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ixeface.

"Crosslands Ariki' ryegrass - Lolium [ (multiflorum x perenne) x
perenne] - has been established in New Zealand as a successful
pasture variety.  biie some genetic parameters were determined
Guring its breeding programme, no diallel cross anaiyses have
been performed on "Ariki', It was for this reason tiat this par-
ticular experiment was sugi estad to me.

The inclusion of two treatments arose from & cynical recerk
passed by ¥, Harris, regardirp the failure on the part of plant
breeders to use simlated swards, The experinent wae designed to
determdne the levels of genotype-by-environment interaction in
YAriki ' ryegrass.
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CHAPTER I

Review and Discussion of the Relevant Literature.

Fejor (1059 has suguested, without qualificsiion, that the avernge dist.mce
between surviving plants in o ryrgress @werd soen at 195 1lbe. of secd per acre is 1.
isgies. 1In woel foru,o=plont breediiy . Xugrunes, lowever,  lonts are selected ou
the basis of their performmance as widely syaced planto. Jpaciigs vasy, but
ty. icclly are betseen 10 inches mad 30 inches.

ihe extout to wt.ich s aced plant essecounent gives an accurute indication of
Sunad (erformance las been the subject of a raunber of re orXts aidch wiil be discusved
Delovie

Fejer (1559, puints out thoe lulru~s ecific copetition, alliwwm a josalile
vouree ol deusity-by-gonoty e intercetlon botn Lo vogeb tive aiw oeed [ roduciiui,
o been lurgel) ignored by plant breederu. “ols ung not aluwiyu booi: 805 oeikdngs
(1:531}) in an eurly paper ou form e plent breediny, discusees [beryoivwyih loat
Lreedisg wtotion metiuds of acreacnd g large wwabers of lante for selectlsn ia a
brvediiy Dol . uil. initial eelectiono were iade frvu speced | iuntos \2 feutl aooiv,.
~erwpy Tuw of an origdsal populailus of 5,000 would be seiecicd. Thryee meluvus
wery tnes eu lojed tu excuie levue sveieclivie wore eritically.

Liove ebiod

cere the single pinnts were byoken up into plantletc and eadh clone (tLot .o,
the  lantlets from eech si.gle plant, speced oul svparvtel; for exanication.

Here the selected plants arc baroken uwp iuto tillers which are planted two lucles
ajart io a "broadesst” mener. Jeunkins (loc.cit.) polnts out thot by this metuod
the single plant can be studied uwnder couditicns ap, roximating thoee of an orulnaxy
sward. otapledon (1U31) also used this method in e cocksfout byecding Lrogramie.

Zhbier-you meticd

Tuie wetiod 1is sinilar to the alove, except that the tillers aye  Jlanted ocut in
Toug. Ao the origisel tiliers coon lose thelr ldentity, the entire row foms the
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basis of their examination. Jeukins (loc.cit.) claius thau tilier rows have
shiown vy the individuality of the plant (o & oo siderably nigher degree than does
the Clone method.

i both these laiier two techuniques tue plant is belsg subjected to ralher
more corpetition than wo.ldd be exierienced by the siungly-soeced . laats.

levy (1933) discussed the tecimigue then being used by pasture plaent breeders
of CUrasslands Livision, Le.oeleis for exammining lines for breediug purioscs.
1/1,uuCth acre plots, U=-2/3rds by 15 links, (4.4 by JeJ fect;, were svwn where
sufticient seed was avallable; othoxwise rows, two fect apurt, were uscd.

dotes, visually scored, were nade of speed of estabilsusent (sic), tli.ering
aad syread; relueuive growth, density of sward; recovery after cutilng, persisiency.
dute and extent of {lowerliy,; discuse susce tiltilityy wnd so oun.

vithiio a ye.r a very gooa idea of the performuce of exch liue guolad be ot Lied.

~eeds of thuge llues «nuGh PoVes wwer piot trial to be worliy of jturtier
critical siudy wercv sown in Loxes and the seedlings Wal eslcblisied were | .ouled uct
two feet apart, in plots of ten [ laails in a ruv. later. re <ebe Luarciay \ €lu. Cu m)
sltered tuis so tual eschh iot of ten plants wee Lwo sdjacent ruus of Live plants eoea

Uil the 4,00- 5,000 single plants thus arinuged uswaldly soose 15U were selectod
on the bugis of thelr perfomance in a tio-or-thre-year triai. Shese plants,
uplifted anc broken into plactlets, were replented ac Tows and, or uiugle plunic,
and exaniued for a further one or two yours. Subsequent genetical exsmination of
the moet promising lines of the 150 "suer types” was not extensively pmsctised at
"Grasslands” at the tise lewy was writing (1933). Lore recently urogeny testing
has been extensively used o select eélite perents on the basis of tuelir "breedlig
value”, (e.g. see Bervley, 1960).

Since the tise of levy's paper (levy 1933,, the broadcest and rwo plots have
bocose disregerded, aud & considerable amount of work has been carried out on sligle-
Spaced plent scsescsent alone. Brosdeast (lots heve been used ouly t0 assess the
nerit of the final pxvduct.

Any movement away fron sward conditions in plant essesssent should be accompanied
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by satisfying evidence that the non-swerd asseseoent is an adeguate mescure of the
relative performance of thatl slant, or genotyre. Atteapts to validaie single-
spaced | iant ss.essueats have been conflicting ( yres 19560,.

Stapledon & Luvies (1930), &ilton (1330) end Wiliiams (1545, we ub.) were those
cited by lmz@nby (15572) as haviung found sward perfummance to be adecuately iudiceted
by s.eced plant performance. lLagenhy sugsesied thot fallure of Averican work (socue
of wnieh is discusced below) tu show similar results was due to the inaccurscies
resuiting fruc the visual sssessment of the gpaced planis.

wtapledo:: « b vies' (19530) couclusi. .o werc besed on the eriormance of a
nugber of goecien, i ther than straing within s ecics. Furtherzore, the gpaced
lantings were in a se araie ex eriment frow the broadeast plots. Ghne relationsidy
was held Lo be a "general trend” anu was not defiued very .recisclye.

sddton (193U, exmuined the reletive performances of five ilines of Aberyoluytie-
bred crasses, Vize & ogy Gy e ceremdal ryeyprass, two struins of tlaouy and tuu
sty i..s of coeckafoct. Lihey were sown in ruvws two feet wpard, wo weli as in broacessi
rlote. s the eatrapolation of Li.to:'s co.eiusiv 8 to swurd s .aced _leng
Conpariscus is not reslly valide Evea 80y a8 results in foct w.owed thue the two
tioutly lines, taa to o fesuer extent tue cockafout ilnes,y did dircer i thelr
verfoymuance relaiive to e.cn other in diilferent piautings.

lazeuby's (1497a) couCiusiuv:.e froa an exmmizrativn of four str ius of verennisl
ryegrass, Vik. Uevon kaver, 824, irish, and lew Zealand, were that the performsmnce
runkings of the varieties were similar, whether they were gowm as s .aced planits
(24 inches by 18 inches; or ewarde (20 lb. of seed per acve, with 1 lb. esch of 5100
wihite clover and 5164 wild waile clover).

His data, however, show uot oul, significant variely-by-sowing wethod inter-
actions for yield in tne second year (although not in the first) but alsc that evexry
broadeact/spaced plant cosparison showed differeat runkings.

Burphy (19%2), reviewing sowe of the available literature on the relativusiips
between sowing methods, mentioned that Nelonald et al (1952) were amongst those
resorting a satisfactory relatiomship. licbonald®et al's peper, however, shows
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that there was no siguificant correlation between family performance in rowe and
as speced plants.

ailsie (1349;, lawk o Wilsie (1352) aud turphy (1992, found positive
correlacvions between the [ eriommance of lines in different methods of plonting.

Tae genersl eriticiam of this correlation approach is that a giguificant positive
correlacion mey nol mean that any ong line or clant chusen at one level of coaielit-
ivan will perform reluitively as well at another level of competiticie.

fuis is borne out by wilsie's (1949, dai: with bromegrass. wiiie correlaiions
were high for ylelds of stroine sown in rows (yresusably mine inches apart, and solid
drilied piois, sone lines deviated noliceably from the _attern eslablislbed by the
Correlations. Uf eigut strodius tested in rows and broadcasi plots ondy the Tirsit
lharee were ronked tue same in either planting.

urpdy's vwn 6 te (154, show scven significant yield inleractions betweeu
chantiag neloods and varicides in 1y exierisent wwaljyeses. 1ds suwiery o1 the data
does not give sufficient evideuce tu su,. ort uls contention thuie "die breeder cou use
aly 0l the .ee methinds of Jlanting inveustlgaied fur isolatling selecied . lants inch
puBBess high yield putential'. For exau; le, the correlati. u .ur.y obtsined between
Jields of spaced-plonted poly—-cross rogeny awd broadcast suwWh pOoly-Ccross Tugely was
roed {3, a andanly siguificant vilues %hls was obtuined usiwy, five clooes of sactylis
phunerata, five of bromusg inermis «nd uine of Festuce rubra. iils correlaiion of +ued473
is given with a runge of =Ue93 w +Ue95. 1his large error in the correlation sug. ests
that the yield of progeny as sy aced plants is a gquite unaccepiable iundicator of tueir
relative yield in swards.

shlgren gt al (1945) examined a large number of correlations between different
characters and methods of evaluation of joa prutensis strains. They coneiuded that
there was little or no relation between estimated yields of the selections grown as
spaced-planted nursexy vows (2 feet by 3. feet) and ylelds in swards.

Kremer (1947), using Pog yretensis, resched similar conclusions co..aring widely
spaced plants (two feet by two feet) with mowing from & simulated sward estabiished
with plants at seven~inch spacings. There was a consistent lack of relaiionsidp
between the charscteristics thai denvie or are assceimted with vigour of individual
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rlants and yield of forsge from mown plots.

Kuowles' (1953) dute on Agropyrou eristatusm also show thet spoced plant
vexfonuance is an inadeguate predictor of swoard performweuce. As .yntietic &
pesercvion aaterlal wan used bercy kls sxgument loses a cousiderable amount of
weigite ihils 1s becuusc lue Synthetie 2 generation is lidely W cu taln a cousid~
erwble amount of inbred, aud therufore less vigorous matericl, musi of wlileh woulid
be eliuiusted by the highly co.petitive cuouditions revailing in the wunyd, but
would probasdy survive ae oiigle plantse This could be a courece of cousidexiivle
interaction (i.C. Clemonts, y@rs. COmiue)s

uldemeyeor .. ianson (1995), fru: the dat: of the progeny of & diullel @ru-s
betuween five bretylis glomerata plunts, where  rogery were sown as s aced (lants
ang broadcast swards, concluded:

"It o, ears that brocdeast seedlings are uore desirsble for teully tusn s.aced
viants, "

adg was 10 s ite of @ Ue.SH cozreiation between spaced plant and sware jerfermances
for yicid.

indiarly, Grisson ¢ Xalton (1356) found correlatiovns between the yield uf
Lrogenies of bromus inentis in swards and sgaced plants (three fect by tixree fect,,
to vaxy belween ~U.20 and +Ue.4H, depending larzely on the climate. Lhey co.ecliuded
thai spaced Jlant jerfomance is of iitile welue in predicting swerd perfoimance.

Proudfoot (1997) found a similar leck of agreement between yield rumicings of
Jolive perenne-strains es ewards and as single plants. This discre ancy tended o
disap ear when single plant roduction was related to the actunl ares cecu;ied ky the
basal portions of the plent. ie suggests thai the use of the yield/basal-diameter
ratlo in strain evalustiown #ill give a more accurste picture of the potential yleld
under gword conditlcus.

Beddows (1957) coupared the perfomance of Hi, 524, New Zealond perennial, Irish
and Devon Eaver perennisl ryegrese as single plants and in sown drilis and broadeast
plots, under two cutiing regimes, viz. regular cutiing (four tises) end e hay plus
afternsth cuts. Differemce did occur in the renkings between the two yeaurs for which
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plants.

mli,y {1958 touud t.ne *tauuonahap bemcn sward wh Wd lant ,acrismc
,af vm-tiea of W to be ot value only m the ml.y aprug A'Fﬁ;;
;aomuhut auu.lu cmclmion nth the sene a;eciaa wis nm.ned ny Knight \Ucu) thu
sliowed that the corre.Lstion be.ween ylants uader o Byuilb cuxm.t.lona (ona foot by
tiree fsgt and iive h.cbou by five iunecnes) deteriorated as the swards ageG. sart of
the reason for this 1s becsuse plauts in the vﬁgeta,tiye g,uauare aifgeted duﬁcm;tly
by co&petitiun ta.n plants in the re;roductive "at%e; ‘

Lagenby & vogers (14bu, 1902, 104a, 1964b, 1965a, 1‘305b,.19:650) studied the
pex'fuxm&mc}e o.i' a uumber of ryesress verletles ai Jifferent s acligs. The varieties
iucludéd (although ot gll in the @e ex.erirent, ?’:25, 11‘1@, henty uew Lealand
veyenuial ana ©24 (of m:z.ch seven clu.es werc used in lhe one ex erluent,, anc the
o;,acj‘.‘;_d,s wriec Leilween <7 by 27 iuches ana 3 by 3 i.uches. i closel, sown broadcaci
+lot was also 1‘xc¢uéea.' diile ~dqmity-by-m;-1egy' ;.ntém ti.cs cccurred for yield sud
6tner cnaracters, uhey were rnuu.:, aue to the iutnmcu.un beLween the w.;ment sym.'j.ug
&2’1 ny 27 iuches, and the rest. (9 w 9 Lma. 3 w3 wohaa am'i the m»«m; ,1ots,,
_.hmb “,m" {mui& mum m't. mvuu
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of 0il nutrient per plant than the more closely spaced plants; in effect the
Spaced plﬁnts are in a higher fertility environment. A siumilar conclusion can be
reached with soil moisture content.

While the spaced plants did have heavier tillers (lasenly & Hogers, 1965a), the
plasticity in yield per plant at different densities was associated with differences
in tiller number (1904a). Density-by-genoty e iuteractions for tiller weight were
not significant.

Tiller number plasticity, ratber than tiller weight plasticity, while a feature
of ryegrass sypecies under differeut levels of competition, is by no means the ruie in
the Grominese. Ihalarls coerulescens and Festuca arundinaces respond to reduced cou-
vetition by producing more leaf area per tiller, rather than more tillers (Knodes,iyvs,

with Lolium species, Pejer (1399) found cousiderable variation between lines in
tilllering respouse tuv cou.etition; some Lines tended to reduce tiller weight with
inereasing coug etition, while other lines teaded v reduce tiller nunber. This waus
ti.e major source of geuut, pe-by-co. etition interaction. Fejer's couclusions were
that single spaced  launts do nut give precise information on the behavicur of tie sine

vlanis under counpetitive counditions of varylug severity.

sinalaied Swards

If we accept thai spaced plant assessment, as currently practised, does not
adeguately predict sward yield performance, then some technigue needs to be developed
that would subject ;lants to conditions similar to those in a sward, but at the same
tise allow them to retoin their identity so that suitable selections can be made.

A suggestion elong these lines hes been put forward by lagenky & Hogers (1964a).
Thye progose that, provided there are no interactivns between the growth rhythus of
the selected lines wien coupared as syaced plants and as swards, then satisfactory
predietion of Telative sward perfommance could be made froa eny density, provided a

Otier atienyts %o subject plants to sward-like cospetition have usually been
efiected by simulating & sward. An example mentioned previously im Jeakin's (1931)



"$iller-bed".

