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I . INTRODUCTION. 

The numerous methods by whioh outbreeding i s maintained 

i n the plant kingdom suggest that the r e s u l t a n t vigour and stored 

v i a b i l i t y produced by heterozygosity i s of great value to the s p e c i e s . 

There are many methods by which inbreeding i s prevented and the conse­

quent heterozygosity i s ensured, both i n a preoise and an imprecise 

manner. One example i s dichogamy, the plant showing e i t h e r protandry 

or protogyny. This phenomenon app l i e s to each flower on a plant and 

does not prevent s e l f - p o l l i n a t i o n , for one flower may e a s i l y be 

p o l l i n a t e d by another on the same pl a n t . Outbreeding i s a l s o main­

tained by elaboration of the f l o r a l meohanism, thus reducing the ohanoe 

of s e l f - p o l l i n a t i o n , e.g. Orohidaoeae and Apooynaoeae. More preoise 

methods of maintaining heterozygosity are by the phenomena of dioeoism 

and i n c o m p a t i b i l i t y . 

Extremely s p e c i a l i s e d methods are found i n some members of 

the Onagraoeae, where heterozygosity i s enforced even i n the absence of 

outbreeding. The breeding systems of the Onagraoeae have been studied 

i n great d e t a i l , for i t s s p e c i e s show considerable d i v e r s i t y i n t h i s 

respeot. The most oommon breeding system i s that t y p i f i e d by 

Oenothera lamarokiana. i n which s u r v i v a l of the homozygous form i s 

prevented by d i s j u n c t i o n of interchange complexes containing balanced 

l e t h a l s . Both complexes are c a r r i e d through the p o l l e n and ovule, and 

the l e t h a l s aot a t the zygotio stage. 

I n O.murioata s e l e c t i o n of the complex takes place a t an 

e a r l i e r stage, i n the megaspore and microspore. O.murioata i s an 

interchange heterozygote between the r i g e n s and curvans complexes. 

Almost a l l the f u n c t i o n a l eggs c a r r y the r i g e n s oomplex, while only 
Six!*'* ttHlMJl '//X 
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ourvana p o l l e n succeeds i n reaching the ovary* I n Oenothera i t i s 

the megaspore a t the mioropyle end whioh u s u a l l y develops i n t o the 

embryo-sac, and i f the megaspore i n O.muricata o a r r i e s the ri g e n s 

complex, i t develops normally. I f , however, the mioropylar megaspore 

i s ourvans, the ohalaeal megaspore (whioh must then he r i g e n s ) out­

grows the other spore and comes i n t o p o s i t i o n to form the embryo-sac. 

Only very o c c a s i o n a l l y does the ourvans complex suooeed i n forming 

the embryo-sac. 

Benner (1917) found that p o l l e n tubes c a r r y i n g one complex 

may tend to grow f a s t e r than those containing the competing oomplex. 

Thus i n de V r i e s ' O.biennis, the velans oomplex i s o a r r i e d f a s t e r to 

the ovules than ourvans. This competition between pollen tube growth 

i s more marked when the p o l l e n i s used f o r h y b r i d i s a t i o n on O.murioata 

stigmas. Here the velans oomplex f e r t i l i s e s four times as many ovules 

as ourvans. The extreme case i s reached when 0.biennis i s used on 

O.iamarokiana; no ourvans pollen succeeds here, a l l the ovules being 

f e r t i l i s e d by the velans oarrying p o l l e n . 

Nine of the subgenera of Oenothera e x h i b i t s e l f -incompatib­

i l i t y . The i n c o m p a t i b i l i t y i s c o n t r o l l e d by one gene, or gene 

oomplex, which u s u a l l y has a l a r g e number of a l l e l e s , e.g. O.organensis 

has 45 known a l l e l e s of the ja gene. P o l l e n behaviour i s determined 

gametophytically, and the i n c o m p a t i b i l i t y may, or may not, be a s s o c i a t e d 

with small ohromosome r i n g s , depending on the s p e c i e s . 

Thus the genus Oenothera shows a wide range of systems by 

whioh heterozygosity i s maintained. I n some i n s t a n c e s , e.g. 

O.murioata* a speoies with a w e l l developed s t r u c t u r a l heterozygosity, 

there are phenomena whioh strongly suggest a r e l a t i o n s h i p with an 
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i n c o m p a t i b i l i t y system. For t h i s reason Crosby (1954) suggested that 

the evolution of the interchange system, with l a r g e chromosome rings 

held together by balanced l e t h a l s , may have depended i n i t i a l l y on 

the presence of an i n c o m p a t i b i l i t y system, and eventually replaoed i t 

i n many speoies. An incompatible speoies whioh i s determined by an 

s_ oppositional system i s permanently heterozygous f o r t h i s gene, due 

to f e r t i l i s a t i o n taking plaoe only when the s_ a l l e l e present i n the 

po l l e n grain d i f f e r s from the two a l l e l e s i n the p i s t i l . I t follows 

that i f t h i s gene becomes incorporated i n t o an interchange on a 

chromosome, i t w i l l enforce the heterozygosity of the chromosome. 

With the ohromosome being l i n k e d i n t h i s manner, i t i s p o s s i b l e that 

l e t h a l a l l e l e s oould a r i s e on i t by mutation, but as the chromosome i s 

always heterozygous due to the s. a l l e l e , t h e i r presence would not be 

f e l t . However, i f through the l o s s of the a i n c o m p a t i b i l i t y a l l e l e , 

the ohromosome was present as a homozygote, tho l o t h a l s would a c t and 

bring about p o s t - f e r t i l i s a t i o n elimination of the homozygote. Thus 

the heterozygosity of the genes on the interchange would then be 

enforoed not by gametic e l i m i n a t i o n , but by zygotic e l i m i n a t i o n of 

homozygotes. Once zygotic l e t h a l s have been e s t a b l i s h e d on the i n t e r ­

change chromosome, the importance of the s. a l l e l e i s l o s t , and the gene 

may be eliminated by mutation. Heterozygosity of the system becomes 

enforced by balanced l e t h a l s on a permanent interchange chromosome. 

The experimental approach i n Oenothera i s d i f f i c u l t , f o r 

i n no one species i s there known to be a t r a n s i t i o n a l stage i n which 

s e l f - i n c o m p a t i b i l i t y i s known, asso c i a t e d with chromosome r i n g s i n 

some p l a n t s , but not i n others. 
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I t i s of considerable relevance to the hypothesis of 

Crosby (1954)) that interchange r i n g s have been found (Darlington & 

Oairdner, 1938) i n some n a t u r a l populations i n Campanula p e r s i o i f o l i a , 

a species whioh has a l s o been reported to be self-incompatible 

(Oairdner, 1926). I t was decided to look f o r both an i n c o m p a t i b i l i t y 

system, and interchange heterozygotes i n C . p e r s i o i f o l i a to see i f 

there i s a c o r r e l a t i o n between the two, i n d i c a t i n g a stage i n the 

change from an oppositional f a c t o r system, to an interchange heter-

ozygotic s t a t e . I f a c o r r e l a t i o n was found, i t was hoped to l o c a t e 

the mechanism by which i t i s maintained. 

I t was found necessary to modify the o r i g i n a l p r o j e c t f o r 

two reasons. The f i r s t was the length of time that the majority of 

Campanula spe c i e s take to reaoh maturity, flowering beginning only i n 

the second year. The seoond was the d i f f i c u l t y encountered i n 

e l u c i d a t i n g the type of i n c o m p a t i b i l i t y system. Thus tho p r o j e c t 

was modified to a study of the i n c o m p a t i b i l i t y system i n the genus, 

and was approached by two means. The f i r s t was by a d e t a i l e d examin­

a t i o n of the breeding system of C.persioifolia» to determine the 

nature of the i n c o m p a t i b i l i t y system present, and i f p o s s i b l e to 

deduoe the c o n t r o l l i n g meohanism. The seoond was by examination of 

a l l other a v a i l a b l e species of Campanula to f i n d the extent of s e l f -

i n o o m p a t i b i l i t y w i t h i n the genus, and i f p o s s i b l e to see i f the 

i n c o m p a t i b i l i t y system was uniform throughout the genus. 
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I I . THE BACKGROUND. 

A. I n c o m p a t i b i l i t y . 

1) F i r s t reoord. 

The f i r s t reoord of i n c o m p a t i b i l i t y was made by Kolreuter 

i n 1764 on Verbasoum phoenioeum. The term s e l f - i n c o m p a t i b i l i t y was 

f i r s t used by Stout (1917)* Although other terms have been applied 

to t h i s phenomenon, suoh as 'self-impotence* (Darwin, 1876); 

'adynamandry1 (Loew, I895) , s e l f - s t e r i l i t y i s the only other a l t e r ­

n a t i v e now i n ourrent use. 

2) D e f i n i t i o n . 

S e l f - i n c o m p a t i b i l i t y may be defined as "the physiologioal 

i n a b i l i t y of an organism possessing both male and female gametes to be 

s e l f - f e r t i l i s e d . I t r e f e r s only to inst a n c e s i n which a pl a n t ' s own 

polle n and p i s t i l oome i n contact with each other i n the normal oourse 

of events, and excludes those oases i n whioh s e l f - f e r t i l i t y i s prevented 

s o l e l y by some mechanical device" (Hughes & Babcock, 1950) • 

3) Ocourrenoe. 

S e l f - i n c o m p a t i b i l i t y i s a widespread phenomenon, being 

found i n 78 Angiosperm f a m i l i e s i n every major phylogenio l i n e 

(Pandey, 1960 a ) . I t has a l s o been observed i n Pinus s y l v e s t r i s 

(Oustafsson unpub., o i t e d by Bateman, 1952); Pteridium aauilinum. 

( W i l k i e , 1956); L a r i x l a r i o i n a . ( P i a t n i t s k y . 1934) and Pseudotsuga 

taaeLfolia ( A l l e n , 1942). 

S e l f - i n c o m p a t i b i l i t y i s not confined to speoies with 

hermaphrodite flowers, as Niootiana speoies, but i s a l s o found i n 

monoeoious speoies, e.g. Euphorbia o y p a r i s s i a e (Muenscher, 1936) and 

Castanea o r i n i t a (Clapper, 1954)• S e l f - i n c o m p a t i b i l i t y has been 



6 

reported with greater frequency from more s p e c i a l i s e d herbaceous plant 

groups, than from predominantly woody ones, even allowing f o r the f a c t 

that a l a r g e r proportion of herbaceous s p e c i e s have been i n v e s t i g a t e d 

experimentally* Since the herbaceous form i s considered to be derived 

from the more woody form, E a s t (1940) has argued that self-incompati­

b i l i t y i s a r e l a t i v e l y reoent innovation i n sexual reproduction. 

However, tfhitehouse (1950), while agreeing with the premise that the 

herbaoeous form i s more advanced than the woody form, postulates that 

the multi-alleleomorphio i n c o m p a t i b i l i t y system was o r i g i n a l l y h eld by 

a l l e a r l y angiosperms. He argues that those species which subsequent­

l y l o s t i t evolved more slowly, r e t a i n i n g a greater range of anoestral 

oharaoters, e.g. woody habit and multiple flower p a r t s , than those 

which r e t a i n e d i t . Thus the herbaceous f a m i l i e s may be of recent 

o r i g i n due to the r e t e n t i o n of i n c o m p a t i b i l i t y . However, neith e r of 

the above authors makes reference to the reported i n c o m p a t i b i l i t y i n 

gymiioeperms or Pteridium aquilinum. whioh, i f i t i s of oomparable form 

with that found i n the angiosperms today, seems to f i t with n e i t h e r of 

these hypotheses. The success of s e l f - i n c o m p a t i b i l i t y must be due a t 

l e a s t p a r t l y , to the promotion and maintenance of heterozygosity, and 

must have played an important part i n the evolutionary development of 

the flowering p l a n t s . 

4) Types of i n c o m p a t i b i l i t y . 

Incompatible species may be c l a s s i f i e d into two main groups, 

those with f l o r a l polymorphism, e.g. Primula vulgaris« Lythrum s a l i -

o a r i a . and those without, e.g. speoies of Hiootianat T r i f o l i u m and 

Prunus. The number of breeding groups present i n the family or 

population of spec i e s e x h i b i t i n g polymorphism i n the stigma and s t y l e , 
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may be determined by d i r e c t observation of t h e i r form without the need 

to examine pol l e n tube growth or seed s e t . Species of Campanula, 

however, are homomorphio and determination of the number of breeding 

groups has to be made by breeding experiments. 

There are s e v e r a l d i s t i n c t systems of i n c o m p a t i b i l i t y 

found i n homomorphio s p e c i e s . The breeding patterns determined from 

orossing experiments i n Campanula speoies w i l l be oompared below with 

those of other homomorphio speoies; and because of t h i s , these are 

now reviewed. 

The o l a s s i o a l meohanism i s that shown by Niootiana spp. as 

found by E a s t and Mangelsdorf (1923). The system i s c o n t r o l l e d by the 

a c t i o n of one gene with a s e r i e s of multiple allelomorphs, and i n h i b i ­

t i o n of p o l l e n occurs as a r e s u l t of a reaotion between d i p l o i d p i s t i l 

t i s s u e and haploid pollen g r a i n s . Each a l l e l e has i n d i v i d u a l a c t i o n 

i n the s t y l e , and the a c t i o n of the pollen i s determined gametophyti-

c a l l y . Only po l l e n which contains an a l l e l e d i f f e r i n g from the two 

w i t h i n the s t y l e i s able to grow down the s t y l e , and bring about f e r t ­

i l i s a t i o n . Thus pollen with an a l l e l e s^ i s able to grow i n a s t y l e 

containing s 2

s 3 s^l® 1 9 3 a*1* bring about f e r t i l i s a t i o n of the ovules. 

P o l l e n containing an Sg a l l e l e , however, i s unable to grow down t h i s 

s t y l e . The i n c o m p a t i b i l i t y system may be upset i n a r t i f i c i a l l y 

produced t e t r a p l o i d s due to competition and dominanoe between a l l e l e s 

w i thin the s t y l e . This gametic homomorphio i n c o m p a t i b i l i t y , a l s o 

known as the oppositional f a c t o r system, i s t y p i c a l of species of 

Antirrhinum. Oenothera. Papaver. Solanum and T r i f o l i u m . 

Another type of i n c o m p a t i b i l i t y system a l s o c o n t r o l l e d by 

one gene with a s e r i e s of m u l t i p l e a l l e l e s , i s that i n whioh p o l l e n 
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a c t i o n i s c o n t r o l l e d by the i n c o m p a t i b i l i t y a l l e l e s present i n the 

p o l l e n mother c e l l s , and not n e c e s s a r i l y by those i n the p o l l e n i t s e l f ; 

thus oontrol of the behaviour of the p o l l e n i s sporophytio. Unlike 

the oppositional f a c t o r system, gene a c t i o n i n both pollen and s t y l e 

i s not always i n d i v i d u a l , but i t may be so, or i t may e x h i b i t domin­

ance. Thus both pollen types s^ and s 2 produced by a plant s^Sg may 

behave as s^ i f s^ i s dominant to s^} & s s 2 i f 8 2 i s < i o m i n a n ' t *° 

and as i f ^^ere i s no dominance present. P l a n t s showing t h i s 

type of i n c o m p a t i b i l i t y system include B r a s s i c a spp., Qrepis spp., 

I b e r i s amara and Parthenium argentatum. 

A t h i r d type of system seems to be oonfined at present to 

the Gramineae. This system i s c o n t r o l l e d by two genes eaoh with 

multiple a l l e l e s . There i s i n d i v i d u a l a c t i o n of the two genes and 

t h e i r a l l e l e s i n both s t y l e and p o l l e n . The nature of the p o l l e n i s 

determined gamotophytically. For i n c o m p a t i b i l i t y , both a l l e l e s of 

the two genes i n the p o l l e n must be matohed i n the s t y l e . Examples 

of the system are P h a l a r i s coerulescens and Seoale c e r e a l e . 

The fourth type of i n c o m p a t i b i l i t y system known to date, 

i s a t present confined to P a y s a l i s ixooarpa. This system, l i k e the 

t h i r d , i s determined by two genes eaoh with multiple a l l e l e s . Gene 

a c t i o n i n the s t y l e i s i n d i v i d u a l , though modified by e p i s t a s i s . 

The nature of the p o l l e n i s determined gametophytioally and there i s 

i n d i v i d u a l aotion of the genes. P o l l e n i s incompatible i f one or 

both of the a l l e l e s present are common with those i n the s t y l e . 

U n t i l r e c e n t l y i t was g e n e r a l l y held that there was a one-

family-one- incompatibility-system r e l a t i o n s h i p . The discovery of 

t h i s l a s t system by Pandey (1957) i n P h y s a l i s ixocarpa shows that t h i s 
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i d e a i s no longer tenable, f o r both PhyBalis and Hiootiana spp. are 

members of the Solanaoeae. This could, however, be a r e f l e c t i o n of 

the taxonomio grouping of the s p e c i e s . 

5) Time of acti o n of i n c o m p a t i b i l i t y . 

The time of acti o n of i n c o m p a t i b i l i t y v a r i e s g r e a t l y , 

though as Brewbaker (1937) i n d i c a t e d f o r homomorphio sp e c i e s , i t i s 

c l o s e l y c o r r e l a t e d with p o l l e n oytology. Thus i n speoies with b i -

nuolear p o l l e n grains there i s l i t t l e or no i n h i b i t i o n of germination, 

i n h i b i t i o n ocours a t the p o l l e n tube stage. I n species with t r i -

nuolear grains i n h i b i t i o n ocours at the time of germination. 

Exceptions to t h i s are r e l a t i v e l y few, but include Helianthus annuus. 

which i s t r i n u c l e a t e with s t y l a r i n h i b i t i o n (Habura, 1937)* Beta 

v u l g a r i s . which i s a l s o t r i n u o l e a t e but with ovular i n h i b i t i o n of 

the pollen tubes ( S a v i t s k y , 1959)» and Theobroma cacao 1 which i s an 

example of a plant with an i n c o m p a t i b i l i t y system unconnected with 

i n h i b i t i o n of germination, or growth of po l l e n tubeB. Brewbaker 

(1937) a l s o i n d i c a t e d a c o r r e l a t i o n between the two types of po l l e n 

(gametophytio and sporophytio) and i n c o m p a t i b i l i t y . Binucleate 

g r a i n s , he olaimed, are a s s o c i a t e d with gametophytioally determined 

i n c o m p a t i b i l i t y systems, and t r i n u c l e a r ones with sp o r o p h y t i c a l l y 

determined i n c o m p a t i b i l i t y systems. The Oramineae, however, do not 

f i t t h i s hypothesis, being t r i n u o l e a t e and gametophytio. 

6) Occurrence of s e l f - c o m p a t i b i l i t y i n self-incompatible 

speoies. 

Occasionally s e l f - c o m p a t i b i l i t y may be observed i n an 

otherwise normally self-incompatible s p e c i e s . This may be due to 

com p a t i b i l i t y allelomorphs of the i n c o m p a t i b i l i t y genes, or to non-
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a l l e l i c modification of the i n c o m p a t i b i l i t y genes. Compatibility 

allelomorphs have been described by Bast (1929), and Anderson & 

de Vinton (1931) f o r K i c o t i a n a L a n g s d o r f f i i and other genera. 

N o n - a l l e l i c modification leading to pseudo-compatibility, or pseudo-

f e r t i l i t y as Mather (1943) p r e f e r s to o a l l i t , may be due to end-of-

season e f f e c t s , or to s p e c i a l p o l l i n a t i o n techniques. Oc c a s i o n a l l y 

pseudo-oompatibility may be c h a r a c t e r i s t i c of any i n c o m p a t i b i l i t y 

system, but i t may al s o be brought about by the act i o n of n o n - a l l e l o -

morphic genes, which have the e f f e c t of weakening or over - r i d i n g the 

i n c o m p a t i b i l i t y r e a c t i o n ( E a s t , 1929)* Strong pseudo-oompatibility 

i n an incompatible group i s often a s s o c i a t e d with a hybrid o r i g i n of 

the plants or t h e i r ancestors ( E a s t , 1929)* 

7) Measurement of i n c o m p a t i b i l i t y . 

S e l f - i n c o m p a t i b i l i t y may be measured by two methods. 

One method i s by aeod production i n a c o n t r o l l e d cross; and the 

other method i s by the degree of germination or penetration of po l l e n 

tubes i n a s t y l e by known p o l l e n . The r e l a t i v e value and use of 

these methods w i l l be discussed below. 

B. The genus Campanula, 

l ) Tazonomio p o s i t i o n . 

The genus Campanula, along with those of Phyteumai tfahlen-

bergia, Platyoodon and Jasione. i s a member of Campanulaoeae. The 

genus i s composed of about 300 s p e c i e s , whioh are mainly found i n north 

temperate regions. The l a t e s t complete taxonomic work i s that of 

de Candolle (1830) and because of t h i s , and the great i n t e r e s t h o r t i -

o u l t u r a l l y , the taxonomio p o s i t i o n w i t h i n the genus i s much confused. 
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2) The f l o r a l form. 

The f l o r a l form i s simple and r e l a t i v e l y c o n s i s t e n t , and 

because of t h i s a d e t a i l e d d e s c r i p t i o n of C . p e r s i o i f o l i a oan he used 

as a t y p i c a l example. 

The flowers open at the end of June and are markedly 

protandrous; the pollen i s o c c a s i o n a l l y ) though not u s u a l l y , shed 

before the flower opens, (See F i g . l ) . (N.B. A l l Figures are plaoed 

i n numerical order at the end of the t e x t i n t h i s t h e s i s ) . The 

pollen i s shed from the f i v e stamens on to the c e n t r a l p i s t i l which 

they enclose ( F i g . 1 , 3 ) . The stigmas are not mature at t h i s stage 

and the three are held c l o s e l y together as a continuation of the s t y l e , 

with t h e i r r e s p e c t i v e surfaces inward and adjacent to each other. The 

external s u r f a c e s of the stigmas and the top of the s t y l e are covered 

by larg e h a i r s which r e t a i n the p o l l e n as i t i s shed by the anthers. 

After dehiscence both anthers and filaments wither, except the f i l a = 

meat base, which covers and enoloses the ovary and holds the secreted 

nectar ( F i g . 1 , 4 ) . The stigmas mature one or two days a f t e r the flower 

opens, diverge and expose t h e i r r e c e p t i v e s u r f a c e s . E v e n t u a l l y the 

stigmas c u r l baok on themselves to form a complete c i r c l e ( F i g . l , 7 ) . 

Knuth (1909) olaimed that s e l f - p o l l i n a t i o n oan be brought about by 

t h i s means, but t h i s has been observed only i n one plant of 

C . r o t u n d i f o l i a i n the present study. 

P o l l i n a t i o n and f e r t i l i s a t i o n do not seem to e f f e o t the 

length of l i f e of the flower, and f e r t i l i s a t i o n may be brought about 

by c r o s s - p o l l i n a t i o n , even four days a f t e r previous s e l f - p o l l i n a t i o n . 

The mature ovary contains numerous ovules. The maximum number of 

seeds reoorded i n a mature oapsule of C . p e r s i o i f o l i a i n the present 
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study i s 797* The capsule i s ovoid, three-celled, and dehisces by 
apical pores. The seeds ripen between August and October i n the 
north of England. 

3) Souroe and treatment of material. 
Most of the species of Campanula were obtained as seeds 

from botanic gardens i n B r i t a i n and Europe, although a few plants 
were oolleoted from the wild. (See Appendix I for f u l l details of 
seed souroes). 

A l l seeds were germinated i n the greenhouse. The seeds 
were sown between February and A p r i l ) as i t was found that those sown 
later i n the year became i n s u f f i c i e n t l y established to be able to 
overwinter successfully. Germination time i s dependent on the 
weather, but i n favourable conditions the seedlings were ready to 
prick out in t o boxes four weeks after sowing. They remained i n 
boxes u n t i l large enough to be transplanted. Transplanting took 
piaoe from June onwards. Twelve plants from each source of 
C.persioifolia were kept i n boxes i n an insect-proofed greenhouse. 
Delicate or half hardy species were also kept i n boxes i n a green­
house. A l l other species were planted i n flower-beds i n the garden. 
Ten plants from eaoh speoies were kept when available i n the garden 
and planted i n rows one foot apart, with nine inohes between eaoh 
plant i n the row. 

4) Pollination. 
Pollination of C.persioifolia was carried out i n an 

insect-proofed greenhouse. I n 1961 and 1962 a l l flowers were 
emasculated as the buds opened, and the ripe pollen was oolleoted 
and stored i n oellophane seed paokets. I t was suspected that t h i s 
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method of storing pollen could give r i s e to contamination, and so i n 
1963» pollen was taken d i r e c t l y from flowers whioh were kept solely as 
a pollen source. I n t h i s way only a few plants were pollinated from 
each pollen source. I t also ensured that only fresh pollen was used. 
A l l other flowers were emasculated just before the buds opened. 
Pollen was transferred on a mounted needle from one flower to another, 
and the needle was s t e r i l i s e d between each pollina t i o n i n absolute 
alcohol• 

Pollination of flowers not grown i n an insect-proofed 
greenhouse was carried out i n the laboratory. The flowers were 
pioked i n the bud stage, when the corolla was beginning to colour, and 
were placed i n water i n the laboratory. As flowers from each plant 
had to be kept d i s t i n c t , the buds were placed i n a marked area of a 
polythene g r i d whioh covered a tank of water. I t was found neoessary 
to pick buds, and not flowers i n which the stigmas were immature, i n 
order to ensure an adequate and unoontaminated supply of pollen. 
Flowers opening i n the garden soon lo s t pollen from the outside of the 
immature stigmas, and were also l i a b l e to contamination with foreign 
pollen deposited by v i s i t i n g insects. I n most species some buds 
f a i l e d to open i n water and i n t h i s way much material was l o s t . 

The flowers were kept i n the g r i d u n t i l the stigmas had 
diverged and were receptive. No flowers were emasculated as pollen 
was i n short supply, and only those flowers whioh were s e l f - s t e r i l e 
were of further interest. Pollen was transferred on a mounted 
s t e r i l i s e d needle from one flower to another. No pollen was stored. 
The cross waB reoorded and the pollinated flower was then placed i n an 
individual oontainer i n water for 48 hours. After t h i s time the 
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the p i s t i l was removed, from the rest of the flower and was stored 
u n t i l i t oould he examined for pollen tube growth. 

5) Pollen v i a b i l i t y . 
The length of pollen v i a b i l i t y was tested by collecting a 

large quantity of ripe pollen from a plant of C.persioifolia (T30), on 
July 3, and keeping i t i n a oellophane paoket at room temperature. 
This pollen souroe was used throughout the summer to pollinate flowers 
of another plant of C . p e r B i o i f o l i a (T36J, with whioh i t was known to be 
compatible. The flowers were removed two days after p o l l i n a t i o n and 
were soored as desoribed below. The v i a b i l i t y of the pollen i s shown 
as the number of flowers with which i t showed complete pollen compati­
b i l i t y . I t oan be seen from Table I that f u l l v i a b i l i t y of the pollen 
was retained u n t i l the 18 day, after which i t became unpredictable. 

6) Bate of growth of pollen tubes. 
A l l plants i n the garden were tested for incompatibility 

by pollen tube growth, and i n I963 cross and self-pollinations of 
C.persicifolia were tested i n thi s way too. Cut flowers of C.peraici-
f o l i a were kept i n water at 23°C» i n twelve hours of l i g h t and twelve 
hours of darkness. The length of penetration of the pollen tubes i s 
expressed as a dseimau of the t o t a l p i s t i l length of 100 units. 
Absolute measurement of the p i s t i l length, and of penetration of the 
pollen tubes i n i t , was not possible due to d i s t o r t i o n of the material 
during preparation. Thus the r a t i o of the length of the pollen tubes 
to the t o t a l p i s t i l length was measured. Each reading i s the mean of 
two repeated pollinations, i n which a l l three stigmas were treated 
separately giving a t o t a l of s i x readings. The results are shown i n 
Fig.2. 
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Table I . 
V i a b i l i t y of stored pollen. 

Number of days pollen stored. Number of flowers which set 
i.e . number of days between seed. Number pollinated on 
oolleotion of pollen and eaoh day was 3. 

p o l l i n a t i o n . 

0 3 

7 3 

9 3 

10 3 

18 3 

19 2 

21 2 

22 3 

23 2 

24 1 

25 1 

26 2 

27 2 

28 1 

29 3 

30 1 

32 0 

33 1 

35 0 
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The incompatible pollin a t i o n was made by selfing plant T30, and the 
compatible po l l i n a t i o n was made by crossing T30, as the female, with 
pollen of T36. Thus the female plant was the same i n eaoh pol l i n a t i o n . 
The readings for the compatible pollinations at time 23? hours and 
2 5 i hours are subject to doubt. The stain used i s not s u f f i c i e n t l y 
o r i t i o a l for aoourate measurement of tubes at either the base of the 
stigma or the top of the style, and therefore these figures must be 
taken as approximations. No data are available for the compatible 
pollination at time 27« hours due to i n s u f f i c i e n t l y c r i t i c a l staining. 
Similarly the reading at 48 hours for the compatible pollin a t i o n may 
also be due to the staining technique used. The lower half of the 
style always stained l i g h t l y , except for the cut end at the very base, 
where a dark band formed. Henoe any pollen tubes ending j u s t at the 
style base were obsoured by the band, while those just shorter were 
easily v i s i b l e . This would account for the apparent f a i l u r e of 
pollen tubes ever to reach the stigma base* 

Germination of both compatible and incompatible tubes 
takes place within two hours of poll i n a t i o n . Only superficial pene­
t r a t i o n of the pollen tubes occurs with the incompatible pollen, though 
the exact degree of penetration i s variable. from other material, 
penetration of incompatible pollen was occasionally observed as far as 
the stigma base or even the top of the st y l e , though th i s was very 
rare. This v a r i a b i l i t y of the extent of growth of incompatible pollen 
seems to be a f a i r l y frequent event i n incompatible plants. Emerson 
(1940) observed i t i n Oenothera organensis and found that the growth 
rate of incompatible tubes depended on the season, the aotual flower 
on the plant, the actual plant when considering plants of the 
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same incompatible a l l e l i c constitution, and aooording to the incompat­
i b l e allelomorph present. 

To oheok the rate of pollen tube growth and the faot that 
i n h i b i t i o n of the tubes did not take place at the style base or i n the 
ovary, compatibility was measured by both pollen tube growth, and by 
seed set, on the same flowers. Flowers of C.persicifolia (12.4) were 
pollinated by compatible pollen (50*5) i n the normal way i n the green­
house. The p i s t i l s of the flowers were removed at known regular 
intervals, but the ovaries were l e f t on the plant to mature i n the 
normal way. Thus only that pollen which had germinated, penetrated 
the whole length of the p i s t i l , and had entered the ovary before 
p i s t i l removal, would be able to bring about f e r t i l i s a t i o n and seed 
development. Examination of the p i s t i l material showed pollen tubes 
near the style base 28 hours after p o l l i n a t i o n . However, there was 
no seed development i n t h i s flower. Seed development did not occur 
u n t i l the pollinated p i s t i l had been l e f t on the plant for 47 hours 
after p o l l i n a t i o n . As these plants were grown i n a greenhouse, the 
results are not s t r i c t l y oomparable with those showing the rate of 
pollen tube growth under controlled temperature conditions. However, 
they do show that pollen has had time to penetrate the ovary s u f f i ­
ciently well 47 hours after p o l l i n a t i o n , to bring about seed develop­
ment i n the capsule. Thus i t was decided that leaving a p i s t i l on a 
flower for 48 hours after po l l i n a t i o n would allow time for growth of 
compatible pollen to the style base i n both cut flowers, and flowers 
pollinated on the plant. 
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7) Storage of pollinated material. 
Staining of p i s t i l s was found to be unaffeoted by whether 

the p i s t i l s were k i l l e d or not before being stored i n 70 per cent 
alcohol, i n a sub-zero refrigerator. Hence p i s t i l s were stored i n 
alcohol without being previously k i l l e d i n b o i l i n g water. Over­
crowding of storage space l a t e r compelled a new storage technique to 
be devised. The method was to store unkilled p i s t i l s , dry, i n cello­
phane packets. Excessive drying-out of the material was prevented by 
plaoing these packets i n a polythene bag, and storing i t i n a sub-zero 
refrigerator. No deterioration of the material was observed even 
after storage for six months. 

8) Methods of measuring incompatibility i n Campanula 
species. 

