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ABSTRACT

Funk, Câr1a" M"Sc" The University of lvlanitoba, June, I9B5

POST-MATURATION pRy-pOWN OF CORN ( ZEA MAYS L.) HYBRIpS.

Major Professor: Dr" E" N. Larter"

ELeven corn hybrids of Canadian (dents), European

(flints), and European/ Canadian (flint/dents) parentage

were stuCied with the following objectives: (1) to

determine the differences in rates of dry-down, and (2) to

establish which morphological features, if ârry, account for
differences in moisture loss found between hybrids.

European flint hybrids reached physiological maturity

at 5"5å higher kernel percent moisture than the Canadian

dents, and 4 "22 higher moisture than the f l int,/dents. Rates

of moisture loss were significantly different between

individuat hybrids, but not significantly different between

the three hybrid groups"

All groups reached 5øZ silking simultaneously.

However, after this stage of maturity transition between

the hybrid groups began to occur. The dent group reached

physiological maturity almost seven days earlier than did

the flints and four days earlier than the flint/dents.
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Grain filling duration was positively associated with
the percent kernel moisture at black layer maturity (BLr,l) .

Husk characteristics which most influenced the rate

of dry-down after BLM were: number of husks, husk density,
and tendency for husks to loosen naturally. Treatments

whereby husks were manually opened to reduce the resistance
to moisture loss $rere highly significant in increasing the

rate of moisture loss for all groups of hybrids"

conversely, by closing the husks, the rate of moisture loss
\¡tas ef f ectively reduced.

Pericarp thickness was significantly different
between hybrids, but could not be associated with either
percent kernel moisture at harvest or rate of moisture
loss "

These results suggest that the period of dry matter

accumulation between the stages of silking and BLI"I is
crucial in determining the percent kernel moisture at
physiological maturity, after which moisture loss is
regulated by resistance factors such as husk

characteristics and perhaps pericarp thickness.



I " INTRODUCTION

During the past IØ to 15 years there has been a

considerable increase in the amount of corn (zea mays L.)
grown in the short-season areas of Europe and North

America" rn the period from Lg74 to 1984, the area of corn

production has nearly doubled in canada, and increased from

2tØØØ ha to 67rØØø ha in Manitoba alone. As earlier
maturing hybrids become available it can be expected that
corn will be gro-v\¡n in even shorter-season areas than those

currently under cultivation.

The growth and development of corn in short-season

areas is characterized by a production system that attempts

to utilize as much of the growing season as possible. This

is accomplished by growing hybrids that utilize a greater
proportion of the effective heat available for corn growth

and development prior to reaching maturity" The average

frost-free season iiì lvtanitoba is completely utilized by the

currently available corn hybrids, and even with the

earliest hybrids there is a danger of encountering a

killing frost prior to maturity, especially if planting is
delayed past rnid-May"

The difference between long and short-season areas

is well defined in the province of ontario. A corn hybrid



adapted to the long season is one which, when planted at

the beginning of the growing season, will have reached 2Bz

kernel moisture by the average date at which a rØz chance

of Øac temperature occurs (Brown I rg75). A hybrid adapted

to the short-season areas of that province will reach AØso

moisture by that date" This means that in this same time

period, the adapted hybrid in the long season area will
generally be ready to harvest, whereas in the short-season

areas the grain must stilI dry down to a Iow enough

moisture leve1 for efficient harvesting. Thus, if corn is
to be successfully grown in the shorter-season areas there
is a need for hybrids which will field-dry rapidly after
they have reached physiological maturity"

Corn breeders in Europe and in North America have a

mutual interest in early maturing corn germplasm. Flint
endosperm germplasm represents a source of early maturing

material that is used extensively in the development of
short-season inbreds and hybrids in Europe. Because the

early European germplasm has been subjected to different
clirnatic pressures and agronomic preferences, it is
phenotypically and genotypically different than the early
canadian material. corn hybrids which are cold tolerant and

disease resistant are required for the coldr eIêt spring of
the northern European climate (Derieux, l97B). The European

flints have superior early seedling and vegetative vigour,
they silk earlier, and exhibit a greater degree of
population tolerance when compared to Canadian hybrids



(Baron ' r9B2) " These are desírable qualities from the

Canadian point of view,

On the negative side, however, the European hybrids

contained 4z more kernel rnoisture than canadian hybrids at
the date of final harvest. rt has therefore been suggested

that. European hybrids are agronomically suited for grain
production in short-season areas of canada, except for the

problem of sl-ow grain dry-down (Baron , I?BZ) "

corn breeders today do not yet have the techniques to

select genotypes with rapid dry-down capabilities" The main

reason for the lack of techniques is that the process of
kernel drying is not yet fuIly understood (Zuber, I9B2) 

"

Differences in husk and pericarp characteristics among

hybrids lrave been associated with differences in percent

kernel moisture after grain maturity (Baron, IggZ) "

The purpose of this stuCy was to measure the rate of
drying of a group of European frint hybrids, canadian dent.

hybrids, and European flint X Canadian dent hybrids
following physiological maturity; and to determine which

morphological traits, if âûy, account for differences
in moisture loss found between hybrids.



2 " LITERATURE REVI EI/{

For most corn breeding programs in short-season areas

the primary goals are a cornbination of high yield and early
maturity. There are three measures of maturity in corn that
are commonly used. These include the date of silking,
physiological maturity (when all or most of the dry matter

of the kernels has been deposited), and ear moisture at
harvest. rn areas where high moisture may cause storage

problems or high costs for artificial drying, kernel
moisture at harvest is the most important maturity
consideration. Reduced moisture content at harvest can be

obtained either by breeding for a fast rate of dry-down

after maturity or by extending the time available for
drying by breeding for earlier maturity. The first approach

is more desirable, since breeding for early maturity is
like1y to result in decreased yields.

2 "T ESTABLISHING DAlE OF PHYSIOLOGICAL IV1ATURITY

Physiological maturity is defined as the time of

maximum dry weight (Shaw and Loomis, Lg5Ø), and the

interval between pollination and physiological maturity
establishes the length of the grain filrinq period. water



and dry matter enter grain kernels after anthesis until
maximum kernel weight is achieved (Sofield et â1.,1977) "

Because maximum dry weight is difficult to Cetermine,

Daynard and Duncan (1969) proposed the use of the

black layer formation as an indicator of physiological

maturity" The black layer develops in a region of cells
several layers thick which are formed between the

basal endosperm of the kernel and the vascular area of the

pedicel early in seed development. As the time of maximum

dry weight approaches, these ceIls shrink and become

compressed into a dense layer which appears black to the

naked eye" Almost simultaneously, the basal conducting

cells of the endosperm become disorganized and are crushed

so that their translocation functions mcst probably cease.

At maturity the black layer connects with the pericarp and

the testa to form a suberízed layer around the seed

(Kiesselbach and Walker, L952) " Rench and Shaw (I971)

confirmed the suggestion that the completed black layer

development defined physiological maturity better than the

previous methods of maximum dry weight (Shaw and Thom,

1951) or kernel moisture (Nea1, l96B).

However, there \^Jere problems with the use of the

black layer forrnation as an indicator of maturity,

including variability in appearance (Carter and Poneleit,

r973) and difficulty in detecting its presence (Afuakwa and

Crookston, 1984) . In conditions of environmental stress,
black layer formation can be induced prematurely (Daynard,
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L972; Afuakwa et â1., 1984) " Afuakwa and crookston (1984)

suggested the use of the kernel rnilk line as a means of
monitoring kernel maturity" The milk line is a transitional
boundary between the solid and liquid matrices of the

maturing endosperm. The disappearance o.Í the kernet milk is
coincident with black layer development and the cessation
of ì<erner dry weight increase. rt is easier to deterrnine

the day on which milk is no longer present in kernels than

to deterrnine when the placental region is brack" Afuakwa

and crookston (1984) recommended using both the development

of the black layer and milk disappearance as indicators of
physiological maturity in maize. In this thesis the

occurrence of silking, first grazing, and half-mi1k stages

as well as black layer stage will all be used as maturity
indicators. The term "black layer maturÍt.y" will be used

synonomously with physiological maturity.

2"2 WEATHER INFLUENCE ON DRYDOWN AFTER MATURITY

several studies have been made to determine factors
associated with differences in rates of maturing and

drying" Hallauer and Russel (1961) conducted a study to
estimate the rate of grain moisture reduction from 4Ø days

after silking to approximate physiological maturity and to
determine the effects of six selected weather factors on

grain moisture reduction. They found that degree days

showed a consistent association with grain moisture loss



7

but concluded that the use of any one of the six weather

factors for estimating grain moisture reduction was

unreliable. Although these conclusions may be reasonable

when examining the grain filling period, they should not be

extrapolated to include t.he period after maturity when i{e

might expect drying to be more responsive to weather

factors. schmidt and Hallauer (1966) related a series of
weather factors to the decline in percent moisture from

silking until after grain maturity; a range from BBg to 2Øz

kernel moisture" Above 3Øz kernel moisture content the rate
of moisture reduction was significantly correlated to the

temperature of the air. Below 3Øz kernel moisture the

reduction rate hras significantly correlated to the humidity
of the air.

2"3 DIFFERENTIAL RATES OF DRYING

Gunn and christensen (1956) examined moisture loss

regressions over the period from 3Ø to IØØ days after
silking in 49 hybrids of a wide range of maturities. Early
hybrids had lower moisture content than late hybrids
throughout the period examined, but no signÍficant
difference in drying rate was found among the hybrids in
this test" rn contrast, however, Hillson and penny (1965)

found highly significant differences in moisture loss
regressions from 51 to 75 days after silking in a group of
15 single cross hybrids" The inbred parents differed in



their effects on the drying rates of their hybrid progeny.

European and canadian hybrids have been compared with
respect to grain percent moisture at harvest (Bunti^g,

I972; Beil, I975; Baron, I9B2) " In England, Bunting (I972)

showed that although the corn hybrids rNRA 2Øø (a flint x

dent European) and CX 3Ø2 (a Canadian hybrid) silked at
similar times, rNRA 2ØØ produced grain of hÍgher moisture

content at harvest. These results agreed with those of BeiI
(1975) who tested various crosses of American or canadian

inbreds and European flints" Single cross hybrids
containing one European Ínbred were comparabte to hybrids
containing only American inbreds for grain yie1d, but vrere

higher in percent grain moisture at harvest (Bei1, 1975).

Baron (1982) found similar results when comparing

commercial European hybrids to canadian hybrids. Kernel

moistures at 3Ø days post-silking of canadian hybrids were

greater than for European hybrids, but moisture levels
measured 4Ø to 6Ø days later were lower in Canadian

hybrids.

2"4 MORPHOLOGICAL FACTORS INFLUENCING DRY DOWN

Us

measured

differen

order to

ing a forced air dryer, Crane et al. (I959)

the rate of moisture loss from hybrids with

tial drying rates. Several factors were examined

learn if they \,irere associated with differential

1n
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drying rates. Husk and shank charact.eristics and shape or
size of ear were not found to be major factors associated
with differing rates of drying. However, differences in
osmotic diffusion pressure of kernels and in pericarp
permeability were found between a fast and a sLow drying
hybrid. Kernels of lower osmotic diffusion and with more

permeable pericarps exhibited a more rapid drying rate. on

the other hand, purdy and crane (1967b) found that fast
drying hybrids had a kernel of greater osmotic pressure.

