
SELF-STERILITY, SELF-FERTILITY, INBREEDING--AND
HETmSIS: GENETICAL INTERPREATION,..AND  APPLICATICN  IN

P&JT~~~T BREEDING.- - - - - .
BY O.H, Frankel (Wheat Research Institute);

-----------------

,It is not the object of this paper to supply specific
tnformation  on the behaviour of pasture plants under various
conditions of fertilization. I shall at,tempt  to review some of
the results obtained in work on various organisms, in the search
for those principles which are fundiental  to the phenomena
forming the subject of this paper; fundamentals which, I admit,.may -q.
not generally allow of a direct application in economic plant
breeding, but which may ,lead the way to new ideas and. to 'new
methods of procedure.

There is one idea fundamental to.modern cxop  biology: that
the biological  ~o~nstitution  of any crop should be controlled.
Needless to say, this does not ilnply  that all crops should be
uniform, ,consisting  of one pure line of one species. But whether
8 plant population consists of one variety &~fi one species.- as in
inost agricultural crops - or of an association of a number of
bpecies - as in most pastural crops - we ask that any individual
Component, speoieg,variety  or strain, be..bi.ologically  "controlled",
i:,e,.,.,~.its  members should be reasonably uniform in a g%etic,-sense;.: rt appears to me tha.t our present ideas are perhaps not tit~  last
word..on crop constitution; that even in our agricultural. crops;
part$cularly  in thos e with dense spacing,.plant  associations. of
closely rellated forms might be superior,.to  the single lines.
constituting our present crop varieties;. But th.is would only:  on
the sm  face mean a reversion to the mixed crops of days gone by-:
each constituent would  be biologically stable, i%s performance.

-)' ‘k,,
known; alone and in co-operation with others, and the composition
and relative prevalence  in the mixtire  would be controlled... -'

GEmTIC HOMOGENEITYL

For <the achiev:,e;nent  of genetic uniformity, no inethod  of
inating is superior to inbreeding.. It increases' mo3t ragidly  ..
the homogeneity of the ma-teri& , producing nearly ca.mplete.
homozygosity in about 8 generations; it induces dieerentiation,
and thereby facilitates the elimination of undesirable, and the
selecti.c@, of superior types.

1
16b&eding  is an ideal method, where Nature will allow its

application, But in many cross-fertilizing organisms,.including
most pasture,-plants, i,ts  use is largely restricted by two phenomena
not necessarily intar-'connected:..  self-sterility, and loss of
vigour/.

SELF-STERILITY AND SZLl?~FERTILITY*-------I
When in.&-hermaphroditic organism its own  male and female

sexual cells,.though  functional in combination with other
ifidi  v$ duals ,. are,unsuccessf'ul  when mated with each other, we call
this.

t
henomenon. self-sterility, or self-incompatibility. In the

earli, r st,ages  of investigation it was thought tha.t. this was due to,
some. host%lity toward self-fertilization, .as,.su,ch.;.  as,.Darwin  put
"-a sek,f;-sterile  plant can be f'ertilised  by'the.pollen  of: any one

it.,.

out of a thousand  or ten thousand i.ndividuals  of the sane. species,.
put  not by its wn. “’ Since then overwhelming evids;lce has been
brought forward to-show that this is not generally true. 1n:..t ke
majqrity of cases investigated these is a well defined grou-p
bebavi’our, with intra-sterility  and extra-fertility, i.e. members
of'thegroup  are sterile amongst themselves and fertile with

9
Fembers  of other groups .' These groups are well defined, and,. as
has been, shown in a number of. plants belonging to different species
/and families, they are based on genotypical diff'ersnces. In their
.'classic. e:xperiments  on Nicotiana,+ East Rc his collaborators h&ye

\
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s,hown..that  s:eif-sterility  i s  d u e  t o  the  a c t i o n  of’ a  s e r i e s  o f
f i f teen  al le lmorphs,  S  to  S‘~ which are responsib le  for  a l l
phenomena of group stesilityI5in  .Nicotiana. It  i s  considered
l ike ly  that  the  number  o f  alle!lomorphs  a,ctu’ally  in  ex is tence
is not much larger, perhaps about 20. The action of these
ster i l i ty  ,genes is  pecul iar . I f  one  l ine  carry ing  S  ‘S  i s
crossed  with  another  one  carry ing  S  S  ,  6nly  the  polllen
carrying S
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Si27~e  only  po l len  with  s ter i l i ty  genes  not  carr ied  by  the  nother
plant  can  funct ion , se l f ing  i s  ord inar i ly  krqossible.

