The Influence of Plant Densities on Yields and Agronomic
Performance
of a Semi-dwarf and a Conventional Type Corn Hybrid in
Southern Manitoba

by

Keith Murphy

A thesis
presented to the University of Manitoba
in fulfillment of the
thesis requirement for the degree of
MASTER OF SCIENCE
in
THE DEPARTMENT OF PLANT SCIENCE, UNIVERSITY OF MANITOBA.

Winnipesg, Manitoba

(c) Keith Murphy, 1988



Permission has been granted
to the National Library of
Canada to microfilm this
thesis and to lend or sell
copies of the film.

The author (copyright owner)
has reserved other
publication rights, and
neither the thesis nor
extensive extracts from it
may be printed or otherwise
reproduced without his/her
written permission.

L'autorisation a &té accordée
a la Bibliothéque nationale
du Canada de microfilmer
cette thése et de préter ou
de vendre des exemplaires du
film.

L'auteur (titulaire du Adroit
d'auteur) se réserve les
autres droits de publication;
ni la 'thése ni de 1longs
extraits de celle-ci ne
doivent @tre imprimés ou
autrement reproduits sans son
autorisation écrite.

ISBN 0-315-47933-7



THE INFLUENCE OF PLANT DENSITIES ON YIELDS AND AGRONOMIC
PERFORMANCE
OF A SEMI-DWARF AND A CONVENTIONAL TYPE CORN HYBRID IN
SOUTHERN MANITOBA

BY

KEITH MURPHY

A thesis submitted to the Faculty of Graduate Studies of
the University of Manitoba in partial fulfillment of the requirements

of the degree of

MASTER OF SCIENCE

© 1988

Permission has been granted to the LIBRARY OF THE UNIVER-
SITY OF MANITOBA to lend or sell copies of this thesis. to

the NATIONAL LIBRARY OF CANADA to microfilm this
thesis and to lend or sell copies of the film, and UNIVERSITY
MICROFILMS to publish an abstract of this thesis.

The author reserves other publication rights, and neither the
thesis nor extensive extracts from it may be printed or other-

wise reproduced without the author’s written permission.



I hereby declare that I am the sole author of this thesis.

I authorize the University of Manitoba to lend this thesis
to other institutions or individuals for the purpose of
scholarly research.

Keith Murphy

I further authorize the University of Manitoba to reproduce
this thesis by photocopying or by other means, in total or
in part, at the request of other institutions or individuals
for the purpose of scholarly research.

Keith Murphy



The University of Manitoba requires the signatures of all
persons using or photocopying this thesis. Please sign
below, and give address and date.

- iii -



ABSTRACT

Murphy, Keith B. M.Sc. The University of Manitoba, Janu-

ary, 1988. Major Professor; Dr. E.N. Larter.

Plant density (number of plants/unit area of land) 1is an
important factor in both grain and silage corn production.
Optimum plant densities result in the highest level of pro-
duction per wunit area of 1land, therefore it 1is important
that they be determined for the specific area in which the

corn hybrids are grown.

The recent introduction of a semi-dwarf corn hybrid in
Ontario has prompted optimum semi-dwarf corn plant density
studies such as the one described in this thesis. Original
studies with semi-dwarf corn in Ontario, pegged optimum
plant densities at 172,000 plants/ha, which is approximately
three times that of current recommendations for conventional
hybrids. Grain yields from populations sown at this plant
density were comparable with yields from conventional
hybrids sown at the recommended plant density of approxi-

mately 50 - 60,000 plants per hectare.

The present study was undertaken to determine the optimum
plant density of the semi-dwarf hybrid (391134R) for both

grain and silage production in southern Manitoba. It was



also intended to compare the semi-dwarf's yield to those of

a commonly grown corn hybrid in Manitoba.

The two corn hybrids (391134R and the check hybrid - Pio-
neer 3995) were grown at 3 locations over the growing sea-
sons of 1984 and 1985. The replicated tests included 5
plant densities for each hybrid for the over-all six station
year testing program. Besides grain and silage yields,
measurements on development and agronomic characteristics

were recorded and analysed.

The results indicated that the plant densities of 11.5
and 13.8 plants/m2 were optimum for 391134R for grain and
silage yields, respectively. Although an optimum grain
yield for the conventional hybrid, Pioneer 3995, was not
clearly defined by this experiment, an optimum silage yield
for this hybrid was determined to be 6.9 plants/m2. This
result corresponds with the provincially recommended seeding

rates for silage corn.

The semi-dwarf hybrid (391134R) significantly outyielded
Pioneer 3995 (at the recommended 5.7 plants/m2) consistently
in this experiment. Agronomic advantages for 391134R were
also measured in comparison to Pioneer 3995, the greatest of
which was the semi-dwarfs' relatively low values for stalk

breakage and root lodging.

Although 391134R matured a few days later than Pioneer
3995, it met all of the criteria put forth in this study to
be considered a viable hybrid in this province.

-y -
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Chapter 1I

INTRODUCTION

Corn production in southern Manitoba started after the
Second World War. From that time wuntil 1978 the number of
hectares grown was highly variable from year to year and
total production was low. Since 1978 grain corn production
has increased dramatically from 9,700 to a peak of 91,000
hectares in 1981. Today, 4grain corn production 1in this
province is in a slump, however, mainly due to several poor
years in the 1980's where severe 1losses were incurred
because of low Corn Heat Unit accumulations and early kill-
ing frosts. However, there are signs that grain corn pro-
duction is on the rise in 1987 with an estimated 20,500 hec-
tares 1in production. This along with the exceptional
growing season and resulting high grain yields, in 1987,
augers well for continued expansion of corn production in

Manitoba.

Most of the grain corn in Manitoba is grown in the Mor-
don, Carman, and Altona triangle. The reason is that this
area has the highest average corn heat unit accumulations in
the province as well as having 1light to medium type soils
which are conducive to corn production. Expansion of corn

into other areas of the province is difficult with existing
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hybrids because of the insufficient Heat Unit number in
these areas which increases the risk of growing corn. As
well, there is a considerable capital investment needed for
specialized farm equipment for the handling of grain corn.
This makes it difficult for producers to 'try' corn on a
small acreage basis or to grow corn as one of many diversi-
fied crops. The investment 1in specialized equipment would
only be considered feasible if corn was grown on a signifi-
cantly greater acreage in these areas currently considered

marginal for corn production.

Several years before the present study was started, PAG
Seeds (Cargill Ltd.) had developed several semi-dwarf corn
hybrids. It was confirmed by PAG representatives that the
semi-dwarf hybrids could be seeded and harvested with minor
adjustments to conventional equipment used for cereal crop-
ping. This was demonstrated on small field plots in south-
ern Ontario. Thus the rationale was that if the semi-dwarfs
could perform competitively with conventional corn hybrids,
specialized corn equipment would not be necessary. This
advantage could lead to the expansion of corn into areas
which are considered marginal for corn production. It also
provides the producer the option of diversifying their crop

base by growing small acreages of corn economically.

Semi~dwarf corn, however, is not without its disadvantag-
es. Weed control becomes more difficult because the very

narrow row spacings do not allow inter-row cultivation, thus
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the producer becomes more dependent on herbicides. Another
disadvantage is that the seed of the a semi-dwarf hybrid is
and will remain more expensive than conventional corn
hybrids on a per hectare basis. This is simply due to the
fact that higher plant densities are required for optimum

returns from semi-dwarf corn hybrids.

In order to determine the value of the semi-dwarf hybrid
in southern Manitoba, the following objectives were

employed:

(1) To determine optimum plant densities (plant number/
unit area of land) for grain and silage yields of the semi-
dwarf hybrid (391134R) as well as a conventional type corn
hybrid (Pioneer 3995).

(2) To compare the yields of the semi-dwarf to those of
Pioneer 3995 at the optimum plant densities for grain and

silage yields.

(3) To evaluate the semi-dwarfs agronomic and developmen-

tal characteristics.
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LITERATURE REVIEW

In general, the relationship between plant density (num-
ber of plants per unit area of land) and grain yield §f most
crops, including corn, 1is parabolic in function (Holliday
1960; Eddowes 1969; Fery and Janick 1971; and Adelana and
Milbourn 1972). For a given genotype, a specific plant den-
sity results in a maximum yield response. However, an opti-
mum plant density for a particular genotype in one geograph-
ic region <can be quite different from that in another
region. Cropping history of the 1land in question, conse-
quently it's fertility, are also variables affecting conclu-
sions and recommendations resulting from plant density stud-
ies. For this reason, the following review attempts to
categorize the results of such studies according to geo-
graphic location and where possible, to the agronomic prac-

tices pertaining to the region concerned.



2.1  INFLUENCE OF PLANT DENSITY ON YIELD OF GRAIN CORN

There have been many investigations into the effect of
plant density on grain yield. Most of these studies have
been conducted in the U.S.A., but an appreciable number have

also been carried out in Canada and in Great Britain.

In the U.S.A., Rutger and Crowder (1967a) tested 6 corn
hybrids at various plant densities and found the optimum
density for grain yield to be 7 pl/m2. However, because of
the greater mechanical losses that occur at high plant den-
sities, they recommended a plant density of 6 pl/m2 be used

in commercial practice.

Other studies have been conducted to compare the differ-
ences in crop response when corn is sown at two plant densi-
ties. One of these studies (Stickler and Laude 1960), made
the comparison wusing plant densities of 10,450 and 15,680
pl/ha. Grain yields at these two plant densities were not
significantly different. Stivers et al. (1971) conducted
tests on 11 sites in Indiana, using 3 hybrids sown at plant
densities of 54 and 69,000 pl/ha. On average, the yield
from the 69,000 pl/ha density was 2.3% lower than that from
the 54,000 pl/ha density. A large study completed by Troyer
and Rosenbrook (1983) in the northern Corn Belt of the
U.S.A., compared 84 hybrids established at plant densities
of 51,600 and 64,500 pl/ha over a nine~year period. The

higher density reduced mean yield from 76 to 73 quintals/ha
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and also increased the range of variability of yield among

hybrids.

In Britain, where the growing seasons are long, cool, and
moist, optimum plant densities have been found to be higher
than those in the U.S.A.. Bunting (1973), demonstrated that
the optimum plant density for 'Inra 200', the standard corn
variety in Britain, ranged from 8 to 10 pl/m2. In testing
several corn hybrids in southeastern England, Milbourn et
al. (1978) reported optimum plant densities to be in the
range of 8 to 12 pl/m2. Since yields were reduced at densi-
ties less than 7 pl/m2, they recommended a plant density of
8 to 9 pl/m2 be used. Adelana and Milbourn (1972), working
in the same area, found that under irrigated conditions,
10.8 pl/m2 was optimum; a result attributed to improved soil
moisture. Prior to this time, the recommended plant density

for corn for this same region was 8.3 pl/m2.

In Canada, optimum plant densities for commercial produc-
tion of grain corn have been difficult to pinpoint. For
example, Giesbrecht (1969) tested 4 hybrids at plant densi-
ties of 30, 40, 60 and 75,000 pl/ha. Where moisture was not
limiting, yields increased with correspondingly higher plant
densities. However, when moisture was a limiting factor for
maximum yield response, a 60,000 pl/ha density was optimum.
It was concluded that 60-75,000 pl/ha is the maximum plant
density that should be recommended for Manitoba. In compar-

ison, Hunter et al. (1970) tested 5 short-season hybrids at
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48,620 and 72,000 pl/ha at Guelph, Ontario. They found a
near linear increase in grain yield with increasing plant
density and concluded that the optimum density for these
hybrids had not been reached under the experimental condi-

tions employed.

