
Byung Han Choi

in Crop Science

AN ABSTRACT OF THE THESIS OF

for the degree of Doctor of Philosopy

presented on December 2, 1983

Title: Nature of Inheritance and Association of Time, Duration and Rate

of Grain Filling and Subsequent Grain Yield in Crosses of Winter and

Spring Wheats (Triticum aestivum L. em Thel1).

Abstract approved:
Redacted for privacy

Warren E. Kronstad

The nature of inheritance and possible associations for traits

influencing earliness and grain yield were investigated using a four

parent diallel of winter and spring wheat cultivars.

More genetic variability was observed for the traits measured in

segregating populations resulting from crosses between winter and spring

type wheats in contrast to spring x spring or winter x winter crosses.

The one exception was plant height where more genetic variability resul-

ted from spring x spring crosses.

Narrow sense heritability estimates were high for time and duration

of heading, anthesis, grain filling and physiological maturity and for

plant height. Smaller values were noted for rate of grain filling, kernel

number, harvest index, tiller number, kernel weight, whole plant dry

weight and grain yield.

Estimates of the coefficient of heritability and the parent-offspring

correlation coefficient were similar in magnitude except for the traits



grain yield, tiller number, kernel weight and whole plant dry weight

where large variations due to the environment were encountered.

Using the Jinks-Hayman model, no maternal effects were noted nor

were any nonallelic interactions observed for total duration of grain

filling and lag period. The actual grain filling period was influenced

to some degree by such interactions. The spring cultivars also appeared

to have more dominant genes for longer total duration of grain filling

and lag period. In contrast the winter parents had more dominant genes

for the longer actual grain filling period.

Estimates of general and specific combining ability provided similar

evidence in terms of the nature of gene action. Both additive and non-

additive gene action was present for all traits, the relative magnitudes

depending on the specific trait. Based on individual combining ability

effects, the winter x spring cross Yamhill x Siete Cerros would appear

to provide the highest proportion of desired segregates when combining

earliness and acceptable grain yield.

From the direct and indirect associations of grain yield, it would

appear that a shorter duration of grain filling along with a shorter lag

period from heading to anthesis are important for higher rates of grain

filling if negative associations between earliness and grain yield are

to be avoided.
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NATURE OF INHERITANCE AND ASSOCIATION OF TIME, DURATION AND

RATE OF GRAIN FILLING AND SUBSEQUENT GRAIN YIELD IN CROSSES

OF WINTER AND SPRING WHEATS (Triticum aestivum L. em Thell)

INTRODUCTION

Genetic differences between winter and spring wheat cultivars exist

for time, duration and rate of grain filling and physiological maturity,

which are important latter stages of the life cycle in determining

maturity and subsequent grain yield. Time of physiological maturity

appears to be a better index of earliness than other stages of develop-

ment in the life cycle. Physiological maturity date could therefore provide

an effective way to maximize grain yield for a specific maturity range.

Grain yield and sink capacity also tend to increase in parallel until

they reach the limit set by photosynthetic capacity. The significant

relationship between source potentials and response of source to sink

suggests that it may be possible to select genotypes with high source

potentials and ideal degrees of response of source to sink. Grain filling

is the result of the translocation of photosynthate from source to sink.

The genetic control for assimilate distribution is important for increased

rate of grain filling in wheats.

Early maturing cultivars may escape from frost, drought or excessive

moisture, diseases, insects, and other abiotic and biotic stresses

associated with reduced grain yield and quality. With the development of

earlier maturing cultivars,there often appears to be a negative associat-

ion with grain yield. If cultivars with early maturity and acceptable
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grain yield can be developed, more hectares can be planted to wheat. Also

the combination of early maturity and acceptable grain yield would allow

wheat to fit into multiple cropping systems.

Successful development of such cultivars will depend upon breeder's

ability to identify parental cultivars with high general combining ability

for desired traits on a large scale and to select superior individual

plants or families within the large segregating populations. Recently there

has been some improvement in breeding for earliness and resistance or

tolerance to adverse environmental stresses along with increased grain

yield by crossing between winter and spring wheat cultivars. Furthermore

the time, duration and rate of grain filling and physiological maturity

are recognized as important in determining early maturity and high

grain yield. They are controlled by genetic and environmental factors.

More information is needed for breeders concerning the nature of gene

action controlling the traits and their associations with components of

yield and grain yield.

The objectives of this study were: 1) to examine the nature of

inheritance of time, duration and rate of grain filling and physiological

maturity, and 2) to determine if possible direct and indirect effects of

the traits on grain yield exist in crosses of winter and spring wheat

cultivars.
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LITERATURE REVIEW

Earliness

Cultivar differences for early plant development have been described

in wheat. One cultivar may grow more rapidly from tillering to heading,

while a second may develop faster from heading to grain ripening. Also

cultivars developed in the northern latitudes generally tend to ripen at

lower temperatures, in contrast to those selected from regions like the

mediterranean area where high temperatures in the latter period of growth

are required to reach maturity (Vavilov, 1951).

Early maturing cultivars may escape from drought or excessive

moisture, frost, diseases, insects, and abiotic and biotic stresses

associated with reduced grain yield and unacceptable qualities by millers

and bakers. Early maturity can be defined as a shortened life cycle which

is controlled by genetic and environmental factors. It can also be

described in terms of certain growth and developmental stages such as

stem elongation, spike initiation, booting, flag leaf unfolding, inflor-

escence emergence, anthesis or physiological maturity. Earliness has also

been shown to be influenced by such factors as photoperiod, vernalization,

temperature, solar radiation, and soil nitrogen and moisture.

Genetic factors for earliness

Syme (1968) found that 'Siete Cerros 66' and 'Sonora 64' had

identical vernalization and photoperiodic responses. However, the former

headed from 5 to 25 days later than the latter, depending on time of

planting. These cultivars differed by a genetic factor for earliness
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that was different from those factors controlling vernalization and

photoperiod. In barley, Takahashi and Yasuda (1971) found that earliness

was expressed in fully vernalized barley plants when grown under contin-

uous illumination and termed this as "earliness in a narrow sense"

controlled by genetic factors.

Levy and Peterson (1972) reported that spring and winter wheat

cultivars headed sooner if artificially vernalized by increasing photo-

periods from 9 to 17 hours. Early maturing cultivars tended to respond

less to lengthened photoperiods. The photoperiodic responses were

concealed or masked by the vernalization requirement and were manifested

only in the highly spring genotype where no vernalization was required.

Even when the vernalization requirement was met, a genetic factor for

earliness appeared to exist in wheat that was independent of the photo-

period response in crosses between photoperiod-sensitive winter and

insensitive spring wheat cultivars (Keim et al, 1973). They further

reported that genetic factors governing earliness also appeared to be

minor in their effect when compared with the two genes governing the

photoperiod responses.

In an inheritance study of the length of the two major phases of

development in spring wheat, Pinthus (1963) reported that days from

plant emergence to spike initiation was governed by a dominant gene for

earliness, while days from spike initiation to heading was governed by

a different single dominant gene. Linkage between these two genes was

proposed with recombination values between 10 and 25 % being reported.

Pugsley (1972) suggested that the time of ear emergence was generally
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controlled by genes for daylength sensitivity rather than by genes gover-

ning the vernalization response. Levy and Peterson (1972) also reported

that photoperiod alone rather than vernalization appeared to be the

primary genetic factor controlling maturity in spring wheats. Photoperiod

insensitivity was controlled by two major genes with dominant epistasis

along with modifying minor genes in wheat (Welsh et al, 1973). Using

chromosome substitution lines of the Chinese Spring/Hope set, Halloran

and Boydell (1967) found the presence of a gene, or genes, of major

effect on photoperiod sensitivity on chromosome 4B and genes of less

effect on chromosomes 1A, 3B, 6B, and 7D of the cultivar 'Hope'.

In a study by Marwan et al (1981), heading date of spring wheat

was controlled by minor genes together with one to two dominant major

genes. Broad sense and narrow sense heritability estimates ranged from

86.1 to 88.9 % and from 24.7 to 78.0 %, respectively. The degree of

dominance for photoperiod insensitivity over sensitivity varied among

the crosses. Transgressive segregation towards lateness was also observed

in two crosses. For some durum wheats, narrow sense heritabilities for

flowering date ranged from 0.76 to 0.87 in the successive generations

(Ayden, 1981).

In an investigation of the genetic control of earliness in spring

wheat, Xie and Zhang (1981) reported that strong positive correlations

were observed between parents and both the Fl and F2. Thus it was

concluded that predictions of Fl earliness could be made from the mid-

parental value, and the F2 range could also be predicted. Broad sense

heritability was over 60 % in the F2 and F3. In crosses between parents

with different life cycle length, average heading dates were earlier in
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the Fl progeny than in the parents. For the F2 segregating population

there was continuous variation controlled by polygenes with transgres-

sive segregation being observed. However, Ahmed and Aksel (1972) reported

that heading date was found to be controlled by one gene with major

effect and one or several genes with minor effects. The gene with a

major effect was partially dominant for earliness. Two disomic whole

chromosome substitution lines, 1B of Timstein and 4A of Thatcher, were

analysed in relation to their homologues in recipient variety 'Chinese

Spring' along with two donor varieties 'Timstein' and 'Thatcher'.

The results obtained from various investigations differ as to the

number of genes involved. There have been many other reports as to the

number of genes influencing heading date such as one gene (Florell, 1924),

two genes (Nandpuri, 1959), three genes (Crumpacker and Allard, 1962;

Florell, 1931; Powers, 1934), four genes (Allard and Harding, 1963;

Wehrhahn and Allard, 1965), and polygenic control (Aamodt, 1923; Gaines

and Singleton, 1926; Gfeller, 1937; Powers, 1963; Thompson, 1921; Torrie,

1936).

Environmental influences on earliness

A study on effect of temperature on heading date of five vernalized

winter and five commonly grown spring wheat cultivars with a lengthening

photoperiod was conducted by Pirasteh and Welsh (1980). They reported

that all cultivars headed more rapidly at higher temperatures. Also,

cultivars had a specific set of phenological control mechanisms that

interacted with the environment in influencing the final yield expres-

sion. They stated that after satisfying the vernalization requirement,

photoperiod and increasing temperature were the main determining factors
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influencing heading date.

Halloran (1976) reported that maturity differences among the parents

and F1's when vernalized and exposed to an 18-hour photoperiod were due

to a factor other than vernalization or photoperiod response. It was

believed that growth temperature differentially influenced growth and/or

developmental rates between genotypes. The inheritance of photoperiodic

response in eight-parental diallel crosses of spring wheat showed

little agreement between the vernalized and nonvernalized conditions.

Under the nonvernalized conditions, photoperiodic response was affected

by nonallelic interaction, attributable mainly to the cultivar 'Pinnacle'

in general behaviour in its crosses. Removal of the 'Pinnacle' array from

the eight-parental diallel crosses gave a situation of high average

dominance for photoperiodic response. There was a clear indication that

high photoperiod sensitivity was dominant to comparative insensitivity.

However, under the vernalized conditions, removal of 'Pinnacle' array

from the eight-parental diallel crosses gave a situation of a moderately

strong degree of overdominance in the expression of heading date. In a

further study on the developmental basis of maturity differences in spring

wheat, Halloran (1977) reported that photoperiodic response was likely of

major significance in determining maturity of spring wheat grown in

southern Australia. Reasonably high correlations were obtained between

spikelet number and days to ear emergence under both the normal (r=0.74)

and 18-hour photoperiod (r=0.67). There were also wide differences in

spikelet number between wheats with similar maturity ranges. The differ-

ences indicated the likely presence of a significant genetic component

influencing spikelet number determination. He noted that with the
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absence of both photoperiod limitations and the need for vernalization,

growth temperatures could differentially influence developmental rate

among spring wheat genotypes.

In fall-sown spring wheats there was a difference in the number of

days to ear emergence after 0 and 8 week vernalization periods in

Australia. In general, vernalization requirements were fulfilled by a

4 or 6 week cold treatment (4°C) for all varieties except one 'Sherpa'.

It was suggested that the varieties tested had alleles different from

those of the 'Triple Dirk' isogenic lines at one or both of the vernaliz-

ation loci or that other loci were involved in determining their vernali-

zation requirements (Flood and Halloran, 1982).

Langer and Hanif (1973) reported that heavy nitrogen fertilizer

applications delayed floral development and increased the number of

grains per spikelet resulting in later maturity and higher grain yield.

Long photoperiods hastened floral development. Low levels of phosphate

application accelerated maturity irrespective of calcium concentrations.

High phosphate levels delayed maturity in wheat. Phosphate apparently

modified lignification by affecting maturity. Increasing the levels of

calcium probably reduced lignification by releasing peroxidase from the

cell wall. Phosphate effects again dominated those of calcium (Parish

and Miller, 1969).

Time, Duration and Rate of Grain Filling in Wheat

The time and duration ,of heading, flowering, grain filling and

physiological maturity are important latter stages of the life cycle in

determining earliness and subsequent grain yield in winter and spring
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wheats (Bingham, 1969; Evans, 1975; Nass and Reiser, 1975; Spiertz et al,

1971; Min, 1981; Wiegand and Cuellar, 1981; Choi, 1982). Total duration

of grain filling period is defined as the length from inflorescence

emergence to physiological maturity and is divided into lag period from

heading to flowering and actual grain filling period from flowering to

physiological maturity.

Research results indicate that genetic differences between wheat

cultivars exist for both duration and rate of grain filling. In most

cases, duration of grain filling was more important in contributing to

higher grain yield than was rate of grain filling. For example, Evans

(1975), working with wheat, suggested that duration was a more powerful

determinant of yield than the rate of grain filling. In contrast, Nass

and Reiser (1975) and Choi (1982) working with wheat, Czaplewski (1982)

with barley, and Fussell and Pearson (1978) with pearl millet found that

grain yield was more closely related to the rate of grain filling than

to the duration of grain filling.

Choi (1982) noted that wheat cultivars differed in time and duration

of spike and grain growth and development. 'Growth' was defined as the

advancement toward or attainment of full size or physiological maturity.

'Development' was described as an ordered change or progress in spike

and kernel growth and developmental pattern. The length of lag period

from heading to flowering was quite different among the cultivars

examined and influenced total duration of the grain filling period.

However, the length of the actual grain filling period was the same or

similar among the cultivars. Early maturing cultivars had earlier spike
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initiation, shorter duration of spike growth, and a longer duration and

lower rate of grain filling. Late maturing cultivars had later spike

initiation, longer duration of spike growth and shorter duration and

higher rate of grain filling. It was suggested that selection for early

maturity associated with shorter life cycle should be based on the time

of spike initiation, duration of spike growth and the time and duration

of grain filling period. A higher rate of grain filling could be selected

via a shorter grain filling period and heavier grain weight per spike.

Gebeyehou et al (1982) postulated that simultaneous selection for

increases in rate of grain filling and grain weight could result without

increasing duration of grain filling in durum wheat.

Physiological maturity date is an end point of the life cycle of a

wheat plant. The time of physiological maturity can be used to monitor

earliness more exactly than other stages of development in life cycle,

thereby providing an effective way to maximize grain yield for a specific

maturity range (Choi, 1982). In a study on the anatomical and physiolog-

ical development of wheat and barley kernels, Lingle (1982) found that

in wheat physiological maturity preceded the collapse of the vascular

tissue and chalaza by three days, but in barley physiological maturity

coincided with the collapse of these tissues. Hanft and Wych (1982)

reported that the mean number of days from anthesis to 95 % maximum

kernel dry weight and to 100 % maximum kernel dry weight (physiological

maturity) ranged from 22.3 to 33.7 and 27.9 to 40.1, respectively,

depending upon planting date and genotype for hard red spring wheats.

The time, duration and rate of grain filling are influenced by
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environmental factors. Gebeyehou et al (1982) working with durum wheat

indicated that longer duration of grain filling was associated with

lower temperatures, lower rates of grain filling, and lower grain

weights. The higher rate of grain filling was associated with higher air

temperatures during the grain filling period. Similarly Sofield et al

(1977) found that rate of grain filling in common wheat was higher at

higher temperatures. Grafius (1978) concluded that maximum grain size

was determined by the size of the lemma and palea and that actual grain

size would be reduced by competitive environmental factors in barley and

wheat.

The influence of temperature on the components of grain yield in

wheat is known to differ depending on plant growth stage. in studies on

yield and development of winter wheat at elevated temperatures, Johnson

and Kanemasu (1983) reported that increasing temperatures at any of the

growth stages advanced plant development relative to control plants.

High temperature treatments at terminal spikelet formation reduced

kernels per spike from 19.1 to 15.4, at least partly by reducing grain-

bearing spikelets per spike. An increase in kernel weight was associated

with the reduction in kernels per spike so final yield was not signif-

icantly reduced. However, an average reduction of 2.4 kernels per spike

by the 101 thermal units ETU =1E(max.0 min.C)/2] treatment at anthesis

significantly reduced grain yield. At the milk stage, average kernel

weights were generally reduced by high temperatures.

Thus the pace of crop development increases as temperatures

increase, usually resulting in a shorter duration between given growth

stages, which can influence yield. For example, when the duration of the
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grain filling period is shortened by high temperatures, kernel weight is

generally reduced (Chinoy, 1947; Wiegand and Cuellar, 1981). Fischer and

Maurer (1976) postulated that preanthesis temperatures influenced yield

components by affecting photosynthate supply, and primarily spike growth

duration.

In rice cultivars, differences in growth duration are primarily

differences in the vegetative period from germination to panicle

initiation. The reproductive period from panicle initiation to heading

and the grain filling period from heading to maturity are similar for

adapted cultivars in the same environment (Vergara and Chang, 1976).

Recently Jones et al (1979) found cultivar differences in rate and

duration of grain filling of rice which were attributable to both genetic

and environmental factors. Higher temperatures increased grain filling

rate and decreased grain filling duration. It was also suggested that

emphasis in breeding for high-yielding rice cultivars in California

should include raising the sink capacity either through increasing grain

size or number.

Extremely short vegetative growth duration could be a disadvantage

in rice because the vegetative growth has a role in panicle development

and subsequent grain filling. A long vegetative growth duration increases

total biomass production and nutritional requirements (Vergara et al,

1966). The optimum growth duration is affected by genetic and environ-

mental factors along with cultural practices. Under well-fertilized

conditions in the tropics, Tanaka and Vergara (1967) concluded that the

optimum growth duration to maturity was about 120 days in rice. When less

fertilizer was used, cultivars' growth duration increased by 130 to 140
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days. At very low rates of nitrogen fertilization, a growth period of

160 days was considered optimum by Kawano and Tanaka (1968). However,

with very close spacing of transplanted rice, yields were reported to be

the same for 95- and 124-day cultivars (Yoshida, 1977).

In studies of near-isogenic genotypes of rice differing in growth

duration, Dat and Peterson (1983) reported that the mutant ED7 from

Calrose 76, which reduced days from sowing to heading by 12 to 18 days,

produced superior yields under several management practices. Photosynt-

hate production was adequate to completely fill the available sink

capacity of the short growth duration genotype adapted to the cool

environment for rice.

Lee (1977) reported in oats that the length of grain filling varied

by cultivar, and that grain yield was significantly correlated with the

rate and length of grain filling, leaf area index at anthesis and at a

week after anthesis, leaf area duration, 1000-grain weight, number of

grains per panicle, sum of heat units, and accumulated solar radiation

during the grain filling period. He also indicated that leaf area

duration was a major determinant of length of the grain filling period

since functional leaf area decreased rapidly during the grain filling

period. It was suggested that higher yields in oats could be obtained

either by increasing the rate of grain filling or lengthening the grain

filling period or by both.

In soybeans, Reicosky et al (1982) reported that strains varied for

reproductive period (days from beginning bloom to no normal green pods),

seed filling period (days from beginning seed filling to physiological

maturity) and filling period estimate (days from beginning seed filling
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to maturity). The reproductive, seed filling, and filling period estimates

were highly correlated across years, indicating genetic control of the

characters in soybeans. The range of the seed filling period among the

strains was 18 to 54 days with a mean of 40 days.

In corn the length and rate of grain filling differed among hybrids

and between years. Using a diallel analysis, Cross (1975) found that the

general combining ability effects for duration and rate of grain filling

were larger than specific combining ability effects. A phenotypic

correlation of 0.81 was found between duration of the grain filling

period and grain yield. The correlation between rate of grain filling

and grain yield was not significant. There was some evidence that it

might be possible to shorten the vegetative period without sacrificing

yield.

In barley estimates of heritability (parent-progeny and variance

component methods) were high for duration of the vegetative period.

Estimates were low for the grain-filling period based on a single plot

(parent-progeny method), but relatively high when based on means of

replicated plots (variance component method; Rasmusson et al, 1979).

The time, duration and rate of grain filling, which are controlled

by genetic and environmental factors, are recognized as important in

determining grain yield in cereals as noted from the literature.

However, very little information is available concerning the nature of

inheritance and associations of the traits with yield components and

grain yield. An understanding of mode of gene action controlling the

time, duration and rate of grain filling and their associations with

yield components and grain yield could provide valuable information to
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be applied in breeding programs.

Source-Sink Relationship

Grain filling is the result of the translocation of photosynthate

from source to sink. Sink size or capacity is under genetic control.

The genetic control for assimilate distribution is important for

increased rate of grain filling in cereal grains. Grain yield and sink

capacity tend to increase in parallel until they reach the limit set by

photosynthetic capacity. Evans (1975) pointed out that selection for

sink and source individually could be misleading. It would be much more

effective to select for both traits at the same time. Further progress

would then require both photosynthesis and sink capacities to increase

in a coordinated manner. Hahn (1977) reported that varieties with better

sink capacities responded to increases in source as their sink demands

increased. As sink capacities increased, more production and supply

occurred. Therefore, it may be expected that selection for better sink

will, to a certain extent, lead to improvement of source and translocat-

ion capacities as well. Hahn (1982) further reported that the signific-

ant relationship between source potentials and responses of source to

sink suggest that it may be possible to select genotypes with high source

potentials and ideal degrees of response of source to sink. It was

postulated by Hahn (1982) that the genotypes with source potentials

larger than the average of all sources in all sinks and degrees of

response of source to sink of 1.00 would be more adaptable to wider

range of environments.

Grain production of cereals is mainly a matter of carbon dioxide

assimilation in the physiological source and starch and protein produc-
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tion in the grains. Processes in the physiological sink, rather than

photosynthesis, limit grain filling (Michael and Seiler-Kelbitsch,

1972; Jenner and Rathjen, 1975; Jenner, 1980; Mengel and Judel, 1981).

It was suggested that enzymatic processes in the grain, especially the

conversion of sucrose into starch, are the critical processes in grain

growth. Mengel and Haeder (1976) found that shading decreased the turn-

over of
14

C from soluble sugars into starch. Temperature also appeared

to play an important role in the turnover. Spiertz (1974) found that the

rate of dark respiration in the culm and flag leaf of wheat plants

increased more than two fold by raising the temperature from 15 to 25°C.

As a consequence the content of nonstructural carbohydrates in culms and

leaves decreased. It was also suggested that the depletion of carbohyd-

rates in leaves of wheat might induce senescence.

The levels of starch, fructosans, and sucrose in culms and leaves

are subject to rapid fluxes during the grain filling period. In cereals

fructosans are mainly synthesized during the vegetative growth period

(Schlubach, 1961). Starch and fructosans are storage carbohydrates.

While starch is stored mainly in the chioroplasts, the fructosans are

deposited in leaf sheaths and culms. Accumulation of both forms of these

polysaccharides is suggestive of a high rate of net photosynthesis

(Schiubach, 1961; Walker, 1980).

Sucrose is the major form in which carbohydrates are transported

(Jenner, 1980). Mobilization of storage carbohydrates starts with

enzymatic breakdown of polysaccharides. Starch mobilization also depends

on triose phosphate transport through the inner chloroplast envelope

membrane. This transport is mediated by phosphate translocation (Heber
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and Heldt, 1981), the efficiency of which depends on the P1 /triose

phosphate ratio at either side of the chloroplast envelope membrane.

Walker (1980) suggested that the export of triose phosphate out of the

chloroplast may be a limiting step in crop production. Net photosynthesis

generally does not limit grain production (Judel and Mengel 1982; Jenner

and Rathjen, 1975; Mengel and Haeder, 1976). The mobilization and trans-

port of storage carbohydrates in leaves and culms during grain filling

could limit grain production (Gifford and Evans, 1981; Judel and Mengel,

1982).

Judel and Mengel (1982) concluded that during the grain filling

period, the nonstructural carbohydrate present in highest quantity in the

vegetative plant material was sucrose. Later the fructosans showed the

highest concentrations in leaves and culms. Their results conclusively

showed that fructosans were the most important storage carbohydrates in

leaves and culms during grain filling. Chevalier and Lingle (1983)

reported that sucrose is not cleaved as it moves from the phloem to the

endosperm in wheat and barley. The duration of sucrose synthase activity

in the endosperm may be important in determining the duration of grain

filling. In wheat, sucrose synthase activity in the endosperm increased

as starch began to accumulate in that tissue and declined before starch

synthesis declined. They also found significant amounts of free sucrose

in the mature kernels of both wheat and barley. Other workers have also

reported that sucrose levels do not decline as wheat (Cerning and Guilbot,

1972), rice (Singh and Juliano, 1977) and barley (Laberge et al, 1973)

grains mature. Thus the duration of sucrose synthase activity might be

important in determining the duration of grain filling.
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In an investigation on ways of developing high yielding wheat

varieties, Ting (1979) suggested that grain weight per spike was

important to increase grain yield per unit area. Increment of 1000 -

grain weight is rather an easier way to a better sink capacity than that

of increment of grains per spike.

The wheat spike often has a low net assimilation rate, and this has

led to the conclusion that spike photosynthesis has been estimated to

contribute from 10 % (Lupton, 1969) to 60 % (Saghir et al, 1968) of

the grain dry weight. Over 90 % of grain carbohydrate is derived from

CO
2
fixation by the flag leaf and spike during the grain filling period

in many environmental conditions (Stoy, 1965; Evans et al, 1975).

Increase in the capacity of the spike for photosynthesis would appear to

be a valid general objective in wheat breeding since the spike are most

favorably placed to intercept light and atmospheric carbon dioxide

(Evans et al, 1975). Under dry conditions, awned varieties often outyiel-

ded those without awns, but in wetter climates they show little or no

advantage, and may even reduce yields (McKenzie, 1972).

In rice the contribution of panicle photosynthesis to grain yield

is less than in barley and wheat (Thorne, 1965), being less than 10 %

(Takeda and Maruta, 1956; Tanaka, 1958). Thus varieties which have their

panicles below the top of the canopy are more desirable (Yoshida, 1972).

The panicle at the top layer of the canopy absorbs much of the incident

radiation, lowering the efficiency of light utilization by the flag leaf

(Murata et al, 1968). The peduncle length must also be shortened to

reduce its assimilate competition with flag leaf and panicle.
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Wheat cultivar differences were found in the flow rate of assimilates

from the flag leaf and in the proportions of assimilates found in differ-

ent parts of the main stem during the grain filling period (Prochazka

and Peska, 1981). The rate of translocation from the leaf blades was

greater in the taller than in the shorter cultivars, but the quantities

of assimilates which reached the spike were not very different. The flag

leaf made the major contribution to grain formation. However, the

contributions of leaves below the flag leaf were also important. It was

suggested that neither assimilation area nor photosynthetic efficiency

could serve, singly or jointly, as reliable criteria of yield potential

since the distribution of the products of photosynthesis must also be

taken into account (Prochazka, 1980).

