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AB STRACT

Lungu, Maleka, Davies. Ph.D.

'tx

The Un'i versìtY of Manitoba.

THE HONEYCOMB DES IGN I N EARLYMaY '
1984" EFFECTIVENESS OF

GENERATION YIELD EVALUATION IN SPRING hlHEAT. Maior Profes-

sor: E.N. Larter.

The ef f ect j veness of the honeycomb sel ect'i on method f or

yield was evaluated in a selection expeniment using spring

wheat . t? seed of two sp ¡i ng wheat crosses Gl enl ea X NBi3l

and Glenlea X Era were planted at the Unjversìty of Manitoba

research plots jn the summer of i980 j n a honeycomb desi gn '

Us'i ng s'i ngl e pì a'nt grai n yì el ds as the pri mary sel ect j on cri -

ten'i on, pl ants were sel ected accordì ng to the honeycomb

method. Two select'i on strateg'ies wene followed; one group

of sel ecti ons ¡vas based on thei r hi gh y'iel d, 'i n anothen

group, the selection criterion waS based on low yìeld. De-

pendi ng upon the success of sel ect'i on at these two yì e1d

I evel s, an i ndi cat j on was obta'i ned as to the ef f ecti veness of

single plant select'i on for yìe'l d'in the honeycomb desìgn.

Pr"ogen'i es of the FZ p'lant selections were also planted

i n a honeycomb desì gn at the Un'i versity of Manitoba research

plots ìn the summer of 1981. Also p'lanted 'i n 1980 (so1id

seeded i n r"ow pì ots ) were the unsel ected compos'ite seeds f or

the two crosses. A second cycl e of honeycomb sel ecti on on



X

the F3 plants for both high and low yìeìd raras done iust as

p revi ous ly i n the FZ generat'i on. Seed of each F3 sel ected

plant was entered i n an t4 y'ie1d test at the Uni versity of

Manitoba reseanch plots in the summer of 1982'

The resul ts of thi s experi ment showed that the honeycomb

sel ecti on f or hi gh and I ow grai n yi e'l ds i n the FZ and F3 gen-

erati ons was ef f ect'i ve i n i denti fyi ng hi gh and I ow yi eì di ng

progenies in the F3 and t4 generatìons respectiveìy.

The overal I gra'i n yi el ds of F3 progen'i es of the t2 si n9-

I e p1 ant sel ecti ons showed that F3 progeni es of FZ pl ants

whi ch were sel ected f or hi th y'ieì d outyi el ded F3 progen'i es of

FZ plants selected fot' low yield. Progenies of h'i gh yieìding

sel ectj ons from the Gl enl ea X NBi3l cross outyì el ded progen-

jes of low yìelding selections from the same cross by 12'07%'

wh j ì e the progen'i es of hi gh yi el di ng sel ect j ons f rom the

Gl enl ea x Era cross outyi el ded I ow y'i el di ng sel ectì ons f rom

the same cross by 13"79%. Progenies of hìgh yìelding selec-

t.i ons from Glenlea x N8131 and Glenlea x Era crosses out-

yì el ded the mean y'i e'l d of pl ants of the check vari ety Gl enl ea

by 4.24% and 6"73%, respective'ly. An 'inter-generat'i on corre-

I at'i on of gra'i n yi e'l ds of F3 f am'i I ì es f rom t2 s'i ngl e pì ant

sel ecti ons on the'i r tZ panenta'l p'l ant grai n yi e1ds, was hi gh-

1y s'i gnìfjcant (r = 0.315) and positive. This demonstrated

that F3 progen'i es of t2 p'lants sel ected f on h'i gh yi e'l d tended

to g'i ve hìgh yìe1ds, simì larly those selected for low yieìd

tended to give low yields'in the F3 generation'
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The t4 yield test gave sìm'i lar results. The anaìysis of

vari ance showed that there were si gni fì cant genotypi c

di f f enences f or yi eì d among the yi el d test ent¡i es. S'i ngl e

degree contrasts wene calculated to make varjous comparisons

among the average yi eì ds of h'i gh yi el di ng sel ecti ons n the

I ow yì eì di ng sel ecti ons, composite I i nes, and the check var-

iety Glenlea. The analysis showed that overall, progenies of

high yìe1d'i ng selections sìgn'i ficantly outyielded progenies

of I ow yi el di ng sel ectj ons for al I crosses. Al so hi gh yi eì d-

'i ng selections for all crosses signjficantly outyielded the

composite lines. Composite lines wene very low yìe1d'i ng in

that they were also outyielded by low yield'i ng selectjons.

However, the average grai n yi el d of hi gh yi e1 di ng sel ectì ons

was not si gn'i f i cantly d'i f f erent f rom the yi e'l d of Gl enl ea.

Usìng a pr"actical plant breeding appl"oach of retajn'i ng lines

that yi e1d equa'l to on greater than the check va¡i ety f or

further advance 'i n a breed'i ng p¡ogram, 57% of all high yield-

'i ng select'i ons would have been retaìned 'in comparison w'ith

only 30.8% of the low yìe'l ding select'i ons. If we consider

the two crosses separately, 7l% of the high yie'l ding selec-

t'i ons fnom the Gl enl ea X N8131 cross would be reta'i ned as

compared to 53.33% of the low yi el di ng sel ect j ons f rom th'i s

cross. Fon the Glenlea X Ena cross' 34"6% and 1i'8% of the

high and low yielding selections, respective'ly, would have

been retai ned. These results shoW that a hi gher number of



x11

the h'i gh yi eì di ng sel ecti ons woul d have been kept than the

low yie'l dìng selections.

Inten-generati on conrel atì on coeffj ci ents between t4

graìn yieìds and gnain yields measuned in the FZ and F3

generat'i ons r,'rer"e all pos'itjve and highly s'i gnjficant' funther

illustrating the effectjveness of the honeycomb method in

selecting for y'ie1d.

using stepwise, multip'le regnession analyses, yield was

alwayS ShoWn to be among the Variables selected that was most

valuable in determining the F4 entry mean grain yields and F3

mean fami ly grai n yi e1 ds. 0then vani abl es shown to be i mpor-

tant were the yi e1 d components; 1000-kennel wei ght, grai n

yield pen spike, and numben of tì llens per plant.
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I NTRODU CT I ()N

The sc'i ence of plant breeding has had a tremendous

.impact on meeti ng human f ood needs s j nce the dawn of man's

cjv'i Iizat'i on. Concurrent w'ith earìy man's change of life

sty'l e fnom hunter-gatherer to a more sedentary life style y¡as

the domest'i cati on of wì I d pl ants. The process of domestì ca-

tion involved recogn'ition that a particular species had some-

thi ng to offer, such as food or fi bre and the clevel opment of

methods of cul t'i vat i ng the p'l ant together" w'ith the method of

processing the crop (Baker", 1978; Mayo, 1980)' Thus' early

man , 'i n hì s actì vi ty of sel ectì ng whì ch pl ant spec'i es to

domest.icate, was involved in basic plant breeding. Selec-

tì on, both consci ous and unconsc'i ous Was a cont'i nuous part of

this process changing the domesticated wild plants into the

remarkabl e array of cropS We have today. In choosi ng to keep

f or next season'S plant'i ng only p'l ump seeds f rom b'i g ears 0r

pods, bonne on nondiseased p'lants, he ¡yas inadvertently

ìnvolved .in a yie'ld'improving breed'ing program. unconscious-

ly, as he harvested seeds from plants that di d not lodge or

shatter, he was selecting for lodging and shatte¡ing resis-

tant types such as js the case with cultìvated corn ( Tea mavs

L. ) wh j ch has I ost al I mechan'i sms f or sel f -dì spensal of seeds
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compared to its wild proginators (Baker, 1978; S'immonds,

1976). Although early man had no knowledge of genetìcs, his

plant breeding efforts made great contribution to agrìcuì-

tural development. t^ljthout these early pìant breeders who

fash'i oned our food crops from the weeds about them, wê would

have none of the crops that supply most of our food today.

The cont¡i but'i on of modenn man to pìant breed'i ng has

been not so much to deve'lop new methods as to accelerate pro-

gness, a process that has gai ned momentum proportì onately

w'ith gneater understand'i ng of the genetic systems that govern

hen.i tabl e vari abi'l i ty. l^l'ith the better understandì ng of

genet'ics, pìant breedens have achieved tremendous improve-

ments j n the yì eì d'i ng capaci ty and quaf ity of many crops and

thereby contri buted to j ncreased f ood product'i on j n the worl d

(Al1ard, 1960; Baker, 1978; Burton, 1981). 0ne could safeìy

state that the over f ou r b'i I 1 i on peop'le who const j tute the

worl d popu'l at'i on today have more f ood than the ei ght mi I l'i on

peopl e who made up the total worl d popul ati on some 10 '000 to

8,000 B.c. Th'i s 'i s on the averâ9ê, however. Beneath this

aver.age .i s a f ood probl em of chroni c hunger and mal nutri ti on

that .i s endem'i c i n the econom'i ca11y underdeveì oped Thi rd

World countnies (Borlâu9, 1981)' Progress 'in food production

has been ach'ieved in the econom'i cal ìy advanced countri es

wh'i le most Third t,lorld countries'in As'i a, Afnica and Latin

Ameri ca have 1 agged behi nd i n devel opi ng i mpnoved varj eti es

of crops and 'improved pr"oduction technoìogy. Agricultural
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pr.oductivity 'is a multifaceted undertakìng; 'it requires not

only genetical'ly 'improved crop vari etìes, but also impnoved

sc.i entific cr.op product'ion technìques so that ìmproved varie-

tìes can express theì r" genetìc potential 'in the form of

'i ncreased Yieìds and quaìitY.

Many Th'i rd lr,lonl d countr"i es have al so been beset by thei r

l arge and rapi d'ly grow'i ng popul ati ons whi ch have outstri pped

the rate of food pr.oducti on. Research at i nternati onal agri -

cultural research centers has contri buted to 'i ncreased food

product'i on i n many Thi rd I,Jorl d countri es '

New h'i gh yi eì di ng vari eti es of wheat and r j ce devel oped

at the Internatì onal Wheat and Mai ze ImproVement Center

(CIMMyT) .in Mexico and the Internat'i onal R'i ce Research Insti-

tute ( IRRI ) i n the Phi l'i ppi nes have improved f ood producti on

i n Thi nd I^lorl d countri eS. In Indi a, f or example, wheat sup-

p1.i es trì pled between 1961 and 1980, largeìy as a nesult of

the adoption of high yielding vanieties rathen than the ex-

pans'i on of the area pl anted to the cereal . tlJheat producti on

soared from 11.4 mill'i on tons 'in 1967 to 26"4 m'i ll'i on tons 'in

Ig72 and reached 34.7 million tons in I979 (Plucknett and

Smith, 1982). India has been self -suffjcient ìn grains 'in

most years since the introduct'i on of high yie'ldìng wheat and

ri ce vari et'i es. Bangl adesh has recently come w'ithi n a f ew

thousand tons of feed'i ng hersel f. The Ph'i 1 i pp'i nes whi ch

i mponted ri ce f or decades has on'ly occas i onaì 1y had to buy

ri ce s.i nce 1970. In 1980, the Phì'l i pp'i nes exported 250 '000



4

tons of ¡i ce. Mex'i co exports wheat ì n some yea rs ' a maJor

turn-around considering ìts rapidly grow'i ng populat'i on and

the fact that'it had been importing substant'i aì quantities of

wheat for decades. Indones i a's food pì ctu re i s much br"i ghter

now that more hectares are be'i ng pl anted to h j gh yi e1d'i ng

rice varìeties (Plucknett and Smith, 19BZ)'

Despite the gains from high y'i elding varieties, however,

the world is stilì not secune from food shortages. Popula-

t'ion projections for the year'2000 are such that, unìess the

Th.i rd l1llorl d countrj es i ntroduce vi gorous b'i rth contnol

programs, the curnent world population of over foun bìllion

will swell to about seven bìllion people. The Th'i rd world

w.i I I make the greatest cont ri buti on to the bu rgeon j ng wor'ld

population. Th'i s raises an omjnous possibi'l ity of widespread

hunger and starvat'ion 'i n the Third blor^ld countries with this

huge popul ati on i ncrease (Borì âu9, 1981), These predi cti ons

pìace a heavy responsibility on the shoulders of agrìcultural

scientists and politìc'i ans who must devìse stnategìes to

'i ncrease food ptoduction on a Susta'i ned basis" The

contribut'i ons of plant breeders will continue to be needed'

More high yielding variet'i es of crops will have to be

developed to increase food product'i on, part'i cu'lar'ly jn the

food def i ci ent devel opi ng countri es. Thi s i s goi ng t0

requi re contì nued, wel I -f unded and 'imagi nat j ve crop

i mp rovement resea rch.
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A necessary cornmon plant breeding pnocedure for the gen-

eration of variabi'l ity'in crops is hybridization followed by

sel ect'i on. Sel ecti on i s usuaì 1y stanted 'i n the F 2 genena-

t'ion, since 'it is 'in th'is segnegating generatjon that there

is maximum genetic variabi'l ity. The common'ly used pedìgree

method employs visual selection on a sing'le plant basis

beginning 'i n the FZ with yield test'i ng conducted in the

F5 or later generations. Although many good crop varieties

have been deve'l oped by this method, many wonkers state that

sìngìe plant selectìon early in the segregatìng generat'i ons

f or a quant'itati ve'ly 'inherited tr^ait such as yìeì d 'is inef -

f ect.i ve. Th j s i s large'ly due to the env'i ronmental ì nf I uences

(i ncl udi ng i nter.pl ant competi ti on, so'i I heterogeneì ty, etc. )

on the performance of a sìngìe plant which makes jt difficult

to d j sti ngu'i sh between a pl ant that 'is goi ng to gi ve rì se to

superi or perf ormi ng pf"ogeny and one that w'i I I not (Fasou'las,

1g73; Hanson et al . IgTg; McGi nnj s and shebeski , 1968;

Shebesk'i , lg67; DePauw and Shebeski, 1973). The breeden thus

faces problems in selectìng genetically superior plants,

i.ê., those with a potent'i al for giving rjse to superion per-

forming progeny and eventually high yielding vari eties" Th'i s

p robl em makes the study of sel ectj on methodol ogy ì n pl ant

breeding very important. Unless a system fon identìfying

genotypes jn a segregat'i ng generation with a potential for

developìng 'i nto h'i gh yielding lines is developed, success 'in

p'l ant bneedi ng coul d remai n dependent on the experi ence and
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i ntu'it'i on of the breeder. l,'le theref ore, need to devi se

rel i abl e and effi cj ent sel ecti on methods fon detecti ng the

y'i e1dìng potential of s'i ngle pìants early in the segregating

generat'i on when the frequency of genotypes possessing the

desi red tra'i t 'i s greatest.

The present study 'involves an 'i nvestigat'i on of the

honeycomb selection method proposed by Fasou.las (i973)' The

honeycomb sel ecti on method i s based on the theory that sì ngl e

plant selection for y'i e1d in the tZ can be effective if

interplant competit'ion js eliminated and 'i f sing'l e plant

yi el d comparì son i s done amqng pl ants gr"ow'i ng under cond'i -

tjons of zero soìl heterogene'i ty. Plants in the tZ genena-

t i on rep nesent d'i st i nct genotyPêS , so that i nd'i v'i dual pl ants

in an F2 populat'i on f rom a specif ic cross represent differ-

ent genotypes. If these pl ants are c1 osel y pl anted the

stress created by interplant competition wìll affect indivi-

dual p1 ant perfonmance, thereby preventi ng the pl ants from

expressing theìr f ull genet'i c potentìal. Fasoulas (i973)

bel ieves that the mask'i ng ef f ect of inter^pìant competition ìs

one of the reasons why sìngle plant selection for yìe1d has

not been effecti ve wjth current sel ectì on methods. He pro-

posed space-planting the tZ population to remove 'i nterplant

competiti on. He neasoned that removÍ ng the stress due to

interplant competitjon through adequate spacìng and providing

optimum growìng condjtions would allow the ìndividual Fz

p'lants to fuì1y express the'i r yie'l dìng potent'i al, thus eas'i ng
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the pl ant breeders' task of sel ect'i ng truly superi on pl ants.

The second problem wh'i ch the honeycomb selection method

attempts to correct i s the ef f ect of so'i I heterogenei ty.

Grad.i ents of fertility do exist 'i n the soì.|. so'i I heteno-

gene.i ty i s al so one of those probl ems that makes si ngl e pl ant

select'i on for y'ieìd 'i neffective w'ith ex'i sting methods' A

plant may be selected not because of jts superiorìty but

because j t happened to be p'lanted on a f ert'i I e porti on of

I and. The honeycomb method attenpts to uSe the nature of

soi I heterogeneì ty to 't,he advantage of the breeder' Fishen

( 1931 ) stated that soì I fertì 1 i ty cannot be regarded as di s -

t ri buted at random, si nce on aVerâ9ê, nearby p'lots ar"e known

to be more al j ke than those fu ¡ther apart. Thus, smal I areas

of soi I app roach homogene'ity and bas i ng sel ecti on on the com-

paratjve performance of jndiv'i dual plants grown in these

small sections allows one to safe'ly conclude that each plant

i s expressi ng its geneti c potentì al and the di fferences be-

tween the yi eì d of pl ants 'i s due to genet'i c di f f erences.

Fasoulas (1973) pnoposed a spatial arrangement of plants in

the fi el d that took i nto account the probl em of i ntenpl ant

competit'i on and soil heterogene'ity. He proposed a f ield

plant'i ng pattenn that penmits cont'i gous plants to share a

cOmmOn envi nOnment, 'i "e., a hexagonaì ArrAngement--henCe the

term honeycomb design. Contigous plants'in eveny hexagon ane

equì d j stantly spaced f nom each other and sel ect'i on i s based

on whether a g'i ven genotype i n the mì ddl e of a hexagon yi e'l ds
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superior to 'its six immediate ne'i ghbouring plants of the

hexagon. S'i nce the area of sojl occupied by a hexagon 'is

smal'l , 'it can be assumed to be homogeneous '

Fasoulas (1973) clajms that this selection method wjll

break yieìd barriers for most crops since'it is an obiective

and sc'i ent'i f ì c way of d'i sti ngui shi ng yi eì d superi o¡i ty of

genotypes in the early segregating generat'i ons. However' few

studì es have been done on the honeycomb sel ect'i on method ' It

is in view of the paucity of studies on thìs selection method

and the importance of stud'i es on yie'l d 'improvjng selection

methods, that I set out to study the effecti veness of the

honeycomb selection method. The obiectjves of the study

were:

(i )

(ii)

to study the effectjveness of selecting for jmprov-

ed y.ie'l d i n bnead wheat through the sel ect'i on of

s i n91 e pì ants 'i n F 2 and F3 generatì ons us'i ng

the honeYcomb method; and

to i nvesti gate the rel at'i onshi p of characters

measu ned ì n the t Z to the F3 mean grai n yi el ds

and, the F Z and F3 characters to the F4 mean

grain y'ields"
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LITERATURE REVIEl^l

Cereal s 11ere among the f i rst pì ants to be domesti cated,

hav'i ng been gr"own l ong bef ore the begì nni ng of recorded

history. Among cereals, wheat nankS as one of the most

important and widely cult'i vated food cnops. It is g¡own jn

all cont'i nents except Antanctica. Because of its extnaordin-

a r.i ly w'i deSpfead CUl ti Vatj On a"Þ*_th"g-"'p{?e:$::Q:f'l:f:;;d"6y, thefe are

wheat pl ants grow'i ng and maturi ng at al I t'irnes of the year

somewhere'i n the world.

The three p¡i nci pal types of wheat used i n modern food

production ane Tri ti cum aesti vum L. em Thel ì ' Tri t i cum

turgi dum L. var. durum, and Trit'i cum comPact¡¿q L. Triticum

aesti vum L. em Thel I constitutes the bul k of the wheat pro-

ductìon. The kernels are milled to produce flour for bread

mak'i ng and for cakes and cookies. It is adapted to an array

of env.i ronments and can be gl"own under a wi de range of cl'ima-

tic condjtjons and so'i ls" Howeven, the yìeld varies with

cl i mate and other factors. As a crop ' it i s grown most

effectively ìn "gnassland" clirnates w'ith less than 30 ìnches

(750 mm) of rai nfal I each Yean.

Triticum turg'idum L. var. durum 'i s mainìy ground into

semol'i na (purifjed middlings) jnstead of flout". Dunum

semol i na i s gene¡a1 1y the best type for the pnoducti on of
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pasta f oods. Triticum compactum L. is more su'itable for

confectionaf"y and cookjes than for other purposes"

In this litenature review, I shall endeavour to revìew

the breedi ng appnoaches that have been fol I owed to ì mpt'ove

the yield and adaPtabilitY of Tri ti cum aest'i vum L. em Thel I '

hencef orth nef erred to simp'ly as wheat, The revì ew i s

rest¡i cted to 'bhose breed'i ng app roaches that are rel evant to

th.i s study. To ma'i ntai n a pnopen trend of thought, the

rev'i ew is subd'i v'i ded into three subheadings as follows:

1. Sel ecti on: The Dri vi ng Fot"ce of Pl ant Bneedi ng;

2. Indi rect Sel ect.i on for Yi el d i n l^lheat; and

3. Di rect Sel ect'i on f or Yì el d i n Wheat '

2.1

2.T SELECTION:

1 A General

THE DRiVING FORCE OF PLANT BRIEDING

0verview

selectìon js the essence of plant breedjng and has

p'layed an'impontant role in the history of mankind. Evolu-

t.i on, vi a natural sel ect'i on, and domesti cati on, vi a ar"t'i f i -

c.i al sel ecti on, created and 'improved the crop specì es that

are so ìmportant for human Surv'i val . tver s'i nce the poten-

tial of certain plant spec'i es as food sources was recogn'i zed,

se'l ect.i on has been practiced for more productive plant types

(s.immonds " !976; Hallauer, 19Bi; and Hallauen and M'i randa,

19Bi). In wheat, 'i n addit'i on to great advances achieved by

domesti cati on and early emp'i ri ca1 breed'i ng, si gni f i cant

improvements have been made as a result of development of
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more sophisticated breeding technìques that have occurred

maìn1y during this century (Bushuk, I977)'

Selection is u'ltimateìy the d'i ffer"ential reproduct'i on of

genotypes. It r"equi res mak'i ng choì ces , such aS choi ce of

parental genotypes f or a partì cul ar cross ' and the cho'i ce of

maintaining specific plant selections from a cross for the

purpose of the'i r perpetuati on. Ef f ecti ve sel ecti on, however '

i s al so dependent on the exi stence of geneti c vari abì ì ì ty and

the heritabi lity of the traìt f or which select'i on is beìng

made (Falconen, 1960 and Hanson, 1963).

sel ecti on pressure i s app'l i ed on the phenotypes, that

i S, the observed eXpressi on of the under''lyi ng genes for a

traìt. The phenotypìc express'i on, however, js a.l so influenc-

ed by envi ronmental effects and the effects of genotype-

envi ronment 'i nteracti ons (Comstock and Moì I 1963 and

Fal coner, 1960). Thus the total phenotypì c va¡i ab'i I ity

observed .i n a segregating base populat'i on on wh'i ch selection

pressure i s to be appl ì ed results from geneti c dì fferences,

environmental differ"ences, and the effects of the interaction

of genotype and envì ronment on 'i ndi vì dual pl ants (Al I ard '

1960; Falconer, 1960 and comstock, 1963). Since only the

genetic differences are hereditary, the term "heritabilìty"

y¡as co.i ned to provide a quant'i tatjve measure of the nelat'i ve

'i mportance of genes and env'i ronment to total vari ability'

Fal coner (1960 ) def ì ned her.itabi I'ity as that f racti on of the

observed phenotypi c vari ance whi ch i s caused by di fferences
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between genes or genotypes of i nd j vi dual s. In p'lant breed-

'i ng, he¡itability has value prìmarily as a method of quanti-

f y'i ng the concept of whether pnogress f rom sel ecti on f or a

pì ant character j s rel ati vely easy or di ff i cult to make i n a

breedìng pnogram (Hanson, 1963). The magnitude of the he¡i-

tabì 1ìty estimates g'i ves the plant bneeden an idea as to the

kind of progress he or she would expect to gain in select'i ng

for a par.ticular trait" Tra'its which have low heritability

estìmates do not lend themselves to s'i gnif icant ga'i n from

sel ecti on whi I e progress f rom sel ect'i on woul d be expected f on

tra'i ts with hì gh heritability est'imates.

2.I.L"1, Seìec tion for vield. Tremendous impnovements 'in

the yi el di ng capac'ity of wheat has been achi eved s j nce the

beginning of scientific plant breed'i ng" Frankel (I947) in

his dìscussion on the theoretical basis of breedìng for yieìd

came to the conclusion that improved yìelds can best be

obtained by the eliminat'i on of y'ieìd limiting defects' He

suggested that i n addi ti on to sel ect'i ng f or yi e'l d pe¡ Sê,

selecting fon d'i sease resistance, Iodging resistance and

w'i nter hand'i ness w'i I I I ead to deve'l op'i ng hi gh yi e1dì ng van j -

eti es. Frey (1971 ) reported that taken i n total , the yì e1 d-

i ng capaci ti es of wheat vari et'ies 'in the un'i ted States have

i ncreased 35 to 60 pencent i n f i ve to s'i x decades of breed-

ing. He att¡i butes a s'i zeable portìon of thjs 'increase to

the .i ntroducti on of sem'i -dwanf lodgi ng resi stant vari et'i es.
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Comparable improvements jn yie'l ding capac'ity of wheat vanì-

eti es has been accompl'i shed 'i n Mexì co. The yi e1d of Mex'i can

sem'i -dwanf vari eties of wheat is more than doubl e that of in-

d'i genous tall Mex'i can va¡i eties. Borlaug et 41., (1969)

attri buted much of the nati onal improvement i n wheat yi e'l ds

i n Mex.i co duri ng the 1960's to the 'i ntroducti on of semi -dwarf

di sease nes i stant vari eti es of wheat. It 'is 'impontant to

note here, hoWeVer, that these phenomenal i ncreases i n

average wheat yi el ds i n Mexj co and othen countri es such as

Indi a and Pak'i stan cannot be attri buted enti rely to plant

bneedi ng. It was a package of impr"ovements in wheat culture

(fertilizatìon, inrìgation, supet'jor varietìes, etc.) that

was f.esponsjble for the large'increases. Nevertheless' basic

to the expl o'itat j on of better f ì el d husbandry was the avai I a-

bìf ity of wheat vaniet'i es that were ìodging and disease ne-

s.i stant and capabl e of respond'i ng to heavy f enti I i zat ì on

(Frey, 1971).

2.1"r.2 Sel ect i on fo n prote'i n content. Cereal grains have

always prov'i ded a po¡tion of the prote'i n needed ìn man's

diet. 0ram and Brock (1972) estimated that appnoximately 50%

of the world's proteìn needs come from cereals, 20 percent

f rom gra'i n ìegumeS and 30 percent f rom anima j products " In

deve'l oping countries, cereals cont¡i bute about 70% of the

prote'i n consumed wh'i le anjmal products pnovide only I0% of

the total (Axtel , 198i). Thus, 'in many parts of Asi a, the
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Near East, Africa and Lat'i n Ameri ca people are dependent

directly on cereals for approxjmately two-thirds of their

dietary proteìn nequirement. In such instances' the low

nutrjt'i ve quality of the cereal prote'i ns (Miflin and Shewry'

IgTg and 0sbonne and Mendel, 1914) coupìed with the low

prote j n content of most cereal s may result in pnote'i n mal nu-

trit.i on, especì a'l 'ly in preschool ch'i ldren where protei n needs

are hìgh in nelatìon to calori c nequ'i rement (Nelson, 1969)'

The contri but'i on of wheat grai n prote'i n to human di etany

protej n needs is through the vari ous foods produced from

wheat flour. These include chapati ' bread, cookjes and

cakes. Asi de from its di etany importance, grai n protej n con-

tent j s a major baki ng quaì i ty facton i n wheat. Bushuk et

â.l., (1969) 'i n a study to evaluate the relation of gna'i n

prote'i n content to bread baki ng characteri sti cs, reported

that in grains with pr^oteins of the same quality, an improve-

ment ì n bread bak'i ng chanacter''i st'i cs occurned w'ith an

.i ncrease i n pnote'i n content. Gra'i n prote'i n content has been

shown to be positìve1y correlated wjth loaf volume

(Sunde¡man, et âl ., 1965). In add'ition, wheat proteins ane

known to 'largely govern the capacìty of the flour to absorb

waten (F'i nney, 1945). Breeding for jncreased grain protejn

content i n wheat therefore j s impenati ve because protej n

content 'i s an important factor jn baking quality of wheat as

wel I as i n supplyi ng human and ani ma1 di etary pnotej n needs 
"
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Knowìedge of the henitab'i f ity of wheat grain pnotein is

i mpontant i n breedi ng for i ncreased protei n content. Many

studies have been made w'ith wheat to determ'ine mechanisms by

wh.i ch grai n pr"otei n j s pr"oduced. Most of these studi es have

I ed to the concl usi on that product'i on of gra'i n protei n j n

wheat js geneti cal ly control I ed and that 'it 'is heav'i 1y inf lu-

enced by env'i ronmental f actors (Aamondt et a1 ., 1935; Bushuk

et â1., 1969; Chapman et ô1., 1970; Davis et ôl', 1961;

Haunol d et ôl . , Lg62; Johnson et âl . , 1963; Lofgren et âl . ,

1968; McNeal et â1. n L972; Stuber et â.l., L962; and Sunderman

et ôl . , 1965). Us'i ng the regress'i on of F3 I j nes on the

FZ plants, Sunderman et al. (1965) obtained estimates of

herjtab'i l.ity of gra'i n protein synthes'i s rang'i ng from 15 to 26

pencent, Davis et al. (1961) obtained broad sense heritab'i -

ì'ity of 54 to 69 percent. Haunold et al . (L962) obtajned

heritabi l'ity estimates of 65 percent. These est'imates

suggest si gn'i f i cant potenti al f or progress 'in sel ecti ng f or

high grain Pnotein content.

