 
Na2EDTA 37.2 6 37.2 6 
MnS04.H20 16.9 16.9 16.9 
ZnS04.7H20 8.6 8.6 8.6 
H3BO3 6.2 6.2 6.2 
KI 0.83 0.83 0.83 
Na 2Mo0 4.2H 20 0.25 0.25 0.25 
CuS04.5H20 0.025 0.025 
CoCl 2.6H 20 0.025 0.025 0.025 
my o - i n o s i t o l 100 100 100 

n i c o t i n i c a c i d 0.5 0.5 0.5 
pyridoxine.HCl 0.5 0.5 0.5 
thiamine.HC1 0.1 0.1 0.1 
gly c i n e 2.0 2.0 2.0 
sucrose 30000 30000 30000 
IBA 0.1 
BAP 2.0 
agar 7000 7000 7000 

MSI =Murashige and Skoog Basal Medium. 
MS2 =Murashige and Skoog Basal Medium w i t h hormones. 
MK =Minimal Potassium Medium. 

2,3 The Weaning of Eaeplanfcs 

M a t e r i a l from u n s t r e s s e d c u l t u r e s were t a k e n and t r e a t e d as 

sources o f c u t t i n g s f o r c o n v e n t i o n a l p r o p a g a t i o n . Lower 

leaves were removed d u r i n g t h i s process and these were 
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r e t a i n e d t o determine the s t o m a t a l d e n s i t i e s f o r i n d i v i d u a l 

p r o p a g u l e s as p r e v i o u s l y d e s c r i b e d . 

T h i r t y c u t t i n g s were i n s e r t e d i n t o 1-5 ml Eppendorf p i p e t t e 

t i p s h a l f f i l l e d w i t h a s u b s t r a t e composed o f : 

25% p e r l i t e 

25% c h i c k g r i t 

25% sharp sand 

12.5% John Innes No. 2 compost 

12.5% Loamless compost 

The compost was soaked by immersing t h e tubes i n water, these 

were th e n pressed i n t o a sand bench i n an a l p i n e house so 

t h a t t h e c u t t i n g s were 1cm below t h e s u r f a c e ; t h i s p r o v i d e d 

b o t h shade and a s t a b l e t e m p e r a t u r e . The t o p s o f t h e tubes 

were covered w i t h h o r t i c u l t u r a l grade f l e e c e . 

The tubes were examined p e r i o d i c a l l y f o r t h e appearance o f 

r o o t s or death o f t h e p r o p a g u l e . Death was j u d g e d t o be t h e 

p o i n t were t h e p r o p a g u l e had degraded t o a p o i n t were r o o t i n g 

was no l o n g e r p o s s i b l e . 

2.4.1 The Determination of Stomatal Densities 

Leaves o f a p p r o x i m a t e l y t h e nominated s i z e ( t o ensure a 

s t a n d a r d stage o f development) were removed and p l a c e d 
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a d a x i a l s i d e down on an adhesive s l i d e , c r e a t e d u s i n g 

S e l l o t a p e . The leaves were t h e n f l a t t e n e d out u s i n g a seeker. 

One drop o f acetone was a p p l i e d t o t h e l e a f s u r f a c e t o 

d i s s o l v e t h e f a r i n a and t o s o f t e n t h e a c e t a t e sheet which was 

th e n a p p l i e d . The a c e t a t e was worked i n t o t h e s u r f a c e u s i n g 

t h e t i p o f a f i n g e r b e f o r e a p p l y i n g an even p r e s s u r e v i a a 

microscope s l i d e f o r 30 seconds. The specimen was th a n 

a l l o w e d t o d r y . The s l i d e was removed and t h e a c e t a t e sheet 

p e e l e d away under r u n n i n g w a t e r . The a c e t a t e sheet was th e n 

d r i e d and trimmed t o leave t h e area o f t h e l e a f i m p r e s s i o n . 

The l e a f i m p r i n t s were f a s t e n e d t o a s l i d e u s i n g S e l l o t a p e . 

The i m p r i n t s were t h e n p r o j e c t e d t h r o u g h a p h o t o g r a p h i c 

e n l a r g e r and compared t o t h e nominated s t a n d a r d s i z e l e a f . 

S e l e c t e d specimens were viewed under t h e microscope. I m p r i n t s 

which were u n c l e a r , or had l a r g e areas o m i t t e d , were 

r e j e c t e d . 

A Panasonic M5 v i d e o camera was focused down t h e eye-piece o f 

an Olympus BH-2 microscope and t h e image d i s p l a y e d on a 2 1 " 

t e l e v i s i o n screen. A m i c r o g r a t i c u l e s l i d e was viewed and t h e 

zoom l e n s o f t h e camera a d j u s t e d u n t i l 0.2mm e q u a l l e d 135mm 

under t h e xlO l e n s . Four g r i d s 135m by 135mm were drawn on 

t h e a c e t a t e sheet and f i x e d t o t h e screen. Specimens were 

viewed under t h e microscope. Stomata were counted i n each 0.2 

mm by 0.2mm square (0.04mm2) and re c o r d e d . I n c o m p l e t e areas 

and squares c o n t a i n i n g v a s c u l a r t i s s u e were noted. The m i d r i b 

was d i s c o u n t e d . 
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Maps f o r t h e d e n s i t i e s o f t h e specimens were p r e p a r e d u s i n g 

Table E d i t o r and Pagemaker4. The i m p r i n t s were p r o j e c t e d o n t o 

t h e maps and t h e l i m i t s o f t h e leaves d e f i n e d . Three 

d i m e n s i o n a l maps were p r e p a r e d u s i n g Landscape E x p l o r e r on a 

Paragon 486 DX33 computer w i t h 4Mb o f memory. Stomatal 

d e n s i t i e s were t h e n a n a l y s e d u s i n g M i n i t a b . 

2.4.2 Testa ffor the randomness of stomata 

To t e s t f o r t h e p o s s i b l e c l u s t e r i n g o f stomata, maps o f t h e 

r e l a t i v e p o s i t i o n s o f stomata and glands were p r e p a r e d . The 

r e s u l t i n g maps were a n a l y s e d u s i n g t h e p o i n t - c e n t r e d q u a r t e r 

method; t h i s i s an e c o l o g i c a l method used t o det e r m i n e t h e 

d e n s i t y o f species i n an area and i s a p p l i c a b l e o n l y t o 

random d i s t r i b u t i o n s . N e arest-neighbour f r e q u e n c i e s f o r 

stomata and glands were a l s o c a l c u l a t e d f r o m t h e d a t a . The 

n u m e r i c a l r e l a t i o n s h i p o f f a r i n a l glands t o stomata was a l s o 

i n v e s t i g a t e d . 

The v i d e o camera, t e l e v i s i o n and microscope where set-up as 

p r e v i o u s l y d e s c r i b e d . Under t h e xlO o b j e c t i v e t h e camera zoom 

le n s was a d j u s t e d so t h a t 143.5mm e q u a l l e d 0.2mm. An a c e t a t e 

sheet was a t t a c h e d t o t h e screen and d e t a i l s o f stomates and 

f a r i n a l glands i n a 200x210mm area r e c o r d e d . T h i s r e p r e s e n t e d 

0.08mm2 o f l e a f s u r f a c e . Four leaves were s e l e c t e d f r o m each 

t r e a t m e n t and r e p l i c a t e d f o u r t i m e s . The a c e t a t e maps were 

t r a n s f e r r e d t o paper u s i n g a p h o t o c o p i e r . 



The p o s i t i o n o f t h e glands were used as t h e c e n t r e f o r t h e 

p o i n t - c e n t r e d q u a r t e r method. V e r t i c a l and h o r i z o n t a l l i n e s 

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

ne a r e s t stoma i n each o f t h e b l o c k s was r e c o r d e d . The average 

d i s t a n c e was t h e n t a k e n . The maximum number o f p o i n t s were 

t a k e n from each map a v o i d i n g t h e m u l t i p l e r e c o r d i n g o f any 

stoma. D i s t a n c e s were p l o t t e d a g a i n s t g l a n d and s t o m a t a l 

d e n s i t i e s . A c t u a l and c a l c u l a t e d s t o m a t a l d e n s i t i e s were 

compared u s i n g a c h i - s q u a r e s t a t i s t i c . 

N e a r e s t - n e i g h b o u r f r e q u e n c i e s were c a l c u l a t e d f o r b o t h 

stomata and g l a n d s . A stoma was s e l e c t e d on t h e map and t h e 

ne a r e s t stoma t o t h i s found, t h e n e a r e s t stoma t o t h i s p o i n t 

was the n l o c a t e d . The process was c o n t i n u e d a v o i d i n g m u l t i p l e 

measurements o f any por e . The s t o m a t a l d e n s i t y was c a l c u l a t e d 

and r e s u l t s p o o l e d a c c o r d i n g t o d e n s i t y ; means and s t a n d a r d 

d e v i a t i o n s were t h e n c a l c u l a t e d . The same process was used t o 

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

Graphs were t h e n p l o t t e d u s i n g C r i c k e t Graph. 

Neare s t - n e i g h b o u r measurements were a l s o used t o e v a l u a t e 

s t o m a t a l o r d e r i n g was c a l c u l a t e d a c c o r d i n g t o C l a r k and Evans 

(1954, i n Korn (1993) ) . 
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2.4.3 The Determination of Pore Length for Different 
Stomatal Densities 

The v i d e o camera, t e l e v i s i o n and microscope where set-up as 

p r e v i o u s l y d e s c r i b e d . Under t h e x40 o b j e c t i v e t h e camera zoom 

l e n s was a d j u s t e d so t h a t 135mm e q u a l l e d 0.2mm. A s u i t a b l e 

area f r e e o f f l a w s was chosen and t h e s t o m a t a l density-

r e c o r d e d . 

The 0.04mm2 area was viewed under t h e h i g h power ( x 4 0 ) l e n s 

and s i x c l e a r stomata s e l e c t e d , f o u r from t h e c o r n e r s and two 

from t h e c e n t r e o f t h e f i e l d , and t h e i r pore l e n g t h s 

r e c o r d e d . S i x areas o f d i f f e r i n g d e n s i t y were examined f r o m 

each l e a f , w i t h f i v e r e p l i c a t e s per t r e a t m e n t . A s c a l e was 

e s t a b l i s h e d u s i n g a m i c r o g r a t i c u l e s l i d e . The x40 l e n s was 

found t o g i v e a m a g n i f i c a t i o n o f x7000. 

The s t o m a t a l d e n s i t y was re g r e s s e d a g a i n s t pore l e n g t h f o r 

each t r e a t m e n t and t h e f i t s and r e s i d u a l s s t o r e d . Stomatal 

d e n s i t y was p l o t t e d a g a i n s t t h e r e s i d u a l s b u t a curved 

r e l a t i o n s h i p was not appa r e n t . A r e g r e s s i o n l i n e was th e n 

f i t t e d t o th e data and graphs p l o t t e d . 
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2.4.4. The E f f e c t of and Wilting on Potassium 
Aacumulationin Guard C e l l s of Unstressed Material. 

Epidermal s t r i p s may be s t a i n e d w i t h sodium c o b a l t i n i t r i t e t o 

show t h e presence o f pota s s i u m i n e p i d e r m a l c e l l s . A y e l l o w 

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

presence o f po t a s s i u m and may be t r e a t e d w i t h ammonium 

s u l p h i d e t o g i v e a b l a c k p r e c i p i t a t e o f c o b a l t s u l p h i d e ; t h i s 

p r e c i p i t a t e i s e a s i e r t o assess under t h e l i g h t microscope. 

R e s u l t s may be expressed i n terms o f a 5-step s c a l e based on 

percentage area s t a i n e d (Raschke and F e l l o w s , 1971), o r 

i l l u s t r a t e d u s i n g photomicrographs ( M a n s f i e l d and Jones, 

1971). 

Leaves f r o m u n s t r e s s e d p l a n t m a t e r i a l were removed and 

f l o a t e d on ABA s o l u t i o n s o f lmg/1, 10mg/l, and 40mg/l ABA f o r 

two hours under P h i l i p s TLD 30W/29 tubes (7420 l u x ) a t 25 °C. 

Others were a l l o w e d t o become f l a c c i d on t h e bench f o r f o r t y 

m i n u t e s . A l l leaves were t h e n i n c u b a t e d on d i s t i l l e d w ater 

f o r two hours under t h e same c o n d i t i o n s i n o r d e r t o s t i m u l a t e 

s t o m a t a l opening, t h r o u g h an a c c u m u l a t i o n o f potassium. The 

slow r a t e o f C0 2 d i f f u s i o n i n water r e s u l t s i n c o n d i t i o n s 

f a v o u r a b l e f o r s t o m a t a l opening (Mansfied and Jones, 1971). 