This  theory,has  been tested  in  var ious  ways ,  the most
convincing probably being the establishment of equal linkage
re lat ions  for  var ious  steril:ity  genes  with ink gene  for  coro l la
colour-  which Is located in the same chr omosomk.

The spec ies  Nicot iana Langsdorf f ’ i ,  which is  se l f - fert i le ,
has been shown to carry a fertili:ty  factor’ S
orphic  with the  ster i l i ty  genes , and dominang-’ ’

which is  allelon-
in  re lat ion with

them. Sf  sf o r  SfSl accordingly  are  se l f - fert i le .

In addition to these genes, there have been shown %O
exist a number of, probably  recess ive ,  genes  caus ing  “pseudo-
f e r t i l i t y ” . Brieger  has s h o w n  t h a t  o n e  s u c h  f a c t o r ,  P ,  ,in
the  presence  o f  certa in  among the  ster i l i ty  factors ,  ,induces
normal  seed producticn  on  se l f - fert i l i zat ion . Pseudo- fert i l i ty
in th is  case  i s  determined genet ica l ly . I t  can, however ,  a lso
be  caused  phaenotgpica l ly ,  v iz . ,  by  the  presende  o f  such  env iron-
mental conditions which are particularly favourable  to f’ertiliz-
ation Under such circumstances ordinarily incompatible matings ,’
may become part ia l ly  fert i le . In  Nicot iana ,  fer t i l i zat ion  in
the bud, several  days  before  f lowering,  and fert i l izat ion towards
the end &’ the flowering season, have been mogt  successful,

Phaenatypic  p s e u d o - f e r t i l i t y  i s  e a s i l y  un&erstood  i f  t h e
phys io log ica l  3asis  o f  compat ib i l i ty  and incompat ib i l i ty  i s
studied. I t  has  been shown that  the  d i f ference  is  due  to  :.
di f f erent  rates,of  po l len  tube  growthi I n  bo'ch, compatible
and incompatible matings, pol len  tubes  grown in  the  t issue  o f
the. style, but  in  the  former  growth is  faster  than in  the  latter .
In Nicotiana, the  normal  l i fe  o f  a  f lower  is  about  8  days .  If
the  BalILen  tube does  not  reach the  ovule  by  th is  t ime -5~f’..it  i s  ,
so  to  speak, tooslate  in  arr iv ing  - no  fert i l i zat ion  occurs .
Erieger  found  the fo l lowing growth rates  o f  pallen  tube growth
o f  f e r t i l e  ( F )  a n d  s t e r i l e  (S) p o l l e n :

mm I

Days  a f ter  po l l inat ion
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Itwill  be seen that the F line has a more rapid growth curve,

particularly in the latter part, whereas the S lines are almost
straight. The differences anong the self-sterile lines are
explained with the action of subsidiary genes. But it is also
likely as pointed out by East, that various S genes possess differ-
ent physiological values, since some seem to be more potent than
others, perhags each of the S factors having a typical pollen tube
growth rate qf its own. It will be further understood why
environmental  circumstances may exert a str2ng  influence on compat-
ibillty: There is not a qualitative, but a quantitative difference -
rate of growth - between success or failure of fertilization.
Environmental factors favouring  pollen tube growth,  such as high
temperature..or  high cell-sap concentration, may speed up the process
sufficiently to render it successful,.,where less favourable conditions
would lead to abortive growth. Finally, East suggests that the'
modifying genes which determine pseudo-fertility may act through a
shortening of the style, or lengthening of the "life" of the flower,
etc.

Work on other plants revealed similar mechanisns  for self-
and cross-sterility and fertility: group behaviour, based on the
action of sterility genes; pseudo-fertility resulting from the
action of modifying genes; and pseudo-fertility under the influence
of the environment.

