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Five newly released and two Eastern European winter wheat

cultivars were grown under five different seeding rates (80, 160,

240, 320, 400 seeds per m2). Four of these newly released cultivars

were grown at three different locations which have different environ-

mental conditions. Data were obtained on grain yield, tiller number

per plant, 1000 kernel weight, seed number per spike, plant and

spike number per unit area, plant height, heading and maturity dates.

At the lowest rate of seeding the grain yield was significantly

lower at all three locations. Although there were no significant

differences for grain yield for all the other seeding rates, maximum

yields were obtained from lower seeding rates at Ryan while at

Hyslop and Madras, which had better moisture conditions, maximum

yields were obtained at higher seeding rates. This situation was not



observed for the Yamhill cultivar in which maximum yields were

obtained at 160 seeds per m2 seeding rate at all three locations.

Tillers per plant value decreased as the seeding rate increased.

Hyslop and McDermid produced significantly higher number of tillers

per plant from the other cultivars.

Significantly highest 1000 kernel weight values were obtained

at the lowest seeding rate. Yamhill produced the highest significant

1000 kernel weight while Paha produced the lowest.

Seeds per spike value followed the same order as tillers per

plant and 1000 kernel weight showing a continuous decrease with the

increased rates of seeding.

The number of plants per m2 was a direct linear function of

seeding rate. The number of spikes per m2 increased curvilinearly

with the increased seeding rate. Hyslop and McDermid produced the

highest significant number of spikes per m2 because of their higher

tillering ability.

Plant height increased with increased rates of seeding because

of the increased competition for light. Yamhill and Paha were

significantly the tallest cultivars. The tallest plants were observed

at Hyslop.

There was a decrease in the number of days in heading and

maturity as the rates of seeding increased. The cultivars ranked in

the order Paha > Yamhill > Hyslop > McDermid for heading and



maturity dates. Heading first occurred at Hyslop followed by Ryan

and Madras while maturity occurred first at Ryan followed by

Hyslop and Madras.

Highly positive correlations were observed among plants per
2 2

, spikes per mm and seeding rate while these factors correlated

negatively with tillers per plant, 1000 kernel weight and seeds per

spike.

The regression equations showed that maturity date, heading

date and spikes per m2 values were the most important factors for

predicting yield.
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YIELD AND OTHER AGRONOMIC CHARACTERS OF WINTER
WHEAT CULTIVARS AS AFFECTED BY FIVE SEEDING

RATES AND THREE DIFFERENT ENVIRONMENTAL
CONDITIONS

INTRODUCTION

The winter wheat cultivars currently being grown in the Pacific

Northwest were developed and introduced in the recent past few years.

Most of them differ considerably from each other and from the older

varieties grown in the past in several plant characteristics. Cultural

practices for winter wheat production have changed in the recent past.

Winter wheat is being grown in areas that until recently were pro-

ducing other crops. Considering all the changes that have occurred,

it appears likely that varietal response to certain cultural practices

has also changed. In addition, there is a lack of information of

varietal response to various cultural practices in those areas where

winter wheat was not a major crop until recently. All of these changes

in the production of winter wheat suggests that a re-evaluation of

some of the cultural practices used in the past is needed.

The rate of seeding is considered one of the more important

cultural practices that may be affected by changes in cultivars and

differing environmental conditions. The present study was conducted

over a relatively wide range of environmental conditions to measure

the effect, if any, of various rates of seeding. In addition to grain



yield, several other agronomic traits such as plants and spikes per

unit area, tillering capacity, kernel weight, seeds per spike, plant

height, and heading and maturity dates were measured to determine

their contribution to total yield as affected by varietal and environ-

mental differences.

The objectives of this study were:

1. To compare several agronomic traits of different wheat

cultivars at varying rates of seeding.

2. To compare several agronomic traits of different wheat

cultivars under a wide range of environmental conditions.

3. To study the correlations between several agronomic traits.

4. To evaluate the real and relative effects of some agronomic

traits to yield under the factors studied.

5. To determine the optimum rates of seeding for each cultivar

under different environmental conditions.
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LITERATURE REVIEW

Yield is the product, in part, of the yield components. These

components are reported to be influenced by variety, location, date

of seeding, level of nutrients and other factors. However,

when grown in the field, the individual is obscured by the
population, and yield is based on the weight of seed from
a given area. This introduces an additional component,
the number of plants per unit area which, unless altered
by reduced viability or restricted emergence, is a direct
function of seeding rate (Guitard, 1961).

Influence of Seeding Rates on Grain Yield

Experiments on seeding rates with small grains have been con-

ducted in some parts of the United States since 1910. In 1917

Grantham found that with lower seeding rates it was possible to get

as great a yield as with a much higher rate because plants under thin

seeding develop more fully. He concluded that heavy seeding might

become decidedly detrimental to yield if varieties of low tillering

capacity are used.

In Australia, Percival (1921) summarized that optimum seeding

rate varied considerably with the climatic conditions. In countries

of low rainfall, short growing season and necessarily low yields, the

amount of seed sown often is less than one Bu/A. In England and

Western Europe under high rainfall conditions rates of seeding varied

from 180 to 240 pounds of wheat per acre. After reviewing the seeding



rate data at several stations in the Great Plains and in the Great Basin

area, Martin (1926) concluded that 30 to 45 pounds per acre was an

adequate amount of seed in terms of number of plants per unit area.

However, to overcome the effects of adverse field conditions higher

seeding rates were more practical.

In yield trials on wheat in irrigated fields, Woodward (1950)

found that the same yield was produced by 60, 90 and 120 pounds of

seed per acre, while a 30 lb/A rate resulted in lower yields. He

concluded that with a firm, moist seedbed an irrigation farmer might

obtain maximum yields by sowing high grade certified seed at 40 lb/A.

Nelson (1960) reported that the yields increased with increasing

plant populations up to 290 plants per m2 and then a reduction in yield

was observed.

Pendleton (1960) observed that the highest yields had been pro-

duced by intermediate (90 and 135 lb/A) rates but he recommended the

use of 90 lb/A because of the resultant lodging with higher seeding

rates.

Results similar to Pendleton's were found by several other

workers. In. Australia, Puckridge and Donald (1967) reported that the

yield of grain per unit area showed a peak value at intermediate

densities (35 and 184 plants per m2). They postulated that the reason

for low yield at low densities was the uneven pattern of light inter-,

ception at the soil surface owing to the wide spacing of plants. The



reason for low yield at high densities was the leaf and tiller senescence

as controlling factors of yield.

Kirby (1963, 1967, 1970), working with barley in England, ob-

served the highest yields at medium densities in his three different

experiments. He concluded that high density would be expected to give

high leaf area index and therefore early aging. He also pointed out that

amongst the plant density treatments the highest root
densities would occur in the 200 plants per m2 treatment.
At 50 plants per m2 density it would be limited by the
wide spacing of the plants and would depend on the growth
rate, at 800 plants per m2 density, competition for some
factor, probably light, affects the root growth (1967).

Several workers reported that highest yields had been produced

by higher seeding, rates. Kinra et al. (1963) working on wheat at two

locations, found that under adversely dry conditions the 90 lb/A rate

outyielded 60 lb/A rate. At the other location, which had almost

normal conditions, there was no difference in yield due to seeding rate.

Stickler and Pauli (1964) stated that the yield of Dicktoo barley

was increased with increased seeding rates from 12 to 36 plants per ft.

This was attributed to a large increase in number of heads per unit

area and an associated small decrease in the number of kernels per

head.

Wilson and Swanson (1962) noted a significant reduction in yield

upon lowering the population below 15 plants per ft2. They attributed

this difference largely to a reduction in heads per unit area in lower
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densities. Their recommendation for locations with limited moisture

supply is 30 lb/A seeding rate since the thick seedings exhaust the

moisture supply quickly.

In Canada, working with barley, Demirlicakma.k, Kaufmann and

Johnson (1963) observed no significant difference between the two

highest seeding rates (1120 and 1680 seed per plot) which produced the

highest yields, although the highest rate produced the highest yield.

Syme (1972) observed a 9% increase in yield of Robin wheat by

increasing the seeding rate from 56 to 112 kg/ha in South Wales.

It has been reported by many workers in different parts of the

world that it was possible to obtain the highest yields from lower

seeding rates. In Canada, Guitard (1961) pointed out that at the lower

seeding rates there were significant increases in yield with increases

in seeding rate but there wasn't any increase in yield at highest rates.

He also observed that the influence of seeding rate on yield was not

altered by variety.

Pe lton (1969) stated that from the eight year average, yields

obtained from fallow and stubble with the two lowest seeding rates

(22 and 45 kg/ha) were significantly higher than that of the highest

seeding rate (101 kg/ha). According to his observations, soil moisture

supplies were quickly exhausted by crops seeded at the highest seeding

rate, whereas moisture was available to the crop seeded at lower

rates over a longer period.
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Larter (1971) reported that he observed the highest yields of

wheat at the two lowest seeding rates (25 and 50 kg/ha). Significantly

reduced yields were obtained at highest rates (100 kg/ha and above).

He suggested that the use of 68 to 102 kg/ha seeding rates by the

farmers would be satisfactory, for those rates provide a margin of

safety for adverse field conditions.

In England, Willey and Holliday (1971), working with wheat,

noted that a significant decrease in yield occurred at high populations

which was attributed to the decrease in grains per unit area which was

highly correlated (0. 943) with yield per unit area.

Khalifa (1970), in Sudan, in summarizing his data, reported

that 187 and 125 kg/ha produced significantly lower grain yields than

62 kg/ha. He concluded that the reduction in grain yield with the

highest rates was due to the decrease in the number of grains per head

with the higher seeding rates.

Many researchers, under a wide range of conditions, havefound

that the differences in seeding rates produced very little or no differ-

ences in grain yields. Working with barley, Middleton (1964) found

no difference in yields with three different seeding rates (90, 45 and

22.5 lb/A) and suggested the use of low seeding rates under optimum

conditions to save seed.

Finlay (1971), in Canada, stated that yield was unaffected by

different seeding rates in two years but seeding rate and its interac-

tions with cultivars had significant effects on various yield components.



Working on wheat in dryland areas of Turkey, Bolton (1973)

reported that at four locations the response to seeding rates was about

the same. The 60 and 90 kg/ha appeared too low and there was little

or no difference between the 120 and 150 kg/ha seeding rates.

Day (1970), working with six seeding rates of Arivat barley

found that with a November seeding, the lowest rate (11 kg/ha) pro-

duced the highest yield but in December and January seedings the

highest two seeding rates (90 and 123 kg/ha) produced the highest

yield. He condluced that when the date of seeding is delayed beyond

the optimum for grain production the rate of seeding should be in-

creased. That was because plants from later plantings had a shorter

vegetative period for tillering and root development.

Influence of Seeding Rate on Tiller Number

In this kind of a study, agronomic traits of wheat must be taken

into consideration as these traits are influenced by seeding rate.

Grantham (1917) obtained data indicating that the increased

space provided more plant food and moisture for the individual plant.

As the number of plants per given area increased, the number of tillers

per plant decreased in direct proportion. He noted that tillering is an

inherent character with the variety. The environment variable,

however, does not fully offset this varietal character.



Pendleton (1960) planted winter wheat by varying the seeding

rates from 45 to 270 lb/A. Tiller number per plant decreased as the

seeding rate increased although maximum yields had been produced

at the intermediate rates.

Nelson (1960), working with spring wheat, reported that the

number of tillers per plant decreased with increasing plant populations

and was significantly correlated ( -0. 746).

Severson and Rasmusson (1968), in their work with barley

hybrids at 2.5, 7.5, 15 and 22.5 cm spacing reported that the average

number of tillers per plant increased significantly with each spacing

increment. The difference between 22.5 cm spacing and 2.5 cm

spacing was nearly three fold for the number of tillers per plant.

In Canada, Guitard (1961) stated that any decrease in the seeding

rate resulted in decreased number of plants per unit area. However,

this reduction was more than compensated for by an increase in the

number of fertile heads per plant and he concluded that these two

components have the greatest effect on yield which makes the use of

tillering impossible as a selection index unless the spacing is uniform.

Demirlicakmak, Daufmann and Johnson (1963) noted that the

advantage of tillering capacity of a cultivar might be expected to be

lost under heavy competition which would cause a suppression of

tillering.

In Australia, working with barley, Aspinall (1963) showed that

tillering was not limited by tiller bud numbers but was directly re-

lated to the supply of nutrients. At low nutrient levels the number of
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tillers produced was small and tiller production soon stopped, but

tillering could be renewed if more nutrients were added to the plant.

In their experiments, Puckridge and Donald (1967) observed

the maximum yield at intermediate densities while tillers per plant

decreased as the seeding rate increased. They postulated that the

number of leaves per tiller and the area per leaf had maximum values

at intermediate densities. This relationship indicated an interaction

between the effect of strong interplant competition on plant and tiller

size at high densities, and acute intertiller competition within the

abundantly tillered plants at very low densities, Donald,

1963).

Puckridge (1968) felt that at high densities the inhibition of

tillering seemed to be rather an effect of competition for assimilates

unless tillering was restricted by some other mechanisms such as

hormonal control which operates at lower densities.

Donald (1968) has questioned the importance of tillering in

attainment of maximum yields in the context of agricultura:14ystems

with predictable weather and crop unifdrmity that is conferred by

modern implements, fertilizers and weed killers. Under these con-

ditions he considered a more suitable model for maximum yield to be

the 'uniculm' or single shoot plant type. The normal tillering type of

plant, he argues, is wasteful of nitrogen, light and water (Rawson

and Donald, 1969).
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In England, Lowett and Kirby (1971) showed that with highest

density (800 plants per m2) they observed almost one mainstem while

with lower densities (200 and 50 plants per m2) tillers per plant was

up to five. He showed that the maximum yield had been produced

from the highest seeding rate.

Kirby and Faris (1972) stated that under a very specific density

and carefully controlled environment the maximum yield would be

produced by a uniculm plant type but tillering normally would give the

crop much more flexibility to adjust to a wide range of densities and

environments.

Leakey (1971), in North Wales, working on barley, pointed out

that tiller production was affected by density presumably because

plant density imposed nutrient stress and competition, for light.

Syme (1972), in South Wales, reported that increased seeding

rate resulted in greater crop production of dry matter, tillers and

leaf area early in the season.

In Russia, Simonyan and Babayan (1973) noted that the maximum

yield was observed at intermediate densities and the total productive

tillering of the plants and productivity of the ears decreased with

increasing seeding rates but the number of ear bearing stems per

area increased.

