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Abstract

The gcneral  nrethodology of  p lant  breeding is  examined wi th regard to a nunrbcr
o f  t op i cs ,  v i z .  c l ess i f i ca t i on  i n  ca tego r i c s ;  con rpa r i ng  ope ra t i v c  p rocesses ;  quau r i t a t i v c
var iabi l i ty  ut i l ized;  enhancing ef f ic iency of  select ion;  possib lc hclp f rom quanr i rat ive
gcnet ics.

Breeding methods are c lassi f ied according to the propagat ional  type of  rcsul t ing
var iet ics into four "breeding categor ics" ,  v iz .  l inc,  populat ion,  hybr id,  and c lone
breeding.  Vi th in rnethods three "breeding phases" are dist inguished, v iz.  procur ing
in i t ia l  var iat ion,  fornr ing var icta l  parents,  and tcst ing cxper imcntal  var iet ies.  Thc tot : r l
of  quant i tat ive var iabi l i ty  that  can be ut i l izcd in var ious phases of  a brceding mcthod
is srudied by analyzing thc respcct ive "var icta l  populat ion",  i .  c .  rhe hypother ical  uni-
vcrsc of  a l l  var iet ies of  g iven rype whidr  at  rhe star t  are expcctcd ro be producib lc.  Al l
breeding catcgor ies of fer  opportuni t ies to benef i t  f ronr the general  advantagc of  select-
ing among parents instead of  select ing in h icrardr ical  or  factor ia l  sysrcms of  progenies
of  sudr parcnts.  The rnost  helpfu l  quant i tat ive-gener ical  tool  secms to be thc predicr ing
of  the response t ( )  one or  more stagcs of  selcct iorr ,  by whidr  qual i r l t ivc and quant i tat ive
ahernat ives wi th in brccding carcgor ies can be comparcd as to ef f ic iency.

Key words:  Brceding nrethods -  quant i tat ive var iabi l i ty  -  response to sclcct ion
mu l t i s t agc  se l ce t i o r r  -  quan r i r a r i ve  gene t i c s

ln rhe fol lowing, I  plan ro presenr a geueral  discussion on rhe methods
of plant brceding, focusing on the ur i l izat ion of quant i tat ive var iabi l i ty,  and
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nretr ics i r r  Plrnt  l l recding" of  DUCARPIA, held:r t  Poi t iers,  f r rance,  Septe 'mber 2-4,  1981.
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there in on such problerns in  which qu;ur t i t !1 t ive gcnet ics mry hc lp the breedcr
ro rnakc h is  decis ions.

l f  the creat ion of  new var iet ies nreet ing thc requi rements of  growers is
the u l t i rnate goal  of  every breedir rg progranl ,  i t  is  l ikewise t rue that  the success
of such a program depends upon the choice of au efficicnt brecding nrethod.
Of course,  thc method of  breeding is  but  one of  the nr , rny fectors of  success,
Ijor instance, two factors of perhaps evell greater importance than methocls ;rre
the designat ion of  a promis ing complex of  object ives,  iuc luding i ts  f lex ib le
pursuing,  and the selcct ion of  appropr iatc  source mater i r r ls  to  s t i l r t  f rom. Thcse
two k inds of  decis ions n lust  for  the most  par t  be bascd on speci f ic  considcrr r -
t ior rs  which c i rn herd ly  be d iscussed wi thout  reference to p i r r t icLr l i t r  crops.  T 'hc
n.lcthods of brecding, roo, are specific, but nor so much to crops as to nroclcs
of reproductior.r ar.rd to types of variety to be bred. And besides, they all hrrvc
the genet ica l  fundanent  in  common. For  these reasons i rnd othcrs,  brecc- l ing
rncthodology is  l ike ly  to f t - r rm the centra l  par t  of  any general  theory of  p l r tn t
brecding.

I t  is  not  merely  the l imi ted sp; lce ; lva i lab le which here c luses nre to
ref ra in f rom ar . ry  at tempt to t rear  breeding nrethodology in  : r l l  i ts  i ' tspccts.
Rather ,  I  shal l  in teut ional ly  conf ine mysel f  to  d iscussing a few nrethodologic, r l
problenrs by n.rear.rs of a con.rparative view on thc "ciltegorics of brecdiug"
which I  have used for  c lass i fy ing breeding methods in my teaching s ince 1963.
In par t icu lar ,  I  sh; r l l  consider  d i f ferences as wel l  i rs  i rnalogies between t l rcsc
categor ies wi th respect  to  three main topics:  oper ; r t ive processes of  brcediug;
var iabi l i ty  which can bc ut i l ized;  enh:rnc ing ef f ic iency of  se lect ion.  Under c : rch
of  thesc topics,  methodological ly  re levant  re lat ions wi l l  be poi r r tec{  or . r t  which
are sc ldorn i f  evcr  deal t  wi th,  and urrpubl ished tools  wi l l  be emplo l ,ed in  in-
vest ig i l t i r lg  thenr .  A look on the possib le uses of  quant i ta t ive Bener ics in  p l r r r r t
brceding shal l  conclude rhe p i lper .

1. Defining and classifying brceding methods

Al though ; r rguing about  tcrminolc lgy may not  secnr  very f ru i t l :u l  i r rdcc. l ,
I  c i rnnot  d ispcnse wi th g iv ing a few int r , . rductory renr : - r rks on rhe issuc o l :
def in ing and c lass i fy ing breeding merhods.

Rather  broad as wel l  as tnore n;1rrow nreeuings havc been i r t tached to the
ternr  "breedir rg method".  I  prefer  to  c l is t inguish i t  not  only  f ronr  s inglc  " l r rcecl -
i r rg srcps"  ( for  example :  per forming a test ;  nrak ing crosses)  but  , r lso f r t lnr
"brccdi r rg techuiques" ( for  example:  inducing nrut i r t ic l r . rs ;  prodr . rc i r rg l i r res v i . r
haplo ids)  which do r lo t  inrp ly  a l l  the operr t ions necessi l ry  for  est , rb l ish ing r r
new var iety .  This  is  because I  understand by a breeding nrethod the tot i r l  p l r rn
how to creatc: r  l lew var iery or ,  in  rhe specia l  case of  recurrent  se lcct iorr ,  r r r r
improvcd populat ion for  use as in i t i i r l  v ; r r ia t ion in  another  brecdiug pro l l r ru l ) .
Suclr a plirn, con.rprising all the neccssrrry breeding steps frorrr thc c-hoicc of
source rnater ia ls  up to the f in l l  se lect iou amol tg exper iment , r l  r ' , r r ic t ies,  is
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clear ly  more than the sum of  i ts  par ts .  For ,  v iewed s ingly ,  any breeding step
is  nei ther  expedient  nor  inexpedient ,  but  becomes usefu l  only  in  the r ight  p lace
wi th in a purposive method of  breeding.

In p lanning a breeding program one has to decide not  only  or . r  t i re
prr t icu lar  s teps to be per formed in succession,  but  a lso on the quant i ta t ivc
dinrcrrsions of each of these operatious. The ;rssignation of proper dimensious
to each step of a breeding proliram, being comparable to the problenr of opti-
nrun.r  a l locat ion for  a ser ies of  tests,  may decis ive ly  contr ibute to the ef fect ive-
ness of a nrethod in practice. Notwithstanding one mostly characterizes breed-
ing methods only qual i t i r t ive ly ,  i .e .  by referr ing to k ind and sequence of  t l rc
cperat ions involvcd.