2.1.1 Optimum Plant Density as Influenced by Genotype

The optimum plant density for a particular hybrid or gen-
otype in a designated area, 1is not necessarily the same as
that for a different hybrid. This was clearly demonstrated
by Bunting (1973) where 'Inra 200' produced maximum yields
when established at plaﬁt densities of 8 to 10 pl/m2. How-
ever, other flint-dent hybrids grown in the same area, per-
formed optimally at densities of only 6 to 8 pl/m2. 1In con-
trast, an early flowering, short-statured, experimental
hybrid produced maximum yields at a plant density of 14
pl/m2.

Besides responding to specific optimum plant densities,
corn hybrids also exhibit marked differential tolerance to
increased plant density stress (Duncan 1954; Bunting 1973).
Further studies (Lang et al. 1956; Iremiren and Milbourn
1980) revealed that tolerant hybrids had a low occurrence of
barren plants, while the reverse was true for the intolerant
hybrids. However, Giesbrecht (1969) found that relatively
tall, late-maturing hybrids were generally tolerant to high

plant densities.
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2.1.2 Plant Density Effect on Grain Yield as Influenced by
Soil Fertility and Moisture Relationships

High levels of fertility are known to be supportive of
increased plant densities (Dungan et al. 1958; Duncan 1958).
Therefore, the nature of the soil and the cultural practices
applied are important factors in recommending an optimum

plant density for a particular area.

The amount of moisture available to a corn crop also
influences the 1level of plant density found to be optimum
(Termond et al. 1963; Andrew and Peek 1971). Adequate mois-
ture favored high plant densities, while the opposite trend
was true when moisture was limiting. In fact, yields from
plots sown at high plant densities were drastically reduced
under drought conditions. It has been demonstrated (Alessi
and Power 1965; Fulton 1370) that adeguate moisture was
needed before high plant densities with the necessary addi-

tion of fertilizer improved yields.

2.1.3 Grain Yield as Influenced by Row Widths

The effect of reducing row widths within corn populations
has been studied by many researchers. In general, grain

yields were increased with decreasing row-widths.

In tests conducted over 11 station years in Indiana,

Stivers (1971) used plant densities equivalent to 54 and
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69,000 pl/ha in row-widths of 102, 76 and 51 cm. Yields
from the 51 cm and 76 cm rows were respectively 7.3 and 4.4%
greater than yields of the commonly used 102 cm row widths.
Similar results have been reported by other workers (Stick-
ler 1964; Fulton 1970; Hunter et al. 1970; Lutz et al.
1971). Such a response was attributed to an higher frequen-
cy of barren plants as a result of inter-row distances
(Stickler 1964; Stivers et al. 1971). Conversely, Stickler
and Laude (1960) and Giesbrecht (1969) observed no effect of

varying inter-row widths on grain yield.

2.1.4 Grain Yield as Influenced by Plant Spacing

Several studies have been conducted to measure the influ-
ence of plant spacing on grain yield within rows of a corn
population. Some of these experiments have involved equi-
distant planting (ie. all plants being equidistant from
adjacent plants both within and between rows), which is

believed to make the most efficient use of land area.

Krall et al. (1977) demonstrated that as the variability
in plant spacing increased (ie. 1less precision), corn grain
yields decreased. Hoff and Mederski (1960) stated that
.increased yields, due to more precise spacing, may be due to
increased shading of the soil surface. Thus, improved uti-
lization of solar energy and conservation of soil moisture

were responsible for improved yields.
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2.2 DWARF CORN AS INFLUENCED BY PLANT DENSITY

There are many dwarf corn lines which have been found to
be due to single recessive gene mutations (Glover 1970).
Little information 1is available, however, on dwarf corn

yield responses to varying plant densities.

Nelson and Ohlrogge (1957) considered the agronomic pos-
sibilities of a compact strain, a semi-dwarf mutation occur-
ing in an inbred of Hy2. The compact strain demonstrated
high levels of tolerance to high plant density pressure,
which was not true for other dwarf lines and for the isogen-
ic normal line. Furthermore, the compact strain outyielded
the other genotypes at plant densities of 26,000 pl/ha or
greater. The authors stated that this yield response curve
cannot be extrapolated to the response of a hybrid that con-
tains the compact gene, but that some hybrids displayed sim-
ilar yield curve responses as their respective inbreds.
They suggested that yield increases could be obtained by
incorporating the gene for compactness into conventional

hybrids.

Sowell et al. (1960) continued experiments on the compact
strain. They characterized the dwarf mutant strain as hav-
ing a proportionate reduction in morphological development
of the entire plant. In-depth studies on plant development
proved that the compact strain ceased vegetative growth at

the flowering stage, while the normal (Hy2) strain continued
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growing until physiological maturity. Therefore, the cessa-
tion of vegetative growth at flowering was a major factor
responsible for the compact's superior yield at high plant
densities. Presumably the normal strain under high density
stress, could not supply enough carbohydrates to satisfy

both vegetative and reproductive growth.

A study (Pendleton and Seif 1961) reported that a brachy-
tic-2 double cross hybrid displayed a yield response curve
(over plant densities) that was similar to that of normal
corn hybrids of standard height. The optimum plant density
was found to be 20,000 pl/ac.

Dwarf hybrids are considered to have potential due to
their superior lodging resistance at high plant densities.
However, it has been observed that incomplete filling of the

cobs can occur at these high densities (Dungan et al. 1958).

2.3 SILAGE CORN YIELD AS INFLUENCED BY PLANT DENSITY

When dealing with the yield of vegetative material, an
asymptotic yield-plant density curve exists with most crops
(Holliday 1960). Corn is no exception to this general rela-
tionship (Bunting and Willey 1958; Thomson and Rogers 1968;
Castle et al. 1951; Rutger and Crowder 1967 a,b; Eddowes
1969; Bunting 1971; Ferry and Janick 1971; Stivers et al.

1971; Adelana and Milbourn 1972; Phipps 1975). Thus, yields
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are maximized at a particular plant density and then plateau

irrespective of further increase in plant density levels.

Studies in the U.S.A. have demonstrated that 7 to 9 pl/m2
was the optimum plant density on the asymptotic curve for
corn silage yields (Rutger and Crowder 1967 a,b; Stivers et
al. 1971). In Great Britain the optimum plant density for
corn silage yield was found to be 1in the range of 9 to 12
pl/m2 (Bunting and Willey 1958; Thomson and Rogers 1968;
Castle et al. 1951; Bunting 1971; Adelana and Milbourn 1972;

Phipps 1975).

Comparatively, Daynard and Muldoon (1981), working in
Ontario, Canada, reported a optimum plant density of 6.3
pl/m2 for corn silage hybrids. However, Robinson and Murphy
(1972) reported that silage yields were primarily a function
of nitrogen ferfilization rate under irrigated conditions.
Varying plant densities and phosphate levels did not produce

significant effects on forage yield.

In general, it 1is recommended that plant densities for
silage corn be increased above those found optimum for grain
corn in a particular area (Adelana and Milbourn 1972; Field

Crop Recommendations for Manitoba 1984).
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2.4  AGRONOMIC-QUALITY CHARACTERISTICS OF CORN AS
INFLUENCED BY PLANT DENSITY

As documented 1in the previous sections, the 1levels of
plant density influence grain and silage yields of corn.
However, when deciding on an optimum density, the agronomic
and quality characteristics of the corn crop must also be
considered. The following sections deal with these rela-
tionships, including the secondary influences of such on

yield, crop losses, and harvestability.

2.4.1 Stalk Breakage and Root Lodging

The heaviest 1losses in commercial corn ’production occur
as a result of stalk breakage (stalk is broken below the
ear) and root lodging (the entire plant leans at an angle of
30° or greater). It is known that as plant densities are
increased, the incidence of stalk breakage and root lodging
also increases (Dungan et al. 1958; Rutger and Crowder 1967
a; Giesbrecht 1969, 1976; Milbourn et al. 1978; Remison and
Akinleye 1978; Troyer and Rosenbrook 1983). This direct
association is attributed to decreased stalk diameter aﬁd
increased plant ear height as plant densities are increased
(Dungan et al. 1958; Milbourn et al. 1978). However, stud-
ies done in a tropical climate revealed that lodging was
positively associated with plant ear height but not with

stem diameter (Remison and Akinleye 1978).
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2.4.2 Ear Barrenness

Ear barrenness refers to a condition whereby a corn plant
fails to develop an ear. It 1is known that barrenness is
more prevalent in populations of high plant density (Lang et
al. 1956; Dungan et al. 1958; Mortimore and Wall 1965; Rut-
ger and Crowder 1967 aj; Giesbrecht 1969; Iremiren and Milb-
ourn 1980; Troyer and Rosenbrook 1983). Lang et al. (1956)
discovered that plant density, nitrogen level, and plant
genotype are factors which significantly affect ear barren-
ness. Low levels of nitrogen generally increased the fre-
quency of barrenness at high plant densities, although vari-
ous genotypes displayed differential responses. Giesbrecht
(1969) also reported that moisture deficiencies amplified

the ear barrenness-plant density relationship.

2.4.3 Ear Drop

Ear drop is a condition in which the ear becomes detached
from the stalk prior to harvest and consequently falls to
the ground. This results in a direct yield loss since
'dropped' ears cannot be recovered by conventional harvest-
ing practices. Troyer and Rosenbrook (1983) reported that
the occurrence of ear drop increased as plant densities were

increased.
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2.4.4 Ear Development

The morphological and physiological characteristics of
the individual corn ear directly influence grain yield and
therefore, are important aspects when considering optimum
plant densities. It 1is known that ear weight declines as
plant densities are increased (Lang et al. 1956; Dungan
1958; Stickler 1964; Mortimore and Wall 1965; Rutger and
Crowder 1967 a; Iremiren and Milbourn 1980). This has been
attributed to reduced ear size, fewer seeds per ear, and
reduced seed weight from plants grown under high plant den-
sities (Dungan et al. 1958; Rutger and Crowder 1967 a; Ire-

miren and Milbourn 1980).

2.4.5 Tillering

Tillering 1involves the development of secondary stems
which are considered to be of little wvalue in grain corn
production. They rarely produce significant qguantities of
grain and will also hinder harvest operations due to
increased bulk. Dungan et al. (1958) stated that tillering
occurs 1in response to environmental conditions which are
capable of supporting higher plant densities than those
actually present. It has been found therefore, that the
number of tillers per plant decreases as plant densities
increase (Dungan et al. 1958; Mortimore and Wall 1965; Gies-

brecht 1969).
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2.4.6 Plant Height

Plant height within corn populations is influenced by
plant density. For example, Dungan et al. (1958) and Bunt-
ing (1973) both reported that plant height from populations
of medium plant densities were greater than those from
either higher or lower plant densities. Conversely, Gies-
brecht (1976) reported that plant heights increased signifi-
cantly as plant densities were raised from 30 to 100,000

pl/ha.

2.4.7 Plant Maturity

It has been shown that the maturity rate of corn hybrids
is retarded with increased plant densities (Giesbrecht 1976;
Milbourn 1978). Other researchers (Rutger and Crowder 1967
a; Hunter et al. 1970; Bunting 1973), have reported that
corn grown under high plant densities had relatively higher
grain moisture content than that produced at low densities.
Furthermore, the time required to reach the silking stage is
prolonged with increases in plant density. However, the
anthesis stage 1is not affected by such increases in plant
density (Bunting and Willey 1958; Dungan et al. 1958; Bunt-

ing 1973; Iremiren and Milbourn 1980).
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2.4.8 Grain Protein Content

Protein content of grain corn is a nutritional factor and
therefore, has importance relative to feed rations. It has
been demonstrated that protein content is inversely related
to plant density (Zuber et al. 1954; Lang et al. 1956; Gen-
ter et al. 1956; Pendleton and Seif 1961). The early work
by Zuber et al. (1954) revealed that corn genotypes at a
given plant density, can have varying crude protein levels

in the grain.

