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The purpose of this study was to determine the nature and amount

of genetic variation and possible associations between winterhardiness

and earliness in winter x spring wheat crosses.

Four winter wheat cultivars selected for differences in earliness

and winterhardiness were crossed with a nonhardy, day length insen-

sitive spring wheat cultivar. The following year, experiments con-

tai ning parents, F1, BC, and F2 populations were planted at two

environmentally diverse sites located at the Sherman Branch Experi-

ment Station, Moro, Oregon (250 mm of moisture) and the Hyslop

Agronomy Farm, Corvallis, Oregon (1000 mm of moisture).

The amount and nature of genetic variation involved were deter-

mined by obtaining broad and narrow sense heritability estimates,

evaluating the degree of dominance and estimating the number of genes



influencing both earliness and winterhardiness. Also frequency dis-

tributions were developed for each of the populations.

Both broad and narrow sense heritability estimates for earliness

were higher than those observed for winterhardiness. Both winter-

hardiness and earliness appeared to be conditioned by both additive and

nonadditive gene action. Degree of dominance estimates for the four

wheat crosses grown at two locations differed for each cross and

location. Earliness was influenced by one to six genes while winter-

hardiness appeared to be controlled by two genes. The estimation of

genetic advance indicated that the crosses with high narrow sense

heritability estimates and high phenotypic variance in F2 generation

would result in greater gains under selection for both traits.

Based on the results of this study, it seems that Moro is a

proper site to select for winterhardiness and Corvallis for earliness.

However, it might be better to select for both traits at the same time

at another site such as Pendleton, Oregon, where a realistic selection

pressure can be applied for winter survival and drought would not

influence the selection procedure. Such a site could also provide an

opportunity to evaluate earliness at the same time. Correlation

coefficient estimates showed the presence of a positive association

between earliness and winterhardiness. The possibility of using leaf

damage readings to measure the winterhardiness levels in wheat popu-

lations also appears promising.
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ASSOCIATION AND INHERITANCE OF EARLINESS
AND WINTERHARDINESS IN FOUR
WINTER x SPRING WHEAT CROSSES

(Triticum aestivum Vill., Host)

I. INTRODUCTION

The increasing demand for wheat as a major food source in the

world requires a continuing effort to obtain maximum production from

existing resources. This includes both the development of superior

cultivars and improved cultural practices. By developing day length

insensitive, semi-dwarf wheat cultivars which responded to fertilizer,

new yield levels have been established for spring type wheats as a

result of the International Maize and Wheat Improvement Centerts

(CIMMYT) activities in Mexico. A similar yield breakthrough has

been achieved in the Pacific Northwest with the development of the

cultivars Gaines and Hyslop.

Concerns are now being expressed that with the development of

these winter and spring cultivars, yield plateaus may have been

reached and additional genetic variation will be needed if further yield

advances are to be achieved.

Since winter and spring type wheats have evolved under different

selection pressures and hence are genetically diverse, it may be

possible to greatly increase the genetic variation for further wheat

improvement by crossing these types systematically. Historically,
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many outstanding cultivars have resulted from such crosses when

wheat breeders were forced to make winter x spring crosses for

disease resistance or for other traits such as the semi-dwarf height

level. Therefore by transferring the desirable traits from spring

type wheats to winter types and the reciprocals, it would appear that

both types could be improved and potential yield plateaus removed.

In winter wheats, particularly those grown under dryland con-

ditions or where multiple cropping is practiced, the need for earliness

is a very desirable feature. Of course such cultivars must also have

a fair degree of winterhardiness. Concerns have been expressed that

perhaps there is a negative association between earliness and winter-

hardiness. Therefore, it was the objective of this study to evaluate

the amount of genetic variation present for these traits resulting from

winter x spring crosses and to determine the possible association bet-

ween these traits. To obtain such information, the following factors

were investigated: 1) winterhardiness and earliness levels of parents

and subsequent progenies involving winter x spring wheat crosses, 2)

nature of genetic factors which control winterhardiness and earliness

in segregating populations of wheat, 3) estimation of genetic advance in

F3 generation, and 4) determination of the relationship for these two

traits.
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II. LITERATURE REVIEW

Winterhardine s s

The mechanism of winterkill and frost damage in plants has

been extensively studied since 1740. Winter injury was first asso-

ciated with the rupture of cells by the development of ice crystals

within the cells (Duhamel and Buffon, 1740). Many years later it was

found that ice formation took place mostly in the intercellular spaces

and that the rupture of cells by freezing rarely occurred. The cause

of frost injury, on the other hand, was thought to be the result of

withdrawal of water from the cell by freezing (Wiegand, 1906). This

withdrawal of water from the cell to the intercellular spaces was fol-

lowed by the precipitation of the protoplasm due to the increased con-

centration of the cell sap.

The physical effects of freezing increase in severity with de-

creasing temperature. Injury associated with crystalization generally

occurs faster than injury from metabolic disturbances caused by 1(5w

temperature. The effect of freezing can be considered to have three

phases: stress, strain, and recovery. Stress is the physical or

chemical forces that tend to disrupt the system. Strain involves the

abnormalties or injuries which result from the stress. Recovery is

the ability to return to a normal condition after the stress has been

relieved. Most of the literature on winterhardiness is based on studies
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of injury and recovery due to the difficulties of studying stress (Olien,

1963). Winter injury may also be due to secondary effects of low

temperature such as smothering under ice or tightly packed snow or

upheaval of plants due to alternate freezing and thawing.

Practical Measurement of Winterhardiness

Insufficient winterhardiness is a factor which influences fall

seeded small grains in northern parts of Europe, Asia and the United

States. Screening techniques that permit identification and selection

of genotypes with desirable levels of winterhardiness early in a

breeding program are needed. Winter conditions that result in dif-

ferential survival may vary making effective selection for tolerant

types difficulty. For example, no winter temperature between 1917

to 1933 at Manhattan, Kansas had been severe enough to differentiate

winterhardy winter wheat cultivars (Salmon, 1933). The irregular

occurrence of conditions which satisfactorily differentiate genotypes

has led many plant breeders to develop artificial screening techniques

for assessing the resistance of their material to winterkill.

Several investigators have reported good correlations between

survival of small grain varieties in controlled freezing tests and

survival in the field. High correlation values between artificial

freezing tests of wheat cultivars and field survival tests as deter-

mined in uniform winterhardiness nurseries or field trials have been
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obtained (Maximov, 1922; Hill and Salmon, 1927; Quisenberry, 1931;

Salmon, 1933). In most of the studies, plants grown in growth cham-

bers or in flats for artificial freezing tests were exposed to cold

temperature during the tillering stage or after the hardening period.

Plants grown in flats were utilized by Martin (1927) and Salmon (1933)

for their artificial freezing techniques. Martin concluded that freezing

under controlled temperatures offers promise in measuring the winter-

hardiness of wheat plants under laboratory conditions.

Another group of scientists (Marshall, 1964; Warnes and Johnson,

1972) used the crown of the plant to measure the winterhardiness of

their materials. With this method, hardened plants were dug from

the soil and their roots and leaves trimmed to about 3 cm above the

crown. The trimmed crowns were exposed to -90 C to -120 C for 12

hr. Following the treatment, the plants were transplanted into flats

containing sandy soil. Those plants which recovered and produced

new shoots and roots were considered winterhardy.

The relative coldhardiness of winter wheat cultivars in the

sprouted seed stage was in close agreement with their relative cold-

hardiness in freezing tests of young plants as well as in field tests

(Andrews, 1958). This procedure is apparently a practical method of

testing for coldhardiness because it permits the testing of a large

number of cultivars in a limited space.

Direct assessment of winterhardiness can be made under field
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conditions when environmental conditions are favorable. Leaf damage

notes may be valuable to the breeder even when no actual differential

winterkilling occurs (Rhode and Pulham, 1960). However leaf damage

notes would be of limited value in those populations not covering a

wide range of winterhardiness, or having a high degree of hardiness

(Washnok, 1968). Leaf damage estimates are fairly satisfactory for

estimating cold tolerance of hybrid populations in early generations.

Because leaf damage varies greatly with low temperature conditions,

errors will be made (Abo-Elenein et al., 1967).

Chemical and physical parameters have also been examined as

potential indicators of resistance.

The analyses used include moisture content and volume of press

juice. In the former test the hardier cultivar gave the lower moisture

content in the leaves. In the latter, the volume of press juice per 100

grams of hardened tissue was reported to be inversely proportional to

winterhardiness (Newton, 1922, 1924).

By using a standard avometer to measure electrical conductance,

it is possible to estimate susceptibility to freezing in small grains.

The mean conductance values after freezing have been reported to be

correlated with winterhardiness (Jenkins and Roffey, 1974).

Another selection technique for cold resistance in wheat popula-

tions is the exosmosis method based on measuring the relative electro-

lyte release after controlled freezing and boiling of stem segments.
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With this method, single hardened wheat plants can be assessed for

cold resistance (Jensen, 1971).