No genetic analysis of compatibility has been worked out in
any of the pasture plants. The material available, however,
seems to -permit certain inferences from the general principles
disdovered in organisms more accessible to golletic'  ,experimentation:,

'The exi.stence.of  large individual difZfer&es.in  self- _.
compatibility has been established in all cross-fertilizing pasture
pl'antsi. In species with a high average proportion  of facu1tativ.e
selfifertilization,  such as Cocksfoot, as well as in species with

“b
a high average degree of selfrsterility,.such  as Red Clover, or' ',
Perennial Rye-grass, individuals have been found.with' absolute
self-sterility, aS,well as others with a high degree of self-fertility.
The technical difficulties involved, such as the influence of the
enclosing of inf'lorescences on seed setting, the .influence  of
seasonal v'ariation, of diseases and insect Tests,  all'interferibeg I
with comparisons of relative fertility., render the. task,  of revaluating
the causes' of differential  fertility extremely dif!ficult. In‘.a
recent publication, Nilsson uses the analysis of variance for, :.:
as~soeb5ngthe,.~phaenotypical  and genotypical influences of vari:ations
in self-fertility. When intra-plant varia.tion  - the variance, of
the'seed production. c&' single inflorescences -,.and inter-plant,
variation, as measured by the variance members of clmes;are
taken to be the measure of phaenotypical variation, the existence
of genotypical differences can.be established. Other methods
used consist in'the correlation of results obtained from the,same
plant in successive seasons, after transplanting to a differen
jQcality; and further in,the correlation of salf-fertility  in

successive  $3nerations. ' A.genetical  method has been u-aed  by
Willj;ams  in measuring the amout of self-fertilization  by crossing '
plants.-of.kno-wn  genotypeposs&ss~i~genes  which r~a~&Gled  .the propor-
tion of'gsalf-and  cross-f-ertiiization a

By. all these methods has been shown the.existence  of
hereditary differences in self-,sompatibility, varying. from absolute
self-sterility I2 almost fill  self-feqtility. There is so far no
record of act-irat? inheritance studies on co-mgatibility  on the lin.es

of the work S Xicotiana  or Veronica; But thz 'etridence,  of
family  records seems tc show .that a comparatively small number of
genes  is concerned. Nils&en  states that "In some' inbred.familiea.
of timothy all plants have a comparatively high degree-of self-
fertility, in other families all individualsare nearly or
completelyi3elf~sterile~ most families again show 'a wide segregation...

.k In no i'nstanc8  has a family shown an apparently constant ,intermediate
degree of self-ferti litYe
having a great effect,

This indicates that only,,<a--few  factors,
are mainly responsible for...%,fie  genetical

> variation in this character." In Red Clover,-Williams  comes to



the  conoluSionQof  the  ex istence  o f  at  least  13  Glelomorphic
sterility  f a c t o r s , influencing pollen tube growth on the lines * ?
establ ished in  Wicotiana.

Pseudo- fert i l i ty  is  frequene  in  a l l  pasture  p lants ,  but ,
using some of the methods reviewed abme,  its separation from true
fert i l i ty  should be  wel l  poss ible . Bu$  the  separation  o f  the  act ion
of  pseudo- fert i l i ty  genes (Br ieger ’ s  gene  P  in  Ricotiena)  from
ster i l i ty  genes  (S  ser ies )  should  be  more  diflitilt  in  a  mater ia l
t)le g&etical  mnstitution  o f  w h i c h  i s  unknot. Wi l l iams  has
led  the  way in  an attempt  at  ident i fy ing  sterility  groups  in  Red
Clover. It cannot be long before a series of S:fact’ors  in that
plant will be est ablished, azd  With i t  a  ser ies  o f  test  p lants
possess ing  the  var ious  a l le lomorphs  #, which in  km  will  allcrnr
p lant  breeders  t-2  range  the ir  mater ia l  in  s ter i l i ty  groups ,

In summarizing this paragraph on self-sterility we can
s$ete t h a t  the  analysis  o f  c o m p a t i b i l i t y  has r e v e a l e d  i t s  phaeno-
typical.  and  genotypical  foundat ions  ;, that  the  latter  dc  not  set
insuperable limit ati  ons to  the  establ ishment  of absolute  ster i l i ty
o r  f u l l  f e r t i l i t y ; that  compat ib i l i ty  i s  a  group character is t i c ,
and that any plant can be ranged in one of a number of groups with
intra-ster i l i ty  end inter-fertilityi and that to the plant breeder
this opens avenues for the full uti:isation  of the phenomena
following inbreeding and outbreeding.