Autors of textbooks and teachers, who are among the first to feel the
need of  c l : rss i fy ing breeding methods according to some general  pr inc ip le,  h lvc
c lonc th is  by nreans of  var ious cr i ter ia ,  which inc ludc:  natur l , r l  reproduct ivc
s) 'srcm; or ig inat ion of  in i t ia l  var iabi l i ty ;  propagat ional  category o[  resul t ing
var iet ie  s .

The natura l  reproduct ive system which is  requi red to nrake a cer t r r i r r
nrethocl  appl icable seems to be that  cr i tcr ion which is  most  widely uscd so
f , r r  (scc for  exanrple:  Bnur 1921,  Havus er  a l .  1955,  Pot 'ur . r r , tar . r  1979).  I t
c lass i f ies thc breeding rnerhods i r . r to  those for  se l f - fer t i l iz ing,  cross- fer t i l iz . ing,
and asexu;r l ly  reproduced crops.  Grouping according to the or ig inat ion of  the
in i t ia l  var iabi l i ty  to  be ut i l iz -cd is  mair r ly  found in some German textbooks
(see for  exarnplc:  Rosuln ar . rd Ruoonr 1941,  Horn ' rANN et  a l .  tOZt l . I t  leads

to suc'h classes as "breeding by selection" (which is the z.ero case, so to sily'

in  which var iabi l i ty  is  on hand and therefore r teed not  be produced),  "breed-

ing by crossing" ,  "polyplo idy breeding",  and "mutat ion breedir rg" .  This  pr i r t -

c ip le of  grouping suf fcrs f rom several  weaknesses whidr  I  d iscussed e lsewhere

(Scr-rr.rrlr. 1982).

In what  fo l lows I  shal l  nrake use of  the t l r i rd  cr i ter ion,  proplgrr t iorur l
catc l lory of  resul t ing var iet ics (Scnnru 1969,  1978,  Srr r , rnor . ros 1979).  I t
cmcrgcd f rom an at tempt to adapt  the f i rs t - rnent ioued cr i ter ion,  r la tura l  repro-
duct ive systenr ,  to  the invent ion of  hybr id breeding.  This invent ion had added
an arr i f ic ia l  reproduct ive sysrenr ,  i .e .  contro l led crossing,  which is  pract ic i rb le
in both sel f - fer t i l iz ing ar . rd cross- fer t i l iz ing p lants.  And i t  had a lso beconrc
xpparent  that  hybr id breeding requi res specia l  methods which are fundi rmen-
t l l ly  d i f fercnt  f ronr  rhe customary ones,  whatever  the nrode of  reprocluct iorr
t - r f  the crop n l ry  be.  I f  wc thcn wish to use thc typc of  vr r r ie ty  to be bred for
c l : rss i fy ing brecding n lethods,  rhe quest ion : r r ises how to d i f ferent i r r te  thosc
groups of  var ic ta l  typcs which are rc lcvant  in  th is  corrnect ion.  I t  t t t r t ts  r l t t t
that  the last  reproduct ive proccss tak ing p lace in  thc propagir t ior t  o f  a var ic ty
car l  sr r rvc as the d is t inguishing fe i r turc,  beci rusc i t  d i f ferent i i l tcs betweel t ,  but
ruor  wirh in,  thosc categor ics.  The four  reproduct ive processes of  propagat iorr
, r r rd r l re  corresponding "propagat ional  cr r tegor ies of  var iety"  may be spcci f ied
. r s  f o l l ows :

t '
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Sel f -pol l inat ion wi th " l ineal  var iet ies" ,  i .e .  pure l inc v i r r ier ies,  nru l t i l iuc
varieties, land varieties of self-ferti l izing crops.

Parrmict ic  cross-pol l inat ion wi th "populat ion vrr r ie t ies" ,  i .e .  syrr thet ic :
var iet ies,  open-pol l iuated var iet ies.

3. Controlled crossing between seed and pollen parerlts (or son.re equivaleut
mechauisnr which prevents parenral selfings or sibs from becoming plrr
of  the var ic ty)  wi th "hybr id var iet ies" ,  i .e .  s ingle crosses,  rhree-way
crosscs, double crosses, erc.

4. Vegetative propagarion with "clonal varieties", i.e. clone varieties, lanri
varieties of asexually reproduced crops.

Vhen wc classify breeding methods according ro rhe prop;Uiarionirl ci lrc-
gory of resulting varieties we get four "c:rregories of brceding", which m;ry' Lrc
cal led " l ine breeding",  "populat ion breeding",  "hybr id breeding",  and "c lonc
breedi  ng" .

Tab, I  l iour  categor ies oi  breediug,  arrd l  set  of  qucr ies di f ferent i r r i r rg betwecn thenr

| 1r,," I r,upur",i,,,' i ;;;J- I .i,"" i
I  

brceding 
I  brccding 

I  
brcc. l i r rs  

I  
brecding 

i

Is  hctcrosis a nrajor  y ie ld facror
i n  r esu l t i ng  va r i c t i es?

Vould v;r r ic t ies consist i r rg of
but  onc gcnorype bc f r :asib le?

Can  t hc  p l an t s  o f  l  va r i e t y  bc
uscd for  i ts  own propagat ion?

Arc  r esu l t i ng  va r i e t i es
propagated by means of  sccds?

The system of breeding categories defined above miry irlso be subsrantiar-
cd irr rhe way of Table 1, wherein each category is shown to miss one charirc-
tcr isr ic  which is  common ro rhe other  three.  The f i rs t  row,  for  cxamplcr
renr inds us that  hcteros is  is  a m:r jor  y ic ld facror  in  a l l  rhc cxregor ics exccpr
l ine brccding.  By the way,  because of  the la t ter  facr ,  i t  is  unforruur l re th i r r
tcrnrs l ike "heterosis  brcediug"  are used synonymously for  "h1 'br id  brccding"
['ry sonre.

2. Comparing operative processes of breeding

We rrow proceed to our  f i rs t  mair r  topic ,  th :1t  is ,  ro s tud\ ' : rnd to conrprr rc
tlre opcr:lt ive processes whic{r are implied in the brecding nrcthods of vrrrious
ci-rrcSoncs,

ln  thc in tcrest  of  comparabi l i ry  I  shal l  consider  only  "gener i r l "  breeding
mcthocls,  by which I  rnean ncthods being appl ic i rb le undcr  ; r  widc r lnge of
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conditions. Badtcross breeding,, for cxamplg is rc bc r€gerd€d as a'spocial"

merhod, because its utitity is iimited to gcne ransfcr for the improv-eocnt of

single trair witlr erisrinli vErietics.!n this sens€'then'thcdiaggrnS oI Fignel

disilay the sdrerncs of four generel breeding mcthods, cadr of whi& bcloogp

.o i .liff.rrnt category and is $upposd to be mort or less rcPrcs6ontivc.
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(3 )  S t rE l r  s ross  hybr ld{ 1 )  P r i r F  t l n o  c a r ! s t y i 2 )  S l i l l h o ! l c  v t r l ! t y ( { )  C lon .  v l r t . t y

