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ABSTBBCT 

T h e  i n t e n t  of this s t u d y  of t h e  a n a i r o g t i c a l  araa 

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

c l o n e d  t?ug i d a e u s  L, s e l e c t i o n  was t o  p r o v i d e  o b j e c t i v e  

a s s e s s m e n t  of ~ e d i u t a  a n d  e n v i r o n r t t e n t a l  pa raae te r s  p r i o r  t o  

t r a n s p l a n t  and d e t e r m i n e  sozae of the c o n d i t i o n s  t h a t  influence 

accl imatiza t i u n  of t r a n s p l a n t s ,  

Anatomy a n d  leaf  surface fea ttires og p l a n t i e  ts a n d  

persistent and new g r o w t h  of t r a n s p l a n t s  were exa~ined, Growth 

i n  c u l t u r e  p r o m o t e d  s ~ a l l ,  t h i n  leaves with less c o m p a c t  

chlorencliyena t i s s u e ,  apt a l tered p a l i s a d e  cell s h a p e  and many 

o t h e r  d i f f e r e n c e s  conapared t o  c o n t r o l s ,  S toma t a  l a n d  t r i c h o ~ e  

nurt tkers  a n d  d i s t r i b u t i c n  were affected as was st o r a a t a l  f u n c t i o n ,  

C o l l e n c h p m  a n d  s c l e r e n c h y r t t a  s u ~ ~ o r t  tissues aldd s e c o n d a r y  w a l l  

d a v e l c p w n t  were i r n h i b i t e d  &g v j t r o  i n  a11 organs. N e w  growth of 

t r a r n s p l a n t s  vas i n t e r n e d i a t e  ( t r a n s i t i o n a l )  between c u l t u r e  and  

c o n t r o l  p l a n t s  a n d  affected by t h e  t r a n s p l a n t  l i g h t  i a t e n s i  ty, 

Data was collected on g a s  e x c h a n g e ,  a variety of l e a f  

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

weight, ~ e r c e n t a g e  water c o n t e ~ t ,  c j r a ~  d r y  weigh t/area a n d  t o t a l  

p l a n t l e t  leaf area. Starch storage c a p a c i t y ,  c h l o r o p h y l l  a 

f l u o r e s c e r a c e  i a d u c t i o n  and  o x y g e n  evo .1ut i .m r a t e s  were measxired 

i n  cultured a n d  control. plants, C u l t u r e d  p l a n t l e t s  d e m o n s t r a t e d  

r e l a t i v e l y  low L e v e l s  of C 0 2  u p t a k e  c m p a f e d  t o  c o n t r o l  p l a n t  

rates, w h i l e  t r a n s p f a a t s  had i n t e r n e d i a t e  rates. The s u c c e s s i o n  

of new l e a v e s  of t r a n s p l a n t s  i m ~ r a v e d  a n a t o n t i c a l l y  and i n  3*Co2 

iii 



u p t a k e  a b i l i t y ,  b o t h  of w h i c h  were i n f l u e n c e d  b y  light 

i n t e n s i t y l  Pigment  content, • ’resB/dry  weight, p e r c e n t a g e  water 

ccsatent and  gram dry w e i g h t l a r e a  were a l l  affected b y  c u l t u r e -  

P e r s i s t e n t  leaves of transplants did not increase in size with 

time but d i d  accuiitulate d r y  ~ a t t e r  a t  the h i g h e r  l i g h t  

i n t e n s i t i e s ;  p r o b a b l y  at t h e  expease of t h e  new leaves, C u l t u r e d  

p l a n t  l e t  l e a v e s  showed d e c r e a s e d  s t a r c h  s torage capacity aud  

~eeuced oxygen e v c l u t i o n  rates coxapared to controls, Spent 

m e d i m  was found to have p o t e n t i a l  as a n  a n a l y t i c a l  tool i n  

c u l t u r e  evaluation and improvewent ,  

A aatantical and p h y s i o l o g i c a l  f ~ n n c t  ion data are suremarized 

and i n t e r p r e t e d  b a s e d  on a n  e p i g e n e t i c  change concept t h a t  

includes a c c l i m a t i z a t i o n  phenomena. 8na totxtical, p h y s i o l o g i c a l  

and ~ e 8 i . u ~  tests a r e  c o n s i d e r e d  i n  ~ e d i u n  and e n v i r o n n w ~ t a l  

parameter e v a l u a g i o a  io plant tissue c u l t n r e ,  



DEDfCATf 0% 

T h i s  t h e s i s  is d e d k a k e d  to ~ e o p f e  who work with a n d  s t u d y  

tissue c u l t u r e d  p l a n t s .  



If a bud Or; torn from the branch of a tfee and cut out and 
planted in the earth u i t h  a glass c u p  i n v e r t e d  o v e r  it to 
prevent  t h e  e x h a l a t i o n  fro@ b e i n g  a t  f i r s t  greater t h a n  its  
power of absorptiora; or if it he i n s e r t e d  into the bark 05 
another tree, it will grow, and become a plant in every respect 
like its p a r e n t ,  This e v i n c e s  t h a t  every bud of a tree is a n  
individual vegetable being; and that a tree therefore is a 
family or swam of i o d i o i d u a l  p l a n t s ,  l i k e  t h e  polypus, u i t h  its 
growing young  o u t  05 its sides, or like the b r a n c h i n g  cells of 
t h e  coral  insect,, . t h e  shoat is a s u c c e s s i o n  of i n d i v i d u a l  
v e g e t a b l e  ntembers, {Erasnus Darwin,  1800; cited b y  w h i t e ,  1979. 
page f 09,) 
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A. Geaefak Iatroduct ion 



C u r r e n t l y  t h e  a o s t  a d v a n c e d  a s p e c t  of p lan t .  t i s s u e  culture 

{ C o n g e r ,  1981) with t h e  greatest p r a c t i c a l  a p p l i c a t i o u  

( M u r a s h i g e ,  1977a, 1978af is the r a p i d  ~ g u l t i p l i c a t i o n  o r  c l o n a l  

p r o p a g a t  ion of 'select g e n o t y p e s .  Dif t h e  t i s s u e  culture 

t e c h n i q u e s  i n v o l v e d  i n  asexual m u l t i p l i c a t i o n  o f  p l a n t s ,  a 

p r e f e r r e d  method h a s  b e e n  t h a t  of e n h a n c e d  a x i l l a r y  b r a n c h i n g  

v i t s o  (Fig .  1, inset). H h i l e  this lanethod is r e l a t i v e l y  slow, i t  ---- 
h a s  broad a p p l i c a b i l i t y  a n d  produces less gene tic ~ a r i a  t i o n  than 

a d v e n t  ive p r o c e s s e s  {Rur ;9skige ,  l 9 7 7 b ) .  A x i l lary  b r a n c h e s .  

[ s h o o t s )  are s t i r a n l a t e d  t o  grow by c y t o k i n i n - c o n t a i n i n g  n u t r i e n t  

aeaiura.  These b r a n c h e s  a r e  c u t  a p a r t  a a d  e i t h e r  s A c u l t u r e d  t o  

new a e d i u ~  f o r  c o n t i n u e d  s h o o t  ~ r o l i f e r a t i o a  o r  rooted, 

H u r a s h i g e  (1978B) describes f o u r  s e q u e n t i a l  s t e p s  o r  s t a g e s  f o r  

in v i t f o  p r o p a g a t i o n ,  a l though  fewens or  g r e a t e r  nuenber of s t e p s  - -- 
are sogleti~tes u s e d  [ P i g ,  1). It is n o t  u n u s u a l  t o  r e a l i z e  

t h r o u g h  this p r o c e s s  w i l l i o n - f o l d  i n c r e a s e s  i n  c l o n a l  pf an t 

nnabers o v e r  t r a t l i t i o n a l  p r o p a g a t i v e  means. In s t a g e  3 a stem 

t i p  or n o d a l  b u d  e x ~ l a n t  i s  e s t a b l i s h e d  a s e p t i c a l l y  j.. v i t r o .  I n  

stage I3 c l o n a l  i a c s e a s e  o c c u r s ,  T h i s  s t a g e  caa b e  repeated wany 

tirrtes Cy s u b c u l t u r e  of aewPy e m e r g e d  shoots ts new ~ e d i u ~ .  F o r  

s o a e  c u l t i v a r s  d i r e c t  t r a n s f e r  from s t a g e  13: t o  s o i l  is 

p o s s i b l e .  F o r  many o t h e r  p l a n t s ,  a n  a d d i t i o n a l  culture step 

( s t a g e  IIL), dusing which the s h o o t s  a re  i n d i v i d u a l l y  sooted, 

i m p r o v e s  s u r v i v a l  uFon t r a n s p l a n t  t o  soil [s tage XB). 



Figure 1. The four sequential stages of tissue culture 

propagation; inset, a x i l l a r y  branching. 
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T h e  c u r r e n t  i i g ~ r o a ~ h e s  t o  laedia f o r ~ u l a t i o n  and d e c i s i o n s  

involving o p t i g a l  e n v i r o a ~ e n t a l  p a r a m e t e r s  t o  s u s t a i n  p l a n t  

g r o w t h  are b a s e d  o n  a l i m i t e d  number of cr i ter ia  which i n c l u d e  

nuaber of  s u r v i v o r s  [stage E and I'fl), nuabel: o f  a ~ i f l a r y  s h o o t s  

pe r  c u l t u f  e c y c l e  [ s t a g e  11). * * g r e e n n e s s a 3 ,  mvigousw a n d  

f i h a ~ d i a 3 e s s g t  ( s t a g e  I I P  a n d  If), a n d  *nor laa lacy '*  and  

~ * t r ~ e n e s s - t o - t g t p e ' ~  (stage IB) . T bough t h e  majority of  tissue 

cultorists employ t h e  Rurashige and 5koog  [I9623 basal .  medium 

Eormul  ation, d e v e l o p e d  lEor t o b a c c o  c a l l u s  g r o w t h ,  they do. not 

use fresh or d r y  w e i g h t  t i s s u e  y i e l d s ,  a s  t h e s e  anthars  did, i n  

nrediu a a s s e s s ~ e n t ,  Mhile ruedia f o r m u l a t i o n  n e e d  n o  longer b e  the 

e n t p i r i c a l  p r o c e d u r e  it o a c e  was, even r e l a t i v e l y  s o p h i s t i c a t e d  

a p p r o a c h e s  s u c h  as t h a t  elaborated b y  d e f o s s a s d  el: a l  [7974), a 

proponent of the m u l t i f a c t o r i a l  a p p r o a c h ,  a f E e c t  no  s u g g e s t i o n  

a s  t o  how b e s k  t o  e v a l u a t e  t h e  p r o g r e s s  of ~ u l t u r e d  p l a n t l e t s ,  

E v a l u a t i o n  is d c n e  i n t u i t i v e l y  a) i n  a manner  t h a t  reflects 

s u c c e s s  or f a i l u r e :  i t  s u r v i v e d - i t  d i d n f  t ;  i t  g r e w - i t  d i d n *  t; i t  

p r o d u c e d  a x i l 1  a f y  branches-it zrever b r a n c h e d  ; it r o o t e d - i t  

d i d n '  t; i t  t r a n s p l a n t e d - i t  died b) w h i l e  s u c c e s s  or f a i f  are 

t e r a i n o l o g y  is o f t e n  applied to s t a g e s  I, IEI and IY, cri ter ia  

may e x t e n d  t o  shoo t  o r  p l a n t  s ize a s  w e l l  as  n u ~ b e r s .  L e n g t h  nay  

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

I f  c u f  tare c o n d i t i o n s  for r a p i d  ntuft i p l i c a t i o n  a  nd shoot l e n g t h  

and nuarbess send s t a g e  11 p r o p a g u l e s  t o  r e p e a t  s u b c u l t u r e  o r  t o  

s t a g e  PXI o r  IB for r o o t i a g .  Plant h e i g h t  is sowetiraes n s e d  t o  

e v a l u a t e  stage IY t r a n s p l a n t s  after a p e r i o d  of e s t a b l i s h m e n t  i n  



soil {HilPer art3 H u r a s h i g e ,  1976) c) t h e  g e n e r a l  state of h e a l t h  

of t h e  p l a n t l e t s  i s  sc~etimes described, u s u a l l y  i n  subjective 

terns s u c h  a s  * c h l o r o t i c f f ,  f l w a t e r y n r  fl-iaigorousfl a n d  t h e  like, A 

prinle o b j e c t i v e  of t h i s  thesis is t o  s u g g e s t  t h e  r e p l a c e m e n t  of 

t h i s  s u b j e c t i v e  and  i n a d e q u a t e  t e r ~ i n o l o g y  w i t h  d e s c r i p t i v e  

a n a t o r a i c a l  a n d / o r  f u n c t i o n a l  c r i ter ia ,  

D e c i s i a n s  t o  transfer p l a n t l e t s  t o  new i a e d i u ~  o r  t o  s o i l  

s h o u l d  b e  based on g u a n t i t a t i v e  perf-ori t tance criteria. 'She 

p r i m a r y  o b j e c t i v e  of t h i s  stady was to compare stage I I T  and IV 

p l a n t l e t s  w i t h  c o n t r o l .  p l a n t s  i n  a s e a r c h  f o r  a n a t o s l i c a l  ~ a r k e r s  

and  p h y s i o l o g i c a l  t es ts  t o  u s e  a s  cr i ter ia  t o  evaluate  or  

a e a s u r 2  p r r f o r a a n c e .  f n  this precess spent a a d i u a  was e x a ~ i n e c l  

as  a n  i n d i c a t o r  of p l a n t l e t  p e r f o r m a n c e  hg v i t r o .  The 

c o r o l l a r i e s  were t o  d e t l t o n s t r a t e  t h a t  a n a t o ~ t t i c a l  and ja r  

p h y s i o l o g i c a l  c r i ter ia  o r  me4 iu@ ana f y s i s  used t o  Itteasure 

p e r f  o s m n c e  o r  f u n c t i o n a f  c o a p e t e n c e  &i ~ i t r o  f a c i l i t a t e  

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

far ther  a i ~  was to i n v e s t i g a t e  scrne 05 tfte f e a t u r e s  o f  

a c c l i t ~ a t i z a  t i o n  i n  t r a n s p l a n t s .  

Red raspberry (gums idaeus L,) was selected f o r  u s e  i n  

t h e s e  e x p e r i a e n t s  becaase of its econora ic  iap-orta~lce i n  B r i t i s h  

Coluab ia  and t h e  a u t h o r ' s  fa ta i l i ar i ty  uith t h e  c u l t u r e  of g?gs 

s p e c i e s ,  f n  1983 British t'olaittbia had  a g g r o x i r a a t e 3 y  2,500 

h e c t a r e s  d e v o t e d  t o  red r a s p b e r r y  w i t h  every i n d i c a t i o n  of 

continued e x p a n s i o n ,  T h e s e  h a d  the h i g h e s t  yields per u n i t  a r e a  

of a n y  r e g i o n  i n  t h e  rorfd (Daubeny, 1983) .  F o r  a complete 



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

r e v i e w  of t h e  l i t e r a t u r e  c s n c e r n i n g  their c u l t u r e  see D o n n e l f y  

(1980) and D o n n e l l y ,  S t a c e - w i t h  a n d  Piellor [ 1980 ) ,  

T b e  accfimatization cf c u l t u r e d  p l a n t s  t o  soil h a s  r e c e i v e d  

r e l a t i v e l y  little a t t e n t i o n  { S u t t e r  and Langhans ,  7 9 7 9 ;  

Metzs te in  a n d  SomEser, 3982, 113831 though it r e m a i n s  a n i a j o r  

o b s t a c l e  i n  caiti~ercial. t i s s u e  c o l t a r e  m i c r o p r o p a g a t i o n  

{Anderson, 1980) ,  a n d  is oftea  t h e  i i g i t i n g  f a c t o r  i n  i ts 

s u c c e s s  ( P o o l e  and C o n o v e r ,  3983) , Yhen p l a n t l e t s  are 

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

d e s i c c a t e  r e a d i l y  and Bay d i e  a s  a r e s u l t  of the c h a n g e s  i n  

re lat ive  h u a i d i t f .  F o r  some y f a n t s  t e n t i n g  a n d / o r  m i s t i n g  

reduces or e l  i ~ i n a t e s  t r a n s p l a n t  losses, for o t h e r s  s u c h  a s  

c a r n a t i o n  150% losses; Earle an3 L a n g h a n s ,  7975; 30-903 losses; 

S u t t e r  and Langhaas ,  1979) and t h o r n l e s s  b l a c k b e r r y  {YO% l o s s e s ;  

Brooiae and Z i m e r ~ a n ,  197%) t h e s e  t a c t i c s  are n o t  sufficient So 

e n s u f e  s u r v i v a l  of a l l  of t h e  r e g e n e r a t e d  p l a n t s .  I s p e r a t i v e  t o  

a n  u n d e r s t a n d i n g  o f  the a c c f i n t a t i z a t i o n  pzocess ,  is t h a t  it b e  

r e l a t e d  'to b o t h  s t r u c t u r a l  anatoaty sad physiol~gicaJ. p r c s c e s s e s  

o f  p l a n t  lets undergoing e n v i r o n ~ e n  taf change, The term 

accZinaaZion and accf i r a t i z a t i o n  describe t h e  process o f  

a d a p t a t i o n  of a n  organisrrs t o  e n v i r o n a e n t a l  change; the 

a c c l i m a t i o n  process is regulated by n a t u r e ;  the a c c l i m a t i z a t i o n  

p r o c e s s  is r e g u l a t e d  by man. These definitions were accepted by 

the 1977 Enviroalnental C o n d i t i o n i n g  Syrtlgasiue ( 8 r a i a e r d  and 

F u c h i g a ~ i ,  198 1 )  . I n  t h i s  t h e s i s  a c a u t i o u s  i n t e r  F r e t a t i o n  of 



the term a c c l i ~ a t i z e d  h a s  been employed ,  I t  is f r e q u e n t l y  u s e d  

i n  t h e  lits rature t o  d e s c ~ i b e  t r a n s p l a n t s  a t  ~ a r i o u s  i n t e r v a l s  

a f t e r  transfer t o  soi l .  T h e s e  o f t e n  d i f f e r  f r o m  c o n t r o l  plants 

i n  v a r i o u s  ways. Hore c o r r e c t l y ,  these t r a n s p l a n t s  were 

u n d e r g o i o g  t h e  process of a s = c l i m a t i z a t i o n ,  a n d  should not b e  

t e r m e d  a c c l i r a a t i z s d  u n t i l  i n d i s t i n g u i s h a b l e  f rom c o n t r o l s ,  The 

u o r d  t r a n s p l a n t  h a s  been s u b s t i t u t e d  f o r  a c c l i m a t i z e ?  p l a n t  i n  

many i n s t a n c e s  t o  a v o i d  c o n f u s i o n .  Zrt select cases it h a s  been  

r e t a i n e d  t o  i ~ d i c a t e  c o n t r o l  Ie g e l s  of t h e  specific i t e a  under 

i n v e s t i g a t i o n  ( s u c k  a s  a c q u i s i t i o n  of n o r m 1  s t o m a t a 1  E u n c t i o n ) .  

It s h o u l d  however b e  k e p t  i n  aind t h a t  t h i s  is a c c l i n a t i z a t i o n  

o n l y  i n  a l i ~ i t e d  sense; it does  not; d e s c r i b e  t h e  l a u h t i p f i c i t y  

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

a re  a E f e c t e r l  b y  e n r r i r  c n s l e n t a l  c o n d i t i o n s ,  

I n  t h e  l i t e r a t u r e  the p r i ~ a r y  c o n c e r n s  h a v e  k e n  w i t h  water 

loss o f  t r a n s p l a n t s  d u e  l o  d e f i c i e a c i e s  o f  a ) e p i c r a t i c u l a r  o r  

~ n t i c u l a r  wax, b ) s t o r a t a f  c o n t r o l  o r  c) f o l i a r  a n a t o ~ y .  

a]  Low s u r v i v a l  ra te  of t r a n s p l a n t s  h a s  b e e n  a t t r i b u t e d  l o  

excess c u t i c u l a r  t r a n s p i r a t i o n  because of l a c k  of e p i c u t i c u l a r  

wax In caul  i f lcver /Gr"r;ut, 1975; Grout and  Aston, 1977a) and 

c a r n a t i o n  [ S n t t e r  and La n g h a n s ,  1979) , G r o u t  j 1975) r e p o r t e d  

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

leaves of caulif l oves  grassica olergcs var qp.mxt& 

s C u r r a m o n g * )  p l a n t  lets o n l y  a f t e r  t r a n s p l a n t a t i o n ,  after lr3 d a y s  

i n  s o i l  ~ e r s i s t e n t  l e a v e s  a p p a r e n t l y  r e s e ~ t b l e d  c o n t r o l  l e a v e s  a s  

d i d  new l e a v e s  f o r s e d  a f t e r  t r a n s p l a n t i n g ,  Grout a n d  a s t o n  



(1  9 7 7 a )  s u g g e s t e d  t h a t  - e x c e s s i v e  watef l o s s  of r e g e n e r a n t s  (go 

o l e r a c e a  s a c  h o t r y t i g  'Armado T a r d o * )  was c a u s e 4  by s e v e r e l y  --- 
r e d u c e d  e p i c u t i c u l a r  wax f o r m a t i o n  in v i t m  d u e  t o  t h e  h i g h  

humidity of c n f  tare, T r a n s p l a n t e d  c a r n a t i o n  ( D i a n t h u s  

c a r ~ o ~ h ~ l l u s  L . ' f h i t e  P i k e ' s  P e a k ' )  d e v e l o p e d  i r r e g u l a r  - 
e p i c u t i c u l a r  wax d e p o s i t s  d u r i n g  2 - 5  weeks of h a r d e n i n g  i n  the 

g r e e n h o n s e ,  E l e v a t e d  l i g h t  i n t e n s i t y  (10,000 l u x )  i n  s t a g e  1x1 

culture d i d  not affect the aBorrnt  o f  leaf surface wax of 

t r a n s p l a n t s  { S u t t e r  a n d  Langharns, 1"979), Rakes: 11974) shoved 

t h a t  i n c r e a s e s  i n  r a d i a n t  energy or  d e c r e a s e s  i n  t e a p e r a t w e  OK 

h u m i d i t y  crsnPd influence t h e  amount ,  a s  v e x 1  a s  t h e  c o n f o r ~ a t i o n  

an8 d i s t r i b u t i o n  of leaf surface wax, Rowever,  h e  pointed o u t  

that t h e  p r o p o r t i o n a l  i n c r e a s e  of wax w i t h  i n c r e a s i n g  l i g h t  

i n t e n s i t y  i s  v e r y  l i t t l e  a t  e l e v a t e d  r e l a t i v e  h u a l i d i t y ,  ?lo 

d i f f e r e n c e s  were d e t e c t e d  i n  t h e  surface wax s t s u c t n r e  of 

cu L t u r e d  sweetgn~  { L i n u i d s m b a r  stprpc_ifzgi) p l a n  ts ( H e t  z s t e i n  

and  Somer ,  l 9 8 3 ) ,  

b) I n  t r a n s p l a n t e d  plum (Prunus i - n s t i t i a  Lo * P i x y s )  water 

l o s s  was shown t o  be pr i tnas i f  y a b a x i a l  a n d  e i t h e r  c u t i c u l a r  f ro=  

l a c k  of e p i c u t i c u l a s  wax, or stomata1 { F u c h i g a n i ,  Cheng a n d  

S o e l d n e r ,  I W l ) ,  S t o r n a t a l  f r e q u e n c i e s  were less i n  ' P i x y  p lum 

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

[ B r a i n e f d ,  F u c h i g a a i ,  H w i a t k o u s k y  a n d  C l a r k ,  I9813 , W e t z s t e i n  

a n d  Solantes f1983f r e p o r t e d  t h e  s u r p r i s i n g  f i n d i n g s  that s t o r n a t a l  

f r e q u e n c i e s  were g r e a t e r  i n  s i ree tguet  p f a n t l e t s  than i n  c o n t r o l s  

a n d  s t o n t a t a l  length a v e r a g e d  17 u ~ ,  s l i g h t l y  longer t h a n  t h e  -I& 



urn oi t h e  c o n t r o l s  and t r a u s p l a n t s ,  M e t z s t e i n  a n d  S o ~ m s r  (3982,  

1983) showed that l e a v e s  of sweetgum p l a n t l e t s  in culfrure had 

ra i sed  c i r c u l a r  s t o a a t a .  Gtiard cel ls  p r o t r u d e d  f ro% t h e  a b a x i a l  

s u r f a c e  2. v i t x o  u n l i k e  t h o s e  of c o n t m l  leaves, The a d a x i a l  

e p i d e r m a l  ce l l s  were oval i n  cultured leaves, The epiderraal 

cells had i r r e g u l a r  undulations i n  t h e i r  a n  t i c f i n a l  walls, 

J i e a v e s  f r o @  t r a n s p l a n t s ,  a s  ia the con i t roZ  p l a n t s ,  had d e p r e s s e d  

e l l i p s ~ i d  s t o ~ a t a ;  t h e  g u a r d  ce l l s  d i d  not protrude like t h o s e  

of c u l t u r e d  leaves, E p i d e r @ a l  cells r e t a i n e d  their i r r e g u l a r  

o v a l  s h a p e  in t r a n s ~ f a n t s ,  v i t h  wavy a n t i c Z i n a l  walls, si~tnilaz 

to leaves grown i n  c u l t u r e ,  E p i d e r m a l  ce l l s  were i s o d i a m e t r i c  

[cubical) in control ~ l a n t  I t e a v e s  w i t h  s e g u l a r  and evenly 

a r r a n g e d  a n t i c l i n a l  walls, E r a i n e r d  and Puchigami [Igfl'!) showed 

t h a t  a c c l i m a t i z a t i o n  t o  low r e f  a t i v e  h n i a i d i t y  c o u l d  be m o n i t o r e d  

u s i n g  leaf r e l a t i v e  w a t e r  content and p e r c e n t a g e  stomata1 

c l o s u r e ,  T h e y  d e w o n s t r a t e d  u s i n g  'Pixys plum t h a t  leaf water 

l o s s  was d i r e c t l y  related t o  s t o ~ a t a l  c l o s u r e ,  a n d  

a c c l i a a t i z a t i o z n  to lois r e l a t i v e  h u a i d i t y  i-tmzrolved the 

deve1oprnen.t of a n  a c c e l e r a t e d  s t o a a t a l  r e s p o n s e ,  Leaves of 

cultured apple fPa1us domesligg (Borkh.)  'Bat 9')  were f o u n d  t o  

h a v e  no n o ~ t u r n a l  s t o a a t a l  closure p a t t e r n ,  n o r  d i d  they c l o s e  

i n  r e q o n s e  t o  4 h o u r s  darkness ,  4 h o u r s  1 H ~ a n n i t o l  i n d u c e d  

w a t e r  stress, 1 hour 30-4 M a b s c i s i c  a c i d  t r e a t m a t  nos 1 h o u r  o f  

0 , 1 2 X  C 8 2 ,  u n t i l  t h e  t r a n s ~ l a n t s  had  acclimt i z e d .  S t o r n a t a l  

r e s p n s e  f o r  plum and apple t r a n s p l a n t s  api;roxirnatad that of 

c o n t r o l  p l a n t s  w i t h i n  U-5 d a y s  a% 30-40s r e l a t i v e  h u r a i d i t y  



[ B r n i n e r d  a n d  Fuchigars i ,  1981, 1 9 8 2 ) -  S t o m a t a  of red r a s p b e r r y  

p l a n t l e t s  d i d  not  close a t  n i g h t ,  nor i n  response t o  s e v e r a l  

h o u r s  o f  1 PI a b s c i s i c  acid or e l e v a t e d  C02 t r e a t m e n t  (Donnelfy 

a n d  V i d a v e c ,  u n p u b l i s h e d ) ,  From x-ray micro- p r o b e  a n a l y s i s  

sardfe,  Q u i r i l a n  a n d  S i n t p k i n s  11979) suggested that l o n e r  K: &a 

c o n c e n t r a t i o n  r a t i o s  o f  Q g i e  cauliflower c o n t r i b u t e d  t o  t h e  

poor s t o m t a l  c l o s u r e  ntechanis~, 

i l a r d f e ,  DcObs and S h o r t  (1983) a t l e ~ p t e d  t o  grow 

c h r y s a n t h e m m  {Chsvsaathelmura x ~sorifol&.g Aaraat, sSnowdon*) , and 
cauliflower o le rags  L, var &~t rx&P_s)  p l a n t l e t s  Lq v i t r ~  

w i t h  a laref of lanolin c o v e r i n g  the ~ftediua, w i t h  o r  without  a 

packet of silica g e l  enclased i n  the c u l t u r e  c o n t a i n e r ,  t o  

f a r t h e r  c o n t r o l  the r e l a t i v e  hurr t id i ty ,  The surface P a y e r  of 

l a n o f i n  brought t h e  r e l a t i v e  huaidity down from h i g h e r  t h a n  90% 

t o  33% which was a c c o a p a o i e d  by r e t a r d a t i o n  05 p l a n t l e t  g r o w t h .  

