
EU CAR PIA 

FODDER CROPS SECTION 

Report of meeting held at the 

Station d'Amelioration des Plantes Fourrageres 

LUSIGNAN 

Sept em be r I 5 th l 7 th l 9 7 O 

Station d'Amelioration des Plantes Fourrageres 

86 - LUSIGNAN 

FRANCE 

l.N.R.A. 

Editions S.E.I. 

C.N.R.A. Versailles 

Novembre 1971 



E U C A R P I A F 0 D D E R C R 0 P S S E C T I 0 N 

Re port of Mee ting 

held at the Station d'Ame l iorati on des Pl antes Fourrageres 

Lu s ignan , Septemb e r 15th-17th 1970 





PREFACE 

Kindly invited by Dr. P. Mansat, Director of the I .N.R.A. Station d'Amel iora­
ti on des Plantes Fourrageres, Lusignan, France , the Fodder Crops Section of 
Eucarpia ajourned in Lu s ignan in September 1970. The meeting was attended by 
80 pe r sons , including Dr. Mansat and his s taff, and it took place on Septem­
ber 15-17. 

Th e main s ubj ec t to be di sc ussed was : 

BREEDING FOR YIELD IN CROSS FERTILIZED FORAGE PLANT S. 

1) Va ri o us breeding method s . 

2) Theo ret ica l and experimental result s with and without inbreeding, 
Different kind of cu lti vars, 
Cho ice of constituant s , 
Yield evo luti on in advanced generations of synthet ics. 

3) Value of the result s according the stand de nsity, 
Components of dry-matter y ie ld, 
Inte r ac tion betwee n genotypes . 

During the meeting Dr . Mansat and hi s co-wor ke r s presented some of the resea rch 
proj ec t s ca rried out at th e s tation. 

On beha lf of the board of th e section I wi s h to express our gratitude to 
Dr. Mansat a nd his staff for the very e fficient way in which the meeting wa s 
prepared, for the inte res ting demonstrations of the work done at th e in stitute, 
and fo r their generous hos pitality. 

Th e present r eport comprises th e paper s g ive n durin g th e meeting, and the 
boa rd th anks the authors fo r their contributions. 

DLF & FOB 

Boelsh~j, November 1970. 

K.J. Frandse n, 
Pres ide nt of the 
Fodde r Crops Section. 
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GENETIC COHPARISOtlS IN DI AND TETRAPLOIDS 

Y. Dema rl y 

Station d'Amel io ration des P l antes , Ve r sai Il es , France 

I - FIRST QUESTIONS 

If we cons id e r th e pri mit ive fo rm of the geneti c inf o rmati on in th e c irc ul a r 
ch romosome o f bacte ria and v ir uses , what i s th e meaning of the I inea r a rrange­
men t divided in constant numb e r s o f vario us chromosomes for most of p lants 
and an imal s ? 

Why does th i s I inear s tock o f DNA reg iste r ed in one seque nce a t the haploid 
leve l need such a re dundancy when wr itten two, three , fo ur t imes i n di, tri 
tet r ap Io id s ? !A{ti ·; '·~ •. 

May I before dealing wi th the essen tial s of my su bj ect, make an at t empt to 
answe r these question s . 

For the fir st one , we w i I I cons i de r t he freq uency of c ross i ng - ove r. We ge ne­
r a I ly assume that ch iasmata occu r at r an dom . Thi s i s not so . There i s evi dence 
that c ros si ng over may be increased by phys ica l or chem ica l age nts . Rhoades 
Cl941 ) , Bu r nham (1 949) and Cla rk (1956) , have s hown that i n ma i ze for ma ny 
ch romosomes , crossing- over i s cons ide r ab ly higher i n th e ma le o r gans than i n 
th e f ema le. 

The differe nces appear to be grea t es t fo r genes located nea r the cen trome r e . 
Ril ey on whea t for ch romosome VB and Dempsey and Rhoades on ch romosome 10 in 
maize put in I ight that cross ing- ove r ca n be lowe r ed or e nhanced by the pre ­
sence o f ce rtain genes . Ma ny aut hors give var ious exampl es o f s imil a r obse r­
vat ions (in Primula, in Ba rl ey , in Cotto n a nd amongs t an ima ls) . 

Consequent ly la r ge b locks of genes are co ntinou s ly tra nsm itte d intac t from 
gene r ati on t o gene ration . I proposed in 1965 th e word "Ii nkat" to represen t 
these pre fe r e ntial block-units. The lengt h o f one I i nkat i s not cons t ant, it 
i s de f ined in probab i I ity as an expected mean length . There i s a weak proba­
bi I ity for a c ros s ing- ove r t o occ ur in s ide a I i nkat. Th e probabi I ity i s muc h 
more hig he r for th e segment located be twee n two such blocks. We know in mos t 
p lan t s many se t s of cha racte ri s ti cs inhe rited as a whole. In s uc h a view, the 
t ota l coo r don nated geneti c conten t o f a I in ka t i s prot ected by natural se lec ­
ti on , whi 1s t in order pa rt s of the ch romo some it occurs frequently man y 
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recombinations g 1v 1ng random seg regations and lea ding by breakage through 
evo luti on process t o distinct ch romosome numbers (fig. 1 ) . 

E. Anderson put thi s prob lem in qu an titative terms an d conc luded that among 
th e F2 offsp ring the r ea li zab le recomb i nat ion pe r ge ne rati on i s onl y 1 
of that poss i b le if each pair of a ll e les were freely recombining . 500 .000 

Therefore we must cons ide r th at geneti c i nformation i s sha re d in diff e re nt 
I inked sets , eac h o f them hav i ng i ts own se lective and fun ctional advanta ge . 
The ch romosome numbe r s a re one of the ma i n f eat ures of thi s partition (f ig . 2) . 

Tu r n ing now t o th e second question it i s obv io us that in the multitude of k i nd s 
of I iving p lants produced by o r gan ic evo luti on, a general f eature i s the cons ­
tant dec rease in importance of the gametophy t e (h a ploid s t age) in res pect t o 
t he s porophyte (dip lo id fo r m) a ri s i ng for au t ogamo us ang iospe r ms to the 
most protect ed t ype o f hap lo id o r gans . l s the re a better sec urit y i n thi s 
doub led info rmati on of s porophyte when organ i sms become more comp I icated ? 
ls the re , eve n, any se lec ti ve advantage o f the higher numbe rs o f rep I icat ions 
in polyplo id s ? 

Whateve r may be th e r easons the re appea r s to be in mos t p lan t s pec ies an op ­
timal leve l of po lyp lo i dy above wh ich added ch romosomes o r genomes lea d t o 
dep ress ion o f growth and v igo ur. Po lyp lo id y takes a large p lace in angiospe rms . 
Fo ll ow ing L. Cuenot more thun fifty pe rcen t of spec ies a re polyp lo id s . G. A. 
Mal I igan ana l ysed 151 spec ies and found 54 % d i p lo i ds and 46 % po lyp loids 
(39 % in ann ual weed s , 33 % i n b i sa nnual , 55 % i n pere nnia l s) . It i s obv ious 
that po lyp lo idy i s more common in pe re nn ia ls a nd asexual ly rep roduced p lants 
than in ann ua l s , in a l pine than i n low lands plants . 

From my point o f v iew we must not emp haz i se on th e d i ff e rences between auto 
and a l lopo lyp lo ids . It i s oft e n a matter of mechan ica l att r act ive forces at 
zygotene pa iring . The di scove ry of a s upp resso r o f homeo logo us pa iring in 
common wheat , loca t ed on ch romosome 58 wh ic h i nsures diplo i d pai ri ng i n hexa­
p lo id by prevent in g t he pa iring of ch romosomes that a r e homeo logous i s s ign i­
ficant . Homeo logous chromosomes have s ub s tanti a ll y the same gene co nten t, the re 
must only be some s tru ctura l diffe rences (a s pec ies c la ssed as an a l lopo l yp lo id 
because it lacks mu lti va len t s , may ac tua ll y be an a utotet r ap lo id). 

The evo lutionary process of genetic dive r s ifi ca t ion cons i s t s th e n essen ti a ll y 
of reg i ste ri ng and se lecting a certain number o f var ia nt s f rom a pri mit i ve 
fundamenta l code (f ig . 3) . 

Thi s I eads to the operon st r ucture whe re ope rato r "commands " to a se t o f 
coo rdinated s tructura l genes . 

This leads too t owa rd s po lyp lo id y where 4 a ll e les may g ive a be tte r ad jus t ­
men t o f ge ne ti c info rmation 

- the numbe r of genomes , 

- the numb e r of c hromosomes and it s s ign ifi ca nce , 
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FIGURE II 
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FIGURE III 

Diagram 
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FIGURE IV 
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- the se lecti ve value of I inkat s , 

the functiona l im po rtance of ope ron and th e prima r y e ff ect o f cistron . 
~ 

II - STATIC APPROACH 

A - Dosage effect 

The s t ati c e ff ec t of additi on in s upp leme ntary ge neti c info rmation has been 
exte ns ive ly s tudi ed in tri som ics where eac h s urnume r a r y c hromosome g ives it s 
own partic ular c harac t e ri s ti c phenotype . (Datura with its ha pl o id numbe r o f 
12 chromosomes was th e bes t illu s tration of thi s e ff ec t (fi g . 4) . 

'1,~{.. ' JL. '· 
But in an a l lopo lyp lo i d s uch as wheat, th e red unda ncy o f genet ic info rmati on 
lea ds to modifi ca tion s o f morphologica l aspects from Tr iti c um monococc um t o 
I· durum and I· vul gare. 

Go in g dow n to ee l lul a r leve l, th e re ap pea r s a r e lati ons hip obse rve d by Del a unay 
between reduction in chromosome s i ze a nd dec rease of th e amoun t of me ri s t ema ­
tic ti ss ue . The amo unt o f ch romat in p lays probab ly an impo rtan t pa rt on the 
me ristematic act iv ity o f a ee l I. To be s ure , po lyp lo i dy inc reases ee l I s i ze 
in the me ri s t emati c an d diff e rent ia t ed ti ss ues . Th e who le ee l lul a r o rgan i sa ti on 
i s mod ifi ed : numbe r o f c hlorop la sts , of mitochondria , o f nuc leo lu s , a nd 
so on .... 

And thi s occ ur s as wel I i n homozygote as i n he terozygote materia l. 

Thi s i nc rease o f ee l I s i ze depe nd s as much on t he amo unt o f ee l I e longa ti on 
a nd on the numb e r o f ee l Is produced during gr ow t h as it does on the initi a l 
s i ze of the ee l Is . (In many spec ies one may i den tify t et r ap lo id y by measure ­
me nt s of the gua r d ce I Is o f the s tomata and o f mature po I I en gr ai ns) . 

Moreove r o f the pr ima r y e ff ec t of po lyp lo id y on ee l I s i ze , th e comp a ri so n o f 
i soge ni c d i and t etrap lo id ee l Is s how s a net diff e rence in wate r con t en t. As 
a seconda ry ef fect , po lyp lo id y inc reases th e wate r conte nt r e la tive t o the 
amo unt o f prot op lasm a nd the refo r e lowe r s osmot ic ten s io n. 

Anot he r seco ndary ef fec t may be found in the diff e re nces be t ween dip lo id s and 
auto t etrap lo id s f or th e co ~tent of var ious s ub sta nces (protein, ch lo roph y l I, 
mitocho ndri a , pi gme nts , a ux in s and var io us vitamin s ) . Th ese sy nthes i s are 
probab ly i n co rre lati on with the growth rate wh ich i s s lowe r in a utotetrap loids . 

Thi s ca uses a utot etrap lo id s to fl ower re lat i ve ly late r a nd in some cases to 
have a longe r fl ower in g pe ri od. As a co nseque nce of thi s s low growth we obse rve 
a r ed uc tion in th e amount of bran ching and of ti I I e r i ng . 

La s t e ff ec t of c hromosomes doub ling conce rn s the s hape o f th e individua l o rgans 
o f the p la nts as inte rf e ri ng on coo rdina t ed mo rphogenes i s . We ca n say that 
t hese e ff ec t s a re a l so consequence s of ee l I s i ze and o f intens ity in me ri s t e -
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F IGURE V 
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mati c ac ti v iti es . The most co ns i s t e nt of t hese e ff ec t s i s on th e th ic kness o f 
leaves a nd othe r appen dages . 

Mo reove r t hese direc t ac ti ons ap pea r s i n th e cy t opl asm o f t e t r apl o id o r ga nisms , 
a h igh de ns i t y o f reg ul at o r y mec ha n i sms i n th e e pi gen i c e nv ironme nt and conse­
que nt ly a bette r homeos t as i s (fi g . 5) . 

But i s it poss i b le t o fi nd gene ra l feat ures in the e ff ect of c hromosomes do u­
b I i ng ? Proba b I y , yes fo r some c ha ract e r i s t ics re I at ed t o ce I I u I a r phys i o I ogy 
(as t h ick ness o f leaves o r ea rl i ness i n a g ive n a rray of genot ypes , but not 
fo r r emot e popu lat ions onJ for a set o f spec ies beca use of comp ensa t o r y mec ha­
ni sms bet ween hi ghe r ee l I s ize , s lowe r g row t h, addi t i ve ac ti on of pa rti c u la r 
genes). 

P lan t breede r s wh o tri e d t o compare di- a nd t e trap lo id leve ls ha ve ge ne ra ll y 
used i soge n ic mat e r ia l . Mos t o f t he i r compa r i son s a re somewha t bi ased beca use 
we mu st not on ly have th e same geni e mat e r ia l a t hap lo an d d i p lo id leve l, but 
~ ave a l so in the same tr ia l homozygot e a nd he t e rozygot e fo rmul es . 

It i s c lea r th at on ly thi s comp le t e compari so n a l lows a s ha r e betwee n t he 
add i ti ona l e ff ec t s o f va r io us I inka t s and othe r e ff ec t s s uc h as domina nce a nd 
ep i s t as i s . 

B - Interactions 

The ac tua l val ue o f a genot ype depe nd s not o nl y on th e dosage e ff ects o f homo­
logous I inka t s but on the con s i s t ent i nt e r acti on s be twee n the pr ima r y fun cti on­
na l un i t s . The se i nte ra cti ons s uppo r t the ove rdomina nce theo r y o f he t e ros i s 
whi c h states t ha t he t e rozygos i t y "pe r se " i s necessa r y for the tu I I ex press ion 
o f v igo ur . 

Brewb a ke r g ives t he fo l lowing four t ypes of a l le i i c i nte r acti on leading t o 
one- gene het e ros i s : (fig. 6 ) 

ge notyp es i i jj i j 

- s upp leme nt ary ac ti on x y x + y 
(x a nd y a r e entire ly differe nt 
produ ct s ) 

-

- a l t e r nat ive pathway s x in El )( in E2 x in El and E2 
(wh e r e El , E2 a r e e nv i ronment s ) 

- optima l amo unt 0 ' 1 x 2X 

- hybri d s ubs t ance x y z 
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FIGURE VI 
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How can we imagine in a polyploid these models of inter al lei ic actions in 
connection with the diff e rent s tructures of the plants? 

In a diploid, for a given chromosomal r eg ion where are found 2 homologous 
I inkat s i a nd j, we may consider that the mean value is : 

A + a j (2 additive effects of I inkats) 

+ D S ij (dominance interaction between i and") 

In a tetraploid, I proposed in th e years 60 to make the analysis in terms of 
structures. It was reall y the re sea rch of Carnahan, of Dudley, in 1966 of 
Busbice and Wi l s ie , and of Ga l la i s a nd Guy in France that give a c lear a pproac h 
of different inte rac tions. 

As presented by Ga I I a i s thi s structure can be expressed in various identity 
patterns (situation d'identite proposed by Gillois) (fig. 7) . 

In a di p lo id In a tetraploid 
with two homologou s I inka t s i, j with four I inkat s i, j, k, 1 

j Probab i I i ty p j k Probab i I i ty p 
0 0 

0 j Probab i I i t y pl j k 0 Probab i I i ty pl 

j 0 k II p2 

j 0 k 0 II p3 

0 j 0 k 0 II p4 

(where mean s ident ic and o mean s diff eren t) . 

Therefore in a tetrap Io id with four homo I ogou s I i nkats i, j, k, 1 it appears 

A + j + 

D ij + ik + 

T i j k + i j I + 

0 i j k I 

k + I 

i I + j kt-JL + 

:ff + j k I 
I Kl 

kl 

(4 add itive ef f ects) 

(6 possible dominance interactions) 

(~pos s ibl e inte r ac tions of 2nd order 
which I propose to de note triminance) 

rd (1 possible interac tion of 3 order : 
tetrami nan ce) 

If I do not fea r to introd uce two new words for these effects th e reason is 
that they re presen t very cons i stent biological e ff ec t s , wh e n the part o f 
dominance has been substracted (fig. 8 e t 9). 



In diploid 

0 

with 2 homologous linkats 

0 
2 identity situations 
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FIGURE VII 

Identity situations 

IDENTITY SITUATIONS 

and 

In tetraploid 

0 

with 4 linkats i, j, k, I, 
0 

5 identity situations 



F
IG

U
R

E
 V

II
I 

G
en

et
ic

 e
ff

ec
ts

 

J 

X-
)..

 
-
-
,
~
-
-
-
-

\ 

.::
=:

:::
:::

=;
:=

::=
:;:

:::
:=

=.-
-

-J
 -

-
-@

 ~
 

X
} 

1
1

/
 ;J

_
_

/ 
:=
::
c:
~~
~~

-j
r-
-
~~

~ _
 / 

' ....,
 

~
 

~C
Xj
 

+
 

~i
j 

l 
J 

l 
1 

:::
E

O
<j

 
+

 
~A
j

· 
+

 
~~
i"
k 

+
 

b
j "

kl
 

l 
J 

\.
 

t"'
 J

J 
l 

J 
J 

\ 
J 

J 

2 
A

dd
 

1 
D

om
 

4 
A

dd
 

6 
D

om
 

4 
T

ri 
1 

T
et

ra
 

D
i p

lo
.id

 
T

e
tr

a
p

lo
.id

 



Po I y p Io 'f de 

1 

2 

3 

4 

- 22 -

FIGURE IX 

Comparison 

Tetraminance 

Spectrum of 

close substances 

leading to possible 

Adjustment to different environment 

Operon ==:J~~----'4-~a::=1==:r:=2:::::J===3==:::r::=4==:::i::==-
Regulator Operator------------' 

site Structural genes 

Polycistron ic 
lecture 

Polycistronic 
interactions 

~---

Spectrum = adjustement 
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Two set of expe rime ntal result s , s how the impo r tant p lace of these kinds of 
interac tions : fig. 10 

First wa s the comparat ive y ie ld of top c rosses of luce rn e be twee n re spec ti ve ly 
S

0
, s 1, s 2 , S3' s4 , I ines po l I ina t ed by a same pop ul a tion. 

The figures are : (in t ons pe r hectare ) 

s 58 , 72 
•) 7~µ 

JG. '"""'~ n 'J.ct-<:.i: 0 ~ 
s l 53, 78 

I 

s2 45 I 40 l s3 4 1 ' 86 

s4 40, 27 (),~I.A ~ 4.i't: d'/ ;.:-t..·-f. 
s d 3 , 4 

Seco nd datas a ri se i n a compa ri son be twee n many doubl e and single hybrir s in 
Lucerne too : 

Mean yield of do ub le hybrid 

112 I 9 

109 , 0 

o f s ing le hybrid 

105 , 0 

105 , 0 

Both expe rime nts s how t hat when trimina nce o r t et r am inan ce are proportionnal ly 
reduced , the y ie lds o f the tetrap lo id dec reases . 

In t etram inance fo r in s t ance , we mu s t t h ink in t e rms of a spec ifi c inte ra cti on 
between 4 diff e ren t enzymes . It i s d i ffic ult to imag ine that thi s s upe ri ority 
o f some t etrap lo id s may be a co nseq uence e ithe r of supp leme nta r y ac ti on wh e re 
X, Y, Wa nd Z would be e ntire ly differen t products , o r o f r ea li sati on of an 
opt imal amount o f prod uct. 

The most pr oba bl e exp lanation I ies in a better fho~eostas i s in four ep ige ni c 
env ironme nta l s ituat ions or i n a s ynergy given b-y a nybrT d comp lex s ub stance 
S from the four compon ent s . 

We get he r e , in the case of tri- and t e tramina nce a la rge dive rsity at bi o­
chem ica l le ve l wh ich give s ri se t o many poss ibi I iti es of adju s tment in va riou s 
env ironments . Again we mu s t put he re th e accen t on th e s imil a rity with th e 
var ious s tru ctura l genes deve lopped by na tura l se lecti on a nd bo und to a same 
ope rato r gene . 

Therefo re the va lue o f an individual in a t etrap loid spec ie s li es main ly on 
the hi gh order interacti ons contras ting with a dipl o id spec ies where thi s 
poss i bi I i ty does not ex i st. 
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FIGURE X 

Con tribu ti on of structural heterogeneity 

/st experiment 

~ Line x Population 

So 

S1 x 

S2 x = 

S3 x = 

S4 x = 

2nd experiment 

Sing le hybrids 

Double hybrids 

Yields 

105,0 

105,0 

112,9 

109,0 

58,72 

53,78 

45,40 

41,86 

40,27 



- 25 -

After Guy and with some s implification the genetic value of a tetraploid 
plant is : 

G = (M) Z + F (Y) J 

where (M) is a matri x-I ine of wei gh t s 

(m 1 for additive effects, m2, m3 , m4 for dominance tri and tetraminance respec­
tively). 

Z is a matrix-column for the probabi I ity of the e ffec ts (additivity, dominance 
tri and tetraminance). 

J is the set of "structural" interactions as defined by Guy (Ax D, D x T, 
D x Q, T x Q ... ) 

F (Y) is a function of the whole s tructure of variou s linkats in the indi v idua l 
plant. 

C - Static of a population 

tn a g iven breeding system it is easy to characte ri se a diploid population. 

The al lei ic frequencies and the inbreeding coefficient are sufficient to sketch 
the general pattern. 

For a tetraploid species, things are more complex. A population can be perfec­
tly determined by the ratios of 5 genotypic structures ; monogenic, digenic 
(simplex and duplex) tri and tetragenic. The frequencies of these 5 elements 
are written I ike a vector S denoted as generation vector 

aaaa 

aaab 

s aabb 

aabc 

abed 

The rates of these 5 genotypes are given by the situations of identity (Gi I lois, 
Bouffette, Gal la is~ Such a characterisation commonly used by many authors 
needs parameters which reflect the internal diversity of tetraploid population. 

I suggested in 1963 the use of gametic structures and frequencies to describe 
such a diversity. 

In fact for a given locus, in a given plant, one gamete can only exist under 
two states : homozygote that is in a situation of internal identity, or hete­
rozygote. Zygotic structures which result from two gametes are, at our sense, 



Gamete X 

a 
·:r= 

b 

@ Internal identity situations 

a.= b 

a ob 

probability i1 

probability 1-i1 

Zygotes 

0000 (monogenic) 

a a ab (simplex digenic) 

aabb (duplex digenic) 

aabc (trigenic) 

abed (tetragenic) 
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FIGURE XI 

Fer ti li z ati on 

Gamete Y 

c 

d 

@ Identity situation of relation 

i1 

i1 

one 

two 

zero 

i1 r2 

identic linkat for X and Y: prob r1 

II II II II II 11:prob r2 

II " II II 

(1-i 1 ) r1 

(1-i1)2 r2 +i; (1-r1-r2) 

(1-i 1)2 r1 +i1(1-i 1H1-r1-r2) 

(1-i1 )2 (1-r1-r2) 
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con ditionned by genetic dive r sity of t he pop ul at ion and breedi ng sys t ems . 
Therefo re a r e de t e rmin ed si t uat ions o f i nt e r na I identi t y fo r each gamete and 
s ituati on of r e lat io na l ide nt ity cha racte ri s i ng relations h i p be tween uni ti ng 
gametes . We fin d here a la r ge dif fe rence between d i and po l yp lo id s . 

Fo r a give n I i nkat, i n the gametes o f a t etrap lo id , the re a re t wo inte rn a l 
"s ituat ions d'i dent i t e " (fig . 11 ) . 

Wh ere i t i s s uc h gametes unit , the various s it uations can be desc ribed by a 
r e lationa l i de nt ity pa ramet e r _c ( f ig .1 1) . 

Which i s a n a na logue t o the re lationsh i p coe ff icient o f Ma lecot . Ga l la i s uses , 
i n the gene ral case , seven coe f f ic ients to desc r i be the relat ionsh i p between 
gametes . 

The two k i nd s of parameters proposed he r e a re : 

wh ich concerns the s t ruct ure of the gametes 

an d r which desc ribes the d i f fe re nt pa tte rn s o f gamet i c un ion 

In most cases t hese t wo pa r amet e r s a r e not i ndependan t : 

They a r e r e lated t o the breed i ng sys t em a nd t o t he mean freq ue ncy of homo logous 
I inkats i n t he pop ul a t ion . Co nsequ en tl y we ca n fi nd a n ex~ ress i on o f the d i f ­
fe r e nt r i n t e r ms of i a nd p · (mea n numbe r of homo I ogo us I i nka t s) . 

The fo l low i ng tab le i s g i ven as a n exa mp le 

for one gamet e s uch as a a the p robab i I ity of whi c h i s 
with 

a a with a pr obab i I i ty . \ . 1-
~ > L ,, = ~ v-i 

b b " " - rl - r 2 = ( 1 1 ) 

a b " " r 1 2 ( 1) ( 1 p 1 --
p p 

)2 b c " " 1 - r l - r2 ( 1 - 1 
p 

and so on for a gamete a b - -

th e union may a r i se 

- i 

- i 

The co nc l us ions t o be drawn f rom t hese ana lys i s ma i n ly conce rn the a l le i i c 
variat ion i n a po l yp lo id s tructure . 

The inc rease i n ch romosome numb e r prov ide s a mask o r cove r for de let e r io us 
reces s ive genes wh ic h appea r s a t phenotyp ic leve l on ly with a ve r y I i t tl e 
probab i I i t y . As a r es ult , the genet ic load of de le t e ri o us mutations ca n in ­
c rease greatl y i n a po lyp lo id popu lati on ( i f t hi s de le t er io us mutation s a re 
mainta ined , we must ass ume that the se lect i ve va lue of the i r i nte ra cti ons wi th 
ot he r a l le les i s s uff ic ien t ly high) . 
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Turning now to e ff ective ness o f nat ura l se lect ion we sha l I cons ide r one i ndi ­
v idua l I inkat de noted by~ a ri s i ng with a frequency m in a popu lati o n wit h 
othe r homo logous s tructures a , b , c , d .... 

kl 1/JI' 
Thi s I inka t wi 11 s ubs i s t un de r fo l lowing conditi ons if th e spec ies i s dip lo i d 
in panmi x ia 

- by it s dominance inte ract ion with a , b , c , d ... 

- by i ts ne t additi ve va lue (w i th fr eq ue ncy m2) 

- by it s se lect ive adva ntage at th e gamet ic stage for such a spec ies natu ra l 
se lec tion may rea ll y have a direc t e ff ec t. 

If the spec ies i s t et rapl oid in panmixia : 

- se lec tion appli es conj o intl y t o the inte rac ti ons of dom inance , tri an d t e tra­
m i nance whi c h do not ob I i ga t o r y p I ay in the same se nse and can ba I a nce eac h 
othe r. The e ff ec tiveness of se lec tion depe nd s he r e on the nature of gene comb i­
nati ons . 

- the va lue of x at the homogeneo us stage inte rf e r s on ly with a ve r y weak 
probabi I ity m4. 

- in th e gamete s , with a probabi I ity m2 we s hal I find as imil a r s ituat ion as 
th at o f diploid at zygoti c s tage : the homozygote diploid value wi 11 be 
s ubmitted to natural se lect ion . 

- with m (1 -m) probab i I ity th e r e wi I I be in th e gamet es inte r acti ons of dom i­
nance which wi I I act a s se lecti ve pa r amete r s . 

In a tetrap loid the s urv i va l of a muta nt i s mu ch mo r e bal an ce d between va ri ous 
e ff ec t s an d the s urv iva l much more easy . It i s obvi o us tha t gene tic dive r s ity 
i n homo logo us I inkat s s hould be much mo r e large r in these polyploid po pul atio ns . 
Th e inte rnal a rra ngeme nts of the diffe re nt I inka t s must be mo re variabl e . 

Thi s probab ly exp la in s th e high leve l of he t e ros i s frequently found in s ide one 
ecotype (for in sta nce in Flamande luce rne ) of a polyploid s peci es . Had thi s 
s pecies been diploid, mu c h less s uccess would have bee n ach ieved by inte rna l 
c rosses in only one population. 

III - DYNAMIC APPROACH 

A - lleiosis 

Every body knows the process o f me ios i s a nd spec iall y th e mechanical aspect s 
in the pol yploid s . 



- 29 -

1°) For the cent romeres , me ios i s i s very r eg ular and s imple : th e four homo­
logous ce ntrome res 1-2- 3- 4 have th e same be hav iour as four unit s and seg regate 
r egu la rl y 2- 2 a t fir st Ana ph ase . At eac h po le we find a t random a pair o f 
centrome res . 

Th en during th e second part of meio s i s the r e i s a s hift : eac h o f the two 
ga thered ce ntrome re seg regates in a diff e re nt A ·I I nucleus, an d then in a 
diffe re nt tetrad. 

2°) Fo r a gene located nea r the cent romere , the des tiny is s imi Ja r beca use no 
c ross ing ove r occurs b~twee n the g i ven locus and th e cen trome re . 

3°) After one c rossing ove r, the s i s t e r c hromatid s co nce rn ed with the exchange 
o f mate rial repul se at diffe r e nt Anaphase-1 po les Tetrads conf iguration s a re 
s imil a r to th e fir st case : eac h pair between th e s ix po ss ibl e pairing of th e 
4 homo I ogous a I I e I es has the s ame probab i Ii ty : th en each of th em ha s a proba­
b i I i ty of J_. 

6 
4°) In some cases it occ urs a n at tract ive fo rce which draw s to the same A I 
po le th e ch romosomes which have c rossed-ove r. Thi s possib i I ity a l low to s i s t e r 
a I I e I es be ing found togeth e r in the same tetrad at t he e nd o f th e Ana pha se- I I 
(a parameter of Mather). For a genera l a nd sc hema tic a na lys i s we s hal I negl ec t 
these ·11 pse udo reduct ionne l Jes " meio s i s (thi s does not mod ify th e mos t cons i s t e nt 
con c I us ions ) . 

For the diff e r e nt gamet es produced by th e me io s i s we find (fig. 12). 

i homogeneo us an d I -i het e rogeneous . Th ese s ituation s are expressed in t e rms 
of the 5 probabi I iti es of the "s ituations d' identite " in pa re ntal zygote s 

where it i s clear th at 

p 
0 

+ + + 

conce rn s 1 identity c la ss for P
0 

P1 and P3 
an d 2 eq uiprobab le c lasses for P2 

Note that in these gamet es ,} rep roduces the gamete s which have g ive n thi s 
p la nt that is th e internal c la ss of identity and 2 a re recombined formula e and 
be I ongs to re I at i ona I identity s ituat ions . 3 

Thi s i s s pec ific of polyp/old s : th e game ti c output, not only co ntains th e I 
additive e ffect s of the al le/ es of th e plant as in diploid s , but i s a able to 
transm it the inte raction s from generation to gene ration. 

In other words if i. r 1 a nd r 2 are respective ly the inte rnal a nd two r e la­
tiona l gametic probQbi 17ti es ofnidentity int the nth generation, we get at 
the ( n + 1 ) th 
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i 
n + + ~ ( rl n 

3 2 
+ + + r~ n) 

These st udi es of me ios i s , a nd the cho ice o f a br eeding system de fine the gene­
ti c s tructure of a popul ati on . 

B - Selfing 

Mos t a uthors have used the gene rati on- matri x t o ana l yse th e evolution o f ge ne ­
t ic st ructure in se lfing . 

In thi s case of the mo s t i ntens ive sys t em o f inbreedi ng we write 

where {N} and {N + 1} a r e t he mat r ix o f probab i I iti es fo r the s ituat ion s 
d' id entite in N and N + 1 gene ration s and[]] i s ·th e ope rat or-ma tri x from 
N to N + 1 . 

The mai n co nc lu s ions g iven by the de ve lopped fo r mul a in se lfing a r e 

1°) Rate o f fi xation fo r an a ll e le . 

The probab i I i ty t o get a monogen ic s tructure (when a 
wing tab le : 

0 ) i s g i ven the to I Io-

Ge not ype o f Moth e r-P lant Probab i I i ty o f a quadrup lex i n th e progeny 

a ft e r 1 se lf ing af t e r 10 se l fings 

tet ragenic 0. -&cot 0 , 00 0 , 18 

trigen ic lit {)I. ..& c 0 , 03 0 , 40 

mo nogeni c s imp I ex A 0r- c... 0 , 25 0 , 68 

Th i s emphaz ises t he import ance of se lect ion a val uab le pa r e nta l s tructure 
( fi g . 13) . 

In some cases , the progress t owa rd s homoz ygot es i s very s low as re lati ve to 
d i p loids whe re th e r at e i s g ive n by 

2 
1 -ll \nl . The rati o between he t e-

rozygos ity in a t etrap lo id di ge ni c dupl ex a nd f~ a diploid he t e rozygot e i s 
g iven by 
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wh e re n i s the numbe r o f se lfing 

2 5 10 

3 , 2 15, 0 192 , 7 

2°) Anot he r impo r tant aspec t i n the in breed ing process I ies on th e ge ne ti c 
"de ri ve " o r I oss o f a I I e I es . The mean num be r o f a I I e I es pe r I ocus has bee n 
compa red in d i and t etrap lo id by Guy ( in pa rti c ul a r he ca lc ul at es for a 
g i ven loss the numb e r of p lan t s t o be kep t) . 

f pop 
p + 

0 
2 + + + 

where f pop i s the mean number of a ll e les an d P
0 

P1 P2 P3 P4 the probab i I iti es 

o f eac h s i tuat ion d' id entite . 

Th ere fore the mean a I I e I i c fr eque ncy dec reases with th e I oss o f hi ghe r deg rees 
i n inte r ac tion s (P4 and P3 J. But r e la ti ve t o dipl o id thi s dec rease i s mu c h 
s I owe r. 

As an exemp le we s ha l I g i ve th e fo ll ow ing fi gures 

Aft e r 2 gene rati ons of se If i ng : 

f 2 , 74 s t a rting from a t etragen i c s truc ture pop 
f 1' 25 s t a rting f rom the hete rozygote dipl o id pop 

We ca n see that the dipl o id i s a lready ve r y poo r i n al le i ic divers ity . 

Af t er 10 gene rati ons of se l fing 

The progeny from the t et ragenic g ives 

The progeny from the di p lo id 

f pop 
f pop 

1' 26 

1. 

The tetrap loid pop ul at ion keep s after 10 ge ne rat ion s the sa me dive r s ity as 
the dip lo id a ft e r 2 . 

3°) Re lat i ve to th e loss o f a ll e les we mu s t point out a decrease of inte racti­
ons . Carnahan fir st, the n Dud ley an d mo re i nt en s ive ly Bus bi ce drew atte nti on 
on the importa nt pa r t played by inte ractio ns . 

In fa c t it i s not r a re t o ob se r ve that in au t otetrap lo id plants : lucerne , 
cocks foo t, leeks , potatoes ... the loss of v igour due to inbreeding i s mu c h 
mo re h ighe r than that which co uld be predicted on th e basi s o f a progres s 
towa rd homozygo s ity . 
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In t he ana ly s i s we mus t keep in mind not on ly the decrease of dominance effects 
(whe re di a nd t etrap lo id s behave s imil a rl y) but a lso the dec r ease of tri and 
t etramina nce . For in sta nce we s ha l I not e that sta rting from a tetragenic st ruc ­
ture abe d, whose hi gh v igo ur co uld be exp la ined by tetraminance ef f ect s (whi ch 
a re th e re who ! ly exp ressed) , it rema in s onl y a f te r two gene rat ions o f se lfing 
2 , 8 % o f t hi s inte r ac ti on a s s hown i n the foll ow ing gr ap hs : 

100 100 

13,9 

2,8 

0 2 n 0 2 n 

tetraminance triminance 

tet raploid 

100 

66 

0 2 

dominance 

n 0 2 n 

dominance 

diplo id 

4°) Anothe r importa nt as pec t in th e compa ri son o f ge ne ti c compo rtment o f di 
and tetraploid s conce r ns t he e vo l uti on of gene ti c va ri a nces in inbreed ing 
systems . The ana lys i s of J . Bo uff ette an d A. Ga l la is g i ve the form ul a t ak i ng 
in acco unt o f onl y additive and dominance e ff ects . 

Con s ide ring the express ion o f these va ri ances , and I imiti ng to the inte ractions 
bet ween two a ll e les , Ga l la i s conc lud es that the geneti ca l va ri ab i I i ty cons ­
tantl y inc reases if it i s essent ia ll y due t o additi ve e ff ec t s , but tends t o 
a max imum a nd then dec r eases if inte r ac ti ons be twee n a ll e les p lay a n im portant 
part . 

He re we get quite dist inct conc lu s ions f rom those o f di ploid o rganisms . 

C - Panmixia 

The behaviour of di p loid in panm1x 1a has been ext e ns ive ly stud ied s i nce th e 
es tablishment of Ha r dy - Weinbe r g law . What a r e the parti c ul a r f eat ures fo r 
t e traploid s? 

In a panmictic populati on where ex ist, fo r one part of th e genome p s tru ctures 
of homologo us I inkat s , a nd ass uming that each has an equa l frequency, ~~ 
write that the inte rna l gametic identity coe ffi c ie nt i 

1 
in a (n + 1) ge ne-

n+ ration is equal to 

1 i which rep resents the game t es r ep roduc ing the s tructure of uni ted gamet es 
3" n 
giving the parent plant. 

and t res ulting from a r ecombined s tru cture whe re in the frequency 1
2 the 

p 
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same I inkat is present. 

i n + 
= 1 + .f 1 

3 
n 

3 2 p 

1 1 ( i 1 

J 2 3 
n - 2 

p p 

i n + 

1 1 
n 

Ca 1 ) - 2 3 2 
if there a re 

p p 

i 
n 

n pa nmicti c generat ions from o to n 

In this gene ral formula appears the I imit 1 fo r the panm ictic equ i I ibrium. 
- 2 
p 

The distance to equi:I ibrium dec rea ses at the rate of ! for each gene rat ion . 

Then , o~~Osite t~ di plo id s where in the same co nditio~ s th e equ i I ibrium i s 
obtain~d i n two generations , we see that a t et raploid popu lat ion reaches its 
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FIGURE XIV 

Mean diversity of linkats in a population 
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These formu lae open to the mos t importan t conc lu s ion s for panmixia 

Evolution o f mean number o f a ll e les . 

Evolut ion of the weighted inte raction s (dominan ce , tr i a nd tetram i na nce) 
(fig . 14) . 

From these res u I t s und e r i nbreeding as we I I as in panm 1x1 a we ca n eas i I y inf e r 
the th eore ti ca l value of different breeding programs with tetraploids : inten ­
s ity of inbreeding , s ingl e or doub le hybrid s , syntheti c var iet i es with thei r 
number of consti tuent s and th e numbe r of cyc les for mu ltip li cat ion , the e ffi-
ciency of artificia ll y indu ced tetrap lo id y .. ... . 
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THE GENETIC BASIS OF P.RESENT BREEDING METHODS 

IN FORAGE CROPS 

E. L. Breese a nd M. D. Ha ywa rd 

Welsh Plant Breeding Stati on , Abery s tw yth, Great Brita in 

INTRODUCTION - PRESENT EVOLUTIONARY STAGE 

For any particular spec ies , breeding methods a r e largely con diti o ned by the 
s t age of evo luti on a nd deve lo pm en t o f that spec ies as a c r op p lan t. Cont'nued 
se lec tion and isolat ion by man a r e I ikely to have influe nced t he amo unt of 
genet ic va riabi I ity, the mat ing sys t em a nd the type o f gene act ion , a l I o f 
whi c h are i nte.rd e pe nd ent and together dete rmine t he app Ii ca b i Ii ty o f a ny 
particular breeding method . 

Fo r age grasses a nd leg umes have a r e lat ively s hort hi s tory as inte ns ive ly 
c ultivated c r ops , and an even sho r te r hi s tory of d i rec t ed a rtifi c ial 
se lecti o n. As a conseque nce , in a ll t he commo n s pec ies , there ex is t s in th e 
wi Id o r semi - wi Id s t ate a wide di ve r s ity of na tura l adapta ti ons t o c limati c 
a nd edaph i c co ndition s and to biot ic . systems . Th ese vast reso urces o f 
genetic va ri abi I it y pl aced t he fir s t breeders o f forage c rops i n a fort un ate 
pos ition vis a vi s th e ir co unterpa rt s in c r ops wh ic h had ac hi eve d a na rrow 
genetic base eithe r by v ir tue of a long h i s tory o f cu lt iva ti on and se lect ion 
(e . g . ce r ea l s ) o r, through r ecen t in trodu ction on too narrow a sca le (e . g . 
rubbe r ) . Rap id im provement wa s poss i b le and wa s achieved in for age c r ops .by 
the app li cati o n of so und eco log ica l princip les t o the di sco very and ex ploitat ion 
of natu r a I I y occ urring ecotypes . Wh i I e some advance may st i I I be poss i b I e 
in this way , we now have to co ns ider t he be s t means of mo r e ri go ro us ly 
ta i I o r i ng ge neti c mate r i a I to the dema nd s o f i ncreasing I y soph i st icated 
fa rm sys tems. 

THE BREEDING SYSTEM AND POPULATION STRUCTURE 

Th e ad jus tments a nd a daptat i o~s t o the genet ic sys t em imposed by past se lec ­
tion (natura l or a rtifi c ia l) wi 11 I imit and chan ne l th e responses t o future 
se lect ion . Th e ge neti c a r c hitect ure of a s pecies wi I I thu s de t e rmine breed ­
ing methods . A knowl edge of genetic a r c hitecture i s the re fo re a most necessa r y 
adj unc t to breeding programmes an d a t Aberystwyth we have s tudi ed thi s in 
the diplo id r yeg rass s pec ies Lo i ium pe r enne , · whi ch i s the most impo rta nt 
grass in Briti s h ag ri c ulture . 
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Li ke most o f the forag e spec ies , l· pe re nne i s outbreeding with a fairly 
e ffi c ient se /f-incompat ibi I ity system. Pas t se lec tion wi 11 have ope ra ted on 
hete rozygotes to sec ure gen ie comb in a tion s wh ich a re re lati ona ll y r athe r 
th an inte rn a lly ba l anced (Darlingto n and Mathe r, 1949) . In breed ing improved 
var ie ti es th e aim mu s t there fore be t o reta in an accep tabl e leve l o f 
he t e rozygos ity in the product ion of sy nth e ti c va ri e ti es o r to ma x imi se 
het e rozygos ity as in the produ c tion of Fl hybrid s . The re lative advantages 
of these depe nd on a numbe r of cons ide rations, not the leas t o f which is the 
wa y ge neti c variation i s contro l led by gene act ion a nd I inkage . 

J.P. Coope r (1961) a nd his co l leag ue s have s tudi ed the va ri at ion of a numbe r 
of metrical cha racte r s in diffe re nt popul a tion s o f r yeg rass , both i n seed 
de ri ved from natural ecotypes and in bred varieties. The res ult s indi cate 
th e highly heterogeneo us nature of th e pop ulati ons an d th e he terozygo us s t ate 
of the indi v idu a l s . A high degree of he ritabi I it y co uld be demon strated for 
many o f th e c haracte r s s tudi ed, thu s s ugges ting mainly additive gene ac tion. 
Cons ide rabl e res ponse to ph e not yp ic se lection was poss i ble before di s turbances 
in f e rti I i ty , or other metabo li c upsets , imposed I imit s to further advance . 

Ecotypic differentiation and genetic architecture in persistent populations 

A s triking fea ture of the ryegra ss species is the vas t arra y of ecot ypes . Th e 
authors of thi s pape r have st udi ed in some deta i I the genetic sys t ems unde r­
ly ing thi s dif f e rent iation with pa rti c ular reference to persis t e nt popu la t ions . 
Genera ll y ryegrasses are dominant wh e re there i s fairly c lose g r az ing by a ni­
ma ls , and und e r these cond iti ons rege ne ra ti on by seed i s rare , and s urvi va l 
of the population de pends more on the abi I ity t o rep roduce asex uall y from vege­
tative ti I le r s . Thu s , we have to bear in mind that the ge ne ti c i so lat ion neces ­
sa ry for pop ulation differentiation may be achi eved through asexua l re produc­
tion. 

Genet ic ana lys i s of differe nces between populati ons has been und e rtaken by th e 
app li cation of ful I or partial dial le i c ro sses (Hayward and Br eese 1966 , 68 , 
Hayward and Nsowah, 1969) . Th e sa / ient points to emerge a re , fir st, th at fo r 
cha racters which may be adjud ge d im po rtant in adaptation genie diffe re nces 

/

a r e large ly add iti ve . Th e re i s I itt/ e ev id e nce of dominance and ep i s t a ti c 
e ff ec t s whi c h, as pointe d out by Breese a nd Mather ( 1960 ), a re a means of 
prese rving and stab i I i s ing genet ic diff e r e nces over sex ual generat ions . Again 
thi s points to the importance o f th e asex ua l s t age in diff e rentiation. 

A seco nd s ignificant f ea ture of the ana lys i s i s the im po rtance of mate rn a l 
effects a nd s pec ifi c rec iprocal differe nces which we have i nterpre t ed as 

\

be in g mo s t like ly ca used by extrachromo somal con stituents (the pla smon ). It 
would appear, therefore , that the pop ul at ions ma y have become d iff e ren ti at ed 
with r es pec t to th e p /asmon. 

With the p/ asmon im p / ica t ed , the ques ti on arose as t o th e ex i s t e nce of 
somatic variabi I ity within a c lo ne ( s ingl e genotype) and , if so , wh e th e r 
thi s co uld be ex ploited by se lec tion during vege t a tive propagat ion . Experiments 
s howed that in some c lones , pa rti c ularl y those de ri v ing from pe r sis t en t 
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ecotypes , r esponse to se lect ion for fast an d s low rates of ti I lering co uld be ( 
obtained over eye I es of vegetat i ve propagat ion by ti I I ers (Breese et a I , 1965) . 
We have again proposed that thi s response i s most I ikely mediated bY adaptive 
var i ab i I i ty in ext r anuc I ear f actors o f the p I asmon . We have not yet been 
ab le to demonst rate that these artif ic ia ll y se lected differe nces ca n be 
t r ansmitted ove r sex ua l gene rations , so the resu lts a re no mo re than an 
indi cation of how the r ec i proca l-cross dif f erences between pop ul ations co uld 
have a ri sen . 

The s i tuat ion wou ld appear to be that the more pers i s t ent ryegrass ecotypes 
are aggregates of genotyp ica l ly d i st i nct c lones (we have no evidence that 
a ny part icu la r swa rd i s dom i nated by a s ingle c lo ne) . Th e indi vid ua l s a r e 
unified by a phenotyp ic express io n a l low i ng them to compete eq ua ll y with eac h 
other (perhaps even co- ope rate) a nd compete s uccess fully wit h othe r sward 
const ituents during asex ua l r eprod uction . They are not , howeve r, se lected 
to transmit these c haracteristics with a hi gh deg ree o f cons t ancy to t he ir 
sexua l offspring ; rat he r, the sexua l phase i s marked by max imum genetic 
heterogeneity med iated by additive gene act ion . In this sense we ca n see that 
the sexua l cyc le i s adapted by v irtue o f th i s genetic heteroge neity to be a 
colon i sing phase , while s t abi I i sation i s ac hi eved through asexua l r ep rod uc ti on. 
Selection wi 11 i n i tial ly ope r at e to e li minate genotypes whi c h can not success ful­
ly compete under any spec ifi c cond iti ons o f c li matic , edaphic an d bi otic 
effects . The experiments of Cha rl es (1966) have s hown that seed I i ng el imination [ 
under such compet i t i ve condi ti ons can be massive , reach ing up to 90% in sown \ 
s wa rd s after a few month s . Subsequent ly s urviving genotypes wi I I by veget at i ve 
propagat ion be rep resen t ed by ind ependen t ti I I ers and at thi s s t age se I ect ion 
may ope rate on a seco nd di mens ion of va ri ab i I it y the p lasmon . As di sc ussed 
by Hayward a nd Breese (1968) , a lte r nat ing gene rations of sex ual a nd asex ual 
prod uct io n may thu s involve the pl asmon in a dyn am ic rol e , an d force a s pecial 
co- adaptation of nuc le us and p lasmon . However , o ur know ledge of s uc h possib le 
interact io ns i s presen tly ve r y I imite d and we requ i re further st ud y of the 
inter- relationsh i ps of the nuc le us , pla smon and a ll ce ll inclu s ion s , in c ludi ng 
vi ru ses , befo r e these s pec ia l ext r an uc lea r e f fects can be co ns ide re d prof ita bl y 
in a plant breed ing co ntext . 

Variation in Genetic System 

Within th e spec ies , inh e re nt pe r s i s t e ncy (longevity o f genotypes ) va ri es 
greatly , a lthough this depen ds on the managemen t. The relative importance o f 
sex ua l and asex ua l r eproducti o n wi I I the re fore a lte r an d thi s wi I I be accom­
pan ied by changes in the genetic sys t em . 

The phys io log ica l co nseque nces o f co nsc iou s or uncon sc io us se lec ti o n fo r 
exce l Jenee in sex ua l r e producti on ( i. e . wh e r e emphasis is placed on hi gh seed 
y i e ld s) are now a part o f p la nt breeding hi s t o r y . Early attempts t o produce 
comme rcial quantities of seed by an unres tri cted numbe r o f gene rat ions from 
past ures with a high r e putat io n for an imal produ ction, led t o a loss o f the 
leaf i ness and high ti I lering ca pac iti es which cha ra c t e ri sed the original 
pl a nt s , an d ultimate ly to the produc tion of s t emm y, short-I ived "commercial" 
va ri eti es (Beddows, 1953). The c ha ng e in genetic control i s likely to be 
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no less s t riking . 

By ana logy with expe ri me nt s us ing la bo r a t o r y organ i sms (Breese a nd Mathe r 
1960) , we ca n expec t the un i fo rmit y o f c harac t e r s assoc iated wi th high seed 
produ c tion to be re inf o r ced by the se lec tio n of dom inant an d ep i stat ic ge ne s 
cont ro l I ing their exp ress ion . Our e v i de nce o n thi s in r yeg r ass i s sca rce, 
but an ex pe ri men t repo r ted by Breese (1961) s hows a n i ncrease i n dom inance 
va riance fo l low i ng se lec t ion ove r sexual c yc les . Aga in, t he cyto log ica l s tudi es 

lot Rees a nd Ahmad (1 963) s how that th e I i nkage re la t ionsh i ps may c hange . The 
s horte r I ived pop ul a tion s ha ve a r e lat i ve ly hi gh c hi asma freq uency a nd less 
loca li sat ion o f ch ia sma t a . We may assume t he re for e tha t se lect ion fo r e ffi c ien ­
c y in sexua l r e production has res ul ted in h ighe r recombinati on within ch ro-
mo somes lea ding t o a f ine r ad ju s tment o f ge n ie ba lance , but u l timate ly to a 
r es tri c t ed amount of ge ne t ic va r i ab i I i ty . By co ntra st , the I onge r- 1 i ved 
ecotypes have a r e la tive ly low c h iasma frequen c y wi t h c hi asma t a loca li sed a t 
the di s ta l e nd s . La r ge length s o f the c hromosome a r e thu s ke pt di s tin ct a nd 
act as s in g le un i ts o f inh e ri tance (e ff ect i ve facto r s ) o f re lative ly ma jor 
e ff ec t . In co nseque nce , acc umul ated d i ff e rences wi thin these c hromosome 
segme nt s e ff ective ly seg rega t e as mu l tip le a ll e les a nd can ma i nta i n la r ge 
numb e r s of po l ymo r phi sms within t he pop ul ation s . Th i s may inc identa lly exp la i n 
th e very r a p i d r esponse to se lect ion fo r date of ea r eme r gence ob t a i ned by 
Coope r ( 1959) in some popu I at ions . 

We ca n now see that in th i s r e lat ive ly und eve loped c r op , the sys t ems gove rning 
geneti c var iat ion a r e t hemse lves va ri ab le . We have th e cons trast o f hi gh ly 
he t e rozygo us and hete rogen eo us , po lymo r ph ic an d panm ic t ic g roups at one 
ex t r eme , with add i tive ge ne t ic co ntro l and emp has: s on asexua l rep roducti on 
at the other ext r eme a re the s ho r t e r I ived sex ua l popu lat io ns with (puta t ive ly) 
highe r domina nce a nd e p i s ta s i s , but with reduced gene t ic va ri at ion . These 
s ys t ems a r e eas il y (pe r haps t oo eas il y) adj us tab le by se lec t ion, but we have 
to be warned that moveme nt towa r ds t he lat t e r s ys t em - towa rd s r e duced va r ia -
bi I ity - ten ds to be a one - way pr ocess . We mu s t v i ew o ur br eeding a ims acco r d i ng ­
ly an d g uard aga in s t me thod s which may be too was t e ful o f ex i st i ng vari a t io n . 

We have so f a r dea l t wit h th e f lex ibi I ity of t he s pec ies in re lation t o i ts 
geneti c hete roge ne ity. Of no less importance in mee ting c hang i ng dema nd s in 
th e e nv ironme nt i s th e phe notyp ic p las ti c it y o f th e indi v idua l. 

Genotype - environment interactions:- Adaptive responses or 
unpredictable instabilities ? 

The ab ili ty o f individua l s to s how p las ti c re s ponses to va rying env i ronments 
i s o f s pec ia l inte r es t in he rbage p la nt s , s i nce pe r hap s no othe r c r op i s ex­
pec t ed t o yie ld und e r s uch a d i ve r s i ty o f c limat i c , edaph ic a nd ma nageme nt 
co nditi ons . Unti I r ecentl y we had t o r e ly on the ana l ys is of va ri ance as 
means o f r ecog ni s ing diff e r e nti a l responses by genot ype s o r va ri eties to 
va r y ing env ironmen t s (Coms t ock and Ro binson , 1952) . Ove r the pas t f ew yea r s 
inte res t i n th e f o rm o f reg ress ion ana lys i s fir s t pr oposed by Yate s an d 
Coch ra n has been revived by the s tudi es o f Fin lay and Wi l kin so n (1963) a nd 
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the Birmingham School of Genet ics (e.g. Alani s and Hi 11, 1966 
J in ks , 1968) . 