2.4.9 Silage Quality

Silage corn is used to feed ruminant animals. The feed-
ing value or quality of such silage is measured according to
either weight gain per unit silage consumed or by in-vitro
studies. These studies have shown that the dry matter con-
tent of the silage is the most important factor in the
assessment of its quality (Hemken et al. 1971; Bunting 1976;
Phipps et al. 1981; Fairey 1982). In other words, plant
density has little effect on the feeding value or quality of
silage corn. Therefore, when growing corn for siiage, opti-
mum plant densities should be high (in accordance with the
asymptotic curve) in order to achieve maximum dry matter

yields.



Chapter I1I

MATERIALS AND METHODS

Two 3-way cross corn hybrids were used for this experi-
ment, including a standard tall genotype and an experimental
semi-dwarf hybrid. The semi-dwarf hybrid was developed by
PAG Seeds (Cargill Ltd., Ontario) and is designated by the
experimental number 391134R. The plant type represented by
this hybrid is one which 1is proportionately reduced in size
by approximately one third compared to conventional corn
hybrids. As well as having a high yield potential, it is
believed that 391134R could be seeded and harvested with
conventional cereal equipment which is considered a distinct
advantage. This hybrid reaches a height of approximately
1.6 m and matures with approximately 2200 Corn Heat Units
(C.H.U.). The second hybrid used in this study was Pioneer
3995, a hybrid which has been widely grown in Manitoba for
many years. In comparison with other recohmended corn
hybrids in Manitoba, it represents a standard plant type
with respect to height (2.4 m) and is classified as a 2150

C.H.U. hybrid.

- 18 -
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3.1 METHODS

The objectives of this experiment were to determine an
optimum plant density for both the semi-dwarf and standard
hybrids under the environmental conditions of southern Mani-
toba. Comparisons of grain and silage yields, as well as
other agronomic traits were made between the two hybrids to
determine if the semi-dwarf had merit as a commercially via-
ble hybrid. The methodology outlined in the following sec-

tions was employed in an attempt to meet these objectives.

3.1.1 Plant Densities

Each hybrid was grown at 5 plant densities. The semi-
dwarf hybrid was grown in densities of 5.7, 8.6, 11.5, 13.8
and 17.2 plants/m2, while Pioneer 3995 was tested at 3.8,
4.9, 5.7, 6.9 and 8.6 plants/m2. The rationale for select-
ing these densities was based wupon initial reports from PAG
Seeds indicatihg that 391134R was expected to reach it's
optimum performance at relatively high plant densities.
Conversely, currently recommended plant densities for stan-
dard corn hybrids 1in Manitoba are 4.9 to 5.7 plants/m2 for
grain corn and 6.9 plants/m2 for silage corn (Manitoba Field

Crop Recommendations, 1984).
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3.1.2 Experimental Design

A separate randomized complete block design was estab-
lished for each hybrid. The two hybrids could not be ran-
domized within the same design because their height differ-

ential could conceivably introduce bias due to shading.

The experiment was conducted during the growing seasons
of 1984 and 1985. Three experiméntal sites were used, these
being located at Winnipeg, Carman and Ridgeville. Each site
represented a different soil type as well as a different

long-term average C.H.U. accumulaton (Table 1).

Plots consisted of 7 rows, each 6.7 m in length with 38.1
cm between rows. Plots within blocks were sown 1 m apart,
while blocks were separated by a distance of 3 m. All sites
consisted of 3 replications of each plant density, resulting

in a total of 18 replications over 6 station years.

Row widths were kept constant at 38.1 cm while inter-row
plant spacings varied depending upon the plant density
required. The seeding operation involved the use of a hand-
operated corn planter. Using this method, 2 seeds were sown
per hill, which were later thinned to a single seedling per

hill.

When seedlings had reached the 3 to 5 leaf stage, granu-
lar fertilizer was applied between rows as a side dressing

at a depth of 2 to 3 cm. High rates of fertilizer were
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TABLE 1

Physical description of experimental sites

i e e L L T P E T T e T T T T T T T T oy,

Site Soil type Average CHU Location
Winnipeg Silty Clay 2483 The 'point'
(U. of M.)
Carman Almasippi very 2404 H. McKnights
fine sand loam farm
Ridgeville Springbank 25794 A, Loeppky's
sandy loam farm

“average value from the closest recording station, Emerson.
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applied so that at no time was the nutrient level a limiting
factor for maximum growth. The actual rates of nutrients
applied among sites and between years varied due to differ-

ent granular mixes used and the nature of application (Table

2).

Experimental plots were maintained in a weed-free state
by both hand weeding and by the use of pre-plant incorporat-
ed herbicides. Spraying for the European Corn Borer

[Ostrinia nubilalis (Hubner)] was also carried out when

required using recommended insecticides. All plots were

grown under dry-land conditions.
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TABLE 2

Nutrient application on a per site/year basis

Actual nutrients applied (Kg/ha)

Winnipeg Carman Ridgeville

Nutrient 1984 1985 1984 1985 1984 1985
Nitrogen (N) 157 183 145 168 129 164
Phosphate (P205) 81 91 61 70 54 68
Potassium (K20) - -~ 121 139 108 136

Sulfur (S) - - 18 21 16 21
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3.1.3 Plant Measurements

The two outer rows of each 7-row plot were used as guard
rOWS. In addition, the center row was also considered as a
guard or spare row in the event of plot damage. The two
remaining rows on each side of the center row were used to
make all measurements including yields of either grain or

silage.

The following is a description of the agronomic parame-

ters evaluated with their respective units of measurement:

EMERGENCE: -measured as the number of days from seeding
to the date when approximately 75% of the seedlings have

emerge.

TILLERING: -the percentage of plants per plot with secon-
dary stalks reaching a minimum height of 0.5 m by the time

of plant maturity.

SILKING AND ANTHESIS: —the number of days from date of
seeding to the time when 50% of the plants either show silk

emergence or initial pollen shedding.

EAR AND PLANT HEIGHT: -a measurement of the distance
between ground level to the shank supporting the ear and to
the tip of the tassel, respectively. These measurements

were recorded several days before silage harvest.
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STALK BREAKAGE: -the percentage of plants per plot exhib-
iting broken stalks below the attachment of the ear. This

information was recorded just prior to grain harvest.

ROOT LODGING: -the percentage of plants per plot which
leaned at an angle of approximately 30 degrees or more at

the time of grain harvest.

EAR BARRENNESS: -the percentage of plants per plot which
failed to develop an ear. This information was recorded

just prior to grain harvest.

EAR DROP: -the percentage of plants per plot in which the
ear had become detached from the stalk and had dropped to

the ground before grain harvest.

Grain and silage yield data were based on a standard num-
ber of plants harvested from each plot. Generally, this
entailed the harvesting of approximately 6 m of the central
portion of each row, thus 1leaving an unharvested length of
approximately 0.3 m on each end where border effects might

occur.

As recommended in the Manitoba Field Crop Recommendations
(1984), silage plots were harvested when the kernels were
well-glazed. Plants were cut by hand approximately 5 cm
above ground level and fresh weights of plants of each plot
were recorded. A chopped sample of harvested plants was

bagged and placed in a freezer until further analysis. Upon
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completion of the field harvest, samples were removed from
the deep freeze, weighed and oven-dried for 72 hours at 78°¢C
and re-weighed. Based upon these data, silage moisture and

dry matter yields in grams/m2 were calculated.

For grain yields, plots were harvested soon after the
plants had reached full maturity. Ears from a plot were
hand-harvested and threshed the same day. Grain test
weights were recorded immediately, after which a 2000 gram
sample was drawn for moisture determinations. These samples
were air-dried for several weeks and then re-weighed. Mois-
ture determinations on air-dried samples were analysed by
use of a Dicky-John grain computer. From these data, final
grain yields were calculated and expressed as grams/m2 at
15.5% moisture. The air-dried grain samples were also used

to evaluate the following parameters:

GRAIN DENSITY: -the weight of 0.5 1 of screened grain

multiplied by 2 and expressed in grams/1l.

1000 KERNEL WEIGHT: -the weight of 250 whole seeds multi-

plied by 4 and expressed as grams/1000 kernels.

PROTEIN: -percentages of nitrogen as determined by the
Kjeldahl method based on 0% grain moisture and converted to

percent protein using a conversion factor of 6.25.

General observations were also made on insect and disease

levels where applicable.
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3.2 STATISTICAL ANALYSIS

An analysis of variance for all parameters was completed
on each hybrid for each station year. A homogeneity test
(Bartlett, 1938) was then conducted to determine if the data
from 6 station years, or a majority of them, could be
pooled. If so, another analysis of variance was completed
on the pooled data. If statistically significant, differ-
ences between plant densities of the same hybrid were deter-
mined via the Duncan's Multiple Range Test at a significance

level of 0.05.

Once the optimum plant density for 391134R was derived,
it was compared to the currently recommended plant density
for Pioneer 3995. This was accomplished by use of a paired

t-test for each station year.




Chapter 1V

RESULTS AND DISCUSSION

In 1984, corn heat unit accumulations at all three sites
were above normal and permitted full development of the two
corn hybrids. After heavy rains in June, rainfall in the
later months was below normal. However, drought conditions
occurred only at the Carman site in 1984. In 1985, corn
heat unit accumulations at all three sites were below normal
and frost damage occurred at Ridgeville. Moisture did not

appear to limit crop production in 1985.

4,1 GRAIN YIELD

The grain yield results of 391134R are shown in Table 3.
The grain yields at the three highest plant densities (17.2,
13.8 and 11.5 plants/m2) were not significantly different
when all data were pooled. The lowering of plant density
from 11.5 to 8.6 plants/m2 resulted in a significant
decrease in grain yield. A further decrease in plant densi-
ty to 5.7 plants/m2 significantly decreased grain yield to

the lowest value over all densities, stations and years.

Carman, in 1984, was the only site seriously affected by

drought in this experiment. Grain yield at the highest

- 28 -



TABLE 3

The grain yield (grams/m2 at 15.5% moisture) of 391134R

over six station years and varying plant densities

29

Plant Winnipeg Carman Ridgeville

density _

(pl/m2) 1984 1985 1984 1985 1984 . 1985 XA
17.2 879 a* 701 ab 691 bc 844 a 978 a 558 a 775 a
13.8 887 a 704 ab 786 ab 764 b 971 a 554 a 778 a
11,5 858 ab 727 a 861 a 769 b 99 a 568 a 792 a
8.6 760 bc 637 b 786 ab 638 ¢ 896 a 517 a 706 b
5.7 654 ¢ 588 ¢ 611 ¢ 548 4 775 b 384 b 588 ¢

F value 9.02 8.32 9.92 53.44 10.86 16.64 66.03

C.v 7.12 6.19 7.14 3.92 4.96 6.29 6.08

_—..__—___.-.______.—-.__—___=============-—=—"=======.—"===.-."_-._-—."===-_"_-===_-==_-===_-=

*means followed by the same letter are not significantly different

at the P = 0.05 level.
"all 6 station years pooled.
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plant density (17.2 plants/m2) measured a marked reduction
when compared to the medium-to-high plant densities of 11.5
and 13.8 plants/m2, respectively. In 1985, the site of
Ridgeville experienced poor environmental conditions for
corn production, as mentioned previously. This resulted in

greatly reduced yields for both corn hybrids.

The results obtained duplicated the parabolic grain
yield-plant density function, as discussed by Holliday
(1960). The grain yield-plant density curve peaked at the
plant density of 11.5 plants/m2. = Higher densities did not
result in significant decreases in yield, however, a trend
toward lower yields was evident. This was especially true
at Carman where wunder drought stress in 1984, significant
decreases 1in grain yield occurred with plant densities
greater than optimum (11.5 plants/m2). Even under the poor
environmental conditions of Ridgeville in 1985, the yield
response curve followed the same pattern with optimum plant

density being 11.5 plants/m2.

