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PLAUT BREZDING PROGRAILE TOR 1935
RELATIVD TO GRASSES -44D CLOVERS.

- Pt v v e . -

L. Corkill, Plaat R.scarch Stction, Palmerstoa North.

Tho purpose of this peper is to outlinc th.
guasral breeding: technique adoptsd at the Plant Rus.oron
Station in regard to the improvement of grosses aid
clovers to pedigres stezandard.  The following -species
2re wader study:i- . porennicl rycgress, Italian-rycprass,
cocksfoot, szrostis caainn, white elover, rod clover,
and Lotus najor. ' '

The first stege in the procedure is largs-
scole testiag Of semnles obtaincd from represcatative
lines Of seed from div.rsc hobitzts both within mew
Zéalend 2ndoversen S The s¢ lincs are tested :ig -
broadcast jlots which are subjscted to various mothots
of managemsntso tha t data arc obtaiaed on such cher-
actcristics as cstablishment, yicld, type, scasonal
growth, persistency, 2ad discose resistence.  TFour

thousand to six thoussad plants of cach spccics from..

the most promising lincs ar. put out for study s
singleplants, ani thosc are observed ovser a period Of
oa¢: 1O two years. Lt th; cnd of tHot time 2 selection
IS made, approximetely one hundrsd. Of the best pleats
being chosen for further study. . The 8¢ areé now S plit
uUp and plantcd out to forn a tiller-row apoproximat.ly
ten feet IN length. Single plants from tillers are
al so set out -so that a close Study of sach sslected
plant as 2 tillsy row ana tillc.r single plant Ny be
carried 2 stage further . Obssrvations ar: continued
and sxaminations recordaed et reguler periods, poiats
being allotted for such charsetoristics ag production,
recovery after cutting._ growth-form., persistency,
frecdom or otherwise from wiater-burn aand rust: In
this way, after three’ to four yeers,. the agroaomic
qualities Of the single plaants may bi panged

Fror this point in.the programae ther: ars
two nethods Of attack DYy which furthor improvencnts
nay be effected -

L 4 nodified form Of ness svlecgtion. Thosc

pleats O outstonding -gronomic merit are tsstea by
diallel crossing snd selfing tO ascertain whether
their progeny coantain eay scerious dcfcets. lf, aftzr
this tegt, the uor.a ts prove O by sufficicatly dosir-
able they are isoleted togothor tO form a scleetion.

2. & method iavolving furthir refinement in the

pl ant material.  ThiS iavolves ruch nore ‘intonsive
breeding work o5nd sims at. the slimination of any
undgsirebls chearrcturistics SO that @ pedigres line i¢
obtzincd which coatains the least possible proporticnh
of inferior typos; in offict, by thiS ngthed th: lise
desirable charact.rs Which ray be prescnt in the
plent-natorial are gifted out.

£1though th. first nmcthod IS an importent
phese in th: improvumsnt Of @ cross-fertilised speeiis
suchas psrsanial rycirags ia SO fnr as it produces.
sore rapi dimprovaieat, 1t IS repprded as Only st
in thé fingl productioa Of poiipres secds. t,
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howsver, enables ¢ scl:ction to be obtained ia th.

rminimun of time which is probably supsrior to ths beo:
commerclwl.lln%s and thus satisfics & dcmand until such
time a2s a moru highly:inmproved product caa bs obtsincd.

The next stege, then, after producing e
selection from grouping "originel" desirable plaats is
to effset further improvement by the sdoption of mathods
which provide more precise iaformetion on the ochetiac
constitution of ths plant-materisl, so that ianferior

