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Four winter wheat cultivars, Bezostaya, Maris-Hobbit, Roussalka

and Stephens, selected on the basis of the diversity of their pedi-

gree and phenotype, were planted at Hyslop Experiment Station near

Corvallis in Western Oregon to study their performance at three

different row spacings (10, 16 and 24 cm), three seeding rates

(100, 160, and 240 Kg/ha) and at two seeding dates (October 13 and

November 12). A similar experiment was conducted at the Sherman

Experiment Station, Moro in Eastern Oregon, using only two winter

wheat cultivars, Stephens and Jackmar. Data were obtained on grain

yield, tillers and spikes per square meter, heading and anthesis date,

plant height, kernels per spike, 1000 kernel weight, test weight and

harvest index.

At Hyslop Experiment Station, Stephens, Bezostaya and Roussalka



produced maximum grain yield at 10 cm row spacing and 160 Kg/ha

seeding rate, and Maris-Hobbit at 24 cm row spacing and 160 Kg/ha

seeding rate. At Sherman Experiment Station, 30 cm row spacing and

90 Kg/ha seeding rate constitutes the best combination for Stephens,

and 30 cm row spacing and 120 Kg/ha seeding rate for the club wheat

Jackmar.

The interaction between row spacings x cultivars and seeding

rates x cultivars indicated that all the cultivars produced high

numbers of tillers and spikes per m
2
at narrow (10 cm) row spacing

and high (240 Kg/ha) seeding rate. There were no significant dif-

ferences between row spacings for heading and anthesis date. Lower

seeding rate resulted in later heading date. The cultivar Roussalka

was the earliest and Maris-Hobbit the latest in average heading date.

Plant height decreased with increased row spacing and increased

with increased seeding rate. The plants of the four cultivars were

shorter at the second date than at the first.

More kernels per spike were produced at the second than at the

first date. An increase in seeding rates was accompanied by a de-

crease in the number of kernels per spike.

There were no significant differences between the three row

spacings, the three seeding rates and the four cultivars for test

weight.

The different row spacings and seeding rates did not affect the

1000 kernel weight. Considering the cultivars, Stephens produced

a higher 1000 kernel weight at the two seeding dates than Maris-

Hobbit, Bezostaya and Roussalka.
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The Effect of Row Spacing, Rate and Date of Planting on
Yield and Yield Components of Four Winter Wheat

Cultivars (Triticum aestivum L. em Thell)

INTRODUCTION

The limitation of agricultural land challenges man to produce

more food and feed per unit of land. A high percentage of cur food

is provided by plant rather than animal kingdom.

Regardless of its genetic constitution, a plant's actual

yield can be greatly influenced by environmental factors such as

temperature, rainfall and day length. Man can manipulate some of

these factors to the advantage of the crop species growing under

specific climatic conditions.

Advances in varietal development, fertilizers, fungicides, her-

bicides and insecticides have increased the average yields in many

cereal regions. As new cultivars and species are developed or intro-

duced into a region, efficient cultural practices such as row spacing,

rate and date of seeding must be developed to promote higher yields.

Recommended seeding rates and row widths of the major commer-

cial cultivars within a specific environment have been developed

over several years of often empirical testing. Often the seeding

rate chosen may represent the upper limit of population density and

undue stress may result to the developing crop. Increasing seeding

rates in conjunction with narrow rows, or just reducing plant spac-

ings and increasing population pressure without regard to other
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factors, will probably not result in a yield increase and may result

in a reduction of both yield and quality.

Several researchers have investigated the effect of row spac-

ing, rate and date of seeding on yield of small grains with variable

results. The objectives of this study were:

1. to evaluate several selected agronomic characters of four genetic-

ally diverse wheat cultivars at different row spacings and differ-

ent seeding rates, and

2. to determine an optimum row spacing and seeding rate for each

cultivar.
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LITERATURE REVIEW

When we consider any one wheat environment, we do not know how

much of the success of leading cultivars is due to their capacity

to yield well at narrow spacing and to maintain that margin over

other cultivars when sown as a dense crop. Narrow seeding can be

called dense crop. Dense should be specified as "solid seeded" or

"broadcast," or, alternatively, it should be a low producer under

wide spacing but with a capacity to maintain its yield per plant

relatively well within a crop.

Effect of Row Spacings on Yield and Its Components

Most research on the effect of row spacing on the yield of

small grains have shown that narrow row spacings less than 18-23 cm

have generally resulted in consistent increases in yield over wider

row spacings.

In four field experiments conducted during the period from 1957

to 1959 and using four row spacings (17.5, 22.5, 27.5, 35 cm), Kinra

et al. [31] found that the yield of winter wheat was reduced in all

cases by an increase in row spacing. They also found that a row

spacing distance greater than 17.5 cm was associated with a signi-

ficantly smaller number of culms per square meter and a decrease

in plant height. Finlay et al. [18] observed that the highest

yields in barley were obtained with 11 cm row spacing and the low-

est in 31 cm rows. Row spacing had a significant effect on grain

yield in one of the two years of study. No comparable relationship
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was found between yield response to changing row spacing and with

cultivar morphological type (cultivar classification based on

plant height, leaf disposition or leaf width), or cultivar species

'differences (H. vulgare vs. H. distichum). Chemli [15] and

Randhawa [39] found that narrow row spacing (15 cm) resulted in

higher grain yield. In trials with two wheat cultivars, sown in

rows 11.5 and 40 cm apart for the production of elite seed, Invanov

and Aleksieva [29] observed an increase of grain yields when culti-

vars Bezostaya 1 and Nadezhada 2 were sown in rows 40 and 11.5 cms

apart, respectively.

Briggs [11] noted that the most important agronomic characters

were grain yield and early maturity. He indicated that narrow row

spacing tended to increase yield and decrease days to maturity.

Working with winter wheat grown at row widths of 18 to 54 cm,

Woodruff and Mawhood [49] reported that increasing row width up to

36 cm had no effect on grain yield, however yield was reduced at

widths greater than 36 cm. Agrawal et al. [2] observed that the

two-year average grain yields of three wheat cultivars were higher

in rows 20 cm apart (3.68 Tons/ha) than in rows spaced 25 cm

(2.48 Tons/ha) or 30 cm apart (3.28 Tons/ha). Barthakur [8] noted

that the two dwarf wheat cultivars, Sonalika and Kalyansona grown

in 1970-73, gave higher average grain yields in rows 18 cm apart

(3.05 Tons/ha) than when grown in rows 10 or 26 cm apart (2.49 -

2.19 Tons/ha). In replicated experiments between 1975 and 1978

with the wheat cultivar Timgalen, using rows 18, 27, 36 cm apart,
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Doyle [16] reported grain yield losses of 10 percent when row spacing

was increased from 18 to 26 cm. El Shamma [17] studied the effects

of 10 and 15 cms spacings between rows on the grain yield and yield

components (number of ears/30 cm row length, number of grains per

ear and 1000 grain weight) of wheat cultivars Ajeba, Kenya-Gular and

Mexipak. He observed significant differences between cultivars.

The cultivar Kenya-Gular gave the highest grain yield and 1000 grain

weight, Ajeba the most ears per 30 cm row length, and Mexipak the

most grain per ear. The different row spacings produced no signifi-

cant differences in yield or yield components except that 1000 grain

weight of Kenya-Gular was higher at 10 cm row spacing. Significant

year x spacing interactions were only observed for the number of

ears per 30 cm row length.

Contradictory results have been obtained by Bajwa et al. [5]

who observed an increase of tillers per plant and number of grains

per ear with an increase of row spacing.

Effect of Seeding Rates on Yield and Its Components

Variation of agronomic management practices such as seeding

rates has a significant influence on grain yield and on other plant

characteristics of wheat. Working with wheat at the Kansas Agricul-

tural Experiment Station, Georgeson [21] found that thinly seeded

rows tillered much more than thick seedings. Stephens and Hyslop

[46] found that the highest net average yield at Sherman Experiment

Station in eastern Oregon was obtained at 85 Kg/ha seeding rate.
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Guitard et al. [25] reported that the optimum seeding rates for

wheat and oats at 11 locations were 101.25 Kg and 168.75 Kg/ha,

respectively. They observed that an increased seeding rate for

oats resulted in a marked increase in yield, however there was not

much effect on the number of kernels per head and 1000 kernel weight.

The increased seeding rate for wheat caused a moderate curvilinear

decrease in the number of kernels per head and a small linear de-

crease in the 1000 kernel weight. In experiments conducted at three

locations during the period from 1957 to 1959, Kinra et al. [31]

observed that a 101.25 Kg/ha seeding rate resulted in more culms

per square meter in the fall than the lighter 33.75 or 67.50 Kg/ha

seeding rates. There was an increase in height with increased

seeding rate which could be explained by greater competition for

light. They noted small, but significant increases in the test

weight resulting from the higher seeding rate.

Furrer and Stauffer [20] observed that an increase in sowing

rate from 68 Kg/Ha to 171 Kg/ha increased straw yield, but de-

creased straw stiffness, grain quality and had no effect on grain

yield. Working with three cultivars of wheat (Glenlea, Pitic 62

and Neepawa), at seeding rates of 33.6, 67.3 and 100.9 Kg/ha,

Briggs [11] found that higher seeding rates per unit area generally

resulted in higher yields for all cultivars and to some extent,

earlier maturity. He noted that seeding rate had no effect on

height, kernel weight, or test weight of any of the wheats.

Govedorov [23] reported that the grain yields of the cultivar
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Bezostaya 1 were similar with sowing rates between 114.28 and

214.28 Kg/ha; however, they were lower at 85 Kg/ha seeding rate.

In Libya, Sorour et al. [44] reported that grain yield increased

from 3.05 to 3.81 Tons/ha with increasing sowing rate from 50 to

140 Kg/ha. Plant height, numbers of tillers, number of ears per

plant and grain yield per plant, increased with decreasing sowing

rate. Harvest index was not affected by treatments. Alkus and

Genc [2] found that the number of fertile ears per square meter in-

creased with an increase in sowing rate. They reported significant

positive correlations between grain yield and number of fertile

ears, 1000 grain weight and harvest index. Significant negative

correlations were found between the number of fertile ears, grains

per ear, and 1000 grain weight.

In trials using eight wheat cultivars grown at a density of

100-600 plants per square meter (m2), Mehrotra et al. [34] found

that the eight cultivars differed in the production of maximum

tillers per m
2
but not in the number of productive tillers per m

2
.

Increasing plant density increased biological yield, but decreased

the number of grains per main shoot and ears per plant. They also

noted that the 1000 grain weight increased with increases in stand

density up to 500 plants per square meter. The average grain

yield per hectare was highest at 500 plants per square meter.

Barthakur [8] reported no significant difference in yield with

sowing rate in the range of 90-150 Kg/ha. Working with two culti-

vars of soft white winter wheat, Smid and Jenkinson [43] found
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that yield per hectare was negatively correlated with number of

grains per ear. As sowing rate increased (34, 67, 101, 134 and

168 Kg/ha), the increase in the number of ears per hectare was great-

er than the accompanying decrease in grains per ear.

In field trials at Valdivia, the influence of sowing rates of

80, 120, 160, 200 and 240 Kg/ha was investigated in three spring

wheat cultivars by Barriga and Pihau [7] who found that the higher

seeding rates produced significant increases in the number of ears

per m
2

, but significant decreases in the number of grains per ear.

