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ABSTRACT

An Approach Toward Understanding Some o f  the Morphogenetic Bases 

o f  Phyloqeny o f  S trep tocarpus  (Gesneriaceae)

By: I rw in  Murray Rosenblum

A dv iso r:  Professor Dominick V. Bas ile

By u t i l i z i n g  an experimental approach, phenovariants o f  S tre p to ­

carpus  (Gesneriaceae) species expressing ances tra l morphologica l fea tu res  

have been induced. Since these phenovariants resu lted  from use o f  p lan t  

growth re g u la to rs ,  a beginning has been made toward understanding phy lo- 

geny (e v o lu t io n a ry  d i v e r s i f i c a t io n )  o f  t h is  taxon in  chemical terms.

Two morphogenetic pa tte rns  have been c r i t i c a l l y  involved in specia- 

t io n  w i th in  the Gesneriaceae. Subfamily Cyrtandroideae is  cha rac te r ized  

by accrescence o f  one o f  the two cotyledons as a r e s u l t  o f  continued ac­

t i v i t y  o f  basal in te r c a la r y  meristems, accompanied by suppression o f  

growth o f  the second co ty ledon .

In the second p a t te rn ,  susta ined growth o f  the accrescent coty ledon 

accompanied by suppression o f  the d isp laced shoot ap ica l meristem gives 

r is e  to  an acau lescent, d o rs iv e n t ra l  ve g e ta t ive  p la n t  body (phyllomorph) 

which cha rac te r izes  species o f  subgenus S trep toca rpus  and a lso  several 

o the r genera w i th in  Cyrtandroideae.

Exogenous p la n t  growth re g u la to rs  were app lied  to  several species 

in  subgenus S trep toca rpus , e s p e c ia l ly  S. p ro lix u s  ( g r a c i l is )  a t  c r i t i c a l  

stages under th ree  sets o f  experimental c o n d it io n s .  These were axenic 

p la n t le t s  regenerated from lamina d is c s ,  a x e n ic a l ly  grown seed lings , and 

pot grown seed lings . In a l l  instances, the growth re g u la to rs  were pre­

sent a t  time o f  i n i t i a t i o n  o f  regenerants, or a t t ime o f  o r w i th in  two 

days o f  germ ina tion .
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G ib b e re l l in  A3 a t  le v e ls  o f  10"^M and higher caused suppression o f  

coty ledonary accrescence and e a r ly  a c t i v i t y  o f  the shoot ap ica l m eris - 

tem, w ith  production  o f  a plumule. Sustained a p p l ic a t io n  o f  GAj resu lted  

in caulescent p lan ts  w i th  ra d ia l  symmetry.

S im i la r  iso co ty lous ,  caulescent seedlings were induced by a p p l ic a ­

t io n  o f  the auxin an tagon is t  2 ,3 ,5 - t r i io d o b e n z o ic  ac id .  Such seedlings 

a lso  resu lted  from coa ting  upper co ty ledonary surfaces w i th  a v a r ie ty  o f  

pastes two days a f t e r  germ ina tion ; a poss ib le  ro le  f o r  e thylene was in ­

d ica ted .

A s in g le  exogenous a p p l ic a t io n  to  germ inating seedlings o f  the c y to -  

k in in  benzyladenine a t  10“ ^M and h igher caused desuppression o f  the se­

cond (m ic ro -)  co ty ledon , re s u l t in g  in  accrescence o f  both coty ledons and 

growth o f  b i-ph y l lom o rph ic  acaulescent p la n ts .

Since these phenovariants were induced by exogenous a p p l ic a t io n  o f  

growth re g u la to rs ,  the re  is  strong in d ic a t io n  th a t  endogenous growth re ­

g u la to rs  c o n tro l  the unusual morphogenetic pa tte rns  found in subgenus 

Stveptooarpus  and elsewhere in subfam ily  Cyrtandroideae. Phylogenetic 

changes in  balances among the regu la to rs  a t c r i t i c a l  stages in ontogeny 

probably account f o r  e vo lu t io n a ry  d i v e r s i f i c a t io n  w i th in  the Gesneriaceae.

A p re l im in a ry  hypothesis regarding ro les  o f  phytohormones in con­

t r o l l i n g  morphogenesis in subgenus Streptooarpus  is  o f fe re d .  Further 

experimentation can expand understanding in t h is  area and may lead to  

is o la t io n  o f  substances and processes a t  the molecular leve l which are 

mediated by the re g u la to rs .
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INTRODUCTION

Two main sources o f  evidence are t r a d i t i o n a l l y  u t i l i z e d  in d e r iv ­

ing in fo rm ation  regarding e vo lu t io n a ry  processes and re la t io n s h ip s  

among l i v in g  organisms: the fo s s i l  record and s tud ies  in  comparative 

morphology o f  ex tan t organisms. In the case o f  angiosperms, the f o r ­

mer is h ig h ly  impoverished (S tebb ins, 197^a), n e ce ss ita t in g  major re ­

liance  on the l a t t e r .

Observable d i f fe re n c e s  in form can be traced to  d i f fe re n c e s  in 

morphogenetic processes. One l i t t l e  used approach to  e lu c id a t in g  

phy logenetic  re la t io n s h ip s  among p u ta t iv e ly  re la ted  taxa is  to  im­

prove our understanding o f  the fa c to rs  and processes by which ' ta x o -  

n o m ic a l ly 1 important characters  develop. This is the premise from 

which th is  d is s e r ta t io n  proceeds.

The Gesneriaceae are a h ig h ly  evolved p lan t  fa m i ly  con ta in ing  mem­

bers w i th  va r ied  d i s t i n c t i v e  and o f te n  exceedingly spec ia l ized  vegeta­

t i v e  morphology ( H i l l i a r d  and B u r t t ,  1971). The genus S trep tocarpus  

has been w e ll s tud ied  in several areas: gene tics ,  development, morphol­

ogy and ecology. I t  e x h ib i ts  in i t s  two subgenera a wide range o f  fe a ­

tu res  c h a r a c te r is t ic  o f  the fa m i ly ,  inc lud ing  some o f  the most extreme. 

There fore , in v e s t ig a t io n s  which help improve our understanding o f  the 

morphogenetic basis o f  spec ia t ion  in S treptocarpus  should a lso  c o n t r i ­

bute to  a b e t te r  understanding o f  phylogeny and d i r e c t io n  o f  evo lu t ion  

w i th in  the Gesneriaceae.



The Family  Gesneriaceae

The Gesneriaceae c o n s t i tu te  a medium sized d ico ty ledonous fa m i ly ,  

ca 2500 species and 130 genera ( B u r t t ,  1977) w i th in  the subclass. 

A s te r ida e ,  order S c roph u la r ia le s  (C ronqu is t,  1968). i t s  major fe a tu re s ,  

w i th  few excep tions , are u n i lo c u la r  ovary w ith  p a r ie ta l  p la c e n ta t io n ,  

zygomorphic f low ers  and simple leaves. I t  has been d iv ide d  in to  sub­

fa m i l ie s  based on d i f fe re n c e s  in  co ty ledonary  development ( B u r t t ,  1963). 

One sub fam ily ,  Gesnerio ideae, is  cha rac te r ized  by equal, non-accrescent 

coty ledons and possession o f  a p lumular bud a t  ge rm ina tion ; v e g e ta t iv e  

morphology is  conventiona l f o r  d ic o ts .

Cyrtandro ideae, the o the r  sub fam ily ,  is cha rac te r ized  by coty ledons 

which are equal in s ize  a t ge rm ina tion , but in  which accrescence o f  d i f ­

f e r in g  du ra t io n  among the  species occurs in  one coty ledon s h o r t ly  a f t e r  

germ ina tion  (a n is o c o ty ly ) . I t  is t h is  cha rac te r  which perm its  extremes 

in  v e g e ta t iv e  morphology, such as is found in those species in sub­

genus S trep toca rpus  in which the e n t i r e  above-ground v e g e ta t iv e  s t r u c ­

tu re  co ns is ts  o f  an enormous accrescent coty ledon (up to  1 meter in 

length and about as broad) growing from the d i s t a l  end o f  a ve ry  sho r t  

p e t io le -1 ike  a x is .

A n is o c o ty ly  is  un ive rsa l in  a l l  species o f  Cyrtandroideae in which 

seed ling development has been stud ied  ( B u r t t ,  1977). At one extreme, 

i t  p e rs is ts  f o r  a few days, w i th  ba re ly  observable d i f fe re n c e  in  c o ty ­

ledon s iz e ,  accompanied by short  de lay in appearance o f  the plumule.

At the o the r  extreme, co ty ledonary  accrescence p e rs is ts  f o r  several 

years before f lo w e r in g  occurs, and no plumule appears. Such b iz a r re  

acaulescent morphology has so fa r  been found in several genera, in  ad­



d i t i o n  to  S trep toca rpus , which belong to  two t r i b e s ,  Didymocarpeae and 

Klugieae ( B u r t t ,  1970a; Jong and B u r t t ,  1975) o f  the fo u r  c u r re n t ly  ac­

cepted ( B u r t t ,  1977).

The Genus S trep toca rpus

Because o f  widespread s c i e n t i f i c  and h o r t i c u l t u r a l  in te r e s t ,  the 

monograph "S tre p to ca rp u s " ,  a survey o f  the genus, was pub lished by 

H i l l i a r d  and B u r t t  in 1977, and is  an in va lu ab le  source o f  in fo rm a tio n .  

The genus conta ins approx im ate ly  135 spec ies , n ea r ly  a l l  confined to  

A f r ic a  (3 o r  4 species in Asia may be e rroneous ly  in c lud ed ) .  I t s  d i s ­

t in g u is h in g  charac te r is  a capsule which tw is ts  fo l lo w in g  f e r t i l i z a t i o n .

Sub-genus S tre p to ca rp u s , w i th  about 90 spec ies , is  found from 

southern E th iop ia  southwest to  Angola, w i th  the most widespread species 

d i s t r i b u t i o n  in Natal Province o f  South A f r ic a .  Several species are 

a lso  found on the is land o f  Madagascar. Many growth forms occu r,  in ­

c lud ing  u n i f o l i a t e s ,  w i th  the on ly  f o l i a r  organ being the accrescent 

co ty ledon ; p i u r i f o l i a t e s , w i th  one or more f o l i a r  organs produced each 

year; ro s u la te s ,  w i th  a ro s e t te  o f  f o l i a r  organs. Many species do not 

f a l l  in to  these ca tego r ies .

Although the overwhelming m a jo r i t y  o f  the species are acau lescent, 

w i th  no plumular bud ever appearing, the re  are excep tions. In some o f  

the l a t t e r ,  caulescence is  c o r re la te d  w i th  and appears to  be secondary 

to  in f lo re scences .  T y p ic a l ly ,  in f lo rescences  occur a t  the ju n c t io n  o f  

the lamina and the p e t io le - l i k e  a x is .  Fo llow ing the appearance o f  

f low e r buds, in te rc a la ry  growth below the buds produces long peduncles. 

In a few species, a d d i t io n a l  f o l i a r  organs develop on the in f l o r e s -



Successive stages in the development o f  seed lings in sub 
genus S trep toca rpus .

A. U n i fo l ia te  species.

1-3, S. solenanthuS j k -5 ,  S. gvantKs

B. Rosulate species.

6- 8 , S. p r im u l i fo l iu S j  9-10, S. g a rd e n ii 

■.» Co, macrocotyledon 

co, m icrocoty ledon 

pd, p e t io lo d e

Cph, co ty ledonary  phyllomorph 

ph2 , f i r s t  a d d i t io n a l  phyllomorph

Adapted from H illia rd  and Burtt "Streptocarpus" (1971)
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Fig. 2, Successive stages in the development o f  a seedling in 
subgenus S tre p to e a rp e lla . S. h ilse n b e va ii.

Co, macrocotyledon

co, m icrocoty ledon

p i ,  plumule

Adapted from H illia rd  and Burtt'"Streptocarpus" (1971)
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cenc'es l e a d i n g  to  secondary caulescence (e .g . S. dec ip iens)  . A most 

unusual example o f  delayed vege ta t ive  caulescence is found in S, 

s c h lie b e n ii, , whose seed ling development has not yet been studied in  de­

t a i l .

Subgenus S tre p to c a rp e lla ,  w ith  about 45 species, occurs predomi­

na n t ly  in  an east-west d i s t r ib u t io n  across t ro p ic a l  A f r ic a .  Although 

much less thorough ly  in ves t iga ted  than subgenus S trep tocarpus, i t s  e a r ly  

seedling development is s im i la r  to  the la t t e r .  The accrescent c o ty le ­

don may reach cons iderab le  s iz e ,  even la rge r  than f o l i a r  leaves, but 

w i th  the same shape as the l a t t e r .  A f te r  a delay o f  several days to 

many weeks, a shoot bearing t ru e  leaves appears. Adu lt  caulescent 

morphology resembles th a t  o f  ty p ic a l  d ic o ts .

Both subgenera share s im i la r  f low er and f r u i t  charac te rs . The 

basic d i f fe re n c e s  are in ve g e ta t ive  morphology and in  cy to log y .  In 

subgenus S trep toca rpus , d ip lo id  chromosome count is  2n=32 (two p o ly ­

p lo id  species are known) (R a t te r ,  1975). In subgenus S tre p to c a rp e lla ,  

a l l  species examined to  date are d ip lo id  w i th  2n-30 ( I b id ) .

Hypotheses Regarding Relat ionship Between 

Subgenera o f S treptocarpus

Nearly a l l  authors to  the present time have regarded S treptocarpus  

as a s in g le  genus. Yet desp ite  numerous attempts to  crea te  hybrids be­

tween the subgenera ( H i l l i a r d  and B u r t t ,  1971; A. C. Zeven, 1972, pe r­

sonal communication; non-published repo r ts ' b y .o th e rs , and my own e f ­

f o r t s ) ,  none has succeeded. W ith in  subgenus S trep toca rpus , on the 

o the r  hand, numerous na tu ra l and a r t i f i c i a l  hybrids e x is t ,  In te rs p e c i­



f i c  hybr ids  among several species in subgenus S trepp tocarpe lla  have a lso  

been created in recent years (W. Saylor and o th e rs ,  unpub lished), and 

these are a lso  h ig h ly  f e r t i l e .

Numerous hypotheses have been published regarding the phylogene­

t i c  re la t io n s h ip  between subgenus S trep toca rpus  and subgenus S tre p to ­

c a rp e lla .  H i l l  (1938) suggested th a t  w i th in  the  genus acaulescence is  

the p r im i t i v e  c o n d it io n  and, th e re fo re ,  subgenus S tre p to c a rp e lla  has 

evolved from subgenus S tre p to ca rp u s .

Most o th e r  authors disagreed w i th  H i l l .  Since in genera l,  p re -  

angiospermous land p lan ts .and  dicotyl.edonous p lan ts  ( in c lu d in g  

Gesneriaceae) are cau lescen t, they reason th a t  ancestors o f  subgenus 

S trep toca rpus  must a lso  be cau lescen t.  Joshi (1938), Schenk (19^2),

Jong (1970) and B u r t t  (1970a) thus regarded subgenus S tre p to c a rp e lla  to  

be p r im i t i v e  w i th in  the genus. H i l l i a r d  and B u r t t  (1971), w h i le  agree­

ing w ith  t h is  v iew po in t in  gene ra l,  considered the p o s s i b i l i t y  th a t  in 

some species w i th in  subgenus S tre p to c a rp e lla , p a r t i c u la r l y  S. n o b i l is 3 

caulescence has re-evolved from acaulescent ances try .

R a tte r  (1975) examined t h is  question from the v iew po in t o f  chromo­

some numbers as w e ll as morphologica l s im i l a r i t i e s .  Evidence accumu­

la ted  from counts o f  about 200 o f  1300 known species in sub - fam ily  

Cyrtandroideae suggested to  R a tte r  th a t  the ances tra l basic number o f  

chromosomes was n=8 o r  9 , so th a t  the numbers 2n=32 (as in the subgenus 

S trep toca rpus) and 2n=30 (as in the subgenus S tre p to c a rp e lla  and another 

A fr ic a n  genus, S a in tp a u lia )  , are o f  t e t r a p lo id  o r ig i n .  F u r th e r ,  he be­

l ie ved  th a t  n=15 probably  evolved from n = l6 by dysp lo id  reduc t ion .