In spring barley, Scott et al (1983) reported that there was a very

highly significant positive correlation between grain filling rate and

final grain weight. There were also significant correlations of final

grain weight with carpel weight and husk weight at anthesis. These data

suggest that the initial size of carpel was an important factor in

determining grain filling rate and potential grain weight. Potential grain

size in barley may be determined by physical limitations imposed by the

lemma and palea or may be causably related to the size of the carpel

(Grafius, 1978; Scott et al, 1983). The relative size of the carpel is

determined by the time of meiosis, and potential size may also be affected

by preanthesis conditions. The position of the grain on the spike affects

its weight. Normally the heaviest grains are found in the lower mid-part

of the spike and are often almost twice as big as grains in the collar

and tip regions.
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Walpole and Morgan (1972) found a close correlation between awn

length and absolute grain filling rate and therefore final grain size

within the spike in barley. The same close relationship between floret

weight and final grain weight has been demonstrated in wheat (Fischer and

Hille Ris-Lambers, 1978). There is also some evidence in barley to

indicate that neither grain filling nor final grain weight is limited by

a normal supply of assimilates (Buttrose and May, 1959; Nosberger and

Thorne, 1965).

If rate of grain filling were not limited by assimilate supply, then

either awns did not affect them or they did so primarily by affecting

potential grain filling rates independently of assimilate supply, that

is, by influencing the sink demand or capacity of each grain. Endosperm

size may be determined partly by the cytokinin content of grains over the

period of cell division in the endosperm (Wheeler, 1972).

Michael et al (1969, 1970, 1972) provided evidence that awns may

increase the cytokinin content of grains in barley by increasing the

transport of cytokinin from sites of synthesis, probably in the roots to

the grains, as a consequence of increased spike transpiration. Moreover,

awn removal reduced grain size at a low air humidity, but not at high

humidity conditions when transpiration was much lower (Michael et al,

1969, 1970). Differences in grain filling rates and final grain size were

associated with differences in cytokinin activity in the grains (Michael,

1972). The differences in cytokinin content were apparent before the

differences in grain size. There is also evidence that awns may increase

the transport of nitrogenous substances into the grains (Pavlov et al,

1971).
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Holmes (1974) reported that during the period of endosperm cell

division it is possible that a limiting availability of cytokinin and

organic nitrogen compounds rather than carbohydrates in the grains

frequently limits volume growth of the endosperm and therefore subsequent

grain filling rate potential during the starch storage phase. Awns of

differing lengths, by affecting the quantities of these substances

transported into the developing grains, might effectively vary endosperm

size so that subsequent grain filling rates and final starch contents per

grain are varied. However, where the potential supply of assimilates

already exceeds grain filling requirements, any awn effects on supply

from the proximal source would be of secondary importance. Any additional

assimilate requirement deriving from awn effects on sink demand presumably

could be satisfied by increased export from the shoot. The size, duration

and photosynthetic efficiency of the awns would be important criteria

for selection in any breeding programs for increased yield in barley

(Walpole and Morgan, 1972; Holmes, 1974).

Hozyo and Kobayashi (1969) have also reported that in six-row barley

spike fed with
14
CO2 at the heading stage, a large amount (about 64 %) of

the assimilated
14
C was accumulated in the grain. However, a remarkable

disappearance of the assimilated
14
C from the plant fed with

14
CO2 to the

flag leaf at the heading stage seemed to indicate the consumption of

carbohydrates in the organ by respiration.

Stoy (1975) indicated that in barley three types of limitations in

the source, the sink, or the assimilate transport system may occur. It

depends on the particular combination of genotype and environment which

type predominates. Source limitation often seems to be absent in primitive
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types which have a low harvest index, whereas it does exist in modern,

high yielding varieties, especially when these are grown under conditions

of sub-optimal incident radiation. Sink limitation is the dominating

factor in primitive types. However, even modern barley cultivars show

clear signs of sink limitation and it appears, moreover, very likely

that the capacity of the assimilate transport system may be inadequate

in many cases as well.

Attempts to further increase modern cultivars' yielding potential

should not be aimed at an exclusive improvement of only one of the source,

sink, or transport characters but also should be aimed at a more or less

simultaneous advance on all three factors in cereal breeding programs

(Evans et al, 1975).

Recently Ellison et al (1983) examined post anthesis physiological

characters in four genotypes of bread wheat and a diallel set of their

progenies. They found that variation in total carbon uptake by photo-

synthetic tissue above the flag leaf node was primarily related to leaf

area and spike size differences during the early grain filling period.

Apparent photosynthetic rates of flag leaf during the late grain filling

period were closely correlated with flag leaf chlorophyll levels. They

also found that during the period of rapid kernel growth, genotypes

differed in the proportion and total quantity of current assimilate

translocated to the grain. Significant general combining ability effects

were found for flag leaf chlorophyll levels, flag leaf photosynthetic

rates at higher illuminances during the late grain filling period, total

plant carbon uptake, total spike carbon uptake, and proportional carbon

translocation to the grain.
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Effects of Environmental Stresses on Grain Filling

When cereal crop plants are subjected to post anthesis stresses of

the photosynthetic system, grain growth and development is supported to

a large extent by the mobilization of plant reserves, and genetic

variation exists in this respect. When the photosynthetic performance of

the plant is inhibited by post-anthesis stress, e.g., drought, grain

filling becomes increasingly dependent on plant reserves stored prior to

anthesis (Asana, 1961; Wardlaw, 1967; Rawson and Evans, 1971; Rawson et

al, 1977; Davidson and Birch, 1978; Reynier and Jacout, 1978; Austin et

al, 1980; Marshall et al, 1980).

Genetic variation apparently exists within cereal crop species in

the plants' ability to sustain kernel growth by plant reserves mobiliz-

ation. Austin et al (1977) found that translocation of reserves into

growing kernels was greater in varieties that lost more stem and leaf

dry weight after anthesis. Cultivar differences in grain yield could be

ascribed in part to a respective difference in the mobilization of stem

and leaf materials after anthesis. A significant positive relationship

was reported by several workers between the rate of stem dry matter loss

after anthesis and grain production capacity under conditions of drought

stress across varied genetic materials (Rawson et al, 1977; Reynier and

Jacout, 1978; Davidson and Birch 1978; Hunt, 1979). The mobilization of

plant reserves would be a major tolerance factor to water deficiency

(Boyer and McPherson, 1975).

Recently the effect of water stress with phasic development on yield

of wheat was investigated in a semi-arid environment by Hochman (1982).

He found that water use efficiency was reduced by stress and was lowest
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for stress between booting and grain filling. Especially significant in

a semi-arid environment was the increased sensitivity of leaf water

potential to soil moisture deficiency during the linear phase of grain

filling. This undesirable response may be remedied by selection for

varieties which are less sensitive to soil moisture deficiency at grain

filling. He also reported that stress from tillering to anthesis reduced

leaf area index and grain number. Grain yield was 28 % lower than the

nonstressed treatment. Stress from booting to grain filling resulted in

reduced grain number and 1000 grain weight. Grain yield was reduced by

36 %. Water stress during grain filling reduced the 1000 grain weight,

resulting in grain yield 16 % below the well watered control.

Johnson and Moss (1976), working with wheat, reported that water

stress caused a 14 % reduction in kernel weight and a 20 % reduction in

grain yield compared to control plants during the grain filling stage.

Under water stress, the site of photosynthesis tended to shift away from

leaf lamina to the upper leaf sheaths, upper portions of the stem, and

the spike. Of the total
14
C recovered from shoots at maturity, 83 % was

found in the grain of stressed plants and 69 % in control plants. The

.

lower percentage of 14C in grain of control plants at maturity was due

to accumulation of
14

C in stem segments, primarily in the form of

structural carbohydrates. As the lower leaves became senescent, the

relative contribution of spikes, upper sheaths, and stems to total photo-

synthesis increased. The percentage of the
14
C present in the grain at

maturity was greatest when
14

CO2 was fixed later in the grain filling

period.

Evans et al (1972) reported that drought increased the relative
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proportion of assimilate contributed to grain formation by spike photo-

synthesis when spikes, flag leaves or second leaves of field plots of

wheat were exposed to
14CO2 to determine their rate of photosynthesis

and the contribution of each organ to grain formation.

Short term flooding (10 to 15 days) at 15 to 17°C soil temperature

in a pot and field experiment did not influence grain yield of wheat.

Longer term flooding (20 to 30 days) reduced yield by 15 to 23 % at 15

to 17°C soil temperature and by 73 % at 25°C soil temperature. Yield

reduction was associated with smaller mean grain weight. At 5°C soil

temperature, 30 days of flooding had no significant effect on yield.

Stem dry weight per tiller decreased by about 25 % with an increase in

soil temperature from 5 to 25°C for both flooded and nonflooded treat-

ments. Roots were a minor sink for assimilate during the grain filling

stage. The significant effects of soil conditions on the maturing wheat

plant indicate some importance of roots and root environment during the

grain filling stage (Luxmore et al, 1973).

Teare et al (1982) examined changes in water status during water

stress at different stages of development in wheat. The total water

potential required to close the stomata on the last fully developed leaf

was different at different stages of physiological development, decreas-

ing as the plants grew older. The development of osmoregulation in wheat

allows the closure of stomata during the vegetative stage at a high total

water potential, but insures that stomata remain open from anthesis

through the grain filling period to a lower total water potential.

In barley, Mogensen (1980) reported on drought sensitivity at various

growth stages in relation to relative evapotranspiration and water stress.
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Relative evapotranspiration was found to be a more sensitive expression

for crop water stress than leaf water potential. Relative evapotranspir-

ation began to decrease when two-thirds of available soil water had been

used. Drought sensitivity per stress day was decreased from 0.14 during

jointing to 0.08 during booting. For drought after heading drought

sensitivity per stress day was 0.038 correspoding to a 3.8 % grain yield

reduction per stress day. This means that one stress day corresponds to

one day without grain filling.

Reduced grain yield under salt stress was found to be due to reduced

efficiency per days to fill the grains and consequently more effective

grain filling days, and also due to disturbed starch-sugar balance.

Delayed maturity due to salt stress pushes the plant also to desiccation

stress causing shrivelled grains. Soil salinity not only delayed flower-

ing but also reduced grain yield of plants (Hayward and Wadleigh, 1949;

Bernstein and Hayward, 1958; Koyal Skaya, 1958). The adverse effect of

salinity on growth, flowering and yield was due to either osmotically

reduced water availability to plant, specific ion effects and/or disturbed

metabolism of plants. Reduction of grain yield under salinity has been

reported in barley and wheat by other scientists (Bhardwaj and Roo, 1955;

Asana and Kale, 1965; Sarin and Narayanan, 1965; Sarin et al, 1975).

Combining Ability

Originally Sprague and Tatum (1942) defined the term "combining

ability" in single crosses of corn as follows: General combining ability

(GCA) is the average performance of a line in hybrid combination; Specific

combining ability (SCA) means that certain combinations do relatively
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better or worse than would be expected on the basis of the average

performance of the lines involved. General combining ability variance

has been related largely to genes which function in an additive manner.

If epistasis is present, it may include functions of additive types of

epistasis. Specific combining ability variance has been related to

dominance and epistasis deviations as well as to genotype x environment

interactions (Rojas and Sprague, 1952).

Experiments with diallel crosses provide a desirable method of

investigating polygenic systems. A diallel cross is defined as the set

of all possible single crosses and selfs between n homozygous lines.

A diallel table is a set of n
2 measurements associated with a diallel

cross. The making of all possible single crosses among a set of inbred

lines has been practiced for genetic studies since Sprague and Tatum

(1942) reported general versus specific combining ability in single

crosses of corn. A summary of a method of describing the genetical

situation generating a diallel table was presented by Jinks and Hayman

(1953), and by Jinks and by Hayman (1954), respectively. Further exam-

ination of the concept of combining ability in relation to diallel

crossing systems was made by Griffing (1956). In studies on the breed-

ing of self-pollinated cereals, Whitehouse et al (1958) used a diallel

cross analysis in spring wheat. Further detailed examination using a

diallel cross was reported by Kronstad and Foote (1964) for general and

specific combining ability estimates in winter wheat.

Analyses of variance of diallel tables have been developed which

detect both additive genetic variation and dominance deviations.

The genetic interpretations of data from diallel experiments are useful
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in self-pollinated crops when several important assumptions about the

parents used are met. The assumptions are 1) homozygous parents, 2)

diploid segregation during meiosis, 3) independent gene action of non-

allelic genes and no non-allelic interaction, 4) gene frequencies equal

to one-half (0.5) at all segregating loci, 5) genes independently

distributed between the parents, 6) no differences between reciprocal

crosses. However, the absence of epistasis cannot be assured when dealing

with quantitative traits (Mather, 1943; Horner et al, 1955; Gilbert,1958;

and Cockerham, 1959). Sokol and Baker (1977) also found that general

combining ability (GCA) includes effects due to additive, epistatic, and

when gene frequencies are equal 0.5, dominance gene action. When frequen-

cies do not equal 0.5, average heterosis depends upon additive x dominance

interaction as well as dominance and dominance x dotinance interaction.

Negative associations between various types of gene action greatly

inflate the apparent amount of SCA. General combining ability depends

upon genes which are additive in their effects (Rojas and Sprague, 1952),

but it is true only for gene frequencies equal 0.5 and when epistasis is

absent (Sokol and Baker, 1977). Specific combining ability is always

associated with the presence of nonallelic interaction, while GCA is the

outcome of uncomplicated dominance (Hull, 1945), where the nonallelic

interaction always involves overdominance. In the studies on the F2 and

backcross generations from a set of diallel crosses, Jinks (1956)

reported that the expected statistics for the analysis of the means of

reciprocal cross families of a diallel set of crosses are identified

with those given for the analysis of F2 family means in the absence of

nonallelic interaction [(T2 = 1/2(E1 + B2)]. Kempthorne (1956) pointed out
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that genetic analysis of diallel crosses will not provide any useful

information unless genes are independently distributed between the

parents.

Hayman (1963) discussed the number of parents required in diallel

experiments and concluded that estimates of variance components could

not be valid (accurate) estimates of population parameters unless the

number of parents exceeds ten. A fixed model was recommended with fewer

parents since most of the plant material of interest to the breeder

would be deliberately selected for traits of economic importance.

Critical issues in the use of diallel analyses were reviewed by

Baker (1978). He suggested that the statistical description provided by

diallel analysis could be used to help answer questions concerning the

importance of SCA and the predictability of hybrid performance using GCA

or parental performance. On the other hand, recently the parent x tester

crossing scheme involving an M (number of parents) x N (number of testers)

design was suggested by Alexander (1980) to be an effective way of

determining the potentials of the parents by estimating their GCA, as

well as minimizing the number of crosses required in the diallel analysis.

If the GCA effect estimates of the parents for grain yield accurately

predict performance of later generations, this parent x tester crossing

scheme would be an efficient method of assessing the potentials of

prospective parents in breeding programs.

Kronstad and Foote (1964) found that a large part of the total

genetic variability associated with grain yield and components of yield

in wheat was the result of mainly additive gene action. It was suggested

that there is considerable value of the concepts of combining ability to
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wheat breeders in classifying parental lines that show the greatest

promise for success, and in understanding the nature of quantitatively

expressed traits such as grain yield.

In breeding superior wheat cultivars, Kronstad and Petpisit (1980)

pointed out that crosses involving cultivars which previously had been

found to have high individual GCA effects were a useful predictor for

potential crosses. Also GCA effects were useful in determining the most

productive sequence in which the crosses should be made in order to

create more usable genetic variability for three way crosses.

Many scientists (Jatasra and Paroda, 1978; Bhullar et al, 1979;

Alexander, 1980) have reported that GCA effects were consistent over the

generations for all the traits measured in wheat while SCA effects showed

little consistency and lacked repeatability over the generations. Thus

individual GCA effects are a useful aid in predicting superior parental

combinations for a particular trait. Due to significant location x GCA

interaction, however, Brajcich (1981) working with winter x spring crosses

suggested that it would be necessary to determine combining ability

estimates for a potential parent grown at the specific site where the

breeding work is to be done.

In studies on the mode of inheritance of maturity in winter wheat,

Avey (1980) reported that the GCA from the diallel mating of nine diverse

parents was highly significant over years while the SCA effects were not

significant when averaged over years. However, they were highly signif-

icant when 1979 data were considered alone. In general, additive and/or

additive x additive effects would seem to be predominant. There is some

indication that genotypes may react somewhat differently under different
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sets of environmental conditions.

Recently, Corral (1983), working with wheat, reported that estimates

of GCA were significant for most traits, including grain yield over two

growing seasons. Interactions between GCA and high and low competition

levels were detected, indicating that genetic estimates obtained under

two planting densities were different with the magnitude depending on the

trait measured. Specific combining ability estimates were also important,

although of a lesser magnitude than those of GCA. The absence of inter-

actions between SCA and competition level, in most cases, suggested that

nonadditive genetic effects were influenced less by different environ-

ments. He concluded that GCA effects could help the plant breeder in

identifying the best parental combinations for certain traits.

Breeding for Early Maturity and High Productivity

For qualitatively or simply inherited traits like plant height or

perhaps maturity, the selection of parents and subsequent progeny is

easy. However, for quantitatively expressed traits like grain yield, it

is much more difficult. Furthermore, improvement in a combination of

qualitatively inherited traits and quantitatively inherited traits in a

wheat plant is more difficult, for example, breeding wheat cultivars with

early maturity and high grain yield which are adaptable to adverse

environmental stresses and diversified multiple cropping systems.

Successful development of new cultivars is a product of well-planned

crossing strategies on a large scale, combined with the efficient select

ion pressures and techniques of the breeder (Allard, 1960; Briggs and

Knowles, 1967). Thus after establishing clearly defined objectives,
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breeders of cereal grains are faced with two decisions. The first

involves the identification of the most promising parental combinations

to hybridize to create the highest frequency of usable genetic variation.

Secondly, the breeder must develop effective selection pressures and

techniques to identifying the agronomically superior progeny in

segregating populations (Kronstad, 1982).

In developing the early maturing cultivars while maintaining high

productivity, choice of parents is important. Apparent increase in

usable genetic variability has resulted from the systematic combining of

gene pools represented by winter and spring types of wheats (Kern, 1980;

Brajcich, 1981; McCuistion, 1982).

Choi (1982), working with winter and spring type wheat, found that

there were significant cultivar differences for time, duration and rate

of spike and grain growth and development in wheat. It was suggested

that breeding for shorter life cycle cultivars with productivity could

be possible by combining later spike initiation, shorter spike growth

period and shorter grain filling and higher rate of grain filling.

The effects of breaking up linkage groups on genetic variance can be

dependent on whether linkages are in coupling or repulsion phase. If one

parent contributes more favorable alleles to a cross than another,

coupling phase linkage may be important and result in decreased genetic

variance after intermating. If both parents contribute equally to a cross,

repulsion phase linkages may be important and result in increasing

genetic variance after intermating (Pederson, 1974).

Brajcich (1981) in crosses between winter and spring type wheats
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found that when two experimental sites were compared, greater genetic

diversity was observed at the spring site for maturity date, plant height,

tiller number, kernel weight and grain yield. More total genetic variation

was observed for heading date, grain filling period, harvest index and

kernels per spike at the winter site. It would appear that the winter

parents contributed more to the total genetic variation for most traits

measured at both locations. It was also suggested that estimates of gene

action and selection for adapted plant types could be done only at the

specific winter or spring site. He further reported that a large portion

of the total genetic variation controlling the traits measured was due

to additive gene action. However, at the winter wheat site there was also

a large influence of nonadditive gene action associated with heading

date, plant height, harvest index, tillers per plant, kernel weight,

kernels per spike and grain yield. The most promising parental combin-

ations could be predicted based on the GCA effects of the individual

cultivars for each trait studied.

Since the breeder of self-pollinating species is mainly concerned

with the additive portion, estimates of GCA are the most meaningful.

It has been found that in single, three-way and four-way crosses, the

use of GCA is a way of identifying parents which when crossed in

appropriate combination give rise to a higher proportion of desired

segregates (Petpisit, 1980). Corral (1983) noted that epistatic inter-

actions in a population of four-way crosses are expected to be even

greater than in three-way crosses since more genetic recombinations are

possible in four-way crosses than in three-way crosses.
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Frederickson (1982), working with wheat, reported that the estimate

of narrow-sense heritability for plant maturity and the correlation

coefficient estimated between heading date and plant maturity were not

significant. He indicated that correlated response in plant maturity with

selection for heading date would not occur in the population evaluated.

In addition, a non-significant genetic correlation between heading date

and plant maturity indicated that selection for heading date would have

no pleiotropic effects on plant maturity. However, as plant maturity had

a significant and positive environmental association with heading date,

selection for heading date was expected to result in a change in plant

maturity. He further reported that plant height, kernels/spike, and

population maturity were not expected to change as a result of selection

for heading date.

When the components of grain yield and life cycle length were

considered, Choi (1982) found that later spike initiation allowed for

the desired vegetative growth including the development of productive

tillers. Selection for earliness associated with later spike initiation

and shorter spike and kernel growth periods were desirable for shorter

life cycle cultivars. Thus the cultivars provided earlier and faster

growth and development under the shorter daylength and lower temperature

conditions. Higher rate of grain filling could provide heavier kernels

for higher grain yield in a shorter period.

Heading date, maturity, plant height and harvest index had very low

direct and indirect effects on grain yield in winter x spring crosses

(Brajcich, 1981). Frederickson (1982) indicated that the failure of

observed indirect effects of selection for heading date to agree with
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predictions for grain yield and 100-kernel weight were the result of the

presence of non-additive genetic variation for these traits. Falconer

(1981) described that non-additive effects of genes would be expected

to bias estimates of heritability and genetic correlations which were

used to predict correlated responses.

Additive and dominance genetic effects were expressed in different

ways under different competition levels in wheat. Corral (1983) suggested

that selection for agronomically important traits in the populations

should be performed under high competition conditions of growth. Similar

results were obtained by Abi-Antoun (1977). He found that compensation

effects for grain yield among yield components of wheat varied in relat-

ion to planting densities and locations.

In a comparison of two methods of divergent mass selection for

heading date in two winter wheat crosses, Frederickson (1982) reported

that observed response to bidirectional selection for heading date in

Cross I showed gains of -4.8 and 5.5 days/cycle with selfing and -4.2

and 5.1 days/cycle with intermating. Further progress from selection for

heading date could be achieved through additional cycles of selection

and intermating in this cross. Response to selection for heading date

with intermating in Cross II was superior to selfing in the early

direction (6.0 vs 5.0 days/cycle) and inferior to selfing in the late

direction (0.9 vs 1.9 days/cycle). These results were ascribed to an

accumulation of minor genes via intermating and rapid fixation of

recessive genes via selfing, for early and late selection, respectively.

He also observed few large correlated responses in the eight unselected

traits with selection for heading date in either cross. Intermating was
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more successful than selfing in retaining genetic variation in most of

the unselected traits including grain yield in Cross I. However, inter-

mating showed a slight advantage in maintaining genetic variation in

unselected traits in Cross II, probably due to the low levels of additive

genetic variation present in this cross.

In three cycles of simple recurrent selection for early heading in

winter wheat, Avey et al (1982) suggested that in the first cycle,

selection acted largely on major genes which showed some nonadditive

gene action, while selection in cycles 2 and 3 acted on minor genes

governed by additive and/or additive x additive effects. Recurrent

selection for early heading in winter wheat was effective in shifting

the population means in the desired direction. In the advanced gener

ation analysis of days to heading in three winter wheat crosses, additive

variance was significant for heading date in Cross I; additive and

dominance variances were significant in Cross II; and additive x

additive effects were significant in Cross III. Thus it was suggested

that much of the genetic variance for heading date was additive or

fixable, although nonadditive effects might have been significant in

some crosses. Gain from selection for heading date should be possible in

early generations, especially for the major gene effects, but for

additional gains selection should be made in later generations.

In spring wheat, Busch and Kofoid (1982) reported that two cycles

of selection resulted in lines with kernel weight higher than any lines

in the original population. Further negative indirect effects of selec-

tion for kernel weight were observed for days to heading, spikelets per

spike, kernels/cm of spike, and spikelets/cm of spike.
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Yang et al (1981) developed several very early maturing winter wheat

varieties, being one or two weeks earlier in maturity than widely grown

cultivars. The new varieties have good agronomic characteristics includ-

ing cold tolerance and high grain yields. Their studies on growth and

developmental stages indicated that very early maturing winter wheat

cultivars should have a very early spike emergence and a short grain

growth and developmental stage.

In developing early maturing wheat cultivars, Kihara (1979, 1980,

1982) reported that the NC (Nucleo-Cytoplasmic) hybrids were not only of

scientific interest but possessed practical value as well. Through the

examination of various combinations of nuclear substitutions, there

appeared a special case which could certainly be explained by nuclear-

cytoplasmic heterosis in common wheat. This is (squarrosa) Triticum

aestivum. Most of the common wheats with squarrosa cytoplasm are found

superior to or more vigorous and earlier matured than their nuclear

donor lines.
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MATERIALS AND METHODS

Two winter, 'Hyslop' (HYS) and 'Yamhill' (YMH), and two spring

cultivars, 'Siete Cerros' (7C) and 'Red Bobs' (RB), were used as parents

in this study. They differ in sources of origin, growth habit, heading

and flowering dates, grain filling and physiological maturity, components

of yield and grain yield. Also differences in vernalization requirement,

photoperiod and temperature responses can be observed among the cultivars.

The descriptions and pedigrees for the cultivars are presented in

Appendix Table 1.

A 4 x 4 diallel cross with reciprocals was made to produce the Fl

generation. The F2 generations from reciprocal crosses were obtained

from selfing the Fl plants. Backcross populations were obtained by

crossing the Fls to their respective winter and spring parents. Parents,

F1's, F2's, BC1's and BC2's were planted on November 1st, 1979. The

experimental design was a randomized complete block with four replications.

The experimental material was composed of two rows for each parent (100

plants), two rows per Fl (100 plants), four rows for the backcrosses

(200 plants) and eight rows for the F2 populations (400 plants). Rows

were planted 30 cm apart and were 2.5 m long. Within the row, plants were

spaced 20 cm apart. Ninety kg/ha of N was added as 16-20-10 of the

formulation N-P
2
0
5
-K

2
0 in a preplant application. This was followed

by broadcasting 46 kg/ha of N as urea at jointing stage in

the spring. An application of the herbicide Karmex at the
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rate of 1.68 kg/ha was carried out to control weeds, mainly the grass

Poa annua. Manual weeding was performed in the early spring. Barley

plants were seeded around the border of the experiment to insure equal

competition between plants. Barley was also planted in early spring

during the growing season to occupy the space where experimental wheat

plants were missing. The experimental site was located on the East Farm

near Corvallis, Oregon. The soil type is a sandy loam. A summary of

climatic data obtained during this experimental period is presented in

Appendix Table 2.

The following characters were recorded on an individual plant basis.

The per plant values were averaged due to the unequal sample sizes, and

the analysis was conducted on the basis of plot means.

1. Heading date was recorded when the first spike of the plant

completely emerged from the flag leaf sheath.