They noted little effect on 1000 grain weight and observed no sig-

nificant effects on heading date and plant height. Fadden [33]

observed the highest yields from a seeding rate of 67 Kg/ha, which

was considerably below the average rate of seeding. As seeding rate

was increased, the cultivars used showed a reduced number of tillers,

lower spike weight and consequently lower plant weight. Fadden con-

cluded that no significant differences in unit volume or kernel

weights were obtained that could be attributed to seeding rate.

The same results were obtained by Khalil et al. [30] who used the

cultivar Mexipak planted at three different seeding rates. Working

with three Durum wheat cultivars sown at 80, 120, 160, 200 and

240 Kg/ha, Balbatore et al. [6] reported that increasing sowing

rate decreased the time to heading, maturity, number of tillers,

1000 grain weight and number of grains per ear. Higher sowing

rates also increased the numbers of shrivelled grains. Assey and

Ibrahim [4] found also that increasing the sowing rate increased
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the seedling emergence, lodging and straw yield, and decreased

plant height, number of tillers, number of fertile spikelets, grain

weight per ear, 1000 grain weight and grain yield.

Effect of Seeding Dateson Yield and Its Components

Seeding dates for winter wheat are often determined by weather.

However, seeding date can be of considerable importance in deter-

mining yield. Proper seeding date may often be as important as cal-

tivar selection and alternative tillage methods. While climatic

variation makes it impossible to predict the optimum seeding date

for a particular year, consistently high yields can be obtained by

timely seeding.

At the Kansas Agricultural Experiment Station, Georgeson [21]

found that the early seeding date (September 20) gave the best

average yield, and that the seedings after that date decreased

yields with remarkable regularity until the last seeding date (No-

vember 1). There was also a decrease in the quality of the wheat,

from the September 27 to November 1 seeding dates. Grantham [24]

noted that early seeding date is accompanied by a higher rate of

tillering than late seeding. The yield per spike of the high till-

ering plants generally exceeds those with a lower number of tillers.

Stephens and Hyslop [46] indicated that, if there is enough mois-

ture in the soil to insure prompt germination, the highest yields

of winter wheat in Sherman Experiment Station are usually obtained

from sewing between the middle of September and the middle of
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October. They reported that the highest average yields for six con-

secutive years were obtained from the two earliest dates of sowing

(September 17 and October 2). In Yugoslavia, Suput [47] found that

the highest yields were obtained from sowing winter wheat varieties

in early October. He noted that late sowing delayed maturity,

shortened the period from germination to heading, reduced the plant

height and diminished the number of grains per ear. El-Shamma [17]

in Iraq observed that the wheat cultivar Ajeba 210 sown in mid-

November gave high grain yields.

Wheat cultivars Bezostaya, San Pastore, Productore and Leonardo

were sown on seven dates between October 10 and December 10 in Yugo-

slavia during 1962-64. Optimum sowing date was October 10 but

yield decreases from sowing dates up to November 10, were not sig-

nificant. Later sowings had a considerable adverse effect on all

components of yield; the decreases obtained at the latest sowings

were 1.21, 1.86, 1.56 and 1.35 Tons/ha respectively, for the four

cultivars (Stanisavljevic [45]). Working with four wheat culti-

vars, Randhawa and Singh [40] noted that the average grain yield

decreased progressively from 4.12 to 2.09 Tons/ha with delay in

sowing from November 1 to January 7 in India. Nass et al. [35]

found that late seeding of wheat, oat, and barley in the spring

resulted in large yield reductions, which involved decreased hecto-

liter and 1000 kernel weights. Late sowing increased disease se-

verity and delayed crop maturity. Using two winter wheat cultivars

sown on five dates in Egypt between October 20 and December 20,
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Ibrahim et al. [28] observed poor crop stand in the very early sow-

ings. They noted a decrease of productive tillers per plant and

1000 kernel weight with a delay in sowing. Lafever and Campbell

[32] obtained the highest yields from seeding dates between mid-

September and mid-October in Ohio. They noted that seeding after

mid- to late-October frequently resulted in noticeable yield reduc-

tion, decreased winter survival, reduced height and delayed maturity.

In studies on twelve barley and seven wheat cultivars in

Eastern Washington during 1977, Ciha [14], found a significant

cultivar x planting date interaction for grain yield in barley.

Increased yields were observed for both crops with the early plant-

ing date, resulting from increased spike production, seed number

per spikelet and spikelet number per spike in wheat. Prasad [38]

found that delayed sowing dates, at two-week intervals between

November 15 and January 11, produced progressive decreases in

grain yields of the spring wheat cultivar Sharbati Sonora (3.48 -

1.25 Tons/ha) and in spring barley cultivar Ratne (2.47 - 0.476

Tons/ha). Smid and Jenkinson [43] found that delaying sowing re-

duced the average yield of the two cultivars Frederick and Yorkstar

by 23 Kg/ha. The 1000 kernel weight of Yorkstar was low, especially

when sown late. Based on the average response of the seven geno-

types tested at three Central Alberta locations, early seeding

combined with seeding rates of 90 to 180 Kg/ha gave optimum yield

with a minimum number of days to maturity [13]. In field trials

in Arkansas with three spring wheat cultivars sown early (30 April)
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and late (30 May), Alessi et al. [3] found that grain yields were

significantly reduced in two of four years by late sowing. Verma

and Rathi [48] found that grain yields were 5.07 Tons/ha in wheat

cultivar Moti, 4.47 Tons/ha in cultivar K.816 and 3.65 Tons/ha in

cultivar Sonalika when sown on December 15 and 3.07, 3.67 and

3.51 Tons/ha, respectively, when sown on December 30. The three

cultivars yielded 2.24 to 2.34 Tons/ha when sown on January 14.

The effects of six sowing dates in May-June on yield, test weight

and 1000 kernel weight were studied by Wolfe et al. [50] in various

periods between 1963 and 1977, using the barley cultivars Keystone,

Conquest and Bonanza and wheat cultivars Penabina, Manitou and

Neepawa. Most cultivars showed significant reductions in yield,

test weight and 1000 kernel weight with advancing sowing dates.

However, Conquest maintained its yield over the dates studied but

showed significant losses in test weight and seed size.
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MATERIALS AND METHODS

A field experiment was conducted during the 1980-81 crop

season at Hyslop Experiment Station near Corvallis in Western Ore-

gon. The four winter wheat cultivars evaluated were: Stephens,

Maris Hobbit, Roussalka and Bezostaya. A similar experiment was

conducted at the Sherman Experiment Station, Moro, a dryland re-

search site in Eastern Oregon, using only two winter wheat culti-

vars, Stephens and Jackmar.

The selection of these cultivars was based on the diversity of

pedigree and phenotype. Stephens is semi-dwarf, early and adapted

to the Pacific Northwest areas. Bezostaya is used extensively in

Eastern Europe. It is medium early, medium tall and the red seed

is semi-hard to hard. Roussalka, developed in Bulgaria is a semi-

dwarf and early maturing hard red winter wheat cultivar. Maris

Hobbit was released in Cambridge, Great Britain. It is short,

medium late and awnless. (Specific characteristics of each culti-

var can be found in Appendix Table 16.)

Methods

The higher yielding site (Hyslop Experiment Station) is lo-

cated in the Willamette Valley in Western Oregon. Total moisture

of 976 mm was received in the form of rain during the growing

season. Frequent rainfall persisted throughout the spring and

summer until harvest time. Prior to planting, 33.75 Kg/ha of
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nitrogen in the form of ammonium nitrate (% N.35) were used. At

the elongation stage, an additional 100 Kg/ha in the form of urea

(46-0-0) was used. The field experiment was performed in the 1980-

81 growing season using a split-plot design with four replications.

The main plots were row spacing and the subplots were seeding rates

and cultivars.

The first field study was sown on October 13. The second date

of sowing was one month later on November 12, 1980, using the same

Oyjord experimental drill. The major advantage of this small plot

seeder is the possible combinations of row numbers and distances

between rows. The disadvantage is poor penetration in heavy soils,

however soil conditions were optimum at these two seeding dates.

The seeding rates chosen were 100, 160 and 240 Kg/ha. The normal

seeding rate is approximately 100 Kg/ha for this region. Row

spacing treatments were 10, 16 and 24 cm and row numbers were 6,

8 and 12 depending on row spacing. Each plot was six meters long.

Karmex, applied at the-rate of 2.25 Kg/ha was used in November to

control weeds. Another application of 2-4-0 was used at the rate

of 0.57 Kg/ha in April to control broadleaf weeds. The soil is

classified as Woodburn silt loam with pH = 5.5.

The second location (Sherman Experiment Station), located in

Moro, Oregon, is typical of the dryland summer-fallow region where

one crop is obtained from a given field every two years. Prior to

planting, 50 Kg/ha of nitrogen was applied as Anhydrous Ammonia
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(82% N). An additional 11.3 Kg/ha was applied at the end of March

as Ammonium Nitrate (% N.35). The two winter wheat cultivars,

Stephens and Jackmar were planted in four replications on September

26, 1980, using a "planet junior." The planter was calibrated for

three selected seeding rates. A hand-drawn marker composed of

wooden points was used to trace the different row widths and a

push-type wheel hoe served to open the soil in order that the seed

could be in contact with the available moisture situated at about

10 cm depth.

The seeding rates were 60, 90 and 120 Kg/ha. Total plot

widths and lengths were the same, however distance between rows

varied from 20, 30 and 40 cm with eight, six and four rows per plot,

respectively.

At the time of harvest, each six meter plot was trimmed to

five meters in length to eliminate border effect and entire plots

were harvested.

Measurements

Tillers per Square Meter

Six samples of one linear meter were randomly collected within

each plot and the number of tillers were counted. Averages were

then computed and recorded.

Heading Date

Number of days from the first of January to the date when
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50 percent of the spikes had emerged from the flag leaf sheath.

Anthesis Date

Number of days from the first of January to the date when 50

percent of the spikes had dehisced anthers.

Plant Height

Plant height was measured in centimeters (cm) as the distance

from the soil surface to the tip of the spike, disregarding awns

when present.

Spikes per Meter Square

The same linear meter row measurement as used for tiller count

was used for counting spikes. The number of spikes were counted

and the averages were reported.

Kernels per Spike

Ten spikes were randomly selected from each plot and the

numbers of kernels per spike were counted and averaged.

Grain Yield

Grain yield was expressed as total weight in kilograms of

clean, dry seed from each plot.

1000 Kernel Weight

One thousand kernels were counted from the bulk seed of each

plot using an automatic precision seed counter. They were then

weighed and recorded in grams.
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Harvest Index

Harvest index is calculated as the ratio of grain yield to

the total plant weight expressed in percentage.

50 units of grain
%100 units of grain and straw x 100 50

Test Weight

Test weight was measured in kilograms per hectoliter (Kg/h1)

from the bulk seed of each plot.

Statistical Analysis

The analysis of variance was introduced by Sir Ronald A.

Fisher and is essentially an arithmetic process for partitioning

a total sum of squares into components associated with recognized.

sources of variation. It has been used to advantage in all fields

of research when data are measured quantitatively (Steel and Torrie).

The analysis of variance was used in this study to evaluate the ten

characters selected. The mean values of each character were used

for analysis.

