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This study was initiated to evaluate various procedures for

grading wheat seed lots according to size. Specific objectives were

to determine: (1) the variation in six physical characteristics among

seeds within a seed lot; (2) the relationships among these physical

characteristics; and (3) the relationships of these characteristics to

plant growth and performance in the greenhouse and field.

Seed within a lot of Fielder spring wheat varied considerably in

regard to length, width, thickness, weight, volume and density. The

greatest variation occurred in weight (C.V. = 20.85%) and volume

(C. V. = 20. 17%), with the lowest variation occurring in density

(C. V. = 5.59%). All of the characteristics except density were highly

correlated.

All of the physical characteristics except density were corre-

lated with tiller numbers and seedling dry weight in the greenhouse

studies.



Stepwise regression searches indicated that, of the six physical

characteristics, seed weight accounted for the most of the variability

in seedling size. No correlation existed between the seed characteris-

tics and grain yield or components of yield in the greenhouse.

When grading seed lots of Hyslop and Yamhill winter wheat with

conventional sizing equipment, separation by width with round-hole

screens resulted in heavier seeds than separation by thickness with

slotted screens. The combination of width and thickness grading

resulted in heavier seeds than either method alone.

Seeds obtained by the combination of width and thickness grading

produced seedlings with 25.5% more dry weight at 6 weeks in the

greenhouse than seedlings from ungraded seeds. In spite of the differ-

ences in seedling dry weight obtained in the greenhouse, there were

no grain yield differences in the field due to seed size.
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RELATIONSHIP OF PHYSICAL CHARACTERISTICS TO
PERFORMANCE OF WHEAT (TRITICUM

AESTIVUM L.) SEEDS

INTRODUCTION

Numerous studies have shown that crop yields can be influenced

by the size of the seed that is planted. In wheat, large seeds com-

monly yield more than small seeds, and frequently yield more than

ungraded seeds. The most common method of sizing wheat seed com-

mercially is with the use of slotted screens which separate seeds on

the basis of thickness.

The question arises as to whether size separation by thickness

is the most efficient method of improving seed performance, or

whether further yield increases can be achieved by separations based

on the other dimensions or physical characteristics of the seed. These

other characteristics include width, length, weight, volume and

density.

The objectives of this study were to determine: (1) the variation

in the physical characteristics among seeds within a seed lot; (2) the

relationship of six physical characteristics among themselves; and

(3) the relationship of these characteristics to plant growth and per-

formance in the greenhouse and field. The results should indicate the

proper sizing procedures to follow for upgrading seed quality in

wheat.
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REVIEW OF LITERATURE

Physical Characteristics of Seed

Harmond et al. (1965) classified physical characteristics, or

properties, of seed as being size, shape, density, surface texture,

buoyancy, color and electrical conductivity.

They described size in terms of length, width and thickness.

They stated that seeds of different kinds vary greatly in size and this

is also true for seeds of the same kind.

Shape was reported as the physical spatial form of the seed and

shape factors determine the free flowing or clogging tendencies of a

seed mass.

The same workers stated that the term density describes

compactness or concentration of material and can refer either to a

single seed or to an amount of seeds including the void spaces, but in

both cases it is expressed as mass per unit of volume. It was

reported also that density of individual seed in a seed lot can vary.

This variation presents advantages and disadvantages. Seeds of differ-

ent densities can be graded by using gravity separators. On the

other hand, variability in seed density tends to cause undesirable

stratification when seeds are placed in containers.

Surface texture is reported4as being helpful in separating seeds

of one kind from another kind or other materials.
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Buoyancy is reported as the ability of seeds to float or rise in a

fluid such as in air or water. Air separations can be made on the

basis of the different terminal velocities of the seeds.

The authors defined color as light rays with wavelengths within

a narrow range of frequencies discernible by the human eye. They

also said that color separation is used to remove seeds that are off-

color due to weathering, disease or different genotypes. It was

pointed out that in some cases color serves as an index of maturity.

Electrical conductivity is considered by the authors as the

passage of electricity through a substance. They stated that seeds

can be charged and will retain the charge according to its electrical

conductivity capacity. Seeds that are poor conductors will retain

charge. On the other hand, those that are good conductors lose their

charge readily. Harmond et al. (1961) reported on electrostatic

separations of seed lots and other agricultural products where con-

taminants were the principal concern.

Researchers studying the relationship of various seed charac-

teristics to performance have been mainly concerned with easily

measured physical properties such as seed size, weight and density.

Except for germination, vigor and dormancy, other seed characteris-

tics have received little attention.

Effect of Seed Size on Performance

Seed size and performance relationships have been studied for
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many years with Zavitz (1908) reporting the results of seed size

studies in 12 farm crops in 1908. Kiesselbach (1924) reviewed seed

size studies by himself and others in wheat and oats, while Black

(1959) presented a review of the effects of size in legumes.

Length

Preliminary results obtained by Smith et al. (1973), studying

the effect of some physical characteristics on vigor of lettuce seeds,

found that length separations made with indent cylinders did not give

reproducibility. Such non-reproducible results seem to be the main

reason for the limited amount of information available on the effect of

length on performance.

Soffer and Smith (1974), studying five physical characteristics

of individual lettuce seeds, found no association between seed length

and vigor or subsequent growth.

Width

Researchers normally do not state the physical characteristic

used to obtain different seed sizes, but some cite the use of a round-

hole screen which indicates a width separation was made.

Beveridge and Wilsie (1959) separated alfalfa seeds by means of

round-hole screens (width) and conducted an experiment under green-

house conditions. They observed that the vigor of the resultant
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seedlings decreased from the large to the small seeds. In another

experiment conducted in the field, they found seedling vigor differ-

ences between large and medium and large and small seeds. They

concluded that these differences may be associated with the nourish-

ment of the young plant, since food storage probably is higher in large

seeds than in small ones.

When birdsfoot trefoil seeds were separated into three sizes by

width (Henson and Tayman, 1961), top growth from large seeds was

greater than from small seeds in the first cutting. The differences

were less pronounced in the second cutting.

Wester (1964) found that plants from large lima bean seeds

separated by width were heavier and more productive than plants

from smaller seeds. He concluded that yields of lima beans could be

higher if seeds were sized before planting and the various seed sizes

planted separately.

Austin and Longden (1967), working with carrot seeds divided

into four classes with round-holed screens, reported that germination

increased as seed size increased. Root yields were 15-20% higher

from large seeds than from small seeds after 15-18 weeks of growth.

They also observed that in older crops (24 weeks) this difference

tended to disappear.