There are two methods of measuring incompatibility, by seed 
production and pollen tube growth. Batemen (1943) has pointed out 
that measurement of incompatibility by seed production i s the more 
sensitive over low ranges of f e r t i l i t y , when the d i f f e r e n t i a l rate of 
growth between compatible and incompatible pollen i s too s l i g h t to be 
detected by direct observation. On the other hand, measurement by 
pollen tube growth does indicate the proportion of pollen which germ­
inates, and the extent of growth, and thus provides more information 
than measurement by seed set. Measurement by seed set involves 
e f f i c i e n t insect proofing, either i n an insect-proofed greenhouse, or 
by bagging. This method was used only on some C.persioifolia plants 
whioh were grown i n an insect-proofed greenhouse. A l l other plants 
were tested for oross and self-incompatibility by pollen tube growth. 
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Hayman (1956) attempted to score pollen grain appearance 
as a measure of incompatibility. Thus he considered the pale, empty 
grains to be compatible, and the dark-staining, f u l l ones, to be 
incompatible. He found that the observed dark!pale r a t i o differed 
from the expected r a t i o due to the large numbers of grains present; 
both due to masking of pale grains by dark ones, and also due to 
reduction i n pollen germination when there i s heavy pol l i n a t i o n (Sears, 
1937)* He did, however, fe e l s u f f i c i e n t l y oonfident i n the method to 
soore the r a t i o of the germinated to ungerminated grains into two 
olasses, i . e . 1 :1 ; 3 : 1 . Bateman (1943) using Petunia conoentrated 
not on the percentage germination of the pollen grains, but on the 
length of penetration of the pollen tubes into the p i s t i l * He meas­
ured the degree of penetration, and found that he could soore the 
pollen into completely compatible, or p a r t i a l l y compatible types. 
He also observed that those pollen tubes which were incompatible 
showed a higher degree of abnormality at th e i r t i p s . 

I n some preliminary experiments i n Durham, measurement of 
incompatibility was t r i e d by counting the proportion of full:empty 
grains i n C.peraioifolia. This was found to be unreliable as t h i s 
system i s based on the assumption that a l l empty grains are compatible. 
However, i n C.persioifolia both incompatible and compatible grains 
germinate, and by oareful study i t was observed that i n many oases the 
tubes of empty grains could be seen to have stopped growing i n the 
stigmatio region. Batsman's (1943) method of sooring the exact 
length of penetration of the pollen tubes was also found to be unsatis­
factory f o r Campanula speoies. Many of the p i s t i l s are thick with 
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much mechanical tissue, and, i n order to see the pollen tubes, i t i s 
necessary to f l a t t e n the p i s t i l s completely, thus bringing about a 
certain degree of distort i o n . I t was possible to classify the length 
of the longest v i s i b l e pollen tube into one of three categories! 
' s u p e r f i c i a l 1 , 'stigmatic' and 'stylar*. The 'superficial' group 
includes those tubes which had either not penetrated, or had just 
entered the external layers of the stigmatic tissue. The 'stigmatic 1 

group includes those tubes which had penetrated well into the stigma, 
but not into the main stylar tissue, and the 'stylar' group covers 
tubes whose ends were v i s i b l e at the style base. The three classes 
are shown i n Plate 1. No attempt was made to classify the pollen 
into fully-compatible, half-incompatible, etc., as there was much 
variation i n the lengths of the shorter tubes, even i n repeated crosses. 
In this respeot C.persioifolia may be compared to AbutilonfHybridum' 
(Pandey, I96O b). Thus incompatibility was measured by the degree 
of penetration of the longest pollen tube. Although th i s method i s 
obviously not as sensitive a measure as that of seed production i t was 
found to be most useful for garden material; pollinations being made 
on cut flowers i n the laboratory. I t was also used on greenhouse 
material of C.persioifolia i n 1963. 

The ends of the pollen tubes of incompatible pollen were 
often found to be distorted and even branched. Polysiphonous pollen 
tubes have been recorded i n the Campanulaceae (Maheshwari, 1949)* but 
only incompatible tubes have been observed to branch i n t h i s study, 
and growth i s l i m i t e d after branching. 
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9) Staining techniques for measuring pollen tube growth. 
The staining technique used for the measurement of incomp­

a t i b i l i t y by pollen tube growth was developed on C.persioifolia. The 
chief d i f f i c u l t i e s involved were the thickness of the p i s t i l , i t s 
toughness, and the presence of l a t i c i f e r s . After some i n i t i a l t r i a l s 
i t was decided to concentrate on the production of a squash preparation 
with stained pollen tubes, preventing the masking of tubes by mechan­
i c a l tissue. The l a t i o i f e r s could be distinguished from the pollen 
tubes by their articulated and anastomosed character. The usual 
staining techniques were t r i e d (Table 2); but a l l f a i l e d to give the 
softness required for squashing and satisfactory staining. Eventually 
a modified Buchholz' teohnique was devised (Table 3 ) , which gave ade­
quate preparations. Here the short'superficial* and long 'stylar' 
tubes were moderately easy to see, but the intermediate lengths were 
more d i f f i c u l t . Confusion did also arise between the pollen tubes and 
the l a t i c i f e r s . This teohnique proved laborious when dealing with 
large numbers of p i s t i l s , and l a t e r an attempt was made to f i n d a o r i t -
i o a l stain for the l a t i c i f e r s . This was not found, but i n t r y i n g to 
do so a quicker and equally satisfactory method was found for staining 
pollen tubes, which also allowed more easy i d e n t i f i c a t i o n of the l a t i ­
c i f e r s . The stain was chlorazol paper brown B, Gurr michrome number 
94» an azo-dye, and was used as suggested by Verdoourt (1947) (Table 4 ) . 

The f u l l range of seven colours indicated by the manufacturers was not 
obtained i n the p i s t i l s , but the cytoplasm of the pollen tubes and the 
l a t i o i f e r s stained orange, and the mechanioal tissue pink. The rest 
of the p i B t i l stained pale orange, except at the style base where i t 
was dark orange. The p i s t i l s were easily squashed, and the pollen 
tubes and l a t i o i f e r s i d e n t i f i a b l e by observation* 
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Table 2. 

L i s t of staining techniques for pollen tube growth. 

Staining agent. 

Acetocarmine 

Acetooarmine & basic fuchsin 
Acid fuchsin & l i g h t green 
Shrlich's haematoxylin 
Feulgen 
Lacmoid Martius yellow 
Iodine 

Referenoe. 

Anderson & Sax, 1934* 

Chandler, 1931. 

Buchholz, 1931* 

Trankowsky, 1931* 

Darlington & La Cour, 1947. 

Nebel, 1931. 

Emerson, 1940. 

Table 3* 

Modified Buchholz technique used to stain pollen tubes of Campanula. 

1« Wash p i s t i l , either fresh or pickled, i n 30 per cent alcohol for 
ten minutes. 

2. S p l i t style into three or six parts, longitudinally. 
3* Wash i n 95 per cent alcohol for three minutes. 
4 . Boil i n oxalic aoid and Buchholz; 1 ( 1 ; for one minute. (Buchholz, 

acid fuchsin : aqueous l i g h t green; 8 s2 ) . 

5* Leave i n hot stain for four minutes. 
6. Wash i n 95 per cent alcohol for ten minutes. 
7« Vash i n alcoholic l i g h t green for f i v e minutes. 
8. Boil i n lacto-phenol for t h i r t y minutes. 
9. Mount on slide i n glyoerine, oover with a large cover s l i p , and 

squash. 



PLATE I . 

B 

: 

7 

I 

P o l l i n a t i o n (50.7 / 50.13) -8 / -3. X IOO. 

' S u p e r f i c i a l ' penetration. The majority of the pollen grains 

have germinated, though they have r e t a i n e d some of t h e i r contents (A) 

The pollen tubes have penetrated the external l a y e r s of the stigma 

only (B) even 48 hours a f t e r p o l l i n a t i o n . 
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'v 

4\ 
1 B 

r 1. 

•. 

D 

P o l l i n a t i o n (177.11 / 177.14) -16 selfed. X IOO. 

'Stigmatic 1 ^pollination. The pollen grains appear to be e i t h e r 

f u l l (A) or empty ( B ) . Pollen tubes have entered the stigma to 

varying degrees (C and D), but have not entered the s t y l e . 



PLATE I . 

I, 

B 

3*1 
• • 

P o l l i n a t i o n l 8 l . l l / 181.15. X IOO. 

1 S t y l a r 1 penetration. The ends of the pollen tubes are v i s i b l e 

at the s t y l e base (A). The f u l l pollen grains (B) are ungerminated 

grains which have been displaced from the stigmatic surface during 

preparation. 

http://l8l.ll
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Table 4 . 

Staining technique for pollen tube growth using an Azo-dye. 

A saturated aqueous solution of chlorazol paper brown was used) i . e . 
30 g per l i t r e at 14°C The procedure indicated here produces 
temporary mounts, but the slides w i l l keep for at least four months. 

1 . Thaw p i s t i l s i n 30 per cent aloohol for one hour. 
2. Boil i n dye for one minute. 
3. Leave i n hot dye for four minuteB. 

4 . Differentiate i n 10 per cent n i t r i o acid for f i v e minutes. 
5« S p l i t p i s t i l s longitudinally into two or three parts. 
6. Mount on a slide i n glycerine, oover with a large cover s l i p , 

and squash. 

10) Time of aotion of incompatibility. 
A study of the nuclear content of the pollen grains of 

Cp e r e i o i f o l i a was made to see i f the Campanulaceae supported the 
hypothesis put forward by Brewbaker (1957)» on the correlation between 
the time of action of incompatibility and pollen cytology. Brewbaker 
(1957) quotes the Campanulaoeae as having both b i - and t r i - nucleate 
grains. I n t h i s study the grains proved resistant to stain, but 
eventually two nuclei were counted i n a mature grain of C.persioifolia 
using an alooholio hydrochloric acid-carmine stain as shown by Snow 
(1963)« The bi-nucleate condition of the mature pollen grain was 
confirmed i n one slide stained to observe pollen tube growth. Here, 
division of the gametic nuoleus was seen near the t i p of the pollen 
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tube, i n the stylar region of the p i s t i l . 
Similarly, a bi-nucleate mature pollen grain was found i n 

C.rotundifolia. Here, division of the gametic nucleus was observed 
i n tubes grown on an a r t i f i c i a l medium, of one per cent agar, t h i r t y 
per cent sugar, with a trace of boron* 

Thus both C.persicifolia and C.rotundifolia agree with 
Brewbaker's (1957) hypothesis, i n that they have bi-nucleate mature 
pollen grains, and show stigmatic i n h i b i t i o n of incompatible pollen. 

1 1) Occurrence of self-compatibility i n self-incompatible 
species. 

Self-incompatibility i n many species may be overoome 
p a r t i a l l y or completely by special polli n a t i o n techniques, as followst-
i ) Bud po l l i n a t i o n , e.g. Kicotiana spp. (East, 1923) 

i i ) End-of-season pol l i n a t i o n , e.g. Petunia violacea (Yasuda, 1930) 

i i i ) Mutilation of the stigma, e.g. Braasioa oleraoea (Kakizaki, 1930) 

i v ) Qrowing flower i n the dark 
before p o l l i n a t i o n , e.g. Oenothera organensiB (Emerson, 

1930). 

v) Use of growth regulating substanoes on the ovaries at the time 
of p o l l i n a t i o n , e.g. Lilium longiflorum (Emsweller & Stuart, 

1948). 

At no time i n Campanula spp. oould self-compatibility i n an 
otherwise self-incompatible pollination be obtained by bud po l l i n a t i o n , 
end-of-season pollination or mutilation of the stigma. In the l a t t e r 
case t h i s result was to be expected beoause growth of pollen tubes i n 
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the p i s t i l gave no i n d i c a t i o n of a d i s t i n c t zone of i n h i b i t i o n i n the 

p i s t i l , as i s found i n Brassioa spp. P o l l i n a t i o n of p i s t i l s grown i n 

the dark, and use o f a growth r e g u l a t i n g substance on the ovary were 

not attempted. However, oases of s e l f - c o m p a t i b i l i t y i n an otherwise 

self-incompatible plant have been observed i n some experimental r e s u l t s , 

and these are discussed below. 
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I I I . CAMPANULA PBRSICIPOLIA. 

A. Breeding patterns, 

l ) I n t r o d u c t i o n . 

M a t e r i a l o f C . p e r s i o i f o l i a was obtained as seed from 

botanio gardens and from the John Innes I n s t i t u t e . The o r i g i n o f 

the d i f f e r e n t seed sources i s to be found i n Appendix 1 . 

Each stock of seed was given a code number between 177 and 

18^ i n c l u s i v e , as t h i s followed the p l a n t aooession l i s t o f Crosby. 

The constituent plants of eaoh stock were numbered by the decimal 

system. Progeny derived from known crosses were, at f i r s t , given a 

code number i n a separate coding series and again eaoh i n d i v i d u a l plant 

was numbered by the decimal system. Thus the eighth p l a n t i n stook 

178 i . e . 178.8 % crossed w i t h the s i x t h p l a n t i n stock 177 i . e . 177.6 0* 

gave progeny t o which was assigned the f a m i l y code number 29* I n a l l 

crosses quoted, the female i s c i t e d f i r s t . Later, the method o f 

gi v i n g progeny a new code number was discontinued and the parents are 

c i t e d , or s i m p l i f i e d to a single l e t t e r . Each pl a n t w i t h i n a progeny 

s t i l l has an i n d i v i d u a l number. Thus the progeny o f the cross 

177*11/177.14 are e i t h e r quoted as t h i s , or simply c a l l e d P. 

Chromosome studies from I 9 6 I onwards on po l l e n mother c e l l s 

using an aoeto-oarmine freeze drying teohnique (Conger it f a i r o h i l d , 

1953)f showed t h a t a l l the plants examined were d i p l o i d , w i t h 2n = 16. 

This included a h o r t i c u l t u r a l v a r i e t y l a b e l l e d Telham Beauty, showing 

tha t the stook obtained was not the true t e t r a p l o i d Telham Beauty form. 

Some plants of C . p e r s i o i f o l i a showed a sin g l e heterozygote interchange 

r i n g of f o u r , but these were not present i n a l l the p o l l e n mother 

c e l l s of the p l a n t s , and plants w i t h such an interchange r i n g were i n 
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the m i n o r i t y . 

I n order to determine the number of breeding groups w i t h i n 

a f a m i l y an extensive orossing programme was c a r r i e d out w i t h i n the 

progeny derived from two known parents. Where possible the progeny 

were baokorossed w i t h the parents to f i n d out i f there was a complete 

or p a r t i a l i n c o m p a t i b i l i t y between parents and progeny. 

A l l the material was grown i n an insect-proofed greenhouse, 

and emasoulation t p o l l i n a t i o n , removal o f p i s t i l s , storage and s t a i n i n g 

were a l l enaoted as previously described. Where i n c o m p a t i b i l i t y waB 

measured by seed set, t h i s i s mentioned, otherwise i t was measured by 

poll e n tube growth. Due to the very large number of seeds formed i n 

each capsule, the exact number of seeds developed was not counted. I t 

was observed t h a t e i t h e r a low number of seeds (below 30) or a high 

number (above 300) were formed. Only r a r e l y d i d the number f a l l 

between 30 and 300 and thus i t was considered that i f 5° o r more seeds 

were set , there could bo l i t t l e cr no i n c o m p a t i b i l i t y present. 

Numbers o f seeds below $0 were counted and these are quoted where 

appropriate. 

Some p o l l i n a t i o n s gave c o n f l i c t i n g r e s u l t s when repeated. 

Bhen a repeated p o l l i n a t i o n gave such a r e s u l t and an equal number of 

successful and f a i l e d p o l l i n a t i o n s were obtained, i t was assumed t h a t 

the successful p o l l i n a t i o n was the correct one. Many fa o t o r s 

a f f e c t i n g ante and post f e r t i l i s a t i o n stages may prevent seed develop­

ment, e.g. bad p o l l e n , i n e f f e c t u a l p o l l i n a t i o n and insect damage, but 

i t may be assumed that i f seeds have formed, or i f pol l e n tubes are 

found a t the s t y l e base, there i s no i n c o m p a t i b i l i t y present. ffhen a 
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p o l l i n a t i o n was repeated more than twice and the r e s u l t s were con­

f l i c t i n g , the successful p o l l i n a t i o n was always regarded as an 

i n d i c a t i o n of the absence of i n c o m p a t i b i l i t y , except when successful 

p o l l i n a t i o n s were outnumbered 4 : 1 or more. I n t h i s s i t u a t i o n i t 

was assumed t h a t the successful p o l l i n a t i o n was due e i t h e r to some 

freak p h y s i o l o g i c a l c o n d i t i o n , or to contamination, and the o v e r a l l 

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

2) S e l f - c o m p a t i b i l i t y . 

The ma j o r i t y of plants were c o n s i s t e n t l y self-incompatible 

w i t h no po l l e n tubes i n the s t y l e , or seed formation, but a few plants 

had a low f e r t i l i t y when se l f e d . Thus out of a t o t a l of 628 s e l f -

p o l l i n a t i o n s , 42 set seed (6*7 per cent). I t can be seen from 

Table 5 t h a t i n only nine p o l l i n a t i o n s out of a t o t a l of 42 (21 .4 per 

cent) were 50 or more seeds set a f t e r any one p o l l i n a t i o n . I n 19 

p o l l i n a t i o n s (42.9 per cent) fewer than ten seeds were produced. 

The production o f seed i n the l a t t e r p o l l i n a t i o n s can be i n t e r p r e t e d 

i n one o f three ways. 

1) By the presence of a mechanism allowing a very low f e r t i l i t y ; 

of the order of 1 , 0 . 1 or 0.01 per cent. 

2) By pseudo-compatibility. 

3) Pollen contamination. 

The f i r s t s i t u a t i o n i s u n l i k e l y as i n a l l known incompat­

i b i l i t y systems i n homomorphio plants the reac t i o n i s generally a l l 

or nothing. I n some cases a 50 per cent, or 25 per oent sucoess of 

po l l e n placed on a stigma i s known, but co n s i s t e n t l y lower percentages 

of suocess have not yet been recorded. 
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Table 5. 

Plants showing degrees of s e l f - c o m p a t i b i l i t y , when measured by seed set. 

Plant oode Number of times p o l l i n a t i o n s : Number o f seedsJ number. f a i l e d succeeded. good bac 

1.4 1 1 over 50 0 

1-7 - 1 16 0 

9.3 - 1 1 0 

17.4 - 1 88 10 

18.3 1 1 56 0 

I 8 . 4 1 1 over 50 0 

22.2 1 1 over 50 0 

22.5 1 1 1 0 

29.1 1 1 4 0 

29.2 1 1 1 0 

30.2 - 1 1 0 

J7«l - 1 15 1 

41.2 - 1 0 5 

43.1 - 1 1 0 

50.7 - 1 over 50 0 

50.13 - 1 over 50 0 

177.12 1 2 107 6 

5 0 

178.11 3 1 3 0 

179.16 - 2 0 2 

1 0 



Plant oode 

number. 

Table 5 continued. 

Number of times p o l l i n a t i o n s : 

f a i l e d suooeeded. 

Number of seedst 

good bad. 

180.17 - 1 15 1 

181.14 - 2 35 3 

19 10 

183.2 1 1 12 2 

183.5 1 4 over 50 0 

8 1 

2 0 

2 0 

183.8 - 2 30 3 

22 3 

183.10 i 
a. 3 0 

184.3 - 2 1 0 

1 0 

184.5 1 3 74 0 

11 0 

2 G 

I 8 5 . 2 1 1 7 6 

185.3 1 1 6 0 

185.5 2 2 38 0 

20 0 

185.7 2 1 2 0. 
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Pandey (196O b) showed i n Abut i l o n 'Bybridum' th a t those 

plants which had low seed set on s e l f i n g i n the normal f l o w e r i n g 

season (under 20 seeds out of a t o t a l maximum of 120 produoed i n 

c r o s s - p o l l i n a t i o n ) also showed varying degrees of pseudo self-comp­

a t i b i l i t y i n the autumn and wint e r . However, during the normal 

flower i n g season, i n spring and summer, they were nearly a l l h i g h l y 

self-incompatible. End-of-season e f f e c t s have not been found i n 

C . p e r s i o i f o l i a i n the present study, but only the two ends of the 

natu r a l f l o w e r i n g season were tested f o r t h i s , and no out-of-season 

flowe r i n g was obtained. Pandey (196O b) considered t h a t unexpected 

s e l f - c o m p a t i b i l i t y i n Abutilon i s due to one of two p o s s i b i l i t i e s . 

The f i r s t i s mutation of the a l l e l e s a f f e c t i n g the behaviour of the 

po l l e n , s t y l e or both, but t h i s he discards, as the r a t e would have to 

be impossibly high to account f o r the seasonal changes. He concludes 

tha t the difference i s due to a combination of minor genes which a f f e c t 

the i n c o m p a t i b i l i t y reaction of the po l l e n tubes, allowing some of them 

to b r i n g about f e r t i l i s a t i o n . The minor genes are i n h e r i t e d from both 

parents, and are unrelated to the s, a l l e l e s . Pandey (196*0 b) argues 

t h a t an out-breeding mechanism based on s e l f - i n c o m p a t i b i l i t y promotes 

heterozygosity o f the whole genotype and r e s u l t s i n the accumulation 

of recessive deleterious and l e t h a l genes. D i f f e r e n t combinations of 

these may d i s t u r b both i n c o m p a t i b i l i t y and c o m p a t i b i l i t y reactions. 

Abutilon 'Hybridum' though, i s a c u l t i v a r which has arisen through 

h y b r i d i s a t i o n o f several species of A b u t i l o n , i n o l u d i n g A.Darwinii and 

A . s t r i a t u s . C . p e r s i o i f o l i a i s not a hyb r i d species, but the material 

used was obtained from botanic gardens, and probably had been bred as 
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an a t t r a o t i v e p l a n t f o r herbaceous borders. I t may therefore be 

compared to Abutilon i n t h i s respect, and the low seed set occasion­

a l l y recorded on s e l f i n g may indeed be a r e f l e c t i o n o f segregating 

minor genes i n f l u e n c i n g the behaviour of the p o l l e n , s t y l e or both. 

Lundquist (196IJ found a low seed set i n expected self-incompatible 

p o l l i n a t i o n s i n Festuoa pratensis to be associated w i t h a lack of 

enforcement of i n c o m p a t i b i l i t y at the d i s t a l p a r t of the stigma. 

I n t h i s region he found a concentration of emptied po l l e n grains. 

There was no evidence o f suoh an area i n C . p e r s i o i f o l i a . 

Low numbers of Beads produced on s e l f i n g C . p e r s i o i f o l i a 

may however be due to experimental teohnique* The plants were a l l 

grown i n boxes i n the greenhouse, and of necessity were placed close 

together. A single flower remains receptive from seven to ten days 

depending on the temperature, and, as has been shown experimentally, 

i s receptive to compatible p o l l e n even a week a f t e r p o l l i n a t i o n by 

incompatible p o l l e n . Thus these low numbers of seeds produced on 

B e l f i n g may simply be due to p o l l e n contamination. This could have 

ooourred by knocking plants during p o l l i n a t i o n , f o r c i n g one flower 

against another, or releasing dry, o l d p o l l e n i n t o the a i r . I t was 

observed t h a t the greenhouse was not inseot-proof} green aphids, red 

spider mites and spit t l e - b u g s were permanent i n h a b i t a n t s , while bees, 

f l i e s and spiders were more r a r e l y found. These, though many of them 

are not usu a l l y regarded as p o l l i n a t o r s , may w e l l have brought about a 

low l e v e l o f contamination. 

S e l f - p o l l i n a t i o n s w i t h high seed set are more l i k e l y to be 

due to some physiological s t a t e of the p o l l e n and, or, the s t y l e ; 

e i t h e r dependent on minor genes, or due to external f a c t o r s . 
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Mhen using p o l l e n tube growth as a measure of c o m p a t i b i l i t y , 

f i v e compatible s e l f - p o l l i n a t i o n s , out of a t o t a l o f 174, were recorded. 

These are shown i n Table 6. This low number i s probably a r e f l e c t i o n 

of the e f f i c i e n c y of using p o l l e n tube growth as a method of measuring 

low f e r t i l i t i e s of c o m p a t i b i l i t y (Bateman, 1943). However, associated 

w i t h t h i s , i s the f a c t t h a t t o measure c o m p a t i b i l i t y by p o l l e n tube 

growth, flowers were removed from the greenhouse two days a f t e r p o l l i n ­

a t i o n . This had the dual e f f e o t of decreasing the time t h a t the 

flower was available to s t r a y p o l l e n , and also decreased the t o t a l 

number of flowers present i n the greenhouse a t any one time. Thus 

there was a reduction i n the source of st r a y p o l l e n , and i n overcrowding 

of p i a n t B . 

'fable 6 . 

Plants showing pollen tubes a t the base of the s t y l e when se l f e d . 

Example: (181 .140) - 2 means the second plant of the 

progeny produoed by the s e l f of 181.14 

(181 .140) - 2 

( 1 . 4 0 ) - 13 

(50.7 / 50.13) - 6 

(50.13 / 50.7) - 23 

(177.14 / 177.20) c x - 3. 
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3) I n t r a - f a m i l y crosses. 

a) Families derived from seed source 177• 

Progeny were ra i s e d from the r e c i p r o c a l oross 

177*14 / 177*11 and 177*11 / 177*14* The parent orosses were made 

i n 1961 and were chosen as an example of good seed set i n a r e c i p r o c a l 

cross. Bach parent was self-incompatible. Twenty-four seedlings of 

each cross were pricked out i n 1962, but two plants of the cross 

177*11 / 177.14 died during the winter o f 1962-63. Not a l l these 

plants flowered i n 1963» and so eight plants o f eaoh oross were used 

f o r i n t e r c r o s s i n g w i t h i n the progeny. The breeding p a t t e r n obtained 

f o r the oross 177*11 / 177.14, ( P ) , i s shown i n Pig.3 . A diagonal 

l i n e i n the orossing-table i n d i c a t e s the presence of p o l l e n tubes at 

the base of the s t y l e , which are i n t e r p r e t e d as a successful p o l l i n a t i o n . 

A c i r c l e i n the table i n d i c a t e s p o l l e n tubas being observed i n the 

' s u p e r f i c i a l ' } or 1 s t i g m a t i o ' regions of the p i s t i l only, t h i s being 

i n t e r p r e t e d as a f a i l e d p o l l i n a t i o n . Where a p o l l i n a t i o n was 

repeated, i n t e r p r e t a t i o n of the r e s u l t s was made as ind i c a t e d above. 

Rearrangement of the order of the plants i n the table has been made i n 

an e f f o r t t o group together those plants showing a s i m i l a r breeding 

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

repeated p o l l i n a t i o n s may be seen i n Fig.3a. 

I t oan be seen t h a t eaoh i n d i v i d u a l plant was s e l f -

incompatible. Plants 16 and 5 behaved i n a s i m i l a r manner when act i n g 

as females, but were distinguished by the f a c t t h a t p o l l e n of 16 was 

compatible on plant 5> while t h a t of 5 was incompatible on plant 16. 

Plants 21 and 9 were r e c i p r o o a l l y compatible and must therefore have 

had d i f f e r e n t i n o o m p a t i b i l i t y a l l e l e s . S i m i l a r l y , plant 4 must have 
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d i f f e r e d from a l l the above-mentioned plants as pollen of 4 was 

compatible on them a l l . Though pollen of pla n t 17 was incompatible 

on 4 , the r e c i p r o c a l cross was compatible, and the two plants also 

d i f f e r e d i n behaviour w i t h p o l l e n of plant 2 1 . Both plants 18 and 22 

were incompatible as poll e n on plant 9> However, they were cross-

compatible w i t h each other, and must therefore have d i f f e r e d g e n e t i c a l l y 

The r e c i p r o c a l c r o s s - i n c o m p a t i b i l i t y of pla n t 22 w i t h p l a n t 9 suggests 

t h a t these plants had an i d e n t i c a l i n c o m p a t i b i l i t y c o n s t i t u t i o n . They 

were dis t i n g u i s h a b l e , though, by the f a c t t h a t plant 18 was incompatible 

as pollen on pla n t 9> but was compatible on plant 22. I t can be seen 

th a t both l i k e and unl i k e r e c i p r o c a l crosses were present, f i v e p a i r s 

of crosses showing r e c i p r o c a l differences. Each plant behaved i n a 

manner d i f f e r i n g from a l l the others. Thus there was a minimum of 

eight classes present i n the progeny of the cross 177*11 / 177*14« 

The percentage c o m p a t i b i l i t y was high, being 79*3 per cent. 

Percentage c o m p a t i b i l i t y i s defined as the percentage of 

crosses i n a crossing-table which are compatible out of the t o t a l 

number of cross and s e l f - p o l l i n a t i o n s made. Even i f plants have been 

t e n t a t i v e l y grouped, because of s i m i l a r experimental r e s u l t s , each 

i n d i v i d u a l r e s u l t has been scored to produce the percentage compatibi­

l i t y , unless otherwise stat e d . 

The presence o f re c i p r o c a l differences i n crosses w i t h i n / 

the progeny i s a c h a r a c t e r i s t i c of a sporophytic p o l l e n c o n t r o l l i n g 

mechanism. As the maximum number o f breeding groups obtainable i s 

fo u r , when i n c o m p a t i b i l i t y i s c o n t r o l l e d by a single s_ gene, t h i s 

cannot explain the data obtained. Thus the breeding p a t t e r n of the 

progeny of the cross 177*11 / 177*14 would not seem to be c o n t r o l l e d 
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by a single s, gene. 

Two types of i n c o m p a t i b i l i t y systems which are c o n t r o l l e d 

by a two gene system have been described above. That desoribed by 

Lundquist f o r Secale (1954)» Festuoa (l955i 1961) and Hordeum (1962), 

and t h a t by Hayman (1956) f o r PhalariB ooerulescens. are characterised 

by more than four breeding groups w i t h i n progeny of a single cross, 

one group of which i s i d e n t i c a l to the behaviour of the male parent 

w i t h the progeny. Reciprocal differences between crosses are present, 

and there i s incomplete i n c o m p a t i b i l i t y between the progeny and the 

female parent. 

Progeny derived from the cross 177.11 / 177.14 f i t i n t o 

t h i s p a t t e r n by having more than four breeding groups. The behaviour 

of the male parent of the cross (177*14) i s known only by i t s p o l l e n 

r e a c t i o n , but t h i s was not i d e n t i o a l to the behaviour of any of the 

progeny. However, as no one group was duplicated w i t h i n the progeny 

i t must be assumed tha t more than eight breeding groups could have 

been formed, and therefore the p o s s i b i l i t y t h a t the p a t t e r n of the 

male parent might have been s i m i l a r to a group not present must not 

be excluded. Due to an absenoe of f l o w e r i n g of the female parent o f 

the cross (177*11) i n 1963* the behaviour of the female parent w i t h 

the progeny i s not known. This however can be seen i n the progeny 

of the r e c i p r o c a l oross. 

The p a t t e r n of the oross 177.14 / 177*11 d i f f e r s from the 

one quoted above i n t h a t the percentage c o m p a t i b i l i t y i s much lower, 

i . e . 57*8 per cent, compared w i t h 79*3 per cent above. The breeding 

pattern f o r the oross 177.14 / 177*11 i s shown i n Fig.4 . Rearrange­

ment of the plants w i t h i n the t a b l e , i n order to place s i m i l a r ones 
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together, and t a k i n g o v e r a l l r e s u l t s t o give a s i m p l i f i e d p i o t u r e . 

gives the p a t t e r n shown i n Fig.4a. As i n 177*11 / 177*14 examination 

of the breeding p a t t e r n shows tha t eaoh p l a n t had a d i s t i n c t behaviour 

which was not duplicated by any other p l a n t . Plants number 6, 4 and 

22 were a l l cross-incompatible w i t h eaoh other, but number 22 was 

r e c i p r o c a l l y compatible w i t h plant 23, which distinguished i t from 

plants 4 and 6. S i m i l a r l y plant number 6 was compatible as poll e n 

on plant 19 • and i t thus d i f f e r e d from p l a n t 4 , which was incompatible 

as pollen on plant 19. Plant 20 was cross-incompatible w i t h plants 6 

and 22 but was compatible w i t h plant number 4> and so d i f f e r e d from 

a l l three. S i m i l a r l y p l a n t 23 was cross-incompatible w i t h plants 6 

and 4» but was compatible w i t h plant 22, and thus d i f f e r e d again from 

them. Plants 19 and 5 were oross-incompatible, but must have been 

of d i f f e r e n t genotypes as plant 19 was incompatible as po l l e n on 

plant 23, while p o l l e n of plant number 5 was compatible on pla n t 23. 

Plant 24 was compatible w i t h a l l the other plants except number 6, 

w i t h which i t was incompatible when a c t i n g as a male. 

Thus again, as w i t h the r e c i p r o c a l oross quoted above, 

each plant had i t s own c h a r a c t e r i s t i c breeding p a t t e r n , which suggests 

t h a t the cross 177*14 / 177*11 might produce more than eight breeding 

groups w i t h i n the F^ generation, were more plants considered. The 

behaviour o f the male parent of the cross i s not known as fl o w e r i n g 

d i d not occur i n 1963* The behaviour of the female parent w i t h the 

F^ progeny i s of i n t e r e s t . I t can be seen t h a t i t was r e c i p r o c a l l y 

compatible w i t h plants 6, 4 , 5 and 24; was compatible as female w i t h 

p o l l e n of plants 22 and 19; and was cross-incompatible w i t h plants 

23 and 20. Only two r e c i p r o c a l l y d i f f e r e n t crosses were present 
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w i t h i n the progeny, those o f the crosses 24 x 6, 6 x 24, 19 * 23, and 

23 x 19. 

Studies on the progeny o f the r e c i p r o c a l cross 177*11 / 

177.16 were made as the f e r t i l i t y of the cross seemed to be impaired 

i n one d i r e c t i o n . Thus only one seed of the oross 177*16 / 177*11 

was produced, whereas about 500 seeds were set i n the r e c i p r o c a l 

cross (.11 /.16). Each of the parent plants were self-incompatible. 