The addition of s i l i c a  g e l  reduced t h e  r e l a t i v e  h u m i d i t y  to 

10-20%, vith h i g h  m o r t a l i t y ,  Beduced h u m i d i t y  was r e p o r t e d  to 

affect s t o a a t a l  d e v e l o p m a t  by i n c r e a s i n g  t h e  n u s b e s  o f  i ~ m a t u r e  

stoxnata a n d  r e d u c i n g  s t o m a t a 1  a p e r a t u r e  and  r e s u l t e d  i n  

increased _lea•’ s v r f a c e  wax, Both r e d u c e d  s tom ta l .  a p e z a t u r e  and 

i n c r e a s e d  leaf s u r f a c e  wax c a u s e d  a d e c r e a s e  i n  the rate of 

v a t e r  loss i n  detached l e a v e s ,  It was s o g g e s t e d ,  b n t  n o t  shown, 

t h a t  i f  t h e  l a n o l i n  l a y e r  were t o  be  applied very late in 

culture, t h e  g r o w t h  r e t a r d i n g  effects of reduced rela ti st3 

f iuraidi ty  would  be offset by i n c r e a s e d  s u r v i v a l  on 

transplants t i o n ,  



c) @ t o u t  a n d  Wston (3978) d e s c r i b e 8  a modified l e a f  anatony 

of c a u l i Z l o o e r  p l a n t l e t s  i n  c u l t u r e  u i t h  absent o r  ill rlef i n e d  

p a l i s a d e  cells, Braiaerd, P u c h i g a  xri, Kwia t k o w s k i  and C l a r k  

(1987) o b s e r v e d  t h a t  p a l i s a d e  cell l e n g t h  a n d  tissue d e p t h  Mas 

less i n  "i?ixyS plum p l a n t l e t s  t h a n  t r a n s p l a n t s ,  aria t h e s e  were 

less t h a n  i n  c o n t r o l .  p l a n t s ,  S t u d i e s  b y  g a m i n g ,  rvlil1ej.r a n d  

Teare (1977) w i t h  pea p l a n t s  grown u n d e r  c u n d i t i c n s  of 

coatrol led  re la t ive  h u a i d i t y  showed that excessive moistuse 

prevented cell e n l a r g e m e n t  and e l o n g a t i o n .  T h e y  f o u n d  t ha% leaf 

b l ade  t h i c k n e s s  was savsrely a f f e c t e d  and t h a t  palisade and 

s p o n g y  mesophyf l  c e l l s  arere glvch s ~ a l l e r :  under  c o n d i t i o n s  0 5  

m o i s t u r e  stress ( v e r y  h i g h  ox law r e l a t i v e  huatidity). Hetzs te in  

a n d  Somnrer (1982) examined  leaf a n a t c ~ y  o f  sueetgum i n  c u l t u r e ,  

4 5  d a y s  after t r a n s p l a n t  and  i n  ccntrol  p l a n t s .  Learns  of 

p l a n t l e t s  in culture had l o v e r  m s o p h y l 2  ce l l  d e n s i t y *  

B e p o r t e d l  y n o  p a l i s a d e  l a y e r  d i f f e r e n t i a t e d ,  unlike c o n t r o l  

leaves u h i c h  had a well clef ined ~ a l i s a d e  and spongy parenchyata. 

PSesophyll  c e l l s  i n  c u l t u r e d  leaves were e x t r e m e l y  l a c u n o s e ,  w i t h  

p a r i e t a l  cy t o p l a s w  a n d  prominent n u c l e i .  L e a v e s  32 vitru h a d  

E l a t t e n e d  p l a s t i d s  v i t h  i r r e g u l a r l y  a r r a n g e d  i n t e r n a l  m e a b r a n e  

s y s t e m s .  T h e s e  l a c k e d  o r g a n i z a t i o n  i n t o  d e f i n i t e  grana arid 

stsoma lamella a n d  possessed r e l a t i v e l y  few s t a r c h  g r a n u l e s .  

L e a v e s  of transplants were i n t e r a e d i a - t e  i n  their c h a r a c t e r i s t i c s  

[BBetzs te in  and Sowtmer, 1982)-  T h e  w e s o p h y l l  tissue showed some 

differentiation i n t o  p a l i s a d e  and spongy parenchyma and t h e  

a d a x i a l  w e s o p h y l l  was d e n s e r  a n d  Bore e laagate  t h a n  i n  p l a n t l e t s  



•’rani c u l t u r e ,  Ivaesoph-yll cel ls  hart a greater  amount of cytoplasm 

a n d  some large vacuoles, T h e  percentage a l e s o p h y l l  a i r  space was 

reduced .  These leaves had c h l o ~ o p l a s t s  that were l e n s  s h a p e d  and 

less f l a t t e n e d  t h a n  thcise fro@ e i t h e r  culture or field 

c o n d i t i o n s .  T h e y  h a d  well developed g r a m  and f r e q u e n t  s t a r c h  

g r a n u l e s .  Absence  of i n t e r n a l  membrane d e v e l o p m e n t  and r e d u c e d  

nuabers  of starch granules within the p l a s t i d s  o f  l eaves  

v i t m  s u g g e s t e d  a reduced photosynthetic a b i l i t y ,  a s  d i d  t h e  

l a c k  of palisade parenchyma i n  t h e s e  plants [Wetzstein and' 

Somer,  J982) ,  

Grout  and Aston  {1977b), i n  one of the f e u  s t u d i e s  on the 

p h y s l o l a g y  of micropropagated  p l a n t . l e t s ,  reported t h a t  

ca ulif lower p l a n t l e t s  bad less chlosaph yl l than seedlings of 

copoparable age and tha-t: chloroplasts from & v i t r o  p l a n t l e t s  had 

r e d u c e d  f I i l l  a c t i v i t y .  C a u l i f l o w e r  p l a n t l e t s ,  t r a n s p l a n t e d  a f ter  

6 n e e k s  Q a g o  a p p a r e n t l y  d i d  n c t  demonstrate ne-t C 0 2  u p t a k e  

i n  t h e  l i g h t .  C a u l i f l o w e r  r e g e n e r a n t s  lost most of t h e i r  leaves 

imrt\ediately after  t r a n s p l a n t ,  T h i s  was fe l t  by the a u t h o r s  to  be  

of s u r v i v a l  advantage  since i t  reduced the tissue to be 

nraiatained from stared carbon a n d  law l e v e l s  of p h o t o s y n t h e s i s  

[Grout and Aston, 1978)- I n  t h e  second gseek of the hardening  

program ne$t l e a v e s ,  a ~ p r e n t l y  si t6 full p h o t o s y n t h e t i c  a b i l i t y r  

nece ~ r o d u c e d  by the t r d n s p l a n l s .  



B, Raterials and General Bethods 





C, E p i g e n e t i c  Var ia t ion  in the anatomy and P h y s i o l o g y  of T i s s u e  

C u l t u r e d  fed Raspberry P l a n t l e t s  and Transplants 



3. Leaf Anatomy of Red Raspberry in Cul ture  and Transferred to 

Soil 

C e s p i t e  i n c r e a s e d  u s e  of t i s s u e  c u l t u r e  f o r  t h e  clonal 

p r o p a g a t i o n  of h o r t i c u l t u r a l  c r o p s  ( E t l r a s h i g e ,  l 9 7 7 , 1 9 7 8 )  poor 

s u r v i v a l  rates occur d u r i n g  the t r a n s f e r  of p l a n t l e t s  from i g  

vitro c o n d i t i o n s  to s o i l  e n v i r o n w e n t s  [ Boxus and  Q u o i r i n ,  1977; ----- 
BrooBe and Z i n ~ e r m a n ,  1978; Zarle a n d  L a n g h a n s ,  1975; R a s e g a n a ,  

1979; S k i r v i n  a n d  Chu, 1939),  R e c e n t  i n v e s t i g a t i o n s  have shown 

t h a t  t r a n s p l a n t  shock is d u e  p r i ~ a r i l y  t o  water stress which can 

be c o a h a t t e i i  successfufly for so&@ p i a n t  s p e c i e s  w i t h  h i g h  

t tua id i ty  after  t f a n s p l a n t i r a g  [Jones and Ho~good,  19 79 ; Posati ,  

P la r ino  a n d  S w i e r c z e w s k i ,  1980) -  Paof e p i c u t i c u l a  r a n d  c u t i c u l a r  

% a x  f o m a t i o n  (Fuchigami,  Cheng and  Soe ldner ,  1951;  G r o u t  and  

A s t o n ,  1977; S u t t e r  a n d  Langhans ,  1979) and r e d u c e d  stornatal 

contr cX c o m p a r e d  t o  g r e e n h o u s e  accii mat ized  p l a n t s  f R r a i n e r d  and  

P u c h i g a m i ,  1981 ; S u t Z e r  a n d  Lanyhans,  1979) contribute t o  

d e s i c c a t i c n  of t r a n s p l a n t e d  p f a n t l e t s .  B r a i n e r d ,  F u c h i g a ~ i ,  

K w a i t 3 o w s k i  a r ~ d  Clark f1981) i n d i c a t e d  t h a t  the r a p i d i t y  of 

i n j u r y  d n e  to vater stress was t h e  r e s u l t  of s z i a l l  p a l i s a d e  

cells,  l a r g e  i n t e r c e l l u X a r  s p a c e s  a n d  low s t o a a t a i  f r e q u e n c y  of 

i n  v i t r o  p f a a t l e t  l e a v e s ,  -- --- 



T h i s  s t u d y  c h a r a c t e r i z e s  some features of t h e  internal a n d  

e x t e r n  a 1  leaf  s t r u c t u r e  oi r e d  r a s p b e r r y  p l a n t l e t s  groun i n  

a s e p t i c  c u l t u r e  before and a f t e r  t r a n s f e r  t o  soil, and e v a l u a t e s  

b o t h  p f a n t l e t  a n d  leaf s u r v i v a l  under c o n t r o l l e d  e n v i r n n @ e n t a l  

c o n d i t i o n s ,  

Leaf simples were taken f r o ~  p l a n t l e t s  c u l t u r e d  a t  5 .light 

i n t e n s i t i e s  { 2 , O O O - t j ,  1400 Inx) and t ra  nsplants f r o 3  3,000 lux 

c u l t u r e  t r a n s f e r r e d  t o  3 ,000 ,  5 ,000  a n d  9,000 lux i n  s o i l ,  

L e a v e s  were collected f r o m  t h e  lcwest p o r t i o n s  o f  a s e p t i c a l l y  

cultured ~ l a n t f e t s ,  a n d  from b o t h  t a g g e d  ff rcm culture) a n d  neu 

l e a v e s  f o r m e d  a f t e r  p l a n t l e t s  were t r a n s f e r r e d  t o  s o i l ,  Young 

a n d  nature  l e a v e s  were collected  fro^ g r e e n h o u s e  a n d  f i e l d  grown 

plants f o r  c o n t p a r i s o n ,  T h e s e  p l a n t s  were 3-2 y e a r s  o l d  and 

subject t o  a a h i e n t  c l i a a t i c  c o a d i t i o n s  e x c e p t  f o r  s u p p l e ~ e n t a l  

f e r t i l i z i n g  and w a t e r i n g ,  

Bnatomical f e a t u r e s  were e x a s i n e d  Brow leaf s a s p l e s  c u t  

into sisal1 s e c t i o n s ,  fixed i n  f o r ~ a  l i n - a c e t i c  a c i d - a l c o h o l ,  

d e h y d r a t e d  i n  a n  e t h a n o l .  series, etabedded i n  wax, sectioned (8 

ua), s t a i n e d  in s a f z a n i n ,  c o u n t e r s t a i n e d  in fast g r e e n  a n d  

m o u n t e d  i n  gerra0un.t  ( S a s s ,  1958) . P a l i s a d e  a n d  u p p e r  and lower 

e p i d e r m a l  c e l l  l e n g t h s  and  w i d t h s  were a e a s u r e d  for  a t  f e a s t  18 

cells p e r  leaf ,  C e l l  w i d t h  was d e f i n e d  i n  t h e  a d a x i a l - a b a x i a l  

p l a n e .  Calculatisns were made of a v e r a g e  w i d t h  of e p i d e m a l  ce l l  



( u p p e r  and lower), p a l i s a d e  tissue and m e s o p h y l l .  tissue a s  a  

p e r c e n t a g e  sf a v e r a g e  total leaf w i d t h ,  This e f f e c t i v e l y  

c o r r e c t e d  f o r  d i f f e r e n c e s  i n  leaf s i z e ,  

Leaf s u r f  ace s t r u c t u r e s  were examined r i i icroscopica  ll y on 

leaves cleared by o v e r n i g h t - s o a k i n g  ia 1- 4% c h l o r a l  h y d r a t e ,  

bleached i n  10-30% household bleach, s t a i n e d  i n  I T  s a f s a n i n  and 

mounted i n  g l y c e r i n  (ntod i f i ed  from Cutter, 1978) . Ten f i e l d s  

v e r e  e x a ~ i n e d  and photographed o n  each Leaf surface, S t o a a t a  and 

Leaf epider naal cells were ccunted  fro^ the p h o t o g r a p h s  t o  . o b t a i ~  

I h e  stomata1 index {(number of sto~ata/ . tnuraber  of stomata + t h e  

number of e p i d e r a a l  cells) x 'fOO/unit area) fC:.ni-ter, 1978) 

S t s m t a l  index a p p e a r e d  t o  be a wore precise a e t h o d  of compar ing  

s t s ~ a t a l  numbers between l e a v e s  of different sizes t h a n  s t o m a t a 1  

f r e q u e n c y ,  Both leaf surfaces were examined •’of stomata, 

t r i c h o m e s ,  and o t h e r  ep idermal  f e a t u r e s ,  

Friedman tests were u s e d  t o  c o a p a r e  tagged, new and total  

l ea f  n m b e r s ,  d u r i n g  s v c c e s s i v e  weeks, ~ i t h i n  t r e a t m e n t s  

{ K l e i n b a u n  and Kupper, 1978)-  Univar ia te  one-way a n a l y s i s  of 

v a r i a n c e  and  Schef fe a l f o w a n c e s  vere u s e d  t o  compare ~ l a n t f  ets  

k e t w e e n  s o i l  t r e a t f f i e n t s  [Xleinbaura a n d  Kupper, 19781, T h e  l e v e l  

of significance employed was pgO. 10 for the multiple 

c o m p a r i s o n s ,  i n  a l l  other c a s e s  p"0.05, 



L e a s e s  o f  k l a n t l e t s  formed i n  c u l k u r e  were smaller, t h i n n e r  

a n d  h a d  smaller cells  t b a n  l e a v e s  f o r a e d  on p l a n t s  i n  s o i l ,  

w h i l e  a b s o l u t e  cell  s izes  were s m a l l e r  t h a n  i n  c o n t r o l  p l a n t  

l e a v e s ,  t h e  p r o p o r t i o n s  02 cel l  and t i s s u e  w i d t h s  t o  total, leaf 

w i d t h s  were sirttilar. L e a v e s  v i t r o  were u s u a l l y  u n i f o l i a t e ,  

c o n t r o l  l e a v e s  t r i f o l i a t e ,  P l a n t l e t  l e a v e s  h a d  one layer of 

p a l i s a d e  ce l l s ;  v i d e  a t  t h e  top and  narriaw towards t h e  b a s e  

( o b c o n i c a l  type or funnel-cells; D r u ~ w o n d ,  3 965; t r a a s l  ation of 

Maber landt ,  l 88Q1 ,  C o n t r o l  p l a n t  l e a v e s  usually had  two or more 

l a y e r s  of r e c t a n g u l a r  p a l i s a d e  cells  (Fig .  2a-b) , teases i n  

c u l t u r e  were less c o m p a c t  c o m p a r e d  t o  c o n t r o l s ,  allowing w o r e  

a i r  s p a c e s  i n  a e s o p h y l l  t i s s u e s ,  C u l t u r e s  incubated a t  t h e  

h i g h e r  l i g h t  i n t e n s i t i e s  had ~ a r g i n a l l y  Bore f lnormal - shaped"  

p a l i s a d e  cel ls  t h a n  a t  lower i n t e a s i t i e s  [ F i g ,  2c-d), Tagged 

leaves, a f t e r  4 weeks i n  s o i l ,  r e t a i n e d  ~ o s t  of the  features of 

l e a v e s  & vj t fo ,  

H e w  leaves f o r ~ e d  ?luring the f irst  matth i n  soil a t  t h e  

t h r e e  l i g h t  i n t e n s i t i e s  u s e d  were similar i n t e r n a l l y  b u t  showed 

a feducea d e n s i t y  of p a r e n c h y m a t o u s  tissne cospared t o  

greenhouse or f i e l d  c o n t r o l  l e a v e s  { F i g ,  2e-f) , The  number of 

p a l i s a d e  c e l l  d i v i s i o n s  appea red  to b e  a f u n c t i o n  of b o t h  l ea f  

age and a ~ b i e a t  l i g h t  i n t e n s i t y  a s  t h e  ratio of p a l i s a d e  cel ls  

to ep ider lnaf  cells i n c r e a s e d  w i t h  age i n  c o n t r o l  l e a v e s  and 



fignre 2 .  P h o t o ~ i c r o g r a p h s  of cross s e c t i o n s  of red r a s p b e r r y  

leaves from f i e l d  ccntrol plants, asep t i ca l l y  c u l t u r e d  p l a n t f e t s  

and new l e a v e s  of t s a n s p l a n t s .  The bar is 0 - 0 5  mm, 

A, Young f i e l d  grown cont ro l .  

B. Mature f i e l d  grown ccntrof ,  

C. P f a n t l e t  i n c u b a t e d  a t  2,000 lux, 

D. P l a n t l e t  i n c u b a t e d  at 6,088 lux, 

E. Transp lant ,  w c v  leaf at 3,000 lux. 

P. T r a n s p l a n t ,  new l eaf  at 9,ODO lux, 





h i g h e r  l i g h t  i n t e n s i t y  i n  m a t u r e  new leaves of t r a n s p l a n t s ,  yhe 

seduced R e n s i t y  of p a l i s a d e  cel ls  f o u n d  i n  l eaves  of p l a n t l e t s  

and recent t r a n s p l a n t s  i m p l y  l o w e s  t h a n  c o n t r o l  r a t e s  of 

p a l i s a d e  ce l l  division, ft is ~ o s s i h l e  t h a t  a s g n c h r o n y  ia 

e p i d e r  @a2 cel l  and p a l i s a d e  ce l l  e a p a  n s i o n  stresses a n d  

t h e r e f  ore w i d e n s  t h e  upper p o r t i o n  of t h e  p a l i s a d e  cells, 

creating t h e  o b c x l n i c a l  s f t a ~ e .  Sew l e a v e s  t h a t  deve loped  a f t e r :  

t h e  p l a n t l e t s  had b e e n  i n  soil f o r  2 months were s imilar  t o  

c o n t r o l  l e a v e s .  

C a l c i u m  o x a l a t e  c r y s t a l s  (Hetcalfs a n d  Chalk, 7 9 5 0 )  were 

observed  i n  c u l t u r e d  l e a v e s  a n d  i n  g r e a t e r  n n a b e r s  i n  c o n t r o l  

l e a v e s .  They were l o c a t e 4  in p a l i s a d e  calls i n  c u l t u r e d  l e a v e s ,  

They were p r e s e n t  i n  t h e  u p p r  p a l i s a d e  cells  a n d  i n  t h e  s p o n g y  

parenchyiaa a d j a c e n t  t o  the l o w e r  e p i d e r r t t i s  i n  c o n t r o l  l e a v e s .  

S t a m t a  %ere a n o m o c y t i c  {Hetcalfe and Chalk, 1 9 5 0 ) .  Fozar to 

s i x  i r r e g u l a r l y  s h a ~ e d  cells s u r r o u n d e d  each  stom, The s t o ~ a t a  

were p o l p o r p h i c ,  r a n g i n g  i n  size f rorrr 78-39 ure i n  l e n g t h  a n d  

13-36 urn i n  b r e a d t h ,  a n d  d i s t r i b u t e d  one t o  %any cells a p a r t .  

The ynard ce l l s  were k i d n e y s h a p e d  and f l u s h  w i t h  the e p i d e r a a l  

cells i n  c o n t r o l  p l a t  l e a v e s ,  s l i g h t l y  raised i n  leaves o f  

p l a n t l e t s *  E p i d e r ~ a l  cells were p o l y g o n a l  o r  i r r e g u l a r  i n  the 

main veinal a r e a s  w i t h  s t r a i g h t  a n t i c l i n a  l wal l s  an3 i r r e g u l a r l y  

s h a p e d  i n  b e t w e e n  the =in v e i n s  ~ i t h  u n d u l a t e  a n t i c l i n a l  walls. 

