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ABSTRACT

The University of ¡íanltoba,Anderson, Joseph D "

FILLI}IG COI,f PONENTS,

M.Sc. March, 1980.

YIELD, AND I]ARVEST }lOISTURE AI,ÍOIìG EARLY I'IATURING

LINES AND IIYBRIDS OF CORN (zEA I'ÍAYS L. ). tfajor Professor: Dr. S. B.

Ilelgason.

The interrelationships among eleven variables related to grain

fi1ling, yield, and harvest moisture content of the grain rvere examined

in a group of six early maturing corn inbreds and nine derived single

cross hybrids in 1977. This rraterial was gro\'in at l"innipeg and at Car-

man, l{anitoba, but frost prior to grain naturity at Carman prevented

full use of fhe data obtained there. Variables exanined \.rere vegetative

period duraÈion, filling period duration, gror+th period duration, fill-

ing rate, kernel number, kernel rueight, ear lengthr ear dfar,leterr pêf-

cent r¡oisture at black layer maturity, percent moisture of the grain at

harvest, and grain yield.

Grain yield of hybrids \ùas found to be positively related to f111-

Íng period duration and to kernel nunber, but rvas not related to filling

rate. ì'foisEure content of the grain at harvest rvas found to be posi-

tively relaEed to fÍ1ling period duration, kernel weight, and percentage

moÍsture at the Lirne of black layer formation. Harvest moisture was

negatively related to kernel nu¡rber per plant rvhen the effects of varia-

-v-



tion in growth period duration rvere rer¡oved by partial correlatlon tech-

niques.

Of the three filling components, yield \.ras most closely related to

fÍ11ing period duratfon, but extendíng the filltng period is probably

not the best approach to hybríd yÍeld improvenent, since f111ing period

duratíon was found to be positively related to growth period duration.

Because kernel number per plant rvas positively related to yield and neg-

atively related to grain moisture contentr. a more appropriate goal for a

corn breedíng program in }lanitoba may be the development of hybrids tlìat

produce a large nurnber of kernels.

I'fldparent trait vs. hybrid traít correlations were significant and

positive for filling period duratíon, gror'rth period duration, filling

rate, ear length, ear diameter, and yie1d. Several dÍfferent combina-

tions of midparent traits could be used in nultiple regressÍon equatíons

to explain riore than 90"Á of the variation in hybrid yields. These

results suggest that midparent-hybri.d relationships in early genotypes

r,ray be stronger than those found previously in dent types Ín the United

States Corn Belt.

-vt-



INTRODUCTION

The average frost-free season in llanitoba fs completely utllfzed by

the currently available corn hybridso Even r¿ith the earllest hybrids

there is danger of encountering a killing frost prlor to maturity, espe-

cial1y when plantlng is delayed past the middle of ìfay. As a result, 1t

is deslrable to produce earlier hybrids in order to reduce the chance of

premature death by frost" Another aim of a corn breedÍng program in

Ilanitoba should be the production of hybrids that have a lower grain

moisture content at harvest time in order to reduce the cost of grain

drying afEer harvest. IJhtle 1E may be possible to obtain concurreirt

progress ln both these areas, the breeding program is made much more

difficult by the addition of a third essential goal - yield irnprovement.

Insight into the rnethod by which yield improvement can be realized

has frequently been sought through yield component analysis. The yield

components traditionally examined in corn (ear nurnber per plant, grain

rveight per ear, kernel rveight, kernel nurnber per ear, kernel row number,

and kernel nurnber per row) have been related to ear and kernel nurnber

and weight. Since this type of yield component analysis is prlrnarily

concerned rsith the divisfon of a final yield into various segments or

conpartrlents, . these yield components might rvell be called divislonal

conponents of yield. If the alteration of one or several of these divl-

sional components of yield does not have an effect on the developmental

process by which the final yield is obtained, then there is no reason to

t.
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expect that a yield increase wfll result from such an alteration. For

exarnple, an increase 1n kernel weight mlght be offset by a decrease in

kernel number, or an lncrease in row number might occur aË the expense

of kernel number per ro\"r. In f act, past research has shov¡n that yield

components are generally negatively correlated r¿ith each other and

poorly correlated wiËh yield. For this reason, it seems logical to

examine a set of yield components more directly related to grain fill-

irg, a developrnenlal process which determines the final grain yield.

Grain yield per plant can be completely defined by trvo factors that

may be called fílling colqponents of yield: (t) filling perÍod duration,

or the time beËween silking and physiological maturity, and (2) filling

rate per p1ant, or the rate at which dry r:ratter accumulates in the

grain. Filling rate per plant can be further divided into f111ing rate

per kernel and kernel nunber per p1ant.

Several studies have concluded that grain yields may be increased

by extending the duration of the grain filling period, but there is also

considerabl-e reason to doubt whether substantÍaI progress can be ¡rade

tor.¡ard this end in short season material r¿ithout símultaneously delaying

rnaturity. Consequently, a more reasonable approach to yield improvernent

in early hybrids appeärs to lie in increasing the rate of dry matter

accunulation in the grain rvhile maintaining the length of the filling

period. Although this approach sounds appealÍng, pâsE research has con-

sistently shown no relationship bet¡¡een yield and filling rate, calcu-

Iated on a per kernel basis. Unfortunately few fllling period studies

to date have considered kernel number, r'rhich is required along r^¡ith



filling rate per

yleld per plant.

tionship between

3

kernel and fillfng period duration to completely define

Therefore, the possibility exists that the true rela-

yield and f11ling rate may have been obscured by an

and kernel number.inverse relatfonship beEween filling rate

The purpose of rhis research was to examine the complete set of

yield components conslstlng of filling period duratlon, filling rate,

and kernel number and the relationships of these variables with graln

yield, maturity, and harvest moisture content of the grain ín a group of

locally developed inbreds and derived single cross hybrids. Several

other related variables were also examined.
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2. LITERATURE REVIEW

FILLII{G PERIOD DURATION

Filling period duraËion (FPD) is the length of the períod between

silklng and physiological maturity, rvhich is the time of naxlmum accumu-

latlon of dry matter in the grain. The time of silking is easlly deter-

r¡ined, but the tíÐe that physiologlcal maturity is at.tained is not so

readily ascertained. One method that is commonly used involves the tak-

ing of frequent grain harvests and the predlctlon of the tÍrne of physio-

logical maturlt.y from the plot of dry rnatEer accumulatíon against time.

ThÍs method 1s laborious and the necessity for frequent destructÍve har-

vests requires that anple experirnental material be available"

An easier rnethod for deter¡niníng the time of physiological naturity

rvas f ound by Daynard and Duncan ( 19 69) rvho shor¿ed that the f ormatÍon of

a black closing layer at the base of the kernel coinclded with the tirne

of r¡aximum accumulation of dry matter in the kernel. Later research by

Rench and Shaw (1971) and Carter and Poneleit (1973) confirmed this con-

clusion. In the last two studies¡ â significant loss of dry weight from

the kernel \ras observed during or after black layer formation, which

adds further support to the conclusion that black layer formation is an

accurate indicator of the tirne of physiological rnaturíty.

In their inltial study, Daynard and Duncan (1969) found that the

black layer developed rapidly with three days or less between the time

that black layer developrnent rvas first visible to the naked eye and the
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tine of its completlon" However, CarEer and Ponelelt. (I973) found that

the lnbreds that they examined varÍed both 1n the color of the black

layer and 1n the time required for its developnent. Some lines formed a

distinct black layer in three or four days while oEhers took as long as

15 to 20 days to complete development. Thls may have been an effect of

temperature since those llnes that rnatured early developed the black

layer rapidly, but those lines that matured late in the season, when

grovrlng degree days accumulated more slovrly, generally took much longer

to cornplete black layer developmenE.

Daynard (L972) observed a sÍmilar effect of temperature on black

layer develoment" In a study conducted in Ontario, he found rnore

plant-to-plant and intra-ear variability 1n the date of black layer for-

nation than had been evident in a previous study in Kentucky (Daynard

and Duncan, I969). He felt that this increased variabllity in 0ntarío

was caused by cooler ambienE temperatures during the period of black

layer developrnent.

Although later research índicates that Daynard and Duncan (I969)

may have overstated the precisíon wíth which black layer rnaturity can be

determined, especlally in corn maturing under cool temperatures late in

the season, the general consensus remalns that black layer forrnation is

a useful indlcator of the time of physiological maturity in corn. Cou-

pled r¿ith silking date, the time of black layer formation provides a

relatively siniple means of determining the length of the graín filling

period. In this thesis, the term black layer maturity (BLM) will be

used synonomously with pirysiological maturity.
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That percentage moisture in the grain 1s not an adequate indicator

of physlological maturit.y has been arnply demonstrated by several ç¡orkers

who reported that corn genotypes show significant variation 1n t.he per-

centage molsture at black layer maturlty (PMBLM). Studies uslng black

layer formation as the lndicat.or of maturity have found PI"IBLM to range

from 15"4 to 427" (Rench and Shaw, L97I; Daynard, 1972; and Carter and

Poneleil, L973). 0ther studies that used maximum dry weight accumula-

tion as the indicator of maturity found PMBLM Èo range from 30 to 47.5"Á

(Shaw and Thom, 1951; Hallauer and Russell, L962; Hillson and Penny,

1965; Gunn and Christensen, 1965; Bunting, L9721 and Gunn' 1974) " Ilhile

some of the variatlon in PMBLM may be due to differences in technique,

it seerns safe to conclude that grain rnoisture ís not a reliable indlca-

tor of maturity.

In addition to genotypic effects on PllBLM, there also appears to be

a substantial- environnenta,l influence. Rench and Shaw (I97I) and Day-

nard (L972) found that early planted hybrids had lor¿er PI'IBLM than the

sane genotypes planted at. a later date. Bunting (1972) obtained similar

results in an experirnent in whlch silking dates were varied by rnanipu-

lating temperatures prior to silking in the sar¡e genotype planted on the

same daEe. He felt that early flowering plants reach maturiÈy at a

lov¡er molsture l-evel because they ripen under conditions of higher ternp-

e raÈure.

Hallauer et al" (1967) analyzed exEensive data obtained over three

years 1n the Iowa Corn Yfeld Tests. They found that percent grain mois-

ture at approxinìate physiological rnaEuri-**y was positÍveIy related to

yield, to date of silking, and to grain moisture at harvest.



2"1"I Envlronmental Effects on FPD

Shat¡ and Thorn (1951) examined fiJ-ling period duration (FPD), or the

tlme betrueen sílking and physiological rnaturity, in three Iowa hybrids

that varled in maturity. They found such sma1l differences in FPD both

between years and betrveen varfeties that they concluded that the date of

corn maturity in Iorva could be reliably predicted by adding about 5l

days to the silking date. Hallauer and Russell (1962) also found that

FPD was relatively cons tant in the rnaterial they exarnined in lowa. Hor¿-

ever, more recent research has shor¡n ample variation arnong corn geno-

types in the tirne from silking to physiological maturity as indicated

eÍther by black layer 
. 
f orrnat j-on (Daynard and Duncan, 19691, Carter and

Ponelelt , lg73; Gunn, 1974; and Daynard and Kannenberg, Ig76) or by the

accunulation of maximum dry weight Ín the grain (Gunn and Christensen,

1965; Hillson and Penny, L965; Hanr.ray and Russell, 1969; Daynard et a1 .,

L97I; and Cross, I975).

Unlike Shaw and Thom (t95f), several researchers later fotrnd sig-

nificanË environmental influences on FPD. Peaslee et al. (I971) con-

cluded that the nutrient status of the soil could affect FPD as they

found an increase in FPD r¿ith both applíed potassium and applled phos-

phorus. Breuer et al. (1976), in a growth chamber study, found that the

filling period took 467" longer under 2OC than under 30C. In another

grorvth chamber study, Allison and Daynard (1979) found that FPD r,ras

decreased when either temperature or photoperiod \ras increased during

the period before ear initiation"



This effect of temperature on FPD

les conducted ln the field. Bunting (

silking date r¡as manipulated in plants

o

has been confirmed by other stud-

L972), in an experiment in whlch

of the same genot.ype and plantÍng

date, found that earlier flowering plants had shorter fllling periods

because they ripened under higher temperatures. He concluded thaE,

under the conditlons of his study, a one day advance in floç¡ering would

result Ín a t\^¡o day advance in rnaturity. Supporting evidence for this

conclusíon vras provided by Gunn (I974). ln recent years many workers

have chosen to express FPD in some form of thermal unit rather than in

days (Peas1ee et al. , I97l; Daynard, 1972; Johnson and Tanner, L972a and

1972b; Carter and Poneleit, L973; and Cross,1975).

Although reduced te¡nperatures generally increase the nurnber of days

required ín grain filling, extended periods of cool r¡eather late in the

season can shorten FPD by inducingttprenaturettblack layer formation

(Daynard, 1972). Frost, however, does not necessarily mean the end of

the filling period, even though the frost may be severe enough to kill

all leaf tissue. Daynard reported that grain fllling can continue for

trvo weeks or rnore after a killing frost, apparently at the expense of

sugars accumulaÈed previously fn the stalk.

That the stalk acts as a reservoir of mobile sugars that can be

utilized in grain f illing v¡as shor'rn by Duncan et aI . (1965). These

r¡orkers fóund that kernel growth continued linearly in plants that had

been completely defoliated and then covered r.'ith foil to stop photosyn-

thesis by the stalk and husks. Kerne1 grorvth in the defoliated plants

rvas paralleled by a decrease in dry r+eight of the stalks" Other studies
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(Hanr.ray and Russell , I9 69, and Daynard et a1" , L969 ) have shorn'n that

stalk dry raeight reaches a maximurn after silking and then declines later

in the season rvhen the rate of photosynthesis is reduced.

Daynard and Duncan (1969) speculated that the rnechanism v¡hich trig-

gered black layer developmenl \,Ias dependent upon the florv of netabolites

lnto the kernel \"rlth black layer formation beginning rvhen the flow of

assimilate fell belorv a critical level. This could occur when the ker-

nel reached its maximum potential iveight or rvhen the supply of carbohy-

drates frorn current photosynthesis or the stall< reservoir rvas exhausted.

Consequently, grain fillÍng need not end with the death of leaf tissue

through natural senescence or premature frost, except r,¡hen the frost is

severe enough to disrupt the apparatus by which assimil-at.e is translo-

cated to or deposited in the grain.