R a tte r  a lso  pointed out th a t  several re c e n t ly  discovered Madagascar
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species in subgenus S tre p to c a rp e lla  bear strong morphological resem­

blance to  S a in tp a u lia  ( H i l l i a r d  and B u r t t ,  1970 pp, 114-115). Ra tter 

th e re fo re  concluded th a t  S a in tp a u lia  and subgenus S tre p to c a rp e lla  d i ­

verged from a common ancestor w ith  2n=30, R a tte r  a lso  noted strong em- 

b ryo lo g ica l evidence supporting h is  hypothesis f o r  a c lose  re la t io n s h ip  

between the genera Strep tocarpus  and S a in tp a u lia  (Holmqvist-Gustavsson), 

1964, c i te d  in H i l l i a r d  and B u r t t ,  p. 115).

My in te rp re ta t io n  o f  the above, cons is te n t  w i th  R a t te r 's  ideas, is 

diagrammed below:

Ancestor A .2n=32, caulescent

Ancestor B, 2n;Ancestor B, 2n=30, caulescent

subgenus S treptocarpus

2n=32, acaulescent

subgenus S tre p to ca rp e I la  S a in tp a u lia  

2n=30, caulescent 2n=30, caulescent

The im p l ic a t io n  o f  R a t te r 's  hypothesis is  th a t  subgenera S tre p to ­

carpus  and S tre p to c a rp e lla  are not in a d i r e c t  l in e a r  ancestra l r e la ­

t io n s h ip  and may not necessa r i ly  be congeneric.



Studies o f Development and Morphology

in S trep tocarpus

Cotyledon in e q u a l i t y  was discovered independently by Caspary (1858) 

and Crocker ( i8 6 0 ) ,  both o f  whom observed t h is  phenomenon in species o f  

S trep tocarpus  (Crocker a lso  observed a n is o c o ty ly  in C h ir i ta 3 a cau les­

cent genus in C yr tand ro ideae ).

Dickson (1883) s tud ied  a n is o c o ty ly  in S, caulescens3 the f i r s t  cau­

lescent species in the genus to  be brought under obse rva t ion .  He con­

f irm ed e a r l i e r  obse rva tions  o f  D ick ie  (1865) th a t  in S trep toca rpus  3 a n i ­

soco ty ly  is  accompanied by growth o f  an in te rven ing  segment th a t  ra ises 

the accrescent coty ledon above the sm a lle r one. H ie lscher (1879) a t t r i ­

buted increase in s ize  o f  the enlarged coty ledon o f  S. po lyan thus  to  

p e r s is te n t ly  a c t iv e  m eris tem a tic  t is s u e  a t  the base o f  i t s  lamina, which 

is  absent in the sm a lle r  co ty ledon .

Schenk (19^2) pub lished ex tens ive  and d e ta i le d  s tud ie s  o f  e a r ly  

seedling development in  several growth forms in S trep toca rpus ,

Jong (1970) a f t e r  c a re fu l observa tions o f  seed ling ontogeny in 1?, 

fa rm in ia e  and o the r species in  subgenus S trep toca rpus3 fo rm ula ted a new 

concept o f  morphology in t h is  taxon. The f o l i a r  organ toge the r  w i th  a 

more or less sho r t  a x ia l  segment on which i t  a r is e s ,  is a nove l,  uncon­

v en t io na l p la n t  u n i t ;  i t  is  n e i th e r  le a f  nor shoot but an in te rm ed ia te  

p la n t  form inco rp o ra t ing  p ro p e r t ie s  o f both. Jong c a l le d  i t  a p h y l lo ­

morph. This concept has been fu r t h e r  e labora ted  by Jong (1973, 1978) 

and by Jong and B u r t t  (1975) and is  today w ide ly  accepted.

According to  t h is  concept, the phyllomorph co n s is ts  o f  two organs:
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a lamina which grows inde te rm ina te ly  as a re s u l t  o f  coord inated a c t i ­

v i t y  o f  a complex o f  meristems a t  the base o f  the lamina throughout the 

vege ta t ive  phase, and a p e t io le - l i k e  a x ia l  organ, the pe t io lo d e .  The 

la t t e r  is composed o f  hypocotyl and t is s u e  in te rc a la te d  between the two 

co ty ledons; i t  is  d o rs iv e n t ra l  in symmetry producing a d v e n t i t io u s  roo ts  

on the ve n tra l su rface , and in f lo rescences , accompanied in  some species 

by a d d it io n a l phy1lomorphs, on the dorsal surface. The phyllomorph is  

not l im i te d  to  S trep toca rpus .

Jong and B u r t t  (1975) pointed ou t th a t  genera in  Gesneriaceae w i th  

phyllomorphic growth pa tte rns  inc lude in a d d it io n  to  S trep tocarpus3 

several o thers in t r i b e  Didymocarpeae, and Epithema and Monopkyllaea  in 

t r i b e  K lugieae. Thus, i t  has apparen tly  evolved independently more 

than once.

The morphogenetic events by which the seedling is  transformed to  

t h is  unusual form are as fo l lo w s :

Several days a f t e r  germ ina tion , one cotyledon begins to  en la rge , 

accompanied by displacement o f  the small seedling ap ica l meristem to  

i t s  base. W ith in  2-3 weeks, a complex o f  3 basal meristems is  obser­

vab le ; these prov ide the growth p a t te rn  o f  the phyllomorph. Term ino l­

ogy fo r  these meristems (Jong and B u r t t ,  1975) is :

1) The groove meristem (so named because i t  appears subepider- 

m a lly  in a v i s i b l e  groove j u s t  below the base o f  the lam ina). I t  is 

derived from the l a t e r a l l y  d isp laced ap ica l meristem and is organogenic. 

In u n i f o l i a t e  species, i t  remains quiescent during veg e ta t ive  growth, 

which may p e rs is t  in te r m i t t e n t l y  over several years. The groove m eris­

tem then en larges, becoming dome-shaped. I t  s p l i t s ,  the proximal por-
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F ig . 3. Seedl ing development in S. fa n n in ia e ,  subgenus S trep tocarpus, 
A-C, camera iuc ida  drawings o f  3 stages; a l l  median lo n g i tu ­
d in a l sec t ions .

A. 1 week o ld ,  w i th  embryonic ap ica l meristem in  fo r k  between 
unequal coty ledons.

6. k weeks o ld ,  w i th  ap ica l meristem d isp laced to  base o f  
accrescent co ty ledon.

C, 6 weeks o ld ,  w ith  p e t io lod e  and in te r c a la r y  m eris tem atic  
complex a t base o f  macrocotyledon.

C. Diagrammatic rep resen ta t ion  o f  topo log ica l re la t io n s  o f 
meristems in lo n g i tu d in a l  sec t ion .

Co - accrescent cotyledon
co - suppressed cotyledon
em -  embryonic ap ica l meristem
hy -  hypocotyl
vs -  vascu la r  t is s u e
pd -  p e t io lod e
gm -  groove (“ d isp laced a p ic a l)  meristem 
ar  -  a d v e n t i t io u s  root 

1 -  lamina 
m -  midvein 

bm -  basal meristem 
pm -  pe t io lod e  meristem 
pc -  procambial strand 
bl -  f i r s t  detached meristem

Adapted from Jong and Burtt (1975)
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t io n  producing the f i r s t  in f lo re scence  primordium, w h ile  the d is ta l  por­

t io n  generates subsequent in f lo rescences .

In many species, a p o r t io n  o f  the groove meristem becomes detached 

and generates one o r  more a d d i t io n a l  phyllomorph p r im ord ia  dur ing  vege­

t a t i v e  growth (as in S. fa n n in ia e )  o r  a t  the time o f  f lo w e r in g  (as in S. 

p v o lix u s ) .

Rosulate species develop in a somewhat d i f f e r e n t  way. The d i s ­

placed seed ling ap ica l meristem s p l i t s  e a r ly ,  the .m a jo r p o r t io n  fu n c t io n  

ing as an ap ica l meristem which generates phyllomorphs on a very  sho rt  

v e r t i c a l  o r h o r iz o n ta l a x is .  The small detached a x i l l a r y  p o r t io n  then 

fu n c t io n s  as the groove meristem o f  the co ty ledonary  phyllomorph. I t  

is  ev iden t th a t  the d i v e r s i f i e d  morphology found in Streptoocccpus is  

t race ab le  to  the t im ing  and mode o f  a c t i v i t y  o f  the ap ica l meristem.

2) The p e t io lo d e  meristem, c o n s is t in g  o f  columns o f  vacuolated 

cambiform c e l ls  which d iv id e  a n t i c l i n a l 1y , extends through the p e t io lo d e  

a t  the leve l o f  the groove meristem, thus p ro v id in g  extens ion o f  the 

m id r ib  o f  the lamina d i s t a l l y  and o f  the p e t io lo d e  p ro x im a l ly ,

3) The basal meristems, immediately d i s ta l  to  and in con tac t w i th  

the groove meristem, generate la te r a l  t is s u e  in each h a l f  o f  the  lamina.

This p e rs is te n t  complex o f in te r c a la r y  meristems is  capable o f  p ro­

ducing in some species a lamina which may reach 1000 mm. in length  and 

breadth . In almost a l l  species so fa r  s tu d ie d ,  the phyllomorph is  mono- 

c a rp ic .  In those species in which the groove meristem generates a d d i­

t io n a l  phyllomorphs, the p lan t  is p e re n n ia l .



Experimental Approach to  Specia tion 

and Phyiogency

The fundamental sources o f  morphogenetic pa tte rns  in p lan ts  remain 

among the most important unsolved problems in b io logy  (Stebbins., 197**c). 

Changes in morphogenetic pa tte rns  lead to  changes in morphology concomi­

ta n t  w i th  e v o lu t io n  and s p e c ia t io n .

Such changes o r ig in a te  in mutations and/or gene tic  recombinations, 

but the pathways between a l te ra t io n s  in DNA and t h e i r  expression in new 

p la n t  forms are understood in  on ly  general terms. Stebbins (1969) sug­

gested th a t  genes c o n t r o l l in g  morphological characters  probably code fo r  

reg u la to rs  o r  c o n tro l  systems a f fe c t in g  the ac t ion  o f  o the r genes, or 

f o r  s t ru c tu ra l  p ro te ins  th a t  can fu n c t io n  p rope rly  on ly  in  con junc t ion  

w ith  o the r  p ro te in s  th a t  are coded by d i f f e r e n t  genes.

Studies in  morphogenesis are needed to  perm it b r idg ing  by bo tan is ts  

o f  the gap between gene m utations and morphological t re n d s j t h is  is  es­

s e n t ia l  to  e v o lu t io n is ts  (S tebbins, 197^a),

A se r ies  o f  papers by Bas ile  (1967, 1969* 1970, 1973* 1979* 1980) 

demonstrates the value o f  such s tu d ie s .  Evo lu t ion  in le a fy  l iv e rw o r ts  

is  g e n e ra l ly  assumed to  have occurred in the d i re c t io n  from t r i - r a d i a l  

to  d o rs i - v e n t ra l  symmetry, i . e . ,  from th ree  to  two rows o f  leaves. This 

evo lu t io n  occurred independently in several fa m i l ie s  in more than one 

o rde r .

B a s ile  found th a t  m o d if ic a t io n s  o f  subs tra te  in axenic cu l tu re s  o f  

d o rs i - v e n t ra l  species in f i v e  fa m i l ie s  o f  le a fy  l iv e rw o r ts  produced 

r a d ia l l y  symmetrical phenovarian ts . In a recent paper (1979) he was 

able to  induce s ta b le ,  un iform  phenovariants in F la g io e h ila  a ro t ie a
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which perm itted  study o f  a l te r a t io n s  in cel 1- d iv is io n  a c t i v i t y  o f  d e r i ­

v a t ive s  o f  ap ica l c e l l s .  P rote ins con ta in ing  high le ve ls  o f  hydroxypro- 

l in e  In c e l l  w a lls  are associated w i th  suppression o f  c e l l  d iv is io n  o f  

ve n tra l  d e r iv a t iv e s  o f  ap ica l c e l ls  in  'no rm a l' d o rs i - v e n t ra l  species. 

A d d it io n  o f  substances a n ta g o n is t ic  to  normal m etabo lic  in co rpo ra t ion  o f  

hyd roxyp ro l ine  in c e l l  wa ll p ro te in s  ( i . e . ,  hyd roxyp ro l ine  and 2 ,2 *- 

d ip y r id y l )  produced phenovariants in  which v e n tra l d e r iv a t iv e s  o f  a p i ­

cal c e l ls  were not in h ib i te d  or suppressed, and the p lan ts  grew w ith  

ra d ia l  symmetry.

The s ig n i f ic a n c e  o f  B a s i le 's  s tud ies  to  date l i e s  in  the fo l lo w in g :

1) The genomes o f  h ig h ly  evolved hepatics  have not lo s t  the capa­

b i l i t y  to  produce a th i r d  row o f  leaves as in  the p r im i t i v e  ancestra l 

c o n d it io n .

2) The expression o f  the c a p a b i l i t y  to  form the t h i r d  le a f  row is 

d i r e c t l y  re la ted  to  the derepression o f  c e l l  d iv is io n  (meristernatic) 

a c t i v i t y  o f  ap ica l c e l l  d e r iv a t iv e s  in one reg ion . (Conversely, the re ­

fo re ,  the evolved species possess on ly  two rows o f  leaves because o f  

phy logenetic  suppression o f  c e l l  d iv is io n  in d e r iv a t iv e s  o f  the ap ica l 

cel 1 in one p lane.)

3) The change in morphogenetic pa tte rns  between normal and pheno­

var ian t p lan ts  is re la ted  to  a l te r a t io n  in metabolism o f  c e l l  wa ll 

h yd roxyp ro l ine -co n ta in ing  p r o te in ( s ) .

Thus, B as ile  co r re la te d  e vo lu t io n a ry  changes in  form w ith  morphogen­

e t i c  changes depending on d i f f e r e n t ia l  m eris tem atic  a c t i v i t y ,  and the 

l a t t e r  w i th  m etabolic  (biochemical) a l te r a t io n s .

Stebbins (197^b) c i te d  B a s i le 's  s tud ies  as an example to  be f o l ­

lowed by b o tan is ts  w ith  o the r groups o f  p la n ts .  In the case o f  ang io-



sperms, Stebbins (1974c) suggested two important c h a ra c te r is t ic s  o f  an- 

giosperms in which they d i f f e r  markedly from a l l  o the r  p lan t  groups and 

th a t  have made poss ib le  t h e i r  g rea t  a b i l i t y  to adapt to  a l te re d  e n v ir ­

onments by m o d if ic a t io n s  in form. Those a re , f i r s t ,  th a t  angiosperm 

c e l l s  are much more responsive to  phytohormones than, f o r  example, 

gymnosperms; second, th a t  angiosperm f l e x i b i l i t y  is o f te n  expressed v ia  

the a c t i v i t y  o f  in te rc a la ry  meristems.

In d icoty ledonous p lan ts  ap ica l meristems are  respons ib le  f o r  con­

t in u in g  growth o f  stems, i n i t i a t i o n  and growth in length o f  leaves, 

roo t growth and f low er i n i t i a t i o n .  In te rc a la ry  (non -ap ica l)  meristems 

produce stem in ternode and p e t io le  e lo n g a t io n ,  le a f  forms in  a l l  t h e i r  

d i v e r s i t y ,  and in f lo rescence  growth. They a lso  lead to  increased com­

p le x i t y  o f  f low ers  by such changes as adnation and connation o f  p a r ts .

I f ,  as is  l i k e l y ,  Stebbins is  c o r re c t  in  s tre ss in g  the ca rd in a l 

importance o f  in te rc a la ry  meristems in f lo w e r in g  p la n t  e v o lu t io n ,  then 

s tud ies  focus ing on those fa c to rs  th a t  i n i t i a t e  and subsequently regu­

la te  in te rc a la ry  meristems are p iv o ta l  to  understanding the morphogen­

e t i c  bases o f  phylogeny. U n t i l  now, the re  have been few attempts to  in ­

duce changes in morphogenetic pa tte rns  in  f low e r ing  p la n ts  s p e c i f i c a l l y  

aimed a t  o b ta in in g  in fo rm ation  necessary to  an improved understanding 

o f  morphological changes accompanying e v o lu t io n a ry  processes.

In one example o f such a s tudy , meristem a l te r a t io n s  have been 

produced in p lan ts  by use o f  2 ,3 ,5 “ t r i io d o b e n z o ic  ac id  (TIBA). This 

substance ac ts  by in te r fe r in g  w i th  d i s t r i b u t i o n  o f  auxin in  the p la n t  

(Heslop-Harr ison, 1957)- Thus, TIBA app lied  to  the shoot apex o f  

Kalanehoe b lo s s fe ld ia n a  causes fus ion  o f  le a f  p r im ord ia  w i th  t r a n s fo r ­
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mation to a p e r f o l ia t e  le a f .  The l a t t e r  re s u l ts  from a c t i v i t y  o f  in ­

te rc a la ry  meristems which lead to  concrescence o f  parts  (Harder and 

Opperman, 1952). Such a change to p e r f o l ia t e  leaves is taxonom ica lly  

s ig n i f i c a n t .