L e a v e s  of p l a n t 1  e t s  were a i a ~ h i s t o n a t i c  u i t h  s toaa ta  i n  greater 

n u ~ h e r s  on t h e  l o w e r  l e a f  surfaces. S t o m a t a  were present 

frequently o n  t h e  leaf g e r i p h e r i e s  (Fig, 321)- Stomtaf i n d e x  p e r  



mesa o f  c u l t u r e d  p l a n t l e t  feaves ranged f r m  5-50 on t h e  a d a x i a l  

s u r f a c e  and 300-200 o n  the a b a x i a l  l ea f  s u r f a c e ,  a d a x i a l .  and 

abaxial s u r f a c e  stomata were aot d i f f e r e n t  from o n e  a n o t h e r  i n  

size. Leaves from c u a t s o l  p l a n t s  %ere p r e d o r n i a a n t l y  

h y p o s t o m a t i c ;  s t o m a t a  were scarce o n  t h e  u p p e r  leaf s u r f a c e ,  

n e v e r  on  t h e  leaf ~ e r i p h e r i e s ,  S t o m a t a  f o u n d  on t h e  rJppef 

s u r f a c e  u e r e  c l u s t e r e d  n e a r  t h e  leaf ti p, A• ’  ter p l a n t l e t s  were 

t r a n s f e r r e d  t o  s o i l  f corn c n l t u r e ,  new leaves fornaed d u r i n g  t h e  

first eonth  a t  3 , 8 0 0  o r  6,000 lux, h a d  t h e  e x t e r n a f  f e a t u ~ e s  o f  

cultured l e a v e s  ; a d a x i a l  and ~ e r i g h e r a  l s t o ~ a  t a  were p r e s e n t  a n d  

t h e  s t o n a a t a l  i n d e x  #as s i r ~ i l a r .  W E W  l e a v e s  frcm t r a m p l a n t s  i n  

s o i l  fo r  2 m o n t h s  a t  t h e s e  l i g h t  i n t e n s i t i e s  had none of t h e s e  

e x t e r n a l  f e a t u r e s  a n d  t h e  s t ;osa ta l  i n d e x  #as i n c r e a s e d .  A t  t h e  

h i g h e s t  l i g h t  i n t e n s i t y  f 9 , O Q O  lux )  a l l  nes f e a v e s  were 

h y p o s t o m t i c ,  and p e r i p h e r a l  s t o ~ a t a  u e r e  rare. The s t o i m t a l  

i n d e x  of these l eaves  gas g r e a t e r  than 350  p e r  arnr, h i g h e r  t h a n  

i n  c u l t u r e ,  a n d  s i ~ i f a r  t o  c o n t r o l s .  S t o m a t a 1  i n d e x  of t a g g e d  

l e a v e s  was similar t o  in v i t m  o n e s ,  

A d a x i a l  stomata are n o t  c o m w n  a Bong t h e  R o s a c e a e  [Hetcalfe 

artd Chalk, 1950) , P o s s i b l y  t h e y  a r e  induced  e n v i r o n m e n t a l l y  a s  

a l l  Ai v i t r o  foraed leaves  had thee, w h i l e  new l e a v e s  i n i t i a t e d  

i n  s o i l  f r o m  c u l t u r e - d e r i v e d  p l a n t l e t s  soreeti~tles p o s e s s f d  t h i s  

f e a t u r e ,  C u t t e r  11978) d e s c r i b e s  stomata1 v a r i a b i l i k y  a s  a 

h u m i d i t y  r e l a t e d  phencntenon al though light i n t e n s i t y  s a p  be 

i m p l i c a t e d  [Gay and Hurd, 1975; c i t e d  by Cutter, 1938)-  In t h e  

e x a ~ p l e  cited, of t o m a t o ,  increased S i g h t  i n t e n s i t y  c a u s e d  t h e  



n o r m a l l y  h y p o s t o m a t i c  t o m a t o  l e a v e s  t o  become amphistortiaj--c, a 

s i t u a t i o n  o p p o s i t e  t o  one extant i n  t h e s e  red r a s p b e r r y  

e x p e r i m e n t s ,  B o r e  a u s t  b e  l e a r n e d  a b o u t  t h e  control of s t o m a k a 1  

d i s t r i b u t i o n  and f reguency, 

P o u r  t y p e s  of tsichomes yere f o u n d  o n  t h e  leaves of th is  

red r a s p b e r r y  selectioa, U n i c e l l u l a r ,  t h i c k - w a l l e d ,  f a l c a t e  o r  

s t r a i g h t  h a i r s  were f c c a t e d  p n r i a a r i l y  orn t h e  a d a x i a l  s u r f a c e ,  

e s p e c i a l l y  a l o n g  t h e  a d a x i a l  l e a f  ~ a r g i n s ,  They were u n i f o r m  

a l o n g  the  leaf ~ e a s g i n s ,  but v a r i e d  i n  l e n g t h  o n  the l a r a i n a *  

T h e r e  were more t r i c h o ~ e s  a l o n g  t h e  leaf m a r g i n s  i n  c o n t r o l  

l e a v e s  t h a n  i n  c u l t u r e d  ones, They a l t e r n a t e d  i n  a r e g u l a r  

p a t t e r n  with c o l l e t e r s  i n  c u l t u r e  a n 8  on new leaves of 

t r a n s p l a n t s .  I n  c o n t r o l  l e a v e s  colleters r a r e l y  were found 

m r g i n a l l y  { P i g ,  3a-c) , G l a n d u l a r ,  ~ u l t  i ses ia te  s t a l k ,  

r r a u l t i - c e l l r d  head c o l l e t e r s  ( B a d f o r d ,  D i c k i s o n ,  Hassey and Bell, 

7974)  were i o u n d  primarily on the a b a x i a l  leaf s u r f a c e  and 

r a a s g i n s  a n d  t h e  petiole of p l a n t l e t s  a n d  nev l e a  y e s  of 

t r a n s p l a n t s ,  Some %ere f m e s t a n d i n g  or f o r ~ i n y  s e c r e t o r y  leaf 

t e e t h  on t h e  m a r g i n s ,  T h e y  were t a l le r  o a  t h e  p e t i o l e s  w i t h  

secondary wall t h i c k e n i n g s  of the s t a l k  a n d  e p h e r a e r a l  h e a d s  

( P i g .  3d-f) , S e t o s e  h a i r s  [ ~ u l t i s e r i a t e ,  erect, s t r a i g h t ,  stiff 

t r i c h o a e s  w h i c h  taper from a s t o u t  b a s e ;  B a d f o r d  et a l , ,  1974), 

were located oa the p e t i o l e  and a b a x i a l l y  on the main v e i n s  

close t o  the p e t i o l e .  T h e s e  were t r a n s p a r e n t  a t  f i rst  t h e n  

b r i g h t  r e d  a s  t h e y  ~ a t u r e d .  T h e y  o c c u r r e d  i n  c u l t u r e  b u t  Bore 

abundantly on l e a v e s  grown in s o i l  {Pig, 3 g ) ,  a n i c e l l u l a r ,  thin 



Figure 3 .  P h o t o m i c r o g r a p h s  of c l e a r e d  and  s a f r a n i n - s t a i c e d  r e d  

r a s p b e r r y  l e a v e s  s h o w i n g  t h e  margins, t h e  a b a x i a l  s u r f a c e s  of 

c u l t n r e d  a n d  control l e a v e s  and t h e  f o u r  d i f f e r e n t  t r i c k o n e  

t y p e s ,  

a ,  Leaf i a a r g i n  of a s e p t i c a l l y  p r o p a g a t e d  p l a n t l e t ;  cofle ters 

a l t e r n a t e  with s t r a i g h t  o r  f a l c a t e  hairs, p e r i p h e r a l .  s- tomata 

p r e s e n t .  

8, Leaf m a r g i n  o f  g r e e n h o u s e  o r  f i e l d  c o n t r o l  p l a n t ;  c o l f e t e r s  

a b s e n t ,  s t r a i g h t  o r  f a l c a t e  hairs e n t a n g l e d  w i t h  f i l i f o r l i l  h a i r s .  

C, O n i c e l f u l a r ,  thick waf l e d ,  f a l c a t e  or s t r a i g h t  h a i r ,  

D, F r e e s t a n d i n g  a a r g i n a l  c o f l e t e r  s h o w i n g  mltiseriate s t a l k ,  

m u l t i - c e l l e d  h e a d ,  

E, M a r g i n a l  co l le ter  forming secretory l e a f  t o o t h ,  

F, P e t i o f  a r  c o f  l e te r  s h o v i n g  s e c o n d a r y  wall t h i c k e n i n g s  

a p p r o a c h i n g  b u t  not i n c l u d i n g  the e p  h e ~ e r a l  s e c r e t a r y  Read, 

6 ,  S e t o s e  t r i c h o ~ e ;  ~atultiseriate, erect, s t r a i g h t ,  s t i f f ,  

t a p e r i n g   fro^ a s t o n t  b a s e ,  

H, F i Z i f  arm t r i c h o s e .  

I, A h a x i a l  leaf s u r f a c e  of a s e p t i c a l l y  p ropaga ted  p l a n t l e t  l e a f  

s h o v i n g  o g e n  s t o m a t a ,  s p a r s e  filif orn  t r i c h o ~ e s .  

J, Abaxiaf leaZ surface of  control p l a n t  l e a f  s h o w i n g  mat of 

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





walled, f l e x u o u s ,  f i l i f o m  h a i f s  were l o c a t e d  on the a b a x i a l  

l a ~ i n a  a n d  %ere n u m e r o u s  on t h e  p e t i o l e ,  They  vere less or; t h e  

ntain v e i n s  close t o  t h e  p e t i o l e  i n  low l i g h t  i n t e n s i t y  c u l t u r e s ,  

O c c a s i o n a l P p  i n  h i g h  light i n t i e n s i t y  (6,000 lux) c u l t u r s s  a n d  

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

lower leaf s u r f a c e ,  T h e y  o c c u r r e d  i~ i n  t e s m e d i a t e  numbers i n  new 

l e a v e s ,  T h e s e  v a r i e d  i n  l e n g t h  a n d  i n  degree of c i r c u i t o u s n e s s  

[F ig .  3h- j )  

T h e  p r e s e n c e  of f i l i f  orre ha  ifs Bay lintit t r a n s p i r a t i o n  

losses (Druntaond, 1965 ; t r a n s l a t i o n  of R a b e r P a n d t ,  1884)  f r o %  

hypas tomat ic  leaves, T h e i r  almost c o m p l e t e  a b s e n c e  on l eaves 

f o r m e d  in c u l t u r e  o f f e r s  n o  p r o t e c t i o n  a g a i n s t  water l o s s  f so@ 

t h e  a b a x i a l .  surface of leaves of ~ l a n t f - e t s  t s a n s f e r r e d  &fom 

c u l t u r e  t o  soil. P u r t h e s m o r e ,  t h e i r  absence  froa t h e  l ea f  

a a a r g i n s  and the p r e s e n c e  of p e r i p h e r a l  s t o m a t a  o n  the n e w l y  

t r a a s f  e r r e d  p l a n t l e t  l e aves  increases t h e  l i k e l i h o o d  of water 

stress , 

T r a n s p l a n t  s u r v i v a l  r a t es  were 90-953, There Mas n o  

differeace i n  I r a n s g l a n t  s u r v i v a l  i n  s c i l  r e l a t e d  t o  l i g h t  

i n t e n s i t i e s  b u t  t r a n s p l a n t  s i z e  showed a n  increase w i t h  

i n c r e a s i n g  fight i n t e a s i t y ,  T a g g e d  l eaves  vere r e t a i n e d  for 

d i f f e r e n t  lengths of time a f t e r  the p l a n t l e t s  were trajnsfesred 

t o  sc i l ,  T h e m  was a s i g n i f i c a n t  d e c r e a s e  i n  tagged leaf ntlntber 

by t h e  3 r d - 4 t h  week a &  a l l  light i n t e n s i t i e s .  The iCth week a f t e r  

transplant. o ld  { t a g g e d )  leaves wide u p  o n l y  46-453 of t h e  t o t a l  

leaf number  and continued t o  decline i a  nnmbers for up to 3 



months EoXJowing t s a n s ~ l a n t a t i o n ,  R e t e n t i o n  Mas n o t  a s s o c i a t e d  

w i t h  l i g h t  i n t e n s i t y .  New l e a v e s  a p p e a r e d  more r a p i d l y  a t  9,000 

lux, 2 w e e k s  af ter  t r a n s p l a n t a t i o n ,  t h a n  a t  3,080 or 6 , 0 0 0  l u x .  

However ,  t h e r e  was n o  s i g n i f i c a n t  d i f f e r e n c e  in t o t a l  new leaf 

n u m b e r  a t  a n y  of these i n t e n s i t i e s  by t h e  end o f  t h e  4 t B  w e e k ,  

Leaf area t h o u g h ,  a p p e a r e d  t o  i n c r e a s e  b~itlz F i g h t  i n t e n s i t y ,  

It is a p p a r e n t  t h a t  r e d  r a s p b e r r y  p l a n t l e t s  g rown  vitgo 

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

e n v i r o n n e n t ;  t h e s e  are  e p i g e n e t i c  effects. S c ~ e  of t h e s e  . 

anato~ical f e a t u r e s  are c h a x a c t e r i s t i c  of h e r b a c e o u s  ~ l a n t s  

g r o v i n g  under conditions of a m p l e  a v a i l a b l e  mistuse s u c h  as  

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

t h i n  l e a v e s ,  e p i d e r m i s  w i t h  t h i n  c u t i c l e  a n d  r a i s e d  stomata 

( E s a u ,  1965) These a n a t o m i c a l  a n d  leaf s u r f a c e  f e a t u r e s  a l l  

c o n t r i b u t e  t o  u a t e r  stress of new t r a n s p l a n t s .  They v a r y  

soraewhat b e t w e e n  i n d i v i d u a l  l e a v e s  of p l a r s t l e t s  i n  c u l t u r e ,  and 

may be reflected in tfieir d i f f e r e n t i a l  xe%ention time after 

t r a n s p l a n t ,  The f i r s t  new l e a v e s  of t r a n s p l a n t s  are t r a n s i t i o n a l  

in t h e i r  aaato~icaf and leaf s u r f a c e  f e a t u r e s .  T h e  nunrtber of 

t h e s e  t r a n s i t i o n a l  l e a v e s  Bay d e p e n d  on t h e  nurrtber of i m m a t u r e  

leaf  buds  formed L a  c u l t u r e .  T b e  d e g r e e  of t r a a s i a o n  o f  these 

l e a v e s  a n d  how closely they resemble t h e  c u l t u r e d  or  t h e  c o n t r o l  

p l a n t  l e a v e s  may b e  a r e f l e c t i o n  of t h e  s t a g e  o f  m a t n r i t y  of 

t h e s e  leaf b u d s  whea, t h e  g l d n t l e t :  was t r a n s f e r r e d  t o  s o i f  a n d  

the c o n f  J L i c t i n g  stresses i m p o s e d  by b o t h  t h e  c u l t u r e  environment 

a n  d t h e i r  new s o i l  a n v i r o n l l t e n  t, 



IE. The Pet io le ,  Leaf, Stea and Boot Bnatamy of Red gaspberry  in 

C u l t u r e  and Traasferred %o Soil 

L i t t l e  is kaoun of hou the a n a t o a y  of ~ i c r o g r o p a g a t e d  

p l a n t l e t s  is affected by t h e  c u l t u r e  e n v i r o n a e n t  o r  how a n a t o m y  

of t r a n s p l a n t s  is  modified d u r i n g  a c c l i l a a t i z a t i o n  t o  t h e  s o i l  

environraent, O f  t h e  serar ts  vhic i s  describe f o l i a r  anntortty and 

surf ace fea t u l r e s  of p f a a t l e t s  and  t r a n s p l a n t s  {see General 

Introduction; Chapter I a n d  Table 1) none explore p e t i o l e ,  _root 

or stenr a a a  toray, E va f  u a t i o n  of s t r u c t u r a l  c h a n g e s  taking p l a c e  

d u r i n g  a c c l i m a t i z a t i o n  is p r e r e q u i s i t e  t o  c o m p r e h e n s i o n  o f  this 

p r o c e s s  and n e c e s s a r y  to t h e  d e v e l o g ~ e n t  of more efficient 

t r a n s p l a n t  p r o t ~ c o l s  ('ibetzskein and SomIlter, 1983) , In p r e v i o u s  

i n v e s t i g a t i o n s ,  plant l e a v e s  have  h e e n  sampled at random 2-6 

ueeks after t r a n s p l a n t ,  w i t h  no knowledge of the s t a g e  i n  t h e  

a c c l i ~ a t i z a  t i o n  process a t  which i . h e s e  leaves were f omed, In 

t h i s  study leaves f c r m d  in culture were l a b e f e d  a t  t r a n s p l a n t  

a n d  new l e a v e s  l a b e f e d  w e e k l y  thereafter so petioles, l e a v e s  a n d  

s u b j a c e n t  stem tissue c o u l d  s u b s e q u e n t l y  h e  identified a s  to 

p e r i o d  of d e v e l o p m e n t  {measured  i n  weeks f ro la  t h e  time of 

t r a n s p l a n t )  , A s  leaf a n a t o a y  of red r a s p b e r r y  p l a n t l e t s  a n d  

t r a n s p l a n t s  h a s  been d i s c u s s e d  i n  d e t a  i f  e l s e w h e r e  ( D o n n e f l y  and  



V i d a v e r ,  198Ya; a l s o  see C h a p t e r  I) only a d d i t i o n n l  f i n d i n g s  ace 

m e n t i o n e d  here. 

S t r u c t u r a l  f e a t u r e s  of t h e  p e t i o l e ,  l e a f ,  s tea  a n d  r o o t  

anatomy of red r a s p b e r r y  p l a n t f e t s  grown i u  a s e p t i c  c u l t u r e ,  

befors and after t r a n s p l a n t a t i o n ,  sere e x a ~ i n e d .  The way i n  

w h i c h  light i n t e n s i t y  a f f e c t e d  a n a t o E p  of c u l t u r e d  p l a n t l e t s  a n d  

t h e  s u r v i v a l  and a n a t c m y  of t r a n s p l a n t s  and t h e  a s s e s s m e n t  o f  

p e r s i s t e n t  o r g a n s  [ l e a v e s ,  p e t i o l e s ,  stern r e t a i n e d  from c u l t u r e )  

and c h a n g e s  i n  ana tomy o f  nev  o r g a n s  f o r ~ e d  during the . 

accf l rratiza t i o n  p r o c e s s  i n  s o i l  were o f  special interest, 

Raterials  a n d  Y e t h o d s  
-1--11_ -1 -I_-- 

P l a n t l e t s  uexe c u l t u r e d  a t  low a a d  h i g h  l i g h t  intensity 

[2,0[30 a n d  5,000 l u x ]  a n d  l e a v e s  were t a g g e d  a t  the t i ~ e  of 

transplants t i o n ,  T u e l  v e  rooted ~ l a n t l e  ts were t r a n s f e r r e d  t o  

s o i l  a t  each light i n t e n s i t y .  Plant Lets f r o ~ i  2,000 lux c u l t u r e  

uere t r a r t s p l a n t e d  t o  3,090, 6,000 arid 9,001) l u x  i n  s o i l .  

P f a n t l e t s  f r o %  0,01119 l u x  c u l k u r e  were t r a n s p l a n t e d  t o  5 , 0 0 0 ,  

9,880 and 12,000 l u x  i n  s o i l .  

A t  weekly i n t e r v a l s  t r a n s p l a r n t s  were examined ,  and arny n e x  

leaves fasated d u r i n g  t f i d t  week %ere t a g g e d .  After 5 weeks  i n  

soil t r a n s p l a n t s  had  m a r k e r s  05 6 dif fereut c o l o u r s  i n d i c a t i n g  

t h e  p e r i o d  of t i s s u e  Eor raa t ion ,  I n  this way l e a v e s ,  petioles a n d  

s u k j a c ~ m t  stem t i s s u e  c a u l d  b e  e v a l u a t e d  for c h a n g e s  o c c u r i n g  i n  

s u c c e s s i v e  w e e k s  auring a c c l i i a a t i z a  t i o a .  Ht was u n c l e a r  a t  t h e  

t i a e  cE s a a p l i n y  whether neu l e a v e s  t h a t  had e x p a n d e d  i n  t b e  



s o i l  e n v i r o n a e n t  had d e v e l o p e d  frora l e a f  b u d s  i n i t i a t e d  i n  

c u l t u r e  o r  in s o i l .  Root  s a n t p f e s  were c o l l e c t e d  front t r a n s p l a n t s  

a f t e r  rhey had been 5 weeks i n  s o i l ,  X t  was unclear a t  t h e  L i m e  

o f  s a a p l i n g  when they had f o r ~ e d  after t r a n s p l a n t ,  o r  w h e t h e r  

t h e y  were a c t u a l l y  p e r s i s k e n t  f roia c a l  tare. 

A n a t o a i c a P  f e a t u r e s  were examined  f r o @  p l a n t i e t s ,  

p e r s i s t e a t  and new t i s s u e s  o f  t ~ a n s p l a n t s  and p r i ~ o c a n e  a n ?  

fforocane t i s s u e s  o f  2 y e a r  o l d  f i e L d  c o n t r o l  p l a n t s ,  P e t i o l e ,  

{ ~ o r t i o n  s u b j a c e n t .  t o  t h e  l e a f ) ,  leaf (mid-tip area] , stern 

( s u b j a c e n t  t o  the p e t i o l e )  and  r o o t  samples were c u t  i a t o  s ~ a f l  

s e c t i o n s ,  fixed i n  f o r a a l i a - a c e t i c  a c i d - a l c o h o l ,  d e h y d r a t e d  i n  

a n  e t h a n o l .  series a n d  %ax-embedded, These were s e c t i o n e d  {R-10 

ura) . s t a i n e d  a n d  c o u n t e r s t a i n e d  i n  safrauin  and fast g r e e n  a s d  

ieounted i n  permount ( S a s s ,  1958) . B i c r o g r a p h s  v e r e  t a k e n  f r o m  

t h e  p r e p a r e d  slides and t h e  p r i n t s  e x a ~ i n e d ,  The general s h a p e ,  

s i z e  a a d  i n t e g r i t y  of each organ was noted and s n p p o s t  tissue 

( s c l e r e a c h y ~ a ,  c o l l e n c h y a a  and secondary waf 1 d e p o s i t i o n ]  

d e s c r i b e d ,  

F a n  p l a n t l e t s  (5/35) froat h i g h  light inte-nsi  ty g6,000 lux) 

c u l t u r e  s u r v i v e d  t r a n s p l a n t a t i o n  t o  6,000, 9,0430 or 72,000 l u x  

s o i f  c o n d i t i o n s  and  therefom were n o t  s a a p l e d ,  O f  t h e  36 

p l a a t l e t s  t r a n s p l a n t e d  f r o @  low light i n t e n s i t y  c u l t o r e  (2,080 

l u x )  3 3  s u r v i v e d ,  The 3 n t o r t a l i t i e s  o c c u r r e d  in t r a n s p l a n t s  t o  



9,000 l u x ,  T h i s  and p r e v i o u s  u n s a c c e s s f u f  a l t e r a p t s  t o  t r a n s p l a n t  

frcm 22,Qx30 l u x  culture t o  12,000 l u x  i n  s a i l  s u g g e s t  t h a t  9,000 

lux is p r o b a b l y  t h e  u p p e r  l i a i t  t o  lrhich p l a n t l e t s  i n c u b a t e d  a t  

2,006 l u x  c a a  h e  t r a n s p l a n t e d  s u c c e s s f  ufly, T h e  pmaounced 

d i f f e r e n c e s  i n  s u r v i v a l  r a t e  b e t w e e n  t r a n s p l a n t s  f runt c u l t u r e s  

i n c u b a t e d  a t  low a n d  h i g h  l i g h t  i n t e a s i t y  way be e x p l a i n e d  i n  

p a s t  by  t h e  presence i n  t h e  l o w e r  light i n t e n s i t y  c u l t u r e s  of 

g r e a t e r  p i g  R e n t  c o n t e n t  [Donnelly a n d  B i d a v e r ,  1984b ;  C h a p t e r  

111). and p o s s i b l y  s a a l l e r  leaf s i z e  w h i c h  m y  reduce the alfioung 

of water stress [ D c n n e l l y  and V i d a v e r ,  1 9 8 4 a , b ;  Chapter 1, IXI) 

a n d  deform t i o n  when a e s i c c a t i c n  occurs [ 2 e e t z s t e i n  and  Sommer, 

1 9 8 3 )  folfosriag t r a n s p l a n t .  