SS. I Sejremee of foi.r; breeding mcthocls appropriatc tbr indicetcd rypcc of varicry. Fc
erplaor:ioo Jcc r*ri

Scircr;,e (ii rei'ers rc iinc brceCing by areans of thc pedigrce method'
whidr is probabl.v- rillrltg rhc ;niist popular merhods of its category. Sdreme (2)
e:rnmplilies pop.riaii.r:r brcc.lirig, showing the developmenr of a multiclone
synrhetrr- erf ;i iorage er*i. Sdrc,rc {}} regrresenrs lrybrid breeding for a single
cross var;;r'(i ', sirrr';ir',g r,r' i i i,:w.r p,-,pulatioris, PI and PII, and providing fOr
ropcrr-rrs resrs *.if S,-linr:s airci Se-lincs as weil" The tinal tes6 involve factorial
crosres n,ade bervr"dri $6'- a,'.1 Ss"-liries whicfi stern from PI and PII, respcc-
rively" Last, r,drerrre (4) rrurlincu clone brteding witli an annual crop sudr as
p()tiuo.

Taking a glance ar rire four sdremes of Fig*re I is suificient to obserie
tlrerrl ro ire {'ormally diffcrent, but wc want to study their operarional dif-
ferer"rs. and ro iiris errd we have to look out for rhe operational analogicr
as wel l .

A '.isefu! rool whidr can lrclp us compare the various brceding methods,
rs to diviric rhem elch irrto r:hrcc discinct "breeding phascs". These are cJ bc
rjcfined in str*i a way ar ro conrprise functionally diffcrcnt parts of thc wholc
Froce$s cf breeding. Rcicrring to the envisaged functional contents, I shall
dcsignarr rhe three breeding ph.rscs as follows:

l  Phase of pro' ;ur ing i l i r ia l  vrr iat icn.
2. Pirase o.f fr:rming varietal paients.

'1" Plr;s; r;f ccstlng e:iperimelrtal varierics.

I
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In eadr diagram of Figure ,l two dashed lines are drawn to seParate the

first phase from the second, and the second from the third, respectively. The

second phase itself, however, is missing with sdreme (4).
The breeding phases, although serving a definite functional purpose eadr,

will now be seen to vary among sdremes as to kind and length of the operativc
processes involved, and that in a manner whidr is largely draracteristic of the
respective breeding categories.

The first phase, procuring init ial variation, is dcfined to include the
necessary breeding steps from the draice of base materials up to the growing
of those populations, or first segregating generations, from whidr the parents
of rhe furure varieties are ro be raken or developed. As shown in diagrams (2)
and (3), the init ial variation for population and hybrid breeding is supplied
by the respective base populations themselves. Hence, provided suitable
populations are available, the year of growing them makes up the entire first
phase, [n sdremes (1) and (4), however, the init ial variation first arises with
the F, and the seedling generation respectively, whidr, in turn, have to be
produced from selected parenrs. \We should nore in this context that diagrams
(1) and (4) are oversimplif ications in that they both show but one cross. In
practice, l ine as well as clone breeding srarts from making many crosses
simultaneously, the parents of whidr are r*rosen from base pools meeting the
objectives. A wheat breeder, for example, mighr select forms with excellent
yields and forms having high baking qualiry for use as P1's and P2's, respec-
tively.

The secoud phase, fornring varietal parents, consists in deriving and/or
selecting those single plants, clones, popuiations, or l ines, whidr are ro become
the immediate parents of the first generarion of experimental varieties. Since
in clone breeding rhe experinrental varieties are established immediately from
the seedlings, the second phase here vanishes. At the orher exrreme, in hybrid
breeding this phase is longer than in any orher caregory and would even
require two more generations than are shtrwn in diagrirnr (3) if breeding were
for three-way or double crosses. t{ybrid brceding thereby bccomes a kind of
blind fl ight, because nri.rst of thc seiecrion rnust be done before one catches
sighr  of  any forms s i rn i lar  to  the future exper inrenta l  var iet ies.  Par t icu lar ly
line breeding confronts the breeder with rhe droice of turning from rhe second
to the third breeding phase earlier or later, rherewith raising an imporrant,
though seldom discussed, methodological problem in pracrical breeding.

The third phase, testing experimental varieties, begins wirh the growing of
the first generation of experimenral varieries. 

'I 'his 
phase exrends over more

than one year in most cases, but forn.rs nearly all rhe work in clone breediug.
At the other extreme here stands popr.rl irt ion breeding, in which variety tesling
plays the least r6le, serving as a ched<. of success rather than as a step of selec-
tion. This is because, in contrasr ro all orher caregories, mosrly just one im-
proved var iety  is  bui l t  and resred.  I f  the per formance at ta ined should not  be
str t is factory,  a ncw cycle of  breeding must  be resor ted to.  Such breeding in
successive cyc les is  rhe ru ie,  of  course,  in  rhe var ious rnethods of  recurrent
selcct ion.  A s ingle cyc le of  any suci  method may operer ional ly  be v iewed as
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,r r.rlodificd scheme (2) which is more or less condensed in the interesr of ir quicli
succession of cycles.

I r r  passing I  should point  out  that  the tern l  "breeding phase" is  not  to  bc
confused wi th terr r r  l ike "var ieta l  bui ld ing phase" which:r re sonret in ' les uscd
l'or distinguishing thc processcs of creatiug new virrieties fronr breeding pro-
ccsscs intcndcd for the inrprovement of base populations (\fnrcHr 1974). ln
Iong-ternr brccding str;ltegies proposed by various authors (e.g. Snn,rcur rrnd
l ' lupnHnnr 1,977,  Gtut l :s  1979,  Gnrcrn 1982),  popul : r t ion improvenrenr  by
nreans of  rccurrent  se lect ion forms the centra l  and cont i r ruous l ine of  work.
A var ic ty  bui ld ing phasc,  i .e . :  a  program for  the dcvclopnrent  of  new var iet ics,
nray branch of f  f ronr  that  l iue at  eadr  cyc le.

3. Quantitative variabil ity whidr can be uti l ized

After comparing the categories of breeding as to some operirt ionrrl char:rc-
tcristics, we are going to consider analogies and differerlces between thcse
c:r tegor ies wi th regard to quant i ta t ive var iabi l i ty  and i ts  ut i l iz : r t ion by sc lec-
t ior . r  in  var ious breeding phascs.

Most breeding methods provide several successive selection steps, which
i r r  par t  ut i l iz .e d i f ferent  fornrs of  var iat ion.  For  example,  at  thc star t  o f  a
lrreeding program selection is among parents, but in the end selection is anr<lug
cxper imcnta l  var iet ies.  I f  we want  to re lare the var ious select ion sceps of  I
ructhod to the total progress expected from selection, we nlust relate all thesc
\ teps to : r  s ingle basis  of  var iat ion.