It 'is of j nterest to the wheat breeder to know how gra'i n

yiel d and prote'i n content are rel ated geneti caì'ly 'in segrega-

t'i ng populations. The ajm is to improve both gna'i n pr"otein

content and grain yjeld concurrently. Johnson et al. (1963)

and Mi ddl eton et al . (1954 ) have obsenved w'i nter wheat pro-

geny with both hi gh gna'i n pr^oteì n percent and h'i gh grai n

y'iel d. However, f ì nd'i ng thi s comb'i trati on i n recently

devel oped h'i gh yi el di ng sp ri ng wheats has not been easy. The
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apparent elusiveness of a s'imultaneous 'improvement in graìn

prote'i n content and grain yjeld has been attnjbuted to the

negatì ve correl ati on that exì sts between these two charac-

ters. Frey (1g77) has shown that in sevenal cereal species

i ncl udi ng wheat, grai n yi e1 d and grai n protei n content are

negatì vely correl ated. Baker et al . ( 1968) ' McNeal et al '

(Lg72), McNeal et al. (1982), Me'i zan et al . (L977 ) and many

other workens have also reported negative correlatjons

between grain protein content and graìrr yield'

Despi te the negati ve conrel at'i on between yì e'l d and pro-

te'i n content, some pl ant bneeders have obta'i ned pnotei n and

yi e1d i ncreases i n wheat s'i multaneous'ly. Johnson et al '

(1973) usì ng 'Atl as 66' as a source of genes f or h'i gh protei n

have i sol ated several 'second cyc'l e' hard red wi nter wheat

types wh j ch comb'i ned hi gh gra'i n yi eì d wi th a 2.5 percent

increase in protein content. Substantial increases as a

resul t of sel ecti ve breed'i ng f or grai n pr"otei n content have

also been f-eported by Davis et al. (1961). In a study

designed to investigate the relat'i onship of gra'i n y'ie'l d and

pr"ote'i n content, Halloran (1981) reported negat'i ve but very

I ow cornel ati on of yi eì d w'ith pnoteì n content i n F4

progeny. That study suggested that no great limitation

ex.i sts at the yield levels of current commencial wheats to

achì eve an i ncrease i n pr"otei n content through breedi ng '
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2.2 INDIRECT STLECTION FOR YIELD IN bIHEAT

Plant breeders (l'i ke researchens in other fjelds ) are

constantìy search j ng f or betten and more ef f j c'i ent breedi ng

methods. In the ef f ort to deve'l op superior yieìd'i ng vari -

eti es of wheat, plant breeders have attempted appì i catì on of

indi rect selection c¡iteri a f or impnovement of y'i eìd. Among

these Sel ecti on cri teri a are yi el d components and harvest

i ndex.

2.2.I Yi el d Component

Engl edow and l,ladham (1923 , t924a and 1924b ) were among

the f j rst to suggest the use of i nd'i rect sel ecti on cri teri a

for y'i eìd'improvement'i n cereals. They suggested the use of

yì e'l d components whi ch they def i ned as the avenage number of

sp'i kes per pl ant, the average number of kernel s per spì ke and

the average we'i ght of a si ngl e kernel . They al so i nvesti ga-

ted the usefulness of morphological and phys'i ologica'l pana-

meters as 'indi ces of si ngl e pl ant yi eì d. They came to a con-

clusion that only "mìgration coeffic'i ent" (sìmilar to today's

hanvest i ndex; the d'i f f erence be j ng that m'i grat'i on coef f i -

c.i ent .is based on f resh wei ght ) was of any real val ue 
"

The components of yi e1 d conti nued to recei ve attenti on

and in recent yeans the possib'i ìity of incneas'i ng y'ield

through yield component selection has attracted attention of

several researchers (taloodworth, 1931; Graf ius, 1956, 1964;

McNeal , 1960; Johnson et a1 . , 1966; Knott and Tal ukdar, 197i;
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Bri nkman and Frey , !977 ; McNeal et âl ' , 1978) ' l,,loodworth

( 1g31) suggested that y'ieì d must be 'i ncreased 'in smal I grai ns

by sel ect'i ng f or the components of yi e'ld and that parental

variet'ies should be selected on the basis of their component

att¡i butes. Grafius (1956) represented yie'l d in oats as the

vol ume of a paral I el epi ped whose edges represented the com-

ponents of yì el d: pani cì es pef" uni t area (x) ' the avef'age

number of kernels per pan'i cle (v) and the average kernel

weìght (z)" Thus yieìd pen unit area is the product,

(x)(V)(z). He suggested that it might be easier to'i ncrease

yield by increasing the smallest yìeìd component of an other-

wise good cultivar. Johnson et al . (1966) stated that in-

creases in yield levels ane progressive'ly more d'i fficult to

obtai n and that eval uati on of i ndj vì dual yi eì d components

mi ght pnovi de a better basj s for sel ecti on of panents and for

evaluation of thei r progenies than y'ieìd itself . Lebsock and

Amaya (1969 ) , Knott and Tal ukda r (1971) and s'idwel I et al '

(1976) suggested that kernel we'ight should be a good trait to

use f or .i ndi rect select'i on f or y'i eìd in wheat because jt 'is

highly heritable and favourably assoc'i ated with y'ield'

The concept of yi el d components as a sel ecti on cri teri a

embodies the assumption that a strong association exists be-

tween yi el d and the yì e1 d components and that these component

characters ane more si mply i nheri ted than yì e1 d per se '

Hence yi eì d component breed'i ng to i ncrease graì n yi el d woul d

be most ef f ect'i ve i f the components 'i nvol ved are hi ghly
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he¡itable, either genetìcalìy independent or pos'itively

connelated, and e'ither physiologicalìy unrelated or related

in a positive manner (Bhatt, 1980)'

Graf i us (1964) stated that 'in many crops i ncl udi ng smal I

grains, when segregating populatìons ane space-planted the

correl at.i on between the components of y'ieì d trend toward zelo

i ndi cat'i ng 'i ndependent gene systems governi ng y'i e1d component

deveìopment. Adams (1g67) supponted the proposaì of Grafius

(1964) and concluded that y'ield components ane genetìcally

independent and that they are deve'l oped sequentially' How-

ever, BF'inkman and Frey (I977) suggested that yield comp0n-

ents may not be i nheri ted i ndependent ly, and that the opera-

t'i on of a s'i ngle pleiotropic gene may be responsìb1e for the

negative correlations that exjst among y'ieìd components'

Heri tabi 1i ty est'irnates of yi e1d components 'in wheat vary

i n magni tude dependi ng on the method of est'imati on and

whether the measurements used 'in estimating herìtab'i l ity were

done on space-pl anted or sol i d seeded p1 ots. 0veral I yi e1 d

components have shown to have hi gher heritab'i f ity than graì n

yield (stuber et â1., Ig62; Johnson et â.|., 1966; Fonseca and

Patterson, 1968; Ketata et a1 ., L976 and sidwell et âl"

1976). Fonseca and Pattenson (1968) workjng with wheat estì-

mated her''itab'i lity fnom data from hills for number of spikes'

kennels pen sp'i ke and kernel weight and found the fjrst two

components to have h'i gh herìtab'i 'l ity and the last one to have

I ow he¡i tabi I j ty. Howeven ' other workers have reported the
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component kennel wei ght as bei ng h'i ghly herì tabl e rel ati ve to

other yi el d components and to gra j n yi el d 'itsel f and that it

'i s under the control of genes with predomì nantìy addìti ve

effects (Sharma and Knott, 1964; Paroda and Joshi , 1970;

Bhatt, Lg72 and Edwards et âl . , 1976 ) '

Many workers have found assoc'i ati ons between components

of yi eì d and gr aì n yi eì d. McNeal (1960 ) connel ated s'i x p'lant

characters with gr.ain yield in t2 and F3 of a cross be-

tween two sp¡i ng wheat var"i et'i eS, Lemhi and Thatchen' He

obsenved that only kernel number per plant was highly assoc'i -

ated w'ith grain yield in both generations. 0bviously, number

of kernels per plant should have a high posit'i ve association

with plant yield sjnce it jncludes all yield components ex-

cept kennel weì ght. In a study to i nvesti gate the rel at'i on-

shi p between mature p'lant characters and the wei ght of seed

f rom whi ch the pì ants were grown ' Austenson and l'lal ton (1969 )

concluded that spike number per plant was the most 'important

component of yieìd. A finding consistent w'ith thìs was re-

ported by Hsu and ldalton (1971) who in their study of the

nel at j onshi ps between y'iel d components of wheat gnown unden

field and greenhouse condit'i ons found that the number of

spì kes per p'lant was the most i mportant component i n deter-

mining graìn yield per plant. A d'i fferent result to that of

McNeal (1960) and Hsu and I,Jalton (1971) was observed by Knott

and Tal ukdar (1971). Knott and Tal ukdar (197L) tnansferred

the hj gh seed wei ght character from Sel ki rk to Thatchen
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sp¡i ng wheat by backcrossing. Co¡nelations 'i nvolving yìeld

and yìe1d components using Thatcher and Thatcher backcross

l'i nes showed only the kennel wei ght component to be positi ve-

ly correlated w'ith gra'i n yìe1d. In a study involving selec-

t i on for yi e1 d and yi el d components for seven generati ons

(Fz to Fa) in a wheat cross, McNeal et al . (1978) obser-

ved that kennel wei ght and kernel number pen spi ke were

dependabl e i ndi cators of yi eì d potentì al . They al so suggest-

ed that although single characten selection can ìmprove

yie1d, long-range improvements pr"obably nesult f rom concom'i -

tant improvement in al I yield components. Hence, characters

that affect y'ie1d component expression should be cons'i dered

simultaneously. In a similar study Sinha and Shanma (1979)

f ound al I three yi e'l d components, i . e. , kernel wei ght, number

of gr.ai ns per spi ke, and number of sp'i kes per p'lant, to be

positively and strongly correlated with grain yield in three

Indi an sem'i -dwar.f wheat van'i eti es. In dunum wheat, Lebsock

and Amaya (1969) and Gebeyehou et al. (1982) found the com-

ponents, kernel s per sp'i ke and kernel we'i ght, to have sì gni -

f icant pos'it'i ve correlation to gra'i n yield'

Studi es w'ith other smal I grai n crops have shown the

presence of positive relationships between grain yield and

yield components. In bar'l ey, POSitive correlat'i ons between

gra-i n yi el d and yi eì d components have been obsenved

(Rasmusson and cannel l, 1970; Dashora et 41., I977;

chaudhary , Ig77 and Puri et 41., 1982). Stoskopf and
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Reinber^g (1966) working wìth bar'l ey and oats in 0ntario

duri ng the peri od 1956 to 1961, found that the number of

graì ns per head was the most rel i abl e component f or pred'i c-

ting yieìd. s'imilar conclusions wene arrived at by Lawes

(I977 ) wonking w'ith oats.

Despite the pnepondef'ance of evidence on the usefulness

of the component app roach to yi e1 d, yi e1 d components have not

been used extensively as selection criteria by plant breeders

for the ìmprovement of yìe1d. Expìanations for the fai lure

of p'lant breeders to more fulìy ut'i l'i ze components have been

advanced by Frankel (1935) and Adams (1967). These neponts

indjcate that components of yìe1d are gf'eatly ìnfluenced by

the envi ronment and that negatì ve correl atì ons among them are

common. s'i nce the morphol ogi cal devel opment of yi el d compon-

ents fol I ow a sequenti aì pattern of devel opment in the plants

(Adams, 1967), they are d'i fferentially affected by variat'i on

j n envi ronment. A consequence of d'i f f eri ng ti mes of devel op-

ment of components and thei r vari abl e responses to env'i non-

mental change i s the'i r compensatory ef f ect on yì el d (Adams '

1967; Grafius et âl', Lg76 and Bhatt, 1980)" Because of

cornpensatory effects and negati ve i ntercomponent conrel a-

ti ons, sel ect'i on f or one of the components may f ai 1 to result

.i n yield increases. Another explanation for the lack of

i ntenest in the component approach 'is that gi ven by Frey

(1g71). Frey (1971) assi gns thnee reasons for this lack of

i nterest: (1) the rel at'i onshi p between yi e1d and yi el d
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components is often not linear, (2) the envinonment affects

the rel atì onshì p between yì e1d and y'i eì d components, and (3 )

col I ectì on of yì e'l d component data may be more expens j ve than

collect'i ng yield data.

I n the cases where yi eì d components have been used as

select.i on crjter'i a for grain y'ie1d they have been valuable to

some extent. For exampl e, Tayl on (1928) sel ected for seed

sìze jn wheat fon six years producing successive yieìd in-

creases wh'i ch were as h'i gh as 18.7 percent by the end of the

period. Knott and Talukdar (1971) backcrossed high seed

wei ght from Sel ki rk j nto Thatcher spri ng wheat and recovened

Thatcher backcross lines with high seed we'ight that outyjeld-

ed Thatcher. The hi ghest yi el di ng backcross I j ne outy'iel ded

Thatchen by 13.3 percent over a two year period. Several

other I'i nes yì eì ded 10 percent more than Thatcher over the

same period. McNeal et al. (1978) selected for graìn yieìd

and i ndi v'iduaì yi eì d components f or seven generat'i ons (Fe

to Fg) in a spni ng wheat cross. Sel ected I j nes wene al I

evaluated simultaneous'ly in a penformance trial to establ'i sh

the value of yield component selection. The'i r results indì-

cated that selectjon fon yìeld components incneased overall

yieìd. Select'i on f or kernel we'i ght and kernel s per spike at

the Fg generation gave 11 and 16 percent incneases respec-

t'i ve'ly, i n grai n yiel d over the mi dparent val ue whereas

d j rect selection f on yìe'l d at the Fg generation resulted jn

y'ie1ds that were s'i gnif icant'ly lowen (-13 percent) than the
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midparent. They concluded, however, that although single

character select'i on can improve yield, long range yield

ìmprovement requires consideration of all yieìd components.

Derera and Bhatt (1972) mass selected for kernel sìze in

three heterogeneous wheat populations and ìmproved yield by

an average of 33 percent per cycle over a two year period'

In oats, Frey (1967 ) conducted mass sel ect'i on f or seed w'i dth

'i n oat populations and after five cycles the resulting F7

populations had heav'ien seed weight and approximateìy 9 per-

cent greater yìe1d. In anothen selection expe¡iment, Frey

and Huang (i969) 'i ncreased the mean yieìd of heterogeneous

oat popul ati ons by 9 pencent by sel ect'i on f o|i ntermed'i ate

s eed wei ght .

2.2,2 Harvest Index

Harvest 'i ndex was def i ned by Donal d (I962) as the rati o

of gra'i n dry wei ght to the total above ground wei ght at matu-

ri ty of the crop. As a ratì o of the econom'i c yi el d to the

bjolog'i cal yield, hanvest index is a measure of the plant's

ef f ici ency to mobi l'i ze photosynthate and transport 'it to or-

gans hav'i ng economjc value. This has led many workens to

suggest that sel ecti on for hi gh harvest i ndex may have val ue

for ìmproving gra'i n yìe1d of cereal crops (Donald, L962,

1968; S.ims, 1963; Syme, Lg7O, I972; Singh and stoskopf , L97l;

Nass , L973; Bhatt, Lg76; Fi scher and Kertez, I976; Takeda et

â1., IgTg and Bhatt, 1980). Indeed, in many instances

inc¡easing harvest jndeX has accounted for graìn yield
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improvement. That is, 'impnovement in gra'i n yìe'l d of cereals

frequently has been due to an increase in harvest index w'ith

I ittle or no change in b'i olog'icaì yield. Van Dobben (1962)

compared ol d wheat cuìt'i vars evol ved s'i nce the tunn of the

centuny with the leadìng wheats of the 1960's and found a

progress'i ve jncrease'in harvest index from 34 to 40 percent'

H.i gh yi el di ng semi -dwarf wheat cult'i vars devel oped at ['Jash-

i ngton State un'i versi ty had an i mproved gra'i n-to-straw nati o

(harvest index) over taller cultivars of from 32 to 38 per-

cent (Vogel et aì., 1963). In a study simìlar to that of Van

Dobben (1962), Mackey (1966) compared old land varieties and

p resent -day va ri et'i es of wheat i n Eu rope. He observed that

the old land vanieties were h'i gh t'i llering, but developed

smal I sp.i kes wh'i I e the modenn vari et'i es bred i n Northern

France, Beìgìum, The Netherlands and Sweden had low tillering

capacity but produced'large kernels. This change was closely

associated w'ith a sh'i ft'i n harvest index from a low value in

I ow y.i el di ng ol d I and vani et'i es to the h'i gh harvest j ndex of

superior y'i elding modenn varieties' In a study of the rela-

tionship of harvest ìndex with different factors jnfluencing

thìs criter.ion, S'i ngh and stoskopf (197I) reponted conrela-

tions of 0.62,0"66 and 0,50 between harvest index and grain

yield for winten wheat, spring bar"ley and oats' respectively'

Nass (1973), in a study to determine chanactens for yield

selectjon jn spri ng wheat, observed a sjgn'i f icant posjtive

nelationship between harvest 'index and grain yìeld. He
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concluded from thìs study that ears per plant, yield per ear

and harvest index considered together in a selection program

shoul d be an ef f ecti ve means of sel ecti ng f or'i ncreased

yìeld. In oats, S'i mms (1963) claimed that the ìmprovement in

grain yie'l ds in Australian oat cultivars has been due alrnost

entìrely to an increased harvest index w'ithout an acc0mpany"

'i ng j ncnease i n straw yi e1d or totaì dry matter pr"oducti on

when compared to the old cultìvars. All these studies, how-

ever, wef.e conducted with named culti vars or advanced lì nes.

Di f f erent associ ati ons mi ght be obta j ned w'ith segregati ng

mateni al .

The pnesence of cons'i derable vaniation in harvest index

and ìts positive correlatjon with gra'i n yield'is important jn

improvjng harvest 'i ndex genetical'ly and thereby 'indirectly

.i ncreasjng y'ield. selection jn ear'ly segregatìng generations

.i s usually on an ind'i vidual plant bas'i s wher"eby the p'l ants in

the popul atì on are space-p'l anted. The questi on 'i s whether

ha¡vest index can be a relìable select'i on criterion, i'e',

whether selection pressure applied on space-pìanted genotypes

.i n the early segregatng generati ons f or h'i gh hanvest 'i ndex

can be ref I ected as ì mproved yi e'l ds of deri ved l'i nes wh j ch

are seeded at commerci al dens'iti es. In other words, i s the

heritab'ility of the harvest index trait high enough to enable

'i ts improvement in a breeding program and if s0, what would

be the opti mum pl ant dens'ity to use i n the segregati ng popu-

lation? There ane varyìng opinions as to the best plant
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dens'ity for early segregating gener"ations. For example, Syme

(1g72), Fi scher and Kertez (1976) and Donal d and Hambl'i n

( 1976 ) are of the op'i n'i on that measu rements on spaced p'lants

could re'l iably predict a genotypic y'ielding abilìty when

seeded at commercial densitìes. Syme (1972) measured 16

characters of greenhouSe-grown pl ants of the 49 entri es of

the 5th Intennational Spr'i ng wheat Yield Nunsery. He found a

remarkabìy high conrelat'i on (r = 0.85) between s'i ng'l e plant

harvest i ndex and mean gr ai n yi el d across 63 s'i Les wi dely

di stri buted i n the wor"l d, whereas gnai n wei ght pe¡ si ng'l e

p'l ant showecl no relationship to mean yie'l d (r = 0'i0)' The

study indjcates that harvest ìndex of spaced plants may be a

useful pr"edictor of crop yields'in the field. Results ob-

taìned by Fischer and Kertez (1976) in Mex'i co showed the

superi orìty of hanvest index of spaced plants over the'i r

gr.ai n yi el d f or predi cti on of crop penf ormance w'ith correl a-

t'i ons of 0.56 and 0.33, nespectively. In a study of the res-

ponse of two wheat crosses to a two-way selection for hanvest

j ndex, Bhatt (1977 ) di scovered that the F3 progen'i es of

plants selected for low harvest index in the space-planted

F2 generat'i on gave a low harvest index in the F3, while

F3 progenies of plants selected for high harves'L index in

the FZ generation segregated for a high and med'i um harvest

index. Simpìe and part'i a'l correlatìons of pìant we'i ght and

gr"ain yield with harvest index gave a modenate to high posi-

tive correlation of grain yield w'ith harvest 'i ndex jn the
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F3 generati on. A di f f erellt result was obta j ned by 0kol o

(1g77). In h'i s study of pnogeny of f our wheat cnosses ' he

found no signifjcant correlat'i on between the hanvest'index of

selectedF2SpacedplantsandthejrF3andt4bulk
yìelds"

Few studies have been made 'in ceneals on the inheritance

of harvest ìndex (Bhatt,l976 Ros'i elle and Fney,I977 and

Bhatt, tg77). All of these studies have reported high herit-

ab.i I ì ty esti mates of harvest i ndex and al so that harvest

.i ndex seemed to be controlled pr"imarily by additive gene

acti on. Th'i s prov'i des scope theref ore f or the ìmprovernent of

harvest 'index via pìant breeding and thereby the improvement

of yie1d.

2.3

Earl y

DIRECT SELECTION FOR

Gene rat'i on Sel ect i on

YI ELD IN hlHEAT

f or Yi el d2.3.r
The pr"imary obiective in most breeding prografns 'is to

deve'l op high yìeìding cultivars. S'ince the segregating Fz

genenat'i on contai ns 'i nd'i vì dual'ly di s t,i nct genotyPês, it 'is

the logical generation in whìch to beg'i n 'look'i ng for poten-

tìally h'i gh yieìding progeny. Mckenz'ie and Lambert (1961)'

Shebeski (1967) and Sneep (1977) suggested that the identifi-

cat'i on of the hìgh yield'i ng genotypes should be stanted in

the earliest poss'i ble segregat'i ng generation, preferab'ly 'in

the FZ generation" Shebeski (L967) and Sneep (L977)

supponted thei r content'i on by demonstrati ng mathemat'i cal ly

that without positi ve sel ect'i on f or yì e1d dur j ng the early
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generations'theeXpectedfrequencyofhighyieldinggeno.
types decneases at a rapi d rate. They concl uded that del ayed

selection for y'ie1d would result in an'i rretrievable loss of

high yielding genotypes and would thereby seriously limit

genet'i c advance. Several other workers have concl uded that

plants carr.ying favounable yie'l d genes should be indent'i fied

.i n the eanliest possible generation (Bhatt, 1980; Cheb'i b et

â].,1973;FasoulaSandTsaftaris,lgT5;McVettyandEvans'
1g80;0gilvie and Kaltsikes, Lg77; Shebeskj and tvans, l'973

and Valent'i ne, 1979).

The added advantage of ear'1y generati on sel ecti on f or

yieìd is that the breeder advances only a manageable number

of promi si ng 'l i nes f or extensi ve yi e'l d test'i ng and other

evaluations when the l'i nes have reached homozygosity' Yield

test'i ng and eval uati on of new breed'i ng I ì nes 'i s expensi ve and

t i me consumi ng. It i s thus economi cal to spend resou rces on

promising.linesinsteadofadvancingalotofpoor].ines
which are later discarded if early genenation selectìon is

de'l ayed. The disadvantage of earìy generation selectìon ìs

that 'it is poss'i ble to mjsc'l assify and djscard some good

genotypes as a result of the di fficulty of accurately asses-

sing the yie'l d'i ng potent'i al of an F2 plant (seitzer and

Evans, 1978).

Itappeansimperativethatselectionforyieìdbestart-
ed as early as poss'i ble. A requi rernent f or a successf ul

eanly generation selection for yieìd is that there should be



30

a hi gh correl at'i on between the y'ie1d perf ormance of genotypes

selected .i n early generat'i ons and yìe1d perf ormance of the'i r

progenies 'in later generat'i ons. The most commonly followed

method of handl i ng the F Z generat'i on j n wheat breedi ng has

been space-pl antj ng th " t Z popul ati on and conducti ng vi sual

sel ecti on on i nd'i vj duaì p'l ants . Thus the p1 ant breeden v'i s -

ual'ly eval uates the t Z plants and selects to advance only

those pl ants that he bel'i eves have potent'i al to gì ve ni se to

high y'ie1d'ing progenies (Allard, 1960). l{owever, although

outstandìng varieties have been pnoduced by this method, vis-

ual selection of s'ingle pìants for yieìd is commonly reported

to be unreliable because visually assessed d'i fferences for

yi el d among i nd'i vi dual wheat plants have not usual ly been

neal'i zed i n subsequent genenat'i ons (McGi nn'i s and Shebeskì ,

1968; Shebesk'i , Lg67; Knott, I972; Depauw and shebeski ,

1973). Briggs and Shebeski (1970) found that v'i sual selec-

t'i on for yield in wheat was superior to random sampìing

although the abi f ity to visual'ly identify the h'i ghest yield-

'i ng ljnes was limited" They went on to suggest that when

visual select'i on js used as a means of Screening 'l 'i nes in a

plant breeding pnogram' the intensity of select'i on should be

rel ati vely low j n onder to reduce the poss'i bi ì'ity of inadver-

tent'ly d.i scardi ng othenw j se val uabl e I i nes. In a sel ect'i on

experiment using tn'iticale (-L Triticosecale Wittmack), Salmon

and Larter (1978) concl uded that vi sual eval uat'i on may be a

useful method for i denti fyi ng hi gh yì eì di ng I i nes of
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trìt jcale. Most plant bneeders, however"' are of the view

that selection on a s'i ngle plant basis in the F2 genenation

.i s best restri cted to sel ecti on f ot" chanacters of hi gh

her.itabi'l ity such as plant he'i ght and djsease resistance and

not for a low herìtabi 1 ity complex character such as yield

(Hanson et ô1., 1979).

The alternat'i ve to visual selection is to measul"e the

yield of individual plants and select accor"d'i ngìy. unfortu-

nately, th'i s method has been shown to be al so unrel'i abl e '

Measu red di fferences i n yì el d between i ndi vì dual p1 ants are

rarely real jzed 'i n subsequent generations (Bhatt, 1980;

McGi nni s and Shebeskj , 1968; Knott, I97?) " Thi s I ack of

nepeatabì'l i ty of t 2 per"f ormance 'i n I ater genenati ons can be

attributed to the plant breeder's inabilìty to accurately

assess the true yield'i ng potential of a sjngìe t2 pìant

since the yie'ld of a s'ingìe pìant in early generatìon is

greatly'influenced by both env'i t"onmental vari abiìity and the

non-f i xabl e domi nance and ep'i stat'i c gene ef f ects ' Hence '

environmental variab'i on and hetelozygosity greatly impaìr the

bneeder's abi ì ity to sel ect superi on genotypes (Grafi us et

âl . , 1g61; Thakare and Qual set, 1978). Bri m and cockerham

(1g61) showed from a study with soybeans (Glycine max L'

Mern. ) that pnogness expected fnom sel ecti ng among progen'i es

increased as inbreeding increased and the progenies approach-

ed homo zygosity. Lupton and l¡lh'itehouse (1957) concluded that

select'ion for characters such as yìe1d and grain qua'lity in
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autogamous crops should be delayed unt'i I a nelatively hi gh

degree of homozygos'ity has been reached' Ji nks and Poon'i

(1981) d'i d a study to compare the nesults of selection 'in the

early and late stages of an jnbr^eeding program w'it'h tobacco

Nicot'i ana rusti ca ) . Thei n resul ts showed that sel ect'ion i s
(

mone successf ul if it is delayed unt j I later genenat'ions'

space-pl anti ng j s al so sai d to be anothen contri buti ng

factor to ineffective early generation select'i on for y'ield'

The argument i s that space-p1 ant condi ti ons do not repnesent

the p'l anting density used in agricultural product'ion and that

sel ectì on at, I ow pì ant densi ty mi ght not f avour the des'i red

genotypes that will eventua'l ly have to perform at commencial

seed.i ng rate (1,,1'iebe et âl . , 1963; Khal i f a and Quaì set , 1975;

Nass, 1978, 1980). chebjb et al. (1973) found that closen

p1 ant spaci ng reduced non-geneti c varj ati on caused by wì de

p'l anting but magnif ied vari ab'i f ity due to genotypìc competi-

tion. However, they were able to double the eff iciency of

sing'l e plant selection by sowing un'i formly s'i zed seed at a

compet jt'i ve density. Nass (1978) compar"ed the ef f ic jency of

early generation select'ion for graìn yield jn fout' spring

wheat crosses grown at h'i gh and low popuìation dens'ities" He

f ound that mean yi el ds of t 4 I'i nes sel ected at a h'i gh t 
2

popula.tion dens'ity were greaten for all crosses compared to

I i nes selected j n the t 2 at a low p'lant density' He

recommended that F2 select'i on should be done unden a high

population densìtY.
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use of F3 y'i el d testì ng as an ef f ecti ve sel ect'i on

criterion, w jth 'its advantage of progeny f'ow rather than

.i nd.i vidual plant performance' has attracted the attention of

many workers (shebeski, 1967; DePauw and Shebeski, 1973;

Knott and Kumar, 1975). Although some of these wonkens have

reported ef f ecti ve sel ect'ion f on y'iel d i n F3 generat'i on,

F3 yieìd testing has some lim'itatjons. These 'i nclude the

limited amount of seed produced from ind'i v'i dual FZ plants

wh'i ch in turn rest¡i cts the s'i ze of plots and the number of

repl.i cations that can be sown. In order to increase the

number of repl i cati ons, shebeski and Evans (1973) suggested a

rep1.i cated hi 1l -p'lot eval uati on of F3 progeny at several

I ocat'i ons thereby enabl i ng a more representati ve env'i ronment

in wh'i ch to conduct selection" However' increased populat'i on

al so requ'i nes mone resources in the f orm of labour and land'

The effectiveness of F3 yield test has been tested by

a number of breeders with conf 1i cti ng results " us'i ng two

barì ey crosses, Mackenzi e and Lambert (1961) reported h'i ghly

signifìcant correlations of 0'1313 and 0'543 between yieìds

of rel ated F3 and F6 I i nes, In sp ni ng wheat Bnj ggs and

shebesk'i (1971) reported extens'i ve results of yield tests 0n

F3 pr.ogeni es and of F5 I i nes der j ved f rom them. They ob-

served a hj gh rank correl ati on of 0.83 i n one yean but no

signif icant correlation 'i n two addi t'iona1 years. DePauw and

Shebesk.i (1973) obta j ned a h'i ghly si gni f i cant correl ati on of

0.59 between the yì e1 ds of F3 wheat I i nes and the rel ated
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F5 y'ields. Y'ields were expressed as a percent of the adia-

cent control. Knott and Kumar (1975) conducted F¡ yield

tests with s'i ngle row plots in three replicat'i ons and conclu-

ded that F3 y'i el d testi ng was of doubtf u I val ue. 0'Bri en

et al. (1978) studied response to select'i on for yield jn the

F3 generatìon of four wheat crosses. The F3 yìe1d tests

.i nvol ved three repl i cates of three-row p1 ots 'i n whi ch al l

three rows were harvested. They reported good correl ati ons

between y'i el ds of F3 and yì eì ds of I ater generati ons 'i n

onìy two of four cnosses and therefore, could not draw fi rm

concl usì ons about the effecti veness of ear'ly generat'i on

selection for Yie1d.