England (1967, 1968) has reported on the use of non-gward densities (suitable
for simulated swards) in assessing yield performances of Itslian ryesress. Fourteen
Iyegrass populations werc sown in swaxrds,’-inch spaced rows, U~inch square planitings
and J-inech square planiings. The oanly planting method-by-variety interation occurred
at one harvest and then ounly between the 3-inch syuare plantings and the 3-inch rows.

ikhile these "tiller-beds"” and broadeast ;lois do subject the  lant to com etition,
this competition is between similar, if not identiesl, genoty es. Douald (1368)
contracts the growih of a plant in a »ixeducommunity where eggressive coupetition is
an advanitage, 0 the growth in a uniform comsumiiy where, as it is now involved in
matusl coopetition amongst equally sggressive neighbours, the growih of thie crop as
a whole is reduced. Ihis sugsests that genotyjes should be supjected to competition
frou the genotypes they are likely to encounter after selecticn, be it from a wide
range oi geuotyies, as in a uixed pusture, or frusu almost identical geuvtypes, as iun
socue cereals.

ctudies of coupetition between lLolium siecies have been reyoried by Cuaxles (1464,
in this experiment 523, 524 (both Leperenng) and 522 (L. multiflormm)were sown alone
with clover, and in all possible coubliatic.s with esch other, also wita elover. ihen
S22 wes sown with clover and rotatiunally graged, it douinated the sward for at least
five jesrs. Sown in e mixture with 523, 524 and clover and grazed as above, 522 at
first dominated the sward but within three years had been praciically eliminated.

This shows that momoculture sward assescment ean be misleading, and Charles (136v)
stresses the need for the plant breeder to kuow more sbout the behavicur of eultivars
in mixtures.

Keller (1346) m.mummmnammuz—m
mmmnmmmwpumu.pmmmmim
_mm, three, four or five species. Spacings used were wide, i.f. 18 inches;
but closer specings, such as 12 inches, were wuggested. The previcusly reviewed
ummmuwmumizmumumammrnw
testizg of genotyies. | '
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¥ore recently, Gardner (1960) developed a tecimique by which grasses of eimilar
appearance can be positively identified when grown in an artificislly constructed
swaprd. A grid is coustrucied using steel rods to fom a mesh of ftwo-inch sguares.
fhis is laid on the ground and plants are placed in the centre of e:.ch squarc.
Different coloured paints used on the wires surrounding each square ideutify the
plant genoty.e planted therein.

A further advantage of this technique is that far iess seed is needed to assess
a genotype than wo ld be the case with mouceul ture bmadcsét ylots. Furthermore,
the ,roblems associated with bresking up tillers cun be lexgely avoided (Fejer, 135;
Breese & iiaywood, 1900 ;.

Use of Bardner's tecinigue was re orted by Gardner & iunt (1963). Three lines
of .erennial ryegrass, visz. Irish, Hew Zealand and 523, were sown using the grid.
Flant survival in monceul.ture swards was in the order g5, lew Zealand, Ixisnh which
wes the oreer of tuely respective aggressiveness as assessed in mixtures. wnen the
planis were sown in coumbiaation, plant survival and tiiler number of the uwre
aggressive line increased, wille ®ha. of ithe less ag;ressive line decreased.
vignigicant differences beiween the three lines tested were detected for yileld
(Gardner, perse. comie); but mcre resu.ts of that study aweit publication.

The hign deusiily spacing of the sisulated sward and the use of inter-genciype
cow etition both develop a more sward-like enviroument under which forage planis may
be tested for selection. The situstion is still umnatural, however, and further
aspecis of eanvirommeni, such as freyuency of defoliation and level of fertility, need
to be cousidered. -hymtmmu‘mtmuthmwmm
pertinent litersture is not being reviewed. lasenby & Hogers (1905¢) have shown
some aspects of cutiing frequency-by-genotyye intersction for dry metter yield in
W The m between ylants wass two inches.

The effect of levelsnitrogen was inve.tigated also Iy lageny & Hogcre (1965»)
~on eight clones of loliun peremve. While genotype-ly-nitrogen level interactiou
 oceurred for dzy matter yield for soue harvebs over two years, amal totals showed
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no evidence of such interactiocus.
It appears, therefore, that plants should be examined under counditions
approximsting their eventual use. Techniques exist that attemyt to ap,.roximate

sward conditions, but these reyuire further investigation and development.

Jatural selection within swerds end in speced-plant plots.

It is clear that line-by-spacing interactions freguently cecur for vegetotive
Jielde It is therefore probable that similaer interactions occur four seed yield.

If genoty;e-by-spacing interactions do occur fur yield of viauvle seeds, then natural
ael.eé tion could change geune and genotype frequencies in a genetically variable
popuiation duriny the process of seed mulitiplicatiocne where distance betvieen plants
decreases in succeeding generailons, this could conceivably result in changes in the
characteristies of a selected population or variely.

Changes in plant charscters in lolium  erenie during seced mmltiplication have
been reported by a n.omber of workers (e.g. Kelly « Boyd, 19v0; Cooper, 1355/, while
otihers unave siwwn no evideunce of tiis (Gege Gorman 1340). It ap ears iuat suift
wil. be wore likely and occur wore strongly wiiere seed is increased in an civirownent
somewhat different frow thai of the origin of the seed (Kelly « Boyd, 19..;. iuese
re.orts are not cuncerned with differences in plont spacing, but do demcnsiruie first,
that there is selection during seed multiplicatiun (although this may be partiaily due
1o selection in the sward before harvesting) und secondly, tuat eaviromment-by-genotype
interactions occur during seed multiplicatione.

Bumball (1970) examined shift intype of "Grasslands Manawa) Short Rotation
Ryegrass (lolium perence x multifloyum) over a number of generations. Seed of each
consecutive generation was sown out in oune season 0 thet generations were coupared
Simultencously. Changes occurred in winter .gowih score, sumier growth score,
persistency and degree of aftermath heading; but the ahift in the first geserstion
of seed increase wes in the reverse direction to thst in later generatious. e
firet multipliention of seed was effected by spaced plants, while all later milti-
plications were effected by sown swards. The seeds used for the firet multiplication
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were derived from a glasshouse isolation polycross, which is a techmigue ihat
typically produces small seeds. Rumball (pers. coms.) tentatively suggests that
sose "carxy-over" effect could have operated here. Inbreeding deyression is not
substantiated by the changes in winter and sumuer growth scores which shift in
reverse directions. 4 genotype-by-enviroument interactiion could also have occurred,
a5 the gpaced-plant increase was laid down at ralmersion dorth in the lorth Island,
wiile the dher increases were carried out in the South Island. Decause of these
alternative explanations for tuis effect, thie change in shiift in the characters
Oobserved by Humball could nhave been due to a spacing-by-genctype interacticu.

Cradles (1964) aud Brougham & Harris (1960, 167, have shown that genoty,es vary
in their ability to survive in a sward. Brougham & Harris (1968) produced evidence
that differences in sward management favoured different genctypes. Seleection for
oune or the other geunoty.es was often accompanied by & suift in a pumber of re roduct-
ive cunaructers.

Fejer (19u2) reported that selection for nigh vegetative yield in ioliwa erenue
resu.ted in a corvelated res ouse in seed weight and dave .f ear emenecuce.
+leiotropuy aud linkage were discussed as alternative mechanisms for tihis phenvrenvri.

These reports show that survival es sklechidi bosed on.wegefative cuaracters
often result in changes in nou-vegetative characters.

In this experiment one aim was to measure gmard swavival, sward seed protectiui,
spaced plant survival, spaced plant seed production and spaced plant type, to show

how various selection pressures may act upon different closely related families in »
population of loilws perenue x mu. tiflorua.

iue diallel exoss.

; A diallel cross is effected when a number of parents are mated in every possible
Coubination, the analysis being carried out on the performance of the offspring whlc
may or way not include the parents. Basically each parent should be a single
homozygous genotype, mtnm-qb-w"mmamm, provided the



rise 1o bias (Fisher, see Oriffing, 1956b).

iwo basic methods are emyloyed in the analysis of the diallel eross. ' %he first
method wee indtisted by Symague & Tatum (1942) who expreseed the performance of tae
progeny in terus of the "generl conbining abhlity” (6CA) end "specific cousining
ability”" (5C.) of the parents. Sprague « Tutp- (loe. cit.) defined these as follows:
"The term 'general combining ability' is used to designate the mo periormance
of a line in hybrid combination...The term *Specific coubining ebility® is used to
designate those cuses in which certain combinaticus do relatively betier or worse
than would be exuected on the bacis of the average performance of the liues
involved."

In all these analyses the GCA and SCA variance estimamces apply only to a Lypo-
thetical randomly mating populasticn frum which the parents were derived by inbrecding
randonly selected individuals. In this respect Eiscmhari's (1947) Hodel 1I applies.

A generalised treatment of the diallel crouss was given by Griffing (1¥5ub, who
presented altemaiive analyses enabling information to be obtained sbout iue _arenis:
whether they are considered as a wwon sangle form soue nyoothusetical pareat populat-
ica (sodel I1) or cunsidered as the wholie populaticn ebout which estiuantes are to be
made (Model I). Anslyses are given for four experimental methods, viz. (1, ,arents,
one set of Fi's, and the other (reciyroeal) F1's are included (all 3,2 combinaticns
with p pements); (2) parents and one set of F1's are included but reciyrocals Ebés
m’m (h(g_o 1) coubinations); (3) one set of Fi's and reciprocals are included
: mmmm (g(g-t) m}; m(&)mmaw-mum
,mmmw-qmm 1)%: ‘ :
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genetie variauges of the perent populaticn, provided Eigenhart's Model II apslies.

" Using this method, dimks (1955) Mas @hows that in & Jazpe mmber of Anstmnoes,
oceurrences of "over-dominance" or "eterosis” could be attributed to epistasis.
This has cousiderable importance for any breeder wanting to utilise "iybrid vigour®.

The resuits of simulated eomputer program:es suggest, however, thai correlated
gene distridutions can cause anomalies in the Hayman-Jinks model (Hessar, 1965).

Hayman (1954a) presents an analysis of variance for the diallel cross, to be
used prior to using the Hayman-Jinks method. This avelysis of veriance is in meny
respects identicel to Griffing's (1956b) method 1 model II snalysis (pevents and

- both F1's and reciprocals included).

Analyses of loliwm perenne dialiel crosses have been reyorted by Torzie (1u57)
and Pejer (1958). Analyses were based on Kempthorne (1952), but GCA end SCA
estinates followed Rojas & Sprogue's (1952) modification of Sprague & Tatum's (1942)
metiod.

The choice of the diallel drcee in these investigations was becsuse it ,zuvides
the greatest amount of information frus the parents used. Torrie (loo. eit) states

thttoraﬁmdnﬂuoxm&hotmmm.tm
.,mwmmnummm.mu-mnnmu.mmm
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important than GCA.

Fejer (1958) with Le perenne and Anderson (1960) with Ixifolium pratence used
the alallel snalysis to obtein estimates of heritability - which mey be defised as
the ratic of genetic variance to total variance. leritability estimaies allow
some idea to be cobtuined of the probable gain from further selection. lerxitability
estiuates of green weight in lolium perenne were found by Fejer to be generally low
(circa 107 or less) except in the late spring-early suwcer growth of autuwmn-sown
lines, which had an estimated heritability of cires 20%. Heritability estimaies
uave to be treated with cousiderable reserve, as the numerator of the exyression

Heritability = genetic variation

geunetic variation + environimentsl variation
could include non~additive genetic variation, wiich would not necessarily be
recovered in later geunerations or in other environments.
Lusih (1949) Las made the distiuetion between heritacility in the broad sense,

i, = additive genetic vuriation + non-additive geuetic variation

total variation
and heritability in the narrow sense,

hl = additive genetic variance

i

total variance .

Pejer (1958) gives altemaiive estimates of heritability where the non-additive
genetic voriance can be estimated. Anderson (loc. cii.) gives estimates of
heritability in the narrow sense only.

Dickinson « Jinks' (loc. eit.) modification of the Hayman-Jinks metiod of
ml:dnhaahmua“bn?x?mmm-ntmmmbm(1960}.
The parents used insluded two highly bred lines, 52¢, which were shown by the analysis
to be the most hosomygous for douinant genss, me showing the efficienay of the
brecdisg techniques used for this variety. Epistatic effects were not shown €0 be
amuu-summmmmozmmmwm“
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(1962) in an 8 x & dlallel. The crosses were repeated over three yeurs during which
the fall in self and cross fertiligation strongly suggested oytoplasmic aging. The
sunalysis used (the Hayman~Jinks method) unlike that of Breese (loc. cit.) inciuded
recipreocals and thus wae capable of showing the presence of strong maternal effecis
on scedling leaf growth,.

laywood & Breese (1966, 1968) and Haywood (1967 used the analyscs of Haymen
(1954b) and Jinks (1964) for a diallel cross between ten natural populetions of
Lolium cerenng. This, in eoutrast to the material used by Breese (1960,, was uot
bred.

seedling charscters were found to be largely coutrolkd by maternal eifeciis.

GCA, SCA and maternal effects of a number of reproductive cheracters (mumber of
flowering plants, number of infllorescences and date of eaur emergence) were uighdy
significant. Jroductivity up to and including the first hay cut was warkedly
i:.f1 enced by maternal efiecis.

Thomas (1J67, 1909a, 1969b) used 523, Irish, Algerisn, Lithuarian acd Hew sealand
varieties of perennial ryegrsss in a 6 x 6 dialiel crosse IThe analysis used was that
of Hayman (1954b) and Jinks (1954) with the modification suggeeted Ly veazden (19v4,.

The analysis of population wewns revealed strong uaternel effects in a rumber of
early seedling growth characters. The only adult character messured, flowering tive,
was the only character not affecied by maternal effects. The analysis of the
Coefficients of variation for three seedling characters aliwwed no evidence of uaternal
influences. This infers that stability in these characters were not affected by any
¢ytoplasaic influence. The analysis of four seedling characters suggestied that the
genotic-hy~environment interaction was of ehromosomal origin, while matersal effects,

AWW&“‘&&OMWM'MQ' "Grusslands”

Division; DeSelsRey mmmma‘w'qmum m_
m, mummmmmmmwmm
necessarily be ascocisted with a‘ﬂttu geunstic m

hmmmmaamm. “-w
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Ariki" ryegrass cannot be considered a random sample from some hypothetical
population, so only the Model I methods of anmalyses presented by Griffing (1956b)
are appropriate.
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CHAPTER II

Materials and Methods
The Area and the Fertiliser Used for the Experiment.

The land used is described as a Manawatu sandy loam with a pH 4.5.
Lime (c.cos) had been previously applied at two tons per acre. Immediately
prior to planting, three cwt. per acre of superphosphate (170 I as P205) and
one owt. per acre of muriate of potash (KCl) was applied and rotary-hoed in.
In addition, two ewt. per acre of ammonium sulphate (20¢ N) was applied in
June (six weeks after planting), and two cwit. of nitrolime (16%) was applied
in October.

The Fopulation

The parents chosen for this experiment were deliberately chosen, i.e.,
they were not randomly taken from some larger porulation. ror this reason,
the data are interpreted in terms of Eisenhart's lodel I anmalysis (1947).

Ten parents were chosen, eight of which constitute the elite parents
of the synthetic variety, 'Grasslands Ariki' Ryegrass, - Lolium [ (mltiflorum
X perenne) x petemne] - (Barclay, 1963). These were selected for the
experiment because information was required about the Ariki variety. Two
more parents were included to allow a more accurate assessment of the genetic
parameters to be made. These two were selected on the basis of their high
score in the same ecperiments in which the elite parents were progeny-tested.
| The parents used are listed in Table I:

Table I
Diallel parent mumber Elite parents

i
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Their genealogy is given in Fig. 1. Their offspring, referred to as
"lines", are numbered 1 to L5. 7The respective parents for each line can be
determined from Table II.

Table 11

Emumeration of the Lines.

Parents 2 3 L 5 6 7 8 9 10
1 1 2 3 I 5 6 7 8 9
2 10 1" 12 13 1% 15 16 17
3 18 19 20 21 22 23 2
& 25 26 27 28 29 30
5 51 32 33 3% 35
6 36 37 38 39
7 ¥ 4 52
8 L3 Ly
S 45

Thus line 33 is the offspring of parent 5 (N 200/111) and parent & (N 252/140).

Crossing tec es.

Crosses were effected in duplicate using the technigue of matual pol-
lination under glassing begs, (Jenkin, 1931a, Beddows & Davis, 1938). The
high self-incompatibility expressed by Lolium peremne (Jenmkin, 1931b) also
occurs in L, maltiflorum and its hybrids (Barclay, pers. comm.), thus
emasculation is superfluous. The umidity under zlassing bags may have con-
tributed towards the poor seed set achieved (Foster, 196£); a rumber of crosses

yielded insufficient seed for the experiment and one eross produced only one
seed. Missing plot values were later provided, ss explained below, to camplete

the analysgs.