Pet io les  of red r a spbe r ry  p l a n t s  h a v e  t h r e e  v a s c u l a r  

b u n d l e s ;  o n e  l a r g e  f l a t t e n e d  arc  a n d  two c i r c u l a r  rib b u n d l e s ,  

P e t i o l e s  cf c o n t r o l s  were surrounded b y  four t o  f i v e  cell l a y e r s  

of cof lenchy @a tissue beneath t h e  e p i d e r a  is a n d  d e v e l o p e d  

s c l e r e n c h y n a  caps s i x  to e i g h t  cell l a y e r s  deep i n  t h e  phloem 

t i s s u e s  of t h e  three l e a f  traces, P e t i o l e s  of &g *-gs p l a n t l e t s  

bad d i a e n e t e r s  only ane quarter t o  one t h i r d  t h a t  of c o n t r o l  

p l a n t s  and l a c k e d  c o l  lenchy @a a n d  phloea  sc le r f snchywa  (Fig* 

4a ,  b) , The p e r s i s t e n t  l eaf  p e t i o l e s  eE t r a n s p l a n t s  d i d  n o t  

d e v e l o p  c o l l e n c h y ~ a  h u t  t hose  of new l e a v e s ,  eveo t h o s e  f o r e e d  

the first week after t r a n s p l a n t  had o n e  t o  s e v e r a l  l a y e r s  of 

c c t l l e n c h p s a  cells, T h e  v a s c u l a r  t i s s u e s  and p a r e n c h y ~ a  cells had 

e h i c k e r  cell w a l l s  in the new leaf  p e t i o l e s  compared  to t h o s e  i n  

p l a n t 1  ets. T h e  petioles of s u c c e s s i v e l y  f o r m e d  new l e a v e s  



p r o g r e s s i v e l y  i n c r e a s e d  i n  d i a n e t e r  a n d  had  an  i n c r e a s e d  number 

of  v a s c u l a r  elerrtents ~2 both xylem and phloem {Fig. Qc), 

Pla tu re  l e a v e s  o f  r ed  r a s p b e r r y  control p l a n t s  were u s u a l l y  

trifoliate and had prominent v e i n s ,  T h e  a b a x i a l  surface l a y e r s  

i n  t h e  v e i n a l  a r e a s  h a d  v e r y  t h i c k - w a l l e d  col j_enchyma cells ,  

L e a v e s  i n  c u l t u r e  a n d  t h o s e  of t r a n s p l a n t s  were u n i f o l i a t e  

( D o n n e l l y  a n d  V i d a v e r ,  l98~a; see Chapter 1) a n d  l a c k e d  

c o l l e n c h y a t a ,  T h e  aleount  of leaf d i s s e c t i o n  i n  I t a n u n c u l u g  is 

apparently r e l a t e d  t o  teaperature,  w i t h  clefts  01 notches i n  the 

pzimordiaf l e a f  ~ a r g i n s  t h a t  cause lobiny i n  the n a t u r e  leaf, 

a p p e a r i n g  a t  r e d u c e d  t e m p e r a t u r e s  ff i s h e r ,  l96Q), Effec t s  of 

e l e v a t e d  tentperatxire e x p o s u m  m y  p e r s i s t  f o r  s e v e r a l  ~ c n t f i s  

{ H i s h e f ,  1954) and n a y  a c c o u n t  f o r  t h i s  s u p p r e s s i o n  i n  t h e  new 

l e a v e s  of r e d  r a s p b e r r y  t r a n s p l a n t s ,  V a s c u l a r  o r g a n i z a t i o n  i n  

h t h  p l a n t l e t s  and  t r a n s p l a n t s  was s i a i l a r :  t o  c o n t r o l  l e a v e s ,  

The e p i d e r a a l  ce l ls  of c u l t w e d  l e a v e s  Mere of ten somewhat 

c o l f a p s e d .  T h i s  h a s  been o b s e r v e d  in l e a v e s  o f  s i r e e t g u ~  

p l a n t l e t s  f g e t s t e i r a  and S o ~ m e r ,  1 4 % 3 ) ,  and  is likely r e l a t e d  t o  

e l e v a t e d  rfla-tive h u a i d i t y  (Esau, 1 9 6 5 ) .  E p i d e c ~ a L  cell 

d i s t o r t i o n  cr c o l l a p s e  was f r e q u e n t l y  n o t e d  in new l e a v e s  of 

tramsp-laats a t  a11 l i g h t  i n  t e a s i  ties, The r a t i o  of p l a n t l e t  

p a l i s a d e  ce l ls  t o  e p i d e r m a l  c e l l s  was usually 7: 1 or 2: 1, as  it 

was in v e r y  young c o n t m l  l e a v e s .  I n  o l d e r  c c n t r o l  l e a v e s  t h i s  

r a t i o  increased t c  @any: 7 a s  e p i d e r m a l .  ce l l  expansion and 

p a l i s a d e  cel l  d i v i s i o n  p r o c e e d ,  The sizes of the l e a v e s  of 

t r a n s p l a n t s  and the p a l i s a d e :  e p i d e r m a l  c e f  P r a t i o  was g r e a t e s t ,  



the s i z e s  o f  the s u k t s t ~ r a a t a f  c a v i t i e s  v a s  smallest, i n  t h o s e  

t r a n s p l a n t e d  t o  t h e  h i g h e s t  l i g h t  i n t e n s i t y  (9,0630 l u x )  S ize  o f  

the s u b s t o r n a t a l  c a v i t i e s  h a s  b e e n  c o r r e l a t e d  t o  the a m o u n t  of 

water stress: L a r g e  where  r e l a t i v e  h u m i d i t y  is h i g h  [ B a n n i n g ,  

Miller a n d  Tease, 1977). B e t z s t e i n  and Sommer [19U3) u s e  the 

o b s e r v a t i o n  of Running { 3 9 5 2 ) ,  t h a t  stoziata d e v e l o p  i n  a r e a s  

where t h e  e p i d e r m i s  is not i n  c s n t a c t  v i t h  t h e  mesophyl.1, t o  

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

s u e e t g u r n  l e a v e s ,  w h e r e  t h e  m e s o g h y l l  is loose1 y packed, In .red 

r a s p b e r r y  p l a n t l e t s  stoaaataf i n d e x  is lower & v i t r o  despite the 

r e l a t i  sef y loose p a c k i n g  d e w i i t y  of t h e  parenchymatous t i s s u e s  

[ D o n n e l l y  a n d  Y i d a v e r ,  198Y.a; a l s o  see C h a p t e r  I] a s  i t :  is i n  

'Pixy"plunt [ B r a i n e r d ,  Fuch iga ra i ,  R w i a t k o v s k i  a n d  C l a r k ,  1981). 

B h i f e  t h e  v a s c u l a t u r e  o f  the l e a v e s  of the 9,000 l u x  t r a n s p l a n t s  

a p p r o x i r a a t e d  t h e  c o n t r o l  l e a v e s  t h e  c o m p a c t n e s s  ot t h e  

pasenchymatous tissues was not a s  g r e a t  and t h e  s h a p e  of t h e  

p a l i s a d e  cells was  a b n o r m a l  e v e n  i n  new l e a v e s  f u m e d  5 weeks 

a • ’  ter t r a n s p l a n t ,  

Stems cf c o n t r o l  r e d  r a s p b e r r y  p l a n t s  had a c o n t i n u a u s  

cylinder of c o f l e n c h y m  i n  t h e  c o r t e x  b e n e a t h  t h e  e p i d e r ~ i s ,  a 

t h i c k  layer o f  s c l e r e n c h y m a  i a  t h e  phloem of the stele a n d  b o t h  

t h i n  and t h i c k - v a l l e d  p i t h  cells / F i g -  4 d ) -  Stem of v i t r o  

p l a n t l e t s  were a u c h  saalPer i n  d i a m e t e r  khan c o n t r o l  p l a n t  

stems, T h e y  Bad l i t t l e  c o l f e n c h y m  in the c o r t e x ,  v e r y  feu 

s c l e r e n c h y m a  cells a n d  no thick w a l l e d  p i t h  cells ( F i g .  4e). T h e  

t r a n s p l a n t s  had new s t e ~  g r o v t h  vith i n t e r ~ e d i a t e  a ~ o n n t s  s f  



c o l l e n c h y w a  i n  t h e  c o r t e x ,  some s c l e r e n c h  yma cel ls  i n  the phloera 

a n d  so=  t h i c k  w a i l e d  p i t h  cells ( F i g .  4 f ) ,  Transplants a t  t h e  

higher f i g h t  i n t e n s i t i e s  had greater s u p p o r t  t i s s u e  d e s e l o p ~ e n t  

a n d  l a r g e r  stem diameters, The  base of t h e  p l a n t ,  L o c a t i o n  of 

the p e r s i s t e n t  p o r t i o n  of t h e  s t f a  c h a n g e d  l i t t l e   fro^ ~e 

c u l t u r e  t y p e  e v e n  5 w e e k s  a f t e r  t r a n s p l a n t .  Stem t i s s u e  

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

through ce l l  e x p a n s i o n  a n d  wall d e p o s i t i o n ,  T h i s  may b e  a 

Limiting f e a t u r e  i n  t r a n s p l a n t  d e v e l o p ~ e n t .  X t  is p o s s i b l e  

a c k i v i t y  of t h e  vascular  c a ~ b i u l s ,  i n  a later stage of 

d e v e l o p m e n t ,  i n c r e a s e s  t h e  anaourat of s u p p o r t  t i s s u e s ,  I t  i s  a l s o  

p o s s i b l e  t h a t  i n  the case of red r a s p b e r r y ,  where new canes a re  

constantly produced from s h o o t  bases and roots, the canes 

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

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

Roo t s  of c o n t ~ o l  red raspberry p l a n t s  were brown i n  c o l o u r  

and h a d  a r a u l t i l a y e s e d  pe r ide rm.  The roots of  c u l t u r e d  p l a n t l e t s  

were w h i t e  or p i n k i s h  i a  c o l o u r  and c o v e r e d  w i t h  fine root 

hairs ,  T h e y  were nuch s i t l a l l e r  i n  d i a n e t e s  a n d  had l i t t l e  

p e r i d e r m  (Pig, B g ,  b)  . The roots of transplants examined  were 

brown,  e q u a l l y  s m a l l ,  and had i n t e r m e d i a t e  p e r i d e m  develop~ent 

( P i g ,  Y i) , Little is known of t h e  f u n c t i o n a l  c a p a b i l i t y  of t h e  

p e r s i s t e n t  roots, of o f  those farmed a f t e r  t r a n s p ' l a n t ,  compared  

t o  c o n t r o l  r o o t s .  T h e  l a c k  of soot h a i r s  on @ a n y  v a r i e t i e s  o f  i. 

v i t r o  p l a n t l e t s  grown on s o l i d i f i e d  medium h a s  l e d  t o  some --- 
q u e s t i o n  of t h e i r  f u n c t i o n a l  c a p a b i l i t y ;  when o b s e r v e d  2 weeks 



a f t e r  transplant, t h e  & v i t r o  f o r m e d  f o o t s  had a p p a r e n t l  y d i e d ,  

an6 new r o o t s  s tar ted to d e v e l o p  (Debergh  and Raene,  1981) , T h e  

small ,  delicate r o o t s  of cultured p l a n t l e t s  and p l a n t s  5 w e e k s  

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

c o ~ p a r e d  t o  c o n t s o l  roots. This is supported by e v i d e n c e  of 

P o o h  a n d  C o n o v e r  (1983) t h a t  roo t s  of  D i e f f e n b a c h i a  m a c u l a t a  

(Lodd.) t r a n s p l a n t s  were not y e t  accliaatized 6 weeks after 

t r a n s p l a n t  t o  s o i l .  These d i f f e r e n c e s  Ray limit t r a n s p l a n t  

d e ~ e l c ~ ~ e n t  u n t i l  control t y p e  roo t s  are p r o d u c e d  b y  t h e  . 

t r a n s p l a n t s  a t  some later  s t a g e ,  X f  t h e  situation with roots is 

a n a l a g o u s  t o  t h a t  of shoot growth, and t h e r e  is some evidence 

for t h i s  i n  t h e  i n t e r m e d i a t e  type o f  roots o b s e r v e d  5 weeks  

a f t e r  t r a n s p l a n t ,  t h e n  t r a n s i t i o n a l  root  t y p e s  map d e v e l o p  

dux i ng  a c c l i ~ a  tiza t i o n  of t r a n s p l a n t s ,  

I n  l e a v e s ,  stews and petioles the a m u n t  of s u p p o r t  t i s s u e  

and wal l  deposition was g r e a t e s t  i n  t h e  h i g h e r  l i g h t  i n t e n s i t y  

t r a n s p l a a t s ,  T h i s  was a p p a r e n t  from g r e a t e r  ease of sectioning 

of the firmer t i s s u e  and g r e a t e r  s t a i n i n g  i n t e n s i t y  a n d  

t h i c k n e s s  of soae cell w a l l s  such  as t h e  vessel e l e m e n t s  of t h e  

xyfent, T h i s  is s u p p o r t e d  fry d a t a  showing s i g n i f i c a n t l y  @ore d r y  

weight a c c u l n u l a t i o n  in l e a v e s  a t  t h e  h i g h e r  t r a n s p l a n t  f i g h t  

i n t e n s i t i e s  [Donnelly a n d  V i d a v e r ,  1988Yb; see C h a p t e r  111) . 
D e s p i t e  t h e  p r o g r e s s i v e l y  younger a y e  o f  t h e  t i s s u e  tested, the 

c o ~ p a c t n e s s  05 t h e  l e a f  & i s s u e s ,  a a o u n t  of wall, d e p o s i t i o n  a n d  

s i z e  of  t r a n s p l a n t  o r g a n s ,  a t  t h e  t h r e e  light i n t e n s i t i e s ,  

showed  a d i s t i n c t  i n c r e a s e  that was i n v e r s e l y  f e l a t e d  t o  time of 



o r g a n  a p p e a r a n c e  a•’ ter t r a n s p l a n t ,  

S c a r c i t y  of c o l l e n c h y r o a  tissue i n  c u l t u r e  and reduced 

a m o u n t  i n  t h e  new l e a v e s  a n d  p e t i o l e s  of t r a n s p l a n t s  cs tgpared t o  

c o n t r a l s  m a y  b e  e x p l a i n e d  i n  p a r t  b y  r e s u l t s  of R a z d o r s k i i  

(1955) axid t h o s e  o f  Y e n n i n g  (1949) cited b y  Esau [ 1 9 6 5 ) ,  They 

f o u n d  t h a t  i n  d e v e l o p i a g  p l a n t s  exposed t o  aechaaical  stresses, 

c o l l e n c h y m  w a l l  t h i c k e n i n g s  began ear l ier  and became Bore 

m a s s i v e  t h a n  i n  plants u n e x p o s e d  t o  such stresses, Xn c u l t u r e  i t  

would seem t h a t  e t echan ica f  stresses are few; t h e r e  is l i t t3e  o r  

n o  a i r  movement i n  s t a t i o n a r y  c u l t u r e s ,  Even t h e  f i rst  new 

l e a v e s  of t r a n s p l a n t s  develop soHe collenchymtta t i s s u e s ,  the 

l a te r  f o r ~ e d  leaves h a v e  rauch Bore .  The i m p l i c a t i o n  here is t h a t  

c o n t r o l  l e v e l s  o f  c o l l e n c h p a  cell wall d e v e l o g ~ e n t  c a n n o t  b e  

expect& i n  c u l t u f e  and  a l s o  Bay  be i n h i b i t e d  by the 

i n t e r m e d i a t e  e n v i r c n ~ e n t  into which the t r a n s p l a n t s  a re  p l a c e d ,  

a s  b o t h  a r e  r e l a t i v e l y  t r a n q u i l  i n  t e r B s  of ~ e c h a n i c a l  stress. 

Scarcity o f  s c f e r e n c h y a a  cel ls  a n d  s e c c n d a r y  wall 

d e v e l o p m a t  is p r o b a b l y  r e l a t e d  t o  t h e  e l e v a t e d  r e l a t i v e  

h u ~ i d i t p  of b o t h  t h e  c u l t u r e  e n v i r o n a e n t  aad t h e  i n t e r ~ e d i a t e  

t r a n s p l a n t  e n v i r o n m e n t ,  Eberhasdt  ( 1903 ; c i t e d  hy Wangermfin, 

196 1)  f ound  r e d u c e d  s c l e r e n c h y ~ a  artd s e c o n d a r y  wall Eorlna t i o n  

[ i n c l u a i n g  l i g n i f i c a t i o n )  i n  b o t h  roots a n d  stems of a  wide 

n u n h e r  of species subject t o  c o n d i t i o n s  o f  h i g h  r e l a t i v e  

hurrr idi tp.  

P e r s i s t e n c e  of & s i t rc  features i n  o r g a n s  a p p e a r i n g  a f t e r  

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



a) O r g a n s  foroaed a f t e r  l c r a n s ~ l a n t  had been i n i t i a t e d  i n  cul-turrt, 

a n d  d e f i n e d  i n  t h e  e a r l y  s t a g e s  o f  d e v e l o ~ ~ e l t t  [as p r i m o r d i a )  by 

t h e  c u l t u r e  e n v i  ron~en t, 

Organs  f o r m e d  a f t e r  t r a n s p l a n t  and  i n i t i a t e d  i n  s o i l ,  are 

gre ven t e d  from r a p i d l y  a c h i e v i n g  t h e  c o n t r o l .  t y p e  s t r u c t u r e  

b c a n s e  they a r e  l i ~ i t e d  i n  t h e i r  d e v e l o p m e a t  by: 

b) c u l t u r e  environment e f f e c t s  3 h i c h  c a n  o n l y  g r a d u a l l y  be 

e s c a p e d  froa, 

cj t h e  a a h i e n t  i n t e r a e d i a t e  t y p e  env ironment  which  e n a b l e s  

s u r v i v a l  t h r o u g h  t h e  d e v e l o ~ m e n t  of t r a n s i t i o n a l  o r g a n s ,  

d) t h e  r e t e n t i o n  of c u l t u r e  t y ~ e  o r g a n s  t h a t  make up the e x i s t i n g  

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

t h e  r e s t  of t h e  p l a n t ,  

S u p p o r t  f o r  t h e s e  s u g g e s t i o n s  i s  t t rerely c i r c u n t s t a n t i a f ;  evidence 

f o r  {a)  is f o u n d  i n  o c c a s i o n a l  o r g a n s  ( l e a v e s  o r  petioles) t h a t  

d i d  n o t  follow the s e q u e n c e  os c l i n e  t o w a r d s  t h e  c o n t r o l  t y p e  

anatoay,  a p p a r ~ n t  i n  s u c c e s s i v e  v e e k s  g r o w t h  a f t e r  t r a n s p l a n t ,  

I n  these cases l e a 2  b u d s  Ray have  b e e n  q u i e s c e n t  for several 

s e e k s ,  o n l y  e x p a n d i n g  a f t e r  t r a n s p l a n t ,  A l t e r n a t i v e l y ,  i t  Bay be 

i m p o r t a n t  w h e r e  on the s h o o t  t h e  l e a v e s  e m e r g e  fro@, so  l e a v e s  

e x p a n d i n g  i n  a n y  o n e  week at the shoot a p e x  or the a x i l s  o f  

basa l  l e a v e s  m y  l o c k  q u i t e  d i f f e r e n t ,  E x p e r i m e n t a l .  s t u d i e s  b y  

Ashby (19481 a n d  Rshby and Pangerttlann f 7950) lend s u p p o r t  t o  

e x p l a n a t i o n s  [ c )  a n d  ( d f  ; t h e  i n t e r p l a y  of d e v e l o p i n g  p a r t s  i n  

r e l a t i . c n  t o  s t r u c t u r a l  g r a d i e n t s  j u n d e t e r  mined i n f l u e n c e s  of 



immature leaves o n  s t i l l  y o u n g e r  l e c i v e s ,  a n d  p r o c e s s e s  of a g i n g  

i n  the a p i c a l  meristers) and mic roc l i~a te .  In 1961 ,  Rangermanln 

suggested t h a t  t h e s f  u n d e t e m i n e d  i n f l u e n c e s ,  i n v o l v i n g  wa tef 

s u p p l y  and h u ~ i d i t y  d e p e n d e n t  d e v e l o p @ e n t a l  effects, r e l a t e d  t o  

t h e  b a l a n c e  a n d  d i s t s i b u t i o n  of g r o w t h  kora tones .  Some e v i d e n c e  

f o r  (b) a n d  (c) is f o u n d  i n  the r e s u l t s  of experiments done  w i t h  

f e r n s .  A p r o g r e s s i v e  increase i n  l eaf  size and complexity 

( h e t e r o k l a s t i c  developaent)  has been a t t r i b u t e d  t o  c h a n g e s  i n  

the nutritional s t a t u s  of t h e  plant, e s p e c i a l l y  t h e  c a r b o h y d r a t e  

l e v e l ,  Goebel  (1988: c i t e d  by S t e e v e s  and  S u s s e x ,  1972) 

s u g g e s t e d  t h a t  s ~ a l l  a n d  m o r p h o l o g i c a f  l y  s i ~ g l e  l e a v e s  a•’ 

j u v e n i l e  staye ferns reflected t h e i r  f e s t ~ i c t e d  n u t r i t i o n a l  

s t a t u s ,  I n c r e a s e d  s i z e  { S  t e e v e s ,  1963) a n d  ~ o r p h o 2 o g i c a  f 

c o a p f e x i t y  (Sussex and f l u t t e r ,  1 9 6 0 )  of l a t e r  f o r a e d  l e a v e s  was 

s h o w n  tcs b e  t h e  result of i n c r e a s e d  c e l l  d i v i s i o n  and a t t r i b u t e d  

t o  e a h a n c e d  c a r b o h y d r a t e  n u t r i t i o n .  S t e e v e s  and Sussex (1972) 

s u n t n a r i z e  t be d i f f i c u l t y  i n  i n t e r p r e t i n g  control e a e c h a n i s a s  

involved i n  leaf form: l 8 f t  i s  n o t  p o s s i b l e  t o  d e t e r ~ i n e  t o  wha t  

e x t e n t  the f a c t o r s  t h a t  i n f l u e n c e  l ea f  d e v e f o p e n t  a c t  airectf y 

upon the leaf a n d  to what e x t e n t  t h e y  o p e r a t e  t h r o u g h  t h e  p a r e n t  

p l a n t i t .  

W h a t e v e r  t h e  u n d e r l y i n g  r e a s a n ( s )  a g r a d u a t e d  r e t u r n  t o  

c o n t r o l  t y p e  d e v e l o p m e n t ,  d u r i n g  accliiaat iza t i o n  to  t h e  so i l  

e n v i r o n m e n t ,  accelerated b y  h i g h e r  light i n t e n s i t y  is i n d i c a t e d .  

On1  y o r g a n s  a r i s i n g  a f t e r  t r a n s p l a n t  c a n  a p p r o a c h  c o n t r o l  t y p e  

d e v e l o ~ m e n t .  T h u s  t h e  p r o c e s s  r e f e r r e d  t o  a s  a c c l i m t i z a t i o n  



g u s t  b~ c o n s i d e r e d  a s  l e a d i n g  t o  t h e  c u l m i n a t i o n  of l i n e a r ,  

irreversible t i s s u e  o r  o r g a n  development .  Persistent leaves, 

p e t i o l e s  and stew t i s u e s  c l e a r l y  do n o t  r e d i f f e r e n t i a k e  t o  a 

torm s u i t e d  t o  t h e  changed  e n v i r o n m e n t  a s  n a s  i w p l i e d  b y  G r o u t  

a n d  Aston [ I  9781, R e d i f f e r e n t i a t i a n  d o e s  n o t  occur i n  p e r s i s t e n t  

red r a s p b e r r y  t i s s u e s ;  t h e  a c g a n s  grow rttinimafly, sorae secondary  

w a l l  d e p o s i t i o n  o c c u r s  wh ich  map a c c o u n t  f o r  t h e  saa l f .  i n c r e a s e s  

s e e n  i n  t h e  d r y  weights (Donnelly a n d  Vidave r ,  19Rtib; see 

Chapter 1x1) , a t  t h e  h i g h e r  transplant light intensities, . 

Bna t s i e i ca f  v a r i a t i c n s  & s e r v e d  i n  cultured red r a s p b e r r y  

p l a n t l e t s  result fro& stresses imposed on d e v e l o p ~ e n t a f  

r e g u l a t i o n ,  The c u l t u r e  environlrrerat is not s o  f a r  frota the 

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

i n h i b i t e d  {as i.t is for t h e  tttany species, rrtany of t h e m  

xerophytes, t h a t  a r e  i n c a p a b l e  cf s u r v i v i n g  i p  v i t r o ) -  The  

process of a c c l i ~ a t i z a t i o n  I n v o l ~ e s  r e v e r s i o n  t o  c o n t r o l  t y p e  

d e v e l o p m e n t a l  r e g u l a t i o n ;  t h i s  t a k e s  time, p r o c e e d s  i n  a 

s t e p w i s e  Banner  a n d  is a p p a r e n t l y  a h i g h l y  co1p1ex a c t i v i t y  

whose illechanisms reaaila t o  be e l u c i d a t e d ,  

I n  T a b l e  1 t h e  e p i g e n e t i c  changes seen i n  l e a v e s ,  p a t i o l e s ,  

stem a n d  roof: ariatoray of tissue c u l t u r e d  p l a n t s  p r o p a g a t e d  by  

a x i l l a r y  bud p r o l i f e r a t i o n  a r e  coinpi led f rom t h e  l i t e r a t u r e  and 

s t u d i e s  o f  red r a s p b e  fry i n c l u d i n g  Donnelf y and Vidave r  {198Ya; 

a l s o  see C h a p t e r  1-11] T h i s  is intended Zo be a  cotrtplete 

a c c o u n t  of a l l  such v a r i a t i o n  observed, t h a t  c a n  be a/tributed 

e x c l u s i v e l y  to e n ~ i r o n w n t a l l p  i n d u c e d  ra ther  t h a n  g e n e t i c  



change. Bn attempt h a s  b e e n  wide to  c o r r e l a t e  e p i g e n e t i c  

variation w i t h  the m a j o r  e n v i r o n m e n t a l  stresses i n  c u l t u r e  froa 

p u b P i s  hed  a c c o u n t s  of environraental e f f e c t s  cn p l a a t  iriorphol o g  1. 