Correlations were used to estimate the degree of association

between the agronomic characters. Regression analysis is a statis-

tical tool which utilizes the relation between two or more quanti-

tative variables so that one variable can be predicted from the

others. It has been used in this study to determine the effects

of the agronomic characteristics on yield.

Standardized regression coefficients were used to facilitate

comparison between regression coefficients (Applied linear statis-

tical models).
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EXPERIMENTAL RESULTS

Potential yield of a wheat crop is dependent on early estab-

lishment of adequate population density per square meter based on

the specifics of the environments. The major variables involved are

the selected cultivar seeding rate, row spacing and seeding

date. Several agronomic characters may be normally affected by

changes in these variables. Results of this study will be discussed

in two major sections based on the diverse locations of Hyslop and

Sherman Experiment Stations in the western and eastern regions of

Oregon, respectively. The following agronomic characters will be

discussed within each section: grain yield, tillers and spikes per

square meter, heading and anthesis date, kernels per spike, corre-

lations and regressions.

The two dates of seeding at Hyslop Experiment Station were

analyzed separately and the observed mean squares from the analysis

of variance for the selected agronomic characters measured are pre-

sented in Appendix tables. Mean values for row spacings, seeding

rates and cultivars and the correlation coefficients and standardized

regression coefficients are presented in tables.

Hyslop Experiment Station Seeding Dates I & II

Grain Yield

The observed mean squares for the combined dates indicated the

existence of differences in grain yield as affected by the date of



TADIE 1. Observed mean squares from the analyses of variance for ten agronomic characters of four winter wheat cultivars at Hyslop Experiment
Station in Oregon during 1980-81.

Source
of

Variation

__-
Degreos

of

Freedom
Tillers
/m2

Heading
Date

Anthesis
Date

Plant
Height

Spikes
/m2

Kernels
/Spike

Grain
Yield

Test
Weight

1000
Kernel
Weight

Harvest
index

Reps 3 655.69 2.24 1.24 25.04 373.80 13.74 5.48 9.41 11.27 6.17

Date 1 5092.09 2238.92 2211.12 618.34* 2357.78 2283.75* 3212.01** 373.78** 1328.27** 1995.01**

Error (a) 3 655.69 2.24 1.24 25.04 373.80 13.64 5.48 9.41 11.27 6.77

RS 2 503846.00** 2.09 2.44 4.44 487906.00** 64.64 1928.34** 27.61 55.61* 59.11*

lo1S 2 12862.50** 4.25 3.88 179.08 15494.70** 479.31** 394.71** 24.73 24.71 33.24

Error (h) 12 784.02 1.91 .78 8.63 407.01 11.36 25.79 59.74 11.3/ 11.25

Cultivars 3 13151.60** 7097.26** 4846.51** 9340.83** 12488.30** 3387.61** 184.87** 56.46 1759.21** 724.94**

SR 2 66195.10** 6.54** 5.51** 25.71* 56097.20** 612.23** 105.61 71.39 37.61* 46.51**

CxSR 6 3175.22** .35 .55 17.13 2446.01** 84.52** 36.55 16.49 2.73 5.86

DxC 3 5511.36** 41.70** 70.08** 279.05** 2268.40* 143.71** 350.98** 10.55 206.494* 90.844*

DxSR 2 13169.00** .01 1.62 30.37** 13869.30** 7.92 41.25 2.04 9.64 26.03

DxCxSR 6 1298.55 1.18 .94 20.76 2576.01 21.48 117.86** 5.12 19.62 10.80

CxRS 6 6853.27.* 1.38 .32 5.19 7911.00** 27.28 542.24** 38.88 13.33 13.29

RSxSR 4 3361.91 .71 .05 2.72 32131.89 8.20 111.42 71.80 13.59 12.03

CxRSxSR 12 2734.19 .72 .21 8.34 1943.20 19.44 79.41 15.97 13.97 12.35

Dxf1SxC 6 5634.22** .54 .77 9.83 6238.32** 23.52 355.37** 12.67 25.75 14.27

DxRSxSR 4 1707.52 .42 .26 7.68 2818.46 31.77 31.12 1.51 3.36 8.90

OxCxRSxSR 12 2443.61 .12 .18 4.48 2089.21 32.71 31.65 3.44 5.78 6.70

Error (c) 198 3733.24 .54 .48 7.19 791.7? 18.01 28.40 22.07 9.38 8.50

* = 5% of significance. D = Date C Cultivar RS = Row Spacing SR - Seeding rate R = Reps

** = 1% of significance.



TABLE 2. Mean yield and other agronomic characters of four winter wheat cultivars in a row spacing, rate of seeding
and date of planting study conducted at the Hyslop Experiment Station in Corvallis, Oregon, 1980-81.

Cultivars

Harvest
Index

(%)

Grain
Yield
(Qx/ha)

Tillers
/m2

Heading
Date

Anthesis

Date

Plant
Height
(cm)

Spikes
/m2

Kernels
/Spike

1000 Ker-
nel Wyt.

(or)

Maris-Hobbit 48.94 450.06 147.73 150.54 99.45 443.95 57.64 40.82 32.91
Bezostaya 49.20 480.68 138.19 142.75 123.95 473.20 50.09 46.89 28.57
Stephens 49.40 474.67 144.45 148.93 110.09 467.85 49.27 49.86 32.89
Roussalka 46.55 473.82 125.27 132.48 100.20 465.07 41.51 39.20 25.59

LSD .05 1.74 19.95 .24 .22 .87 8.46 1.38 1.00 .95

TABLE 3. Mean yield and other agronomic characters for the two seeding dates in a study conducted at
Hyslop Experimeat Station.

Grain Plant 1000 Ker- Harvest

Yield Heading Anthesis Height Kernels Weight nel Wgt. Index

Time (Qx/ha) Date Date (cm) /Spike (Kg/h1) (gr) (%)

Date I 45.43 136.12 140.91 109.86 46.63 70.33 41.99 27.61

Date II 52.14 141.68 146.46 106.94 52.31 72.60 46.41 32.79



TABLE 4. Mean agronomic characters of four winter wheat cultivars at three seeding ratesina study
conducted at Hyslop Experiment Station in 1980-81

Seeding Plant Harvest
Rates Tillers Heading Anthesis Height Spikes Kernels Index
(Kg/ha) /m2 Date Date (cm) /m2 /Spike (%)

100
160
240

LSD .05

440.92
476.37
492.21

17.28

139.17
138.92
138.62

.20

143.94
143.70
143.45

.19

107.87
108.89
108.54

.75

435.00
467.93
486.73

7.33

52.18
48.69
46.97

1.20

31.01
31.36
28.52

.82

TABLE 5. Mean agronomic characters of four winter wheat cultivars at three row
spacings in a study conducted at Hyslop Experiment Station in 1980-811

Row Grain
Spacing Yield

(cm) (Qx/ha)
Tillers Spikes
/m2 /m2

1000 Ker- Harvest
nel Wgt. Index
(gr) (%)

10

16

24

LSD .05

52.75
45.94
49.62

1.59

534.99
482.51
391.84

8.80

528.30
472.50
389.13

6.34

44.62
44.78
42.95

1.06

30.48
30.64
29.34

1.05

1

The seeding rates and dates of planting were also averaged.
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planting, cultivars and row spacing (Table 1). The mean values

for yield between the two dates indicated a difference of 6.71 Qx/ha

between dates I and II (Table 3). The mean values of both seeding

dates (Table 2) indicated that Stephens and Bezostaya produced the

highest grain yield but were not significantly different from Maris-

Hobbit. The cultivar Roussalka was significantly lower in yield

than the other cultivars in the first date, however, it ranked

higher than Bezostaya and Maris-Hobbit in the second date. The

narrowest row spacing (10 cm) for the four cultivars produced higher

mean grain yields than the two wider-spaced treatments (Table 5).

The significant planting date x cultivar x row spacing interaction

indicated that Stephens produced the highest mean grain yield at

the narrow row spacing (Appendix Table 9). There was no measurable

difference in grain yield between row spacings for the cultivar

Maris-Hobbit. As row spacing increased for cultivar Roussalka grain

yield decreased.

There was no significant difference between the mean values of

the three seeding rates for grain yield (Table 1). However, inter-

actions between cultivars and seeding rates can be observed in

Appendix Table 10 and the four cultivars produced their highest

yields at seeding rates of 160 Kg/ha.

Tillers and Spikes per Square Meter

Important differences were observed among cultivars, row

spacings and seeding rates for tillers and spikes per m2 (Table 1).
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Bezostaya produced more tillers and spikes per m2 but was not signi-

ficantly different from Stephens and Roussalka (Table 2). Maris-

Hobbit produced less tillers and spikes than the other cultivars.

As row spacing increased from 10 to 24 cms, the number of

tillers and spikes per m
2
decreased, and as seeding rates increased

from 100 to 240 Kg/ha, tillers and spikes increased (Tables 4 and 5).

The LSD Test at 5 percent level of significance confirms the results

indicating that higher tillers and spikes per m
2
were obtained with

the narrowest row spacing and highest seeding rate.

There was a significant date x cultivar interaction. The cul-

tivar Roussalka produced the highest number of tillers and spikes

per m2 in the first seeding date but was not significantly different

from Bezostaya and Stephens. Bezostaya produced more tillers and

spikes in the second date and was significantly different from the

others (Appendix Tables 3 and 7). The important date x row spacing

x cultivar and date x seeding rate x cultivar interactions (Table 1)

can be accounted for-by the higher numbers of tillers and spikes

per m
2
produced at narrow row spacing (10 cm) and high seeding rate

(240 Kg/ha) for the two dates of planting.

Heading and Anthesis Date

There was a marked difference for heading and anthesis dates

between the seeding rates and the cultivars. As seeding rate in-

creased from 100 to 240 Kg/ha, heading and anthesis date decreased.

However, there was no important difference between 160 and 240 Kg/ha
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seeding rate for earliness (Table 4).

In summarizing the four cultivars for the two dates of plant-

ing, Roussalka was the earliest cultivar and Maris-Hobbit the

latest (Table 2) based on dates of heading and anthesis.

Kernels per Spike

The observed mean squares for kernels per spike showed impor-

tant differences between the two dates of planting, the cultivars

and the seeding rates (Table 1). More kernels per spike were pro-

duced at the second than at the first date of planting (Table 3).

The mean values for the cultivars (Table 2) showed that Maris-

Hobbit produced more kernels per spike and was significantly differ-

ent from the others for kernels per spike. As the seeding rate in-

creased from 100 to 240 Kg/ha (Table 4), the number of kernels per

spike decreased.

The date x cultivar and cultivar x seeding rate interactions

were significant for the two dates. The late-maturing cultivar

Maris-Hobbit produced highest kernels per spike at low seeding rate,

followed by Bezostaya, Stephens and Roussalka. The significant

dates x row spacing interaction showed that more kernels per spike

were produced at the narrow row spacing, in the first date of

seeding (Appendix Table 2). In the second date, more kernels per

spike were produced at the wide row spacing (Appendix Table 6).

Other Agronomic Characters

Height was averaged for the two seeding dates and the cultivar
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Bezostaya was the tallest followed by Stephens, Roussalka and Maris-

Hobbit. The plants were taller in the first than the second date

of seeding and slightly shorter at 100 than 160 and 240 Kg/ha seeding

rates(Table 4). The cultivars Stephens, Maris-Hobbit and Roussalka

were taller at 160 and 240 Kg/ha seeding rates, however Bezostaya

was tallest at 100 and 160 Kg/ha seeding rates (Appendix Table 10).