Khalifa (1970), in Sudan, in summarizing his data showed that

the effect of seeding rate on tillering was negligible.
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Influence of Seeding Rate on Kernel Weight

Grantham (1917) reported that with all varieties the lowest

seeding rate gave the lowest quality of grain as estimated by the

weight of grains.

Pendleton (1960), working on wheat with six seeding rates be-

tween 45 and 270 lb/A obtained data indicating a slight but continuous

decrease as the seeding rate increased.

Nelson (1960) pointed out that in general the kernel size de-

creased with increasing populations.

Middleton (1964) reported that, in his experiments with barley,

no significant difference was recorded between different densities

although highly significant differences were obtained between varieties.

Stickler and Pauli (1964) observed no significant difference

between 1000 kernel weights of barley with three different seeding

rates.

Severson and Rasmusson (1968) observed that the average

weight per 1000 kernels increased significantly when spacing was

increased from 2.5 to 7.5 cm. Additional spacing increments re-

sulted in smaller but not significant increments in kernel weight.

In irrigated barley yield trials, Day (1970) stated that seed

weight was generally slightly lower at the higher seeding rates.
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In Canada, Guitard (1961) noted that the response of 1000 ker-

nel weight to seeding rate was not greatly influenced in yield. In-

crease in seeding rate caused a small linear decrease in 1000 kernel

weight.

Demirlicakmak, Kaufmann and Johnson (1963) reported that the

effect of seeding rate on the 1000 kernel weight of the ensuing crop

was of practical importance. It has been shown that the heaviest rate

of seeding produced the lightest kernels and vice versa. He suggested

that selections and standard varieties intended for yield tests, should

be sown at the same rate to avoid seed size bias in yield results.

Pe lton (1969) demonstrated that the low seeding treatments re-

sulted in heavier kernels of a slightly lower protein content than the

higher rate treatments.

Working with four varieties of barley, Finaly (1971) showed

that the seeding rate X cultivar interaction for 1000 kernel weight

was highly significant but that the interaction did not result in a

corresponding interaction for grain yield.

In Australia, Puckridge and Donald (1967) observed the highest

1000 kernel weight in the lower rates and concluded that the lower

1000 kernel weight value at lowest seeding rate might be a real effect

due to extreme intertiller competition within plants at very low densi-

ties or it might be due to small seed size in very late tillers.
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In England, working on barley, Kirby (1963) reported that

increasing the plant density led to a reduction in 1000 kernel weight

in early seeding but in the later seeding the 1000 kernel weight value

showed a peak value at the intermediate rate. He attributed that

result to the situation which was described by Donald (1963) with the

maximum seed weight occurring at some intermediate density.

In Russia Simonyan and Babayan (1973) noted that the length of

ear, its grain content, grain weight and protein percentage decreased

with denser seeding.

Khalifa (1970, in Sudan, demonstrated that the effect of seeding

rate on the 1000 kernel weight was negligible.

Fffect of Seeding Rate on Seeds per Spike

Middleton (1964) pointed out that there was an inverse correla-

tion between the number of fertile heads per unit area and seed size.

At lower seeding rates there were smaller number of heads per unit

area and a higher number of seeds per spike and vice versa at higher

rates.

Stickler and Pauli (1964) found that yield of Dictoo barley in-

creased with increasing seeding rates which was attributed to a large

increase in the number of heads per unit area and an associated small

decrease in the number of seeds per head. Reno barley was almost

nonrepresentative to changes in seeding rates although a large
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increase in heads per unit area was obtained, a decrease in seeds

per head offset it.

Working on eight pure line varieties of barley, Severson and

Rasmusson (1968) noted that the average number of kernels per head

increased significantly when the rate of seeding decreased from 41.5

kg/ha to 13.8 kg/ha. Further decreases in seeding rate showed

smaller increments in seeds per spike.

Day (1970) stated that the lower grain yield at the high seeding

rate was due to fewer seeds per spike and more lodging.

In Canada, in his experiments on wheat, Guitard (1961) re-

ported that increase in seeding rate caused a moderate curvilinear

decrease in the number of kernels per head.

Pelton (1969) showed that, as the rate of seeding increased,

the number of kernels per unit area showed little difference while the

number of heads per unit area increased significantly but with a con-

current decrease in seeds per spike.

Finlay (1971) found that seeding rate affected the number of

grains per spike although that was counterbalanced by an opposite

tendency in the number of spikes per m2.

In Australia, Puckridge and Donald (1967) showed that there

was a decrease in seeds per spike as the rate increased but the highest

seeds per spike value was observed in the second lower density which

was attributable to extreme intertiller competition within plants at
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very low densities. In this experiment tillers per plant value also

responded the same.

In England, Kirby (1963) reported that at three dates of sowing,

grain number per ear plotted against density on a log scale showed

an almost linear decrease with significant varietal differences. He

(1970) also stated that with increased density there was an increase

in ear number per m2, a decrease in the number of grains per ear

and a reduction in the mean weight of grain.

In South Wales, Syme (1972) found a significant decrease in

seeds per spike value as the seeding rate increased from 56 to 112

kg/ha.

In Sudan, Khalifa (1970) stated that the number of grains per

head decreased at the highest seeding rate and that was accounted for

by the reduction in the grain yield with the highest seeding rate.

Influence of Seeding Rate on Plants per Unit Area

In Delaware, Grantham (1917) and in England, Willey and

Holliday (1971) showed that there was a direct relationship between

seed rate and number of plants per unit area.

In Canada, Guitard (1961) noted that the number of plants per

acre was a direct, positive linear function of seeding rate and there

was a significant interaction between the number of plants per acre

and the number of heads per plant.
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Demirlicakmak, Kaufmann and Johnson (1963) reported that

there was a high uniformity of emergence according to the seeding

rate and there were no significant interactions between varieties and

seeding rates for plants per unit area.

Pe lton (1969) obtained data indicating that plant populations

varied with seeding rate showing a curvilinear increase with the

increased seeding rates.

In Australia, Puckridge and Donald (1967) stated that there was

no significant difference between the seeding rates and plant per unit

area in all densities during the growing season except that at the

highest rate (1078 plant per m2) a decrease in number of plants over

time was observed.

In England, Kirby (1963) pointed out that there was no effect of

variety upon plant number at maturity because of changes in seeding

rate. He (1970) also stated that after germination there was no evi-

dence of plants dying during the course of the experiment although

there were small insignificant differences at each sample and there

was no downward trend of plant number with time according to dif-

ferent seeding rates.

Influence of Seeding Rate on Spikes per Unit Area

Several workers such as Grantham (1917), Wilson and Swanson

(1962), Stickler and Pauli (1964), Puckridge and Donald (1967),
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Finlay (1971), Willey and Holliday (1971), Thorne and Black lock (1971)

and Syme (1972) reported that the number of spikes per area in-

creased as the rate of seeding increased.

Kinra et al. (1963), in their work on winter wheat, observed no

significant different between the number of spikes per unit area with

different seeding rates.

Middleton (1964) noted that the number of fertile heads per unit

area was increased with heavier seeding showing a variety X rate X

year interaction.

Demirlicakmak, Kaufmann and Johnson (1963), in Canada,

stated that the regression coefficients showed that the response of

spikes per unit area to the variations in rate of seeding was generally

similar for the three varieties of wheat (mean b=0.300).

Pelton (1969) observed an increase in the number of spikes per

unit area with the increments of seed but the differences were signifi-

cant only between the lowest (22.4) and highest (100.8 kg/ha) seeding

rates.

In England, Kirby (1963) reported that there was an increment

in the number of spikes per unit area with the increases in seeding

rate showing some small interactions between the varieties.

Lowett and Kirby (1971) stated that the effect of increasing

density was to accelerate the rate at which maximum ear number

was attained.
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Influence of Seeding Rate on Height

Clement (1930) pointed out that lowering the seeding rates of

Marquis spring wheat to one-half resulted in greater plant height.

Kinra et al. (1963) reported that the increase in height with

increased seeding rate was due to competition for light.

Wilson and Swanson (1962) showed that greater height resulted

in a decrease in plant population.

Working on corn, Duncan (1968) noted that the shading plants

because of high seeding rates have an increased shoot/root ratio for

being taller. The shaded plants invest a decreased part of their re-

sources in roots so the root system is smaller and shallower than the

more favored neighbors.

In Australia, Puckridge and Donald (1967) observed that there

was a typical height response to the increased plant density in which

increases in plant density caused increases in plant height.

In England, Lowett and Kirby (1971) stated that stem extension

was more rapid at the higher densities in the initial stages of growth.

The number of elongated internodes was affected by variety X density

interaction. The differences in final height were a reflection of the

length of the individual internodes.

In Japan, Hozumi, Koyama and Kira (1958), as a result of their

experiments on corn reported that in closely spaced plants, the
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shorter plants had a higher elongation rate than the taller ones that

were shading them.

Yoda, Kira and Hozumi (1957) stated generally that "when

plants are experimentally exposed to shade, there is usually found a

certain light intensity at which the plant attains its maximum

(height)."

Some workers came up with different conclusions. Finlay

(1971) noted that the seeding rate effects on plant height were incon-

sistent. However Grantham (1917), Pendleton (1960), Pe lton (1969)

and. Syme (1972) observed a decrease in height as the density in-

creased.

Influence of Seeding Rate on Heading and Maturity Date

Grantham (1917) pointed out that late maturity had been ob-

served at lower seeding rates which was explained by the fact that

the plant under those conditions had a greater supply of moisture

which tended to produce excessive vegetative activity on its part.

Pendleton (1960) observed data indicating that increased seeding

rates resulted in early heading.

Wilson and Swanson (1962) stated that the earliest maturity was

shown by the most dense populations with a gradual delay in maturity

as plant number per unit area decreased.
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In Canada, Finlay (1971) reported that the treatments of the

lowest seeding rate were slower to head and he observed seeding rate

X cultivar interactions.
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MATERIALS AND METHODS

Seven cultivars were grown in this study with four cultivars

grown at all three locations. All seven cultivars were utilized only

at the Ryan location. The cultivars used in all three locations were:

Hyslop, Yamhill, Paha and McDermid. Sprague, Bezostaya and

Kirac were added at the Ryan location. A brief description of these

cultivars is as follows:

"HYSLOP: Short strawed, bearded, high yielding soft winter
wheat cultivar. Moderately resistant to stripe
rust (Puccinia striiformis) and mildew
(Erysiphe graminis tritici). Resistant to leaf
rust (Puccinia triticina) and smut (Ustilago
tritici). Moderately susceptible to flag smut
(Urocystis tritici). Good milling and baking
quality. Recommended as a replacement for
Gaines and Nugaines. Developed at OSU by
Warren Kronstad.

YAMHILL: Medium height, soft, white beardless high yielding
winter wheat cultivar. Resistant to stripe rust
(P. striiformis) and mildew (E. graminis
Susceptible to smut (U. tritici). Good milling
and baking quality. Recommended for the
Willamette Valley but not for eastern Oregon
because of its susceptibility to smut, Developed
by Warren Kronstad at OSU.

PAHA: Soft club winter wheat cultivar, shorter in height
and more resistant to lodging and shattering than
Moro. Resistant to smut (U. tritici) and tolerant
to Cercosporella footrot. Susceptible to flag
smut (U. tritici). Excellent milling and baking
quality. Recommended as a replacement for
Moro. Developed by R. E. Allan, USDA, WSU.
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MCDERMID: Short strawed, bearded, high yielding soft winter
wheat cultivar. Moderately resistant to stripe
rust (P. striiformis) and mildew (E. graminis
tritici). Resistant to smut (U. tritici). Slightly
earlier than Hyslop. Good milling and baking
quality. Recommended as a replacement for
Gaines and Nugaines, especially, where earli-
ness is desired. Developed at OSU by Warren
Kronstad.

SPRAGUE: Short strawed, bearded high yielding soft winter
wheat cultivar. Resistant to snow mold
(Fusasium nivale), stripe rust (P. striiformis),
and common smut (U. tritici) but susceptible
to dwarf bunt (Tilletia controversa) and Cercos-
porella foot rot. Recommended in areas where
snow mold is a problem. Developed by Walt
Nelson, M. Nagamitsu, and G. W. Bruehl,
WSU"(Rohde, 1974).

KIRAC: Tall, bearded, soft winter wheat cultivar.
Shattering and drought resistant. Moderately
resistant to stripe rust (P. striiformis),
moderately susceptible to Septoria, susceptible
to mildew (E. graminis tritici). Good milling
and baking quality. Developed in Eskisehir,
Turkey by Rifat Gerek.

BEZOSTAYA: Tall, beardless, hard red winter wheat cultivar.
Susceptible to Septoria, moderately susceptible
to stripe rust (P. striiformis) and mildew (E.
graminis tritici). Good milling and baking
quality. Developed in Russia by L. Lukyenenko.

The first five of these cultivars, at present, are superior to the

other cultivars in yield, in the Pacific Northwest. Bezostaya is used

extensively in Eastern Europe, Kirac is known to be resistant to

adverse field conditions such as drought or winter killing.

The three locations in which this experiment was conducted

were: Ryan, Hyslop and Madras (Figure 1). Ryan farm is in
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Table a. Seeding Rates

SR Seed/m
kg/ha

(approximately)
lbs/A

(approximately)

1 80 33 30

2 160 66 60

3 240 99 90

4 320 132 120

5 400 165 150
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Northeastern Oregon, 25 miles south of The Dalles. The amount of

rainfall for the 1973-74 growing season was 428 mm. The soil is

classified as Walla Walla silt loam with a pH of 7.2. The Hyslop

Field Station is located in the Willamette basin. For the 1973-74

growing season the amount of rainfall was recorded as 1718 mm.

The soil is a Woodburn silt loam which has a pH of 6. 2. Madras is

in East Central Oregon. The amount of rainfall was 276 mm for the

growing season. The soil was irrigated beginning at May 1 until two

weeks before harvest once a week. The amount of water applied by

irrigation was 559 mm. The total of applied moisture including rain

and irrigation was 835 mm. The soil is classified as a Madras loam

with a pH of 6.9.

Seeding rates, used in this experiment were 80, 160, 240, 320

and 400 seeds per m 2 (Table a), Spacings between each row were

30.48 cm. Each plot consists of four 4.57 m rows at Hyslop and at

Ryan and four 6.10 m rows at Madras. The experimental design was

a split plot design with cultivars as main plots and seeding rates as

sub-plots. The number of replications was four.

