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Alal. FeooolrCLE U
“he rclative effectiviress of contiruvcus inirceuiny
witn selecticr ccrprred to tiree cveles of recurrert colecticn
fcr corn maturity as mersured by silbing date wrs studied in
rerulatiens derived from twe dcuble-cress hybrids end fcur
sirgle-crcocs hytrids,
Direct ccrmpsriscn in the nursery brtween recrrrent
and intred ceriecs wrs difficult cue to irntreedine drprersicn
wiich macked the effectiveress ¢f the breedirng mrttcils, Lieclire
in fertility ard vi,cr and delaved moturity were arcry the
gererel effects ¢f intrecaing zrd re reterrced tc =s irtre-3dire

dcprecsicr.

el

intreedingy depressicn affected tre irntred cerive " cre
thar the rrcurrent selecticn series, In recurrertceelecticr
crly cne plant in eschh rcw vas selected in crder tc meintain
irtreeding yressure ot a ninimum, With Inbreeding snl gelectio:
plerts were selected witodn erd encony rowe.,

To cverceme tre effects c¢f intreedirg cdeprecsicr, it
wzs supgpested tht tie¢ recurrert selecticns sheoula te intred
(withcut seleccticn jrecsure for aturlit.) ard eccrpered witln
tre irtred selecticrs,

urcery results irdiec-ted tret beth ~etrcic hed beer
very effective in adivinirg tre criciral F. vaterizsl inte twe
maturity srcups sand tret fixaticrn ¢f genes was rajpid. Fiwoticn
wes ver: raepid in a pepulaticrn frem en carl.-x-corly single
ercse (lall%3 x WeS) srd lecs rapid in a pepuleticr freoo. =n

crrlv-x-late cingle ercss (02kA x 1.217).



ALAIN F. CULHRCCS ALTIFACT

In & ccrn treeding prcgram, the ultivcte cblective
is tc utilize irbred lines in hybrid ccrbinaticn. Truc,
evaluation of lines fcr maturity in testerceses 1s impertant,
Corprring inbred ard recurrert lines in testcrccrses is pcessitly
the best method to cvercceme the irbreedirg depreccicn eftects
wrhich masked tlre effectiveress cf the breedirg rethcds when
ccrpared 1n tle nursery.

Testcrocss results indic~ted that tre e=rly inbtred
ceries were earlier tran recurrent secries in two cf the tiree
casec, and tte late irbred series were later t an the recurrert
series. Hcwever, tre differerces between the two series were
very snall indicrting tlat trhe two metnicds were ecually eftec-
tive. Very rapid fixaticn of genes and ecual effectiveress cf
the two treeding methcds irndicested that few geres fcr maturity
were invclved.

Lines that were btcth earlier and later in raturity
than the parental lines cf the criginsl crosses were cbtained
in tctk recurrenrt and intred series.

In all the testcrcss experiments trere was a wide
range for yleld amorg tre scelections within a rat.rity Ercup,
indicating that selecticn for combining ability cculd te

effective within the maturity grourps.
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INTRCDUCTICN

In northriern aress cf the Urited “tates, pre-mature
killing frosts are a hazard to successful corr prcducticn.,
Corn 1s ccnsidered rmature wren the mcisture ccntent cf the
grain 1s about 257, Lcsses in yield and cuality result when
frost cccurs befcore maturity. The best way tc aveid there
losses 1s to grow early-maturing hybrids that will ccrsistently
rature shead of frcets. Due to early frcst in the licrth,
these hybrids will usually yield as well as or bettler than
late-maturing hybrids. GLarly-maturing hybrids are ready
fer harvest earlier in the fsll when weatrer is usuelly mcre
favcrable for rarvest end harvest losses are lower. lature
corn makes better cuality feed than immrmature ccrr. Lcwer
mclsture ccntent permits safer stcrage.

Developirg inbred lines thrat transmit early maturity,
higk ccmbiring ability, and lcdging resistarce in double-crcss
hytrids 1s a majcr otjective of ccrn breeding programs in
the rorthern areas cf the United States. Lkarly-maturing
inbred lines &s a grcup fererally pcssess a lower level cf
combining atility and lodging resistance than later-maturing
intreds. Inbreeding ard selecticn in heterczygcus pcpul-tions
of early X lete parents is an effective rethed to imrrove
ccmbining ability and lodging resistance cf early-maturing
inbreds.

Inbreeding with selecticn is necessary in ccrn irpreve-

ment to fix desirabtle cheracteristics in a line, sc ti-t it
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will trensmit these characteristices in hybtrid cerbtinaticns each
tire seed 1s prcaduced. Fkapld fixaticn cf geres occecurs with
intreeding. This sericusly restricts tre effectiverecs cf
selection trat can be practiced. hecurrent s<lecticn 1is a
breeding schere that offers come opportunity to ~inimize this
disadvantage. Plants frcm e heterczygcocus scurce are evaluated
for tre desired attribute. Selfed seed of the small sa-ple
exhiititing suprrior perfcermance is then planted esr-tc-rew.
All pcssible intercrcsses are then made by h=nny, cr scre tyre
cf bulk pollination may be used. The 1ntercrossed pecpulation
serves as the source raterisl fcr the next cycle cf selecticn.
Crppertunity is afforded for cumulative selecticn.

Four types cf recurrent selecticn arc recognized: (1)
recurrent selecticn feor char~cteristics that cs=n be evslurted
accurately prenotypically as described stove witiicut trstercsses
recuired fer (2), (3), ard (4); (2) recurrent selecticn for
geriers]l combining ebility; (2) recurrent selecticn fcr syecific
ccrbining abllity; and (4) recinrcesl recurrent selecticn usirg
two heterozygcus pecrulatiers with reciprccal self-pcllineticn and
testcerossing, A x B ard B x A,

With ccrn, recurrent selection has been arplied fer c¢il
contert, tryptcrran asrd lysine amino-acia ccntert in grain,
disease and insect resistarce, pcpping expansicn of pcpcerr,
ard specific cenbining =bility (7, 18, 19, 20, 23). Tke methcd
has been applied to sweet clover (12, 13, 1k4), to tirsfcct trefcil
(1) »nd cotton (6).

Silking date 1s a gcod critericn cf corn maturity, is

easlly determined, and can be evaluated prenctypically witkcut

testercsses ir. a recurrent selecticn scheme. Zelected plearts



3
can be pcllinated the sare gereraticon the charactrristic is
reasured.,

The cbjective of this studyv wes tc deterrmine the relative
effectiveress cof coentinuous inbreedirg with selection ccmpared tc
trree cyvcles of recurrent selectlcon for cecrn maturity, as
measured by silking drte. Thecretically, three gereraticns
of selfing 1n a Fp porulaticn should reduce heterczygcsity
to €.254 while three cycles of recurrent selection shculd
leave 353 heterczygcsity.

This value 35% is ottained in the fcllowing manrer:

The geretes prcedur 2 Ly N monoecicus individuals urite
whclly at rardem. TIherefcre, the garetes have a chance 1/N
of coming from the same individual and of L- 1/N cf coming
froem different irdividuals, The loss 1n heterozygcsity is
then 1/2N cr, sirce ten plants were used in this study, 1/:20
per generaticn. After three cycles of recurrent cselecticn,

i1t would be persitle tc centinue a selecticn prosram.



LEV: W OF LITRFATURE

Early maturity in corn is frecuently dcminant in croc:zses
between early and late inbtred lines (5). The Fy hybrid wes
earlier than either of tre two parental inbred lires which
were apprcximately eoual in maturity (2€). Jones (15) in-
vestigrted the inheritance of ccrn maturlty 1n six crceses
of early-i-late inbred lines. Either complete phenctyjpic
dominance or slight hetercsis fer earliress was irdicated in
all crosses., Complete genic dcminance fcr eerly silking,
partisl-to-complete gernic dcrinance for lcwer ear molsture
at a uniforr time from planting, and vsriaticns frca ncone to
complete geric dominance for lower ear mcisture fifty days
after silking were indiczted fcr the different crosses;

Jones (19) was not able to conclude whretrer gene acticn
was fcllowing eitter arithnetic cr geometric scremes. Fe
surgested that both types of gene sction might be invelveZ.
Usirg the fcrmula feor calculeting gene rumber given to Burtcen
by Wright (1,2), trhe calculated number of geres ws=s 5 to
1¢ for silking d=te, 2 to 11 for mcisture content of ears
harvested at a unifcrm pericd from planting, and 1 tc 54 for
molsture content cf ears harvested flfty days after silking
dependirng on the particular cross invclved. Yeng (2%), in a
study of the nature of geres controlling hybrid vigor ss
they affect silkirg time in corn, concluced that there were
probebly 2 or 3 pairs of geries invclved. These genes were

independently inherited with effects cf comparable nagnitude.