In another example, exogenously app lied  g ib b e r e l l in  induced a l t e r ­

a t ion s  in shoot development and le a f  shape in  tobacco (Engelke, Hamzi 

and Skoog, 1973)> again the re s u l t  o f  changes in a c t i v i t y  o f  in te rc a la ry  

meristems.

The experimental approach to  phylogeny and spec ia t ion  app lied  suc­

c e s s fu l ly  in Hepaticae by B as ile  has motivated th is  research on S tre p to -  

aavpus. S tebb ins ' suggestions regard ing the importance o f  in te rc a la ry  

meristems and o f  the poss ib le  ro le  o f  growth regu la to rs  in  e v o lu t io n  o f  

angiosperms, have provided the i n i t i a l  d i re c t io n  fo r  my experiments.

P r io r  Reports on E f fe c ts  o f  P lan t Growth 

Regulators on S treptocarpus

There have been few attempts to  study the e f fe c ts  o f  phytohormones 

and o the r p lan t growth reg u la to rs  on morphogenesis, growth and morphol­

ogy in Stveptoeccrpus.

Rossini and N itsch (1966) and Rossini (1967) regenerated assorted 

organs from s t e r i l i z e d  le a f  d iscs  o f  S. n o b i l is  in axenic c u l tu re s .  The 

emphasis was on production  o f  f low er buds in t h is  sho rt  day species be­

longing to  subgenus StreptoacccpeVla. They found th a t  c y to k in in s  and in -  

d o le a c e t ic  ac id added to  the agar medium increased f low er bud production
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whereas g ib b e r e l l i n ,  c o n tra ry  to  expec ta t ion  (S. n o b ilz s  being a sho r t  

day p la n t)  com ple te ly  in h ib i te d  f lo w e r in g .

Appelgren and.Helde (1972) s tudied regenera tion  from norr-_  

s t e r i I i z e d  lamina d iscs  cu t  from S. "Constant Nymph", .a hybrid  

w i th in  subgenus S trep toaa rpus . The d iscs  were f lo a te d  on m in e ra l-p h y to -  

hormone s o lu t io n s .  They found th a t  v e g e ta t ive  bud and roo t  regenera tion  

were enhanced by aux ins . C y tok in ins  had on ly  a small s t im u la to ry  e f f e c t  

on bud fo rm a t io n .  G ib b e re l l in  A3 in h ib i te d  both bud and ro o t  fo rm a t ion  

but was reversed by aux in . A b sc is ic  ac id  in  the presence o f  optimum 

le v e ls  o f  aux in  enhanced bud fo rm a t io n ,  w i th  l i t t l e  e f f e c t  on ro o t  f o r ­

mation .

E f fe c ts  o f  exogenous a p p l ic a t io n s  o f  g ib b e r e l l in s  and 6-benzy lam i- 

nopurine (benzyladenine) on morphology o f  species in sub-genus S tre p to -  

aarpus have been reported  in several p u b l ic a t io n s  by M ic h e l le -A .  Dubuc- 

Lebreux (Dubuc-Lebreux, 1976a, 1976b, 1978; Dubuc-Lebreux and V ie th ,  

1975, 1976). Seedlings o f  va ry ing  ages (6 1/2 to 14 months) o f  several 

species were t rea ted  w i th  phytohormone s o lu t io n s  a t  weekly in te r v a ls  

and phenovariants re s u l te d .  In genera l,  i t  was found th a t  g ib b e r e l l i n  

a p p l ic a t io n  re s u lte d  in  e longa tion  o f  lamina and p e t io lo d e s .  I t  a lso  

caused p roduc tion  o f  accessory phyllomorphs and thus convers ion o f  u n i -  

f o l i a t e s  to  p l u r i f o l i a t e s  w i th  pseudaxial s t ru c tu re  i n i t i a t e d  on a few 

o f  the accessory phyllomorphs. Benzyladenine had l i t t l e  e f f e c t  on vege­

ta t iv e  form o f  p la n ts  in t h is  age range.

I t  must be noted th a t  none o f  the previous s tud ies  in vo lv in g  ap­

p l ic a t io n s  o f  phytohormones a l te re d  a n is o c o ty ly  and acaulescence, pa t­

te rns  es tab l ished  s h o r t ly  a f t e r  germ ina tion  o f  seed lings in  subgenus
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S trep toaa rpus . Nor d id  any in v e s t ig a to rs  study the in f luences  o f  phyto­

hormones on lo c a t io n  and a c t i v i t i e s  o f  meristems, and t h e i r  r e la t io n ­

ships to morphology o f  the a d u l t  p la n ts .

In 1977 I reported ach iev ing  caulescence in  subgenus S trep tocarpus  

using g ib b e r e l l i n  A^; in 198O I reported on cau lescen t phenovariants 

produced by GA^, and on b i -p h y 1lomorphic phenovariants produced by 6- 

BAP , along w i th  meristem a l t e r a t io n s .  These repo r ts  were based on 

s tud ies  which are included in t h is  d is s e r ta t io n .

The re s u l ts  I obta ined are c o n s is te n t  w i th  B a s i le 's  hypothesis 

th a t  ances tra l morphogenetic c a p a c i t ie s  may not be lo s t  in  derived taxa 

but are not norm ally  expressed. They a lso  con f irm  the correc tness  o f  

S tebb ins1 suggestions on the importance o f  p la n t  growth re g u la to rs  and 

in te r c a la r y  meristems in  e v o lu t io n  o f  angiosperms.
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MATERIALS AND METHODS 

Species Employed in  This Research

For in v e s t ig a t in g  morphogenesis in  subgenus S trep toca rpus  an e a r ly  

choice o f  species,was made. S. g r a c i l is  B. L. B u r t t  was a v a i la b le ,  hav­

ing been grown by me under f lu o re s c e n t  l i g h t  w i th  repeated v e g e ta t iv e  

propagation dur ing  several years. Seeds o f  t h is  species were o r ig i n a l l y  

supp lied by the Seed Fund o f  the American G lo x in ia  and Gesneriad Soc ie ty .

This species was subsequently reduced to S. p ro lix u s  C. B. C larke 

( H i l l i a r d  and B u r t t ) .  A p la n t  o f  S. p v o lix u s 3 somewhat d i f f e r e n t  in  ap­

pearance, was received in 1977 from 0. H. H i l l i a r d  who had c o l le c te d  i t  

in  Natal Province. The two forms were grown s ide  by s ide  in the green­

house fo r  several years . Several characte r d i f fe re n c e s  e x i s t ,  and the 

p la n t  fo rm e r ly  known as S. g r a c i l is  was found to  possess advantages fo r  

research purposes and was th e re a f te r  used e x c lu s iv e ly :

a) More rap id  growth and f lo w e r in g ,  w i th  more perennation (add i­

t io n a l  phy llom orphs);

b) Greater seed p roduc tion  v ia  a r t i f i c i a l  p o l l i n a t io n ;

c) S tou te r  peduncle and pedicel segments; thus, more s u i t a b i l i t y  

f o r  axen ic  regene ra t ion .

Fo llow ing a nomenclatural suggestion fo r  use o f  t r in o m ia ls  w i th in  

a species made by B u r t t  (1970b) t h is  form h e re a f te r  is  re fe r re d  to as 

S. p ro  l ix u s  (g ra c i l i s ) .

S. p r o l i x is  ( g r a c i l is ) 3 a lthough o r ig i n a l l y  described by B u r t t  as 

u n i f o l i a t e ,  under greenhouse c ond it ion s  is  a p l u r i f o l i a t e ,  f lo w e r in g



g. h. Greenhouse grown f lo w e r in g  p la n t  o f  S. p ro lix u s  (g r a c i l i s )
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from seed a t  about 10 months, and producing one o r  more a d d it io n a l  

phy1lomorphs a t  about the same tim e. The co ty ledona ry  phyllomorph is 

up to  23 x 15 cm; in f lo rescences  may reach to 55 cm. long , w i th  as many 

as 25 p a irs  o f  f lo w e rs .  The in f lo rescence  has the form o f  a sympodial 

cyme. A t  each node two f low ers  on 2 cm. ped ice ls  appear, along w i th  the 

subsequent peduncle segment. Normally , an in f lo re scence  branches once. 

The small f low ers  co n ta in  two f e r t i l e  stamens hidden near the cen te r  o f  

the 1 cm. c o r o l la  tube. A r t i f i c i a l  p o l l i n a t io n  requ ires  d is s e c t io n  o f 

the c o r o l la .

Up to 6 in f lo rescences  are produced b a s ip e ta l ly  by each monocarpic 

phyllomorph. A f te r  i n i t i a l  f lo w e r in g  2 : to  k a d d i t io n a l  phyllomorphs are 

produced a n n ua l ly ;  these can be removed and roo ted. By v e g e ta t iv e  re ­

p rodu c t ion ,  a r t i f i c i a l  p o l l i n a t io n  and sowing o f  seeds, a cons tan t sup­

p ly  o f  p la n ts  a t  a l l  stages o f  growth was mainta ined in  the greenhouse.

S. p ro lix u s  ( g r a c i l is )  f lo u r is h e s  under a wide range o f  greenhouse 

c o n d it io n s ,  f lo w e r in g  year round a t  the la t i t u d e  o f  New York.

Many o th e r  species belonging to  subgenus S trep toca rpus  were i n i ­

t i a l l y  grown from seed supp lied by the American G lox in ia  and Gesneriad 

Soc ie ty  Seed Fund. Those mainta ined as s tock  p la n ts  o r regrown pe r io d ­

ica l ly  from seed and which were employed in experiments inc luded :

S. hccyga rth ii N.E'.' 'BR.'^ex C. B. Clarke ( p lu r i f o l f a t e )

S. g ra n d is  N.E. Brown ( u n i f o l ia t e )

S. r & a i i  (Hooker) L in d le y  ( ro s u la te )

S. so lenan tkus  M ansfie ld  ( U n i fo l ia te )

(Source N.Y.B.G.)

S. s c h l ie b e n ii M ansfie ld  l i s te d  in  subgenus S tre p to c a rp e lla
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by H i l l i a r d  and B u r t t ,  but changed to  subgenus S trep toca rpus  by M ilne 

0975> addendum). Source was a c u t t in g  from Royal Botanic Garden, 

Edinburgh. This species is  acaulescent f o r  many months, becoming cau­

lescen t be fore  f lo w e r in g .

Of the several species in subgenus S tre p to c a rp e lla  th a t  were grown, 

two were mainta ined by regrowth from seed, and were employed in  the re ­

search:

S. n o b i l is  C.B. C larke (annual)

S. muscosus C.B. C larke (pe renn ia l)

The source f o r  these species was a lso  Royal Botan ic Garden, 

Edinburgh.

P o tt in g  mixes a re  l i s te d  in Appendix I .

Experimental Procedures 

Axenic C u ltu re

Several agar c u l tu r e  media, s t e r i l i z i n g  techniques and in o c u la t io n  

methods were i n i t i a l l y  t r i e d ,  from which evolved the most successfu l 

ones. M inera ls  are m od if ied  from the Murashige-Skoog (1962) Revised 

Tobacco Medium by reducing ammonium ion to  0.2 m i l l im o le s  (Grunewaldt 

1977). V itam in a d d it iv e s  are from Staba (1969)- The composition o f  

th is  medium is  l i s te d  in Appendix l i .

S t e r i l i z a t i o n  o f  greenhouse grown p la n t  parts  to  be inocu la ted  was 

not d i f f i c u l t  f o r  seeds or in f lo re scences ,  f o r  which the "washing mach­

ine " method o f  B a s ile  (1973a) was adapted.
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S treptooarpus  lamina, however, are deeply grooved and bear a heavy 

indumentum, c re a t in g  severe problems, e s p e c ia l ly  regarding b a c te r ia l  

spores. A f te r  many t r i a l s ,  the method o f  Grunewaldt (1977), based on 

m ercuric  c h lo r id e ,  was su cce ss fu l ly  adopted fo r  surface s t e r i l i z a t i o n  

o f  phyllomorph lamina. (Appendix I I I ) .

Axenic c u l tu re s  were grown under c o n t ro l le d  environment: 12-14 

hours l i g h t  supplied by two 75 w a tt  cool white, f lu o re s c e n t  lamps pro­

v id in g  1720 lux in te n s i t y .  Temperature was maintained a t  18-20° C.

Exogenous Growth Regulators in  Axenic Cu ltu re

Experiments were conducted on the morphogenetic e f fe c ts  induced by 

d i f f e r in g  le v e ls  o f  va r ious p la n t  growth regu la to rs  added to  p la n t le t  

regenera ting medium (Appendix l l ) .  The growth re g u la to rs  and concen­

t r a t io n s  used are g iven in the Results sec t ion  o f  the te x t .

Lamina d iscs  were cu t a s e p t ic a l ly  from whole p lan ts  a lready in  

axen ic c u l tu re  or from s t e r i l i z e d  lamina o f  greenhouse p la n ts .  S ing le  

d iscs  were inocu la ted in to  60 mm. p e t r i  d ishes con ta in ing  5 m l• o f  

med i um.

Pot C u ltu re

Seedlings were a t  f i r s t  grown in pots con ta in ing  var ious " s o i l "  

mixes in the greenhouse to  study e f fe c ts  o f  p lan t  growth regu la to rs  

which were app lied  in  s o lu t io n s  dropwise on in d iv id u a l seed lings.

L a te r ,  when g rea te r  synchrony in germ ination had been achieved, so lu ­

t io n s  were app lied  as drenches a t  the expected time o f  germ ina tion .
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A h ig h ly  successful re finem ent used f o r  most o f  the experiments 

employed a temperature c o n t ro l le d  room (20°C) w i th  f lu o re s c e n t  l i g h t in g .  

Seeds (30-60) were sown on the  surface o f  5-5 x A .7 cm. p la s t i c  pots 

f i l l e d  w i th  J i f f y  seed s ta r t in g  m ix ,  then misted w i th  de ion ized water to  

s e t t l e  the seeds. The pots were placed on wetted c a p i l l a r y  m att ing  

(V a ttex , from U. S. Va ttex  C o rpo ra t ion , Center Moriches, N.Y.) in  g lass  

aquarium tanks 50 cm. long x 25 cm. wide x 30 cm. h igh . The tanks were 

covered by transpa ren t a c r y l i c  covers which were kept open 10 mm. to  re­

ta rd  evaporation w h ile  p e rm it t in g  gas exchange. A 12-13 hour day- 

length  was provided by d a y l ig h t  type high ou tpu t lamps (2^00 lu x ) .  Mois­

tu re  in the pots was mainta ined by water ing  the c a p i l l a r y  m a tt ing  as 

needed.

In o rder to  promote e a r ly ,  un ifo rm  germ ina tion , f re s h  seeds, no 

o ld e r  than 60 days a f t e r  h a rv e s t in g ,  were used wherever p o ss ib le .  Under 

these c o n d it io n s ,  a h igh percentage o f  S. p ro lix u s  ( g r a c i l is )  seeds ge r­

minated 8-10 days a f te r  sowing. Consequently, phytohormones to  be 

tes ted  fo r  t h e i r  in f luence  on the i n i t i a l  stage o f  seed ling development 

were app lied  as a 12-15 ml drench on day 7~3 a f t e r  sowing.

When i t  was des ired  to  s u s ta in  the e f fe c ts  o f  re g u la to rs ,  a p p l ic a ­

t io n s  were repeated a t  10 day in te r v a ls .  For t h is  purpose, s o lu t io n s  

o f  the same conce n tra t io n  as the i n i t i a l  drench were app lied  to  fo l ia g e  

using a pump type hand m is t  sp raye r ,  5-7 m is. sprayed on each p o t .

In another set o f  experiments one o r  both coty ledons o f  2-3 day o ld  

seed lings were coated on the upper su rface  (using a f in e  needle, under 

d is s e c t in g  microscope o b s e rv a t io n ) ,  w i th  a paste in which a s o lu t io n  o f  

phytohormor.es o r  water alone was mixed. I n i t i a l l y ,  Aquaphore, a lano- 

1ized e m u ls i f ia b le  o in tm en t,  was used, mixed w i th  s o lu t io n  o r  water in 

— the r a t i o  9 :1 . Other o in tm en ts , as ind ica ted  in  the app ro p r ia te  po r­
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t io n  o f  the Results se c t io n ,  were used w ith o u t  phyt.ohormones in  subse­

quent experiments.

H is to lo g ic a l  Techniques

Seedlings were harvested a t app ro p r ia te  time in te r v a ls ,  cleansed o f  

d e b r is ,  then f ix e d  in a s o lu t io n  o f  3% g lu ta ra ldehyde  in b u f fe r  s o lu t io n  

o f  0.1 M sodium cacody la te , pH 6 .8 , under a vacuum fo r  1 hour a t  k°C.