Adequate levels of phosphorus and potassium were present in

both soils and these elements were not applied. In the fall prior to

seeding, 44 kg/ha of nitrogen as ammonium nitrate (33% N) was

applied to the fields at Hyslop, Madras and Ryan.
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Seeds were treated with Vitavax + Thiram (10 gm per 1000 gm

seed) for control of Tilletia caries and T. foetida. The planting dates

for the three locations were as follows: October 1, 1973 at Hyslop;

October 6, 1973 at Ryan; and November 2, 1973 at Madras. For

control of weeds Karmex (Diuron) was applied at 2.2 kg/ha in

November at Hyslop. In addition, hand cultivation was used for the

control of weeds. In the spring 120 kg/ha of nitrogen as urea was

applied at Hyslop on March 31, 1974 and at Madras on April 19, 1974.

Plantvax 75w was applied at Ryan for stripe rust on May 3.

Plots were trimmed to 4.1 m prior to harvest. Thirty spikes

per plot were collected from two center rows before harvest for yield

component measurements. The grain weight of the spikes was added

to the grain yield of plot to get the final yield per plot (5 m2). All

the plots were harvested by a four row combine (liege).

Data were recorded for nine factors and were scored as follows:

1. Plants per m2 was recorded after emergence in two center

rows by measuring the number of plants in one meter in

each center row.

2. Spikes per m2 was calculated by counting the number of

spikes in one meter in two center rows.

3. Tillers per plant value was obtained indirectly by dividing

the number of spikes per m2 into the number of plants
2per m.



27

4. 1000 kernel weight was calculated by weighing 300 kernel

samples per plot and converting them into 1000 kernel

weight.

5. Seeds per spike was obtained indirectly from 1000 kernel

weight and weight of 30 spikes using the formula:

Threshed weight of 30 spikesseed/spike = X 33.3331000 kernel weight

6. Plant height was obtained by measuring the lengths of five

average culms from ground level to the tip of the spike

excluding awns.

7. Yield is the weight of grain per plot (5 m2).

8. Heading date was recorded when approximately 50% of the

culms of each plot had the whole spike extruded beyond the

auricules of the flag leaf. Heading date was recorded as

the number of days from January 1.

9. Maturity date was scored when approximately 50% of the

culms of each plot had reached physiological maturity.

Maturity date was recorded as the number of days from

January 1.

Analysis of variance was used to evaluate all nine character-

istics within and among locations. The F test was utilized to

determine significant differences. Plot means were used for the

analysis. Student Newman Keult s test was used to determine
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significant differences between individual means (Snecodor and

Cochran, 1973). Correlations were used to estimate the degree of

association between the agronomic traits studied. Regression

techniques were used to determine the relative and direct effects of

agronomic traits to the yield (Steel and Torrie, 1960). Coefficient

of variations were calculated in order to have a measure of pre-

cision.

The abbreviation SR is used for the terms seeding rate and SR

1, SR 2, SR3, SR 4 and SR 5 are used for the seeding rates of 80,

160, 240, 320 and 400 seeds/m2, respectively. The letters H, Y,

P, M, K, B, S are used in the figures to denote the varieties Hyslop,

Yamhill, Paha, McDermid, Kirac, Bezostaya, Sprague, respectively.

* and ** are used in the figures to denote the level of significance of

the treatments and their interactions. The letters C, SR and C X SR

are used in the figures to denote the cultivars, seeding rates and

cultivars X seedings rate interactions respectively for individual

locations.
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EXPERIMENTAL RESULTS

Observed mean squares were determined for the nine characters

measured at each location and for a combination of all locations

(Tables 1, 6, 11 and 16). The mean values of the characters were

also determined (Tables 2, 3, 7, 8, 12, 13, 17 and 18) as well as

correlation coefficients (Tables 4, 9, 14 and 19) and standard partial

regression coefficients (Tables 5, 10, 15,20). The mean values for

the analyzed factors are presented in graphic forms (Figures 1 through

26). Because the combined analyzes show highly significant location. X

character interactions for several factors, each location is presented

separately before the combined locations are discussed.

Ryan Location

Grain Yield

The observed mean squares showed highly significant differences

in grain yield as affected by cultivars and seeding rates for the trial

grown at Ryan (Table 1). Mean values for the cultivars showed that

(Table 2) Hyslop was the highest yielding cultivar but was not signifi-

cantly different from McDermid and Yamhill. Paha was significantly

lower in yield than Hyslop but not from McDermid and Yamhill. Grain

yield of the other cultivars were in the order Sprague > Bezostaya



Table 1. Observed mean squares for nine agronomic traits in seven winter wheat cultivars at Ryan site in Oregon during 1973-74.

Source of
Variation

Degrees
of

Freedom

Yield Tillers
per

Plant

1000
Kernel
Weight

Seeds
per

Spike

Plants
per
M2

Spikes
per
M2

Plant
Height

Heading
Date

Maturity
Date

Reps

Cultivars

Error a

Seeding
Rates

Cultivars x
S. Rates

Error b

Total

C. V. %

Location
Mean

3

6

18

4

24

84

139

219353

4974900**

93944

171207**

56126*

26494

6. 61

2461.90

0.47

4.28 **

0. 34

44.42 **

0.60*

0. 26

17.28

2.94

1.02

164. 73**

3. 44

12.78 **

0.97

1. 25

2.51

44.63

22. 71

1018.`68 **

15.89

933.. 54**

29.39**

11.33

10.00

33.65

1948. 65

2370. 63**

582.94

200971. 00**

586.74

635.58

17.07

147.65

1250.20

51783. 90**

1907.41

122522.00**

5438. 55**

1016.98

9.29

343.44

126. 42**

3473. 84**

14. 54

182.11 **

5. 39

6. 30

2.44

102.54

-
2.11x10

1

84.76**

1.24x10_2

1. 59x1016

6.21x10
-10

7.98x10-10

0.01

151.28

2.11x10
-16

84.76**

1. 24x10
-9

1.59x1014

6.21x10
-10

7.98x10-10

0.01

199.28

* Significant
** Significant
Error a: Reps
Error b: Reps

Reps

differences at the 5% probability level
differences at the 1% probability level
x cultivars
x seeding rates
x seeding rates x cultivars



Table 2. Yield and components of yield of seven winter wheat cultivars in a Rate of Seeding study
conducted at Ryan in Oregon during 1973-74.

Cultivar Yield
(gms/5m2)

Tillers/
Plant

1000 Kernel
Weight (gm)

Seeds/
Spike

Plants/
m2

Spikes/
m2

Hyslop 2945 el 3.72 b 45.0 c 33.1 b 131 a 402 c

Yamhill 2708 cde 2.91 a 47.3 d 38.1 c 138 ab 317 b

Paha 2637 cd 2.41 a 42.1 b 45.3 d 151 ab 278 a

McDermid 2801 de 3.40 b 46.2 d 32.0 b 156 b 407 c

Kirac 1471 a 2.71 a 43.2 b 21.8 a 142 ab 320 b

Bezostaya 2198 b 2.58 a 48.3 e 31.1 b 155 b 304 ab

Sprague 2474 c 2.86 a 40.4 a 34.4 b 161 b 375 c

Seeding
Rate

80 2327 a 4.80 e 45.7 b 42.7 d 52 a 246 a

160 2503 b 3.40 d 44.6 a 35.6 c 93 b 311 b

240 2498 b 2.85 c 44.7 a 32.1 b 132 c 358 c

320 2519 b 2.07 b 44.5 a 30.0 ab 192 d 391 d

400 2463 b 1.56 a 43.8 a 28.0 a 268 e 411 d

'Student Newman Keul's Test - means in a column followed by the same letter are not significantly
different at the 5% probability level.
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Figure 2. The influence of seeding rates on the yield of seven cultivars
at Ryan.
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Kirac, each differing significantly from each other and from the higher

yielding cultivars.

Only the lowest rate of seeding was significantly lower than the

other seeding rates while there were no significant differences among

the other seeding rates for grain yield. However, SR 4 produced the

highest grain yield.

A significant (p=0.05) interaction between cultivars and seeding

rates indicated that the cultivars did not respond similarly for grain

yield when the rates of seeding increased (Figure 2). Yamhill, Paha

and Sprague produced their highest yields at SR 2. Yamhill and Paha

showed a decrease in yield after that rate while Sprague maintained

its stability. Hyslop and McDermid produced their highest yields at

SR 3. Further increase in seeding rate caused a yield decrease in

the Hyslop cultivar, but in McDermid the yield of the highest seeding

rate was almost the same with SR 3. Bezostaya and Kirac responded

very similarly to the changes in the rates of seeding. These two

cultivars produced their highest yields at SR 4.

Tillers per Plant

There were highly significant differences among the cultivars

and the seeding rates for tillers per plant. A significant (p=0. 05)

seeding rate X cultivar interaction was observed for the same trait

(Table 1). Hyslop and McDermid had significantly higher number of
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tillers per plant than the other cultivars. The other five cultivars

were in the order Yamhill > Sprague > Kirac > Bezostaya > Paha

(Table 2).

Among the seeding rates the lowest rate of seeding produced the

highest number of tillers per plant. Tillers per plant value decreased

with increased rates of seedings. Significant differences were ob-

served among all rates of seedings.

Some of the cultivars did not respond similarly as the seeding

rate increased (Figure 3). McDermid and Paha showed a rapid de-

crease in tillers per plant value at SR 2 while Hyslop showed a rapid

decrease at SR 3. The other cultivars had almost a linear decrease

as the rates of seeding increased.

1000 Kernel Weight

There were highly significant differences between the cultivars

and the seeding rates in 1000 kernel weight (Table 1). Bezostaya had

the highest mean 1000 kernel weight and was significantly different

from the other cultivars (Table 2). Yamhill and McDermid produced

the second and third highest mean 1000 kernel weight values respec-

tively and were significantly higher than the rest of the cultivars.

There were no significant differences between Yamhill and McDermid

although Yamhill produced heavier kernels. Hyslop was the fourth in

kernel weight with a significantly higher value than the rest of the
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Figure 3. The influence of seeding rate on the tillers per plant of
seven cultivars at Ryan.
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cultivars. Paha and Kirac had significantly higher kernel weights

than Sprague. The mean 1000 kernel weight of Kirac was higher but

not significantly different from Paha.

The highest 1000 kernel weight was observed at the lowest

seeding rate which was significantly different than the others. The

1000 kernel weight value decreased as the seeding rate increased but

no significant difference was observed among the other four rates of

seeding.

The seeding rate X cultivar interaction was not significant for

kernel weight.

Seeds per Spike

There were highly significant differences among the cultivars

and the seeding rates in the number of seeds per spike (Table 1).

The interaction between the varieties and seeding rates was also

highly significant.

Paha produced the highest significant number of seeds per spike

(Table 2). Yamhill had the second highest value for this trait and was

also significantly different from the others. Sprague, McDermid and

Bezostaya were not significantly different from each other. The mean

value for this trait was significantly the lowest in Kirac.

The number of seeds per spike decreased as the rates of seeding
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increased. Significant differences were observed among SR 1, 2, 3

and 5.

The response of the cultivars at different seeding rates was not

the same (Figure 4). Yamhill had a higher number of seeds per spike

at SR 4 than SR 3. Hyslop showed a linear decrease up to SR 4. In

Bezostaya the decrease in the number of seeds per spike was not as

high as the other cultivars while the rest of the cultivars showed

almost curvilinear decreases as the rate of seeding increased.

Plants per Square Meter

The number of plants per m2 was significantly different among

some varieties and among the seeding rates (Table 1). Intercultivar

relations in the number of plants per m2 were in the order Sprague >

McDermid > Bezostaya > Paha > Kirac > Yamhill > Hyslop, in which

the first three cultivars were significantly different than Hyslop

(Table 2).

All the cultivars showed a linear increase with the increased

seeding rate. The number of plants per m2 acted as a direct function

of seeding rates which resulted in significant increases at each in-

creased seeding rate. All the cultivars responded similarly at

different seeding rates.
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Figure 4. The influence of seeding rate on the seeds per spike of
seven cultivars at Ryan.
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Spikes per Square Meter

The differences among the cultivars and among the seeding rates

were highly significant (Table 1). However, the highly significant

interaction between the cultivars and the seeding rates indicates that

all the cultivars were not responding similarly to the increased

seeding rates.

Among the cultivars, the mean number of spikes per m2 were in

the order McDermid > Hyslop > Sprague > Kirac > Yamhill >

Bezostaya > Paha (Tabre 2). The differences were not significant

among the first three cultivars, but Yamhill and Kirac were signifi-

cantly lower and Paha had significantly the lowest number of spikes

per m2.

The number of spikes per m2 increased curvilinearly as the rate

of seeding increased. There were significant differences among the

first four rates. Seeding rate 5 produced a higher number of spikes

per m2 than SR 4 although there was no significant difference between

them.

The number of spikes per m2 did not increase curvilinearly in

some cultivars showing a seeding rate X variety interaction (Figure 5).

McDermid showed no increase at SR 2 but had a steep increase at SR

3 and then showed almost no increase up to SR 5. Yamhill produced

the highest number of spikes per m2 at SR 2 and remained relatively
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constant at the higher rates. Yamhill and Bezostaya produced fewer

spikes per m2 at SR 5 when compared with SR 4.

Plant Height

Highly significant differences were observed among the cultivars

and among the seeding rates in plant height (Table 1).

Kirac was the tallest cultivar and was significantly different

from the others (Table 3). The other cultivars were in the order

Bezostaya > Yamhill > Paha > Sprague > McDermid > Hyslop. Signifi-

cant differences were found between Bezostaya and Yamhill and

between Paha and Sprague.

Plant height increased as the rate of seeding increased with

SR 5 producing significantly taller plants than SR 3, 2 and 1. SR 2

and 3 produced significantly taller plants than SR 1.

Heading Date and Maturity Date

There were highly significant differences among the varieties

(Table 1), but no interactions were found between heading and

maturity date or between these two factors and seeding rates.

Intercultivar relations in heading and maturity were in the order

Paha > Yamhill, Sprague > Hyslop > McDermid > Kirac, Bezostaya.

(Table 3).
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Table 3. Yield and other agronomic characters of seven winter wheat cultivars in a Rate of Seeding
study conducted at Ryan in Oregon during 197374.

Cultivar Yield Height Heading Date Maturity Date
(gms/5m2) (cm) (from January 1) (from January 1)

Hyslop 2945 e 1 89.4 a 151 c 199 c

Yamhill 2708 cde 106.8 b 153d 201d2

Paha 2637 cd 106.1 b 154e 202e

McDermid 2801 de 89.6 a 150 b 98 b1

Kirac 1471 a 125.0 d 149a 1197a

Bezostaya 2198 b 109.5 c 149a 197a

Sprague 2474 c 91.7 a 153 d 201 d

Seeding Rate

80 2327 a 98.7 a 151.29 a 199.29 a

160 2503 b 102.0 b 151.29 a 199.29 a

240 2498 b 103.0 b 151.29 a 199.29 a

320 2519 b 104.3 be 151.29 a 199.29 a

400 2463 b 104.9 c 151.29 a 199.29 a

'Student
Newman KeuPs Test - means in a column followed by the same letter are not significantly

different at the 5% probability level.
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Correlations

Seeding rate showed positive correlations with plants per m2,

spikes per m2 and plant height (Table 4). The correlations of seeding

rate with tillers per plant, seeds per spike and 1000 kernel weight

were negative in all the cultivars. Only in the cultivars. Hyslop,

McDermid and Sprague were found positive associations between grain

yield and seeding rates. The correlations of grain yield with tillers

per plant, seeds per spike and plants per m2 were insignificant.

