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BIOSYSTmTICS OF SOME SPECIES OF EPILOBIUM 

7. Thakur 
Abstract 

Most European species of Eplloblum are known to hybridize^and 
many occupy overlapping habitat*. A l l have the same chromosome number 
{2n = 36) and t h e i r chromosomes are s i m i l a r . The main aims of the thesis 
have been to inquire into i s o l a t i n g mechanisms i n the genus and to study 
syst«natic relationships between i t s members. 16 species have been used, 
H European and two from New Zealand. Herbarium records indicate that, 
i n B r i t a i n , i n t e r s p e c i f i c hybrids are r e l a t i v e l y rare. 

Internal i s o l a t i n g mechanisms which have been studied include 
(a) slow growth of pollen-tubes i n hybrid crosses, (b) p o s t - f e r t i l i s a t i o n 
f a i l u r e of the hybrid seed, (c) f a i l u r e of hybrid seed to germinate, (d) 
weakness of hybrids, and (e) s t e r i l i t y of hybrids, both F1 and F2. The 
fact that many of the species are regularly self-pollinated has also an 
important bearing on iso l a t i o n , and helps to account for the rel a t i v e 
s c a r c i t y of i n t e r s p e c i f i c hybrids i n nature as revealed by herbarium 
studies. 

The hybridization experiments have shown that E.angustifolium and ^ 
E . f l e i s c h e r i . which belong to the Section Chamaenerion. are a separate 
breeding group d i s t i n c t from Sect. Lysimachion. This supports the 
separation of the two sections of the genus made on morphological grounds. 
The view that Ghamaenerion be treated as a d i s t i n c t genus i s not supported 
by the evidence derived from the present work. Separation of Lysimachion 
into two groups. Division Schlzostigma and Division Synatigna. on the 
basis of whether the stigma i s A-lobed or entire, i s a r t i f i c i a l and i s 
not j u s t i f i e d either by hybridization experiments or on morphological 
grounds. The two New Zealand species do appear to be morphologically 
d i s t i n c t from the European species studied j one of them i s able to 
hybridize with the European species, and the other not. 
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CHAPTER 1 
I N T R O D U C T I O N 

EplloTaium L. (Onagraceae) i s a f a i r l y large genus and i s 
today estimated to have more than 200 species distributed i n 
almost a l l the continents. The d i s t r i b u t i o n , however, i s • 
mainly r e s t r i c t e d to the temperate and colder parts of the 
world. 

An excellent taxonomical treatment of the genus has "been 
provided by Haussknecht (1884) i n his "MONOGRAPHIE PER GATTUNG 
EPILOBIUM". which s t i l l remains the major source of reference 
for the c r i t e r i a employed i n delimitation and description of 
the various species. He divides the genus into two sections: 
Sect. 1. Chamaenerion Taiisch* and Sect. 11. L.vsimachion Tauach. 
Only about 10 to 12 species are included i n Chamaenerion and 
they a l l form a very d i s t i n c t group. Lysimafthion comprises the 
rest of the species forming a large assemblage of variable 
plants. The section Lysimachion has been subdivided again into 
Division Schizostigma and Division Synstigma on the basis of 
whether the stigmas are lobed or entire. 

The generic l i m i t s of Epilobium have always been questionedJ 
Recently, quite a few taxonomists, especially i n Europe, have 
come to regard Chamaenerioh Adans. as a separate genus from 
Epilobium proper. Raven (1962a, 1962b) has considered the mat­
ter and finds that nothing i s t o be gained from this separation. 

There are 
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©tilers who prefer sulDgeaeric rank for the two sections (Rouy 
and Camus, 1910). However, a l l that needs to lie done at t h i s 
stage i s to point out that a c r i t i c a l gap exists hetween the two 
sections i n t h e i r taxonomical relationship. This relationship 
has, so f a r , been assessed d i f f e r e n t l y , providing ample reasons 
fo r i t s re-evaluation. 

The world d i s t r i b u t i o n of d i f f e r e n t species of the genus i s 
very i n t e r e s t i n g . There are i n New Zealand more species than i n 
any other single region of the world, hut Sect. Chamaenerion and 
members of the Schizostigma are e n t i r e l y missing from there. I t 
i s surprising that forms, with lobed stigmas should not have arisen 
i n New Zealand. Nearly a l l of the 32 groups of Lysimachion 
mentioned i n Haussknecht's monograph have a geographical basis, 
and most of the species are confined to specific centres. Only 
a few of them have d i s t r i b u t i o n s extending from one major 
geographical region to another (Table l ) , E.aneustifolium L. 
seems t o be the most widely spread member of the genus and i s 
found i n A f r i c a , America, Asia and Europe. E. palustre L. and 
many members of the group Alplnae are found i n Europe, America 
and Asia. E. hirsutum L. and E. parviflorum Schreb, extend both 
i n Europe and i n Asia but are not found i n America. 

While major geographical i s o l a t i o n on a world basis appears 
to have resulted i n evolution of d i s t i n c t geographical groups. 
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t h i s factor, when assayed i n the context of one region, hardly 
proves to be of much significance. Confining ourselves mainly 
to the European species, l e t us examine s p e c i f i c a l l y liie problems 
of evolution i n the genus. 

There are about two dozen species i n Europe and they belong 
both to Sect. Chamaenerion and Sect. Lysimachion; the l a t t e r i s 
well, represented by forms w i t h guadrifid as well as entire stigmas. 
A recent account has been given by Raven (1962+). Cytologlcally, 
they are a l l a l i k e ; each species has the same chromosome number, 
2n = 36. The chromosomes are very small i n size (the d e t a i l s are 
given i n Chapter X,,) and i t i s hard to f i n d any considerable 
difference from species to species. This being so, there would 
seem to have been l i t t l e change i n the cytologlcal make-up of the 
species during the course of t h e i r evolution. 

Most of these European species have the same or superimposed 
ranges of d i s t r i b u t i o n w i t h i n the continent and thus are sympatric. 
Not only th a t , they are often ecologically overlapping. This 
s i t u a t i o n has been discussed by Valentine ( l 9 5 l ) i n connection 
with the d i s t r i b u t i o n of E. hirsutum L. and E. parviflorum Schreb. 
i n the B r i t i s h I s l e s . The habitat of the two species i s d i f f i c u l t 
to distinguish and they have a wide range of d i s t r i b u t i o n through­
out Europe. I n spite of the fa c t that they are capable of produc­
ing hybrids i n nature, they seldom do so, and remain distinct.. 
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Lewis and Moore (1962) have described a similar example, v i z . 
E. adenocauloQ Haussk. and E. brevistvlum Barbey i n the Rocky 
Mountains. The two species occur together i n many l o c a l i t i e s 
and are i n t e r f e r t i l e ; but hybrids are rarely encountered i n 
nature and the species remain perfectly d i s t i n c t . The fact that 
many species of Epilobium produce natural hybrids i s , of course, 
we l l established. Many such hybrids have been reported from 
Europe and according to Clapham, Tutin and Warburg (1962) , a high 
proportion of I n t e r s p e c i f i c hybrids of a l l combinations are found 
i n the B r i t i s h I s l e s . Thus, many Epilobium species share the 
same habitat and are i n t e r f e r t i l e , yet they remain d i s t i n c t . 
What keeps them di s t i n c t ? What are the i s o l a t i n g factors? 

Evolution i s dependent upon i s o l a t i o n , and the role of 
i s o l a t i o n has been described i n many publications, e.g., by 
Dobzhansky {l9kl) * Huxley ( l91^2), Stebbins (1950) , and Mayr 
(1963 ) . I n the following paragraphs we shall discuss i s o l a t i o n , 
from the point of view of the factors which are concerned i n the 
maintenance of taxonomic species, with special reference to 
Epilobium. 

I s o l a t i n g mechanisms have been c l a s s i f i e d on the basis of 
how and at which stage the is o l a t i o n works. Populations are often 
geographically Isolated; but i f they occupy the same area, i . e . , 
are sympatric as opposed to a l l o p a t r i c , the prevention of i n t e r -
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breeding depends upon a variety of t h e i r i n t r i n s i c or physio­
l o g i c a l properties, c o l l e c t i v e l y termed as reproductive or 
physiological i s o l a t i o n . Although geographical i s o l a t i o n would 
apparently seem to be j u s t a kind of reproductive i s o l a t i o n , many 
geographically isolated populations have been found to interbreed 
successfully when brought together. Therefore, the d i s t i n c t i o n 
between the two must be borne i n mind. 

The subdivision of physiological i s o l a t i n g mechanisms ceai be 
made i n various ways. I n whichever way i t i s made, i t i s quite 
safe to put these i s o l a t i n g mechanisms into two d i s t i n c t cate­
gories, ( i ) external and ( i i ) i n t e r n a l . External i s o l a t i n g 
factors work towards the prevention of crosspolllnation. This i s 
affected i n a number of ways. F i r s t l y , the two populations, a l ­
though symp a t r i e i n d i s t r i b u t i o n , may be separated physically by 
the mere fact that they inhabit d i f f e r e n t ecological niches accord­
ing to t h e i r needs, and thus are ecologically isolated. Secondly, 
the flowering periods of the populations l i v i n g i n the same area 
may not coincide and hence they escape interbreeding. Lastly, the 
f l o r a l mechanisms of certain species of plants render cross-
p o l l i n a t i o n impossible. 

I n t e r n a l i s o l a t i n g mechanisms operate after p o l l i n a t i o n . I n 
f a c t , a large number of plant species are cross-pollinated by 
various agents but i t i s only rarely that a few of them interbreed. 



A l l the b arriers under t h i s category are concerned with many 
kinds of reactions produced within the plant tissues as a result 
of the contact of two d i f f e r e n t genotypes. The f i r s t b arrier 
which begins to work j u s t a f t e r p o l l i n a t i o n i s one preventing 
f e r t i l i z a t i o n and the second i n h i b i t s the development of the 
hybrid seeds. Both are together referred to barriers to cross-
a b i l i t y . There i s another group of internal barriers operating 
w i t h i n the hybrids themselves. These barriers eliminate the 
hybrids at various stages of t h e i r l i f e cycle. The hybrid seed­
l i n g s die quite early; or, i f they grow, they are very weak and 
do not reach flowering stage; or they are s t e r i l e . And l a s t l y , 
i f by chance the hybrids are able to set seeds, the l a t e r progeny 
are rendered u n f i t to complete for survival. I s o l a t i n g mechanisms 
can be summarised as follows (a s l i g h t modification of Stebbins, 
1950, p.196)5 
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External 
I s o l a t i n g 
Mechanisms 

I n t e r n a l 
I s o l a t i n g 
Mechanisms 

I . Geographical Is o l a t i o n 
I I . Physiological Isolation 
A. Barriers to p o l l i n a t i o n 

1 . Ecological I s o l a t i o n 
2. Temporal and Seasonal Is o l a t i o n 
3. Mechanical Iso l a t i o n 

B. Barriers to Crossability 
1 , P r e - f e r t i l i z a t i o n barriers 
2. P o s t - f e r t i l i z a t i o n barriers 

C. Barriers i n the hybrids 
1 . Hybrid I n v l a b i l i t y or weakness 
2. Failure of flowering i n the hybrids 
3. Hybrid s t e r i l i t y 

I n v i a b i l l t y and weakness 
of F2 and la t e r segregates 

I t has already been noted that the European species of 
Epilobium are sympatric i n d i s t r i b u t i o n and that i n some cases 
t h e i r habitats are hard to distinguish. Although i t has been 
suggested that s e l f - p o l l i n a t i o n i n Epilobium i s an e f f i c i e n t 
b a r r i e r against interbreeding (Valentine, 1951; Lewis and Moore, 
1962) , t h i s does not account f o r the occasional appearances of 
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natural hybrids i n the populations. Moreover, there are species 
i n the genus which are exclusively cross-pollinated. Also, the 
se l f - p o l l i n a t e d species are probably cross-pollinated to some 
extend. I t i s thus obvious that some of the important barriers 
which operate to maintain Epilobium species are internal ones. 
One of the main aim of th i s thesis has been therefore to study 
the i n t e r n a l i s o l a t i n g mechanisms working i n the genus. 

Barriers to cr o s s a b i l i t y are basically of two types; ( i ) 
p r e f e r t i l i z a t i o n barriers which i n h i b i t f e r t i l i z a t i o n , and ( i i ) 
p o s t - f e r t i l i z a t i o n ones which arrest the development of embryo 
and endosperm. The prevention of f e r t i l i z a t i o n i s accomplished 
i n many ways: 

( i ) Pollen does not germinate on foreign stigmas. 
( i i ) Pollen tubes f a i l to traverse the entire length 

of the style and consequently f a i l to reach 
the ovary. 

( i i i ) Pollen tubes burst or die before they reach the 
ovary. 

( i v ) Male gametes do not fuse with the egg c e l l and the 
polar nucleus. 

The factors working to t h i s end may be summarised as pollen i n ­
compatibility. A good review of pollen incompatibility i n 
flowering plants has been given by Lewis (19W). This has a 



genetleal basis and i n many plant species, which have been i n ­
vestigated, i t has been found to be controlled by a single gene 
S with several a l l e l e s , each having a specific function; but 
t h i s i s mainly associated with outbreeding, or i t i s not generally 
important as an i n t e r s p e c i f i c i s o l a t i n g mechanism at least so far 
as closely similar species are concerned. 

I n the European species of Epilobium. none of the above 
phenomena associated with pollen incompatibility has ever been 
suspected to be a major obstacle to hybridization. There i s 
evidence that pollen germinates easily and i n very high percentage 
after cross-pollination between d i f f e r e n t species (Lewis and 
Crowe, 1958) , A l l experiments so far made to synthesize hybrids 
have shown that pollen incompatibility, i f i t works at a l l , has 
l i t t l e e f f e c t . I t i s due to t h i s that more attention has been 
paid to the p o s t - f e r t i l i z a t i o n barriers i n the present study. 
However, there are reasons to believe that effects of pollen 
i n c o m p a t i b i l i t y cannot t o t a l l y be ignored. P r a c t i c a l l y nothing 
i s known about the comparative rates of pollen tube growth within 
styles o f d i f f e r e n t species, although i t has been shown that 
growth rate i s frequently slower i n an incompatible cross (Sanz, 
19h5; Avery, Satlna, and Rietsema, 1959; Grant, 1963). I t i s on 
t h i s basis that an attempt has been made to explain the role of 
pollen i n c o m p a t i b i l i t y causing lower seed set (only p a r t l y ) i n 
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some of the crosses. 
P o s t - f e r t i l i z a t i o n breakdown, or seed incompatibility as 

i t has been called (Valentine, 1953)» has been rather neglected 
by geneticists and plant breeders. Perhaps the study of the 
development of the embryo and i t s related tissues i s ent i r e l y an 
embryologist's job.' 

As early as 1925> Michaelis reported many hi s t o l o g i c a l 
abnormalities i n seed development following i n t e r s p e c i f i c crosses 
i n Epilobium. He found some adventive budding of cells within 
the embryo sacs and hypertrophy of the nucellus i n the crosses, 
E. hirsutum x angustifolium. E.montanum x angustifolium, and 
E.hirsutum x Dodonaei etc. Besides, degeneration of the embryo 
was quite common i n each case. Such abnormalities have also been 
recorded i n Oenothera (Renner, 191h)f i n I r i s (Sawyer, 1925)» i n 
Nicotlana ( C h r i s t o f f , 1928) and i n many other plants. Usually 
the patterns of abnormalities have been di f f e r e n t i n reciprocal 
crosses. Nobody explained the causes of a l l these, nor was i t 
known how these were responsible for the collapse of the seed. 

Brink and Cooper (19^0) put forward a theory to explain the 
role of the h i s t o l o g i c a l abnormalities observed i n Medicaao 
crosses. They maintained that any abnormal growth of tissue 
other than that essential f o r normal seed would disturb the 
balance of food supply to the developing embryo, endosperm and 
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the surrounding maternal tissue (integument). They had noted a 
marked meristematic a c t i v i t y i n selfed M.sativa (which i s s e l f -
Incon^atlble) i n the inner integument which became many-celled 
t h i c k , Instead of only 2-celled thick i n normal seeds, absorbing 
most of the nutrients for i t s e l f and starving the embryo and the 
endosperm. This type of seed f a i l u r e was termed somatoplastic 
s t e r i l i t y . So i n t h e i r opinion, regular and needful supply of 
n u t r i t i o n to each of the three developing components of the seed, 
i n i t i a t e d as a r e s u l t of f e r t i l i z a t i o n , was v i t a l . Eventually 
they dwelt upon the great importance of endosperm i n seed develop­
ment.. 

I n a review. Brink and Cooper (19U7) concluded that the 
endosperm was v i t a l to the early stages of seed development. A 
double contribution (fusion) i n the polar fusion nucleus plus 
another fusion of a t h i r d nucleus, i . e . , one of the male gametes, 
during the secondary f e r t i l i z a t i o n , together give the endosperm a 
physiological advantage over the maternal tissue for nutrient 
competition. Recently t h i s hypothesis of seed f a i l u r e due to 
disturbed n u t r i t i o n a l r elations between endosperm and maternal 
tissue has been re-emphasized by H&kansson (1956). Any way, t h i s 
approach i s based prim a r i l y on histology and to some extent, on 
the cytology of hybrid embryo and hybrid endosperm. I t does not 
eacplaln why these abnormalities should arise i n the f i r s t place. 
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exact nature of disturliances and th e i r precise function and con­
t r o l are not known. Prom t h i s point of view, information regard­
ing what happens during seed development i n various crosses i n 
Epilohium i s of i n t e r e s t ; and a thorough examination, stage hy 
stage, o f the developing seed has "been made. 
VIABILITY AND FERTILITY OF HYBRIDS. 

In t e r s p e c i f i c hybrids may die at the seedling stage; they 
may show malformations; they may have varying degrees of vigour; 
and they may have a l l degrees of f e r t i l i t y . A general review of 
the subject has been given by Stebbins (1950) and need not be 
repeated here. We may, however, mention a few points at t h i s 
stage about i n t e r s p e c i f i c hybrids i n Euilobium. Apart from the 
intersectional crosses between Chamaenerion and Lysimachion which 
Michaelis (1925) reported as having f a i l e d due to seed abortion, 
almost a l l combinations of i n t e r s p e c i f i c hybrids have been 
synthesized i n Europe (Compton, 1910, 1911, 1913a, 1913b; Lehmann, 
1918, 1919, 1925; Geith, 192U; Mechaelis, 1925, 1931, 1938, 195h; 

and others). This apparently implies great genetical s i m i l a r i t i e s 
between a l l the species. However, the hybrids are often weak and 
s t e r i l e ; and the explanation put forward for t h i s s i t u a t i o n of 
hybrid weakness and s t e r i l i t y i n Epilobinm hybrids i s based on 
the special role that the cytoplasm is supposed to play i n the 
genus (Michaeiis, 1931, 195k)- I t i s not the disharmonious com-
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"binations or di r e c t interactions of the parental genotypes, but 
rather the interactions between the hybrid genotypes and the 
maternal cytoplasm which seem to be important. 

That the reciprocal hybrids d i f f e r i n t h e i r vigour and 
f e r t i l i t y has been observed by a l l who raised a r t i f i c i a l hybrids 
i n Epilobium and also i s not very uncommon i n other genera. But 
how far the cytoplasm i s important i n the case of Epilobium and 
not so i n others i s the re a l problem. Michaelis pollinated the 
hybrid E.hirsutum x luteum as well as the reciprocal with pollen 
from E.hirsutum f o r several successive generations. By adding 
successively only hirsutum genome to hirsutum cytoplasm on the 
one hand and to luteum cytoplasm ( i n the case of reciprocal) on 
the other, i t was expected that both the lines would converge to 
perfect s i m i l a r i t y . But they did not; luteum cytoplasm had s t i l l 
i t s e f f e c t s on the other l i n e of hybrids. This shows that 
cytoplasm i s genetically not ine f f e c t i v e and i t s plasmon cannot 
be r e b u i l t by a foreign genome. But i t i s not only i n cytoplasm 
that species of Epilobium d i f f e r from each other; there are also 
differences between them i n the nuclear genes. Both Lehmann and 
Michaelis demonstrated that d i f f e r e n t strains of E.hirsutum as 
well as those of E.montanum and E.. roseum reacted d i f f e r e n t l y to 
E.luteum and other species. These differences have been shown 
to be genieally controlled (Lehmann, 1939); thus an hybrid 
btween two strains of E. hirsutum. when outcrossed to 
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E.adenocaulon. gives two types of in t e r s p e c i f i c hybrids i n the 
r a t i o 1 : 1 . 

The role of cytoplasm i n evolution i n general has been 
discussed by Caspari (l9i|-8). This particular aspect i s of 
special interest w ith regard to evolution i n Epllobium. Experi­
ments have shown that even i n t e r s t r a i n crosses of the same 
species may r e s u l t i n inviable hybrids. Where are the d i f f e r ­
ences being b u i l t up, i n cytoplasm or i n genome? Is the 
cytoplasm r e a l l y independent of the genome? I f not, to what 
extent are the two interdependent? These problems complicate 
the process of speciation i n the genus. The present study does 
not claim to f i n d f i n a l answers to a l l these problems. Rather 
an attempt has been made to sort out d i f f e r e n t stages i n the 
l i f e , cycle of the hybrids at which the internal i s o l a t i n g mech­
anisms are operating. I t also seeks to f i n d out how effective 
these mechanisms are. 

A study such as t h i s involves extensive hybridization work. 
The hybrids obtained have been observed carefully for t h e i r 
morphological characters, compared with t h e i r parents, and a 
cor r e l a t i o n between morphological and genetical s i m i l a r i t i e s of 
the species has been made. The genetical a f f i n i t i e s have been 
measured i n terms of crossab i l i t y (on Valentine's cr o s s a b i l i t y 
series pattern i n Primula) and i n t e r f e r t i l i t y of the hybrids. 
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How far. i n t e r f e r t i l i t y i s a measure of genetic relationship i s 
highly controversial. We have already noted differences i n the 
two kinds of genes or groups of genes operating on two di f f e r e n t 
levels of i s o l a t i o n : one solely concerned with physiological 
disturbances.and the other w i t h reproductive a c t i v i t i e s . In 
many cases, f a i l i n g hybrid embryos have been grown i n culture 
media, the hybrids have grown to maturity and have shown f e r ­
t i l i t y i ndicating there are no other gene differences except 
those causing seed f a i l u r e . Thus the degree of crossability 
cannot be taken as an absolute measure of genetic relationship, 
nor can extent of hybrid f e r t i l i t y . On the other hand, these 
c r i t e r i a cannot be e n t i r e l y neglected i n a study of relationship 
between species. They are cl e a r l y important from the evolutio­
nary point of view; and they may have at least l i m i t e d importance 
from the taxonomic point of view. We shall attempt, l a t e r i n 
t h i s thesis, to compare degree of relationship between Epilobium 
species using these d i f f e r e n t kinds of c r i t e r i a . We.shall, 
i n c i d e n t l y , also consider b r i e f l y another problem, that of the 
relationship between certain European and New Zealand species. 
This i s a problem of considerable interest from the point of 
view of knowing the extent to which geographically isolated 
species can diverge morphologically without at the same time 
developing s t e r i l i t y b arriers. 



CHAPTER I I 
mam MATERIAL 

ORIQINS OP THE PLANTS USED 
E. anguatifolium L.-

( i ) PI6762: Loc, Eastham, Co. Cheshire, England; c o l l . 
PIL. Pearson. 

( i i ) 6IO: Loc. Kunglftv ( a l t . 80m), Bohusian prov., Sweden; 
c o l l . H. Anderson; seeds obtained through the Botanical Garden, 
Lund, Sweden. 

( i i i ) 60,31 Force Burn: Loc. Force Burn near the Moor House 
Nature Reserve, Co. Westmorland, England; c o l l . M.J. Harvey. 

( i v ) Durham: Loc. L i t t l e High Wood, Durham, Co. Durham, 
England; c o l l . V. Thakur. 
E. f l e i s c h e r i Hochst. 

( i ) U62: Of garden o r i g i n , seeds obtained through the 
University Botanical Garden, Uppsala, Sweden. 
E.luteum Pursh. 

( i ) U26I: Of garden o r i g i n , seed obtained through the 
University Botanical Garden, Uppsala, Sweden. 

( i i ) Birmingham: Of garden o r i g i n , obtained through M.J. 
Harvey. 
E.hirsutum L.-

( i ) KR5862: Seedlings raised from seeds of a herbarium 
specimen i n the herbarium of the University of Durham, c o l l . A. 
Dunk, P._Halliday and A. Uchlin, i n 1958 (seeds germinated i n 
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1962) from Towpath between Kew and Richmond, Surrey, England. 
( i i ) 672: Locality unknown, probably of garden o r i g i n , 

seeds obtained through the Botanical Garden, Karl-Marx Univer­
s i t y , Leipzig, E. Germany. 

( i i i ) NCI: Locality unknown, seeds obtained through the 
Department of Botany, the University of Newcastle upon Tyne, 
England. 

( i v ) Durham: On the baak of River Wear, near the Univer­
s i t y Race-course, Durham, England. 
E.parvlflorum Schreb. 

( i ) SP6262: Loc. St. Bride*s, Pembrokeshire, Wales; 
c o l l . D.H, Valentine. The o r i g i n a l specimen i s deposited i n 
the herbarium of the University of Durham. 

( i i ) 620: Loc. V. Vram, Tollarp ( a l t . k5 m), Skline, 
n 

Sweden; c o l l . 0. Nilsson; seeds obtained through the Botanical 
Garden, Lund, Sweden. 

( i i i ) 675: L o c a l i t y unknown, seeds obtained from the 
Botanical Garden, Karl-Marx University, Leipzig, E. Germany. 

( i v ) 163: Loc. along the north side of Glencar Lough, 
Co. L e i t r i m , Ireland; c o l l . H.A.P. Ingram. 
E.montanum L. -

( i ) PL63: Loc. Eastham, Co. Cheshire, England; coll.P. 
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L. Pearson. 
( i i ) SL62I: Loc. the Science Labs, garden, Durham, 

England; c o l l . D.H, Valentine. 
( i i i ) 616: Loc. Landskrona, Erikstrop ( a l t . l+m.), Sk&ne, 

Sweden; c o l l . A. Nilsson; seeds obtained through the Botanical 
Garden, Lund, Sweden. 

( i y ) 617: Loc. Tylftskogen ( a l t . 225 m.), Godegftrd, 
n 

Ostergbtland Sweden; c o l l . A. Nilsson; seeds obtained from the 
Botanical Garden, Lund, Sweden. 
E.lanceolatum Seb. & Mauri. 

( i ) APW60i+: Of garden o r i g i n , young plants obtained 
through Miss A.F. Wood, Bourne End, Bucks, England. 
E.roseum Shreb. 

( i ) Sk&ne 62I: Loc. Landskrona ( a l t . 5m.), Skftne, 
Sweden; c o l l . A. Nilsson; seeds obtained from the Botanical 
Garden, Lund, Sweden. 
E. adenoeaulon Hausskn. 

( i ) SL: Locally growing i n the Science Labs, garden, 
Durham, England. 
E. adnatum Griseb. 

( i ) Pn66l: Loc. i n between Tickenham and Nailsea, Somer­
set, England; c o l l . T.D. Pennington. 

( i i ) 611: Loc. Gorslttv, Nordana ( a l t . 20 m.), i n Skftne, 
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Sweden; c o l l . J. Johansson; seeds obtained through the Botan­
i c a l Garden, Lund, Sweden. 
E. tetragonum L. 

( i ) PSI63: Loc. Sacav^m, Portugal. 
E. Lamvi F. Schultz. 

( i ) 15*. Loc. out s k i r t s of Wells, Somerset, England; c o l l . 
T.D. Pennington. 
E. obscurum Schreb. 

( i ) Pn763: Loc. Langbottora Farm, Shippan, Somerset, 
England; c o l l . T.D. Pennington. 

( i i ) Durham: Locally growing i n the Science Labs, garden, 
Durham, England. 
E.palustre L. 

( i ) 618: Loc. F&geltofta, Kronovall ( a l t . 100 m.), i n 
SkUne, Sweden; c o l l . 0. Nilsson; seeds obtained through the 
Botanical Garden, Lund, Sweden, 

( i i ) . 619: Loc. GbrstBv, Nordanfe ( a l t . 18 m.), i n Sk&ne, 
Sweden; c o l l . J. Johansson; seeds obtained through the Botanical 
Garden, Lund, Sweden. 
E.anagallidifolium Lam. 

( i ) RI62I a. Loc, Moorhouse Nature Reserve, Westmorland, 
England; c o l l . P.H. Raven; growing i n the Science Labs, garden. 
E.alsinifolium V i l l . 

( i ) RI62I b.: Loc. Moorhouse Nature Reserve.. Westmorland, 
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England; c o l l . P.H. Raven; growing i n the Science Labs, garden. 
E.nerterioides. Cunn. 

( i ) Scotland: Of garden o r i g i n , Edinburgh, Scotland; 
c o l l . young plants by Miss E.P. Beattie. 
E. brevj.pes f. Hook. 

( i ) Birmingham: Of garden o r i g i n , young plants sent by 
M.J. Harvey. 
Cu l t i v a t i o n : 

As i s evident from the above l i s t , a l l the plants (except 
four) were grown from seeds collected i n the w i l d or obtained 
from various Botanical gardens. The seeds were put on moist 
f i l t e r paper i n petri-dishes f o r germination. \Vhen the seedling 
were about 10-15 days old, they were transferred to pots. The 
pots were kept i n a warm greenhouse and watered regularly. This 
method succeeded i n producing the maximum number of healthy and 
strong seedlings from a small supply of seeds. I f the seeds are 
d i r e c t l y sown i n the s o i l , the germination is s l i g h t l y lowered 
and i f , by chance, they happen to be buried deep i n the s o i l , 
they hardly germinate. 

The seedlings were transplanted into boxes. Those meant 
for breeding were a l l grown i n an insect-proof greenhouse, while 
others were grown outside. 



CHAPTER I I I 
POLLINATION MECHANISM AND BREEDING SYSTEM 

Breeding Systems i n the Species used i n the Present Study:-
Techniques of breeding to be employed i n hybridization 

experiments depend much on the breeding systems of the species 
concerned. Emasculation may not be necessary i f s e l f - p o l l -
nation i s not e f f e c t i v e . I f necessary, when and how to emas­
culate depends on the time of maturation and dehiscence of 
anthers and the position of the stamens i n the flower, i n f l i c t ­
ing minimum or no.'injury to the flower i t s e l f and to the 
p i s t i l i n p a r t i c u l a r . Thus a sound knowledge of f l o r a l 
structure and p o l l i n a t i o n mechanism i n the species used i n the 
present work was most desirable. 

Brockie (1959) has published an excellent account of the 
breeding systems i n the New Zealand Epilobia, a l l of which, 
according to him, are c h i e f l y self-pollinated. However, i t 
has to be home i n mind that the New Zealand Epilobia belong 
exclusively to Synstigma and that the same story may not hold 
true for members, belonging to Schizostigma and the Sect. 
Chamaenerion. which have U-lobed stigmas. In the l i t e r a t u r e , 
E.angustifolium i s described as undoubtedly a cross-pollinated 
species. So i s E.hirsutum. but forms that are usually s e l f -
p o l l i n a t e d are also present i n this species. A detailed des­
c r i p t i o n of p o l l i n a t i o n i n these two and a few other European 
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species of Epilobium i s to be found i n Knuth's Handbook of 
Flower P o l l i n a t i o n (19O8, Vol. I I , pp. kkl-Wl). This book 
mentions (and so does Mr. Brockie) the fact that weather 
fluctuations and a l t i t u d e have spectacular effects on ripening 
of anther and stigma and on flower opening, thereby a l t e r i n g 
conditions of p o l l i n a t i o n and i t s mechanism. This i s well 
supported by our observation at Durham of the plants used i n 
the present work. 
F l o r a l Structure. 

The flower i s tetramerous; zygomorphic i n E. angustifolium. 
subzygomorphic or nearly actinomorphic i n E.fleischeri. and 
actinomorphic i n others. I n Table 2 are recorded, besides 
other information, average diameter of the flower and i t s 
colour for each species. I t w i l l be noted that the flowers 
vary a great deal i n size from about 3 em. i n diameter i n 
E.angustifolium or E.fleischeri to 1+ mm. i n E.nerterioides. 
Large size and bright colour could be important factors for 
insect v i s i t s . 

There are 8 stamens i n two rows. The four anteaepalous 
stamens, are longer and mature e a r l i e r than the four antepetalous 
ones. 

The stigma i s either entire or 4-lobed. Different kinds 
and structures of the stigmas found i n the plants under study 
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are i l l u s t r a t e d i n Fig. 1. The four long stamens are usually 
at l e v e l with the stigma, but i n some cases they are shorter 
or very rar e l y they project beyond i t . This r e l a t i v e position 
of the longer stamens and the stigma as observed i n freshly 
open flowers has been given i n Table 2 for each species. With­
i n 2k hours af t e r the flower has opened, the stamens acquire 
considerable length and the shorter ones too get within the 
reach of the stigma next day. 
P o l l i n a t i o n : 

S e l f - p o l l i n a t i o n i s dependent on two factors: ( i ) the 
stigma and the anther must come into contact with each other, 
and ( i i ) both must be ripe together or at least they must over­
lap i n th e i r maturation period. I n absence of either condition, 
s e l f - p o l l i n a t i o n w i l l not materialize. Instead c r o s s - p o l l i ­
nation w i l l occur should insect v i s i t a t i o n take place. What 
has been observed to be the usual mode of p o l l i n a t i o n i n a l l 
our plants and the timing of maturation of anther and/or stigma 
i n them has been shown again i n Table 2. 