Test weight, 1000 kernel weight and harvest index were higher

at the second than at the first date (Table 3). The cultivars

Stephens had the highest 1000 kernel weight followed by Bezostaya.

Stephens and Maris-Hobbit had the highest percentage of harvest

index (Table 2). As row spacing increased from 10 to 24 cms, 1000

kernel weight and harvest index decreased (Table 5), harvest index

also decreased with increasing seeding rate.

Correlations

Row spacing was negatively correlated with tillers and spikes

per m
2

(Table 6). Positive correlations were found between seeding

rates and tillers per m
2
and spikes per m2 in Maris-Hobbit. There

was a negative correlation between seeding rates and kernels per

spike in Stephens. High positive correlations between tillers and

spikes per square meter were obtained in all the cultivars.

Heading and anthesis dates were positively correlated. The

correlation between heading date and plant height was negative in

Maris-Hobbit, Bezostaya and Stephens. Heading date was positively

correlated with kernels per spike, yield and 1000 kernel weight

in Stephens and Roussalka. There was a positive correlation between



TABLE 6. Correlation among ten agronomic characters measured for four winter wheat cultivars and for the two dates of
planting at Hyslop Experiment Station. Corvallis, Oregon (1980-81)

Character
Culti-
var

Tillers
/m2

Heading Anthesis
Date Date

Plant
Height

Spikes
/m2

Kernels
per
Spike

Grain
Yield

1000
Kernel
Weight

Harvest
Index

Row MHB -.74 .02 .02 -.03 -.73 -.06 -.06 -.03 -.19

Spacing BEZ -.93 -.03 -.07 -.07 -.92 -.09 -.10 -.12 -.01

SPN -.74 -.05 .10 -.06 -.71 .14 -.11 -.05 -.23

RSK -.78 .10 .02 .05 -.81 .02 -.30 -.23 -.02

Seeding MHB .49 -.11 -.08 .20 .50 -.07 -.06 -.23 -.22
Rate BEZ .15 -.03 -.10 -.18 .16 -.26 .03 -.14 -.15

SPN .25 -.01 -.08 .12 .29 -.56 .09 -.12 -.09
RSK .29 -.07 -.06 -.05 .25 -.37 .01 -.03 -.06

Tillers MH8 -.04 -.14 .13 .99 -.01 -.10 -.02 .11
/m2 BEZ -.06 -.02 -.05 .99 -.13 -.02 .16 -.02

SPN -.23 -.27 .33 .98 -.39 .19 -.17 -.08
RSK -.23 -.16 .04 .96 -.29 .21 .01 .07

Heading MHB .97 -.74 -.03 .24 .32 .19 .46

Dote BC/ .93 -.67 -.07 .49 .13 .22 .54

SPN .95 -.42 -.19 .44 .44 .57 .52

RSK .94 .31 -.14 .68 .55 .64 .64

Anthesis MIIB -.73 -.02 .23 .33 .19 .50

Date BEZ -.59 -.02 .52 .11 .23 .49

SPN -.49 -.23 .45 .44 .63 .50

RSK .40 -.08 .70 .61 .69 .71

Plant MHB .13 -.25 -.27 -.22 -.50

Height BEZ -.03 -.43 -.21 -.03 -.37
SPN .32 -.29 -.16 -.51 -.27
RSK .04 .18 .19 .20 .44

Kernels MHB .10 .05 .03

/Spike BEZ
Cultivars:

.28 .14 .31

SPN .36 .29 .26
RSK

MHB = Maris-Hobbit
.38 .68 .63

1000 MHB BEZ = Bezostaya .49
Kernel BEZ SPN = Stephens .22

Weight SPN RSK = Roussalka 8 .50
RSK .69
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heading date and harvest index. In the cultivars Maris-Hobbit,

Bezostaya and Stephens negative correlations were found between

anthesis date and plant height. Anthesis date indicated a posi-

tive association with kernels per spike, yield, 1000 kernel weight

and harvest index.

Plant height was negatively correlated with 1000 kernel weight

in Stephens. There was a negative correlation between plant height

and harvest index in Maris-Hobbit. A positive correlation was ob-

tained between kernels per spike and 1000 kernel weight and harvest

index in Roussalka. Yield showed a positive correlation with 1000

kernel weight and harvest index in Roussalka; 1000 kernel weight

correlated positively with harvest index.

Regressions

A multiple regression was computed to determine the effects of

agronomic characters on grain yield.

Yield = 15.358 - .378 (Heading Date) - .0529 (Plant Height)

+ .0107 (Spikes/m2) + .1542 (Kernels per Spike)

+ .3040 (1000 Kernel Weight) + .1610 (Test Weight)

+ .2242 (Harvest Index).

Standardized regression coefficients (Table 7) were computed to show

the importance of the agronomic characters in association with

grain yield.
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TABLE 7. Standardized regression coefficients for seven agronomic
characters at Hyslop Experiment Station

Standardized regression coefficients Percentage

Heading date .037 5.00
Plant height .061 8.24
Spikes per m2 .086 11.62
Kernels per spike .143 19.32
1000 kernel weight .200 27.07
Test weight .087 11.75
Harvest index .126 17.02

Total .740

The standardized regression coefficients (Table 7) indicated

that 1000 kernel weight was the most important character affecting

grain yield, followed by kernels per spike, harvest index, test

weight, spikes per m
2

, plant height and heading date. Considering

the two planting dates separately, tillers per square meter appeared

the most important character for grain yield at the two dates fol-

lowed by height (Appendix Tables 14 and 15).
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Sherman Experiment Station

Grain Yield

The observed mean squares indicated an important seeding rates

x cultivars interaction (Table 8). Stephens produced the highest

grain yield at the 90 Kg/ha seeding rate. The highest yield for the

club wheat cultivar Jackmar was observed at 120 Kg/ha seeding rate

(Appendix Table 11). No significant differences were observed be-

tween the row spacings for grain yield, however a slightly higher

grain yield was observed at 30 cm row spacing for both cultivars

(Appendix Table 12).

Tillers and Spikes per Square Meter

There were marked differences between row spacings, seeding

rates and cultivars for tillers and spikes per square meter

(Table 8). The number of tillers and spikes per m
2
were higher at

narrow (20 cm) and wide (40 cm) than the intermediate (30 cm) row

spacings (Table 9). There was a definite progressive increase in

number of tillers and spikes per m
2

as seeding rate increased from

60 to 120 Kg/ha (Table 10). The cultivar Stephens produced more

tillers and spikes per m
2
than Jackmar (Table 11). There were

significant row spacing x cultivar and seeding rate x cultivar in-

teractions. Stephens produced the highest numbers of tillers and

spikes at 40 cm and 90 Kg/ha seeding rate and Jackmar at 20 cm row

spacing and 120 Kg/ha seeding rate (Appendix Table 11 and 12).



TABLE 8. Observed mean squares from the analysis of variance for eight agronomic characters of two winter wheat cultivars at Sherman Experiment
Station during 1980-81.

Source
of

Variance

Degrees
of

Freedom
Tillers
/m2

Plant
Height
(cm)

Spikes
/m

Kernels
/Spike

Grain
Yield
(Qx/ha)

Test

Weight

1000
Kernel

Weight
Harvest
Index

Reps 3 2269.27 12.50 481.00 32.53 18.07 7.33 17.77 8.42
Rows 2 103799.43** 51.51 83238.04** 183.34** 55.79 7.97 54.11 18.96
Error a 6 2971.52 30.90 373.93 12.99 24.45 12.46 5.33 4.67
SR 2 15882.62** 46.18** 31832.54** 8.18 24.38 14.60 46.28** 15.33
Cultivars 1 159142.01** 168.05** 8192.00** 6086.72** .60 .14 4756.37** 61.60**
CxSR 2 11381.01* 25.34 5208.87** 133.43** 112.62** 5.66 17.34 10.40
Rows x SR 4 634.45 13.88 2417.02 23.88 60.83 13.41 13.82 8.85
Rows x C 2 22662.26** 27.43 22180.29** 239.93** 27.52 .87 4.15 5.20
Rows x SRxC 4 24723.32 53.47 15225.85 101.38 21.25 2.44 10.76 4.56
Error b 45 2928.08 8.10 950.75 10.87 14.05 3.87 6.54 6.78
Total 71

* = 5% of significance.

** = 1% of significance.

SR = Seeding rate C = Cultivar



TABLE 9. Mean agronomic characters of two winter wheat cultivars at their row
spacing in a study conducted at Sherman Experiment Station in
Eastern Oregon.

Row
Spacing Tillers Spikes Kernels
(cm) /m2 /m2 /Spike

20

30
40

LSD .05

692.08
583.45
702.00

38.50

619.33
521.12
626.54

13.65

39.54
35.00
34.54

2.54

TABLE 10. Mean agronomic characters of two winter wheat cultivars at three seeding rates
in a study conducted at Sherman Experiment Station in Eastern Oregon.

Seeding
Rate

(Kg/ha)
Tillers
/m2

Plant
Height
(cm)

Spikes
/m2

1000
Kernel
Weight

60
90

120

LSD .05

629.83
669.87
677.83

31.46

88.12
88.33
90.62

1.65

550.83
592.79
623.37

17.92

43.73
37.04
34.55

1.48



TABLE 11. Mean agronomic characters for two winter wheat cultivars in a row spacing, rate of
seeding and date of planting study conducted at Sherman Experiment Station in
Eastern Oregon, during 1980-81.

Cultivars
Tillers
im 2

Plant
Height
(cm)

Spikes
/m2

Kernels
/Spike

1000 Ker-
nel Wgt.

(gr)

Harvest
Index

(%)

Stephens 706.19 90.99 599.66 27.16 43.56 24.20

Jackmar 612.16 87.49 578.33 45.53 27.31 26.05

LSD .05 25.68 1.35 14.63 1.56 1.21 1.23
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Kernels per Spike

Measurable differences were observed when row spacing and culti-

vars were compared (Table 8). As row spacing increased from 20 to

40 cm, the number of kernels per spike decreased. Table 9 confirms

this result indicating that more kernels per spike were produced

with narrow row spacing. The mean values for cultivars (Table 11)

showed that Jackmar produced 18 kernels per spike more than Stephens.

Seeding rates x cultivars interaction was significant. Jackmar

produced more kernels per spike at low seeding rate and Stephens at

high seeding rate (120 Kg/ha) (Figure 20). Row spacing x cultivar

interaction was high at the Sherman Station. The number of kernels

per spike produced by the cultivar Jackmar was highest at the

narrow (20 cm) row spacing, however kernel numbers per spike produced

by Stephens were not significantly different at 20 or 40 cm row spac-

ing (Figure 19).

Other Agronomic Characters

There was a definite progressive increase in plant height and

progressive decrease in 1000 kernel weight as seeding rate in-

creased from 60 to 120 Kg/ha. The cultivar Stephens was taller and

produced higher 1000 kernel weight than Jackmar (Table 11), how-

ever, its harvest index was lower.