When in crosS - f e r t i l i z i n g  plabts S e l f - f e r t i l i z a t i o n  i s  artif  i-
c ially  induced, i t  is frequenbly  fo l lowed by  a  reduct ion  in  the
vegetat ive  v igour  o f  the  progbny, increasing for several genera.
tiOnS t i l l  a  certa in  minimum leve l  o f  v igour  i s  reached ,  3n
inter -cross ing  such inbred  no@-related  stra ins ,  normal  v igour  i:
re-es tablished. I t  iS  Xurther  f requent ly  found that  even  the
F
w, ereaSh

Of tti0  non- inbred lines is  ‘:more v i g o r o u s ,  than e i ther  parent ,
the average vigour in ,the  subsequent generations

decreases till again the”inbr$eding  minimum” is reached. The
phenomenon of increased hybrid vigour is called heterosis.
An explanat ion  o f  l oss  o f  v igour  and heteros is  i s  o f  v i ta l
interest  t0 the plant breeder:: in supplying information on the
Scope  and poss ib i l i t ies  o i ’  inbreeding ,  that  method o f  mat ing
which iS  more useful than any ‘other in fixing hiS  types;. and
in opening up possibi l i t ies fgr  the  ut i l izat ion  o f  heteros is ,
which in one generation may produce improvements which otherwis(
may  be  hard to  ach ieve  in  many  years  o f  arduous  l ine  breeding .

J u s t  as s e l f -Sterility  a n d  s e l f - f e r t i l i t y ,  s o  l o s s  ,,
Of V&Our  and  heteros is  have  b!een  interpreted  in  mendel ian  and
in non-mendelian terms. The mendelian explanation sees the
advanthge  o f  h e t e r o s i s  i n  t h e  Fccumulation  o f  advanttigeous
genes ,  the  non-mendel ian  in  heterozygos i ty  in  i tse l f , To the
plant  breeder  i t  i s essent ia l  to  Know which is  the  correct
explanation. I f  the  former  is, r ight , there  i s  a  chance  o f  the
he teros is e f fect  be ing  made ho ’mozygot ic ,  s tabi l ized ;  but  i f
t h e  l a t t e r  f i t s  t h e  c a s e ,  h i s  o n l y  ob.ject  iS to produce  t h e
maximum degree of heterozygos ity  permissible d&he  CircumStam
ces,

The mendelian  explanation assumes the existence  Of
cumulative dominant genes for vigour .e The more of these genes
an indiv idual  possesses ,  the  mpre  v igorous  i t  wil-l---be-i--ad
in a  cross  of  two forms possessing differ,.en.t vigOur  genes7
the hybrid, combining  a l l  d o m i n a n t  genes’contributed  bY t h e
paren  tS  , will be more vigorous than either .Of  them. In the
subsequent  inbred  generat ions  homozyg.oS  i ty  increases  rapidly,
and with  i t  the  proport ion  o f  indiv iduals  doubly  recessive
for  some of the vigour genes. The climax  o f  this  prOCeSS
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i s  reached f ter  about  7 -8  generat ions ,  when almost  fu l l
/h e  terozyb  5 i t y  iS attained. From  then on the  loss  o f  vi&our

should be very small. This  theory  expla ins  sat is factor i ly
the  or&in  of  heterosis  and loss  o f  vigour: B u t  i t  r e q u i r e s
that  sei;regates  should  be  found o f  a  vi&our  equal ,  or  even
s u p e r i o r , t o  t h a t  o f  t h e  Fl. ‘lo  expltlin  the ir  absence  or
exkretne  r a r i t y , Jones assumed that, the vigour genes are linl;ed
and  that only by means of cro ss ing-over  a  h igh  degree  o,f
dominance could be established in any but the first hybrid
genera.tion. Luch cross ing-over  wi l l  only  rare ly  leap  to
a full complement of dominant genes. On the other hand it
explains the  or ig in  o f  the  rare ly  occurr ing  super ior
,individuals in  h igh ly  inbred ,  “de,enrated”,  families.