Epidermal s t r i p s were t h e n removed f o r t h e d e t e r m i n a t i o n o f 

t h e p o t a s s i u m c o n t e n t as f o l l o w s : 

A s o l u t i o n o f sodium c o b a l t i n i t r i t e was p r e p a r e d by d i l u t i n g 

2ml o f g l a c i a l a c e t i c a c i d w i t h 13ml o f d i s t i l l e d w a ter, i n t o 
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which was d i s s o l v e d 5. 5g o f sodium c o b a l t i n i t r i t e . Epidermal 

s t r i p s were removed and d i p p e d i n acetone t o remove f a r i n a 

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

w a t e r (DW) t o remove t h e acetone, b e f o r e b e i n g p l a c e d i n 

p h i a l s o f DW i n o r d e r t o remove p o t a s s i u m p r e s e n t on t h e 

e p i d e r m a l s u r f a c e . Epidermal s t r i p s were washed t w i c e , 

washings b e i n g removed w i t h a Pasteur p i p e t t e . The water was 

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

f o r t h i r t y minutes b e f o r e washing t h r e e t i m e s w i t h i c e - c o l d 

DW. The water was removed and r e p l a c e d w i t h 1% ammonium 

p o l y s u l p h i d e s o l u t i o n f o r two m i n u t e s . The s t r i p s were 

washed, and mounted i n DW and examined under t h e microscope 

f o r evidence o f c o b a l t s u l p h i d e p r e c i p i t a t e . 

F u r t h e r experiments were c a r r i e d out on leaves f r o m p o t grown 

m a t e r i a l , p o t grown m a t e r i a l s t r e s s e d f o r f o r t y minutes on 

t h e bench and l e a f m a t e r i a l grown on media supplemented w i t h 

a d d i t i o n a l c a l c i u m (Table 3 ) . 

2.4.5 The E f f e c t of ABA on Stomatal Aperture 

The removal o f e p i d e r m a l s t r i p s may cause changes t o t h e 

s t o m a t a l a p e r t u r e due t o t h e change o f p r e s s u r e when removed 

from t h e u n d e r l y i n g and c o n n e c t i n g mesophyll t i s s u e . F u r t h e r 

changes occur w i t h t h e u n a v o i d a b l e r u p t u r i n g o f e p i d e r m a l 

c e l l s , t h e t u r g o r o f which e x e r t e d a c o u n t e r p r e s s u r e on t h e 

guard c e l l s , Weyers and Meidner (1990). These e f f e c t s , 
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however, sh o u l d be c o n s t a n t f o r a l l t h e m a t e r i a l sampled 

a l l o w i n g a comparison between t r e a t m e n t s t o be made. 

Epidermal s t r i p s r e q u i r e t o be f i x e d p r i o r t o e x a m i n a t i o n t o 

pr e v e n t changes occur a f t e r t h e c o n c l u s i o n o f t h e experiment. 

However immediate and subsequent changes i n a p e r t u r e have 

been found when s t r i p s were plunged i n t o a b s o l u t e a l c o h o l 

(Heath, 1950; Meidner, 1981; Hsiao and F i s h e r , 1975 [ i n 

Weyers and Meidner, 1 9 9 0 ] ) ; w i t h e p i d e r m a l s t r i p s b e i n g 

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

t o t h e f i x a t i v e . 

Leaves o f in vitro r a i s e d Dionysia aretiodes 'Phyllis Carter' 

were removed and f l o a t e d a b a x i a l s u r f a c e down i n d i s t i l l e d 

w a t e r , f o r f o u r hours, under i l l u m i n a t i o n (7420 l u x ) a t 25 

°C. Leaves were t h e n t r a n s f e r r e d t o s o l u t i o n s o f 1, 10 and 40 

mg/1 ABA f o r two hours under t h e same c o n d i t i o n s . 

A f t e r two hours t h e le a v e s were removed and p l a c e d i n i c e -

c o l d FAA i n t h e dark u n t i l e x a m i n a t i o n . The experiment was 

st a g g e r e d so t h a t a l l samples spent a p p r o x i m a t e l y one hour i n 

t h e f i x a t i v e p r i o r t o e x a m i n a t i o n . FAA was found t o remove 

t h e f a r i n a f rom t h e l e a f s u r f a c e . Leaves were washed i n 

d i s t i l l e d w a t er. Epidermal s t r i p s were removed, mounted i n 

water, and examined under t h e l i g h t microscope a t x4 0 

m a g n i f i c a t i o n . 
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The image was d i s p l a y e d on a t e l e v i s i o n screen as p r e v i o u s l y 

d e s c r i b e d , g i v i n g a m a g n i f i c a t i o n o f x8000. Pore l e n g t h and 

pore w i d t h were measured u s i n g graph paper. 

Pore a p e r t u r e was c a l c u l a t e d as f o r an e l l i p s e : 

p i (ab) 

where a and b are t h e r a d i i o f t h e l o n g and s h o r t axes. 

2.5 Analysis of Farina from Dionysia Species 

Leaves were removed f r o m t h e p l a n t m a t e r i a l , pot grown (de 

novo) and in vitro, and d i p p e d i n acetone t o remove t h e 

f a r i n a . Leaves were the n sandwiched between an a c e t a t e sheet 

and S e l l o t a p e . Leaf areas were a s c e r t a i n e d by p r i n t i n g an 

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

w e i g h i n g t h e r e s u l t a n t d u p l i c a t e s a g a i n s t a s t a n d a r d . The 

acetone was a l l o w e d t o evaporate f r o m t h e f a r i n a sample which 

was the n r e d i s s o l v e d i n 0.2ml acetone. 

Sample t h i n l a y e r chromatography (TLC) p l a t e s (Whatman 250um 

s i l i c a g e l on aluminium, 20x20cm p l a t e s ) were run u s i n g 

f a r i n a from Dionysia bornmuelleri and Dionysia mira i n 10% 

a c e t i c a c i d i n c h l o r o f o r m , t o det e r m i n e l o a d i n g i n r e l a t i o n 
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t o l e a f area. Loading was s e t a t a sample o f f a r i n a from 

5.56cm2 o f l e a f m a t e r i a l . 

Samples o f : 

Dionysia archibaldii 

Dionysia aretiodes 'Phyllis Carter' -pot grown 

Dionysia aretiodes 'Phyllis Carter' - u n s t r e s s e d 

Dionysia aretiodes 'Phyllis Carter' - s t r e s s e d 

Dionysia aretiodes 'BBF' 

Dionysia aretiodes 'Gravetye' 

Dionysia aretiodes 'Paul Furse' 

Dionysia bornmuelleri 

Dionysia denticulata -in vitro c u l t u r e 

Dionysia denticulata - p o t grown 

Dionysia hissarica 

Dionysia mira 

Dionysia tapetoides 

Dionysia tapetoides H1146 

Dionysia teucriodes 

were p r e p a r e d as d e s c r i b e d . 

TLC p l a t e s were a l l o w e d t o r u n u n t i l t h e s o l v e n t had moved 

160mm up t h e p l a t e , o r u n t i l t h e s o l v e n t f r o n t s t a r t e d t o 

break up, which ever o c c u r r e d f i r s t . 
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P l a t e s were a l l o w e d t o d r y and were t h e n viewed and 

photographed under UV l i g h t a t 366 nm. 

Samples o f f a r i n a i n acetone were a l s o examined u s i n g a C e c i l 

CE 6602 scanning s p e c t r o p h o t o m e t e r 

2.6.1 Determination of Cations i n Leaf Material 

Leaf m a t e r i a l f r o m u n s t r e s s e d , s t r e s s e d , m i n i m a l p o t a s s i u m 

media and pot grown specimens, was removed and d r i e d i n an 

oven a t 60°C o v e r n i g h t and s t o r e d i n a d e s i c c a t o r u n t i l 

r e q u i r e d . 

O.Olg r e p l i c a t e s o f m a t e r i a l were ta k e n and ashed a t 500 °C 

f o r s i x hours i n c r u c i b l e s washed i n 4% n i t r i c a c i d . 0.3ml o f 

6MHC1 was added t o d i s s o l v e t h e c o l d ash, and t h i s was 

p i p e t t e d i n t o 1.5 ml Eppendorf t u b e s . The s o l u t i o n s were 

ev a p o r a t e d t o dryness i n a vacuum oven (80°C and 400mm Hg) 

f o r one and a h a l f h o u r s . 0.1ml o f 6MHC1 was added and t h e 

s o l u t i o n s b o i l e d i n a water b a t h f o r t w e n t y m i n u t e s , b e f o r e 

b e i n g c o o l e d i n i c e - c o l d w a t e r . 0.9ml o f d i s t i l l e d w a t e r was 

added b e f o r e a g a i n b o i l i n g f o r t w e n t y m i n u t e s . The s o l u t i o n s 

were a g a i n c o o l e d , and t h e n c e n t r i f u g e d . Sample s o l u t i o n s 

were p r e p a r e d by d i l u t i n g 0.4ml o f t h e o r i g i n a l s o l u t i o n s t o 

l m l . 
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S o l u t i o n s f o r a n a l y s i s were p r e p a r e d as f o l l o w s : 

Sodium -0.1ml o f t h e f i n a l s o l u t i o n was d i l u t e d t o 1ml. 

Potassium -0.25ml o f t h e f i n a l s o l u t i o n was d i l u t e d t o 1ml. 

Calcium/ -0.1ml o f 10% lanthanum s o l u t i o n was added t o 

Magnesium 0.1ml o f t h e f i n a l s o l u t i o n , which was t h e n 

d i l u t e d t o 1ml w i t h d i s t i l l e d w a t e r . 

Potassium and sodium were d e t e r m i n e d by at o m i c e m i s s i o n u s i n g 

an I n s t r u m e n t L a b o r a t o r y aa/ae s p e c t r o p h o t m e t e r 357. Calcium 

and magnesium were d e t e r m i n e d by atomic a b s o r p t i o n . Standards 

were p r e p a r e d f o l l o w i n g MAFF (1986). 

2.6.2 The E f f e c t of pH and Calcium Concentration on Cation 
Accumulation 

The experiment was r e p e a t e d u s i n g a d d i t i o n a l m a t e r i a l from in 

vitro c u l t u r e s which had been grown under m o d i f i e d c a l c i u m 

and/or pH regimes (Table 3 ) . 

Table 3 Calcium and pH M o d i f i e d Media 

C u l t u r e CaCl 2 mg/1 c a l c i u m l e v e l pH 
Media 

W 166.1 x l 6.8 
X 830.5 x5 5.7 
Y 830.5 x5 6.8 
Z 1661.0 xlO 5.7 
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3. RESULTS Mm ST&TSgTXCM, &N&L¥gEg 

3.1 The Meaning of Esplaats 

The s u r v i v a l a b i l i t y o f t h e t h i r t y p r opagules was 

i n v e s t i g a t e d , o f which e i g h t were found t o r o o t . The number 

o f propagules f o r which s t o m a t a l d e n s i t i e s were o b t a i n e d was 

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

stage o f development and o b t a i n i n g s u i t a b l e i m p r i n t s . 

Stomatal d e n s i t i e s were a g a i n found t o be v a r i a b l e ( F i g 2 ) . 

Fia 2 Stomatal D e n s i t i e s D e r i v e d from Prooaaules 
INDIVIDUAL 95 PCT CI'S FOR MEAN 
BASED ON POOLED STDEV 

SPECIMEN N MEAN STDEV + + + 

2 212 18.406 4.351 *) 
4 13 24.231 4.585 (-*-) 
5 64 33.. 7.50 7.8.92 (* 
6 160 15.694 4.256 *) 
7 36 50.639 6.193 (*) 
9 32 23.750 9.105 (*) 
10 10 38.000 7.732 (-*-) 
12 75 19.467 4.455 (*) 
14 32 34.000 4.392 (*} 
19 15 26.400 6.220 (-*) 
21 65 23.985 13.206 (*) 
22 35 37.54.3 8.62.1 (*) 
* 

a 187 5. 064 1.632 *; 
* 

c 281 3. 954 1.435 r* 
d* 111 3.556 1.110 *; 

POOLED STDEV = 5.004 15 30 45 

* denotes propagules i n i t i a l l y discounted due to s i z e 
F i g u r e s i n bold type i n d i c a t e propagules which rooted 
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Table 4 Dates o f R o o t i n g o r Removal o f Propagules 

Propagule Rooting Removal 

2 
6 
7 
9 
10 
12 
14 
19 
21 
22 

22/6 
29/6 

28/7 
25/8 
5/8 
21/7 
29/6 
14/7 
25/8 
6/7 

d 

a 
c 

22/6 
22/6 
22/6 

A l t h o u g h a g e n e r a l t r e n d f o r t h e e a r l y r o o t i n g and l a t e death 

o f propagules was observed (Table 4) some e a r l y deaths and 

l a t e r o o t i n g were a l s o found. The d a t e o f death was not found 

t o be c o r r e l a t e d t o s t o m a t a l d e n s i t y . 