‘characters may be elininatcd. The plants secureé o8

o result of selfing =2ad diallel crossing of Moripin~l"
plaats =r. cars fully studied, =2nd from thess 2 feirly
accurate epinion ey be farncu of the bresding bohoviour
of the paroant pleants. It is not likely, however, 1in
oross-fertilised spucics- as those with which we ~ore
dealing, thet "oriyinal" plants will be sufficicntly
homezycouo to wq“rﬁﬂt their accustance as the besis of
a highly improveé stréin. It is usually vsscatiol ©o
take the best pleats from the most promising ‘I un&;Fl
femilies, 2ad by somnw nethod of inbreeding, such as
sclfing or sib crossing, to vliminate undesirabls
chsracturs and to increasc thb henogeneity of the
family. When & number-of sufficic.atly homogeacous
unrelated plants or familics have begn obtsined, and

‘befors they ars - ussed ss a nucleus for a seclection,

they arc crossed in &l3. dirgctiono to ascertain which
combinations produce the rost vigorous families.

After this tust the o pproved plents are nasscd together
und ¢r coatrolled isolation-conditions to preoducs the

aucleus for the finel sclouction, which is tested on &
vroadcast sward oszd sing lC—chQt basis buforp accu pt-
ancc ianto the zcdigrce OluSS.

We heve given an outliae sbove of the gen-
cral technique in the brecdiag programme, aad 1t ey
now bi Oof some intuircst to discuss briefly the ro ultg

‘likcly to bs obtaiacad by such rcthods and their ?gplic~

Bility to the spoci.s being considersd.

Th: two Dbreecding mothods empleoyed arc
(1) erossing uar-loted plaats; and (2) verious types
of inbrecding.

{1} Orogeing unrcloted sloats,

bs 2 rothod of progeny-testing of unr.loted
pleats, crossing hag its limitotions in that recoselvs
f.oturs present in the heterczygous state in one of
the pﬁrbnts may still b concealsd in the Fp generation.
However, this is not alwoys the .case, as cross-furtil-
iged ylLQto such s those we oxe 00ﬂ51dcr10g may bhe
hbtbrozygous for mray similar factors, so that by
crossing such plonts we do often obtain some infors-
aticn as to thelr factoricl constitution.. DO“'ﬂPﬂC-
of cortein chercctors often beccmes epparcnt o
veluable evideace mey be obtoined on the vhluu uf the
combination of the fzetors from these two pleats.

For studyins the modc of inheritance of
cheractors sono nothod of inbresiing is of outstonding
valugc. It also offirs & rpaay menas of ¢limineting

undesirable factors asd obtaining a greater degrec of
honogyrosity for dusirable fectors then obtained ia
the Orlilﬂ(l sareat plant. 0n tho WhOlu; howcsvery,
inbrecding results ih o reduction ia visour which is
sinsly » nmeaifeststion of the seoregation of dominant
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vigour factors and Lacrcass ia homozygosity of thesu
facters and thelr recessives. By appropriate combiz-
ations of ianbred pro.ciaies vizour caa be regained.

The methods of iabrecdine 2ao0pted with the
species belns worked with 2t the Station depena o2 o
derree of gelf-fertility of th. pleant-moterial. bs
reoords white clov-r 214 red clover vary little work
h=g bewa cerriscd out 2t the Stertion oa the denreo of
self-f rtility, but Williems =2t Aberystwyth has shownx
that o0n th¢ whole these specied are hishly sclf-sturile.
Selfing  thersfors coanot be ustd to any :zrmat oxt.ot’
with thes. clovers so that thes me=thod of iabresdins is
to make sib orosseg with Fi pleats.

In the case of the rysrrasses, howevor, solf-
fortility is oa th. whole much hirher thsa with the
clovers, so thot eclfin: mey be used to some extent.

The s-ed-settins fisur.s obtain=d by s«lfias 7l uarslot &
"original ryc-ross plaats aro showa in table 1.

Table 1.
Sclf-fereility of 71 mori-inal" plaats,

(approxime ty firurcs)
T 0Xime t it

Ste 6 S per 100 spik. 1. t S, % of pleats.