I f  heterOS  iS i s due  to  kenotypical  causes ,  a n d
not  to  the  hybr id  !,ature  i tsel f , inbreeding  in  i t se l f  cannot
be harmful, but only as a mechanism liable to produce
unf avourabie  genotypes. It has been said before that
inbreeding  d i f ferent iates a  heterozygot i c  mater ia l . I t  br.ingS
to  l ight  recess ive  character ist i cs  ‘which, in  a  cross-i’e.rtiOz-
ing  populat ion ,  would  rare ly ,  i f  ever ,  appear ,  such as
chlorophyl l  d:,f i c ienc ies  and v a r i o u s  other  deformit ies .

.Such  recessive forms can be readily seen and their mode of
inher i tance  is  Known in  many  instances . 2j$&Qii  But  there

also  are  lively  to  be  recess ive inhib i tory  genes  ighich are
detrimental to normal development, although not as effecltive
as  e .g . the lethal genes inhibiting chlorophy’ll  deveiopment o
By  “pure -breeding”  o f  letI,als,  seu:i-lethals  and inhib i tory
benes, t h e standard o f  product ion is  loitiered  in  inbreJ.
Lami.  ies . but at  the  same t ime inbreeding  provides  a chanca
for  s tab i l i z ing  any  va luable  s ing le  l ines ; ‘ide’  may c oncluds
that  accordin  to  this theory  the  effvct  o f  inbreeding  and
outbreeding dependes on the genotype of the material
concerned; that  in  the  major i ty  o f  cases  natural ly  cross -
breeding organisms Nili  tend  to  be  favoured  by  inte-breeding,,
s ince  inbreeding will produce individuals pure for unf avourable
recess ives , whereas outbreeding  is  l ike ly  to  secure  the ir
dominant alielomorphs  ; but  that  in  a  mater ia l  f ree  f rom
such detr imental  recess ives  inbreeding  w’ill  Iead  to
s ttibilized  genotypes whit  h may possess ful l  -vegetative  and
generat ive  vi&our, althoubh  the occurrence of such forms
tii.11  tjenerally  b e  r a r e .

Accepting the “ interact ion-hypothes is”  for  the
ef’i’ect  of quantitative genes recently pronounced by
has  mus s on, i t  would  be  erroneous  to  aSsume a  sin,ple
addit ive  e f fect  o f  dominant  v igour  genes . These genes cannot
be  supposed to  act  as  independent  naf&kk1Sic~ca  ent i t ies ,  but
as  a  system of  co -ordinated units , whose individu,al  af fect
wi l l  be  smal ler  the  larger  the  number  o f  co -ordinated
elements presnn  t.

The  aoLjump’tion  o f  the  benef ic ia l  e f fect  o f
dominant genes is  wel l  in  accordance  with recent  ideas  on
evolution by r;ene  mutation. I t  i s a genera l f act that  vii13
types  large ly  po ssess dok~nant  allelomorphs, whereas
niutkltLons al-is  ing in  them - most 1 requently of a hartnf  ul
nature  - are ri.os  tly  recess  ive. JLjviouSly harmful dominant
benes  \~ould  be eliminated very rapidly in nature, whereas
recer;sives  o f  a s ittilar  elfect  may  be  preServed  for  very  lo!.:;3
periods , provided  t h e  n o r m a l  allelomorph  i s  f’ullg  dot:;lnt*nt.

h. . F i s h e r  su,,ested  that  t h i s  prevailin&  domil:ance  U tiild
types has been &radually  deve&ped  by the acquisition of
modify,ing  genes which determine the  ful l  ddminance  o f  the
normal over the harmful recessive alielomorph.
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The “heterosis”  theory, as distinct from the *‘dominance”
theory outlined above, explains heterosis and loss of vigour
by tie relative physiological merits of heterozygosity and
homoxygosity. The former is assumed to produce a stimulating
effect, snd the latter the opposite. Whereas for the general
phenomena followi.ng hybridization and subsequent inbreeding
the theory is acceptable, it does not fit the case, where*, .
individual problems are concerned: E. g.,  , hybridization of
unrelated forms does not always\producs  a superior hybrid,
Further, homozygotic types may be more vigorous th,an correspond-
ing heterozygotes.