Johnson and Luedders (1974) showed no differences in emer-

gence and final yield of four sizes of soybean seeds. They concluded,
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based on their results and inconsistent ones of other researchers,

that farmers will not obtain higher yields by planting large seeds.

Scott et al. (1974) processed monogerm sugar beet fruits by

width characteristic and observed that as fruit size increased, so did

percentage of emergence. They concluded that more locules were

completely filled in larger fruits and fewer contained shriveled seeds

or were empty. It was pointed out that under field conditions seedling

size and root:shoot ratio increased with increasing seed size. Sugar

yields were different from medium and small size seed.

Grabe and Garay (1975) divided wheat seed lots in halves and

compared yields with those from the ungraded seed. They reported

large seeds yielded three bushels per acre more than unsized seeds

and six bushels per acre more than small seeds.

Thickness

Longden et al. (1974) found that grading sugar beet seeds by

thickness was effective in removing multigerm fruits. Grading by

aspiration (terminal velocity) and diameter (width) removed nonviable

seeds and variation in size was reduced. They also observed that by

combining all three methods, germination of a seedlot was increased

from 50% to 80%.
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Grabe (1975) divided nine seed lots into four sizes by using

slotted-hole screens. The largest size yielded 5.2 bushels more than

the ungraded seed.

Seed Size

Many investigators have not reported whether size separations

were based on length, width or thickness. Those reports are grouped

here under the general heading of "seed size."

Kiesselbach (1924) summarized more than 10 years of work by

himself and others on wheat and oats and concluded that small seeds

showed less seedling vigor and sometimes yielded as much as 18% less

than large seeds. He also pointed out that selection for large seeds

gave small increases in yield over unsized seed stocks.

Moore (1943) reported that small seeds of crimson clover

emerged less than large ones and concluded that the lack of enough

food reserve probably accounted for the low emergence.

Germination of small seeds of alfalfa as low as one-tenth that

of large seeds was reported by Erickson (1946). He also found that

seedling dry weight was directly associated with seed size.

Positive correlations between seed size and seedling vigor were

reported by Kneebone (1956) and Kneebone and Cremer (1955) for sand

bluestem, indiangrass and other native grasses, Tossel (1960) for

smooth bromegrass and Lawrence (1957) for wheatgrass.
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Rog ler (1954) concluded that selection for seed size was a use-

ful technique in breeding for seedling vigor in crested wheatgrass.

In his review on seed size in forage legumes, Black (1959) con-

cluded that accumulation of dry matter during early seedling growth is

directly related to seed size and that seed size limits the depth from

which seedlings can emerge.

Clark and Peck (1968) reported greater fresh and dry weight

yields due to increased seed size in snap beans. Black (1956, 1957)

found the same to be true for subterranean clover and attributed this

response to greater seedling vigor and cotyledonary photosynthesis.

Burris et al. (1973) found that photosynthesis rates in soybeans

increased with decreasing seed size. Yield reductions occurred when

seed weight was lighter than 90 mg per seed. Small seeds accounted

for less than 3% of the seed lot.

Demirlicakmak et al. (1963) concluded that culm numbers and

yield of barley were higher from large seeds.

Smith and Camper (1975) observed that large soybean seeds

when planted alone outperformed small seeds by 5.4% and ungraded

seeds by 3.3%. They also reported that when large and small seeds

were planted in the same row, progeny from large seeds always pro-

duced more than those from small seeds.

Hicks et al. (1976) reported that there were no differences

among yields of four seed corn grades and that plant height and tassel
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date were not affected by seed size. They concluded that, since

growers can plant ungraded seeds uniformly, there is no advantage

in using graded seeds.

Effect of Seed Weight on Performance

Schmidt (1921) reported that 86.6% of the heavy seeds of

crimson clover germinated while only 53.3% of the light seeds

germinated. He also noticed that heavy seeds had a higher speed of

germination. In a later study, however, Schmidt (1924) observed that

light seeds of soybean, buckwheat, lima bean and corn germinated

more rapidly than heavy ones.

Higher yields of wheat were obtained from heavy seeds than from

light seeds, according to Waldron (1941). He also noted that this

trend was the same if equal number or equal weight of seeds were

sown.

Lawson and Rossiter (1958) concluded that, if sowing rate in the

sward is held constant, seed weight has no effect on the growth rate

of subterranean clover.

Bremner et al. (1963) found that in the first six days of growth,

wheat seeds with small embryos had a higher relative growth rate

than seeds with large embryos, regardless of the amount of food

reserve presented. Thereafter, embryos associated with large

amounts of food reserve gave rise to large plants. They concluded
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that plant size is governed by the amount of food reserve in the

seeds.

Schaaf and Rog ler (1963) found that seed weight of crested

wheatgrass appears to be a highly heritable trait based on its inter-

generation correlation (r=0.85). This finding agrees with Kneebone's

(1956) conclusion that seed weight was associated with seedling vigor

and was a heritable character.

McDaniel (1969) found that seedling fresh weight, seedling

mitochondrial protein and mitochondrial activity were positively

associated with seed weight in barley. He concluded that heavier

seeds have higher mitochondrial protein, thus seedlings from them

have greater growth potential.

Goydani and Singh (1971), studying the effect of seed size

(weight) on growth and yield of wheat, noticed a low germination, the

lowest survival of plants, and the lowest yield from light seeds. They

concluded that reduction in yield was due to a reduced number of ear-

bearing tillers in plants from the light seeds.

The influence of seed weight on growth of cottonseed was

reported by Tupper et al. (1971). They found that, out of five physical

characteristics, seed weight provided the best relationship to growth

of seedlings.
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Lowe et al. (1972) found that small wheat seeds (35 mg) with

high protein content produced larger seedlings than large seeds

(45 mg) of the same genetic constitution with low protein content.

Weight, width and thickness of lettuce seeds were studied by

Smith et al. (1973). They observed that seed weight was more

important than seed width or thickness in separating a population on

the basis of vigor. They found that an air column (terminal velocity)

was effective in obtaining heavier seeds.

Soffer and Smith (1974) measured five physical characteristics

of individual seeds of lettuce and found that all but length were asso-

ciated with vigor. Weight of the seeds was the most important factor

in determining vigor.

Suh et al. (1974) concluded that sorghum seed weight per se

has little effect on the resulting crop.

Effect of Seed Density on Performance

Clark (1904) studied the association of seed size and specific

gravity in grape seeds. He found that specific gravity increased when

seed size increased. Only seeds of the highest specific gravity within

each size group germinated and he concluded that the low viability of

low specific gravity seeds was due to imperfect pollination. Specific

gravity was also affected by many cultural conditions including the

area of production.
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Geiszler and Hoag (1967) separated a wheat seed lot into small

and large seeds by means of screens. These fractions were further

separated into light and heavy fractions with a gravity separator.