Perkins and 

Brief ly , the technique involves quantifying each e nvironment in terms of 
the plant c haracte r being meas ured , which i s no rmall y given as the mean 
performance of al I genotypes (va ri et ies) und e r trial for eac h environment 
under te st. The pe rf ormance of indi vidua l genotypes may the n be expressed 
by th e regress ion o f the ir indi v idua l va lues on this mean. In a number of cases 
fo r a number of crops, it ha s now been s hown that s ignificant proporti ons 
o f genotype- env ironment interact ions ca n be exp lained as differe nces in the 
s lope of li nea r r eg re ss ions so ca lcul ated. In g rasses these regress ion ana lys i s 
ha ve been used to s how th at la r ge genotype- e nvironme nt inte ractions for the 
production of fres h mate ri a l by spaced p la nts o f coc ks foot have a hi gh deg ree 
of pr edictabi I ity ove r a wid e range o f so i I, seasona l an d management e ffects 
(Breese 1969) ; they ha ve al so been s ucces s fully a pplied to combine y ie ld 
res ult s from a numbe r of expe rime nts cove ring a wide ra nge o f sward and s pace d 
p lant cond i t ions for ryeg rasses , aga in with a h igh deg ree of pre di c t ab i I ity 
from one set of co ndition s t o anot he r, in c ludi ng the poss i bi I ity o f extra ­
polating f rom spaced p lants t o swa rd s (Sa mu e l et a l 1970) . In format ion on it s 
app I i cab i I i ty continues to acc umu I ate with va r-yTngd eg r ees o f s uccess (Breese , 
unpublished, Jacquard 1970) but genera ll y to proc laim it s va lue . 

Just as importantl y the p last ic r espo nses whi c h a re meas ured by these reg res ­
s ion s appea r to be hi gh ly he ritab le and in the g rasses a re contro ll e d ch iefly 
by genes whi c h a r e pre dominant ly additi ve in act ion (Breese 1969 , Hi 11 a nd 
Samuel , pe r s . com .; Haywa rd an d Lawre nce , 1970) . 

Although we c lea rl y need t o know more o f the ext e nt t o whi c h genoty pe­
env ironment inte r ac ti ons ca n be ex pl a ined in thi s way , the re i s no do ubt that 
in many in s tances cha nges in genotyp ic value s , even c ha nges in genetic va ­
ria nces a nd compone nt s , from loca tion to locati on and from yea r t o year , may 
be explained by s imply exp ressed and s imp ly inhe r i ted I inea r res pon ses . Thi s 
le nds hope that we s ha l I be abl e not only to s pec i fy the ran ge of co ndi t ions 
ove r whi c h th e variety may be used, but a l so breed f or a s pec ifi ed range o f 
conditions in a more de t e rmin at e manner . 

IlREEDING METHODS IN RELATION TO GENETIC ARCHITECTURE 

Sward Establishment and Population Improvement 

In herbage pla nt breeding we have th e nea r pa r adox ica l s itua tion that a lthough 
we a re o f ten see king improveme nt o f propert ies assoc iat ed with asexua l re ­
pr od uction (veget ative g rowth an d reg rowth), we at t empt thi s by selection 
over sex ual (seed) generati ons . Bea ring in mind the co ns trasting geneti c 
o rga ni sat ions that these two rep roduct ive s ystems in cur, as we l I as the 
co nfli ct ing phys io logica l dema nd s , we have to be s pecia lly ca refu l of the 
breeding method s we adopt . 

Pe rh aps , in t ime , im proved t echn iques wi 11 make it possible t o lay down sward s 



- 44 -

by the vege t ati ve propagati on o f se lected c lones , but at present i t i s econo­
m i ca I I y more feas i b I e t o es tab I i sh swards from seed . Seed rates a re dete rmined 
by the necess i ty t o ob t a i n a r ap i d so i I cove r and so to keep i n check wee d 
spec ies . The expe r imen t s of Cha rl es (1966) have shown that these rate s are 
suc h that the re i s a r ap id e li mi nat ion of a ve r y h igh propo r t ion of the 
ge rminated seed li ng wh ic h i s part icu la rl y marked i n the mo re pers iste nt , h igh 
t i I I e r i ng va ri et ies . On I y a sma I I pe rcentage o f t he sown genotypes s urvive to 
fo rm t he swa r d , t he act ua l pe rcentage depend i ng on the du ration of the ley , 
but is less t ha n 10% afte r a f ew months . Under present cu l tural systems , 
the r e for e , the compet i tive cond i t ions o f the s wa rd i nvo lves a h igh genet ic 
wastage wh ich ca n be to le r ated (and i s indeed made necessa r y) by the asexual 
r ep r oduct ive capac i t ies o f the s ur v i vo r s . The type of these s urvivo r s depends 
on t he management . Th us estab li sh i ng th rough seed at h igh rates we a r e recrea ­
t i ng t he co nd it ions f o r ecotype evo l ution on a mi n iature sca le , and the 
conseq uences of subsequent management a r e an extension of the ecological 
pri nc i p les gove r n i ng thi s process . 

As breede r s , we have to be conce r ned wi th improv i ng the potent ia l of a 
po pu lat ion wi th respec t to a spec ifi c management . Technica ll y , we only requ ire 
to ach ieve a propo r t ion of des irab le genotypes wh ich a r e a lso compet i tively 
supe ri or ; t he ac tua l propo rt io n wou ld o f co ur se depend on the stochast ic 
processes gove r n i ng swa rd es tab I i shment unde r spec i fic management , but i t 
co u ld be a ve r y low pe r centage . Breedi ng methods des igned to r a i se the propo r tion 
o f genot ypes above th i s c r it ica l level wou ld co nf e r no certa i n advantage 
under presen t pract ice . The va l ue o f a var iety th us depends less on t he mean 
va lue fo r al I ge notypes than on ach iev i ng a min imum f requency o f des i rab le 
genotypes , so that un i fo rmi ty pe r ~e has no part icu la r va lue . 

Other a r guments are advanced fo r het e rogeneity as opposed to un i form i ty , 
pa r t ic u la r ly that thi s co nfe r s a deg ree o f f lex i b i I i ty on the va ri ety unde r 
va r ying managemen t s a nd condi ti ons . Too o f ten th is become an excuse for not 
pr ec i se ly de f i ning condit ions fo r use . Anot he r aspect , howeve r , i s that 
hete rogene i ty may a l low the se lect ion of favou rable co- adapted genotypes 
(A l la rd and Ada ms 1968) wh ich comp lement eac h othe r unde r swa r d cond i t ions . 
This aspec t , wh ich has been t e r med ecologica l comb i n i ng abi I ity , has of course 
rece ived cons ide rab le attent ion i n t he s tudies of mi xt ures , and recent wo r k 
(e . g . Rhodes , 1968) lends hope that we may mo re prec ise ly de sc r i be these 
i nte ract ions and th us be ab le to breed specif ica ll y fo r them . 

Wi th these cons ide r a ti ons i n mi nd, o ur c ho ise of breed i ng methods may prof itably 
be gu i ded by a r ecog ni t io n o f t he way breed i ng systems are assoc iated wi th 
di f f e r ent ecot ypes as d i sc ussed ea rli e r . 

The Synthe tic Variety 

In he r bage p lan t s t he mos t common br eed i ng method is by popu lat ion improve ­
ment t hr ough t he use o f syn t het ic va r ie ti es . Th e re i s o f ten con fu s ion as to 
wha t d i s t i ngui shes a sy nt hetic var iety f rom other open po l I i nated va ri et ies . 
Of t en t he d iffere nces a re on ly of academ ic importance , and we wi 11 def i ne t he 
s ynt het ic va r iety as a popu lat ion that i s prod uced by hyb r idiz i ng in a l I 
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poss i ble combinat ions a number of se lected genot ypes , a nd i s th e reafte r 
maintained and multiplied by r an dom mat ing in i so lat ion (ove r a limited 
number o f gene r ation s ). Th e s t a t ed aims a r e to in c rease the freq uency of genes 
with favourable exp ress io n in pa rti c ul a r cha r ac t e r s whil e avo iding inbreed ing 
dep r ess ion . 

Selection on Phenotype 

The s uccess of phenotypi c se lect ion depend s on t he acc uracy with which we 
ca n r ecog ni se the breeding va lue o f a genot ype from it s phenotypic exp ress ion . 
Dom inance a nd ep i s ta s i s , o r e nv ironmenta l e ff ects in c luding genotype - env iron­
ment inte rac tions , a l I hampe r this r ecog nition. Thi s has led t o the co ncept 
of "na rrow se nse " he r i tab i Ii ty which i s exp ressed as the proportion of the 
add iti ve va riance t o the total va r iance observed , and whi c h can be measured 
in a numb e r o f ways . From th e ex pe r i me n t s r e fe rre d to ea r I i e r, ma ny c ha rac re r s 
in r yeg ra ss a r e con tro ll e d by genes which a re la r ge ly add itive in act io n, 
wit h dominance a nd ep i s ta s i s of lesse r importance . Thi s i s part ic ul a rly so 1 
fo r th e persistent types, a nd we mi ght perhaps inf e r tha t ma ny vegetative 
featu res associated with asex ua l r ep roduct ion may be control led in this way. 
For t hese c hara c ter s phenoty p ic se lect ion s hould be e ff ective . 

For qua ntitative c ha r ac t e r s con tro l led by ma ny gene s , consi de rations in th i s 
type o f se lec tion are the s iz e o f the initi a l popul at ion to give a wid e 
select ion diff e r enti a l, and th e ultimate reduct ion in pop ul ati on s i ze fo l low­
ing st rict se lection, leading t o r educed variab ility a nd inbreed ing dep ress ion . 
The latte r depe nd s on the inten s ity o f se lec tion toge ther with th e deg r ee o f 
po l I in a ti on control, a nd the num be r of se lec tion ge ne rati ons . Mass se l e~ti on 

(with no co ntro l of the pollen parent) e ff ective ly ma intains population 
s ize, thus al lows r easso rtme nt o f genes, a nd s hould r es ult in g rad ua l advance 
ove r ge nerati o ns . At Abe r ystwyth we ha ve inte ns ive ly and s uccess full y se lect ed 
fo r high and low wate r- so luble ca rbohyd rat es in ryegrass ove r three generations . 
Here individual ma le and female parents we re se lected an d pair - c ros sed, but 
population s i ze wa s effective ly ma inta ined a nd inbreeding avoided by ma in tain ­
ing a numbe r of high and low lines and cyc li ca ll y mating be tween them. 
Success fu! se lect ion s for high and low digestibi I iti es we re ca rri ed o ut over 
three ge ne rations o f s ib-mat ing in coc ks foot ; aga in, multiple I ines we re 
ca rri ed at each se lection leve l a nd the best I i nes have been finall y com­
posited to form s ynthetic va ri eties . 

Many other cases of s uccessfu l phenotypic se lection may be cited. A common ly 
found phenome non, however, i s tha t reported by Edward s and Cooper (1963 ) 
wh e r e se lect ion for on e component o f yield evoked nega tive respon ses in 
othe r components, so that y ie ld itse lf wa s I ittl e affec t ed . Repo rts o f 
correlated re spo nses are of co ur se leg ion. Fo ll ow ing the lead g iven by the 
expe riments o f Mather and Ha rri son (1949) it i s now widely accepted that 
many of these co rrelation s r ep resent a co-ordinat ion of physiologica l processes 
which is often achieved through I inkage of the genes con trol I ing the different 
processes, and that r ead jus tment can be obtained through r ecomb ination and 
se lection. At the same time it mu s t be recogni sed that some trait s are 
inevitab le co ncomitant s of the same physiological process (pleiotropic effects) . 
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Since the bree de r i s ra re ly conce r ned wi th improvement i n a s i ng le t rait i n 
the absence of co nside rat ion fo r othe r cha racters , a know le dge of the st r ength 
and type o f s uc h assoc iati ons i s i nva l uable to the fo rmu lat ion of breed i ng 
object i ve s and in dec idi ng on the bes t means of ach iev ing th ese , whethe r by 
the use of se lec ti on i ndexes o r othe r methods . 

Se lection by progeny testing 

Reso rt t o proge ny tes t s i s made wh e n for any reason the her i tab i Ii ty o f a 
pa rti cu la r phenotyp i c exp ress ion i s low . Th i s o f cou r se leads to an inc rease 
i n the time r equ ired fo r each se lect ion cyc le and Mor ley and He i nrichs (1960) 
have est ima t ed tha t he ritab i I i ty has to be as low as 10% be fo re the i nc lu s ion 
of a proge ny te s t wi 11 g i ve bet t e r resu lt s i n annua l improvement compa red 
with phenotyp ic ( i nd i v i dua l) se lec tion a lone . Befo re we cons ider fur ther 
some reasons fo r low he r i t ab i I ity es timates and poss i b le ways of co rrec ting 
th ese , we may pe rhaps cons i de r poss i b le progeny te s t i ng methods and th e ir 
genet i ca I imp I i ca ti ons and consequences . 

Fir st we have to be awa re that certa in assessmen t s of progeny may run the 
danger of g i v i ng undue prominence t o sex ua l rep roduct ion wh i ch i s out o f 
proportion t o i ts evo l ution a ry dual i ty with asexua l rep roducti on . 

Th e aim of a proge ny t es t i s to d i st i ngu i sh s upe ri o r pa rents . In domest ic 
an ima l s and most c ulti vated c rops th e va l ue of each ind i vidua l i s h igh and 
un i fo rmi ty i s at a prem ium, because genet ic wa s tage can not be t o le r at ed . For 
outb r eede r s t he breed i ng va l ue of an i nd i v i dua l i s usua ll y dete rmi ned by out ­
c ross ing me thods and thi s r esu lts in se lect i ng pa ren t s wh i ch a re prepotent 
la r ge ly beca use of ge nes show i ng dom in ance and ep i stas i s in th e requ ired 
d i r ec t ion . The va l ue o f th ese t es t s may be questioned i n the re lat i vely un ­
deve loped he r bage p lan t s on two count s .~' asexua l rep roduct ion allows 
genetic wastage during swa rd estab li s hment and t hus , prov i ded thi s wastage 
ca n be d irec t ed , does not ca I I fo r un i form i ty . Second , pu tting a se I ect i ve 
b ias o n genes s how i ng dom i nance and ep i s tasis i~d irec ti on may sac r ifice 
la r ge amounts o f the ad d it ive va ri a nce wh ich we f i nd i n natural popu lat ions , 
and w i I I a I most ce rta i n I y be at th e expense o f ge nes showing dominan ce and 
ep i s t as i s in th e oppos ite di r ecti on ( i . e . we sha l I miss usefu l recess ives) . 
In a n un deve loped c rop thi s lat t e r e ff ec t co u ld be impo rtant i n popu lat ions 
wh ich have not prev ious ly been subjec t ed to direc t iona l se lect ion s in ce he re 
dominance a nd ep i s t as i s a r e I ike ly to be amb i-directional (Breese and Mathe r , 
1960) . In oth e r wo rd s we sha l I be se lect i ng for onl y pa r t o f the fu l I s pect rum 
of gene differe nces . 

We sha l I co nsequ ent ly cons ide r se lecti on methods based on progeny t est i ng 
(rec urren t se lect ion) in th i s I igh t . Rec urren t se lec ti on may be c lass if ied 
i nto fou r t ypes ; s imple recur r en t se lection , rec urrent se lecti on fo r genera l 
comb ining ab i I i ty , r ec urre nt se lecti on fo r s pec i f ic comb ini ng ab i I ity an d 
rec iproca l r ec urre nt se lec ti o n. Al I th ese a r e gene r a ll y di sc ussed by Al la r d 
(1960) and the geneti c imp I icat ions a r e t o some ext e nt cons i de red by Sp r ague 
(1 966) . Co nseq ue nt ly , they will only bri e f ly be rev i ewe d he re . 
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Befo re we co ns ide r t ~2/~eneti c bas i s of these progeny t es t s ,furthe r, it may 
be appos ite to digre~s a nd co ns id e r the variou s l y des igna t ed components o f 
va ri a ti on a nd how these r e lat e to gene r a l (GCA) a nd s pec ifi c comb ining ab i I ity 
(SCA) . Confu s io n as to th e prec i se mean in g of these t e rms a ri s es from th e 
va ri ous approach es o f s tati s ti ca l genet ic i s t s , pop u lat ion genetici s t s a nd 
pl ant or anima l br eeder s . Stri c t ly speak in g , ge neti c variance i s addi ti ve 
wh en the e ff ec t s of ge ne s ub sti t ution s a r e I inea r ; i. e . the re i s an abse nce 
o f interac ti on be tween a l le les (dominan ce ) or be tween loc i (ep i stas i s ). Howeve r, 
becau se o f the systems o f componen t a naly s i s deve loped by Comstock and 
Robinson (194 8 ), Mathe r (1 949) an d othe r s , add iti ve va ri a nce (0 o r o~) ha s 
come t o co nnote f ixable gene ti c var iati on , be i ng meas ure d as d if fe re nces 
between homozygotes : dom inance va ri ance (Hor o~) i s th en meas ured as de ­
viations due t o inte ract ions o f hete rozygo us loci , a nd e p i s t ati c var ia nce 
(I or o~A = fi xab le , J and Lor 0 2

0 a nd o~ = unfi xab le ) as dev iation s due 
t o non - al le li c i nte r ac ti o ns . Th e 91r s t of 9h ese notations i n brac ke t s i s 
tha t o f Mathe r ( loc c it ) and th e second of Comst ock a nd Rob i nso n ( loc c it ) . 
Thu s add itivity may be used va ri o us ly t o desc ribe B t ype o f ge ne ac ti on o r 
to indi ca t e t he ave rage e ff ect s o f homozygo us ve r s us he te rozygo us cont ri but ions 
t o va ri abi l ity . In the abse nce o f ove rd om ina nce o r spec ial inte ract ion 
be twee n he t e rozygous loc i (a nd the re i s no good ev idence to indicate that 
e it her of these a re important ge ne ra ll y) a l I ph enotyp i c exp ress ion s to whi ch 
these va ri o us t ype s o f gene ac ti on s ub sc ri be a re fixab le in homozygot es . By 
pop ulati o n theo r y dom inance an d e pista s i s a ri se not so muc h as a mea ns of 
obta 1 , ng a parti c u lar genotyp ic va lue , but of sec uri ng a h igh frequ ency 
o f these va lues in th e sex ua l of f sp ring of outbreede r s . 

A further co nfu s ion i s sometimes provoked by the use of plant breed i ng t e rms 
in t oo loose a gene ti c co ntext . Thu s GCA was o ri g ina ll y co ined t o desc r i be 
th e breed ing va lue o f an indi v idua l parent in hybrid comb i nati ons with othe r 
plants . Intuitive ly we can see (and it can be a lgebra ica l ly s hown) th a t t hi s 
breeding va lue wi I I be en hance d whe re a pa r en t i s homozygo us fo r ge nes ex­
h ibiting dom i nance a nd ep i s t as i s i n th e favoure d direction . Th e term has on 
occas ion been tra nsposed t o ge ne t ic ana lys i s , pa r t ic u la r ly o f d ia l le l c rosses , 
to designate diff e re nces betwee n a rra ys a nd so has ult ima t e ly ass ume d equi va ­
lence with addit ive ( homozygou s) geneti c va ri a nce . In the same way spec ifi c 
combining ab i I i ty has bee n equated wi th dom inance an d ep i s t ati c va ri ance , 
wh e reas i t was o ri g in a ll y co i ned to des c ribe the spec ia l prope r t ies of a n 
i ndi v idua l c ross . It i s impo rtant to rea li se t ha t both GCA and SCA may be 
assoc iat ed with dominance and ep i stas i s : they re f e r t o prope rties o f i nd i v i­
dua ls as pa r e nt s i n pa r t ic u la r c ro ss comb i nat ion s a nd not necessa ril y t o 
d i s tingu i sh be twee n propert ies o f th e ge nes cont r o l I ing va ri at ion . 

Of the rec urre nt se lection me thod s c i t e d , s imp le recur r e nt se lec tion us ua ll y 
depend s on proge ny t es t s invo lv ing a deg r ee o f i nbreed i ng , inc l uding se l fed , 
ful 1- s ib o r ha lf- s ib (e . g . ce r tain form s o f t op c rosses to a recess ive t este r) 
f am i les . They g ive be tte r es timat es of homozygou s var iat ion th a n do outbreeding 
t es t s a nd so these may be pa rti c u la r ly adva ntageous in re lat i ve ly un se lec t ed 
pop u la tion s s uc h as forag e p lants with a h igh deg r ee o f additi ve va ri at ion 
o r whe re re cess i ve ge ne s may be f avo urab le (i . e . und e r syst ems o f ba lance d 
dom i nance) . Recur re nt se lec ti on for GCA invo lves ou t breeding progeny t es t s , 
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inc l uding open po l I ina ti on and the more sop histicated po l yc ro ss technique . 
Gene comb i nat ions a r e la r ge ly t ested th e re fore i n the heterozygous sta t e 
and , as we have seen, this may prov id e a b ias towa rd s those genes s howing 
dominance and ep i s tas i s in the req uired direc tion t o the det riment o f other 
f avo urab le genes with d i ffering gene action . Indeed , a va ri ety produced by 
the po lycross me thod at th e W. P. B. S. ha s demon strated a higher fr eq uency o f 
dominant genes than natu r a I popu I at ions (Breese 1 96 1 ) . A more deta i I ed d i scus ­
s ion o f th e re la tive me ri ts of inbreeding ve r s us outb reeding progeny te s t s 
i s g iven by Latter (1964 ) . 

Bo th other for ms of r ec urre nt se lect ion have been assoc iated with sc hemes 
des igned t o ob tain improved compl ementation be twee n populat ions (SCA) in the 
product ion o f hyb rid va ri eties . Ne ither practice ( Sp r ag ue , 1966) nor mat he­
mat ica l model s an d compute r s imul at ion (C ress , 1966) s how that they a r e parti ­
c ul a rly e ff ec ti ve i n obtain ing th i s e nd, no r does rec i proca l rec ur re nt se lect ion 
prove t o be as e ff ective a s se lect io n fo r gen e r a l combining abi I i ty . 

In th i s br ie f di sc uss ion of proge ny t es t s we have attempted to ra ise pro blems 
which are s pec ific t o the r e lat i ve ly undeve loped he r bage c r ops . Thu s , a lt hough 
dominance and e pi s ta s i s may not initially be impo r t an t , we may make them so 
by se lec tion ove r sex ual cyc les , pa rti cu la rl y by p lac i ng emphasis on comb i n i ng 
ab i I i t y . In the process we may ~q;uarui~.[_ gene s wh i ch a re add iti ve in ac ti o n o r 
use f ul r ecessives . We have a r gu ed this on ly i n gene ra l t e rm s ; the re i s c lea rl y 
need f or a c lose r s tud y o f t he prec i se co nsequ ences of diff e ren t types of 
se lect ion with diff e re nt gene s ys t ems . Indeed , as Sprag ue (1966) notes , 
se lec tion th eo r y i s gene r a ll y in adeq uate in pred ict i ng fr om c hanges in gene 
fr equen cy th e assoc iate d c ha nge s in genotyp i c va lu es , gene ti c co rre lat ions o r 
pop ul ation pa r ame ter s . We s ti I I have t o wo r k by intuiti ve r easoning based o n 
ge neral genet ic know ledg e rath e r than wi th mathemati ca l prec i s ion . 

Th e r e does , howeve r, seem to be a powe rfu l argument fo r se lect i ng on phenotyp i c 
exp ress ion in these und eve loped crops wh e re ve r t hi s i s pos s ibl e , for ge ne tica l 
r easons a s we ll as f o r rea son s o f t ime sca le . It i s inte rest ing to note i n 
thi s context th a t Sprague ( 1966 ) cons id e r s in ret ros pec t th a t s ign ifi can t 
adva nces could have bee n made by mass (ph enotyp ic ) se lect ion i n ma i ze , g iven 
bette r techn iques s uc h as mo r e precise meas urement a nd be tte r i solation ; 
ind eed he es t imates that t h i s wo ul d have been more e ff ective tha n a ny rec urren t 
s e lection sc heme a nd that the advances co u ld have mo re than matche d improve ­
ment s t hroug h the use o f hyb ri d var ie ti es on the same ti me scale . 

We have to bea r in min d , howeve r , that many o f the reaso ns for es t a b I i s h i ng 
prog eny tes t s i n he r bage c rops a r e the d if f ic ulti es of ob t a i n i ng meas urement s 
on indi v idu a l p la nt s whi c h can be re la t e d to y ie ld unde r t he competit i ve 
cond iti on s o f sward s und e r diff e re nt managemen t s . In thi s r es pect he r i tab i I i t y 
i s r educ ed by v ir t ue of the hi gh env ironmenta l compo nent s a nd genotype - e nvironment 
i nte ract ions , r athe r th an by domina nce o r e pi s tat ic e ff ec t s . Befo r e r eso r ting 
to progeni es , howeve r, we can co ns ide r fi r s t th e va lue o f repe t i ti ve measu r ement s 
::in th e same plan t a nd secondl y th e poss ibi I iti es o f es t ab li s hing c lona l 
re p / ica t es . Both of th ese ca n be used to furn i s h info rmat ion on e nvironmen t a l 
e ff ec t s and ge notype - e nvironmen t a l in te r ac ti ons (see a l so Latte r, 1964) . Wi th 
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the deve lo pme nt of the reg ress ion t ec hniqu es co ns id e r ed ear li e r, genotype­
e nvironme nt inte ra cti ons may no longe r hamp e r t he est imation of th e breeding 
value of a n individual a s i n the past , s ince the res pon se coefficient s wi I I 
prove to be inh erited in an additive fa s hi on a nd so herita bi I ity est ima t es 
ma y be improved by inc luding pa rt of the ge notype-enviro nme nt component in 
the numerato r (a s di sc ussed by Breese , 1969) . 

Be fo re we ca n fully app rec iat e the scope f or phe notypic se lection, however, 
we must p lace more emp has i s on phys io logica l, nutritional and comp etiti onal 
s tudie s lea di 'ng to mo re precise measu rements of plant c harac t erist ics which 
r e late to ultimate yi e ld. ~t presen}~w~ a re t oo oft e n f or ced t o adop t re la:_ 
t~t slow a nd ine ffi c ient methods of breedin beca use we have to attem t 
e~al~ti on o ~ competitive va lue through the use o f progeny in s wa r~ 
s imulation t ec hniques; tech ni ques which are of t e n woef ull y inad eq uate in 
eJ:1_s:~passlni_g 1 I r~ redmanagement , locaT io na l a nd. seasona l-~con d1Tion s . 
Thi s i s a far c r y from the t ype of bi o logica l e ng inee ring whi~-­
mu lt i-d isc ipl in e s tudi es wi I I ultimat e ly ma ke poss i b le . 

Hybrid Varieties 

Altho ugh we have sought t o empha s ize t he potentiality for pop ulation improve ­
ment through phenotypic se lecti on , wi t h s pec ia l r e fe re nce to the more pers i s t e nt 
va r ieties , i t woul d be a mi stake to ignore comp lete ly the poss ibi I ity of exp loit­
ing Fl hete rosis und e r ce rtain c irc um s t ances . As we have seen, the ge neti c 
o r ga ni sa ti on , in c luding the proportions of dominance a nd ep i static va ri ance 
re lati ve to add itive variance, can va r y and indeed can ea s il y be adju s t e d 
with in the s pecies. In the s horte r- Ii ved mater i a I in pa rt i c u I a r there may be 
uti I i sab le amo unts o f Fl hete rosis whi ch would be use ful in the prod ucti on of 
short-duration va ri et ies for conse rva ti o n s ys t ems . Under these conditions 
asexua l r ep r od uc tion (vege t at i ve ti I le ring) ma y be less important than feat ures 
assoc iated with sexual r ep rod uct ion (formation of r e productive ti I le r s ). Again, 
with advanc ing farm systems , we may seek re duced heteroge ne ity in th e va ri e ti es . 
Although we s ha l I undoubtedl y ach ieve a deg ree of thi s by the intens ive se­
lec tion of synthetic vari e ti es , it i s expedient to co ns ider the possibi I ities 
f o r hybrid va ri et ies produced by seed, where he t e rozygos ity is ma x imi sed and 
hete rogeneity co rrespo ndi ng ly r e duced. 

The J.s;9_nd.1.!:i on~ necessa ry for a hybrid programme are ( 1) the ex istence of 
~i-9.0.i fi cant a~unt s_Qf hete ro s i s (defined as s uperiority over th e bes t pare nt) 
and ( 2) some means of §_a s i I y obtain in hy--R.c_ i d seed, s uch as i ncompat i bi I i ty 
or ma le s teri I ity. The~? a re (1) the achievemenf of max imal exp re~ by 
spec ifi c he t e rozygous combinat ion s and (2) a high degree of uniformity in th e 
final c rop. The motives are variouly de termined. First, ther8" is the conside­
ration whether des irable gene combinations can be fixe d by selection, and 
a t what r a t e thi s can be achieved. If no true overdominance exists, fi xation 
i s pos s ibl e eve n whe re domina nce and epi s tasi s are present, but this may be 
s ignificantly retarded by I inkag e in disequi I ibrium. Second, a hybrid program­
me may be motivated for commercial reason s s uch as control of source seed. 
Thus, hybrid pro~rammes are more often expediencies rather than necessities. 
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At Abe r ystwyth we a re assessing t he potentia liti es for hybr id programmes 
through a s urvey o f the occur r ence o f hete r os i s in c rosses between geog r aph ical ly 
i so la t ed r aces thro ugh i nb reedi ng s tudies . C. A. Fos t e r (1968 ) ha s cons ide red 
not on ly the inc id ence but a lso the ways in which thi s may be ut i I i sed . The 
app roach which he i s in ves ti ga ting i s the formation o f "mixed va ri et ies " 
where by t wo pop ul ati ons whi c h ex hibit Fl he t e r os is a r e in tersown to produ ce 
comme r c ia l quant iti es o f up to 50% i nte r pop ul at ion hybrid s . Reliance is the n 
placed on the compet iti ve s uper io ri ty of t he hyb ri d und er s u i tably managed 
sward cond i tions t o ultimat e ly dominate the crop . An ex t ens ion wou ld be the 
use of inbred popula t io ns as parents so that the non- hybrid f ract io n of the 
mixed va ri e t y would be furth e r r educed i n competitive v igo ur. Bu r ton ( 1956) 
a nd Mc Wi 11 i am (1 962 ) have used se lf- incompat i b i I it y t o pr odu ce comme r c ia l 
quantiti es of hyb rid seed from c rosses be twee n two se lected c lones . Ultimate ly 
the re i s no do ubt that ma I e s te r i I i ty co u Id be used in thi s con t ext. 

In a ny hybrid sc heme we a re s t i I I f aced i n herbage c r ops with the prob I em o f 
spec if y ing and meas uring use ful y ie ld pa rmete r s f or spec ifi c farm sys t ems , 
and so have the diffi c ul ty of recog ni s ing use ful he t e ros i s . Aga i n hete r os is 
may be present i n one e nvironmen t a nd not in anothe r. Foste r, for in stance , 
find s th at hete ros i s in s paced p lan t s may not be ap pa rent und e r sward cond iti ons . 
The es timation o f r esponses by reg r ess ion ana lys i s ma y he lp c la rif y thi s 
s ituati on (Breese , 1 969 ) . 

{Tn thi s paper we have avoided di sc uss ion o f t he s pec ia l pro bl ems associated 
with the type o f he t e ros i s ach ieved by the comb i na ti on of c ha racters f rom 
wid e ly diff e re nt iat ed races o r s pec ies , where co ns id e r at ions a r e mo r e I ikely 
t o be cytogene ti c , invol v i ng man i pu lat ion o f the c hromosoma l comp leme nt_:] 

CONCLUSION 

We have so ught to r e late breed ing method s to the re prod uctive s trategy and 
co nsequ ent ge net i c a rc hitec ture o f t he crop s pec ies , with spec ia l r efe re nce t o 
the dua l sexual/asex ua l r e producti ve sys t ems . We have indi ca t ed the high degree 
of additi ve ge net ic variation for ma ny phy s io log ica l charact e r s an d the 
poss i b iliti es for exp loiti ng t hi s th rough ph e notypic se lecti on in imp r oving 
sy nthe ti c va ri et ies . Success he r e w i I I very muc h de pe nd on our ab i I i ty to 
tran s late the r equirement s of nutrit iona l va lue a nd ag r onomi c pe r fo rmance 
into id e ntifi abl e pl ant c ha racte ri s ti cs , a nd t o meas ure p lastic res ponses o f 
the genotype t o the en vironment . The need fo r inc ludin g progeny tes t ing in 
t he se lect ion processes fo r any pa rti c ul a r programme has to be ca r e f u ll y 
exam in ed, bea ring in mind ( i) the genet ica l co nsequen ces of th i s as compa r ed 
with the na tura I sexua I /asex ua I r e productive s trategy o f t he c rop, ( i i) th e 
in c rease d time s pan pe r se lec ti on cyc le , an d (iii) th e poss ibiliti es fo r 
improv ing heritabi I ity es timate s by the ana ly s i s o f s ignificant y ie ld fa c t or s 
and bette r measurements of ge notype- e nvironme nt inte r ac ti o ns . 

Bree ding methods also ha ve t o be c lose ly geared t o th e practica l usage o f 
th e c rop. Und e r presen t c ultural condition s only a pro portion o f the sown 
c rop s urvives through asexual r eprodu cti on and we only have to e ns ure tha t 
a high eno ugh proportion o f s upe ri or genoty pes are avai I a ble for ex pl o itation 
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by appropriate management. With advancing farm systems, greater homogeneity 
may become oes irable and within thi s context there may be a use for consi dering 
the advantages of hybrid va ri e ties. These advantages wi I I howeve r have to be 
ca r e fully we ighed against the advances whi ch may be expected from co ntinued 
se lect ion in syn thetic varieties . 
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EFFECT OF DIVERSITY, NUMBER AND GENETIC RELATIONSHIP OF 

COMPONENTS ON YIELD OF SYNTHETIC VARIETIES OF LUCERNE 

Uwe S imon 

Bavarian State Pl a nt Breeding In s titute , We ih e ns t epha n, Germany 

INTRODUCTION 

The c r eati on of a synthet ic variety is the ul tima t e goa l o f th e polyc ross 
breeding method . A synthet ic var iety cons ists acco rdi ng to th e de fi ni ti on by 
Keh r (1964) o f advanced gene ration progen ies derived an d r econs tituted f rom 
the same se t o f se I ected c I ones or seed I i nes . In I uce r ne us ua I I y a ce rtain 
numbe r of se lected clones wi th good gene ra l comb i ning ab i I i ty i s used t o 
form the bas i s for a synthet ic variety . 

There a r e , among othe r s , three questions to be answered before the breede r 
r eaches hi s dec i s ion . 

a) Diversity vs. homogeneity 

Some resea rch worke r s (Sach s 1953 , Demarly , Guy an d Chesnea ux 1964 and Guy 
1966) put fo rwa r d the idea that dive r s ity of the genotypes wo uld fa vo ur 
ag r onomic pe rfo rmance of the va ri e t y mo r e than homogeneity . Thi s s imp l ifies 
to the quest ion : Wh ich variet y i s expected t o y ie ld mo re , one that i s 
composed of a mixtu r e of cont r ast i ng bu t comp lementa r y componen t s , o r one 
that consists of s ing le h ighl y product i ve genotype ? 

b) Large vs. small number of components 

If one accepts the hypot hes i s exp ressed in (a ) it wou ld be log ica l to se lect 
a r e latively la r ge numbe r of c lones i n orde r to ac hi eve th e des ire d dive r s ity 
whi ch i s s upposed to res ult i n s upe rior pe rformance . 

Contra r y to s uch a co nc lu s ion Bo lton ( 1948) a nd Gra uman n ( 1952) s uggested 
that a synthetic made up of on ly a f ew h ighly combining c lones wo uld y ie ld 
more than one com posed of man y c lones . 
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c) Genetic related vs. unrelated components 

A numb e r of c lones of h igh genera l combining ab i I it y may be desi rable to 
form a syntheti c variety . Do we have to pay any atten t ion to the genetic 
r e lation sh ip of the c lones when making the decision which c lones to choose ? 

A numbe r of fi e ld exper iments was initiated to investi gate these questions. 

RESULTS 

a) Diversity of components 

The object ive of the fir s t experiment was to find out whether the mixt ure of 
cont rasting c lones with complementary c harac teri s tic s wou ld yie ld more then 
the mean of the pure s tands of the contr i buting c lones , or , in other words , 
if one cou ld ex pec t a pos itive interac tion among c lones . 

We know , for examp le , that both stemmy , upright growing types of lucerne as 
well as leafy , prostrate types a r e ab le to g ive high yields . The hypothes i s 
wa s that the yie ld of the mixture of the contrasting types wou ld exceed th e 
mean y ield o f the components. 

However, such an interact ion might occur only if t he c lones were mi xe d in 
certain proport ions . The refore, mixtures of various proportions viz . 3 : 1, 
1 :1 , and 1 :3, were chosen . Three se t s of c lones were used to estab li sh such 
mechanica l mixtures of contra st ing plants . 

In practice , of co ur se, more than two types cont ri bute to a sy nth eti c variety. 
Therefore, two more comp lex mixtures consisting of th ree and e ight c lo nes 
re spective ly , differing in various agronomic characte ri st ics , were adde d. There 
was a total number of e leven diff erent mi xtures . 

The c lone combination s were p lanted in 1963 as a fiv e times rep I ica t ed 
randomized block design, eac h plot being 1 x 1 m la r ge , with plants be i ng 
spaced 12,5 cm apa rt. Such a spac ing s imul ates a natura l lucerne field stand 
according to Davies (1963) . 

Green matte r yie ld s were determined in 1963 and 1964 . A typi ca l example o f 
th e r es ult s obtained i s presented in table 1. 
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Ta bl e 1. Tot a l y ie ld 1963 of luce r ne c lone comb i na t ion se t no . 1 

Clone A Clone B 

100% 3 : 1 1 : 1 1 :3 100% 

Yie ld kg/m 2 we ighed 3 . 94 4 . 14 4 . 32 4 . 77 5 .06 

Yie ld kg/m 2 ca lc u lat ed 4 . 22 4 . 45 4 . 78 - -

Diffe re nce - -0 .07 - 0 . 13 - 0 .0 1 -

The di f fe r e nce in gr een ma t t e r y ie ld between c lone A an d c lone B i s hig h l y 
s ig nifi ca nt. Howeve r, no ne o f t he mixtures of thi s se t exceede d the expected 
yie lds , and neve r di d a ny pa r t ic ul a r mixt ure exceed th e y ie ld o f t he bet t e r 
compo nen t . 

The res ult o f th e F- t es t s fo r c lone comb inat ions a re s umma ri zed in t a bl e 2 . 

Tabl e 2 . Sign i f ica nce of F-tes t s f or c lone combina ti ons 

Set of Clones Yea r a nd Cut 

No . 1963 

I I I Tot a l I 11 

1 t wo c lones * *lH<-
I i near *"* ** *"** 
non Ii nea r 

2 two c lones 
Ii nea r ** 
non I i nea r *• 1 ) ** 1) 

3 t wo c lones ** 
I i nea r * *** 
non Ii near 

4 th ree c lo nes 

5 e igh t c lones 

-)( p < 0 .05 
1) CUb ic 

** p < 0 .0 1 *** p < 0 . 00 1 

1964 

I 11 IV 

* 

* 1 ) 

Tot a l 



- 58 -

Sign ifi cant dev iations o f the mixtu res from the ca lcu lated mean yield o f the 
components were recorded in only three compar i sons . Th i s occu r ed in c lone 
comb inat ion se t no . 2 wh e r e the ad mi xt ure of a less productive type to th e 
more product ive t ype r esu lted in a s ignifi cant y ie ld dep res s ion and vice 
ve r sa . 

Also , ne it he r th e three c lone no r the e ight c lone comb i nation exceeded the 
mean o f it s components . 

Our conc lu s ion from these resu lts i s t hat there i s no reason to believe tha t 
a sy nthetic variety composed of contrast ing types with supplementa r y agronomic 
cha rac t e ri s tics wou ld yie ld more than one co ns is ting of a uniform type . 

b) Number of components 

The nex t exper iment was des igned to test the effec t of the number of components 
on the y ie ld o f a syn thet ic . Seed o f five exper imenta l sy nthetics , consisting 
o f 2, 3 , 4, 12 and 16 c lones , respect i ve ly , was produced in 1964 . The 
compos i t ion of th e synth eti cs is shown in table 3 . 

Tab le 3 . Compos iti on of five expe ri menta l synthet ics of lucerne 

Synthet ic No . 

Clone No . 1 2 3 4 5 

1602 1/8 + + + + + 

1659 4/ 1 + + + + 

1643 4/8 + + + + 

16 15 3/ 1 + + + 

1663 2/6 + 

+ 8 additi ona l c lo nes + 

+ 12 additi ona l c lon es + 

Number o f componen t s 2 3 4 12 16 

Gree n matter y ield s of the sy nthet ics we r e dete r mined in 1966 and 1967 . Results 
a r e presented in tab le 4. 
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Table 4. Green matter yie ld of fiv e experimen tal syntheti cs of 
lucerne, fir s t gene rat ion , at Weihenstephan 

1966 and 1967 

No . of Compone nts 1966 1967 Sum 

Du Pults t/ha 62 . 5 63 . 4 125 . 9 
rela tive 100 100 100 -- -- --

2 122 115 11 9 

3 111 11 0 111 --
4 112 106 109 -- -- --

12 113 104 109 -- --
16 113 101 107 

-- --

LSD 5% t/ha 11. 3 

Significant deviations from 2 c lone sy ntheti c y ie ld a r e under! ined. 

It is ev id e nt that y ield decrea ses with increa s ing numbe r of clo nes . The two 
clone synthet ic is consis tentl y highes t y ie ldi ng, the s ixt een c lone synthet ic 
is the least productive . 

Table 5 . Gree n matter y ie ld s of f ive exper imental sy nthet ics 
of luce rn e , first generation, a t two locati ons 1967 

No . of components Weihenstephan Gnod stad t Mean 

Du Pults t /ha 63 . 4 35 . 7 49.6 
re lative 100 100 100 -- -- --

2 115 11 2 114 

3 110 115 112 

4 106 111 108 --
12 104 103 103 -- --
16 10 1 103 101 -- --

LSD 5% t/ha 5.7 3 . 2 
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Significant deviati ons f rom 2 c lon e syn the ti c y ie ld are under I i ne d . 

Adaptab i I ity to diff e re nt e nv i ronmental condition s is a ma jor requ irement for 
a c rop I ike lucerne. A bette r adaptabi I it y o f th e mu lti ple c lone syn thetics 
as compared with the two c lone syntheti c might be anticipated . The expe ri mental 
da ta given in tabl es 4 and 5 lea d t o the conc lu s ion that diff e rent yea r s 
and loca tion s notwithstanding the yi e ld re la ti on s h i ps re ma in essential ly the 
same . Th e 2 c lone synthetic i s a lway s at the top , the 16 c lone sy nth eti c at 
th e lower e nd of th e y ie ld a rray . The genetic va r iab i I ity o f on ly two clones 
i s apparently of s uc h a ma gn itude as to awa r d the va r i e t y with s ufficient 
ada ptabi I i ty to diff e r ent e nvironmenta l cond i tions . 

c) Genetic relationship of components 

The e ffect of c lose genet ic re lat ion s hip among compone nt s on the yie ld of 
s yntheti c va ri e ti es was i nves tigated i n an exper ime nt the res ul t of which i s 
presented i n tab le 6 . 

Tab le 6 . Eff ec t of c lose ge netic relations h i p among components 
on g ree n matter yie ld o f syn the t ics va ri etie s of 
I ucern e - We i hens t e ph an I I /2 1966 and 1967 

!Va ri ety f\Jo . Compos ition 
1) 

1966 1967 Tota l 

Du Puit s t/ ha 62 . 5 63 . 4 125 . 9 

r e lative 100 100 100 

1 Al A2 A3 10 1 90 95 

2 Al A2 A3 A4 92 89 91 

3 Bl 82 83 108 98 103 

4 c1 c2 c3 11 22 ) 103 107 --
0 1 - 4 104 95 99 

5 Al 83 c2 F 11 0 95 103 
--

6 Al A3 c3 D 11 2 106 109 -- --
7 c3 D E 111 11 0 111 -- -- --

8 Al D 122 11 5 119 -- - - --

0 5 - 8 114 107 110 -- -- --

LSD 5% tons/ha 6 . 3 5 . 7 11 . 3 

1 ) Components 1nd 1 ca t ed by same cap i ta I I ette r a re c I ose I y genet i ca I I y 
r e lat ed . 

2) S ignif ica nt dev ia ti ons from Du Pu it s a r e unde rli ned 
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In tab le 6 , eac h of the fir s t four varieties cons ist s of c lo se ly re lated 
clones of high gene ral combining ab i I ity . The y i e ld excep t o f va riety no. 4 
do not exceed the yield of the s t a nda rd variety . Yet combining unre la ted 
c lones as in varieties no. 5 t o 8 r es ult s in s ub s tantial yie ld inc reases . A 
good exampl e offers clone group A. The re lated c lones A

1 
and A3 combined 

with the r e latives A2, or A2 a nd A4 , a l though a l I of them exp ressed good 
general combini ng ab 1 I ity in the polycross progeny t es t, did not come up to 
th e yie ld expectati ons . Howeve r c lones A

1 
an d A3 combined with c

1 
and D 

r es ult in a super ior sy ntheti c variety (no. 6) . The highes t yie loing var iet ies 
are those co ntaining the unre lated c lones A

1
, c

3 
and D. Again , the top 

yie lding va riety i s composed of only two c lones . 

The conc lu s ion from thi s and other ex pe rime nt s i s that c lones in sp ite o f good 
general combining ab i I ity may not give a high y ie ldi ng var iety if they are 
c lose ly related. It i s necessary , therefore , to pay at t ention t o the genetic 
r e lationship wh e n se lect ing components for syntheti c luce rne va ri e ties . 

SUHMARY 

From the res ults of fi e ld exper iments it i s conc lud ed that us ing a minimum 
number of unre lated c lones of high combining abi I ity off e r s a good chance 
to obtain a high y ie lding and s uffici ently adapted syn th eti c va ri ety. Th e re 
is no ev id ence that the performance and adaption of a lucerne sy ntheti c ca n 
be improved by increasing the number or diversity of the components . 
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THE YIELD IN SUCCEEDING GENERATIONS OF EXPERIMENTAL LUCERNE SYNTHETICS 

BASED ON VARYING PLANT NUMBERS 

W. EI I i s Davi es 

We lsh Plant Breeding St ation, Abe r ys twyth, Grea t Brita in 

Although fora ge breede r s have a lways wished t o use the tec hniques that ha ve 
so s uccessfull y exp lo ited hybrid v igour in the ma i ze c rop , s uccesses in this 
direc ti on have been f ew a nd tar between . The fl o r a l b io logy of luce rn e seve re ­
ly I imit s the use of s imil a r techn iques because it i s not possib le to co1tro l 
pol I ination on a s uffi c ient ly la r ge sca le . In add iti on , th e r at e of multi p l i­
cation o r seed inc rease i s s low so tha t it i s necessa r y t o multiply a new 
va riety th rough 3 , 4 o r more gene rat ions in o rd e r t o get s uffi c ien t qu an titi es 
of seed fo r commerci a l use . 

Faced with these diffi c ul t ies , br eede r s have ge ne ra lly adopted some vari ation 
of the sy nthe ti c va ri e t y in o rd e r t o ca rry through projected im provement s . Suc h 
var ie ti es have been fo r med from a numbe r o f proge ny tes t e d pa r e nt plants 
which a r e al lowed t o inte r- po l I inate , a nd mult i p l ication of t he bu lke d seed 
th e n takes place and i s con t inu ed t hro ugh the requisite numbe r of gene rat ions . 
A questio n t hat soon a ri ses i s th e numbe r of bas ic pl an t s t o be used whi c h 
wi I I ma inta in opt imum v igour an d varieta l cha racte ri s tics without t oo mu c h 
change during multi plica ti on . 

The ea rl y wo rk of Kirk ( 1927) , Ty sdal et~ (194 2) demo ns trate d th e extreme ly 
de le t e ri ous e ff ec t o f inbreeding an d, in gene ra l, it ca n be sa id th at bree ders 
have avoided thi s danger by inc lu ding a large numbe r o f p lan t s in the ir va ri e ­
ties . In the abse nce of deta i I ed i nfo rma tion, thi s was a pract i ca I necess i ty , 
but mu ch of the recent inf ormation ind ica t es that the number of bas ic pl a nt s 
ca n be co ns id e r ab ly r edu ced . Thus Ke hr et~ (1961) a nd Niel se n and Andrease n 
( 1970) fo und t wo - c lone synthe ti cs to be as h igh y ie lding as t o ur-c lone sy nthe ­
ti cs ove r fo ur gene rati ons . 

The t heore ti ca l ba s i s of inbreeding an d the s tru cture o f s ynth et ic va ri e ti es 
at the t e traploid leve l have been di sc ussed by seve ra l au tho r s recently (Busb ice 
and Wil s ie , 1966; Ga ll a i s , 1967 , 1968a , 1968b ; Guy , 1968 ; Bu sb ice , 1969) . 
In most o f these s tud ies it has been necessa r y t o make many s im p lif y ing ass ump ­
tions , e . g . c hromosome seg regat ions , compl e t e panmix i s , no se lec tion from 
gene rat ion t o ge ne rat ion o f mat ing and no diffe re nti a l f e rti I it y . These ass ump­
ti ons wi 11 not in va ri ab ly be sa ti s fi ed in pr ac ti ce , but they wi 11 provid e an 
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expec t ed va lue aga in s t whi c h practica l res u lt s ca n be t es t e d . 

The expe ri men t r e ported wa s se t up in 1956 , lo ng be fo re th e res u lt s o f expe~ 

ri menta l and t heo r e t ica l studi es had bee n pub I i s hed . 

MATERIALS AND METHODS 

Fourteen expe ri menta l syn theti c va ri e ti es we re built up from comb i nati ons o f 
2 , 3 , 4, 5 , 6 , a nd 8- pa r e nt p la nt s from among e ight pl a nt s wh i ch we re se lec­
t ed fr om among breeding mate ri a l. Si x of the p lant s we re from the var ie t y 
Gri mm , o ne from Provence a nd the oth e r from Tur k i s h mate ri a l . The fourteen 
va ri eti es we re co nst ru ct e d as fo l lows : 

Parent plant Experi~ental synthetic variety nu'llber 

A 

~ 
1 ! 

\ 

B 5 8 c 2 i J12 
I 

D 

ti 

} 14 
E } 3 6 
F 9 

) 13 

G } 4 7 
H 

I I 

No . of F 1 lams/ var. 1 3 6 10 15 24t 

Plants per Fl incl uded 7 6 5 4 3 2 

t four crosses not avai I ab le 

The e igh t pa r e nt p la nt s we re c rossed in a d ia l le l f as h ion witho ut ema sc ul a ti on 
and F1 p la nt s we re p laced in bee- proof cages as pe r p lan . Thu s , syn the ti c 
va ri e t y No . 1 wa s made up o f seve n F1 p lan t s res ulting from A x B c ross ; 
va ri e t y No . 5 f rom 6 p lan t s from eac h o f th e F1 ' s of Ax B, Ax C, B x C. 
Bees of the Bomb us spp we re i ntroduced to e f fect po l I i nat ion . Seeds fr om thi s 
po l I i nat ion fo r me d the seco nd gene rati on from the pa r e nt plants (G2) . One 
hund r ed seeds o f G2 we re ge rmi nated , an d 50 r andom p lants were p laced i n bee­
proo f cages for furth e r mu It i p I i ca t ion . Th i s process was co nt i nue d unt i I fifth 
gene ra ti on (G5) seed had been produced . Seed not used for mu lt i p li ca ti on was 
s t o red at + 0°C unti I the second phase of the expe ri men t. 

Seeds o f a l I gene ra t ions (G2 - G5) o f the 14 syn th eti c va ri e ti es , a lo ng with 
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Table 1. Analysis of variance for dry matter yields of synthetic varieties• 

Of M.S. V.R. 

Blocks 3 2,582.62 10 .64*** 

Synthetic varieties overall 12 3,352.70 13.81*** 

- Between parental groups 5 6644.68 6.64* 

. 2 & 3 v 4, 5, 6 & 8 p. 1 31,007.67 30.97*** 

. 2 v 3 1 1,736.11 1.73 

. 4 v 5, 6 & 8 p 1 406.22 1 < 

. 5v6&8p 1 14.01 1 < 

. 6v8p 1 59.58 1 < 

- Within parental groups 7 1001.29 4.12** 

. within 2-parents synth . 3 1 072.58 4.42** 

" 3 • " 1 404.26 1.66 

" 4 " • 1 368.16 1.52 

• 5 " "' 1 937.49 3.86 

" 6 " • 1 2 081.35 8.57 ** 

Error (a) 36 242.82 

Generations 3 5636.30 27 .83*** 

Generation x synth . vars . 36 336.84 1.66* 
. Gen x between p.g. 15 352.85 1.74 * 

n x within p.g. 21 325. 41 1.61 

Error (b) pooled remainder 117 202.51 2.79*** 

Years 2 92042.43 1265.88*** 
Years x synth . vars . 24 358.81 4.93*** 
Years x generations 6 112.61 1.55 
Years x blocks 6 617.64 8.49*** 
Error (c) pooled remainder 378 72.71 

* p ,,,. o. 05 ** p = 0.01 *** p = 0.001 
•Omitting synthetic variety N°S because of low yields in G2, and two control varieties and 

6 F1 families 
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s ix F1 fam i I ies and two con tro l lot s we r e sown in boxes and subseq uent l y 
t ransplan t ed in the fi e ld . Th e layout was a lattice des ign with 64 e ntrie s 
and 4 rep I ica t es but the s ub seq ue nt ana l yses we re made as fo r a r a ndomized 
b loc k des ign . Each p lot wa s composed of t wo dri I ls 3 . 66 m long , 0 . 3 m apa rt 
wi th 0 .076 m between th e p lants i n the row . Expe ri ment s have shown that this 
spac i ng prov ides as nea r s imil a r r es ul ts t o the broadcast plot condit ion as 
i s prac ti cab le . 

Two cuts we r e obta i ned i n the first harves t yea r and in t he s ub sequent two 
years three cuttings we re obta i ned ann ua ll y . Samp les of 400 g were taken and 
oven dri ed to provide f igu r es for dr y ma tte r yield s . 