The s m a l l number o f a c c e p t a b l e samples f o r a n a l y s i s , 

p a r t i c u l a r l y f o r those which r o o t e d , was found t o cause 

s t a t i s t i c a l problems. The f i r s t r e g r e s s i o n was found t o 

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

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

samples were more i m p o r t a n t i n d e t e r m i n i n g outcome (Figs 3 

and 4) . 
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Fig 4 REGRESSION OF ROOTING. EXCLUDING 
ADDITIONAL DATA 

Regression Equations (Lines 1 and 2). 
V 1=0:740 ^ 0,00234 dv - 0:0527 0 * 0.0884 o 
2. 1-0.840 • 0.0275 d 

2.0 

1.6 •-

1.0 

0.5 

t Rooting 2 
Non-rooting Rooting 

f- Rooting d-Stomatal Density :p=Plant B-Sarapls 

Fig 6 REGRESSION OF ROOTING. INCLUDING ADDITIONAL 
SAMPLES 

Regression Equations (tines 1 and 2). 
1. r-0.518 • 0.0208 d • 0.0330 p • 0.0050 e 
2. r-0.B88 * 0.0254 d 

a;o 

2 

1 

GO 
1.0 

1 HOOtlflo 
Non-rooting Rooting 
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F i g 3 Best F i t s f o r Regressions E x c l u d i n g U n d e r s i z e d 
M a t e r i a l 

Best Subsets Regression of r 

Adj . 
Vars R-sq R-sq O P s d p s 

1 86.3 86.3 285. 1 0 .18132 X 
1 68.1 68.0 1473. 8 0 .27665 X 
1 20.3 20.2 4589. 0 0 .43699 X 
2 90. 5 90.5 9. 7 0 .15075 X X 
2 86.8 86.7 254 . 5 0 .17813 X X 
2 71.1 71.0 1277 . 9 0 .26341 X X 
3 90.6 90.6 4. 0 0 .14993 X X X 

d=stomatal d e n s i t y , p=propagule, s=sample. 

I t was d e c i d e d t o i n v e s t i g a t e , and t h e n i n c l u d e d e t a i l s from, 

u n d e r s i z e d m a t e r i a l . S t o matal d e n s i t i e s are known t o 

i n c r e a s e s d u r i n g l e a f development and then drop as l e a f area 

i n c r e a s e s . T i c h a (1982) found t h a t peak v a l u e s o c c u r r e d a t 

low l e v e l s o f l e a f area expansion. Stomatal d e n s i t i e s f o r t h e 

u n d e r s i z e d m a t e r i a l were found t o be low, i t was deemed 

l i k e l y t h a t s t o m a t a l d e n s i t i e s would decrease r a t h e r t h a n 

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

p r e v i o u s a n a l y s i s . 

F i g 6 Best F i t s f o r Regressions I n c l u d i n g U n d e r s i z e d 
M a t e r i a l 

Best Subsets Regression of r 

Adj . 
Vars R-sq R-sq C-•P s d P s 

1 38.9 38.9 1772. 4 0 .31397 X 
1 7.2 7.1 3312 . 6 0 .38697 X 
1 0.1 0.0 3657. 4 0 .40150 X 
2 64 . 4 64.4 535. 1 0 .23970 X X 
2 58.6 58.6 817 . 0 0 .25851 X X 
2 44.7 44 . 6 1493. 9 0 .29889 X X 
3 75.4 75. 3 4 . 0 0 .19941 X X X 

d=stomatal d e n s i t y , p=propagule, s=sample. 
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The i n d i v i d u a l e f f e c t o f d e n s i t y , measured by r 2 , when 

c o n s i d e r e d alone was found t o be h i g h e r t h a n t h e o t h e r 

v a r i a b l e s when t h e a d d i t i o n a l r e s u l t s were i n c l u d e d . The 

model most c l o s e l y f i t t i n g t h e r e s u l t s would s t i l l i n c l u d e 

th e l e a f sample and pr o p a g u l e , as w e l l as d e n s i t y ( F i g s 5 and 

6) . However, d e n s i t y would appear an i m p o r t a n t f a c t o r i n 

d e t e r m i n i n g t h e chances o f a pr o p a g u l e r o o t i n g , when t h e 

a d d i t i o n a l r e s u l t s a re i n c l u d e d . Given t h e low l e v e l o f 

prop a g u l e e s t a b l i s h m e n t and t h e e f f e c t o f adding a d d i t i o n a l 

r e s u l t s , i t would be b e n e f i c i a l t o r e p e a t t h e experiment on a 

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

s t o m a t a l d e n s i t y upon r o o t i n g . 

3.2 The Determination of Stomatal Densities 

Large v a r i a t i o n s i n s t o m a t a l d e n s i t i e s were found w i t h i n 

t r e a t m e n t s . The v a r i a t i o n between leaves from p o t grown 

p l a n t s was more l i m i t e d (but s t i l l s i g n i f i c a n t ) t h a n t h e 

v a r i a t i o n i n s t r e s s e d and u n s t r e s s e d in vitro grown m a t e r i a l 

(Table 5 ) . 
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Table 5 Means and Standard D e v i a t i o n s f o r Stomatal D e n s i t y 
f0.04mm£ squares) f r o m Whole Leaf Counts 

Pot S t r e s s e d U n s t r e s s e d 

7 .92 (±2. .71) 12 . 50 (±4 .51) 14. , 03 (±7. 07) 
7 .22 ( + 2. .61) 9.50 (±3 .95) 15. .44 ( + 5. 33) 
7 .79 (±2. .26) 11.10 (±4 .08) 8. ,30 (±2. 88) 
8 .39 (±3. .47) 8.56 ( + 4 . 08) 6. , 64 ( + 2. 31) 
9 .47 (±3. . 56) 5. 64 (±1 .88) 9, ,51 (±3. 31) 
9 .26 (±3. .97) 12.26 (±2 .78) 14. ,32 ( + 5. 16) 
8 .45 (±3. .39) 11. 38 (±3 .42) 11. , 68 ( + 4. 57) 

10 . 67 (±2. . 96) 7.03 (±2 .07) 
10.38 (±2 .73) 

Pooled 8 .42 (±3, .20) 10.11 (±4 .69) 10. .97 (±5. 43) 

C o n t r o l o f s t o m a t a l d e n s i t y appears t o be l o s t d u r i n g in 

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

compared t o r e s u l t s f r o m whole p l a n t s . The i n a b i l i t y t o 

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

r e p o r t e d f o r a number o f spec i e s (Pearson, p e r s o n a l 

communication) and has been l i n k e d w i t h e x c e s s i v e water l o s s 

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

C u l t u r e s o f Dionysia aretiodes 'Phyllis Carter' were found t o 

produce v e r y v a r i a b l e s t o m a t a l d e n s i t i e s on t h e s u r f a c e o f 

l e a v e s , w i t h h i g h e r and low e r s t o m a t a l d e n s i t i e s r e c o r d e d 

compared t o pot grown m a t e r i a l ( F i g s 7-21). S t r e s s e d c u l t u r e s 

o f Dionysia aretiodes 'Phyllis Carter' produced d e n s i t y 

p a t t e r n s which were h i g h l y v a r i a b l e b u t w i t h a s l i g h t t r e n d 

t o lower d e n s i t i e s compared t o u n s t r e s s e d m a t e r i a l (Appendix 

1 ) . I t may be p o s t u l a t e d t h a t t h e wide range o f s t o m a t a l 

d e n s i t i e s found i n p l a n t s grown in vitro may r e s u l t 
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i 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 water loss, which might have an 
a f f e c t upon weaning of micropropagules. 

3.3 Testes %oz Randomness of Stoaaata 

Maps of stomatal and gland d i s t r i b u t i o n (Figs 22-24) were 
analysed using a range of methods. 

Table 6_ Analysis of Variants f o r Actual Stomatal Densities 
Compared t o those Calculated from Point-Centred Quarters. 

Treatment Chi-square S i g n i f i c a n c e 

Pot 11.52 NS 
Stressed 19. 64 NS 
Unstressed 97.06 * * * 

*** s i g n i f i c a n t at the 0.1% l e v e l 
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Fig 22 Examples of D i s t r i b u t i o n Maps f o r Glands 
and Stomata -Pot Grown Mater i a l 
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Fig 23 Examples of D i s t r i b u t i o n Maps f o r Glands and 
Stomata -Unstressed Cultures 
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Fig 24 Examples of D i s t r i b u t i o n Maps f o r Glands 
and Stomata -Stressed Cultures 
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Table 7 R Values f o r Stomatal Ordering 

Stomata Glands 

Unstressed 0.79 0.81 

Stressed 0.81 0.81 

Pot 0.78 0.83 

R= 2.19 - p e r f e c t ordering 
R- 1.00 -random array 
R= 0.00 - c l u s t e r i n g of l o c i . 

R=l(square root d) 
where: 
R= n o n - s c a l a r u n i t . 
1= average nearest-neighbour d i s t a n c e 
d= d e n s i t y =stomata i n f i e l d 

a r e a of f i e l d 

The r e s u l t s from the po i n t - c e n t r e d quarter method show t h a t 
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 c a l c u l a t e d and 
ac t u a l stomatal numbers f o r the pot grown and stressed 
treatments (Table 6}. This i n d i c a t e s t h a t there i s very good 
evidence t o suggest t h a t stomata are randomly d i s t r i b u t e d and 
not c l u s t e r e d . The high l e v e l of s i g n i f i c a n c e f o r the 
unstressed p l a n t m a t e r i a l would i n d i c a t e t h a t the stomata are 
not randomly d i s t r i b u t e d i n t h i s treatment and t h e r e f o r e show 
c l u s t e r i n g . 

These r e s u l t s were not supported by f u r t h e r analysis from 
nearest-neighbour measurements. Nearest-neighbour 
measurements p l o t t e d against stomatal d e n s i t y supported a 
s t r a i g h t l i n e f o r pot grown m a t e r i a l , and t h e r e f o r e no 
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c l u s t e r i n g was apparent. The greatest curve, showing 
c l u s t e r i n g , was from the stressed treatment; a curved l i n e 
r e l a t i o n s h i p was also found f o r unstressed c u l t u r e s (Figs 25, 
27 and 29). 

Analysis showed good agreement f o r the p o s i t i o n of glands 
between stressed and pot grown treatments. Good f i t s were 
found f o r exponential l i n e s w i t h i n gland p l o t s but w i t h a 
steeper curve f o r the unstressed m a t e r i a l compared t o other 
treatments. C l u s t e r i n g of glands i s t h e r e f o r e apparent i n 
each treatment (Figs 26, 28 and 30). 

The p o i n t - c e n t r e d quarter method i s open t o c r i t i c i s m as a 
method t o determine randomness as the glands were used as the 
c e n t r a l p o i n t f o r the a n a l y s i s , random p o i n t s should have 
been selected. This might e x p l a i n the d i f f e r e n c e s found 
between methods. The r e s u l t s i l l u s t r a t e the i n t e r a c t i o n of 
both gland and stomatal s t r u c t u r e s . In the pot grown and 
stressed m a t e r i a l only one p l o t supports a l i n e w i t h a high 
r 2 value. The p o i n t - c e n t r e d quarter measurements f o r the pot 
grown m a t e r i a l show a r e l a t i o n s h i p w i t h stomatal d e n s i t i e s , 
as the distance between a gland and the surrounding stomata 
increase, stomatal d e n s i t y decreases (Figs 35 and 36). I n the 
stressed m a t e r i a l (Figs 33 and 34) , however, the measurement 
between glands and surrounding stomata show a c o r r e l a t i o n 
w i t h gland d e n s i t y . As a distance between a gland and i t s 
surrounding stomata increases then gland d e n s i t y decreases. 
Unstressed c u l t u r e s (Figs 31 and 32) show a 
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Fin 27 STOMATAL DENSITY AND NEAREST-NEIGHBOUR 
MEASUREMENTS FROM STRESSED MATERIAL 
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glB-M- ITQMATAL OEWSITV AND POINT-CENTRED 
QUARTER MEASUREMENTS: UWSTHESSErWfEHTAL 
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Fig 33 STOMATAL DENSITV AMD POIIMT-CENTRID 
QUARTER MEASUREMENTS. STRESSED MATERIAL 
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r e l a t i o n s h i p w i t h b o t h g l a n d and s t o m a t a l d e n s i t i e s , as t h e 

d i s t a n c e between t h e g l a n d and t h e s u r r o u n d i n g stomata r i s e , 

b o t h g l a n d and s t o m a t a l d e n s i t i e s drop s l i g h t l y . 