Factors Related to Winterkilling

Several factors related to winterkilling in wheat are: 1) stage

of development, 2) moisture content of the soil, and 3) fertility level

of the soil. Conservation of the moisture in the soil and date of seeding

are recognized as important cultural practices in winter wheat produc-

tion in the dryland areas. Early planting usually results in good stand

establishment in the soils with enough conserved moisture. In very

late plantings, the low temperature has the effect of delaying germina-

tion or tillering until spring when soil is again warm.

Plants having either abundant fall growth or only two or three

leaves generally fail to survive in severe winters (Martin, 1926).

Winter wheat seeded at six different dates (from August 15 to October

15) was evaluated for winterkill by Suneson and Kiesselbach (1934).

The least amount of winterkilling in this experiment occurred in the

wheat seeded on September 21. However, a study in Eastern Nebraska

showed that each successive delay in planting resulted in more winter-

killing (Suneson and Kiesselbach, 1934). Winterkilling in early seeded

wheat usually results in thin stands. These thin stands are character-

ized by a delay in maturity that may have resulted from a reduced

interplant competition (Pittman and Andrews, 1961).
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Soil type, moisture content and the fertility level of the soil,

which greatly affect the development of winter wheat plants during the

fall, also have a pronounced affect on their ability to resist frost in

winter wheat areas. The resistance of the plants to low temperature

depends on both the physical and chemical composition of the soil.

Plants grown in soil with a low moisture content survive the winter

better than plants grown in a soil having a high moisture content

(Janssen, 1929). Heavy clay soils as opposed to sandy or silt loam

type soils have been reported to be unfavorable for winter wheat pro-

duction in regions with high annual rainfalls. Heavy clay soils plus

frequent rainfalls and freezing temperatures can result in soil heavage

during the winter months. This results in root injury, and hence

makes the wheat plant more susceptible to winterkill (Hunt, 1908;

Carlton, 1916; Montgomery, 1916). High levels of lime, phosphorus

and potassium in the soil increase the sugar content and water reten-

tion of the plant. With the addition of adequate amounts of nutrients to

these soils, extensive root growth results and winter survival of the

wheat crop is favorably affected (Tisdale and Nelson, 1975).

Inheritance of Winterhardiness

To be successful in a breeding program, a breeder must know

the nature of the inheritance of the characters with which he is working.

Many papers have been published about the inheritance of
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winterhardiness in different cereal crops. In winter x spring wheat

crosses, F is and F Is were found to be intermediate between the

parents in resistance to cold (Quisenberry, 1931; Dantuma, 1958).

The F3 families varied in cold resistance from those which were very

tender to those of hardier parents; however the means were inter-

mediate (Martin, 1927; Worzella, 1942; Misic, 1963). The increase

in variability of F2 and F3 generations indicated that cold resistance

is a quantitatively inherited character (Nillson-Ehle, 1912; Akerman,

1922; Martin, 1927; Quisenberry, 1931; Worzella, 1942; Dantuma,

1958) with its final expression greatly influenced by the environment

(Quisenberry, 1931). Basically, many genetic factors are involved

in the inheritance of winterhardiness in wheat. A group of scientists

claim that winterhardiness is controlled by only a few genes (Nillson-

Ehle, 1912; Akerman, 1922; Quisenberry, 1931; Worzella, 1942);

whereas others state that it is conditioned by many genes (Hayes and

Aamodt, 1927; Quisenberry and Clark, 1929; Quisenberry, 1931). In

the F2 generation in a study of winter x spring wheat crosses, some

individuals were seen that exceeded one or both of their parents

(Dantuma, 1958). Misic (1963) reported that Saprygina advanced a

hypothesis on the synthesis of varieties from mutually distant geograph-

ical regions where the wheats had approximately equal winterhardiness

differed in their vernalization requirement. She obtained a high per-

centage of transgressive segregation with a comparatively small (200
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to 250) number of plants in the F2 generation. The dominant inheri-

tance of winterhardiness and the phenomenon of heterosis with regard

to this character were explored by Wienhues (1953). He stated that

winterhardiness depends on several mutually independent factors.

Winterhardiness studies in barley show that cultivars differ in

number of genes for winterhardiness (Dantuma, 1958; Rhode and

Pulham, 1960; Eunes et al., 1962; Reid, 1965). The genes that con-

trol winterhardiness range from completely dominant to completely

recessive (Rhode and Pulham, 1960; Eunus et al., 1962; Washnok,

1968). A general increase in winterhardiness in advanced generations

was observed (Warnes and Johnson, 1972), but no progenies exceeded

the hardiness level of the hardiest parent (Dantuma, 1958; Reid, 1965;

Warnes and Johnson, 1972).

Twenty oat crosses with parents differing in levels of winterhardi-

ness were evaluated by Amirshahi and Peterson (1956) under both

natural and artificial conditions. In most cases the winterhardiness of

F2 populations and F3 lines was near the mid-parental values. Natural

selection in consecutive years increased winterhardiness significantly

in bulk oat populations (Marshall, 1966; Wyles et al., 1968).

Correlation of Winterhardiness with
Other Characters

Winterhardiness is a difficult trait to measure because of its

complicated physiological mechanism and the rare occurrence of



11

favorable climatic conditions for screening. Because of these limiting

factors, many plant breeders have been interested in determining if

winterhardiness might be associated with other more easily identifiable

agronomic characters that might help in the selection process. With

high correlation values between two characters, there would be a

chance for the plant breeder to select progenies for a desirable

character based on another character.

The degree of association between winterhardiness and many

other agronomic and/or physiological characteristics may be different

for each crop species or even among cultivars of a given crop.

Because winterkilling causes death and hence thin stands, reduction in

yield is usually observed. The presence of a positive correlation

between winterhardiness and yield is expected.

The hard red winter wheats are the hardiest group known

(Martin, 1927). Many are grown in areas such as the north central

United States and the U.S.S.R. where the winters are severe. On the

other hand, soft wheats are grown in areas with mild winters and are

regarded to be less winterhardy than the hard wheats (Martin, 1927;

Worzella, 1942). The winterhardy cultivars are characterized by

narrow, dark green, prostrate leaves in the seedling and rosette

stages (Martin, 1927). The cultivars with small leaves and prostrate

growth habit are the least liable to damage; however, under very severe

conditions, in which the growing points may be destroyed, protection
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comes only from the innate hardiness of the crop (Bell and Whitehouse,

1957). The correlation between growth habit and winterhardiness

under field and laboratory tests may not be complete. Winter forms

can be obtained that are less hardy than the hardiest parents as well

as spring forms that are more hardy than the spring parent (Quisen-

berry, 1931). The genetic factors controlling winterhardiness have

been reported to be independent of the genes controlling growth habit

(Schiemann, 1925).

The International Winter x Spring Wheat Screening Nursery

(IWSWNS), which contains advanced generation lines with superior

agronomic traits, was established in 1973 and distributed to 52 loca-

tions in 30 different countries representing the major winter wheat

regions of the world. Data on many characteristics were collected

and then summarized across locations. According to the results of the

2nd IWSWSN, correlation coefficients of winterhardiness with yield

and with total days to flowering were high, positive and highly signifi-

cant; whereas the correlation coefficient values with lodging, stem

rust (Puccinia graminis t. sp. tritici), and powdery mildew (Erysiphe

graminis) were low, negative and highly significant.

In a study of winter x spring barley crosses, the correlation of

leaf damage and growth habit with winterhardiness was highly signifi-

cant indicating that the upright types were injured more by freezing.

Also leaf damage was correlated significantly with plant height and
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growth habit, and negatively correlated with heading date (Abo-Elenein

et al. , 1967).

Earliness

Wheat varieties have been improved in many ways, particularly

by breeding for better adaptation to local and regional environmental

conditions, and for resistance to or escape from the hazards of pro-

duction. Desirable characters have been incorporated into different

types of wheat, which have resulted in higher yield, earlier maturity,

greater winterhardiness, etc. For example in India, only early

maturing cultivars can be raised because the crop must complete its

growth within a short period due to the limitations imposed by climate,

particularly high temperatures, as well as the need for growing some

other summer crop on the same land (Leonard and Martin, 1963).

Earliness is also frequently a desirable agronomic character especially

in dryland agricultural regions to avoid late moisture stress.

The influence of different factors such as seeding rate, seeding

date, day length, and vernalization on earliness have been known for

a long time. Plants grown under conditions with adequate moisture

tend to produce excessive vegetative growth which results in lateness

in maturity. Because of the low amount of inter-plant competition for

moisture at low seeding rates, vegetative growth increases and a delay

occurs in maturity (Guler, 1975). Seeding date also has an effect on
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earliness. Early planted cultivars tend to head earlier. For example

in Israel where spring wheat is fall planted, varietal differences in

heading of up to three months may be obtained (Pinthus, 1963). In

the experiments on the effect of seeding date in eastern Oregon, the

wheat cultivars headed within a period of 6 to 10 days of each other

even though the seeding dates were 60 to 70 days apart (Beutler and

Foote, 1963; Pehlivanturk, 1976).