It w i I I be noted t hat G 1 seed as s uch wa s not used i n the f i na I tests , beca use 
there was in s uffi c ient seed . The s ix F1 fam i I ies (= Gl) ava i I ab le were in suf ­
f ic ient t o prov i de compa r able data . The result s for syn thetic va ri e t y No . 5 , 
G2 were abno rma ll y low , and yield for thi s was est imated by th e mi ss ing p lot 
t ech nique (Tab le 2 and 3) although or igina l data we re use d i n the ana l ys i s of 
va ri ance (Tab le 1 ) . 

RESULTS 

The ove ra l I ana lysis of var iance of dry matte r yie lds i ndi ca t es s ignifi cant 
mean squa res fo r b locks , yea r s , en t ri es and the i nteract ion of yea r s x ent ri es 
an d yea r s x b I ocks . In o rd e r to adop t a mo r e deta i I e d ana I ys i s it was necessa ­
r y to om it the data fo r the two con tro l vari et ies and the s ix F fami I ies , 
since they co uld not be r ep resented in ' gene ration ' gro up i ngs . $ynthetic va ­
ri ety No . 5 was a l so left ou t of the ana lys i s s i nce the y ie lds of G2 were 
abno r ma lly low (Table 1) . 

Syn thet ic va ri ety No . 14 wa s the n used as the co ntro l va ri ety , as i t was base d 
on eight p la nt s and s howed compa rat i ve ly I ittl e change during multip li cat ion 
from the second t o the fifth gene rat ion (Tab le 2) 
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Table 2. Relative dry matter yields of synthetic varieties based on varying 
numbers of plants. <Control No. 14 = 100 = 10,346 kg/ha) 

Sy nthe tic vars No. No. of parent Generation 

plants 2 3 4 5 Mean 

1-4 2 94 83 82 79 84 

5-7 3 108t 93 89 86 94 

8-9 4 111 103 101 99 103 

10-11 5 11 0 95 106 91 100 

12-13 6 108 103 105 89 101 

14 8 (contra I) 98 10 1 102 100 100 

t estimated by mi ssi ng p:ot techniqu e since yield of No. 5 was abnormally 
low 

The analysis indicates highly s ignifi cant mean squares for years, the highest 
yield being obtained in the second year, fol lowed by the third and then by 
the first yea r. The interaction of yea r s x syn theti c varieties was also highl y 
signif ican t indicating that th e varieties based on diff e rent parental numbe r s 
did not react the same in each harves t year. 

Of grea t e r interest are the differe nces between synthetic varieties, which are 
highly sig nificant (Table 1 ). Thi s item was partitioned fir s t into between 
and within parental groups and th en into its orthogonal comparisons, each with 
a single degree of freedom. Syn thet ics based on two and three plants were 
significant ly lower yie lding tha n those based on four or more plants (Tabl e 2) . 
There were no significant diff e rences between varieties based on 4, 5, 6 and 
8 plants. 

The within-parental group sums of squares was significant at the 1% level and 
was I ikewise partitioned. Significant diff e rences were only observed within 
the 2-and 6-plant sy ntheti cs . Thi s latte r difference i s difficult to exp lain 
since four out of the six plants were common to both synthetic varieties (No. 12 
and No. 13). The mean of th e 2-plant sy nthet ics varied from 79-91% of control 
<Tab le 3). 
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Tab le 3 . Re lative y ie lds o f dry matter of sy nthe ti c va ri eti es . (Cont ro l 
No . 14 = 100 = 10 , 346 kg/ha ) 

No . o f pa r e nt Ge ne rat ions 

Synthe ti c va ri ety p lan t s 2 3 4 5 Mean 

1 2 91 77 73 74 79 

2 2 92 88 84 76 85 

3 2 85 80 85 79 82 

4 2 107 85 87 86 91 

5 3 11 7-1" 105 92 98 103 

6 3 11 0 88 83 87 92 

7 3 97 87 93 73 88 

8 4 108 111 107 96 106 

9 4 11 4 94 96 10 1 10 1 

10 5 11 2 99 106 98 104 

11 5 107 90 106 85 97 

12 6 102 97 99 87 96 

13 6 11 5 108 112 91 107 

14 8 98 10 1 102 100 100 

Mean 99 94 95 87 -

t es timat ed by miss in g p lot t ec hni que becau se o f abno r ma l ly low y ie ld. 
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The overal I generation mean sq uare was highly sig nificant, indicating a change 
in y ie ld from generation to ge ne rati on. A more detai led enq uiry indicated that 
al I syn theti cs, with the except ion of the cont rol variety No. 14, dropped in 
vigou r from the second to th e fifth gene ration. This decrease was not uniform 
from gene ration to generation, as the relative mea n yield f e l I from 99 to 94 
from the second to third ge neration ; it remained s tead y at thi s leve l in the 
fourth gene ration and subsequently there was another s ha rp decrease in the fifth 
generation to 87. 

This trend was not true for al I synthe tics , however , s ince the rema inder item 
of the analysis which represe nts the interaction between parental groups x 
generations, was s ignificant wh e n t es t ed against the experimental error (b). 
Clea rl y, therefore, not al I the varieties exhibit the same overal I trend in 
yield between s uccessive generation, a nd in particular varieties No. 5, 6 and 
9 increased their yields in the fifth genera tion as compared to the preceding 
gene ration. 

DISCUSSION 

S ince thi s lucerne experiment was initiated, the resu lt s o f three othe r s tudi es 
which ha ve several features in common have been pub I ished. Kehr e t al (1961) 
compa red the performance of syntheti c varieties based on two (= 2-cTOne syn ­
thetics), and four or s ix plants (=multiple c lon e synthetics). Average yields 
were almost identical in the two groups and there was a dec rease in y ield of 
6% from the first to the fourth generation. Thi s trend was common to both 
groups , but the main part of the change occured between the fir st an d second 
gene ration. Interactions between generations x syn thetic s were, however, 
sig nificant, one 2-clone synthetic inc r eas ing in yield from Syn -1 t o Sy n-4. 

Recently Nielsen and Andrease n (1970) pub I i s hed data on the yield of two 
2-clone synthetics and th e co rrespond ing 4-clone syn thetic over three genera­
tions, and also I ine -syntheti cs after inbreeding. The 4-clone sy nthetic yielded 
sig nif ic~ntly less than the double cross hybrids, while the 2-clone sy nthetics 
were the I owest y i e I de rs. Theurer and E II i ng ( 1 964 l studied sing I e and second 
generation synthetics of al I combinations of five clones, and found that on 
the average syn thetics based on the largest number, i.e. 4 and 5 clones, pro­
duced more hay than those ba sed on 2-clones. 

The present results are in agreement with these latter studies in that synthe­
tic varieties based on 2 and 3 plants were inferior to those founded on 4-8 
Plants. The 8-plant variety yielded eq ually wel I from the second to the fifth 
generation, while the remainder showed a drop in yield over the same period. 
This was particularly marked between the second and third generation. The 
2-plant synthetics were yielding 74-86% of control in the fifth generation. 

The parent plants used were not inbred and probably not closely related, al­
though they were derived from the same breeding population. It would not be 
unreasonable to assume an inbreeding coefficient (Fl of zero. Gal lais (1968b) 
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and Busbice ( 1969) have ind i ca t ed that for an unre l ated 2- p l ant syn theti c at 
the tet r aplo id l eve l, Fat equi li brium wi ll be 0 .1 25 , and thi s should be 
r eac hed asymptot i ca I I y by the fifth gene r ation . S i nee the mu It i p I i cat i on o f 
Gl gene ration unde r panmictic cond i tion s r ep r esents brother/si ster mating , 
this corresponds t o an inbreed i ng r eg i me , and in s uc h a s ituat i on yie l d wi I I 
dec r ease with advance i n generat i on (Gal l a i s , 1968b) . 

A f ea ture of the pr esent result s i s t he f l uctuation that occurs from gene ration 
to gene r at i on and the d if ferentia l behaviour of synthet i cs ba sed on the same 
number of plants . In one extreme i nstance thi s can be seen even though four 
of the parent p l ants were commo n to the 6- p l ant syn thet i cs 12 and 13 . These 
two synthet i cs had s im il a r yie l ds in th e fifth generati on , but No . 13 was 
much h i gher y i e lding at o t her times . A s i mil a r s ituat i on has been obse r ved 
by Kehr et al ( 196 1 ) , Nie l sen and And r easen (1970) , and was exp l a ined on the 
bas i s otditteren tia l syn thes i s , i . e . basing t he var i ety on a d if ferent samp l e 
of th e gene poo I . I n add ition, the see d in both studi es wa s prod uc2d in di f f e ­
r en t yea r s which co u I d r esu It in seed of different qua I i ty, so that part o f 
the generat i on ef fect cou l d be due to year effect s . 

Guy (1968) has shown that 10 - 20 p l an t s ar e suffi c i ent to maintain th e a ll e li c 
complement of a hybr i d . On ly seven plants were use d tor the sy nthes i s of the 
seco nd gene r at i on i n the 2- plant synthet i cs , but the performance of the se 
synthet i cs shows l ess flu c tuat i on from generat i on to generat i on than the othe r s 
based o n 18 - 45 p l ants . 

From the se r esults , and us ing the p r esent mat eri a l, it i s co ncluded that at 
l east tour p l ants are necessa r y to form the ba s i s of a new lucerne synthetic 
variety . Si nce s uch a va ri ety may still show a decrease i n y i el d during 
mult ipli cation , the generation used tor a ssessment test s should not be ea rlier 
than the third . 
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PRELIMINARY RESULTS OF YIELD TRIALS WITH "STUBBLE 

TURNIPS" (BRASSICA CAMPESTRIS VAR. RAPA) IN THE NETHERLANDS 

H. Toxope us 

Sti c hting Voor Plantenverede l ing, Wa geningen, Netherlands 

INTRODUCTION 

"Stubble turnips" i s an important fodder c rop in th e Nethe rland s . Grown mainl y 
on th e san dy so i Is it is sown a ft er the r ye or ea rl y potato c rop has bee n 
ha r ves ted, just before th e middle of Augu s t. As from late Oc tober plants a re 
I ifted da il y for catt le feeding acco rding t o need, and depending on the onset 
o f fro s t thi s can go on unti I wel I into January . If left on the fi e ld th e 
crop us ually gets k i I led o ff in the course of the winter and in a ny case i s 
ploughed unde r in the fol lowing sp ring as a gree n manure . 

Present day varieti es y ie ld 40 - 60 ton s fresh we igh t per ha with a dry matter 
content o f 8-11 %. Unti I r ecently the area g rown was 90 .000-1 00.000 ha annua ll y 
but in the course o f the early 1960' s dropped to the present leve l of 70 .000-
80 .000 ha. 

The remarkable abi I ity o f thi s species t o grow so rapidly under short and 
dee I ini ng da y length cond i t ions that it ca n be used as a second c rop make s i t 
an inte res ting propos ition possib ly with wider app licat ions . 

Sowing in the second week of August makes the g rowing season sho rt and margi­
na I . Success of the c rop the refore becomes more than us ua I I y de pendent on 
r ap id es tablishme nt and thi s i s mainly a function of mid-August weather condi­
tion s . Th e fact that r ye for me c hani ca l harve sting usua ll y stays on the fi e ld 
unti I middle August does not improve thi s s ituation. Excep t for a f ew re lative­
ly minor in sec t pest s the main disea se prob lem i s clubroot . Resistance to the 
di sease has been bui It into most Dutch c ulti va r s a nd c lubroot i s not a probl em 
at prese nt but a menace t o watch . Libe ral nitrogen fert i I izer applications 
a re vital for good production, however accumu la tion of N in the leaves can 
reach poi sonous leve ls for the animals. Fee ding of turnip s has to be phased 
with mi I k ing procedure for occurrence of a bad turnip ta s t e to the mi I k 
(Scheyg rond / Vos 1958) . 

Breeding work at the S.V.P. was initiate d by Vee ns tra in 1948 and strong ly 
fo l lowed up by Lambert s in 1953 who sta rted to deve lop inbred I ines as a base 
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for th e breeding programme. 

Sc reening programmes for clubroot r es ista nce , high dry matter content and low 
mustardo i I I eve Is were ca rried out. In 1959 Hoen took over and bega n to use 
t he avai I able inbred I ines in polycross combination and for the production of 
single crosses and sy nthe ti c varieties. He also initiated a recurrent recipro­
ca l selection programme . Results o f a study on heritabi I ities and corre lations 
of fresh weight and measurements of the size of the roots with dry matte r 
content revealed a s ignificant negative correlation (-0 . 31) between root fres h 
weight and dry matter con t en t (Hoen 1968). Hoen le ft in 1961 and Wit fol lowed 
up the prog ramme part time giving emphas is on the development of synthetic 
var iet ies on various numbers of inbred I ine s and doubl e crosses, and the study 
of c lubroot res ista nce (Wit 1966). Since 1959 large sta tistically laid out 
field trials were planted eve r y year an d fully r eco rded. This massive body of 
info rmation i s now being studied in its entirety . 

HATERIAL AND METHODS 

In polycross i so lation the inbred I ines produce an adeq uate amo unt of seed for 
field exper imentat ion . This and the deve lopmen t o f a spec ia l sowing machine to 
plant fi e ld trial s with a plot s i ze of about 10 m2 made the execution of large 
uniform field experiments possible. With f ew except ions the lay out was a 
complete randomized b lock design with three o r four rep I ications, some times a 
trial was duplicated on two s ites. On a few occasions only we re the same or 
s imila r progenies tested for more than one yea r. The main obj ect was to se lect 
the inbred I ines producing the highest total dry matter yie lding polycross 
progeny a nd t o comb ine these inbreds into synthet ics o r sing le or doubl e c ros ­
ses for further observation. Howeve r t o t a l fresh weight, weight of root s and 
leaves and th e ir r espective dry matter conten t s were a l so reco rd e d. From these 
records the fol lowing standa rd figures a r e being computed an d analysed for each 
tri a I. 

Total Fresh Yie ld (FY) 
Total Dry Matte r Yie ld (DY) 
% Dr y Matte r Leaves (DML) 
% Dr y Matte r Roots (DMR) 
Root Ra tio : the rat io of weight o f root over total we ight (RR) 

The vario us va ri ances , he ritab i I ities and r e lations between the cha racte r s a r e 
in the process of being ca lc ulated . 

Table 1 g ives informati on on the trial s the data of which have been analysed 
and the figures of which a re reported he r e . Table 2 shows how variances were 
est imated and he ritab i I iti es ca lc ul ated . Th e tri als with 3 major e ffec t s 
(sites, re p I icati ons a nd progenies for in stance) a lway s have one of these 
"fi xed ", the va ri ance of a fi xed effect is denominated k2. 
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RESULTS 

I. Error variance and heritability 

Erro r va ri ance a nd he ritabi I ity esti ma t es a re r epo rted in tab les 3 and 4 . On ly 
those from fi e ld tri a l s with many progen ies have bee n quoted he r e so th a t 
the r e i s some ba s i s for ca uti ous comp a ri son. As co ncern s the e rro r va ri ance 
est imates the diffe re nces between t r ia l s (yea r s ) a r e rat he r b ig in cont rast 
t o the d iffe r e nces between cha rac t e r s r eco rde d. The latt er a re r e la tive ly smal I, 
a l so with i n trial s (yea r s ) except fo r the 1962 PC. The herltab i I i ty f i gures 
quoted in tab le 5 to show la r ge r va r iat ion be twee n yea r s (trial s) than between 
c ha racters . Root Ra tio a nd % OM roo t s have the hi ghes t he ritabi I iti es wit h 
% OM roots consistent an d Roo t Ra tio perhaps rema rkab ly va r iab le . Close third 
and fourth a r e Fres h Yie ld a nd Dr y Yie ld he ritabi I ities , th e fo rme r hi ghe r in 
eve r y t ri a l (yea r) exce pt 1960 and 1966 and both have s imil a r ups an d down s . 
Percentage dry matte r leaves ha s by far the lowes t he ritabi I ity fi gu r e . 

2. Relationship between the characters studied 

Figu re 1 s hows the re lat ions o f Fres h Yield with Dry Matte r Yie ld a nd Fresh 
Yie ld with Dr y Mat t e r co ntent o f the Roots . The fir st i s close and pos iti ve 
as is to be expected and s triki ng ly I inea r. The seco nd r e lat ion i s very loose 
and negative . These r e lat ions have been fo und mo r e or les s c lear ly defined in 
each trial s tudied a nd Tab le 5 provides a b inary tab le o f co rre lat ion coe ffi­
cients computed for three of th e trial s betwee n the fiv e c ha rac t e r s s tudi ed . 

Fres h Yie ld FY 
Dry ma tte r Yi e ld DY 
% Dr y Ma tter Leaves DML 
% Dr y Mat t e r Root s DMR 
Roo t weig ht Rat io RR 

As expec t e d Fres h and Dry matte r Yie ld a r e ve r y c lose ly correlated a lthough 
cons ide r ab ly less so in the 1961 trial. Cons idered as se t s o f three , a l I othe r 
co rre lat ion coe ffi c ie nts a r e much lowe r th an the fo rme r but o ft e n hi ghl y sign i­
fi can t. Out of 12 co rre lati on coe ff ic ien t s Fres h Yie ld has 10 s ignificant, 
and thi s se ri es i s close ly fol lowed by% Dr y Ma tte r Roots with 9 . 

Wei I hnow n amo ng s t plant breeders i s the obse r vat ion that y ie ld i s negati ve ly 
co rre lated with percentage dry matter , the co rre lation coef fi cients and o f 
co ur se figure 1 confirm thi s . Howeve r this quantification r evea l s how loose 
the r e la ti on i s and indeed i s more often th an not "n s " in re lat ion to Dry 
Matter Yie ld. In a l I three trial s Root Rat io i s nega ti ve ly co rre lated with 
roo t dry matter content, and in the 1960 tri a l it i s pos iti ve ly related with 
dry matte r co ntent of th e lea ve s . The fo rme r re lation probably r e flects the 
fac t al so quantifi ed by Hoe n (1968) that root s ize i s negati ve ly corre lat ed 
with dry matte r content. 



- 78 -

Table 3. Error variance estimates expressed as percentage of total variance. 

FY DY 
% Dry Matter Root mean 

Roots Leaves Ratio 

1960 PC 69 77 47 33 69 59 

1961 RSM 48 59 51 81 65 61 

1962 PC 21 40 5 5 19 29 

. 1963 S2 25 46 19 22 35 29 

1964 S2 54 52 46 60 59 54 

1966 DH + S 78 73 61 88 54 71 

1967 DH 20 24 13 26 24 21 

mean 45 53 35 45 46 46 

Table 4. Heritability estimates 

FY DY 
% Dry Matter Root mean 

Roots Leaves Ratio 

1960 PC 17 23 38 23 26 25 

1961 RSM 46 37 48 19 35 37 

1962 PC l 47 46 41 28 62 45 

1963 S2 28 16 44 15 64 33 

1964 s2 43 32 36 12 36 32 

1966 DH + S 22 27 38 13 46 29 

1967 DH 79 76 78 52 62 69 

mean 40 37 46 23 47 39 
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FIGURE I 

Relations between Fresh and Dry Matter Yields and Fresh 
Yield and Dry Matter content of Roots of stubble turnips (1960 PC) 
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3. Set up and results of Synthetic varieties experiment 

Based on th e res ult s of the 1960 Po lyc ro ss tri a l the 23 bes t performing po ly­
c ross fami I ies we r e se lected fo r b lending in th ree comb i nat ions in t o syntheti c 
va ri e ti es . The po lycross f am i I ies numbered i n fi gure 1 a r e th e ones se lec t ed. 
Th ree syn t het ic va r ieties we re made , A was ba sed on a l I 23 se lec ted pol ycross 
t am i I i es , B was base d on the 10 i nd i ca t e d wi t h t wo das hes und e rn ea th the f i -
gu re , C was based on the 6 ind icated with three dashes . We i I deve loped good 
look ing tube r s f rom these po lyc ross fam i I ies were kept throu gh th e 1960/61 
winter and a ll owed to fl owe r in i solation s i n sp r ing 196 1. The va ri eties were 
coded A I ' 61, B I 161 a nd C I 1 61. Th e seed wa s pa rtl y sown in a fi e ld tri a l 
p lanted in August 1961 and the r ema i nde r sto red . From each of t he va ri e ti es 
we l I deve loped good look ing t ube r s we re kept thro ugh t he 196 1/62 winte r and 
a l lowed to f lowe r i n i so lat ions i n sp ring 1962 , these multipli ca ti ons were 
coded A 11 1 62 , B 11 1 62 a nd C 11 ' 62 . Aga in pa rt of th e seed was sown in August 
in a f ield tria l, t oge the r with spa r e seed from the I-ge ne rat ion . Tube r s from 
both generat i ans we r e kept thro ugh th e 1962/63 winter a nd a I I owed t o f I owe r 
in th e sp r i ng o f 1963 g i v in g a 11 ge ne rati on but prod uced in 1963 (A 11 63 , 
B I I 63 , C I I 63) and a I I I ge neration : A I I I 63 , B I I I 63 , C I I I 63 . Once 
mo re seed was s t o red an d tria l s to compare the va ri o us se t s o f gene r ations 
p I an t e d in 1963 , 1964 , 1965 (fa i I ed ), 1966 and 1967 . Because the I I 62 ge ne ­
ration was not i ncluded in al I yea r s i ts perfo rmance ha s been lef t out in 
the case presented here . 

Table 6 present s the fresh y ie ld data a nd th e a na lys i s of var ia nce o f th e 
three syntheti c va ri et ies in fir st , second and th i rd ge ne rati on from the 
polycrosses . Unfo rtu nate ly th e i nb red I i nes could not be t es t ed eve r y yea r 
as po lyc ross progeny . The commerc ia l va ri e ti es used as s t a ndard s we r e not the 
same in th e va ri ous tri a l s and in a ny case a r e I i kely to have c ha nged ge net i­
ca ll y by cont i nui ng breed in g work . 

Compariso n of the fresh y ie ld r eco rd s o f the Sy nthetics with the c ultivar s as 
tested i n various tr i a Is s how s th at the sy nth eti cs y i e Id as we I I as the bes t 
cultiva r s . 

The analys i s o f var iance i n table 6 s hows tha t the yea r effect i s pa rti c ularl y 
la r ge . Ge ne rat ion e ff ec t an d its inte r ac ti on wit h yea r a r e a l so sign ifi ca nt. 
Close r i nspec ti on o f t he data s hows that t he diffe re nces respo nsibl e for the 
s ign ifi ca nce o f the las t two e ff ect s a r e the (unexpect e d) poo r y ie ld s of the 
I gene rati on va ri et ies i n t he yea r s 1966 and 1967 . Keep i ng in mind that the 
seed of the I-generation wa s harves t ed in 196 1 these poor y ield s shou ld pro­
bably be a ttributed t o loss of grow t h power of the seed. The seed of the 
othe r two gene rati ons was harves t e d two yea r s later in 1963 . Ana lyses o f the 
Dry Mat t e r Yie ld s how th e same pi cture , a nd ana l yses o f th e other c ha racte r s 
Roo t Ra ti o , % Dry Ma tte r roo t s and leaves on ly revea l highly sig nifica nt e ff ec t 
of Yea r s . 
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Table 6, Mean Fresh Yield of synthetic varieties in various field trials and analysis of variance. 

r) mean Fresh Yield per plot of IO m2 

I 63 I 64 I 66 I 67 
r963 Sr r964 Sr r966 DH + Sr r967 s 

syn A I 6r 36.2 60.2 44.3 46. r 
B I 6r 40.5 60 . r 43.6 42.6 
C I 6r 39.0 60.7 43.3 40.6 
A II 63 42. r 60.4 52.6 55.9 
B II 63 39 .5 60.5 47.5 54.0 
C II 63 38.4 58. r 47.8 52.9 
A Ill 63 40.4 61.2 46 .5 52.4 
B Ill 63 39 .9 59.0 52.5 52.6 
C Ill 63 37. r 57.9 51.0 55.2 

2) Varieties x Years 

A 39.6 60.6 47.8 51.5 
B 40.0 59 .9 47.9 49.7 
c 38.2 58.9 47.4 49.6 
means 39.2 59.8 47.7 50.3 

3) Generations x Years 

I 38 .6 60.3 43. 7 43.r 
II 40.0 59.7 49.3 54 .3 
Ill 39.1 59.4 50.0 53 .4 

4) Varieties x Generations 

I II Ill 
A 46.7 52.8 50.1 
B 46.7 50.4 51.0 
c 45.9 49.3 50 .3 

5) Analysis of variance and variance estimates as percentage of total variance 

Source df !AS F variance es ti mate 
ABC 2 5.6636 l.13ns 0.0 
Years 3 644.6530 IZS.56 81.0 % 

I, II, 11'1' 2 71.1736 r 4. r9 4,.3 % 

A BC x Years 6 0.9133 . r8ns 0.0 
I, II, Ill x Years 6 27.4?'21 5.47 8.8 % 

ABC x I, II , Ill 4 4.7566 .95ns 0.0 
error r2 5.0r44 5.9 % 

means 

46.7 
46.7 
45.9 
52.8 
50.4 
49.3 
50. r 
51.0 
50.3 

means 
49.9 
49.4 
48.5 

means 
46.4 
50 .8 
50 .5 
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PROBLEM OF PRODUCTION OF DOUBLE CROSS HYBRIDS 

IN KALE (Brassica Oleracea L.) 

G. du Cre hu 

St at ion d ' Ame l iorat ion des Pl an t es 
Ce ntre de Rec herc he s de Rennes , I . N. R. A., France 

INTRODUCTION 

Recent invest igation s s howed that the prod ucti on of hybrid variet ies could be 
abl e to bring a great im provement in the breeding of ka le , a n important fo r age 
c rop ; as s hown by John s t on ' s ( 1963 - 1964) an d o ur own (1969) papers , new 
va ri eties ob t a ined by c ross ing may s ub s tantia l ly ou t sta nd tho se grown at 
present by ma ss selection : Ka le , i ndeed , is a c ross pol I inated p lant for 
which cont rol led c ross ing i s th e bes t procedure t o make the mo s t o f he t e ros i s . 

Neve rth e less , the deve lopment of hybrid var ieti es of ka le on a comme rci a l 
sca le ra i ses many prob lems with r egard t o th e contro l of pol I ina tion and the 
va r ious steps in th e pr ocedu re invo lve d . 

I - THE CONTROL OF POLLINATION 

For that purpose , se lf-incomp atibi I it y i s th e essential c haracte ristic of 
Brassica Ole racea having to be t a ken in acco un t : this i s ex pl a ined by it s 
mode of act ion and it s inh e ritance . 

I) Mode of action 

The major ity of kale plants set on ly a n occas ional s eed o r few seeds when ma ­
ture flow e r s are pol I inat ed with the ir own po ll en beca use the ge rminat io n of 
pol len on the st igma, o r penetrat ion of po ll en tubes in the sty le are preve nted . 
In kale c rop s the in sect s lay on the s tigma s a mi xture of str< lf a nd a l lo-po ll en, 
hence nearly a hundred pe r cent of c ross po l I inat ion i s possib le even if the 
Plant i s not entirely se lf-incompat ibl e . 

This "se I f-ster i I i ty" on I y appea r s in th e I ater stages of bud growth , one o r 
two da ys at least before the bud opens, the cond uc tor ti ssues of stigma an d 
s tyle be ing functi ona l for severa l da ys ; hence sim ultaneous pol I ination of 
mo r e or le ss numerous bud s on th e same inflorescence and, there fore many bud s 
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on the same plant may be successf ul : bud po l I inat i on i s a r e l iabl e method 

of obta ini ng se lf ed seed , and then inbred lines of ka l e . 

An i I I ustrat ion o f these facts i s made in the f i gure 1 ; the average behavi o ur , 

in an expe ri ence made at Rennes (1964) of seven more o r l ess se l f -i ncompatible 

pl ants i s summariz ed by means of three curves whi c h can be exp l a i ned as 

to I I ows : 

Se l f - po l I inat i on : numbe r of seeds pe r bud (A) 

Pol I ination with a mixture of se l f - and a l lo- po l I en 

Tota l number of seeds per bud (X) 
Numbe r of se lfed seeds per bud (A 1 ) 

FIGURE I 

Evolution of self and cross fertility in kale (Rennes 1964) 
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2) The inheritance of self-incompatibility 

Severa l authors, namely Thomp son (1957-1968) gave usef ul informations in that 
res pect : 

Pol I en and s tyl e reacti ons are spo ro phyti ca l ly con tro l led by a se ri es of 
incompatibi I ity al lei es (Sal leles) , the different Sa l le les being more or 
less ac tive ; the S al lei es are numerous (at best thirty) and frequence of 
"weak al le/ es" is rather low, hence the most of kale plants are highly 
se lf-incompat ible but c ross-incompat ibl e . 

These data exp la in that , under existing ci rconstances , the use o f 
se lf-incompat ibi I ity is the mo s t rational me thod for the contro l of pol I ination 
in a breeding programm. 

Se If i ng -b y bud po I I i nation - of an heterozygous for S a I I e I es mother p I ant 
leads , as nea rl y as the first progeny , to fifty per cent homozygo us for one 
or other Sa l /e/e plants : 

Crossing (in natural cond itions of pol I ination) of two inbred I ine s , each 
being homozygous for a different and active S al lele , leads to a sing le cross 
hybrid. 

Cross ing of two s ing le cross hybrid s , in c luding four differe nt S al le /es, 
lead s to a double cross hybrid, a kind of hybrid variety more economica ll y 
feasible for kale than s ing le c ross hybrid, s ince one gene rat ion more is 
al lowed and commercia l seeds a re se t on vigorous individual p lants (sing le 
cross hybrids). 

II - PROCEDURE AUIING AT DEVELOPING DOUBLE CROSS HYBRIDS 

Two main points must be taken in acco unt : the development of inbred I ine s , 
then th e in ves ti gat ions and t ests for the cho ice of inbred I ines to be 
introduced into double c ross hybrids . 

!) The development of inbred lines 

Accord ing to many expe rimental data it i s necessary to develop a wide range 
of inbred I i nes from various kinds and origins with a view to co/ lect an 
important gene s tock and provide fo r the various farming wants. 

In pract ice thi s programm is not eas il y feasible for th e fol lowing causes 

a - The method of selfing 

Bud pol I ination by hand requires much work and it s s uccess fairly depends on 
the e nvironmental condition s and the individual plants them se lves. 
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b - The biennial character of kale 

Conseq uently i n na tura l co nd i t ions o f gr owth, t wo yea r s a r e r eq u i red to get . 
one gene ration ; bes ides damage duri ng wi nt e r may be ve r y impo r tant . 

c - The inbreeding depression on vigour and fertility 

It i s gene ra ll y ve r y prono unced but at va ri ous deg r ees acco rdi ng to st rains , 
a comp le t e s t e ri I i ty occas iona ll y occ uring i n fa ir· ly vigo ro us i nb red I ines . 

The pe r cen t age of mate ri a l los t may be hig h even fo r ka le s tra i ns mo r e 
ha r dy th an ma rrowstem ( t ab le 1 ). 

Tabl e 1. Inbreeding effect on vigor and fertility 

(Variety Demi -Moel lier - Rennes 1960 - 1962) 

---- ---k- .---·--

Percentage of li vin g Fertility 

Year plants at fl owe ring N° flow/ inflo r N° seeds/ fl ow 

Average Extremes Average Extr.emes Average Extremes 

Free pollination 1960 70 ,0 

Mother plants (lo ) 1960 33,7 11 - 7 2 15,4 11 - 24 
I 1 1960 46,7 0 - 90 26, 1 15 - 49 10,3 5 - 20 

12 1960 41,8 0 - 85 20,2 10 - 49 7,2 0 - 18 

13 1962 13,8 0 - l) 18,6 14 - 39 5,0 0 - 20 

Ur.fo rtunate ly t hi s natura l se lec ti on i s not c lose ly r e lat ed wit h the breed ing 
va I ue o f i nb r ed I i nes , name I y wh e n ca used by ste r i I i ty o r even frost damage 
if fros t ha rdiness i s not a breeding pur pose ( f o r ex . Ma rrow stem ka le) . 

Hence deve loping inbred I i nes in a g lass ho use seems a re li ab le a nd feas ib le 
procedure : th e mo the r p lan t s c hosen i n nur se r y a r e ca rri ed in to mode r a le ly 
on o r a ft e r 15 t h novembe r in our co untr y . Two me thod s a r e ava i !able : Hee l 
c utt ing a pr ac ti ce mo r e s uitab le t o ca rr y in breed ing on ma ny I i nes , an-d~-
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transp lant ing the whole p lants a practice whi c h seems mo re s uitab le for th e 
maintenance a nd propagation of pa re nt I ines of hyb rid s . 

Th i s proced ure is of a grea t inte rest at three po int s 

- the wintering prob lem i s c lea r ed up . 
- flowering an d seed mat uration occu r ea rl y enough to e ns ure one gene rat ion 

pe r year . 
- the yield of bud po l I inati on i s f a irl y higher th an in fi el d (tabl e 2) . 

Table 2. Selfing by bud pollination in glass-house and in fields 
(Renn es - 1967) 

GI ass-house 

Inbred lines tested Number of 

buds seeds 

A - 14 97 649 

B - I 5 2~ 1929 

c - 16 112 813 

2) Investigations and tests 

Field 

Number of 

seed/ bud buds seeds seed/ bud 

6,69 86 25 0,28 

8,77 336 692 2,06 

7,26 215 322 1, 47 

The criteria useful for the choice of inb red I ines to be introduced into 
double c ross hybrid s ca n be divided into two g roups : those r ega rdi ng the 
inbred I ines themselve s and tho se rega rding their behav iour and pe r formances 
when cross ing. 

a - Characters necessary for inbred lines 

These are mainly the following: 

~ sib-incompatibi I ity 
The inbred I i nes or, in practice, at I east three of the four inbred in a 
double cross hybrid mu s t be homozygous fo r active and strong different 
S al le les : hence early t esting of self -incompatibi I ity a nd further testing 
of s i b- i ncompat i bi I i t y are necessary. 

- vigour and ferti I ity (for each flower and for the whole plant) s ufficient 
to make bud pol I ination and production of single cross economically feasible. 
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Pract i ca I I y the breeder i s I ed to r emove ea r I y many i nbred I i nes and often, 
t o r the othe r s , to use , af t e r four o r five genera ti ons of se lfing , sib - c ross ing 
o r vegetat ive propagation fo r th e maintenance o f pa rent I ines of hybrid s . 

b - Predicting behaviour and performances of inbred lines into double cross 
hybrids 

Th e aim for th e br eede r, i s t o deve lop doubl e cross hybr id s with we l I de finite 
cha r acte ri st ics and o f an o utst an ding va lue. 

Two conditions are a pri or i laid down upon inbre d I ines so that c ross i ng may 
be s uccess ful a t eac h s t ep (s ing le and double c ross) 

- c ross compat i b i I i t y 
- co inc id e nce flowering time , a n im portant f actor to ob t a in the maximum 
percentage o f c rossing and y i e ld o f seeds . 

Wi t h respect to othe r f acto r s invo lved , those making the agronomi cal va lu e of 
va ri et ies , pred ict ing o f characteri s ti cs a nd pe rfo rmance of double c ross 
hybrids can be mo re or less soo n a nd eas il y effect i ve acco rding t o the ir mod e 
of inhe ritance ; they ca n be di v id ed i nto two ma in g roups in that r es pect : 

- those under major ge ne cont r o l, among which many del e teriou s cha racte r s : 
the ir mode o f i nhe ritance i s s im p le a nd eas il y pred ic table during the process 
of inbreeding. 

- those o f a cont inuo us ly va ri ab le nature unde r th e cont ro l of a la r ge number 
of ge ne o f minor ef f ec t among which a r e many impo rtant ag ronom ica l trait s , 
name ly hei ght, hardines s , qua lit y and , above a ll, y ie ld . The ir assessment can 
only be car ri ed out on hybrid s . Nevertheless it i s usef ul to know that , as 
s hown by Johnston (1964) a pre I imina r y se lec ti on can be made fo r some of them 
whi ch can be co rre la t ed be tween inbred an d hybrid s : di sease res ista nce, 
hardiness , and two y ie ld componen t s , lea f number f o r whi c h inh e ri tance a 
s im p le addit i ve genetic system i s present, and s t em lengt h f o r which inh e r i t ance 
a low heterotyp ic e ff ect i s obse r ve d. 

Conseq uently it i s use ful for the breede r, to s t a rt hi s work with a ve r y 
la rge numbe r o f moth e r plants, the n t o develop many 11 a nd 12 progenies and 
also to ca rr y out a ca r e ful programm o f invest iga tion s desc ripti on and pr e l imi ­
na r y se lec ti on during t he process of inbreed ing . 

Neve rthe less t es ting of fairly nume ro us inbred I ines by mea ns of c ross ing is 
necessa r y , and yet, the programm o f tests sho uld be econom ica ll y fea s ibl e. 
The programm that i s now propos ed t a kes r es t s on various data , mai nl y those 
obtained by our inve s tigations from 1964 to 1968 , which can be s umma r i zed 
as follows: 

a) - top-cross tes ts were carried on man y inbre d I ines from various origin s 
and at various stages of inbreeding, c rossed by diff e r en t commercial s tra in s 
these tests enabled inbred I ines to be early divide d into diff e r e nt classes 
as r ega rds to their gene ral combining ability and also, their fitness o f a 
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g iven k i nd o f cu l tivation and ut i I i zation . 

b) - di a I I e I and ha If di a I I e I test c rosses prove d the e ff ic iency of top c ro ss 
t est , an d then , acco rding to John s ton ( 1964) th at the genera l comb i ning 
ab i I i ty i s a I way s very impo rtant in ka I e as in maize ; neverthe I ess seve r a I 
data showed that spec ifi c comb ining ab i I ity s houl d be t aken into acco unt a lso . 

c) - some expe rime nta l f ie ld tr i a ls in c lud i ng double cross and a l t e rnative 
s i ngle cross hybr i ds s howed th at , acco rding t o Je nkin ' s investigat ions with 
ma iz e t he behaviour of a lte rnat i ve s i ngle c ross hybr ids wa s very use ful in 
g iving quite accurate es t imates of tota l yie ld and - a lso it s compon e nt s - o f 
the double c ross hybrid (Tab le 3) . 

From these data , we can co nc lud e that , i n a f i r s t s t ep o f the breeding programm 
two k ind s of tes t s wi 11 be s uccess i ve ly ca rr ied on ircbred I i nes : 

a) - Early (a s ear ly as 12 ) t es ting of th e ir gene ra l comb ining ability by 
means of top - c ross tes t with an adequ at e an d geneti ca l ly diver s i fi ed stra in as 
a t ester . 

Crossing can be mad e e ithe r by hand o r in na tura l conditions o f fr ee po l I ina­
ti on , inbred I ines g row i ng in s id e a pure c ultu re of th e t ester , a procedu r e 
mo r e use ful f o r t es ting many I ines and produc t i ng an amoun t o f seeds s uitabl e 
fo r seve r a l fi e ld trial s . 

b) - Testing the spec ifi c combin i ng ab i I ity of the mos t promi s ing inbred I i nes 
ab le t o be introduced into a doub le c ross hybr i d var iety . Thi s wi I I be do ne 
by means o f di a l le i c rosses o r as oft e n as not i n pr ac ti ce , ha l f - di a l le i 
c rosses between two se ri es o f inb r e d I ines , with the a im o f providing an 
adeq ua t e unifo rmity t o th e comme ~c J a l var ie t y . 

In fu r the r s teps of th e br eeding prog r amm it wi I I be poss i ble to more and 
mo r e redu ce th e comp lex it y o f comb in i ng ab i I it y t es t s by means of three way 
t es t us ing a s ing le c ross hybrid as a common t es t o r fo r t he inbre d I ines 
among which the two pa rtne r s a r e to be c hosen . 

DISCUS SION 

Th e deve lopment and produc tion o f doubl e- c ross hybrid var ieties o f ka le a re 
eas il y co nce i vab le , bu t muc h less easy to ca rry out on a la rge sca le . Th e 
fir st ca us e o f that I ies on th e po l I i nat ion contro l sys t em it se l f that i s 
to say se lf-incompatibi I i ty . Firs t it imposes th e breede r r estri c tive co nd i ­
ti ons a nd s uccess i ve t ests re lati ng t o i nbred I i nes . On the othe r han d 
deve I op ing in bre d Ii nes by bud po I I i nation requires much ma nua I I abo ur . Be s ides 
se lf-incompa tibi I ity i s not an inf a i I i ng s ys t em for contro l I ing po l I inati on . 
Neve rth e less s in ce pre ve nting i t s ac ti on seems to be im poss i b le the use of 
any other sys t em as mal e s teri I ity i s not a l lowed in pr ac ti ce . 

Ot he r res tri c ti ve con dition s a bou t se lec t ion o f inbred I ines a nd th e i r 
maintenance a r e im posed , name ly by the biennia l hab it of ka le growth an d 
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Table 3. Predicting double cross performance 
(Trials carrying on six double cross hybrids between inbred lines of Chou demi-Moellier) 
Rennes 1965- 1967 ( 1) 

a) - Differences between double cross and the average of alternative crosses (2) 

Fresh weight dry weight stem 

Plant stem Leaves Plant stem Leaves length n 2 

min. 0,6 2,3 0, l 2, l l , 3 l, 3 0,4 0,2 
max. 10, l 15,8 8,9 11 ,0 18 ,3 7,7 

' 
13,9 12,6 

average 5,0 7,7 4,2 5,9 8,2 4,4 3,8 5,7 

b) - Differences between the four alternative single crosses (2) 

min. 11,6 11,7 12,4 4,0 7,9 3,2 1911 14,2 
max. 38 ,9 38,7 39,l 40,6 43,8 38,3 31,7 29,0 
average 21,0 27 ,3 21 , 3 20,6 31,0 14,7 25,7 24, l 
L.s.d (P =0,05) 11,8 11, 7 13,3 7,9 14,6 19 ,0 . . 

(1) all data are given in relative values (% Proteor variety as control) ; 

Leaves 
Number 

0,3 
12,2 
5,2 

10 ,9 . 
32,4 
18,6 

. 

( 2) the alternative single crosses are the four single crosses not used in the production of double 
. cross; thus in the double-cross hybrid (Ax Bl (C x D) the four alternative single crosses are 

Ax C Ax D, Bx C, Bx D. 
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inbreeding depression on v igour and f e rt i I ity , with a v iew to e ns ure a s uffi ­
c ient y ie lding of bud pol I in ation s and th e s uccess of c rops fo r prod uc i ng 
s ing le- c ro ss hybr id seed, whi c h often wi I I be made in very prop itiou s e nviron ­
mental condition s . 

With r espec t to combin ing ab i I i ty t es t s t hose a re not as easy t o app ly th an 
fo r seve ra l spec ies as Ma i ze . Crossings by hand r equire much manua l labo ur ; 
wh e n po l I ina tion s a r e mad e by mean s o f in sec t s , hund red pe r cent o f c ross i ng 
i s not wa rranted owing to poss ibl e s ib-compat i bi I ity of i nbred I i nes and 
bes ides fo r top - c ro ss , c ross po l I i nation between t he nea res t i nbre d I ines 
whi ch r a rely occ ur s in practice , th e t es t e r be ing much high e r a nd v igorous 
th an i nbred I i nes . Bes ide s two factor s a re a pr ior i propitiou s to the succes s 
and ef fi c iency of combining ab i I ity t es t s : the mode of inh e ritance o f S 
all e les , a nd the few numbe r of i ndividua l plant neces sa ry to set an adeq ua t e 
amo unt of seed fo r field tr ia ls . 

Th at leads us t o emphas ize the pri nc ipa l f ac tor mak i ng the prod uct ion at a 
large sca le o f double cross hybrid s to be economi ca lly feas i b le : the h igh rate 
of mu ltiplica ti on, t hat i s to say the high level o f seed setting of eac h 
indi v idual plant and poss ib ly a l so , o f each indi vidua l bud o r flower. With 
rather propitious cond iti ons indeed, se lf- pol I i nati on o f 4000 bud s (1 000 bud s 
on each o f the four inbre d I ines) , which req u ires 15 t o 20 hours of manual 
I abo ur, a I I ows to obta i n at I east 20 000 seeds ; this amoun t i s sufficient 
for grow ing 50 a res of c rops being t o produce the two s ing le cross hybrid 
seed ; even with a low y ie ld ing of these two c rops , a total amo unt of 50 Kg 
of seed can be expected . With that s tock, i t i s possib le to grow acco rding 
to t he mode of c u ltiva t ion from 40 t o more than 100 ha for th e production o f 
double c ros s hybrid seed and then to expec t from 300 to 800 qx of comme rcia l 
seeds . 

In concl usion, th e product ion at a la r ge sca le o f double c ross hybr ids of 
kale may not a l low , for t he breeder s , to make the most o f pot ent ia l 
hete ros i s in that species . Neve rthe less it offers many advantages just if ying 
the means used t o make it s uccess ful. The procedure in vo lved ind eed , al lows 
t o develop new kind s o f ka le va ri eti es an d to get imp roveme nt not on ly in 
Yielding as a whole, but a l so in other characte r s , s uch as unif o r mity and 
qua I i ty of which th e agronom i ca I inte rest i s of importan ce . 
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FIRST GENERATION SYNTHETICS FROH GENOTYPES 

AT VARIOUS LEVEL OF INBREEDING IN LUCERNE* 

P. Lorenzett i 

P lant Breeding Depa rtme nt , Pe rug ia , Ita ly 

The vigo ur o f lucerne pla nt s i s s trong ly influe nce9 by inbree d i ng ; th e dep res ­
s '.on.of vigou r, on th e bas i s o f yie l~, r eac hes 30% _ in s

1 
(Ty~da l et~., 1942 ; 

W 1 Is 1 e , 1958 ; Pane I I a an d Lo re nz ett 1 , 1 966 ; a nd 1 nc reases 1 n the next se I fe d 
gene ration (S2l . Tysda l e t al. (1 942) an d Pane l la a nd Lore nzetti ( 1966 ) have 
obse r ved a pa rtial restoratTOn o f v igou r in s3 , they exp la in with a se lecti on 
fo r autoferti I it y a nd v igou r in th e prev ious gene r ation (S2 l . 

Data on advanced se l fed gene r ati ons g ive ve r y inte resting i nformat ion on the 
theo re ti ca l aspects o f th e . inbreed ing e ff ec t s and can contribute t o e va lua t e 
the moth e r p I an t s ; as a matte r o f f ac t th e best s1 

1 s t e nd t o g ive the bes t 
S2

1 s and s
3

1 s (Lorenzetti, 1964) . 

A prob lem which unti I now does not seem to have ca l led a s uffi c ient atte nti on 
i s that o f the v igo ur o f th e progenies from S mate ri a ls fe r t i I i zed by po ll en 
from plants a t vari ous leve ls o f i nbreed ing . In th e diplo id plants , e . g . maize , 
random c ross ing among l ines , o r c ross ing amo ng lines and parenta l popu lati on , 
Pe rmit t o atta in t he v igour o f the pa re ntal pop ul a ti on (Al la rd, 1960) . Fo r 
lucerne , expe rime nta l data on thi s po int a re sca rce in I iterat ure , but theo re­
tica l co ns ide rat ions indi ca t e that th i s spec ies mu s t behave in a diff e r e nt · 
way , due t o it s a utotetraplo id o ri g i n . It i s a lready known that a generat ion 
of ope n po l I ina tion of th e S pl a nt s br ings a bout a res t o r ati on o f vigour which 
i s no t comp le t e (Dema rl y, 1963 ; Pane ll a an d Lo re nzett i, 1966) . In th e present 
Work the v igo ur o f seven first gene rat ion syntheti cs from ge notypes at variou s 
level of i nb r eeding wi I I be cons ide r ed . The wo r k i s the fir s t s tep of a long 
t e rm prog r am ca rri ed out to asce rta i n the va lue o f the se lecti on amo ng a nd 
Within inbred fami I ies wh e n the a im o f the breed i ng work i s to bui Id up sy nth e­
ti c vari eti es . 

* Wo rk s upported by fund s from t he Ital ia n Resea rc h Co un c i I. 
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MATERIALS AND METHODS 

An expe r i me nta I fi e Id was est ab I i s hed in 1962 with 49 f am i I i es o f I uce rn e a n9 
a t ota l of about 7. 000 pl a nts ; s pac ing wa s 90 cm betwee n rows a nd 60 cm 
be tween pl ant s on the row. In eac h f amily there we re the mother c lones (M.C.) 
and pl a nt s of three se lf ed ge ne ration s (S , s2, S3 l a long with the co rre s pon­
ding OP se ries (OP1, OP2 , OP3 l, obta ined from the same moth e r p la nt s acco rd ing 
to the fo I I owin g scheme : 

Mother clones ('¥1.C.) 

se1~ open pollination 

I ~ 
SI OP1 

seL~ open pollinatiOfi 

I ~ 
S 2 OPz 

I~ 
selfing open pollination 

~ 

In 1964 among th e 49 f ami I ies we re se lec t e d the 20 fami I ies with th e hi ghes t 
numbe r of plants and in eac h one of th e ir seve n gene r ati ons we r e c hose n 10 
plant s : i. e . the bes t ones , on th e ba s is of yi e ld, in s1 and OP

1 
a nd th e 

bes t ones of the bes t s tra in s in th e second and third ge ne r ati ons (S
2 

a nd 
OP2 , s3 and OP3 l ; th e 20 se lec t e d moth e r c lones of each f amil y we re a lso 
re prese nted a t leas t by 10 pl a nts obta ine d by vege t ative pr opaga ti on. 

In th e s pring of 196 5 we had at our di s posa l seve n g roup s o f p la nts (one fo r 
eac h ge ne rati on), with 200 indi v idua l s (1 0 pl an t s fo r eac h one o f th e 20 
fami I ies ). The seve n group s o f pl a nts we re used t o es t a bli s h seve n po lyc ross 
nur se ri es in o rd e r t o ob t a in seven diffe r en t t ype s of po lyc rossed seed ( po ly 
M.C., po l y s1, po l y OP

1
, et c .). In ~ac h nur se ry t he r e we re t e n r ows ; i n ea c h 

row th e re we re 20 comp e t e ly r a ndomiz ed pl ant s , one for eac h f amil y . In 1966 
the seve n nur se ri es we re i sol a t e d an d in eac h one was pl aced a sma l I nu c le us 
hive of 5 combs of honey -bees . Th e a im was to obta in 140 lot s o f seed (7 ge ne­
r ation s x 20 fami I ies ). Pl a nts of some f ami I ies di e d in the tra ns pl a nting yea r, 
wh i I e in oth e r f am i Ii es seed producti on was ve r y poo r ; the r e fore we we re 
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forced to r educe ou r mate ri a l, an d at th e en d of 1966 we had at our d i sposa l 
70 lots of seed de rived from 10 fam i I ies ; each lot was pr epa red with an equa l 
amount of seed from each plant of the fam il y ente red in the polyc ross nurse r y . 
The seventy lots were sown in greenhouse on 26 o f Septembe r 1967 an d seed I in gs 
were transplanted in the fi e ld on 4 o f May 1968 , fol low ing a sp li t - p lot design 
with four rep I icates . Fam i I ies we r e put in the ma i n plots and generati ons in 
the sub - plot s made up of a s ingl e row of 10 p lants . Spac i ng was 50 cm between 
rows and 30 cm between p lants on t he row . P la nt s were cu t fou r t imes per year 
in the per iod 1968/70 ; at each cutt ing the he ight o f the plants and their 
green matter yie ld were scored . 

The va I ue of the expe r i menta I synthet ics w i I I be given by the ove r a I I means 
r e lat ive to th e ten po lyc rossed progen ies f rom th e sa me nurse r y . 

The ana lysis of va ri ance of the data fo r the 12 cuts made i n 1968/70 has shown 
that the interact ion i tern "genera ti on x fam i I y" i s border I i ne of s ignifi cance 
for he ight and not s ign ifi can t for green matter yie ld, so family data wi I I not 
be presented. 

RESULTS 

Height and gr een matte r y ie ld of the plants entered i n 1965 in t he 7 polycross 
nurse r ies a r e presented in t ab le 1 ; the data we r e gathe re d in 1964 when the 
plan t s were in th e ir third yea r of li fe . 

Table 1. Height (cm ) and green matter yie ld (g/ plants) measured in 1964 on the plants entered in 1965 in the 7 polycross 
nurseries ( 4 cuts averages). 

Generation Height Green matter yield 
(cm ) (g) 

Mother clones (M.C.) 56.8 342..1 

s 1 49.6 228.3 

S2 49.6 221.7 

S3 53.4 272.2 

S means 50,9 240.7 

OP 1 59.3 363.5 

OP 2 59.6 336.8 

OP 3 60.2 338.6 

OP means 59.7 346.6 

-
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Th e dat a of the materna l materia l (tab le 1 l wi 11 perm it a use ful comp a ri so n 
with t he ir po l ycros s proge ni es (t ab le 3) . 

It i s worth to note (tab le 1) that th e mean he ight o f S p lants (50 . 9 cm ) i s 
14 . 7% be low th e he ight of OP p lan t s (59 . 7 cm ). The se lec t e d s3 (53 . 4 cm) an d 
OP3 (60 . 2 cm) p la nt s seem to be the bes t amo ng th e S and OP g ro ups , r es pective­
ly . Th e moth e r c lones appear weake r than OP

1 
p lan t s , wh i ch sho u ld have th e 

same leve l o f he t e rozygos ity ; thi s can be du e t o t he vege t at i ve o ri g i n of 
the forme r a nd /o r t o the e t feet of po I I e n con tr i but ion in the OP 1 . 

Th e data o f the g ree n matte r y ie ld fo l low the same patt e r n o f those r e lat i ve 
t o he ight s ; he r e d iff e r e nces be twee n group s , se l fed an d open po l I inated , 
are mu ch more ev ide nt than for he ight. In f act th e gree n matte r y i e Id o f th e 
S p la nts (240.7 gl i s 30 . 6% be low that o f the OP p lan t s (346 . 6 g l. s3 an d 
OP+ p lants ap pea r to be the best amo ng the Sa nd OP groups respec tive ly . Th e 
mo he r c lones (342 .1 gl a r e aga i n lowe r th an OP1 p lan t s (363 . 5 g l. 

In tab le 2 t he r e lative va l ues (O P1=100 ) of t he ma t e ri a l se lec t e d in 1964 
in o rd e r t o e nte r the se ven po lyc ross nur se ri es i n 1965 are r e f e rred a long 
wi th th e r e la ti ve va lues (OP1=1 00 ) o f th e mat e ri a ls among wh i c h t hey we r e 
se I ec t ed ; the I at t er va I ue have bee n a I r ea dy re po rte d by Pa ne I I a an d 
Lore nzetti (1966) . It i s ev ide nt from t ab le 2 t hat th e re lat i ve va lue of th e 
c hose n mater ia l wa s not d i ff e r e nt from that o f a l I th e p lan t s of th e same 
un se lec t ed ge ne r ati on , so the se lec t i ve press ure s hou ld have been a lmos t cons ­
tant in a l I th e gene r ati ons . 