No s i g n i f i c a n t d i f f e r e n c e s were found u s i n g t h e method o f 

C l a r k and Evans (op c i t . ) , which suggested t h a t some 

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

s t r u c t u r e s (Table 7 ) . Korn (1993), however found t h a t R 

v a l u e s were not v e r y u s e f u l i n d i s t i n g u i s h i n g between models 

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

A n a l y s i s o f Stomatal and Gland D e n s i t i e s . 

The d e n s i t i e s o f stomata and glands i n g i v e n areas were 
r e c o r d e d and r e g r e s s e d u s i n g M i n i t a b (Table 8 ) . 

Table 8 Best Subsets Regression o f Glands 

d 
e 
n t ' 
s m 
i e 

A d j . t n 
Vars R-sq R-sq C-p s y t 

1 41.3 40.1 1.6 3.1296 X 
1 0.1 0.0 33.6 4.0828 X 
2 42.1 39.5 3.0 3.1443 X X 

The r e g r e s s i o n e q u a t i o n which most c l o s e l y f i t s t h e data i s 

t h a t o f t h e number o f glands a g a i n s t t h e a c t u a l s t o m a t a l 

d e n s i t y (Table 8 ) . T h i s gave t h e l o w e s t C-p v a l u e . Treatments 
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had no s i g n i f i c a n t e f f e c t (Appendix 2 ) . High r 2 v a l u e s were 

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

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

p l o t t e d . 

F i g u r e 37 shows t h a t f a r i n a l glands i n c r e a s e i n number w i t h 

i n c r e a s i n g s t o m a t a l d e n s i t i e s . S i m i l a r i t i e s were noted 

between t h e r e g r e s s i o n l i n e f o r t h e s t r e s s e d and p o t grown 

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

I t would appear t h a t fewer f a r i n a l glands are produced i n 

c u l t u r e under c o n d i t i o n s o f h i g h h u m i d i t y , b u t when s u b j e c t 

t o w a t er s t r e s s new lea ves were found t o produce a g r e a t e r 

number o f f a r i n a l g l a n d s . I t may be p o s t u l a t e d t h a t t h e more 

numerous f a r i n a l glands i n c r e a s e t h e boundary l a y e r o f t h e 

l e a f m a t e r i a l and t h e r e f o r e reduce water l o s s . Woolly f a r i n a 

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

A l t h o u g h t h i n l a y e r chromatograms o f f a r i n a , s t a n d a r d i s e d t o 

l e a f area, showed few s i g n i f i c a n t d i f f e r e n c e s between 

t r e a t m e n t s . Q u a n t i t a t i v e and q u a l i t a t i v e d i f f e r e n c e s were 

found between p o t grown and in vitro c u l t u r e s o f D. 

denticulata ( P l a t e 2 1 ) . 
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Fig 37 STOMATAL AND GLAND DENSITIES 
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3 . 4 T h e D e t e r m i n a t i o n o f P o r e L e n g t h f o r D i f f e r e n t S t o m a t a l 

D e n s i t i e s 

There would appear t o be a t r e n d between s t o m a t a l f r e q u e n c y 

and pore l e n g t h which has been noted i n o t h e r s p e c i e s , 

P a l l a r d y and Kozlowsky (1979). L i a n g e t a l (1975). 

Pore l e n g t h decreases as s t o m a t a l d e n s i t y i n c r e a s e s w i t h 

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

c u l t u r e s ( F i g s 38 and 39) . S t r e s s e d m a t e r i a l appear t o show a 

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

r e g r e s s i o n l i n e ( F i g 40) . However t h e r 2 v a l u e s are 

r e l a t i v e l y low and do not s u p p o r t f u r t h e r a n a l y s i s o f t h e 

d a t a . 
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Fig_ 38_ P O R E . LENGTH. AGAINST STOMATAL DENSITY. 
POT GROWN. 
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PORE LENGTH AGAINST STOMATAL DENSITY. 
U N S T R E S S E D 
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Fig 40 POfli LENGTH AGAINST STOMATAL DENSITY. 
S T R E S S E D CULTURE." 
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3.5 The E f f e c t of KBR and W i l t i n g on Potassium Accumulation 

i n Guard C e l l s of Unstressed M a t e r i a l 

Potassium a c c u m u l a t i o n may be scored a c c o r d i n g t o t h e 

percentage area s t a i n e d b l a c k w i t h c o b a l t s u l p h i d e w i t h i n t h e 

guard c e l l s (Raschke and F e l l o w s , 1971). On e x a m i n a t i o n t h e 

e p i d e r m a l s t r i p s o f Dionysia aretiodes proved h i g h l y 

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

a n t i c i p a t e d from t h e l i t e r a t u r e . Potassium a c c u m u l a t i o n was 

not showed by a u n i f o r m b l a c k p r e c i p i t a t e o f c o b a l t s u l p h i d e 

as a n t i c i p a t e d , b u t appeared as bands o f grey c o l o u r a t i o n . 

T h i s may be due i n p a r t t o sunken stomata w i t h o v e r l a p p i n g 

e p i d e r m a l c e l l s ( P l a t e s 6 and 7 ) . I t was t h e r e f o r e not 

p o s s i b l e t o grade t h e r e s u l t s a g a i n s t percentage area s t a i n e d 

as t h e r e were b o t h q u a n t i t a t i v e and q u a l i t a t i v e d i f f e r e n c e s . 

The r e s u l t s were r e c o r d e d on v i d e o tape and l a t e r analyses 

u s i n g Micro-scale TC/ITM v e r s i o n 2.0. An image from t h e v i d e o 

tape was f i x e d and analysed. I n d i v i d u a l stomates were t a k e n 

and areas h i g h - l i g h t e d , d e t a i l s o f t h e area and p o s i t i o n on 

the g r e y s c a l e r e c o r d e d . Two or t h r e e s e t s o f d a t a were 

r e c o r d e d f o r each stoma g i v i n g an i n d i c a t i o n o f t h e r e l a t i v e 

degree o f s t a i n i n g i n d i f f e r e n t areas o f t h e guard c e l l . 

The r e s u l t s were an a l y s e d by c a l c u l a t i n g t h e i n v e r s e o f t h e 

grey 1-250 s c a l e from t h e computer as a 1-25 s c a l e . T h i s 
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P l a t e 6 

Stoma o f Dionysia aretiodes w i t h Covering Epidermal C e l l s 

Note s h i f t o f f o c u s . Bar =lum 

P l a t e 1 
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was m u l t i p l i e d by t h e area covered and t h e r e s u l t g i v e n as a 

percentage o f t h e guard c e l l area (Table 9 ) . 

Table 9 Potassium C o n c e n t r a t i o n o f Guard C e l l s Expressed as 
a Percentage* 

Pot F l a c c i d ABA 4 0mg/l 

22 9 44 4 15.9 
34 4 50 7 18 .1 
23 6 53 1 21. 5 
16 3 30 7 
22 5 56 6 
26 9 49 5 
24 1 42 8 
22 7 32 6 
27 2 32 0 
24 6 53 9 
31 3 43 6 
35 8 36 0 
45 6 38 3 

22 0 
27 1 
35 3 

Mean 27 5 40 5 18.5 
Stdev 7 6 10 4 2 . 8 

* where complete s t a i n i n g w i t h b l a c k p r e c i p i t a t e =100% 

I t was noted by o b s e r v a t i o n and from t h e c a l c u l a t i o n s t h a t 

s u b s t a n t i a l a c c u m u l a t i o n s o f potassium o c c u r r e d i n t h e guard 

c e l l s o f leaves a l l o w e d t o become f l a c c i d on t h e bench ( P l a t e 

1 2 ) , and t h a t some a c c u m u l a t i o n had o c c u r r e d i n t h e pot grown 

c o n t r o l m a t e r i a l ( P l a t e 1 5 ) . However l i t t l e s t a i n i n g o c c u r r e d 

i n samples exposed t o ABA, even a t t h e h i g h e s t c o n c e n t r a t i o n 

o f 40mg/l ( P l a t e s 8-11). The a n a l y s i s o f t h e r e s u l t s from t h e 

ABA t r e a t m e n t s proved l e s s r e l i a b l e . The e x a m i n a t i o n o f t h e 

ep i d e r m a l s t r i p s t h r o u g h t h e microscope r e s u l t e d i n l i g h t 

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

guard c e l l s t o be d e l i m i t e d by a dark area. 
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P l a t e 8 Potassium S t a i n i n g i n Unstressed M a t e r i a l - C o n t r o l 
Note t h e low l e v e l o f potassium a c c u m u l a t i o n . Bar =lum 

P l a t e 9 Potassium i n Unstressed M a t e r i a l - l m g \ l ABA 
Note t h e m i n i m a l a c c u m u l a t i o n o f potassium. Bar =lum. 



P l a t e 10 Potassium S t a i n i n g i n Unstressed M a t e r i a l -1Omg/ABA 
Note low l e v e l s o f pot a s s i u m a c c u m u l a t i o n . Bar =lum. 

P l a t e 11 Potassium S t a i n i n g i n Unstressed M a t e r i a l -40mg\l ABA 
Note low l e v e l s o f potassium a c c u m u l a t i o n . Bar= lum 

5 9 



P l a t e 12 Potassium S t a i n i n g i n Unstressed M a t e r i a l - F l a c c i d 
Note h i g h p o t a s s i u m a c c u m u l a t i o n s i n guard 

c e l l s and c h l o r o p l a s t s . Bar =4um. 

0* 

P l a t e 13 Potassium S t a i n i n g i n Pot Grown M a t e r i a l 
Note potassium s t a i n i n g i n e p i d e r m a l c e l l s and t r i c h o m e s . 

Bar =10um. 
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P l a t e 14 Potassium S t a i n i n g i n Epidermal 
H a i r s o f Dionysia aretiodes 
'Phyllis Carter' -Pot Grown 

Bar =3 urn. 
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P l a t e 15 Potassium S t a i n i n g i n Pot Grown M a t e r i a l 
Note low a c c u m u l a t i o n s o f potassium. Bar =lum. 

P l a t e 16 Potassium S t a i n i n g i n Two Day Old Propagules 
Note low a c c u m u l a t i o n s o f potassium. Bar =lum. 



P l a t e 17 Potassium S t a i n i n g i n Unstressed C u l t u r e s -Media X 

Note m i n i m a l a c c u m u l a t i o n s o f potassium. Bar =lum. 

r 

s 

P l a t e 18 Potassium S t a i n i n g i n Unstressed C u l t u r e s -Media Z 
Note m i n i m a l a c c u m u l a t i o n s o f potassium. Bar =lum 



Due t o t h e v e r y l i g h t s t a i n i n g o c c u r r i n g i n t h e ABA 

t r e a t m e n t s t h e s e ares were picked-up p r e f e r e n t i a l l y by t h e 

computer programme g i v i n g an o v e r - e s t i m a t i o n o f t h e amount o f 

potassium p r e s e n t . 

No a d d i t i o n a l a c c u m u l a t i o n o f po t a s s i u m was e v i d e n t from 

c u l t u r e s supplemented w i t h f i v e o r t e n t i m e s t h e i n i t i a l 

c a l c i u m c o n t e n t ( P l a t e s 17 and 1 8 ) . The r e s u l t s are p r e s e n t e d 

as photographs t a k e n f r o m t h e v i d e o , or i n t h e case o f l a t e r 

s t u d i e s , as ph o t o m i c r o g r a p h s . 

3.6 The E f f e c t of ABA on Stomatal Aperture 

Table 10 The E f f e c t o f ABA on Stomata 

Cone.ABA 
mg/1 

Pore 
Length 

Pore 
d i a m e t e r 

Pore 
a p e r t u r e 

0 5.025 0.465 1.756 
(1.342) (0.408) (1.689) 

1 3.498 0.531 1.450 
(1.074) (0.419) (1.331) 

10 5.235 0.171 0.644 
(1.500) (0.183) (0.651) 

40 5.131 0.266 1.067 
(1.238) (0.430) (1.980) 

F i g u r e s i n 
Fi g u r e s i n 

b o l d t y p e : 

b r a c k e t s 
=means. 
=stan d a r d d e v i a t i o n s . 
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F i g 41 A n a l y s i s o f V a r i a n c e f o r t h e E f f e c t o f ABA on 
Stomatal Closure 

LEVEL N MEAN 
0 rag/1 aba 100 1.756 
1 mg/1 aba 100 1.450 

10 mg/a aba 100 0.644 
40 mg/1 aba 100 1.067 

POOLED STDEV = 1.497 

STDEV 
1 . 689 
1.331 
0. 651 
1.980 

INDIVIDUAL 95 PCT CI'S FOR MEAN 
BASED ON POOLED STDEV 

( * )a 
( * l a c 

( * ) b 
( * ) b c 

0.50 1.00 1.50 2.00 

D i f f e r e n t l e t t e r i n g shows a t l e a s t a * * l e v e l o f s i g n i f i c a n c e between 
t r e a t m e n t s . 

