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Intraspecific Unilateral Incompatibility in Viciafaba L. 
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S u m m a r y .  Uni la te ra l  incompat ib i l i ty  was d i scove red  when c r o s s i n g  was a t tempted  between di f ferent  s e l f - c o m -  
pat ib le  types and subspec i e s  of V. faba. C r o s s i n g  in the d i r ec t ion  f ema le  l e s s  s e l f - f e r t i l e  • ma le  m o r e  s e l f - f e r -  
t i le  fa i led,  whereas  the r e c i p r o c a l - c r o s s i n g  succeeded .  Uni la te ra l  incompat ib i l i ty  developed with the evolut ion 
of l e s s  f e r t i l e  and l a rge  seeded f ield bean types .  How a c r o s s  f e r t i l i zed  (and s e l f - i n c o m p a t i b l e )  s y s t e m  may 
develop f rom a se l f  f e r t i l i zed  one is  d i s c u s s e d .  

The un i l a t e r a l  i ncompa t ib i l i t y  in  V. faba and other  plant  spec ies  is  compared .  The two-power  compet i t ion  
hypothes is  can explain all  k inds  of un i l a t e r a l  incompat ib i l i ty  r epor t ed  so far  in  the l i t e r a t u r e .  Breed ing  f ield 
beans  for  improved  s e l f - f e r t i l i t y  is  d i s cus sed .  
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In t roduc t ion  

The phenomenon in which the crossing between two 

parents succeeds only in one direction has been 

widely referred to as unilateral incompatibility. How- 

ever, other terms have also been used: unilateral 

hybridization, unilateral inhibition, unidirectional 

crossability, one-way isolation, unilaterial incon- 

gruity and SI • SC inhibition. The last term was 

used because of the discovery that such hehaviour 

occurs predominantly when crossing is attempted 

between self-incompatible (SI) plants as female and 

self compatible (SC) as male. Later, unilatel-al in- 

compatibility (UI) was discovered, with less fre- 

quent occurrence, in the direction SC x SC, SC xSI 

and SI X SI. 

Some authors lumped together all kinds of unila- 

teral relation (UR) as unilateral incompatibility. It 

would be better to reserve the term unilateral in- 

compatibility for those cases of UR in which: 

I) Both parents possess the same chromosome 

number; 

2) Crosses succeed in one direction and hybrids 

are obtained; 

3) Failure of the cross is not due to particular 

m a t e r n a l -  o r  p a t e r n a l - e f f e c t s  o r  i n t e r a c t i o n s ;  

4) Consistent occurrence of such phenomenon in 

the same parental combinations is the rule. 

Uni la te ra l  incompat ib i l i ty  o c c u r s  in  d i f ferent  

plant  spec ies  ( see  r ev iew of Abdal la  1970, 1974a; 

Abdal la  and H e r m s e n  1972) : in Antirrhinum, Lolium 

spec i e s  (Spoor 1976), Lycopersicon ( see  a l so  de Net -  

t ancour t  et a l .  1973, 1974), Nicotiana, Pelargonium, 

Petunia, Solarium ( see  also H e r m s e n  et a l .  1974; 

H e r m s e n  and Ramanna  1976), and in  Vicia faba (Ab-  

dal la  1974b).  Uni la te ra l  i ncompa t ib i l i t y  was r epo r t ed  

to occu r  when c r o s s i n g  was a t tempted  between s p e -  

c ies  of the s a m e  genus ,  of d i f ferent  gene ra  and of 

d i f ferent  f a m i l i e s .  In the case  of V. faba and in some  

cases in Lycopersicon, UI was detected between 

plants of the same species. 

V. faba is a self-compatible species. It is gener- 

ally accepted that this species is divided into 2 sub- 

species: ssp. pauciju4a and ssp. eu-faba. The latter 

subspecies comprises 3 botanical types differing in 

seed size and shape: ' major ', ' equina ' and ' minor '. 

Unilateral incompatibility was discovered when cross- 

ing - done mainly to broaden the genetic base - was 

attempted between different field bean populations. 

The question then arose as to whether Ul in V. faba 

could be explained on a similar basis to that reported 
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fo r  o the r  plant s p e c i e s .  And is  t h e r e  any r e l a t ion  be -  

tween the o c c u r r e n c e  of UI and the evolut ion  of th is  

c rop?  A n s w e r s  to the above ques t ions  a r e  a t t empted  

h e r e .  

M a t e r i a l s  and Methods 

M a t e r i a l s .  The f ie ld  bean m a t e r i a l s  used  in t he se  
s tud ies  d i f fe r  in o r i g in .  In th is  a r t i c l e  ment ion  will 
be made  of the r e s u l t s  obtained f r o m  4 popula t ions :  
C2, a ' m a j o r '  populat ion o r ig ina t ing  f r o m  Equador  
but grown for  many gene ra t i ons  under  Egypt ian  con-  
di t ions ; Cs, a ' m a j o r '  s tock f r o m  the Ne the r l ands  ; 
C8, a paucijuga type f r o m  P a k i s t a n  that had been 
handled in Egypt fo r  at l e a s t  8 g e n e r a t i o n s ;  and an 
Egypt ian  local  s tock (C9) that l i e s  on the b o r d e r  b e -  
tween ' e q u i n a '  and ' m i n o r ' .  Sc ien t i f i ca l ly  it would 
not make  any d i f f e r ence  if  it was a l lo ted  to e i t h e r  
type .  C9 will be r e f e r r e d  to as ' e q u i n a '  type .  