He igh t s a nd g ree n matte r y ie lds o f th e po l yc ros s progeni es a re r epo r t ed i n 
t ab le 3 . Due t o diff e r en t s pa c ing a nd yea r s t he abso lute va lues obse r ve d in 
these f i Ii a I ge ne rati ons a re I owe r th a n those obse r ved fo r the mothe r p I an t s 
(tab le 1 ) . 

The data of table 3 i ndi ca t e t ha t mea n he ight o f the progen ies f rom S p lant s 
(43 . 7 cm) i s lowe r than he ight o f th e progen ies from moth e r c lones (44 . 9 cm) 
and OP p lan t s (4 5 .3 cm). Diff e r e nces I ike these ca n be obse r ve d for a l I t he 
s i s t e r gene r ati ons (Sl V S OPl' s2 VS OP2, s3 vs OP3) ' a lthough the only s igni ­
fi can t diff e r e nce i s that fo r OP2- s 2 compa ri son. 

The va lue o f the progen ies from S p la nts i s 3 .5% be low that o f the progenies 
from OP pla nts . Proge ni es from mother c lones (44 . 9 cm) do not diffe r s i gn ifi­
cant ly from th e progen ies from OP1 plant s (44 . 1 cm ). 

The green matte r yie ld fo l lows th e same pattern o f the da ta re la ti ve to th e 
height. In f act proge ni es from OP plants (114.4 g l are bet t e r th an progen ies 
from S plants (103.5 g) , th e latt e r va lue be in g 9 . 5% lowe r than th e fo rme r. 
In a l I the s ister generat ions proge nie s from OP p lan t s a re bette r tha n pro­
gen ies from S p lants , the diff e r e nce s be ing s ignifi ca nt for th e s 2-oP

2 compa ri so n. Proge ni es from mother c lones (1 09 .1 g) do not diff e r, as expected , 
from the progeni es from OPJ p lants ( 107.4 gl , but differ from the progeni es 
give n by s 1 plants (95.9 g . Th e r e is a t e ndency of the progeni es to improve 
in the successive gene r at ions of sel fing an d selection, in fact, poly- s3 
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Table 2. Relative values (OP 1 = 100) of heights and green matter yields for unselected and selected plants (1964). 

Height Green matter yield 
Gene rations 

Unselected* Selected ** Unselected* Selected ** 

SI 83 84 62 63 

S2 77 83 55 61 

S3 85 90 68 75 

OP I 100 100 100 100 

OP 2 93 100 91 92 

OP3 101 IO I 98 93 

*Data from all the 7000 plants of the origina l fie ld 
** Data from the plants entered in 1965 in the polycross nurseries 

Table 3. Height (cm) and green matter yie ld (g/ plants) of the polycrossed progenies from 10 lucerne cl on es and their 
selec ted Sand OP progenies (12 cuts averages, 1968-1970). 

Parental generation 1-ieight 
(cm) 

Green matter yield 
(g) 

Mother clones (\~. C. ) 44.9 109 .1 

SI 43. 7 95.9 

S2 42.7 101.6 

S3 44.9 113.1 

OP I 44. 1 107 .4 

OP2 45.8 117.0 

OP 3 45.9 118.9 

L.S.D. (Po.05) I. 9 12.8 
~ 

s means 43 .7 103 .5 
OP means 45.3 114.4 

-

L.S.D. (Po.os) 0.7 4.9 
~ 
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( 113 . 1 g ) and po ly-OP3 ( 11 8 . 9 g) progenies a re t he bes t among t he Sand OP 
se ri es , r especti ve ly . 

DISCUSSION OF THE RESULTS 

In lu ce rne , po lyc ross o f un se lec t ed S p lan t s does not seem ab le to res t o r e t he 
o ri g i na l leve l o f v igo ur but, until now , th e va l ue o f proge ni es from genotypes 
se lec t ed dur i ng in breedin g has not bee n wel I exp lo red . In th e present expe ri­
me nt po l yc rosses of se lec t ed S p la nts have pe r mitted a cons i de r ab le resto r at ion 
o f v igo ur wh ic h, in th e case of proge n ies from s2 and s3 p lan t s , has been 
compl e t e . 

He ight a nd gr een matte r y ie ld of the S p lan t s ente red i n 1965 i n t he polyc ross 
nur se ri es we re , as a who le , 85.3% an d 69 . 4% t hose o f th e OP p lan t s , respect i ve­
ly , whil e he ight a nd gree n matte r y ie ld o f th e po ly- S pr oge n ies grow n i n 
1968/70 have bee n 96.5% a nd 90 . 5% those of t he po l y-OP progen ies , respect i vely . 
It seems th e r e fo r e th a t a s ing le ge ne ra ti on o f c ross ing has bee n ab le t o im­
prove t he r e la ti ve va lue o f S progen ies whi c h, in a ny case , do not r each t he 
va lues of OP progeni es . 

The da t a we a r e cons ide ring coul d have bee n i nflu e nced by t he amo unt of selfed 
a nd sib bed seed produced i n th e po lyc ross nurse ri es . On th e pe rce ntage o f t h i s 
seed we have not data , but it seems th a t se lf ed seed s hould have bee n mo r e 
fr eq uen t i n th e case o f OP- po I yc rosses than in t he case o f S- po I yc rosses . In 
fac t , i t i s we l I known tha t t he r e i s a drop of se lf - fert i I ity from t he fir st 
to th e second and third se lfed ge ne rat ion . S ib b ing , on th e oth e r hand , co ul d 
have ha d t he same freq ue ncy i n OP- a nd S- po lyc rosses beca use th e numbe r of 
p lants of eac h fam il y was a lways t he same , but the comp lex , and i n many res ­
pec t s st i 11 unk nown , sys t em o f i ncompati b i I i t y wo r k i ng i n lucerne shou ld have 
lowe red th e freq uency of s i bbed seed i n t he S- po lyc rosses be low t ha t presen t 
i n OP- po lyc rosses. Th e lowe r pe rfo rmance o f po l yc rossed progen ies f rom S 
p la nts seems , t he refo re , s tri ctl y depende nt on the geneti c na tu re of the mo­
th e r pl a nts . 

The va lue o f t he proge ni es ob t a i ned f rom ge no t ypes selected at var io us s t ages 
o f the in breeding process can g i ve va luab le i nfo r mat ions fo r practi ca l wo r k. 
Po l y- s3 y ie ld ed 17. 93% mo re th an po ly-S 1 progen ies ; wh il e poly - OP y ie lded 
10 . 70% mo re tha n po l y- OP1 proge ni es ; th e co rrespond i ng i ncrease o1 he ight 
f rom the fir s t t o the third gene r at ion was 2 . 74% and 4 . 08% . The refore , on the 
bas i s o f produc ti on dat a , it can be conc lud ed t ha t the se lect ion wo r k seems 
mo r e e ffi c ie nt wh e n ca rri ed out i n adva nced gene r ations . 

It i s now inte resting t o compa re po ly- S1 wi t h po l y- OP2 and po ly- s 2 with po ly­
OP proge ni es . Th e data a re repo rted i n tab le 4 a long wi th t hose of the pa re n­
t af gene rati ons (S1, OP2 an d s 2 , OP3 respecti ve ly) . In o r de r to make poss i ble 
a l I th e compa ri sons th e da t a have bee n exp ressed as va lu es re la ti ve t o OP1 ( 1964) or po l y-OP1 ( 1968/70) ; fo r our purposes OP

1 
an d po ly- OP

1 
p la nt s can 

be , i n fact, cons ide red eq ui val ent . 



- l 01 -

The data refe r to the g reen matte r y ie ld becau se i t i s we l I known that this 
charact e r i s r e la t e d to v igour bette r than any other . The open po l I i nat ion 
progenies , OP2 and OP3 , gave in 1964 a g reen matter yield (91 an d 98) s l ightl y 
higher than tnat g i ven in 1968- 70 by t he co rrespond i ng po ly- s 1 and po ly- s 2 progen ies (89 an d 95 respect i ve ly) . Po ly- S1 and poly - S2 progenies have been 
ob tai ned excl us ive ly from gamet es of S p la nt s , whi le in th e OP7 and OP3 pro­
gen ie s hal f of the gametes have been contr i buted a t random by fhe e nt ire 
population . The obse r ved behavi o ur o f progen ies from Sand OP p lants seems to 
indicate t ha t the charact ers considered i n th e present work are governed by 
genes which , due to the autotetraploid o r ig i n of l uce rn e , do not act i n a 
disom ic way but , probab ly, in a tetrasom ic one as it s hou ld be . In th i s case 
c rosses among S plan t s invo lve homozygous gametes mo re freq uently t han crosses 
among OP plants ; as a conseque nce , the comp lex he terozygosi t y of t r ige ni c and 
t e trage n ic type , tha t Busb ice and Wi l s ie (1966) cons ide r st r ict ly re lat e d to 
vigo ur, i s not fr equent . Ga metes f rom S p lants are sure ly mo re homoz ygo us th a n 
random gamet es f rom the e nt ire populat ion and th i s can exp lain why OP progen ies 
a re better than the cor respond i ng poly-S progenies . OP

2 
and OP3 do not at t a i n 

the v i g~u r of OP1 becau se ha l f of the gametes comes from s 1 ana s 2 pla nts , 
re spec tive ly . 

Table 4. - Relative value (OP1 = poly OP1 = 100) of differeni popul ations of lucerne grown 
at Perugia (1964 - 1970) 

Relative 

Years Populations * values Populations * 
(OP1 = 100) 

1964 ES] 62 s2 

1968 -70 -"s 1 89 E's1 
1964 OP2 91 OP 3 

,j, ! 
1968 -70 poly -OP2 109 poly - OP 

3 

-
* OP2 and OP3 plan ts we re obtained by open pollination of S 1 and S2 plan ts ; 

see scheme al page 2. 

Relative 
values 

(OPl = 100) 

55 

95 

98 

111 



- 102 -

The re la ti ve va lues (poly-OP =100 ) o f po l y- OP2 and po ly- OP plant s ob t a ined 
fr om s

1 
an d s2 indi v idua l s a tte r one ge ne rat ion of open pot I inat ion (S1+ OP2 s2 + OP3 l fo l Towed by one ge ne r ati on of po l yc ross ing a r e 109 and 111 

respec ti ve ly . 

On th e bas i s o f th e previous data, it can be conc lude d t ha t, at least as a 
tendency, OP2 an d OP3 p lants a re better t ha n the co rres ponding poly-S p la nts 
and tha t a s uccess ive gene r at ion o f se lec ti on an d interc ross ing among s uch 
OP p lants , improve th e va lue o f the progen ies whi c h attain an d ove r come the 
leve l of the OP 1 plants. 

Acco rding to Dema rl y (1963), in a n a utotet ra p lo id p la nt s uch as lu ce rn e , 
c ross ing amo ng S p lan t s does not pe r mit a comp le t e res t o rat ion of vigour . Ou r 
data show that sy nthesis of sl and s2 p lan t s g i ves progenies be low the leve l 
of th e pa r e nta l population ; o nl y sy nth es i s o f s3 plants (tab le 3) seems to 
permit a comp lete resto rat ion of v igour, indi cat ing that se lection during 
inbreedi ng s hows some posi tive e ff ect . 

The present data are not su ffi c ient to demo ns trat e if advanced genera ti ons of 
synth eti cs ob t a ined from S mate ri a l s perm it o r not to overcome the pare nta l 
pop u I at ion. Ga I I a i s ( 1 968) ha s s hown that t he v igour of sy ntheti cs in tetra ­
p Io id plants should tend t o an equ i I i br ium va lue i n an asymptoti c manner in 
succeed i ng gene r at ions o f r andom mat i ng . If th e pa r e nts a r e not i nb r e d or 
s li ght ly in bred th e v igo ur sho uld decrease; if th e pa r e nt s are s uffi c ient ly 
in bred the v igou r s hould increase . 

Our ma t e ri a l s wi 11 g ive , in the next future , informati ons on the advance d 
generat ions o f the syn th eti cs here di sc ussed , whi ch come from inbre d a nd not 
i nb red ge notypes ; so it should be poss ibl e to ascer t a in i f sy nthetics from 
se lected S plants ca n g ive a valuable con tributi on t o the breeding of luce rn e . 
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USE OF HETEROSIS IN BREEDING AUTOTETRAPLOIDS 

A. Ga ll a i s and P. Guy 

St ati on d ' Amel ioration des P l antes Fourrage res , Lu s igna n, France 

INTRODUCTION 

One o f th e main object i ves o f the different methods o f plant breeding applied 
t o al logamous and somet imes even to autogamo us p la nts is to c umulate the 
vigour I inked t o heterozygosity with that I inked to the qua I ity of the genes 
and the ir inte r acti ons . 

Rega rding pr ac ti ca l use o f he t e ros i s , it i s poss i b le to d ist ingui s h two t ypes 
o f var ie ties : 

I) The hyb rid s r es ulting from "control led hybridi za tion" of I ines o r f am i I ies 
genet ical ly differe nt. Thi s type of va rieti es a l lows fo r ma x imum use of the 
variabi I ity in heteros i s . 

2) Syn theti c va ri eties from spec ies where "con tro l led hybridization" i s not 
poss i bl e on a la r ge sca le . The genetic base of s uc h va ri e t ies , usually wide r, 
don 't al low max imu m use of h~ te rosis . 

- I 

In thi s pape r we wi I I show the e ffect s of differe nt sys t ems of mating in 
a utotet raploid s (se lfing , c ro ss ing, random mating) on th e means an d the va ­
ri ances o f quantitative c harac t e r s influenced by hete rosis . Consequently i t 
wi I I be poss i ble to prec i se the probabi I ity o f s uccess of a system of se lec­
tio n. Expe rime ntal res ult s are include d. 

SELF-FERTILIZATION 

I) Effect on the mean 

Dema rl y (5) has s hown that progress toward s homozygos ity is ve r y s low with 
a utotet raploids (around three times s lower than with diploids). If vigour 
were on ly re late d to the proporti on o f homozygou s loc i o r to th e coef fi cient 
of inbreedi ng F, the loss of vigour s hould be s low . 
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Ma ny authors, Berninger (1) , Bu s bice and Wil s ie (2), have shown with different 
autotetra p lo ids species (A l I ium porum, Medicago sa tiva) a loss in v igo ur, more 
rapid than that expected from the coef fici e nt of inbreeding. The res ults 
tab I e 1 , obta ined by Ga I I a is on Dacty I i s g I omerata from two diff e rent ex pe r i -
ments , s how : 

~ a behav iou r Specif ic t o eac h cha ract e r (yield, which i s a comp lex character, 
is mos t affected), 

- a la rge va riabi I ity in the reac tion to inbreeding aris ing from differen t 
o ri g in. 

The coeffic ie nt of inbreeding i s not s uffi c ien t to comp lete ly exp la in th e 
results and othe r hypotheses givi ng grea t e r weig ht to the heterozygo us st ruc­
tures (tetragen ic) are more sati s fa ct o r y (1, 2 , 9 , 13, 16). When th e t etrage ni c 
genotype s are very f avou rab le ,a s it i s r ead il y destroyed, the loss in vigo ur 
w i I I be impo rtan t (G r aph 1). 

The variabi I it y in the loss o f v igou r i s more d iffi cult to exp lain. It may 
.come from a va riabi I it y in the deg ree of homozygos ity of th e differe nt o r ig in s , 
but a l so from a s impl e variabi I ity in the gene e ff ects . 

2) Effect on the variance 

Ga ll a i s (12) has show n that th e part o f va ri ati on due t o the additive effects 
as we I I as. t hat due t o the inte rac ti ons between t wo i dent i ca I genes inc reases 
With the gene rati ons of se l fing . The inte r-f am il y var ia nce wi 11 thu s inc rease , 
if the addit i v ity and the interactions between two ide nti cal genes a re t he 
main sources o f va ri atio n. 

With regard s to the va ri ation due t o othe r e ff ects , it i s noted t hat th e pa r t 
of the va ri ance due to the inte r act ions between two different a ll e le s wi 11 be 
at a maximum at th e secon d genera tion o f se lfi ng . These inte r actions ma y thus 
be se lected by se lfing , if they a re a n important so urce o f variat ion_. 

The pa rt of the i nteractions between two o r more different al lel es , can on ly 
diminish if they are pre pond era nt, the t ot a l va ri ab i I ity co uld even dec rease . 
To ou r know ledge , th i s has neve r been obse rved. Ind irectl y, thi s is ev ide nce 
of the impo rta nce o ~ add iti ve and inte r acti on ef fects be twee n ide nti ca l ge nes 
as a sou rce of variabi I ity . Th e expe ri men t a l results by Ga l la is, on Dacty l is 
9-!_omerata and Medi cago sati va , sho uld show mo re prec i se ly t he evolution of 
the va ri ab i I ity i n sel fing with r ega rd s t o the importance of the various 
ge net ic e ff ec t s . 

3) Practical consequences 

Resu lt s in table 1 s how va ri ous c hara ct e r s as to their se ns iti v ity and va ri a­
b i I i ty of r esponses to i nbreed i ng . 

Se lecti on towa rd s a t o le r ance t o in breeding i s thu s poss i b le . But the conse-
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Table 1. 

a.) - Effect of inbreeding on different characters with coksfoot. (Vegetative growth two years after seeding) 
(7 of So origins, 21 of S 1) 

Mean depression 
Characters sl - so x 100 

Variability according to origins 

so 

Yield - 24, 1 - '5 .1 a - 68,2 

Number of ti lie rs - 22 ' 
+ 16 a -43,2 

Tille rs/ Cm 2 - 0,6 +24 a -22, 1 

Weight/ tillers - 1 + 59 a - 22,5 

bl - Eifect of inbreeding on different characters with coksfoot in the seeding year. (4 of So origins, 20 of S l • 39 of S 2 ). 

Results from GALLAIS- BERTHOLLEAU 

Mean depression 
Characters Sz - S1 x 100 

Variability according to origins 

-Sl-

Yield - 22 - 19 a - 39 

Number of tillers - 5 'r 10 a - 21 

Leaf length - 11 - 6 a -20 

Leaf width - 5 0 a - 13 
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quence of s uc h a se lecti on on the s uccess of ot her phase are difficult to 
predict. 

Unde r se lfing, simp le natural se lection can decrease the genetic va ri ab i I ity 
of the mate r ia l. Furthermore we know that the production of homozygous I ines 
in this way i s i I lu s ive . 

However , a li mited phase of in breed ing may be of interest , e . g . for homogenei­
t y of the material, se lec tion o f additive characteristics, preparation of the 
hyb ridization ph ase . 

HYBRIDIZATION 

We shal I onl y consider c rosses be twee n non-related plants res ulting from se lf­
ing . Th i s scheme of produc ing hyb ri d varieties becomes more and more important 
with the use of mal e ste ri I it y . 

I) Effect on the mean 

As the pa re nt s a re more inbred, th e weaker a r e s ing le crosses . The more favo ur­
able t e tragenic inte ract ions a re , the greate r i s th e superio ri ty of doubl e 
crosses ove r s ing le c rosses (11 ) . These re s ults, va l id for natu ra l or artifi ­
cia l a utotetraploi ds a re fund ame ntal ly different from those obta ine d at the 
di plo id leve l. Expe ri mental re s ults ob tained with Dacty l is g lome r ata show the 
influence of the leve l of inbreed ing on th e mean of s ing le c rosses an d th e ir 
h ighest va lu e (table 2) . Res ults with Med icago sat iva show the s uperi ori ty 
of daub I e crosses ove r sing I e c rosses at the F 1 (tab I e 4). 

2) Effect on the variance 

a - General and specific combining ability variances at single cross level 

It the va ri ab i I ity i s essen ti a ll y due to additi ve e ff ects a nd i nt eraction 
between identi ca l genes , the va ri ance o f the ge ne ra l comb ining ab i I ity and 
more so that o f the spec ifi c combin ing ab i I ity can on ly inc rease with th e 
deg ree o f inbreeding of the parents (12) . 

If the va riabi I ity is esse ntiall y due t o th e interactions between four diffe ­
ren t a I I e I es the variance of the spec ifi c comb ining ab i I i t y w i I I be at a 
maximum with the second ge ne rati on of se lfing (12) (G raph 2) . 

Results obta ined with Dactyl i s g lome rata from dial le i c rosses at three leve ls 
of inb reeding (S , s

1
, S2 ) s how always a ve r y la rge general comb ining a bi I ity . 

The specific com8ining a5i I ity i s s how n to inc rease with the leve l o f in­
breeding ( t a ble 3). Thi s i s also appa ren t from th e fact that the diff e rence 
between the best c rosses a nd the mean of the hyb rid s increases with the level 
of inbreeding of th e parents. Thu s , a bette r se lection for hybrid vigour, may 
be ach ieved when inbreeding i s used. 
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Table 2. 

Effect of the level of inbreeding of So , S 1 , S 2 parents on hybrid means and variability. 

(1) (2) (3) ( 4) 

Mean Maximum Mean of the highest 
Difference 
(3) - (1) 

S0 x S
0 

(7 x 7) 102 (21) 126 124 (4) 22 

. s 1 x s1 (7 x 7) 103 (21) 130 126 (4) 23 

S2 x s2 (8 x 8) 94 (28) 134 127 (6) 33 

x lesser degree of selection at the S1, S2 levels. 
' ' 

Results obtained by GALLAIS on spaced planis of cocksfoot during the year of seeding(% of the best check). Identical 
origins at each level concerned . 

Table 3. 

Significance of the general (G.C.A.) and specific combining (S.C.A.) ability in three diallel cross experiments with 
cocksfoot at different levels of inbreeding. 

G. C. A. 

S. C. A. 

NS : non significant 
x : significant at 5 % level 

xx : significant at 1 % level 

S
0 

x S0 

xx 

NS 

s1 x S1 s2 x s2 

xx xx 

x xx 
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Table 4. Comparison of yields of spaced plants in per cent of the original population of Medicago sativa 
(GENIER and GUY) 

~ 

Model of variety 

HS 

HD 

(between HS F1 ) 

HD 
(between HSF3 ) 

II (HSF
1 

) Syn. 

II (HSF
3

) Syn. 

IV (HSF1) Syn. 

IV (HSF3) Syn. 

HS : single cross 

HO: double cross 

1 ~ 

94 

102 

102 
- ---

89 

89 
-

93 

94 
-

Generation 
.. 

2 
nd 

3 
rd 

80 69 
-

76 68 
-

77 72 

79 73 
-

82 77 

91 84 
-

89 92 

Mean of the 
2 highest 

(1) 

97 
-

81 
-

122 
-

87 
-

98 
-

94 
-

104 -

0) Means obtained from the two hi ghest hybrids or synthetics within a generation that could be commercialized. the generation 
that could be commercidlized are underlined. 
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FIGURE II 

Distribution of some components of variance between crosses 

according to leve l of inbreeding of parents 

[ (1) Vodob;i;ty due to interactions between 4 different 
DOUBLE- CROSSES (2 ) 

/1 ,, ,, II ,, 3 II 

SINGLE- CROSSES [ <
3l II II II II II 4 II 

(4) II II II II II 3 II 

2 4 6 8 10 12 14 16 18 20 
Generations of self fertilization 

alleles 

,, 

// 

II 
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b - Choice between singl e cross and double cross hybrids 

This cho ice depe nd s on 

- the ave rage ga in du e t o the st ruct ure o f genot ypes at th e do ubl e c ross leve l , 

- th e loss of ga in expec t ed from interacti ons between two a ll e les due t o the 
wid e ring of the genet i c base , 

- the poss ibl e ga in due to the variabi I ity of the i nteracti ons betwee n three 
and fou r different a ll e les . 

Expe ri ence wi 11 show for a g iven a utot etra pl o id s pecie , it i s be tte r t o take 
fo r a s ingl e c ross th an a double c ross hybrid . In lu ce rn e bette r hybrid s a re 
at the doub le c ross leve l (tab le 5) . 

If double c rosses a re chose n, the combining ab i I ity of parents tes ted at the 
sing le c ross leve l, does not necessa rily re f lect on the comb ining abili ty of 
s i ng le c rosses t es t e d at th e double c ros s le ve l main ly with interactions 
between mo r e than two al le les . 

The c la ss ica l formul a used with th e dipl o id s fo r th e eva luat ion of double 
c ross hyb rid s in r e lati on t o non related s ingl e cross hybrid s does not app ly 
stri ctl y to t e traploids . One expe rimen t i s und e rw ay t o obta i n s t ati s t ica l 
prev i s ion o f th e value o f the double c ross hyb rid. 

The use o f hete ros i s in th e hybrid var iet ies wi I I be eas i e r fo r th e p lant 
breede r if the genera I comb ining ab i I i ty i s th e main so urce o f variat ion . But 
expe rime nta l res ult s , (ta b le 6 ) s how th e impo rtance o f both, the gene ral an d 
spec ifi c combin ing ab i I i ty . 

MULT IPLICATION BY SUCCES SIVE GENERATIONS OF RANDOM MATING - SYNTHETIC VARIETIES -

The imposs ibi I ity of co"ntrol I ing hybridizat ion on a large sca le lea ds to the 
multiplication , by succes s ive ge ne ration s o f random mat ing of s ingle and 
doubl e c ro ss hyb rid s (wit~ a narrow ge ne ti c ba se) or of sy nthe ti c varieties 
(general ly wi th a wider ge neti c base) . The sy nthetic va ri e ty may result eithe r 
from a mi xtu re of the co ns tituen t s fo l lowed by s uccess ive generation s of ran ­
dom mating o r from one fin a l mu lti plicat ion of a mixture of co ns tituents 
mu lti p li ed separately (see a nnex) . In thi s last case , partial control o f po l Ii­
nation i s poss ibl e a nd th e va lue o f th e s yntheti c va ri ety depends on the 
gameti c and zygot ic comp e titi on . Th e co ns tituent s may be clones , inbred or 
not , hybrid s . Expe rimenta l res ult s for diff e r en t t ypes o f synthetic varieties 
a re give n t ab le 4 . 

On th e ave rage , the narrower th e genetic base ( sma l I number of pa r e nts , o r 
and h ighly inb red paren t s) th e lower the le ve l of equ i I ibrium. On the other 
hand a narrow genetic base wi 11 al low a g rea t e r intensity of se lect ion. As 
~e . have s hown , (13 , 14) th e v igour of a parti c ular s tru cture for the eq ui Ii-

rium i s the resu ltant of two e lements : 
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Table 5 

Yield of single cross and double cross hybrids, in per cent of the ori ginal popul ation , from a breedin g nursery of 
Medi ca go sa ti va (GEN I ER and GU Y) . 

Si ngle-cross Doubl e-c ro ss 
hybrids hybri ds 

Year 

Mini mum Maximum Min imum Max imum 

1964 67 128 59 137 

1965 59 118 54 127 

1966 57 109 56 116 

1967 59 116 62 136 

x 60 118 58 129 

Table 6 

Significance of the genera l (G.C.A.) and spec ific (S.C. A.) combining ability accordi ng to different authors. 

Au tho rs 

DACTYLI S GLOM ERAT A 

Kai ton Lef fe l (19 55) 

Gall ais 1970 Level So 
Level s1 , S 2 

MEDICAGO SATIVA 

Carnahan et al (19 60 ) 
Kehr 
Wileox-Wilsie 

Evans and al 

Chaume R. 

(196 1) 
( 1964) 

(19 66) 

(1968) 

S sign if icant at 5 "' level 
SS signi ficant at 1 "' level. 

G. C. A. S.C. A. 

SS NS 

SS NS 
SS Sor SS 

SS SS 
NS s 
SS s 

S or SS Sor SS 
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ANNEXE 

SOME DIFFERENT COMBINATIONS of 4 CLONES 
in a SYNTHETIC VARIETY 

4 clones or lines A, B, C, D 

A B c D 

~h~ 
--------,--------

Multiplication 

I 
Model I 

2 single crosses 
~-------~ 

~---/. 
double cross 

I 
Multiplication 

c----=--' -----. 
Model 3 

Commercial seed 

Commercial seed 

2 single crosses 
1.....--A-, -B I -=---.--I c-, o~I 

I Multiplication I 
'of single crosses' 

---~7--

Model 2 

0 [fil @] [[] 
I MJ11ipl ica/ion I 
I of clf nes or! lines I 
-~s)nth/si;7-

''// 

Model 4 
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I - the mean of any possib le s tructure (the number an d th e s tructu r e of th e 
parents being fixed) , 

2 - intens ity of selecti on . 

Therefore it i s not imposs ibl e , i f th e se lect ion differential i s supe ri o r to 
this loss of vigour , to choose from a narrow genet ic base . There must exist 
as with the dip lo ids (1 3 , 14) a n optimum ge ne t ic base , as th e f ac t o r s which 
t end to in c rease the va ri ab i I ity decrease the mean va l ue o f the st r uctu res 
(sma l l numbe r of parents , i nbreeding) . Thi s imp li es a n op timum numb e r of cons­
tituents t o r a g iven leve l o f in breeding . 

How to pred ict the value of a s tructure at eq u il ibr i um? th e laws gove rning 
evolution and a bove a l I th e r e lationships one can es tabli s h between pa renta l 
cha ra cter i s tic s (va l ue und e r inbreeding , ge nera l anp spec i fi c comb ining abi Ii ­
t y) , an d the value of the variety at equ ili brium sho u ld be known . Such a 
s tudy is underway with Dacty I i s g I omerata . 

Theo re t ica ll y , t he laws of evo l ution a re prec i se . Th e re must be a decrease o r 
an in c rease of v igour with regards to the number of paren t s , the ir degree 
of inbreed i ng and the floral biology (1 0 , 1 1 , 13 , 14 , 15 , 16) . 

I 

Hyb rid s can only decrease in vigo ur with advanced panmictic ge ne ra ti on s (11 , 
13 , 15, 16 ). If th e inte racti ons between tour d i ff e reh t a ll e les a r e impo rtant , 
double c ross hybrid s , even they a re a lways s upe ri or to s ingle c ross hybrids , 
must dec rease mo r e . Th i s seems to be co nf i rme d by expe rime nta l resu lt s (1 , 13) 
(table 4) . 

Th e case o f the sy nth eti c var ie ti es is more comp lex . With pa nm 1x1a and in the 
absence of inte ractions between more than two a ll e les , Ga l la i s has shown (10) 
tha t , on th e ave rage, one generation o f i nbreeding was s uffi c ien t to r a l I 
sy nthet ic varieties with mo re than two constituents t o in c rease i n vigo ur with 
advanced panm ic t ic generat ions . 

With se l t - s t e r i I ity , two - c lone syn th e t ics a r e eq uiva le nt t o s ing le c ross hy­
brids an d the ir vigour can on ly decrease . Syn thet ics with non inbred c lones 
can a l so on ly dec rease in v igo ur whateve r number of parents . Vigou r can a l so 
i nc rease , e . g . syn thet ics with more than 4 c lones with two o r more gene rat ions 
of se lfing . 

The rate of evo lu tion i s dependent on the nat ure o f the a l leles and i s very 
var iab le . Pract ica ll y ma i nly with multip li ed hybrid s , we mu st not make a 
very hard se lec t ion in the F1 • It wi 1 1 be better to make it i n the F . Any 
subsequent evo l ut ion of v igou r s hou ld be weak in the absence o f ep i s~asis . The 
wider is a gene ti c base (great number of pa rents , and weak inbreed i ng) the 
weake r a r e the r i sks o f bad se lec ti on . A bett e r theoret ica l an d expe r imental 
knowledge o f r e la ti onsh i ps between parenta l cha r acte ri s t i cs and va l ue of the 
sy ntheti c variet ies a t equ i I i brium sho uld a l low tor a harde r s e lec t ion a t the 
F

1
• This wou ld I imi t th e number o f sy nth e ti c var iet ies t o mul t i p ly . 
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In the deve lopmen t o f sy nthe t ic varieties , as th e gene ra l comb i ning ab i I ity 
wi I I become a more im porta nt so urce of variation it wi I I be much eas ie r to 
exp loit t he hybrid v igo ur . 

But , expe rimenta l r es u l ts o f many autho r s (table 6) s how a l so th e impo r tance 
of the spec it i c combining ab i I i ty . As it i s th eo re t i ca I I y better to deve I op 
sy nthe ti c va ri et ies with few co nstit ue nt s , whi ch a l low maximum use of s pec ifi c 
comb ining ab i I i ty , it i s necessa ry to und e rtake new stud ies on t hi s s ubject . 

CONCLUSION 

The im po rtance of heterosis upon th e y ie ld o f a l logamou s natura l o r a rtifi c ia l 
tetraploid forag e crops justifies and exp la in s theoretical and experimen ta l 
resea r ch towa r ds it s best use . The eventua l use of mal e ste ri I ity g i ves thi s 
kin d o f r esea r c h fur t he r i nterest . Furthermore many theoreti ca l res ul t s pre ­
se nted in th i s r evi ew for t e trap loid s ta t e a re a l so va l i d for other a utopo l y­
p lo id s t ates . We have und e r I ined for hybrid s and syn the ti c varieties the 
importance of I im i t e d inb reeding . It increases th e chances t o ob tain a good 
va ri ety . The c ho ice o f a se lect ion scheme res t s on the nature an d the var ia­
bi I ity o f gene t ic ef fects . Therefore i t i s impo r tant , to set up expe ri ments 
Which wi ll g ive an eva luati on of genet ic e ffect s a nd the ir var iances on the 
mate ri a l being se lected . Ge ne ra l law s exist , but numerous and impo rtan t pa r a­
mete r s depend on the spec ies an d the c harac t e r s s tudied . 
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BREEDING METHODS IN FIELD BEANS (Vicia faba L) 

0 . A. Bond 

P lant Breeding In s titute , Cambridg e , Great Br ita in 

SOURCE OF VARIABILITY 

Vicia faba i s an iso lated s pec ies i n as much as it ha s not bee n possible to 
make c rosses with re lated s pecies of Vici a . Howeve r , a co ns ide r a bl e r a ng e in 
p lant c ha racte r s can be found within th e spec ies , and , beca use of th e 30 t o 
40% natu r a l c ross- fe r tilisation (shown by Fyfe and Bail ey , 195 1, a nd Picard , 
1953) , some conside rabl e geneti c dive r s i ty i s maintained within loca l popu ­
la tion s and mor e i s probab ly ad ded through cont r a s ting va ri eti es being 
cu lti vated in adjacent fi e lds . At th e Pla nt Breedi ng Inst itute , Cambridge 
c rosses have been made betwee n var ie ti es o f wide ly diff e rent ori g in s with a 
view to s upp lementing the var iation obtai nab le from within loca l popu lat ions . 
Suc h c rosses a r e expec t ed to be use ful wh e re improvements in hardiness , 
mat ury dates , pod s hape and di sease res i s tance a re r equ ired . In t e rms o f y ie ld , 
many loca l pop ul ations have been found to conta in a va ri ab i I ity whi c h ha s not 
yet been ful ly exp lo ited by breeding . 

SELECTION METHODS 

The fo l lowing main c las ses o f variet ies a r e being cult ivated o r a re be ing 
developed by breed ing : 

I) Open-pollinated variet ies, where onl y pop ul a tions a re ma intaine d. 

2) Synthetic varieties, pe ri odica ll y recon s tituted from : 

a . non-inbre d componen t s o r 

b . inbred compo nent s 

3) Hybrid varieties, produced from ma le- s t erile and res t ore r parents 
Plant ed in : 

a . a lternate b locks o r 

b. in mixtures 

Me thod s whi c h do not invo lve in breeding have d i s tinct limitat ion s . It i s true 
that some open - po l I inated pop ul at ions have become loca ll y adapted , e . g . winte r 
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FIGURE I 

Production of synthetic varieties of field beans 
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MULTIPLI CATION AND /OR RECURENT SELECTION 

FIGURE II 

Yields of synthetic varieties in the 3 generations following 
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beans in cent r a l and south e rn Eng la nd, but mass se lec tion has g iven I ittl e 
imp rovement in y ie ld and i s useful on ly fo r imp rov i ng the unifo rmity o f 
cha r ac t e r s whi c h can be eas i I y screene d, s uch as pod s ha pe and seed s i ze . 
S ingl e-pl ant progeny te sti ng unde r o pe n po l I ina tion , ca n g i ve s ign ifi cant 
differences in y ie ld between proge nies bu t pe r fo r mances a re no t re prod uc i ble 
i n fu ture gene rations . In th e case of syntheti c va ri e ti es with non-inbre d 
componen t s , it has been fo und necessa r y t o make co ntinue d se lec ti on unde r 
open pol I inat ion cond i tions within the pop ulation s fo rmi ng the compone nt s if 
the per fo rmance o f the sy nth etic s i s t o be ma intained . Thus , i t i s co nside red 
tha t th e on l y method of eva luat ing the ge netic pot en ti a l an d of a rri v ing a t 
s t ab le compo ne nt s fo r sy nthetic s o r pa re nt s o f hybrid s , i s by in breeding . 

PRODUCTION AND EVALUATION OF INBREDS 

The method of inb reed ing and compos i tion of sy ntheti c vari e ti es used a t 
Camb rid ge i s shown in Fi g . 1. Th e fir s t selecti on i s based on the pe rfo rma nce 
of open - po l I inated , s ing le - p lant proge ni es (about 100) but on ly o ri g in a l seeds 
(about 4) from eac h s ing le p lant a r e used fo r inbreeding . Se lfi ng i s ass i s t e d 
by hand - trip p ing o f the fl owe r s . Th e hi ghe r-yie lding s ub I ines a re se lec t ed 
from wi thin eac h line until no s ign ifi ca nt diffe rences are detec t ed between 
s ub ! ines within I ines . Thi s s tag e i s us ually reac hed afte r four gene rati ons 
of se lfing , when s ub! ines ma y be mixed tog e the r t o produ ce enough seed fo r 
t est i ng at mo re tha n one locat io n o r yea r. 

Assessme nt of comb ining abi I ity has been ma inl y in di a l le i crosses or with 
t hree o r mo r e inbred Ii nes as t es tcrosses . In a t opc ross , th e progen ies 
would be smal I and too dependent on va ri a tion within th e pop ul at ion used as 
t este r. Do ub le- c rosses have bee n used as t es t e r s wh e re diff e re nces in on ly 
gene ra I, not spec ifi c J comb ining ab i I i ty we r e so ugh t. 

In both d ia l le i crosses and t es t c rosses be tween inbre ds , ge ne ra l comb ini ng 
ab i I i t y accounted for most o f th e va r i ab i Ii ty ; spec ifi c c ro sses t e nd ed t o 
inte ract with seasons o r locat ions o r th ey we re outy ie lded by c rosses be twee n 
I ines o f s upe ri or gene ral comb ining abi I ity . Some inbre d teste r s gave a bette r 
discr iminat io n between I ines t ha n oth e r s , but gene ra l combin ing abi I i ty e ff ects 
co uld be mo r e eas il y de t ec t ed in some comp onents o f y ie ld than in y ie ld 
it self . Yie ld s o f crosses we re co rre lated with those o f their pa ren ts , though 
With s ignifi ca nt r es idual va ri ances i n yie ld s o f c rosses a ft e r remova l of 
r eg r ess ion on pare nt s . Thu s , it s hould be pos s ibl e to inc rease y ie ld s of 
sy nth eti cs and hyb rid s by se lecti on based on th e pe rfo rmance of th e I ines 
themse lves , and a further imp rovement co u ld be ex pec t ed fo l lowing se lect ion 
fo r gene r a l combining ab i I ity . 

Al I se lf ed I ines s uffe r ed from inbreeding dep ress ion , the y ie ld a fter s4 
va r ying from 40% to 90% of the open- po l I inated co ntro l variety . Ran dom 
in breeding a l so res ulted i n some loss of ab ili t y to se lf without tripping , and 
in s uscep tibi I ity t o di sease , though th e latte r wa s mainly e liminated by 
Se lec tion during i nbreeding and t es ting o f I ines . 
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SYNTHETIC VARIETIES 

At Camb ridg e , the component s of synthe ti cs a re se lected i nb r eds , and usually 
f our or fiv e in number . Yie lds of th e Syn

1 
gene rat ion in recent trial s were 

greater than the mean o f the compone nt s a nd th e r e were s li ght increases in 
y ie ld from the Sy n

1 
to Sy n

3 
gene rat ion (See Fi g . 2 . ) , but none of the synthe­

tics averaged more tha n 5% h igher y ie ld than the cont ro l va ri ety . The low 
yie ld of the Syn

1 
r e lative t o the known comb ining ab i I i ty o f the components , 

wa s attribute d to the high degree of se lfi ng a nd s ibbing in the generat ion 
of composition . Seed markers in one synthet ic showed on ly 16% c rossing between 
I ines and in another 36% c ross ing . This was despite th e obse r vation of Dr ayne r 
(1959) that in mixed plantings of in breds and hybri ds , inbre ds undergo more 
outcross i ng than hybrid s . Li beral s upp li es o f bees did not improve the degree 
of outc ross in g . There may have bee n some uninten de d selection for automat ic 
se I f-f e rt i Ii ty during inbreeding. 

HYBRID VARIETIES 

The leve l of heterosis i n Vicia faba was estab li s hed as at leas t 20% (Bond 
1966 ) a nd th e di scove ry of ma le steri I ity a l lowed an invest igation o f the 
possibi I ity of comme rc ial hybrid s . A genet ic ma le - ste ril e ms was used to 
avo id hand emasc ulation in the produ cti on o f c rosses to t est comb i n ing ab i I i ty , 
but the cytop lasm ic ma le - s t e ril e (S), with nuc lea r gene rt rt, opened up the 
poss i bi I ity o f la rge - sca le hybrid s . The fo l lowing i s thebaSls of t he method 
used in th e product ion of hybrid s : 

(S) rt r t 

ma I e - ster i I e 

Line A 

(S) rt rt 

a l I plants 

male-steril e Line A 

(F) rt rt 

mal e f e rtil e 

Line A 

(F) Rf Rf 

( S) Rf rt 

ma le fertile F1 hybrid 

(A x B) 

res tore r 

Line B 
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Evide nce o f the mode o f inhe ritance of the res torer gene (~_!_) wa s g iven by 
Bond , Fyf e and Toynbee-Clarke (1966 ) . Inbreds have been s t e ri I ize d by back­
c ro ss ing male - s t e ril e pl an t s to non - res tore r I ines as r ec urren t paren t of th e 
type , (F) rf rf . There i s a lso the nee d for the absence of factor s cont rol I ing 
pa rti a l r es toring abi I ity, o r modifi e r s , the mod e o f inh e ritance o f whi ch ha s 
no t ye t been de t e rmined. Many inbre ds re s tore th e fert i I ity in a sma l I propo r­
tion (be tween 1 a nd 5%) o f the progeny of ma le - s t e ri les ; and those inbreds 
wi th less th a n 1% res t o ring ab i I ity need to be multip li ed without contaminati o n 
so that a high deg ree of mal e - s t e ri I it y i s ma i ntained during multipli ca ti on an d 
a h igh deg ree of pu rity obta in ed in th e F1. 

The fert i I i t y-restor i ng po I I i na t or I i ne g ives comp I e t e res t o ration of fe rt i I i -
t y provided it i s homozygous Rf Rf a nd i s ma i nta ine d in good i so lat ion . The 
£:.!_all e le , whi c h wa s de tec t edbytes t c ross dat a , ha s been tran s f e rred from 
th e inbred in whi c h it was d i scove red , to ot he r I ines . Al I hybrid s now be ing 
offic ia ll y t ested in Eng land howeve r , have the or ig inal r es tore r I ine as 
ma le parent . Pare nt s o f hybr ids are grown in a lternat i ve b locks o f co nve ni e nt 
wi dth s fo r sowin g and harves ting machinery . The r at io o f ma le to f emal e pa r e nt 
has been 1 : 1 but a 1 : 2 ratio wi 11 soon be te s t e d . Mixed pl a nting s of 
ma I e - s t e r i I e and restore r p I ants a r e being in ves tigate d. Pod - setting on ma I e ­
ste r i I es in mixt ures was 20 per cen t grea t e r than that i n a I t e rn ate b I ocks 
and eq ua I t o that on ma I e-f e rt i I es ; but wh e reas in on e hybrid it wa s s hown 
that a one- e ighth admi xture with it s inbred pa re nt cou ld be tol e rated without 
loss of yield , in ano the r hybrid a mean o f 1 . 99 cwt /ac re (2 . 5 qx/h a) wa s los t 
fo r eve r y one- e igh th of pa ren t add ed . Where the two pare nt I ines have contras ­
ting seed s i ze o r co lou r, i t i s poss ibl e t o sepa rate th e seed afte r harves ting , 
With s ieves o r a photoe lec tri c co lou r so rte r . 

Pol I inati on o f ma le- ste ril e beans in Engl a nd i s brought abo ut mainl y by long ­
tongued bumb le - bees , e . g . Bomb us horto ru m but hon ey -bees a r e a lso e ff ec t ive 
When co I I ect i ng po I I e n. Seed setting may be better in countri es with good 
numbers of po I I i na i i ng i nsec t s . 

PERFORMANCE OF F1 HYBRIDS 

In Fig . 3 a r e s ummariz ed yields of winter bean ~ l hybrids , inbred lines an d 
synthet ic va ri e ti es i n r e lat ion to the con tro l In tria l s at th e Plant Breed ing 
Inst i tu t e , Camb ridge , from 1964 to 1969 . The hyb rid 349 x S45 averaged 20% 
higher than the contro l, Throw s M. S., in a l I Plant Breeding Inst itute tri a l s 
and 17% in a ll off ic ia l (N.l . A. B. ) tri a l s . I ack nowl edge th e co ll aborat ion 
of the Stati on d ' Amel io rat ion des P l an t es at Ren nes , a nd ca n re po rt that in 
trials there , 349 x S45 aga in y ie lded 20% more than Throws M. S. Diffe r e nce s 
at each sta tion we re s ign ifi cant at P = 0 .05 and were th e equival en t o f an 
increase o f 6 cwt/a c re (7 . 5 qx/ha) on 30 cwt /ac re (38 qx/ha) . Trials in cages 
Which exc lud ed in sec t s showed a g rea ter adva nta ge of hyb rid s over con tro ls 
than i n open -fi e ld tri a l s . Th i s r es ult s i s co ns i s t e nt with th e hypothes i s o f 
Drayne r ( 1959) that au t oma ti c se lf-fe rti I ity i s c losely re lated to he t e r ozygo­
s !ty, and s ug ges t s that F1 hybrid s would be espec ia l ly advantageo us in reg ions 
With f ew wi Id bees . Honey - bees a re someti mes provide d by farme r s to s uppl emen t 
Wi Id bees , but they a r e not a lways e ff ecti ve and as i s s hown i n Fig . 4 ., the 
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FIGURE III 

Yields of hybrids, synthetics and inbreds in relation to throws M.S. 

FIGURE IV 

Acreage of field beans and numbers 
of honey bee colonies (England and Wales) 
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number of co loni es in Eng land has now tal len below the numbe r of acres of 
field beans grown . Ev en one hiv e pe r hectare wou ld not be poss ibl e because 
mo s t of the honey - bees are i n f rui t - growing areas not bean - grow ing r eg ions . 
Thus , automat ic se lf - f e r ti I ity i s highly de s irable in bean varieti es , and 
this att ribute may be rea li sed in F

1 
hybrids prov id ed th e i r parents a r e pure 

so that ferti I ity i s resto red to a high deg ree . 

F1 hybrid s based on inbred parents are more un if or m and eas ier to identify 
than open - po l I inated o r sy nthetic varieties . These and the ir othe r c ha racte ri s ­
ti cs app ly only to the F1 gene rati on howe ve r, y ields of the F7 in trials at 
Camb rid ge t e l I to the level of o r be low that of control var iefies . 

The cost of produc i ng hyb rid s ( i. e . from parents in a lte rn ate b locks) i s 
es timated to be doubl e that of s tandard varietie s . At present Eng li s h pri ces , 
thi s mea ns , fo r the farme r c hang ing f rom open - po l I inated to hyb rid variet i es , 
an in cr ease of f6/acre ( 195 f r ancs/ha . ) expen diture on seed, which , to equa l 
the profit margin of open - po l I inated variet ies , must br i ng an extra yie ld of 
at least 4 cwt/a c r e (5 qx/ha) or 13% increa se on 30 cwt/ac re . Where open -
pol 1 inated varieti es yield on ly 20 cwt/acre (25 qx/ha) a 20% increase is 
needed before hybrid s bring more prof it ; therefore hybrids may be s uited to 
fertile so i Is and s ituat io ns whe re yie ld leve l s a r e high. Winte r bean hybrid s 
are v igorous i n ti I lering and may be sown a t a s li ghtl y lowe r seed rate than 
ope n- po l I inated varieti es . Costs of produci ng hybrid s in mixtures are expec t ed 
to be less than from a lte rn ate b locks but the method has not yet been ful l y 
developed . 

CONCLUSIONS 

The hybrid method of breed i ng s how s greater prom i se of a s ubstanti a l im prove­
ment in yield than othe r method s , but it i s as im po r tant to devi se the mos t 
economica l method of produc ing hybrid seed as it i s t o breed new h ighe r­
y ie lding hybrids. Syn theti c varieties have shown on ly a s low advance in y i e ld, 
in relat ion to that ach ieved by hybrid s . Thi s co uld be pa r tly due to the 
sma l I sca le on which the se lect ion of inbreds can be justif ied in a c rop of 
minor economic importance . On the other hand , th e ev ide nce o f ove rdom i nance 
pre se nted by Bond ( 1966) s ugge s t s that pa rt of the hete rosis i n yie ld of the 
F1 i s unfixable in inbre ds or sy nthetic s no matter how larg e the sca le of 
test i ng . A programm of breed i ng synthetics s hould proceed a longside hyb ri d 
breeding however , so that the re lat i ve advantage of hyb rid s ca n be cont inua ll y 
assessed . It so happen s that co ncom itant synthetic s a re the on ly way i n which 
immediate use can be made of the i nbre ds wh ich a r e difficult t o ste rili ze 
with the ma I e - ste r i I i ty f acto r s ava i I ab I e a t Camb rid ge . Syntheti cs may be 
mo re use ful in the improvement of c haracte r s othe r tha n y ie ld, for exampl e , 
hardiness and ea rliness . Although there may be some res ponse t o selection 
under open - po l I i nat ion , in breeding appears to be th e best way o f eva luating , 
s t ab ili z i ng and exp loit ing th e gene ti c potentia l; a nd r es ul tant hybrid and 
syntheti c va ri e t ies s hould be more s uite d than open - po l I inated var ieti es to 
the r eq uirements of schemes to r seed ce rtifi cation an d p lant breeders ' right s . 
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USE OF MENDELIAN MALE- STERIL ITY I N RECURRENT SELECTION 

AND HYBRID BREEDING IN BEETS 

N.O. Bosema r k 

Hi 11 es hog Seed Company , Lands krona , Swede n 

Inbred , monoge rm, cytop lasmic ma le - s t e ri I ity ma i nta iners (0- t ypes) in s ug a r 
beet mostly ca rry also a gene (Sf) for se lf - fer ti l ity . Th i s gene was present 
a l ready in th e genet ic monogerm-p lan t foun d by V. F. Sav i t s ky in the Ame ri can 
sugar beet va r iety Mich igan Hybrid 18, the inc rease of wh ic h was late r made 
ava i I ab I e to s ugar bee t breede r s throughout th e wor Id und e r th e access ion · 
SLC 10 1 (V . F. Sav i t sky , 1950 ; H. Sav i t sky , 1952 , 1954) . 

Although de t ri menta l i n convent iona l breed i ng prog rammes a 1m1ng at syn th et ic 
o r multistrain varieties without t he use of ma le - ste r i I i ty , the s f gene has 
grea t l y f ac i I itated the deve lopment and maintenance of i nb r ed monoge rm 0-types , 
espec ia ll y i n a reas with hot s umme r s , where und e r i so la t ion no rma l se l f - ste ri le 
bee t s set ve r y I ittl e o r no seed. 

However , s in ce th e Sf gene resu lts in a h igh deg ree of se lec t i ve f e r t i I izat ion 
favouri ng the plants own po l Jen (Savitsky , 1952) , i t seve re ly hampers the 
deve lopmen t and cont i nuous improvemen t o f monogerm source popu lati ons from 
Which s up e ri or I i nes ca n be se lected . Ow ing to the rapid change ove r to 
genetic monoge rm seed, the amoun t of se lf-ste ri le mult igerm material s ubj ect 
t o intensive breed in g has decreased and many I i nes of less immedi a t e inte rest 
have no dou bt a lready been lost . With the bu l k of geneti c va ri ab ility st i l l 
t o be found in se l f - steril e , mult ige rm populations , eff i c ient and inexpens i.ve 
methods of gene introducti on and popu lat ion improvement at the monogerm leve l 
are r equ ired , or t he comb inati on se lf-fert i I ity- hyb r id br ee di ng wi 11 i n the 
long ru n res u lt i n an impoverishment of the gene poo l of cu l t ivated bee t . The 
usef ulness of Me nd e li a n or gen ie ma le- ster i I i ty i n ge net ic improvemen t pro­
gr ammes with se I f - f e rt i I e beets , such as convergent im provemen t of i nbred 
I ines or in co r po rati on of desirable genes into estab l i shed i nbreds , wa s 
emphas iz ed by Owe n as ea r ly as 1952 in con necti on wi th h i s de sc r ipt ion of th e 
recess i ve gene a fo r po l !en abor ti on in s ugar bee t (Owen , 1952) . Late r 
Doggett a nd Joweft (1 963 , 1964) and Gi lmo re (1964) have s uggested th e use of 
ma Je- ste ri I ity to f ac i I ita t e r ecomb i nation in r ec urren t se lec t ion programmes 
With predominant ly se l f - f e rtil e c rop s . A system emp loy i ng the Coes genet ic 
ma I e- ster i I e (ms ) i n So r ghum for th i s purpose has recent I y been out I i ned by 
Doggett an d Ebe r~art (1967) . Two d i ve rgent popu lat ions a r e fo rmed one homozygous 
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fo r the genet i c r es t o re r facto r s for cytopla smic ma le- ste ri I ity and the ot he r 
homozygo us for th e ma inta iner facto r s , but in the f e rtil e cytop lasm . Both 
popu lat ions s hould seg rega t e for the ms3 gene . El ite I i nes se lected f rom the 
ma inta i ne r popu lation are used t o deve lop their cytop lasm ic ma le- s t e ril e 
co unt e rpart s . Rec urre nt se lect ion i s practised in bo t h popu la tions . Rec i proca l 
t es t-cross in g of I in es developed from th e populations i s s imp lifi ed by the 
use of ge neti c ma le- s t e ri I ity in th e r es t o r e r population and the cytop lasm ic­
s t e ri le equiva lent of the maintaine r pop ul ati on . Th e comme r c ia l pr oduct s can 
be s i ng l e - c ross hybrid s , va ri ety-c ross hyb rid s or pure I ine va ri eti es . 