The one plant derived from the cross.16 / . l l was self-incompatible, 

but as nei t h e r of the parents flowered i n 1963 > i t s behaviour w i t h 

them i s not known. 

Ten plants of the cross .11 /.16 were extensively i n t e r ­

crossed amongst themselves and the r e s u l t s are shown i n Pig.5* 

S i m p l i f i c a t i o n and rearrangement of the r e s u l t s are shown i n f i g . 5 a . 

A l l the plants were self-incompatible. - Though plants number 8 and 

16 behaved i d e n t i c a l l y w i t h plants 9> 3, 1, 20 and 18, they wers 

obviously not of i d e n t i c a l genotypes as t h e i r reactions w i t h plants 

19, 12 and 17 d i f f e r e d . Plants 9> 3 and 1 were r e c i p r o c a l l y cross-

incompatible except f o r the crosses 3 / 9 and 3 / 1 which were 

compatible. However, u n l i k e plants 3 and 1, pol l e n o f plant 9 was 

oompatible on plants 8 and 16. Plants 3 and 1 behaved s i m i l a r l y 

though were not r e c i p r o c a l l y incompatible and were distinguished by 

polle n o f plants 9, 20 and 19* Plant 20 was cross-incompatible w i t h 

plant 1, but compatible w i t h plant 3* thus d i f f e r i n g from them both. 

Plant 19 was r e c i p r o c a l l y cross-incompatible w i t h plant 8 only, and 

because of t h i s must have d i f f e r e d g e n e t i c a l l y from plant 8. 

Plant 12 was cross-incompatible w i t h 19, but was oompatible w i t h 
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plant 8. Like plant 17, i t was r e c i p r o o a l l y cross-incompatible w i t h 

plant 16, but d i f f e r e d from 17 by being incompatible w i t h 19* 

Plant 18 was predominantly compatible, being incompatible w i t h p o l l e n 

of plant 19 only. Thus the behaviour o f any one plant waB not id e n t ­

i c a l w i t h another. There were twelve p a i r s of orosses which showed 

rec i p r o c a l d i f f e r e n c e s , and the percentage c o m p a t i b i l i t y was low, 

48.4 per cent. No data of the behaviour w i t h the parents are a v a i l ­

able, but some cr o s s - p o l l i n a t i o n s were made w i t h the single progeny 

of the parental r e c i p r o c a l cross. Thus the one plant from the cross 

177*16 / 177*11 was r e c i p r o c a l l y incompatible w i t h plant number 12 of 

the cross 177*11 / 177*16, but was r e c i p r o c a l l y compatible w i t h number 

16. I t was compatible w i t h p o l l e n of p l a n t 20 but the r e c i p r o c a l 

cross was incompatible. 

Studies were made on the progeny of the cross 177*13 / 

177*11* Both parents were self-incompatible, and the r e c i p r o c a l 

cross was incompatible. From 23 seeds Bown, only 13 germinated and 

eight of these flowered i n 1963. A l l the r e s u l t s are given i n Fig.6 , 

and a s i m p l i f i e d p i o t u r e i s shown i n Fig.6a. A l l the plants were 

self-incompatible. Plants 4 and 5 were cross-incompatible but 

d i f f e r e d i n t h e i r reactions as poll e n on plants 7* 10 and 6. Plant 8 

was cross-incompatible as po l l e n on plant 4* and d i f f e r e d from i t by 

being compatible as po l l e n on pla n t 2 , thus i n d i c a t i n g t h a t i t d i f f e r e d 

g e n e t i o a l l y from both plants 2 and 4 . Plants 10 and 3 were oross-

inoompatible, but plant 3 was compatible as po l l e n on plant 7, whereas 

plant 10 was r e c i p r o o a l l y incompatible w i t h 7* Plant 7 must have 

d i f f e r e d g e n e t i c a l l y from 10 as shown by i t s aotion w i t h plant 3* 

Plant 6 was cross-incompatible w i t h plants 2 and 8, but p o l l e n o f 



40 

plant 6 was compatible on plant 4 , thus d i s t i n g u i s h i n g i t from plants 

2 and 8. Thus a l l eight plants behaved d i f f e r e n t l y from each other. 

There were eight pairs of r e c i p r o c a l d i f f e r e n c e s , and the cross-

c o m p a t i b i l i t y was 50 per oent. No information i s available on the 

behaviour between the parents and the F^ generation. 

Progeny V are believed to be derived from a successful 

s e l f - p o l l i n a t i o n o f plant 177*12. Of 107 good seeds and 6 bad ones 

whioh were formed and sown, 36 germinated. Out of 24 pricked out, 

11 were used f o r i n t e r c r o s s i n g i n 1963* Fig.7 shows the t o t a l number 

of orosses made and Fig.7a gives a s i m p l i f i e d p i c t u r e of the breeding 

pa t t e r n produced. There i s no evidence o f any s e l f - c o m p a t i b i l i t y 

and c r o s s - c o m p a t i b i l i t y i s moderately low, 49*1 per cent. Plants 3> 

17, 16, 4 and 14 were a l l cross-incompatible except f o r the crosses 

14 / 16 and 14 / 4* Though the plants behaved i d e n t i c a l l y as females -

except f o r the cross 4 / 22 - they d i f f e r e d when act i n g as p o l l e n . 

Pollen o f plants 3 and 14 were incompatible on plant 22, but plant 14 

could be distinguished from 3 as i t s p o l l e n was incompatible on plant 

24 also. Plants 17 and 4 were di s t i n g u i s h a b l e by the f a c t t h a t 

p o l l e n o f pla n t 17 was incompatible on 14, while pollen of 4 was 

compatible. Pollen of 16, l i k e t h a t of 14, was incompatible on plant 

10, but u n l i k e 14 was compatible on plant 22. Thus though a l l 5 

plants were oross-incompatible there were s l i g h t differences by whioh 

they could be distinguished. Pollen of p l a n t 10 was incompatible on 

plant 6, but the two plants were otherwise d i s s i m i l a r . Pollen o f 

plant 6 was compatible on a l l the other p l a n t s , while p o l l e n o f pla n t 

10 was cross-inoompatible i n 7 out of 10 o r o s s - p o l l i n a t i o n s . Plants 5 
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and 18 were cross-incompatible and behaved extremely si m i l a r l y , though 
they could be distinguished by the fact that pollen of 5 was compatible 
on plant 24, while that of 18 was not. Plants 24 and 22 were also 
cross-incompatible. There was a greater difference between these two, 
and they could be distinguished on any of f i v e cross-pollinations. 
Each plant behaved i n i t s own characteristic manner with no duplication 
of pattern, giving a t o t a l of eleven groups. I t would seem, however, 
that the plants might be grouped into f i v e classes, and even though the 
behaviour of plants within eaoh class would not be i d e n t i c a l , the group 
as a whole would show a general trend. Thus plants 3, 17, 16, 4 and 
14 would form one class; plants 6 and 10 two additional classes, 
plants 5 and 18 a fourth class, and plants 24 and 22, a f i f t h class. 
However, i n tho absence of further experimental evidence, the value of 
th i s grouping cannot be tested. 

The progeny derived from the cross 177.14 / 177.20 seem 
to suggest a similar pattern. Each of the parent plants was self-
incompatible and the reciprocal cross was also incompatible. The 
results of intercrossing the progeny \C^) are shown i n Fig.8. 
Rearrangement and simplification of the table i s shown i n Fig.8a. 
A l l plants except number 3 were consistently self-incompatible and 
i t seems that the progeny may be s p l i t into three main groups. 
Plants 2, 17, 3, 21 and 15 were mainly i n t r a - s t e r i l e , but were cross-
compatible with plants number 8. 24, 12 and 1, which themselves were 
mainly i n t r a - s t e r i l e . Plant number 9 differed from both groups. 
I t was cross-incompatible as pollen on the f i r s t group of plants 
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mentioned, subsequently to be oailed group I , but was mainly cross-
compatible as a female with pollen of that group. Plant 9 was mainly 
cross-compatible with plants of group I I . There are some anomalies i n 
these main groupings. Thus i n group I , plants 21 and 15 were recep­
tiv e to pollen of plant number 3; and pollen of plant 21 was cross-
incompatible with plant 12 of the second group. The cross-incompati­
b i l i t y of plant 12 (group I I ) with pollen of group I I I ( i . e . plant 
number 9) might suggest that i t should be removed from group I I . 
However, the reciprocal oross was compatible, and so plant 12 has been 
retained i n group I I . 

I n t h i s generation the reaction of both male and female 
parents may be examined with some of the progeny. I t can be seen 
that the two parents behave i n a dissimilar manner with the progeny, 
but that neither one nor the other was consistently compatible or 
incompatible with a l l the progeny. ThG female parent (177»14) was 
compatible to pollen from plants 2, 17, 8, 24 and 1, but i n two of the 
reciprocal crosses, numbers 24 and 1, i t was cross-incompatible. 
Thus pollen of the female parent s p l i t group I I , placing plants 24 and 
1 together, and dividing o f f plant 8. The reaction with plant 12 was 
unknown. The female parent also s p l i t the unity of group I , being 
pollen compatible with plants 2 and 17, but incompatible with number 21. 
Results with the other progeny were not known. The male parent (177.20) 
was cross-compatible with pollen of progeny 2 and 17, but was cross-
incompatible with pollen of a l l the plants of group I I . Like the 
female parent, the male parent s p l i t the unity of both groups I and I I , 
though i n a different manner. Thus pollen of 177*20 grouped plants 2 
and 21 of group I together, but segregated o f f plant number 17* 
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Similarly i t grouped plants 24 and 12 of group I I , but segregated o f f 
plants 8 and 1. I t oan be seen from the above that the breeding 
pattern of the male parent i s not similar to any of the three basic 
groups present. However, as both groups I and I I have several 
anomalies, i t looks as i f the original grouping into three groups may 
have been made possible only because of a laok of other groups by which 
to separate them* Hence the fact that the male parent did not show a 
breeding pattern similar to that of any of the progeny must not be 
taken as definite evidenoe that the controlling incompatibility system 
present i n thi s cross i s not similar to that found i n Phalaris coerul-
esoens (Hayman, 1956), or Secale (1954)» Festuoa (1955» 1961)» and 
Hordeum (1962) (Lundquist). The behaviour of the female plant showed 
well that there was compatibility between i t and the progeny, as was 
found i n Phalaris (Hayman, 1956). Thus the oross 177.14 / 177-20 ( C ^ 
seemed to indioate a controlling system similar to that found i n the 
Gramineae. 

b) Families derived from plant collection number 50* 
Plant collection number 50 was believed to be a true family 

derived from only two parents. The original box label was l o s t before 
the present study began, and so i t was given a number following the 
sequence of box numbers already allocated. The i d e n t i t y of the 
parents was unknown. When plants 50*13 and 50*7 were crossed reciproc­
a l l y over 200 seeds were set from each cross. Germination of the 
seeds was high, and i n 1963 ten plants of each cross were intercrossed 
amongst themselves. The results of intercrossing the progeny of the 
cross 50.13 / 50*7 are shown i n Fig.9. 
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Plant number 23 had pollen tubes at the style base when 
selfed on one occasion. Repetition of the cross produced normal 
'stigmatio' pollen tube growth. The plant showed reciprocal incompat­
i b i l i t y with plant number 1, and, as self-compatible but oross-
incompatible plants have never been observed, i t was assumed that the 
unexpected pollen tube growth was due either to contamination or to 
some freak physiological conditions* The sel f - p o l l i n a t i o n i s there­
fore interpreted as incompatible. Rearrangements of the plants within 
the table, and simplification of the table i s shown i n Pig.9a. Plant 
numbers 1 and 2 were cross-incompatible and behaved i n a similar 
fashion with pollen from the other members of the progeny, except for 
pollen from plant 23. They differed also when used as pollen on 
plants 21, 13 and 23, and must therefore be considered to be of d i f f e r ­
ent genotypes. Plants 9» 14} 21 and 13 were cross-incompatible except 
for the cross 9 / 13, which was compatible. Howover, those plants 
could not have identical genotypes as th e i r reactions with other 
members of the progeny differed from each other. Hence plants 9 and 
14 might be distinguished by d i f f e r i n g behaviour with pollen of plant 
13» as mentioned above, and by their reaction to pollen of plant 20. 
Plants 21 and 13 also differed, though only i n a few crosses. ifhen 
used as female they were distinguished by thei r reaction to pollen of 
plants 2 and 19* Thus, though a l l four plants 9» 14. 21 and 13 were 
cross-incompatible they must be considered to be of different geno­
types. Plant 20 was incompatible with pollen of plants 9> 14, 21 and 
13, but i t was only cross-incompatible as pollen with plant 14» 
Plant 19 was alone i n that i t was reciprocally cross-incompatible with 
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no other plant. Plants 23 and 24 ware reciprocally oroes-inoompatible, 
but were distinguished i n thei r reaction with number 1, plant 23 being 
reciprooally cross-incompatible with number 1, while plant 24 was not. 

Thus the ten progeny derived from the cross 50*13 / 50.7 
a l l behaved i n a manner d i f f e r i n g from each other when intercrossed ^ 
amongst themselves. There were eight pairs of reciprocally d i f f e r i n g 
crosses, and the percentage compatibility was 58 P&r cent. 

When receiving pollen of plants 14, 21, 20 and 24, the 
action of the male parent (50*7) was similar to plants 9, 21 or 13* 
However the pollen reaotion cannot be compared with that of any of the 
plants 9» 13 or 21, for the male parent was incompatible with plants 
number 2 and 23« This suggests a s i m i l a r i t y to plant number 2, but 
even thi s explanation must be dismissed, as the pollen was compatible 
on plants 13 and 19* Thus the male parent oannot be grouped with any 
of the progeny considered. 

The progeny of the reciprocal cross (50»7 / 50.13) show a 
much lower compatibility, i . e . 28.2 per cent, when intercrossing ten 
plants and considering a l l plants individually. The breeding pattern 
i s shown i n Fig.10. Here also one plant (number 6) showed 'stylar' 
pollen tubes when selfed on one occasion. This plant showed a very 
high percentage of compatibility, but as i t showed reciprocal cross-
incompatibility with plant 24, i t i s argued that i f i t shows oross-
incompatibility, i t must also be self-incompatible. I t i s therefore 
shown as being self-incompatible i n the figures derived from Fig.10. 
Fig.10a shows an i n i t i a l grouping of the plants into three basic groups. 
Hence, i n group I , a l l the plants 3, 15, 8, 13, 14 and 18 were cross-
incompatible, and behaved i d e n t i c a l l y with pollen from the other progeny. 
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However, when used as pollen on the other progeny they had d i f f e r i n g 
patterns of behaviour. Plants 12, 20 and 24 were also a l l cross-
incompatible, and they behaved i d e n t i c a l l y as pollen, except i n the 
cross 6 / 24. However, these plants differed, too, when acting as 
females. Rearrangement of the table may be seen i n Fig.10b. Plants 
3, 15 and 8 are now grouped together to form group I , and a l l show 
cross-incompatibility and identioal behaviour with the other progeny. 
Group I may be distinguished from group I I (plants 12 and 20) by being 
pollen compatible on group I I . Plants 12 and 20 did not behave iden­
t i c a l l y , but as they differed i n only one oross (20 x 14) they have 
been grouped together. Groups I I and I I I were reciprocally oross-
inoompatible, but were distinguished by t h e i r behaviour with pollen of 
group I . Group I I I differed from group I by being pollen compatible 
on group I I . The plant forming group IV (number 24) was also cross-
incompatible with group I I , but waG distinguished from i t by being 
compatible to pollen not only of group I but also of group I I I . 
Plant 13 (group VJ was cross-incompatible with both groups I I and IV, 
but was unlike these two groups i n that i t was also cross-incompatible 
with groups I and I I I . Group VI showed a high degree of compatibility 
and was cross-incompatible only with group IV. 

The progeny of the cross 50*7 / 50*13 may therefore be 
grouped into six classes, each of which shows a characteristic pattern 
when oross-pollinated by members of other groups. The reaction of 
the male parent with the progeny i s not known, but the female parent 
showed both oross-compatibility and incompatibility with the progeny. 
When used as a pollen source i t was incompatible with plants of group I , 
I I I and V, but when used as a female i t s p l i t the uniformity of group I 
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being incompatible with pollen of plant 3, but compatible with that of 
plant 8. This suggests that the t o t a l number of six groups i s not 
the maximum which could have been produced from the original cross. 
There were only three pairs of reciprocally different crosses amongst 
these progeny. 

Both parents of the reciprocal cross above set 100+ good 
seeds when selfed i n 1961 (see Table 5)» and eight plants of the self 
50.13 were intercrossed i n 1963* These plants were a l l diploid. 
The breeding pattern i s shown i n Pig.11, and overall results and re­
arrangement of the plants are shown i n Fig.11a. Plants 3, 9 and 22 
were reciprocally cross-incompatible and behaved i d e n t i c a l l y both as 
male and female. These are grouped together to form group I . 
Plants 12 and 18 were also cross-incompatible and these are grouped to 
form group I I , even though the two plants differed i n the action of 
their pollen on plant 21. Plant 8 was cross-incompatible with group I I 
but differed from i t by being reciprocally incompatible with group I 
also. Plants 21 and 16 are grouped together to form group IV. They 
were cross-incompatible and though pollen of 18 was incompatible on 
number 21, but compatible on plant 16, the two plants behaved identic­
a l l y i n a l l other crosses. 

Thus the progeny of the self 50.13 may be grouped into four 
different incompatibility genotypes, as determined by thei r breeding 
behaviour. The Bmall number of breeding groups oonfirms that the 
progeny are probably the result of a true s e l f , but gives no information 
about the controlling mechanism. Four breeding groups derived from a 
self, could indicate.either a one or a two gene controlling system. 
The percentage compatibility was low, i. e . 35•9 per cent, considering 
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each plant individually. ifhen calculated on a group basis, taking 
the cross plant 21 x 18 to be successful, the percentage compatibility 
was 31*2 per cent. 

The breeding pattern of the progeny derived from the self 
of the plant 50.7 does l i t t l e to c l a r i f y the position. The detailed 
results of interbreeding the progeny are shown i n Fig.12, and the 
overall results with rearrangement of the order of the plants i n an 
e f f o r t to group l i k e patterns together, are shown i n Fig.12a. Sixteen 
plants of the progeny were considered i n an attempt to determine the 
maximum number of groups present, but due to the limited number of 
flowers produced by each plant few pollinations could be repeated, and 
several could not be made. Examination of the results showed that the 
behaviour of any one plant was not l i k e that of any other. However 
there did seem to be a suggestion of a general pattern. Thus plants 
1 , 17» 13i 7 and 16 were mainly cross-incompatible, though plant 16 
was compatible with pollen of plants 17» 13 and 7* Plants 19, 10, 5, 

8 and 23 also showed a predominantly cross-incompatible behaviour, 
though six of the twenty-three pollinations made between them were 
cross-compatible. The behaviour of t h i s group, i.e. group I I , with 
pollen of group I was predominantly oross-oompatible, and s i m i l a r l y the 
behaviour of group I I with the rest of the progeny was predominantly 
cross-compatible. Plants 22, 4 and 14 of group I I I were i n t r a - s t e r i l e 
except for the cross 22 x 14> which was compatible. However, pollen 
of plants 22 and 4 were incompatible on plant 20, which i t s e l f was 
pollen incompatible with plant 14, suggesting that they were geno-
typioally similar. Plant 3 was incompatible as pollen on plant 20, 
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suggesting that i t had a common incompatibility a l l e l e which prevented 
f e r t i l i s a t i o n . Plant 11 on the other hand was reciprocally incompat­
i b l e with both plant 10 (group I I ) and plant 22 (group I I I ) and thus 
cut aoross any general group tendencies. No clear picture oan be 
obtained from the experimental data, and elucidation of the incompat­
i b i l i t y system present must be derived from other sources. 

c) Other families derived from self-pollinations. 
Only sixteen seeds were produced when plant number 1.7 was 

selfed i n 1961, and of these nine germinated and seven flowered i n 1963* 

They were a l l diploid. The results of repeated intercrossing among 
the progeny are shown i n Fig . 1 3 . I t can be seen that there was no 
indication of any s e l f - f e r t i l i t y i n the progeny. Regrouping the 
progeny to combine those plants with l i k e behaviour and showing overall 
results of pollinations may be seen i n Fig.13a. 

Plants 2 and 4 were cross-incompatible and were also i n t r a -
s t e r i l o with the parent plant 1.7* These plants were oross-compatible 
with a l l the other members of the progeny except plant 6. Plants 2 

and 4 were therefore grouped with the parent 1.7> to form group I . 
Plant 5 was the only plant whioh was cross-compatible with a l l the 
other members of the progeny and must therefore be classed alone i n 
group I I . Pollen of plant I was incompatible on plant 3, though the 
reciprocal cross was compatible. I n the repeated pollinations of the 
cross 1 / 3) one pollination was successful and the other f a i l e d , 
indicating that the overall result may have been incorrectly i n t e r ­
preted. As no other difference was found between plants 1 and 3, the 
two plants have been placed together to form group I I I . Plants 7 and 
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6 were cross-incompatible, but plant 7 was oompatiblo with the rest of 
the progeny, while plant 6 was reciprooally cross-inoompatible with 
plants of group I . These two plants have been put into two separate 
groups, IV and V. Thus the progeny of the self of 1.7 may be divided 
into f i v e groups, each of which has a characteristic behaviour. A 
point of interest i n this family i s that the parent plant had a breeding 
pattern with the progeny, which was comparable to one of the groups 
formed within the progeny, i. e . group I . Thus this f i t s one of the 
characteristics described by Hayman (1956), for Phalaris coerulescens, 
i n that one of the classes formed within the progeny i s identical to 
that of the male parent. Similarly, i t f i t s another of the character­
i s t i c s described by Hayman (1956) i n that there i s incomplete incompat­
i b i l i t y between the progeny and the female parent, which i n thi s 
p o l l i n a t i o n i s the same plant, i . e . 1.7* I t i s of note that there 
are no instances of reciprocal differences between crosses i n thi s 
family. 

Thus selfing the plant 1.7 and examination of the breeding 
pattern within i t , suggests that the controlling incompatibility system 
i s a two gene system, perhaps similar to that found i n the Gramineae. 

The progeny derived from the self of plant 1.4 show a 
different breeding pattern, which may be seen i n Pig . 14 . Only three 
plants flowered i n 1963, though 22 seeds were pricked out i n 1962. 

They were a l l diploid. Plants 10 and 16 were completely self and 
cross-incompatible, both between themselves and with the parent plant. 
Plant number 13, however, showed a tendency to both self and cross-
f e r t i l i t y . I n an overall interpretation of the results the pollin a t i o n 
13 selfed would be interpreted as incompatible, but the trend towards 
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a very reduoed f e r t i l i t y cannot be ignored. I t may well be that 
plant 13 was exhibiting those characteristics by which the progeny 
were produced i n i t i a l l y , i . e . those characters which permitted self-
f e r t i l i s a t i o n of plant 1.4. 

Plants numbered 181 were derived from seed obtained from 
Switzerland. The seed was the result of open pollina t i o n and there­
fore the parents were unknown. One of the plants, 181.14, set seed 
on self i n g , 35 good seeds and 3 bad seeds were produced after self-
p o l l i n a t i o n , and 19 good seeds and 10 bad seeds were produced i n a 
repeated po l l i n a t i o n . Of the second sel f - p o l l i n a t i o n 15 plants were 
pricked out i n 1962, and nine of these flowered i n 1963* They were 
a l l diploid. The results are shown i n Fig.15* 

Only plant 2 showed any tendency to s e l f - f e r t i l i s a t i o n , 
and th i s occurred i n only one of four repeated pollinations. As t h i s 
plant also showed cross-incompatibility- i t was assumed that i t was 
usually s e l f - s t e r i l e , and has been shown as such i n Fig.15a. 

Rearrangement of the order of the plantB within the table, and overall 
results are shown i n Fig.15a. Plants 2 , 11 and 10 were a l l i n t r a -
s t e r i l e , and behaved i d e n t i c a l l y with pollen from the remainder of the 
progeny. However, when acting as pollen on the rest of the progeny, 
a l l behaved s l i g h t l y d i f f e r e n t l y . Thus pollen of plant 2 was compat­
i b l e on a l l other plants, while pollen of 11 was incompatible on 
plant 7* Plant 10 was incompatible with both plants 1 and 7, while 
the parent plant which was oross-incompatible with a l l three plants 2, 

11 and 10, differed from them by being incompatible as pollen on 
plants 1 , 7 and 4* Plants 6 and 12 were cross-incompatible but 
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differed i n t h e i r pollen reactions on plants 7 and 3, and must there­
fore be considered to be of different genotypes. Likewise, plants 1 
and 7 were cross-incompatible, but were distinguishable by thei r pollen 
reaction on plant 6. Plant 4 was reciprocally cross-incompatible with 
plants 6 and 12 but differed from plant 6 by being receptive to pollen 
of plant 7 i and from plant 12 by being pollen compatible on plant 7* 

Plant 3 was predominantly cross-compatible, being unreceptive to pollen 
of plant 6 only. Thus a l l plants behaved independently, and though 
the aotion of the parent with the progeny i s similar to that of plant 
10, the difference i n behaviour as pollen on plant 4 makes i t imposs­
i b l e to state that they are of the same genotype. 

The s i m i l a r i t y between plants 2 and 11, 10 and 181.14, 6 

and 12, and 1 and 7> suggests that the progeny of the self 181.14 may 
f a l l into six groups when intercrossed amongst themselves. I f this 
were so i t would indicate that a two or more gene incompatibility 
system were present, but no information on whether the system was l i k e 
that of Physalis or the Gramineae i s obtainable. 

B) Tetraploidy. 
1) Introduction. 
Some information on the type of incompatibility system 

present i n a species may be obtained by studying the behaviour of 
autotetraploids. Information may be obtained by sel f - p o l l i n a t i n g 
and interbreeding tetraploids, by examination of their breeding be­
haviour with d i p l o i d progeny of the same cross, and with the parents 
from which they were derived. 
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Gairdner (1926) discovered that though the diploid C.persi-
o i f o l i a was s e l f - s t e r i l e , the h o r t i c u l t u r a l variety Telham Beauty was 
s e l f - f e r t i l e . The ori g i n of Telham Beauty i s obscure, hut i t was 
f i r s t recognised as a new variety i n 1916, and i s believed to be an 
autotetrapioid of C.persioifolia. though i t forms no quadrivalents at 
meiosis (Gairdner, 1926). This, however, cannot be taken as conclusive 
evidence against Telham Beauty being an autotetrapioid, for a r t i f i c i a l 
tetraploids of C.persioifolia produced by Gairdner (1926) did not form 
quadrivalents at meiosis. I n the present study, one or two quadri­
valents were formed at meiosis i n a r t i f i c i a l l y produced tetraploids, but 
complete quadrivalent production was never observed. 

Gairdner (1926) observed that the cross between Telham 
Beauty and C.persicifolia could be made i n one direction only, i.e. 
with Telham Beauty (the totraploid) as the female. This i s i n contrast 
with the results obtained by Crane and Thomas (1939)? and Crane and 
Lewis (1942) who found that i n Pyrus communis var. ' F e r t i l i t y 1 the cross 
between the diploid and the autotetrapioid was successful only when the 
tetraploid was used as the male parent. Lewis and Modlibowska (1942) 

explained these results on the basis that when diploid pollen produced 
by a tetraploid plant carried two different E> a l l e l e s , f e r t i l i t y of the 
pollen on the diploid style (produced from a diploid plant) was due to 
competition between the alleles i n the pollen grain. Competition 
allows complete f e r t i l i s a t i o n i n some species, e.g. Petunia sp». Pyrus 
communis. but only p a r t i a l f e r t i l i s a t i o n i n others, e.g. Oenothera 
organensis. By thi s means s e l f - f e r t i l i s a t i o n of a tetraploid species 
may be brought about. However, i n some dipl o i d grains, dominance may 
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occur between the alleles present. S e l f - f e r t i l i s a t i o n may be brought 
about by the action of dominance i f both pollen incompatibility alleles 
have to be matched i n the style for incompatibility. I f , however, 
only one common a l l e l e i s su f f i c i e n t to enforce incompatibility, domin­
ance cannot allow s e l f - f e r t i l i s a t i o n . I t can permit o r o s s - f e r t i l i s a -
t i o n between two plants i n which one of the incompatibility alleles i n 
the pollen i s held i n common with that i n the style, provided that the 
oommon a l l e l e i s recessive i n either the pollen or the style. 

Atwood (1944) found a s l i g h t l y different situation i n 
tetraploid Trifolium repens i n which an F̂  family contained both self-
compatible and self-incompatible plants. He explained th i s as being 
due to some new effect caused by the presence of many different pollen 
genotypes i n the style. I t may be concluded that the presenoe, 
strength and effect of competition and dominance between incompatibility 
allcloo of a diploid pollen grain, and between the grain and the tissues 
of the p i s t i l , depends largely on the species concerned. 

2) Production of a r t i f i c i a l tetraploids. 
Seeds derived from four different crosses were used i n the 

production of a r t i f i c i a l tetraploids. Colchicine was used as described 
by Levan (1940), and ten seeds of each cross were used for each treat­
ment. Six methods of treatment were devised to t r y to ensure the 
production of tetraploids. 

Treatments 1, 2 and 3 were carried out on young germinating 
seedlings growing on pads i n a p e t r i dish. The seedlings were soaked 
i n a known concentration of colchicine solution, for a controlled 
length of time, as shown i n Table 7* The dishes were then washed 
thoroughly by flooding them with water and draining them four times. 



55 

Table 7-
Colchicine treatments for the production of polyploids i n C.persicifolia. 

Treatment Percentage concentration Number of hours bathed 
of colchicine solution i n colchicine solution 

1 0.05 5 

2 0 .1 4 

3 0.2 2 

The seedlings were l e f t i n the dishes for twenty-four hours after 
treatment, and were then transferred to pots with seed compost. 
The pots were kept well watered at laboratory temperature, to ensure 
optimum growing conditions. 

Treatment 4 was oarried out on ungerminated seeds. These 
were soaked i n 0«2 per cent colchicine solution for twenty-four hours, 
before being soaked i n d i s t i l l e d water for two days. They were then 
sown. 

Treatments 5 and 6 were made on individual seedlings i n 
seed boxes when three months old, and just beyond the f i r s t leaf stage. 
For treatment 5» 0.2 per cent colchicine solution was used, and for 
treatment 6 , 0 . 1 per oent. One drop of the solution was placed on to 
the growing point of each plant, three times a day, for six days, and 
was allowed to dry on the plant. I n the controlled conditions the 
seeds were sown i n pots as normal, before being pricked out into boxes. 
The success of the various treatments i s shown i n Tables 8 and 9» 
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Table 8. 
Success of various treatments of seeds and seedlings of C.persicifolia 

with colchicine solution. 

Parentage Number Type of Number Number of Number of Number of 
surviving plants with 

of seed, treated.treatment.treatment.tetraploids.diploids, unknown ploidy. 

177-14 / 
177.20 

179.14 /" 
179.15 

180.15 /-
180.16 

10 
10 
10 
10 
10 
10 

10 
10 
10 
10 
10 
10 
18 
10 
10 
10 
10 
10 
10 
18 

1 
2 
3 
4 
5 
6 

0 
0 
2 
4 
1 

7 
control 23 
1 
2 
3 

4 
5 
6 

4 
1 

1 
0 
8 
10 

control 18 
1 
2 
3 
4 
5 
6 

0 
0 
0 
0 
7 
6 

control 15 

0 
0 
0 
0 
1 
0 
0 
0 
n 
\J 

0 
0 
1 
1 
0 
0 
0 
0 
0 
1 
1 
0 

0 
0 
1 
1 
0 
6 
23 
4 
1 
1 
0 

4 
6 
18 
0 
0 
0 
0 
2 
1 

15 

0 
0 
1 

3 
0 
1 
0 
0 
0 
0 
0 
3 
3 
0 
0 
0 
0 
0 
4 
4 
0 

continued 
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Table 8 continued. 

Parentage Number Type of Number Number of Number of Number of 
surviving plants with 

of seed, treated.treatment.treatment.tetraploids.diploids, unknown ploidy. 

180.17 /-
180.13 

10 1 0 0 0 0 
10 2 0 0 0 0 
10 3 1 0 1 0 
10 4 3 0 3 0 
10 z, 7 1 4 2 
10 6 10 0 9 1 

24 control 23 0 23 0 

3) Success of production of tetraploids. 
Measurement of the ploidy of the treated plants was by exam­

ination of stained pollen mother ce l l s . I t was regarded as essential 
to make chromosome counts on the sexual material of each plant i n case 
the colchicine had affected only limited area-B of the plant, producing 
polyploid chimaeras. Sue to t h i s l i m i t i n g condition those plants which 
did not flower could not be scored, and these have been included i n the 
f i n a l oolumn i n Table 8. 

Examination of the table shows that one tetraploid was produced 
i n each of the progeny of the crosses 177.14 / 177.20 and 180.17 / 180.13, 
and two tetraploids were produced i n the progeny of each of the other 
crosses, i.e. 179.14 / 179.15 and 180.15 / 180.16. A higher ploidy was 
not found i n any of the other plants. Table 9 indicates that treatments 
5 and 6 were the most successful for tetraploid production, and 
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Table 9. 
Percentage suocess of tetraploid production i n C.persicifolia for each 

treatment used. 