Feritability velues which dencte additive genetic
variance in per cent cf tre total v:-riance are useful to
the plant breeder because they indic=te the extent tc which
desired charzcters are trans.itted from supericr plants to
their progenies. The additive genetic varlance reflects the
degree to which the procgeny are likely to resemble the parents.
Jenes (15) calculated heritability for silking date and
meisture ccontent acccerding to wWright's formula (27); whrich
includes both additive and ncn-zdditive v:riance:

Variance F2 - Variance Fl

Variance Fo

Feritability vaelues ranged frcm 11 to 41 per cent for silkirg
date, 36 to 5& per cent fcr rcisture content of ears har-
vested at a unifcrm period from planting, and 72 to &2 per
cent for mcicsture ccntent of ears harvested fifty days after
silkirg fcr the varlous crosses studied.

Warner (2&) cbtaired a heritability value cf 32 per cent
using the fcrmula:

(#) D

Heritability- where

VE,
<
(4) D = the additive genetic ccmponent of variance of F2 and
VF; = total within veriance of F;
and (4) D = 2(VFp) - (VB # Vb,) where
VB, and VE, are the total within variance cf the backecrcsses

of the F; to the respective parerts.
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The general prccedure employed in recurrent celecticn,
which has been effective in imprcving egrcromic chrracters
in corn, cotton and fcrage crops, was an cutgroewth of the
suggestion made by Jenkins in 1935 (2) to select among
early generaticn inbreds on the basis of general ccrbining
ability. The ecsential steps were outlined by him in 1940
(10):

(1) the isclation cf one generaticn selfed lires; (2)
testing of these lines in top crosses for yield ard cther
characters to determine the relative endcwnents with
respect to geres affecting these characters; and (2)
intercrossing of the better erndcwed selfed lines to prc-
duce a synthetic variety; (4) repetiticn of the atcve
process at intervals after each syntnetic varietyhas
had a generation or two of mixing, possibly witn inclusicn
of lines from unrelated sources.

Sprague and Brimhall (23) showed th:t cne cycle cf
recurrent selection for yielding ability resulted in a mezn
increase of 7 bushels per acre relative to the tester,
Lonrquist (1&) produced a high ard low yield synthetic, usirg
51 lines from Krug yellcw dent, an open pcllinated variety.

After two gener=tions cf rendom matirg, 5, plants were selfed

o
and crocsed to (Wf9 x M14) as the tester. The mean of the
testcrorses from the high yielding synthetic was 2.7 bushels
less than the tester ard A.4 bushels mcre then the testcrcsses
of the S; lines used to form the synthetic. Testcresses

frcm the low yielding synthetic aversged 14.95 bushels less
than tester. Thus after one cycle, two distinct grcups with

respect to cormbinirng ebility had been separated frcnm thre

original Krug porulaticn. McG1ill and Lennauist (20) crossed
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Sc rlants from Krug ard three synthetic varieties develcyed
from Krug by two cycles of recurrent selecticn to wf9 x M1k
as a tester. They corcluded thzt recurrent selecticn had
teen effective in mcdifying cormbining ability and that the
high yielding synthetics were better sources of new lines
than Krug. In a more recent paper (19), they showed thet
advanced generations of the synthetics meintzined their
imprcved productivity thrcugh ncrmsl mass selectien procedurec.
Visual selection of better plarts from synthetic 2 to synthetic
4 resulted in a slight i-provement in yield; but the plants
were later in m-turity.

A modificsticn of recurrent selecticn feor cor binirg
ability was sugrested by Full (7), who esdvanced reacons feor
believing that genes ccnditicning corn yvield exhibit cver-
dominance, Under this assumpticn the hetcrczygete 1s supericr tce
the best homczygcte at loci at which cverdominance is op¢r=tive.
Hull's methcd, called recurrent selecticn fer specific
combining atility, inveclved the use cf a stabtle inbred lire
as the tester, Sprague (c4) reported trat "unpublished data
indicate thet in each c¢f two cpen pcllinated vrrieties,
using inbred by as tester, yield incresses of =pprcxirctely
5 bushels per acre were cbtesined +»ith a single cycle cf
selection.”

Cemstcck, Kcbinson, and Earvey (3) prcpcsed a breeding
procedure to make maximum use of beth general and specific

corbining ability re;ardless cf overdcrirnance. Trey design:ted
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their ~ethecd '"reciprccal recurrent selecticn". Twe unrelsted
stocks are used as source naterlal. S  plants cf a scurce

A are self-pollinated ard crcrsed to plants cf cource B as
the tester. Selection 1s based upcn experimental comparisens
of testcreoss progenies., Selected plants are intercrossed

the third year by use of selfed seed frcm Sy plants. Ancther
cycle of selfing and crossing 1s initiated the fourth ye-~r.
Flants from source B are tested against plants frcm source

A as the tester in the came way. From theoretical corsidera-
tions ttey ccnecluded that "reciprocnl recurrent selecticn"
would be supericr tc selection for general combinirg atbtility
for loci where overdominanre existed arnd was supericr to
selection feor specific cembining ability fcer lcei where
rartial dominance exicted.

Sprague ard Brimhall (23) found that recurrent selecticn
fcr 011 percentare 1n the corn kernel was 2.6 times :.cre
efficient thenr selection Jduri,: inbreeding. Considerztle
genetic veriabllity remained in the recurrent series, while
genetle veriability wes exhausted aftir five gerneraticrs cof
inbreedirg.

Frey et al. (£) repcrted results from one cycle of
recurrent cselection fcr low zein snd high tryptcpran in two
pcprulations ¢of intercrceses arong F3 progeries of by x 1 1G¢&.
Une set cf F3 prcfenies had teen selected fer low retio of
zein tc total protein, ard the second set had been selected

fer high tryptophan content ¢f tre grein. No improvement
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was realized in the pepulaticn selected fcr low zelrn-prctedn
ratic. An increase cf 12.7% of tre mean cf the F. rcpulsticn
wss cbtained in the population selected for righ tryptorhan
percenrteage.,

Jenkins et 21. (11) repcrted on experimerts decsigried to
mrzsure the efficiercy of recurrent selecticn in ccncentratiry
fenes for resistance to leaf bligtt cf corn ceaused by

Eelmintkcsrerium turcicur., Nine single-crocsses between

resistant ard susceptitle lines were used. Thre materlsls
used were two-gereraticn-backcrocses tc the susceptible
prarert. Three cycles of recurrent celecticn were completed
for each of the nine proeeny grours, providing a tct1 cf
27 compariscns. In 24 of trese ccmprriscns the differences
tetween successive cyvcles were pecsitive irdicating en incrence
in resistance; in 19 out of ZW, thecse differerces were sij-
rificant. In three cases tlre differernces were reg-tive,
irdicatirg an increase in susceptitility. Jerxins ccncluded
trat two cycles ¢f recurrent selecticn would be werranted in
rmcst cf the grcups stucdied. The effectiverness of the third
cvcle appeared to te related tc precgress in tre previcus
cycles. If the g=in has been substentis1l, 1little prcgress
wss achieved.

Fenderscn (6) fcund that recurrent selecticn in ccttcn
was effective for increesirg the frecuercy of supericr gene
cembinations for length ard strength cf fiber, weight cf

seed, and weight of fiber per arount of surface area cn the
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seed ccreideratly abcve trat fourd in the F;. After ore
cycle the freavercy of plants abcve the aversge wrs 3 per
cent. Ee remar<ed: ". . . the fifteer intercrcsses differed
greatly in relative frecuency, the lowest preogery hiving nc
superior planrts, while the highest intercrors prcgeny had 43
per cent of plants abcve the parent sverage in all chrracter-
istics."