I t i s evident from the table that the species l i s t e d there­
i n f a l l d i s t i n c t l y into 3 groups; v i z . ( i ) those which are 
s t r i c t l y cross-pollinated and under no circumstances resort to 
s e l f - p o l l i n a t i o n , ( i i ) those which are likewise s t r i c t l y s e l f -
p o l l i n a t e d , and ( i i i ) those which are either c h i e f l y cross-
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pol l i n a t e d or sel f - p o l l i n a t e d but change over from one 
mechanism to the other as the circumstances permits 

( i ) S t r i c t l y Cross-pollinated. Plants of E.angusti-
folium and luteum, when grown i n an insect-proof greenhouse, 
f a i l e d to set seed. What happened was l ^ a t the anther and the 
stigma never got i n t o contact. Their position i n the flowers 
of the two species has been i l l u s t r a t e d i n Fig. 2 a-e. 

• I n E.angustifolium. i t i s the peculiar movement of the 
stamens and the style occupying d i f f e r e n t positions i n the 
flower at d i f f e r e n t times that precludes meeting of the anther 
and the stigma. I n young flowers the style i s short and bent 
downward (Fig. 2a). Gradually i t straightens, lengthens, and 
spreads out i t s stigmatic lobes. I n older flowers i t appears 
t o be longer than the stamens vhich by t h i s time have already 
discharged t h e i r pollen and are themselves curved downward 
(Pig. 2b, c ) . When the insect v i s i t s the young flower, i t s i t s 
on the stamens which provide convenient a l i ^ t i n g place to 
approach through to the nectaries situated at the base of the 
sty l e flanked by the filaments. I n doing so, the insect gets 
loaded with pollen. When the flower i s old and the stamens are 
curved downward and s h r i v e l l i n g , the now straightened style 
provides the a l i g h t i n g place to the insect v i s i t o r s ^ifliich carry 
loads of pollen with them. Thus cross-pollination i s affected. 
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TABLE % 

Important f l o r a l characters and Pollination in Epilobium species 

Species Plower 
colour 

Plower 
diameter 
in mm. 

Stigma 
Length of 
stamen in 

relation to 
stigma 

Maturation 
of 

Anther 
Pollination 

1 £. angustifolium 
P16762 
60.31 

Purple-
red 

20-30 U-lobed Stigma 
exceeding 
stamens 

Protandrous Cross-pollinated 
visite d by Insects. 

2 £. f l e l s c h e r l 
U62 

Purple 35-ltO t t t i n N 

3 £. hirsutum 
KR5862 

672 
NCI 

Dark 
Purple 

15-23 I I Stigma 
. exceeding 
the longest 
stamens 

Protandrous 
KCl -
homogemous 

Uainly cross-pollinated 
visited by f l i e s 

U E. parvlflorum 
SP6262 

675 
620 
163 

Pink 6-9 n Stamens at 
level -.vith 
stigma 

Homog3.T.ous Commonly self-pollinated 
( v i s i t e d by hive-bees 
and occcsionelly cross-
pollinated) 

5 E. montanum 
SL621 
B16201 
PL63 

616 

Pink 6-9 I I I t 

(or stamens 
longer) 

I I Conruonly self-pollinated 
(cross-pcllinated 
occuSlonally) 

6 E. lenceolatum 
APn'60U 

'.Vhltish 
pink 

6-7 I I Stu.ens at 
level vjlth 
stigma 

I I Commonly self-pollinated 

7 E. luteuui 
U261 

Yellov; 18-25 11 Stigma 
exceeding 
stacc-ns 

Protandrous Croas-polllnated 

8 E. roseuc 
. 621 Sk'Ine 

Hoae 
colour 

h-e Entire Stamens at 
level with 
stigma 

I t Self-pollinated 

9 

£. adnatum 
Pn661 

£. tetragonum 
P3163 

Pink 

Pink 

6-8 

6-10 
I I 

Stamens 
longer 

Prottmdrous 

Homogamous Self-pollinated 

10 E. Laitlyi 
15 

Pink 10-12 I I I I Protandroua 
± Homogamous 

Self-pollinated 

11 E. obscurum 
Pn763 

Pink 7-9 I I Stamens at 
le v e l -.vith 
8 t l . ^ a 

Homop;£mous Self-pollinated 

12 E. adenocaulon 
SL 

Fink U-6 I I I I Homogamous Self-pollinated 

13 E. fjalustre 
616, 619 

Pink U-6 I I I I Homo Piamous Self-polllnr4ted 

lU £. alsinlfollum 
R1621 

Pink 6-9 I I I I llomogamous Self-polllnated 

15 £. nerterroldes 
• • Scot. 

White 3-li I I I I Homognaous Self-pollinated 

16 E. brevlpes 
Birmingham 

Purple 10-12 I I I I IlomO'umous Self-pollinated 
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I n E.luteom. the style i s much longer than the stamens 
and i t remains so throughout (Pig. 2 d, e). The stigma projects 
"beyond the flower. The flower i s more or less tuhular and to 
reach the nectaries the prohoscis of the insect while s i t t i n g 
on the style must pass through the dehiscing anthers. When the 
insect moves on to the next flower, i t alights again on the 

- stigma and transfers the foreign pollen carried over from the 
previous flower. 

( i i ) S t r i c t l y Self-pollinated. Species l i s t e d from 8 

to 16 i n Table ft are decidedly s e l f - p o l l i n a t e d . Plants kept 
i n the insect-proof greenhouse yielded almost equal amount of 
seeds per capsule as those grown i n the open. The mechanism 
of opening and closing of the flower i n eadi of the species 
observed leaves no chance for cross-pollination. I f i t occurs, 
i t i s l i k e l y to be i n e f f e c t i v e , because sel f i n g w i l l already 
have taken place. 

The flowers are most commonly homogamous. On a hot sunny 
day, a d e f i n i t e trend of protandry i s observed in*.the flowers 
o f E.roseum. adnatum, Lamyi and adenocaulon. Dull weather 
delays ripening of the anthers. Thus one has to be very care­
f u l i n choosing buds of the r i g h t size for emasculation i n 
d i f f e r e n t weather conditions. The bud of the size found s u i t ­
able for emasculation i n d u l l weather condition usually contaiaa 
dehisced anthers i f i t is b r i g h t and sunny. Brockie (1959), 
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who found a l l the New Zealand Epilobia (which are s e l f - p o l ­
l i n a t e d ) to be protogynous, also noticed this inconsistency 
i n r e l a t i v e maturation of the anther and the stigma. To me 
i t appears to be of l i t t l e significance whether the anther or 
the stigma ripens f i r s t . Vllhat i s most v i t a l i n these species 
i s the duration of the r e c e p t i v i t y of the stigma and availa­
b i l i t y of pollen i n the flower during that period. 

I t has been mentioned e a r l i e r that the two rows of the 
stamens often mature one a f t e r the other. By the time the 
shorter stamens are r i p e , the stigma i s also by a l l means 
receptive. Thus there i s a good overlap of time i n maturation 
of the two. Secondly, a l l the stamens do not dehisce 
simultaneously, they continue to discharge pollen over a long 
period of time. Likewise the stigma also remains receptive for 
a long period. I have pollinated stigmas at d i f f e r e n t times 
a f t e r emasculation and obtained seeds i n each case. Under 
these circumstances, what remains to be done i s to bring the 
anther and the stigma toghether. This i s achieved by opening 
and closing of the flower i t s e l f . 

The flowers open at about 8 a.m. on a sunny day and close 
again by U or 5 p.m. They remain closed during the night and 
re-open next morning. With the approach of the second evening, 
they close for ever and f a l l o f f . The effect of t h i s opening 
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and closing of the flowers i n E.o'bscurum on mutual contact 
of the anther and the stigma has "been i l l u s t r a t e d i n Pig. 2 
f-h.. On the f i r s t day when the flower opens, the longer 
..stamens are mature and at the same level w i t h stigma (Pig. 
2 f . ) . They "begin to dehisce w i t h the progress of the day and 
when • the flower closes a l l the pollen i s deposited oa the stigma 
(Pig. 2 g). The shorter stamens, "by this time, have reached 
the stigma arid depending on temperature they dehisce "before 
reropening of the flower next morning or cling to the stigma 
and gradually discharge pollen on i t (Pig. 2h). I n hot weather 
condition, the anthers dehisce i n the hud and s e l f - p o l l i n a t i o n 
takes place much "before the flower opens. 

When there i s prolonged "bad weather, the flowers of E.ad-
natum. Lam.vi. tetragonnm. palustre. hrevipes and nerterioides 
hardly open and s e l f - p o l l i n a t i o n i s inevitable as a result of 
t h i s pseudo-cleistogamy. 

Anthers of E.nerterioides (Pig. 2 i ) and E. roseum (Pig. 
2. d) always c l i n g to the stigma, discharge pollen on i t and 
thus s e l f - p o l l i n a t i o n i s effected. I n Knuth's Handbook ( i . e . 
pp. 446-67) i t i s mentioned that the ripe anthers and stigmas 
i n some flowers of E. roseUm are far apart and hence insects 
can e f f e c t . cross- and s e l f - p o l l i n a t i o a vith equal f a c i l i t y . The 
p o s s i b i l i t y of cross^pollination i s also mentioned therein 
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(p. 2+i+6) i n E.alsinifolium i f the s l i g h t l y protogynous flowers 
are v i s i t e d early by insects. I found the anthers were very 
close to the stigma i n E. a l s i n i f o l i u m and the flowers were 
p e r f e c t l y adapted f o r automatic s e l f - p o l l i n a t i o n . 

( i i i ) P a r t l y Crosa-pollinated and Partly Self-pollinateS. 
We s h a l l notice that there are two kinds of species involved i n 
t h i s category, E, f l e i s c h e r i and E. hirsutum are c h i e f l y cross-
p o l l i n a t e d and s e l f - p o l l i n a t i o n occurs only occasionally i n 
them. On the other hand, E. parviflorum. montanum, and 
lanceolatum are commonly self - p o l l i n a t e d but also susceptible 
to occasional cross-pollination, . . 

The f l o r a l mechanism of E. f l e i s c h e r i i s essentially the 
same as i n E. angustifolium, but the diverging lobes of the 
stigma, somehow or other, touch the dehiscing anthers i n the 
greenhouse. I n the open, insects effect cross-pollination much 
before the anthers and the stigmatic lobes get into contact. 
I n E. hirsutum (Pig. 2 k ) , the stigma i s higher than the long 
stamens and therefore only corss-pollination can take place. 
However, a l l the samples grown in the insect-proof greenhouse 
were able t o set a f a i r amount of seed and i t was observed that 
the anthers and the stigma couldraake contact. In f a c t , one form, 
NCI, has a stigma more or less equalling the longer stamens. 
Information i s available about forms i n which the stigma hardly 
exceeds the longer stamens. The r e l a t i v e length of the two 
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varies from l o c a l i t y to l o c a l i t y . 
The flowers of E. parviflorum and E. montanum are 

homogamous and the longer stamens are at the same level with 
the stigma. Normally s e l f - p o l l i n a t i o n occurs, but a number of 
insects v i s i t t h e i r flowers i n the open, ali g h t on the con­
spicuously U-lobed stigma and eff e c t cross-pollination as well. 
Not many insect v i s i t o r s were seen i n E.lanceolatum. but most 
probably i t i s also open to cross-pollination. 
Conclusions 

We f i n d t h a t the d i f f e r e n t species of Epilobium have 
d i f f e r e n t p o l l i n a t i o n mechanisms. E. angustifolium. f l e i s -
c h e r i , luteum. and hlrsutum. which are mainly corss-pollinated, 
have large and conspicuously coloured flowers. The most 
s i g n i f i c a n t point to be noted i s that the species that are 
wholly or p a r t l y cross-pollinated have U-lobed stigmas; whereas 
the species with entire stigmas are mainly se l f - p o l l i n a t e d . 
Further implications of t h i s w i l l be discussed l a t e r . 



CHAPTER TV.; 
INTERSPECIPIC HYBRIDS 
A. Natural Hybrids. 

The occurrence of hybridization between d i f f e r e n t species 
of Epilobium had long been suggested by the existence of mor­
phologically intermediate plants i n natural populations. Hooker 
i n his Handbook o f the New Zealand Plora (I86I4., p.76) wrote: 
"The species are, without exception of l o c a l i t y or country, 
extremely variable, and probably hybridize." Pocke (188I), 

Haussknecht (1884), and Rubner and Beger (1925) have recorded a 
large number of spontaneous hybrids involving many species. 
These are, no doubt, p r i m a r i l y European records, but they do 
sugges,t an enormous range of crossa b i l i t y that possibly exists 
between the species. 

Of hybrids outside Europe, we have but l i t t l e information. 
Haussknecht ( i . e . ) has mentioned only 9 of them, 3 each from 
America, Asia and Oceania, including 2 doubtful ones from Asia. 
Cockayne and Allan (1934) reported 13 hybrid groups from New 
Zealand, but Allan ( 1 9 6 I , p,28l) has expressed doubt over the 
v a l i d i t y o f these hybrids. Considering the fact that there are 
about 50 species of Epilobium i n New Zealand, nearly more than 
twice as many as i n Eureop, i t i s surprising that hybrids are so 
rare. Brockie (1959) points out that the New Zealand Epilobia 
are s e l f - p o l l i n a t e d . Thisrimay account ffir the apparent r a r i t y of 
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hybrids i n New Zealand. Recently Lewis and Moore (1962) des­
cribed a case of natural hybridization between E.adenocaulon 
and E.brevistylum at one l o c a l i t y i n the Rocky Mountains, North 
America. The two species frequently occur together i n many 
l o c a l i t i e s , but hybrids are rarely met with. They are s e l f -
p o l l i n a t e d no doubt, but an occasional cross-pollination cannot 
altogether be prevented. According to Lewis and Moore, the 
most reasonable explanation of t h i s r a r i t y i s the i n a b i l i t y of 
the i n t e r s p e c i f i c hybrids to establish themselves i n the habitats 
normaly frequented by the parents. Rarity of hybridization 
among Epilobiura species i n Turkey is explained by Davis (1962) 
as due to t h e i r more r e s t r i c t e d d i s t r i b u t i o n , p a r t i c u l a r l y with 
regard to habitat. They have less opportunity to hybridize and 
are subject to more rigorous competition. 
Frequency of Hybrids i n Europe: 

Some reports indicate that the frequency of hybrids i n 
Europe varies from l o c a l i t y to l o c a l i t y . Haussknecht ( i . e . , 
p. 63) says that E. hirsutum hybridizes more easily i n North 
than i n South Germany. According to him ( i . e . . p.26) 

E.obscurum x palustre i n some l o c a l i t i e s i s so vigorous that the 
parents are suppressed; or on some soi l s E.obscurum remains but 
E.palustre disappears. On the other hand, Rubner and Beger (1925) 

have found t h i s hybrid to be rare. Likewise the frequency of 



d i f f e r e n t combinations of hybrids i s d i f f e r e n t i n nature; some 
are formed more easily than others. Rubner and Beger ( l . c . ) 
note that hybrids between E.hirsutum and Synstigma are rare, 
while those between E. hirsutum and Schizostigma appear quite 
frequent. I t i s also noticeable that most of the hybrids i n ­
volving E.hirsutum are among the rarest. Table | shows an 
arrangement of some of the hybrids i n order of t h e i r frequency 
of occurrence, compiled on the basis of data taken from Pocke 
and Rubner and Beger. These hybrids involve six species very 
common also i n Great B r i t a i n . 
Hybrids i n the B r i t i s h I s l e s : 

According to Clapham, Tutin and Warburg (1962), almost a l l 
combinations of Epilobium hybrids occur i n the B r i t i s h Isles. 
Dandy (1958, pp. 6I+-66) has given a l i s t o f a l l the hybrids 
recorded so far i n t h i s country. A record i s also maintained 
i n the B r i t i s h Museum (Natural History), but i t appears that 
many of the hybrids, although represented i n the BM herbarium, 
have not been included i n the chart; i t i s given here i n a re­
vised form as Table.,J5i. 

The present image of the genus and i t s hybrids i n Great 
B r i t a i n owes much to the Rev. E.S. Marshall. Almost contemporary 
to Haussknecht, he developed a keen interest i n the B r i t i s h 
Epilobia. He collected specimens of the species and t h e i r hybrids 
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TABLE 

1 1 

2 + 2 

3 + + 3 

4 + + + 4 

5 + + + 5 

6 + + + + 6 

7 + + + + + 7 

8 + + + + + + + 8 

9 + + + + + 9 

10 + + + + 10 

11 + + + + 11 

12 + + + 12 

Herbarium records of hybrids i n the B r i t i s h Museum. 

•I- Denotes presence of hybrids. 

1. E. hirsutum 
2. E. parviflorum 
3. E. montanum 
4. E. lanceolatum 
5. E. roseum 
6. E. adnatum 

7. E. Lamyi 
8. E. obscurum 
9. E. palustre 

10. E. adenocaulon 
11. E. alsinifolium 
12. E. anagallidifolium 
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from a l l over the country and was able to show that nearly a l l 
the B r i t i s h species of the gehus hybridized i n nature. His 
vast collections preserved i n the herbaria of the B r i t i s h 
Museum, Kew, and the Botany School, Cambridge, bear witness to 
hia excellent work. 

An examination of the available herbarium material, mainly 
at the B r i t i s h Museum arid Cambridge, gives some valuable i n f o r ­
mation: 
. 1. Most of the specimens, are from rather few l o c a l i t i e s , so 
that no estimate of hybrid frequency can be made. However, 
the following hybrids appear to-be well represented i n the 
herbaria from several l o c a l i t i e s - and therefore may well be re­
garded as r e l a t i v e l y more frequent than others: 

E.parviflorum x montanum 
E.parviflorum x roseum 
E.montanum x obscurum 
E.montanum x roseum 
E.obscurum x palustre 

This exactly conforms to the European pattern (see Table 3). 

;;.'2. Diagnosis of hybrids i n the herbaria seems to have been 
made on basis of intermediate morphology and apparent s t e r i l i t y . 
This has allowed many errors to creep i n and consequently 
i d e n t i t y of many of the hybrids is'open to doubt. The la t e 
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Mr. G.M. Ash has frequently expressed disagreement over 
Marshall*s i d e n t i f i c a t i o n . Judging from the shape of the 
stigma and my experience with the a r t i f i c i a l hybrids, i n many 
eases, I agreed with Ash. 

(a) Of the hybrids i n the herbaria, the following seemed 
to me to be very dubious or not hybrids:-

i. E.hirsutum x laneeolatum - This i s recorded as a 'new 
hybrid' (see below) by E.S. Marshall. The specimen at the 
B r i t i s h Museum appears to have the benefit of doubt, but the 
one (and there i s only one) at Cambridge has imperfectly h-

lobed stigma and i s decidedly not a hybrid of this combination. 
ii. E.montanum x palustre - The specimen at the B r i t i s h 

Museum i s most l i k e l y E.palustre. The stigma i s e n t i r e , rather 
than obscurely 4 - c l e f t . 

ili.E.laneeolatum x adnatum - According to Mr. Ash, the 
BM specimen i s E. adnatum. The two at Cambridge are also doubt­
f u l . 

i v . E.lanceolatum x a l s i n i f o l i u m - A l l available specimens 
of t h i s hybrid are highly doubtful. 

V, E.roseum x adenocaulon - Only one specimen at BM; 
highly doubtful. 

• (b) Of the hybrids i n the herbaria, a considerable con­
fusion prevails i n the following hybrid groups:-



E, parviflorum x adnatum 
E. parviflorum x Lamyi 
E, lanceolatum x Lamyi 
E. Lamyi x obscurum 

The confusion results due to a lack of sharp d i s t i n c t i o n 
between hybrids of E.adnatum and those of E.Lamyi. Many speci­
men t s of E.parviflorum x obscurum and E.parviflorum x roseum 
have also been confused with E.parviflorum x adnatum and 
E.parviflorum x Lamvi perhaps as a re s u l t of complex h y b r i d i ­
zation. 

3. There is strong evidence that complex hybrids are repre­
sented i n the herbaria. The following t r i p l e hybrids have 
r i g h t l y been i d e n t i f i e d by E.S. Marshall: 

E.( obscurum x parviflorum) x Lamvi - a single specimen. 
No. 105, l y i n g w i t h E.parviflorum x obscurum hybrids 
at Cambridge. 

E.(montanum x roseum) x parviflorum - a specimen l y i n g 
with E.montanum x roseum hybrids at Cambridge. 

Besides, E.(montanum x obscurum) x parviflorum i s un­
doubtedly present among E.parviflorum x obscurum hybrids i n 
the herbaria. 
U. I n addition, there are certain groups of specimens, re­

presenting populations from a single l o c a l i t y , which can be 
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reasonably i n t e r p r e t e d as a hybrid swarm or incl u d i n g backcross 

segregates. These a r e : -

E.montanum x parviflorum 

E.montanum x roseum 

E.montaaum x obscurum 

E.parviflorum x roseum 

E.parviflorum x obscurum 

E.obscurum x p a l u s t r e 

E . a l s i n i f o l i u m x p a l u s t r e 

E . a l s i h i f o l i u m x a n a g a l l i d i f o l i u m 

5. The fo l l o w i n g hybrids, found only i n B r i t a i n , have so far 

been not reported from elsewhere: 

E.hirsutum x lanceolatum ( s e e dubious h y b r i d s ) 

E.hirsutum x p a l u s t r e (= x E. W a t e r f a l l i ) 

E.obscurum x a n a g a l l i d i f o l i u m (= x E. Marshallianum) 

Chamaenerion Hybrids: 

No hybrids between s p e c i e s of Chamaenerion and those of 

Lysimachion. are known to occur i n nature. Hybrids between 

s p e c i e s of Chamaenerion themselves were a l s o not known u n t i l 

BBcher (1962) reported a hybrid population of E.angustifolium 

X l a t i f o l i u m i n West Greenland. Long before, J e f f r e y (1916) 

and Holden (1916) had described p o l l e n s t e r i l i t y i n n a t u r a l 

populations of E.angustifolium i n South of England, but t h e y 



ascribed t h i s to i n t e r v a r i e t a l crosses within the species 
occurring i n nature rather than to i n t e r s p e c i f i c hybridization. 



CHAPTER IV 
B. ARTIFICIAL HYBRIDS 

Survey of previous work;-
Perhaps the f i r s t recorded attempt to raise an a r t i f i c i a l 

hybrid of Epilohium. as one gathers from Compton (1911), was 
made as early as l8ij.2 hy Bell Salter. An old "belief that 
E.roseum possibly came out of "seeds of E. tetragonum impreg­
nated by the pollen of E.montanum" was shattered when Bell 
Salter found the hybrid r e s u l t i n g from the above cross was not 
i d e n t i c a l with E.roseum.' Pocke ( I 8 8 I , p. 528) mentions two 
hybrids, E. montanum x roseum and E. montanum x obscurum. which 
were made by him. Haussknecht (1881+, p. 27) also reports that 
he raised two hybrids: E.jLainyA S WPfltaM and fl.mQntam ^ 
parviflorum. each made i n both directions. However, i t was 
Compton (1910, 1911» 1913a, 1913b), who gave more authentic 
and elaborate d e t a i l s of the experimental hybrids for the f i r s t 
time. I t must be anphasized here that Compton began his ex­
periments at a timeviieh the Mendelism had Just been revived and 
his approach was less biased taxonomically than that of Pocke 
or Haussknecht. Very c r i t i c a l of the process of i d e n t i f i c a t i o n 
of a supposed hybrid on assumed interraediateness of characters, 
he (1911) warned: "Recent experimental work has demonstrated 
that a cross-bred i s by no means intermediate between i t s 
parents; i t may even be indistinguishable from one of them, 
and show no trace pf the other. The phenomena of dominance and 
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the Mendellan segregation of unit characters are of greatest 
inrportance to students of naturally occurring hybrids." The 
crosses made "by Compton are summarized "below i n Tahle 5, 

Compton's important results are that the hyhrids are 
highly s t e r i l e and that there are sometimes reciprocal d i f ­
ferences. He very caref u l l y noted a l l the characters of the 
hybrids and considered t h e i r mode of inheritance. Long runners 
of E. hlrsutnm are always suppressed whenever t h i s species i s 
crossed i n either d i r e c t i o n w i th E.montanum or even only as 
female with E. adnatum. "both of which have no runners. While 
i n the hyhrids of hirsutum and montanum long simple hairs of 
hlrsutum appear to he recessive, the hirsutum x adnatum hy­
brids possess neither the long erect hairs of hirsutum nor the 
closely appressed down hairs of adnatum "but a t h i r d type, i n t e r ­
mediate "between those of the parents, obliquely directed up­
wards. An obscurely U-cleft stigma comes out of a union 
between Schizostigma and Synstigma. but the degree of notching 
varies according to the species used. 

Hybrids between E. hirsutum and montanum are p a r t i c u l a r l y 
very in t e r e s t i n g . Compton (1913a) observed that they were 
re c i p r o c a l l y d i f f e r e n t i n many respects when they were f i r s t 
produced, but the differences narrowed down i n course of time. 
The hybrid E. hirsutum x montanum was dwarf, i n h i b i t e d and 
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unable to flower, and could survive only i n c u l t i v a t i o n by 
means of vegetative propagation. The reciprocal, on the other 
hand, was vegetatively vigorous and produced normal flowers. 
At the end of the t h i r d year, some shoots resembling the re­
ciprocal hybrid came out of the two stocks of E. hirsutum x 
montanum. This i s why Compton does not seem to have attached 
much significance to the reciprocal differences. 

However, l a t e r workers found that differences between the 
reciprocal hybrids of Epilebium were very s i g n i f i c a n t . Lehmann 
(1918) obtained two types of hybrids from reciprocal crosses 
of E. parviflorum and E. roseum. The cross parviflorum x 
roseum yielded a hybrid, which he called E. rigidum completely 
s t e r i l e on both male and female sides. The reciprocal E. 
curvatum (a roseum x parviflorum). on the other hand, was 
capable of setting about 3 5 - ¥ ) seeds per capsule (^f. c. 190-

200 i n E. parviflorum and 15O i n E. roseum) and also produced 
a large amount of good pollen. Almost the same patter^ of 
re s u l t s followed i n other crosses made by Lehraann (1919). Por 
example, two d i s t i n c t types of hybrids were again found i n 
crosses between E. parviflorum and montanum. The hybrid E. 
parviflorum x montanum ( = E. t r i s t e ) produced almost no seed 
at a l l ; whereas about 50^ well-formed seeds were contained i n 
the capsules of E. montanum x parviflorum ( = E. suave). The 
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reciprocals of E.parviflorum-palustre- crosses were not very 
d i f f e r e n t i n gross morphology but differed i n s t e r i l i t y ; the 
E.-palustre x parviflorum hybrid had a fdiar amount of good 
pollen and set a f a i r proportion of good seeds i n contrast to 
the reciprocal which was both male and female s t e r i l e . Thus 
whenever parviflorum was mother, observed Lehmann (1919), the 
hybrid tended to be p r a c t i c a l l y s t e r i l e , but thi s did not 
happen when i t was used as a father. Also the hybrids with 
parviflorum as t h e i r mother had petals usually reduced i n size. 
Many more hybrids of several combinations exhibiting more or 
less the same pattern of reciprocal differences i n t h e i r re­
productive capacity were obtained by Renner and Kupper ( l 9 2 l ) , 
GiBith (1924), Schwemrale (1924), and Oberreuter (1925). 

Frequent appearance of l e t h a l and crippled hybrids i n 
Epilobium crosses has become another important feature of i n ­
terest". Very often the reciprocal differences are manifest 
also i n kinds and degrees of in h i b i t i o n s of such hybrids, 
ikerman ( l 9 2 l ) reported dwarf and crippled hybrids between E. 
hirsutum and E^montanum, but he did not f i n d many reciprocal 
differences {ct, Compton 1913a and b). Geith (1924), on the 
other hand, found malformations i n many hybrids, the reciprocals 
of which were quite normal or had malformations of d i f f e r e n t 
l e v e l . I n some cases he f a i l e d to get any hybrids out of 
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crosses.made i n one dir e c t i o n because of early death of a l l the 
seedlings, while the crosses made i n the other direction y i e l d ­
ed hybrids which survived and could grow to maturity. 

The P2 and/or backcross hybrid progeny show a great 
v a r i e t y of fbrms, ranging from strongly inh i b i t e d to uninhibi­
ted and from completely s t e r i l e to nearly f e r t i l e , as a result 
of segregation. Lehmann (1919) obtained some seeds from PI 
E.palustre x parviflorum (by selfing?) which germinated. Many 
seedlings died at d i f f e r e n t stages, early or l a t e , and only l6 

plants grew to maturity. These could be cla s s i f i e d into 6 or 
7 types, some of them being very d i s t i n c t . Xkerman ( l 9 2 l ) and 
Renner and Kupper ( l 9 2 l ) and others also demonstrated consider­
able segregation i n t h e i r backcrosses. Lehmann (1925) reported 
more instances of segregation i n l a t e r generation hybrids and 
reviewed the then s i t u a t i o n as to our knowledge of Epllobtum 
hybrids. He held that d i f f e r e n t results sometimes obtained by 
d i f f e r e n t workers i n the same species hybrids were due to the 
d i f f e r e n t strains of the species used i n the crosses. He 
p a r t i c u l a r l y commented on the absence of hybrids between Cham-
aenerion and Lysimachion i n nature. 

Just at t h i s time, Michaelis (1925) became interested i n 
Epilobium liybridology. He demonstrated that absence of hybrids 
between Chamaenerlon and Lysimachion was due to seed-incorapati-
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b i l i t y . Seed f a i l u r e occurred when E.angustifolium and E. 
f l e i s c h e r i were crossed to E.hirsutum. E.parviflorum or Ej. 
montanum. He carried out both extensive and intensive 
hybridization between E.hirsutum and E.luteum and between 
d i f f e r e n t strains of E.hirsutum and extended his studies of 
the hybrids over several generations. Through t h i s long series 
of experiments, Michaelis (1933, 1938, and 1954) established 
that the d i f f e r e n t strains of E.hirsutum d i f f e r e d i n t h e i r 
cytoplasm, and so did E.hirsntum and E.luteum between them­
selves. I n other words, differences between species or within 
species were being b u i l t up not only i n genie contents but also 
i n cytoplasm. He also found i n his experiments physical mal­
formations of various degrees and s t e r i l i t y i n the hybrids. He 
at t r i b u t e d these effects to the presence of independent cytop­
lasmic p a r t i c l e s , the plasmagenes, i n the cytoplasm, which were 
maintained and inherited independently of the nuclear genes. 

Lehmann (1932, 1936, 1941a and b; Lehmann and Duppel, 
1950), who had continued his studies of Epilobium hybrids with 
equal fervour, did not agree with Michaelis i n the l a t t e r ' s 
categorical statement about the independent existence and i n ­
heritance of the plasraagenes. Lehraann saw physical abnormali­
t i e s of the hybrids i n the l i g h t of physiological disturbances, 
lack of growth hormones, caused by 'i n h i b i t o r y genes'. Later, 
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when the constancy of the cytoplasm was proved, Lehmann 
modified his stand by ascribing to the cytoplasmic products 
o f the nuclear ( i n h i b i t o r y ) genes the a b i l i t y of self-reprod­
uction l i k e v i r u s . He also demonstrated segregation of these 
genes. Pull d e t a i l s of t h e i r views and works can be found i n 
Caspar! (19U8), Lehmann and Duppel (1950), and Michaelis (195U). 

Some of the experiments of Michaelis (l9i+0a and b) i n ­
volving i n t e r s t r a i n crosses of E.hirsutum are very sig n i f i c a n t 
i n the sense that they show up i n h i b i t i o n s to the same extent, 
or even more, as seen i n i n t e r s p e c i f i c crosses. Thus great 
caution must be exercised i n measuring differences between 
species on t h i s basis. 

Prom what we have now seen, we can safely conclude that 
most of the European species of the Sect. Lysimachion d i r e c t l y 
or i n d i r e c t l y hybridize but that the Sect. Chamaenerion and 
the Sect. Lysimachion cannot be hybridized together. The 
(Lysimachion) hybrids exhibit a number of interesting features 
both i n respect to t h e i r v i a b i l i t y and f e r t i l i t y . The f e r t m i y 
varies a great-deal from hybrid to hybrid. Also d i f f e r e n t 
hybrids show d i f f e r e n t degrees of vegetative vigour. Sometimes 
the reciprocal crosses d i f f e r i n these characteristics showing 
cytoplasmic differences. How far cytoplasmic differences can 
be a measure of specific divergence i s highly doubtful especisQly 
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when i n t r a s p e c i f i e hybrids (mostly of the species of 
Schizostiffna) sometimes reveal the same type of differences. 



TECHNIQUE OF BREEDING 
A l l plants used f o r a r t i f i c i a l p o l l i n a t i o n were grown i n 

an insect-proof greenhouse. The r i g h t size of bud for emas­
culation was chosen according to the weather conditions. 
Dehiscing anthers were d i r e c t l y brought int o contact with the 
stigma of-t'he emasculated flower and dusted over i t . Where 
economy of pollen had to be exercised, p o l l i n a t i o n was affected 
by a s t e r i l i z e d fine camel hair brush. 

Where emasculation was essential before opening of the 
flower, the petals were removed and the stamens were taken 
out very ca r e f u l l y taking every precaution not to damage the 
carpel ( s t y l e and stigma). 

I n descriptions, v/hich follow, the f i r s t species mentioned 
i n a combination i s the female parent. 



SEED - INCOMPATIBILITY 
Method:-

Por a comprehensive and detailed study of development of 
a nomal seed i n E. montanum. both p a r a f f i n method (microtome 
sections) and Bradley's (1948) squash technique were employed. 
The. squash technique proved more convenient and was conseq­
uently adopted throughout the present work. I t had some 
obvious advantages. Intact embryo sacs containing both embryos 
and endosperm at the same time could readily be obtained, raliier 
remarkably well during early stages of the seed development. 
Secondly, i t f a c i l i t a t e s quick examination of more ovules i n 
less time. The technique was o r i g i n a l l y developed by Bradley 
for embryo sacs of Nicotiana, Petunia, and a few other genera 
to study megagametogenesis and early stages of f e r t i l i z a t i o n . 
I t was described as being p a r t i c u l a r l y useful for genera having 
numerous small ovules. With a sl i g h t modification, i t worked 
well i n Epilobium. 