Thc tool  I  shal l  use for  s tudying the tota l  var iat ion which can be ur i l ized
i r r  a  brccding progranr  is  to  analyze the hypothet ica l  universe of  a l l  rhe var ic-
t ics of  g i  ven type whic l r  ar  the star t  are expecred ro be producib le.  This hypo-
thet ica l  uuiverse may be cal led the "var ieta l  popular ion" .  The idea of  sudr  : r
population is closely related to the recenrly developed concepr of selection
l<rr  "var ic ta l  abi l i ty"  (VnrcHr 1974,  Ct lu. ,xs 1979,  Galr .nrs arrd WRt( ;u ' r '
1980).  Thc var ic ta l  populat ion apply ing ro a g iven breeding progr : rm is
detcrmirrcd by three rhings, viz.. the base materials chosen, rhc type of varicry
to be bred, and thc mating s),stern whir*r is implicd in the breeding nrerhod
.rc loptcd.  Of  course,  a var ieta l  populat ion is  opcn to b ionretr ica l  descr ipr ion
only whcn v:rrieties are supposed to be replaced by nreasurements of sonre
tr l i t  o f  per fornrance,  say y ie ld.

Now I  would l ike to invest igate the var ieta l  populat ions which apply to
the four  brecding mcthods depicted in  F igure / ,  bur  to s inrp l i fy  nrat rers I  shrr l l
rest r ic t  th is  for  the present  to the sdremes (1) ,  (3) ,  and (+) .

I igure 2 shows two d iagrams,  each of  which p ic tures:1 var iera l  popul : r -
t ion and i ts  parcnts.  Whi le rhe d iagranr  or1 rhc lc f r  refers ro l ine breeding,
t l ra t  onc on the r ight  happcns to apply to hybr id brceding for  s ingle crosscs
just  rs  wcl l  . rs  to  c lonc breeding, .  In  rhe in terest  of  comparabi l i ty  rwo brrsc
popul : r t ions,  or  pools of  parents,  arc assunred in e i ther  d iagram. Str ic t ly
spcaking th is  would bc needcd only in  hybr id : rud c lone breeding for  rhc
s i lke of  secur ing a h igh levc l  of  hetcros is  in  the v: r r ie ta l  popular ion.  l t  is ,
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however, not at all unusual to start l ine breeding by making a factorial series
of wide crosses, the parents of whic} are taken from locaily adapted forms on
the one side and from remote forms having desired traits on the other.

E x p l a n a -
t  i o n  o f
s y m b o l s :

o ' o  =  h o m o z y g o u s  g e n o -
t y p e  o r  g a m e c e .

o  =  h e t e r o z y g o u s
g e n o E y p e .

=  c r o s s e s  m a d e  f r o m  t w o
h e l e r o z y g o u s  p a r e n t s
d i r e c L l y o r  i r d i r e c t -
l y ,  v i a  l n l , r r : < l  l i r r e : .

( 1 )  P u r e  l i n e  v a r l e t l e s ,
b r e d  f r o m  s i n g l e  c r o s s e s

( 2 )  S i n g I e  c r o s s  h y b r i d s ;
c l o n e  v a r i e t i e s

Fig.2 Diagramnrat ic  representat ion of  var iet : r l  populat ions resul t ing f rorn the choice of  two
basc populat ions in eadr case,  for  indicared rypes of  var iety.  I ror  expl ln l t io l l  scc t r 'x t

The structure of the left-hand diagram of Figure 2 is based on the
assumption that orthogonal matings between the two pools of homozygous
parents result in an infinite factorial of Fr's, each of which in turn gives risc
to an F@-progeny.  The factor ia l - l ike system of  these hyporhet ica l  F--pro-
genies forms the varietal population in l ine breeding, supposirlg the init ial
variation of F2's is to be produced from a sample of such F1-crosses. The riglrt-
hand diagram, too, assumes that orthogonal matings between the two pools
of parenm result in an infinite factorial of crosses. But here the crosses theut-
selves form the varietal populatiorr, and they come from heteroz.ygous parents,
from which they are made either directly or indirectly. T'hc fornrer applies to
clone breeding, where each of these crosses represents the populatiot"r of sced-
lings, or clones, produced directly from a pair of parents. In breeding for
single cross hybrids, on rhe other hand, any su<*r cross for its part is an in-
finite factorial of hypothetical single crosses produced by orthogonal matirrgs
between two arrays of ur.rselected inbred l ines. But each of these arrays of
inbred l ines traces badr to one of the heterozygous parents (Sn-plants), so th:1t
the crosses may be visualized as being made from those parents indirectly.

The various successive selection steps during the course of a breeding
program rapidly reduce the sti l l  producible part of the respective varietal

=  F 1  a n d  i t s  F 6 -
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populat ior l ,  onl) ,  a t iny sect ion of i t  being eventual ly produccd for test ing.
It should also be mentioned that rhe initial samplirrg from the varietnl populrr-
tiou usually is by Su-plants and lines in hybrid breeding, but is by crosses in
l inc and clone breeding. Ini t ia l  sampl ing, however,  is l ikewise by crosses with
H,qLL,qurR's (1967) plau for the development of single cross hybrids fronr
two-eared maize popular ions.

' l 'ab.2 
Conrponcnts of  rhe gcnotypic v;r r ianccs oi  thc var icta l  popul l r ions rcprescuted in

I igarc 2.  l ror  cxplarrat ion sec rcxt

Bet wccrr  p i r rc l r ta l  crosscs

Vi th in parcntal  crosses

Total  bctwccrr  v: r r iet ics

n, . t ,_  ) )p ' r t 'u r ;
o 2 . t " _  ,  ) p " q " u r ;
' , r . r .  ) ( p ' q "  +  4 ' p " ) a ! .

a t  . t ,  , , -  2p 'q ' ld  -  (p "  -  ( ! " )d l t  '

o2 . t ' ,  , ,  )p " ,1" [ ,  -  (p '  -  q ' )d ] ! '

az, ' ,  : l : 'p 'p"q'I ' l t .

Procceding to the biometrical descriprion of the varietal popullt iorrs
picrurcd in Figure 2, I must here refrain from fornrularizing the meins, horv-
cver important they may be for the success of breeding. Formulae of rhc
respect ive genotypic  var iances are g iven in Table 2,  tak ing in to account  th i r t
cach of these populations arise from two different base populations, bur othcr-
wise assuming the s implest  Benet ica l  s i tuat ion,  i .e .  no epistas is ,  no l inkage,  ancl
cqui l ibr ium rv i th in and among loc i  in  the base poplr la t ions.  Rcferr ing to the
systcm of nreans of F- -progenies, or.1'- and ot.r". are the additive r', 'rr irrnccs
tlue to thc gcrres originating from base populations I and II, rcspcctively, while
or .1- is  thc average addi t ive var iance wi th in F--progenies.  In  rhe hybr id
populat iorr ,  o ! . , '  and 02. t '  are the addi t ive var iances due to r l ' re  genes or ig iu i r t -
i r tg  f r txr  b i rse populat ions I  and I I ,  respec[ ive ly ,  arrd r r r r r  is  thc dorn iu i rncc
var iance.  The var ious component  var iances are speci f icd in  footnotes,  ; rc lopt ing
l iAt .coNER's (1960) two-al le le nrodel  wi th regard ro a l l  loc i  sunrmed,  i .e ,  wr i t -
ing a for half the phenotypic difference between the two homozygotes alrcl
,/ for the departure in phenotype of the heterozygote from the lverrrge o[
the two homoz.ygotes. Further, p' and p" stand for the frequency of rhe mrlrc
iavourablc a l le le in  base populat ions I  and I l ,  respcct ive ly ,  wi th (p '  i  q ' )
(p"  I  q")  1.  The var iauces of  the hybr id popular ion were g iven i r r  : rnorhcr
fornr by Rosrr.rsor.r et al. (1958) and, for less restricrive assumprions, b)'
( lRr t ' r , r rvc (1962),  Scnnr l l  (1965),  and Srunun and CocxpnHerra (1966).