Fig. 1. i3

Genealogy of the parents used in the diallel cross.

@’31 571 <==B906 <—= B457 <— B3390 <— B389

E1080 —_

N167 <— N89 < B398 < B156a§.\\
B549

; l «

— Bbl6 <——B1543

E1121
N188 <— N100 é‘_:: S~ B176k <

A1727 ~B1018
A258
E538 <—E218% |

N195
>N103 = ST~ B1229 <— B753 <= B/02 —
N198 _—1B388
m?6
B2 H (\lnzas
N200 «— N1ok S B1581<—- BOL7 <— B577
S ==A1362 <=—=11211 é A925 «<— 4669 «— AB8 <]
"ISA7S < — A83
A1367 <=A1212 €182, < A291=""
N206 «<— N109 £ L
__—hess
o E1108 E81 N /__
N217 <—N115 & B927 <==B462 T
—A1670 B393
’_,_L«A‘l 786

N252 <— N1 33

N295

KI E501 <— E25/, «—— E283
S~ ML LJ
N296 £ S~ E1064%__

E366

Key:=- Lolium perenne

L. multiflorum

L. (mltiflorum x perenne)

2 H o =
n

1

Lo [(multif‘lorum X perenne) X perenne]

Arrows point from parent to offspring. Double shafted arrows indicate
full-sib matinge. Vhere a single parent is shown, the pollen parent is unknown
but has usually been amoungst a number of known parents, such as in a polycross
block. Every line of seed (for example, the seed from a parent plant in a poly-
cross block) is given a number, the preceding letter indicating the species or
subspecies. When the seeds of a line are pianted out in the field, the resultant
plants are also numbered. Thus N167/80 is interpreted as, "Ariki, line 167,
plant number 80". In the earlier days at "Grasslands Division", D.S.I.R., line
and plant mumbers did not always have this relationship, hence the anomaly in
the figure where line B462 is shown as being derived from plant B393.
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The seed wvas harvested at the end of December 1967, dried and dressed.
Since reciprocal crosses were not to be grown separately in the experiment,
oqual mumbers of seeds from each parent were bulked where possibtle within each
line.

Seeds of lines wore gerainated in petri dishes and planted in seedling
flats in a glasshouse. Af'ter seven weeks, the seedlings were transplanted to
the ’ield site, vhere each line sas grown under two spacing regimes. (ne of
these spacings was representative of those commonly used b plant btreeders at
DeS.1.4. arnd other stations, vis, two feet by two feet. This will subsequent~
ly be referred to as the spaced plant treatrent. I1he other, a narrow spacing,
was oo atler;t te simulate plant densities apiroaching those found in ryegrass
swards in this environment. A four inch by four inch spacing was chosen as a
compromise between the higher densities expectied in a sward and a density at
whdeh individual piants can still be recognised and mecasured., .his will be
subsequently referred to as the sward treatsent.

Fach of the ten replications is split far the ireatments, cach of
which contains two randomly placed plants of each iiue; these two plants form
a "plot”.

The layout of the expariment is shown in “igs. 2, J and Le Figs 5
and 6 show the netting laid out priar to plenting, arnd plants growing in the
sirmalated sward, respectively.

laryesting.
Harvests were taken on 15th September and 1st November in 1566, and

on 2/th Januwary, 15%0. At the first harvest only nine geplications were used,
while all ten re;.ications were taken for subsequent harvests. At each harvest,
plants sere cut 1; inches above the ground level and the herbage from cach
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Fig. 2, Flan of the experiment. S. P, indicates the spaced plant

treatment

Scale: 1 inch = 10 feet. Sw indicates the sward treatment



Fig. 3.

Flan of the first two spaced plant treatment replications, showing sward treatments
and border rows.
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Pig. 5. Netting laid cut prior to planting sisulated sward.

Fig. 6. Close-up of plants growing in simlated sward.
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plant was placed in a separate paper bag and transported inside to be weighed
on balances previously tared so that they read nett plant weight. A mumber of
plants were weighed, dried and re-weighed to assess dry matter percentage.

At the second harvest, tillers were counted on plants from three
randomly chosen replications, viz, 3, 5 and 7; and at the final harvest, the
mumbers of fertile tillers were counted on all replications. The technlque
used for counting tillers was to proportion the plant either visually or by
weight and count the mumber of tillers in the proportion. Where there appeared
to be fewer than 100 tillers, the entire plant was counted.

At the final harvest, seeds were removed from the plants after a period
of drying in a glasshouse, and weighed. The seed weight data are partly con-
founded by the occurrence of a severe outbreak of ergot (Claviceps purpurea).

For this reason, 1,000-seed weight data are not included.

Flant type notes.
Type notes were made of the spaced plants for leaf width (visually

scored 0-5), growth habit (0 = prostrate; 5 = erect), and after-math heading
(mumber of heads).

Statistical analysis.
Transformations were not considered necessary for most of these data,

consequently, all growth weight, seed weight and flowering time data analyses
are performed on untransformed data. After-math heading data was, however,
transfarmed using x' = ./;TT .

Growth productions are given in green weight, as the dry weight percent-
ages estimates had large error terms. While the mean dry weight percentages did
differ between harvests, the dry weight would have also differed with change in
the time of harvest.
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Fitting missing values.

Vhere only one plant of a line occurred in a treatment, its value was
doubled for the plot total. Where both plants were missing as from the begin-
ning of the experiment, plot values were fitted using the technique deseribed
by Yates (1933). The iterative procedure used to fit values to a large mmber
of missing plots is tedicus, but as no computer missing data program appeared
to be available, a technigue wes developed which used a matrix inverting pro-
gram. This is described in the appendix (g.v.).

VWhere an enlire line was missing, viz, line 45, the analysis of
variance was performed on the remaining L4 lines., The analysis of variance
for the combining effects was completed by fitting a value to line 45 so that
the specific combining ability (S5.C.A.) mean square was at a minimum. This
occurs when the S.C.A. efiect for line 45 (i.e., between parents 9 and 10) is

zero. Une degree of freedom was removed from the S.C.A. degrees of freedom.

The combining ability analyses are performed on the line means, rather
than on their totals. Jhe total of the sums of squares for both combining
ability effects in a complete diallel equals the line sums of squares in the
analysis of variance. In these analyses, however, it was decided not to use
this fitted line sumg of squares in the analses of variance.

The line means of the plant green weight data are presented along with
weighted least significant differences estimated by Tukey's method (see
Scheffe, 1959). The New Range Test of Duncan (1955) appears to be invalid
(Scheffe, loc. eit.). Steel & Torrie (1960) suggest that the 10% level is
more appropriate than the 57 level for Tukey's Test.

The expectations for mean squares and the degrees of freedom are given
in Tables III, IV and V. These are given for b replications, t treatments,

1 lines, ¢ plants of each line per plot (i.e., per treatment in each replication)
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and p parents. The actual error degrees are reduced by the mumber of missing
values. The error term in the entire experiment analysis is based on the plot
totals. Table III is an extension of a table given by Anderson & Bancroft (1953);
the line and treatment eff'ects are considered to be fixed while the replication
effects are considered to be random.

Tables IV and V are taken from Griffing (1956b). The line and repli-
cations efiectis are considered to be fixed. VWhile a mixed model, presented
by Griffing (loc. cit.) would be more appropriate (fixed line, random repli-
cation effects), the expectations of mean squares are based on arbitary as-
sumptions and are not considered appropriate.

In the analyses of the data, the denominmator for the F ratio is shown
by an asterisk. Anderson & Barcroft (loc. cit.) point out the difficulty in
obtaining an P ratio when the rep ication variance is significant. The
Slatterwaite approximation (see Anderson & Bancrof't, loc. cit.), however, gives
an F ratio very similar to that obtained using the replication-by-treatment
mean square as denominator, and the interaction degrees of freedam. Thus all
F tests for treatment will use the interaction mean square as denominator.

As the time for the final cut approached, it was noticed that the growth
of plants in the swards had become most uneven. In spite of the two rows of
border plants, the outer tows of the simlated swards were growing more
vigerously than the middle rows.

Freviously, no note was made of the plant's position when green weights
were made, and as the layout was randomised, it was of'ten impossible to deter-
mine from which of two positions a particular value originated. Realizing this,
Irelabelled the bags so that each plant record could be compared with its
position. As anticipated, Mﬂn&&omwﬁgbt data from the swards
showed that both the plant and plot variances were too high to detect signifi-
cant variances of any factor except that of treatment.
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Expectations of mean squares for the entire ex criment,

b replications, t treatments, and 1 lines,

Source of variance LUecrees of freedom E(iean square)

leplications () (b - 1) (5§+ lfﬁé
" s ) \ 2 2
ireatments (1) (t = 1) dgq 1(5bt +lb¢t
RxT ®-1)(te=1) 6:* 1cft

. : 2 g
Lines (L) (1 =1) & - "d;l . o)
Lxi (1 - 1)~ 1) d§+ ol
Lx7% (1 =-1(t-1) df o
Brror (1 =1)ibe= 1)(t-1)6:

iable 1V

~xpectations of mean squares for each treatment considered separatelye.

b replications, 1 lines, and c plants per plot.

Source of variance Degrees of {reedom

%

ST
=

Lines w  a-1) &« v
Replications (R) (b = 1) &\ 1o,
LxR Qe-1@®-1) d§+ oA,
Lrror 1b(e - 1) df
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Table V "

Expectations of mean squares for the combining efiects.
P parentse.

Source of variance Legrees of freedom L(Mean square)

General cambining @ =-1) 6§+(p-1)[P:1]28§
ability i
Specific combining pip - 1) 63 - m}g Z ‘i‘i
ability 1 J

Exrror m ¢°

Lrror degrees of freedom, m, is the same as the error degrees of freedam in
the analysis of variance.
To test Cele e=b ~treatment interaction, an interaction mean square is
obtained:

(1) = (CoCoha )i i(treatment 1) + (GuCoe)  (treatment 2)

- _; (C‘.\-'- ‘e >, (gomral mﬁyﬁis)

Thie is tested against the EMS for the general analysis of cambining
ability effects., (Hayman, pers. comm,)
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Thus it was decided to employ an analysis of co-variance.

First a regression coefficient "b" was obtained of plant growth (y)
on row position (x) in the sward. The value x is 1 for rows 1 and 6; 2 for
rows 2 and 5; and 3 for rows 3 and 4. Frofessor Hayman advised me to usie a
value obtained over all replications.

The value "b" is obtained from:

Covariance (x:y‘)
P =

Variance (x)
From this a set of weighted values are obtained to replace the raw
data in the anaj}ysis, thus:

_y2 = (y1 - bx)

where Yo is the weighted value of plant growth
Y, is the raw value of plant growth
b 1is the regression coefficient

x is the row position for A

Comparisons between the parental lines for the relationship between
vegetative tiller number (measured in November) and fertile tiller number
(Jamuary) are shown for each treatment. Similar relationships between green
weight and tiller number (vegetative and fertile), seed weight and fertile
tiller mumber, and green weight and plant position in the sward are also
given. In the regression graphs, the dependent variables are shown covering
the range of mean values obtained.

Heritability estimates.
Heritabilities in the narrow sense (lush, 19,9) are estimated using

the technique reported by Gardner (1963).

2
H 40

hOg«f .+03
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where Oz is the G.C.A. variance

of is the S.C.A. variance, and

02 is the error variance.

These are obtained from the expectations of mean squares of the
analysis in Table VI.

In this amalysis, it is assumed that the parents are randomly selected
and are non-inbred. failure of the first assumption invalidates the expect-
ations of mean squares, while failure of the second biases the heritability
estimates. The level of inbreeding in the population in this experiment affects
the results only by about 2. 4As it is superfluous to estimate heritabilities
to three significant figures, this error is of no consequence. The population
cannot be considered randouly selected, however, and the first assumption
therefore fails, but in spite of this, the heritabilities are a standard by
which ratios of additive genetic to phenotypic variance can be obtained, as

well as possible gains {rom selection.



Table VI =

Expectations of mean squares for the combining effects.

Source of variance Degrees of freedom  E(ifean square)

Replications (R) (® = 1)

Lines (L) (1 -1)
(62Guss (& = 1) 65 + abZ) + ob0° + ob(p = 2)62
(J.\).;x. plp = 3) (5: + cbﬂﬁl % cbds

RxL 1=1)0O=1) d§+cbd§1

“rror Ib(c = 1) ¢

when:*el:-ap(p- 1)
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bles Results Analyses of Data.




Table ﬁ

Average green weight (grms) per plant and rank for each line for the
treatments separately and together. September harvest, The similarity
of means of some lines is due to rounding-off.

Line Spaced treatment Sward treatment General
mean rank mean rank mean rank
1 L0 37 3l 5 37 17
2 L3 b2 33 17 33 27
3 52 13 17 3 35 2
L L9 20 23 23 36 20
5 35 L2 15 37 25 L0
6 35 41 1 L0 2 L3
i 4 48 21 19 30 33 26
8 L7 22 26 1 37 19
9 27 L4 18 33 23 Ll
10 61 5 19 3 40 1"
1" L3 32 19 29 31 32
12 L2 29 29 8 37 18
13 45 = 20 28 32 29
14 36 40 23 18 30 33
15 50 17 21 26 35 22
16 56 7 32 7 Ll 6
17 L6 2 2l 15 35 23
18 L2 33 1% 38 28 37
19 LA 35 8 INN 25 42
20 40 38 1% 41 27 39
24 INR 30 2 14 3 25
22 45 26 1% 39 29 35
23 5l 12 39 3 L6 3
2 5l 1" 33 6 L 7
25 62 3 22 25 42 10
26 49 18 17 35 33 28
27 67 1 23 19 45 5
28 57 6 28 9 43 9
29 L9 19 26 12 37 15
30 47 23 2, 13 36 21
by L5 25 18 32 32 30
32 50 16 41 1 46 4
33 45 27= 12 42 28 36
b 35 8 20 27 38 1
35 5 10 23 22 » 12
36 61 4 35 L 48 1
37 b1 43 23 16 27 38
38 41 36 22 2 ) N
39 42 3 17 36 29 b
40 51 15 26 10 39 13
1N 55 9 39 2 L7 2
42 51 1% 23 21 37 16
43 6 2 23 20 &3 8
Lk L0 39 9 L3 25 41
(45) (51) (29) (40)



Cver=all mean
SeE, (Over-all mean)
S.E, (Line mean)

S.E, (Difference between

line means)
Tukey's Test 10%
5%

P

26
27

(mto )
Sward treatment

23

35

19

21



Table VIII

General analysis of variance for green weight.

Source of variance

saquares
Replications ?i; 81,114
Treatments (T 246,129
RxT 13,205
Lines (I‘) 73,508
LxR 158,383
LxT 31,090
Error 154,478

Table IX

Sums of Degrees of Mean

freedom

8
1

8
43
3,
i3
311,

September harvest,

F ratio
square
10,139 20,608
2,6,129 149.1
1,651 ¢ 3¢ 355
1,709 3475
4,60 0.936
723 1.470
L92 9

Analysis of variance for green weight (gms) in the spaced plant treatment.

September harvest.

Source of variance Sums of Degrees of Mean

squares
Replications (Rg 41,204
Lines (L 58, 388
RxL 177,507
Lrror 122,130
Table X

freedom

8
13
328
37

F ratio
square
5,151 9e 546
1,358 2,517
540 1.400
385 ’

Analysis of variance for green weight (gms) in the sward treatment.

September harvest.

Source of variance Sums of Degrees of Mean

squares
Replications (R 52,960
Lines &13 16,060
RxL 135,510
Error 99,12,

freedom

8
43
329
315

P ratio
squarxe
6,620  16.121
1 .071 2.&1
L12 1308
315 "

P<

«001
01

P<

«001
«05



Table XI

General analysis of variance of the combining effects for green weight.

September harvest.

Source of variance Sums of
squares

General combining 772
ability

Specific combining 1,295
ability

G.C.A.-b}hmmt
interaction

Error

Degrees of Mean
freedom

9
b
9

3%

Table

F ratio P<
square
86.8 6.277 001
381 2,786 001
179.2 13.113 «001
13.7 .