2. Anthesis was recorded when the first spike of the plant began

to shed pollen.

3. Physiological maturity date was recorded when the first spike

of the plant lost its green color, and was noted at two-day intervals

for all the treatments.

4. Duration of grain filling period was calculated as days from

heading to physiological maturity, which was divided into two periods

a) lag period from heading to flowering, and b) actual grain filling

period from flowering to physiological maturity.

5. Plant height was measured in cm just before harvest from the

ground surface to the tip of the tallest spike of the plant, excluding

awns if present.
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6. Number of tillers per plant were counted at maturity and

included only the productive tillers bearing fertile spikes.

7. Dry weight of whole plant was obtained by cutting the base of

the plant just ground surface, and allowing to dry for one day.

8. Grain yield was the total weight in grams of cleaned seeds

from each plant.

9. Harvest index, expressed in percent, was calculated as the

ratio of grain yield per plant to the total dry weight of the whole

plant excluding roots.

10. Kernel weight was obtained for 100 kernels randomly selected

from each plant.

11. Number of kernels per spike was calculated from the following

formula:
100 (grain yield per plant/100-kernel weight)

Number of spikes per plant.

12. Kernel weight per spike was calculated in grams from the

following formula:
Grain yield per plant

Number of spikes per plant.

13. Rate of grain filling was calculated in mg from the following

formula:
Grain yield per plant

Duration of grain filling period.
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ANALYSES

All of the characters measured were subjected to analysis of

variance to determine magnitude of genetic variance, coefficient of

variation (CV) and heritability. The CV values were partitioned into

coefficients of phenotypic, genotypic, and environmental variation

using variance components:

CV = 100 S / X ; CV = Coefficient of phenotypic variation,
P P P

S
P

= Standard deviation of phenotypic values.

CV
g
= 100 S

g
/ X ; CVg = Coefficient of genotypic variation,

S = Standard deviation of genotypic values.
g

CV
e

= 100 S
e

/ X ; CV
e
= Coefficient of environmental variation,

S
e

= Standard deviation of environmental values.

The coefficients of heritability values were obtained using the formula

CV / (CV + CV
e
). The broad sense heritability values were calculated

g g

using variance components and the formula V / (Vg + V
e
).

The parent-offspring correlation coefficients (narrow sense heritability)

were computed between mid-parent values and F1's and F2's, between

female parents and BC1's, between male parents and BC2's, and between

F1's and 1/2071 + R2Ps.

The estimates of combining ability values were obtained for the

diallel set using the technique proposed by Griffing (1956) and the

following formula: g. = R. - X for GCA; s. = R. X + X
1. 1. .. 1J ij .j

for SCA. The fixed model was used because the parents constituted a

deliberately selected set of cultivars.
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In addition, an analysis of variance of the 4 x 4 complete diallel

set of Fl, F2 and 1/2(EZ1 + E62) crosses of wheats was conducted to

determine if there was a maternal effect for duration of grain filling

period. Further analysis of variance of the estimates of variance (Vr)

and parent-offspring covariance (Wr) for each of the four arrays after

averaging over reciprocal crosses of the diallel set was made and

graphed using the model proposed by Jinks and Hayman (1953) to determine

the nature of gene action involved for duration of grain filling period.

Simple correlation coefficients among the 15 characters were

computed, and further partitioned into direct and indirect effects using

path-coefficient analysis outlined by Wright (1921) and Li (1955).
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EXPERIMENTAL RESULTS

Analysis of Variance

Observed mean square values for time of heading, flowering and

physiological maturity, duration and rate of grain filling, grain yield,

and yield components for parents, F1's, reciprocal BC's and F2's are

presented in Table 1. Differences in mean values for the 15 characters

involving all generations were observed with the exceptions of grain

yield, tillers per plant and whole plant dry weight. No differences

were detected among BC1's and F2's for grain yield and whole plant dry

weight. For tiller number, a difference was found only between parents.

Coefficients of variation were low for heading date (.51), flower-

ing date (.60), grain filling period (2.03) and actual grain filling

period (2.22). For the lag period from heading to anthesis, the value

was high (13.77) as were those for grain yield (17.55), number of

tillers per plant (18.23), rate of grain filling (17.18), and whole

plant dry weight (20.74). Those for harvest index (5.89), plant height

(5.02), 100-kernel weight (4.01), grain weight per spike (6.91), and

kernels per spike (7.47) were intermediate.

Performance of Parents and their Offspring

The mean values for the 15 characters are provided in Appendix Table

3 for four parents and Fl, BC1, BC2 and F2 generations. Two winter parents

'Hyslop' and 'Yamhill' were mid-late in heading, flowering, grain filling,

and maturing with 199 and 202 days to physiological maturity,respectively.

Two spring parents 'Siete Cerros' and 'Red Bobs' were earlier for heading,

flowering, grain filling and maturing, requiring only 193 and 192 days to



Table 1. Observed mean square values measured for 15 characters for two winter and two spring
wheat parents and resulting Fl , BC1 , BC2 , and F2 populations from a diallel
cross grown on the East Farm near Corvallis, Oregon, 1979-80.

Heading Flowering 1, Lag Grain Tillers/
Sources of variation OF

date date PMD-' DGFP
2/

period AGFP
3/

yield plant

Replications 3 21.73** 15.09** 39.50** 22.67** 1.83* 20.05** 683.80**

Genotypes 51 127.31** 54.06** 31.09** 36.72** 27.42** 14.67** 170.06**

Among groups 4 36.68** 77.54** 10.29** 11.56** 5.28** 5.20** 420.10**

Within groups 47 135.02** 77.54** 32.86** 38.86** 29.30** 15.48** 148.78**

Within parents 3 343.23** 157.06** 90.40** 89.83** 75.67** 55.50** 490.79**

Within Fls 11 86.92** 45.11** 20.83** 27.36** 20.14** 17.45** 222.27**

Within BC1s 11 143.32** 58.20** 29.92** 44.83** 29.57** 14.88** 60.87

Within BC2s 11 139.50** 52.70** 34.11** 40.57** 32.20** 11.27** 165.25**

Within F2s 11 113.57** 44.51** 30.88** 28.78** 22.67** 17.38** 53.46

Error 153 .73 .80 1.24 1.13 .50 1.10 49.42

Total 207

Standard error (Si) .43 .45 .56 .53 .35 .52 3.51

CV, % .51 .60 .57 2.03 13.77 2.22 17.55

119.54**
4.50
9.42
4.08
11.40*
1.81

2.87
6.16
3.48
4.28

1.03
18.23

Sources of variation OF
Kernel

4/
Kernels/

5/
weight GWS- spike RGF-

Harvest
6/

Plant
index WPDW- height

Replications
Genotypes

Among groups
Within groups
Within parents
Within Fls
Within BC1s
Within BC2s
Within F2s

Error

3 .41** 3.25** 1385.48** 322797.00** 49.52** 7088.46**

51 .31** 1.04** 184.60** 91785.50** 43.47** 873.02**

4 1.21** 2.02** 188.09** 118308.23** 35.92** 1926.48**

47 .23** .96** 184.30** 89528.25** 44.11** 783.36**

3 .65** 1.57** 224.81** 268628.00** 56.66** 1879.62**

11 .10** 1.35** 305.39** 121772.00** 31.69** 953.35*

11 .20** .78** .157.55** 55676.00** 50.01** 426.52

11 .41** .99** 155.15** 99043.50** 62.11** 1033.91**

11 .11** .54** 108.07** 32777.10* 29.21** 420.70

153 .04 .06 26.20 17605.50 5.61 435.28

Total 207

Standard error (Si)
CV, %

.10 .12 2.56 66.34 1.18 10.43

4.01 6.91 7.47 17.18 5.89 20.74

537.55**
1182.55**
673.39**
1225.88**
2522.42**
1093.51**
1141.04**
1432.04**
883.34**
32.26

2.84
5.02

* : Significant at the .05 probability level, ** :

1/ PMD = Physiological maturity date, 4/ GWS =

2/ DGFP= Duration of grain filling period, 5/ RGF =
3/ AGFP= Actual grain filling period, 16:I/ WPD11=

Significant at the .01 probability level.

Grain weight per spike,

Rate of grain filling,
Whole plant dry weight.
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physiological maturityorespectively. The winter cultivars had a higher grain

yield potential in contrast to the two spring cultivars under the environ-

mental conditions of this study.

The durations of grain filling period for the parents were different.

Hyslop and Yamhill required 49 and 46 days with lag period being 2 and -1

days from heading to flowering respectively, while their actual grain

filling periods were similar as 47 days from flowering to physiological

maturity. Siete Cerros and Red Bobs required 57 and 53 days from heading

to physiological maturity with lag periods being 4 and 9 days. Their actual

grain filling periods were 53 and 44 days from flowering to physiological

maturity.

The Fl, BC1 and F2 of Siete Cerros x Red Bobs were the earliest

populations with the Fl of Red Bobs x Siete Cerros being as early as 135

days to reach the heading stage. Yamhill was the latest to reach heading

stage at 156 days. Flowering dates ranged from 141 days in Siete Cerros to

155 days for Yamhill. For physiological maturity date, the range was from

190 days in the BC2R of Siete Cerros x Red Bobs to 202 days for

Yamhill. Total duration of grain filling period from heading to physiological

maturity ranged from 46 days with Yamhill to 58 days in the BC2 of Siete

Cerros x Red Bobs. The lag period from heading to flowering ranged from

-1 day for Yamhill to 9 days in Red Bobs, and the 171R, BC2R, F2 and F2R

of Siete Cerros x Red Bobs. The actual grain filling period ranged from

44 days for Red Bobs to 53 days in Siete Cerros. For grain yield per plant

the range was from 24 g in Red Bobs to 59 g in the Fl of Yamhill x Siete

Cerros.

Mean values, standard deviations and coefficients of variation for

15 characters for all parent , Fl, BC1, BC2 and F2 generations are provided
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in Appendix Table 4. Small variabilities for all generations were noted

for the time and duration of heading, flowering, grain filling and physiol-

ogical maturity when looking at coefficient of variation. However, largest

variability was found for the lag period from heading to anthesis. Large

variabilities were also noted for grain yield, tiller number, rate of grain

filling, grain weight per spike and whole plant dry weight. The variabilities

were intermediate for kernel weight, kernel number and harvest index.

Comparison of standard deviations for the experimental populations of

six cross combinations can be noted in Appendix Table 5. Winter x spring

populations had larger standard deviations than did winter x winter and

spring x spring populations for the traits measured. For example, for heading

date the variation was small for the spring x spring crosses involving Red

Bobs and Siete Cerros (1.20), but larger for the winter x spring populations,

particularly for the Yamhill x Siete Cerros (5.91). When physiological

maturity date was considered, variation was small for Siete Cerros x Red Bobs

(.92) but larger for Yamhill x Red Bobs (3.02). With regard to the

duration of grain filling period, variation was .95 for the Hyslop x Yamhill

but 3.33 for the Yamhill x Siete Cerros. For rate of grain filling, the

variation was 116.22 for the Hyslop x Yamhill but 178.74 for Yamhill x

Siete Cerros. When grain yield is considered, the variation was 6.13 for

the Hyslop x Yamhill and 8.44 for the Yamhill x Siete Cerros. The other

traits measured reflected similar trends with exception of plant height

where the populations involving the Red Bobs parent had larger variation.
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Estimates of Heritability

Coefficients of phenotypic, genotypic and environmental variation

and heritability estimates for parents, F1's, BC1's, BC2's and F2's are

presented in Table 2. The phenotypic variation estimates for all the traits

measured were consistently higher when compared with genotypic and environ-

mental variation estimates over all generations. When genotypic and

environmental variation estimates are considered, larger genotypic

variations were demonstrated for the time and duration of heading, flowering,

physiological maturity and grain filling, plant height and to a lesser extent,

grain weight per spike. Smaller genotypic variation estimates were realized

for grain yield, tiller number and whole plant dry weight when contrasted

with environmental variation estimates, but there were larger genotypic

variation estimates detected for the parents for grain yield and whole plant

dry weight. 100-kernel weight, kernels per spike, rate of grain filling and

harvest index were similar for the average of the estimates of genotypic

and environmental variation; however, there were larger or smaller

genotypic variations detected depending on the generations.

The largest heritability estimates were demonstrated for the times of

heading, flowering and physiological maturity. Small heritability estimates

were noted for grain yield, tiller number, and whole plant dry weight.

Kernel number and grain weight per spike, rate of grain filling, 100-kernel

weight and harvest index were intermediate, while duration of grain filling

period, lag and actual grain filling periods along with plant height

reflected high values. Similar trends for parent-offspring correlation

coefficients for F1's, BC1's, BC2's, 2(BC1 BC2)'s and F2's of the



Table 2. Observed mean values, coefficients of variation and heritability estimates for 15
characters for two winter and two spring wheat parents and the resulting Fl, BC1,
BC2, and F2 populations. East Farm near Corvallis, Oregon, 1979-80.

Generations Heading date
Mean CVp CVg CVe CH

Flowering date
Mean CVp CVg CVe CH

Parents 144.69 12.80 6.40 .54 .922 .993 148.69 8.43 4.20 .60 .875 .980
Fls 141.67 6.58 3.28 .51 .865 . 976 146.92 4.57 2.27 .57 .799 .941
BC1s 143.50 8.34 4.16 .57 .879 981 148.48 5.14 2.55 .61 .807 .945
BC2s 143.25 8.25 4.11 .66 . 862 .975 148.33 4.89 2.43 .58 807 .946
F2s 142.85 7.46 3.72 .06 .849 .969 148.06 4.51 2.23 .69 .764 .913
Average 142.96 7.89 3.93 .51 .885 .977 148.01 4.97 2.47 .60 .805 .943

Generations Physiological maturity date
Mean CVp CVg CVe CH h B

Duration of grain filling period 2

Mean CVp CVg CVe CH h B

Parents 195.94 4.85 2.41 .47 .837 .964 51.25 18.49 9.14 2.84 .763 .912
rls 194.67 2.34 1.10 .82 .573 .641 53.00 9.87 4.76 2.60 .647 .770
BC1s 195.58 2.80 1.38 .45 .754 .906 52.08 12.86 6.37 1.68 .791 .935
BC2s 195.63 2.99 1.47 .53 .735 .885 52.38 12.16 6.01 1.84 .766 .914
F2s 194.92 2.85 1.40 .50 .737 .887 52.06 10.30 5.07 1.82 .736 .886
Average 195.26 2.86 1.40 .57 .711 .858 52.29 11.59 5.70 2.03 .737 .888

Lag period Actual grain filling periodGenerations
Mean CVp CVg CVe CH h

2
B Mean CVp CVg CVe CH h B

Parents 4.10 212.16 105.73 17.25 .860 .974 47.25 15.77 7.76 2.73 .740 .890
Fl s 5.35 83.88 41.34 14.12 .745 .896 47.75 8.75 4.13 2.91 .587 .667
BC1s 5.08 107.05 53.06 14.07 .790 .934 47.10 8.19 4.00 1.72 .699 .844
BC2s 5.18 109.47 54.21 15.08 .782 .928 47.29 7.10 3.39 2.11 .616 .720
F2s 5.31 89.70 44.47 11.71 .792 .935 46.85 5.80 2.71 2.07 .567 .632
Average 5.14 101.81 50.44 13.77 .786 .931 47.25 8.11 3.90 2.22 .637 .754



Table 2. Continued.

Grain yield Tillers per plant
Generations

Mean CVp CVg CVe CH h
2
B Mean CVp CVg CVe CH h

2

Parents 34.66 63.91 31.21 13.71 .695 .838 11.24 30.05 13.23 14.26 .481 .463
rls 43.85 34.00 14.57 17.51 .454 .409 11.39 11.81 - 18.08 - -.167
BC1s 37.15 21.00 3.64 19.70 .156 .033 10.72 15.81 - 19.72 - -.098
BC2s 39.51 32.54 13.18 19.07 .409 .323 11.37 21.83 4.38 20.00 .180 .046
F2s 41.52 17.61 5.90 13.08 .311 .169 11.96 15.60 3.27 14.17 .188 .051
Average 40.06 32.55 13.71 17.55 .439 .379 11.35 18.68 2.04 18.23 .101 .012

Generations Kernel weight Grain weight per spike
Mean CVp CVg CVe CH h

2
8 Mean CVp CVg CVe CH

Parents 4.84 16.71 8.02 4.67 .632 .747 3.10 40.43 18.93 14.21 .571 .640
Fls 5.42 5.93 2.10 4.17 .335 .203 3.86 30.10 14.83 5.10 .744 .894
BC1s 5.11 8.82 7.56 4.54 .625 .735 3.50 25.25 12.34 5.29 .700 .845
BC2s 5.16 12.37 5.94 3.44 .633 .749 3.51 28.32 13.56 8.13 .625 .736
F2s 5.16 6.29 2.68 3.29 .449 .398 3.52 20.82 9.90 6.42 .607 .704
Average 5.18 10.73 4.97 4.01 .553 .606 3.56 28.69 13.92 6.91 .668 .802

Generations Kernels per spike 2 Rate of grain filling
Mean CVp CVg CVe CH h B Mean CVp CVg CVe CH h

2B

Parents 63.74 23.52 9.56 13.70 .411 .327 690.50 75.06 36.81 14.59 .716 .864
Fis 71.26 24.52 11.90 5.93 .667 .801 834.85 41.80 19.09 16.99 .529 .558

8C1s 68.29 18.38 8.55 6.75 .559 .616 719.75 32.78 13.33 19.09 .411 .328

BC2s 67.96 18.33 8.17 8.32 .495 .490 761.52 41.33 18.41 18.75 .495 .491

F2s 68.10 15.26 6.74 7.17 .485 .469 801.25 22.60 9.26 12.94 .417 .339

Average 68.51 19.83 9.19 7.47 .552 .602 772.51 39.22 17.63 17.18 .506 .513

Rote: - denotes very small and negative value.



Table 2. Continued.

Harvest indexGenerations
Mean CVp CVg CVe CH 0

Whole plant dry weight
Mean CVp CVg CVe CH h

2

Parents 39.42 19.10 8.88 7.02 .558 .615 87.46 49.57 23.55 15.47 .604 .698
Fls 41.71 13.49 5.97 6.29 .487 .473 106.04 69.12 9.36 22.31 .296 .150
BCls 39.81 17.77 8.54 4.88 .636 .754 94.29 21.90 - 23.05 - -.025
BC2s 39.98 19.71 9.38 6.07 .607 .705 100.09 32.13 11.80 21.80 .351 .226
F2s 39.66 13.63 6.12 6.00 .505 .510 106.37 19.28 5.38 16.00 .252 .101
Average 40.22 16.39 7.65 5.89 .565 .628 100.60 29.37 10.40 20.74 .334 .201

Generations
Plant height
Mean CVp CVg CVe CH

,parents 103.63 48.47 24.15 4.12 .854 .972
Fls 117.81 28.07 13.85 4.57 .752 .902
BC1s 111.29 30.35 14.87 6.09 .709 .856
BC2s 112.71 33.58 16.61 4.87 .773 .921
F2s 113.85 26.10 12.82 4.92 .723 .871
Average 113.13 30.40 14.99 5.02 .749 .899

Note : CVp = Coefficient of phenotypic variation
CVg = Coefficient of genotypic variation
CVe = Coefficient of error variation
cp = Coefficient of heritability calculated using CVg and CVe.
h 8 . Broad sense heritability analyzed using variance components of the ANOVA Table 1.
- denotes very small and negative value.



Table 3. Parent-offspring correlation coefficients for 15 characters from Fl, BC1, BC2, IABC1 +

BC2), and F2 crosses resulting from a diallel cross of four wheat cultivars planted
on November 1st, 1979. East Farm near Corvallis, Oregon, 1979-80.

Characters
Fls vs

MP

F2s vs

Fls

BC1s vs
Female
Parents

BC2s vs
Male
Parents

1/4(8C1+BC2)s vs

Fls Total

Heading date .962** .982** .932** .902** .783** .844**

Flowering date .896** .975** .903** .888** .776** .815**

PMD 1/ .871** .899** .894** .848** .734** .790**

DGFP 2./ .886** .934** .938** .923** .728** .837**

Lag period .919** .880** .930** .868** .806** .844**

AGFP 3/ .674* .783** .901** .937** .506 .735**

Grain yield .284 .423 .710** .299 .785** .336**

Tillers/plant -.146 .121 -.356 -.435 .472 -.164

Kernel weight .490 .495 .754** .825** .653* .296*

GWS 4/ .224 .883** .677* .521 .717** .381**

Kernels/spike .121 .925** .674* .351 .736** .424**

RGF 5/ .478 .689* .781** .523 .805** .542**

Harvest index .665* .720** .910** .912** .616* .672**

WPDW 6/ .135 .205 .255 -.105 -.792** .193

Plant height .902** .959** .932** .901** .777** .796**

1/ PHD = Physiological maturity date, 4/ GWS = Grain weight per spike,
2/ DGFP = Duration of grain filling period, 5/ RGF = Rate of grain filling,
3/ AGFP = Actual grain filling period, 6/ WPOW = Whole plant dry weight.

: Significant at the .05 probability level, ** : Significant at the .01 probability level.
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crosses can be noted in Table 3.

The heritability estimates are compared using several different

methods as illustrated in Tables 2 and 3. The estimates of broad sense

heritability (h
2
B) were higher for all traits measured when compared

with the estimates of coefficients of heritability (CH) and parent-

offspring correlation coefficient (h
2
N) except for grain yield, tiller

number, whole plant dry weight and rate of grain filling. The average

or total estimates of CH and h
2
N were similar for all the traits with

exceptions of grain yield, tiller number, kernel weight, grain weight

per spike and whole plant dry weight where large environmental variations

were observed. For heading date the average CH value was .885 with a

corresponding h2B value of .977 for 52 populations. The h
2
N value was

.844. With regard to flowering date, the CH value was .805 with h
2
B and

2NN being .943 and .815 respectively. For physiological maturity date

the CH estimate was .711 and h
2
B and h

2
N were .858 and .790. When

duration of grain filling period is considered, the estimates of CH, h
2
B

and h
2
N were .737, .888 and .837 respectively. The estimates of heritab-

ility value were high for lag period. However, for actual grain filling

period the estimates of CH, h
2
B and h2N were smaller than those of total

duration of grain filling and lag period, being .637, .754 and .735

respectively.

With regard to grain yield the CH estimate was .439 with h2B and h2N

being .379 and .336, respectively. However, the estimates of h
2
N varied

for specific comparisons from .284 for F1's vs MP to .785 for 2(BC1 +

BC2)'s vs F1's. When the components of grain yield were considered, the

CH estimate for tiller number was .101 with h
2
B being .012 and with -.164
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for the h
2
N estimate. The estimates also varied from -.356 for BC1's vs

female parents to .472 for 2(BC1 + BC2)'s due to large environmental

variation for tiller number. For kernel weight the estimate of CH was

.553 along with .606 for h
2
B and .296 for h

2
N. The estimate of CH for

kernel number was .552 with the h
2
B and h

2
N being .602 and .424

respectively. With regard to grain weight per spike, the estimate of CH

was .668 with h
2
B being .802, but the h2N value was .381 ranging from

.224 to .883 for the various comparisons. The estimate of CH for whole

plant dry weight was .334 with h2B and h2N being .201 and .193 respect-

ively. The h2N values ranged from -.792 to .255 depending on the

comparison. Thus the estimates of heritability varied from low to high

in accordance with generations and estimating methods employed,

particularly for tiller number, kernel weight, grain weight per spike,

kernel number and whole plant dry weight. However, there were less

variation among the estimates of heritability for rate of grain filling

and harvest index. Plant height demonstrated consistently high values of

heritability, like those for time and duration of heading, anthesis and

physiological maturity and grain filling. For rate of grain filling, the

CH estimate was .506 and h
2
B was .513 along with .542 for h2N. The

estimate of CH for harvest index was .565 with the estimates of h
2
B and

h
2
N being .628 and .672, respectively. For plant height the CH estimate

was .749 and h
2
B was .899 along with .796 for h

2
N.
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Nature of Gene Action

The analysis for variance (Vr) and parent-offspring covariance (Wr)

for four arrays of the 4 x 4 diallel crosses was conducted to obtain more

detailed information about the nature of gene action controlling duration

of grain filling period from heading to physiological maturity.

Estimates of maternal effect

Mean square values of the estimates of maternal effects in the Frs,

FA and 1/2(BC1 + BC2)'s of the crosses for total duration of grain filling

period from heading to physiological maturity are presented in Table 4.

No differences in reciprocal crosses were observed,suggesting no maternal

effect exerted for grain filling period. For lag period from heading to

flowering there were no differences between the reciprocal crosses nor

blocks (Table 5). For duration of actual grain filling period from

flowering to physiological maturity, differences in the reciprocal crosses

were noted only for F2 populations (Table 6). Thus mean values averaged

from the reciprocal crosses were used in Vr - Wr graphic analysis in this

study.

Vr - Wr graphic analysis

The Vr - Wr graphic analyses for the nature of gene action controlling

duration of grain filling period for the three populations are illustrated

in Figures 1 through 3. When total duration of grain filling period is

considered,as in Figure 1, estimates of regression coefficients indicate

that Wr is related to Vr for Flis, F2's and 1/2(BC1 + BC2)is. Nonallelic

interaction is not involved and the genes controlling the trait are

considered to be independently distributed among the parents. More additive
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Table 4 Mean square values of the estimates of maternal effect

in a 4 x 4 complete diallel set of Fl, F2 and 2(BC1 + BC2)

crosses for duration of grain filling period in selected

wheat populations grown on the East Farm near Corvallis, Oregon,
1979-80.

Sources of variation Fls F2s k(BC1+BC2)s

Reciprocal cross differences .500 28.125 3.125

Block differences 48.33F* 25.458 33.375'*

* * : Significant at the .01 probability level.

Table S.Mean square values of the estimates of maternal effect

in a 4 x 4 complete diallel set of Fl, F2 and 2(BC1 + Bc2)

crosses for lag period from heading to flowering in

selected wheat populations grown on the East Farm near
Corvallis, Oregon, 1979 -80.

Sources of variation Fls F2s 2(BC1-1-BC2)s

Reciprocal cross differences 18.000 2.000 2.531

Block differences 1.333 7.500 1.615

Table 6. Mean square values of the estimates of maternal effect

in a 4 x 4 complete diallel set of Fl, F2, VBC1 + BC2)

crosses for actual grain filling period from flowering

to physiological maturity in selected wheat populations grown

on the East Farm near Corvallis, Oregon, 1979-80.

Sources of variation Fls F2s VBC1+BC2)s

Reciprocal cross differences 12.500

Block differences 42.333

45.125*

27.458*

1.531

34.865**

* *

: Significant at the .05 probability level,

: Significant at the .01 probability level.
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Figure 1 . Vr - Wr graphic analysis of gene action for duration of grain
filling period of a 4 x 4 diallel set of Fl, F2 and VBC1 + BC2)
crosses planted on November 1st, 1979.
East Farm near Corvallis, Oregon, 1979-80.
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gene action with some partial dominance is involved as the intercept is

positive on the Wr axis for all the generations. The relative order of

the points along the regression line also indicates the distribution of

dominant and recessive genes among the parents for duration of grain

filling period. Spring wheats Red Bobs and Siete Cerros have more dominant

genes than winter wheats, Yamhill and Hyslop. Red Bobs also has more

dominant genes than Siete Cerros.