Jchnson reperted results of one cycle (12) ard two
cycles (13) of recurrent selection for gereral combining
atility in sweet clcover. In both the first ard seccrd cycles
cf the population means slightly exceeded the means cf the
10 plants whcse Sl progeries were used to prcduce the next
cycle. The open pcllinsted progeny test meen cf tre 10
selected Madrid plants wrs 116% of Madrid ard the first-cycle
population was 1215 cf Medrid. The mezn of the 10 plants
chcsen frecm the first cycle &s parertal lines for the sfeccnd
cvele was 14674 and tre seccrd-cycle pcpulaticn mean was 17274
of Madrid. Four successive cycles of phenctypic recurrent
selection of tiennial sweet clover for first yeasr growth were
effective in improving unifornmity ¢f grewth tyvpe =rd rplert
vigor according to Johnson and k1l Banna (1%) wheo measured tre
charge per cycle in terms of variance ard populaticn means,
Trhe changes were smaller for a plart cheracteristic with lcw
heritzbility velue such as plent welght then for a& plant
charrcteristic with high heritability value such as grewth

habit., Tre mean plant yield in the highrest viger group was
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incrersed &7 over the criginal pcpulaticn by reprcatedly
chcesing end reccmbinirg ten plants in the upper rporticn cf
the Syn. 1 porulation.

Peaccck and Wilsie (21) reported that one cycle cf
recurrent selecticn fcr shiattering resistazrce reduced seed
pcd dehiscence of btirdsfcct trefcil 17 per cent. The
variability amcrg tlhe syntretics produced sppesmred tc be
grert encupl to allew further progress in shatterirg resisterce

through additicnal cycles cf recurrer.t selecticn.



MATERIALE AND MITHCLS

Fo rocpulaticns of 500 plants each feor twc couble-cross
hybrids and four single-cross hybrids were plarted in 195h.
The two double-crosses were Michigan 51B (w9 x ¥13) (la 153
x W25) znd Michigan 20D (Ch S51A x M14) (CGh WCB x wl0). The
four parental lines fcr Michigan 51B were classified as
relatively early-maturing lines. The rarentel intreds Ch 51A
and M14 for !“ichigan 20D are clmssified as medium in maturity
while Cr LOB and W10 are classified as relatively late in
maturity. The single-crcss hybtrids were: one single-crocs
of two early inbreds (Ia 153 x We5) and trree early X late
sirgle-crcsses, (k53 x 38-11), (MS2kA x 38-11), and (MS2L4A
x L317).

The 20 eerliest silkirg plerts were selected in each c¢f
the six populaticns. Ten of these were chocsen at random and
self-pollinated fer the inbreeding series. Ekcuasl amcunts
of pcllen from the cther ten were bulked and used to pcllin=te
these plants for the recurrent selection series.

Tre 20 latest silking plants of each pcpulaticn were
selected and divided into two groups of ten plents ezch.

Ore group cf 10 was self-pollinated for the late-maturing
inbreeding serles. The cther group of 10 plarts wes inter-
crossed by bulking ecual amocunts of pcllen and constituted

the late-meturing recurrent selection series.
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For each population in 1959, 50 seeds cf each selected
e-r were planted ear-tc-row, meking a recurrent selected and
an inbred series cf twenty rows each. In the intreeding
series, tre ten esrliest silxking plents ~rd the ten latest
silking plants were again self-pcllinated. The selected
plants in five of the pcpulations were crcssed to the single
cross (Ch 43 x A158) &as a tester for combirning ability. In
the recurrent selected blcck the earliest plant cr two in
each row was selected end tne pcllen of ten of thece plarts
was bulked and applied tc the sllks of thece ten plante., Tic
same procedure was fcllcwed for the late silking selecticns.

Due to heterctic effects, the recurrent selected series
would be expected tc be earlier tlan the inbred series. To
ccmpare intreeding more effectively with recurrent selection,
10 cf the early silking plants and 10 cf the late silking
plants were selfed 1n each recurrent selected blcck. All
rlarts cf the recurrent selection series were crcssed to the
tester (Ch 43 x Al15&).

The same procedures were follcwed in 1956 tc prcvide 9

breeding groups as illustreted belcw for each populaticn.

FE

ESy S - - - - 1954

kS, Sy, = = = - 1955

A HSl
KS- | /Sy = - = = 1956

hC2-1kK51-1
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(FS)] = ‘tecurrert selected cne cycle

(kS), = Hhecurrent selected two cycles

(HS)3 = hkecurrent selected three cycles

(s); = Inbred with selection one genersticn

(8)2 = Inbred with selection two genersticns
(5)3

Inbred with selecticn three gereraticns

kS-1 = Fecurrent selected one cycle, then inbred
with selecticn cne generaticn

kS-1-1 = hecurrent selected cne cycle, then intred
with selection two generaticns
(kS)o-1 = Fecurrent selected two cycles, then inbred

with selection one generaticn

These nine breeding groups fcr each cf the six peopu-
lations were evaluated for maturity in 1957 in an experirent
with two replicaticns of 15 plents feor each ear-to-rcw. 1In
each populaticn, the early anrnd late maturity groups were
plarted in separate blocks. Within each maturity grcup, esch
of the nine treeding grcups ccnsisted c¢f 10 ear-to-rcws cof
15 plants in each replicstion. Scme pcor stands were chb-
tained in the late mrturity groups of the (la 153 x WZ29)
populaticn.

Silking drte and mcisture cortent of ears at harvest
were determined for each plant in two pecpulaticrs, iichiyan
51B and (K53 x 38-11). For the cther four pcpulasticns, only
silking date for each plant wes recorced, Silking d-te w=s
recorced when the silk was exposed atout 4 inch. Average
days from planting to silking, percentage of mcisture ccntert,

veriance and covarlance were c-lculated fcr each rcw.
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Aralyses of variznrnce fcr each pcpulaticn were made for

each maturity block. DLegrees cf freedom fcr each tlock were as

fcllows:
Source cf Variation Defrees cf rreedor
Total 179
Feplicaticns 1
Strains €9
Groups e
Within 9
Interacticn 72
Error €9

Degrees cf freedom for e=sch breeding group:

Scurce of Varisticn Deirres of Freedcem
Total 299
Between 9
within (estimated frcm row 290
variance)
Parents n
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The ultirmate cbilective in a ccrn breceding preorrem is
te put inbred lines into hybrid ccmbinaticns. Therefcre it
is necesssry to evaluate the lines fcr yield ard maturity as,
testcrcesses. S) and LSy selecticns of four pojulations were
testerossed to (Ch43 x Al155). These testcrcsses were ev=luated
for yleld and maturity in four experisents in 1995 as fcllcws:

Table 1. Gtxperiment nurber, populsticn, and design cf the
1359 testcrcss experirents.,

Lxneriment Number rorulation Cesifn
55-902 (MS24A x 36-11) 6 x 6 sirple lattice
4 replicetes
55-903 (K93 x 38-11) 6 x 7 rectargular
lattice, 4 replicates
55-a04 (MS24A x L317) S x 6 rectangular
lattice, 4 replicates
55-309 (Michigan 20D) 5 x 5 simple lattice

4 replicates

The date when about helf the plents had silked in each
plct was recorded.
Sz, HSp and kS-1 selectiorns cf § populations were

evalunted in testcresses to (Ch43 x A15E) in 195F os fcllows:

Taetle 2. LExperirent nurber, pcopulaticn, and design c¢f the
1956 testcross experinents,

Lxperiment Number Fopulsticn Decign
56-901 Michigan S1B € x & simple 1l=ttice
4 replicates
56-902 Michigan 20D 7 x 7 sirmple lattice
4 replicates
56-903 k93 x 36-11) E x & simple lattice
r

eplicates
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Tarle . Cortinued

cyperiment hurmber Porulaticn Cecifn
56 =904 (FS24A x L317) 7 x 7 simple l-ttice
replicates
56 -905 (~SehA x 38-11) £ x & sivple lattice

4 rerlicstes

I

S3, KSj3, KS-1-1 and kS,-1 selections from the third
cvcle of breeding were evaluated as testcrosses with (Crh3 x
Al15¢) in three experiments in 1657 (Table 3). Silking date
was recorded fcecr each plant,

Tzble 3. oLonxperirent nurter, pcpulaticn, ard design cf thre
1957 testcrcss experiments.