Analysis of variance for the combining effects for green weight. OSpaced
plant treatment. September harvest.

Source of variance

squares freedom
General combining 1,114 9
ability
Specific combining 2,142 3l
ability
Error i
Components of mean squares.
Item Rumerical value
-; ng 12.8
2
-g-;-“ 141.6
»d
d? 2144

Sums of Degrees of lean

P ratio P<
square
123.8 5. 784 +001
6340 2,943 »001
2144 ’
Pexrcent value
16.9
5he9
28.2

100.0



Table XIIL

Analysis of variance of the combining effects for green weight. Sward

treatment. September harvest.

Source of variance Sums of Degrees of Mean F ratio
squares freedom square

General combining 885 9 98.3 5.622 «001
ability

Specific combining 1,709 3 50. 3 2.875 «001
ability

Error 315 17.5 ’

Components of mean squares.

Item Numerical value Tercent value
1 2
i
1 2
s o .
35[‘13 32.8 Shel
i,J
2
cSe 17.5 29,0
100.0
Table m

G.C.4s's and S.C.A, variances for green weight. September harvest.

Farent Spaced plant treatment Sward treatment
(1) g Rank 631 g, Rank dfl
1 =645 10 23 -2.7 8 26
2 -1.0 7 L6 2.1 3 1%
3 «0.9 6 47 -2,2 7 53
4 4.9 2 L8 -1.7 6 8
5 2.2 ‘l- 11 -101 5 “
6 -5.2 9 38 -2.9 9 10
7 2.8 3 67 5.5 2 56
8 0.0 5 b1 =37 10 23
9 5.3 1 15 6ok 1 17

8.E. (;1) 1.6 1.3

S.E. (‘1 - sj) 20, 2.1
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Table XV

S.C.A.'s for each cross for green weight (gms). Spaced plant treatment.
September harvest.

Parents 2 3 L 5 6 7 8 9 10
1 0.0 2.8 6.0 5.5 -1.1 "8.7 6.7 0.9 ‘11.9
2 4.8 =8.7 k.4 3e1 =13.1 2.9 3e7 1.7
3 -10.1 -7.& "'2-0 "'6.1 "'2.!.- 1'1} 9.5
h- 7-1 1.6 12.1 l‘-o? -9.1 -3-7
, 006 “'203 -503 0- 3 6.6
6 15.6 -11.7 -7.5 1.1
7 0.2 =0.6 2.8
8 10.8 -509
9 -

S.E. (au) = Ll (4 £ 3)
S.E. (-u - -ﬂ) = 6.1 (L £33,k J#k)
S.E, (Eid - 'kl) = 5.7 LA K1 IFk L3 kEL)

Table E

34Cshie 'a for each oross for green weight (gms). Sward treatment,
September harvest.

larents 2 3 L 5 6 7 8 9 10
1 10.8 L.9 =1.7 3.1 =32 =12.7 1.8 =1,1 =1.9
2 “3.7 -508 5-6 -109 -7.2 -002 0.8 -0-5
3 "1}.6 "’11.8 4|--1 -2.}4. "'3.2 12.0 15.0
h. 1.6 "0.9 "'5.5 10.8 -1.6 3-7
5 =0e 6 14.0 -5. 9 -7. 7 1. 7
6 10.0 ?01 -1}.3 -2.0
7 1.6 Le7 =he7
8 "'2.7 "'9-2
9 -

S.E. (lu) = 3.7 (1 £3)
S.E. (l“ - -ﬁ) = 55 (AF£3,k; i k)
8.E. (.13 - lu) = 5.1 (143, k13 JFK 13 kyE1)

Table XVII

Heritability estimates for green weight. September harvest.

Svard treatment H = 0.05
Spaced plant treatment H = 0,06



Table XVIII
Average green weight (gms) per plant and rank for each line for the
treatments separately and together. November harvest.

Line GSpaced treatment Sward treatment General
mean rank mean rank mean rank
1 24,0 28 L7 29 143 29
2 241 27 b2 25 146 26
3 306 3 39 35 174 1"
4 276 14 52 2, 165 17
5 183 ul 26 4y 104 LA
6 210 39 32 38 121 41
7 230 33 45 32 137 35
8 282 1 47 30 164 19
9 205 L2 39 36 122 40
10 301 5 55 20 178 7
1 304 4 69 7 186 3
12 22l 36 67 9 145 27
13 232 20 45 33 138 3
14 229 3 30 41 129 37
15 268 19 48 28 158 23
16 282 13 59 16 170 15
17 290 8 68 8 179 6
18 245 26 L pA 144 28
19 208 L0 27 L3 117 L2
20 217 38 b)) 40 12 39
21 220 37 58 17 139 32
22 23 A 38 37 135 36
23 23, 29 80 L 157 2
2 269 18 75 5 172 1%
25 289 9 56 19 173 13
26 199 43 2 39 116 43
27 364 1 61 14 212 1
28 2 2 80 3 211 2
29 264 23 66 10 165 18
30 292 7 62 13 177 10
E) 227 35 55 21 141 N
32 27, 15 86 2 180 L
33 273 16 47 3 160 21
3 282 12 65 1 173 12
35 265 21 56 18 161 20
265 20 Bl 22 160 22
37 230 32 52 23 %4 0
38 206 41 50 27 128 38
39 247 25 52 26 149 25
40 273 17 %9 15 166 16
41 265 22 % 1 177 9
L2 292 6 63 12 178 8
L3 289 10 70 6 179 5
4 248 24 29 139 33
(45) (273) (72) (172)



Table XVILL (cont.)

Spaced treatment Sward treatment  General

Over-all mean 258 5l 156

S.E. (Over-all mean) 3 1 “

S.E. (Line mean) 21 9 1

S.E. (Difference between 29 13 16
line means)

Tukey's Test 10% 108 L9 60

55 114 51 62

1% 120 5 65
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Table 21_':

General analysis of variance for green weight (gms). November harvest.

Source of variance Sums of Degrees of Mean F ratio

squares freedom square
Replications (Rg 632,190 9 70,243 14427
Treatments (T) 18,262,907 1 18,262,907  327.8
& & 501,475 9 55,719 * 1144
Lines (L) 1,029 ’#31 43 23,941 3030
RxL 3,058,021 387 75502 1.623 *
TxL 453,775 43 10,553 2,167
Error 1,723,749 354 4,869 .

Table E

Analysis of variance for green weight (gms) in the spaced plant treatment.
November harvest.

Source of variance Sums of Degrees of lean F ratio P<
squares freedom square

Replications ER; 1,096 ,646 9 121,850 U kili5 .001
Lines L 1,266,498 43 29,453 30492 001
RxL 4,062,855 370 10,981 1.302 .05
Error 3,137,980 372 8,435 -

Table XXI

Analysis of variance for green weight (gms) in the sward treatment.
November harvest.

Source of variance Sums of Degrees of Mean F ratio P<
squares freedom square

Replications in} 37,019 9 5,113 2,409 +05
Lines L 216,758 L3 5,041 2,952 +001
RxL 718,915 370 1,9%3 1.138 NS
Error 601,070 352 1,708 *

P<

«001
«001
«001
«001
«005
«005



Table XXII

General analysis of variance of the combining efflects for green weight.

November harvest.

Source of variation Sums of
squares

General combining 12,770
ability

Specific combining 13,242
ability

G‘.COA-. -bybmmt
interaction

Exror

Degrees of
freedom

9
X
9
354

Table XXIIL

Mean F ratio
square
1,418.9 11.656
38945 3.199
351776 26,110
121.7 o

Analysis of variance of the combining effects for green weight.
plant treatment. November harvest.

Source of variance Sums of Degrees of
squares freedom
Ceneral combining 30,358 9
ability
Specific combining 33,202 3
ability
Error 372
Components of mean squares,
Ttem Numerical value
74 s
2
iilu 555
»Jd
¢? 422

Mean F ratio
sgquare
33731 7997
976.5 2.315
4L21.8 .
Percent value
27.4
Li.2
ek

100.0

P<

001
« 001

«001

Spaced

P<

+001
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Table XXIV

Analysis of variance for the combining effects for green weight. Sward
treatment. November harvest.

Source of variance Sums of Degrees of Mean F ratio P<
squares freedom square

General combining 4,625 9 513.9 6.019 «001
ability

Specifie combining 653 3h 192.2 2.251 «005
ability

Error 352 85.4 .

Components of mean scuares.

Item Numerical wvalue Fercent value

19 gi 53.6 21.8
i

.;_ ‘ia 106.8 435
i,J

d? 85k 37

e t—

100.0

Tahle XXV

G.C.A, 's, and 5.C.A. variances for green weight. November harvest.

Farent Spaced plant treatment Sward trsatment
(1) 8 - B °§i &g Bk ";
1 -18 8 657 =13.3 10 12
2 6 6 553 0.3 6 102
3 -19 9 555 =33 8 158
L 36 1 1107 3.0 5 69
5 0 7 196 3.0 4 127
6 =39 10 389 -11.2 9 0
7 9 2 854 6.0 2 168
8 8 3 28 2.3 7 %2
9 7 5 120 13.9 1 23
10 8 b 151 3.8 3 86
S.E. (g,) 7 3e1

S.E. (g, - gj) 10 be6



Table @

5+Cs4s 's of each cross for green weight (gms). Spaced plant treatment.
November harvest.

Farents 2 3 I 5 6 7 8 9 10
1 -7 20 32 38 =19 =39 =19 35 L3
2 56 L =41 7 45 =L 1 18
3 -30 =3 17 =28 =16 =12 22
I -5 =55 61 40 =37 =10
5 8 2 7 17 -1
6 37 3 =20 21
7 -2 =10 18
8 16 =26
9 -

S.E, (lu) = 18 (1 £3)

S.E. (’1:1 "’ik) = 27 (L 43,k; J k)

S.E. (.ij o .kl) = 25 (L £3,k, 13 JFAK 13k f1)

Table XAVII

S.C.A.'s of each cross for green weight (gms). Sward treatment.
November harvest.

Farents 2 3 4 5 6 7 8 9 10
1 6-1 1*1-05 4}.5 8.6 -3.5 -1!}.5 6.5 -801 ""5.3
2 J'l-ﬂllv 1200 90 7 1 . 7 -300 3 -308 -9.5 9- 7
3 -10-0 -26.6 "8.4 1.3 -10.6 15.0 20.3
Al+ -\!{-02 -13-9 -1.8 25.11- -ll-os 107
5 8.8 22-6 -8-2 -6.2 '!]-.6
6 50’-]- 11.9 -609 1}.9
7 11 164 =0.3
8 L.1 -26-&-
9 -

S.E. ('i.‘l) = 8.1 (L43)

S.E. (-“ - -‘k) = 12.2 (A £, k3 3£k
S.E. ('1.1 - "n) = 1.3 (WA Xk 1 ikl kE1)

Table XXVITI
Heritability estinates for green weight. November harvest.
Sward treatment H = 0,07

Spaced plant treatment H = 0,11



Table XXIX

Average green weight (gms) per plant and rank for each line for the
treatments separately and together. Jamuary harvest. (Sward data are
weighted for all analyses.)

Line Spaced treatment Sward treatment General
mean rank mean rank mean rank
1 553 29 S 29 303 28
2 606 23 7 8 n2 19=
3 675 12 39 43 57 16
4 656 = 52 3 35, 17
5 369 L 41 In 205 L
6 613 21 1 40 327 24
7 513 37 1 2, 287 36
8 705 8 73 1= 389 8
9 551 30= 49 32 300 A
10 773 3 69 17 421 3
1 656 W= 75 10 365 13=
12 L67 L1 78 6 272 40
13 Sh1 32 49 33 295 33
1% 473 40 28 bl 250 42
15 502 38 L8 3 275 38
16 706 7 7 15 368 9
17 639 17 76 9 358 15
18 615 20 68 18 32 1=
19 4,8 42 39 42 24, L3
20 529 35 L2 38 266 37
21 598 2 61 22 330 23
22 497 39 5 b1 27l 39
23 127 L3 108 1 267 41
2, 676 11 89 L 382 10=
25 566 27 6l 21 5 26
26 551 0= 55 28 203 28=
27 798 2 61 23 429 2
28 66 13 73 13= 369 12
29 712 6 78 7 39 7
30 70 4 T " LO 3
3 523 36 56 25 290 3
32 69 10 70 16 382 10=
33 632 18 Lh 37 338 21
3 721 5 83 5 402 5
35 620 19 66 19 3 18
% 558 28 46 35 x2 39
37 535 b 51 3 268 35
38 540 33 55 26 298 32
39 610 22 (SN 20 337 22
40 592 25 55 27 323 25
L1 695 9 97 2 396 [
L2 812 1 T 12 INN | 1
(5) (77) (9%) (405)



Table XKIX (cont.)

Spaced treatment Sward trectment General

Over-all mean 606 63 33,
S.E. (Over-all mean) 7 1 3
S.E, (Iine mean) 45 1 23
S.E. (Difference betwsen 64 16 33

line means)
Tukey's Test  10% 239 58 121
5% 253 62 128

1% 281 69 142
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Table XXX

General analysis of variance for green weight (gms)., Jamary harvest.

Source of variance Sums of Degrees of Hean F ratio P<
squares freedom square
Replications (R 2,159,509 9 239,945 11.335 .001
Treatments (T) 125,670,989 1 125,670,589 202.2 <001
RxT 5,570,805 9 618,978 * 29,241 +001
Lines (L) 5,013,473 L3 116,592 4,065 .001
LxR 11,101,101 387 28,685 1.355 * «05
LxT 7,159,532 43 166,501 7.864 .001
Error 7,451,170 352 21,168 s
Table XXXI

Analysis of variance for green weight (gms) for the spaced plant treatment.
Jamary harvest.

Source of variance Sums of Degrees of Mean F ratio P<
squares freedom square
Replications (Rg k4,323,676 9 480,408 11.628 001
Lines (L 8,561,346 43 199,101 4819 <001
Rx L 21,142,930 369 57,298 1.387 «05
Lrror 44,005, 84, 339 41,315 .
Table XOOI

Analysis of variance for green weight (gms) for the sward treatment.
Jamuary harvest.

Source of variance Sums of Degrees of Mean F ratio P<
squares freedom square

Replications (R 55,828 9 6,203 2.516 <01

Lines %13 260,852 43 6,066 2,461 .001

RxL 760,149 370 2,055 0.832 NS

Error 852,923 36 2,465 .



Table XXXIII

General analysis of variance of the combining effects for green weight.

Jamnuary harvest.

Source of variance Sums of Degrees of Mean
squares freedom square

General combining 64,073 9 7,119
ability

Speeific combining 66,425 3 1,95,
ability

G.C.A. -by‘-h‘ﬂ.iﬂnt 9 18'%8
interaction

Error 352 529

Table XXXIV

Analysis of variance of the combining effects for green weight.

plant treatment. January harvest.

Source of variance Sums of Degrees of Mean F ratio
squares freedom square
General combining 19,642 9 21,627 10.469
ability
Specific combining 245,960 3% 7,23 36502
ability
Error 339 2,066 .
Components of mean sguares.
Item Numerical value FPercent value
3 fo 2,145 25.3
2 68
-j!;.“ 5,4 534
»d
a. 2'“‘ 21.3

F ratio

13453
30692
350843

100.0

P<

«001

«001

Spaced

P<

«001

«001



Ul

Table XXXV

Analysis of variance of the combining effects for green weight. OSward
treatment., Jamary harvest,

Source of variance Sums of Degrees of Mean F ratio P<
squares freedom square
General combining 8,106 9 901 7307 001
ability
Specif'ie combining 5,98 3 175 1.419 NS
ability
Error 36 123.3 -

Components of mean squares.
Item Numerical wvalue Fercent value

1
5
i

97.2 35.7

N

3‘—5;-"; 3 51,7 19,0
)
df 123.3 4543
100,0
Table XXAVI

G.C.A, 's, and 5.C.A. variances for green weight. Jamary harvest.