The procedure followed i n the present study runs as below: 
( i ) Pollinated capsules (cut into small pieces) of d i f f e r e n t 
ages were fixed i n 1 : 3 acetic-alcohol and stored i n the deep 
-freeze for 3 - 5 months. I n fact, storage i n the deep-freeze 
i s by no means essential and a 2l+-hour f i x a t i o n i s s u f f i c i e n t . 
Nevertheless, storage does not spoil the material and i s rather 
h e l p f u l i f a large amount of material i s to be collected during 
one flowering and f r u i t i n g season. 
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( i i ) Capsules were drained o f f the f i x a t i v e , washed i n water 
and placed i n a small tube containing a very d i l u t e solution 
©f f e r r i c - c h l o r i d e instead of k% aqueous iron alum solution 
which Bradley used. I n the case of Epilobium. the use of 
f e r r i c - c h l o r i d e solution as mordant was a d e f i n i t e improvement 
over the i r o n alum solution i n terms of better d i f f e r e n t i a t i o n 
between cytoplasm and nucleus. 

( i i i ) The tube with pieces of capsules i n the fe r r i c - c h l o r i d e 
solution and two other tubes containing d i s t i l l e d water were 
put i n a water bath at 600c. After 4-5 minutes, the capsules 
were transferred from f e r r i c - c h l o r i d e solution to one of the 
tubes containing d i s t i l l e d water and then to the other, keep­
ing i n each for 3 minutes. The whole operation lasted for 10-
11 minutes i n the bath. A longer treatment at a lower 
temperature ( c f . Bradley's 7 minutes treatment at 75°C) does 
not damage the non-cellular, and hence very delicate, endo­
sperm i n Epilobium. 
( i v ) The tube of ovaries was removed from the bath and cold 
water was poured int o i t . Ovaries were l e f t i n cold water for 
2-3 minutes. 
(v) Ovaries were macerated i n ION HCl for 10 minutes at room 
temperature. 
( v i ) Then they were washed i n several changes o f d i s t i l l e d 
water, and kept at least for 20 minutes i n water altogether. 
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( v i i ) A piece of the capsule was taken out and ovules were 
scraped from the placenta i n a drop of aceto-carraine on a 
s l i d e . A l l b i t s of tissue other than ovules were removed. 

( v i i i ) Ovules were tapped gently under cover-slip, heated over 
a mild flame and squashed under pressure of thumb. Embryo 
sacs came out easily of the ovules and were stained well i n 
aceto-carmine. Empty ovules had nothing inside them. A l l 
preparations were examined under the miscroscope. 
( i x ) Preparations were made permanent by running aquamount 
solution under cover-slip and allowing i t to dry. 
A mature embryo sac i n Epilobium: 

A mature embryo sac i n Epilobium i s four-nucleate, con­
s i s t i n g of an egg, two synergids and a polar nucleus. There 
are no antipodals; nor i s the polar nucleus formed as a r e s u l t 
of fusion between two nuclei from each pole. A l l the four 
nuclei are derived from only one of the megaspores; three 
others disintegrate. Hence i-t i s also called monosporic, the 
d e t a i l s of which can be had from a description of the Oenothera 
type of embryo sac i n Maheshwari (1950). The significance of 
such a constitution of the embryo sac l i e s i n the fact that the 
polar nucleus i s haploid on a par with the egg and that both 
the zygote and the primary endosperm nucleus become d i p l o i d 
a f t e r f e r t i l i z a t i o n . I n most other angiosperms, the primary 
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endosperm nucleus i s t r i p l o i d and the zygote d i p l o i d . 
Course of development of a t y p i c a l embryo i n Epilobium; 

The embryo i n Epilobium i s o f the Onagrad type (Maheshwari, 
1950; Johansen, 1950; and Wardlaw, 1955) and a detailed account 
of i t s development i s to be found i n Johansen (1950, pp. I 6 7 -

169) , 

For our purpose, i t was considered desirable to select one 
of the species frequently used i n the present hybridization 
experiments, to study step by step a l l the stages of development 
of i t s embryo as i t normally happens without a r t i f i c i a l p o l l i ­
n ation, and to compare with i t the development of the hybrid 
embryos. E. montanum L, was accordingly chosen. 

Figures 3 and 4 show a l l the important stages of growth 
of an embryo in E. montanum i n a sequence from an one-celled 
zygote to a complex and f a l l y d i f f e r e n t i a t e d embryo in a 
mature seed. They also show, side by side, phases of organi­
zation and disintegration of i t s contemporary endosperm. 
EMBRYO;- The f i r s t d i v i s i o n of the zygote i s always transverse 
d i f f e r e n t i a t i n g two c e l l s , an apical c e l l (ca) and a basal one 
(cb) (Pig. 3b), This i s followed simultaneously by another 
transverse d i v i s i o n of the basal c e l l and a longitudinal one 
of the apical c e l l . The apical c e l l fbrms the embryo propoer 
and the basal c e l l goes to form the hypophysis and the sus-
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pensor. 
Apical c e l l or ca:- The next d i v i s i o n of the apical c e l l 

i s again longitudinal at r i g h t angles to the f i r s t one, thus 
forming the four-celled stage (quadrant) of the emhryo (Pig. 
3c). I n immediate succession to t h i s , a t h i r d d i v i s i o n , which 
i s transverse', d i f f e r e n t i a t e s the emhryo into an octant stage. 
(Pig, ec). The upper t i e r of four cells of the eight-celled 
embryo gives r i s e to cotyledons and the lower t i e r eventually 
becomes the hypocotyledonary region. Sometimes, although very 
r a r e l y , the second d i v i s i o n of the a p i c a l c e l l i s transverse 
and the t h i r d one longitudinal instead of being the other way 
round. I n any case, normal d i f f e r e n t i a t i o n of the octant stage 
of the embryo i s attained without any disturbance. The two 
di v i s i o n s i n fact are so quick i n succession that i t i s hard 
to determine the precise sequence. 

Soon after the octant stage has been attained, p e r i c l i n a l 
d i v i s i o n i n i t i a t e s three germinal layers, the derraatogen, the 
periblem, and the plerome (Pig. 3 f ) . Very soon a heart-shaped 
embryo (Pig. 3g) i s d i f f e r e n t i a t e d with active growth i n the 
cotyledonary portion. Rapid growth of the ^otyledons gives 
embryo a characteristic shape called "torpedo" because of i t s 
resemblance to a torpedo (Pig. 3d). The mature embryo (Pig. 3k) 
eonsits of cotyledons for more than two-thirds of i t s entire 
length; these are flattened against each other, protecting the 
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plumule i n the notch. 
Basal c e l l or ch: The fate of the two cells derived hy 

the f i r s t transverse d i v i s i o n of the "basal c e l l (Fig, 3c) i s 
d i f f e r e n t . The upper daughter c e l l m forms the hypophysis 
and gives r i s e to the root tissues and the root cap. The 
lower c e l l , j c i , forms the suspensor. 

Both the shape and d i v i s i o n of m are very characteristic. 
The upper wall of m adjoining the apical c e l l of the emhryo 
pushesi?)ward i n t o the emhryo, looking l i k e a cury:ed roof, and 
then a transverse d i v i s i o n cuts o f f an upper lens-like c e l l 
and a lower watch-glass l i k e c e l l (Pig. 3e - f ) . The upper 
l e n s - l i k e c e l l i s very slow to divide further and remains un­
divided for a long time. The lower c e l l , on the other hand, 
divides v e r t i c a l l y very quickly into four cells (Pig. 3g)» 
Afterwards, the upper len s - l i k e c e l l also divides v e r t i c a l l y 
i n t o four c e l l s . Thus two groups of four cells each are de­
r i v e d from m; the derivatives of the upper daughter c e l l of m 
forming the root-cortex and those of the lower one the root-
cap (Pig. 3h - k ) . 

The lower daughter c e l l ci of the hasal c e l l ch devides 
transversely i n t o two c e l l s , n and n' (Pig. 3© - f ) . Cell n 
does not o r d i n a r i l y divide again, hut c e l l n* usually divides 
transversely and thus a three-celled suspensor (very rarely 
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four-celled due to a longitudinal d i v i s i o n i n n)i s formed. 
The suspensor "begins to degenerate quickly after the cordate 
stage of the embryo (Pig. 3 i ) . 

ENDOSPERM;- Division i n the primary endosperm nucleus st a r t s 
e a r l i e r and quicker than i n the zygote. Pigure 5 shows a 
comparison between developments of the two contemporary t i s ­
sues, the embryo and the endosperm. By the time the quadrant 
stage of the embryo i s reached, free nuclei of endosperm have 
been dispersed evenly throughout the entire sac. - (Pig. 3d). 
As the embryo-sac enlarges gradually, more endospem nuclei 
are produced, and because the a c t i v i t y of cell-wall formation 
has been avoided, the rate of the production of free nuclei i s 
faster. Cellular appearance of the endosperm i s v i s i b l e some­
time a f t e r the cordate stage.of the embryo (Pig. 3h) and two 
to three or more nuclei may be found included i n a c e l l . Soon 
a f t e r , the endosperm hardens and disintegrates. The mature 
embryo, which i s now l i k e a pair of forceps, comes d i r e c t l y i n 
contact with the seed-coat, the nucellus being already d i s ­
organized with the growth of the embryo and the endosperm. 

Table 6 gives a summary of the developmental stages at 
d i f f e r e n t periods of growth. 

With t h i s information i n hand, we shall now examine the 
i n t e r s p e c i f i c hybrid embryos at a l l stages of their development 
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and see whether 
( i ) the c e l l s are cut o f f from the zygote and l a i d 

down i n the established sequence and with regularity; 
( i i ) the development of the embryo, the suspensor :and 

the endosperm i s balanced and proportional; 
( i i i ) the disorganization of endosperm and nucellus (or 

even of suspensor) i s i n i t i a t e d at the r i g h t stage so as not 
to cause damage to the growing embryo; and 

( i v ) no abnormal tissue i s found developing w i t h i n the 
seed. 
INTERSECTIOHAL CKOSSES; CHAMAENERION X LYSIMACHION (SCHIZOSTIG-
MA) 

A summary of the crosses made i s given i n Table ?• 
The number of capsules i n the Table 7 does not include 

those which were f i x e d for the study of seed development after 
p o l l i n a t i o n . I t w i l l be noted that no perfect seed was obtained 
i n any of the crosses involving E. angustifolium. However, 
shrunken seeds of various size were present inside the capsules. 
Quite a few of them upon dissection, were found to contain 
minute embryos which had aborted. But most o f the seeds were 
empty. Empty or not, a l l seeds had a well-developed bunch of 
hairs. 

I n crosses involving E. f l e i s c h e r i . on the other hand, a 
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few good looking seeds, 1 or 2 per capsule, were always found 
and there was a wide range of va r i a t i o n i n size of the seeds 
from those containing nothing inside them to those approaching 
'normal size' of a seed. None of the seeds of E.fleischeri 
and E.luteum cross i n either d i r e c t i o n germinated, while two 
obtained from E.fleischeri x hirsutum cross did. 

A l l evidence suggests that f e r t i l i z a t i o n takes place but 
the embryos f a i l to grow to maturity; they abort at d i f f e r e n t 
stages of their development. Developing ovules of only one 
liyb r i d combination involving E. f l e i s c h e r i have been examined; 
but on the basis of t h i s and the size of seed attained usually 
i n other combinations, i t i s evident that hybrid embryos i n ­
volving E.f l e i s c h e r i grow bigger and f a i l at a la t e r stage as 
compared t o those involving E.angustifolium. 

Detailed investigation of seed development has been made 
i n the following crosses: 
1. E.angustifolium x hirsutum 

Embryo; P r a c t i c a l l y no dividing zygote was found i n ovules 
fi x e d 2 days a f t e r p o l l i n a t i o n . Only i n a few cases, always i n 
ovules scraped from the upper part of the capsule, was the pro-
embryo seen to divide. Capsules fixed 3-k days after p o l l i ­
nation had ovules with embryos mostly at quadrant stage. The 
d i v i s i o n i s regular, but as compared to that i n normal seed 
development i n E.montanum i t i s very slow. Embryos degenerate 
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quickly a f t e r t h i s quadrant stage. A l l ovules examined after 
6-12 days of p o l l i n a t i o n revealed nothing beyond . the quadrant 
stage of the embryo. They were a l l empty because the embryos 
had already degenerated. Some of the ovules gave out some sort 
of a mass or lump of tissue under squash th i s was probably an 
undifferentiated embryo without d e f i n i t e cotyledonary and sus-
pensor.ial regions. 

Endosperm; Endosperm development i s slow from the very 
s t a r t . The rate of division of the endosperm nuclei i s too 
slow with the res u l t that very few nuclei are seen i n the 
embryo sac with an embryo at quadrant stage. This retards the 
growth of the pro-embryo which collapses after the quadrant 
stage probably due to starvation. 
2. E.hirsutum x angustifolium 

Embryo: Division i n the zygote and the early embryo i s 
mostly regular, but i n nearly one t h i r d ©f the cases the pro-
embryo begins t o divide i r r e g u l a r l y . The f i r s t d i v i s i o n i n the 
basal c e l l i s oblique rather than transverse; thus there is no 
satisfa c t o r y d i f f e r e n t i a t i o n of m and c i of the basal c e l l (Pig. 
6a). Pro-embryos wi t h oblique d i v i s i o n i n t h e i r basal c e l l s 
s t a r t to cut o f f cells more i n one dimension than i n others, 
(Pig. 6c) and thereby the p o l a r i t y of the growing embryo i s 
disturbed. A very irregular mass of embryo is formed (Pig. 6e). 
Germinal layers cannot be d i f f e r e n t i a t e d nor can one mark out 
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the suspensor. Only a f a i n t impression of ?ftiat might be a 
cotyledonary area can be had. 

Pro-embryos dividing regularly do so u n t i l the octant 
stage i s reached. Soon a f t e r , irregular d i v i s i o n commences 
and u l t i m a t e l y an undifferentiated embryo i s produced. 

Endosperm; Endosperm begins to degenerate much quicker 
before the cordate stage of the embryo i s attained, 2-3 or 
more nuclei are included i n an irregular c e l l and further pro­
duction of free nuclei i s l i m i t e d (Pig, 6d). 
3. E.angustifolium x parviflorum 

Embryo: Contents of the embryo-sacs degenerate quite 
early. More than h a l f of the ovules collected k days after 
p o l l i n a t i o n showed that t h e i r embryos had developed to the 
octant stage. No abnormality i n early d i v i s i o n of the pro-
embryo was detected. A l l ovules fixed after 6 days of pol ­
l i n a t i o n had degenerated embryos. Some of them under pressure 
released an ir r e g u l a r minute mass of tissue, the undifferentia­
ted embryo. 

Endosperm; Endosperm i s scanty and never more than a few 
free nuclei are seen at any stage of development. I t d i s i n t e ­
grates much before the embryo. 
24., E.parviflorum x angustifolium 

Embryo; Early divisions i n the pro-embryo are regular. 
I t i s f a i r l y easy to trace the development t i l l the octant 
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stage. Thereafter, irregular d i v i s i o n takes place obscuring 
proper d i f f e r e n t i a t i o n of the embryo and i t i s the undif­
ferentiated embryo which comes out under pressure from many of 
the ovules. But i n majority of the ovules, the growth of the 
embryo seems to cease very early. 

Endosperm; Division i n the primary endosperm nuclei i s 
much delayed and only a few endosperm nuclei are seen along 
w i t h the quadrant stage of the embryo. This low rate of 
production of free nuclei continues only t i l l the octant stage 
of the embryo i s reached and thereafter the endosperm quickly 
disintegrates. 
5. E.angustifolium x montanum 

- Embryo: Embryos degenerate very early i n t h e i r development. 
A few of them which su3?vive grow into an undifferentiated mass 
of tissue. Right up to the quadrant stage, the development has 
been traced to be regular. Irregular d i v i s i o n starts after 
that and at the cordate stage some of the embryos can be seen 
to have inequal cotyledonary lobes. Most of the embryos de­
generate be^fore reaching t h i s stage. 

Endosperm: The fate of the endosperm i s almost the same as 
we have seen i n the e a r l i e r cases. The d i v i s i o n of the endo­
sperm nuclei i s very slow and i t is disorganized very soon, 
6, E.montanum x angnstifolium 

Embryo: I n most of the ovules, embryos develop to the 
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octant stage without any disturbance. Later, nearly h a l f of 
them begin to divide very slowly and ultimately die. The rest 
of-them divide i r r e g u l a r l y and i t i s hard to find out how the 
c e l l s are l a i d down. The result i s the same; an u n d i f f e r e n t i ­
ated embryo i s produced. 

Endosperm; Disorganization of endosperm with slowing down 
of the rate of free nuclei d i v i s i o n commences on the same pat­
t e r n as i t occurs i n the above crosses. 
7. E.fleiseheri x hirsutum 

Embryo; Division i s regular i n early stages of development 
of the embryos. I t i s only a f t e r the octant stage that abnormal 
growth begins. However, a few of them s t i l l reach the cordate 
stage quite normally but the d i v i s i o n i s considerably slow. 
Embryos undergoing irregular divisions die at various stages, 
while some of them a t t a i n a large size although remaining un­
d i f f e r e n t i a t e d . 

Endosperm; The rate of division of free endosperm nuclei 
i s slow but i t survives u n t i l the cordate stage of the embryo, 
af t e r which i t quickly disintegrates. 
INTRA-SEOTIONAL. CROSSES; SCHIZOSTIGMA X SCHIZOSTIGMA 

Crosses made are summarized i n Table 8. 
Percentage of seed set i n a cross has been calculated on 

the basis of the mean of the t o t a l number of seeds obtained i n 
a l l the capsules pollinated as compared to the average seed set 
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T^.Bia 8 

A summary of the crosses made betvieen Bchlzostlgma species 

Croaa No. of capsules 
p o l l i n a t e d 

.-pprox. 
% seed set 

Approx. 
% Germination 

1. t . hirsutam x oarviflorum 
KR5862 X 3P6262 

NCI X 163 
7 
9 

25-30 
25 

70 
85 

2 . l i . parviflorum x- hirsutum 
SP6262 X KR5862 

675 X KR5862 ' 
8 
7 

22 
35 

33 
35 

3> i^. hlrsutum x montanum 
KR5862 X PL63 
KR5862 X SL621 

672 X 616 
NCI X 616 

11 
5 
7 
h 

30 
25 
15 
hO 

50-55 
55 
60 
U5 

)4.. i i . montanum x hlrsutum 
S L 6 2 I X KR5e62 
PL63 X K115862 

7 
3 

35 
25 

' U5 
33 

5> K. hirsutum x luteum 
KR5862 X U261 

672 X U261 
NCI X U261 

9 
11 

8 

25 
33 
30 

80 
76 
8ti 

6 . K. luteum x hirsutum 
U261 X KR5862 
U261 X 672 

5 
ti 

35 
33 

7h 
80 

7 . E. Darviflorum x montanum 
•SP6262 X SL621 

675 X 616 
6 
7 '15 

70-75 
80 

8 . 33. montanum x oarviflorum 
3L621 X SP6262 
PL63 X 620 

616 X SP6262 
11 

3 
5 

h3 
35 
U8 

8h 
76 
80 

9 . Ji' Darviflorum x luteum 
SP6262 X U261 7 35 70 

10. a. luteum X oarvlflOFum 
U261 X SP6262 6 1)8 65 

11 . £. montanum x luteum 
SL621 X U261 

616 X U261 
9 

13 
37 
U6 

78 
75 

12 . £. luteum X montanum 
U261 X SL621 
U261 X 616 

6 
9 

hO 
hO 

66 
70 

13 . £. lanceolatum x Darviflorum 
AP-.V60U x 620 6 65 70 

lU. E. lanceolatum x luteum 
AP'.V60)i X U261 9 67 80 

15 . li!. montanum x lanceolatum 
PL63 X AP'.V60)J 13 55 63 

16. E. ir;nceolbtum x montanum 
AP.veoii X PL63 
Ai'';;6oi+ z 617 

8 
7 

60 
65 

65 
73 
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per capsule i n the female parent i n nature. I t must be 
emphasized that seed set i n d i f f e r e n t capsules i n the same cross 
was sometimes very d i f f e r e n t , depending perhaps on fluctuations 
i n weather and other conditions such as the amount of good or 
bad pollen dusted on the stigma. 

- There i s a f a i r amount of seed set i n almost a l l the 
Sehizostigma x Schizostigma crosses. I t i s quite high (above 
55^) i n crosses involving E.laneeolatum with E.parviflorum. 
montanum and luteum. E.parviflorum and E.montanum. crossed i n 
either d i r e c t i o n , also set a high amount of hybrid seed between 
themselves. Equally good amount of seed i s set i n the crosses 
involving E.luteum with E.parviflorum or E.montanum i n both 
direc t i o n s . However, a l l crosses involving E.hirsutum appear 
to r e s u l t i n low seed set. 

Ordinarily, the germination of these hybrid seeds i s very 
good. Surprisingly enough, there i s a considerable difference 
i n germination of seeds of the reciprocal crosses between E. 
hirsutum and E.parviflorum. Merely coming out of the cotyledons 
and breaking open the seed coat has been counted as germination 
and i t does not take into account further growth of the seedlings. 

Detailed investigation of seed development has been made i n 
the following crosses; 
1, E.hirsutum x parviflorum 

Well-developed seeds are usually confined to the upper part 
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of the capsule, but a few of them can also be found i n the 
lower portion. Tl?hether f u l l y developed or not, a l l seeds have 
a normal bunch of hairs. 

Embryo; Early divisions i n the pro-embryo are regular, 
ovules fixed 3 days after p o l l i n a t i o n produce embryos at the 
octant stage. Thereafter the rate of division in d i f f e r e n t 
embryos seems to be d i f f e r e n t i n the same capsule, some d i v i d ­
ing slowly while others grow faster. This i s shown by the 
presence of embryos of d i f f e r e n t sizes and at d i f f e r e n t stages 
of t h e i r growth i n the same capsule. The lower the position of 
ovules i n the capsule, the slower i s the rate of growth i n the i r 
embryos. Less than h a l f the t o t a l number of ovules fixed 8 days 
afte r t h e i r p o l l i n a t i o n were found to contain cordate embryos; 
more than 13% of these were confined to the upper h a l f of the 
capsule. I n the lower region of the capsule, only a few cordate 
embryos were found. Embryos which f a i l to reach the cordate 
stage w i t h i n a certain time l i m i t , usually w i t h i n 8 to 10 days 
a f t e r p o l l i n a t i o n , eventually stop growth and degenerate. Ovules 
fixed 15 days a f t e r p o l l i n a t i o n had either 'torpedo' embryos or 
decaying ones hardly recognizable i n t o any shape. The 'torpedo' 
embryos grow into mature ones, but i t appears that a few of them 
do not develop to perfect maturity as is evidenced by seeds ..of 
smaller sizes. 
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EndGspenn; P r a c t i c a l l y no aMormality has "been detected i n 
the endosperm growth. The primary endosperm nucleus starts 
d i v i d i n g e a r l i e r than the zygote and there i s no indication that 
the rate of free nuclear d i v i s i o n of endosperm i s "by any means 
slower than the rate of div i s i o n i n the contemporary emhryo. 
Fewer nuclei are seen i n the eral)ryo sacs containing slow grow­
ing emlDryos and i t i s the endosperm which degenerates before the 
f a i l i n g embryos, yet i t i s hard to t e l l which of the two grows 
more slowly so as to i n h i b i t growth of the "other. At any rate 
endosperm begins to disintegrate after the cordate stage of the 
embryo i s attined.. The endosperm by this time i s cellular i n 
appearance. 

2. E.parviflorum x hirsutum 
Nearly 50^ of the seeds are empty, 20% are imperfectly 

developed, and about 25-30% of the seeds are well-developed 
with mature embryos. As i n the reciprocal, good seeds are more 
abundant i n the upper region of the capsule. Imperfect seeds 
contain minute dried embryos which f a i l somehow or other to 
develop to maturity at a very l a t e stage. There are some seeds, 
usually 5 to 6 per capsule, unusually big i n zise among the w e l l -
developed ones (Pig. 7) and these germinate more quiclsly than 
the rest. 

Embryo: Development appears to be normal, but the f a i l i n g 
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Pig, 7. Photograph of hybrid seeds of E.pai-vlflormn x hirsuttun* 
Note at least 5 differait sizes, x 60. 
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embryos are slow to divide and embryos at d i f f e r e n t stages of 
t h e i r growth can he seen i n the same capsule. 50,̂  of the 
embryos f a i l to develop before the cordate stage. The rest 
continue to develop, some f a i l i n g midway between the cordate 
and the torpedo stage, and a majority of them attaining matu­
r i t y , no anomaly i n development has been detected but the slow 
rate w i t h which they develop i s perhaps an indication of lack 
of some sort of growth stimulus embryos which f a i l to develop 
before a t t a i n i n g the cordate stage seem to degenerate very 
quickly and the seeds become empty. 

Endosperm; The endosperm i s very slow t o undergo free nu­
clear d i v i s i o n . I t i s disorganized before the cordate stage of 
the embryo i s reached i n a l l the f a i l i n g seeds. I t hardly sur­
vives beyond t h i s stage. Of a l l the preparation examined, only 
5 embryo-sacs i n t a c t with endosperm and cordate embryo 7/ere 
observed. 
3. S.hlrsutum x montanum 

Good seeds are contained mostly i n the upper h a l f of the 
capsule. Nearly 50% of the seeds are empty, while 25-30,^ of 
the seeds contain embryos of various size and without much 
d i f f e r e n t i a t i o n (Pig. 8a and b ) . 

Embryo: After f e r t i l i z a t i o n , the zygote proceeds to divide 
quite normally and the d i v i s i o n i s quite regular t i l l the embryo 
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passes much beyond the octant stage, somewhere near the 'revers­
ed trapezium' stage. After this the rate of d i v i s i o n i n d i f ­
ferent embryos of the same capsule appears to be d i f f e r e n t with 
the r e s u l t that embryos of d i f f e r e n t size aRe found i n the same 
capsule. Not only i s the rate of division i n the f a i l i n g 
embryos slow but also the d i v i s i o n i s irr e g u l a r . I t must be 
added here that most of the ovules i n the lowermost part of the 
capsule do not appear to have been f e r t i l i z e d because no d i v i d ­
ing embryo i s usually obtained i n any of the preparations. 
Embryos divi d i n g i r r e g u l a r l y become undifferentiated; most of 
them degenerate atvarious stages. Embryos which get d i f f e r e n t i ­
ated quicki'y i n t o the cordate stage most often develop to matu­
r i t y ; although a few of them s t i l l f a i l to grow to perfection. 

Endosperm; The endosperm degenerates very early. Production 
of free endosperm nuclei i s meagre and before the cordate stage 
of the embryo is reached the endosperm has already disintegrated. 
k» E.montanum x hirsutum 

Perfect seeds are confined to the upper region of the cap­
sule, imperfect seeds are of d i f f e r e n t size, either completely 
empty or containing undifferentiated embryos. 

Embryo; I n i t i a l development i s regular, r i g h t up to the 
pre-cordate stage. Nearly 23% of the embryos get d i f f e r e n t i a t e d 
i n t o the cordate stage and develop to maturity, whereas the rest 
begin to grow very slow and f a i l to a t t a i n maturity. No abnor-
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mality i n development of the f a i l i n g embryos (of . the recipro­
cal, cross) could d e f i n i t e l y be traced. 

Endosperm; Dissolution of endosperm i s very quick and i s 
completed before the cordate stage of the embryo i n a l l the 
f a i l i n g seeds. 
5. E.hirsutum x luteum 

Embryo; The rate of growth of embryos i n the same capsule 
i s d i f f e r e n t ; the lowermost part of the capsule usually contain­
ing ovules with no diving embryos. The development has been 
traced to be normal r i g h t up to the f u l l d i f f e r e n t i a t i o n of the 
embryo in t o a mature seed. Slow developing embryos f a i l and de­
generate at various stages of t h e i r development. 

Endosperm; Endosperm growth i s normal; the nuclei divide 
much faster than the slow growing embryos destined to collapse. 
The endosperm degenerates af t e r reaching i t s maximum growth and 
with i t degenerates the slow growing embryo, which i s unable to 
survive without endosperm because of i t s r e l a t i v e immaturity. 
(Fi g . 9). 
6, E.luteum x hirsutum 

Embryo; As i n the reciprocal cross, there are slow growing 
embryos which f a i l to develop at various stages and there are 
embryos growing with normal.rate which f i n a l l y a t t a i n maturity. 

Endosperm; Endosperm growth i s normal both with the slow-
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growing as well as the normal embryo. 
7, E.parviflorum x montanum and 8. the reciprocal: 

Percentage of seed set i s f a i r l y good i n both the crosses. 
Good seeds are evenly dispersed throughbut the length of the 
eapsulis, though empty seeds are mostly found i n the lowermost 
region. 

Embryo: Divisions i n the embryo are pretty regular and a l l 
embryos a t t a i n the cordate stage with equal efficiency. A few 
of the ovules i n a l l preparations never seem to contain dividing 
embryos; such ovules are concentrated i n the lowermost part of 
the capsule. Some of the cordate embryos f a i l to grow fu r t h e r , 
while most of them grow and reach maturity. Why f a i l u r e occurs 
i n some of the embryos i s not very clear. But i n a few cases, 
i t has been observed that the synergids are quite active and 
divide to 2-3 celled stage with the young embryo. Also some 
ext r a - c e l l s , perhaps proleferating ours, are seen. 

Endosperm; Division in'the endosperm nuclei i s also normal 
and i t degenerates only a f t e r the cordate stage of the embryo 
i s attained following p e r f e c t l y a normal course. But i n the 
f a i l i n g seed, the rate of the endosperm growth appears to be 
i n h i b i t e d . 
9. E.montanum x luteum 

Embryo; Rate of development of embryos i n the same capsule 
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i s d i f f e r e n t a f t e r the octant stage. A l l ovules fixed after 3 
days of p o l l i n a t i o n contain embryos of the octant stage. Most 
of the embryos (Ct, E.hirsutum x luteum) get d i f f e r e n t i a t e d into 
the cordate stage and the rest struggle and f a i l at various 
stages i n between the octant and the cordate stage. A l l embryos 
passing through the cordate stage a t t a i n maturity. The develop­
mental course i s normal throughout. 

Endosperm; Growth of endosperm i s i n a l l cases normal. 
INTRASECTIONAL CROSSES; SCHIZOSTIGMA X SYNSTIGMA 

- Table 9 gives a summary of a l l the crosses made i n t h i s 
section. 

I t i s evident from the table that seed set i s low i n crosses 
involving E.hirsutum and i n 3 other crosses involving E.parvi-
florum with E.tetraaonum and E.palustre. 
The crosses between E.montanum and a Synstigma species appear 
to y i e l d a high percentage of seed, except the cross E.montanum 
X nerterioides and the reciprocal which did not succeed and the 
crosses between E.montanum and E.Larayi which resulted in t o 30-
35^ seed set. The crosses between E.parvlflorum and E.obscurum 
and between E.parviflorum and E.Lamyi also result i n a very high 
seed set. 

Detailed investigation of seed development has been made i n 
the following crosses; 
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TABLE q 

A Bummnrv of the nroaees made between S c h l z o a t l m a and SynBtlma 

Croaa No. of capsulea 
pollinated % Seed aet % Oermlnation 

!• E. hlrautum T poneiim 
672 X 621 Sk&ie 
HCl z 621 Skane 

5 26 
60 

U5 
71 

672 X 621 Sk&ie 
HCl z 621 Skane 3 

26 
60 

U5 
71 ( a l l very 
U5 
71 

email in aize) 
2 . Reclppocal 

621 Skene x 672 5 15 52 
3> £• hlrsutun x palustre 

KR5862 X 618 k 15 80 
U. E. Lamyi x hlrautum 

15 X NCI 6 12-15 85 
5* E. DarvlfloFum x poaeum 

620 X 621 Sk&tie 7 li5 90 
6. Beciprocal 6 UO 85 
7 . B. narvlflorum x Lanyl 

620 X 15 20 57 85 
8. Reciprocal - 8 UO 80 
9. E. Darvlflorum x tetraeonum 

620 X F 8 I 6 3 U 25 75 
10. E. Darvlflorum x obacurum 

620 X Pn763 5 55 90 
11. Reciprocal 6 50 87 
12. E. Darviflorum x oaluatre 

675 Leipzig z 619 10 25 80 
13 . Reciprocal 9 30 78 

lU. E. Darvlflorum x adenoeaulon 
8P6262 X SL 7 llO 92 

15 . Reciprocal 7 U5 90 
16. E. montanum x roaeum 

SL621 z 621'Skane 9 60 85 

1 7 . Reciprocal 7 65 80 
18. E. montanum SL621 x Lanvl 15 7 30 80 
19 . Reciprocal 6 35. 83 

20 . E. montanum x o1)Bcurun 
3L621 x Pn763 8 53 78 

21. Reciprocal 6 55 80 
22. E. montanum SL621 x adenocaulon SL 5 60 72 
2 3 . Reciprocal 9 55 78 
2tt. E. montanum x alalnlfoliiim 

PL63 z R1621 7 55 90 
3L621 z R1621 8 55-60 85 

25 . Reciprocal 
R1621 X 8 L 6 2 I 11 60 85 

26. E. montanum z nerterloidea 
SL621 X Scot. 7 Croaa failed -2 7 . Reciprocal 5 D -28. £. lanceolatuffl x Lamri 
AFW60It X 15 3 UO 35 

29. E. lanceolatum AFW6OU x Daluatre 619 • 3 UO 65 
30. E. lanceolatum x alainlfolium 

APW6O5 X S1621 k 38 55 
3 1 . Reciprocal 5 UO 30 » 

32. E. rOBOum x lanceolatum 
' Skane 621 z AFW6OI* 7 35 60 
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1. E.Lamyi x hirsutum; 
Embryo; Early divisions i n the zygote and the pro-embryo 

are regular, except that the lower daughter c e l l ci of the basal 
c e l l cb divides transversely twice. This causes the suapensor 
to be a b i t more massive (Pig. 10a) than usual. No other ab­
normal tissue is formed. Most of the embryos collapse before 
reaching the cordate stage. 