Table 11 E f f e c t o f Treatments on Stomata 

Treatment Pore 
Length 

Pore 
d i a m e t e r 

Pore 
a p e r t u r e 

In vitro 5.025 
;i.342) 

0.465 
;0.408) 

1.75S 
: i . 689' 

Pot Grown 7.621 
[1.602) 

0.344 
(0.305; 

2.056 
[1.892) 

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

8.5275 
2. 920) 

0.505 
(0.416) 

3.174 
;2.874) 

W i l t e d 
(in vitro) 

11.695 
;2.104) 

0.745 
;0.434) 

6.811 
4.008; 

W i l t e d 
(pot grown; 

10.648 
;i.983) 

0.536 
;0.341) 

4.446 
3.4491 

Fi g u r e s i n b o l d t y p e =means. 
Fi g u r e s i n b r a c k e t s = s t a n d a r d d e v i a t i o n s 
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F i g 42 A n a l y s i s o f Va r i a n c e f o r t h e E f f e c t o f Treatments on 
Stomatal C l o s u r e 

LEVEL 
x100 

MEAN STDEV 
in vitro x100 1.756 1.689 
p o t grown 100 2.056 1.892 
p r o p a g u l e 100 3.173 2.874 
w i l t e d 1 100 6.811 4 . 008 
w i l t e d 2 100 4.445 3.449 

POOLED STDEV = 2.921 
D i f f e r e n t l e t t e r i n g shows a t l e a 
t r e a t m e n t s . 

INDIVIDUAL 95 PCT CI'S FOR MEAN 
BASED ON POOLED STDEV 

(--* — ) a 
( — * ~ ) a 

( — * — ) b 
( — * — )c 

(--* — ) d 

2.0 4.0 6.0 8.0 
3t a * * l e v e l o f s i g n i f i c a n c e between 

w i l t e d 1 = i n v i t r o r a i s e d l e a f w i l t e d on t h e bench, 
w i l t e d 2 =pot grown l e a f w i l t e d on t h e bench. 

The r e s u l t s show t h a t s t o m a t a l l e n g t h i s • v e r y v a r i a b l e , and 

t h a t ABA and o t h e r t r e a t m e n t s have r e l a t i v e l y l i t t l e e f f e c t 

on pore w i d t h , and co n s e q u e n t l y pore a p e r t u r e . ABA was found 

t o cause a decrease i n s t o m a t a l a p e r t u r e w i t h c o n c e n t r a t i o n s 

up t o 10mg/l, b u t an a p p l i c a t i o n o f 40mg/l o f ABA caused t h e 

pore a p e r t u r e t o i n c r e a s e ; p o s s i b l e t h r o u g h damage t o t h e 

stomata. M a t e r i a l which had been t r e a t e d as p r o p a g a t i o n 

m a t e r i a l f o r two days showed a g r e a t e r s t o m a t a l a p e r t u r e t h a n 

in vitro m a t e r i a l . In vitro l e a v e s , a l l o w e d t o w i l t on t h e 

bench, showed t h e w i d e s t mean a p e r t u r e . 

3.7 A n a l y s i s of F a r i n a from D i o n y s i a Species 

I t was found t h a t t h e r e were few d i f f e r e n c e s between TLC 

p l a t e s , o r survey scans, f o r t h e m a t e r i a l from Dionysia 

aretiodes 'Phyllis Carter' ( P l a t e 21, Figs 43-46). One 
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compound r e f l e c t i n g UV l i g h t a t an r f v a l u e o f 0.52 was 

p r e s e n t i n t h e p o t grown m a t e r i a l (and o t h e r c u l t i v a r s o f D. 

aretiodes [ P l a t e 2 0 ] ) t h a t was not p r e s e n t i n t h e in vitro 

r a i s e d m a t e r i a l . 

The o n l y o t h e r comparison between whole p l a n t s and in vitro 

m a t e r i a l was made w i t h D. denticulata; here t h e l o a d i n g r a t e s 

d i f f e r e d because o f a l a c k o f p l a n t m a t e r i a l . The samples 

from p o t r a i s e d m a t e r i a l r e p r e s e n t o n l y 7.6% o f t h e r e q u i r e d 

l o a d i n g . There appears t o be s e v e r a l d i f f e r e n c e s between t h e 

two samples; a r e f l e c t i v e compound (Rf 0.85) i n c r e a s e d i n t h e 

u n s t r e s s e d m a t e r i a l w h i l s t an e x t r a a b s o r b i n g f r a c t i o n was 

p r e s e n t a t Rf 0.81 i n t h e p o t grown m a t e r i a l . The b r i g h t 

r e f l e c t i v e band near t h e s o l v e n t f r o n t was absent from t h e 

pot-grown m a t e r i a l b u t t h i s may have been due t o t h e lower 

l o a d i n g o f t h i s f a r i n a f r a c t i o n ( F i g 2 1 ) . 

I t appears t h a t t h e f a r i n a produced by Dionysia species i s , 

i n many cases, more complex th a n t h a t found i n t h e genus 

Primula. Large v a r i a t i o n s were found t o occur between c l o s e l y 

r e l a t e d s p e c i e s . 

I t would appear t h a t s u b s t a n t i a l d i f f e r e n c e s occur between D. 

denticulata m a t e r i a l , and some d i f f e r e n c e s w i t h i n D. 

aretiodes' Phyllis Carter'. F u r t h e r s t u d i e s o f o t h e r species 

would be u s e f u l , as i t seems t h e r e i s some evidence f o r 

b i o c h e m i c a l changes when m a t e r i a l i s c u l t u r e d in vitro. 
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P l a t e 19 F a r i n a Samples fr o m TLC P l a t e 1 

1 Primula florindae 

2 Dionysia mira 

3 Dionysia bornmuelleri 

4 Dionysia teucriodes 
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P l a t e 20 F a r i n a Samples from TLC P l a t e 2 

1 2 3 4 5 

1 Dionysia bornmuelleri 

2 Dionysia aretiodes 'Phyllis Carter' -Pot Grown 
3 Dionysia aretiodes 'BBF' 

4 Dionydia aretiodes 'Paul Furse' 

5 Dionysia aretiodes '' Gravetye' 
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P l a t e 21 F a r i n a Samples from TLC P l a t e 3 

1 2 3 4 5 6 

1 Dionysia bornmuelleri 
2 Dionysia aretiodes 'Phyllis Carter' -Pot Grown 
3 Dionysia aretiodes 'Phyllis Carter -Stressed 1 

4 Dionydia aretiodes 'Phyllis Carter' -Unstressed 
5 Dionysia denticulata -Unstressed 
6 Dionysia denticulata -Pot Grown 
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P l a t e 22 F a r i n a Samples from TLC P l a t e 4 

1 Dionysia bornmuelleri 

2 Dionysia hissarica 

3 Dionysia archibalclii 

4 Dionysia tapetoides 

5 Dionysia tapetoides HI 146 
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P l a t e 23 Dionysia mira Showing F a r i n a 
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3.8.1 Determination o£ Cations i n Leaf M a t e r i a l 

Table 12 Potassium and Sodium C o n c e n t r a t i o n s i n Leaf 
M a t e r i a l 

Potassium Sodium 

pot stressed unstressed pot stressed unstressed 

14 . 35 20.76 13.87 1.2150 5.3625 6. 630 
14.81 24.93 17.71 1.6775 8.9500 5.570 
15.14 26.47 16.18 2.5375 8.7400 7.755 
12.08 19. 63 22.55 1.5500 8.8150 7.760 

* 9.55 20.14 + 3.6275 8.035 
Mean 14.10 20.27 18.10 1.74 7.10 7.15 
Stdev 1.38 6. 63 3.38 0.56 2.46 1. 04 

Table 13 Calcium and Maanesium C o n c e n t r a t i o n s i n Leaf 
M a t e r i a l 

Calcium Magnesium 

pot stressed unstressed pot stressed unstressed 

6.98 4.1950 3.3550 3 .45 1.25 1.00 
6.74 3.8850 3.7100 2 .75 1.22 1.18 
8.80 4.1975 4.9750 3 .35 1.32 1.30 
7.08 4.5625 4.5775 2 .78 1.12 1.38 

3.1350 3.9925 * 0.62 1.02 
Mean 7.4 0 4.00 4 .12 3 . 08 1.11 1.18 
Stdev 0.95 0.54 0. 65 0 .37 0.28 0.16 
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Table 14 C a t i o n C o n c e n t r a t i o n s f r o m P l a n t s on t h e M i n i m a l 
Potassium Media 

M i n i m a l Potassium Media 

Potassium Sodium Calcium Magnesium 

1.64 5. 32 2 .22 0.68 
0.35 2 .12 2.43 0.32 
1. 64 5. 54 2 . 66 0.72 

Mean 1.21 4 . 33 2.44 0.57 
Stdev 0.74 1. 92 0.22 0.22 

I t was found t h a t s t r e s s e d and u n s t r e s s e d c u l t u r e s behaved 

v e r y s i m i l a r l y i n t h e i r c a t i o n a c c u m u l a t i o n , so t h a t 

s t r e s s i n g c u l t u r e s in vitro caused no a p p r e c i a b l e change. 

Samples from pot grown m a t e r i a l were s i g n i f i c a n t l y d i f f e r e n t 

from those r a i s e d in vitro (Tables 12 and 13, Figs 50-54). 

Potassium l e v e l s were found t o be s i m i l a r across t h e 

t r e a t m e n t s and were not s t a t i s t i c a l l y d i f f e r e n t (Appendix 4 ) . 

St r e s s e d c u l t u r e s accumulated 20.3mg, u n s t r e s s e d c u l t u r e s 

18.1mg w i t h t h e pot grown p l a n t s showing t h e lowest 

a c c u m u l a t i o n a t 14.1mg/g ( F i g 5 0 ) . 

Sodium l e v e l s i n c r e a s e d f o u r f o l d i n c u l t u r e d m a t e r i a l , and 

showed a p p r o x i m a t e l y one h a l f t h e c o n t e n t o f c a l c i u m and one 

t h i r d t h e c o n t e n t o f magnesium compared t o whole p l a n t s . Pot 

grown m a t e r i a l was found t o be s t a t i s t i c a l l y d i f f e r e n t from 

t h e s t r e s s e d and u n s t r e s s e d c u l t u r e s , which were not 

s t a t i s t i c a l l y d i f f e r e n t (Appendix 4, Figs 5 1 - 5 4 ) ) . 
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When pot a s s i u m was m i n i m i s e d i n t h e media t h e a c c u m u l a t i o n o f 

a l l c a t i o n s dropped t o a p p r o x i m a t e l y h a l f t h a t o f t h e o t h e r 

c u l t u r e d m a t e r i a l , w h i l e p o t a s s i u m c o n t e n t was n e g l i g i b l e a t 

1.2mg/g. The m i n i m a l p o t a s s i u m c u l t u r e d e c l i n e d from 

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

the new l e a v e s . Death f o l l o w e d a s m a l l number o f s u b c u l t u r e s 

(Table 14, F i g 5 4 ) . 

3.8.2 The E f f e c t of pH and Caleium Concentrations on Cat i o n 
Accumulation 

Table 15 Calcium C o n c e n t r a t i o n s i n Leaf M a t e r i a l f r o m 
M o d i f i e d Media 

Calcium 

Media U W X Y Z 

3. 1400 2 , ,5225 5, .0925 8 , .5225 12 .7025 
3. 6200 3. .2825 8 , .0075 6. .1925 5 .6600 
5. 1975 2 . ,1075 8. .2050 10. .3000 16 . 0450 
3. 3125 2. ,4825 10, . 1300 10. . 8350 18 . 8350 
3. 7175 2. ,4825 11, . 6925 7. . 6100 13 . 6900 

18 .7900 

Mean 3. 80 2 . .58 8, . 63 8, . 69 14 .29 
Stdev 0. 82 0. .43 2 .49 1, .91 4 .93 
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Table 16 Sodium C o n c e n t r a t i o n s i n Leaf M a t e r i a l from 
M o d i f i e d Media 

Sodium 

Media 

Mean 

4 . ,9675 1. .7225 0, , 9750 2 .2675 1. , 1000 
5. .1500 1, .5500 2 , ,3725 2 .0075 0, .2325 
5. . 6500 1, .3450 2 . . 0775 2 .0375 1. .5775 
8 . ,5450 1. . 5325 1, , 4225 2 .3825 1. . 0775 
6. , 3250 1. .3325 1, , 0925 1 . 8300 1, .7075 

2 , .1375 

6. . 13 1, .50 1. . 59 2 . 10 1, . 30 
1, .45 0 .16 0, . 61 0 .22 0, , 66 

Table 17 Magnesium C o n c e n t r a t i o n s i n Leaf M a t e r i a l from 
M o d i f i e d Media 

Magnesium 

Media U 

1 .3100 
1.6700 
1.2925 
1 .4525 
1.1550 

0.7550 
0.9425 

7175 
0.8175 
0.8500 
0 

0.7275 
0.8225 
0.9075 
1.1400 
1.1750 

0.9625 
0.8350 
1.1725 
0.9125 
0.9375 

0.9975 
0.4600 
0.9650 
0.9475 
0.9350 
1.1350 

Mean 1.38 
Stdev 0.20 

0.82 
0. 09 

0. 95 
0.20 

0.96 
0.13 

0. 91 
0.23 
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Table 18 Potassium C o n c e n t r a t i o n s i n Leaf M a t e r i a l from 
M o d i f i e d Media 

Potassium 

Media u w X Y Z 

12.82 
15.24 
22.69 
19.72 
19. 89 

16.54 
17.75 
12.76 
16.24 
15. 08 

10. 67 
10.38 
13.94 
18.27 
10.91 

21 .84 
7.71 

19.16 
16. 67 
15.56 

14.35 
6.33 

14.49 
15. 30 
15.53 
16.03 

Mean 18.07 
Stdev 3.97 

15. 67 
1.89 

12 . 83 
3.36 

16.19 
5.32 

13.67 
3.65 

I n c r e a s e d c a l c i u m l e v e l s , or a d j u s t m e n t s t o pH, i n t h e media 

d i d not r e s u l t i n a s t a t i s t i c a l l y s i g n i f i c a n t a l t e r a t i o n i n 

p o t a s s i u m l e v e l s (Appendix 5 [Table 18, F i g 5 5 ] ) . 