Methods .  Ar t i f i c i a l  s e l f -po l l i na t i on  was a t t empted  
on d i f fe ren t  p lants  f r o m  each  s tock .  F o r  c r o s s i n g ,  
buds were  e m a s c u l a t e d  at a l a t e r  s t age  and w e r e  
p r o t e c t e d  f r o m  con tamina t ion .  Po l l ina t ion  took p lace  
a few days l a t e r .  C r o s s i n g  was made on 26-50 e m a s -  
cu la ted  f l ower s  f r o m  each f e m a l e  pa r en t .  To tes t  pol -  
len tube growth in s ty l e s ,  po l l ina ted  p i s t i l s  w e r e  
f ixed a f t e r  72 h r s  in a m ix tu r e  of ace t i c  a c i d - f o r -  
ma l in -80  % alcohol  in a 1 : 1 : 8 p r o p o r t i o n .  They were  
r e f r i g e r a t e d  t i l l  checked  acco rd ing  to the method 
used  by Ramanna  and M u t s a e r t s  (1971) .  

Resu l t s  

S e l f - c o m p a t i b i l i t y .  All the plants  se l f ed  f r o m  s sp .  

paucijuga and the types ' m a j o r ' ,  ' e q u i n a ' ,  (and 

' m i n o r ' ,  not inc luded in this  a r t i c l e )  se t  pods con-  

ta ining s e e d s .  T h e r e f o r e  the p r e s e n c e  of s e l f - i n c o m -  

pa t ib i l i ty  of the type known as the Nicotiana g a m e t o -  

phytic  s y s t e m  is  ru led  out.  

F i g .  I .  Inhibit ion of pol len tubes  of  ' equina ' C 9 into 
s ty l e s  of  ' m a j o r '  Ca 

F i g .  2. Norma l  growth of  pol len  tubes of ' equina ' C s 
into s ty l e s  of ' m a j o r '  C2 

C r o s s i n g .  The c r o s s i n g  was not des igned  to take 

in all  pos s ib l e  combina t ions .  F o r  b reed ing  p u r p o s e s ,  

our  p r i m a r y  i n t e r e s t  was to c r o s s  d ive rgen t  popula-  

t ions .  The r e c i p r o c a l  c r o s s i n g s  w e r e  a l so  a t t emp ted .  

The r e s u l t s  w e r e  as fo l lows:  

1. ' M a j o r '  C 3 • ' E q u i n a '  and Paucijuga: no pod 

s e t .  The r e c i p r o c a l  c r o s s  s u c c e e d e d .  The F 1 as  well 

as  F 2 w e r e  r a i s e d  f r o m  s o m e  of such c r o s s e s  (Ab-  

dal la  1977). 

2. ' M a j o r '  C 2 X Paue/ juga:  No pod se t .  R e c i p r o -  

cal c r o s s  s u c c e e d e d .  

3. ' M a j o r '  C 2 •  ' E q u i n a ' :  5 g p o d s e t ;  r e c i p r o -  

cal  35 ~. 

4. ' E q u i n a '  X Paucijuga: both r e c i p r o c a l  c r o s s e s  

s u c c e e d e d .  All  the seed  se t  f r o m  the above mentioned 

c r o s s e s  p roved  to be of hybr id  o r i g in .  

P o l l e n  tube growth .  In the c r o s s e s  which fa i led  to 

se t  s eed ,  inhibi t ion of  pol len tube growth was ob -  

s e r v e d  in the s ty l e s  ( F i g .  1) .  In s u c c e s s f u l  c r o s s -  

ings ,  pol len  tubes w e r e  de t ec t ed  t r a v e r s i n g  the 

s t y l e s  ( F i g .  2) and r each ing  v e r y  c l o s e  to the ovu l e s .  

F e r t i l i t y .  The data  on na tura l  pod and seed  se t  

p r e s e n t e d  in Table 1 have  been c o l l e c t e d  f r o m  48 

plants  f r o m  C2, 33 p lants  f r o m  each  of C 3 and C 6 

and 99 plants  f r o m  C 9. The va lues  a r e  g e n e r a l l y  

h igher  than those  found under  l e s s  su i t ab le  e n v i r o n -  
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Table  1. Na tu ra l  pod and s e e d  se t  in the d i f fe ren t  
V. faba s tocks  (be tween  p a r e n t h e s e s  a r e  r e l a t i v e  
p e r c e n t  of Cs)  

C h a r a c t e r  Paucijuga 'Equina I 2vlajor 'C2 'Ma jo r 'Cs  

No. pods/ 100(625) 63(394) 38(237) 16(100) 
plant  

No.  s e e d s /  298(709) 190(452) 72(171) 42(100) 
plant  

menta l  condi t ions ,  but the r e l a t i v e  c o m p a r i s o n s  a r e  

what i n t e r e s t  us h e r e .  It is  c l e a r  f rom Table 1 that 

the d i f fe ren t  popula t ions  v a r i e d  widely in f e r t i l i t y .  

' M a j o r '  C 2 i s  twice  as f e r t i l e  as  ' m a j o r '  C 3. The 

' e q u i n a '  populat ion is  4 t i m e s  as f e r t i l e  and pauei- 

juga is 6 to 7 t i m e s  as  f e r t i l e  c o m p a r e d  with C 3. 