2.L.2 FPD and Yield

Ìlunerous studles have shorvn a posiLive relationship betr"eeen FPD

and grain yie1d, but sorie of these have used a calculated effective

filling period duration (EFPD) rather than the actual ntrrnber of days or

thernal units betv¡een silking and r,raturity. Hanrvay and Russell ( 1969)

used the regression equation of grain dry weight on tirne in days to cal-

culate the number of days required for each of their hybrids to achieve

its final grain yield. The hybri.ds varied in EFPD (43 to 60 days), and

this period ¡¿as positively related to final grain yield. The reality of

this relatÍonship is questÍonable, horvever, since final grain yield vras

used in the calculation of EPPD and, hence, the tr'¡o val-ues are not inde-

pendenE.
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Daynard e! 41. (Ig7I) used a slmllarly calculated EFPD and found

that, for the tr¡o years of cheir study, 7l and 80Z oL the yield dlffer-

ences among three hybrids could be accounted for by variatíon in EFPD.

These workers predicted that significant yÍeld advances might be

obtained by breeding for longer effective filllng perlods. But once

again the calculared EFPD was not statistically independent of yfeld.

The EFPD calculated by Cross (i975) differed from the previous

studies in that he determined the time required to achieve 952 of final

kernel dry weight using filllng rate expressed on a per kernel basÍs.

Thus, this measure of EFPD is staÈistically Índependent of grain yield.

The correlation between EFPD and yield for 2l hybrids over two years was

highly slgnifÍcant (r=0 " Bl ) .

Daynard and Kannenberg (I976) compared the actual filling period

duration (AFPD = days from nid-silking to black layer marurity) and EFPD

(based on the nu¡.rber of days required to achieve final kernel dry

weight) and examined the relationship of both to grain yield among a

large nunber of hybrÍds in Ontario. AFPD and EFPD rvere highly and posi-

tively correlated with each other and both rvere correlated r¿ith grain

yield (r=0.56 and 0.53 respectively) . Although the tr\¡o rneasures

accounted for similar proportions of variation in yield arTìong hybrids,

the authors preferred EFPD because of its freedom from semi-subjective

judgements regarding the time of black layer formation.

Johnson and Tanner (I972a) divided the totål grain fflling period

into three parts: (I) The lag period follorving silking in ruhich little

dry rnatter is accumulated, (2) the linear period of grain growth during
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rvhich most of the dry matter 1s deposlted in the graln, and (3) the

leveling off period lmmediately preceding black layer formation" EFPD

is an approximatÍon of the duration of the linear period and may be a

nore aeaningful measure than AFPD, since hybrids with the same AFPD rnay

differ in the length of the lag períod and/or the length of the leveling

of.f perfod" Such a case was apparentì-y found by Daynard et a1" (1971)

who reported that two hybrids ç¡hich did not differ in AFPD \rere signifl-

cantly different in EFPD.

Fakorede and }fock (1978) reported the results of variety hybrld

trials involving unimproved varieties and these sarne varieties irnproved

by seven cycles of reciprocal recurrent selectÍon for grain y1eld. In

one set of hybrids, average yield improvement per cycle of selectlon was

5.5L"Á, and this increase \,¿as accompanied by an increase Ín FPD which rvas

obtained by an advance in silking date and

ond set of variety hybrids shor.¡ed s irnila,r

FPD between original and irnproved hybrids

cant.

a delay in r,raturity. A sec-

trends but the difference Ín

\.ras statistically nonsignifi-

'Peaslee et al. (I97I) grew a single cross hybrld under varying lev-

els of phosphorus and potassium fertilization and discovered that AFPD

increased with improved nutrienÈ conditíons and that yields increased

I'¡ith AFPD" Since no Elenotypic dif f erences rvere involved, this indicates

thaÈ there rnay be a significant envíronmental cor:rponent 1n the relatlon-

ship betrveen yield and filling period duration"
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2"I"3 Relatlonsh:lgs Betv¡een FPD and 0ther Tralts

In additlon to yield, other traíts have been reported to be related

ro FPD" ln hybrlds, positive relationships have been found betrveen FPD

and maturity (Gunn and Christensen, I965), between FPD and percent mol-s-

ture in the grain at harvest (Cross, 1975), and betrseen FPD and days to

mid-s1lk (Daynard and Kannenberg, 1976). In inbreds, Carter and Pone-

leit (L973) reported a negatlve correlation betr^¡een FPD and PMBLM and

positive correlations between FPD and kernel weight and between FPD and

the length of the vegetative period (VPD).

To sumrnarize, research related to the f1111ng period in corn indi-

cates that there is substantial variation among genotypes in FPD and

that FPD is affected by environ¡nental factors, particularly tenperature.

Crain filling can conLinue from the stalk reservoir for sone tír¡e after

the cessation of photosynthesis. Grain yield is positively related to

FPD'which suggests that yield advances might be made by breedlng for an

extension of FPD. llorvever, positive correlations between FPD and r¡atu-

rity and between FPD and grain moisture at harvest may present problems

when breeding for extended FPD in short-seasoû ârêâs¡

2.2 FILLING RATE

Variation among corn genotypes in filling raLe (FR), or the rate of

dry matter accumulation in the grain, has been noted in inbreds (Carter

and Poneleit, 1973) and in hybrids (Daynard and Kannenberg, I976) ruhen

FR was expressed in uníts of mg/kernel/day. Cross (1975) found that a

group of hybrids in North Dakota differed in FR expressed as

grams/kernel/1000 thermal units. Hanrvay and Russell (1969) failed to
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fincl differences among a group of hybrids in Iowa when FR was expresseri

as kg/ha/day. However, these hybrí<ts did differ in kernel number per

hectare, so they may well have differed in FR on a per kernel basis.

Daynarcl et al. ( l97i ) f oun<ì dif f erences in a group of Ontario hvbrirls in

FR which ranqed from 177 to 197 kg/ha/ðay.

Johnson and Tanner ( 1972b) examined tr"ro single cross hybricls and

their inbred parents ând reported that the single crosses rvere superior

to their parenLs in FR (kg/t'a/¿ay) when cornpared both at eaual popula-

tion densit.y and at equal leaf area index.

ìlost of the researchers who reportecl positive relationships betrveen

field and FPD failed to finci anv significant relationship betrveen yield

and FR. Daynard et al. (l97I) found that less than 167, of the vield

differences among hvbrids could be explained by d ifferences in FR.

.Tohnson and Tanner (I972b) reported that correlations betrveen FR and

¡ziel<ì were nonsignificant in both the inbrecls and the hybrids that thev

examined. Daynard and llannenherg (lc)76) also found that the correlation

between FR ancl .vie1d was not significant in a group of hybrids grorvn in

Ontario.

Cross (Iç175) reported a nonsignificant correlation betrveen yielci

ancl FR ( r=-0 .06) in a group of sing le c ros ses in North l)akota. Ìle

founcl, horvever, that the relationship became highly significant (r=0.65)

when he rrserl par:tia1 correlation techniques to control for variation in

kernel ntrmber and in FPD. Since vield can be cornpletelv def ine<l by FR,

KN, and FPD, it is srrrprisin.g that this partial correlation rvas not

higher than 0.65.
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In a study 1n which completely defoliated plants çrere wrapped vrith

foll, I)uncan et aI" (1965) found that llnear kernel gror.rth continued for

some time in defollated plant.s but at a slightly reduced rate. The

day-to-day dry weight increase of control plants (not defoliated) \ras

observed to be positively correlated r'rith air temperature but did not

appear to be related to solar radiatfon. This suggests that FR 1s not

dependent upon current photosynthesis but is determlned by sorne factor

related to translocation from the stalk reservoir or to the deposition

of ass irní1ate in the grain.

Addítional evidence regarding the control of FR T¡¡as provided by

Tollenaar and Daynard (1978c) who reduced kernel number by bagging ears

part way through pollination. FR (mg/kerneL/day) 1n partÍa1ly polli-

nated ears \"/as not significantly correlated r¡ith kernel number. This

seems to indicate that FR is not determined by the assimilate supply to

the ear buÈ is determined at the kernel level, either at the transloca-

tion step between cob and kernel or by processes within the kernel. In

thís same studyr it was observed that the raEe of dry matter accumula-

tion in normally pollinaLed ears was faster in basal kernels than in tÍp

kernels, The authors felÈ that the lower FR in tip kernels v¡as related

to a lower volume per kernel rvhich could be associated v¡ith lor¿er sink

size strength.

llore recent evidence on this question has been provided by Shannon

(i978) who reported autoradiographic studies that shor¿ed that sugars

were translocated to the pedicel faster than they could be unloaded and

moved into the endosperm. Thus, the sEep limiting filling rate in corn

appears to be the translocation step bet\ueen cob and kernel.
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12 KERNEL NUMtsER

Kernel number per plant (KN) is the third yield component which,

along r¿ith fllling period duration and filling rate per kernel, com-

pletely defines yield on a per plant basis" Unfortunately, few studies

that íncluded FPD and FR have considered KN" Sorne researchers have cal-

culated FR on a per unit area basis (kg/ha/day), but 1n this approach

the effects of KN are confounded with those of FR per kernel.

Leng (i954) compared a large number of inbreds with theír single

cross progeny for several major yíeld components. He found thaÈ the

hybrid exceeded its top parent (the one with the hlghest nanifestation

of the trait Ín question) in KN per ear in all of the L02 comparisons

rnade" Since there was no difference betrveen the hybrids and their top

parent ín kernel row nurnber, this Íncrease in I(N per ear was due to an

íncrease in KN per rov¡. As the hybrids exceeded their top parents by

only a small margin 1n kernel rveight, Leng concluded that most of the

increase in yield of the single crosses over their top parents was due

to the increase in KN per ror,¡.

In a re-examination of data from the experiment just cited, Leng

(1963) found that, ín the hybrids, there r'/as no sÍgnificant relationship

bet\u7een kernel weight or KN/ear and yield. There was a highly signif i-

cant negative correlatlon (r=-0.36) between rorv number and yield and a

highly signifícant positive correlation (r=0"35) betç¡een KN/rotu and

yield. These two significant correlaËions tend to cancel each other and

nìay account for the Iack of correlation between KN/ear and yield since
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KN/ear is the product of ror,r number and KN/row. There \\tas a strong neg-

ative correlatlon (r=-0.73) between Kl'l/ear and kernel weight"

Hatf ield eÈ a1" ( I965) greÌ,¡ tr.¡o single crosses in Kentucky under

six environments consistÍng of irrigated and non-irrigated plots planted

1n April, May, and June. GeneraIIy, KN per ear vras the most closely

related to yield of the four yield components examined (KN/ear, kernel

weight, ro\ù number, and KN/row). In this study, both rort number and

KN/row were positively related to yietd. Though st111 hÍghly signlfl-

cant, the rnagnitude of the correlation coefficient betr¿een KN/ear and

yield decreased for the irrigated experiment planted in June while the

magnitude of the correlation coefficient between kernel r,reight and yield

increased. The changes in these relationships could be attributed to

low ternperatures late in the filling period r¿hich prevented kernels from

reaching their potential maximum weight. Agaín KN and kernel weight

\nere negatively related, but this negative relatíonship \ras not so

strong as the positive relationship between KN and yie1cl, except in the

June plantings.

Duncan et a1. (1973) reported results from an experiment in whlch

five hybrids v¡ere gro!¡n for tr¡o years at different planting rates, seed-

Íng dates, and locations. Since there was 1ittle variation in kernel

weight, they concluded that yield differences among locations for any

population and seeding date r¡ere due to differences in KN per ear at the

high planting rates. At the low plantlng'rates, yield differences vrere

more closely related to ear nunber per p1ant.
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Early et al. (I967) reduced incident sunlight durlng the vegeta-

tive, reproductive, and n-aturatlon stages in tv¡o hybrlds in Il1inoís.

Grain yleld ruas reduced by shadÍng in all growth phases, but shading for

2l days during Ëhe reproductlve stage \^las more detrimental than shading

for 54 and 63 days during the other two stages. The reductlon in yields

result ing f rom shading f n the f lrs t Ëwo phases r^ras paral leled by a

reductlon in KN.

A defoliation study by Egharevba et al. (I976) also shov¡ed that KN

was sensitive to alterations near the time of silkíng. Leaf loss at ten

days after rnid-silking resulted in great ly reduced yields due to a

reduction in KN" Yield losses resulting from defoliation 20 days or

more after mid-silking ¡¿ere less severe and r'¡ere more closely related to

reduced kernel rveight.

Goldsr,¡orthy et a1. (1974) grew three tropical lowland varietles at

three plant densities at tr./o locations in llexico and examined yield in

terrns of several yield cor¡ponents" There rvere substantial differences

in yield bet\\¡een the tr.¡o locations, which varied in altitude, and 70"/" of.

these differences could be accounted for by variatíon in KN per unit

area. Yield differences across densities i./ere also closely related to

I(N per unit area, as varying plant density had only a srnall effect on

kernel size. The authors concluded that slnk capacity \¡¡as more impor-

tant in limiting yield than source capacity in the material examined.

Goldsruorthy and Colegrove (L974) reached similar conclusions

regarding sink limitations on yield in a sEudy involving fÍve tropical

highland varietíes grorùn at three planË densitíes in }lexico" Again,
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yleld differences across varying plant denslties ürere proportlonal to

dlfferences in I(N per unit area. The effecË of graín slze on yield was

small compared to the effect of number of grains per unít area on yleld.

Yamaguchf (I974) examined 26 varletfes planted at three densities

in Mexico and also concluded that hÍgh yield was mainly attributable to

high production of kernels per unit area. Grain yield was also posi-

tively correlated v¡ith kernel rueight, buE thls relatfonship rvas not so

strong as Ehat bet\{een yield and KN/m2. r¡¡/m2 and kernel vreight were

not significantly correlated in this study. YamaguchÍ concluded that,

for a given variety, yield is mainly accounted for by KN and, to a

lesser extent, by kernel r,reight.

ToIlenaar and Daynard (1978d)

irnportance of assirnilate source and

ance during various growth stageso

t ion betr'reen KN and grain yf eld,

conclude that source factors were

yield, at least in short-season envÍ

attempted to assess the relative

reproductive sinlc by varying irradi-

Although they found a high correla-

'other considerations led them to

the prinrary limitations to grain

ronments.