Type of 
treatment. 

Total survival 
i n a l l four 

crosses. 
Percentage Percentage tetraploid 

production, of t o t a l 
survival. treated. 

1 
2 
3 

4 
5 
6 

Total 

4 
1 

4 
7 

23 

33 

= 40 
10.0 0 

2.5 0 
10.0 0 
17.5 0 
57.5 10 
82.5 5 

Total success =2.5 per cent. 

that these treatments also gave the highest survival rate. Though 
treatment 5 gave a lower plant survival percentage than 6, i t gave a 
higher tetraploid production, i.e. ten per cent. The t o t a l percent­
age tetraploid production of treated seeds and seedlings was relatively-
high, i.e. 2.5 per cent. 

4) Behaviour of a r t i f i c i a l l y produced tetraploids. 
a) Tetraploids produced i n family 177.14 / 177.20 (C ). 

The one tetrap l o i d produced i n t h i s family was by treatment 
5. The plant was self-incompatible, and showed both compatibility and 
incompatibility when crossed with untreated plants of the same family, 
and with i t s parents. The crossing behaviour of the tetraploid may be 
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seen i n Fig.16. Examination of Fig.16 shows that the tetraploid was 
reciprocally incompatible with i t s female parent, but was compatible 
with pollen of the male parent. When crossed with the untreated 
progeny of the same cross, the tetraploid plant was compatible with 
pollen of plants -2 and -17> though i t was reciprooally incompatible 
with these plants. Pollen of plant -21 was incompatible on the t e t r a ­
ploid. The action of pollen of plants -8 and -12 was not known, but 
pollen of the tetraploid was compatible on plant -8, though incompatible 
on -12. A comparison of the breeding pattern of the tetraploid with 
the pattern produced by intercrossing the diploid progeny (Fig.8a.) 
shows that that of the tetraploid i s identical with that of group I I I 
(plant 9)» Unfortunately the behaviour of plant 9 with i t s parents 
i s not known and so a comparison on this point cannot be made. 

b) Tetraploids produced i n family 179-14 / 179-15 (Cg). 
Treatmont of young plants with colchicine solution produced 

two t e t r a p l c i d plants T 15 and T 27- Their overall behaviour i s shown 
i n Fig.17. Examination of the crossing-table shows that the two 
plants behaved very d i f f e r e n t l y . Plant T 15 was self-incompatible, 
but T 27 showed a tendency towards self-compatibility, for i n two out 
of a t o t a l of nine repeated self-pollinations, pollen tubes were found 
at the style base. Plant T 27 was predominantly cross-compatible, 
being incompatible only with pollen of plant -3 of the diploid progeny. 
(This cross was repeated three times with identical results). Pollen 
of plant T 27 was compatible on plant T 15, though the reciprocal cross 
was incompatible. The tetraploid T 27 was also f u l l y compatible with 
both parents. Pollen of plant T 15 was incompatible on both parents, 
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though the reciprocal crosses were compatible. This result with T 15 
agrees with the results found by Gairdner (1926) i n orosses between 
Telham Beauty 4n and C.persioifolia 2n, i n that the cross was successful 
with the tetraploid plant as the female. Pollen of plant T 15 was 
incompatible on a l l the diploid progeny of the same cross, except with 

-15> with which i t was reciprocally compatible. T 15 was receptive 
to pollen from -3, but was incompatible to pollen of plants -16 and -18. 
Thus i t can be seen that the two tetraploids retained their incompati­
b i l i t y reaction, though the evidence suggests that i t was greatly 
weakened i n T 27. 

c) Tetraploids produced i n family 180.15 / 180.16 (C^). 
Colchicine solution treatment of young plants produced two 

tetraploids. Diploid progeny of this cross showed a reduoed pollen 
production and this character seemed to be accentuated i n the tetraploid. 
Hence the breeding pattern shown i n f i g . l 8 probably shows an over­
estimate of incompatibility, i n f e r t i l i t y being due to bad pollen rather 
than an incompatibility reaction. Both tetraploids produced (T 1 and 
T 4) were self=inoompatible, but were receptive to pollen from the 
female parent of the cross. Unfortunately pollen from the other parent 
was not available. Pollen of plant T 1 was compatible on the female 
parent, though that of T 4 was not. Pollen of plant T 1 was compatible 
on only two of the diploid progeny, i . e . on numbers - 10 and -14, 
being incompatible on the rest. Unfortunately many of the reciprocal 
crosses could not be made due to the shortage of tetraploid material, 
but pollen of plants -1 and -14 was found to be incompatible on the 
tetraploid T 1, while that of -3 was compatible. The pattern shown by 
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T 4 was of greater incompatibility. T 4 was incompatible to pollen 
from the di p l o i d progeny and was incompatible as pollen on the progeny, 
except for plants -1 and -14. Thus here, also, both self and cross-
incompatibility i s a characteristic of the tetrap l o i d plants. 

d) Tetraploid produced i n family 180.17 / 180.13 (C^). 
Only one plant was formed as the result of colchicine treat­

ment of young plants. This plant was unlike the other tetrap l o i d 
plants as i t was the only one i n which a tendenoy to a 'gigas* character 
was present (Stebbins, 1950), The plant had a thickened inflorescence 
spike and the individual flower stalks were reduced i n length and 
thickened. The basal leaves were s l i g h t l y thicker than those of the 
diploid plants and also darker green. The breeding behaviour of the 
tetraploid plant T 40 may be seen i n flg.19. Both self and cross-
incompatibility were present i n th i s plant. I t was completely self-
incompatible, but was reciprocally compatiblo with the female parent. 
The male parent was not available for breeding. Hhen crossed with 
diploid progeny of the same family T 40 was receptive to pollen from 
each plant. I n the reciprocal crosses, though, pollen of T 40 was 
incompatible on plants -1 and -14, but compatible on plant -18. 
Here again the a r t i f i c i a l l y produced tetraploid showed both self and 
cross-incompatibility. 

5) Conclusion. 
Five of the six tetraploids produced retained self and 

oross-incompatibility comparable to that found i n diploid plants of the 
same cross. In only one plant (T 27) was the self-incompatibility 
markedly reduoed. Previous evidenoe suggested that more than one 



62 

incompatibility gene must be controlling the breeding system. The 
lack of breakdown of incompatibility i n the tetraploids produced 
supports this conclusion, for i n neither Physalis (Pandey, 1957) nor 
i n the Oramineae (Hayman, 1956)» (Lundquist, 1954, 1955, 1961, 1962) 
was incompatibility broken down i n tetraploids. The behaviour of 
plant T 27 may be explained by a genetic upset due to duplication of 
the chromosomes, but this upset i s i n s u f f i c i e n t to cause a complete 
breakdown of the incompatibility system. 

C. Discussion of the breeding system i n C.persioifolia. 
Plants of C p e r s i c i f o l i a are predominantly self-incompatible 

and only 6.7 per cent of the self-pollinations set seed. Of these 
plants 42.9 per cent set fewer than ten seeds and 21.4 per cent set 
over 50 seeds when self-pollinated. This s e l f - f e r t i l i t y does not seem 
to be due to end-of-season effects, which have not been observed i n C. 
pe r s i c i f o l i a , nor has self-incompatibility been overcome by bud p o l l i n ­
ation or p i s t i l damage. C.persicifolia i s a h o r t i c u l t u r a l species and 
a l l the plants obtained were derived from botanic garden sources. I t 
i s concluded that the presence of some s e l f - f e r t i l i t y i n the stock 
examined may be due to segregation of minor genes, which are unrelated 
to _s all e l e s , but which nevertheless influence the effect of ŝ  alleles 
and allow s e l f - f e r t i l i s a t i o n . Low seed set on selfing may also be due 
to contaminated p o l l i n a t i o n , the pollen being carried by stray insects 
i n the greenhouse, or being knocked from one flower to the next during 
pol l i n a t i o n . Pull seed development on selfing i s more d i f f i c u l t to 
explain, and i n the absence of any definite evidence, i t i s suggested 
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that self-compatibility may be due to some physiological state of the 
pollen, or sty l e , or both, dependant either upon external faotors, or 
upon minor genes unrelated to the EI a l l e l e s , or to a combination of 
both these factors. 

A l l the progeny examined (except that of the self 1.7) 
showed reciprocal differences between crosses. Considering a one / 
gene incompatibility system, reciprocal differences are indicative / 

s 
of sporophytic determination of pollen behaviour. Reciprocal d i f f e r - « 

I 
*\ 

ences can only occur between crosses when the influence of more than j j 
j 

one gene or a l l e l e i s present i n the pollen. I n plants which have * 
sporophytic determination of pollen behaviour, the nature of the pollen 
i s determined i n the pollen mother c e l l before the individual grains 
are produced, with their different incompatibility alleles. Thus i n a 
plant with a one gene incompatibility system, though the incompatibility 
alleles of the pollen are haploid, the pollen behaviour i s determined 
by the diploid nature of the pollen parent. Crepis Foetida shows this 
phenomenon (Hughes and Babcock, 1950). Here, there i s dominance 
between alleles i n the pollen mother c e l l s , though not i n the style. 
S1 i s recessive to a l l the other incompatibility alleles i n the pollen 
mother cells; i s dominant to and Ŝ ; and i s dominant to Sg. 
The behaviour of the pollen i s determined solely by the dominant gene 
i n the pollen mother c e l l . Thus i n the cross $ S^ S2 B*1*^ ̂  S2 S3 
pollen behaviour i s determined by and therefore a l l the pollen i s 
f e r t i l e on the style Sj.£>2* * n the reciprocal cross, however, the 
pollen behaviour i s determined by Ŝ , an a l l e l e which i s held i n common 
with the diploid s t y l e , and thus the pollen i s incompatible. 
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Reciprocal differences between crosses can also occur when 
incompatibility i s determined by a two gene system with gametophytic 
determination of pollen behaviour, provided that the a l l e l i c or genie 
relationships d i f f e r i n the pollen and style. This i s discussed i n 
more detail below. 

A one gene incompatibility system with sporophytic deter­
mination of pollen behaviour gives rise to four breeding groups only 
when the progeny are intercrossed. The experimental evidence obtained 
from a l l the progeny examined showed that there were more than four 
breeding groups present, and hence i t must be concluded that a one gene 
incompatibility system i s not present i n U.persicifolia. 

In the two types of two gene incompatibility systems known, 
the notation used for the genes and their alleles i s S. Z, 

1 n 1 n', 
where n and n' may or may not be equal (Lawrence, 1930; Lundquist, 19545 
Hayman, 1956). Self-pollination of a plant i n which incompatibility 
i s temporarily overcome, gives rise to nine different progeny genotypes. 
Intercrossing these progeny with incompatibility functioning when 
either or both alleles i n the pollen are held i n common with those i n 
the style, gives rise to nine breeding groups, each with a character­
i s t i c behaviour, as shown i n Pig.20. 

Crossing a plant with four different incompatibility 
alleles with another with which i t has no incompatibility alleles i n 
common, gives rise to a maximum number of sixteen different progeny 
genotypes. Each parent, i.e. gZ^ ̂  x ^Z^ g produces four d i f f e r ­
ent, viable gametes, i.e. ( S ^ ) ; (S^g); ( S ^ ) ; (SgZg); x ( S ^ ) ; 
(S ZQ); (S Z_)J (S Zg). When a l l gametes are compatible with each 



65 

other, sixteen genetically different progeny are produced. Inter­
crossing these progeny, when one or tooth alleles of the pollen held 
i n common with those i n tho style causes incompatibility, gives rise 
to sixteen different breeding groups (Table 10, section a). The 
number of breeding groups obtained when intercrossing progeny depends 
on the type of incompatibility system, the number of alleles held i n 
common by the parents, and the relationship of one al l e l e to another 
(dominance), and one gene to another (epistasis). The variation 
of the number of breeding groups formed by intercrossing the progeny, 
and the percentage compatibility which may be obtained when the 
conditions above are varied, are shown i n Table 10. Here incompat­
i b i l i t y i s present when one or both alleles are held i n common between 
the pollen and the style. The nature of the pollen i s determined 
gametophytically. 

The only known incompatibility system which i s determined 
by two genes with gametophytic pollen determination, and incompatib­
i l i t y present when one a l l e l e i s held i n common between pollen and 
style i s that i n Physalis (Pandey, 1957). I n t h i s species i n t e r ­
pretation of the results involved different genie relationships i n 
the pollen and style. Hence, there was epistasis and individual 
action between alleles of the pollen, but reduced epistasis and 
individual action of alleles i n the style. Thus and were 
epistatic to Ẑ  and Ẑ  i n the pollen; was usually epistatio over 
Ẑ  and Z 2 i n the style; and was independent i n both pollen and 
style. As no clue was obtained from the experimental results 
quoted above about the relationships between alleles and genes i n 
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C.persioifolia, the relationships found i n Physalis have been taken 
as a basis for theoretical considerations. However, Pandey (1957) 
found that i n one of his parental stocks (plant 2) the relationship 
between the genes differed. Here, Ŝ , Ẑ  and Zg a l l acted independ­
ently i n the style. Different gene relationships within parents or 
progeny have not been considered i n Table 10. The situation i n which 
alleles of both genes are equal has been shown i n Table 10, sections a, 
b, c, d and e. Two other situations have been considered. The f i r s t 
ia where some j3 alleles i n the parent plants are epistatic to one of 
the Z alleles i n the male parent (Table 10, sections bg, b^, c,,, c^, dg, 
iy eg and e^) as opposed to the situation where the alleles are 
epistatic to both of the Z alleles i n the male (Table 10, sections b^, 

V V C5' V d5' % ^ V * 
Examination of Table 10 shows that the only conditions which 

give rise to different patterns between progeny derived from a recipro­
cal cross are those shown by d, and d,. (Fig.21 and 22). I n this 

4 5 
situation only one al l e l e i s common to both parents (Zg), and the be­
haviour of thi s a l l e l e i s modified by the effect of both and i n 
the pollen, and i n the style, both alleles being epistatic to Zg. 
This epistasis influences the results of the cross. I n the situation 
shown by d^, four types of male gametes are compatible i n the parent 
cross, giving rise to sixteen different progeny genotypes. When i n t e r ­
crossed these f a l l into ten breeding groups. I n the reciprocal parent­
al cross, d_, only three types of male gametes are compatible. Twelve 

5 
different genotypes are formed within the progeny, and when these are 
intercrossed they form six breeding groups. The percentage compatibi­
l i t y of both the progeny groups i s high, i.e. 72.6 and 70.8 per cent, 
respectively. 
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Table 10. 
Variations i n the number of progeny breeding groups formed by different 
parental types, and different gene relationships. Incompatibility i s 
present when one or both alleles are common to pollen and style, and 
pollen behaviour i s determined gametophytically. 

* Indicates reciprocal differences formed when intercrossing progeny. 

Parents. Compatible male Relationship between genes. Number of Percentage 
gametes. with£°p?ogeSy m i , a t i l ) i l i ty' 

31.2 Z
5.6 S3?7' S3?8 ! 

S S „ V S „ V equal 3 4 7.8 4-7 4.8 16 56.2 

b. 
S Z , 1.2 5-6 
S2.3Z7.8 S 3 Z 7 J S3 S8: equal 

n O 37.5 

b2. s z , 1.2*5-6 
S,Z„: S. '2.3"7.8 w3"7 i "3^8: 

independent 
S2 S3 eP i s t a' t i o t 0 25^8 P ° l l e n 

S 2 epistatic to Z,.Zg style 4 46.8 

b3 (reciprocal of b2). 
S2.3Z7.8 
S1.2Z5.6 S1 Z5* S l V as b2 46.8 

b4. 
S Z , 1.2*5.6 
s z „ s z„ 
2.3 7.8 3 8 

independent 
SgS^ epistatic to Z^Zg pollen 
S 2 epistatic to Z^Zg style 2 50.0 

continued 
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Table 10 continued. 
Parents. Compatible male Relationship between genes. Number of Percentage 

groups 
gametes. within progegy? 1^ 1 1* 1 1 1*-

b5« (reciprocal of b4). 
S2.3Z7.8 
S1.2Z5.6 S 1 Z 5 ! S l V a s b 4 2 50.0 

c. S Z , 1.2 5.6 
S2.3Z6.7 S3 Z7 e 4 U a l 4 2 5«° 

c2. 
^1 2Z5 6 ^1 i n <^ eP e n d e n' t 

S2.3Z6.7 33 Z7 S2 S3 e P i s t a t i c t o Z 5 Z
7 P°ll«n 

S 2 epistatic to Z,.Ẑ  style 2 50.0 

c3. (rociprocal of o2) 
S2.3Z6.7 
S1.2 Z

5.6 S1 Z5 a s c 2 2 50.0 

c4. 
^1 2Z5 6 ^1 i n < i eP e n < i e n' t 

S2.3Z6«7 S 3 Z 6 ! S3 Z7 S2 S3 e P i s t a t i c t 0 Z 6 Z
7 P o l l e n 

Sg epistatic to Ẑ Ẑ  style 2 50.0 

c5> (reciprocal of c4) 
S2.3Z6.7 
S1.2Z5.6 S 1 Z 5 : S l V a s 0 4 2 50.0 

d. 
S1.2Z5.6 

S3.4Z6.7 S 3 Z 7 S W e q u a l 8 3 7 ' 5 

continued 
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Table 10 continued. 
Parents. Compatible male Relationship between genes. Number of Percentage 

gametes. w l t h i n ^ ^ n ^ * * " 1 1 1 1 * 

d2. 
2*1 2̂ (> g ^ i n d e P e n d e n * 
S3.4Z6.7 S 3 Z 7 8 S4 Z7* S2 S3 e P i s t a t i o t o Z

5
Z

7 pollen 
S 2 epistatio to Z^Z? style 6* 71.8 

d3. (reciprocal of d2) 
S Z, S Z : S Z 3.4 6.7 1 5 2 5 
S1.2Z5.6 S2 Z7 a s d 2 6* 7 0 , 8 

d4. 
S1.2Z5.6 S 3 Z 6 ! S 3 Z 7 ! S l i n d e P e n d e n ' t 

S3,4 Z6 S7 S4 Z6' W S2 S3 e P i s * a t i o t o Z
6
Z 7 p o l l e n 

Sg epistatic to ZgZ^ style 10* 72.6 

d5. 
S Z, S Z s R Zs 3.4 6.7 15" "2^5 
S1.2Z5.6 S2 Z6* a s d 4* 6* 7 0 , 8 

e. 
S1.2Z5.6 
S1.2Z6.7 ~ e q u a l 

e2. 
^1 2Z5 6 ^1 * n d- eP e n d e n' f c 

S1^gZ6 7 — ^2^3 eP i s' t a' t i c *° Z5 Z7 P o l l e n 

S2 epistatic to z^ z^ style 

continued 



70 

Table 10 continued. 
Parents. Compatible male Relationship between genes. Number of Percentage 

gametes. w i t h i n S p r o g e n y ? o m p a t i b i l i t y ' 

e3> (reciprocal of e2) 
S Z, 1.2*6.7 
s z „ 
1.2 5.6 

as e2 

e4. 
S1.2Z5.6 
S1.2Z6.7 

independent 
epistatic to ZgZ^ poller 
epistatic to ZgZ^ style 

S S 
2 

e5. (reciprocal of e4) 
S Z„ 1.2 6.7 
s z 
1.2 5*6 

as e4 

f. 
S Z , 
1.2 5.6 
s z , 
1.3 5.6 

eq.ua! 

f2. 
S Z , 
1.2 5.6 
S Z - S 2 ! S Z, 
1.3 5-6 3 5 3 6 

S, independent 
S2S^ epistatio to Z,.Zg pollen 
Sg epistatic to Z,_Zg style 4 50.0 

f3. (reciprocal of f2) 
S1.3Z5.6 
S1.2 Z

5.6 S 2 Z
5

! S2 Z6 as f 2 50.0 

gZ^ ̂  ^1^3* ^ i Z 4 S Incompatibility overcome i n 
self. S2Z : S2Z p a r e n t s o n l r - G e n e B

 9* 
4 independent, and equal. 

19.7 

http://eq.ua
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Plants with an incompatibility system comparable to that 
found i n the Gramineae, i.e. where the two alleles present i n the pollen 
have to be matched i n the style for incompatibility, show a reduced var­
i a t i o n i n the number of progeny groups formed when the number of alleles 
held i n common between the parents i s varied; see Table 11. This i s 
due to the fact that i n the system described for the Gramineae the two 
l o c i are apparently independent with no epistasis, and there i s no domin­
ance between alleles of one gene. A theoretical self (with incompati­
b i l i t y overcome i n the parents only)is shown i n Fig.23* 

A comparison of Tables 10 and 11 shows that the number of 
breeding groups formed by intercrossing the progeny with an incompatibi­
l i t y system requiring the presence of two common alleles for incompatibi­
l i t y (Table 11) i s greater than the number formed when one common a l l e l e 
between pollen and style i s s u f f i c i e n t to cause incompatibility (Table 10) 

Table 12 shows the number of breeding groups obtained 
experimentally. 

I t can be seen that there i s a tendency for a r e l a t i v e l y 
large number of groups to be formed within the progeny derived from two 
genetically different parents. The smallest number was found within 
progeny of the cross 177*14 / 177*20. Ten plants were intercrossed and 
these f e l l into three groups, though the behaviour of the progeny with 
the parent plants indicated that three was not the maximum number which 
was formed. Ten progeny of the cross 50*7 / 50*13 when intercrossed 
could be grouped into six olasses, the plants within each class showing 
great uniformity. Of the two self-pollinations which produced progeny 
which could be classified into d i s t i n c t breeding groups, the selfs 50*13 
and 1.7 gave ri s e to - four and f i v e breeding groups respectively. 
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Table 11. 
Variations i n the number of progeny breeding groups and peroentage 
compatibility formed by different parental types. Incompatibility 
occurs when both alleles present i n the pollen are held i n common with 
those i n the style. Pollen behaviour i s determined gametophytioally. 
* Indicates reciprocal differences formed when intercrossing progeny. 

Parents. Compatible male gametes 

a- si.2zi.fsizy s i V S 2 Z 3 S S2 Z4 

b l« S1.2Z5.6 S 3 Z 7 J S 3 Z 8 ! S 4 Z 7 S S4 Z8 
S3.4Z7.8 

b 2« S3.4Z7.8 S l V S 1 Z 6 ! S 2 Z 5 S S2 Z6 
S1.2Z5.6 

0 1• S l . 2 Z
5 . 6 S 2 Z 7 8 S2 Z8* S

3
Z 7 I S3 Z8 

S2.3Z7-8 
° 2' S2.3Z7.8 S 1 Z 5 S S 1 Z 6 ! S 2 Z

5 ' S2 Z6 
S1.2Z5.6 

d l- Sl.2 Z5.6 S 2 Z 7 5 S 3 Z 6 ; S 3 Z 7 ; 

S2.3Z6.7 
d 2* S2.3Z6.7 S l V Sl Z6» S 2 Z 5 5 

S1.2Z5.6 
8 1• S1.2 Z5.6 S 1 Z 7 } S 2 Z 7 5 

S1.2Z6.7 

Number of groups Percentage 
formed by i n t e r ­
breeding progeny, compatibility. 
9* Incompatibility 

overcome i n the 
parental cross only. 

16 

16 

e 2* S1.2 Z6. 7
 S l V S 2 Z 5 5 

16* 

16* 

12* 

12* 

6* 

6* 

69.1 

93.6 

93.6 

90.4 

90.4 

86.6 

86.6 

72.2 

72.2 

S1.2Z5.6 
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Table 12. 

Number of breeding groups formed by interbreeding true f a m i l i e s . 

Parents. Number of plants Number of breeding 
considered. groups formed. 

177-11 / 177.14 8 8 

177-14 / 177.11 8 8 

177.11 / 177.16 10 10 

177.13 / 177-11 8 8 

177.14 / 177.20 10 3 

50.13 / 50.7 10 10 

50.7 / 50.13 10 6 

50.13 e 8 4 

1.7 e 7 5 

I t was f e l t that many of the progeny studied showed trends 

towards d i s t i n c t breeding c l a s s e s , and i t was regretted that a fu r t h e r 

flowering season was not a v a i l a b l e i n which to confirm these trends. 

Repeated p o l l i n a t i o n s would have confirmed the r e s u l t s obtained, and 

determined which of the p o l l i n a t i o n s r e s u l t e d i n random f a i l u r e , or 

contamination. 

The number of breeding groups formed within the progeny of 

known p o l l i n a t i o n s does not give a d e f i n i t e i n d i c a t i o n of the type of 

c o n t r o l l i n g i n c o m p a t i b i l i t y system, but suggests that i t i s nearer to 

that of the Gramineae than that of P h y s a l i s . 

Consideration of the number of breeding groups with the 

presence of r e c i p r o c a l d i f f e r e n c e s formed when i n t e r c r o s s i n g progeny 
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eliminates some of the t h e o r e t i c a l considerations studied. Thus i n 
Table 10 only three of the p o l l i n a t i o n s quoted give r i s e to r e c i p r o c a l 
d i f f e r e n c e s when i n t e r c r o s s i n g the progeny, that of the s e l f g (Fig.20), 
and the s i t u a t i o n s described "by dg, d^ (Pig.24), and d^, d^ (Pigs.21 
and 22). When both a l l e l e s present i n the poll e n have to be matched 
i n the s t y l e f o r i n c o m p a t i b i l i t y , an increased number of parental p o l l ­
i n a t i o n s gives r i s e to r e c i p r o c a l d i f f e r e n c e s within the progeny. 
Thus a l l the crosses quoted i n Table 11, except that of b^ and bg, i n 
which no a l l e l e s are held i n common by the two parents, give r i s e to 
r e c i p r o c a l d i f f e r e n c e s when the progeny derived from the quoted crosses 
are i n t e r c r o s s e d . With s e l f - i n c o m p a t i b i l i t y overcome i n the parents 
only, i n t e r c r o s s i n g the progeny of a s e l f a l s o gives r i s e to r e c i p r o c a l 
d i f f e r e n c e s (Fig.23). I n the experimental r e s u l t s a l l the progeny of 
the c r o s s - p o l l i n a t i o n s and s e l f - p o l l i n a t i o n s , (except that of the s e l f 
1.7) showed r e c i p r o c a l d i f f e r e n c e s when they were intorcroasod amongst 
themselves. Henco, t h i s gives no i n d i c a t i o n of the type of incompati­
b i l i t y system present. The f a c t that the s e l f - p o l l i n a t i o n s of 1.7 
showed no r e c i p r o c a l d i f f e r e n c e s suggests that the i n c o m p a t i b i l i t y 
system present d i f f e r e d from both the known two gene systems. 

Consideration of the percentage c o m p a t i b i l i t y obtained when 

the progeny are i n t e r c r o s s e d does l i t t l e to c l a r i f y the s i t u a t i o n . 

Table 10 shows that the percentage c o m p a t i b i l i t y which may be obtained 

i n the p o l l i n a t i o n s i n d i c a t e d range from 19»7 (g) to 72.6 (d^) per cent. 

The percentage c o m p a t i b i l i t i e s shown i n Table 11 are much higher and 

range from 69.1 ( a ) to 93*7 (b) per cent. Table 13 shows the percent­

age c o m p a t i b i l i t y obtained experimentally when i n t e r c r o s s i n g progeny. 
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Table 13-

Percentage c o m p a t i b i l i t y formed by interbreeding true f a m i l i e s . 

Parents. Percentage Parents. Percentage 

c o m p a t i b i l i t y . c o m p a t i b i l i t y . 

177.11 / 177.14 79.3 50.13 / 50.7 58 .0 

177.14 / 177.11 57.8 50.7 / 50.13 28.2 

I 7 7 . l l / i 7 7 . l 6 48.4 50.13 0 35.9 

177.13 / 177.11 50.0 1.7 0 64.O 

177.12© 49-1 181.140 64.I 

The experimental r e s u l t s show that the percentage compati­

b i l i t y formed when progeny are i n t e r c r o s s e d ranges from 28.2 to 79•3 

per cent. The s u r p r i s i n g f a c t about these f i g u r e s are those i n d i c a t e d 

f o r the G o l f - p o l l i n a t i o n s . The figu r e s f or the four s e l f - p o l l i n a t i o n s 

quctod a l l d i f f e r to a remarkable degroe and. range from 35*9 to 64.1 

per cent. The fig u r e 64*1 per cent approaches that shown for the s e l f 

i n Table 11 s e c t i o n a, i . e . 69*1 per cent, but the other f i g u r e s cannot 

be explained i n t h i s way. 

Hayrnan (1956) showed that one of the c l a s s e s obtained by 

interbreeding progeny of a known cross was i d e n t i c a l i n behaviour to 

that of the male parent with the progeny. Examination of the data 

shows that i n one s e t of progeny t h i s phenomenon was obtained. The 

progeny were the r e s u l t of a s e l f - p o l l i n a t i o n , i . e . 1.70, and the male 

parent behaved i d e n t i c a l l y with group I of the progeny (Fig.1 3 a ) . I t 

i s of i n t e r e s t to note that t h i s s i t u a t i o n was not found within any of 

the progeny derived from a c r o s s - p o l l i n a t i o n . 

http://I77.ll/i77.l6
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I t was a l s o observed by Hayman (1936) that the female 

parent of the cross was both compatible and incompatible with the 

progeny. T h i s occurrence i s more widespread i n the data obtained 

and may be seen i n the breeding patterns of the following orosses. 

177-14 / 177.11 (Fig.4) 

177.14 / 177.20 (Fig.8) 

50.7 / 50.13 (Pig.lOb) 

1.7 0 (Pig.l3a) 

181.14 9 (Fig.15) 

A general trend found throughout the experimentally 

produoed c r o s s i n g - t a b l e s was the s i m i l a r i t y of the behaviour of plants 

when a c t i n g as female, but the d i s s i m i l a r i t y when donating po l l e n to 

the r e s t of the progeny, (Fig.7a, plants 3, 17 and 16', Fig.10a, 

group X; Fig.15a, plants 2, 11 and 10). A s i m i l a r s i t u a t i o n was 

found by Pandey (1957) i n one of the experimental f a m i l i e s i n P h y a a l i s , 

suggesting that a two gene system, with i n c o m p a t i b i l i t y present when 

one a l l e l e i s held i n common between pollen and s t y l e , may be s i m i l a r 

to the system found i n C . p e r a i c i f o l i a . 

Both Lundquist (1954) and Pandey (1957) found that doubling 

the chromosome number of Festuoa and P h y s a l i s ixocarpa f a i l e d to remove 

the i n c o m p a t i b i l i t y system* Experimental r e s u l t s show that the 

majority of a r t i f i c i a l t e t r a p l o i d s produced i n C . p e r s i c i f o l i a a l s o 

r e t a i n e d t h e i r i n c o m p a t i b i l i t y systems. Most of the t e t r a p l o i d s were 

self-incompatible, but T 27 showed a low s e l f - f e r t i l i t y . I n r e c i p r o c a l 

crosses made between the r e l a t e d d i p l o i d progeny and the t e t r a p l o i d s , 

each t e t r a p l o i d was both compatible and incompatible with i t s d i p l o i d 
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r e l a t i v e s . This i s i n contrast to the s i t u a t i o n found by Gairdner 
(1926) who observed that a cross between the believed t e t r a p l o i d 
C . p e r s i o i f o l i a var Telham Beauty, and the d i p l o i d form, was s u c c e s s f u l 
only when the t e t r a p l o i d was the female. C r o s s - p o l l i n a t i o n of the 
two t e t r a p l o i d s T 1 and T 4 was unsuccessful, but when T 15 and T 27 
were c r o s s - p o l l i n a t e d T 15 was recept i v e to pollen of T„27, though 
the r e c i p r o c a l cross was not compatible. The behaviour of a t e t r a ­
p l o i d plant with i t s parent v a r i e d , depending on the t e t r a p l o i d plant 
considered. 

Thus, though the form of the i n c o m p a t i b i l i t y system within 

the t e t r a p l o i d plant i s not known, i t i s p o s s i b l e to conclude from the 

behaviour of the t e t r a p l o i d s , that an i n c o m p a t i b i l i t y system was 

present, though i t i s not known to what extent i t d i f f e r e d from a 

d i p l o i d plant containing the same a l l e l e s . 

The type of i n c o m p a t i b i l i t y system present i n C . p e r s i c i -

f o l i a has not been elucidated, though i t may be concluded that i t i s 

a system based on two or more i n c o m p a t i b i l i t y genes. Whether or not 

these genes are r e l a t e d has not been determined. Examination of the 

systems found i n P h y s a l i s and the Gramineae suggest that that of 

C . p e r s i o i f o l i a has perhaps a s l i g h t l y c l o s e r a f f i n i t y with that of 

the Gramineae, though obviously the systems are not i d e n t i c a l . 
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IV. SOME OTHER SPECIES OF CAMPANULA. 

A. l ) I n troduction. 

The second approach to the problem of i n c o m p a t i b i l i t y i n 

the Campanulaceae i s a survey of the breeding systems found i n other 

species of Campanula. 