Seedlings were then rinsed 3 tim es, 5 minutes each, in  co ld  cacody­

la te  b u f fe r ,  fo llowed by 3 s im i la r  r inses  in  d i s t i l l e d  water. V ia ls  

could be stored up to  4 weeks a t  *f°C.

Photography was undertaken w i th  e i th e r  f resh  or f ix e d  m a te r ia l .

A s im p l i f ie d  p ro toco l f o r  dehydration was employed based on the use 

o f  2,2'dimethoxypropane (Postek and Tucker, 1976; L in ,  Falk and Stocking, 

1977) (Appendix IV ).

Follow ing s e c t io n in g ,  a s im p l i f ie d  method fo r  preparing s l id e s  was 

developed, based on s ta in in g  w i th  T o lu id in e  Blue, a metachromatic s ta in  

(Appendix V ) .

In the e a r l i e r  stages o f  t h is  s tudy , s l id e s  were prepared according 

to the method o f  Jong (1970), based on conventional f i x a t io n  fo llow ed  by 

dehydration in an a lcohol s e r ie s .  S ta in ing  was by D e la f ie ld 's  hematoxy­

l i n ,  w i th  Sa fran in  0 co u n te rs ta in .  The method described above was much 

s im pler and fa s te r .

Photography

A l l  ob jec ts  were photographed on Eastman-Kodak Ektachrome c o lo r  

s l id e  f i lm ,  using a Nikkomat FTN camera equipped w i th  Nikon 55 mm m icro ­
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lens. For small o b je c ts ,  a Nikon bellows attachment was used, w ith  

f lo o d  lamps. Smaller o b je c ts ,  e .g . ,  very  young seed lings , requ ired 

f ib e r o p t i c  lamps fo r  i l lu m in a t io n .  Sections on g lass  s l id e s  were photo­

graphed w ith  Nikon microscope and adapter.

For conversion to  b lack and w h ite ,  a Nikon copying attachment was 

used w i th  the be llows, and negatives copied on Panatomic X f i lm .  These 

were then p r in ted  w i th  cropping and fu r th e r  enlargement.
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RESULTS

Experiments designed to in v e s t ig a te  the poss ib le  re la t io n s h ip  be­

tween growth regu la to rs  and morphogenetic pa tte rns  leading to  ra d ia l  vs . 

d o rs iv e n t ra l  symmetry o f  the v e g e ta t iv e  body o f  S treptooarpus  species 

were o f  th ree  k inds:

Tissue c u l tu re  experiment? from d i f f e r e n t  p la n t  p a r ts ;  whole p la n t  

seedling c u l tu re  experiments under axenic c ond it ion s  and whole p lan t  

(seed ling ) c u l tu re  under c o n t ro l le d  but not axen ic c o n d it io n s .  Each 

kind o f  experiment provided d i f f e r e n t  in s ig h ts  and w i l l  be discussed in 

the order g iv e n .

The f i r s t  experimental evidence th a t  v e g e ta t iv e  symmetry may be a l ­

te ra b le  came from t is su e  c u l tu re  experiments in  which inocula were de­

r ive d  from d i f f e r e n t  p lan t  p a r ts .  5"8 mm. d iscs  excised from lamina o f  

S. p ro lix u s  ( g r a c i l is )  phyllomorphs were inocu la ted on basal medium mod­

i f ie d  fo r  p la n t le t  regenera tion (Appendix I I ) .  P la n t le ts  began to  appear 

a t  cu t edges o f  d iscs in about k weeks; they fo llowed developmental pa t­

te rns  s im i la r  to  those in seed lings , as p re v io u s ly  described (Jong,

1970; H i l l i a r d  and B u r t t ,  1971; Jong and B u r t t ,  1975) becoming an iso - 

co ty lous and acaulescent.

P la n t le ts  were then regenerated in  v i t r o  from in f lo rescences . In ­

f lo rescence  segments o f  approximate ly 10 cm. length and con ta in ing  t e r ­

minal f low ers  and buds were cu t from greenhouse p lan ts  o f  S. p ro lix u s  

( g r a o i l is ) . These were s t e r i l i z e d  and inocu la ted as nodes o f  a pp ro x i­

mately 8-10 mm. lengths in to  the p la n t le t  regenera ting medium. Callus 

fo rm ation  was observed a f te r  3“ 4 weeks a t  the cu t  ends, fo llowed by



32

p la n t le ts  and roo ts  in a r in g  a t  the per iphery  o f  the dome shaped c a l lu s  

a t  the proximal end. Two weeks la t e r ,  a d d it io n a l p la n t le t s  were seen in 

f low er a x i l s .  (F igure 5 ) .  Examination o f  the p la n t le ts  a t  10 weeks re ­

vealed a d i v e r s i t y  o f  form, u n l ik e  those regenerated from lamina d is c s .  

They consisted o f  1-5 leaves and in  some instances a f low e r or f low er 

bud. The f i r s t  two leaves were a l te rn a te  o r  oppos ite ,  and equal, sub­

equal o r  unequal; ap ica l m eris tem atic  a c t i v i t y  was apparent, and nea rly  

a l l  p la n t le ts  were cau lescen t.  Some o f  the p la n t le ts  are  i l l u s t r a te d  in  

F igure 6 .

Morphogenetic changes leading to caulescence in p la n t le t s  o f  sub­

genus S treptooarpus  have not been reported p re v io u s ly .  Obta in ing them 

as a r e s u l t  o f  the f i r s t  experiments suggested th a t  d i f fe re n c e s  between 

endogenous regu la to rs  present in peduncles and lamina might be responsi­

b le  f o r  -.caulescent regenerants from the former and acaulescent from the 

l a t t e r  sources o f  inoculum.

To te s t  t h is  p o s s i b i l i t y ,  experiments were performed to f in d  out i f  

exogenously supplied growth regu la to rs  could induce regenerants from 

lamina d iscs  to  fo l lo w  a caulescent p a t te rn  o f  morphogenesis. Auxin 

( in d o le a c e t ic  ac id )  and c y to k in in  (benzyladenine) were components o f  the 

regenera tion medium used in the f i r s t  se t o f  experiments. These regu la ­

to rs  d id  not a l t e r  the regenera tion  p a t te rn  from lamina d iscs  under the 

c o n d it io n s  employed. Since g ib b e re l l in s  had been reported to  " i n c i t e  

stem fo rm a t ion "  (Sachs, 1961), I decided to  next study the in f luence  o f  

g ib b e r e l l in  A3 on regenera tion from lam ina 'd iscs .

When GA3 a t  10“ ^M to 10"5m was incorporated in to  the regenera tion  

c u l tu re  medium, several d i s t i n c t  d i f fe re n c e s  in regenera tion  and mor­

phology were observed between p la n t le ts .  developing on GA3 supplemented
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F ig .  5. Drawing showing regenerated p la n t le t s  from a x e n ic a l ly
inocu la ted  in f lo re scence  segment o f  5. p ro lix u s  ( g r a c i l is )  
grown on basal medium supplemented w ith  in d o le a c e t ic  ac id 
and benzyladenine. 6 weeks.

ps -  peduncle segment 
p -  ped ice l 

pi -  p la n t le t  
c -  c a l lu s  
r  -  roo t 

cx -  ca lyx  o f  f low e r 
o -  u n f e r t i l i z e d  ovary

F ig .  6 . Drawings o f  some examples o f  regenerated p la n t le t s  as in 
F ig .  5, but a t  10 weeks.

1 -  le a f  
b -  bud 

fb  -  f lo w e r  bud 
r -  roo t
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medium and on non-supplemented medium. These d i f fe re n c e s  are  shown in 

Table 1. Of the fea tu re s  compared, the development-of ve g e ta t iv e  cau­

lescent axes v ia  a shoot ap ica l meristem was the  most profound. Besides 

p rov id ing  a d d it io n a l  evidence th a t  an acaulescent species re ta in e d  the 

capa c ity  to  m an ifes t caulescence in  i t s  v e g e ta t iv e  development, i t  p ro ­

vided evidence th a t  d i f fe re n c e s  in  le v e ls  o f  g ib b e r e l l in s  (o r something 

regu la ted  by g ib b e r e l l in s )  m ight be invo lved,

Table 1. Comparison o f  morphogenetic fe a tu re s  in p la n t le t  regen­

e ra t io n  from lamina d iscs  o f  S. p ro lix u s  (g ra a iZ is )  under axen ic  co n d i­

t io n s  in  p la n t le t  regenera ting  medium vs medium supplemented by GAj a t 

10"6M or 10"5M,

Non-supplemen t  ed GAj supplemented

Regeneration ra te P la n t le ts  appeared 
i n A weeks

P la n t le ts  appeared a f t e r  5 
weeks and grew more s low ly

P o la r i t y P la n t le ts  even ly d i s ­
t r ib u te d  around d is c  
pe r iphe ry

P la n t le ts  c lu s te re d  in one 
pe r ip h e ra l area

Root i n i t i a t i o n  a t  
10 weeks

Average 3 roo ts  per 
d isc

Average s l i g h t l y  less than 
1 roo t  per d is c

P la n t le t  morphol­
ogy a t  10 weeks

P la n t le ts  s e s s i le  on 
d is c s ;  small

P la n t le ts  e longa te  (10—14 
mm) and narrow (1 mm)

O r ie n ta t io n  and 
trop ism

P la n t le ts  nea rly  
ho r iz o n ta l

P la n t le ts  v e r t i c a l

Epinasty None Recurved 'hook' a t  nea r ly  
135% espec ia l l y  w i th
gaio~5m

Apica l a c t i v i t y None Ap ica l buds appear a f t e r  
11 weeks; by 18 weeks 50% 
o f  regenerants had a t  
le a s t  one e x tra  le a f .



Having discovered th a t  exogenously supplied GA  ̂ could induce a 

s h i f t  from acaulescence to  caulescence in  regenerants, I was in te res ted  

in f in d in g  ou t whether t h is  phytohormone could induce s im i la r  morpho­

gene tic  s h i f t s  in  seed lings.

E f fe c ts  o f  G ib b e re i i in  on A x e n ic a i ly  .

Grown Seedlings

In t h is  se r ies  o f  experiments, seed lings o f  S. v e x v ia a ro s u la te  

spec ies , as we ll as o f  5. p p o lix u s  (g v a o t lis )  were used in  p i l o t  stud­

ies . Seeds were s t e r i l i z e d  by the "washing machine" method o f  B as ile  

(1973a), and were inocu la ted in  60 mm p e t r i  d ishes con ta in in g  basal 

medium supplemented w i th  GAj a t  several concen tra t ions .



37

Table 2. E f fe c ts  o f  exogenous GA3 on macrocotyledon, ro o t  and hypo- 

c o ty l  development under axen ic c o n d i t io n s ,  measurements made a t  5 weeks.

GA3
Concentration

No. o f  
p lan ts

Average 
Macrocotyledon 

le n g th ,  mm
Maximum ro o t  

length  mm

Average 
hypocotyl 
le ng th ,  mm

0 6 4 (2-6) 6 < ]

o
1

12 6 (2-10) 8 it

10"8M 4 4 5 ii

io _7m 7 3 (1-5) 3 ii

io _6m 10 1-2 1 ii

10" 5m 9 1 <£•1 1

lO'^M n.a . II n 10

10_3M 21 II ii 10

Seedlings which developed on medium w i th  concen tra t ions  o f  GAj a t  

10 and above showed obvious d i f fe re n c e s  from the  c o n t ro ls .  The most 

im portan t,  w i th  respect to  t h is  s tudy , is  the v i r t u a l l y  complete suppre- 

s ion o f  macrocotyledonary accrescence a t  concen tra t ions  o f  10 8M and 

above.

Results  from the S. r e x i i  experiment provided a. basis f o r  a s im i la r  

but longer term experiment w i th  seed lings o f  S. p ro lix u s  ( g r a c i l i s ) .

Only two conce n tra t io ns  o f  GÂ  were used, 10 8M and 10 **M. Most o f  the 

c u l tu re s  i n i t i a t e d  in  t h is  experiment were lo s t  to  m ic ro b ia l contamina­

t io n .  F o r tu n a te ly ,  10 o f  the seed lings which developed on GAg supple­

mented media surv ived  the 6 month incuba tion  medium.

In a l l  10, not o n ly  was macrocotyledonary accrescence suppressed, 

but ap ica l growth and caulescence were expressed. Seedlings bore as 

many as 14 leaves; the la t t e r  were small and e longa te , ranging in  length  

from 1 to  15 mm., but m ostly  near the lower s ize  l i m i t .  P h y l lo ta x y  was
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m ostly  a l te r n a te  but i r r e g u la r ;  one p la n t  had several p a irs  o f  decussate 

leaves and a te rm ina l f lo w e r .  Branching in co ty ledonary  a x i ls  was com­

mon.

Some seed lings in t h is  experiment were germinated on basal medium, 

then t ra n s fe r re d  to  GAj augmented medium a t  d i f f e r e n t  in te rv a ls  a f t e r  

g e rm ina tion .  When t ra n s fe rs  were made very soon a f t e r  ge rm ina tion , 

coty ledons remained equal and the ap ica l bud was c e n t r a l l y  loca ted .

When t ra n s fe rs  were delayed, p a r t ia l  accrescence o f  one coty ledon oc­

cu rred . The ap ica l bud in these was seen to  be d isp laced l a t e r a l l y  to ­

ward the base o f  the m acrocotyledon.. These l a t t e r  e x h ib i te d  deve lop­

mental pa t te rn s  analogous to  the ones reported by Jong (1978) f o r  rosu- 

la te  species. I t  would seem then, depending on the " t im e " /s ta g e  o f  

development a t  which the seedling was exposed to  e leva ted le v e ls  o f  GAj, 

t h is  acau lescent p l u r i f o l i a t e  species e x h ib i te d  morphogenetic pa tte rns  

rem in iscen t o f  e i th e r  acaulescent ro s u la te  species in  subgenus S tre p to -  

carpus  o r  o f  caulescent species in subgenus S trep toca rpeZ la .

In the next experiment, S, p ro lix u s  ( g r a c i l is )  seeds were germ in­

ated in basal medium augmented by GAj a t  h igher le v e ls  than be fo re ,

10"5 -  10"3m. T rans fe rs  to  f re s h  media were made about one month a f te r  

ge rm ina t ion ,  and observa tions continued f o r  several months. In genera l,  

r e s u l ts  were s im i la r  to  those in the e a r l i e r  experiments, the main d i f ­

ference being precocious f lo w e r in g  in  some seed lings a t  these h igher 

le v e ls  o f  GAj. Flowers were g e n e ra l ly  s in g le  and te rm ina l in p o s i t io n ;  

in  a few p lan ts  the re  was a second f lo w e r  bud a x i l l a r y  to  the f i r s t .  

C o ro l la s  were gamopetalous in most instances. P h y l lo ta x y  was h ig h ly  i r ­

re g u la r  and branching was seen in a few p la n ts  (F igures 7 -10 ) .
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F igs . 7- 10. A x e n ic a l ly  grown seed lings o f  S. p ro lix u s  ( g r a o i l is )  
grown in  basal medium supplemented by d i f f e r e n t  le v e ls  
o f  GA^. k months.

7- Upper l e f t  -  GA^SxlCT^M. Extensive branch ing,
no f lo w e r in g .  x7-5

8. Upper r i g h t  -  G A j lO " ^ .  Smaller p la n t  w i th  te rm ina l
f lo w e r  bud. x3.6

9. Lower l e f t  -  GAglO'^M. Flower w ith  unfused c o ro l la
lobes (not a l l  seen in  fo c u s ) ,  p i s t i l  and stamens. x3.1

10. Lower r i g h t  -  GAjlO- ^ .  Flower bud, many leaves on
sho rt  stem, and one branch. x3 .^

c -  co ty ledon 
b -  branch 
r - roo t  

fb  -  f low e r bud 
cx - c a lyx  

col - c o r o l la  lobe 
pi -  pi s t  i 1 
s t  - stamen
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E ffe c ts  o f  G ib b e re l l in  on Pot-Grown 

Seedlings o f  S, proZ ixus ( g r a c i l is )

The experiments w i th  a x e n ic a l ly  grown seedlings es tab lished  two im­

po r tan t  p o in ts .  F i r s t ,  g ib b e r e l l in  was capable o f  inducing morphogene­

t i c  changes leading to  is o c o ty ly  and caulescence. Second, the time a t 

which e f fe c t i v e  le ve ls  were present was c r i t i c a l .  But due to  the sens i­

t i v i t y  o f  the minute (0 . 5- 0.7 mm.) seeds to  the surface s t e r l i z a t io n  

s o lu t io n s ,  i t  was d i f f i c u l t  to  r i d  seeds o f  contaminants w ith ou t s ig n i ­

f i c a n t l y  decreasing t h e i r  v i a b i l i t y .  There fo re , experiments w ith  un-

s t e r 111zed germ inating seeds s im i la r  to those performed in  v i t r o  were 

conducted using heat s t e r i 1ized p o t t in g  mixes as subs tra te .  When i t  had 

been determined th a t  germ inating seeds responded to  GA3 in  pot c u l tu re  

as they d id in  v i t r o j  a l l  subsequent experiments were conducted in t h is  

way. In the course o f  performing the f i r s t  few experiments, refinements 

in procedure were made.