Correlations

Row spacing was negatively correlated with plant height and

kernels per spike in Jackmar (Table 12). A small positive



TABLE 12. Correlations among eight agronomic characters measured for two winter wheat cultivars at Sherman
Experiment Station in Eastern Oregon during 1980-81.

Character
Culti-
var

Tillers
/m2

Plant
Height

Spikes
/m2

Kernels
/spike

Plant
Yield

Test
Weight

1000
Kernel
Weight

Harvest
Index

Row SPN .18 -.04 .24 .12 -.19 -.10 .38 -.33
Spacing JCM -.16 -.46 -.20 -.66 -.10 -.24 .40 -.07

Seeding SPN .04 .42 .22 .48 .03 -.25 .17 -.22
Rate JCM .49 .08 .59 -.20 -.05 .06 -.28 -.24

Tillers SPN -.11 .80 .49 -.29 .17 .13 .09
Per m2 JCM .12 .84 .13 -.01 -.06 -.28 -.28

Plant SPN -.07 .07 -.29 -.24 -.18 -.17
Height JCM .26 .31 .12 .07 -.34 -.26

Spikes SPN .55 -.42 .17 .09 .06
Per V,L JCM .14 .08 -.02 -.19 -.18

Kernels Per SPN .06 .12 .14 -.07
Spike JCM .09 .04 -.46 .33

Yield SPN .04 .19 .11

JCM .41 -.28 .17

Test SPN -.15 .16
Weight JCM -.29 -.06

1000 Ker- SPN -.05
nel Weight JCM .12

Cultivars

SPN = Stephens

JCM = Jackmer
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correlation was observed between row spacing and 1000 kernel weight.

A positive correlation was observed between seeding rates and

tillers per m
2
and spikes per m2 in Jackmar. In Stephens, plant

height and kernels per spike were positively correlated with seed-

ing rates. A high positive correlation existed between tillers per

m
2
and spikes per m

2
. Tillers per m

2
were positively correlated

with kernels per spike in Stephens. The number of spikes per m
2

showed a positive correlation with kernels per spike in Stephens.

The trait 1000 kernel weight was negatively correlated with kernels

per spike in Jackmar.

There was a positive correlation between test weight and yield

in Jackmar.

Regressions

A multiple regression was computed to determine the effects

of the agronomic characters on grain yield.

Yield = -3.730 - .0031 (Tillers/m2) - .0112 (Spikes/m2)

+ .8900 (Kernels/spike) + .4903 (Test weight)

+ .1333 (1000 kernel weight) + .1604 (Harvest index)

The standardized regression coefficients (Table 13) indicated

that 1000 kernel weight and test weight appeared to be the most im-

portant characters affecting grain yield at this dryland site.



36

TABLE 13. Standardized regression coefficients for six agronomic
characters at Sherman Experiment Station (1980-81)

Standardized regression coefficients Percentage

Tillers per m2 .066 6.38
Spikes per m2 .180 17.42
Kernels per spike .203 19.65
Test weight .242 23.42
1000 kernel weight .246 23.81
Harvest index .096 9.29

Total 1.0333
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DISCUSSION

Wide genetic variation exists between commercially produced

wheat cultivars and the producer's goal is to exploit the full gene-

tic potential of the variety recommended for his growing conditions.

In order to realize this potential, recommendations must be avail-

able, based on previous research, for proper seeding rate, row spac-

ing and seeding date. Each of these factors must be considered for

specific locations with reference to soil type, rainfall pattern and

amount, disease and insect problems, major weed competition in the

crop, etc. The producer's business is to make a profit and his desire

is to keep costs of imputs such as seed, fertilizers and herbicides

to a minimum.

The yield of an individual plant is the product of the number of

heads, number of kernels per head and average kernel weight. These

yield components are reported to be influenced by cultivar (Guitard

[25]). When grown in the field, the individual plant is obscured

by the population and yield is based on the weight of seed from a

given unit area. Recent technological advances have greatly im-

proved the chemical methods of controlling weeds, insects and di-

seases. Advances in combination fertilizers and education on the

importance of their use to realize full production potential have

greatly increased average crop performance. This leaves competition

among plants as the most important determining factor in seeding

rate and row spacing recommendations. Competition for light, nutri-

ents and moisture are major considerations along with other unique
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factors in each selected environment.

Four genetically diverse, high-yielding, semi-dwarf wheat culti-

vars were selected for this study and several agronomic characters

were evaluated at different row spacings and seeding rates. Seed-

ing date was also evaluated at the major experimental site.

Grain Yield

Results from the two seeding dates, including optimum and one

month after optimum recommended sowing time, indicated that at the

high rainfall site, highest grain yields can be obtained from the

narrow row spacing. Similar results were observed by Foth et al.

[19] working with oats, Finlay et al. [18] with spring barley and

Chemli [15] with winter wheat. This might be due, as Foth suggested,

to greater use of available sunlight by the plants in the narrowest

row widths. The question one might ask is how close the rows can

be placed for optimum yield. Due to the restriction in designing

openers for individual rows, it would not be possible to plant rows

much closer together than 10 cms. The other alternative would be to

broadcast the seed and incorporate it with an implement.

Wider row spacing is normally recommended at the Sherman Experi-

ment Station, however in the 1980-81 crop season there were no sig-

nificant differences in grain yield between row spacings and culti-

vars. The cultivar Stephens showed a slight increase in yield at

30 cm row spacing and Jackmar produced the same yield at 20 and

30 cms row spacings. It must be pointed out that the total rainfall
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during this crop season was above average and distribution through-

out the season was excellent.

In agreement with Khalil et al. [30],no significant yield differ-

ences were obtained between the three seeding rates tested at the

two planting dates. There were definite differences in yield be-

tween the cultivars. The cultivar Bezostaya and Maris-Hobbit pro-

duced the highest grain yield at the first seeding date but were

not significantly different from Stephens. At the second date

Stephens ranked first and was significantly different from the

other three cultivars. Environmental conditions and diseases

affected the performance of cultivar Roussalka; producing the

lowest mean grain yields at the two dates of planting. Roussalka

was highly susceptible to Septoria spp. (S. tritici and S. nodorum);

at heading stage all the lower leaves were killed by Septoria, and

eventually the disease spread to the flag leaf. During the month

of May there were 16 days of rain and high humidity, conditions

favoring head infection. Plants received adequate moisture during

the growing season, but grain filling was adversely affected by the

Septoria infection. This disease has been increasing in intensity

in recent years and resistant wheat varieties will be required for

future production in Western Oregon. Bezostaya was susceptible

to lodging. On the second seeding date, most of the experimental

plots of Bezostaya were lodged, perhaps explaining the set-back in

rank.

In agreement with results of Finlay [18] with spring barley,
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a significant row spacings x cultivars interaction for grain yield

was observed. This interaction occurred in only one of the two

seeding dates being investigated. Stephens, Roussalka and Bezostaya

produced their highest grain yield at narrow spacing (10 cm) and

Maris-Hobbit grain yield was highest at wide row spacing (24 cm).

Comparisons of seeding rates showed that all of the cultivars

produced their highest grain yields at 160 Kg/ha. It may be con-

cluded from these interactions that 10 cm row spacing and 160 Kg/ha

seeding rate constitute the best combination for the cultivars

Stephens, Bezostaya and Roussalka; and 24 cm row spacing and

160 Kg/ha seeding rate for Maris-Hobbit.

At Sherman Experiment Station, seeding rates x cultivars inter-

actions were observed. Stephens produced the highest yield at

90 Kg/ha seeding rate and Jackmar, the highest yield at 120 Kg/ha

seeding rate.

Tillers and Spikes per Square Meter

Highly significant differences in the effect of row spacings on

both the number of tillers and spikes per m
2
were observed. At

the two dates of planting, the four cultivars responded similarly

by producing more tillers and spikes per m
2
at the narrow (10 cm)

than at the wide (24 cm) row spacings. This can be observed from

the high negative correlations of tillers with row spacing. Simi-

lar results were reported by Kinra [31] and Chemli [15] who stated

that efficient utilization of moisture and soil nutrients, as well
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as competition for light would explain the increased tiller number.

This result is also in agreement with the observations of Foth [19]

who reported that the number of panicle per m 2
of oats decreased

with increased row spacing.

As seeding rate increased from 100 to 240 Kg/ha the number of

tillers and spikes per m2 increased. This result is in agreement

with Kinra [31], Chemli [15], Khalil [30], Mehrotra [34], and Smid

and Jenkinson [43].

Significant differences among cultivars were supported by the

fact that in the first date of planting Roussalka and Stephens pro-

duced more tillers and spikes per m
2

than Bezostaya and Maris-

Hobbit. On the second date, Bezostaya ranked first followed by

Stephens, Roussalka and Maris-Hobbit.

The interaction between row spacing x cultivars and seeding rate

x cultivars indicated that all the cultivars produced optimum

tillers and spikes per m
2
at 10 cm row spacing and 240 Kg/ha seed-

ing rate. This is in agreement with Kinra [31] and Chemli [15]

for tillers per m
2

. Standardized regression coefficients showed

that tillers per m
2
appear to contribute the most to grain yield.

High positive correlations of tillers and spikes suggest that

number of spikes are also an important contributor to grain yield.

This statement is in agreement with the concept that the yield

per plant is governed by the number of tillers when the size of

the spikes and quality of grain remain constant.

At Sherman Experiment Station, important differences were
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observed on the effect of row spacings and seeding rates on the

number of tillers and spikes per m
2

. Higher numbers of tillers

and spikes were obtained at narrow row spacings (20 cm) and high

(120 Kg/ha) seeding rate. When considering individual cultivars,

Stephens produced maximum tillers and spikes at 40 cm row spacing

and 90 Kg/ha seeding rate and for Jackmar the number of tillers and

spikes were higher at 20 cm row spacings and 120 Kg/ha.

Heading and Anthesis Date

One might assume that as rows are moved closer together, the

inter-row competition might force plant development and encourage

earlier heading and maturity. However, without exception in this

study, there were no significant differences among the row spacings

for heading and anthesis dates.

Similar results were reported by Briggs [11] in a study

of three winter wheat cultivars. Significant differences among

seeding rates for heading and anthesis were observed. A lower seed-

ing rate caused a later heading date.

Significant differences were obtained among cultivars for

heading date. At the two dates of planting, Roussalka was the

earliest cultivar and Maris-Hobbit was the latest. If we take into

consideration 30 days' difference between the two dates of planting,

we find only five days' difference at the time of heading. It took

122 and 127 days from January 1st to first and second dates of

heading for the cultivar Roussalka. This lack of difference at
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heading time can probably be best explained by the compensation

that plants have in development during the cool season following

germination and the effect of temperatures and daylength during

spring growing conditions. During the period just prior to heading

the month of April was rainy and cold, and half of the month of May

was sunny.

Plant Height

As row spacings increased from 10 to 24 cm, the plant height

decreased. This is in agreement with the results obtained by Foth

et al. [19] and Kinra [31]. This is also in agreement with the con-

cept that wide row spacing would tend to increase light intensity

between rows and cause a reduction in plant height. A difference

of about 25 cm in plant height was observed between Bezostaya, a

tall cultivar and Roussalka, classified as a semi-dwarf. A signi-

ficant date of planting x cultivars interaction indicated that the

plants were shorter at the second date than at the first. This

could be explained by the difference in the mean radiation. In

the months of February, March and April the mean radiations were

144, 270 and 329, respectively. Therefore, each month the mean

radiation doubled. At low radiation, the plants of the first date

of planting were competing for light.