They found that the large-heavy seeds produced the highest yield.

Kunze et al. (1969) divided cottonseed into four groups according

to density and reported that seeds from middle and high densities were

highest in lint production.

Tupper et al. (1971), analyzing the influence of five physical

characteristics of cottonseed on germination and growth in a germina-

tor, observed that density exerted the major influence on germination.

They concluded that the equipment used for seed separation should

provide seeds with high density and heavy weight.
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MATERIALS AND METHODS

Individual Seed Studies

The first phase of this study consisted of determining the

relationships of six physical characteristics of individual spring wheat

seeds to each other and to plant growth in the greenhouse,

Seed

Seed of Fielder, a soft white spring wheat variety, was used.

The seed was produced from certified seed at the Hyslop Crop Science

Field Laboratory in 1976.

The seed lot was cleaned and processed with hand screens.

Seeds that remained on a 2.18 x 19 mrn. (5 1/2/64 x 3/4 in.) slotted

screen were used. A germination test was made according to the

Rules for Testing Seed (1970) and showed a 95% germination.

Samples for two greenhouse experiments were obtained with a

mechanical divider to assure representativeness of the seed lot.

Measurement of Physical Characteristics

Length, width, thickness, weight, volume and density of a

sample of 152 seeds were measured. The identity of each seed was

maintained throughout the experiments.
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Length, Width and Thickness. Length, width and thickness of

individual seeds were measured by the method of Brandenburg and

Harmond (1966), using a binocular microscope with a scale reticle in

the eyepiece.

Weight. Weights of individual seeds were determined with an

analytical balance.

Volume. Individual seed volumes were determined by the follow-

ing formula: V=abc k, where V is the seed volume, a is the

seed length, b is the seed width, c is the seed thickness, and k is a

correction factor.

The correction factor k was calculated by the formula WDV/PV,

where WDV is the water displacement volume of a group of 20 seeds

and PV is the parallelogram volume of the same group of 20 seeds.

WDV was measured by using a 10-m1 pipette with the bottom

closed and filled with water up to the middle. From this point to the

upper end each milliliter of the pipette was divided into 42 mm, each

millimeter corresponding to a volume of 0.02381 ml. The group of

20 seeds was placed in the pipette and the linear water displacement

was read. This reading was converted to milliliters to obtain the

WDV (Appendix Table 1).

The PV for a single seed was obtained by multiplying length

times width times thickness. The PV for the group of 20 seeds was

obtained by adding the individual seed PVs (Appendix Table 1).
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The correction factor k for this seed lot was determined by

averaging the correction factors for 15 groups of 20 seeds (Appendix

Table 1). The value of k was determined to be 0.475.

Density. Density of each seed was determined by dividing the

weight by the volume.

Effect of Physical Characteristics
of Seeds on Plant Growth

Seedling Dry Weight. After the seeds were measured, they

were planted in the greenhouse on April 23, 1977 td study the relation

of the six physical characteristics to number of tillers and dry weight

of the resulting seedlings.

Each seed was randomly assigned to a 15-cm diameter plastic

pot. Pots were filled with a sterilized soil-peat moss mixture con-

taining four parts soil to one part peat moss by volume. After

sterilizing and cooling, 120 g (4.3 oz) of 13-13-13 fertilizer and

340 g (12 oz) of lime were mixed in 0.21 m3 (0.59 ft3) of soil-peat

moss mixture. Seeds were planted at a uniform depth of 2.5 cm

(1 in.).

Temperatures were 18. 5oC (65 oF). for 16 hours at night and

24oC (75oF) for 8 hours during the day. No artificial light was used

and pots were watered whenever necessary.
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One row of pots was placed around the experiment as a border.

Five days after planting all pots in which seeds did not germinate

were replaced with pots containing seedlings of the same age. Seed-

lings were allowed to grow for 5 weeks after planting.

Number of Tillers. Tillers were counted and recorded for each

seed. Seedlings were removed by cutting with a razor blade at soil

level and placed in glass bottles for drying. Seedlings were dried in

an air oven at 100°C (212°F) for 1 hour and 85°C (185°F) for 23

hours. Seedling weight was determined.with an analytical balance.

Simple correlation was used to estimate the degree of associa-

tion of the physical characteristics with each other and with per-

formance. The stepwise regression search method, described by

Neter and Wassermann (1974), was applied to these data.

Yield and Yield Components. Length, width, thickness, weight,

volume and density of a sample of 282 seeds were measured as pre-

viously described. The seeds were then planted in the greenhouse on

March 28, 1977 to study the relation of the six physical characteristics

to yield and yield components. Planting methods and greenhouse

temperatures were the same as in the seedling dry weight experiment.

Plants were allowed to mature and were harvested on July 17,

1977. Heads of each plant were cut, counted any placed in individual

paper bags. Three days after harvesting the heads of each plant were

threshed with a rubbing board. The seeds were cleaned with an air
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blower and weighed. After threshing and cleaning, the number of

seeds per plant was counted by hand. The number of seeds per head

was determined by dividing the total number of seed per plant by the

number of heads per plant. The weight of 1000 seeds was determined

by dividing the yield per plant by the number of seeds per plant and

multiplying by 1000.

Simple correlation was used to estimate the relationship of the

six physical characteristics with each other and with yield and yield

components.

Bulk Seed Studies

The second phase of this study consisted of separating winter

wheat seed lots according to width, thickness and density and deter-

mining the relationship of these physical characteristics to plant

performance in the greenhouse and field.

Seed Sizing Methods

Seeds of two soft white winter wheat varieties harvested in 1976

at two locations were used in these experiments: (1) Hyslop from

Corvallis; (2) Hyslop from Moro; (3) Yamhill from Corvallis; and

(4) Yamhill from Moro.



18

Seeds of the four lots were cleaned with a small air and screen

seed cleaner. A 2.18 x 19 mm (5 1/2/64 x 3/4 in.) slotted screen

was used for the seed produced in Corvallis and a 1.98 x 19 mm

(5/64 x 3/4 in.) slotted screen was used for the seed produced in

Moro. Germination tests for each seed lot were conducted according

to the Rules for Testing Seed (1970) and the germination percentages

varied from 90 to 95.

The four seed lots were divided in nine size classes as shown in

Table 1. Classes 2 and 6 were separated by thickness using slotted

hand screens. Classes 3 and 7 were separated by width using round-

hole hand screens. Classes 4 and 8 were separated by thickness

and width using a combination of slotted and round-hole screens.