The re s u l ts  o f  one o f  the f i r s t  pot c u l tu re  experiments in which 

GAg a t  10- ifM was app lied  as a s in g le  drench was given in Table 3.

Table 3. Q u a n t i ta t iv e  e f fe c ts  o f  GA3IO drench on pot grown 

seedlings o f  S. p ro lix u s  ( g r a c i l is ) .  23 days

Treatment
No. o f  
p lan ts

Average d imens io n s , mm 
macrocotyledon m icrocoty ledon hypocotyl

Contro ls 40 5.5 x 3.5 2 x 1.5 3.5

GAj10” ^M 22 3.2  x 1.3 2.7 x 1.3 12
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The re s u l ts  ind ica ted  th a t  a s in g le  a p p l ic a t io n  o f  GAj was on ly  

s u f f i c ie n t  to  re ta rd  but not prevent a n is o c o ty ly .  When, however, in a 

fo l lo w  up experiment the i n i t i a l  drench a p p l ic a t io n  was supplemented by 

f o l i a r  sprays o f  the same concen tra t ion  a t  10 day in te r v a ls ,  the re s u lts  

given in Table 4 were obta ined.

Table 4. E f fe c ts  o f  GA3 app lied  as drench supplemented by f o l i a r  

sprays a t 10 day in te rv a ls  on pot grown seedlings o f  S. p ro lix u s

( g r a c i l is ) . 56 days

Average Dimensions, mm. No. o f
Max. s ize  
o f  young­

Treatment
No. o f  
p lan ts

macro­
cotyledon hypocotyl

p lan t
he ight

ex tra
leaves

es t le a f ,  
mm*

Contro ls 24 16 x 5 
(3 is o c o t-  
y lous=12%)

3 - - 0 on 20
1 on k 
(=16%).

- -

ga3 io _5m 22 1 x 1 
( a l l  iso -  
co ty lous )

7 11 -46 
(h ig h ly  

ya r iab le )

1 on 13
2 on 8
3 on 1 
( a v .1. 5)

8 x 2

GA33x10"5M 26 1 x 1 
( a l l  is o -  
co ty lous)

9 22.
(h ig h ly

uniform)

1 on 6
2 on 14
3 on 4
4 on 2 
(av, 2 . 1)

4 x 1

With sequentia l t rea tm ents , both concentra t ions o f  GA3 suppressed 

coty ledonary accrescence and caused ap ica l growth in 100% o f  seed lings. 

At the h igher GAj le v e l ,  p lan ts  were more un ifo rm , s h o r te r ,  and had more 

leaves. At both concen tra t ions , the youngest leaves (those a t  g re a te s t  

d is tance  from the stem base) were escaping from GA induced growth sup­

pression and were demonstrating accrescence. At GA^IO'^M, stem he igh t 

— was much more v a r ia b le  than a t  GA33x10“ 5m.



Figs. 11-13. Pot grown seedlings o f  S. p r o l i x is  ( g r a c i l is ) t 
u n tre a te d .'

11. Inse t on upper f ig u r e .  3 days, coty ledons 
equal. x20

12. Upper. 3 days, median lo n g i tu d in a l  sec t ion .  
Ap ica l meristem cons is ts  o f  2 c e l l  layers  o f  
small densely s ta in in g  c e l l s .  x l 800

13- Lower. 13 days, median lo n g i tu d in a l  sec t ion .  
Ap ica l meristem has been d isp laced to  base o f  
accrescent co ty ledon. Basal meristem is seen. 
x640

am -  ap ica l meristem
bm - basal meristem
Co - accrescent cotyledon
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F igs. 14-16. Pot grown seed lings o f  S. p ro lix u s  (g ra e - ilis )  un trea ted .

14. Upper. 29 days, top v iew.

15. Lower r ig h t ,  29 days, MLS. Displaced ap ica l 
meristem is  now a groove meristem. x 600

16. Lower l e f t .  41 days, MLS. P e tio lode  and a l l  
3 meristems seen. x 600

p -  p e t io lo d e  
vs -  vascu la r  t is s u e  
gm -  groove meristem 
pm -  p e t io lo d e  meristem 
bm -  basal meristem
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Figs. 17-20. Pot grown seedlings o f  S. p ro lix u s  ( g r a e i l ie )  t rea ted  
w ith  s in g le  drench o f  G ib b e re l l in  A j .

17-19 GA3 a t  5 x 1 0 " V  20 a t  lO ^M .

17. Upper l e f t .  3 days. x l 6

18. Upper r ig h t .  16 days. Cleared. Note ap ica l 
bud. x 50

19. Lo^er l e f t .  Isocoty lous w i th  c e n tra l  bud. 27 days.

20. Lower r ig h t .  S l ig h t  co ty ledonary accrescence; 
plumule has 2 leaves. 27 days. x l4
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Figs. 21-23. Pot grown seedlings o f  S. p ro 'lix u s  C g ra e ilis ) .

21. Upper r i g h t .  Untreated, 7 i weeks. x4.6

22. Lower r i g h t .  S ing le  drench GA3 a t  lO-ifM. 3 
months. Cotyledons are equal and m inute; one 
le a f  o f  plumule has become accrescent. x2.8

23. L e f t .  Treated a t  GA^xlCfSM by i n i t i a l  drench 
and f o l i a r  spraying a t  10 day. in te r v a ls .  7 i  
weeks. Several small leaves on each e longate 
seed ling ; upper branch seen on seedling a t  
r i g h t .  xlO

Co -  accrescent coty ledon 
co -  suppressed cotyledon 

b -  branch 
L -  accrescent le a f  
1 -  m inute le a f
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E ffec ts  o f  G ib b e re l l in  on Seedlings o f  Other U n i fo l ia te  

and P l u r i f o l i a t e  Species in Subqenus S trep tocarpas

E a r ly  plumule appearance.and suppression, of., coty.1edonary accrescence 

1 n ' pi>oZixu8 C g rd o it is )  by g ib b e r e l1 in .having been demonstrated, i t  

was e s s e n t ia l  to  te s t  t h is  phenomenon in  o th e r  p l u r i f o l i a t e  as w e ll as 

u n i f o l i a t e  species in subgenus S trep toaa rpus .

In one experiment, s t e r i l i z e d  seeds o f  3 species were grown a xe n i-  

c a l l y  on g ib b e r e l l in  augmented agar media f o r  6 weeks. S. h a y g a r th ii is  

a p l u r i f o l i a t e  species, c lo s e ly  re la te d  to  S. p ro lix u s  ( H i l l i a r d  and 

B u r t t ) ; i t  t y p i c a l l y  produces one replacement phyllomorph a n n u a l ly .  At 

GÂ  le v e ls  o f  lCT^M and lO’ ^M, plumules appeared in 65% o f  seed lings .

S. a o o kso n ii3 a la rge  u n i f o l i a t e  spec ies , e x h ib i te d  plumular a c t i ­

v i t y  in 50% o f  t rea ted  seed lings . S, e y e le s i i ,  a slow growing u n i f o l ­

ia te ,  produced a plumule in the on ly  seed ling  th a t  germinated; a f t e r  3 

months, the re  were 7 leaves on 3 branches.

S. g ra n d is ,  a la rg e ,  fa s t-g ro w in g  u n i f o l i a t e  species, was grown in 

the greenhouse in po ts . With s in g le  drench GAj trea tm en t,  2 o f  8 seed­

l in g s  possessed plumules a t  5  x  lCT^M; 3 o f  6  seedlings grew plumules a t  

10-3 M.

Seedlings o f  3 species were grown in pots in  a te r ra r iu m  under 

f lu o re s c e n t  l i g h t s ,  t rea ted  by drench and 10 day sequentia l sprays o f  

GAj a t  lO'^M. S. g ra n d is  and S. so lenanthus  (a lso  a fas t-g row ing  la rge  

u n i f o l i a t e ) ,  as w e ll as the p l u r i f o l i a t e  S. h a y g a r th ii3 responded w i th  

plumule p roduction  in n ea r ly  a l l  seed lings . The response was s im i la r  to  

th a t  o f  5. pro lissus ( g r a o i l is ) .
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F ig . 2k. A xe n ic a l ly  grown seedling o f  S. h ayg aP th ii.
medium was supplemented by GÂ  a t  9^
Note many leaves and branches.

*  *L .fr

Basal
months.
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F ig . 25. Pot grown seed lings o f  S. g ra n d is , a la rg e ,  f a s t  growing
u n i f o l i a t e .  weeks.

< 3,?

r ig h t  -  un trea ted .

cen te r -  drench and 10 day sprays o f  GA3 a t  10 ' ‘M. Macro­
co ty ledon is  long and narrow; note sharp f hook' 
a t  ju n c t io n  o f  p e t io lo d e  and lamina. No plumule 
p resen t.

l e f t  -  drench and 10 day sprays o f  GA3 a t  10’ ^m. Stem and 
e x t ra  leaves o f  va ry ing  s ize  are p resen t. Note 
g r e a t ly  reduced s ize  o f  seed ling .

lie
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I t  appeared in these experiments th a t  h igher le v e ls  o f  GA were re ­

qu ired  to  suppress co ty ledonary  accrescence and produce e a r ly  ap ica l mer- 

is te m a t ic  a c t i v i t y  in f a s t  growing la rge ,  u n i f o l i a t e  species than in 

sm a lle r p l u r i f o l i a t e  species,

These re s u l ts  c lo s e ly  p a r a l le l  those obtained in several e x p e r i­

ments w i th  S . 'p ro l ia u s  ( g r a c i l is ) .  The profound morphogenetic e f fe c ts  

( is o c o ty ly ,  caulescence) induced by g ib b e r e l l in  on seed lings were rep ro ­

duced in a l l  species o f  subgenus S trep toca rpus  th a t  were tes te d .

E f fe c ts  o f  Other P lan t Growth Regulators 

on Species o f  Subgenus S trep tocarpus

The successfu l in duc t ion  o f  phenovariant regenerants and seedlings 

o f  g ib b e r e l l in  led to  employment o f  o the r  p la n t  growth re g u la to rs ,  in ­

c lud ing  those used in the o r ig in a l  t is s u e  c u l tu re  experiments on regen­

e ra t io n  from lamina d is c s .

Auxins

Drenches o f  th ree  auxins were app lied  8 days a f t e r  sowing o f  f r e s h ly  

harvested seedlings o f  S. p ro lix u s  (g r a c i l i s ) in pots o f  J i f f y  m ix. 

Treatments were:

In d o le a c e t ic  ac id  (IAA) a t  10“ ^M

Naphthaleneacetic ac id  (NAA) a t  10” ^M

2,A -d ich lo rphenoxy a c e t ic  ac id  (2,4-D) a t 10'^M



These concen tra t ions  had been found to  be the h ighest usable in 

agar media th a t  d id  not r e s u l t  in obvious p h y to to x ic i t y .

No a l te r a t io n s  in  morphology o r  growth ra te  were observed.

A b sc is ic  Acid

From p r io r  experiments, maximum conce n tra t io n  w ith o u t  k i l l i n g  was 

found to  be 10_^M.

A drench a t  t h is  concen tra t ion  was app lied  8 days a f t e r  sowing to  

pots o f  S, p ro x ilu s  ( g r a c i l is )  in a te r ra r iu m .  A f te r  3 weeks, seed ling 

growth was g r e a t ly  in h ib i t e d ,  but morphology was un a lte re d .

2 ,3 ,5 -T r i? o d o  Benzoic Acid (TI BA)

This compound had been reported to  induce phenovariants in  p lan ts  

by d is ru p t in g  d i s t r i b u t i o n  o f  auxins leading to  a l t e r a t io n  o f  meristema 

t i c  a c t i v i t y  and re s u l t in g  in  fu s io n  o f  le a f  p r im ord ia  and concrescence 

o f  f low e r p a r ts .  Several concen tra t ions  were used as s o i l  drench in 

th is  experiment, w i th  morphogenetic e f fe c ts  observed on ly  a t  the two 

h ighest c o n ce n tra t io n s ,  lO^M and 10"3m. At these le v e ls ,  growth in h i ­

b i t i o n ,  macrocotyledon suppression and plumule o rg a n iz a t io n  were ob­

served in some p la n t le t s .  At lO'^M, i n h ib i t io n  was s h o r t - l i v e d ,  and 

is o c o ty ly  and ap ica l m eris tem atic  a c t i v i t y  were observed in  15% o f  seed 

l in g s .  Since t h is  was approx im ate ly  the same incidence observed in  un­

t rea ted  seed lings , i t  was not considered s ig n i f i c a n t .

At 1 0 " ^  however, is o c o ty ly  and ap ica l m eris tem atic  a c t i v i t y  w ith
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produc tion  o f  one o r  a p a i r  o f  t ru e  leaves was observed in nea r ly  a l l  

p la n ts .  In a l l  ins tances, such le a f  p a irs  were seen to  be fused in the 

form o f  a cup, forming one p e r f o l ia t e  le a f ,  the same e f fe c t  as observed 

by Heslop-Harr ison (1957) w i th  Kalanchoe b lo s s fe ld ia n a . No fu r th e r  le a f  

p roduc tion  occurred w i th in  9 months, a lthough by then most seedlings 

were a n iso co ty lo u s .  Growth in h ib i t io n  was s t i l l  e f f e c t i v e ,  no seedling 

being la rg e r  than 15 mm.

Auxin— Paste Experiments

Aux in , whether incorpora ted  in media in in  v i t v o  experiments or 

supp lied in drenches in pot c u l tu r e  experiments, d id  not a l t e r  the no r­

mal accrescen t, acaulescent development o f  S. p ro lix u s  (g v a e i l is )  regen- 

e ran ts  and seed lings . This was es tab l ished  by several experiments.

Yet the a n t i - a u x in  t r i io d o b e n z o ic  ac id  induced iso c o ty lo u s ,  cau­

lescen t phenovar ian ts , im ply ing involvement o f  aux in .  I decided to  re ­

te s t  f o r  exogenous auxin e f fe c ts ,  but t h is  time supp lied in  paste, on 

the p o s s i b i l i t y  th a t  a sustained ta rge ted  a p p l ic a t io n  to  coty ledons 

m ight be requ ired  fo r  t h is  type o f  growth re g u la to r .

For i n i t i a l  experiments, Aquaphore, a la n o l iz e d  paste emulsion 

which becomes s o f t  a f t e r  in co rp o ra t io n  o f  10% water o r  aqueous s o lu t io n ,  

was used. Auxin (e i th e r  in d o le a c e t ic  ac id  o r  naphtha leneacetic  ac id) 

was d isso lved  w i th  a id  o f  sodium hydroxide in  the 10% aqueous phase be­

fo re  b lending w i th  Aquaphore. Paste was app lied  by f in e  needle to  coat 

the e n t i r e  upper surface o f  one o r  both co ty ledons , w i th  the a id  o f  a 

d is s e c t in g  microscope, on the second day a f te r  ge rm ina tion . Results are
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shown in  Table 5*

Table 5. E f fe c ts  o f  auxin pastes app lied 2 days a f te r  germ ination 

on coty ledonary accrescence o f S. p ro lix u s  ( g r a c i l is )  a f t e r  10 days.

Paste Composition One Cotyledon Two Cotyledon

Aquaphore + water Cotyledons m ostly  
unequal *

Cotyledons mostly 
equal

Aquaphore + IAA 10_i,M Same Same

Aquaphore + NAA 10” ^m Same Same

*No c o r re la t io n  was observed between the cotyledon th a t  was coated and

the cotyledon th a t  became accrescent.

Thus, coating both co ty ledons, w i th  or w ithou t auxin in the paste, 

tended to  suppress co ty ledonary accrescence, whereas coating on ly  one 

cotyledon d id  no t.  The im p l ic a t io n  in  these re s u l ts  was th a t  the paste 

i t s e l f ,  by chemical o r phys ica l means, was ac t ing  in a morphoregulatory 

ro le .