Many stud'i es have been done to try and ì mprove the

effic.i ency of early generat'i on selection for yìeìd. Several

methods have been proposed. These i ncl ude: ('i ) sel ecti ng

under stress-f ree env'i r"onment; ('i i ) using control plots;

(i i ì ) usi ng mov'i ng means; (i v ) strat'i fyi ng env j ronments; and

( v ) us j ng the honeycomb des'i gn as a sel ect'i on method.

2.3.1.1 Sel ecti ng under stress-free envi ronment. Thi s

involves growing the segregat'i ng population under opt'imum

growing condit'i ons so that the gf"eatest differential genet'i c

man.i f estati on can be obtaì ned and thereby ai d the breeder i n

accurately sel ecti ng geneti ca'l ly super.i or p1ants. Thi s

method has been reported to i mprove the eff i ci ency of ea rì y

generati on sel ecti on by impr ovi ng the herì tab'i I ìty of yi e1d
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compared to that obta'i ned when sel ecti on i s conducted under

stress (Gotoh and 0sanaì , 1959; Frey, 1964; Johnson and Frey '

1g67). Krull et al. (1966, 1967) found w'ith spring wheat

that not only does sel ecti on i n stress-f ree env'i ronment

evolve h'i gh yielding lines but that lines pnoduced under

these condi ti ons have a better adaptati on '

2.3,L.2 Usinq control plots. S'i nce so'i I fertility differ-

ences have an ì nf r uence on crop yi e'r ds, systemat'i cal ly

arranged control plots (check varìeties) are sometimes used

to correct f or soi I heterogene'ity 'in yieìd tests' Shebeski

(1967) studìed the posslbil'ity of corf"ect'i ng for effects of

soìl heterogene'ity jn early generation select'i on for yield by

expressi ng the y'i eì d of each I i ne as a pel"centage of an adi a-

cent control p1ot. He f ound that th'i s method ef f ecti vely

el i mi nated the ì nf I uence of so'i I hetenogenei ty on sel ect'ion

resulting in a highly significant correlat'i on (r = 0'84'

p (0.001) between the yieìd of F2-derived F3 lines and

theì r respecti ve F5 means. 0ther wonkens have found con-

trol plots to be useful 'i n this way (Bri ggs and shebeski,

IgTL; McG.i nnjs and shebeski, 1968; Skorda" 1973). Baker and

Mackenzi e (1967 ), howevel', questi on the use of control plots

as proposed bY Shebesk'i (1967)"

3.2.1.3 Us i n movl n means. I'lhene I i nes in a yield test

called movingare not repf icated, a nol I i ng p'lot mean ' al so
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mean as pr.oposed by Townl ey-Sm'ith and Hurd (1973)' can be

used to minimize the effect of soil heterogeneity' Knott

(1g72) a'Ltempted to reduce environmental variability in the

F3 generat'i on by express'i ng yield as a pencent of adiacent

checks, al so as a percent of rep.l i cate means, and aS a

percent of movi ng mean. He concl uded that expf'ess'i ng the

yi e'l d of F3 l'i nes as a percent of mov'i ng mean 'i ncneased the

efficiency of ear"1y generation yield tests'

2.3.1 .4 Strati f vi ng environments. Field stratification has

been used as another means of reducì ng soj I vari abi I i ty found

w.ithi n I a rge pl ots. 0ne such method i s the gri d sel ect'i on

proposed by Gardnen (1961). Thjs method involves subdìviding

a large plot into small subplots which are used as select'i on

un.i ts. Indivìdual plant selection is done within subplots

where it is assumed that soir heterogeneity is min'i mal

comparedtothatofthewholenursenyplot.Usìngth.is
method, Gardnen (1961) ach'i eved an average yield'improvement

of3.5percentperyearoVerafoun-yeanperiod.Longujstet
al. (1966) reported continued pnogress from mass selection

us'i ng this technique.

3.2.1.5 Us'i nq hone.ycomb desiqn.

proposed by Fasoulas (1973) 'is anothen

fjcatìon. In th'i s method, p'lants are

anranged 'i n hexagonal patterns that

The honeYcomb des'i gn

form of field strati-
space Planted but are

resemble a honeYcomb'
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Each plant is sunrounded by six equid'i sIantly spaced plants'

A given plant 'is selected jf it outy'ields 'its six jmmediate

neighbours. Thus spacìng reduces interplant competition

wh'i ch otherw'ise mi ght af f ect i ndi vi dual pl ant yi e1d. By

comparing the y'ield of a s'i ngìe plant w'ith those of ìts

nei ghbou rs i n a smal'l , theref ore more homogeneous anea of

I and, pf ovi des a better compari son of genet'i c di f f ef"ences

between plants. M'itchell et al . (1982), however' concluded

bhat the honeycomb method i s not suf f j ci ent'ly super'i or to

mass sel ecti on to warrant the extra ef f ort requi red 'in 'its

applicat'i on.



TABLE 1. CountrY of ot"igin

the

3B

and ped'i gree of cul ti vars used 'i n

crosses.

3.1

3. MATERIALS AND METI.IODS

DESCRIPTION OF CONDUCT OF THE TXPERIMENT

The F 2 gene rat'i on3.1.1

The t 2 seed from two crosses, Gl enl ea x N8131 and

Glenlea x Era was planted at the University of Manitoba Fjeld

Laboratory jn June of 1980 to provide the tZ pìant popu'la-

tion on whjch to conduct the initial cycle of selection in

thi s experiment. The pedì grees of the parental cult'i vars

'i nvolved'i n the crosses are given in Table 1'

Cultìvar Country of
0r'i q'i n

Ped'i g nee

Gl enl ea

N8131

E ra

Canada

Canada

U"S.A.

Pembi na 2* /Bage//C8100 ( 2)

Toba ri 66 / Gai nes

11- 55- 10 / 4 I Pembi n a / LI-52-329
1 1 - 53- 38/ i I l - 58- 4/ Lt- 53-546 (

/3/
3)
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These crosses were chosen because of the hi gh yi e1 dì ng

potenti al of the parents thei r good adaptabi I ity to western

canada, and al so because seed from these crosses was readi ly

available.

The t2 populat'i on was space-planted by hand us'i ng corn

hand p'l anters ì n a honeycomb desi gn as shown i n Fì g. 1' The

i nter^pl ant spaci ng used was 50 cm. Two seeds were pl anted i n

each hole and later thinned to one p'lant at the four to five

leaf stage. Glenlea was used as a common check and was

planted in such a tllay that eVery FZ p'lant was cont'i guous to

a Glenlea Piant as shown 'i n Fig' 1'

TheF2plantpopulat.ionsìze,includedatotalof

3553 pìants, with i155 plants belonging to the cross Glenlea

x N8131 and 2398 to the cross Glenlea x Era'

Every plant was tagged foLidentif ication while in the

f i el d, each was observed 'i ndi vi dual ly and notes taken where

necessary. At harvest all p'l ants were pul'l ed by hand and

p'laced intact into large iute sacks in preparat'i on for

drying. After dry'i ng, each p'lant was measured for plant

hei ght, the above-ground port'i on of the pl ant was we'i ghed 
'

and the number of tìllers per plant was counted. Each plant

was then threshed indivìdualìy and the grain yield per plant

recorded. Grain y'i e1d and other chanacters measured on each

sel ected F Z p'lant ar"e g'i ven i n Tabl e 2'
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Fig fhe fleld layout of fhe honeycomb deslgn ln the F2

generat I on.

The sol ld clrcles are Glenlea plants whl le open clrcles
are F2 plants.

Note:
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TABLE 2 Charactens measured
des i gn.

on tZ plants in the honeYcomb

Characters
Un'i t of

Measu rement Abb rev i at i on

Pl ant hei ght

B'iolog'i cal Yìe'l d

Graìn y'i eìd

Grain yield of
a percent of
check pl ant

cm F2HT

F2BYLD

F2YLD

F2YPC

F2YADJ

F2YPTR

F2HI

F 2 TKÌ^l

F2TILL

F2YLD/S

F2PRO

g

g

each p'lant as
yield of a

Gra'i n yi eì d of each sel ected
plant adiusted bY -subtract'i ng
ine mean grai n Yi e1 d of the
surround'i ng six Plants

Grai n yi eì d of each sel ected
pl ant exPressed as a Percent'ot the mean grain Yieìd of
three nearest check Plants
(see triang'l e 'i n dotted lines
on fìg. 1)

g

Harvest i ndex

Thnrrcen.l kernpl weiqht

Number of tillers
Gra'i n yield Per sPike

Grai n proteì n content at
I4% moi stune

g

g
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Harvest index is the ratio of plant grain yìe1d to total

above-ground pìant dry weight, or the b'i ological yield'

Thousand kernel wei ght i s the wei ght of one thousand dry

whol e kernel s of wheat. trJei ght of graì n per spì ke was found

by d.i v.i di ng the grai n yì e1d by the number of ti I I ers.

Grain yìeìds of t2 plants' includìng the common check

pl ants were entered i nto a computer and us'i ng a honeycomb

selection program plants were selected to advance to F3

generat'i on. This program was developed in the universìty of

Manìtoba's Plant sc'i ence Department by Dr. J.L. Sernyk' It

'i s desi gned to sel ect both the hi ghest and I owest yi e'l di ng

plants fnom the surrounding sìx pìants in each hexagon'

si ngl e p'l ant yi eì d data are entered ì nto the computen i n the

form of an arnay whi ch corresponds to actual f i el d I ayout i n

tenms of I ocati on of each p1ant. Sel ect'i on i s done sequen-

tìa'l 1y, 'i .e. it beg'i ns w'ith plant yìelds in the f irst row'

then second row, third row' etc., as central plants jn a

seri es of hexagons. Hence the yi eì d of the f i rst pl ant ì n

the fjrst now is considered first as the central plant in a

hexagon and compared to the yìelds of ìts jmmediate surround-

ìng neìghbours. If it yields greater than the surrounding

plants, it 'is selected. Then the second plant in the first

row is cons'idered as the central plant whose yield 'is then

compared to the yi e1 d of the suf"roundi ng p1 ants and 'it is

selected only 'i f it outyields the surround'i ng plants in a

hexagon " The yi el ds of the rest of the pl ants j n the f i rst
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row are s'i m'i I arly companed and e'ithen sel ected on not, depen-

ding on how they y'ie1d reì ative to the yields of their

immediate surround'i ng neighbouns. 0nce select'i on has been

done for the first row, plants 'in the second row are then

individually considered as central plants and their yields

companed to those of theìr surrounding plants. 0nce each

pl ant y'i el d 'i n the second row has been compared to those of

six surroundìng plants, then plants in the th'i rd row are

selected, then those 'in the f ourth row, etc., unti ì yields of

p'l ants 'i n al I rows have been sequenti a'l 1y compared to those

of the'i r sjx surround'i ng'immed'i ate ne'i ghbours in a series of

hexagons.

Sel ecti on of I ow yì e'l di ng pl ants i s done 'i n the same

wô.y, the only difference be'i ng that the selection crjteri on

i s I ow y'i e1d. For a central pl ant to be sel ected it must

yield lower than its surrounding plants.

A central p1 ant has to be Surrounded by at least four

plants for it to be a candidate for selection. Thus, âñY

plant that 'i s surrounded by less than four plants is not

p rocessed and sel ect i on proceeds to the next pl ant 'i n a row.

Also, ìf the centnal plant is a check plant, it is s'imp1y

i gnoned s'i nce we are not 'i nterested 'i n sel ecti ng check

plants. In add'ition to selecting high and low yieldìng

p'l antsn the program also calculates a percent ratio of the

y'i eld of the selected plant to the yieìd of a conti gous check

p1ant. A large number of lines was selected usjng th'i s
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computer program. The actual number of t Z p'lants progenles

used for further studies, howevef" was reduced to 126 after

el i mi nati ng rnany l ì nes on the bas'i s of other c¡iteri a such as

disease reaction, maturity: lodgìng, and the reìative yield

of sel ected pì ants to the common check. Al so, a number of

plants were attacked by mice whi'l e 'i n storage awa'it'i ng

thresh.i ng and th'i s was al so taken i nto account when el'i mì na-

ting some computer selected l'ines. The selectìon intensity

was 3.5%.

0f the 126 l'i nes saved, 75 were selected for high yieìd

and 51 for low y'i eld potential. The aim for the bidirection-

al sel ect'i on strategy was to determ'i ne i f t 2 yi el d per-

formances coul d be repeated i n F3 and t 4 generati ons '

If thìs holds tnue,'it would'ind'i cate that'it is poss'i ble to

select for yield on a sing] e plant basis in the t2

generat'i on and expect the t 2 perf ormance to be expressed ìn

subsequent generati ons. In addj ti on, an unsel ected compos'i te

was made for each cross by blend'i ng five grams of gra'i n from

each p1 ant of a parti cul ar cross. The F 2 sel ecti ons l^,ere

ass i gned al pha-numeri c codes as shown ì n Tabl e 3.

3.I.2 The F3 generation

The progen'i es of t Z sel ecti ons were

t,J.i nnì peg i n the summen of 1981 ì n a honeycomb

planted

des'i gn at

at

an



Table 3. PIanË number, cross and the code assigned to selecËed F2 plants'

Planta
No.

crossb codec Planta crossb Crossb crossb codec Planta crossb
No. No.

2-ll Glenl@
2-24
2-ß
4-14
5-l.2
7-20

lB 30-t2
28t4
5S 5t-10
4B 53-45
58 5l-46
68 34-5

Gl€n læ

Glohloa x l€15!

tc 57-14
2C 59-18
3C 60-10
4C 64-28
5C 64-31
6C 70-14

tD 90-æ
2D -24
Ð 95-12
4D 4-39
Ð 5-18
6D 6-20

G lon loa x l,8l5l Glên

Glonloa x Era

NBI5I 1A 15-15 olen l€a x l8l5l
2^ t5-23
t 16-6
4^ 16-24
5A 16-50
6A t6-f3

codoc Planta
No.

codec Plantô
No.

codoc Plôntô
No.

7E

Crossb

6lôn lêa x l€15!
Gl sn lsa Era

codsc Planla
No.

crossb codec

lal5t Glonloa x Era Gl€nlsa x Era

Glenlea x NBlil

IE

2E

4E

5E

6E

2246
25-34
æ-6
50-'t0
519
t3-29

IF
2F

3F

4F

5F
6F

55-]p
59-l I

95+1
69-21
73-t0
7f-fo

Eral6a IG

2G

fG
4G

5G

6G

7^ 7G

8G

9G

l0G
!lG
t2G

r'lBt

7B 7C

8C

l0c
ilc
12C

7 l-7
7t-19
7!'4 I

7!-48
7 4-27

7F

8F

9F

l0F
llF
t2F

76-10
76-55
11-40
7'45
79-45

7D

7-f9 Glenl@ x NBl51

8-5
8-8
8-l I

I l-28

8A 18-22 Glenl@
9A 19-24

10A 22-22

ll{ 2-35
12 22-t7

88 34-26
98 54-tl

!08 f4-47
118 35-29
tzB 36-l

Gl€nlea x Era 8D 6-15 Glen
,' 9o 7-7

" loD 8-25
n ilD ll-15
t 1n t2-26

l€l3l 8E l¡l-44
9E 4t-32

t0E 42-!4
11E 95-50
!2E 46-4

t-12

l4A

t5A
t6A
l7A
184

19A

148 l4c IJD

tÐ
l6D
t7D

180

t90
200

l4E l4G14F

Eraleal2-50 Glsnl€ x l€lfl
t2-3t
t2-44
l4-8
l1-24

2'8
21-9
2A-34
?9-19
B-27

Gl€n læ x l8lSl l5B
n !68

" l7B

" l8B
tr 198
n 208

t5c 77-19
16C 78-24
tlc 79-2
18C 80-ll
tgc 8f-6

48-6
48-48
49-26
52-4
55-26,

Glon I Eaa t5F 82-n
l6F 85-46
l7F 86-48
t8F 88-54
r9F 89-2J

Gl€n Era l3-21
l4-54
l8-59
l8-41
2t45
22-19

G lên t5G

r6G

l7G

t8G

l9G

Glônlea x l€l5l l5E 52-t Glenlea x Era
n t6E 5]-56
t 17E 5>t
n l8E 55-12
il l9E 55-17

21¡. 2tg 2lc 2tD

t4, and 2l aro tho Glsnlæ check. Codes lA to JE ar€ hlgh yleldlng selocllons and 4E to 20Garo lor yleld sôleqtlo¡s.

21E 2tF

ln the rd

t'¡ots that the cod€ 7 or múltlplos of svsn

2lc

The ptant number ls fhê nunber of lh€ planT as lablêd ln the flold, the fl.st dlglt Is a ror numbor and the ssænd dlglt ls a number of fhe plant

Thê cross ls thô ross lo rhlch tho F2 plant b€longs.

The asslgned @dô ls lmpdtant for æltlng up tho flold layouf for tho noxt cycle of selsctlon lñvolvlng +ho Progony of the F, Plant selectløs'
b

c

F.
Ln
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'i nterpl ant spaci ng of 50 cm. Forty-seven F3 p.l ants f rom

each sel ected pl ant were p1 anted i n a pattern that al I owed

the progenies of each t2 plant to be d'i stn'i buted throughout

the ent.i re field as identified by their fam'i 1y code numbers.

Glenlea was used aS a common check. The field ìayout is

shown'i n F'i g. 2.

The two compos'ites were also pìanted" Each of the two

compos i tes was sown 'i n LZ row p'l ots . The rows 'i n each pl ot

¡¡ere 30 cm apart and 40 m ì ong. Pì anti ng was done usi ng a

smal I tractor-drawn seed dri I I so that each row was sol i d

seeclecl. At maturi ty a Hege comb'i ne harvester was used to

hanvest on'ly a di agonal stri p of each p1ot so as to sample

all 12 rows of each compos'ite.

t,Jhen the honeycomb experiment reached matunìty' measune-

ments of plant height and tiller counts wene done for each

p'lant. Each plant was then harvested separately by c1ìpp'i ng

the spikes from each plant and placing them separately into

paper bags. These were 'i n turn stored in cloth bags. The

spikes from each plant were threshed separately and then

wei ghed.

Average of pnogeny data gave a measure of l'i ne perfor-

mance.

The graìn yield data were entered into a computer and a

second b'i directional cycle of selection was done us'i ng the

computer program as descri bed pr^evi ous1y. Af ter computer

sel ecti on , the author reduced the number of I ì nes whi ch wef'e
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214 9A 18F 6F 15C 3C 124

5A l4E 2F I lc 20c 8C 174

IA 104 l9E 7E l6c 4C l5A

6A l5E 3E t2c 21C IBA

2A 11E 20E BE l7c 5C 14G

7^ l6E 4E l5c 1C l0c 19G

3G 12E 218 9E tBc 6C 15G

8G 178 5E l4B 2C r lG 20G

4G 138 IE t 0E t9B 7C l6G

9G IBE 6E l58 3B 12G 21G

5G t4D 2E ltB 208 BB l7G

10G l9D 7E t68 4B l5G IG

6G 15D 3D 128 218 9B l8G

I lD 20D 8D 178 5B 14F 2G

7G 16D 4D l3B IB 108 l9F

12D 21D 9D l BB 6B 15F 3F

BF 17D 5D 144 2B tlF 20F

l5D ID l0D 194 7B l6F 4F

9F l8t) 6D 154 5A 12F 21F

14C 2D l lA 204 8A 17F 5F

l0F l9c 7D 164 4A 15F IF

l5c 3C 12A 214 9A IBF 6F

l lc 20c 8C l7A 5A l4E 2F

16C 4C l5A IA 104 19E

12C 21C 9C l8A 6A t 5E 3E

17C 5C t4G 2A I lE 20E

l5c lc t0c t9G 7A l6E 4E

l8c 6C t5G 3G 128 218

148 2C I tG 20G 178 5E-

l98 7C l6G 4G 138 IE

l58 5B 12G 21G 9G l8E 6E

208 BB 17G 5G l4D 2E

168 4B l3G IG 10G l9D 7E

218 9B l8G 6G 15D 5D

17 5B 14F 2G llD 20D 8D

1B l0B t9F 7G l6D 4D

l88 6B 15F 3F 12D 21D 9D

2B 118 20F 8F l7D 5D

194 7B l6F 4F l5D 1D t0D

3A 12F 21F 9F 18D 6D

204 BA l7F 5F 14C 2D ilA
4A 15F 1F 10F 19C 7D

Flg. 2 Fleld layouf of fhe honeycomb deslgn ln fhe Ff
generatlon.

Letters wlth 7 or multlplos of 7 represonf Glenlea
p lants.

9C

I

1F

8E

9E

10E

llB

128

l5B

l4A

154

t6A

N ote
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to be advanced to the F4 yield test. The most critical

cri teri on was gna'i n yìeld. A p'lant had to yieìd more than 19

grams 'i n order to provìde enough seed f or the t 4 yield test

and for protein analysis. Grain yìe1ds were veny depressed

in 1981 compared to the yìeìds of tZ pìants in the previous

year. Thj s meant that there were no sel ecti ons from Some

I j nes , wh'i I e othens contri buted more than one progeny to the

F 4 yield test (see Appendix Table 4). l¡ljth such depressed

y'i eìds it was not poss'i ble to select for extremes in h'i gh and

I ow yì el ds as was the case i n the t Z generat'i on. The smal I

selection d'i fferentìal (i.e. F3YLD of h'i gh and low selec-

t'i ons) in this genenation could have affected nesponse to

sel ect'i on i n the F3 generati on. Hi gh y'i el dì ng p1 ants were

obtai ned f rom F3 l'i nes that were ori gì naì ly sel ected f or

h'i gh yìe'l d 'i n the tZ generation and conversely, ìow yield-

i ng p I ants were sel ected f rom I i nes that were o¡i g'i nal I y

sel ected f or I ow yì el d 'i n the F Z. A total of 135 pl ants

was sel ected.

The characters measured i n the F3 generatj on are gi ven

'i n Table 4.

3.I.3 t 4 generatì on

135

the

was

The F 4 yì e'l d test sown 'i n the summer of I98? i ncl uded

lines from F3 sìngìe plant selections, I entries from

two composìtes and the cultivar Glenlea' Because there

an abundance of seed aVa'i ì abl e f rom each composi te, jt
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TABLE 4 Characters measured in
honeycomb desi gn.

F3 generation in the

Character+
Un'it of

Measu rement Abbrevi ati on

Fe famiìy grain
' obtai ned as t

F3 ProgenY of

Fa famjly t'i ller
'calculated as

number of ti I
F3 ProgenY of

i el d
e avera
each tz
numbe r
the avera

lers for a
each tZ l

gv
h

ge
ll
ì ne

alculatedplant height
iry of each

F3FYLD
g eof

I i ne.

F ilv
the
al I
l'i ne

3
fam
AS
of
F2

f am'i I
spi ke
avera
aì I F

r2li

v

g
o
e

e

v
d

I d pe
rom t
r spìf eac

F3FTILL

F3FHT

F3FYLD/S

F3YLD

F3YPC

F3YADJ

F3YPTR

F3TILL
F3HT

F3YLD/S
F 3TKtd

F3PRO

hei ght c
average
F3 proge

cm

g

F le
f

pe
o

gral n
btai ne
yì eì d

progen

t"

he
ke
h

p'l a nt
yi e1d o

g
3

Gra'i n y'i eì d of
adiusted bY
grai n yì el d
six plants

of
3
n

v

F3 pìant grain Y'i eld

Gra'i n
AS
pl

expressedf a check
vi el d of each
ä percent of

a nt

each sel ected P1 ant
subt racti ng the mean
of the surround'i ng

I

Gra'i n yi el d of each sel ected
exp-ressed as . a- qerçelP of
meän graì n yì e1 d of three
check pì ants

F3 number of ti I 1 ers
F3 plant height
F3 plant grain Yield Per :P
F; thousand kernel weì ght++
Fa grain protein content
' at 14% mo'i sture

p'l ant
the
nearest

i ke
cm

g

g

*The chanacters F3YLD, F3TILL, F3HT 'F3PR0T were measured on i ndi vi dual
rnlere to const'itute the ent ri es i n t

Because of I'i m'itat'i on on the amount of
kernels were counted and weìghed. This
multiplìed by 10 to obtaìn the thousand

F3YLD/S ' F3TKt'J, and
F3 p'lant selectjons that
he t4 yieìd test"

seed, only 100
we'i ght was then
kernel we'i ght.

++
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was dec'i ded to enter each composite 'i n the y'i eìd test 'in

quadrupl ì cate 'i n order to better samp'le the yì el di ng abi I ì ty

of the two composites. Therefone, each composite l¡Jas sampled

foun t.imes and each of the samples t,tas cons'i dered as an entry

ìn the y'i eld test. In all, I44 ent¡i es were included jn a

yìeld tri al.

The experiment was replicated four tjmes w'ith I? incom-

plete blocks and tZ entrjes per incomplete block, 'i .e. a 12 x

12 quadruple latt'i ce desìgn. Because of the limjtat'i on on

the amount of seed f rom s'i ng'l e pl ants, s'i ng'l e row pì ots were

used per entny per replication. The singìe row pìots were

2.4 m (8 f t. ) ì ong and the seed'i ng rate used was 150 seeds

per row. Each row was bordered on both s'i deS by a row of M1,

a semi -dwarf Gì enl ea va ri ety. The pu rpose of borderi ng each

entry row w'ith a common dwarf vari ety was to provi de un'i f orm

competitì on for al I entri es.

Preharvest data col I ected ì ncl uded hei ght and number of

days from seedl i ng emergence to headi ng for each entry.

At maturity each entry row was harvested' placed 'i n

cl oth bags and was d¡i ed. t^Jhen dny, each plot was then

threshed separatel y and fu rther characters measu red wh'i ch are

shown in Table 5.

The c'l imat'i c cond'it'i on during the growjng season in I9Bz

were excel I ent for wheat devel opment. There vvaS an earìy

f rost i n September whi ch f ortunateìy d'i d not af f ect the

experi ment.
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TABLE 5. Chanacters measured ì n the F+ Yi el d tri al '

Characters
Unit of

Measurement Abbrevi ati on

Grain yìeld
Pl ant hei ght
uavi to hãadìns I

Grain protein co'ntent
Protein yieta ll
Test wei ght
Thousand kernel weight

g

cm

F4YLD
F4HT
F4DH
F4PROT
F4PYLD
F4TEt,l
F4TKt^l

1u' '
g

kg/hl
g

I Oavs to headi ng were cal cul ated from the day when

'S07,-of the seeãlings had emerged after planting tq
more than 50% of tñe plants in each row had headed

more than
when
or

p rodu ced
P rote'i n y
y'i e1d by

sp
'i e
rh

ìkes.
ld was calculated bY multiPlYìng
e grai n protei n content for each

each grai n

plot.

3.2 STATISTICAL ANALYSIS

3.2"r Intra-qenerati on cof'relations and reqressi ons

simple correlatìons and multiple regress'i ons l¡,ere done

to i nvesti gate the rel at'i onshi ps among F 2, F3' and F 4

vari abl es. Further i nformati on on the ì nterrel ati onshi ps

among the characters studi ed was obtai ned by path coeffi c'i ent

analyses of the phenotyp'i c correl ati on coef f ici ents (Puri et

â1., Ig82, Dewey and Lu, 1959, L'i , 1956)'

3 .2.2 Inter-qenerat'i on correl atì ons and reqress'i ons

In order to invest'i gate relat'i onsh'i ps

ters acnoss dì fferent generatì ons , si mpl e

among the charac-

correlations were
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cal ul ated between F, and F3 characters, t Z and F 
4

characters and between F3 and F4 characters. cornel ati on

coeffì ci ents between si m'i I ar chanacters from dì fferent gener-

at'i ons gave esti mates of heri tabi I i ty i n standard uni ts f or

the characters concerned (Frey and Horner, 1957 ).

To j nvesti gate the f uncti onal rel at'i onshi ps between F4

mean gra'i n yields and FZ and F3 characters, also the

functi onal rel ati onshi p between F3 fami ìy graì n yì e1 ds and

FZ s'ing'le plant characters, a stepwise muìtip'le regression

anaìysi s waS used. Stepwi se mu'lti ple regressi on ana'lyses

were ì mpontant 'i n 'i dent ì f y'i ng whì ch F Z and F3 characters

wene i mportant 'i n detenmì nì ng y'i el ds of F4 ent rì es. Gnai n

yie'l ds of F4 pnogen'i es were used as the dependent vari able,

whj I e the t Z and F3 chanacters were consi dered as

'i ndependent varjables ìn each model. Stepwise multiple

regressj on was al so used to determi ne whi ch F Z characters

were i mportant ì n determi ni ng F3 f ami ìy grai n y'i el ds.