Magnesium and sodium l e v e l s appeared t o drop by a p p r o x i m a t e l y 

one t h i r d i n a l l t r e a t m e n t s , w i t h no s i g n i f i c a n t d i f f e r e n c e 

between c a l c i u m e n r i c h e d , or pH m o d i f i e d , media (Appendix 5 

[Tables 16 and 17, Figs 56 and 5 8 ] ) . 

Calcium l e v e l s appeared u n a l t e r e d by pH, b u t more t h a n 

doubled w i t h i n c r e a s e d c a l c i u m l e v e l s i n t h e media. No 

s t a t i s t i c a l d i f f e r e n c e was found between f i v e or t e n f o l d 

e nrichment, though t h i s may be due t o t h e s m a l l number o f 

samples (Appendix 5 [Table 15, F i g 5 7 ] ) . 
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Fig 50 POTASSIUM ACCUMULATION IN L E A F MATERIAL 
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Fig 51 SODIUM ACCUMULATION IN L E A F MATERIAL 
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Fig 52 CALCIUM ACCUMULATION IN L E A F MATERIAL 
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Fig 53 MAGNESIUM ACCUMULATION IN L E A F MATERIAL 
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54 CATION ACCUMULATION IN MINIMAL POTASSIUM 
MEDIA 

Potassium 
Sodium 
Calcium 
Magnesium 
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Fig 55 POTASSIUM ACCUMULATION IN L E A F MATERIAL 
FROM MODIFIED MEDIA 

20 

16 

10 

Ca x1, pH 5.7 
ICa x1, pH 6.8 
Ca x5, pH 5.7 
Ca x5, pH 6.8 
Ca x10, pH 5.7! 

Fig 56 SODIUM ACCUMULATION IN L E A F MATERIAL 
FROM MODIFIED MEDIA 
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1 DISCUSSION 

4.1 Stomatal Density S t u d i e s 

The c o n t r o l o f s t o r n a t a l d e n s i t y has been shown t o be l o s t 

d u r i n g in vitro c u l t u r e w i t h leaves o f v e r y h i g h and low 

s t o m a t a l d e n s i t i e s b e i n g produced. Stomatal d e n s i t i e s may 

p l a y a key r o l e i n r e g u l a t i n g t h e amount o f w a t e r l o s s f r o m 

t h e p l a n t s l e a f s u r f a c e s . T h i s i s p a r t i c u l a r l y importance t o 

t h e weaning o f m i c r o p r o p a g u l e s , which have o n l y l i m i t e d 

a b i l i t y t o r e p l e n i s h w a t er l o s t f r o m e v a p o - t r a n s p i r a t i o n . 

Weaning experiments ( S e c t i o n 3.1) have i n d i c a t e d t h a t 

s t o m a t a l d e n s i t y p l a y s some r o l e i n t h e s u r v i v a l , o r d e a t h , 

o f p r o p a g u i e s . Propagules w i t h low d e n s i t i e s appeared t o 

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

t h e l e a f s u r f a c e . Propagules showing s t o m a t a l d e n s i t i e s 

comparable t o , or g r e a t e r t h a n , p o t grown p l a n t s m a t e r i a l 

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

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

and t h e c l u s t e r i n g o f stomata, may h e l p e x p l a i n why o n l y 

p r o p a g u l e s o f a b n o r m a l l y low s t o m a t a l d e n s i t i e s s u r v i v e d t o 

r o o t . 
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4.2 Studies infco the I n t e r a c t i o n , of Stomafca and F a r i n a l 

Glands 

The r e s u l t s o f t h e p o i n t - c e n t r e d q u a r t e r s experiment appears 

t o show a changing i n f l u e n c e o f stomata and f a r i n a l glands on 

th e n a t u r e o f t h e development o f t h e e p i d e r m i s . I t appears 

t h a t t h e glands show a d i f f e r i n g a f f e c t on development 

a c c o r d i n g t o t r e a t m e n t . Sachs and Novoplansky (1993) 

d i s c o v e r e d t h a t f o r leaves o f Peperomia obtusifolia glands 

were formed p r i o r t o s t o m a t a l development b u t c o u l d l a t e r 

change t o form stomata. A n e g a t i v e c o r r e l a t i o n between glands 

and t h e fr e q u e n c y o f a d d i t i o n a l glands was a l s o found. 

The n e a r e s t - n e i g h b o u r measurements show t h a t t h e glands i n 

a l l t r e a t m e n t s show c l u s t e r i n g ; no apparent i n h i b i t i o n o f one 

g l a n d by ano t h e r takes p l a c e . The number o f glands would 

appear t o have no e f f e c t on t h e closeness o f n e i g h b o u r i n g 

stomata i n pot grown m a t e r i a l . I n s t r e s s e d c u l t u r e s , however, 

t h e d i s t a n c e between glands and stomata were c l o s e l y 

c o r r e l a t e d t o g l a n d d e n s i t y , w i t h no apparent r e l a t i o n s h i p t o 

s t o m a t a l d e n s i t y . Unstressed c u l t u r e s showed an i n t e r m e d i a t e 

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

p r o x i m i t y o f stomata t o f a r i n a l g l a n d s . Some i n h i b i t i o n o f 

s t o m a t a l development by f a r i n a l glands would appear t o t a k e 

p l a c e . 

Glands appear t o show a s t r o n g i n h i b i t o r y e f f e c t on s t o m a t a l 

development i n s t r e s s e d c u l t u r e s , no e f f e c t i n p ot grown 
121 



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

C l u s t e r i n g o f b o t h glands and stomata are apparent from t h e 

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

d i s t r i b u t i o n f o r p o t grown m a t e r i a l , where a s t r a i g h t l i n e 

r e l a t i o n s h i p p r e v a i l s ; presumably because no s t o m a t a l 

i n h i b i t i o n by glands o c c u r s . 

An i n h i b i t o r y mechanism t o account f o r these f i n d i n g s i s 

s t i l l l a c k i n g . 

I t i s i n t e r e s t i n g t o note t h a t t h e c h i - s q u a r e d experiment 

h i g h - l i g h t e d t h e u n s t r e s s e d c u l t u r e as d i f f e r i n g between t h e 

known and c a l c u l a t e d s t o m a t a l d e n s i t i e s ; o t h e r t r e a t m e n t s 

were not s i g n i f i c a n t . The number o f glands produced i n 

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

a l s o lower t h a n t h a t o f t h e o t h e r two t r e a t m e n t s ; s t r e s s i n g 

i n c r e a s e d t h e number o f glands which developed. Lower g l a n d 

d e n s i t i e s might be t h o u g h t t o show an i n h i b i t o r y e f f e c t on 

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

a l s o found f o r t h i s t r e a t m e n t w i t h t h e n e a r e s t - n e i g h b o u r 

measurements. Water s t r e s s in vitro r e s u l t e d i n t h e 

i n h i b i t i o n o f growth and r o o t development f o r two o r t h r e e 

s u b c u l t u r e s f o l l o w i n g t r a n s f e r t o f r e s h media; t h e r e f o r e t h i s 

i s not a s u i t a b l e h a r d e n i n g t e c h n i q u e p r i o r t o weaning. 

The p r o x i m i t y o f f a r i n a l glands and stomata are l i k e l y t o 

have an e f f e c t upon water l o s s . I t may be p o s t u l a t e d t h a t 

where s t o m a t a l development i s i n h i b i t e d by t h e development o f 
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g l a n d s , w ater l o s s m i g h t i n c r e a s e due t o a r e d u c t i o n i n t h e 

boundary l a y e r a d j a c e n t t o t h e stomata. T h i s would appear t o 

c o n f l i c t w i t h t h e r e s u l t s as t h i s p a t t e r n developed under 

c o n d i t i o n s o f water s t r e s s . The f a r i n a o f D i o n y s i a s i s 

w o o l l y , however, and s m a l l d i s t a n c e s between glands may s t i l l 

be covered by t h i s m a t e r i a l . 

F a r i n a i t s e l f i s a complex m i x t u r e o f substances, whose 

c o m p o s i t i o n appears t o undergo some changes d u r i n g in vitro 

c u l t u r e . The e f f e c t o f these changes on water l o s s i s 

unknown. 

The s t o m a t a l pore c o n s t r i c t s t h e vapour f l u x pathway 

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

t h e stomata. I n t e r f e r e n c e w i t h water l o s s may occur i f these 

s h e l l s o v e r l a p , t h i s i s l i k e l y t o be n e g l i g i b l e u n l e s s t h e 

stomata are l e s s t h a t t h r e e t i m e s s t o m a t a l pore w i d t h a p a r t 

(Parlange and Waggner, 1970). The pore l e n g t h o f Dionysia 

aretiodes compared t o s t o m a t a l d e n s i t y has been shown t o be 

v a r i a b l e , w i t h r e g r e s s i o n l i n e s o f low r 2 v a l u e s . Even w i t h 

t h e h i g h e r pore l e n g t h v a l u e s f o r a g i v e n s t o m a t a l d e n s i t y , 

i n p o t grown m a t e r i a l where s t o m a t a l d i s t r i b u t i o n appears not 

t o be c l u s t e r e d , i n t e r f e r e n c e between pores i s u n l i k e l y t o 

occur. I n c u l t u r e d m a t e r i a l stomata were found not t o have a 

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

may reduce t h e d i s t a n c e s between stomates t o a p o i n t where 

i n t e r f e r e n c e may occur between water s h e l l s o f a d j a c e n t 

stomata, p a r t i c u l a r l y as c o n t r o l o f s t o m a t a l d e n s i t y has been 
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shown t o be l o s t during c u l t u r e , r e s u l t i n g i n some explants 
w i t h abnormally high stomatal d e n s i t i e s . This might r e s u l t i n 
a net reduction i n water l o s s . I t would seem possible t h a t an 
increase i n gland i n h i b i t i o n of stomata occurs during in 

vitro c u l t u r e and may enhance c l u s t e r i n g of stomata, leading 
t o reduced water loss, through a p o t e n t i a l water f l u x 
i n t e r f e r e n c e between pores. 

4.3 F a r i n a 

Dionysia f a r i n a remains a puz z l i n g , enigmatic substance, 
whose f u n c t i o n remains u n c e r t a i n . I t seems l i k e l y t h a t f a r i n a 
has an e c o l o g i c a l or p h y s i o l o g i c a l r o l e (Wollenweber, 1977), 
r a t h e r than being a waste substance as proposed by Blasdale 
(1947). The f a r i n a of Dionysia aretiodes and D. tapetiodes 
may have i n s e c t i c i d a l p r o p e r t i e s as bees were observed t o d i e 
a f t e r contact w i t h these p l a n t s . This might be a defense 
mechanism against predation, or insect death could r e s u l t i n 
improved s o i l n i t r o g e n status around the p l a n t s ; however 
aphid damage does occur on Dionysias. 