In o rder to  decide between these a l te rn a t iv e s ,  a second experiment 

was then conducted w i th  hormone f re e  pastes o f  three d i f f e r in g  chemical 

compositions app lied  to  upper surfaces o f  both cotyledons 2 days a f te r  

germ ina tion . Observations were made 25 days a f te r  trea tm ent. A l l  paste 

treatments resu lted  in  much higher than expected frequency o f  plumule 

p roduc tion . Results are shown in Table 6 .
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Table 6 . E f fe c ts  o f  to p ic a l a p p l ic a t io n  o f  hormone^free pastes to  

both coty ledons 2 days a f te r  germ ina tion  o f  S. p ro lix u s  (gvao iV is ) . 

A f te r  25 days.

No. o f P1umu1e Production
One Leaf 
P1umu1es

Two Leaf 
PIumules

Paste Seedlings No, % No. % No. *

Aquaphore 96 58 60 • 53 ,55 5 5

S i 1i cone 
Grease 55 41 75 29 53 12 22

Hydrocarbon
Grease 81 43 53 37 46 6 7

The resu lts  given in Table 6 appeared to demonstrate th a t  a l t e r a ­

t io n  o f morphogenetic patterns w ith production of caulescent phenovar- 

lants was a consequence o f the physical e f fe c t  o f  coating the c o ty le ­

dons, since the pastes were o f d i f f e r in g  chemical composition.

A con f irm a to ry  experiment was undertaken, t h is  t im e in c lud ing  o ther 

pastes as w e ll as water drench c o n t ro ls .  Pastes were warmed to  35°C to  

decrease v is c o s i t y  and improve spreading q u a l i t i e s .  Other experimental 

cond it ion s  remained the same. Results are g iven in Table 7.
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Table 7-

Paste
No. o f  

Seedlings

P lants  w ith  
PIumules 

No. %

One Leaf 
Plumules 
No. %

Two Leaf 
Plumules 
No. %

C ontro ls  (Water) 66 15 22 10 15 5 7

Aquaphore 65 27 42 22 34 5 8

Lano li n 22 12 55 11 50 1 5

Petroleum J e l l y 4o 18 ^5 14 35 4 10

S i l ic o n e  Grease 40 16 40 12 30 44 10

I t  is  apparent th a t  any o f  the several paste types, when coated on 

both co ty ledonary  upper su rface , g re a t ly  increased plumule fo rm ation  as 

compared w i th  c o n t ro ls .  The h igher percentages w i th  plumules in Table 6 

might have resu lted  from a th ic k e r  coa ting  laye r  formed by unwarmed 

paste. The r a t i o  o f  pa ired  to  s in g le  leaves in the plumules was h igh ly  

v a r ia b le ,  but the re  were always more than tw ice  as many plumules w ith  

one le a f  than w i th  two.

I t  is  reasonable from these experiments to  assume th a t  the phenovar- 

ia n ts  w ith  ap ica l m eris tem atic  a c t i v i t y  resu lte d  from mechanical e f fe c ts  

a t t r ib u ta b le  to  b lock ing  o f  gas exchange through the upper coty ledonary  

su rfaces . One poss ib le  exp lana tion  would be accumulation o f  the phyto­

hormone e thy lene  w i th in  seedling t is s u e s ,  re s u l t in g  in  an " a n t i - a u x in  

e f f e c t "  s im i la r  to  th a t  produced by TIBA.

The appearance o f  plumules in 22% o f  water drench c o n t ro ls  confirmed 

what had a lready  been observed in o the r  expe r im en ts^ - tha t iso co ty lous ,  

caulescent phenovariants w i l l  occur in 10% or more germ inating seedlings
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Figs. 26-27. Pot grown seedlings o f  S. p ro lix u s  ( g r a c i l is )

26. Top. Aquaphore paste was app lied to  upper su r­
faces o f  cotyledons on days 2 and 17 a f te r  ge r­
m ina t ion . Isocoty lous w i th  plumule co ns is t ing  
o f  le a f  p a i r .  26 days. *28

27. Bottom. Untreated spontaneous phenovariant. 
Isoco ty lous ; plumule con s is t in g  o f  one le a f  is  
accrescent; e longate shape due to overcrowding 
in p o t .  k months. Scale u n i t  is 1 mm. x 8
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under normal c o n d it io n s .

This ra th e r  h igh percentage o f  is o c o ty ly  e a s i ly  escapes n o t ice  in 

the minute S trep toca rpus  seed ling , s ince the f i r s t  le a f  o r  one o f  a p a i r  

o f  the plumule develops in to  a phyllomorph in the same manner as an ac­

crescent co ty ledon . In the process, the coty ledons are hidden and the 

seedling appears "no rm a l" .  F o l ia r  (not co ty ledonary) accrescence was 

a lso  g re a t ly  increased in  s in g le  GA3 -d re n ch . trea tm ent o f  germ inating 

seeds.

C y tok in in  Experiments

P i lo t  experiments to  te s t  the poss ib le  in f lu e n ce  o f  va r ious  c y to -  

k in in s  on regenera tion  from lamina d iscs  u t i l i z e d  k in e t in ,  

d im e th y la l ly la m in o )  pur ine  and 6-benzylamino pu r ine  (benzyladenine or 

BA). Of these, BA proved most e f fe c t i v e  and was, th e re fo re ,  used in 

p o t - c u l tu re  experiments on developing seed lings .

Fresh ly  harvested seeds o f  S. p ro lix u s  ( g r a c i l is )  were sown in  pots 

o f  J i f f y  mix as be fo re , then drenched 8 days la te r  w ith  aqueous s o lu ­

t io n s  o f  benzyladenine a t  va r ious  co nce n tra t io ns .  Seedlings t rea ted  

a t  concen tra t ions  o f  10"^M and lower developed in  the same way as con­

t r o l s .

A t 10” ^M, however, BA caused unexpected morphogenetic a l t e r a t io n s .  

A l l  seed lings observed a t  4 weeks had two equal accrescent co ty ledons , 

each the s ize  o f  the macrocotyledon in c o n tro l  p la n ts .  This phenomenon 

o f  desuppression o f  the m icrocoty ledon was found to  be i r r e v e r s ib le  a f ­

t e r  one trea tm ent i f  g iven a t  the time o f  ge rm ina tion .



BA drenches a t  3 x and 6 x IO'^m a lso  produced the same type

o f  morphogenetic changes, but were in c re a s in g ly  in h ib i t o r y  to  co ty ledon- 

ary  growth.

H is to lo g ic a l  examination o f  BA trea ted  p lan ts  revealed th a t  the em­

b ryon ic  meristem in  these remained ce n tra l in  lo c a t io n  but was quiescent 

Each co ty ledon  contained a complex o f  two in te r c a la r y  meristems, com­

p r is in g  a p e t io lo d e  meristem and a basal meristem a t  the base o f  each 

lamina lobe.

In subsequent experiments, comparable r e s u l ts  were obta ined w i th  S. 

gvandi,s3 S. so lenanthus3 and S. erubeseens3 a l l  uni f o l i a t e s .

In every ins tance, the ap ica l meristem remained in a c t iv e  du r ing  veg 

e ta t iv e  growth. A few p la n ts  o f  each species were repo tted  and t ra n s ­

fe r re d  to  the greenhouse a f t e r  2-3 months. These f lowered a t  the appro­

p r ia te  t im e, as tw in  'p h y l lo m o rp h ic '  p la n ts ,  w i th  separate se r ies  o f  in ­

flo rescences a r is in g  from the base o f  each phyllomorph. These are not 

phyllomorphs in  the f u l l  sense, s ince groove meristems are la ck in g .

Treatment w ith  BA resu lte d  in a few instances in  fus ion  o f  the tw in 

phyllomorphs a t  t h e i r  bases a f te r  3"5 months.

E f fe c ts  o f  A n t i -G ib b e re l1 ins on 

Species in Subgenus S tre p to c a rp e lla

Since i t  had been found th a t  increased g ib b e r e l l in  induced cau les- 

cence phenovariants in  subgenus Stpeptooazpus3 the p o s s i b i l i t y  was con­

sidered th a t  in  S tre p to e a rp e lla  endogenous le v e ls  o f  g ib b e r e l l in  were 

r e la t i v e l y  h igh , thus accounting fo r  e a r l i e r  a c t i v i t y  o f  the ap ica l mer­

istem and subsequent caulescence. Several experiments were undertaken
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Figs. 28-29* Pot grown seedlings trea ted  w i th  drench o f  benzy- 
ladenine a t  t ime o f germ ina tion .

28. top . S. p r o l i x is  ( g r a c i l is )  t rea ted  w ith  BA 
a t  3x10 M. weeks. x5

29. bottom. S. g ra n d is . B i-phy llom orph ic  p la n t  
in bloom a t  15 months.
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F ig s .  30- 31. Ad jacent median lo n g i tu d in a l  sec t ion s  o f  pot grown 
seed ling  o f  S. p ro t ix u s  ( g r a c i l is )  t re a te d  w i th  
s in g le  drench o f  BA a t  3x10” 5m. 41 days. x670

30. top -  c e n t ra l  a p ic a l meristem, dormant

31. bottom -  p e t io lo d e  and basal meristems

Sections a re  lO )J tth ick .

am -  a p ic a l  meristem 
bm -  basal meristem 
pm -  p e t io lo d e  meristem
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F ig . 32. E f fe c ts  o f  s in g le  drench benzyladenine and g ib b e r e l l in  vs.
c o n t ro ls  on pot grown seed lings o f  S. p ro lix u s  ( g r a e i l is ) . 
31 days. X 3.5

l e f t  -  c o n tro ls  

center -  BA 3xlO"^M 

r ig h t  -  GA3 10-I*M

top row -  S. haygart'h i'L  

middle row -  S. g ra n d is  

bottom row -  S. p v o lix u s  ( g r a o i l is )
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to  t e s t  t h is  hypothesis. Exogenous a n t i - g ib b e r e l1 ins were app lied  to  

germ inating seeds o f  species in subgenus S tre p to a a rp e lla  in  the expec­

ta t io n  th a t  the ap ica l meristem might be suppressed. Many antagon is ts  

o f  g ib b e r e l l in  are known, ranging from ^ b s c is ic  ac id to  commercially 

u t i l i z e d  p la n t  dwarfing agents (Audus, 1972; Green and Corcoran, 1975).

A bsc is ic  acid was tested in  v i t r o  by adding i t  to  Modified Tobacco 

Medium (Appendix I I ,  Addendum) a t  leve ls  ranging from lO '^ M  to  10"^M. 

S te r i l i z e d  seeds o f  S. n o b i l is  were then inocu la ted . Germination oc­

curred a t  a l l  le v e ls .  F ive weeks a f te r  germ ination no e f fe c ts  caused 

by ABA a t  le ve ls  up to  1 0 '^M  could be seen, compared w ith  c o n t ro ls .  At 

h igher le v e ls ,  however, p h y to to x ic i t y  had occurred and most seedlings 

were dead or dy ing,

A l l  o the r  a n t i - g ib b e r e l1ins were tested in pot c u l tu re s .  Seeds o f  

S. n o b i l is  were sown in pots o f  sand and s o i l  drenched w i th  Hoagland so­

lu t io n  (Appendix VI) in the greenhouse. Once weekly Hoagland s o lu t io n  

was poured over the po ts ; on the fo l lo w in g  day, a n t i - g ib b e r e l1 ins were 

app lied  dropwise to  seedlings a f te r  germ ina tion .

The dwarfing agents tested were tann ic  a c id ,  Cycocel (2 -c h lo ro e th y l 

t r im e th y l  ammonium c h lo r id e ,  maleic hydrazide, and Amo-1618 (2 - is o p ro ­

pyl -4 -d  imethylamino-5-m ethy lphenyl- 1-p ip e r  id ine carboxyl a te  methyl 

c h lo r id e )  a t  concentra t ions o f  10~7m, 10“ 5m and 10” ^M. The experiment 

continued fo r  4 months a f te r  ge rm ina tion , w i th  the fo l lo w in g  re s u l ts :  

Tannic acid treatments produced l i t t l e  o r  no dwarfing and no delay 

in  plumule appearance at any le v e l .

Cycocel a t 10~3 resu lted  in  reduc tion  o f  he ight o f  seed lings from 

125 to  75 mm compared w ith  c o n t ro ls ;  plumules were present on a l l  p lan ts  

a f te r  9 weeks.
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Maleic hydrazide treatments resu lted  in considerab le  dwarfing a t 

10 ^M, he igh t being reduced by 30% a t 3 weeks, but p lan ts  were c h lo ro t ic  

and died one month la te r .  At 10’" ,  v a r ia b le  dwarfing was seen a t  3 

weeks, but a l l  seedlings had shoots.

Amo 1618 was apparen tly  non -tox ic  a t  any leve l and was an e f fe c t iv e  

dwarfing agent. A f te r  k months, seedlings trea ted  a t  10“ 3m were about 

10 mm t a l l  (compared w i th  200 mm fo r  c o n tro ls )  and on ly  1 o f  9 had a 

plumule. Since t h is  compound was the on ly  one tested th a t  showed signs 

o f  being capable o f  inducing acaulescence, t h is  experiment was then re ­

peated, but w i th  Amo 1618 a t f i v e  concen tra t ions  from 10” ^M to  10’ ^M. 

Seedings o f  S. n o b i l is  were grown in pots o f  v e rm ic u l i te  and f in e  gravel 

(growth was fa s te r  and more uniform  than in the previous s u b s t ra te ) .

A l l  seed lings had plumules a f te r  4 months o f  t rea tm ent. At the h ighest 

co n ce n tra t io n ,  10"^M, Amo 1618 had reduced p la n t  he igh t by 30%, but 

macrocotyledon length was reduced by on ly  25%. Plumules were present on 

a l l  seed lings but were delayed several weeks compared w i th  c o n t ro ls .

S im i la r  re s u l ts  were obtained w ith  Amo 1618 treatments o f  seedlings 

o f  S. musaosus, a sm a ll,  slow growing species in subgenus S tre p to a a rp e lla .

I t  is  ev iden t th a t  the f i v e  a n t i - g ib b e r e l1 ins f a i l e d  to  suppress a p i ­

cal m eris tem atic  a c t i v i t y  in subgenus S tre p to a a rp e lla .  Even a t  concen­

t r a t io n s  h ig h ly  e f fe c t i v e  in dwarfing seed lings, plumules appeared w ith  

r e la t i v e l y  short de lay .

Although experiments w i th  a n t i - g ib b e r e l1 ins d id  not r e s u l t  in caus­

ing caulescent species to  m anifest acaulescent morphogenetic pa t te rn s ,  

they do not com plete ly exclude the p o s s ib i l i t y  th a t  a l te r n a t i v e  develop­

mental pathways leading to e i th e r  acaulescence or caulescence may be de­



pendent to  an Important degree on c r i t i c a l  le v e ls  o f  g ib b e r e l l in s  a t 

c r i t i c a l  stage o f  seedling ontogeny.
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DISCUSSION

During the course o f  t h is  study i t  was discovered th a t  isoco ty lous  

and cau lescent phenovariants could be produced a t  w i l l  by employment o f  

growth re g u la to rs .  The base has now been es tab l ishe d  f o r  beginning to 

understand e v o lu t io n  o f  the morphogenetic processes respons ib le  f o r  un­

conventiona l morphology in  subgenus Streptoocccpus in terms o f  chemical 

re g u la t io n .

A l te ra t io n s  in Morphogenetic Processes 

by Growth Regulators

In ty p ic a l  d ico ty ledonous seed lings , such as species in  subfam ily  

Gesnerioideae (Gesneriaceae), a syndrome o f  processes occuring  a f te r  

germ ina tion  can be s ta ted  as fo l lo w s :

Equal but l im i te d  expansion o f  co ty ledons , fo l low ed  by e a r ly  a c t i ­

v i t y  o f  the ap ica l meristem which provides a plumule developing in to  

stem, leaves and buds o r  branches.

In subgenus S trep toaarpus3 on the o the r  hand, the ap ica l meristem 

is dormant and becomes d isp laced l a t e r a l l y  to  the base o f  the accre ­

scent co ty ledon ; a complex o f  a c t iv e  meristems a t  the  base o f  the macro­

co ty ledon causes continued growth o f  the l a t t e r .

Exogenous g ib b e r e l l in  transformed th is  syndrome to th a t  o f  ty p ic a l  

d ic o ty le d o n s :  accrescence o f  the macrocotyledon was suppressed and a p i­

cal m eris tem atic  a c t i v i t y  q u ic k ly  produced a plumule.

This trans fo rm a tion  in  seedlings o f  subgenus StPeptoaarpus was 

achieved by o the r means as w e l l :
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1) by exogenous t r i io d o b e n z o ic  a c id .

2 ) by coating  upper co ty ledonary  surfaces w i th  a v a r ie t y  o f  pastes.