Highly positive correlations were observed between grain yield and

spikes per m2 in Hyslop, McDermid and Sprague. Grain yield posi-

tively correlated with plant height in Sprague. A highly negative

correlation between yield and 1000 kernel weight was observed in

Sprague. Tillers per plant correlated negatively with plants per m2,

spikes per m2 and plant height. The correlations of tiller per plant

with 1000 kernel weight and seeds per spike were positive. The cor-

relations of 1000 kernel weight with plants per m2 and spikes per m2

were negative. A small positive association between 1000 kernel

weight and seeds per spike was observed. Seeds per spike was nega-

tively correlated with plants per m2 and spikes per m2. There was a

high and positive correlation between plants per m2 and spikes per m2.

Plant height correlated with plants per m2 and spikes per m2. The

correlation between plant height and seeds per spike was negative.
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Table 4. Correlations among 10 characters measured for seven wheat cultivars at Ryan in Oregon

during 1973-74.
Plants Spikes Tillers Plant
per per per Height
m2 m2 Plant

Yield Seeds
per

Spike

1000
Kernel
Weight

Seeding rH .92 .93 -.85 .74 .40 -.83 -.43
Rate rY .90 .60 -.93 .59 -.13 -.74 -.41

rP .95 .90 -.84 .54 -.24 -.84 -.37
rM .95 .79 -.89 .53 .37 -.89 -.36
rK .93 .84 -.88 .53 .01 -.75 -.44
rB .96 .62 -.92 .78 .13 -.60 -.36
rS .97 .92 -.92 .41 .40 -.92 -.53

Plants rH .84 -. 93 .72 .15 -.84 -. 49

per rY .54 -.92 .55 -.09 -.58 -.40
m2 rP .84 -.83 .45 -.21 -.73 -.36

rM .74 -.88 .47 .35 -.80 -.41
rK .81 -.87 .52 -.01 -.73 -.44
TB .55 -.93 .71 .10 -.51 -.29
rS .88 -.90 .38 .34 -.87 -.46

Spikes rH -. 76 . 72 . 42 -.84 -.36
per rY -.52 .56 .14 -.63 -. 40
m2 rP -.63 . 42 -. 25 -.75 -.42

TM -.65 .51 .51 -.80 -.23
rK -.67 .37 .06 -.60 -.44
rB -.56 .59 .24 -.57 -.32
rS -.80 .53 . 49 -.90 -.47

Tillers rH -.65 -.18 .74 .48

Per rY -.50 -.07 .71 .38

Plant rP -.65 .30 .81 .23
rM -.44 -.46 .84 .48

rK -.63 -.08 .81 .33

rB -.71 .07 .53 .33
rS -.34 -.38 .91 .53

Plant rH .10 -.66 -.38

Height rY .19 -.60 -.44
rP .06 -.53 -,09
TM .35 -.54 -.02
rK .13 -.50 -.18
rB .26 -.60 -.53
rS .70 -.35 -.58

Yield rH -.17 -.28
rY -.12 -.04
rP .38 .19
rM -.33 -.29
rK -.20 -, 23

rB

rS

-.34 -.75

Seeds rH rH: Correlations in Hyslop cultivar .23
per rY rY: Correlations in Yamhill cultivar .28

Spike rP rP: Correlations in Paha cultivar .35
rM rM: Correlations in McDermid cultivar .18
rK rK: Correlations in Kirac cultivar .41
rB rB: Correlations in Bezostaya cultivar .42
rS rS: Correlations in Sprague cultivar .56
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In the cultivars Yamhill, Bezostaya and Sprague a negative correlation

between plant height and 1000 kernel weight was found.

Regressions

A multiple regression, which includes all the factors, was

computed to determine the effects of each component on yield when

the other components were held constant (Equation 1). The matrix

was singular for maturity date and it was not included in the equation.

Yield = -10220 - 92.6640 (tiller/plant) + 47.8710 (1000 kernel

wt.) + 24.6280 (seeds/spike) - 1.2233 (plants/m2) +

3. 4094 (spikes/m2) - 14. 7380 (plant height) + 69. 4620

(heading date) (Equation 1)

To determine the relative importances of the agronomic traits

in relation to yield, standard partial regression coefficients were

compared (Table 5). Partial regression coefficients are in the units

of measurement whereas standard partial regression coefficients are

in the same units; i. e. standard deviations of the yield.

Using this type of analysis, the number of spikes per m 2 appears

to contribute the most to yield followed in decending order by seeds

per spike, plant height, 1000 kernel weight and tillers per plant.

Plants per m2 and heading date showed very little contribution to the

grain yield.
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Table 5. Standard partial regression coefficients and their
percentages for eight agronomic traits at Ryan
in Oregon during 1973-74.

Standard Partial Regression
Coefficient

Percentage

Tillers per plant 0.250 12.00

1000 Kernel weight 0.291 13.94

Seeds per spike 0.463 22.19

Plants per m2 0.066 3.16

Spikes per m2 0.605 29.00

Plant height 0.385 18.45

Heading date 0.027 1.29

Total 2.087 100.00



Hyslop Location

Grain Yield
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The difference among the cultivars and among the seeding rates

were highly significant for grain yield (Table 6). The cultivars were

in the order Hyslop > McDermid > Yamhill > Paha each differing

significantly from each other (Table 7). SR 1 produced the lowest

grain yield and was significantly different from the other rates. There

were no significant differences among the other rates in grain yield.

However, maximum yield was attained at SR 4. A significant cultivar

X seeding rate interaction indicated that Hyslop produced its highest

yield at SR 5 and McDermid at SR 4 in which the difference was very

small compared with SR 2. Yamhill and Paha produced their highest

yields at SR 2 (Figure 6).

Tillers per Plant

There were significant differences among the cultivars and

among the seeding rates. No seeding rate X cultivar interaction was

observed (Table 6).

Hyslop and McDermid produced the highest number of tillers per

plant and were significantly different from Yamhill and Paha (Table 7).

The tillers per plant value of Yamhill was significantly higher than

Paha.
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Figure 6. The influence of seeding rate on the yield of four winter wheat cultivars at Hyslop
in Oregon during 1973-74.



Table 6. Observed mean squares for nine agronomic traits of four winter wheat cultivars at Hyslop in Oregon during 1973-74.

Source of Degrees of Yield Tillers 1000 Seeds Plants Spikes Plant Heading Maturity
Variation Freedom per Kernel per per per Height Date Date

Plant Weight M2 M2 M2

Reps 3 117396 0.10 2.71 5.92 378.90 109.55 511.28 0.75* 0.17

Cultivars 3 3709890** 3. 51** 263. 80** 1293. 02** 40.03 39552.40** 3939.55 ** 154. 61** 198. 30**

Error a 9 41777 0. 23 2.01 18. 70 425.58 635. 61 315.54 0. 12 0. 11

Seeding Rates 4 271657** 16. 18** 7. 23** 317. 42** 92321. 70** 13732. 70** 432. 58 2. 79** 4. 42**

Cultivars x
Seeding Rates 12 28309 0. 40 2. 64 16. 94 300. 14 473.66 308.06 0.06 0. 10

Error b 48 61048 0. 35 1.47 11.90 390.80 678. 28 354.05 0. 14 0.07

Total 79

C. V. °/ 7.08 27.44 2. 35 6. 17 13. 43 10.52 16.58 0. 25 0. 13

Location mean 3489. 20 2. 15 51.49 55. 92 147. 15 247.66 113. 46 148. 48 207.80

* Significant differences at the 5% probability level
** Significant differences at the 1% probability level
Error a: Reps x varieties
Error b: Reps x seeding rates

Reps x seeding rates x varieties
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Table 7. Yield and components of yield of four winter wheat cultivars in a Rate of Seeding study
conducted at the Hyslop Field Station at Corvallis, Oregon, during 1973-74.

Cultivar Yield Tillers/ 1000 Kernel Seeds/ Plants/ Spikes/
(gms/5m2) Plant Weight (gm) Spike m2 m2

Hyslop 3936 d 1 2.47 c 53.1 b 53. b 145 a 285 c

Yamhill 3449 b 2.11 b 53.2 b 55.6 b 149 a 233 b

Paha 2916 a 1.58 a 46.1 a 67.2c 147 a 192 a

McDermid 3656 c 2.46 c 53.8 b 48.0 a 148 a 282 c

Seeding
Rate

80 3268 a 3.68 d 52.5 b 62.0 d 57 a 222 a

160 3570b 2.56c 51.5 a 59.0 c 104b 240b

240 3511 b 1.93b 51.5 a 54.5b 147c 252 bc

320 3596 b 1.48 a 51.4 a 53.6 b 182 d 263 cd

400 3565 b 1.12 a 50.6 a 50.8 a 253 e 281 d

'Student Newman Keul's Test - means in a column followed by the same letter are not significantly
different at the 5% probability level.



The differences in number of tillers per plant among the rates

of seeding were highly significant. The number of tillers per plant

decreased with increased seeding rates curvilinearly. The differ-

ence was significant among the seeding rates 1, 2, 3 and 4. SR 5

produced the lowest number of tillers per plant but was not signifi-

cantly different from SR 4.

1000 Kernel Weight

Mean kernel weights of cultivars were significantly different

from each other (Table 6). There were also significant differences

among the kernel weights produced at different seeding rates. Paha

cultivar produced significantly the lowest kernel weight while there

were no significant differences among the other three cultivars. How-

ever, mean 1000 kernel value of Yamhill was slightly higher than

Hyslop and McDermid (Table 7).

The highest and significant 1000 kernel weight value was pro-

duced by the lowest seeding rate. The differences among the other

rates for 1000 kernel weight were not significant but decreased as the

seeding rate increased.

Seeds per Spike

There were significant differences among the cultivars and

among the rates of seeding for the number of seeds per spike (Table 6).
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Paha produced the highest and significant number of seeds per spike

(Table 7). There was no significant difference between Yamhill and

Hyslop but the number of seeds per spike were slightly higher in

Yamhill. The mean value for this characteristic was significantly the

lowest in McDermid.

The number of seeds per spike decreased curvilinearly as the

seeding rate increased. The only difference which was not significant

was between seeding rates 3 and 4. However, SR 3 produced more

seeds per spike than SR 4.

Plants per Square Meter

All the cultivars responded similarly to the increases in seeding

rate (Tables 6,7).

The number of plants per m2 increased linearly with increased

seeding rates and differed significantly at all rates of seeding.

Spikes per Square Meter

Highly significant differences were observed among the cultivars

and among the seeding rates (Table 6). McDermid and Hyslop pro-

duced the highest number of spikes per m2 and were significantly

different from Yamhill and Paha (Table 7). The mean value of Yamhill

for this trait was significantly higher than Paha.



The number of spikes per m2 showed an increase as the seeding

rate increased (Figure 6). Significant differences for the number of

spikes per m2 were observed among the seeding rates 1, 2 and 5.

Plant Height

Intercultivar differences were significant for plant height (Table

6).

The response of each cultivar to different seeding rates were

similar and no significant difference was observed among the seeding

rates for plant height. There was no significant difference between

the tallest two cultivars Paha and Yamhill although Paha was slightly

taller (Table 8). Hyslop and McDermid were significantly shorter

than the other two cultivars. There was no significant difference

between Hyslop and McDermid but Hyslop was slightly taller.

No significant difference was observed among the seeding rates

in plant height. However, plant height increased as the seeding rate

inc reas ed.

Heading Date and Maturity Date

There were highly significant differences among the cultivars

and among the seeding rates while all the cultivars responded

similarly at different rates of seeding (Table 6).
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Table 8. Yield and other agronomic characters of four winter wheat cultivars in a Rate of Seeding
study conducted at the Hyslop Field Station in Corvallis, Oregon during 1973-74.

Cultivar Yield Height Heading Date Maturity Date
(gms/5 m2) (cm) (from January 1) (from January 1)

Hyslop 3936 d
1

100.6 a 147.30 b 206.40 b

Yamhill 3449 b 118.8 b 150.30 c 209.40 c

Paha 2916 a 123.2 b 151.20 d 211.25 d

McDermid 3656 c 103.8 a 145.15 a 204.15 a

Seeding
Rate

80 3268 a 108.8 a 149.18 c 208.69 c

160 3570 b 111.3 a 148.56 b 207.88 b

240 3511 b 112.5 a 148.25 a 207.50 a

320 3596 b 112.3 a 148.78 a 207.50 a

400 3565 b 113.3 a 148.25 a 207.44 a

1
Student Newman Keul's Test - means in a column followed by the same letter are not significantly
different at the 5% probability level.
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The cultivars were in the order Paha > Yamhill > Hyslop >

McDermid each differing significantly from each other (Table 8).

The mean values for heading and maturity date at SR 1 was the

highest and the difference was significant. SR 2 ranked second and

was also significantly different from the others. There were no

differences among the seeding rates 3, 4 and 5.

Correlations

Seeding rate was positively correlated with plants per m2 and

spikes per m2 (Table 9). Seeding rate correlated positively with plant

height in Hyslop and McDermid. The correlations of seeding rate with

tillers per plant and seeds per spike were highly negative. The cor-

relation between seeding rate and 1000 kernel weight was negative

in Hyslop, Yamhill and McDermid and positive in Paha. In Hyslop

and McDermid seeding rate correlated with plant height positively.

Seeding rate correlated with heading and maturity dates negatively in

Paha and McDermid. Tillers per plant correlated considerably

negatively with yield in Hyslop and McDermid. The correlation

between yield and spikes per m2 and yield was positive in Hyslop,

Yamhill and McDermid. Yamhill and McDermid yield correlated with

heading and maturity dates negatively. The correlations of yield

with seeds per spike, 1000 kernel weight, plants per m2 and plant

height were very small. Seeds per spike correlated with tillers per
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Table 9. Correlations among 10 characters measured for four winter wheat cultivars at Hyslop in
Oregon during 1973-74.