Endosperm; Endosperm i s very slow to divide and degenerates 
quite early. 
2. E.parviflorum x roseum; 

Embryo; Some ovules do not seem to be f e r t i l i z e d . No 
d i v i d i n g embryo i s ever found i n their embryo sacs. Pirst two 
divisions of the pro-embryo are quick and normal. Afterwards 
the d i v i s i o n i s extremely slow. After many days, only 2-celled, 
very r a r e l y quadrant, anbryos are seen. These slow growing 
embryos degenerate. I n a few cases, synergids were found to 
have been growing on both sides of the degenerating embryo (Pig. 
10b). V7ith the active growth of the synergids, the embryo per­
haps gets starved and f a i l s to grow further. 

Endosperm; Division i n the endosperm i s normal and faster 
as compared with that i n the embryo. But i n the f a i l i n g seeds, 
i n which the synergids are found to be actively dividing, the 
endosperm growth i s very slow. 
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3» E.parviflorum x adenocaulon; 
Embryo; Early divisions i n the pro-embryos are normal. 

When the embryos get d i f f e r e n t i a t e d into the quadrant stage, 
some of them begin to slow down i n further growth. Different 
sizes of embryos are seen i n the same part of the capsule. 
Obviously, some of the embryos grow slow, while others grow 
comparatively faster. The slow growing embryos ewentually de­
generate. 

Endosperm; Endosperm growth i s normal and apparently faster 
than the embryos. 
k» E.roseum x montanum; 

Embryo; The rate of development i s d i f f e r e n t f o r d i f f e r e n t 
embryos i n the same capsule. A few of the ovules do not seem 
to contain any divi d i n g embryo from the very s t a r t . Probably 
they are u n f e r t i l i z e d . Slow growing embryos f a i l to a t t a i n 
maturity. 

Endosperm; Endosperm growth i s normal. However, I found i n 
two cases the primary endosperm nucleus just dividing along with 
the zygote. This should be regarded as a delayed d i v i s i o n of 
the endosperm. But t h i s type of delayed d i v i s i o n was not very 
common. 
5. & 6, E.montanum x adenocaulon and the reciprocal; 

Embryo; Development of the embryo i n both the crosses i s 
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normal. Early divisions of the zygote and the pro-embryo are 
regular and a l l the embryos divide with equal rate. After the 
embryos have been d i f f e r e n t i a t e d into the octant stage, nearly 
h a l f of them do not grow fu r t h e r and collapse. I n preparations 
of ovules fixed 5-6 days after p o l l i n a t i o n , h a l f of the ovules 
are found to be empty and the rest growing beyond the octant 
stage. I n mature capsules, one finds f u l l y developed seeds and 
empty seeds side by side i n nearly 1;1 r a t i o . 

However, there i s difference i n maturation period of the 
seeds from the reciprocal crosses. Seed maturation i n E.adeno­
caulon X montanum i s faster than i n the reciprocal. This d i f ­
ference i s v i s i b l e only a f t e r the cordate stage. 

Endosperm; The endosperm growth i s normal. 
7. & 8. E.montanum x nerterioides and the Reciprocal. 

No seed i s obtained i n either cross. I t seems that f e r t i ­
l i z a t i o n does not take place. A l l ovules fixed 3 days after 
p o l l i n a t i o n were without embryos. I n some of the, embryo sacs 
could be seen but containing degenerating egg apparatus. 
.INTRASECTIONAL CROSSES; SYNSTIGMA X SYNSTIGMA. 

..A summary of the crosses made i s given i n Table 10. 
Seed set i s very high i n almost a l l the crosses, except i n 

f i v e of the crosses involving E.adenocaulon and i n E.Lamyi x 
tetragonum cross. Crosses between E. roseum and E.nerterioides 
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TABLE 10 

A Bummar.v of the crosses between S.vn8tl(ana speclea 

• Cross No. of capsules 
p o l l i n a t e d ^ Seed set % (}cri!:inatlon 

1. £. roseum x Lamyl 
621 Sk&ne x 15 h 55 78 

2. E.''LalDyl x roseum 
15-x 621 Sk&ie 9 55 65 

3. £. roseum x obscurum 
621 Skane x Pn 763 

3. £. roseum x obscurum 
621 Skane x Pn 763 5 55 Ik 

Reciprocal 6 60 70 

5. £. rose'um x brevioes 
621.SlcBne x Birminghan. 11 Wi 85 

6. £. roseuin x u e r t e r i o l d c s 
621 Skane x Scot. e Cross f a i l e d -

?• Reciprocal 5 II -
6. £. Lanyi x adnatun 

15 X Pn 661 ih 50 U5 f 
9. Id. Lainvi 15 x tetraoronuc FS163 7 25 ? 63 

10. i ; . Lain.vi 15 X obscuruni Pn 763 6 70 90-

11. Reciprocal 3 58 75 
12. 2). Lamyl 15 x oalustre 619 10 50 85 

13. Reciprocal 6 US 75 
f l U . E. Lanyl 15 x a l s l j i i f o i l u n R1621 7 5o4 eo 
I15. R e c i p r o c a l 5 liOjT 65 
16. E. obscurun Fn763 x oalustre 616 3 50 3er.T!ination 

U5 not tested 17. Reciprocal 5 U5 II 

116. £. obscuruci x a l s l r . l f o l i u n 
J Pn763 X R1621 5 35)? If 

[19. Reciprocal h JiOj II 

20. E. obscurum Pn765 x tetraeonuin PS163 h liO 65 
21. E. obscurum x adenocaulon 

Pn763 X SL 5 3II ? 70 

22. R e c i p r o c a l . 3 30 ?. 55 

2^. E. adenocaulon 3L x Lainyi 15 6. 35 T Not tested 
2li. £. adenocaulon SL x oalustre 619 6 50 " •* 

25. E . adenocaulon x a l s l n l f o l i u m 
SL X RI62I 7 U5 70 

26 . Reciprocal 3 U5 65 

27. E . adenocaulon x roseum 
SL X 621 Sk&ie h 25 1 Not tested 

28. Reciprocal 5 30 ? II 

29. E . a l s i i i i f o l l v u a x roseum 
R1621 X 621 Skane U 60 76 

30. E . a l s i n i f o l i u n x oalustre 
R I 6 2 I z 619 3 60 68-70 

31> Reciprocal 5 75 75 

f alone indicates low percentage j vith bracket iiiiicates reciprocal 
cHffereaees. 
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did not succeed i n either d i r e c t i o n . Good seeds are not con­
spicuously concentrated i n a particular portion of the capsule; 
but where seed set i s below 50% the upper h a l f of the capsule 
appears to contain most of the perfect seeds. 

Undeveloped seeds are variable i n size. Empty ones are 
very minute, while those containing imperfect embryos which 
f a i l e d to develop at one stage or the other range i n size from 
minute to nearly approaching a well-developed seed. The pro­
portion of such seeds varies from cross t o cross. TShere the 
percentage of seed set i s higher than 60%, the number of these 
intermediate seeds i s low; but i t i s higher i f the seed set i s 
below 50%. 

Detailed investigation of seed development has been made in 
the following crosses: 
1. & 2. E.roseum x nerterioides and the reciprocal: 

Only empty seed is obtained. 
Embryo: I n both the crosses, i t appears that the f e r t i l i ­

zation i s not affected. Ovules fixed after 2~h days of p o l l i ­
nation release embryo sacs without dividing embryos. After 6-8 
days the embryo sacs disintegrate e n t i r e l y and ovules become 
empty. 

Endosperm:" The endosperm disintegrates with the embryo sac. 
3. E.obscurum x adenocaulon: 

Well-developed seeds are usually confined to the upper part 
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o f the capsule. Aborted seeds are shrunken, e i t h e r empty or 
co n t a i n i n g minute d r i e d emhryos o f various size. 

Emhr.YOt Development commences w i t h regular d i v i s i o n i n the 
zygote and the pro-emhryo, r e s u l t i n g i n normal d i f f e r e n t i a t i o n 
o f the octant embryo a f t e r 3 days o f p o l l i n a t i o n . A f t e r t h i s , 
some o f the embryos get retarded i n t h e i r growth and degenerate 
before reaching the cordate stage. This i s revealed i n pre­
parations of capsules f i x e d 8 days a f t e r p o l l i n a t i o n i n which 
one f i n d s only cordate embryos i n developing ovules, side by 
side w i t h empty ovules which have long ceased to grow. A few of 
the cordate embryos seem to possess bigger suspensors ( P i g . 10c) 
than usual. But no other i r r e g u l a r i t y i n development has been 
observed. Some s o r t o f s e l e c t i o n i s exercised at t h i s stage; 
some o f the embryos grow to m a t u r i t y , while others f a i l at d i f ­
f e r e n t stages o f t h e i r growth. 

EndosBerm; Free nuclear d i v i s i o n i n the endosperm i s qui t e 
normal. I t s d i s i n t e g r a t i o n occurs only a f t e r the cordate stage; 
but i n cases, where embryo f a i l s t o reach cordate stage and 
degenerates e a r l y , the endosperm too d i s i n t e g r a t e s q u i c k l y . 
i+. E.adenocaulon x obscurum; 

Embryo; As i n the r e c i p r o c a l , the e a r l y d i v i s i o n s are 
re g u l a r . I t should be pointed out here t h a t the embryo sac i s 

, very o f t e n 5-nucleate i n E.adenoeaulon ( P i g . lOd). I t i s not 
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known how t h i s e x t r a nucleus i s derived and what i s i t s func­
t i o n . The f i r s t stage o f f a i l u r e ensues somewhere a f t e r the 
octant stage. F a i l i n g embryos never reach the cordate stage 
and degenerate q u i c k l y . However, a m a j o r i t y o f the emhryos 
a t t a i n the cordate stage. A c h a r a c t e r i s t i c suspensor ( P i g . lOe) 
o f k c e l l s l a i d down one over the other i s seen w i t h a l l the 
cordate embryos. Now a second phase o f f a i l u r e begins. Some of 
these embryos f a i l t o develop to m a t u r i t y . The r e s t proceed 
normally t o develop i n t o mature seeds. 

Endosperm; There i s no anomaly o f any k i n d i n endosperm 
development. 
5. & 6, E.palustre x a l s i n i f o l i u m and the r e c i p r o c a l : 

Seed set i s very high. A mature capsule contains f u l l y 
developed seeds w i t h p e r f e c t embryos w i t h a few empty seeds. 
The empty seeds are u s u a l l y contained i n the lowermost p a r t o f 
the capsule. There are no seeds o f intermediate size containing 
imperfect embryos. 

Embryo; A few ovules i n the extreme lower p a r t o f the cap­
sule are probably not f e r t i l i z e d because no d i v i d i n g embryo has 
been found i n them i n any preparation. A l l f e r t i l i z e d ovules 
develop w i t h equal r a t e throughout the capsule. However, a few 
o f the octant embryos seem to be too weak to continue growth and 
d i e very soon. Ovules from any one capsule older than 6 days 
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a f t e r p o l l i n a t i o n contain embryos o f only one stage of growth 

through-out consistent w i t h the age of the capsule. Ovules 

which have f a i l e d to grow contain nothing and they are found 

here and there along w i t h t h e v i a b l e ones. 

Endosperm; There i s no abnormality i n endosperm growth. 
7, E.Lamyi x obscurum 

Capsules are well-developed and seed set i s very high. How­
ever, the seeds are o f d i f f e r e n t size; 15-20% ( v a r y i n g from cap­
sule to capsule) are completely empty, 30-140^ are shrunken seeds 
which c o n t a i n imperfect embryos o f one stage or the other, and 
the r e s t are f u l l y developed seeds. This count i s based on 6 
capsules. Many o f the imperfect seeds approach normal size and 
have germinated. An a r b i t r a r y judgement has been exercised to 
consider some o f these as good seeds and others as bad ones on 
si z e . 

Embryo; Embryo development i s normal. F a i l u r e i s gradual 
and begins w i t h r e t a r d a t i o n o f growth i n various embryos which 
cease t o grow at d i f f e r e n t stages. Very young embryos, which 
f a i l to grow, degenerate q u i c k l y and the ovules become empty. 

Endosperm; No i r r e g u l a r i t y i n endosperm growth could be 

confirmed. 

DISCUSSION OF THE RESULTS 
The formation o f v i a b l e seed f o l l o w i n g cross p o l l i n a t i o n 
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depends on a long seri e s o f developmental processes. I n i n ­
compatible crosses, the series i s disturbed at one stage or 
another and t h i s r e s u l t s i n seed f a i l u r e . Out o f the 117 com­
b i n a t i o n s o f i n t e r s p e c i f i c crosses o f Epllobium reported i n the 
present work, 20 crosses have f a i l e d to y i e l d any good seed. 
The r e s t have y i e l d e d good seeds of vary i n g numbers from cross 
to c ross. The lowest seed set has been found i n the cross E. 
f l e i s c h e r i x hirsutum which produced only k seeds out o f a t o t a l 
o f 5 capsules p o l l i n a t e d . On the other hand, the seed set was 
as high as 73% i n the cross E.palnstre x a l s i n i f o l i u m . I n any 
case, i t appears t h a t the i n t e r s p e c i f i c crosses o f Epilobium 
u s u a l l y r e s u l t i n a re d u c t i o n o f seed set. On one extreme the 
number o f the h y b r i d seeds may be reduced to zero i n some crosses 
w h i l e , on the other, the re d u c t i o n may be only very s l i g h t i n 
other crosses. 

The crosses which have f a i l e d to set seed include k crosses 
i n v o l v i n g E . n e r t e r l o i d e s w i t h E.montanum and E.roseum (see 
Tables 9 and 10) and l6 i n v o l v i n g E.angustifolium w i t h E.hirsutum 
E.parviflorum and E.montanum (see Table ? ) . C-̂^ 

I n the crosses i n v o l v i n g E.nerterioides. i t has been r e ­
vealed on the basis o f the embryological study t h a t f e r t i l i ­
z a t i o n d i d not take place. No d i v i d i n g zygote or pro-embryo 
was ever seen i n any of the preparations. I t was observed that 
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there was germination of t h e p o l l e n grains on the stigma i n 
each o f the crosses, but apparently the p o l l e n tubes f a i l e d to 
reach the ovules before the l a t t e r aborted. Slowing down o f 
the p o l l e n tube and f a i l u r e to f e r t i l i z e the ovules has been 
observed i n many i n t e r s p e c i f i c crosses. I n many o f the Datura 
crosses, the f a i l u r e o f t h e p o l l e n tube to reach the ovules has 
been recorded (Avery, Satina, and Rietsema, 1959). I n the cross 
D. metaloides x stramonium, the p o l l e n tube e i t h e r grows too 
slo w l y or b u r s t while growing w i t h i n the s t y l e . The cross 
G i l i a splendens x a u s t r a l i s u s u a l l y f a i l s mainly because o f the 
i n a b i l i t y o f the a u s t r a l i s p o l l e n tubes to reach the splendens 
ovules (Latimer, 1958). Several examples o f t h i s s o r t has been 
c i t e d by Grant (1963) and i t seems tha t i t i s one o f l i i e very 
common causes o f seed f a i l u r e i n incompatible crosses. 

The f a c t t h a t the slowing down o f the p o l l e n tube growth 
i n ' t h e i n t e r s p e c i f i c crosses o f Epilobium i s not uncommon i s 
also shown by the usual confinement of the good seeds to the 
upper p a r t of the capsule. I n many o f the crosses i n which the 
seed set i s u s u a l l y l ess than 50^, or more p a r t i c u l a r l y which 
y i e l d only a few good seeds, the capsules are swollen i n t h e i r 
upper region w i t h f u l l y developed seeds. I t i s believed t h a t 
the p o l l e n tubes are too slow to grow and to reach the ovules 
i n the lowermost p a r t of the capsule. The ovules i n the upper 
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p a r t are reached more e a s i l y and hence f e r t i l i z e d i n time be­
f o r e they abort. However, a second explanation, t h a t t h i s 
might be due to the shortage of p o l l e n on the stigma during 
a r t i f i c i a l p o l l i n a t i o n , cannot e n t i r e l y be r u l e d out, although 
every care was exercised to put s u f f i c i a i t p o l l e n on the stigma; 
and t a k i n g a l l the f a c t o r s i n t o account, a comparatively slower 
r a t e 6(S growth o f the p o l l e n tube i n t o a f o r e i g n s t y l e appears 
to be the most reasonable explanation of t h i s phenomenon. 

I t i s only i n ' t h e crosses i n v o l v i n g E.nerterioides. as we 
have observed, t h a t complete f a i l u r e o f f e r t i l i z a t i o n occurs due 
t o the slowing down o f the p o l l e n tube growth. I n a l l other 
crosses, t h i s has only a p a r t i a l e f f e c t . A very few ovules i n 
the lower p a r t o f the capsule can escape f e r t i l i z a t i o n , but most 
o f them are f e r t i l i z e d . I t i s the f a i l u r e o f these f e r t i l i z e d 
ovules t o develop i n t o v i a b l e seeds t h a t i s more s i g n i f i c a n t 
and accounts more f o r the i n c o m p a t i b i l i t y i n Epilobium crosses. 

There i s almost no seed set i n the crosses between Chamaen-
e r i o n and L.vsimachion (Schizostigma) (see Table 7). The l6 
crosses i n v o l v i n g E.angustifolium y i e l d e d only empty or s h r i v e l ­
l e d seeds and the 3 crosses i n v o l v i n g E . f l e i s c h e r i d i d r e s u l t i n 
a few apparently good l o o k i n g seeds but these were not v i a b l e . 
Two o f them obtained i n the cross E. f l e i s c h e r i x hirsutum were 
able to germinate, but the seedlings died too young to confirm 
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t h e i r h y b r i d o r i g i n . I n a l l these crosses, the seed f a i l u r e 
occurs only a f t e r f e r t i l i z a t i o n . The main causes are; (a) 
i r r e g u l a r d i v i s i o n i n the embryo, ( b ) slow growth o f the 
embryo, and ( c ) e a r l y d i s s o l u t i o n o f the endosperm. The i r ­
r e g u l a r d i v i s i o n , which takes place quite e a r l y , does not only 
d i s t u r b the e n t i r e p a t t e r n of f u r t h e r growth o f the embryo but 
also d i s t u r b s i t s p o l a r i t y . The slow growth o f t h e embryo may 
be due t o lack o f growth hormones which eventually cause the 
seed collapse. Most o f t e n the i r r e g u l a r d i v i s i o n or the slow 
growth o f the embryo commences at the quadrant or the octant 
stage. These stages o f the onbryo seem to be very c r i t i c a l . 
Any disturbance i n these stages leads to the seed collapse. I n 
the crosses i n v o l v i n g E . f l e i s c h e r i . however, some o f the embryos 
manage t o reach the cordate stage and the slowing down o f t h e i r 
growth i s apparent only a f t e r t h i s stage. I t i s because o f 
t h i s t h a t the size of the shrunken seeds i n the E . f l e i s c h e r i 
crosses i s o f t e n l a r g e r . The e a r l y d i s i n t e g r a t i o n of the endo­
sperm appears t o be another f a c t o r hastening the seed f a i l u r e . 
The endosperm i s a n u t r i t i v e t i s s u e p r o v i d i n g nourishment t o the 
young developing embryo. I n i t s absence, the young embryo i s 
l i k e l y t o be starved t o death. 

The crosses between members o f the Schizostigma r e s u l t i n 
a moderate amount o f seed set; i t i s very low i n the .crosses 
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i n v o l v i n g E.hirsutum but i s f a i r l y high i n those i n v o l v i n g E. 
lanceolatum. The main f a c t o r c o n t r i b u t i n g t o the seed f a i l u r e 
i n a l l these crosses appears to be the slow growth o f the em­
bryo and i t s i n a b i l i t y t o get through the various c r i t i c a l 
stages o f i t s development and d i f f e r e n t i a t i o n . I n the crosses 
between E.hirsutum and E.parviflorum. the ra t e o f the growth 
o f some o f the embryos slows down soon a f t e r the octant stage, 
w h i l e others f a i l i n between the cordate and the torpedo stage. 
Obviously, a l l the three stages, the octant, the cordate and 
the torpedo, are c r i t i c a l f o r the h y b r i d embryos o f these 
crosses. The embryos o f the cross E.montanum x luteum f a i l t o 
develop i n between the octant and the cordate stage; those o f 
the crosses between E.parviflorum and E.montanum f a i l mainly 
at the cordate stage, and those o f the E.hirsutum x luteum 
cross f a i l at various stages o f t h e i r development. The seed 
f a i l u r e i n the crosses between E,hirsutum and E,montanum occurs 
e a r l y ; most o f the embryos f a i l to get d i f f e r e n t i a t e d i n t o the 
cordate stage. They a l l cease development at the 'reversed 
Trapezium' stage. I n E,hirsutum x montanum. the seed f a i l u r e 
i s i n i t i a t e d s l i g h t l y e a r l i e r than i n the r e c i p r o c a l . Besides, 
the erabryological studies have revealed i r r e g u l a r d i v i s i o n o f 
the embryo as another cause adding to the seed f a i l u r e i n E. 
hirsutum x montanum as i n the crosses i n v o l v i n g E.angustifolium. 
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Although the endosperm has been found to be slow i n growth and 
degenerates quite e a r l y w i t h t h e f a i l i n g embryos of the crosses 
between E.hirsutum and E.parviflorum and between E.hirsutum and 
E.montanum. no other abnormality has been recorded i n other 
crosses. I t i s h i g h l y d o u b t f u l i f any abnormality o f the endo­
sperm i s a p o s i t i v e f a c t o r causing seed f a i l u r e i n these crosses. 
F a i r amount of seed set i n the Schizostigma x Synstlgma crosses; 

The seed set i n the crosses i n v o l v i n g members o f t h e 
Schizostigma and the Svnatigma i s , on the average, f a i r l y high. 
I n none o f the crosses d i d the erabryological studies revealed 
any i r r e g u l a r i t y i n the d i v i s i o n o f the embryo. However, the 
suspens.or was found t o be s l i g h t l y bigger than normal i n the 
cross E.Lamyi x hirsutum and the synergids were seen to have 
been d i v i d i n g i n the cross E.parviflorum x roseum. How f a r 
such abnormalities can c o n t r i b u t e t o the seed f a i l u r e i s d i f ­
f i c u l t to assess, but i t i s c e r t a i n t h a t they can s t e a l food and 
cause s t a r v a t i o n o f the young embryos. I n any case, the most 
important f a c t o r causing seed f a i l u r e appears t o be the i n a b i -

, l i t y o f the embryos t o get through the c r i t i c a l stages o f t h e i r 
d i f f e r e n t i a t i o n . The r a t e o f the embryo growth i s slow and the 
c r i t i c a l stages o f d i f f e r e n t i a t i o n are i n v a r i a b l y the octant and 
the cordate stages. The endosperm growth i s also slow i n the 
f a i l i n g seeds. This adds t o the process o f the seed abortion 
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but does not seem t o be a major f a c t o r i n i t s e l f . 
Very h i g h seed set i n the Synstigma x S.vnstigma crosses: 

These crosses are very successful i n terms o f seed set. 
The d i v i s i o n o f the embryo i n a l l the crosses i s regular and so 
i s the endosperm growth. Some seeds f a i l because the embryos 
cease t o grow e i t h e r at the octant stage or at the cordate 
stage; but the number o f such embryos i s not larg e and i t v a r i e s 
from cross t o cross. Another reason o f the f a i l u r e may be the 
intense competition amongst a large number o f developing h y b r i d 
seeds w i t h i n a capsule. Weaker embryos are slow t o grow and to 
compete. 

Reciprocal d i f f e r e n c e s i n Seed-incompatibility; 
I n none o f the i n t e r s p e c i f i c crosses, as we have now been 

able t o observe, d i d the cross succeed i n one d i r e c t i o n but f a i l 
i n the other. On the contrary, the crosses e i t h e r f a i l e d or 
succeeded no matter i n which d i r e c t i o n the cross was made. Also, 
the degree of the success or o f the f a i l u r e i n the r e c i p r o c a l 
crosses i s more or l e s s the same. I n a few of the crosses, e.g., 
between E.luteum and E.parviflorum. E.hirsutum and E,roseum, 
E,parviflorum and E.Lamyi, E.montanum and E,adenocaulon, and 
between E.Lamyi and E.obseurum. there i s a r e f l e c t i o n o f the 
r e c i p r o c a l d i f f e r e n c e s i n the percentage o f seed set. But t h i s 
d i f f e r e n c e i s o f the order o f 10-15^ and i s not h i g h l y s i g n i f i -
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cant i n the l i g h t o f the t o t a l seed output i n the crosses con­
cerned. I t may be due merely t o some chance f a c t o r . On the 
whole, i t can s a f e l y be concluded t h a t there i s l i t t l e or no 
r e c i p r o c a l d i f f e r e n c e i n the seed i n c o m p a t i b i l i t y i n the i n t e r ­
s p e c i f i c crosses o f Epilobium. On the other hand, r e c i p r o c a l 
d i f f e r e n c e s i n the seed i n c o m p a t i b i l i t y have been reported i n 
the crosses between d i p l o i d species o f many p l a n t genera, e.g., 
i n N i c o t i a n a ( K o s t o f f , 19U3)» i n Datura (McLean 19U6), i n 
Primula ( V a l e n t i n e , 1956), i n G l l i a (Latimer, 1958), and i n 
many others. 

I n Epilobium, the embryo and the endosperm are both d i p ­
l o i d and hence i n the hybrids both are g e n e t i c a l l y i d e n t i c a l . 
I n c o n t r a s t to t h i s , most o f the other Angiosperms have t r i p -
l o i d endosperm and t h e i r r e c i p r o c a l hybrids consequently possess 
g e n e t i c a l l y d i f f e r e n t endosperm. The f a c t that the r e c i p r o c a l 
crosses o f Epilobium happen t o possess i d e n t i c a l endosperm 
might have the e f f e c t o f dim i n i s h i n g r e c i p r o c a l d i f f e r e n c e s i n 
the seed development. 
Conclusions; 

The f a i l u r e o f seed set i n the crosses i n v o l v i n g E.nerter-
i o i d e s , which i s a n a t i v e o f New Zealand, i n d i c a t e s t h a t t h i s 
species i s completely i s o l a t e d as a breeding u n i t from the 
European species. 
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Likewise, Chamaenerion and Lysimachion are quite separate 
breeding groups. 

W i t h i n Lysimachion. E.hirsutum i s marked o f f from the r e s t 
by r a t h e r low c r o s s a b i l i t y . 

Uniformly high seed set and less of i r r e g u l a r i t y i n the 
seed development i n the Synstigma x Synstigma crosses i n d i c a t e 
t h a t there i s p o s s i b l y less v a r i a t i o n i n seed development i n 
crosses between inbreeding species than i n crosses i n which out­
breeding species are involved. 

Germination o f the h y b r i d seeds on the whole i s uniformly 
h i g h . 



GROtyTH. VIGOUR AND FERTIITY OF THE HYBRIDS 

General: 
The c h a r a c t e r i s t i c features o f Epilobium hybrids, on the 

basis o f previous i n f o r m a t i o n , have elready been o u t l i n e d i n our 
survey. These mainly r e l a t e to the vegetative and reproductive 
anomalies o f various kinds i n the hybrids. At the same time, 
the hybrids very o f t e n d i f f e r r e c i p r o c a l l y i n expression of 
these c h a r a c t e r i s t i c s . 

The hybrids r a i s e d f o r the present study are l i s t e d i n 
Table 11. The germination of the h y b r i d seeds and the t r a n s ­
p l a n t a t i o n o f the seedlings i n t o pots or i n t o boxes followed 
the same course as t h a t described f o r the species. 

L e t h a l or non-viable hybrids died at various stages o f 
t h e i r growth. Some died soon a f t e r t h e i r germination while s t i l l 
i n the p e t r i - d i s h e s . Others died at d i f f e r e n t periods a f t e r 
t h e i r t r a n s p l a n t a t i o n . I t i s possible t h a t the death o f a few 
seedlings might have occurred due to physical i n j u r y received 
d u r i n g handling. 

Tflien there was a la r g e number of seedlings o f h y b r i d a v a i l ­
able, some o f them were grown i n the greenhouse i n the boxes as 
mentioned above, while others were grown i n a bed i n the open. 
Thus i n many cases, two p a r a l l e l sets o f the same h y b r i d were 
grown i n two d i f f e r e n t conditions. Hybrids grown i n the open. 
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were u s u a l l y less t a l l but otherwise s i m i l a r to t h e i r respective 
sets i n the greenhouse. Any d i f f e r e n c e found between the two 
sets has been noted i n the d e s c r i p t i o n o f the hybrids. 

Many of the s u r v i v i n g hybrids have been found to be 
p h y s i c a l l y disabled. They are stunted i n growth and have us­
u a l l y m o t t l e d and c u r l y leaves. Such hybrids i n v a r i a b l y f a i l to 
flowe r . S t i l l a large number o f the hybrids manage t o grow w e l l 
and produce f l o w e r s , but have a low f e r t i l i t y . 

The estimate of p o l l e n f e r t l i t y i s based on eounts of w e l l -
shaped grains stained i n aceto-carmine. Pollen i n Epilobium 
(except i n Sect. Chamaenerion) i s held together i n t e t r a d s . 
Lewis and Moore (1962) attempted t o e x p l o i t t h i s f a c t t o detect 
genetic segregation, i f any, associated w i t h the p o l l e n abortion 
by counting good and bad grains tetradwise, but without much suc­
cess. I have repeated t h i s exercise i n some of the hybrids and 
the i n f o r m a t i o n has been incorporated when found u s e f u l . I t 
must be mentioned t h a t the percentage o f good and bad p o l l e n 
v a r i e s a good deal from anther t o anther and from flower to 
flower. Weather, e s p e c i a l l y temperature, appears to have a 
great i n f l u e n c e on t h i s v a r i a t i o n . 

Assessment o f s e e d - f e r t i l i t y only on the basis o f seed set 
on s e l f i n g does not seem t o be complete i n i t s e l f . I n a s i t u a ­
t i o n o f h y b r i d ! t y where p o l l e n i s h i g h l y s t e r i l e , or at l e a s t 
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not very f e r t i l e , f U l l p o t e n t i a l i t y o f the capsule i s not l i k e l y 
t o be r e a l i s e d upon s e l f - p o l l i n a t i o n . Therefore backcrosses 
were also made and in f o r m a t i o n o f seed set under both the c i r ­
cumstances has been given. 
CHAMAENERION X CHAMAENERION 

1.. E.angustifolium x f l e i s c h e r i ; Three extremely weak seed­
l i n g s were obtained. They d i e d soon a f t e r t h e i r germination i n 
the p e t r i - d i s h . 

The Reciprocal; Four h y b r i d seedlings were obtained. One 
o f them died q u i c k l y w i t h i n two days a f t e r i t s germination. The 
remaining three were t r a n s f e r r e d t o a pot. 

Two o f these grew very p o o r l y and remained dwarf measuring 
18 cm. and 22 cm. i n height r e s p e c t i v e l y . A f t e r about two months 
o f an unhappy existence, they died of ch l o r o s i s . The t h i r d one 
was much t a l l e r , kl cm. hi g h , and survived ( F i g . 11). I t had 
hea l t h y leaves, but they began t o curl and dry much before the 
end o f the summer. Many l a t e r a l branches were given out mainly 
at the base. Stem slender; leaves narrow as i n E . f l e i s c h e r i 
but l onger, shorter than those o f E.angustifolium. and the l e a f -
margin intermediate i n s e r r a t i o n . 

F e r t i l i t y ; The p l a n t d i d not flower i n 196U. 
The r o o t s t o c k s t i l l survives. 

CHAMAENERION X LYSIMACHION CSCHIZOSTIGMA) 
E . f l e i s c h e r i x hirsutum; This was the only cross i n t h i s 
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sectioa y i e l d i n g some seeds which germinated. The two seedlings, 
which came out, were short-lived. They survived f o r 21 and 25 
days respectively and hardly..exceeded 5.5 cm. i n height with 
minute yellowish-green leaves. Straight hairs were sparsely 
d i s t r i h u t e d a l l over the stem surface and along the veins of 
the leaves. 

LYSIMACHION X LYSIMACHION 
A, Schizostigma x Schizostigma 

1. E.hirsutum x luteum; Hyhrids hetween E.hirsutum and E, 
luteum made hy Michaelis are well-known i n connection with the 
cytoplasmic inheritance i n the genus. The present hybrid agrees 
i n several d e t a i l s w ith that descrihed hy him (Michaelis 195U, 
p. 296), especially i n so far as the disturbance i n the develop­
ment and the male s t e r i l i t y are concerned. There were three 
crosses made using three strains of E.hirsutum as female and 
each of the crosses resulted i n completely male s t e r i l e PI i n ­
dividuals. Their anthers were green (hut not necessarily reduc­
ed to a minute scale), abortive and produced no pollen. The 
developmental disturbances consisted i n early death of many of 
the hybrid plants at seedling stage and i n stunted growth of 
several others. 

The three crosses made were: ( i ) 672 x U261, ( i i ) NCI x 
U261, and ( i i i ) KR5862 x U261. The PI hybrids resulting from 
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these crosses had several characters i n common. They were a l l 
beset with long slender hairs as i n E.hirsutmn. hut rather 
t h i n l y . The colour of the flower i n a l l of them was crimson or 
dark red. In other words, the yellow colour of the luteum 
flower was suppressed i n the hybrids. Long runners, a charact­
e r i s t i c of E.hirsutum. were also suppressed. And above a l l , 
they possessed degenerated anthers. 

Nevertheless, they d i f f e r e d i n other vegetative characters, 
e.g. i n general height, width of leaves and hairiness. E. 
hirsutum NCI was more hairy than the other two strains and also 
i t s leaves were + lanceolate. The result was that the NCI x 
U26I hybrid came out to be more Kairy and with comparatively 
narrower leaves. A comparison of t h e i r characters has been 
given i n Table 12, along with thos of the reciprocal hybrid. Be­
cause the general habit and the f o l i a r characters seem to be 
under the maternal influence, the pattern of the vegetative 
disturbances also d i f f e r s i n the three hybrids. The most con­
spicuous i s the segregation of the 672 x U261 hybrids i n t o t a l l 
and dwarf individuals without any intermediates between them. 