Parent Spaced plant treatment Sward treatment
(1) g, Rank dfi g, Rank 031
1 -27 7 3543 9.7 9 3
2 -18 6 10040 -2,1 6 93
3 -36 8 11697 Le9 3 116
4 65 1 420 2,6 L -10
6 -87 10 1352 1.6 10 -39
7 L7 L LOL9 4.0 7 60
8 -39 9 573 6.9 8 42
9 5 3 5188 23.2 1 L3
10 60 2 1320 8e3 2 -3

SeE. (g,) 15 3.7

S.Es (g = sd) 23 546
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Table XXXVII

S.C.A,. 's of each aross for green weight (gms). Spaced plant treatment.
January harvest.

Farents 2 3 I 5 6 7 8 9 10
1 -8 63 30 93 =123 i} =28 75 =88
2 224 2 -105 M =162 =47 67 -8
3 -21 106 L6 =20 =3 =195 L5
4 89 =33 79 b1 =10 9
5 20 57 84 80 -3
6 -8 5 =30 31
7 -23 -9 99
8 22 =58
9 -

S.E. (.u) = 1!-0 (1 ‘ J)

S.E. ('1.1 - 'u:) = 60 (LA k3 iFk)

S.E. ('u"n) = 5 (14£3,%1; 3£k 1;k£1)

Tsble XVIII

8.C.A, 's of each cross for green weight (gms). Sward treatment.
Jamary harvest.

Parents 2 3 4 5 6 7 8 9 10
1 5.1 1 9.1 "‘1 7' 2 Oo 7 2- 2 -8.0 1‘{.. 9 -2'8 "'1 2.0
2 3.1} 11.5 19.11- 2.6 -28¢6 -5-5 -13.1 7.2
3 -2,2 =27.0 -11.0 =2,3 =-10.0 17.0 12,9
4 «0,2 3.8 2.7 %.9 =10.7 0.3
5 903 13.0 "10.3 -1 l5 "'5.6
6 1.6 =0.2 15.9 75
7 3.1 4.8 6.8
B 12.1 -19.0
9 -

S.E, (l“) = 9.8 (14£3)
SeEs (-13 - 'u:) = W7 ([LF£J3,k; JAK)
S.E, ('1.1 - 'n) = 13.6 (L A£3,k 133k 1;kfl)

Table XXX
Heritability estimates for green weight., Jamuary harvest.
Sward treatment H = 0,12

Spaced plant treatment H = 0,11



Table E

Average seed production (gms) per plant and rank for each line for the
treatments separately and together. (Sward data are weighted for all

analyses. )
Line Spaced treatment Sward treatment Genexral
mean rank mean rank mean rank

1 30.3 19 2035 28 16.3 20

2 35.0 10 3.58 7 19.3 9

3 3.7 13 1.90 35 16.8 16

4 35.2 9 243 25 18.8 10

5 20.9 39 1.49 43 11.2 39

6 40.2 5 2.36 27 21.3 5

7 22,2 3 3.06 13 12.6 3

8 3.2 16 1.88 36 16.5 17

9 28.0 22 2.11 30 15.0 23
10 33.2 1 2.9 17 18.0 1
1 36.2 7 2.95 16 19.6 7
12 30.6 18 3.96 2 173 14
13 22,0 36 2.23 29 12.1 36
1% 28.8 21 1.26 NN 1541 22
15 16.6 L1 1.77 38 9.2 X
16 27.6 2 3.77 4 157 21
17  35.8 8 317 10 1945 8
18 23,8 32 2.80 21 13.3 32
19 134 L3 1.38 43 Tody L3
20 22,9 33 1.73 39 12.3 35
21 40.7 4 2.88 19 21,8 4
22 8.7 Ll 2,02 32 Sebs Ll
23 21.7 37 L+38 1 13.4 33
2 37.8 6 3e49 9 20.6 6
25 26.5 26 2.39 26 1ol 28
26 27.7 23 2,02 33 1%.9 2
27  L5.1 2 2,50 23 23,8 2
28 25.0 30 2.95 15 13.9 3
29 25.9 28 3.63 5 14.8 26
b o) 27.0 25 2,64 22 1.8 25
by 25.8 29 2.86 20 %3 29
J2 L6.9 1 3«90 3 254 1
33 17.5 40 1.77 37 9.6 40
3% 32.9 12 3.06 12 18.0 12
3» 3.6 1% 2.49 2 17.0 15
36 M1 17 1.97 3 16.5 18
7 22.2 35 155 40 11.9 37
38 21,0 38 2,09 3 1.5 38
39 26,3 27 2.99 1% 1.6 27
40 2.1 3 2,89 18 13.5 n
L1 Nk 15 3.58 8 17.5 13
42 L3e3 3 359 6 234 3
L3 29.5 20 3.15 1 16.3 19
NS 16.1 42 1.52 41 8.8 L2

(

>

5) (30.4) (3.52) (16.9)



Table XL  (cont.)

Spaced treatment Sward treatment General

Over-all mean 28.5 2,64 15.6

S.E. (Over-all mean) Ouks 0,08 0.3

SeE. (Iine mean) 3.0 0.52 2.8

S.E. (Difference between he2 0.73 5.7
line means)

Tukey's Test  10% 15.7 2, 7% 8.8

5% 16.6 2,90 9els

1% 17.5 30k 9.8



Table XLI

General analysis of variance for seed production (gms).

Source of variance Sums of Degrees of Mean F ratio
sSquares freedom sguare

Replications (Rg 8,272 9 919.2 8.106

Treatments (T 293,107 1 293,107 327.8

Rx?T 8,047 9 891 ¥ 7.886

Lines (L) 32,02 43 ko7

LxR 43,421 370 117.4 1.035

LxT 26,955 43 62649 5¢529

Error 41,946 370 1134 "

Table XLII

54,

Analysis of veriance for seed production in tbe spaced plant treatment.

Source of variance Sums of Degrees of Mean F ratio
squares freedom square
Rerlications ER; 16,262 9 1,807 10.129
Lines L 38,447 43 1,359 7.619
RxL 83,578 370 226 1,266
Error 62,259 349 178 .
Table XLIIT

Analysis ef variance for seed production in the sward treatment.

Source of variance Sums of Degrees of Hean F ratio
squares freedom square
Replications in; 57.2 9 6. 360 1,173
Lines L 53 .1 L3 124 351 2,278
RxL 1,78%4 370 Le836 0.892
Error 15919.8 35, Sek23 .

P<

«001
«001
«05

P<

«001
«001
»001
«001



2

Table

General analysis of variance of the combining effects for seed production.

Source of variance Sums of Degrees of lean F ratio P<
squares freedom square

ability

Specif'ie combining 340.8 % 10,02 34536 «001
ability

G.C.A,=by=-treatment 9 167.54 59.118 «001
interaction

Error 370 2.83 “

Table XLV

Amalysis of variance of the combining abilities for seed production. Spaced
plant treatment.

Source of variance Sums of Degrees of Mean F ratio P<
squares freedom square
General combining 1,729 9 192.19 21.5, «001
ability
Specific combining 1,197 3 35419 3495 «001
ability
Error %9 8092 "

Components of mean squares.

Item Tumerical value Fercent value
2
‘;l ;;1 22.9 39.4
o2 26.3 45,2
i
»d
2
6. 8.9 15.4

100.0



————
Table XLVI

Analysis of variance of the combining effects for seed production.
treatment.
Source of variance Sums of Degrees of Vean F ratio
squares freedom square
General combining 9. 370 9 1.041 3. 840
ability
Specific combining 17.968 3, 0.529 1.950
ability
Error 354 0.271 .
Components of mean squares.
Item Numerical value Percent value
1 2
g zgi 0.09%6 15.4
i
%zgi § 0.257 k1.2
1,d
of 0.271 L3k
100.0
Table XLVII

G.C.A.'s, and variances of S.C.A. for seed production.

Parent Spaced plant treatment
(1) g Rank "31
1 2.3 3 7
2 0.6 5 18
’ "'2.5- 8 51
4 1.6 L 12
5 0.5 6 b1
6 4.6 9 6
7 el 1 29
8 ‘90’ 10 3’
9 0.6 7 18
10 2.5 2 L i
S.E. (xi) 1.0

S.Ec (‘1 - 83) 1.’

Sward treatment

§ ek ofi
-0.33 8 0.3
0.08 5 0.3
0.8 3 0.4
0.00 7 0.1
0.06 6 0.5
-0.61 10 0.0
RS 0.3
-0.39 9 0.2
0.66 1 0.1
0.22 2 0.1
0.18
0.26

F<

.001
.01
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Table XVIIT

S.CeAs 's of each cross for seed production (gms). Spaced plant treatment.

Farents 2 3 L 5 6 7 8 9 10
1 "1-1 6.6 -0-6 309 "5-‘0- 0.0 008 1.0 -5.3
2 6.5 5.5 1.1 =2,5 =97 =32 =0.9 4.2
3 "3'8 -1}.2 1.15 5.2 -8.1 "'5.8 9.2
ll- "J+-1 2.2 5-6 &--2 -306 -505
5 10# 8.5 -2.2 h-s °|1
6 -2.2 7.6 '2-1{- "001
7 4o =5.9 2.9
8 10.9 =5.6
9 -

S.E. ('1:) = 26 (14£13)

SE (sy,-8,) = 40 (1#J,kJFK

S.E. (.13 - ln) = 337 ALK IFKLkEL)

Table XLIX

S.C.A.'s of each cross for seed production (gms). Sward treatment.

Parents 2 3 4 5 6 7 8 9 10
1 =0, 04 1.0 =0.11 0,06 =0,22 «0.,10 1,14 «1.09 =0.42
2 0005 0.23 1.19 0012 -1.61 "0.57 0039 0.2’:
3 "0!02 -1 .w "Ooll-B -0008 -o.h'1 Olw 0.45
ll- "0- 31 “'0'.02 "O- 29 0- m 0- 33 -0' 22
5 0.77 1.06 =0.54 =0.30 «0.43
6 «0.,21 =0.10 «0.61 Q¢ 7%
1 0.50 0.13 0.59
8 0.2, =0.95
9 -

S.E. ('1.1) = 046 (1#£3)

S.E. (-” - .ﬂ‘) = 0.69 (AA£3,k3 J£%)

S.E, (lij - .kl)

Heritability estimates for seed production.

Svard treatment

0. 64

Table L

B = OQG-

Spaced plant treatment H = 0,22

LA, k13IFK 13k £L)



hblo-ﬁ

Late flowering commenced.

un
cc

Spaced treatment Sward treatment General
Mean date flowering 13th December 27th December 20th December
cammenced
S.E, (Date) 0.02 0.03 0.01
Table LII
General analysis of variance for day flowering commenced.
Source of variance Sums of Degrees of Mean F ratio P<
squares freedom square
Replications (R; 600,.9 9 66477 2,595 .05
Treatments (T 78,658.4 1 78,6584 972.5 «001
RxT 728.0 9 80.88 3. 01
Lines (L) 4,272:4 43 99. 36 3.862 ,001
LxT 2,933.8 L3 68.23 2,652 001
LxR 8,915.2 387 23,0, 0.896 NS
Exrror 8’6950 1 3” 25.73 .
Table LIIL
Analysis of variance for day flowering commenced in the spaced plant txeatment.
Source of variance Sums of Degrees of lean F ratio P<
squares freedom square
Replications ; 132.1 9 . 0.931 NS
Lines L 3, 758.7 43 87.41 5.542 «001
RxL 5,995.9 370 16.21 1.027 NS
Exrror 5.615-5 5% 15077 L
Table LIV
Amalysis of variance for day flowering commenced in the sward treatment.
Source of variance Sums of Degrees of Mean P ratio P<
squares Freedom square
Replications iﬁ; 1,101.4 9 122,38 4L.275 «001
RxL 12,209.2 356 3430 1.198 NS
Error 7,700.5 269 28,63 »



Table LV

General analysis of variance of the combining effects for day flowering
commenced.

Source of variance Sums of Degrees of Mean F ratio P<
squares freedom square

General combining 564139 9 6.238 9.699 «001
ability

Specific combining 51.618 3 1.518 24361 «001
ability

G.C.A,=by=treatment 9 16.100 25.03, «001
interaction

Exror 338 0. 6431 *

Table LVI

Analysis of variance of the combining efTects for day flowering commenced.
Spaced plant treatment.

Source of variance Sums of Degrees of Mean F ratio P<
squares freedom square
veneral combining 128.75 9 14, 305 18.138 «001
ability
Specifie combining 59.38 3 1. 746 2.214 «001
ability
Error 356 0, 7887 9

Components of mean squares.

Item Numerical value Fercent value
% gi 1,689 49.2
1
2
'gi;'u 0,957 27.9
»d
df 0.789 22,9

100.0



Table LVII

Analysis of variance of the combining effects for day flowering commeneed.
Sward treatment.

Source of variance Sums of Degrees of Nean F ratio r<
squares freedom square

General o@ining L. 32 S 492 30 1;-11-0 <001
ability

Specific combining 130.52 3 3839 2,682 «001
ability

Error 269 143 ’

Components of mean squares.

Item Numerical value Percent value
5) e 0,437 10.2
i
-j:]-szﬂf 201&‘08 56-3
i,J
a° 1,431 33.5
e
100,0
Table LVIII
G.C,A.'s, and S,C,A, variances for day flowering commenced.
Parent Spaced plant treatment Sward treatment
(1) g, Rank 0'2'1 g, Rank 631
1 1.57 2 1.6 -0.2 6 -0.03
2 1.87 1 0.9 0,61 3 1.%
3 -1.03 a 0.1 -1.& 10 1.‘0
4 1.09 3 0.6 =015 > 1.38
5 -1.98 10 «0.1 0.26 L he39
‘ "1.67 ’ 200 -00“ B #a”
7 0. 31 5 Ol 0.23 5 -0.29
8 =0, 56 7 1.6 0.89 2 2.69
9 =0, 31 6 0.5 «0,68 9 3.90
10 0.75 L 0.3 1.08 1 -0,07
S.E. (51) 0. 30 0.40

S.E. (g - z,) Oulily 0.60
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Table LIX

Analysis of variance, and G.C.A.'s for after-math heading. Spaced plant
treatment.

Source of variance Sums of Degrees of Vean F ratio P<
squares freedom square

Replications (R) 1,073,678 9 119,298  1.356 B
Iines (L) 26,053,126 43 605,887 6.889 <001
Error 32,191,712 366 87,956 .
FParent 8 Rank

(1)

1 27 5

2 -lUb 8

3 35 4

b -28 7

5 -70 9

6 89 2

7 18, 1

8 -107 10

9 -27 6

10 58
S.E. (gi) 21

S,.E. (81 - gj) 33
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Table LX

Aralysis of variance, and G.C.A,'s for leaf-width., Spaced plant treatment,

Source of variance Sums of Degrees of lean F ratio P<
squares freedom square
Replications (R) 32,84 9 34649 5.465 .001
Lines (L) 239.59 43 5.572 8.346 «001
Error 2,.7.66 371 0.6676 »
Parent gy Rank
(1)
1 -0, 024 T
2 -0,343 10
3 0.026 6
4 0.176 3
5 0.076 4
6 0.045 5
7 -0.199 8
& 0. 308 1
9 0. 226 2
10 =0.293 9
S.E. (g N ) 0. 061
S, K



Table LXI

Analysis of variance, and G.C.A.'s for habit, Spaced plant treatment.

Source of variance Sums of Degrees of
freedom

squares
Replications (R) 37.96
Lines (L) 236.30
Error 737.84
Parent oy
(1)
1 -0.03
2 -0,08
3 ~0.17
4 0.23
5 0,01
6 =0, 38
7 ~0.26
& G.40
9 0.22
10 -0.01
SeE. (gy) 0.11

F o o~y o

10

Ui W = v

Nean F ratio P<
square
L.218 2.109 +05
5.5,2 2.772 01
2,000 .
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Teble IXTI

Regression of green weight (gms) on tiller mumber (per plant). November
harvest. Spaced plant treatment. (See Fig. 7.)