7

1.0 14

n 3 O 18
5.0 13
16, 0 14
" 20-0 1 O
" 50.0 11
"100.0 6
100.0 1
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These fisures are I N acoord with those
obtained by Jonkin ot Aberystwyth. It will b siiun
that 79% of th: pl-nte st ov.r 1 sezd per 100 spikilitz.
8lthouzh 1 geed per 100 spikolats may scem a low f isur
It 1S comparatively cagy tOo obtain an Ly pcacration of
twenty to t%lrty plants. froms sinzls plant with such -
s-1f-fertility firur..

Whether s:1fing methods can be used with Iy
matorial aspends upon ths penctic constitution of the
parsnt plant. Whin Lp plants are szlfed, 2 wide range
in self-fertility of the I3 plants may be obtained, rs
will be seen in the following: results of selfine L
plants from thres unrw«letsd orisinal plaants, 410, 818,
and B35.

Plent 410 wes self-fortils to thr .extent of
80.1 sceas per. 100 spikelets. O 1tS twelve Iy plants
self-pollideted, six producead no seésds. The fis ures
for the othsr SI X plaats were 0.3, 1,0, 1.8, 2.2, 8.5,
aad 71.1 scods per 100 spikeletse

sno0the: plaat, 418, produced on self-pollin-
ation 23.0 'sceds per 10C spikclats. Ten.of ivs thir-
tecn Ly pleats sulfcd preduged 10 sesds, while the
remaeiniang three s<tv 0.6, 5.3, and 3C-35 seeds per 100
spikelets.
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The sclf-fertility figure Of the remeining
plant, B35, was 42.0 sceds psr 100 spikelsts. Elever
I; plants of B35 were s¢lfed end thres produced no
seeds, while the firurss for the other eight were 0.4,
0.8,3.2, 4.0, 4.4, 14.0, 20.4, ani 49.6 sesds per 100
spikelets.

In 211 threo CaSES there IS aranze in the
Ly plants fromecomplets sclf-sterility O self-fortilivy
as high as or higher than that of the parcat. |t
appears that sclf-fertility has a genetic basis zad
scgreg@tion for sclf-fertility or sclf-sterility fectors
has taken placc es2 result Of selfing.  The geaetic
constitution of th. respoctive pervat pleats will there-
fore decide the dsirce of self-fertility of the L
plants 223 the usc that cen b0 medc of further sfa}fing
Inthis gencration. INn prectice any rysgrass plant
uged for crossing is elways st the samc Ul Me selfed.

In view of the gencral rcductioa iN vigour
after sclfing it woul d probably NOt be adviseble tO
sclect highly sclf-fortile liacs for the purposc of
bui lding up » compositc straia, as the amount of sclf-
fertilisation that woul d probably take plece in the
field mght be sufficisntly creet to affect. the vigour
of th: strain as 2 whole. t is possible, howsver,
thet some hichly sclf-fert¥ils streins My uadergo very
little reduction in vigour on selfing, and in percaninl
and ltalian ryecgrzss, as in tinmothy end cooksfoot, it
mght be possible tO producc & self-fertile strain
which i S quits 2s vigorous as the best commercial lizes
but nmuch nore homozeneous.

The general procedure to be followed iz our
breedi ng prozramme as outli ned above may be variedii?
accordance Wth results which are obtai'ned fromtine

to tinme. Iv this coanection reference will be made
to a nodification in resard t0 testing for the preseics
of factors preducing a type of chlorophyl|l deficiency
I N pereaaial ryegrass WNI Ch we may term "tiller
albinism". Thi s typs of chlorophyl| deficiency, whici:
has not been encountersd before INOur nmaterial, occurs
in the progeny of oas of our nmost prom sing pareat
plaats, B35. Up to the first tiller stage the sced-
ling is usually normal, but its first tiller and gftun

subsequent tillers are dsvoia of chl orophyll. Ag the
chlorophyll-dsficicnt leaf dsvelops It becomes some-
what ersen and appsars variegated. 45 the older

| eaves dig off the plant becomss aormally preca.

The intensity Of the developmeat of the
albinism varies ana sometimes makos tht identification
of "tiller albino™ »lants rathcr difficult.

