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ABsTRACT

YIELD GA INS IN IJHEAT BY THRIE tïETHODS ÜF SILTCTTON

by Josef F. Seitzer

Three crossas of spríng uheat (Triticum aestivunl L.),

differing in degree of heterosis r¡ere chosen to compare the

efficiency of three methods of seLection for identifying high

yielding laLe generation .lines. The three methods comparêd uere

(t). pedigree method urhere visuaL select,ion uas practiced in Fa,

( Z ) an early generation yield t,est u.rhere Fa plots urere compared to

adjacent control-s, and (S) an early generation'yield test u¡helein

replicated tests uith hilt pJ-ots uere used to evaluaie the yieJ-d

pot,ent,ial of F= f amilies.

The efficiency of t,hese methods uas eval-uated in FU.

One hundred and eiqht,y Lines derived l'rom 45, 6 and 3 selected F,

lines in methc¡ds (1), (Z) and (3) respect,ively, lrere grourn at each

of 2 locat,ions. Comparisons arnong crosses uere made for mean yield,

variances among F= families and among FU lines ulithin F, families,

actuaf lirre yieJ-d and Iine yield relative t,o the cont,rol- variety.

The methocJs rJid not differ significantly ulith regard to

mean yieJ-d, v¿¡riances ancl Line y1eld. Signif"icant diffe::ences be-

Lueen methods ulere obtained 1n Lulo crosses r¡hen line yields uere
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compared t'o the cont,roL. Irr cross I, arl Lhree met,hods of soLection

uere effectÍve in recovering llnes ouLyielding the control, but the

control plot method retained the most. In cross II none of il-le

methods uas successful in identifying Lines r¡hich exceeded tho con-

trol. In cross III the hilJ- pJ.ot method isolated significantly more

l-ines than the pedigree met,hod and uas slightry bet,ter than the con-

troJ. plol" methoc] of seLection. Both crosses I and III uere more

heterotic than crr¡ss I I.

It r¡as concl-uded that earl-y testing may have an advantage

r¡hen deal-ing r,.rith crosses of lorrrer yieì-d potentiaJ-.
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INTRODUCTION

One of the major goals in pJ-ant hrre=ding is the production

of higlr yielding var.ieties. tiith a gror,Ling human population and

food shortages in many parts of the uorlrJ, ihe need for varieties

without a genetic ceiling to their yielding ability becomes even

g reate r .

Yield is t,hourght l-o be inff uenced by many genes and to be

the enCproduct in a l-onq chain of reactions, interactions anC com-

pensatory effects. Because yield is very sensitive to environmental

infl-uences, it is difficult to manipul-ate. This fact is refllected in

that methods of sel-ection applied and population sj-zes vary greatJ-y

in breeding programs (Shebeski, 1967).

Feu empiricaf studies comparing the efficiency of various

sel-ection methods are avail-abLe. The more classical methods of

selection, the pedigree and bulk method, reJ-y heaviJ-y on visual

seLection ulrich is generalJ-y beJ-ieved to be of little value especial-

Iy uhen dealing uith yield differences of 1O/" or 1ess. Because of this,

early generation yield tests uere used in devel-oping the high yieldinç

variety GÌr:nf ea (Evans qt g1 . , 1972) .
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The study reported herein compares the efflicierrcy of three

breeding metllods; ttre cLassical pedigree method and tuo trrhich use

early generation yield testing. The early generation yieJ.d 1-ests uere

the use of rod rou plots compared to an adjacent control p.ì_ot

(shebeski, 1967 ) and replicated hill prot,s (Jett-um et_ at-. , 1963).

The hiÌl plot method all-orLrs for replicated tests on one or more

locations. lJith repJ-icaLed tests, the breeder coul-d obtain inf orma-

tion as t,o the adaptation and performance ofl a l_ine at a very early

stage. Such information should al-l-ou more effective seLection in

early generations (Shebeski and Ivans, 1973).

The effectiveness of breeding methods can be eval_uated by

measuring the overall- mean yierd of sel-ected .l-ines or by the number

of l-ines r¡hich exceed a certain minimun yield.

The study also compares three crosses; t,rrro of the crosses

gave F, populations r¡ith much more heterosis than t,he third.
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LITERhTURE REVIItlj

The pLant breeder concerned u.rith ttre improvement of varieties

and their yielding ability faces three main probl-ems.

(t) rne choice

(z) rne choice

(s) rne choice

parents.

the most promising crosses.

a sefection method.

of

of

of

Although the present study concentrates mainfy on sel-ection methodsrthe

choice of parents and of crosses are given some considerat,ion as

they pertain to this research.

1. thoice of parents.

A common procedure among breeders in seLecting parent,s for

hybridisation isrrto cross the best, uith Lhe best and hope for the

bestrr, (Uhitenouse, 1968). In practice, the actual number of crosses

performed varies greatly. Some breeders prefer a fer¡ carefully planned

uhereas others (".S. CItvltïYT in fvìexico) prorJuce a great many almosl-

at random. In barley, Smith and l-ambert (tS0A) founO Lhat the yield

of tl-re parents uras a good index ol'hor¡ nrany F, l-ines they r'rould con-

tribute to the cl-ass of' hi ql-r yielding L j-nes. llJorking uith saybeans,

Shannon et 
"¿. 

(lglZ) observed that at i.east one high yielding parent

uas invol-ved in a.Il superior progenj-es. Uhj-Lelrouse (tS0g) houever
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points out that such an approach cou-l-d mis juclqe the s-iLuat,ion il=

the combininq abilit,y of parents can only be evaluated by testing

their proqenies

2. Choice of the most promising crosses.

Cress ?gAA) shorrred that intrafocus interactions may result

in negative heterosis so that the performance of a F, r¡ould be of

littte vafue in eval-uating crosses. Lupton (1961) and Uhit,ehouse (tSee)

al-so concluded that the yieJ-d of advanced Lines cannot al-rrrays be pre-

dicted by the perflormance of the F,,, buL that crosses uhich are su-

perior in 0.,, and l, produce a higher frequency of favorabl-e Lines in

l-ater generations. Smith and Lambert (tSee) tested bulk populations

from F, to FU and flound Lhe predictive val-ues of the F= and FO gene-

rat,ions to be good but that F, data uas Less reLiabl-e. They do pro-

pose hou-rever that early generation bulk tests can be used to eliminat,e

70 to BO% of the crosses r¡ith little probabil-ity of loosing superior

genotypes.

3. Choice of sel-ection metfiods.

After having decided r¡hat crosses should be deal-t uith,

the breede l rTìust chose a Lechnic¡ue to hancj .l e his segregat ing

populations. Tl-ris decision obviously cannot be independent of the

number of crosses to be hand]ed
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In the pedigree method, visual selecLj-on is practiced

in the early generations for the more simpJ-y inheriterJ clraracters

surch as pJ-ant height, maturity and dj-sease resistance as uell as

for plant characterist,ics supposedly related t,o productivity such

as tillering, head size etc. Actual yield test,s are deJ-ayed until

FU or later uhen the maLeriaf approaches homozygosity, (Altard, 1960).

St.Pierre et al. (lgeZ) found a good association betr¡een

yield components in early generations and yieJ-d in.l-ater generations

and concLuded that yield per spike uas a good indicator of total yield.

These findings are substantiated by the reports of Paroda and Joshi (1SZO),

tLJafton (lSZl) and Sun et 4.(t972). They found large additive varian-

ce for seed u.reight and high:-nt"""o""efations at the genotypic and

phenotypic fevel for seed ueight, ueight per spike and total- seed

yield. Paloda and Joshi (ISZO) concl-ude that seed ueight is the most

heritabl-e and genet,ically stable eomponent of yie j-d in r¡heat.

Afessandroni and Scalfati (ISZS) flound yield per head of l, plants

highly correlated r¡ith the yield of their FO progenies anC concluded

that this shoul-d be a good trait for sefection in segregating gene-

rati-ons.

0ther uorkers found yield components l-ess efficient in inpro:

ving the yiel-d fevel. Lupton et aJ. (rcAS) and Honyo and lJhittingLon

(lgll) st,ate that the best component in seJecLing flor higher produc-

Livity is yiei-d itself. In a recr:nt study under European conditiolru,

Ut,z et a]. (lglS) conclude that efficient selection flor yieJ-d by

using yield components in the F, or F= "seems unlikely.
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ïhe mairr feature of the pedigree method of breeding is that,,

in early generat,ions (r, u r o), visual methocJs are used to discrimi-

nate and eliminate plants and plant progenies. trJorking uith oats,

Frey (lgS.l) flound visual selection somer¡hat more efficient uhen based

on progeny rous than on singJ.e plants. KnoLt (lgZZ) demonstrated that

visual sel-ection resul-ted in a significant increase over random seLec-

tion, but that selected l-ines shor¡ed a eonsiderabfe range. pcGinnis

and Shebeski (tS0e) could not demonstrate any differences betu.reen

random and visually selected l-ines. Houever, their rrrandomn Ìines had

to have a minimum of 750 seeds to be included in the test and thus

trlere probably not truly random.

The rel-ative inefficiency of visual- sefection uas al-so demon-

strated in cerea]s by Boys et al. (lsaz), lvìcKenzie and Lambert, (lssl)

and by Hanson et al-. (lssz) tor soybeans. In a more recent study,

Tournley-smith et al. (lsls) reported on an experiment,, r¡herein 9

sel-ectors r¡ith various.Level-s of experience faíl-ed to identify many

of the highest yielding lines of uheat trrhen sel-ecting aL Lhe 2s/,

retention l-evel-.

Briggs and Shebeski (leZO) evaluated the efficiency of visual

selection for the imprr.lvement of seed yield in uheat. They concludec1

that l-ines that uere visibly very poor in yierd could safeJ_y be dis-

carded. They shoued that sorne peopJ-e urere more efficient than others

in visual-ly discrirnirrat,inq betueen high and lou yieJ.dr:rs.



shebeski (1967) rras stressed the importance of the F, and

F= generations uhen selecting for yield. He suggest,s that, if one

considers Lr,Lo parents dif f e ring l"or a number of genes f or yieì_d,

the progenies having most of'the desirabr-e genes uil-l have their

highest, frequency in Fr. Recognizing the reÌative inefficiency of

visual sel-ection, shebeski (1967) advocates yield testing of Fa

families to identify those r¡ith the highest mean yield. These flami-

Ìies are t,he only ones exploited in subsequent generations. ujhite-

house (tg0g) states that, aJ-though one seleets from the flringe ofl

the yieJ-d distribution, it uril-l be evident that the nearer the mean

of a family is to the ideal the greater is the probability of fin-
ding outstanding plants in that famiJ-y. Frey (lss+¡, al-so in recog-

nition of the fact that the F, has t,he greatest genetic vari_ability,

suggested that seÌection in barley shoul-d start, as early as possible.

Selection r¡ithin late generation famil-ies r¡oul-d give rapidly dimini-

shing returns. Delaying selection to .Later generations al_so means a

decrease in probability of lecovering superior genotypes (Al]ard, lgooi

Shebeski , 1967) "

Early generation testing procedures are rational-ized on the

premise that a positive correlaiion exists betr¡een the yie]-d in

early generations and the yieJ-ding ability of l-ater generations, e.i.

that genetic variance in control- of seed yield is mainly additive.