Lxperimert Number Pcouleticn Design
57-911 (k53 x 3&-11) 10 x 10 triple lattice
3 rerplicates
57-912 Micrigan 51B 10 x 10 triple lattice
3 replicates
57-913 (:‘s24A x L317) 9 x 9 triple lattice

3 replicates
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oSULTS
NCRERYY BESULTS

Dayvs from Planting to Silking

General Ccrsiieraticrs

The first cycle of btreeding by either nethcd wss effective
in dividing the criginal F- wmaterial into twe maturity groups
(Table 4). Althcugh some strains frcm the esrly meturity
grcups were as late as ccme strains from the late maturity
groups, no early-maturity btreeding group mean wes greater
than any late maturity breeding grcup mean. The F2 value
for eacn populaticn was intermedliste between early ard late
maturity series.

The greatest progress tcwards early and late mmaturity
seemed to have been maode with the first cycle of treeding as
srown in figures 1, 2, 3, 4, 5, 6, Appendix, where values for
parental lines F;, F;, and breeding groups have been grapred.

Differerces amcng breceding groups are highly significent
in all cases (Table §) irdicatirg a difference in prcgress
frcmn the different breeding methcds. No sifnificant differerce
within value meens indiceted that geretic veriarce was exkh-usted
after trhree cycles of breeding.

Comperiscn belween breedirg grouns in the early maturity series

The mean values of each breeding group are ranked in
Table 6. Values within a bracket are nct significartly dif-
ferent according to Duncan's rultigle rarge test (4).

Since the objective was tc compare the effectiveness of

continucus inbreedirg (selfing) with selecticn and the



late Maturity

ranfe and mean days frcm planting to silking of nine breeding groups from six
karly M=sturity

populaticns.
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25
effectiveness c¢f recurrert celecticn, breedirng grcuns witiidn
a cvcle can be ccmpared (Table 6a).

In 9 of 1& cases, recurrent selected treeding frcups were

earlier than the inbred groups. After three cyvcles cf treeding,

in 2 of ¢ cases, the recurrent selected grcups were esrlier

than tre inbred grcups. lowever, the differerces bctween tre

recurrent selected and inbred grcups were srall. These results

indicate trhat there 1s very little difference between thre two

breedirg metlr.ods,

Table FA., Compasriscn for early maturity between intred ard
recurrent selected grcups within a breeding cyvcle.

Pcpulsticn First Cyvcle Seccnd Cycle irird Crecle

i‘ichigan 51B [ S ) 43 Sp ) kS i S5 » i3,
| 63.8 604 62.7  60.6 £3.C  60.2

Michigan 20D 5 ) kS | S, = HSp 53 =k33
- 73.6 70.3 71 69.6 70.3 €7.2

K53 x 38-11 S = ES Sz ) ES; Sy =hS3
68.2  6€.6 67.3 f4.1 65.2  £3.5

MS24A x 38-11 S = ES S, KSp 53 =HS3
72,2 73.0 | 71.1  6E.3  70.2  69.9

1a.153 x W25 S ) KS S; ) ES, 54" K33
S E4.5 2.8 [ €7 60,3 AbL7 FlL2

Ks2ka x L317 | S = RS s, (S, 53 =53
75.0 730 |y e l; 70.5 6O

> later than
nct later than

Y b
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Une cf the treoretical advantages cf recurrent selec-
tion over selfing with selection is the slower decressc in
heterczygesity from one cycle to the next. A study cf the loss
of variability with each cycle and of expected and actual gairs is
important. The fcrm of analysis cf variance for each breedirg
group 1is given in Table 7. The within variance was estinated
from the aver=ge row variance which was obtained acccrding to

the fcllcwing formula:

< 2
nlsl %o.ooooooonlo Slo

N-10
where n and s are respectively the number of plants and the

variance of the row, N the number of plants in the 1C rows.

Tabtle 7. Form of analysis of variance fcr each breeding group
within each maturity grouy.

source D.F. Lxpected mean square
Total 299
Anong 9
Within (estimated from .

row variance) 290 %+ S, uithin
Parents n s+

The expected gains were celculated after Lerner (16).
Selection differentials were expressed in standard devistions
(I) and in sbsolute units of measurements (i). Expected gains,
‘Ae, from a generaticn of selection can be cowputed., The g=zirs
are ecual to the prcduct of heritability (hz) and the celecticn
differential expressed in actual units (i). The heritability



A8
Ne

values were calculated in the fcllcwirg manner:
Tne coefficient of heritability for the F, population
was calculated according to the following fcriulas

Variance F, - Variance F
- 2 1
H2 - ’

Variance F2
which includes the non-additive porticn of the genetic
variance.
The coefficients of heritability for the various
breeding groups were calculated from separate analyses cf
variance (Table 7).

A
Cf; within

0% v 62 within

In the three early-x-late crosses (MS24A x 3E-11),
(MS24A x L317), and (k53 x 38-11) (lable 7B) the variances
for the late maturing parenrts were greater than the variances
for the early maturing parents. This indicstes that the late
inbred lines were influenced more by the envircnrent than
e~rly inbred lires. Thus, the v:'riance of the errly inbred
parents was taken as an estimate cf environmental varisnce 1n
the early-maturing groups. Likewise, the variance cf the l:cte
inbred parent was taken as an estimate cf the envircnmental
variance 1n the late maturing grcups. In the ceses of the
other crosses, Michigan 51B, Michigan 20D, and Ia. 153 x W95,
the averzge variance for the parental lines was used as an

estimation of the envircnmental varilance.



Within and among variances in the inbred and recurrent series frcm the early

and late raturity grours.

Table 7A.
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Table 7A.
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Table 7E. Aver-ge row variarce cf thre inbred &nd rccurrent
series from the early ard late maturing grougs.
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actual gain

Selection differertial, heritability (h€), expected (1h¢) and actual galns

in the early maturity series of six pcpulzations.

Tatbtle €.

Michipen ©1B

* *
O Nt )(\JHWE l.\L\_:r \o\o L\ O N F(ND e~y
L] L] L] L[] o L] L] (] L] [} o L] L] L] L[] .
v OO (8 Y on KOV HO(\J .) [CONARIVEN FE RVORART . (]
[} ] [} — —
\C ¢ (™
" 4+ NNNO O (}C)O() o O O™ D F MO Dft
e . L] L] . L] L] [ ] L] L] L ] L] . . . '] . L] [ ] L] . L]
~NO Ao NO Ofes MO Ol Mo ol OO OD Ivem Hfiv
— — —
TIMMR KRR WRYRQT R BRANR WRERW™R WNRY Y
U\N$ O O U o OO O W4+ 0o. vw
o~ [ o~ [ o oSN~
"
—~ Q™M —~@0 O [QVEQV] [QVEIQVATSY : —~ -3 —~\0O (N
o o o e o o o« o ¢+ o o o e o o e o o
O~C O 10N ww e N\ \C g (4 (28] "aEV4)
— — O —~ ~ —
NeNaaTex Nal'aYeo! OO~ [@A'aNN¢) O\ @™ O us\
. L) . . L) [ . ] L] L[] . L) L) . . . [] *
~H~OO M~ 8 —~ O~ —~ N~ oy N+ (N
—
(QV] Y
-
&)
I\ ~
- <
A P
N (9] N QY] QY]
o n N QY] o~ A 0N (QV] QY] w QL €0 QY] [QV]
SIS o o (CIR TN ] 2, [ TS oh o) W ) ¢ T o of e 0

zerc

frcem

dif ferent

4

iprnificartl

~

»



(Ccntinued)

193 x W25

Ia

Table &.