In a d d i t io n ,  i t  was observed in 10-22% o f  untreated seedings o f

S. p ro lix u s  ( g r a e i l is ) .

In a l l  these instances, in  the absence o f  sustained treatm ents the 

syndrome o f  macrocotyledonary accrescence and ap ica l m eris tem atic  do r­

mancy was t ra n s fe r re d  from co ty ledonary  node to  the f i r s t  stem node. 

Sustained g ib b e r e l l i n  t rea tm en t,  however, led to  c o n t in u a t io n  o f  the 

'no rm a l' d ic o t  syndrome.

A d i f f e r e n t  m o d i f ic a t io n  o f  the usual morphogenetic syndrome found 

in  subgenus Stpeptooappus resu lted  from trea tm ent w ith  exogenus c y to -  

k in in ,  v i z . ,  accrescence (desuppression) o f  the m icrocoty ledon toge ther 

w i th  the expected dormancy o f  the ap ica l meristem. These seed lings were 

acaulescent but b i -p h y l lo m o rp h ic .

Some obvious c o r re la t io n s  can be seen:

A -  p e rs is te n t  in te r c a la r y  m eris tem atic  complex a t  macrocotyledon­

a ry  base c o in c id e n t  w i th  ap ica l m eris tem atic  dormancy.

B -  the inve rse : absence o f  basal in te r c a la r y  m eris tem atic  complex 

c o in c id e n t  w i th  e a r ly  ap ica l m eris tem atic  a c t i v i t y .

C o rre la t io n  B is  found in  subfam ily  Gesnerioideae.

C o rre la t io n  A is  found in  subfam ily  Cyrtandio ideae and may be 

unique to t h is  taxon.

From the re s u l ts  obta ined in t h is  research, which was l im i te d  in 

scope, there is  not ye t s u f f i c ie n t  evidence to  exp la in  f u l l y  morphogenesis 

e i th e r  o f  normal p lan ts  o f  subgenus S trep toca rpus  o r o f  the phenovar- 

ia n ts  induced by exogenously app lied  re g u la to rs .
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I t  has long been known tha t phytohormones do not ac t independently; 

p la n t  developmental processes are regulated by balances among several 

hormones and by t h e i r  in te ra c t io n s  (Audus, 1972). D is rup tion  o f these 

balances a t  a c ru c ia l  stage o f  growth, in t h is  instance a t  time o f  and 

s h o r t ly  a f t e r  germ ina tion , would have resu lted  from high leve l exogenous 

a p p l ic a t io n s  o f  one o r  more known p la n t  growth re g u la to rs .

A te n ta t iv e  hypothesis to  exp la in  morphogenetic processes dur ing  

e a r ly  seedling development in subgenus Streptoaccrpua in terms o f chemi­

cal re g u la t io n  can now be o f fe re d ,  based on the re s u l ts  o f  my e x p e r i­

ments.

The fo l lo w in g  statements o f  observed phenomena, re levan t to  such a 

hypothes is , are presented:

1) Seeds o f  species in Cyrtandroideae are m inute, lack food re ­

serves and conta in  no endosperm ( B u r t t ,  1970, 1977).

2) In Stpeptoaarpus, a t  time o f  germ ina tion , the ra d ic le  pr.imordium 

is present as a s l i g h t  protuberance; i t  increases in s ize  s low ly  during 

the f i r s t  2-3 days. Development o f  the primary roo t  is delayed, reach­

ing on ly  1 mm a f te r  a few days (Jong, 1970, and my own o bse rva t ions ) .

3) Xylem d i f f e r e n t ia t io n  is unequal in the coty ledons; the accre ­

scent coty ledon is the one in which c o n t in u i t y  o f  the vascu la r strand to  

the ra d ic le  is f i r s t  accomplished (Jong, 1970).

Roots are a major source o f  c y to k in in s  which are  trans loca ted  in the 

xylem sap ( i b i d . ) .  Cytok in ins  demonstrate a s t r i k in g  a b i l i t y  to  stimu­

la te  coty ledon enlargement (Leopold and Kriedemann, 1975). I t  appears 

l i k e l y  th e re fo re ,  th a t  c y to k in in s  are in  l im i te d  supply in  Streptoaarpus  

seedlings during i n i t i a l  development because o f  small seed s iz e ,  absence 

o f  endosperm and delayed roo t development. E a r l ie r  vascu lar strand com­



78

p le t io n  in  one coty ledon would perm it t ra n s lo c a t io n  to  i t  o f  cy to k in in s  

as synthes is  occurs in  the primary ro o t .  Cotyledonary accrescence can 

then begin, in c lud ing  s t im u la t io n  o f  m eris tem atic  a c t i v i t y  in the basal 

reg ion, where the growth occurs. Auxin synthesis is  known to  be stimu­

la ted  in  en la rg ing  t issues  and meristems (Audus, 1972). Under these 

circumstances, the coty ledonary meristems are capable o f  in h ib i t in g  the 

seedling ap ica l meristem ( la t e r a l  dominance), and a lso o f  sus ta in ing  the 

in h ib i t io n  o f  growth o f  the m icrocoty ledon.

In h ib i to r y  e f fe c ts  o f  la te r a l  organs on ap ica l meristems are known 

in o the r  angiosperms. Nozeran, Bancilhon and N e v i l le  (1971) c i t e  several 

examples in  which la te r a l  organs such as young leaves o f  species o f  

Dipsacus and G le d its ia  tv iaecm thos3 and a x i l l a r y  buds (P hy llan thus  d is -  

t ie h u s )  suppress or l i m i t  m eris tem atic  a c t i v i t y  o f  the main shoot a x is .

In these examples, regu la r  removal o f  the la te ra l  organs caused g re a t ly  

increased a c t i v i t y  o f  the ap ica l meristem as measured by ra te  o f  forma­

t io n  o f new leaves.

Evidence f o r  t h is  hypothesis is  found in caulescent phenovariants 

th a t  were induced by TIBA, a known an tagon is t o f  auxin t ra n s p o r t  (Audus, 

1972). S im i la r  e f fe c ts  fo llowed paste coating  o f  the co ty ledons, which 

could have served to  cause an increased concen tra t ion  o f  e thylene in the 

co ty ledons. Ethylene s im i la r l y  has been shown to  immobilize auxin ( i b i d ) .  

Both treatments led to  e a r ly  ap ica l m eris tem atic  a c t i v i t y  w i th  suppres­

s ion o f  the macrocotyledon (ap ica l dominance).

The a b i l i t y  o f  exogenous c y to k in in  app lied  a t  time o f  germ ination to 

s t im u la te  m icrocoty ledon growth is  cons is te n t  w i th  the hypothesis pre­

sented above, i . e . ,  pauc ity  o f  c y to k in in s  in the newly germinated seed­
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l in g .  Once basal growth o f  the m icrocotyledon has been s t im u la te d ,  an 

a d d it io n a l  auxin source is  p resen t, re in fo rc in g  in h ib i t io n  o f  the apica l 

meristem.

Early  plumule fo rm ation  fo l lo w in g  exogenous a p p l ic a t io n  o f  g ib b e r­

e l l i n  a t  time o f  germ ination may be due to  the l a t t e r ' s  a b i l i t y  to  in ­

duce subapical m i t o t i c  a c t i v i t y  (Sachs, 1961), thus ' i n c i t i n g '  stem f o r ­

mation. G ib b e re l l in  a p p l ic a t io n  is  known to increase auxin le ve ls  

(Kura ish i and M uir,  196*0, in tu rn  leading to  in h ib i t io n  o f  the basal 

meristems o f  the co ty ledons, i . e . ,  ap ica l dominance.

In a d d it io n  to  p rov id ing  some in d ic a t io n  as to  the growth regu la to rs  

mediating the morphogenetic s h i f t s  to  accrescence and acaulescence, the 

foregoing serve to  focus a t te n t io n  on the ro les  o f  the meristems which 

they may be in f lu e n c in g .  While the hypothesis presented may be too 

simple or erroneous, a t  le a s t  in p a r t ,  i t  is  r e a d i ly  te s ta b le .

The Cotyledonary Basal M eris tem atic  Complex

Sustained growth o f  the accrescent cotyledon (which becomes the 

coty ledonary  phyllomorph) is the product o f  the a c t i v i t y  o f  two m eris ­

tems. One o f  these, the p e t io lod e  meristem, composed o f  vacuolated 

c e l ls  d iv id in g  a n t i c l i n a l l y ,  produces f i l e s  o f  c e l ls  leading to  elonga­

t io n  o f  the midvein and p e t io lo d e . I t  is  equ iva len t to  the r i b  meristem 

found in leaves. The second, the basal meristem, cons is ts  o f  p la s t id  

con ta in ing  c e l ls  whose d iv is io n s  produce the phyllomorph lamina, and is 

equ iva len t to  the p la te  meristem o f  leaves. In morphogenetic terms, the 

on ly  d i s t i n c t i o n  between pe t io lod e  and r ib  meristems, and between basal
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and p la te  meristems is  the length o f  time during  which the respective  

in te rc a la ry  meristems are a c t iv e .

In leaves o f  angiosperms, which are determ inate in growth, i n t e r ­

c a la ry  m eris tem atic  a c t i v i t y  in the p la te  meristem is somewhat prolonged 

but is  not susta ined. The accrescent coty ledon o f  non-phyllomorphic 

species in Cyrtandroideae is  the product o f  in te rc a la ry  m eris tem atic  ac­

t i v i t y  which is  s t i l l  determ inate but more sustained in one o f  the 

paired co ty ledons. In S, n o b il iS j C h ir i ta  miaromusa and some o the rs ,  

prolonged a c t i v i t y  o f  these meristems produces accrescent coty ledons as 

la rge  as or la rge r  than subsequent leaves. Under normal environmental 

c o n d it io n s ,  the d isp laced dormant ap ica l meristem, a f te r  a short de lay , 

ceases dormancy and generates a plumule which becomes the p la n t  stem. 

Under un favorab le  c o n d it io n s ,  however, the dormant ap ica l meristem a f te r  

long delay generates in f lo rescences . C. miaromusa seed lings, f o r  exam­

p le ,  grown under short day c o n d it io n s ,  f lowered a t  the base o f  the macro- 

coty ledon. Some seedlings o f  the same sowing had stems w ith  one p a i r  o f  

leaves a t time o f  f lo w e r in g .

The ex is tence o f  the l a t t e r  c o n d it io n ,  in te rm ed ia te  between acau les­

cence and caulescence, demonstrates a c o n t in u i t y  o f  growth forms in seed­

l in g s  o f  Cyrtandroideae dependent on the re c ip ro ca l r e la t io n s h ip  between 

a c t i v i t y  o f  the co ty ledonary basal m eris tem atic  complex and a c t i v i t y  o f  

the d isp laced ap ica l meristem.

At one extreme, co ty ledonary accrescence is short l iv e d  and the 

plumule appears a f te r  delay o f  several days to  a few weeks. This is  the 

s i tu a t io n  in most genera and species o f  Cyrtandroideae. At the o the r 

extreme, co ty ledonary accrescence continues in te r m i t t e n t l y  f o r  several 

years a t  the end o f  which the d isp laced apica l meristem (=groove m eris -
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Figs. 33-34. C h iv ita  m-iovomusa seed lings in  f lo w e r .  Greenhouse 
grown during  autumn, 4 months.

33. l e f t .  Acaulescent p la n t ,  6 months, s in g le  f r u i t  
on m icrocoty ledon. x3

34. r ig h t .  4 month seedling has 1 p a i r  o f  leaves, 
f low er on macrocotyledon. x l .5

Both were sown a t  the same time. Short days induce 
e a r ly  f lo w e r in g ,  w i th  o r  w ith ou t a stem.
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tem) generates a se r ies  o f  in f lo rescences . This is  the s i tu a t io n  in 

la rge u n i f o l i a t e  species in  subgenus S trep tooarpus .

Between the extremes, many forms are  p o ss ib le ,  and indeed are found 

in na tu re . The d is t in c t io n s  between non-phyllomorph and phyllomorph, 

caulescence and acaulescence, are not ne ce ssa r i ly  c le a r  c u t ,  as shown by 

the short-day grown seedlings o f  Chivvba miovomusa.

Control Mechanisms in Subgenus Stveptoaarpus

From observa tions made by var ious  observers, in c lud ing  Jong, B u r t t ,  

Schenk, and H i l l ,  as well as m yse lf ,  i t  is  ev iden t th a t  the fo l lo w in g  

mechanisms to regu la te  growth e x is t :

1. The macrocotyledon suppresses both the seedling apica l m eris ­

tem and the m icrocoty ledon.

2. A complex o f  macrocotyledonary basal meristems produces p h y l lo -  

morphic enlargement over a long pe r io d .  When th is  growth ceases, sup­

pression o f  the ap ica l (groove) meristem ceases and the l a t t e r  generates, 

v ia  detached meristems, in f lo rescences  and sometimes a d d it io n a l p h y l lo -  

morphs. In many species, the groove meristem s p l i t s  before phy llom or- 

ph ic growth ceases, w ith  the detached p o r t io n  capable o f generating an 

ax is  ( in  rosu la tes) or an ex tra  phyllomorph ( e .g . ,  in S. fccnnin iae ) .

The c a p a b i l i t y  o f  the accrescent coty ledon to  suppress c e l l  d i v i ­

sion elsewhere in the seedling may be due to  one or more d i f f u s ib le  sub­

stances produced in  i t ,  as suggested by the fo l lo w in g  evidence: decapi­

ta t io n  o f  the macrocotyledon ( H i l l ,  1938) o r  exogenous c y to k in in ,  as in 

t h is  study, overcomes the suppression o f  the m icrocoty ledon. On the 

o the r  hand, exogenous g ib b e r e l l in  o r 2 , 3 , 5- t r i io d o b e n z o ic  acid sup­



to

presses both cotyledons and s im ultaneously  desuppresses the ap ica l mer­

istem.

An e x q u is i te  morphoregulatory system, d i f f e r e n t  from those found in 

o the r  d ic o ts ,  has evolved in subgenus StPeptoaavpus,

Phylogenetic  Im p l ica t ions

In Cyrtandroideae, a morphoregulatory p a t te rn ,  probably unique in 

d ic o ts ,  has evolved, in which one cotyledon is  capable o f  continued 

growth a t i t s  base w h i le  s im u ltaneously  the seedling ap ica l meristem re ­

mains dormant. In most genera and species o f  the sub fam ily ,  t h is  r e c i ­

procal r e la t io n s h ip  is term inated r e la t i v e l y  e a r ly ,  w i th  cessation  o f  

basal growth in  the macrocotyledon and i n i t i a t i o n  o f  ap ica l growth f o l ­

lowed by appearance o f  a stem.

In subgenus S trep tocarpus  co ty ledonary basal meristems continue to  

produce lamina and pe t io lo d e  t is s u e  f o r  long periods (many months or 

years) w h i le  the l a t e r a l l y  d isp laced ap ica l meristem remains dormant. 

When the coty ledon (phyllomorph) ceases growth, the desuppressed ap ica l 

meristem generates in f lo rescences and/or phyllomorphs. Rare ly, as in 

S. s a h lie b e n ii j stems may be generated.

In t h is  regard, i t  is  important to  note th a t  mature le a f  morphology 

in d icoty ledonous angiosperms re s u l ts  from d i f f e r e n t i a l  ra tes  and dura­

t io n s  o f  c e l l  d iv is io n  and expansion, w i th  bas ipe ta l m atu ra tion  

(Maksymowych, 1973)- Thus, c e l l  d iv is io n  and expansion are normally 

la s t  to cease in the basal area o f  a le a f .

Growth o f a phyllomorph represents an extreme v a r ia n t  in  th a t  c e l l  

d iv is io n  and expansion do not cease but continue inde te rm ina te ly  a t  the
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base o f  the blade. In t h is  respect phyllomorph development resembles 

th a t  o f  some monocots, such as grasses, which e x h ib i t  prolonged basal 

in te rc a la ry  growth. I t s  essen tia l d i s t i n c t i o n  from a le a f ,  then, is in 

the presence o f  an organogenic (groove) meristem a t  the base o f  the 

blade, derived from the embryonic shoot ap ica l meristem.

Subgenus S treptocarpus  has probably evolved through loss o f  a regu­

la to ry  system present in an ances tra l taxon w i th in  subfam ily  C y r tand ro i­

deae which term inates macrocotyledonary growth e a r ly  enough to  perm it 

fo rm ation  o f  stem and leaves by the desuppressed ap ica l meristem.

Another way o f  viewing these re la t io n s h ip s  is  th a t  in  subgenus 

Streptoaarpus  ap ica l dominance (suppression o f  a x i l l a r y  meristems) has 

been stood on i t s  head: the coty ledonary basal meristems suppress the 

apex o f  the p la n t— la te ra l  dominance.