Staying for it nroment with the footnotes, we observe the dcfinit ions of
, r r .1 'aud or  1"  reduce to those o l 'or . r , .  and ot . l . - ,  rcspect ive ly ,  i f  the domini rncc

Single cross hybr ic ls;
c lonc v l r ic t ics ' r ' ' : ' )

( l  l 2 )a t  . t ( l  I  4 )oz  1 ,

( l l2)ot  ' ( t l 21o ' t . t ' (314)o!1t
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deviation, d, vanishes, as it should be rrue with the F--generation. The paral-
lcl ism betrveen these definirions on the left and right, which of course tells
us nothing about the size of the variances in quesrion, seems remarkable in so
far as it is caused by the mere similarity of the respective varietal populations
concerning their basically factorial structure. By the way, rhese definit ions
could a lso serve as a warning of  the rather  d i f ferent  rh ings which might  be
involved when breeding research for  example speaks of  "addi t ive var iancc"
or  "addi t ive ef fects" .

As reg:rrds the variances which ce'rn be uti l ized in various selection steps,
Table 2 shows how the genotypic  var iance,  here label led " tora l  berwcen var ie-
tics", is in each case composed of two parts, labelled "between parental crosses"
irnd "within parental crosses". These two parts contain different componeut
variances on the lefr side, i.e. in l ine breeding. On the righr side, applying to
hybrid as well as clone breeding, both parts contail l  the same three componerrt
variances, although in different proportions. The firsr and second of thesc
components ref lect  the general  cornbin ing abi l i ty  (C. . .n . )  of  parents or ig inat i r rg
from base populations I and II, respectively, while the third is caused by the
specific combining abil ity (s.c.a.) of pairs of parents. We should nore thirr
both l ine and c lone breeding ut i l ize the respect ive var iarrces between end
within parental crosses in different breeding phases, i.e. sr.rccessiveiy. Hybrid
breeding, however, mostly uti l izes these two variar,ces simultaneously inas-
nruch as selection is practized within and among inbred l ines. Another w:1\'
of looking at this would be the statement that the two rows labelled "betweeu
parental crosses" and "total between varieties" give the variances anrouS
hybrids made from non-inbred and complerely inbred parenrs, respecrively
(Cocxenneu 1956).

To i l lust rate the impl icar ions of  rhe fornru lae g iven in Table 2 by . r t
least one specific example, we examine the way in which the two varirnccs
labelled between and within parental crosses are affecred by the degree oI
genetic diversity between the two base populations rirosen. Genetic diversit l
I t  ind iv idual  loc i  is  measured by the d i f ference of  gene f requency betweerr  thc
two populat ions,  whidr  in  FelcoNtn 's  (1950) notat ion is  symbol ized by l ,
rvith y -' '  p' - p" - q" * 4', 

lVorking from the respective expressions iu
Table2,  i t  is  easy to show that  the var iance wi th in parenta l  crosses excccds
the variarrce betwecn such crosses by the amount of l72ae in l ine breedirrg,
arrd by (1/8)) (ap!  -  y ' ) (4q ' -  y ' )d '  in  hybr id or  c lcne breeding,  wherc
p '=  (p ' - l  p " )12  and  q :  ( q ' *  4 " ) / 2 .  Thus ,  uude r  ou r  assumpt ions ,  t he  c l i f -
ference between the two var i : rnces v i rn ishes in  l ine breeding i f  y  - .  0  at  a l l
loc i ,  but  increases in  favour of  the var iance wi th in crosses i f  the genet ic  d ivcr-
sity between the two base populations is enhanced. As opposed to this, suc'lr
c t rhancement  of  d ivers i ty  d imin ishes rhe d i f ference considered wi th hybr id and
clone breeding,  thereby increasing the re lat ive s igni f icance of  a carefu l  se lcc-
t ion among crosses pr ior  to  select ing wi th in crosses.

Final ly ,  regarding the rd le of  the var ious k inds of  genet ic  ef fects in  c l i f
ferent  breeding categor ies,  we may general ize rhe formulae of  Table 2 by say-
i r rg that  addi t ive,  dominance,  and a l l  sor ts  of  cp israt ic  ef fects carr  be ut i l iz -cd
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in  fu l l  wi th c lone breeding as wel l  as wi th hybr id breeding for  s ingle crosscs,
Cousiderably lesser portions of these genetic effects are uti l ized in selecting
irmong threeway and double cross hybrids (CocrnnnAM 1961). Line breeding,
or1 rhe other hand, can obviously capitalize only on such additive irnd epist.rt ic
cffecm as exist in the varieml populatiotl oi F.-l ines, so th:1t dominance:rurl
dominance-like epistasis occurring in early generatiorls cannot be uti l ized,
arrd their action simply impedes selection.

To cxtend things ro population breeding, we may assunle that it st:.rrts
fron'r a base population which has been advanced by randonr ntating from tlrc
hybr id populat ion shown in F igwre 2 on the r ight .  Then,  the hypothet ica l
in f in i tc  universe of  a l l  possib le N-parent  synthet ics,  which could be produced
from the array of genotypes of the advanced generxtiorl used, forms the
var ieta l  populat ion for  th is  type of  var iety .  The genotypic  var iance of  rhc
varietal population comes according to Hu;r (1971) approxim:rtely to

(1 /N )o ' . ,  +  [ ( 2N  -  l ) 14N" )a21 ,  ,
whe re  o ' . r  ' 2 t -pq [o - (p -q )d ) t  and  a !1 , : 42p2qU i .  Thus ,  depend ing  on
the siz.c of N, only a small portion of the additive cffccts arrd an even rnucjr
smallcr portion of the dominancc effects can be uril ized in breeding for syn-
thet ic  var iet ics.  Ut i l izat ion of  epis tat ic  ef fecm of  a l l  sor ts  i l lso is  incor l -
parably lcss thar.r in hybrid or clone breeding.

4. Vays of enhancing efficiency of selection

Turning now to selection, I shall f irst briefly review the factors deternrirr-
ing thc response to selection, which in the l iterature is:rlso referred to as thc
gain from selection (see e.g. ScHNrll 1981), and later point to a cl,rss of
opp<;rtunities of enhancing efficiency offered by the nrethods of breeding.