Positive correlations betueen Fr, F= and Lat,er generat,ions have been

reported by shebeski (lgr-tl) and Depauu and shebeski (tgzs). Excep-

tions to t,hese findings are given by Briggs and shebeski (lsll),

uho found that Fa yields did not predict FU yield performance in Z out

of 3 years.
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The controL of yield,bY additive gene acLion uras reporLed by

Lonquist et al., 1961; Sprague, 1966; Broun et' al., 1966; [lhite-

house,1968; Smit,h and Lambert, 196tì; Sing et al., 1969i Bhattr 1971;

ldalton , 1'972 and Sampson, 1972. Robinson (tS0S) concJ.udes thaL the

additive genetic variance appears to be the most important component

of genotypic variance in open polì-inated species and probably even

more so in selfpoll-inated species.

Dominance and epistatic effects for yieJ.d have been observed

(Grafius, 1952.; Lupton, 1961; bJaJ-ton, 1972). Busch et al-. (lgZl)

analysed 3 crosses and found J-arge dornj-nance effects in the first

tuo crosses and epistat,ic effects in the third. In all crossesr they

u.rere abl-e to isolate lines r¡hich outyielded the better parent and Fr.

They concluded: rrThis seens to inval-idate the genetie anal-ysis, since

if overdominance and non-fixabfe Lypes of epistasis r¡ere of major

importance in these crosses, pure l-ines shoul-d yield less than F,,

hybrids.'r Theeflfects of qenotype ean change in order and magnitude

under changing environmentaf conditions (Chapmann and [IcNeal, 1971;

Anraya et al-., 1972; Kattsikes and Lee, 1973). Thus it seems necessar.y

to grou severaf tests and account for genot,ype-environment interactions

in order to obtain unbiased est,imates.

Earì-y generation tests are performed on a fine or family

basis. Since the breeder has only the l-imited amount of seed from

a single (f, or Fr) olant at lrj¡ disposaì-, very feu plots can be

t,ested in earty generaLions. In response, Shebcski (lSfl) proposed
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that. a single 3-rour plot of,5 m J-ength be planted cl-ose to a control

variety and evaluated as percent of this cc-lntrol. He uas abte to shot¡

that, high yieldinq F= lines traced back t'o Fa lines that yielded hiqh

relative to the adjacent, control. This method uras further evaLuated

by Br:iggs and Shebesl<i (tSZO), uho found a positive relationship

betuleen F= plots and the mean yield of FU populations in only 1 year

out of 3. For theoreticaf reasons ànd r¡ith the support of a 2 year

study, Baker and fvìcKenzie (1967 ) doubt t:ether the use of these systema-

tic control-s is of much vaLue as a fertility index.

The use of a moving mean in evafuating earJ-y generations uas

prcposed by TounJ.ey-Smith and Hurd (1973), This teclrnique employs the

mean yield of adjacent plots to evafuate soif'fertility in thq area

of a particu.l-ar plot. They found the mov.i-ng mean superior to controL

plots and to analysis of covariance in reducing the experimental error in

nQnrepficated yield trial-s.

The use of hil] pl-ots t.ras advocated by Jef lum et al-. ( I SSS ) "

Ross and lvliller ( t eSS ) compared hill- plots ,itn "ot plots. They

found that variability in hill plots Lras generally higher than in

rou plots. They afso found that, the method gave better relationship

r,rith oats than r¡ith barley and recommend hill- plots onJ-y as a sup;:l:-

ment to ror,r plots. Frey ( t S0S ) evaluated B years ofl oat breeding

dat.a involving 300 000 hiJ-l plot,s and obtained gerret,ic correlations

betueen rous and lii.L.l-s of l-l .98 for grain yieJ-d. In a revietu papert

Le CJ-erq (lgAA) provided evidence of similar ranking in rous and
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hill plots, ulrich uas confirmed by Fonseea and pail-erson (1968b).

In a study by BonnetL and Beaver ?gAl), correlations betueen

yield in hills and in rod rous ranged from - t.2Z t.o 0.96 and

they concLuded that hill-s have a val-ue in preriminary yield testso

In a study invoLving 10 spring rrrheat and 10 durum cul-tivars t,ested

over 2 yearsi Baker and LeisLe (tszo) compared yie)-ds in both hills

and ptots. They flound the correl-ation to be high in all- cases and

concfude that hills could be used in earJ-y testing methods. They

also noted t,hat the culLivars exhibited a greater range of yield

in hills than in ror,r plots. Johnson et af. (rcAA) and Fonseca and

Patterson ( t Se Aa ) f ound high heritabilities flor grain yiei.d urhen

fines uere tested in hil-1 plots.

Feu empiricat studies comparing various sel-eetion techniques

are avail-able. Frey (ts0e) found that earl-y testing produced greater

yield gains than either of tuo modífied pedigree methods. Breeding

varieties flor the dryer areas of Canada, Hurd (lgeg) gave data on

lines originatinq from early test,s. rn 275 out of 46s comparisons,

the sel-ected lines significantly outyiel-ded the control- varieties.

Seed yields significantJ-y l-ouer than t,he best control r,.rere recorded

in only 5 comparisons. Fasoul-as (lSlS) used a technique in r,rhich

spaced plant,s uere eval-uat,ed on a yieJ.d per plant basis from F,

onuards. The rnethod rrlas ef flective in breeding the varieLy "Rhodesr'.
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AcLuar comparisons bet,ueen the pedigree method and early

testing have been done r¡ith soybeans. voigt and hleber (1g6tr)

reported that fines developed from early tests urere superior to

those from pedigree and buLk methods in yield and agrononic ch.arac-

ters. Their findings t.rere substantiated by Kuon and Torrie (lSAa),

tuho cal-cuÌated the expected genetic aain of visual- selection t,o be

5o/" of that based on plot yield. They noted that selectors uere

abl-e to classif y l-ines correctJ-y onl-y uhen dif f erences urere Ìarge.

These reports are in contrast to the findings of Boerma and cooper

(lszs¡, uho found no consistent yierd differences betueen the pedi-

gree, early testing and single seed descent methods. Hotuever, their
early testing lines Lrere consistently l_ater in maturity.
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IVIATIRIALS AN p IVIETHODS

,!

In 1971 , F, populations f rom 21 spring t.rheat erosses urere

compared in a three rep]-icate yield t,est at [.linnipeg. ptots u,ere a

single rou'1.5 m in length and 60 cm apart. A pJ_anting rat,e of S0

seeds per rou (approximatery 75/' of normal rate) uas used. parents

uere grouJn on either side of each hybrid. Gl-enl-ea r¡as the common

parent in 19 of the crosses and robari 66 in tr¡o. seed yieJ-d uas

expressed as percent ofl Glenlea. The crosses selected flor Lhis

study yielded 119, B? and 121/æf Gl-enl-ea and rirere designated c.rosses I,

II and III, respectively. A t-test (r¡ith 2 d.f.) shoued that onty the

f I hybrid of cross I I I r¡as signif icantJ-y dif f erent f rom the control-.

The parentage of the three crosses. studied is given belou,

follouing Purdy et al-.rs (ISAA) pedigree designation:

Sonora 64/ske/Aue S/S/tt Gaucho/pitic 62/4/ x Gt_enlea

lLJisconsin Supreno/2xl'ro"or/ A/S/ZX African llayo/4/ x GIenIea

Hard Federation/Chinese Spring/Ne ro/S/ZxpurpIe piLic/
4/ x GIenIea.

To determine the gene action controlling the inheritance of

seed yieJ-d, parents F., r F, and backcross generations lJere planter:1 j rr

a randomized compl-ete bLock design uith 4 replicates. Each cross uras

Cross I:

Cross I I :

Cross III:
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tesLed in a separate experiment. Plots 'u,ere a single rouL 1 . B0 m

in ì-ength. spacing bet,ureen plots uas 30 cm and seedrat,e 30 seeds

per rour. A short strauled u-rheat cul-l-ivar ulas planted on either side

ofl each t'est' plot to standardize compet,ition. These tests ùJere. con-

duct,ed in 1973 at hJinnipeg. seed yields per plot uiere recorded and

means and variances calcul-ated for individuaÌ generations. lJith

these data, a r,Leighted least square analysis ( Hayman, lgSB ) ulas

performed to estimate gene effects, empJ-oying the computer program

of Lee and Kattsikes (lSll).

Fz

The F, ulas space planted in a r,.rinter nursery at CIANO,

0bregon, lvlexico. For each cross approximately 2000 pJ-ants uere

glou,n. At harvest time , 36t rL¡ell tillered pJ-ants uere sel-ected

from each cross for Fa testing in hill-s and uith controÌ plots;

an additional- 1040 pJ-ants urere selected f rom each cross f or a

total- ofl 1400 to be incl-uded in the pedigree method.

Seed of each of the 360 plants from a cross r¡as divided

into 3 part,s: 6u0 seeds for each of the t,uo early testing methods

and 30 seeds for t,he pedigree m=thod. Hence a plant, had to have

at least 1230 seeds to be incÌuded in all 3 met,hods of selection.

No minimum seed number uas set for the additional 1û40 p]-ants to

be tested by the pedigree rnethod only. )
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Early testing-ad jacent control
p 1 o t s (Erc). Each of the 360 families per cross t¡ere testecj

in a s.ingl-e 2 roul pJ-ot, 5.60 m in length and trir¡rmed to 5.0 nr at,

harvest. seedrate uras 300 seeds per rour for all entries.' spacincr

betueen rouJs ulas 30 cm and betureen plots 60 cm. Every sevenilr prot

uas planLed to Gren.lea as a control plot. Individuat F= pJ_ot yields

ulere expressed as fi of the nearest cont,roÌ pJ_ot.

Six Fa families uiere sel-ected

a family had to have high actual_ yield

to the adjacent control- plot.

each cross- To be selected,

r,,rel-1 as being high reLative

]-n

AS

Early testing - hill pJ_ots (ffH).

360 F3 famil-ies uere tested in rep.ricated hir-l ploc test s aL Z

l-ocations, lLJinnipeg and GlenLea. Hills rdere spaced 90 cm apart in

each direction. Iach hil]- measured 2Ll cn in cjiarneter ar¡d r¡as plantecl

by hoe and stove pipe (Rtates 1 and 2). seeding rate uas s0 seeds

per hiì-1. six repì-icates (ni-tt.s) r,,ere planted per F, f'amily. Herrce

an equal nrrmber of seeds uere used in both early gene:ration tests.

The 3l¡0 famil-ir:s of a cross urere divided r.'andoml y into

groups of 36. Each group r¡as treaterl as a comp j ete rando nízec!

bl-ock r,,iLh 6 repJ,ical-es (a totar r:f 216 hills ) . Each randomizecl

group lr¿rs surtúunded by hi J-Ì p]-ots oi' the control variety Glenlea,
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planted at comparable spacing and density.

tatlon of the field design is given belou:

A dlagramatic represen-

Rep. l I

Rep. I

xo
xo
xo
xo
xo
xo

oo
oo
oo
oo
oo
oo

oo
oo
oo
oo
oo
oo

OX
ox
ox
ox
OX
OX

oo
oo
oo
oo
oo
oo

oo
oo
oo
BO
oo
oo

oo
oo
oo
oo
oo
oo

x
x
x
x
x
X

xooooooxoooooox
xooooooxoooooox
xooooooxoooooox
xooooooxoooooox
xooooooxoooooox
xooooooxoooooox

Arrangement of a portion of the F. nursery indi-
cating relationship of controL (xJ to hybrid hil.ls (o).