Plants
per

2m

Spikes Tillers Plant Yield
per per Height
m2 Plantm

Seeds
per

Spike

1000

Kernel
Weight

Heading
Date

Maturity
Date

Seeding rH .9S .68 -.91 .52 .37 -.65 -.63 -.27 -.34
Rate rY .95 .57 -.79 .22 .29 -.56 -.52 -.12 -.15

rP .98 .85 -.89 .19 .07 -.79 .39 -.62 -.73
rM .94 .67 -.90 .59 .36 -.77 -.61 -.59 -.74

Plants rH .67 -.90 .44 .32 -.61 -.62 -.26 -.33
per rY .50 -.82 .18 .23 -.55 -.55 -.10 -.14
m2 rP .87 -.87 .07 -.02 -.76 .34 -.58 -.69

rM .61 -.88 .44 .26 -.74 -.63 -.50 -.71

Spikes rH -.57 .34 .32 -.44 -.43 -.24 -.23
per rY -.26 -.35 .57 -.66 -.11 -.64 -.65
n.,2 rP -.65 .11 -.01 -. 74 , 23 -. 33 -. 47

rM -.53 .34 .45 -.53 -.39 -.77 -.72

Tillers rH -. 44 -. 43 .63 .58 . 31 .37
per rY -.27 -.17 .37 .53 -.05 -.02

Plant rP -.14 -.18 .66 -.35 .74 , .87
rM -.44 -.49 .70 .61 .62 .77

Plant rH -.14 -.55 -.02 -.54 -.59
Height rY -.24 .56 -.23 .87 .86

rP .38 .04 .10 -.16 -.16
rM .22 -.31 -.12 -.23 -.27

Yield rH .07 -.38 .25 .27
rY -.33 .10 -.48 -. 49
rP .16 -.19 -.35 -.22
rM -.09 -.12 -.55 -.51

Seeds rH .34 .63 .68
per rY .21 .73 .75

Spike rP -.57 .38 .43
rM .49 .32 .58

1000 rH .03 .06
Kernel rY -. 12 -.11
Weight rP -.01 -.07

rM .31 .67

Heading rH rH: Correlations in Hyslop cultivar . 96

Date rY rY: Correlations in Yamhill cultivar 99

rP rP: Correlations in Paha cultivar .87
rM rM: Correlations in McDermid cultivar .56



plant positively. The correlations of tillers per plant with plants per

m2 and spikes per m2 were highly negative. Tillers per plant cor-

related positively with 1000 kernel weight in Hyslop, Yamhill and

McDermid. A negative association between tillers per plant and plant

height was observed in Yamhill and McDermid. Tillers per plant

c orrelated with heading and maturity dates positively in Paha and

McDermid. Seeds per spike correlated negatively with plants per m2

and spikes per m2. The associations of seeds per spike were negative

with heading and maturity dates. The correlation between seeds per

spike and 1000 kernel weight was positive in McDermid and was nega-

tive in Paha. Plant height correlated with seeds per spike positively

in Yamhill and negstively in Hyslop. One thousand kernel weight

correlated negatively with plants per m2 and spikes per m2 in Hyslop,

Yamhill and McDermid. The correlation of 1000 kernel weight with

maturity date was positive in McDermid. A lack of association of

1000 kernel weight with plant height and heading date was observed in

all four cultivars. Plants per m2 correlated positively with spikes

per m2. The correlations of plants per m2 with heading and maturity

dates were negative in Paha and McDermid. No association was

observed between plants per m2 and plant height. The correlations of

spikes per m2 with heading and maturity dates were negative in

Yamhill, McDermid and slightly in Paha. The correlation between

spikes per m2 and plarit height was very small. Plant height
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correlated with heading and maturity dates positively in Yamhill and

negatively in Hyslop. The correlation between heading and maturity

dates was positive in all the cultivars.

Regressions

A multiple regression which includes all of the agronomic traits

studied to show the effects of these components to yield was computed

(Equation 2).

Yield = 14254 - 97.6640 (tillers plant-1) + 50.3690 (1000

kernel weight) + 15.7250 (seeds spike 1 ) - 1.0987

(plants m -2) + 4.3453 (spikes m-2) + 0.8640 (plant

height) + 57.9100 (heading date) - 113.7700

(maturity date) (Equation 2)

To determine the relative importance of these factors in relation

to yield, standard partial regression coefficients were computed

(Table 10).

One thousand kernel weight, maturity date and spikes per m2

were the most important factors for yield. Seed't per spike and heading

dates were also relatively important. The relative importance of

plants per m2, tillers per plant and plant height to grain yield was

very low.
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Table 10. Standard partial regression coefficients and their per-
centages for eight agronomic traits at Hyslop in Oregon
during 1973-74.

Standard partial regression coefficient Percentage

Tillers per plant 0.244 0.946

1000 kernel weight 1.194 33.988

Seeds per spike 0.304 8.653

Plants per m2 0.172 4.896

Spikes per m2 0.533 15.172

Plant height 0.042 0.125

Heading date 0.319 9. 080

Maturity date 0.705 20.068

Total 3.513 100.00

Madras Location

Grain Yield

The analysis of variance showed highly significant differences

among the cultivars and among the seeding rates (Table 11). Hyslop

and McDermid produced the highest yields and were significantly

different from Yamhill and Paha. However, Yamhill outyielded Paha

by 12%.

The lowest yield was produced at the lowest seeding rate which

was significantly different than the yields produced at other rates of

seeding. There were no significant differences among the other rates

of seeding but SR 3 produced the highest yield.



Table 11. Observed mean squares for nine agronomic traits of four winter wheat cultivars at Madras in Oregon during 1973-74.

Source of Degrees Yield Tillers 1000 Seeds Plants Spikes Plant Heading Maturity

Variation of per Kernel per per per Height Date

Freedom Plant Weight Spike
m2

M2

Reps 3 711152 0.41 11.47 85.43 1661.10 2719.55** 130.55 1.05 0.21

Cultivars 3 3529130** 6.57** 344.20** 2835.57** 2972.13* 120202.00** 868.58** 244.55** 220.78**

Error a 9 363007 0.22 19.01 95.09 674.63 305.07 22.42 1.45 0.30

Seeding Rates 4 325510** 35. 78 ** 47.68** 870.48** 108499.00** 60205.20** 15.86 5.39** 6.82**

Cultivars x
S. Rates 12 129942 1.59** 4.04 28.22 717.34 8770.54** 10.00 0.12 0.09

Error b 48 69642 0.18 4.74 41.28 413.25 1064.56 8.32 0.18 0.18

Total 79

C. V. % 6.98 13.72 5.15 12.19 13.57 8.90 3.12 0.25 0.19

Location mean 3780.42 3.08 42.28 52.70 149.85 366.36 95.51 170.78 224.76

*
Significant differences at the 5% probability level

**
Significant differences at the 1% probability level

Error a: Reps x cultivars
Error b: Reps x seeding rates

Reps x seeding rates x cultivars
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By comparing the individual cultivars at different seeding rates

Hyslop attained its maximum yield at SR 5, Paha at SR 4, McDermid at

SR 3 and Yamhill at SR 2 (Figure 7).

Tillers per Plant

Significant differences were observed among the cultivars and

among the rates of seeding (Table 11). A strong cultivar X seeding

rate interaction indicated that not all the cultivars responded similarly

to the changes in the rates of seeding. For tillering capacity the

cultivars were in the order Hyslop > McDermid > Yamhill > Paha, each

significantly different from each other (Table 12).

The number of tillers per plant decreased as the seeding rate

increased. The differences for that trait were significantly different

among all the rates of seeding.

The cultivars McDermid, Yamhill and Paha responded the same

to the increases of seeding rate while the number of tillers per plant

in Hyslop decreased more rapidly at SR 2 and 3 (Figure 8).

1000 Kernel Weight

The differences among cultivars and among seeding rates were

significant for 1000 kernel weight (Table 11). The mean values for

1000 kernel weight were in the order Yamhill > McDermid > Hyslop >
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Figure 7. The influence of seeding rate on the yield of four winter wheat at Madras

in Oregon during 1973-74.
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Table 12. Yield and components of yield of four winter wheat cultivars in a Rate of Seeding study
conducted at Madras, Oregon during 1973-74.

100 Kernel
Cultivar Yield

(gms/5 m2)
Tillers/
Plant

Weight
Seeds/
Spike

Plants/
2m

Spikes/
m2

(gm)

Hyslop 4118 b1 3.79 d 40.6 ab 47.4 a 152 ab 423 c

Yamhill 3587 a 2.82 b 48.0 c 47.7 a 143 ab 328 b

Paha 3279 a 2.46 a 38.4 a 70.6 b 138 a 276 a

McDermid 4136 b 3.26 c 42.4 b 45.4 a 166 b 438 d

Seeding
Rate

80 3561 a 5.36 c 45.1 b 63.8 c 51 a 273 a

160 3847 b 3.72 d 42.2 a 56.3 b 92 b 338 b

240 3906 b 2.67 c 42.5 a 50.6 a 149 c 395 c

320 3761 b 2.02 b 41.4 a 48.6 a 203 d 407 c

400 3876 b 1.65 a 40.6 a 45.6 a 255 e 421 c

1
Student Newman Keul's Test - means in a column followed by the same letter are not significantly
different at the 5% probability level.
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Paha where significant differences were observed among Yamhill,

McDermid and Paha (Table 12).

Mean 1000 kernel weight value at the lowest seeding rate was

significantlyhigher than the other rates. There were no significant

cifferences among the 1000 kernel weight values produced at other

rates of seeding but they showed a decrease as the seeding rate in-

creased.

Seeds per Spike

Analysis of the observed mean squares indicated highly signifi-

cant differences among the cultivars and among the seeding rates

(Table 11). The mean seeds per spike values for the cultivars were in

the order Paha > McDermid > Yamhill > Hyslop (Table 12). The only

significant difference was between Paha and the other cultivars.

The number of seeds per spike decreased curvilinearly as the

seeding rate increased. The significant differences were among the

seeding rates 1, 2 and 3.

Plants per Square Meter

The difference among the cultivars was significant (p = 0.05)

for plants per m2 (Table 11). There were highly significant differ-

ences among the seeding rates. The number of plants per m2 for the

cultivars were in the order of McDermid > Hyslop > Yamhill > Paha
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(Table 12). Paha was significantly lower than the other cultivars.

Mean values for number of plants per m2 increased linearly

as the rate of seeding increased and differed significantly from each

other.

Spikes per Square Meter

Highly significant differences were observed among the cultivars

and among the rates of seeding (Table 11). Also there was a signifi-

cant seeding rate X cultivar interaction. The mean values for the

number of spikes per m2 were in the order McDermid > Hyslop >

Yamhill > Paha, each significantly different from each other (Table 12).

Mean spikes per m2 values showed a curvilinear increase with

the rates of seeding. The significant differences were among seeding

rates 1, 2 and 3.

The response of each cultivar to different rates of seeding was
2not similar (Figure 9). The number of spikes per m decreased in

Paha at SR 4 and increased rapidly at SR 5 in McDermid. Yamhill

and Paha maintained their values at SR 4 and 5. A decrease in the

number of spikes per m2 was observed at Hyslop with SR 5.

Plant Height

The difference among the cultivars was highly significant for

plant height (Table 11). The mean heights of the cultiVars were in the
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m2 of four winter wheat cultivars at Madras in Oregon
during 1973-74.
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order Yamhill > Paha > McDermid > Hyslop (Table 13). Significant

differences were found among Yamhill, Paha and McDermid.

When the seeding rates were considered, only the lowest rate

produced a significant difference in plant height compared with the

other rates of seeding. Plant height at the other four rates was

almost equal.

Heading Date and Maturity Date

Highly significant differences were observed among the cultivars

and among the rates of seeding (Table 11). The number od days from

January 1 to heading and maturity were in the order Paha > Yamhill >

Hyslop > McDermid, each differing significantly from the others

(Table 13).

The number of days to heading and maturity decreased as the

rates of seeding increased, showing significant differences among all

rates.

Correlations

Only the cultivar Paha showed a high positive correlation be-

tween seeding rate and grain yield (Table 14). Seeding rate was

negatively correlated with tillers per plant, 1000 kernel weight, seeds

per spike, heading and maturity dates in all the cultivars. There were

positive correlations between seeding rate and plants per m2 and
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Table 13. Yield and other agronomic characters of four winter wheat cultivars in a Rate of Seeding
study conducted at Madras, Oregon during 1973-74.

Cultivar Yield Height Heading Date Maturity Date
(gms/5 m2) (cm) (from January 1) (from January 1)

Hyslop 4118 b
1

86.5 a 168.95 b 223.10 b

Yamhill 3587 a 100.9 c 172.70 c 226.25 c

Paha 3279 a 94.6 b 174.60 d 228.60 d

McDermid 4136 b 88.2 a 166.90 a 221.10 a

Seeding
Rate

80 3561 a 90.8 a 171.63 d 225.56 e

160 3847 b 93.3 b 171.06 c 225.19 d

240 3906 b 92.8 b 170.69 b 224.75 c

320 3761 b 93.0 b 170.44 ab 224.25 b

400 3876 b 92.8 b 170.13 a 223.94 a

1
Student Newman Keul's Test - means in a column followed by the same letter are not significantly
different at the 5% probability level.
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Table 14. Correlations among 10 characters measured for four winter wheat cultivars at Madras in
Oregon during 1973-74.

Plants Spikes Tillers Plant Yield
per per per Height
m2 m2 Plant

Seeds
per

Spike

1000
Kernel
Weight

Heading
Date

Maturity
Date

Seeding rH .96 .31 -.91 -.01 .18 -.78 -.48 -.65 -.86
Rate rY .97 .80 -.91 .48 .02 -.64 -.38 -.71 -.83

rP . 95 .75 -. 93 .15 .51 -.59 -. 62 -. 69 -.80
rM .96 .94 -.93 -.01 .01 -.84 -.49 -.61 -.81

Plants rH .22 -.92 .00 .06 -.78 -.55 -.72 -.86
per rY .81 -.92 .48 -.06 -.59 -. 36 -.67 -.80
m2 rP .72 -.94 .07 .53 -.51 -.57 -.53 -.74

rM .96 -.91 .12 .03 -.75 -.54 -.51 -.71

Spikes rH -.32 .16 .00 -.29 .04 .14 -.30
per rY -.76 .82 .01 -.74 -.50 -.60 -.68
m2 rP -.68 .19 .38 -.72 -.32 -.58 -.56

rM -.89 .14 .15 -.80 -.49 -.56 -.76

Tillers rH -.03 -.03 . 72 .63 .69 .85
per rY -. 49 -.13 .46 . 42 .74 . 71

Plant rP -.17 -.61 .46 .59 .57 .72
rM .04 -.11 .76 .49 .62 .74

Plant rH -.17 -.14 .05 -.11 -.10
Height rY -.01 -.55 -.63 -.31 -. 32

rP -.01 -.10 -.31 -.18 -.18
rM -.05 .08 -.42 .46 .15

Yield rH .18 .05 .20 -.13
rY .10 .01 -.42 -.05
rP -.32 -.46 -.27 -.44
rM .06 -.25 -.12 -.03

Seeds rH .32 .57 .72
per rY .30 .46 .56
Spike rP .22 .77 .68

rM .38 .62 .79

1000 rH .63 .53
Kernel rY .10 .19
Weight rP .23 .47

rM -.10 .11

Heading rH rH: Correlations in Hyslop cultivar .75
Date rY rY: Correlations in Yamhill cultivar .81

rP rP: Correlations in Paha cultivar . 77

rM rM: Correlations in McDermid cultivar .84
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spikes per m2. A lack of association was observed between seeding

rate and plant height. Yield was negatively correlated with tillers per

plant and 1000 kernel weight only in Paha. The correlation between

yield and plants per m2 was positive and again was higher only in Paha.