The sel ecti on cri teri on used i n the stepw'i se mult'i ple

regression Was the maximum RZ improvement variable selec-

tion technìque (MAXR) developed by Goodnight (1982). This

selection techn'i que beg'i ns by findìng the one variable model

producing the highest R2. After the one variable model has

been f ound, then another vari abl e, the one that woul d y'ie'l d

the greatest jncrease 'i n R2, is added. To get a three

vaniable model, each of the variables in the model is compar-

ed to each varì abl e not i n the model . The MAXR pnogram
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determines various variable switches and addìtions that would

yi e'ld the I argest ì ncnease ì n the R2. Thì s process of com-

parisons, switching and add'itions of variables 'is continued

unt'i I all the vari ables 'i n the modeì are jncluded. This way

varjables that are 'important jn exp'lainìng the variation

observed j n the dependent var"i abl e (F3FYLD and F4YLD) can be

ident'i fied.

3 .2.3 Anal.ysìs of vari ance

The t4 yield test data was ana.lysed as a 12 x 12

quaclrupìe lattjce design wìth four replicatjons (Cochnan and

Coxo 1960), us'i ng a LATANAL computer program. Various com-

pari sons of perfonmance among entri es (Steel and Torri e,

1980) were done to determi ne the response to sel ect'i on.
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4. RESULTS AND DI SCUSSION

4.1 T2 GENERATION

Data col I ected on the FZ sel ecti ons are presented 'i n

Appendì x Tabl e 1. Tabl e 6 bel ow presents means and nanges of

the tZ measurements. The two sel ecti on groups (i .e. h'i gh and

I ow y'i el di ng ) were sel ected f or extreme di f f erences 'in graì n

y'i e1 d. H'i gh y'i el dì ng t Z s'i ngl e pì ant sel ecti ons on average

produced mone than four t'i mes the y'ie'l d of ìow y'i eldings Fz

Select'ions (see Table 6). Despite the great dìfferenccs'in

the graì n yì el ds between hi gh yi el dì ng and I ow y'i el d'i ng t 2

sel ecti ons , there was very I i tt 1 e di fference between the two

groups .i n kernel weight, grain yìeld per spìke, hanvest

'i ndex, grai n p ¡otei n, and pl ant hei ght. 0veral I , however '
hi gh yì el di ng sel ecti ons exh'i bi ted superi or'ì ty i n the charac-

ters measu red over I ow yi el dì ng sel ect'i ons. An exceptì on was

'i n the case of grai n prote'i n whereby I ow y'i eì di ng sel ecti ons

had a h'i gher overal ì gnaì n protei n content than di d the'i r

h'i gh y'i eì di ng counterparts (Tabl e 6 ). The expressi on of

n¡^in nnnlnin ¡nntont hrr thp two orôuns is in aoreêment wìth
vl q ¡ll Pl \rt,glll vvlluurrv

the commonly observed rel at'i onshì p between yi e'l d and prote'i n

content, i.e. that graìn yield ìs 'invensely related to pr0-

tei n content (see Grant and McCal I a, 1949; Mal I och and

Newton, 1934; Schl ehube¡ and Tucker, 1959; Sunderman et âl .,

1965; Hsu and Sosu'l sk'i , i969; Baker et ôl . , 1968 ).



55

TABLE 6. Means of characters npasured on F2 single plant selections.

H Yleldln

113.1111.199

44.81+0.627

218.01+16.129

45.66+1 .482

171.34+3.920

52.48+0.954

2.1932+0.037

236.75+î¿.854

47.91+0.448

1 5.61 10.086

91.22+0.873

Low Ylel dln Selectl
V iab le

F2YLD

F2TKW

F2YPC

F2YADJ

F2YPTR

F2T I LL

F2YLD/S

F28YLD

F2tll

F2PRO

F2Hf

89. 60- 1 58. 20

51 .70-57.50

1 28.90-857.0

20.50-79.16

120.67-329.80

57-80

1.16-2.83

162.90-291 .40

39.70-64.20

I 2.08-l 5 .61

81.00-1 16.00

24.86+0.553

37.13!0.968

34.73!-1.598

-47.05! "68

55.05+1 .08

22.10!1.O92

1 .26+0.065

71.79+3.558

37.18+1 .274

14.91!0.222

86.19!1.453

17.1-32.00

23.U51.20

18.93-69.20

-21.90-73"80

22.27-54.72

1 0-48

0.43-2.46

39.7 -156.50

t1 .7-50.20

12.47-19.06

62.00-104.00
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4.1.1 S'imple Correlations and Path Anal vsi s

An j ntra-generati on s'i mpìe correl ati on analys'i s y¡aS

conducted among tZ chanacters in order to study correlations

between these characters. Tabl es 7 and I present correl ati on

coeffi ci ents between di fferent characters. The connel ati on

coeff icients in Table 7 neveal that single plant gr"ain y'ie1d

was hj ghly conrelated with total pìant productì vìty' or

bi ol og'i ca'l yi eì d.

Tabl c 7 Si mp'le correl ati ons between Fz

and other" charactens measuned
populat'i on.

sìngle plant yields
on the entìre Fz

Character f"

F 2TKt¡l

F2TILL
F2YLD/S
F 2B YLD

F2HI
F2PRO

F 2HT

0.551**
0,882**
0.795**
0.969**
0.641**

-0.488**
0.491**

**Indicates sign'i ficance at the 0.01 level of pr"obab'i 'l 'ity.

These results indicate that the larger, more vigol^ous tZ

p'lants tended to produce the most grain yield as reflected in



TABLE B. lnter-character correlations among characters measured in the F2 generation.

F2TKW F2YLD F2TI LL F2YLD/S F2BYLD F2HI F2PRO

F2TKW

F2YLD

F2T I LL

F2YLD/S

F2BYLD

FzH I

F2PRO

FzH'I

0.55 1** o"273xx

0.882xx

0.721xx

0.795*x

0"440*x

0.4B9xx

0.969xx

0.9.l6x*

0.703**

0.48 l*x

0.64 lxx

0.568xx

0.777xx

0.454*x

-0"264xx

-0.488xx

-0.329xx

-0.5 19x*

-0.455xx

-0.437xx

FzH.f

0.507*x

0.491*x

0.523xx

0. æ8xx

o.575xx

-0.002

-0. I 13

xxlndicates significance af the 0.01 level of probabi I ity.

(¡
!
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the positìve sign'i ficant correlatìon of grain yie'l d and plant

he.i ght. Gra j n yi el d was al so posì ti vely h'i ghly cornel ated

w'ith the three yiel d components, 1000-gnai n wei ght, number of

spìl<es per plant (as repr"esented by the number of tì lìers),

and grain yield per spìke. Grain yìe'ld also exh'ibited a

strong pos'itive cornelat'i on with hanvest 'index (0'64)' The

positìve conrelation between hanvest'index and grain y'ield in

a gi ven gener"at'i on of pl ant materi al conf i rms the results of

chaudhary et al. (Ig77) in hjs stud'i es w'ith wheat. As

expected, gnai n protei n content was negat'i vely correl ated

wjth grain yield (-0.49). All other jnter-chanacter correla-

tions (see Table B) were sign'i ficant except for the correla-

t'i ons between prote'i n content and p'l ant hei ght, âñd between

harvest jndex and plant height whjch wene nonsìgn'i ficant.

Pro'bei n content was negati ve'ly correl ated with al I other

chanactens.

Correl ati ons between gnai n y'ieì d and its components and

between yi el d and other characters, measure mutual rel at'i on-

sh'i ps wìthout presumptìon of causation. Though this infonma-

t i on i s i mportant, a breeder needs more i nf ormat'i on on how

earìy genenati on yi el d exp¡essì on j s d'i rectìy or i ndi rectly

col.r.elated w'ith othen p'lant characters measured in any parti-

cular gene¡ation. This information is important in explaìn-

ìng the per"formance of the advanced lines (in this case the

t4 lines). It ìs interesting to the breeder to determine how

the y.ieìds of advanced lines seeded at commercial seeding
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rates are i nfl uenced by early generati on characters ' Know-

ledge of the way ìn which these early generat'i on characters

are related in a cause and effect manner, and how they in-

fluence advanced generation yìe1d would aid the breeder in

deci d.i ng wh'i ch character (s ) to use as h'i s sel ect'i on cri -

teria.

Path coeffi cì ent analysì s pnov'i des an effecti ve means of

untangling direct and'i ndirect causes of assoc'i ations between

charactens. It permi ts an i ni ti al exami natì on of the speci -

f ic f orces act'i ng to produce a gì ven conrel atì on and meaSu res

the relative impontance of each character (DeWey and Lu, 1959

and Li, 1968, 1975). In the present study, a path coeffjc-

.i ent anaìys'i s was conducted as descri bed by Dewey and Lu

(1959) and Li (1968, 1975) using F2 data to obtain further

i nf ormati on on the 'i nter-rel atì onsh'i ps among the vari ous

charactef-s. Gnai n yi el d was consi dered the resultant var j -

abl e and 1000-kernel we'i ght, numben of ti I I ens, gra'i n yi e'ld

per spì ke, b'i ol ogi cal yi el d, harvest ì ndex, grai n prote'i n

content and pìant height the causal varìables"

The dìagram shown 'i n Fjg. 3 facilitates the understand-

I Lt-- .-^+..F^ ^.F *t¡¡ ^âr!c^ ¡nd affoc.t- srrstem. The dOUble
I ng oì Lllg fldLul e ul ullE vquJs qrru vr I vvv

arrou.,s .i nd.i cate mutual associatìon as measured by correlation

coef f .i c'i ents and si ng'l e arrows rep resent dì rect i nf I uence as

measured by path coefficients. Table 9 presents a summary of

the dì rect and 'i ndì nect path coef f j ci ents of varì ous f actors

on graìn Yìeìd.
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TABLE 9. Path coeff I
single plan

clent analvs
t graln ylél

for F2 slngle plant characters upon F2ls
ds.

Tvoe of effect Coeff lclenf

T wel g

anu
or
6i
ha

0.030
0.055
0.036

hr (F2TK!'I)

mber of tll lers (F2T|LL), r12 P28
aln vield Der spike (FZYLD/S), r15 P5B
oloqlcal vìeld (F2BYLD), r14 P48
rveõt lndéx (F2Hl), r15 P58
oteln content (F2PRO), r16 P6B
ant height (F2HT) ' r11 P7B

18

nd i recf v

rect v

nd
nd
nd
nd

rect
rect
rect

a
a
a
a
a

ia
la
la
la
la
la

0.341
0.103
0.003
0.00 I

0.127
0.008
0.022
0.639
0.079
0.004
0.002

pr
pl

Number of tll lers per plant (F2TILL)
Direct. P28
lndireót via thousand kernel weiqht (F2TKW), r12 PIB
lndirect vla orain vield per solke (F2YLDls) ' r23 P3B
ind¡rect vla 6loloqlcal vìeld (F2BYLD)' r24 P48
lndirect vla harveãt lndex (F2Hl), r25 EÞB- -indlrect via protoin content (F2PRO)' 126 P68
lndirect vla þlant helght (F2HT), r27 PlB

Graln yield per spike (F2YLDIS)
Dlrect. P58
in¿ireót via thousand kernel welqht (F2TKW), rl5 Pl8
lndirect vla til ler number per pTant (F2TILL) , r25 P28
indlrecf vla bloloqical vleìd (F2BYLD), r34 P48
lndirecf vla harveSt lndóx (F2Hl), r55 P58
inðirect vla qrain protoín contenl (F2PR0), 136 P6B
lndlroct via þlant helght (F2HT) 

' r37 P7B

oolcal vl
ú i rect,
I nd I rect
lndi
lnd I
ndi
ndl
ndi rect v

0.697
0.01 4
0.117
0.0t 5
0.097
0.006

- 0.002

0.050
0"021
0.056
0.490
0.167

0.215
0.014
0.047
0.039
0.51 7
0.006
0.000 1

0.004
0.009
0.067
0.01 5
0.40 I
0.00 1

0.002

0.01 4

0.007
0"001

oB eld (
P4B

FzBYLD)

thousand kernel wel
tlller number per p
oraln vield oer spl
ñarvesf ¡ndel (F2l-ll
orain orotein conte
þlant height (F2HT)

rect
rect
rect
rect

qht (
Tant
ke (F
). 14
nÌ (F
, r47

F2TKW), r14 Pl8
(F2TlLL). r24 P28
TYLD/S),- r34 P3B
5 P5B
2PR0), 146 P68

P7B

Harvesf lndex (F2Hl)
Direct, P58
indlreét vla thousand kernel weiqht (F2TKW)
lndirect via flller number per pTanf (FzTlL
lndlrect vla qraln vleld pei sp'i ke (F2YLD,/S
lndirect vla 6ioloqïcal vleld (F2BYLD), r45
lndlrect vla qraln-protein contenf (F2PR0),
lndlrect via þlant helght (F2HT) 

' r57 P78

P6B
via thousand kernel weiqht (F2TKW)' r16 Pl8
vla ti I ler number per pTant (F2T|LL) , 126 728
vla oraln vleld pei sp]ke (F2YLDISI, 136 P38
vla 6ioloqlcal vleld lF2BYLD), 146 P4B
vla harveËt indóx (F2Hl ), 156'P5B
vla planf height (F2HT), 167 P7B

)

thousand kernei weiqht (FzTK!.j)' rÎ7 Pi8
number of fl I lers (F2TlLLl, r27 P2B
oraln yleld Der splke (F2YLDIS), r37 P58
6¡oloqlcal yield 1F2BYLD) , r47 P4B
harveËt indóx (F2Hl), r57 P5B
graln proteln contenl (F2PR0), 167 P6B

, rl5 P18Ll, r25 P28
), r35 P38

P4B
156 P68

content (F2PRO)nGra proto I n
i rect,
nd I reêt
nd i rect
nd I rect
nd i rect
nd I rect
nd i rect

D - 0.031
- 0.008
- 0.042
- 0.026
- 0.503- 0.094

0.00 1

P ant
D
I

I

I

I
I

I

helqht (F2HT
ireõt, P7B
ndlrect vla
ndirect vla
ndlrect vla
ndlrect vla
ndlrect vla
ndlrect vla

Res ldua I (X)a

a The resldual ls calculated uslng the
PxB = l-lPl 82 + e282 + P382 + PAB7 + P582

2P18r 12P28 + 2P18r "l3P3B + 2P18r14P48

2P18r 17P78 + 2P28r23P38 + 2P28r24P48

2P28r27P78 + 2P3B:34P4B + 2P38r35P58

2P48r45P58 + 2P4Br46P6B + 2P4Br47P7B

2P6Br67P7Bl

fol lowlng formula:
+ P6B2 + P7B2 +

+ 2P18r15P58 + 2PlBrl6P6B +

+ 2P2Br25P5B + 2P28r26P68 +

+ 2P38r36P68 + 2P38r37P78 +

+ 2P58r56P68 + 2P5BR57P7B +
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Path coef f i ci ent anaìysì s showed that bi ol ogì ca1 y'i e1d

had the ìargest di rect ef f ect on seed y'i eld (0'697)' Harvest

'i ndex and number of ti I I ers per p'l ant were second (0' 215 ) and

thi rd (0.128), respectì ve1y, ìn magnitude of dì rect effect on

grai n y'iel d compared to b j ol ogi cal yi e'l d, f ol l owed by graì n

yìeld per spike with a dir ect path coefficient of 0.051.

Al I characters except proteì n content had 1 arge posi ti ve

'i nd'i rect ef f ects on yì e1d vi a bi o'l og'i ca1 yì e1d ' Grai n pno-

teì n on the other hand had a ìarge negati ve 'ind'i rect ef f ect

via bìologìca1 yìe'l d. 0ther ìarge ind'i rect effects on yield

were those 0f 1000-ker^nel wei ght and gnai n y'i e'l d per sp'i ke

via harvest index. The 'i ndi rect ef f ect of protein on yìe1d

via harvest'index was also large but negat'ive (-0.094).

0ne thousand kernel weì ght had a smal I d'i rect posi ti ve

effect on yield" Its ind'i rect effect via number of t'i llers'

graì n yi e1d per spi ke, pl ant he'i ght and protei n were equaì ìy

smal I . Numbers of ti I I ers per pl ant had smal I i ndi rect

ef f ect via al I characters except biologìcaì yìeìd. S'im'i lar-

ly, graìn yield per spike had small posit'i ve djrect and posì-

t.i ve and negati ve i ndi rect ef f ects on graì n y'i e1d. Grai n

p rote'i n had a smal I negati ve d'i rect ef f ect on yì eì d and smal I

negatj ve and pos'i ti ve i nd'i rect effects. Pl ant hei ght on the

other hand had the smal I est overal I d'i rect and 'i ndi rect

effects on yie't d except for the large posit'i ve effect via

biological Y'i eld.
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It i s i mpontant to note that i n genera'l , negati ve 'indi n-

ect ef f ects on yi e1d were most'ly smal I i n magnì tude. These

negat.i ve f orces can, i n combi natì on n of f set much of the

influence on yield by d'i rect forces'

0n the bas'i s of the path coef f ici ent analys'i s, the va¡i -

able relationship 'i nvestigations in the t2 generation there-

fore, suggests that the bì ol ogì cal yi e1 d, harvest i ndex ' num-

ben of t'i llers per plant, and yield per sp'i ke are the most

i mportant yi el d determi nants for consi derati ons ì n the

selection process. Selection for these variables along w'ith

grain yield rathen than y'ield per se could const'itute the

crjtenia for the improvement of graìn yield in spring wheat'

It ì s i nterest'i ng to note that bi ol ogi cal yi el d, harvest

'i ndex, and ti I I er number are impontant f actors that af f ect

grain yield. l¡|hat makes this comb'i natjon'important is that

concomitant with the need fon a high harvest index is the re-

qui rement that a p'l ant devel op adequate vegetati ve matter to

support max'imum gra'i n yi e1ds. Al so the negati ve 'inf I uence of

grai n protei n content ind'i cates the impracticabi f ity of

sel ectì ng f or i mpr.oved y'ie1d and hi gh protei n content

s'imultaneouslY.

4.2 F3 GENERATION

F3 f ami 1y data are presented i n Append'i x

F3 yi el ds lvene veny much I ower colnpaned to

Tabl e 2, The

FZ p'lant graìn
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yìelds (Tab1e 10). The reduced grain yields of F3 could be

att r.i buted to envi ronmental effects as was evi denced from the

equally depressed yìelds of sìngle plants of Glenlea grown

along with the F3 popu'lat'i on. A possible further cause for

depressed F3 gna'i n yi el ds coul d have been a reducti on 'i n

heterosi s j n F3 compared to the FZ genenat'i on ari si ng f rom

selfìng.
Although the high y'i e1d'i ng selections y'i elded more than

f oun t'imes greater than the I ow yì el di ng sel ecti ons 'in the

F2, th j s extreme yi el d di f f erence was not repeated 'in the

progeny of the tZ sel ecti ons in the F3 generat'i on ' Al I hì gh

yi el d.i ng sel ectì ons , howeven, produced s1i ghtìy hi gher yi e'l ds

than both the I ow yi el di ng sel ecti ons and the check cultì var

Gl enl ea. Hi gh yi el d'i ng sel ecti ons f rom the crosses Gl enl ea x

NBi3l and Glenlea x Era y'i elded 12.I and i3.8%, respectiveìy'

more than the I ow yì e1 di ng sel ecti on from these crosses.

High yielding selections from both crosses yieìded only

slightly higher than Glenlea (4.2% for Glenlea x N8131 and

6.7% f or Glenlea X Era), whi le in both crosses ' low y'i elding

selections y'ielded below the check vaniety Glenlea by -7'0

and -6.2% for Glenlea x N8131 and Glenlea x Era, respect'i ve-

1y.

In summôfJ, the two sel ecti on groups yi el ded about the

same i n the F3 generatì on. However, it ìs ìmportant to

that these y'i el ds \¡lere f nom space-p'lanted p'lants and

averaged to obta'i n the yi el ds on a per pl ant basi s. 0n

not e

we re

th i s
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TABLE 10. Mean grain ylelds of Fi plants fron F2 slngle planf selectlons'

Yield
Classlflcation

Graln Yield++
(gm)

Number of
Planfs InvoIved

SE

Cross

Glenlea X N8131

G len lea X Nts 151

Glen lea X Era

Glenlea X Era

Glen lea+

Hlgh

Low

Hlgh

Low

Check

13.63

12.16

13.96

12.27

15.08

0.265

0.563

0.401

0.441

0.240

1655

764

991

1028

791

+

+

+

+

+

-Ïol.nlea ls a sprlng wheat varlety.
-'Overul I average graln yields per plant obtained from poo

graln yields ior-al I progeny oÍ F2 sl ngle planf selestlo
yleld classlflcatlon.

It
ns

ng single planl
for each croçs and
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basjs,a12.I%andi3.8%yÍeldadvantageofh'ighyie]ding
sel ecti ons mì ght appear to be of I i ttl e stati st'i ca'l si gn j f i -

cance. However, 'i f SUCh a perf ormance can be nepeated i n

subsequent genenations, these y'ield advantages could be quite

substantial when translated 'i nto tons per hectare under

commercial field condit'i ons.

4.2.1 Simple Correl ati ons

simple correlations among F3 variables (Table 11 ) show

average graì n yÍ el d i n F3 to be hi ghly correl ated to graì n

y.ie1d per spike and t'i I ler number per p1ant. Grain yield was

alSo signìficant'ly correlated to plant height. These corre-

lat.i ons between F3FYLD and F3FTILL, F3FHT and F3YLD/S are

cons ì stent wi th those observed 'i n the FZ genenatì on ' The

number of t'illers per p'lant was negatively correlated to

gra.in yield per spike, 'indicating that those plants that

t.i I I ered rel ati vely wel I tended to have lower kernel we'i ght

per sp'i ke due to a compensati ng ef f ect between the two y'ie1d

components.

Tabl e 11: Sì mpl e cornel ati ons among F3 fami ìy characters '

F3FYLD F3FTILL F3FHT F3FYLD/S

F3FYLD
F3FTiLL
F3FHT
F3FYLD/s

0.431** .250**
,109

,712**
.27 3**
.348**

0
-0

0
-0

0

**Ind'i cates sìgn'i ficance at the 0.01 level of probability'
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An i nter-generat'i on si mpì e correl at'i on analys'i s was con-

ducted to study the rel atì onshi p between F3 famì ly yi el ds and

FZ characte¡s" The anaìysìs revealed that F3 family grain

yi el ds were si gnì f i cantly correl ated wjth al I tZ characters

(Table 12). The cornelation between F3 famì'ly gra'i n yield

and the grai n yì eì d of the'i r t2 parentaì p'l ants was posi t j ve

and si gn'i f i cant. The magni tude of the correl at'i on coef f i -

ci ent of F3FYLD-F2YLD neveal ed that there were some h'i gh

y'i eìding tZ select'i ons that performed relatively poorly in

the F3 generat'i on, and convensely, some low yìelding tz

sel ecti ons yi el ded rel ati vely weì ì i n the F3 generatj on. It
i s i mportant to note al so that the F3FYLD-FZYLD cornel ati on

c0effic'i ent is also a heritabilìt.y estimate 'in standard unjts

(Frey and Horner 1957 ). The correl ati on coeff i ci ents between

F3FYLD and F2YPC, FZYADJ and FZYPTR were posìt'i ve and larger

than that between F3FYLD and FZYLD. These correìat'i ons 'indi -

cate that the honeycomb fìeld stratìficatìon technique in the

t Z generatj on was effectì ve.

Table I?: I nt e r-gene rat i on s i mp 1e
betweeñ F3 famì 1y yi äl ¿

correl a
s and Fz

ti on coef f i ci ents
pìant characters.

Character r

17*
15 **
4 3**

81*
44*x
39**
29**
05**

T KI,{
YLD
TILL
YLD/S
BYLD
HI
PRO
HT
YPC
YADJ
YPTR

75**
83**
60**

0,2
0,3
0.2
0.2
0"2
0"2

-0" I
0.2
0.3
0.3
0.4

F2
t?
t2
t2
F2
F2
F2
F2
t2
F2
t2

* **Indi ca
probab

tesil'i
s'i qnificance at

ty Éespecti vely.
the 0.05 and 0.01 levels of
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F3 f ami ìy graì n yì eì d was negati vely correl ated w'ith

protein content (-0.181), iust as was the case jn the jntra-

generati on correl at'i on i n the t2" The compl ete array of

calculated F2-t3 inter-generation correlat'ion coefficients is

pnesented 'i n Table 13 in which heritabì'l ìty est'imates as

measured by such coeff ic'i ents are underl jned. The results

show that pl ant he'i ght

and hence would be the

had the h'i ghest herìtabìlity (0.678)

measu ned to i mprove

was second highest

yield third (0.315)

through sel ecti on.

four family characters

Gra j n yi e1d per sp'i ke

heritable character (0.478), plant

and ì astly number

eas i est of the

(0.270). From

ers per plant

t'i on and hence

breeding.

these resuìts, it appears

is greatly 'i nfluenced bY

of tillers per

that numben of

envi ronmental

gral n

plant

ri I I -

vari a-

would be veny difficult to improve through
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TABLE I5. lnter-generallon correlatlons between F5 faml ly
characters and F2 plant characters.

F5FYLD FSFT I LL F5FHT F5FYLD/S

F2TKll

F2YLD

F2YPC

F2YADJ

F2YPTR

F2T I LL

F2YLD/S

F2BYLD

F2HI

F2PRO

FzHT

0.217x

!_ffI*
0.539x*

0.32gxx

0.405xx

0.243xx

0"275x*

0.2g3xx

0.260xx

-0.18'l*

0.244xx

-0.586x*

0.118

0.5 1B*

-0.029

0. lBl

o:-2J9-**

-0.098

0. t40

0.059

-0. !06

0.008

0.307**

0"215x

0.004

-0.023

0.236

0" 1 76*

0.19'l*

0.265x*

-0.029

0.175x

0.679x*

0.567x*

0.354x*

0.155

0.466*x

0.386*x

0.151

_0._4Jgr*

0.293xx

0.332*x

-0.212x

o.259xx

*, x*lndlcates slgnlflcance at the 0.05 and 0.01 levels of
probabl I lty respectlvel y.

Note underllned correlatlon coefflclents are equlvalent to
herltabllltles ln standard unlts.
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4.2.2 Stepwi se Mul t'i pl e Reqressi on

A stepw'i se multiple regness'i on analysìs was conducted

us j ng F3 f ami ìy yi e'l d as the dependent vari abl e and Fz

variables as 'i ndependent varìables" The multiple regress'i on

model employed was the fo'l lowing:

F3FyLD = b0 + btF2TKt't * b?FZYLD + b3F2TILL +

b4F2YLD/S + b5F2BYLD + bUF2HI +

b7F2PR0 + bBFZHT + b9FZYPC +

btoF2YADJ + bttF2YPTR
where b0 is intercept and bl to btt are partial

negress ì on coef f ì ci ents.

The stepwise multìpìe regression showed that the coeffi-

cient of mult'i ple determin'i at'i on (R2) did not increase

greatly with add'itions of alì vari abìes to the model (Table

t4). Rz ranged from L6.93% to 24.37%. ¡'¡'ith the addit'i on

of variables beyond FZYLD, the FZYLD partial regression

coef f ici ent became non-s'i gni f icantìy di f f erent f rom zero"

The results show that jn this model, TZYLD is the most

'i mportant variable sìnce it accounted for 16.83% of the total

vari ability observed in the F3 fam'i 'ly graìn yìelds, whìle the

'i ncl us j on of the other ten var"ì abl es i ncneased the R2 by

on'ly 7.54%. A combination of the variabìes F2YLD, F2BYLD and

FZHI generated an RZ of 21.11, thereby indjcating the

'i mportance of the three vari abl es i n account j ng f or a porti on

of the total F3 fam'i ìy yìeìd variabìlity.



TABLE 14. stopwlse multlple regresslon of F5 famlly graln ylelds on F2 planf characters.

I ntercepf
( b0)

b1 b2 b5 b4 b5 b6 b7 b8

11.45 0.020
F2YLD

11.92 0.047 -0.015
F2BYLDF2YLD

17.07

15"65

13.01

14.51

14.68

13.91

13.48

1 4.80

14.24

0.129
F2YLD

-0.05 1

F2BYLD

-0.048
F2BYLD

-0.045
F2BYLD

-0.042
F2BYLD

-0.04 t
FzBYLD

-0.040
F2BYLD

-0.057
F2BYLD

-0.025
F2BYLD

-0.025
F2BYLD

-0.024
F2BYLD

-0.125
F2H I

b9

0.00 1

F2YPC

0.00'l
F2YPC

0.00 1

F2YPC

0.00 1

F?YPC

0.00 1

F2YPC

bt0

0.014
FzYADJ

0.01 5
F2YADJ

0.009
FzYADJ

0.009
F 2YDJ

bl! azfi

0.\23
F2YLD

0.1t I
F2YLD

0.104
F2YLD

0.055
F2TKW

0.03'l
FzTKvl

0.050
FzTKW

0.054
FzTKv'l

0.030
F2TKW

0.038
F2TKl¡l

0.04 I
FzTKv'l

0.039
F2TKv'l

0.059
F2TKW

-0.123
F2AI

0.099
F2HI

0.021
F2H1

0.027
F2H1

0.023
F2HT

0.025
F2H1

0.026
FzH-I

0.026
FzH-I

0.027
Fz|r

-0" 00 1

F2YPIR

16.95 xx

19.16 *x

21.11 xx

22"05 xx

22.60 x

23.21 x

23.52 x

23.65

23"71

24.32

24"37

24.37

-0.095
F2HI

-0.099
F2HI

-0.098
F2HI

-0.136
F2PRO

-0.130
F2PRO

-0.11 'l

F2PRO

-0.126
FzPRO

-0.132
FzPRO

-0.120
F2PRO

-0.120
FzPRO

0.100
F2YLD

0.096
F2YLD

0.09 1

F2YLD

0.105
F2YLD

0.'103
F2YLD

0.105
F2YLD

-0.072
F2T I LL

-0"269
F2YLD/S

-1 .84 1

F2YLD/S

-1.793
F2YLÐ/S

-1.791
F2YLÐ/S

0.045
F2HI

-0.085
F2tlt

0.025
F2HT

-0.070
F2T I LL

-0.070
F2T I LL

-0.044
F2Åt

-0.045
F2HI

.00'l
2YPC

0
F14"16

x, x*lndtcates stgntflcance at the 0.05 and 0.01 levels of probabtllty, respectiveiy.
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4 "2.3 F3 Si n 1 e Pl ant Sel ecti ons

Si ngl e pì ant sel ect'ion was done 'in the F3 generati on to

obtaìn F4 l'i nes for a yield trial. Data colIected from the

F3 ind'i vidual plant selections are presented jn Appendix

Table 3.