The immense l i t e r a  t a r e  c o n c e r n i n g  environments l or 

c l imata fog ica l  e f f e c t s  on p l a n t  iecrplsolog y, p h y s i o l o g y  a n d  

r e p r o d u c t i v e  b e h a v i o r  -was r e v i e w e d  i n  the volume e d i t e d  by E v a n s  

(7963) ,  a n d  by B i e l e s k i ,  Perguson a n d  Cresswell (1974),  

A d d i t i o n a l  s o u r c e s  u t i l i z e d ,  i a c l u d e :  Baker,  1974 a n d  narrell 

and  F e s r e e ,  1983 { e n v i r o n m e n t a l  e f f e c t s  o n  p l a n t  c u t i c l e s ;  

waxes)  ; Corre, 1'383 {effects of f i g h t  o n  p l a n t  deve lopment . )  ; 

Esau,  1965 { e n v i r o n m e n t a l  effects orn p l a a t  marphrplogp) ;  Gay a n d  

Burd,  1975 ( e n v i r o n m e p l t a l  e f f e c t s  on s t o m a t a )  ; a n d  Harming, 

B i l l e r  and  Teare, 1977 {effects o f  r e l a t i v e  humidity on l e a f  

morpholog.p), T h i s  table is i n t e n d e d  to s e r v e  a s  a p r e l i a i n a r y  

f r a m e u o r k  f o r  E u t u f e  i n v e s t i g a t i o n  of Ln x i t r e  i n d u c e d  

v a r i a t i o n ,  Better u n d e r s t a n d i n g  of t h e  coittplex i n t e r a c t  i o n s  

be-tween e a v i r o r t ~ a n t  a n d  d e v e l o p m e n t  d u r i n g  t h e  $2 v i t r o  and t h e  

t r a n s i t i o n a l  a c c l i m a t i z a t i o n  s t a g e s  of t i s s u e  c u l t u r e  

propagation is e s s e n t i a l  t o  the dppl i ca t ioa  of t h e  most 

e f f e c t i v e  g f e t h o d s  for p r o d u c i n g  v i ab l e ,  s e l f - s u s t a i n i n g  p l a n t s ,  



P i g u r e  Q. P h o t o ~ i c r c g r a p h s  of sectioned petioles fa-C) , stems 

I D - f )  and roots (G-1) of ccntrol  plants (left) , p l a n t l e t s  

{centre) a n d  transplants ( r i g h t )  a T h e  bar is O,tbpr rrtrn (controls), 

or 0.16 Ern (~fantlets and transplants). 





Table 1. E p i g e n e t i c  changes in anatorny of p l a n t l e t s  induced b y  
t h e  culture e-nvironment, The 4 i n d i c a t e s  this chapter, - ------- - ---- --------------------------________________________________________------------------- ----- 
Anatomical P lant  Environmental 
v a r i a t i o n  determinants 

Foliage 

shape  change: 8 { D + V ,  3984a, *) T {F, 195-U, 1960) 
size change: 
v e r y  t h i e  R { D + V ,  1984a) RH L {E4,fl+T, 1977; G, 1983) 

S [W+S, 1982) BH, T [f, 1950) 
C { S + L ,  1979) 

v e r y  s l sa l l  I3 [D+V, 1984a) RH [S ,E+T,  1977) 
cel l  size decrease: 
a l l  X [D+V, 3984a) 
a d a x i a l  epidermal S ( 8 + S ,  1982)  
p a l i s a d e  l e n g t h  P ( B , F , X + G ,  3987) 
cell type change: 
decrea sed : 
c o l l e n c h y  %a R (DsV, 1984*] PIS [ B  1955; V, 1949) 
scherenchyma ibid RH (Eb, 19D3) 
cell g a l l  t h i c k e n i n g s  ibid RE1 ------ ---*-------------------------------------*---------------- 

c u t i c l e  
andeve loped S ( # + S ,  1982) RH, L [ i n t e n s i t y  and 

qua1 ity] 
n u t r i t i o n a l  status, 
ph ys io lagical  f u n c t i o n  
iH+J, 39701,  

e p  i c u t  i cu  la  r 
wax amount: WP (D+P, 19133) 
less 5 {B+S, 1982) RH, L, T ( R ,  1974) 

CC ( @ , Q + S ,  1979) RIZ [ 5 , M * H ,  3983) 
P { P , C + S ,  1981)  
CH [ % , D + 5 ,  1983) 
C {Z,24+?i, 1983) 

G structure: 
n o t  changed S [ # + S f  1983)  
changed CA [cia,  1877a) 

CC fG, 1975 )  
C f S + L ,  1879) ----------- 

stomataf 
d e n s  it y: L (G+H,  1975) 
increased S {#+5, 1983) RH (B,B+T, 39773 
f r e q u e n c y :  
decreased P {B,F ,R+C,  1981) 
index:  
decreased R (D+V, 1984af 
d i s t r i b u t i o n :  
altered R (L)+V. 3984a) RH, T, L (C i f l ,  1975) 



size: 
increased 
no c ha uge 
apera t u r e :  
o p e n  

tr ichoses: 
&sen k AC. [L, 1978) L,T,Rfl  f P ,  1 9 4 0 )  
frequency: 
d e c r e a s e d  
G d i s t r i b u t i o n :  
a1 terlea 

ep idersa l  cell: 
d i  s tos  t i a n  R (D+tr, 798Y*) 

S ( W + 5 ,  1982,1983) 
c o n t e n r t s  
alt esed S /W5, 7982) 
r a t i o  to p a l i s a d e  
cells decreased R [ W V ,  198U*) L, BH, m e s o p h y l l  {E, 1950) 

parenchy~a t i s sue:  
l i m i t e d  or absent 3H [E, 1960) 
p a l i s a d e  l a y e r  CA {G+&, 1978) 

S { W + 5 ,  1982) 
decreased packing 
d e n s i t  f S (W+S, 7982) 

R (D+V, 198Ya) 
i n c r e a s e d  X a i r  
i n  w s a p h y l l  5 ( W S ,  1 9 8 2 )  

P ( B , P , K + C ,  1981) 
p a l i s a d e  cell 
s h a p e  changed R (D+V, 188Ya) 
(o bcon ica l sha p e )  
chloroplast 
a l tered  shape 
E ultrastructure: S {W+S, 1982) 
irregular iwembraae system 
not o r g a n i z e d  into grana 





AC a p p l e  
C c a r n a t i o n  
CA c a u l i f l o w e r  

? plus 
R r e d  raspberry  
S sweetgum 

C c a r k o h y  d r a t  e 
CO 2 c a r b o n  d i o x i d e  
L 1 i g  h t  
WS mxhanicaf  stress 
0 osmolarity 
0 2  o q  y e n  
R H  ref a t i v e  humidity  
T t e ~ p e r a t  ure 
V P  water p o t e n t i a l  
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111, Pigaent Content and Gas Exchange of Bed aspberry  Pn 

C u l t u r e  and Transferred to Soif  

f n t r o d u c t  ioq 

G r o u t  and Aston l1977bf s u g g e s t e d  t h a t  a raajor fac to r  in 

t h e  v u l n e r a b i l i t y  of c a u l i f l o w e r  transplants t o  stress was p o o r  

d e v e l c p ~ e n t  of the p h c t o s y n t k e t i c  system v i tro .  The 

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

a x i l l a r y  b u d  p r o l i f e r a t i o n  h a s  not Seen elucidated p r e v i o u s l y ,  

either -in c u l t u r e ,  o f  after t r a n s f e r  t o  s o i l ,  yet these are 

araougst the mst i m p o r t a n t  coealaercially of a l l  tissue c u l t u r e d  

pldats, T h e  i a i t i a l  purpose of this study gas t o  e v a l u a t e  the 

p o t e n t i a l  f o r  C 0 2  uptake and t o  aetermine t h e  p h o t o s y n t h e t i c  

p i g m a t  c e n t l e n t  of r e d  r a s p b e r r y  p l a n t l e t s  grown in a s e p t i c  

c u l t u r e  a t  t r a n s p l a n t  t i a e  a n d  a f t e r  one month i n  s o i l  under 

c o n t r o l l e d  environaaental c o r n d i t i o a s .  The wag i n  which light 

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

c o n t e n t  a n d  an assessment of t h e  c o n t r i b u t i o n  t o  t h e  p l a n t  b o t h  

by t h e  o r i g i n a l  leaves r e t a i n e d  from c u l t u r e  and by t h o s e  foraied 

s u b s e q u e n t l y  i n  t h e  s o i l  e n v i r o n m e n t  were of special i n t e r e s t .  A 

v a r i e t y  of l e a f  paratneters h i t h e r t o  u n r e p o r t e d  f c r  cultured 

p l a n t  l e t  leaves a n d  t h o s e  cf new t r a n s p l a n t s ,  including leaf 

f resfa/dry w e i g h t  ratios [FW/DH), p e r c e n t a q e  water c o n t e n t  (% 



fidC), d r y  weight/area [ g  D a / d m Z )  a n d  p l a n t f e t  of t r a n s p l a n t  total 

1ea.f area ITLA) w e r e  also e v a l u a t e d ,  T h e s e  p a r a m e t e r s  w e r e  

c o n t r a s t e d ,  where p o s s i b l e ,  t o  t h o s e  of f i e l d  grown control 

p l a n t s -  

W a t e r i a f s  and H e t h o d s  - 

P l a n t l e t s  were incubated a t  5 l i g h t  intensities, i f o n  2,000 

t o  5 ,000  lux, Gas e x c h a n g e ,  p i g ~ e n t  c o n t e n t ,  FW/DW, $ fitC,.y 

DW/da2 aad T L B / p l a n t l e l  ware e v a l u a t e d  a t  t h e  end of each 4 week 

culture cycle, the time a t  ollhic2.b t h e s e  rooted p l a n t l e t s  #ere 

e i t h e r  s u b c n l t a r e d  to  fresh m e d i u ~  or  transferred t o  s o i l .  

Leaves of p l a n t l e t s  f rola 3 ,000  l u x  c u l t u r e  were t a g g e d  by  

- ty ing colored thread around t h e  base of e a c h  petiole, E i g h t e e n  

p f a n t l e t s  w i t h  l e a v e s  tagged i n  t h i s  B a n n e r  were t r a n s f e r r e d  t o  

soil a t  e a c h  of three l i g h t  i n t e n s i t i e s ,  3 ,  6 , 8 0 3  and 9 , O U O  

lux. After i) w e e k s ,  5 t r a n s p l a n t s  from e a c h  t r e a t m e n t  %ere used 

fo r  g a s  exjc hange experiments, The remai~ling p l a n t s  were utilized 

f o r  the r e m a i n d e r  of the tests. 

C a r b o n  d i o x i d e  uptake was d e t e r ~ i n e d  f o r  p l a n t l e t s ,  

t r a n s p l a n t s  and c o n t r o l  p l a n t  leaves using a B e c k i n a n  i n f r a r e d  

gas a n a l y z e s  (XBGA) . T h e  t e f 8 p e r a t n r e  i n  the saferple c h a m b e r  was 

h e l d  a t  25 "C [ T e l e - t h e r m o m e t e r  reading) bp c i r c u l a t i n g  tap 

water through i ts  uatel: jacket, The l i g h t  s o u r c e  was t h r e e  cool 

white f ftloresceat b u l b s ,  Tbe i n t e n s i t y  was weinsured wiLh a 

Ei-cor p h o t o m e t e r  and  c o n t r c l l e d  by a d j u s t i n g  t h e  light source 



d i s t a n c e  from t h e  sample chamber, Intensities e n p l o  yed to test 

p l a n t l e t s  and c o n t r o l  plant ledges r a n g e d   fro^ 4,080 t o  24,000 

l u x ,  a n d  inc luded the range from v e r y  10% to s a t u r a t e d  uptake 

rates, The saiaple uas exposed t o  &he l o w e s t  l i g h t  i n t e n s i t y  

first, t h e n  t h e  l i g h t  was s t e p p e d  up a t  4,009 lux i n t e r v a l s ,  Two 

or three r e a d i n g s  were taken a t  each l i g h t  i n t e n s i t y -  Gas 

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

f20,000 o r  24,300 l n x )  u a t i j .  t h e  C 0 2  c o f a p e s l s a t i o n  p o i n t  (CP) was 

r o a c h e d ,  a f t e r  which a d a r k  r e s p i r a t i o n  rate [BE) was o b t a i a e d .  

T r a n s p l a n t s  t e s t e d  af ter  4 w e e k s  i n  s o i l  Mere e v a l u a t e d  a t  

20,000 l u x  and 5-6 r e a d i n g s  vere t a k e n ,  T h e y  %ere t e s t e d  a f i r s t  

time a s  i n t a c t  p h a t s  and a second t h e  vi-th a l l  tagged l e a v e s  

c l i ~ p e d  o f f  at the base of t h e  pet io le ,  The petioles were 

c l i p p e d  off when t h e  s a m p l e  was rentoved f ront  t h e  XPGR a n d  t h e  

l ea f  area  was measured.  B o t h  f r e s h  w e i g h t  a n d  d r y  w i g h t  

[rninimuln 48  h o u r s  i n  a 50 O C  o v e n )  %ere de texra ined ,  The leaf 

area a n d  tiiae f o r  C 0 2  u p t a k e  t h r o u g h  t h e  a a i b i e n t  r a n g e  (365-265 

u l /L)  a t  e a c h  l i g h t  i n t e n s i t y  were used tn co~pnte t h e  rate of 

CD2 u p t a k e  i n  nrg CW/d@/hour  (0. l g  CO2/ntz/hour) K r n s l r a l - R a l l i s  

or %inn-Vhi taey  U tests  were eraplayed t o  d e t e r m i n e  w h e t h e r  or 

not CEf2 u p t a k e  rates, DR rates a n d  CP were s t a t i s t i c a l l y  

d i f f e r e a t  a t  the pL0,05 l e v e l  (K le inbaunr  and  Kupper, 1978). 

P l a n t l e t  leaf  p i g m n t  c o n t e n t s  v e r e  b a s e d  on t h e  Rean of 

f i v e  d e t e r n t i n a t i o n s  f o r  each o-E t h r e e  to  s i x  c u l t u r e  c y c l e s  a t  

each l i g h t  i n t e n s i t y .  P igment  c o n t e n t  of new and t agged  leaves 

aE t r a n s p l a n t s  vere based on f i v e  d e t e r m i n a t i o n s  of c o i x p o s i t e  



s a n p l e s  f rom twe lve  t r a n s p l a n t s  a t  each light intensity, P i g s e n t  

a n ? l y s i s  was done on pcofed leaf k i s s u e  s a m p l e s  of 50 nnq 

e x t r a c t e d  i n  1 2 - 5 - 2 5  nl of 100% cold a c e t o n e  b y  the method of 

S e s t a k  (197 7 ) -  Chllorophyfl  a, h a n d  t o t a l  casotenrzir ls  were 

est intated b y  t h e  ccnstaruts of Bofm 11954). C a l c u l a t i o n s  were 

made o n  a d r y  w e i g h t  (I)%) and a fresh w e i g h t  3Fg;t) b a s i s .  

U n i r r a r i a t e  one-way analysis o f  variance and Sche f  fe allowances 

were u s e d  to determine if t h e  means were statistically 

d i f f e r e n t ;  a t  t h e  pro.  10 l e v e l  for t h e  ~ u l t i p l e  c o m p a r i s o n s ,  

o t h e r w i s e  a t  t h e  p r o - 0 5  l e v e l  (Xleiatbaula aad Rupper, '1978). 

Leaf d i s c s  of knaun area, fresh and o v e a - d r i e d ,  were used 

t o  obtain measurements  of FH/DH, X 3C and (J DH/dm+. neasureaaents  

of I L A / p l a n t l e t  were done a s  for t h e  IRGA saiB~lG3~. Leaf 

p a r a ~ e t e r s  were c u m ~ a r e d  b e t w e e n  treatments  u s i n g  R r u s k a f - W a l l i s  

or Bann-Ahi tney  U tests. The l e v e l  of s i g n i f i c a n c e  employed was 

p"0 - 0 5 .  

The n e t  C02 u p t a k e  rates o f  p l a n t l e t s ,  examkned a t  t h e  e n d  

of  a 4 week culture c y c l e ,  were n o t  different aaorrg c u l t u r e  

treat ia lents  when cotgpared a t  a r a n g e  of l i g h t  i n t e n s i t i e s  front 

very low t o  s a t u r a t i n g  but  were s i g s i f i c a n t l y  lover t h a n  those 

of f i e l d  c o n t r o l  plants. Carbon dioxide u p t a k e  rates o f  

plantlets ranged from less than  f mg C02/d~P/hour  a t  culturing 



i n t e n s i t i e s  t o  2-3 mg ;C02/dmz/hour a t  s a t u r a t i n g  inteansities and 

r a r e l y  exceeded 4 mg C02 /dmz/&our. M a t u r e  leaves, detached from 

field control p l a n t s  d u r i n g  m i d s u n s e r  had @axireua u p t a k e  rates 

of 10-15 ~sg C02/3ra2/hour a t  s a t u r a t i n g  i n t e n s i t i e s  ( F i g ,  53, 

The C02 u ~ t a k e  ra tes  a t  20,000 l u x  for i n t a c t  t r a n s p l a n t s  

a v e r a g e d  ffoln tC-5 t o  6,Q my C02jdw2/hour and  were s i g n i f i c a n t l y  

greater t h a n  t h o s e  f o r  g l a a t l e t s  t a k e n  directly from c u l t u r e  bat 

d i d  n o t  v a r y  with l i g h t  i n t e n s i t y  f3,000 to 9,000 l u x )  

r a a i n t a i n e d  d u r i n g  Y v e e k s  for transplants in soi l .  T r a n s p l a n t s  

w i t h  t a g g e d  leaves r emoved  a l s o  had s i g n i f i c a n t l y  greater u p t a k e  

l a t e 5  than ~ l a n t l e t s ,  These u p t a k e  rates a v e r a g e d  frora 5 , s  t o  

6.5 ~ g  CO2/dmz/hour, When C02 uptake r a t e s  were c o a p a x e d  b e t w e e n  

intact t r a n s p l a n t s  and t h o s f  with new l e a v e s  c n l y  [ t agged  leaves 

re~oved). there was no d i f f e r e n c e  at 3,000 lox, h u t  transplants 

with new l e ' a v e s  only on the& a t  both 6,000 a n d  9,000 I n x  h a d  a 

s i g n i f  i c a n t l y  h i g h e r  r a t e  t h a n  t h a t  of i n t a c t  p l a n t s  ( T a b l e  2 ) .  

g h a t  t h e n  is t h e  c c n t s i b u t i o n  of -the t agged  leases t o  t h e  

o v e r a f  l car boa b a l a n c e  of these t r a n s p l a n t s  a f t e r  1 son th  i n  

soil? Tagged  l e a v e s  a c c o u n t &  for 30% of t h e  t o ta l  leaf  area a t  

3,000 lux y e t  their c c n t r i b u t i o n  gas less than 107 of total CD2 

u p t a k e ,  A t  5,000 o r  9,000 Lux t a g g e d  l e a v e s  composed 10-30s of 

the t o t a l  Leaf area a n d  were net r o s p i r e r s ,  8ew leaves d i d  not 

photosynthesize o p t i ~ a f l y  a n d  coapared to  c o n t r o l  p l a n t s  

operated a t  h a l f  t h e  wnornsalfl u p t a k e  r a t e s ,  



F i g u r e  5 .  The C 0 2  u ~ t a k e  of r e d  r a s p b e r r y  p l a n t l e t s  i n  c u l t u r e  

arid t h a t  of detached m a t u r e  c o n t r o l  plant leaves, at L i g h t  

i n t e n s i t i e s  from 4 , 0 0 0  to  24,000 lux. 

LIGHT INTENSITY (KLUX) 



Dark r e s p i r a t i o n  rates ( T a b l e  3 )  of p l a n t l e t s  c u l t u r e d  a t  

5 , 0 0 0  lux were n o t  different from c o n t r o l  p l a n t  rates. fio~aerrer, 

t h e y  were s i g n i f i c a n t l y  lower t h a n  those for p'la n t l e t s  exposed 

t o  2,000-5,000 lux, C o m p e n s a t i o n  points { T a b l e  3)  d i d  not dif fer  

according t o  l i g h t  i n t e n s i t y  among c u l t u r e d  p l a n t l e t s  h u t  were 

s i g n i f i c a n t l y  h i g h e r  t h a n  t hose  of c o n t r o l  p l a n t s *  T h i s  i t t i p l i e s  

t h a t  p l a n t l e t s  i n  c u l t u r e  h a v e  a h i g h e r  p h o t o r e s p i r a t i o n  sate 

t h a n  ccatrol p l a n t s .  The D B  srates a n d  CPs of i n t a c k  t r a n s p l a n t s  

o r  t h o s e .  p i t h  o n l y  neir leaves {tagged leaves semcvsd)  were 

s i g n i f i c a n t l y  d i f f e r e n t   fro^ those of c u l t u r e d  p l a n t l e t s ,  b u t  

di.4 not v a r y  w i t h  light intensity in sail, and uere not 

d i  f f er eat f fara c o n  t ro l  s. 

P l a n t l e t  leaf ~ i y m n t  content on a dry weight b a s i s  (Table 

tr) was s i g n i f i c a n t l y  g r e a t e r  a t  2,0004,000 l u x  thaa i t  was a t  

5,000-6,000 l u x  f o r  c h l o r o p h y l l  a and t o t a l  chlorophyll and a t  

2,000-3,0130 l u x  than a t  U,OOU-0,000 l u x  fo r  c h l o r o p h y l l  'st a n d  

c a r a t e n o i d s ,  P l a n t l e t s  a t  3,800 lax had s i g n i f i c a n t l y  g r e a t e r  

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

i n t e n s i t y ,  c a l c u l a t e d  cn a f r e s h  w e i g h t  b a s i s ,  M o l a r  r a t i o s  of 

c h l o s o p h  y l l  a/b and (a*b) / c n r o t e n o i d s  were n o t  affected b y  l i g h t  

i n t e n s i t y  i n  c u l t u r e ,  

O n  a d r y  w e i g h t  b a s i s ,  c h l o r o p h y l l  a a n d  t o t a l  c h l o r o p h y l l  

were s i g n i f i c a n t l y  g r e a t e r  i n  neu l e a v e s  of t s a n s p l a n t s  than i n  

leases of p l a n t l e t s  i n  c u l t u r e ,  and d i d  n o t  d i f f e r  aaong 

transplants a t  the three l i g h t  i n t e n s i t i e s  (Table 4 ) -  

C h l o r o p h y l l  b and carctenoid contents i n  new l e a v e s  o f  











t r a n s p 2 a n P . s  a n d  i n  l e a v e s  o f  p l a n t l e t s  were n o t  d i f f e r e n t ,  ~ 1 1  

l e a f  p i g m e n t  c o n t e n t s  on a f r e s h  w e i g h t  b a s i s ,  were 

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

of t r a n s p l a n t s  a n d  d i d  n o t  d i f f e r  among t r a n s p l a n t s  a t  the three 

l i g h t  i p l t e n s i t i e s ,  A l l  pigrttent c o n t e n t s  wese l o v e r  i n  new l e a v e s  

o f  t r a n s p l a n t s  a t  9,000 l u x  t h a n  at 3,000 o r  6,000 l u x  on a n  

a r e a  b a s i s ,  T h e  m l a r  s a t i o s  of c h l o r o p h y l l  a/b a n d  

a * b / c a r o t e n o i d s  were g r e a t e r  i n  t r a n s p l a n t s  t h a n  p f a n t f e t s  but 

d i d  n o t  d i f f e r  among t r a n s p l a n t s  a t  t h e  t h r e e  l i g h t  i n t e n s i t i e s ,  

C h l o r o p h y l l  a  a s d  t o t a l  c h l o r o p h y l l  o f  t a g g e d  l e a v e s  at. 

9,000 l u x  were s i g n i f i c a n t l y  l o v e r  t h a n  p l a n t l e t s  o r  t a g g e d  

l e a v e s  a t  3,000 or 6,800 l u x  when p i g a e n t  c o n t e n t s  of tagged 

l e a v e s  of t r a n s p l a n t s  were c o a p a r e d  t o  leaves o f  p l a n t l e t s  i n  

c u l t u r e  on a d r y  w e i g h t  basis.  C h l o r o p h y l l  b a n d  c a r o t e n o i d s  i n  

t a g g e d  leaves and  p l a n t l e t s  wese not d i f f e r e n t ,  A11 t a g g e d  leaf 

p i y ~ e n t  c o n t e n t s  a song t r a n s p l a n t s  were s i g n i f i c a n t l y  l o w e r  a t  

9,000 l u x  t h a n  at 3,008 or 5 ,000 lux, c a l c u l a t e d  on a d r y  weight 

basis .  On a fresh w e i g h t  basis, c h l o r o g h y f l  a a n d  t o t a l  

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

p l a n t l e t s ,  w h i l e  c h L o r o p h y l l  b  and c a r o t e n o i d s  were n o t .  P i g m a t  

c o n t e n t  d i d  not vary w i t h  l i g h t  i n t e n s i t y  of t r a n s p l a n t  i n  t h e s e  

t a g g e d  l e a v e s ,  c a l c u l a t e d  on a f r e s h  w e i g h t  basis. The a o l a r  

r a t i o  o f  c h l o r o p h y l f  a/b d i d  not d i f f e r  between E l a n t l e t s  a n d  

t a g g e d  l e a v e s ,  nor among t r a n s p l a n t s  a t  t h e  three l i g h t  

i n t e n s i t i e s .  The ~ t o l a r  r a t i o  of (a+b) /carotenoirJ ,s  was 

s i g n i f i c a n t l y  g r e a t e r  in t a g g e d  l e a v e s  t h a n  ~ l a n t l e t s ,  h u t  d i d  



n o t  d i f f e r  a a o n y  t r a n s p l a n t s  at t h e  t h r e e  l i g h t  i n t e n s i t i e s ,  

T h e r e  was n a  s i g a i f i c a a t  difference f o u n d  a t  3,1300 or a %  6,000 

Inx between pigment  c o n t e n t s  of new a n d  t a g g e d  l e a v e s  of 

t r a n s p l a n t s ,  However ,  a l l  p i g l e n t  c o n t e n t s  were significantly 

g r e a t e r  i n  t h e  nev  f e a v e s  at 9,000 l u x ,  a s  was t h e  molar r a t i o  

of c h l o r o p h y 1 1  a + b / c a r o t e n o i d s .  T h e  m l a s  r a t i o  of chlorophyll 

a/b was s i g n i f i c a n t l y  g r e a t e r  i n  t h e  new l e a v e s  a t  aI.1 three 

t r a n s p l a n t  l i g h t  i n t e n s i t i e s .  Pigment c o n t e n t  of new f e a v e s  a t  

9,000 l u x  was n o t  d i f f e r e n t  fro% t h a t  of  young c o n t r o l .  leaves. 