Seeds of as many species as po s s i b l e of known o r i g i n were 

obtained; these however were l i m i t e d and seeds of Campanulas long 

grown i n botanic gardens were also c o l l e c t e d . Some species obtained 

i n t h i s way had obviously been i n c o r r e c t l y named, and the majority of 

names given had no authority a f t e r them. The taxonomio p o s i t i o n of 

the genus Campanula i s confused, the l a t e s t oomplete work being that of 

de Candolle (1830). Hhere possible the names given were checked i n 

f l o r a s , i n Chittenden (1951)» ox i n de s c r i p t i o n s given by Crook (1937-

I94O), but where no c l a r i f i c a t i o n of the s i t u a t i o n could be obtained, 

the name given by tho botanic garden was taken. Those names which may 

be subject to co r r e c t i o n have been marked with an a s t e r i s k i n Appendix 1. 

The seeds from botanic gardens were the r e s u l t of open p o l l ­

i n a t i o n , and therefore l i a b l e to contamination. Also i t was appreciated 

that the seeds sent were u n l i k e l y to be the r e s u l t of a s i n g l e c r o s s . 

However, due to the usual delay of two years between germination and 

flowering i t was considered impracticable to make c o n t r o l l e d crosses 

from which to r a i s e a true family and to i n v e s t i g a t e the breeding system 

present. Hence i t was decided to r a i s e the plants from the seeds sent, 

and to look a t the breeding system w i t h i n these. I t was hoped that 

there would be s u f f i c i e n t l y few a l l e l e s present i n the ten p l a n t s 

considered from each seed source to i n d i c a t e the nature of the c o n t r o l ­

l i n g breeding system, i f one was present. 
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Each species obtained was given a code number over 100. 
Where two or more samples of the same species were obtained from d i f f ­
erent sources these were numbered on the decimal system. I n d i v i d u a l 
plants w i t h i n a species were also numbered. These numbers were placed 
a f t e r the decimal numbering and were separated from them by a dash. 
Hence, number 101.2 -3 i n d i c a t e s , working from l e f t to r i g h t , 
C . a l l i a r i a e f o l i a , the second sample of t h i s s p e c i e s , and the t h i r d 
plant within t h i s sample. 

The seedlings were r a i s e d i n a greenhouse i n 1961, and then 

planted i n beds i n the botanic garden. Flowering began i n l a t e June 

1962, continuing through to September. Extensive s e l f - and c r o s s -

p o l l i n a t i o n s were c a r r i e d out w i t h i n plants of a s p e c i e s . P o l l i n a t i o n s 

were made i n the laboratory and i n c o m p a t i b i l i t y was measured by pollen 

tube growth except when otherwise stated. 

2) Self-compatible s p e c i e s . 

The following species were found to be self-compatible* 

Campanula erinus 

Campanula Hybrid Z 2 

Campanula m o l l i s 

Campanula erinus (I2Q .0 

This species was believed to be half-hardy and was there­

fore grown i n the greenhouse, with i n c o m p a t i b i l i t y being measured by 

seed production. A l l s e l f and c r o s s - p o l l i n a t i o n s gave r i s e to good 

seed production, except f o r two crosses which f a i l e d . These were 

beli e v e d to be due to damage of the flowers during emasculation, as the 

plant was very b r i t t l e , and the flowers small, i . e . 6 mm long. 
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Flowers not emasculated s e t seed n a t u r a l l y and abundantly. Unlike the 
majority of Campanulas, C.erinus i s an annual. The l a c k of incompati­
b i l i t y and the annual habit of the plant may we l l be c o r r e l a t e d , though 
there i s no experimental evidence f or t h i s . C e r t a i n l y i n a plant 
r e l y i n g on good seed production the presence of i n c o m p a t i b i l i t y with 
i t s r e s u l t a n t heterozygosity may not be s u f f i c i e n t l y advantageous to 
overcome the disadvantage of a perhaps reduced seed production. 
Campanula Hybrid Z 2. 

This i s a h o r t i c u l t u r a l hybrid £. x E.K. Toogood, obtained 

from the Northern H o r t i c u l t u r a l Society, Harrogate, which c l o s e l y 

resembles C . c o c h l e a r i f o l i a . The l a c k of an i n c o m p a t i b i l i t y system 

here confirms E a s t ' s (1929) hypothesis, that c o m p a t i b i l i t y i n an incom­

p a t i b l e group i s often a s s o c i a t e d with a hybrid o r i g i n of the plant. 

Campanula m o l l i s (l99«l)• 

The i n c o m p a t i b i l i t y r e a c t i o n i n C.mollis i s i n t e r e s t i n g . 

I n the ten plants considered, t h r e e werG c o n s i s t e n t l y self-incompatible, 

four c o n s i s t e n t l y self-compatible and three showed c o n f l i c t i n g r e s u l t s . 

However, a l l showed some c r o s s - i n c o m p a t i b i l i t y . Tho name of the plant 

i s i n doubt. Crook (1938) maintains that C.malaoitana i s the accepted 

name for the plant c a l l e d C.mollis by de Candolle (1830), and Beddome 

(1907). However, h i s d e s c r i p t i o n given f or C.malaoitana does not f i t 

the plant under consideration. A synonym of m o l l i s i s given as 

v e l u t i n a i n Chittenden (l95l)> hut neithe r does t h i s d e s c r i p t i o n f i t 

the pliant. The d i c t i o n a r y s t a t e s that v e l u t i n a i s a name sometimes 

used f o r C.lanata, though Crook (1937) regards the two ( v e l u t i n a and 

lanata) as i n d i s t i n g u i s h a b l e . His d e s c r i p t i o n of C.lanata describes 



81 

the plant grown. C.lanata i s recorded as being monocarpic and 

c e r t a i n l y a l l the plants which flowered i n 1962 died before the spring 

of 1963* I f the plant i s considered to be monocarpic, the advantage 

of a l a c k of an i n c o m p a t i b i l i t y system would be s i m i l a r to that of an 

annual s p e c i e s . Further work on t h i s species would be required to 

elucid a t e whether the r e s u l t s obtained indioated the i n t e r e s t i n g 

s i t u a t i o n of incomplete s e l f - i n c o m p a t i b i l i t y . 

3) Self-incompatible species. 

A l l the r e s t of the Campanula species studied were predom­

i n a n t l y self-incompatible, see Table 14* Examination of the c r o s s i n g 

pattern produced by i n t e r c r o s s i n g plants of a s i n g l e species and source 

f a i l e d to reveal any obvious and consistent pattern. As the plants 

were derived from open p o l l i n a t i o n and the parent plants might w e l l 

have been grown together with other Campanula plants with a larg e gene 

pool of j3 i n c o m p a t i b i l i t y a l l e l e s , i t i s p o s s i b l e that each plant of a 

species grown i n t h i s study might have a d i f f e r e n t _s i n c o m p a t i b i l i t y 

complement. Thus i n t e r c r o s s i n g plants of a species might w e l l shown 

no c r o s s - i n c o m p a t i b i l i t y , though s e l f - i n c o m p a t i b i l i t y would be present. 

This could explain the p o s i t i o n shown i n the cros s i n g - t a b l e of 

C.thrysoidea (Pig.25). C.thrysoidea i s completely self-incompatible. 

I t i s of i n t e r e s t to note that though t h i s s p e c i e s , l i k e that of 

'C.mollis' above, i s monocarpic, i t d i f f e r s from i t i n i t s breeding 

behaviour. The majority of the c r o s s - p o l l i n a t i o n s made between plants 

of C.thrysoidea were compatible, only four ( 1 x 8 ; 5 z 2; 6 x 3 ; and 

8 x 6 ) being incompatible. Bach of the r e c i p r o c a l crosses was success­

f u l . I t i s deduced that the s_ a l l e l e s present i n the nine plants 
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Table 14-

Self-incompatible species of Campanula. 

Code number. Name. Code number. Name. 

101.2 C . a l l i a r i a e f o l i a 192.1 C.octroieuca 

101.3 C . a l l i a r i a e f o l i a 141.1 C.patula 

103.1 C.alpina 201.1 C.Dhytidocalyx 

193.1 C.aucheri 209.1 C . p i l o s a 

105.1 C.autraniana 198.1 C.piperi 

106.1 C.barbata 145.1 C.port enschlagiana 

106.2 C.barbata 202.1 C.pseudo-raineri 

204.1 C . b e l l i d i f o l i a 148.1 C.punctata 

205.1 C . b e t u l a e f o l i a 151.1 C.raddeana 

108.2 C.bononiensis 154.1 C.rapunouloides 

114.4 C . c o c h l e a r i f o l i a 155.1 C,rapunculus 

115.1 C . o o l l i n a 157.1 C . r o t u n d i f o l i a 

194.1 C.elatinoides 157.3 C . r o t u n d i f o l i a 

212.1 C . f e n e s t r e l l a t a 157.4 C . r o t u n d i f o l i a 

195.1 C . f i l i c a u l i s 157.6 C . r o t u n d i f o l i a 

123.1 C.£ar£anioa 159.1 O . s a x a t i l i s 

124.3 C.glomerata 160.1 C.scheuchzeri 

124.5 C.glomerata 160.2 C.scheuchzeri 

125.1 C.grandis 162.1 C . s i b i r i c a 

190.2 C . ^ r o s s e k i i 163.1 C s p e c i o e a 

191.1 C.hondoensis I64.I C.spioata 
— C . i s o p h y l l a 210.1 C.spruneriana 

213.1 C . i s t r a i o a 166.1 C.thrysoidea 

128.1 C.kemulariae 168.1 C.trachelium 

208.1 C.kolenatiana 203.1 C . t r i d e n t a t a 

130.2 C . l a c t i f l o r a 214.1 C.vanhoutteri 

143.1 C.lanata 170.1 C . v e r s i c o l o r . 

132.6 C . l a t i f o l i a 172.1 C.waldsteiniana 

197.1 C . l i n i f o l i a 172.2 C.waldsteiniana 

137-1 C.medium 
200.1 C.nobili-macrantha 



83 

considered were e i t h e r d i f f e r e n t i n each of the p l a n t s , or that t h e i r 

combinations were such that there was l i t t l e i n h i b i t i o n to f e r t i l i s ­

a t ion. No information can be obtained from these r e s u l t s about the 

nature of the i n c o m p a t i b i l i t y mechanism present, other than that i t i s 

probably m u l t i a l l e l i c . 

The other extreme was shown by the breeding pattern of 

C.barbata (106.1). These p l a n t s showed a l a r g e proportion of f a i l e d 

c r o s s - p o l l i n a t i o n s , suggesting that there were some i n c o m p a t i b i l i t y 

a l l e l e s i n common (see Figs.26 and 26a). Out of a t o t a l of 55 cr o s s -

p o l l i n a t i o n s , only 15 were compatible. ( T h i s has not been expressed 

as percentage c o m p a t i b i l i t y so as to avoid confusion between plants of 

a species, i . e . C.barbata t and i n t e r c r o s s i n g progeny of a s i n g l e family, 

i . e . C . p e r s i o i f o l i a ) . P l a n t s 10, 5 and 11 were very s i m i l a r i n beha­

viour and were p r o v i s i o n a l l y assumed to have the Gamo genotype, but 

these were the only plantc which could be grouped togother. I t i s of 

i n t e r e s t to note that though the majority of Campanula species showed 

r e c i p r o c a l d i f f e r e n c e s as a common occurrence, there were only two 

examples of t h i s i n C.barbata. cross 3 x 1 , 1 x 3 ; and cross 5 x 9» 

9 x 5 -

C.medium (137*1) also showed a l a r g e number of incompatible 

cro s s e s , see Figs.27 and 27a. Examination of the s i m p l i f i e d c r o s s i n g -

table (Fig.27a) shows that out of a t o t a l of 59 c r o s s - p o l l i n a t i o n s , 

only 23 were compatible. P l a n t s 4, 7> 1 and 3 were a l l cross-incompat­

i b l e , except f o r the cross 4 x 7 * which was compatible. P o l l e n of 

plant 9 was incompatible with plants 4 and 7» and s p l i t them from the 

other two with which i t was compatible. The behaviour of pollen of 
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plant 8 d i f f e r e n t i a t e d between plants 1 and 3, being incompatible 

with, plant 1, but compatible with plant 3- Plant s 4 and 7 were 

dist i n g u i s h e d when used as p o l l e n on p l a n t s 5 and 6, p o l l e n of plant 4 

was compatible on these two, but that of plant 7 was incompatible. 

Thus a l l four p l a n t s , 4, 7> 1 and 3 behaved i n a d i f f e r e n t manner and 

must have had d i f f e r e n t genotypes. Plant 9 was r e c i p r o c a l l y incompa­

t i b l e with plants 4 and 7 hut d i f f e r e d from them i n that i t was r e c i p ­

r o c a l l y compatible with plant 1. Plant 5 was r e c i p r o c a l l y incompatible 

with plant 9 but was compatible with p o l l e n of plant 4, with which 

plant 9 was incompatible. Plant 6 was r e c i p r o c a l l y incompatible with 

7, but u n l i k e 7 i t was r e c i p r o c a l l y compatible with plants 1, 3, 9 and 

5. The behaviour of plants 2 and 8 was not known i n d e t a i l but plant 

2, though s i m i l a r i n i t s a c t i v i t y as pollen to that of plant 6, could 

be d i s t i n g u i s h e d from i t by being compatible with plant 6. Plant 8 

was pollen incompatible on plants! 4» 7 and 1 but d i f f e r e d from them i n 

that i t was compatible on plant 3* Thus a l l nine plants behaved i n a 

d i f f e r e n t manner and must have had d i f f e r e n t genotypes. The l a r g e 

number of cross-inoompatible c r o s s e s , however, suggests that there must 

be some f a c t o r s i n common between them preventing c r o s s - c o m p a t i b i l i t y . 

The breeding pattern of C.lanata (143.1) (Figs.28 and 28a) 

als o showed a high degree of c r o s s - i n c o m p a t i b i l i t y . Two p l a n t s 

(numbers 3 and 10) were self-compatible, but as these p l a n t s were c r o s s -

inoompatible i t i s suggested that the s e l f - f e r t i l i t y was due to some 

freak conditions, and was not a normal phenomenon. Pl a n t s 4> 5 and 7 

were cross-incompatible with each other, but must have d i f f e r e d geneti­

c a l l y as p o l l e n of plants 5 and 7 was compatible on plant 6, but pollen 
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of 4 was incompatible. Pla n t s 5 and 7 al s o d i f f e r e d , pollen of plant 
5 being compatible on plant 1, but that of plant 7 being incompatible. 
Plant 10 was u n l i k e the other plants i n that i t was s e l f - f e r t i l e , but 
incompatible with pollen of a l l other p l a n t s . Plants 6, 1, 3 and 9 
were a l l r e c i p r o c a l l y incompatible with plant 10, but a l l d i f f e r e d from 
i t by being compatible with p o l l e n from other p l a n t s . The plants also 
d i f f e r e d from each other. Both plants 1 and 3 were compatible with 
pollen of plant 4, but plant 1 was compatible with pollen of plant 5, 
while that of plant 3 was not. Plant 6 was compatible to pollen of 
plant 5, but u n l i k e plant 1 i t was incompatible to p o l l e n of plant 4. 
Plant 9 was incompatible to pollen of plant 5 (as was 3) but d i f f e r o d 
from 3 by being compatible with pollen of plant 7» Plant 2 was reoip-
r o c a l l y incompatible with plant 9, but d i f f e r e d from i t by being reoip-
r o c a l l y compatible with plant 3- Po l l e n of plant 2 was incompatible 
on plant 8, though the r e o i p r o c a l croca was oompatible. 

Thus a l l the ten plants considered behaved i n a d i f f e r e n t 

manner. L i k e the pattern shown by C.medium there are a l a r g e number 

of cross-incompatible p o l l i n a t i o n s . Out of a t o t a l of 76 c r o s s -

p o l l i n a t i o n s only 24 were compatible. Unlike C.barbata both these 

species showed many instances of r e c i p r o c a l l y d i f f e r e n t crosses; 

C.medium had seven p a i r s of r e c i p r o c a l l y d i f f e r e n t c r o s s e s , and C l a n a t a 

eleven p a i r s . 

No other self-incompatible species seemed to have s u f f i c i e n t 

plants with i d e n t i c a l or even r e l a t e d i n c o m p a t i b i l i t y a l l e l e s i n common 

for there to be a d e f i n i t e pattern i n the c r o s s i n g - t a b l e . Although the 

species were almost always c o n s i s t e n t l y self-incompatible, cross-compat­

i b i l i t y and i n c o m p a t i b i l i t y seemed almost to be d i s t r i b u t e d at random, 
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with a larg e number of reoiprooal crosses g i v i n g d i f f e r e n t r e s u l t s . 

This may be seen by examination of the c r o s s i n g pattern produced when 

plants of C.grossekii were i n t e r c r o s s e d amongst themselves (Pig.2$). 

A l l the plants were c o n s i s t e n t l y self-incompatible but out of a t o t a l 

of 45 r e c i p r o c a l c r o s s e s , 19 showed r e c i p r o c a l l y d i f f e r e n t r e s u l t s , 

i . e . 42 per cent. P l a n t s 3 and 4 were r e c i p r o c a l l y incompatible, but 

must have d i f f e r e d i n t h e i r i n c o m p a t i b i l i t y genotype as pol l e n of plant 

3 was compatible on plant 5i whereas pollen of 4 was incompatible on 5' 

The pollen r e a c t i o n s of the two plants a l s o d i f f e r e d on plants 1, 8, 

and 10. Plan t s 4 and 5 were r e c i p r o c a l l y incompatible, but these 

plants must have d i f f e r e d i n t h e i r i n c o m p a t i b i l i t y genotype, as they 

could be di s t i n g u i s h e d by the action of po l l e n of plants 1, 2, 3» 6 and 

10 on them. Plants 5 and 6 were oross-incompatible, but were d i s t i n ­

guished by t h e i r a c t i o n as po l l e n on plants 1, 4» 8 and 10. Plants 7 

and 8 were cross-incompatible and though these two plants behaved iden­

t i c a l l y as po l l e n on the remainder of the p l a n t s , t h e i r r e a c t i o n to 

pollen from those plants d i f f e r e d considerably. Thus plant 7 was 

receptive to po l l e n from a l l the p l a n t s , except 8, but plant 8 was 

incompatible to po l l e n from plants 2, 4> 5» 7> 9 and 10. P l a n t s 9 and 

10 were r e c i p r o c a l l y cross-incompatible, but these two could not have 

had i d e n t i c a l genotypes e i t h e r , f o r they could be di s t i n g u i s h e d by 

d i f f e r i n g reaotions with p o l l e n of plants 1, 3j 5 and 6. 

I t i s of i n t e r e s t to note that the r e s u l t s of c r o s s - p o l l i n ­

ations of C.grossekii f a i l e d completely to f a l l i n t o d i s c r e t e groups, 

and that there was even a chain of plants which were incompatible with 

t h e i r neighbours. This i s shown i n Table 15• 
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Table 15. 

To show that the r e s u l t s of incompatible and compatible p o l l i n a t i o n s 

of C.grosBekii do not f a l l i n t o d i s c r e t e groups. 

Pollen parent. Pla n t s with which the Plants with which the 

pollen i s incompatible. po l l e n i s compatible. 

1 3,4,9,10. 2,5,6,7,8. 

2 5,6,8,9,10. 1,3,4,7. 

3 2,4; 1,9. 5,6,7,8,10. 

4 3,5} 2,8,9,10. 1,6,7. 

5 4,6; 1,8. 2,3,7,9,10. 

6 5; 10. 1,2,3,4,7,8,9. 

7 6,8; 2,3,4,5,10. 1,9. 

8 7; 2,3,4,5,6,10. 1,9. 

9 8,10; 1,2,3,4,5,6. 7. 

10 9; 2,4,8,10. 1,3,5,6,7. 

I t seems as i f the c r o s s i n g successes and f a i l u r e s shown 

i n Fig.29 were d i s t r i b u t e d a t random. A s t a t i s t i c a l i n v e s t i g a t i o n of 

the r e s u l t s of each p o l l i n a t i o n seemed to support t h i s . I t was 

assumed that i f f a i l e d p o l l i n a t i o n s were d i s t r i b u t e d at random over 

the t a b l e , and the chance of any cross f a i l i n g was the proportion of 

f a i l u r e s i n the tab l e , then sc o r i n g the r e s u l t s of r e c i p r o c a l orosses 
2 2 2 would give the r a t i o of p » 2pq : q 5 where p + q i s 1, p i s the 

2 

number of c o n s i s t e n t l y s u c c e s s f u l r e c i p r o c a l c r o s s e s , q i s the number 

of c o n s i s t e n t l y f a i l e d r e c i p r o c a l c r o s s e s , and 2pq i s the number of 
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r e c i p r o c a l crosses showing d i f f e r e n t r e s u l t s . A Chi- square t e s t on 

the d i f f e r e n c e between the observed and c a l c u l a t e d r a t i o s allows the 

c a l c u l a t i o n of the p r o b a b i l i t y of such a di f f e r e n c e being found. The 

pr o b a b i l i t y of the observed r a t i o being found i n C.grossekii i s c a l c u l ­

ated below (Table 16), and i t can be seen that there was a 50 per cent 

chance or more that t h i s r e s u l t would be obtained considering the 

conditions above. This would suggest that i f an i n c o m p a t i b i l i t y system 

was present, i t was not s u f f i c i e n t l y obvious to a f f e c t the c r o s s i n g 

pattern produced, due to d i s s i m i l a r i t y between the plants considered. 

I f t h i s was so, and i f the d i s t r i b u t i o n of f a i l u r e s was at random with 

no obvious i n c o m p a t i b i l i t y , i t would be expected that r e p e t i t i o n of the 

p o l l i n a t i o n s i n the following year would give a s i m i l a r r a t i o , but a 

d i f f e r e n t pattern i n the breeding t a b l e . 

Table 16. 

To show the method used to c a l c u l a t e the s i g n i f i c a n c e between the 

observed and the c a l c u l a t e d r a t i o s obtained i n C . g r o s s e k i i . 

Number of s u c c e s s f u l Number of d i s s i m i l a r Number of f a i l e d 
r e c i p r o c a l r e c i p r o c a l r e c i p r o c a l 

p o l l i n a t i o n s . p o l l i n a t i o n s . p o l l i n a t i o n s . 

observed r a t i o 10.0 19.0 16.0 

c a l c u l a t e d r a t i o ( e ) 8.4 22.1 14*4 

deviation (d) 1.6 3«1 1.6 

d 2 2.4 9.6 2.6 
d 2/e 0.29 0.47 0.17 

,2 
^ = O.93. n = 2, therefore p > 0.5. 
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Repeated pollinations were carried out the following year, 
but scoring the pollen tubes was not possible due to the poor quality of 
staining of the pollen tubes with a new batch of stain from a different 
source. 

4) S t a t i s t i c a l investigation of results. 
I t has been shown for C.grossekii that a comparison between 

the calculated r a t i o of the results of reciprocal crosses, and the 
observed r a t i o , indicated that there was a f i f t y per cent chance or more 
that the observed rati o would be found. I f an incompatibility system 
was present, and was functioning due to genetical s i m i l a r i t y between the 
plants considered, i t would be expected that the observed result would 
deviate considerably from the calculated r e s u l t , giving a low probability 
value. A Chi- square test was carriod out on the difference between 
the observed and calculated values of reciprocal crosses i n many of the 
self-incompatible species, and the probability of that result being 
obtained was found. Table 17 shows the individual results for the 
species considered. Examination of the probability values obtained 
shows that only for three species, i.e. C.barbata, C.lanata and C.modium 
do these indicate a significant difference between the observed and 
calculated values of reciprocal crosses. As has been shown above, 
these three species cannot be interpreted i n the l i g h t of any known 
incompatibility system. Table 17 also shows the probability value 
obtained when the t o t a l result of a l l the species i s considered. The 
value of p greater than 0.2 was obtained. I f , however, the three species 
showing significant deviation are removed from the t o t a l , or even i f each 
one i s removed i n turn, the new probability value i s greater than 0.3-
Thus i t may be concluded that for the majority of species considered 
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Table 17. 

To show the probability of obtaining the experimental results found. 

Code no. Name. Experimental r a t i o . Calculated r a t i o . p. ++ + - — — ++ + - — — 

101.1 a l l i a r i a e f o l i a 11 22 9 11.5 20.9 9.5 0.1 >o.5 

101.3 a l l i a r i a e f o l i a 11 20 4 12.6 16.8 5-6 1.27 >0.5 

106.1 barbata 6 2 17 2.0 13.0 10.1 65.6 <0.001 

205.1 betulaefolia 3 6 5 2.6 6.9 4.6 0.12 >0.5 

108.2 bononiensis 28 14 0 29.1 11.6 1.2 1.71*0.4 

114-4 cochlearifolia 3 23 19 4.7 19.6 20.6 1.3 0.5 

194-1 elatinoides 6 3 1 5.6 3.7 6.3 0.4 >0.5 

212.1 fenestrellata 5 3 1 4.7 3.6 0.7 0.48>0.5 

195.1 f i l i o a u l i s 9 11 7 7.8 13.6 6.0 O.87 >0.5 

123-1 Karganica 8 1 0 8.0 0.9 0.3 1.69*0.45 

124-5 glomerata 15 12 6 13-4 15.3 4.4 1.52*0.45 

125.1 grand!s 9 16 12 7.8 18.3 10.8 0.5 >o.5 

190.2 grossekii 10 19 16 8.4 22.1 14-4 o,93>o.5 

191.1 hondoensis 5 17 7 6.3 14.4 8.3 0.91 >0.5 

213.1 i s t r a i c a 5 10 16 3.2 13.5 14.2 2.13>0.3 

128.1 kemulariae 2 16 24 2.4 15.2 24.4 0.99>0.5 

130.2 l a c t i f l o r a 1 5 21 0.5 6.1 20.5 O.87 >0.5 

143-1 lanata 6 12 20 3.0 16.4 17.7 4.48 >0.1 

132.6 l a t i f o l i a 0 4 13 0.2 3.5 13.2 0.84>0.5 

197.1 l i n i f o l i a 6 5 5 4.5 7-9 3.5 2.24 >0.3 

137.1 medium 7 6 11 4.2 11.7 8.2 5.7 *0.05 

192.1 ochroleuoa 16 14 6 14.7 16.6 4.7 O.89 >0.5 

continued 
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Table 17 continued. 
Code no. Name. Experimental r a t i o . Calculated r a t i o . p. 

++ + - — ++ + - — — 

201.1 phytidocalyx 15 17 11 12.8 21.3 8.8 1.76 «-0.4 

209.1 pilosa 8 15 5 8.6 14.O 5.6 0.19 > 0.5 

145.1 portenschlagiana 12 7 0 12.6 5.6 0.6 0.99 > 0.5 
202.1 pseudo-raineri 5 8 6 4.2 9-5 5.3 O.46 > 0.5 

151*1 raddeana 3 22 15 4.9 18.2 16.9 1.74 •ssO.4 
154.1 rapunculoides 21 19 4 21.0 18.7 4-4 0.16 > 0.5 

157.3 rotundifolia 3 12 2 4.7 8.5 3.7 2.94 *0.25 
159.1 s a x a t i l i s 13 17 4 13.6 15.8 4.6 0.19 > 0.5 
160.1 scheuchaeri 13 21 6 13.8 19-4 6.8 0.27 > 0.5 
160.2 scheuchzeri 15 12 2 15.2 11.6 2.2 0.22 > 0.5 

162.1 s i M r i c a 6 12 11 4-9 14.0 9.9 0.43 > 0.5 
168.1 trachelium 13 16 9 11.6 18.8 7-6 O.84 > 0.5 

214.1 vanhoutteri 15 16 5 14.7 16.6 4.7 0.11 > 0.5 

170.1 versicolor 1 4 1 1.5 3.0 1.5 0.66 > 0.5 
172.1 waldsteiniana 4 6 10 2.5 9.1 8.5 2.31 > 0.3 

Total 319 445 311 303.5 475-6 300.3 3-14 > 0.2 

there were i n s u f f i c i e n t incompatibility alleles i n common i n the plants 
considered to show a definite breeding pattern which could be disting­
uished from a random one, i n which the chance of any particular p o l l i n ­
ation f a i l i n g was determined by the frequency of failures i n the table. 

A comparison between the probability values determined from 
observed and calculated results, between reciprocal crosses and within 
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a repeated oroBS-pollination was made. Each individual result of a 
repeated pollination was paired with the other results for that p o l l i n ­
ation. Thus, when a cross was repeated three times, with two success­
f u l pollinations and one f a i l u r e , i t was scored as one repeated success 
and two mixed results. Individual results for seven species are shown 
i n Table 18. Three species, C.aucheri, C.barbata and C.rotundifolia 
show a probability value which i s greater than 0.5 , while the rest 
show lower values. Consideration of the combined results gives a 
t o t a l value of p approximately equal to 0.04. The figures for C.barbata 
are much larger than the others as th i s species was studied both i n 
1962 and 1963- In the t o t a l r e s u l t , therefore, the probability value 
i s bound to be determined largely by the result of C.barbata. 

The probability values for the same species as above were 
considered for the results of reciprocal crosses, see Table 19- Here, 
four species, C.aucheri, Cthrysoidea, C.glomerata and C.rotundifolia 
showed probability values greater than 0 = 5, but unlike the situation i n 
the repeated pollinations quoted above, the combined results show a 
t o t a l value of p greater than 0.5- The results obtained for the 
repeated pollinations indicate that the outcome of the cross i s not at 
random. The observed value d i f f e r s s i g n i f i c a n t l y from the expected 
value, which would be obtained considering the proportion of failures 
i n repeated pollinations, derived from the crossing tables. I t i s 
argued that i f the result of a repeated pollin a t i o n i s not at random, 
then the result of a reciprocal cross-pollination should not be either. 
I t i s concluded that though the results of reciprocal cross-pollinations 
appear to be at random, this i s spurious. I t i s the outcome of 
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Table 18. 
To show the probability of repeated pollinations giving the same 

Code no. Name. Experimental r a t i o . Calculated r a t i o . X2 
P« 

++ + - — ++ + - — — 

193.2 aucheri 1 3 6 0.6 3.75 5.6 O.65 >0.5 

106.2 barbata 99 212 134 94-4 221.1 129.4 0.75 >0.5 

124.3 g l o m e r a t a 16 9 6 13.5 13.8 3.5 3.85 •£= 0.15 

157.2 r o t u n d i f o l i a 5 8 6 4.3 9.5 5-3 0.45 >0.5 

210.1 S D r u n e r i a n a 5 3 11 2.2 8.5 8.2 8.06 0.02 

166.1 t h r y s o i d e a 51 8 4 48.O 13.9 1.0 11.54 ^ 0.005 

172.2 waldsteiniana 7 5 6 5 9 4 3.54 ̂  0.18 

Total 184 248 173 168.0 279.6 157.0 6.39 - 0.04 

Table 1Q. 
To show the probability of reciprocal pollinations giving the same 

Code no. Name. Experimental r a t i o . Calculated r a t i o . X P* 
++ + - — ++ + - — — 

193.2 aucheri 1 3 3 0.9 3.2 2.9 O.03 >0.5 

106.2 barbata 14 17 15 11.0 22.9 12.0 3.08 >0.2 

124.3 ftlomerata 14 14 5 13.3 15.2 4.4 0.22 >0.5 

157.2 rot u n d i f o l i a 17 21 3 I8.4 18.0 4-4 1.04 >0.5 

210.1 spruneriana 2 3 6 1.1 4.7 5.1 I.56 ^0.45 

166.1 thrysoidea 31 12 1 31.0 11.7 1.1 0.09 >o.5 

172.2 waldsteiniana 3 6 3 3 6 3 no deviation 

Total 82 76 36 78.7 81.7 32.9 0.85 >o.5 
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considering plants which, though of the same species, have too few 
incompatibility alleles i n common, when the plants are interbred, for 
the crossing pattern produced to re f l e c t the presence of the incompati­
b i l i t y system i n the majority of the crosses. 

The most satisfactory method of checking this conclusion 
would be to consider a true family of one of the species considered 
above. The incompatibility system could be examined i n the family 
obtained, knowing that the number of alleles present would be limited 
by the number present i n the parent. This was not possible, but the 
method was t r i e d on a family of C.rotundifolia, the breeding pattern of 
which i s considered below i n Section IV B 2. Here, the probability 
that ropcatod cross-pollinations gave the same result was highly signi­
f i c a n t , p being less than 0.001; but the pattern produced by reciprocal 
crosses f a l l s well within the bounds of probability, i.e. p i s between 
0.99 and O.98. Though the plants considered were the progeny of a 
single cross, the majority of cross-pollinations were compatible, and 
the t o t a l compatibility was 70*8 per cent. Henco, again, as with the 
other species of Campanula which are considered above, the presence of 
cross-incompatibility within the table was in s u f f i c i e n t to be d i f f e r ­
entiated from random fail u r e s . 