,
This theory has received recent support from the results

obtained by Engledow and Pal in &I\ study on hybrid  vigour in
w he at. Mainly owing to a markeq,  though small, difference in
hybrid vigour exhibited in reciprdcal crosses, the authors
contend that a factorial explanatibn  is not satisfactory.
The main effect of heterosis was saen in the earlier stages Of
plant development. The authors observe therefore. that “it
strikingly resembled the early ‘Isti~ulus~’  observed to result
from some “seed dressings” (f’un&cidal) used for cereals which

‘also loses its effect long before th’q plants reach,maturity.
It seems not unreasonable to suggest:‘thsrefore  that hybrid
vigour, as a phenomenon of juvenile iife  is, at any rate in
part,. of a nature of a temporary stitiulus set up by the act,
or consequences  , of causing unlike gainetes  to unite.!’ Alt bough
the case in question seems to require;,further  investigation
before the general conclusion may be accepted, it. seems’ possible
to me that there may be’. several mechanisrmproducing  similar effects.
In reviewing the literature on hybrid tigour Engledow and Pal
found that ‘it: appeared most fre~~e~~l;Ji”~,~~“~arked”in  plants
being (a) ‘. diploid, &:) naturally: out-p:,’  linating <aAd  :’ (c) i.
enddspernic’ in seedi  although ‘!the.  si2n.f.ican’ce  of :‘,thi s .’t

1.4 as so  c.iation:.  . . . . with hybridvigour  cannot.  yetbe’  judged. ” j
I: think it muit be’ tionceded  that in. th&$ org.enisms  ‘in which
heterosis is :-most .marked; i:e; , wN,,:;‘+,h  .$.ewLt,exceptions  in plants
satisfying those’thrae.conditions, the ‘d6minan633’~ttieo+y~ s-eems
to gi’ve,,a  satisfactory explanation o.f+ the_facts.  : ‘Wheat "on
the other hand is polyploid. and s-elfA.polZ.jna  ting;  ,and the small
amount .ofi .hybrid  vigour observed may be 2& to. a: dfWerent
mechanism,  from that shown by typical heterbsis  organisms.

,; .
Altoiether  the i’nciden&e of pblyi?-sidy  seems’ to have a .

n6ticeable.influence  on ster!i;lity  as.w&il  -as!&  lossor  increase
o f  v+gour. Polyploids  f r e q u e n t l y  a r e  ~nore’,,,self,~cdmpatible,
and. exhibit .IOSS .o:f  vigoiu?  and,  heterosis to :a  le~ssep. ,degree
than c? orresponding  dfploids; This !:‘as‘i been\\  demonstrated in
diploid  ‘and. hexaploid+‘Phleua  pliatense,  .-the ‘litter  being: more
self-compatible than the forme::. This.  ph&omenon  is ddub t-

‘less--due- to the ,larger number. of %ompatibilitk “:,.  ,genes,  land
their greater .Lhanae  ,of.  I%rombination,  in, the “polyploid form;~

, Product%on;  of ‘polyploid varieties should the’re$ore be a means a
f o r  ‘increasing ,both  vigour  : a n d  selfrcr,lnpatiBili\y.: -.  .,. /., ,’ :

! m.‘accurate metisu~ement  ,of ‘the efZ’e.et  of inbreeding ,in
p& ture pltits  endoun%..

7l
” considerable.‘.‘6F:chnfcal  .d’iff  iculties,,

a s ,as’ be&n fully discussed’ by’ Nilsson”Yn,,a  reA,ent ‘p&per.
He .yas,  however, ablet‘~~pro~:~e  t h a t  n e i t h e r  the in?luence  o f .
the4solating process,, nor ‘-‘of selfing  in ‘itself, w&s. as power- h1
ful $tietsrmi-ning thevigour  .of ‘the ‘progency  as, the  factorial
&mstitx$.$.oti  o f .  ,tho nother  plant.,,  .I .; : :‘:

\ : ’ -’  ’ , - * ‘,,
It *has  been frequently. stated  thatInbreeding c&se

decrejase  in  fert i l i ty , beboming I.more intense in succebsi
;generations.  ,: Nilsson’s investigations show that thti,s

‘&sner’ally  the ‘..cas e, but :that diffelient types o’cchr exemplifying
..-k a wide s egregati on for fertility amongst inbred ,f amiaie’s. .”