Both studies involved a fast and a slow drying hybrÍd"
Another study (Nass and crane rg7Ø), using endosperm

mutants with various drying rates, indicated that there was

no relationship between fast or srow drying rates and

kernel osrnotic pressure.

Purdy and crane (r967a) studied oven drying rates in
a dialle] involving three fast and three slow drying
inbreds" correlations indicated that selection for faster
drying rates would rnost rikely result in smalrer ears,
later silking date, and Lower moisture content at 6Ø days

after siì-king" phenotypic and genotypic correlations were

moderately high and similar. DiarleÌ analysis inciicated

significant differences for general and specific combining

ability effects with the additive component more important
than the nonadditive" Drying rate therefore, would seem

f ixable " since husked ears \,rrere used in this studyr rro

effect of the husks was taken into account"
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Troyer and Ambrose (L97I) imposed a set of husk and

leaf treatments on five hybrids of varying drying rates.
Results indicated that rate of drying is relatively
independant of number of leaves or amount of green leaf
area ( including husks) availabte for transpirat.ion. Husks

limited air movernent around the grain so that loose short
husks of a low number were most condusive to fast drying.
Premature death was found to speed the rate of drying "

Husks of European hybrids were found to senesce

Iater, have heavier dry weights, and have a higher water

percentage on a given date when compared with hybrids of
canadian origin (Baron, r9g2) " These traits were shown to

be important in influencing dry-down rate through a husk

rnodif ication experiment (Baron, LgB2). As r¡/as indicated
previously, the European hybrids were found to be higher in
percent kernel moisture than canadian hybrids. Following
artificial husk loosening or husk removal treatments, the

harvest kernel moisture percent of the European hybrid was

reduced so that this hybrid was similar in grain

moisture to that of the two Canadian hybrids studied. The

husk loosening or husk removal treat,ments r^/ere much less

effective in accelerating the dry-down rate of the canadian

hybrids" The husks i^rere apparently already sufficiently
loose in plants of these hybrids"

Hicks et al. (r976) simulated the effect of frosr on

drying rate by removing ears from maturing corn and
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subjecting them to freezing temperatures. The ears were

then reattached to the stalks in the normal ear position
for field drying" The drying rate of the treated ears was

not significantly different from the drying rate of
normally maturing ears.

Defoliation treatments (Tollenaar and Daynard, rgTB) |

had a major influence on grain moisture percentage and date

of black layer formation" The black layer formation

occurred earlier in most defoliation treatments; the reason

probably being an exhaustion of assimilate supplies.
High kernel moisture occurred in a treatment of complete

defoliation at I week after mid-silking" This would

indicate that the lower grain moisture \¡/as not due to an

increased rate of drying, but rather a result of a

reduction in assimilate supply relative to kernel sink

demand" Defotiation at 6 weeks after rnid-sitking did not

accelerate drying significantly" This is in accordance with
the reported effects of chemical defoliate treatments at a

similar physiological stage (Mortimore, 1959; Jenl<inson,

1973 ) "

Anderson (198Ø) studied the interrelationships among

various variables and harvest moisture content in a group

of early maturing corn inbreds and derived single cross

hybrids. Moisture content of the grain at harvest was found

to be positively correlated to kernel weight and percentage

moisture at the time of black layer formation. Harvest
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moisture was negativery correlated with kernel number.

several studies have indicated that duration of the

grain filling period is positively correlated with final
grain moisture percentage (Cross , I975¡ Anderson, I9BØ;

Baron I L9B2) . Baron (1982) suggested that this extended

duration of grain filling might a1low water to accumulate

in kernels for a longer period of time. Further, the access

of water to the kernel from the plant for relatively
axtended periods of time might minimize the effect of the

rate of replacement of water by dry matter in filling
kernels via a dilution phenomenon as described for wheat by

I"leredith and Jenkins (1975) " In that study it $/as

concluded t.hat loss of kernel moisture after physiological
maturity was a metabolically active process. They found

that ears continued to lose kernel moisture during

several days of rain when evaporative loss would not have

occurred" They further supposed that the metabolic water

was being pumped back into the plant rather than being lost
by evaporation from the grain surface (Meredith and

Jenkins, 1975) "

Hunter et a1" (1979) compared the field drying rate
of flint and dent endosperm material of sirnilar genetic

backgrounds. The flint material used was very similar to

the dent material with respect to plant maturity and plant
morphology" Pericarp thickness of the two classes \^Jas

measured and found not to differ significantly. The results
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indicated that there h/ere no major differences in field
drying rate between flint and dent endosperm types" They

suggested that flint endosperm type is not responsibre for
slow dry-down in the field" In contrasL, Nass and Crane

(L97Ø) studied mutant endosperm control on drying rate and

found implications that the endosperm is indeed involved in
regulating moisture 1oss" These authors propose that the

drying rate is regulated in part by hydrophylic compounds

in the endosperm such as sugars, proteins, and

carbohydrates" The amount and type of hydrophylic compounds

present would then determine the amount of water held and

the rate of its release from the endosperm,

2"5 PERICARP THTCKNESS

The pericarp is the outer protective tissue
enveloping the mature corn kernel, and is of maternal

origin" As well as serving a protective role in preventing

physical damage to the ernbryo axis and excluding pathogenic

organisms, it aLso appears to function in water movement.

Using fast and slow drying corn, purdy and Crane

(f967b) found t.hat by removing the pericarp from the

kernels, the hybrids displayed almost identical rates of
moisture uptake or loss. Treatment of kernels with a

potassium cyanide "killing" solution resulted in no change

in rate of water lossr suggesting that differential rates

of loss were due to the physical structure of the pericarp
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rather than metabolic processes hrithin the kernel. The

faster drying rates h¡ere associated with thinner pericarps
and greater permeability,

variability among early corn genotypes for pericarp
thickness was measured by Ho et al. (1975)" A wide range of
thickness was noted (25 to 126 n ) and per icarp thinness !üas

found to be partiarly dominant. wolf et aI. (1952) studied
the structure of the mature corn kerner and found the cell
number in dent corn pericarp bJas very constant" This

indicated that differential thickness was a function of
cell waI1 thickness rather than an increase in cell number.

European hybrids are reported to have thicker
pericarps than North American hybrids (Derieux, IgjB¡
Baron, r9B2). Baron (1982) indicated that it is possible to

breed hybrids of a European phenotype but with thin
pericarps in order to achieve a faster dry-down rate.
Derieux (1978) indicated, however, that such selection may

have negative side effects in increasing the vulnerability
of kernels to mechanical damage when harvested at moisture

content above 3ø2.

The literature on corn dry-down seems rather
contradictory, probably due to the wide range of materiats
used by various researchers. rn the present. study, attempts

were made to evaluate several factors which may have the
potential to affect corn dry-down rate using a group of
corn hybrids of diverse parentage.
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3 " MATERIALS AND IVIETHODS

3.I IVIATERIALS

Eleven hybrids of corn (zea mays L" ) \^rere chosen f or

this study on the basis of their heritage, The hybrids can

be divided into three groups: European heritage, North

American heritage, and European/North American heritage"
The European hybrids are of the flint type, the North

American hybrids are of the dent type, and the

European/North American hybrids are of mixed frint and dent

type.

The l ist of hybrids used in the study is as f ollo\^rs:

FLINTS¿ E7 X F2

c0255 x F2

Clv1451 X CO255

DENTS: C!v1174 X Ct422Ø

cP13B5 X CM387

QI77 X CF149

crq327 x M3BA

FLINT/DENTS: Ct437Ø X CF1651

CIq457 X Ct"llB2

EPl X Cpr49

ct437Ø X CO264
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3 "2 IqETHODS

3"2,I IV1ANAGEMENT AND DATA COLLECTION

The hybrids \¡Iere planted in l9g4 on May rØ at Morden,

Mani toba, and on lulay r4 at t¡Iinnipeg. Morden is located
approximately I25 km southwest of Winnipeg. The

experimental design was a split-split randomized complete

block with four reprications at each location, Each plot
consisted of a single row containing 32 prants. Rows were

9 m long and spaced 76 cm apart. plots in Morden were

machine-seeded, whereas those in winnipeg were hand-seeded.

Fertilizer vr,as sidebanded at a rate in excess cf soil test
recommendations on the date of emergence (June r5) at
winnipeg and on the date of pranting (tutay rØ) at lvtorden,

Weeds \,ìtere controlled by a pre-seed ing appl ication of
commercial herbicides at both the winnipeg and Morden

sites" rn addition hand weeding $¡as used when necessary.
Plots vJere also sprayed twice with commerciar insecticide
for the control of the European corn borer (ostrinia
nubilalis H") on July 13 and July lB at tvlorden and on July
L6 and July 23 at winnipeg. Rates of application of the
pesticides vJere in accordance with those recommended. since
pest control was not LØØz¡ any plants which showed signs of
stem weakening due to insect infestation \^rere mechanically
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supported in order that they would not be adversely

affected in their growth and development.

Date of 5øz silking was recorded on the day at which

at least 5øZ of the plants in the plot displayed silk
emergence from the primary ear shoots. observations of the

first glazíng stage, the 5Øeo half-milk stage, and the black

layer stage \Á/ere made on the kernels from the centre of six
cobs taken f rom each plot" The end plants of each plot \,rere

excluded f rom observations " Fi rst grazíng dates \^¡ere

recorded when five cut of ten kernels showed initial
indications of the milk line formation (generally ca11ed

grazing) " The date of 5øz half-milk stage ráras recorded when

five out of ten kernels had a milk line positioned rnid-way

down the kernel r s endosperm f ace. Similarily, the dat.e of
black layer r,rras noted when five out of ten kerners showed a

milk line which had reached the base of the kernel and a

definite black layer formation \Á¡as evident.

3 .2 "2 TREATI\,IENT APPLICATION

At the time of kernet milk disappearance and

simultaneous black layer development, plants \^/ere assumed

to have reached physiological mat.urity (Zuber, f9B2) "

Subplots were established by diviCing the twenty centre
plants within each row (p1ot) into five groups of four.
This represented the first split in the split-spIit
randomized complete block experimental design. Each plant
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within a group of four was subjected to one of the

following treatments and randomized within each of the five
subplots- The four treatments included husk modifications:
(1) physically opening up of the husk¡ (2) maintaining a

closed husk by wrapping an elastic band around the ear; (3)

breaking the ear from the stalk at the shank and tying it
to the stalk in its former position¡ (4) leaving the ear

and husk in its unaltered state to serve as a control" (The

f our treatments represented t.he second spl it in the

experimental design") Each plant was 1abe11ed with a

colored tag to indicate the treatment which it recieved.
Prior to applying the treatrnent, cob moisture was measured

using an electronic moisture meter ( Model DcLØ,

manuf act.ured by l'loisture Register co. , North Hollywood,
Calif"). The accuracy of this instrument has been

documented (Kang et âr", rgTg) and the reading obtained at
this stage of development was considered to be the kerner.

moisture percentage at physiological maturity.

Three subsequent moisture readings hrere made on the
same cobs at four day intervars. After the final moisture
reading was taken the five control treatment ears per plot
vJere harvested with husks and shank intact, and dried for
five days in a sample drying chamber at a temperature of
4ØØc.
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3 "2" 3 PARAMETER EVALUATION

3"2.3.1 HUSK IVIEASUREMENTS OF TREATIvIENT PLOTS

The length of husks was measured from the point at
the butt of the cob to the point of the tip of the longest
husk" Length of cob was the measurement from the butt of
the cob to the uppermost point of the cob. Husk density
measurements were made by driving a 2Ømm cork borer through
the layers of dry husks at the approximate centre of one

side of the cob and obtaining a sample of husk discs which

were subsequently weighed. The total number of husks per

ear vrras counted" A measurement of the tendency of husks to
open up was made at harvest using a visual scale from l-5;
a value I indicating tight husks, and 5, very loose husks.