An anaJ.ysis of variance ulas performed on seed yields of each

group of 36 families. ïhe error variances of these analyses uere

tested for homogeneity and founci to be highly heterogeneous. To

obtain comparabJ-e values for all famÍlies tested, it ulas decided to

transform the data. For this, mean yields fo¡ each Fa family urere

transformed by substracting the mean of the 72 hitls of Glenlea

r¡lhich surrounded the particular experiment. The difference uas then

dlvided by the standard error of that particular randomized bloek

to account for the environmentaL variability. This transformation

.gives the mean yield of a Fa family as a deviation from the mean"of

the control variety, measured in standard error units (Steel and

Torrie, 1960). All famÍLies in a c¡oss uiele then ¡anked on the basÍs

of the translormed values and the best three families selected. A family

mean b,as considered to yÍeld significantly more than the control if
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its transformed ),iel-d uas greater than 1,796 (t-va]ue at p 0.0S

and 11 degree of fre;edom).

P e d i g r e e m e t h o d (p). The 1400 enùries of

each c¡oss r.úere planted at Glenl-ea in rous of 1.25 m length,

30 cm apalt. RouLs of GLenlea and parent 2 of cross I ulere pJ_anted

at f requent interva.Is to aid visual- sel-ection. An ent,ry cons j_sted

of either 30 seeds from each of the 360 ptants tested in ETH and

ETt or a se}ected heed of t,he addit,ional 1040 pJ-ants se.Lected for this

method only. No identity r'ras kept as to t,he origin of the entries.

100 of the 1400 heaci rours urere selected on the basis of

visua.l- observation. Then t,he 10 largest, spikes in each ofl these

rous urere t,hreshed and uei-ghed. The yieJ-d of the 1 0 spikes ofl

each selecteci F, family uras compared to ttre yiel-d of 10 spikes

from t'he nearest roul of GLenlea and the 72 F= families,¡hich

had the highest yield per head reLative to the contro.l- uere

ret,ained.
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the generation seqr-rence and

given belour:

Yiel-d test

of

is

Ft

Fz

F-J 360 families

2000 spaced plants from a
selected cross

te sted
testsin both earJ-y

1 040 heads
+ 3'60 fam. grouin as t'heacl rouJstr

for the peCigree meLhod

I

I

- 72 flämilies
pJ-ants for
met,ho d

plants each for
hill plot method

6 families x 60 spaced
plants each for the
control- c,1oL method

HitI plot method - 3

Control- plot mel-hod - 6

Pecligree metlrod -45

Fq

E-

spaced
the

x 30 spaced
the pedigree

farnilies x 6û lines each =

f amil ies x 30 I-j-nes each =

f arril. i.es x 4 Lines each =

180 l-ines tota-l

1 B0 lines toLal
180 i.ines iotal
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,! 
\

seed sampl-es of t,he sel-ected F= famil.ies urere space pranterl

in the ulinLer nursery in lvlexico. The number of single Fo Rl ants per

Fa family ùras approximateJ-y 100, 60 and 30 for tire lril-l- plot test,,

ad jacent control- test and pecligree test, respective-ì-y. At, harvest,

60 plants from each of the 3 families from hi]l plot testing, 30 from\{
each ofl the 6 famil-ies for the adjacent controf t,est and I from each

of the 60 famj.l-ies for the pedigree method (reduced to 4 x 45 by

sereeting for plant yield and grain characters) uere harvested to

give a total of 180 plants per method in each cross.

Fs

Duplicate nurseri.es uere planted at trlinnipeg and Glenl_ea.

Each method r¡jthin a cross uras represented by 180 Fu J-ines and each

line uras grouJn in one plot at each l-ocation. pl-ate 3 gives a general

vieu of the F^ experiments. A plot consisted ofl 3 rous of s.60 m J-ength,

uhich uas trimmed to 5 m beflore harvest. Spacing uas 15 cm betr¡een rous

and 45 crn betueen plots. seedrate uJas constant flor each entry at

200 seeds per rouJ.

A random group of 18 l-ines per cross and methocJ ulas planted

on either sidr: of the contro.Ì variety Glenlea. These groups lrere

pJ-anted each 3 plots r¡ide ¿,rrrJ 6 p-l,oLs deep acros-.; the block. Ivery

7t'lt pJ-ot then uas planted tc.r the control-. A diagramatic repr.eseni,ation





-20-

of tha FU nursery is given belo.¡¡

X000000X000000X Range6 )
)

X0'00000X000000X RangeS )
)

X000000X000080X Range4 )
) atock

X000000X00 00 00X Range3 )
)

X000000X008000X Range2 )
)

Diagramatic representation of arrangements of line
plots (o) and controt plots (x) in t,he F, nursery.

i

An analysÍs of varianca uas performed individuarry for each

cross and method combination r¡lith locatÍons as repJ-icates. Diffe-

rences betr¡een lines uere tested for significanee by an LSD-test.

In addition, lines ùJere compared individually to the control.

For this purpose t.he yield of each lÍne u.¡as transformed to standard

devÍates (z) ¡v subtracting the mean of the six plots of GLenrea clo-

sest to the line and then dividing the dífference by the standard

deviation of that particuì.ar group of 18 lines. A line yield

u,as considered to yiald significantly more than the control variety

tf its transformed value ulas greater than i.10 or 1.6s (tabulated

values at P 0.10r P 8.05, respect,ively for the normal distrÍ-

butÍon; Snedecor and Cochran, 1969).

The standard deviates so computed uere also pooled over

Ìocations and means uere calculated for each line.
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The test sites involved uere the axperimental fields

at the UnLversity of tYlanitoba Campus (Llinnipeq) and at the Glenlea

Resaarch Station ( tS mttes South of LJÍnnipeg). The soil type

at LJinnipeg is Riverdale silty clay loam and at Glenlea Red River

clay.

The yield tests uere performed ín 1972 for F, and Ín

19?3 for FU. In 1972, rainfall recorded during the critical

months of April to JuJ.y t¡.ras 5.52 inches at uJinnipeg and 5.25 inches

at Glen.l-ea. The respective rainfall for 1973 r¡as 11.7 and 10.?

ínches. The longtime expectation of rainfall at lLJinnÍpeg is 9.5

inchas for this period.

At trJinnipeg, the test received 100 tbsN/acte in 1972

and 60 lbs N/acre in 1973. No fertilizer uras applied in either

year at Glenlea.

The tests Ín 1972 at Glenlea suffered throughout the

year from drought. In 19?3, leaf rust uas noticed in some lines

of cross II at both locatíons. Harvesting deJ.ays caused by rainy

ueather in 19?3 resulted in some shattering at Glenlea in aLl

three cDosses. No attempt ulas made to correct for these Losses.
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RISULTS AND DISCUSSION

1. EVALUATION OF CROSSIS AND INHERITANCE OF SETD YITLO

1.1 Seed yield of parents, Ft hybrids and backcrosses

Seed yields of parents, F,, hybrids and the tr¡o backcrosses

(ft x P, i Fl x Pr) are given in Tabl-e 1. This test uas conduct,ed

primarily to identify gene acti-on controll-ing yield. As indicated

the F, yield of crosses I anC III r¡as significantly higher than

either the mid parent or high parent val-ue. The F, of cross Il

u.ras significant,ly above the mid parent vafue but not different

from the high parent. These data are in agreement r¡ith the data

initially obtained in the testing of Lhe 21 I I hybrids in that

the F,, of crosses I anrJ I I I shor¡ more heterosis than the F,' of

cross I I.

In the absence of epistasis, the expectation of a l,

mean yield is 1/4 V1 + 1/4 -e, + l/Z F,. The observed values '

closely fit the expected. As shoun in Ïabfe 1, there j-s a con-

siderablc--'decr'ease ìn yield flt:r:rnr F, to F, in crosses I and III,

uhiÌe l-i Ltle dif ference existed betr¡een ttre F,, and F, of cross I l.
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Tab1e 1. Seed yieJ-ds (g/pfot) and

and bacl<cross generations
standard errors of parents, Fj, fZ

of crosses I, II and III.

Cross Cross II C r o s s III
Designat, i on

Yield ST Yiel d SE Yield ST

Pt

D,2

Ft

rz

Ft * P1

ll * P2

[vìean

LSD

339

301

468

338

431

s26

374

64

89

1?

6

11

JJ

9

1s

347

185

357

286

361

263

300

4

10

7

1B

14

9

3s7

301

429

s74

428

335

371

29

5

4

21

24

1B

(p

(p

o.os)

o.o1)

61

85

s4

47
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1.,2_Jnheritance of seed vie.Ld

Gene efflects u-rere est-imated by a ì-east square analysis

(Hayman, 1958) ofl parental, F1, F, and backcross data for each cross.

Re"sults ale given in Table 2. As indicated by the chi-square test, a

3 pararneter model- fits alL crosses. The inheritance of seed yield uas

strongly infl-uenced by dominant genes in crosses I and III urhere addi-

t,ive effects uere nonsignificant.0n the other hand, cross II exhibits

significant additive gene action as r¡eff as dominant gene action.

This anaLysis shot,rs that, in these crosses, dominance plays

a major part in the inherj-tance of yie1d. Dominance variance diminishes

by 1/2 for each generation of seLfing and is thus not fixable. Hou-rever,

as Falconer (1960) points aut, dominant genes can have a considerable

masking effect on additive genes.

Table 2. Estimates of genetic effects for seed yield based on
parents, 11, F, and backcross generations.

Cross enet,ic Parameters
x2

lvlean
(')

Additive
(¿)

Dominance
(r')

NS

NS

NS

I

I]

III

394.3

309 .4

382.5

38. 3

B3.4xx

36.9

120.1x

91 " 4"'

92.1x

5.9

o.7

1.1

x, xxr estj-mated

P 0.05, p

effects significantly difll'erenl- from zero at
0.01, respectively.



2.1 The control pJ_ot rneLhod ( Ef C ) .

ïhe resul-ts of the test

given in Tabl-e 3. 0n the basis

and III ouLyiel-ded cross II by

interest is the l-ouer range in

the other crosses.

TabLe 3. F= population mean

crosses, as tested
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2O EARLY, TESTING. rN Fs

plots grourn at LJinnipeg in 1972 are

of mean yield performance, crosses I

1û and 4/', respectiveJ-y. 0f special

yield obtained in cross II than in

yields and range of yield for three
by the controL plot method at trJinnipeg.

lvìean Yield Range of Yield
q/pIoL f of GlenÌea s/pl-ot ft of GlenJ.ea

C ross

I

Ii

III

Cont rof

360

360

360

1425

1284

1340

1 437

99.2

89. 3

93.2

100.0

779

689

t¿3

2001

187 6

1970

47.4 - 198.9

40.7 - 167.9

54.6 - 209.8

The sel-ection intensity apptied uras approximately 2/. with

6 families sefected per cross from a tol-al of 360. A selected family

had to have high absolute yield. as r,.relf as a high ranking in percent,

of control-. The l-ines sel-ected and their performance is given in

ïable 4. In al-l- crosses except cross I, the flamilies ranking first

in actuaÌ and reLative yie j-d r¡ere incl-uded in the selected portion.
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TabLe 4. The seed yields and ranks ofl

control- pJ-ot, method.