D i scus s ion  

It is  b e l i e v e d  that the un i l a t e r a l  i n t r a s p e c i f i c  i n c o m -  

pa t ib i l i ty  in V. faba is  a s s o c i a t e d  with evolut ion  of 

th is  c r o p .  The evolut ion  of f ie ld  bean will  be r e p o r t e d  

e l s e w h e r e .  It is  accep ted  that  the s m a l l - s e e d e d  popu-  

la t ions  a r e  the o ldes t  f o r m s  - in th is  study pauc~juga: 

i s  the s m a l l e s t  s eeded  s tock - whe rea s  the l a r g e s t  

s e e d e d  ' m a j o r '  type is  the m o r e  r e c e n t l y  deve loped  

one.  ' M a j o r  C3, which inhibi ted  pol len  tube growth 

of ' equina ' and paucijugaj p r o v e d  to be the l e a s t  f e r -  

t i l e  s tock (1 /2  to 1/7 the f e r t i l i t y  of o t h e r s ) .  'Major '  

populat ions  a r e  known to p o s s e s s  b i g g e r  seeds  (100 

s e e d  weight  may be m o r e  than 200 g r ) ,  w he rea s  

' e q u i n a '  p o s s e s s e s  i n t e r m e d i a t e  s eed  s i ze ,  fol lowed 

by ' m i n o r '  type .  The s m a l l e s t  s eeds  a r e  those  of 

paucijuga (100 seed  weight is  l e s s  than 2 0 g r ) .  

Combining  this  and o the r  i n fo rma t ion  l ed  us to hy-  

po thes i ze  on the o r ig in  of UI in th is  c r o p .  

' m a j o r ' .  What could  happen then,  when such popula -  

t ions mee t?  The mos t  f e r t i l e  types  ( s m a l l - s e e d e d  

ones )  will r e p r o d u c e  m o r e  and y ie ld  m o r e  o f f sp r ing .  

They will  a l so  c r o s s  with ' m a j o r '  popula t ions ,  one 

r e s u l t  being the ' e r o s i o n '  of  ' m a j o r '  c h a r a c t e r i s -  

t i c s  and ident i ty  (Abdal la  1977).  On the o the r  hand, 

' m a j o r '  populat ions will  p roduce  only l i m i t ed  num-  

b e r s  of o f f spr ing  because  they a r e  l e s s  f e r t i l e  (Table 

1) .  They may also su f f e r  o the r  d rawbacks  ( l ower  

ge rm ina t i on ,  s l o w e r  deve lopment ,  e s p e c i a l l y  at e a r -  

ly s t ages  of growth ,  e tc .  ) .  In addi t ion c r o s s i n g  with 

the highly f e r t i l e  populat ions  will  l ead  to inbreed ing  

d e p r e s s i o n  of the ' m a j o r '  type because  of i t s  s e n s i -  

t iv i ty  to inbreed ing  (Abdal la  1975).  Under  such con-  

d i t ions ,  ' m a j o r '  populat ions may develop b a r r i e r s  

aga ins t  the in t roduct ion  of genes  that affect  i t s  f e r t i l -  

i ty and endanger  i ts  ident i ty  and p e r s i s t e n c e .  One 

such b a r r i e r  will  be spec i f i c  genes  (un i l a t e r a l  in -  

compa t ib i l i ty  genes  = U__II) that r e j e c t  f e r t i l i z a t i o n  

f r o m  the m o r e  s e l f - f e r t i l e  popula t ions .  Consequent ly  

' m a j o r '  would be able to c r o s s  as  m a l e  with m o r e  

s e l f - f e r t i l e  populat ions  while the r e c i p r o c a l  c r o s s e s  

fa i l .  The c r o s s  

9 m o r e  f e r t i l e  • cf l e s s  f e r t i l e  s u c c e e d s ,  

9 l e s s  f e r t i l e  • d m o r e  f e r t i l e  f a i l s .  

That is  the behav iour  known as  un i l a t e r a l  i ncompa t i -  

b i l i ty .  The ' m a j o r '  - o r  o the r  - populat ions  tha t  did 

not p o s s e s s  such a b a r r i e r  could e i t h e r  have  n e v e r  

deve loped  this  b a r r i e r ,  o r  have los t  the b a r r i e r  in 

the absence  of s e l e c t i o n  p r e s s u r e  p r e s e r v i n g  it ,  o r  

they may r e p r e s e n t  r e c e s s i v e  s e g r e g a n t s  of the UI 

genes  ( u i u i - g e n o t y P e s ) .  

The ' m a j o r '  C 2 may be one such populat ion with 

r e s p e c t  to ' e q u i n a '  C9,  but it s t i l l  main ta ins  i ts  r e -  

j ec t ing  un i l a t e ra l  incompa t ib i l i ty  with paucijuga. 

Orig in  of  un i l a t e r a l  incompa t ib i l i ty  in V. faba 

Paucijuga populat ion is  the mos t  au to fe r t i l e  faba 

bean s tudied  by us up to now. ' M i n o r '  and ' equ ina  

types  may p o s s e s s  good s e l f - f e r t i l e  popula t ions .  

F r o m  types  such as  paucijuga, 'pliniana ' ( d i s c o v e r -  

ed in A l g e r i a )  and ' m i n o r ' ,  l e s s  s e l f - f e r t i l e  ones  

may  have  evo lved .  'Equ ina ;  i s  m o r e  s e l f - f e r t i l e t h a n  

UI in V. faba and o the r  s p e c i e s  

In d i s c u s s i n g  the hypotheses  account ing fo r  UI (Ab-  

da l la  1970, 1974a; Abdal la  and H e r m s e n  1972) the 

conc lus ion  r e a c h e d  was that the " tw o-power  c o m p e -  

t i t ion"  hyPothes is  could expla in  the o c c u r r e n c e  of 

UI in d i f fe ren t  plant  s p e c i e s  whe ther  the f a i l u re  of 

the c r o s s  was in the d i r ec t i on  SIX SC, SC • SC, 

SC x S I  o r  S I x S I .  
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The two-power  compet i t ion  hypothes is  was worked 