@)
-~
[¢V)
td *
NN~ oy O™ JU\\[ ooo-—-io O';\\(-:—-‘q)r«‘:[o
~ e o of = o o of o o e o e o o o o o
T ORI OO0 L\(\IQ<J U\Q(J F T+ i~ 1O
= 1 | '
4+
C
4]

(\Jl OO OfD O D DD [CoNOL COOC‘TO &)iO‘l”Q)(‘YC[:)
'1: L] L] . . [ ] L] L] ] L] L) . L] L] L] . L] L] L] L] . . L] ] .
~ (NO OjKy NO uldy NO iy NO Tl W OULT WOl
U | WRRRWR YRR R SR R TR LR W BUWRBR VR AR 2
ol Noo NO O o M WO O FT0 +C O
wn n M N (a8} o~ (QV] o~ o
|
“w
~N
[
v}
| &
-
— O~NOO (G SNV @2 F O I g0 Q@) T —~0 (@AY QN V) t’
. L[] LJ . L] Ld L] L] . . L L] . . [ . . . -
N+ N\ uNes. ™M (SR V) oo —~\C ™M o~ 3+ T EJ
—~ “
— Q
-
o
ge)
\CAD N\ (VeR'aRVal o e~ wo e~ o O [exN o Vo) —
I-.-{l-oo e o o e o o e o o — e o o e o o +
~Nrird —~ N~ —~ N —~ N~ —~ ~Nr~— o Wan Wan .
—~ [} [
—~ % (@)
(] o -~
(e & —
~ = -t
= < tw
+ o
QY] f"{ (N [QVY] N D]
(VPR P! QY] N UW N NN D] (QV )l ep] QY] N
[C g oRe o [CINJp] . fre (CINT) W] =, (€ PRV o o fr. 0 *




Gereticsl variabllity was exheausted after ore cr
two cycles of treedirg. This ccriclusicn was reached frenm
the fcllowing:

(1) The within variance representing the variazbility
between plarts did nct decrease (Teble 7B) from ocne cycle to
the next as expected, had genetical variability been rrecsent.

(2) Tre F ratios between within and amcng variances
(Table 7A) were nct significant. There was less variatility

meng strains than within rows.

(3) The variarces of the early-maturing grcups
(Table 7B) were close to the values of the earliest parents.

(4) The Fz heritatility values (Table 8A) were high
and expected gains were realized. The heritability values
were much reduced after the first cycle cf breeding, and
progress, if any, was much less.

In Table 9 actual gains were ccnsidered null if the
differences between cycles were non-significant. Lo prcgress
toward early silking date was made after the first breeding
cycle in either the recurrent series cor inbred series cf tre
dcuble crcss Michigsn 51B, the esrly single creoss (Ia.l53 x
W25), and the dcuble crors Michigan 20D where the psrentsl
lines are similar in maturity. On the contrary, sore progress
toward early silking was made after the first breecding cyecle
in the recurrent series of the three early-x-l=te single crceces
(Ms2ka x 38-11), (R53 x 36-11), and (MS24A x L3.7), ~nd in tre

inbred series of the single cross (M32+4A x L317).
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Table G6. Expected and actual gains in the early-maturing series
cf six populaticns.

Greups Expected Actual Expected Actual
Lains gains Gains Lains
Michigan 51B Ia, 193 x W29
1“2 7.5 606 2.0 602
F»:) O.l+ O.l O‘O C)QC/
BSQ 2.3 0.0 0.0 C.0
F2 705 3.2 2.0 L}.S
S C.0 C.0 0.0 0.0
S, C.C S 0.C c.0
Fichigan 20D R53 x 26-11
Fo 3.9 1.7 2.8 74
K3 Cc.C 0.0 C.y 2.4
kS, 0.0 ¢.0 1.7 C.0
Fy 3.9 -1.6 2.8 5.8
S 0.0 0.0 C.0 2.1
82 0.0 C.0 ¢.0 ¢.0
FS2LA x L1317 MS2LA x 31-11
F’\ 9.8 &.O 8.8 1+.O
£S C.1 0.0 0.4 4,7
RS, O.b £.4 0.8 0.0
F2 908 6'0 8.8 u.&
S 1.6 33 C.0 c.0
82 1.0 1.2 0.0 C.0

It is concluded that fixaticn of ger.es for early silxing
dste was very rapid. Very little improverent can be nade after
the first cycle of breeding. Progress seemed to be greater
with more diverse crosces of early-x-late lines such as

MS2LA x L317.
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COMFARISON BLTWEEN BREnDING GROUPS 1N
Ttk LATE MATURITY SEKILS

The mean values of each breeding group are ranked
in Table 10. Values within a bracket are not significantly
different acccrding tc Duncan's multiple range test (4).
Breedirg grcups witrin a cycle can be compared (Table 104).

Table 10A. Compariscn between inbred and recurrent selected
grcups within a btreeding cycle for leste maturity.

Populaticn First cycle Seccend cycle Third cvele
Michigan 51B S = RS S, RSo S kS
70.6 66.5 6.2 6859 8%.5>71-?’1
Michigan 20D S kS S KS S kS
5.6 78 .2 65.3> £20 9.2V £e%
KR53 x 38-11 S = KS S ESo S = RSB
78.2 79.2  86.3777.8  El.6  €0%
MS2LkA x 38-11 S = KS So KSo Sg = kS»
€C.9 82.2 66.67 81.5 6t.1 &6
Ia. 153 x w25 S = kS SE = KSp S3 = hSj3
72.1 71.4 7%.0 74.8 7€.0 75.1
MS24A x L317 S = KS S = RS S = KS
§5.6 79.2  E9.4 8223  od.2  &uss

\> later than

s equal 1n maturity

Though the results differed scmewhat for each popula-
tion, the inbred series tended to be later than the recurrent
series. However, after three cycles of breeding, the differ-
ences between the recurrent and the inbred serlies were small

and non-significant.
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Observation in tre field led to believe that Inbreeding de-
pressicn affected the inbred series more than the recurrent
serles, making the compariscn very difficult.

Table 7B indicetes that variances for the late maturity
groups were close to the late maturlty inbred parent variance
and those variances did not decrease from one cycle tc the
next except in the inbred series from the cross (MNScWA x L317)
and Mlichligan 20D, This indicstes thst the genetic variability
uas usually exhausted after the first breedirg cycle.

In Table 11A actual gains were considered null if tre
differences between cycles were non-significaent., Gains coculd
have been expected in the recurrent series in only three crosses,
Michigan 51B, (MS24A x L317), snd (MSZ2W4A x 38-11). 1n general,
there was considerable gain when none was expected. These
gains must be interpreted as effects of inbreeding depressicn.

These results indicate that fixstion of late maturity

genes was very rapid by either breeding method.
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Table 11A. Lxpected and actual gains in the late-maturirg
series cf six populations.

Grcups Expected Actual Lxpected Actual
Gains Gains Gains Gains
Michigan 51B Ta.153 x W25
F2 L.s - 1.5 7.5 b
K5 2.9 C.0 0.0 0.0
kSg 1.9 0.0 0.0 0.0
Fo 4,5 0.0 7.9 2.1
S 0.0 6.0 0.0 0.0
52 0.0 l+09 0.0 OoO
Michigan 20D KS3 x 3&-11
F 8.5 6.2 2.7 5.2
Rg 0.0 C.0 C.0 C.C
RS2 0.0 13.0 0.0 0.0
Fo €.9 10.6 2.7 4,2
S 0.0 6.7 0.0 6.1
So 0.C 3.9 0.0 0.C
¥S2LA x L317 MS2LA x 38-11
F2 10.8 - 1‘8 5.6 5:2
kS L.1 Cc.C 2.9 C.0
KRSo L.,0 0.0 0.0 4.9
Fo 10.8 0.0 5.6 3.9
S 8.9 0.0 C.0 5.7
So 6.6 C.0 0.0 0.0
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YCISIURE CUNTENT AT hHAEVLST

As ancther measure cf maturity, moisture ccntent of
ears at harvest was determined for each plant in two pcpula-
ticns, Michigan 51B and (K53 x 36-11), harvested Senterber 22
and October 5 respectively. Scme plants of the Michigan 51R
porulation silked as late as the first week of September, and
some of the (K93 x 38-11) population silked as late &as the
second week of September. Thus, many ears were imrtsture.

kesults of mecisture cocntent measurements at harvest
were similar to those rmeasurements frcm planting date to
silking.