From a practical point of vicwit is
dsbatablse whethir this cheracter 1S sufficicatly harm-
ful to warrast c¢liminstion, but wo arc Of the opinion
that it is at |east dassirable to know which plants arc
hoterozyzous for the factor conccrasa.

In tablc 2 arc shown the results from
sclfing B35 224 also scven Ly plants of B35.
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Teble 2.
Plant No. Tiller 4lbinism.. Ratio.
do, gTrecn. No. albino' . cregn.: albing ..

B35' 414 119 35 1
357/1 424 65 6.5 1

24 30
/3% y 8 0 5030 ;0

/34 24
/53 5 14 130 By o

/54 - 174
/58 128 23 56 1

These fizures eppear tO iadicate a moxo-
factorial inheritence Of tiller elbinism With "presa”
dom nant to chlorophyll dcficicacy. The aumber Of
areca plants is in nost cascs too high, particularly
in the propeny Of B335/54 whore the numbers indicatc 8
15 = 1 rather theana 3 : 1 ratio. However, it is
grobablc thzt the cxcess Of greca plants IS duv tO th
difficulty of identifyiaz soms of tht. chlorophyll-
dosficisent plant S.

In vicw of th; larze amount of promising
plsnt meterial consisting Of approximately 2,700 plazts
many of which may contain th. rccessive factor for
"tillcr albinism", some simplc larpe-seale methed oOf
testing th: NMOSt valuable of these plants for the pre-
scnece of this factor is dssireble. L lerpe aumber of
the plants may be sclectsd later for further proseay-
tosting, and I'f gsome indication coa be obtained os to
the proseace Oof the factor for "tiller albinism" while
the plants ars uwndoer tegt ia the single-plant pl ot
mich tims will be¢ saved. |t IS thousht that the
following method may furnish this information.

_ When the sesdlings were put out as single
plants into the plot oae¢ row of equal nunbars of

chlorophyll-deficicnt secdlings and tillyrs oOf the
parsat plent B35 (which 1S heterozygous for tiller
albiaism) was plented tO twe rows OF "agreea” plants SO
thet each row of the latter was adjecont to o row of
pl ants with the recossive "tiller albine™ factor. . Ail

the plants i the block Wil pe permitted to flower.
There Shoul d by sbout equal proportions of pollca carr;-
ing the dominant foctor Tor "sreen"™ and that with the
rceossive factor producing "tiller albinism", so thet
the chaaccs of any plent not being fertilised by goms
pollea carrying the reecssive fretor are quite romoto .
The heturozyzous pleats fortiliscd by pollesn carryin:
the ™Miller albinisn” factor will produce somec chloro-
phyll-dcficisnt scedlings while thosc homozygous for
"sresn" Will produce o0aly gresn pProgeiy. 4 sced
samplc W Il bo teken fromigecgh plent which it is d.s-
ircd to tost and sown scparate 1y only for tosting
pUTPOSES. In this way the plsats homozygous for
"aresn" may be dotormined st the same tipe as tho
plents ar: in th. plot for obscrvation of othur
characters.

: Whea testing of breeding behaviour 0a @
large scale is to be carricd out the plant brieder
has to use methods which give the desired result oad
gnable him to utilisc his time to the fullest advaata ..



7]

®

&3

It should sometimcs be quit: possible to employ sonme
such simple method of laraps-scels testing as thet
outlined above, cssecially in rogard to the detection
of sasily distinzuishable recsssive charzcters oftex
some knowlsdge of tholr mode of inheritance has beso
acquirsd from prelininery eenetical work. But the
importancs of preliminery fundemcntal work ce2 hardly
be over-estinated, for without it os a foundatiocn the
plant-brecder is z0t likely to attain the desirsd
cbjective in the minimum of tinme. Such kaowlecds: is
sssentiel to enebl. him 2t o latsr stace to employ

large-scale methods oa materiel from which he is likely

to obtain the preatest reward, aad to save him from
working aloag linss which moy ultimetely prove a0t tc
lead in the desirsd direction.
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