out (Abdal la  1970) to explain the UI that f r equen t ly  

o c c u r s  when c r o s s i n g  i s  t r i e d  be tween SI s p e c i e s  as  

f e m a l e s  and SC r e l a t i v e s  as m a l e s .  It was a s s u m e d  

that the hybr id iza t ion  be tween SI and SC pow er s ,  r e -  

su l t ing  in a d v e r s e  e f fec t s  of in t roducing  s e l f - c o m -  

pa t ib i l i ty  into the he t e rozygous  SI popula t ions ,  led  

to the evolut ion  of the U_.~I genes  on the s ide  of SI 

p lan t s .  The U._~I genes  p r even t  f e r t i l i z a t i o n  by s p e c i f -  

ic  S ( s e l f - c o m p a t i b i l i t y )  a l l e l e s  of  the SC s p e c i e s ,  

not only leading to UI, but a l so  r e n d e r i n g  the r e c i p -  

roca l  F 1 plants  (SC • SI) s e l f - i n c o m p a t i b l e  and con-  

sequent ly  p reven t ing  the " s e l f - c o m p a t i b i l i t y  d i s e a s e "  

f r o m  th rea ten ing  the SI popula t ions .  The evolut ion  
S of a UI-gene  s - g e n e  s y s t e m  as a r e s u l t  of  the c h a l -  

l enge  of hybr id iza t ion  between SI and SC p o w e r s  

( c o m p a r a b l e  to the g e n e - f o r - g e n e  s y s t e m  of hos t -  

p a r a s i t e  r e l a t i ons )  was publ ished in detai l  in 1972 

by Abdal la  and H e r m s e n .  

Uni la te ra l  incompat ib i l i ty  in Y. faba is  the f i r s t  

r e p o r t e d  o c c u r r e n c e  of this  phenomenon among d i f f e r -  

ent s e l f - c o m p a t i b l e  populat ions of the s a m e  s p e c i e s  

lacking SI r e l a t i v e s .  It can be expla ined on the s i m i -  

l a r  bas i s  of the evolut ion  of un i l a t e ra l  incompat ib i l i ty ,  

as  out l ined in the t w o - p o w e r  compe t i t i on  hypo thes i s .  

The U__~I genes  p r e s e n t  on the s ide  of low s e l f - f e r t i l e  

populat ions  will p ro tec t  them f rom the d rawbacks  of 

the " s e l f - f e r t i l i t y  d i s e a s e " .  The " s e l f - f e r t i l i t y  d i s -  

e a s e "  expec ted  to o c c u r  in p r o g e n i e s  of l ower  s e l f -  

f e r t i l e  when c r o s s e d  with h igher  s e l f - f e r t i l e  popu-  

la t ions  is  c o m p a r a b l e  to the " s e l f - c o m p a t i b i l i t y  d i s -  

e a s e "  that o c c u r s  a f t e r  c r o s s i n g  s e l f - i n c o m p a t i b l e  

with s e l f - c o m p a t i b l e  s p e c i e s .  

Evolu t ion  of s e l f - i n c o m p a t i b i l i t y  f r o m  s e l f - c o m p a t i -  

b i l i ty  

It may  be a rgued  that V. faba evolved  f r o m  an au to-  

gamous  a n c e s t o r ,  o r  f rom an a l logamous  one - n e v e r  

found - that was fo rced  to inb reed  and has undergone  

a change  lead ing  to a tuogamic  na tu r e .  Wha teve r  the 

a n c e s t o r  was ,  the cu l t iva ted  V. faba is  a s s u m e d  to 

have  deve loped  f r o m  highly s e l f - f e r t i l e  populat ions  

that p o s s e s s  genes  spec i f i c  for  high f e r t i l i t y  ( S H F ) .  

A change could have  happend leading to s e l f - f e r t i l e  

popula t ions  ( S F ) ,  s i m i l a r  to s o m e  s m a l l - s e e d e d  and 

some medium-seeded stocks. Another change could 

have happened leading to low fertility populations 

(SLF), comparable to some ' major' stocks. A third 

change could have occurred, leading to cross-ferti- 

lized popuiat ions  (SC) but main ta in ing  s e l f - c o m p a t i -  

b i l i ty .  A fourth change might  occur  - neve r  p r o v e d  

t i l l  now - r e su l t i ng  in s e l f - i n c o m p a t i b l e  populat ions 

(SI) .  A s e l f - c o m p a t i b l e  plant may develop into a 

s e l f - i n c o m p a t i b l e  one through a change of S s p e c i f i -  

c i ty  f r o m  S ( s e l f - c o m p a t i b i l i t y  a l l e l e )  to S ( s e l f - i n -  

compa t ib i l i ty  a l l e l e )  o r  through the deve lopment  of 

U_.!I r e j e c t i n g  genes  aga ins t  i ts  S a l l e l e s  (S i S 1 UI 1 UI 1 

is  a s e l f - i n c o m p a t i b l e  p l an t ) .  

It i s  pos s ib l e  that s o m e  V. faba populat ions a r e  

a l r e a d y  at the s t age  of the th i rd  change ( pe r cen t ages  

of c r o s s  f e r t i l i z a t i o n  reach ing  m o r e  than 60 7~ have 

been r e p o r t e d  in f i ld beans  by s o m e  a u t h o r s ) .  

The hypothes ized  s teps  e x p r e s s  the poss ib i l i t y  of 

the evolut ion of a c r o s s - f e r t i l i z e d  s y s t e m  f r o m  a 

s e l f - f e r t i l i z e d  one ( s e e  a lso  Abdal la  and H e r m s e n  

1972). It is  a l so  pos s ib l e  that s e l f - i n c o m p a t i b l e  s p e -  

c i e s  have evo lved  f r o m  s e l f - c o m p a t i b l e  ones  fo l low-  

ing s o m e  o r  all  of the fol lowing s teps  leading to the 

d i f fe ren t  changes  : 

SHF -* SF -* SLF -* SC -* Sl (Scl SCl --UI I --UI 1 or 

s i si). 