3 "2 "3 "2 PERICARP IV1EASUREIV1ENTS

Pericarp thickness vJas measured using a modified form

of the procedure described by Helm and Zuber (1972) " The

five ears harvested per plot were sampled Ín a uniform

manner: Ten kernels were removed from the centre of each

ear and bulked" From the fifty-kerner bulk, ten kerners

vrere randomly sampled and soaked in distilled water for six
to eight hours" The crown and tip cap portions of each

kerneL \¡¡ere removed with a scalpel. The pericarp was slit
along the edge of the kernel and the pericarp excised" The

excised pericarps \¡rere placed in a 1:3 water:g1ycero1 (by
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volume) sorution and evacuated in a vacuum desiccator.
After evacuation they were allowed to stand f.or twenty
hours- The pericarps vrere blotted dry and praced in a

controlled environment for twenty-four hours. The

equilibration environment was 2ØÒc and sØz relative
humidity. The relative humidity level v/as maintained by

suspending the material over a saturated sorution of
calcium nitrate, Six pericarp measurements çvere made on

each of the ten kerners; three on the germinal side and

three on the abgerminal side. The measurements-were made

using a plunger micrometer and were recorded in microns.

3"3 ANALYSIS OF DATA

Data combined over the two rocations v/ere analysed

according to the procedures recommended by steer and Torrie
(I9BØ) and lvtclntosh (1983).

Vandalism of the t¡Jinnipeg plots occurred on August

l8th which resulted in the loss of two plots from one

repricate as well as several guard rows" t'lissing value
estimates were made in the analyses of the following data:
days to 5Øz silking, grazi.g, half-milk and BLM; length of
husks, length of cobs, number of husks, tendency for husks

t'o loosen, husk density and kerneL test weight. Þtissing

value estimates v¡ere not used for either the moisture
readings aL BLt"i and four, eight and twelve days af ter BLM,
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or for pericarp thickness. These parameters involved such

large numbers of rnissing values that estimates would not

have been accurate. Theref ore, the data vrrere f i rst anal yzed

by omitting the damaged replicate, then re-analysed

including the replicate in question but deleting the

hybrids of the two missing plots, This allowed the mosL

complete use of the information from the damaged replicate
without the use of missing value estimates.

Comparisons among the means of the three groups was

accomplished using the Bonferroni procedure for
pre-selected contrasts (Chew, Ig77\ "

3.4 METEOROLOGICAL INFCRMATION

Temperature and precipitation records (Table 1) were

obtained from the closest official weather station operated

under established standards and with instruments provided

by Environment Canada" Mean temperatures for the two

locations þ¡ere similar for the months of May to November.

Hov,/ever, Winnipeg received alrnost LIØ mn more total
precipitation than that received by lvtorden during this same

period" The largest precipitation differences between the

locations occurred during the months of June and september.
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TABLE 1. MeteorologÍcal informat,ion
Canada for the months May
Morden and Winnipeg.

obtained by Environment
to November of 1984 at

Month
To tal

precipitation
(mm)

Morden Winnipeg

ivle an
tempe ra tur e

(oc)

Morden Winnipeg

14ay

June

July

Aug us t
Septembe r

Octobe r

Novembe r

37 "Ø

L2Ø"4

38.4

25 "8

33.4

LL1 "6

23.Ø

29 "B

227 "9

38"3

2I"6

62 "Ø

99 "Ø

26 -6

11.3

16 " s

2Ø "3

22 "3

11.3

6"6

-4 "6

IØ "I
L7 "Ø

19"6

2r"Ø

LØ "6

6"4

-4 "9

To ta1 395"6 5Ø5 "2 12"Ø r1"4
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4" RESULTS AND DISCUSSION

4. T GRAIN MATURATION AND DRY-DOWN

Results indicated that there were large differences
in percent moisture at black layer maturity (BLIvl) between

the frint, the dent, and the flint/dent hybrids usec in

this study (Table 2)" The flint group reached maturity at
5.53 higher moisture than the dents and 4"zz higher than

the flint,/dent types" These differences remained true for
the four moisture readings after BLM"

These results differ from those of Baron (1982).

using the same t,hree kernel type classes as tested in the

present study, he found that although the European hybrids
v¡ere highest in moisture, the European,/tr¡orth American

hybrids þ/as the class with the lowest moisture at all
stages of maturation" This difference courd reflect the

different parental background of the two sources of hybrids
used" Another possibre reason for variable results is the

difference in classification of hybrids between the two

studies" Baron (1982) used commercial hybrids of European

and North American origin, but the parental inbreds r¡Jere

not necessarily of the origin implied by their
classification (Giesbrecht, personal communication) "

Rates of moisture loss subsequent t.o physiological



TABLE 2 " Ivlean ear percent moisture measured
after BLM in three classes of corn
at t\^io locations,
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during and
hybrids grown

Hybrids

PoS T-BLM

BLM 4 days B days 12 days

Fl ints:
F7XF2

co255 X

cM45t X

F2

co2 55

46 "82

45"38

46 "27

4Ø.37

4t"58

39 "Ø3

36"ø5

38"58

35 "73

3r "Ø3

34"7Ø

31"43

l"leans 46 "16 4Ø "33 35 "79 32 "39

Dents:

cllll7 4

ctvl3I5

QT77

cItt327

x cNr22Ø

x clv13B7

x ctvI49

X M3BA

39.6Ø

37 .ØB

42.77

43 "ØØ

35.6Ø

33 "8Ø

33 " l3

36 "2Ø

31"88

32 "øB

29.3Ø

34 " 15

25 .47

28 "62

24 "35

3Ø "47

Means 4Ø"6r 34"68 31.85 27 "23

Ft int/Dents:

ct437Ø x cM651

ct4457 X Cn182

EPl X Ct449

cvt37Ø X CO264

4Ø"72

3B " 35

44.87

44 "Ø3

36"63

34 "25

42 "TB

38"33

31.25

3Ø "9Ø

3B " 43

34 "TØ

27 "38

25 "92

35 "ØØ

28 "27

Means 4r "99 37"85 33 "67 29.r4
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maturity were significantry different between individual
hybrids within groups (P=1Ø.ØØrl. However, mean differences
between the three hybrid groups (Table 3) vrere non

significant according to the Bonferroni method (Chew,

1977) " Each post-Bllvl varue was analysed as a function of
the moisture at physiotogical maturity, which eliminated

the factor of initial moisture differences. Throughout the

I?-day period of dry-down the dent group maintained a

slightly higher rate of moisture loss relative to the other
two groups" This difference, however, was not significant.

The maturity parameter observations (Figure l)
indicate that the three hybrid groups \¡¡ere similar in their
initial stages of maturation" Although the flint and

flint/dent groups reached 5ØZ silking slightly sooner than

the dent group, by the time of 5Øz first grazing t.he dents

vrere slightly ahead of the other two groups in maturity"
The flint and f1int,/dent groups reached these stages of
maturity in a comparable time span.

By t.he time oi the 5Øz half -milk stage, both the

flint/dent class and dent class were sirnilar in their
maturity pattern" In contrast, the hybrids of the dent

class were 4 days earlier than the flint class at this time

and reached physiological maturity almost 7 days sooner

than the flint class" The flint/ dent class matured 4 days

later than the dent class, but almost 3 days sooner than
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TABLE 3. Kernel moisture of three groups of corn hybrids
at four, eight. and twelve days following black
layer maturity" tvloisture readings given as a
percent of moisture at BLIU.

Hybrids

Fo ur
days

post-BLM

E ight
days

po s t-B Llvl

Twe 1v e
days

post-BLM

Fl ints:
F7XF2

co255 X

ctvl451 x

F2

co255

86"T

92 "5

84 " 6

77 "Ø

85"8

77 "B

67 "Ø

77 "9

68.r

Means 87 "7 BØ "2 7r "Ø

Dents:

Ct:4,I7 4

CM3B 5

Qr77 X

cT4,327

x ct422Ø

X CIv13B7

cM49

X I'1384

9Ø "9

91"5

77 "Ø

84 "9

8Ø "9

87 "L

68 "2

79.9

64.5

77 "5

56.5

7r"ø

lvleans 86.r 79 "Ø 67 "4

F1 int/Dents:

cÌ437ø X CM651

Cl"I457 X CMIB2

EPl X CJVl49

cM37ø X CO264

9Ø "3

89"4

94 " I

87"1

77 "2

BØ "5

B5 " 5

77 .4

67 .4

67 "5

77.6

64"4

Means 9ø.2 8Ø "2 69 "2
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Figure 1. Number of days required for three groups
of corn hybr ids, gro\^Jn at lvlorden and
Winnipeg, to reach 5ØZ silking, 5ØZ
glazing, 5ØZ half-mi1k, and 5ØZ BLIvl.

Legend: Hybrid group

Fl int

Dent

F1 intlDent

n
X
ffi
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the hybrids of the flint class,

rn the early stages of the maturation process (days

to 5øZ silk and first glazing) location effects hrere

non-significant. However, at the time of 5Øz half-mirk and

5ØZ black layer development there vJas a significant
difference between locations (p=Ø"ØØ and p=Ø.Ø4

respectively) " Plants at the i'lorden location reached these

leveIs of maturity earlier than the plants of the winnipeg

location" The lower precipitation experienced at the Morden

site might have provided sufficient environmental stress to

induce premature maturity. These latter stages of maturity
(days to 5øz half-milk and BLM) developed in the month of
September, by which time the Morden site had received a

total of 124"6mm less precipitation than the winnipeg site.
In the month of September, the WÍnnipeg site received

approximatery twice the amount of precipitation received by

the Morden site.

These maturity parameter results correspond closely
with the findings of Baron (f982) in which the rate of
kernel percent moisture loss after black rayer maturity was

similar for all hybrid groups. Baron (1982) found that.

differences among hybrids in their relative loss of kernel

moisture percentage occurred previous to black layer
development." Percent kernel moisture of canadian hybrids at
2Ø to 3ø days post silking, (approximately the time of
first glazing), was equal or higher than that of the
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European hybrids" At 4Ø to 6Ø days post silking, or

approximately BLtvl, the percent kernel moisture of canadian

hybrids \^¿as at least 3å lower than that of the European

hybrids" It would appear that it is during the period
between silking and BLM that differential moisture leveLs

between hybrids occurs " Af ter BLtvt the drying rates are

similar for all groups of hybrids in the present study,
similarily those studied by Baron (1982).

The fact that there are differences in moisture loss
pr Íor to BLIvl, but not af terwards impl ies that metabol Íc
activities may be involved up until the black layer
development" According to the findings of schmidt and

Halrauer (1966), rate of moisture reduction during the

dry-down period is significantly correlated to the

temperature of air when kernel moisture is above 3Ø2" A

metabolicalry active process wourd also be correlated to
arnbient temperatures. Below 3ØZ kernel moisture

content, reduction in moisture is a function of relative
humidity, implying a more passive loss of moisture and

related more to evaporative factors.