Progeny* Regression 95 Confidence 5/% Least Equation of line
limits

coefficient significant (y = green weight)
difference’ (x = tiller number)

1 0. 56 + 0.19 y= 49 + 0.56x
10 O.41 + 0.18 y= 89 + 0.41x
5 0.39 + 0,18 y= 118 + 0.3%x
7 0. 36 + 0.09 y = 108 + 0.36x
9 0. 34 + 0.15 Y= 133 + 0. 3x
3 0.33 + 0,12 y = 111 + 0,33
L 0 31 4 0.21 y = 17 + 0.31x
6 0.26 + 0.21 ¥y = 135 + 0.26x
2 0.21 4 0.17 y = 179 + 0.21x
8 0.19 4 0,22 y = 197 + 0.1%x

*All the offspring of parent 1 are referred to as progeny 1, etec.

*Values opposite a common line are not significantly different at the 55
probability level.

Table LXILIL

Correlation coefficients between green weight and tiller mumber.
November harvest. Spaced plant treatment.

Rrogeny Correlation S.E. Significance 5% Least significant
coeff'icient of coefficient difference

7 0. 86 0.20 «001

1 0.77 0.21 «001

3 0.7 0.20 «001

9 0.73 0.22 .001
10 0.70 0.22 .001

5 0.68 0.21 +001

4 0.61 0.21 «O1

6 0.55 0.21 01

2 Ou446 0.20 05

8 O 3 0.21 NS
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Fig. 7. Regression lines of green weight (gms) on tiller numbers in the

spaced plant treatment for the November harvest.



Table LXIV

Regression of green weight (gms) on tiller mumber (per plant). November
harvest. Sward treatment. (See Fig. 8.)

Progeny Regression 95/ Confidence 5% Least Equation of line

coefficient limits significant iy = green weight g
difference X = tiller number
L 1.02 4 0,22 y==154 + 1.02x
1.08 + 0.15 y= =5.3 + 1.08x
10 0.83 + 0.4 Y= 2.8+ 0.8%
9 0.81 + 0.25 y= 0.1 + 0.81x
2 0.69 + 0.20 y= 6.3+ 0.69x
5 0.67 4 0.12 y= 15.4 + 0.67x
7 0.65 + Otk y= 6.3+ 0.65x
1 0.65 + 0,22 y= 8.3+ 0.65x
3 0.64 + 0.16 y= 124 + 0.64x
6 0.59 + 0,16 v= 11.0 + 0.5%
Table IXV

Correlation coeff'icients between green weight and tiller mnumber.
November harvest. OSward treatment.

Progeny  Correlation S.E. Significance 5% Least significant
coefficient of coefficient difference
8 0.9 0.22 «001
10 0. %4 0.20 «001
5 0.92 0.20 «001
7 0.89 O.21 «001
L 0.89 O.21 «001
3 0.86 0.21 «001
6 0.85 0.20 «001
) 0. 84 0.21 «001
2 0.81 0.2 «001
1 0.79 0.22 «001
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Fig. 8. Regression lines of green weight (gms) on tiller number in the

sward treatment for the November harvest.
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Table LXVI

Average tiller number and average pgreen weight (gms) per plant, and average
tiller weight (gms). Replications 3, 5 and 7 only. November harvest.

Progeny  Spaced plant treatment Sward treatment
Flant wt. Tiller Tiller wt. Flant wt. Tiller Tiller wt.

(gms) number (gns) (gms) number (gms)

1 250 360 0.70 L9 62 0.78
2 290 510 0. 56 57 (8 0.77
2 260 450 0. 57 56 69 0.81
L 300 490 0.61 7" 85 0.83
5 270 390 0.69 69 80 0.86
6 230 380 0.62 48 63 0. 77
1 290 500 0.58 62 86 0.72
8 280 410 0.67 56 61 0e 92
o 290 4,80 0.60 66 82 0. 681
10 270 L50 0.61 63 72 0.87



Table LXVII

Regression of green weight (gms) on fertile tiller mumber (per plant).
Speced plant treatment. Jamuary harvest. (See Fig. 9.)

Progeny  Regression S.E, 5/ Least Bquatiom of line
coefficient significant (y = green weight
dif'f'erence (x = tiller number
3 1.2, 0. 14 y= 118 + 1.2
5 1.19 0.13 y =193 + 1.19x
L 1.18 0.15 y= 189 + 1.18x
9 1.16 0.17 : y = 18, + 1.16x
10 1.08 0.17 y = 266 + 1,08x
2 1.03 0.15 y = 206 + 1,03
7 0.99 0.16 y=190 + 0.9%x
. 0.8 0.16 ¥ = 230 + 0.84x
8 0.83 0.16 y= 321 + 0.83x
6 0.79 Q.14 y= 220 + 0.79x
Table ILXVIIT

Correlation coefficients between green weight and fertile tiller rnumber.
Spaced plant treatment. Jamary harvest.

Frogeny Correlation S.E. 5% LeSeDe
coefficient
5 0.70 0.1
3 0.70 0.11
4 0.65 0.11
9 0.62 0.11
10 0.59 0.11
2 0.59 0.11
7 055 0. 11
6 0. 54 0.11
1 0. 51 0.12
8 0.48 0.11

All coefficients are significant at the P<,001 level.
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Fig. 9. Regression of green weight (gms) on fertile tiller number for

the spaced plant treatment for the January harvest.



Table E

Regression of green weight (gms) on fertile tiller rumber (per plant).
Sward treatment., Jamary harvest. (See Fig. 10.)

Frogeny Regression S.E. 5% L.S.D. Equation of line.

coefficient (y = green weight )

(x = tiller mumber)
10 1.77 0.07 ¥ ==1.27 + 1.77x
9 1.7 0.09 y==0.78 + 1.74x
3 1.67 0.06 y = =361 + 1.67x
5 1.65 0.08 ¥y = =0.93 + 1.65x
2 1.61 0.06 y = =0.98 + 1.61x
8 1.57 0.10 Y= 3.66 + 1.57x
A 1.54 0.07 Y= 2.50 + 1.54x
7 1.52 0.0 ¥y = =7.23 + 1.52x
1 1.19 0.07 Y= L.69 + 1.19x
6 1.16 0.06 Y= 2.79 + 1.16x

Table LXX

Correlation coefficients between green weight and tiller number.
oward treatment. January harvest.

Frogeny  Correlation S.E, 5% L.S.D.
coefficient
7 O 934 0.077
10 0.905 0,081
3 0.903 0.077
2 0.896 0.076
b 0.892 0.084
9 0.862 0.087
5 0. 861 0.079
6 0.846 0.087
1 0.807 0.085
8 0.779 0.079

All correlations are significant at the P <.001 level.
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Fertile tiller numbers. Jamuary harvest.

Frogeny Spaced plant Sward
treatment treatment
1 410 23.3
2 370 26,0
3 370 26.7
I L10 29.1
5 230 25.7
6 390 23.9
7 L60 31.1
8 2%0 21.7
b 390 36.6
10 360 25.3
S.E. 20 1.5
Table m

Ratios of fertile tiller rumber (Jamuary) to vegetative tiller rumber (November).

Frogeny Spaced plant Sward
treatment treatment

1 114 0. 37
2 0.73 0, 35
3 0.82 0. 39
L 0.8, 0.3
5 0.85 0. 32
6 1.03 0.38

’ 4 0.92 i 0.3
8 e& 71 0'. ﬁ
9 0.81 Oul5
10 0.80 0435



Teble LXOGIT

Regressions of fertile tiller number on vegetative tiller mumber measured
in November. Spaced plant treatment. (See Fig. 11.)

Progeny  Regression 95/ conf'idence Equation of line

coefficient limits %y = fertile tillers 3

x = vegetative tillers
1 0.43 + 0.2 Yy = 260 + O.43x
2 0.22 + 0.22 y = 270 + 0.22x
3 0. 38 + 0.18 ¥ = 19 + 0, 38x
4 0.37 4 0.18 y = 210 + 0.37x
5 0.3 + 0.29 y = 200 + 0. 3x
6 0.38 + 0.2 y = 210 + 0.38x
7 O.41 + 0.29 y = 280 + O.41x
8 0.23 4 0.27 y =210 + 0.23
9 0.22 + 0.2 y = 280 + 0.22x
10 0.40 4 0.25 y = 19 + 0.40x

ihe coefficients are not significantly different at the 5% level.

Table LGV

Correlation coeff'icients between fertile tiller mnumber and November
vegetative tiller mumber. Spaced plant treatment.

Progeny Correlation S.E. Significance of
coeff'icient coefficient

1 0.5%9 0.21 01
2 0.35 0.20 NS
3 0.65 0.20 «001
L 0.66 0.21 «001
5 Okl 0.21 «05
6 0.56 0.21 «01
7 0.50 0.20 .01
8 0. 34 0.21 NS
9 0.38 0.22 NS

10 0.59 0.22 «01

The coefficients are not significantly different at the 5% level.
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Fig. 11. Regressions of fertile tiller numbers on vegetative tiller

numbers measured in November. Spaced plant treatment,
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Table LXXV
Regressions of fertile tiller mumber on Novenmber vegetative tiller
rumber. Sward treatment. (See Fig. 12,)
Progeny  Regression  95% Confidence 5% LeS.Ds Equation of line

coefficient limits (y = fertile tillers g
(x = vegetative tillers

9 0.58 + 0425 y = =14.5 + 0.58x
8 0.42 4+ 0.1 y= «2.5 + 0.42x
5 0. 39 + 0.4 y= =1.0 + 0.3%
2 0.38 4 0,17 y= =3.7+ 0.38x
3 0. 37 + 0,13 y= 3.0+ 0.37x
5 0. 35 + 0.2 y= 0.9+ 0.35x
10 0.35 + 0,12 y= =1.7 + 0.35x
7 0.3 % 0.09 y= 4.0+ 0.31x
6 0.25 + 0.25 Yy= 13.1 + 0.25x
1 0.21 x 0.05 y= 10.4 + 0.21x
Table m

Correlation coefficients between fertile tiller rmumber and November
vegetative tiller number. Sward treatment.

Frogeny  Correlation S.E, Significance of 5% L.S.D,
coefficient coeff'icient
10 0.95 0.22 «001
8 0.89 0.20 <001
2 0.83 0.20 «001
9 0.75 0.21 « 001
5 0.75 0.21 «001
3 0.75 0.21 001
7 0.73 0.20 +001
4 0.69 0.22 «001
6 0.46 0.2, «05
1 0.35 0.22 s
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Fig. 12. Regressions of fertile tiller mumber on November vegetative

tiller mumber. Sward treatment.



Table LXXVII

Regression coefficients of green weight (gms) on plant position in the
svard treatment. Jamiary harvest. (See Fig. 13.)

x =1 for rows 1 and 6
x =2 for rows 2 and 5
x = 3 for rows 3 and 4

Progeny  Regression S.E, 56 Le3.Ds Equation of line
coefficient
9 =37.1 6.7 y =13 - 37.1x
L -26.4 4.6 y = 102 = 26.4%
3 2243 5.5 y= 0= 22, 3x
6 =20.2 3.6 y= 72 - 20.2x
7 -19.4 '3 y= 79 = 19.4x
5 =19.2 Le3 y= 79 =1%2x
2 -18,2 by y= 79 - 18.2x
8 =17.8 4.9 y= 75-17.8
1 -17.7 4.0 y= 70« 17.7x
10 =16.4 4.6 y= 80« 16.4x
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Regression of seed production (gms) on fertile tiller mumber (per plant).

Spaced plant treatment.
Frogeny Regression

coefficient
2 0.093
10 0.0865
5 0.082
8 0.061
1 0.055
9 0.053
2 0.052
6 0.052
7 0.047
L 0.046

Table LXXVIII

(See Fige 14.)

S.E.

0.010
0.011
0.010
0.007
0.011
0,011
0.009
0.009
0.013
0.012

5% L.S.D.

Table LXXIX

Equation of line

5: = fertile tiller number

¥y = seed weight

¥ = =8.05 + 0.093x

Y=
¥y =
y =
y =
y=
Y=
y =
y =
y

0.33 + 0.085x
1.81 + 0.082x
2.05 + 0.061x
8.15 + 0.055x
6.64 + 0,053x
949 + 0.052x
4.3 + 0.052x
15.05 + 0.04L7x
11.38 + 0.046x

Correlation coefficients between seed production and fertile tiller

mumber, Spaced plant treatment.

Progeny Correlation
coefficient
0.71
0.69
0.67
0.65
0. 56
0. 52
0. 50
Oe49
O.41
0. 36

W 0 W

1

(=]

~N F = v N O

All coefficients are significant at theO.1% level

S.E,

0.11
0.1
0.11
.12
0.11
0.11
0.12
0.1
0.1
0. 11

50 LeSeDe

3
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Fig. 14. Regression of seed weight (gms) on fertile tiller number for
the spaced plant treatment.



Table

LXXX

Regression of seed production (gms) on fertile tiller number (per plant).

Sward treatment. (See Fig. 15.)

Progeny Regression
coefficient

-
o

0.0862
0.0793
0.0781
0.0740
0.0712
0.0649
0.0636
0.0621
0.0595
0.0503

O = W N W

S.E, 5% L.S.D. Equation of line

(x = fertile tiller number

(y = seed weight
0,0038 ¥ = 0.251 + 0,0862x
0,002 ¥y ==0.277 + 0,0793x
0.0032 y ==0.059 + 0.0784x
0.0040 ¥ = 0.021 + 0,0740x
0.0039 y = 0.038 + 0,0712x
0.003, y = 0.022 + 0,0649x
0.0042 ¥ = 0.207 + 0,0636x
0.0042 y = 0,185 + 0,0621x
0.0046 | ¥ = 0.315 + 0.0595x
0.0038 ¥ = 0.266 + 0.0503x
Table LXIOQX

Correlation coefficients between seed production and fertile tiller

mumber. Sward treatment.

Progeny Correlation

coefficient
0.93
0.89
0.88
0.82
0.82
0.82
0. 79
0.78
0.77
0.75

LS I )

1

o

- OF v NN~

3.E.

0.08
0.08
0.08
0.08
0.08
0.08
0.09
0.09
0.09
0.09

55 LaS.D.

All coefficients are significant at the 0.1% level.
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CHAPTER IV
DISCUSSION
Seneral Appraisal

The data presented in the previous chapter show that for all characters
analysed (green weight for three harvests, seced production and flowering time),
there were interactions between the lines and treatments. These interactions,
while slight in the September harvest, became more pronounced at later harvests.

Interactions also occurred for general combining ability (G.C.A.) in
all analyses, showing that some parents produce offspring more responsive to
decreased competition than others.

tions for en weight
September Harvest

From the first analysis of variance, Table VIII, it can be seen that
line-by~treatment interaction is significant even in the early stages of growth.
This interaction is, however, scarcely within the 57 level of significance, and
would not be significant in an experiment with substantially fewer degrees of
freedom. These results compare with those of Kelly (1958), who showed that
a relationship between sward and spaced plant performance existed only during
the earlyqspring; the inference is that, if present, the interaction between
lines and spacings was not then significant.

Knight (1960) showed that the correlation between widely and closely
spaced plants deteriorated as the swards aged. The latter harvests in the
present experiment show that the interactions become more pronounced, thus
substantiating the above-mentioned work.

The analysis of the combining effects of the parents (Table XI) show
substantial interaction for the G.C.A.'s. The comparison of the rankings
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for the G.C.A.'s (Table XIV) show that parents 2,4, 8 and 10 differ most in
rank between the spaced plant and sward assessment. Parents 9,7, 5 and 6
show little change in rank between treatments. Table VII shows that of the
lines which contribute towards the interaction effects, lines 1, 3, 10,12, 14,
25 and 37 differ most in ranking between treatments. It can be seen from
Table II that parent 2 contributes to lines 1,10, 12 and 14. The offspring
of the other parents show less change in rankings.

Table XIV presents the variances for the specific combining abilities,
(S.C.A.) for each parent. These show that in the spaced plant treatment,
parents 9 and 4, both with high G.C.A.'s have widely differing variances for
their respective S.C.A.'s. Parent 9 can be seen to obtain its high rank for
GeCeA. from uniformly highly productive crosses, while parent 4 tends to have
less uniform offspring. 1In the sward treatment parent 9, still with a high
GeCeA., has a low S.C.A. variance. Parent 4, however, with a reduced
relative G.C.A. has a greatly reduced rank for S.C.A. variance. Parent 7, on
the other hand, which ranks third in the spaced treatment, where its S.C.A.
variance is high, ranks second in the sward treatment, still with a high S.C.A.
wariance. Obviously, no general conclusions can be drawn.