Fa families select,ed by the

Crossr/Line
No.

Seed Yield

s/ptot fi ofl control
Ranking
%or

contro.l-

r-72- 76

88

91

243

s19

352

rI-72- 4

'16

22

58

64

262

i

IïI-72-55
15s

161

168

274

279

i

149s

1 853

1 891

1926

1910

1 950

1837 t 7O

17 4t

1702

1738

1511

17s4

1870

17'.16 ! 47

191

16s

1s5

1s7

128

121

116

11s

117

168

121

112

210

121

120

1s7

134

112

4

5

11

19

29

19

27

16

1

1s

30

1 888

1732

1882

1841

1BO4

1970

1853 I 33

1

22

23

4

10

53
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2.2 The hill ptot method (EfH).

The mean perflormance of the crosses aL lLJinnipeg and Glenfea

are presented in Tabl-e 5. Again, ranking of crosses is identical to

the ranking crbtained in the controJ- pJ-ot method. hlhen lines are com-

pared relative to t-he control, it can be seen t,hat, cross I has an

abundance of lines exceeding the control, cross II had only one and

cross I I I had eLeven F, f amiJ-ies r¡hich urere considered to be higher

yielding than the control. AJ-though both crosses I and III have similar

means, cross I shous r rì0"" range of variabil-ity (figure t). The in-

feriority of cross II is indicated by its l-ou¡er mean and the feul

l-ines exceeding t,he control-.

TabLe 5. F= population mean yields and No. of l-ines exceeding the

controÌ for each of the three crosses as tested by the

hill plot method at hjinnipeq and Glenlea

lvl ean Seed Yield
Cross/ 

N

Location
q/nilt % of controt

upg. GT. llJpg. Gl-.

No. of l-ines
exceeding
the control

I

II

III

Cont rol

360

360

360

172

147

164

180

104

BB

94

109

96

B2

91

100

96

BO

86

100

40

1

11
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The performance of the 3 families sel-ected in each cross is

given in rable 6. tLjith the exception of cross I I , the f amil-ies se-

lect,ed incl-ude the highest yielding ones in each cross; t,he highest

yielder in cross I I ulas accident,ally omitted due to harvest,inq delays.

Tabl-e 6. The'seed yieJ-ds (means of 2 l-ocat,ions) and

families sel-ected by the hilt plot method.

ranks of F=

C ross/Line
No.

SeedYield Rankinq

s/nirr %of
cont rol-

StU
lJinni-
peg

GLen-
lea

Seed yieJ-ds
Ljinni- Gl-en-
peg Lea

r-72-

II-72- 84

130

23t

Irr-72-68
94

aaaJJJ

4

66

77

1g2x

200x

1 g0x

1 5BX

133

110

181x

1 56x

145

122

124
'120

.z

6

14

7

E

1

7

1

4

20

1

.l

1

78

43

17

7

84

105

95

90

110

111

102

J

78

22s

5

9B

243

9

15

125

22

69

2BO

10

J

1

2

6

1

x, considered to yield
crit,eriorr outl-ined

significantly higher than t,he controt by test
in text.
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IdeaJ ly, the flamilies to be sel-ecLed shoul_d outyieì-d the

control significarrtly at both locations. lJith a preponderance of

high yieldi ng lines in cross I , 3 f amil-ies of simii-ar: potenLial-

uere sel-ected (Table 6). In cross II only 1 famiJ-y outyieJ-ded the

control significantly. The other 2 fanilies seLected in this cross

u-rere eval-uated on only their G.l-enLea perf orrnance, trJinnipeg not, being

harvesLed at that timel From the 3 famifies sel-ected in cross III,

2 uere superior to the control r¡hii-e the third r¡as not. Line III-333

uas selected on data from one l_ocation only.

. Having tested genetically idenLical- mat,eriaj- in bot,h earLy

generation tests it is of interest to compare the ranking of mean

yields of l-ines sel-ected by the tr¡o methods (Tautes z and I ). ujith

feL,l exceptions, there seems to be no common ranking betueen methods;

famifies I-72-243 and II I-72-68, r¡hich Later proved to be outst,anding,

ranked r¡ef l- in both tests.

ïhe poor agreement in ranks rnight be due to one or both of

tuo possibl-e causes. The firsl" possibitity is that one or both

methods do not accurately rneasure the t,rue yield potential. Obvious-

Ly, r¡rith 6 repl-icates aL each of 2 locatíons f or the hilÌ plot metiiod

as compared t'o one plot f or the control- plot method, one r,.rould give

more rel-iance to result,s obtained by the f ormer. Besides, yieJ.d

estimates of the l-ri1l pJ-ot rnethod cont,ain uith 2 Ìocations one acjdj--

tional variance component, nanely ger-rol-ype - l-ocation interaci.:'-ons.

For these last reasons, one uoul-d expect l-ines flr'om the hiJ-J- plot,s

to shor¡ ulider adapLation to various conditions of' testing.



Table T.Comparísons

by the hill
control pj.ot
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of seed yield ranks of
plot methoO (flU) a.nd

methorl (ffc).

F= families sel-ected

their ranl<ing in the

Cross Cross II Cross ]II
FamiJ.y

No.

'Rank Family
No.

Rank Family
No.

Rank
TTH EÏC ETH ETC ETH ITC

72- 4

66

77

192

128

14

72- 294

14

69

72- 19

308

244

6

1

2

84

130

23D

2

30

40

68

94

333

1

4

24

TabÌe B. Comparisons ofl seed yield
by the control plot method

hilt plot method (efH).

of F= famil-ies select,ed

and their ranking in the

ranks

(rrc)

Cross Cross ]I Cross IÏI
FamiJ-y

No.
Rank Famil y

No.
Rank Family

No.
Rank

ITH ETC ITH TTC ETH ETC

72- 76

B8

91

243

319

352

268

56

348

37

143

150

72- 4

16

22

5B

64

262

(r:o

51

306

142

19

22

90

164

1

4

5

11

19

29

19

27

16

1

13

30

14

72- 55

155

161

168

274

279

68

201 1

69 22

344 23

232 4

90 10

86 53

1 1e)x

x, see text for explanation.
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A second explanation is that in the turo testing met,hods,

yield in one is a geneticaJ-i-y different trait from yield in the

ot'her. It is not possible to separate t,he tuo possibilities in

this experiment.

lLihen the initial selection uas made r¡lith control pÌots and

compared to those sel-ected by hirl prots, 2 families r¡ere found

to be in common. No. rr-72^130 uas then omit,ted flrom the contro]

method since other equally good material- uas avaiLable. No. rrr-72-68

uas carried to Fo in both methods but uas omit,t,ed at harvesting

time from the control plot method due to l_ate maturity.

It must be emphasized that, ser-ections made in both earry

tests r¡ere based purely on yieJ-d performance; no consideration uas

given to such agronomic charact,ers as maturity and rodging.

Hourever, onJ.y disease f ree plants ulere sel-ected in I n and F ,,

to be inc]uded in the test,s.
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2.3 Pediqree method (p).

The mean yields ol' the initial- 100 head rous sel_ecLed

visualJ-y and the 72 f inaLly retai-ned is given in Table 9. VisuaÌ

selection uras exercised for agronomicaJ-1y desirable traits but

size and filJ-.ing of the spike uas given first priority.

The ranking of crosses, uith crosses I and III outyielding

cross II by approximat,ely 1O/", uias simil-ar to the early tests.

Houever, on a g/spike basis no difference existed bet,ueen cross I

and e¡oss fII.

TabLe 9. wlean yields of heads of initial ani f inal se.l-ect,ion f rom

F" head rours of the pedigree method.
J

Designation Seed Yield
g/10 spikes SE f of control

Cross I - initial selection
finaf sel-ection

Cross II - Initial selection
final selection

Cross IIi - initial sel-ection
f inal- se.l-ect,ion

17 .46 0.1 I 1 03

17 .93 00 1 9 106

15.20 0.17 88

15.65 D.21 91

17.26 0.16 100

17.64 0.1 B 102
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:i. RESULTS IN FS

i. 1 lÏeans and Variances.

To evafuate the effectiveness of the 3 methods under inve-

stigat,ion an analysis of valiance uas performed for each method

in each closs. Locations ulere considered as replicates. Thereflore

each anafysis comprised 180 lines of 2 entries each. The mean squale

expectations for this anafysis are given in Tabl-e 10 and relevanL

resufts in Tabl-e 1 1 . The F-test reveafs significant differences be-

tueen f amil-ies under alf rnethocJs of sel-ection. Siqnif icant variabili-

ty among lines uithin furìfi"= is aLso presenL among al1 three methods

in cross I but is inconsistent in erosses II and III.

Table 10. lvlean squale expectations f ot methods ofl sef ection

ulithin closses, pooled over .Iocations. x

Source of variation DF tfvts

Locations

Famili-e s

Lines in families

Error

s!. zsf, * znszo * mnsf

s2 +2s2 *2ns?
EUJD

52 * 2s2EUJ

s2
e

,I

m-1

m(n-1 )

mn-'1

x n FU lines in each of m F, famiLies tested at each of 2 locati-ons.
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Table 11. llean squares (x 1o-3) of families, lines uithin families
and error mean squares for the hill- plol" mettrod ' the

control- plot method and the pedigree method of selection

from Fa deritred Fa flamilies.

cross/tvìethod FamiLies Lines r¡ithin f rror mean
famifies squares

I - HiJ.l plot method 3,g22.gxx 81 .7xx 4g.2

ControÌ pJ-ot method 331 .4xx 84. Bxx 53.8

Pedigree method 237.1xx 81.4xx 48.8

II - Hill plot method 353.5xx 60.7xx 32.1

Cont¡ol- pj-ot method 463.6xx 51.4 64.5

Pediqree method 213,Bxx 61.4 47.8

IIi - Hitl plot method 441.2xx 55.? 56.9

Control- plot method 77t.6xx 52.o 45"g

Pedigree rnethod 157.8xx 72,6xx 51.7

xxr signiflicant at P<.0.01.
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Components of variance¡ are presented in Table 12. Tha

varfanee among FU lines r¡ithin Fa famili"" {Sl) do not differ

elgnificantly for the three methods of selection, e.1. variabitity

present rr¡ithin families is. of similar magnitude for alL methods.

Trrlo components are considered to be significantly different if this

difference exceeds tu¡ice the square root of.the sum of squares of

their standard devlations.

Although there is a tendency for the pedigree method to

shoul a largar betueen family component of variance Ín crosses II

and III, there axE! no signifícant dÍfferences betueen the three

mefhods.