Ivleredith and Jenkins ( 1975) suggested that there \¡¿as

a common physical and physiological mechanism for
"apparent" drying of developing and ripening cereal grains.
The cereal grains used in their study were wheat, oats and

barley" The filling process of kernel ce11s involves

synthesis and deposition of starch granules and protein
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bodies" cnce the required tissues in the kernet had been

formed, the filling process of the cells forlowed similar
pathways and therefore required simirar water activity
regardless of the cereal species they studied" Thus

similarities in "apparent" drying rates were actually
found to indicate similarity of rates of synthesis and

deposition of storage metaborites. one could extrapolate
this to suggest that differences in drying rates such as

those exhibited by the corn hybrids in the present study

rnight actually indicate different rates of synthesis and

deposition of storage metabolites. This theory also

corresponds well to the proposal by Nass and crane (Lg7Ø)

that drying rate is in part regulated by hydrophylic
compounds in the endosperm such as sugars, proteins, and

carbohydrates" Different rates of synthesis would also help

to explain the differences in number of days required to
reach the various maturation stages exhibited by the flint
versus dent hybrid groups"

Further studies wourd be required before confirming
these hypotheses, especially since different plant species
are being compared to corn in the two seperate studies.

As was found in previous investigations (cross , r975¡

Anderson , L9BØ ¡ Baron , l-9g2) the percent moisture at BLru is
positively associated with the grain filling period (Table

4) " However, grain filling duration is also positively
associated with kerner test weight" This is unfortunate



TABLE 4 " Comparison of mean kernel
BLM, grain filling period
of three classes of corn
and Winnipeg.
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percent moisture at
and grain test weight

hybrids gro\,¡n at I4orden

Hybr ids
Kernel å
mo i sture
at BLM

(8)

Gra in
fitling
period
(days )

Grain
test
weight
(ks/hr)

F1 ints:

F7XE2

c0255 X

ctvl451 x

E2

co255

46 "82

45.38

46 "27

6Ø "B

6Ø"4

s9. 5

77 "3t
79 "9Ø

77.65

Means 46 "16 6Ø "2 78 "29

Dents:

cytl-T 4

cM385

QL77 X

cNL327

x ct422Ø

x clvl3B7

Cl'l4 9

X N138A

39.6Ø

37 "ØB

42 "77

43 "øØ

52 "9

5Ø "r
54 "9

53.7

75"13

69 "54

76.72

7 3.Ør

Ivle ans 4ø "6I 52 "9 73"6Ø

F1 inLlDents:

crq37Ø x cJv1651

C!'t1457 X C¡ll82

EPT X CM49

cNL37Ø X CO264

4ø"72

38 " 35

44 "87

44 "Ø3

57 "9

6Ø "B

58"5

55 "2

76.5Ø

76"33

76"7Ø

77 "23

Ivle ans 4r "99 58"1 76"69
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from a plant breeding standpoint in t.hat selectÍng for a

shorter grain filling period in order to decrease harvest
moisture, wourd have the negative effect of also decreasing
test weight and possibly yield"

4 "2 HUSK CHARACTERISTICS

Husk characteristics proved to be variable in their
effect on moisture percentage of kernels at the time of
harvest (Table 5) " As found by previous workers (Troyer and

Ambrose, r97L), a low number of husks, a low husk density,
and the tendency for husks to open naturally, all
contributed to a reduced kernel moisture at maturity. The

husk length-cob length ratio was not associated with kernel_

percent moisture. presumably, if a hybrid exhibits numerous

husks of high density which have the natural tendency to
remain tightly wrapped around the ears, the length of husks

had little or no effect on the moÍsture loss resistance
f rom the kernels. On the other hand , íf husks \¡rere

naturally very loose one would also not expect husk length
to have an effect on dry-down"

The analysis of variance for tendency of husks to
open reveals a highly significant location effect as welr
as a highly significant hybrid effecr (p=1Ø.ØØL and

P=(Ø"ØØr respectively ). This implies that the natural
looseness of the husks may in part be dictated by the



TABLE 5. Summarized means
three classes of
Winnipeg.
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of four morphological traits of
corn hybrids at l'lorden and

Hybrids

Husk
I eng th
VS"
cob
1 eng th

To ta1
no"
of
husks

Husk
loose-
ness*

Husk
dens-
ity

(g rams )

Fl int:

F7XF2
c0255 X
cP14 51 X

F2
co255

L "T7
L "Ø6
1" øB

r4 " I
L4"4
15 "2

r"72
r.95
2"42

Ø "15
Ø "15
Ø "13

Me ans L"TØ 14"6 2"Ø3 Ø "r4

Dent:

cMt74 x cM22Ø
cÞ1385 X CM387
QI77 X C1"149

CY1327 X l'1384

1.11
1.38
r.2Ø
1" 14

13.6
9"2

12.5
12 "Ø

3"7Ø
2 "53
3.Ø3
3"48

Ø.t3
Ø "LØ
Ø"TI
Ø.L3

Means L "27 11"8 3"18 Ø "12

F1 int/Dent:

crq37Ø x ctu651
ct4457 X CM182
EP1 X C},14 9
cM37Ø X CO264

1.19
I "25r.3Ø
1.36

1r.6
14 "7
18.9
11"1

2"75
2"73
3 "73
2 "68

Ø "12
Ø.r4
Ø "12
Ø "TI

Ivleans | "28 14"1 2 "97 Ø "L2

* based on visual ratings from very tight
to very loose husks (5) 

"

husks (f)
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plants exposure to certain enviromental conditions" The

husks from the hybrids grov¡n at the Winnipeg site h¡ere

significantly more loose than those hybrids gro\¡/n at the

Morden site" Which weather factors effect this loosening

tendency are as yet unknown and this is an area which would

require further study"

The length of ears also showed a significant location

ef f ect (P=Ø "ØI) " The average ear length f rom the l^Jinnipeg

location was greater than that from the Morden trial"

4 "3 HUSK TREATIV1ENTS

The husk modification treatments proved to markedly

influence the rates of kernel moisture decline (Figure 2) 
"

The rate of moisture Cecline of the control treatrnents

averaged across the three groups of hybrids t{as f"118 per

day. Physically openinE the husks had the effect of

decreasing the resistance to moisture loss and therefore

increasing the rate of moisture decline to I"66? per day"

In contrast, closing the husks caused a decrease in the

rate to Ø "98å moisture loss per day" tvloisture declined at a

rate of 1"18t per day for the broken shank treatment, which

is a sirnilar rate to that of the control moisture decline.

It would appear that moisture \¡¡as no longer moving into the

ears through the shank at the time of physiological

maturity and so breaking the shank had very 1ittle effect
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Figur e 2 " l'lean percent moisture over a
twelve day period following
physiological maturity of Ehree
groups of corn hybrids grown at lvlorden
and hlinnipeg" Illustrated are four
husk modi f ication treatrnents:
(a) control, (b) broken shank,
(c) loosened husks, and (d) closed
husks "

Legend:

Hybrid group

Fl int a

Dent @

Flint/Dent o
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on moisture loss" At twelve days after maturity the mean

moisture percentage of the loosened husk treatments rdas

6"6e" lower than that of the controL (Table 6). rn contrast,
closing the husks resulted in an increase of zz moisture.
The difference between the broken shank mean percent

moisture and the control moisture was less than lg at this
time"

An important factor to note is that the treatments

affected the moisture loss of the three hybrid groups

similarily (Figure 2) " However, significant differences
between the individual hybrids \¡rere found (Table 7) " The

mean moisture loss due to open husks relative to the

controls are greatest for the dent hybrid cMl74 x cylzzØ and

the least for the dent hybrid eL77 x cr44g (Tabre 6) .

Perhaps if there had been a greater range in the degree of
husk looseness between parental materiar, there might have

been an even larger difference between hybrids in response

to treatments of opening and closing of husks. Although

there were significant differences between hybrids of the
present study, they did not exhibit the extreme differences
in natural loosening and tightness that have been witnessed
in some other hybrids (Geisbrecht, personar communication).
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TABLE 6. lviean moisture percentages of three groups of cornhybrids gror¡¡n at lvlorden and Winnipeg o twelve daysafter physiological maturity for four huskmodification treatments.

Hybr ids Treatments

Broken Closed Open Control
shank husks husks

Ivlean

Fl int:
F7 X F2 29"3Ø 3r"98 22.95 3r"Ø3 28.82
co255 x F2 3Ø"8Ø 36.4Ø 24"68 34.7Ø 31.65
cM45t x co255 29.73 32"33 27 "22 31"43 3Ø.r8

Ivlean 29 .94 33 "57 24 "95 3 2.39

Dent:

crq174 x ct422Ø 23 "I5 27 "BØ L6 "23 25 " 47 23 "16crv1385 x ctv13g7 28 .33 3Ø .57 22.22 28 .62 27 .43
QI77 X CNt49 27 " 4Ø 29 .IØ 2I "92 24.35 25 "69ct't1327 x M38A 28 "77 31" 28 2I "ø2 3Ø "47 27 .BB

Mean ZG "9I 29 "69 2Ø,35 27 .23

Fl intlDent:

cM37ø X CM65t 28 " 17 28.97 2I "98 27 "38 26 "63CItt457 x CÞ118 2 27 "33 27 "93 2ø "97 25 .92 25 " 54Epl x crq49 32 "85 36.9Ø 3Ø "27 35 "ØØ 33.75
ct437 Ø x co264 28 "52 3I "27 23 "85 28 "27 27 "98
Mean 29 "22 3I "27 24 "27 29.L4

Total mean 28 " 58 31 " 32 23.Ø3 29 "33
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TABLE 7 " Analysis of variance of percent ear moisture
twelve days after physiological maturity
relative to percent ear moisture at
physiological maturity for eleven corn hybrids
grov/n at Morden and Winnipeg "

Source
of

variation
Deg rees

of
freedom

Sum
of

squa res
I"Ie an

squa re
FP

ratio value

Location (L)

Rep/L

Hybrid (H)

H*L

Error H

Treatment (T)

T*L

H*T

H*T*L

Error T

Sub-error

Total

Ø "3143ØØ

Ø"536338

3 "6897 3Ø

L " 4Ø37 93

2.7 44667

7.346479

Ø "r2L2Ø6

Ø "8248 B 6

ø "3BB 571

2"725919

15.Ø4466ø

3s"14Ø549

ø"3143ØØ

Ø "L34Ø84

Ø "36897 2

Ø.L4Ø379

Ø "Ø68617

2 " 448826

Ø "Ø4Ø4Ø2

Ø .Ø27 496

Ø "Ør2952

Ø "Ø2Ø65r

Ø "Ør4263

2 "34 Ø "LLØ

5.369 Ø "ØØØ**

2 "Ø46 Ø "Ø54*

1

4

m

IØ

4Ø

3

3

3Ø

3Ø

L32

IØ56

1319

118 " 582

1"956

1" 331

Ø "672

Ø "ØØØ**

Ø.L24

Ø "r39
Ø "93r

Iv1ean = Ø"65833
l"linimum = Ø"23288
Maximum = I"45ØØø

*'** Significant at the 5? and lã levels of significance,
respectively.
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4.4 PERICARP THICKNESS

Pericarp measurements indicated that there v/as a

difference in pericarp thickness between the three hybrid
groups (TabIe B). In general, the flints had a thicker
pericarp, followed by the dents, and f1int,/dent groups in
order of decreasing thickness. on the assumption that
increased pericarp thickness decreases the rate of moisture

loss by imposing a greater resistance factor, one would

expect the flints to have the thickest pericarp tissue,
followed by the flint/dents, and dents in that crder. The

flint group exhibited the thickest pericarp as well as the

highest kernel moisture percentage of the three groups

studied, and therefore lends sone credibility to the

previous assumption" The dent group, however, exhibited the

lowest kernel percent moisture but did not display the

thinnest pericarp" The flint/dent group exhibited a kernel
percent moisture which was intermediate to the other
groups, and yet showed the thinnest pericarps of the groups

studied" The dent and flint/dent groups, therefore,
contradict the assumption that a decreased pericarp

thickness increases moisture loss.