Fixaticn cf geres for low and high mcisture ccntent
was very rapid. The greatest progress towards early and late
maturity seemed to have been made with the first cycle of
breeding, as shown in figures 7 snd 8, where values for
parental lines, ¥Fj, Fp ard breeding group means have Leen
graphed., Thcugh a few streins from the esrly-maturing (Tatle 12)
were as high 1n mcisture content as some strains from tre late-
maturing series, none cf the breedirng group means frcm the
early-maturing series was greater trhan any breeding group mean
from the late-maturing serles.

Analyses of variance (Table 13) indicated trnst trere
were differences anmcng early breeding groups ¢of the two crcsses

and among the late breeding groups of the Michigen S51E cross.



Range and mean for ear moisture content at harvest of 9 treeding groups

from two popul=tions.
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AonilN LR D166 GROUERS 1IN Tio
ATURITY SpkR1ES

The mean values cof e~ch breeding group are rrnked
in Table 14. Velues within a bracket ere nct significantly
different according to Duncan's multiple range test (4).
Breeding grcurs within a cycle can be ceomprred, Teble 1HA.
Table 14. hanked means for ear mcicsture content at harvest

cf nine brrcd?n; groups from twc crosses, licrli=n
51E and KR53 x 3%7-11.

K53 x 38-11

(62}
*xj

HS55-1 HS3 K&, Sq ES-1 S-1-1 5, ES

ny

;‘
=

30,8 32.2  32.% 334 W4 35,3 35.8 3.6 287

Michigen 13

KS3 HS kS,

KS-1-1 83 RSp-1  KS; S S,  Fg
4.3 37.0 38.5 3:.5 36.7  39.3

Tatle 14A. Comparison between inbred end recurrent sclected
series within a breedirg cycle fcr early maturity.

Feorulation First cycle Seccrnd cvele Trhird cvele

R53 x 38-11 S = RS So = RS, S3 = 183
39.7 37.6 35.€ 32.% 33 32.2

Michigan 51B S = kS So = 582 83 = K33

42,5 37.9 L2,9 38.5 3E.7 k.3
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The recurrent series tended tc bte lower in mcisture
content than the inbred series but the differerces tetween
them were ncn-significant. These results agreed with those
obtained frcm days to silking where the differences were also
small,

Row variance fcr the nine early breeding groups
(Table 15) gives an indicaticn cf the variasbility in the
series, Varisbility in the early recurrent series cf the crcss
(K53 x 36-11) was similsr to the variance cf the early inbred
parert, K53, indicating that geretic variabllity was abcut
exhausted. Variasbility in the early inbred series cf the
(K53 x 38-11) cross decreased when compared with the k53 value,
indicating that after three cycles of selfing very little
variability existed for mecisture ccrntent.

The variances of Ia.153 and W25 were ccnsideratly
greater than the variarces of M13 and W9 and should be taken
as an estimate cf the environmernt. The variances cf the
early series tended tc increase, but not to the extent of the
latest parental line value, W25, It is safe to assume that the

varisbility in these series was exhausted.
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Table 15. Average row variance for tre intred ard recurrer:t
series cf the early and late Michigan 515 arnd
R53 x 38-11 maturity grours.

FE53 x 38-11 Michiran 918
Early late Larly L=te
RS 20.2 67 .4 LE.2 354
R35 3.6 91.95 57.9 50.0
HS3 65.6 1.3 86,2 514
S 99.1 125.0 38,7 €1.6
So 79.2 75.3 9C.9 Qh.s
S3 51.5 6.7 7.8 72.&
E53 50.6 Ia.153 66.0
38-11 79.0 w25 9%.0
M13 15.4%
F 46.8 w9 €.2
Fo 11%.0 M 5.k
F2 3.9

Table 16. FERanked means for ear moisture content at harvest
for the nine breeding groups from two crosses.

K93 x E-11

Fo RSo kS KS3 S S3 RSo-1 So,  EkS-1 KS-1-1
Lo L 93.3 5.7 5¢.0 56,3 £2.2 63.5 64,0 A4, 9 6ok

Michigan 51B

Fo RS kS, S h33 kS-1 kSo-1 k5-1-1 So

<

Ly, 0 L7.8 50.8 52.2 sh.b 55,9 58.1 62.7 £2.9

(5]
(8]

~J
)
AL
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CCMPARISCH bBLTWobki, BRE:LDING GECUFPS 1IN Thi

LATE MATURITY SEBILS

The mean values of each breeding group are ranked in
Table 16. Values within a bracket were not significantly dif-
ferent according to Duncen's multiple range test (4). 1here
were no significant differerces among the breeding groups of
the K53 x 36-11 populaticn. Eowever, the inbred series in the
Michigan 51B populaticn were very high in moisture content
when compared to the recurrent series, Table 16A. These 1in-
creases in molsture content in the inbred series should be
attributed to intreeding depression since, referring to Tatle
15, the variance in the late inbred grcups did not decre=se
from one cycle to the next, and was infericr to the latest
parental line, W25. This indicates that very little geneticsl
variability rerained after the first cycle cf breeding.

Table 1AA. Compariscn between inbred and recurrent series
in the dcuble crcss Michigan 51E.

First cyvcecle Secord cvcle Third cvele
ks (s ks (S KS5 < S3
47.8 52.2 50.8 €2.9 Sk Lt 7C.3




TuST CROSS LXPRFIWMENT FLESULTS

General Considerations

The cbjective of the yield triasls was to measure the
differences in maturity between breeding groups when the lires
were in hybrid combinations.

kesults shcw that the mcst impcrtant differences were
between early and late maturity groups. Differences between
recurrent selected and inbred groups were very small, ard when
significant did not indicate any trend. Cycle gains were very
small, indicatirg that geretical variability was exhausted
after three cycles of breeding.

There were csignificart differences among the selecticns
for days tc silking in all the experiments, Table 17, except
55-90% and 55-9C05 which tested the populations of the sirngle-
cross (MS24A x L317) and the double cross Michigan 2CI. There
were significant differences among the selections for car
moisture content in 8ll the experiments.

The correlaticn ccefficierts fcr silking date with
mcisture ccntent were all pesitively significant (Table 18),
indicating that the early-silking selecticns were lower in
meisture content than the late silkirg selecticns. In gerersl
there were no positive correlations between yield and moisture
ccntent in the 1955 testcross experiments (Table 18). In 4 of
5 experiments in 1956 the high yleldirg selections were tre late-
maturing selections. In 1957 the high-yielding selecticns frcm
two early-x-late single crosses, (MS24A x L317) and (%53 x 3&E-11)

were the early-maturing selections which had time to rijen
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before killing frecst on September 20,

55

The parentsl lines cf

the double-cross Michigan 91BE are considered early-maturing

lines, and all the selections from this double-crcss popula-

ticn had time to ripen before killing frost.

Tatle 1E. Correlaticn coefficients between days to silking
and ear moisture content at harvest, anrd between
mcisture content ard yield in the 1955, 1956 end
1957 testcross exceriments.

Pcpulstion

(MNS24A x ;8-11)
(MS2kA x 35-11)
Micnisan 20D
Michigan 2CD
Michigan 51B
Michigan 51B
(RS3 x 38-11)
(B53 x 3E-11)
(R53 x 3&-11
(MS2hkA x L317)
(MS24A x L317)
(MS24A x L317)

exneriment

Silkirg date

Lkuber

55-902
56-905
55-905
56-902
56-901
57-912
55-903
56-903
57-911
55-90k
54 =904
57-913

X Molsture:

C.757**
0.543=
0.345**
O.bohee
0.,E26%»
0.975%*
0.680%*
0.738*s
0.892x%
0.777%*
0.659s=

0.720%*

** OSignificant at the 1 per cent level.

Molcture

x Yield

0.140
O.LELs

-C.15¢C

0.4A3%s
0.671%*
0.7k
0.A53%»

0.707%*

-G.1%6

0,200

0.503%+

’00266




Differences between breedirg groups.

The means cf RS3, 83, KSp and S5, treeding groups for
days to silking and ear roisture ccntent h-ve beer ranked in
Table 13, Values within a bracket were not significart accerd-

ing to the following test:

X1 - X2

5
\ 1/n () £ Kp)
{

where x] and xp are the means of the breeding groups, Sp tre

scuare rcot cf the error mean scuare given in the analysis cof
variance, Nl and Ny the nurber of selecticns in each breeding
grcup, and n the number cf replicates.