Heritability estimates uere computed on a line basis as the

ratio (sfi * s2b) / ttÍ . szo. s!tz). t¡itn nearly homozysous lines in

FS, this represents additive and additive x additive epístatic types

of genetic variance divided by the phenotypic variance of F, line

means (over 2.locations). Heritability as computed here blould drar¡r

from both sources of variabÍlity, sl ano sfr. r,litn the exception of

crosses II and III for the control plot and hill Rlot method respecti-

vely, the heritabilities obtained are hlgh and dÍfferences are ipg$gni-

ficant betr¡een methods r¡ithin crosses. Negative estimates urere obtained

for the control ploÈ method in cross II and for the hill plot method

ín cross III. These negative varianees resuLted in extremaly lout

estimates of heritability for these methods. 0n1y in cross II is

this estimate sÍgnificantly louler than the other tulo.
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Table 1 2. Variance components ( x1 O-3 ) urnong FU lines r¡ithin
Fa families ttl), betueen Fa famil-ies (sfr) uno heritä-
bility (U) for the hiJ-J. plot method, the controt plot
method and the pedígree method of selection for each

of three crosses.

Cross ,/ ttletno¿ .2J
IJ

s3

I]

- Hilt plot method

Control plot method

Pedigree method

HilI pJ.ot method

Control- plot method

Pedigree method

III - HitJ- plot method

Control plot nrethod

Pedigree method

1 6. 3+5. 0

'1 5. 5+5. 3

16.3+5o5

1 4.3+3.6

-6.5+4.3
6.8+4.5

-t.6+4.2
3.O+3.7

1O.4+5.2

32.0+121 .1

4.1 +2.9

19 .4+6.3

2.4!2.1
6,9!4.4

19.1+5.6

3.2+2.6

12.O+6,9

1O.6+4.3

.66+.11

.42+.O8

. ssl. oo

.51+.07

.01+.18

.52+.O7

.08+.15

.39+.13

.45+. 0B
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In evaluating different methods of seLectlon, the method mean

ylelds are of consldarable interest. These melans are averaged over the

180 lines for each method. Their variances contaln r¡ithin and batueen

fanrily variances as given in Table 12. Therefore, only an apiroximate

test for differences can be applied (Snedecor and Cochran, p.279r 1969).

According to these tests, method means r¡Íthin c¡osses do not differ

signíf icantJ-y (Table 13 ) .

Table 13. Seed yield means (g/pfot) and standard srrors for the hill
plot method (ETH), the control plot methoO (efC) and the
pedigree method of selection for each of three ctosses.
(means of 180 FU lines eaeh, tested at turo loeations).

Cro ss
I

I

Seed Yield

ETH SE ETC SE PEDIGREE SE

I
II
III

1594

1293

151 3

1A4

30

JJ

1609

1 285

1479

2B

33

45

1548 2s

1224 21

1478 17

In additíon to these analyses performed on original

data, identical analyses ulere conducted urith the transformed data

( Z - values). Rçsults are presented in Appendix I to III.

ldith respect to valiances and variance components, similar

results uere obtaÍned. The overall method mean yields from trans-

formed data hor¡ever do suggest that, ín cross III, the hill ptot

method bJas superior to the pedigree method of select,lon ; their

difference exceeds the probability at the 5 percant laveÌ.
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3.2 Family evaluation in FU.

The means of the Fa derived familiesr their variances and

standard errors uiere computed on their respective FU J-ines

(TaUtes 14 Lo 16). These family means can be tested for signifi-

cance of dil'.ferences by t-tests uithin methods and unpaired t-tests

betureen methods (Steet and Torrie, p. 81, 1960).

The families derived by visual seLection in the pedigree

method fÌuctuate greatly and signiflicant differences exist. This

uould suggest that visuaf selection uas Less effective rrrith respect

to yield.

No differences exisLed betr¡een 5 0f the 6 families derived

by the control- plot method in closs I, but family I-72-91 r,.ras signifi-

cantly bel-or¡ the others ¡ Inflerior f amif ies u.rere al-so obtained in

crosses II (lz-16) and III (lz-1ss,1681 2741 279), urhich by a t-test

uere al-L significantly different frorn the high yielding families.

Significant differences al-so exist betr¡een t'he famiLies

derived by the hilJ- plot methocl. Famil-ies I-72-4 and III'72-68

uJere superior to their sibs.

It is of interest here to compare family performance in FU

uith their rankings obtained in Fa (TaUtes 14 to 16). This eomparison

is possible only for the early tesL methods. As to the control plot

method, little relation seems to exist in cross I. In cross II and

cross III the top yielders rank identical in bot,h generations. SimiLar

results are obtained uhen families from t,he hill plot meLhod are com-

pared.
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Tabl-e 14. cross I: seed yÍeld means (g/prot) and standard errors
of Fa derived famiLíes tested in F= and their yieLd ranks
in F= for the pedigree method, the control plot method and

the hill plot method of sel-ection.

Pediqree method

Fam. Yield SE

Cont ro1 plot met,hod llil-1 plot methocJ

Fam. Yield S[ Fam. Yield SERank
F3

Ranl<
F¡

72- 1

2
3

4
tr

6

7

I
9

10
11
12
13
14
15
16
17
1B
19
20
21
22
23
24
25
26
27
2B
29
30
31

32
aaJJ

34
2EJJ

36
37
3B
39
40
41
42
43
44
45

;

17 47
1097
1543
1e17
1 581
1636
147 4
1633
1659
1645
1 508
1405
1679
1814
1272
171s
129s
17 41

1697
1659
1613
1394
1 s6B
18s2
1493
1 497
1s72
1518
1 6s5
1572
1661
1271
1 445
1 419
1 601
1 481
127 1

1666
1 565
1752
1592
1265
1596
1371
1482

1584

114
94
72
90

151
75

186
93
B3

116
122
129
106
10s
118
114
138

92
B6

121
92

158
103

61

183
108
136
13s

61

138
57

153
BB

100
169
119
132
119
114
14s
93

'136
157

qo

91

66

72-76 1 s81
88 1638
91 1471

24s 1671
319 16s6
352 1640

51
s1

s7
47
46
41

1

4
5

'11

19
29

72- 4
66
77

17 83
1 580
1 422

296
oo4
LJ I

322

1609 2B 1594 anZJ
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Table 15. cross II: Seed yield neans (g/pral,) and standard errors
of F= derived famil-ies tesl"ed in F= and their yield ranks
in F. for the pedigree method, the control- plot method and

the hill plot method of selection.

Pediqree method Control pJ-ot, method Hill plot method

Fam. Yield SE Fam. Yield SE Fam. Yield SE
Rank
F-

J

Rank
F-

J

72- 1

2
3

4
5
6

7

B

9
10
11

12
1s
14
15
16
17
1B
19
20
21

22
23
24
25
zo
27
28
29
30
31

32
33
34
2EJJ

JO

37
3B
39
40
41
42
43
44
45

;

1313
1t28
11 45
1173
1s7 6

1269
9s6

1 040
1'114
1364
11 48

983
987

1211
1 531
1499
1166
1278
1397
1264
1 100
1255
1393
1176
1254
1s94
1291
1s12
1425
1 426
1392
1321
1162

997
1210
1066
1045
11 43
1 183
1 473
1018
1266
1399
886

1332

1224

79
93
88

100
65

111
119

85
77
45
87

109
70
60
45
93

118
97
97

122
50

140
100

79
s7
67

159
11s
?s
50

105
129

60
101

8B
52

109
61

B6
63
42

129
74
91
Êtr

44

72- 4 1s44
16 1152
22 1203
58 1341
64 1334

262 1359

34
24
32
45
39
51

19
27
16

1

13
30

72-84 1345 27
130 12s7 24
230 1298 23

2
30
40

1285 12 1293 20
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Table 16. cross III: seed yierd means (g/pl"oL) and standard errorsf F, derived famiries tested ín Fu and their yierd ranks
in F, for the pedigree method, the contror- plor. method and
the hill lot method of select,ion.

_ Pedigree method QontroJ- plot methocl HiJ-1 pl ot method
Fam. Yield Fam. Yield St Fam. Yiel-d SE

Rank
F-

J

Rank
F-

J

72- 1

2
J
4
5

6

7
B

I
10
11

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
2B
29
30
31

32
33
34
35
36
37
3B

39
40
41

42
43
44
45

1731
1 4s0
1639
1409
1 441
1 434
1640
128s
1 5s0
1322
1510
1523
1 598
1294
1 309
1612
1317
1696
1 309
1 449
1197
1786
1 so6
1354
1628
1 402
1 636
1 536
1597
161 4
171s
1356
1 58s
1 s06
1453
1273
15s4
1373
1s99
1354
1373
1424
1 470
1377
1 493

1478

90
119
4aÊIJJ

170
96

132
145
106
102

73
100
103
113
115
129
131

64
102
101
138
12s

95
114
140
135

73
?4

109
143
1s2
90
61

118
161
4 Ê2IJJ

102
71
79

149
174

72
97
81

1sB
167

54

72-s5 1634
1 5s 1428
161 1 59s
1 68 1348
274 1416
279 1442

72-68 1582 28 1

94 1466 23 4
333 1491 28 24

37
36
3B
44
38
31

1

22
23

4
10
53

1479 19 151s 17
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3.3 Line evaluation.

Flnally, methods of selection uere evaluated on the babis

of a slngle F. Iine. For this purpossr msans r¡ere calculated from-ä
the 2 locations and results are given for the top 15fi of the lines

Ln ïables 1? Lo 19. To test for differences betu,een line meansr an

analysis of variance ulas performed separately for each cross but

lncluding all 3 methods. 0n thÍs basis, all, 3 methods resulted in

equatly high yielding lines; there urere no signifícant diffsrences

among the top 15ft of the lines.

f

Actual line yields can be related to the performanee of a

standard variety by divÍding the difference by a standard deviation

as outlined in fvlaterial and lvlethodq. Computations ulere performed in-

dÍvidually and on pooled data. Those lj.nes uhose transformed yÍelds

exceeded the 5 pereent Ievel, ùrere considered to be significantly

higher yielding than Glenlea and are ma¡ked by asterisks in Tab1es

1? to 19. At Uinnipeg, 37 and 16 lines exceeded Gl-enlea in crosses I

and III u¡hen summed over methods. In cross II only one line üJas rB-

covered r¡hích outyielded Gl-enlea. Similar results uere noted at the

Glenlea test site. It appears then that crosses I anc.l III are su-

perior to cross II. r

lvlethods urere compared urithin crosses. .Iñ oaoss I at t/innipeg,

hlll plot,s and pedigree each yielded 19 LÍnes exceeding Glenlea and

bot,h methods uere thus equally effective, but less so than control
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Table 17. fYlean yield of 2 loeat,ions (t<g/na) of the top 15fi of F- lines
from cross I for the hill plot, the control ploi and 5

the pedigree method of selection, and lines exceeding
the control at l.rJinnipeg (t¡), Glenlea (C) and pooled. (p).