The presen t r eport desc ribes an adaptat ion of thi s system t o beets . It pe rmits 
the use of va r ious k in ds of rec urrent se lec tion i n the deve lopmen t of se l f ­
fe rti le , monogerm, 0-type I ines and the ir male-ste ril e co unte rp a rt s , and 
greatly s imp lifi es the in co r po rat ion of new genet ic va ri a bi I ity into the 
pop ulati on from se lf- s t e ril e , mu lti ge rm pop ul at ions . As in So rgh um pol I i nato r 
populations ca n be deve loped a long the same I ines . Since th e re i s no advan t age 
in having monoge rm po l I inator I in es fo r hyb rid seed production and the deg ree 
of ferti I ity of the comme rci a l hybr id i s unimportant in a root c rop, th e 
hand I ing o f po l I i na t o r popu lat ions fo r s ing le- c ross hyb rid s o r three- way 
hyb rid s presen t s no difficulti es . 

In a diploid hybrid programme , the deve lopment o f i nb r ed I ines from the best 
root s in each cyc le o f se lection appea r s to be mo st effi c ie nt, at least i n 
th e long run. If pract i sed in both th e 0-type and th e pol I inat o r pop ul ation s , 
four-way hybrid s can be produced uti I izing cy topl asm ic mal e - s teri I ity in one 
of th e s in g le c rosses and th e fin a l c ross and Me nd e li an ma le- s teri I ity i n the 
ot her s ingl e c ross, as proposed by Owe n (1954). However , a se ri ous di sa dvan t age 
o f thi s method i s 1-hat at least 50% of the p lants i n th e I ine seg regat i ng for 
Mende I i an ma I e - s t e r i I i ty w i I I have to be rogued out s i nee they a r e po I I en 
prod uce r s . If in s t ead , a po ll en r es tore r pop ul ati on i s fo rmed an d subject ed 
to th e same sys t em o f se lect ion as th e type 0 populati on, it s hould be poss i b le 
t o deve lop doubl e - c ross res t o red hybrid va ri e ti es ba sed on four inbre d I i ne s 
two of wh ic h a r e cytop lasmi c mal e- s t e ril e , one an 0-type an d one a pol I en 
fe rt i I i ty res t o r e r (Th e ure r and Ryser , 1969) . 

HO\veve r, the a uthor' s interest in t he present method i s pr ima ril y the poss ib i-
1 iti es it seems to off e r to deve lop triploid hybrid s ugar o r f odder beet 
va ri eties . A se lect ed, broad -base cy t op lasm ic ma le- ste ril e pop ulati on i s 
probab ly a bette r fema le pa r e nt o f tripl o id hybr id s tha n i nb r eds or F

1
-h yb ri ds , 

espec ial ly if th e cy t op lasmic ma le - s t e ril e equiva lent o f the 0 - type popu lat ion 
i s used as a te s t e r in th e deve lopment of th e t etrap lo id po l I i nato r popul ati on 
(Bosema r k, 1969 ). In th e followin g emph as i s i s placed on thi s a lte rn at i ve , 
a nd th e deve lopment of diploid po l I ina t or pop ul ations o r r es t ore r popu lati ons 
i s not di sc ussed. 

Th e recess i ve gene ~1 fo r Mende li an ma l e- s t e ri I i ty us ua ll y g i ves a ve r y c l ea r­
cut 3 :1 seg r ega ti on with only s li gh t e nv ironmenta l mod ifi ca ti o n (Owen, 1952 ). 
Lines inco rpor at ing th e a l gene have bee n wide ly di s tributed t o s ugar beet 
bree de r s through th e U. S~ Depa rtment o f Ag ri cu lture . A se lf-f e rtil e , monog e rm 
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0- type I ine seg rega ting f o r ~i ( SfS fmmA 1 ~1 xxzz) i s used to initiate th e ma i n­
ta i ne r popu lation. Its deve lopmen t from th e app rop ri at e c rosses sho uld not 
present any diffi culti es . Ma le - s t eril e seg regants from t his I ine may be c rossed 
direct l y with se lf- s t e ril e , mu lt igerm popu lati ons . Howeve r, s ince mos t breede r s 
a lready ca rry a numbe r of accep t ab le monoge rm, se lf-f e rti I ~ type 0 in breds , 
t he use of these as in it i a I po I I i nato r s w i I I expedite the formation of a 
mainta i ne r popu lation (see Fi g . i ( i ) ). Al I s uch Fi-crosses ma y be bulk propa ­
gated (2) . St eck li ngs from th e fo ll ow ing Frge ne ration, wh i ch will seg regate 
for t he ~i gene , are p lanted out i n a c ross ing plot (3-4 ) . At f lower ing ti me , 
sterile F2 - p lant s a r e tagged, a nd seed i s harves t ed on ly from these p lan t s . The 
of f- sp ring from these s t eri le p la nt s (5 ) wi 11 g i ve a 2 :i seg r ega tion (2 f e rti­
le : i s t e ril e ). To s tart th e cytop lasm ic- s teril e co unte r part of the popu lati on , 
a numbe r o f rows of a good, monog e rm, cyt op la sm ic ma l e- s t e ril e (CMS) I i ne may 
be p lan t ed out a lrea dy in thi s fir s t F2- p lot and ha r ves t ed sepa rate ly . To 
achieve a ce rta in deg r ee of I in kage eq ui I i br ium i n th e popula ti on , it may be 
adv i sab le not to se lect in the initial popu lati on , but in th e next cyc le . 

Un le ss the numbe r of inbreds inc luded i n th e s t a r t i ng populati on i s hi gh , the 
i ntroduction of new materia l from mu lti ge rm, se lf- s t e ril e popu lati ons sho uld 
s t a rt as soon as poss ibl e . Again se l f - fer til e , Men de li a n ma l e- sterile, type 0 
p lants wi I I be required as fema les for the c ross i ng s (6 ). However , th ese p la nt s 
sho uld not be long t o th e I i ne used to initiate the popul ati on but be taken from 
th e F7 - or F3 - gene rat ion. If the ma le- s t e ril e p lants used fo r introducti ons 
a re a Tways ta ke n from the mos t r ecent popula ti on, the risk of introduc i ng 
unwanted c ha ra cteri sti cs through th ese s t e ri les is mi nim i zed ; moreove r, a 
s ing le genot ype i s not al lowed t o put it s s tamp on th e populat ion . If, for the 
sake of expedi e nc y , we accept the hypothes i s f o r t he geneti c ba ckg round of 
~ytop l asmic ma le- ste ril'ity put forward by Owen (1 945) , th e Fi -pl an t s from 
introductions wi I I cons is t of four genot ypes ; XxZz , Xxzz, xxZz and xxzz , a l I 
of wh ic h wi 11 be he t e rozygous for th e gene for monoge r mity (~) and for ~1 (7). 
The proporti ons of the four genotypes a ff ecting f e rti I ity in s t e rile cytop lasm 
Wi I I, o f co urse , depend on the co ns titution of th e mu lti germ pop ul ati on . To 
f!nd the xxzz-plant s , a l I Fi- p lant s are t es t-c rossed with a cytop lasm ic s t e ril e 
I ~n e ca rry ing the dom inant ge ne~ for an nual habit (Owen , 1950 ). F1-progeni es 
with this I ine (F 1 AMS) hav ing 100% s t e ril e p lants (8) a ri se from c ro sses with 
Pla nt s th at are 0-types (xxzz). At the same time as th e c ross ings with th e AMS , 
al I .plants a r e a l so back- crossed t o new ~f s fmmai~1 xxzz - plants (7 ). The off­
s pr1ng s from c rosses with xxzz -pl ants, ident ifi ed through the AMS t es t c ross , 
Wi I I seg regate 1 :i fo r each()f the facto r s ~ and ~1 while be ing homozygous for 
the s t e ri I ity ge nes . St eck I ings from a l I s uch c r osses a re p lan t e d in th e c ros­
sing and recombination p lot tog ethe r wi t h s t eck l in gs from the seg r ega ting 
ma i nt a i ne r pop ulati on and the CMS back- c ross population as out I ined in the 
diag r am (9). If th e initi a l un se lected maintaine r popul ati on i s used, it wi ll 
seg r ega t e for fe rtil e (F) and steril e (S) plants in the ratio 2 :i as i I lu stra­
t ed · In I a t e r eye I es wh e n the popu I a t ion i s formed through i nte rcross i ng of 
Se lec t ed S1-I Ines th e seg r ega tion wi 11 be 3:1. At flowering, ma le- s t e ril e 
seg regan t s from th e ma intaine r popu lation are t agged f or indi v idual seed 
ha r vest. The f e rti les may be se lected for vigour and morphologi cal characte r s . 
The CMS p lant s are chec ked for ma le- s t e ri I ity an d of f-types . Th e introducti ons 
a re se lect ed f or both monogermity and mal e- s t erility , which means that on an 
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FIGURE I 

Diagram illustrating the use of mendelian male-sterility in 
recurrent selection with a self-fertile, monogerm, type 0 

sugar beet population 

(In the text reference is made to the 
figures 1-13 in the left hand margin) 
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F IGUR E I (continued) 
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FIGURE I {continued) 
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ave rage 1 p lan t in 4w i11 be sa ve d. The rea so n fo r r emov ing a l I fe rti les i s 
t ha t t he newly introd uced genot ypes have not been prev ious l y tes t ed. By a l low­
i ng on ly male- s t e ril e p la nts t o r ema i n in t he c ross ing plot, t he i ntroduct ions 
can not contaminate t he popu lat ion. Af t e r eva lu ati on of th e hyb rid s fo r med on 
th e ma le - s t e ril e p lant s , it ca n be dec ided if t he introduct ions sho uld rema in 
i n t he popu lat ion o r not. 

In t he fo l low ing year, th e seed ha r vested on t he ma le- s t e ri les -those from 
t he popu lati on , a s wel I as the introduct ions - a re subject e d to a sc reen ing 
tri a l (1 0 ). The seed ha r vested from the CMS p lan t s i s sown o ut for steck l in g 
produc ti on . Sin ce t he numbe r o f en tri es i n t he y ie ld tri a l i s la rge , and the 
sc ree ning i s of a pr e I imina r y nature , 2-row p lots r ep I ica t ed t wice wi 11 
s uff ice . One of the r ep I ica ti ons i s ha rvested and ana l ysed in t he usua l way 
the ot her i s used as a se lecti on p lot a nd ha r vested on l y when the tri a l 
resu lts a r e know n. From eac h of t he se lecti on plots be long i ng t o th e bes t 
25% of th e en tri es 4 o r 5 des irab le roots a re se lec t ed. Next yea r a l I o f 
these a r e p lanted out i n a seed p lot we ll i so lated by di s t ance, hemp , musta rd 
or ot he r mea ns (11). One ha lf of t he p lan t s wi I I be ma le - s t e ril e an d a re 
removed leav i ng a t leas t one good fe rtil e p lan t f rom eac h Fi to produce se l fed 
seed . (When t he ma inta in er popu lati on i s based on s 1-I i nes on ly one t hird of 
the p lants wi 11 be ma le-s t e ril e ). To ens ure com pl e t e se l f-po l I i nat ion it i s 
necessa r y to i so lat e eac h p lan t. Howeve r, p lan t s ca rry i ng the s f gene wi 11 
usua ll y produce abo ut 75- 95% se lf ed seed even witho ut i so lati on, an d it i s 
ve r y I ike ly that f o r t he present purpose we ca n di s pen se with i so la ti on and 
st i I I I ook upon the seed as se I f ed seed. Anothe r poss i b i I i ty i s to use 
isolators tha t a r e open a t th e t op . Such i so la t o r s ca n be made from bamboo 
canes and p lasti c shee t s and s hould have t he advan t age ove r cotton tent s of 
not d imi n i sh ing t he seed y ie ld. 

In thi s conn ecti on , it sho uld be po i nted ou t that a l I f e rtil e plants se lect ed 
Wi I I notfbe se lf-fe rtil e . The in her itance of the se lf-f e rtility conditi oned 
by th e S gene i s exp la ined by t he oppos iti ona l f ac tor hypot hes i s . Th us , 
hyb rid s-betwee n se l f-ste ril e an d se lf-fe rtil e plants a r e al I highl y se lf- f 
fe rtil e in FJ, F2 and s uccess ive se lf ed generat ions . A I i ne i n wh ich the~ 
ge~e has been introduced consequen tl y r ap idl y app roaches homozygos it¥ f o r 
t h is fac t or. Howeve r, if ma le- s t e ril e p la nt s hete rozygous fo r the S gene 
are po l I i nated by f e rtil e heter ozygot es , se lf-ste ril e p lan t s wi I I ari se in 
t he off s pring. The re fore , it i s im portan t th at amo ng t he p la nt s entering the 
~a i nta i ne r population t he pe rcen t age of plants het e rozygous fo r t he ~f gene 
Is as low as possib le . Hence , t he progen i to r s of th e ma le- ste ril e monoge rm 
O~t ypes used fo r the fir s t c ross , as 101 I as the back- cross with t he introduc­
ti ons , sho uld be homozygous f or t he S gene . Thi s ca n be asce rta ined by 
cross i ng some s uch p la nt s with se lf-steril e , Men de li an ma le- s t e ril e t es t e r 
Plant s . If the t es t e r p la nts a l so ca rry the gene B fo r a nnua l grow t h habit, 
t he FJ wi I I fl ower without phot ot he rma l i nduct ion- an d the genot ype of th e 
t es t-pl an t s can be ra p idl y det e rmin ed by bagging a few of th e f e rtil e F1-pl ant s . 
Al I th e same 1 ou t of 16 (max imall y) of th e p la nts se lec t ed fo r se lfing wi I I 
be se lf- s t e ril e. If pol I en - proof i so lators a r e used for producti on of the S1-
9ene rat ion, s uch p I ants w i 11 of co ur se be r ead i I y s potted by th e ir I ow seed 
set. However, if th e se lective ferti I i za ti on of plants ca rry ing the Sf gene 
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i s r e li ed upo n t o produ ce se lf ed seed, s e lf-ste ril e p la nts wi I I have t o be 
identifi ed by bagg ing a sma l I br anch on eac h p lan t with a kra ft pape r ba g . 
Two t o th ree week s af t e r f lowe ri ng , se l f - ste ril e p la nt s can be i dentifi ed a nd 
r emoved (Sav itsky , 1952 ). Al I s1 seed lot s a r e t es t ed in y ie ld- t ri a l s ove r 
a s many r ep I ica ti ons as t he seed quant iti es pe rmit. Pre f e r ab ly , r e p I i ca t ions 
s hou ld be sp read ove r as ma ny loca ti ons as poss i ble (1 2). St eck ! i ngs a r e a l so 
sown from eac h s1-I i ne . It i s impo rta nt t o ca rry ove r some seed s ho uld t he 
ma t e ri a l in t he fi e ld be los t fo r one reaso n o r othe r. From t he tri a l r es u lt s , 
10 to 20% of t he bes t Si-I ines a re se lec t ed. A numbe r of steck l i ng s f rom eac h 
of t hese se lec t ed I i nes a r e mixed toge t he r a nd p lan t ed ou t th e fo l low ing 
sp ri ng t o f or m t he imp rove d pop ul ati on (1 3 ). At f lower i ng ti me th e mos t 
des i rab I e ma I e- ste r i I e p I an t s in t he pop u I at ion a re aga in t agged . Unwa nted 
fe rti les sho uld be r emoved as soo n a s th ey ca n be ide nti f ied. As in th e 
prev ious cyc le , CMS p la nt s a r e p la nted o ut i n stri ps i n t he p lot t o produ ce 
t he next CMS back- c ross . If new ma t e ri a l s a re introd uced , t he ir ma le- s t e ril es 
wi I I a l so be a l lowed t o fo rm seed i n t he p lot. The seed ha r ves t ed on t he ma le ­
ste ri le p lan t s be long i ng t o t he pop ul ati on i s bul ked, except t he seed from t he 
tagged plant s , wh i c h i s ha r ves t ed sepa ra t e ly . Th i s comp let es th e cyc le . 

Fo r th e benef it s of t he presen t s ystem to be full y r ea li zed , it i s impo r t a nt 
to ma i nt a in a la rge numb e r of p lan t s i n eac h cyc le so t ha t se lec t ion ca n be 
ca rri ed ou t on root cha rac t e ri s ti cs as we l I as seed p la nt cha rac t e r s . The 
last i s not t he least impo rtan t s i nce seed- producti on capac ity , deg ree of 

monog e r mity , lac k of f asc iat ion, s hape and s i ze of t he seed , pe rcentag e of 
f a l se twin s , as we l I a s ge rmin ati on capac ity wi 11 hav e t o be s ubj ec t ed to a 
co nti nuous se lecti on pr ess ure . 

Go i ng back t o t he CMS back- c ross seed, th i s ca n be tri ed out as the f ema le 
partne r i n var ious hyb ri d comb i na ti ons with a lrea dy ap proved di p lo id or t et r a­
p lo id po l I i na t o r s . If and how soon i t wi 11 be of i nte res t i n comme rc ia l seed 
prod uct ion , of co ur se , depends on the ma t e ri a ls th a t have gone i nt o the 
pop ul ati on . Howeve r, irres pecti ve of thi s it s hould be used as t es t e r i n t he 
deve I opment of new an d imp roved po I Ii nato r popu I a t ions . If t he goa I i s a 
comme r c ia l tri p lo id hyb rid, we t hus have t o co ns ide r t he s ys t em fo r imp rov i ng 
th e te trap lo id pop ul ati on. In pri nc i p le rec urren t se lec t ion ut i I i z ing se l f ­
fe r ti I ity a nd t he a i gene sho uld be poss i b le a l so a t t he t etrap lo id l eve l. 
Howeve r, th e r e a re- sti I I ma ny ques ti ons t o be a nswe red be fo re s uc h a sys t em 
ca n be put into practi ce . At present, conve nti ona l f am il y I in e breedi ng i s 
nea r es t a t han d, a nd i s I i ke ly s ti I I t o res ult in co ns id e rab le imp rovement . 

A bu l k c ross of t he bes t ava il a bl e se l f - s t e r i le , t etrap lo id, multi ge rm st r a i ns , 
would be a s uitab le s t a rting ma t e ri a l. Sing le pl a nt progeni es (o r two- p lant 
f ami I ies ) based on indi v idua ll y s e lec t ed root s a re t es t ed in a pre I imina r y 
t ri a l a nd se lec t ed fam i I ies sepa re t e ly in c reased. Th e I ines thu s deve loped 
s hould be a l lowed t o c ross with the lat es t CMS back- c ross popul ati on. Th e 
I i nes produc in g t he best 25% of these 3x- c rosses may the n inte r c rossed t o 
for m t he new improved t etrap lo id popul ati on a nd th e who le procedure i s aga in 
r epea t ed . To ma inta in genet ic va riabi I ity i n the improved popul ati on it sho ul d 
not be based on t oo f ew f ami I i es . The ave rage of the se lect ed 3x- c rosses can 
be used t o predi ct wh e n comme rci a l s eed with sa ti s f acto r y yi e lding capa c ity 



- 135 -

can be expec t ed from c ross ing the CMS pop ul ation an d th e 4x popu lati on. Anot he r 
advantage of thi s method i s that se lec ti on for fl owe r-ing t ime ca n be made 
by e liminating those tetraploid fami I ies i n wh ich flowe ri ng does not co i nc ide 
with that of t he CMS - pop ulati on . 

Summ ing up, t he proposed system r eta in s th e advan tages of th e sf gene i s 
deve I opme nt of 0-types , espec i a I I y i nb red type 0 I i nes . At t he same t i me 
i t grea tl y faci I ita te s gene i ntroduct ion and con ti nuous imp rovemen t of mono­
ge rm popu lat ions by the use of r ec urren t se lecti on based on s 1-tes ting . Whether 
the fi na l goa l i s var ieti es based on i nbreds or popu lat ions , th e poss i b i I iti es 
for mutua l test - c ross i ng in the eva luation o f the resu l t o f each cyc le of 
se lecti on sho uld a l so be usefu l. Th is ap pli es not th e least t o the deve lopmen t 
of trip lo id hyb rid s . 
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GENERAL AND SPECIFIC COMBINING ABILITIES IN 

WHITE CLOVER (Trifolium repens). 

V. Con no ll y 

Ag ri cultura l Ins titute , Ca rl ow , Ire land 

SUMMARY 

The he ritab le an d non - he ritab le va ri ati on be tween s i ng le c rosses fo r three 
White c love r <Trifolium repe ns ) c ha rac t e r s , (a ) leg ume y ie ld, (b) mi xed 
herbage y ie ld an d (c ) magnesium content of th e legume component , wa s in ves ­
tiga t ed. Th e t e n pa re nts o f the di a l le i set of c rosses were se lect ed from 
evo l ut iona r y d i s tinct popu lati ons of white c love r. 

Genetic va ri at ion was pr edom i nantl y additi ve for a l I cha ract e r s . Leg ume 
Yie ld an d y ie ld of mixed he rb age s howed pos iti ve geneti c co rre lati on. Th e re 
was ev idence that th e progeny of some pa ren t s fo rmed a mo re effici e nt asso­
c iati on with th e grass component of th e s wa rd than ot he r s . 

The imp I ica ti ons of t~e resu lt s r ega rding t he breed i ng of thi s spec ies an d 
imp rovement o f swa rd productivity i s d i scussed . 

I - INTRODUCTION 

In c rease i n y ie ld, pa rti c ul a rl y i n ea rl y Sp ring and lat e Aut umn , an d im proved 
Pe r s i stency und e r h igh leve ls of n i t rogen a re the major objecti ves in th e 
5~ 1 ect i on o f white c love r (T ri fo l i um re pen s) i n Ire land . Breeding programmes 
with s imil a r object i ves a r e i n pr og ress in U. K. (Davies and Evans , 1968 ; 
~av i es , 1970) and New Zea lan d (Barc lay , 1960 , 1964) . Ecot ypes an d va ri eti es 
int roduced from a reas where adap t ati on to long per iods of winte r do rmancy 
does not occ ur have prov ided des irab le geneti c va ri ati on, i n respect of some 
of t he cha racte r s concerned. Hybrid izati on o f ada pted va ri eti es with t hese 
ecot ypes an d se lecti on in s ub sequen t gene rati ons i s th e gene ral pattern 
adopted i n t hese breeding prog r ammes . Res pon se t o se lect ion wi I I depen d on 
t he ext ent t o whi ch the variat ion exp ressed by the c ha ract e r s co nce rned i s 
of th e additive geneti c t ype . 

Th e purpose of the work desc rib ed in this pape r was to esti ma t e the degree t o 
Which the obse r ved va ri ation wa s geneti c an d t o pa rtition thi s componen t into 
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additi ve and non-additive fracti ons . 

The problem of eva luati on of s ing le plants o r f am i I i es (whe re seed s uppl y is 
a I imiting f ac tor) o f wh ite c love r a nd of pasture s pec ies in gene ra l has 
been the subjec t of much resea r ch (Atwood a nd Ga r be r, 1942 ; Mye r s a nd 
Ga rbe r, 1942 ; Ah lgr en et a l, 1945 ; Wilsi e , 1949 ; Wri ght , 1960 ; Dav ies , 
196 1, 1970; Lazenby an d Roge r s , 1962 an d othe r s ). Th ese expe ri ments s howed 
that fo r s uch chara ct e r s as y ie ld, th e pe rformance of wide ly spaced p lant s 
i s an unre li a bl e guid e t o producti v ity unde r norma l pastu re cond iti ons . In 
the inves tigation of th e geneti c control of producti vity and in se lec ti on fo r 
thi s cha rac t e r it i s , the r e fore, des irab le that measu rement s a r e mad e on 
grass/c love r s ward s . Me thods of eva luating individual p lan t s and f am i I ies 
in s imu lat ed pasture conditi ons have been desc rib ed by Atwood an d Ga r be r 
(1 942 ), Gibson (1964), Dav ies (1958 , 1969 ). These t ec hni ques we re employed 
in the presen t s tud y . 

2 - MATERIAL AND METHODS 

During t he pe ri od 196 1 - 63 app rox imat e ly 180 ecotypes a nd va ri e ti es i nt ro­
duced f rom a rang e of c limati c r eg ions were eva luat e d as s paced plants. 
Variation between pop ul ati ons was obse rve d fo r s uch c harac t e r s as seaso na l 
growth patte rn, lea f s iz e , petiol e l9ngt h a nd dens ity . Within populati ons 
the pl a nts s howed a high deg ree of unifo rmity for th ese cha rac t e r s . 

One ge not ype was se lec t ed from eac h o f th e fo l low ing t en popu lati ons. 

Pa ren t 

2 

3 

4 

5 

Population 

Ecotype 

France 

Eco t ype 

France 

Ecoty pe 

France 

Ecotype 

Be lgium 

Variety "Pi !grim" 

Ca nada 

Major Characte ri s ti cs 

Vigorou s s pring a nd mid­

s umme r, long peti o le , 

medium-larg e lea f. 

Simil a r in mos t r espect s 

to pa re nt 1 . 

Poor g rowth, short 

pet i o I e , sma I I I ea f, 

prost rate . 

De nse , e r ec t growth ha bit, 

medium lea f s iz e . 

Ladino c love r, large lea f, 

good es tabli s hment, poor 

pers i s t ency. 



Pa r ent 

6 

7 

8 

9 

10 

Pop ul a tion 

Va ri ety "S100 " 

U. K. 

Va ri e t y "Cra u" 

France 

Va ri e t y "Kent i sh 

W i Id White ". U. K. 

Eco t ype 

I s r ae I 

Ecot ype 

Ire land 
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Major Characte ristics 

Vi go rous ada pted va ri e t y 

medium leaf s ize . 

Good ea rl y sp ring growth 

medium-l a rge leaf s iz e . 

Prost rate growth hab it, 

small lea f s i ze . 

Ve r y good Au tumn growth, 

poo r winter ha rdiness , 

medium-large lea f s iz e . 

Good sp ri ng g r owth, 

medium-l ea f s iz e . 

Th ese 10 parent.s we re di a l le l c rossed by hand pol I in ati on . Th e plants were 
not emasc ulated, t es t s of se lf f e rti I i ty showed tha t a l I pare nts we r e highl y 
se l f s te ril e . In Ap ri I 1964 , seeds from eac h of the 45 s ing le c rosses (eq ua l 
amo unts of seed from rec iproca l c rosses we re bulked t o provid e suffic~ent 
Plan t s f or fi e ld p lot estab li s hme nt) we re sown i nd i v idua ll y in 2 . 5 cm pea t 
pot s i n the g lasshouse . At the same time t he expe ri men t a l area i n th e fi e ld 
~as sow n with pe re nnial r yeg r ass . Parent 4 had di ed during winte r, the r ema i n­
ing n ine pa ren t s we re c lona l ly propagated to g i ve 160 propagu les per pa ren t. 
Fi e ld p lot s we r e es t ab l i.s hed by tran sp la nti ng 5 - week o ld c love r seed I ings 
an d paren t c lones into th e new ly sown ryegrass s ward. A rand om i zed block 
des ign with f our r ep 11 cati ons was used. 

Each ~ l ot r ep resentin g a s ing le f am il y o r pa re nt co ns i s t ed of 39 seed I ings 
(or propag u les ) in three rows spaced 30 cm apa rt wit hin and be t ween rows . 
Wit h i n a s hort pe ri od (5 - 6 weeks ) these p lan t s had sp rea d and formed a good 
grass/c love r s wa rd. Th i s techn ique i s s imil a r t o tha t desc ri bed by Dav ies 
(1958) fo r the eva l uat ion of fam i I ies und e r si mu la t ed swa rd conditi ons . 

Yie ld was es timated from a n a rea 3 . 6m x 0 . 9m cu t through th e centre of eac h 
Plot (ove r a l I p lot s iz e wa s 4. 6m x 1 . 8m ). Thi s he r bage wa s s ub- sam pl ed for 
dry mat t e r de t e rmin ation a nd fo r sepa rati on into g rass a nd c love r components . 
Du ri ng the pe ri od 1964 - 67 e ighteen cuts we re t aken, two in th e es t a bli s hment 
Yea r 1964 , s ix in 1965 and 1966 , a nd four i n 1967 . 

3 - ANALYSIS OF DATA 

From fi e ld obse rvat ion and exam i na ti on o f trea t ment mea ns it wa s apparent 
th at s in g le c ross f am i I ies gr own from seed we re in gene ral more v igo rous than 
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the parent plots wh ich were establi shed from c lon es of th e pa rent geno t ypes . 
Simi la r difficulties in compa ri ng vegeta ti ve ly propagated pa r en t s with 
prog eny es t ab li shed from seed have been r ecorded in othe r expe ri ments (Feje r, 
1969 ; Coope r and Wi Iso n, 1969 ; Co nno ll y, 1970) . The dial le i ana lysis was , 
th e r e fo re , based on the se t of 45 Fi famil y means fol low ing Griffing (1956 ) 
Method 4 Model 1. Of the cha r ac t e r s measured only th e results fo r dry matter 
y i e ld of (a) leg ume yie ld (b) mixed he rbage y ie ld (i. e . g rass + leg ume ) and 
(c) magnes ium con t en t of the leg ume dry ma tte r wi I I be presente d he re . 

4 - RESULTS 

I) Estimates of combining abilities for characters (a) and (b) : 

Pre I iminary analyses s howed that s ign ifi can t diffe~ences between crosses 
were present for eac h c ut in a l I yea r s . Pa rtiti on ing of thi s between f am il y 
va ri ati on s howed th at i n a l I 36 dial le i ana lyses (both cha racte r s ) the 
gene ra l combining ab i I ity ef f ec t (g.c.a.) was hi ghl y s ignifi ca nt. Th e s pecifi 
combining abi I ity (s.c . a .) mean sq ua r e was s ignifi ca nt on ly in 11 of these 
a nal yses . Es timates of th e parameter, gi , meas uring the acc umul ative additi ve 
gene ef f ec t s of the ith parent are shown graphi ca ll y in figs. 1 and 2 for 
eac h of the 18 c ut s. (Note, th e numb e r given to eac h c ut indi cates the month 
in which the y ie ld s were measured as fol lows : 1 Ap ri I, 2 Ma y, 3 J un e , 4 Ju ly 
5 August - Septembe r, 6 November). Th e es timat es of g . f or both cha r ac t e r s , 
leg ume and mixed herbage dry matter y i e ld a r e s hown t~gethe r fo r each pa ren t. 
The cc rresponding values f or acc umul ated t ot a l y ie ld ove r a l I c uts in eac h 
yea r are g iven in table 1. 

Th e main f ea tures of these resu lt s a r e summar i zed as fo l lows : 

- Ave rage performance : Parent 6 , (de rived from the va ri ety S100 ) a lt ho ugh 
ou tra nked at ce rtain periods of th e yea r, showed very high ave rage leve l of 
gene r a I comb ining ab i I i t y . Pa r en t 3 , 5 an d 8 were poo r a t a I I harvests . 

- Seaso na l diff e rences : Parent 10 showed th e highes t leve l of g . c .a . for 
ea rl y growt h particularly in th e fir s t 2 harvest yea r s. Parent 1 and 2 we re 
r athe r di sappo inted in thi s respect. Th e populations from wh ich these two 
pa ren t s were se lec t ed had shown good ear ly growth. The mos t stri ki ng season 
a l e ff ect s were s hown by parent 9 deri ved from the Is rae li population. Th i s 
parent had th e highes t values of g . c .a. f o r the two cuts in t he Sep t em be r­
Novembe r pe ri od . At oth e r c uts the 9 i values fo r thi s parent were mainly 
nega ti ve. Thi s osc i I lati on from posi ti ve t o negative va lu es with c hanging 
seaso n o f g rowth i s c lea rl y s how n in fig. 5. The s upe ri ority of thi s pa ren t 
i n la t e Autumn g rowth decrea sed as t he expe ri ment progressed. Th i s was 
probably due t o poor pers i s tency. 

- Repea tibi I ity : Repea ti bi I ity ove r yea r s , a lthough not ana l ysed s t at ist ica l 
l y, appea r ed t o be ve r y good . 

- Re lati ons hip be t ween leg ume a nd mixed he rbage y ie ld : Th e co rre lati on 
coef fi c ient between th e 18 pa irs of g i va lues for each pa rent i s g iven i n 
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figs . 1 and 2 . The co rre lat ions ranging from 0 . 46 - 0 . 79 a r e a ll posit i ve 
and d iffe r s ignifi ca ntly from ze ro . Compar i so n o f these r va l ues i ndicates 
that they do not d iff e r s ign i f ican tl y from each othe r. Neverthe less , the r e 
i s evidence that the ra nk order of pa rents based on g. va lues i s not th e 
same t o r both cha ra cter s . Fo r leg ume yie ld th e progeny of pa rents 1 an d 2 
were s imilar to those of pa r en t 6 in th e three years 1964 - 66 but much 
poo re r in t e rms of y ie ld o f mixed herbage (Tab le 1, fig s . 1 and 2) . 

- Genet ic Cont ro l : The genet i c diff e rences be tween the pare nts a re mainly 
ad ditive in nature . The s . c . a . e ff ects , whe re th ese we r e s i gn ifi cant , were 
re I at i ve I y sma I I and est imates o f s . . are not presen t e d here . 

IJ 

2) Components 

Est imation of g . c . a . a nd s . c . a . variance components i s not r e levan t in th e 
s trict sta ti s ti ca l sense where , under Mode l 1 assumpt ions (Ei senha rt, 1947), 
the g. ands . . effect s a r e rega rd ed a s constan t s . It i s , howeve r, poss i b le to 
calcu late an 1 ~verage of "sq uare d fixed e ff ects " (Wea rd en , 1964) which es timates 
the relat i ve cont ributions of ad ditive and non - addit i ve gene e ff ects to th e 
total phe notyp ic va ri ati on . Estimates of these componen t s an d o f e rror 
va ri ance we r e exp ressed as a percen t age of th e tota l phenotyp ic va ri atio n. Th i s 
data is summar ized in tab les 2 and 3 where : 

. 2 1 2 • 2 1 
~ ~ S" 

2 
a 9 ~ gi a 35 g s . . IJ 

l < J 

• 2 error vari ance (see Griffing 1956) a :=. 

e 

• 2 • 2 + 
• 2 

tota l phenotypi c vari ance and a + a a 
g s e 

With r ega rd to leg ume yie ld these res ult s show tha t for most cuts th e ad di tive 
genet ic componen t accounted to r more than ha l t t he total va ri ation . In the 
case of mixed herbage y ield the add iti ve contri but ion wa s a lmost invar iab l y 
less th an t o r leg ume y ie ld. Ni ne o f the e leve n ana lyses (consi de ri ng both 
cha racte r s) in wh ich non-additive e ff ec t s were s ignif ica nt occ urre d in the 
f ir s t three c uts o f 1965 and 1966 . With th e exception o f th e secon d c ut in 
1965 and the last c ut in 1967 , th e resu l ts we re in good agreemen t ove r yea r s . 

3) Ma gnesium content of legume (g/IOOg dry matter) 

Th i s cha racte r wa s measured t o r ten c ut s . In a ll analyses h i gh ly s ign ifi can t 
9 . c . a . e ffect s we re found but on ly in one c ut (fir s t cut 1966) we re the s . c . a . 
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FIGURE I 

Estimates of gi x 1000 for parents 1 - 5 for each cut 1964-67 

Legume dry matter yield. 
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FIGURE II 

Estimates of gi x 1000 for parents 6 - 10 for each cut 1964-67. 

Legume dry matter yield . 
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Table 1. Estimates of gi x 1000 for accumulated dry matter yield of legume and mixed herbage in each year -
gi (L) and gi (M) respectively. 

1964 1965 1966 

Parent No . 
gi (L) gi (M) gi (L) gi (M) gi (L) gi (M) gi (L) 

1 - 12 - 4 144 - 28 203 73 35 
2 - 5 14 168 43 334 149 75 
3 - 53 - 62 - 231 - 129 - 305 - 133 - 12 
4 24 69 - 75 39 -- 53 65 - 63 

5 - 41 - 69 - 138 - 190 - 85 - 78 - 95 
6 - 5 0 182 196 231 239 206 
7 - 2 - 29 76 - 44 147 - 13 40 
8 - 7 - 15 - 156 - 17 - 313 - 178 - 187 
9 81 83 112 74 - 52 - 102 - 16 

10 20 14 - 83 56 - 107 - 21 17 

S.E.gi I 8.6 I 16.8 
--· 

30.7 35.9 41.2 41.0 26.8 

S. C. A. effecis not sign i fi cant. 

1967 

Table 2. Estimates of components a 
2 , a 

2 , and a 
2 expressed as percent of the total phenotypi c variance. 

g s e 

Date of 
Legume yield Mixed herbage yield 

cutting - 2 - 2 - 2 - 2 ~ 2 
a a a a a 

g s e g s 

16/ 9/ 64 45.9 - 54.1 30.1 -
3/ 11/64 75.6 14.1 10 .3 71. 7 -

Total 1964 63.9 - 36.1 45. 7 -

8/ 4/ 65 62.3 - 37.7 37.3 23.5 
12/ 5/ 65 28.9 34.7 36.4 37.2 -
9/ 6/ 65 19.8 29. 7 50.5 15.7 29.1 

15/ 7 I 65 48.4 - 51.6 32.8 -
25/ 8/ 65 81.8 - 18.2 55.7 -
1/ 11/65 80.8 - 19.2 81.4 -

Total 1965 72.8 - 27.2 47.8 -

gi (M) 

65 

59 

29 

- 19 

- 68 

219 

17 

- 182 

- 132 

13 

36.3 

. 2 
a 

e 

69.9 
28.3 
54.3 

39.2 
62.8 
55.2 
67 .2 
44.3 
18.6 
52.2 
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Table 3. Estimates of components, a~ , a~ , a~ expressed as percent of total phenotypic variance 

Date of 
Legume yield Mixed herbage yield 

cutting ' 2 ' 2 ' 2 ' 2 A 2 A 2 a a a ag a ae g s e s 

20/ 4/ 66 66.2 17.4 16.4 57.8 16.3 26.0 
16/ 5/ 66 71.8 10.6 17.6 73.9 7.8 18.3 
4/ 7/ 66 25.3 44.3 30.4 18.0 - 82.0 

17/ 8/ 66 67.8 - 32.2 47 .2 - 52.8 
20/ 9/ 66 75.9 - 24.1 49.0 - 51.0 
2/ 11/ 66 61.9 - 38.1 41.9 - 58.1 

Total 1966 68.3 10 .0 21.7 50.7 - 49.3 

2/ 5/ 67 67.7 - 32.3 43.8 - 56.2 
20/ 6/ 67 60.8 - 39.2 35.9 - 64.1 
27/ 8/ 67 33.1 - 66.9 43. 7 - 56.3 
23/ 11/ 67 16.0 - 84.0 14.9 29:5 55.6 
Total 1967 61.6 - 38.4 48.5 - 51.5 

Table 4. Estimates of gi x 1000 for Magnesium content of legume dry matter. Cut numbers as in figs. 1 and 2. 

Year and cut number 

1964 1965 1966 
Parent No. 

5 6 1 2 3 4 5 6 1 6 
' 

1 9 14 - 5 - 1 - 15 - 7 13 - 6 - 2 5 
2 2 - IO 1 - IO 18 2 - 9 - 8 9 - 5 
3 - 21 - 6 - 6 - 21 - 12 - 15 - 29 - 14 - 18 - 21 
4 7 - 3 7 7 2 2 - 7 2 4 2 
5 7 0 16 8 15 22 15 13 28 34 
6 - l 9 4 14 6 27 19 18 23 27 
7 5 15 IO 9 - 1 - 2 - 4 - 1 - 8 - 8 
8 9 20 7 17 18 11 21 16 17 22 
9 -- 6 - 16 - 22 - 19 - 13 - 27 - 11 - 13 - 38 - 42 

10 - 9 - 22 - 12 - 4 - 18 - 13 - 8 - 7 - 16 -14 
,____ 

S.E. gi 4.3 5.8 4.0 4.6 ..__ 7.0 5.2 6.7 3.8 3.2 4.5 
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e ff ec t s s ignificant . Es ti ma t es of t he g. va l ues a r e I i s t ed in t ab le 4 . Pa ren t s 
3 , 9 and 10 had cons i s t e nt ly nega ti ve e~ti mates of g . f or a l I pe ri ods o f t he 
yea r whil e pa r e nt s 5 , 6 a nd 8 had pos iti ve va lues . T~ e va lues fo r pa r en t 4 
did no t d iff e r s ign ifi cantl y fr om ze ro , i. e . t h i s pa r en t was ave rag e (g . = 0 ) 
fo r the gr oup. Th e s ign o f the es ti mates for pare nt s 1, 2 a nd 7 va ri e d ~it h 
seaso n and r epea ti b i I ity ove r yea r s fo r co rrespo nding c uts was much poo re r 
than for the oth e r pa r e nt s . 

5 - DISCUSSION 

Yi e Id : It s hou Id be reca I I ed tha t t he paren t s o f th e di a 11 e I we re se I ec t ed 
from wide ly contras ting popu lat ions , th e re s ults a nd th e ir inte r pretati on 
have , t he r e fo re , a I imi t ed ap p li ca ti on. Ge net ic diff e rences be t ween t he pa ren t s 
we r e predom in a ntl y addi ti ve . Non - additi ve genet ic e ff ec t s were r e lati ve ly 
sma l I an d co nfin ed a lmos t entire ly to sp ring a nd ea r ly s umme r gr owth . Ba rc lay 
(1960 ) a l so fo und s . c . a . e ff ec t s present fo r s umme r growth but absen t f o r 
winte r producti on whi le g . c . a . e ff ects we re s ign ifi ca nt fo r bot h pe ri ods . 
Wi l so n a nd Coope r ( 1969 ), wo r ki ng with r yeg rass , found t hat he rita b le va ri a­
ti on for a numbe r o f c ha rac t e r s r e lat ed t o gr owth r a t e wa s ma i n l y due t o 
addit i ve ge ne e ff ec t s . 

Va ri ati on i ~ productiv ity cha rac t e r s o f popu lati ons of Lo i i um pe re nne de ri ved 
from o ld pa s ture have been s tud i ed by Feje r ( 1958 ) an d by Haywa rd a nd Br eese 
(1966 , 1968 ). Th ey conc lude d t hat rec iproca l diff e r e nces an d additi ve nuc lea r 
ge ne e ff ects we r e prese nt bu t found no ev id ence of dom ina nce o r e p i s t as i s . 

Haywa r d an d Breese ( loc . c it.) have a r gued th at, unde r cond i t ions wh e r e 
sex ua l rep rod ucti on i s absen t o r ve r y infreq ue nt (as occ ur s fo r pe r s i s t en t 
r yeg rass popul ati ons s uch as those used in the ir s tud y ), adap ti ve respo nse 
wou id be cond iti oned mainly by extra -nuc lea r var iab l I ity . Thi s wou ld accoun t 
fo r the cytop lasm ic va ri ati on wh ich th ey found a nd a lso f o r t he absence o f 
non - add iti ve e ff ec t s wh ic h might r easo nab ly be expec t ed t o occ ur i n c rosses 
be t ween d iff e r enti a t ed popu la t ions whe re sex ua l r e produc ti on i s the rul e 
r athe r than th e excep ti on (Breese a nd Mathe r, 1960) . No i nfo rmati on on r ec i­
proca l di ff e r e nces i s ava i I ab le from the present st ud y a nd compa r i sons with 
th e r es ult s obta in ed by Haywa rd an d Breese ( loc . c i t .) a re I imi t ed i n th i s 
r espect. 

Assum in g that the additi ve geneti c va ri ati on meas ured wa s due t o nuc lea r gene 
e ff ec t s and a l lowing fo r the f ac t th at rea li sed r es pon se to se lec ti on i s 
frequently less t han the predi c t e d va lue , th e r es ults indi cate th at s ub s t an ­
ti a l im provemen t in prod uct iv ity s hould be ac hi eved by se lecti on amo ng th e 
prog eny of t hese c rosses . In pa rti c ul a r, it s ho uld be poss i b le t o in troduce 
t he d ~s irab l e c haracte ri s ti cs of Is r ae li ecot ypes into existing adapted 
vari e ti es . 

With r ega rd t o pasture pr od uctivity the des ired objecti ve i s t o improve the 
y ie lding ab i I ity of the gra ss/c love r s ward r a ther th a n chang e one parti c ul a r 
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compo ne nt o f it. Beca use t he additi ve ge neti c e ff ec t s gove rning y ie ld o f t he 
clove r compo ne nt are co rre lat ed with those con tro l I ing mi xe d he rbage y ie ld, 
improvement of th e des ire d c ha rac t e r (i. e . y ie ld o f mi xe d he rba ge = c ha rac t e r 
bl can be achieve d by d i r ect se lec ti on or, in d irect ly , by co rre lat ed r espo nse 
to se lec ti on fo r leg ume y ie ld (= cha rac t e r a ). 

The co ndi t ions und e r whi c h co rre lat ed r es pon se i s expect e d t o excee d direct 
response have bee n di sc ussed by Le rne r a nd Crude n ( 1948 ) an d Fa lco ne r ( 1960 
a , b , ) . Tak ing as an examp le , t he accumul a t ed y ie ld o f mi xed he r bage ove r 
al I cuts i n eac h yea r as t he des ire d t r a it (bl and ass umi ng t ha t th e intens ity 
of se lect ion i s t he same fo r bot h cha rac t e r s the n t he ra ti o o f co rre la t ed 
t o d i rect r esponse fo r charact e r (b ) i s : 

h r a g 0 . 82 . 0 . 65 

0 . 69 

0 . 77 

Whe re ha and hb i s the square root
2
o f th e he ritabi I ity fo r c ha r ac t e r s (a) 

and ( b) ; (the ave r age va I ues o f h = 

a 2 
g 

- 2 - 2 + - 2 
a + a a 

g s e 

a re t aken from t ab les 2 and 3 ; h2 = 0 . 67 a nd h2b = 0 . 48) . r i s th e comb ine d 
est ima t e ove r a l I pa ren t s o f t he co rre lati on be t ween t he add 9t i ve ge neti c 
et fects for both cha rac t e r s (see f igs . 1 and 2 fo r i nd i v i du a I va I ues). Th i s 
rat io i s less tha n 1 . 0 . In t he abse nce o f othe r compensa ti ng f ac t o r s (e . g . 
d i ffe rent se lec ti on intens it ies ) d i rec t se lec ti on shou ld be mo re ef fi c ient . 

As po i nted out ea r I i e r the re was s trong ev idence (t ab I e 1) that t he proge ny 
of some pa r en t s (e . g . no . 6) fo rmed a more e ffi c ie nt assoc ia ti on wit h th e 
companion grass than othe r s , e . g . pa rents 1 and 2 . The a rray means fo r leg ume 
Yi e Id of these three pa r en t s we r e s i mi I a r for mos t c ut s but they di f f e r e d 
cons ide rab l y for the amoun t of gr ass present. A comparab le result was r eporte d 
~y Mye r s and Ga r be r (1942) fo r t he i r eva l ua ti on of ind i v idua l grass p la nts 
1 n associat ion with wh ite c love r. Th i s s i t uat ion wo uld a l so favo ur di rec t 
Se lect ion fo r y ie ld o f mixe d he r bage . 

~: Gene ti c d if ferences between t he pa ren t s fo r th i s cha rac t e r we re 
additive , acco unti ng for 40 - 50 % o f the observed va ri at ion . Diffe r e nces 
~~tween nat ura l popu lat ions o f white c love r for a numbe r o f min e r a ls in c lu­
bing Mg have bee n r eco r ded by Snaydon a nd Brads haw (1 969) , the presen t r es ult s 
ea r o ut the ir find ings . 
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Th e hi gh leve l of additi ve gene e ff ec t s indi ca t es t ha t se lecti on among t he 
pr ogeny of these s i ng l e c rosses sho uld be e ff ecti ve i n chang i ng t he Mg con t ent . 

The low leve l o f Mg content in th e progeny o f t he Is rae li pa r en t h igh I igh t s 
a da nger tha t th e use of s uc h genot ypes as a so urce of some des ire d ag r ono­
mic c ha rac t e r (e . g . la t e Autumn g rowth ) might i na dve rt en tl y resu l t i n a 
va ri et y with r educed Mg leve l s if cou nte r se lecti ve meas ures we r e not app li ed . 
In v iew of the r e la ti ons hi p be t ween th e Mg content of th e he r bage a nd th e 
occ urrence of hypomag nesaem ia in the g r az i ng a ni ma l, any dec rease wo uld be 
un des irabl e . 
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THE METHODS OF ALFALFA BREEDING IN THE AREA OF SLAVONIJA 

v 
I. Si ko ra and D. Bos nj ak 

Po lj opri vredni ln st itut, Os ij ek , Yugos lav ia 

In th e a rea o f S lavo nij a seve ra l ecot ypes of Pa nonia a lf a lf a have bee n fo rmed 
by the natura l se lecti on a nd by t he grow i ng ma nne r s . These ecot ypes do not 
diff e r ve r y muc h in co ns ide rati on of t he mo r pho log ica l and phys io log ica l 
prope rti es . 

As t he res ult of the ma nner of ex pl o itati on a nd seed producti on t he re has been 
fo rmed a n a lf a lf a o f rob ust growt h, with t a l I s t a l ks , r es i s t a nt to low tem­
pe r atures and with good longev ity , beca use the seed was produc ed in three , 
four o r fi ve yea r s o ld a lf a lf a st ands , when t he re r ema i ned onl y by th e 
natu ra l se lecti on pre f e red t ypes . Suc h a lfa lf a i n compa ri son t o th e fo re ign 
va ri et ies whi c h have mo re leaves a nd a lowe r con t ent of c rud e fi be r a nd a 
hi gher prot e in conte nt, co uld not sa ti s f y t he dema nd of prac ti ce f o r a hi gh 
qua I ity f o rage . The r e f o re the se lec ti on i n th i s a r ea has been ori entat ed t o 
the imp rovemen t of t he qua I i ta ti ve prope r ties of existi ng we fl ada pted 
eco t ypes of Pa noni a a lf a lf a . 

The pri ma r y t ask of a lf a lf a breeding on t he Ag ri cultura l Ins titute Os ij ek, 
has bee n th e qua I ity imp rovement of Pa noni a a lf a lf a , a nd i n t he lat e r wor k 
the uti I izati on of het e roti c e ff ect of the hyb rid comb inati ons of a lf a lf a . 

l IMPROVEMENT OF QUALITATIVE PROPERTIES OF ALFALFA 

In 1956 , we s t a rted samp ling the ecotypes an d provena nces of Pa non ia a lfa lf a . 
On tha t occas ion we ga t he r ed a bout 50 diffe ren t ecot ypes o ri g inating from 
10 d iffe ren t sources in th e a rea of Slavoni ja , Vojvodina , No rth en Bos ni a a nd 
Se r b ia . These ecot ypes we re exam i ned on t he expe ri men t a l fi e ld of Ag ri cultura l 
Inst itute Os i jek . On t he bas i s of visua l obse r va ti ons a nd eva luati ons of t he 
fol low i ng c ha r ac t e r s : growth hab it, gene r a l appea rance , p la nt he ight, the 
lea f - s t a lk r ati o , bra nc hing , r ecove r y r at e a nd res i s t a nce t o di seases , the re 
We re se lec t ed 22 ecot ypes a nd the next yea r t hey we re put i nt o the compa rati ve 
tri a l s f or t he green an d dry ma tte r y ie ld s exami na ti ons i n a dense s t an d. 
Afte r t he three yea r s ' exam inati on the 10 hi ghes t y i e ldi ng ecot ypes we re chosen 

In 1960 a nurse r y was es t a bli shed with 10 se lec t ed ecot ypes of Pa nonia a lf a lf a 
toget he r with 19 fore ign va ri et ies whi c h had t o se r ve as a so urce of ge r m 
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pla sm for lea fin ess and a good qua I ity . Those were th e fo l low i ng vari e ti es 
Fl ama nde , Prove nce , Ou Pu it s , Po ito u, Ga mma , Omega , FD 100 , Em e ra ude , Ca rdi na l, 
Or c he s ien ne , Cha lan s , Ma rai s de Lu<;o n o f French o ri g in, Sa int Lui s , N 27 , 
Ra nch e r a nd Barsen of Minneapo li s of Ame ri ca n origin, Po lesa na a nd Romagno lo 
from Italy and Geb rUde r He rrnfe ld from Au s tri a . 

Th e 29 domestic a nd fo r e ign ecot ypes a nd va ri eti es we re sown in a common 
nurse r y . Each of th em was r ep resen t ed by abo ut 1. 500 - 1 .800 p I a nts . Th e 
plants we re s paced at 50 x 30 cm without re pe titi on. In tha t way we ob t a ined a 
large pop ul a tion of each ecotype or vari ety~ encl os ing th e whol e ex i s ting 
va ri ab i I ity. During th e three years ' examination the fo l low ing characte r s we re 
ana lysed : Growth hab it and gene r a l appea r ance , the r a t e o f recove ry , leaf iness , 
he igh t of p la nt s and s tate o f hea lth. On th e bas i s of t hese obse r va ti ons we 
se lected 25 plants which we re s upe ri or in th e most o f examined properti es . 
Those p lant s were veget ati ve propagated in 1962 in a polycross nur se r y 25 x 25 , 
with a di s tance o f 80 cm be tween t he pl a nt s . During th e three yea r s 0 f po lyc ross 
po l I in ati on we evaluated an d meas ure d th e above menti oned cha r ac t e r s . Th e 
seed , ha r ves ted a t th e c lones in po l yc ross nurse r y in 1962 , was sown i n 1963 
in th e comparative tri a l s f or progeny testing during the three yea r s . Ea c h 
off s pring wa s sow n in de nse s tand on th e plots of 3 m2 in three r a ndom ize d 
blocks . On the basi s o f th e obt a ined y ie ld s , lea fin ess and c hem ica l compos i­
ti on in comp a ri son to th e Panonia a lf a lf a , 15 s upe ri or c lona l off s prings we re 
chosen . Eight of them o ri g ina t ed from ecot ypes , of Pano ni a a lf a lf a from 
Vojvodina and Slavonij a , four c lones we re de rive d from the Ita li a n va ri ety 
Po lesana, two of th em originated from the French va ri e t y Omega , and one from 
the ot he r Fre nc h vari e t y Ou Puit s . 

The seed from those 15 c lones obta ined by polyc ross po l I i na ti on was sown 
se pa rat e ly in a new nur se r y in prope r i so lati on, des tined fro breede r seed 
production of the new s ynth eti c vari e ty. Thi s new sy nth eti c va ri ety wa s 
r eg i stra t ed in the Yugo s l av offi c ia l ca t a logue of s pec ies an d va ri eti es , a ft e r 
three yea r s o f examin ation at 4 loca ti ons , und e r th e name : Os j eCka 66 . 