N e i t h e r  were the r n o l a r  r a t i o s  of c h l o r o p h y l l  a/b n o r  

( a + b ) / c a r o t e n o i d s .  T h e r e  u a s  a n e t  decrease i n  p i g s e n t  c o n t e n t  

w i t h  leaf  m a t u r i t y  i n  field c o n t r o l  p l a n t s ,  c a l c u l a t e d  on e i t h e r  

a d r y  ns a fresh l a e i g h t  ' b a s i s ,  

F c e s h / d r y  w i g h t  r a t i o ,  % E$C, and T . L A / g l a n t l e t  [Table 5 )  

d i d  n o t  differ with l i g h t  i n t e n s i t y  i n  c u l t u r e  a n d  were 

s i g n i f i c a n t l y  Lower in c o n t r o l  leaves.  G r a ~  d r y  w e i g h W d m 2  d i d  

not differ w i t h  l i g h t  i n t e n s i t y  i n  c u l t u r e  b u t  was s i g n i f i c a n t f y  

greater i n  control feaves (Tab le  5 ) -  P l a n t l e t s  i n  c u l t u r e  acd 

i n t a c t  t r a n s p l a n t s  a% 3,000 lux were found t o  be s i g n i f i c a n t l y  

d i f f e r e n t  f rofn i n t a c t  t r a n s p l a n t s  a t  5 , 0 3 0  a n d  9,000 Lux- Hew 

leaves r e f n a i n e d  s i g n i f i c a n t l y  sna l f er  i n  area when t r a n s p l a n t s  

were k e p t  a t  3,000 l u x  t h a n  when t h e y  sere t r a n s p l a a - t e d  t o  

h i g h e r  l i g h t  i n  t e n s i t  ies b u t  l i g h t  i n t e n s i t y  d i d  not affect 

PWJ'D@ nor 9 WIC o f  n e g  leaves .  





S i g n i f i c a n t l y  %ore d r y  matter was accumulated i n  neu leaves a t  

9,000 laax t h a n  a t  l o w e r  l i g h t  i n t e n s i t i e s -  T a g g e d  leaves d i d  not 

d i f f e r  i n  a r e a  frottl those in v i t r o  and d i d  n o t  increase i n  size 

s i g n i f i c a n t l y  w i t h  time i u  s o i l ,  However, t h e r e  was a 

s i g n i f i c a n t  decline in FW/DH a n d  % nC between t a g g e d  leaves a t  

the time of t r a n s p l a n t i n g  a n d  one month  la ter ,  This uas not 

a f f e c t e d  b y  the l i g h t  i n t e n s i t y  a t  w h i c h  transplants were k e p t  

i n  soil, P l a n t l e t s  a n d  t a g g e d  leaves of t r a n s p l a ~ t s  a t  3,000 l u x  

had s i g a i f i c a n t f y  lrrwer g BW/dntz t h a n  a t  6 , 0 0 8  a n d  9,000 l a x ,  

W h i l e  l i t t l e  dry  watter a c c u n r u l a t e d  i n  t a g g e d  leaves of 

t r a n s p l a n t s  at 3,0130 l u x ,  there was a significant i n c r e a s e  a t  

6,000 a n d  9,000 lux,  

Disc us s ion  -- 

L e a v e s  for@& &J v i t r o  are anatoaicaaly fI3onnef ly  and 

Vidaver,  1984a) and a s  t h e s e  r e s u l t s  show, p h g s i s l o g i c a L l y  

affected By t h e  c u l t u r e  environinent c o ~ p a r e i i  t o  control l eaves .  

L i g h t  i n t e n s i t y  in•’ ls ienced ~ i g m e n t  c o n t e n t s  and d r y  weight 

a c c u m u l a t i o n  of c u l t u r e d  l e a v e s  but t h e s e  f a c t o r s  a p p e a  red not 

t o  influence a low c a p a c i t y  for a u t o t r o p h i c  metabolistn.  Some 

a n a t o m i c a l  e l a b o r a t i o n s  were n o t e d  i n  the leaE a n a t o m y  of 

p l a n t l e t s  incubated a t  h i g h e r  light intensities. These cu l tu r e s  

possessed sonte l e a v e s  w i t h  a sinorlaalm ~ o l a p l e m e n t  of a b a x i a l  

f i l i f o m  t r i c h o i m s ,  a h s e n t  fro@ the l e a v e s  of lower fight 

i n t e n s i t y  c u l t u r e s  a n d  a d e g r e e  of compactness of t h e  



p a r e n c h y ~ a t o u s  l e a f  tissues w a r g i n a l l y  g r e a t e r  a t  h i g h e r  

i n c u b a t i o n  i n t e n s i t i e s  ( D o n n e l l y  a n d  V i d a v e r ,  198rta) . 
Surviving l e a v e s  from c u l t u r e ,  on t r a n s f e r  t o  s o i l ,  u n d e r g o  

f i t t f e  a p p a r e n t  c h a n g e ,  Tagged feaves from 3,000 lux c u f t u r e s  

s h o w e d  e i t h e r  n o  i r n ~ r o v e m e n t  or a d e c r e a s e  i n  a u t o t r o p h i c  

f n n c t i o n  o v e r  a f )  week p e r i o d .  T h e s e  l e a v e s  were net r e s p i r e r s  

by 1 m o n t h  a f t e r  t r a n s p l a n t .  Tagged leases d i d  not i n c r e a s e  

s i g n i f i c a n t f y  i n  total area,  they d i d  a c c u i m l a t e  sore d r y  matter 

a t  t h e  h i g h e r  f i g h t :  i a t e n s i t i e s ,  

F e a t u r e s  comaon t o  c u l t u r e d  p l a n t  l e a v e s  p e r s i s t  i n  uern 

l e a v e s  a p p e a f i n g  a f t e r  t r a n s f e r  t o  soil the t r a n s i t i o n a l  

L e a v e s ) ,  T h i s  s i t u a t i o n  Qay  be a n a f a g o u s  t o  that f o u n d  by 

Sch i t r i d t  a n d  Hi f l i n g t o n  3 19681, wha r e p o t t e d  series o f  

transitions l lea2 forms p r o d u c e d  i n  P r o s e r p i n a c a  ga2gstri.s 

s u b j e c  ten t o  a b r u p t  e n a i r o r a m e n t a l  c h a x q e .  T h u s  t h e  t r a n s i t i o n a l  

l e a v e s  may reflect t h e  inf l g e n c e  of L;I~ v i t m  c o n d i t i o n s  o n  leaf 

p r i l r t o r d i a  f o r m e d  in c u l t u r e  a s  %ell a s  t h e  i n f l u e n c e  of t h e  new 

a n h i e a t  e n v  ironaen t. E n v i r o n r t t e n t a i l y  p r o d u c e d ,  o r  epigenetic 

a n a t o ~ i c a l  f e a t u r e s  i n d u c e d  by the c u l t u r e  e n v i r a n s e n t ,  a re  

s h o w n  h e r e  t o  h a v e  a e c o a p a n y i n g  p h y s i o l o g i c a l  responses, L e a v e s  

with t r a n s i t i o n a l  ana to i ay  possessed a t r a n s i t i o n a l  GO2 a b i l i t y .  

C o m p a r e d  t o  l e a v e s  cf t r a n s p l a n t s  a t  Zower light i n t e n s i t i e s  

b o t h  t o t a l  leaf area a n d  d r y  a a t t e r  c o n t e n t  were s i g n i f i c a n t l y  

h i g h e r  i n  new f e a v e s  f ormd a t  9,080 l u x .  T h e s e  l e a v e s  had  

p i g n e n t  c o n t e n t s  e q u i v a l e n t  t o  young c o n t r o l  l e a v e s  y e t  S h e  y 

p h o t o s y n t h e s i z e d  a t  a lover rate. C a r b o n  d i o x i d e  u p t a k e  was n o t  



d i f f e r e n t  i n  t r a n s ~ l a n t s  grown a t  5,000 a n d  9,3013 l u x ,  so was 

n o t  f i ~ i t e d  by  l i g h t ,  As t h e  t i m e  i n  s o i l  i n c r e a s e d  s u b s e q u e n t l y  

f o r ~ e d  l e a v ~ s  t e n d e d  t o  become more l i k e  c o n t r o l s  a n d  h i g h e r  

l i g h t  i n t e n s i t y  g i v e n  on t r a n s p l a n t  might a c c e f  erate this 

k r a n s i t i o n .  Corapltete a d j u s t ~ e n t  t o  g r o w t h  i n  s o i l  a p p e a r s  t o  be 

a d e v e l o p m e n t a l  p r o c e s s  requir ing t h e  f o r r s a t i o n  o f  l e a f  

p r i r a o r d i a  u n i n f l u e n c e d  by the c u l t u r e  e n v i r o n a e n t .  

k3 ur d a t a  c l e a r l y  i n d i c a t e  that t h e  e n v i  r o n ~ e n t a l  c o n d i t i o n s  

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

c h a r a c  teristics of p l a n t s  p r o p a g a t e d  by a x i l l a r y  bud 

p ~ a l i f  e r a t i o n .  Developraeat  vitso was i n f l u e n c e d  b y  emgemems 

hormones ,  t h e  organic carbon s o u r c e ,  and t h e  n e c e s s a r i l y  h i g h  

h u ~ i d i t y ,  r e l a t i v e l y  low light i n t e n s i t y  and r e s t r i c t e d  g a s  

e x c h a n g e ,  T h e  p r e s e n t  s t u d y  shows t h a t  &p ~ h f g ~  r e d  r a s p b e r r y  

has a m i n i m a l  c a p a c i t y  f o r  a u t o t r o p h i c  r a e t a b o l i s ~ ,  P a r t  o f  t h e  

c a u s e  af t h e  low CO2 a s s i n a i l a t i o n  i n  c u l t u r e d  p l a n t l e t s  is d u e  

t o  the h i g h e r  p h o t o r e s p i r a t i o n  rates Iq  itr re- C o n t r o l  levels of 

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

enrrinronnten-it b u t  t h a t  were i n i t i a t e d  i n  culture, and way depend  

o n  L e a v e s  a r i s i n g  fro@ p r i m o r d i a  s h i c h  o r i g i n a t e  after 

t r a n s p l a n t a t i o n .  T h u s  there  a p p e a r s  t o  b e  a n  i n h e r e n t  l i m i t a t i o n  

i n  t h e  e f f i c i e n c y !  of t h e  w i d e l y  employed  t r a n s p l a n t a t i o n  

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

Bore s p e c i f i c a l f y ,  a p e r i o d  o f  t r a n s i t i o n a l  devefopnaerit i n  w h i c h  

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

e s c a p e  the i n f l u e n c e  af &g vitro c n l t u r e  c o n d i t i o n s ,  



XB. Labeled Gas Exchange of Red Raspberry in Culture  and 

transferred  to soil 

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

A x i l l a r y  s h o o t  p r o l i f e s a  tion of ia v i  tc,o p l a n t l e t s  i s  

co9taronfy used t o  g e n e r a t e  i d e n t i c a l  aseptic spec io r ens  f o r  

c u l t i v a t i o n  { R u r a s h i g e ,  1977,1978), y e t  l i t t l e  is known a b o u t  

how t i s s u e  c u l t u r e d  p l a n t s  are r e - e s t a b l i s h e d  J.i. o r  how 

t r a n s p l a n t s  acclimatize t o  s o i l  e n v i r o n m e n t s ,  E v a l u a t i o n  o f  

physiological c h a n g e s  taking place during  a c c l i m a t i z a t i o n  is  

p r e r e q u i s i t e  t o  c o ~ p r e l f e n s i o n  o f  t h i s  process a n d  n e c e s s a r y  t o  

t h e  development of more e f f i c i e n t  t r a n s p l a n t  p r o t o c o l s .  This is 

i m ~ o r t a n t  because , , , " t h e  u l t i m a t e  s u c c e s s  of p l a n t  tissue 

c u l t u r e  a s  a c o ~ m e r c i a l  means  o f  p l a n k  propagation d e p e n d s  o n  

t h e  a b i l i t y  t o  Z r a n s f e r  p l a n t s  o u t  of c u l t u r e  an  a l a r g e  scale, 

a t  i o u  cos t ,  a n d  v i t f i  a h i g h  s n r v i v a l  ratet*,., (Connor  a n d  

T h o g a s ,  1981).  B o t h  leaf  a n a t o a y  and  c a r b o n  f i x a t i o n  a b i l i t y  of 

c u f t u r ~ d  c a u f i f l o u e r  fBrassic_a sp. ; G r o u t  a n d  As ton ,  '1977a,b a n d  

1978) and red r a s p b e r r y  p l a n t  lets (at_bus i d a e t l s  L , ;  D c a n e l l y  and  

V i d a v e r ,  I98Ya,b;  a l s o  see C h a p t e r s  I - P f f f  are a f f e c t e d  by t h e  

i n  v i t z o  e a v i r o n r a e n t ,  C a u l i f l o w e r  t s a n s p f a n t s  a p p a r e n t 1  y do n o t  - --- 
d e ~ o n s t r a t e  a e t  C02 u p t a k e  until 2 v e e k s  a f t e s  t r a n s f e r  t o  so i l .  

M e w  leaves formed the second  week a f t e r  t r a n s p l a n t  a p p a r e n t l y  



e x h i b i t  c o n t r o l  l eve l s  of C02  u ~ t a k e  ( G r o u t  a n d  Aston,  l977b)- 

A f t e r  t . s a r t s p l a n t ,  r e d  r a s p b e r r y  is c a p a b l e  of n e t  C02  u p t a k e ,  

a n d  d e v e l o p i n g  raeu leaves a re  t r a n s i t i o n a l  i n  t h e  sense t h a t  

b o t h  a n a t o a y  a a d  p h o t o s y n t b e t i c :  C 0 2  u p t a k e  [of new L e a v e s  tested 

i n  a  group) a r e  i n t e r m e d i a t e  between those of ~ l a n t l e t s  in v i t r o  

a n d  g r e e n h o u s e  c o n t r o l  p l a n t s  ( D o n n e f f y  a n d  Yidaver ,  1384a,b; 

also zee C h a p t e r s  I-III), T o  f u r t h e r  i n v e s t i g a t e  a c c l i m a t i z a t i o n  

i n  r e d  r a s p b e r r y ,  t h e  p h o t o s y n t h e t i c  c a p a b i f  i t i e s  of the 

p e r s i s t e n t  l e a v e s  r e t a i n e d  f roa cuftare { u n l i k e  c a u i i f  lower, red 

r a s p b e r r y  t r a n s p l a n t s  r e t a in  these leaves for many weeks) and 

successively formed new {transitional) l e a v e s  vefe examined; 

l4CO2 was u s e d  t o  q u a n t i f y  u p t a k e  5 weeks after t r a n s p l a n t ,  

Goloured s a r k e r s  sere u s e d  t o  d i f f e r e n t i a t e  b e t u e e n  l e a v e s  

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

t r a n s p l a n t .  

E i g h t  p l a n t l e t s  w i t h  a l l  leaves tagged arere t r a n s f e r r e d  

f r o m  2,000 l u x  culture t o  each of three l i g h t  i n t e n s i t i e s  i n  

soil: 3,000, 5 ,000  and 9,000 l u x ,  A t  g e e k l y  i n t e r v a l s  a l l  n e w l y  

e m e r g e d  l e a v e s  of t r a n s p l a n t s  were t a g g e d  w i t h  p e t i s l e  m a r k e r s  

of a n  i d e n t i f y i n g  c o l o u r ,  After S weeks  i n  s o i l  t r a n s p l a n t s  from 

each l i g h t  treatment Mere used f o r  l a b e l l e d  C02 f i x a t i o n  

e x p e r i m e n t s .  These now h a d  rnaskers 0-f s i x  d i f f e r e n t  c o l o u r s  

i n d i c a t i n g  p e r i o d s  o f  l eaf  f o r ~ a t i o n ,  



A 11 r a  s p b e r r y  specimens; p l a n t l e t s ,  transplants and c o n t r o l  

plants; were s u b j e c t e d  to t h e  same s4C02 f i x a t i o n  assay, 'The 

e x p e r i ~ e n t a l  apparatus consisted of a closed gas circuit, with a 

p l a n t  chamber ( V o z n e s e n s k i i ,  Z a f e n s k i i  a n 6  A u s t i n ,  197 1) This 

circuit i n c o r p o x a t f d  a gas generat ion vessel, gas  m i x i n g  

c h a ~ b e r ,  G e i g e r  c o u n t e r  and pump. T h e  counter u a s  conrnectedt t o  a 

c h a r t  recorder- T k i e t y  uf  of 1 4 c a r b s a a t e  s o l u t i o n  of 72 UCi 

t o t a l  activity was p l a c e d  i n  a g a s  g e n e r a t i o n  r e c e p t a c l e ,  a n d  

2.5 m l  of 2N f12584 a d d e d  t o  release the 1 4 C Q 2  i n t o  a g a s  c i r c u i t  

excluding tbe p f a n t  chanber, The p u ' ~ t p  c i r c u l a t e d  the gases 

t h r o u g h  t h e  mixiag c h a m b e r ,  f o r  5-10 gtinutes, u n t i l  a n  

e q u i l i b r i u m  maxiwum, of l*C02 i n d i c a t e d  b y  t h e  G e i g e r  c o u n t e r  

trace,  was r e a c h e d ,  T h e  s p e c i m e n  was i n s e r t e d  i n t o  the p l a n t  

chaaber  a n d  e x p o s e d  t o  cool w h i t e  f l u o r e s c e n t  l i g h t  of 

s a t u r a t i n g  i20,0130 lux) i n t e n s i t y *  W f t e s  1 m i n u t e  o f  l i g h t  

exposure t h e  c i r c u i t  was tnade t o  i n c l u d e  t h e  p f a n t  chartlher f o r  a 

14CC2 e x p o s u r e  p e r i o d  of 5 m i n u t e s  (278 s e c o n d s ) .  T h e  specimen 

was t h e n  r e m o v e d  f ~ a m  t h e  c h a ~ b e r  a n d  its leaves s e g r e g a t e d  o n  

the b a s i s  o f  the p e t i o l e  m a r k e r s ,  B p a p e r  punch  was u s e d  t o  take 

t i s s u e  samples of known area  (0.385 cmz) f r o m  t h e  ntany t i n y  

l e a v e s  of c u l t u r e d  p l a n t l e t s  and t r a n s p l a n t s  and the large 

c o n t r o l  l e a v e s ,  When l e a v e s  or b u d s  vere smaller than the p a p e r  

punch d i s c  size their o u t l i n e s  were traced onto g r a p h  p a p e r  for 

an area e s t i a a t i o n ,  S a m p l e s  were p l a c e d  i n  c a l i b r a t e d  test t u b e s  

c o n t a i n i n g  a p p r o x i m a t e l y  5 m l  of hot 80% e t h a n o l .  The tubes were 

c a p p e d  vith a luminum foil. aria bailed for 2 m i n u t e s  i n  a water 



b a t h .  9hc e x t r a c t s  %ere sapidly cooled by p l a c i n g  t h e  tubes o n  

ice, t h e n  made u p  t o  5 ml v o l u m  with  8 0 4  e t h a n o l ,  The t u b e s  

were a g i t a t e d  a n d  tbree 100 ul samples w i t h d r a m  from e a c h  f o r  

i4c countirtg i n  a Beckmann liquid s c i n t i l l a t i a n  counter, T o t a f  

a c t i v i t y  c o u n t s  were c o r r e c t e d  for b a c k g r o u n d  a c t i v i t y ,  then 

a d j u s t e d  f o r  voluae of the alcohol e x t r a c t  a n d  s a m p l e  l e a f  area 

[ Y o z n e s e n s k i i  e t  al . ,  1939) , 

M a t u r e  c o n t r o l  l e a v e s  [n=21) t e s t e d  t h r o u g h  t h e  c o u r s e  of 

t h e  s u s t s e r  g a v e  a c t i v i t y  counts t h a t  a v e r a g e d  3Y,DO6+1,585 

dpnt/cr~l~, Young leapres and leaf buds  [n=24) y a w  a c t i v i t y  c o u n t s  

a v e r a g i n g  9, U'lS23l I i f p r e l c m ~ ,  Leaves of 2,080 l u x  p l a n t f e t s ,  

tes ted a t  midday  d i r e c t l y  fro& their culture c o n t a i n e r s ,  h a d  

a c t i v i t y  levels of 21,lQ9*1,006 dpm/cs-2, This was h i g h e r :  t h a n  

expected, suggesting a C 0 2  u p t a k e  r a t e  greater t h a n  o b s e r v e d  

w i t h  g a s  e x c h a n g e  e x ~ e r i m e n t s ,  Carbon d i o x i d e  u p t a k e  ~ e a s u r e d  

o v e r  a l o n g e r  i n t e r v a l  i n  a n  infra-red g a s  a n a l y z e s  s h o w e d  t h a t  

cultured ~ l a n t l e t s  had  CO2 u p t a k e  r a t e s  of only 2-3 rng ldmz lhour  

cot t rpared t o  control .  p l a n t  f a t e s  of 10-15 nrg/diap/hour { n a n n e l l y  

and V i d a v e r ,  198rib; a l so  see Chapter I I X )  . T h i s  e l e v a t e d  l e v e l  

of a p p a r e n t  3=02 u p t a k e  is most p r o b a b l y  b r i e f ,  Possibly 

plantlets p h o t o r e s f i r e  non-labeled CD2 of g l f r c o f g t i c ,  Kreb c y c l e  

o r i g i n  w h i l e  c c n t r o l  p l a n t s  ( a n d  t r a n s p l a n t s )  p h o t o r e s p i r e  

l a b e l e d  C 0 2 ,  



Heasurea 4 w e e k s  after transplantation, l e a v e s  for 

d u r i n g  t h e  f irst  week i n  s o i l  Bad a c t i v i t y  l e v e l s  t h a t  were much 

h i g h e r  than those of p e r s i s t e n t  l e a v e s  (Pig-.  5 ) .  The most 

d r a ~ a t i c  i n c r e a s e  o c c u r r e d  a t  9,400 l u x ,  where there was a 160% 

iracrease. T h e r e  was an i n c r e a s e  o f  135% i n  3,080 and 5 ,000  l u x  

transp'laats .  C a r b o n  d i o x i d e  f i x a t i o ~ z  l e v e l s  at all l i g h t  

i n t e n s i t i e s  were h i g h e r  i n  leases developed during each 

successive week in t h e  soil e n v i r o a m e n t ,  T h e  newest growth, 

d e v e l o ~ e d  during the f i f t h  %;sek, a c h i e v e d  activity l e v e l s  . 

r a n g i n g  fro&? 165% of c u l t u r e - f o r m e d  leaves i n  t h e  3,000 l u x  

t r a n s p l a n t s  t o  almost 280% i n  t h o s e  at 9,0019 l u x ,  f l a x i ~ u m  

a c t i v i t y  levels of new leaves were 53-66% oE t h a t  of Batare 

greenhouse control l e a v e s ,  & r e s u m a b 2 y  rrt~tch closer to p l a n t s  

grcvn at- comparable light i n t e n s i t i e s .  T h e r e  a p p e a r s  t o  be  a n  

a d v a n t a g e  t o  t r a n s p l a n t i n g  t o  t h e  h i g b e s t  l i g h t  i n t e n s i t y  (9,000 

l u x )  : t h e s e  t r a n s p l a n t s  had  the greatest a c t i v i t y  l e v e l s  a n d  

leaves fsr~ed during t h e  first week i a  soil a t  9,000 lux: had the 

g r e a t e s t  increase in c02 uptake a b i l i t y  over t h e  p e r s i s t e n t  

l eaves .  F u r t h e r a o r e ,  i t  h a s  been demonstrated t h a t  leaf area and 

d r y  ~ a t t e r  c o n t e n t  a r e  s i g n i f i c a n t l y  highes i n  new leaves formed 

a t  9,000 l u x  [ D o n n e l l y  and  V i d n v e r ,  f98Qb;  a l s o  see C h a p t e r  

111). T h e  gradea i n c r e a s e  i u  C 8 2  u p t a k e  seen i n  successive 

week's growth a t  a l l  l i g h t  intensities is appa rea t  despite the 

f a c t  t h a t  e a c h  successive week ' s  g r o w t h  is of a younger  age 

class, X t  is clear that during a c c l i m a t i z a t i o n  photosynthetic 

ca rbon  f i x a t i o a  ca ~ a c i t y  i a c r e a s e s  a s  leaf a n a t o a p  undergoes 



t r a n s i t i o n  away from t h e  effects cf c u l t u r e  and t h i s  is 

accelescated b y  h i g h e r  t r a n s p l a n t  f i g h t  intensities, 





'V, Starch Cmter tr t ,  C h l o r o p h y l l  a fluorescence Induct ion  aria 

Oxygen Uptake  of Bed Raspberry  PlanZlets and Control Plants 

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

The capacity of plants tc store s t a s c h  i n  t h e i r  Ieavas, 

t h e i r  cblorsphyll a f l u o r e s c e n c e  i n d u c t i o n  kinetics a n d  the 

p h o t o c h e m i c a l  a c t i v i t i e s  of e x t r a c t e d  c h f o r o p f a s t s  can a l l  be 

measures of  p h o t o s y n t h e t i c  c a p a b i l i t y ,  V i r t u a l l y  n o t h i n g  i s  

kmcnn of t h e  s t a r c h  storing c a p a c i t y  of cultured p l a n t l e t s  or 

t h e  fluorescence i n d n c t i a n  k i n e t i c s  o f  t h e i r  l e a v e s ,  There h a v e  

k e e n  n o  r e p o r t s  of c h l o r o p l a s t  e x t r a c t i o n s  from ~ X a n t l e t s  

p r o p a g a t e d  by a x i l l a r y  bud p r o l i f e r a t i o n ,  cr m e a s u r e m e n t  of 

p h o t o s y s t e m  f and II a c t i v i t i e s ,  T e s t s  were d o n e  on cultured r e d  

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

e f f e c t s  of culture on t h e i r  p h o t o s y n t h e t i c  a c t i v i t y ,  There is an 

h i s t o r i c a l .  aspect t o  t h e  s t a r c h  e v a l u a t i o n s  tests, W a r d l e ,  

Quia lan  and S i r e p k i u s  t19713) suggested t h a t  l eaves  from cuf t u r e  

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

p l a n t l e t s  of  g&=&&g oleracea arar b o t ~ v t i s  CY. Cnrraworzg, T h i s  

wfood s t o r a g e  h y p o t h e s i s "  was b a s e d  on t h e  p r e s e n c e  i n  these 

leaves of mlasge q u a n t i t i e s  o f  r e s e r v e  s t a r c h q '  { A ,  Q u i n l a n ,  

u n p u b f i s h e d ;  W a r d f e  et as, ,  1979) ,  T o  test t h e i r  hypothesis 

Haardle,  D a l s o u ,  S i m ~ k i n s  and S h o r t  j19tJ3) i i t ternipted to trace t h e  



m o v e r n e ~ t  o f  rubid iu lr ,  a p p l i e d  i n  the culture iaediultl a s  BuCl, i n  

the leaves of t r a n s p l a n t s .  They were able t o  d e m o n s t r a t e  some 

movement of l a b e l  from Lhe l e a v e s  p e r s i s t i n g  f r o m  culture to t h e  
4- 

new l e a v e s  f o r m e d  i n  s d L ,  E v i d e n c e  t h a t  R u  m v e m e n t  frcm 

cultured l e a v e s  to t h e  new leaves of t r a n s p l a n t s  s u p p o r t s  t h e i r  

f o o d  s t o r a g e  h y p o t b e s i s  is n o t  c o n v i n c i n g  Because t h e  were 

w i t h d r a w a l  cf i o n s  f r o m  t h e s e  l e a v e s  a s  t h e y  s e n e s c e  does n o t  

l e n d  these t i s s u e s  ( t h e  l e a v e s  front c u l t u r e )  a f o o d  s t o r a g e  

f u n c t i o n .  If l e a v e s  f r o m  culture u e r e  s h u n  t o  contain starch i n  

L a r g e  q u a n t i t i e s  t h a t  was d e ~ o n s t r a b l p  d e p l e t e d  by  new growth 

t h e n  t h e y  could justifiably be t e m e d  f o o d  s t o r a g e  o r g a n s .  