In summary, i.t seems that there is generally a positive relaLion-

ship between KN and yÍeld r¿hen KN is calculated on either a per plant or

a per unit area basis. However, this posftive relationship may disap-

pear when there is a negative relationship between yield and one of the

primary yield cor.lponents that deterrnine I(N (KN/ror¿ and row nurnber).
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2"4 GRAIN I.fOISTURE CONTENT

In addition to the productlon of high yielding hybrids that nature

consistently before frost, a secondary goaL for corn breeders in short

season areas should be the productfon of hybrids that reach a harvesta-

ble grain moisture content before harvesting ls made dlfficult by dete-

rÍorating weather conditions. Ideally, short season hybrids should dry

in the field to the lowest moisture content possible wlthout yÍeld loss

so as to mlnimize the cost of artificlal drying after harvest. Reduced

harvest molsture content can be obtaÍned by breeding for a fast rate of

drying after maturity or by extending the tíme available for drying by

breeding for earlier maturity. The first approach is more desirable, as

breeding for earlier maturity is likely to result in decreased yfelds.

Crane et al" (1959) found that hybrids r,¡hich had been shov¡n prevl-

ously to vary 1n fleld drylng rate differed in rate of drying in a

forced-air dryer. Although differences existed among these hybrids in

husk and shank characteristics and in ear length and circumference,

these facÈors did not appear to be assoclated r.rith drylng rate. There

\ras, however, an association between pericarp permeability and drying

rate, with faster drying hybrids having the more perneable pericarps.

Hallauer and Russell (i961) exarnined the relationship betrveen six

rveather factors and moisture loss betr¿een silking and physiological

maturity in crosses among slow and fast drying inbreds. Only degree-

days shorved a consistent association r.tith grain moÍsture loss and this

correlatlon \{as not close enough to be of real predictfve va1ue. irlhile

these conclusions may be reasonable for the grain filling period, they
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should not be extrapolated to include the perlod af.tet maturity when we

would expect drylng to be more responsive to r¿eather factors.

Gunn and Christensen (1965) examined moisture loss regressions over

the period from 30 to i00 days after silklng in 49 hybrids covering a

vride range of maturities. No s ignif lcanÈ dif f erence Ín drying rate \,Jas

found among the hybrids in thls test, but early hybrids had lower mois-

ture content than Iate hybrids throughout the period examined.

In contrast to the above findlngs, Hillson and Penny (1965) found

highly signÍflcant differences in moisture loss regressions from 5t to

75 days after sllking in a group of 15 single cross hybrids. The inbred

parents differed in their effects on the drying rates of thelr hybríd

progeny. There was apparently no relati<lnshlp betr.reen drying rate and

percent moisture at 951l of final- kernel dry rueight.

Purdy and Crane (I967a) studied oven

involving three fast and three slow drying

rnates of heritability for drying rate v/ere

Correlation analysis indicated that select

result in smaller ears, later sílking, and

days after silking. Husked ears were used

of husks v¡as avall-able.

drying rates in a dial1e1

inbreds. Broad sense esti-

relarively high (52 to 95%) "

ion for faster dryÍng would

lower percent moisture at 60

so no estimate of the effect

In a second study using the same material, Purdy and Crane (t967b)

concluded that a fast rate of water loss was associated with thinner

pericarps and r¡ith greater pericarp permeability. As kernels "ki1led"

in potassium cyanide solutlon showed no change in drying rate, these
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authors concluded that differences fn drying rate nere due to Èhe physt-

cal structure of the perlcarp and not to rnetabollc processes wlthln the

kernel"

Troyer and Ambrose (197L) evaluated drying rates in 150 plant

introductions and in five single crosses to v¡hich varlous treatments had

been applied. They concluded that (1) premature death speeds rate of

drying, (2)ear ¡nolsture loss 1s from the ear rather than from other

plant parts, and (3) short, loose husks of a low nurnber are conducive to

fast drylng.

Hicks et al. (L976) attempted to simulate the effect of. frost on

drying rate by removing ears from maturing corn, subjecting. the ears to

freezing temperatures, and then reattaching these ears to stalks in the

field. They concluded that the drying rate of Ereated ears r'ras not sig-

nificantly differenE from the dryíng rate of normally maturing eârs.

Ifuch of the evidence in the literature on drying in corn seems con-

tradictory, possibly due to differences in the material studÍed by vari-

ous researchers. While it seems safe to conclude that moisture loss

fron individual kernels is closely related to the physical structure of

the pericarp, factors affecling drying of intact ears are much less cer-

tain. IJowever, it does seem reasonable to expect that the rate of mois-

ture loss will be faster from s¡naIl ears that have shorE, loose husks"
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I'{ATERIALS AND I.IETHODS

3.1 }TATERIA],S

Six adapted inbred lines thaL represented a range in silking date,

maturity, and harvest rnoistrlre content were chosen for the study. These

lines \,rere in t\,ro groups of three, wf th each line in one group having

been crossed by each line in the other grouD in 1976, thus giving nine

single cross hybrids f or the study. CK43 , U,52, ancl CK59 were in one

group and the other group consisted of CK48, Cl{37 , and CllT 2. The " W."

designated lines were developed at the University of l'lanitoba while the

t'Cl'f" designatecl lines were developed at the Agricultrrre Canacla Research

Station at Ì'lorden, l.íanitoba .

In naming the hybrids used in this study, the "CK" and "Cl{" clesig-

nators harre been omitted. Tnbred nurnbers within hvbricl names reflect

the direction in rvhich the crosses r{ere made.

3.2 }fETTIODS

Inbreds and hybri<ls were plantecl in l97l in ad jacent blocks on l'1ay

I I at \ùinnipeg an<ì on l.{ay 24 at Carman which is locatecì approximately 60

rniles sotrthrvest of \^linnipeg. The experímental desiqn u'as a randomized

complete block with t\.ro replications at each location. Each plot con-

sjstecl of three hand-plantecì 5.5m rows spaced 9lcrn apart. Rows were

<1ouble-seedecl at 23crn jntervals and later thinned to give a uniforrn

plant density of 47 r800 plants per he-ctare. A coanon competitor r',as

3.
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seeded in a sinßle ro\4r bet\¡¡een each three-row plot: line CK23 was used

in the inbred plots and the cornmercial hybrid Pioneer 3994 was used in

the hybrid plots. Fertilizer at a rate in excess of soll test recommen-

dations l,ras sidebanded after emergence in both locations (on June 2 io

Carman and on June 9 in \.linnipeg).

l^leeds qTere controlled by a pre-seeding apnlicatlon of Eradicane at

Carman and by a pre-emergence application of Cramoxone at l^linnipeg. In

addition, plots at both locations were cultivate<l once prior to silking

and hancì rveeding was used rvhen necessary.

Vegetative period duration (VPD), f illing period dr-rration ( FPD) ,

ancl qro\'rth period duration (cPD) were defÍned as the nunber of accu¡nu-

lated corn heat units ( Cnti) f rom plantin¡¡ to rnícìs ilking , f rom midsilk-ing

to BLI'I , ancl from planting to BLM, respectively.

l'1id-silking vras taken as that .ìay on which ernerged silks \^rere

observecl on at least one-half of the plants in a plot. Determination of

mid-silking ancl measurement of all other variables except harvest mois-

trlre \^/ere confined to the centre rorvs of the three-row pl ots, with end

plants exclucled. The remaining plants in the centre ror^Ìs vrere allocated

to various parts of the experirnent as follorss: plants 2 to 6 - filling

rate sarnples, plants 7 to 14 - determination of BLM, and plants 15 to 24

- yield sarnDl es.

Sarnplinq to determine the time of

ers \,rere er¡ident on tip kernels of the

nels from the centre of ears from five

BLll rr'as conmenced when black lay-

earliest sílking lines. Ten ker-

plants per plot rvere exar.rined at
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one or two-day lntervals. BLM was said Eo have been reached in a par-

tícular plot when well-forr¡ed black layers could be observed 1n at least

six of the ten kernels on at least three of the fíve exarníned ears.

Initially, black layer determination r¿as attempted through the use

of longitudinal cross-sections as described by Rench and Shaw (i971).

Hor¡ever, this method was judged to be unreliable because some lines took

as rnuch as ten days betvreen the first appearance of a dark layer at the

tip of the kernel and the definite appearance of a completely formed

black 1ayer, a difficulty which had been pointed ouL previously by Car-

ter and Poneleit (1973). It rvas found that, as kernels approached BLl,f,

the base of the kernel could be broken off to reveal- the extent of black

layer formation in a more complete fashion than could be obtained by the

use of cross-sections. Consequently, cross-sectional exarnination \ùas

abandoned in favor of this method. This technique for black layer

determination nay have resulted in slightly longer estirnates of FPD com-

parecl to those reported by ottrer investigators. Hor.rever, deterrnÍnations

of the relative time of BLM among the hybrids v¡as probably more accurate

than could have been obtained by using kernel cross-sectlons.

CHU totals for VPD, FPD, and GPD r¡ere deríved from rveekly cumula-

tive totals provided by Dr. Carl Shayker;ich (Soil Science Department,

University of l'fanit.oba) who used Brorvn's (1964) corn heat unit equation:

CHU = (TmÍn - 40 + 4.39Tnax - 0.0256To"*2 - i55.IB) /Z.O+

For the I'Iinnipeg locatlon, daily maximum and minimum ternperatures rrere

obtained frorn records kept at the experimental site. For Carman, these

records v¿ere obtained from the meteorological reporting station

fT.*p"ru.tuïes are in Fahrenheit degrees.

at
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Graysville, which 1s located less than two miles from the experimental

siEe. As required, daily CHU totals r,/ere estimated by lnterpolation

from the weekly curnulative totals"

Kernel samples for the determlnation of fÍ11tng rate (FR), or the

rate of kernel dry rnatter accumulation, e¡ere obtained by repeated sam-

pling of the same ears following a method outllned by Duncan and Hat-

field (I964). Plants that deviated in silklng date by more than two

days f rom the mid-silking daEe of the plot r'rere marked and not used f or

FR samples. Husks on selected ears r¡rere slit in the central section and

a flap peeled back Ëo reveal t$ro or three ro\^rs of kernels" Startíng

abotrt one inch from the butt, approximately I5 consecutive kernels rlrere

removed from a single row and placed in a vial r¿hich r,¡as then tightly

sealed. The husk flap rvas then replaced and secured by an elastlc band.

Subsequent sarnples from the same ear r'¡ere obtained by opening additional

flaps in an ordered pattern around the ear leaving at least one undam-

aged kernel ror¡ betrdeen sampling rorvso Duncan and Hatfield (L964) and

Tol-Ienaar and Daynard (i978a) found that this method of sampling did not

significantly affect the groralh rate of kernels remaining on the ear.

0n returning to the laboratory, ten undamaged kernels were randomly

selected from each viaI, attached tissue r'ras removed, and fresh rveights

$rere obtained for each lO-kernel sample. Dry weights were determined

after drying to constanÈ v/eight in a vacuum oven at 80C.

Kernel sampling r'ras begun approxímately one r,'eek after mid-silking

and repeated Èhrough five samplings at vreekly intervals rsith the excep-

tion of the third sarnple, which follorsed the second by t\.ro rveeks" IË
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had become evldent that five samples r\¡ere the most that could be

obtained f rom a single ear, so one week ¡,¡as sklpped in order to extend

sampling later lnto Ehe filling períod"

The last four sampling dates were used i-n the calculation of fill-

ing raÈes which are defined here as the sample regression coefficients

of mean kernel dry weight on accur¡ulated CHU and have the dÍmenslons

mg/kernel/CHU. The fírst sampling date nas not used as exarnlnation of

the plot of kernel dry weÍght against accumulated CIIU revealed that most

hybrids had not yet entered the linear stage of dry natter accurnulation

at the time this sample was taken.

Percent r,loisture in the grain at the t ime of black layer rnaturity

(PI'IBLM) v¡as deternined at I.lÍnnipeg by taklng kernel samples from five

plants on the same day that BLI'I ¡,¡as determined for a plot. Ten kernels

were removed from the central area of selected ears and weighed and

dried in the sane fashion as FR sarnples. PIíBLM rvas then expressed as a

percent of fresh weight.

l{oisture conEent of the grain (IÐf) qras determined by randomly har-

vesting five ears from one of the outside ro\rs of each plot on October

12 at I'linnipeg and on October 13 at Carman. Harvested ears were placed

in plastic bags r¿hich ruere closed to slor¡ moisture loss from the ears

during transport to the laboratory. l0-kernel samples vrere taken from

the central section of harvested ears and percent moisture rvas deter-

mined as before"
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Yield samples were obtained by harvestlng ten plants per plot on

0ctober L2 in l^linnipeg and on October 3I at Carman. Irrhere a planE had

t$to ears, both were pJ-aced in a single bag so that. yield and kernel num-

ber could be determined on a per plant basis. After storage for approx-

irnaEely ren weeks in a well ventilated drying room, randomly selected

ears from five plants were measured as to length and diameter, shelled,

and kernel number per plant determined using an electronic seed counter"

GraÍn yield rvas also determined on a per plant basis for the sanìe five

plants. This grain was then bulked with grain from the rernaining five

plants to give a l0-plant yield sample.

Tr¿o 30 to 40g samples v¡ere taken from each lO-p1ant bu1k, rveighed,

and then dried to constant weight in a vacuurn dryer at B0C for the

determlnation of moistrrre percentage of the yield sar,rples. Analysis of

variance revealed that significant differences in moisture content

existed among plots, so the mean of the two moisture samples rvas used to

convert the yield figures to a 0"/" noisture basis.

Table I provides a listing of the variables measured in this study,

the abbreviatlons used, and the units in which they are expressed.

Unless otherwise stated, FR r"i11 refer to filling rate per kernel.