Development of the wheat plant from the vegetative to the repro-

ductive stage depends on the intensity as well as the duration of the

daily illumination. The effects of light also are modified by tempera-

ture differences (Leonard and Martin, 1963). McKinney and Sando

(1935) reported that longer days hasten the formation of inflorescenses.

Wheat normally flowers in the long days of spring or early summer.

Short days increase the vegetative growth of the wheat plant. Spring

wheats, for example Inia 66, flower at any day length from less than

eight hours up to continuous light, but the process is accelerated with

an increase in day length. Winter wheats, such as Bezastaia I cultivar,

generally complete their life cycle most rapidly if there is low tempera-

ture during the early stages, but long day and high temperature during

the later stages of growth (A. R. Klatt, 1974. Personal communica-

tion.).

Temperatures affect the flowering time of wheat. Winter wheat

sown in the spring fails to produce heads unless it is subjected to cold
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or cool conditions. This reaction is called vernalization. Most

winter cultivars head when sown in fall or very early in the spring or

where low spring and summer temperatures prevail. Winter wheat

sown in the spring fails to head. However, some spring wheats do

not have vernalization requirements to head (McKinney and Sando,

1933).

Inheritance of Earliness

Knowledge of the type of inheritance involved in the expression

of a character is helpful in deciding on the breeding procedures to be

used for improvement of the character. Dominance would tend to

favor the production of hybrids where as additive gene action signifies

that standard selection procedures would be effective in the improve-

ment of a specific character.

Studies on the inheritance of earliness have given different

results. In some crosses between early and late cultivars, earliness,

as determined by heading date, was found to be dominant (Anwar and

Showdhry, 1969; Clark, 1924). When different cultivars were used in

the crosses, the F
1

means were intermediate between the two parental

means, but nearer to the early parental mean indicating partial domi-

nance of genes controlling earliness in heading (Clark, 1924;

Stephans, 1927; Anwar and Chowdhry, 1969; Bhatt, 1972).
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The date of heading in crosses between a durum wheat and a

common wheat and between two common wheats was studied by

Freeman (1919). The average date of heading in both the F2 and F3

progenies was intermediate, but nearer to the late parent. Similar

results were obtained by Biffen (1905) with the F
1
is ripening nearer

that of the late parent. Ripening periods in some spring wheat

crosses were the same as the late parents (Thompson, 1921).

Dominance for earliness and lateness was observed by Crumpacker

and Allard (1962) in their diallel crosses where the nature of a

quantitative genetic system which governs heading date in a set of ten

spring wheat varieties was investigated.

In a cross between Sonora and Turkey cultivars, the F
1

heading

date was intermediate between the two parents (Bryan and Pressley,

1921) and the range in the date of heading in this cross extended beyond

one or sometimes both of the parents (Freeman, 1919; Bryan and

Pressley, 1 9 2 1 ; Clark, 1924; Stephans, 1927; Abo-Elenein et al.,

1967).

Earliness studies in wheat show that cultivars differ in number

of genes and in their contribution to earliness. Crumpacker and

Allard (1962), Freeman (1919), and Pinthus (1963) reported that only

a few genes were involved for heading date. On the other hand earli-

ness was found to be due to the action of multiple factors having cum-

ulative effects (Stephans, 1927; Crumpacker and Allard, 1962; Anwar
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and Chowdhry, 1969). However, from the evidence available, Stephens

(1927) claimed that it was impossible to draw definite conclusions.

Correlation of Earliness with Other Characters

Correlations between different characters are very important

to plant breeders in determining selection procedures.

In studying wheat crosses, correlation values between heading

date and leaf damage using partial coefficient analysis was found to be

negative (abo-Elenein et al. , 1967). Results of the second IWSWSN

(1976) showed that the correlation coefficient between total days to

flowering and winterhardiness was highly significant. The same

relationship was also found between total days to flowering and yield.

Abo-Elenein et al., (1967) also reported a high correlation between

heading date and leaf rust (Puccinia recondita).
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III. MATERIAL AND METHODS

Four genetically different winter wheat cultivars and one spring

wheat cultivar (Appendix Table 1) were used to study levels of winter-

hardiness and earliness in winter x spring wheat crosses. The four

winter wheat varieties were each crossed reciprocally with Inia 66 to

gene rage the F
1

generation. A portion of the Fits were then back-

crossed to both of their respective winter and spring parents. The F
2

generation resulted from selfing several F
1

plants.

In the fall of 1975, the parental lines plus the F1, BC, F2 genera-

tions were grown at Hyslop Agronomy Farm, Corvallis, Oregon and

the Sherman Experiment Station, Moro, Oregon.

The soil type at Hyslop Agronomy Farm is a Woodburn silt loam.

A spring application of 100 kg/ha of nitrogen as ammonium nitrate had

been applied at planting during seed bed preparation. The rainfall at

Corvallis during the growing season was 944.7 mm.

At the Sherman Experiment Station, the soil type is classified as

a Walla Walla silt loam which is characterized by a deep, well drained

and medium textured soil. Prior to seeding, 50 kg/ha of nitrogen as

ammonium nitrate was applied. A total of 205. 9 mm of rainfall was

recorded at this dryland site during the growing season in 1975-76. A

summary of climatic data for both sites is presented in Appendix Table

2.
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To avoid possible phytotoxicity, weed control was done by hand

at both locations.

Individual plots of the F
1

BC and parents consisted of one row,

4 m long with 30 cm between rows. The F2 seed was planted in five

rows with 20 seeds planted per row, spaced 20 cm apart. The seeds

were treated with Maneb at a rate of 0.7 g/kg prior to planting. A

randomized block design with three replications was utilized.

Two different measurements were made to determine winterhardi-

ness: 1) number of plants were counted after total emergence in the

fall and percentage survival was recorded as the percentage of the

plants that were alive in the spring after danger of winterkilling had

passed. 2) leaf damage of each plant was determined using a 0-9

scale where H01! was no damage and ii9,T was total loss of green color

in the leaves.

For earliness, heading date was recorded on an individual plant

basis. A plant was considered fully headed when the spike of the main

tiller was fully emerged. Heading date was recorded as number of

days from January 1.

Analysis of variance was used to evaluate possible differences

for earliness and winterhardiness within locations. The F test was

utilized to determine if significant differences existed among genera-

tions and within generations including parental lines. Mean values for

winterhardiness and earliness for parents, F ts, BC's and F
2

Is of
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each cross were compared at each location using the Duncan multiple-

range test (Snedecor and Cochran, 1973). Correlations were used to

estimate the degree of association between earliness and winterhardi-

ness, and coefficients of variation (relative measure of variation which

is defined as standard deviation expressed as percentage of mean) were

calculated to measure the precision.

Frequency distributions containing parents, Bc, and F2 genera-

tions were prepared for each cross. The segregation ratios were

tested for goodness of fit by using chi-square analysis.

Broad and narrow sense heritability estimates were calculated

by using the variances of parents, BC and F2 generations. The

following formulas were used in the calculations. In addition, narrow

sense heritability estimates were computed by the parent-progeny

method, in which the F
1

means are regressed upon the parental

averages.

B. S.

N. S.

V + V
P1

21VF2
2

V

V -Fz

F
2

VBC + V
1

BC2

2

V F
2



VF
2

= Variance of F
2

population

VP = Variance of parent
1

1

VP = Variance of parent
2

V

V

BC
= Variance of backcross

1
1

BC
= Variance of backcross

2
2
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Degree of dominance was calculated with the following formula.

d =
-

2

15 Kr 7

7.
2

= Mean of F2 population

MP = Mid-parent value

15
1

= Mean of parent or parent
1 2

To estimate minimum number of loci involved in a trait, the

formula suggested by Wright was used.

n =
(13-1

P2)

8(VF - VF)
2 1



P
1

= Mean of parent
1

T-5
2

= Mean of parent
2

V

V

F

F

2

1

= Variance of F2 population

= Variance of F
1

population
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The following formula was used in estimation of genetic advance

in F3 generation under selection for a trait.

G = (k) (o- ) (H
N

)
5 .F S.

2

k = Constant

Cr = Standard deviation of F2 population
2

HN. S.
= Narrow sense heritability.
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Winterhardiness

Analysis of Variance
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The results of the analysis of variance for percent survival and

leaf damage data at two locations and the coefficients of variation for

each character at each location are summarized in Table 1 and 2

respectively.

When entries were considered as four groups (P1 x P5, P2 x P5,

P3 x P5, and P4 x P5 crosses), differences among the entries were

highly significant for leaf damage at Moro and Corvallis and for per-

cent survival at Moro. Among crosses, only leaf damage showed

significant differences. Within crosses, there were significant differ-

ences for leaf damage at both locations and for percent survival at

Moro. Differences within all crosses were significant for leaf

damage at both locations. As regards to percent survival, there were

highly significant differences only within the P2 x P5 cross at Moro

(Table 1).

Coefficients of variation for leaf damage at Moro were higher

than at Corvallis (12. 12 and 5. 76 percent respectively). The

coefficient of variation for percent survival at Moro was of the same

as that of leaf damage (Table 1).