Thi s new sy ntheti c va ri e t y wa s s uper ior t o the oth e r s , i n g ree n a nd dry ma t t e r 
y ie ld s , quantity of l eaves a nd th e hi gh content o f carotene . 

On th e plants of those 15 off s pring s .whi ch we re sown in 15 r epetiti ons in f ur ­
the r three yea r s we accomp li shed th e additiona l phe nolog ica l obse r va ti on 
wh ic h was a bas i s fo r se l ec ti on o f 10 bes t p lants , th a t veget ati ve propaga t ed 
into three diff e re nt po l yc ross nurse ri es . Those we r e th e fo l lowing c lones : 
3/7 - o ri g inating from t he Panoni a a lfalfa from Vojvod in a 
6/ 1 - o ri g in a ting from a S lavoni a n ecot ype o f Panoni a a lf a lf a 
6/ 10 - o f th e same o ri g in 
10/2 - de rived from t he Ita li a n va ri e ty Pol esa na 
10/ 13 - de rived from th e Ita li a n va ri e ty Pol esa na 
12/ 11 - de ri ved from th e Ita li an va ri e t y Po lesa na 
13/1 3 - o rigin ating from th e Fre nch va ri e t y Omega 
14/ 11 - o riginating from th e Fre nc h va ri e ty Omega 
15/14 - ori g in ating from the French va ri e t y Ou Puits 
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65/6 - o ri ginating from the French va ri e t y Du Pu its . 

Po lyc ross nu r se r y I - cont a ined t he fo I I ow i ng c lones : 3/7 , 6/ 1, 10/2 , 13/ 13 , 
15/ 14 . 

Po l yc ross nu r se r y 11 - composed of t he c lones : 3/7 , 6/ 10 , 10/13 , 14/ 11 and 
15/14. 

Po l yc ross nu r se r y 111 - composed of t he c lones : 6/7 , 6/ 1, 12/ 11, 14 / 11 and 
65/6 . 

At t he same ti me those c lones were p lan t ed i n th e rows spaced at 50 cm be t ween 
eac h ot he r i n 3 r epe t i t ions des tined for open po l I i nat ion . 

In 1968 the of f sp r i ngs of eac h c lone from eve r y po l yc ross nu r se r y a nd row were 
sown i nt o a compa rati ve tr i a l t ogeth e r wi th th e best domest i c a nd fo re i gn va ­
ri e t ies . On th e bas i s of th e res ults ob t a i ned dur i ng t he two yea r s of exam i na ­
t ion it seems tha t we ob t a i ned po l yc ross of f sp rings , whi c h acco rdi ng t o t he 
growth habi t, green ma tte r y ie ld and quan ti ty of leaves we re supe ri o r to th e 
check var ieti es , fo r examp le : th e proge ny of c lone No 3/7 f r om a l f three 
po lyc ross nu r se r ies , gave s ign ifi can tl y grea t e r y ie lds of green ma tte r than 
the most of check va ri e t ies . The off s pring of c lone No 14/ 11 from th e po lyc ross 
nursery I I I, an d offsp rin g of c lone No 13/13 from po l yc ross nu r se r y I ha d a 
bette r lea f - s tal k rat io tha n t he ot her va ri eti es wi th y ie ld on the leve l of 
standard va ri eti es . 

Each yea r in ad diti on t o thi s o rdi na r y prog r amme of se lecti on th e re were 
ca rry i ng out compa r at ive exam i nations of domestic and fore ign popu lations 
and va ri et ies , we had o~ta i ned during th e preceding yea r, as we ! I as our own 
se lecti on ma t er ia l. For that pu r pose the va ri e t y t ri a l s we re ca rri ed out on 
the p lot s of 10 m2 i n dense s t an d. Th e same popu lat ions an d th e additi ona l 
ones we re t es t ed sepa rately in a nu r ser y with th e i so la t ed plants spaced 
at 50 cm between and 30 cm with i n the rows i n 3 repet i ti ons . Each pop ul ati on 
or var ie t y was r ep resent ed by 120 -150 p lan t s . In t ha t nurse r y we a na l ysed t he 
above mentioned cha ract e r s on t he i nd i v idua l p la nt s , wh ich have se r ved us as 
a base fo r the furt he r se lect ion . 

In add iti on t o y ie ld and qua I ity imp rovement i n a sepa ra t e se lecti on prog r amm 
We a re work i ng on seed y ie ld i ncrea s ing . 

In 1966 when t he seed produ cti on was ve r y bad and no po l I inat ion occ ured, 
because of the unf avo rab le wea th e r cond iti ons , we se lec t ed 15 p la nts out of 
a st and of our new sy ntheti c var ie t y, wh ich we re norma ll y fert i I ized wit h 
good seed setting . The seed from those p lan t s was sown the next yea r in rows 
With a di s t a nce of 50 cm be twee n th em i n 3 repet iti ons toge t her with several 
sta ndard va ri eti es . 

After three yea r s of exam in ati on we not iced that seve ra l off s pr ing of th e 
Se lect ed p lan t s were s upe ri o r in green matter y ie ld an d espec iall y in long ev i­
ty t o th e chec k va ri eti es , so t ha t i n the forth year of vegetat ion t hey had 
80- 90% of the i n i t ia l stand dens ity i n compa ri so n t o th e check va ri eti es in 
Wh ich th e s tand wa s r educed t o only 40- 50% . Th e seed y ie ld va ri ed la rge l y, 
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depending on the climatic condition s in diffe re nt yea r s an d it wa s higher on 
the se lec t ed plants. 

The additional programm of a lf a lf a breeding enc loses th e se lec ti on of r es i s ­
t a nce to th e acid so i Is . For tha t purpose we es t ab li s hed our bes t se lecti on 
ma t e ri a l and the foreign res i s tant varieties in a nursery on acid soil in 
order to exam ine the plant reacti on t o th e new soi I condition. The fir s t yea r 
we found very large variably be twee n a nd within the pop ul a ti ons an d vari eti es . 
The further examinati ons a nd se lecti on of mo re res i sta nt genotypes a re in 
the co ur se . 

II GENETIC BASE OF SELECTION 

Th e materi a l gathered a t th e beg inning of our sel ection programm ori g ina t e 
from diff e re nt regi ons of the la r ge area which has diff e re nt edaph ic an d 
climatic conditions. Thu s amo ng the ecotypes adapted t o these reg ions ex isted 
an important variabi I ity of a l I t he c hara c t e r s . On th e bas i s of pheno log ica l 
obse rvation by mea ns of in d iv idual se lecti on we tri ed t o enc lose th e pos iti ve 
va ri ation of most of th e examin ed prope rti es . In s uch a way we moved th e mean s 
of se lec ted pl a nt s in th e direc ti on of se lecti on. Howeve r in those ecot ypes th e 
ex i s t a nt variabi I ity of seve r a l cha r ac t e r s wa s not big e nough, so we had t o 
use some foreign vari e ti es . In th a t pe ri od th e a im of se lecti on was to accu ­
mul at e in a populati on as much as pos s ibl e of gene pla sm fo r the c ha r ac t e r s 
whi c h we wa nted to improve in th e Pa nonia a lf a lf a . Th a t wa s the reason, why 
we t ook 15 pare ntal clones ori g in ating from 7 diff e re nt populations a nd 
varieties. Such mate ri a l could a l so se rve as a new initi a l popul ati on for t he 
seco nd cyc le of se lecti on in which we re duced th e numbe r o f pa r enta l compone nts , 
with inte nti on to use only those ones with th e bes t combining a bi I ity fo r a 
pa rti c ul a r character. In th e above de sc rib ed se lection prog ramme we haven't 
uti I iz ed the heteroti c e ff ect s of hybrid populations, but we have used on t he 
gene ra l combining ab i I ity bas i s of th e parents th e additi ve ac ti on of ge nes . 

III THE HETEROSIS UTILIZING IN THE SELECTION PROGRAMME 

In our breeding prog ramme we began in 1967 with preparations fo r se lfing and 
hand crossing of alfalfa. Those preparations co ns i s t ed in findin g out the 
bes t method s of selfing and c ross ing . The se lfing was carried out in two wa ys . 
Th e fir s t way was co ns i s t ed in e liminating a lrea dy t ripped flowe r s of i so la­
ting the remain flowe r s of ra ceme by a paper bag, and sq ua s hing the fl owe r s 
in the bag between the fing e r s . Us ing the seco nd method we eliminated th e 
already tripped flow e r s , a nd the remaining ones were tripped by a s harp 
wooden object (toothpick). Th e second me thod was mo re efficient in pod setting . 

Th e crossing was al so carried out on two way s : with ema sc ulation and without 
emasculation. Th e emasculation was mad e by e liminating the standard petal 
with sc issors , tripping the flow e rs and plunging th em into a 57% alcohol 
for 10 seconds. After that th e flow e r s were rinsed with water and left to 
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dry up for an hour . The po ll en from the ma l e plants was transported by a 
sha rp wooden object (toot hp ick ) i nto th e st igma of th e emascu lated female 
flow e r . After that th e who le raceme was i so lated with a pape r bag . Th e hand 
c ro ss ing without emascu lat ion was accomp li s hed with a too t hpick , by tr i pp i ng 
of seve ra l ma le f lowers and transpo rting the po ll en to th e fema le f lowers by 
tripping them with the same toothpi ck . Compa r ing the resu lt s we've not i ced 
that there were no s ignificant diff e re nces between t hese two methods of 
c ross in g ne ithe r with r ega rd to pod setting , nor t~ the pe rcentage of se lfing . 

In 1969 ou r co- worker wa s in Lusignan , France on spec ia l i sm where he learned 
more thorough ly about genet ics of t et r ap lo id s and got acqua i nted with prob l ems 
of use of hete ros i s of a l fa l fa . Thi s yea r i n the Agr i cu ltura l In stitute i n 
Os ij e k we 've continued and en la rged the resea rch i ng of the use of hete ros i s 
of a l fa lf a app ly in g the new know le dg e and expe ri e nces . 

A nur se ry of a lfalfa with 11 0 var ious popu lat ions and hyb ri d comb inati ons 
domest ic and fo reign origin ha s been es tabli shed . Alf a l fa has been sown 
sepa rate ly s paced at 60 x 60 cm with 20 p lants in a p lot i n four r andomized 
blocks . All the chara cter s a re be i ng ana ly sed sepa rate ly on each p lant . In 
the breed i ng programme th e fo l low i ng i s included : 
- ana lysing the ph enotypi c variabi I ity of some cha rac t e r s between and with in 
th e pop u lat ions , 

- es tab li s hing and ana lys ing genet ic variab i I ity of ana l ysed cha racte r s of 
Panon ia a l fa l fa us i ng the a na l ys i s of cova riance of r e lati ves , 

- finding ou t geneti c co rre lat ions with parti cu la r charact ers , 

- find i ng out the adequate geneti c s tructure with th e highe s t heterotic e ffect s 
in commerc ia l generat ion , 

- studying the comb ining ab ility o f se lect i ve ma t e rial, 

- using the se l f f e rti I i zat ion for expanding genet ic va ri ab i I ity . 

Hand c ross ing po l I i nation i n po lycross nu r se r y wi I I be used i n ou r se lec ti on 
Programme unti I the breedin g of in sec t po l I i nators for a l fa lf a fe rti I i zat ion 
w i I I be perfected. It ' s th e th ird yea r we have been examin ing the pos s i b i I i ty 
of use the Meqach i le rotunda t a be i ng obtained from the USA . 

The purpose of th e new im proving programme i s to get the h igh y ie ldi ng var iet y 
~esi stant t o frequ ent cutting using the het e roti c e ffect of hybr id combinat ion 
In order to imp rove th e qua I ity in an i nd irec t way . 

Thi s s hort repo rt wa s an essay to exp lain the method i c of our breeding pro­
gramme wh ich i s spec ifi c in a way but whi c h ha s g ive n an imp roved va ri ety on 
the basis of Pano ni a a l fa l fa . We ' ve a l so desc rib ed he re our new programme of 
5~ 1ection with th e methodo logy whi ch isn ' t worked out to i ts de t a i Is but wh ich 
w'. I I be improved us ing both ou r s and th e know ledge of th e ot he r s i n th eo re ­
tical and practica l wo r k. 
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BREEDING FOR INCREASED YIELD OF DRY MATTER 

AND OF SEED IN TETRAPLOID RED CLOVER 

Gos ta Jul e n 

Swed i sh Seed Assoc iation, Sva lof , Sweden 

INTRODUCTION 

Already i n 1939 th e fir s t t etraploi d p la nts of r ed c love r were produced a t 
Sva lo f through co lch ic in trea t ment. During t he fo l low ing yea r s the mo r pho lo­
g ica l differences betw een d i p lo ids a nd t etrap lo id s were s tudi ed and i t was 
found that certa in g igas cha rac t e r s , s uc h as hi ghe r p lants , la rge r lea ves 
and flowers , thicke r s t ems et c . we re t ypi ca l fo r t e trap lo id r ed c lover i n 
t he same way as for many ot her spec ies . In 1941 a ma t e ri a l of di p lo id an d 
t etrap lo id red c lover was p lanted as spaced p lan t s in the fi e ld . It was found 
that the we ight of gree n bu l k of the t etrap loid p lant s was abou t 60 pe r cent 
highe r than th at of correspond ing d i p lo id mate ri a l an d th e best t e trapl o id 
fam i I ies had a we ight wh ich s urpassed th e corresponding d i p lo id s with not 
less than 128 per cent . One th e re fo re had reaso n t o be li eve tha t breeding of 
Po lyp lo id s co ns ide rab l y s hou ld in c rease t he product i v ity of r ed c lov e r. 

BREEDING FOR INCREASED FORAGE PRODUCTION 

In 1942 tetrap lo id red c love r mate ri a l was fo r th e first ti me i nc l uded in 
sow n compa r ative vari et y trial s . Th e res ult s we re ve r y d i sappo inting . Ou t of 
t en different t etra p lo id varieti es only one gave a dry ma tte r y ie ld as high 
as the bes t diploid variety and mos t of the t etrap lo id s gave much lowe r y ie ld. 
The same poo r r esu lts were repeated in trial s during th e fol low ing yea r s . Th e 
t etraploids demon s trated, howe ve r, in many cases better reg rowt h than th e 
dipl o id s and a lso a better pe r s i s t ancy in the seco nd harves t yea r. In o rde r 
to im prove the mate ri a l, se lect ions we r e made in s ide the ex i s ting populations 
but without any r emarkab le imp rovement with rega rd to y i e ld. In 1947 a mass 
~ ross ing was made among three var ieti es o f diff e re nt origin. Thi s r esu lted 
1 ~ a new pop ul ation c lea rl y s uperior to th e three bas ic va ri e ti es and for the 
f~r st time a tetraploid va ri ety was ob t a in ed , whi ch was de finit e ly hi ghe r 
Yie ldin g than th e ex i sting diploid ones . Also th e seed setting, which in a l I 
Previ ous material had been rather poo r, wa s con s ide rably im proved but was 
Sti I I much lowe r than in dipl o id c love r. 
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Table l. Yield of green bulk from different 4 x red clover types in relation to 2 x Merkur (= 100) 

No of 1 st harvest year 2 nd harvest year 

Basic 2x material vari eties No of 1 st 2nd No of 1 st 2nd Total Total 
trials cut cut trials cut cut 

1) Few plants from one variety 5 20 91 96 92 18 96 108 97 

2) Few plants from 2 or 3 
varieties 14 47 93 106 97 38 106 138 113 

3) Selections from 1 and 2 5 36 98 105 100 32 103 145 111 

4) Masscrosses among 1, 
2 and 3 3 25 98 109 101 23 116 170 126 

5) Many plants from one 
variety 1 9 106 114 108 7 119 167 129 

6) 'v1any plants from several 
varieties 5 38 113 122 115 34 122 169 131 

7) Selections from 5 and 6 6 30 111 116 112 23 132 180 138 

8) 'v1asscrosses among varieties 
from 1 to 6 2 7 107 113 109 5 119 133 123 

Table ? . Dry matter yield from the best varieties from different groups. Relative values. 

Merkur = 100 

Variety Variety 1 st harvest year 2 nd harvest year 
group 

No of 1 st 2nd Total No of 1 st 2nd Total 
trials cut cut trials cut cut 

Group 2 Sv 034 35 95.9 104.3 99 24 95.9 120.3 101 
Group 4 Sv 059 64 98.8 110.4 103 46 116.0 128.8 120 
Group 5 Sv 0106 32 100.5 108.8 104 21 109.7 119.2 113 
Group 6 Sv 099 31 108.3 114.3 lll 22 115.3 123.5 118 

Group 7 Sv 095 41 105.0 112.0 108 30 114.6 136.4 121 

Group 8 Sv 0164 13 105.5 117.2 110 9 109.7 139.2 117 
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Al I tetrap lo id va ri eti es which up to that t ime had been i nvest iga t e d were 
based on a r at he r I imited numbe r o f p lan t s , and each var ie t y was based on 
d i p lo id mate ri a l o ri g i nat i ng from on l y one o r t wo va ri e ti es . The immed i at e 
resu lt of thi s mas s c ross i ng in dicated that th e geneti ca l basis of the prev iou ­
sly tested mate ri a l had been too na rrow . In produc ing new t etrap lo id mate ri a l 
we , th e refo re , tri ed t o base t h i s on as many dipl o id pl a nt s as poss i b le a nd 
se lec ted for thi s purpose a large number o f ,d i p lo id va ri e ti es . In th e mate ri a l 
obta i ned i n thi s way mass se lect ion fo r ce rtain characte r s was made a nd th e 
best va ri eti es of t he same type bu t of diff e r en t o ri g in we re aga in mixed. 

Du ri ng the 30 yea r s s i nce t he wo r k wit h t et r ap lo id r ed c love r s t a rted a l a r ge 
numbe r o f va ri e ti es have been t ested fo r th e ir y ie ld capac ity i n va ri ety · 
t ri a l s . The va ri et ies wh ich have been in c luded i n these t~ i a l s can be d i v ided 
i nt o fo l low i ng eight groups with rega r d t o th e ir o ri g in : 

1 · Varieti es based on a few di p lo id p lants from one var i e t y. 
2 . Var iet ies based on few di p lo id p lant s from t wo of three va ri eti ep . 
3 . Se lecti ons from t he va ri e ti es in t he g ro ups 1 and 2 . 
4 . Mass c rosses bet ween var ie t ies from the g roups 1, 2 , 3 . 
5 . Va ri e ti es based on a l arge number of di p lo id p lan ts from one va~ i e ty . 
6 . Var ie ti es based on a l a r ge number of dip lo id p l a nt ~ f rom seve ra l va ri e ti es . 
7 . Se lec ti ons i~ s id e va ri e ti es from t he g ro up s 5 and 6 . 
8 . Mass crosses between va ri e ti es from the groups 1 - 6 . 

Resu lt s with 41 var ie ti es of med i um lat e t ype from t hese e igh t gro ups have 
been comp il ed in Tab l e 1. As th e re s~ l t s have been co ll ected over~ pe rio~ of 
25 yea rs and the nu mbe r o f tri a l s i n which t he d i ff e rent var ie ti es have been 
inc l uded va ri es cons ide r ab ly there a re no poss i b i I iti es fo r di~ect compa ri sohs 
among a l I va ri eti es . The dipl o id s tandard va ri et y Me r kur have , however , been 
i nc l ude d in eve r y tri a l and th e fi gu res g i ven in Tab le 1. a re th e re la ti ve 
Va l ues of th e y ie ld of gree n bu l k of eac h va ri e t y i n compa ri son wi th Me r kur . 
~he resu lt s s how very c lea rl y that a widening o f the genet i c base ha s r esu lted 
1 n i nc r eased y ield of th e tetrap lo id va ri et ies . Wh il e i n the f irst va ri e ti es 
With ve r y nar row geneti c base t he tra nsfe r from th e di p lo id to th e t etrap lo id 
sta t e ha r dly gave any y ie ld i ncrease at a l I, thi s trans f e:r ·i n th e late r va ­
ri e ti es based on a ve r y wide d i p lo id mater ia l has res ulted i n a y ie ld increase 
vary ing between 10 and 15 pe r cen t in the first harvest year and 30 to 40 pe r 
~ent in the seco nd one . 

The res u lt s presen t ed i n Tab l e 1 a re i n each group the ave r age for a numbe r 
of varieti es . Fu rthe r the res u lt s a re a l I obta i ned f rom expe ri me nt s ca rri ed 
out at Sva l6f an d thu s on ly from one p lace . F i n~ I ly t hey a re ba~e d on the 
gree n bu l k pr oducti on . 

In Tab le 2 . the r esu lt s obta i ned wi th th e best va ri e t y i n eac~ of the ma i n 
groups are present ed . In thi s case the fi gures refe r t o dry ma tte r y i e ld. As 
the re i s a co ns id e r ab le diff e rence betwee n dipl o id an d tetrap lo id c love r wit h 
~~gard t o the dry ma tte r content thi s i s a mo r e co rrec t compar i so n. Th e 

igures g i ven in th e tab le a re the ave rage va l ue s for a l I expe ri men t s ca rri e d 
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Table 3. Seed yield trials with tetraploid red clover 

Variety 
Sval"Of 1965 SvalOf 1966 U I tuna 1965 U I tuna 1966 

group 
Variety 

Dipl. 

Tet r. 

3 

4 

6 

7 

kg/ ha Rel. kg/ ha Rel. kg/ ha Rel. kg/ha 

Merkur 289 100 348 100 Diol. not 

Disa included in 398 
this trial 

Sv 065 219 76 

Ulva 431 100 296 

Sv 0259 208 72 269 77 549 127 303 
Sv 064 212 73 310 89 506 117 272 
Sv 093 284 98 441 127 632 147 336 
Sv 094 263 91 604 140 
Sv 099 27 4 95 395 114 623 145 

Sv 0100 283 98 652 151 
Sv 086 313 108 

Sv 095 642 149 

Sv 098 283 98 

FIGURE I 

Relation between seeds per head in parent plants and offspring families after crossing 
Offspring families 
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ou t i n th e who le of So uth e rn Sweden a nd a r e t he re lati ve va l ues in re lati on 
t o Me r kur . Also i n t h i s case the va ri e t ies have no t a l I been inc lude d in t he 
same tr i a l s a nd the refo re d i r ec t compa ri so ns amo ng th e d if fe re nt va ri eti es 
i s not poss i b le . Th e pi cture i s , howeve r, exac t ly the same as i n Tab le 1. with 
a s uccess ive ly inc reas i ng y ie ld from g roup 2 up to group 6 , t ha t is wi th the 
Wid e nin g of th e geneti c base . Sv 095 r ep re sent i ng group 7 i s a se lect ion fo r 
res i s t ance to nematode f r om mate ri a l in group 6 wh ich has res ulted i n a better 
per s i stancy bu t without any infl uence on th e y i e ld capac i t y as s uc h . Sv 0 164 
i s obt a i ned through mass c ross i ng amo ng a numbe r of va ri e ti es from th e g roups 
5, 6 and 7 . The y ie ld capac i t y of th i s va r ie t y i s not h ighe r tha n th e va ri eti es 
obta i ned i ns ide t he gro ups 5 , 6 a nd 7 a nd it seems as if a n un contro I I ed 
furthe r mix i ng of these t ypes of pop ul a ti ons has no i nf l ue nce on the y ie ld 
capac ity . 

IMPROVED SEED PRODUCTION CAPACITY NECESSARY 

One of t he wea kn esses of t etrap lo id r ed c love r has a lways been th e seed setting 
capac ity . In th e fir s t t etrap lo id ma t e ri a l th e seed setting was ve r y low . 
Thanks t o natu ra l se lecti on t he seed setting inc reased duri ng t he fir s t gene ­
rat ions bu t in a l I the va ri e t ies obta i ned during th e fir s t pe ri od t he seed 
sett i ng r ema in ed ve r y low . In t he va ri eti es produced later th e seed setting 
has cons ide rab ly inc reased wi thout any s pec ifi c a rtifi c ia l se lec tion. Resu l t s 
from seed y ie ld tri a l s ca rri ed out with va ri eti es with good dry matte r y i e ld 
have been comp il ed in Tab le 3 . The va ri eti es have he re bee n a rra nged i n the 
Va ri ous g roups acco r d i ng to the ir type of o r ig i n. Th e re i s a c lea r tend e ncy 
to h ighe r seed y ie ld from vari eti es be long i ng t o the group s 6 a nd 7 indi cat i ng 
th a t t he wid ening of th e geneti c base has had a f avo urab le influe nce not on ly 
0 n the dry matter y i e l1d but a I so on the seed setti ng capac ity . In s pite of 
thi s th e seed setting of a l I these va ri e ti es i s sti I I co ns ide rab le lowe r t ha n 
t ha t of the dip loid s . If it sho uld be poss i b le fu ll y to ut i I i ze th e h igh y ie ld 
capac ity i n the best t etrap lo id va ri eti es , it i s necessa r y to inc r ease the 
seed setting capac ity o f these va ri e ti es . Du ring th e las t 15 yea r s g rea t em­
Phas i s has been g i ve n t o t h i s prob lem in the breed ing prog r am at Sva lof . 

Up t o t he middl e of th e flfti es th e work was ma i nl y concent ra t ed on s tudi es 
on d if f e rent c ha ra ct e r s a nd the ir influence on th e seed se tting . On ba s i s of 
t he res u lt s obtain ed in these s tudi es se lec ti ons we re ma de with rega rd t o 
spec ifi c cha r ac t e r s in s id e th e dif fe rent va ri eti es ava i I able at tha t ti me . The 
res ult s we re , howeve r, not very promising a nd no r e su lts o f practical impo r­
tan ce we re obtained. In the works ca rri e d out during the las t 15 yea r s much 
bette r res u I t s have bee n achi eved. In o rder t o i 11 ustrate various aspec t s on 
connec t ed problems l wi I I uti I ize th e res ult s ob t a ined in one breeding project, 
~ ta rted in 195 7 and s ti I I going on . The sc heme of this pro ject i s i I lust rated 
1 n Diag r amm 1. As ba s ic material wel I balanced t etrap lo id va ri eties of diff e­
rent o ri g in in th e 4th o r 5th gene ration afte r po lyp loidization were used. In 
ord e r to get as wide genetic base as possible random c rosses amo ng the diff e ­
ren t va ri eti es we re made on as large a sca le as possible. 
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BREEDING FOR SHORTER COROLLA TUBES 

Th e off s pring afte r these c rosses we re p la nted in th e field a s s paced p lan t s . 
In 1960 the p lant s we re s tud ied indi vidua ll y for diff e re nt cha rac t e r s amo ng 
othe r s the co roll a tube le ngth. On bas i s of th e res ults ob t a i ned crosses 
we re made among plants with s ho rt co roll a tube , as it was be li eved that p lan t s 
with short coro ll a tube s hould eas ie r be po l I in a t ed a nd thu s g ive h ighe r seed 
y ie ld. For cont r o l purposes a l so some c rosses amo ng plant s with long co ro ll a 
tub e wa s ca rri ed out . Th e offspr in g mate rial wa s p la nted out a nd investi ga t ed 
i n 1962 . Th e co rolla tu be length wa s measured and at th e same ti me th e numbe r 
of seeds pe r hea d was in ve s tigat ed on eac h p I ant . In o rde r t o make s ure that 
the seed deve lopment had t ake n p lace under s imil a r eco log ica l conditi ons on 
each p lan t, t e n hea ds were labe l led a t the same time during th e ma i n fl owe ring 
per iod. Th e labe l led head we r e harves t ed a nd thres hed sepa ra t e ly an d th e 
num be r o f seeds in each hea d was counted. The fol low ing res ult s were obta in ed : 

In th e off sp ring 

Cross ing No o f Coro I I a tube No o f 

p la nt s length seeds pe r hea d 

Long x long 166 10 . 63 32 . 20 

Short x short 342 10. 12 27 . 53 

Di ff 0 . 5 1~0 . 069 
+ 

4. 67 -1. 357 
+++ +++ 

t 7.39 3 . 44 

On a n ave rage the co ro ll a tub e of th e off sp ring after th e c ros s "s hort x 
s hort" was definite ly s horte r than th a t of th e offspr ing aft e r "l ong x long ". 
The diff e ren ce was about ha lf a mi I I imeter and the diff e re nce i s fut ly s ign i­
fi ca nt. Thu s it i s evide nt th a t it i s possib le to reduce the co roll a tub e 
length through se lec ti on. On the othe r hand it i s a l so quite c lea r in thi s 
mate ri a l that the numbe r of seeds pe r hea d in the offsp ring after "s hort x 
sho rt" i s definitely lower than in the c ross "l ong x long ". In thi s case th e 
diff e rence i s almos t 5 seeds pe r hea d o r more than 15 pe r cent a nd a l so thi s 
difference i s full y s ignificant . In mo s t fami I ies the corre lat ion coeff i c ie nt 
between coro I I a tube I eng th and number of seeds per hea d i s pos iti ve and i n 
some fami I ies the correlation coefficient i s fairly high up t o 0 .5 or more. 
On ly in ve ry few cases negative co rre lation coefficients have bee n obta i ned 
and in al I these cases th e coefficient i s very low and un s ignificant. Th e 
cor r e lat ion coeffic ie nt for the whole material i s +0.23. The res ults indi cate 

• that a s horter corolla tub e to a high degree is due to ce rtain weaknesses in 
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Diagram 1. Scheme for a breeding program for improved seed setting 
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the plant r es ulting in low f e rti I ity a nd that the pos itive influe nce of a 
s hort co rolla tub e on the pol I in ati on ca nnot compe nsa t e fo r t he r educed seed 
setting ca used by these oth e r f ac tors . In any case in thi s ma t e ri a l it, th e re ­
fore , seemed not pos s ibl e t o achieve an improv ed seed setting by se lecti on 
for sho rt co roll a tube . 

SELECTION FOR NUMBER OF SEEDS PER HEAD 

At tha t s tage of the in vesti ga tion it was, there fore , decided th a t in th e 
future se lection sho uld be made not fo r specific characters influe ncing the 
seed setting but for th e t ot a l comp lex of seed setting taking th e numb e r of 
seeds pe r head obtained und e r fi e ld condition as se lecti on c rite rium. Fo r that 
purpose seed from the best seed sette r s in the plantation wa s co ll ec t ed and 
th e offspring from thes e plants was p lanted in 196~ . 

At the same time th e bes t seed se tting plants were ta ken fr om the fi e ld and 
planted in pots in the g reenhouse . The plants we re a rranged in f a l I ing o rde r 
with r ega rd to the numb e r o f seeds pe r head obtaine d in fi e ld a nd c ha in c ros ­
s ing wa s ca rri e d out by hand. Th e numbe r of seeds obt a ined pe r po I Ii na t ed 
fl owe r was es timated for eac h plant and th e res ults we ne comp a red with th e 
number o f seeds per hea d obta ined on th e s ame plant s und e r fi e ld conditi ons . 
No re lation s hip could be found be tween th e two se ri es, of figure s a nd th e 
cor r e lati on coeffici e nt wa s o nly 0 .1. Seed I ing s obta ined from the c rosses 
we re p la nted in the fi e ld and the numbe r of seeds pe r hea d was invest iga t ed 
th e fo l lowing year. Correlations were computed be twee n th e seed setting in the 
mother plants und e r fi e ld condition and th e ave rage seed setti ng in the off­
sp ring fami I ies and a l so betwee n th e seed setting o f the mothe r plants a ft e r 
hand po llination in greenho use a nd the offspring. In th e first case th e co rre ­
lati on coefficient wa s 0 .48, in th e seco nd case 0.37. Thu s it seems as if 
the re we re a s trong er r e la tion s hip be twee n th e seed setting of the mothe r 
plants und e r fi e ld co ndition s a nd th e seed setting in th e off sp ring unde r t he 
same co ndition s th a n be t wee n th e seed setting betwee n th e mother pl a nts a ft e r 
hand po l I inati on and th e seed setting of th e off s pring. Thi s indi cates t ha t 
wh en c rosses are made by hand unde r g reenhouse co nditi ons ce rta i n f ac t o r s 
influe nc ing the seed setting und e r fi e ld co nditi ons a r e eliminated. 

INHERITANCE OF "SEEDS PER HEAD" 

Th e p lan t mate ri a l obt a ined from th e open po l I in a t ed seed from the bes t seed 
sette r s in th e 196 1 p la ntati on was in vest iga t ed with rega rd t o numbe r of seeds 
pe r hea d in 1964. The va ri a ti on in thi s mate ri a l wa s ve r y la r ge indeed. Wh il e 
th e bes t plants had a n average seed setting of more th a n 100 seeds pe r hea d 
one p la nt had an ave rage as low as 2 seeds pe r head. Th e ave rage fo r th e who l e 
mate ri a l wa s 54.1 seeds . Al so be twee n the fami I i es th e re we re cons id e r ab le 
diff e rences varying f rom 75 seeds per hea d in th e best family down t o 26 seeds 
in th e weakest one. Th e plants we r e le ft in the fi e ld and duri ng the nex t 
s umme r c rosses were mad e among th e bes t seed sette r s , amo ng t he poo r seed 
sette r s a nd between good a nd poo r seed sette r s . The off s pri ng a ft e r these 
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c rosses we re p lanted out a nd the numb e r of seeds pe r head was i nves ti ga t ed . 
Fo l low i ng res ults we re obtained : 

In t he off sp ring 

Cros s i ng No of No o f No o f Ave rage Va ri at ion 
f am i I ies p lan t s heads seeds/head among tam i Ii es 

good x good 12 11 3 1000 44 . 5 60 .4 - 35 . 5 

good x poor 8 68 549 35 . 2 41. 1 - 31 . 8 

poo r x poor 8 55 406 28 . 4 36 . 3 - 23 . 5 

It i s qu i te ev id e nt t ha t t he off sp ri ng a ft e r the c ross i ng "good x good" i s 
de f i n ite ly better than af t e r t he cross i ng "poo r x poo r" and that th e off sp ri ng 
afte r "good x poo r" i s c losed t o the ave rage o f th e two extreme gro up s . The 
co rre lati on between th e seed setting o f the pa re nt s and th e off sp ri ng i s a l so 
ve r y s trong wi th a co rre lat ion coeffi c ie nt of 0 . 75 . Th e r eg ress ion coe ffi c ien t 
i s 0 . 23 an d as can be see n in fi g . 1 th e re seems t o be a stra ight li ne co rre­
la ti on . 

The seed from the best seed sette r s in th e three g ro up s was p la nted in fou r 
rep I icat es and a new in vest iga ti on of th e numbe r of seeds pe r hea d was 
ca rri ed in the fol low i ng yea r . In thi s p lan t ati on a l so a t etrap lo id s t anda rd 
va r iet y whi c h has neve r bee n se lec t ed fo r seed sett i ng was i nc l ud ed. The 
resu lt s we r e : 

No of Seeds per head 

From off s pring af t er in vesti g . r e p I i c a t e Average 
p lants 

I II 111 IV 

good x good 282 59.7 59.3 53 .3 60 .8 58.7 

good x poo r 20 55 .5 48 . 4 63 .7 50 . 2 55.7 

poor x poor 11 9 36 . 9 36 . 9 35 . 9 35 . 2 36 . 3 

St an dard mate ri a l(un se lect ed 45 46.9 52.6 43 .5 44 . 6 47. 12 

~ 
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In sp i te of the f ac t th a t th e bes t seed sette r s i n eac h g ro up has bee n se lec ­
t ed as pa re nts mat e ri a l the re i s a co ns ide r a bl e diff e r e nce be t wee n th e off­
sp rin g from the three g ro up s . It i s a l so quite c lea r th a t th e ma t e ri a l 
se lec t ed for good seed setting i s de finite ly bette r th a n the uns e lec t ed 
s t a nda rd mat e rial. The co rre lati on coe ffi c ie nt betwee n th e seed setting i n t he 
pa r e nt pl a nts a nd the off s pring f ami I ies was t hi s time 0 , 78 . 

APPLICATION IN PRACTICAL BREEDING 

Fr om th e r es ults obt a in ed in thi s se ri es of ex pe rime nts it seems as if the re 
wo uld be grea t poss i b i I iti es to in c r ease th e numbe r o f seed set pe r hea d 
unde r fi e ld co nditi ons through mass se lecti on. To what ex t e nd thi s will influ­
e nce t he seed y ie ld und e r nor ma l fi e ld conditi ons i s not yet t es t ed. Mat e ri a l 
se lec t ed in thi s way has fo r th e fir s t ti me bee n inc lud ed in a seed pr oducti on 
tri a l wh ich wi I I be ha r ves t ed i n 1971. Th e re i s , howeve r, no r eason t o be li eve 
th at not th e in c reased seed setti ng ab i I ity in the spaced p la nts s ho uld 
i nc rease th e seed producti on capac ity o f t he popul ati on a l so wh e n it i s sown 
in c lose swa rd. In ot he r expe riments it has been s hown th at the same va ri a ti on 
ex i s t s in the c lose swa rd as has he r e bee n demo ns tra t ed among s paced pl a nt s 
a nd t ha t a l so th a t va ri a ti on i s ge neti ca ll y co ntrol led. Th e ques ti on i s no t 
so much if the c ha rac t e r "numbe r o f seeds pe r hea d" i nflue nces t he seed y i e ld 
bu t mo r e t o wha t ext e nd. Another ques ti on i s how ma ny gene rati ons o f se lecti on 
wi 11 be needed be fore we reac h a seed producti on leve l in th e tetra pl o id s , 
equa l t o th at o f dipl o id s . 

The bas ic mat e ri a l used in the in ves ti ga ti on desc rib ed he r e was a n o rdina r y 
t et r ap lo id popul a ti on the ge ne ra l ag ri c ulture va lu e o f whi ch was no t es t ab -
1 i s hed . It might be ques ti oned if it i s adv i sab l e t o s t a rt s uc h a labo ro us 
and long las ting se lection prog ram unl ess it i s kn own th at the dry matte r 
prod ucti on i s hi gh e nough t o ju stif y its re lease as a new vari e t y . Beca use 
of t ~a good res ults ob t a in ed in thi s se ri es o f in ves ti ga ti ons two new t etra­
p lo id va ri eti es , one ea rl y and one medium la t e whi c h both a r e ve r y hi gh i n 
dr y ma tte r producti on have bee n s ubj ec t t o s imil a r se lec ti on during the last 
f ive yea r s . The wo rk i s he r e com b in ed with th e e l it seed produ cti on in th at 
way tha t abo ut 10 .000 pl a nts a re p lanted a nd of these a t leas t 1 .000 a re 
t as t ed fo r th e seed setting ca pacity. Un se lec t ed seed from th e t otal popul ati on 
i s ha r vested and used as e l it seed. The next gene r ati on e l it pl a ntati on i s , 
howeve r, based on seed f ram th e 200 bes t seed sette r s . It i s necessa r y t o 
wo r k wit h ve r y la r ge ma t e ri a l so th at a s uffici e ntl y la r ge numbe r of pl a nt s 
a re se lect e d in orde r to ma inta in th e gene r a l c ha ra ct e ri s ti cs of the va ri e t y 
and s uffi c ie nt va ri a bi I ity a nd he t e rozygo s ity t o ens ure hi gh dry matte r 
producti v ity . 

CONCLUSION 

In o rd e r t o obta in high y ie ldin g ca pac ity from t etra pl o id r ed clove r it seems 
essenti a l th at the mate ri a l has a ve ry wide geneti c ba se . For producti on of 
t e tra ploid materi a l a numbe r of we! I adapted diploid vari e ty with good 
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ag ronom ic c ha racte r s s hould be used and from eac h va ri e t y a la rge numbe r o f 
t et ra pl o id p la nt s s ho uld be r a i sed. 

The same wide ge neti c bas i s i s o f impo rtance a l so fo r a good seed produ cti on. 
Thro ugh a la r ge sca le mass se lecti on fo r numbe r o f seeds pe r hea d thi s 
charac t e r ca n be improve d an d seems t o be an e ffi c ie nt way t o in c rease seed 
prod ucti on ab i I ity . 
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SELFING EFFECTS ON s2 AND s3 GENERATIO~S IN MEDICAGO SATIVA (*) 

P. Roti Ii 

lstituto Spe rimen tal e per le Co lture Foraggere, Lodi, Italia 

INTRODUCTION 

Our im provement programme i s based on a n initial se lfing period, at th e en d 
of which we obtain s4 seeds . The resu lts of th e first three expe riments, dea ling 
with pa rent a l populations and s1 an d s2 generations (7,8) have a lrea dy been 
pub! i shed . 

Al I t ests were carried out in a s tate of competition : 150 plants per sq ua re 
metre (4 x 17 ems.), tran sp lan ted in field after 120 da ys of growing in 
greenho use (4 x 4 ems. between th e plants). The growing technique employed 
shows practical advantages of fundamental importance : the study of 20,000 
individual plants, as in trial 1969-70 , becomes possible without too large 
requ irements of space and time . Furthe rmore , by th e technique of spaced pl a nts , 
bes ides the difficulty 0 f finding th e s uitabl e extension of fi e ld, other nega­
ti ve consequences could be expected, co nce rning the evaluation of individuals 
a nd I in es . Taking intq account th e total numbe r of plants examined (about 
45,000 ove r the whol e of four tri a l s s in ce 1966 up today), the reg i s tration 
of a I I the characters I i s t ed in the program wou Id be i mposs i b I e for spaced 
Plants . 

In thi s paper, we r epo rt th e res ults of th e fourth expe riment, concerning the 
Pe rf o rmance of the lines ~ 2 a nd S3 . 

MATERIAL AND METHOD 

The method was the same as in previous expe riments , except for a change in 
the time of the fir st cutting, which wa s now ea rlier, and took place at the 
budding s tage . As in trial n. 3, when necessa ry, the second cutting of th e 
S1, s2, and s

3 
was delayed in comparison with the corresponding So , so that 

(*) Thi s work was supported by fund s from the Italian Research Counci I (C.N.R.) 
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the charac t ers of each I ine co uld be measured at about 50% flowering. This 
t ends to avo id the se lfing eff ect on ea rliness being co nfused with the rea l 
effect on vigou r. The fol low ing material was used : 

FRIUL ANA FLORIDA 
Nr. Nr. 

Ii nes plants Ii nes p lants 

Pa renta l Population s - 3 11 - 34 1 

s A Ii nes 8 695 6 493 
0 

s2 AA II 11 584 4 184 

AB II 8 673 5 339 

s3 AAA II - - - -
AAB II - - - -
ABA II 7 224 3 126 

ABB II 5 366 4 255 

s B " 18 1568 21 180 1 
0 

s2 BA II 14 1049 21 130 1 

B8 II 21 18 16 23 1859 

s3 BAA II 4 92 5 115 

BAB II 4 265 5 279 

BBA II 18 861 16 645 

BBB II 24 181 3 25 1606 

Totals 143 10328 138 9349 
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We a l so grew four s1 I ines as t es t of th e pre vious experiments. Th e inbreeding 
dep ress ion va lues o t these s1 I in es in 1969-70 we re th e same t~a n in 1968-69. 
The same must be said a s fo r the inbreedin g de press ion values of the S2 I ines . 
Fo r th i s reason, i t was poss ibl e t o make a r e li a bl e es timat e of th~ S1 mea n 
va lu e ove r a l I the s1 I in es grown in 1968- 69 . Thi s es timat ed s1 ave r age was 
used fo r th e calcul ati on o f the se lfing e ff ec t s . 

RESULTS AND DISCUssroN 

Effects of ' selfing on the averages. 

I - As in t es t 3, B S i s s li gh tl y h ighe r th an AS i n both popul ati ons (tab les 
1 and 2) as conce rni n8 t he dry ma tte r we ight . A S 0 a nd .BS · have a lways hi ghe r 
mean va lue~ t ~a n i h ~a renta l popu ~ a ti o n s~ tho ogh ~o s igni f? canf ly . · 

In o rde r to unde r s t a nd t hese resu lts bette r, it must be born i n mind t hat bot h 
the two groups a nd t he pa renta l pop ul ati ons have th e same precqc ity value 
in f ac t t he second c utti ng was ca rri ed o ut a t t he same ti me . fo r a l I these 
Plants . The dec i s ion to e f fec t the f ir s t c utti ng a t t he buddi ng s t ag e was 
necess i tat ed by the need t o f i nd out : ~ h e e f f ect of se lfing whe n the · influence 
of pr ecoc ity on the dry ma tte r we ight and the p la nt he ight i s less th a n a t 
t he mome nt :o f flow e ri ng . In f act, if we compa re t he in br eeding :de press ion 
Va lues , ca lc ul at ed at th e fir s t an d second cutti ng· (tab l·e 3 ), i;t i s . c lea r tha t 
i f we wa nt t o find out t he se lfi ng e f f ec t as nea rl y as po~s i b l ~ , an~ meas ure 
the dr y matte r we ight at t he s ame ti me fo r a l I t he ma t e ri a l, th en. we mus t 
c ut a t t he buddi ·hg s t age . H\e va l ues fo r t he two 'c utti n:gs a r e , , in f act, 
fa irl y s iml la r, espec ia ll y with F lori da . Vi ce ve r sa if we wah t !t o . meas ure t he 
cha rac t e r s a t t he f lowe r i ng stag e , th e de layed cu t i s abso lute ly necessa r y . 
In f ac t , the AA of Fl ori da ; c ut a ·good· fi v~ days af t~ r t he res~ecti ye S , 
show on ly 38% of p la nt s i n f lower aga inst 59% for S . So , if th e S a nd0 

Se l fed I ine s a re . cu t on th e same day , t he e ff ec t of0 se l f ing on we i8ht and 
he ight wou ld be , 6ve r~sti ma ted. An d e~en tho ugh we ourse lves u s~d de layed 
cutti ngs , ou r res ults s t i I I s howed an ove reva luat ion of the e ff ec t s o f se l f i ng 
0 n th e dr y ma tte r we igh t as , at t he mome nt o f cu t t i ng , the S had a h ighe r 
Pe rcen t age : of p la nt s In ff owe r. On t he co nt f a r y , th e e ff ec t 8 f se lfi ng on 
Precoc i t y , .meas ured as t he num be r of days necessa r y fo r t he se lf ed I i nes t o 
br ing a s imil a r pe rcentage of p lan t s t o fl owe r as S , i s unde r va lued. Howeve r, 
t he phe nomeno n i s c lea r : lateness i n f lowe ring 0 

a ) i s grea t e r in group A than i n group B, es pec ia ll y i n Florid a ; 

b) i nc r eases with each gene rati on of se lfing ; 

c ) i s mo re noti ceab le in th e weak I ines within one generati on, es pec ia ll y 
i ns ide group A. : 

2 - From exam inati o ~ of i nbreedin g dep r es s ion va lues (tab le 4) t aken fo r t he 
two c utti ngs a nd the t wo pop ul a ti ons t oge t he r, th e res ult s we re as f o l lows : 
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Table 4. Selfing effects over 2 cuttings in Friulana and Florida 

--
Comparison at different levels of Dry matter Plant Number of 

inbreeding weight height stems 

AS1 - ASo 100 - 32 - 10 - 12 .. 
ASo 

(AA, AB) S 2 - AS 1 
.100 - B - 10 0 

AS1 
; 

.. 
( ASA, ABB) S 3 - ABS2 

.100 - 17 - 4 ; - 3 
" 

ABS2 

BS 1 - BS o 
100 - 17 - 5 - 7 

BSo ... 

( BA, BB) S 2 - BS 1 
. 100 - 16 - 9 . - 6 

BS1 

( BAA, BAB) S3 - BAS2 
.100 - 12 - 12 - 6 

BAS2 
I 

(BSA, 888) S3 - BBS 2 
- B .100 . 25 - 12 

BBS 2 
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FIGURS I 

Inbreeding· effect on vigour 

,, 
' .... , . 

' ' ' ' '· .... 
' ' .... 

'· ......... ....... 
'• \ 

' ... "' ·•·· .. 
\\ ·· ... 

............. .... 
......... TETRAPLO ID 

·. '\ .. · 8 ·· .. 
... '.... ·· .. \,..··', ·· .. ' ·· ... 

... . ...... 
' .... 

'·,........ ········· .• TYSDAL 
'·----- DIPLOID ·----·----·----· 

2 3 4 5 6 7 8 
generations 

Note - The S1 value is the average of the 1968 and 1969 experiments . The S2 value the average of the 
1969 and 1970 one . The So lines were the same all in the three experiments 1968 - 1969 - 1970. 
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a) Dr y matte r weight i s the cha rac t e r most suscept i b le t o se lfing and th e 
number of s tems i s th e least s uscepti b le. Thi s would l ea d us t o s up pose 
that amongst th e cha racters directl y connected with th e y i e ld (height, 
thi ckness and num be r o f s t ems ) th e thickness of the stems i s perhap s , on 
ave rag e , the cha rac t e r s affec t ed mos t by the in breed ing e ffect. 

b) the trend of inbreeding dep ress ion in th e s ubgroups ca n be resume d thu s : 

- except for A s1 wh ich wi I I be di sc ussed lat e r, t he s ubgroups be long ing 
to group B show a grea t e r loss i n v igo ur than t he co rresponding ones i n 
g roup A : -16 compa red to - 8 and - 25 to -1 7 ; 

- within gro up B, se lfing of th e v igo ro us s
2 

I ines (88) causes S3 t o s how . 
a grea t e r inbreedin g dep ress ion tha n s3 de ri ved from t he weak s2 I ines (BA ). 

Up t o now we have not been ab le to obta in a suf fi c i en t numbe r of AAA and 
AAB I ines t o provid e va l id info rmati on for group A. In fact, th e plants 
of the AA I ines a r e almost a lways a utos t e ri le o r produce ves tigial fl owe r s , 
o r e l se th ey are un ab le t o produce flowers in the fir s t yea r ow ing t o the ir 
great ly reduced v igou r afte r the seco nd cutting . Howeve r, it seems probabl e 
tha t the r es ults ob t a in ed fo r the s3 of the B g ro up, wo uld be eve n mo re 
va l id f o r those of gro up A. Thi s is because inbreeding depress ion seems 
to fol low thi s pattern : the se lfing of pl ants be long ing to a weak I ine 
causes a lower inbreeding dep r ess ion than wh en p lan t s of a v igorous I i ne 
a r e se lfed. 

It is not easy to exp la in these diffe re nces of reacti o n t o se lfing. We f ee l 
that the se ri es of t ac t s ob se r ved in o ur experime nt s i s much more I ike ly to 
be exp la in ed by the hyp9thes i s of he t e rozygot ic s tructure than by th e hypo thes i s 
of ge ne o r inte racti on e ff ect s . What i s more, gene ef f ec t s a r e probab ly co n­
ditioned by s tructura l e ff ec t s , so th a t th e ir importa nce i s modified with 
i ~b r eeding. Th e exp lana tion for th e g rea t s1 dep ress ion (-32 ) of the A I ines 
might be the fol lowin g : cons ide ring th e ve r y low va lu e reg i s t e red fo r s7 (- 8 ), 
the grea t dep ress ion in s1 i s t o be ascribed to the fact tha t pl an t s of fh e 
A group, ope n-pol I i nated with pollen from both the A and th e B groups, pro­
duced S I ines with a hi ghe r ave rage leve l of heterozygos i s th an the p lant s 
of grouS A possessed . 

Figu re 1 s how s that t he gene ra l loss i n vigour wa s more r ap id than th e expec­
t ed from the inbreeding coeffi c ient, but wa s sti I I s lowe r tha n th at so far 
re ported by other authors. 

In a prev ious paper we held t ha t th e diffe r ences between o ur res ults and 
those of other re sea rch-wor ke r s were probably mainly th e resu lt of growing 
~ethods (competition). We now add that th e precoc ity e ff ec t i s of the greatest 
~ mpo rtan ce from the fir s t ge ne ration of se lfing . We ca lculated the general 
~n b r eeding de pres s ion by the values of the sepa ra t e s ub-gro up s , that i s , two 
In t he second generation and fo ur in th e third generation. Th e same number 
of p la nt s for each of the separat e s ub-g roup s was used. 
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FIGURE II 

Dry matter C.V. distribution (a group) 
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FIGURE III 

Dry matter C. V. distribution (b group) 
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Effect of inbreeding on the variability 

For dry matter weight, the va rian ce dec reases from S to s2 to S , fo l lowing 
the drop in the averages , though not propo rti o nal l y~ in fact , t~e coefficients 
of var iab i I i ty increase with the se l fed generat ions and are g rea t er fo r the 
weak lines (table 5) . 

As the r e ex i s t s no cor r e lation be twee n average a nd va ri ance fo r p lant he i gh t 
(tabl e 6) , th e inc rease i n va ri ab i I ity direct ly appea r s in the va ri ance . In 
thi s case t oo , the i ncrease i s in re lation t o se l fing and i s , on th e whole , 
greate r in the wea k I ines than in th e v igorous ones . 

We off e r the to I I owing exp I anat ion : it i s we I I known th a t in autopo I yp Io id s 
t he prog ress towa r ds homozygosit y i s very s low ; betwee n maxim um hete rozygos ity 
and homozygos ity the r e ex i s t seve ra l interme di at e le ve ls of het e rozygosi t y , 
With a co rres ponding numbe r o f v igou r leve ls . Four o r five generation s o f 
se l f i ng produce thi s t ype o f materia l, which , from a s tructura l point of 
view , i s mo r e hete rogeneo us than th e S l ines . lnt e rpl an t compet ition (intra­
genotype) he ighten s thi s heteroge ne ity

0
and ca uses a high e r phenotyp ic va ri ance 

(competition va ri ance) i n the se l f ed I ines than in S0 . 

Thi s hypothes i s i s confi rmed (8) by obse rvat ion of S , S2 a nd S3 mate ri al at 
t he seed I i ng stage , 35 days a ft e r sowing (before com~etiti on beg ins) . 

In fac t : 

a) th e coe ffi c ient s of va ri ab i I ity for he ight s how the same t r en d as those 
o f the adu l t p la nt ; 

b) in th e se lfed I ines , es pec ia l ly in th e weak ones , th e r e a r e pa le green 
p lants bes ides plants mo r pho logica ll y normal but grow ing very s low ly etc .. 

Th ese p lants , wheth e r in gr een house o r in fi e ld, are not k i I le d by competit ion , 
but a r e me re ly de pressed i n f avo ur o f th e mo re v igo rou s p lants , so tha t the 
dry matter we ight o f adu l t plants i n these g roups may vary from 0 . 05 gm . t o 
9-1 0 gm . 

The di s tribution curves of th e var iab i I ity coeffi c ie nts a re more di s persed, 
Yet , at th e s ame time t e nd t owards maximum va lues in the weak se l fed I i nes , 
so con firmin g our hypothes i s (F igu res 2 and 3 ) . 