Kernels per Spike

More kernels per spike were produced at narrow row spacing than
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wider spacings on the first date of planting at the Hyslop Experiment

Station and also for the experiment at Sherman Experiment Station.

However, in the second date, the number of kernels per spike in-

creased with increased row spacing. The results of the second date

are in agreement with Foth [19] who stated that the number of seeds

per panicle in oats increased with increased row spacing. This

could be explained by the fact that on the second date of planting,

less spikes per m
2
were produced (Appendix Tables 2 and 6) and

enough energy and nutrients were provided for the maximum number of

spikes to produce maximum kernel numbers.

An increase in seeding rates was accompanied by a decrease in

the number of kernels per spike. There was compensation for reduced

kernel number by an increase in spikes per unit area. This is in

agreement with Felton [37], Finlay [18] and Smid and Jenkinson [43].

Maris-Hobbit had significantly higher kernel numbers per spike than

Stephens, Bezostaya and Roussalka. This could be explained by the

fact that the cultivar Maris-Hobbit produced less tillers and spikes

per m
2

at the two planting dates than the other cultivars; there-

fore, the energy and nutrients available were utilized to produce

maximum numbers of kernels per spike. At the Sherman Experiment

Station, the cultivar Jackmar produced 16 kernels per spike more

than Stephens (Table 11). As stated previously for the cultivar

Maris-Hobbit, Jackmar produced less tillers and spikes per m2

than Stephens but maximum kernel numbers per spike.
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Other Agronomic Characters

At the two dates of planting, test weight, 1000 kernel weight

and harvest index were not affected by the three row spacings and

the three seeding rates. This is in agreement with the findings

of Foth [19] and Chemli [15] who stated that row width affects

kernel weight less than the other components of yield. This result

is also in agreement with the findings of Kinra [13] that row spac-

ings and seeding rates had no consistent effect on test weight.

Considering the cultivars, Stephens had the highest mean 1000 kernel

weight at the two seeding dates. Comparisons of planting dates

showed that test weight was higher at the second than the first

date. This could be explained by the fact that grain yield was

higher at the second date, the kernels were less affected by Septoria

and therefore well-filled.

At Sherman Experiment Station, 1000 kernel weight decreased with

increased seeding rate (Table 10). This is in agreement with Guitard

[25], Pelson [37] and Mahrotra [34] who state that low seeding rates

result in heavier kernels than the higher seeding rate treatments.

Comparisons of cultivars showed that Stephens produced 16 gr per

1000 kernel weight more than Jackmar. The cultivar Stephens pro-

duced less kernels per spike but kernel size is much larger and

test weight heavier than the club wheat cultivar Jackmar. These

cultivars perform well in the low rainfall regions of Eastern

Oregon.
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SUMMARY AND CONCLUSIONS

The objective of this study was to evaluate different agronomic

characters of four winter wheat cultivars at different row spacings,

seeding rates and seeding dates and to determine an optimum row

spacing and seeding rate for each cultivar. The selected cultivars,

Stephens, Bezostaya, Maris-Hobbit and Roussalka were seeded at

three row spacings, three seeding-rates and two seeding dates.

Only Stephens and Jackmar, two winter wheat cultivars, were utilized

at the Sherman Experiment Station.

Analysis of variance, coefficients of correlation, multiple

regressions and standardized regression coefficients were utilized

to evaluate the different traits studied. The conclusions resulting

from this study were:

Grain Yield

1. At Hyslop Experiment Station, 10 cm row spacing and 160 Kg/ha

seeding rate constitute the best combination for the cultivars

Stephens, Bezostaya and Roussalka, and 24 cm row spacing and

160 Kg/ha seeding rate for Maris-Hobbit.

2. At Sherman Experiment Station, Stephens produced maximum grain

yield at 30 cm row spacing and 90 Kg/ha seeding rate and

Jackmar at 30 cm row spacing and 120 Kg/ha seeding rate.

Tillers and Spikes per Square Meter

1. The interaction between row spacings x cultivars and seeding
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rates x cultivars indicated that all the cultivars produced

optimum tillering and spikes at narrow (10 cm) row spacing

and high (240 Kg/ha) seeding rate.

2. Standardized regression coefficients showed that tillers per

m
2
appear to contribute the most to yield.

Heading and Anthesis Date

1. There were no significant differences among row spacings for

heading and anthesis date.

2. A lower seeding rate caused a later heading date.

3. At the two dates of planting, Roussalka was the earl iest cultivar

and Maris-Hobbit the latest based on heading and anthesis dates.

Plant Height

1. At Hyslop Experiment Station, as row spacing increased from

10 cm to 24 cm, the plant height decreased.

2. As seeding rate increased from 100 Kg to 240 Kg/ha, plant height

increased.

3. A significant dates of planting x cultivars interaction indi-

cated that the plants were shorter at the second than at the

first date.

4. At Sherman Experiment Station, plant height was not influenced

by the three different row spacings. Plant height increased

with increased seeding rate.
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Kernels per Spike

1. More kernels per spike were produced at the second than at the

first date of planting.

2. An increase in seeding rate was accompanied by a decrease in the

number of kernels per spike.

3. At Sherman Experiment Station, Jackmar produced more kernels per

spike than Stephens.

Other Agronomic Characters

1. There were no significant differences between row spacings and

seeding rates for test weight, 1000 kernel weight and harvest

index.

2. Stephen has the highest mean 1000 kernel weight at the two

seeding dates.

3. Significant differences among the two seeding dates indicated

that test weight was higher at the second date than at the

first.

4. At Sherman Experiment Station, 1000 kernel weight decreased

with increased seeding rate.



49

BIBLIOGRAPHY

1. Agrawal, J. P., K. K. Saxena, R. P. Singh and M. Pal. 1979.

Effect of nitrogen and row spacing on the yield of wheat.
Indian J. of Agron. 24(1):21-23.

2. Alkus, E. Y. and I. Gene. 1979. Studies on the effect of seed-
ing date and seeding rate on yield and yield components of
four common wheat (T. aestivum L.) cultivars in Cucurova.
Tarimsal Arastirma Dergis. 071):233-254.

3. Alessi, J., J. F. Power and L. D. Sibbit. 1979. Yield quality
and nitrogen fertilizer recovery of standard and semi-
dwarf spring wheat as affected by sowing date and fertili-
zer rate. J. Agri. Sci. UK. 93(1):87-93.

4. Assey, A. A. and A. A. Ibrahim. 1976. Response of local and
introduced Mexican wheats to varying seeding rates.
Zagazig J. of Agri. Res. 3(2):143-160.

5. Bajwa, M. A., J. S. Sawahney and M. Sabeta. 1977. The effect
of row spacing and plant spacing on yield and yield com-
ponents of wheats under Kufra environment. Lybian J. of

Agr. 6(1):91-95.

6. Ballatore, G. P., G. Di. Prima and R. Sarno. 1975. Effect of
sowing density on biological performance and yield of vari-
ous durum wheat cultivars. Rivista de Agronomia 9(2/3):
159-169.

7. Barriga, B. P. and S. R. Pihau. 1980. Effect of sowing rate on
agronomic and morphological characters of spring wheat.
Agro. Sur. 8(1):10-17.

8. Barthakur, B. C., B. Borgohain and M. N. Borgohain. 1979.

Effect of row spacings and seeding rates on grain yield of
dwarf wheat. Indian J. of Agro. 24(1):13-16.

9. Bilaus, I. and V. Moldovan. 1980. Sowing rate and nitrogen
fertilization of winter wheat in relation to the sowing

date. Analeh Institutulin de cercetari pendru cereale
si plante Tehnice, Fundulea, 45(1):253-260.

10. Borse, C. D. and U. K. Mahajan. 1980. Studies on the effects
of sowing depths, seeding rates and nitrogen levels on
growth and yield of wheat variety Sonalika. Indian J. of

Agro. 25(1):45-50.



50

11. Briggs, K. G. 1975. Effects of seeding rate and row spacing
on agronomic characteristics of Glenlea, Pitic 62 and
Neepawa wheats. Canadian J. of Plt.Sci. 55(2):363-367.

12. Canada Dept. of Agric. 1933-48. Annual Reports Experimental
Farms, Can. Dept. Agr. Swift Current Saskatchewan.

13. Central Alberta. 1979. The effects of seeding rate, seeding
date and location on grain yield, maturity, protein per-
centage and protein yield of some spring wheats in Central
Alberta. Can. J. Pit. Sci. 59:1139-1145.

14. Ciha, A. J. 1978. Effects of seeding rate and planting date
on yields and yield components of spring wheat and barley.
ASA. Madison, Wisc. U.S.A., 92.

15. Chemli, M. 1973. Effect of row spacings, seeding rates and
nitrogen fertilizers rates on the agronomic performance
of Yamhill and Hyslop wheat (T. aestivum L.) M.S. Thesis,

CRS, OSU, Oregon.

16. Doyle, A. D. 1980. Effect of row spacing on wheat yield.
Aust. J. Inst. of Agri. Sci. 46(2):125-127.

17. El-Shamma, W. S. 1967. Effect of date and rate of sowing
and drill spacing on wheat yield under irrigated and dry
farming in Iraq. Iraqi J. Agri. Sci. 11(2):18-23.

18. Finlay, R. C., E. Reinbergs and T. B. Dayhard. 1971. Yield

response of spring barley to row spacing and seeding rate.
Can. J. Pit. Sci. 51(6):527-533.

19. Foth, H. D., L. S. Robertson and H. M. Brown. 1964. Effect of

row spacing distance on oat performances. Agronomy

Journal. 56:70-73.

20. Furrer, 0. J., W. Stauffer. 1972. Influence of drill row
spacings and seed rate on growth and yield of spring
wheat. Field crop Abstract 25(2).

21. Georgeson, C. C. 1896. Experiments with wheats. Kansas. Agr.

Exp. Sta. Bul. 59.

22. Gomaa, A. A. et al. 1977. Effect of planting density and
nitrogen fertilization on yield and yield components of

two wheat varieties. Agri. Res. Review 55(9):13-25.



51

23. Govedorov, I. 1976. Effect of sowing rate and fertilizers
on total grain yield and seed yield of wheat cultivar
Bezostaya 1. Rasteniev" dni Nanki 13(2):86-95.

24. Grantham, A. E. 1917. The tillering of winter wheat. Delaware
Experiment Station, Vol. 4, BO. #117.

25. Guitard, A. A., J. A. Newman and P. B. Hoyt. 1961. The Influence
of seeding rate on the yield and the yield components of
wheat, oats and barley. Can. J. Plt. Sci. 41(4):751-758.

26. Gupta, V. K. and R. Singh. 1970. Influence of spacing, time of
sowing and nitrogen fertilization on yield of wheat.
Indian J. of Agro. 15(3):251-253.

27. Habib, M. M. and Y. M. Makki. 1979. Effect of seeding rate and
date on yield of wheat grown in the central region of
Saudi Arabia. Proceedings of the third conference on the
biological aspects of Saudi Arabia:24-27.

28. Ibrahim, A. A., E. M. Zeidan and A. A. Assey. 1976. Determina-
tion of optimum sowing time for Mexican wheat cultivars.
Annals of Agri. Sci. Moshtohor, 5:29-37.