Table 1. Summary of observed mean squares from analysis of variance for percent survival, leaf damage and heading date involving four crosses
and three generations of wheat grown at Moro and Corvallis, Oregon.

Source of variation D.F.

Mom Corvallis

Observed Mean Squares

Survival Leaf damage Heading date Survival Leaf damage Heading date

Replications 2 101.195 1.859 58.450 2.068 13.55

Entries 22 219.407* 3.248** 36.927** 1.293** 58.48**

Among crosses 3 147.803 3.497** 105.990** 2. 148 ** 114. 40 **

Within crosses 19 231.239* 3.208** 26. 022 ** 1. 159 ** 49.65**

Within P1 x P5 5 148.756 2. 284** 24. 820* 1. 376 ** 34. 69 **

Within P2 x P5 5 495. 556 ** 4. 714** 39.390** 1. 264 ** 79.81**

Within P3 x P5 5 206.056 3. 320** 8.416 0. 503* 13.98**

Within P4 x P5 4 35.435 2.341** 32.825* 1.575** 75.27**

Replication x Entry 44 124.994 0.324 10.13 0.209 1.98

Total 68

Coefficient of variation (%) 12.59 12.12 2.1 5.76 1.07

* Significant at the 5% level.

** Significant at the 1% level.



Table 2. Summary of the observed mean squares from analysis of variance for percent survival, leaf damage and heading date involving parents
and three generations of wheat grown at Moro and Corvallis, Oregon.

Source of variation D. F.

Moro Corvallis

Observed Mean Squares

Survival Leaf damage Heading date Survival Leaf damage Heading date

Replication 2 167. 18 1.435 61.700 2. 863 17.95

Entries 27 541.76** 6.645** 66.340** 2.311 ** 149.31 **

Among groups 3 204. 53 6. 886** 100. 060** 1. 788** 429. 50**

Within groups 24 571. 41** 6.615 ** 62. 120** 2. 377** 114. 29**

Within P's 4 2372. 56** 21.732 ** 199. 420** 7. 262** 369.90 **

Within F
1
's 7 121. 18 1.461 ** 22. 320* - O. 799** 14. 54**

Within BC's 7 455.40* 8.414 ** 51.440 ** 2. 827** 139.61 **

Within F
2
's 6 31. 27 0. 452 29.480* 0.435 30. 73**

Replication x Entry 54 163. 07 0.403 10.280 0. 207 2. 77

Total 83

Coefficient of variation (%) 14. 53 14. 20 2.10 17.98 1.25

* Significant at the 5% level.

,1* Significant at the 1% level.
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Comparisons of parents, F1, BC, and F2 generations (Table 2)

showed that differences among entries for percent survival and leaf

damage were highly significant at both locations. Among groups,

only leaf damage gave significant differences at Moro and Corvallis.

Within groups there were highly significant differences for both traits

at the two locations. For leaf damage, there was no significant dif-

ference within F2 generation at the two locations. However, the

differences within parents and within backcrosses for percent survival

were significant at Moro. Coefficients of variation were high (14. 20,

and 17.98 percent) for leaf damage at the two locations and for percent

survival at Moro (14.53 percent) (Table 2).

Nature of Inheritance

Mean values for percent survival and leaf damage obtained at

the Moro and Corvallis sites showed that there were significant dif-

ferences among parental means (Table 3). Winter cultivars (Hyslop,

Yamhill, Bezostaia I, and Sprague) differed from the spring cultivar

(Inia 66) but there was no significant difference among winter cultivars

for either winter survival or leaf damage. Differences among means

in the F
1

generation for percent survival at Moro and in the F2 genera-

tion for both characters were not significant at either site. There

were significant differences, however, for percent survival and leaf

damage in the backcross generation and for leaf damage in the F
1
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Table 3. Mean values for percentage survival, leaf damage and heading date involving four
crosses and three generations obtained at Moro, and Corvallis, Oregon ( 1).

Parents and Crosses

Hyslop ( P )
Yamhill ( P2l)

Bezostaia I (P3) )

Sprauge (P4)
Inia 66 ( P5)

F P x P
1

P1

5

x P5

P x P1
P2 x PS

P5 x P2
3 5

P5 x P3
P x P
P4

4
x P5

5

BC (P xP )xP
(P

1
xP

5
)xP

1

(P
1
xP

5
)xP

5

(P
2
xP

5
)xP

2

( P
2
xP

5
)xP

5

( P
3
xP

5
)xP

3

(P
3
xP

5
)xP

5

( P
4

xP
5

5
)xP

4

4 5

F2 P1 x P5
P5 x P
P x P
P2 x l35

1

P5 x P2
P3 x P5

P5
4

x P3
5

Moro Corvallis

Survival Leaf damage Heading date Survival Leaf damage Heading date
( %) (0-9) (from Jan. 1) (%) ( 0-9) (from Jan. 1)

89. Oa* 2.528a 158.4c - 1.649a 144.4c
98. Oa 2.297a 163.7c 0.967a 150.4d
97.7a 2.154a 151.4b 137.3b

100. Oa 2.164a 159.4c - 1.535a 147.5d
34. Ob 8.294b 142.9a 4.752b 123.8a

93.0 5. 117d 149.6ab 3. 162c 129.9ab
84.0 5.049cd 152.2ab - 2.738bc 129.4ab
82.0 5.513d 154.9b 2.257b 131.6bc
91.0 4.233abc 153.2ab 2.684bc 133.5c
93.7 4.585abcd 147.8a - 3. 195c 127.9a
81.0 4.734cb 147.9a 2.532bc 127.7a
96.0 3.833ab 149. Oab 1.688a 131.5bc
96.0 3.425a 148.2ab 2. 111ab 130.2ab

89.Oa 4.056a 155.9bcd 1.954ab 135.6d
73.7ab 6.597c 152.3abc 4.018d 126.9b
96. Oa 3.274a 160.8d 1.315a 143. Of

62.7b 6.974c 149.7ab 3.200c 127.5b
96.7a 3.894a 150.2abc 2.317b 131.3c
77. Oab 6.751c 151. labc - 3.302cd 124.9a
90.7a 3.177a 156.2cd 1.646ab 139.4e
93. Oa 5.444b 148.8a 3.433cd 126.2ab

91.0 4.420 151.4ab - 2.676 134. 8ef
87.0 4.879 147. 3a - 2.993 129. 5bc
93.7 4.986 153.6ab 2.803 131. 8cd
94.7 4.599 154.4b - 2.232 132.9de
96.0 3.954 147. la - 3.053 128.6ab
93.0 4.529 147.2a 3.215 126.6a
88.0 4.040 151.5ab - 2.273 135.2f

* Ranking of the mean values using Duncan multiple range test.
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generation at Moro (Table 3).

Depending on the cross, the F1, BC, and F2 generations of each

cross gave significantly different means for leaf damage at Moro and

Corvallis (Table 4). For percent survival, only the backcross to the

spring parent in the Yamhill x Inia 66 cross was significantly less

winterhardy than F
1

and F2 generations of the same cross. No signifi-

cant differences were found in the level of winterhardiness of the

generations of other crosses at Moro (Table 4).

The mean values of F
1

populations were intermediate between

the two parental values for leaf damage in all crosses at the two

locations. Only one of the F
1

means of the Yamhill x Inia 66 (Figure 2)

and Bezostaia I x Inia 66 (Figure 7) crosses showed more leaf damage

than their mid-parents at Moro, but the rest of the F
1
s were found to

be between mid-parents and winter parents (Figure 1 to 8).

To determine the nature of the inheritance and influence of

environment on leaf damage, frequency distributions of parents, BC's

and F2 generations of each cross were determined at both locations

(Figure 9 to 16). The frequency distributions of the F2 populations at

Moro were quite different than the ones at Corvallis. The crosses

gave very similar curves at each location tending toward winter parents

but the difference was between locations not within location. The dif-

ferences were the presence of two discrete classes and higher leaf

damage readings at Moro. The backcrosses to the winter side
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Table 4. Mean values for percentage survival, leaf damage and heading date involving four crosses
and three generations obtained at Moro, and Corvallis, Oregon (2).