The screen sizes used for the different seed lots are indicated in

Table 1. Classes 5 and 9 were separated by density using a labora-

tory seed blower. Classes obtained by screens were shaken on an

electrical vibrator for 3 minutes. Classes obtained by blowing were

blown for 3 minutes also.

Weight of 1000 seeds was determined for each treatment. Eight

groups of 100 seeds were weighed and the mean of the eight weights

was multiplied by 10.

Greenhouse Experiment

Seedling dry weight was evaluated in the greenhouse. Twelve
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Table 1. Size classes of winter wheat obtained by separating seed lots
on the basis of width, thickness and density.

Variety Source Size class Screen size3
(mm)

Hyslop Corvallis 1 - UAgraded
2 - 20-25% Thickest 2.78 x 19
3 - 20-25% Widest 3.57

"4 - 20-25% Combination
5 - 20-25% Densest
6 - 45-55% Thickest 2.38 x 19
7 - 45-55% Widest
8 - 45-55% Combination

3.18

9 45-55% Densest

Hyslop Moro 1 Ungraded
2 - 20-25% Thickest 2.58 x 19
3 - 20-25% Widest 3.18

'4 - 20-25% Combination
5 - 20-25% Densest
6 - 45-55% Thickest 2.38 x 19
7 - 45-55% Widest 2.98
8 - 45-55% Combination2
9 - 45-55% Densest

Yamhill Corvallis 1 - Ungraded
2 - 20-25% Thickest 2.78 x 19
3 - 20 -25% Widest 3.97
4 - 20-15% Combination'
5 - 20-25% Densest
6 - 45-55% Thickest 2.58 x 19
7 45-55% Widest 3.57
8 45-55% Combination2
9 45-55% Densest

Yamhill Moro 1 Ungraded
2 - 20-25% Thickest 2.78 x 19
3 - 20-25% Widest 3.57
4 - 20-25% Combination'
5 - 2o-a5% Densest
6 - 45-55% Thickest 2.38 x 19
7 - 45-55% Widest 3.18
8 - 45-55% Combination2
9 - 45-55% Densest

'Combination of the screens used in size Classes 2 and 3.
2Combination of the screens used in size Classes 6 and 7.
3Seeds held on top of screen.
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seeds from each size class were seeded in wooden flats measuring

56 x 35.5 x 10 cm (22 x 14 x 4 in.). The soil mixture was the same

as described for the individual seed experiments.

Seeds were planted at a uniform depth of 2.5 cm (1 in.), spaced

3.8 cm (1.5 in.) within the row and 4.4 cm (1 3/4 in.) between rows.

Temperatures were 21oC (70oF) for 8 hours during the day and 15.50C

(60°F) for 16 hours at night. No artificial light was used and the

flats were watered whenever necessary.

The experiment was planted on September 30, 1976 in a

randomized complete block design with four replications. Seedlings

were harvested on November 11, 1976. Seedlings were cut with a

razor blade at soil level, placed in glass bottles, and dried in an air

oven for 1 hour at 100oC
(212

oF) and 23 hours at 85 oC (185°F). The

weight of the seedlings from each size class was divided by the

number of seedlings to obtain the dry weight per seedling.

Field Experiment

The field experiment was conducted at Hyslop Crop Science

Field Laboratory near Corvallis. The soil type is a fertile Woodburn

silt clay loam. The average rainfall is 1019.8 mm (40.15 in.) a

year and the average temperature is 17.00C (62. 6oF). Rainfall and

temperature data for Hyslop Farm for the 1976/1977 crop year and

long term average are shown in Appendix Table 2.
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A fall application of 336 kg/ha (300 lb/acre) of 16-20-0 fertilizer

was applied before seeding and 183 kg/ha (163 lb/acre) of urea

(46% N) was applied in the spring.

Plots were 6. 1 m (20 ft) long with six rows per plot. Row

spacings were 0.23 m (9 in.). One thousand seven hundred sixty

seeds were planted in each plot with a six-row planter on November 6,

1976. The experiment was planted in a randomized complete block

design with four replications.

Before harvesting, two outside rows and the end of each plot

were trimmed to remove border effects and the plot length was

measured. The remaining four rows were harvested with a Hege

plot combine on July 29, 1977.

Seeds harvested from each plot were cleaned in an air blower,

moisture content was determined, and the yield per plot was con-

verted to kg /ha at 13% moisture content.

Weight of 1000 seeds was determined for each plot. A sub-

sample of 40 g was obtained with a mechanical divider and the seeds

were counted with an electronic counter. Weight of the sub-sample

was divided by the total number of seeds and multiplied by 1000 to

obtain the weight of 1000 seeds.

The data were analyzed by analysis of variance as a factorial

arrangement of treatments. Correlation coefficients were determined

within and between both experiments.



22

The honestly significant difference (HSD) at the 5% probability

level was used for comparison of means (Steel and Torrie, 1960).

Statistical Analysis

All statistical analyses were run in the Oregon State University

Computer Center and the Statistical Package for Social Science (SPSS)

was used.
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RESULTS AND DISCUSSION

Individual Seed Studies

Relationship among Physical Characteristics

The mean and standard deviation of length, width, thickness,

weight, volume and density of 152 seeds of Fielder wheat are shown

in Table 2.

The frequency distribution of individual seed measurements,

shown in Figures 1 to 6, indicate that seed measurements for each

of the characteristics in the seed lot were normally distributed

about the mean. Such a normal distribution may not always occur in

other seed lots., however, since stress environment conditions may

skew the distribution toward more smaller seeds, and more favorable

conditions may skew the distribution toward more larger seeds.

Seeds within the lot varied considerably in regard to each of the

properties. The greatest variation occurred in weight (C. V. =

20.85%) and volume (C. V. = 20.17%), with the lowest variation

occurring in density (C.V. = 5.59%). This low variation in density of

wheat seeds is in contrast to the large variation in cotton seeds

demonstrated by Tupper et al. (1971). Such differences are logical,

however, because of the different seed structure of the two species.

Cotton seeds have large leafy cotyledons and varying amounts of air



Table 2. Mean, standard deviation and coefficient of variation of six physical
characteristics of 152 Fielder wheat seeds.

Length
(mm)

Width
(mm)

Thickness
(mm)

Weight
(g)

Volume
(cm3)

Density
(g /cm5)

Mean 6.639 3.451 3.073 0.043 0.034 1.266

Std. dev. 0.456 0.287 0.260 0.009 0.007 0.071

C. V. (%) 6.86 8.31 8.46 20.85 20.17 5.59

Table 3. Correlation coefficients among physical characteristics of 152 Fielder
wheat seeds.