In one populaticn (K53 x 38-11) there were no differ-
ences in date cf silking or mcisture content between the 83
and KS3 breeding groups in elither the early or the late maturing
groups. Similar results were obtained by both btreeding rethods.
In the other two populaticns the early inbred selections were
earlier in maturity than the recurrent selecticns, and in the
Michigan 91B populaticn the late inbred selections were later
in mzturity than the recurrent selections. The differences
between tlicse breeding groups were very small.

In Table 20 actual gain cycles were considered null if
the differences between cycles were non-significart. Acturl

gains though 3mall seemed to have been made for early silking
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date in all the crosses and for lower moisture content 1n tre

Mchigan 91B and MNS24A x L317 crosses.,

Very small gain seemed

to have been made for late maturity in the Michigan 91B and

MS24A x L317 cresses.

Table 13.

So and RS

experirents,

Days tc silking and ear moisture content of Sz, ES,,
breeding groups in three 1957 testcross”

DAY3 TO SI1KIIG

Early Masturity

Late lMaturity

NMOISTURS CCITENT

Larly Maturity

Il=te Mzturity

Michigan S1B

53 HS3
59.1 €04
So kS,
£1.0 61.4
\ e S

E953 x 3&8-11
S3 RS3
63.1 6£3.4
| —_—
82 BSQ
€5.1 4,7

FSoUA x 1317

S3 kS3
€6.4 6¢.5
So RS,
65.1 69.8

KSy 53
64,7 68.1
kS5 S5
64.3  67.3
KS3 83
73.6  73.4
iz 5y
72.5 73.5
kS S3
72.9  73.2
| S {
RS» S5
71.% 73,1

e 2008 [ 365 k2.l
s, KSp | Sy So
L 2.0,1 37. .
‘\}2 32.0 1 37.1 k0.0
! S3 ES3y KS3y 83
3349 35.4 | bhi5 L4
L VA N B
S, RS, | FS, So
j 3.k 33.6 1 bhio LsLg
| 33 RS3 | ESy 53
- 35.0 37.1 k2.3 3.6
| — -/
- 52 RS, kS, S,
. 37.0 3.1 41,5 k2.0
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Teble 20. Cyvcle fgains in days to silking a2na e:r percent
mclsture content in three pecpulaticns tested

in 1957.
ot LY PATURTTY LATE S A UKITY
Porulaticn Davs dtclsture Days ncisture
Yichigsn 51B Inbred 1.0 5.0 0.0 2.1
Recur. 1.0 2.2 0.C 1.4
ES3 x 38-11 Inbred 2.0 0.0 0.0 0.0
Eecur. 1.3 0.0 0.0 0.0
MSZ2WhA x L2317 Inbred 1.7 2.0 0.0 1.4
Kecur, 1.3 1.0 1.5 0.4

Thece results indicate that recurrent selecticn was no
mcre effective trhen continucus inbreeding witn selecticn.

Tris conclusicn is important., First, inbred lines are
used to transmit early cr late maturity in hybrid coatinaticns;
seccnd, inbreeding depression in the nursery made very difficult
a direct corpariscn between inbred and recurrent selected lincs.
Therefore, testcrossing lines fcr maturity may be trhe crly wey
to measure the relative effectiveress of the two breeding rethcdc.

Cne impecrtant pcint was demcnstrated in experizent S7-7%11.
It was possible to cbtain earlier ard later lines than the
parental lines from an early-x-lste cross, Tatle 21. The
parental lines K53 n2nd 36-11 testcrossed to (ohk3 x Al56)
were included. Ore line of the recurrent selected series
(KSL3-RS1105-RSL110) &and one line of the inbred series (121-2-2)

were later in date of silking and higher moisture content tran



the parentel line, 3¢-11. Twc lines of the S, treeding grcurs
were higher in moisture ccntent than the parental line 3f-11.
Cne of trese lines (LZ1-2) gave rise to two lines which were
higher in moisture content then the parental line 3¢-11. Cne
line cf the recurrent selected series (ESL20-KSE1l-ERspk) and
one line of the inbred series (E2-2-4) were earlier in date

of silking than the early parental line RS3.
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YIrLD KESULTS

Selection wes directed toward maturity and rot coi-
tining ability. FKence variatility for yield shculd be ex-
pected within maturity groups. The cnly trend trat cculd be
expected was that late-maturing selections shculd yiela mcre
than early-maturing selections in a year with a long grcwing
seasor.,

In two 1955 test cross experiments (Table 22) evalua-
ting selected Fo's of the MS2WA x 3¢-11 and MS24A x L1317
pcpulations, the yileld ranges within maturity grcups were
greater then the L.S.D. indicating high and low ylelding
selections within the groups. Though the differences between
early and late selections were significart, tne yield rariges
overlapred indicating thet scme early selections yielded as
much as scme late selections., The sane conclusions can be
drawn frcm the 1956 testeross experimerts (Table 23). Less
variability for yleld seemed to exist within maturity grcups
of the 1957 testcross experiments(Table 24), since the yield
ranges were srmaller in many cases than the L.S.D. and when
they were greater the differerces were smnall. Selecticns
within a maturity group tended to be similer in nazture., Eowever,
since there was a very great overlanping for yield among tre
maturity groups, it would be possible to select fcr combining
ability in early and late-maturing lines.

In the R53 x 38-11 population, the parental lires



ES3 and 2w-11 were included. Four lines frcm the early-
maturity groups ylelder mcre than the early-perental lire

K53, No late maturing lirne yilelded mcre than 2&-11.
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DISCUSSIUNM

The objrctive was to study the effectiveness of
continuous inbreedirg (selfirg) with selecticn ceompzred
to three cycles of recurrent selecticn. Direct comparison
in the nursery between recurrent series ard inbred series
was difficult due to inbreeding depressicn which masked tle
effectiveness of the breedirng methods.

Kesults with testcrcsses 1ndicated that recurrent
selection was no mcre effective than ccntinucus inbreeding
with selecticn. Trnese results were not in agreement with
thcse cbtained by others to improve yield, oil content,
and leaf blight resistance in corn. Hkecurrent selecticn
was more effective than continucus inbreeding with selecticn.

Self-fertilization leads to a rapld increase in
homozygosity:s Fpo, 5C%; Sy, 75%; Sp, 67.5%; 53y 93.7%.
kapid fixation of genes occurs with such a methcd. Any
breeding schere which involves a ropid fixation of geres
impose=s very definite restrictions upcn the effectiveness
of any seclecticn which may be practiced (22). These limita-
ticns are: (1) large number of genes, (2) masking effects
of envircnment, (3) ccmplicated system cf gene interacticn,
(4) inadecuate methods of isolating and evaluating lines.

Kecurrent selection 1s a breeding scheme that offers
scme onportunity to minimize the rapid increase 1n homozygesity

which 1s led by self-fertilization. The b=sis cf recurrent



6&

selecticn is to intercross selected plants, cr bulked pollen
frcm the selected plants is used to pcllinate them, and the
intercrossed populations serve as a source of material for
the next cycle of selecticn. Theoretically, genes fcr tre
desired chzracteristic should be more concentrated in the
recurrent selected population.

The following reasons are prcposed to explain why
recurrent selecticn was not mcre effective than inbrecding
with selection tec improve maturity, taking the silking date
as a critericn.

Selection in the recurrent selected serles was at
a disadvantage compared tc continucus inbtreeding becmuse cf
the necessity for the ten earliest end ter. latest maturing
plants tc flower =t the same time 1n crder tc effect tie
intercross. In the recurrent selecticn prcgram only one
plant in each row was seclected to maintain inbreeding pressure
at a minimun., Therefore, a few of the earliest plants in a
particular rcw shed pollen at a time when there were nc plarnts
in ctrer rows with receptive silks. These early plants were
lost from the pcpuletion. In the corntinucus intreeding pro-
gram, such plants were saved. hecurrent selection fcr late
maturity presented a similar probler. Bulking pcllen cf the
ten latest plants required thet there be ten plants in flcwer
at the same time. Therefore, slightly earlier plants were
chhesen in the recurrent selecticn series then in the inktreed-

irg series.
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Rapid fixzticn of geries and equal effectiveress of
the two breeding methcds tend to indicate that few geres for
maturity were invclved. Jones (15) using the feormula for
calculating gene number given to Burton by wWright (2) found
that the gene number for silking date ranged from 5 to 13,
Mchamed* in a recent article estimated the number of geres
for the same chriaracteristic at three. Such few genes cculd
be isclated very rapidly with any breeding sclL.eme.