The grain yield results of Pioneer 3995 are shown in
Table 4. The pooled data demonstrates that grain yield
increased significantly with each increase in plant density.
This relationship held true under the drought conditions
found at Carman in 1984 and under the poor climatic condi-

tions of Ridgeville in 1985.
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TABLE 4

The grain yield (grams/m2 at 15.5% moisture) of Pioneer
3995 over six station years and varying plant densities.

Plant Winnipeg Carman Ridgeville
density : _
(pl/m2) 1984 1985 1984 1985 1984 1985 XA

8.6 779 a* 668 a 847 a 627 a 879 a 551 a 725 a
6.9 731 a 591t ab 751 ab 616 a 819 ab 478 b 664 b
5.7 673 b 562 b 716 bc 576 ab 749 b 452 b 621 ¢
4.9 637 b 524 bc 622 cd 520 bc 673 c 449 b 571 a
3.8 521 ¢ 441 ¢ 538 4 461 ¢ 5564 d 3% ¢ 484 ¢

F value 32.41 9.58 12.13  7.88 35.28 12,72 85.70
C.v. 4.49 8.39 8.51 7.64 5.05 6.08 6.85

*means followed by the same letter are not significantly different
at the P = 0.05 level.
hall 6 station years pooled.
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Yields resulting from the plant density range used for
Pioneer 3995 did not reproduce the parabolic function as
discussed by Holliday (1960). However, other grain yield-
plant density trials involving tall corn hybrids in Canada,
produced results similar to those in this study (Giesbrecht,
1969; Hunter et al, 1970). Therefore, the optimum plant
density for this particular hybrid appears not to have been
reached under the experimental conditions employed in this

study.

Since an optimum plant density for the standard tall corn
hybrid Pioneer 3995 did not appear to have been reached,
it's yield at the provincially recommended 5.7 plants/m2 was
compared to the optimum plant density found for hybrid
391134R (Table 5). The overall grain yield of 391134R, at
its optimum plant density (11.5 plants/m2), was significant-
ly higher (27.5%) than Pioneer 3995 at its recommended plant
density of 5.7 plants/m2. The grain yield results indicate
that 391134R has merit to be produced commercially in south-

ern Manitoba.
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TABLE 5

The comparison of grain yield (grams/m2) of 391134R
(at 11.5 plants/m2) and Pioneer 3995 (at 5.7 plants/m2).

R e g N S b 2 3+ 4+ 3 -+ + + T ¢+ ¢+ T TP 3

Hybrid Reps Mean Std Dev. t Prob > T

391134R 18 792.1 140.7 3.9653  0.0004xx
Pioneer 3995 18 621.4 116.3 3.9653  0.0004=*%

**indicates significant difference at the 0.01 level.
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4,2 SILAGE YIELDS

The dry matter yield of hybrid 391134R increased as plant
density increased (Table 6). The two highest plant densi-
ties of 17.2 and 13.8 plants/m2 did not result in signifi-
cantly different mean silage yields. Similarly at the plant
densities of 11.5 and 8.6, the yields were similar and sig-
nificantly lower than those of 17.2 and 13.8 plants/m2. The
lowest piant density of 5.7 plants/m2 resulted in signifi-

cantly lower dry matter yields over all stations and years.

As shown in table 7, the mean dry matter yield of Pioneer
3995 increased as plant densities increased. The two high-
est plant densities tested (8.6 and 6.9 plants/m2) resulted
in the highest mean silage yields albeit not significantly
different from one another. Similarly, the plant densities
of 5.7 and 4.9 plants/m2 were not significantly different in
terms of silage yield returns. The lowest plant density
(3.8 plants/m2) resulted in lowest dry matter yield at all
stations for both years, but these differences were not

always statistically significant.

The results obtained for both corn hybrids substantiate
the asymptotic dry matter-plant density yield curve as dis-
cussed by Holliday (1960). Dry matter yield for 391134R
increased up to a density of 13.8 plants/m2 beyond which
significant yield increases were not realized. Similarly,

dry matter yields for Pioneer 3995 were not significantly
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TABLE 6

The silage yield (grams/m2 of dry matter) of 391134R
over five station years and varying plant densities.

Plant Winnipeg Carman Ridgeville
density _
(pl/m2) 1984 1985 1984 1985 1984 1985 XA
17.2 - 1305 ax 1454 a 1682 a 1769 a 1286 a 1424 a
13.8 - 1201 ab 1419 a 1617 a 1612 b 1324 a 1381 a
11.5 ~ 1236 ab 1380 ab 1362 b 1645 ab 1213 ab 1270 b
8.6 - 1115 bc 1277 b 1358 b 1430 ¢ 1106 b 1193 b
5.7 - 1052 ¢ 1003 ¢ 1114 ¢ 1253 @ 949 ¢ 1038 ¢
F value NA 6.56 28.89 14.20 19.62 14.95 31.92 L
C.v. NA 5.70 4.49 7.35 5.13 5.78 6.50

*means followed by the same letter are not significantly different
at the P = 0.05 level,
71985 sites pooled.
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TABLE 7

The silage yield (grams/m2 of dry matter) of Pioneer
3995 over five station years and varying plant densities.

-—_—=_==_...——.=._—_=—_=_-.__—..-=_—-_=-==_=-__====—===_=_-____=_.==_...=_==_=_—==

Plant Winnipeg Carman Ridgeville

density _

(pl/m2) 1984 1985 1984 1985 1984 1985 XA
8.6 - 1165 a* 1522 a 1494 a 1504 a 1124 a 1261 a
6.9 - 1163 a 1324 ab 1367 ab 1396 a 1079 a 1203 a
5.7 - - 1068 a 1381 ab 1279 abc 1319 ab 913 b 1087 b
4.9 - 1070 a 1386 ab 1157 bc 1390 a 877 bc 1035 bc
3.8 - 998 a 1159 b 1120 ¢ 1110 b 79 ¢ 971 ¢

F value NA 1.64 1.90 5.65 4,79 24,19 15,98

c.v. NA 8.77 12.20 8.71 8.64 5.13 8.06

*means followed by the same letter are not significantly different
at the P = 0.05 level.
71985 sites pooled.
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increased with densities higher than 6.9 plants/m2. There-
fore, the optimal plant density for dry matter yield of
391134R approached 13.8 plants/m2, while a density of 6.9
plants/m2 appears to be optimal for Pioneer 3995 in southern
Manitoba. This plant density level is the currently recom-
mended rate for silage corn in Manitoba (Field Crop Recom-
mendations for Manitoba, 1984). The results of the t-test
comparing these two optimal plant densities for silage
(Table 8), demonstrate that 391134R outyields Pioneer 3995,
but not significantly. The results of this study also rein-
force the general recommendation that silage corn plant den-
sities should be higher than those used for grain corn.
This remains true as the semi-dwarf performs optimally for
silage at a plant density level above that tested for opti-
mum grain corn yields (ie. 13.8 vs. 11.5 plants/m2, respec-

tively).
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TABLE 8

The comparison of silage yield (grams/m2) of 391134R (at 13.8
plants/m2) and Pioneer 3995 (at 6.9 plants/m2).

Hybrid Reps Mean Std Dev. t Prob > t
391134R 9 1380 195.4 2.0148 0.0612ns
Pioneer 3995 9 1203 178.9 2.0148 0.0611ns

ns not significantly different.
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4.3 AGRONOMIC CHARACTERISTICS

In corn production, agronomic characteristics are consid-
ered very important. Many of the following traits affect
grain and silage yields directly, while others are used as
indicators of plant development and maturity. Several of
these are also important in the way they affect harvest

operations and crop rotation.

4.3.1 Stalk Breakage

The mean percentage values of stalk breakage are given in
Table 9 for each corn hybrid at the eight plant densities
tested. Pooling of sites and years was not possible due to
the high variability in stalk breakage values observed. In
general, stalk breakage increased as plant density increased
for both hybrids. The semi-dwarf hybrid (391134R) displayed
values which ranged from 0.4 to 7.9% while the conventional
corn hybrid (Pioneer 3995) ranged from 7.4 to 18.9%. The
values for 391134R over all plots averaged 4.0% while the

overall mean for Pioneer 3995 was 13.8%.

As indicated previously, it is well known that the inci-
dences of stalk breakage and root lodging increase as plant
density increases (Dungan et al. 1958; Rutger and Crowder
1967 a; Giesbrecht 1969, 1976; Milbourn et al. 1978; Remison
and Akinleye 1978; Troyer and Rosenbrook 1983). The same

trend was apparent in this study.
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TABLE 9

Mean percentage values of stalk breakage of both 391134R and Pioneer
3995 over six station years and varying plant densities.

Plant Stalk breakage means (%)
density
(pl/m2) 391134R Pioneer 3995

17.2 7.9 -

13.8 5,5 -

11.5 3.5 -

8.6 2.5 17.2

6.9 - 18.9

5.7 0.4 16.5

4.9 - 9.2

3.8 - 7.4
Means (X) 4.0 13.8

=====_—=-_—.—"'———=—_=—-=————====__====="'—-=__=-—=_—==

“since variances were high, anaylsis was
ineffective.
-not tested at this plant density.
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The recommended plant density of 5.7 plants/m2 for Pio-
neer 3995 resulted in a stalk breakage value of 16.5%. This
value can be considered close to the norm for most conven-
tional type corn hybrids. On the other hand, hybrid 391134R
had exceptional stalk breakage resistance. It's mean value
of 3.5% at the optimal grain yield plant density of 11.5
plants/m2 is considered to be a very low incidence of stalk
breakage for corn. The low occurrence of stalk breakage in
plots of 391134R appears to be due to the semi-dwarf stature
of the plant. The distance between the smaller corn ear and
ground level is reduced in the semi-dwarf hybrid and appears
to make for a relatively stronger stem due to reduced lever-

age effects.

The difference in stalk breakage between Pioneer 3995 and
hybrid 391134R at the recommended plant densities for grain
yield (5.7 and 11.5 plants/m2, respectively) was 13;0% with
391134R having the distinct advantage. In actual practice,
the obtainable yield of Pioneer 3995 (ie. the total amount
of grain that can be picked up by a commercial harvest oper-
ation) would not reflect a decrease of 13.0% in relation to
391134R due to the fact that not all plants displaying stalk
breakage would be lost in the harvest operation. From per-
sonal experience, it can be estimated that the ears from
approximately 50% of the plants showing stalk breakage are
harvestable. This in effect, increases the yield advantage

of 391134R over Pioneer 3995 by 9% (Table 10). Overall,
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TABLE 10

The comparison of mean grain yield of Pioneer 3995 (5.7 plants/m2)
and 391134R (11.5 plants/m2) with estimated harvestable field
losses accounted for.

Pioneer 3995 391134R Advantage of
391134R over

Losses Loss Yield Loss VYield Pioneer 3995
(cause) (%) (g/m2) (%) (g/m2) (%)
None 0.00 621 0.00 792 27.5
Stalk”
Breakage 8.25 570 1.75 778 36.5
Root*
lodging 3.15 552 0.00 778 40.9
Ear$
drop 1.70 543 0.10 777 43.1

A50% of mean value used as a field loss.
$100% of mean value used as a field loss.
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this would result in a yield advantage of 36.5% for 391134R

over Pioneer 3995,

The 1low stalk breakage value for Pioneer 3995 at the
highest plant density (8.6 plants/m2) is uncharacteristic of
conventional height corn hybrids. While plants at this high
plant density displayed characteristic symptoms of high den-
sity stress (e.g. increased ear and plant height, thin stems
and delayed silking), they did not display the expected
severe losses from stalk breakage. Instead, values for
stalk breakage among these plots were much more variable.
This in 1itself is undesirable due to the increased unpre-
dictability of the trait. Therefore, it would appear that a
plant density lower than 8.6 plants/m2 should be used for
the grain production of Pioneer 3995. The plant density of
6.9 plants/m2 significantly outyielded the provincially
recommended 5.7 plants/m2. However, increases in stalk
breakage and root lodging were associated with the higher
plant density (6.9 plants/m2) but were not large enough to
compensate for the yield increase observed. From these
results, one might question whether or not 5.7 plant/m2 is
an adequate plant density to be wused for grain corn produc-

tion of Pioneer 3995 or other similar types in Manitoba.
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4,3.2 Root Lodging

The mean percentage values of root lodging are given in
Table 11 for the two corn hybrids grown at the 8 prescribed
plant densities. Pioneer 3995 demonstrated some suscept-
ability to root lodging, with mean values ranging from 6.3
to 9.9%. Hybrid 391134R, however, had no appreciable

occurrence of this trait.