Parents and Crosses

Mom Corvallis

Survival
( %)

Leaf damage
(0-9)

Heading date Survival
(from Jan. 1) (%)

Leaf damage
( 0-9)

Heading date
(from Jan. 1)

F
1

P1 x P5 93.0 5.117a 149. 6ab 3. 162b 129. 9b

PS P1
84.0 5.049a 152. 2ab 2. 738ab 129. 4b

BC (P xP P1 89.0 4.056a 155.9b 1.954a 135.8c5)x1
( P

1
xP5) x PS 73.7 6. 59 7b 152. 3ab 4.018c 127. Oa

F2 P x P 91.0 4.420a 151. 4ab 2.676ab 134.5c
2

P1 x PS 87.0 4. 879a 147. 3a 2.993b 129.5b
5 1

F P x P 82. Oa 5. 513c 154. 9ab 2.257b 13 1. 6b
1

P2 x P5 91. Oa 4. 233ab 153.2a 2. 684bc 133.9c
5 2

BC (P xP ) x P 96. Oa 3.274a 160. 8b 1.315a 143. Od
( P

2
xP

5)
x P2 62.7b 6.974d 149.7a 3. 200c 127. 5a

2 5 5

F P x P 93.7a 4. 986bc 153.6a 2. 800bc 13 1. 8bc
2

P2 x P5 94.7a 4. 599bc 154.4ab 2. 232b 133. Obc
5 2

F P x P 93. 7 4. 585a 147. 8 3. 195b 128. Oc
1

P3 x P5 81.0 4.734a 147.9 2. 532ab 127. 7bc
5 3

BC (P xP5) x P3 96.7 3.844a 150.2 2.317a 131.3d
3

(P
3

xP5) x PS 77.0 6.751b 151.1 3.302b 124.9a

F2 P x P 96.0 3. 954a 147. 1 3. 053ab 128. 7c
2

P3 x PS 93.0 4. 529a 147.2 3. 125b 126. 6ab
5 3

F P x P 96.0 3.833a 149. Oa 1.688a 131.2b
1

P4 x P5 96.0 3. 425a 148. 2a 2.111a 132. 7b
5 4

BC (P xP ) x P 90.7 3.177a 156.2b 1.646a 139.7d
(P

4
xPS) x P4

4 5 P5 93.0 5.444b 148.8a 3.433b 126.2a

F2 P5 x P4 88.0 4. 040a 151. Sab 2.273a 135.3c
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contained the progenies with less winter injury, and the backcrosses

to the spring side showed more winter injury at both locations (Figure

9 - 16). As it is seen in the figures containing frequency distributions

(Figure 9 - 16) and in the tables with variances or standard deviations

of the populations (Table 5), there is quite a high variation within the

populations. The results from Corvallis showed an over-lapping

between the frequency distribution of winter parents and the spring

parent. But there was no overlapping between those cultivars at Moro

(Figure 19 and 20).

Frequency distribution of parents, BC and F2 populations for

leaf damage in four winter x spring wheat crosses at Moro are

presented in Figure 13-16. Two distinct leaf damage classes were

observed in segregating generations (F2's and BC's) in all crosses.

Distribution of F2 plants indicated a segregation ratio of 15:1. The

observed ratios were 408:41, 517:41, 481:32, 210:15 for Hyslop x Inia

66, Yamhill x Inia 66, Bezostaia I x Inia 66, and Sprague x Inia 66

respectively at Moro. Chi-square tests for goodness of fit to a 15:1

ratio gave chi-square values 6.317, 1.137, 0.0003 and 0.06 for the

before mentioned ratios respectively with probabilities 0.02-0.01

(poor fitness), 0.5-0.2, 0.99-0.95, 0.99-0.95 for each cross,

respectively.

Similarly, one would expect a 3:1 ratio in the backcrosses[(P1 x

P5) x P5, (P2 x P5) x P5, (P3 x P5) x P5, (P4 x P5) x P5)]the spring
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side (Figure 13-16). The observed ratios were 17:5, 15:6, 16:5,

15:6 and chi-square tests for goodness of fit to a 3:1 ratio gave chi-

square values of 0.06, 0.142, 0.016, 0.142 with a probability of 0. 95-

0.50 which is a good fit.

Number of plants observed with the means and variances of

parents, F1, BC, and F2 generation of each cross are presented in

Table 5. Comparison of mean values of F2 populations for leaf

damage with mid-parent values shows partial dominance for the crosses

indicating that both non-additive and additive gene action are com-

ponents of the genetic variability for leaf damage in winter x spring

wheat crosses (Figure 1 to 8 and Table 6).

Degree of dominance estimates in four wheat crosses grown at

the two locations are presented in Table 6. Estimates differed for each

cross and location. The highest estimates were found in the P4 x P5

cross (0. 488 to 0. 520) and the lowest values were 0.145 to 0.167 in

the P2 x P5 cross.

Broad and narrow sense heritability (1-113. S.
and H

N.
S.) estimates

and estimated genetic advance (GS), (assuming the extreme five percent

of individuals are saved under selection for winterhardiness in four

wheat crosses grown at two locations), are presented in Table 7. Broad

sense heritability values calculated by using variances of parents,

BC's and F
2

Is were found to be fairly high at the two locations. The

results from Corvallis were much higher than the results from Moro.



Table 5. Number of plants, mean leaf damage, and variance of parents, F i's, BC's, and F2's of four wheat crosses grown at Moro, and
Corvallis, Oregon.

Cross Population

Mom Corvallis

No. of Plants Mean leaf damage Variance No. of plants Mean leaf damage Variance

Hyslop x Inia 66

Yamhill x Inia 66

Bezostaia I x Inia 66

Sprauge x Inia 66

P1

P
5

F

Bel
BC

5
F2

P2

P5
Fl
BC2
BC3

F2

P3

P5

F1
BC3

BC5

F2

P4

135
Fl
BC4
BC55
F2

36
47
85

22

22
449

52
47
99

23

21
499

52

47
84
23

21
513

52

47
96
20
21

225

2.472
8.382
5. 047
4. 045
6.454
4. 601

2.076
8. 382
5. 131
3.304
6. 952
4. 771

2.192

8.382
4.619
3.565
6. 952
4.222

2. 196
8.382
3.645
3. 050
5.476. 476
3.777

0.542
1. 067
3. 569
2.045
3.212
4. 057

0. 582
1. 067
3. 931
2.403
3. 447
2.943

1. 021
1. 067
2.985
2.620
3. 247
3. 009

0. 720
1.067
1. 704
2. 471
2. 661
3.486

112
107

219
55
56

1096

108

107

222
55

45
1088

113

107

215
59
56

1130

99
107

227
54
60

527

1.651
4.710
2. 872
1.981
2.071
2. 834

0. 962
4.710
2.346
1.345
3.244
2. 522

1. 159
4. 710
2.920
2. 322
3. 303
3. 136

1.444
4.710
1.903
1. 648
3. 433
2. 227

0.391
0. 886
0.671

479292

1.442

0.428
0. 886

00. 7701

0. 825
1. 521

0. 492
0. 886
1. 241
0.773
0.324
1.026

1.024
0. 886
1. 017
0. 760
1.436
1.864
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Table 6. Average leaf damage of the winter parent (WP), midparent (MP), and F2: difference
between WP and MP (D), and degree of dominance estimates (d) in four wheat crosses
grown at two locations.

Cross WP MP T.2 d-

Moro

Hyslop x Inia 66

Yamhill x Inia 66

Bezostaia I x Inia 66

Sprague x Inia 66

2.472

2. 076

2. 192

2. 196

5.427

5.229

5.287

5.289

4.601

4.771

4.222

3.777

2.955

3. 153

3. 095

3.093

0. 279

0. 145

0. 344

0.488

Corvallis

Hyslop x Inia 66 1.651 3. 180 2. 834 1.529 0. 226

Yamhill x Inia 66 0.962 2. 836 2.522 1.874 0. 167

Bezostaia I x Inia 66 1. 159 2.934 3. 136 1.775 0. 113

Sprague x Inia 66 1.444 3.077 2.227 1.633 0.520

aid = 1 Complete dominance
d = 0 No dominance



Table 7. Broad and narrow sense heritability (Ha s. and HN. s. ) estimates and estimated genetic advances (Gs) assuming the extreme five
percent of individuals saved under selection for winter hardiness in four wheat crosses grown at two locations.

Cross

Moro Corvallis

H (%)
B. S.

H (%)
N. S.

GS H (
B. S.

%) H (%)N. S.
GS

Hyslop x Inia 66 80. 1 35.2 1.45 55.7 52.6 1.42

Yamhill x Inia 66 71.9 0.6 0.02 56.8 49.5 1. 25

Bezostaia I x Inia 66 65.3 2. 5 0. 09 32.8 46. 5 1.46

Sprague x Inia 66 74.3 26. 7 1.01 48.7 41.0 1. 14
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The highest and the lowest broad sense heritability values were 80.1

percent (P1 x P5), 65.3 percent (P3 x P5) and the highest and lowest

narrow sense heritability values were 35.2 percent (P1 x P5), 0.6

percent (P2 x P5) at Moro. The ranking was different for broad and

narrow sense heritabilities at Corvallis. The P2 x P5 cross with 56.8

percent and P1 x P5 with 57.6 percent of broad and narrow sense

heritability values were the highest; however, P3 x P5 and P4 x P5

crosses with 32.8 and 41.0 percent of broad and narrow sense herita-

bility values were ranked fourth at the same site.

Calculated narrow sense heritability values using parent progeny

regression showed that the additive portion of total genetic variance

was very low for leaf damage (1. 6 and 6.7 percent) at Corvallis and

Moro, respectively. When narrow sense heritabilities were calculated

using all Fits and their reciprocals separately, the values were 0.5

and 7 percent in first group and 15 and 7 percent in second group at

Corvallis and Moro respectively.