Tines of samplings and of rnajor developmental events are sho¡¡n in Tabfe

2"
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TABLE I. Variables measured, abbreviations, and uníts

Variable Abbreviation Unit

Vegetative períod duration VPD Corn heat units

Filling period duratíon

Growth period duration

Filling rate

Percent grain moisture
at black layer maturity

Harvest grain moísture

Kernel number

Kernel weight

Ear length

Ear diameter

Yield

FPD Corn heat units

GPD Corn heat units

FR mglkernel/CHU

PMBLM 7. of fresh weight

HM

KN

KI^l

EL

ED

"/" of fresh weight

per plant

mg/kernel

mm

mm

g/10 plants
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3.3 }IETEOROLOGICAL INFORI'ÍAT ION

Temperatures \rere well above average in l.fay and substantially below

average in August for both locatlons (Table 3). The rernainÍng months in

the grorvlng season \rere either at or near the long term averages. cHU

totals for the period I'lay 15 through September 30 v¡ere above average in

Carlnan and well above average in i,linnipeg. However, the later-planted

plots at Carman did not benefit from the excellent growÍng condltions in

ìfay to the sarne extent as the \ilnnípeg plots. This would be expected to

result Ín substantial yield and maturity advantages for the Winnipeg

location.

Precipitation r¡as well above average during May and Septernber at

both locations. For the rernaining three months, rainfall was slightly

above avera ge at Carrnan. At \linnf peg, rainf all was bel-or¡ average ln

June and above average during July and August. The option of Írrigation

was available at Iùinnipeg, but rainfall v¡as judged adequate to maintain

normal groruth.

The first damaging fall frost (-2C) occurred on October 2 at both

locations. Thís f ros t \./as severe enough to kil1 all remainíng green

leaf tissue"

3"4 ANALYSIS OF DATA

The data were first analyzed as four separaLe experiments (inbreds

and hybrids in each of two locations), each consisting of a randornized

complete block design with two replications. For each varÍable in each

expe rirnenÈ , a t\ro-\,ray analys is of va ríance v/as perf ormed based on one
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TABLE 3. Meteorological information

WIIiNIPEG CARI',IAN

L977 Avg. 197 7 Avg.

TEMPERATURE (rnean C)

I{ay

June

July

Augus t

Sep t ember

PRECIPITATION ("*)

ìfay

June

July

August

Sep tember

CHU (Ifay 15 to
Sept. 30)

L44 56

75 72

73 69

74 63

151 46

2502 2404

1B

IB

20

15

13

11

t7

20

i9

13

L9

T7

20

15

I3

1l

t7

20

T9

13

153

70

109

101

TT2

27 59

52

81

74

7l

56

241 7
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observation per p10È (VPD, FPD, GPD, and yleld) or on the mean of five

observatÍons per plot (FR, KN, Ktr^i, EL, ED, Pl.lBLll , and HM) "

Data combined over the tr.lo locations r¿ere analyzed according to a

procedure recornmended by Snedecor and Cochran (I967, pp. 375-377 ) for a

series of identlcal experÍments in different locations. A two-T/ray anal-

ysis of variance vtas carried out on the combined data with the two clas-

sÍfications being lines (inbreds or hybrids) and locations. The li-nes,

locations, and lines by locatlons interaction entries in the final com-

bined analysis of variance table ç¡ere obtained dírectly from thÍs analy-

sis. The final tÞro lines in the cornbined analysis of variance table,

blocks in locations and pooled error, are pooled val-ues from the ana-

lyses in the índividual locations. The interaction nean square t¡as

tested against the pooled error mean square. IJhere this interaction was

significant, the main effect of lines was tested against the interaction

rnean square; otherwise, it \ùas tested against the pooled mean square

error. The rnain effect of locations r"as tested against the mean squâre

for blocks in locatlons. An exanple of the combined analysis of vari-

ance for one trait is given in appendix Table l.

The statistical analyses vrere performed using corlputer procedures

found in the Statistical Package for the Socfal- Sciences.
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4" RESULTS AND DISCUSSION

4.r CO}IPARISON OF LOCATIONS

The first killing frost (-2C) occurred on October 2 aL both loca-

tions. Black layer maturity had occurred before the frost ín aII plots

at l,Jinnipeg, but at Carman black layer maturity had been reached in only

four of the I8 hybríd plots and eÍght of the 12 inbred plots prior to

October 2.

The varlance ratio test for equality of experimental error vari-

ances (Snedecor and Cochran, L967, pp. tl6-if7) between Lhe t\üo loca-

tions \ùas performed for each trait and the results are presented in

appendix Table 2 lor hybrids ancl in appendix Table 3 for inbreds" These

tests led to the conclusion thaÈ error variances were homogeneous

between locations for all traits except FPD and GPD in the hybrids.

lìeterogeneity of variances for FPD and GPD in Lhe hybrids \ùas

expected as premature frost at Carrnan severely restricted variatÍon for

both of these traits. Although the error variances in the hybrid exper-

iments for FPD and GPD should not be pooled, the differences betrseen

locations for these traits were of sufficient niagnitude that no rÍgorous

statistical test is required in order to concl-ude that the Carman means

f or both traits were lower than those obtained at i.iinnipeg.

Summaries of the results of the analyses of variance conbined over

locations are given in Table 4 for hybrids and in Table 5 for i.nbreds.
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Location means for each of the traits are given in Table 6 for both

inbreds and hybrids.

In the hybrld experiment, location means differed slgnlficantly for

all traits except FR and KN, which are probably less 1ike1y to be

affected by premature frost than most of the other traits examined. For

the traits that differed, Winnipeg means were greater for aIl traits

except Pl'lBLl'f (measured in only t\ro hybrids at Carman) and Hl'l . l,lost of

these differences between locations can be explained as a result of late

seeding and lrnrnaturity at time of frost at Carman" Under these condi-

tions, Carman means for FPD, GPD, KW, and yield r,¡ould be expected to be

less lhan the values obtained at i.iinnipeg.

Hlf r¡as expected to be greater at Carman, as Hlf sarnples were taken

only one day later at Carman than at I.línnipeg, ryhile plots at Carrnan

\rere planted alnos t two rveeks later than at LiÍnnipeg. The IIÍnnipeg

plots accumtrlated about 400 r¡ore CHU than lhe Carrna'n plots during the

period from planting to harvest.

The reasons for the differences ín VPD betr,¡een locations are not

readily apparent. Because of the delayed planting at Carrnan, the period

fror'r plantÍng to midsilking did not cover the same set of days at the

two locations. It r¿as felt that expressing VPD in CHU r¿ould adjust for

differences in environrnental conditions between the t\^¡o locations and

the tv¡o tirne periods and, hence, reduce variation in VPD bet\ùeen the tryo

locaLions. However, there r'rere highly significant differences between

locatÍons in VPD of hybrids expressed in CHU, but no significant differ-

ences bet¡veen locations rvhen \¡PD was expressed in days. Although the
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TABLE 4. Summary
locations for

of analysis of
ten traits in

variance combined over tr,ro
nine hybrids

F-ratíos

Trait Hybrids Locations Interaction

VPD

FPD

GPD

FR

KN

KI^I

EL

ED

IM

YIELD

l[.]Jxtt

r.79

1.59

). ¿o^

I ]. Il:t'x

/, O?*rl

24.05s,*

{$. !Qur*

I .30

r "32

119.78'r*

134 . 3B*t(

)JJ.Ji;cx

r.79

r.86

JJ).QJT:J;

46.7 5x

39. B7'*

97.50x

52.24x

| "96

J. $l:t*

Õ.oo^^

4.4r^^

r.37

r .44

3.59,t

r.76

). öJ^^

2.64'x

:kr:k:l significant at the 57. and lZ 1eve1s
respectively.

of signíficance,
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TABLE 5. Summary
locations for

of analysís of
ten traits ín

variance combined over t\^ro
síx inbreds

F-ratios

Trait Inbreds Locations Interactíon

VPD

FPD

GPD

FR

KN

KI^I

EL

ED

IÐf

YIELD

10. 95;.

3.44

2.7I

1/ 
^1J-Jro.¿J^^

5 .37.'x

5.99*'

Jl. /{:-t*

146 .49*''x

- / /-Lf. oo^

3. 78

rr2.r2",*

3053.57'.r*

77852.73**

50. 00:,

01 ) /,*

lQl 
" 

Q{;r',t

15.79

179.70**

1378.11:rx

7 12 .9 4x*

J.$J:c*

I QS . JQx;c

110.11:t*

2.36

4.7 7x

l|.Jl:k:k

2.4r

r.54

19.30:k).1

/. o)^^

?i, ?Í)r s]-gnl-tl-cant at
respectívely.

t}:e 5% and 17" 1eve1s of significance,



37

TABLE 6. Location means for 11

six inbreds
traits in nine hybrids and

Hybrids

I

Traítr Winnipeg Carman

Inbreds

Winnipeg Carman

VPD

FPD

GPD

FR

KN

KI,i

EL

ED

PMBLM

Iil"f

YIELD

L37 4

r332

2706

0.37

544

286

175

42.7

32.8

24.8

L4s5

I 280

r024

2304

0. 38

535

208

t69

4r.0

31.6r

33.2

i 02s

L439

1250

2689

0. 31

377

23I

140

35. 8

30.0

22.8

807

L364

918

2282

0.29

306

160

L28

34.0

)
38. 5-

JJ. J

443

1

,Mean of two hybrids.
-Mean of four inbreds.furria" aïe those shown in Table 1, P. 28.



heat unlÈ concept has been widely accepted as

variatlon in GPD betr¡een different environments,

that the heat units used here ç¡ere not effective

in VPD between locations.
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a means of reducing

L.hese results indicate

1n reducing varlation

Dif f e rences 1n mean daylength between the t\.¡o locations nay par-

tially account for the failure of corn heat untts to reduce the differ-

ence in VPD between the two environments. Because planting and silking

were about two weeks later at Carman than at lJinnipeg, the vegetative

periods at the two locations dÍd not cover the same calendar days. For

the sets of days not in common to Lhe vegetative periods 1n the tv¡o

locations (May 1I to l.lay 2S ío, tr'linnipeg and July Il to July 25 for Car-

man), mean daylength at Carnan v/as 0 "40 hours longer than at l,Iinnipeg

(Russelo et al. , 1974). Theref ore, plants at Carrnan r'¡ould have received

more solar radÍation per CHU accumulated than plants at lttinnipeg, assum-

ing that cloud cover did not differ betrveen the two locations. This may

explain, in part, v¡hy the nean VPD r¡as shorter at Carman (1280 CIIU) than

at \linnipeg (1374 CHU).

l,fost of the significant hybrid by locatíon interactions (Table 4)

can be explained as resulting from premature frost and low accumulation

of CHU at Carman. The latest maturing hybríds might be expected to be

more affected by frost at Carman than earlfer maturing hybrÍds for

traits such as FPD, GPD, yield, H{, and EL.

As an example, consider the signiflcant yield by location interac-

tion. The najor contributor to this interaction sum of squares \,ras

hybrid 72>i59, which was the highest yielding hybrid at lJinnipeg, but the
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lowest yieJ-dfng at Carman. Slnce 72X59 had the longest GPD at lJinnipeg,

it might be expected to suffer the greatest yield loss as a result of

the prernature cessatlon of grain f11l1ng at Carman. Conversely, an ear-

Ifer naturlng hybrfd would be expected to suffer a proportíonally lesser

yield loss, as 1t would have lost a smaller fraction of its growth

period at Carman.

Analysls of variance comblned

effect of hybrids for four tralts:

these tralts, both the l-ccation and

nificant, which probably served to

existed among hybrids.

In the inbred experiment, loca

al1 traits except EL (Table 5).

for all traits except Pl'lBLl'f and HM

rient, the higher lll'f at Carr¡an was

at Carman. The lower Carman means

and yield vrere also an expected

accurnulation of CHU at Carrnan.

over locations shorved no significant

FPD, GPD, HM, and yie1d. For all

hybrid by location effects \.rere sig-

obscure differences that might have

tion rneans differed significantly for

tr'Iinnipeg means exceeded Carman means

(Table 6). As in the hybrid experi-

an expected result of later p1aáting

for traits such as FPD, GPD, KI,i, ED,

result of prenature frost and lor"er

Analysis of varlance cornbined over locatíons using only the four

inbreds that formed black layers before frost in both locations indi-

cated that these inbreds at the Carman location were significantly

higher in Pl'fBLM and significantly lor.¡er ín KW conpared to lJinnipeg

(TabIe 7). The inbred showing the leasË difference between locations

for these tu'o traits r¡as CK43, whfch \ùas the earliest rnaturing of the

six inbreds tested. These results suggesl that black layer formation
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TABLE 7. PMBLM

black layers
and KI^l for inbreds that formed
before frost at both locatíons

PMBLM 
I

Inbred trlinnipeg Carman

J

KI^I 
I

hlinnipeg Carman

CK43

CK52

CM37

CM72

1
Mean

t
SE-

28.7

30. 3

33.6

28.0

30.2

0. 5B

31.8

37 .2

44 .4

40.6

38. 5

0. 36

L67

233

3r2

201

228

7.8

r54

r54

2L9

T25

L63

7.4

1-Location means differ at the I% IeveL of signifí-
cance for both PMBLI{ and KI,j.

2-standard eïror of the difference between tvro means.

furrrr" are those shown in Table 1, p. 28.
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may have been precipitated "prematurelyrt (that ls, before Ehe kernels

l¡ere completely filled) by the weeks of cool r¿eather preceding the

frosÈ, as has been observed by Daynard (L972) in Ontario.

As in the hybrid experirnent, location means for VPD differed sig-

nificantly when VPD rvas expressed in CHU. But 1n the inbred experiment,

this sÍgnificant difference did not disappear when VPD was expressed in

days. Mean VPD at Carman was trìro days longer but 75 CHU shorter than

the l{innipeg rnean. 75 CHU were approxlmately equal to three days during

this period, so once again the difference in mean VPD between locatlons

!¡as greater with VPD expressed in CHU than v¡ith VPD expressed in days.

The inbred by location interactions \^rere significant for all traits

except FR, EL, and ED (Table 5), r,'hich indicates thaË the relative

expression of most traíts \\¡as not consistent between the tr./o environ-

ments. This may be a result of late plantÍng and t'prematurett formation

of black layers at Carnìan

There was no signifÍcant effect of inbreds for FpD, GpD, and yield

in the analysis conbíned over locations. For these traits, location and

interaction effects were highly significant, rvhich may have rnasked any

differences for these traits that rnight have been present in the inbred.s

examined.