One reason why 391134R is highly resistant to root lodg-
ing is that it forms an elaborate system of adventitious or
prop roots which develop from as many as three nodes above
the ground surface. In comparison, the development of prop

roots on Pioneer 3995 was less extensive.

The difference 1in mean root 1lodging values between the
two hybrids was relatively large with 6.3% for Pioneer 3995
and 0.0% for 391134R at the recommended plant densities of
5.7 and 11.5 plants/m2, respectively. Once again, it can be
assumed that only 50% of lodged plants will be lost during
the harvest operation (personal experience). This, in
effect, increases the obtainable yield advantage of 391134R

over Pioneer 3995 to 40.9% (Table 10).

In this experiment, there was no apparent relationship
between varying plant density and root lodging. 1In the lit-
erature, however, stalk breakage and root lodging are
reported to increase as plant density increases (Dungan et

al. 1958; Rutger and Crowder 1967 a; Giesbrecht 1969, 1976;
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TABLE 11

Mean percentage values of root lodging of both 391134R
and Pioneer 3995 over six station years and varying plant densities.

Plant Root lodging (%)~

density

(pl/m2) 391134R Pioneer 3995
17.2 0.2 -
13.8 0.2 -
11.5 0.0 -
8.6 0.1 7.8
6.9 - 7.3
5.7 0.0 6.3
4,9 - 9.9
3.8 - 8.3

Means (X) 0.1 7.9

Asince variances were very high, anaylsis
was ineffective.

-indicates no tests at this particular
plant density.
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Milbourn et al. 1978; Remison and Akinleye 1978; Troyer and
Rosenbrook 1983). These differences in findings may be
explained on the basis that other experiments have combined
the data for stalk breakage and root 1lodging. If both
traits were combined in the present experiment, a relation-

ship as described in the literature would be observed.

4.3.3 Ear Drop

Depending upon genotype, ear drop (ie. breakage of the
attachment of ear to the stalk) can occur near the time of
maturity. The mean percentage values for ear drop are given
in Table 12. It is apparent that ear drop was a relatively
rare event for both corn hybrids. The occurrence of this
trait was observed with higher frequencies at the higher
plant densities of both Pioneer 3995 (5.7 to 8.6 plants/m2)
and 391134R (11.5 to 17.2 plants/m2).

The semi-dwarf corn hybrid appears to be almost complete-
ly resistant to ear drop (with a mean of 0.0% overall) while
Pioneer 3995 exhibited a 1low mean value of 0.9% for this
trait. The shank, which attaches the ear to the stalk,
appeared to be much stronger in 391134R than in Pioneer
3995, as was confirmed from experience when hand picking the
ears at harvest. This, along with a proportionately smaller
ear (ie. reduced leverage effect), could be the reason for

the difference in ear drop between the two hybrids.
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TABLE 12

Mean percentage values of ear drop of both 391134R and
Pioneer 3995 over six station years and varying plant densities.

Plant Ear drop (%)*

density

(pl/m2) 391134R Pioneer 3995
17.2 0.1 -
13.8 0.0 -
11.5 0.1 -
8.6 0.0 1.1
6.9 - 1.4
5.7 0.0 1.7
4.9 - 0.5
3.8 - 0.0

Means (X) 0.0 0.9

Asince variances were very high, anaylsis
was ineffective.

-indicates no tests at this particular
plant density.
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It is impossible for a conventional harvest operation to
retrieve dropped ears. Therefore, any value attributed to
ear drop is considered to be a 100% loss of grain for those
ears. The difference in ear drop between the two hybrids at
the recommended plant densities is equal to 1.6% in favor of
391134R. This, 1in effect, increases the obtainable yield

advantage of 391134R over Pioneer 3995 to 43.1% (Table 10).

Since ear drop is a rare event, it is difficult to estab-
lish a relationship with plant density on a small plot basis
with a limited number of replications. This is perhaps why
most of the literature makes no comment on such a relation-
ship. However, after completing a large experiment, Troyer
and Rosenbrook (1983) demonstrated that the incidence of ear
drop significantly increased as plant density increased.
The results obtained from the present experiment appear to

follow this same trend (Table 12).

4.3.4 Ear Barrenness

Ear barrenness refers to the number or percentage of
plants which fail to develop an ear. While this trait was a
relativly rare event in the present study, a relationship of
increasing ear barrenness with increasing plant density is
apparent (Table 13). The corn hybrid 391134R expressed this
trait particularly at the two highest plant densities test-

ed, 13.8 and 17.2 plants/m2, with values of 0.4 and 1.1%
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TABLE 13

Mean percentage values of barren plants of 391134R
and Pioneer 3995 over six station years and varying plant densities.

Plant Barrenness (% plants)”?
density
(pl/m2) 391134R Pioneer 3995

17.2 1.1 -

13.8 0.4 -

11.5 0.0 -

8.6 0.0 1.9

6.9 - 1.7

5.7 0.2 1.1

4.9 - 0.2

3.8 - 0.3
Means (X) 0.3 1.0

“since variances were very high, anaylsis
was ineffective.

-indicates no tests at this particular
plant density.
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recorded, respectively. At all other plant density levels
ear barrenness values were negligible. However, Pioneer
3995 demonstrated appreciable levels of ear barrenness at
medium to high plant densities (ie. from 5.7 to 8.6 plants/

m2 with a range of values from 1.1 to 1.9%).

It has been established that ear barrenness values
increase as plant density increases (Lang et al. 1956; Dun-
gan et al. 1958; Mortimore and Wall 1965; Rutger and Crowder
1867 a; Giesbrecht 1969; Iremiren and Milbourn 1980 and
Troyer and Rosenbrook 1983). A similar relationship was
apparent in the present experiment. Ear barrenness is con-
sidered to reflect a reaction to high density stress whereby
competition for nutrients, moisture and light is great. As
a result, a plant that is barren probably did not receive

sufficient nutrients to support ear development.

While 391134R showed negligible ear barrenness values at
the optimum grain plant density (11.5 plants/m2), Pioneer
exhibited a value of 1.1% at the recommended plant density
of 5.7 plants/m2. Thus, 391134R appears to be more tolerant
to high plant density stress than does Pioneer 3995, The
difference in values for this trait do not affect the yields
obtained, since barren plants (ie. plants with no grain) did
not contribute to the harvest yield figures presented in

Tables 5 and 6.
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4.3.5 Tillering

It has been established that tillering decreases as plant
density increases (Dungan et al. 1958; Mortimore and Wall
1965; Giesbrecht 1969). The results of the present experi-
ment support this relationship (Tables 14 and 15). As plant
density increases from one level to the next, the percentage

of tillering decreases for both corn hybrids.

Tillering is considered to be a response to environmental
conditions which are capable of supporting higher plant den-
sities than those actually present (Dungan et al. 1958).
Therefore, if the tillering percentage is relatively high,
it can be argued that the optimal plant density has not yet
been reached. 1In this study, the semi-dwarf displayed a low
level of tillering at the optimal plant density of 11.5
plants/m2 for grain production. With lower plant densities
(8.6 and 5.7 plants/m2) increases in tillering were meas-
ured, while higher densities (13.8 and 17.2 plants/m2)
showed insignificant decreases. Pioneer 3995 generally had
high levels (45.4%) of tillering at the recommended grain
plant density of 5.7 plants/m2. However, under the stress-
ful conditions observed in Ridgeville in 1985, tillering
values were much lower than at other sites and years. The
lowest overall value for this trait for Pioneer 3995 (10%)
was recorded with the highest plant density of 8.6 plants/
m2. The high levels of tillering measured for Pioneer 3995

can probably be considered a characteristic of this particu-
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TABLE 14

The amount of tillering (%) of 391134R over five station
years and varying plant densities.

Plant Winnipeg Carman Ridgeville

density _

(pl/m2) 1984 1985 1984 1985 1984 1985 XA
17.2 0.0 c* 0.9b 0.2c¢c 0.4 c - 0.0 b 0.15 ¢
13.8 0.3 ¢ 0.5b 0.0 c 0.3¢ - 0.0 b 0.13 ¢
11.5 0.6 c 0.6b 0.3 ¢ 1.9c¢cb - 0.0 b 0.69 ¢
8.6 6.2 b 8.3b 3.3 b 4.1b - 0.8 ab 3.62 b
5.7 37.6 a 19.9a 18.2 a 14.1 a - 2.5a 18.11 a

F value 123.9 8.1 119.0 33.2 NA 2.5 235.5

C.vV. 28.3 84.8 28.2 41,8 NA 164.1 38.4

*means followed by the same letter are not significantly different
at the P = 0.05 level,

"Winnipeg (1985 data) excluded due to invalidation (Bartletts test).
-data not available.
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TABLE 15

The amount of tillering (%) of Pioneer 3995 over five
station years and varying plant densities.

Plant Winnipeg Carman Ridgeville

density _

(pl/m2) 1984 1985 1984 1985 1984 1985 XA
8.6 8.7 ex 18.7c¢ 10.9c 10.8 4 - 0.8 b 10.0 e
6.9 45.5d 33.8c¢c 28.1c 32.8c¢c - 5.2b 29.14
5,7 68.6 ¢ 60.3 b 51.9b 43.6¢c - 2.5b 45.4 ¢
4.9 96.3 b 79.7 ab 81.2a 66.0 b - 8.7b 66.4 D
3.8 125.5a 89.8a 88.0a 116.7 a - 24.17a 88.8 a

F value 71.9 24.8 28.7 43.7 NA 4.8 150.5

C.vV. 13.6 18.5 20.6 19.6 NA 89.3 20.3

*means followed by the same letter are not significantly different
at the P = 0.05 level.
"all five station years pooled.
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lar genotype, but may also be considered a disadvantage
because tillers generally produce no grain and can hamper

harvest operations.

4.3.6 Plant and Ear Height

The results found in Tables 16 and 17 demonstrate that
plant and ear height increased for Pioneer 3995 (from 202 to
215 cm, and from 70 to 80 cm, respectively) when plant den-
sities 1increased from 3.8 to 8.6 plants/m2. Results
obtained from 391134R (Tables 18 and 19) demonstrate a rela-
tionship of increasing plant and ear height (from 136 to 150
cm, and from 45 to 55 cm, respectively) as plant densities
were increased from 5.7 to 11.5 plants/m2. However, plant
densities higher than 11.5 plants/m2 indicated that a pla-
teau had been reached for both traits. These results
obtained for hybrid 391134R are unique. They differ from
those obtained for Pioneer 3995 and they also did not agree
with other research findings that maximum height was
obtained at medium plant densities (Dungan et al. 1958

Bunting 1973).

From the data obtained, it can be seen that 391134R is
indeed a semi-dwarf corn hybrid. This hybrid appears to be
reduced in size approximately by one-third that of Pioneer

3995.
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TABLE 16

Plant height (cm) of Pioneer 3995 over six station
years and grown at varying plant densities.