Decline in fertility end vigor and delay in maturity
are amnong the general effects ¢f inbreeding and are referred
to as inbreeding depression.

In the recurrent selecticn program cnly cne plant
in each row was selected in crder to maintain inbreeding
pressure at a minimum. Therefore, inbreeding depressicn would
be expected to affect the recurrent series less than the
inbred series and render their ccmpariscn very difficult.

This was confirmed by visual observaticn in the field.

One method to overcome the effects of inbreeding
depressicn would have been to inbreed the recurrent selections
(withcut any selection pressure for maturity) and compare trem
with the inbred selecticns (figure A4).

This would have reaquired self-pollinatirg the KS
selections once, the KSp selectiors twice, tlie ES3 selections
three times, and then comparing the KS-1, KSp-1-1 and tre
* Mchamed, Ali. Inheritance of ocuantitative characters in

Zea Mays, 1. Estimation of the number of genes cortreclling
the time of maturity. Genetics. 713-724, 1959,



583-1-1-1 groups with the S, Sz and Sy breeding groups.

Tris selfing of the recurrent selected groups could have been
done in winter in the greenhcuse or in Flcrida since nc selec-
ticn wes invclved.

Figure A. Breeding diagram that should have bteen used to
compare recurrent selected ard inbred seriles.
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In this study, selecticn pressure and intreeding
pressure (selfing) were aprlied at the same time, (figure b)
and their effects could nct be sepsrated.

Figure B. Freeding disgre.r that was used to compare recurrernt
selected and inbred series. This was the procedure

that was used.
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Cemparing intred and recurrent lines in testcross 1is
pcssibly the best method to overcore the effects of inbreediry
depressicn. Furthermcre, since the ultimzte cbjective 1s to
utilize irbred lines in hybrid ccmbinations, their evasluaticn
fcr maturity is of primary importance.

Study of ear-to-row variance for days to silking
(Table 7B) and for ear moisture ccntert at harvest (7atle 19)
indicated that gene'frequenoy was at eguilibriun after one
or two cyveles of breedirg. Such an ecuilibtrium occurs in
the two fcllcwing situations:

(1) When the honczygote has an advsntage cver thre
heterozygote as in the case cf selection fer late-maturity,
the only stable eoullibrium is at the point of fixaticn of
the preferred sllele. Thus, if the expressicn fcr the rate
of crange in allelic freocuency per generation

sq (l—q)2

q : is set eaual to zero, it can

1 - s (1-0)°
readily be seen that fer values c¢f s other thar zero, the
orly rocts of q are zerc cr 1.
(2) (n the contrary, when the hLeterozygote 1s pre-
ferred over either hcmozygote, as possibly in the case of
early recurrent series, the eouilibrium value cf q 1s deter-

mined in the follcwing manner (16):
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bctn hemezygctes,
Genctype AA
Initial "
frecuency qQ°©
Selective
value 1-Sy
Parents
selected q2(1-5p)

Aa

2a(1l-q)

2q(l-q)

~)
Ny

Gene frequencies when heterczygcte is favecred cver

asa Tctal
1-g¢ 1
l-Sa

(1-g2)(1-sz) 1-Sx q2_
-SFx( _q)Z

The change in g in successive generatiocns is then

q(l-q)

Sa(l-c) = SA q

1-S, 02 - S5 (1-g)2

Wren this expressicn is eauated to zero, the ecuilil-

trium value of the freocuercy cf A is

aa -

Q
P

snd that c¢f a is

CF;!

Sp F

Sp

Sa

£ Sy

If there is cnly slight hetercsis, variability

would decreese slcwly and scme prorress would be expectec,

Figure C.
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Figure C. Decrease in variability when horozygctes,
heterozygotes are favcred.
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Ko prcgress for esrly silking d-=te (Tatle §) was
made after the first brecding cycle in either the recurrent
series or inbred series frcm the double-cross ltichigan 51E.
kow vzriance in the early recurrent series (Tabtle 7k) sttained
an eguilibrium at & higher value thsn th=t for the inbred
series or than that of the parental liries. It might be
assumed thet progress for early maturity in this pcpulaticn
ceased, not becruse of lack cf variability, but because thre
heterczygotes were favcred. The crly way to overcome heterctic
effects would be tc rescrt to testercssing.

In the other populaticrs, row variarce in the early
breeding groups ecuated the variance cf the early parentzl
lines (Table 7B), indicating that variability was exhausted.

In the late-maturity groups the recessive hcmozygote
was favored regardless of hetercsis. After three cycles cof
selfing, no variatility would remain unless natural selecticn
played a role in remcving the unfit hcmczygote frem the

populaticn (Figure D).
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Figure D. Variability cf the late 1nbred series as affected
by natural selecticn which remcves the unfit

hcmezygeotes.

hatural selecticn
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Natural selecticn played such a role in tre 1a.lf3
X W29 pcpulaticr. TFrogress towerd late-maturity ceasea.
lany plarts died cr did rict reproduce. These degenerstive
aspects of intreecing also affected late pcpulaticns cf tre
enrly-x¥-late crcsses., Lethal facters which may have teen
rresernt in the criginal pepulation cor caused by muteticn

were brought to the recessive ccnditicn by selecticn fcr

late maturity.
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The relative effectiveness of ccntinucus inbreeding
with selection ccmpered to three cycles of recurrent selec-
tion for ccrn maturity as measured by silking date was
studied in porulations derived from two doutle-crecss hytrids
and four single-cress hybride.

Direct ccmpariscn in the nursery tetween recurrent
and inbred series was difficult due tc inbre«ding depressicn
which macked the effectiveress cf the treedirg methcds,
Lecline in fertility and viger and ddayed maturity were
anong t.e gereral effects of inbreeding and are referred to
2s inbtreeding cepressicn.

Inbreeding depressicn affected the intred series
nere than the recurrent selecticn series. In recurre:t
selecticn cnly cre plant in each rcw was selected Iin crder
to malntairn inbreeding pressure at a mirimum., Witrn intreedirg
and selecticn, plents were selected witrhin and amcrg rcws.

To cvercome the effects cf inbreedirg cdeprecssicn, it
was suggected that thle recurrent selectiors shcula te irbred
(withcut selecticn pressure fer waturity) and compared with
tre iritred selectiorns.

lurcsery resuvlts indicated that bcth meth:cds had beern
very effective in dividirg the criginal Fp materisl intec twe
maturity groups and that fixaticn cf genes was rapid. Fixsaticn

of geres was very rapia In a pcpulaticn frcm an ezrly-x-e:rly
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single crocs (Ia.l5%3 x Wez5) and less repid in a porulaticn
from an early-x-laste sirgle crcss (M3ZWA x L317).

In & corn treeding program, the vltirate cbjective is
to utilize inbred lines in hytrid combiraticn. Thus, evelustion
of lines feor maturity in testercsses is impertant. Cemparing
inbred ard recurrent lines in testercsses is pecssibly the
best method to overcore the intreedirg dcrressiorn effects
which macked the effectiveness of the treedirg methcds when
ccmpsred in the nursery.

Testcross recsults Indicated that tle early irtred
series were earlier than recurrent series in two cf the
three cases, and the late intred series were later than the
recurrent series in cne cf the three caces. licwever, thre
differences between the twc series were very small, indiczting
that the twc metncds were equally effective. Very rapid
fixation of genes ard ecual effectiveress of the two breedirng
metheds indicated that few geres for maturity were invclve?d.

Lines trat were both earlier and lester in maturity
than the parental lines c¢f the crigfinal crosses were chtained
in beth recurrent and intred series.

In all the testcross experiments there was a wide
range for yield amcng the selectiorns within a maturity group,
indicating that selection for combining atility cculd be

effective within the maturity groups.
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Figure 1I.
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Days to silring
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Figure 3.
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Figure b,
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Figure €. Mean d=sys to silkirg fcr the two rparertal lires, Fy,
Fo and trhe nine inbred and recurrent selecticns breed-
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