12). 
The reciprocal, E.luteum x hirsutum. i s normal i n growth 

and also i t s anthers produce some good pollen, although i n a 
low quantity. The leaves of t h i s hybrid are wider, a character 
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d e f i n i t e l y of E.luteum. the female parent. Apart from these 
differences, the reciprocal hybrids were similar i n having long 
slender hairs and dark red flowers and i n the absence of long 
runners. 

The hybrid E.luteum x hirsutum was obtained from two cros­
ses using two strains of E.hirsutum as the pollen parent, namely, 
( i ) U261 X 672, and ( i i ) U26I x Kr5862. But no noticeable d i f ­
ference was observed between them. 

2. E.luteum x parviflorum and the Reciprocal: 
Morphology; Both the hybrids are normal i n vigour ( c f . 

Geith, 192ki who found E.parviflorum x luteum to be of reduced 
vigour and the reciprocal to be very vigorous). A comparison, 
see Table I 3 , of the characters of the two hybrids shows three 
main differences, apart from the difference i n the general 
height, between the reciprocal hybrids: 

( i ) The hybrid E.luteum x parviflorum has shorter but 
broader leaves. 

( i i ) The petal size is s l i g h t l y reduced i n E.parviflorum 
X luteum. 

( i i i ) The stigma protrudes out of the flower i n E.parvi­
florum X luteum. 

F e r t i l i t y : Pollen i n both the hybrids i s nearly l|D-50^ 
good. Hbwever, the anthers of the lower row i n E.parviflorum x 
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luteum are usually less f e r t i l e and produce only 10-15/2 good 
pollen. Very often, one or two of them abort and produce no 
pollen at a l l . Bad grains are shrunken and are f a i n t l y stained 
i n aceto-carmine. Sometimes, micro-pollen grains are also seen 
i n the tetrads (Pig.13a) showing i r r e g u l a r i t y i n meiosis. 

Both are s e l f - s t e r i l e but set about 25-35 seeds per cap­
sule following backcrosses with either parent. 

3. E.luteum x montanum and the Reciprocal. 
(see also Geith, 192k; Michaelis & Wertz, 1935). 

I n b r i e f , our result compares with the previos ones as 
shown i n Table 11*. 

The reciprocal differences between the hybrids are usually 
r e f l e c t e d q u a n t i t a t i v e l y , rather than q u a l i t a t i v e l y . The f o l ­
lowing are the differences between the reciprocal hybrids: 

On the whole, the leaves of E.luteum x montanum are broader 
and look much more l i k e those o f E.luteum. One important 
q u a l i t a t i v e difference, however, was observed i n the g'rowth of 
the hybrids. Nearly one t h i r d of the seedlings of E.montanum x 
luteum showed some abnormalities i n having t h e i r main axis s p l i t 
i n t o two at an early stage and the normal growth was delayed. 
After some time, one or two of the l a t e r a l branches resumed the 
growth. 

Short glandular hairs are very t h i n l y d i s t r i b u t e d a l l over 
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F i g , 13 a-d. Photographs of p o l l a i grains of some hybrids, x c, 150. 
a- E,parvlflorum x luteum j b- E,hlrsutum x parvlflorua j 
c- E,lanceolatum x parviflorum j d- E.Laayi x bravlpes. Arrow points 
to micro-pollen grains. 
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. the stem surface and along veins of leaves of both the hybrids. 
The colour of the flower is pink i n both. 

P e r t i l i t y ; Both are pollen f e r t i l e , producing about 50 -

60% good pollen i n the anthers of the longer stamens, but only 
about 20 - 3 0 ^ good pollen i n the shorter stamens. Capsule con­
tains no good seed, but when backcrossed with either parent, a 
few good seeds are produced: 10 - 15 seeds per capsule i n E. 
luteum X montanum and 15 - 20 i n E.montanum x luteum. 

I n the stock of E.luteum. obtained from Birmingham, two 
plants turned out to be natural hybrids (Pig. Ik) between E. 
luteum and montanum. evidently E.luteum Being the female parent. 
These two plants were conspicuous i n the whole l o t of E.luteum 
by somewhat smaller and pink flowers. The style was slender 
and the stigma-lobes were much spreading. I n almost a l l char­
acters, they resembled the a r t i f i c i a l PI hybrid, E.luteum x 
montanum. However, a big difference was found i n the pollen 
f e r t i l i t y . The anthers i n t h i s natural hybrid were p a r t i a l l y 
s t e r i l e , producing a low amount, about 20 - 25̂ »̂ of good pollen 
and the shorter stamens were very often abortive. 

E.lanceolatum x luteum; 
(The reciprocal of t h i s hybrid was not raised.) 

The development of the PI hybrid is very much disturbed. 8 
seedlings died soon after t h e i r transplantation into boxes; 5 
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others remained a l i v e but were very stunted, about 2 . 5 cm. i n 
height and fasciated (Pig. 1 5 a ) ; and 9 of them had very slow 
growth i n the beginning but recovered t h e i r vigour by sending 
out healthier l a t e r a l branches, s t i l l remaining dwarf, about 18 
- 25 cm. i n height, and decumbent. The rest of the 10 seedlings 
were much t a l l e r , about ZjO - 60 cm. high, had normal growth, ex­
cept that they were very slender and weak and had much longer 
internodes than either parent. The hybrids grown i n the open 
are more decumbent. 

Leaves are narrow, lanceolate, tapering down into d i s t i n c t 
p e t i o l e s , about U.5 - 7 cm. long and 1.2 - 2 cm. broad, minute 
and sometimes ir r e g u l a r on dwarf plants. 

Plowering vigour of the hybrid i s reduced. About one-third 
of the flowers, very often more than h a l f i n the dwarf plants, 
are abortive. I n these flowers, the petal is very much reduced, 
hardly exceeding the sepal. Such flowers never open f u l l y (Pig. 
15b ) and f a l l o f f at the sl i g h t e s t touch. Normal flowers have 
0 . 6 - 1 ,2 cm. (highly variable) long petals and 0 . 5 - 0 . 7 cm. 
long sepals. The petals f a i n t l y yellow when young but gradually 
t u r n pink when old. Longer stamens sometimes exceed petals but 
are usually at level with the stigma. Pollen i s nearly 50^ 

good i n the longer stamens, but the shorter ones are more often 
abortive. Some micro-pollen grains are seen i n the tetrads. 
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A few capsules seem to contain 10 - 15 seeds each on s e l f -
p o l l i n a t i o n . On back-crosses with E.luteum (pollen from E, 
lanceolatum was not available at the moment) the seed set was 
about 20 - 25 per capsule. 

5. E.hirsutum x parviflorum and the Reciprocal: 
(see also Compton, 1913a; Geith, 132h; and Michaelis, 

1 9 4 3 , 195I+). 

Pour crosses were made using two strains of E.hirsutum and 
two strains of E.parviflorum as below: 

( i ) NCI hirsutum x I63 parviflorum. and ( i i ) the reciprocal; 
( i i i ) KR5862 hirsutum x SP6262 parviflorum. and ( i v ) the 
reciprocal. 
The hybrids E.hirsutum x parviflorum. obtained from the two 

crosses, are similar i n morphology, growth and vigour. The NCI 
hirsutum x I63 parviflorum hybrid has s l i g h t l y narrower leaves 
than the other hybrid. Their reciprocals are also more or less 
uniform i n themselves. I n gross appearance, the reciprocal hy­
brids are intermediate between t h e i r parents, but are t h i c k l y 
beset with simple and straight hairs as i n E.parviflorum. The 
short glandular hairs of E.hirsutum are sparsely mixed with them 
and are seen on the upper part of the plant, usually near the 
inflorescence. Unlike those of E.hirsutum. the leaves of the 
hybrids are not amplexicaul, nor prominently toothed, but are 
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otherwise intermediate i n shape and size. The leaves appear to 
c r i n k l e and dry w i t h the approach of the flowering period. This 
i s somewhat delayed i n E.parviflorum x hirsutum; so that quite 
l a t e i n the season, t h i s hybrid s t i l l remains healthier than 
the reciprocal. None of the hyhrid possesses long runners of 
E. hirsutum. Differences "between the reciprocal hyhrids are 
mainly quantitative, see Tahle l 6 . 
Flowering vigour; The c r i n k l i n g of the leaves i n the hyhrids, 
when ahout to flower, does not appear to damage thei r flowering 
vigour. A large numher of flowers are "borne by each plant. 

F e r t i l i t y ; Both E.hirsutum x parviflorum and the reciprocal 
possess normal stamens and produce about 25% good pollen. The 
number of good and bad grains per tetrad was carefully recorded 
i n E.hirsutum x parviflorum from several preparations. Tetrads 
with 3 bad pollen grains (Fig. 13b) were found to be largest i n 
number; 

Good Pollen Bad Pollen Number of tetrads 
1 3 134 
2 2 6k 
3 1 9 
O k 81 

Seeds are scarcely set i n the capsules of the hybrids 
grown i n the greenhouse. Those grown inLthe open were able to 
set a few seeds, about 5-8 per capsule. This difference could 
possibly be a t t r i b u t e d to cross-pollination. Backerosses always 
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r e s u l t i n a f a i r amount of seed set i n the hybrids; about 140̂  
or more i n NCI hirsutum x I 6 3 parviflorum and i t s reciprocal, 
about 50 - 55% i n KR5862 hirsutum x SP 6262 parviflorum and i t s 
reciprocal. 

6. E.hirsutum x montanum and the reciprocal; 
( c f . Compton, 1913a , 1913h; Xkerman, 1 9 2 1 ; Geith, lS2k; 

Miehaelis, 1 9 5 4 ) . • 

The previous work suggest that the hybrids between E.hir­
sutum and E.montanum are highly disturbed i n growth and are 
s t e r i l e . Geith*s ( 1 9 2 4 ) E.montanum x hirsutum. however, turned 
out to be very vigorous. On the other extreme i s the hybrid E. 
hirsutum x montanum-Jena (Michaelis, 1954) i n hirsutum cytoplasm 
which i s not viable. 

The present results confirm that the hybrids are much re­
duced i n vigour and often unable t o flower. The hybrid E.hir­
sutum X mentanum i s very stunted i n growth and does not flower. 
Hybrids of t h i s combination were obtained from two crosses; ( i ) 
KR5862 hirsutum x SL 6 2 I montanum and ( i i ) 672 hirsutum x 616 

montanum. The hybrid plants from the f i r s t cross never exceeded 
a height of 6 cm. and p r a c t i c a l l y a l l the stocks, except one, 
died i n the autumn of 1964. The surviving one has given out a 
shoot i n the summer of 1965 but i s not l i k e l y to grow with v i g ­
our. The second cress yielded better hybrid plants, which, a l -



- 127 -

though stunted and unable to flower, were ahout 18 - 32 cm. 
t a l l . They a l l survived l a s t autumn and healthier shoots have 
been given out t h i s summer ( c f . Comptpn, 1913a). These look 
intermediate between the parents. Long stolons of E.hirsutum 
are absent. 

The cross E.montanum SL621 x hirsutum KE^862 gave s t i l l 
b etter hybrids ( c f . Compton, 1913^; Geith, 1924). Out of 26 

seedlings, only 8 survived, but one of them grew 84 cm. t a l l and 
bore a few flowers. Others remained dwarf measuring between 15 
to 28 cm. A l l had curly and mottled leaves (Fig. l 6 ) . This 
hybrid was less hairy than the reciprocal. Long runners are 
absent. 

Only four flowers opened f u l l y and they were l e f t to set 
seed, i f they could, on s e l f i n g . But no seed was set. Pollen 
was only 10 - 15^ good. 

7. E,parviflorum x montanum and the reciprocal; 
( c f . Hausskneeht, 1884; Compton, 1913a; Lehmann, 1919; 

Geith, 1924; and Schwemmle, 1924). 
Haussknecht found t h e reciprocal hybrids to be identical 

and Compton's E.montanum x parviflorum hybrid t a l l i e d exactly 
with Haussknecht's description. Lehmann, Geith, and Schwemmle 
found reciprocal differences between the hybrids; E.parviflorum 
X montanum was male s t e r i l e , whereas the hybrid E.montanum x 



- 1 2 5 -

*̂  T, r • j:...i..L..jj..Jjj: j I j ^ ^ ^ ^ ^ 



- 129 -

parviflorum was not only pollen f e r t i l e but also more vigorous. 
Our results agree with Haussknecht*s. There are no notice­

able reciprocal differences between the hybrids, except that the 
l e a f i n the hybrid E,montanum x.parvif 1 orum (also see Compton, 
1913a) i s broader, about 11 x 3 . 5 cm,, than that i n the recip­
r o c a l , 10,2 X 2 . 5 cm. I n vigour, height, hairiness, flower-
size, and f e r t i l i t y , the hybrids are i d e n t i c a l . 

The hybrid plants are a l l uniform, vigorous, profusely 
branched, and about 80 - 85 cm. t a l l . The stem surface i s cov­
ered w i t h mixed slender and short glandular hairs. Long slender 
hairs are mostly present along veins of the leaves. The leaf 
margin i s prominently toothed, but less than i n E.montanum pro­
per. The petals areO , 8 - 0 . 9 cm, long, the sepals being about 
0 . 5 cm. long. On the whole, the hybrids are perfectly i n t e r ­
mediate between t h e i r parents i n morphology. 

F e r t i l i t y ; Both E.parviflorum x montanum and i t s recip­
rocal are equally pollen f e r t i l e . They produce about 50% good 
pollen. Z+ - 6 (very rar e l y up to 10) seeds per capsule are set 
n a t u r a l l y on s e l f i n g , Backcrosses result i n 45 - 50^ seed set 
i n both. 

Counts of good and bad grains per tetrad revealed that most 
of the tetrads contained two good and two bad pollens, 

8, E.lanceolatum x parviaorum; (The reciprocal was not 
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grown). 
The Fl hybrid i s very vigorous, erect, branched and 70 -

85 cm, t a l l , ( A f t e r seedlings died af t e r t h e i r transplantation, 
but perhaps due to rough handling). The f o l i a r morphology i s 
much influenced by the female parent, E.lanceolatum. The lower 
leaves are d i s t i n c t l y p e t i o l a t e , broadest i n the middle, 8 , 5 -

9 cm, long and 2 , 5 - 3 cm. broad. The upper ones are + sessible, 
broadest near base, acute, 7 .5 x 2 cm., smaller and narrower 
above. A l l leaves are prominently toothed. Very few hairs are 
present on the stem surface as well as on leaves. The petal i s 
twice as long as the sepal which i s about 0 , 6 cm. long. 

F e r t i l i t y ; The hybrid produces 70 - 80^ good pollen; a 
few anthers produce as much as 9 0 ^ , Tetrads with 3 good pollen 
grains are most frequent (Fig. 1 3 c ) 20 - 25 seeds are set per 
capsule on se l f i n g ; whereas on backerossing with either parent, 
the seed set i s 35 - lfi%» 

9 . E.lanceolatum x montanum; 
The growth of the F l hybrid i s very much distrubed, A few 

seedlings die very early and those which survive have slender 
and weak stems with minute leaves. Each of the surviving plants 
gives out one or two healthier off-shoots which eventually bear 
large leaves and function as main stems (Fig. 1 7 ) . The height 
i s quite uniform, 29 - 31 cm. A normal leaf i s about 6 - 8 cm. 
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long and 2 - 2.7 cm. wide, dark green, and d i s t i n c t l y petiolate. 
Other, leaves are minute and irregular. Most often, the leaves 
are mottled. 

The hyhrid does not flower; the flower-huds remain minute 
and never open (Pig.17). 
B. Sehizostigma x Synstigma -

1. E.hirsutum x roseum and the reciprocal: 
The hyhrids of the reciprocal crosses "between E.hirsutum 

and E.roseum are known to d i f f e r according t o the strains used 
(Michaelis, 195̂ 4-). Geith (l92i+) did not succeed i n getting a 
hyhrid; whereas Sehwemmle (1927) did "because of the use of d i f -
.ferent strains of the species concerned. 

Our results are given i n Table 17. 
Thus i t appears that the reciprocal hybrids do not d i f f e r 

i n t h e i r f e r t i l i t y ; hut they do so i n t h e i r vegetative charact­
ers, although mainly quantitatively. 

2. E.Lamvi x hirsutum; 
(The reciprocal was not raised). 
The PI hybrid i s normal i n vigour, about 58 - 68 cm. t a l l 

and profusely branched (Pig. 18). The leaves are narrow, lan­
ceolate, 6.8 - 8,6 cm. long and 2-2.5 cm. wide, smaller above, 
+ sessile, and d i s t a n t l y toothed. 

Flowering vigour i s also normal; petals 1.3 - 1.6 cm. long 
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and sepals 0 . 7 - 0 , 9 em. long. 
F e r t i l i t y : Anthers of both rows are equally good and pro­

duce about 60 - 70>^ good pollen. 
No seed i s set automatically by sel f i n g . Upon backcross-

ing w i t h either parent, 25 - 30^ seed set is attained. 
3 . E.hirsutum x palustre; 

(The reciprocal was not raised). 
Geith (192I+) found t h i s hybrid to be of normal vigour and 

the reciprocal to be very vigorous. Both were able t o produce 
a small amount of good pollen and also 5 - 8 seeds per capsule. 

The present results d i f f e r from Geith's. We found that the 
growth of the hybrid was in h i b i t e d from the very beginning. 
Nearly h a l f of the seedlings died af t e r transplantation. The 
others had stunted growth, 5 - 1 5 cm. t a l l , with curly and mot­
t l e d leaves. One plant, however, measured 30 cm. high and had 
curly but large dark green leaves. (Pig. 1 9 ) . The stem surface 
was covered with downy hairs. 

A few flowers were borne on th i s plant. They were minute, 
and only p a r t i a l l y opened. Sepals and petals were much reduced 
and the anthers were abortive. When backcrossed with E.hirsutum. 
5 seeds were obtained i n one of the capsules, but there was no 
success with E.ualustre. 

k* E.parviflorum x roseum and the reciprocal: 
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, ^* parviflorum x roseum and the r e c i p r o R B l i (Cont'd), 

(Cf, Lehmann, 1918, 1925; Geith, 1924; Schwemmle, 1924; 
Lehmann and Schwemmle, 1927'). 

• The above workers have shown that strong differences exist 
between the reciprocal hybrids, especially regarding male f e r t ­
i l i t y . The hybrid E.parviflorum x roseum i s invariably male 
s t e r i l e and has reduced vigour and petal size. 

A comparison between the reciprocal hybrids raised for the 
present work has been attempted i n Table 18, 

Thus our results more or less agree with those of previous 
workers, at least i n so far as the f e r t i l i t y of the hybrids i s 
concerned. The vigour of E.parviflorum x roseum does not seem 
to be reduced, although the reciprocal i s undoubtedly more 
vigorous. 

5« E.parviflorum x adenocaulon and the reciprocal; 
Both the hybrids obtained from the reciprocal crosses are 

vegetatively vigorous and alike i n many respects. They are pro­
fusely branched, normal green, but turn pinkish when old. 

The hybrid E.parviflorum x adenocaulon is about 7 0 - 8 5 cm. 
t a l l i n the greenhouse, but 55 - 60 cm. i n the open. Neverthe­
less, i t i s more profusely branched when i n the open. The hy­
b r i d E. adenocaulon x parviflorum. on the other hand, i s s l i g h t l y 
smaller, 45 - 60 cm. t a l l , but grows alike i n the green-house as 
well as i n the open and i s more robust. Both the hybrids are 
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sparingly covered with hairs. 
The size of the leaves i n both are + equal, 10.5 x 2.6 cm. 

i n E.parviflorum x adenocaulon. and somewhat variable i n the 
reciprocal, 8 - 10.5 cm. long and 2.5 - 2.8 cm. broad. Leaves 
are smaller above i n both. The leaf-margin i s f i n e l y toothed 
and i s hairy. I t i s rather unusual that there are fewer or a l ­
most no hairs along the veins. However, there i s one remarkable 
difference between the reciprocal hybrids and i t i s that the 
l e a f i n E,adenocaulon x parviflorum i s d i s t i n c t l y p e tiolate, 
whereas the leaf i n the reciprocal i s + sessile. 

Both the hybrids flower i n abundance. The hybrid E.adeno­
caulon X parviflorum has, on the average, smaller flowers; the 
f l o r a l diameter i n t h i s hybrid i s O.65 - 0,75 cm., the sepal 
0.4 - 0.5 cm. long, and the petal i s 0.8 - 1.0 cm. long. The 
f l o r a l diameter i n the reciprocal, on the other hand, is about 
1 cm., the sepal i s 0.5 - 0.6 cm. long and the petal is 0.9 -
1.0 cm. long. 

F e r t i l i t y ; Both produce about 25 - 30^ good pollen. Tet­
rads with 2 good and 2 bad pollens, with 3 bad and 1 good pollen, 
and with a l l 4 had pollens, were almost i n equal proportion;Table 
19. N© seed is set by s e l f i n g , but backcrosses y i e l d about 20 
- 30^ seed i n both the hybrids. 
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TABLE 19 
A count of tetrads l a E.parviflorum x adenocaulon 

Good grains Bad grains Eo, of tetrads. 
2 2 70 

1 3 91 
0 k 98 
3 1 21 

6. E.parviflorum x tetragonum; 
The Fl hybrid i s dwarf, bushy, measuring from 25 can. 

to- 38 cm. i n height (Pig. 2 0 ) , The leaves are small and some­
what curled; a few leaves are normal and healthier, 5.8 x 1.5 

cm., bearing i n t h e i r a x i l s large l a t e r a l branches. I n general, 
the leaves are apiculate and broadest near base which tapers 
down to the stem. The hybrid i s hairy as in E.parviflorum. 

The anthers are malformed and produce about 15^ good p o l ­
len ( c f . Geith, 192i+, who found this hybrid, i n fact E.parvi-
florum X adnatum. to be of normal vigour but pollen s t e r i l e ) . 
The petal size i s also reduced; i t i s only 0 ,6 cm. long, + equal 
to the sepal, which i s 0 ,5 cm, long. 

The hybrid i s also seed s t e r i l e ; each of the 1| capsules 
p o l l i n a t e d with E.parviflorum were found to contain only 2 - 3 



iirill iniMI |l|l|l|l|l|l|l|HiPP|l|'l<l'ITI"l' 
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seeds. 
The hybrid stock has survived by means of short, compact 

rosettes (very much resembling b u l b i l s i n E.palustre). but the 
growth t h i s summer i s s t i l l not normal. 

7. E.parviflorum x Lamyi and the reciprocal; 
The hybrid E.parviflorum x Lamvi is somewhat of 

reduced vigour. Although i t is t a l l e r than the reciprocal, i t 
i s slender, weak, and less branched and i t s leaves s t a r t m o t t l ­
ing w i t h the approach of the flowering season, dry quickly and 
f a l l o f f . I t also bears fewer flowers. The reciprocal hybrids 
have been compared i n Table 20, 

The differences i n f e r t i l i t y of the reciprocal hybrids are 
most l i k e l y due to disturbances i n the growth. The flowers i n 
E.parviflorum x Lamyi are quite often ill-formed and the anthers 
are abortive. Good anthers i n t h i s hybrid sometimes contain as 
high as 80j^ good pollen. I n f a c t , the percentage of good pollen 
f a l l s down due to degenaration of some of the anthers. 

The longer stamens i n the hybrid E.Lamvi x parvlflorum ex­
ceed the stigma and the shorter ones touch i t , but no germination 
of pollen on the stigma was observed. Tetrads with 2+ bad p o l ­
lens were quite frequent. 

8, E.parviflorum x obscurum and the reciprocal: 
Geith (192I+) did not succeed in getting a hybrid 
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from the cross E,parviflorum x obscurum, but he did obtain the 
reciprocal one. This hybrid was pollen s t e r i l e , but set about 
i|0^ good seed on backcrossing. 

Our crosses i n both the directions were successful and 
hybrids of normal vigour were obtained. No remarkable recip­
rocal differences were found between the hybrids, except that 
the leaves i n E. obscurum x parviflorum tended to be less haitjr, 
more greenish, and s l i g h t l y p e t i o l a t e . 

The hybrids are f a i r l y t a l l , about 70 - JS cm. high, and 
well branched. The leaves are narrow, 7 - 9 can. long and 1.2 

- 2 cm. broad, minutely toothed and broadest about 1/3 rd above 
the base. Long hairs of E.parviflorum are seen near base of the 
leaves and on the young t i p s . On the stem surface are blunt 
hairs sparsely d i s t r i b u t e d . The hybrids are intermediate be­
tween the parents. 

The flowering vigour i s normal i n both the hybrids, sepals 
and petals being about 0 ,5 cm. and 0 .8 cm. long respectively. 
Pollen f e r t i l i t y i s 70 - 75^. The hybrids are able to set 10 

- 15 seeds per capsule by s e l f i n g and produce 30 - UP% good seed 
on backcrosses. 
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9. E.parviflorum x palustre and the reciprocal; 
(see also Geith, 19214.). 

The present results agree exactly with Geith's findings i n 
vigour and f e r t i l i t y of the hybrids. The only reciprocal d i f ­
ference Geith found was that the liybrid E.parviflorum x palua-
t r e was s l i g h t l y better i n pollen f e r t i l i t y than the reciprocal, 
although both produced only a few good grains. 

Both hybrids are normal i n vigour; E.parviflorum x palus­
t r e i s t a l l e r , about 70 cm. high, and well branched. E.palustre 
X parviflorum. however, appears to be more vigorous t h i s year. 
Last summer, i t was less branched and only about 30 - 1̂0 cm. 
t a l l * . I t has survived by means of b u l b i l s and numerous healthy 
shoots have come out. Both hybrids are velvety i n appearance. 
The leaves are narrow, 6 - 9 cm. long and 1,2 - 1.8 cm. wide. 

The anthers of the shorter stamens are usually abortive. 
Those of the longer ones are normal. On the whole, the percen­
tage of good pollen i s very low - i n between 20 - 30^. 

I n none of the hybrids, i s seed set by selfing. Only 15 

- 20 seeds per capsule were obtained following backcrosses with 
both the parents. 

10, E.montanum x roseum and the reciprocal: 
The present liybrids compare with those raised by Geith 

(I92ij.) i n Table 2 1 . 



- 11*6 -

-d 
S I 

d 
(D 

I 
0) ;Q 
CD 

o 
CO 

o 
o 
Q 
CO 
•P 
H 
3 
OQ 0 
m 
o 
d o 
09 

• H 

CO 

6 

•d 
o m 
O H - - ^ o 

-d bO CO H 03 -d 1 -d -d d) 1 
0) o o (D 0) 

CO rH H CQ tr\ CO 

d H CO 
V • H d 

H 0) "d -H H a> o as 
O •p O 

P4 CO bO bO 

H 
(0 -d U H P 
O GO 3 O 3 

E o 3 o ft 5 bo -d bO 
•H O - H 
o > 

•d •d -d (D 1 
0) o CO H in CO 

<U 03 (D 
d iH <SH OJ 
0) • H • H d 

H El U eO "d "H H 0) (0 o 00 
O •P +» u o 

P4 CO CO O bO bO 

eu
m 

CO o h 
3 
O 
bO 

1 •H 3 1 
> d 

00 •d +» (D 
d O 
o 3 E Id • a> K 

•p 
d 

o ; c i 
; d +> <n ^ 
• p • H 0) 
3 0) 1^ o 

cb 



- 11+7 -

Both the hybrids, E,montanum x roseum and the reciprocal, 
were found to be of highly reduced vigour i n our experiments. 
They are dwarf, varying between 8 cm. to 20 cm. i n height, and 
more or less unbranched. The hybrid E.montanum x roseum i s 
s l i g h t l y t a l l e r and has green, smaller but good looking, leaves. 
The leaves i n E.roseum x montanum. on the other hand, are ab­
normal. I n the early vegetative stage, the leaves are green 
and normal and look intermediate between those of the parents. 
But as soon as the hybrid i s about 6 - 7 cm. high, they show 
chlorosis, mottling and c r i n k l i n g and the lowermost ones absciss 
early. The younger leaves at the ti p s are s t i l l green, while 
the older ones turn whitish and droop down (Pig. 2 1 ) . The 
leaves measure about 3.5 - 1+.6 cm. i n length, 1.2 - 2.0 cm. i n 
breadth, and are d i s t i n c t l y p e tiolate. Those of E.montanum x 
roseum are a b i t smaller. 

Only a few flowers, 3 - 8 , are borne on each plant. Not 
a l l of them open f u l l y . Anthers of both the hybrids are abor­
t i v e and produce only 10^ good pollen. Most of the anthers of 
E.montanum x roseum contain no good pollen at a l l . 

Some good-looking flowers were pollinated with the parents. 
The maximum number of seeds set i n one of the capsules of E.ros­
eum X montanum was 10 upon backcross with E.montanum. 

1 1 . E.montanum x Lamyi and the reciprocal: 
The hybrid E.montanum x Lamvl is non-viable. A l l 



F i g . 2 1 . PI hybrid E.roseua x montanum. Note the cshlorophyll 

deficiency i n the hybrids. 
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the seedlings died early showing an extremely stunted growth, 
hardly exceeding 2.5 cm. i n height with shorter internodes and 
minute leaves. 

The hybrid E.Lamyi x montanum is viable, although highly 
disturbed i n the development. In the seedling stage, i t very 
vigorous; hut the leaves s t a r t to c u r l when the seedling i s 
about 8 cm. i n height. Some of the hybrid plants remain dwarf, 
about 1 5 - 2 0 cm. high, with th e i r leaves much crinkled. In 
others, the c r i n k l i n g i s not so severe, and the plants a t t a i n 
a height of 35 - 36 cm. and give out a few l a t e r a l branches and 
flower (Pig. 2 2 ) . Although the leaves curl and crinkle, some­
times severely, 'Chey do not suffer from chlorosis and they are 
normal green. The leaves are broad, 3,6 x 2.0 cm., evidently 
a montanum e f f e c t . 

The flower i s about 1,0 - 1,2 cm. i n diameter, the sepal 
i s 0.1+ cm. long and the petal 0 .7 - 0 .8 cm. long. 

The anthers are a l l normal and contain about 5O - 60^ good 
pollen. The hybrid i s capable of setting 5 - 8 seeds per cap­
sule by s e l f i n g . When backcrossed with either parent, the num­
ber of seeds increases up to 20 per capsule. 

12. E.montanum x obscurum and the reciprocal; 
(See also Geith, 1921+). 

The present hybrids compare with those raised by Geith 

as i n Table 2 2 . " 
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i,,J..J.,J..J..J..J..J.,J,.J.,.i..J,.J.,J,.J..J...Jj,.J.,J,.J,.J,Jj.J 

F i g , 2 2 . F1 hybrid E.Lamvl x montanim. The leaves are curly 
and mottled. 
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There are no remarkable differences between the reciprocal 
hybrids. I n gross appearance, they look alike and are i n t e r ­
mediate between t h e i r parents i n several characters. The leaves 
of the hybrid E.obscurum x montanum however, tend to be more 
apiculate, narrower, and + glabrous. The other difference, 
sometimes noticed, i s shorter petals i n E.obscurum x montanum 
on average, but t h i s i s not every conspicuous. 

I n general, both the hybrids are vigorous, profusely bran­
ched, and about 3 0 - 6 0 cm. t a l l . The stem surface is covered 
with short glandular and crisped hairs. Hairs are also present 
on veins and margins of leaves. The leaves are dark green, 5 -

8 X 2 - 3.8 cm. i n E.montanum x obscurum. and 3 - 7 x 1 - 3 cm. 
i n the reciprocal. The raised lines of- the stem of E.obscurum 
are absent or only very f a i n t l y present i n the hybrids. The 
leaf-margin i s i r r e g u l a r l y but sharply toothed. 

- The hybrids flower i n abundance. The flower buds are i n ­
termediate i n shape and t h e i r position vis-a-vis the stem; they 
are neither erect as i n E.ebscurum proper nor drooping as i n E. 
montanum. The flower i s deep rose with sepals 0 .5 - 0 .6 cm. 
long and acute and petals 0 ,7 - 0 ,9 cm. long and deeply notched. 
A few of the flowers are imperfect and t h e i r petals hardly ex­
ceed the sepals. 

The anthers are normal and highly f e r t i l e , producing about 
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70 - 80^ good pollen. The longer stamens always exceed the 
obscurely U-lohed stigma. The anthers of the lower stamens, 
however, appear to he less f e r t i l e . They often produce only 
50 - 60^ good pollen. 

The hyhrids are also highly seed f e r t i l e . On average, each 
capsule contains 20 - 3O good seeds hy se l f i n g . F&llowing hack-
crosses with "both the parents, the seed set approaches as high 
as 30 - UO%f sometimes even more. 

Both E.montanum and E.ohscurum are very variable i n height; 
so are t h e i r hybrids. Numerous seedlings of "both the hylsrids, 
E.montanum x ohscurum and the reciprocal, were transplanted very 
close to one another i n t o two separate "boxes. Thus the hyhrids 
were rather accidently put to intense competition. I t was found 
that they did not grow more than 10 - 12 em. high, nor did they 
branch, and the number of flowers per plant was reduced to 2 -

5. Nevertheless, no.rcsilnifleant reduction i n f e r t i l i t y was ob­
served. 

Natural hybrids between E.montanum and E.obscurum have been 
reported to be f a i r l y common i n Europe and i n Great B r i t a i n , 
Judging from the vigour and f e r t i l i t y of the a r t i f i c i a l hybrids 
synthesized i n our experiments, i t i s not surprising that the 
frequency of t h e i r occurrence i n nature i s so high (see Table 3)» 

13. E.montanum x a l s i n i f o l i u m and the reciprocal: 
Here again, there are no remarkable reciprocal d i f -
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ferenees between the hybrids. The two hybrids are very vigorous 
i n vegetative growth and are profusely iaranched. They are about 
50 - 65 cm. t a l l , but the hybrid E.alsinifolium x montanum. on 
the whole, appears to be comparatively smaller, about 5 0 - 5 5 

cm. high. 
. The leaves are broad, oval, 8 - 9.5 x i+.2 - i+.6 cm., d i s ­

t i n c t l y p e t i o l a t e dark green, and almost glabrous. Short blunt 
hairs of E.montanum are, however, present on the petiole and at 
the base of the l e a f . The leaf-apex i s either blunt or acute. 
A few lowermost leaves are not toothed; the upper ones are 
closely toothed. 