Genetic advances were calculated based on narrow sense herita-

bility results obtained from the formula where variances were used in

calculation. The highest estimated genetic advance in F3 generation

was found in the Hyslop x Inia 66 cross at Moro and Corvallis. How-

ever the lowest advance was calculated for Yamhill x Inia 66 at Moro

and Bezostaia I x Inia 66 at Corvallis. Genetic advance, as a



percentage, up to almost 20 percent at Corvallis and 15 percent at

Moro were estimated for leaf damage in the F3 generation.

Earliness

Analysis of Variance

46

The results of the analysis of variance and coefficients of varia-

tion for heading date at two locations are presented in Table 1 and Table

2. The differences among entries, among and within crosses were

highly significant when each winter x spring wheat cross was con-

sidered as a group. The earliest cross was P3 x P5 at both sites.

The second place in ranking was P4 x P5 at Moro and P1 x P5 at

Corvallis. P2 x P5 was ranked fourth at Corvallis and Moro (Table 1

and 9). The differences within four crosses were Found to be highly

significant at Corvallis. At the Moro site, the differences were signifi-

cant at 1% level within P2 x P5 and significant at 5% level within

P1 x P5 (Table 1 and 4).

Coefficients of variation which measure the precision of conducted

experiment were 2.1% and 1.07% for heading date at Moro and Corvallis

respectively.

Comparisons of parents, F1, BC, and F2 generations showed that

the differences among entries, among and within groups were highly

significant for heading date. The average means of F
1

and F2 genera-

tions were found to be earlier than the average mean of parents. Inia
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66, Bezostaia I, Hyslop, Sprague, and Yamhill parental cultivars

were ranked first, second, third, fourth and fifth, respectively. The

differences within backcrosses were highly significant at two locations.

At Moro, the differences within F
1

were also significant at 1% level;

however, the differences within F
1

and F2 generations were significant

only at 5% level. There was no difference within F2 generation at

Corvallis (Table 2, 3 and 8).

Coefficients of variation were almost as same as those in the

previous analysis for heading date being 2.1% and 1.25% at Moro and

Corvallis, respectively (Table 2).

Nature of Inheritance

The mean values for heading date at two locations showed that

there were significant differences among parental means. Spring

cultivar Inia 66 and winter cultivar Bezostaia I differed from other

cross combinations, but there were no significant differences among

Hyslop, Sprague and Yamhill at Moro. However at Corvallis, Hyslop

also differed from Sprague and Yamhill in addition to Inia 66 and

Bezostaia I. Still, there was no significant difference between Sprague

and Yamhill. The differences among means of crosses in the F1, BC,

and F
2

generations were highly significant, except the F
1

and F2

generations which were significant at 5% level at Moro (Table 2).
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The F1, BC, and F2 generations of each cross gave significantly

different means for heading date at two locations except in Bezostaia

I x Inia 66 cross at Moro (Table 4). The mean values of F
1

populations

were found to be intermediate between the two parental values for

heading date in all crosses at two locations. In most of the crosses

the means of F
1

generations were between early and late parents. At

Corvallis, all F
1

means were close to the early parent. However, the

means of two F
1

generations of Sprague x Inia 66 cross and one of Fl

means of Hyslop x Inia 66 and Yamhill x Inia 66 crosses were close to

the early parent. The second ones were close to the late parent except

the F
1
Is of Bezostaia I x Inia 66 which were close to the late parent at

Corvallis (Figure 21 to 28).

To detect the nature of inheritance and environmental influence on

heading date for Moro and Corvallis, the frequency distributions of

parents, BCs and F2 generation of each cross are shown in Figure 21

to 26. The all mean values of F2 generations were found to be very

close to mid-parent at Moro and between early and mid-parent at

Corvallis. The frequency distributions of F2 generations looked skewed

toward the early parent despite the fact that very little deviations of F2

means from mid-parent was noted (Figure 21 to 28). The same skewness

was found in the frequency distributions of the backcrosses to the early

maturing cultivars. The frequency distribution of the backcrosses with

the late parent were skewed toward the late parent. The environmental
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effect on heading date especially in parental populations was quite

high at Moro as compared to the results from Corvallis (Figure 29 to

36). Number of plants observed with the means and variances of

parents, F1, BC, and F2 generations of each cross are presented in

Table 8. Comparison of mean values of F2 populations for heading

date with mid-parent values showed almost no dominance at Moro and

4, 16, 28 and 46 percent dominance in Sprague x Inia 66, Hyslop x

Inia 66, Yamhill x Inia 66, and Bezostaia I x Inia 66 crosses at Cor-

vallis, respectively (Table 9).

Broad and narrow sense heritability (H and HB. S. N. S.

estimates and estimated genetic advance (GS), (assuming the extreme

five percent of individuals are saved under selection for earliness in

four spring x winter wheat crosses grown at two locations) are higher

at Corvallis than Moro (Table 10). Sprague x Inia 66 cross gave the

lowest broad sense heritability estimate which was 24.8 percent. The

same estimate for Yamhill x Inia 66 cross was 48. 9 percent which was

the highest value at Moro. The broad sense heritability values were

very high at Corvallis (P1 x P5 = 86.6 percent, P2 x P5 = 75.4 percent,

P3 x P5 = 75. 3 percent, and P x P5 -= 85.6 percent). Narrow sense
4

estimates were similar to the broad sense estimates except for the

Bezostaia I x Inia 66 cross at Moro. This indicates that most of the

total genetic variances were due to additive type gene action. By using

parent progeny regression, narrow sense heritability values were also



Table 8. Number of plants, mean heading date, and phenotypic variation of parents, F I's , BC's, and F2's of four wheat crosses grown at
Moro and Corvallis, Oregon.

Cross Population No. of plants

Moro Corvallis

Mean heading date Variance No. of plants Mean heading date Variance

Hyslop x Inia 66

Yamhill x Inia 66

Bezostaia I x Inia 66

Sprague x Inia 66

P1
P5

F
1

BC1

BC5
F2

P2

P5

F
1

BC
2

BC5

F2

P3

P5
5

F1

BC3
BC5
F2

P4

P5

F
1

BC4
BC5

F2

34
7

49
22

15

369

47
7

58

20
8

401

151

7

58
22

11

427

48

7

78

11

11

162

158.4
142.9
148.8
155.8
148.5
149.9

163.7
142.9
153.3
160.5
147.2
153.6

151.4
142.9
146.8
149.7
145.0
147.1

159.4
142.9
148.6
154.6
145.6
151.1

12.

33.906
30.835
41.203
83.696
44.511

3.563
33.906
22.682
14.050
33.071
36.725

11.996
33.906
57.371
22.684
51.600
43.741

22.
33.906
46.529
43.656
13.056
37.791

49
SO

102
27
27

528

58
50
99

27
27

503

37
50

108
30
28

532

47
50
97
23

27
249

144.4
123.8
129.7
135.6
126.9
132.4

150.4
123.8
132.5
4143.0

137.3
123.8
127.6
131.3
124.9

147.5
123.8
131.3
139.0
126.2
135.1

5.256
7.250
3.940

25.462
9.960

46.724

3.691
7.250
6.903

11.841
4.718

22.260

2.115
7.250
3.847

11.620
6.291

18.992

1.866
7.250

11.491
23.090
7.448

31.801
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Table 9. Average heading date of the early parent (EP), midparent (MP), and F2: difference
between EP and MP (D), and degree of dominance estimates ( d) in four wheat crosses
grown at two locations.

Cross EP MP F
1

a/

Moro

Hyslop x Inia 66 142.9 150.6 149.9 7. 7 0.09

Yamhill x Inia 66 142.9 153.3 153.6 10.4 0. 02

Bezostaia I x Inia 66 142.9 147.1 147.1 4. 1 0. 00

Sprague x Inia 66 142.9 151.1 151.1 8.2 0. 00

Corvallis

Hyslop x Inia 66 123.8 134.1 132.4 10.3 0. 16

Yamhill x Inia 66 123.8 137.1 133.3 13.3 0. 28

Bezostaia I x Inia 66 123.8 130.5 127.4 6. 7 0.46

Sprague x Inia 66 123.8 135.6 135. 1 11.3 0.04

aid = 1 complete dominance.
d = 0 no dominance.

Table 10. Broad and narrow sense heritability (HB, s. and HN. S.) estimates, estimated genetic
advance (Gs) under selection, and minimum number of loci (n) for earliness in four
wheat crosses grown at two locations.

Cross

Moro Corvallis

H (%)
B. S.

H (%)
N. S.

G (day)
S

n N (%)
B. S.

H (%)
N. S.

G (day) n

Hyslop x Inia 66 48.0 40.0 5.49 1.2 86.6 62. 0 8. 72 2. 1

Yamhill x Inia 66 48.9 35. 8 4.46 5. 7 75.4 62. 0 6. 02 3. 8

Bezostaia I x Inia 66 42. 5 15. 0 2. 04 1. 5 75.3 52. 0 5.42 0. 6

Sprague x Inia 66 24.8 24.9 3. 15 3.5 85.6 51.0 5.92 3. 8
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Figure 29. Frequency distributions of parents, BC, and F2 populations for heading date
in Hyslop X Inia 66 cross at Corvallis, Oregon.