I t seems probable t h a t the woolly f a r i n a produced on 
Dionysias, d i f f e r i n g from the powdery f a r i n a on Primulas, may 
increase the boundary l a y e r , l i m i t water loss by occluding 
the recessed stomata, or p r o t e c t the guard c e l l s and 
epidermis from UV l i g h t . The r o l e of f a r i n a remains t o be 
f i n a l l y e s t a b l i s h e d . 
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Certain s i m i l a r i t i e s between f a r i n a of d i f f e r e n t species may 
be observed from the TLC p l a t e s . I t would appear t h a t 
t e n t a t i v e groupings might be constructed thus: 

(Primula florindae) 

Dionysia teucriodes 

D. bornmuelleri 

D. mira 

D. aretiodes 

D. archibaldii 

D. hissarica 

D. tapetiodes 

D. denticulata 

A taxonomic r o l e f o r f a r i n a was proposed by Harborne (1968), 
however such a taxonomy would appear at odds w i t h the 
accepted c l a s s i f i c a t i o n of the genus (Table 1) . C e r t a i n l y the 
outward appearance of the p l a n t s does not c o r r e l a t e w i t h 
apparent s i m i l a r i t i e s of f a r i n a l components. The f a r i n a may 
have an e c o l o g i c a l , or p h y s i o l o g i c a l f u n c t i o n and may r e l a t e 
t o h a b i t a t , or geographic d i s t r i b u t i o n , r a t h e r than i n d i c a t e 
a close genetic l i n k between species. Further work would be 
required t o produce a chemotaxic c l a s s i f i c a t i o n of the genus; 
i n c l u d i n g the recovery of separated components and t h e i r 
i d e n t i f i c a t i o n using spectrophotometry means. 
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4 .4 &B& and S-tomatal Function Studies 

As has been stated, the response of l e a f t i s s u e t o ABA 
i s h i g h l y dependent upon the method of feeding (Trejo et a l , 
1993). Dionysia leaves were f l o a t e d on ABA s o l u t i o n s f o r two 
hours; the major route of ABA uptake would be through the 
p e t i o l e s ection of the l e a f . D i r e c t absorption through the 
l e a f i t s e l f would be less l i k e l y t o occur given the strong 
water r e p e l l a n t nature of the f a r i n a on the l e a f surface. The 
r a t e of ABA absorption may thus have been l i m i t e d by the lack 
of e v a p o t r a n s p i r a t i o n from the l e a f . Differences i n response 
due t o feeding regimes and p l a n t m a t e r i a l make comparisons 
between research r e s u l t s d i f f i c u l t . Results suggest t h a t 
s u f f i c i e n t ABA was absorbed through the xylem, 
notwithstanding metabolism i n the mesophyll t i s s u e , t o cause 
a change i n stomatal aperture. ABA causes a net e f f l u x of 
potassium ions and thus causes stomatal c l o s i n g . A l i m i t e d 
reduction i n stomatal aperture was found w i t h lmg/1 ABA, w i t h 
maximum closure at 10mg/l ABA. Further opening occurred at 
40mg/l ABA, although t h i s may be due t o damage caused t o the 
guard c e l l s at t h i s concentration. The s w i f t d e cline of 
pl a n t s de novo, a f t e r root disturbance through p o t t i n g , might 
be an acute ABA mediated r e a c t i o n . Tests w i t h sodium 
c o b a l t i n i t r i t e have shown t h a t treatment w i t h ABA d i d not 
increase the concentration of potassium i n the guard c e l l s , 
when subsequently placed i n an environment t o s t i m u l a t e 
opening. I t i s possible t h a t potassium was l o s t from the 
guard c e l l s during treatment w i t h ABA and t h a t a s i m i l a r 
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l e v e l restored afterwards e i t h e r by a c t i v e t r a n s p o r t , or the 
leaking i n of potassium ions from a d j o i n i n g c e l l s . I n e i t h e r 
event very l i t t l e potassium appeared t o present i n any 
epidermal s t r i p s from leaves grown in vitro. Epidermal s t r i p s 
taken from pot grown m a t e r i a l showed a s l i g h t (but not 
s i g n i f i c a n t ) increase i n potassium accumulation i n guard 
c e l l s , although more potassium was v i s i b l e i n the epidermis, 
w i t h some epidermal c e l l s and bases of l e a f h a i r s showing 
large accumulations. I t i s possible as the l e a f surface 
proved unwettable w i t h water, t h a t a i r might have been 
trapped around the stomata causing a delay i n the d e p l e t i o n 
of C02 and thus opening. L i m i t e d opening of stomata was found 

f o r both stressed and unstressed pot grown m a t e r i a l . Large 
accumulations of potassium were however found f o r leaves from 
in vitro c u l t u r e stressed on the bench and i l l u m i n a t e d under 
the same co n d i t i o n s . Removal of epidermal s t r i p s i s known t o 
cause d i s r u p t i o n , the experiment could u s e f u l l y be repeated 
by incubating i s o l a t e d epidermal s t r i p s , although t h i s would 
remove the a f f e c t of the mesophyll. 

Potassium accumulation f o r a l l m a t e r i a l was considerably 
d i f f e r e n t from t h a t expected from the l i t e r a t u r e . I t i s 
conceivable t h a t stomata may f u n c t i o n i n t h i s species w i t h 
lower i n f l u x e s and e f f l u x e s of potassium and thus l i m i t e d 
stomatal movement under normal c o n d i t i o n s . I t may be 
post u l a t e d t h a t the presence of epidermal h a i r s , f a r i n a l 
glands and sunken stomata may markedly reduce the water loss 
from the l e a f surface preventing r a p i d changes i n water 
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s t a t u s . Leaves of Dionysia mira (Plate 23) are found t o c u r l 
upward during the summer, l i g h t i s r e f l e c t e d back from the 
f a r i n a and the angle of the l e a f ensures t h a t less l i g h t i s 
absorbed. Water loss f o r the purpose of temperature 
r e g u l a t i o n may thus be reduced. D. aretiodes shows l e a f 
r o l l i n g which may give r i s e t o s i m i l a r e f f e c t s (Plate 2) . A 
lack of stomatal f u n c t i o n has also been shown f o r Gunnera 
tinctoria (Osborne et a l 1993) as an adaption t o a wetland 
h a b i t a t . 

When stressed on the bench in vitro r a i s e d m a t e r i a l was found 
t o produce the l a r g e s t accumulation of potassium observed i n 
the treatments. Propagules exposed t o the propagation 
environment f o r two days f a i l e d t o accumulate any more 
potassium than the in vitro m a t e r i a l and may t h e r e f o r e show a 
s i m i l a r s t a t e of stomatal operation. 

The r e s u l t s of potassium accumulation i n the epidermis and 
the measurements o f stomatal aperture, show few d i f f e r e n c e s 
t o suggest a change of stomatal f u n c t i o n a l i t y between 
treatments. The wider stomatal aperture r e s u l t i n g from 
s t r e s s i n g i n v i t r o m a t e r i a l on the bench compared t o t h a t 
from stressed pot grown m a t e r i a l suggests t h a t any lack of 
change i s not due t o the r i g i d i t y of the guard c e l l w a l l . 
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4.5 DQfe@gmiaat.ion o£ Cations i n Leaf M a t e r i a l 

An analysis of cations has shown a decrease i n the K:Na r a t i o 
during in vitro c u l t u r e . Stressed and unstressed c u l t u r e s 
have both shown an increase i n sodium accumulation, and a 
corresponding drop i n calcium and magnesium l e v e l s i n l e a f 
m a t e r i a l . 

Brainerd and Fuchigami,(1982) suggested t h a t the change i n 
the K:Na r a t i o might e x p l a i n the lack of stomatal 
f u n c t i o n a l i t y of in vitro c u l t u r e s . The change i n the K:Na 
r a t i o i n Dionysias occurred through the added accumulation of 
sodium, r a t h e r than any drop i n potassium uptake. The 
a d d i t i o n of NaCl t o the c u l t u r e media has been shown t o 
increase sodium l e v e l s and decrease calcium uptake in vitro 

(Wardle et a l ,1981). The reduction i n K/Na s e l e c t i v i t y as a 
r e s u l t of s a l t s t r e s s de novo may be ameliorated by the 
a d d i t i o n of calcium (Martinez and L a u c h i i , 1993), which may 
also enhance potassium concentrations (Hawkins and Lewis, 
1993). The increase i n calcium i n the media f a i l e d t o 
s t i m u l a t e a d d i t i o n a l potassium uptake i n Dionysias, but the 
K:Na r a t i o was ameliorated by a large drop i n sodium uptake 
as a r e s u l t of e i t h e r the presence of a d d i t i o n a l calcium, or 
the increase of media pH from pH 5.7 t o pH 6.8, or both. 
Magnesium l e v e l s dropped under a l l treatments, but calcium 
accumulation increased w i t h increasing calcium concentrations 
i n the media, i r r e s p e c t i v e of pH. 
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The r e s u l t s from in vitro studies appear t o confirm r e s u l t s 
gained de novo; calcium competes w i t h sodium f o r absorption 
and increases K/Na s e l e c t i v i t y . I t was found t h a t K:Na r a t i o 
could be ameliorated, or improved above t h a t shown by pot 
grown m a t e r i a l , by increasing the calcium and/or the pH l e v e l 
of the media, Ca:Na r a t i o s could be re s t o r e d , or improved, by 
the a d d i t i o n of calcium t o the media i r r e s p e c t i v e of pH. 

The r e s u l t s f o r potassium accumulation i n guard c e l l s and 
stomatal apertures suggests t h a t stomata of Dionysia 

aretiodes 'Phyllis Carter' show low l e v e l s of f u n c t i o n a l i t y 
i r r e s p e c t i v e of the growing environment in vitro or de novo. 
Adjustments i n calcium, or pH l e v e l s , i n the medium do not 
appear t o cause any s i g n i f i c a n t d i f f e r e n c e t o stomatal 
f u n c t i o n i n Dionysias. I t was not possible t o t e s t the 
hypothesis, i n t h i s species, t h a t the lack of stomatal 
f u n c t i o n in vitro i s due t o a decrease i n the K:Na r a t i o . 

The r e s u l t s show t h a t c a t i o n l e v e l s i n Dionysia leaves are 
e a s i l y manipulated by increasing the calcium concentration, 
and/or pH l e v e l s , of the media. I f a s i m i l a r response where 
shown by other species, media adjustment might prove a novel 
and u s e f u l way of hardening in vitro m a t e r i a l p r i o r t o 
weaning. I t would be d e s i r a b l e t o t e s t t h i s hypothesis on a 
p l a n t species whose stomatal operation i s known t o be more 
responsive than Dionysias. 
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The r e s u l t s presented here show the accumulation of cations 
i n whole leaves, but i n connection w i t h stomatal f u n c t i o n the 
epidermis i s of importance and may show d i f f e r e n t 
accumulations as compared t o the l e a f as a whole. A f u r t h e r 
i n v e s t i g a t i o n i n t o c a t i o n l e v e l s i n the i n d i v i d u a l c e l l s 
using X-ray microanalysis (Pihakaski-Maunsbach and Harvey 
,1992) would t h e r e f o r e be u s e f u l . 
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CONCLUSION 

The research has shown t h a t Dionysia aretiodes 'Phyllis 

Carter' displays a lack of stomatal f u n c t i o n a l i t y under the 
range of c u l t u r e c o n d i t i o n s studied. I t i s po s t u l a t e d t h a t 
the morphological adaptions t o a dry environment e x h i b i t e d by 
D. aretiodes have e l i m i n a t e d the need f o r normal patterns of 
stomatal operation. 

ABA, or calcium and pH m o d i f i c a t i o n s t o the c u l t u r e media, 
had l i t t l e a f f e c t on potassium accumulation i n guard c e l l s , 
or on stomatal aperture; however changes i n pH or calcium 
concentration were shown t o ameliorate K:Na r a t i o s . 
A l t e r a t i o n s of media pH and/or calcium concentration might 
provide a u s e f u l method of hardening in vitro c u l t u r e s p r i o r 
t o weaning f o r species showing standard stomatal f u n c t i o n s . 

Differences i n the p a t t e r n of epidermal development were 
observed between treatments; c o n t r o l of stomatal d e n s i t y was 
l o s t in vitro. The j u x t a p o s i t i o n of glands and stomata, and 
stomatal density, would appear important f a c t o r s i n 
determining the s u r v i v a l a b i l i t y of propagules from c u l t u r e . 