Results of s'imple correlation anaìyses among Variables

measured on F3 ind'i vidual plant selections 'ind'i cate positive

cof.rel ati ons between i ndi v j dual pl ant y'ie'l ds (F3YLD) and al l

other characters measured on the F3 single pìants (Table i5)'

F3YLD was pos'itive'ly and significantly correlated to the

yi e1 d components F3TILL, F3YLD/S and F3TKþl, As obsenved i n

the tZ genenation, F3 grain yield was positive'ly correlated

with pìant height, a'lthough the s'i ze of the correlation coef-

fjcient value was small (0.275). The cof"relation between

F3YLD and F3PR0 was posì ti ve but non-s'i gn'i f icantly di f f enent

f rom zero, a departure f rom the si gni f i cant negat'i ve cornel a-

tìon coefficient for these same two variables as observed in

the FZ generat'i on. Number of spikes per plant as represented

by F3TILL was posi ti vely correl ated w'ith F3HT j ndi cati ng that

tal I er pl ants tended to have more ti I I ers than shonter

p'l ants. Pos'i ti ve but non-si gni fi cant correl ati ons were ob-

tai ned between sp'i ke numben (F3TILL ) and protei n, between

p'l ant hej ght and y'i e1 d per spi ke and 1000-kernel we'i ght.

S'im'i larly, yield per spike was posìtively assoc'i ated with

1000-kernel we'i ght. Ti I t er number howeven, exhi b'ited a nega-

t.i ve association with both yield pen spike and 1000-kennel
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TABLE 15. simple correlattons among characters neasured on lndlvldual F5

plant selectlons.

F3YLD F5T I LL FSHT F5YLD/S FSTKW F5PRO

F5YLD

F5T I LL

FSHT

I. JY LDlS

F5TKW

F5PRO

0.425xx 0.275xx

0.230xx

0.469x*

-0.564xx

0.008

0.456xx

-0.247xx

0.055

0.6291(l(

0.024

0.150

0.204x

-0.128

-0.188r(

x, xxlndtcates s!gnlflcance at the 0.05 and 0.01 levels of probablllty
respectlvelY.
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we'i ght. The negatì ve conrel ati ons among the yi eì d components

(F3TILL, F3YLD/S and F3TK!'l) showed compensatory effects wh'i ch

would make 'i ndi rect selection f or yield us'i ng these yìe1d

components difficult to achieve (Adams, 19671' Grafius et al;

Ig7 6 and Bhatt , 1980 ) .

A path coefficjent analys'i s was carried out to investi-

gate the d'i rect and i ndj nect effects of vari ous factons on F3

i nd'i vi dual pì ant grai n y'i e'l ds.

The maxi mum d'i rect ef f ect toward grai n y'ie'l d was shown

by number of tillers per p'lant (F'i g 4; Table 16). Number of

tillens per- p'lant also contributed positively through pìant

hei ght and grai n proteì n content. Thnough gra'i n yi e'l d per

ti I I er and 1000-kernel wei ght, the character number of t'i l -

lers per pìant contributed negatively. Gra'in y'ieìd per spike

had the second l argest di rect effect on gnai n yi el d. Indi -

rectly, graìn yield per spìke had a str"ong positive effect

toward grai n y'ie'l d vi a 1000-kernel wei ght and a smal I posì -

t i ve i nfl uence vi a pl ant hei ght, However ' i ts i ndi rect

ì nf I uence on yi eì d vi a numben of t'i I I ens per pl ant was nega-

t'ive" Plant he'ight, 1000-kennel we'ight and gra'in prote'in

content had mìnor positi ve inf luences on grain y'i e1d. The

magn.i tude of thei r i ndi rect ef f ects were al so smal I ' The

results of th'i s analysìs'indicated that the yìe'l d components'

numben of tiIIers per plant and grain y'i e1d pen spìke' are

ì mportant factors 'i nfl uenci ng s'i ngl e pl ant gra'i n y'i el d,

furthermore, that an ear'ly generat'i on prognam for the
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TABLE 16. Path coefflclent analysls for Ff lndivldual plant varlables upon

F5 lndlvidual plant Yields.

Type of effect Coeff lclent

Number of tll lers per plant (FSTILL)

Direct, Pl6
lndlrect vla plant helght (F5HT), r12 P26
lndirect vla graln yleld per splke (F3YLD/S), r13 P56

lndlrect vla ÍOOO - kernel welght (F5TKW), r14 P46
lndirect vla graln proteln conlent (F3PRO), r15 P56

Planf helgh+ (FIHT)

0.994
0.007

-0.547
-0.023
0.004

0.030
o.229
0.008
0.001
0.006

0.064

0.032
0.129
0.006

-0.124
-0. 01 I

irect, P26
ndlrect vlo number of fll lers por plant (FSTILL), r12 P16

ndirect vla graln yleld per splke (FJYLD/S), r23 P36
ndlrest vla ïOOO - kernel welghf (F5TKW), r23 P46
ndirect vla graln proteln contenf (F3PRO), r25 P56

Graln yleld per splke (F5YLDIS)

Direcf, P56 0'969
lndlrecf vla number of tillers per planf (F5TlLL), r13 Pl6 -0.561
lndirecf via planf helghl (F5HT), r23 P26 0'000
lnOtrect vla 1OOO - keinel welght (F5TKW), r34 P46 0'060
lndirect vla graln proteln content (F3PR0), r35 P56 0'004

Thousand kernel welght (F5TKW)

Direct, P46 0'095
lndlrect vla number of tll lers per plant (FSTILL), r14 P16 -0.246
lndlrect vla planl helghf (F5HT) , r24 P26 0'001
lndlrecl vla graln yleid per splke (F5YLDIS), r34 P36 0'610
lndîrect vla lraln þrotelh conÎent (F3PRO), r45 P56 -0'006

Graln proteln content (F5PR0)

D

I

I

I

I

lrect, P56
ndlrecl via number of tll lers per plant (FSTILL), rl5 P16

ndlrect via plant helght (F3HT) ' r25 P2Q

ndlrest vla graln yleid per splke (FIYLD/S), r35 P36

ndirect vla ÍOOO -'kernel welght (F5TKW), r45 P46

D

I

I

I

I

Residual (X)b

b The residual ls calculated uslng the fol lowlng formula:

px6= l-tpl 62 + p262 + P362 + P462 + P562 + 2P16r12P26 + 2P16r13P36 +

2P16r14P46 + 2P16r15P56 + 2P26r23P36 + 2P26r24P46 + 2P26r25P56 +

2P36r34P46 + 2P56r35P56 + 2P46r45P561
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ì mprovement of y'i el d shoul d i ncl ude the sel ect j on f or y'i el d

components as wel I as for yi el d per se. However ' the FZ and

F3 path coef f icì ent analyses i nd'i cated that di f f erences in

envi nonmental effects al so affect the associ atì on of vari ous

tra'its wìth graìn

consistent'ly had a

both the tZ and F3

sp'i ke had a strong

F3 generat'i on"

y'ield. 0nlY

strong positìve

generations. In

di nect effect on

ti I I er number Per Pl ant

djrect effect on Y'i eìd in

contrast, gra'i n Yi eì d Per

gra'in yie'ld onlY jn the

4.3 F4 GINERATION

F4 I i nes sel ected from F2'deri ved F3 fami I i es were tes-

ted for their yìe'l djng ab'i ì'i ty. Not all tZ-selected lines

were advanced to the t4 yi eì d test. Some l'i nes wene dropped

at the F3 generat'i on stage on account of their poor perfor-

mance in that generation. Thus some F2-selected l'i nes were

rep resented more than once ì n the F4 yì el d test (see Append'i x

Tabl e 4 ). For thos e F2-der.i ved I ì nes that were retai ned and

included in an F4 yield testo onìy seed from sìngìe F3 plants

sel ected f rom t2-deri ved F3 f am j ì j es was used. Th'i s pr"oce-

du re reduced pl ant heterogenei ty wi thi n each l'i ne wh'ich wou I d

otherwi se be hi gh i f bul k seed of each sel ected fami ìy was

planted. Furthermore, usì ng progeny of si ng1 e F3 plants was

'i n keepi ng w'ith the practi ce fol I owed ì n actual breedi ng

(pedì gree) program. As a result, most of the F4 I i nes 'in the
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y'i el d test appeared uni f orm 'i n the f i el d wi th segregati on

being most noticeable wìthìn composite lines as expected'

The maior obiect'i ve of th'i s study was to ascertai n whet-

her early generation sing'l e pìant selectìon using the honey-

comb method l^Jas a rel'i abl e i ndex of the breed'i ng potenti al of

the selected p'lants. An F4 yìe1d test was important to

answer thjs questjon, the data from wh'i ch are presented in

Appendix Table 5.

4.3.I Analvsis of Variance

The t4 Yield

I att i ce des ì gn w'ith

test was analYsed as a

f ou r replications. The

d'i f f erences among

12 x I2 quadruPle

analyses of vari -

genotypes j n each

yi el d per Pl ot,
ance detected s'i gni f icant

s'i x traits studìed, namelY, graìn

protei n, prote'i n y'ie1d per p1ot, test weì ght, 1000-

heì ght (Tabì e 17 ).weì ght an d

order to

of the

grain

kernel

In

pl ant

'i dent'i fy possible s'i gnificant differences

among the yield selectìon groups ('i .e., hìgh yielding selec-

and the checkt'i ons, I ow yi eì di ng sel ect'i ons , composi tes,

varì ety Gl enl ea ) va¡i ous si ngl e degree contrasts wene cal cu-

'l ated (Tab1e 18). These contrasts were non-orthogonal '

Although it is recommended that 'in the plannìng of experi-

ments onthogonality should be strived for, under certaìn



TABLE I7. Analysis of variance of F4 entry grain yields, grain protein conlent, protein yield, test weight, lOoo-kernel weight and plant height'

Variables

F4YLD( q/p I ot) F4PROYLD( q ) F4TEWT( kq./h I ) F4TKWT( q ) F4HT( cm )

MS Fa MS MS MS MS MS
Source of Varialion df

__ _l-41'Lo-gl-- -

F F F F
F

Replications

Entr i es

Blocks (adjusted)

lntra-block error

Tota I

13155.752

5084.8i82

2095.Ct43

lr=0.0163329
C.Y.=14.15fi
R.E.=108.12f

1.355 9. l85xx

0.726

0.133

tt=O"0226651
C.Y.=2.82fi
R.E.=134.23%

19.105

8.584

3.394

lJ=o.01 6555 1

C.Y.=2.49f
R" E. = 1 08. 46Í

67.962

14.893

5"931

tJ=O.0167155
C.V.=6. t0f
R. E.= 108.78f

296.894

28.039

14.754

,r=0.01316 13
C.Y.=3.79%
R. E.= 104. l7l

3

143

44

385

575

5.662*x 222.207

102.157

34.191

5.6 t Bxx 5.364xx I 0.68 1 
xx 19.426xx

,l=0.0184790
C.\.=13.48fl
R.E.= 1 12.69fi

aAll F-rat¡os are adjusted F-ratios obtained by dividing the adjusted entry nrean squares by the intra-block íþan square'

xx,lndicafes significance at lhe 0.01 level of probabilify'

\¡
to
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condjtions an expeniment ìs more effect'i ve w'ith non-

orthogonal contrasts (Johnson, 1963).

The average mean pool ed grai n y'i el ds of al I hì gh y'i el d-

j ng sel ect.i ons were s'i gni f i cant'ly d'i f f erent f rom those of al I

I ow yì el dì ng sel ecti ons (Tab1e 18 ). S'im'i I ar compar j sons of

al I h'i gh yi el di ng sel ecti ons agai nst al I composi te I i nes, and

of all low y'i eìdjng selectìons against all the composite

I ì nes, gave stat'i sti ca1 ly sì gn'i fi cant grai n y'i el d di ffen-

ences. However, there was no si gni fi cant di fference between

eì ther the hi gh or I ow y'i e'l di ng sel ecti ons and the check var-

i ety Gl enl ea.

Compari ng the two crosses separate'ly, ìt was shown that

the h'i gh yieìd'i ng select'i ons c'l early outy'i elded low yielding

sel ect.i ons as wel I as the compos'i tes ì n each cross.

Table 19 gives overall mean grain yields for all the

yìe'l d selectìon groups for both crosses comb'i ned' The over-

al I mean graì n y'i el ds show that the hi gh y'i eì d'i ng sel ecti ons

general I y gaVe hi gh yi eì ds. However ' there was some 0ver-

lappìng among the high and low yìe1dìng selections (see

Appendix Table 5) 'i n terms of their t4 y'ie'l ds. Some low

yield.i ng F3 selections gave very hìgh yields in the F4 (e.g.

entry 76, whi ch outyi el ded Gl enl ea by 33%) " Conversely, some

high yielding F3 select'i ons yieìded poorly in the F4.

The compos'i te I ì nes produced I ow yì eì ds and y¡ere out-

yi e'l ded by both the hi gh and I ow y'i el di ng sel ect'i on groups '
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TABLE I8. Analvsls of varlance for F4 qra!n ylelds wlfh varlous
ä*páiiãoñ. anrong nlgh ylelding sálectlons, low yleldlng selectlons'
composttes, the check cultlvar, Glenlea.

Source of Varlatlon df ms F

Repl lcatlons

Entr I esc
Contrasts
TT1--h-ïffi vs a
All hlghs vs a
Al I lows vs al
All hlghs vs
All lows vs G

Glenlea X NBl
Glenlea X Nbl
Glenlea X NBI
Glenlea X NBI
Glenlea X NBt
Glenlea X Era
Glen lea X Era
Glenlea X Era
Glenlea X Era
Glenlea X Era
Glenlea X NBI
Glenlea X NBI

Blocks (adjusfed)

lnfra-block Error

Tota I

3

143 \3\55.752

ll lows
I I composltes
I composltes

176487.89
74168.638
1 9984 . 061

35'l .818
2822.200

61450.597
14394.524
74825.520

3234.275
0.867

39865.695
22387.653

2877.017
5204.235
9691.556

183153.279
't56!85.519

19.240 *x
j5.688 xtt
9.558 *x
0. 167
1.347

29.331 xx
55.509 r(x

I 1.849 x*
1.543
0.000

19.028 *x
10.686 **

1.373
2.484
4.625 x

87.422 xx
74.550 xx

Glen lea
lenlea
51 hlghs vs Glenlea X NBl5t lows
3! htghs vs Glenlea X NB15'l composlfes
5t loús vs Glenlea X NBl5l compæltes
51 hlghs vs Glenlea
51 lows vs Glen lea
hlohs vs Glenlea X Era lows
hllhs vs Glenlea X Era comPosltes
lows vs Glenlea X Era comPosltes
hlghs vs Glenlea
lows vs Glenlea

3t hlghs vs Glenlea X Era hlghs
5l lows vs GLenlea X Era lows

44

385

575

5084.882

2095.043

cAd¡usted treatment means were used ln calculatlng these non-orthogonal contrasfs.

r(-*rÊ Indlcafes stgntflcance at the 0"05 and 0.01 levels of probablllty respectlvely.
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TABLE 19. Overal I nean graln
and the check varl

ylelds for hlgh and low ylelding F4 selectlons, ocmposites
ety Glen lea.

Selectlon Group No. of Entrles Mean SE Range

Hlgh yield selecflons (H)

Low YIeld Selectlons (L)

Composlfes (Co)

Glenlea (check var.)

Response to selectlon I

Response to selection I I

(H-L)

(H - Co)
(L - Co)

lll (H - Glenlea)
(L - Glenlea)

71 352.65+6.24

316.43+6.92

289.96+10"22

343.21

255.29-411.59

218.28-455.62

255.39-344"93

64

I

1

56.22xx

62.69*x
26.47*x

Response to selecflon

**, lndlcates slgnlflcance at the 0.01 level of probabl llty.

Nofe: The yleld values lnvolved în calculallng fhe overall selectlon group rlÞans were

aOJuåled rneans of the entrles ln the yleld test. Each adJusted entry nBan was the
avórage yield over four repllcatlons adjusted for block effects'

9.44
-26.78
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The response to sel ect'i on was measuned us'i ng three

methods. The f i rst measu re of response was cal cul ated as the

di f f erence between the overal I means of the h'i gh and I ow

y'i eì d'i ng sel ect'i ons (Response I ). The second response ( I I )

was cal cul ated as the dj ffenence between both hì gh and I ow

yielding selections and the yie'l ds of the respect'i ve compos-

'i te l'i nes. The thi rd response to sel ect'i on ( I I I ) was the

di f f erence between hi gh and I ow y'iel di ng sel ect j ons and the

check cultivar, Glenlea.

Responses I and I I were both statj st'i cal ly s'i gni fì cant

(Tabìe 18)" High yieìding selections outyielded low yjelding

selections and compos'ites by LL"45% and ?L"6%, respect'i veìy'

Low yielding selections outy'ielded the composites by 9'I%'

The overal I y'ie'l d penf ormance of both the h'i th and I ow yi el d-

'i ng groups was not s'i gn'i f icantìy di f f erent f nom that of

Glenlea.

Exam.i nati on of the nesults of the two crosses separateìy

(Tabì es 20 and 2L) , shows that the hi gh yi e'l dì ng sel ecti ons

f rom each si gn'i f i cant'ly outy'iel ded both the I ow yi el di ng

groups and composi tes. However ' there wene observabl e di f-

ferences between crosses i n terms of the yì e1 d potenti al '

The cross, Gl enl ea X N8131, produced comparatì ve'ly more h j gh

y i e] d'i ng I'i nes than di d the cross ' Gl enl ea X Era ' Hi gh

yìelding select'i ons from Glenlea x N8131 yieìded 8.4% more

than Gl enl ea wh'i I e those f rom the Gl enl ea X Era cr0sS were on
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TABLE 20. 0verall mean grain yields of F4 entrles from the Glenlea X l.tsl5l cross.

Selection Group No" of Entrles Mean SE
(q)

Range

High yleld solectlons (H)

Low Yleld Selectlons (L)

Composites (Co)

Glenlea (check var.)

Response to selectlon I

Response to selectlon I I

Response to selectlon lll (

45

t0

371.96+7.33

342.7 4+10 "37

500.80+ I 8.79

343.21

249.10-451.59

222.71-455.62

255.39-344.934

(H - L) 29.22xx

(H - Co)
(L - Co)

71. l6xx
4 l.g4*x

28.75
-0"47

H - Glenlea)
L - Glenlea)

xx, indicates signlflcance at the 0.01 level of probabl I lty.

Note: The yleld values lnvolved ln calculatlng the overall selection.group rìeans l..lere

aO¡uåted means of fhe entrles in the yleld test. Each adjusted entry mean was fhe
avérage yleld over four repllcatlons adjusted for block effects.
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}q!g-¿L.overallmeangralnyleldsofF4entrlesfromtheGlenloaXEracross.

Selecfion Class No. of Entries Mean SE
(o)

Range

High yleld selectlons (H)

Low Yleld Selections (L)

Composltes (Co)

Glonlea (check var.)

Response to selection I

Response to selectlon I I

(H _ L)

Response to selecflon III (H- Glenlea)
(L - Glenlea)

26

34

319.26+7 .96

293.23+7.31

279.12+7.48

t43.21

255.29-408.47

218.28-401.77

261.55-297 .104

1

(H -
(L -

Co)
Co)

40.14xx
l4.l I

26.05xx

-23.95
-49. 98x

x,*x, lndlcates slgnlflcance at fhe 0.01 level of probablllty'

Note: The yield values lnvolved ln calculaling selectlon group means |{ere adjusled means

of the entrles ln the yleld test. Each-adjusted enÍry mean was the average yleld
over four repl lcaflons'adjusfed for block effects'
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the average 7.0% lowen yielding than the check cultivar

(response III).
Since, wjth only few exceptions, high and low y'ie1d'i ng

sel ecti on groups were non-si gn j f i cant'ly d'i f f erent f nom

Glenlea jn thei r overall t4 grain yieìd performance' one can

v'i ew thjs response ìn light of practical pìant breeding'

Glenlea is a very h'i gh yielding spring wheat varìety' Hence

ì n pract.i cal pl ant bneedi ng al l those l'i nes whi ch yi eì d equal

to on greater than Gl enl ea woul d be retaj ned fon fu rther

advance ì n a breed'i ng prognam' whi I e low yi eì ders would be

suspended from further yie'l cl test'i ng. Therefore, the total

numben of entries that yield equal to or gneater than Glenlea

compared to those that yi el d I ess than Gl enl ea pnovj ded

another measure of selection response, designated as IV

(Tabìe 22)"

Thus i f response to sel ecti on IV wene used as the bas'i s

f or netai n j ng 'l 'i nes i n a breedi ng program' the honeycomb

selection method would have resulted in 57.8% of the high

yieìding selections being reta'i ned. Among the low yieìd'i ng

selections, however, onìy 30.8% of the li nes would have been

reta.i ned. A si m'i I ar tnend 'is observed f or each cross. Thi s

measute of select'i on response also nevealed what had previ-

ous'ly been observed on the bas'i s of other sel ecti ve response

measures, i.e., that the cross Glenlea X N8131 contained a

greater proport'ion of h'igh yielding lines compared to 'bhe

Glenlea X Era cross" l¡l'ithjn the top yielding 20% of the t4
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f ABLE 22. Resoonse to selectlon lV measured as the total number oÍ F4 entrles ylelding
r'éã5-ïñãn Glenlea and those yleldlng equal to or greater fhan
Glenlea.

Entr i es vleldino < Glenlea Entrles vieldlno >- Glenlea

Selectlon GrouP
No. of
Llnes

%of
Group Total

No" of
Ll nes

lof
Group Tota I

All hlgh yleldlng selectlons

All low ylelding selections

Glenlea X NBt5l hlgh yieldlng solectlons

Glenlea X NBlSl low ylelding selectlons

Glenlea X Era hlgh yloldlng selectlons

Glenlea X Era low ylelding selectlons

30

45

13

14

17

50

41

20

32

16

9

4

42.25%

6e.23fi

28.894"

46.67í

65.38l

88.24%

57.75í

30.77%

71.11l

5t.33fi

34"62%

11.76%
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I'i nes f rom both crosses comb'i ned (rangi ng i n yi e'l d f rom

LI4.O2% to L32.75% of Glenlea), 19 of the total of 27 v\,ere

sel ected from the Gl enl ea X N8131 cross '

In summâFV, usi ng the honeycomb techn'i que, di vergent

select.i on for both h'i gh and low grain yields ìn the t2 and F3

generati ons waS effecti ve as measured by the F3 mean yi el ds

(Tab1e 10 ) and yì e1d tri al s of the sel ected pl ants 'in the F4'

As mìght be expected, there ¡¡as some over''l appìng in the t4

yi e1 d perfonmance of hì gh and I ow FZ and F3 sel ecti ons ' Com-

pos'ite lines f rom both crosses produced the lowest yields

cont rary to expectat'i ons that the.y m'i ght yì el d j ntermed j ate

between the high and low yìe1dìng selections. Probably four

entri es f rom each composite was not a 'large enough sampl i ng

of the yi el d potenti al of the two crosses '

These results are 'i n agreement with the f i ndi ngs of

Niehaus (i980) and Mitchell et al. (1982) who both applied

the honeycomb sel ecti on method wìth durum wheat ( Tri t i cum

Turqidum L. Var. durum).

4 .3.2 Simple Cornel ati ons

A s'imple correlatìon ana'lysis was conducted on F4 vari-

abl es to determi ne the assoc'i ati on between certai n agronom'ic

characters. The results'ind'i cated F4 yield to be negatively

and sìgnifìcantly cor¡elated with prote'i n content (Tab1e 231,

F'i g. 5). Thi s negat'i ve conrel at'i on only re-enf orces the

di f f ì culty of attempti ng to si multaneously 'improve gra'i n



89

TABLE 23. SimplecorrelationsamongcharactersmeasuredonF4yleldtestentries.

F4YLD F4PRO F4PROYLD F4TEW F4TKvi F4HT F4DH

F4YLD

F4PRO

F4PROYLD

F4TEI'l

F4TKW

F4HT

F4DH

-0.308xx 0.966xx

-0.064

0.483xx

0"214x

0.559xx

0.697|(x

-0.020

0.7 1 5*x

0.408x*

0.296xx

0. jg5xl(

0.4 I 3*x

0.409x*

0.456xx

0.016

0.226xx

0.09 I

0. 090

-0.094

0"n5xx

*x*t, indlcates signiflcance at fhe 0.05 and 0.01 levels of probability respectively.
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y'iel d and pr^ote j n content. The very strong conrel ati on be-

tween gra'i n y'i e1d and grain proteìn yieìd (r=0.97) is due to

the f act that pnotei n yì e1d as a varì abl e 'i s cal cul ated f rorn

graì n yì el d, al so because the range i n grai n protei n content

among entrìes waS nelat'i vely narrow' 'i .e. f rom approx'i mately

13% to sììght1y oven 15% (see Appendix Table 5). t4 graìn

y'ie1d was also sìgnificant'ly correlated with test weìght'

1000-kernel wei ght, and pl ant hei ght. The si gni f i cant con-

relat'i on of grain yield wìth plant height 'i s interest'i ng 'in

light of the popuìarity of commercial sem'i -dwarf varieties'

Thi s correl ati on i nd'i cates that tal I , vi gonous I i nes are h'l gh

yì e'l dì ng, pf ovi ded they al so have I odgi ng resi stance - The

number of days to harvest (F4DH), as a measure of earl i ness

of maturìty, wâs not sign'i ficantly cornelated with gra'i n

yi eì d. Thi s result i s not surpri si ng si nce entri es di d not

d'i f f er greatly in the'i r heading dates (Appendix Tabìe 5)'

Al I entrì es i n the y'i e1d test were earìy maturi ng whi ch was

refl ected by the fact that none of the I i nes was damaged by

the ear'ly fall frost wh'i ch occurred on August 27,1982"

Inter-generat'i on correl ati ons t,.tere cal cul ated between

characters measured on F4 I i neS and those of the'i r parental

F3 'i ndiv'i dual plant selections (Tables 24 and 25). The t4

mean grain yìeld was posìt'i vely correlated wìth F3'i ndividual

plant grain yìeld, adiusted individual plant grain yieìd, F3

p1 ant grai n yi eì d per spi ke, and F3 1000-kernel wei ght. The
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TABLE 24. lnter-generatlon slmple correlatlon coeff Iclents
between F4 llne mean grain ylelds and characters
measured on thetr parental Fi lndlvldual plant
se I ect lons.

Characters r

F3YLD

F5YPC

FSYADJ

I.JYPTR

F3T I LL

F5HT

F5YLD/S

F5TKW

FSPRO

gë!*
0.154

0.267xx

0.154

-0.240r+

0. 'l l0

0.456xx

0.4651+x

-0.069

*** ,

NOTE:

lndlcates slgnlflcance at the 0.05 and 0.0! levels
of probabl I lty, respectlvel Y.

under I lned correlafton coeff lclents are
equlvalent to herlfablllfles ln slandard unlts.



TABLE 25. lnter-generatlon correlattons among characters npasured on F4 entrles and thelr parental F5 lndlvldual plant
selecttons

F3YLD FSTI LL FSHT FSYLD/S F5TKW FSPRO F3Yrc F3YADJ F3YPTR

F4YLD

F4PRO

F4PROYLD

F4TEìl{

F4TK!'l

F4HT

F DH

NOTE:

o:233**

-0.040

0"234xx

0.230xx

0"20z.

o"244xx

0. l57x

-0.240*x

0.104

-0"215x

-0.014

-0.516xrf

0.024

a"264xx

0.1 10

0.369x*

0.213x

0.570**

o"241xx

oJ-o5-xx

o.375xx

0.456xx

-0.174x

o.423*x

0.192x

0.457xrf

0.'140

-o.o8o

0.465*x

-0.108

0.450*x

0.224xx

yz1!*
0.217x

-0.152

-0.069

yëyo
-0.002

-0.024

0.070

0.157

0.202x

0.154

-0.047

0.151

0.060

0.766

0.191

0. 185

0.267x"

-0.1 l3

0"252

0.179

0.055

0.232

o"245x

0. 155

0.021

0.172

0.034

0.206

0.412

-0.027

**tÊ t Indtcates slgnlficance at the 0.05 and 0.01 levels of probablllty, respectlvely.

underltned correlatlon coeffictents are equivalent to heritabllltles ln standard unlts.

(C(,
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correlation coefficient between t4 graìn yìe1d and F3 tìller

number per P'l ant was negative.

The f ol ìow'i ng stepw'i se mult'i p1e

mean graì n yi el ds on F3 i ndi v'i dual

used:

regress i on model of F4

plant characters WAS

F4YLD +b
F3YL

b

b

b

0

4

7

lF3YLD
D/S + b

2
T

b

3

++ F3TILL
Kt^l + b

* b3F3HT
F3PRO +

3YPTR
F

F3YPC + bgF 3 YADJ + b9

The analysis revealed F3 yie'l d per spike (F3YLD/S) to be the

most important vari able inf luenc'i ng F4 gna'i n y'ield (Tab1e

26). F3YLD/S alone neduced the res'i dual error by 14.46%.

Adding the rema'i ning va¡i ables increased the R2 by onìy

6.64%. A surpri sing observation was that the part'i a'l regres-

sion coefficìent for F3 graìn y'i e1d (F3YLD) was non-signifi-

cantly d'i ffenent from zero.

Si mpì e correl ati ons were cal cul ated between vari abl es

measured on F4 I i nes and those from theì r parental F3 famj -

l'i es. Gra jn yìeld was positively correlated w'ith F3 fami'ly

mean grain yìe'l d (r=0.279), pìant height (r=0.184)' gra'i n

yield per- spike (r=0.530) (Tabìes 27 and 28). F3 tìller num-

ben r¡as negat'i vely cornelated with F4 yields (r=-0.229). All

of the correl at'i ons between F4 yi el d and F3 f am'i 1y characters

¡¡ere sì gni f icant. However', the conrel ati on coef f i c'ient of F4

gnaìn yield and F3FYLD/S ¡¡as the 'largest 'in magnitude, indi -

F



TABLE 26. Stepwlse multlple regresslon of F4 entry mean graln ylelds on characters neasured on F5 lndlvldual plant
selectlons.