B. l ) Detailed investigation of C.patula ( l 4 1 . l ) . 
Some plants of C.patula when grown under sub-optimal 

conditions behave as annuals, although the species i s normally biennial. 
A preliminary crossing programme i n 196I with incompatibility measured 
by pollen tube growth, indicated that there were at least four different 
breeding groups amongst the selected plants. Seeds of a known cross 
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(141.1 -14 / 141-1 -12) were collected and sown i n order to f i n d the 
breeding; groups within a true family. Out of a t o t a l of 180 seedlings, 
27 plants were forced to flower s u f f i c i e n t l y to enable a restr i c t e d 
crossing programme to be carried out. Each plant was selfed, and then 
crossed as the female with pollen of four selected plants. Where 
possible a l l crosses were repeated. The plants were grown i n a green­
house; incompatibility was measured by seed set, and the results are 
given i n Fig.30. Examination of the crossing-table shows that the 
progeny may be divided into eight breeding groups which are self-
s t e r i l e , and one group which i s s e l f - f e r t i l e . Plant 21 i n thi s l a t t e r 
group i s i n f e r t i l e with pollen of plant 8. As there i s no record of 
any plant being crosc-incompatible, but self-compatible, i t i s assumed 
that either the f a i l u r e or the s e l f - f e r t i l i t y i s due to reasons other 
than incompatibility. Pollen from two progeny of the cross 141.1 -12/ 
-13 were also placed on the plants of the family studied above, and the 
results obtained s p l i t the original grouping to form ten different 
self-incompatibility groups. The pollen parents for these p o l l i n a t ­
ions are those with ringed numbers i n Pig.31. Comparison of Pigs.30 
and 31 showB that apart from the removal of plant 16, the f i r s t three 
groups are iden t i c a l . Group IV of Pig.30 was, however, s p l i t by the 
additional pollinations to form two groups, which differed i n their 
reactions with p o l l e n ^ ^ . Prom the available data i t i s impossible 
to know to which of groups 4 and 5 of Pig.31 to assign plants 103, 40, 
105 and 113, for their reactions with pollen ^2^we«enot known. 
They have been placed a r b i t r a r i l y i n group 5« Group 6 of Pig.31 i s 
identical with group V of Pig.30, containing plant 51 only. Group 7 
i s a new group composed of plant 69 (previously i n group IV) and 
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plant 16 (from group 1, i n Fig.30). Plants 7» 114 and 8 are s t i l l 
unique i n the i r behaviour and are a l l classed separately. Thus pollen 
from two progeny of the cross 141.1-12 / -13» s p l i t s the eight self-
incompatible groups from the cross 141•1-14 / -12 into ten different 
groups. I t i s unlikely that the l i m i t e d range of pollen used was 
sufficient to segregate a l l the breeding groups and i t can only be 
concluded that there i s a minimum of ten different breeding groups 
formed within the progeny of a true family of C.patula. I t i s of 
interest to note that the few reciprocal orosses made, i.e. 43 x 8; 
43 x 80; 43 x 114; 8 x 80; 8 x 1145 80 x 114» were a l l reciprocally 
identical and compatible. I t can thus be concluded that the pollen 
genotypes used i n plants 8, 43i 80 and 114 were a l l different. Seeds 
of the reciprocal cross 43 x 8, and 8 x 43 were a l l sown i n order to 
t r y to determine the maximum number of breeding groups within each of 
the families, and i f possible to see i f the groups were identical 
between the families; unfortunately the plants could not be forced 
into flower i n 1963. 

2) Detailed investigation on C.rotundifolia (157) 
Three plants were obtained from Glen Coe, Scotland, and one 

from St. David's Island, Pembrokeshire, and these were intercrossed 
amongst themselves. The plant from St. David's Island was the only 
one which was self-incompatible, though the other plants had a reduced 
f e r t i l i t y . The average number of seeds set when the three plants were 
self-pollinated was 28.7, compared with a seed set of 91*9 when the 
plants were cross-pollinated. Individually the three plants from Glen 
Coe showed very different degrees of s e l f - f e r t i l i t y . Plant 157*5 - I 
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showed the highest f e r t i l i t y with an average of 66 seeds on selfing 
(result of three repeated pollinations)5 plant 157•5 -3 had an 
average of 18 seeds per se l f - p o l l i n a t i o n (two repeated pollinations); 
and plant 157*5 -2 an average of two seeds per pollination (two 
repeated pollinations). 

Progeny were raised from parents from two widely different 
sources, the female parent (157*4 -1) was from Cronkley F e l l , i n County 
Durham, and the male parent (157*2 -2) was obtained from seed from the 
botanic garden i n Stuttgart. Both parents were self-incompatible. 
Preliminary experiments on the progeny showed that a few plants, 
(numbers 11, 19 and 24) had a reduced s e l f - f e r t i l i t y , though most of 
the plants were self-incompatible. Thus the average number of seeds 
set i n those three self-pollinations was 7*1} while the average prod­
uced out of f i f t e e n cross-pollinations was I48.5 seeds per po l l i n a t i o n . 

Detailed intercrossing of eleven progeny was made i n 1963 
and the results are shown i n Fig.32* Six additional plants of the 
same family were tested for s e l f - f e r t i l i t y and a l l were found to be 
self-incompatible. I t can be seen from Fig.32 that three plants 
showed a tendency towards s e l f - f e r t i l i t y , plants 3> 11 and 20. Plant 
3 showed vigorous pollen germination when selfed, and though the major­
i t y of the pollen tubes were superficial, a few were present at the 
style base. Out of thirteen repeated self-pollinations of plant 11 
only one showed any B e l f - f e r t i l i t y . The capsule was l e f t on the plant 
after pollination and six seeds developed. 

I t i s of interest that this was the one plant observed i n 

which s e l f - p o l l i n a t i o n seemed to be brought about by the plant. Non-

emasculated flowers were l e f t for a week after the stigmas had diverged 
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and were examined for p o l l i n a t i o n . A l l f i v e plants so treated showed 
germinated pollen on the backward curved stigmas, suggesting that this 
had been transferred to the stigma by contact between the diverging and 
receiving stigma t i p and the pollen covered stigma base. Plant 20 
showed a low degree of s e l f - f e r t i l i t y , four pollinations out of eleven 
being successful. Pollen tubes were observed at the base of the style 
i n two of the flowers, and i n flowers which were l e f t for seed set, two 
Beeds were produced i n one capsule and one i n another. I t i s of 
interest that the four successful self-pollinations were a l l made i n 
May, i.e. i n 16, 20 and 27 (two), which was the beginning of the 
flowering season, the f i r s t flowers being mature for pollen on 16 May. 
Flowers continued to be produced u n t i l July 24, and repeated self-
pollinations on the plant on June 4 (three), June 15 (two) and June 28 
(two), a l l f a i l e d . This was the only indication of end-of-season 
effects i n a l l the Campanula species concidorod. 

Fig.32a shows the overall results obtained by intercrossing 
the progeny of C.rotundifolia. Those plants which showed an incomp­
lete self-incompatibility have been ringed, and i t can be seen from 
Fig.32a that cross-incompatibility was s t i l l present i n these plants. 
Thus plant 11 was cross-incompatible as pollen on plant 18, and was 
unreceptive to pollen of plant 17; plant 3 was incompatible as pollen 
on plant 1, and was unreceptive to pollen of plant 2; and plant 20 was 
incompatible to pollen of plant 15, and was i t s e l f incompatible as 
pollen on plants 2, 16, 17 and 23. Examination of the table shows 
that though plants 23 and 18 were reciprocally cross-incompatible, 
th e i r behaviour as pollen on plants 6 and 17 differed. Pollen of 
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plant 17 was incompatible on plant 23> but the reciprocal cross was 
successful. Plant 17, however, was reciprocally cross-incompatible 
with plant 18, and behaved i n a similar fashion to i t i n many crosses. 
Plants 17 and 18 though, could be distinguished by their behaviour with 
pollen of plants 11, 2, 20 and 23. Plant 16 was incompatible with 
pollen of plant 20, but the reciprocal cross was compatible. The two 
plants differed i n their behaviour when used as pollen on plants 2 and 
18. Similarly pollen of plant 2 was incompatible on plant 3> though 
the reciprocal cross was compatible. These two plants were disting­
uished by their behaviour as pollen on plants 1 and 18. Pollen of 
plant 1 was incompatible on plant 6, but was reciprocally compatible. 
Both plants showed a high degree of cross-compatibility but were d i s t i n ­
guished by their reaction with pollen of plants 3 and 23* Plant 15 

was incompatible as pollen on plants 2, 20 and 16 but was otherwise 
cross-compatible. There was a high degree of reciprocal differences 
between crosses of the plants considered above, there being eighteen 
pairs of crosses showing different results. 

I t may be concluded that as each plant had a peculiar and 
characteristic behaviour, each must have had a different incompatibility 
genotype. A minimum of eleven groups may therefore be formed when 
intercrossing progeny of a true family of C.rotundifolia. The number 
of compatible pollinations was high; 87 out of a t o t a l of 109 cross-
pollinations (79«9 per cent) were successful, suggesting that there were 
few factors i n common between the parents. Further work on progeny 
derived from seeds produced i n a cross with reciprocally different 
results, would ensure that there were factors i n common between the 
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parents, and should thus provide progeny with more incompatibility 
alleles i n common. Interbreeding these progeny would be expected to 
produce fewer breeding groups, and might thus help to elucidate the 
controlling mechanism behind the breeding system. 

3) Notes on C.isophylla. 
One plant each of C.isophylla and C.isophylla var alba were 

available for breeding. C.isophylla var alba was s e l f - s t e r i l e j pollen 
germination was good, but penetration of the stigmatic tissue by the 
pollen tubes was negligible. C.isophylla was pollen s t e r i l e and i t 
was not known i f there was an incompatibility mechanism present. £. 
isophylla var alba produced abundant pollen, and out of eight repeated 
cross-pollinations with C.isophylla two were successful, producing one 
and three seeds each. These were sown and the single seed set germ­
inated i n March 1963, but the other three had f a i l e d to do so by 
September 1963* 

4) Notes on C.oarpatica. 
Many plants of C.oarpatioa were collected, but the majority 

of these showed p a r t i a l or complete male s t e r i l i t y , confirming Pellew 
(1917). I t was decided that t h i s feature would obscure any incompati­
b i l i t y system present, and would be a complete study i n i t s e l f , so i t 
was not continued i n the present study. 

5) Conclusion. 
Prom the experimental results obtained i t may be concluded 

that the majority of Campanula species studied have an incompatibility 
system. I n some species: C.erinus, C.mollis and the hybrid C_. X E.K. 
Toogood this seems to have been l o s t . I n a few species, as was ob­
served i n the detailed studies of C.patula and C.rotundifolia, 
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incompatibility seems to be reduced i n a few plants allowing a very 
low percentage of s e l f - f e r t i l i t y , but these plants were i n the minority. 

True families were only available for inbreeding i n two of 
the species considered, which was a l i m i t i n g factor to the study. The 
breeding patterns produced by intercrossing plants of a single species 
cannot be explained i n the l i g h t of any known incompatibility system, 
and i t i s considered that the incompatibility system can only be 
elucidated by interbreeding a true family of known parentage. 

The consideration of the true families of C.patula and 
C.rotundifolia. however, did l i t t l e to indioate the type of controlling 
breeding system, except to show that at least 10 or 11 breeding groups 
respectively may be formed within a true family. Further work on 
these two families considering progeny derived from two parents with 
some incompatibility alleles i n common, and experimentation with much 
larger families would help to elucidate the problem. Vegetative 
propagation of each individual plant would be essential to ensure an 
adequate supply of material. The scoring of material by pollen tube 
growth would increase the Bupply of material as removal of flowers 
from a plant stimulates further flower production. Consideration of 
plant material from the wild only^ might overcome the chance of low 
seed set on selfing, which results from an upset incompatibility 
genotype due to hybridisation or plant breeding. 
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V. DISCUSSION. 
The present study has indioated that self-incompatibility 

i s of widespread occurrence i n the genus Campanula. A few species 
are self-compatible, as has been shown i n section I I I , A, 2; and a 
few isolated plants within self-incompatible species show s e l f - f e r t i l ­
i t y under some conditions, e.g. C.persicifolia. I 85 .5 . There i s no 
evidence that self-incompatibility may be overcome by bud p o l l i n a t i o n , 
p i s t i l damage, or end-of-season effects i n C.persioifolia. 

Work on C . p e r B i c i f o l i a has revealed several of the charact­
e r i s t i c s of incompatibility, but the system has not been elucidated. 
The study of true families has indicated that the number of groups 
formed within the progeny of a known cross i s large: too large to be 
the result of an incompatibility system controlled by one locus, even 
with many al l e l e s . 

I t was found that both male and female p a r e n t s of a family 
were c o m p a t i b l e to some extent with the progeny. The female parent 
was compatible with some of the progeny but incompatible with others, 
while the behaviour of the male parent could be i d e n t i f i e d with one of 
the breeding groups formed by interbreeding the progeny themselves. 
A l l the progeny except that of 1.7 selfed, showed some reciprocally 
different results when intercrossed amongst themselves. Whether two 
families derived from a reciprocal cross behaved i d e n t i c a l l y or not, 
was not shown. This would form a good st a r t i n g point for future work. 
Determination of whether reciprocal differences produced when i n t e r ­
breeding progeny were spurious or not, i s also most important. 

Work with a r t i f i c i a l l y produced tetraploids of C.persici­

f o l i a showed that self-incompatibility i s generally retained i n these 
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plants. This i s i n agreement with the results found when examining 
material of some other species of Campanula. Table 20 shows chromo­
some numbers of some of the Campanula species considered i n the present 
study. They are a l l taken from Darlington and ffylie ( l955)j as no 
counts were made on species other than C.persicifolia i n the present 
study. I t does not follow that a l l the species considered had the 
number quoted i n the table, but i n the absence of personal counts these 
are taken as a guide. 

Table 20 indicates that many of the species considered are 
of polyploid o r i g i n . There are two main basic numbers found i n the 
genus Campanula, (Sugiura, 1942), x = 8 or 17j but x = 10, 12, 13» 14 

and 15 are also found. I t i s of interest to note that the only self-
compatible species l i s t e d , C.erinus, i s a diploid and the absence of 
self-incompatibility therefore cannot be considered to be due to compet­
i t i o n or dominance arising from chromosome doubling. The retention of 
self-incompatibility i n natural polyploids i s i n agreement with the 
behaviour of a r t i f i c i a l l y produced polyploids i n C.persicifolia. 

A comparison between the results found i n C.persicifolia and 
those of known incompatibility systems has been made i n detail i n 
section I I I , C. Investigations on other species of Campanula have 
shown the extent of self-incompatibility within the genus, but have 
added l i t t l e knowledge about the type of system present. 

I t i s of value to consider here the complexity of incompat­
i b i l i t y systems, the type of variation that may occur due to changes 
within the controlling gene i t s e l f , and to linked or related genes. 
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Table 20. 

Chromosome numbers i n Campanula species (Darlington and tfylie, 1955)* 

Basic number. Name. Somatic number. 

X = 8 C.isophylla 32 
C.thrysoidea 48 
C. a l l i a r i a e f o l i a 96 

X = 10 C.patula 20 

X = 14 G.erinus 28 

X = 17 C.barbata 34 
C.trachelium 34 
C.thrysoidea 34 
C.glomerata 34, 68 
C.portenschlaffiana 34, 102 
Cflarftanica 68, 102 
C.seheuchaeri 68 
C.speciosa 68 
C.rapunculoides 102 
C.sibirica 102 

Incompatibility i s of widespread occurrence throughout the 
plant kingdom, and u n t i l recently has been believed to be controlled 
by one or two l o c i , with either two or many all e l e s . Modern evidence, 
though, seems to suggest that t h i s simple interpretation i s no longer 
tenable, and that the controlling system i s more complex. 

Recent work on the fungi has brought some of this complex 

system to l i g h t . The terms used here to describe the mating types of 
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the fungi are those defined by Burnett (1956). I n c o m p a t i b i l i t y only 
occurs i n fungi i n which g e n e t i c a l l y d i f f e r e n t n u c l e i derived from 
d i f f e r e n t t h a l l i fuse to form a sexual reproductive body, i . e . hetero-
m i c t i c fungi. I n most heteromictic fungi d i f f e r e n t i a t i o n of c r o s s -
compatible but self-incompatible groups i s independent of the d i f f e r e n t ­
i a t i o n of the sex organs (Fincham and Day, 1963). The simplest form 
of i n c o m p a t i b i l i t y system i s found i n d i m i c t i c fungi i n which mating i s 
c o n t r o l l e d by two allelomorphs at a s i n g l e i n c o m p a t i b i l i t y l o c u s . The 
two a l l e l e s are termed A and a, and form complementary n u c l e i with 
obligatory c r o s s - f e r t i l i s a t i o n . This type of system i s widespread 
throughout the Phycomycetes and Ascomycetes, and i s found i n Saccharo-
myoetes o e r e v i s i a e , Pucoinia graminis and Neurospora s i t o p h i l a 
(Burnett, 1956)-

The i n c o m p a t i b i l i t y locus i n the Ascomycete, Chromocrea 

apinulosa seems to be c l o s e l y a s s o c i a t e d with spore s i z e . Each stseus 

normally gives r i s e to eight l a r g e and eight small spores (Hathieson, 

1952). The small spores are c o n s i s t e n t l y s e l f - s t e r i l e , but occasion­

a l l y c u l t u r e s of l a r g e spores show a reduced f e r t i l i t y producing 

p e r i t h e c i a which bear a s c i with eight l a r g e and eight small spores, 

which are p e r f e c t l y c r o s s - f e r t i l e . This has been explained by the 

assumption that mutation from l a r g e to small spores occurs i n the 

material b e l i e v e d to be derived from l a r g e spores only, and hence 

f e r t i l e f r u i t bodies are able to be formed. I t i s s i g n i f i c a n t to note 

the close c o r r e l a t i o n between the spore s i z e and the mating type. 

I n diaphoromictic Basidiomycetes mating i s c o n t r o l l e d by a 

s e r i e s of multiple a l l e l e s a t e i t h e r one l o c u s , A i n bipolar s e r i e s ; or 

two l o c i , A and B i n t e t r a p o l a r s e r i e s . Mycelia which c a r r y d i f f e r e n t 
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A a l l e l e s i n "bipolar s e r i e s or which, d i f f e r with respect to both A and 

B a l l e l e s i n t e t r a p o l a r s e r i e s are compatible. The number of a l l e l e s 

a t any one locus has been estimated by Whitehouse (1949)> as being 

about 100 i n the Hymenomycetes, but fewer i n the N i d u l a r i a l e s . 

Burnett and Boulter (1963)> a f t e r work on Mycocalia denudata, estimated 

the number of a l l e l e s i n one mating group as 7 or 8, and i n the other 

as 12 or 13. Recent work on Schizophyllum commune (Raper et a l , 195°"» 

1960) and Coprinus 1agopus (Day, I96O) has shown that the A locus of 

the t e t r a p o l a r s e r i e s i s composed of two sub-units, i . e . Aa and Ab, and 

only A f a c t o r s which have i d e n t i c a l a and b are incompatible. Prelim­

i n a r y reports suggest that the B fa c t o r i s equally complex. I t i s not 

known whether the sub-units are s i t e s i n the same fun c t i o n a l region of 

the chromosome or whether they are d i s t i n c t genes. 

The studies by Crowe (1963) have shown that though the 

i n c o m p a t i b i l i t y system i n Sohizophyllum commune i s based on two incomp­

a t i b i l i t y l o c i , there i s competition between compatible n u c l e i . Thus 

i n some compatible dimon matings the two new d i k a r y o t i c genotypes were 

recorded with equal frequency, while from other matings there was a 

marked preponderance of one c l a s s of dikaryon i n r e l a t i o n to another 

(Kimura, 1958)• N o dikaryon was es t a b l i s h e d i f e i t h e r the A or B 

a l l e l e s , or both, were homologous, but combinations of n u c l e i with 

d i f f e r e n t A and B f a c t o r s occurred and showed d i f f e r e n t degrees of 

success i n e s t a b l i s h i n g d i k a r y o t i c mycelium. Dikaryons with maximum 

success were those with maximum heterozygosity of the i n c o m p a t i b i l i t y 

a l l e l e s . I n many t e t r a p o l a r Basidiomycetes the l o c i A and B control 

d i f f e r e n t p a r t s of the process of dikaryon formation, e.g. Coprinus 

1agopus (Swiezynski and Day, I96O), Schizophyllum commune (Parag, 1962), 
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Cyathua gterooreus (Pulton, 195°)• The formation of clamp connections 
seems to be c o n t r o l l e d by the A locus and nuclear migration by the B 
l o c u s . Crowe (1963) suggests that heterozygosity of the B f a c t o r i s 
more important than that of the A f a c t o r . Thus here the incompatibi­
l i t y system i s no longer concerned s o l e l y with the a b i l i t y of two 
n u c l e i to fuse, but also determines the d i k a r y o t i s i n g a b i l i t y of a p a i r 
of n u c l e i . Crowe (1963) concluded that there were at l e a s t two mech­
anisms involved which depend on the i n t e r n a l organisation of the incom­
p a t i b i l i t y f a c t o r s themselves. This complex of genes i s not confined 
to Schigophyllum, but has been demonstrated i n Pleurotue oesteatus 
(Terakawa, 1960), Coprinus lagopus (Day, 1960) and C o l l y b i a v e l u t i p e s 
(Takemaru, 1 9 6 l ) . 

The d i v e r s i t y of i n c o m p a t i b i l i t y a l l e l e s i n the fungi 

appears to be more complex than that found i n the angiosperms. I n 

species of Niootiana i t i s p o s s i b l e to i d e n t i f y i n c o m p a t i b i l i t y a l l e l e s 

which are held i n common by s e v e r a l r e l a t e d species ( E a s t , 1929)* 

The Sasidiomycetes, i n contrast to the Phycomycetes and Ascomycetes, 

are notoriously s t e r i l e i n i n t e r s p e c i f i c and even i n t e r v a r i e t a l c r o s s e s . 

Each species seems to have a completely d i f f e r e n t s e t of incompatibi­

l i t y f a c t o r s , or have the same i n c o m p a t i b i l i t y f a c t o r s with an over­

r i d i n g s t e r i l i t y f a c t o r (Papazian, 1958)* This i s probably not an 

a r t i f a c t of taxonomy for i n the genus Coprinus, which has been exten­

s i v e l y i n v e s t i g a t e d by Lange (1952), he claims that 1 i n t e r s t e r i l i t y 

b a r r i e r s divide the studied s t r a i n s i n t o groups corresponding to, or 

i n some cases narrower than, the species defined according to morpho­

l o g i c a l c h a r a c t e r s ' . 
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U n t i l r e c e n t l y i t was believed that i n c o m p a t i b i l i t y i n the 
h e t e r o t h a l l i c Myxomycetes was determined by a one locus, two a l l e l e 
mating system, e.g. Physarum polycephalum (Dee, 1960), Physarum pusillum 
( C o l l i n s , 1962). However, when i n v e s t i g a t i n g the breeding behaviour 
of Didymium i r i d i s from Honduras and Panama, C o l l i n s (1963) found that 
the breeding behaviour was determined by two genes, each with more than 
two a l l e l e s . Thus here again, recent work has shown that the deter­
mining i n c o m p a t i b i l i t y mechanism i s more complex than o r i g i n a l l y 
supposed. 

The h e t e r o s t y l i c Angiosperms are a good i l l u s t r a t i o n of the 

complexity of the c o n t r o l l i n g mechanism of i n c o m p a t i b i l i t y . The 

simplest i s the d i s t y l i c form found i n Primula s p e c i e s . Bateson and 

Gregory (1905) showed that the control of the i n c o m p a t i b i l i t y system 

i s determined by a s i n g l e gene with two a l l e l e s , and pollen behaviour 

i s determined spor o p h y t i c a l l y . E r n s t (1936) pointed out that assoc­

i a t e d with the p i s t i l length and anther height were other ch a r a c t e r s , 

such as the pollen s i z e and the s i z e of the stigmatio p a p i l l a e . He 

showed that these f a c t o r s are c o n t r o l l e d by three sub-units of the s. 

gene which are c l o s e l y l i n k e d , and only r a r e l y does crossing-over 

break t h i s linkage to produce abnormal flowers. The mechanism of 

control of i n c o m p a t i b i l i t y i s s i m i l a r i n Primula s i n e n s i s , but i s 

modified by two independant genes with p l e i o t r o p i c e f f e c t s . One of 

these, a,, Primrose eye, shortens the s t y l e length, and a l t e r s the s i z e 

of the stigmatic c e l l s and the i n c o m p a t i b i l i t y r e a c t i o n of the s t y l e ; 

and the other, m, F e r t i l e Double, r a i s e s the anther l e v e l without 

a l t e r i n g the s i z e or i n c o m p a t i b i l i t y r e a c t i o n of the pollen (Beale, 

1939; Mather, 1950). Thus these genes a f f e c t the i n c o m p a t i b i l i t y 
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r e l a t i o n s h i p s of the p o l l e n and s t y l e . I n Linum grandiflorum the 
anther and stigma height i s associated not with p o l l e n s i z e , hut with 
turgor pressure of the pollen (Lewis, 1943). Thus here another 
f a c t o r i B a s s o c i a t e d with the i n c o m p a t i b i l i t y gene. 

I n t r i s t y l i o s p e c i e s , e.g. Lythrum s a l i c a r i a , O x a lis v a l d i -

v i e n s i s , each flower has anthers at two d i f f e r e n t l e v e l s , the stigma 

being borne at a t h i r d l e v e l . Compatible p o l l i n a t i o n only occurs 

between pollen and stigma borne at the same height on d i f f e r e n t p l a n t s . 

Genetical control i n Lythrum i s based on two independent genes _S and M. 

The short s t y l e character i s determined by dominant S_, i r r e s p e c t i v e of 

the Mm c o n s t i t u t i o n . The long s t y l e i s c o n t r o l l e d by the r e c e s s i v e 

form of both genes ssmm. Determination of the mid-style length has 

been the subject of much controversy (Barlow, 1923; E a s t , 1927, 1932; 

F i s h e r and Mather, 1940, 1942; Haldane, 1934; von Ubish, 1925) but i s 

c o n t r o l l e d by r e c e s s i v e s, and dominant M. Inh e r i t a n c e of both Mm and 

Ss i s tetrasomio ( F i s h e r and Mather, 1943; F i s h e r and Martin, 1947). 

Thus an understanding of the inheritance of i n c o m p a t i b i l i t y i n Lythrum 

s a l i c a r i a was not solved u n t i l 80 years a f t e r Darwin (1864) f i r s t 

wrote about i t . The s i t u a t i o n i n Oxalis v a l d i v i e n s i s , though s i m i l a r , 

d i f f e r s i n that the two c o n t r o l l i n g l o c i S and M are l i n k e d ( F y f e , 

1950). 

Control of i n c o m p a t i b i l i t y i n Narcissus triandrufi i s not 

yet elucidated, though commented upon by Henriques i n 1887. Recently 

Bateman (1952 b) observed that though the stigmas were of three 

heights i n N.triandrus var. conoolor, the anthers were borne at two 

heights only. He found that no good seed was s e t when flowers were 

s e l f e d with p o l l e n borne on the same plant. T h i s c o n t r a s t s with 
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the r e s u l t s of p o l l i n a t i o n s on N.triandrus var. oernuus made i n Durham 

by the w r i t e r , where anthers at three heights were observed and where 

low seed s e t s were c o n s i s t e n t l y obtained on s e l f i n g . Bateraan (1952 b) 

concluded that the i n c o m p a t i b i l i t y system i s independent of the hetero-

s t y l y , and i s probably due to a multipolar system. Obviously the 

c o n t r o l l i n g system i s complex and requires further work on much l a r g e r 

samples of m a t e r i a l . 

The c o n t r o l l i n g systems of i n c o m p a t i b i l i t y i n homostylic 

plants have been outlined i n s e c t i o n I I , A, 4. Since E a s t and 

Mangelsdorf (1925) f i r s t e l u c i d a t e d the b a s i c c o n t r o l l i n g system i n 

Nicotiana, many genera with the same type of i n c o m p a t i b i l i t y system 

have been found, and i n the process some anomalies i n the c o n t r o l l i n g 

systems have brought information on the b a s i c mechanism to l i g h t . 

There seems to be two l e v e l s of c o n t r o l . There i s control of incom­

p a t i b i l i t y from v/ithin the ceno, or a e r i e s of very c l o s e l y l i n k a d 

genes, and modification of control due to the r e l a t i o n s h i p of the 

i n c o m p a t i b i l i t y complex to the linkage group within which i t i s held, 

and to the r e s t of the chromosomes. 

Anderson and de Winton ( l 9 3 l ) found anomalous behaviour i n 

the crosses between s t r a i n s of self-incompatible N.alata and s e l f -

compatible N . l a n g s d o r f f i i . More recent work on Oenothera organensis 

(Lewis, 1951), Prunus avium (Lewis and Crowe, 1954) and T r i f o l i u m 

pratense, T . r e p e n B (Pandey, 1956), on spontaneous and i r r a d i a t i o n 

induced mutants i n v o l v i n g S> a l l e l e s , show that the £J a l l e l e complex 

has at l e a s t two independently mutable u n i t s . 

Crowe (1955) and Lewis and Crowe (1958) have shown that 

there are a t l e a s t two kinds of self-compatible s p e c i e s . There are 
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those plants which are r e c e n t l y self-compatible ( S c ) , i n which f e r t i l ­
i t y i s maintained by an a l l e l e , allelomorphic to the £[ incompatibi­
l i t y a l l e l e s , but comparable to an experimentally produced pollen-part 
mutant. There are also long e s t a b l i s h e d self-compatible species ( S Q ) , 
i n which c o m p a t i b i l i t y i s maintained by a s e l f - f e r t i l e a l l e l e which has 
not yet been recovered i n mutation studies Aa^^^^-h^^Jt^U. >yGu>ou» 

Pandey (1962 a) has t e n t a t i v e l y proposed a hypothesis for 

the J> gene s t r u c t u r e which accounts for some of the anomalies found 

when interbreeding incompatible plants* He suggests that the b a s i c 

i n c o m p a t i b i l i t y a l l e l e c o n s i s t s of four substances i n both pollen and 

s t y l e . These substances include a growth substance, a p r o t e c t i v e 

growth substance, primary s p e c i f i c i t y and secondary s p e c i f i c i t y . The 

growth substance he concludes may or may not be a part of the S gene 

complex, as i t i s b a s i c to a l l f u n c t i o n a l pollen; the p r o t e c t i v e 

growth substance i s attachod to the growth sub&tance and prevents i t s 

i n a c t i v a t i o n a f t e r both s p e c i f i c i t i e s are l o s t . These four components 

are attached to the p o l l e n and s t y l e i n the order given, the secondary 

s p e c i f i c i t y being added l a s t . By mutation each component may be l o s t 

s e q u e n t i a l l y from the pollen and s t y l e . T h e o r e t i c a l l y , therefore, i t 

i s p ossible to have s i x t e e n d i f f e r e n t types of £> i n c o m p a t i b i l i t y a l l e l e 

and Pandey (1962 a) b e l i e v e s that he has i d e n t i f i e d s i x of these. 

The normal self-incompatible a l l e l e contains a l l four parts 

i n both po l l e n and s t y l e . Loss of secondary s p e c i f i c i t y i n the pollen 

i s b e lieved to account for the behaviour of mutants of Oenothera organ-

e n s i s , T r i f o l i u m pratense, T.repens and Prunus avium and i s termed Ŝ ,. 

Loss of secondary s p e c i f i c i t y i n the s t y l e alone accounts for the 

behaviour of the s e l f - f e r t i l e a l l e l e found i n r e c e n t l y self-compatible 
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species, i . e . mutants of T.pratense, and Prunus avium. Loss of second­

ary s p e c i f i c i t y i n both po l l e n and s t y l e i n d i c a t e s the p o s i t i o n i n 

N.alata. Lewis and Crowe (1958) and Pandey (1959) explained the f a c t 

that some s t r a i n s of N.alata r e j e c t pollen of the self-compatible N. 

l a n g B d o r f f i i as being due to two f a c t o r s . The f i r s t i s that N.langs-

d o r f f i i i s believed to be a r e c e n t l y self-compatible species ( S c ) and 

to contain the s e l f - f e r t i l i t y a l l e l e _S^. P o l l e n of t h i s plant, though, 

i s r e j e c t e d by N.alata which contains the s e l f - i n c o m p a t i b i l i t y a l l e l e 

_Sp. This i s i n t e r p r e t e d by assuming that some s p e c i f i c i t y i s r e t a i n e d 

i n the S ^ a l l e l e of the po l l e n , suggesting that though secondary spec­

i f i c i t y i s l o s t , primary s p e c i f i c i t y i s r e t a i n e d . 

Pandey (quoted 1962) found that some s t r a i n s of Solanum 

pinnatisectum and S.ehrenbergii which had homologous a l l e l e s ( S ^ j p i * 1 

the s t y l e , r e j e c t e d a l l self-incompatible p o l l e n . He explained t h i s 

by suggesting that secondary, primary and p r o t e c t i v e growth substances 

are l o s t i n the s t y l e , and that the growth substance has been i n a c t i ­

vated by the s p e c i f i c substance i n the self-incompatible p o l l e n . 

The s i x t h type of form i d e n t i f i e d i n the .S gene complex i s 

the type found i n many w i l d self-compatible s p e c i e s . This jS gene 

complex r e t a i n s the minimum requirements of a dynamic sp e c i e s , with the 

l o s s of both s p e c i f i c i t i e s i n pollen and s t y l e , but l o s s of the pro­

t e c t i v e substance i n the pollen only. I f the pr o t e c t i v e substance had 

been l o s t i n both pollen and s t y l e , the species having such an a l l e l e 

would be completely incapable of exchanging genes with other species 

with any pollen s p e c i f i c i t y , and would prevent a l l hybrid development 

with species r e t a i n i n g p o l l e n s p e c i f i c i t y . 
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Thus Pandey (1962) has i n d i c a t e d that the _S i n c o m p a t i b i l i t y 
locus i s probably of great complexity which, by l o s s or i n a c t i v a t i o n of 
one or more of i t s component parts may change i t s breeding behaviour. 