The flowering vigour i s normal. The flower i s 1.0 - 1,2 
i n diameter with sepals 0 .5 - 0 .6 cm. long and petals 1.2 - 1.1+ 

cm. long. 
The anthers are normal and f e r t i l e . They produce about 55 

- 60^ good pollen. Counts of good and bad grains per tetrad i n 
E.montanum x a l s i n i f o l i u m have revealed that tetrads with 3 

good pollen grains are largest i n number (Table 2 3 ) . 

TABLE 23 
A count of Tetrads i n the Hybrid E.montanum x al s i n i f o l i u m . 

Good grains Bad grains No. of tetrads 

1+ 0 81 
0 h 90 
3 1 123 
2 2 1+5 
1 3 15 
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The hybrids are s e l f - s t e r i l e . No seed was found i n 10 of 
the capsules that were examined. When backcrossed to the par­
ents, 10 - 20 seeds per capsule are set. 

The stock of E.alsinifolium. R I 6 2 I , used i n the present 
work, was raised from seeds of.the plants grown i n the summer 
of 1962 i n the Science Laboratories garden, Durham. Among the 
plants grown i n 1963, an odd ind i v i d u a l , conspicuous by i t s t a l ­
l e r height, erect stature, and d i f f e r e n t leaves, was marked out. 
This plant has been i d e n t i f i e d now as B.alsinifolium x montanum. 
Baekcrosses were made with both E.montanum and E.alsinifolium 
i n 1963 and the backcross progeny grown i n 1961+ summer. Pull 
information on the behaviour of the backcross hybrids i s given 
elsewhere. 

11+. E.lanceolatum x Lamyi; 
(The reciprocal was not raised). 

This hybrid shows a numlser of peculiar features i n i t s 
growth and development. The plant i s nearly 1+0 - I|.5 cm. t a l l , 
w e ll branched, but very slender with longer internodes and wiry. 
The l a t e r a l branches, which are about 12 - 15 per plant, are 
t h i n and t h e i r growing t i p s curve i n a t e n d r i l l a r fashion (Pig. 
2 3 ) . The older leaves which bear the main l a t e r a l branches i n 
t h e i r a x i l s are larger, 7 - 8 x 1.5 - 2.1+ cm., but they soon 
mottle and f a l l o f f . The younger ones on the main stem and 



F i g . 23. F1 hybrid E.lanoeolatum x Lamyi. Mdta the 
wiry branches and the abortive flowers. 
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those on the l a t e r a l "brancdies are very small, narrow, 1,2 - 3.6 
X 0,25 - 0,5 can., and green, nyhen the larger leaves have drop­
ped o f f , the mature plant i s seen having only these l i t t l e 
leaves. A l l leaves are acutely apiculate and taper down into 
d i s t i n c t petioles. 

The flowering vigour of the hyhrid i s also reduced. Usual­
l y 2-3, very r a r e l y 5, flowers are borne on each t i p of the 
several hranches. Hearly more than h a l f of the flower-huds 
never open f u l l y ; they are minute and abortive. Normal flowers 
are pale rose, 0.7 - 0 .8 cm. i n diameter and with the sepals and 
the petals measuring 0.5 cm. and 0,8 - 0 ,9 cm, long respectively. 

The longer stamens invariably exceed the obscurely U-lobed 
stigma. A l l 8 anthers of even well-developed flowers are not 
f u l l y formed; usually one or two of them, most often of the low­
er row, are abortive. The number of abortive anthers varies 
from flower to flower. 

The highest percentage of good pollen formed i n an anther 
was observed to about 75^; otherwise, the average output of 
good pollen was 50 - 55%' Tetrads with 2 good grains, those 
with 3 good grains, and those w i l l a l l bad grains were found to 
be more or less equally frequent; although the tetrads with 2 
good and 2 bad pollen grains were most often the largest i n 
number. 



- 158 -

The hybrid i s capable of setting some good seeds by s e l f -
ing. Although a large number of capsules were empty, a few of 
. them were found to contain some good seed, sometimes as many as 
30 seeds per capsule. Backe-rosses were not attempted. 
G. Synstigma x Svnstigma Hybrids. 

1. E.roseum x Lamyi and the reciprocal: 
The hybrids between E.roseum and E,Lamyi in either 

d i r e c t i o n are very successful. They are nonnally of good vigour 
and also highly f e r t i l e , A comparison between the reciprocal 
hybrids i n the i r main characteristic features i s given i n Table 

Thus i t appears that the hybrids d i f f e r reciprocally both 
i n quantitative as well as qualitative characters. But i n fac t , 
the differences are not very sharp and sometimes they are hardly 
realised without s t r i c t measurements and careful observation. 
Anyway, the f e r t i l i t y i n both the hybrids i s very high and does 
not seem to be affected by the direction of the cross. 

2i E.roseum x brevipes: 
(The reciprocal has not been raised). 

This hybrid i s very important, because one of the 
species involved, E.brevipes. is a native of New Zealand. 

The F l hybrid i s of normal vigour after i t has survived the 
early stages of i t s growth. There i s a high rate of mortality of 
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the seedlings; nearly h a l f of the seedlings die early. The 
hybrid i s 18 - 2k cm. t a l l , bushy i n habit and the branches are 
mainly given out at base (Pig. 2 i tb) . Adventitious roots come 
out at the nodes i n the lower region of the semi-prostrate stem. 
The grown i n the open i s smaller and + prostrate. The stem i s 
pink and glabrous. Some of the leaves also redden with the grow­
ing age. 

The leaves are a l l very uniform, 2 .6 - 3.1+ x 1.2 - 1.5 cm,, 
broader than those of E.brevipes but less so as i n E.roseum. 
d i s t i n c t l y p e t i o l a t e , petiole about 0.8 - 1,0 cm. long. 

Small flowers are borne singly i n the leafy a x i l s , with 
sepals and petals much reduced and also with abortive anthers. 
So the hybrid i d pollen s t e r i l e . However, a few seeds, 3 - 5 
per capsule, are set following backcrosses with either parent. 
The capsules are hairy. 

3. E.adnatum x Lamyi and the reciprocal; 
There are p r a c t i c a l l y no differences between the 

reciprocal hybrids, except that the hybrid E.adnatum x Lamyi i s 
s l i g h t l y shorter i n height than the reciprocal. 

Both the hybrids are quite normal i n vigour and are pro­
fusely branched. The hybrid E.adnatum x Lamvi i s about Z4O - 55 
cm. t a l l , erect, and the branches are chiefly at the base. The 
hybrid E,Lamyi x adnatum. on the other hand, is nearly 5 0 -70 
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F i g . 24.. Hybrids involving E,brevipes, 2/»a, E.brevipes ; 
2Uh, F l E.roseum x brevipes j 2Ac. F l E.Laayl x brevlp«s. 
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em. high and the l a t e r a l branches are more given or less out 
throughout the whole length of the plant. The stem i s covered 
wi t h whitish crisped hairs and has I4. d i s t i n c t raised lines. 

The leaves i n hoth the hybrids are narrow lanceolate, 3 - 7 

X O.k - 1.2 cm. with a blunt apex and narrowed down into a 
short stalk. The l e a f margin i s sharply toothed. 

The hybrids flower i n abundance. A l l flowers are perfect " 
and normal, about 0 . 9 - 1.1 cm. i n diameter, and with the sepals 
and the petals measuring 0 . 6 cm. long and 0.8 - 0 .9 cm. long 
respectively. 

I n most of the characters, they appear intermediate between 
the parents. 

Both pollen f e r t i l i t y and seed f e r t i l i t y are very high. 
About 80 - 90^ good pollen i s produced by both the hybrids. The 
capsules of E. adnatum x. Lamyi contain 55 - 60^ good seed by self-
ing and those of the reciprocal contain about 60 - 65^ good 
seed. 

3a. E.Lamvi x tetragonum; 
This hybrid resembles the above two i n several charact­

ers. The leaves are narrow lanceolate, 3 - 8 x 0 .3 - 1.0 cm., 
and d i s t i n c t l y p e t i o l a t e . The leaf-margin i s more d i s t a n t l y 
and i r r e g u l a r l y toothed than i n either E.adnatum x Lamyi or i t s 
reciprocal. 
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The habit of the hybrid, however, d i f f e r s somewhat i n the 
sense that i t i s not e n t i r e l y erect as are the hybrids between 
E.adnatum and E.Lamyi, rather s l i g h t l y decumbent at the basal 
region. This character seems to have been inherited from the 
pollen parent..E.tetragonum. 

The flower i s rather large, 1.0 - 1.1 cm. i n diameter, with 
petals measuring 1.0 - 1.2 cm. long. The anthers contain 80 -
30% good pollen and the seed set by s e l f i n g i s also very high, 
nearly 60^. 

U. E.Lamyi x obscurum and the reciprocal; 
The hybrids between E.Lamvi and E.obscurum were found 

to be non-viable. The seedlings, which were quite healthy when 
they germinated ( c f . a very high percentage of germination), 
were very slow i n growth a f t e r t h e i r transplantation into pots. 
They remained al i v e for a long period, for about two months, 
but did not exceed a height of 1.2 cm. and bore 6 - 7 pairs of 
t i n y scaly leaves, 

5, E.Lamyi x palustre and the reciprocal: 
Both the PI hybrids are very vigorous i n growth, and 

about 30 - 38 cm, t a l l . There are no remarkable reciprocal 
differences between them. However, the hybrid E.palustre x 
Lamyi seems to be s l i g h t l y more vigorous and more profusely 
branched than the reciprocal. When the seedlings of E.Lamyi x 
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palustre were transplanted very close to one another, they 
showed some.mottling of leaves and weakening of t h e i r vigour 
i n general. When they are transplanted at a good distance apart, 
they grow normally i n good vigour. 

The stem i s covered with curved hairs a l l over. The leaves 
i n both the hybrids are + s i m i l a r , 5 - 5.5 x 1.2 - 1.6 cm., very 
uniform i n size, broadest near base, sessile, and obscurely or 
not toothed. 

The flowering vigour i s s l i g h t l y reduced i n those plants 
of E.Lamyi x- palustre which have mottled leaves, otherwise i t 
i s normal. The f l o r a l diameter i s 0 .8 - 1.0 cm., and the sepals 
and the petals measure 0,k cm. and 0 .6 - 0 .9 cm. long respect­
i v e l y . The anthers are normal and contain about 70 - 75% good 
pollen. But the hybrids are p r a c t i c a l l y s e l f - s t e r i l e . Most of 
the capsule remain empty, although I have observed that the 
stamens are usually i n contact with the stigma. Only very rare­
l y , a few capsules contain 2+ - 6 seeds each and i t i s highly 
doubtful whether t h i s seed set is due to selfing or due to chance 
cross-pollination. Following backcrosses with the parents, the 
seed set i s about 20 -.25:^. 

6. E.Lamvi x a l s i n i f o l i u m ; 
(The reciprocal was not raised). 

The development of t h i s hybrid is somewhat disturbed. 
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The disturbance i s not so v i s i b l e i n the individuals growing i n 
the greenhouse, but those growing i n the open are dwarf and 
obviously less vigorous. The lower leaves show mottling and 
c u r l and dry o f f before the flowering season approaches. The 
height i n general i s 27 - 35 cm., and the main stem i s semi-
procumbent, a habit again inherited from the pollen parent, 
E.alsinifolium. 

The leaves are broad, 6 - 6 . 2 x 2 - 2 , 5 cm,, shortly pet­
i o l a t e , and with no v i s i b l e denticulation. They are subglab-
rous; only a few hairs are present along th e i r veins. 

The number of flowers per plant i s leas than i n either 
parent. The flower-size i s variable, and a few of the flowers 
are abortive. Good-looking flowers are 0 .6 - 0,8 can. i n dia­
meter; t h e i r sepals measure 0-,5 - 0 ,6 cm. i n length and the 
petals are 0 ,8 -1 .0 cm. long. 

The anthers are normal and contain 60 - 65^ good pollen. 
Seeds ranging from 2 to 6 per capsule are fbrmed by selfing. 
Following baekcrosses with both parents, each capsule contains 
15 - 20 seeds, 

7, E,Lamyi x brevipes: 
(The reciprocal was not raised). 

This i s the second hybrid i n which the New Zealand 
species E.brevipes i s involved with another of the European 
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members. The hybrid i s remarkably intermediate between the two 
parents. The growth i s somewhat disturbed, but, nevertheless, 
the hybrid grows into a profusely branched bushy plant. The 
stem i s semi-prostrate (prostrate i n the open), rooting at nodes 
i n the basal region. The height i s 2k - 25 cm. (Fig. 2i|.c). 

The leaves are very uniform, intermediate between those of 
E.Lamyi and E.brevipes. 2.8 - 3.8 x 0 .75 - 1.0 cm.,, with blunt 
apex and the base tapering down into d i s t i n c t petiole. 

The flowers are borne singly i n the leafy a x i l s . The num­
ber of flowers per plant i s very low. The f l o r a l diameter i s 
0 , 7 - 0,9 cm., the sepals 0 .5 - 0,6 cm. long and the petals 0 .65 

- 0.8 cm. long. A l l the 8. anthers are not equally normal; one 
or two, sometimes a l l k of the lower row, are- abortive. Pollen 
i s nearly 50% good; a few micro-pollen grains (Fig. 13d) are 
seen i n the tetrads, suggesting some disturbance i n the meiotic 
d i v i s i o n . The capsules are hairy and contain no good seed. 
Backcrosses with E.Lamyi were attempted and 5 - 6 seeds per 
capsule were found to have been formed. 
STUDIES OF SOME BACKCROSS•HYBRIDS 

1. The backcross hybrids involving E.montanum and E.obscurumt 
A dried specimen of a naturally occurring hybrid be­

tween E.montanum and E.obscurum was very kindly sent to me by 
Mr. P. M. Benoit, under his reference No. 23/756198. collected 



- 167 -

from Dolgellan, Merioneth, v.e. kS* i n I 962 . The plant had 
many rip e capsules w i t h good seeds. This offered me an opport­
uni t y f o r further studies of the hybrid derivatives under c u l t ­
i v a t i o n . The specimen i n question i s now deposited i n the 
herbarium of the University of Durham. Prom a comparison made, 
t h i s has been found to resemble the a r t i f i c i a l PI hybrid i n 
most of the d e t a i l s . 

i |0 seeds taken from of of i t s capsules were sown and 16 

seedlings ( i . e . , Lfi% germination) were obtained. These seg­
regated into a variety of forms: 

16 seedlings 
^ 3̂  

About one-third of the 11 plants, i . e . , two-
seedlings i n h i b i t e d . thirds of the seedlings 
3 l e t h a l ; 2 semilethal. vigorous. 

^ 
2 plants with 2 plants with 3 plants with k plants with 
entire stigma, swollen stigma, obscurely l+-fid d i s t i n c t l y but 
tending to be but variable stigma, + l i k e shallowly k-
l i k e E.obscurum. i n leaves. the parent, f i d stigma, 

somewhat l i k e 
E,montanum, 

Morphology of the segregants; 
I t i s quite obvious from the above description that the 

segregants are extremely variable. Disturbances i n the growth, 
which we frequently observed .in.the PI hybrids, are s t i l l pre­
sent i n the hybrid derivatives. The inhibited segregants were 
abnoijnal i n morphology (Pig. 25). Stunted i n growth, hardly 
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F i g . 25. Hybrid derivatives (probably F2) of a natural hybrid 
between E.montan^al and E.obscurum. Note the abnormalities 
i n growth. See text. 
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raised 0 ,7 cm. above the ground, the three l e t h a l seedlings had 
5 - 6 pairs of leaves spread over i n a mosaic fashion. The 
other two were li|. cm. and 2k cm. t a l l respectively, but were 
pl i y s i c a l l y very weak. They too had most of t h e i r leaves, which 
were large and spathulate, confined to t h e i r basal part and the 
upper leaves were minute and irregular. One of them had 3 ab­
or t i v e flowers. The other did not flower. 

The remaining 11 segregants were normal and vigorous but 
d i f f e r e d be twee a- themselves i n several characters, mainly i n 
the lobing of the stigma, i n the petal size and i n the length 
and breadth of t h e i r leaves. Some of them resembled E.obscurum 
to certain extend, some had appearance of E.montanum while s t i l l 

• others looked intermediate between the two. To have a f u l l range 
of v a r i a t i o n as exhibited by these eleven hybrid derivatives, 
they were compared with the parental species and the results 
i l l u s t r a t e d by a scatter diagram (Pig. 26 ) . I n the absence of 
specimens of the parent species from the l o c a l i t y of the o r i g i ­
nal hybrid, E.montanum SL621 and E.obscurum Pn763 were used for 
the comparison. In f a c t , these two are also involved i n the 
backcrosses that have subsequently been made. 

The comparison i s based on the characters which are con­
sidered best to d i f f e r e n t i a t e the two species concerned. These 
are; ( l ) length and breadth of le a f , ( i i ) presence or absence of 
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p e t i o l e , ( i i i ) petal length/ ( i v ) notching of the petal, (v) 
lobing of the stigma, and ( v i ) presence or absence of raised 
l i n e s on the stem. I n setting up the basic scatter diagram, 
the petal length ( i n mm.) has been plotted along the abscissa 
and the length/breadth r a t i o of the l e a f along the ordinate. 
The hollow c i r c l e s represent E,montanum, the s o l i d ones E.obs­
curum, and the numbered ones ( l - 11) the segregants. Protru­
sions of d i f f e r e n t lengths in d i f f e r e n t positions on the circ l e s 
indiate other characters i n d i f f e r e n t proportions. 

As expected, E.montanum f a l l s i n the lower r i g h t corner of 
the scatter diagram and E.obscurum i n the upper l e f t . The seg­
regants are spread over i n between at various position i n re­
l a t i o n to the parental species. I t w i l l be noticed from the 
diagram that the stigmatic lobing and a lower length/breadth 
r a t i o of the l e a f do not go hand i n hand; the two characters 
segregate independently. But unless the two characters, ij.-lobed 
stigma and a lower r a t i o , or inversely the entice stigma and a 
higher r a t i o , appear together, the plant i s not restored to 
normality and has reduced f e r t i l i t y . The segregant No. 1 i s 
well w i t h i n E. obscurum zone but has a more or less U-lobed 
stigma. This plant i s highly reduced i n f e r t i l i t y . Likewise 
less f e r t i l e is the segregant No, 3 which has a swollen, stigma 
(+ capitate) but somewhat broader leaves. More f e r t i l e i n d i v i -
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duals u s u a l l y resemble E.oljscurum (Fig. 2 6 ) . 

Thus i t appears t h a t most of the h y b r i d d e r i v a t i v e s con­
t i n u e t o he h i g h l y disturbed i n vegetative growth or i n f e r t i ­
l i t y or i n both. Only a few o f them, which happen to possess 
'a r i g h t or compatible combination' o f characters, are normal 
and f e r t i l e . 
Backerosses: 

The segregants No. k and No, 11 ( h e r e i n a f t e r r e f e r r e d to 
as Sk and S l l ) were backcrossed to the parent species. The 
stock o f E.montanum was SL 6 2 I and t h a t o f E.obscurum being 
Pn763 as mentioned e a r l i e r . The s e l e c t i o n of Si+ and S l l was 
made because they were intermediate between the two parents, 
very much l i k e the o r i g i n a l h y b r i d ( o r P i ) , and also because 
they were f e r t i l e w i t h no abnormality. Sl| and S l l d i f f e r e d be­
tween themselves i n some vegetative characters; Sh tended to be 
more l i k e E.obacurum i n i t s l e a f and i n having r a i s e d l i n e s on 
the stem, while S l l had p e t i o l a t e and somewhat braoder leaves 
as i n E.montanum, 

I t was expected t h a t Sk x E,obscurum would produce progeny 
a l l l i k e E.obscurum and S l l x E,montanum l i k e E.montanum i n 
ve g e t a t i v e as w e l l as reproductive characters. On the other 
hand, S2+ x E,montanum and S l l x E,obscurum should y i e l d some 
abnormal progeny. 
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When the hackcross progeny from the four crosses were 
obtained and analyzed again on a sc a t t e r diagram ( P i g . 2^), 
some i n t e r e s t i n g p o i n t s were noted: 

( i ) The backcross progeny r e s u l t i n g from Si| x E.abs-
curum and S l l x E.obscurum f a l l i n the upper l e f t corner i n 
heavy concentration. The progeny o f SU x E.obscurum tend to be 
more narrow-leaved, 

( i i ) The progeny of S l l x E.montanum are not h e a v i l y 
concentrated at any one p o i n t on the graph, r a t h e r they are 
sca t t e r e d . They are very v a r i a b l e i n l e a f and p e t a l s i z e . How­
ever, t h e i r stigma i s more or less U-lobed without any i r r e g u ­
l a r i t y . 

( i i i ) The progeny o f Si+ x E.montanum are not so v a r i a b l e 
as those o f S l l x E.montanum. but these s t i l l possess r a i s e d 
l i n e s , although f a i n t l y , on t h e i r stem. 

Very few i n d i v i d u a l s o f both SU x E.montanum and S l l x E. 
montanum could be analyzed p r o p e r l y as i s evident from the d i a ­
gram. The reason was t h a t most o f them were abnormal i n mor­
phology. Many o f the seedlings o f S l l x E.montanum were l e t h a l 
or dwarf ( P i g . 28) i n h a b i t , many had i r r e g u l a r leaves and many 
others had ab o r t i v e flowers. Likewise, more than h a l f o f the 
backcross progeny of Sij..x montanum were h i g h l y i n h i b i t e d i n 
growth. I t was not possible to measure or score t h e i r abnormal 
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Fig, 28. Backcross hybrids : a hybrid derivative of E.montanum x 
obacurum (natural hybrid) backcrossed to E.montanum. 
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characters. 
The contrast between the r e s u l t s o f backcrossingflith the 

two species i s thus remarkable. The progeny r e s u l t i n g from the 
backerosses w i t h E.obscurum re-acquire t h e i r o r i g i n a l features 
immediately. The v e g e t a t i v e d i f f e r e n c e s between Bk and S l l seem 
t o be i n s i g n i f i c a n t . On the other hand, the r e s t o r a t i o n o f Si+ 
or S l l i n t o E.montanum appears t o be a long s t o r y and needs r e ­
peated backcrossing f o r several generations. Here the d i f f e r ­
ences between Sk and S l l also count. SU, which has more o f 
obscurum characters, gives r i s e to more l e t h a l and abnormal pro­
geny than does S l l when backcrossed to E.montanum. 

2. The backcross hybrids i n v o l v i n g E.montanum and E . a l s i n i -

f o l i u m : 

As mentioned e a r l i e r (pagel55), the stock of E . a l s i n i f o l i u m . 
RI62I, contained a h y b r i d p l a n t , E . a l s i n i f o l i u m x montanum. This 
was backcrossed t o the parents. 

The backcross hybrids r e s u l t i n g from both the crosses have 

been compared together i n Table 25. 
The backeross l i y b r i d a tend to resemble t h e i r p o l l e n parents 

i n most o f the v e g e t a t i v e characters. But the f l o r a l characters 
and f e r t i l i t y do not appear to have been a f f e c t e d . The f a c t 
t h a t they s t i l l remain .highly s e e d - s t e r i l e i n d i c a t e s t h a t the 
backcross hybrids are o f t e n not b e t t e r and more u s e f u l than the 
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PI h y b r i d s . 
DISCUSSIQW OF THE RESULTS 

The success o f a h y b r i d i n breaking down b a r r i e r s between 
species depends on two main f a c t o r s : 

( i ) The h y b r i d must be able t o compete and to survive; and 
( i i ) i f i t survives, i t must be capable o f reproduction. 

S u r v i v a l o f the hybrid s ; 
A l l the hybrids described i n the foregoing pages do not 

appear t o possess an equal amount o f f i t n e s s f o r s u r v i v a l . Many 
are at a great disadvantage; t h e i r growth i s i r r e g u l a r and 
h i g h l y d i s t u r b e d and they l a c k i n vigour. The less the vigour, 
the more precarious are the chances o f t h e i r s u r v i v a l . Some o f 
the h y b r i d s die very e a r l y at the seedling stage, some of them 
remain dwarf and are abnormal i n morphology and many others grow 
v e g e t a t i v e l y very weak. 

( i ) Of the hybrids r a i s e d f o r the present i n v e s t i g a t i o n , 
the f o l l o w i n g are l e t h a l and are e n t i r e l y eliminated sooner or 
l a t e r ' a t an e a r l y stage: 

E.angustifolium x f l e i s c h e r i 
E , f l e i s c h e r i x hirsutum 
E.montanum x Lamyi 
E.Lamyi x obscurum and the r e c i p r o c a l . 

( i i ) The f o l l o w i n g hybrids survive p r e c a r i o u s l y . A 
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great m a j o r i t y o f them die at the seedling stage or grow very 
stunted. Only a few i n d i v i d u a l s manage to grow to normal height 
but are p h y s i c a l l y very weak. 

E . f l e i s c h e r i x a n g u s t i f o l i u m 
E.hirsutum x montanum and the r e c i p r o c a l ( c f , 

Michaelis's E,hirsutum x montanum - Jena 
- non-viable, 195^*). 

E,hirsutum x p a l u s t r e 
E.montanum x roseum 

( i i i ) The f o l l o w i n g hybrids are h i g h l y disturbed i n 
t h e i r growth. There i s no high r a t e of seedling m o r t a l i t y ( a l ­
though q u i t e a few o f the seedlings do die very e a r l y ) , but the 
development i s abnormal. They u s u a l l y remain dwarf w i t h c u r l y 
and m o t t l e d leaves, or grow unusually longer and slenderer w i t h 
i r r e g u l a r leaves, 

E,hirsutum x luteum E,parviflorum x tetragonum 
E.lanceolatum x luteum E,roseum x montanum 
E,lanceolatum x montanum E,Lamyi x montanum 

E,lanceolatum x Lamyi 
( i v ) The f o l l o w i n g hybrids are only s l i g h t l y disturbed. 

The disturbances are manifest very l a t e and have l i t t l e e f f e c t 
on v e g e t a t i v e growth, but nevertheless, the f l o w e r i n g vigour o f 
the hybrids i s g r e a t l y reduced. 
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E,parviflorum x roseum 
E.parviflorum x Lamyi 
E,roseum x brevipes 

The remaining hybrids are normal i n t h e i r growth and dev­
elopment. Some o f them r a t h e r show heter o s i s . However, i t 
must be noted t h a t a l l the hybrids t h a t have been rai s e d were 
grown under c u l t i v a t i o n , perhaps under much p r o t e c t i o n . VShat 
matters r e a l l y i s how they f a r e i n nature i n intense competi­
t i o n . The f a c t t h a t many o f the hybrids are r e l a t i v e l y smaller 
when grown i n the open suggests t h a t some of them are l i k e l y to 
f a r e worse i n nature. This i s supported by our observations on 
the growth of the hybrids E.montanum x obscurum and the r e c i p ­
r o c a l . When they were transplanted very close to one another, 
t h e i r h e i g h t , number o f branches and flowering vigour were much 
reduced. I n other words, i f the competition i s harder, the 
h y b r i d i s put at a great disadvantage. Differences i n growth 
and vigour o f hybrids under d i f f e r e n t circumstances have also 
been noted by other workers (Compton, 1913a; Skerman, 1921). 

The hybrids of Euilobium. l i k e t h e i r parents, enter i n t o 
dormanty during the autumn by means of various organs of peren-
n a t i o n and send out new shoots e a r l y i n the next spring. I t has 
been found t h a t t h e new shoots are sometimes b e t t e r and more 
vigorous than the o r i g i n a l h y b r i d stocks (Compton, 1913a). To 
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f i n d out the extent o f recovery o f the i n h i b i t e d hybrids, t h e i r 
stocks were c a r e f u l l y looked at i n the greenhouse during the 
autumn o f 196U, Some shoots from E.hirsutum x montanum (but 
on l y o f the cross 672 x 616, and not o f KE5862 x SL621) stock 
have c e r t a i n l y come out b e t t e r i n the summer o f 1965 and a 
s l i g h t improvement has also been noted i n the shoots coming out 
of the stocks o f the dwarf hybrids o f E.hirsutum x luteum. But 
others have not recovered. Some of them, e.g. E.TDarviflorum x 
tetragonum. have r a t h e r d e t e r i o r a t e d and the stocks o f E.montan­
um X roseum and the r e c i p r o c a l and E.Lamvi x montanum have f a i l ­
ed t o survive. 

I t i s q u i t e evident, t h e r e f o r e , t h a t the inherent d i s ­
a b i l i t y of t h e hybrids i s not normally got r i d of and the h i g h l y 
i n h i b i t e d hybrids continue t o remain so. Perhaps recovery t o 
the normal c o n d i t i o n i s achieved only when the disturbance i s 
marginal. But t h i s process seems to be too slow t o be o f much 
s i g n i f i c a n c e . 
F e r t i l i t y ; 

The hybrids which are not f e r t i l e w i l l not be able t o give 
r i s e to any progeny and w i l l thus be the only generation t o 
e x i s t . Our observations i n d i c a t e t h a t the Epilobium hybrids 
are g r e a t l y reduced i n f e r t i l i t y . Only a few of them are f e r t i l e 
t o an extent which may r e s u l t i n t o the production of a number o f 
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progeny. The f e r t i l i t y and the p r o d u c t i v i t y o f t h e hybrids, 
t h e r e f o r e , must be considered i n r e l a t i o n to each other. Ob­
v i o u s l y , the l e t h a l hybrids are automatically eliminated from 
the .race of reproduction. Other causes could be the f a i l u r e o f 
the hybrids to f l o w e r , the abortion o f t h e i r reproductive organs 
(anthers and stigma) and t h e i r f a i l u r e t o set seed. 

( i ) Of the hybrids' under, consideration, the f o l l o w i n g 
h y b r i d s , which are h i g h l y d i s t u r b e d i n t h e i r vegetative growth, 
are unable to f l o w e r : 

E . f l e i s c h e r i x a n g u s t i f o l i u m 
E.hirsutum x montanum 
E.lanceolatum x montanum 

( i i ) The f o l l o w i n g hybrids flower, but the number o f 
flowers i s very much reduced. Most o f the flowers are imperfect 
or aborted, 

E.lanceolatum x luteum E,parviflorum x Lamyi 
E,montanum x hirsutum E.montanum x roseum and the 

r e c i p r o c a l 
E.hirsutum x p a l u s t r e E.Lamyi x montanum 
E.parviflorum x roseum E.roseum x brevipes 
E.parviflorum x tetragonum 
I n f a c t , almost a l l the hybrids, which are disturbed and 

abnormal i n t h e i r growth, produce less flowers on the whole; and 
the r e d u c t i o n i n the number o f flowers i s d i r e c t l y p r o p o r t i o n a l 
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to the reduction i n t h e i r p r o d u c t i v i t y . 
( i i i ) Flowers are produced i n the f o l l o w i n g h y b rids, 

but they are t o t a l l y p o l l e n s t e r i l e ; t h e i r anthers are abortive: 

E.hirsutum x luteum 
E.hirsutum x p a l u s t r e 
E.parviflorum x roseum 
E.montanum x roseum 
E.roseum x brevipes 

( i v ) Most o f the anthers are degenerate i n the f o l l o w i n g 
h y b r i d s ; only one or two anthers contain some good p o l l e n and 
the t o t a l output o f such good p o l l e n i s very low, about 10 - 20^t 

E.luteum X hirsutum E.parviflorum x tetragonum 
E.montanum x hirsutum £.roseum x montanum 

( v ) Of the remaining h y b r i d s , l 6 produce below 50^ good 
p o l l e n , 8 below 75j2» and only 13 o f them (mostly Synstigma x 
Synstigma h y b r i d s ) produce good p o l l e n above 75% (see Table 2 6 ) . 

Where p o l l e n f e r t i l i t y i s below 50%, a few of the anthers, esp­
e c i a l l y o f the lower row, appear to be degenerate. 

Looking i n t o the seed f e r t i l i t y , we f i n d that the hybrids 
are h i g h l y reduced i n seed f e r t i l i t y as w e l l . 

( i ) Only the f o l l o w i n g 5 hybrids are able to produce a 
hig h amouny (above 10%) of good seed per capsule by s e l f i n g : 

E.roseum x Lamyi E.Lamyi x adnatum 
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E.Lamyi x roseum E.Lamyi x tetragonum 
E.adnatum x Lamyi 

These are a l l Synstigma x Synstigma hybrids. 
( i i ) The f o l l o w i n g hybrids produce about 20 - 30 seeds 

per capsule by s e l f i n g : 
E.lanceolatum x p a r v i f l o r u m E.montanum x obscurum 
E.lanceolatum x Lamyi E.obscurum x montanum 
( i i i ) The capsules o f the f o l l o w i n g hybrids contain 10 

- 15 seeds each; a l l the capsules are not equally f e r t i l e , some 
might contain nothing: 

E.lanceolatum x luteum 
E.parviflorum x obscurum 

E.obscurum x p a r v i f l o r u m 
Of the remaining h y b r i d s , only 9 o f them produce 3 - 8 

( v e r y r a r e l y 10) seeds per capsule and the r e s t ( i n c l u d i n g the 
5 p o l l e n s t e r i l e ones) are not able to set seed i n t h e i r capsules 
by s e l f i n g . 

Nearly a l l o f them were backcrosaed to t h e i r respective 
parents and the percentage o f seed set was increased and also 
there was some seed set i n those which were o r d i n a r i l y s e l f -
s t e r i l e . I t i s possible t h a t some of the hybrids, e s p e c i a l l y 
those w i t h large f l o w e r s , e.g., the hybrids i n v o l v i n g E.luteum 
and E.hirsutum between themselves or w i t h some other species, 
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which are able t o a t t r a c t i n s e c t s , w i l l set a f a i r amount o f 
seed upon c r o s s - p o l l i n a t i o n and w i l l thus be able t o produce 
h y b r i d progeny. But the occurrence o f c r o s s - p o l l i n a t i o n w i l l 
c e r t a i n l y be o f l i m i t e d extent and perhaps i s not l i k e l y to 
occur i n most o f the hybrids. Thus the low production o f seed 
by the hybrids sets a l i m i t on t h e i r p r o d u c t i v i t y . 