In sumrnaryr premature frost and 1or¿ accurnulation of CHU seem to

have had profound effects upon the expression of the traits exanined at

the Carrnan location. Compared to the Irlinnipeg means, Carman means f or

FPDr GPDr KIJr and yield r,tere substantially lower, r,rhile Carnan means for
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HM and Pl"lBLM were hlgher in both inbreds and hybrids. Genotype by loca-

Èion interactions were significant for rnany traits in both inbreds and

hybrids, making comparisons of genotypes using data combined over loca-

tlons unprofltable. Relationships among the varfables examined are also

1ikely to be confused |f. data from the Carman locatlon are used" In

particular, relationships among FPD, FR, and yield are líkely to be dis-

torted since grain filling did not reach a natural conclusion at Carman.

Under these conditíons, FPD would be expected to be less closely related

co yield and FR would be expected to be rnore closely related to yield

compared to the relatlonships that might be evldent under more normal

conditions.

For these reasons, the discussion to follow will deal sole1y with

data obtained at the llinnipeg location. Tables concerning the Carnan

experirnent are presented in the appendix (Appendix Tables 5 to 8).

4.2 IIiBREDS AT I.IINNIPEG

Analysis of variance showed that dÍfferences existed ar¡.ong inbreds

at Winnipeg at the 52 level of significance for all eleven traíts exam-

ined. Inbred means for each of the traíts in each of the six inbreds

are given in Table 8 "

Inbreds CI{72 and CK52 were high yielding, CK43, CK48, and C}137 were

lorv yielding, and CK59 uras intermediate between these tv¡o groups. The

highest yiel-ding inbred, Cll72, \ras also highest in KN but ¡uas lorvest in

FR. CK52, r,¡hich did not differ significantly Ín yield fron CN72, was

intermediate in KN and in the highest group in FR, so lhese t¡¡o ínbreds

ñE ur$ir
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appear to have achieved their high yield by different routes. They also

differed in ear shape, wíth C1472 having the largest ED and CK52 the

longest EL,

The lor¡est yielding inbred, CK43, was also the earliest in maturity

(GPD). The inbred ¡,¡ith the longest GPD, CK59, vras interrnediate in

yleld" CM37 was the earliest to silk (VPD) whlle CYÍ72 nas the latest.

ìlaturity relationshlps were reversed for these two inbreds 1n FPD, how-

ever, with Cll37 having the longes t f illtng period and C1.172 the second

shortest.

In moisture content, CK59 had the highest PIÍBLM and Cl"Í72 the lov¡-

es t. The earl-iest inbred, CK43, had the lor¡est tl}l and also the smallest

KIJ. The inbred rvith the largest KIù, Cl'f37, had the highest Hll .

In judging the inbreds per se, Cll72 has the virtues of high yield

and l-ow moisture at BLM and at harvest, but it \,ras the latest to silk.

CK52 had high yÍeld but was also relativeJ-y high in Hlf. Although 1ov¡ in

yield, CK43 r¡as loruest in Hl"l and the earliest to mature and night rnake

an excellent donor parent 1n an earliness conversion prograrn. Clf 37 was

the earliest to sí1k, but it was late in maturitr/ and had the highest

HÞÍ.

4.3 CORRELATIONS AI'ÍONG INBRED TRAITS

None of the traits examined in this experinent were

correlated r¡ith yield (Table 9). The correlation betrveen

\,/as relatively large in magnltude and just short of

(¡=0.55).

s ignif icant ly

KN and yield

s ignif icance
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Of the maturity components, FPD and GPD were highly correlated

(r=0.95), but there \.ras no signif lcant relationship between VPD and

either FPD or GPD" Variatlon in VPD v¡as relatively restricted compared

to variation in FPD (Table 8), so most of the variation in time to matu-

rity can be accounted for by differences in FPD.

Because of the close relatlonship betrveen FPD and GPD, it 1s diffi-

cult to say vrhether relationships observed in the inbreds r¡ere a spe-

cific effect of the length of grain fillíng or a general effect of

overall rnaturity. Similar patterns r¡ere observed, with both FPD and GPD

being closely and positively related to KI,l , ED, and l{}f. GPD rvas nega-

lively related to EL v¡lth a simÍlar but nonsignificant trend be*veen EL

and FPD. FPD r¿as negatively correlated wit.h KN, and this correlation

with GPD was just short of significance" GPD did not appear to be too

closely related to Pl-lBLì1 , although the correlation betv¡een FPD and Pì{BLÌ'I

r.ras significant and positive.

In general, the inbreds in this study that \rere late in rnaturing

also had long filling periods and larger but fer¡er kernels on short ears

of relatively large diameter. Inbreds wíth long filling periods tended

to have hlgher moisture content both at naturity and at harvest"

Relationships between VPD and the other traits \üere generally Ín

contrast to those observed ¡vith FPD. In particular, VPD was negatively

related to both KW and PIÍBLìÍ and shorved no relationship to either of the

t\"Io ear size variables. There r"as a negative relationship betv¡een VPD

and FR, rvhich is somer,¡hat surprising as Lre rnight expect that ínbreds

which devoted a longer time to vegetative growth might be able to fill
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kernels at a faster rate" The observed relatlonship may be due to

kernel size factors, sínce inbreds rvith a longer VPD tended to have nore

and smaller kernels whlch might be expect.ed to accumulate dry r;atter at

a slower rate on a per kernel basis.

Fltling raEe v¡as, in f act , observed to be pos itively related to KI,l .

The correlation between FR and KN v¡as negative but nonsignlficant. The

two kernel variables, liN and KIri, \rere negatively correlaEed, as were the

two ear variables, ED and EL.

The two grain moisture variables, PMBLII and HI'l , were also signif i-

cantly and positively correlated. As was the case wÍth FPD and GPD, the

trvo moisture variables showed sÍmilar patterns of relationships with the

other variables in that both were positively correlated with FPD, FR'

and KI^l and both \"¡ere negatively correlated rvith Kl'l . Iìowever, only Pì'lBLl"f

rras significantly correlated v¡ith VPD (negative) and only Hlf rvas signif-

icantly correlated r¿ith GPD (positive).

In the inbreds examined in this study, high grain moisture at rnatu-

rity and at harvest tended to be associaÈed r¡ith a fast fÍIling rate and

a long filling period duration and with fewer kernels of a larger size.

The combination of a high rate and a long duration of grain filling

night be expected to lead to high yield, but neither of the t\ro moisture

variables were significantly related to yield. This rnay be due to their

negative relationships with kernel number, r¿hich would tend to offset

the positive effects of high FR and FPD.
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4.4 I]YBRIDS AT

Analysis of

of significance

means along rvith mean comparisons are given 1n Table I0

nine hybrids grown at Llinnipeg.

at the 5Z level

yle1d. Hybrfd

for 11 traits 1n

SÍnce the difference in mean yields betv¡een the lorvest (43X48) and

the highest (72X59) yielding hybrids v/as rnore than 302, further analyses

erere performed in an attempt to determíne why the inítlal analysis of

variance showed no differences among hybríd yields. The analyses of

variance for hybrid yield at liinnlpeg by all methods are presented in

appendix Table 4.

The application of Tukey's test for non-addltivity to the 10-plant

yield data indicated a significant hybrid by block interaction ín the

IJinnipeg experÍment. Since the method by which yield sarnples r¡ere taken

permitted analysls either as a single l0-plant determination per plot or

as tr'ro 5-planE determinatlons per plot, yield data ivere re-examined on

the basis of tvro 5-plant deterrninations per plot. This method of analy-

sis allov¡ed the renoval of a hybrid by block interaction sum of squares

from the error surn of squares. Subsequent testing of the main effects

of hybrids and of the hybrid by block interaction agaínst this reduced

sarnpling error indicated highly s ignificant yield differences arnong

hybrids and a highly significant hybrid by block lnteraction. Horvever,

testing the main effects of hybrids against the rnean square for interac-

tion, which is required if rve assume a random effects model for blocks,

again Ieads to the conclusion that there are no significant yield dif-

ferences among hybrids at l'iinnipeg.

IJINN IPEG

variance showed that hybrÍds differed

for all traits except KW, PMBLM, and
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It appears that the hybrid by block fnceractlon has obscured whaË-

ever yield differences might have exísted among the hybrids" Examina-

tion of plot yields reveals that a large part of the interactíon sum of

squares came from tlto hybrids,43X37 and 43X72, rvhlch differed substan-

t ially between the two blocks. If these t\./o hybrids are deleted and

analysls of varíance performed on the remaining seven hybrids, then the

effects of blocks and of interactfon lose their significance and the

main effect of hybrids becomes highly sÍgnfficanr (appendix Tabre 4).

rt is inpossíble to state with any certainty why the yields of

43X37 and 43X72 in block tvto were depressed to such an extent relative

to their counterParts in block one. I{owever, the tr+o low yielding plots

rvere in the same rorv ln the fÍeld, so it is possible that they suffered

some accídent such as jarnrnÍng of the fertilizer distributor or root dam-

age during cultivatíon whích \,¡as not detected at the time.

In surnrnary, it appears that there \dere real yield dif f erences arnong

the hybrids Eested, but these yield differences r{ere hidden by the

interaction r¡hlch resulted from exceptional circumstances in two of the

test plots. Hybrid 43X48 appears to be lower in yield than the other

hybrids tested. Hybrids 43X37 and 43X72 nay also be lorver in yield rhan

the rerilaining six hybrids, but this is difficult to deternine in vier.¡ of

the rather Iarge differences betrùeen the trvo replicates of these

hybrids. The results of mean separatfon procedures for yield of trüfnni-

Peg hybrids based on two 5-plant subsamples per plot are presented in

Table ll . According to this analysis, there are tvro main yield groups:

a higher yielding group consisting of those hybrids rsithout CK43 as a
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TABLE 11. Yield differences in hybrids at Winnipeg

Hybrid Mean 5-p1ant yield (e)

72X59

37X52

52X48

72X52

37X59

48X59

43X72

¿+JLJ I

43x48

SE

796aI

789 a

761 a

7 60a

760a

7 52a

6t 5b

643bc

606 c

19.1

1-Means follor.ved by the same letter do not differ at
xhe 57" level of signíficance as determined by
the Student-Newman-Keuls procedure.
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parent and a lower yielding group consísEÍng of the three hybrids having

CK43 as one parent.

All of the CK43 hybrids were in the lorvest groups for FPD, GPD, KN,

and ED (Table l0) which may account, in part, for their low yields.

Conversely, the hfghest yielding hybrÍd, 72X59, \,ras in the hlghest

groups for these same traits, which suggests that there may be a posf-

tive relationshÍp betr'reen these traits and yield.

It is of lnterest to note that hybrids which did not dlffer signlf-

icantly ín GPD did differ 1n the way that this growth period r¿as divlded

into vegelatÍve and fitling components. Hybrid 43X72 ís representative

of the lowest yielding group (CK43 progeny) in rvhich VPD exceeded FPD.

In the two highest yielding hybríds (37X52 and 72X59), \¡PD and FPD rvere

approxirnately equal. Yields v¡ere interrned j-ate in the case of the fr,ro

hybrids (37X59 and 48X59) in ¡"hich FPD exceeded VPD.

This variation in the vray in r^¡hich GPD was divided into vegetative

and filllng coriÌponents suggests that it may be possible to extend FPD at

the expense of VPD in material slmilar to Ehat examined here. Although

data obtained in this experiment are not sufficient to predict an opti-

mun ratio of VPD to FPD, it appears Lhat it may not be wise to produce

hybrids in r¡hich FPD exceeds VPD by a substantial margin.

Although hybrids did not differ significantly in PMBLlf, there was

significanE variatlon in Hlf ranging from a low of 20.77" to a high of

28.5"/". Hence, thls must have been due either to variation in the time

to BLI{ or in the rate of grain drying after BLM. Both high and lorv HM



v¡ere observed lrithln the high yield

be possible to produce hybrids that

moisture at harvest.

group, vhich suggests

have both hfgh yield

4.5

4.5.1

CORRELATIONS A}IONG HYBRID TRAITS

Correlations With Yfeld

0f the three fflltng components, yield was slgnificantly and posi-

tively correlated with FPD and with KN, but the correlation with FR did

not differ slgnlficantly from zero (Table l2). The correlation between

FPD and KN r¡as not signifi-cant, so it should be theoretically possible

to increase yield by increasing either or boLh of these traits.

Although GPD was the most closely correlated rvith yield of all the

traits exanined, no increase in GPD is practical as the average grorving

season is completely utilized by currently available hybrids. In fact,

1t may 
,be 

desirable to hasten rnaturity even more in order to further

reduce the risk of yield losses due to premature frost. Hybrid 72>i59,

for exanple, rvas the latest to mature and had the highest yield at tr,iin-

nipeg, where it accumulated 28l8 CHU from planting to black layer matu-

rit,y (Table l0), which is an exceptional nunber of CllU for Ìlanitoba. AE

Carman, rvhere later planting resulted in the accurnulation of abouÈ 500

ferver CHU, 72X59 did not mature before frost and rvas the lowest yÍelding

hybrid. So, although 72X5g rnay have the highest yield potential of the

hybrids tes ted, it r.rould not be acceptabJ-e as a commercial- variety

because of its susceptibility to yield losses resulting from frost prior

to grain maturity.

53

that it should

and low grain
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Increasing FPD may not be a practical rneans of achieving yield

increases in l{anitoba either, as FPD was closely correlated to GPD

(Table L2). In fact, both FPD and GPD show the same general pattern of

relationshlps with Ehe other varíables in this study, making it difff-

cult to differentiate between the effects of filling period and the

effects of overall rnaturity.

If the risk of yield loss due to premarure frost is not to be

increased, FPD can be extended only aE the expense of VPD. That this

may be difficult is indicated by previous studíes that have found \¡PD

and FPD to be positively correlated (Grrnn and Christensen, 1965; Carter

and Poneleit, 1973; and Daynard and Kannenberg, 1976). In the rnaterial

examined in this study, horvever, the correlation betv¡een VPD and FPD was

negative and just short of signiflcance (r:-0.43). The reason for thís

apparent conflict may rvell 1ie in the fact that the range of maturities

examined here rvas more restricted (2590 to 2818 CIIU) than in the previ-

ous studies. As the range of naturity in the material examined

decreases, one v¡ould expect the strength of the relationship betrveen VPD

and FPD to weaken and even become negative v¡hen all rnaterial in Èhe

study r¡as of the same rnaturity. Cross (1975) found no significant rela-

tionship betv¡een VPD and FPD (r=0.f3) in a group of 21 early hybríds in

NorLh Dakota.