147 150 153

180

140

60

20

BC
5
2

P2
2

120 123 126 129 132 135 138 141 144 147 150 153 156
Heading De.

Figure 30. Frequency distributions of parents, BC, and F2 populations for heading dateIn Yamhill X Inia 66 cross at Corvallis, Oregon.
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Figure 31. Frequency distributions of parents, BC, and F2 populations for heading datein Bezostaia IX Inia 66 cross at Corvallis, Oregon.
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Figure 33. Frequency distributions of parents, BC, and F2 populations for heading date
in Hyslop X Inia 66 cross at Moro, Oregon.
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Figure 34. Frequency distributions of parents, BC, and F2 populations for heading date in
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Figure 35. Frequency distributions of parents BC, and F2 populations for heading date in
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Figure 37. Frequency distributions of F2 populations for heading date in four
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calculated for heading date and the additive portion of the genetic

variation was found to be very high (106.5 and 67.6 percent) at

Corvallis and Moro. When Ells and their reciprocals were used

separately in the calculations, the values were 65.6 and 67. 8 percent

in first group and 91.5 and 67. 3 percent in the second group at

Corvallis and Moro, respectively. Estimated genetic advance in F3

generation was calculated for each cross and location. The highest

genetic advance was estimated for Hyslop x Inia 66 (5.49) and the

lowest for Bezostaia I x Inia 66 (2. 04) at Moro. The same ranking was

also present at Corvallis (Table 10).

The formula suggested by Wright (1968) was used to estimate

minimum number of loci controlling heading date in the study (Table 10).

The number of loci was 2, 4, 1, 4 at Moro and 1, 6, 2, 4 at Corvallis

in P1 x P5' P2 x P5' P3 x P5' and P4 x P5 crosses, respectively.

The frequency distributions and estimated number of loci data

showed that Yamhill and Sprague cultivars differed from Inia 66 by

four and six genes, respectively but only by four genes at Corvallis.

Hyslop and Bezostaia I differed from Inia 66 with one and two genes at

Moro, two and one genes at Corvallis, respectively. However,

expected discrete classes could not be observed in frequency distri-

butions.
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Correlation

The mean heading date, percent survival and leaf damage of all

28 entries including parental cultivars and crosses were correlated

for each location separately. Correlation coefficient values of -0.812,

-0.575, -0.833 were obtained between percent survival and leaf

damage, leaf damage and heading date at Moro and between leaf

damage and heading date at Corvallis respectively. These correlation

coefficient values were highly significant. However, the correlation

between percent survival and heading date was 0.413 and significant at

5% level at Moro only (Table 11).

Table 11. Correlation coefficients among three characters: percent
survival, leaf damage, and heading date at Moro and
Corvallis, Oregon.

Moro Corvallis
Leaf Heading Leaf Heading

damage date damage date

Percent survival

Leaf damage

-0.812** 0.413*

-0.575** -0.833**

**

Significant at the 5% level

Significant at the 1% level
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V. DISCUSSION

Wheat, one of the most widely grown cereal crops in the world,

has the greatest potential to solve food problems in many developing

countries. Grain yield is the most important character that deter-

mines the success of wheat against food shortage.

An escape mechanism provided by earliness in which disease,

insect, and other crop damages are reduced, and the yield advantage

of fall planting over spring planting make these two traits very

desirable in winter wheat growing areas. Because plant breeders use

late winter and early spring cultivars in their programs to create

additional genetic variation and for further potential breakthroughs in

yield, it would probably be beneficial to combine winterhardiness and

earliness in their crosses.

Despite non-significant differences among winter cultivars for

leaf damage, the mean value of the Sprague x Inia 66 cross suggests it

was more winterhardy than the Hyslop x Inia 66 cross at Moro. The

same cross was also significantly different from the Bezostaia I x

Inia 66 cross at Corvallis. Ranking of cultivars at Moro showed that

Sprague was the hardiest cultivar in this group and also that those

crosses involving Sprague were more winterhardy. Corvallis is not a

proper site to test materials for winterhardiness; therefore meaningful

data from this site were not available.
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In F
1

populations the mean values were intermediate between the

parents but tended to be closer to the level of winterhardiness of the

winter parent. This suggests the presence of partially dominant factors

for winterhardiness under conditions of this study. The same type of

trend is also evident for F2 populations, again indicating the presence

of some dominant factors for winterhardiness (none of the crosses

expressed complete dominance for wintertenderness). Calculated

degree of dominance estimates indicated that a high degree of dominance

was present in the F2 generation of the Sprague x Inia 66 cross (48. 8

percent), with the lowest degree of dominance being observed in the

Yamhill x Inia 66 cross which is 14.5 percent at Moro.

In previous studies, investigators including Quisenberry (1931),

and Dantuma (1958) found that F1's and F21s were intermediate between

the parents in resistance to cold in wheat. The dominant reaction for

winterhardiness was suggested by only Wienhues (1953) in wheat, and

by Rohde and Pulham (1960, 1960), Eunus et al. (1962) and Washnok

(1968) in barley crosses.

Frequency distributions of F2 populations of four spring x winter

wheat crosses grown at Moro were almost alike and two discrete

classes between the most winterhardy and non-winterhardy types were

observed in all crosses. The ratio was 15:1 between these two classes.

Leaf damage appears then to be qualitatively inherited; however, small

quantitative differences appear to be involved in the intensity of
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expression for winterhardiness. Probably genes with additive effects

for winterhardiness increased the winterhardiness of the progenies as

their number increased. It seems that the gene action is mostly

additive and tending toward slight dominance for winterhardiness over

non-winterhardy types. The observed 15:1 segregating ratio indicates

that there is at least a two gene difference between winter and spring

wheat cultivars; however, with the high degree of environmental vari-

ation, any genetic interpretation would be difficult.

To make improvement in this trait, it would be necessary to

have sufficient genetic variation within segregating populations. Broad

sense heritability gives information about amount of total genetic

variation in the population while narrow sense heritability estimates

give only that portion due to additive effects. A plant breeder of self

pollinated crops, such as wheat, can only utilize the additive type of

gene action. Therefore, narrow sense heritability estimates provide a

more accurate prediction as to how the total genetic variation can be

used in the improvement of a particular trait. Both high broad and

narrow sense heritability estimates were noted for winterhardine ss.

A number of inconsistant results were obtained. Narrow sense heri-

tability estimates for winterhardiness were very low (0. 6 and 2.5 per-

cent) in Yamhill x Inia 66 and Bezostaia I x Inia 66 crosses respectively

at Moro and quite high (49. 9 and 46.5 percent) in the same crosses at

Corvallis. Narrow sense heritability values were found to be lower
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than broad sense values as expected at Moro, but at Corvallis, some

narrow sense estimates were found higher than broad sense. Perhaps

low numbers of plants in the backcross populations did not create

sufficient variation. Environmental variation or sampling error

could be the reason for the higher narrow sense heritability estimates.

The calculated narrow sense heritability values for two traits by using

parent progeny regression showed that the narrow sense heritability

estimate was low for leaf damage. This indicates the presence of

more non-additive gene action in leaf damage. When calculations

were done for the Fits and their reciprocals separately, again

heritability estimates for leaf damage were much lower. Genetic

advances were calculated for the F3 generation assuming a selection

intensity of five percent for winterhardiness in four spring x winter

wheat crosses. The higher genetic advance could be expected for

winterhardiness (1.45 and 1.01 units) from Hyslop x Inia 66 and Sprague

x Inia 66 crosses. The lowest advance (0. 02 unit) was from the Yam-

hill x Inia 66 cross at Moro. Estimated genetic advance for the highest

and lowest valued crosses of Hyslop x Inia 66 and Bezostaia I x Inia 66

at Corvallis were 1.42 and 0.96 units respectively.

Since the main components in estimating genetic advance in the

F3 generation are standard deviation of F2 and narrow sense heritability

values, the crosses with high narrow sense heritability estimates and

high standard deviation always give the higher genetic advance in



68

further generations.

Ranking of crosses indicated that Bezostaia I x Inia 66 was the

earliest and Yamhill x Inia 66 was the latest cross. Hyslop x Inia 66

and Sprague x Inia 66 were intermediate in ranking at Corvallis and

Moro respectively. Due to ranking of parental cultivars, the same

order would be observed in their respective crosses with the exception

of the Sprague x Inia 66 cross at Moro. The crosses were in the same

order at both locations for earliness. This exception at Moro probably

was due to the different response of cultivars to a different environ-

ment.

The F
1

and F
2

mean values for earliness were found to be inter-

mediate and close to the mid-parent values at Moro. The mean values

for the same trait at Corvallis were between the mid-parent and early

parent showing a degree of dominance in F
1

and F
2

generations. How-

ever, some inbreeding depression was observed in the F2 generation

exhibiting less dominance than the F1. It is probable that both additive

and dominance are involved in earliness in this study.