Physical
characteristic Width Thickness Weight Volume Density

Length 0. 6194** 0.6103** 0.7865** 0.8265** -0.0418

Width 0. 7088 ** 0.8861** 0. 8892 ** 0.0936

Thickness 0.8475** 0. 8953 ** -0.0534

Weight 0. 9646 ** 0.2573**

Volume -0.0008

Significant correlation at .01 level of probability.
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Figure 2. Frequency distribution of width of 152 Fielder wheat seeds.
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Figure 4. Frequency distribution of weight of 152 Fielder wheat seeds,
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space depending on the degree of seed development. The major part

of the wheat seed is composed of solidly compacted endosperm with

no air spaces.

All the characteristics except density were highly correlated

(Table 3). The correlation coefficients among length, width and

thickness (r = 0.61 to 0.71) were somewhat lower than between these

dimensions and weight and volume (r = 0.79 to 0.96). Merkle et al.

(1969) also found that density was not related to thickness, but they

did not find length and thickness to be related.

Effect of Physical Characteristics
of Seeds on Plant Growth

Number of Tillers. The mean and standard deviation for

number of tillers produced by 152 seeds after 5 weeks of growth in the

greenhouse are shown in Table 4. The frequency distribution for

number of tillers produced by individual seedlings (Figure 7) indi-

cates that 88% of the seeds produced seedlings with either three or

four tillers.

All of the physical characteristics except density were highly

correlated with tiller numbers (Table 5). The correlation coeffi-

cients were quite low, however, with seed weight and volume showing

the highest associations.
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Table 4. Greenhouse performance of 152 Fielder wheat seeds.

Tillers Seedling dry weight
(g)

Mean

Std. dev.

C. V. (%)

3.32

0.715

22

0.8457

0.271

32

Significant correlation at .01 level of probability.

Table 5. Correlation coefficients between physical characteristics of
152 Fielder wheat seeds and seedling dry weight and tiller
production in the greenhouse.

Physical
characteristic

Number of
tillers Seedling dry weight

Length 0.2720** 0.3269**

Width 0.2777** 0.3754**

Thickness 0.2556** 0.3330**

Weight 0.3234** 0.4032**

Volume 0.3070** 0.3931**

Density 0.1268 0.1014
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house by 152 seeds of Fielder wheat.
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Stepwise multiple regression searches were conducted on the

data to determine the physical characteristic or set of characteris-

tics that contributed most to number of tillers produced. The six

physical characteristics together accounted for 12.3% of the variation

in tiller number. Seed weight alone accounted for 10.5% of the

variability. Density, volume, thickness, length and width accounted

for progressively smaller amounts of the variability. Since weight

and volume are component parts of the formula for calculating

density, further regression searches were conducted without con-

sidering weight and volume. The remaining four characteristics

explained 11.0% of the variation in tiller number. Seed width now

was the major contributing factor to tiller number, with length,

density and thickness accounting for progressively smaller amounts

of the variability.

Width, the least important characteristic when all six were

considered, now made the largest contribution. This can be attri-

buted to the high correlation (r = 0.88, df = 142) between width and

weight. When weight was considered, it explained part of the effect

due to width. When width was added to the equation, little was left to

be explained.

Seedling Dry Weight. The mean and standard deviation for the

dry weight of seedlings produced by 152 seeds are shown in Table 4.
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The frequency distribution for dry weight of individual seedlings

indicates a large variation in seedling size (Figure 8).

All of the physical characteristics except density were highly

correlated with seedling dry weight (Table 5). As with tiller number,

the correlation coefficients were quite low, with seed weight and

volume again showing the highest association. Kittock and Law (1968)

reported a much higher association (r = 0.96**) between seed weight

and seedling dry weight.

Stepwise multiple regression searches indicated that the six

physical characteristics together accounted for 17. 0% of the variation

in seedling dry weight, with seed weight alone accounting for 16.3%

of the variability. When weight and volume were excluded from the

regression search, the remaining characteristics explained 16.8%

of the variability.

Yield and Yield Components. Since the seedlings were sacri-

ficed for the seedling dry weight measurements, a second group of

282 seeds from the same seed lot were planted to determine the

relationships of seed characteristics to yield and yield components

in the greenhouse.

The mean and standard deviation for the six characteristics

are shown in Table 6. When mean measurements were compared by

the t-test with the mean measurements of the first 152 seeds

(Table 2), they were shown to be the same. The standard deviation



36

15

10

5

in 'O N co ON CD N M di
N M 714 in .0 cc ON o N M .41 in

0 0 0 0 0 0 0 1till III II II I

N co crs O r1 N cr) 71 In r-
r-1 N c+1 di to N co as 0 c.3 en 711

0 0 0 O 0 0 <2>

Seedling dry weight (g)

Figure 8. Frequency distribution of seedling dry weight produced in
the greenhouse by 152 seeds of Fielder wheat.



Table 6. Mean, standard deviation and coefficient of variation of six physical characteristics
of 282 Fielder wheat seeds.

Length
(mm)

Width
(mm)

Thickness
(mm)

Weight
(g)

Volume
(cm3)

Density
(g /cm3)

Mean 6. 636 3.372 3. 023 0.042 0.033 1.277

Std. dev. 0.520 0.361 0.290 0.011 0.008 0.072
C.V. (%) 7.84 10.71 9. 60 25.59 24.13 5.58

Table 7. Correlation coefficient among physical characteristics of 282 Fielder wheat seeds.
Physical

characteristic Width Thickness Weight Volume Density

Length

Width

Thickness

Weight

Volume

0. 6139 ** 0.6973**

0.7500**

0.8051**

0. 9057**

0.8794**

0. 8341 **

0.9001**

0. 9168 **

0.9769**

0.1248*

0.3204**

0.1392**

0.4144**

0.2178**

Significant correlation at .05 and .01% probability, respectively.
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and coefficient of variability were slightly higher because of the

increased sample size. The correlation coefficients among the

characteristics (Table 7) were also slightly higher because of the

increased number of observations.

The mean and standard deviation of grain yield and yield

components of the 282 plants are shown in Table 8. The frequency

distribution for yield and yield components are shown in Figures 9

to 12.

No correlations existed between seed characteristics and yield

or components of yield. A single exception, length and heads per

plant, existed, but the small correlation coefficient indicates this

association is unimportant.