Orun and Hadlow (1961) found that though u s u a l l y p o l l e n of 

the self-compatible Solanum verrucosum w i l l not grow down s t y l e s of 

self-incompatible species of Solanum, the same pollen would grow down 

s t y l e s of other equally self-incompatible s p e c i e s , but from a d i f f e r e n t 

geographical l o c a t i o n . This condition was not due to Solanum verru­

cosum being a r e c e n t l y self-compatible s p e c i e s , but i s i n t e r p r e t e d 

(Grun and Hadlow, 196l) as r e s u l t i n g from a l o s s , due to pleiotropy or 

linkage, of t h e i r unused breeding b a r r i e r against introduction of genes 

from self-compatible s p e c i e s . Thus i t can be seen that i n c o m p a t i b i l i t y 

i s c o n t r o l l e d both by the s t a t e of the i n c o m p a t i b i l i t y a l l e l e i t s e l f , 

and by the linkage group i n which i t i s held. 

Studies on V i c i a faba L. by Holden and Bond (1960) r e s u l t e d 

i n a proposal of two a l t e r n a t i v e mechanisms for the spontaneous f e r t i l ­

i t y which was a property of cross-bred p l a n t s , and c e r t a i n inbred i n d i ­

v i d u a l s and l i n e s . They suggested that t h i s could be due to the 

presence of s p e c i f i c genes i n inbred l i n e s , which must be r e l a t e d to 

the i n c o m p a t i b i l i t y locus though not c l o s e l y l i n k e d to i t . The other 

method suggested was that t h i s f e r t i l i t y was due to heterozygosity, 

being a s p e c i f i c expression of hybrid vigour, which overcomes the 

n e c e s s i t y of t r i p p i n g . T h i s observation of spontaneous s e l f - f e r t i l i t y 

seems to be s i m i l a r to that recorded by Denward (1963). He found that 

p o l l i n a t i o n of T r i f o l i u m pratense L. between ordinary plants and stigmas 

of plants derived from shoots of the same clone, but grafted on to other 
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clover m a t e r i a l , gave r i s e to 20 to 40 times higher f e r t i l i t y than nor­
mally derived by spontaneous f e r t i l i t y . He assumed that spontaneous 
f e r t i l i t y i s normally genotypically c o n t r o l l e d i n T r i f o l i u m . but that 
i t s e f f e c t i s g r e a t l y accentuated due to g r a f t i n g . Another unexplained 
p e c u l i a r i t y of i n c o m p a t i b i l i t y a l l e l e s i s the s i t u a t i o n that was found 
i n P h y s a l i a ixocarpa by Pandey (1957)* Here, i n t e r c r o s s i n g progeny 
derived from a r e c i p r o c a l c r o s s gave r i s e to a d i f f e r e n t number of 
breeding groups within each of the progeny. This was explained by a 
d i f f e r i n g r e l a t i o n s h i p between the two genes involved i n the parent 
plants, as shown above. The a l l e l e s involved were i d e n t i c a l so the 
difference must l i e e i t h e r i n the r e l a t i o n s h i p of the i n c o m p a t i b i l i t y 
a l l e l e to the r e s t of the genie complement, or to a cytoplasmic i n ­
fluence. Perhaps the phenomenon of end-of-season e f f e c t s may even­
t u a l l y be explained i n these terms. 

As i n v e s t i g a t i o n on i n c o m p a t i b i l i t y proceeds not only does 

Lhe complexity of the i n c o m p a t i b i l i t y locus become more apparent, but 

also the system which the locus c o n t r o l s . Bateman i n 1952 a (considered 

i t doubtful whether two or more l o c i c o n t r o l l i n g an i n c o m p a t i b i l i t y 

system could give r i s e to an e f f i c i e n t system. However, Hayman (1956), 

Lundquist (1954j 1955s 1961, 1962) and Pandey (1957) have elucidated 

two d i f f e r e n t systems c o n t r o l l e d by two genes, one of which i s present 

i n the very s u c c e s s f u l Gramineae family. The complex nature of the 

i n c o m p a t i b i l i t y system i n Theobroma cacao (Cope, 1962) has at l a s t been 

elucidated, the b a r r i e r to f e r t i l i s a t i o n l y i n g i n the ovary, with the 

pollen behaviour having c h a r a c t e r i s t i c s both of gametophytic and sporo-

phytic determination. The system of i n c o m p a t i b i l i t y i n Coffea 

oanephora oanephora i s s t i l l unsolved. S e l f - i n c o m p a t i b i l i t y i s present 
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i n varying degrees, but no evidence of c r o s s - i n c o m p a t i b i l i t y has been 
obtained (Archibald and P r i t c h a r d , I96O). 

From a knowledge gained i n t h i s study, i t i s suggested that 

the i n c o m p a t i b i l i t y system present i n Campanula p e r s i o i f o l i a may be 

elucidated by considering the progeny derived from a r e c i p r o c a l c r o s s , 

between two self-incompatible p l a n t s , preferably from the w i l d . At 

l e a s t 40 p l a n t s within each of the progeny groups should be examined. 

I f a two gene system i s present a maximum number of 16 d i f f e r e n t 

breeding groups within the progeny could t h e o r e t i c a l l y be obtained. 

Prom a consideration of 40 p l a n t s , d u p l i c a t i o n of plants within 

breeding groups would be ensured, and most breeding groups would be 

represented. I n t e r c r o s s i n g the plants w i t h i n a family would r e v e a l 

the number of groups present, and i n t e r c r o s s i n g the plants from the 

two f a m i l i e s would i n d i c a t e whether the groups present i n each i n d i ­

v i d u a l family were i d e n t i c a l . Crosses between parents and progeny 

would indioate the exact r e l a t i o n s h i p between them. A large supply 

of material would be required f o r these studies but t h i s should be 

r e a d i l y a v a i l a b l e by vegetative propagation of each plant. 

I t i s suggested that a l l means of overcoming s e l f - s t e r i l i t y 

should be attempted, i . e . out-of-season flowering, r a i s i n g flowers i n 

the dark, and the use of growth r e g u l a t i n g substances on the ovary at 

the time of p o l l i n a t i o n . The behaviour of progeny r a i s e d from a 

known true s e l f would provide valuable information about the nature of 

the c o n t r o l l i n g i n c o m p a t i b i l i t y system i n C . p e r s i c i f o l i a . 
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F i g . l . MATURATION OP A FLOWER OF CAMPANULA PERSICI?OLIA. 

A N T H E R 

I 

E N S H E A T H E D 
S T I G M A 

F I L A M E N T 

I I N E C T A R Y D I S C 

B U D X I I B U D X I I /4 H A L F F L O W E R O F 2 . X I 1/ 

BACK O F S T I G M A S 
C O V E R E D WITH HAIRS 

W I T H E R E D A N T H E R S 

H A L F F L O W E R 
X I 

P I S T I L X I . 

P I S T I L X I . 

H A L F F L O W E R X 

E X P O S E D NECTAR 



p i g . 2 . 

- 2 . 

HATE OP CROYITH OF INCOMPATIBLE AND COMPATIBLE POLLEN TUBES 

IN P I S T I L TISSUE. 

IOO n 

10 

z 80 
in UJ 
CO 

60 

40 

20 
UJ 

UJ 

r 
IO 

TIME IN HOURS 

K E Y X = C O M P A T I B L E T U B E S T 3 0 / T 3 6 

O = I N C O M P A T I B L E T U B E S T 3 O 0 



Fig"..5 * 3a. 
Fig.3. 

BREEDIN6 PATTERN- PROGENY OF CROSS 177.11 / 177.1k (p). 
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Pig.3a. 
SIMPLIFIED BREEDING PATTERN OF CROSS 177.11 / 177.Ik DERIVED 

FROM FI6URE Jji. 
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Figs.4 & 4a. 
Fig.4. 

BREEDING PATTERN OP PROGENY OF CR0B3 177.14 / 177.11 (0) 
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25 0 / 0 00 / // 2.1 / 0 

2V / 0/ / /// 0/ / / £ i 0/ 

177.14 / / / 0/ 00 / 00 / 00| 

Pig.Ua. 
SIMPLIFIED BREEDING PATTERN OF CROSS 177.14 / 177.11 DERIVED 

FROM FIGURE ij.. 

177 
6 K 22 23 19 5 20 24 .14 

6 £1 0 0 0 / / 0 0 / 
h 0 2.1 0 0 / / / / / 
22 p p £ 1 / / / 0 / 0 
23 0 0 / £1 0 / / / 0 
19 / 0 / / £ 1 0 / / 0 
5 / / / / 0 £1 / / / 

20 0 / 0 / / / £ 1 / 0 
24 / / / / / / / £ 1 / 

177. lif / / / 0 / / 0 / £ 1 

KEY 0 s 
/ = 

incompatible pollination, 
oorapatible pollination 
p o l l i n a t i o n not made. 

More than one symbol per 
square, indicates the r e s u l t 
of eaoh repeated pollination. 



T?iR3.5 * 5a. 

Fig.5-
BREEDING PATTERN OP PROGENY OP CROSS 177.11 / 177.16. 

1 3 8 9 12 16 17 18 19 20 [ .11 
1 £1 00 0 0 // 0 0/ / // 0 -
3 / - 1 00 0/ / 0 0/ / 0 / -
8 0 00 £1 0/ // 0 / // 0 0 -
9 0 0 00 £1 // 0 / 00 0/ 00 -

12 / / A> 00 £ 1 0 00 0/ 0 0 0 

16 0 0 0 0/ 0 OOj 0 / 00 0 / 
17 // / 0/ / 0/ 0 £ 1 / 0/ 00 -
18 / / 0/ // / / // 1 1 00 / -
19 / o / / 00 // 0 // 0/ 0/ 1\ // mm* 

20 00 / 0 0 - 000 // / 00 £1 0 

LI) mm - - - 0 / - - - / £ 1 
Fig,5a« 

SIMPLIFIED BREEDING- PATTERN Off CROSS 177.i:i/l77.16 DERIVED 

FROM FIGURE 

8 16 9 3 1 20 19 12 17 13 L .11 J 
8 £1 0 / 0 0 0 0 / / / 

/ 
-

16 0 1\ / 0 0 0 0 0 0 / / 
9 0 0 £ 1 0 0 0 / / / 0 -
3 o 0 / 1\ / / 0 / / / -
1 0 0 0 0 1\ 0 / / / / -

20 0 0 0 / 0 ° l 0 - / / 0 
19 0 / / / / / £1 0 / / -
12 / 0 0 / / 0 0 0| 0 / 0 
17 / 0 / / / 0 / / £ 1 / -
18 / / / / / / 0 / / -

11) - / - - - / - 0 - - 2.1 
incompatible pol l i n a t i o n . More than one 3ymbol per 

/ = compatible pollination. square indicates the r e s u l t 
- = pol l i n a t i o n not made. of each repeated pollination. 



Figs.6 Sfc 6a. 

BREEDING- PATTERN OF PROGENY OP CR033 177.15 / 177.11. 

2 3 if 5 6 7 8 10 

2 ° l 00 0 00 0 / / / / / 
3 / / 0/ / / 0/ 00 0/ 0 

if 0 0/ £ 1 0 / / / / 00/ 0 

5 0 00/ 0 001 / / 0/ / / / 
6 0 / 00 0/ 221 / 0 / / 
7 0/ 0/ 00 / / / / / £ 1 / 0 

8 00 00 00 000 00 / £.1 / 
10 / 0 0 / 00/ 000 o// 00| 

Pig.6a. 
SIMPLIFIED BREEDING PATTERN CF CRCS3 177.15 / 177.11 DERIVED 

FROM FIGURE 6. 

2 8 *(• 5 7 10 3 6 

2 £1 / 0 0 / / 0 0 
8 0 0 0 / / 0 0 

0 / £i 0 / 0 / / 
5 0 / 0 £ 1 / / / / 
7 / / 0 / £ 1 0 / / 

10 / / 0 / 0 £ 1 0 / 
3 / / / / 0 0 0 | / 
6 0 0 0 / / / / £ 1 

KE5T 0 « incompatible pol l inat ion. More than one symbol 
/ s oorapatible pol l inat ion. per square indioates the 

result of eaoh repeated 
pol l inat ion. 



Pigs.7 * 7a. 
* ig .7 . . 

BREEDING PATTERN OP PROGENY OP SELF 177.12 M . 

3 k 5 6 10 lk 16 17 18 22 21f 

3 00| 0 / / 000 0 0 0 / 0 00 

k 0 221 / / 00 000 0 00 / / 00 

5 / / 1\ 0/ / / / / 0 / / 00 

6 /oo / 000 £ 1 00 / 0/ / 00 / / 
10 >/// / / / / / £ 1 0 0 / / / 0 00 

Ik 0 / / / 0/ 0 £ 1 / 0 0/ 0 0 

16 - 0 / / / 00 0 £ 1 0 / 000 0 

17 0 00 / / 00 0 0 £ 1 / 00 00 

18 / / 0 0/ / 0/ / / £ i 0/ / / 
22 00 / 00 / / 0 0 / / //o 00 £ 1 0 

22k / / 0/ / /o 0/ 0/ 0 / / / 0/ 00 0 £| 
Fig.7a. 

SIMPLIFIED BREEDING PATTERN OP THE SELF 177.12 DERIVED 

FROM FIGURE 7. 

3 17 16 if ik 6 10 5 3fl 2k 22 

3 £! 0 0 0 0 / 0 / / 0 0 
17 0 £ 1 0 0 0 / 0 / / 0 . 0 
16 mm 0 £1 0 0 / 0 / / 0 0 
k 0 0 0 £ 1 0 / 0 / / 0 / 

l l f 0 0 / / £ 1 / 0 / / 0 0 
6 / / / / / 21 0 0 0 / / 

10 / / 0 / 0 / £ 1 / / 0 0 

5 / / / / / / / £ 1 0 0 / 
18 / / / / / / / 0 £ 1 / / 
2k / / / / 0 / / / 0 £ 1 0 
22 0 / / / 0 / 0 0 0 0 J2. 

KEY 0 = incompatible pol l inat ion. More than one symbol per 
/ = compatible pol l inat ion. square indicates the result of 
- = pollination not made. each repeated poll inat ion. 



FiK .8. 

F i g 3 . 8 t 8a. 

BREEDING- PATTERN (F PROGENY OP CROSS 177.1k / 177.20 (C^ 

1 2 3 8 9 12 15 17 21 24 
177 177 
.lit- .20 

1 £ 1 / / / 0 /o / 0 / / / 0/ / / o / 

2 / / 000| 0 0/ 00 / 0 0 0 / / / 
3 / / 0 0p/| 0/ 0 / 00 0 00 0/ -
8 0 / / / / £ 1 / 0 / / / 0 / / 00/ 

9* 0/ / / / / £ 1 0/ - / / / 0 / -
12 0 / / / 0 00 £ 1 0/ / 000 0 - 00 

15 Q/ 0 / / 0 / / £ 1 0 0 / -
17 / / 00 0 / 00 0 £ 1 0 00/ / 00 

21 / / 0 0/ / 0 / / 0 0 £ 1 0/ 0 / 

2k 00 / / / / 0 / 0 / / / o/o £ 1 000 00 

177.1k / / - / - - - / - / 000| / / / 

177.20 00 / 0 mm 0 - / - o /ooo 00 j 
THg.fla. SIMPLIFIED BREEDINS PATTERN OF CROSS 177.Ik / 177.20 DERIVED 

FROM FIGURE 8. 
177 177 

2 17 3 21 15 8 2k 12 1 
1. 9 . I k .20 

2 .2J 0 0 0 0 / / / / 0 / / 
17 0 ° l 0 0 0 / / / / 0 / 0 
3 0 0 A 0 0 / / / / 0 - -

21 0 0 / 0} 0 / / / / 0 0 / 
15 0 0 / 0 o| / / / / 0 - -
8 / / / / / o| 0 0 0 / / / 

2k / / / / / 0 o| 0 0 / 0 0 
12 / / / 0 / 0 0 oj 0 0 0 

1 / / / / / 0 / 0 o| / 0 / 
? / / / 0 - / / / / 0| - -

177.1k / / - - - / / - / - 21 / 
177.20 / / - - - 0 0 0 0 - / 0| 

Group 1. 

Group 11. 

Group 111 

Parents. 

KEY 0 = incompatible pol l inat ion. 
/ = compatible poll inat ion. 
- = pol l inat ion not made. 

More than one symbol per square 
indicates the result of repeated 
pollinations. 



Pig3 . 9 & 

BREEDING- PATTERN OP PROGENY OF CROSS 50.15 / 50.7 

1 2 9 13 14 19 20 21 23 24 50.7 

1 o| 0 / 0 / 0/ / 0 0 / -
2 0 o| 0/ 0 / / / o / / / 0 0/ 0/ 0 

9 / / / £ 1 0/ 0 / / / / 0 / 0/ / 

13 0 0 00 00| 0 00 / / 0 / 0/ / 

14 9 / 0/ 00 0 £ l / 00 0000 / / / 
19 000 / / 00 0/ / o| 0/ 0/ / / / 
20 0/ / 00 00 0000 0/ oooo[ 0 0/ 0/ -

21 0 0/ 0 00 0 0/ 0/ po| / / 0/ 

23 0 / / / / 0/ / / / / 0 0 

24 / / / 0/ / / / / 0/ / 0 0J///0 

3.7 - - - - 0 - / 0 - / 

Pig.9a. SIMPLIFIED BREEDING PATTERN OF CROSS 50.13 / 50.7 DERIVED 

FROM FIGURE %. 

1 2 9 14 21 13 20 19 23 24 50.7 

1 ° l 0 / / 0 0 / / 0 / -
2 0 21 / / 0 0 / / / / o 
9 / / £ 1 0 0 / / / / / / 

11*- / / 0 o| 0 0 0 / / / / 
21 0 ./ 0 0 o| 0 / / / / / 
13 0 0 0 0 0 £ 1 / 0 / / / 
20 / / 0 0 0 0 £ l / / / -
19 0 / 0 / / / / £ l / / / 
23 0 / / / / / / / o| 0 0 

2k / / / / / / / / 0 o 1 / 
50.7 - - - 0 0 - / - - / J 

K5Y 0 = incompatible pol l inat ion. More than one symbol per 
/ s oompatible pol l inat ion. square indicates the result of 
- = poll inat ion not made. each repeated poll inat ion. 



Pig.10. 

Figs.10 % 10a. 

BREEDING- PATTERN OF PROGENY OF CR033 50.7 / 50.13. 

3 6 8 12 13 Ik 15 18 20 2lf 50.7 

3 ooj o// - 0 0 0 0 0 0 00 0 

6 0/ / / 0/ / / / / / / / o / 

8 0 / £ 1 00 0 00 0 0 0 00 00 

12 / / / / / 221 0 0 / / do 0 o / 

13, 0 0/ 00 00 £ 1 0 0 0 00 0 0 

14 0 / 0 0 0 £l 0 00 0 0 0 

15 0 0/ 00 00 0 0 £ 1 0 00 00 0 

18 0 / 0 0 0 0 0 1\ 0 00 0 

20 / / / 0 00 0/ / / 0 SI o / 

2k / / 0 / / / 00 0 / / / / / 0 OJ 00/ 

50.7 0 0 / 

Fig.lOa. 
SIMPLIFIED BREEDING- PATTERN OF CRCflS 50.7 / 50.15 DERIVED 

FROM FIGURE 10. 

3 15 8 13 Ik 18 12 20 2k 6 50.7 

3 P.I 0 - 0 0 0 0 0 0 / 0 

15 0 °l 0 0 0 0 0 0 0 / 0 
8 0 0 £ 1 0 0 0 0 0 0 / 0 

13 0 0 0 °l 0 0 0 0 0 / 0 

Ik 0 0 0 0 o| 0 0 0 0 / 0 
18 0 0 0 0 0 o| 0 0 0 / 0 

12 / / / 0 0 0 SL\ 0 0 / / 
20 / / / 0 / 0 0 i l l 0 / / 
24 / / / 0 / / 0 0 SL\ 0 / 
6 / / / / / / / / 0 PJ / 

50.7 0 - / 0 

Group 1. 

Group 11 

Group 111 
Parent. 

KEY 0 = incompatible pol l inat ion. 
/ s compatible pol l inat ion. 
- = poll inat ion not made. 

More than one symbol per 
square indioates the results 
of each repeated poll inat ion. 



Pig.10b. 

.10b. 

BREEDING PATTERN OF PROGENY OF CROSS 50.7 / 50.13 

DERIVED FROM FIGURE 10a. 

3 15 8 1 2 20 18 Ik 2k 13 6 50.7 

3 01 0 - 0 0 0 0 0 0 / 0 

15 0 01 0 0 0 0 0 0 0 / 0 Group 1 . 
8 0 0 £! 0 0 0 0 0 0 / 0 

12 / / / £1 0 0 0 0 0 / / 
20 / / / 0 £) 0 / 0 0 / / Group 1 1 

18 0 0 0 0 0 JQ] 0 0 0 / 0 

lk 0 0 0 0 0 0 0 0 / 0 Group 1 1 1 

2k / / / 0 0 / / Pj 0 0 / Group IV 
13 0 0 0 0 0 0 0 0 £1 / 0 Group V 
o / / » 

/ 
J 

/ / / 0 / PJ / Group VI 
50.7 0 - / 0 J:I Parent 

KEY 

0 = incompatible pol l inat ion. 
/ . B compatible pol l inat ion. 
- = poll ination not made. 



F i j f s . l l 4 11a. 

F i g . l l 

BREEDING PATTERN OF PROGENY OF SELF 50.15 ( L ) . 

3 8 9 12 16 18 21 22 

3 0| 0 0 / 00 / 0 0 

8 0 o| 0' 0 / / 0 0 0 

9 0 0 £ 1 / 0 /oo 0 0 

12 / 0 / £ 1 / 0 / 00/ 

16 0 0/ 0 / £1 / 0 0 

18 / 0 //o 0 / £1 / / / 00/ 

21 0 / / 00 / 0 0000 ° l 0 

22 0 0 0 //o 0 / 0 £ l 
Fig.11a. 3IMPLIFIED BREEDING PATTERN OF PROGENY OF SELF 50.13 

DERIVED FROM FIGURE 11. 

3 9 22 12 18 8 21 16 

3 0 0 0 / / 0 0 0 
9 0 01 0 / / 0 0 0 Group 1 

22 0 0 01 / / 0 0 0 
12 / / / 0 0 / / 
18 / / / 0 £l 0 / / Group 11 

8 0 0 0 0 0 01 / / Group 111 
21 0 0 0 / 0 / Hi 0 
16 0 0 0 / / / 0 .01 Group IV 

KEY 0 = incompatible pol l inat ion, / = compatible pol l inat ion. 
More than one symbol per square indicates the result of 

each repeated pol l inat ion. 



Pig.12 

Fig.12. 

BREEDING- PATTERN OF PROGENY OF 3EL7 50.7. 

1 3 k 5 7 8 10 11 13 llf 16 17 19 20 22 23 50.7 
1 0| 0/ / o / / 0 / 00 / 0 / 0 0 / / 0 000 / 
3 / 21/// / / / 

/ , / °! / / 0 / / / 0 / / 0/ 0/ 0 0/ / 
5 / / / 0J//0 00 00 / / / 0/ / 0 / / 00 / 
7 00 / / / JPJ 0 / / 0 0/ 0 0 / / / / / 
8 / 0 / 0/ / oj / / / / / / / / - / / - / 

10 / 000 - / 0 0 oj 0 / / / / 0 / 0 0 0 

11 / / 00 / / / 0 o| / / / / / / / 0 - -
13 0 / / / / 0 0 / / °l mm 00 00 0 / / 0/ 0 

lh 0/ / / 0 / 0/ 0 m 0/ 0 oj 00 - - 0 0 0 / 
16 0 / / / / / / / / 0/ / oj / n 

V 0/ / 0 / 

17 0 0/ / / 0 / 0 / 0 / 0 00j / / - - / 
19 / / / 

t 
0 / 0 0 / 0 0 0 0 PJ 00 / / / 

20 / 00 0 / / / 0 0/ 0/ / / 0 / oj 00 / 0 

22 0 0/ 0 / / / 00 0 / / / 0 / / / oj / 0 

23 / 0 / / / 00 / / / - - - 00 M / opj -
50.7 

KEY 
0 = incompatible pol l inat ion. 
/ = compatible pol l inat ion. 
- = poll ination not made. 

More than one symbol per square indioates the 
result of each repeated pol l inat ion. 



Fig.12a 

Fig 12a. 

SIMPLIFIED BREEDING- PATTERN OP SELF 50.7 DERIVED FROM FIGURE 12. 

1 17 13 7 16 19 10 5 8 23 22 If Uf 20 3 11 

1 °l 0 0 0 0 / 0 / / 0 0 / / / / / 
17 0 21 0 0 0 / 0 / / - / / / / / 
15 0 0 21 0 0 0 / / 0 / / / ~ / / / 
7 0 • 0 0 21 0 / / / 0 / / / / / / / 

16 0 / / / °l 0 / / / 0 / / / / / / 
19 / 0 0 / 0 21 0 0 0 / / / 0 0 / / 
10 / / / 0 / 0 21 / 0 0 0 - / / 0 0 

5 / / / / / 0 0 21 0 0 / / / / / / 
8 / / / / / - / / 21 - / / / / 0 / 

23 / - / / - 0 / / 0 21 / / - 0 / 
22 0 0 / / / / 0 / / / 21 0 / / / 0 
k / / / / / / / / 0 / 0 21 0 / / / 

/ - 0 / 0 - - / 0 0 0 0 21 0 / / 
20 / 0 / / / / 0 / / / 0 0 / 0} 0 / 
3 / - - / - l a - / - - - / - - i l l ' -' 

11 / / / / / / 0 / / - 0 0 / / / P_| 

KEY 
0 = incompatible pol l inat ion. 
/ = compatible pol l inat ion. 
- = poll inat ion not made. 



Pigs.13,13a * 14. 

Pig.13. BREEDING PATTERN OF PROGENY OF SELF 1 .7 . 

1 2 3 4 5 6 7 1.7 

1 £1 / 0/ / 0/ / / -
2 / £ 1 / 0 / 00 / -
3 0 / £1 0/ / / / / 0/ 

/ 0 0/ £ 1 / 0 / 0000 

5 / 0/ / / / £ 1 / / / / 
"6 / 0 / 0 / £1 0 

7 / / / / / / / 0 £ 1 / / 
1.7 - 0 / 00 / / - / / d 

Fig.13a. SIMPLIFIED BREEDING PATTERN OF SELF 1.7 DERIVED FROM 

FIGURE 15. 

2 if 1.7 5 1 3 7 6 

2 £ 1 0 - / / / / 0 
if 0 PJ 0 / / / / 0 Group 1 

1.7 0 0 . J / - / 
/ 

/ 
/ -

5 / / / o| / / / / Group 11 
1 / / - / PJ / / / 
3 / / / / 0 0] / / Group 111 

7 / / / / / / i l l 0 Group IV 
6 0 0 - / / / 0 PJ Group V 

F ig . 14. BREEDING PATTERN OF PROGENY OF SELF 1.4. 

10 13 16 1.4 

10 00| 00 00 00 

13 //oo /ooool /oo 0 

16 00 00 00| 00 

1.4 00 0 00 
KEY 0 = incompatible pol l inat ion. More than one symbol per 

/ = compatible pol l inat ion. square indicates the result of 
- = poll inat ion not made. eaoh repeated poll inat ion. 



Figs.15 4 15a. 

Pig.15 BREEDING PATTERN OP PROGENY OF SELF 181.1k. 

1 2 3 h 6 7 10 11 12 
181 
. l l f 

1 00| o// / / 00/ / / 00 000 //o 0/ 00 

2 //oo /oool / o// / / / / 00 00 / / 0 

3 / / / / ool / / 00 / / o// / / 0/ o// 

K o// / / / 00/ ool 00 /o / 00/ //o 00 0 

6 / / / / o/// 00 op] 00 / / / / 00 / / 
7 00 / / / / //o //o .pol 00 000 000 0 

10 / / 00 / / / / / o/// 0/ ool 00 //o 0 

11 / / 00 / / / / //o //o 00 00| / / 0 

12 / / / / / / / 00 oo ///o / / / / oo! / / 
181.Ik / -2.1 

Fig.15a. SIMPLIFIED BREEDING PATTERN OF SELF 181.Ik DERIVED FROM 

FIGURE 15_. . 

181 
2 11 10 . I k 6 12 1 7 k 3 

2 0| 0 0 0 / / / / / / 
11 0 0/ 0 0 / / / / / / 
10 0 0 0 | 0 / / / / / / 

181.1k - - - Oj - / - - - -
6 / / / 7 0| 0 / 0 0 / 

12 / / / / 0 fi| / / 0 / 
i / / o o / / . o | o / / 
7 / 0 0 0 / 0 0 j } | / / 
4 / / / 0 0 0 / / 0 | / 
3 / / / / 0 / / / / J P J 

KEY 0 = incompatible pol l ina t ion . More than one symbol per square 
/ = compatible po l l ina t ion . indicates the result of each 
- = poll ination not made. repeated pol l inat ion. 



F i g . l 6 . 

Pigs.16 & 17. 

BREEDINS BEHAVIOUR OF TETRAPLOID PROGENY CP CROSS 

177.14 / 177.20 ( C ^ . 
C, 177 177 

T .14 .20 

tetraploid 0| 0 / 
177.14 0 °l / 

parents 
°l 

177.20 0 / 
0 

V 8 / 
diploid 

C^-12 0 
progeny 

V 1 7 0 

Cj-21 = 

-2 -8 -12 -17 -21 

/ - - / 0 

Fig.17 BREEDING BEHAVIOUR OF TETRAPLOID PROGENY OF CROSS 

179.14 / 179.15 ( C j . 

parents 

dip lo id 

progeny 

179 179 
T15 T27 .14 -15 -3 -10 

T15 0| 
* 

/ / / / -
Loid 

0| 

l \ T27 0 l \ / / 0 

179.14 0 / / 
179.15 0 / / 01 

0 / 
c 2-io 0 / 
C2-12 0 / 
C2-15 / / 
C 2 -l6 0 / 
C2-18 0 / 

/ 
/ 
/ 

0 

/ 

-18 

0 

/ 

KEY 0 = incompatible pol l inat ion, / = compatible pol l inat ion, 

- s poll inat ion not made. 



Pigs.18 4 19. 

Fig.18. BREEDING- BEHAVIOUR CP TETRAPLOID PROGENY OF CROSS 

180.15 / 180.16(C^. 

180 C 

-5 -9 -10 3-12 -13 -14 

/ - - - - 0 

0 - - - _ 0 

T l T4 .15 -1 
T l _2! 0 / 0 

tetraploid 
_2! 

/ T4 0 °l / 0 
parent.180.15 / 0 °l 

0 / 
0- 3 0 0 

diploid J 

0 a 

cyio / 0 

C -12 0 0 
progeny 

0,-13 0 0 

C3-14 / / 
Fig.19. BREEDING BEHAVIOUR OF TETRAPLOID PROGENY OF CROSS 

180.17 / 180.15 ( C ) , 

180 C 
T40 .17 -1 -3 -5 -14 -18 

tetraploid T40 _0| / / / / - / 

parent 180.17 / 0| 

C - 1 0 
4. 

C - 5 
diploid * 

0 . 5 -
progeny 

V 1 4 0 

C -IB / 
4 

KEY 0 = incompatible poll inat ion, . / = compatible pol l inat ion, 

- = poll ination not made. 

1 



Fig.20. 

F ig . 20. THEORETICAL CROSSING- TABLE DERIVED FROM SELF S. Z , 
All-genes and alleles are equal, pollen behaviour is 
gametophytio, and Incompatibility is present when one or more 
alleles of the pollen are matched i n the s tyle . Self-incompat­
i b i l i t y is overoorae i n the parents only. Table 10,section g. 

Parents \ . 2

Z ^ K * 3 1 . 2 Z

5 . 4 

Gametes: ( S ^ ) , ( 8 ^ ) , ( 3 ^ ) . ( S ^ ) x ( 3 ^ ) , ( 3 ^ , ( 3 ^ ) , ( 3 ^ ) 

Progeny: 

3 l . ! Z 3 . 3 " A 1 Z3. 4 = B 3 1.2Z3.3 = c s z = 
1.2 3.4 

D 

31.1Z3.U ' B E S 
l . 2 Z 3 . 4 = D 3 Z = 

1.2 4.4 
F 

3 1.2 Z 3.3 ° C h . 2Z3-4 = D 3 
2.2Z3-3 " 

G s Z = 
2.2*3.4 

H 

3 1 . 2 Z 3 . ^ = B h . 2 \ . 4 = F 3 
2.2 Z3.4 * 

H S 2.2 Z 4.4 = J 

Intercrossing the nine different progeny A - J inclusive. 