Furthermore, c o n d i t i o n s  of ~ l a n t l e t s  p r i o r  t o  t r a n s p l a n t  t h a t  

t e n d e d  to increase s t a r c h  s t o r a g e  s h o u l d  i i ap rove  t r a n s p l a n t  

perforatance i f  this hyycthesis is correct. 

I n  o r d e r  t o  d e t e r s i n e  t h e  a p p l i c a b i l i t y  of t h e  food storage 

hypothesis t o  r ed  r a s p b e r r y  p l a n t l e t s  t h e  aaanat of leaf starch 

was m e a s u r e d  a n d  related t o  t h e  r e s u l t s  of t r a n s p l a n t i n g  36 

p l a n t l e t s  front e a c h  of 2 l i g h t  i n t e n s i t i e s  i n  c u l t a r e  (2,000 a n d  

5 , 0 0 0  l u x ) .  B 1 L  s t a r c h  tests cn c o n t r o l  p l a n t s  a n d  c u l t u r e d  

p l a n t l e t s  i n c u b a t e d  a t  2,000-6,000 l u x  u e r e  done  on d e t a c h e d  

l e a v e s  o r  l e a f  s e g a e n t s  h a r v e s t e d  a t  rraidaay, Saaaples  were 

decolouri-eed i n  warm 95% ethanol a n d  subn te rged  i n  a s o l u t i o n  of 

fMI for 10 r a i n u t e s  or more, 



  mini mu^ of f hour) p l a n t l e t s  a n d  plants b y  a p r o c e d u r e  

developed b y  S c h r e i b e r ,  Fink and  V i a a v e r  f1977 ) .  Leaf samples 

were o k t a i n e d  Erom mature leaves o f  r e d  r a s p b e r r y  p l a n t s  grown 

i n  t h e  g r e e n h o u s e ,  and   fro^ t i ssue  c u l t u r e d  p l a n t l e t s  incubated 

a t  2,000, 4,000 a n d  6,000 f u n .  T h e s e  leaf s e c t i o n s  were c e n t e r e d  

o v e r  the p l e x i g l a s s  s a m p l e  window, a b a x i a l  s i d e  down, and 

p e r f o r m e d  u s i n g  t h e  s a w  procedure:  a b r i e f  flash of about 80 ms 

f o r  an 0 - l e v e l  d e t e r m i n a t i o n ;  then a f t e r  a n  i n t e r v a l  of 1 m i n u t e  

d a r k n e s s ,  a  '15 seconds i l l u r a i n a t i o n  p e r i o d  t o  determine the 

i n d u c t i o n  time c o u r s e ,  This was f o l l o w e d  by  re tuoval  of  t h e  

s a ~ p l e  t o  a s o l u t i o n  of 10-5 8 DCPW 

(3-{3,4-dichloropheny1)-7,l-dimsthyfurea) f o r  1 hour i n  the 

dark, then t y  r e s a n p l i n y  of the iohibitor-treated disc. The 

f l u o r e s c e n c e  a p p a r a t u s  consisted of a 650 watt tungsten i o d i n e  

l a m p  s h i e l d e d  h y  a Corning Y-96 (blue] f i l t e r ,  and  a d j u s t e d  t o  7 

rnwatt/mz a t  i h e  sample, A k i f u s c a t e d  f i b r e  o p k i c s  s y s t e m  led 

e x c i t a t i o n  light t h r o u g h  o n e  ara to t h e  s a r s p l e  a nd f l u o r e s c e n c e  

was detected b y  a n  EM4 9558QB ~ h o t o m u l t i p f i e r  t h r o u g h  a C o r n i n g  

2-64  (red) f i l t e r  i n  the other  f i b e r  u ~ t i c s  arm. The 

p h o t o m u l t i p l i e r  was o p e r a t ~ d  a t  800 v o l t s  and its o u t p u t  s t o r e d  

in the megory of a "facor Northern TT11710-38 signal a v e r a g e r ,  

p r i n t e d  out with a. N e n l i t t - P a e k a r d  X-Y c h a r t  r e c o r d e r .  Light 

flashes were c a n t r o l l e f l  Cy means o f  a Compur E l e c t r o n i c  s h u t t e r  



t h a t  h a d  a 2 ms o p e n i n g  time, This p e r m i t t e d  r e a s o n a b l y  p r e c i s e  

0- l eve l  ~ e a s u r e @ e n t s ,  

ChiiPoropfasts from tissue c u l t u r e d  r e d  raspberry p l a n t l e t s  

i n c t ~ b a t s d  at Y ,000 l u x  a n d  greenhouse c o n t r o l  p l a n t s  were 

p r e p a r e d  f r o m  215 g cf leaf t i s s u e  by a procedure ~ o d i f i e d  f roa 

Cohsn,  P o p o v i c  a n d  Z a l i c  ( 1 9 7 9 ) -  F o r  each i s o l a t i o n  tissue was 

ground  i n  a b l e n d e r  i n  anediurra c o n s i s t i n g  of 0.33 i5 s o r b i t o l ,  0.5 

8aH HgCl2 ,  O,4% (w/v) PVP-YO [pol  yvin y l p y r r o l i d o n e )  t o  i n h i b i t  

p h e n p l o x i d a s e  r eac t ions  and 10 rtlEPl p h o s p h a t e  b u f f e r  (Na2PW?,H20)  

a d j u s t e d  t o  pH 6.5, T h e  h o ~ o y e n a t e  gas f i l t e r e d  through aany 

layers of cheese c l o t h ,  r e s u l t i n g  i n  ca, 2 5  am p o r e s ,  and 

c e r z t r i f u g e d  a t  3,500 g for 5 f a i n u t e s ,  The c h l o r o p l a s t  pellet was 

r e s u s p e a d e d  i n  b u f f e r e d  wediuw c o n t a i n i n g  0,33 PI s o r b i t o l ,  2 R H  

EDTA (ethylelsedianrine.tetraacetic ac id ) ,  7 tal l  flgCl2, 1  m119 PlnC12, 

50 ~ i u i  Hepes (M-2-hydroxyethylpiperaziae-M s - 2 - e t h a n e s o l f o n i c  

a c i d )  a t  pH 7.6, t h e n  r e c e n t t r i d u g e d  and a g a i n  r e s u s p e a d e d .  

P h o t o s y s t e m  I1 (PSIXf and E [PSI) a c t i v i t y  were measured using a 

C l a r k - t y p e  oxygen e l e c t r o d e ,  by t h e  rae thods  of tohea e t  al .  

(1 979) and D e l i e u  and Nalker (1972)  , T o  tlleasllra PSI a c t i v i t y ,  02 

c o n s u a p t i o n  was ~ o n i t o r e d  ia a 1 r t l l  c h a ~ b e r  h o l d i n g  3 ~3 Ba 

i s o a s c a r b a t e ,  13-2 ~ t l d  T3PD 

( 8 ,  N,'Ma,N*-tetramethyl-p-phe~ylenediamine] , 0.1 nr?? l i tethyl  

v i o l o g e n ,  20 u l  c h l c r o @ i y l l ,  75 ut l  DCaU and 930 ul b m f f e r ,  

Photosps-tera XI activity was m e a s u r e d  b y  f a m i t o r i n g  0 2  e v o l u t i o n  

i n  a 1  r t l l  c h a m b e r  h o l d i n g  100 u f  c h l o r o p h y l l ,  830 u l  buffer, 1-5  

mi9 FeCW and 2, 5 ilWR4C1, 



R e s u l t s  and D i s c u s s i o n  ------- -- -------- 

C o n t r o l  leaves e x p o s e d  t o  i o d i n e  sol. u t i o n s  t u r n e d  

blue- black very r a p i d l y ,  d e m o n s t r a t i n g  l a r g e  a m u n t s  of s t o r e d  

s t a r c h .  Red r a s p b e r r y  p l a r n t l e t s  s h o v e d  total.  o r  a l m o s t  c o t n p l e t e  

a b s e n c e  of s t a r c h  i n  some leaves, i n  c u l t u r e s  from a l l  l i g h t  

i n t e a s i t i e s ,  a n d  v a r i o u s  a m o u n t s ,  of t e n  d i s t r i b u t e d  i n  a 

n o n - u n i f o m  way i n  others, H i g h e r  l i g h t  i n t e n s i t y  c ul tuxes 

g e n e r a l l y  h a d  gore s t a r c h .  T r a n s p l a n t  success from h i g h  l i g h t  

i n t e n s i t y  c u l t u r e s  h a s  been d e ~ o n s t r a b l y  p o o r e r  t h a n  from low 

l i g h t  i n t e n s i t y  c u l t u r e s .  f o r  e x a a p l e ,  w h i l e  33/36 t r a n s p l a n t s  

fro@ 2 ,WO l u x  c u l t u r e  s u r v i v e d ,  o n l y  5/36 t r a n s p l a n t s   fro^ 

6,080 I n x  d i d  s o  (see C h a p t e r  11). P h o t o i n h i b i t o r y  phenoratena 

( d i s c u s s e d  by  B j o r k a a n ,  7981) c a u s e  f a i l u r e  t o  p r o d u c e  s t a r c h  a s  

well a s  d i s a p p e a r a n c e  of s t a r c h  froa I f a v e s ,  Tbcjre m y  n o t  

n e c e s s a r i l y  be a n y  associated change i n  leaf c h l o r o p h y l l  

c o n t e n t .  I n h i b i t i o n  of p h o t o s y m t h e s i s  p r e m e d s  c h a n g e s  i n  

c h l o r o p h y l 3 -  a n d  s t a r c h  c o n t e n t s  a n d  Bay b e  c a u s e d  b y  e x c e s s  

l i g h t  or restricted C02 or 0 2 ,  S e v e r e  r e s t r i c t i o n  oE Co2 s a p p l y  

t o  an i l l u r n  h a t e d  l e a f  s u c h  a s  w a u l 4  occur u n d e r  c o n d i t i o n s  of 

stomata1 c l o s u r e ,  o r  v i t r o  despite t h e  o p n  s t o m a t a ,  

i n e r r i t a b l y  r e s u l t s  i n  reduction of C02 p a r t i a l  pressure i n s i d e  

i n t e r c e l l u f  ar spaces of t h e  l ea f  a n d  i n  a d r a s t i c  r e d u c t i o n  i n  

p h o t c s y n t h e t i c  r a t e ,  T h i s  i n c r e a s e s  the susce ~ t i b i l i t  y t o  

p h o t o i n h i b i t i o n  bp s e v e r a l  f o l d  [B f o r k m a a ,  1981) , D e s p i t e  t h e  



presence of g l u c o s e  in t h e  ~ e d i u m ,  it is a p p a r e n t  t h a t  s t a r ch  

s y n t h e s i s  is governed  hy p h o t o s y n t h e t i c  s u g a r  p r o d u c t i o n ,  a n d  is 

n o t  ilnerely t h e  c o n s e q u e n c e  of s u g a r  a v a i l a b i l i t y ,  

P h o t o i n h i b i t i o n  is a l i k e l y  c o n s e q u e n c e  of p resumed  C 0 2  

d e p l e t i c n  i n  t h e  c n l t n r e  c o n t a i n e r s  aad ~ e s u l t s  i n  t h e  

i n h i b i t i o n  of s t a r c h  s y n t h e s i s ,  

C b l o r o  phy ll a f l u o r e s c e n c e  i n d u c t  i o n  a n a l y s i s  has been u s e d  

d i a g n o s t i c a l l y  and may have f a r t h e r  uses i n  t h e  e v a l u a t i o n  of 

tissue c u l t u r e d  m a t e r i a l  ( S c h r e i b e r ,  f i n k  arad V i d a v e r ,  4977). 

tesefs of P-D/O i f ) - l e v e l s  were n o r m a l i z e d  t o  If  for p l a n t l e t s  

a r e  tiio t h i r d s  of c o n t r o l  l e v e l s  and are affected l i t t l e  b y  

c u l t u r e  l i g h t  i a t e a s i t y  (Table 6 ) -  The s t e e p e s t  9 P  rise s l o p e s  

o c c u r r e d  i n  p l a n t l e t s  i n c u b a t e d  a t  Pr,0011 lux ( T a b l e  6 ) -  

I n c o a p L e t e  p e n e t r a t i o n  of DCMU was s o s p e c t e d  i n  s o a e  s a m g l e s  

froro t h e  shape of t h e  E C R U  c u r v e s  s o  data  v e r e  recalculated 

us ing  t h e  s u b s a m p l e  where DCHU c u r v e s  i n d i c a  tcd c o s p l e t e  sample 

p e n e t r a t i o n  { T a b l e  6 ) -  O f  i n t e r e s t  was i n c r e a s i n g  DUHU 

p e n s e t r a b i l i t y  i r k  t h e  order (gresuooably related t o  l e a f  a n a t a w p ]  

of controls, 6 ,000  l u x ,  4,000 lux and 2 , 0 0 0  l u x  p l a n t l e t s .  

Rates of  o x y g e n  e v c l u t i o n  (PSIf) a n d  c o n s u m p t i o n  ( P S I )  h a v e  

been u s e d  d i a g n o s t i c a l l y  and may b e  u s e f u l  i n  t h e  a s s e s s m e n t  of 

photosynthetic c a p a b i l i t y  of c u l t u r e d  p l a n t  lets, When e x t r a c t e d  

c h l o r o p l a s t s  mere e v a l u a t e d  i t  was possible t o  m a i n t a i n  activity 

for  close t o  7 a i n u t e  b e f o r e  i n h i b i t i o n .  D u r i n g  t h i s  p e r i o d  

c o n t r o l  l e v e l s  of P S I 1  oxygen e v o l u t i o n  were 5 0  uH Q2/ag 

chforophyfl/hour, C u l t u r e d  t i s s u e  PSII bad oxygen e s o l v t i o n  



r a t e s  of 20 uPl/mg c h l o r o p h y l I . / h o u r ,  or o n e  t h i r d  of c o n t r o l  

levels, T h i s  a p p r o x i m a t e d  C 0 2  u p t a k e  a b i l i t y  seen i n  intact 

p l a n t l e t s ,  2-4 mg CO2/dmz/hour, c o n p a r e d  t o  c o n t r o l  rates of 

12-15 ag CO2/dmr/hour, ( D o n n e f l y  and V i d a v e r ,  198Yb; a l s o  see 

Chapte l :  111). P h o t o s y s t e m  f oxygen  c o n s u m p t i o n  rates were 1, Y20 

uM 02/mg c h l o r o p h y l f / h o u r  for t h e  c u l t u r e d  t i s s u e ,  and f a r  l o v e r  

t h a n  e x p e c t e d ,  ca, 100 uY 02/ng c f i l o r o p h y l l / h o u s  f o r  t h e  

c o a t r o l s .  "fhee e x t r a c t i o n s  and ~ e a s u c e a a e n t s  were quite 

d i f f i c u l t  and  time consulsting for r o u t i n e  use b a t  t h e y  y i e l d  a P o t  

of i n f o r m i t i o n ,  can b e  done i n  c o n j u n c t i o n  v i t h  p i g g e n t  

q u a n t i f i c a t i o n s  and can probably  be s c a l e 4  down to ~ n t i n i a i z e  t h e  

a a c u n t  cf cultured material u t i l i z e d ,  





VH, Spent Piediur A s s e s s m e n t ;  a P o t e n t i a l  A n a l y t i c a l  T o o l  in 

C u l t u r e  Zmproreaeilt 

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

M i s t o s i c a l l y ,  d e c i s i o n s  to s u b c u l t u r e  t i s s u e  c u l t u r e d  

p f a n t l ~ t s  t o  new a e d i u ~  o r  t r a n s p l a n t  thela t o  soil .  h a v e  been 

based an a l i a i t e d  number o f  c r i t e r i a  i n c l u d i n g  number o f  

s u r v i v o r s  [ s tage  I, s t a g e  IV), number  of a x i l l a r y  s h o o t s  [ s tage  

T I E )  aind geraeral culture a p p e a r a n c e .  T h e s e  d e c i s i o n s  h a v e  never 

b e e n  base4 cn knowledge of n;edinra d e p l e t i o n .  Furthermore, w h i l e  

d e c i s i c n s  i n v o l v i n g  e n s i r o n m e n t a l  ox: w d i  urn paramter  a d e q u a c y  

or opt ima h a v e  so rae t imes  b e e n  b a s e d  o n  f r e s h  o r  d r y  w e i g h t  

a c c a r n u l a t  i o n  i n  c u l t u r e d  tissues, t h e y  h a v e  n o t  c o n s i d e r e d  

e f f i c e n c y  of u t i l i z a t i o n  of ruediu~e c o m p o n e n t s ,  Yet cpediun; 

e x a s i n a t i o n  s h o u l d  hold c l u e s  t o  p l a n t l e t  p e r f o r m a n c e  kq giro 

a n d  is a l i k e l y  s o u r c e  of c a ~ n p a r a t i v e  data f o r  a c c u r a t e  g r o w t h  

e v a l u a t i o n .  I n  t h i s  s t u d y  t h e  effects of v a r y i n g  o n e  important 

s n v i r o n m n  ta l ,  p a s a m e t e r  [ l i g h t :  i n t e n s i t y )  and t h e  s i i a p l e s t  

mediurtl paxartleters (iaeditlm volutrre and d i l u t i o n )  ae ix  exaati.ned. 

l ' ledia were i n v e s - t i g a t e d ,  f o l l o w i n g  five U w e e k  c u l t u r e  cycles of 

r e d  r a s p b e r r y ,  f o r  c h a n g e s  i n  total .  volume,  pH, o s m o f a r i t y  and  

i n  so@e cases, g l u c o s e  c o n c e n t r a t  i o n .  



Cultures &ere i n c u b a t e d  a t  5 light inteasikies ,  from 2,000 

to  6,900 Lux, A t  2,300 and 3,000 lux 2 ~ e d i u m  volunes were 

e m p l o y e d ,  31) and 0 0  ~1 per c u l t u r e  c o n t a i n e r .  A t  ri,000-+,0053 l u x  

40 ml of medium was u s e d  i n  e a c h  culture container. W l f  cultures 

were t r e a t e d  i d e n t i c a l l y ;  i a c u b a t i o n  temperature was 27 &2 OC, 

p h o t o p e r i o d  was 16 h r  fight:8 h r  dark, Cool and warm w h i t e  

f fuorescent  t u b e s  were used as the l i g h t  s o u r c e  a t  a ratio o f  3 

cool: '1 warm. Light  intensity was a c h i e v e d  by adjus t ing  the 

c a l t u r e  distances from t h e  light source. P l a n t l e t s  were 

s u b c u l t u r e d  at 4 w e e k  intervals. Subdivision was d o n e  a s  equally 

a s  visually possible; f i v e  2-5 l e a f  cuttings %ere place4  i u  each 

c u l t u r e  jar. On t h e  f i n a l  c u l t u r e  c y c l e  the effect of starting 

~ e d i u a t  d i l u t i o n  gas  evaluated at 3 , 0 0 0  l u x  light intensity o n  

both  ntedium and p l a n t l e t s ,  S t a r t i n g  l i q u i d  medium vo lume was Y O  

ml; medium was full strength or d i l - a t e d  b y  o n e  quarter, one h a l f  

or three q u a r t e r s .  P l a n t l e t s  irere e x a ~ i r t e d  for l e a f  fresh and 

d r y  weights [ntinirrtunl 4 8  h o u r s  i n  a 50 OC oven) and a r e a s ,  The 

f r e s h l d r y  v e i q b t  ra t i o s  ( F V / D % ) ,  p e r c e n t a g e  water content ('3 We) 

and area per  gsatrt dry weight  [daiz/g DP) were c a l c u l a t e d .  Only 

t r e n d s  ace reported for the nedinnr d i l u t i c n  t r i a l  a s  f i  ire ar 

less c u l t u r e  vessels were examined for each m d i n m  d i l u t i o n .  The 

s t a r t i n g  pH of  t h e  raediurtt was adjusted ko 5.7 and f e l l  to  5 - 5  

a f t e r  a u t o c l a v i n g ,  The o s l a o l a r i t p  of new a e d i u a  was 238-219 

m O s / L ;  the bulk of t h i s  was glucose a t  25y/L, Bediura ( u n d i l u t e d )  



v o l u ~ e s  of 30 a n d  QO m l  p e r  jar i n i t i a l l y  had 6.55 and  8 - 7 4  m M  

o f  s c l u t e  per j a r  [4,20 and 5,fSO of g l u c o s e )  r e s p e c t i v e l y .  

Medium was e x a a i n e d  over a 5 s o n t h  p e r i o d  f o l l o w i n g  r o u t i n e  

monthly s u b c u l t u r e  of p l a n t l e t s ,  Zgediurn vo lume  was m e a s u r e 4  i n  a 

graduated cylinder, Redium volume u t i l i z e d  was calculated from 

dozens of h a r v e s t e d  c u l t u r e s ,  i n c u b a t e d  a t  f i v e  l i g h t  

i n t e n s i t i e s ,  u s e d  for g a s  exchange r t i ea su ren ten t s  {see C h a p t e r  

115) , ~ultiplied by the p e r c e n t a g e  water content, The balance of 

t h e  medizaro volume c h a n g e  a t  the end of e a c h  month c u l t u r e  .is d u e  

t o  evaporation fmr  t h e  c o n t a i n e r s ,  The pH was t e s t e d  w i t h  a 

Fisher a c c u n e t  r s o d ~ l  425 digital @/icm meter, B s n o l a r i t y  was 

m e a s u r e d  w i t h  a R e s c o r  n tode l  5100A d i g i t a l  v a p o r  pressure 

o s m w  ter ,  Glucose measur ie@ents  were aade by  a c o f o u r o m e t r i c  

e n z y a a t i c  d e t e r m i n a t i o n  based on the following c o u p l e d  enzymatic 

react i c n s :  

1. G L u c o s e  + 2H20 + 0 2  glucose ,_xidaii$Gluconic acid + 2H20 

2. H2 02 * a - D i a n i s i d i n e  ( c l e a r )  p s g x i d g _ s $  o - D i a n i s i d i n e  {brown)  

A b s o r p t i o n  was m e a s u r e d  spectrophotoaetricafly a t  Y25-Y75 na a n d  

was p r o p o r t i o n a l  to t h e  glucose c o n c e n t r a t i o n ,  T h i s  t e s t  

c o n s i s t e n t 1  y u n d e r e s t i g a t e d  the a a o u n t  0 5  glncsse p r e s e n t ,  

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

s h o r t e n i n g  the s u g g e s t e d  i n c u b a t i o n  i n t e r v a l  of 4 5  ~ i n u t e s ,  t h e  

e f f e c t  of i n t e r f e r i n g  substances was rrtini~ized. 