Among the components that explained 97% of final yield,

1000-seed weight was the most important component accounting for

51%, followed by heads per plant explaining 28%, and seeds per head

with 18%. In contrast, Austenson and Walton (1970) found that heads

per plant was the most important component of yield, followed by

seeds per head and seed weight. These workers used a wide plant

spacing which resulted in large and well-tillered plants.
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Table 8. Mean, standard deviation and coefficient of variation of
yield and yield components of 282 Fielder wheat seeds
grown in the greenhouse.

Yield Heads Seeds 1000-Seed
per per weight

(g) plant head (g)

Mean 12.36 9.71 30.19 42.1

Std. dev. 3.34 1.67 4.05 7.5

C.V. (%) 27.0 17.2 13.4 17.7
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Figure 10. Frequency distribution of number of heads per plant
produced in the greenhouse by 282 Fielder wheat seeds.



42

30

25

20

15

10

5

I t

0' 0 N ce) Ln

N 0 (.3 7ti .0 CO 0 N
N M en co en en di di11111111

N (41 di in
.

t.n co cD N 11 0 00 CD
N cq cn co co en en -14

Seeds per head

Figure 11. Frequency distribution of number of seeds per head
produced in the greenhouse by 282 Fielder wheat seeds.



43

15

10

4)

t-
0

5

I I

N. 4 in t", cet N Lc-) CY, ce) N r--I 11-1 CT.
'41 1-1 't .0 ON ce) .0 00 Ce) 1.1-1 CON N re) eel cet M 7t1 7t1 711 711 in L1) In In

I 1 1 I I t t I I I I I I I

'41 CO N .0 CD 7t4 00 rq '.0 CD 711 00 N .0 CD
. . . . . . .

N 'II N ON N ..,7ti .0 ON .-.4 di 0 oo r--I en s4D

C .1 C \3 N N ert et1 en col 4 '11 11 '11 in Lc) T-n

1000-Seed weight (g)

Figure 12. Frequency distribution of weight of seed produced in the
greenhouse by 282 Fielder wheat seeds.



44

Bulk Seed Studies

Effect of Sizing Methods on Seed Weight

Since seed weight showed the highest correlation with plant

performance in the individual seed studies, it is important to know

how to obtain the heaviest seeds with conventional sizing equipment.

In three of the four seed lots, grading by width with round-hole

screens resulted in heavier seeds than grading by thickness with

slotted screens (Table 9). The combination of width and thickness

grading consistently resulted in heavier seeds than either method

alone. Seeds separated by density in a seed blower were not as

heavy as those separated with a combination of round-hole and

slotted screens.

Ungraded Hyslop seeds produced in Corvallis were heavier

(45. 9 vs 28.9 g/1000) than those produced in Moro. Similarly,

ungraded Yamhill seeds produced in Corvallis were heavier (53.5 vs

39.9 g/1000).

Effect of Seed Size on Seedling
Growth in the Greenhouse

Mean weights of 6-week-old seedlings grown from the different

seed size classes are shown in Table 10. When results were

averaged over sources and varieties, seeds obtained by the combina-

tion of width and thickness grading (Size class 4) produced 25.5%



Table 9. Effect of sizing methods on 1000-seed weight of Hyslop and Yamhill winter wheat from
two sources.

Screen 1000-Seed
Variety Source Size class size3 weight

(mm) (g)

Hyslop Corvallis 1 - Ungraded 45.9
2 - 20-25% Thickest 2.78 x 19 53.5
3 - 20-25% Widest 3.57 56.7

14 - 20-25% Combination 57.1
5 - 20-25% Densest 53.7
6 - 45-55% Thickest 2.38 x 19 47.4
7 - 45-55% Widest 3.18 49.6
8 - 45-55% Combination2 50.2
9 - 45-55% Densest 52.3

Hyslop Moro 1 - Ungraded 28.9
2 - 20-25% Thickest 2.58 x 19 37.8
3 - 20-25% Widest 3.18 36.6
4 - 20-25% Combination' 39.9
5 - 20-25% Densest 37.5
6 - 45=55% Thickest 2.38 x 19 34.7
7 45-55% Widest 2.98 33.2
8 - 45-55% Combination2 35.6
9 - 45-55% Densest 34.1

Yamhill Corvallis 1 - Ungraded 53.5
2 - 20-25% Thickest 2.78 x 19 57.1
3 - 20-25% Widest 3.97 60. 6
4 - 20-25% Combination' 60.8
5 - 20-25% Densest 58.6

(Continued on next page)



Table 9. (Continued)

Variety Source Size class
Screen
size3
(mm)

1000-Seed
weight

(g)

Yamhill Corvallis 6 - 45-55% Thickest 2.58 x 19 55.2
7 - 45-55% Widest 3.57 56.1
8 - 45-55% Combination2 56.9
9 - 45-55% Densest 57.6

Yamhill Moro 1 - Ungraded 39.9
2 20-25% Thickest 2.78 x 19 45.2
3 - 20-25% Widest 3.57 46.1
4 - 20-25% Combination) 48.0
5 - 20-25% Densest 44.6
6 - 45 -55% Thickest 2.38 x 19 40.3
7 - 45-55% Widest 3.18 41.1
8 - 45-55% Combination2 41.5
9 - 45-55% Densest 41.9

1Combination of the screens used in the Size classes 2 and 3.
2Combination of the screens used in Size classes 6 and 7.
3Seeds held on top of screen.



Table 10. Effect of seed size on dry weight of seedlings of Hyslop and Yamhill winter wheat
produced in Corvallis and Moro, Oregon. Trial conducted in the greenhouse.

Size classes
Seedling dry weight (mg)

Size class
means

Hyslop Yamhill
Corvallis Moro Corvallis Moro

1 - Ungraded 174.81 145.53 200.81 207.58 182.19
2 - 20-25% Thickest 189.18 212.00 210.00 187.43 199.66
3 - 20-25% Widest 186.24 194.99 255.13 216.82 213.30
4 - 20-25% Combination 202.38 212.00 250.09 249,86 228.58
5 - 20-25% Densest 190.61 158.38 236.76 235.18 205.22
6 - 45-55% Thickest 189.23 188.29 251.33 229.04 214.48
7 - 45-55% Widest 194.49 209.67 232.50 194.37 207.79
8 - 45-55% Combination 179.11 159.86 230.57 201.05 192.65
9 - 45-55% Densest 221.77 204.86 234.60 204.08 216.33
H. S. D. 1 77.53 77.53 77.53 77.53 38.77
Variety x source means 191.98 187.28 233.54 213.93
H.S.D. 16.14 16. 14