The components of the combining ability mean squares (Tables XII and
XIII) show that in spite of the high levels of interactions the differences in
G.C.A., as estinated by % g2, account for 17% of the variation; differences
in 5.C.A., estimated by 1) s2, aceount for 54 to 55% of the varistion;

35
and uncontrollable veriation accounts for 28 to 297, regardless of the treatment.

November Harvest

The November harvest analysis (Table XIX) shows that the interaction of
lines with treatments has become highly significant. The comparisons of G.C.A.'s
(Table XXV) show that the parental lines most affected by competition are not
necessarily the same as for the previous harvest (Table VIV). The G.C.A.'s
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for parent 7 for each treatment for the November harvest are consistent with
its previous G.C.A.'s, while parent L4 shows a similar response to reduced
competition for both harvests. Parent 2, however, previously showing a
relatively better G.C.A. in the sward than the spaced plant treatment, now
shows no suech interaction as the G.C.A.'s rank sixth in each treatment.
Parents 9 and 5, previously uniformly good in both treatments, now shows
reduced response to reduced competition. The lines showing most change in
ranking between treatments for mean green weight are 3, 12, 23 and 41 (Table
XVIII). Parent 2 contributed less towards these lines than the lines
possessing extreme interaction in the previous harvest, thus substantiating
the point made about parent 2 above, i.e., that its offspring are no longer
counted amongst those with extreme interactions.

The S.C.A. variances of parents 2, 4, 5, 6, 7 and 9 show for the
November harvest a similar pattern between treatments to the September harvest.
It appears that changes in G.C.A. ranking camnot be readily attributed to
changes in the variability of the offspring.

The components of the combining ability mean squares (Table XXIII
and XXV) show that the variation accounted for by G.C.A. differences, S.C.A.
differences, and uncontrollable variation have changed from the first harvest.
The more significant interaction may account for the slight reduction in
agreement between the partitioning of variation in the swards and spaced plant
treatments. The swards appear to show more variation due to S.C.A. differences
and uncontrollable sources. Both treatments, however, show that G.C.A.
differences account for more of the variation than in the previous harvest.
This is reflected in the higher (although still low) estimates of heritability
(Table XXVIII).

January Harvest
The analysis of the January harvest green weight (Table XXX) shows
that the interactions of lines with treatments have increased in
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significance still further. An inereased F-ratio for the G.C.A. interaction
is shown in Table XXXIII. The table of G.C.A.'s (Table XXXVI) shows that
perents 9 and 10 have high G.C.A.'s in both treatments, while parent 3, with

a relatively low spaced plant G.C.A., has a high G.C.A. in the sward assessment.
Parent 4, however, which ranked first for the spaced plant treatment G.C.A.,
loses this superiority in the sward. Similar reduced relative performances

for G.C.A. occur with parents 1 and 7.

The high G.C.A. possessed by parent 9 has been a consistent feature
throughout all sward harvests. Its performance in the spaced planted treatment
is less uniform, being ranked first for the September harvest (Table XIV), fifth
for the November harvest (Table XXV) and third for the Jamuary harvest (Table
XXXVI).

The performance of parent 10, the half-sib of 9, is interesting in that
the G.C.A.'s, initially significantly different in the first harvest, become
ranked adjacently in the final harvest, for both treatments, even though the
G.C.A. for parent 9 is significantly superior to all the others in the final
sward assessment.

Parent 4, consistently high in G.C.A. in the spaced plant treatment,
has only an average G.C.A. in the swards. Tho spaced plant treatment G.C.A.'s
of parent 5 diverge from its half-gib, parent 4, in the latter harvests, while
the opposite phenomenon occurs in the sward treatment.

Ho definite pattern appears in the S.C.A. varianges. Parent ) has a
relatively lower S.C.A. variance in the final spaced plant harvest than the
first, while it stays relatively low in the sward harvest. Parent 9 has a
higher S.C.A. variance in the Jamuary spaced plant harvest, while the sward
§.C.A. variance stays relatively low.

A change has also ocourred in the compoments of mean squares for the
combining abilities (Tebles XXXIV and XXXV). Differences in S$.C.A.'s as
estimated by 3152-2 account for a far larger proportion of the variation
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in the spaced plant than in the sward treatments. The differences in G.C.A.'s
account for more of the variation in the swards, and the uncontrollable
variation is relatively higher in the swards. This shows that the spaced
plant method of assessment that was used in the breeding programme for "Ariki"
has probably reduced the additive genetic variance for that envircnment (%.s.
spaced plants). As might be expected, the additive genmetic variation is higher
in the environment where less selection was employed (e.g. in the simulated
sward environment).

The heritability estimates, however, are still similar between treatments
as the higher G.C.A. variances in the swards are effectively countered by the

inereased uncontrollable variance.

Seed Production
The analysis of varianece for seed production (Table XLI) shows highly

significant line-by~treatment interaction. Those lines which change in rank
most between treatments ean be seen from Table XL to be 3, 6, 7, 8, 1k, 16, 23,
27 and 29. PFrom Table &I it can be seen that parents 7 and 9 contribute most
towards these lines, while parents 1 and 4 contribute less. The change in
rank of the G.C.A.'s for seed weight reflects this interaction. Parent 1,
ranked third for the spaced plant treatment C.C.A., is ranked ninth in the
swards, while parent 9, ranked seventh in the spaced plant treatment, is ranked
first in the swards. The significance of the G.C.A. interaction with treatment
is very high (Table XLIV).

It will be noticed, in comparing the gsomponents of the mean squares
(Tebles XLV end XIVI), that the proportion of the total variance due to G.C.A.
differences is far lower in the sward treatment than the spaced plant treatment.
The proportion due to 5.C.A . differences is similar, while the error variance
is higher for the sward treatment than the spaced. This is a reflection of
the edge effect in the swards, which could not be entirely removed by using
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weighted data. An interesting feature is that the ratio of%igz to ;—5st
is far lower in the sward treatment than the spaced plant treatment. This
elong with the higher error variances in the sward, results in a lower
heritability estimate for seed yield in the sward than in the spaced plant
treatwent (Table L).

Seed production, while not ignored in the Ariki breeding programms,
was not a character under selection. Consequently, in the population, seed
yield would be expected to show more additive genetic variance than a highly
selected character suech as yield of green matter. This appears to be the
case, as the spaced plant heritabilities for green weight are lower than for
seed yield. 1In the sward treatments, however, the argument fails; <there
has been no selection for sward green yield or seed yield, but the heritability
estimates are all uniformly low and less than the estimates for the spaced
plant treatment. This can be ascribed to the inereased error variances in
all cases and reflects the high variability of plants of a line under
competition. Alternatively, dif'ferences in heritability estimates could be
ascribed to differences in ratios between additive genetic and total variance.
It is possible for a lower additive genetic variance to be associated with a
higher estimate of heritability, if the total variance alters sufficiently.

Scwe relationship between seed production and time of flowering may
be expected, but here the rankings for G.C.A. for flowering time (Table LVIII)
do not coincide with the rankings for G.C.A. for seed production (Table XLVII).
While parent 6 ranks ninth for both seed production and flowering time G.C.A.
in the spaced plant treatment, parent 7, first for seed produetion, is fifth
for flowering time G.C.A. A closer look at the tables shows that the parents
ranked between 1 and 5 for seed produection G.C.A. are also ranked between 1 and
5 for time of flowering G.C.A., suggesting that the later flowering lines
produce more harvested seed. Parent 2, however, ranked first for G.C.A. time
of flowering (i.e. last to start flowering), is ranked fifth for seed
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production G.C.A., while parent 5, ranked last for time of flowering G.C.A.,
is ranked sixth for seed production. It can be seen that other parents, i.e.,
7 and 8, also show similar but less extreme trends.

In the sward treatment, the rankings for G.C.A.'s for seed produstion
are in approximately the same order for flowering time, with the notable
exceptions of parent 3, 8 and 9. No definite conclusion can be drawn about
the relationship between flowering time and seed yield.

As the first two seed increase generations of Ariki were sown as
spaced plants it could be suggested that the offspring of parent 7 (i.e.
progeny 7) would be inclined to be selected as the of fspring of this parent
have the highest seed yield in the spaced plant treatments. These progenies
have quite satisfactory sutumn and spring sward growth (Tables XIV and XXV),
but low summer growth (Table XXXVI). The plant type (assessed as a spaced
plant) is inclined to possess higher aftermath heading (Table LIX), narrower
leaves (Table LX), and a more prostrate growth habit (Table LXI) than the
average.

The subsequent seed increase gensrations of Ariki, however, were sown
as drilled swards. If the results of the simulated swards in this experiment
are indicative of what happens in a drilled sward then, because of its higher
seed production, the progeny of parent 9 would tend to be selected. Parent
9 is associated with high sward production (Tables XIV, XXV and XXXVI), while
the spaced plant type has relatively lower aftermath heading (Table LIX),
wider leaves (Table LX), and a rather more erect habit (Table LXI) than the
average. This parent is also associated with earlier flowering time in the
sward, although the flowering time assessed on spaced plants is little
different from that of progeny 7.

It would be imprudent, however, to generalise as the simulated sward
used in this experiment cammot be closely assoclated with a drilled sward,
let along a sward planted elsewhere.
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The relationship between tiller number and green yield are shown in
Tables LXJI to LXX, and Figs. 7 to 10. These indicate that any attempt to
measure green weight production from tiller number, with the purpose of
selecting high yielding genotypes, is imprudent.

The November Harvest

The relationships between vegetative tiller mumber, tiller weight,
and plant weight for the November harvest for three replications are piven in
Table LXII, LXIII, LXIV, LXV and LXVI. It will be noticed that although
there are changes in rank, the deviations from the mean for green yield for
the progeny of each parent are largely similar to the G.C.A.'s for those parents
(Table XXV). The higher tiller weights for the swards appear to be anomalous.
Lazenby & Rogers (1965a) found in Lolium perenne spaced plant vegetative tiller
dry weights to be higher than sward vegetative tiller weights except during the
sumner and at the higher nitrogen levels. The effect was more pronounced in
the second year. Here, the heavier sward tillers may be a reflection of the
technique used for counting the tillers. The graphs for the regression of
plant weight on tiller number, however, show that the plant weights decrease
by a smaller proportion than the tiller mumbers, which indicates that at lower
tiller numbers, plants have heavier tillers. While this may be a reflection
of the statistical methods used, the regression equations of tiller number on
plant weight show that only for one progeny in each treatment is the percentage
increase in tiller number greater than the percentage increase in plant weight
over the range of average plant weights. As dry weight percentages are slightly
higher in the swards, differences in dry weight percentages cannot be the cause
of the heavier sward tillers.

Table LXVI shows that progenies with high tiller numbers in the spaced
plant treatment tend to have higher green weight in the swards, with the
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exception of 2 and 5. While progenies appear to retain similar rankings for
tiller weight between treatments, there appears to be little correlation between
sward production and tiller weight.

Fig. 7 shows that due to the different regression coefficients for
progenies 1 and 8, the former will have a higher plant weight than the latter
for a tiller mnumber of 500 to 600 while the reverse occurs for tiller numbers
below 400. At even lower numbers, i.e. in the sward (Pig 8), 8 is still
superior to 1. although the former now has its plant weight relatively more
affected by tiller number than previously. The comparisons of green weight
and tiller number show that the ranking for tiller number does not closely
agree with ranking for green weight in the spaced plant treatment although in
the swards the agreement is far better. This is reflected in the higher
correlation coefficients in Table LXV compared with Table LXIII.

The Jamary Harvest

The relationships between fertile tiller number and green weight for
the January harvest are given in Tables LXVII and LXVIII, and in Figs. 9 and
10. As the whole ten replicstions were used, the standard errors of the
coefficients are correspondingly lower than for the previous harvest. Also
in the previous harvest there weore very few fertile tillers, and vegetative
tillers constituted virtually all the tillers in the plants. Here, however,
fertile and vegetative tillers sre both significant components of the plant
weight, and if only one component, in this case fertile tillers, is measured
the accuracy with which green weight can be estimated from the components is
reduced. The increase in the number of replications, however, offsets this
and the range of correlation coefficients is similar to that of the previous
harvest. As the fertile tillers themselves were not weighed separately from
the remainder of the plant material, mo tiller weights are given.

A comparison of the spaced plant treatment results (Table LXII with



93.

Teble LXVII) reveals that the green weights of the progenies 8 and 6 are still
relatively little affected by change in tiller mumber, while the green weights
for progeny 5 still shows a considerable dependence on tiller mumber. Of the
other progenies, 1 and 10 appear to be relatively less dependent on fertile
tiller number than on vegetative tiller mumber, while 2 and 4 show the reverse
effect. The progenies with low regression coefficients, 1, 6 and 8 also have
low G.C.A.'s for green weight (Table XXXVI), which suggests a relationship were
it not for progeny 3 with %he highest regression coefficient, but with a G.C.A.
equally as low. The regression coefficient of 3, however, can be seen not to
be significantly different from that of 8. On the other hand, of the parents
with low G.C.A.'s as spaced plants (Table XXXVI), 3 along shows a relatively
higher G.C.A. in the sward treatment. This effect is not retained by those
progenies possessing lower regression coefficients.

In the swards (Fig. 10; Table LXIX) it can be seen that the trend shown
by progeny 8 is not retained at the lower tiller numbers. The graph shows
three basic groups; progenies 1 and 6 with low regression coefficients, progeny
7 with a higher regression coeffiecient, and the remainder with not only higher
regression coefficients but also having constantly higher green weights for a
given tiller nmumber.

The comparison of Table XXXVI with Table LXXI shows that progeny 7, with
a high rank for fertile tiller mumber, has a relatively lower rank for G.C.A.
for green weight. This is reflected in Figs. 9 and 10.

The relationships between green weight and tiller nmumber are all fairly
high (Table LXX) and show that apart from progeny 7, the ranks for tiller mumbers
agree closely with the rank for green weight G.C.A.

The performance by progeny 7 in the sward treatment appears to be highly
anomalous. While it has a very high correlation coefficient between tiller
muber and green weight, its high tiller mumber is not reflected in high green
weight G.C.A. The correlation coefficient is, however, a measure of



correlation, not predietion, and the relatively low regression coefficient
gives a more true indication. The low standard error associated with the
regression coefficient is reflected in the high correlation coefficient, while
progeny B, with a higher regression coefficient, but a larger standard error,
has the lowest correlation coefficient.

This shows the danger associated with correlation coefficients.
Although the general trend agrees, the performance of progeny 7 suggests that
tiller numbers cannot be considered a reliable guide to green woight production.

Lazenby and Rogers (196La) also found that while tiller number was a
reliable index of yield per plant within varieties, it was a less reliable

index of yield between varieties.

Vegetative and Fertile Tiller Numbers

Tables LXXIT to LXXV, Figs. 11 and 12 show the relationship between the
fertile tiller number and the vegetative tiller number. The former was
measured at the January harvest, while the latter was measured at the previous
November harvest. These show that in the spaced plant treatment, progenies
1 and 7 produce more fertile tillers than progenies 5 or 6 for a given number
of vegetative tillers. It also shows that progeny 9 gives a relatively stable
number of fertile tillers regardless of vegetative tiller number. The
extrapolation of the graphs in Fig. 11 to the vegetative tiller numbers
experienced in the sward suggests that progeny 9 might then have a greater
proportion of fertile tillers arising from the vegetative tillers than the
other progenies. Fig. 12 shows that this may be true. However, progeny 9
now shows that its fertile tiller number is highly dependent on vegetative
tiller number while progeny 1 now shows that ita fertile tiller number is
relatively independent of vegetative tiller number.

There appears to be no clear relationship between the ratic of fertile
to vegetative tillers and green matter production (c.f. Table LXXIT with



XXXVI). While the spaced planted progenies with the highest ratios, i.e.

1, 6 and 7, show a reduced relative performance for green weight in the swards,
progenies 2 and 8, with low ratios do not support the corollary that these
should therefore show an increase in relative sward performance.

A further aspect of competition presented in Table LXXVII and Fig. 13,
which show the effect on green weight due to plant position in the swards.
Plants towards the edge of the sward have higher green weights than those placed
towards the centre. This indicates that competition in the centre is higher
than competition at the edges. Future simulated sward experiments should have
more rows or border plants than the two used here.