Growth c o r re la t io n s  in  the nature o f  rec ip roca l in f luences o f  sep­

a ra te  meristems are understandable in  l i g h t  o f  the knowledge th a t  a c t iv e  

meristems, wherever loca ted , are p r in c ip a l  sources o f  auxin (Audus, 

1972), which plays a major ro le  in "dominance" ( i b i d . ) .  Early  a c t i v i t y  

o f  ap ica l meristems coupled w ith  the predominantly po la r  t ra n sp o r t  o f  

auxin favors  ap ica l dominance. A lte red  fa c to rs  which modulate r e la t iv e  

production and/or t ra n s p o r t  could r e s u l t  in  a s h i f t  in r e la t i v e  domi­

nance. Presumably, such a l te r a t io n s  have occurred more than once in 

Cyrtandroideae, in c lud ing  Stveptooarpus.

The general morphological d is t i n c t i o n  between (caulescent) subgenus 

S tve p to ca rp e tla  and (acaulescent) subgenus S treptocarpus  can be viewed 

as a s h i f t  in dominance in  a double sense: o n to g e n e t ic a l ly  in the former 

and p h y lo g e n e t ic a l ly  in the l a t t e r .  In a d d i t io n ,  spec ia t ion  w i th in  sub-
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genus S treptocarpus  leading to  secondary caulescence has apparently  oc­

curred .

Jong (1978) found tha t in ro s u la te  species the groove meristem o f  

the co ty ledonary phyllomorph s p l i t s ;  the la rge r  p o r t io n  then q u ic k ly  o r ­

ganizes a dome which func t ions  as an ap ica l meristem. The la t t e r  pro­

duces a ro s e t te  which c o n s is ts  o f  an ax is  generating phyllomorphs in ­

stead o f  leaves a t  nodes; the internodes are very  sh o r t .  This might be 

considered a case o f  quasi-caulescence.

A more complete re tu rn  to  caulescence seems to have occurred in 

S. s c h lie b e n it .  P re l im in a ry  observa tions by me on development in  th is  

species in d ic a te  th a t  a coty ledonary  phyllomorph and a la te ra l  ax is  as 

in those rosu la tes termed "e x c e n t r ic "  by Jong (1978) are formed e a r ly .  

Several months la te r ,  a v e r t i c a l  stem w i th  p a irs  o f  f o l i a r  organs is 

generated. The la t t e r  have the same gross aspect as the coty ledonary 

phyllomorph but behave as leaves, i . e . ,  they are determ inate and possess 

a x i l l a r y  buds which become branches o r  in f lo rescences . This species, 

and perhaps o thers  not ye t  a v a i la b le  f o r  s tudy, apparen tly  demonstrate 

secondar ily  evolved caulescence.

Phyllomorphs have a lso  evolved iri o the r genera in a d i f f e r e n t  t r i b e  

in Cyrtandroideae {.Monophyllaes. and Epithema in  K lug ieae),  I t - i s  almost 

c e r ta in  th a t  these have evolved independently o f  Streptocarpus  p h y l lo ­

morphs because the two t r ib e s ,  Didymocarpeae and Klugieae, are not 

c lo s e ly  re la ted  ( B u r t t ,  1977). A poss ib le  p a ra l le l  to  secondary evo lu­

t io n  o f  caulescence in subgenus S treptocarpus  is  found in  MorvophyVLaea 

( B u r t t ,  1978) in M. cautescens and M. ramosa. Both species possess 

a coty ledonary  phyllomorph and a s t ra g g l in g  stem con ta in ing  several
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F ig . 35. S. 8 c h lie b e n ii3 a species in subgenus S trep toca rpus .
For many months i t  is  acau lescent, resembling some 
ro s u la te  species. I t  then becomes cau lescent w ith  
leaves in  p a i rs ;  buds in le a f  a x i l s  become branches 
or in f lo re scences .  Photographed before  f lo w e r in g  fo r  
the second t im e.
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blades bearing in f lo rescences .

Phylogenetic R e la t ionsh ip  Between 

the Subgenera o f  Stveptocaryus

Success in  inducing caulescent phenovariants in subgenus S tre p to -  

aappus in t h is  study does not bear d i r e c t l y  on the question o f  phylogeny 

w i th in  the genus. Such phenovariants re in fo rc e  what was a lready  as­

sumed, namely, cau lescent ancestry  o f  subgenus S treptocarpuS j but shed 

no new l i g h t  on the id e n t i t y  o f  a p a r t ic u la r  caulescent ances tra l taxon.

F u r the r ,  i n a b i l i t y  to  induce acaulescent phenovariants in subgenus 

S trep toaarpe lZa  by an assortment o f  exogenous a n t i - g ib b e r e l1 ins does not 

g ive  unequivocal evidence regard ing the phy logenetic  r e la t io n s h ip  be­

tween the subgenera fo r  the fo l lo w in g  reasons:

1. Exogenous g ib b e r e l l in  was not the on ly  means by which caules­

cent phenovariants in  subgenus Streptocappus  were induced. The under ly ­

ing c o n t ro ls  on morphogenesis in  t h is  taxon are s t i l l  not known.

2. F a c u lta t iv e  acaulescent phenovariants in  subgenus StPeptooax'- 

p e l la  a re  a lready known in nature ( in  S. n o b i l is ) .

The morphogenetic evidence by i t s e l f  does not y e t  perm it choice 

among the three hypotheses p rev ious ly  s ta te d ,  namely, th a t  e i th e r  sub­

genus is  ancestra l to  the o the r or th a t  they a re  not congeneric. Never­

the less , the re s u l ts  are p e r t in e n t  to  understanding some o f  the morpho­

gene tic  bases o f  phylogeny w i th in  the genus.
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CONCLUSION

Two morphogenetic pa tte rns  have con tr ibu ted  to  phy logenetic  d iv e r ­

s i f i c a t i o n  (spec ia t ion )  w i th in  the Gesneriaceae. The f i r s t ,  accrescence 

o f  one o f the p a i r  o f  cotyledons as a r e s u l t  o f  continued a c t i v i t y  o f  

basal in te rc a la ry  meristems (a n is o c o ty ly ) , serves to  d i f f e r e n t ia t e  sub­

fa m ily  Cyrtandroideae.

The second p a t te rn ,  sustained growth o f  the accrescent cotyledon 

accompanied by dormancy o f  the d isp laced ap ica l meristem, g ives r is e  to  

an acaulescent, d o rs iv e n t ra l  veg e ta t ive  p la n t  body (phyllomorph) which 

serves fu r th e r  to  d i f f e r e n t ia t e  species o f  Cyrtandroideae in two t r ib e s  

and several genera, in c lud ing  S trep toca rpus .

E a r l ie r  d e s c r ip t iv e  s tud ies  (Jong, 1970; Jong and B u r t t ,  1975; Jong, 

1978) ,  ana lyz ing the p o s i t io n s  and r e la t iv e  c o n t r ib u t io n s  o f  ap ica l and 

in te rc a la ry  meristems in a n is o c o ty ly  and acaulescence prov ide  one level 

o f  exp lana tion  f o r  the changes in form which c o r re la te  w ith  phylogeny. 

They es tab lished  a foundation as w e ll as a p o in t  o f  departure  fo r  the 

s tud ies  reported here.

With these experimental re s u l ts  i t  begins to  be poss ib le  to  exp la in  

e v o lu t io n a ry  d i v e r s i f i c a t io n  w i th in  t h is  group a t  s t i l l  another le v e l ,  

th a t  o f  chemical re g u la t io n .  As was suggested by Stebbins (197^c), the 

keys to  t h is  understanding were found in the e f fe c ts  o f  p lan t  growth 

regu la to rs  on meristems, e s p e c ia l ly  in te rc a la ry  meristems.

The a b i l i t y  to  induce phenovariants by exogenous growth regu la to rs  

in these s tud ies  in d ica tes  th a t  endogenous growth regu la to rs  con tro l 

the unusual morphogenetic pa tte rns  found in subgenus Streptooarpus  and 

in o the r  genera and species in subfam ily  Cyrtandroideae o f  Gesneriaceae.
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This knowledge opens the way to determine expe r im en ta l ly  the e x is t in g  

balances among phytohormones and the ro le s  o f  in d iv id u a l  phytohormones 

which are respons ib le  f o r  these p a t te rn s .  I t  a lso  may lead to  is o la t io n  

o f  substances and processes a t  the molecu lar leve l which are mediated by 

the re g u la to rs .



APPENDIX I

Po tt ing  M ixtures Employed fo r  Sowing Seeds 

and Growing StreptoGarpus P lan ts  in  the Greenhouse

Seeds were sown in J i f f y  mix, which conta ins sphagnum derived peat 

moss w ith  an equal q u a n t i ty  o f  h o r t i c u l t u r a l  grade v e rm ic u l i te  and f e r ­

t i l i z e r s  (from J i f f y  Products o f America, West Chicago, IL 60185). 

Seedlings were pricked out a t  2-b months, then grown in  the fo l lo w in g  

mix:

1 pa r t  to p s o i l  o r  compost o r  le a f  mold

1 pa r t  sphagnum derived peat moss

1/2 pa r t  S i lve rsand , a coarse s i l i c a  w i th  pH 8.9

1/2 pa r t  medium s ize  Terragreen, a p a r t i a l l y  f i r e d  c la y

O.b oz/bu d r ied  blood

2 oz/bu steamed bone meal

0.6 oz Greensand ( fo r  slow potassium release)

b oz/bu powdered 1 imestone

The mix was pasteurized by hea ting .
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APPENDIX I I

Composition o f  Basal Agar Medium Used f o r  S ta r t in g  Seedlings o r  

Growing Axenic Stock P la n ts . M inera ls are from Grunewaldt (1977) and 

represent a m o d if ic a t io n  o f  Murashige-Skoog Revised Tobacco Medium 

( 1962) w i th  reduc t ion  o f  ammonium ion to  0.2 m i l l im o le s .

V i tarn i n composition is from Staba (1969)-

M inera ls Cone. Mg/1 Vi tami ns Cone. 1

NH4NO3 160 Cyanocabalamin 0.0015

KNO3 1900 F o l ic  Acid 0.5

CaC 12 297 p-aminobenzoic acid 0.5

MgSOij .7H20 370 R ib o f la v in 0.5

KH2P0ij 170 B io t in 1.0 -

CoC12 . 6H20 0.025 Choiine c h lo r id e 1.0

FeS0j,.7H20 27.8 Calcium Pantothenate 1.0

H3BO3 6.2 Thiamine HC1 2.0

Kl 0.83 Niac in 2.0

MnS0/j.4H20 22.3 Pyr idox ine  HC1 2.0

Na2Mo02, . 2H20 0.25

Na2EDTA.2H20 37.3 Agar 8,000

ZnS0i,.7H20 8.6

CuS0ij.5H20 0.025

Organics

Sucrose 

I nos i to l

30,000

100



The basal medium was m odif ied fo r  p la n t le t  regenera tion  from lamina 

d iscs  o r  in f lo re scence  nodes by a d d it io n  o f  an auxin and a c y to k in in  

before au to c la v in g .  The a d d it iv e s  used were: 

in d o le a c e t ic  ac id  1.1 x 10"^M

benzyl adenine 5 x 10~^M

Addendum

The M odif ied  Tobacco Medium u t i l i z e s  m acronu tr ien ts  a t  one h a l f  the 

concen tra t ions  g iven in the Murashige-Skoog Revised Tobacco Medium and 

are l i s te d  below:

M acronu tr ien ts  Conc,mg/

N H /jNOj  8 2 5

KNO3 950

CaC12 .2H20 220

MgS0zj.7H20 185

KH2 P 0 zj 85

M ic ro n u t r ie n ts  and organ ics remain as l i s t e d  above.
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APPENDIX I I I

Protoco l f o r  S t e r i l i z i n g  Lamina 

and In flo rescences 

(Adapted from Grunewaldt, 1977)

In t h is  technique, a s o lu t io n  was prepared con ta in in g  0.1% HgC^ 

and 0.1% Alconox, a la b o ra to ry  de te rgen t.  In to  a la rge  g lass p e t r i  

d is h ,  100mm diameter x 85 mm h igh , was placed 300 ml o f  the s t e r i l a n t  

s o lu t io n  and a magnetic s t i r  ba r. T issue p re v io u s ly  g e n t ly  washed in to  

soapsuds and then r insed w i th  deion ized water was added, the d ish  

covered and the contents  s t i r r e d  fo r  5 m inutes. The d ish  was then 

placed in a t ra n s fe r  hood whose surfaces had been thorough ly  sprayed 

w i th  2% Lysol (a m ix tu re  o f  c reso ls )  along w i th  A la rge  covered p e t r i  

d ishes o f  the same s iz e .c o n ta in in g  autoclaved deminera1ized wa ter. The

t is s u e  was r insed  in A changes o f  s t e r i l e  w a te r,  then d iscs  were cut 

and inocu la ted  a s e p t ic a l ly .  This method was employed fo r  lamina d iscs  

and in f lo rescences  o f  several species o f  S trep tocarpus  ( fo r  peduncle 

segments, ends were sealed in p a r a f f in  p r io r  to  s t e r i l i z a t i o n ) .
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APPENDIX IV

Protoco l f o r  Dehydrating, Embedding and Section ing 

o f  Seedlings a f te r  G lutara ldehyde F ix a t io n

Prepare a c i f ie d  2 ,2 '  dimethoxypropane (DMP) by adding 3 drops 0.1 N 

HC1 per 25 m l.

1) Decant water from f ix e d ,  washed seedlings a t  room temperature, 

rep lac ing  immediately w i th  a c id i f ie d  DMP. A l low  5 minutes fo r  dehy­

d ra t io n .

2) Replace DMP tw ice ,  5 minutes each.

3) Replace w i th  1:1 acetone: DMP, 5 m inutes.

k) Replace tw ice  w i th  acetone, 5 minutes each.

J-  5) Replace w i th  1:1 acetone: t e r t i a r y  bu ty l a lcohol (TBA), 15 

mi nutes.

6) Replace 3 times w i th  TBA, 15 minutes each (main ta in  a t  20°C or 

h ig h e r ) .  Add weakly co lored sa fra n in  in  TBA fo r  la s t  change, to  enhance 

v i s i b i l i t y  o f  seed lings.

7) M e lt p a ra f f in  in  v i a l ,  cool to  bare ly  s o l id .  Add seedlings in 

TBA to  v ia l  o f  p a r a f f in  (volume a t  le a s t  tw ice  the volume o f  the TBA).

8) Place in  oven to  i n f i l t r a t e .  A l low  2k hours or more fo r  TBA to 

evaporate.

9) Replace w i th  melted p a r a f f in  tw ice .  (Use f re sh  p a ra f f in  on ly  

in la s t  change.)

10) Embed.

11) Section w ith  ro ta ry  microtome a t  8 to  15 m icrons. Mount on 

g lass s l id e  w i th  Haupt's adhesive and fo rm a l in .



APPENDIX V

Protocol f o r  S ta in in g  and Mounting 

H is to lo g ic a l  S l ides

For s ta in in g ,  prepare stock aqueous s o lu t io n  o f  T o lu id in e  Blue 

0 .5%. Keep t i g h t l y  c losed,

1) Using f resh  0.05% aqueous T o lu id in e  Blue made from the stock 

lu t i o n ,  s ta in  g lass s l id e s  5 m inutes.

2) Rinse b r i e f l y  in 3 changes o f  water to  remove excess s ta in .

3) Remove excess water by b lo t t in g  ge n t ly  w ith  b ibulous paper. 

Dry on a s l id e  warmer a t  le a s t  24 hours.

4) Immerse in  xy lene 5 minutes to  d is s o lv e  p a r a f f in .

5) Mount covers l i p  w i th  Permount or o the r re s in .  Dry on s l id e  

warmer.



APPENDIX VI

Hoag land N u t r ie n t S o lu t io n

M a c ro n u t r ie n ts s l l

Ca(N03 ) 2 . 2tH20 T 0 .9^

MgSO/j. 7HZ0 0.52

KNO3 0 . 6 6

NH4 H2 PO4 0 . 1 2

M ic r o n u t r ie n ts  ( s to c k  s o lu t i o n ,  100X) g / 1

H3 BO3 0 . 2 8

MnS0/{ .H20 0 .3^

CuSOjj. 5H20 0 . 0 1 0

2nS0zf .7H20 0 . 0 2 2

(NHij) gM0y02ij • 4H20 0 . 0 1 0

H2 S0/t (co n c .) 0 .05  ml

Add 10 ml o f  m ic ro n u t r ie n ts  to  1 l i t e r  o f  m acronu tr ien ts  and ad­

j u s t  pH to  6 .7 .
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