I ntercept
( b0)

b't b2 b3 b4 b5 b6 b7 b8 b9 s2%

238.63 93.97oxx
FSYLD/S

14.46 *x

17.36 xx
244.62

214.64

1 80. 16

122"91

125.20

1 50.89

157.91

157.48

-1.147
FSYLD

-1.119
F3YLD

-o.957
F3YLD

-0.967
FSYLD

-0..t79
F3T I LL

-o.176
FSTI LL

0"671
FSHT

0"798
FSHT

0.847
FSHT

0.849
FSHT

0.848
FSHT

82. 1 50*x
FSYLD/S

80.350x*
FSYLD/S

65.720
F3YLD,/S

64.530
F3YLD/S

73.344x
F3YLD/S

72.514
F3YLD/S

67.711
FSYLDlS

67.707
FSYLD/S

1.58
FSTKW

1 "805
FSTKvll

2.O72
F5TKW

2.02
FSTKl,¡

2.007
FSTKV'J

2"005
F5TKt'{

-1.688
F5PRO

-1.727
F3PRO

-1.674
F5PRO

-0.002
FSYPC

0.950
F3YADJ

0"902
F]YADJ

0.838
F3YADJ

0.706
FSYADJ

0.974
FSYADJ

0.953
FSYADJ

0.955
FSYADJ

0.98'.l
FSYADJ

1.080
FSYPTR

1.027
F3YPIR

0.968
FSYFTR

1.004
F3YPTR

0.949
F3YPTR

0.9f8
F5YPTR

0.956
F5YPTR

19.47 xx

19.29 xx

20.13 xx

21.003xx

21 .09 x

21.095

21.097

* t ** tndlcates slgnlflcance at the 0.05 and 0.01 levels of probab!llty, respectlvely.

\o
(t]
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TABLE 27. lnter-generatlon simp le correlatlon coeff lclents
betweeñ F4 llne mean grain yields and characters
measured on thelr parental F3 famllles"

Characters r

FSFYLD

F5FT I LL

FSFHT

F5FYLD/S

0.gy*
-0.229xx

0.184*

0.530xx

**lç ,

NOTE:

lndlcates significance at the 0.05 and 0.01 levels
of probabi I ltY resPectlvel Y.

under I lned correlation coeff lcients are equivalent to
herlfabl lities ln standard unlts.
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TABLE 28. lnter-generatlon slmple correlallons among charac-
lers measured on F4 enfrles and charasters from their
parental Fi faml I les.

FSFYLD F5FT I LL FSFHT F]FYLD/S

F4YLD

F4PRO

F4PROYLD

F4TKW

F 4HT

0.279x*

0.1 38

0.522x*

0.226**

0.274x*

-0.229**

0.222xx

-0. 1 87*

-0.407x*

-0.o33

0. 1 84*

o.25lxx

0.258**

0.31 4**

o.667xx

0.550*x

-0.100

o.r27xx

0.581**

0.226*x

*, **, lndicates slgnlflcance af the 0.05 and 0.01 levels of
probabl I ltY, resPectlvelY.

NOTE: underl lned correlatlon coefflcients are equlvalent to
herltabl I lties ln standard unlts.



cat'i ng the 'importance of thi s y'ie'l d component i n

the t4 grain Yìeìd.
A stepw'i se multìp1e regress'i on anaìysis

yield on F3 fam'i ly vari ables was conducted usìng

i ng model :

F 4YLD F3FYLD * b2F3FTILL * b3F3FHT +

D/S

98

'i nfl uenc'i ng

of t4 gnaìn

the fol I ow-

bo + bl
b4F3FYL

The y'ieìd component F3FYLD/S vvas found to be the most impor-

tant variable ìn th'i s model (Table 29). It alone exp'la'i ns

28.I2% of the varìabiì'ity observed in t4 mean graìn yìelds'

F3FLYD and F3FTILL were al so important variables. Partial

regression coefficìents of F3FTILL were negative suggesting

that thi s yì eì d component vari abl e had a depressi ng effect on

F4 grain yìe1ds. Plant heìght (F3FHT) had the least 'inf lu-

ence on grai n y'i el d. Incl usi on of thi s vari abl e 'i n the model

i ncreased the R2 by onlY 0.?51%

Another source of informatìon on inter-generat'ion rela-

ti onshi p l^tas a correl atì on and regress'i on analysi s between

characters measured on t4 entri es and characters of the'i r

parenta'l tZ sì ngl e pì ant sel ecti ons. F4 grai n yi el d was

found to be si gni fi cantly correl ated wi th al I the FZ vari -

abl es except gr^a'i n prote'i n content (Tab1e 30 and 31). The

sign.i ficant correlat'i on between gnain yields of t4 l'i nes and

thei r respecti ve parental tZ si ngì e p1 ant yi el ds shows that

single plant select'i ons'in the honeycomb des'i gn was effect'i ve

i n sel ect'i ng d'i vengentìy f or both hì gh and I ow yi el ds " The
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TABLE 29. Stopwlse multiple regresslon of F4 entry rìean graln ylelds on F3

fami ly characters.

bl b2 b3 b4 a2i,I ntercept
( b0)

114. 17

161.53

362.15

275.58

237.05

I 7.494*x
F5FYLD

11.944
F5FYLD

1 1 .428x
FSFYLD

-1.954
FSFT I LL

-14"353xx
F5FT I LL

-1ô.132*x
FSFT I LL

-9.958*x
FSFT I LL

0.529
FSFHT

298.427xx
F3FYLD/S

285"025xx
FSFYLD/S

I tJ.7J0
F3FYLD/S

114.524
F5FYLD/S

28. I 38x*

28.744xx

31.27lxx

32.404xx

32.655xx

t( , x, lndlcates slgnificance at the 0.05 and 0.01 levels of probabllity,
respecflvely.
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TABLE 50. lnter-generatlon slmplo correlatlon coeff lclents
between F4 entry mean graln ylelds and characters
measured on thelr parental F2 plants.

Characfers r

F2YLD

F2TKW

FZYPC

F2YADJ

F2YPTR

FzT I LL

F2YLD/S

F28YLD

FzHI

F2PRO

F2H1

_L_äf*
0.48gxx

0. lB7*

0.537xn

0.280x*

0.205x

0"346xx

0.2g5xx

0.242xx

-0. 165

0.255xx

x,x* Indlcates slgnlflcance at the 0.05 and 0.01 levels of
probabl I lty, respectlvel y.

Note: underl lned correlatlon coefftclents are equlvalent to
herltabllllles ln standard unlts.



TABLE 31. I nter-ge
selectlo

neratlon slmple correlatlons among characters neasured on F4 enTries and characters on thelr F2 parental planf

ns.

F4YLD

F4PRO

F4PROYLD

F4TKv'l

F4HT

F2YLD

@*
-0. 1 0B

0.336xx

0.172x

0.22ú

0.489xx

-0.188x

0"47 tx*

0.570*x

0.187*

-0.029

0.208*

0.044

0. 185*

0.205x

-0.040

o.234xx

0.020

0.'188*

0.346xx

-0.140

0.5 18x*

0.265xx

0.184*

o"?95xx

-0.026

0.502x*

0.135

0.207x

0.242xx

-0.278xx

o.222xx

0,1 54

0.\44

-0. t63

-LJJZ
-0.106

0.008

0.1 10

o.255xx

0.069

0.323x*

0.207x

0.517xx

0.537xx

-0.355xx

0.487*x

0.f71 xx

-0.002

0. æoxx

4.162

0.288*x

0.152

0.224x

F2TKlll F2Yrc FzTILL F2YLD/S F2BYLD FAI F2PRO FaH-I F2YADJ F2YPTR

0.199x

*,** lndicates stgntftcance at the 0.05 and 0.01 levels of probablllty, respecflvely.

Note: underllned correlallon coefftclents are equivalent to herltabllltles in standard unlts.

o
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correl at'i ons between F4YLD and FZ yì el d components F2TKt¡l'

F2TILL and F2YLD/S vvere sign'ificant w'ith a hìgh cornelat'ion

coeffi ci ent bei ng found between F4YD and F2TKtll ( r=0.49 ).

Although both FZ and F3 honeycomb selection cycles were based

pn'imariìy on single plant gra'in yields, the stnong correla-

t i ons as f ound to exi st between F4YLD and both F2TKÌ^l and

F3TKtlJ (r=0.49 and 0.47 nespectjvely), SUggests that i000-

kernel weì ght would be an important indi rect selection cri -

terion fon improvìng yìe1d. Aduisted FZ grain yields, ì.e.,
FZ gra'i n yìe'l ds expressed as a percent of the yields of con-

tiguous check plants (FZYPC), tZ yields expressed as differ-
ences between tZ plant yjelds and lììeân y'ieìds of surroundìng

s'i x plants (F2YADJ) and tZ plant y'i elds expnessed as a per-

cent of the mean yie'l d of the three nearest check piants

(F2YPTR), were s'i gnif Ícant'ly correlated wjth F4 grain yieìds.

The hi gh correl ati on coeffj ci ent val ue between F4YLD and

F2YADJ (r=0.537) suggested a poss'i ble value 'i n the use of

adj usted yi e1 ds i n predi ctj ng the yì e1 d perfonmance of F4

I i nes. tZ bì ol ogi cal y'iel d, tZ harvest 'i ndex an d tZ hei ght

were also posit'i ve and sìgn'i ficantly cornelated with F4 grain

yie1d. The sign'i ficant cot'relation between FZHI and F4YLD'is

consistent wjth the findings of Niehaus (1980). In a honey-

comb select'i on experiment usìng durum wheat (Triticum -Tf-Lgi-

g_U_[ L. var dqrulq), Ni ehaus (i980 ) f ound a pos j ti ve cornel a-

t i on between F2HI and t4YLD, thus i ndi cati ng the potentj al

use of HI as an 'i nd'i rect selection criterion for yìeìd.

In addjt'i on to ìnter-generation correlatjon a stepwìse

multìp1e regression was conducted on graìn yie'l d of F4 lines
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to find the relat'i ve influence of different characters

measured i n t2. The f o'l I owì ng model was used:

F4 YLD b0
+

+

+

* blF2YLD * b2F2TKtJ * b3F2YPC

b4F2TILL * bSF2YLD/S * b6F2BYLD

b7t?Hl * bBF2PR0 * b9F2HT

btoF2YADJ * bl1F2YPTR

th'i s analysis indicated that the varjablesThe results of

FZYLD, FZTKI^l , FZTILL F2YLD/S and FZYADJ jn most 'instances'

had a si gni fi cant i nfl uence i n determi ni ng F4YLD (Tabl e 32 ).

However, F2TILL and F2YLD/S had negat'i ve 'i nfl uence on gra'i n

yi e1 ds as observed from thei r parti a1 regness ì on coeffi ci ents

i n the model . Thi s coul d have been caused by compensati ng

i nf I uences among the y'i e1d components or sì mply the ef f ect of

mult'i coll ìnearìty on the regression coef f icients aS a nesult

of the presence of correl ati ons among the 'i ndependent (F2)

variables (Tab'l e B).

The fonego'i ng analyses have shown that in all of the

intergeneration correlations involvjng grain yìeld, 'i .ê.

F3FYLD-F2YLD, F4YLD-F3YLD, F4YLD-F3FYLD and F4YLD-F2YLD ' cor'-

relatjon coefficients were positìve and hìgh1y sign'i fjcant.

Although the conrelat'i on coeffic'i ents were not large (r=0.24

to 0.34) the statìst'ical s'ign'ificance of these correlation

coeff ic'i ents, wh'i ch are also estimates of heritability pro-

v'i des a good j nd'i cati on of the val ue of the honeycomb sel ec-

t'i on method jn using the yieìds of s'i ng'l e tZ and F3 plants as

an i ndex of the yi el di ng potent'i al of thei r progeni es.



TABLE 32. Stepwlse multtple regression of mean F4 entry graln ylelds on F2 characters.

b6 b7I ntercept
( b0)

138.64

136.97

2"52

-0.70

-17 "29

169.57

150.53

174.30

136.42

I 60.04

163.45

't88.'t9

bt

2.727 x
F2YLD

2"62 x
F2YLD

2.385
F2YLD

2.448
F2YLD

2.509
F2YLD

2.542
F2YLD

2.940
F2YLD

b2

0.924
F2TKW

1.566
F2TKW

1.320
FzTK!'l

1 "264
F2TKW

1"342
F2TKl¡'l

1.326
F2TKW

b8

2.521
F2PRO

2.978
F2PRO

3.541
F2PRO

3.701
F2PRO

1.591 x
F2H1

b9

1.500
F2H1

1 .490
Fzt{f

'l .50.l
F2I{T

1.353
F2HT

1.322
F2¡IT

1 .165
F2H1

b10

4.679 xx
F2YADJ

5.175 xx
FzYADJ

5.3'16 *x
F2YADJ

4.667 xx
F2YADJ

4.909 ì$f

FzYADJ

5,001 xx
F2YADJ

4.477 xx
FzYADJ

4.405 *x
F2YADJ

4.393 xx
F2YADJ

4.406 *i(
F2YADJ

4.491 xx
F2YADJ

4.456 xx
F2YADJ

b5 b4 b5

- 15.320
FzYLDlS

- 99.314 x

F7YLD/S

-104.177 x
F2YLDlS

-109.855 x

FzYLD/S

-l 10.619 *
F2YLDlS

-106.042 x
F2YLDlS

-105.057 *
FzYLD/5

- 96.373
F2YLD/S

-0.517
FzT I LL

-0.973 x
FzT { LL

-0.959 x
F2T I LL

-0.746
FzT I LL

-5.676 x
F21 I LL

-5.363 x
F2T I LL

-5.440 x
F2T I LL

-5.543 x
F2T I LL

-5.635 x
FzT I LL

-5.693 x
F2T I LL

-5.44 x
FzT I LL

!.601 *
FzHT

blt a2%

æ.85 **

30.57 xx

34.76 xx

35.42 xx

56.28 *x

39.89 ì+*

40.97 *x

41.68 *x

1.428
F2lKl'l

0.043
FzYPC

-0.60 1

F2H I

-0.922
FzH I

-1.672
F2HI

1.079
FzHT

0.379
F2YPTR

0.t92
FzYPÏR

0.41 I
F2YPTR

0.34 1

F2YPTR

0.346
F2YPTR

4t.96 *x

42.19 *x

42.47 xx

42.56 xx
1.349
F2TKW

0390 042253-0
FZYPC

*,** lndicates slgniftcance at the 0.05 and 0.01 levels of probablllty, respectlvely.

F2BYLD Fztll

O
Þ
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In the stepwise multip'le regression analyses, gra'in

yieìd as a variable waS always one of the most valuable in

determ.i n.i ng both the F3 mean f ami 1y grai n yi el ds and F4 I i ne

mean yi el ds. 0ther var j abl es that were i dent'i f ied f rom step-

w'i se mult'i p'le regession analyses as having an important

i nf I uence y¡ere the yi eì d components, 1000-ker"nel wei tht '
grain yìe1d per spike and number of 'bi I lers per plant. How-

ever, the vari ables number of tillers per plant and y'ield per

spike wene incons'i stent 'in thei r" ef f ects on yield as demon-

stnated by changes 'in sign and magn'itude of their part'i al ne-

gressìon coeff icient values.
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5. GENERAL DISCUSSION AND CONCLUSION

The study ¡¡as conducted to assess the val ue of the

honeycomb desì gn as a sel ectj on method for i mprovi ng the

yi e'l d of wheat. The honeycomb method was proposed aS a sol u-

t'i on to the commonly observed ineffectiveness of y'ieìd pre-

d'i ct'i ons on the basis of sìng1e plant select'i ons by reduc'i ng

the problem of soi I heterogeneity and jnter-plant competition

(Fasoulas, 1973). To attempt to eval uate the method, a dual

select'i on strategy was followed. S'i ng'l e plant selectìons

were made withi n the tZ and F3 progen'i es f rom two crosses of

wheat. Hi gh y'i el di ng and I ow yi e'l d'i ng pì ants were sel ected

accordi ng to the honeycomb sel ecti on method (Fasou I as , 1973 ).

In addi ti on , the y'i el ds of sel ected pl ants were compared to

the yields of plants of the commercial wheat cultivar Glenlea

grown contigously with'i n the honeycomb design. The obiective

was to carry out di vergent se.l ection f on y'i eld, i.e. f or

plants that yielded greater than Glenlea, also for those that

yi el ded I ower than the commerc'i al check vari ety. Al I sel ec-

t'i ons were eval uated i n an t4 progeny y'i e1d tri al i n whi ch

compari sons were made between yì el ds of progeny f rom FZ h'i gh

and I ow-yì el d'i ng sel ect'i ons, al so between these progeni es and

those from unselected composited tZ plants. The culti var

Glenlea was used as a commercial standard in the test.
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The nesults of th'i s experìment demonstnated that it is

possì bl e to sel ect f or hi gh yi el d on the basì s of si ng'l e tz

plant grain yie'l ds using the honeycomb selection method.

Al though, no stati sti cal test was done to determ'ine dj f -

f erences i n yi el ds between hi gh and I ow yi el d'i ng sel ecti ons

i n the F3, the overal I mean grai n yi el ds of F3 f am'i l'ies

(Table 10) jndicated that plants fnom high yielding F2

sel ect'i ons general ly exceeded the progeni es of I ow yi el di ng

tZ selections jn yie'l d. The magnitude of these differences

for the two crosses, Glenlea X N8131 and Glenlea X Enan was

l?.L and 13,8%, fêspectively. Furthermone, a yieìd differ-

ent'i al of 4.? and 6.7% respecti velJ, was f ound to ex'i st

between these same hì gh yi e'l di ng sel ect'i ons and the check

cultivar, Glenlea.

Anaìysis of variance for yield and othen chanacters mea-

suned 'i n the F4 yie'l d trial revealed the pnesence of si g-

n'i f icant genotyp'ic di f f erences among the entri es f or the

chanacters analysed, lll'ith the r"esults of the analysi s of

vari ance 'i nd'i cati ng genotypi c d'i f f erences among the entni es,

various single degnee contrasts were analysed 'i n order to

determi ne whether thene wene si gni f icant d'i f f erences among

Iines 'i n djfferent yjeld cabegories. Results (Table 18, 19,

20 and 2I) showed that j n both crosses e hì gh yì e1 dì ng

sel ecti ons si gn'i f j cantly outyi el ded I ow yi e'l dì ng ones, al so

the unsel ected composi tes, Consi deri ng each group of

sel ect'i ons w'ithi n progen j es of both cnosses ' col I ect j velY,
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h.i gh yi eì di ng sel ecti ons outyi el ded I ow yi e'l di ng sel ect'i ons

by lL.5% and composites by 2!.6%, Low yielding select'i ons

exceeded compos'ites by g.I%. The yields of each select'i on

cl ass wene not si gn j f i cantly d'i f f erent f rom the y'i el ds of

Glenlea.

Ana'lys.i ng pnogenies from the two cl'osses separately, the

same results were observed. Companisons of the h'i gh yieìd'i ng

sel ecti ons with I ow yi el d'i ng sel ectì ons, composites and the

check cultivar revealed that significant differences existed'

F 4 f ami I i es f nom the Gl enl ea x N8131 hi gh yi eì di ng sel ect'i ons

outyielrled low yielding select'i ons by 8.5% and composites by

23.7%. Low yieldìng selections had a L3.9% yieìd advantage

oven compos'ites, Aga'i n thene was no si gni f i cant di f f erence

between the yi e1 ds of the hi gh and I ow yi eì di ng sel ecti ons

and the Glenlea check. H'i gh yield'i ng selections from the

cross Gl enl ea x Era si gn j f i cantly outy'iel ded the I ow yì eì di ng

selections by 8.g% and the composites by 14"4%. 0n the other

hand, 'low y'i eì di ng sel ect j ons exceeded the yì el ds of com-

pos.ites by 5.I%. There \¡las no signifìcant difference between

the average yi el d of h'i gh yi el di ng sel ect'i ons and Gl enl ea 'in

thj s cnoss. However, 1 ow yi eì di ng sel ecti ons yi e1 ded si g-

n'i ficantìy lower than Glenlea by 14.5%'

Comparing the number of t4 famil'i es that y'ielded equal

to or greater than Glenlea w'ith the number that y'ielded less '

'i t v¡as reveal ed that a pattern emerged si mì I ar to that ob-

tai ned when the hi gh yì e1 dì ng and I ow yi el di ng sel ecti on
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classes from each cross were compared (Table 22). Thus if

only entrjes yie'l ding equal to or greater than Glenlea were

reta.i ned for further evaluation in a bneeding pr"ognam' 57% of

al I hì gh yi el di ng sel ect'i ons woul d be neta'i ned compared to

onìy 30.8% of the low y'i e'l ding select'i ons. Considering the

two crosses separately, 7t% of the high yieldìng select'i ons

from the Gl enl ea X N8131 cross woul d be netai ned as compared

to 53% of the I ow yì el di ng sel ect'i ons. For the Gl enl ea x Era

cross, 34.6% of the hi gh yi el di ng sel ecti ons woul d be reta'i n-

ed compared to II.8% of their low yielding counterparts'

These resu I ts al so show that there was Some oVen'l app'i ng 'in

the y'ieì d perf ormance of progeni es f rom both the hi gh and I ow

yi el di ng grouPS of sel ect'i ons.

Anothen objectì ve of the experi ment was to i nvesti gate

the nel ati onsh'i ps between yi el d and other yi e1d rel ated

attr.i butes themsel ves both w'ithj n and across generati ons. In

order to determi ne the vari ous phenotyp'ic rel ati onshì ps,

intra-generat'i on simple correlations, path coefficient ana-

lyses, inter-generation s'impìe correlations and stepwise mul-

tiple regression anaìyses wene conducted"

In the t? generatjon the'important feature of jntra-

genenati on correl at'i ons between yi e'l d and other pì ant charac-

ters waS that the maiority of yie'l d components had a str"ong

posìtìve assoc'i ation with yie1d. The F2YLD was positìvely

cof.r-el ated with F/TKW , t2TiLL , t2YLD/S, F28YLD, F2HI and

F2HT. It was however ' negati veìy correl ated wìth gra'i n
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prote'i n (Tabìe 7). A path coefficient ana'lys'i s of tZ grain

y'i el d upon othe r t2 characters reveal ed that F2TILL, F28YLD '

F2HI and to a jesser extent F2YLD/S were important characters

affect'i ng grain y'i eld (F2YLD) and hence worthy of further

consideration as 'i ndi rect yield select jon c¡iteria.

F3 graì n y'i el d was s j gn'i f i cant'ly correl ated with al l

other charactens measured ì n the F3 except wìth protei n con-

tent (Tables 11 and 15). 0n the basìs of a path coefficient

analys.i s conducted i n the F3, F3TILL and F3TYLD/S and F3TKtd

were shown to have the greatest d'i rect infl uence on F3 si ng'l e

plant gra'i n yìe1cls. The two path coeff ic'i ent analyses (tz

and F3 ) reveal ed that the character, grai n yi eì d per spi ke '

d.i d not have as much d'i rect 'inf I uence on si ngl e pl ant graì n

yields in the tZ as in the F3 generat'i on. This could be a

ref I ect.i on of envi ronmental i nf I uences on chanacter assoc'i a-

t ì ons. Number of ti I I ers per pl ant however, mai ntai ned its

strong posìtive di rect 'influence on y'ie1d 'in both genera-

tions. A stepwise multìp1e negressìon anaìysis of F3FYLD on

FZ characters conducted to f i nd the rel ati ve 'importance of tz

charactens towards F3 yields, ìndicated F2YLD, FZBYLD and

F2HI as the most 'important chanactens influenc'ing plant

y'i e'l ds 'i n the F3.

F rom the comb'i ned resu I ts of F3 f ami I y y'i el ds ' f rom

i nter-generat'i on conrelations and f rom the stepwise multip'le

regressì on analysi s, jt l¡Jas poss'i bl e to concl ude that the

f i rst cycl e of the honeycomb sel ect'i on had i n general been

ef f ecti ve 'i n sel ect'i ng hi gh and I ow y'ie1d'i ng genotypes "
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In the F4 y'i e1d trìal results, grain yie'l d was corre-

I ated wi th F4PR0YLD, F4TEI^1, F4TKl¡l and F4HT. It was however

negatìvely conrelated w'ith gnain protein (Tabìe 23). All

i nter-generati on correl at'i on coef f i ci ents between t4 mean

bulk graìn y'i elds and s'i ngle plant yields measuned jn the F3

and tZ generations were posìt'i ve and highly significant

(Tabìes 24, 27 and 30). Stepwise multipìe regressjon ana-

lyses of t4 yìe1ds on F3 and FZ plant characters showed that

s'i ngl e pl ant yì e1d waS among the most val uabl e characters

influenc'i ng F4YLD. 0ther F3 and tZ charactens wh'i ch were

important in explajning the variatjon in t4 yìelds were

F3YLD/S, F3TKI^l , F3FYLD/S, F3TILL, F2TKl^¡, F2YLD/S, t2TILL'

F2YADJ, F3YADJ and F2HT. Thus, these results show that in

addi ti on to si ngl e pì ant yi el ds, the yi e'l d components y'ieì d

per sp'i ke o 1000-kernel wei ght and number of ti I I ers per pl ant

were the most ìmportant characters determining F4 bulk

yi e'l ds. Al though the character number of t'i I I ers per pl ant

was shown to cons'i stently have a str"ong posìti Ve di rect 'in-

fluence on plant y'i elds in the two path ana'lyses' it appeared

to have errat'i c inf luences on t4 yield as observed f nom

changes jn sign of its partial regressjon coefficients 'in

stepwise regressions. The importance of F2YADJ and F3YADJ

j ndi cates that th i s way of express'i ng si ngl e pl ant yi el d j n a

segregat'i ng generati on pl anted i n a honeycomb pattern coul d

be of value in selection. The F3FYLD-F2YADJ, t4YLD-F3YADJ

and F4YLD-FZYADJ intergenenat'i on corr"elatjons were all pos'i -

tive and highly s'i gnificant. These correlation coefficients
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were also cons'istently 'largen than the F3FYLD-FZYLD, F4YLD-

F3YLD and F4YLD-F2YLD correlat'i on coefficients. These

results i ndi cate that the honeycomb fi el d strati f i cati on

techni que was effecti ve.

The r.esults of multìp'le regression analyses and path co-

efficient anaìyses partially agreed. These results 'indìcated

that path coeffic'i ent analyses in seg¡egatìng generatjons

coul d be usef ul 'i n 'i dent'i f yi ng phenotypi c characters that

strongl y 'inf I uence advanced genenati on y'i el ds. However '

the observed changes 'i n relatìve impontance of some charac-

ters to yì el d suggests that ut'i l'i zi ng both the path coeffì -

c'ient analyses and stepwìse multiple regression analyses 'is

the better app roach. Thus on the bas'i s of the two methods

('i .e. path coef f ic'ient and stepwise multìp1e regress'ion

analyses), characters that cons'istently 'influence yie'ld can

be identified and included w'ith yield pen se as a selection

c ri teri on .

These results wene simìlar to the findings of Mitchell

et al . (1982) who appl i ed the honeycomb sel ectj on program

w'ith durum wheat. Niehaus (1980) aìso obtained a sign'i ficant

response to select'i on for yie'l d wìth dunum wheat'i n a hone-

comb selection design. He, however, selected on'ly for high

yìeld 'in the FZ and jn addjtjon maintajned an unselected com-

posite l'i ne. He obtained a 4.3% y'ield advantage of selected

I i nes over the compos j te I i ne 'in the one cross he used. Com-

pared to the findìngs of Niehaus (1980)' more posìt'i ve re-

sul ts were obtai ned 'i n the present study. The reason f or
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this could be due to the fact that his F4 yìeìd tnials suf-

fered heavy bacte¡i al leaf damage shortly after headì ng.