A similar situation is found for the lag period as noted in Figure 2.

Estimates of Wr are closely related to those of Vr for Fib, Ffs and 1/2

(BC1 + BC2)'s. Nonallelic interaction is not involved and the genes control-

ling lag period appear to be independently distributed among the parents.

Additive gene action and some partial dominance of a longer lag to shorter

lag period are involved as reflected by the positive intercept on the Wr

axis for all the generations. Spring wheats Red Bobs and Siete Cerros

appear to have more dominant genes than winter wheats Yamhill and Hyslop.

Red Bobs may have more dominant genes than Siete Cerros.

With regard to actual grain filling period from anthesis to physiol-

ogical maturity, somewhat different results were obtained, as seen in

Figure 3. The order of the parents along the regression line indicates

that winter wheats Yamhill and Hyslop had more dominant genes than the

spring wheats Red Bobs and Siete Cerros. Nonallelic interaction may not

be involved for F1's, F2's and 1/2(BC1 + BC2)'s due to nonsignificant

regression coefficients, as the relationship between Wr and Vr estimates

is much closer. More additive gene action is involved together with partial

dominance due to the positive intercept on the Wr axis for all the

generations.
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Figure 2. Vr - Wr graphic analysis of gene
of a 4 x 4 diallel set of F1, F2
planted on November 1st, 1979.
East Farm near Corvallis, Oregon,
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Red Bobs

Hyslop

Red Bobs

Hyslop

Vr

Figure 3. Vr - Wr graphic analysis of gene action for actual grain filling
period of a 4 x 4 diallel set of Flp F2 and 15(BCI + BC2) crosses

planted on November 1st, 1979. East Farm near Corvallis, Oregon.
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Further analysis was made to get more information about nonadditive

gene action governing duration of grain filling period. Tables 7 through

9 present the mean square values of the estimates of variance (Vr) and

parent-offspring covariance (Wr) of four arrays for the 4 x 4 diallel

set of Fl, F2 and 1/2(BC1 + BC2) crosses for the traits. For total duration

of grain filling period, differences in the magnitude of (Wr + Vr) values

over arrays were different at the .05 level for Fl and 1/2(BC1 + BC2)

populations (Table 7). Hence the arrays had different (Wr + Vr) values.

There may be nonadditive genetic variation since (Wr + Vr) values were

not different over arrays in the absence of nonadditive genetic variance.

The differences in the magnitude of (Wr - Vr) values over arrays, in

contrast, were not significant in all generations observed when compared

with the differences over replicated blocks. Therefore, more additive

gene action with partial dominance is involved for the variation of total

duration of grain filling period. The genes are independently distributed

among the parental lines.

For lag period the differences in the magnitude of (Wr + Vr) values

over arrays were significant as can be seen in Table 8. Hence the arrays

have different (Wr + Vr) values, indicating there is nonadditive genetic

variation. The differences in the magnitude of (Wr Vr) values over

arrays, in contrast, were not significant in all the generations observed

when compared with the differences over replicated blocks. The additive-

dominance model is adequate for the variation of lag period. The genes

are independently distributed among the parental cultivars.

For actual grain filling period the differences in the magnitude of

(Wr + Vr) values over arrays are significant in all the generations



61

Table 7. Mean square values of the estimates of Wr and Vr for a 4 x 4

complete diallel set of Fl, F2 and 2(BC1 + BC2) crosses for

duration of grain filling period of wheats.

East Farm near Corvallis, Oregon, 1979-80..

Sources of variation Fls F2s 1/2(BC1+BC2)s

(Wr + Vr) Array differences 152.337* 43.825 64.652*

(Wr + Vr) Block differences 158.718** 115.704* 149.393*

(Wr - Vr) Array differences .806 .283 .107

(Wr - Vr) Block differences 26.778** 19.042** 24.292**

* *

: Significant at the .05 probability level,

: Significant at the .01 probability level.

Table 8 . Mean square values of the estimates of Wr and Vr for a 4 x 4

complete diallel set of Fl, F2 and 2(BC1 + BC2) crosses for

lag period from heading to flowering of wheats.

East Farm near Corvallis, Oregon, 1979 -80.

Sources of variation Fls F2s 1/2(BC1+BC2)s

(Wr + Vr) Array differences 230.854** 38.738** 16.785*

(Wr + Vr) Block differences 35.482** 10.409 10.179

(Wr - Vr) Array differences .326 .04 3 .011

(Wr - Vr) Block differences 3.370** 6.083** 4.964**

* *

: Significant at the .05 probability level,

: Significant at the .01 probability level.
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Table 9 . Mean square values of the estimates of Wr and Vr for a 4 x 4

complete diallel set of Fl, F2 and 2(BC1 + sc2) crosses for

actual grain filling period from flowering to physiological

maturity of wheats. East Farm near Corvallis, Oregon, 1979-80.

Sources of variation Fls F2s 1/2(BC1+BC2)s

(Wr + Vr) Array differences 133.484* 56.089** 25.031

(Wr + Vr) Block differences 23.85o 21.350 28.269*

(Wr - Vr) Array differences 2.469 3.069 .441

(Wr - Vr) Block differences 11.627* 4.921 3.326 **

IC*

: Significant at the .05 probability level,

: Significant at the .01 probability level.
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except for 1/2(BC1 + BC2)'s as shown in Table 9. There are nonadditive

genetic variations involved for this trait. The differences in the

magnitude of (Wr - Vr) values over arrays are larger than those for total

duration of grain filling and lag period even though the values are not

significantly different when compared with the differences over replicated

blocks. Thus the adequacy of the additive-dominance model with independent

gene distribution among the parental cultivars is questionable. The analysis

strongly suggests that more nonadditive genetic variation must be involved

for this trait when compared with total duration of grain

filling and lag period.
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Combining Ability Estimates

Expected mean square values from the combining ability analysis for

general combining ability (GCA) and specific combining ability (SCA)

estimates involving 15 characters for F1's, F2's and 1/2(BC1 + BC2)'s are

presented in Table 10. It was assumed that reciprocal differences did

not exist. Differences for GCA and SCA estimates were observed for all

the characters measured and for all comparisons except for grain yield,

tillers per plant and whole plant dry weight. No differences were noted

for GCA estimates for grain yield in the F2 nor 1/2(BC1 + BC2)'s. For

tiller number, there were no significant differences for any of the

estimates. For whole plant dry weight, there were no differences for GCA

for the F2 generation nor the 1/2(BC1 + BC2)'s.

Estimates of combining ability effects of the parents for F1's,

F2's and 1/2(BC1 + BC2)'s involving 15 characters measured are provided in

Tables 11 through 13. For heading date the GCA effect contributed by

Yamhill was high and different from those contributed by the other

parents for F1's, F2's and 1/2(BC1 + BC2)'s, being 3.04, 3.69 and 3.48

respectively (Table 11). The estimates of GCA effects contributed by

spring types Siete Cerros and Red Bobs were negative. Estimates of SCA

effects for Hyslop x Yamhill were high and positive for F1's, F2's and

1/2(BC1 + BC2)'s and different from those for the other combinations. The

estimate's of SCA effects for this trait involving Siete Cerros x Red

Bobs were negative for all three populations. When flowering date and

physiological maturity were considered, estimates of GCA and SCA effects

were similar to those for heading date. For example, the estimates of

GCA effects contributed by Yamhill were high and different from those

contributed by the other parents for all generations. The estimates



Table 10. Expected mean squares for general and specific combining ability effect estimates for a 4 x 4 diallel
set of Fl, F2 and 1/2(I1C1 + BC2) crosses of wheats planted on Hovember 1st, 1979 for 15 characters.
East Farm near Corvallis, Oregon, 1979-80.

Sources of variation OF Heading
date

Flowering PMD 1 DGFP 2/ Lag
date period

AGFP 1 Grain yield Tillers/
plant

Kernels/
spike

Fls GCAs 3 33.69** 15.71** 7.76** 10.42** 7.39** 5.16** 52.11** .19 85.28**
SCAs 5 13.39** 10.61** 2.76** 4.77** 4.01** 5.78** 74.35** .10 126.25**

F2s GCAs 3 45.06** 16.54** 11.26** 11.23** 9.04** 2.52** 5.29 .84 31.23**
SCAs 5 16.51** 8.45** 5.12** 3.60** 2.86** 1.13** 33.05** .57 36.11**

1/2(BC1+8C2)s GCAs 3 39.71** 11.89** 9.06** 11.23** 8.73** 2.92** 18.26 .32 20.19**
SCAs 5 12.53** 9.09** 3.27** 3.53** 2.71** 1.34** 12.14 .86 28.50**

Error 87 .07 .35 .26 .20 .06 .21 8.11 .62 2.64
Total 119
Standard error (SZ) .13 .30 .25 .22 .12 .23 1.42 .39 .81

Source of variation DF Kernel weight Grain weight/ Rate of Harvest index Whole plant Plant
spike grain filling dry weight height

Fls GCAs 3 .03** .40** 34194.40** 8.34** 211.47* 418.40**
SCAs 5 .02** .48** 36837.20** 11.95** 258.49** 179.62**

F2s GCAs 3 .02** .15** 7035.33* 7.72** 37.63 345.24**
SCAs 5 .03** .22** 13869.30** 6.93** 225.87* 134.52**

1/2(BC1+BC2)s GCAs 3 .04** .13** 15427.40** 8.83** 122.84 329.29**
SCAs 5 .01* .13** 6754.84* 8.35** 118.02 109.52**

Error 87 .01 .01 2878.88 1.06 79.28 4.98
Total 119
Standard error (Sic) .05 .05 26.83 .51 4.45 1.12

* : Significant at the .05 probability level, ** : Significant at the .01 probability level.

1/ PMD = Physiological maturity date, 2/ DGFP = Duration of grain filling period, AGFP = Actual grain filling
period. Cr.

to



Table 11. Estimates of general and specific combining ability effect for a 4 x 4 diallel set of
Fl, F2 and 1/2(BC1 BC2) crosses planted on Novamter 1st, 1979 for time and
duration of heading, flowering, grain filling and physiological maturity of
wheats. East Farm near Corvallis, Oregon, 1979-80.

Parents and crosses
Heading date, days Flowering date, days

Fls F2s BCs 2/ Fls F2s BCs
PM 3/, days
Fls F2s BCs

GCA
Hyslop 1.92 0/ 1.98 b 1.81 b 1.04 b 1.19 a 1.30 a 1.37 a 1.13 a .88 b

Yamhill 3.04 a 3.69 a 3.48 a 2.09 a 2.06 a 1.26 a 1.00 a 1.79 a 1.67 a

Siete Cerros -2.29 c -3.15 d -3.09 d -2.42 d -2.48 c -2.37 c - .96 b -1.37 b -1.34 c

Red Bobs -2.67 d -2.52 c -2.21 c - .71 c - .77 b - .20 b -1.42 b -1.44 b -1.21 c

SCA
Hyslop x Yamhill 3.00 a 3.23 a 2.71 a 1.33 a 1.81 a 2.18 a 1.46 a 1.67 a 1.10 a

Hyslop x Siete Cerros -1.42 e -1.69 e -1.11 d -1.92 c -1.77 c -1.57 c - .21 be -.92 c - .40 b

Hyslop x Red Bobs .34 c .44 c .21 c 1.63 a 1.15 ab .70 b .12 b .38 b .17 b

Yamhill x Siete Cerros 1.09 b .98 b .60 b 1.29 a .73 b .84 b .17 b .79 b .80 ab

Yamhill x Red Bobs -1.04 d - .52 d .17 c - .54 b - .48b .74b - .62 be -.67 c .07 b

Siete Cerros x Red Bobs -1.84 f -2.44 f -2.58 e -1.79 c -1.44 c -1.63 c .92 c -1.25 c -1.44 c

Parents and crosses
DGFP 4/, days
Fls F2s

Lag period, days
BCs Fls F2s BCs

AGFP 5/, days
Fls F2s BCs

GCA
Hyslop - .54 b - .86 c -1.04 c - .88 c - .80 c - .72 c .26 b - .06 b -.20 b

Yamhill -2.05 c -1.90 d -1.81 d - .96 c -1.63 d -1.59 d -1.09 c - .27 be -.24 b

Siete Cerros 1.33 a 1.77 a 1.75 a- .13 b .67 b .51 b 1.46 a 1.11 a 1.22 a

Red Bobs 1.25 a .98 b 1.00 b 1.96 a 1.75 a 1.80 a - .71 c - .77 c -.78 b

SCA
Hyslop x Yamhill -1.54 e -1.56 c -1.61 c -1.66 c -1.41 c -1.16 d .13 c - .15 be -.47 b

Hyslop x Siete Cerros 1.21 a .77 a .71 a - .50 b - .08 b - .26 c 1.71 a .85 a .95 a

Hyslop x Red Bobs - .21 c - .06 b - .04 b 1.30 a .71 a .70 b -1.50 d - .77 c -.68 b

Yamhill x Siete Cerros - .91 d .19 b - .11 b .21 b - .25 b - .39 c -1.12 d .06 b .31 ab

Yamhill x Red Bobs .42 b - .15 b - .11 b .50 b .n5 b - .05 c - .08 c - .19 be -.07 b

Siete Cerros x Red Bobs 1.04 a 1.19 a 1.15 a .17 b 1.00 a 1.16 a .88 b .19 b -.03 b

1/ Letters denote Duncan's MIR test rankings at the

four parents, and among the SCA effect estimates

2/ BCs = 1/2(BC1+BC2)s, 4/ DGFP

3/ PHD Physiological maturity date, 5/ AGFP

.05 level among the GCA effect estimates for
for six diallel crosses.
Duration of grain filling period,

= Actual grain filling period.
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of GCA effects by Siete Cerros and Red Bobs were negative. Estimates of

SCA effects for Hyslop x Yamhill were high and positive, and were differ-

ent from those for the other combinations. The estimates of SCA effect

for Hyslop x Siete Cerros and Siete Cerros x Red Bobs were negative for

anthesis and physiological maturity dates.

Differences were detected among the estimates of GCA and SCA effects

contributed by four parents for total duration of grain filling, lag and

actual grain filling periods. With regard to duration of grain filling

period, estimates of GCA effects contributed by Siete Cerros were high,

varying from 1.33 to 1.77 for F1's, F2's and 1/2(BC1 + BC2)'s (Table 11).

The estimates of GCA effect by Yamhill and Hyslop were negative. Estimates

of SCA effect for Siete Cerros x Red Bobs and Hyslop x Siete Cerros were

high and positive for F1's, F2's and 1/2(BC1 + BC2)'s. The estimates of SCA

effect for Hyslop x Yamhill were negative for all three populations.

From heading to anthesis or the lag period, estimates of GCA effect

contributed by Red Bobs were high for F1's, F2's and 1/2(BC1 + BC2)'s, but

the estimates by Yamhill were negative. Estimates of SCA effect were

positive for Hyslopx Red Bobs and Siete Cerros x Red Bobs; they were,

however, negative for Hyslop x Yamhill for the three populations. For

actual grain filling period from anthesis to physiological maturity,

estimates of GCA effect contributed by Siete Cerros were high for the

generations (Table 11). Estimates of SCA effect for Hyslop x Siete Cerros

were high and positive. These estimates were negative for Hyslop x Yamhill

and Hyslop x Red Bobs for this trait.

When grain yield was considered, estimates of GCA effect contributed

by Yamhill were high for F1's, being 5.22, but low for F2's and 1/2(BC1 +



Table 12. Estimates of general and specific combining ability effect for a 4 x 4 diallel set of Fl, F2
and 1/2(BC1 BC2) crosses planted on November 1st, 1979 for grain yield, components
of yield and rate of grain filling of wheats. East Farm near Corvallis, Oregon, 1979-80.

Parents and crosses Grain yield, g/plant
Fls F2s BCs 2/

Tillers/plant
Fls F2s

100-kernel weight, g
BCs Fls F7s BCs

GCA
Wilop .46 b 1.13 a .37 ab .01 .34 - .25 - .01 ab - .01 ab .02 a
Yamhill 5.22 a .85 a 3.13 a .06 .48 .23 .13 a .05 a .11 a
Siete Cerros -1.98 b .10 a -1.38 b - .30 - .31 - .24 - .05 b .06 a .00 a
Red Bobs -2.79 b -1.42 a -1.38 b .23 .45 .26 - .08 b - .10 b - .13 b

SCA
Hyslop x Yamhill 2.24 a - .32 ab .20 ab .03 .36 - .55 .05 ab - .02 b .03 ab
Hyslop x Siete Cerros -5.63 b -2.53 b -1.30 ab - .25 - .03 .16 - .07 b - .05 b .00 ab
Hyslop x Red Bobs 2.62 a 3.09 a .73 ab .24 .72 .14 .01 ab .05 ab - .02 ab
Yamhill x Siete Cerros 5.86 a 3.84 a 2.48 a - .01 - .06 .14 .09 a .16 a .09 a
Yamhill x Red Bobs -3.20 b -2.67 b .45 ab .04 - .06 .65 - .02 ab - .10 b - .02 ab
Siete Cerros x Red Bobs -2.21 b -1.85 b -2.56 b - .04 - .22 - .53 - .07 b .05 b - .09 b

Parents and crosses Kernels per spike GWS 3/, g RGF 4/, mg/plant/day
Fls F2s BCs Fls F2s BCs Fls F2s BCs

GCA
Hyslop - .79 b - .62 b .60 ab - .05 b .02 b .04 b 1.52 b 26.38 ab 6.09 b
Yamhill 6.45 a 3.38 a 2.84 a .45 a .19 a .23 a 129.81 a 44.33 a 85.53 a
Siete Cerros -1.14 b .59 b -1.10 b - .09 b .06 ab -.06 b -56.48 b -27.75 ab-49.01 b
Red Bobs -4.53 c -3.35 c -2.35 b .31 c -.27 c -.21 c -74.85 b -42.96 b -42.62 b

SCA
Hyslop x Yamhill 3.02 b 1.32 b 3.13 a .21 b -.00 b .19 a 80.56 a 22.54 ab 30.09 a
Hyslop x Siete Cerros -6.67 d -2.88 c -3.30 c - .42 d -.26 c -.17 c-125.15 b -53.88 b -35.49 b
Hyslop x Red Bobs 2.86 b .93 b .78 b .15 b .02 b .03 b 46.10 a 57.71 a 11.49 a
Yamhill x Siete Cerros 8.17 a 4.91 a 2.53 a .51 a .40 a .19 a 119.44 a 74.29 a 48.01 a
Yamhill x Red Bobs -4.74 cd -2. c -2.81 c - .27 c -.20 c -.24 c -70.19 b -52.50 b 7.43 a
Siete Cerros x Red Bobs -2.64 c -1.44 c - .32 b - .18 c -.09 b -.08 b -50.77 b -48.17 b -61.53 b

1/ Letters denote Ouncan's NMR test rankings at the .05 level among the GCA effect estimates for four
parents, and among the SCA effect estimates for six diallel crosses.

2/ BCs = 1/2(BC1+BC2)s,
GWS = Grain weight per spike, 4/ RGF = Rate of grain filling.
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BC2)'s, being .085 and 3.13 respectively (Table 12). The estimates of

SCA effect for Yamhill x Siete Cerros were high and positive, being

from 2.48 to 5.86. The estimates of SCA effect for Siete Cerros x Red Bobs

and Hyslop x Siete Cerros were negative. When the components of grain

yield were considered, estimates of GCA effect contributed by all four

parents for tiller number were not different for F1's, F2's or 1/2(BC1 +

BC2)'s. There were also no differences for the SCA effect for all six

cross combinations. However, there were large differences among the

estimates of GCA and SCA effects contributed by the parents for the other

yield components (Tables 12 and 13). Similar trends were detected for the

estimates of GCA effect contributed by Yamhill for kernel weight, kernel

number, grain weight per spike, rate of grain filling and harvest index,

these being positive and high for all generations. There were also similar

estimates for SCA effect for Yamhill x Siete Cerrips for the components of

yield which were positive and different from those for the other cross

combinations. For example, estimates of GCA effect by Yamhill for kernel

weight were high for F1's, F2's and 1/2(BC1 + BC2)'s (Table 12). Estimates

of SCA effect for Yamhill x Siete Cerros were positive and high for all

the generations.

For rate of grain filling, estimates of GCA effect contributed by

Yamhill were high for F1's, F2's and 2(BC1 + BC2)'s, being 129.81, 44.33

and 85.53 respectively (Table 12). The estimates of GCA effect for Siete

Cerros and Red Bobs were negative. Estimates of SCA effect for Yamhill x

Siete Cerros were positive and high, but negative for Hyslop x Siete

Cerros and Siete Cerros x Red Bobs for the populations. With regard to

harvest index, estimates of GCA effect contributed by Yamhill and Siete



Table 13. Estimates of general and specific combining ability effect for a 4 x 4 diallel set of Fl, F2
and 1/2(BC1 + 5C2) crosses planted on November 1st, 1979 for harvest index, whole plant dry
weight and plant height of wheats. East Farm near Corvallis, Oregon, 1979-80.

Parents and crosses
Harvest index. %
Fls F2s BCs 2/

HPDW 2/. 9/Plant
Fls F2s BCs

Plant height, cm
Fls F2s BCs

GCA 1/
Hyslop - .05 a .05 a .15 a -1.48 ab 2.19 a -1.51 ab -5.82 c -6.61 b -6.96 c
Yamhill 1.13 a .79 a .73 a 9.91 a - .63 a 6.26 a -2.35 b -3.65 b -2.23 b
Siete Cerros .94 a 1.13 a 1.25 a -7.59 b -4.08 a -6.82 b -6.90 c -3.52 b -4.11 bc
Red Bobs -2.02 b -1.97 b -2.13 b - .80 ab 2.52 a 2.06 ab 15.06 a 13.77 a 13.29 a

SCA
Hyslop x Yamhill 2.18 a 1.22 a 1.39 a .16 ab -5.24 b -3.43 ab -5.77 c -5.48 c -5.00 c
Hyslop x Siete Cerros -1.34 b - .79 bc--.83 bc -9.47 b -4.25 b - .96 ab -9.36 d -7.98 c -7.13 c
Hyslop x Red Bobs - .90 b - .38 b -.42 b 7.85 a 11.68 a 2.89 ab 9.31 a 6.86 a 5.17 a
Yamhill x Siete Cerros 1.18 a 1.54 a 1.56 a 10.14 a 6.97 ab 2.33 ab .06 b - .31 b -1.17 b
Yamhill x Red Bobs -2.23 b -1.97 c -2.23 c - .38 ab -2.36 b 7.36 a 3.35 b 2.15 b 3.94 a
Siete Cerros x Red Bobs 1.10 a .38 a .52 a -8.30 b -6.80 b -8.18 b 2.40 b 4.77 a 4.19 a

/ Letters denote Duncan's NMR test rankings at the .05 level among the GCA effect estimates for four parents
and among the SCA effect estimates for six diallel crosses.

2/ BCs = 1/2(BC1+BC2)s, 3/ WPDW = Whole plant dry weight.

O
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Cerros ranged from .73 to 1.25 for F1's, F2's and 1/2(BC1 + BC2)'s. The

estimates of GCA effect by Red Bobs were negative (Table 13). Estimates

of SCA effect for Hyslop x Yamhill, Yamhill x Siete Cerros and Siete

Cerros x Red Bobs were positive and high, but were negative for Hyslop

x Siete Cerros, Hyslop x Red Bobs and Yamhill x Red Bobs for all three

populations.

When whole plant dry weight and plant height were considered, the

estimates of GCA and SCA effects contributed by the parents were some-

what different from those for the yield components mentioned above.

Estimates of GCA effect contributed by the parents were not consistent

and varied for F1's, F2's and 1/2(BC1 + BC2)'s as can be seen in Table 13.

Estimates of SCA effect for Hyslop x Red Bobs and Yamhill x Siete Cerros

were high and positive for all three populations. For plant height,

estimates of GCA effect contributed by Red Bobs were high for F1's, F2's

and 1/2(BC1 + BC2)' , being 15.06, 13.77 and 13.29 respectively. The

estimates of GCA effect by the other parents were negative and low.

Estimates of SCA effect for Hyslop x Red Bobs were high and positive for

F1's, F2's and 1/2(BC1 + BC2)'s. The estimates of SCA effect for Hyslop x

Siete Cerros and Hyslop x Yamhill were negative for all three populations.
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Associations among the Characters Measured

Two methods of evaluating associations between the 15 characters

measured were employed. The first involved combining the data for all

crosses and looking at the associations among generations ( Parents,

BC11s, BC2; and F2;) for the various comparisons. Secondly the

associations were compared for each of six crosses for the same

15 traits. The correlation values are provided in Appendix Tables 6 and

7 respectively.

Among generations

The direct and indirect effects of the 14 traits measured on grain

yield are shown in Tables 14 through 20. For heading date and grain yield.

(Table 14) the R
2
values were low suggesting that very little of the

variation associated with grain yield was accounted for by heading date

for any of the generations. Also the direct effect of heading date on

grain yield was very low for all generations. There were negative indirect

effects via duration of grain filling period (DGFP) with all generations.

Positive indirect effects were noted with rate of grain filling via

heading date for all generations; however, it was small for the parents

(.007).

When the associations between grain yield and flowering date were

considered (Table 14), the R
2
values were low for all generations. Thus

little of the total variation in grain yield was accounted for by

differences in the variables associated with flowering date. Low positive

and negative direct effects of flowering date on grain yield were detected.

There were positive indirect effects via rate of grain filling ranging

from .268 to .518 with all generations. However, flowering date indirectly
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Table 14 . Direct and indirect effects of heading date and flowering
date on grain yield for four parents and their resulting Fl,
BC1, BC2, and F2 populations planted on November 1st,
1979. East Farm near Corvallis, Oregon, 1979-80.

Characters Parents Fls SCis 8C2s F2s Total

Grain yield and heading date
Direct effect .019 - - .013 - -

Indirect effect via Flowering date - -.002 .019 -.001 -.012 -.003

Indirect effect via Tillers/plant .049 .005 .004 .003 -.002 .007

Indirect effect via Plant height .039 .000 .003 -.001 -.000 -.000

Indirect effect via WPDW 1/ .156 .030 .000 .016 .006 .011

Indirect effect via PMD 2/ - - a. - .. -

Indirect effect via Kernel weight -.078 -.020 .043 .086 -.013 .006

Indirect effect via DGFP 3/ -.037 -.134 -.253 -.177 -.224 -.185

Indirect effect via Lag Piriod -.086 -.013 - - - -

Indirect effect via AGFP 4/ - - .008 - .000 .005

Indirect effect via Harvest index .044 .013 -.001 .008 .002 .002

Indirect effect via GWS 5/ .176 .160 -.006 -.102 .098 .052

Indirect effect via Kernils/spike -.073 -.049 .078 .108 -.056 .009

Indirect effect via RGF 6/ .007 .493 .541 .510 .438 .454

Coefficient of determination R
2

.298 .233 .189

...
.212 .056 .129

Grain yield and flowering date
Direct effect - -.002 .020 -.001 -.013 -.003

Indirect effect via Heading date .017 - - .012 - -

Indirect effect via Tillers/plant .029 .019 .025 .022 .013 .018

Indirect effect via Plant height .010 -.000 .000 -.000 -.ono -.000
Indirect effect via WPDW 1/
Indirect effect via PMD 27

.129 .042
-

.000
-

.020

-
.012
-

.015

-
Indirect effect via Kernel weight -.057 -.020 .029 .063 -.005 .004

Indirect effect via DGFP 3/ -.036 -.121 -.240 -.162 -.212 -.173'

Indirect effect via Lag piriod -.052 -.002 - - - -

Indirect effect via AGFP 4/ - - .013 - .001) .ons

Indirect effect via Harveit index .014 .005 -.00n .002 .001 .000

Indirect effect via GWS 5/ .134 .143 -.005 -.071 .063 .039

Indirect effect via Kernils/soike -.060 -.043 .065 .072 -.039 .007

Indirect effect via RGF 6/ .268 .497 .518 .460 .450 .423
.11MMIMIPONOP

Coefficient of determination R
2

.158 .265 .180 .172 .072 .115

1/ WPDW = Whole plant dry weight, 5/ GWS = Grain weight/spike,
Tr/ PMD = Physiological maturity date, W/ RGF = Rate of grain
1! DGFP = Duration of grain filling period, filling.