Hill olot method Control plot method Pediqree method

Line Yield lJ Line Yiel-d U Line Yield l¡J

14 7223 xx
28 6973 x
6 6850

35 6800 xx
43 6790 xx
18 6670 x
56 6657
49 6550 x
33 6537
3 6537

51 6537 x
'l 6513

26 6453
50 6443 x
45 6433
17 64sO
2 6403

20 6393
118 6s43
74 6347
27 6s40
19 6330

125 6303
88 6250
24 6250

112 6243
t54 6220

x 6512+47

240 6600
2Bg 6593 xx
223 6573 xx
209 6s60
341 6490
299 6480
344 6480 xx
238 6460
312 6450
271 6427
273 6427
313 6413 xx
199 6403 xx
302 6400
213 6383
221 6380
301 6363
287 6350 xx
272 6350
310 6317
332 6313
342 6310
277 6290 xx
283 6290 xx
239 6290
289 6260 x
320 6248

64O3+2O

375 7207 xx
415 6893 xx
421 6723
373 6727 xx
455 6687
517 6613
361 6447
362 64ss
529 6303 x
422 6300
388 6283
393 6280
431 6250 xx
410 6170
387 6153
376 61s0
454 6133
377 6120
497 6118
38.9 6090
481 6067
413 6057.
453 6047
s09 6037
435 6033
502 6000
398 s980

6307+60

XX XX
XX XX

XX XX

X

kx

XX
XX XX

XX

XX
XX

XX XX

X

XX

XX

XX XX

XX

XX

XX

12 6190 xx
123 6083 x

7 6031 xx
37 6020 xx

173 5780 x
70 5290 xx
42 5170 xx

128 5150 x
130 5100 xx
40 4673 x
68 4623 x

x

x
XX XX

308
226
197
335
187
300
314
334
316
348
228
236
235
2D6

61 10
6081
5940
5926
591 0
5800
5763
5690
5650
5560
5540
5083
481 0
4276

XX
XX
XX

XX

XX

XX
XX
XX
XX

XX XX XX
XX

372 s910
432 sB70
472 5783
512 5700
412 5563
444 5386
532 4943

X

XX

XX

X

XX
XX

XX

XX
X

x¡ XXr exceeds P 0.10, P 0.05, respectively.
LSD (0.05) ulithÍn and betureen methods 264O kg/ha.
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Tabfe 18. [1ean yie]d of 2 focaLions (U.g/na) ofl the top 15/' of F- lines
f rom cross I I f or the hill- pJ-ot, i.he conl-roJ- p j-oL and5
the pedigree method of selection, and lines exceedi-ng
the control at trJinnipeg (tl), GLenlea (C ) and pooled (P ).

Hill plot method Contro] plot method Pediqree method

Line YieLd Line YieLd Line Yield

541
670
543
550
694
702
667
691
546
566
s51
669
575
582
697
579
599
574
674
592
715
571
719
687
696
otz
598

;

5583
5520
5423
5393
5377
5350
5323
5287
5277
5283
5213 x
5203
5177
s1 30
5127
5117
5090
5û70
5057
5023
4993
4967
4963
4963
493D
4920
4920

5173+37

581 0
5607
550 3

5447
5443
5287
5270
5243
5223
5203
51 50
5137
s1 10
51 03
5097
5097
507 3
50 67
5063
50 60
5057
s01 7
501 3
501 3
501 0
499s
4990

51 B8+40

969
1 0s9
963
988
979
957

1 069
990

102t
1 060
1028
101 4
1t23

962
1 068

958
1027
1 007

959
961

1021
973

1002
917
989
940
9s9

5663
5530
5450
5440
5437
541 0
5383
52 5û
5247
5230
5227
5223
s11 3
51 00
51 00
5090
5077
5050
5020
5017
5000
4987
497t
497t
4947
4913
4897

5176+4O

744
847
877
874
832
831
861
863
817
733
749
818
741
883
855
890
736
893
740
879
840
864
842
829
860
726
734

548 4783 81 5 4733
724 4163

X, XXr exceeds P

LSD (0. 05 ) r¡ithin

0.10, P 0.05, respectively.

and betr¡een methods 2t99 kg/na.
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Table 19. fvlean yield of 2 l-ocatÍons (t<g/na) of
from cross III for the hill p1ot, the
the pedigree method of sefection, and
the control at bJinnipeg (t¡), Glenlea

the top 15ft of F. Iines
cont¡ol plot and
lines exceeding

(G) an¿ pooled (P).

Hill plot method Controf plot method Pediqre'e method

Líne Yield U Line Yield U Line Yield bI

1120 6473
1112 6sO7
1212 6200 xx
1134 6137 xx
1128 6083
1217 6077
1192 6070
1097 6060 x
1123 5987
1107 5987
1081 5940 xx
I 087 s900
-1096 5897 xx
1116 5877
1119 5847
1126 5840
1227 5837
1251 s810
1117 sB03
1206 s797
1098 5793
1218 5767
1111 5760
117D 5?47
1108 s713
1178 5693
1 1 06 SOSo

; s927+38

1271 6430
1280 6307
1288 6247
1343 623?
1266 6213 xx
1 309 61 83
1402 6163
1429 6140
1322 6137
1405 s963
1346 5947
1321 5893
1 350 5887
1269 5847
1285 5843
1342 5833
1399 5787
1264 5770
1404 5757
1284 5743
1340 5743
1326 5740 xx
1345 5720
1262 57t7
1276 5700 x xx
1349 5693
1287 5683

5938+44

1 560 6557 xx
1527 6410
1562 6203
152s 6150
1540 614s
1442 6149
1489 6023
1468 5987
158? 5983
1554 597s
1620 s93B
'1474 s920
1613 5920
1452 s897
1509 s883
1539 5867
1444 5840
1462 5837
1501 5830
1448 5817
1564 5817
1502 5760
1510 5747
1551 5743
1s53 5733
1545 s730
1s46 5?20

5947+4O

XX

XX XX
XX

XX

XX

xx

1181 56s0
1174 ss60
11',13 5550
1092 5407
1234 s400
1129 5390
1172 5247
1083 s233
1151 s230
1103 5187
1099 5107
1198 4s97

XXX
XX.XX
XX
XX

XX

XX
XX

xx
XX

XX

XX

1275 5390 xx
1295 5187 xx
1265 5150 xx

1473 5713
153? 51.23

XX
XX

X¡ XXr exceeds P 0.10, P 0.05, respectively.
LSD (0.05) ulithin and betr¡een methods, 2'lO2 kg/ha.
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plots urhich gave 1s (raure zo). At Glenlea, simil_ar relative
diffe¡:ences ulere observed. LJhen rocations uere pooJ-ed, al-l three

methods retained a similar number of, l-ines. Due to possibte genoLype-

environment int,eractions, pooling resul-t,ed in a decrease of superior

lines and may thus mask the efficacy of a selection method.

None of the methods uas successful- in isol-ating good lines
from cross II.Only one rine uas recovered by the pedigree method,

ulhich comes close to random chance.

In cross III, at LJinnipeg hilJ,s yield 10, control_ pì_ots five
and the pedigree method one l-j.ne uhich exceed the control-. A X2-test

indicated hill pJ.ots to be "ignifi"untly different from the pedigree

method (p<0.01 ) but equal to controJ- plot,s. The results for Gl-enl-ea

are '13, 1 and 2 fot hiJ-J- plots, control- plot,s and pedigree method,

respectiveJ-y, hill pJ-ots being statist,icatly different (Rço.ot) from

both the other methods. Pooled over l-ocations, hitls recovered three lines
and control plots one l-j-ne; none of the l-ines from the pedigree method

exceeded the control-. tilhen data uere pooled, differences betueen methods

uJere no longer significantly differento

0f interest are the rines u¡it,h act,ual_ 1or¡ yield but stil-l_

exceeding the control, r¡hich are l-isLed belou the line of the Lop 1S/.

of the fines (Tables 17 t,o 19). tihether or not one considers these lines,
the overalL outconle as to the rel-ative efficiency of the sel-ection methods

,remains unchanged. Table 20 summarizes these resul-ts and gives the number

of l-ines exceeding the control for each cross and metlrod combination.
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Table 20. Number of Lines exceeding the coetrol in seed yield (p<.O.OS)

for the hiJ-1 plot (efH), the control ptot (ETC) and the
pedigree (P) metnod of sel-ection at trlinnipeg, Glenlea and

pooled over locations.

Location CrossI Cross II Cross III
ETH ETC P ETH ETC P ETH ETC P

Ùlinnipeg

Glenlea

Pooled

g19*9ooo1oxxx51

?1oxgo1o1sxxx12

442000110

r(, x,(x, indicates significance at P<0.10, pç0.01 , respectively
,by a X- test.
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Table 21 gives the distribution of alt Ìines and their
ranking in st,andard deviations. standard deviaLes have a mean ofl

zero and a standard deviation of one. To tec;t f or nornral- distribu-
Lion of values, skeuness and kurtosis uas cafcul_ated as given'by

snedecor and cochran (ls0s). A normal_ distribution has a kurtosis

of 3. val-ues belou 3 indicaLe a fl-atter top of the curve and in-
creasing flanks, and vice versa. l.rJith regard to skeulness, a normal

distribution has the val-ue of +0; negative sker¡ness indicates an

extension of the l-ourer tail. lLJith feu exceptions, al-L methods shor¡

a kurtosis value beLor¡ 3 and slightLy negative skeuness. Differences

betr¡een methods are inconsistent and not significant.

Tabl-e 22 gives the Lines uhich exceed the control_ and their
family origin. For the hill plot, method approximately 7oft of Lhe

superior lines originated in t,he famity r¡ith the highest mean yie j.d.

A sirnilar tendency is observed for the controt plots in cross III,
but famil-ies of cross I contributed more equally t,o the overa-ll resuLt.

For the pedigree method, most of the l-ines exceeding the

controf originated aLso from famil-ies r¡ith high mean yietds. A

t-test uas performed to test for signif icance of differences be-

tr¡een f amilies resul-ting in rines exceeding .the control vs. the rest.

For both crosses I and III these tests uere signiflicant (p-0.0s).



Table 21. Seed yields of Fo lines in standard deviates
pedigree method õf selection, their frequency

C ross/llethod

- Hitl- plot method

Control plot method

Pedigree method

- Hill plot method

ControL plot method

Pedigree method

- Hilt plot metnod

Cont¡ol plot. method

Pedigree method

II

III

-5 -4

See d Yield in Standard Deviates

I - Hill plot method
Control plot, method
Pedigree method

II - Hilt plot method
Control plot method
Pedigree method

iII - HiLL plot method
ControÌ plot method
Pedigree method

-3-2-1012

for the hilt p1ot, the eontrol- plot and the
distribution, mean, skeulness and kurtosis.
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-labre 22. [v]ean seed yields (g/prot) of F- families for the hirl,5
plotr the control plot and the ¡:edigree methocJ ol'se.ì-ection,
atrC number of Lines crxceeding the contro1 at trJinnipeg anrJ Glen1ea,

Cross C r o s s II C r o s s III
Fam.No. YieId Fam. No. Yield Fam.No. YieldNo. of

Lines
No. of
L ines

No. of
Lines

HiLl plot method

72- 4

66

77

72-76

88

91

243

319

352

72- s

4

7

14

18

21

2B

43

1783

1 580

1422

1 sB1

1638

1471

167 1

1656

164t

1543

1917

147 4

181 4

17 41

1613

1518

1596

72-84

130

230

1345

1237

1298

14

1

1

0

0

0

72-68 1582

94 1466

333 1491

1s

4

¿L

Control plot method

4

I

0

I
5

5

72- 4

16

22

5B

64

262

1344

1152

1203

1s41

1ss4

1359

72-55

15s

161

168

274

279

72- I
25

30

1634

1428

1 595

1s48

1416

1 442

1 550

1628

1614

1

0

0

0

0

0

4

1

1

0

0

0

Pediqree method

1

2

1

2

3

1

1

1

1

1

1
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4. GENTRAL DISCUSSiON

The eflfectiveness of various sel-ection methods can be

compared in many urays. Recognizing the fact that a pJ.ant breeder

employing t'he pedigree method can ulork r,lith many crosses in earJ-y

generations r¡hil-e early yie]-d tests can be performed on a fer,l

hybrids only, comparisons courd be done on a unit acreage basis.

lvlore legitimate yet, methods cou]-d be compared on uni_ts ofl input.

comparisons such as t,hose r¡ouLd al-l-our inferences about the t,otal

gain in a plant breeding program empJ-oying different, genetic material

in the various methods

Our study uas performed on identicar- genetic materiar-.