Little or no associations were observed in the correlations of yield

with spikes per m2, plant height, seeds per spike, heading and

maturity dates. The number of tillers per plant was positively corre-

lated with seeds per spike, 1000 kernel weight, heading and maturity

dates and negatively with plants per m2 and spikes per m2: One thou-

sand kernel weight correlated negatively with plants per m2 and spikes

per m2. There was a negative correlation between 1000 kernel weight

and plant height only in Yamhill. One thousand kernel weight corre-

lated positively with heading date and maturity date only in Yamhill.

Little or no association was observed between 1000 kernel weight and

seeds per spike. Seeds per spike was negatively correlated with

plants per m2 and spikes per m2 and positively with heading and

maturity dates. The correlation between seeds per spike and plant

height was negative and higher in Yamhill. The number of plants per

m2 showed a high positive correlation with spikes per m2 in Yamhill,

Paha and McDermid. In Yamhill there was a higher positive correla-

tion between plants per m2 and plant height. The correlations of

heading and maturity dates with plants per m2 were negative. The

2number of spikes per m exhibited a high positive correlation with



72

plant height in Yamhill. Spikes per m2 showed a high negative correla-

tion with heading and maturity dates in Yamhill, Paha and McDermid.

Plant height was positively correlated with heading and maturity dates.

The correlation between heading date and maturity date was high and

positive.

Regressions

A multiple regression which shows the effects of each agronomic

trait on grain yield was computed (Equation 3).

Yield = 28177 - 23.5190 (tillers plant-1) - 1.4611 (1000

kernel wt. ) + 2.0937 (seeds s p i k e ' ) - 1.1132

(plants m -2) + 4.3453 (spikes m -2) - 8.5400 (plant

height) + 27.8920 (heading date) - 127.2900

(maturity date) (Equation 3)

Standard partial regression coefficients were computed to show

the relative importances of each character on yield (Table 15).

Maturity date appears to be the most important factor affecting

grain yield at Madras. One day decrease in maturity date caused a

127 gm/plot increase in grain yield. The order of relative importance

of the other traits was: spike per m2 > heading date > 1000 kernel

weight > plant height > tillers per plant > seeds per spike > plants per
2m.



Table 15. Standard partial regression coefficients and their per-
centages for eight agronomic traits at Madras in Oregon
during 1973-74.

73

Standard partial regression coefficient Percentage

Tillers per plant 0.068 5.067

1000 kernel weight 0.012 0.924

Seeds per spike 0.053 3.949

Plants per m2 0.050 3.725

Spikes per m2 0.205 15.275

Plant height 0.107 7.973

Heading date 0.160 11.922

Maturity date 0.687 51.190

Total 1.342 100.000

All Locations

Grain Yield

There were significant differences among locations, cultivars

and seeding rates for yield (Table 16). A highly significant location

X cultivar interaction was observed. The highest mean yield was

produced at Madras followed by Hyslop (Table 17). The lowest mean

yield was produced at Ryan. The differences were significant for all

locations.

Hyslop and McDermid produced the highest yields at all locations

and were significantly different from the other two cultivars. Yamhill

was significantly different from Paha.



Table 16. Observed mean squares for nine agronomic traits of four winter wheat cultivars at three locations in Oregon during 1973-74.

Source of Degrees Yield Tillers 1000 Seeds Plants Spikes Plant Heading Maturity
Variation of per Kernel per per per Height Date Date

Freedom Plant Weight Spike M2 M2

Locations 2 21513300** 23.68 ** 1779.82 ** 8120.03** 647.50 332176.00 ** 9464.87 ** 11501.40** 12823.30**

Error a 9 326054 0. 30 5.60 43.53 1003. 33 2034.47 232. 72 0.60 0. 13

Cultivars 3 6153810** 15. 80** 569. 98** 4352. 92** 2554. 48* 229062.00** 5600. 97** 436. 23** 458. 20**

Locations x
Cultivars 6 719103** 0. 41 69. 56** 253. 62** 1571. 73* 6062. 86** 564. 72** 14. 80** 13. 77**

Error b 27 156114 0.30 7.53 41.62 572.71 617.59 116. 67 0.52 0. 14

Seeding Rates 4 587218** 76. 35** 47. 78** 1835. 33** 315407. 00** 137997. 00** 334. 30* 5. 11** 6. 84**

Loc. x S. Rates 8 62581 1.38 ** 6. 68* 46.09* 1805. 64** 8185. 02** 114.58 1.54** 2. 20**

Cultivars x
S. Rates 12 72811 1.04** 1.32 13.21 602.66 4161.14** 111.93 0.07 0.07

Loc. x Cultivar
x S. Rates 24 77241 0.88 ** 3.19 31.54 363.89 6006.33 ** 106.87 0.05 0.06

Error c 144 50746 0.28 2.45 23.09 512.42 987.37 122.89 0.11 0.09

Total 239

C. V. % 6. 73 19.09 3.04 9.89 15. 39 9. 76 10. 94 0. 21 0. 13

Three loc. mean 3347.50 2.78 49.30 48.57 147.05 321.80 101.29 157.09 210.85

Error a: Reps within locations
(Reps-1) Locations

Error b: Reps x cultivars
Reps x cultivars x locations

* Significant differences at the 5% probability level

Error c: Reps x seeding rates
Reps x seeding rates x locations
Reps x seeding rates x cultivars
Reps x seeding rates x locations x cultivars

** Significant differences at the 1% probability level
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Table 17. Yield and components of yield of four winter wheat cultivars in a Rate of Seeding study
conducted at three locations in Oregon during 1973-74.

Location
Yield

(gms/5 m )
Tillers/
Plant

1000 Kernel
Weight
(gms)

Seeds/
Spike

Plants/
m2

Spikes/

Ryan 2773 a 3.11 b 45.1 b 37.1 a 144 a 351 b

Hyslop 3489 b 2.15 a 51.5 c 55.9 c 147 a 248 a

Madras 3780 c 3.08 b 42.2 a 52.7 b 150 a 366 b

Seeding
Rate

80 3154 a 4.67 e 47.9 c 57.7 d 53 a 241 a

160 3412 b 3.27 d 46.2 b 51.5 c 94 b 298 b

240 3424b 2.61c 46.4b 46.8b 139c 340c

320 3365 b 1.89 b 45.9 b 44.9 b 189 d 354 d

400 3382 b 1.46 a 45.2 a 42.0 a 260 e 376 e

Cultivar

Hyslop 3666 c 3.33 d 46.1 b 44.4 b 143 a 370 c

Yamhill 3248 b 2.61 b 49.5 d 47.1 c 143 a 293 b

Paha 2944 a 2.15 a 42.2 a 60.9 d 145 a 249 a

McDermid 3531 c 3.03 c 47.4 c 41.8 a 157 b 376 c

1
Student Newman Keul's Test - means in a column followed by the same letter are not significantly
different at the 5°A) probability level.
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The lowest mean value for yield was observed at SR 1 which was

significantly different from the others rates of seeding. There were

no significant differences among the other rates. However, the

highest yield was produced at SR 3.

The highly significant location X cultivar interaction indicates

that the cultivars were responding differently by locations (Figure 10).

The difference between the yields produced at Ryan and Hyslop

sites was insignificant for Paha when compared with the other varieties.

The same situation was observed for Yamhill for yields at Hyslop and

Madras.

Tillers per Plant

Significant differences were observed among locations, cultivars

and seeding rates for tillers per plant (Table 16). The significant inter-

actions were location X seeding rate and cultivar X seeding rate. The

number of tillers per plant was significantly higher at Ryan and Madras,

than at Hyslop (Table 17). The mean tiller per plant for cultivars were

in the order Hyslop > McDermid > Yamhill > Paha each significantly

different from each other.

The number of tillers per plant decreased curvilinearly as the

seeding rate increased. The differences were significant among all

seeding rates.
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A significant seeding rate X location interaction at Madras

showed that the number of tillers per plant decreased rapidly at SR 3

compared with the other locations (Figure 11). The significant inter-

action between seeding rates and cultivars pointed out that at the

lower rates the differences among the cultivars were higher than the

differences among the cultivars at higher rates (Figure 12). Location

X seeding rate X cultivar interaction indicated that the cultivars at

different locations did not respond similarly to the increases in

seeding rate. However the number of tillers in all the cultivars

at three locations decreased curvilinearly as the rates of seeding

increased.

1000 Kernel Weight

There were significant differences among the locations, culti-

vars and seeding rates for 1000 kernel weight (Table 16). The mean

1000 kernel weight values were in the order Hyslop > Madras > Ryan

where each location was significantly different from the others (Table

17). The cultivars were in the order Yamhill > McDermid > Hyslop

> Paha, each significantly different for that trait.

The mean 1000 kernel weight value at lowest seeding rate was

significantly higher than the other rates. There were no significant

differences among SR 2, 3 and 4. Seeding rate 5 produced signifi-

cantly the lowest 1000 kernel weight.
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Figure 11. Influence of seeding rate on tillers per plant at three locations in Oregon
during 1973-74.
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The location X cultivar interaction showed that mean 1000 ker-

nel weight values for Yamhill, McDermid and Hyslop were slightly

different from each other at Ryan and Madras while at Hyslop the

mean values of the cultivars for 1000 kernel weight were almost the

same (Figure 13). The significant (p = 0.05) location X seeding rate

interaction indicated that at Madras, the mean 1000 kernel weight

increased rapidly at SR 1 compared with the other locations and seeding

rates (Figure 14).

Seeds per Spike

Significant differences were observed among the locations,

cultivars, and seeding rates for the number of seeds per spike (Table

16). Significant location X cultivar and location X seeding rate inter-

actions were observed. The highest mean seeds per spike value was

attained at Hyslop, Madras ranked second, and at Ryan the lowest

number of seeds per spike were produced (Table 17). The mean seeds

per spike values for the cultivars were in the order Paha > Yamhill >

McDermid > Hyslop, each significantly different from the other.

As the rates of seeding increased the number of seeds per spike

decreased. No significant difference was observed between SR 3 and

SR 4 for that trait while there were significant differences among the

other seeding rates.
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The interaction between the locations and the cultivars showed

that the mean seeds per spike value was less at Madras when com-

pared with Hyslop for the three cultivars. This value showed an in-

crease in Paha cultivar at Madras (Figure 15). The significant

interaction (p = 0.05) between seeding rates and locations indicated

that the increase in the number of seeds per spike was smaller at

Hyslop for SR 2 and 4 when compared with the other locations (Figure

16).

Plants per Square Meter

Significant differences among the cultivars and among the seed-

ing rates were observed (Table 16). There were significant inter-

actions between locations and cultivars and between locations and

seeding rates. There were no significant differences among the

locations (Table 17). Only McDermid produced significantly the

highest plants per m2 while there were no significant differences

among the other cultivars.

As the rates of seeding increased, the number of plants per m
2

increased linearly showing significant differences at each seeding rate.

All four cultivars responded differently at each location as

indicated by a significant (p = 0. 05) location X cultivar interaction

(Figure 17). Although the increase in the number of plants per m2
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was linear at Madras and Hyslop at Ryan that increase was curvilinear

from SR 3 and was highest at SR 5 when compared with the other

locations..

Spikes per Square Meter

There were highly significant differences among locations,

cultivars and the seeding rates for the number of spikes per m2

(Table 16). Location X cultivar, location X seeding rate, cultivar X

seeding rate, and location X cultivar X seeding rate interactions were

also highly significant for that trait. The lowest significant number of

spikes per m2 was produced at Hyslop while the difference between

Madras and Ryan was not significant (Table 17). However, mean

spikes per m2 value was higher at Madras. Hyslop and McDermid

cultivars produced the highest number of spikes per m2 at all loca-

tions which were significantly different than Yamhill and Paha. Paha

produced the lowest significant number of spikes per m2.

The number of spikes per m2 decreased curvilinearly as the

rates of seeding increased differing significantly at each seeding rate.

The significant location X cultivar interaction showed that all

the cultivars responded the same at Ryan and Hyslop while at Madras

the mean number of spikes per m2 for McDermid and Hyslop cultivars

increased rapidly as compared with Yamhill and Paha (Figure 19).
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The seeding rate X location interaction indicated that the number of

spikes per m2 increased rapidly at Ryan and Madras while at Hyslop

that increase was slower (Figure 20). The cultivars did not respond

similarly to the changes in the rates of seeding (Figure 21). In

Yamhill the number of spikes per m2 increased rapidly up to SR 2 and

then decreased at the higher rates. In Hyslop that value increased

rapidly up to. SR 4. The increase in the number of spikes per m2 with

the increased seeding rates leveled at SR 4 in McDermid and at SR 5

additional increase was observed. The responses of each cultivar

were different at each location as the rate of seeding increased.

Plant Height

Highly significant differences were obtained among the locations

and cultivars (Table 16). The difference among the seeding rates was

also significant (p = 0.05). The interaction between the locations

and cultivars was highly significant. Plant height was significantly

higher at Hyslop than at Madras and Ryan sites (Table 18). There

were no significant differences between the mean heights of the plants

grown at Madras and Ryan. However, mean plant height was higher at

Ryan. The mean heights of the cultivars were in the order Paha >

Yamhill > McDermid > Hyslop. The two taller cultivars were signifi

cantly different from the two shorter cultivars.
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Plant height increased with increasing seeding rates and signifi-

cant differences were found between SR 1, SR 4 and SR 5.

Observed location X cultivar interaction showed that Yamhill

was taller than Paha at Ryan and Madras while Paha was higher than

Yamhill at Hyslop (Figure 22).