1/ AGFP = Actual grain filling period,

* : Significant at the .05 level, ** : Significant at the .01 level.
- : Worst F dropped during the step wise regression analysis.
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influenced grain yield through duration of grain filling period in a

negative manner.

For grain yield and physiological maturity date (Table 15), the R2

values suggest that little of the total variation in grain yield was

accounted for by this variable. There were also low direct effects of

physiological maturity date on grain yield. When the indirect effects

were considered, physiological maturity via rate of grain filling had

positive influences on grain yield. Physiological maturity influenced

grain yield in a negative manner indirectly through duration of grain

filling period.

When associations between grain yield and total duration of grain

filling period were considered (Table 15), the R
2
values were low, thus

little of the total variation in grain yield was accounted for by the

duration of grain filling period for any of the generations. Positive

direct effects of duration of grain filling on grain yield were detected.

However, they were small. There were negative indirect effects on grain

yield by duration of grain filling period through the rate of grain

filling.

For grain yield and lag period (Table 16), the R
2
values were low

suggesting that little of the variation in grain yield was accounted

for by differences involving lag period for all generations, except the

parents. There were small positive direct effects of lag period on grain

yield for parents and Ffs. The indirect effects of the lag period via

duration of grain filling had a positive influence on grain yield but

a negative influence via rate of grain filling for all generations.
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Table 15. Direct and indirect effects of physiological maturity and
duration of grain filling period on grain yield for four
parents and their resulting Fl, BC1, BC2, and F2 populations

planted on November 1. East Farm near Corvallis, Oregon,
1979-80,

Characters Parents Fls BC1s BC2s F2s Total

Grain yield and PMD 1/
Direct effect
Indirect effect via Heading date .018 - - .012 -

-

-

Indirect effect via Flowering date - -.001 .017 -.001 -.011 -.002
Indirect effect via Tillers/plant .052 -.009 .004 .004 -.010 .002

Indirect effect via Plant height .050 .000 .003 -.001 -.000 -.000
Indirect effect via WPDW 2/ .137 .010 .000 .014 .003 .007

Indirect effect via Kernel weight -.088 -.023 .043 .083 -.018 .006

Indirect effect via DGFP J -.030 -.056 -.206 -.133 -.175 -.134

Indirect effect via Lag period -.092 -.011 - - -

Indirect effect via AGFP 4/ - .004 - .000 .000

Indirect effect via Harvest index .062 .013 -.001 .009 .002 .003

Indirect effect via GWS 5/ .167 .104 -.006 -.100 .121 .047

Indirect effect via Kernels/spike -.056 -.025 .065 .106 -.067 .007

Indirect effect via RGF 6/ .319 .270 .470 .464 .375 .368

Coefficient of determination R
2

.288 .075 .154 .209 .048 .092

Grain yield and DGFP 3/
Direct effect .039 .161 .265 .192 .242 .201

Indirect effect via Heading date -.018 - - -.012 - -

Indirect effect via Flowering date - .002 -.018 .001 .011 .003

Indirect effect via Tillers/plant -.042 -.016 -.003 -.001 -.007 -.011

Indirect effect via Plant height -.024 -.000 -.002 .001 .000 .000

Indirect effect via WPDW 2/ -.159 -.039 -.000 -.015 -.008 -.013

Indirect effect via PMD 1/

Indirect effect via Kernel weight .059 .011 -.038 -.074 .006 -.004

Indirect effect via Lag period .070 .010 - - - -

Indirect effect via AGFP 4/ - - -.011 - -.000 -.008

Indirect effect via Harve-it index -.021 -.008 .001 -.005 -.001 -.001

Indirect effect via GWS -.165 -.157 .006 .088 -.060 -.048

Indirect effect via Kernels/spike .082 .054 -.081 -.092 .036 -.009

Indirect effect via RGF -.315 -.532 -.545 -.473 -.438 -.459

Coefficient of determination R
2

.243 .264 .181 .153 .048 .122

1/ PMD = Physiological maturity date, 5/ GWS =
2/ WPDW = Whole plant dry weight,
3/ DGFP = Duration of grain filling period, 6/ RGF =
4/ AGFP = Actual grain filling period,

Grain weight per
spike,
Rate of grain
filling.

* : Significant at the .05 level, ** : Significant at the .01 level
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Table 16 . Direct and indirect effects of lag period and actual grain
filling period on grain yield four parents and their resulting
Fl, BC1, BC2 and F2 populations planted on November 1.

East Farm near Corvallis, Oregon, 1979-80.

Characters Parents Fis BC1s BC2s F2s Total

Grain yield and lag period
Direct effect .108 .018 - -

Indirect effect via Heading date -.015 - - -.011 - -

Indirect effect via Flowering date - .001 -.012 .001 .009 .002

Indirect effect via Tillers/plant -.063 .019 .026 .023 .023 .009

Indirect effect via Plant height -.067 -.001 .006 .002 .000 .000

Indirect effect via WPDW 1/ -.144 .001 -.000 -.007 .004 -.003

Indirect effect via PMD 2/ M Mt -
Indirect effect via Kernel weight .082 .012 -.053 -.094 .021 -.007

Indirect effect via DGFP 3/ .025 .093 .211 .156 .195 .149

Indirect effect via AGFP J - .000 - .000 .002

Indirect effect via Harvest index -.072 -.017 .003 -.014 -.003 -.004

Indirect effect via GWS 5/ -.177 -.113 .007 .118 -.128 -.056

Indirect effect via Kernels/spike .069 .035 -.079 -.129 .069 -.009

Indirect effect via RGF 6/ -.324 -.263 -.445 -.455 -.331 -.368

Coefficient of determination R
2 .334 .047 .120 .168 .020 .081

Grain yield and AGFP 4/
Direct effect - -.019 - -.001 -.014

Indirect effect via Heading date -.005 - - -.004 - -

Indirect effect via Flowering date - .001 -.014 .001 .007 .002

Indirect effect via Tillers/plant .018 -.036 -.041 -.035 -.045 -.028

Indirect effect via Plant height .046 .001 .004 -.002 -.000 -.000

Indirect effect via WPDW 1/ -.035 -.048 -.000 -.015 -.019 -.016

Indirect effect via PMD MR. NI 00 NI

Indirect effect via Kernel- weight -.019 .002 .006 .014 -.021 .002

Indirect effect via DGFP 3/ .020 .104 .159 .095 .125 .113

Indirect effect via Lag period -.033 -.005 - - - -

Indirect effect via Harvest index .055 .007 -.002 .012 .003 .003

Indirect effect via GWS 5/ -.077 -.080 .001 -.025 .085 -.002

Indirect effect via KerneTs /spike .026 .031 -.030 .034 -.038 -.002

Indirect effect via RGF 6/ -.031 -.384 -.310 -.130 -.260 -.221

Coefficient of determination R
2

.001 .166 .060 .003 .027 .0z7

1/ WPDW = Whole plant dry weight, 5/ GWS = Grain weight per
2/ PMD = Physiological maturity date, spike,

3/ DGFP = Duration of grain filling period, 6/ RGF = Rate of grain
4/ AGFP = Actual grain filling period, filling.

* : Significant at the .05 level, ** : Significant at the .01 level.
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Actual grain filling period had negative associations with grain

yield, but the R
2 values were low (Table 16). Thus little of the variat-

ion in grain yield was accounted for by variation of this variable for

all generations. There were also little direct effects of the trait on

grain yield. The indirect effects of actual grain filling period via

duration of grain filling period were positive but negative via rate of

grain filling for all generations.

When the primary components of grain yield are considered (Table 17),

the R
2
values for tiller number and grain yield were high for all generat-

ions,demonstrating that large amounts of variation in grain yield could be

accounted for by variation associated with tiller number for all generat-

ions. There were also positive direct effects of tiller number on grain

yield. With regard to the indirect effects, tiller number via rate of

grain filling for all generations reflected values ranging from .393 to

.635 depending on the generations.

As can be noted in Table 17, kernel weight was positively associated

with grain yield; however, low R
2 values suggest that little variation

in grain yield was accounted for by kernel weight. There were small

direct effects of kernel weight on grain yield being either positive or

negative depending on the generation. The indirect effects of kernel

weight on grain yield via rate of grain filling were positive, but

negative values via duration of grain filling period were noted for all

generations.

Kernels per spike was positively associated with grain yield (Table

18). Little variation in grain yield was accounted for by variation in

kernel number ; R
2
values were low. No consistent direct
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Table 17 . Direct and indirect effects of tiller number and kernel
weight on grain yield for four parents and their resulting
Fl, BC1, BC2 and F2 populations planted on November 1.

East Farm near Corvallis, Oregon, 1979-80.

Characters Parents Fls BC1s BC2s F2s Total

Grain yield and tillers/plant
Direct effect .172 .142 .257 .204 .132 .167

Indirect effect via Heading date .005 - - .000 - -

Indirect effect via Flowering date - -.000 .002 -.000 -.001 -.000
Indirect effect via Plant height .016 .000 -.002 .001 .000 .000

Indirect effect via WPDW 1/ .297 .087 .000 .050 .050 .044

Indirect effect via PMD 2/ -

Indirect effect via kernel weight -.021 .001 -.022 -.008 .002 -.001

Indirect effect via DGFP 3/ -.009 -.018 -.003 -.001 -.013 -.013

Indirect effect via Lag period -.039 .002 - - - -

Indirect effect via AGFP 4/ - - .003 - .000 .002

Indirect effect via Harvest index .012 -.016 .002 -.012 -.004 -.003

Indirect effect via GWS 5/ -.024 -.030 .003 .049 -.159 -.027

Indirect effect via Kernels /spike .033 .012 -.045 -.084 .107 -.007

Indirect effect via RGF 6/ .393 .624 .532 .542 .635 .562

Coefficient of determination R
2

.697 .496 .531 .552 .564 .523

Grain yield and kernel weight
Direct effect -.121 -.041 .082 .132 -.075 .015

Indirect effect via Heading date .012 - - .008 - -

Indirect effect via Flowering date - -.001 .007 -.001 -.001 -.001

Indirect effect via Tillers/plant .030 -.004 -.068 -.012 -.004 -.005

Indirect effect via Plant height .050 .000 .004 -.001 -.000 -.000

Indirect effect via WPDW 1/ .106 .013 -.000 .007 .003 .008

Indirect effect via PMD 2/ a. ao

Indirect effect via DGFP 3/ -.019 -.044 -.124 -.108 -.019 -.058

Indirect effect via Lag period -.073 -.005 - - -

Indirect effect via AGFP 4/ - - -.001 - -.000 -.002

Indirect effect via Harvest index .083 .013 -.003 .014 .004 .005

Indirect effect via GWS 5/ .244 .109 -.006 -.105 .147 .070

Indirect effect via KerneTs/spike-.074 -.012 .031 .070 -.030 .007

Indirect effect via RGF 6/ .275 .262 .227 .408 .271 .364

Coefficient of determination R
2

.264 .084 .021 .169 .088 .162

1/ WPDW = Whole plant dry weight, 5/ GWS = Grain weight per

27 PMD = Physiological maturity date, spike,

3/ DGFP = Duration of grain filling period, 6/ RGF = Rate of grain
17 AGFP = Actual grain filling period, filling.

* : Significant at the .05 level, ** : Significant at the .01 level.



Table 18 . Direct and indirect
weight per spike on
their resulting Fl,
on November 1. East

effects of kernel number and grain
grain yield for four parents and
BCI, BC2 and F2 populations planted
Farm near Corvallis, Oregon, 1979-80.

79

Characters Parents Fls BC1s BC2s F2s Total

Grain yield and kernel s/spike
Direct effect -.198 .088 .184 .221 -.196 .023

Indirect effect via Heading date .007 - - .006 - -

Indirect effect via Flowering date - -.001 .007 -.000 -.003 -.001

Indirect effect via Tillers/plant -.029 -.019 -.062 -.078 -.072 -.047

Indirect effect via Plant height .027 .000 .002 -.001 -.000 -.000
Indirect effect via WPDW 1/ .093 .034 .000 .000 -.010 .008

Indirect effect via PMD 2/ PIO OD

Indirect effect via Kernii weight -.045 -.006 .014 .042 -.011 .004

Indirect effect via DGFP 2/ -.016 -.099 .117 -.080 -.045 -.077

Indirect effect via Lag period -.037 -.007 - - -

Indirect effect via AGFP 4/ ,- .003 - -.000 .001

Indirect effect via Harvest index .041 .014 -.002 .014 .004 .004

Indirect effect via GWS 5/ .309 .230 -.019 -.141 .299 .103

Indirect effect via RGF .206 .505 .396 .282 .137 .373

Coefficient of determination R2 .127 .318 .171 .070 .010 .154

Grain yield and GWS 5/
Direct effect .340 .243 -.011 -.155 .316 .112

Indirect effect via Heading date .010 - - .009 - -

Indirect effect via Flowering date - -.001 .009 -.001 -.003 -.001

Indirect effect via Tillers/plant -.012 -.018 -.079 -.064 -.066 -.041

Indirect effect via Plant height .040 .000 .003 -.002 -.000 -.000
Indirect effect via WPDW 1/ .108 .035 .000 .003 -.009 .010

Indirect effect via PMD 2/ - .M. PO PO MO AP

Indirect effect via Kernel weight -.087 -.018 .043 .090 -.035 .009

Indirect effect via DGFP 3/ -.019 -.104 -.153 -.109 -.046 -.086
Indirect effect via Lag period -.056 -.008 - - OP -
Indirect effect via AGFP 4/ - - .002 - -.000 .000

Indirect effect via Harvest index .067 .017 -.003 .017 .005 .005

Indirect effect via Kernels /spike -.180 -.083 .170 .201 -.185 .021

Indirect effect via RGF 6/ .261 .543 .432 .396 .207 .448- ...............

Coefficient of determination R
2

.221 .366 .171 .147 .034 .228

1/ WPDW = Whole plant dry weight, 5/ GWS = Grain weight per

2/ PMD = Physiological maturity date, spike,

2/ DGFP = Duration of grain filling period, 6/ RGF = Rate of grain

4/ AGFP = Actual grain filling period, filling.

* : Significant at the .05 level, ** : Significant at the .01 level.
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effects of kernel number on grain yield were observed across generations.

The indirect effects of kernel number on grain yield via rate of grain

filling were positive across generations.

In Table 18 it can be observed that grain weight per spike was

positively associated with grain yield. The R
2
values were intermediate

suggesting that considerable variation in grain yield was accounted for

by variation associated with grain weight per spike. Positive or

negative direct effects of grain weight per spike on grain yield were

detected,depending on the generation. With regard to the indirect effects,

grain weight per spike influenced grain yield in a positive manner through

rate of grain filling but in a negative manner through duration of grain

filling for all generations.

For grain yield and harvest index (Table 19) the R2 values were low

suggesting that little variation in grain yield was accounted for by

variation associated with harvest index. Direct effects of harvest index

on grain yield were also low. The indirect effects of harvest index via

duration of grain filling were negative.

Information regarding the association between grain yield and plant

height can be found in Table 19. The R
2
values were very low,showing that

little variation in grain yield was accounted for by this comparison

for all generations. There were very small direct effects of plant height

on grain yield with little indirect effects via the other variables.

For grain yield and whole plant dry weight, the R
2
values were high.

Thus large total variation in grain yield was accounted for by the

variation associated with whole plant dry weight for all generations

(Table 20). The direct effects of whole plant dry weight on grain yield

were positive and high for the parents. The indirect effects of whole
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Table 19 . Direct and indirect effects of harvest index and plant
height on grain yield for four parents and their resulting

Fl, BC1, BC2 and F2 populations planted on November 1.

East Farm near Corvallis, Oregon, 1979-80,

Characters Parents Fls

Grain yield and harvest index
Direct effect .102 .031

Indirect effect via Heading date .008 -

Indirect effect via Flowering date - -.000
Indirect effect via Tillers/plant .021 -.071
Indirect effect via Plant height .063 .001

Indirect effect via WPDW 1/ .054 -.041
Indirect effect via PMD 2/ IMO

Indirect effect via Kernel weight-.099 -.017
Indirect effect via DGFP 3/ -.008 -.042
Indirect effect via Lag period -.077 -.010
Indirect effect via AGFP -

Indirect effect via GUS 5/ .224 .131

Indirect effect via KerneTs/spike -.080 -.039
Indirect effect via RGF 6/ .213 .042

Coefficient of determination R
2

.181 .000

Grain yiel
Direct e
Indirect
Indirect
Indirect
Indirect
Indirect
Indirect
Indirect
Indirect
Indirect
Indirect
Indirect
Indirect
Indirect

d and plant height
ffect -.076 -.001
effect via Heading date -.010 -

effect via Flowering date - -.000
effect via Tillers/plant-.037 .053
effect via WPDW 1/ -.087 .033
effect via PMD 2/ - -

effect via Kernii weight .080 .006
effect via DGFP 2/ .012 .038
effect via Lag period .095 .015
effect via AGFP 4/ - -

effect via Harvest index -.084 -.020
effect via GWS 5/ -.178 -.073
effect via KerneTs/spike .069 .025
effect via RGF 6/ -.241 .006

Coefficient of determination R
2

.209 .006

BC1s BC2s F2s Total

-.005 .024 .008 .008

- .004

.000 -.000 -.001 -.000

-.125 -.101 -.069 -.068

.006 -.002 -.000 -.000
-.000 -.025 -.028 -.017

.054 .076 -.036 .009

-.054 -.039 -.028 -.033

- - - -

-.007 - -.000 -.006

-.006 -.107 .198 .070

.070 .126 -.101 .011

.020 .046 -.065 .087

.002 .000 .015 .004

-.008 .003 .000 .000

- -.003 - -

-.001 .000 .003 .000

.078 .078 .051 .047

.000 .018 .019 .015

- - - -

-.043 -.061 .026 -.004

.073 .046 .080 .058

- - - -

.009 - .000 .007

.004 -.020 -.004 -.005

.005 .090 -.148 -.039

-.048 -.109 .078 -.007

-.074 -.077 -.039 -.054

.000 .001 .004 .000

1/ WPDW = Whole plant dry weight, 5/ GWS = Grain weight

I/ PMD = Physiological maturity date, per spike,

3/ DGFP = Duration of grain filling period, RGF = Rate of grain
T/ AGFP = Actual grain filling period, filling.

* : Significant at the .05 level, ** : Significant at the .01 level.
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Table 20 . Direct and indirect effects of whole plant dry weight and
rate of grain filling on grain yield for four parents and
their resulting Fl, BCI, BC2 and F2 populations planted on
NOVeMber:1:-Ea§t:FarM near Corvallis, Oregon, 1979-80.

Characters Parents Fls BC1s BC2s F2s Total

Grain yield and WPDW 1/
Direct effect .340 .103 .000 .057 .056 .051

Indirect effect via Heading date .009 - - .004 - -

Indirect effect via Flowering date - -.001 .007 -.000 -.003 -.001

Indirect effect via Tillers/plant .150 .120 .217 .180 .118 .142

Indirect effect via Plant height .020 .000 -.003 .001 .000 .000
Indirect effect via PMD 2/
Indirect effect via Kernel weight -.038 -.005 -.013 .015 -.004 .002

Indirect effect via DGFP 3/ -.018 -.061 -.072 -.050 -.034 -.051
Indirect effect via Lag period -.046 .000 - - -

Indirect effect via AGFP 4/ - .007 - .000 .004
Indirect effect via Harvest index .016 -.012 .002 -.010 -.004 -.003
Indirect effect via GWS 5/ .108 .083 -.001 -.008 -.048 .021

Indirect effect via Kernels /spike -.054 -.029 .039 .000 .036 .004
Indirect effect via RGF 6/ .474 .722 .710 .707 .783 .739

Coefficient of determination R2 .924 .846 .801 .801 .810 .826

Grain yield and RGF 6/
Direct effect .503 .819 .855 .832 .925 .851

Indirect effect via Heading date .013 - - .008 -

Indirect effect via Flowering date - -.001 .012 -.001 .006 -.001

Indirect effect via Tillers/plant .134 .091 .160 .133 .091 .110

Indirect effect via Plant height .036 -.000 .001 -.000 -.000 -.000
Indirect effect via WPDW 1/ .321 .091 .000 .048 .047 .044

Indirect effect via PMD 2/
Indirect effect via Kernel weight -.066 -.013 .022 .065 -.022 .006

Indirect effect via DGFP 3/ -.024 -.104 -.169 -.109 -.115 -.108
Indirect effect via Lag period -.070 -.006 - - - -

Indirect effect via AGFP 4/ - .007 - .000 .004

Indirect effect via Harvest index .043 .002 -.000 .001 -.001 .001

Indirect effect via GWS 5/ .176 .161 -.006 -.074 .071 .059

Indirect effect via Kernels/spike -.081 -.054 .085 .075 -.029 .010

Coefficient of determination R
2

.970 .970 .935 .956 .925 .953

1/ WPDW = Whole plant dry weight,
2/ PMD = Physiological maturity date,
3/ DGFP = Duration of grain filling period,
4/ AGFP = Actual grain filling period,

5/ GWS = Grain weight
per spike,

6/ RGF = Rate of grain
filling.

* : Significant at the .05 level, ** : Significant at the .01 level.
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plant dry weight on grain yield were high and positive via rate of grain

filling and to a lesser degree for tiller number. Negative and small

indirect effects via duration of grain filling period were noted.

When grain yield and rate of grain fillingwere considered (Table 20),

the R
2
values were very high suggesting that large variations in grain

yield could be accounted for by the direct and indirect effects of rate

of grain filling. There were also large direct effects,ranging from .503

to .925,on grain yield for all generations. With regard to the indirect

effects, rate of grain filling had positive influences on grain yield

via tiller number for all generations. Negative indirect effects via

duration of grain filling were detected.

Among cross combinations

The direct and indirect effects of the 14 traits measured on grain

yield are presented in Tables 21 through 27. As can be noted in Table 21,

for grain yield and heading date, the R
2
values suggest that relatively

large variations in grain yield could be accounted for by differences

associated with heading date for the Hyslop x Siete Cerros and Siete

Cerros x Red Bobs populations. Heading date had negative direct effects

on grain yield for the Hyslop x Yamhill and to a lesser extent with

the Hyslop x Siete Cerros, but had low or no direct effects on grain

yield for the other crosses. The indirect effects of heading date on

grain yield via rate of grain filling were negative for the Hyslop x

Yamhill and Siete Cerros x Red Bobs, but positive for the winter x spring

populations. However, the other variables had little indirect influence

on grain yield with all crosses.

When the associations between grain yield and flowering date were

considered (Table 21), the R
2
values were low except for the Hyslop x
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Table 21 . Direct and indirect effects of heading date and flowering
date on grain yield for six populations involving two
parents and their resulting Fl, BC1, BC2 and F2 reciprocal
crosses planted on November 1st, 1979. East Farm near
Corvallis, Oregon, 1979-80.

Characters
Hp
YMH

Hp
7C

Hp
RB

YpH

7C

Y1H

RB

7i

RB

Grain yield and heading date
Direct effect -.226 -.073 .013 - .071
Indirect effect via Flowering date .092 - .024 - -.013 -

Indirect effect via Tillers/plant - .019 - -.032 .003 .123

Indirect effect via Plant height -.024 - .011 .084 -.019

Indirect effect via WPDW 1/ - .113 .049 .173 - -.275

Indirect effect via PMD - .006 -.065 - -.079 -.001

Indirect effect via Kernel weight .054 - .059 -.013 .011 -

Indirect effect via DGFP 3/ .038 -.251 -.069 -.203 -.229 -.123

Indirect effect via Lag period -.001 - - -

Indirect effect via AGFP 4/ -.002 .031 - .004 -

Indirect effect via Harvest index -.010 - .002 .007 -.002 -.169

Indirect effect via GWS 5/ -.229 .171 - -.068 -

Indirect effect via Kernels /spike .181 - - .011 - .047

Indirect effect via RGF 6/ -.500 .951 .623 .369 .466 -.494

Coefficient of determination R
2

.364 .828 .446 .065 .060 .706

Grain yield and flowering date
Direct effect .103 - .025 -.014 -

Indirect effect via Heading date -.201 -.071 .012 - .060

Indirect effect via Tillers/plant - .020 - -.029 -.005 .124

Indirect effect via Plant height - -.024 - .001 .078 -.036

Indirect effect via WPDW 1/ .116 .038 .231 - -.157

Indirect effect via PMD 2/ .006 -.066 - -.073 .002

Indirect effect via Kernel weight .056 - .047 -.018 .003 -

Indirect effect via DGFP 3/ .028 -.249 -.060 -.202 -.214 -.115

Indirect effect via Lag period - -.001 - - - -

Indirect effect via AGFP 4/ -.011 - .031 - .002 -

Indirect effect via Harvest index -.016 - .001 .022 -.002 -.167

Indirect effect via GWS 5/ -.233 .166 - -.111 - -

Indirect effect via Kernels /spike .183 - - .021 - .013

Indirect effect via RGF 6/ -.440 .943 .527 .437 .220 -.353

Coefficient of determination R
2

.284 .819 .307 .125 .000 .394

1/ WPDW = Whole plant dry weight, GWS = Grain weight
2/ PMD = Physiological maturity date, per spike,
3/ DGFP = Duration of grain filling period, 6/ RGF = Rate of grain
4/ AGFP = Actual grain filling period, filling.

* : Significant at the .05 level, ** : Significant at the .01 level.



85

Siete Cerros. Thus little of the total variation in grain yield was

accounted for by variations associated with flowering date. There

were also low direct effects of flowering date on grain yield. The

indirect effects of flowering date on grain yield via rate of grain

filling were negative for Hyslop x Yamhill and Siete Cerros x Red Bobs

but were positive for the winter x spring populations.

For grain yield and physiological maturity date (Table 22), the R2

values suggest that little of the total variation in grain yield was

accounted for by physiological maturity except for Hyslop x Siete

Cerros and Hyslop x Red Bobs. There were also little direct effects of

physiological maturity date on grain yield. When the indirect effects

were considered, rate of grain filling had negative influences on grain

yield for the Hyslop x Yamhill and Siete Cerros x Red Bobs, but positive

for all the winter x spring populations. Physiological maturity date via

duration of grain filling period had small and negative influences on

grain yield for the winter x spring populations.