Plant Winnipeg Carman Ridgeville

density _

(pl/m2) 1984 1985 1984 1985 1984 1985 XA
8.6 227 a* 185 a 237 a 230 a 232 a 204 a 215 a
6.9 222 ab 177 ab 235 a 223 a 227 ab 202 a 210 b
5.7 218 bc 184 ab 235 a 227 a 223 b 19 ab 210 b
4.9 218 bc¢ 176 b 230 a 222 a 222 bc 197 ab 207 b
3.8 213 ¢ 176 b 230 a 217 a 215 ¢ 187 b 202 ¢

F value 9.67 3.06 0.36 1.
C.v. 1.25 2.47 3.84 2.

*means followed by the same letter are not significantly different
at the P = 0.05 level.
ACarman (1984 data) excluded due to invalidation (Bartletts test).
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TABLE 17

Ear height (cm) achieved by Pioneer 3995 over six
station years and varying plant densities.

Plant Winnipeg Carman Ridgeville

density _

{pl/m2) 1984 1985 1984 1985 1984 1985 XA
8.6 81 a* 66 a 90 a 88 a 77 a 63 a 80 a
6.9 76 b 66 a 88 a 86 ab 73 ab 58 ab 76 b
5.7 73 bc 62 bec 85 a 83 abc 71 ab 56 bc 74 ¢
4.9 71 ¢ 63 b 82 a 79 bc 70 b 55 bc 71 cd
3.8 70 ¢ 60 ¢ 82 a 77 ¢ 67 b 52 ¢ 70 &

F value 13.29 11,11 1.59 4,78 3.98 7.46 19.84

C.v. 2.69 2.18 5.88 4,58 4,59 4,51 4,71

*means followed by the same letter are not significantly different
at the P = 0.05 level.
Minnipeg (1985 data) excluded due to invalidation (Bartletts test).
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TABLE 18

Plant height (cm) of 391134R over six station years
and varying plant densities.

Plant Winnipeg Carman Ridgeville
density _
(pl/m2) 1984 1985 1984 1985 1984 1985 XA

7.2 155 a* 133 a 150 bc 167 a 160 a 144 a 152 a
3.8 157 a 134 a 165 a 163 a 158 a 141 ab 151 a
1.5 153 a 134 a 163 ab 163 a 157 a 144 3 150 a
8.6 143 b 132 a 158 abc 151 b 148 b 134 bc 142 b
5.7 137 ¢ 127 b 147 ¢ 145 ¢ 138 ¢ 131 ¢ 136 ¢

F value 31,53 7.88 3.59 27.66 83.71 7.39 102.46
C.v. 1.79 1.43 4.72 1.96 1.12 2.60 1.84

*means followed by the same letter are not significantly different
at the P = 0.05 level,
ACarman (1984 data) excluded due to invalidation (Bartletts test).
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TABLE 19

Ear height (cm) of 391134R over six station years
and varying plant densities.

Plant Winnipeg Carman Ridgeville

density -

(pl/m2) 1984 1985 1984 1985 1984 1985 XA
17.2 60 ab* 47 ab 60 a 63 a 56 a 45 a 55 a
13.8 61 a 48 a 63 a 62 a 55 a 44 a 56 a
11.5 56 bc 46 ab 65 a 62 a 55 a 45 a 55 a
8.6 54 ¢ 44 b 62 a 56 b 49 b 39 b 50 b
5.7 46 4 41 ¢ 55 b 49 ¢ 45 ¢ 37 b 45 ¢

F value 23.36 10.91 8.93  13.41 19.01 6.21 67.05

C.V. 3.76 3.30 3.55 4,69 3.74 6.61 4.29

*means followed by the same letter are not significantly different
at the P = 0.05 level.
Mall six station years pooled.
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4,3.7 Plant Development and Maturity

There are several stages of plant development which can
be used to measure the rate of progress of the crop towards
maturity. Thus, it is important that comparisons be made

both between and within the two corn hybrids.

The first visible stage of development is emergence. In
the present study it was measured that 391134R emerged in an
average of 13.3 days while Pioneer 3995 required an average

of 14.4 days.

The next stages measured were 50% silking and anthesis.
Silking was significantly delayed and anthesis was unaffect-
ed as plant densities increased for both corn hybrids
(Tables 20, 21, 22, and 23). Comparisons between the two
hybrids indicated that Pioneer 3995 (at the recommended 5.7
plants/m2) was earlier than 391134R (at it's optimum of 11.5
plants/m2) by approximately three days in reaching 50% silk-
ing. However, the difference between the hybrids in time to
anthesis was only 0.5 days in favor of Pioneer 3995. Silk-
ing and anthesis were more synchronized for 391134R than for

Pioneer 3995,

The grain moisture of 391134R (11.5 plants/m2) was
approximately five percentage points higher at harvest than
that of Pioneer 3995 at 5.7 plants/m2 (Tables 24 and 25).
Contrary to some published reports (Rutger and Crowder 1967

a; Hunter et al. 1970; Bunting 1973) the present study did
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~ TABLE 20

The number of days to 50% silk by 391134R over six
station years and varying plant densities.

Plant Winnipeg Carman Ridgeville

density -

(pl/m2) 1984 1985 1984 1985 1984 1985 XA
17.2 77 a* 79 a 66 a 71 a 75 a 83 a 75 a
13.8 76 ab 79 a 64 b 71 a 74 ab 82 bc 74 b
11,5 76 ab 79 ab 63 b 70 a 73 bc 83 ab 74 b
8.6 76 a 78 bc 62 c 71 a 72 cd 81 ¢ 73 ¢
5.7 75 b 78 ¢ 62 ¢ 69 b = 724 81 ¢ 73 ¢

F value 3.14 5.50 46.0 5.29 9.74 7.43 43.67
C.v. 0.64 0.57 0.61 0.69 0.85 0.59 0.66

*means followed by the same letter are not significantly different
at the P = 0,05 level.
*all six stations years pooled.
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TABLE 21

The number of days to 50% silk by Pioneer 3995 over
six station years and varying plant densities.

Plant Winnipeg Carman Ridgeville

density _

(pl/m2) 1984 1985 1984 1985 1984 1985 XA
B.6 75 a* 79 a 62 a 71 a 72 a B1 a 72 a
6.9 75 a 78 a 61 b 70 bec 71 ab 82 a 71 b
5.7 74 a 78 a 61 b 70 b 71 bc 80 a 71 b
4.9 75 a 78 a 61 b 70 bc 70 bc 80 a 71 b
3.8 75 a 78 a 61 b 69 ¢ 70 ¢ 80 a 70 ¢

F value 1.00 0.82 10.00 15,14 5.04 1.92 16.66

C.vV. 0.35 0.68 0.56 0.49 0.87 1.12 0.62

*means followed by the same letter are not significantly different
at the P = 0.05 level.
"Ridgeville (1985 data) excluded due to invalidation (Bartletts test).
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TABLE 22

The number of days to 50% anthesis by 391134R over six
station years and varying plant densities.

Plant Winnipeg Carman Ridgeville
density _
(pl/m2) 1984 1985 1984 1985 1984 1985 XA
17.2 75 a* 79 a 62 a 71 a 73 a 82 a 74 a
13.8 76 a 79 a 62 a 71 a 73 a 81 a 74 a
11.5 76 a 79 a 62 a 71 a 73 a 82 a 74 a
8.6 76 a 79 a 62 a 71 a 72 a 81 a 3a i
5.7 76 a 79 a 62 a 71 a 73 a 81 a 74 a
F value 1.43 0.50 1.00 0.3 0.54 0.77 1.09
C.v 0.90 0.57 0.51 0.77 0.91 0.81 0.77

*means followed by the same letter are not significantly different
at the P = 0.05 level.
"all six station years pooled.
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TABLE 23

The number of days to 50% anthesis by Pioneer 3995
over six station years and varying plant densities.

Plant Winnipeg Carman Ridgeville
density _
(pl/m2) 1984 1985 1984 1985 1984 1985 x»
8.6 75 a% 78 bc 61 a 71 a 72 a 81 ab 73 a
6.9 75 a 78 ¢ 61 a 70 a 72 a 82 a 73 a
5.7 75 a 79 abc 61 a 71 a 72 a 81 b 73 a
4.9 76 a 79 a 61 a 71 a 72 a 81 ab 73 a
3.8 75 a 79 ab 61 a 71 a 71 a 80 b 73 a
F value 0.45 4,55 0.29 0.57 0.37 2.80 .97 s
C.V. 0.80 0.54 0.97 0.96 1.18 0.80 0.8

—__=-—.___—_—_———————_—_————:_——-__——=—-=_———=_——.=_.———_———-—_—.-—_—_—.—_—

*means followed by the same letter are not significantly different
at the P = 0,05 level.
Aall six station years pooled.
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TABLE 24

Grain moisture (%), at time of harvest of 391134R
over five station years at varying plant densities.

Plant Winnipeg Carman Ridgeville

density _
(pl/m2) 1984 1985 1984 1985 1984 1985 XA
17.2 38 a* 45 a 30 b 40 a 36 a - 38 a
13.8 37 a 44 ab 34 a 39 ab 37 a - 38 a
11.5 37 a 44 ab 33 ab 39 ab 37 a - 38 a
8.6 39 a 43 b 34 a 38 b 36 a - 38 a
5.7 38 a 43 b 33 ab 36 ¢ 33 b - 37 b
F value 1.31 2.34 3.80 13.14 3.46 NA 4,33
cC.v 2.8 1.31 4.64 1.78 3.19 NA 2,79

*means followed by the same letter are not significantly different
at the P = 0.05 level.
Mall five station years pooled
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Grain moisture (%), at time of harvest of Pioneer 3995

over six station years at varying plant densities.

Plant Winnipeg Carman Ridgeville

density _

(pl/m2) 1984 1985 1984 1985 1984 1985 XA
8.6 31 b* 42 a 28 a 34 a 28 a 44 a 35 a
6.9 31 b 42 a 29 a 32 a 28 a 45 a 34 a
5.7 31 b 40 a 27 a 34 3 27 a 40 b 33 b
4.9 34 5 41 a 28 a 33 a 28 a 41 b 34 a
3.8 35 a 41 a 28 a 32 a 29 a 40 b 34 2

F value 4,04 1.31 1.52 2.66 1.25 7.24 2.80

c.vV. 4,78 3.71 7.95 4,19 4,20 2.80 4,61

*means followed by the same letter are not significantly different

at the P = 0.05 level
Aall six station years

pooled.
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not show any relationship between harvest grain moisture and

plant density.

In general, 391134R emerged earlier but Pioneer 3995 was
an earlier maturing corn hybrid. Pioneer 3995 is rated at
2150 C.H.U. for Manitoba but since 391134R is as yet unre-
gistered for Manitoba, no rating exists for it. From the
results of the experiment, the CHU rating for 391134R would

likely be in a range from 2200 to 2250 CHU.

4,3.8 Seed Characteristics

The results of grain protein, 1000 kernel weight, and
grain density measurements from the two hybrids are listed

in Tables 26 to 32 inclusive.

Grain protein displayed an inverse relationship with
plant density (Tables 26 and 27). Significant increases in
protein content were observed for each hybrid as plant den-
sities decreased. Mean differences 1in protein content
between hybrids, however, were not significant. The inverse
relationship between plant density and grain protein agrees
with the results of Zuber et al. 1954; Lang et al. 1956;

Genter et al. 1956; and Pendleton and Seif 1961.

Environmental factors affected the 1level of protein con-
tent. Values of this trait for both corn hybrids at Carman

(1984), where drought conditions existed, were higher than
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The percent protein (at 0% moisture) of 391134R over

six station years and varying plant

densities.