Degree of r e sponse to selfing in vigorous plants (B) 

As can be see n i n th e f igure 4 a l I th e I ines i n s3 wh ic h de rive from s7 p la nts 
type B (ABB- BAB- BBB I ines ) have mo re o r less th e same dry matte r weighf. 

The refore , in se lecting v igo rous plan t s in s2 we mus t bea r i n mind th a t : 

- the diffe re nce be twee n the pa r e nta l popu lations i s of I i ttl e importance 

- it does not matte r whet he r v igorous or weak p la nt s a r e se lf ed at th e s ta rt. 
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More exact indi cat ions can be gained by compa ring the ave rage we ight of th e 
I ines with that of the i r p lan t s of o ri g in (tab le 7). Th e r ati o of the I ines 
t o t he p la nt s ave rages g i ves th e "deg ree of response t o se lfi ng" of th e same 
p lan t s . By exam ini ng t he resu lts i n tab le 8 , we can see th at : t he B plants 
chosen from the weak s1 I ines have a "degree of r esponse " 8- 9 po int s h ighe r 
t han B p lan t s c hose n from v igo rous s1 lines . Th i s i s true both of Friul a na 
and of Flor id a . Th e same tre nd ha s the rati o of th e s3 I ines t o the s2 I ines 
but on the who le t he "deg ree of r esponse " does not inc rease , excep t fo r v igo­
rous plant s chosen f rom BA I i nes of Flor id a . 

These r es ult s wo uld seem t o imp ly t ha t if i nb reed i ng i s to be I imited t o t he 
first gene rati on, the n non-vigo rou s p lan t s s hou ld be se lf ed . The idea l so l u­
tion wou ld be t o se lect p la nt s from th e s2 AA I i nes wh ich were as v igo rous 
as those in BB . The probab i I ity of f i nd i ng s uch p lan t s i s s li gh t bu t i s not 
to be exc lud ed . Lastl y , we mus t stres s that the "degree of res ponse" t o se l f i ng 
i s th e same i n Fl orid a an d Fri u lana a t t he moth e r p lan t s leve l but beg i ns 
grea t e r i n F lo rida t han i n Fr iu lana , i n t he fo ll ow ing se lf ed gene rati ons . Th i s 
Perhaps beca use the Florid a va ri ety has a na rrowe r geneti c base th a n th e 
eco t ype Fr iu lana . 

Correlation between generations 

In o rd e r to esti ma t e th e gene ra l comb ining ab i I i ty o f moth e r p la nts t o be 
emp loyed i n a sy ntheti c va ri ety , in ad di t ion t o the bette r known methods s uc h 
as po lyc ross a nd t op - c ross , a lso progen ies de ri ve d from se lfing a nd open -
Po l I inat ion a re emp loyed i n luce r ne . The co rre lat ion coeffi c ien t s be twee n 
these progenies a nd t he ir p la nt s of o ri g in g i ve a measure of the gene ra l 
combin i ng ab i I ity of th e latters . 

The coeffi c ien t s of corre lati on be t ween p lants se lected within s1 a nd s2 I i nes 
and t he ir se lf-progen ies a re reported i n t ab le 9 . 

The resu lts can be resumed as f o l lows 

a) the co rr e lat ion coe ffi c ie nts conce r n i ng the dry matte r we ight i nc rease with 
the se lf ed ge ne rati ons , wh e rea s those conce r n i ng t he p la nt he igh t rema i n· 
unchanged ; 

b) with i n a g iven gene rati on , th e co rre lat ion i s h ighe r f or the p la nt s se lec­
ted i n weak I ines ; 

c) th e s 2 - s~ co rre lat ion coef fi c ients conce r n ing the dry ma tte r we ight a r e 
h ighe r tnan those conce r n in g t he p la nt he igh t in both t he pop ul ati on s . 

Thi s latte r i s th e more interesting f ea ture o f t hese res ult s . We have t o ask 
~u r se l ves if the p la nt he ight wa s not a c ha rac t e r wh i c h had rece i ve too much 
Impo rtance in th e luce rne breed i ng . We have to po i nt ou t that i n the expe ri­
~en t s on competiti on in luce rn e we have found that th e p lan t he igh t i s no t a 

I eade r c ha r acte r", as it i s gene ra I I y de fin ed bu t it i s a c ha r ac t e r s ubord i -
nate t o th e v igo ur (9) . Thi s i s sound as co nce rning th e high dens ity s t and, 
Wh ' I le as for the spaced plants both the pl a nt he igh t and th e numbe r of s t ems 
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a re a utonomo us v i s - a- v i s t he v igo ur (dry matte r we ight). 

CONCLUSION 

From t he ma t e ri a l we have s tud ie d s i nce 1966 up t oday - two pa re ntal popula­
ti ons a nd s

1
-s2-s3 gene ration s - we obta i ned th e fo ll owing gene ra l in format ions . 

I ) i t i s adva nta geo us from eve r y po i nt o f v iew (a s sc ientific, as techni ca l 
and eco nom ica l) t o s tud y the pa renta l popu lati ons a nd the i r proge ni es in 
s t a t e o f comp etiti on . 

2) i n s t ade o f competiti on t he mos t impo rtant c ha ract e r i s th e v igour , mea ­
su r ed as dry matte r we ight. 

3) in o rd e r t o eva lua t e as co rrectly as poss i b le th e in breeding de pres sion , 
it i s necessa r y t o c ut if we wa nt t o meas ure the c haracte r s a t the budd i ng 
s t age ; t o th e fl owe rin g s t age , th e c ut o f se l fed I i nes has t o be de la yed , 
i n o r de r t o keep fo r each I in e th e s t age o f a bout fift y pe r cent o f flowe r­
i ng . In th i s way it i s poss i b le t o exc l ude from th e es timati on of v igo Jr 
t he de lay i ng e ff ec t of se lfi ng o n the precoc ity . 

4) t he se lfing o f wea k mothe r plants would pe rhaps has t e n th e obte nt ion o f 
I in es in wh ic h the g r ea t es t numb e r o f f avo ura bl e ge nes wou ld accumu late . 

SlJMMARY 

We give resu lt s fo r s2 a nd s3 gene rati ons . As in prev ious expe rime nts , the 
ma t e ri a l was s tudi ed 1n competiti on at a de ns ity o f 150 p lan t s pe r s qua re 
me tre , transp la nted aft e r 120 days of growin g i n gree nho use . 

We summa rize th e res u I t s a s f o I I ow s : 

I) th e ave rage loss in v igo ur was th e same for t he two popul ati ons ; in th e 
F lo ri da va ri e t y , wh ic h has a na rrowe r ge net ic base th an th e Friul a na 
ecot ype , it was mo re adv i sa b le to c hoose v igo rous p lant s . 

2) loss o f v igour was mo r e r a pid tha n th e expected from t he in breeding 
coeffi c ie nt, but s t i 11 I owe r th a n th at obta i ned so f a r by othe r r esea r ch 
wo r ke r s . 

J) t he tre nd o f v igour dep ress ion in p la nts o f the A group i s ve ry diff e re nt 
from th at in plants o f th e B g ro up . 

4) the v igo ro us I i nes in s3 (ABB- BA B-BBB) s how t he same ave rage we ight in both 
pop u la ti o ns . It does not seem t o ma ke a diff e rence t o se lf th e v igo ro us 
Plan t s o r the weak ones ; i ndeed, weak pl a nts seem to g ive bette r r es u lts . 
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5) in o rde r to evaluate th e loss in vigour as acc ura t e ly as poss ibl e , it i s 
necessary to e ff ect th e cutting at th e buddin g stage ; if we wan t t o mea ­
su re the characte rs at th e flo we ring s tag e , t he de layed c ut i s abso lute ly 
necessa r y , so th at the e ff ec t of se lfing on precocity wi I I not a ff ec t th e 
eva luati on of v igour. 
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HETHODS OF YIELD ASSESSMENT DURING INDIVIDUAL 

PERFORUANCE TEST AND SUBSEQUENT REALIZATION OF YIELD 

POTENTIALS IN SYNTHETICS 

T. I. Emecz 

So i I Fe rti I ity Dunn s Ltd, Co r sham , Great Br itain 

INTRODUCTION 

Inc reased annual forage product ion ha s a lways been high on the I i s t of pr iori­
ties of grass breeders . Yet , the success in thi s field fa ll s f ar short of the 
cons id e rab le ach ievement s in ot her breed i ng objectives , I i ke pers i stancy , 
Winter hardiness , seasona l yie ld etc . Recogn i sed var iet ies often produce no 
greate r annua l D.M. y ie ld than t he ir comme rci a l counte r parts or when they 
exceed them , the diff e r e nces a re us ua ll y rath e r modest . No doubt th e wide 
range of management , practiced on grasslan ds , acco unt s fo r a grea t dea l of th e 
sho r tcomings in r ea li z i ng the full pot entia ls o f bred grass var ie ti es . It i s 
a l so poss i b le howeve r t hat th e us ual procedures adopted by th e breeder fo r 
Yie ld assessment i n the va ri ous phases o f his br eed ing programmes wi I I not 
necessar il y lead to the se lec ti on of th e potent i al ly best geno t ypes thereby 
fai I ing to exp lo it fully the inhe ren t pote nti a l of natural popu lat ion s . Al­
though it i s app rec i at ed th at th e re a re nume rous a lte rnative methods for 
Yie ld a ssessmen t and their comp re hen s ive eva luat ion wou ld require large sca le 
~nd very e labo rat e expe ri mentat ion , neve rt he less it was thought th a t some 
Inferences might be drawn from looking at some of th e resu lt s wh i ch were ob ­
ta i ned us ing a f ew diff e r e nt methods in ope rationa l breeding projec t s . 

It i s emphas i sed that the present data, off e r ed for conside r ation , were drawn 
f~om tria l s , whic h were pa rt o f breed ing prog r ammes which had th e main objec­
t ive o f s upp ly ing s imultaneo us i nfo r mat ion on a few natural populations and 
0 ~ a I im ited number of genot ype s within these pop ul a tion s with the ultimate 
aim o f prov iding material fo r the consti tuti on of sy nthetic var ieties . It was 
thought however , that the data, co ll ec t ed in connection with the eva lu ati on 
0

'. the p lant mate ri a l were a l so s uitable t o th row some I ight on the compa ra­
t'.ve value o f the var ious management t ec hniques used in connect ion with 
Yie ld assessme nt. 
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HATERIALS AND METHODS 

Two spec ies we re in c luded in the projects : Ita li a n r yeg rass Lo lium mu/tif/ o­
rum Lam. a nd coc ksfoot Dact y l i s g lome r at a L. Ava i /ab le da t a re lat e to t he 
fo l low i ng tri a l co ndi t io ns : 

A/ Spacing 

I) Spaced plants = 60 x 60 cm s pac ing , t o prov ide non compet iti ve con diti ons 

2) Close plants 12 x 12 cm spac ing , t o pr ov id e compet iti ve cond i t ions 

3) Mini-plots = 5 x 5 cm spac ing , t o pro vid e 63 p la nts pe r one 48 x 38 cm 
s i ze p lot in s imul at ed swa rd co nditi ons . 

B/ Cutting 

I) According to general development : eve r ything c ut on th e same ca lenda r 
da t e , whe n the medium ea rl y mate ri a l o f the tri a l reached t he requi re d 
stage o f deve lopme nt. 

2) According to individual development of populations and genotypes. 

All c uttings we re ca rri ed out a t 8 cm a bove g round, with a "Li t tl e Wo nd e r" 
( Webb ) hedge c utte r. Pl a nts we r e he lped up by ha nd a nd a woode n frame was 
used to e ns ure unifo rm s tu bbl e hei ght. The c utting stage wa s chose n as t he 
7th day a ft e r the r eco r ded ea r eme r ge nce da t e . 

Fe rt i Ii ze r wa s g ive n a t th e r at e o f 300 N, 50 P a nd 130 K kg/ ha for s pacing 
1, an d 650 N, 100 P a nd 300 K kg/ ha fo r s pac ings 2 a nd 3 . P a nd K we r e g i ven 
in 3 eq ua l dosages i n Ma r c h, J ul y a nd Oc t obe r, N was appli ed in 6 equ a l quan ­
titi es : the fir s t in Ma rc h a nd a ft e r eac h c ut s ub seq ue ntl y . 

Ea r eme rgence dat es we r e r eco r ded as fo l lows : 

fo r spac ing 1, Th e appea r a nce o f t he third infl o rescence was obse r ve d, 

f or spac ing 2 , Th e time of eme rge nce o f the third hea d was es tima t ed a t the 
time o f c utting by meas uring the di s t a nce o f the tip s o f th e infl o resce nce 
from th e base o f th e fla g lea f a nd ca lc ul a ting th e probabl e ea r eme r ge nce 
dat e - wh e the r pr edating o r backdating on the bas is o f 0 . 7 cm mea n e longa ti o n 
growth / day . Thi s assessme nt fo l lowed t he patte rn o f the a utho r' s prev ious 
wo r k (Emecz 1967) but th e ac tua l fi gure o f 0 .7 cm was de rive d from da i /y 
meas ureme nt s on the tr ia l mat e ri a l. 

for spac ing 3 , Ea r eme rge nce was meas ured by t he N. I . A.B. t ec hnique fo r 50% 
eme r ge nce . 

D.M. y ie ld s we r e ob t a ine d from mat e ri a l dri ed in ove n a t 80°C fo r 12 ho urs , 
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i n p lants and 50% ea r eme r gence in p lot s . 

Th e e ff ec t o f spac in g and of c utting trea tme nt s upon the y i e ld o f individua l 
p lants i s rather obviou s a nd we l I known , e ffort s we re th e re fore direc t e d t o 
exam i ne poss i b le trea tme nt s x genotype inte rac ti ons . It was cons id e r e d that 
the ana lys i s o f va ri a nce would give in s uffi c ie nt guid ance on th e poss i b le 
ultimat e inf lu e nce on se lection, s hould s uc h inte rac tion e ff ects ex i s t, 
conseque nt I y the fo I I owing aspects we re exam i ned : 

a) Possib le treatme nt e ff ects on ea r eme r ge nce dat es . 

b) Poss i bl e treatme nt e ff ec t s on va ri eta l co ns titution of th e 10 bes t p la nt s 
selec ted from the same popu la ti ons und e r va ri ous trea tme nt s . 

c) Possib le ex i st ence of reg ress ion of ea r eme rge nce date upon t otal D.M. 
prod uct ion , us i ng ea r eme r ge nce as th e ind e pendant and D.M. y ield as th e 
depe ndant va ri ab le . 

d) Possib le diff e rences in y ie ld pe rfo rmance o f the po lyc ros sed progen y of 
ma t e ri a l se lected from th e same pop ul at ions unde r diff e r e nt trea tme nt . 

e) Poss ibl e e ff ec t s of t r ea tment s upon t he y ie ld pe r formance of the same 
progenies 

RESULTS AND DISCUSSION 

Da t a a r e ava ilabl e on cocks foot with s pacing 1 and 2 , unde r c utting ma nage­
ment I . 150 p lants were used in each spac in g . These be longed t o 5 natura l 
populat ions , denoted by A, B, C, D an d E eac h be i ng rep r esen t e d by 30 ge no­
t ypes . P lan t s were estab li she d i n ea rly Ap ril i n Hartman pots , which we re 
kept out of door s . Ori g i na I I y 7 seeds we re sown per pot but at th e 4 wee k 
s t age these we r e th i nned out and on ly th e best s eed I i ng was v i go ~r . Fi e ld 
Plan ting took p lace at the 10 week s tage . In th e seed ing yea r, 2 c ut s we r e 
taken a t a pproximat e ly the 20 cm he ight s t age . Th e fir s t full year produced 
4 c ut s . The fir st was taken 10 days a f te r the mean eme rgence dat e of the 
medium populat ion, s ub sequen t c ut s fo l lowed the 20 cm he ight r equireme nt . 

The re wa s g rea t e r va ri a ti on in ea r eme r ge nce da t es wit hin populat ion s than 
between th em , but this did not e ff ect the exper imen ta l a im t o focu s atte n­
tion on the trea tme nt x genotype i nte ract ion . 

Fi g . 1 s how s that spac ing appea r s t o have a ff ec t ed ea r eme rg e nce date as both 
the commenceme nt of ea r eme rgence and th e mean ea r eme rg ence date we r e later 
in the c lose p lant s . 

Spac i ng had a n ef fec t upon th e r e la ti ons hip betwee n ea r eme r gence dat e an d 
D.M . y iel d as we l I. There was no meas urab le corre la ti on be t ween these fea tures 
in spaced p la nt s whil e i n c lose p lan t s ea r emergence da t e ha d a nega t i ve 
I inea r reg ress ion upo n t ota l D.M . y ie ld. 

The e ff ec t of s pacing on th e ea r eme r gence dates is i n acco r dance with the 
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FIGURE I 

Relationship between ear emergence date and total D.M. 
yield in cocksfoot when cut at «general development » 
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r eport s of Ca lder & Coope r (1961 ) , who a lso found that wider s pac ing promoted 
ear eme r gence in cocks foot , and was not due t o the d iff e re nt techniques in 
r eco rding . The effect of spac ing in re la ti on to the reg ress ion o f ea r emergence 
date upon D.M. y ie ld i s proba b ly a nove lty but i s ve ry ma rked . Tab le 1 shows 
that the va ri ation in y ie ld of th e p lan t s o f the same ea r emergence date was 
qui t e hi gh wh ic h i s und e r standab le in un se lec t ed mater ia l, neve rthe less the 
d iffe r ences be twee n date s r eac hed s ignifi ca nce a t 0 . 05 leve l. Most of th e 
va ri a tion be tween th e mea n yie ld of the ea r eme r gence dates i s explainable 
by t he reg ress ion , and no s ign if ica nt va ri at io n le ft wh ich i s not exp la i nab le 
by the I in ea r assoc iat ion . 

Spac ing seemed t o ha ve had a ff ec ted th e outcome of th e se lec tion and the 
su bseque nt perfo rma nce o f the progeny as we I I : Tab I e 2 s hows tha t when th e 
bes t 10 genotype s we re se lec t e d , the imp rovemen t ove r th e mean of the tri a l 
was a somewhat hi gher pe r centage in s paced p lan t s whi le the rea li zation o f 
y ie ld im proveme nt during t he fir s t yea r of th e po l ycros s proge ny t es t i s g reat­
e r with t he p lants de ri ved from c lose p lants . The diff e r e nces a re s ubsta nti a l 
enough to warrant some atte ntion . 

Th e compos i ti o n o f th e 10 best ,genotypes a lso va ri ed with spac i ng in spac ing 
1 it was made up of 3 , 5 and 2 genotypes o f popu lat ion A, D, E res pecti ve ly, 
While in spacing 2 e ight geno typ'es we re de ri ved fr om Ban d two came f rom E. 

Simil a r data we re a lso ava il ab le on Ita li an r yeg r ass wi .th the same treatments , 
bu t the re we r e 10 nat ura l popu la tion s , de noted as A, B, c, · o, E, F, G, H, I , 
J , wi t h 20 ge not ype s in eac h. P lant s we r e es t ab li s he d i n Augus t a nd p lan t ed 
out t o the fi e1 d a t th e 6 weeks stage . The r e was one c ut i n the a utumn o f th e 
seed i ng yea r and 5 c ut s th e fol lowing yea r. Res ult s a r e di sp la yed i n Fi g . 2 
and Table 3 . F ig . 2 s hows that the gene r a l patte r n of th e spac ing e ff ect wa s 
Ve r y s imi Jar to that in cocks fo ot . The notewo rt hy d ifference was t ha t ea r 
eme r gence dat e wa s promot ed by t he c lose s pa c ing an d not de layed . Suc h an 
ef fec t wa s obse r ve d by the a uthor in ea r li e r wo r ks (Emecz 1963 , 1966) . Th e 
associa ti on between th e ea r eme rgence dat es a nd th e t ot a l D.M. y ie ld wa s 
Ve r y mu c h t he same as i n cocks foot i. e . no reg ress ion in spac ing 1 while 
most o f the va ri ati on was exp la i nab le by a nega ti ve I in ea r reg res s ion in 
spacing 2 . 

The et f eet o f the o utcome of th e se I ec t ion was a I so s i mi I a r , tho ugh ·even mo r e 
noticeab le . The 10 best genotypes in spac i ng 1 we re ma de up by 3 , 3 , 2, 1 and 
1 from pop ul at ion s C, E, Ha nd J r es pecti ve ly . In spac ing 2 , they we r e mainly 
derived from pop ul ati on G, (eight genot ypes) whi le F and J a l so cont ribute d 
1- 1 ge not ype . Tab le 4 s hows that t he im provemen t in the y ie ld of th e 10 be s t 
geno t ypes ove r th e ove r a l I mean ' was aga in g rea t e r in s pac ing 1, wh il e th e 
rea I i za t io n of y i e Id pote nt i a I in th e fir s t yea r o f the po I yc rossed proge ny 
Was aga in g r ea t e r in th e se lection from spac ing 2 . 

The an aly s is exhibited an unusual feature as the resi dua l mean sq ua res we re 
Significantly g r ea t e r in both spec ies than th e mean s qua res r ep resen ting the 
dev ia tion from the reg ress ion . It wou ld be diffi cu lt t o i dent if y th e exa c t 
ca uses , but i t would appea r that the e ff ect of ea r eme rgence date was rather 
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FIGURE II 

Relationship between ear emergence date and total D.M. 
yield in Italian ryegrass when cut at «general development» 
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sim ilar on a l I ge noty p ic var iation within date . The latte r wa s very co ns ider­
ab le , probab ly due t o the use o f un se lec t e d mate ri a l o f wid e ly diff e re nt 
o r igin . 

A sepa rat e t est, invo lv ing 11 pop ul at ions of Ita li an r yegrass , ( inc luding 
those used in the othe r t est) wit h 170 ge noty pes eac h, was g row n at s pacing 
1 but unde r c utting trea t ment 2 . The res ult s o f th i s a re di sp layed on Fig . 3 . 
It s hows similarity t o a c urv i I inea r r eg ress ion o f ea r eme rgence da t e upon 
t otal D.M. y ie ld. Seve ral po lynom ia l s we re fitt ed and the quadrat ic , c ubi c , 
quartic and quinti c were eac h s igni f ica nt at t he 0 .1 % leve l, but in eac h 
case the R2 (a measu re of how much o f the t ota l va ri a ti on in the de pe ndant 
va ri able , O.M. y ie ld -

2
i s exp la inab le by the po lynom ia l i n ea r eme rge nce dat e) 

was low . The highe s t R wa s in the qu int ic model , but eve n thi s on ly r~ac he d 
0 .04 7. This mea nt that th e po l ynom ia l mod e l was o f no great use . Us ing logged 
va lues o f the y iel d data did not r es ul t in any s ign i fi ca nt improveme nt in t he 
fitting . 

It i s noteworthy howeve r th at t he a lte rat ion i n the time of c utting e ff ec t e d 
the type of re lati onship between eme r gence da t e and tota l O.M. y ie ld wh ich 
showed a de fin ite advantage for the medium ea rl y genotypes und e r c utting 2 , 
Whil e un de r c utting 1 th e r e wa s no de fi nite patte rn at a l I . Some importance 
of thi s may be re f I ected by a furth e r tr i a I in wh ic h 40 genotypes of th e same 
mate ri a l were involve d . These were se lec ted to rep resent ten groups , with 
4 genotypes in eac h. The 4 genot ypes within a group had id e nti ca l ea r eme r­
gence dates , whi le the r e was a 4 day d i ff e r ence of ea r eme r ge nce between 
gro ups . Th e gro up s we re used sepa rate ly i n a po lyc ross trial. Seed was ha rves ­
t ed bu l ked within g ro up but kept sepa rat e ly fo r eac h g ro up . 18 mini- p lots we re 
es t ab li shed from the seed of eac h g roup . Th ese we re used in cutting trea tment s 
I and 11 , g iv ing 9 r e p I ica t es for each . Res ult s a re shown i n Fi g . 4 and Tabl es 
5 an d 6 . Both , the ove ra l I y ie ld and the bes t I i ne varied with the treatments , 
both being higher und e r c utting I I. The id entity of th e bes t I i ne a lso c ha nge d 
as the ea rli est I ine y ie ld ed most i n c utti ng I wh il e the 5th I i ne wa s th e 
highest y i e Id e r und e r cutting I I . 

The qua I ity of the forag e a l so mu s t have been affected by the t rea tments a nd 
it s hould be ex pecte d that i n c utt i ng .1 the% DOM va ri e d qui t e dras ti ca ll y · 
from I ine to I ine , wh il e i n c utting 11 i t was probably qui te s imi la r fo r most 
or even a l I I ines . Howeve r i t i s j ust an ass umpti on as 0 . 0 .M. was not exami ne d. 

Adm i tted ly , the period , cove red by the tri a l, was muc h longe r th an no rma ll y 
inc lud e d in one group o f a y ie ld assessment tria l but it he lpe d to s how up 
the diff e r ences more di s t i nctly. Furthe r mo r e , eve n i f onl y 3- 3 I ines a r e 
Poo led , the g ro up s would on ly cove r 8 days , never th eles s in the 1s t a nd seco nd 
gro ups th e bes t I ine wo uld vary with th e c utting trea tmen t. 

The c utting trea tmen t a f fected the r eg ress ion o f ear eme r gence dat es upon the 
t ot a l O. M. y ie ld ; und e r cu tting I , the reg ress ion wa s negat ive a nd I inea r 
Whil e und e r c utting I I, i t was a po lynom ia l, the c ubic, quart i c a nd qui ntic 
g !v i ng equa ll y good fit s . I~ both expe ri ments the r egress ion was hi gh ly s igni­
fi can t ( see Tab le 6) . The R va lu e i n the c utting I I treatment imp li ed tha t 
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FIGURE III 

The relationship between ear emergence and D.M. yield in 
Italian ryegrass under «individual development » cutting treatment. 
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FIGURE IV 

Regression of ear emergence date upon D.M. yield of Italian 
tyegrass grown in mini-plots under 2 cutting treatments 
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Table 6. Analysis of regression of ear emergence date upon yield of Italian ryegrass lines grown in plots 

a) Under "general development" cutting treatment. 

SOURCE OF VARIANCE D.F. S.S. M. S. V.R. 

Regression 1 496,329 496,329 2057 

Oe•iation from regress ion R I 5R3 
· ' 

JqR 

Residual 80 12,528 157 

Total 89 510,440 

b) Under" individual development" cutting treatment 

SOURCE OF VARIMCE D.F. S.S. M.S. V.R. 

Line 

Cubic polynomial 3 422,523 140 ,841 6.3 

Remainder 6 133,828 22,304 

Residual 80 16, 729 232 

-

Total 89 573,080 

0, 7373 
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the va ri ati on in D.M. y ie ld i s acco unte d for - t o a co ns id e r ab le ext e nt - by 
the polynomial in the ea r eme rge nce date. Th e exac t fittin g of a po l ynom ia l 
i s of no gr eat practi ca l va lue ; the r ea l impo rtance li es in the ident ifi ca ­
ti on o f th e pea k of performance which has a direct influence on th e ou t come 
of th e se lection. 

The res ult s are in harmony with pr ev iou s repo rt s : The N. I . A. B. repo rt (1969 ) 
on Itali an ryeg rass has show n tha t th e y ie ld i s re du ced by abo ut 1% fo r eac h 
day delay in ea r eme r ge nce , unde r a cutting I t ype o f management, g i v i ng a 
nega ti ve I inea r r eg ress ion. Th e author's former res ults (1966) on the othe r 
hand indi ca t ed a po lynom ial r e lati onsh ip between ea r eme r gence date and y ie ld, 
wh e n c utting was adjusted to deve lopmen tal stage of each population indi vidual -
1 y . 

CONCLUSIONS 

Th e r es ult s indi ca t e that the management, a ppli ed during indi v idu a l performance 
t es t as wel I as durin g the fir s t progeny assessment tri a l cou ld have a s ubstan­
tial influence on both the genotypic const itution of the ultimate se lect ion 
and the s ub seque nt r ea li za tion of the inhe ren t y ie ld po t e nti a l o f thi s se lec ­
ti on. 

The reg ress ion analysis, involving th e ea r eme r ge nce da t e a nd the total y ie ld, 
gave a use ful type of information on th e I ike ly diff e r e nces in the ultimate 
se lecti on groups as co nstituted on the basis of diff e r e nti a l management during 
individual pe rfo rmance t est. It a ppeare d that some o f th e managemen t t ended 
to obscure th e tru e potential o f the med ium maturity g ro up in th e tri a l, there­
by leading to the se lecti on of potentially inf e ri o r genotypes . 

The data do not give an acc urat e re flection on the poss ibl e improvemen t over 
the mean of th e original population as heavy se lecti on pressure was applied in 
the ea rly s tage for seed I ing v igo ur, th e r eby probably e limin ating many o f the 
poorer pe rforme rs. Earlier res ult s (1965) of th e a uthor have indi ca t ed th at 
a poor performance in the seed I in g s t age was us ua lly assoc iated with low 
performance in the seeding yea r, an d o ft e n a lso in the fir s t ful I yea r. 

Th e a pp a re nt e ff ec t of spac ing and c utting management co uld have a feas ibl e 
exp la nation in th e poss ibl e change in th e I imiting factor which i s I ike ly to 
r es ult from s uc h c hanges . Water, I ight, nutri e nt s uppl y a r e a l I more I ike ly 
to become I imiting unde r competitive conditi ons , while t empe rature might be 
th e ma in I imiting fa ctor in wid e s pa c ing. A s imultaneo us cutting , adj us t ed to 
th e medium group, t e nd s t o favo ur th e ea rly plants or pop ul ati ons as r ega r ds 
D .M. y i e Id as they take greater adva ntage o f th e high e r growth r ate norma I I y 
assoc iat ed with th e r ep rodu cti ve development o f th e ti I le r s , up t o the s tage 
o f ant hes i s (Emecz 1962) . Indi v idua l c utting on the oth e r hand a l lows a g rea t­
e r manifestation o f the r ea I inh e ren t y i e Id potent i a I . 

It appea r s from the data, tha t if s imultaneo us c utting i s essenti a l, th e 
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br eede r co uld ga in some advantage from competitive spac ing during i ndividu a l 
pe r fo rmance tests . Even g rea t er benef i t may res u lt if i nd i vidua l c utting can 
be app li ed t o p la nt s i n wide spac ing . It wo uld be log ica l t o ass ume th a t the 
combinat ion o f in d i v idua l cutting t ime wi th competit i ve s pac i ng co u ld furt he r 
in c rease th e prec i s ion of th e y ie ld assessme nt, but th i s management i s r a th e r 
comp I icated t o o r gan i ze . 

While it wo ul d be t oo hasty to c la im tha t the results di sc ussed provi de s uffi­
c ien t guidan ce t o use th e poss i b le management practices durin g the bree d ing 
programme to ful I advan t age , the r egu la rl y eme r g i ng s imil a r pa tte rn s an d the 
extent o f th e diff e r e nces obta in ed from diff e r en t app roac hes s ugges t that 
breede r s who wo uld comple t ely igno re the imp I icat ions may mi ss va l uab le oppu r­
t un iti es in ex p lo iting th e in herent capab i I iti es o f ex i s ting popu lat ions . 
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MORPHOLOGICAL CHARACTERISTICS AND EXPRESSION OF VIGOUR 

M. Gi I let 

Station d'Amel ioration des P l a ntes Fourrage res , Lu s ig na n, France 

Mo s t of the work o f breeding forage crops i s made in s paced p lant s nur se ri es , 
Wh e r ea s th e des ire d cu ltivar s mus t be designed to be used in den se s ward s . Are 
the yi e ld s i n both co nditions in good co rre lat io ns ? Is it po ss ible to find 
morphologica l characte ri s ti cs I inked to y ie ld in swa rd s , and less s uscept ibl e 
t o competiti on ? Such characte ri s ti cs would be most importan t fo r breeding . 

METHODS 

A se t o f ge notypes o r c ultiva r s has bee n s tud i ed at vary ing de ns ities : s pa ced 
p lan t s (70 x 70 cm or 50 x 50 cm) , "mi c r o- tri a l s " (2 x 20 cm , 5 x 20 cm o r 
10 x 20 cm) a nd "sward s " (row s 20 cm a pa rt). For eac h de ns ity, the yie ld and 
th e numb e r and s iz e o f organ s we r e s tudi ed . 

As a fir s t s t ep , co rre lations have bee n estab li s he d between y ie ld in s wa rd s 
and diff e r e nt c ha r ac t e ri s ti cs i n othe r dens iti es . 

As a second s t ep , a l I dat a obta ined wi I I be s ubmitte d to multi va ri a t e ana l ysis , 
in o rd e r t o ge t se lecti o n indi ces for y ie ld. 

RESULTS PER SPECIES 

a) Lucerne (M.T. Ches nea ux , P. Guy, A. Porc he ro n) 

Fo r 25 F2 hybr id s , four c harac t e ri s ti cs have been measured on spaced plants 
Yie ld, heigh t, width a nd numbe r o f s t ems . 

The bes t s paced p la nt cha racte r to pre di ct the a nnua l s wa rd y ie ld i s the 
he igh t. Width a nd numbe r o f s t ems a re negative ly co rre late d with each othe r 
and are o f no use for s uch a prediction (tab le 1 ). 

The s tud y o f corre lati o ns between cha rac t e r s within a g ive n de ns ity a l so lea ds 
to t he same co nc lu s ion s : 

- Height i s th e mo s t re presentative fa c tor o f th e y i e Id. It i s the I ess 
s uscep tibl e o ne to competi t ion . 
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- Width and numbe r o f s t ems a re a lways negati ve ly co rre la t e d wi t h each ot he r 
and not co rre lat ed t o y ie ld. 

- Th e f i r s t c ut y ie ld g ives a precise idea o f th e pot en ti a l a nnu a l y ie ld. 

Although the re i s no st rong genotype x de ns ity inte r ac ti ons , t hese res ul ts 
s how tha t se lecti on i n spaced p la nts fo r swa rd y ie ld may become mo re accu rate , 
by wo r king at the same ti me on y ie ld a nd he ight. The mos t adap t e d t ype fo r 
de nse conditi ons seems t o be a ve r y hi gh one (t hi s c ha r ac t e r i s ve r y s t abl e 
an d he ritab le ), wit h midd le- wide but c lose tufts a nd r a the r th ic k stems . 

b) Cocksfoot ( J. C . Be rt ho l lea u, J.P. Gac het, A. Ga l la i s ) 

In the seed in g yea r, no genot ype x de ns ity in te rac ti on has bee n observed . But 
an o rthogo na l r eg ress io n a na lys i s has s how n t wo im po rta nt in d ices t o pr e di ct 
swa r d y ie ld : an ind ex o f gene ra l v igo ur (num be r a nd s i ze o f ti I le r s ) an d 
a n ind ex o f phot osyn thet ic e ffi c ie ncy (h abit as meas ured by% o f e r ec t pl a nts , 
and lea f width). 

At t he s pring c ut s o f fo ll owing yea r s , the re i s a l so a good co rre lati on 
betwee n spaced p la nt s y i e ld s a nd s wa r d y ie ld s ( r =. 80*), but mos tl y due t o a 
s li gh t ea rli ness var ia ti on be t ween genoty pes , a lthough c hose n in a same g roup 
of ea rliness . The influe nce o f deve lopme nta l s t age on v igo ur has thu s t o be 
e I i mi na t ed. 

Wit h eq ua l ea rliness , th e pa rti a l co rre lat ion betwee n y ie ld s in t he t wo con ­
d iti ons i s mu c h lowe r a nd non- s ignif ica nt. At th e f i r st c ut, the numbe r o f 
r eprod ucti ve ti 1 le r s i s the most impo rtan t fac t o r ; a t t he second c ut, it i s 
t he mea n we ight o f th e veget ati ve ti I le r s . 

The t ot a l y ie ld o f th e two c uts s hows a ve r y good co rre lati on with lea f leng th 
(r =. 86* ) as meas ured at th e fir s t c ut. 

In a nothe r t r ia l, the corre la ti on be twee n y ie ld s at the two dens iti es , as 
co rrec t e d by ear liness , a ppea r s t o va r y accord in g t o deve lopmenta l s t age : 
t hi s wi 11 be furth e r s pec ifi e d. 

Summe r an d a utumn c ut s have been to a la r ge ext ent depe nde nt upo n e nv ironmen t. 
Neve rthe less , t he sa me two facto r s as i n seeding yea r a pp ea r t o be th e most 
importa nt ones . 

As a wh o le , some se t s o f c ha r ac t e r s , meas ured on spaced pl a nt s , come s t eadi Jy 
ou t as favo ura bl e t o s wa rd y i e ld : numbe r a nd we ight o f the r ep r od ucti ve 
ti 1 le r s , size o f the veget a ti ve ones , lea f le ngt h, e rect hab it. Fo r t ot a l 
ann ua l y ie ld , ha bi t a nd lea f le ngt h have a good pr ed ic t ive va lue (r = . 77* 
and . 68 -><). 

In o rd e r t o be adap t ed t o competiti o n, a cocks foot ge not ype mu st have an e rect 
hab it, long leaves a nd s t ems , and ma ny s t ems in a f te rmath (s uc h s t ems have 
neve r bee n obse rved in swa r ds ). 
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c) Headow fescue (M. Gi I le t, J . Jada s -Heca rt) 

Yie ld , number and mean we ight of t i I le r s have been s tudied on 12 va ri e ti es 
in sward and spaced p lan t s . In the latter co nditi on , tuft a r ea has a l so 
been measu red . 

None of the spaced plant characteristi cs has been corre lated with any sward 
one . 

Data wi 1 1 be further s tudi ed with mul t iva ri a t e ana lysis . 

d) Tall fescue (M. G i I I e t, J. J adas-Heca rt) 

23 var ieties have been s tud ied i n spaced p lants a nd swa rd s . There wa s a r ange 
of different ea rli ness , the influence of whi ch was e li min a t ed by pa rti a l 
cor re lati ons . The s i ze o f o rgans (stems , different leaves) has bee n measured. 
Partial co rre la ti on ca lcu lations was app li e d to these data , in o rd e r to sepa ­
rate th e ir own influence from each ot he r. 

In the seed i ng yea r, th e r e we re pos itive cor re lat ions between y ie ld s at the 
two dens iti es ( r = . 58* and . 87* fo r two cuts , re spect i ve ly) . Spaced plants 
leaf length was a l so a good c rite ri on of s wa rd y ie ld ( r = .7 9* a nd . 60*) . 

Of the fo l low ing yea r, on ly the fir st , reproductive c ut has yet been analysed . 

For this c ut, when t he influe nce of a l I morpho log ica l characteristics has 
been e li minated , there 'st i 1 1 is a good co rre la ti on between the y ie ld s of the 
two stands . Bu t i t disappears und e r the i nf lu ence of the morphological cha ­
racte r s : ac tua I I y , for a g iv en y i e Id i n spaced p I an t s , a big s ize o f a I I 
or gans r ed uces the swa rd y ie ld ; neve rthe less this size i s co rre la t ed with a 
good "nur se r y" y ie ld: probab ly they a re a ll i nf luenced by the ge nera l v igour 
of the p lant. 

Fo r this fir st, r ep rod uct i ve cut, the best va ri e t y wou ld have in spaced p lants 
a good vigour with I ittl e organs. Suc h a va ri ety mu s t th us have numerous 
stems . 

Oth e r cuts have not yet been fu I I y ana I ysed , but we have shown that the breadth 
of leaves a t a l I cuts a r e in good co rrelation wi t h each ot he r. Thi s hold s 
eq ua I I y fo r I ength of I eaves but th e I ast one before head, which i s r a th e r 
more linked to breadth, as if under floral influe nce, t hi s lea f t end ed t o a 
fixed leng t h/b readth r atio , full y r ea li sed in g l ume . 

e) Italian rye-grass (P. Mansat , J .C. Rene) 

10 ecot ypes of a same ea rliness have been s tudi ed in s wards, "mi c ro-tri a l s " 
(2 cm and 5 cm between p la nts on the row) a nd spaced p lan t s nurse r y : thi s 
Work i s comp le ted by meas ures made on other mi c ro-tri a ls . 
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Table 1 . Correlations between sward yield and spaced plants characteristics in lucerne 

~ 
1 st cut Annual 

Height s 

yield yield s 

1st cut G.M. yield . 78* .71* .54 

Annual G.M. yie Id .83* .71* .73* 

Table 2. Correlation for yield between nursery and 3 other densities in Italian Ryegrass 
SW = Sward 

Mi 2c m } !!' . 
1 

( ) Mi 5cm ·vii crotria s see text 

13/ 38/63 IJ/05/64 23/ 06/ 64 

Stem 

width 

. 14 

(year of sowing) (earing stage) (earing regrowth ) 

SW 

Mi 2 cm 

Mi 5 cm 

* Significant at 5 % level 

** Significant at 1 % level. 

.76** 

.88** 

.86** 

.73** .65* 

.87** .79** 

.78** .67* 

Stem 

number 

. 22 

21/ 10/ 64 

(vegetative regrowth) 

-·- ·-

.69* 
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- Within swa rd, the y ie ld i s not co rre lated t o the numbe r o f ti 1 le r but t o 
thei r mean we ight fo r 3 c uts and t o the a r ea o f indi v idua l lea ves at the 2 
first ones . Numbe r a nd we ight of t i I le r s a r e o f co ur se nega ti ve ly corre la t e d. 

- Wi th i n mic ro-tri a l, t he y ie ld i s a l so co rre la t ed wi th i ndi v idual lea f a rea 
and no t to ti I I e r numbe r, a t a I I c ut s , fo r a se t o f di p I o Td a nd t etrap I oTd 
clones . 

- Within nur se r y , t he y ie ld is I in ked wi th a l I cha rac t e r s : we ight o f ti I le r s , 
a rea o f I eaves o r numbe r o f t i I I e r s . Spac ing a I I ows fo r ex press ion o f a I I 
t hese cha r ac t e r s . 

It appea r s t ha t we igh t o f ti I ler and leaf a r ea a r e mo r e stab le c ha racte r s 
t han numbe r o f ti I I e r. 

Which o nes , meas ured on spaced plants o r mi c ro- tr ia l s , a r e in re la ti on t o 
sward y ie ld ? 

No ne of t he mic ro- t ri a l data g ives a r epea t e d co rre lati on with i t. On the 
ot he r hand , on th e t wo las t 1964 cu t s , le ngth a nd a r ea o f nur se r y lea ves a r e 
c lea rl y co rre lat e d with swa r d y ie ld, whe reas t he nu mbe r o r mea n we ight o f 
t i I le r s was not (U nfo rt unate ly, t he s i ze o f leaves was not meas ure d a t t he 
first cut) . 

Neve r theless , nur se r y y i e ld is h ighl y co rre lated with swa rd a nd mi c ro-tri a l 
yie ld (tab le 2) . 

Van Bogaert has show n t ha t the v igo ur o f indi v idua l pla nt s , whe n eye -not e d, 
was in good co rre lati on wi t h we ight o f t he same p lants . The se lec ti on c ri­
ter ion i n spaced p lan t s is thus s impl e : gene ra l v igou r an d leaf s i ze . 

Some obse r vati ons made on pe r e nni a l r yeg rass lead t o s imil a r conc lu s ions : the 
we ight of organs i s mo r e impo r tant t han the i r numbe r, a t leas t whe n th e latt e r 
is not too h igh. Fo r example , for Devon Eave r, wh ich has ve r y nume ro us I ittl e 
ti 1 le r s , t he y ie ld i s ma de by t he i r numbe r. But between Pri meve re , Ra ido r 
and Reve i I le with mid d le ti I le ri ng , the we ight of o rgans i s mo r e important . 

CONCLUSIOH 

Th i s wo r k has not yet been tu I I y ana I ysed . But t he present data s how that 
s i mi I ar t re nd s appea r i n most cases : 

- the re i s a pos it ive co rre lation between v igo ur at diff e ren t de ns iti es , 

- i n most cases ge notypes wit h bi g organ s a re mo re adap t ed to compet i t ion than 
tho se wi th nume r ous o r gans . Thi s i s t r ue , e it he r fo r a lf al f a , wh e re a l I c ut s 
a r e fu l ly r ep rod uct ive , or for vegetat i ve c ut s o f g ras ses (rep roducti ve i n 
case of i t a I i a n r yeg r ass) , 
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- for grasses , i t seems that the ab i I it y t o make nume rous rep roduct ive stems 
i n spaced p lan t s i s I i nked with a good v igou r in dense condit ions , even if 
the swa rd i s , the re , on ly vegeta ti ve . 
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INTRA AND INTERGENOTYPIC COMPETITION IN MEDICAGO SATIVA 

P. Ro ti Ii and L. Zannone 

ls tituto Spe rimen tal e per le Co lture Foraggere, Lodi, Itali a 

INTRODUCTION 

In thi s pape r we report th e res ults of our seco nd s t ep of ex pe rimen ts to find 
ou t the competition ef f ect s on some quantitative cha rac t e rs of luce rn e (Medi­
cago sa t i va) . 

In our fir s t se ri es (4) the s tud y was eff ect ed : 

a) on seed I ings of 28 and 48 days in green house (at two water leve ls and two 
densities : 200 and 500 seeds per metre) ; 

b) on full y grown plants tran s planted in fi e ld at the de ns ity of 300 plants 
per square metre, after 90 da ys of greenhouse growing. 

The competition e ff ect s were measured as "res istance t o competition" taking 
the spaced plants as r e f e re nce . 

From these s tudi es we conc lud ed th at : 

a) at the same nume ri ca l dens ity, th e genotype which has a higher yield in 
pure plot increases it s y i e ld in mixture ; on th e contrary , th e lowe r 
y ie lding genotype r educe s its y ie ld in mixture ; we exp lained these res ults 
by means of the "biological de ns ity" ; 

b) a l I the mixtures on tri a l presented a lower yield than the mo s t vigorous 
cons is tuent in pure stand. Thi s res ult doe s not justi fy the assertion accord­
ing to which, to ne utralize th e negative competition e ff ec t s , the use of 
mixtures should be cons idered with varieties having a good aptitude to 
cooperate for yield. 

Th e a im of the present work i s t o t es t th e validity of these res ult s on wider 
ma t e rial grown close r to fi e ld conditions. 

MATERIAL AND METHODS 

The fol lowing 10 genotypes were used 
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Flo ri da - 1558 S
0 

- 1558 s 1 - 1564 S
0 

- 1564 s 1 - 1564/4425 s 2 -

1564/4425/ 5385 s 3 

Variet y : Friul ana - 649 S
0 

- 862 S
0 

- 862/3375 s
2 

- 1753 S
0 

These ge no t ypes were s t ud ie d i n th e fo l low i ng 5 expe r iments : 

Exp . 1 - 1558 s and 1564 s i n pure stand an d in mixtu re at f i ft y pe r cent 
0 0 

Exp. 2 1558 s 1 and 1753 s i n pure s t and an d i n mixture at f i ft y pe r cent 
0 

Exp . 3 - 862 s a nd 862/3375 s 2 in pu re s tand and i n mi xtu re at fift y per 
cent 0 

Exp . 4 649 s I 1558 s a nd 1564 s in pure s t and a nd i n mixt ure at 33 . 3 
ceRt of eacg 0 pe r compone nt 

Exp . 5 - 1564 S
0

, s 1 I s2 ' s3 i n pu re sta nd a nd i n mi xt ur e a t 25 pe r cent o f 
each component. 

Each geno type , excep t 862 S an d 862/3375 s 7, wa s a l so grown as s paced p lan t s . 
Th e comp e t i t ion g row i ng (pu~e s t a nd and mixfure ) was a t th e dens i ty of 200 
seeds per metre (= 1000 p la nt s a squa re metre ) . Th e s paced plants were 30 x 15 ems · 
apart. Th i s dens it y, at th e two fi r st cu ttings , i s ro ugh ly equ i va len t t o a 
dens i ty of 4 p lan t s pe r squa re metre i f t ra ns p lanted 90 days a fte r sow i ng . 

The seeds were ca l ibrat ed (1 . 5 to 1 . 6 mm . ) an d pi e r ced by a need le after 12 
hours i n Petri d i shes , t o avo id th e e ff ec t s o f s i ze a nd hardness ; in th i s 
way , a l I the seeds were a t th e same r ate of s we l I i ng at sow in g t ime . 

In each expe ri me nt 850 seeds were sown : 50 seeds as spaced p l an t s a nd 800 
i n t~ a compe t it ion p lots , 400 i n pur e s t a nd and 400 i n mi xt ure . 

So i I homog e ne ity , both in s truc t ure an d in qua I i t y , was ob t a in ed by excava t i ng 
a bunke r 2 . 10 metres wide , 50 cm . deep and 11 .00 met res long , an d f i 11 i ng i t 
wit h we l I mixed so i I. Exper iment n. 3 was ca rri ed ou t i n d i f f e r ent so i I ; 
neverthe less , t he res u lt s of thi s expe r iment ag ree ve r y we l I wi th the ot hers, 
as we sha l I see lat e r. 

Th e seeds we re p lan t ed i n r ows 2 me t r es long , sepa rated by t i n s t ri ps 2 metres 
long an d 40 cent imetres deep : t hi s a rran gement a l lowed us t o g ive each r ow 
the same amount of so i I a nd wat e r ( t he expe ri men t a l f i e ld wa s cove re d by a 
tran spa re nt p las t ic roo f) . 

In the two-componen t mixtures the genotypes sys t ema t i ca l ly a lte rna t ed a long 
t he row . In t he othe r s the compo ne nt genotypes we re randomize d . 

In each row the exper imen t a l data we re co ll ec t ed on ly on the 200 p la nts of 
the ce ntra l met r e . Three c utti ng s we re ef fected . At t he t wo fi r s t c utti ng s , 
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th e data were co I I ected on pe r-p I ant bas is . As the mo rta Ii t y at the fir s t c ut 
was ve r y low (Table 1 ), eac h mean va lue r ep resents a s ample go ing from 197 
t o 200 p la nt s . The dat a co ll ect ed on pe r-plant bas i s were : dry ma tter weight, 
height, numb e r of s t ems ; at the second cut th e pe rce ntage of blooming plants 
and th e t ot a l number of infl oresce nces pe r plant were co ll ec t ed t oo . At th e 
third cutting only the t otal production of th e pure p lots and the mixed plots 
was r eg i s t e red. Th e expe rimen tal a rrangemen t used for th e two- compo nent mi x­
tures pe rmitted the total production of each s in g le component to be revea led. 

RESULTS 

Competition effects on the average values 

Resistance to competition 

Th e ave rages per p la nt a re r eported in the Tab les from 2 to 5. As in th e 
previous expe riments , the competiti on effect s have been eva luate d as "r .:Js i s ­
t a nce to competition" by 

x 
c 

x . 
I 

100 

whe re x . =character mea n va lue in s paced p lan t s a nd x = cha rac t e r mea n va­
lue i n ~ ure s t a nd (intrage not yp ic competiti on) or i n mTx ture (intergenotypic 
competiti on) . 

Dry matter weight - From th e va lues p lot t ed in fi gure 1 we can obse r ve 

1 ) the res i s tance to competition i s re la ted to th e nature of genot ype . At t he 
dens ity in s tud y it s hows ve ry low va lues (under 10 in pure s t a nd), which 
s ha r p l y dec rease a t t he second c ut fo r a l I the genotypes both in pure 
s tand a nd in mixture. Thi s i s beca use t he in c rease of the dry matte r 
we igh t in th e spaced p lan t s i s much g rea t e r than in pure s t and o r in 
mixture. 

2) among a l I the genot ypes on tri a l, on ly 649 S (exp . 4 ) shows no difference 
bet wee n the res i s t a nce va lue o f pu re s t and aR d tha t of mixture . The increa ­
se or decreas e o f r es istance t o compet iti on i n the mixture i s not r e lat ed 
t o t he res i s t a nce values in pure s t and , but to t he dr y matte r mean va lues 
of genotypes in pure s tand : t he ge not ype wh i ch i s mo re productive in pure 
s t a nd increases its r es i s t ance to competiti on if grow n in mixture ; th e 
con trary occu r s f o r the less productive genot ype . 

Th i s performance i s the same in a l I the expe riment s and for th e two c uttings . 

Pa rt i c u I a r I y : 

- i n t he two-component mixture , competition benefit s the genot ype having the 
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F IGURE I 

Resistance to competition - dry matter weight 
(P = pure s tand ; M -mixture) 
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FIGURE II 

Resi stance to competition - height 
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FIGURE III 

Resistance to competition - number of stems 
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grea ter average in pure s tand and it i s to the di sa dvan t age of th e weaker 
ge notype , making the difference between the genot ypes become s ignifica nt 

- in th e three-component mi xture , th e genotype 649 i s "indiffe re nt" t o th e 
s ituation of intergenotypic compet ition (mixture ), both a t th e fir s t and 
at the second cutting, although it has a lowe r ave rage than the genotype 
1564 (f irs t cut) which i s dep ressed by the mi xture co ndition ; 

- in the fou r-compone nt mixture , only the genot ype having th e grea t e r ave rage 
i s bene fit ed, the three ot he r s a r e drast i ca ll y dep r essed . 

These res ults ag ree very we l I wit h those of the fir s t s tep of resea rc h ca r­
ri ed out at th e den s ity of 300 p lant s per sq ua re metre . 

Height (Figure 2). As in the previou s expe ri ments , the e ff ect s of competition 
on thi s cha rac t e r a r e much lowe r than on the y ie ld. Furthe rmore , t hese e ff ec t s 
are not a lways dep r ess i ve : the genot ypes 1564/44 25 s2 an d 1564/4425/5385 s

3 show , at t he fir s t cut , r es i s t a nce va lues ove r 100 i n pure s t and . Concern i ng 
the compa ri son of res i s t ance va lues in pu re s tand o r in mixture , t he ob~ 3 rva ­

tion s made for th e dry mat t e r we ight a re s ti I I val id. On thi s po int th e 
resu lt s a r e t he re fore diff e rent from t hose of th e c ited exper imen t at the 
de ns ity o f 300 plants per sq ua re met r e , in which the res i s tance to competi­
ti on of th e genot ypes was the same both in pure s t a nd a nd i n mi xture . 

Number of stems (F igu re 3 ). Thi s cha rac t e r i s mo r e s uscept i b le t ha n the p lan t 
he ight an d less s usceptibl e th an the dry ma tte r we ight. At t he fir s t cutting 
t he res i s tance i s quite s imil a r i n pu re s t an d an d i n mixture fo r a l I t he 
geno t ypes , except 1564/4425 s2 (exp . 4). At th e seco nd cutting , on the contra­
r y, th e mo re v igo rous genot ypes (grea t e r dr y matte r we ight) s how a grea t er 
r es i s t ance in mi xture than i n pu re s tand cond iti on . 

From the r es ults of dry matte r we ight , p lant he ight and numbe r of s tems , we 
ca n deduce that t he competiti on e ff ec t i s strong a l so on anoth e r p la nt cha rac­
t e r : the s t em thi ckness . 