Sim$larly,  Williams reported that in ,lied Clover/there is “no
reduction in the degree of fertility.. , e as the /result  of inbreed;
ing..”  ‘, .1..

:’ :-.



p
The low germination in some inbred families‘in  Lolium

percunc is considered to be due to lethal factors. In Timothy,
on the other hand, germination was higher in inbred than in : .
outbred families. Chlorophyll defects and various kinds of
lethals ad malfwmations are common in practically all inbred
pasture plants, as they are in maize, and even in self -fertiliz-
ing plants such as barley. Their occurrence, just as that of
plants of low winter hardiness found by Xilsson  in inbred material,
is doubt&s  due to segregation, Using the height of '&he culm
as a measure for vigour, Nilsson  found  remarkable differences
betwaen  various families in.their reaction to inbreeding. Whero-
as in all plants investigated - except in highly self-fertile
species - the large majo.rity  of families was more vigorous after
open-pollination than after self-fertilization of the mother
plant, there are a number of lines in all crops where the
differences,positive  cmd negative, are not statistically signif-
icant, and in three lines of Timothy th? inbred family is signif-
icantly more vigorous than the out-p<Jllinated  one.. Nilsson
,c(,ncludes  that this is entirely due to the segregation of vfgour
'genes. The existence of positive correlations  between various
plant characters of essential importance to the development of
the .organism, such as panicle length, tillering and fertility, *
with hhight, led Nilsson  to the assumption of "vitality factors"
of pleiotropic  effect. The di.f f'erent  behaviour after inbreed-
ing of different species, strains or lines is due to differences
in genetic constitution, chiefly with respect to.'these vitality
factors. It may be recalled that in Cocksfoo*  Stapledon
made similar observations on vegetative vigour as a hered,itary
characteristic showing segregation on inbreeding,,

,:r vener  J! t
e h ve now arrived at the noint where conilus it ons of a
na ure can be dravJn  on thB appliv!ability'of hese.

?undamental  principles to the breeding of pasture plants.
Self-fertility, in the first instance, having been proved to be
genotypically founded, should be accessible to combinatUn  with
econ.?mic characters , provided  that self-fertility were a
desirable characteristic3 and that linkage barriers are not
insugcrable. Self-fertili2y  will be desirable on1.y in an
attemqt to fix a type with a maximum dosis of vigour'genes.  -
apart.from  other desirable ecanomic characters, ,But from 'past
experiem  as well asfrom th.? theoretical considerations out-
lined above, it is more than likely that such individuals will
be extremely rare in ord?nary P 's F 's etc. In America&he
attempt has been made to nrodm2such3individuals  by a system of
b-ack-&Jssing  and selection, using both parents in separate
lines ivhich  are ultimately intercrossed. This should lead to a
high degree of homozygosity for dominant genes contributed by
both parents. This method might be eplicable to pasture plants
in a lang-range breeding scheme. Obvi.ously  it would be advantag-
eous if the ultimate product fiossessed  a high degree of. self-
,fertility.

But even in less ambitious schemes. seif-fertll&fy  as a line
T characteristic is of vital importanca  where inbreeding, or
mating between close relatives, is contemplated  even as a
temporary measure. It seems essential to me that a maximum
'mount  of information  should be collected on the degree of
inducible Self-fertility in imp;,rtant  breeding IIE'terial.

*

Vhat has been said about information on self-fertility is
equally applicable t~3 self+terility.
in s9n5

This characteristicI;ay
circumstances be more important than the former.

hybrid vigour is to be attained by the intercrossing of lines,

P
self-fertilizati.3n is strictly undesirable. This is one further
reas;>n mhy fertility data are imp:jrtant. And finally, the
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problem of cross-' jaerility  and cross-sterility will some time
have to be tackled. It is'concbivable  that compound strains
may be built up producing nsther Seed with a maximum of hybrid
vigour. How much would the selection of components be
facilitated by the exact knowledge of their sterility genes!
It occurs to me that this type of work essentially calls for
co-operation on a large scale, There is no reason why material
of known constitution, once i'l was found, should not be
utilized by workers all the world over, for constructive
breeding as well as for clasBif'icaticn.

It is obvious that at present there still is a large
field for simpler methods. But the time seems t0 be near
when a further step will call for material and information,
and we should be building for the future in- attempting to
provide both.

---------------