0n the basìs of thìs study, it 'i s clean that early

generatjon selectjon for single plant yìe1d can result in

sìgnifìcant response. However, more studies comparjng the

honeycomb method w'ith other establ'i shed selection methods

need to be canried out. 0n1y if the honeycomb des'i gn proves

to be suf f j c'i ently superì or to other methods i s it goi ng to

be considered aS a v'i able select'i on method. The reason for

thi s 'is the f act that the method requ'i res more work i n sow'ing

segregating populat"ionsn more effort and care in harvesting

and ana'lys'i ng data, ârd also ìt r"equ'i res more note takìng

s i nce each pl ant has to be obsenved i nd j v'i dua11y.
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Appendlx Table 1. Data obtalned from the honeycomb selected F2 slngle plants'

Cross F2YLD F2TKW F'IYPÇG) F2TILL FzYLD/S F2BYLD FzHl(Ð FzPRO(ø) FzHÏ F2YADJ F2YPTR
F2 selectìon F2

Code
p

No
I ant

1A
2A
3A
4A
5A
6A
8A
9A

104
114
124
t5A
154
t6A
174
't8A

194
204

'lB

28
38
4B
5B
6B
8B
9B

'l0B

1'.tB

2-11
2-24
2-38
4-14
5-12
7-20
7-39
8-5
8-8
8-t I

11-28
12-18
12-30
12-33
2-44

t4-8
14-29
14-36
\5-15
15-23
16-6
16-24
'16-30

16-32
't8-22
trg-24
22-22
22-35

t13"6
\13.5
1 18.9
102.6
106.9
121.1
110.5
105.0
103.6
111.7
! 13.1
118.2
123.1
134.0
1 t6.l
1\2.2
100.5
131.4
t'11.8
130.0
132.5
I 10.3
10'1.8
138.2
123.1
tr\7.6
107.3
\02.1

46"2
52.0
47.9
43.O
50.0
44.8
51.6
41.5
44.1
50.9
47.4
48.3
53.5
44.5
47.0
48.7
45.3
42.0
57.5
47.7
49.7
47.2
50.1
49.4
49.1
49.4
48.0
48.0

237.2
151.3
152.2
z',t3.8
17 4.4
128.9
228.3
153.3
234.4
157.8
215.8
144.1
214.3
163.4
671.1
207.4
182.7
179.0
1 59.0
218.0
175.O
1 85.0
203.0
275.0
5l 1.0
297.0
236.8
190.0

2.52
2.46
2.fi
2.14
2.54

226"6
267.0
240"1
223.8
237.3
235.6
228.0
256.2
220"8
230.9
229.9
214.3
291.4
291.1
228.0
?37.7
201.8
249.2
228"2
262.3
254.6
229.6
220.0
289.7
2\2.8
228.8
201.2
209.6

50"0
42.0
49.0
46.0
4 5.0
5'1.0
48.0
41 .0
47.0
48.0
49.0
55.O
42.0
46.0
50.9
47.2
49.8
52.7
48.9
49.5
52.0
48.0
46.2
47.7
57.8
51.3
53.3
48.7

13.17
13.96
12.47
12.54
14.51
13.02
13.49
13.33
t2.39
14. \2
15.10
12"63
14.90
13.25
13.10
12.16
13.25
13.10
1 5.80
13.49
13.25
15.10
13.65
12.86
13.33
12.08
13.88
12.16

88.0
1't 1 .0
95.0

1 03.0
101.0
8',1.0
96.0

100.0
90.0
97.0

104.0
96.0

109.2
94.0
92.0

104.0
105.0
86.0

104.0
100.0
99.0

100.0
104.0

207.68
I 89.80
164.23
136.07
204.00
173.99
\66.77
153.44
159.07
168.50
213.68
233.74
190.8 5
172.84
202.37
154.48
17 4 .69
191.18
149.52
I 80.05
224.84
165.78
156.69
214.03
177.12
207.66
152.78
147.97

Glen leaxNBlSl 45
46
50
49
42
52
47
54
47
46
44
42
55
,7
45
57
37
54
44
53
51
47
43
56
51
46
46
44

2.57
2.81
?"24
2.35
2.58
2.38
2.71
2.43
2.54
2"45
2.59
2.35
2.37
2"46
2.4tr
2.5'
2.33
¿.)¿

32.84
58. 60
52.94
35.70
39.70
44.23
75.4
45.85
30.42
42.46
41 .17
26.21
47.77
53.48
67.85
67.48
36.25
79.16
36.12
63.50
40"24
28.78
34.32
64.92
53.30
40.46
49.75
31.36

.0

.0

.0

ll

n
tt

il
il
il
il
il
il
tl
It
It

il
lt
I
n
It
tl
n

il
il
It
It
n

tl
il
il

2.33
2.35
1.94
2.20
2.43

.0
91

100
94
94
90

0

l\)
!



Appendix Table 1. Contlnued

F2 selection
Code

F2 planf
No.

Cross F2YLD F2TKW Fzyp}(Ð F2TtLL F2yLDlS F2BYLD F2t1t(Ð F2PRO(ø) F2H1 FzYADJ F2YPIR

128
l38
158
168
178
188
198
208

tc
2C
5C
4C
5C
OU

8C
9C

10c'ilc
\2C
13C
15C
16C
17C
'l8c
19C
20c

1D

2D

22-37
23-13
25-8
27.9
28-34
29-19
29-27
29-42
30-12
33-4
33-30
33-43
33-46
34-5
34-26
34-3'
34-47
35-29
36-tr
43-35
48-6
48-48
49-26
52-4
53-28
54-30
57-14
59- l8

108.7
127.3
I 14.1
119.2
t 08.6
103.4
121.3
124.3
120.4
130.0
123.8
109.6
106.0
103.5
125.8
130.7
t06.6
108.4
1\2.3
114.7
105.0
89.6

106.2
92.5

tr27.4
106.0
114.4
113. 1

43.7
52.2
53.0
51.2
43.4
43.0
47.4
50.9

175.0
185.0
171.6
1\9.2
1 59.0
325.0
174.0
203.0
177.0
234.0
132.0
154.8
163.6
186.5
144.0
837.0
164.0
203.O
188.7
214.0
154.8
178.5
244.0
186.0
1 59.0
154.O
509.0
132.0

2.13
2.44
2.æ
2.70
2.13
2"07
2.58
2.83
2.23
2.4',t
2.48
2.43
2.O8
1.68
2.09
2.33
2.60
1.87
2.44
1.85
2.1.4
1.72
1.63
1.65
\.59
2.12
1.61
1.r2

215.2
242.5
242.6
243.3
22\.5
218.8
238.8
228.8
260.5
269.6
256.0
220.1
209.2
21,6.8
263.0
272.2
221.4
23r.0
226.4
246.9
218.4
194.0
267.4
217.8
277.9
228.0
247.0
264.8

50.5
52.4
47.0
48.9
49.0
47.2
50.7
54.3
46.2
48.2
48.3

49.6
46.4
47.1
46.1
39.7
42.4
45.8
46.4
46.3
42.7

12.39
13.65
14.12
13.96
12.47
13.17
13.41
13.10
'15.06

13.57
'12.86
13.72
14.35
13.35
13.33
13.72
tr3.33
13.33
14.12
13.96
15.14
14.82
14.35
\3.33
14.27
15.\4
13.33
13.41

90.0
94.0

'104.0

97.0
85.0

100.0
90.0
90.0
99.0
97.0
90.0
98.0
89.0
90.0

100.0
100.0
85.0
85.0

100.0
96.0

102.0
92.0

'103.0

100.0
't07.0
100.0
98.0
91.0

139.66
2\8.24
160.70
'158.,l5
121.',16
174.66
134.92
189.28
179.25
257.78
152.14
140.69
166.40
126.99
151.80
329.80
\45.23
151.54
163.23
17 6.19
139.37
135.69
147.77
164.68
\47 .97
128.84
159.1 1

145.06

Glen leaxNBl5l

Gl en I eaxEra

n

ll

il

It

It

il

It

il

lt

il

il

Í
il
It
n
il
lt
il

28.02
52.22
50.50
55. t8
37.00

49.7
50.6
47.7
47.8
48.0
48. I
46.1

51
53
50
44
51
50
47
44
54
54
50
45
51
55
60
56
41
58
46
62
48
52
65
56
80
50
71
74

52.5
43.5
46.9
52.4
57.1

55.36
37.\7
61.38
28.78
68.12
43 "8050.95
35.72
20.50
26.37
56.28
32.75
37.36
29.64
55.86
4',1.55
38.98
45.03
30.37
65.60
47.46
53.76
56.10

tl
il
il
n

n
il
It
tt

43.2
41.4
51.4
47.7
41.7
46.0
42.1
49.4
37.8
38.1
35.3
38.5
49.3
40.0
32.5

P
N)
co



Appendlx Table 1. Cont'l nued

F2 selectlon
Code

F2 p lant
No.

Cross F2YLD F2TKVí F2\pC(Ð FzTtLL F2YLD//S F2BYLD FzHl(Ð F2PR0(Í) FA|T FzYADJ FzYPIR

5D
4D
5D
6D
8D
9D

10D
tlD
12D
150
15D
t6D
17D
l8D
'l9D

20D
'lE

2E
3E
4E
5E
6E
8E
9E

10E
'l 1E
12E
13E

60-10
64-28
64-31
70-14
7 1-7
71-19
7 tr-4tr
71-48
7 4-27
77-5
77-19
78-24
79-2
80-5 t
83-6
86-15
90-29
94-28
95-12

4-39
5- 18
5-20
6-15
7-7
8-25

1t-15
12-26
12-47

111.4
109.3
101.4
118.0
101.2
104.8
10tr.6
111.7
I 19.1
101.2
104.7
124.5
103.2
100.7
103.5
109.7
126.6
102.7
\26.0
29.4
32.0
29.9
20.9
17.6
19.8
17.1
31.4
28.1

42.9
38.5
38.2
58.8
4',1.7
39.6
38.7
44.0
31.7
41.2
39.0
38.2
43.4
40.3
40. t
41.8
34.1
45.1
36.7
44.9
43.0
31.5
45. I
53.8
40.0
24.4
46.5
37.1

153.0
197.0
173.6
157.9
331.0
161.0
222.0
't93.0
192.7
162.9
850
154.0
163.0
229.9
164.5
173.0
185.0
191.0
196.9
37.9
40.2
53.5
22.9
25.6
26.5
22.7
59.9
69.2

228.2
269.5
212.5
253.4
206.5
196.9
238.7
246.5
263.4
218.4
162.9
274.3
243.2
234.8
207.1
235.8
n4.2
224.6
255.4
90.6
66.9
88.2
76.2
46.4

107.6
55.7
86.7
65.9

48.8
40.5
47.7
46.5
49.0
53.2
42.5
45.3
45"2
46.3
64.2
45.3
42.4
42.8
49.9
46.5
46.1
45.7
49.3
32.4
47.8
33.9
27.4
37.9
18.4
30.7
36.2
42.6.

14. 19
14.19
't 5 .88
13.41
13.96
12.86
14.90
14.12
14.12
14.35
13.02
13.72
15.6tr
14.04
14.27
13.72
tr3.33
13.88
14.35
14.04
14.51
16.47
13.72
14.98
19.06
'16.55
12.78
14.19

95.0
't18.0
93.0

104.0
97.0
92"0

1 10.0
100.0
90.0

100.0
94.0

100.0
104.0

58.54
36.13
46.35
61.62
45.52
47.42
45.03
57.37
62.82
32.15
57.50

45.70
42.45
-28.76
-48"20
-63.46
-63.82
-55.60
-37.94
-45.70

175.07
140.25
120.67
164.50
180.59
167.06
180.37
195.96
161.47
146.24
17 6.17
177.67
tr62.69
154.14
150. 15
148.04
235.45
149.86
224.59

47.04
42.94
43.65
29.42
26.67
27.65
27.45
42.07
46.78

2"07
1.81
2"09
2"07
2"06
I "8'l
1"74
't.95
I "402"æ
1" 10
0.95
0.98
0.66
0" 8'l
1.ft
1"+1

Glen leaxEra

Glen leaxNB'l3l

It

ll

il

tt

It

I

il

n

n

Í
I

n
n
n

It

il
il
il

116
87

2.10
1.66
\.75
1 .90
2.02
2.23
1 .88
2"19
1 "63
1.74
2"27

53
66
58
62
50
47
54
51
73
5B
46
60
57
48
50
53
70
59
64
21
14
27
22
l8
50
21
23
19

53.90
38.32
29.7
52.23
52.76
33.32
42.55
55.23

112.
86.

1 05.
90.

0
0
0
0
0
0
0
0
0
0
0

il
lt
ll
It

n
il
ll
n

105.
89.
ot
93.
89.

102.0
84.0
89.0
81.0

t\
(O



Appendtx Table 1. Contlnued

F2 selectlon
Code

F2 p lant
No.

Cross F2\LD F2TKht Fzypc(fi) FzTtLL FTYLD/S FzBYLD FzHl(l) F2PR0(f) F2}1T FzYAD.J F2YPIR

15Ê
t6E
178
t8E
l9E
208

1F
2F
3F
4F
5F
6F
8F
9F

10F
't lF
12F
13F
15F
t6F
17F
18F
19F
20F

1G

2G
3G
4G

13-21
14.34
t8-39
18-43
2l-45
22-19
22-46
25-38
28-6
30-10
33-9
33-29
34-44
41-32
42-14
95-30
46-41
50-24
52-39
53-36
55-3
55-12
55-17
55-37
55-39
59-11
95-21
69-21

44.4
46.3
38.5
46.3
46"2
47.0
32.3
32.4
34.4
51.2
39.7
44.2
44.8
45.5
35.6
33.0
31.9
35.6
23.3
29.6
41.0
35.0
28.',|
30.8
35.4
29.6
40.0
39.0

76.3
77.6
53.3
39.7
63.5
65.6
66.3
61. r

67.5
51.2
49.1
50.6

37.2
37.1
44.4
49.6
45.6
45.2
49.3
48.3
37.9
45.8
41.3
48.6

14.35
16.39
14.35
14.04
1 5.80
15.76
14.66
13.02
13.02
16.00
12.78
12.70
16.86
15.37
14.66
17.80
13.57
14.82
\3.64
13.96
,5.37
15.14
18.82
14.98
16.47
14.04
t7 .10
14.19

-51.88
-51.05
-71.60
-50.88
-32.68
-53.28
-51.93
-65.80
-59.60
-59.00
-65.20
-75.80
-55.84
-27.13
-24.88
-48.58
-51.35
-50.1?
-46.78
-49.23
42.82
-59.05
-ß.13
-4 1.9
-36.68
-55.0
-61.88
-43.78

42.96
33.48
30.62

29.27
31.50
40.26
24.54
25.10
33.63

Glen leaxNBl5l

GlenleaxEra

il
il
It

It
il
rt

lt
ll
il
il
il
n

n
n

n
lt
il
tl
n
il
il
n

lt
I
It

lt

54.72
39.83
32.72
32.24
37.37
37.89

28
28
23
19
29
29
32
29

32.56
24.81
30.24
34.78
52.74
46.69
50.68
40.22
32"79
30.23
25.44
41.82
22.27

.4

.8

.7

.7

.0

.7

.7
Ê

61.3 43.0
72"1 58.8
74.2 37.3
51.6 50.2
50.7 39.4
43.1 47.1
76"2 33.9
54.3 44.7

105.0 26.4
59.3 3',1.2
86.9 26.6
61.2 44.3
59.0 43.5
60.5 30.4
48.8 44.4
84.6 24.1

.E

.25

.69

.51

.93

.56

.48

.40

.11

23
23
14
13
15
19
22
21
23
ll
14
10
14
21
21
17
20
'18

26
15
36
50
34
25
22
26
20
56

33.0
45.3
26.3
28.6
37.5
39.9

93
12
0
0
3
6
7

18.
32.
28.
34.
25.
22.
29.

77.0
78.0
78.0
77.0
81.0
89.0
68.0
67. 0
80.0
84.0
85.0
86.0
85.0
88.0
94.0
62.0
84.0
92.0
88.0
94.0

25.6
23.5
20.3
24.6
26.4
28.0
27.7
25.9
20.0
20.3
25.9
24"3
27.7
18.5
23.1
27.1
25.7
18.4
21.7
20.4

36/O
31.7
32.0
32.0
26.9
25.0
24.0
3'1.4
63.7
48. 0
32.7
50.'l
28.4
27.1
58.9

2.13
1.45
2.46
1.88
1/33
1.32
1.52
1.00
1.12
0.99
1.62
0.77
0.6'l
0.68
1.08
1.17
0. !7
1 .08
0.56

104.0
93.0

101.0
74.0
82.0
92.0
80.0
85.0

(,
o



Appendlx Table 1. Contlnued

F2 selection
Code

F2 plant
No.

Cross F?YLD F2TKW F?YPCII]- F2TILL FZYLD/S FzBYLD F2HI(fr' F2PRO(Í) F2H1 F2YADJ F2YPTR

5G
6G
8G
9G

10G
ltG
12G
13G
15G
t6G
¡7G
!8G
19G
20G

73-10
73-30
76-10
76-35
77-40
77-45
79-45
81-12
82-27
83-46
86-48
88-34
89-23
89-26

Glen leaxEra 23.O
21.3
24.0
27.5
28.6
24.2
20"2
24.8
26.7
22.7
23.1
25.5
27.0
26.5

35"2
36.5
59.1
40.7
27.6
33.4
42.2
27.5
59.8
33.6
46.5
24.1
32.5
30.5

31.3
45.0
30.1
41 .0
36.6

1"35
1.77
0.75
1"375
0.84
1.01
1.63
0"77
1 "57
0.94
0.48
0" 71
1.68
1.t9

60.5
48.8
75.5
63.2

tr05.0
59.2
50.5
84.3
59.0
72.2

'130.0

81.3
161.0
156.5

58.0
43.6
31.7
43.5
27.2
40.9
40.0
29.4
45"2
31.4
\7.7
31.3
16.7
16.9

16.86
14.43
12.63
14.51
16.3'
13.96
,4.51
14.59
16.55
12.47
\7.57
14.74
13.02
14.27

98.0
82.0
95.0
85.0

104.0
63.0

105.0
95.0
68.0
84.0
86.0
85.0
83.0

102.0

-62.48
-48.47
44.27
-30.48
+1.92
-42.80
-40.24
-42.72
-30.05
-41.92
-34.ß
-47.92
-39.53
-43.11

28.54
25.95
29.01
43.46
37.96
28.00
25.49
42.54
35.27
29.42
32.31
40.24
44.31
38.95

27
30
25
37
57
28
26
38
30

.0

.0
"0.4
.3
.0
.7
.0
.2

t7
12
32
20
34
24
12
32
17
24
4B
36
\6
19

lt
il
il
il
il
il
il
n
il
il
n
il
tl

P(,
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Appendix Table 2. F5 faml ly data obtalned 9s means of varl ables
measured in F3 progeny phase of F2 single plant
selections.

F2 sectlon code F5FYLD F5FTI LL F5FHT FSFYLD/s

4A

IA
2A
5A

5A

6A
8A
9A

l0A
llA
124
l3A
l5A
t6A
t7A
184
t9A
20A.

IB
28
38
4B
5B

6B
B13

9B
l0B
ltB
128
138
l58
l6B
178

188
198
208
tc
2C

3C

4C
5C
6C
8C

9C
t0c
llc
12C

12.49
11,74
13.43
10.41
14.92
15.29
I l.6l
t5.05
I 5.88
14.57
15.35
12.98
11.76
13.33
13.36
12.43
I 1.05
12.13
12.92
12.86
17.37
14.41
14.35
11.51
15.05
16.43
12.7
1 1.06
15.24
17.42
t4.68
14.73
12.49
1 6.04
14.69
15.55
1 5.68
10"74
t 1.58
16"26
14 "37
10"78
14.66
14" l4
1?.63
11.09
11.73

15.94
16"28
I 9.06
14.93
I 8.60
20.37
17.1 I
17.88
18.68
17.91
17.25
16.r1
17.14
18.42
18.95
17.14
16.91
18.90
19. l0
16.97
18.4 1

17.82
17 .97
16.6 1

18.67
19.66
16.05
15.79
1 9,05
19.23
18.09
19.06
15.21
20" l8
18"62
18.03
I 4.88
16"21
17 "02
16.60
19 "21
18"56
18.24
17.57
I6.BB
18.41
17 "57

67.00
86.70
82.70
76. t8
77.50
71.60
75.57
78.69
71.37
75.26
76.16
77.84
83.87
66.76
71.08
83.41

81.35
70.42
79.16
78.84
74"68
70.16
73.20
73.16
77.80

0.8049
0.7474
0.7450
0.7218
0.8595
0.7700
0.7405
0.8435
0.8504
0.8046
0.898 1

0.8585
0.7t80
0.7843
0.7432

0.807 5

0.09078
0.7741
0.678 1

0. B54B

0,9142
0.7873
0.795 1

0. Bl 50
0.8 1 50
0.7800
0.8623
0.9500
0.6847
0.7 158

0.9556
0.7827
0" 5978
0 

" 
8280

0.8150
0.7 529
0"7359
0 .7 109

0"7525
0.7 464
0.1353
0.6879
0.7608
0.9425
0.7966
0.7687
0"6729

83.33
73"94
85.14
80.21
76.42
80.53

79.26
67.45
82.00
70.80
72"36
8l .80
77.60
82.63
79.27
74 "58
7 1.39
76.65
77.10
66"42
73 "91
77.90
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Appendix Table 2. Conlinued

F2 sectlon code FSFYLD FSFT I LL FSFHT FSFYLD,/S

13C

l5c
t6c
17C

18C

l9c
20c

ID
2D

3D

4D

5D

6D

8D

9D

10D

ilD
12D
13D

l5D
16D

170
18D

l9D
20D

IE
2E

3E

5E

6E

BE

9E

10E

llE
12E
t5E
t5E
16E

17E
lBE
19E

208
1F

2F

3F
4F

16.66
15.11
I 5.06
15.99
11.64
l0.l I
15.55
1 5.51
12.00
19.99
12.53
11.65
12.34
14.81
11.70
14.56
16.77
12.98
13.24
15.05
15"66
12.91
15.34
12.84
14.95
11.30
12.86
13.86
8.4

10.14
15.29
15.34
15.44
10. l8
12.84
11.69
13.59
13.28
7.09

15.05
14.38
12.90
13.99
7.0 1

I 1.40
I 1.00
11 .24

22.73
19.25
19.69
23.35
20.10
19.22
19.65
21"00
24.67
24"76
21.86
20. BB

20.37
21.94
18.55
17.76
21 .17
26"83
18"42
22"58
22.90
19.8 5

21.72
17.67
20.86
21 "57
17 .05
22"00
14.54
16.97
18.03
21"0
18.89
14.48
17 "43
17.78
19"50
17.02
13.70
19.58
18.33
17.45
18.55
21 .37
16"57
16"48
17 "45

76.59
81.12
7 4.66
82.33
7 5.71
74.83
83.70
67.38
65.42

0.7478
0.7922
0.6566
0.7005
0.5889
0.5391
0.8 159

0.7458
0.5056
0.7978
0.6019
0.5752
0.6350
0"6728
0.67 I 9

0.6898
0.Bt lB
0.4941
0.7244
0.6t90
0.678 I
0.651 5

0.7 168

0.7570
0.7 454
0.5522
0.7663
0.6208
0.5809
0.6 I 04
0.8073
0.7 1 85
0.7 917
0.6870
0.737 4
0.670 I
0.7067
0.7670
0.56 1 0

0.8 1 40
0 "7 487
0.7451
0.7546
0.3731
0.7210
0.7058
0"6412

77.40
78.95
75.60
75.60
73.58
69.1 I
80.94
77.05
66.00

4E

71.00
71.36
80.23
85.37
79.52
67.95
81.74
66.38
88.90
67.66
85.41
72.05
78.33
73.06
80. B3

84.12
74.26
74.50
7 4.65
64.7 1

67.88
70.6 I
65.52
67.58
83.89
67.30
65.96
71.64
76.58
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Appendlx Table 2. Contlnued

F2 sectlon code F3FYLD F5FTI LL FSFHT F3FYLD/s

5F

6F
BF

9F
10F

11F

12F

13F

l5F
16F

17F

l8F
19F

20F

IG
2G

3G
4G

5G

6G

8G

9G

i0G
llG
12G

15G

15G

16G

17G

18G

19G

20G

tl "42
¡0.76
14"02
12.86
I 2.88
12.64
12.47
15.50
10.98
14.17
11.72
14.53
13.92
12.23
I1.58
ll"19
10.95
14.42
8"62

14. 58
14.06
9.86

11"32
5.33

13"27
10.55
14 .16
17.59
8.94

12.32
10.86
12.27

16"37
16.57
16.55
17.78
18"05
20.23
21.03
21,17
18"42
18.26
17.61
19.68
19.55
24.62
19.33
17,20
15.00
19.72
15.29
20.11
16.85
15.73
19.16
18.66
17.72
17.51
17 "O3
23"89
12.50
24"79
18. l3
22.94

68.35
71.88
75"29
70. lB
74.20
7 4.71
72.4
76.20
71.90
80.80
77.41
73.6
88.95
63.38

0.7116
0.6508
0.7958
0.6792
0.6806
0"6229
0.6022
0.7554
0.6004
0.7956
0.6544
0.7107
0.6827
0.48 t3
0.6086
0.6325
0,7 092
0.7246
0.5317
0.7399
0.805 3

0"6294
0.5802
0.2829
0.7537
0"605 I
0.8126
0.7224
0.6516
0.4985
0.5804
0.5433

62.93
68.8 I
72.89
68.42
70.88
67.08
74.05
73.47
78.28
60.80
80.66
71.45
79.95
75.81
75.75
69 "91
61.95
83.44



Appendìx Table 5" Fj indlvldual plant data measured on the honeycomb selected F3 single plants thal were to be put
ln an F4 yleld test.

F4 yield Test entry
flo.

F2 selectlon
Code

F5 p lant
No"

Cross

Glen leaxNBlSt

tt

Gl en N eaxEra
Glen leaxNBlf 1

Gl en I eaxEra
Glen leaxNB15l

il

Glen leaxEra

Glen leaxNBl3'l
Gl en I eaxEra
Glen leaxNBlSl
Gl en I eaxEra
Glen leaxNB'151

il

Glen leaxEra

Glen leaxNBl3l
il

Glen leaxEra
il

Glen leaxNBt5t
il

Glen leaxEra
il

GlenleaxNBlSl
Gl en I eaxEra

Selection F5YLD FSTILL FSHT FtILD/S F3-lKv'l F3PRO(ø) FJYrc F3YADJ FiYFIR
Category

188
8B

12C
ilD
llE
17C
168
4C

19F
en I ea check

198
15D
4C

19F
5B
4F
3D

G

1

2
3
4
5
6
7
I
9

10
il
12
13
14
15
l6
17
l8
,9
20
21
22
23
24
25
26
27
28

85-19
11-6
43-13
72-7
73-5
58-34
15-17
53-2
20-18

H

H

H

H

L
H

H

H

L

H

H

H

L
H

L
H

L
H

H

H

H

L
L
L
H

L

186.35
96.46

227.38
155.79
330.19
103.09

21.50
24.93
14.27
-4.94
18.25

27
35
27
29
27
33
29
26
35

33
44
32
28
28
31
34

32
50
31
37
29
32
38
34
27
39

27.8
37.3
25.9
31.4
24.5
29.4
27.0
35.0
36.6

84.0
104.0
88.0
78.0
78.0
84.0
92.0
80.0
92.0

74.0
86.0
88.0
90.0
88,0
80.0
80.0

70.0
78.0
80.0
86.0
80.0
86.0
84.0
92.0
76.0
76.0

1.0æ6
1.0657
0.9593
1.0828
0.9074
0.8909
0.95 10
1.3462
1.0457

37.0
34.0
29.0
37.0
34.0
35.0
32.0
36.0
27.0
59.0
34.0
51.0
37.0
22.5
37.0
25.0
33.0
32"0
30.0
51.0
5'1.0
51.0
32.0
32.0
51.0
32.0
37.0
36.0

14.35
17.33
17.33
15.37
14.59
15.68
16.55
15.29
16.23
11.76
tr6.31
15.53
16.94
14.27
15.84
17.33
15.53
15.88
15.53
16.94
14.\9
16.08
15.14
17. 00
15.14
14.74
14.04
13.88

212.21
219.41
784.84
202.58

92.11
115.29
164.63
550. 18
18.54

161.84
329.31
1',15.54
72.50

223.17
86.50

263.25

83.44
166.25
221.26
I 1 6.08
22tr.57

81 .93
97.51
89.46

252.84
95.00

12.37
20.25
14.95
15.58
-1.75
15.60
11 .73
23.88
-4"05

-2"12
16.40

-3.22
14.62
13.47
18.70
13.97
-2.62
-3.23
-2.94
18.23
-2.76

197 .16
227.44
291.01

182.67
314.92
152.01
86.49

166.89
150.33
2æ.65

96.92
228.72
177.85
176.51
%8.52
104.21
122.70
128.37
252.84
160.69

16-36
24-59
\8-33
54-39
17-18
49-20
4É59

30.9
38.2
32.7
20.3
36.6
25.0
30.8

25.2
26.6
28.1
29.6
29.0
27.2
27.4
31.4
31.1
39.9

1.1 182
0.8682
1.0219
0.7250
1.3071
0.8065
0.90 59

GlenleaxEra Compos!te
19E 54-54
68 45-19
3D 82-17
5D 26-59
48 59.17
!5E 31-47
l8F 40-32
16G 48-57
20A 85-42
16G 90-57

0.7875
0.8867
0.9065
0.8000
1.000
0.8500
0.7211
0.9235
1 .1519
1.0231

(/)
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Appendix Table 5. Continued

F4 yleld
No.

Test entry F2 selectlon
Code

F5 p lant
No.

Cross Selection F3YLD FJTILL F5HT FS{LDIS FSTKW F3PR0(l) F3Yrc F3YADJ F5YPIR

Category

26
50
43
45
34
35
22

32"6
43.2
22.6
32.4
31.2
29.5
17.4

29
JO

31

32
33
34
35
36
37
58
39
40
41
42
43
44
45
46
47
48
49
50
51

52
53
54
55
56

88 88-58 Glen leaxNBl5l
gE 91-3 'r

18G 27-49 Glen leaxEra
3E 13-55 '|t

lD 32-30 il

loc 2-48 '!,

9F 43-52 n

Gl en I eaxNB13l Compos lte
4C 67-2 Glen leaxNBl31
gA 45-21 r'

58 31-39 il

15G l3-4 GIen I eaxEra
178 11-36 Glen leaxNBtS'l
9F 1-52 Gl en I eaxEra
5F 21-61 Glen leaxNBt5l

l lc 15-54 '!,

3C 88-',1 1 r
Gl en I eaxNBl3l Compos lte

17F 68-52 Glen teaxEra
3A 9-52 Gl en l eaxNB lSt

10E 56-57 '|,

t7E 46-4 rr

15G 13-25 Glen [eaxEra
GlenleaxEra Composile

11 4'19 Glen leaxEra
158 70-18 GlenleaxNBlSl
lC 87-56 'r

12G 5-37 Gl en I eaxEra

80.0
74.0
74.0
84.0

85.47
116.45
150.00
78.72

H

L

L

H

H

L

L

H

H

H

L

L

L

L

H

H

L
H

L

L

L

L

H

H

L

31.6
19.0
37.6
36.9
23.8
37.7
25.9
26.9
28.1

19.4
20.5
24.2
31.4
20.8

24.7
26.9
29.1
21.5

19

27

58
34
18

31

D
41

21

15

19

27
23
25

28
17

22
20

84.0
86.0

80.0
70.0
85.0
70.0
85.0

30.0
76.O
70.0
76.0
70.0
90.0
76.0

145.62
1 18.76
152.23
90.44
96.35
84.72
88.69

152.84
262.62

90.0
80.0
70.0
90.0
66.0
78.0
84.0

1.6632
4.7037
0.9895
1.0853
1.322
1.2161
0.895 1

0.6561
1.5381

1"25fi
1.4400
0.5256
0.7200
0.9176
0.8429
0.7909

58.0
59.0
25.0
29.0
32.0
29.0
30.0
37.0
40.0
34.0
56.0
34.0
53.0
37.0
50.0
29.0
36.0
40.0
35.0
40.0
28.0
40.0
50.0
34.0
26.0
34.0
38.0
29.0

tr3.82
14.43
15.6 I

14.51
t 5.68
15.45
15.75
14.35
15.14
13.72
16.55
16.78
15.76
15.76
15.21
1 6.78
t5.14
14.35
14.35
13.05
16.47
15.76
17 .10
13.96
14.98
13.70
t5.n
16.47

142.98
92.1t
83.08

184.09
187.95
82.40
79.09

69.78
200.98
90.50
80.10
77.32

13.19
-1.55
-3.64
15.52
18.50
-5.60
-3.74

,5.07
7.18

23.67
-1.95
-1.77
-2.45
-1.73
'10.87

17.33

-4.54
6.48

-'1.30
-3.33
-3.90

224.83
141.64
90.21

382.52
152.42
103.69
I 18.61

240.30
141.47
3fi.74
132.92
122.68
114.94
103.72
102.79
272.81

1.2933
1 .0789
0.8965
1.3652
0.8320

0.8821
1.5824
1.3227
'!.0750

94. 17
120.09
163.95
92.43
79.69

-2.06
9.00

12.42
-5.33

109.43
126.47
188.10
84.64

(¡)
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Appendix Table 5. Continued

F4 yleld
No.