Plant Winnipeg Carman Ridgeville

density

(pl/m2) 1984 1985 1984 1985 1984 1985
17.2 10.7 ¢* 10.3 b 12.2 ab 10.0 ¢ 10.2 cd 710.2 b 10
13.8 10.9 bc 10.3 b 11.3d 10.1¢ 10.0d 10.6 ab 10
11.5 1.1b 10.4b 11.9bc 10.5b 10.4 bc 10.7 ab 10
8.6 11.5b 10.8 ab 11.5cd 10.5b 10.7 ab 10.6 ab 11
5.7 11.6a 11.0a 12.5a 11.0a 10.7a 11.2 a 11

F value 29,84 3.57 9.11
C.V. 1.16 2.53 2,34

18.29 10.15 2.68 34,

1.63 1.60 3.68

*means followed by the same letter
at the P = 0.05 level.

are not significantly different

"Ridgeville (1985 data) excluded due to invalidation (Bartletts test).
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TABLE 27

The percent protein (at 0% moisture) of Pioneer 3995
over six station years and varying plant densities.

Plant Winnipeg Carman Ridgeville

density A _

(pl/m2) 1984 1985 1984 1985 1984 1985 XA
8.6 1.2 cx 10.6 b 11.3 Db 9.7 b 9.7 d 9.9 b 10.4 4
6.9 11.8b 10.7b 11,4 b 10.3a 10.1c 10.0 ab 10.7 ¢
5.7 1.9b 10.9b 11.7b 10.3a 10.6b 9.8 b 10.8 ¢
4.9 12.4a 11.3ab 12,4 a 10.6a 10.9ab 10.0ab 11.3 b
3.8 12.8a 11.7a 12.5a 10.8a 11.3a 10.4 a 11.6 a

F value 18.99 3.56 21,22 6.85 23,69 3.93 53.19

C.vV. 1.96 3.67 1.78 2.70 2,18 2.10 2.47

*means followed by the same letter are not significantly different
at the P = 0.05 level.
Mall six station years pooled.
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the means from other stations and years. Conversely, pro-
tein measurements were lower for both hybrids from Ridge-
ville in both years, but for different reasons. In 1984,
the Ridgeville site experienced very good growing conditions
which led to the highest grain yield levels recorded. The
protein content most likely declined in relative proportion
due to the high levels of carbohydrates incorporated into
the grain. At the same site in 1985 growing conditions were
generally adverse. The 1likely reason for a lower protein
content is that the production of seed protein suffered more

than carbohydrate production.

Results obtained from 1000 kernel weight measurements
demonstrated a significant inverse relationship with plant
density for both corn hybrids (Tables 28 and 29). With each
increment in plant density for 391134R (from 5.7 to 17.2
plants/m2) a significant decrease in 1000 kernel weight was
realized. Similarly, Pioneer 3995 had a significant
decrease in this trait for each increase in plant density
(from 3.8 to 8.6 plants/m2) with the exception of the two
densities of 5.7 and 6.9 plants/m2 which were not signifi-
cantly different. The relationship found in the present
experiment agrees with findings from other workers (Dungan
et al. 1958; Rutger and Crowder 1967 a; Iremiren and Milb-

ourn 1980).

When comparisons were made between the two corn hybrids,

it was found that the mean 1000 kernel weight of 391134R was



TABLE 28

The 1000 kernel weight (grams) of 391134R over six
station years and varying plant densities.

___—..___-____—_—__..—-.___—_____-.___._——__——-————-——————_—-.——-—-—.._—--._

70

Plant Winnipeg Carman Ridgeville

density _

(pl/m2) 1984 1985 1984 1985 1984 1985 XA
17.2 171 c* 148 ¢ 143 e 150 4 176 ¢ 123 4 148 e
13.8 179 bc 154 ¢ 168 d 163 ¢ 185 ¢ 131 ¢ 160 4
11.5 192 ab 170 b 185 c 173 bc 200 b 140 b 174 ¢
8.6 203 a 183 a 206b 183 ab 213 a 156 a 188 b
5.7 210 a 190 a 230 a 191 a 222 a 159 a 198 a

F value 8.89 74,53 225,50 23.64 45,11 55,52 316.0

C.V. 4,90 2.15 2,08 3.35 2.49 2.53 2,56

*means followed by the same letter are not significantly different

at the P = 0.05 level.

*Winnipeg (1984 data) excluded due to invalidation (Bartletts test).
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TABLE 29

The 1000 kernel weight (grams) of Pioneer 3995 over
six station years and varying plant densities.

Plant Winnipeg Carman Ridgeville

density _

(pl/m2) 1984 1985 1984 1985 1984 1985 XA
8.6 217 cx 205 ¢ 219 ¢ 204 ¢ 216 b 139 b 212 4
6.9 230 b 216 bc 232 bc 217 bc 236 ab 167 ab 226 c
5.7 234 b 221 ab 244 abc 220 bc 246 a 187 ab 233 ¢
4.9 248 a 224 ab 247 ab 236 ab 247 a 198 a 240 b
3.8 255 a 232 a 261 a 248 a 260 a 203 a 251 a

F value 26,54 6.52 4.38 8.03 4.84 2.58 31.30
C.V. 2.17 3.04 5.42 4.69 5.30 15,70 4.36

*means followed by the same letter are not significantly different
at the P = 0.05 level.
"Ridgeville (1985 data) excluded due to invalidation (Bartletts test).
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174 grams at it's optimum plant density for grain yield
(11.5 plants/m2). This figure is approximately 75% of the
corresponding 1000 kernel weight of 233 grams for Pioneer
3995 when grown at its recommended density (5.7 plants/m2).
This is in accord with the proportionately reduced size of

the semi-dwarf 391134R relative to Pioneer 3995.

Another criteria of kernel quality, grain density, was
found to significantly decrease as plant density increased
for both corn hybrids (Tables 30 and 31). Pioneer 3995
ranged from a mean of 717 grams/l at 8.6 plants/m2, to 726
grams/1l at a density of 3.8 plants/m2. In comparison, the
semi-dwarf corn hybrid (391134R) ranged from a mean of 697
grams/1 at 17.2 plants/m2, to 715 grams/l at a density of
5.7 plants/m2. Significant differences were found in these
small ranges due to the 1low level of variance computed.
When the two corn hybrids were compared, Pioneer 3995 had a
higher grain density (724 grams/l1 at 5.7 plants/m2) than
hybrid 391134R, but the difference was not significant

(Table 32).

In general, seed protein content of both corn hybrids was
not significantly different. There was, however, a large
difference in seed size and weight betwéen hybrids. This
difference may have an impact on the seeding, handling and
drying of the grain. The mean grain density of the two
hybrids overall was 715 grams/l, which is 1larger than the

general average of 700 grams/l (Field Crop Recommendations
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TABLE 30

The grain density (grams/litre) of 391134R over six
station years and varying plant densities.

R R S N R S N S N S S T T e o o e T T I o o I e o o o I o T o o o i e o o o o e 1 S o o S e e 0 S e e e o
e e e e T P+ 3 3+ F P ey

Plant Winnipeg Carman Ridgeville

density _

(pl/m2) 1984 1985 1984 1985 1984 1985 XA
17.2 759 a* 628 ¢ 757 a 621 ¢ 767 a 652 ¢ 697 ¢
13.8 766 a 637 abc 753 a 633 b 773 a 673 b 706 b
11.5 771a 632 bc 761a 630 bc 770 a 675 ab 707 b
8.6 769 a 645 a 754 a 637 b 770 a 681 ab 710 ab
5.7 760 a a 694 a 715 a

642 ab 758 a 655 a 781

F value 1.14 3.55 0.39 16.78 0.78 6.55 10,15
1.15 0.99 1.19 0.85 1,31 1.56 1.21
*means followed by the same letter are not significantly different
at the P = 0,05 level.
*all six station years pooled.
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TABLE 31

The grain density (grams/litre) of Pioneer 3995 over
six station years and varying plant densities.

Plant Winnipeg Carman Ridgeville

density _

(pl/m2) 1984 1985 1984 1985 1984 1985 XA
8. 755 a* 659 a 743 bc 646 d 784 a 604 b 717 b
6.9 749 a 668 a 738 ¢ 666 b 783 a 621 ab 721 ab
5.7 749 a 669 a 759 a 652 cd 789 a 656 a 724 ab
4.9 755 a 664 a 752 ab 664 bc 787 a 635 ab 725 a
3.8 741 a 667 a 753 a 685 a 786 a 648 ab 726 a

7.56 14,42 0.31 2.36 2.75
0.71 1.03 0.92 3.73 1.14

*means followed by the same letter are not significantly different
at the P = 0.05 level.
"Ridgeville (1985 data) excluded due to invalidation (Bartletts test)
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TABLE 32

Comparison of the grain densities (grams/l) of 391134R
and Pioneer 3995.

Hybrid Mean Std Dev. t Prob > T
391134R 706.7 64.9 -0.277 0.7834 ns
Pioneer 3995 712.3 57.6 -0.277 0.7834 ns

e i e e S L st e - - P T 3 3 2 F T F P

ns indicates difference is not significant.
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for Manitoba, 1984), thus the grain density of these two

hybrids are comparable with other conventional hybrids.

4.3.9 Disease and Insect Levels

Corn smut (Ustilago maydis) was observed on Pioneer 3995

at low levels, but not on hybrid 391124R over the entire
two~-year experiment. This apparent tolerance of 391134R to
corn smut is desirable and may make this hybrid more suit-

able for continuous corn production than other corn hybrids.

Rust (Puccinia sorghi) was observed in 1985 on both corn
hybrids. However, levels were low and any effect on plant
growth and development was minimal. European corn borer
populations were high 1in 1984 but with chemical control
measures (spraying one to three times with a recommended
insecticide), the insect populations were reduced to low
levels at the sites of Winnipeg and Ridgeville. However,
the corn borer population at the Carman site in 1984 was not
effectively controlled, resulting in increased stalk break-
age. In 1985, 'corn borer infestations were less severe
originally and chemical control measures were very effec-

tive.




Chapter Vv

SUMMARY

The grain yields of the two hybrids were considered one of
the most important of the criteria set forth in this study.
An optimum plant density for grain production for 391134R
had been measured at 11.5 plants/m2. However, an optimum
plant density for grain yield was not reached by Pioneer
3995 in this experiment. Yield response 1in relation to
plant density was still increasing at the highest densities
used. Thus, when comparisons were made between the two
hybrids, the currently recommended plant density of 5.7
plants/m2 for Pioneer 3995 was compared to the optimum plant
density (11.5 plants/m2) for 391134R based on the present
study. This comparison indicated that the semi-dwarf
(391134R) had a significantly higher yield potential than
Pioneer 3995 and on this basis, could be considered a viable

corn hybrid for southern Manitoba.

Optimum plant densities for silage yield for 391134R and
Pioneer 3995 were 13.8 and 6.9 plants/m2, respectively. A
direct comparison between these two densities shows a dry
matter yield advantage for hybrid 391134R, but this yield
difference was not significantly greater than that of Pio-

neer 3995, These results endorse 391134R's use as a silage

- 77 -
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crop, as it is comparable to Pioneer 3995. However, since
seed costs of the three-way cross semi-dwarf hybrid will
likely be 50 to 100% higher than conventional hybrids due to
higher plant densities required, the wuse of 391134R as a

silage may not be economical.

Based upon agronomic characteristics, 391134R appears to
have a definite advantage over Pioneer 3955, For example,
the difference in values of stalk breakage and root lodging
between the two hybrids is significant. As well, 391134R
appears to be less prone to ear drop and more tolerant of
high plant density stress which can result in barren plants.
These advantages might well be seen in a commercial harvest
operation where a higher proportion of the crop can be har-

vested.

Pioneer 3995 is a corn hybrid which is one of the earli-
est in maturity recommended for Manitoba (rated at 2150
C.H.U.). The results of the present experiment indicate
that 391134R rates at 2200 to 2250 C.H.U., and although 1at—
er than Pioneer 3995, it can still be classified as rela-
tively early when compared with the rankings of the other
currently recommended hybrids for Manitoba (Field Crop

Variety Recommendations for Manitoba, 1984).