Heading Date

There were highly significant differences among the locations,

cultivars and seeding rates (Table 16). The significant interactions

were location X cultivar and location X seeding rate. The plants

headed first at Hyslop, then Ryan and last Madras (Table 18). The

number of days from January 1 to heading were in the order of Paha ,>

Yamhill > Hyslop > McDermid with each significantly different from

each other.

The number of days required for heading increased with the

seeding rate. There were significant differences between SR 1, SR 2,

SR 3 and SR 5.

The effect of location on the days to heading is clearly indicated

by the significant location X cultivar interaction (Figure 23). At Ryan

the increase in seeding rate had little or no effect on heading date.

At Hyslop there was a small curvilinear decrease in the number of

days to heading and a linear decrease at Madras with the increased

seeding rates (Figure 24).
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Table 18. Yield and other agronomic characters of four winter wheat cultivars in a Rate of Seeding
study conducted at three locations in Oregon during 1973-74.

Location
Yield Height Heading Date Maturity Date

(gms/5 m2) (cm) (from January 1) (from January 1)

Ryan 2773 al 97.9 a 152.00 b 200.00 a

Hyslop 3489 b 113.5 b 148.49 a 207.80 b

Madras 3780 c 92.5 a 170.79 c 224.76 c

Seeding
Rate

80 3154 a 97.5 a 157.60 d 211.42 e

160 3412 b 100.75 ab 157.21 c 211.02 d

240 3424 b 101.3 ab 156.98 b 210.77 c

320 3365 b 101.5 b 156.88 ab 210.60 b

400 3382 b 102.3 b 156.80 a 210.46 a

Cultivar

Hyslop 3666 c 92.2 a 155.75 b 209. SO b

Yamhill 3248 b 108.7 b 158.67 c 212.22 c

Paha 2944 a 110.6 b 159.93 d 213.95 d

McDermid 3531 c 93.8 a 154.02 a 207.75 a

1Student Newman Keul's Test - means in a column followed by the same letter are not significantly
different at the 5% probability level.
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Figure 22. The influence of locations on plant height on four
winter wheat cultivars in Oregon during 1973-74.
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Figure 23. Influence of locations on headings date from January 1
on four winter wheat cultivars in Oregon during 1973-74.
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Maturity Date

Maturity date responded similarly to heading date at all loca-

tions. There were significant differences and interactions for culti-

var X location and location X SR (Tables 16, 18). The only difference

was that the number of days to maturity was significantly the lowest

at Ryan as compared with the number of days to heading which was the

lowest at Hyslop (Figures 23, 25).

Correlations

At all locations the seeding rate showed a high positive correla-

tion with plants per m2 and spikes per m2 (Table 19). Seeding rate

was negatively correlated with tillers per plant and seeds per spike.

Very small associations were observed from the correlations of grain

yield, 1000 kernel weight, plant height, heading date and maturity

date with seeding rate. Yield correlated positively with seeds per

spike. There was a negative correlation between yield and 1000

kernel weight in Paha and a positive correlation in Yarnhill. A posi-

tive correlation between yield and heading date was observed in Paha

and McDermid.
2The associations of tiller per plant, plant per m ,

spike per m2, plant height and maturity date with yield were very

small. The number of tillers per plant showed a high negative corre-

lation with plants per m2. The associations of 1000 kernel weight,
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Table 19. Correlations among 10 characters measured for four winter wheat cultivars at three
locations in Oregon during 1973-74.

Plants Spikes Tillers Plant Yield
per per per Height
m2 m2 Plant

Seeds
per

Spike

1000
Kernel
Weight

Heading
Date

Maturity
Date

Seeding rH .94 .46 -.78 .18 .17 -.50 -.16 -.03 -.04
Rate rY .95 .54 -.83 .26 .08 -.47 -.23 -.03 -.04

rP .95 .63 -.80 .12 .14 -.42 -.17 -.02 -.03
rM .05 .60 -.86 .14 .09 -.54 -.18 -.03 -.03

Plants rH .42 -.81 .18 .19 -.43 -.16 .01 .04
per m2 rY .47 -.86 .25 .09 -.39 -.18 -.05 -.03

rP .61 -.80 .07 .07 -.41 -.12 -.08 -.09
rM .66 -.81 .06 .11 -.51 -.28 .06 .03

Spikes rH -.03 -.52 -.02 -.65 -.71 .56 .29
per m2 rY -. 26 -. 24 -.07 -.69 -.59 .36 .17

rP -.23 -.28 .09 -.54 -.55 .33 .08
rM -.32 -.51 .11 -.63 -.71 .50 .26

Tillers rH -.48 -.18 .21 -.20 .33 .18
per rY -.37 -.20 .22 -.03 .17 .07
Plant rP -.31 -.13 .22 .15 .27 .11

rM -.37 -.21 .31 -.06 .19 .06

Plant rH .10 . 27 .85 -. 76 -. 43
Height rY -.03 .20 .23 -.42 -.29

rP .00 .03 .48 -.48 -.28
rM .09 .33 .78 -.67 -.31

Yield rH .53 -.01 .35 .65
rY . 45 .42 .09 .43
rP .44 -.43 .56 .65
rM .54 -.18 .55 .81

Seeds rH .39 -.01 .34
per rY .56 -.05 .25
Spike rP -.04 .42 .68

rM .32 .13 . 44

1000 rH -.85 -.54
Kernel rY -.55 -.23
Weight rP -. 77 -.53

rM -.81 -.52

Heading rH rH: Correlations in Hyslop cultivar .87
Date rY rY: Correlations in Yamhill cultivar . 90

rP rP: Correlations in Paha cultivar 90

rM rM: Correlations in McDermid cultivar .89
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seeds per spike, spike per m2, plant height, heading date and maturity

date with tillers per plant were insignificant. One thousand kernel

weight and seeds per spike were correlated positively only in Yamhill.

Plant height correlated with 1000 kernel weight positively in Hyslop,

Paha and McDermid. The association between 1000 kernel weight and

plant per m2 was very small. The number of seeds per spike corre-

lated negatively with plants per m2 and spikes per m2. A positive

correlation was observed between seeds per spike and heading and

maturity dates only in Paha. The number of plants per m2 correlated

positively with spikes per m2. The number of spikes per m2 corre-

lated negatively with plant height in the cultivars Hyslop and McDermid.

A positive correlation between spikes per m2 and heading date was

observed for the same two cultivars. The association between spikes

per m2 and maturity date was positive but small. A high negative

correlation between plant height and heading date was observed

whereas the correlation of plant height with maturity date was also

negative but relatively small. Heading date correlated positively with

maturity date.

Regressions

A multiple regression equation was used to compute yield versus

all the agronomic traits (Equation 4).
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Yield = -6921 + 4.921 (tillers plant 1- + 36.608 (1000 kernel

wt.) + 15.499 (seeds spike -1
) - 0.232 (plants m^2) +

4.118 (spikes m-2) - 10.054 (plant height) - 70.338

(heading date) + 88.334 (maturity date) (Equation 4)

Standard partial regression coefficients which indicates the

relative importance of each character was computed (Table 20).

Table 20. Standard partial regression coefficients and their percent-
ages for eight agronomic characters at three locations in
Oregon during 1973-74.

Standard partial regression coefficient Percentage

Tillers per plant 0.008 0.185

1000 kernel weight 0.304 7.030

Seeds per spike 0.352 8.141

Plants per m2 0.003 0.069

Spikes per m2 0.685 15.840

Plant height 0.283 6.545

Heading date 1.118 25.850

Maturity date 1.571 36.332

Total 4.324 100.000

The most important characters in affecting yield were in the

order maturity date > heading date > spikes per m2. The other

important factors were seeds per spike > 1000 kernel weight > plant

height. The relative importance of tillers per plant and plants per m

was very small.
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DISCUSSION

Donald (1963) defined plant competition in the following manner,

"when the immediate supply of a simple necessary factor falls below

the combined demand of plants, competition begins, " and he suggested

that the competition which takes place at low densities is intraplant

competition and the competition that occurs at high densities is inter-

plant competition. Kirby (1967) proposed that at each stage of growth

the plants at different densities compete for certain environmental

factors at different intensities. The existing negative correlation

among the yield components makes it more complicated to attribute

the results to individual agronomic traits. In the present study, the

differences in the agronomic traits which occurred under different

environmental or cultural conditions were not closely related to the

individual differences in any of the other agronomic characteristics.

These differences occurred mainly because of the intereffects among

all the agronomic traits studied and not studied.

Grain Yield

At all three locations yield was significantly lowest at the lowest

seeding rate. Although high mean number of tillers per plant, seeds

per spike and 1000 kernel wejght were produced at the low rate, the

number of spikes per m2 was significantly the lowest. From the
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standard partial regression coefficients the most important factors

affecting yield were spikes per m2, heading and maturity dates, and

these factors may have overshadowed the effects of other factors. At

the same time at the lowest SR an uneven pattern of light interception

might be the causal factor for observing low yields as postulated by

Puckridge and ronald (1967). Similar results were observed by Kirby

(1963) and were attributed to the slower growth rate which would

depend on the growth rate of plants at low densities. From SR 2 to 5

the differences between the yields were not significant and after a

certain critical rate the effect of seeding rate to grain yield was very

low. Between SR 2 and SR 5, the use of more seed increased the

number of spikes per m2 but this resulted in a decrease in the number

of tillers per plant, seeds per spike and 1000 kernel weight, thus

holding the yield somewhat constant. This is shown by the high nega-

tive correlations of spike per m2 with tillers per plant, seeds per

spike and 1000 kernel weight in almost all cultivars at all locations.

The highest grain yield was produced at Madras although the

amount of moisture at Hyslop was more than double compared with

Madras. But much of the moisture at Hyslop was not available to the

plants because it fell during the winter and ran off. This indicates

the importance of moisture during the grain filling period. At Ryan,

the average grain yields were lower because of the low rainfall typi-

cal of that area.
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Considering the cultivars individually, the cultivars ranked in

the order Hyslop, McDermid > Yamhill > Paha > Sprague > Bezostaya

> Kirac. The last three cultivars were planted only at Ryan. At

Ryan Bezostaya reached its maximum yield at SR 4, Hyslop and

McDermid at SR 3, and Yamhill, Paha, Sprague and Kirac at SR 2.

This is in agreement with Percival (1921) who suggested the use of

lesser amounts of seeds in areas with low rainfall and low yields.

At Hyslop, the cultivar Hyslop produced its maximum yield at SR 5,

McDermid and Paha at SR 4 and Yamhill at SR 2. At Madras, Hyslop

produced its maximum yield at SR 5, Paha at SR 4, McDermid at

SR 3, and Yamhill at SR 2, Therefore, under good moisture condi-

tions Hyslop, McDermid and Paha cultivars showed yield responses

at the higher seeding rates, In Yamhill, SR 2 produced the highest

yields at three locations and showed a decrease in grain yield at

increased rates of seeding.

A significant location X cultivar interaction indicated that the

increase in yield in Yamhill at Madras was very small compared with

the other cultivars which shows a lesser response of Yamhill to

irrigation. Paha did not respond the same as Hyslop and McDermid

at Madras and Hyslop by producing less grain yield.

Tillers per Plant

The number of tillers per plant decreased as the rate of seeding
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increased. At SR 1 the mean number of tillers per plant was almost

five while at SR 5 it was a little more than one. The same situation

was observed by Grantham (1917), Aspinall (1963), Puckridge (1968)

and Leakey (1971) and was attributed to the increased competition for

nutrients and moisture as the seeding rate increases. This can be

observed from the high negative correlations of tillers per plant with

seeding rate, plants per m2 and spikes per m2.

The effect of location on the number of tillers per plant was

about the same for Ryan and Madras. These two locations also had

about the same mean number of plants and spikes per m2; yet at

Madras the highest mean grain yield was produced. The differences

in yield between the two locations can be attributed to the higher

number of seeds per spike at Madras.

Climatic conditions at Hyslop during the growing season were

very unusual during the trial period. Extremely high rainfall

amounts were received which resulted in water logging and some

winter killing occurred due to low temperatures. For example,

during the months of December, 1973, and January and February,

1974, the rainfall was 800 mm and there were 33 days when the

temperature was below 0 C.

Since the number of tillers per plant was calculated by dividing

the number of spikes per m2 by the original stand or plants per m2

shortly after emergence, the number of tillers per plant may not be
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accurate. The number of tillers per plant must be somewhat higher

than is reflected in the data; however the increase in tillers per

plant was still not adequate at Hyslop to equal the number of spikes

per m2 at the other two locations. Percival (1971) showed that there

was a clear inverse relation between soil moisture and frost hardiness

with moist soil inducing less hardiness in winter wheat. Wheat plants

could be killed by cold if hydrated and he postulated that if wheat is

sown early and excessive fall vegetative growth occurs before winter

dormancy sets in, the plants are less hardy.

The highest significant kernel weight and seeds per spike values

were observed at Hyslop indicating that the decrease in spikes per

2m was compensated by kernel weight and seeds per spike. At all

the locations spikes per m2 and tillers per plant were highly nega-

tively correlated with 1000 kernel weight and seeds per spike.

The cultivars ranked in the order Hyslop > McDermid >

Yamhill > Sprague > Kirac > Bezostaya > Paha. The four cultivars

Hyslop, McDermid, Yamhill and Paha maintained the same order at

the three locations indicating that tillering is a rather stable agrono-

mic character which reacts similarly over differing environmental

conditions.

The significant location X seeding rate interaction indicated

that the increase in the number of tillers per plant was greater at

Madras than at the other locations with decreased rates of seeding.
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The significant interaction between the seeding rates and the cultivars

indicated that at the highest rate of seeding the number of tillers per

plant showed little difference while at lower rates the cultivars ranked

according to their tillering abilities.

1000 Kernel Weight

At all locations the heaviest kernels were produced at SR 1 and

the lightest kernels at SR 5 pointing out a decrease in kernel weight.

However, the differences among the seeding rates 2, 3 and 4 were not

significant. Kirby (1963) observed the same results and stated that

at the higher densities the earlier onset of water deficits initiated the

ripening process and because of reduced growth at high densities at

later stages of growth, a reduction in grain size was found. The

correlations of 1000 kernel weight with seeding rate, plants per m
2

and spikes per m2 were highly negative indicating very close associa-

tions between these factors.