A B c D E F G H J 

A °l 0 0 / 0 / 0 / / 
B 0 21 0 0 0' 0 0 0 0 
C 0 0 PI 0 0 0 0 0 0 
D 0 0 0 PJ 0 0 0 0 0 
E 0 0 / / PJ 0 / / 0 
F 0 0 0 0 0 PI 0 0 0 
G 0 / 0 / / / PI 0 0 
H 0 0 0 0 0 0 0 PJ 0 
J / / / / 0 0 0 0 PI 

KEY 0 = incompatible pol l inat ion, 
/ = compatible pol l ina t ion . 



Fig.21. 

Fig .21. TO ILLUSTRATE THE Y/AY IN WHICH PROGENY DERIVED FROM A 

RECIPROCAL CROSS MAY HAVE A DIFFERENT NUMBER pF_ BREEDING- GROUPS. 
Example taken from Table 10, sections d, and d . 

'+ 5 
d^ Gene relationships. Ŝ  independent, 

S2S^ epistatic to ZgZ^ i n pollen 
S 2 epistatio to ZgZ^ in style 

Parents S I . 2 Z 5 . 6 x S 3.4 Z 6.7 

Compatible male gametes: (S ZZ £),(S Z ) , (S .Z c ) , (S ,Z_) 
. J O J f Zffa £4.7 

Progeny 
3 1.3 Z 5.6 = A S 1.3 Z 5.7 = E S l . i Z 5 . 6 = J 

S 1.4 Z 5.7 = N 

S 1.3 Z 6.6 = B S 1.3 Z 6.7 = F S 1.4 Z 6.6 = K S 1.4 Z 6.7 = 0 

S 2.3 Z 5.6 = C 5 2.3 Z 5.7 = G S2.hZ5.6 = L s Z = 
2.4 5.7 P 

S 2.3 Z 6.6 = D S 2.3 Z 6.7 = H S 2.4 Z 6.6 = M S 2 . i Z 6 . 7 = Q 

Intercrossing the progeny A - Q inclusive. 

A B c D G H E F j X L u p 

A 0| 0 / / / / 0 0 0 0 / / / 
B 0 / / / / 0 0 / 0 / / / 
C / 7 oj 0 0 0 / / / / / 

r 
/ 
r 

/ 
D / / 0 o| 0 0 / / / / / / / 
G / / 0 0 01 0 / / / / / / / 
H / / 0 0 0 0| / / / / / / / 
E 0 0 / / / 7 01 0 / / 7 / / 
F 0 0 / / / / 0 0| / 0 / / / 
J / / / / / 7 / 7 0| 0 / / / 
K / / / / / / / / 0 $ / / / 
L / / / / / / / / / 7 01 0 0 
M / / / / / / / / / / 0 £1 0 
P / / / / / / / / / / 0 0 01 
Q / / / / / / / / / 7 0 0 0 
N / / / / / / / / 0 0 / / / 
0 / / / / / / / / 0 0 / / / 

/ 
/ 
0 
0 

Q H 0 

/ / / 

/ / 
/ 0 
/ / 

0 
0 0 

0 / / 
01 / L 
7 m 0 
/ 0 0| 

Gp.l 
Gp.2 

— Gp.3 

1 
0 
0 

Gp.4 
Gp.5 
Gp.6 
Gp.7 

— Gp.8 

Gp.9 
Gp.10 

KEY 0 = incompatible pol l inat ion, 
/ = compatible pol l inat ion. 



Fig.22. 

Fig.22. TO ILLUSTRATE TITE WAY IN Y/HICH PROGENY DERIVED FROM A 

RECIPROCAL CROSS MAY HAVE A DIFFERENT NUT.aER OF BREEDING GROUPS. 

Example taken from Table 10, seotions d. and d_. 
if 5 

d,. Gene relationships a 3 d^, see f igure 21. 

Parents S^Z^ x S ^ Z ^ 

Compatible male gametes: (S^Z,.) ,(S2Z,.) ,(S 0 Zg). 

Progeny 

S 1 . 3 Z 5 . 6 = A 

S 1 . 3 Z 5 - 7 = B 

S 1 . 4 Z

5 . 6 = ° 

S 1 . 4 Z 5 . 7 = D S 2 . 4 Z

5 . 6 = & S 2 . 3 Z 6 . 7 = K 

S Z ^ = E S Z = H 3 Z, , = L 
2.3 5-6 2J., 5-7 2 .4 6.6 • 

S 2.3 Z 5.7 " P 2.3 6.6 2.4 6.7 

Intercrossing these progeny A - M inclusive. 

A B C D E F 
A P! 0 0 / / / 
B 0 / 0 / / 
C / 7 PI 0 / / 
D / / 0 01 / / 
E / / / 7 PI 0 
F / / / / 0 PI 
J / / / / 0 0 
K / / / / 0 0 
G / 7 / / / / 
H / / / / / / 
L / / / / / / 
M / / / / / / 

J 
/ 

K 
/ 

G 
/ 

H 
/ 

L 
/ 

M 
7 

/ / / / / / 
/ / / / / / 
/ 7 / / / L 
0 0 / / / 7 
0 0 / / / 7 
PI 0 / / / / 
0 0| / / / Z 
/ 7 PI 0 0 "0" 
/ / 0 PI 0 0 
/ / 0 0 PI 0 
/ / 0 0 0 PI 

Gp.l 
Gp.2 
Gp.3 
Gp.4 

•Gp.5 

—Gp.6 

KEY 0 = incompatible pol l inat ion, 

/ = compatible pol l ina t ion . 



Fig.23. 

.23. THEORETICAL CROSSING TABLE DERIVED FROM SELF 3, JZ, , 
— 1.2 5.^ 

A l l genes and a l l e l e s are equal, pollen behaviour i s 

garaetophytio, and incompatibility i3 present when both a l l e l e s 

of the pollen are matched i n the s t y l e . Self-incompatibility 

i3 overcome i n the parents only. Table.'11, section a. 

Parents x ^ 

Gametes: ( 3 ^ ) , ( 3 ^ ) , ( 3 ^ ) , ( 3 ^ ) x ( 3 ^ ) , ( 3 ^ ) , ( 3 ^ ) , ( 3 ^ ) 

Progeny: 

S l . l Z 3 . 3 B 
A S i - i Z 3 - i f = 

B 
S1.2 Z3.3 = C 3 Z = 1.2*3-4 D 

S1.1 Z3.4 a 
B S i . i Z 4 . 4 = 

E 
Sl.2 Z3.4 = D 3 Z = 1.2 4.4 F 

31.2 Z3.3 " C S 1.2Z3 .4 = 
D S Z 2.2 3.3 = G s z = 2.2*3.4 H 

S1.2 Z3.4 = 
D 3 1.2*4-4 = 

F S Z 2.2 3.4 s H 
s z = 2.2 4.4 J 

Intercrossing the nine different progeny A - J inc l u s i v e . 

A B c D E F G H J 

A 0| / / / / / / / / 
B 0 / / 0 / / / / 
C 0 / 0| / / / 0 / / 
D 0 0 0 o| 0 0 0 0 0 
E / / / / 0| / / / / 
F / / / / 0 o| / 0 
G / / / / / / °l / / 
H / / / / / / 0 0 
J / / / / / / / / PI 

KEY 0 = incompatible p o l l i n a t i o n , 

/ = compatible p o l l i n a t i o n . 



Fig.24. 

Fig.24. TO SHOW HOW RECIPROCAL DIFFERENCES ARISE WHEW INTERCROSSING 
PLANTS OF A FAIRILY. 

d ^ Parents S ^ Z ^ x 3eo Table 10, sections &? and dy 

1.3 5.7 
7 

Gene re l a t i o n s h i p . 8̂ ^ independent, S^S^ epistatio to Z ^ p o l l e n 
S 2 epi3tatio to z

5
Z y i n s t y l e . 

Compatible male gametes: (S Z_),(S Z_). 
Progeny 5 ' * 7 

S 1 . 3

Z 6 

= A 
B 3 

A 
B 
C 
D 
E 
? 
G 
H 

2.3 Z5.7 = c S1.4 Z5.7 = 
E 

S2.4 Z5.7 = 

2.5 Z6.7 = D 
31.4 Z6.7 = ? S2.4 Z6.7 = 

A B c D E V G H 
0| 0 / / 0 / / / Gp, 1 
0 01 / / / 0 / / Gp. 2 
/ / 0| c- / / / 7 1 
/ / 0 £1 / / / zr -Gp. 3 

/ / / / 01 0 / / Gp. 4 
/ / / / 0 0| / / Gp. 5 
/ / / / / / £1 °I / / / / / / 0 -Gp, 6 

G 
H 

d, reciprocal of d ? . Compatible male gametes: (S Z_). (S Z.). (S Z ) 

Progeny 
S1 . 3 Z5 . 6 
'1 •3*5.7 
31.4*5.6 

= A 
« B 
= C 

3 
S 

Cm J 

3 Z 2.3 5-7 

1 . 4 % 7 = D 
= E 
• F 

C D 

S 2 ^ Z 5 . 6 " G 

2.4 d./ 
3„ _Z>. = J 2.3 6,7 

S Z 
2.3 7.7 

s 
2.4 6.7 

s z 
2.4 7.7 

= K 
= L 
= M 

A 
B 
C 
D 
E 
* 
J 
K 
G 
H 
L. 
M 

01 
0 

'/ 
/ 

B 
0 
SI / 
7 at o / 
/ 0 01 / 
/ / 7 oi 

G H 
0 
/ 

L M 
/ / 

E F J K 
/ / / / / / / . . 
0 / / / / / / / / 

>'> H 
0 o o / / / 7 
01 o o / / / /_ 
0 0 1 0 / / / / 
o o 9.1 / / / L 
/ / / 0| 0 0 7 
/ / / 0 0| 0 0 / o o Qi o 

/ 0 0 0 0} 
KEY / = compatible p o l l i n a t i o n , 0 = incompatible p o l l i n a t i o n . 

/ / / / o 

/ / / / 
/ / / / 

Gp.l 
Gp.2 
Gp.3 
Gp.4 

-Gp.5 

—Gp.6 



Fig.25. 

Fig.25. BREEDING- PATTERN PRODUCED BY INTERCROSSING- PLANTS OF 

CAMPANULA, THRY3 OIDEA ( l66.l). 

1 2 3 If 5 6 7 8 9' 

1 J2QI / // // 0/ 00// /// 00 / / 

2 / opj // // / // // // // 
3 // // 00] // 0/ // // // // 
k 0// // // // / / / / 
5 // 00 // // ool / /// 0/ 0/ / / 

6 // // 00 // /// 00] // // // 
7 / // 0/ / //o / poj // / 
8 // // // // // 00 // opj /// 
9 // // // // — / /// / / 00! 

KEY 

0 = incompatible p o l l i n a t i o n . 
/ = oompatible p o l l i n a t i o n . 
- = po l l i n a t i o n not made* 

More than ono symbol per square indicates the r e s u l t 
of each repeated po l l i n a t i o n * 



Figa .26 A 26a. 

Pig.26. BREEDING/ PATTERN PRODUCED BY INTERCROSSING PLANTS 07 

CAMPANULA BARBATA ( l O g . l ) . 

1 3 if 5 7 8 9 10 11 

1 000| / / - 0 - 0 / 
3 0 00| 00 00 / / 00 000 0 

if / 000 00001 000 / 00 000 0 0 

5 / 00 000 0001 0 00 /oo 0 00 

7 0 / / 0 00| - / 0 -
8 - 0/ 00 00 - 001 00 00 0 

9 00 00 00 000 / - 0001 0 -
10 / 000 000 000 0 00 000 00| 00 

11 00 

Fig.26a. SIMPL. I ED BREEDING PATTERN OF C.BARBATA (lOg.l) DERIVED 

FROM FIGURE 21 

r 
j if 9 10 5 1 J . 

n 0 JL 7 

3 PI 0 0 0 0 0 / 0 / 
0 0| 0 0 0 0 0 / / 

9 0 0 0| 0 0 - - 0 / 
10 0 0 0 PI 0 0 0 / 0 

5 0 0 / 0 21 0 0 / 0 
11 - - - - PI - - -
8 / 0 0 0 0 0 PI - -
1 / / 0 / - - - PI 0 
7 / / / 0 0 - - 0 PI 

KEY 0 = incompatible pollination, More than one symbol per 
/ compatible pollination, 

p o l l i n a t i o n not made, 
square indicates the r e s u l t 
of each repeated p o l l i n a t i o n . 



Fies.27 & 27a. 

Fig.27- BREEDING- PATTERN PRODUCED BY INTERCROSSING PLANTS OF 

CAMPANULA MEDIUM (157.1) 

1 2 3 k- 5 6 7 8 9 

1 001 / 0 0 0 / 0 0 / 
2 0 £ 1 / / - - - - -
3 0 / £ 1 0 0 / 0 / / 
k- 0 0 0 £ 1 0 0 / 0 0 

5 / / 0 / 2.1 / 0 0 0 

6 / / / / / £i 0 / / 
7 0 0 0 0 0 0 £ 1 0 0 

8 £ 1 -
9 / 0 0 0 0 / 0 0 0 

Fig.27a. 
SIMPLIFIED BREEDING- PATTERN OF C.MEDIUM DERIVED FROM 

FIGURE 22. 

4 7 1 3 9 5 6 2 8 

If £1 / 0 0 0 0 0 0 0 
7 0 0| 0 0 0 0 0 0 0 
1 0 0 0| 0 / 0 / / 0 

3 0 0 0 £ 1 / 0 / / / 
9 0 0 / 0 o| 0 / 0 0 

5 / 0 / 0 0 o| / / 0 
6 / 0 / / / / o| / / 
2 / _ 0 / — - 0.1 _ 

8 - - - - - - - - 0| 

KEY 0 = incompatible poll i n a t i o n . 
/ = compatible pollination. 
- = p o l l i n a t i o n not made. 

More than one symbol per 
square indicates the r e s u l t 
of each repeated pollination. 



Pigs.28 & 28a 

Fig.28. BREEDING PATTERN PRODUCED BY INTERCROSSING PLANTS 

CD? CAIflPANULA LANATA ( l t o . l ) . 

1 2 3 if 5 6 7 8 9 10 

1 00| 0 - / / 0 0 0 00 0 

2 0 O0| / 0 / / 0/ / 0 0 

3 0 / Z l / 0 - 00 0 0 0 

if / / 0 001 0 0 0 0 / / 
5 0 / 0 0 £ 1 0 0 0 0 0 

6 / / 0 0 / OOj / 0 / 0 

7 0 0 0 0 0 0 2 ! 0 / / 
8 / 0 0 - - - £ 1 
9 0 0 0 - 0 // / 0 £l 0 

10 0 0 0 0 0 0 0 0 0 

Fig.28a. 
SIMPLIFIED BREEDING PATTERN OF CLAN ATA DERIVED FROM 

FIGURE 2*2.. 

if 5 7 10 6 1 3 9 2 8 

if £ 1 0 0 / 0 / 0 / / 0 
5 0 £ 1 0 0 0 0 0 0 / 0 
7 0 0 2 1 / 0 0 0 / 0 0 
10 0 0 0 Z l 0 0 0 0 0 0 
6 0 / / 0 £ 1 / 0 / / 0 
1 / / 0 0 0 £ 1 - 0 0 0 
3 / 0 0 0 - 0 / I 0 / 0 

9 - 0 / 0 / 0 0 o| 0 0 
2 0 / / 0 / 0 / 0 o| / 
8 / 0 - 0 

KEY 0 e incompatible p o l l i n a t i o n . More than one symbol per 
/ = compatible p o l l i n a t i o n . square indicates the re s u l t 
- = po l l i n a t i o n not made. ' of each repeated pollination. 



Fig.29. 

.29. 

BREEDING PATTERN PRODUCED BY INTERCROSS INC PLANTS OF 
CAMPANULA CR033EKII (190.2^. 

1 2 3 4 5 6 7 8 9 10 

1 00| / 0 / 0 / / / 0 / 
2 / 02! 0 0 / / 0 0 0 0 

3 0 / 221 0 / / 0 0 0 / 
0 / 0 221 0 / 0 0' 0 0 

5 / 0 / 0 £1 0 0 0 0 / 
6 / 0 / / 0 221 0 0 0 / 
7 / / / / / / 221 6 / / 
8 / n 

V / w V / 0 00) 0 0' 

9 0 0 0 0 / / / / 0001 0 

10 0 0 / 0 / 0 0 0 0 221 

KEY 

0 s incompatible pollination, 

/ a oorapatibl© pollination. 

More than one symbol per square ondioates the 

result of eaoh repeated pollination. 



Plg .30. 

Fig.30. BREEDING PATTERN OF PROGENY OF CAMPANULA 

PATUIA (lf.-l.l-H4. /-12). 

0 w 80 114 8 

62 0 / / / / 
115 0 / / / / 

10 0 / / / / 
28 0 / / / -
92 0 / / / - Group 1. 

52 0 / / / -
75 0 / / -
16 0 / / - -
63 0 0 / / / Group 11 

0 0 / / / 
Group 11 

67 0 0 0 / / 
6 0 0 0 / / Group 111 

61 0 / 0 / / 
80 0 / 0 / / 
3k- 0 / 0 / / 

103 0 / 0 / / 
69 0 / 0 / / Group I V 

0 / 0 / -
105 0 / 0 . mm -
113 0 / 0 - -

51 0 / 0 0 / Group V 
111, 0 / / 0 / Group 71 
8 0 / / / 0 Group V l l 
7 0 0 0 mm - Group V l l l 

21 / / / / 0 

23 / / / - - Group IX 
37 / / / / -

KEY 0 = incompatible p o l l i n a t i o n . 
/ = oompatible p o l l i n a t i o n . 
- = p o l l i n a t i o n not made. 

http://lf.-l.l-H4


Flg . 3 1 . 

P i g . 3 l . BREEDING PATTERN OP PROGENY OP CAMPANULA PATULA 

(141.1-14 / -12) 

9 43 80 © 114 8 0 
115 0 / / / / / / 
10 . 0 / / / 7 / / 
62 0 / / / / / -
92 0 / / / / r - Gp.l 
52 0 / / / / - -
75 0 / / / - - -
28 0 / / / - - -
63 0 0 / / / / / 

Gp.2 43 0 0 / / / / / Gp.2 

67 0 0 0 / / / -
6 0 0 0 / / / - Gp.3 

61 0 / 0 0 / / 0 
80 0 / 0 / / 0 Gp.4 

34 0 / 0 0 / / / 
103 0 / 0 0 / / -
40 0 / 

f 
0 0 - - - Gp.5 

105 0 / 0 0 - - -
113 0 / 

/ 0 0 - - -
51 0 / 0 / 0 / 0 Gp.6 

69 0 / 0 / / / 0 
16 0 / 0 / - - - Gp.7 

7 0 0 0 0 - - - Gp.8 

114 0 / / / 0 / - Gp.9 

8 0 / / / / 0 - Gp.10 

KEY 0 a Incompatible pol l i n a t i o n . 
/ = compatible pollination. 
- * po l l i n a t i o n not made. 



Figs,32 & 32a . 

Pig.32. BREEDING PATTERN OF PROGENY OF CAMPANULA ROTUNDIFOLIA 

CROSS 157.hrl / 157.2-2. 

1 2 3 6 11 15 16 17 18 20 23 

1 0 0 ] / / / / 00 / // 0/ // // 0/ / / / ^ 

2 ///OO OOl 0/ 0/ / / 0 // // / o / / /o 
3 / / 00 A // // // /o /o /o //o -
6 OQ // // oool/o// // //// // / / o / / / 00 
11 //o / / /o /// / / @/|o// / // 00 / / / / / o / / / 

15 / / / // / pool / /// / / / 
16 // // ///OO// // 000 _o]///o / / oo / / /o 

17 /// // // / / o/ / / // 0 001 00 00 / / /o 

18 / / / 00 /OO / / o // 00 00 00I///0 00 

20 //// // // // /// 00 / / o/// / / / ®A| / / 

23 / / / 000/ 0/ // /// o// 00 00 00 00 0] 

Fig.32a. SIMPLIFIED BREEDING PATTERN CB? C.ROTUNDIFOLIA (l57.i^-l/l57.2-2) 

DERIVED FROM FIGURE J g . 

15 6 1 © 2 0 0 1 6 17 23 18 

15 _o| / / / / / / / / / / 
6 / _o| 0 / / / / / / 0 / 
3! / / -01 / / 0 / / / / / 

/ / / .21 / / / / 0 / / 
2 0 / / / _PJ / 0 / / / / 

2) / / / / 0 l\ / / / - / 
0 / / / / / A / / / / 

16 0 / / / / / 0 J2I / / / 
17 / / / / / / 0 0 _9l / 0 
23 / / / / / / 0 0 0 -Si 0 
18 / / / 0 0 / / 0 0 0 0! 

KEY. 0 = incompatible poll i n a t i o n , (g)= number of times pollination f a i l e d . 
/ = compatible pollination, /N= number of successful p o l l i n a t i o n s . 
- = p o l l i n a t i o n not made. Ringed numbers indioate those plants 
which occasionally showed a low s e l f - f e r t i l i t y . 
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SUMMARY 

1. I n c o m p a t i b i l i t y has been studied i n the genus Campanula, by 

d e t a i l e d i n v e s t i g a t i o n of the breeding behaviour of C p e r s i c i f o l i a i 

and by a survey of the extent of i n c o m p a t i b i l i t y within the genus. 

2. Material of C . p e r s i o i f o l i a was grown i n an insect-proofed greenhouse, 

and i n c o m p a t i b i l i t y was measured both by seed s e t and by pollen tube 

growth. 

3. Preliminary experiments i n C . p e r s i c i f o l i a showed that compatible and 

incompatible pollen could be distinguished i n the p i s t i l 48 hours 

a f t e r p o l l i n a t i o n , when compatible pollen tubes were at the s t y l e 

baso. 

4« C . p e r s i c i f o l i a i s self-incompatible, though a few plants were s e l f -

f e r t i l e under some undetermined conditions. I n h i b i t i o n of incomp­

a t i b l e p o l l e n took place e i t h e r i n the stigma, or more r a r e l y at 

the t i p of the style> 

5. Tfhen i n c o m p a t i b i l i t y was measured by p o l l e n tube growth, p i s t i l s 

were removed 48 hours a f t e r p o l l i n a t i o n and were stored i n a 

sub-zero r e f r i g e r a t o r . 

6. P o l l e n tubes were st a i n e d for scoring with an azo-dye, c h l o r a z o l 

paper brown. 

7. C . p e r s i c i f o l i a has binucleate pollen grains when mature. 

8. No end-of-season e f f e c t s or s p e c i a l p o l l i n a t i o n techniques were 

discovered to overcome s e l f - i n c o m p a t i b i l i t y . 

9. I n t e r c r o s s i n g progeny of known parentage showed that the number of 

breeding groups obtained was l a r g e r than the number which could be 

explained on a one gene i n c o m p a t i b i l i t y system. 



10. Crosses between the female parent and progeny were both compatible 

and incompatible, while r e s u l t s of those between the male parent 

and progeny could be i d e n t i f i e d with one of the groups formed 

within the progeny. 

11. Reciprocal d i f f e r e n c e s between crosses w i t h i n the progeny were 

common. 

12. A r t i f i c i a l l y produced t e t r a p l o i d s r e t a i n e d both cross and s e l f -

i n c o m p a t i b i l i t y . 

13. I n r e c i p r o c a l crosses between t e t r a p l o i d s and r e l a t e d d i p l o i d 

progeny, both compatible and incompatible crosses were found. 

14. The behaviour of the t e t r a p l o i d s with t h e i r parents was v a r i a b l e , 

but compatible crosses were present i n both d i r e c t i o n s . 

15» Material f or a survey of the presence of i n c o m p a t i b i l i t y i n other 

species of Campanula was grown i n the garden. I n c o m p a t i b i l i t y 

was measured by pollen tube growth, p o l l i n a t i o n s being made i n 

the laboratory on cut flowers. 

16. Out of 55 species considered 52 were self-incompatible. 

17. I n t e r c r o s s i n g plants of a species gave r e s u l t s i n which c r o s s -

incompatible p o l l i n a t i o n s appeared to be at random. A s t a t i s t i c a l 

i n v e s t i g a t i o n of t h i s , comparing the r e s u l t s of repeated p o l l i n ­

ations and r e c i p r o c a l p o l l i n a t i o n s , showed t h i s to be spurious. 

I t was concluded that there were i n s u f f i c i e n t i n c o m p a t i b i l i t y 

a l l e l e s i n common i n the plants considered for i n c o m p a t i b i l i t y to 

be apparent. 
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18. I n v e s t i g a t i o n s on a true family of C.patula (141.1 -14 / -12) 

showed the presence of 10 breeding groups* The breeding pattern 

obtained was oompared to known two gene i n c o m p a t i b i l i t y systems. 

19. I n v e s t i g a t i o n s on a true family of C . r o t u n d i f o l i a revealed low 

f e r t i l i t y i n some plants on s e l f i n g . I n one plant t h i s might be 

considered to be an end-of-season e f f e c t . Eleven breeding groups 

were obtained within the progeny of the cross 157*4 -1 / 157*2 -2 . 

This pattern was compared with two gene i n c o m p a t i b i l i t y systems. 

20. The breeding patterns obtained i n C . p e r s i c i f o l i a were compared to 

other known i n c o m p a t i b i l i t y systems, and to t h e o r e t i c a l two gene 

systems. 

21. The complexity of i n c o m p a t i b i l i t y systems i n general i s discussed. 
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APPENDIX 1. 

ORIGIN OP SEED MATERIAL OP CAMPANULA SPECIES. 

* I n d i c a t e s names which are doubtful. 

ode number. Name. 

101.2 C . a l l i a r i a e f o l i a i f i l l d . 

101.3 C . a l l i a r i a e f o l i a Willd. 

103.1 »C.alpina Jacq. 

193-1 C.aucheri 

105.1 C.autraniana 

106.X C,harbata 

106.2 C.barbata 

204.1 " C . b e l l i d i f o l i a 

205.1 C . b e t u l a e f o l i a 

108.2 C.bononiensis 

H 4 . 4 C. oochlearifolia.Lam. 

115.1 C . o o l l i n a . M.B. 

194.1 C . e l a t i n o i d e s 

120.1 C.erinus 

212.1 * C . f e n e s t r e l l a t a Feer. 

Source. 

Hortus Botanicus Univ., Uppsala, Sweden. 

Botanisches I n s t i t u t und Botanische 

Garten, S t u t t g a r t , Germany. 

S l o v a c i a s e p t e n t r i o n a l i s , Prage, 

Czechoslovakia. 

Royal Botanic Gardens, Edinburgh, 

Scotland. 

Northern H o r t i c u l t u r a l Society, 

Harrogate, England. 

Northern H o r t i c u l t u r a l Society, 

Harrogate, England. 

Hortus Botanicus Univ., Uppsala, Sweden. 

S t . Andrews Univ. Bot. Gdn., Scotland. 

S t . Andrews Univ. Bot. Gdn., Scotland. 

Bohemia c e n t r a l i s , Prage, Czechoslovakia. 

Hortus Botanicus Univ., Uppsala, Sweden. 

Hortus Botanicus Univ., Uppsala, Sweden. 

Royal Botanic Gardens, Edinburgh, 

Scotland. 

Univ. of Leeds, England. 

Botanicki u r t . Univ., Yugoslavia. 
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Code number. Name. 

195*1 C f i l i c a u l i s 

123-1 C.garganioa Ten. 

124*3 C.glomerate L. 

124.5 Cglomerata L. 

125.1 C.grandis 

190.2 C.grossekii Henff. 

191.1 *C'.hondoen3iB Kitam 

C . i s o p h y l l a ( a c t u a l 
p l a n t ) 

213.1 * C . i s t r i a o a Peer. 

128*1 C.kemulariae 

208.1 »C.kolenatiana 

130.2 C . l a c t i f l o r a 

143.1 C.lanata 

132.6 »C.latifolia L. 

197.1 C . l i n i f o l i a 

137.1 C.medium L. var. annua. 

199.1 *£.mollis 

Source. 

Royal Botanic Gardens, Edinburgh, 

Scotland. 

Liverpool Univ. Bot. Gdn., England. 

S l o v a c i a s e p t e n t r i o n a l i s (montes 

Belanske Tatry: solo c a l c a r e o ) , Prage, 

Czechoslovakia. 

Dept. of B i o l . Univ. C o l l . of North 

S t a f f s . , Keele, England. 

Hortus Botanicus Univ., Uppsala, Sweden. 

Hortus Botanicus Univ., Uppsala, Sweden. 

Hortus Botanicus Univ., Uppsala, Sweden. 

Durham Univ. Bot. Gdn., England. 

Botanicki u r t . Univ., Yugoslavia. 

Northern H o r t i c u l t u r a l Society, 

Harro gat e, England. 

S t . Andrews Univ. Bot. Gdn., Scotland. 

Northern H o r t i c u l t u r a l Society, 

Harrogate, England. 

Liverpool Univ. Bot. Gdn., England. 

Univ. of Leeds, England. 

Royal Botanic Gardens, Edinburgh, 

Scotland. 

Hortus Botanicus Univ., Uppsala, Sweden. 

Royal Botanic Gardens, Edinburgh, 

Scotland. 
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Code number. Name. Source. 

200.1 *C.nobili-macrantha. Royal Botanic Gardens, Edinburgh, Scotland. 

192.1 *C.ochroleuoa Kem.-Nath. Hortus Botanicus Univ., Uppsala, Sweden. 

141.1 C.patula L. Hortus Botanicus Univ., Uppsala, Sweden. 

177 C . p e r s i c i f o l i a var.Telham Beauty. Univ. c o l l . , London, England. 

178 C p e r s i c i f o l i a L e i c e s t e r Univ. Bot. Gdn., England. 

179 C . p e r s i c i f o l i a var. a l b a . L e i c e s t e r Univ.Bot.Gdn., England. 

180 C . p e r s i o i f o l i a Royal Botanic Gardens, Edinburgh, Scotland. 

181 C . p e r s i c i f o l i a J a r d i n Alpine Champiz, Switzerland. 

183 C . p e r s i c i f o l i a Univ. of Lund, Sweden. 

184 C . p e r s i c i f o l i a Botanic Gdn., Prage, Czechoslovakia. 

185 C . p e r s i c i f o l i a Botanicki u r t . Univ., Yugoslavia. 

201.1 *C.phyotidocalyx Royal Botanic Gardens, Edinburgh, Scotland. 

209.1 C . p i l o s a S t . Andrews Univ. Bot. Gdn., Scotland. 

198.1 C.pipori Liverpool Univ. Bot. Gdn., England. 

145.1 C.portensohlagiana Royal Botanic Gardens, Edinburgh, Scotland. 

202.1 *C.pseudo-raineri Royal Botanic Gardens, Edinburgh, Scotland. 

I 4 8.I C.punctata Hortus Botanicus Univ., Uppsala, Sweden. 

151.1 C.raddeana Cambridge Bot. Gdn., England. 

154.1 C.rapunculoides L. Bot. I n s t i t u t und Bot. Garten, S t u t t g a r t , 

Germany. 

155.1 C.rapunculus L. L e i c e s t e r Bot. Gdn., England. 

157.1 C r o t u n d i f o l i a Lund, Scania Maglarp Stavsten coast 5 m., 

Sweden. 

157.2 C . r o t u n d i f o l i a L. Bot. I n s t i t u t und Bot. Garten, S t u t t g a r t , 

Germany. 

157.3 C . r o t u n d i f o l i a Hortus Botanicus Univ., Bergensis, Norway. 
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Code number. Name. Source. 

157.4 C . r o t u n d i f o l i a Top of Cronkley F e l l , Teesdale, Co.Durham, 

( a c t u a l plant c o l l e c t e d ) England. 

157.5 C . r o t u n d i f o l i a Glen Coe, A r g y l l , Scotland, 

( a c t u a l plants c o l l e c t e d ) 

157.6 C . r o t u n d i f o l i a S t . David's I s l a n d , Pembrokeshire, Wales, 

( a c t u a l plant c o l l e c t e d ) 

159.1 C . s a x a t i l i s S t . Andrews Univ. Bot. Gdn., Scotland. 

160.1 C.scheuchzeri Liverpool Univ. Bot. Gdn., England. 

160.2 C.scheuchzeri Bot. I n s t i t u t und Bot. Garten, S t u t t g a r t , 

Germany. 

162.1 C . s i b i r i o a L. Bot. Gdn., Prage, Czechoslovakia. 

163.1 C.speciosa S t . Andrews Univ. Bot. Gdn., Scotland. 

I 6 4.I C.spicata L. Hortus Botanicus Univ., Uppsala, Sweden. 

210.1 C.spruneriana St, Andrews Univ. Bot. Gdn., Scotland. 

166.1 C.thrysoidea L. Hortus Botanicus Univ., Uppsala, Sweden. 

168.1 C.trachelium L. Scania I v e t o f t a 30 m Lund, Sweden. 

203.1 «C.tridentata Royal Botanic Gardens, Edinburgh, Scotland. 

214.1 C.vanhoutteri Carr. Botanicki u r t . Univ., Yugoslavia. 

170.1 C . v e r s i c o l o r Andr. Cambridge Bot. Gdn., England. 

172.1 C.waldsteiniana Liverpool Univ. Bot. Gdn., England. 

172.2 C.waldsteiniana Roem.and Schult. Liverpool Univ. Bot. Gdn., 

England. 

Z 2 £. X E.K. Toogood Northern H o r t i c u l t u r a l Society, Harrogate, 

England. 