29. Ivanov, I. V. and L. Aleksieva. 1973. Effect of inter row
spacing and sowing rates on yield and sowing quality of
seed of wheat C. V. Bezostaya 1 and Nadeshda 2. Rosteniev
dni Nanki 10(4):39-46.

30. Khalil, O. H. S. et al. 1977. The effect of seeding rate,
nitrogen fertilization and method of seeding on the per-
formance of the wheat variety Mexipak. Agri. Res. Review.

31. Kinra, K. L. et al. 1963. Effect of seeding rate, row spacing
and rate and placement of fertilizer on winter wheat per-
formance in Michigan. Agro. J. 55:24-27.

32. Lafever, H. N. and L. G. Campbell. 1977. Timely winter wheat
seeding important for top yield. Ohio report. July-

August.

33. McFadden, A. D. 1970. Influence of seeding dates, seeding
rates and fertilizers on two cultivars of barley. Can.

J. Pit. Sci. 50(6):693-699.

34. Mehrotra, O. N. et al. 1979. Tillering behaviour and yield
formation in wheat genotypes under varying plant densi-
ties. Indian Agriculturist 23(1):1-17.



52

35. Nass, H. G. et al. 1975. Effects of seeding rates, seed treat-
ments and foliar spray on yield and other agronomic charac-
ters of wheat, oats and barley. Can. J. Pit. Sci. 55(1):

41-47.

36. Nerson, H., M. Edelsteni and M. Menchick. 1979. Effects of
sowing date on development and yield of wheat. Hessadeh

59(6):1113-1117.

37. Pelton, W. L. 1969. Influence of low seeding rates on wheat
yield in Southwestern Saskatchewan. Can. J. Plt. Sci.
49(5):607-614.

38. Prasad, N. K. 1979. Effect of late seeding on wheat and barley.
Indian J. of Agro. 24(3):331-332.

39. Randhawa, A. S., R. S. Jolly and S. S. Dhillon. 1977. Effect
of seed-rate and row spacing on the yield of dwarf wheat
(Kalyansona) under different sowing dates. J. of Res.

Punjab Agricultural University 14(1):5-8.

40. Randhawa, A. S. and 8. P. Singh. 1973. Effect of sowing date
on the growth and yield of some tall and dwarf wheats. J.

of Res. Punjab Agricultural University 10(2):175-178.

41. Riverland, N. R. et al. 1979. The effect of seeding rate on
spring wheat yields in Western North Dakota: an update.
North Dakota Farm Research 37(2):15-20.

42. Simon, J. 1980. Production of winter and spring wheat on
light soils as affected by irrigation, sowing rate and
nitrogen fertilization. Rostlinna Vyroba 26(6):621-630.

43. Smid, A. E. and R. C. Jenkinson. 1979. Effect of rate and date
of seeding on yield and yield components of two winter
wheat cultivars grown in Ontario. Can. J. Plt. Sci. 59:

939-943.

44. Sorour, F. A., M. A. El-Sharkawy and M. J. Shaalan. 1977.

Effect of seeding rate and nitrogen fertilization on growth
and yield of Sidi Misri 1 Cultivar (T. aestivum L.). Lybian

J. of Agri. 6(1):47-54.

45. Stanisavijevic, D. 1971. Studies in the sowing time of some
high yielding winter wheat varieties in the ecological
conditions of Kosova. Field Crop Abstracts, Vol. 23:392.

46. Stephens, D. E. and G. R. Hyslop. 1922. Wheat growing after

fallow in Eastern Oregon. Oregon Experiment Station,

Bul. 190:1-34.



53

47. Suput, M. 1966. Development, growth and yield of productive
wheat varieties in relation to sowing date. Field Crop
Abstracts 19(2):101.

48. Verma, V. S. and K. J. Rathi. 1981. Late sown wheat varietal
performance at different sowing dates. Indian J. of Agro.
23(1):52.

49. Woodruff, D. R. and R. P. Mawhood. 1976-78. Effect of row
spacing and phosphorus fertilizer application on wheat
yield. Queensland Wheat Research Institute: Biennial

report: 33-34.

50. Woolfe, R. I., A. Tekauz and W. H. Johnston. 1981. The re-
sponse of different wheat and barley varieties to date of
seeding. Field Crop Abstract 34(11):966.



APPENDIX



APPENDIX TABLE 1. Observed mean squares from analysis of variance for ten agronomic characters on the first planting date at Hyslop Experiment

Station.

Source
of

Variation

Degrees
of

Freedom
1illrs

/m
Heading
Date

Anthesis
Date

Plant
Height

Spikes
/m2

Kernels
/Spike

Grain
Yield

Test
Weight

1000
Kernel
Weight

Harvest
Index

Reps 3 833.78 6.61 3.60 5.01 415.87 38.96 18.86 38.98 32.08 54.50

Rows 2 17830.29** .25 .88 9.85* 165993.96** 229.18** 511.44** 4.06 34.41 2.04

Error a 6 935.46 1.17 .53 8.50 549.20 16.28 32.30 42.86 7.58 7.12

SR 2 11904.42 3.02** 6.46** 15.96 13443.59** 298.27** 60.09 32.57 20.61 71.01**

Cultivars 3 12268.84** 3655.58** 2929.00** 5552.69** 9451.26** 2475.84** 370.08** 52.49 1057.15*' 589.85**

Cx5R 6 2340.20* .82 .97 16.57* 2562.19** 47.77 56.33* 15.02 9.75 9./4

Rows x SR 4 2077.04 .21 .12 6.68 2234.81 7.77 1.68 29.53 10.16 16.10

Rows x C 6 8261.65** .55 .36 4.50 9724.84** 38.96 43.73 35.60 27.75 6.17

Rows x SRxC 12 1432.14 .52 .25 9.55 1099.06 32.56 19.21 8.60 14.59 8.E7

Error b 99 877.22 .55 .70 6.05 781.13 15.30 23.39 20.29 7.88 8.22

Total 143

* = 5% of significance.

** = 1% of significance.

SR = Seeding rate C = Cultivar



APPENDIX TABLE 2. Mean grain yield and other agronomic characters at three row spacings
for the first planting date at Hyslop Experiment Station

Row
Spacing
(cm)

Grain
Yield
(Qx/ha)

Tillers
/m2

Spikes
/m2

Kernels
/Spike

Plant
Height
(cm)

10 49.08 529.41 521.22 49.20 109.22

42.77 483.87 474.35 45.52 108.89

24 44.47 408.81 404.37 45.33 111.33

LSD .05 2.83 15.25 11.81 2.01 1.45



APPENDIX TABLE 3. Grain yield and other agronomic characters of four winter wheat cultivars in a row spacing and rate of
seeding study conducted at the Hyslop Experiment Station in Corvallis, Oregon (1980-81).

Grain
Yield Tillers Heading Anthesis

Plant
Height Spikes Kernels

1000 Ker-
nel Wgt.

Harvest
Index

Cultivars (Qx/ha) /m Date Date (cm) /m2 /Spike (yr) (%)

Maris-Hobbit 47.24 447.11 145.02 147.86 102.25 442.94 56.44 40.15 31.10

Bezostaya 47.96 477.02 134.33 140.50 126.52 471.69 47.66 46.13 26.56

Stephens 45.72 484.94 142.47 147.02 111.75 479.58 46.44 46.85 30.39

Roussalka 40.84 487.05 122.63 128.33 98.75 472.38 36.19 35.35 22.30

LSD .05 2.25 13.86 .34 .39 1.14 13.05 1.82 1.31 1.33

APPENDIX TABLE 4. Means for agronomic characters from three seeding rates on the first
planting date at Hyslop Experiment Station.

Seeding Harvest

Rate Tillers Heading Anthesis Spikes Kernel Index

(Kg /hl) /m2 Date Date /m2 /Spike (%)

100

160
240

LSD .05

455.87
482.29
483.93

11.98

136.35
136.14
135.85

.30

141.27
140.97
140.54

.33

447.35
477.16
475.43

11.30

49.54
45.58
44.93

1.58

28.96
27.17
26.64

1.15



APPENDIX TABLE 5. Observed mean squares from analysis of variance for ten agronomic characters on the second planting date at Hyslop Experiment
Station.

- -- -
Source

of
Variation

Degrees
of

Freedom
Tillers

/m2
Heading
Date

Anthesis
Date

Plant
Height

Spikes
/m2

Kernels
/Spike

Grain
Yield

Test
Weight

1000
Kernel

Weight
Harvest
Index

Reps 3 642.08 1.05 .27 8.57 585.32 16.12 14.77 43.60 95.95 116.00

Rows 2 535.39** 6.09 5.44 99.69** 337406.42** 314.77** 1811.61** 48.28 45.91 90.31*

Error a 6 632.57 2.67 1.02 8.76 264.82 6.42 19.28 76.63 15.17 15.38

SR 2 67459.64** 3.52 .67 40.13* 66522.86** 321.88** 86.77 40.86 17.09 1.54

Cultivais 3 6394.08** 3483.38** 1987.68** 4067.18** 5705.41** 1060.42** 16577.00** 14.62 908.54** 225.95**

CxSR 6 2133.56** .72 .52 21.31* 2459.82** 58.23 98.08* 6.59 12.59 6.92

Rows x SR 4 2992.38 .92 .19 3.54 3865.53 32.21 103.16* 43.78 6./9 4.83

Rows x C 6 4225.82** 1.36 .74 10.51 4474.46** 11.85 853.89** 15.96 11.33 21.39*

Rows x SRxC 12 3745.64 .32 .14 3.27 2933.34 19.59 98.05* 10.81 5.15 9.18

Error b 99 500.92 .52 .25 8.34 562.31 20.77 33.42 23.87 10.88 8.78

Total 143

* = 5% of significance.

** = 1% of significance.

SR = Seeding rate C = Cultivar



APPENDIX TABLE 6. Mean grain yield and other agronomic characters at three row spacings
for the second planting date at Hyslop Experiment Station.

Row Grain Plant Harvest
Spacing Yield Tillers Height Spikes Kernels Index
(cm) (Qx/ha) /m2 (cm) /m2 /Spike (%)

10 56.45 540.68 107.95 535.39 49.95 33.37
16 45.09 481.29 107.45 470.66 51.95 33.90
24 54.82 374.80 105.25 373.41 55.04 31.30

LSD .05 2.19 12.56 1.47 8.12 1.26 1.95

APPENDIX TABLE 7. Yield and other agronomic characters of four winter wheat cultivars in a row spacing and rate of
seeding study conducted at the Hyslop Experiment Station in Corvallis, Oregon (1980-81).

Grain
Yield Tillers Heading Anthesis

Plant
Height Spikes Kernels

1000 Ker-
nel Wgt.

Harvest
Index

Cultivars (Qx/ha) /m2 Date Date (cm) /m2 /Spike (or) (%)

Maris-Hobbit 50.63 453.02 150.47 153.36 96.55 444.63 58.86 41.48 34.75
Bezostaya 50.45 484.27 141.97 145.02 121.05 480.73 52.72 47.58 30.56
Stephens 55.08 464.58 146.44 150.83 108.44 456.13 52.11 52.86 35.83
Roussalka 52.31 460.61 127.88 136.63 101.50 457.91 45.58 43.58 30.83

LSD .05 2.70 10.45 .33 .23 1.34 9.07 2.12 1.54 1.38



APPENDIX TABLE 8. Mean for agronomic characters from three seeding
rates on the second planting at Hyslop Experiment
Station

Seeding Plant

Rate Tillers Height

(Kg/ha) /cm2 (cm)

Spikes
/m2

Kernels
/Spike

100

160

240

LSD .05

425.95

470.39

500.50

0.05

105.83

107.39

107.43

1.16

422.66

458.93

498.06

8.59

55.12

51.81

50.02

1.84



APPENDIX TABLE 9. Mean yield and other agronomic characters on the two planting dates at Hyslop Experiment Station

in Western Oregon (1980-84).