Number of inflorescences (Fi gure 4 ). Thi s i s th e c hara c t e r whi c h i s mos t s u­
scepti b le t o compet iti on. Ge notypes with a hi gh dry matt e r we igh t ga in grea t 
benef it from the mi xture . 

Relation between mixture and pure stand - Sensibility of the characters 

The pos iti on of the s tudi ed c haract e r s as r ega rd s the r es i s t a nce to competi­
ti on i s th e fo l low in g : 1) p lan t he igh t ; 2 ) numbe r of s t ems ; 3 ) dry matte r 
we igh t ; 4) numb e r of infl o resce nces . Thi s c lass ifi ca ti on compl e t e ly ag r ess 
with th at obtained in previou s resea rc h. 

By i ns pecting th e re lat ionsh i p betwee n mi xture and pure s ta nd we can di scove r 
th e sens ibi I ity o f th e s tudi ed cha rac t e r s t o i nte rge notyp ic competiti on at the 
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den s ity of 1000 plants pe r s qua re metre . In Tabl e 6 the genotype va lues are 
eva luated by 

x - x 
0 

x 
0 

where x i s th e character valu e in pure stand (intrage notypic competiti on) and 
0 x its value in mixture (intergenotypic competit ion). 

Th e to I I ow ing conside rat ions s hou Id be mad e : 

1) Al I in the mixture s th e grea ter var i ati on i s s hown by th e numbe r o f inf lo­
rescences ; in o rder fo l low th e dry matter weight, plant he ight and numbe r 
of s tems, the genotypes 862 S and 862/3375 s2 fo rm an except ion , as the 
number of st ems is more sens igl e than th e plant he ight. 

2) The r ange of dry matte r we ight va ri ati on i s not ju s tifi ed by the variat ions 
in plant he ight a nd number of s tems. Thi s seems to indi ca t e the ex i s t ence 
of a grea t sensibi I ity of the s t em thi ckness . 

3) As r ega rd s the studi e d chara ct e r s , th e in c rease o r th e dec rease of th e 
dry matte r weight in th e mixture vs th e pure s tand i s r eac hed at the fir st 
c utting o nl y through the concur r ence of the plant he ight an d, in a lesse r 
degree , of the numbe r of s t ems (with th e excep ti on of expe riment n. 3) . 

In conc lu s ion , the number of s tem s i s more af f ec t ed by com pe tition th a n the 
plant height when th e s paced plants a r e t aken as r e fer e nce wh e reas , when the 
compari son i s made between mixture an d pure s tand at th e same de ns ity of 1000 
plants per square metre, the numbe r of s t ems r es ult s less se ns ibl e th an th e 
plant he ight. At th e den s ity of 300 p lan t s per square met r e , on th e contra r y, 
it sti I I r emains more sens ibl e than th e plant he ight (Table 11 ). Thi s seems 
t o indi ca t e that as the nume ri ca l density in c reases , th e rol e o f plant he ight 
inc reases t oo and that of the numbe r of s t ems decreases : when thi s latte r 
character has reach ed th e minimum I imit, the pl a nt r eac t s with a modifi cati on 
of he ight and s t em thi ckness . It i s pres umable th at the minimum I imit of t he 
numbe r o f s t ems i s r e late d not onl y to th e de ns ity of g row ing but a l so to th e 
genotype nature. 

These observa tions seem to indi ca t e t hat each genotype has it s own form or 
s hape , depending on the numbe r of s t ems , the height, th e thi ck ness of th e 
s t ems and the foliage. Th e re may be a n "idea l form" of th e lucerne pl ant wh ich 
wou ld g ive maximum yi e ld. In thi s case , it would be necessa r y not on ly to 
create va ri e tie s r esemb ling thi s ideot ype , but a l so to di s cove r th e cu lti vation 
methods which would rende r the new ly c rea t ed fo rm as s imil a r as poss ibl e t o 
the chosen mod e l. Obv iou s ly, th e r e would need to be more th a n one idea l t ype 
o f lucerne ; th e "type" which g i ves max imum yie ld in ven til ated hay would 
ve r y I ikely prove mediocre in de hydrat ed produ ct s . 



Table 6. Mixture~ pure stand {per-plant mean values) 

Dry matter i Number of Number of CHARACTERS 
weight 

Height I stems inflorescences 

CUTTl~GS lrst 2nd lrst 2nd lrst 2nd 2nd 

Experiment 1 

1558 so + 0.14 + 0.31 + 0.01 + 0.08 0.00 + 0.10 + 0.92 

1564 S0 -0.18 -0.22 - 0.11 - 0.14 +0.01 + 0.01 - 0.50 

Experiment 2 

1558 s1 + 0.26 + 0.35 + 0.08 + 0.09 0.00 + 0.ll + 0.71 

1753 S0 -0.41 - 0.51 - 0.18 - 0.25 -0.01 - 0.14 - 0.88 

Experiment 3 

862 S0 + 0.44 + 0.56 + 0.04 + 0.12 + 0.14 + 0.33 + 0.20 

862 S2 - 0.22 - 0.35 - 0.10 - 0.11 - 0.14 - 0.16 - 0.56 
I 

Experiment 4 

649 S0 0.00 - 0.05 - 0.02 - 0.02 0.00 + 0.02 - 0.08 

1558 S0 + 0.18 + 0.24 + 0.11 + 0.18 0.00 + 0.07 + 1.49 

1564 S0 - 0.07 ... 0.17 t 0. 09 + 0.02 0.00 0.00 ~ 0.19 

Experiment 5 

1564 S0 + 0.76 + 0.86 + 0.21 + 0.34 + 0.02 + 0.03 + 1.40 

1564 S1 -0.27 - 0.40 - 0.04 - 0.16 - 0.02 - 0.04 - 0.78 

1564 S2 - 0.34 - 0.39 - 0.08 - 0.12 - 0.10 - 0.19 - 0.57 

1564 s3 - 0.49 - 0.62 - 0 .. 22 - 0.40 - 0.02 - 0.09 -· 0.60 
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Table 7 . Observed '!2 estimated mixture and~ maximum pure stand value 

Observed vs estimated Observed mixture .~ maximum 
mixture pure stand 

per-plant per-plot per-plant per-plot 

Experiment 1 

lrst cutting - 0.03 - 0.02 - 0.06 - 0.05 

2nd • + 0.07 + 0.05 - 0.05 - 0.06 

3rd n - - 0.08 - - 0.08 

Experiment 2 

lrst cutting - 0.08 - 0.09 - 0.09 - 0.10 

2nd • - 0.03 - 0.04 - 0.10 - 0.11 

3rd • - - 0.01 - - 0.05 

Experiment 3 

lrst cutting + 0.21 + 0.15 + 0.03 - 0.04 

2nd • + 0.29 + 0.16 + 0.09 - 0.09 

3rd • - + 0.31 - + 0.21 

Experiment 4 

lrst cutting + 0.04 + 0.05 - 0.05 - 0.05 

2nd • 0.00 + 0.06 - 0.09 -0.02 

3rd • - + 0.11 - + 0.06 

Experiment 5 

lrst cutting 0.00 0.00 - 0.09 - 0.20 

2nd • - 0.03 - 0.01 . - 0.08 -0.19 

3rd • - +0·.22 - - 0.16 

Note - The estimated mixture value was calculated as average of the component genotypes in pure stand. 
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Behaviour of the genotypes 

The three experiment s with two- component mixtures a l I gave the same res ult s 
(Tab le 6) . When two genotypes a re grown togethe r, one i s improved a nd the 
othe r deteriorates. Thi s is s hown in the dry ma tter weigh t, in th e infl o res ­
cences , an d in the he ight . Regarding the dry we igh t, in th e mixt ure in exp. 1, 
the loss in 1564 S i s almost comp le t e ly compensated for by the gain in 
1558 S ; in exp . ~ ' the loss of 1753 S i s not compensated for by th e loss 
in 862~3375 S . So on ly in the first ex~e ri ment it seems to be the re a n addi­
tive e ffect. As r ega rd s t he he igh t i n exp . 1 and 3 , there we re c l ea r cases of 
addi ti ve e ffects. Th e re was a very large gap between loss an d gc in in the 
amo unt of infl o rescences . To conc lud e , we found no cases of e ithe r rec iproca l 
disadvan t age , o r of rec i proca l adva ntage for any of the characters st udi ed , 
con trary to resu lt s obta ined by Cha l b i (1). In exp . 4 , using three components , 
the most noteworthy res ult was th e behaviour of th e genotype 649 S in which 
the re was no cha nge of any im portance for any of the charac t e r s un8e r s tud y. 
Th e other two genotypes act ed in more o r less th e same way as in the two­
componen t mixture in exp . 1. Th e presence of the genot ype 649 S seems t o 
have th e e ff ect o f ba lanc in g 1564 S and 1558 S . In fact, when°compa red t o 
exp . 1, the ge notype 1558 S ga in s ?ess , whi le ~he genotype 1564 S de teri o-
rates less (d r y matter). o 0 

In the mixt ure of 4 components , on ly th e genotype 1564 S shows a di s tin ct 
ga in in a l I cha r acters , while the othe r three com pone nt s0 deteriorate. Howeve r, 
a t es t ca rri ed out on 300 p la nt s per square metre , with twe lve componen t s (3), 
gave these three resu lt s f o r th e dry matter weight : advantage for th e geno­
types which a re most v igo rous when grown i n pur it y, no e ff ect on some ge no­
t ypes of med ium value , and deterioration in th e less v igo rous genot ypes . 

Comparison of the observed with the estimated mixture and the most productive 
genotype. 

The r es ults co nce rning the dry matt e r we ight may be res umed as fol lows : 

a) Two-component mixtures (Tabl e 7). In exp . 1, the obse rv ed mixture show no 
univocal res pon se when compa red wit h es timated va lue , whe reas it i s a lways 
I ess than th'e mos t productive genotype . In exp . 2 , t he obse r ved mixt ure i s 
a lways less th an th e esti mated one , even thoug h on ly s li ght ly . What i s mo re 
evident i s the waste which occu r s to th e benef it of th e mos t product i ve 
compo nent. These resu lt s can be eas ily exp la i ned by bea ring in mind t hat , 
in a mixtu re , the genotype 1558 S gains much less th an 1753 S loses . In 
exp . 3 , the obse r ved mixture i s a lways s ignificantly h ighe r thgn th e est i­
mated one . Except for th e third c utting the observed mi xture i s bette r in 
sing le pe r-pl ant product ion but wo r se in per- p lot prod uct ion, wh en compa re d 
to th e mos t prod uctive component. These r esu lt s depe nd on two fact s : 862 S 
ga i ns much more in a mixt ure than 862/3315 s2 loses , a~d the mortality rate0 

of S~ plants in mixture i s high af t e r th e fir st cutting . Th e res ult of t he 
t h ira c utting can be exp la in ed eas il y by the fact that S in mi xture ha s 
52 . 59 gm . producti on as aga in s t 7 . 91 gm . for s2 . 0 
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b) Mix tures containing more than 2 components (Tab l e 7) : i n exp . 4 the most 
s ignifica nt f ea t ur e was tha t, at t he th ird cutti ng , the obse r ved mixture 
not onl y exceeded th e esti ma t ed one , bu t a lso t he mos t v igorous component 
as fo r the pe r- p lot producti on . Th i s was caused by h igh mo rta li ty amongst 
t he weake r genot ypes , so t hat t he most pr od ucti ve genot ype r emains , i n 
puri ty , at a muc h h ighe r dens ity t ha n i n th e mi xt ure . Th is a l so exp la i ns 
the r es ults o f exp . 5 , whe r e , howeve r, the obse r ved mixture i s less than 
t he most prod uc t ive genot ype . 

In conc lu s io n, th e obse r ve d a nd esti ma t ed mixtures a r e mo re o r l ess equa l 
(except fo r exp . 3 ) where t he mo r ta lity r a t e i s a lmost non-ex i s t e nt (fir s t 
cu tti ng ) ; th e obse r ved mi xture i s a lways less t ha n th e mos t pr oducti ve com­
ponent. 

Effects of competition on variability 

I) Pl a nts grown at 1000 pe r sq ua re metre s how a n in c rease of C.V. in dry mat­
t e r we ight, he ight a nd numbe r o f s t ems (Ta bl e 8-1 0 ) ove r s paced ~l an t s . 
Th ese res ult s ag ree with those of prev ious expe riments (300 pl /m ) . 

2) Ge not ypes whi c h in c rease th e ir y ie ld in mi xture have a C. V. fo r dry ma tte r 
we ight lowe r t ha n in pure s t a nd ; the oppos ite i s true fo r genot ypes whose 
y i e ld dec r eases in mi xture . The be ha v iour o f 862/33 75 s2 i s expl a i ned by 
th e fact that thi s genot ype has a muc h highe r pe r cen t age of dea d and mi ni­
ma l p la nts in mi xture tha n i n pure s t a nd. 

3) In a l I the exp. s , the C.V. of the mi xtures a re a lmos t a lways hi ghe r t ha n 
those of pure s t a nd. 

DISCUSSION 

If two ge notypes , diff e re nt both in v igo ur a nd ea rliness , a r e grown at the 
same dens ity , the ir bi o log ica l de ns ity will, a t a de t e rmined po int, be fo und 
t o di ff e r. It w i 11 be hi ghe r for th e mor e v igo r ous genot ype . 

We f ee l tha t it i s th e diff e re nce in b io logi ca l de ns ity wh i c h influences t he 
be hav iour o f th e genot ypes in mi xture , wh e n the nume ri ca l de ns ity ca uses 
comp e t i ti on among th e pl a nt s . To be mo re prec i se , th e genot ype whi ch i s mo r e 
v igo ro us in pure s t a nd (hi ghe r dry matte r we ight) in c r eases it s own dry matte r 
we ight in mi xture , beca use it passes from a hi ghe r t o a lowe r b io log i ca l 
de ns ity ; th e ge not ype whi c h i s weake r in pure s ta nd becomes s ti 11 mo re weake r 
in mi xture , beca use it passes t o a h ighe r bi o log ica l de ns ity . Thi s inte r pr e ­
t ati on seems t o a ppl y t o a l I th e mi xtures , th at i s , eve n fo r t hose wi th mo re 
th a n t wo compone nt s , a nd not onl y in luce rn e but a l so i n re d c love r, as 
we have fo und in othe r, not yet pub I i s hed ex pe rime nts . 

By t h i s hypoth es i s on t he va ri ati on o f bi o log ica l dens i ty , we can ex p la i n t he 
phe nome non o f inte r ge not yp i c comp e ti t ion i n luce r ne witho ut f a l I i ng back on 
id eas about "comp etiti on ab i I ity", and "agg r ess i ve c ha ract e r s ", e t c . We f ee l 
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Table 11 - Mixture vs pure stand at the density of 300 transplanted plants 
in a square metre (per-plant mean values) 

CHARACTERS 
Dry matter 

weight 

CUTIINGS lrst 2nd lrst 

Genotypes 

176 So + 0.31 + 0.34 + 0.08 

S1 - 0.13 - 0.35 - 0.02 

1564 S0 
+ 0.37 + 0.41 + 0.05 

S1 - 0.28 - 0.27 0.00 

1767 S0 
+ 0.09 + 0.35 - 0.05 

S1 - 0.12 - 0.13 0.00 

1558 S0 + 0.20 + 0.29 + 0.01 

1564 S0 - 0.17 -- 0.18 0.00 

Height 
Number of 

stems 

I 2nd lrst I 2nd 

+ 0.03 + 0.11 + 0.35 

- 0.03 - 0.05 - 0.24 

+ 0.03 + 0.12 + ll.21 

- 0.03 •• 0.11 - .0.21 

- 0.02 + 0.10 + 0.15 

- 0.07 -0.01 - 0.15 

+ 0.02 + 0.11 + 0.17 

0.00 - 0.07 - 0.07 
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that a ge notype in mixture does not inc r ease it s ow n weight beca use it i s 
agg ress ive a nd possesses be tte r compet iti on ab i I ity, but because it find s a 
lower bio log ical density i n mixture than in pure s t an d. Thu s it fol lows that 
the question to be an swered i s not what characters gove rn comp etition, but 
how the morphophysiological s tructure o f a genotype reacts to var iati ons in 
biological dens it y wi thin a determined level of numer ica l density . We f ound 
that : a) a l I the cha racte r s we measured reac t t o variations in the biol ogi ­
cal density : ea rliness , dry matter weight, height, number of s t ems ; b) at 
a density of 1000 p la nt s pe r s qua r e metre th e amo unt o f infl o rescences a nd 
the dry matter we ight were a ff ected st ro ng ly , the he ight a good dea l, a nd 
the number o f stems sca rce ly at al I . This i s exp la ined by the f ac t that as 
the numerica l de ns ity g radua ll y inc reases - and if th e r e i s no morta lity -
the number o f s t ems tends to eq ua I va I ue I for a I I genot ypes . At a de ns it y 
of 300 per square met re the dry matter we ight, the number of stems a nd the 
amo unt o f inflorescences are s uscep tibl e , whil e the he ight i s not aff ec t e d 
at a I I. 

Othe r a utho r s (2 , 6) sta t e tha t c ha racte r s a ff ected by inte rg e not yp ic compe­
tition are of a nume ri ca l o r multi p li cat ive nature , whi le cha ract e r s asso­
cia t ed wi th the e longat ion of p la nt tissues rema in una ff ec t ed. We find thi s 
to be o nl y partl y true . In f act, the height i s just as much i nf luenced as the 
cha r ac t e r s o f nume ri ca l nat ure , as f o r exampl e th e numbe r of s t ems , but at 
different density leve ls . 

Our hypothes is not on ly permits a correct inte r pre t ati on o f results, but i s 
a l so stre ngthened by the f ac t that none of th e cha racters we s tudied played 
a leading role in the behav iour o f genotypes in mixture . Acco rding t o Yamada, 
one of t he c hara cter s most c lo se ly r e lated to competition ab i I ity (the one 
which i s leas t influenced by competiti o n) i s he ight, whi ch cont ro ls th e intake 
of li ght. Howeve r, in exp . s 1,4, 5 , the compa ri so n of res ult s obtained in pu re 
s t an d a nd in mi xture revea led tha t heigh t ha s no e ff ect at a l I on the be havi­
our of genot ypes in mixture . In fact , some genotypes, whi c h in pure s t a nd 
are taller than , or at least as t a l I as , more vigorous t ypes , not on ly s how 
a dee I ine in v igour in mixture , bu t a l so unde r go a notab le red uction in he ight . 

Th e number o f stems was a lmo st th e same va lue for a l I the genotypes in pure 
s tand, even though i t i s ve r y different in s pace d pl an ts. In previous expe ri­
ments we saw that ear liness at 30-40 days a fter sowin g played an im por t ant 
role in the behaviour of ge notypes in mixtu r e j in the fu lly-grown plant thi s 
cha rac t e r i s of no im portance . In fact, we saw in exp . 1 an d 4 that the most 
ea rly p lan t (amount of i nf lorescences per plant) in pure stand s howed not o nl y 
a decrease i n v igou r and in infloresce nces when placed in mixture , but a lso 
dropped beh ind it s competitors . 

To cone I ude, the characters as p I ant height, num be r o f stems , and ea r Ii ness 
are not able , if take n s ingly , to influence the beha viour (competition ability, 
according to other autho r s) o f genotypes in mixtu re . The on ly cha ra cter of 
any importance i s the vigour - measured as dry matter wei ght - which expresses 
the t otal value of the pl ant. If our hypothe s is is valid: 
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a ) th e d i sc uss ion of ge net ic control i n compet iti on (5 , 6) a utomat ica ll y co l­
lapses 

b) i t i s eas y t o ca lc ulate ihe behav io ur o ~ s i ngl e ge notype s i n mi xture from 
the va lue o f dr y ma tte r we ight i n pu r e s tand , es pec ia ll y wh en th e mi xtu r e 
has on ly two compone nt s . 

COHCLUSION 

These r es u l t s conf irm, and , at t he same t ime , qua I if y those obta i ned i n prev i ­
ous expe rime nt s . We s umma ri ze as fol low s : 

I) Al l th e c harac t e r s s tudi ed a re in flu enced by compe titi on "tout cou rt" 
( intra an d inte rg e not yp ic ) . In inte r geno typi c compe t i t ion , th e s uscept i­
b i I i ty o f he igh t and numbe r o f s t ems depe nd s on th e le ve ls o f nume ri ca l 
de ns ity . 

2) At the same nu mer ica l dens i ty , th e hi ghe r y ie ld i ng ge notype i n pure p lot 
i nc r eases it s y ie ld i n mixture ; on th e co nt r a r y , the lowe r y ie ld i ng geno­
type , i n mi xture , re du ces it s y ie ld. We f ee l that i s the r esu lt o f th e 
d i ff e ri ng b io log ica l dens i ty o f eac h compone nt and i s not ca used by higher 
o r lowe r competiti on ab i I i ty . The c ha r ac t e r s as p lan t he igh t, num be r o f 
s t ems , and ea rli ness a r e un ab le , s i ng ly , to gove rn th e be ha v iour (comp eti­
t io n ab i I i ty) o f th e p lan t s i n mixt ur e . Thi s beh av io ur i s i nflu ence d on ly 
by the v igo ur of th e p la nt , wh ic h i s it s g loba l va lue an d i s measured by 
the dr y matte r we ight . 

3) Wh e n t es t ing two compon e nt s in mixture , t he re wa s ne i th e r rec i proca l damage 
nor r ec i proca l advantage for any o f the s tudi ed cha r ac t e r s . 

4) Al I the mixtures s tudi e d gave a lowe r y i e ld than th e most prod uc t i ve com­
ponent i n pure s t a nd . Th e r e for e the a im o f breedin g does not s eems to be 
that o f c r eating va ri e ti es ab le t o co- ope r ate i n a mixture but t o c reate 
homoge neo us vari e ti es hi gh ly y ie ld in g i n pure s t a nd. We f ee l tha t c ho ice 
o f pla nt s s hould not on ly be ca rri ed out i n co ndit ions s imil a r to fi e ld 
ones , but based above a l I on we ight , as th e s imp le r cha racte r s , s uch as 
he ight a nd number o f s t ems , wh e n at h igh de ns ity , depe nd t o a g r ea t extent 
on t he v igo ur o f eac h indi v idu a l p la nt. 

Slfrfi.IARY 

We re po rt the res ult s of o ur secon d s t e p of ex pe ri me nts to fi nd out the 
competiti on e ff ec t s on some qu ant ita tive charac t e r s o f luce rn e (Medicago 
sa t i va) . 

Te n ge notypes we r e used. Eac h genotype was grown both as s paced plants a nd at 
the density of 200 p lan t s pe r metre ( = 1000 p la nt s a square met re ) i n pure 
s tand and in mi xture . 
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The seeds we r e ca libra t ed (1 . 5 to 1 . 6 mm . ) and pierced by a needle aft e r 
12 hours in Petri di s hes , t o avo id th e e ff ects o f s ize and ha r dness ; in thi s 
way, a I I t he seeds were at the sa me rate o f swe I I i ng at sow ing ti me . 

We s ummarize the res ults as fol low s 

I) Al l t he cha racte r s st udi ed a r e influenced by compet iti on "tout court" (in­
tra and inte r-genotypic) . In inte r genotyp ic compet iti on , the s uscept i bi lit y 
of height and numbe r o f stems depends on the levels of numerica l dens ity . 

2) At the sa me numerical de ns ity, the higher y ie lding genotype in pure p lot 
increa ses it s y ie ld in mixture ; on the contra r y, the lower yie lding geno­
type , in mixtu r e , r educes it s yie ld. We f ee l that this is the result o f 
the diff e ring bio log ica l density of each component and i s not caused by 
higher or lowe r competit ion ab i I ity . The cha racte r s as plant height, numb e r 
of s t ems and ear li ness are unabl e , s ing l y, to govern the behaviour (compe­
t iti on ab i I ity) of the plants in mixture . Thi s behav iou r is influenced 
only by the v igour of the plant , which i s it s g lobal value and i s mea s ured 
by the dry matte r we ight. 

3) When te sting two compo nent s in mixt ure , the re was ne ither recip roca l damage 
nor rec i proca l advantage for a ny of the stud ie d characters . 

4) Al I the mixt ures studi ed gave a lowe r yield than th e most productive compo­
nent in pure stand . Therefo re th e a im of breeding does not seem t o be that 
of creati ng varieties ab le to co- ope rat e in a mixture but t o c r ea t e homo­
geneo us varieties high ly y ie lding in pu r e s tand. We feel that c ho i se of 
plants sho uld not only be car ri ed ou t in cond iti ons s imilar to field ones , 
but based above al I on we igh t, as the s impl e r cha r acters , such as height 
and number o f stems , when at h igh den s ity, depe nd t o a g reat ext en t on the 
vigou r of each individual p lant . 
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VARIABILITY OF COMPETITION RESPONSES 

FOR 14 ALFALFA "GENOTYPES" 

Jacquard P . 

Station d ' Ame l iorati on des Pl antes Fou rrage res , Lus ignan , France( l) 

SUMMARY 

and Hanan A. 

( 2) 
D. E.M.V ., Mi n i s tere de I ' Agric ulture , Raba t, Maroc 

Aft e r some de finition s re lat e d to bio log ica l compe tition , it s es t ab li s h ing 
process an d factors a r e r ev iewed , point ing out the importance o f gene ti c 
variabi I i ty s tudi es acco r d ing t o thi s s ituati on . Th e resu lt s o f s uch a s tud y 
app li ed to 14 ge noty p ic s tru ctures of a lf a lf a a r e presented , four comp etiti on 
pres s ures be i ng confronte d . Th e data a r e s ubmitted to separate a na lys i s , fo r 
s eve ral cuts , and to g lobal ana lys i s . Vigo ur being eva luated by means o f 
fir s t uni foliat e lea f a r ea , v igo ur-produ ction corre lation s a re ca lc ulated. A 
mea s ure of phenotyp ic s t abi I ity in th e va ri o us conditi ons i s g ive n. 

INTRODUCTION 

In a de nse sward, an organ i sm i s s ubmitte d to two forces : one phys ica l, the 
othe r biol og ica l (eff ective ly avai lab le nutri e nts per i ndividu a l s ). If the 
whol e leve l i s s upe rior to the needs , eac h indi v idual find s it s acco unt in 
if it i s inf e ri o r, each indi v idua l t e nd s t o obtain the ma x imum from it. Needs 
coincidence increase the compet iti on , phenomenon that "occ ur s wh e n each of 
two o r mo r e organ i sms seeks the meas ure it wants o f any ... fa cto r .... wh e n 
the .... s up p ly .... i s below the combined demand" . (Do na ld , 1963) . 

(1) New address : Centre d'Etudes Ph yto sociolog iques et Eco logiques , B.P. 10 18 , 
34 Montpe I I i er , France 

(2) Work ca rri ed out during a s tudy e nd pr obation (Ecole Nationa le Supe ri e ure 
Agronomique, Grignon) 
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Th i s i s occu r ing at the in terspec i f ic le ve l as at t he i ntraspec i fi c one . In 
t h i s later case , the s imu ltane i ty condit ion i s max imum . A competiti on between 
pa rt s of a same i ndi v i dua l i s pos s ib le and i t i s necessary to point out that 
t he presence o f i ndi v i dua l s do not lea d a utomat ica l ly t o competit ion . 

Two ma ni festa ti ons o f it a re i nte rest i ng : 

J. the p l as t ic deviat ions ; i f Y.
1

. i s the cha racte r va l ue i n pure , the dev ia -
t ion wi l l be : 1 1 

L. y 
(Y . /. 

I J 
meas ure on i n presence of jl 

Y.
1

. Y.
1

. 
I I I I 

2 . the pl an t popul a t i on evolution 

The var iables of i t a re = nut r ien t s , wate r and I ight . The space compet i t ion i s 
r a r e . Acco r d i ng t o t he CI eme nt s ' de f in i t ion : " ... a I I t he advantages . .. of 
compet i ng s pec ies a r e e p i tom ized i n .. . : amount and rate ". The speed of mine­
ra I nu t r i en ts abso r pt ion , f r om th e e nv i ronment , ex p I a i ns the ab i I i ty . The 
r e lat ive amo unt o f e lemen t s acts on competit ion i nt ens i ty . The ab i I i ty changes 
accordi ng to so i Is . Th e wa t e r compet i t ion depend s fr om t he r ad i cu lar s tru cture , 
i n g rass - leg ume assoc ia ti ons . Th i s compet i t ion , at last , ac t s in th e root ­
aeria l o r gans ba lance . The e ntang leme nt o f roots g i ves a p icture of that kind 
o f compe ti t ion . 

The compe tition fo r I ight i s exp ressed , f rom th e po in t of v iew o f ab i I i ty , by 
the I imb patte rn . Eac h ind i v i dua l exposes t he max imum of leaves to t he I ight 
f I ux . Then a grad ie nt i s es tab I i shed i n t he p I a nt . Many resea rc h wo r kers , par ­
t i cu I a r I y Kasanaga and Mons i have s tud ied th i s prob lem ; i t may be " .. . . . that 
the d i f fe rence i s on ly a mi 11 imetre , ye t t h i s may be dec i s i ve " . The r apid ly 
grow i ng p lant dom ines . 

Inte ract ions ex i st betwee n these compet i ti ons : 

Inte rac ti ons betwee n compe ti t io ns for two b io t ypes A an d B 

Competi t ion o n ly fo r I i ght nut ri en t s 

Eff ect Intr us ion of A in the Ii ght Intru s ion o f A i n th e nu -
d irect env i r onmen t o f B ==.> B + tr ie nt s env ironment of 

B =-;, B + 

B has a re duce d capac it y B has a re du ced capac i t y 
indirect t o exp lo it the nutr ient s to ex pl o it th e I ig ht 

s upp li es 
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Im portant f ac tor s a r e : pop u I at ion de ns it y and ind iv i dua I ab i I it i es . Th e 
schema from fi gure 1 a l lows t o analyse the fir s t : be t ween Band C, the de ns i­
t y is of me dium leve l, co rrespond ing to the one in c rops . Whe reas th e y ie ld 
of one p lan t i s a fonc t io n of i ts genot ype , in a dense s wa rd, th e ge noty pe 
x env i ro nment inte rac ti on is pre dom i nant . Dona ld ( 1963) has fo und th at if 
p la nts i n t hese co ndi t ions g row with a low r a t e , i n s paced p la nts a n intra pl an t 
competit ion ex is t s ; these lat e r y ie ld mo re seeds in the who le but fe we r pe r 
infl o resce nces . The y ie ld, re lated to dens i ty , i s of t en exp ressed by : 

Ad + B 
w 

wi th w = 
d 

A an d B 

yie ld/p lant 
den s ity 
co ns t an t s 

Whe reas the adapted i nd iv iduals su r v i ve , the othe r have a dec reas i ng pop ul a­
t ion , if t he competit ion is seve re . The i nte r ac ti on wit h the e nv ironme nt i s 
importan t. The re woul d be no r e lati on between competiti ve ab i I it y and any 
c ha racters . Th e compet i t ion va ri a nce is h igh whe n ge notyp ic va ri a nce i s low. 
The ab i I ity ca n be pa r ti ti oned in t wo s ubab i I ity : one fo r surv i va l, the other 
fo r act ion . A cha racter , then , is decomposed in the fo l low i ng manne r (Ga l la i s , 
1970) : 

y. I . 
I J 

+ (3.+T . /. 
J I J 

a . 
I 

s. 
J 

mean of a l I ( i + j) assoc iati ons 
studied 

mean prod ucti on e ff ect o f i in pr e­
sence of a I I othe r bi oty pes s tudi ed 

mea n pa r tne r e ffec t o f j on a I I 
other b iotypes s t ud ied 

Ti /j= i nt eraction effect 

Th is mode l al lows to s tu dy the competit ion wi th mo re acc uracy. 

The spaced p lant s pe rfor mance s seem ind epe ndant from compe titi on a bi I ity . 
Th i s abi I i ty has a low he ri tab i I ity . The majo r compone nt o f t h i s cha r ac t e ri s ­
t ic i s "agg ress i v ity" o r pa r tne r o r ac ti ng effect. 

It seems impo rta nt t o emp has i ze t hat the re is no I i nkage between ab i I i t y a nd 
y ie ld. Ha rl an and Ma r t in have found s uc h a no depe nd a nce in ba rl ey . Le t us 
r em i nd , a l so , t ha t some a utho r s r e ject t he te rm "compet i t ion ", a nd fo r ot he r s, 
i n a pure I ine , the in d iv idua l s shou ld be neve r in comp etiti on ! Thi s s ho uld 
be the case in homogeneo us va ri et ie s . Howeve r, i n a r ecen t ex pe ri men t, a lf a l fa 
c lones , tested at t wo competit ion leve ls : homocompet i t ion ( propagu le from 
one c lo ne in con front with othe r s from the same) and he t e rocompeti t ion (p ro­
pagu le from one c lone wi th ot he r s from d iffe r en t c lones) , have man if es t e d no 
c lea r ev ide nce of diff e rences be tween t he two s ituat ions . 
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FIGURE I 

Density effects on yield per unit area and competition intensity 
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At last , i f two o r ga ni sms d iffe r for ab i I i ty , t he best wi 11 dom ine , as we l I 
by antagonism as by coope rati on . 

Th i s work i s a s tu dy of 14 a l fa lf a "genotypes " wi th a v iew to est imate their 
competitive - or acco r d i ng to a suggestion o f Breese - thei r eco log ica l abi -
1 i ty . 

MATERIAL AND METHODS 

1 - Plant material 

14 a lf a lf a genot ypes we re used (Tab le 1 ) . 

TABLE 

Cha racte ri st ics o f a lf a lf a ge not ypes used 

Ea rliness in Dr y matte r produ cti on 
Numbe r Name compa ri son wit h i n compar i son wi th 

contro l con tro l ( 2) 

1 Ca rdin a l eq ua l s li ghtly in fe ri o r 

2 I Du Puit s (Contro l ) 100 

3 Luc io le - equa l s li ghtl y inf e ri o r 

4 Eu rope eq ua l s li ghtl y s up e ri o r 

5 St Lege r ea r Ii e r 94 

6 FD 100 equa l 100 

7 Mul asse ri e \ equa l ? 

8 Or ches i enne eq ua l 100 

9 64 - 50 (HD( l ) , F2) ea r Ii e r 83 

10 64 - 44 (HD 
' 

F3) equa l 99 

11 64 -4 9 (HD 
' 

F3) ea r I i e r 100 

12 61-1 7 ( HD 
' 

F2) ea rli e r 97 

13 64 - 43 (HD 
' 

F2) eq ua l 93 
' 14 61-4'1 (H D 

' 
F2) equal 85 

( 1 ) HD Two-way hybrid (2) in fi e ld tri a l s 
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Th e extreme catego ri es of seed , l ea ding to an i nitial capi t a l effect , were 
e I i mi nated . 

2 - Experimental design 

Four co ndition s we re r ea li zed 

a) Spaced p lants (Al, 

bl lntragenotyp ic competition or pure s tand (8) , square r e partition (2,4 cm) , 

c) lntergenotypic competition (C) , genotypes 1 t o 5 and 7 to 14 conf ronted 
with the same geno t ype (F.D . 100) , 

d) lnterspec ifi c competition (DJ by mean of Ita li an r ye - g rass . Each p lant 
was s urround ed by four "aggresso r s " (except on borders) , 

e l Co ll ected dat a : production (25 p la nts ) at th e open ing of fl ower bud s (three 
c ut s ), th e flow e ring be i ng among the di s tingui s hab le c riti ca l stages . The 
yie ld was g ro ss eva luated excep t ed a t the second c ut ( s t em a nd leaf se pa ­
r a t ed ). It s hould be as inte res ting to pay atten ti on to f lowe r numbe r s . 

On the othe r hand, the vigour of each ge notype wa s estimated by area o f 
th e fir s t uni to I i ate I ea t. 

fl Experimenta l working out : the exper ime nt was co nducted in gree nhouse . The 
four competition co ndition s was a l la t ed at random be tw een four growing 
tanks . 

3 - Methods of analysis 

a) Pre I iminary ana lys i s : at thi s stage , the diff e rent cond iti ons a r e hand led 
separate ly, 

b) Global ana lysis : the different res ult s from eac h conditi on were grouped . 
The genotype 6 , competitor in C e nvironment, i s exc l uded from this ana lysis , 
conducted according to the hi e rarchica l mod e l, the rep I icati on x compet iti on 
inte raction be ing not ind iv i dua Ii zed . In fact, it i s the genotype x compe­
tition interaction that i s important he re. For th e diff e re nt s truct ures , 
accord ing t o the ir adaptab i I it y, dive r se res pon ses may be conce i ved (we 
w i I I have the opportun ity to r e turn to this point), 

cl Phenotypic stabi I it y ana lys i s : for eac h genotype , the reg ress ion i s cal ­
c ulated between it s productivity and the performances , o f the whole set of 
genotypes. The genotypes with a coeff icient near 1 have a mean s tabi I it y . 
A genotype with a low coefficient yie ld s often more than the mean in un­
favourable conditions, 

dl Distribution studies (evaluation of the distribution symetry of leaf a reas , 
us ing th e g1 coeffic ient). 

The performances of each genotype, conf ronte d with different competit ion , are 
thus described in seve ral manners. 
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RESULT S 

They a r e condensed in Table 2 f o r dry matter yie ld . Al I va ri ance ana ly s i s are 
include d in the next paragraph. 

DI SCUSSION 

I . Partial ana l ysis 

a) Production ab i I ity (resistance to agg ress ion) o f producer ge not ypes 

- Spaced p I an t s (Tab I e 3) : The variou s genet i ca I st ru ctures , in a I most absen­
ce of competi ti on (I ight ae ri al competiti on) , exp ress c lear ly their potentia­
lities, in the g ive n conditi ons . The hyb rid progen ies have moderate performances 
(Figu re 2) . In the last part of r es ult analysis, we wi 11 have the oppor tunity 
to turn on this po int . 

- lntragenotypic competiti on o r pure stan d (Table 3) : It i s a matter here o f 
competition ef fect due to the meeting of identical genotypes . The vo lume per 
p lan t i s in fact different in pure stand and in spaced p lants ; for an ent ire ly 
s imili tu de , it s hould be necessa r y that the explo it ed vo lume by each p lan t 
we re id en tical in A and B (which shou ld come with 13 plants per pot and not 
wit h 49) . The partial ana lys i s shows that there i s no detectable differences 
between genotypes . A combined ana lys i s of the three c ut s a l lows to distinguish 
three sets of genotypes (Figure 3) . Th e most sa li ent fac t s conce r n : the sta ­
b i I ity of "Du Pu its" a nd th e retrogression of "Mul asser i e" . 

- lnterge notypi c compet iti on (Tabl e 3) : Anew , on ly, the combined ana lys i s of 
the three cu t s g ive appearance to a "genotype " ef fect . Several genotypes per­
form bet ter in that s i t uat ion than in pure s t an d (particu la rl y 1 a nd 14), th e 

others have e ith er an inferi or production (4 , 5, 8 , 9 , 11, 13) or an equa l one 
(2 , 3 , 7 , 10, 12) . (Figu r e 3) . 

- lnte r spec ific compet iti on (Tab le 3) : the ana l ys i s of the fir s t cuts does not 
rev ea l any diff e r ences ; at eve r y one o f th em , the "genotypi c " va ri a nce increa ­
ses . At the third cut , the ranking i s s ign ifi can t. Two exp lanations a re pos s i ble 
for the dom i na ti on decrease of r ye- grass accompany i ng thi s fact : 

- r eve r sa l of the s ituation to the benefit of the legume , 

- rye- grass having in vaded the "chemical space " has exhausted it . 

Seve ral c ut s are necessa r y, but the genotype x cut in teraction never is s igni ­
ficant . 

The competition effects may be measured in terms o f "competit ion re s i s t ance " , 
taking the spaced plants as r e f e rence (Tab le 4) . 
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Table 3 . Variance analysis : cut by cut 

Origin of Sum of Degrees Mean Calculated 
of F 0.05 

variation squares freedom squa'res F 

Spaced plants (Condition A) 

1st cut ger10types 57 411.8 

1-----
12 4 784 .3 3.343 2.69 

2d cut genotypes 199 963.4 12 16 661.4 4. 152 2.69 

3d cut genotypes 273 516.1 12 22 793.0 3.108 2.69 

---~------·- - ·· - ·- - - --·---

Pure stand (Condition B) 

1st cut genotypes 112 725.6 12 9 394,9 2.071 2.69 

2d cut genotypes 106 812. 5 12 8 901.0 0.993 2.69 

3d cut genotypes 109 872. 5 12 9 156. 0 1.170 2.69 

lntergenotyp ic competition (Condit ion C) 

- ---

1st cut genotypes 182 538.7 12 15 211.6 1. 857 2.69 

2d cut genotypes 178 521.l 12 14 876.8 1.202 2.69 

3d cut genotypes 136 489 .1 12 11 274.1 0. 737 2.69 

lnterspecific competition (Condition 0) 
-- ·-- - . . -· .. . . ----· - -

1st cut genotypes 238 486.5 12 19 373.9 2.021 2.69 

2d cut genotypes 224 104.5 12 18 675. 4 2.299 2.69 

3d cut genotypes 221034.5 12 18419.5 4.000 2.69 --

I 

Variation 

coefficient 

1.35 % 

2.25 % 

2.51 % 

2.53 % 

3.61 % 

2.99 % 

3.45 % 

4.18 % 

4.37 % 

-------

4.34 % 

3.79 % 

2.51 % 
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FIGURE II 

Rank, cut by cut of genotypes (Sum of two repetitions) and evolution of ranking 
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FIGURE II (bis) 
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FIGURE III 

Ronking (for the sum of three cuts) of genotypes in each environment 

(sum of the two repetitions) 
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Tab le 4 

"Competit ion resistance" (( x spaced p la nts 

B c D -
G 

A A A XG 

1 0 , 87 0 , 90 0 , 82 0 , 86 

2 0 , 91 0 , 90 0 , 79 0 , 87 

3 0 , 93 0 , 91 0 , 84 0 , 89 

4 0 , 91 0 , 89 0 , 83 0 , 88 

5 0 , 94 0 , 92 0 , 85 0 , 90 

7 0 , 86 0 , 86 0 , 79 0 , 84 

8 0 , 91 0 , 87 0 , 75 0 , 84 

9 0 , 91 0 , 89 0 , 80 . 0 , 87 

10 0 , 95 0 , 94 0 , 87 0 , 92 

11 0 , 92 0 , 85 0 , 82 0 , 86 

12 0 , 94 0 , 94 0 , 80 0 , 89 

13 0 , 91 0 , 88 0 , 78 Q, 86 

14 0 , 88 0 , 90 0 , 80 0 , 86 

-
x 

c 
0 , 91 0 , 90 0 , 8 1 

b) Compet ito r s tudi es 

There i s an abse nce of "genot yp i c " effect on F. D. 100 ; th e exp I anat ion of i t 
i s that it s domination may be due to an "intrins ic" s upe ri o ri ty . For r ye­
grass , there i s on ly a ve ry important "c ut" e ff ec t , fol lowed by a gr ass regres ­
s ion. 

c) Compa ri son mi xtures vs . pu re s tand s 

The mutua I e ff ec t s , of " FD 100 " and of the other genotypes , may be ex pressed 
in r e lat ive bias : 
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Table 5 . Variance analysis of the producer genotypes (in the four environment) : cut by cut 

·-- --- ····- · ----- --- - -·--- _..,. - - ---

Origin of variation 
Sum of Degree of Mean F F Variation 

squares freedom squares calculated 0.05 coefficient 

1st cut 
Total 4743815 103 

genotypes 299 391 12 24 944 4.29 1.95 

environments 3 846 579 3 1 282 193 220.50 2.80 

genotypes x environments 291 844 36 8 177 1.58 1.65 

Replications (into the : 

environments) 27 026 4 6 756 1.16 2.58 

Residue 279 036 48 5 813 

2d cut 2.40 % 

Total 3 684 964 103 
I genotypes 304 180 12 15 348 3.03 1.95 

environments 2 ~48 850 3 849 617 101.53 2.80 

genotypes x environments 405 219 36 11 256 1.34 1.65 

Replications (into the 
environments) 25 044 4 6 251 - 2.58 

Residue 401 671 48 8 368 

3d cut 3.49 % 

Total 8416327 103 
genotypes 251 920 12 20 993 2.39 1.95 

environments 7 222 195 3 2 407 398 273.66 2.80 

genotypes x environments 488 995 36 13 583 1.54 1.63 

Rep I ications (into the 
environments 30 941 4 7735 - 2.58 

Residue 422 276 48 8 797 

2.11 % 
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rec i proca l d i sadva ntages (5 i n f ir s t c ut, 3 in third c ut), 

- an t ago ni sm (6 and 8 r es pecti ve ly) , 

- r ec i proca l advantages (2 a nd 2) . 

(A t ime di sp )aceme nt o f th e r eg rowth prec ludes th e use of t he second c ut). 

The r es ponse vari ab i I ity s hows how comp lex a r e th e rec iprocal actions. Th e n 
it i s im porta nt t o foll ow t he evo l uti o n dur ing seve r a l c ut s . Al so , the s tud y 
of seve r a l cha ra ct e r s s hou ld spec i fy the compe ns ati ons . 

In inte r genot ypi c competiti on, th e dr y matte r producti o n of "F.O. 100" i s 
impo rta nt . "Ca rdina l" i s e ithe r fa vo ured o r indif f e re nt . Se ve ral mi xtures a re 
supe ri o r t o th e most prod ucti ve compo ne nt in pure sta nd ; th e advantage 
va ri es : 

(7 + 6) = 5 %, ( 13 + 6) 

( 14 + 6) = 19 % 

6 %, (1 + 6 ) and (1 2 + 6) 7 %, ( 5 + 6 ) 9 %, 

Al I t he genot ypes a r e di sa dva ntaged i n prese nce o f t he g rass (but i t i s not 
poss i b le t o ca lc ul a t e b ias in t hi s case) . 

2. Global analysis 

a) "Env iro nme nt" e ff ec t an d r esponses o f produce r ge not ypes 

Alt ho ugh competiti o n ac t s g rea t ly , diff e re nces be t wee n genot ypes r ema in but 
the e ff ect s a r e onl y pa rtl y ad diti ve (Ta bl e 5) . 

b ) Lea f pe r ce ntage 

Whe n the b ias a r e a na lysed a t the leve l o f fo li a r con tri buti o n t o tota l we ight , 
it i s not ed a r e la ti on be twee n lea f pe r centage a nd e t io la ti on . 

3. Vigour - production correlation 

The a lf a lf a ge not ypes have bee n meas ure d for leaf a r ea . On the basi s o f the 
ca lc ul a t ed pa r ame t e r g 1, the no rma lity was t es t ed 

a - if g
1 

0 , the di s tributi on i s no r ma l, 

b - if g 1 > 0 , th e mode i s inf e ri or t o th e mea n, nume rous i ndividua l s a re weak 

c - if g1 < 0 , it i s th e co ntra r y . 

For the wh o le se t o f ge not ypes , the res u l t s o f t he f igure 4 a r e obta ine d 
a r e diff e r e nt iat ed : 

a - t he genot ypes "Mul asse ri e " , 61-17 a nd 64-49 , the individua l s o f whi c h a r e 
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FIGURE IV 

Distribution characterist ics for leaf areas 
(Between brackets = P 0.05 ) 
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no r ma ll y di s tributed, 

b - the ge not ypes "FD 100 ", 64 - 63 , "St Lege r" and 61-4 1 whi c h have a quas i 
no r ma l di s tri buti on , 

c - t he ge not ypes "Eu rope ", "Ca rdi na l" a nd "Luc io le " wit h an excess o f wea k 
i nd iv idua l s , 

d - the genotypes 64 - 44 , "Orches i enne ", 64 - 50 , "Du Pu it s ", with a n excess o f 
strong ind i v idua l s . 

The fi gure 5 g i ves the r e lati ons be t ween t he mea n lea f a rea o f a ge not ype , an d 
the skewness o f the di st ri buti on (tak i ng into acco unt , o r not t ak in g , t he 
g 1 s ign) , from one hand , an d t he dr y mat t e r produ cti on a t th e fir st c ut. In 
spaced p la nt s , exc lu d i ng t he genotypes 64 - 49 (g rea t est lea f a r ea assoc iat ed 
to sma l lest product ion ) an d "Luc io le " (sma ll es t a rea assoc iat ed t o a good 
product ion ), t he co rre lat ion coe f f ic ient between v igo ur a nd prod ucti on i s : 
+ 0 , 725 ; t he r e lat ion i s negati ve in compet i t ion . 

4. Phenotypic stability in the different environments 

It appea r s inte resti ng to synt heti ze t he response of eac h ge notype in compe­
t iti o n by it s s t ab i I ity (reg ress ion o f each ge notype y ie ld o n the mean y ie ld 
i n each co ndi t io n). Th i s me thod o f ana lys i s has been desc ri bed e lsewhe re . 
Th ree of t he 13 I inea r reg ress ions a re i I lu stra t ed on fi gure 6 A (Ta bl e 6) . 
7 coeffi c ients a r e inf e ri o r to 1, o f whi ch on ly th ree in a s ignifi can t ma nner 
at t he 0 , 05 po int. They c ha racte ri ze s t ab le genotypes t owa rd s c ha nges in 
comp etiti o n press ure a nd spec ifi ca ll y adap t e d t o seve re env ironme nts (fi g ure 
68) . The "Du Pu it s " va ri ety , wit h a coe ffi c ien t s ign ifi can tl y s upe ri o r t o 1, 
shows sens i t i veness to c hanges in competi t ion press ure a nd s pec ifi c adap t abi-
1 i ty t o low compet i t io ns . "Or c hesie nne " i s mo r e uns t ab le t oo . Amo ng mea n 
stab i I ity genot ypes (b 1. 00) , it i s poss i b le to di s tingui s h those with 
h igh y ie lds , suc h "Europe " a nd "61-41", show ing a good ge ne r a l ada pt ability 
to competition, a nd those with a low y i e ld, s uch a l I t he t wo-way hyb rid s 
except "51-41" a nd "64 -44", badl y adap t ed t o a l I competition co nditi ons . 

It i s necessa r y t o und e r I i ne tha t the s t ab i Ii t y noti on i s re I a t i ve to the 
co nditi o n sampl e s tudi ed. The same reg ress ion coe ffi c ie nt i s not ob t a ine d 
cons id e ring the three c ut s or onl y the fir s t t wo fo r the co nditi ons B, C a nd 
D a nd t he fir s t for A (Tab I e 6 ). Thi s i s c I ea r above a I I for the ge not ype 
"61-41" ( n° 14) o f whi c h the s ta b i I ity i s im proved by ti me . 
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Ta bl e 6 

Ph e not yp i c s t ab i I i t y o f a se t o f a I f a I f a genot ypes 

G = ge not ypes 

Y. = mea n y ie ld 
I 

b r eg ress ion coeffi c ie nt fo r t he three cu t s i n a l I con d i -
ti o ns 

Sb= s t a nd a rd e rro r o f b 

P
0 105

= s ign i fica ti o n o f b fo r t he de pa r t ure from 1 

bP =reg r ess ion coe ffi c ie nt fo r t wo c ut s in co nd i t ions B, C 
a nd Da n one in A. 

Y. b Sb p = 0 . 05 bp I 

5 . 634 1. 139 0 .049 s 1. 132 

5 . 6 12 0 .872 0 . 023 s 0 . 843 

5. 518 0 . 915 0 .047 NS 0 .882 

5 . 512 1 .056 0 .09 1 NS 0 . 827 

5 . 489 0 .827 0 . 055 s 0 . 883 

5 .4 68 0 . 986 0 . 088 NS 0 . 833 

5 .4 56 1. 128 0 .076 NS 0 . 980 

5 .41 5 0 . 996 0 .044 NS 1 .052 

5 . 41 3 0 . 96 1 0 .086 NS 1. 256 

5 . 389 0 . 767 0 .062 s 0 . 842 

5 . 368 1. 223 0 .074 s 1 . 464 

5 . 36 1 1 .036 0 . 084 NS 0 . 782 

5 . 358 1 .025 0 .052 NS 1 . 227 
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Table 7. Effect of competition on heritability of yield 

Nature of 
Cuts 

·-
competition 1 2 3 

Spaced plants 0.76 0.80 0.75 

lntragenotypic 0.67 0.49 0.53 
----·-· -· -

lntergenotypic 0.65 0.54 0.42 

lnterspecific 0.66 0.69 0.79 

- 0.68 0.63 0.62 x 

FIGURE VII 

Relation between yield in pure stand and plastic deviations 
in mixture, of the same numerical density 
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CONCLUSIONS 

The genetic variab ility is buffered at t he leve ls of intrageno t ypic , inter ­
genotypic and interspecific compet ition. Thi s may be expressed in terms of 
heritabi I ity, in th e "narrow" sense , of which the part p layed by it in th e 
confidence to a l low to phenot ypic va lue as guide of the reproductive va lue 
is im porta nt. Thi s phenotypic val ue includes the reprod uct ive val ue , from 
one hand, and , from the othe r, a r es idue which compr i ses , here, the deviati ons 
ow ing to competiti on . It i s necessa r y t o r eca I I that it is a property not 
on ly from one characte r (here , th e y ie ld) but a l so from the environment t o 
whi ch individuals a r e s ubmitt ed . The heritabi I it y ca lcu lat ion is a n eva luation 
of ge netic variance in pe r ce nt of t ot a l va ri a nce . If the e ffect of competi ­
tion on this criter ion, app li ed t o yie ld, is a nalyze d (Table 7), it is in t r a­
spec ifi c competiti on that acts th e more . It is poss ibl e to remark, inc identa l­
ly, that h2 decrea ses from cut to c ut. 

According to Rot i Ii a nd Zannone ( 1970) , at the same numer i ca I density, th e 
best genot ypes in pure stand in c rease the ir yield in mixtures. Thi s i s not 
obvious in the condition o f the exper ime nt de sc ribed here ( Fi gu re 7). 

In the expe rimen t al 
i s s ignificant on ly 
express the v igou r, 
pe rformance . 

des ign fo I I owed, the genotype x -competi ti on inte ract ion 
at the 10 % point ; and if th e fir s t unifo li ate leaf , 
there i s no re lation be t ween thi s latter a nd competition 

But it is interesting to note that genotypes diff e r in stab i I i ty ; th i s 
information on regress ion ana l ys i s i s t o add t o the othe r s acc umul a t e d at 
presen t wi th various s uccess . A good stab i I ity assoc iated with a high yielding 
abi li ty i s an interesting "c haracter". In fact, the three varieti es "Du 
Puit s ", "Luc iol e ", "Europe ", have the bes t performances ; but th e responses 
of five hybrids from the s i x req uire a furth er at t ent ion . 
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