The associations between grain yield and total duration of grain

filling period are presented in Table 22. When the R
2
values were

considered, the total variation in grain yield accounted for by

variations associated with duration of grain filling period depended on

particular cross combination, being high for HYS/7C, 7C/RB and HYS/YMH.

The direct effects of duration of grain filling period on grain yield

were positive for all the crosses except for the Hyslop x Yamhill. The

indirect effects of duration of grain filling on grain yield via rate

of grain filling were positive for Hyslop x Yamhill and Siete Cerros x

Red Bobs but were negative for all the winter x spring populations.
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Table 22 . Direct and indirect effects of physiological maturity date
and duration of grain filling period on grain yield for
six populations involving two parents and their resulting
Fl, BC1, BC2 and F2 reciprocal crosses planted on November

1st, 1979. East Farm near Corvallis,. Oregon, 1979-80.

Characters H1S---RIS
YMH 7C

HYS
RB 7C

YPH
RS

7

RB

Grain yield and PMD 1/
Direct effect - .007 -.071 - -.081 -.012

Indirect effect via Heading date -.216 -.066 .012 - - .006

Indirect effect via Flowering date .094 - .023 - -.013 -

Indirect effect via Tillers/plant - .017 - -.042 .009 .045

Indirect effect via Plant height - -.026 - .018 .080 .046

Indirect effect via WPDW 2/ - .094 .068 .122 - -.241

Indirect effect via KerneT weight .047 - .070 -.009 .014 -

Indirect effect via DGFP 3/ .033 -.207 -.051 -.190 -.206 .058

Indirect effect via Lag period - .-.001 - - - -

Indirect effect via AGFP y .001 - .046 - .005 -

Indirect effect via Harvest index-.012 - .001 -.005 -.002 .102

Indirect effect via GWS 5/ -.203 .139 - -.123 - -

Indirect effect via Kernels/spike .160 - - -.000 - -.010

Indirect effect via RGF 6/ -.369 .803 .662 .297 .534 -.195

Coefficient of determination g2 .211 .576. .581 .028 .114 .041

Grain yield and DGFP 2/
Direct effect -.043 .258 .079 .207 .244 .148

Indirect effect via Heading date .200 .071 -.011 - - -.059

Indirect effect via Flowering date.068 - -.019 - .012 -

Indirect effect via Tillers/plant - -.016 - .022 .008 -.126

Indirect effect via Plant height - .023 - -.008 -.082 .042

Indirect effect via WPDW - -.112 -.014 -.190 - .174

Indirect effect via PMD 1/ - -.006 .046 - .068 -.005

Indirect effect via Kernel weight-.050 - -.040 .015 -.007 -

Indirect effect via Lag period - .001 - - -

Indirect effect via AGFP 4/ .004 - -.013 - -.002 -

Indirect effect via Harvest index .008 - .001 -.020 .002 .197

Indirect effect via GWS 5/ .235 -.180 - .097 - -

Indirect effect via Kernels/spike-.179 - - -.019 - -.050

Indirect effect via RGF 6/ .553 -.954 -.467 -.402 -.298 .393

Coefficient of determination R2 .425 .834 .194 .089 .003 .529

1/ PMD = Physiological maturity date, 5/ GWS = Grain weight

2/ WPDW = Whole plant dry weight, per spike,

3/ DGFP = Duration of grain filling period, 6/ RGF = Rate of grain

4/ AGFP = Actual grain filling period, filling.

* : Significant at the .05 level, ** : Significant at the .01 level.
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For grain yield and lag period (Table 23), the R2 values suggest

that very little of the variation in grain yield was accounted for by

differences involving lag period for all the populations except for

Hyslop x Red Bobs. There were little direct effects of lag period on

grain yield for all the crosses. Lag period had positive indirect influen-

ces on grain yield via rate of grain filling for the winter x winter and

spring x spring crosses, but negative influences for the winter x spring

crosses. Actual grain filling period had positive or negative associations

with grain yield according to the cross combinations (Table 23). The R
2

values suggest that variation in grain yield accounted for by differences

involving actual grain filling period were high for HYS/7C, HYS/RB, YMH/

7C and YMH/RB. There were small direct effects of actual grain filling

period on grain yield for some crosses. Actual grain filling period had

large indirect effects on grain yield via rate of grain filling, being

either negative or positive depending on the cross combination.

Of the primary components of grain yield, tiller number was posit-

ively associated with grain yield for all the crosses (Table 24). However,

low direct effects were observed for tiller number on grain yield. When

the indirect effects were considered, tiller number had high and positive

influences on grain yield via rate of grain filling for all the crosses.

Little indirect effects of tiller number via the other variables could be

noted. The R
2
values suggest that large amounts of variation in grain

yield could be explained by variation associated with tiller number.

Kernel weight was highly associated with grain yield for all the

2
crosses (Table 24). The R values were high demonstrating large amounts
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Table 23. Direct and indirect effects of lag period and actual grain
filling period on grain yield for six populations involving
two parents and their resulting Fl, BC1, BC2 and F2 reciprocal

crosses planted on November 1. East Farm, Corvallis, Oregon.

Characters
HXS HIS HXS vpli yr 7i

VW 7C RB 7C RB RB

Grain yield and lag period
Direct effect - .002 - -

Indirect effect via Heading date .177 .049 -.012 - - .019

Indirect effect via Flowering date-.051 - -.021 - .012 -

Indirect effect via Tillers/plant - -.006 - .032 -.003 .025

Indirect effect via Plant height - .016 - -.038 -.083 -.045

Indirect effect via WPDW 1/ - -.061 -.047 .036 - .151

Indirect effect via PMD 2/ - -.005 .009 - .076 .006

Indirect effect via Kernel weight -.023 - -.072 -.001 -.015 -

Indirect effect via DGFP 3/ -.034 .173 .073 .179 .230 -.054

Indirect effect via AGFP 4/ -.018 - -.038 - -.004 -

Indirect effect via Harvest index .000 - -.002 .032 .002 -.102

Indirect effect via GWS 5/ .123 -.146 - -.064 - -

Indirect effect via Kernels /spike -.113 - - .019 - -.030

Indirect effect via RGF 6/ .177 -.643 -.654 -.111 -.540 .084

Coefficient of determination R2 .060 .377 .513 .007 .106 .003

Grain yield and AGFP li
Direct effect .040 - .072 - .007 -

Indirect effect via Heading date .012 .063 .006 - - -.046

Indirect effect via Flowering date-.029 - .011 - -.005 -

Indirect effect via Tillers/plant - -.017 - .007 .028 -.079
Indirect effect via Plant height - .021 - .022 .044 .053

Indirect effect via WPDW 1/ - -.109 .070 -.352 - -.001

Indirect effect via PMD 2/ - -.005 -.046 - -.056 -.007

Indirect effect via Kernel weight -.045 - .083 .026 .027 -

Indirect effect via DGFP 3/ -.005 .232 -.014 .184 -.085 .118

Indirect effect via Lag period - .001 - - - -

Indirect effect via Harvest index .017 - .001 -.062 -.002 .176

Indirect effect via GWS 5/ .134 -.151 - .221 - -

Indirect effect via KerneTh/spike -.085 - - -.050 - -.008

Indirect effect via RGF 6/ .270 -.866 .572 -.572 .841 .164

Coefficient of determination R
2

.095 .674 .572 .334 .635 .136

1/ WPDW =Whole plant dry weight, 5/ GWS = Grain weight
2/ PMD = Physiological maturity date, per spike,
3/ DGFP = Duration of grain filling period, 6/ RGF = Rate of grain
4/ AGFP = Actual grain filling period, filling.

* : Significant at the .05 level, ** : Significant at the .01 level.



Table 24. Direct and indirect effects of tiller number and kernel

weight on grain yield for six populations involving two

parents and their resulting Fl, BC', BC2 and F2 reciprocal

crosses planted on November 1st, 1979. East Farm near

Corvallis, Oregon, 1979-80.

Characters
HIS HIS

YMH 7C

Grain yield and till
Direct effect
Indirect effect vi
Indirect effect vi
Indirect effect vi
Indirect effect vi
Indirect effect vi
Indirect effect vi
Indirect effect vi
Indirect effect vi
Indirect effect vi
Indirect effect vi
Indirect effect vi
Indirect effect vi
Indirect effect vi

ers/plant
- .041

a Heading date .030 -.033
a Flowering date -.002 -

a Plant height - -.008
a WPDW 1/ - .097

a PMD 2/ - .003

a Kerner weight -.003 -

a DGFP 2/ -.008 -.100
a Lag period - -.000
a AGFP 4/ .002 -

a Harvest index -.007 -

a GWS 5/ - .000..034
a Kernels /spike .009 -

a RGF 6/ .627 .618

Coefficient of determination R2 .420 .424

Grain yield and kernel
Direct effect
Indirect effect via
Indirect effect via
Indirect effect via
Indirect effect via
Indirect effect via
Indirect effect via
Indirect effect via
Indirect effect via
Indirect effect via
Indirect effect via
Indirect effect via
Indirect effect via
Indirect effect via

weight
-.087 -

Heading date .139 -.049
Flowering date-.066 -

Tillers /plant - .007

Plant height - -.005
WPDW 1/ - .083

PMD 2/ - .004

DGFP / -.030 -.172
Lag period - -.001
AGFP 4/ .021 -

Harvest index .016 -

GWS 5/ .303 .143
Kernels /spike -.216 -

RGF 6/ .635 .675

Coefficient of determination R
2

.513 .469

89

HIS

RB

YH
7C

Yr
RB

7i

RB

- -.119 .054 -.189

.005 - - -.046

.008 - .001 -

- .010 -.005 .015

.129 .337 - .339

-.036 - -.013 .003

.054 -.006 .007 -

-.008 -.037 .036 .089

- - - -

.035 - .004 -

.000 -.062 .000 .106

- -.023 - -

- -.002 - -.006

.620 .335 .566 .517

.650 .171 .421 .681

.104 -.037 .035 -

.007 - - -.060

.011 - -.001 -

- -.020 .011 -.119
- -.066 .028 -.001

.088 .652 - .331

-.048 - -.031 .003

-.031 -.082 -.047 .086

- - - -

.057 - .005 -

.002 .108 -.002 .151

- -.339 - -

- .076 - -.046
.708 .728 .866 .566

.808 .865 .745 .830

1 WPDW = Whole plant dry weight, 5/ GWS = Grain weight per

2/ PMD = Physiological maturity date, spike,

3/ DGFP = Duration of grain filling period, 6/ RGF = Rate of grain

W/ AGFP = Actual grain filling period, filling.

* : Significant at the .05 level, ** : Significant at the .01 level.
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of variation in grain yield could be explained by variation associated

with kernel weight. However, low direct effects were observed for kernel

weight on grain yield. The indirect effects of kernel weight on grain

yield via rate of grain filling were high, but were low via duration of

grain filling for all the crosses.

Kernels per spike (Table 25) was positively associated with grain

yield for all the crosses suggesting large variation in grain yield was

accounted for by variation in kernel number;

large.

R
2
values were

There were little direct effects of kernel number on grain

yield. The indirect effects of kernel number on grain yield via rate of

grain filling were high for all the crosses, but the effects of duration

of grain filling were negative for all crosses except for Siete Cerros

x Red Bobs.

It can be observed in Table 25 that grain weight per spike was posit-

ively associated with grain yield. The R
2
values suggest that large

variation in grain yield was accounted for by variation associated with

grain weight per spike for all crosses. Direct effects of grain weight per

spike on grain yield were positive for Hyslop x Yamhill and Hyslop x

Siete Cerros but negative for the Yamhill x Siete Cerros. With regard to

the indirect effects via rate of grain filling, grain weight per spike did

influence grain yield in all crosses.

For grain yield and harvest index (Table 26), the R
2
values were low,

suggesting little variation in grain yield was accounted for by

variation associated with harvest index. Direct effects of harvest index

on grain yield were low for all crosses except for Siete Cerros x Red

Bobs. The indirect effects of harvest index on grain yield via rate of

grain filling were high and positive for all the crosses.
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Table 25. Direct and indirect effects of kernel number and grain
weight per spike on grain yield for six populations
involving two parents and their resulting Fl, BC1, BC2
and F2 reciprocal crosses planted on November 1st, 1979.
East Farm near Corvallis, Oregon, 1979-80.

Characters
Hp
Y t4H

HS
7C

Hp
R B

11H

7C

Yr
RR

7i

RR

Grain yield and kernel s/spike
Direct effect -.254 - - .082 - -.087
Indirect effect via Heading date .161 -.060 .011 - -.038
Indirect effect via Flowering date -.093 - .017 - -.001 -

Indirect effect via Tillers /plant - .005 - .003 -.004 -.014
Indirect effect via Plant height - -.026 - -.067 .027 .006
Indirect effect via WPDW 1/ - .087 .037 .526 - .173
Indirect effect via PMD 2i - .004 -.051 - -.023 -.001
Indirect effect via Kernel weight -.074 - .080 -.034 .031 -

Indirect effect via DGFP 3/ -.030 -.229 -.058 -.049 -.061 .086
Indirect effect via Lag period - -.001 - - -

Indirect effect via AGFP 4/ .013 - .040 - .004 -

Indirect effect via Harvest index .014 - .002 .117 -.002 .116
Indirect effect via GWS 5/ .318 .181 - -.349 - -

Indirect effect via RGF 6/ .643 .818 .583 .666 .702 .321

Coefficient of determination R
2

Grain yield and grain weight/spike

.516 .607 .440 .801 .453 .315

Direct effect .324 .192 - -.352
Indirect effect via Heading date .160 -.065 .010 - - -.057
Indirect effect via Flowering date -.074 - .016 - -.001 -

Indirect effect via Tillers/plant - .007 - -.008 .003 -.079
Indirect effect via Plant height - -.022 - -.069 .026 .003
Indirect effect via WPDW 1/ - .099 .059 .555 - .294
Indirect effect via PMD 2/ - .005 -.053 - -.026 .001

Indirect effect via Kernel' weight -.081 - .095 -.036 .034 -

Indirect effect via DGFP 3/ .031 -.242 -.051 -.057 -.047 .098
Indirect effect via Lag period - -.001 - - -

Indirect effect via AGFP 4/ .017 - .050 - .005 -

Indirect effect via Harvest index .015 - .002 .114 -.002 .154
Indirect effect via Kernels/spike -.249 - - .081 - -.074
Indirect effect via RGF 6/ .671 .887 .671 .703 .798 .516

Coefficient of determination R
2

.564 .740 .637 .870

1111MINNO

.623 .731

1/ WPDW = Whole plant dry weight, 5/ GWS = Grain weight per
21 PMD = Physiological maturity date, spike,
3/ DGFP = Duration of grain filling period, 6/ RGF = Rate of grain
17 AGFP = Actual grain filling period, filling.

* : Significant at the .05 level, ** : Significant at the .01 level.
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Table 26 . Direct and indirect effects of harvest index and plant
height on grain yield for six populations involving
two parents and their resulting Fl, BC1, BC2 and F2 recip-

rocal crosses planted on November 1st, 1979. East Farm near
Corvallis, . Oregon, 1979-80.

Characters
Hp
YMH

Hp
7C

Hp
RB

NTH

7C RR RB

Grain yield and harvest index
Direct effect .023 - .002 .152 -.003 .222

Indirect effect via Heading date .102 -.038 .010 -.054
Indirect effect via Flowering date-.073 .018 -.008 -

Indirect effect via Tillers/plant - -.008 - .048 -.005 -.090
Indirect effect via Plant height -.020 - -.044 .063 .042

Indirect effect via WPDW 1/ .033 .027 .242 - .122

Indirect effect via PMD 2/ - .003 -.053 - -.056 -.006
Indirect effect via Kernel weight -.062 - .081 -.026 .026 -

Indirect effect via DGFP 3/ -.016 -.147 -.058 -.027 -.152 .132
Indirect effect via Lag period - -.002 - - -

Indirect effect via AGFP 4/ .030 - .049 - .004 -

Indirect effect via GWS 5/ .218 .141 - -.264 - -

Indirect effect via Kernels /spike -.156 - - .063 - -.046
Indirect effect via RGF 6/ .213 .497 .573 .389 .616 .374

Coefficient of determination R2 .078 .211 .423 .286 .237 .484

Grain yield and plant height
Direct effect - .037 - -.079 -.085 -.063
Indirect effect via Heading date .050 .048 -.013 - - .022

Indirect effect via Flowering date-.019 - -.023 - .013 -

Indirect effect via Tillers/plant - -.009 - -.015 .003 .044

Indirect effect via WPDW 1/ - -.061 -.026 .522 - .095

Indirect effect via PMD 2/ - -.005 .060 - .076 .009

Indirect effect via Kernel weight -.054 - -.053 -.031 -.012 -

Indirect effect via DGFP 3/ -.015 .162 .073 .020 .235 -.099
Indirect effect via Lag period - .001 - - - -

Indirect effect via AGFP 4/ .000 - -.027 - -.004
Indirect effect via Harvest index .005 - -.002 .085 .002 -.147
Indirect effect via GWS 5/ .210 -.116 - -.308 - -

Indirect effect via Kernels /spike -.160 - - .070 - .009

Indirect effect via RGF 6/ .478 -.611 -.545 .577 -.417 -.016

Coefficient of determination R2 .246 .306 .309 .709 .035 .022

WPDW = Whole plant dry weight,
PMD = Physiological maturity date,
DGFP = Duration of grain filling period,
AGFP = Actual grain filling period,

5/ GWS = Grain weight per
spike,

6/ RGF = Rate of grain
filling.

* : Significant at the .05 level, ** : Significant at the .01 level.
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Information regarding the association between grain yield and plant

height can be found in Table 26. The R- values suggest that large

variation in grain yield was accounted for by differences associated

with plant height for Yamhill x Siete Cerros, but little for the

other crosses. Direct effects of plant height on grain yield were low for

all crosses. The indirect effects of plant height on grain yield via rate

of grain filling were positive or negative in accordance with cross

combinations. There were little indirect effects via the other variables

measured.

For grain yield and whole plant dry weight (Table 27), the R2 values

Were very high, thus large total variation in grain yield was accounted

for by the variation associated with plant dry weight. Direct effects of

whole plant dry weight on grain yield were positive and high for Yamhill

x Siete Cerros and Siete Cerros x Red Bobs crosses. The indirect effects

of whole plant dry weight on grain yield via rate of grain filling were

high and positive for all crosses.

When grain yield and rate of grain filling are considered (Table 27),

the R
2
values suggest that large variation in grain yield could be

accounted for by variation associated with rate of grain filling.

There were also large direct effects on grain yield for all the cross

combinations. The indirect effects of rate of grain filling on grain

yield via duration of grain filling were negative except for the Siete

Cerros x Red Bobs population.
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Table 27 . Direct and indirect effects of whole plant dry weight
and rate of grain filling on grain yield for six popul-
ations involving two parents and their resulting Fl, BC1,

BC2 and F2 reciprocal crosses planted on November 1st, 1979.

East Farm near Corvallis, Oregon, 1979-80.

Characters
Hp
Y MH

HXS

7C

Hp
RB

14H- ypH

7C RB RB

Grain yield and WPDW 1/
Direct effect - .130 .134 .637 - .423

Indirect effect via Heading date .118 -.064 .005 - -.046

Indirect effect via Flowering date-.038 - .007 - .005 -

Indirect effect via Tillers /plant - .031 - -.063 .044 -.152

Indirect effect via Plant height - -.017 - -.065 -.019 -.014

Indirect effect via PMD 2/ - .005 -.036 - .001 .007

Indirect effect via Kernel weight -.047 - .068 -.033 .020 -

Indirect effect via DGFP 3/ -.026 .223 -.008 -.062 .076 .061

Indirect effect via Lag period - -.001 -

Indirect effect via AGFP .004 - .038 - .004

Indirect effect via Harvest index .000 - .000 .058 -.000 .064

Indirect effect via GWS 5/ .192 .146 - -.307 -

Indirect effect via Kernels /spike -.147 - - .068 - -.036

Indirect effect via RGF 6/ .903 .967 .663 .749 .738 .581

Coefficient of determination R2 .922 .953 .760 .900 .755 .789

Grain yield and rate of grain filling
Direct effect .933 1.006 .810 .781 .988 .622

Indirect effect via Heading date .121 -.069 .010 - - -.056

Indirect effect via Flowering date-.049 - .016 - -.003 -

Indirect effect via Tillers /plant - .025 - -.051 .031 -.157

Indirect effect via Plant height - -.022 - -.058 .036 .002

Indirect effect via WPDW 1/ - .125 .110 .611 - .395

Indirect effect via PMD / - .006 -.058 - -.044 .004

Indirect effect via Kernel weight -.059 - .091 -.034 .031 -

Indirect effect via DGFP 3/ -.025 -.245 -.046 -.107 -.074 .094

Indirect effect via Lag period - -.001 - - - -

Indirect effect via AGFP 4/ .025 - .051 - .006 -

Indirect effect via Harvest index .005 - .001 .076 -.002 .133

Indirect effect via GWS 5/ .233 .169 - -.317 - -

Indirect effect via Kernels /spike -.175 - - .070 - -.045

Coefficient of determination R2 .992 .988 .974 .943 .937 .980

1/ WPDW = Whole plant dry weight, 5/ GWS = Grain weight

37 PMD = Physiological maturity date, per spike,

3/ DGFP = Duration of grain filling period, 6/ RGF = Rate of grain

4/ AGFP = Actual grain filling period, filling.

* : Significant at the .05 level, ** : Significant at the .01 level.
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DISCUSSION

The average yield for wheat is less than 2.2 tons per hectare on a

world wide basis. Constraints to higher yields are due to various

environmental stresses such as moisture, temperature, length of growing

season, pollution, soil, weed, and disease and insect problems. If wheat

cultivars can be developed which combine early maturity and adequate

yield levels, several major advantages would be forthcoming. For example

in areas of limited rainfall, cultivars may avoid drought by maturing

prior to the stress. Under multiple cropping systems early maturity

would allow for additional crops to be grown during a given year. In the

latter situation the yield of wheat is less important, because total yield

contributed by all crops in the rotation per year is the major consider-

ation.

To avoid certain environmental stresses and to more fully take

advantage of existing areas devoted to wheat production and bring new

regions into production, breeders then have a challenge to combine

earliness with acceptable grain yield in winter wheats. To meet this

challenge, more emphasis must be given to the time, duration and rate of

grain filling and physiological maturity. These are important latter

stages of the life cycle in determining earliness and subsequent grain

yield in wheat. Unfortunately, a negative association between early

maturity and high grain yield has been observed by several investigators.

One of the major problems confronting the breeder is determining

when the end point in the life cycle of the wheat plant is reached. The

time of physiological maturity is generally defined as the end point of

the life cycle and as such could be used to monitor earliness more
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exactly, as compared to the other stages of development. A simple, rapid

and accurate method of identifying physiological maturity was developed

which involves a visual color change method. As the result of several

studies,it was found that when the glumes and main axis of a spike turn

completely yellow is a satisfactory index for the identification of

physiological maturity. This method offers the advantages of not having

to destroy the spikes and many spikes can be evaluated in a short time.

In this investigation physiological maturity date was recorded when the

primary spike lost its green color. Green color loss for a spike tended

to develop from the apical spikelets downward with the base node of the

main axis being last to lose color (Choi, 1982).

Successful development of new cultivars which combine early maturity

and high grain yield will depend on well-planned crossing strategies

carried out on a large scale, coupled with efficient selection pressures

and techniques. To be successful, more information is needed regarding

nature of gene action and associations of time, duration and rate of

grain filling and subsequent grain yield if breeders are to develop new

cultivars adaptable to adverse environmental stresses and

diversified multiple cropping systems.

Fortunately there has been some improvement in earliness and grain

productivity through the systematic hybridization of winter and spring

wheat gene pools. The two most obvious differences, based on growth habit,

are the length of vernalization period required by winter type wheats,

and sensitive and insensitive responses to photoperiod primarily in the

spring type wheats. Both gene pools also represent different genetic

factors for earliness, disease and insect resistance, tolerance to

adverse environmental conditions and grain yield.
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The four parental cultivars used in this study were selected as

representing extreme characteristics of winter and spring type wheats

differing in vernalization requirement, photoperiod and temperature

responses. As a result large differences in time of heading, anthesis and

physiological maturity, duration and rate of grain filling, components of

grain yield and yield potential were apparent between and within the

winter and spring parental cultivars. The spring type cultivars Red Bobs

and Siete Cerros have long grain filling periods, particularly from

heading to anthesis, and being spring type wheats had a low grain yield

potential under the growing conditions of this experiment. They also

differ in response to photoperiod with Red Bobs being sensitive, and

Siete Cerros insensitive. Hyslop and Yamhill, winter types, are late

maturing cultivars with short grain filling periods, particularly from

heading to anthesis, with high grain yield potential. They are also

sensitive to photoperiod with Yamhill requiring a longer vernalization

period than Hyslop.

In general large genetic variation was observed for the time of

heading, anthesis and physiological maturity, duration and rate of grain

filling, components of yield and grain yield in winter x spring crosses

used in this study. This suggests that more improvement could be achieved

selecting within populations resulting from winter x spring crosses in

contrast to winter x winter or spring x spring crosses for these traits.

In terms of total genetic variation, the cross Yamhill x Siete Cerros

would be expected to provide the highest frequency of promising genotypes

exhibiting early maturity and high grain yield.
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The time and duration of heading, anthesis, physiological maturity

and grain filling and plant height with larger genotypic variations than

environmental variations,would suggest that selection for these traits

might be effective if a high proportion of the total genetic variation

is of the additive type. Grain yield, tiller number, whole plant dry

weight, and to a lesser extent, kernel weight and number, grain weight

per spike, rate of grain filling and harvest index would appear to be

quantitatively inherited and in this study were more influenced by the

environment. Thus if selection is to be effective, it may be necessary

to delay until the F5 or later generation.

Estimates of Heritability

Since breeders of self-pollinating species like wheat are confined

to the additive portion of the total genetic variability, estimates of

narrow sense heritability are useful criteria in selection of individual

plants,especially in early generations. Based on the narrow sense

heritability estimates obtained in this study, early generation selection

would be effective for physiological maturity, duration of grain filling

and plant height. For grain yield, tiller number and whole plant dry

weight, selection should be delayed until the F5 or F6 as evidenced by

the low estimate of additive genetic variance for these traits and,as

previously noted,the large environmental effect.

When several different methods for estimating heritability were

compared, all traits measured in this study reflected similar magnitude

between the estimates of coefficient of heritability and parent-offspring

correlation coefficient. There were, however, exceptions for tiller number,
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kernel weight, grain weight per spike, grain yield and whole plant dry

weight,where large environmental variation was observed. This implies

that the coefficient of heritability is closely related with narrow

sense heritability, with the population mean and variances in a breeding

population tending to change together. Thus coefficient of heritability

would be useful for breeders who are evaluating genetic variation

within populations and planning selection strategies for several

traits at the same time.

The estimates of parent-offspring correlation coefficient for

1/2(BC1 + BC2Ys vs Ffs were high for all the traits except for grain

yield, tiller number and whole plant dry weight, again suggesting the

presence of additive gene action involving these traits. The results are

in agreement with the findings of other investigators (Kronstad and Foote,

1964; Abi-Antoun, 1977; Firat, 1978; Brajcich, 1981; Corral, 1983).