Further contradictions to this assumption arise when

one examines the hybrids on an individual basis (Figure 3) "

An exceptional example is the flint/dent hybrid, Ept x

CM49, which has a very thin pericarp and exhibited the

highest moisture percent at harvest of al1 hybrids tested.
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TABLE 8 " IúIe an
co rn

pericarp thickness (/{)
hybrids grob/n at Morden

of three groups of
and Winnipeg "

Hybr ids Pericarp thickness QI)

Fl ints:
E7XF2

co255 X

cM 451 X

F2

co255

88 " 53

66 "95

s6"85

Ivle an 7Ø.78

Dents:

ct'4l-7 4

ctvl3 8 5

QT77 X

c14,327

x cN122Ø

X CM3B7

cM4 9

X M3BA

58.75

4T"4L

54.3Ø

54 "24

Me an 52 " 1B

F1 intlDents:

cÌv137Ø x cM651

Ctv1457 X Cp11B2

EPl X CIV149

cr,4,37ø X CO264

48 "92

47 .99

45 " 55

43"83

Mean 46 "57
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Figure 3" Pericarp thickness and percent
ear moisture of three groups of
corn hybrids, twelve days after
physiolog ical maturi ty"

Legend:

Pericarp thicknes= B
3 ear moisture x
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Wolf et al" (L952) reported the pericarp covering the

abgerminal side of the kernel to be thicker than that on

germinal side" rn the present study it was hypothesízed

that overarr perÍcarp thickness might not be the overriding
factor in moisture loss resistance; perhaps one side of the

pericarp could be correlated to drydown¡ regardless of
overall pericarp thickness. The six measurements of each

per icarp I¡¿ere analyzed in two g roups of three measurements

for each side (Table 9) . The abgerminal side was found to
be consistently thicker than the germinal side for all
hybrids (Figure 4) " However, thickness of pericarp sides

also did not correspond to moisture percentage at harvest.

considering the difference in thickness of the sides, it
would be interesting to measure the thickness of the

pericarp crc\¡/n for hybrids of various dry-down rates. The

crown of the kernel would appear to be a logical area with
maximum evaporative potential, and varying thickness in
this area may be a function of dry-down rate" Richardson

(196Ø) found that arthough the thickness of popcorn crown

pericarp tissue vJas minimal when the kernel reached

physiological maturity, after drying to storage moisture

1eve1s, t.his tissue had thickened" No such changes in
thickness \¡¿ere found when studying the sides of pericarp

tissue from mature dent corn (Helm and Zuber, Lg7Ø).

unfortunately, there are difficulties associated with
measurements of the crown area of dent pericarp tissuer âs

was discussed by these workers"
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TABLE 9" Analysis of variance of pericarp thickness
measurements of the germinal and abgerminal
s ides o f eleven corn hybr ids o at lvlorden and
!,Ji nn i peg 

"

Source Degrees Sum
of of of lvlean F p

variation freedom squares square ratio value

Location (L) 1 39 ,241 39 "24L 2.93 Ø "LîZ
Error L 4 53 "6Ø4 13 "4ØI

Hybrid (H) IØ 6372"L77 637 .2IB 88 "Øø Ø.ØØØ**

H*L rØ 66 "r74 6 "617 Ø "9r Ø "53Ø

Error H 4Ø 289 "637 7 .241

K/H*R/L 594 9L8 "727 r "547

Side (S) 1 1I79.928 1179"928 1535"75 Ø"ØØØ**

s*H rø 656.841 65.68 4 85 "49 Ø.ØØØ**

s*L 1 1 "6ØØ I.6ØØ 2.Ø8 Ø.L5Ø

s*H*L LØ 2g "Ø59 2 "8ø6 3 " 65 Ø "ØØØ**

Error S 638 462"98Ø Ø.726

Measure 264Ø 257 L " 4ØØ Ø "97 4error

Total 3959 1264Ø "367

Mean = 5 "52lvlinimum = L"7ø
Ivlaximum = 16 "2Ø
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Figure 4" Thickness of the germinal and
and abgerminal sides of
pericarp tissue, and percent ear
moisture of three groups of corn
hybrids, twelve days after
physiolog ical maturity.

Legend:

Pericarp: abgerminal side Xl
Per icarp: gerrninal side E
8 ear moisture Ø
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5. SUI\4I"IARY AND CONCLUSIONS

Eleven corn hybrids of canadian (dents) n European

(flints), and European/canadian (f1int/dents) parentage

were studied with the following objectives: (l) to
determine differences in rates of dry-down, and (2) to
establish which morphological features, íf aûy, account for
differences in moisture loss found between hybrids.

The European ftint hybrids reached physiorogical
maturity at 5"59 higher kernel percent moisture than the
canadian dents, and 4"zz higher moisture than the

flint/dents. Rate of moisture loss was not significantly
different between the three groups of hybrids, although on

an individual basis there were significant differences
between hybrids"

All groups reached 5Øz silking at approximately the
same time" The 5Øz half-milk stage occurred in the dent
group 4 days eartier than in the flints and 1 day earlier
than in the flint/dents.

The dent group reached physiologicar maturity armost

seven days earlier than did the flints and four days

earrier than the frints/dents. The transition between

flints and dents thus occurs between the stages of silking
and black layer maturity, after which the drying rates
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between the hybrid groups are relatively similar. This
suggests that the differences between hybrids might

actually entail different rates of synthesis and deposition
of st.orage metabolites rather than differences in moisture

loss per se"

The percent kernel moisture at black layer rnaturity
r,¡as found to be positively associated with the grain
filling duration (the period from silking ro physiological
maturity) as well as with the final test weight of the

graÍn"

Husk characteristics which had the greatest effect on

the rate of dry-down after physiological maturity were:

number of husks, husk density, and tendency for husks to
loosen naturally" Husk length compared with cob length was

not correrated with kernel percent moisture" Treatments

whereby husks were manually opened to reduce the resisLance

to moisture loss were highly significant in increasing the

rate of moisture loss for all groups of hybrids"
conversely, by closing the husks, the rate of moisture loss

was effectively reduced" Breaking the shank of the ear had

no significant effect on moisture loss and it is therefore
assumed that moisture movement no longer occurs from the

plant to the kernels after black layer maturity. These

treatments affected the moisture loss of all hybrids
equa11y, regardless of parentage.

Pericarp thickness uras significantly different
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between hybids, but could not be associated with either
percent kernel moisture at harvest or rate of moisture

loss. Especially prorninent is the fact that the flint/dent
hybrid, EPl x CNt49, has a very thin pericarp and yet

exhibited the highest moisture level at harvest as well as

being one with the slowest rate of moisture 1oss.

It appears important to gain a better understanding

of the chemical composition of the corn endosperm

especially in the area of hydrophylic compounds in that
tissue" Also of benefit would be to study the period of dry

matter accumulation between the stages of silking and

pysiological maturity more closely in order to gain a

better understanding of the dry-down process in corn.

Moisture gains and losses in this period are crucial in
determining the percent kernel moisture at black layer
maturity, after which moisture loss is regulated by

resistance factors such as husk characteristics and

possibly pericarp thickness.
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TABLE 1. Iulean moisture percentages at physiological
maturity for four husk modification treatments ofthree groups of corn hybrids grown at Morden and
Winnipeg.

Hybr ids Treatment,s fvlean

Broken Closed
shank husks

Open Control
husks

Fl int:

E7XF2
co255 X î2
CI'145I X CO255

Mean

45 "7 
g 47.19

45 " 33 44 "654s,18 45"9Ø

45 " 43 45.91

45"35 46"82
46 "32 45 " 3B
46 "ø5 46 "27

45 "9r 46 . 16

46 "28
45"42
45 " B5

Dent:

ct4l-7 4
CM3B5
QL77 X
ct4327

lvle an

x cr422Ø
x cI{387

ctvl49
X IVl38A

39.22
36"83
43 "82
43"4Ø

4Ø.82

4Ø "BØ
37 .98
43 "75
44"4Ø

4r "73

38"32
38.23
43 "68
43 " 43

4Ø "92

39 "6ø
37 "ØB
42 "77
43 "Øø

4Ø "6r

39"48
37 " 53
43 "5Ø
43 "56

Fl int,/Dent:

crq37 Ø

CM4 57
EPl X
cv137 Ø

l"lean

x crv1651
X CIvI182
ctvl4 9
x co264

4Ø "77
4Ø "65
43.37
44 "15

42 "24

39 "2Ø
39 "75
44"33
44.95

42 "ø6

4r"7Ø
39 "75
45.18
44 "Ø2

42"66

4Ø "7238.35
44 "87
44 "ø3

4r,99

4Ø.6Ø
39 " 63
44"44
44 "29

Total mean 42.59 42"99 42.9r 42"53
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TABLE 2 " t*lean moisture percentages f or f our husk
modification treatments of three groups of corn
hybrids grohrn at lvlorden and Winnipeg o four daysaft,er physiological maturity.

Hybrids Tr eatmen ts Mean

Broken Closed
shank husks

Open Control
husks

Fl int:
F7XF2
co255 X F2
cM45I X CO255

lvlean

4Ø "78 42 "28
41 " 13 4r "77
38 .7 Ø 39 "9Ø

4Ø.2Ø 4r "32

37 "95 4Ø "37
4Ø "62 41 " 58
39" 18 39 "Ø3

39 "25 4Ø "33

4Ø "35
4T.28
39 "2Ø

Dent:

CttlIT 4
CM3B5
QL17
C1v1,327

Mean

x cttLz2Ø
x crv13B7

x ct149
X IVl3BA

34.57
32 "32
37 "27
35.43

34 "9Ø

38.Ø5
35.6ø
36"48
4Ø "I8
37"58

33.Ø8
34"95
35 "12
32.63

33.95

35.6Ø
33.8Ø
33 " 13
36 "2Ø

34"68

35"33
34 "r7
35 "5Ø
36 " 11

Fl intlDent:
c!437Ø X CF'1651
cM4 57 X C!118 2
EPl X CM49
cr,437Ø x co264

l,le an

36 "TØ
35 "52
38"88
38"42

37 "23

35.83
35 "25
42 "67
39 "22

38"24

34"Ø7
33"95
43 "5Ø
37 "Ø5

37 "I4

36 " 63
34 "25
42 "TB
38.33

37.85

35.66
34"74
41.81
38 "25

Total mean 37.19 38 " 84 36 " 55 37 "37
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TABLE 3 " Ivlean moisture percentages f or f our huskmodification treatments of three groups of cornhybrids grown at lvtorden and Winnipeg, eight daysafter physiotogical maturity.