The frequency distribution of backcross and F2 populations were

not clear enough to estimate the number of genes involved in the inheri-

tance of earliness. Yamhill x Inia 66 and Bezostaia I x Inia 66 crosses

gave almost normal distributions without discrete classes at Corvallis

and Moro. The frequency distributions of Hyslop x Inia 66 and Sprague

x Inia 66 crosses showed large environmentally influenced classes at
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both locations. The number of genes involved in earliness was

calculated by using Wright's formula and it was found that Hyslop,

Bezostaia I, Sprague, and Yamhill differed from Inia 66 with 1, 2, 4,

and 6 genes at Corvallis, respectively. The differences for number

of genes between the same cultivars were 2, 1, 4, and 4 at Moro.

These results indicate that earliness can be determined by at least

one and at most six genes, and some of these genes may not be

expressed under some conditions due to masking effects or may be

expressed under another set of conditions.

High broad and narrow sense heritability values at Corvallis

indicated that a large portion of total variation in the F2 generation

was genetic and a large portion of genetic variation was additive.

Comparing heritability values from Corvallis, the estimates from

Moro were found to be smaller. The differences in heritability values

between the two sites suggest that one site might be more favorable

for selection of this trait than the other.

Genetic advance for earliness was found to be 8.72, 6.02, 5.42,

and 5.92 days in Hyslop x Inia 66, Yamhill x Inia 66, Bezostaia I x Inia

66 and Sprague x Inia 66 crosses at Corvallis, and 5.49, 4. 46, 2.04,

and 3.15 days in the same crosses at Moro, respectively. These data

indicate that the highest advance can be obtained from Hyslop x Inia 66,

and the lowest advance from Bezostaia I x Inia 66 crosses at both

locations.
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The calculated correlation coefficient values to estimate degree

of association between leaf damage and heading date at two locations

were found to be negative and highly significant. On the other hand

percent survival and heading date showed a positive significant cor-

relation indicating early wheat populations may have less winterhardi-

ness than late populations. The correlation coefficient value at Moro

was negative and highly significant for percent survival and leaf

damage. This indicates that leaf damage readings can be used to

measure winterhardiness of wheat populations.

The results from this study for winterhardiness and earliness

indicated that the cultivars differed from each other for both traits.

Inia 66 was found to be earliest but less winterhardy. Sprague was

the hardiest but late, and Yamhill was the latest cultivar and inter-

mediate in winterhardiness and maturity. Hyslop and Bezostaia I gave

intermediate performance in both traits. Inia 66 and the winter cultivars

seemed to differ by two major genes for winterhardiness and one to six

genes for earliness, all or some of which may act in additive way with

partial dominance. Calculated broad and narrow sense heritabilities

were considerably high for both traits except for winterhardiness at

Moro. For some crosses, due to high narrow sense heritability values

and high genetic advance estimations in the F3 generation, it might be

possible to start selection in the F2 generation. High correlation

coefficient values indicated that early wheat populations can be less
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winterhardy than late populations, also leaf damage readings can be

used to measure winterhardiness levels of wheat populations.

The presence of enough genetic variation in segregating popula-

tions and involvement of few genes in the traits could make selection

easy for the plant breeder at each site. However, due to the difficulty

of putting selection pressure on both traits at either location and also

due to a possitive association between winterhardiness and heading

date, it may be difficult to achieve sufficient winterhardiness and

earliness through selections. Since the results are based on data

obtained from the fixed populations and only from two extreme locations,

it may also be possible to select early and winterhardy types by

screening the material under different environmental conditions, such

as Pendleton where moisture stress is not a big problem or by crossing

those diverse cultivars systematically and putting intensive selection

pressure on those populations with increased genetic variation.
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VI. SUMMARY AND CONCLUSION

To study levels and inheritance of earliness and winterhardiness

and their association in spring x winter wheat crosses, four genetic-

ally different winter wheat cultivars were each crossed reciprocally

with the day length insensitive spring cultivar, Inia 66, to generage the

F
1

generation. The Fits were then backcrossed to both of their respec-

tive winter and spring parents. The parental lines plus the F1, back-

cross, and F2 generations were grown at Hyslop Agronomy Farm,

Corvallis and The Sherman Experiment Station, Moro, Oregon.

Two different measurements were made to determine winter-

hardiness: 1) percent survival, 2) leaf damage, For earliness, head-

ing date was recorded on an individual plant basis. A plant was con-

sidered fully headed when the head of main tiller was fully emerged.

Heading date was recorded as number of days from January 1.

To evaluate earliness and winterhardiness: analysis of variance,

to determine significant differences; 7' test, to compare mean values

and the Duncan multiple-range test were used. Correlations were

calculated to estimate the association between the traits. Frequency

distributions were prepared for each cross and segregating ratios

were tested by using chi-square analysis. To estimate minimum

number of loci involved in a trait, the formula suggested by Wright

was used. Broad and narrow sense heritabilities and degree of
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dominance were calculated by using the variances of parents, back-

cross and F2 generations.

in the F3 generation.

From the result of this study, the following conclusions were

made:

The genetic advance was also estimated

1. The cultivars used in this study differ for the level of winter-

hardiness and earliness.

2. Both winterhardiness and earliness appear to be conditioned by

both additive and non-additive gene action.

3. Concerning number of genes conditioning both traits, winter-

hardiness appears to be controlled by two and earliness by one

to six genes depending on the specific cross.

4. High correlation coefficient estimates indicate the presence of

a negative association between earliness and winterhardiness.

5. Leaf damage readings might be used to measure the winterhardi-

ness levels in wheat.

6. Narrow sense heritability estimates were high, suggesting that

selection would be effective for both traits in the F
2

generation.

7. Selection for winterhardiness and earliness may start as early

as the F
2

generation.

8. More effective selection for earliness at Corvallis and for winter-

hardiness at Moro was indicated.
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9. It may be difficult to select for both winterhardiness and earli-

ness at the same time.
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Appendix Table 1. Characteristics of parental varieties.

1. HYSLOP: This cultivar is a soft white, common and semi-dwarf

wheat with an awned, oblong, mid-dense spike. Chimes are

white, long and kernels are midlong, soft and white. Hyslop

is a high yielding variety, resistant to stripe rust (Puccinia

striiformis) and common bunt (Tilletia caries and T. foetida),

moderately resistant to powdery mildew (Erysiphe graminis

f. sp tritici), leaf rust (Puccinia recondita) and Septoria tritici.

It is a medium early variety which has good baking and milling

quality.

2. YAMHILL: This cultivar is a soft white and mid-tall wheat variety

with an awnless, white oblong, mid-dense to dense head. It

has long white glumes and the kernels are mid-long, oval, soft

and white. It is a high yielding variety which is moderately

resistant to stripe rust and powdery mildew, but susceptible to

common bunt. It is a mid-season maturing variety with good

milling and baking quality.

3. SPRAGUE: It is a soft white, weak strawed winter wheat with

awned, whitish-gray small spikes. Kernels are small and white.

Sprague is resistant to snow mold (Fusarium nivale and Typhula

idohoensis), stripe rust and common bunt but it is susceptible to

dwarf bunt (Tilletia controversa) and cercosporella foot rot
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(Cercosporella herpotrichoides). Due to its inferior plant type,

Sprague is recommended only in the areas where snow mold is

a severe problem. It is an early maturing variety with good

winterhardiness.

4. BEZOSTAIA I: It is hard red, tall, winter wheat variety. It has

an awnless, white, mid-dense spike and mid-long, hard, red

kernels. It is susceptible to stem rust (Puccinia graminis f. sp

tritici), septoria and moderately susceptible to stripe rust and

powdery mildew. Bezostaia I is an early maturing variety with

good winterhardiness. It has good baking and milling quality.

5. INIA. 66: Inia 66 is a hard red, semidwarf spring wheat variety

with a fusiform and awned spike. Glumes are white, long and

kernels are medium size, hard and red. It is a high yielding

variety, resistant to stem rust but, susceptible to leaf rust.

This light insensitive spring wheat variety which was developed

in Mexico is very early, but not winterhardy. It has strong

gluten, high test weight value and excellent milling and baking

properties.
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Appendix Table 2. Climatic data for Corvallis and Moro, Oregon
during the 1975-76 growing season.

Locations Months
Temperature (°C) Precipitation

(mm)Max. Min. Mean

Corvallis October 15.8 6.5 11.2 109.2
November 11.1 1.9 6.5 139.9
December 9.1 2.2 5.7 164.3
January 8.6 1.5 5.1 167.4
February 9.6 0.5 5.1 170.4
March 11.3 1.5 6.4 113.0
April 14.5 3.2 8.9 50.3
May 18.6 5.1 11.8 29.0
June 21.0 7.0 14.0 1.2
Total 944.7

Moro October 15.1 3.9 9.5 29.7
November 8.3 -1.1 3.7 34.0
December 5.9 -1.2 2.4 32.0
January 6.4 -2.2 2.1 31.8
February 6.2 -2.6 1.8 23.6
March 8.8 -1.8 3.5 24.1
April 12.7 1.1 6.9 26.9
May 19.3 4.7 12.0 3.6
June 19.0 10.7 14.9 0.2
Total - 205.9