Shortening VPD may have an adverse effect on yield as several stud-

ies have provided indications that sink capacíty is determined, at least

ín part, by current photosynthesis or assirnilate supply around the time

of silking (Early, et aI., 1967; Prine, 197I; Egharevba, et al., 1976;
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Tollenaar, 1977; and Tollenaar and Daynard, 1978b) and, indÍrecEly, by

the amount of vegetative growth rvhich has occurred prior Ëo silking"

Hov¡ever, VPD vras not signíficantly correlated v¡ith yield or with any

factor related to sink size (K{, KW, EL, ED) in thls study, nor llas VPD

significantly related to GPD (Table 12). Consequently, it may be possi-

ble to achieve limited yield advances in short-season hybrids by breed-

ing for longer filling periods and shorter ti¡re to silking.

0f the two ear factors, ED was positively and significantly corre-

lated rvith yield, FPD, GPD, and KN so the possibility exists that the

signiflcant correLation betv¡een ED and yield results from the relatlon-

ship between ED and these other variables that are also posittvely rela-

ted to yield" In fact, when partial correlation analysis rras used to

control for variation in either GPD, FPD, or Kll, the correlatíon between

ED and yield became nonsignificant. The other ear factor, EL, was sig-

nificantly related only to FR, r¡it.h the J-onger ears tending to have

faster filling rates.

The two kernel f actors, Kì{ and KI,J, were significantly and nega-

strong as the relatlon-

seens likely that gains

fset by losses due to a

be benef icia1, as KIJ ruas

a breeding program that

also produce beneficial

at harvest by virtue of

tively correlated. This relationship vras not so

ship between KN and yield (-0.48 vs 0.67), so it

made by increasing KN will not be completely of

decrease in KI^l . A reduction in KI,l may actually

pos itively correlated with FPD and Hl"I . Thus,

attempts to improve yield by increasing KN rnay

effects on naturity and grain moisture content

the negatlve relationship betrveen KN and KLr.
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Another factor which should be discussed in relation to yield is

FR. I{here climatlc restralnts preclude extensive manlpul-ation of FPD,

it seems reasonable for a corn breeding program to airn at the productlon

of hybrids that accumulate dry matËer in the grain at the fastesÈ rate

possible. llowever, findings here agree with prevlous conclusions (Car-

ter and Ponelelt, L973; Cross, I975; and Daynard and Kannenberg, 1976)

that FR expressed on a per kernel basis is not significantly related to

graÍn yield (r=0.09). Slnce it seems reasonable to expect that FR per

kernel rvould be negatively related to N, the partlal correlation coef-

ficient between FR and yie1d, vrith KN held constant, r{as calculated.

This partial coefficient ruas larger (r=0"28) than the sirnple coeffÍcient

but rvas still r,¡ell short of significance. It appears, then, that 1ltt1e

is to be gained by selecting for faster FR, at least in the material

exarnined in this sLudy.

In sumrnary, it appears that yield advances might be obtained by

breeding for increased FPD or KN, but noË by breeding for increased FR.

Since climatic conditions require that any extension of FPD be at the

expense of VPD, only limited yield increases are likely to be obtained

by breeding for longer FPD. As grain yield per plant can be cornpletely

defined by the rate and duration of dry natter accumulatlon in the

grain, the logical approach to breeding for yÍe1d irnprovement in mate-

rial sinilar to that examined here lies in increasing the rate of grain

dry matter accumulation per plant. This can be achieved by increaslng

either of the two "orpon"nas of FR per plant, FR per kernel and KN per

plant, provided that gains made in one cornponent are not offset by

fosses in the other. In this experiment, the correlation betveen FR and



KN r¿as not

that ft may

both of FR

experiment

ing FR per

5B

slgnificantly different from zero (r=-0.18), v¿hich suggesrs

be possible to increase FR per plant by lncreasing eÍther or

per kernel and KN. Correlatlons obt ained in the trrtinnipeg

lndicate that increasfng KN is the best approach to increas-

plant and, hence, to increasing yield.

Recent research has suggested that the control on FR is determined

by kernel factors (Tollenaar and Daynard, I978c) or by the efficiency of

translocatfon into the kernel (Shannon, L978), rather than by factors

related to the production or translocation of photosynthate to the ear.

This may account for the lack of correlation between FR and KN. If FR

r'lere deternined by a lirníted supply of photosynthate or by ineffÍcient

translocation of photosynthate into the ear, then the divísíon of this

limited supply of photosynthate among more kernels shoul-d result in a

negative relationship betrveen FR and KN. If, on the other hand, excess

photosynthate is ava1lable for grain filling throughout rnuch of the

fiJ-ling periodr âs has been suggested by studies that shoiv that the

stalk acts as a reservoir of mobile carbohydrate (Duncan, et al., 1965

and Daynard, 1972), then it seems probable Ehat an increase in KN need

not be accompanied by a substantial decrease in FR.

Increasing FR per plant, in itself, need not necessarily result in

a yield increase but might simply lead to earlier depletion of stalk

reserves and to earlf.er maturity. Horvever, both Kiesselbach (t948) and

Iloss (L962) found that renoval of the ear or the prevention of pollina-

tfon resulted in reduced photosynthetíc rates, r+hlch suggests that sorne

type of feedback lnhibition of photosynthesis may be operatÍve in corn.
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Support for Ehis theory has been provided by Knievel and McKee (1978),

who found that reduced sink capacity was limiting photosynthetic rates

in an experiment where hand polllnation r¿as used to produce plants bear-

ing I/2, l, and 2 ears. Consequently, an increase in FR per plant

might, through early reductlon of stalk reserves and a consequent less-

ening of feedback inhíbitlon, lead to increased yields through increased

photosynthesi-s during the grain filling períod.

4.5.2 Correlations ltrith Grain llolsture Content

In the Winnipeg hybrid experiment, graÍn moisture at harvest r47as

significantly and positively correlated r'rith KL{, Pl.fBLM, and FPD. The

correlation between Hì'l and GPD rvas just short of signlf icance, and the

correlation between Hl'f and KN \,ras negative but nonsigníficanË (Table

t2, ,p. 54) .

AJ-though the sirnple correlation betr¡een Pl'fBLlf and Hlf rvas statísti-

ca1ly significant, the coefficient of deterninatÍon (p.2) was onry 3oz,

which means that a large proportíon of the variation in IIlf could not be

accounted for by variation in percent rnoisture at BLM. At least a part

of the remaining variation in IIM might be accounted for by variation in

the duration or rate of moÍsture loss fotlorring maturity.

Since hybrids varied in the number of days bet!¡een black layer

nraturity and the date on r.¡hich HÞf \üas rneasured, it was fett that the

tirne of rnaturity r,right be obscuring relationships betr¿een Ì11.1 and some of

the other variables. Consequently, partial correlation analysis was

used to examine the relationships between H¡f and the other variabl-es

with GPD held constant (Table l3)"
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TABLE 13. Sirnple and partial
varíab1es in nine hybrids

correlations betr,reen IM and ten
growrr at l.linnipeg

Trait Sinple r Partía1 r
(GPD held constant)

VPD

FPD

GPD

FR

KN

KItr

EL

ED

PI4BIfi

YIELD

-.0I7

0.47r(

o .46

0. 17

-0. 38

0.75:t?k

0. 10

o.22

0. 55't

0. r5

-.016

0. r6

0. 34

-Q. IJ*:!

0. 69-.',*

0.20

-0. r5

Q. Splrx"

-0. 31

rr,:t:l sig¡ifícant at the 57" and 12 levels of significance
respec tively.
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The correlatÍons between HM and KI,¡ and between Hl4 and Pl.lBLM

remained signiflcant, and lhe correlatlon betv¡een Hl{ and KN changed to

highly significanE (r=-0"63) rvhen GPD was held constant. The partial

correlation between ÉlM and FPD ülas nonsignificant, rvhich suggests that

the closeness of the relationship betrveen FPD and Hl'f might have been due

to the relationship between FPD and GPD, rather than to any direct

effect of FPD on HM. Hl,f rvas not signíficantly related to either of the

ear size factors by either sirnple or partial correlation analysis.

The relationships between lll"l and l/ll and HM and KN are probably due

to simple physical factors. Since small kernels have a larger surface

area per unit mass from v¡hich rvater can be 1ost, hybrids with a large

number of snall kernels nigh

rit.y at a faster rate than

kernels. Thus, a breeding

increases through an increase

ef f ects on lllf .

t be expected to lose moisture after rlatu-

hybrids having a srnaller number of larger

prograrn that attempted to achieve yield

in KN r¿ould probably also have beneficial

Sínee PI{BLM can be readily determined by taking kernel sarnples

the time that black layer maturity is ascertained, it might also

appropriate to attempt to reduce PllBLl.f as one means of reducing HM

hybrids developed for this ârêâ. In the l/innipeg hybrid experirnent,

Pl'fBLM r'ras signif lcantly related only to lllf (Table i2). Though nonsigni-

f icant, the correlation between Pì.ÍBLM and Kll was substantial (r=-0.46),

so attempts to increase KN night be complenented by atteÍipts to reduce

PtfBLr.f

at

be

1n
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In short-season areas, hybrÍds wlth hi.gh moistrrre content at har-

vest are of ten associated with late rnatr:rity anrì high yielcl potential .

Therefore, it ls of interest to note that there v/as no significant rela-

tionship between yield and Hìl in this experiment, which indicates that

the connection between high moistr.rre and high yield ls not absohrEe. In

fact, the highest yieldlng hybri<ì at I{innipeg, 72X59, was in the 1o\.ùest

group for Hl{ (Table 10, p.49) and had a lower l{lf than other hybrids of

l-orn'er yield and earlier rnaturity. Althoueh the clata obtained in this

experiment \,ras not sufficient to perrnit firrn conclusions regarcline dry-

ing rafes, this does suggest that there \rere differences among the

hybrids examined in the rate of mojstrrre loss after physÍo1ogical matu-

rity. The extent of these differences in dryinq rates of earlv hvbrids

and the bases for such differences shorrld he investigated frrrther.

4 .6 TNBRED-HYBRID REI,ATTONS

Ìlean values for the traits measrrred ín the inbrerìs and in their

hybri<l progeny are given in Table 14 . Compared to the inbrecls, the

hybrids had shorter vegetative periocls but longer filling periods. The

difference in gror'rth period duration between the two groups was negligi-

b1e. Hybrid means exceeded inbred means for the other traits exarninecl"

Percent heterosis (defined here as the clifference between ínbred means

ancl their progenv hybricì means expressed as a percent of the inbred

mean) \,¡as greatest f or yield, which suggests that grain yield is more

affected by heterosis than the other traits measured.

0f the three filling componenfs, Dercent heterosis r'ras greater for

f-Il than for FPD or FR. Tn fact, percent heterosis was higher for KN



63

TABLE 14. Mean values of 11

progeny
traits ín síx ínbreds and their hybrid

Inbred

CK52 CK59 CK48 CM3 7 CM72 Mean 7" net.LTrait CK43

FR

KN

KI^l

VPD I
H

FPD I
H

GPD I
H

I
H

ELI
H

EDI
H

PMBLI'T I
H

YIELD I
H

1429 r4t6
13BB l3B0

r009 1252
1235 1319

2438 2668
2623 2698

0.30 0.36
0.37 0.40

431 422
486 576

t67 233
282 289

r57 r74
174 L92

28.5 3L .2
39.5 42.9

28.7 30. 3

33 .2 32.3

15.6 24.8
24.0 25.L

693 926
r2B2 L544

r4t6 r47B
1354 1367

1394 1268
1443 1316

2811 2745
2792 2679

0. 30 0 .28
0.34 0.36

342 308
s70 526

261 2L2
287 286

1r0 113
r57 t63

40.0 37 .5
45.6 43.1

31.0 28.6
32.8 32.4

25 .8 22.7
25.3 25.0

823 730
1539 1416

L392 1502
1355 1400

r396 1183
r376 1305

27BB 2686
2731 2704

0.37 0.26
0.39 0.36

260 501
s04 603

312 20r
304 269

r37 148
183 178

37.6 40.1
4r .9 42.9

33.6 28.0
34.8 31.0

27 .9 19 .8
30.3 22.5

735 937
t46t 14BB

1439 -4.5
r37 4

t250 6.2
r332

2689 0.6
2706

0.31 19.4
0.37

377 44.3
s44

23I 23.8
286

140 25.0
t75

35. B 19.3
42.7

30.0 9 .3
32.8

22 .B 2r .4
24.8

807 80.3
I 4s5

I
H

I
H

I
H

lP"t".ot heterosis defined
progeny means exPressed

I=inbred mean

H=mean of the three hybrid

as the dífference betr¿een inbred and

as a percent of the inbred mean'

progeny of that inbred
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than for any of the oEher traits except yleld. This may mean that the

increase ín kernel number !¡as the most ir,rportant f actor in. explaining

the yleld advantage of hybrids over the lnbreds in thls study.

Hybrids exceeded inbreds for both moisture traits, buË the percent

dÍfference lras greater at harvest than at graín maturity. Of the ear

slze factors, hybrids showed a greater increase in ear length than in

diar¡eter, relative to the lnbreds.

In sorne instances, lnbred and progeny means did not follow the gen-

eral trends. One exarnple involves Cl'137 whose progeny means \,/ere less

for FPD and for KI,I than those obtained in the inbred. CI'f37 was highest

among the inbreds for both these traits, but the same level of perform-

ance was not maintaÍned in fts hybrids.