CHAPTER V 
C Y T O L O G Y 

General 

LBve and LBve ( I 9 6 I , pp. 256 - 7) have r e c e n t l y summarised 
the chromosome counts i n Epilobium and a l l the European species 
have the same number, 2n = 36, The most recent paper o f 
Raven and Moore {iSGk) on the chromosome numbers o f the B r i t i s h 
E p i l o b i a appeared at a time when I had almost completed my 
own counts. The number, 2n = 36, i s confirmed i n a l l the 
cases. 

The genus, as a whole, does not seem to be a s u i t a b l e 
p l a n t m a t e r i a l f o r chromosome preparations. D i f f i c u l t i e s i n 
f i x a t i o n and s t a i n i n g have o f t e n been reported ( M i c h a e l i s , 
195hf p. 293; D»M. Moore, o r a l communication). 
M a t e r i a l and Methods 

Both m i t o t i c and meiotic chromosome counts o f the plants 
l i s t e d on the pages 18 - 22 have been made. The m i t o s i s has 
been studied i n the meristematic r o o t - t i p c e l l s and the meiosis 
i n the p o l l e n mother c e l l s . No m i t o s i s was looked i n t o E. 
f l e i s e h e r i , E.parviflorum 675, E.lanceolatum. E.obscurum and 
fi.nerterioides. S i m i l a r l y time d i d not permit t o examine 
meiosis i n E.hirsutum NCI, E.montanum PL63 and 6l7, E.roseum. 
E.adnatum and E,brevipes. 

Several methods o f f i x a t i o n and s t a i n i n g o f the r o o t - t i p s 

and the anthers, i n c l u d i n g those described by Lewis, Raven, 
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Veakateah and Y/edberg (1958) and Kurabayashi, Lewis and 
Raven (1962), were t r i e d . None seemed to work s a t i s f a c t o r i l y . 
The f o l l o w i n g gave s l i g h t l y b e t t e r r e s u l t s . 

The r o o t - t i p s were pr e t r e a t e d i n para-dichlorobenzene 
f o r 3 - k hours and f i x e d overnight i n 1:3 acetic alcohol. 
They were hydrolyzed i n N HCl f o r 30 minutes at 60°C, washed 
i n d i s t i l l e d water, stained i n leuco-basic fuchsin, and 
squashed i n a drop o f aceto-carmine. The combination o f 
feulgen and carmine improved the s t a i n i n g . 

The flower buds were f i x e d i n 1:3 a c e t i c alcohol, h y d r o l ­
yzed i n N HCl f o r 2 5 - 3 0 minutes a t 60°C, stained i n feulgen, 
and squashed i n a drop of aceto-carmine. 

Chromosome Number 
I n a l l the counts, the chromosome number 2n = 36 was 

confirmed. The m i t o t i c chromosomes are very small ( P i g . 29a) 
and no appreciable d i f f e r e n c e i n t h e i r size i s detected. 
Each species appears to have more or l e s s morphologically 
s i m i l a r chromosomes. There i s no i r r e g u l a r i t y i n the m e i otic 
d i v i s i o n i n any o f the species. The 18 b i v a l e n t s are d i s t i n c t 
( F i g . 29b) and they devide very r e g u l a r l y . 
Meiosis i n the Hybrids 

The m e i o t i c d i v i s i o n has been studied i n the f o l l o w i n g 

hybrids and normal p a i r i n g o f the chromosomes ( P i g . 29c) has 

been observed i n each. 



Fig, 29. a. Camera lucida drawing of mitotic chromosomes of E.montenum 
SL621, X 1800 ; b. photomicrograph of meiotic chroraoBomes 
(18 I I ) of E.parviflorum SP6262, x 1800 j c, camera lucida 
dravdng of meiotic chroBOsomes of E.montanum x obscunm (18 I I ) 
X 1800 ; and d, photograph of pollen grains in tetrads of 

E.parviflorum x luteum showing mi«ro-pollen grain with an 
arrow , x 300. 
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Hybrids 
1. E.luteum x hirsutum + 
2. E,hirsutum x p a r v i f l o r u m 
3. E.parviflorum x montanum 
k» E.parviflorum x luteum + 
5. E.parviflorum x adenocaulon 
6. E.Lamyi x p a r v i f l o r u r a 
7. E,montanum x obscurum 
8. E.obscurum x montanum 
9. E.montanura x a l s i n i f o l i u m 

10. E.roseum x Lamyi 
11. E.palustre x Lamyi 
12. E.Lamyi x a l s i n i f o l i u m 

No. of b i v a l e n t s at MI 
18 

l a 

18 
18 
18 
18 
18 
18 
18 
18 
18 
18 

I n a l l these h y b r i d s , r e g u l a r p a i r i n g at metaphase I has 
been observed. I n n e a r l y a l l o f the hybrids, anaphase I has 
also been seen; and i n some hybrids, metaphase I I has also 
been seen. I n none o f these, have any i r r e g u l a r i t i e s been 
seen. As has already been reported, a l l o f these hybrids show 
some degree o f s t e r i l i t y and a l l produce some shrunken p o l l e n 
g r a i n s . I n a d d i t i o n , some hybrids ( i n c l u d i n g those marked w i t h 
an a s t e r i s k ) produce micro-pollen grains as w e l l (Pig..29d); 
the number o f micro-pollen g r a i n s per t e t r a d i s v a r i a b l e . I n 
view o f the apparent r e g u l a r i t y o f meiosis, i t i s d i f f i c u l t t o 
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account f o r the occurrence o f these micro-pollen grains; and 
i t . i s possilDle t h a t f u r t h e r observations might show t h a t f a i l ­
ure o f p a i r i n g and the production o f uni v a l e n t s sometimes 
occurred. 
Discussion 

The f a c t t h a t a l l the European species o f Epilohium 
possess the same chromosome number (and probably morphologi­
c a l l y a l i k e ) i s very remarkable. This shows t h a t they are, 
i n a l l p r o b a b i l i t y , a compact and homogeneous group. Michaelis 
(1954) thought they were an i d e a l group of pl a n t s t o i n v e s t i ­
gate the r o l e o f cytoplasm i n the species di f f e r e n c e s and he 
a t t r i b u t e d many d i f f e r e n c e s between the species t o the cytop­
lasmic genes. Recently, Kurabayashi, Lewis and Raven (1962) 

have reported species w i t h 2n = 2l+, 26 and 30 and thus i t has 
t o be taken t h a t a l l the species o f the genus throughout the 
world do not have the same number. Straub's ( l9Ul) hypothesis 
on the phylogeny of the genus tha t the chromosome number n = 
18 o f Epilobium was a r e s u l t o f h y b r i d i z a t i o n i n the long past 
between two species, one w i t h chromosome number n = 11 as i n 
Circaea or i n Fuchsia and the other w i t h n = 7 as i n many 
genera o f t h e Onagraceae i s also now seen t o be u n l i k e l y . The 
basic chromosome number i n the genus should now be regarded as 
X = 6. 
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Regular meiosis i n the i n t e r s p e c i f i c hybrids of Epilobium 
has been reported by almost a l l the workers who have been able 
to i n v e s t i g a t e meiosis i n the hybrids (HSkansson, 192k; Hair, 
1942J Lewis and Moore, 1962j and Raven and Moore, 196^+). 
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CHAPTER VI 
DISCUSSION AND CONCLUSIOWS 

V a l i d i t y of the Results 

Our r e s u l t s , on the whole, are not very d i f f e r e n t from 
what the e a r l i e r workers have found i n the i n t e r s p e c i f i c crosses 
o f Epilobium. However, there are some disagreements i n a few 
i n d i v i d u a l crosses which we 'have already mentioned at approp­
r i a t e places. Geith (l92i+) f a i l e d t o obtain hybrids from h i s 
crosses between E.hirsutum and E.roseum and E.parviflorum x 
obscurum. Also, he obtained a l e t h a l h y b r i d from the cross E, 
luteum X montanum. We, on the other hand, have been able to 
get p e r f e c t l y v i a b l e hybrids from these crosses. I n f a c t , 
Schwemmle (192?) also succeeded i n g e t t i n g hybrids between E. 
hirsutum and E.roseum. The statement o f Lehmann (1925) th a t 
h y b rids w i t h E.parviflorum as t h e i r mother generally tend to be 
s t e r i l e also does not f i n d support w i t h us. The h y b r i d E.parvi­
f l o r u m X toseum i s male s t e r i l e , but the remaining 9 hybrids 
w i t h E.parviflorum as t h e i r female parent are not, although there 
i s some re d u c t i o n i n p o l l e n f e r t i l i t y i n a few o f than. 

The d i f f e r e n c e s o f the nature pointed out above may r a i s e 
doubt as t o how r e l i a b l e are the r e s u l t s obtained i n the present 
work.- T r u l y speaking, almost a l l the previous workers have 
obtained r e s u l t s i n several crosses d i f f e r i n g from each other's 



- 19i^ -

i n degree of v i a b i l i t y and f e r t i l i t y of the hybrids. I t i s now 
b e l i e v e d ( M i c h a e l i s , 195U) t h a t these d i f f e r e n c e s are due to 
use o f d i f f e r e n t s t r a i n s by d i f f e r e n t workers i n the same i n ­
t e r s p e c i f i c cross. There are various geographical s t r a i n s o f 
the same species and when these are crossed to some other 
species they give d i f f e r e n t r e s u l t s . ^ Thus i n assessing the 
v a l i d i t y o f the r e s u l t s o f h y b r i d i z a t i o n experiments, t h i s 
v a r i a b i l i t y has to be borne i n mind. 
A, Bearing o f the Results on Problems of I s o l a t i o n 

The r e s u l t s obtained from the breeding experiments r e ­
p o r t e d i n the present work reveal a number of i s o l a t i n g mech­
anisms operative i n the species o f Epilobium under our consid­
e r a t i o n . Usually the various i s o l a t i n g mechanisms seem t o be 
working i n combinations t o produce e f f e c t i v e b a r r i e r s . No 
s i n g l e i s o l a t i n g mechanism, except i n a few cases, appear t o be 
a l l powerful i n i t s e l f . I n f a c t , a m a j o r i t y o f species o f the 
p l a n t or animal kingdoms are separated not by one but by com­
b i n a t i o n s of d i f f e r e n t i s o l a t i n g mechanisms. We s h a l l g"ive 
f i r s t an account o f the main i s o l a t i n g f a c t o r s working i n the 
genus. 

External I s o l a t i n g Factors 
Most o f the species o f Epilobium described i n t h i s account 

have geographical d i s t r i b u t i o n s which overlap considerably, so 
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t h a t geographical i s o l a t i o n i s of r e l a t i v e l y l i t t l e importance. 
Differences i n h a b i t a t between species e x i s t and often pl a y an 
important p a r t i n i s o l a t i o n , e.g., the alpine and woodland 
species are o f t e n w e l l separated. However, we s h a l l say no 
more about t h i s aspect of the subject but concentrate on those 
r a t h e r numerous cases i n which two or more species occupy s i m i ­
l a r or a d j o i n i n g h a b i t a t s and are i n flower at about the same 
time. Under these circumstances, the p o l l i n a t i o n mechanism 
seems t o play an important p a r t . 

The number o f the n a t u r a l hybrids known, the ease w i t h 
which several workers have been able t o synthesize a r t i f i c i a l 
h y b r i d s , and the high success of the present crosses a l l confirm 
t h a t they are r e a d i l y crossable. The question one asks why i s 
the frequency o f occurrence o f the n a t u r a l hybrids so lovi. The 
occurrence o f the n a t u r a l hybrids has been examined c a r e f u l l y 
i n a previous section and i t was noted t h a t many o f the hybrids 
were r a r e or in f r e q u e n t . 

Valentine ( l 9 5 l ) suggested, w i t h special reference to the 
d i s t r i b u t i o n o f E.hirsutum and E.parviflorum i n the B r i t i s h 
I s l e s , t h a t s e l f - p o l l i n a t i o n prevented h y b r i d i z a t i o n between 
the two species, although they were crossable and l i v e d together 
i n many l o c a l i t i e s . Lewis and Moore (1926) came forward w i t h 
the same conclusion w i t h respect to E.adenocaulon and E.brevi-
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st.vlum i n America. 
The observations on p o l l i n a t i o n mechanism (Chapter I I I ) 

have shown t h a t a l l the members o f the D i v i s i o n Synstigma are 
s e l f - p o l l i n a t e d . The r e s u l t i s a low frequency of the. hybrids 
i n nature between them. R e f e r r i n g back t o Table 3> we f i n d only 
one h y b r i d i n v o l v i n g two members of t h i s group i n the l a s t c o l ­
umn o f the most frequent n a t u r a l hybrids. There are k hybrids 
t a b u l a t e d i n t h a t column. Two o f them are between Schizostigma 
and S.vnstigma and the f o u r t h involves two members of Schizostigma. 
Likewise, i n the t h i r d column o f the frequent hybrids i n the 
same Table, only 3, out o f 8, are between members o f Synstigma 
and the r e s t are Schizostigma x Synstigma hybrids. As we s h a l l 
see l a t e r j the species of Synstigma are separated from one 
another by r e l a t i v e l y weaker genetic b a r r i e r s than are the cross-
p o l l i n a t e d species o f Schizostigma. I n s p i t e o f t h i s , the num­
ber o f n a t u r a l hybrids between members o f Synstigma i s no greater 
than t h a t between members o f Schizostigma. I t i s very i n t e r e s t i n g 
t h a t such a balance i s maintained i n nature between the i s o l a t i o n 
caused by genetic b a r r i e r s and that caused by mere s e l f - p o l l i ­
n a t i o n w i t h no or l i t t l e genetic b a r r i e r s . The f a c t t h a t the 
s e l f - p o l l i n a t e d species o f the genus f a i l to h y b r i d i z e i s sup­
po r t e d by the r a r i t y o f n a t u r a l hybrids i n Epilobium i n New 
Zealand. The New Zealand E p i l o b i a a l l belong to Synstigma and 
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are s e l f - p o l l i n a t e d ( B r o c k i e , 1959). However, i t must be em­
phasized t h a t s e l f - p o l l i n a t i o n does not altogether prevent hy­
b r i d i z a t i o n ; i t merely l i m i t s the r a t e o f gene-exchange. 
I n t e r n a l I s o l a t i n g Factors 

( i ) The growth o f p o l l e n tube down i n t o the s t y l e i s 
i n h i b i t e d i n the crosses i n v o l v i n g E.nerterioides. The p o l l e n 
tube f a i l s to reach the ovules and thus the f e r t i l i z a t i o n i s 
not a f f e c t e d . 

( i i ) The i n h i b i t i o n o f p o l l e n tube growth i s e f f e c t i v e 
i n other crosses i n reducing seed set. This e f f e c t i s deduced 
from the f a c t that the good seeds are u s u a l l y confined t o upper 
p a r t o f the capsule i n those crosses. Obviously some ovules i n 
the lower p a r t of the capsule are not f e r t i l i z e d because the 
p o l l e n tube does not reach them i n time. The number of such 
u n f e r t i l i z e d ovules varies from cross to cross i n d i c a t i n g the 
measure o f the ef f e c t i v e n e s s of t h i s f a c t o r . The s i g n i f i c a n c e 
o f the slow growth o f t h e p o l l e n tube i n these crosses l i e s not 
i n the t o t a l p revention o f the f e r t i l i z a t i o n but i n l i m i t i n g 
i t s range. 

( i i i ) With the exception of the crosses i n v o l v i n g E, 
n e r t e r i o i d e s , f e r t i l i z a t i o n does take place i n a l l other crosses 
of Epilobium. but a l l the f e r t i l i z e d ovules do not neces s a r i l y 
develop i n t o mature seeds. F a i l u r e o f the seed occurs because 
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of f a i l u r e of the embryo. The embryos f a i l to pass through 
the various stages o f t h e i r development. I n the crosses i n v o l v ­
i n g E.angustifolium, there occurs a t o t a l f a i l u r e o f seed set; 
while i n many other crosses, the seed set i s very high. Thus 
the extent to which seed a b o r t i o n takes place depends upon the 
s t r e n g t h of the b a r r i e r or b a r r i e r s working to t h i s end. 

( i v ) I n some crosses, the endosperm has been observed 
t o grow slowly and i r r e g u l a r l y and to d i s i n t e g r a t e ^ i t e e a r l y . 
But t h i s i s o f t e n accompanied w i t h i r r e g u l a r i t y and slow growth 
o f the embryo as w e l l and th e r e f o r e i t i s d i f f i c u l t t o say i f 
the endosperm f a i l u r e i s an independent and primary cause o f 
seed collapse. At any r a t e , i t adds much t o the seed f a i l u r e . 

( v ) I n the crosses E.parviflorum x montanum and E.parvi­
f l o r u m X roseum. the synergids were seen to be a c t i v e l y d i v i d i n g 
w h i l e the embryo had f a i l e d . This type of abnormality i s not 
very common, but i t i s believed t h a t such abnormal growth o f 
extra-embryonic t i s s u e w i t h i n the embryo sac i s c e r t a i n l y at 
the cost o f the h y b r i d embryo. 

The only i n f o r m a t i o n o f seed f a i l u r e i n Epilobium crosses 
w i t h which we can d i r e c t l y compare our r e s u l t s i s avail a b l e i n 
the work o f Michaelis (1925) who in v e s t i g a t e d the development 
of the h y b r i d embryos o f the crosses between Chamaenerion and 
Lysimachlon. Geith (l92i+) has reported f a i l u r e o f h i s crosses 
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between E.hirsutum and E.roseum and o f E.parviflorum x obscurum 
probably because no v i a b l e seed was obtained i n these crosses, 
but he d i d not give d e t a i l s o f the f a i l u r e . Michaelis (1925) 
made a d e t a i l e d embryological i n v e s t i g a t i o n and found h i s t o l o ­
g i c a l abnormalities associated w i t h the seed f a i l u r e , which we 
have already mentioned i n the i n t r o d u c t o r y section. None o f 
Michaelis's crosses, which involved E.angustifolium, f l e i s c h e r i . 
and Dodonaei, 3 members of Chamaenerion, w i t h e i t h E.hirsutum 
or E.montanum, were able t o set seed. Such i s exactly the case 
w i t h the present crosses i n v o l v i n g E.angustifolium and E . f l e i s -
e h e r i . although i n the crosses i n v o l v i n g E . f l e i s c h e r i a few 
good l o o k i n g ( b u t not v i a b l e ) seeds were obtained. The i r r e g u ­
l a r i t i e s t h a t have been found i n our crosses are abnormal d i v i ­
s i o n o f the embryo leading to i t s i r r e g u l a r and u n d i f f e r e n t i a t e d 
shape, slow growth o f the embryo, and d i s i n t e g r a t i o n o f endo­
sperm f i r s t i n t o c e l l u l a r s t r u c t u r e and then i t s eventual d i s ­
s o l u t i o n . VYe d i d not examine microtome sections o f the develop­
i n g ovules and t h e r e f o r e i t was not possible to see i n d e t a i l s 
the abnormalities associated w i t h the integuments and the 
nuc e l l u s . Nevertheless, lumps of c e l l s o f i r r e g u l a r shape and 
size were always found scattered under the co v e r s l i p a f t e r the 
squash and these were e v i d e n t l y hypertrophied n u c e l l a r c e l l s . 

Such abnormalities have not been observed i n the seed dev-
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elopment o f the other crosses o f Epilobium. except i n the cross 
E.hirsutum x montanum i n which there i s i r r e g u l a r d i v i s i o n of 
the embryo and i n E.parviflorum x roseum i n which the synergids 
o c c a s i o n a l l y d i v i d e and grow a t the expense of the embryo. The 
usual feature associated w i t h the seed f a i l u r e i n most o f the 
crosses seems t o be the slow growth o f the embryo, most o f t e n 
accompanied w i t h equally slow growing endosperm, and the i n ­
a b i l i t y o f the embryo to get through one or the other c r i t i c a l 
stages o f i t s d i f f e r e n t i a t i o n . 

Taking i n t o account of the d i p l o i d c o n s t i t u t i o n of the 
endosperm i n Epilobium. i n contrast to t r i p l o i d or m u l t i p l o i d 
endosperm i n other f l o w e r i n g p l a n t s , we looked i n t o Brink and 
Gooper^-s (19U7) explanation o f seed f a i l u r e i n general and 
found, as has been pointed out while i n t r o d u c i n g the subject, 
t h a t endosperm had no p h y s i o l o g i c a l advantage over e i t h e r the 
embryo or the maternal t i s s u e . There would be no worse i n t e r ­
a c tions between the endosperm and the maternal tissue than those 
between the embryo and the maternal t i s s u e . Consequently, soma-
t o p l a s t i c s t e r i l i t y , expressed as h i s t o l o g i c a l abnormalities 
a r i s i n g from g r e a t e r genie disharmonj^ w i t h i n endosperm or betwe­
en endosperm and maternal t i s s u e , does not seem to be a s a t i s ­
f a c t o r y explanation o f seed f a i l u r e i n Epilobium hybrids. 
Because the embryo and the endosperm are o f the same genetic 
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c o n s t i t u t i o n , the i n t e r a c t i o n between them w i l l be n i l . The 
d i s i n t e g r a t i o n o f each w i l l , t h e r e f o r e , depend upon the degree 
of genie disharmony w i t h i n each of the two, and not upon each 
other. Our r e s u l t s do show t h a t both probably d i s i n t e g r a t e 
independently and most o f t e n simultaneously. 

Rietsema, Satina and Blakeslee (1953) explained seed f a i l u r e 
i n Datura crosses, i n which almost a l l the p e c u l i a r i t i e s found 
i n Epilobium have been observed, on the basis o f p h y s i o l o g i c a l 
disturbances i n the development of the h y b r i d seed. The d i s ­
turbances are supposed to be due to l a c k of various enzymes i n 
endosperm and embryo. As the seed f a i l u r e u s u a l ly occurs during 
various c r i t i c a l stages of growth and d i f f e r e n t i a t i o n , we can 
s a f e l y presume t h a t the genie disharmony i s r e f l e c t e d i n the 
p h y s i o l o g i c a l disturbances. As mentioned i n the i n t r o d u c t i o n , 
Miehaelis (195U), on the basis o f the differences observed betwe­
en a d u l t r e c i p r o c a l h y b r i d s , established t h a t there was cytop­
lasmic as w e l l as genie i n h e r i t a n c e i n Epilobium. As has already 
been noted, d i f f e r e n c e s i n seed development i n r e c i p r o c a l crosses 
are not very g r e a t , and i t would appear t h a t cytoplasmic genes 
have r e l a t i v e l y l i t t l e e f f e c t on seed i n c o m p a t i b i l i t y . 
Hybrid I n v i a b i l i t y and Weakness 

Under t h i s heading we include f a i l u r e o f the seed t o ger­
minate, e a r l y death.iof the h y b r i d seedlings and disturbed growth 
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o f the h y b r i d p l a n t s . Information about l e t h a l and i n h i b i t e d 
h ybrids o f Epilobium has already been given e a r l i e r . The 
b a r r i e r s i n t h i s category work at various stages o f the vege­
t a t i v e growth of the h y b r i d r i g h t from the germination of the 
seed onwards t o the f l o w e r i n g stage. 

As mentioned above, there i s evidence, from the work of 
M i c h a e l i s , t h a t cytoplasmic as w e l l as genie f a c t o r s are i n v o l ­
ved i n both the v i a b i l i t y and f e r t i l i t y o f the hybrids. D i f ­
ferences i n v i a b i l i t y and vigour between r e c i p r o c a l hybrids 
have been observed i n our crosses a number of times, and these 
may be important i n i s o l a t i o n , . 

On the whole, the hybrids between the c r o s s - p o l l i n a t e d 
species are u s u a l l y weak and i n h i b i t e d , whereas the hybrids 
between the s e l f - p o l l i n a t e d species (ecept those between E, 
Lamyi and E.obscurum. which d i e ) are u s u a l l y vigorous. 
Hybrid S t e r i l i t y 

When the F l hybrids are s t e r i l e , there w i l l be no f u r t h e r 
i n t e r m i x i n g between the species. I n Epilobium hybrids, we have 
always found high s t e r i l i t y , except i n hybrids between members 
©f the s e c t i o n Synstigma. Many hybrids do not'flo7/er, e.g., 
E . f l e i s c h e r i x a n g u s t i f o l i u m . E.hirsutum x.jnontanum and E.lanc-
eolatum x montanum.. The weak c o n s t i t u t i o n o f many of the hy­
b r i d s t e l l s upon t h e i r f l o w e r i n g vigour and some of the hybrids 
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bear only a few flowers. Most of the hybrids raised i n the 
present study produce l e s s than 50^ good p o l l e n (Table 26), 

The seed set i s s t i l l lower. Many o f the hybrids are 
s e l f - s t e r i l e and most of them can r a r e l y set seed i n nature. 
On backcrossing, these were able t o set seed i n good amount, 
but i n nature t h i s i s u n l i k e l y to happen. 

S t e r i l i t y may be e i t h e r genie or chromosomal. When s t e r i ­
l i t y i s chromosomal, there i s distrubance i n meiosis, but some­
times disturbance i n meiosis can be caused by one or a few genes. 
I n the few o f the hybrids t h a t have beenYtieiotically examined, 
no i r r e g u l a r i t y i n p a i r i n g was observed (Chapter v ) ; s i m i l a r l y , 
Lewis and Moore (1962) and Raven and Moore (l96i+) have reported 
l i t t l e m e i o t i c i r r e g u l a r i t y i n i n t e r s p e c i f i c Epilobium hybrids. 

The p o l l e n i s h e l d together i n t e t r a d s i n Epilobium. We 
attempted t o count good and bad p o l l e n per t e t r a d ^ i n a few of 
the h y b r i d s to f i n d out i f the p o l l e n abortion was associated 
w i t h genetic segregation at the time o f meiotic d i v i s i o n . JtOSl^ 
igB»4gmmmi 'atmk xx^mmmm mmtm'^Q hybrids w i t h 
25^ o f good p o l l e n had the l a r g e s t class of te t r a d s containing 
3 bad and 1 good p o l l e n ; those producing. 50^ good p o l l e n had the 
l a r g e s t class of t e t r a d s containing 2 bad and 2 good p o l l e n ; and 
those which were 75^ p o l l e n f e r t i l e had usually i n t h e i r t e t r a d s 
1 bad and 3 good p o l l e n . This gives a very c r y p t i c suggestion 
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that the pollen s t e r i l i t y might he due to some segregating 
factor. 

Hyhrid breakdown 
As has been shown, some hybrids are s u f f i c i e n t l y f e r t i l e 

to produce second generation offspring; but hisre too, recombi­
nation may produce plants which are inviable or of low f e r t i l i t y . 
The results of the experiments on the wil d liybrid E.montanum x 
obacurum demonstrated t h i s . Thus the p o s s i b i l i t i e s for i n t r o -
gression are l i m i t e d , though i t would be interesting to look for 
i t i n the f i e l d . A further p o s s i b i l i t y i s that selfing of a 
p a r t i a l l y f e r t i l e PI hybrid could produce P2, and by further 
s e l f i n g , other generations which, i n time, would develop more 
or less pure l i n e s which d i f f e r e d from the parents, and were 
isolated from them by a genetic ba r r i e r ; these would be, poten­
t i a l l y , new species. This kind of process has been demonstrated 
by Smith and Daly (1959) i n Nicotiana; and i t i s at least con­
ceivable that some of the Epilobium species which we have des­
cribed arose i n t h i s way, rather than by divergent evolution i n 
which i n t e r s p e c i f i c hybridization was not involved. Time has 
not allowed us to test t h i s hypothesis experimentally; but i t 
should be pointed out that a l l the most viable and f e r t i l e o f f ­
spring from the montanum-obscurum hybrid i n fact resembled the 
obscurum parent and were not intermediates. 
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Summary 
We may summarize t h i s part of the discussion hy saying 

t h a t , i n Euilohium. a wide variety of i s o l a t i n g factors, both 
external and i n t e r n a l , i s involved; and the herbarium data i n ­
dicate that, on the whole, i s o l a t i o n i s effective and that hy­
b r i d swarms and introgressive hybridization are rare. I t i s 
in t e r e s t i n g to observe that the internal i s o l a t i n g factors have 
an unusually wide range, including as they do, rate of pollen 
tube growth, seed-incompatibility, hybrid weakness, f a i l u r e to 
flower and hybrid s t e r i l i t y at both f i r s t and second generations. 
I n additon, both chromosomal and cytoplasmic genes are involved. 
B. Bearing of the Results on Problems of Relationship 

One o f the main aims of t h i s thesis was to elucidate r e ­
lationships between the species of Epilobium included i n our 
studies on the basis of the results of the int e r s p e c i f i c crosses. 
The degree of i n t e r s t e r i l i t y or i n t e r f e r t i l i t y as demonstrated 
by the crosses indicates the degree of genetic relationship 
between the species concerned. However, taxonomic groupings are 
usually based on morphological resemblances rather than on 
genetic s i m i l a r i t i e s . I t i s , therefore, interesting to see how 
far the two kinds of c r i t e r i a indicating relationships can be 
correlated i n Epilobium. 

A conspectus of the important morphological characters of 
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a l l the species investigated i s given i n Table 27. I t w i l l be 
noted from the Table that E.anaustifolium and E.fleiacheri have 
a l l characters i n common and are separated from the rest of the 
species i n having alternate leaves, short hypanthium, zygomor-
phic flowers, entire petals and pollen not held i n tetrads. 
There i s only one species, E.nerterioides. in the l i s t which 
has e n t i r e petals but i t d i f f e r s widely from E.angustifolium 
and E. f l e l s c h e r i i n other characters. I t i s on this basis that 
the two species are placed i n a separate group. Sect. Ohamaene-
r i o n Tausch.. by Haussknecht (I88I4.). The fact that Sect. Cham-
aenerion i s quite d i s t i n c t has been recognized by a l l taxono-
mists and very often many of them have accorded i t generic rank. 

The rest of the species, placed i n another group, Sect. 
Lysimaehion Tauseh,, by Haussknecht, have been c l a s s i f i e d on 
the basis of a variety of characters, the main ones being ( i ) 
method of vegetative propagation, ( i i ) absence or presence of 
raised lines on stem, ( i i i ) pubescence, ( i v ) entire or l+-lobed 
stigma, (v) papillose or glabrous seeds, and ( v i ) flower buds 
drooping or erect. Haussknecht's f i r s t step i s to divide the 
Sect. Lysimaehion into two. Division Schizostigma comprising 
species having U-lobed stigmas, such as E.hirsutum, E.parviflor-
um« E.luteum. E.montanum, and E.lanceolatum. and Division Syn-
stigma comprising a l l other species with entire stigmas, such 
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as E.roseum. E.adnatum, E.Lamyi. E.adenocaulon, E.obscurum, ^. 
palustre. E.alsinifolium. E.anagallidifolium. E.nerterioides 
and E.brevipes. The question can be asked, how far is t h i s 
d i v i s i o n of Sect. Lysimachion on the basis of only one pair of 
characters j u s t i f i e d i n expressing taxonomic relationship? Are 
Schi20stigma and S.vnstigma r e a l l y two d i s t i n c t units of Sect, 
Lysimachion? 

Looking at Table 28, which has been compiled from Table 
27 by calculating the number of characters which pairs of 
species have i n common, a number of interesting features regard­
ing morphological relationship between species of Sect. Lysi-
machion are revealed. 

( i ) The two New Zealand species, E.nerterioides and E. 
brevipes. appear to be rather d i s t a n t l y placed from the rest of 
the species. 

( i i ) The alpine species E.alsinifolium and the marsh 
willow-herb, E.palustre. are also s l i g h t l y removed from the 
other species. E.alsinifolium and E.palustre appear to be as 
d i s t a n t l y related between themselves as they are with others. 

( i i i ) Each of the four species, mentioned above, is as 
closely related, on the whole, to Schizostigma as to the rest 
of Synstigma. 

( i v ) Within Synstigma. E.roseum, E.adnatum (including E. 
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tetragonum), E.Lamyi, E.obscurum and E.adenocaulon seem to be 
more closely related between themselves, but the degree of t h e i r 
relationship i s not s i g n i f i c a n t l y higher than that between them 
and the members of Schlzostigma. 

Thus, on the whole, the division of Sect. Lysimachion into 
Schizostigma and Synstigma on the basis of a single character, 
v i z . , entire or U-lobed stigmas i s not supported i f a l l the 
characters concerned are taken into consideration. 
Relationship based on seed-incompatibility 

The results from seed-incompatibility support the view 
that E,angustifolium and E.fleischeri are widely separated from 
the r e s t of .the species of the genus. The crosses involving 
the two species f a i l e d to set seed. The causes of the seed 
f a i l u r e have been discussed elsewhere and we have mentioned the 
i r r e g u l a r i t i e s associated with the seed collapse. I n hybrids . 
between more closely related forms, no abnormalities are evident 
i n the ea r l i e s t mitoses of the zygote and young embryo, but they 
occur at various l a t e r stages i n development. In a l l the cros­
ses involving these two species, the embryo showed numerous ab­
normalities and(S.ed much younger. 

There was no seed set i n the crosses involving E.nerterioi­
des either. On t h i s basis, t h i s species should be regarded as 
a very distant r e l a t i v e of the European species of the genus. 
On the.other hand, the moderately good seed set i n the crosses 
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involving E.brevipes goes against the morphological evidence. 
Except in the crosses involving E.hirsutum, the seed set 

i n a l l other crosses has been moderate to quite high. This 
should be regarded as evidence that a l l the species of Lysi-
machion, except E.hirsutum. are f a i r l y close to each other. 
There has been a f a i r amount of seed set i n the crosses involv­
ing a Schizostigma and a Synstigma species, very often rather 
higher than i n the crosses betv/een Schizostigma. This again 
does not support the d i s t i n c t i o n between Schizostigma and Syn-
stigma. 