Hybr ids Tr ea tments lvle an

Broken Closed
shank husks

Open Control
husks

Flint:

E7XÊ2
co255 x
CM45I X

Me an

36 "2Ø 38 "72
37 "5Ø 38 " 37
34 " 33 35.5s

36 "Ø1 37.55

3Ø.35 36 "Ø5
33 "42 38 " sB
33"97 35.73

32 " 58 36 "79

E2
co2 55

35"33
36 "97
34 "9Ø

Dent:

crrtI7 4
Cl,,l3I5
QIj 7
ct4327

Ivle a n

x ct422Ø
x cM3B7

x cM49
X Iq38A

29 "28
3Ø .48
3Ø.93
32 "3Ø

3Ø.75

34 "32
34"65
33 "Ø5
35"42

34.36

25.97
29 "83
28 "38
26 "97

27.79

31"88
32.ØB
29 "3Ø
34 " r5

3r"85

3Ø "36
3r"76
3Ø"42
32 "2r

Fl intlDent:
ct437 ø

cr'4457
EPl X
ct437 Ø

Me an

x cjvt651
x cM182
cM49
x co264

33"7Ø
32 "9Ø
35"95
34"68

34 " 3r

31"87
32 "92
38.38
36 "r7
34.84

27 "83
28 "23
3B " Øs
28.68

3Ø.7Ø

3I "25
3Ø "9Ø
38"43
34.TØ

33 "67

31.16
3r.24
37 "7Ø
33.41

Tota1 mean 33"48 35"4Ø 3Ø"15 33"85
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TABLE 4" ùlean moisture retained by three groups of corn
hybrids grown at Morden and Winnipeg , for four
husk treatments, four days aft.er physiological
maturity. Moisture values given as a percent of
moisture recorded at physiological maturity"

Hybr i ds Trea tments Ivle an

Broken Closed
shank husks

Open Control
husks

Fl int:

F7XF2
c0255 X
cM451 X

Mean

E2
co255

89.1
92 .4
85"8

89.1

89. B

93"8
87.1

9Ø.2

84.1
88"9
84 "6

85"9

86"1
92 "5
84 "6

87 .7

87.3
91"9
85.5

Dent:

ct4l-7 4
C1,13 B 5

QL77 X
ct't1327

Mean

x cy122Ø
X CM3B7

crq49
X },13 BA

89"3
88 " 3
85.4
82 "Ø

86 " 3

93 "2
93"9
B3 " 69r"3

9Ø "5

86.8
9r "9
8Ø "676.3

83.9

9Ø "9
91"5
77 "Ø84.9

86.1

9Ø "r9r"4
81"7
83.6

Flint,/Dent:

ct437 Ø

cr'r|457
EPl X
ct'437 ø

Mean

x cM651
X CM1B2
cM49
x co264

89 "Ø
87 .g
9Ø.3
87 "2

88"6

91"9
89.2
96"6
87 "4

91"3

82 "2
85.6
96"4
83"9

87 "Ø

9Ø "3
89 .4
94 "r
87.1

9Ø "2

BB .4
88. ø

94 "3
86"4

Total mean 87 ,g 9Ø "7 85"6 BB"Ø
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TABLE 5. l"lean moisture retained by three groups of corn
hybrids groten at Morden and I¡Jinnipeg o for four
husk treatments, eight days af t,er physiological
maturity" rvroisture values given as a percentage of
moisture recorded at physiological maturity.

Hybr ids Trea tments Mean

Broken Closed
shank husks

Open Control
husks

Fl int:

F7XF2
co255 X
cM451 X

Mean

E2
co255

79.3
84 "4
76"6

8Ø"1

82 "286.2
77 "6

82 "Ø

67 .2
72"L
73 "6

7L"Ø

77 "Ø
85.8
77 "B

BØ.2

76.4
82.I
76"4

Dent:

cr4l-7 4
CI'13 B 5
QI17
cv1327

ivle an

x cy122Ø
x c!1387

X CNL49
x lvl38A

76 "Ø
83 "271.1
74"6

76.2

84.2
9r "4
76.Ø
BØ "6

83.1

68.Ø
7B " 1
65.Ø
62 "6

68 .4

BØ "987.1
68.2
79 "9

79 "Ø

77 "3
85 "Ø
7Ø "L
74"4

Fl int,/Dent:

cr437Ø x crv1651
EPI X CM49
Cttl31Ø X. CO264

I"1e an

82"5
83"4
7B " I
81"6

81.3
87 "2
8Ø "5

83"1

67 .Ø
84.6
64 "8

71"8

77 "2
85"6
77 .4

8Ø "2

77 "Ø
85 "2
75"4

Total mean 79 "2 B2"B 7Ø "3 79 "8



TABLE 6.

62

Mean moisture retained by three groups of corn
hybrids gro$rn at lvlorden and Winnipeg , for f our
husk treatments, twelve days after physiological
maturity" Irto isture values g iven as a percentage
of moisture recorded at phisiological-maturitf.

Hybr i ds Trea tments Ivle an

Broken Closed
shank husks

Open Control
husks

FL int:
E7XF2
co255 X
cM451 X

Ivle an

F2
co255

64"I
7Ø"2
66 "Ø

66"8

68 "Ø
82.6
7Ø "6

73.7

5ø "6
53"5
59.Ø

54.4

67 "Ø
77 "968"l

7r"Ø

62"4
7L"Ø
65 "9

Dent:

cyll-7 4
CIvl3I5
QI77 x
ctlL327

Ivle a n

x cyt22Ø
x cM3B7

Clvl4 9
X IVl3 8A

6Ø "Ø
77 "L
62 "8
66 " 3

66 "6

68. 3
BØ.9
67 "I
7Ø"6

7r"7

42 "Ø
57 "9
5Ø.Ø
48.2

49 "5

64 "5
77 "5
56"5
7r"Ø

67 "4

58 "773"4
59"1
64 "Ø

F1 int/Dent:

cM37Ø X CM651
cF14 57 X Ctvi18 2
EPl X CM49
crv137ø x co264

Mean

69.3
67 "2
76 "Ø
65 "2

69 .4

73 "B
69"8
B3 " 8
7Ø"Ø

7 4.4

52 "8
52 "6
66 "9
54.1

56.6

67 "4
67 "5
77 "6
64 "4

69 "2

65 " I
64 "3
76 "r
63"4

Total mean 67 .7 73 "2 53.4 69 .Ø



TABLE 7. l4ean number of days
for three groups of
and Winnipeg.

from seeding
corn hybrids

63

to 5Øe" silking
grown at I4orden

Mo rden Wi nn i peg Mean

Fl int:
F7XF2
co255 X
cPl4 51 X

F2
co255

72"25
72"75
73 "5Ø

72"75
72"25
73.5Ø

72 "5Ø
72"5Ø
73 "5Ø

l,lean 72"83 72.83

Dent:

cM174 X Ct422Ø
crv13B5 x CM387
QI77 X Ctv149
cr,4327 X M38A

74.7s
7L"5Ø
73.25
74"5Ø

74.ØØ
7 L.5Ø
72"5Ø
74"ØØ

74"38
7r"5Ø
72 "88
74"25

Mean 7 3.sØ 73.ØØ

F1 int/Dent:

Cr,437Ø X Ct"1651
CM457 X CIvlIS2
EPl X CI,149
cr437Ø X CO264

72.ØØ
7L "25
73 "75
72.25

72"25
7L"ØØ
73.25
7 t.5Ø

72 "13
71"13
73 "5Ø7I"88

Ivle an 72"3r 72"ØØ

Total mean 72.99 72.59 72"74



TABLE 8 " Mean number of days
for three groups of
Winnipeg "

from seeding
corn hybrids

54

to 5ØZ gl-azing
at Morden and

l'1o rden Wi nn i peg I'1e an

Fl int:

F7XF2
co255 x F2
Ci'1451 X CO255

99.75
99.75

LØ2 "7 5

IØ4.5Ø
IØ2 .7 5
rØ4 "75

LØ2.13
LØL "25
rØ3 "7 5

Mean TØØ.75 IØ4.ØØ

Dent:

c11174 x ct422ø
cP1385 X CM3B7
QI77 x Ct449
C1,432'7 X M3BA

LØ5 "5Ø
97 "5Ø
99 "25Iø5.25

rØ3 .7 5
lØØ "75ßØ.5Ø
rØ2.5Ø

IØ4 "63
99"13
99.88

1Ø3.88

Mean tØ1"88 1ø1"88

F1 int/Dent:

ct437ø x cM651
C'tÌ4,457 X CMIB2
EPl X C]U49
ct4,37Ø X CO264

IØ7 "25
99 "ØØIØ3.5Ø

LøT "75

rØ3 "25
rØ3 .7 5
IØ5 "25

99 "75

rø5 "25
1Ør " 3B
rØ4.38
TØØ .7 5

Ivle an IØ2 "88 rØ3.øØ

Total- mean IØ1 " 93 LØ2 "86 Tø2"4
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TABLE 9 " Mean number of days
half-milk for three
grown at Morden and

from seeding to 5ØZ
groups of corn hybrids
Winnipeg "

Mo rden Wi nn i peg i"Iean

Fl int:
F7XF2
co255 x
ctvl451 x

F2
co255

116"8
115.8
1r6"3

L23 "5
L22 "8
T24 "B

L2Ø "Ø119"3
L2Ø "5

Mean IT6"3 I23 "7

Dent:

crvl174 x cNt22Ø
cp1385 X CM387
QI77 X CM49
cr4327 X tvl38A

1r6.8
11ø"5
112"8
TI5 "Ø

121.5
115"8
LT7 "ør18"3

119"1
1r3.1
114.9
116"6

Mean 1r3,8 118.2

F1 intlDent:

Ct"l37Ø X CÞ1651
cr4457 x cMlB2
EPI X CI"149
ct437ø X co264

1r4.5
113"8
113.8
1II"5

TI9.Ø
118.8
L23 "3
1r5.Ø

116.8
116"3
r18 " 5
113.3

Flean 113"4 LL9 "Ø

Total mean 114 " 3 1r9"96 117,1
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TABLE IØ. Ivlean numbe r of
black layer for
gro$Jn at Morden

days from seeding
three groups of
and Winnipeg.

to 5ØZ
corn hybrids

I'1o rd e n Wi nn i peg Ivle an

Fl int:
F7XF2
co255 X F2
cr4451 X co25s

13Ø "5
L32 "3
L32.Ø

136.Ø
133"5
L34 "Ø

133"3
r32 "9
I33 "Ø

Mean r31 .6 134"s

Dent:

3MIT 4 X Ct422Ø
crq385 x crq387
Qr77 X CM49
C1"1327 X M3BA

TzL "5
12Ø "8
L28 "5
I29 "3

r33 "Ø
r22 "5
L27 "Ø
126 "5

I27 "3
IzL "6
I27 "B
L27 "9

Mean L25.Ø r27 "3

Fl int,/Dent:

Cr4,37Ø X Clvt65l
ct4457 X Cfv11B2
EPl X CM49
cM37Ø x co264

I32 "3
r32 "Ør29.5
L26 "8

I27 "813I"8
134.5
r27 "5

13Ø "Ø
131"9
L32.Ø
L27 .L

!'1e an L3Ø "2 13Ø.4

Total mean L28.7 L3Ø "46 L29 "5



TABLE 11. Mean length of
of. three groups
and Winnipeg.

husks and length
of corn hybrids

57

of ears (cm)
gro\¡¿n at Morden

Length of husks

Morden Winnipeg

Length of husks

Ivlo rd en Wi nn i peg

Flint:

F7XF2
co255 X F2
C¡,1451 X CO255

2Ø "26
2Ø "16
18"81

2Ø.37
2Ø"44
18"91

17"18
18.31
L7 "T9

r7 "72
2Ø "L3I7 "74

Mean L9.74 19"91 L7 "s6 18"53

Dent:

ct4l7 4
crvl3I5
QL17
cM,327

X CNL22Ø
x crv1387

X CM49
X M38A

2Ø "22
2L.3Ø
19 " r6
19 " 58

2Ø.Ø9
2Ø "66
L9 "94
L9 "Ø7

17"18
15"74
16.11
17 "Ø5

19.24
14 "66
16 "5Ø
16 "9Ø

Mean 2Ø "Ø7 19 "94 16 "52 16"83

Flint,/Dent:

cM37Ø X CM651
CI't1457 X Ci"llB 2
EPl X Clvl4g
cyt37Ø x co264

2r "7919"89
2Ø.BT
2r "95

2I.97
2Ø "26
2Ø "95
22 "36

r8 "24
15"9s
15.51
L6 "I7

r8 "47
16"18
16 "69
16.3Ø

Mean 21" tl 2I "37 16"47 L6 "9I

Tota1 mean 2Ø "36 2Ø"46 t5 " 7B r7 "33
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TABLE L2" Mean number of husks for
hybrids grovûn at Iulorden

three groups of corn
and Winnipeg "

Mo rden Wi nn i peg Ivlean

Fl int:
F7XF2
co255 x F2
cM451 X CO255

14.15
14 "3Ø
I5 " 25

14.Ø9
14"55
15.19

T4 "12
14"43
15 "22

Mean L4.57 r4"6r

Dent:

ct477 4 x ct422Ø
Cl'1385 X CM3B7
QI77 X CrU49
ct4327 x M3BA

12 "95
9.25

13"4Ø
TI "ØØ

14.15
9 "2ØLI.6Ø

L2 "95

13"55
9 "23

12.5ø
r1"98

Mean 11" 65 11.98

F1int,/Dent:

cM37Ø x cM651
CIV1457 X CF1IB2
EPl X Cfl4g
cM37ø x co264

11"55
L4 "Lø
2Ø "3Ø
11.3Ø

IL "6Ø
15 "3Ø
I7 "45
TØ "85

11"58
L4"7Ø
1B " 8B
11"ØB

lvle an r4.31 13.8Ø

Total mean 13 " 41 13 " 36 13.39



TABLE 13 "

69

Mean tendency for husks to loosen naturally for
three groups of corn hybrids grown at t4orden
and Winnipeg, These values are based on visual
ratings from very tight husks (I) to very loose
husks (5) 

"

Mo rd en Wi nn i peg Mean

Fl int:
F7XF2
co255 x
crvl45l x

F2
co25 5

r.5Ø
r " 85
2.2Ø

1"93
2 "Ø5
2 "63

r "72
1.95
2.42

l'lean 1. B5 2 .2I

Dent:

crvl174 x ct422Ø
CM3B5 X CIYl3B7
QI77 x cM49
ct4327 X M3BA

3.5ø
2.6Ø
3 "ØØ
2 "9Ø

3 "9Ø
2"45
3.Ø5
4 "Ø5

3"7Ø
2.53
3"Ø3
3"48

Mean 3 "Øø 3"35

Fl int/Dent:

ct'437Ø x. ctv1651
cM457 x cF1182
EPT X CM49
C¡,137Ø X CO264

2 "r5
2 "6Ø
3 "9Ø
2 "LØ

3 " 35
2 "853"5s
3 "25

2"75
2"73
3"73
2 "68

lvlean 2 "69 3 "25

Total mean 2 "57 3 "Ør 2 "79



7Ø

TABLE T4" Mean husk density (g) of
hybrids grovrn at Morden

three groups of corn
and ldinnipeg "

Mo rden Idi nn i peg Ivle a n

Fl int:
F7XF2
co255 X
cM451 X

F2
c0255

Ø.I53
ø"155
Ø"T38

Ø "r44
Ø"138
Ø "T2B

Ø.T48
Ø "r47
Ø "I33

Mean Ø"I49 Ø.L37

Dent:

crvlI74 x cN122Ø
cM385 X CM387
Ql77 X CI149
CT,4327 X M3BA

ø.L52
Ø "IIØ
Ø "LØT
ø.136

Ø.IØ6
Ø "Ø94
Ø "TLz
Ø.r2s

Ø "I29
Ø "LØ2
Ø"TØ7
Ø "13ø

Mean Ø.I25 Ø.LØ9

Flint/Dent:

c.t137Ø x cM651
CIu1457 X Cr"llB2
EPl X CM49
cN137Ø X CO264

Ø "r29
Ø "734
Ø"111
Ø.TI9

Ø"II9
Ø"r42
Ø.r22
Ø"TØ3

ø "L24
Ø"138
Ø "T16
Ø"111

lvle an Ø"L23 Ø "r22

Total mean Ø,131 Ø "TzL Ø "126
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TABLE 15 " Mean kernel test weight (kq/lnl) for three
groups of corn hybrids grown at l{orden and
Winnipeg 

"

Mo rden Wi nn i peg Mean

Fl int:
F7XE2
co255 X
cll4 51 x

F2
co255

76.98
8ø " 1t
77 "32

77 "65
79.7Ø
77 "gg

77 "3L
79 "9Ø
77 "65

Mean 7B "T4 78.45

Dent:

crv117 4 x ct422Ø
CIv13B5 X CI\4387
Qr77 X CM49
ct4327 X rvl38A

75.64
7Ø"8ø
77 "4972"72

74.63
68 "29
75 "96
73 " 31

75"r3
69.54
76 "72
73"ØL

Mean 7 4 "16 73.Ø5

F1 intlDent:

cM37Ø x cM651
ct4457 X CÞ1182
EPl X CM49
ctv137Ø x co264

77 "r8
77 .s7
76"52
77 "16

75.83
75.Ø9
76"89
77 "3Ø

76.5Ø
76"33
76"7Ø
77 "23

lvle an 77 "TT 76.28

Tota1 mean 76 "32 75 "69 76 "ØØ



TABLE 16. iUean per icarp thickness ( ) of the
abgerminal sides of three groups of
9ro\^rn at Ivlorden and Winnipeg 

"

72

germinal and
corn hybrids

Locat i ons

Morden Winnipeg

Kernel side

Germinal Abgerminal

Fl int:

F7XF2
co255 x
cM45l x

E2
co255

89 "28
65"78
57 .5Ø

87 "79
68 "L2
56 "2L

BØ "ØB
55 "69
46 "29

96.99
78 "2Ø
67 "4r

Mean 7Ø"85 7ø"7L 6Ø "69 BØ "87

Dent:

cMl74 x ctrrz2Ø
CF13B5 X Ctvt3ET
QI77 x crvl4g
ctv1327 X M3BA

59 "23
43.91
56"72
54 "56

58 "27
38 "9251"88
53"93

58 " 13
35.Ø2
52"44
47 "II

59 "37
47 .8r
56"16
61" 38

Ivie an 53.61 5Ø "75 48"18 56 "17

F1int,/Dent:

ct437Ø x cM651
Cl',1457 X CMl82
EP] X CM49
cvt37ø x co264

52 "27
49"33
44 "86
44. B5

45 "57
46 "65
46 "23
42.92

47 "Ø9
38"Ø1
44 .33
43 "Ø9

5Ø "75
57 "97
46.76
44. s8

Ivle an 47 .83 45 "32 43"13 5Ø.Ø2

Total mean 56 "2I 54 "22 49 "75 6Ø "67
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TABLE 17 " AnalysÍs of variance of percent ear moistures atphysiological maturity for eleven corn hybrids
grown at ivlorden and Winnipeg "

Source
of

var iation
Deg rees

of
f r eedom

Sum
of

squa res
Mean

squa res
FP

ratio value

Locat.ion (L)

Rep/L

Hybrid (H)

H*L

Errcr H

Treatment (T)

T*L

H*T

H*T* L

Error T

Sub-error

Total

r2Ø5.593

4r7 Ø "92Ø

IØ553 "ø95

2ø79 "Ø76

rØØ77 "947

4Ø "Ø9Ø

135.663

s3r " 525

rL24 "777

297 5 "Ø34

24877 "599

5777 r.317

r2Ø5 " 59 3

IØ42 "7 3Ø

TØ55 "3LØ

2Ø7 "9ØB

25L "949

r3"363

45 "22L

17 "7 L7

37 "493

22 "538

23 " 558

1" 16 Ø "275

4 "L9 Ø "ØØØ**

Ø.83 Ø"6Ø7

Ø "59 Ø "62r
2 "ØT Ø .LL6

Ø "79 Ø.77s

1.66 Ø "Ø27*

I

4

IØ

LØ

4Ø

3

3

3Ø

3Ø

r32

LØ56

r 319

Mean = 42"73
Minimum = 24 "5Ø
Maximum = 68"ØØ

*r** Significant at the 5E and lg leve1s of
respectively.

signi ficance,
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TABLE tB. Analysis of variance of percent ear moisturefour days after physiological maturity foreleven corn hybrids gro\,ün at Morden añ¿
Winnipeg.

Sou rce
of

variation
Deg r ees

of
f reedom

Sum
of

squares
I"le a n

squa re
FP

ratio value

Location (L)

Rep/L

Hybrid (H)

H*L

Error H

Treatment

T*L

H*T

H*T* L

Error T

Sub-e r r or

Total

I

4

IØ

IØ

4Ø

(r) 3

3

3Ø

3Ø

I32

IØ56

t 319

729.ø6I

s292 "6Ø6

92sB "Øø6

3Ø39 "rØ5

rØ2L9 "944

923.3Ø4

57 .9 4Ø

L767 "479

LI6Ø "2TØ

4822. r r 7

23869 "ø99

61138.872

729 "Ø6L

t323 "L52

925 "8Ør

3Ø3.911

255 " 499

3Ø7 "7 68

19 . 313

sB . 916

38 .67 4

36"531

22 "6Ø3

Ø "55 Ø "52Ø

3 "62 Ø.ØØ2**

1"19 Ø"327

8 "42 Ø.ØØØ**

Ø "53 Ø "663

1 " 61 Ø.Ø35*

r "Ø6 Ø "398

llean = 37 "49
Minimum = 2Ø "ØØMaximum = 59 "ØØ

*r** Significant at the 5g and 1g leve1s of
respectively.

significance,



TABLE 19" Analysis of
eight. days
eleven corn
Winnipeg 

"

75

variance of percent ear moisture at
after physiological maturity for
hybrids grown at Morden and

Source
of

variation
Deg rees

of
f reedom

Sum
of

squa res
l'Ie a n

squa re
FP

ratio value

Location (L)

Rep/L

Hybrid (H)

H*L

Error H

Treatment

T*L

H*T

H*T*L

Error T

Sub-error

Total

1

4

7Ø

LØ

4Ø

(r) 3

3

3Ø

3Ø

L32

TØ56

1319

7 3 .Ø38

3732 "267

8252 "7 6Ø

37 65 "927

1115 2 .616

4829. I B 4

2r3.759

2L49 .77 6

16ØØ.8Ør

5Ø82 " 4r7

29r83 "3ØØ

7ØØ36.545

7 3.Ø38

933 "Ø67

825 "276

376 " 593

278 "8I5

L6ø9.96r

7I.253

7I "659

53 " 36Ø

38.5Ø3

27 .636

Ø "Ø8 Ø.9I2

2 "96 Ø "ØØ7**

1"3s Ø"238

41"81

1"85

1.86

l_.39

Ø " ØØØx*

Ø.L4I

Ø "ØØ9**

Ø "IØB

llean = 33"2
I'linimum = 11" 5
l"lax imum = 55 " 5

*,** Signif icant at the 5B and lB l_eveLs of
respectively "

s igni ficance ,
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TABLE 2Ø " Analysis of
twelve days
eleven corn
Winnipeg.