The several methods of estimating heritability again suggested that

selection from early generations (F2 and F3) would be possible for time

and duration of heading, anthesis, physiological maturity and grain

filling, and to a lesser extent, for kernel number and size, plant height

and harvest index. Selection for tiller number, rate of grain filling,

grain yield and whole plant dry weight should be delayed until later

generations or until replicated trials could be established. It would

also be desirable to practice later selection for those traits with

lower estimates of heritability to permit fixation of alleles with

additive effects by using some type of recurrent selection.
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Nature of Gene Action

Further detailed information about the nature of gene action

controlling duration of grain filling from heading to physiological

maturity was obtained by a Vr Wr analysis. No maternal effect was

detected for grain filling period. For total duration of grain filling

and lag period, nonallelic interaction was not involved and the genes

controlling the traits were independently distributed among the parents.

As the intercept waspositive on the Wr axis for all the generations,

more additive gene action with some partial dominance was suggested.

Spring wheats Red Bobs and Siete Cerros have more dominant genes than

winter wheats Yamhill and Hyslop for longer duration of grain filling

and lag period, suggesting that large segregating populations would be

required in breeding for shorter lag period from heading to anthesis of

early maturing winter wheats. In contrast, Yamhill and Hyslop have more

dominant genes than Red Bobs and Siete Cerros for actual grain filling

period from anthesis to physiological maturity. Furthermore, nonallelic

interaction may be involved suggesting actual grain filling period would

be more difficult to modify than lag period in a selection program.

Additional information about nonadditive gene action governing

duration of grain filling was obtained from further analyses. Different

(Wr + Vr) values among four parental arrays were detected for total

duration of grain filling, lag period and actual grain filling period

This suggests that there may be nonadditive genetic variation involved

for the traits. The differences in the magnitude of (Wr - Vr) values

over arrays were not significant in any generation, however, suggesting

that additive gene action with some partial dominance is involved
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for the genetic variation involving total duration of grain filling,

lag and actual grain filling periods. The genes are independently

distributed among the parental lines. This suggests that the total genetic

variations associated with a shorter life cycle in winter wheat cultivars

is influenced largely by genes which are additive in their effects.

Large differences in the lag period among the parental cultivars

more strongly influenced total duration of grain filling period when

compared to actual grain filling period. Furthermore, the genes governing

total duration of grain filling and the lag period acted similarly and

in an additive manner as demonstrated in the Vr - Wr graphic analysis.

However, the genes governing the actual grain filling period have little

influence on total duration of grain filling period. Thus spring type

parents Red Bobs and Siete Cerros strongly influenced total duration of

grain filling period and lag period when compared to winter type parents

Yamhill and Hyslop with a shorter lag period. Considering several loci,

the alleles for lag period strongly influence total duration of grain

filling suggesting that large segregating populations are needed in breed-

ing for shorter lag period of early maturing winter wheat cultivars.. The

overall results suggest that a substantial portion of the total genetic

variation is the result of additive type gene action which is encourag-

ing in selecting for early maturity and high grain yield. The spring

gene pool provides factors favouring early maturity, while the winter

gene pool provides factors governing short lag period and shorter

duration of grain filling period leading to higher rate of grain filling.

This then appears to further support the desirability of uses of winter

x spring crosses in achieving the desired objective of earliness and

acceptable grain yield.
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Combining Ability Estimates

When considering the genetic variation of a breeding population,

particularly a large segregating populationithe gradual accumulation of

information on the combining ability of breeding materials and the

relative magnitude of additive, dominance and epistatic variances can

aid breeders. The estimates of general and specific combining ability

effects provide breeders with information regarding which parental

combination to hybridize in order to obtain the highest probability of

obtaining desired segregates. Combining ability analysis can also

provide information regarding the nature of the gene action controlling

specific traits.

Differences for GCA and SCA effects were demonstrated for all traits.

For the time of heading, anthesis and physiological maturity, winter

wheats Hyslop and Yamhill reflected positive GCA while Siete Cerros and

Red Bobs reflected negative GCA effects. A similar situation was

observed for SCA effects for the same traits and crosses. In contrast,

when duration of grain filling, lag and actual grain filling periods

were considered,the estimates of GCA effect were positive for Siete

Cerros and Red Bobs but negative for Hyslop and Yamhill. Thus, higher

GCA effects or additive type gene action was associated with the spring

wheat cultivars for early maturity. Winter wheat cultivars appeared to

have more additive gene action hence higher GCA estimates were associated

with shorter duration of grain filling period.

For grain yield, estimates of GCA effect contributed by Yamhill were

high for all generations and in all cross combinations. The estimates
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of SCA effect for Yamhill x Siete Cerros were also high and positive for

grain yield. Thus winter wheat Yamhill has high combining ability,

particularly GCA for grain yield. Similar trends were detected for the

high GCA effect contributed by Yamhill for kernel weight and number,

grain weight per spike, rate of grain filling and harvest index. High

SCA effect was also demonstrated by Yamhill x Siete Cerros for the

components of grain yield. However, when whole plant dry weight and plant

height are considered, the estimates of GCA and SCA effects contributed

by the parents were somewhat different from those for grain yield. For

example, the estimates of GCA effect contributed by Red Bobs were high

for plant height. The estimates of SCA effect for plant height involving

Hyslop x Red Bobs were high and positive across all generations. Thus

the magnitude of the GCA and SCA effect depends on particular parent's

combining ability for a trait. Combining ability effects were partitioned

into relative contributions of an individual parent for a trait. Kronstad

and Petpisit (1980) pointed out that crosses involving cultivars which

had been found to have high individual GCA effects produced a higher

percentage of superior yielding progeny in subsequent generations. As

previously noted, this is useful for breeders in selecting superior

parents, particularly with high GCA effects of the parents for a trait

of self-pollinated crops like wheat.

Associations among the Characters Measured

Breeders are faced with the question of what traits must be selected

in breeding for early maturity and high grain yield when selecting indiv-

idual plants in a segregating population. It was found in this study that
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duration and rate of grain filling, tiller number and grain weight per

spike and to a lesser extent, whole plant dry weight had high and

positive direct effects on grain yield. Particularly the rate of grain

filling reflected consistently high direct effects on grain yield for

any of the cross combinations and generations. The rate of grain filling

was more powerful in determining grain yield than was duration of grain

filling. The indirect effects of tiller number, kernel number and weight,

grain weight per spike, harvest index and whole plant dry weight on

grain yield were also positive and high via rate of grain filling, but

negative via duration of grain filling. Positive direct effects of

duration of grain filling period on grain yield were also detected.

However, they were small. There were also negative indirect effects on

grain yield by duration of grain filling via the rate of grain filling.

When lag period is considered, there were small positive direct effects

on grain yield. The indirect effects of the lag period via duration of

grain filling had a positive influence on grain yield, but a negative

influence via rate of grain filling. Direct and indirect effects of

actual grain filling period were similar to those of lag period.

The results suggest that selection for shorter durations of grain

filling, lag and actual grain filling periods are most important for

higher rate of grain filling and higher grain yield in breeding for

shorter life cycle wheat cultivars. Rapid translocation of the assimil-

ates from source to sink in a shorter period is the key to higher grain

yield under the low temperature and short day length conditions in

growing early maturing winter wheat cultivars. Hahn (1977) pointed out
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that selection for better sink might be expected to lead to improvement

of source and translocation capacities as their sink demands increased.

Simultaneous selection for increases in rate of grain filling and grain

weight could result without increasing duration of grain filling

(Gebeyehou et al, 1982). The results obtained in this study strongly

suggest that selection of early maturing plants with shorter lag period

and higher rate of grain filling would be the key to success in breeding

for shorter life cycle and higher grain yield in winter wheat. Higher

rate of grain filling could provide'heavier kernels for higher grain

yield, which could be selected through shorter duration of grain filling

along with shorter lag period and heavier grain weight per spike.

High coefficients of determination (R
2
) for grain yield and whole

plant dry weight suggest that large total variation in grain yield

would be accounted for by the variation associated with plant dry weight

or source potential. It was also postulated by Hahn (1982) that it might

be possible to select genotypes with high source potentials and ideal

degrees of response of source to sink. When selecting superior individual

plants, special emphasis must be also given to high source potential and

high response of source to sink. Over 90 % of grain carbohydrate is

derived from CO
2
fixation by the flag leaf and spike during the grain

filling period (Stoy, 1965; Evans et al, 1975). Spike photosynthesis has

also been estimated to contribute from 10 % (Lupton, 1969) to 60 %

(Saghir et al, 1968) of the grain dry weight in wheat. Yamhill and Hyslop

have shorter peduncle and almost erect, thick and small flag leaf leading

to higher rate of grain filling when compared to Red Bobs and Siete

Cerros which have spikes with longer peduncle at a much higher level of
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the canopy, particularly Red Bobs with low rate of grain filling and

grain yield. Thus selection of superior individual plants which have

their spikes below the top of the canopy would be more desirable in

order to efficiently utilize solar radiation by the flag leaf, particularly

when planted densely. This may lead to rapid grain filling, higher rate

of grain filling in a shorter period and higher grain yield. Peduncle

length must also be shortened to reduce assimilate competition with

flag leaf and spike, and distance from source to sink.

It was also found by Ellison et al (1983) that during the period of

rapid kernel growth, genotypes differ in the proportion and total

quantity of current assimilate translocated to the grain. Significant

GCA effects were also detected for flag leaf chlorophyll levels, flag

leaf photosynthetic rates during the late grain filling period, total

spike carbon uptake and proportional carbon translocation to the grain.

Thus overall results from this study suggest that it appears possible

to accumulate genes acting in an additive manner associated with shorter

life cycle, higher rate of grain filling and grain yield in winter

wheat plants.

Success in breeding for early maturity and high grain yield in

winter wheat depends on breeders' ability to select promising parental

cultivars for crossing and resulting superior individual plants from a

segregating population. Two principal modes of selection based on

combining ability can be used for physiological maturity, duration and

rate of grain filling, components of yield and grain yield in winter

wheat breeding programs for early maturity and high grain yield. One

mode is a recurrent selection for GCA in which the selection criterion



107

is the performance of the offspring obtained from intermatings among

individuals of a population. The other mode is a reciprocal recurrent

selection. In this case, two populations, which are characterized by

early maturity and high grain yield potentials, are selected simultan-

eously, and the selection criterion for each population is the perfor-

mance of the offspring obtained from intermatings with individual

members of the other population. Thus breeding for early maturity and

high grain yield would be suggested by making many crosses and growing

large segregating populations to increase the probability that the

desired progeny could be found. Two populations including winter and

spring types could be improved at the same time by planting breeding

materials at two locations of winter and spring wheat growing regions.

Conventional pedigree and bulk methods of selection have been known

to have a disadvantage of large populations required to ensure obtaining

a desirable type when selecting for a quantitatively inherited trait

like grain yield. Furthermore, selection for the complex traits of

tiller number, grain weight per spike, rate of grain filling and whole

plant dry weight must be delayed until later generations, risking random

fixation of both favorable and unfavorable gene combinations. Therefore

recurrent selection could be suggested as a means of alleviating these

deficiencies by providing frequent intermatings among selected individuals

and increased frequency of favorable genes associated with early maturity

and high grain yield. This method also has disadvantages of extensive

crossing and expense in self-pollinated crops when compared to cross-

pollinated crops. For successful breeding programs for early maturity

and high grain yield in a winter wheat plant, however, recurrent

selection would be the best means of step-wise accumulation of the
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intermating selected individuals. It is known to be difficult to

combine qualitatively inherited traits and quantitatively
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expressed traits like early maturity and high grain yield in a winter

wheat plant.Thus a further advantage of recurrent selection in breeding

for early maturity and high grain yield would be the large amount of

genetic recombination occurring in the cyclic processes of selfing,

crossing and selecting superior individual plants to break the negative

associations between early maturity and high grain yield.
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SUMMARY AND CONCLUSIONS

The objectives of this study were to investigate the nature of

inheritance for time, duration and rate of grain filling in winter and

spring wheat crosses, and to determine if possible direct and indirect

associations exist between these traits and grain yield.

The results and conclusions from this investigation are summarized

as follows:

1. For all crosses and generations, significant differences were noted

for time of heading, anthesis and physiological maturity, duration and

rate of grain filling, components of yield and grain Yield.However, grain

yield and whole plant dry weight were not different in the BC1 and F2

generations. Tiller number was different only among the parents.

2. Greater genetic variation was observed in crosses between winter

and spring parents than winter x winter or spring x spring parents

for all traits with the exception of plant height.

3. Large environmental variation was detected for grain yield, tiller

number and whole plant dry weight, as compared to genotypic variation .

4. Large narrow sense heritability estimates were detected for the time

and duration of heading, anthesis, physiological maturity and grain

filling and plant height. Small narrow sense heritability estimates were

noted for grain yield, tiller number and whole plant dry weight. Kernel

number and weight, grain weight per spike, rate of grain filling and

harvest index were intermediate in narrow sense heritability.

5. The estimates of coefficients of heritability and parent-offspring

correlation coefficients were similar in magnitude for all the traits
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measured with the exceptions of grain yield, tiller number, kernel weight,

grain weight per spike and whole plant dry weight. Thus coefficients of

heritability would be useful for breeders planning selection strategies,

because the estimates provide information on how much genetic variability

exists of the total variation of a trait in a segregating population.

6. No reciprocal differences were observed involving the grain filling

period.

7. The Vr - Wr analysis indicated that nonallelic interaction was not

involved for total duration of grain filling or lag period, but might be

involved for actual grain filling period. This model suggested that

additive gene action along with some partial dominance was involved for

these traits.

8. Spring cultivars Red Bobs and Siete Cerros have more dominant genes

than winter wheats Yamhill and Hyslop for duration of grain filling and

lag period. In contrast, Yamhill and Hyslop have more dominant genes for

actual grain filling period. The genes appeared to be independently

distributed among the parents.

9. The magnitude of the estimates of GCA and SCA effects for the traits

was dependent upon particular parent's combining ability. Thus it may be

possible to predict which parental combinations will provide the highest

frequency of desirable segregates as based on the individual combining

ability effects. This would be true for both a conventional wheat breed-

ing program and for the development of hybrid varieties.

10. Consistent positive direct effects on grain yield were detected for

duration and rate of grain filling, tiller number and grain weight per

spike. The rate of grain filling appeared to have the most influence in
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determining grain yield in contrast to the duration of grain filling

period.

11. The indirect effects of tiller number, kernel weight and number,

grain weight per spike, harvest index and whole plant dry weight on

grain yield were high and positive via rate of grain filling, but low

and negative via duration of grain filling.

12. There were also negative indirect effects on grain yield by total

duration of grain filling, lag and actual grain filling periods through

the rate of grain filling.

13. Shorter duration of grain filling along with shorter lag period and

heavier grain weight per spike are most important for higher rate of

grain filling and higher grain yield for early maturing winter wheat

cultivars. However, large segregating populations would be needed for

selection of shorter duration of grain filling because of degree of

nonadditive gene action with the longer duration of grain filling.

14. High coefficients of determination for grain yield and whole plant

dry weight strongly suggest possible high response of source to sink in

winter x spring wheat crosses, particularly as demonstrated by the

Yamhill x Siete Cerros population.

15. Recurrent selection and possible reciprocal recurrent selection

program based on GCA estimates would appear promising to develop earlier

maturing cultivars with acceptable yield levels.
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Appendix Table 1. Pedigree, growth habit, earliness, yield potential and origin of parents used.

YAMHILL : Heines 7/Redmond (Alba). A low tillering soft white common winter wheat released

by Oregon State University in 1969. Late maturity, medium height and awnless.

Large fertile spikes and medium to large kernels. Resistant to stripe rust and

powdery mildew. High grain yield.

HYSLOP : Nord Desprez/2X Pullman Selection 101. A soft white common winter wheat cultivar

released by Oregon State University in 1970. Mid-late maturity, semi-dwarf, awned

and mid-dense spikes. Resistant to stripe rust and common bunt, moderately

resistant to powdery mildew, leaf rust and septoria. Very high grain yield.

SIETE CERROS : Penjamo 62 Sib/Gabo 55. A hard red common spring wheat released by Mexico.

Early maturity, semi-dwarf, awned and mid-dense spikes. Intermediate grain yield.

RED BOBS : Bobs/Early Red Fife. A hard red common spring wheat released by Canada.

Early maturity, tall height, semi-awned and light spikes. Low grain yield.
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Appendix
Table 2. Meteorological data for the 1979-80 crop year for the

East Farm, Corvallis, Oregon.

Year Month Precipitation

mm

Average
temperature, C

Max. Min. Mean

1979-80 October 168.1 17.8 5.8 11.8

November 93.2 10.3 0.7 5.5

December 174.8 10.7 1.8 6.3

January 104.4 6.8 - 3.3 1.8

February 103.1 11.2 0.4 5.8

March 98.3 11.5 1.3 6.4

April 86.6 17.8 2.2 10.0

May 32.0 19.4 4.4 11.9

June 42.7 20.8 8.0 14.4

July 7.6 28.6 9.0 18.8

Total 910.8

Note : The data were obtained from the Office of Plant Clinic,

Botany and Plant Pathology Department, Oregon State University.
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Table 3. Observed mean values of 15 characters for 52 ienotypes of a 4 x 4 complete

diallel set of crosses representing parents, Fls, BC1s, BC2s and F2s planted on
November 1st, 1979. East Farm near Corvallis, Oregon, 1979-80.

Generations
Heading
date

Flowering Tillers Plant
date per height

WPDW 2/

g

Grain
yield

lant

PMD 3/ Kernel

weight

Parents
Hyslop 150b 1/ 152b 13.1 88b 117.6a 49.2a 199b 5.31a

Yamhill 156a 155a 11.8 90b 88.7ab 36.6b 202a 5.01b

7 Cerros 136d 141d 11.1 96b 73.6b 29.5bc 193c 4.61c

Red Bobs 139c 149c 9.Q 141a 69.9b 23.4c 192c 4.41c

Hyslop x Yamhill 151a 152a 10.7 102d 102.7ab 46.9b 199a 5.63ab

Hyslop x 7 Cerros 140e 144d 10.8 97d 87.4b 36.2bc 195b 5.37b

Hyslop x Red Bobs 141de 149bc 11.3 138a 109.6ab 42.2bc 194bc 5.38ab

Yamhill x Hyslop 149b 151ab 12.3 106cd 126.4a 55.5ab 198ab 5.55ab

Yamhill x 7 Cerros 144c 148c 12.0 112c 132.3a 58.9a 196b 5.70a

Yamhill x Red Bobs 141de 147c 11.8 136ab 118.7ab 42.8bc 194bc 5.44ab

7 Cerros x Hyslop 141de 144d 11.0 95d 87.6b 35.4c 196b 5.22b

7 Cerros x Yamhill 144c 148c 10.3 106cd 104.7ab 47.1b 195b 5.48ab

7 Cerros x Red Bobs 135f 142e 11.1 127b 87.9b 37.3bc 192c 5.26b

Red Bobs x Hyslop 142d 150b 12.5 135ab 113.6ab 44.3bc 196b 5.29b

Red Bobs x Yamhill 142d 149bc 11.6 132ab 110.9ab 43.4bc 194bc 5.47ab
Red Bobs x 7 Cerros 135f 142e 11.5 130ab 90.8b 36.5bc 192c 5.20b

If Letters denote Duncan's NMR test rankings at the .05 level.

2/ WPDW = Whole plant dry weight, 2/ PMD = Physiological maturity date.
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Table 3. Continued.

Generations
DGFP 2/ Lag

period
AGFP 3/ Harvest

index

GWS Kernels
per
spike

RGF
mg/plant/day

Parents
Hyslop 49c 1/ 2c 47b 42.5a 3.97a 74.5a 1009a

Yamhill 46d - ld 47b 41.1a 3.13b 63.2b 789b

7 Cerros 57a 4b 53a 40.2a 2.69c 58.4b 520c

Red Bobs 53b 9a 44c 34.0b 2.60c 58.9b 443c

Fls
Hyslop x Yamhill 49c lc 48b 45.8a 4.41b 78.3a 961ab

Hyslop x 7 Cerros 55ab 3bc 52a 41.8b 3.33d 62.2b 661b

Hyslop x Red Bobs 53bc 7a 46b 38.4bc 3.76c 70.0b 796b

Yamhill x Hyslop 49c 2c 47b 44.2ab 4.53ab 81.6a 1132a

Yamhill x 7 Cerros 52b 4b 48b 44.6ab 4.89a 85.6a 1134a

Yamhill x Red Bobs 53bc 6a 47b 37.3c 3.73c 68.7b 813b

7 Cerros x Hyslop 55ab 3bc 52a 40.7bc 3.28d 63.2b 649b

7 Cerros x Yamhill 51c 4b 47b 45.4ab 4.57ab 83.9a 922ab

7 Cerros x Red Bobs 57a 7a 50ab 42.6ab 3.35d 64.0b 661b

Red Bobs x Hyslop 54b 7a 47b 39.1bc 3.56cd 67.6b 819b

Red Bobs x Yamhill 53bc 7a 46b 40.0bc 3.74c 68.3b 826b

Red Bobs x 7 Cerros 57a 7a 50ab 40.9bc 3.22d 62.0b 645b

1/ Letters denote Duncan's HMR test rankings at the .05 probability level.

2/ DGFP = Duration of grain filling period, 4/ GWS = Grain weight per spike,
3/ AGFP = Actual grain filling period, RGF = Rate of grain filling.
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Table 3. Continued.

Generations
Heading Flowering
date date

Tillers
per

plant

Plant
height
cm

WPDW g./
g

Grain
yield

9/plant

PMD 31/ Kernel

weight
g

BCIs
HYS X (HYS X YMH) 150b1/ 153ab 11.3 96c 105.4a 42.7a 199a 5.27ab

HYS X HYS X 7C 145c 149c 10.3 93c 95.6a 39.4ab 196b 5.23ab

HYSHYS X HYS X RR 146c 151bc 10.0 108bc 92.5a 38.1ab 196b 5.11ab
YMH X YMH X HYS 153a 154a 10.5 102c 97.4a 40.4ab 200a 5.33a
MI X YMH X 7C 150b 152b 10.7 105bc 98.9a 42.8a 199a 5.40a
YMII X YMH X RB 149b 152b 10.2 112b 96.6a 38.8ab I99a 5.40a
7C X 7C X HYS 138e 144de 11.7 95c 85.1a 32.0ab 195b 4.97b
7C X 7C X YNI 140d 145d 10.0 102c 81.2a 35.2ab 194bc 5.14ab
7C X 7C X RB 135f 143e 10.3 lllbc 82.9a 34.8ab 192c 5.13ab
RB X RB X HYS 141d 150c 11.7 139a 102.0a 34.5ab 195b 4.81b
RR X RB X MI 141d 149c 12.4 139a 113.6a 36.6ab 194bc 4.77b
RB X RB X 7C 136f 145d 9.7 135a 80.4a 30.6b 192c 4.83b

DGFP 4/ lag AGFP 5/ Harvest GWS 6/ Kernels RGF 7/
Generations period index

9
per
spike

mg/plant/day

BC1s
HYS X X YTIH 49cd 3d 46bc 40.7ab 3.80ab 72.2ab 878a
HYS X HYS X 7C 51c 3d 48b 41.5ab 3.83ab 73.4ab 775ab((HYS

HYS X HYS X R8 51c 5c 46bc 41.3ab 3.85ab 75.4a 753ab
YMH X (YMH X HYS 48d 2d 46bc 41.6ab 3.87ab 72.6ab 855ab
YMH X (MI X 7C 49cd 2d 47bc 43.7a 4.03a 74.7a 878a
YMH X (YMH X RB 50cd 3d 47bc 40.3ab 3.82ab 70.8ab 786ab
7C X 7C X HYS 57a 6bc 51a 37.9b 2.71c 54.9c 566b
7C X 7C X YMH 55ab 5c 50ab 43.7a 3.56b 69.7ab 646b
7C X 7C X RB 57a 7b 50ab 42.3a 3.36bc 65.8b 605b
RB X (RB X HYS) 54b 9a 45c 34.0c 2.92c 60.6bc 649b
RB X (RB X YMH) 53bc 7b 46bc 32.6c 3.02c 63.4b 695ab
RB X (RB X 7C ) 56ab 9a 47bc 38.4b 3.19bc 66.2b 552b

1/ Letters denote Duncan's NMR test rankings at the .05 probability level.

2/ WPDW = Whole plant dry weight,

1
/ PMD = Physiological maturity date,

DGFP = Duration of grain filling period,

/ AGFP = Actual grain filling period,
6/ GWS =Grain weight per spike,
2/ RGF = Rate of grain filling.
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Table 3. Continued.

Generations

BC2s
HYS X (vin X HYS)
HYS X (7C X HYS)
HYS X (RB X HYS)
YMH X (HYS X YMM)
Ytti X (7C X YMH)
YMH X (RC X Y
7C X (HYS 7C
7C X (ytili X 7C
7C X (R8 X 7C
RB X (HYS X RB
RB X (YMH X RB
RB X (7C X RB

Generations

BC2s

HYS X (YMH X HYS)
HYS X (7C X HYS)

HYS X (RB X HYS)

Y1 X (HYS X YMH)
'MX (7C X YM1-1)

YMM X (RB X YM11
7C X (HYS X 7C )
7C X (YMII X 7C

7C X RB X 7C 1ReX HYS X R8
RB X YMH X RB )
RB X 7C X RB )

Heading
date

Flowering Tillers
date per

plant

Plant
height
cm

WPDW
2/

g

Grain

yield
g/plant

PMD
3/

Kernel

weight

g

151b 152b 9.0 92d 78.4b 35.0b 199ab 5.24b

144d 148d 11.1 95cd 96.2ab 39.2b 196bc 5.53ab

145d 151bc 11.4 109bc 100.7ab 41.6ab 197bc 5.33ab

153a 154a 11.2 102c 112.9ab 47.1b 201a 5.35ab

150b 152b 12.1 109bc 117.0ab 50.5a 199ab 5.63a

148c 151bc 12.4 118b 122.7a 47.7ab I98b 5.52ab

138f 143f 9.7 92d 74.8b 30.6b 194c 4.89c

139f 144ef 11.9 103c 98.8ab 41.8ab 195c 5.17b

136g 145e 11.1 110bc 85.0b 35.1b 193c 4.83c

142e 150c 11.7 139a 107.4ab 35.1b 195c 4.80c

142e 149cd 13.8 140a 118.7ab 39.1b 195c 4.74c

1369 145e 11.0 145a 88.7ab 31.6b 190d 4.87c

DGFP 41 Lag AGFP Harvest GWS 6/ Kernels RGF 7/

period index
9

per
spike

mg/plant/day

48d 2cd 47bc 44.7a 3.93ab 75.1ab 729b

52c 4bc 48b 41.2ab 3.55b 64.2bc 762b

52c 5b 47bc 41.9ab 3.70b 69.3b 805ab

48d Id 47bc 41.7ab 4.22a 78.9a 988a

50cd 2cd 48b 43.6a 4.28a 75.8ab 1020a

50cd 3c 47bc 39.2b 3.83b 69.4b 955ab

56ab 5b 51a 41.4ab 3.18c 64.9bc 548b

56ab 5b 51a 42.8ab 3.59b 69.4b 758b

58a 9a 49ab 41.6ab 3.18c 65.9bc 609b

54bc 9a 45c 33.0c 3.01c 63.3bc 656b

54bc 8a 46bc 33.0c 2.82c 59.7c 730b

55b 9a 46bc 35.9bc 2.90c 59.6c 580b

1/ Letters denote Duncan's NMR test rankings

2/ WPDW = Whole plant dry weight,

3/ PMD . Physiological maturity date,
1/ DGFP . Duration of grain filling period,

at the .05 probability level.