Variety means Source means
Hyslop Yamhill Corvallis Moro

1 - Ungraded 160.17 204.20 187.81 176.56
2 - 20-25% Thickest 200.59 198.72 199.59 199.72
3 - 20-25% Widest 190.62 235.98 220.69 205.91
4 - 20-25% Combination 207.19 249.97 226.24 230.93
5 - 20-25% Densest 174.46 235.97 213.69 196. 75

(Continued on next page)



Table 10. (Continued)

Variety means Source means
Hyslop Yamhill Corvallis Moro

6 - 45-55% Thickest 188.76 240.19 220.28 208.67
7 - 45-55% Widest 202.08 213.49 213.50 202,02
8 - 45-55% Combination 169.48 215.81 204.84 180.46
9 - 45-55% Densest 213.32 219.34 228.19 204.47
H.S.D. 54.83 54.83 54.83 54.83

189.63 223.74 212.76 200.61
H.S.D. 11.41 11.41

1Honestly Significant Difference at .05% level of probability.
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more dry weight of seedlings than ungraded (Size class 1). This

difference appears to be related to the 12% heavier seed weight of

Size class 4. A similar trend toward heavier seedlings from heavier

seeds occurred in the other size classes, but the differences were not

significant. Within varieties and sources, seedling dry weight differ-

ences due to seed size were not significant. Bremner et al. (1963)

also concluded that weight of wheat seeds was related to early seed-

ling growth and that seedling size was governed by the amount of

reserve material in the seed. McDaniel (1969) concluded that heavier

seeds of barley have a higher growth potential due to greater initial

mitochondrial protein, with mitochondrial biochemical activity thus

providing a greater amount of energy (ATP) in heavy seeds.

Yamhill seedlings were 18% heavier than seedlings of Hyslop.

Ching and Kronstad (1972) found that this varietal difference in seed-

ling growth appears to be related to higher energy metabolism and

higher synthetic capacity of Yamhill.

Seedling growth differences were also related to seed source.

Seedlings from Yamhill seeds produced in Corvallis were 9% heavier

than from those produced in Moro. Again, seed weight appears to be

responsible, since Yamhill seeds from Corvallis were 33% heavier

than seeds from Moro. No seedling growth differences due to seed

source were evident in Hyslop.
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The differences in seedling dry weight may be supported by the

relation (r = 0.39**, df = 142) between 1000-seed weight of the

planted seed and seedling dry weight.

Effect of Seed Size on Grain
Yield in Field Trials

Yields from nine size classes of Hyslop and Yamhill wheat

seeds from two sources are presented in Table 11. In spite of the

differences in seedling dry weight obtained in the greenhouse, there

were no yield differences in the field due to seed size, source or

variety.

Small seed size which may have produced smaller yields was

not included in the yield trial because the results would not have been

of practical importance.

Seed size of the harvested crop, one of the components of yield,

was not affected by the size of the seed planted (Table 12).



Table 11. Effect of seed size on yield of Hyslop and Yamhill winter wheat produced at
Corvallis and Moro, Oregon,
Field Laboratory.

Yield trial conducted at Hyslop Crop Science

Size classes
Yield (kg/ha)

Size class
means

Hyslop Yamhill
Corvallis Moro Corvallis Moro

1 - Ungraded 8324 75 67 7463 7253 7652
2 - 20-25% Thickest 7900 75 67 7747 7736 7737
3 - 20-25% Widest 7813 7724 7557 7721 7704
4 - 20-25% Combination 7939 7753 7885 78 62 7860
5 - 20-25% Densest 7534 778 9 7301 77 64 7597
6 - 45-55% Thickest 7535 7618 7573 7514 756o
7 - 45-55% Widest 795 6 7744 7 663 7527 7722
8 - 45-55% Combination 7334 7415 7970 8131 7712
9 - 45-55% Densest 7700 7947 7350 7418 760.4

H. S. D. 1 1198 1198 1198 1198 599
Variety x source means 7782 7 681 7612 7659
H.S.D. 328 328

Variety means Source means
Hyslop Yamhill Corvallis Moro

1 - Ungraded 7946 7358 7893 7410
2 - 20-25% Thickest 7734 7742 7824 7651
3 - 20-25% Widest 7769 7639 7685 7723
4 - 20-25% Combination 7846 7874 7913 7808
5 - 20-25% Densest 7 662 7533 7418 7777

(Continued on next page)



Table 11. (Continued)

Variety means Source means
Hyslop Y amhill Corvallis Moro

6 - 45-55% Thickest 7577 7543 7554 75 66
7 - 45-55% Widest 7852 75 95 7811 7636
8 - 45-55% Combination 7375 8051 7652 7773
9 - 45-55% Densest 7824 7384 7525 7683

H. S. D. 848 848 848 848

7731 7 635 7697 7669

H.S. D. 176 176

1Honestly Significant Difference at .05% level of probability.



Table 12. Effect of seed size on 1000-seed weight of Hyslop and Yamhill winter wheat produced
at Corvallis and Moro, Oregon. Yield trial conducted at Hyslop Crop Science Field
Laboratory.

Size classes
1000-Seed weight (g)

Hyslop Yamhill Size class
meansCorvallis Moro Corvallis Moro

1 - Ungraded 39.0 37.6 42.4 41.6 40.2
2 - 20.-25% Thickest 38.0 39.1 43.4 41.8 40.6
3 - 20-25% Widest 37.9 38.3 42.5 42.8 40.4

4 - 20-25% Combination 37.6 37.6 42.4 42.9 40.1
5 - 20-25% Densest 37.5 38.9 42.3 42. 4 40.3
6 - 45-55% Thickest 37.8 38.9 42.2 41.6 40.2
7 - 45-55% Widest 38.3 37.9 42.0 42.4 40.2
8 - 45-55% Combination 37.5 38.2 42.6 42.0 40.6
9 - 45-55% Densest 36.5 38.1 42.6 42.0 39.6

H. S. D. 1 3. 1 3. 1 3. 1 3. 1 1. 6
Variety x source means 37. 8 38. 3 42, 6 42.3
H. S. D. 0. 9 0. 9

Variety means Source means
Hyslop Yamhill Corvallis Moro

1 - Ungraded 38.3 42.0 40.7 39.6
2 - 20-25% Thickest 38.6 42.6 40.7 40.5

3 - 20-25% Widest 38.1 42.6 40.2 40.5

4 - 20-25% Combination 37.6 42.6 40.0 40.3
5 - 20-25% Densest 38.2 42. 3 39.9 40.6

(Continued on next page)



Table 12. (Continued)

Variety means Source means
Hyslop Yamhill Corvallis Moro

6 - 45-55% Thickest 38.4 41.9 40.0 40.3
7 - 45-55% Widest 38.1 42.2 40.1 40.1
8 - 45-55% Combination 37.8 43.3 40.5 40.6
9 - 45-55% Densest 37.3 42.3 39.5 40.0

H.S.D. 2.2 2.2 2.2 2.2

38.1 42.5 40.2 40.3

H.S.D. 0. 9 0.9

1Honestly Significant Difference at .05% level of probability.
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GENERAL DISCUSSION

Processing of commercial wheat seed lots is normally done with

an air and screen cleaner to remove weed seeds, inert matter and

very small wheat seeds. The individual seeds making up the lot

vary greatly in size. Numerous research reports have demonstrated

that the larger seeds within a lot yield more than the smaller seeds,

suggesting that the yield potential of a lot may be improved by grading

the lot and planting only the larger seeds. This study was initiated to

evaluate various procedures for grading wheat seeds according to

size.