Analysis of the measurements taken on protein and grain
density found no significant differences between the two

hybrids. Thus, the grain samples of the two hybrids appear
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to be of the same guality. Hybrid 391134R is described as a
semi-dwarf and as such, it's size is proportionately reduced

by approximately one-third of that of conventional hybrids.

In conclusion, the semi-dwarf corn hybrid 391134R has
satisfactorily met all of the criteria put forth 1in this
experiment and can be considered a viable hybrid for pfoduc-
tion in southern Manitoba. With modifications to common
cereal seeding equipment, this hybrid can be seeded reason-
ably close to its optimal plant density of 11.5 plants/m2
for grain and 13.8 plants/m2 for silage. As well, the same
crop can be harvested with only modifications to convention-

al cereal harvesting equipment.

Future experiments involving various planting techniques,
fertilizer rates and other management factors may lead to
better understanding and recommendations for commercial pro-
duction. Genetic studies could also add insight 1into the
nature of the dwarfing gene(s) when incorporated into
inbreds or other hybrids. Further studies on these and oth-
er aspects of the semi-dwarf type of hybrid could result in

their use in expanding corn production in southern Manitoba.
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Appendix A
APPENDIX

The combined analysis of variance for 391134R of the six
station years for grain yield (grams/m2)

Source of Sum of Mean

Variation DF Squares Square F
Site (Year) 4 539134.5 134783.6 68,78%%
Reps (Site*Year) 12 102896.7 8574.7 4.38%x
Density 4 517540.4 129385. 1 66.03%x
Year - 1 836366.4 836366.4  426.82%%
Density*Year 4 14085.0 3521.3 1.80ns
Site*Density*Year 16 84149.9 5259.3 2.68%x%
Error 48 94256.7 1959.5
Total 89  2188429.6

** indicates significant difference at the 0.01 level.
ns not significant.

The combined analysis of variance for Pioneer 3995 of the six
station years for grain yield (grams/m2)

Source of Sum of Mean

Variation DF Squares Square F
Site (Year) 4 123004.2 30751.1 17.42%%
Reps (Site*Year) 12 47698.1 3974.8 2.25%
Density 4 605050.6 151262.7 85.70%%
Year 1 666672.4 666672.4 377.72%%
Density*Year 4 38070.4 9517.6 5.39%%
Site*Density*Year 16 19643.3 1227.7 0.70ns
Error 48 84720.5 1765.0
Total 89 1584859.0

* indicates significant difference at the 0.05 level.
** indicates significant difference at the 0.01 level.
ns not significant.
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Test for homogeneity of variances for grain yield of 391134R

Individual Experiments

Location and degrees of Mean logesi2 filogesi2
year of Freedom Squares

experiment (fi) (si2) logesi2 filogesi2
WPG - 1984 8 3308.5 8.1043 64.8340
WPG - 1985 8 1695.2 7.4356 59.4845
Car - 1984 8 2848.3 7.9545 63.6360
Car - 1985 8 780.5 6.6599 53.2791
Rid - 1984 8 2072.1 7.6363 61.0907
Rid - 1985 8 1052.4 6.9588 55.6705
Totals 48 11757.0 44,7494 357.9948

X2 = 0.9536424 (48*7.5804-357.9948) = 5.593 ns can pool all six.

Test for homogeneity of variances for grain yield of Pioneer 3995

Individual Experiments

Location and Degrees of Mean

year of Freedom Squares

Experiment (fi) (si2) logesi2 filogesi2
WPG - 1984 8 901.2 6.8038 54,4301

WPG - 1985 8 2183.0 7.6885 61.5078

Car - 1984 8 3500.7 8.1607 65.2858

Car - 1985 8 1833.6 7.5141 60.1125

Rid - 1984 8 1376.1 7.2270 57.8159

Rid - 1985 8 795.4 6.6788 53.4304

Totals 48 10590.0 44.0729 352.5825

X2 = 0.9536424 (48%7.4759-352.5825) = 5.9705 ns can pool all six.
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Test for homogeneity of variances for stalk breakage of 391134R

Location and Degrees of Mean

year of Freedom Squares

experiment (£1) (si2) logesi2 filogesi2
WPG - 1984 8 1.059 0.057 0.456
WPG - 1985 8 10.849 2,384 19.073
Car - 1984 8 26.828 3.289 26.315
Car - 1985 8 2.318 0.841 6.726
Rid - 1984 8 2,353 0.856 6.846
Rid - 1985 8 1,235 0.211 1.689
Totals 48 44.906 v 61.105

X2 = 0.9536424 (48%2.013-61.105) = 33.872%* can not pool.

Test for homogeneity of variances for stalk breakage of Pioneer 3995

Individual Experiments

Location and Degrees of Mean

year of Freedom Squares

experiment (£1) (si2) logesi2 filogsi2
WPG - 1984 8 18.653 . 2,926 23.408

WPG - 1985 8 45,049 3.808 30.462

Car - 1984 8 129.265 4,862 38.895

Car - 1985 8 96.968 4,574 36.595

Rid - 1984 8 15,083 2.714 21.595

Rid - 1985 8 15.893 2.766 22,127

Totals 48 319.977 173.196

X2 = 0.9536424 (48%3.976-173.196) = 16.857** can not pool.
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Analysis of variance for the emergence of 391134R
at the site of Ridgeville in 1984

Source of Sum of Mean

Variation DF Squares Square F
Reps 2 2.1333 1.0667 3.37ns
Density 4 1.0667 0.2667 0.84ns
Error 8 5.7333 0.7167

Total 14 8.9333

ns not significant

Analysis of variance for the emergence of Pioneer
3995 at the site of Ridgeville in 1984

Source of Sum of Mean

Variation DF Squares Square F
Reps 2 1.200 0.600 0.71ns
Density 4 0.400 0.100 0.12ns
Error 8 8.400 1.050

Total 14 10.000

ns not significant
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Stalk breakage (%) of 391134R for each station year tested

Plant Winnipeg Carman Ridgeville

Density

(pl/m2) 1984 1985 1984 1985 1984 1985
17.2 0.9a 11.4ab 24.5a 7.2a 2.1a 1.3a
13.8 1.6a 12.2a 14.3b 2.1b 2.1a 0.5a
11.5 1.3a 5.0bc  10.1bc  0.6b 1.9 1.9a
8.6 0.0a 5.8abc  7.5bc  0.8b 0.8a 0.0a
5.7 0.0a 0.0c 2.6c 0.0b 0.0a 0.0a

F value 1,51 6.93 7.64 10,95 1.15 1.68

C.v. 138 48 44 71 110 150

Stalk breakage (%) of Pioneer 3995 for each station year tested

Plant Winnipeg Carman Ridgeville

Density

(pl/m2) 1984 1985 1984 1985 1984 ~ 1985
8.6 8.3a 48.3a 19.2a 15.0a 8.3ab 4.2a
6.9 5.2a 45.8a 23.%9a 22.9%a 11.4a 4.1a
5.7 9.0a 43.6a 10.3a 19.2a 5.1abc 11.5a
4.9 2.9a 21.7b 14,5a 5.8a 2.9¢c 7.2a
3.8 3.7a  20.4b 5.6a 11.1a 0.0c 3.7a

F value 1.19 12.54 1.21 1.40 4,00 2,08

C.v. 74 19 77 67 70 65




xvi

Root lodging (%) of 391134R for each station year tested

Plant Winnipeg Carman Ridgeville

Density

{(pl/2) 1984 1985 1984 1985 1984 1985
17.2 0.0a 0.0a 1.3a 0.0a 0.0a 0.0a
13.8 0.5a 0.0a 0.5ab 0.0a 0.0a 0.0a
11.5 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a
8.6 0.8a 0.0a 0.0a 0.0a 0.0a 0.0a
5.7 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a

F value 0.69 - 2,42 - - -

C.v. 296 - 172 - - -

Root lodging (%) of Pioneer 3995 for each station year tested

Plant Winnipeg Carman Ridgeville

Density

(pl/m2) 1984 1985 1984 1985 1984 1985
8.6 0.8a 13.3a 17.5a 14.2a 0.8a 0.0a
6.9 1.0a 13.5a 2.1b  27.1ab 0.0a 0.0a
5.7 1.3a 19.2a 5.1ab 19.2ab 0.0a 0.0a
4,9 0.0a 30.4a 0.0b 29.0a 0.0a 0.0a
3.8 0.0a 27.8a 5.57ab 16.7ab 0.0a 0.0a

F value 0.42 1.66 2.99 2.90 1.00 -
C.V. 252 51 113 31 387 -




xvii

The comparison of ear height (cm) of 391134R (at 11.5 pl/m2)
and Pioneer 3995 (at 5.7 pl/m2) by using the t-test

Hybrid Reps Mean Std Dev t Prob > T
391134R 18 54.9 7.91 -5.25 0.0001%*
Pioneer 3995 18 71.7 11,07 -5.25 0.0001%*

** indicates significant difference at the 0.01 level.

The comparison of plant height (cm) of 391134R (at 11.5 pl/m2)
and Pioneer 3995 (at 5.7 pl/m2) by using a t-test

Hybrid Reps Mean  Std Dev t Prob > T

391134R 18 152.4 11.53 -11.47  0.0001**
Pioneer 3995 18 213.9 19.62 -11.47  0.0001%%

** indicates significant difference at the 0.01 level.

The comparison of the number of days to silk (50%) of 391134R
(at 11.5 pl/m2) and Pioneer 3995 (at 5.7 pl/m2) by using a t-test

Hybrid Reps Mean Std Dev 't Prob > T
391134R 18 74.1 6.55 0.72 0.475ns
Pioneer 3995 18 72.5 6.36 0.72 0.475ns

ns not significantly different.



xviii

The cbmparison of the number of days to 50% anthesis of 391134R
(at 11.5 pl/m2) and Pioneer 3995 (at 5.7 pl/m2) by using a t-test

Hybrid Reps Mean Std Dev t Prob > T
391134R 18 73.8 6.41 0.36 0.723ns
Pioneer 3995 18 73.1 6.64 0.36 0.723ns

ns not significantly different.

The comparison of the grain moisture content (%) of 391134R
(at 11.5 pl/m2) and Pioneer 3995 (at 5.7 pl/m2) by using a t-test

Hybrid Reps Mean Std Dev t Prob > T
391134R 15 37.9 3.83 2.876 0.0077%%
Pioneer 3995 17 32.9 5.86 2.802 0.0088%*

** indicates significant difference at the 0.01 level.

The comparison of the protein content (%) of 391134R (at 11.5
pl/m2) and Pioneer 3995 (at 5.7 pl/m2) by using a t-test

Hybrid Reps Mean Std Dev t Prob > T

391134R 15 10.78 0.612 0.5597 0.5803ns
Pioneer 3995 15 10.64 0.751 0.5597 0.5801ns

ns not significantly different.



Xix

The comparison of 1000 kernel weight (g) of 391134R (at 11.5
pl/m2) and Pioneer 3995 (at 5.7 pl/m2) by using a t-test

Hybrid Reps  Mean Std Dev t Prob > T

391134R 18 176.6 20.79 -6.75 0.0001%=
Pioneer 3995 18 225.2 22,33 -6.75 0.0001%x

*% indi;ates significant difference at the 0.01 level.

The comparison of the emergence (days too) of 391134R (at 11.5
pl/m2) and Pioneer 3995 (at 5.7 pl/m2) by using a t-test

Hybrid Reps Mean Std Dev t Prob > T

391134R 18 13.56 3.434 -0.73 0.4704ns
Pioneer 3995 18 14.39 3.415 -0.73 0.4704ns

ns not significantly different.