Univariate one-way analysis of v a r i a n c e  a n d  Scheff e 

A l l o w a n c e s  [among t h e  f i v e  l i g h t  i n t e n s i t y  t r e a t m e n t s ) ,  and 

t - tes ts  o r  Xana -Whi tney  U tests [for  t h e  two modiurra starting 



v o l u m e s )  were used  t o  d e t e r a i n e  i f  t h e  means were s i g n i f i c a n t  a t  

the p i 0 , 1 0  l e v e l  for  t h e  m u l t i p l e  c o w p a r i s o n s ,  o t h e r w i s e  a t  the 

p40.05 l e v e l s  {Xleinbaum a n d  Kupper ,  11978) 

The decrease i n  rrtediurn vo lume  p e r  c u l t u s e  c o n t a i n e r  d i d  n o t  

v a r y  w i t h  the f i g h t  i n t e n s i t y  of i n c u b a t i o n  b u t  a i d  vary v i t h  

t h e  s t a r t i n g  voluae of t h e  m e d i u ~ .  T h e r e  was a s i g n i f i c a n t . l y  

greater decrease i n  medium vo lume  when t h e  s t a r t i n g  volunte was 

QO i~l t h a n  when it B a s  30 r a l .  A f a r y e  p o r t i o n  s f  t h i s  i s  d u e  t o  

e v a p o r a t i o n  ( T a b l e  7 ) .  T h e  ~ e d i u r n  pH decreased ca. 1 pf2 unit 

d u r i n g  1 nonth  c u l t u r e  b u t  d i d  n o t  v a r y  with t h e  l i g h t  i n t e n s i t y  

of i n c u b a t i o n  o r  t h e  s t a r t i n g  wediura volurtte {Table 7 ) .  A l t h o u g h  

mean water p o t e n t i a l  shaved a t r e n d  t o w a r d s  t h e  &ore n e g a t i v e ,  

from 6 , O Q O  l u x  t o  2,000 l u x  c u l t u r e ,  areong t h e  iJCi a1 s t a r t i n g  

v o l u m e  c u l t u r e s ,  t h i s  difference was n o t  s i g n i f i c a n t .  S t a r t i n g  

metlium vvolume d i d  have iz s i g n i f i c a n t  e f f e c t  on the mean water 

p o t e n t i a l ;  more solute Mas u t i l i z e d  p e r  c u l t u r e  j a r  when t h e  

s t a r t i n g  medium vofnnte was ti0 r o l  than a h e n  i t  was 30 l a1  [Table 

7) . These r e s u l t s  were r e f l e c t e d  i n  t h e  a o s t  a b u n d a n t  s o l u t e ,  

g l u c o s e ,  u t i l i z e d .  After 1 m n t h  c u l t u r e  t h e r e  was no difference 

i n  glncose  used among t h e  4 l i g h t  i n t e n s i t i e s  t e s t e d  [ 6 , 0 0 Q  l u x  

culture r o e d i u ~  was n o t  a d e q u a t e l y  tested). T h e r e  was a 

s i g n i f i c a n t  i n c r e a s e  i n  a b s o f  a t e  glucose u t i l i z a t i o n  in cultures 

with t h e  g r e a t e r  s t a r t i n g  v o l u ~ e s ;  142  mg more n t i l i z e d  a t  2,000 



l u x ,  203  sag Bore utilized a t  3 , 0 0 0  l u x .  However, t h e  a B o u n t  

u t i l i z e d  a t  2,0130 lux j55-68%) a n d  3,000 l u x  { % I % )  a s  a 

p e r c e n t a g e  of t o t a l  a v a i l a b l e  g l u c o s e  did n o t  change  w i t h  

s t a r t l n g  mediurs volume {Table 7)- 

I n  t h e  aed iu ia  d i l u t i o n  t f i a l s  where the s t a r t i n g  ~ e d i u m  

voltltxre Taas k e p t  c o n s t a n t  (40  r t t l )  , t h e r e  was n o  d i f f e r e n c e  i n  t h e  

Sean volume of iwdium u t i l i z e d  o r  t h e  f i n a l  pH o f  t h e  wediura 

( T a b l e  8 ) -  The atnount of s o l u t e  u s e a  was g r e a t e s t  i n  t h e  j a r s  

c o n t a i n i n g  f u l Z  a n d  ' t h r e e  q w r t e r  strength medinm ( T a b l e  81, 

T h e s e  jars a l s o  p o s s e s s e d  l e a f  t i s s u e  w i t h  t h e  g r e a t e s t  a m o u n t  

of dry laatter a c c u m u l a t i o n  p e r  u n i t  area { T a b l e  81, 

Some d e c i s i o n s  can r e a d i l y  b e  aade om t h e  b a s i s  of t h e s e  

tests, It is clear t h a t  40 m l  was a s u p e r i o r  s t a r t i n g  medium 

voluntr; t h a n  30 ~ 3 . .  P e r h a p s ,  i n  %he case of starting isedium 

vtrluroe more i s  b e t t e r ;  this should b e  f u r t h e r  t e s t e d ,  In 48 &l 

cu l t u r e s  = o r e  mediua  a n d  mole s o l u t e s ,  e s p e c i a l l y  g l u c o s e  werp 

r emoved  d u r i n g  culture t h a n  i n  30 m l  cultures, W i t h  a l a r g e r  

s t a r t i n g  volume, the  same a m o u n t  of s o l u t e  u p t a k e  a s  f r o m  a 

s g t a i l e r  volurne r e s u l t s  i n  a less positive water p o t e n t i a l  and 

mofas c o n c e n t r a t i o n s  of solutes would d e c s e a s e  less r a p i d l y .  

P u l l  o r  three q u a r t e r  s t r e n g t h  medium was p r e f e r a b l e  t o  a e d i u m  

t h a t  had been f u r t h e r  d i l u t e d ,  The best light i n t e n s i t y  of 

i n a r c a t i o n  was n o t  d e t e r m i n e d  c o n c l u s i v e l y  s i u c e  it was n o t  

p o s s i b l e  t o  d i s t i n g u i s h  between  t h e m  on t h e  b a s i s  of amount  of 

i n e d i u ~  u t i l i z e d  n o r  solute u t i l i z e d .  However, among t h e  B l i g h t  

intensity cultures t e s t e d ,  t h e  most g l u c o s e  was u t i l i z e d  a t  



3,030 l u x  and this intensity would be a l i k e l y  c a n d i d a t e  if 

light i n t e n s i t y  was to b e  s t anda rd i zed  for f u r t h e f  tests, In 

conclusion, " s ~ c n t * ~  s e d i u m  evaluation would. appear to be a 

hi theses overlooked but va  f u a b l e  tool  in tissue culture 

p r o ~ a g a t i o n .  T t s  use could contribute to and objectify decisions 

i n v o l v e d  in aetlium optiatizaTion and environnnental parameter 

ad j u s t a e n t ,  







arp and Conclasions 



Leaves of red r a s ~ b e r r y  p l a n t l e t s  f o r ~ e d  i n  ~ a l t a r e  were 

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

a r r a n g e m e n t  of palisade a n d  a t e s o p h y l f  cells,  a n d  an a l te red  

epiderlxral  and p a l i s a d e  c e l l  s h a p e ,  compared t o  l e a v e s  farmed on 

p l a n t s  in s o i l ,  The e p i d e r ~ a l  cells  were c o l l a p s e d  t o  some 

extent, the p a l i s a d e  cel ls  cbconical ;  u n l i k e  t h e  r e c t a n g u l a r  

c o n t r o l  l e a f  p a l i s a d e  cells,  The r a t i o  of p a l i s a d e : e p i d e r s a l  

ce l l  aurahers was u s u a l l y  1: 7 i n  c u l t u r e d  'Leaves, ~ a n y : l  i n  

c o n t r o l s ,  D e s p i t e  t h e  c h a n g e s  i n  l e a f  and cel l  s i z e s  and shapes, 

the ratio of c e l l  and tissue w i d t h s  t o  leaf w i d t h s  jde f  i n e d  i n  

the a d a x i a l - a b a x i a l  p l a n e )  was s i m i l a r :  i n  l e a v e s  of p i l a n t l e t s ,  

t r a n s p l a n t s  and c o n t r o l s ,  The number of e p i d e r m a l  h a i r s ,  

e s p e c i a l l y  t h e  f i l i f o r n  type, was lover &q v i t r o  and the 

distribution o f  c o l f e t e s s  was a f f e c t e d ,  I n  c u l t u r e d  p f a n t l e t  

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

h a i r s  on the l e a f  edges. I n  c o n t r o l s  t h e  l e a f  edges were d e n s e l y  

covered  u i t h  s t r a i g h t  or f a l c a t e  h a i r s ;  t h e s e  e n t w i n e d  u i t h  

a b a x i a l  f i l i f o r a  b a i r s .  Tr ichome uuaber was g r e a t e r  i n  new 

l e a v e s  formed a f t e r  t r a n s p l a n t a t i o n ,  a n d  g r e a t e s t  i n  greenhouse 

a n d  f i e l d  grown control p l a n t  l e a v e s ,  S t o g a t a  were f i x e d  open  

( a n d  a p p a r e n t l y  i n c a p a b l e  of c l o s i n g ) ,  g u a r d  ce l ls  were s l i g h t l y  

r a i s e d  and o c c u r r e d  b o t h  o n  the lower and the upper  l e a f  s u r f a c e  

of &q s r i t r o  p l a n t l e t s  w i t h  many on the p e r i p h e r y  of t h e  l e a f .  

C a l e i u ~  oxalate c r y s t a l s  were p r e s e n t  ia t h e  l e a v e s  of  v L t r o  

p l a n t f e t s  a n d  mom nullaerous i n  t h e  l e a v e s  grcwu o n  p l a n t s  i n  

s o i l .  The p e t i o l e ,  l e a f ,  stem a n d  r o o t  anatomy of 32 ~ i - t r o  



p l a n t l e t s  were s i lg i la r  i n  law 12,000 l u x )  and h i g h  (6,000 lux) 

P i g  ht i n t e n s i t y  cu l t u c e s .  T h e s e  h a d  no scler eachyma,  little or 

n o  c o l l e n c h y x t t a  s u g ~ o r t  t i s s u e s ,  l i t t l e  s e c o n d a r y  waf l deposition 

a n d  were ~ u c h  se ta l ler ,  C u l t u r e d  pfarat  lets  d e m o n s t r a t e d  

r e l a t i v e l y  low levels of C02 u p t a k e ,  averag ing  2.5 ~g 

C02/dmz/hour a n d  rarefy e x c e e d i n g  4 aaly C02/dm2/hour a t  

s a t u r a . t i n g  l i g h t  i n t e o s i  t i es ,  cogpared t o  c c n t r o l  p l a n t  ra tes  of 

12- '15 mg CQ2/dmz/f;uur,  Pigment content was higher  i n  p l a n t l e k s  

i n c u b a t e d  a t  lower 3. i g h t  i n t e n s i t i e s  (2,000-4,000 l u x )  t h a n  

h i g h e r  ones (5,009-6,000 l u x ) ,  S t a r c h  d e p o s i t i o n  was i n h i b i t e d  

i n  leaves o f  p l a n t l e t s  in c u l t u r e ,  and p h o t o s y s t e m  11 a c t i v i t y  

of e x t r a c t e d  c h l o ~ o p l a s t s  was o n l y  one  third of n o r m a l ,  

Hew l e a v e s  formed during  the f i r s t  month i n  t h e  s o i l  

e n v i r o n m e n t  were u s u a l l y  u n i f o l i a t e ,  i n t e r f a e d i a t e  i n  s ize  a n d  

t h i c k n e s s  a n d  h a d  t h e  f a r ~ s e l y  a r r a n g e d  cells of the &g v i t r o  

p l l a n t l e t s ,  a n d  a t  t h e  lower l i g h t  i n t e ~ s i t i e s ,  sane of t h e  

external l e a f  c h a r a c t e r i s t i c s .  @ h a  cultured p l a n t l e t s  were 

t r a n s f e r r e d  t o  s o i l  a t  3,000 or 6,1300 l u x ,  t h e  a l f t p h i s t o m a t o u s  

a n d  p e r i p h e r a l  s t o ~ a t a  p e r s i s t e d  as  d i d  t h e  e l e v a t e d  starnatal 

c o n d i t i o n  i n  new l e a v e s  d n s i a g  t h e  f i r s t  @oathl However ,  a t  

9,000 l u x  new  l e a v e s ,  l i k e  all. g r e e n h o u s e  a n d  f i e l d  c o n t r o l  

l e a v e s ,  h a d  few a d a x i a l  storaata, p e r i p h e r a l  s t o m a t a  were r a r e  

a n d  guard cellls were u s u a l l y  f l u s h  w i t h  t h e  e p i d e r m a l  ce l l s ,  

Bnatoxtty of new leaves formed d u r i n g  t h e  first m s r n t t r  a f t e r  

t r a n s p l a n t i n g  i n  s o i l  a t  3,080, 6,009 or 3,000 lux was s imilar  

t o  those i n  c u l t u r e ,  P a r e n c h y a a  cef 1s were less c o n p a c t  t h a n  i n  



c o n t r o l  p l a n t  f e a v e s  and p a l i s a d e  cell s h a p e  remained  a b n o r ~ a l ,  

# o r e  than h a l f  the leaves from culture d i e d  w i t h i n  the f i r s t  

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

a l m o s t  3 months, Reduced trichcme nuixibers, a l ~ o s t  c o ~ p l e t e  lack 

of f i l i f o r a  t r i c b o m e s  and p r e s e n c e  of ~ e r i p h e r a f  a n d  a d a x i a l  as 

w e l l  a s  u n p r o t e c t e d ,  open, a b a x i a l  stomata iaovld all c o n t r i b u t e  

t o  t r a n s p l a n t  shock and  water Zoss i n  c u l t u r e d  p l a n t l e t s  

t r a n s f e r r e d  to  s o i l ,  T r a n s p l a n t s  had interrt lediate  ar~toars ts of 

sr t condaq  waf P t h i c k e n i n g s  and s c l e r e n c h y m a  and  co l lenchytna  

s u p p o r t  tissues i n  a l l  o r g a n s ,  and  soae perideri-a de~ebplatrc3nt i n  

stems a n d  roots, Persistent leaves after 7 month i n  s o i l  

a c c o u n t e d  f o r  30% of t h e  t o t a l  leaf area of t r a n s p l a n t s  b u t  

c o n t r i b u t e d  less t h a n  Ifa? o f  the C 0 2  uptake at 3,000 l u x ,  Bt 

higher light i a i t e n s i t i e s  these l e a v e s  accourated fo r  10 t o  30% of 

t h e  t o t a l  leaf area b u t  were n e t  x e s p i r e r s .  These  was a n  

i n c r e a s e  i n  dry ~ a t t e r  accumulation a t  6,300 and 9,000 lux i n  

these pecsistent  feaves, b u t  n o t  a t  3,000 l u x .  C o n t i n u e d  

a c c u m u l a t i o n  of dry matter by t h e  t a g g e d  l e a v e s  was probably a t  

t h e  e x p e n s e  of p h o t o s y n t h e t i c  a c t i v i t y  of t h e  newly formed 

leaves. Weu l e a v e s  ai trans~fan+s h a d  a g r e a t e r  dry matter 

accumulat ion  at 9,000 Inx, and a  p igmen t  c o n t e n t  qrea  ter t h a n  

t h e  persistent leaves, T h e i r  plyntent c o n t e n t  was s i la i lar  t o  t h a t  

of young ccratrol l e a v e s .  T r a n s p l a n t s  were c a p a b l e  of uptake 

r a t e s  of 5-7 my COZjdia~/houx or 58% of  f i e l d  c o n t r o l  rates, The 

p h o t o s y n t h e t i c  c o n t r i b u t i o n  of t h e  feaves f ron c u l t n r e  was s a a l l  

or n e g a t i v e .  The  first  D e w  l e a v e s  far ~ e d  i n  scil were 



t r a n s i t i o n a l  w i t h  intermediate c a p a b i l i t y .  N ~ u  l eaves  of 

t r a n s p l a n t s ,  t e s t e d  after a 5 week period in s o i l ,  showed 

p r o g r e s s i v e  ability to  t ake  ill', f a b e l e d  C02 i n  each successive 

w e e k ' s  g r o w t h ,  T h i s  i s  ill ustrati rre of accli~atiaation of 

t r a n s p l a n t s  t o  the s o i l  e n v i r o n ~ e n t -  It d e n o n s t r a t e s  that a s  new 

l e a v e s  a r e  produced by  t r a n s p l a n t s  t h e y  d i s p l a y  a s p e c t r u m  

[progressicn) of p h y s i o l o g i c a l  ack.iv. itp,  g r a d u a l l y  i n c r e a s i n g  

f ro@ l e v e l s  close t o  t h a t  of leaves p e r s i s t i n g  f roa  c u l t u r e ,  to 

that o f  ccntrof. p l a n t s .  

Be lat ive2 .y  simple t e s t s  performed on  s p e n t  m e d i u ~ ,  s u c h  as  

measorement of naed iura volume rentaining and pH, o s m o l a r i t y  and 

g l u c o s e  c o n c e n t c a t i o n ,  enab led  s t r a i y h t f o r w a r i 9  s e l e c t i o n  among 

two s t a r t i n g  aedium v o l u ~ e s ,  four a e d i u g  d i l u t i o n s  and f i v e  

light i n t e n s i t i e s  e ~ p l o y e d  in the culture of red r a s p b e r r y  

p l a n t s ,  T h e s e  r e s u l t s  c o n f i r m e d  thcse of d r y  ueight accuff iufat ion 

in the leaves of c u l - l u r e d  p l a n t l e t s  b u t  were norn d i s t r u c t i v e  of 

c n l t u r e d  n a t e s i a l  and iauch e a s i e r  t o  perfora, 

The term e p i g e a e t i c  d e s c r i b e s  changes  i n  t h e  phenotype  and 

i n v o l v e s  the e x p r e s s i o n  of v a r i o u s  g e n e s ,  n o t  changes  i n  their 

cortlposition, The n o r ~ a l .  groclth and o n t o g e n e t i c  p a t t e r n s  of. 

plants i n v o l v e  p f o g f e s s i v e  e p i g e n e t i c  f= hanges,  t h e  rate  of w h i c h  

a r e  related t o  the nunaber of ce l l  d i v i s i o n s  [Rartinana and 

Kester, 1983)- Unlike p u r e l y  p l a y s i o f o g i c a  l changes, e p i g e a c t i c  

c h a n g e s  persist when a p a r t i c u l a r  s t imulns  e n d s ,  f l echanisas  o f  

e p i y e n e t i c  control a r e  thought to  i n v o l v e  t h e  t - B N A  s p s t e n  of 

r e h y i n g  g e n e t i c  i n f o r m a t i o n  t o  a  propr ria te enzyrae s y s t e w s  



(Wartmaan a n d  Kestes, 1983).  

r e d  r a s p b e r r y  p l a n  t l e  ts is known f rsla t h e i r  phenomena l  

p r o p a g a t i o n  p o t e n t i a l  vi tr,o [ D o n n e l l  y, I980  ; Donne1Ly, 

S t a c e - S r n i t h  a n d  Mellor, 7981))- I n  the c a s e  o f  p r o p a g a l e s  c o m i n g  

t h r o u g h  t h e  r n i c r o p r t s g a g a t i o n  p r o t o c o l  t r a n s p l a n t a t i o n  t o  soil 

i n v o l v e s  an  a b r u p k  e n v i r o n m e n t a l  c h a n g e  a n d  leads t o  t s a n s p l a a t  

s h o c k ,  T h e  ~henowelnon of t r a n s p l a n t  s h o c k  is a d i r e c t  r e s u l t a n t .  

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

the c u l t u r e  i n v i r o n ~ e n t  ( e p i g e n e t i c  v a r i a t i o n ) ,  s u i t a b l e  

t h e r e i n ,  b u t  i l n a p p r o p r i a t e  t o  life i n  soil. 

D u r i n g  the a c c f i s a t i z a t i o n  phase ( s t a g e  ZV) new t r a n s p l a n t s  

l o o k  q u i t e  d i g f e r e n t  •’TUB c c n t r o l  p l a n t s ,  They d i s p l a y  a vcariety 

of a n a t o ~ i c a l  m o d i f i c a t i o n s ,  {see T a b l e  1)  some  ore o b v i o u s  a n d  

p o t e n t i a l l y  i n j u r i o u s  t h a n  o t h e r s ,  I n  a d d i t i o n  t h e y  a r e  t h e  

subject of p h y s i o l c g i c a l  c h a n g e s  i n d u c e d  b y  t h e  32 s i t r a  

environlttent. The p h y s i o l o g i c a l  c h a n g e s  are  r e v e r s i b l e  i n  w h o l e  

or  i n  p a r t  i n s o f a r  a s  t h e  n r o d i f i e d  a n a t o m y  can s u p p o r t  t h e s e  

r e v e r s a l s .  During t h e  a c c l i m a t i z a t i o n  p r o c e s s  these a t y p i c a l  

a n a t o l l t i c a f  and p h y s i o l o g i c a l  aodif ica t i o n s  are l e s s e n e d  i n  t h e  

aew leaf g r o w t h ,  a n d  w i t h  time a n d  c o ~ p l e t e  a c c f i m a t i z a k i o n  they 

are mu l o n g e r  a p p a r e n t  i n  s n b s e g u e n t  g rowth ,  l e u  g r o w t h  i n  s o i l  

e n v i r o n g e n t s  w i t h  r e l a t i v e l y  low light i n t e n s i t y  a n d  elevated 

r e l a t i v e  B u ~ i d i t y  ( t r a n s p l a n t  c o n d i t i o n s )  is a )  l i k e l y  t o  

e x h i b i t  t h e  features o f  c u l t u r e d  p l a n t s  i n d u c e d  by t h e  low l i g h t  



i n t e n s i t y  a n d  s a t u r a t e d  a t ~ o s p h e r e  Q v i t r o  b) if leaves were 

i n i t i a t e d  i n  culture, ar,d a re  expand i rng  i n  s o i l ,  t h e y  look 

n o r e  like l e a v e s  j.. v l t r 0  t h a n  do new l e a v i e s  i n i t i a t e d  i n  $-he 

s o i l  e n v i r o n m e n t  c )  i n i t i a t i o n  i n  s o i l  u i l f  g i v e  pheno types  t h a t  

reflect the a r i t h i en t  e n v i r o n m e n t a l  c o n d i t i o n s  p r e s e n t  d u r i n g  

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

p l a n t ;  t h i s  im~lies  t h a t  r e t u r n  to  c o n t r o l - t y p e  anatomy gos t  

likely p r o g r e s s e s  i n  s t e p - u i s e  f a s h i o n ,  T h i s  map e x p l a i n  t h e  

i n t e r m d i a t e - k y p e  anatomy o b s e r v e d  i n  well e s t a b l i s h e d  red. 

r a s p b e r r y  t r a n s p l a n t s ,  The @ y s i o f o c j y  n i l 1  vary i n  these p l a n t s  

a) i t  Bay b e  to some e x t e n t  limited b y  c o n t i n u e d  low l i g h t i n g  

a n d  h i g h  r e l a t i v e  huza id i ty ,  if this i s  a s t i m u l u s  f o r  a l t e r e d  

p h y s i o l o g y  Fg v i t r o  h) t h e  a l t e r e d  p h e n o t y p e  Bay exacestate  

p h y s i o l o q i c a l  p r o b l e m s  a n d  c a u s e  thein t o  be  corrected B o r e  

s l o ~ l y  t h a n  o t h e r v i s e  p r e d i c t e d ,  a g a i n  probably  i n  s t e p - v i s e  

f a s h i o n ,  T b i s  may e x p l a i n  t h e  l o g  CQ2 f i x a t i o n  ra tes  observed i n  

t r a n s p l a n t s  many w e e k s  after t r a n s p l a n t a t i o n ,  much l o n g e r  t h a n  

apparent l e a f  a n a t o m y  would i n d i c a t e ,  

T h e r e  is l i t t l e  d o u b t  t h a t  e p i g e n e t i c  ntodif i c a t i o n s  are  

i n d u c e d  b y  the 2~ v i t x o  g r o v i n g  c o n d i t i o n s ,  As d o c u m n l s a t i o n  

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

p l a n t l e t s  [see T a b l e  I ) ,  it becclnes more a p p a r e n t  tha t  

s u b j e c t i v e  e v a l u a t i o n  of p l a n t  m o r p h o l o g i c a  1 d e v e l o p m e n t  ( S t r e e t  

and S h i l l i t o ,  1937) s h o u l d  Ze replaced by d i r e c t  d i a g n o s i s  of 

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

i n  v i t r o  a n d  af ter  t r a n s p l a n t a t i o n ,  Functional cr i te r ia  s h o u l d  -- ---- 



environment a1  fac to rs  on p f a a t l e t  development, p l a n t l e t s  i n  

c u l t u r e  c o u l d  he p r o d u c e d  t h a t  are more L i k e l y  t o  s u r v i v e  a n d  

more productive on t r a n s p l a n t a t  ion, I n  a d d i t i o n ,  t r a n s p l a n t s  

would k~ t r e a t e d  i n  such a way a s  to minimize t h e  r e s i d u a l  

effects o f  c u l t u r e ,  and maximize t h e i r  performance i n  s o i l b  
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