Row Spacing (cm)
Grain Test 1000 Ker- Harvest

Tillers Heading Anthesis Height Spikes Kernels Yield Weight nel Wgt. Index

Cultivar /m2 Date Date (cm) /m2 /Spike (Qx /ha)* (Kg /hi) (gr) (7,)

Maris-Hobbit
10 501.12 147.66 150.53 100.00 494.95 58.50 48.46 72.30 40.65 33.47

16 459.12 147.74 150.08 99.24 456.58 56.95 43.90 73.04 41.44 33.55

24 389.95 147.83 150.77 99.29 389.12 57.49 49.44 70.82 40.37 31.73

Bezostaya
10 561.16 138.29 142.83 123.95 553.79 50.66 55.20 72.86 47.42 28.65

16 492.45 138.16 142.58 124.16 489.45 48.00 40.67 71.87 46.92 23.52

24 388.33 137.99 142.83 123.25 385.45 51.91 51.75 72.30 46.21 28.56

Stephens
10 526.30 144.41 148.74 110.50 520.12 48.45 57.06 71.52 49.62 33.75

16 488.62 144.25 148.79 109.87 468.78 48.70 40.45 68.96 50.89 33.74

24 408.91 144.70 149.25 109.91 406.08 50.66 53.80 72.71 49.09 31.32

Roussalka
10 551.41 125.04 132.33 100.24 544.37 40.70 50.35 71.47 40.81 26.05

16 489.87 124.99 132.45 99.41 475.20 40.91 45.76 70.01 39.89 26.78

24 380.20 125.74 132.66 101.20 375.87 41.03 43.52 69.81 36.16 25.76

*
Qx/ha = Quintals/hectare

Quintal = 100 kilograms



APPENDIX TABLE 10. Mean yield and other agronomic characters on the two planting dates at Hyslop Experiment Station
in Western Oregon (1980-81).

Grain Test 1000 Ker- Harvest
Row Spacins (cm)

Tillers Heading Anthesis Height Spikes Kernels Yield Weight nel Wgt. Index

Cultivar /m2 Date Date (cm) /m2 /Spike (Qx/ha) (Kg/h1) (gr) ( %)

Maris-Hobbit
100 409.95 148.16 150.91 98.12 406.45 59.37 48.15 70.82 41.78 34.02

160 457.45 147.66 150.62 99.99 436.20 55.29 51.58 71.78 40.81 32.74

240 482.79 147.37 150.33 100.08 480.37 58.29 47.08 73.52 39.87 31.99

Bezostaya

Stephens

RoussalLa

100 466.74 138.37 143.04 124.58 461.00 51.37 48.25 70.91 47.58 29.07

160 480.62 138.12 142.83 124.08 476.54 50.12 50.31 71.79 46.80 28.94

240 494.83 137.99 142.41 123.70 491.00 48.50 49.06 74.21 46.42 27.72

100 447.12 144.62 148.98 109.13 442.66 53.74 49.30 71.42 50.59 33.56

160 488.99 144.54 148.91 110.83 484.45 48.95 50.42 70.48 49.81 32.41

240 488.08 144.20 148.91 110.33 485.04 45.12 45.41 11.27 49.16 32.56

100 439.87 125.53 132.83 99.66 429.91 44.24 45.98 70.42 39.56 27.40

160 478.45 125.37 132.45 100.66 474.54 40.41 47.35 70.00 39.76 25.76

240 503.16 124.95 132.16 100.08 490.54 51.79 46.38 70.87 39.07 21.81

01



APPENDIX TABLE 11. Mean yield and other agronomic characters at Sherman Experiment Station in Eastern Oregon

(1980-81).

Seeding Rate Grain Test 1000 Ker- Harvest

(Kg/ha) Tillers Spikes Height Kernels Yield Weight nel Wgt. Index

Cultivar /m2 /m2 (cm) /Spike (Qx/ha) (Kg/111) (gr) (%)

Stephens
60 687.83 578.33 90.83 24.41 39.09 86.05 42.00 24.42

90 730.91 697.16 89.16 27.91 44.71 83.98 45.19 25.23

120 699.83 623.50 93.33 29.16 39.46 84.46 43.51 22.98

Jackmar

60 571.83 523.33 87.08 48.25 41.63 85.15 27.46 27.12

90 608.83 588.41 87.50 43.66 39.90 84.12 28.89 25.56

120 655.83 623.25 87.91 44.75 42.29 85.50 25.58 25.49



APPENDIX TABLE 12. Mean yield and other agronomic characters at Sherman Experiment Station in Eastern Oregon
(1980-81).

Row Spacing (cm) Grain Test 1000 Ker- Harvest

Tillers Spikes Height Kernels Yield Weight nel Wgt. Index

Cultivar /m2 /m2 (cm) /Spike (Qx/ha) (Kg /hl) (gr) (%)

Stephens

Jackmar

20 734.58 621.91 90.41 27.50 40.87 85.40 41.75 25.75

30 602.25 506.25 91.25 25.25 43.75 84.35 43.89 23.26

40 781.75 670.83 90.00 28.75 38.65 84.74 45.06 23.61

20 649.58 616.75 89.16 51.58 41.75 85.68 26.25 26.53

30 564.66 536.00 88.75 44.75 41.53 84.70 26.75 25.65

40 622.25 582.25 84.58 40.33 40.55 84.39 28.93 26.00



APPENDIX TABLE 13. Summary of the meteorological data at Hyslop Experiment Station. Corvallis, Oregon (1980-81).

Months

Temperatures (C°) Precipitation
(no) Evaporation

Radiation
Cal/cm-2 day-1

Maximum Minimum

September 24.7 8.4 .96 5.095 340

October 19.5 5.2 1.87 3.193 225

November 12.4 4.3 6.29 95

December 9.2 2.9 11.33 67

January 8.4 1.2 2.27 89

February 10.0 1.9 4.44 144

Mardi 13.8 2.6 3.00 270

April 15.2 4.8 2.62 -- 329

May 18.1 6.8 2.99 4.001 400

June 21.2 9.1 2.58 5.021 453

July 26.4 10.7 .10 7.498 501

August 29.3 11.2 .01 7.586 436
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REGRESSIONS

Date I

Yield = 5.6543 + .03483 (Tillers /m2) + .08238 (Heading date)

+ .2090 (Plant height) - .01338 (Spikes/m2)

+ .1582 (Kernels/spike) - .1144 (Test weight)

- .0917 (1000 kernel weight) + .2090 (Harvest

index)

APPENDIX TABLE 14. Standardized regression coefficients for eight
agronomic characters at Hyslop Experiment
Station

Standardized regression coefficients Percentage

Tillers per m
2

.354 25.14

Heading date .113 8.02

Spikes per m2 .132 9.37

Plant height .271 19.24

Kernels per spike .219 15.55

Test weight .084 5.96

1000 kernel weight .080 5.68

Harvest index .155 11.00

Total 1.408
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Date II

Yield = 50.6340 + .0256 (Tillers/m2) + .0492 (Heading date)

- .1782 (Plant height) - .0173 (Spikes/m2)

- .0785 (Kernels/spike) + .1153 (Test weight)

+ .3048 (1000 kernel weight) - .2666 (Harvest

index)

APPENDIX TABLE 15. Standardized regression coefficients for eight
agronomic characters at Hyslop Experiment
Station

Standardized regression coefficients Percentage

Tillers per m
2

.207 22.02

Heading date .041 4.36

Plant height .169 17.97

Spikes per m2 .139 14.78

Kernels per spike .054 5.74

Test weight .056 5.95

1000 kernel weight .167 17.76

Harvest index .107 11.38

Total .940
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Figure 1-2. Influence of row spacings on the grain yield of
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Figure 5-6. Influence of row spacings on the number of
Tillers per m2 of four winter wheat cultivars
at Hyslop Experiment Station
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Figure 7-8. Influence of seedings rates on the number of
Tillers per m2 of four winter wheat cultivars
at Hyslop Experiment Station
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Figure 9-10. Influence of row spacings on the number of
spikes per m2 of four winter wheat cultivars
at Hyslop Experiment Station
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Figure 11-12. Influence of seeding rates on the number of
spikes per m2 of four winter wheat cultivars
at Hyslop Experiment Station
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Figure 15-16. Influence of row spacing on the number of tiller
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Figure 16-18. Influence of seeding rates on the number of
spikes per m2 of two winter wheat cultivars
at Sherman Experiment Station
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APPENDIX TABLE 16. Specific characteristics of the cultivars
studied

BEZOSTAYA: Lutescens 17/Skorospelka 2

Bezostaya is a winter wheat cultivar developed at the Krasnodar
Scientific Research Institute for commercial production in Russia.
The variety is medium early in maturity and normal height (115-125
cm). The spike type is awnless and the red seed is semi-hard al-
though classified as hard. Bezostaya is characterized by its wide
adaptability. It is grown in both winter and spring environments,
has average winter hardiness and average drought resistance.

MARIS-HOBBIT: Professeur Marchal // Marne Desprez/Vogel 9144/4/CI
12633/4* Capelle Desprez / /Heine 110/Capelle Desprez/
3/Nord-Desprez.

Maris-Hobbit is a soft red winter wheat cultivar developed and
released by the Plant Breeding Institute, Cambridge, Great Britain.
The cultivar is dwarf in height (80-90 cm), medium late, awnless and
has a soft red seed. It has a high yield potential in cool, moist,
high fertility environments. Its late maturity often results in re-
duction of yield in stress conditions.

STEPHENS: Nord Desprez/Pullman 101, OR 65-116-70-MBW2

Stephens is a soft white winter wheat developed and released by
the Oregon Agricultural Experiment Station in cooperation with SEA,
USDA. It is adapted to the winter wheat growing areas of the Pacific
Northwest and normally expresses superior yield potential under low
and high rainfall and irrigated conditions. Stephens is a semi-
dwarf (90-100 cm), strong stem, medium maturity, awned cultivar hav-
ing soft white seed and good quality.

ROUSSALKA: Was-Nibay/Sterling B x C 54

A hard red common winter wheat variety from Bulgaria, resulted
from a cross of Italian and Indian germplasm. Semi-dwarf, awned,
mid-dense spike, high yielding, early, low tillering potential and
medium kernel weight. This cultivar is resistant to leaf rust
(Puccinia recondita), moderately susceptible to stripe rust (Pucci-
nia striiformis) and susceptible to Septoria spp.
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JACKMAR

A new variety, selected from a field of the variety Omar
(Elgin 19/Elmar.). Jackmar is a soft white club wheat variety de-
veloped for the low to intermediate rainfall areas. It is a winter
hardy, disease resistant cultivar, shorter than Omar and Paha, which
aid in management and harvest.