Whilst no immediate methods t o improve the weaning of 
Dionysia aretiodes 'Phyllis Carter' from c u l t u r e were found, 
f u r t h e r i n v e s t i g a t i o n of the water status of Dionysias appear 
warranted. Attempts t o regulate the c o n t r o l of stomatal 
d e n s i t i e s during c u l t u r e , or the r o o t i n g of propagules i n t o 
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compost i n v i t r o p r i o r t o weaning, would seem p r o f i t a b l e 
areas of f u r t h e r research. Water loss as a f u n c t i o n of 
stomatal density appears t o be a key f a c t o r i n the weaning of 
propagules. 
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A n a l y s i s of Stomatal D e n s i t i e s 
ANALYSIS OF VARIANCE 
SOURCE DF SS MS F p 
FACTOR 23 27235.0 1184 .1 83.72 0.000 
ERROR 4139 58540.6 14.1 
TOTAL 4162 85775.5 

INDIVIDUAL 95 PCT CI ' S 
BASED ON POOLED STDEV 

LEVEL N MEAN STDEV + + 
pa 221 7.792 2.707 (-*-) 
pb 107 7 .224 2 . 615 (-*-) 
pc 110 7.791 2 .263 (-*-) 
pd 137 8.394 3.473 (-*-) 
pe 125 9.472 3.557 ( — * - ) 
Pf 38 9.263 3. 971 ( — _ * _ _ _ ) 
pg 105 8.457 3.388 (_*__) 
P h 78 10.667 2.962 (__*-) 

sa 203 12, ,488 4. .514 
sb 181 9. .459 3, . 952 
s c 260 11. .100 4 .080 
sd 272 8, , 566 4 , .080 (-* se 2 60 5. . 638 1. . 877 (-*) s f 243 12, .259 2 .780 
sg 125 11, .384 3, .419 
sh 173 7 .029 2 .067 (*-) s i 130 10, .385 2. .729 

ua 199 14. .030 7 . .072 
ub 145 15. .441 5, .328 
uc 226 8. .296 2 , .882 [-*) ud 235 6. .643 2, .306 (*-) ue 181 9. .508 3. .309 ( uf 128 14. .320 5. .156 
ug 281 11. .680 4. .573 ___+ + 

POOLED STDEV = 3. .761 6.0 9.0 
p=pot, s = s t r e s s e d , u = u n s t r e s s e d . 

Appendix 2 A n a l y s i s of Gland D e n s i t i e s 

Analysis of v a r i a n t s f o r glands. Stressed v unstressed 
ANALYSIS OF VARIANCE 
SOURCE 
FACTOR 
ERROR 
TOTAL 

DF 
1 

28 
29 

LEVEL N 
s t r e s s e d 15 
u n s t r e s s e d 15 

POOLED STDEV = 

SS 
3.3 

372 . 7 
376.0 

MEAN 
8.333 
7.667 

3.648 

MS 
3.3 

13.3 

STDEV 
4.065 
3.177 

F 
0.25 

P 
0.621 

INDIVIDUAL 95 PCT CI ' S FOR MEAN 
BASED ON POOLED STDEV 

( * ) 
+-

6.0 
* ) 

7.5 9.0 10.5 

Analysis of v a r i a n t s f o r glands. Stressed v pot 
ANALYSIS OF VARIANCE 
SOURCE 
FACTOR 
ERROR 
TOTAL 

LEVEL 
s t r e s s e d 
pot 

DF 
1 

29 
30 

N 
15 
16 

POOLED STDEV 

SS 
0.4 

399.3 
399.7 

MEAN 
8.333 
8.562 

3.711 

MS 
0.4 

13.8 

STDEV 
4.065 
3.346 

F 
0.03 

P 
0 .865 

INDIVIDUAL 95 PCT CI ' S FOR MEAN 
BASED ON POOLED STDEV 

( * 

(-
7.2 8.4 

+ -
9.6 
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Analysis of v a r i a n t s f o r glands. Unstressed v pot 
ANALYSIS OF VARIANCE 
SOURCE DF SS 
FACTOR 1 6.2 
ERROR 29 309.3 
TOTAL 30 315.5 

LEVEL N MEAN 
u n s t r e s s e d 15 7.667 
pot 16 8.562 

POOLED STDEV = 3 .266 

MS 
6.2 

10.7 

STDEV 
3.177 
3.346 

F 
0.58 

P 
0.451 

INDIVIDUAL 95 PCT CI ' S FOR MEAN 
BASED ON POOLED STDEV 

( * ) 
(--+ 

6.0 
+ -

7.2 8.4 
+ _ 

9.6 

Appendix 3 Regressions of Gland and St.omat.al D e n s i t i e s 

Regression of glands against stomatal density i n stressed 
c u l t u r e s 

The r e g r e s s i o n e q u a t i o n i s 
g l a n d s = 0.27 + 0.313 s t o m a t a 

P r e d i c t o r 
C o n s t a n t 
s t o m a t a 

C o e f 
0.2 67 
0.31263 

S t d e v 
1.250 
0.04444 

t - r a t i o 
0.21 
7.03 

P 
0.834 
0.000 

s = 1.924 R - s q = 79.2% 

A n a l y s i s o f V a r i a n c e 

SOURCE 
R e g r e s s i o n 
E r r o r 
T o t a l 

DF 
1 

13 
14 

SS 
183.20 
48.13 

231.33 

R - s q ( a d j : 

MS 
183.20 

3.70 

77 . 6% 

F 
49.48 

P 
0.000 

Regression of glands against stomatal density i n unstressed 
c u l t u r e s 

The r e g r e s s i o n e q u a t i o n i s 
g l a n d s = 3.79 + 0.120 s t o m a t a 

P r e d i c t o r 
C o n s t a n t 
s t o m a t a 

C o e f 
3.789 
0.12018 

S t d e v 
1.381 
0.03794 

t - r a t i o 
2.74 
3.17 

P 
0. 017 
0.007 

s = 2.477 R - s q = 43.6$ 

A n a l y s i s o f V a r i a n c e 

SOURCE 
R e g r e s s i o n 
E r r o r 
T o t a l 

DF 
1 

13 
14 

SS 
61.574 
79.759 

141.333 

R - s q ( a d j ) = 39.2% 

MS 
61.574 
6.135 

F 
10.04 

P 
0.007 
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Regression of glands against stomatal d e n s i t y i n pot grown 
p l a n t s 

The r e g r e s s i o n e q u a t i o n i s 
g l a n d s = - 0.01 + 0.348 s t o m a t a 

P r e d i c t o r 
C o n s t a n t 
s t o m a t a 

C o e f 
-0.010 
0.3481 

S t d e v 
2.904 
0.1147 

t - r a t i o 
-0.00 
3. 03 

P 
0.997 
0.009 

s = 2.690 R - s q = 3 9 . I S 

A n a l y s i s o f V a r i a n c e 

SOURCE 
R e g r e s s i o n 
E r r o r 
T o t a l 

DF 
1 

14 
15 

SS 
66.620 

101.317 
167.937 

R - s q ( a d j ) = 35. Hh 

MS 
66.620 
7.237 

F 
9.21 

P 
0.009 

Appendix 4 A n a l y s i s of Cati o n Concentrations 

Analysis of v a r i a n t s f o r K l e v e l s 

INDIVIDUAL 95 PCT C I ' S FOR MEAN 
BASED ON POOLED STDEV 

L E V E L N MEAN STDEV + + + + 
K p o t 4 14.095 1.382 ( * ) a 
K s t r e s s e d 5 20.268 6.628 ( * ) a 
K u n s t r e s s e d 5 18.090 3.380 ( * ) a 
K min K 3 1.210 0.745 ( * ) b 

POOLED STDEV = 4.190 0.0 8.0 16.0 24.0 
D i f f e r e n t l e t t e r i n g shows a t l e a s t a * * l e v e l o f s i g n i f i c a n c e b etween 
t r e a t m e n t s . 

Analysis of v a r i a n t s f o r sodium l e v e l s 

L E V E L N MEAN STDEV 
Na p o t 4 1.745 0.563 
Na s t r e s s e d 5 7.099 2.456 
Na u n s t r e s s e d 5 7.150 1.035 
Na min K 3 4.326 1.920 

INDIVIDUAL 95 PCT C I ' S FOR MEAN 
BASED ON POOLED STDEV 

( * ) a 
•)b 
•)b 

(--+- •) ab 
— + -POOLED STDEV = 1.681 0.0 2.5 5.0 7.5 

D i f f e r e n t l e t t e r i n g shows a t l e a s t a * * l e v e l o f s i g n i f i c a n c e b e t w e e n 
t r e a t m e n t s . 
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A n a l y s i s o f v a r i a n t s f o r c a l c i u m l e v e l s 

INDIVIDUAL 95 PCT C I ' S FOR MEAN 
BASED ON POOLED STDEV 

L E V E L N MEAN STDEV — + + + + 
Ca p o t 4 7.3988 0.9483 ( — * — ) a 
Ca s t r e s s e d 5 3.9950 0.5373 ( — * - - ) b 
Ca u n s t r e s s e d 5 4.1220 0.6538 ( — * — )b 
Ca min K 3 2.4383 0.2190 ( * — -) c 

+ 

POOLED STDEV = 0.6597 2.0 4.0 6.0 8.0 
D i f f e r e n t l e t t e r i n g shows 
t r e a t m e n t s . 

a t l e a s t a * * l e v e l o f s i g n i f i c a n c e b e tween 

A n a l y s i s of v a r i a n t s f o r magnesium l e v e l s 

L E V E L N MEAN STDEV - + 
Mg p o t 4 3.0813 0.3705 
Mg s t r e s s e d 5 1.1080 0.2847 ( — * — ) b c 
Mg u n s t r e s s e d 5 1.1750 0.1649 ( - - * - ) b 
Mg min K 3 0.5733 0.2208 ( — * — )C 

INDIVIDUAL 95 PCT C I ' S FOR MEAN 
BASED ON POOLED STDEV 

( — * — ) a 

POOLED STDEV = 0.2 692 
D i f f e r e n t l e t t e r i n g shows 
t r e a t m e n t s . 

a t l e a s t a 

+ + + 
1.0 2.0 3.0 
* * l e v e l o f s i g n i f i c a n c e b e tween 

Appendix 5 A n a l y s i s of Cation Concentrations on Modified 
Media 

A n a l y s i s Of v a r i a n t s f o r c a l c i u m l e v e l s 

INDIVIDUAL 95 PCT CI' S FOR MEAN 
BASED ON POOLED STDEV 

LEVEL N MEAN STDEV -+ — + +_ +_ 
Ca -u 5 3.798 0.816 ( * ) a 
Ca -w 5 2.575 0.430 ( — — * ) a 
Ca -x 5 8.625 2.486 ( * )b 
Ca -y 5 8. 692 1.912 ( * - ) b 
Ca -z 6 14.287 4.926 ( * — 

- + — + +-
•)b 

D i f f e r e n t l e t t e r i n g shows a t l e a s t 
t r e a t m e n t s . 

a * * l e v e l o f s i g n i f i c a n c e b e tween 
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Analysis of v a r i a n t s f o r sodium l e v e l s 

L E V E L N MEAN STDEV + 
Na -u 5 6.1275 1.4502 
Na -w 5 1.4965 0.1621 { — * — -)b 
Na -x 5 1.5880 0.6131 ( — * — ) b 
Na -y 5 2.1050 0.2197 ( — * — ) b 
Na -z 6 1.3054 0.6593 ( — * — ) b 

POOLED STDEV = 0.7680 2.0 

INDIVIDUAL 95 PCT C I ' S FOR MEAN 
BASED ON POOLED STDEV 

-- + --
4.0 

( _ _ _ * . •)a 

6.0 
D i f f e r e n t l e t t e r i n g shows 
t r e a t m e n t s . 

a t l e a s t a * * l e v e l o f s i g n i f i c a n c e b e t w e e n 

Analysis of v a r i a n t s f o r magnesium l e v e l s 

L E V E L N MEAN STDEV 
Mg -u 5 1 3760 0.1952 
Mg -w 5 0 8165 0.0874 
Mg -x 5 0 9545 0.1963 
Mg -y 5 0 9640 0.1260 
Mg -z 6 0 9067 0.2306 

POOLED STDEV = 0.1781 
D i f f e r e n t l e t t e r i n g shows a t 1 
t r e a t m e n t s . 

INDIVIDUAL 95 PCT C I ' S FOR MEAN 
BASED ON POOLED STDEV 

( * ) a 
( * ) b 

( * ) b 
( * ) b 

( * ) b 

0.75 1.00 1.25 1.50 
a s t a * * l e v e l o f s i g n i f i c a n c e b e t w e e n 

Analysis of v a r i a n t s f o r potassium l e v e l s 

INDIVIDUAL 95 PCT C I ' S FOR MEAN 
BASED ON POOLED STDEV 

L E V E L N MEAN STDEV + + + + --
K -u 5 18.072 3.967 ( * ) a 
K -w 5 15.674 1.886 ( * ) a 
K -x 5 12.834 3.361 ( * ) a 
K -y 5 16.188 5.322 ( * ) a 
K -z 6 13.672 3. 652 ( * ) a 

POOLED STDEV = 3.794 10.5 14.0 17.5 21.0 
D i f f e r e n t l e t t e r i n g shows a t l e a s t a * * l e v e l o f s i g n i f i c a n c e b e tween 
t r e a t m e n t s . 
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