The UI in V. faba or  any o the r  s p e c i e s  will  d e v e l -  

op on the s ide  of populat ions that a r e  t h r ea t ened  and 

endangered  in t he i r  evo lu t ionary  pathways o r  in t h e i r  

p e r s i s t e n c e .  In V. ]'aba the U._~I-genes will develop 

favour ing  low f e r t i l i t y  popula t ions  aga ins t  highly f e r -  

t i l e  ones .  In SI s p e c i e s ,  U_~I genes  will deve lop  

favour ing  s e l f - i n c o m p a t i b l e  populat ions  aga ins t  s e l f -  

compa t ib l e  r e l a t i v e s .  

The s c h e m e  above ru l e s  out the poss ib i l i t y  of the 

dual function of s e l f - i n c o m p a t i b i l i t y  a l l e l e s  (Lewis 

and Crowe 1958 and o t h e r s ) .  It a l so  i m p l i e s  that SI 

s p e c i e s  should p o s s e s s  U._~t genes  aga ins t  SC r e l a -  

t i ve s ,  e s p e c i a l l y  ' o l d '  ones ;  and that UI genes  may 

be p r e s e n t  favour ing  d i f fe ren t  SC populat ions  aga ins t  

o the r  SC ones ,  in p a r t i c u l a r  on the s ide  of low s e l f -  

f e r t i l i t y  agains t  high s e l f - f e r t i l i t y  and c r o s s - f e r t i -  

l i zed  aga ins t  s e l f - f e r t i l i z e d .  
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Uni la te ra l  i n t r a spec i f i c  incompa t ib i l i t y  in 

Lycopersicon 

Cases  of u n i l a t e r a l  i n t r a spec i f i c  incompat ib i l i ty  were  

reported in Lycopersicon by Mar t in  (1961, 1963, 

1964).  These involved SI and SC popula t ions .  The 

r e s u l t s  r epo r t ed  by Mar t i n  (1964) on the l i nes  Banjos 

and Surco of the botanica l  types  ' g l ab ra tum ' and 

' h i r s u t u m '  of L. hirsutum a r e  i n t e r e s t i n g .  The two 

l ines  a r e  SC but di f fered in the i r  f e r t i l i t y .  Banos 

being m o r e  f e r t i l e  (40 �9 3 seeds  pe r  f r u i t ) ,  and  Surco 

l e s s  f e r t i l e  (18 �9 9 seeds  pe r  f r u i t ) .  Surco r e j e c t e d  

f e r t i l i z a t i on  by pol len f rom Banos ;  the r e c i p r o c a l -  

c r o s s  succeeded .  The fa i lu re  of the c r o s s  was in the 

d i r ec t ion  of f ema le  l e s s  f e r t i l e  • male  m o r e  f e r t i l e ,  

ag ree ing  with the p r e s e n t  model .  The SI l ine  (Ca ja -  

m a r c a )  r e j ec t ed  f e r t i l i za t ion  f rom both SC l ines  

which also a g r e e s  with the model p r e s e n t e d  above.  

The fact that UI o c c u r s  between p lan ts  of the 

s a m e  spec ies  (Vicia  and Lycopersicon) is  i n t e r e s t -  

ing .  This jus t i f i e s  the a rgumen t  that this  phenome-  

non evolved due to the cha l lenge  of hybr id iza t ion  be -  

tween dif ferent  p lan t s ,  and con t ro l l ed  by speci f ic  U._~I 

genes .  It a lso  shows that UI occu r s  before  s p e c i a -  

t ion takes  p lace .  UI (and s e l f -  and c r o s s - i n c o m p a t i -  

b i l i ty)  funct ions  equal ly  well among plants  of the 

s a m e  spec i e s  and between p lants  of d i f ferent  spec i e s .  

This con t r ad ic t s  the r epo r t s  that UI funct ions  only 

between populat ions  (Hogenboom 1973 and o t h e r s ) .  

The incongru i ty  model 

Hogenboom (1973) p r e s e n t e d  what he ca l led  the i n -  

congru i ty  model  to account  for un i l a t e r a l  r e l a t i o n s .  

The model is  e s s e n t i a l l y  Mar t i n  ' s (1963) hypothes is  

of the polygenica l ly  con t ro l l ed  ba lance  of subs t ances  

affect ing pol len  tube growth and s t y l a r  inhib i t ion  

( see  a lso  Pandey  1969).  In addi t ion to a r g u m e n t s  

p r e s e n t e d  e a r l i e r  aga ins t  such ideas  (Abdal la  1970, 

1974a; Abdal la  and H e r m s e n  1972; de Net tancour t  

et a l .  1974) it is  obse rved  that the incongru i ty  model :  

(1) fa i led to d i f fe ren t ia te  between widespread  o c c u r -  

r ence  of c e r t a i n  behav iour  (SI • SC inhib i t ion)  and 

f indings  of r a r e  even t s ;  (2) ignored  the i m p o r t a n c e  

of inb reed ing  d e p r e s s i o n  o c c u r r i n g  in  SI popula t ions  

following the in t roduc t ion  of S a l l e l e s ,  although such 

d e p r e s s i o n  was c l e a r l y  d e m o n s t r a t e d  also in Lyco- 

persicon i nb reds  (Hogenboom 1972a) ; (3) re jec ted  

the ro le  of evolut ion and na tu ra l  se lec t ion  in bui lding 

up a U._~.I-gene-S-gene s y s t e m  (Abdal la  and H e r m s e n  

1972). 