Of the six physical characteristics examined in this study,

several serve as the basis for grading seeds with commercial equip-

ment. Thickness separations may be made with slotted screens in

air-screen cleaners, width separations with round-hole screens,

length separations with indent cylinders or discs, and density

separations with gravity tables or aspirators.

There are few alternatives to the use of screen machines for

grading wheat seeds commercially. Length grading is not possible

with available indent cylinders or discs, and there is not enough

variability in seed density to permit upgrading seed quality with a

gravity table. According to the data obtained in this study, it would

be most beneficial to grade seeds according to weight. However, no
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grading equipment separates seeds specifically on the basis of weight

or volume, although weight and volume are closely related to the

other characteristics.

Width and thickness are closely related to weight of wheat seeds,

and separation by either width or thickness, or both, with screens

makes an adequate separation for weight as well. Studies of the

efficiency of round-hole and slotted-hole screens in grading wheat

seeds would be beneficial, as would comparisons of flat screens with

cylindrical screens.

Several factors may have accounted for the lack of relationship

between seed size and yield. Yield responses from size grading are

known to vary, depending on characteristics of the seed lot (Grabe,

1975). A lot with mostly small seeds would be expected to benefit

more from grading than a lot with mostly large seeds. Also, other

researchers (Waldron, 1943 and Black, 1959) have found that the

original advantage of large seeds may have disappeared at maturity.

In the 1977 growing season, dry weather during seed maturation

resulted in many seeds drying prematurely and shriveling before

reaching normal size and this may have masked any advantages of

large seeds. Further information on these possibilities should be

obtained through yield trials to study the effects of seed size under

stress conditions of soil fertility and moisture.
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SUMMARY AND CONCLUSIONS

Seeds within a lot of Fielder spring wheat varied considerably

in regard to length, width, thickness, weight, volume and density.

The greatest variation occurred in weight (C.V. = 20.85%) and

volume (C. V. = 20. 17%), with the lowest variation occurring in

density (C. V. = 5.59%). All of the characteristics except density

were highly correlated.

All of the physical characteristics except density were corre-

lated with tiller numbers and seedling dry weight in the greenhouse

studies.

Stepwise regression searches indicated that, of the six physical

characteristics, seed weight accounted for the most of the variability

in seedling size. No correlation existed between the seed charac-

teristics and grain yield or components of yield in the greenhouse.

When grading seed lots of Hyslop and Yamhill winter wheat with

conventional sizing equipment, separation by width with round-hole

screens resulted in heavier seeds than separation by thickness with

slotted screens. The combination of width and thickness grading

resulted in heavier seeds than either method alone.

Seeds obtained by the combination of width and thickness grading

produced seedlings with 25. 5% more dry weight at 6 weeks in the

greenhouse than seedlings from ungraded seeds. In spite of the



differences in seedling dry weight obtained in the greenhouse, there

were no grain yield differences in the field due to seed size.
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Appendix Table 1. Water displacement volume, parallelogram vol-
ume, and respective WDV /PV ratios of 15 groups
of 20 seeds of Fielder wheat.

Group
Water

displacement
volume (WDV)

(cm3)

Parallelogram
volume (PV)

(cm3)

WDV/PV
ratio

(k)

1 0.6905 1.4503 0.476

2 0. 6833 1.4201 0.481

3 0. 6714 1.3809 0.486

4 0. 6547 1. 3995 O. 468

5 0. 6952 1.4533 0.478

6 0.6690 1.4147 O. 473

7 0.6547 1.3816 O. 474

8 O. 6833 1.4338 0.477

9 0.5633 1.2317 0.457

10 0.6262 1.3296 0.471

11 O. 7143 1.4888 O. 480

12 O. 6190 1.2660 0.489

13 O. 6428 1.3536 O. 475

14 0. 6905 1.4801 0.467

15 0. 6833 1.4187 0.483

Average 0.475

C . V . ( %) 1. 69



65

Appendix Table 2. Average monthly rainfall and temperature data for
Hyslop Farm for 1976/1977 crop year and long
term averages.

Rainfall Temperature
76/77

crop year
(in. )

30-year
average

(in. )

76/77
crop year

(°F)

30-year
average

(°F)

Sept. 1.27 1.31 62.9 75.8

Oct. 1.25 3.78 53.8 64.2

Nov. 1.42 6.04 46.9 52.2

Dec. 1.47 6.83 37.5 46.8

Jan. 0.96 7.06 38.8 44.4

Feb. 2.97 4.63 44.6 49.5

Mar. 5.09 4.20 43.6 54.0

Apr. 1.02 2.50 50.3 61.0

May 3.43 1.77 51.7 67.7

June 1.13 1.15 61.2 72.9

July 0.12 0.33 64.0 81.2

Aug. 1.89 0.55 69.6 81.1

Total 22.02 40.15 Average 52.1 62.6



Appendix Table 3. Observed mean squares for seedling dry weight produced in the green-
house, and yield and 1000-seed weight produced in the field for Hyslop
and yamhill.

Source of Degrees of Seedling dry 1000-Seed
variation freedom weight Seed yield weight

Rep 3 1704.786 383025.488 0.577

Variety (V) 1 41883.328** 331872.007 690.814**

Source (S) 1 5319.879* 27473.062 0.444

Class (C) 8 3054.076* 133967.861 0.979

V x S 1 2000.698 1.96766.174 6.002

V x C 8 2049.624 506740.132 1.676

S x C 8 374.465 233594.062 1.097

VxCxS 8 1027.131 50585.924 1.632

Error 105 1187.486 283737.317 1.921

Total 143

C. V. (%) 16.7 6. 9 3.5

Grand mean 206.684 7683.465 40.23

* **Significant at .05 and .01% levels of probability, respectively.