For final- evaluation, an equar number of Lines r¡ere test,ed in Fu

for each method. Efficiency of rnethods uas judged by comparing

method means and variances, fami]-y and i-ine means, and finar_ry

by the number of lines exceeding the control.

0veral-l- means. and variance components have revear-ed smar_r_

and insignificant differences betueen methoCs. Greater variability
existed betr¡een methods uith regard to their F= derived famil_ies

in Fa. But again, families of simiJ-ar performance uere obtained

f rorn all- methods.
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Ths methods differed only in their abll1ty to Ísolate

euperlor genotypes rrlhen Lines uere evaluated relatÍve to the con-

trol variety. This method admÍttedly is the least precise evalu-

ation amployed so far. The standard deviates (Z) used for these

eomparisons of line yield to control yield ulele computed for indi-

vldual locations and pooled ôver the turo locations. The fact that

they do detect mof,e lines exceedíng tha control on indiuÍdual 1o-

cations than pooled míght be axplaíned by a genotyPe - loeation

lnteraction.

, 
Ot, methods seem effective in recovering tines of high

yield potential in cross I but the control pJ-ot method seems to be

superior. As uas demonstrated in F3r Eloss I exhibits great varia-

bÍlíty r¡ith an abundancy of good lines; any method of selection

could be effective here. In cross II none of the methods hlas success-

ful in identifying lines uhích exceeded the control. In cross III

both earl-y tests outyieì.ded the pedigree method in their abilities

to isolate fines of high yield potential.

At this point one might ask ùrhy the selection methods differ

ín their ability to identify suparior lines on the basis of trans-

formed yield, but fail to do so on actual yields. In this trans-

formation the control varlety serves as a fertility index, r¡hich

brings all yields to a different scale. Houever, the efficíency of this

transformation in reducing the experimentaf error and thus allouring

a more accurate evaluation of the three methods cannot be tested

ín this expetiment. Simllar transformation procedures (percent of
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eontÌoI) employed in absence of replications have been crit,isized

by Baker and lYlcKenzie ( 1967) and Tor¡nley-Smith and Hurd (tgZS).

Both transformations employed here - standard error units and

standard deviates - are recognized statistical tests. The validíty

of standard error units as calculated here can be questioned on

grounds that instead of the population mean the mean of the control

uas employed. This introduces a second variable ulhich does not have

a t-distribution. Similar problems arise ín the transformation of

llne yields to standard deviates.

Common1y, the effectiveness of the pedígree method or, more

precisely, the ability ùo select vÍsually, is tasted in yield trials

by comparing visual rating urith plot yields actuatly obtained

(ertqqs and Shebeski, 197Oi Tounley-Smith et 4.r19?3). This might

be a test for the effectíveness of visual selection but it is not

a legitímate comparison of breeding methods; such comparisons r¡ould

neglect the fact that population sizes and selection intensities

employed díffer considerably among methods.

In a study on oats, Frey (lSøZ) found the yÍeld response

to visual sel-ection r¡as better r¡hen based on progeny touis than on

single plants, but, generatly inconsist,ent and not very effect,ive.
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Has the pedigree met,hod been given a real chance in these

experiments? Briggs and Shebeski (tSZO) point out that, for visual

seLection to be effective selection intensity should be betueen

10 and 2O%. The intensity appJ-ied here ruas 3fi. The percentage might

be slightJ-y misleading here, if one conoiders the flact t,hat the

number of famiLies sel-ect,ed in F, r:Las 31 6 and 45 for hills, controls

and the pedigree method, respectively. Thus the pedigree method t,ested

approximateJ-y 7 and 1 5 times as many families as the early testing

met,hods. In our choice of 180 lines to be tested in FU r,ie felt that

for the pedigree met,hod the combination of 4 l-ines from each of

45 families uras optimal-. Furthermore, it uas thought to be an improve-

ment not nornally appJ-ied in the pedigree method uhen in F= ureights

of 10 spikes of sel-ected families lrere compared to the adjacent, controf.

lde hypothesized that a precise estimate of the yielding poten-

tial of a given set of famil-ies r¡ould all-or,r for sel-ect,ion and further

propagation of only the best ones. Assuming this be true and knouing

that geneti"c advance then r¡ouÌd depend only.on sel-ect,ion intensity,

one can predict a eorresponding increase in eflficiency rLLith increa-

sing seJ-ection intensity. As given by their mean yields (tante ZZ),

t,here uJere considerable differences among famiLies in both early

tests. This could point to non-additive inheritance as establ-ished

for crosses I and III and, consequently, the loss of vigor due to

inbreeding. Tl-rr: high frequency of superior lines in sorne fanlilies

hotr.rever, seems to contradict the genetic analysis. 0f more importance
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Ís the fact that the yieJ-ding estimate in F= uas not so precise

and/or a high sampling error uras introduced by applying 1 and 2/,

selection intensity. Fa.t-coner ( t se o ) points out that such high

sel-ection intensities can have negat,ive effects due to a correl-at,ed

response (prant height and lodging) and may thus severe]-y limit pro-

gress in seLection (Dempster, 1963).

The more intensive testing in F= by the hill pJ-ot method

has resuLted in the isolat,ion of a feu families of high potential_.

But by selecting only 3 out of the 40 famiries greater than the

contro.l- in cross I ( 11 in cross I Ir ), the random error introduced

ulas considerable. This coul-d explain Lhe presence of mediocre

families in this method.

lJith se]ection pressure rel-axed by testing 6 famili-es for

the controJ- plot method, the random error is rel-atively reduced

by 1/2. lvliss-cl-assified families r¡iÌr- thus not have as devasta-

ting an effect as by the hill pJ-ots: missing either r-72-4 or

rrr-72-68 by chance uould have resulted in a total loss of this

method. Furthermore, family IIr-72-68 uas initially ineluded in both

early tests but uras omitted from the controL plot method ín I o for
maturity reasons; this could be done here only since this family

uas plant,ed in excess of the 6 families act,uaLly needed. This family

alone accounts for the superiority of the hitl pJ-ots over conLrol

plots in cross III. Consequently, r¡ith similar results to be expected
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f or both earJ-y test,s a.Iso in cross I I I

differ significantly in their ability

, t,hese methods did not

Lo identifly superior genotypes.

For these and other reasons, one might ask hor¡ repeatatrJ_e

these resurt's are, or, is the response obtained merery a mani-

festation of sampì-ing variabirity. In a 'theoret,icaì- approach,

Baker (lszl) nas demonstrated that for a given heritabiì-ity, re-
peatability is best r¡hen the selected portion is betueen 10 and

30 percent. lLJith near optimum condit,ions for the pedigree and con_

troj- plot method it t.roul-d appear that the extreme sel-ection pressure

exercised has resul-t,ed in underestimaùing the potentiality of the

hilJ- plot methodo The fact that the anaÌysis of data of F= families

uas incomplete at the time of selection r¡oul-d add to this under-

estimation. The potentiat of the hill plot method is indicated in
the sel-ection ofl an outstanding famiry, r-?z-4, uhich yierded 7o/"

of the l-ines exceeding the cont,roÌ in cross I. This potential_ is
also expressed in a relat,ive increase ofl superior l_ines at Gl_enr-ea

(taote zo), indicative of successful ser-ection flor r¡ide range

adaptibiJ-ity.

Earl"y tests .rere found to yiel-d a superior

lines in soybeans (Voigt and trJeber, 1960) and oats

Luedders g!.1" (l7lS) compared bulk, pediqree and

testing and found that the complel,e bufk and ear.ly

a I'eul more good lines than the other methods. This

number of good

( rrey , 1s68).

earJ,y generation

testing ret,ained

is in cont rast t,o
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the resurts obtaÍned by Raeber and ueber (19s3), urho compared

early testing and visual seLeetion in soybeans and found that both

methods uBDe squally successful.

By analysing the Fa der.ived Fu famities it uas demonstrated

that alr methods yielded equarry good famiLies. Hourever, uith only

4 llnes per family tested in the pedlgree method, the potential of

a high ylelding famÍIy uas not sampled adequately. Hence t,he superiorf-

ty of the early tests in cross rrl can be attributed to the more in-
tensive samplíng of Fa families. rn other uords, Íf 

_equal 
sampling

of Fa families for all methods r¡ould have been possible the pedigree

method r¡ould also have retained a comparable number of lines exceeding

the control- in cross IrI. The ursic facts this study brings out are

that suceess in selection depended on the Fa famÍly (trre r, plant)

and the number of lines extracted and tested in Fu. Hencs it r¡ould

appear that, testing in F, shourd be given first priority in a bree-

ding program; a family possessing desirable genotypes not identified
ln F, ulill be irret¡ievably rost. The testing of lines in Fu thus

sgems to be of secondary importanee. Frey (tssa) also suggests t,hat

selection be made as early as possible, since selection githin fami-

lles brould yield rapidty diminlshing reÈurns.

From the consÍderations of van der Kley (rsss¡, Arrard (tseo),

Shebeski (lsaZ) and others, reeognizing the fact that the more desÍrabLe

genotypes shóur their highest frequency in the Frr this logically r¡rould

pofnt to early testlng, omisslon of most of t,he undesirable types and.
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sufficient sampllng of familÍes in Fri rather than the testing of

many families urith fer¡ lines each in FU as derived by the pedigrae

method. Ljith vj.sual serection being unreliabre for yíeId, the proba-

bÍlity of missing the most varuable families in Fa urould be great,er

here than uith any of the early tests.

It appears then that in thís study progress in selection

depended on a particular Fa family and the testing of an 'radequafsrr

number of rines sampled from that family. Hor¡ many lines peD Fa famiry

are adequate? Obviously, 4 lines per family as tested in the pedigree

methodluere not suffícient. Superior families such as L-22-4,

I-72-14 and III-72-25 (taUte 22) being sampted mora adequatety,

r¡ould undoubtely have resulted in many more good lines. 0n the other

hand, even a representation of 60 lines per family in the hi}l plot

method t¡as unable t,o identify a significant number of superío¡ lines

in familles such as I-72-66 and III-72-333. The questÍon then be-

comes hou many ,,good,t l-ines does a plant breeder actually need.

Ultimately, only one line is required, the best, one. To arrive at

thls line pedígree selection seems to be too haphazard a method to

identify the genotype rrrÍth the most desirable genes.