The effects of speclfic inbreds r¡hen used in hybrtd combinations

can only be assessed r,¡ith difficulty in this study, since the inbreds

\rere crossed in partial rather than in complete dialle1. For exanple,

CK52 and CK59 produced the highest yieldíng hybrid progeny and CK43 the

lowest, while the remainder were intermediate (Table 14). It must be

remembered, however, that nefther CK52 nor CK59 r¿ere crossed with CK43,

but t.he remaining lines \üere crossed with CK43. If CK43 tends Eo prod-

uce low yielding hybrid progeny, as appears to be the case, then this

method of testing lrould tend to depress the mean progeny yields of CK48,

Cl'137, and Clf72 relatlve to CK52 and CK59. This sort of bias nay also be

present in relation to the other traits studied. Keeping this restrlc-

tion in nind, some conclusions are justifiable regarding the effects of

inbreds r¿hen used in hybrid combínation.
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The CI172 progeny were lowest in PÞfBLlf and in HM, even though both

the Ínbred and 1ts hybrids were of average maturíty. CK43, on the oEhe-r

hand, produced the earliest progeny and had the l-owest Pl.fBLM and HM as

an inbred, but its hybrids had higher moisture levels than the C1472 pro-

geny. It appears Èhat the desirable moisture loss pattern of CIl72 car-

ried over into its hybrids, but this was noÈ the case with CK43" A

similar situation existed in these tv/o lnbreds with regard to kernel

number: The hÍgh KN of C\172 was reflected in its hybrids, but CK43,

rvhich ranked second highest in KN, produced hybrids with the fev¡est ker-

nels.

The Clf37 progeny and the inbred itself were highest in both mois-

ture traits and in kernel weight. The 1oç'kernel nurnber of thÍs inbred

was also reflected in its hybrids.

In the maturity cornponents, CK59 produced hybrids with the longest

FPD and GPD and CK43 produced hybrids v¡ith the shortest FPD and GPD.

These rankings rdere consistent wlth the performance of the inbreds. The

long VPD of Cl{72 and the short VPD of Cl.f37 r¡ere expressed in the hybrids

of lhese inbreds.

In regard to other traits, CK59 hybrids produced ears that v¡ere

shortest but with the greatest diameter. CK52 progeny rvere high in ear

length and in filling rate.

Simple correlation coefficients between the same traits of hybrids

and midparents (the mean of the tr,ro inbred parents of a specific hybrid)

are given in Table i5 . The correlations obtained v¡ere consist.ently
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TABLE 15. Simple
and means of

correlations
their inbred

betv¡een hybrids
parents (midparents)

Correlatíon coeff icíents

Trait Trait vs. trait Trait vs. yield

VPD

FPD

GPD

FR

KN

KI'I

EL

ED

P}1BL}f

HM

YIELD

0 .49

Q. PJ:tx

Q. $ ];t*

0.78*

0.52

0. 65

Q. Ç l:l:t

0. 85:!x

0 .64

0. 65

0.73*

-0. 11

0 .7 4,\

0. 81**

0.24

-0.05

o .57

-0.10

0. 66

0. 33

^ 
7)*

0.73*

'år'k* signifícant at the 57. ar'd
nÍficance, respectively.

12 1eve1s of sig-
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posltive and relatively large in magnitude. This contrasts with the

findings of Gama and Hallauer (I977) who found that the tnbred-hybrtd

correlations for several traits were statisEically signiflcant but v¡ere

consistent ly lor,r (the largest R2 v¡as less than 0. f 6 ) . Correlations

obtaÍned in this experiment suggesÈ that, for some traits, a large pro-

portion of the varlatlon in hybrid traits can be explained by variation

in midparent values. Coefficients of determination (n2) for FpD, EL,

ED, GPD, FR, and yleld were 0.87, 0.84, 0.73, 0.66, 0.61, and 0.53

resp ect ive ly.

Simple correlations bettveen midparent tralts and hybrid yields r'rere

sÍgni-f icant and positive f or FPD, GPD, Hl*f , and yield (Table l5). unf or-

tunately r clinratlc restraints preclude much alteration in the first

three traits in a breeding program in l'fanitoba and variation in inbred

yields explaÍns only 53"/" of the variation in hybrid yields.

The results of multiple linear regression of hy'brid yields on l1

r¡idparent traits at winnipeg are presented in Table t6 . Several dif-

ferenE cornbinations of midparenE traits can be used to explain more than

907. of the variation in hybrid yields. GPD enlers the regression equa-

tion firsÈ v¡hen all I I variables are avaifable for entry and FPD enters

first v¡hen GPD is excluded. Midparent yíeld is the next most ir,rportant

variable in explainíng hybrid yields rvhen used in combination r+ith

either GPD or FPD (equations I and 2).

Both midparent GPD and IIM have positive regression coefficients in

a regression equation that predÍcts hybrid yields. Horvever, midparent

GPD and HM are posilively related to the same traits in the hybrids, so
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underit ú¡ould not be desirable to

llanitoba conditions. Therefore,

sion equation first in order to

midparent variables and hybrid

held constant.

lncrease either of these traits

GPD and IIM were forced into the regres-

examine the relationships between other

yields when midparent GPD and HM \¿ere

Under these conditlons, nridparent yield enters the regression equa-

tion after GPD and HM, contríbuting 297" to explained variation 1n hybrld

yields and having a regression coefficient of 1.09 (equation 3). If

mldparent yield is excluded, KN enters after GPD and HM, contributíng

297" to explaÍned variation in hybrid yields with a regresslon coeffi-

cient of I.72 (equation 4). Consequently, under the conditions of this

experiment and in breedÍng material sirnllar fo that exa¡i'rined, we might

be able to increase hybrid yields by selecting inbred parents that are

higher yielding or have more 1<.ernels per plant, lrÍthout increasing

either GPD or Hlf.

Since a secondary aÍm of a corn breeding progran ín llanitoba might

be to decrease harvest noisture content of the grain, HIl of hybrids ruas

also regressed agalnst ll midparent traits (equation 5). This equation

indicates that ç¡e rnight reduce Hl'f in hybrids by selecting Ínbred parents

tvith increased KN and reduced FR.

, The results presented here differ substantially from those of Garna

and Hallauer (I977) r¡ho examined 160 unselected lines from Iowa Stiff

Stalk Synthetic and 320 single-cross hybrids derived by crossing within

20 sets of eight Ínbreds in a pattern sirnilar to that used in this

research. These workers found the mtrltiple correlation coefficient
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betr,reen hybrid ylelds and six rnidparenE traits to be 0.21 (n2=0.04),

r'¡hlch is in marked contrasE to the flndings here, where several differ-

enE combinations of midparent traits produce coefficÍents of determina-

tion in excess of 0.90.

Various reasons may be suggested to account for these different

results. Of the traits examined here, only VPD, EL, ED, and yield were

included in the research of Gama and Hallauer. Inbreds and hybrids were

grown in the same environmenE in thís experiment, rvhereas Garna and Hal-

lauer grel'r their ínbreds and hybrids in dif f erent environments, rshich

would tend to minimize the environmental cor,rponent of the inbred-hybríd

correlations. AIso, average yield heterosís \ras greater in the materl-al

exarnined by Gama and Hallauer (229"A) than in the rnaterial exanined here

(80"/"), and it may be that lnbred-hybrid correlations decrease rvith

increasing heterosis.

In their analysis of individual sets consisting of eÍght inbreds

and i6 derived hybrids, Cama and Hallauer encountered several sets in

which consÍstently high lnbred trait vS. hybrid trait correlations \,¡ere

obtained sir,rilar to those obtained in this experiment. They also

encountered several sets in which consistently negative correlations

r'¡ere obtained. Consequently, these authors caution that nisleading con-

clusions may be drawn r¿hen small sanple sizes are used. Thus, it may be

that the results obtained here are representative only of the genotypes

examined. However, the possibility exists that the assocíation between

inbred and hybrid traíts in early genotypes is closer than has been sus-

pe ct ed.
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Jorgenson and Brewbaker (1927) found rnidparent-hybrld correlations

internediate bet\reen those reported here and those of Gama and Hallauer'

In thelr experiment, Erait vs. trait correlations were 0"50 for yield'

0.58 for EL, and 0.63 for ED. The multlple correlation coefficíent of

yleld on ffve midparenE traits \ùas 0.6i. The ten inbreds examined by

Jorgenson and Brewbaker r¿ere all derived from the same varÍety (Sllver

King l,lhite Dent ), v¡hich suggests the possibitity that mídparent-hybrÍd

correlations may be higher among lines that are closely related'

Inbreds suitable for use on the northern fringe of the corn growing

region, such aS thoSe examined in this research, have been rigorously

selected for early maturity and, for this reason, nâY also be rather

closely related.

Nilsson-Leissner (Lg27) also calculated midparent-hybrid correla-

tions in a group of inbreds that included both dent and flínt tyPes'

LIhile the yield vs. yield correlation in the dents (r=0'I9) rvas sir¡1lar

to that found by Gama and Hallauer, the same correlation in the flints

(r=0.74) was almost identical to that found in this research' Nilsson-

Leissner's multiple correlation bet\,leen yield and five rnidparent traits

was also quite high in his flint material (r=0.82). If midparent-hybrid

correlatÍons in flint material are Ín fact stronger than in dents, then

midparent-hybrld relationships in early Senotypes fnay also be strong by

virtue of the substantial flint ancestry comnon in early genotyPes.
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5" SUI'ÍMARY AND CONCLUSIONS

The killing frost r¡hich occurred at Carman prlor to grain naturity

in many plots severely restricted variation in grain filling and grorvth

period duration and resulted in substantially reduced ylelds at Car¡nan.

Since yield potentials for many genotypes !¡ere not real-j.zed at Carman,

the data obtained at that location rvas felt to be of little value 1n

assessing the relative irnportance of the traits examined in determining

final grain yield.

A comparison of kernel rveights and of percent moistures at black

layer rnaturity between the two locations in some of the Ínbreds led to

the conclusion that black layer formation had been induced ttprematurelytt

by the cool weather in the r,teeks preceding frost at Carnan. Because

this can occur, iL is irnportant that researchers accuratelr¡ determine

whether physiological rnaturity has been reached, especially in studies

dealing with the relatÍonship betrveen yield and other plant characters.

An example of the dangers of not adequately considering rnaturity factors

can be found in the work of schuster et al. (L979) who reported an

extensive study in Europe using inbreds and hybrids that varied r.ridely

in r,raturity" Because they obtained a negative correlation betv¡een grain

yield and the length of the vegetative period, they concluded that early

hybrids outyield late hybrids in many caseso Iìowever, an examination of

their data reveals that grain moisture content. at harvest ranged frorn

24.22 to 46"1 . Iire can only speculate from the data avaílable to us, but
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it seems likely rhat a substantial number of their plots did not reach

normal physiological rlaturlty prior Eo harvest. or to frost, rn this

caser we would expect that later maturing genotypes r¿ould suffer greater

yield losses than t.hose that were able to realize thelr yfeld potentÍal

more completely. Whlle a negat.ive relationship betr¿een VPD and yield

might be expected under the conditions of thís experiment, rve should not

conclude that this is generally the case Ín corrr. In fact, we rnight

expect to find the opposite relationship if the same genotypes \.¡ere

gro\rn in an environment that allor^¡ed all plots to mature normally.

Black layer for¡nation seens to be an adequate indicator of

in plants maturing under favorable envÍronmental conditÍons.

tenperature condiËions, hotrever, the formation of black layers

necessaríly mean that the kernels have reached their rnaximum

size. Researchers r.¡orking in corn in short-season areas should

of this limitation on the use of black layer formation as an

of physiological maturity.

ma turity

Under low

does not

potential

be arvare

indicator

Of the traits examined, hybrid yield \,ras most closely related to

GPD t¡hlch should not be extended beyond current levels in this environ-

ment. 0f the three fillÍng cornponents of yield (FPD, FR, and KN), FpD

\tas most closely related to yield, but it ivould be difficult to extend

FPD because of the close correlation between FPD and GPD. rt may be

possible to r¡aintain GPD at present levels while extending FPD at the

expense of VPD, but yield advances obtained in this fashion will proba-

bly be relatively minor.
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Since there is little room for manipulation of FPD, rnajor yÍeld

advances must be achieved by increasing FR per plant, which is defined

by FR per kernel and KN per plant. 0f these t\Â,o traits, only KN was

significantly correlated r¿ith yield in the material examlned in t.his

experiment. The correlation bet\,¡een KN and FR vras not signÍf lcantly

dífferent from zero, so increases in KN should not be offset by

decreases in FR.

It is proposed that an increase in FR per plant will lead to

increased assimilation through a decrease in feedback inhibition on pho-

tosynthesís during t.he filling period. Further experimentatÍon would be

desirable to determine the validity of this proposal.

lÍoisture content of the grain at harvest was

Kltr r¿hen GPD r.¡as held cons tant. Thus, a breeding

negatively related to

program that atternpted

I'.N would probably alsoto achieve yidld increases through an increase in

produce beneficial effects on Hlf.

Data presented here indicates that a substantial proportion of var-

iation Ín several hybrid traits can be explained by variation in corre-

sponding midparent traits in the rnaterial exarnined. In addition, a

large proportion of variation in hybrid yields can be explained by

several different combinations of mldparent variables. This is in con-

tradiction to rlos t conclusions of other researchers r¿ho r.¡orked primarily

rvith dent genotypes adapted to the Corn Belt Ín the Untted States. The

possibility that midparent-hybrid relatfonships are closer in early gen-

otypes deserves more extensi-ve investigation.
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llultlple linear regresslon of hybrid yields on rnfdparent traits

indicates that yield advances might be obtained by selecting inbred par-

ents that are either high yielding or have a large number of kernels"

Slnce the harvesË moisture conlent of hybrids is negatively related to

KN in both hybrids and midparents, the most appropriate goal for a corn

breeding program in Manitoba, using materlal of the type examined here,

appears to be the developmenË of inbreds and hybrlds having a large num-

ber of kernels.
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APPENDIX TABLE 1. An example of analysis of variance combined over
two locations

(a) Analysis of variance for VPD of Winnipeg hybrids

Source df MS

Hybrids

Blocks

Error

Total

B

I

8

t7

27 48 .52

33.62

411.85

o.o/^,'

0.08

(b) Analysís of variance for VPD of Carman hybrids

Source df l'1S

Hybrids

Blocks

Error

Total

o
O

I

8

T7

205I.82

1285.43

163 .4 r

L2 .56'k*

t.ot^

(c) Analysis of variance for VPD in hybrids combined over tv¡o
locations

Source

Hybrids (H) B 4 236.731 14.73*^"

Locations(L) I 78993.002 ll!./g:tx-

MSdf

Interaction (ttXt ¡ B

Blocks in locations 2

Pooled error I6

563.45

659. sO3

287.æ3

1.96

Total 35

I
iTested against pooled error.
lTested against blocks in locations.
"Pooled values from analyses in the t\ùo locations.
it,:t-* 

"itttificant at the 5% and 12 levels of signíficance, respectively.
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APPENDIX TABLE 2. Varíance
error variances between

ratio tests for equalíty of
two locations for ten traits

experimental
in nine hybríds

Mean square errors

Trait Winnipeg Carman Pooled

VPD

FPD

GPD

FR

KN

KW

EL

ED

rt4

YIELD

411.85

247 3 .28

1515 . 18

)
0.09-

1 198. 33

259.22

10.98

0. 58

I.28

t2450.54

L63 .4t

135.19

6. 50

0.252

4BL.t3

351 .73

i9.58

0 .57

2.66

5713.01

287 .63

L304.24

7 60.84

.t
o. tt'

840. 03

308.48

15.28

0. 57

r.97

908L.77

2.52

18.29*)'

233.zIrcr.:

2.7 B

2.49

1.38

1.78

L.02

2.08

2.18

lF-t"tio obtaíned by díviding
rr* rns¿n squares differ at the
t -Q'x lo'

the smaller mean square ínto the larger.
77" Tevel of significance.
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APPENDIX TABLE 3. Variance
error variances between

ratio tests for equality of experiment.al
two locations for ten traits in six inbreds

Mean square errors

Trait Irrinnipeg Carman Pooled F1

VPD

FPD

GPD

FR

KN

KI^l

EL

ED

IIM

YIELD

90.75

135.4i

90. 6i

)
0.02-

I 380. 59

143. B0

25 .48

0. 60

0. 57

r793.86

59. 0B

56.L4

t02.70

.2
0. 14

r 100. 71

35.14

46.00

0. 51

L.76

340.28

7 4.91

95.78

96.6s

2
0.08

L240 .65

89 .47

35.74

0. 55

1.16

t067 .07

r .54

2.4r

f.i3

7 .00

L.25

4.09

1 .80

1. rB

3.10

5.27

I-F-ratios obtained
,-?-x10-

by dividing the smaller mean squares into the larger.
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APPENDIX TABLE 4 Analysis of varíance for yield of l'Iinnipeg hybrids

(a) One 10-plant yield observation per plot.