variance of percent ear moisture
after physiological mat.urity for
hybr ids g rown at IvIo rden and

Source
of

var iation

Deg rees
of

f r eedom

Sum
of

squa res
Mean

squa re
FP

ratio value

Location (L)

Rep/L

Hybrid (H)

H*L

Error H

Treatment

T*L

H*T

H*T*L

Error T

Sub-error

Total

1

4

LØ

Tø

4Ø

(r) 3

3

3Ø

3Ø

132

IØ56

1319

36 "5ØØ

t942 "7 42

IØ655.143

4383"819

8394 "Ø76

12488 "86Ø

158. r51

I592 "Ø65

L297 .IØ4

5585 "282

31s55 .WØ

7BØ88 " 841

36.5ØØ

485.685

LØ65 " 514

438 " 382

2Ø9 "852

4162. g 5 3

52.7I7

53.Ø69

43 "237

42 "3L3

29 "BB2

Ø "ØB Ø "9L3

5 "ø8 Ø.ØØØ**

2.Ø9 Ø "Ø49*

98.39

I "25

I "25

L "Ø2

Ø.ØØØ**

Ø "296

Ø "I93
Ø"446

Ivlean = 28.Ø6
Ivlinimum = B.ØØ
l"laximum = 52"ØØ

*,** Significant at the 5ã and Iå Levels of
respectively"

significance,
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ÎABLE 2L" Analysis of variance of percent ear moisture
four days after physiological maturity relative
to percent ear moisture at physiological
maturity for eleven corn hybrids grohrn at Morden
and t¡linnipeg.

Source Degrees Sum
of of of rvlean F P

var iation freedorn squares square ratio value

Location (L) I Ø.øØ265L Ø "ØØ265L Ø.Ø2 Ø.865

Rep/L 4 Ø"6L4I64 Ø"153541

Hybrid (H) LØ I.678gB5 Ø"167888 I.86 ø"ØBI

H*L IØ I.367ØØ4 Ø "L367ØØ I " s1 Ø.r7r

Error H 4Ø 3"613448 Ø"Ø9Ø336

Treatment (T) 3 Ø"434595 Ø.I44865 12"4I Ø.ØøØ**

T*L 3 Ø "ø72953 Ø "Ø24318 2.Ø8 Ø.LØ5

H*T 3Ø Ø"56ø869 Ø "ØL8695 t.6Ø Ø "Ø38*

H*T*L 3Ø ø"385811 Ø"Ø1286Ø r"rØ Ø"344

Error T L32 L"54IØØ6 Ø "Ø1167 4

Sub-error Iø56 8.318388 Ø "ØØ7877

Total r319 18"589774

l4ean = Ø.88Ø46
l"linimum = Ø.45536
Plaximum = I.35ØØØ

*r** Significant at the 58 and lt levels of significance,
respectively.



TABLE 22.

7B

Analysis of variance of percent ear moisture
eight days after physiological maturity relative
to percent ear moisture at physiological
maturity for el-even corn hybrids grown at Ivlorden
and Winnipeg.

So urce
of

variation
Deg rees

of
f re edom

Sum
of

squa res
Mean

squa re
FP

ratio value

Location (L)

RePrzL

Hybr id (H)

H*L

Error H

Treatment (T)

T*L

II*T

H*T*L

Error T

Sub-e Y r or

Total

Ø "r4Ø363

Ø .67 Ø7 3Ø

2"48s898

1"358233

3"8B2873

2 "8399r6

Ø,2Ø923I

Ø "7 537 37

Ø "67 3175

2 . Ø4L5Ø6

L2 "Ø32Ø8Ø

27 "Ø877 42

Ø.r4Ø363

Ø .167 683

Ø .248 589

Ø " L35823

ø"Ø97Ø72

Ø.946639

Ø "Ø697 44

Ø " Ø25125

Ø.ø22439

Ø "Ør5466

ø"Ør1394

Ø "85 Ø "323

2.56r Ø.ør7*

1"399 Ø"2L6

I
4

m

TØ

4Ø

3

3

3Ø

3Ø

I32

TØ56

1319

6L "2Ø8

4.5Øg

r.625

1.451

Ø "ØØØ**

Ø "ØØ5**

Ø.Ø33*

Ø "Ø8

lvlean =
lvlinimurn
I"lax imum

* **,

Ø "7 BØI9
= Ø "28395= 1.34146

Significant et t.he 5B and IE leve1s of significance,
respectively.
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TABLE 23" Analysis of variance of days required to reach
5Øe" silking and 5ØZ glazing for eleven corn
hybrids gro\^/n at I'lorden and Winnipeg.

Source Degrees Sum
of of of Mean F p

variation freedom squares square ratio value

5ØZ Silking

Location (L) I I .92ø I "92Ø Ø.8Ø Ø.4Ø5

ErrorL 6 14"34L 2"39Ø

Hybrid (H) IØ 92"II4 9 "2LL 29.23 Ø.ØØØ**

L*H IØ 3 "7Ø5 Ø "37Ø 1.18 Ø "325
Error H 6Ø 18 "9Ø9 Ø "3L5
Tot.al 87 13Ø "989

Mean = 72"74
Ivlinimum = 7I"ØØ
Ivlax imum = 75.ØØ

5øZ Glazing

Location (t) t 19 "IØ2 19 "LØ2 L "I2 Ø "33I
Error L 6 1Ø2 "7Ø5 17 "II7
Hybrid (H) IØ 345 " 955 34.595 I I "ØI Ø "ØØØ**

L*H LØ 188.773 18 "877 6 "Ør Ø "ØØØ**

Error H 6Ø 188 " 545 3.142

Total 87 845 "ØBØ

l'lean = IØ2.4Ø
Minimum = 97 "øø
Maximum = IØ8.ØØ

*r** Significant at the 5t and 18 leve1s of significance,
respect ivel y 

"
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TABLE 24" Analysis of variance of days required to reach
5ØZ half-milk and 5ØZ black layer maturity for
el-even corn hybrids grovrrn at lvlorden and
Winnipeg "

Source Degrees Sum
of of of lvlean F p

var iation freedom squares square ratio value

5ØZ Half-mill<

Location (L) I 698 "9Ø9 698 "9Ø9 29 "2Ø Ø.ØØ2**

Error L 6 143.5gI 23.932

Hybrid (H) IØ 538"364 53"836 12"IØ Ø"ØØØ**

L*H IØ 8I "Ø91 I .Iø9 I"82 Ø "Ø76*

Error H 6Ø 266 "9Ø9 4"449

Total 87 17 28.864

Mean = 117"11
Minimum = IIØ "øØ
Iulax imum = I29 " ØØ

5ØZ Black layer

Location (L) I 63 "92Ø 63 "92Ø 6 "77 Ø.Ø4I*

Error L 6 56.614 9"436

Hybrid (H) LØ LØ26,114 IØ2"6IL 22"Ø2 Ø.ØØØ**

L*H rØ 3gg "7Ø5 3g "97ø g "36 Ø.ØØØ**

Error H 6Ø 279 "636 4 "66L
Total 87 LB15 " 989

Mean = I29 "5L
Ivlinimum = 1I9 "ØØ
Ivlaximum = I37 "ØØ

'k,*7k Signif icant at the 5å and 1t levels of signif icance,
respec t ivel y.
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TABLE 25" Analysis of variance of the length of husks and
length of ears for eleven corn hybrids grov,Jn at
Morden and Winnipeg"

Source Degrees Sum
of of of lviean F p

variatÍon freedom squares square ratio value

Length of husks

Location (L) I 1"Ø24 I"Ø24 Ø.45 Ø"831

Rep,/L 6 13 "7 28 2 "2BB

Hybrid (H) IØ 355.485 35"548 23"35 Ø.ØØØ**

Error 6Ø 91.312 I"SZ2

Subsample 352 468 "83Ø 1 " 332
ERROR

Total 429 93Ø "38Ø

Mean = 2Ø"44
lrlinimum = L6"3Ø
Ivlax imum = 24 "3Ø

Length of ears

Location (L) I 27 "Ø6Ø 27 "Ø6Ø 6.49 Ø "ØI5*
R.p,Zt 6 25"Ø24 4"I7L

Hybrid (H) IØ 572"989 57 "299 17.287 Ø "ØØØ**

Error 6Ø I9B "864 2.LI4

Subsample 352 7 44"178 2.LI4
ERROR

TotaI 429 1568 " 116

Ivlean = 17 "IØ
Minimum = 8 "9Ø
Maximum = 22"4Ø

*r** Significant at the 58 and 1B Ievels of significance,
respectively.
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TABLE 26" Analysis of variance of the number of husks and
the tendency for husks to loosen for eleven corn
hybrids gror¡rn at Morden and Winnipeg.

Source Degrees Sum
of of of Mean F p

variation freedom squares square ratio value

Number of husks

Location (L) I Ø"278 Ø"278 Ø"26 Ø"9ØI

Rep/L 6 6.365 I.Ø6I

Hybrid (H) LØ 253Ø.448 253 "Ø45 55 " 89 Ø "ØøØ**

Erro r 6ø 27I.675 4 "5ZB

Subsample 352 f186.ø72 3.37Ø
error

Total 429 3994 " B3B

Ivlean = 13.35
Ivlinimum = 7 "ØØ
Ivlax imum = 26 " ØØ

Tendency of husks to loosen

Location (t) I 16"9ØØ 16"9ØØ l-6"97 Ø"ØØØ**

Rep/L 6 5"978 Ø.996

Hybrid (H) IØ 142"Ø86 14.2Ø9 6.979 Ø.ØØØ**

Error 6Ø I85 "65Ø 2"Ø36

Subsample 352 185 " 65ø Ø "527error

Total 429 472.77Ø

Ivlean = 2.77
Ivlinimum = L.ØØ
Maximum = 5"ØØ

*r** Significant at the 5B and 1ã levels of significance,
respectively"
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TABLE 29. Analysis of variance of the husk density and
kernel test. weight of eleven corn hybrids grown
at lvlorden and Winnipeg.

Source Degrees Sum
of of of Þlean F P

variation freedom squares square ratio value

Husk density

Location (L) L Ø"ØØ8 Ø.ØØB 4"Øø Ø.ø6Ø

ReP,/L 6 Ø"ØI5 Ø.ØØ2

Hybrid (H) IØ Ø "Ø84 Ø "ØØB 3 " 51 Ø.ØØL**

Error 6ø Ø " 143 Ø.ØØ2

Subsample 352 Ø "765 Ø "ØØ2error

TotaL 429 I.ØT5

l'lean = Ø "I25
Minimum = Ø "Ø49
l'laximum = Ø"88Ø

Kernel test weight

Location (L) I 8"243 8"243 6"2L Ø"Ø47*

ErrorL 6 7"963 I.327

Hybrid (H) LØ 585 " I79 58 " 5lB 4Ø "I3 Ø "ØøØ**

L*H tØ 28 " 696 2 "87 Ø r "97 Ø .539

Error H 58 84.572 1"458

Total 85 7I4 "654

Mean = 75"9
l"linimum = 67 "35
Ivlaximum = 8Ø"68

*r** Significant at the 58 and 18 levels of significance,
respectively,