Here, while progeny 9 shows a greater relative reduction in production
due to increased competition, its initial superiority at lower levels of
competition is retained at higher levels of competition and becomes second only
to the related progeny 10 which, incidentally, is the least affected by increased
competition. There does not appear to be a clear relationship between the
response to inereased competition within the sward and the increased competition
between the main spacing treatments. Table XXXVI shows that while progeny L4 is
ranked higher in the spaced plant treatment than 10, progeny 3 is not.

The graphs of progenies 1 and 6 show that while their relative reduction
in green weight for increased competition is less than that of 9, their
inferiority at the lower levels of competition is not lost at the higher levels.
While this graph does suggest that progeny 9 may become less competitive at much
higher levels of competition, it would be unwise to extrapolate.

A comparison of Tables XIV, XXV and XXXVI, which list the green weight
G.C.A."s for the three harvests, reveals that progeny 10 gradually improves its
ranking in the swards. The difference in mean green weight between treatments
inereases with later harvests (Tables VII, XVIII and XXIX), indicating inereasing
competition in the swards relative to the spaced plantings; the inerease in the
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F ratio for the line-by-treatment interaction (Tables VIII, XIX and XXX)
indlcates that this is becoming more pronounced. The relatively improved
performance of progeny 10 with increased competition at later harvests is in
line with its relatively improved performance with increased competition with
plant position in the sward at the last harvest. The other progenies do not
appear to show quite the same clear relationship.

The relationship progeny 10 shows in Fig. 13 is for the final harvest
only, and may not necessarily be the same relationship existing at any other

time. The above-mentioned observation may be coincidental.

Seed production and fertile tiller number
The relantionship between fertile tiller number and seed production is

glven in Tables LXXVIII to LXXXI and Figs. 14 and 15.

In both treatments progeny 5 and 10 have generally a higher seed
production for a given tiller number than the rest. Seed production of progeny
3 is more dependent on tiller number.

A comparison of the G.C.A.'s (Table XLVII) with tiller numbers (Table
LXXI) show that the rankings for each are roughly the same order, the notable
exceptions being progenies 5, 6 and 10. Progenies 5 and 10, both with fewer
tillers than 6, produced more seed for the same number of tillers, a superiority
that enables them to out-perform 6 for seed production.

In the swards, progeny 10 again shows a high seed production per tiller -
again giving it a high seed production in spite of a lower tiller mumber.
Progenies 4, 6 and 7, however, show that their relatively better rank for tiller
mamber than seed yield is a reflection of their poorer seed production per tiller
as shown in Pig. 15.

There does not appear to be any definite relationship between treatments
for seed production per tiller. Tables LXXVII and LXXX indicate a temdency for
those progenies with high regression coefficients in one treatment to have high
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regression coefficients in the other treatment.

ist of etitive a

Rhodes (1968) suggested that a decline in competitive ability is
associated with the onset of floral initiation. 1In this experiment, those
progenies commencing flowering earliest would be those commencing floral
initiation earliest, and therefore, other things being equal, should be soconer
and therefore more affected by competition. Rhode's conclusions, however,
were based on Phalaris coerulescens, which has a higher proportion of fertile
tillers than Lolium perenne, and may not therefore be applicable to other
species.

Early flowering progenies differ between treatments (Table LVIII),
progenies 1, 4, 5 and 8 showing presence of interaction. However, progeny 3,
with early flowering, performs relativelely better in the sward than the spaced
plant treatment for green weight (Table XXXVI) as well as seed production
(Table XLVII). Progeny 9, being early flowering in the swards, is superior
to all other progenies for green weight (Table XXXVI) while progeny 10, a late
flowering progeny, has a high green weight production which is, however,
significantly less than that of 9.

Alternatively, it could be suggested that the progenies produeing
relatively more fertile tillers for a given mumber of vegetative tillers would
be less aggressive. Even disregarding progeny 9, which shows the highest
ratio of fertile to vegetative tillers (Table LXXII), the other progenies do
not show a tendency for higher ratios to be associated with lowered competitive
ability. Were the vegetative tiller counted for the Jamuary harvest, a
different situation may have appeared. Progeny 3, which shows improved
competitive ability in the swards (Table XXXVI), has a low fertile tiller
mumber (Table LXXI). Progenies 4 and 7, both of which show lower competitive
ability, have high fertile tiller numbers. Progeny 9, however, does not
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adhear to this pattern.

Rate of tiller production has been cited as the characteristic that
enables Lolium peremne to compete strongly against Festuce pratensis
(Milthorpe, 1961). Rhodes (1968) suggests that rate of tillering is a
character associated with, rather than a determinant of competitive ability.

While production of green matter is highly correlated with tiller
mumber, it is difficult to determine if the increased yleld of the progenies
with the higher tiller numbers is due to that alone, or due to the reduced
yield of the lower tillering progenies that are less able to compete. From
Table XXV it can be seen that progenies L4 and 5 are affected in opposing
directions by increased competition. Progeny 4 has a higher tiller number
than 5 in both the spaced plant end sward treatments, although the difference
is not significant in the latter. Progeny 8 has a lower competitive ability
compared with 9 and 10, and this is reflected in its lower sward tiller number.
A comparison of monoculture with mixed swards of the type reported by Gardner
& Hunt (1963) would not be easy here, unless the parents could be crossed to
some neutral tester parents.

Donald (1963) suggests that the superior production of coastal Bermuda
grass compared with the common variety is a reflection of the former variety
having a more erect habit and more widely spaced leaves which allow a better
distribution and utiligation of light. In this experiment, progenies L, 8
and 9 have an erect habit. While the latter two progenies show an improved
performance in the sward compared with the spaced plant treatment, the erect
habit possessed by 4 is insufficient to emable it to retain a high sward

performance.
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Conclusions.

Genetic variation.

This experiment has shown that considerzble genetic vﬁaﬁm exists
for all characters examined, i.e., green matter production for three harvests,
seed production, flowering time, growth habit, leaf width and after-math
heading. Characters associated with yield, i.e., tiller mumber and tiller
weight, also show genetic variation.

Differences in G.C.A.'s account for 17 - 277 (in the spaced plant
treatment) and 17 - 36/% (in the sward treatment) of the total variance for
green matter production, while differences in S.C.A.'s account for 41 - 550
and 19 - 55% for the spaced plant and swerd treatments respectively. While it
is not possible to relate additive genetic variance and non-additive genetic
variance directly to these values, they do show that even though some additive
genetic variation remains to be fixed, the high levels of non-additive genetic
variance would hamper sclection experiments, especially in the earlier stages
of growth. The low heritabilities estimated result partially from this fact.

¥While the non-additive genetic variance is classed as S.C.A. variance,
this, and the error variance, could be partially attributable to matermal
effects. If in each of the treatment blocks, the two plants of each cross
had different maternal parents, maternal effects would be balanced out in the
general analyses, and would largely contribute to error in the treatment
analyses. However, in this experiment no attempt was made to balance maternal
effects, nor, in a mumber of instances, would it have been possible.

The experiments reported by Beddows et al (1962), Haywood & Ereese
(1966, 1968), Haywood (1967), and Thomas (1967} 19%%, 1569b) all showed that
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ryegrass possesses considerable maternal effects which are not necessarily
coniined to seedling characters.

The tendency for the variance due to S.C.A. differences to decline in
the sward treatments may be ascribable to reduced maternal effects. Alter-
natively, the reduced propartion of the genetic variance that is due to
G.C.A, differences in the spaced plant treatment compared to the sward
treatment , may be a reflection that "Ariki" was bred using spaced plant
assessments, and that in this environment less additive genetic variance

remains,

Interactions.

This experiment has successfully shown that for green mat.er pro-
duction, seed yield and flowering time, genotype-by-environment interactions
occurred with a sufficiently high significance to permit serious questioning
of the practice of assessing pasture species as spaced plants. While there
is a definite trend for some genotypes to show a good relationship between
treatments, other genotypes do mot, and selection under a spaced plant
environment nay result in a reduced, if not zero, response in sward product—
ion.

The conflicting results of some experiments examining the relation-
ship between sward and spaced plant assessments (e.g., reported by Lazenby,
1957a) could be a feature of the genotypes used, apart from the techniques
used in assessment. In spite of the fact that lLazemby's results (loc. cit.)
do not entirely support his contention that the performance rankings of four
mwmwmmmthﬂmuw.pmuwm, the
genotypes used were fairly widely based and may not indicate the situation
with different genotypes, or a narrower range of genotypes.

The conclusion; reached with these results is neither that of Murphy's
(1952), vis, “"the breeder can use any of the ... methodsofiplanting investigated
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for isolating selected plants which . .possesshigh yield potential", nor, on
the other hand, that of Ahlgren gt al (1945) who concluded that there was mo
relationship between estimated yields of' the selections grown as spaced-planted
rows and as swards. lere there is a relationship between performance rankings
in each of the treatments, btut there are also genoiypes showing poor relation-—
ship. It is therefore ccnémded that spaced plants give an inadeguate
assessment of the expected performance of genotypes under higher levels of
competition. It must be pointed out, however, that the conclusions reaohod
with this material may not be applicable to either different species, or
to similar species which possess levels of heterogygosity different from
that of "Arilki",

nts of yield.

The components of yield of the November harvest, i.e., tiller mumber
eand tiller weight, show considerzble genetic variation. The farmer shows a
closer relationship to green yisld than the latter, but the differences
between genotypes in both treatments render tiller mumber per se an un-
satisfactory method of assessing, either green matter production or competitive
ability. Fertile tiller mumbers, (which are fewer and easier to count than
total tillers) are alsc an unreliable guide to green weight productionm.

Tiller numbers may have a greater use where index selection is
practised (e.g., Clenday & Fejer, 1956).

Competition.
The examination of tiller counts and tiller weights, along with

other characters vhich may be suggested as affecting the response of the plant
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to competition, fail to produce any comclusion, However, the marked response
of progeny 9 to increased competition within the sward suggest that even between
comparitively high levels of competition, genotype-by-competition interactions
may occur. This seriocusly questions the suggestion forwarded by Lazenby &
Rogers (1964a) that provided com;lete cover is achieved, non-sward densities
afford the same competition met wifhil in swards.

Farther, it could be argued that even the close plantinz used in this
experiment does not subject the plant to true sward conditions, notwithstanding

the absence of other species, especially legumes.

_cggggs in plant type.

The interaction of genotype with environment for seed yield suggests
that changes in the genotype of a population during seed increase generations,
such as reported by Kelly & Boyd (1966), Cooper (1959), and Rumball(1970),
can occur, and furthermore, the changes are likely to be different for a
different spacing.

Limitations of the experiment.
"Ariki" ryegrass is essentially a permanent pasture species and the

results of one year's growth may not indicate consequent performance. Genotypes
with a large propartion of Lolium maltiflorum genes may lack persistence, in
spite of a high growth rate in the earlier stages of the experiment. The
relative proporticns of additive and non-additive genetic variance could
well alter, if the trends indicated in the first three harvests are indicative.
As suggested above, even the close spacing used in this experiment may
still be an inadequate simlation of the sward environment, where different
species may also cccur, and distances between plants may be very variable,
Furthermore, differences due to soil fertility and moisture conditions may
also result in genotype-by-environment interactiogs (Lazenby & Rogers, 1965b),
as well as differences in cutting or grazing regimes (Lazenby & Rogers, 1965¢).
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Summary.

Ten Lolium [ (mltiflorum x perenne) x peremne] plants, eight of
which are the elite parents of the variety 'Grasslands Ariki' Ryegrass, were
diallel crossed. The progeny were planted out in two treatmwents, viz, a
2 ft. by 2 ft. spacing, representative of that commonly used by plant
breeders at “"Grasslands Division", D.S.I.R., and a 4=inch by L4-inch
spacing in a simlated sward.

Significant genotype-by-treatment interactions occurred in all: three
green matter harvests during the first year of growth.

Vegetative tillers were counted at the second harvest (November)
and fertile tillers were counted at the fin:l harvest (December). Wwhile
there were significant correlations between tiller mumber and yield, the
results show that tiller counts were not a satisfactory technique to
distinguish genotypes with potentially high sward productivity.

The proportion of fertile tillers that arcoss from the November
vegetative tillers gave little insight either to production or competitive
ability, nor could the time flowering commenced be related to either seed
production or competitive ability.

An examination of the production in the sward treatments in the last
harvest revealed that interactions of genotype with competition occur even
at fairly high levels of competition.

Interactions of genotype with treatment alsc occurred for seed weight
and time of flowering. The selection that may have cccurred dae to genotypic
differences in seed production were related to plant type, as determined
by after-math heading, leaf width and growth habit.

It was concluded that in spite of substantial genetic variation,
further progress from selection in"riki" is likely to be limited, firstly
by the levels of mon-additive genetic variance and secondly by the presence



dmw—wmthmﬁm that would not allow umm |
.uﬁxmucﬁuﬁ'iaar;mwn.mmthm.-mwﬁ
&m.dmgmwu w'pmu. It appears that the most efficient
way of assessing the performance of a genotype in a particular environment is
hphmthtmtypeinﬂntmntuﬁmitlw.



sppendix.
issing plot estimation.

Yates (1933) gives a formula for fitting values to missing plots.

Bb + ~
= -1 ﬁv - Lﬁ
where x is the fitted wvalue to the missing plot, B and V are the block and
variety totals respectively for the block and variety in which is the

missing plot, b and v are the number of blocks and varieties respectively,

and T is the grand total.

V¥here there are more than one missing plot, aprroximate values are
inserted for all bar one missing plot for which the formula is used. The
formula is then used on the second miasing plot and so om until all the
missing plots have Peen fitted with the foarmmla. The process is then
repeated and contimied until all the values become constant.

VWhere there are a large muber of missing plots, this can take some
time., However, if each of the missing plots is expressed in terms of all
the other missing plots, a series of simultanecus equations can be derived
which, when expressed in matrix form, can easily be solved using an electronic
computer with a matrix-inverting program.

The form of the matrix can be derived thus:-

x“hﬂnm’lﬁhml‘nﬂmn.
From the above formula

53011"-!
g ®=-1)v=-1)
mtk= (- 1)(v-1)

1‘u*w¢mm¢umtmm.manm

values. ammvdur. ‘,L‘ﬂch&-mwhﬁ'
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for block i, line j and the grand total respectively. Then we can express

lijllt-
*53 x * ¥ (valdies in block i
. 1(&&&11:1.1:3}
k (values in line j
- 1(auermnmngg
k (values
m1+VL.-G
. T e 4 =t (Sumof all missing values)
k ve-1(inblock i )
E 1 (&ucfallmsingg
b~ 1 (values in line j
_J_(&noflllm.uhgg
k (values remaining
Therefore

xu - :'-:-"(111 L 112 + ooo) -%_:_7(213 + 123 + 000)
+ ';'(‘m0 xr‘ + ooo) = % (mi + 'LJ .G)

Ps Q@ Ty 8, £4,
If this is repeated for each x, a series of simltanecus equations result, one
for each missing plot, of the form
:‘-ﬁzoﬁ)u.-ﬁn- (u"&ﬁa‘-o)/k
Mﬁnil(v-i)ucq’hhﬂnu-hhcku:‘
ﬁ.i/(b-ﬂd-n%hh&tmnmnx,
@ = =1/k elsewhere.

The series of equations can be expressed in matrix fam tus:-
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g [ (R, + VL, - 6)/k]

By oF s
-ﬁ1+1 'ﬂj-’f‘h."'-ﬂn x, (bR2+vL2-Q)/k
_-ﬁ,-ﬂé-ﬂj-ﬁh;..-ﬁn_ ‘g L(bRn+an-G)/k

where the @'s take values according to the x with the unit coefficient, and
Ri and L:l correspond to the blocks and lines in which x, appears, i.e., R3
is not Block (3) but that block containing Xy o

As b in this experiment was 10, it was very quick to calculate (using
a Canola 163) the RHS of the matrix equation. This had to be reduced by
mltiples of ten before being used on the computer as most of the LHS values
are less than unity. VWere this not effected, the computer program would
.overflo".

The computer inverts the matrix and solves for all values of x

which are printed oute.
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