Source df SS I'fS
F- .05

Hybrids

Blocks

Error

(llon-additivity)

(Rernainder)

Total

300730.8

57155.8

99607 .2

(47 sjg .3)

(s2oe7 .9)

457 493 .8

37 sgt .3

57155.8

L2450.9

(47 509 .3)

(7 442 .6)

(6 .:g*) (s. se)

3.02

4.59

3 .44

5.32

a

(1)

(7)

t7

(b) T\uo 5-p1ant yÍeld

Hybrids

Blocks

Hybrids X blocks

Error

Total

subsamples per

B 1s0368.8

r 28555.4

B 49815.6

plot.

IB7 96 .L

28s55.4

6227 .0

1465.5

12 .83"^r: 2 .57
(3 . oz¡ t (t .++)
lg.4grk* 4.4I
(4.ss) i (s.:z)
4 .25)t* 2 .5I

1B

35

26379.0

255IL8.7

(c) One lO-plant yield
43X72 omitted.

Hybrids

Blocks

-Lrror

(lJon-add i tivi ry)

(Remainder)

To ta1

observation per plot r.rith hybrids 43X37 and

6

I

6

(1)

(s)

13

199238.7

5261.3

10626.8

(30r8.4)

(7608.4)

2t5t26.8

33206.5

526r.3

tt7L.r

(3018.4)

(rszr.7)

f$. /Jx* 4.28

2.97 5 .99

(i . eB) (6.61 )

'I-Main effects of hybrids and blocks tested against interaction mearr
square. All other F-ratios result from tests against mean square
error (or mean square remainder for Tukeyrs test).

:!,:l:! $ignificant at the 5% and l% levels of significance, respectively.



A
P

P
E

N
D

IX
 T

A
B

LE
 5

. 
In

br
ed

 m
ea

ns
 fo

r 
11

 tr
ai

ts
 

in
 s

íx
 in

br
ed

s 
gr

o\
{n

 a
t 

C
ar

m
an

IN
B

R
E

D

cK
43

C
K

52

C
K

59

C
K

4B

C
M

37

V
P

D

ß
64

b1

r3
64

b

13
64

b

14
06

c

L2
90

a

F
P

D

B
53

a

B
9B

b

9 
4B

c

91
6b

99
4d

G
P

D

22
17

 a

22
62

b

23
I2

cd

23
22

d

22
84

bc

C
t"

17
2 

I3
96

c 
90

fb
 

22
96

cd
 

0.
22

a 
5i

 lb
 

I2
5a

 
l2

5a
b

F
R

M
ea

n 
13

64

sl
z 

7.
7

F
-r

at
io

3 
JJ

. 
/*

<
:t

0 
.2

9 
ab

0 
. 
31

ab

0.
29

ab

0.
 2

0a

0.
41

b

K
N

1 *M
ea

ns
 in

 
th

e 
sa

m
e

sÍ
gn

ifí
ca

nc
e 

as
2_ -S

ta
nd

ar
d 

er
ro

r 
of

-F
ro

m
 t

he
 a

na
ly

sí
s

J<
rf

c:
k 

sf
gn

ífí
ca

nt
 

at

24
2a

30
6a

24
5a

K
I^

I

9r
B

 
22

82

7.
5 

10
.1

82
 .4

xr
, 

/g
 . 

/a
*r

<

1 
54

b

1 
54

b

E
L

I4
4b

c

15
4 

c

IL
2a

2B
3a

25
2a

co
lu

m
n 

th
at

 a
re

 f
ol

lo
w

ed
 b

y 
th

e 
sa

m
e 

le
tte

r 
do

 n
ot

 d
iff

er
 

at
 t

he
 5

2 
le

ve
l 

of
de

te
rm

in
ed

 b
y 

th
e 

S
tu

de
nt

-N
ev

¡m
an

-K
eu

ls
 p

ro
ce

du
re

.

th
e 

di
f 

f 
er

en
ce

 b
et

w
ee

n 
L\

,/o
 m

ea
ns

.

of
 v

ar
ia

nc
e:

 
F

 =
 M

S
(in

br
ed

s)
/M

S
E

tln
e 

5Z
 a

nd
 L

7"
 le

ve
ls

 
of

 s
ig

ni
fic

an
ce

, 
re

sp
ec

tív
el

y.

I 
5B

b

r4
9b

2l
9c

E
D

0.
29

 
30

6 
16

0 
T

2B

0.
04

 
33

.2
 

5.
 B

 
6.

 B

8.
0'

t 
l$

 . 
J'

*z
t 

JJ
 . 

$:
i'*

 
14

 .6
'k

*

28
.4

a

28
.9

a

37
.5

b

35
.4

b

P
M

B
LM

31
. 

B

37
 .2

L0
7 

a

I2
3a

b

H
M

20
.5

33
.5

c

39
 .

0d
e

41
.le

35
. 

6c
d

29
.t 

9b

Y
IE

LD

36
.5

b

31
.6

b

33
B

a

47
0c

36
2a

b

40
0b

5r
B

d

57
le

44
 .4

40
.6

34
.0

o 
.7

1

/ 
| .

 S
>

t:t

38
. 

5
33

. 
3

i.3
3

[ 
/ 

. 
]:l

:k

44
3

rB
.4

49
. 

5*
't

co L¡



A
P

P
E

N
D

T
X

 T
A

B
LE

 6
.

H
Y

B
R

ID
 V

P
D

43
X

48
 l2

8O
ab

c

43
x3

7 
12

47
ah

43
x7

2 
l3

22
cd

52
x4

8 
12

90
bc

37
x5

2 
12

57
ab

72
X

52
 1

28
0a

bc

48
x5

9 
12

B
0a

bc

37
x5

9 
12

35
a

72
X

59
 L

33
2d

F
P

D

L0
32

bc

10
1 

la
b

99
0a

10
21

ab
c

10
54

 c
d

I0
I2

ab

L0
42

bc
d

10
 7

1d

9B
2a

G
P

D

23
I2

c

22
58

a

23
L2

e

23
12

c

23
I2

c

22
9L

b

23
22

d

23
06

c

23
I4

c

F
R

0.
40

bc

0 
.4

2c

0.
36

b

0.
37

bc

0.
40

bc

0.
4l

bc

0 
.3

B
bc

0 
.3

9b
c

0.
29

 a

M
ea

n 
12

80
 

IO
24

sl
z 

r2
.B

 
LL

.6

F
-r

ar
io

3 
IZ

.6
tr

t, 
!/.

gx
rc

K
N

4B
4a

4B
Ia

52
8a

b

53
9a

b

54
2a

b

56
3a

b

52
8a

b

5 
51

ab

59
6b

1.
, Iv
le

an
s 

l_
n 

tn
e 

sa
m

e
si

gn
ifi

ca
nc

e 
as

a 's
ta

nd
ar

d 
er

ro
r 

of
? "F

ro
m

 t
he

 a
na

ly
si

s
J<

 r:
k:

t 
si

gn
if 

ic
an

t 
at

K
I^

I

22
B

b

2I
La

b

20
4a

b

22
5b

22
5b

20
6a

b

2L
7b

2l
O

ab

I4
7 

a

E
L

1 
59

b

17
 5

c

L7
9 

c

I 
B

0c

i9
9d

1 
B

4c

1 
4B

ab

L5
2a

b

L4
2a

23
04

 
0.

38

2.
5 

0 
.0

2

LL
z.

7'
kt

, 
]l.

l:'
r:

'<

E
D

co
lu

m
n 

th
at

 a
re

 f
ol

lo
w

ed
 b

y 
th

e 
sa

m
e 

le
tte

r 
do

 n
ot

 d
iff

er
 

at
 t

he
 5

%
 le

ve
l 

of
de

te
rm

in
ed

 b
y 

th
e 

S
tu

de
nt

-N
ev

¡m
an

-K
eu

ls
 p

ro
ce

du
re

.

th
e 

di
ffe

re
nc

e 
be

tw
ee

n 
tw

o 
m

ea
ns

.

of
 v

ar
ia

nc
e:

 
F

 =
 M

S
(h

yb
rid

s)
/t"

tS
U

t}
ae

 5
%

 a
nd

 I
"/

" 
le

ve
ls

 o
f 

si
gn

ifí
ca

nc
e,

 
re

sp
ec

tiv
el

y.39
.s

b

37
 .I

a 
39

.6

38
. 

9b

4l
.5

bc

40
.2

b

40
.4

b 
35

.6

44
.2

d

44
.0

ð,

43
.O

bc

P
M

B
LM

53
s

2t
.9

5 
.4

r',

H
M

30
.2

ab

35
.2

ab

34
.Z

ab

35
.1

ab

35
. 

3a
b

29
.9

ab

33
. 

la
b

29
 .4

a

36
.2

b

20
8

18
.9

3.
4

Y
IE

LD

I 
03

5a

95
I 

a

97
3a

II2
la

l1
2B

a

l0
83

a

I0
7 

4a

10
29

 a

82
9 

a

16
9 

41
.0

 
37

 .6

4.
4 

0.
75

37
 .z

r,
t, 

/Q
 .

 J
:k

>
t

33
.2

I .
63

5.
 3

*

10
 2

5

75
.6

aa

C
o o\



A
P

P
E

N
D

IX
 T

A
B

LE
 7

. 
S

im
pl

e 
co

rr
el

at
io

ns
 f

or
 t

en
 v

ar
j_

ab
1e

s 
ín

 s
ix

 i
nb

re
ds

 g
ro

w
n 

at
 C

ar
m

an

V
P

D

F
P

D

G
P

D

F
R

IC
{

K
i^

l

E
L

E
D

H
M

F
P

D

- 
.6

4¡
,

G
P

D

.2
6

.5
8r

,

F
R

-.
92

r,
,\

.5
4

-.
29

K
N

.4
6

-.
22 .2

0

- 
.4

r

K
I,l

- 
. 
! 

l:k
>

t

.7
 4

*x

-.
04 . 
$$

:k
:t

-.
60

'l

rk
r:

k/
<

 s
ig

ni
fic

an
t 

at
 t

he
 5

%
 a

nd
 1

%
 le

ve
ls

 
of

 s
ig

ni
fic

an
ce

, 
re

sp
ec

tív
el

y.

E
L

-.
15

E
D

-.
 0

1

.6
6*

. 
83

**

-.
05 .3

4

.0
8

-.
 $

Q
:k

:k

- 
.5

1

- 
. 
B

0*
*

.3
2

.0
3

- 
.0

8

}M .0
3

.6
7x

. 
$/

**

-.
06

-.
 1

5

.2
0

- 
. 

oo
 ^

.5
8?

t

Y
]E

LD

_.
17 .3

3

.2
3

.1
3

. 
/ 
l*

:k

.0
7

.0
4

.3
9

.0
7

C
o -{



A
P

P
E

N
D

IX
 T

A
B

LE
 B

. 
S

im
pl

e 
co

rr
el

at
ío

ns
 f

or
 t

en
 v

ar
ia

bl
es

 in
 n

in
e 

hv
br

id
s 

gr
ow

n 
at

 C
ar

m
an

V
P

D

F
P

D

G
P

Ð

F
R

IS
I

K
I^

I

E
L

E
D

H
M

F
P

D

-.
at

-1
,r

,r

G
P

D

.4
3

.1
4

F
R

- 
. 
/J

:t>
t

.5
3'

k

- 
.4

9,
k

K
N

.3
9

-.
iB

K
W

-.
58

*

.5
8"

,

:k
r/

c/
r 

sf
gn

ifi
ca

nt
 

at
 t

he
 5

%
 a

nd
 1

%
 le

ve
ls

 o
f 

si
gn

ifi
ca

nc
e,

 
ïe

sp
ec

tiv
el

y.

20

- 
.5

2'
k

E
L

_.
 1

9

.4
0

-.
28 .5

4'
*

-.
13 .4

7r
<

-.
08 . 
S

!;t
:t

-.
63

,\

E
D

.0
4

.3
4

. 
g 
J*

:t

- 
.4

2

.5
7*

'

_.
 1

B

-.
58

,t

äM .4
6

-.
50

'k

- 
.0

0

-.
48

rk

.1
0

-.
37 .1

1

-.
 iB

Y
IE

LD

- 
.4

5

.5
7 

r,

.1
3

.5
7'

!

_.
t7 . 
B

5*
't

.5
3*

.1
1

-.
38

C
o