A theoretical approach to this question is given by

Shebaskl (tg0Z). Based on the assumption that each riheat chromo-

aome carrles at least one gene for yield, he indicated that appro-

xlmatery 100 lines should be tested in Fu from a Fa family in order
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to include the most desirabJ-e genotype. In vier¡ of the considerabÌe

error connected uith Fa famiJ-y evaluation it uoul-d appear that samp-

ling ofl 20 to 30 lines per family in F, and testing more families

instead r¡oul-d seem to be more promising.

Recent st,udies by simchen and stamberg (1969) and clegg È g!.
(lgzz) inoicate that breakup of linkage groups and recombination is
not a random event but under genetic control-. Characters conferring

a high degree of fitness to the populations are kept together.

Jana (lgZZ) concluded from a 2 l-ocus - 2 all-el-ì-e study that, so-calÌed

eontj-nuous variat,ion needs not be caused by many genesr but inst,ead

by a feu najor genes. These studies uroul-d indicate that r¡e might be

dealing r¡ith l-ess variability than cal-culated on the assumption of

at l-east one gene for yield per chromosome.

For the present study r¡e had selected s crosses expressing

lor¡ and high heterosis. These populations cannot be considered a

random sample allotling general inferences but iL brings out, another

question: hou meaningf ul is a yieJ-d test in F,, rel-ative to the

future r¡orth of a population? farly testing as executed in this
research is a time and input demanding procedure, t,o be performed

only on the most 'tpromisingil crosses.

An estimation of genes effective in the inheritance of

seed yield reveal"ed ma:'-n1.y doninant variation in the successfluL
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crosses I and III but additÍve variance in the unsuccessflul- cross IJ"

( otrrer f orms of epistasis coul-d not, be detected ) . These resul_ts are

based test in one environment, and their Limitations are obvious.

The fact that the crosses exhibiting dominance variat,ion

yielded the best lines is in conflict r¡ith the usual- int,erpretation

of dominance variat,ion. Horr.rever, [Iather and Jinks (p. 3s4, 1gr1)

suggest transformation of data to various scafes, shouLn to be abl_e

to reverse direction and magnitude of effects, until_ such val_ues

are obtained rron uhich interpretation is most frui-tfuLrr. No such

scal-ing attempt has been made on the present data. lvìore important,

hou coul-d eit,her variance be interpreted uith regard to the hetero-

sis exhibited in crosses I and III and the high yielding lines

obtained?

Interpretation of the t,erms'additive" and "dominance' is

not r¡ithout ambiquity. Additive variance can be attributed to genes

either dominant or recessive in a fvlendel-ian sense and, upon self ing

and fi-xation, this variation can be effect,ívely used in a breeding

program. In biornetrical- genetics "additivity" is defined as 1/z tne

difference betueen the parentaÌ varues, Lhe mid parent (l/z(ara, + nrA))

and hence excludes heterotic effects

Dominance variat,ion signifies a form of interaction or non-

additivity betueen all-ei-s at the same locus, unfixable on inbreeding
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(trather and Jinks , l971). It floltor¡s ¡ that additive variance

cannot be held responsib-te flor heterosis and the presence of

dominance rrariance eannot expJ-ain the high yieJ-ding l_ines isol_ated.

The most uidery accepted expranation of heterosis is
the dominance hypothesis by Jones (tSlZ), eoi. by virtue of a

particular combination of dominant and recessive genes. Giving

eaeh tecessive al-l-ele a value of 1 and each dominant al]ele a vaLue

of 2, assuming eomplete dominance and the absence of epistasis, it
can be shorrrn Lhat 2 parents differing by any number of gene pairs

can yiel-d arrheteroti-c'r F.r, viz.

Pt :AA+BB+ee+DD=Zr

PZ:aa+bb+CC+!!=6,

Fl:Aa+Bb+Cc+DD=8.

By recombination and segregation this "heterosis'coul_d be fixed.

Those genotypes possessing all t,he mofe desirable genes r¡iLl- houever

occur in l-ou frequencies, uhich necessitates the grouing and test,ing

ofl J-arger populations than are commonly handled in breeding progra.ms

(shebeski , 1967).

0n these grounds one could expl.ain the existence of high

yielding inbred l-ines in crolses I and I I I ; one coul_d al_so defend

the choice ofl heterol-ic crociicrs as being the only ones uorth exploi-
t,ing in subsequent selection uork.
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The isol.at,ion of superior inbred l-ines in heterol"ic

crosses of r'-rheat uras also reported by Lupton (lg1l), LJhitehouse

(tSOe) and Busch et a]. (tSZr ). Simil-ar results r¡ere obtainecJ in

tobacco (Sm:-tn , 1952) and tomatoes (trtittiams, 1959 ). If over-

dominance or non-fixable typ:sof epistasis uere of major import,ance

in these crosses, pure l-ines shoul-d yiej-d l-ess than the F,. hybrids

r,.rhich have maximum heterozygosity. Lee (lglS) recommends the use of

crosses exhibiting rra moderat,e. amount" of specific combining abiJ-i-

ty, for in these crosses the Iikelihood of transgressive segregation

seems to be greater.

By analogous reasoning, the degree of heterosis could be an

indication of parental gene difflerences. ConsequentJ-y, heterot,ic

crosses uoul-d offer more combinations than r¡ould non-heterotic crosses.

AJ-though feu experimental- resul-ts obtained ( see above ) r,.rould support

this hypothesis, such an approach coul-d be criticised on theoret,ical

grounds. Croul (lSaA) for example concl-uded that "it t¡ould not requi-re

very many loci in ulhich the het,erozygoLe is.superior to give a con-

siderabl-e sefective advantage to a hybridr' (cited by AIJ-ard, 1960).

To test F,, hybrids adequately, many time-consuming crosses

have to be made. An alt,ernative approach to cross eval-uation t¡ouf d

be the cafcul-ation of mid-parentaJ val-ue", "= defined above. For

crosses I, 1I and III these are 32O, 266 and'329, respectively. Thus

uith respect to heterosis, the order of crosses changes 1"rom IrIIl, II

to III, I, II but r,rouLd still indieate the lou potentiaJ- of cross II.
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5. CONCLUSION

The purpose of thís research uas to see if three methods

of u¡heat breeding differ significantly Ín their abiì.ity to isolate

superior genotypes and if so, uhich Ís most effective. One could

rafer to the statement by Dudley and floLl (l90s)r saying that a

critical evaluation betr¡aan selection methods has to consÍder the

J.nput of time and money. lJe have no exact figures as to the relatlve

costs of the three methods studied, but indications are that at our
I

present level of mechanÍzation control plots involve 5 times and hill

plots 10 times the manhour inputof the pedigree method of selection.

0n the other hand, ceuld one not say that the most expensive method

is the one r¡hich yields the least number of good lines? For an over-

all evaluation of the methods compared, the follouing facts urere

established:

(t) tïetnod mean yields;

. - actual data:

transformed

uas superior

(z) ramfry means:

- all methods

obtained by

no significant differences among method meansi

data: ín cross III, the hill plot method

to the pedigree method.

u.rere equal; high yielding famllLes ûrere

alf methods.
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(3) Variance components and herit,abitity estin¡ates:

- no significant differences betueen methods coul-d be

established. lvlaterial- derived by the pedigree nethoci

exh j Lri ted sJ-i9ht1y great,er variabiÌity but dif ferences

uere insiqnificant, and inconsistent.

(¿) line means, absoJ-ute yields:

- aLl- methods urere equal-, no significant differences

coul-d be detected among the top 15/, of Lhe lines.

( S ) f-ine means, relative yieJ-ds:

- the hill plot method uas belou t,hé controJ_ plot

method in one comparison, equal in tr¡o comparisons

and superior in one, out of a total_ of four com-

pari.sons; the hill plot method r.ras equal_ to the

pedigree method in t,r.¡io and superior to the pedigree

method in tr¡o, out of a t,otal_ of f our comparisons

- the cont,rol- pJ-ot method.rrlas superior to the pedigree

met,hod in tulo and equaì. to the pediqree method in tuo,

out of a total- of four comparisons.
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These findlngs are based on ons yeats results. 0bviously,

concÌusions drar¡n are tentative. The methods did not differ in

their efficiency in most aspects. Thus ue could not prove that

early testing 1s superior to the pedigree method. Hor¡ever' there

are indications that early tests seemed to have a slight advantage

over tha pedigree method r¡hen dealing uith crosses of Lor¡er yíeld

poteritial.

Ihese findings agrcla r¡ith results publÍshed by some uorkers

but are at varianca uJith others.

The evidence relating to the r¡orthiness of the three crosses

Índlcates that only the more heterotic crosses yielded lines excse-

dÍng the control. Houever, data based on three crosses ontry are not

sufficient to drar¡.¡ a general conclusion.

?
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Appendix I. Families, lÍnes r¡ithin famiLies and error mean squares

of transfolmed data for the hill plot met,hod, the'con-
trol plot method and the pedigree method of selection
from F= derived FU families.

Cross/t'iethod Families Lines r¡ithin Error mean
familÍes squares

- H111 plot method

Control plot method

;

Pedigree method

II - Hill plot method

Control plot met,hod

Pedigree method

III - Hill plot method

Control pJ.ot method

Pedigree method

5g.66xx

'7.zgxx

3.?gxx

1 I .35xx

?.s8xx

3.1 I 
xx

1 3.53xt

17.1ixx

2. ggxx

0.78

1.16

0.83

1.?íxx

1.13

1.11

1.O7

1.12

0.91

0.81

1.34

t.9g

0.96

1 .35

0.78

1 .59

0.87

0.99

xx, significant at P i1.01
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Appendix II. Variance components of transformed data among FU lines

ulthin F= famiries (s3), betueen Fa familie" (sfr) ana

heritabitity (H) for the hill plot method, the control

plot method and the pedig¡ee method of selection for

each of three crosses.

Cross / metrroo 52
td

s3

i

- Hill plot method

Control plot method

Pedigree method

II - HÍI1 plot method

' Eontrol plot method

Pedigree method

III - HiIt plot mefhod

Control plot method

PedÍgree mathod

-0. 01 4+

-0.0864

-0.075+

0.387+

-û. 1 09+

0. 1 67+

-O.259+

0. 1 25+

-0.043+

.060

.894

..071

.105

.093

.101

.075

.D76

O.482!

0. 101 +

0. 370+

0.080+

0. 1 07+

l-2a\

0. 1 04+

O.266+

0.260+

.346

.064

.099

.067

.068

.083

.080

.152

.079

0¡534+ .1 BB

0.021+.163

0.376+.100

0.493+.071

-0.003t.171

0.515+.073

-O.242+ .252

A.472+ .111

0.303+.109
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Appendix III. Seed yield means and standard

for the hill Plob (rfH), the

Pedigree method of selection

(ttleans of 180 F, lines each,

srrors of transformed data

control prot (ETC) and the

for each of three crosses.

tested on 2 locations).

Seed Yield
Cross

ETH SE ETC SE PEDIGREE SE

I
I

1:

II

-0.1 56

-1.657

-0. 1 95

0.404

0.178

o.194

-0.1 73

-1 .367

-o.647

o,141

0.145

o.218

-0.331 0.1 02

-1.685 0.093

-0.809 0.091III