Test entry F2 selecflon
Code

F5 p lant
No.

Cross

Glen leaxNBl31

Gl en I eaxEra

Glen leaxEra

Glen leaxNBl3'l

Glen leaxNBtrS'l
L

n

n

il

Gl en I eaxEra
Glen leaxNBl3l

il
il
il
tl

Gl en I eaxEra

Selestlon F5YLD FSTILL F5HT FILDIS FSTKY'I F5PRO(Í) F5Yrc F5YADJ FSYPTR

Category

57
58
59
60
61

62
63
64
65
66
67
68
69
70
71

72
73
74
75
76
77
78
79
80
81

82
83
B4

8F 15-30
48 73-17
5F 42-10
6E 34-47
38 52-5
8D 62-49
16C 2-12

Gl en I eaxNB131 Compos I te
12G 33-58
8G 2-4
iD 12-38
16F t9-41
tG 56-6
3D 19-49
38 17-16

GlenleaxEra Composite
8E 7-45
17s 8-49
98 32-59
8F 80-40
9A 73-43
18D 3-31
9A 87-43
158 7-8
208 50-58
5A 2-32
9E 7-4

20F 27-9

L

H

L

L

H

H

H

L

L

H

L

L
H

H

L

H

H

L

H

H

H

H

H

H

L

L

?t

il

il

il

il
It

It

lt
I

24.9
50.8
23.8
21.0
30.7
35.5
27.6

32.3
38.8
43.6
27.4
18.5
33.2
30.7

23.8
22.9
34.6
36.0
32.0
31.2
33.1
28.3
34.6
23.6
35.6
19.0

92.0
30.0
74.0
34.0
'16.0

76.0
76.0

78.0
92.0
79.0
76.0
82.0
82.0
88.0
63.0

0.8586
1.1407
0.8207
0.8077
1.3348
0.9342
0.9621

1.0094
1.1086
1.0634
0.8505
0.8043
0.9765
0.9505

1.0548
1.0905
1.1931
1.0909
0.86 49
1.1143
1.439'
1.0107
I .0 176

0.6211
'1. 1700
o.7917

35.0
32.0
27.0
33.0
58.0
29.0
32.0
40.0
33.0
38.0
32.0
32.0
38.0
34.0
35.0
32.O
27.0
3't.0
37.O
37.0
36.0
51.0
36.0
33.0
55.0
30.0
58.0
25.0

I 5.05
16.23
16.78
17.10
14.27
16.23
16.00
14.43
16.00
16.94
14.82
16.23
15.21
15.66
15.21
13.80
17.00
16.00
14.98
15.76
16. t6
17.72
1 5.68
17.80
13.02
15.21
17.02
16.7 I

95.04
170.16
88.47
74.47

124.æ
295.83
317.24

88.8
224.51
æ8.53
90.68

240.60
216.67
548.42
479.66
191 . 16

536.36
99.44
68.34

-1.02
16.77
-2.95
-4.54
15.92
24.58
\3.30

-3.54
-3.06
29.æ
-2"77
-5.62
12.85
13.70

-2.98
6.98

20.88
-3.28
21.74
20.52
15.40
19.75
1 5.80
11.72
-2.02
-F 1q

t 09.07
192.15
\01.27
81.17

1 46.8 9
314.99
186.48

I 08.7 5
1 14.45
243.98
128.21
86.33

241.80
159.89

'118.88

132.37
205.09
104.13
346.69
208. 00
320.42
277.45
218.02
382.49
214.45
124.43

29
27
29
26
23
38
29

32 90
35 96
41 34
33 100
23 55
34 90
33 90

72.0
66.0
92.0
76.0

23
21

29
33
37
28
23
28
34
3B

30
24

0
0
0
0
0
0
0

g6.42

98.73
500.68

87.82
71.43

167.67
208.84

(JJ
!



Appendix Table 3. Contlnued

F4 yield Test entry
No.

F2 selection
-Code

F3 planf
No.

Cross Seleqtlon FSYLD FSTILL iSHT FILD/S F3'ÍKW F5PR0(l) FIYPC F3YADJ FSYPIR

Category

85
86
87
88
89
90
91

92
93

94
95
96
97
98
99

100
101

102
105
104
105
106
\07
108
109

110
111

112

Glen leaxNBl51
15C

208
6A

1A

12D

208
12A
'l8D

l6G
114
20D
114
13F

9E

2C

16D
't0A

18F

134
8F

128
13G

16D

8E

15E
158
l6F

Cornpos I te
15-14 Gl en I eaxEra
23-6 Glen leaxNBl3'l
51-34 rr

36-54 n

2-8 Glen I eaxEra
89-3 Glen leaxNBl5t
69-22 rr

2F62 Glen leaxEra
4\-5 'r
76-31 Glen leaxNBl51
'l !-60 Glen leaxEra
6-51 Glen leaxNBlSl

18-42 GlenleaxEra
2\-25 Glen leaxNBl31
52-46 rr

73-29 Glen leaxEra
80-12 Gl en I eaxNBlSl
26-32 Glen leaxEra
41-44 Gl en I eaxNBl51
43-30 il

10-56 il

19-17 Glen neaxEra
17-8 n

21-45 G len IeaxNBl3t
32-2 n

32-44 1r

29-62 Gl en I eaxEra

H

H

H

H

H

L

H

H

L

H

H

H

L

L

H

H

H

L

H

L

L
L

H

L

L
L
L

28.0
40.'l
28"3
25.3
33.3
35.8
25.8
28.0
22.4
50. t
31.2
3\.3
30.1
20.7
28.9
26.9
23.5
24.4
26.5
21.6
29.1
32.5
50.9
31.5
26.6
22.8
25.8

84.0
70.0
72.0
74.0
70.0
84.0
16.0
86.0
80.0
75.0
72.0
82.0

74.0
66.0
66.0
84.0

0.7568
1.5828
0.9129
1.4056
0.7085
1.1548
0.8063
0.8485
0.8000
1.1 148
1.0400
1"20ß
0.8t61
0.71 58
0.9323
0.9963
1.0682
0.9037
1.3947
't"2000

0.9700
1 .0'156
'1.0500

1.0'161
0.858 1

0.6706
0.8600

58.0
33.0
35.0
29.0
28.0
5'1.0
34.0
34.0
5 t.0
34.0
50.0
34.0
25.0
29.0
34.0
33.0
58.0
32.0

16.39
'15.68

15.53
15.21
15.21
16.39
16.78
16.00
15.92
15.53
15.53
15.92
14.82
17.80
16.39
16.62
11.76
16.55
15.53
13.41
14.35
14.35
16.39
16.55
18.51
14 .19
16.23

1 05.60
145.æ
283.00
176.92
223.49

8'1. t8
263.26
243.48

63.63
436.23
288.88
143.58
92.90
81.49

40 1 .38
256.19
133.52
85.5 1

311.76
89.65
97.98
69.74

114.02
91.83
96.37
80.56
78.89

7.8
16.62
16.50
9.82

24.20
-5.03
10.50
17.00

15.23
-2.87
-3.53
-4.93
\4.92
-3.34
-2.27
-2.75
-3.32

tsz-.lo
184.79
500.10
182.95
180.29
124.7 4
228.32
178.00
106.51
356.21
208.97
197.73
135.58
88.55

230.65
247.47
1 89.06
106.55
314.35
114.70
'165.00

115.38
179.13
125.85
118.22
93.17
96.27

-4.68
15.05
15.77
16.68
-3.02
-3.48
16.80
14.67
5.70

-2.32

29.0
42.0
32.0
33.0
25.0
37.0
32.0
32.0
26.0

e8.0
86.0
78.0
84.0
71.0
80.0
70.0
75.0
78.0
82.0
98.0

37
29

31

t8
47
31

32
33
28
27
50
26
56
29
31

27
22
27
l9
18

50
32
50
31
31
34
50

(JJ

oo



Appendix Table 3. Contlnued

F4 yleld
No.

Tesl entry F2 selectlon
Code

F3 p lant
No.

Cross

Glen IeaxNBt3l
il

Glen leaxEra
n

il

Gl en I eaxNBlSl
Glen leaxEra
Glen !eaxNB'l3t

Glen leaxEra
Glen leaxNBtS'l
Glen leaxEra

il

n

n

Glen leaxNBlSl
il

G len leaxEra
Gl en I eaxNB 15 I
Glen leaxEra

ll

il

Gl en I eaxNBlSl
il

Gl en I eaxEra
It

il

Selectlon F3YLD F5TILL F5HT FS(LDIS FSTKW FSPRO(l) F5YPC F3YADJ F5YPTR

Cafegory

115

114
115
t16
117

il8
1\9
120
,21
122
123
124
125
126
127

128
129
t30
131
132
133
134
135
136
137

138
\39
140

98 4-38
5C 25-3't9G 70-3

?0c 31-54
I lD 30-49
16A 21-11
19G 7-35
4F 7-62
lBE 53-16

GlenleaxEra Composlte
16D 24-39
'l 18 21-48
13C 1r-35
16F 12-30
6G 22-17
llD 30-28
18E 32-5
15E 17-26
1?F 39-31
20E 12-34
4G 1-26
5D 26-61

15C 30-l I
6E 6-26

158 8-47
1 I F 32-19
3G 43-4

20G 42-46

H

H

L

H

H

H

L

L

L

H

H

H

L

L

H

L

L

L

L

t
H

H

L

H

L

L

L

31.5
31.4
30.9
26.7
22.4
35.0
26.7
23.8
19.4
24.5
26.1
3r.2
29.2
37.9
47.6
22.7
18.7
25.7

85.0
88.0
80.0

1.5379
0.98 1 8

0.7344
0.8563
'1.0875

0.8074
1.0250
0.9806
1.000

0.9000
0.9813
1.0655
1.3350
0.9333
1.0294
1. 1609
0.7033
0.7462
1.4412
0.8700
0.8432
0.9125
1.2633
'1.5600

0.5279
0.7480
0.7343

4t.0
32.0
30.0

33.0
31 .0
50.0
29.O
37.0
51 .0
29.0
35.0
58.0
41.0
27.0
51 .0
3.l.0

15.21
16.3'
15.53
16.55
14.90
14.12
14"66
15.76
15.92
13.64
16.08
17.10
16.23
15.92
14.66
15.45
16.31
16.55
12.94
16.79
17.72
14.66
17.72
15.53
15.45
16.39
13.41
16.7 1

83.'l 'l

1 58.58
135.52
68.81
80.86

204.67
85.30
99.58
71.06
95.33
93.88

?36.36
147.47
98.95

357.89
90.44
73.33
91.13

3.88
11.93
\4.63
-3.60
-6.02
19.52
-4.87
-2.01
-4.73
-2.55
-3.47
20.88
17.23
-1.78
34.30
-1.50
-2.18
-2.10

963.28
200.00
1æ.62
207.10
245.59
186.32
123.17
142.25
164"28

130.87
186.15
127.68
119. 19

130.23
239.73
134.38
1 58.69
I 18.58
1 06.84
95.88

203.92
185. t 6
147.29
Ð0.77
120.94
101.24
112.08

90.
87.
65.
90.
84.
73.
66.
82.
65.

29

32
32
32
32
27
28
31

31

35
32
29
20
24
34
23
30
26
17

50
37
32
30
35
43
25
35

44.
32.
23.
27.
34.
21.
28.
30.
31.

6

4
5

4
I
I
7

4
0

0

0
0
0
0
0
0
0
0

32.0
51.0
38.0
3.l.0
53.0
32.0
33.0
31.0
56.0
33.0
32.0
30.0

3B4. rtiì 58.56
314.56 17.35
95.53 -1.62

222.76 14.68
322.22 22.1
156.83 9.68
97.62 -'l .90
97.43 -3.38
87.08 -3.46

72.0
66.0
90.0
68.0
76.0
78.0
88.0
72.0
84.0
84.0
84.0
82.0
94.0
80.0
79.0

(,
(o



Appendix Table 3. Continued

F4 yleld
Nb.

Test entry F2 selecllon
Code

F5 plant
flo.

Cross

Glen leaxNBlS!
GlenleaxEra
Glen leaxNBlSl
Gl en I eaxEra

Se lestion FSYLD F5Tl LL FSHT FILD/S F5TKV'I F5PR0( Í) FiYrc FSYADJ FSYP|R

Category

141
142
143
144

5E

9G

194
18D

\3-57
50-5
22-51
24-41

22.6
28"0
21.6
29.7

0.6278
1.0000
0.9391
0.78 I 6

16.00
14.82
19.37
16.86

91.8
111 .34
277.57

-3.53
-3.20
4.85

18.63

118.32
103.43
200.00
344.15

L

L

H

H

27

36
30
32

78.0
68.0
90.0
88.0

36
28
23
58

0
0
0
0

9385.

Hè
O



Appendix Table 4. Representation of the F2-selected lines in the F4 yield test.

Line Yield Test
Entn i es

1A

2A
3A
4A
5A

6A
8A

9A
104
11A
12A
134
154
164
174
184
i9A
20A

Line Yi,eld Test
Entri es

IB
28
38
4B

5B

6B

8B

9B
t0B
tlB
128
t38
t58
l68
178

¡88
l98
208

Line Yield Test
Enfr i es

Line Yield Tesf
Entri es

Line Yield Test
Entr i es

Line Yield Test
Entr i es

Line Yield Test
Entr i es

IG
2G

3G

4G

5G

6G

8G

9G

l0G
1lG
12G

13C

l5G
l6G
17G

l8G
19G

20G

2
1

2

3

1

3

I

I
2
1

3
2

2
1

1

3
I

2
3

1

2
3
2
I
1

1

2
2

2
2
1

2

4

I

I

2
1

2
2

3
I
I

1

I
I
2
I

I
1

2
I
1

1

2
2
2
1

2
2

I

2
I

I
2
2
2

I

1

I
I
2
1

2
I
1

1

1C

2C

3C
4C
5C

6C

8C

9C

i0c
llc
12C
r3c
t5c
16C

17C

tBc
l9c
20c

ID
2D

3D

4D
5D

6D

8D

9D

i0D
'llD
12D
l3D
l5D
l6D
170
i8D
l9D
20D

IE
2E
3E
4D

5E

6E

BE

9E

10E

tlE
12Ê.

15E

t5E
16E

17E
l8E
i9E
208

1F

2F
3F
4F
5F
6F
8F
9F

l0F
ltF
12F
13F
15F

l6F
17F

18F
19F

20F
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Appendix Table 5. Adjusted means of yleld and other varlables neasured in the F4 yleld
test.

b
F4 yield
entry

Test Cross Selectlon
Category

F4YLD F4PRO F PYLD F4TEW F4TKW F4HT F4DH

No

I
2
3
4
5
6
7
B

9
l0
ll
12
l5
l4
15
16
17

18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
4l
42
43
44
45
46
47
48
49
50
51
52

Glen leaxNBlSl
ll
il

GlenleaxEra
Glen leaxNBlSl
GlenleaxEra
GlenleaxNBlfl

il

Glen leaxEra
Glenlea check varietY
Glen leaxNBlSl H

Glen I oaxEra H

Glen leaxNBlSl H

Glen leaxEra L
Glen leaxNBlSl H

ilL

Glen leaxEra H

Glenleaxtra ÜomPoslte
Glen leaxNBlSl

t1

Glen leaxEra
il

Glen leaxNBlSl
ll

GlenleaxEra
il

Glen leaxNBlSl
GlenloaxEra
Glen leaxNBl3l

il

Glen leaxEra
il
il
il
il

Glen leaxNBl5l ComPos ite

GlenleaxEra
Glen leaxNBl5l
GlenleaxEra
Glen leaxNBlSl

H

H

H

H

L
H

H
H

L

432"22
588.40
287.35
303.72
388.64
349.01
400"62
401.51
239.03
343"21
353.72
295.12
448.04
298"26
418.16
578.19
5 I 5.00
297.10
344.08
400. 5 1

369.26
343.81
378.67
358.58
344.76
243.81
291.00
266.82
389"D
408.59
253.62
3Q7.38
257.85
262.08
262.88
312.18
449.9'l
290"33
424.88
259.
595.81
381.37
222.71
277.85
312"42
290 "7 1

337.50
423.96
550.90
375.70
263"97
27 4"48

13.46
14.02
13.71
14.14
12.77
13.72
13.99
13.67
14.54
t 3.91
12.90
13.24
13.74
14.27
I 3.40
15. l5
13.41
15.60
12.93
12.74
12.7 4
13.85
1 5.09
13.64
14.70
14.20
12"76
13.7 4
1 4.44
12"61
13.24
15.16
12.91
13.99
15.11
13"51
13.45
13"79
I 5.06
15.01
12.27
13.42
13.64
13.23
15.21
13.30
14.21
12.33
13.44
12.45
I 4.86
13.75

58.20
54.44
39.44
43.01

tB.8 1

61 .82
42.42
55.79
49.84
41 "5640.30
44.14
51.24
47.09
47.61
49.71

56.43
51.54
33"62
40.14
35.13
36.52
39.74

51.41
50.03
36.r7
41.00
38.76
48.14
52.21
47.27
46"46
59. 18

37.79

78"22
78"92
74.21

76.61
7 4.10
74.97
78.57
77 .51
76.40
76.53
76.64
77.30
73.57
74.84
78.46
79.21
77.99
77.03
79.47
78.04
70.15
76.44
79.64
76.04
70.4 I
75.31
7 4.92
74.14

43"78
44.44
33"30
47.45
41.82
42.74
43.01

40.95
42.00
37 "62
39.64
45.68

43.53
43.97
45.25
54. lB
37.58
42"02
43.05
41.40
44.01
43.79
42.95
45"41
37.61

1 14.02
120.52
1 09.69
118.47
92.48

1 05.87
111.65
I I 1.57
108. 1 I
1 10.79
96.1 I
91.74

1 14.35
108.8 I
I 17.80
107 .31
106.37
106.51
99 "0498.57

105.14
1 04.90
I 10.47
I 05.08
I 06. 09
102.12
102.78
1 06.64
I 09.65
96.43
85.47
88.56
89"42

1t I .96
94.1I

109.42
105.95
I 06. 08
112.11
104"42
85"22

I 06.87
96.76
95.66

106.00
110.95
1Q2,63
98.28

1 04 .86
91"55

106.19
l0B. t7

41
45.5
42.5
42.5
40.5
45
43
42.5
43
43
41.5
45.5
41
43
44.5
45
41"25
40. 5
40
44.5
40.5
40.5
42
40
43.5
39.25
45
40.25
43
41
40
44
43.5
45.5
41
42.

49.62
47.77
55.97
54.85
35.00
47.68
45.40

41"71
59.95
39 "8559.65
58"98
48.56

45.68
44.28
39.88
40"26
41.89
38.48
43.64
44.91
38. 10

78"35
76.20
75.56
78.05
75"39
76.27

38.56
77.31
40.36
42.17
37.85
40. 50
43.52
44.13

45.45
30.55
34.15
36.97
37.35
38"56
42,80
47 "8543.64
46.19

48.93
50.64
34.60
36.65
36.55

7 4.58
75"26
78.82
73"97
78"62
75.79
76.23

GlenleaxNBlSl
il

il

L
H

H

H

H

L
L
L
H

L
H

L
L
H

H

L
L

Utt
H

H

L
L
L
L
H

H

oslfe
L
H

L
L
L

il
il

Glen loaxNBl3l ComP

Glen leaxEra
GlenloaxNBl5l

It

il

Glen leaxEra

,
5

5
5
5
25

44
42
44
42
4l

77.81
66.04
71.77
73"42
75.25
78.75
75.46
77 "1274.96
76.59
75"90

42
42"5
43.5
4t
42
44
41.5
41
40.5
40.25
41GlenleaxEra ComPosite
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Appendix Table 5. Confinued

F4 yield
entry

Cross Selection
Category

F4YLD F4PRO F4PYLD F4TEW F4TKW F4HT F4DHbTest
No.

55
54
55
56
57
58
59
60
61
o¿
63
64
65
66
67
6B
69
70
71
72
73
74
75
76
77
7B
19
BO
B1

82
B3
B4
85
B6
B7
BB
89
90
9l
92
93
94
95
96
97
9B
99

100
101
102
105
104
105

Glen leaxEra L
Glen leaNBl3l H

ilH
Gl en I eaxEra L
Glen leaxNBlSl L

rrH
rrL
ilL
ilH

Glen leaxEra H
ilH

Glen leaxNBl5l Compos lfe
Glen leaxEra L

ilL
ilH
ilL
nL
ilH

Glen leaNBlSl H

Glen leaxEra Composlte
Glen leaxNBlSl L

nH
ilH
ilL
ilH

Glen leaxEra H

Glen leaxNBlSl H
rrH
ilH
ilH
ilL

Glen leaxEra L
Glen leaxNBl3l ComPoslte
Gl en leaxEra H

Glen leaxNBlSl H
rrH
nH

Gl en leaxEra H

Glen leaxNBlSl L
ilH

Glen leaxEra H
rrL

Glen leaxNBlSl H

Glen loaxEra H

Glen leaxNBl5l H

Glen loaxEra L
Glen leaxNBlSl L

rrH
Glen leaxEra H

GlenleaxNBlSl H

Glen leaxEra L
GlenleaxNBl5l l{

rrL

36.51
41.00
38.75
48.14
52.21
47.27

41
45
41.25
43
42
43

244.49
427.31
334.40
318.53
41 1 .39
569.0 1

293.48
391.35
413.63
53 5.88
290.78
255.39
295.51
334.54
339.30
279.22
218.æ
355.88
366.45
261,55
304.59
329.92
414
455.62
371.33
302"16
406.58
374.52
326.74
394"01
417 "36256.02
344.93
322"55
392"83
325.36
405.55
255.29
281.30
374"27
266.16
261.74
350.87
298.66
363.76
5Q1.20
291.15
451.59
365.æ
597,30
361 "27
383.21
3B7"Bl

13.68
13.56
1 3.98
13.64
15.@
13.32
12.69
15.92
15.39
15.63
14.15
13.33
13.7 I
13.75
13.65
13"78
15.æ
13.53
15.11
14.06
12.95
12.91
13"62
15.09
13.27
15.05
13.41
13.82
12.73
13.70
13.47
15.06
13.61
13.57
12.71
15.57
13.15
13.75
13.87
15.19
I 3.98
14.30
12.95
12"96
13.15
12.83
13"D
13.33
I 5.58
12"62
14 "47
12"56
12.56

36.98
39.27
42.38
56.79
59.67
49.1 1

45.44
54.14
51.42
41.44
53.89
56.47
33.16
46.88
44.12
50.36
44"25
53.23
34.87
39.15
49.49
37 "3737.49
45.80
38"73
47 .77
58.70
52.10
60"35
49"87
50"20
52.17
47.77
49.05

77.73
75.42
7 4.17
77.49
78"20
76.89
74.77
79.31
78.21
75.37
74.33
71.08
78.27
78.08
77.16
76.98
75.53
76.56

73.20
75.34
73.53
76.ß
78"01
7 5.69
73.74
76.54
75"25
76.78
76"46
77 .17

37.t3
37.27
J8.48
44.83
37,50
40.70
39"23
44.60
46.65
47.18
42.23
46"50
46.15
41.36
47.17
43.58
51.98
44 "4936.75
44.59
59.03
44.84
30.96
44.56
45.26
40.51
36.28
43.86
37.30
44.85
38"27
46"37
45.7 1

37.15
43.16
41"26
44.33
44 "46

101.44
97,38

I 15.51
107.39
I 09.54
115.69
99.49

112.2'
I 08.55
97.16
98.97

1 1 1.96
107 . 9l
I 04. 88
1 07.07
1 10"65
97 "68

I I 1.45
1 17,06
104.15
93.30
92.90

I 09.50
I 08.40
1 14 .66
114.43
116.88
99.54

101.06
112.56
I10.86
77.31

t1 1 .92
105.45
t0 I .80
92.59
96.10
BO.68

111 .74
111.92
1 18.47
1 1 0.06
99.27
97.16
99.42

100.87
1 06.98
I 10.87
112.99
94"52

I 06.94
100"26
103"67

43
42
43"5
41
41 ,5
43
42
40.25
4l
59
44
42
41.25
41.5
40.75
41.5
42

45
44
43.5
41
44"5
40.5
41.5
40.7 5
45
42.5
44
44.5
42
40n5
40. 5
42.5
43
41 ,75
44
43
41.5
43.5
41
40.5

46.46
39.18
37.79
33.46
58.00
46"61
43.45
46.24
46.12
38.49
33.39
48. l5
48.14

42.5

36"9
45.59
47 "6342"65
47.45
43.45
36.65
47.07
44"22
38.9 I
36.03
42.40
42"81
44.27
40.n

7 4.59
78.06
76.95
76.30
78.37
75.49
70.77
77.77
78.05
78.17

40.5
45.5
40.5
42.5
41.57 4.15

78.34
77.52
76"79
'16.50

78.89
7 6.15

75.85
79.30
77.00
79.60
76.88
76"@
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Appendix Table 5. Contlnued

F4 yíeld
entry

Cross Selecflon
Calegory

F4YLD F4PRO F4PYLD F4TEW F4TKW F4HT F4DHbTost
No.

106

107

l0B
109
110
1il
112
113
114
115
lt6
117

118

l19
120
121
122

123
124
125
126
127

128
129
t30
131
132
133
134
135
136
137
t58
139
140
141
142
143
144

G I en I eaxNll151 L

Glen I eaxEra L
ilH

Gl en leaxNBlSl L
ilL
ilL

Glen leaxEra L

GlenleaxNBl3l H

ilH
Gl en I eaxEra L

ilH
nH

Glen leaxNBlSl H

Gl en I eaxEra L

Glen leaxNBl5l L
ÍL

Glen leaxEra Composito
Gl en I eaxEra H

Glen leaxNBlSl H

Gl en I eaxEra H

ilL
nL
ilH

Gl en I eaxNBlSl L
xL

Gl en I eaxEra L

Glen leaxNB15l L

Gl en I eaxEra L
rrH
ilH

Glen leaxNBl5l L
ilH

Glen leaxEra L
rrL
ilL

Gl en I eaxNBlSl L

Glen leaxEra L

Glen leaxNBlSl H

Glen leaxEra H

45.22
39.83
40.07
42.12
33.86
40.65
44.13
58.95

110.40
I 10.20
107.85
99.33

105.08
102.64
93.09
97.13

113.42
111.42

42.25
41.25

43
40.,
45.5
40.75
40"25
45.5
45.5

564.08
33 1.00
300.86
326.28
341.02
273.79
260.11
399.38
249.10
247.94
360.52
334.17
5 1 6.98
244.36
324.35
353.52
283.',36
401.77
366.63
352.39
298.07
324.23
408.47
294.99
302.66
320.61
290.15
299.30
245.47
351.65
342.55
336.15
295.51
501.93
296"67
256.48
308"40
327.49
27 4.65

13.14
13.09
13.92
13.28
13.39
13.33
13.82
13.49
14.52
12.98
13.41
15.90
13"57
15.12
13.n
12.82
13.72
13.04
12.51
13.78
13. 19

14.27
13"22
13.04
13.46
13.24
13.64
14.33
14.06
15" 58
13.36
13.53
13.51
13"32
14"23
13.20
13.24
13"37
14.16

47.86
43.50
42"07
43.05
44.57
36.20
35.94
53.72
35.91
31.95
48.20
46.32
42.81
52.09
43.05
46.62
58.84
52.62
45.89
48.43

76.45
77.40
78.40

73"87
75. lB
76.66
75.19
77.51
78.75
74"82
19.O2
73"35
77.84
80.40
73.05
72.90
76.55
75.92
75.36
7 4.25
76.70
79.01
75.06
76"ß
77.85
76.54
69.24

42.44
34.33
3r.21
40.55
52.16
42.09
37.44
44.88
40.10
34.59
44.72
37.13
40.14
32.lt
41.63
39.12
37.40
40.80
41.42
40.12
34.27
40.50
42.48
58.22
41.94
34.95
44.10
37.56
54.55
45.10
46.31
45.73
36.64
38"02
56.00
31.89
43.52
41.02
38"51

94.03
102.76
1 13.67
93.92
92.06
90.21

I 05. 38

42.5
43
43
41

39.7 5
40.25
40.75
40.75
45

75.88
77.03
73.69
76.34
78.05
75.82
77.32
7 6.41
78.41

42-25
43
45
43
42
42.5
40.5
40.7 5

44
42.5
41.5
40
40.75
45.5
40.5
40
40
43
40.25
43

104.14
107.92
81.63

104.95
117.27
92.21
84.20

1 07.85
92"39

108.23
112. t8
94.95

100.8 5

89.93
92.86

1 09.66
91.56

103.51
101.48
109.92
98.66

I 08.33

39.28
46.40
53.85
38.26
40.79
42.49
39"42
42.19
34.65
47.89
46.1 I

74.71
74.72
7 4.79

a) For fhe yleld solectlon category, H and L stand for hlgh and low yield selections
respectively.

b) The moans of days to harvest (F4DH) were not adjusted means.