Compared  with the two-power  compet i t ion  hypo- 

thes i s ,  the incongru i ty  model cannot  fu rn i sh  an ac -  

ceptable  explanat ion for the di f fer ing r e s u l t s  r epor ted  

in  the l i t e r a t u r e ,  such as :  behaviour  of hybr ids  be -  

tween SC and SI pa r e n t s  and the i r  s eg rega t ing  p r o -  

genies  in connect ion  with s e l f - compa t ib i l i t y  and s e l f -  

i ncompa t ib i l i t y ;  the a s soc ia t ion  of s e l f - i n c o m p a t i b i l i -  

ty and un i l a t e ra l  i ncompa t ib i l i t y  in hybr ids  between 

SC and SI p a r e n t s ;  the o c c u r r e n c e  of SC p rogen ies  

among S I x  SI hybr ids  and SI p rogen ies  in SC • SC 

hyb r id s .  Also the r e s u l t s  of Grun  and Auber t in  

(1966) ,  Hogenboom (1972d),  H e r m s e n  et a l .  (1974) 

and Spoor (1976) ,  and the behaviour  of ' m a j o r '  C 2 

in our  r e s u l t s ,  a r e  an tagonis t i c  to the incongru i ty  

model .  These r e su l t s  dealt  with the success fu l  r e -  

c ip roca l  c r o s s i n g  between p lan ts  that accept  and those 

that r e j ec t  S - c a r r y i n g  pol len .  All the r e s u l t s  r e p o r t -  c 
ed can be s{-mply explained on the bas i s  of the two- 

power  compet i t ion  hypothes is .  

Dr .  H o g e n b o o m ' s  (1972b, c) r e s u l t s  can be ex-  

p la ined  on the ba s i s  of the two-power  compet i t ion  hy-  

pothes is  as follows: the SC inb reds  obta ined through 

muta t ion ,  i nb reed ing  and se lec t ion  may p o s se s s  dif-  

fe ren t  S s t r u c t u r e s ;  some  differ  f rom those unable  

to f e r t i i i ze  U__~I genotypes p r e se n t  in Lycopersicon 

peruvianum, and will c r o s s  r e c i p r o c a l l y  with s i s t e r  

SI p l a n t s ;  muta t ion  and inb reed ing  may have r e su l t ed  

in d i f ferent  U..~I genotypes ,  i nb reed ing  leading  to uiui 

ones aga ins t  L. esculentum pol len  (muta t ion  of UI 

genes  is  not ru led  ou t ) ,  and consequent ly  some  may 

also c r o s s  r e c i p r o c a l l y  with L. esculentum. The seg -  

rega t ion  of U__~I-genes in H o g e n b o o m ' s  m a t e r i a l  may 

explain all  his  r e s u l t s .  The explanat ion of Hogenboom 

(1973) of the model of Lewis and Crowe (1958) of the 

gradual  muta t ion  f rom SI spec ies  through Sc and S~ 

to SC ones  is  based  on d isputable  suppos i t ions :  "low- 

e r ing  capac i t i es  of many b a r r i e r  genes"  and " m a i n -  

ra ining pene t ra t ion  capac i ty"  and "adjus t ing  p e n e t r a -  

t ion capac i ty"  a r e  too many a s sumpt i ons  without 

proof .  The mutan t s  a s s u m e d  in the model of Lewis 

and Crowe (1958) a r e  eas i ly  expla ined as a one -gene  

muta t ion  s tep in S or  U_.II-genes. On the bas i s  of the 
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two-power  compet i t ion  hypothesis  the mutan t s  may 

be given such genotypes as the following to account  

for  the i r  a s s u m e d  behaviour  [see  also Abdal la  and 

H e r m s e n  (1972) and Abdal la  (1974a) for  more  de -  

ta i l s  ] : 

Lewis and Crowe 
(1958) spec ies  

Expected genotype accord ing  to 
the two-power  compet i t ion  
hypothesis  

SI = SiS i UI l . . u i 2u i2u i3u i 3  

Sc = Sc3Sc3UIiUIlUi2ui2ui3ui3 

$6 = Sc2Sc2Uilu i lu i2ui2ui3ui  3 

SC = Sc lSc lUi lUi lu i2u i2u i3u i  3 

So fa r  as  it has been tes ted ,  the two-power  compe t i -  

t ion hypothesis  can s a t i s f ac to r i l y  and s imply  fu rn i sh  

a bas i s  to expla in  the r e s u l t s  of un i l a t e r a l  i n t e r s p e -  

cif ic and in t r a spec i f i c  incompa t ib i l i t y  publ ished up 

to now. F r o m  the p rac t i ca l  point of view uiui geno-  

types a r e  being used in r e s e a r c h  in di f ferent  plant  

spec !es .  The s tud ies  of muta t ion ,  incompat ib i l i ty  and 

i n t r a -  and in t e r spec i f i c  c r o s s i n g s  a r e  expected to 

revea l  i n t e r e s t i ng  d i s cove r i e s  in the po ten t ia l i t i e s  of 

S Sc and UI genes and the i r  i n t e r a c t i o n s .  Compared  

q th alleles, ~_ a l l e les  have been given l e s s  a t t en -  

t ion .  

the ' m a j o r '  c h a r a c t e r i s t i c .  C 2 is  a ' m a j o r '  type 

with b e t t e r  fe r t i l i ty  compared  with C 3. 

Hybr ids  a r e  good y i e l d e r s  and e xp r e s s  high fe r t i l i -  

ty,  but they s t i l l  a r e  diff icul t  to produce c o m m e r c i a l -  

ly .  Some inbreds  with high s e l f - f e r t i l i t y  and which a re  

leas t  affected by env i ronmen ta l  condi t ions  may be 

equal ly  good as hybr ids .  