Let an array of genetic units (single plants, l ines, or other groups of
plants) be selected for their performances regarding sonre phenotypic v:rluc,
.r ', in rhe hope to achieve an inrprovement in the retained fraction of ur.rits
rcgarding the average outcome wi th respect  to  a genotypic  value,  7.  The l i r t ter
virluc may concern characters of the gcnetic units thcrrrselvcs and/or ol '
genct ica l ly  def ined propert ies of  thcse such as conrbin ing abi l i ty  or  other  fornrs
of  var ieta l  abi l i ty .  L ikewise rhe cr i ter ion of  se lect ion,  x ,  may be a funcr ion of
nleasurenlcnts gathered from the genetic units themselves and/or frour sonrc
rc l i r t ives,  c .g.  f rom progenies obta ined by c loning,  sc l f ing,  or  crossi r rg.  In
gcncr l l  then,  th is  wi l l  be a process of  ind i rect  se lect ion,  everr  iF x  aud y rc tcr
to thc same t ra i t .  Supposc x aud j l  are var iables having a b iv i r r ia te nornt , r l
c l isr r ibut ion,  the expected respol lse to such indi rect  sc lecr ion,  R, t t t . , , ,  is  rve l l -
knowrr  and nray be wr i t ten in  rhe form,

R,,tl,, "= i., l).,t '1; .,..,,,tt,, ,
wl rcre i , ,  rcpresents the in tensi ty  of  se lect ion appl ied to x ,  h. , .  is  the square root
, r f  thc operat ive her i rabi l i ty  of  x ,  r1, , , , . . , , ,  denotes the geuotypic  corre lat ion b. ' -
twcen . r  and  y ,  and , r ,  symbo l i zes  rhe  s tanda rd  dev ia t i on  o f  y .
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Al l  four  detcrnr inrr r r t  factors shown on the r ight  s ide of  thc; rbovc ior
rnul i r  arc opcr l  to  r l rc  in f lucncing contro l  o f  the breeder.  Thc in tcnsi ty  of  sc lcc-
r ion,  i , ,  which is  the sc lect i< ln d i f fcrent ia l  expresscd in s tandr-r rd uni ts ,  depcnt ls
ou the d inrcnsions g iven to rhc respect ive sc lect ion step, ;1nd th l t  in  a twofo lc l
but oftcn couflicting way. For, this flcror incrertses, ,rlthough not l incrrrlr ' .
rvhcrr eithcr the total number of enrries under selectior.r is enhirnced or t lrc
number of  enrr ics to bc selected is  reduccd.  The second factor ,  b , ,  comcs th, . r
t : loser  to i ts  nrax inrunl r ,  uni ty ,  rhe less the cr i ter ion of  sc lect ion, . r ,  is  a i fectc. l
by errvironnrcntarl cffccts of all kind. Essential nreans for t lre control of su.-h
rr r : rsk ing ef fects is  uor  ouly  a suf f ic ient  extent  of  test ing,  but  a lso the use o l
i rppropr iate cxpcr imcuta l  dcs ign,  the . rppl icat ion of  upt inrunr  i r l locat ion,  r rnt l
t l rcrc in,  fu l l  rcgard to gcnot) ,pc-envi rourner l t r r l  in tcredt iorrs  (St ,nncut ' ,u t . l
l r tuenrn 1951,  Cor ' rsrocx and Mol l  1963).  The th i rd factor ,  r r ; , . , . r t , ,  ca l ls  io l
e h igh degrec of  rc lat ionship between the p lants fornr ing the cr i ter iorr  o l
sc lcct iou,rnd thc gcuotypes which are to be improved as to genot l 'p ic  vr r lu . , .
ln ; rsnruch : rs . thc Iat te r  genotypcs ?1rc set t lcd by the purpose the select iorr  hrrs
to scrve wi th in the breedir rg program) ln  enhancerrrcut  of  /1 ; ,1. . , , ,  c i1 l1 onl l  [ r . '
;rchievcd by the choicc of a better suited ty,pe of progcny for use as selcction
cr i tcr i<rr r .  But  somet i rn les r1; , .1 .a,  can a lso bc enhanccd by put t ing the gcrret i t :
un i ts  in to;1 more favourablc form bcforc s tar t ing the select ion proccss,  for '
cxample by p; r renta l  inbrecding.  In  th is  w: ' ry  one would at  thc sen)c t inr ( '
rch ieve:rn inrprovenrcnt  wi th regard ro the four th f ; tc tor ,  o , , ,  u 'h idh othcrwisc
is  r la in ly  in f luenced by the c{ro ice of  the base mater i : r ls  to  rvork wi th.

I t  nrust  bc ment ioned th i r t  l lo t  in f requcnt ly  thc maxinrunr  response t ( ,
sclection ciru be attairred by r:risirrg cert:1in factors at the expense of othcrs,
s i r rce i t  is  the product  of  a l l  four  factors which counts.  l )educing the condi t i t l r rs
for  rhe nraximum response is  fac i l i ta ted by the use of  the;rbove fornru l r r ,  i r r
rvlrich tl 're tern h.,. s<llely mcasurcs the corrclation between the phenotypic,rrr. ' l
gcnoty 'p ic  valucs oF rhc selecr ion cr i ter iou,  but  is  nor  af fected by the rc l r r t ior r
of  x  t t l  y .  Expressiug th ings in  th is  way a lso has rhe dcsi rablc  couscqucncc
rhat : r l l  four  c : r tegor ics of  p larr t  brecding get  a long wi th the s lnrc conccpt  o l '
"operat ivc hcr i tabi l i ty"  (Srnunr 1967),  which is  thc brord scnsc her i t , rb i l i t r
t i f  an,r r r : ry  of  va lucs or  nreans ar is ing of  a g iven prograur  of  screcni l rg ot '
t cs t  i  ng .

Cout inui r rg wi th the respouse ro sc lcct io l . r ,  I  wish to d iscuss ru() ther
widcspre.rd opportuni ty  of  enhancing ef f ic icr rcy,  thar  is ,  by sc lccr ing ; . l lu( )n i l
p i l ! 'c l r ts  inste i rd of  sc lcct ing i r r  h ierarc l r ic i r l  or  f i rc tor ia l  s l ,s tcnrs of  progert ics
of such pilrcnts.

Rcfcrr ing w r^ igure / ,  wc observc l r icrarc 'h ic l l  svstenrs of  pr . tg . 'n ies . lcct r r '
i r t  thc second brccding phasc wi t l r  l inc rnd hybr id brceding,  rvhen iu scgrcq.r t -
i r rg gencrat ions select iou is  to  be pract iz-cd ; rmon!{  i rud wi th in l incs.  F lc t r l r ia l
systenrs of  progcuics for  esarrrp lc : r r isc in  the f i rs t  brccding ph,rsc wi th l in . '
i r t td  c lone brecding in  casc thrr t : r l l  possib lc  crosses shoulc l  be nr , rde betweet ,
two arr r lys of  parcuts.  I f  the t rvc l  p ; r rcnt , r l  i r r r r lys crossed r r re ideut ic ; r l , , r  d i , r l -
le l  rcsul ts ,  which nray bc regarded rs r r  speci : r l  c , rse of  r r  factor i l r l  s ; ,s tc t t t .  l r r
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the varietal tesring phase of hybrid breeding, roo, facrorial systcrns arc uler
with, consisting here of sirrgle crosses or of hybrids of other type. Lastly, i '
breeding for syrrthetic varieties, N-factorial systcms of crosses would bc
envisaged,  a l though nor  produced,  as var iera l  populat ions.