Mean 1000 kernel weight values were significantly higher at

Hyslop when compared with Ryan and Madras because of the lower

number of plants per unit area produced at Hyslop. Mean 1000 kernel

weight value at Ryan was significantly higher than the mean value at

Madras which might be attributed to higher number of spikes per m
2

and seeds per spike produced at Madras. The cultivars ranked in the

order Bezostaya > Yamhill > Mcrermid > Hyslop > Kirac > Paha >

Sprague at Ryan.
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The significant location X cultivar interaction indicated that the

mean 1000 kernel weight values of Yamhill, McDermid and Hyslop

cultivars were very close at the Hyslop location in which maximum

mean 1000 kernel weight was observed. They ranked in the order

Yamhill > McDermid > Hyslop at the other two locations. Paha culti-

var produced the lowest kernel weight at all locations. The signifi-

cant interaction (P = 0.05) between the locations and the seeding

rates pointed out that the increase in the mean 1000 kernel weight

value was more rapid at Madras as the seeding rate decreased, show-

ing that under good distribution of water the response of kernel

weight to seeding rate is greater.

Seeds per Spike

The number of seeds per spike decreased as the rates of seed-

ing increased at all locations. This is in agreement with Middleton

(1964), Pe lton (1969) and Finlay (1971) and was attributed to the

increase in spikes per unit area. In the present study this was shown

by the very high negative correlations observed between spikes per

m2m and seeds per spike at all three locations. The highest mean

seeds per spike value was obtained at Hyslop which produced the

lowest number of spikes per m2, The mean seeds per spike value was

significantly higher at Madras when compared with Ryan, although the

mean number of spikes per m2 was a little higher at Madras. These
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results are undoubtedly attributable to the optimum growing conditions

that existed at Madras because of irrigation. The cultivars were in

the order Paha > Yamhill > Sprague > Hyslop > McDermid >

Bezostaya > Kirac for seeds per spike value at Ryan. The cultivars

Paha, Yamhill, Hyslop and McDerrn.id maintained the same order at

all three locations.

The cultivar Paha showed an increase in number of seeds per

spike at Madras when compared to Hyslop site, The other three

cultivars showed a decrease in number of seeds per spike under the

same situation as indicated by a significant location X cultivar inter-

action. Apparently the cultivar Paha responded to the optimum

moisture conditions at Madras by increasing the number of seeds per

spike, whereas the other cultivars responded with the other yield

components. This response of Paha in number of seeds per spike was

not sufficient to overcome its deficiencies in tillering and 1000 kernel

weight and consequently yielded less than the other three cultivars at

all three locations, The other three cultivars produced the highest

number of seeds per m2 at Hyslop because of low number of plants

per m2 produced at the same location. The significant (P = 0.05)

location X seeding rate interaction pointed out that at Madras, the

increase in the number of seeds per spike with decreased seeding

rate was more rapid when compared with the other locations.
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Plants per Square Meter

The number of plants per m2 was a direct positive linear func-

tion of seeding rate as has been observed by several researchers

such as Guitard (1961), Demirlicakmak (1963), Puckridge and Donald

(1967). The mean number of plants per m2 was almost the same at

the three locations indicating relatively even germination and

emergence.

There were some relatively small differences among locations,

seeding rates and cultivars as indicated by significant location X

cultivar and location X seeding rate interactions. However, these

differences were not considered great enough to seriously affect the

response of the various yield components of the cultivars. The

actual number of plants per m2 was significantly different at each

seeding rate so that any response in yield or components of yield

could be considered a direct function of the seeding rate.

Spikes per Square Meter

The number of spikes per m2 increased as the rates of seeding

increased which is in agreement with several researchers (Grantham,

1917; Puckridge and ronald, 1967; Thorne and Black lock, 1971;

Syme, 1972). The increase of spikes per m2 with increased seeding

rate was a curvilinear function of seeding rate in which the rate of

2increase in the mean spikes per m decreased with increased seeding
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rate, Significantly the lowest number of spikes per m
2 was produced

at Hyslop because of the aforementioned reasons. The cultivars for

the mean number of spikes per m2 were in the order McDermid >

Hyslop > Sprague > Kirac, Yamhill > Bezostaya > Paha at the Ryan

farm. The four cultivars McDermid, Hyslop, Yamhill and Paha

maintained the same order at all locations.

The significant location X cultivar interaction indicated that the

increase in spikes per m2 at Madras compared with the other two

locations was higher in Hyslop and McDermid cultivars as compared

with the other two cultivars because of higher tillering capacities of

Hyslop and McDermid. It was pointed out by the location X seeding

rate interaction that the mean number of spikes per m2 increased

more rapidly with increased seeding rate of Ryan and Madras as

compared with Hyslop site. At Hy-slop the increase in spikes per rill

was slower indicating that possibly plant damage occurred because of

low temperature and excessive moisture. It may appear that a low

seeding rate is more resistant to adverse field conditions. However,

the slow but continuous increase in spikes per m2 with increased

seeding rates shows that the use of low seeding rate under these

conditions could be risky. The interaction between the cultivars and

seeding rates showed that the response of the cultivars to different

seeding rates was not similar.



115

Plant Height

Plant height increased with the increased seeding rates. This

is in agreement with Kinra (1963) who proposed that the increase in

plant height with increased seeding rate was the result of competition

for light. Lowett and Kirby (1971) observed more rapid stem elonga-

tion at higher seeding rates in the initial stages of growth. The

heights of the plants were significantly highest at Hyslop. Mean plant

height was higher at Ryan than at Madras. This difference in the

locations can be attributed to the moisture supply at initial stages of

growth. At Hyslop the amount of moisture in the soil was greater than

at Ryan or Madras during the early stages of growth. The taller

height of plants at Ryan compared with Madras can be attributed to

the higher amount of moisture in the soil at Ryan during the early

stages of growth. For plant height the cultivars at Ryan were in the

order Kirac > Bezostaya > Yamhill > Paha > Sprague > McDermid >

Hyslop. At the other two locations Yamhill and Paha were signifi-

cantly taller than McDermid and Hyslop.

Heading and Maturity Dates

The number of days from January 1 for heading and maturity

decreased with increased seeding rates. Observing the same situa-

tion in his experiments, Grantham (1917) postulated that the plants
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under conditions of low seeding rate had a greater supply of moisture

which tended to produce excessive vegetative activity. Pe lton (1969)

stated that although different densities of wheat used almost the same

total amount of water, the distribution in time of water use was differ-

ent. At high densities the earlier onset of water deficits initiated the

ripening process. Considering the locations, the earliest heading

date was observed at Hyslop, second at Ryan and the latest heading

date was observed at Madras. Optimum temperature occurred

earlier at Hyslop resulting in earlier heading, but at Madras, under

continuous irrigation, heading occurred later. The order of locations

for maturity date was not the same. Maturity occurred earliest at

Ryan, second at Hyslop and latest at Madras. The loss of water from

the plants occurred obviously earlier at Ryan which is a dryland area

with a very low relative humidity. Hyslop site was second in maturity

because of the greater supply of moisture in the late spring which

resulted in later maturity. At Madras the loss of moisture from the

plants began soon after irrigation was terminated resulting in later

maturity. The cultivars were in the order Paha > Yamhill, Sprague >

Hyslop > McDermid > Bezostaya, Kirac for heading and maturity at

Ryan while the order of Paha > Yamhill > Hyslop > McDermid was

the same at Hyslop and Madras.

The significant location X cultivar interaction indicated that the

differences among the cultivars for both heading and maturity dates
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were very small at Ryan while these differences among the cultivars

increased at Hyslop and Madras because of the increased vegetative

activity due to more moisture. The location X seeding rate inter-

action pointed out that at Ryan no difference was observed among the

seeding rates for heading and maturity. Because of the limited amount

of moisture no additional vegetative activity occurred at the lower

rates. The situation was intermediate at Hyslop. The decrease in

the number of days with increased seeding rates for heading and

maturity was curvilinear. The vegetative activity was only observed

at lower seeding rates causing later heading and maturity while at

Madras a linear decrease in the number of days for heading and

maturity was observed with the increased seeding rates. The regular

irrigation schedule (once a week from May 1) at Madras allowed the

seeding rates to show complete response to differing plant populations.

Regressions

The regression equations computed for all locations may be

more useful than simple correlation coefficients since there are

always indirect influences of other factors to the factors studied.

The regression equation shows the effect of one individual factor to

yield while holding the other factors constant. Standard partial

regression coefficient is a measure which shows all factors in the

same units, standard deviations which makes it possible to compare
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all factors. At all locations maturity date, heading date and spikes

per m2 showed the greatest influence on yield. At Madras the influ-

ence of a frequent irrigation schedule had a much greater effect on

yield as affected by maturity date than would be expected. This

influence shows to great degree in the combined regression analysis,

perhaps exhibiting a greater affect on yield than actually exists.

Considering the locations individually, at Ryan the order of impor-

tance of the factors to yield were spikes per m2 > seeds per spike >

plant height > heading date. At Hyslop the agronomic traits were in

the order 1000 kernel weight > maturity date > spikes per m2 > heading

date, and at Madras site the order of importance of the agronomic

traits to yield were maturity date > spikes per m2 > heading date >

plant height.
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SUMMARY AND CONCLUSIONS

The major objective of this study was to evaluate the effect of

seeding rates on yield, yield components and other agronomic charac-

ters in several winter wheat cultivars as influenced by different

environmental conditions,

Five recently released cultivars and two introduced cultivars

were seeded at Ryan, which is a typical dryland area. Four of these

recently released cultivars were grown at Hyslop and Madras. The

Hyslop site represents a location with adequate rainfall for winter

wheat production, The trial at Madras received supplemental irriga-

tion to supply an adequate amount of moisture during the grain filling

period,

Analysis of variance, correlation and regression techniques

were utilized to evaluate the factors studied.

The following conclusions can be made:

1. At Ryan, Yamhill, Paha, Sprague, and Kirac cultivars produced

maximum yields at 160 seeds per m2, Hyslop and McDermid at

240 seeds per m2 and Bezostaya at 320 seeds per m2.

2. At Hyslop and Madras the cultivars Hyslop, McDermid and Paha

responded to the optimum moisture conditions by producing

higher grain yields at the higher rates of seeding while Yamhill

produced its maximum yield at 160 seeds per m2 at all three

locations.
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3. For grain yield the cultivars ranked in the order Hyslop and

McDermid > Yamhill > Paha at all three locations. Smaller

differences among the cultivars for grain yield were observed

at Ryan than at the other two locations.

4. Significant differences were recorded among the locations in

grain yield and other agronomic traits.

5. Tillers per plant, seeds per spike and 1000 kernel weight values

decreased with increased rates of seeding. The contributions

of each of these yield components to grain yield were not the

same for the different cultivars. Hyslop and McDermid pro-

duced the highest number of tillers per plant, Yamhill produced

the highest 1000 kernel weight and Paha produced highest

number of seeds per spike,

6 Number of plants per m2 and spikes per m2 increased with

increased rates of seeding. The increase in plants per m2 was

linear while it was curvilinear for spikes per m2.

7. Plant height increased with increased rates of seeding possibly

because of competition for light,

8. The number of days needed for heading and maturity decreased

with increased rates of seeding at Hyslop and Madras. At

Ryan no differences for heading and maturity dates were

observed among the seeding rates.
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9. Using regression techniques on the combined locations it was

found that maturity date, heading date and the number of spikes

per unit area seemed to be the most important factors for

predicting yield. However, the effect of frequent irrigation at

Madras on the relationship between yield and maturity may have

caused undue influence in the regression analysis. If only the

yield components are considered, spikes per m2 appears of

primary importance followed by seeds per spike and 1000 kernel

weight in determining grain yield response.
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Appendix Table 1. Mean yield and other agronomic characters of seven winter wheat cultivars in a Rate of Seeding study conducted at Ryan,
Oregon during 1973-74.

Yield
(gms)

Tillers/
Plant

1000 Kernel
Weight
(gmsl

Seeds/
Spike

Spikes/
m2

Plants/
m2

Height
(cm)

Heading Date
(from Jan. 1)

Maturity Date
(from Jan. 1)

Hyslop
SR 1 2664 4.90 46.0 45 235 49 86 151.00 199.00

2 2910 4.64 45.0 39 329 73 88 151.00 199.00
3 3160 4.28 45.6 34 430 101 88 151.00 199.00
4 3054 2.65 44.7 28 486 178 92 151.00 199.00
5 2936 2.12 43.9 20 528 255 93 151.00 199.00

Yamhill
2618 4.60 48. 1 49 236 52 102 153.00 201. 00SR 1

2 2869 3.49 47.0 38 339 98 107 153.00 201. 00

3 2680 2.93 48.0 35 322 115 106 153.00 201. 00

4 2768 2. 19 46.6 37 350 167 108 153. 00 201. 00

5 2605 1.34 47.0 33 338 259 111 153.00 201.00

Paha
2673 4.22 43.0 57 204 50 100 154.00 202.00SR 1

2 2740 2.56 42.2 47 235 94 108 154.00 202.00
3 2570 2.28 41.3 43 277 132 107 154.00 202.00
4 2591 1. 74 42. 7 40 316 190 107 154. 00 202. 00

5 2612 1.25 41.1 40 361 289 108 154.00 202.00

McDermid
2579 6.17 47.2 40 313 51 87 150.00 198.00SR 1

2. 2758 3.45 45. 7 35 359 105 88 150. 00 198. 00

3 3017 3.51 46.7 31 466 138 91 150.00 198.00

4 2734 2. 16 46.0 28 420 201 91 150.00 198.00

5 2918 1.70 45.3 27 482 283 91 150.00 198.00

(Continued on next page)



Appendix Table 1. (Continued)

Yield 1
(gms)

Tillers/
Plant

1000 Kernel
Wgeight

rns)v(gms)

Seeds/
Spike

Spikes/
m2

Plants/
m2

Height
(cm)

Heading Date
(from Jan. 1)

Maturity Date
(from Jan. 1)

Kirac
SR 1 1439 4.42 44.2 29 234 54 123 149.00 19 7. 00

2 1518 3.23 43.9 23 294 91 124 149.00 197.00

3 1406 2.30 43.1 22 307 134 125 149.00 19 7. 00

4 1580 1.98 42.9 18 384 186 126 149.00 197.00

S 1412 1.63 41.9 18 383 242 126 149. 00 19 7. 00

Bezostaya
2168 4.66 49.6 35 256 55 105 149.00 19 7. 00

SR 1

2 2211 3.43 48.4 32 305 91 108 149.00 19 7. 00

3 2094 1.92 47.4 30 307 161 111 149.00 19 7. 00

4 2318 1.60 48.0 30 3322 212 112 149.00 19 7. 00

5 2201 1.29 48.0 29 321 255 112 149.00 197.00

Sprague
2147 4.61 41.6 45 246 54 88 153.00 201.00

SR 1

2 2514 3.15 40.9 37 317 101 91 153.00 201.00

3 2558 2.76 39.9 32 399 145 93 153.00 201.00

4 2590 2.19 40.3 30 4S2 210 94 153.00 201.00

5 2560 1.58 39.3 28 463 295 93 153.00 201. 00

155 rn harvested