Hybr id iza t ion  between ' m a j o r '  and o ther  va r i e t a l  

types is  poss ib le .  Rec iproca l  c r o s s i n g  and f ac i l i t a t -  

ing the r ecove ry  of useful  s eg regan t s  n e c e s s i t a t e s  

us ing  uiui gentoypes ( see  Abdal la  and H e r m s e n  

1972). However,  the p rac t i cab i l i t y  of r ecove r ing  the 

o r ig ina l  typical  ' m a j o r '  with fe r t i l i ty  s i m i l a r  to 

paucijuga or  ' m i n o r '  types may be quest ioned.  It 

is  being expe r imen ta l l y  tes ted .  Handling ' e q u i n a '  

popula t ions  may be p r o m i s i n g  in different  a spec t s .  

It would be i n t e r e s t i n g  to throw more  light on the r e -  

l a t ionsh ip  and the products  of r ecombina t ion  of the 

di f ferent  Sc a l l e les  in V. faba ( see  Abdal la  1977). 

The d i scovery  of the p r e s e n c e  of un i l a t e ra l  i ncom-  

pa t ib i l i ty  in V. faba ca l l s  for r e - a s s e s s m e n t  of the 

degree  of na tu ra l  c r o s s - f e r t i l i z a t i o n  repor ted  in this  

c rop .  If some  of the plants  used in the e a r l i e r  s tudies  

happened to be c a r r y i n g  UI r e j ec t ing  genes ,  such 

p lan ts  would fail to c r o s s  as f e m a l e s l  the re fo re ,  it 

is  poss ib l e  that e a r l i e r  r e s u l t s  may need to be r e -  

checked.  

F e r t i l i t y  and field bean b reed ing  

With r e spec t  to the fe r t i l i ty  c h a r a c t e r i s t i c ,  differ ing 

spec i f i c i t i e s  a r e  known in  V. faba, different  ones of 

which may be p re sen t  in s i m i l a r  o r  d i f ferent  bo tan i -  

cal types .  The na tu re  of the Sc a l l e l e s  r e m a i n s  to be 

thoroughly inves t iga ted .  An in t e r e s t i ng  d i scovery  by 

Abdal la  and Husse in  (1977) is the muta t ion  of an 

' equina ' to a ' ma jo r  ' type.  

' M a j o r ' ,  ' e q u i n a '  and ' m i n o r '  types  p o s s e s s  

s tocks  with different  f e r t i l i t i e s ,  paucijuga is highly 

' a u t o f e r t i l e '  but a ve ry  low y i e lde r .  Improving  f e r t i l -  

i ty through ind iv idua l -p lan t  se lec t ion  may be achieved 

in c e r t a i n  s tocks  but not in o thers  (Abdal la  1976). 

S m a l l - s e e d e d  populat ions a r e  gene ra l ly  more  s e l f -  

f e r t i l e .  ' M a j o r '  s tocks a r e  most ly  low in fe r t i l i ty .  

In o r d e r  to improve  the fe r t i l i ty  of such popula t ions ,  

one may t r y  to change the _S-specificity towards  be t -  

t e r  fe r t i l i ty  but at the s a m e  t ime  g rea t ly  inaffect ing 

Literature 

Abdal la ,  M . M . F .  : Inbreeding ,  h e t e r o s i s ,  f e r t i l i ty ,  
p l a smon  d i f fe ren t ia t ion  and PhF~ophthoz~ r e s i s t -  
ance  in Solarium ver~cosum Schlechtd., and some 
interspecific crosses in Solarium. Agric. ires. Rep. 
Wageningen (the Netherlands) 748, 1-213 (1970) 

Abdalla, M.M. F. : Unilateral incompatibility in plant 
species: analysis and implications. Egypt. J. 
Genet .  Cytol .  3, 133-154 (1974a) 

Abdal la ,  M . M . F .  : Uni la te ra l  incompat ib i l i ty  in f ield 
beans ,  Vicia faba L. Incompat ib i l i ty  Newsle t t e r  
4, 16 (1974b) 

Abdalla, M.M.F. : Inbreeding, selection and hybridi- 
zation in field beans, Vicia faba L. Egypt. J. 
Genet. tyrol. 4_, 473 (Abst.) (1975) 

Abdalla, M.M. F. : Natural variability and selection 
in some local and exotic populations of field 
beans, Vicia faba L. Z. Pflanzenz(ichtg. 76, 332- 
341 (1976) 

Abdal la ,  M . M . F .  : P e r f o r m a n c e  of Fr and F2 hy-  
b r i d s  of Vicia faba L. Egypt. J. Genet. Cytol. 
6_, 108-121 (1977) 

Abdalla, M.M.F. ; Hermsen, J.G.Th. : Unilateral in- 
compatibility: hypotheses, debate and its implica- 
tions for plant breeding. Euphyfica 21, 32-47 
(1972) 



M . M . F .  A b d a l l a :  I n t r a s p e c i f i c  Un i l a t e r a l  I n c o m p a t i b i l i t y  in Vicia faba L. 233 

A b d a l l a ,  M . M . F .  ; Husse in ,  H . A . S .  : E f fec t s  of 
s i ng l e  and combined  t r e a t m e n t s  of g a m m a - r a y s  
and EMS on M~-quan t i t a t i ve  v a r i a t i o n  in Vicia 
faba L. Z .  P f lanzenzf ich tg .  78, 57-64 (1977) 

Grun ,  P .  ; A u b e r t i n ,  M. : The i n h e r i t a n c e  and e x p r e s -  
s ion  of u n i l a t e r a l  i n c o m p a t i b i l i t y  in Solarium. H e r e -  
d i ty  21,  131-138 (1966) 

H e r m s e n ,  J . G . T h .  ; O l d s d e r ,  J .  ; J a n s e n ,  P .  ; Ho-  
v ing ,  E .  : A c c e p t a n c e  of s e l f - c o m p a t i b l e  po l len  
f r o m  So~num verrucosum in d ihap lo ids  f rom 
S. tuberosum. In: Fertilization in higher plants 
(ed. Linskens, H.F. ) 37-40. Amsterdam: North- 
Holland Publ. Co. 1974 