A s imple tool  for  demonstrat ing the advantage of  sc lect ion among pi l renrs
over selection amor-tg their descendants consists in comparing rhe inrensiries
of selcction whidr are possiblc with an equal expense of testing in borh crrses.
I wil l briefly report on such a comparison made between two possibil ir ies o[
selecting among crosses for l ine breeding (Scnr.rrl l  and Urz 1975). rwe :rinr
here at  sc lect ing rhe cross being h ighest  in  var ieta l  abi l i ty ,  F- ,  which meir . rs
the expccred genotypic  value of  a l l  l ines that  can be der ived f rom a g iveu
cross (cal led " l ine abi l i ty"  by Gnl les l9 l9) .  Thc two select ion cr i ter ia  to bc
compared are rhc midparent  ualue,  l i ,  and the cross meAl l ,  1 , ,  determir red in
some err r ly  generat ion l ,  say in  F,  or  F1.  Supposing l imi ted capaci ty  pernr i rs
testir.rg of N entries, which cau be either parenrs or bulked crosscs, sclectiolr
would have to be practiz.ed among N cross means, F,, or ,rlterrrlt ivell, amor.rtl
14 '  N(N -  l )12 midparenr  values,  P- .  By analogy wi th rhe formula g ivcn
ear l ier  we may wr i te  the rat io  of  rhe expected response ro selecr ion *n long
thc f 's to thrrt : lntong the F,'s in rhe fornr,

4G]d ._ 
i , r .u ,h ' r r t i , i . r .  _ ,_.

R  i - l r . r )  i , 1 , , 1 ' , b1111 ; ,1 . . 1 .1 ' - y '
whcre i ,1 .v ,  xnd i ,1 . .v ,  are the in tensi t ies of  se lect ion apply ing ro rhe choicc o l
the l:rrgcst out of M and N prcdicted values, respectively. These two selectiorr
in tensi t ies arrd thei r  rat io  as wel l  are l is ted in  Table 3 for  a few selccted v i r lucs
of  N,  assuming rhat  the P's  and E' r  are normal ly  d is t r ibuted.  As scen f rorr r
the Table,  the rar io ,  i , t .v , l i , r . . r ' , ,  increases wirh N,  but  at  a quid i ly  decre:rs ing
r :1tc ,  s tay ing c lose ro 1.45 between N:12 and N' -  48.  Thus,  wi th such vrr lucs

Tab. - l  Nunrbcr o i  e rosscs ior  l inc
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of N, sclectioll among midparent'values rvouid be superior to selcction anrong,
cross means, as long as the rario'

h 1 1 r  , y , . 1  - , 1  h 1 ' r , ;  , , , - ,
does not excecd rhe value of 1.45

Simi lar  advantages in fa"our  of  se lect ion anrol rg parents ex is t  wi t l t
rcspcct to the other factorial systems mentioned abovc. The advantages i lrc
l;rrgest, of course, with the N-factorial systems occurring hypothetically as
v:rrietal populations in population brecding, so that here selectinli xmong
parents only is the common pracrice. On the other hand, it nrostly pays to
restrict selection an'ronB parenrs to the first stage of :1 two-st.rge selcction
process, if selection anrong crosses uti l izes additional genetic effects such irs
s.c.a. cffccts. This is why the hybrid breeder usually selects first irnrong his
inbred l ines for g.c.a.:rnd then anroug single crosses made from the better
l incs.  Vi th the l r ierarchical  systems ar is ing in  segregat ing generat ions of  l inr '
rnd hybr id breeding,  too,  i t  is  apparent l l ' rewardi r - rg to select  i r r  a  f i rs t  s t , rge
among the hetcrozygous parents and iu a second stage among sublines derived
from thc ber ter  parents (ScHNrl l  1974,1)rz 1981,  Vrnrn 1981).

5. Breeding mcthodology and qurntitative genetics

Whcr.r wc finall l , come to look at those problems in which the pl,rrrt
breeder rrray be aided by qu:lr 'rt i tative Benetics, we should re,rl iz.e th:rt in
planning and perfornring a breeding program one has to decide n'r,rirrly on thc
fo l lowing methodological  poinrs:

1. Categorl, :rnd type of variety to be bred.

2.  Brceding nrethod wirh in caregory.

3.  l ) inrcnsions of  breeding steps wi th in method.

As to thc firsr poinr, hybrid varieties are now topical alternatives iu
many crops,  i rnd par t ia l ly  a l logamous p lants such as the f ie ld bean mrry cvcrr
of fer  a dro ice of  three categor ies,  v iz .  l ine,  populat ion, : rnd hybr id breccl ing,
Bur the actual dccisions on varietal category, and on varietal t1,pe witlr in
catcgory as wel l ,  are reached on the grounds of  g iven facts aTs to reproduct ivc
system, possib i l i ty  of  pol l inar ion contro l ,  epidemic pressure,  general  level  of
breeding and sced tecfinology, requirements of the market, and other socirrl
rrnd ecouomic circumstances. Much less decisive would be ,rny results gathcretl
f rom gcnct ic  analyses of  quant i ta t ive var iabi l i ty ,  except  in fornrat ion on the
re lat ive anrount  of  heterosis .

Sccondly, regarding the c-hoice antollg brecding rnethods within ciltcgor)',
l ine breeding for exanrple offers several named alternatives suc'h as pedigree,
single-seed-descent, bulk, Fr-progeny, and pedigree-trial method of brecclirrg,
These nrcthods nra in ly  d i f fer  wi th respcct  to  the select ion system providecl  l t t r
in  the phase of  forming v i r r ie ta l  parents.  The same is  t rue wi th thc numcr()us
procedurcs proposed for popularion breeding, being distinct, apart from pr()-
v id ing for  pol l inat ion contro l  or  not ,  dr ie f lv  in  thei r  use of  d i f ferent  sys lcnrs
of p;rrcnt,rl selection, which include nrass, half-sib, full-sib, testcross, rrtrd



Mcthrtds ant l  O:r tegor ics t , f  Pl r rnt  Brcct l ing 15

51 selection. As to the rwo orher categories, we meet the conrrastive siruatiou
that for clone breeding no qualitative alrerrlative to the method outl ined in
sclreme (4) of Figure / seems to be known, whereas the scheme (3) given thcrc
for hybrid breeding is ir-r practice never realized, at leasr not as a closed systerr' l
l ike that. Rather, the main operations necessary for hybrid breeding sudr xs
improvement of base materials, development of inbred l ines, producir"rg ;rnd
testing hybrids, are carried out in several separate programs each. These rrre
planned indiv idual ly  and coordinated wi th great  f lex ib i l i ty ,  thus requi r ing
manifold methodological decisions. As rhe droice among alternative nrethods
within any breeding category must be based on oper:lt ional and genetical con-
siderations as well, i t may greatly profir from the gencral theory of quirn-
titative generics just as from specific studies in this field.

Thi rd ly ,  decis ions on the d imensions of  breeding steps wirh in method
are something l ike the dai ly  bread for  the breeder.  For  example,  there is  no
performance tcsr without allocation of plots, and no selection step withor,rt
conscious or unconscious decision on the size of the fraction to be ret:rincd.
Furthermore, the dimensions of successive breeding sreps within the mcthod
ldopted have to be brought into favourable proportions to elch other. Ancl
wherever  a breeder s tar ts  f rom several  crosses s imul taneously, : rs  e.g.  in  l iue
or  c lone brecding,  he must  determine the number of  crosses and the s ize of
progeny wi th in crosses in  considerat ion of  the tota l  expense possib le.  Vhi le
hitherto such decisions on dimensions are mostly taken on the grounds of
in tu i t ion and exper ience a lone,  they cer ta in ly  could of ten be improved wi th
the r r id  of  quant i ta t ivc genet ics.