Relationship based on the v i a b i l i t y of the hybrids 
I n Epilebium. hybrid i n v i a b i l i t y and weakness are caused 

by both genetic and cytoplasmic factors (Michaelis, 135k)t and 
great care should be exercised in assessing relationship between 
species only on the i n v i a b i l i t y of t h e i r hybrids, as a similar 
e f f e c t i s produced i n the i n t e r s t r a i n crosses of the same species. 
Sometimes, one s t r a i n of a species may produce inviable or i n ­
h i b i t e d hybrids i n a cross with another species, while another 
s t r a i n may produce pe r f e c t l y viable hybrids with the same 
species. 

The hybrids between E.hirsutum and E.montanum, between E, 
angustifolium and E. f l e i s c h e r i . and between E.Lamyi and E.obs-
curum are weak and inviable. I t has been a surprise to f i n d 
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hybrids between E.Lamyi and E.obscurum to be inviable, because 
usually our crosses between Synstigma species have produced 
vigorous hybrids. Also, we have seen that morphologically E, 
Lamyi and E.obscurum are very close to each other. As to E. 
hirsutum. several strains of this species ane known (Michaelis, 
195k) and these -all give d i f f e r e n t results in d i f f e r e n t crosses. 

However, i f we look into the hybrids as a whole, we can 
make some assessment of relationship between the d i f f e r e n t 
species of Sect. Lysimachion. Out of 32 hybrids of normal v i g ­
our, 6 of them (which were very vigorous) were between Synstigma 
species, 10 of them between Schizostigma. and the rest were 
between Schizostigma and Synstigma. This indicates that, so far 
as hybrid v i a b i l i t y i s concerned, there i s no sign i f i c a n t d i f ­
ference between Schizostigma and Synstigma. 
Relationship based on hybrid f e r t i l i t y 

I n general, the hybrids between Synstigma species are very 
f e r t i l e . I t w i l l be noted from the Table 26, which l i s t s 37 
hybrids according t o t h e i r pollen f e r t i l i t y , t hat, out of 13 
hybrids with pollen f e r t i l i t y above 75%* 7 are between Synsti^a. 
only one between Schizostigma and the rest between Schizostigma 
and Synstigma. 

?/e could sum up by saying that on the c r i t e r i a of seed-
Incomp a t i b i l i t y , hybrid vigour and hybrid f e r t i l i t y , the class-
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i f i c a t i o n of Section Lysimachion into Divisions Schizostigma 
and Syn stigma i s not supported, and t h i s conclusion i s i n agree-

{\ meat with the maphological'evidence. No doubt a better class-

c -— m> 

i f i c a t i o n of Lysimachion could be made, but th i s would need much 
further work i n which a l l the species of the section were taken 
in t o account. 
Relationship between Chamaenerion and Lysimachion; 

We have already examined the relationships of E.angusti­
folium and E.f l e i s c h e r i with other species of Lysimachion 
Investigated i n the present work on the basis of morphology and 
genetical data derived from their crosses. We would l i k e now 
to examine i n d e t a i l s how far Chamaenerion deserves treatment 
as a separate genus. 

Raimann (I893) accepted Chamaenerion as a separate genus 
i n Engler and Pran t l , but gave no more reasons of i t s separation 
from Epilobium proper than what Haussknecht (I88U) had given 
already for i t s sectional rank within the genus. Raven (1962a) 
has pointed out that none of the characters on which Chamaenerion 
i s separated i s peculiar to i t s e l f , although not a l l of them are 
combined i n any other single member of Lysimachion. Mien a l l 
the members of Chamaenerion throughout the world are compared 
with the members of Lysimachion likewise taken from i t s entire 
range of the world d i s t r i b u t i o n , they simply intergrade into 
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each other. The species of Chamaenerion are d i s t i n c t only when 
a few of them are present i n a l o c a l i t y along with other dis­
t a n t l y related members of Lysimachion. Raven (1962a) further 
states that t h i s i s the case i n northern Europe where the mem­
bers of Chamaenerion are sharply distinguished from those of 
Lysimachion. 

On the basis of c r o s s a b i l i t y , we have seen that Chamaene­
r i o n i s well separated from Lysimachion because of the seed 
f a i l u r e i n t h e i r crosses. But i t i s worth considering that the 
3 crosses involving E. f l e i s c h e r i yielded some good lookihg.;:seeds, 
and that 2 seeds of the cross E. f l e i s c h e r i x hirsutum d id germi­
nate. What Raven says on morphological grounds can be true so 
far as the c r o s s a b i l i t y and the production of successful hybrids 
are concerned. I f the whole range of the members are brought 
i n t o hybridization experiments, probably a few of them may 
hybridize. More experiments are required. 

Considering the entire range of cr o s s a b i l i t y within the 
genus, the species seem to intergrade from one extreme of zero 
c r o s s a b i l i t y to the other where i t i s very high. I f one regards 
c r o s s a b i l i t y as a c r i t e r i o n for relationship between the species, 
i t i s a matter of personal judgement rather than anything else 
to draw a dividing l i n e , j u s t as i t i s i n the case of morphologi­
cal characters. As the f e r t i l i t y of hybrids between some of 



- 213 -

the species does not necessarily Invalidate t h e i r specific re­
cognition, there are no reasons why f a i l u r e to cross should be 
considered as a c r i t e r i o n of generic relationship. For i f so, 
how does one t r e a t E.nerterloldest which f a i l e d to cross either 
with E.montanum or with E.roseum? Morphologically too, i t I s 
d i s t a n t l y related to the European species. I n fact, there are 
many species of Epilobium i n other parts of the world which are 
morphologically very d i s t i n c t and s t i l l they are referred to as 
belonging to Epilobium. and Raven (1962b), considers Chamaene­
r i o n to be no more d i s t i n c t than they are. I n a l l p r o b a b i l i t y , 
i t appears that a l l had a common o r i g i n and they diverged from 
each other i n morphological characters, to an extent depending 
upon t h e i r environment and breeding systems. 
Relationship between the European and New Zealand species; 

We have incorporated E.nerterioides and E.brevlpes i n our 
breeding experiments. Both species are native of New Zealand. 
The f i r s t species was Introduced recently and i s now naturalized 
i n Great B r i t a i n and Ireland. The second species i s cultivated 
i n gardens and no information i s available of i t s naturalization 
i n any part of Europe. Prom the breeding point of view E.nert­
erioides has f a i l e d to cross with any of the European species, 
whereas E.brevipes has intercrossed and produced viable hybrids 
with E.roseum and E.Lamyi. Naturally, one i s interested i n the 
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relationship between the European and the New Zealand species. 
I t i s possible that a few more, besides E.brevipes. of the New 
'Zealand species may interbreed with the European ones; while 
others may not as i s the case with E.nerterioides. I t i s i n ­
ter e s t i n g to know the extent of interbreeding within the New 
Zealand Epilobia. No published information i s available, but 
Mr. Brockie (1963, personal communication) has been kind enough 
to inform me about the i n t e r s p e c i f i c crosses he has made i n ­
volving E.nerterioides as follows: 

Description No. of crosses made 

I n t e r f e r t i l e ( i . e . , producing P2) 16 
PI more or less weak ( f a i l i n g to 5 

flower) 
Apparently good seed, f a i l e d to 11 

germinate 
Failed to set seed k 

Total 36 crosses 
This suggests that there i s a wide range of crossabi l i t y 

w i t h i n the New Zealand species, just as we have found within 
the European ones and that they are certainly not one breeding 
group. Some of them have developed e f f i c i e n t internal i s o l a t i n g 
mechanisms. 

On the basis of the fact that some species l i k e E.brevipes 
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can inter-breed with the European species, an interesting 
p r o b a b i l i t y arises that the two groups of species had a common 
centre of o r i g i n . They became geographically isolated without 
developing breeding barriers. The o r i g i n of Isolating mecha­
nisms, such as those evidenced i n the crosses involving E.nert­
erioides. must have followed geographical i s o l a t i o n i n due 
course of time. This supports Mayr's (19^2) contention that 
geographic i s o l a t i o n must precede any other Isolating barrier. 
This means too that the I s o l a t i n g mechanisms i n the European 
species discussed e a r l i e r I n t h i s section, or the Isolating 
mechanisms i n the New Zealand species, or f o r that matter the 
i s o l a t i n g mechanisms i n the species of Epilobium i n any other 
parts of the world, have arisen independently and after the 
migration of the species from t h e i r centre of o r i g i n to the 
d i f f e r e n t parts of the world. 

Another point worth mentioning i s about the forms of species] 
found i n each of the two geographical regions. The New Zealand 
Epilobla are characterized by absence of species with U-lobed 
stigmas. Some of the members with i+-lobed stigmas found i n 
Europe, such as E.angustifolium. E.hirsutum and E.parvlflorum. 
are widely spread and are considered advanced members of the 
genus (Raven, 1962a). Probably this indicates d i f f e r e n t rates 
of evolution i n the two regions. 
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mnq.BupB 

m 
CM CM 

m 
CM 

CM 
CM 

00 rt 1̂  
H H 

waaeod in' 
CM 

i-i 
CM 

CM 
CM 

a> 
H CM 

<o 
H H 

CM 
H 

CM 
H 

mar^axoaovBi m 
CM 

(H 
CM 

H 
CM 

CM 
CM 

o\ 
H 

O 
CM 

vO f-l C7> 
H » CM 

H 

UlCIUB^UOQl in 
CM 

CM 
CM 

o 
CM 

rH a\ CO 
H 

in 
H 

VO OV 
r-i 

in 
H 

i t 
H 

nnuoxjTAJBd in 
CM 

H 
CM S i-f 

CM 
O 
CM 

(n O 
CM 

VO m 
iH 

CM 
H 

CM i-t 

in 
CJ 

rt 
CM 

CO 
H 

a\ 1-1 m 
H s CO 

H 
o 
CM 

VO 
H 

CO 
H H 

CM 
H 

CM 
H 

in 
CM 

«> r~ O 
CM 

iH 
CM 

1̂  
H H 

O 
. CM 

r-
H 

CO 
H H 

p 1 

la
tu

m
 

tr
ag

on
um

) u 
o 

i a o •o 

s 
o 

1 
SI 
a rv

lf
lo

i 

ic
eo

la
l 

3e
um

 

la
tu

m
 

tr
ag

on
um

) 

•H 

)c
ur

um
 

iii
oc

au
] 

L
us

tr
e o 

n 
a •t

er
lo

l 

iv
lp

es
 

• r i 
A 

a a § 
e 

a 
rH 

o 
h 

V. 
iS a> § o •a a a 

PI 
H 

<d 
o (4 • 

' 

0 I J S 0 Z I t 0 8 V n f ] Z S H Ji S 



BIBLIOGRAPHY 

Skerman, A. 1921. Untersuchungen fiber Bastarde zwischen Epilobium hirsutum 
und Epilobium montanum. Hereditas, 2 : 99 

Allan, H. H. 1961. Flora of New Zealand. Vol, I . Wellington. 

Avery, A. G., S. Satina, and J . Rietsema. 1959. Blakeslee : The genus 
Datura. Ronald Press, New Tork. 

Blakeslee et a l 1950. Quoted in Avery, A,G., S. Satina, and J . Rietsema. 
1959. Blakeslee ̂  The genus Datura. 

BOCher, T. W. 1962. A cytological and morphological study of the species 
hybrid Chamaenerion angustifolium x C.latifollum. 
Saetryk Af Bot. Tiddsk.. 58 : 1 

Brink, R. A. and D. C. Cooper. 194-0. Double fertilization and development 

of seed in Angiosperms. Bot. Gaz.. 102 : 1 

Brink, R. A. and D. C. Cooper. 1947. The endosperm in seed development. 
Bot. Rev.. 13 : 4.23 

Brockie, W. B. 1959. Breeding systems in New Zealand species of Epilobium L, 
Trans.-Roy. Soc. N.Z.. 87 : 189 

Caspari, E. 194-8. Cytoplasmic Inheritance. Adv. Genet., 2 : 1 

Chris toff, M. 1928. Cytological studies in the genus Nicotiana. Genetics, 
13 : 233 

Clapham, A. R., T. G. Tutin, and E, F. Warburg. 1962. Flora of the 
British I s l e s . 2nd. ed. Cambridge. 

Cockayne, L. and H. H. Allan. 1934-. An annotated l i s t of groups of wild 
hybrids in the New Zealand Flora. Aim. Bot., 48 : 1 

Corapton, R. H. 1910. Report Bot Ex. Club. 2 : 562 



- 219 -

Compton, R. H. 1911. Notes on Epilobium hybrids. Jour» Bot.. ^9 : 158 

Gompton, R. H. 1913a. Further notes on Epilobium hybrids. Jour. Bot.. 
51 : 79 

Compton, R. H. 1913b. Report Bot. Ex. Club. 3 : 469 

Dandy, J . E. 1958. L i s t of British Vascular Plants. London. 
Davis, P. H. 1962. In P. H. Raven 1962b : The genus Epilobimn in Turkey. 

Motes Roy. Bot. Garden Edinburgh. 24 : 198 

Dobzhanaky, Th. 194-1 • Genetics and the origin of species. Columbia, 
New York. 

Douwes, H. 1947. Plasma, Polyploidie en Celgrootte. Genetica, 24 ; I 6 l 

Focke, W. 0. 1881, Die Pflanzen^ischlinge. Berlin. 

Gelth, K. 1924. Experimentelle-Systematische Untersuchungen an der Gattung 
Epilobium L. Bot. Archiv. 6 : 123 

Grant, V. 1963. The origin of adaptations. Colvunbia, New York. 

Hair, J . B, 1942, The chromosome complements of some New Zealand plants. I . 
Trans. Roy. Soc, N.Z.. 71 : 271 

Hakansson, A. 1924. Beitrige zur Cytologie eines Epilobiumbastards. 
Bot. Notiser. 269 

Hakansson, A. 1956. Seed development of Brassica oleracea and B.rapa after 
certain reciprocal pollinations. Hereditas. 42 : 373 

Haussknecht, G. I884. Monographie der Gattung Epilobium. Jena. 

Holden, R. 1916. Hybrids of the genus Epilobium. Am. Nat., 50 : 243 

Hooker, J . D. I864 . Handbook of the New Zealand Flora, London. 

Huxley, J . S. 1942. Evolution, the modem synthesis. Harper, New York. 

Jeffrey, E. C. 1916. Am. Nat.. 50 

Johansen, D. A. 1950. Plant embryology. Chronica••i Botanica, Waltham, 
Mass. , U,S,A. 



- 220 -

Knuth, Paul. 1908. Handbook of Flower pollination. Vol. I I . Translation 
Oxford. 

Kostoff, D. 194.3. Cytdjgenetics of Nicotiana. State Printing House, Sofia. 
Kurabayashi, M., H. Lewis, and P. H. Raven, 1962. A comparative study of 

mitosis i n the Onagraceae. Am. J. Bot.. 49 : 1003 

Latimer, H. 1958. Quoted i n V, Grant's The origin of adaptations. 
I I 

Lehmann, E. 1918. Uber reziproke Bastarde zwischen Epilobium roseum und 
parviflorum. Zeitschr. f . Botanik, 10 : 4-97 

Lehmann, E. 1919. Weitere Epilobium-Kreuzungen. Ber. Deut. Bot. Ges.. 
37 : 347 

Lehmann, E. 1925. Die Gattung Epilobium. Bibliograph. Genet.. 1 : 363 

Lehmann, E. 1932. Der Anteil von Kern und Plasma an den reziproken 
Verschiedenheiten von Epilobium-Bastarden. Zeitschr. f. 
Zucht. (Pflanzenzucht.). 17 : 157 

Lehmann, E. 1936. Versuche zur Klftrung der reziproken ferschiedenheiten von 
Epilobium-Bastarden. I , Der Tatbestand und die MOglich-
keit seiner Klflrung durch differaite Wuchsstoffbildung. 
Jahr. Wiss. Bot.. 82 : 657 

Lehmann, E, 1939. Zur Genetik der Entwicklung i n der Gattung Epilobium. 
Jahr. Wiss. Bot.. 87 : 625 

Lehmann, E. 194̂ 1 a. Zur Genetik der Etatwicklung i n der Gattung Epilobium. IV. 
Das 'Plasmon' in der Gattung Epilobium. A. Die 
Grundlagen. Jahr. Wiss. Bot., 89 :687 

Lehmann, E. 194.1b. Zur Genetik der Entwicklung in der Gattung Epilobium. IV. 
Das 'Plasmon' i n der Gattung Epilobium. B. Die Analyse. 
Jahr. Wiss. Bot., 90 : 4-9 

Lehmann, E. and W. Dttppel. 1950. Plasmonbegriff und St8rungssysteme in der 
Gattung Epilobium. Zflchter. 20 : 103 

Lewis, D. 194.9. Incompatibility in flowering plants. Biol. Rev.. 24 : 4-72 

Lewis, D. and L. K. Crowe. 1958. Unilateral interspecific incompatibility 
i n flowering plants. Heredity, 12 : 233 



- 221 -

Leviis, H, and D. M. Moore. 1962, Natural hybridization between Epilobium 
adenocaulon and E,brevistylum. Bull. Torrev Bot« Club. 
89 : 365 

Levis, H., P. H. Raven, C. S. Venkatesh, and H. L. VJedberg. 1938. 
Observations of meiotic chromosomes in the Onagraceae. 
Aliso. k ' 73 

LOve, A. and D, LSve. 1961. Chromosome numbers of central and northwest 
European plant species. Opera Botanica. Lund, 5 : 1 

Maheshwari, P. 1950. An Introduction to Plant Embryology. McGraw H i l l , 
New York. 

Mayr, E. 194-2. Systematics and the origin of species. New York. 
Mayr, E, 1963. Animal species and evolution. Harvard Univ. Press, Cambridge 

(Mass.), U.S.A. 
Mclean, S. W. 194.6. Interspecific crosses involving Datura ceratocaula 

obtained by embryo dissection. Am. J. Bot.. 33 J 630 

Michaelis, P. 1925. Zur Cytologie und Embryoentwicklung von Epilobium. 
Ber. Deut. Bot. Pes.. 43 : 6l 

Michaelis, P. 1931. Die Bedeutung des Plasmas fttr die Poll e n f e r t i l i t f t t 
reciprok verschiedener Epilobiumbastarde. Ber. Deut. 
Bot. Ges.. 49 : 96 ' 

Michaelis, P. 1933. Entwicklungsgeschichtlich-genetische Untersuchungen 
an Epilobium. I I . Die Bedeutung des Plasmas flir die 
Po l l e n f e r t i l i t a t dea Epilobium luteum-hirsutum-Bastardea. 
Zeitschr. Ind. Abst. u. Vererbungsl.. 65 s 1 

Michaelis, P. 1938. Uber das Konstanz des Plasmons. Zeitschr. Ind. Abst. 
u. Vererbungsl.. 74 : 435 

11 
Michaelis, P. 1940a. Uber reziprok verschiedene Sippenbastarde bei Epilobiun 

hirsutum. I . Die reziprok verschiedenen Bastarde der 
Epilobium hirsutvun-Sippe Jena. • Zeitschr.Ind. Abst. u. 
Vererbungsl., 78 : 187 

n 
Michaelis, P. 1940b. Uber reziprok verschiedene Sippenbastarde bei 



- 222 -
I t 

Epilobium hirsutum. I I I . Uber die genischen Grundlagen 
der im Jena-Plasma auftretenden Hemraungsreihe. Zeitschr. 
Ind. Abst. u. Vererbungsl.. 78 : 295 

.Michaelis, P. 1943. Untersuchungen an dsz reziprok verschiedenen Artbastarder 
I I 

bei Epilobium. I . Uber die Bastarde verscliedener Sippen 
der Arten E.hirsutum mit E.parviflorum. resp. E.roseum. 
Flora. 37 : 1 

Michaelis, P. 1954. Cytoplasmic inheritance i n Epilobium and i t s theoretical 
significance. Adv. Genet.. 6 : 287 

Michaelis, P. and E. Wertz. 1935. Entwicklungsgeschichtlich-genetische 
Untersuchungen an Epilobium. VI. Vergleichende Untersuchung­
en iib^r das Plasmon von Bpilobium hirsutum. E.luteum. 
E.montanum. und E.roseum. Zeitschr. Ind. Abst. u. 
Vererbungsl.. 70 : 138 . 

Oberreuter, M. 1925. Untersuchimg der P o l l e n s t e r i l i t i t bei reziprok 
verschiedenen Epilobiumbastarden. Ber. Deut. Bot. Ges.. 
43 : 47 

Raimann, R. 1893. Onagraceae : In Engler and Prantl's Die Natttrlichen 
Pflanzenfarailien, Vol. 3, part 7 : 199 

Raven, P. H. 1962a. The genus Bpilobium in the HimalayBn region. Bull. 
British Museum (Natural History^ Bot.. Vol. 2, No. 12 : 
325 

Raven, P. H. 1962b. The genus Epilobium i n Turkey. Notes Roy. Bot. Garden 
Edinburgh. 24 : 183 

Raven, P. H. 1964- In Flora Europea (in press). 
Raven, P. H. and D. M. Moore. 1964. Chromosome numbers of Epilobium in 

Britain. Watsonia, 6 : 36 

Renner, 0. 1914. Befruchtung und Embryobildung bei Oenothera lamarckiana 
und verwandten Arten. Flora. 107 : 115 

Renner, 0. and W. Kupper. 1921. Artkreuzungen i n der Gattung Epilobium. 
Ber. Deut. Bot. Ges., 39 : 201 



- 2 2 3 -

Rouy, G. and E.G. Camus. 1 9 1 0 . .Flore de la France. Vol. 8 . Paris. 
Rubner, K . and H. Beger. 1 9 2 5 . In G. Hegi : I l l u s t r i e r t e Flora von Mittel-

europa, Vol, 5 , pp. 8 0 6 - 8 5 6 

Sanz, C. 194.5. Pollen-tube growth in intergeneric pollination on Datura 
stramonium. Proc. Hat. Acad. (U . S . ) , 31 : 361 

Sawyer, M. L. 1 9 2 5 . Crossing I r i s pseudocorus and I . vesicolor. Bot. Gaz.. 
7 9 : 6 0 

Schwemmle, J. 1 9 2 4 . Zur Kenntnis der reziproken Bastardfe zwischen Epilobium 
parviiSlorum und roseum. Zeitschr. Ind. Abst. u. Vererbungsl., 
34 : 145 

Schweramle, J. 1 9 2 7 . Die reziproken Basta^e zwischen Epilobium hirsutum 
und E.roseum. Bibliotheca botanica. 95 : 1 

Smith, H. H. and K , Daly, 1 9 5 9 . Discrete populations derived by inter­
specific hybridization and selection in Nicotiana. 
Evolution, 13 : 4 7 6 

Stebbins, G» L. 1 9 5 0 . Variation.and Evolution i n Plants. Columbia, New 
York. 

Stebbins, G. L. 1 9 5 8 . The in v i a b i l i t y , weakness, and s t e r i l i t y of 
interspecific hybrids. Adv. Genet.. 9 : 147 

Straub, J. 1 9 4 1 . Die Zytologie der haploiden Epilobien und die Phylogenie 
der Gattung. Biolog. Zentralbl., 61 : 573 

Thompson, W. P. 1 9 3 0 . Causes of difference i n success of reciprocal 
interspecific crosses. Am. Nat.. 64 : 4 0 7 

Valentine, D. H. 1 9 5 1 . Geographical distribution and isolation i n some 
Britis h ecospecies, i n Lousley, J.E. (ed.), The study of the 
distribution of British plants, pp. 8 2 - 9 0 , 

Valentine," D, H. 1 9 5 3 . Evolutionary aspects of species differences i n 
Primula. STOP. SOC. Exp. Biol., 7 : I46 

Valentine, D. H. 1 9 5 6 . Studies i n the British Primulas. V. The inheritance 
of seed incompatibility. New Phytol.. 55 : 289 



- 224 -

Valentine, D. H. 1961. Evolution i n the genus Primula. In P. J. Wanstall, 
ed. A Darwin Centenary, Arbroath, pp. 71-87. 

Wardlaw, C. W. 1955. Embryogenesis in Plants. Ifethuen, London. 
Watkins, A. E. 1932. Hybrid s t e r i l i t y and incompatibility. Jour. Genet.. 

25 : 125 
Woodell, S. R. J. 1958. Ph. D. thesis, Durham University 



B i o s y s t e m a t i c s of Epilobium lay V. Thakur. Appendix 1. 

Production of a r t i f i c i a l a u t o - t e t r a p l o i d s 
( C o l c h i c i n e treatments) 

Seeds of E. hirsutum, E . parviflorum and E . montanum were 

germinated on moist f i l t e r paper I n p e t r l d i s h e s . When the 

cotyledons emerged and diverged, the exuded drops of water were 

soaked o f f with f i l t e r paper and droplets of c o l c h i c i n e s o l u t i o n 

of the strengths 0.2%, 0,k% and 0.5% were applied to the apices 

I n "between the cotyledons with a f i n e brush. The a p p l i c a t i o n 

of c o l c h i c i n e was repeated a f t e r 2h hours. A f t e r the next 36 

hours the t r e a t e d seedlings were t r a n s f e r r e d to pots. 

R e s u l t s ; 

( l ) E . hirsutum. 50 seedlings were t r e a t e d with 0.2% 

c o l c h i c i n e ; 35 s e e d l i n g s with 0.1;%; and 80 seedlings were 

t r e a t e d w i t h 0.5% s o l n . of c o l c h i c i n e . I n a l l the cases, the 

f i r s t p a i r s of l e a v e s were t h i c k and the apices became swollen. 

A l l s e e d l i n g s t r e a t e d with 0.2% and 0.1|.% s o l n . gradually 

recovered and grew i n t o normal p l a n t s , whereas the seedlings 

t r e a t e d with 0.5% s o l n . showed many abnormalities. 50 seedlings 

died Immediately a f t e r t h e i r t r a n s f e r from the p e t r i - d i s h to the 

pot; 12 appeared to have recovered; and 18 grew stunted, with 

t h i c k l e a v e s and never flowered. 

(11) E . parviflorum. 38 seedlings were treated with 0.2% 

s o l n . of c o l c h i c i n e ; 68 s e e d l i n g s were t r e a t e d with 0*k% s o l n . ; 
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and 61 were t r e a t e d w i t h 0.5% soln. The growth of the seedlings 
was very slow. A l l those which had been tr e a t e d w i t h 0.2% soln. 
recovered. Out of the seedlings t r e a t e d w i t h 0.5%, only 13 

survived but they were stunted and had abortive f l o w e r s . Out 
of 61 seedlings t r e a t e d w i t h 0,k% s o l n . , nearly 30 died and 3 

showed some fe a t u r e s a t t r i b u t e d t o p o l j r p l o i d y i n the genus, such 
as l a r g e r f l o w e r s , t h i c k leaves and U-5 germpores i n the p o l l e n 
g r a i n s . The r e s t appeared t o have recovered. The chromosome 
count was n o t made and hence the p l o i d y l e v e l could not be 
confirmed, 

( i i i ) E. montanum. 62 seedlings were tr e a t e d w i t h 0.2% 

s o l n . o f c o l c h i c i n e ; 5/J. seedlings were t r e a t e d w i t h 0,1}.% s o l n , ; 
and 32 were t r e a t e d w i t h 0,5% soln. The seedlings treate d w i t h 
0.2% s o l n . recovered and grew i n t o normal p l a n t s . 5 of the 
seedlings t r e a t e d w i t h 0.5% s o l n . survived and grew stunted w i t h 
t h i c k leaves, but 2 of these gave l a t e r a l branches which were 
normal and were d i p l o i d (as judged from t h e i r p o l l e n grains w i t h 
3 germ-pores). Out o f the seedlings t r e a t e d w i t h 0.1+% soln,, 26 

died; 16 recovered; h were stunted i n growth and d i d not f l o w e r ; 
and 6 appeared t o have become t e t r a p l o i d . Their flowers were 
l a r g e r than those of the p l a n t s of the same stock; the leaves 
were t h i c k e r and darker w i t h bigger stomata; and t h e i r p o l l e n 
g r a i n s had l | . -5 germ-pores. The chromosome count was also. made. 
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Although no d e f i n i t e number of 2n = 72 could be c l e a r l y counted, 

i t was c e r t a i n l y 614.^ U. 

A r t i f i c i a l p o l y p l o i d s have been produced i n Epilobium and 

M i c h a e l i s (l95ll-) g i v e s a key to i d e n t i f i c a t i o n of p l o i d y l e v e l 

i n the genus on the b a s i s of the number of germ-pores, Haploid 

p l a n t s have p o l l e n g r a i n s with 2 gern^pores; d i p l o i d with 3 

germ pores; and p o l y p l o i d s have p o l l e n g r a i n s w ith more than 

3 germ pores, 

Douwes (191-1-7) has made and described r e c i p r o c a l hybrids 

between the d i p l o i d and t e t r a p l o i d races of E. hirsutum. but no 

information about i n t e r s p e c i f i c c r o s s e s on d i p l o i d - t e t r a p l o i d 

l e v e l i s a v a i l a b l e . I n order to get a t r i p l o i d i n t e r s p e c i f i c 

h y b r i d s between E . angustifolium ( d i p l o i d ) and E . montanum 

( t e t r a p l o i d ) , r e c i p r o c a l p o l l i n a t i o n s were made. Usua l l y , the 

c r o s s between E . a n g u s t i f olium and E . montanum on the d i p l o i d 

l e v e l has f a i l e d ; but i t was expected that they might cross 

i f e i t h e r of the two was a t e t r a p l o i d . T h i s expectation was 

based on V a l e n t i n e ' s success i n c r o s s i n g d i p l o i d P. v e r i s with 

t e t r a p l o i d P. e l a t i o r . However, the c r o s s did not succeed i n any| 

d i r e c t i o n and i t appears that the i s o l a t i n g b a r r i e r s between the 

two spec i e s are not removed by r a i s i n g one of the parents to the 

p o l y p l o i d l e v e l . 
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Biosystematics o f Epilobium by V. Thakur. Appendix 2. 

Pollen-tube growth i n I n t e r s p e c i f i c crosses 

Method: P o l l i n a t e d s t y l e s w i t h stigmas were f i x e d i n 1:3 acetic 
a l c o h o l a t d i f f e r e n t periods a f t e r p o l l i n a t i o n . They were 
•transferred i n t o a tube containing d i s t i l l e d water and the tube 
was put i n t o a water bath at 60*'C. f o r about 5-6 minutes. Water 
was drained o f f the tube, the s t y l e s were s p l i t l o n g i t u d i n a l l y 
i n t o halves, and N HCl was poured I n . The s t y l e s were l e f t I n 
N HCl at room temperature f o r 10 minutes and were then squashed 
I n aceto-carmme. The p o l l e n tubes, which were darkly stained 
i n aceto-carmine, could then be traced down throughout the length 
of the s t y l e . 

Crosses I n v o l v i n g E. n e r t e r l o l d e s : S t y l e s of E. mon^um and 
E. roseum, p o l l i n a t e d w i t h p o l l e n from E. n e r t e r l o l d e s have been 
examined 2 hours, k hours, 8 hours, 12 hours, 2h. hours and U8 
hours a f t e r p o l l i n a t i o n . The germination o f p o l l e n i n both 
the cases appears to be somewhat slow; only a few p o l l e n g r a i n s 
are seen to have germinated k hours a f t e r the p o l l i n a t i o n . I n 
the s t y l e s f i x e d 2h hours and U8 hours a f t e r p o l l i n a t i o n , the 
p o l l e n tubes could be traced down hard l y more than h a l f the 
l e n g t h . Usually the s t y l e s of E. montanum. when s e l f e d , show 
p o l l e n tubes r i g h t down to the base w i t h i n k hours a f t e r p o l l l n a t l ( j 
S t yles of E. n e r t e r l o l d e s p o l l i n a t e d by E. montanum or E. roseum 
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have n o t been examined. They f a l l o f f q u i c k l y w i t h i n 2l|. hours 
a f t e r p o l l i n a t i o n and also the capsules soon dry o f f . Obviously, 
the f e r t i l i z a t i o n does not take place and t h i s might be due to 
the i n h i b i t i o n o f the p o l l e n tube growth as i n the r e c i p r o c a l 
crosses;. 

Crosses i n v o l v i n g E. an g u s t i f o l i u m t Styles of both E, ang u s t i f o l : 
and E. montanum. when s e l f e d , have shown p o l l e n tubes r i g h t down 
to the base w i t h i n l|. hours. When the species were crossed 
r e c i p r o c a l l y , p o l l e n tubes were traced down to only h a l f the 
l e n g t h of the s t y l e 5 hours a f t e r p o l l i n a t i o n i n each. Styles 
f i x e d 12 hours a f t e r c r o s s - p o l l i n a t i o n have shown p o l l e n tubes 
throughout t h e i r l e n g t h . I t appears, t h e r e f o r e , t h a t the r a t e 
of p o l l e n tube growth w i t h i n a f o r e i g n s t y l e i n the cross 
between E. montanum and E. ang u s t i f o l i u m i s slowed down. 



Biosystematics o f Epilobium by V. Thakur. Appendix 3. 

G r a f t i n g experiments 

An attempt was made t o g r a f t E. angustlfollum on E. hirsutum. 
and E. hirsutum on E. angustlf ollum. The attempt was made at 
two stages of growth. First,-young p l a n t s of the two species 
were grown together i n a pot and were g r a f t e d together. Second, 
the g r a f t i n g was attempted between two new spring shoots of the 
o l d stocks. These shoots are f l e s h y and h e a l t h i e r and survive 
some i n j u r i e s . 

To g r a f t the p l a n t s , the epidermis and cortex and a p a r t of 
the vascular bundles from a d j o i n i n g sides of the two pl a n t s were 
c a r e f u l l y removed w i t h a sharp blade, and the two p l a n t s were 
l a t e r a l l y pressed so t h a t t h e i r cut sides approximated together. 
They were bound together w i t h a piece o f cord at the cut p o r t i o n . 
At r e g u l a r I n t e r v a l s , the spot was moistened w i t h water. 

The g r a f t i n g d i d not succeed I n any case. 

7 ^ 