Hermsen, J.G.Th. ; Ramanna, M.S. : Barriers to 
hybridization of Solanum bulbocastanum Dun. and 
S. verrucosum Schlechtd. and structural hybridity 
in their F~ plants. Euphytica 25, I-I0 (1976) 

Hogenboom, N.G. : Breaking breeding barriers in 
Lycopersicon. 2. Breakdown of self-incompatibil- 
ity in n. peruvianum (L.) Mill. Euphytica 21, 228- 
243 (1972a)  

Hogenboom, N.G. : Breaking breeding barriers in 
Lycopersicon. 3. Inheritance of self-compatibility 
in L. peruvianwn (L.) Mill. Euphytica 2_.!1 , 244- 
256 (1972b) 

Hogenboom,  N . G .  : B r e a k i n g  b r e e d i n g  b a r r i e r s  in 
Lyeopersieon. 4. Breakdown  of u n i l a t e r a l  i n c o m -  
pa t i b i l i t y  be tween  L. peruvianwn (L . )  Mi l l .  and 
L. esculentwn M i l l .  Euphy t i ca  2_1, 397-404 (1972c) 

Hogenboom,  N . G .  : B r e a k i n g  b reed ing  b a r r i e r s  in 
Lyeopersicon. 5. The i n h e r i t a n c e  of  the  u n i l a t e r a l  
i n c o m p a t i b i l i t y  be tween  L. peruvianum (L . )  Mi l l .  
and L. eseulentum Mil l .  and the  g e n e t i c s  of i t s  
b r eakdown .  Euphy t i ca  2_!1, 405-414 (1972d) 

Hogenboom,  N . G .  : A model  for  i ncongru i ty  in i n t i -  
ma te  p a r t n e r  r e l a t i o n s h i p s .  Euphy t i ca  2_22, 219- 
233 (1973) 

Lewis ,  D. ; Crowe ,  L . K .  : U n i l a t e r a l  i n t e r s p e c i f i c  
i n c o m p a t i b i l i t y  in f lower ing  p l a n t s .  H e r e d i t y  12, 
233-256 (1958) 

Martin, F.W. : Complex unilateral hybridization in 
Lycopersicon hirsutum. Proc. Nat. Acad. Sci. 
(USA) 47, 855-857 (1961) 

M a r t i n ,  F . W .  : D i s t r i bu t i on  and i n t e r r e l a t i o n s h i p s  of 
i n c o m p a t i b i l i t y  b a r r i e r s  in the  Lycopersicon h i t -  
suture Humb.  and Bonpl .  c o m p l e x .  Evolu t ion  1._~7, 
519-528 (1963) 

M a r t i n ,  F . W .  : The i n h e r i t a n c e  of u n i l a t e r a l  i n c o m -  
pa t i b i l i t y  in Lycopersieon hirsutum. Gene t i c s  50, 
459-469 (1964) 

de Nettancourt, D. ~ Devreux, M. ~ Laneri, U. ; Paci- 
ni ,  E .  ; C r e s t i ,  M. ; S a r f a t t i ,  G. : U l t r a s t r u c t u r a l  
a s p e c t s  of u n i l a t e r a l  i n t e r s p e c i f i c  i n c o m p a t i b i l i t y  
be tween  Lycopersicon peruvianum and L. esculentum. 
C a r y o l o g i a  255, Suppl .  207-217 (1973) 

de Ne t t ancour t ,  D. ; Devreux ,  M. ; L a n e r i ,  U. ; C r e s -  
t i ,  M. ; P a c i n i ,  E .  ; Sa r f a t t i ,  G.  : Gene t i ca l  and 
u l t r a s t r u c t u r a l  a s p e c t s  of s e l f  and c r o s s  i n c o m -  
pa t i b i l i t y  in i n t e r s p e c i f i c  h y b r i d s  be tween  s e l f -  
c o m p a t i b l e  Lycopersicon esculentum and s e l f - i n -  
c o m p a t i b l e  L. peruvianwm Theor .  Appl .  Gene t .  
4_.~4, 278-288 (1974) 

Pandey, K .K .  : Elements of the S-gene complex V. 
I n t e r s p e c i f i c  c r o s s - c o m p a t i b i l i t y  r e l a t i o n s h i p s  
and t h e o r y  of the evolu t ion  of the  S - c o m p l e x .  
Gene t i ca  40, 447-474 (1969) 

Ramanna ,  M . S .  ~ M u t s a e r t s ,  M . C . A .  : Unusual b e -  
ha v iou r  of g rowing  po l l en  tubes  in the  s t y l e s  and 
ovu les  of Spinacia oleracea L. Euphy t i ca  20, 
145-151 (1971) 

Spoor ,  W. : I n t e r s p e c i f i c  i n c o m p a t i b i l i t y  in Lolium 
s s p .  I ncompa t ib i l i t y  N e w s l e t t e r  7--, 62-64 (1976) 

A c c e p t e d  D e c e m b e r  15, 1976/ M a r c h  15, 1977 
C o m m u n i c a t e d  by H . F .  L inskens  

D r .  M . M . F .  Abda l l a  
A s s o c i a t e  P r o f e s s o r  
D e p a r t m e n t  of A g r o n o m y  
F a c u l t y  of A g r i c u l t u r e  
C a i r o  U n ive r s i t y  
Giza  (Egypt )  

Note  Added in  Proof 

The d i s c u s s i o n  in th is  and in p r e v i o u s  p a p e r s  a s s u m e d  

the r e j e c t i n g  U_[I genes  to be  dominan t .  P r e l i m i n a r y  

r e s u l t s  in V. faba  showed that  th i s  may  not be  a r u l e .  