Af ter  a l l ,  i t  is  the decis iou on breeding methods : rnd rhei r  d imensions : rs
wel l ,  i .e .  choice among both qual i ta t ive and quant i ta t ive a l ternat ives wi th iu
brceding categories, whidr calls for helpful genetical aud stirt istic, 'r l tools.

Qu:rntitative genetics has developed various approadres for that purpose,
which inc luder  predict ion of  nrearrs and var iances of  v i r r ie t ies thr t  can be bui l t
(c .g.  Busurcu 7970,  Htyt -  1971);  gcnet ica l  formular izat ion of  the expectec l
gain f rom select ion (e.g.  Cclcxtnnnu 1961,  Gel lers 1974);  s imulat iorr  of
breeding programmes (e.g.  Cuocl  and KINNcNBERG 1979,  Vnrcnr  1980);
nriuimizing the risk of loosing desirable genotypes (YoNtznva and Yeuacnr,t
1978, \X/ennx 1979); exploring the l imits to selection (e.g. Barr-r:x 1977,
Scuvanzsacn 1979). All of these approaches should be studied further, and
th is  a lso wi th regard to the mutual  re lat ions of  rhei r  conclus ions reached as
t t - r  g iven cascs.  Nevertheless I  would agree wi th thc st i l tement  made by
Spracur  and Erpnnnxr  (1977) that  the " formula rc  predict  gain f rom selec-
t ion is  probably the most  va luable tool  prov ided to the p larr t  brceder b1 '
s t i r t is t ica l  gcnct ic is ts" .  A starement  l ike th is  is ,  o f  course,  just i f ied only beci rusc
rluirrrt itative gcr.retics also provides for the nccessary fundanrentals to gr't in
estimates of the gcnetic pilranreters reqr"rired for practicirl applic;rt iorrs (see e.g.
CocxtrHav 1980,  Vr i rn cr  a l .  1980).  Moreovcr ,  the forr -nula of  the expectec l
rcsponse to sc lcct iorr  proves so valuable because i r  can be extcndcd to proces-
scs in  which select iou is  to  be per formed in two or  more starges (Cocnn.au
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l95l,Urz 1969). For, only sudr extensiou opeus tire wirys of harnroniz.ing tlrc
dirnensions of succcssive sclectiou steps and of conrparing altcnrarive brecding
rncthods as to efficiency.

Quant i ta t ive genet ic  srudies in tended for  nr i rx imiz ing the cxpectc( l
fesponsc to selection may bc carried our eirher for a parricular breeding pro-
gr : rm by us i r tg ad hoc est inrates of  the var iabi l i ty  par i lmeters involved or ,  wi r l r
.r broader scopc of application, by putting each of these parameters to ir nunl-
[ ' rer  of  d i f fcrcnt  va lues wirh in a real is t ic  range.  The l : r t ter  k ind of  s tudy is
likcly to b. -or. elucidating, even with regard ro ir parricullr proilrrrnr,
bccause the influence of the size of the variabil ity paranrerers is also invcstig:'rt-
cd.  In  c i thcr  case,  howevcr ,  the resul ts  of  such srudies are of  v i r lue only t r r
thosc brccdcrs who are fami l iar  wi th the quant i ta t ive gener ic  theory on wlr ich
thc rcsul ts , r re b i rsed,  and wi th the genet ica l  pecular i t ies of  the breecl ing pro-
ccss thcy rry ro oprintiz-e.

Al though the in terest  of  the p l : rnt  breeder uudcrsr , rndabl l ,ccutres on rhc
pi l r t icu lxr  crop he is  work ing wirh,  I  rh ink he cannor gcr  a berrer  ins ight  in to
rl.re quantirative genetic base :rnd the methodologic:rl inrplication of his cloing
than by studying the genetical irnd operational :rnirlogics irs well irs clifferences
irmong thc various catcgories rtnd nrethods of brccding,

Z u sa m nr c n f ass u ng

Eine synoptisdre Studie der Methoden und Katcgorien dcr Pflanzenziic,lrtung

Die a l lgerneine Methodik der  Pf lanzenzi ichturrg wird uutersucht  h ins i . 'h t -
l ich der Punkre: Kategorisierung, Verglcichen operirrivcr Proz.essc, nurz-b,,rre
ql rant i ta t ive Var iabi l i t i t ,  Erhr jhen der  Selekt ionsef f iz ienz,  nr i ig l iche Hi l fc  se i -
tens der  quant i rar iveu Gcuct ik .

Die Zuchtrnethoden wcrdcn nach dem Vernrehrungst l 'p  der  resul t icrcnclerr
Sortcrr  in  v icr  , ,Z i ichtungskaregor ien"  e ingerei l r ,  n iml ich in  L in icu- ,  Populr r -
t ior rs- ,  Hybr id-  und Klonzi ichtung.  Innerhalb der  Methoden werdcn dre i
.,Ziichtungsphasen" untcrschiederr: Beschaffung der Ausgirngsvariari<.1n, I l i l-
clurrg dcr Sortcneltern, Prtifung vou llxperinr€lltalsorten. Die gesanrte qurul-
: i ta t ive Var iabi l i t : i t ,  d ie in  vcrsc-h iedenen Phasen e iucr  Zuchtmcthode Scnutz-r
we rdcn kann,  wi rd untersucht  an der  jewci l igen , ,Sor tcnpopul ; r t ion" ,  t l r rs  is t
d ie hypothet ische Gesamtbei t  a l ler  zu Beginn produzier [ r , r ren Sorten gegelrcncrr
' l 'yps.  

Al lc  Z i ichtungskatcgor ien b ic tcn Mi ig l ichkei ten z.ur  Ausnutzuug dcs
Vortc i ls  e iner  Auslesc z.wischen El tern anste l le  e incr  Auslcsc iu  h ier : r rch isc 'hcn
odcr faktoriellen Systemcn von Nachkommcn solchcr l ' i l tern. Als hilfreichstcs
quant i ta t iv-genet ;sches Inst rumcnt  erscheint  c l ie  Vorhers; rge dcs e in-  t l t ler
r r rchrstuf igcn Selekt ionser fo lges,  mi t te ls  dessen s ich qual i t l t ivc urr t l  qu i , rut i t i r -
t ive Al terr r l t ivcrr  innerhr i lb  der  Z i ic 'h tungskrr teg,or icn . ruf  I i f f iz - icnz.  ve rg le iche r r
l i rsse n.

' l ' l r ; r n l r s  
. r r c  t l u c  t . r  D r r .  l { .  (  .  l J t , c t i t ' r ,  A .  l ' 1 .  M r t . r : n t n< ; t . t ,  ( i t t  r e ,  O r ' t  r t . t , n .  l t .  K .  5 rn r ; r r .

" r r r d  l  l .  l ; .  U  r z  I o r  c r i t i ca l  r c l d i ng  r , [  c . r r l i c r  ve  r r i o r r r  o l '  t h i s  p ; r pc r .
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