AGFP = Actual grain filling period,
GUS = Grain weight per spike,
RGF = Rate of grain filling.
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Table 3. Continued.

Generations
Heading
date

Flowering Tillers
date per

plant

Plant
height
cm

WPDW 2/
g

Grain
yield
g/plant

PMD 3/ Kernel

weight
g

F2s
Hyslop x Yamhill 152a 11 154a 11.8 98c 106.4a 44.7ab 200a 5.26ab

Hyslop x 7 Cerros 140d 145cd 11.6 94c 98.1a 40.7ab 194c 5.25ab

Hyslop x Red Bobs 143c 150b 13.2 127a 119.4a 43.0ab 195bc 5.12ab

Yamhill x Hyslop 152a 153a 11.1 99c 99.0a 40.Bab 199ab 5.10b

Yamhill x 7 Cerros 145b 149b 10.5 104bc 98.1a 43.5ab 196b 5.43a

Yamhill x Red Bobs 144b 149b 12.7 127a 112.4a 41.3ab l96bc 5.17ab

7 Cerros x Hyslop 141d 146c 12.4 97c 102.4a 39.3ab 194c 5.08b
7 Cerros x Yamhill 145b 149b 11.8 109b 119.2a 48.7a 196bc 5.43a
7 Cerros x Red Bobs 135e 143d 11.6 130a 98.7a 37.9ab 191d 5.05b
Red Bobs x Hyslop 143c 150b 13.8 129a 126.1a 44.8ab 195bc 5.08b
Red Bobs x Yamhill 144b 149b 11.1 125a 99.4a 35.2b 194c 4.866
Red Bobs x 7 Cerros 136e 144d 12.2 128a 97.4a 38.4ab 191d 5.12ab

Generations DGFP J Lag
period

AGFP 5/ Harvest
index

GWS 6/
g

Kernels
per
spike

RGF 7/

mg /plant /day

Ia.
Hyslop x Yamhill 49c 2d 47b 42.1ab 3.81ab 72.4ab 926a

Hyslop x 7 Cerros 54b 4cd 50a 41.5ab 3.52bc 67.3b 760ab
Hyslop x Red Bobs 52bc 6bc 46b 36.2c 3.34bc 65.5b 828ab

Yamhill x Hyslop 48c 2d 46b 41.2ab 3/67bc 72.0ab 863ab
Yamhill x 7 Cerros 52bc 3d 49ab 45.1a 4.1/a 76.9a 837ab
Yamhill x Red Bobs 52bc 5c 47b 39.6bc 3.30bc 64.0b 797ab

7 Cerros x Hyslop 54b 5c 49ab 38.5bc 3.20c 63.1b 732ab
7 Cerros x Yamhill 50bc 4cd 48ab 41.0b 4.20a 77.1a 947a

7 Cerros x Red Bobs 57a 9a 48ab 38.5bc 3.31bc 65.8b 675b
Red Bobs x Hyslop 53b 7b 46b 36.8c 3.28c 64.6b 857ab

Red Bobs x Yamhill 50c 5c 45b 35.8c 3.22c 66.6b 704b
Red Bobs x 7 Cerros 56ab 9a 47b 39.7bc 3.18c 62.1b 690b

1/ Letters denote Duncan's NMR test rankings at the .05 probability level.

2/ WPDW = Whole plant dry weight, 5/ AGFP = Actual grain filling period,
3/ PMD = Physiological maturity date, / GWS = Grain weight per spike, 1-3

11 DGFP = Duration of grain filling period, 7/ RGF = Rate of grain filling. IN.)

MD
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Table 4. Observed mean values, standard deviations and coefficients of variation of 15 characters

for two winter and two spring type parents and their 48 resulting Fl , BC1 , BC2
and F2 populations planted on November 1st, 1979. East Farm near Corvallis, Oregon,
1979-80.

Characters
Parents Fls BC1s

Mean S CV Mean S CV Mean S CV

Heading date 144.69 8.33 5.76 141.67 4.56 3.22 143.50 5.85 4.08

Flowering date 148.69 5.69 3.83 146.92 3.34 2.27 148.48 3.79 2.55

PMD 1/ 195.94 4.43 2.26 194.67 2.69 1.38 195.58 2.84 1.45

DGFP2/ 51.25 4.40 8.59 53.00 2.87 5.42 52.08 3.37 6.48

Lag period 4.10 3.95 96.33 5.35 2.26 42.33 5.08 2.70 53.19

AGFP 3/ 47.25 3.51 7.43 47.75 2.43 5.08 47.10 2.04 4.34

Grain yield, g/plant 34.66 12.63 36.44 43.85 10.29 23.47 37.15 7.65 20.59

Tillers per plant 11.24 3.57 31.76 11.39 2.18 19.14 10.72 2.15 20.11

Kernel weight, g 4.84 .45 9.37 5.42 .27 4.92 5.11 .29 5.77

GWS 4/, g 3.10 .70 22.49 3.86 .62 16.09 3.50 .51 14.71

Kernels per spike 63.74 10.32 16.19 71.26 10.31 14.47 68.29 8.77 12.84

RGF 5/, mg/plant/day 690.50 279.45 40.47 834.85 220.07 26.36 719.75 171.73 23.86

Harvest index, % 39.42 4.27 10.83 41.71 3.58 8.59 39.81 3.82 9.60

WPDW 6/, g/plant 87.46 29.14 33.32 106.04 27.03 25.49 94.29 22.10 23.51

Plant height, cm 103.63 23.38 22.56 117.81 16.88 14.33 111.29 17.38 15.62

Note : S means a value of standard deviation.
The CV values were calculated using means and standard deviations.

1/ PMD = Physiological maturity date, 4/ GWS = Grain weight per spike,
2/ DGFP= Duration of grain filling period, 5/ RGF = Rate of grain filling,

3/ AGFP= Actual grain filling period, 6/ WPDW = Whole plant dry weight.
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Table 4. Continued.

Characters
6C2s F2s Average

Mean S CV Mean S CV Mean S CV

Heading date 143.25 5.82 4.06 142.85 5.26 3.68 142.96 5.68 3.97

Flowering date 148.33 3.65 2.46 148.06 3.36 2.27 148.01 3.76 2.54

PMD 1/ 195.63 3.07 1.57 194.92 2.90 1.49 195.26 3.03 1.55

DGFP 2/ 52.38 3.24 6.19 52.06 2.76 5.31 52.29 3.19 6.11

Lag period 5.18 2.83 54.54 5.31 2.38 44.81 5.14 2.67 52.00

AGFP 3/ 47.29 1.91 4.04 46.85 1.64 3.49 47.25 2.17 4.60

Grain yield, g/plant 39.51 9.45 23.93 41.52 6.97 16.79 40.06 9.40 23.46

Tillers per plant 11.37 2.55 22.41 11.96 2.38 19.93 11.35 2.45 21.59

Kernel weight, g 5.16 .36 6.95 5.16 .62 4.26 5.18 .34 6.52

GWS 4/, g 3.51 .58 16.39 3.52 .47 13.42 3.56 .59 16.59

Kernels per spike 67.96 8.67 12.76 68.11 8.10 11.89 68.51 9.21 13.45

RGF 5/, mg/plant/day761.52 206.60 27.13 801.25 147.99 18.47 772.51 200.78 25.99

Harvest index, % 39.98 4.51 11.28 39.66 3.45 8.71 40.22 3.95 9.81

WPDW 6/, g/plant 100.09 26.02 26.00 106.37 21.98 20.66 100.60 25.29 25.14

Plant height, cm 112.71 19.08 16.93 113.85 15.46 13.58 113.13 17.98 15.89

Note : S means a value of standard deviation.
The CV values were calculated using means and standard deviations.

1/ PMD = Physiological maturity date, 4/ GWS = Grain weight per spike,

2/ DGFP = Duration of grain filling period, 5/ RGF = Rate of grain filling,

3/ AGFP = Actual grain filling period, 6/ WPDW = Whole plant dry weight.
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Table 5. Observed mean values, standard deviations and coefficients of variation of IS characters

for six populations of reciprocal winter and spring wheat crosseserls, 8C1s, BC2s and

r2s planted on November 1st, 1979. East Farm, Corvallis, Oregon, 1979-80.

Characters
Hyslop - Yamhill nyslop - 7 Cerros Hyslop - Red Bobs

Mean S CV Mean 5 CV Mean 5 CV

Heading date 151.70 2.00 1.32 141.30 4.08 2.89 143.20 3.12 2.18

Flowering date 153.00 1.25 .82 145.60 3.23 2.22 150.20 .92 .61

PMD 1/ 199.60 1.18 .59 195.20 1.68 .86 195.40 1.84 .94

DGFP / 48.30 .95 1.96 54.00 2.62 4.86 52.50 1.58 3.01

Lag period 1.60 1.08 67.19 3.90 1.20 30.70 6.60 2.22 33.65

AGFP 3/ 46.80 .63 1.35 50.10 2.02 4.04 46.10 1.37 2.97

Grain yield, g/plant 43.89 6.13 13.97 37.15 5.81 16.63 39.62 7.26 18.33

Tillers per plant 11.28 1.11 9.83 11.28 .98 8.70 11.77 1.48 12.55

Kernel weight, g 5.31 .18 3.47 5.15 .27 5.17 5.06 .31 6.07

Grain weight/spike, g 3.93 .40 10.09 3.33 .42 12.60 3.40 .45 13.20

Kernels per spike 74.08 5.05 6.82 64.61 6.02 9.31 66.96 5.48 8.18

RGF /, mg/plant/day 913.00 116.22 12.73 698.20 144.18 20.65 761.50 151.46 19.89

Harvest index, % 42.56 1.74 4.08 40.72 1.47 3.61 37.72 3.47 9.21

WPOW §/, g/plant 103.49 13.87 13.40 91.84 13.14 14.31 105.88 16.05 15.16

Plant height, cm 97.50 5.91 6.06 94.20 2.70 2.87 125.30 17.79 14.20

Note : S means a value of standard deviation.
The CV values were calculated using means and standard deviations.

1/ PMD ft Physiological maturity date,
V DGFP ft Duration of grain filling period,
J/ AGFP ft Actual grain filling period,

4/ RGF ft Rate of grain filling,

5/ WPDW ft Whole plant dry weight.



Appendix

Table 5 . Continued.

Characters
Yamhill - 7 Cerros Yamhill - Red Bobs 7 Cerros - Red Bobs
Mean S CV Mean S CV Mean S CV

Heading date 144.90 5.91 4.08 144.60 5.08 3.51 135.90 1.20 .88

Flowering date 148.30 4.17 2.81 149.90 2.23 1.49 143.90 2.29 1.59

PMD 1/ 196.60 2.71 1.38 195.80 3.02 1.54 191.80 .92 .48

DGFP-2/ 52.00 3.33 6.41 51.40 2.41 4.69 56.30 1.42 2.52
Lag period 3.20 1.81 56.67 5.20 2.94 56.47 7.90 1.66 21.05
AGFP 3/ 48.80 1.99 4.08 46.20 1.03 2.24 48.40 2.55 5.26
Grain yield, g/plant 43.46 8.44 19.43 38.49 6.51 16.92 33.51 4.73 14.11

Tillers per plant 11.22 .79 7.07 11.68 1.35 11.53 10.86 .95 8.72
Kernel weight, g 5.30 .32 6.12 5.08 .38 7.48 4.93 .27 5.53
Grain weight/spike, g 3.91 .67 17.09 3.32 .44 13.31 3.10 .27 8.79
Kernels per spike 73.47 8.51 11.58 65.30 4.10 6.28 62.87 3.10 4.93
RGF 4/, mg/plant/day 845.10 178.74 21.15 753.80 131.84 17.49 598.00 76.96 12.87
Harvest index, % 43.12 1.81 4.19 37.29 3.22 8.64 39.41 2.78 7.06
WPDW 5/, g/plant 101.25 17.92 17.70 105.16 16.50 15.69 85.53 9.30 10.87
Plant height, cm 103.60 6.52 6.29 126.00 15.93 12.64 125.30 15.20 12.13

Note : S means a value of standard deviation.
The CV values were calculated using means and standard deviations

1/ PMD = Physiological maturity date,
2/ DGFP = Duration of grain filling period,

3/ AGFP = Actual grain filling period,

RGF = Rate of grain filling,
y WPDW = Whole plant dry weight.
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Table 6. Associations among 15 characters within each of

the parents, Fls, BC1s, BC2s and F2s for a 4 x 4 complete
diallel set of crosses involving two winter and two spring
wheat parents. East Farm, Corvallis, Oregon, 1979-80.

Characters Parents Fis BC1s BC2s F2s Total

Heading date vs
Flowering date .909** .881** .931** .922** .942** .919**

Tillers/plant .287 .033 .015 .013 -.014 .044

Plant height -.511* -.403** -.366* -.343* -.450** -.418**
WPDW 1/ .460 .294* .252 .275 .100 .219**

Grain yield .546* .483** .435** .460** .236 .359**

PMD 2/ .944** .808** .932** .915** .932** .908**

Kernel weight .642** .499** .526** .649** .171 .389**
DGFP 3/ -.943**-.835** -.953** -.924** -.924** -.918**
Lag period -.799**-.718** -.859** -.866** -.880** -.831**
AGFP 4/ -.284 -.318* -.438** -.284 -.282 -.326**
Harvest index .433 .405** .255 .318* .220 .273**

GWS 5/ .517* .659** .586** .659** .311* .465**

Kernels/spike .371 .558** .426** .487** .287* .384**

RGF 6/ .669** .602** .633** .613** .473** 5533**

FlOwering date vs
Tillers/plant .168 .135 .096 .108 .099 .106

Plant height -.137 .008 -.053 -.039 -.194 -.101

WPDW 1/ .379 .411** .348* .343* .206 .292**

Grain yield .398 .515** .424** .415** .269 .339**

PMD 2/ .788** .695** .849** .851** .874** .816**

Kernel weight .468 .477** .351* .479** .070 .268**
DGFP 3/ -.929**-.752** -.904** -.845** -.874** -.859**
Lag period -.477 -.304* -.614** -.606** -.668** -.544**
AGFP 4/ -.629**-.607** -.682** -.536** -.504** -.594**
Harvest index .142 .173 .011 .063 .070 .046

GWS 5/ .395 .587** .460** .461** .200 .349**

Kernels/spike .303 .491** .353* .325* .200 .299**

RGF 6/ .532* .607** .606** .553** .486** .497**

1/ WPDW = Whole plant dry weight,
2/ PMD = Physiological maturity date,
3/ DGFP = Duration of grain filling period, F/

4/ AGFP = Actual grain filling period,

GWS = Grain weight
per spike,

RGF = Rate of grain
filling.

* : Significant at the .05 level, ** : Significant at the .01 level.

Generations Parents Fls BC1s BC2s

n 16 48

F2s Total

48 48 48 208
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Table 6. Continued.

Characters Parents Fls BC1s BC2s F2s Total

Tillers/plant vs
Plant height -.214 .371* .304* .384** .384** .280**

WPDW 1/ .874** .847** .845** .881** .893** .853**

Grain yield .835** .704** .729** .743** .751** .723**

PMD 2/ .300 -.063 .014 .020 -.076 .012

Kernel- weight .176 -.029 -.265 -.058 -.032 -.030

DGFP 3/ -.242 -.111 -.013 -.003 -.053 -.067

Lag period -.364 .133 .103 .113 .171 .055

AGFP 4/ .106 -.255 -.158 -.173 -.338* -.167*
Harvest index .120 -.503** -.485** -.493** -.521** -.406**
GWS 5/ -.071 -.124 -.306* -.316* -.502** -.243**
KerneTs/spike -.166 -.131 -.242 -.380** -.546** -.284**
RGF 6/ .781** .640** .622** .652** .687** .660**

Plant height vs
WPDW 1/ -.257 .316* .320* .318* .346* .286**
Grain-Yield -.457 .080 -.004 -.037 .066 .018
PMD 2/ -.654** -.433** -.431** -.397** -.501** -.477**
Kerner weight -.662** -.150 -.524** -.465** -.352* -.285**
DGFP 3/ .310 .236 .274 .238 .329* .291**

Lag period .882** .825** .718** .655** .720** .745**

AGFP 4/ -.603* -.490** -.496** -.564** -.491** -.490**
Harvest index -.825** -.637** -.724** -.824** -.526** -.646**
GWS 5/ -.523* -.300* -.425** -.578** -.468** -.351**

Kernels /spike -.349 -.279 -.259 -.495** -.396** -.298**
RGF 6/ -.479 .007 -.086 -.093 -.042 -.063

WPDW 1/vs
Grain-yield .961** .920** .895** .895** .900** .909**

PMD 2/ .402 .094 .199 .245 .046 .142*

Kerner weight .312 .129 -.163 .116 .053 .151*

DGFP 3/ -.467 -.379** -.270 -.260 -.142 -.255**

Lag 0-eriod -.424 .014 -.057 -.122 .071 -.055

AGFP 4/ -.102 -.462** -.370** -.259 -.343* -.308**

Harvgt index .160 -.398** -.475** -.436** -.491** -.340**

GWS 5/ .318 .340* .122 .052 -.152 .187**

Kernels /spike .274 .330* .214 .002 -.184 .159*

RGF 6/ .943** .882** .830** .850** .846** .868**

1/ WPDW = Whole plant dry weight, 5/ GWS = Grain weight per
2/ PMD = Physiological maturity date, spike,
/ DGFP = Duration of grain filling period, 6/ RGF = Rate of grain

4/ AGFP = Actual grain filling period, filling.

* : Significant at the .05 level, ** : Significant at the .01 level.
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Table 6. Continued.

Characters Parents Fls BC1s BC2s F2s Total

Grain yield vs
PMD 1/

Kernel weight

DGFP 2/
Lag period
AGFP 3/
Harvest index
GWS 4/
Kernels /spike
RGF 5/

PMD 1/vs
Kernel weight
DGFP 2/
Lag period
AGFP 3/
Harvest index
GWS 4/
Kernels /spike
RGF 5/

Kernel weight vs
DGFP 2/
Lag period
AGFP 3/
Harvest index
GWS 4/

Kernels /spike
RGF 5/

DGFP 2/vs
Lag period
AGFP 3/
Harveil index
GWS 4/

Kernels /spike
RGF 5/

.537* .273 .392** .457** .219

.514* .290* .146 .411** .296*
-.493 -.514** -.426** -.391** -.218
-.578* -.216 -.347* -.410** -.141

-.033 -.407** -.245 -.055 -.164
.426 -.016 -.048 .001 -.123
.470 .605** .414** .384** .185
.357 .564** .414** .264 .101

.985** .985** .967** .978** .962**

.726** .558** .528** .631** .236
-.781** -.350* -.779** -.692** -.722**
-.856** -.606** -.829** -.784** -.825**
-.016 .150 -.191 -.014 -.020
.608* .409** .286* .385** .290*
.490 .430** .524** .646** .383**
.285 .289* .353* .479** .342*
.635** .330* .550** .558** .405**

-.486 -.271 -.469** -.564** -.078
-.680** -.303* -.646** -.715** -.281
.156 -.039 .078 .103 .276
.818** .411** .659** .572** .484**
.719** .449** .525** .680** .465**
.374 .142 .168 .319* .151

.547* .320* .265 .490** .293*

.651** .576** .796** .810** .807**

.521* .647** .600** .497** .515**
-.208 -.262 -.202 -.204 -.114

-.485 -.646** -.577** -.569** -.189
-.416 -.617** -.442** -.418** -.186
-.627** -.649** -.637** -.569** -.474**

.304**

.403**
-.349**
-.285**
-.163*
.062
.478**
.392**
.976**

.424**
-.666**
-.779**
-.020
.339**
.422**
.316**
.432**

-.290**
-.449**
.126
.584**
.624**
.285**
.428**

.740**

.560**
-.163*
-.426**
-.382**
-.539**

1/ PMD = Physiological maturity date, 5/ RGF = Rate of grain
2/ DGFP = Duration of grain filling period, filling.
3/ AGFP = Actual grain filling period,
4/ GWS = Grain weight per spike,

* : Significant at the .05 level, ** : Significant at the .01 level.



137

Appendix

Table 6 Continued.

Characters Parents Fis BC1s BC2s F2s Total

Lag period vs
AGFP 1/ -.308 -.202 -.007 -.107 -.090 -.143*

Harvet index -.709** -.562** -.537** -.573** -.388** -.514**
GWS ,g -.521*- -.465** -.624** -.761** -.405** -.496**

Kernels/spike -.346 -.401** -.427** -.582** -.351* -.395**

RGF 3/ -.644** -.321* -.521** -.547** -.358* -.433**

AGFP 1/ vs
Harvest index .537* .214 .375** .501** .371* .393**

GWS 2/ -:226 -.331* -.128 .161 .269 -.015

Kernels/spike -.133 -.356* -.165 .152 .196 -.076

RGF 3/ -.062 -.469** -.363* -.156 -.281 -.260**

Harvest index vs

GWS 2/ .659** .539** .582** .688** .625** .626**

Kernels/spike .404 .446** .381** .568** .517** .484**

RGF 3/ .424 .051 .023 .055 -.070 .102

GWS 2/vs
Kernils/spike .910** .947** .926** .910** .945** .924**

RGF 3/ .518* .663** .505** .476** .224 .526**

Kernels/spike vs

RGF 3/ .409 .617** .463** .339* .148 .438**

. 1/ AGFP = Actual grain filling period,
2/ GWS = Grain weight per spike,
3/ RGF = Rate of grain filling.

* : Significant at the .05 level, ** : Significant at the .01 level.
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Table 7. Associations of 15 characters across six populations

of a 4 x 4 complete diallel set of Fl, BC1, BC2 and F2 crosses
including two parents planted on November 1st, 1979.
East Farm,-Corvallis, Oregon, 1979-80.-

Characters
Hyslop Hyslop Hyslop Yamhill Yamhill 7 Cerros

x x
Yamhill 7 Cerros Red Bobs 7 Cerrps Red Bobs Red Rohs

Heading date vs

Flowering date .890** .976** .953** .989** .936** .850**

Tillers/plant -.133 .456 .356 .271 .060 -.651*

Plant height -.211 -.661* -.970** -.134 -.986** .307

WPDW 1/ -.523 .871** .369 .271 -.130 -.650*

Grain-yield -.603 .910** .668* .254 .245 -.840**

PMD Zi .936** .910** .915* .972** .975** .081

Kernel weight -.616 .677* .571 .357 .324 -.844**

DGFP 3/ -.883** -.974** -.878** -.981** -.937** -.831**

Lag period -.784** -.675* -.933** -.899** -.970** .273

AGFp 4/ -.053 -.864** -.437 -.824** .567 -.641*

Harvest index -.452 .514 .788** .048 .693* -.763*

GWS 5/ -.707* .893** .763* .193 .281 -.798**

Kernels/spike -.714* .823** .811** .135 .274 -.540

RGF 6/

Flowering date vs

-.536 .945** .769** .473 .472 -.795**

Tillers/plant -.024 .476 .308 .240 -.093 -.655*

Plant height -.181 -.638* -.928** -.007 -.918** .568

WPDW 1/ -.369 .892** .280 .363 -.351 -.370

Graintyield -.533 .905** .554 .354 -.005 -.628

PMD .911** .850** .934** .945** .905** -.169

Kernel weight -.639* .659* .449 .475 .093 -.611

DGFP 3/ -.657* -.967** -.765** -.976** -.878** -.779**

Lag period -.497 -.527 -.827** -.833** -.844** .699*

AGFP 4/ -.282 -.942** .424 -.877** .347 -.890**

Harvest index -.709* .404 .709* .147 .551 -.754*

GWS 5/ -.720* .865** .628 .316 .062 -.449

Kernes/spike -.719* .795** .682* .259 .064 -.153

RGF 5/ -.472 .937** .650* .560 .223 -.568

1/ WPDW = Whole plant dry weight, 5/ GWS = Grain weight per
2/ PMD = Physiological maturity date, spike,

3/ DGFP = Duration of grain filling period, 6/ RGF = Rate of grain
4/ AGFP = Actual grain filling period, filling.

* : Significant at the .05 level, ** : Significant at the .01 level.

Cross combinations HYS HYS HYS YMI4 YMH 7C
x x x x x x
YMH 7C RB 7C R8 RB

n 32 32 32 32 32 32
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Table 7. Continued.

Characters
Hyslop Hyslop Hyslop Yamhill Yamhill 7 Cerros

x x xxxx
Yamhill 7 Cerros Red Bobs 7 Cerros Red Bobs Red Bobs

Tillers/plant VS

Plant height
WPDW1/

-.110
.761*

-.220
.749*

-.0
.92620** .124

.

529

Grain yield .648* .651* .806** .413

PMD .010 .425 .504 .355

Kernel weight .030 .172 .520 .168

DGFP .186 -.388 -.107 -.181

Lag period -.082 -.144 -.326 -.266
AGFP .057 -.418 .485 -.061

Harvest index -.298 -.195 .130 -.405
GWS 5/ -.001 .177 .293 .064
Kernels/spike -.035 .127 .127 -.023
RGF

Plant height vs

.672* .614 .765** .429

WPDW 1/ .424 -.467 -.194 .819**
Grain yield .496 -.553 -.556 .842**
PMD 2/ -.272 -.693* -.847** -.230
Kernel weight .623 -.135 -.514 .840**
DGFP 3/ .347 .627 .930** .097

Lag period .210 .419 .951** .487
AGFP 4/ .000 .565 -.380 -.281

Harvest index .223 -.551 -.848** .562

GWS 5/ .647* -.604 -.735* .874**
Kernels/spike .628 -.715* -.793** .851**
RGF 6/ .512 -.607 -.673* .739*

WPDW 1/vs
Grain yield .960** .976** .872** .984**
PMD 2/ -.352 .720* .509 .191

Kernel weight .540 .642* .653* .882**
DGFP 3/ .597 -.859** -.101 -.299
Lag period .281 -.470 -.348 .057
AGFP 4/ .100 -.835** .525 -.553
Harvest index .005 .256 .202 .380

GWS 5/ .594 .762* .439 .871**
Kernels/spike .579 .671* .278 .825**'
RGF 6/ .968** .961** ..819** :959**

Al** -ill**
.649* .825**

.163 -.240

.199 .628

.146 .598

-.061 -.130
.515 .417

-.084 .476

.058 .419

-.069 .073

.573 .831**

.222 .224

-.186 -.148
-.936** -.727*
-.332 .017

.965** -.669*

.974** .713*

-.513 -.838**
-.747* -.664*
-.304 -.044

-.313 -.100
-.422 -.026

.869** .888**
-.013 -.570
.559 .782**
.312 .412

.051 .357

.584 -.003

.009 .289

.491 .694*

.393 .409

.747* .934**

1/ WPDW = Whole plant dry weight, 5/ GWS = Grain weight per
2/ PMD = Physiological maturity date, spike,
3/ DGFP = Duration of grain filling period, 6/ RGF = Rate of grain
4/ AGFP = Actual grain filling period, filling.

* : Significant at the .05 level, ** : Significant at the .01 level.
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Table 7. Continued.

Hyslop
Characters x

II

Hyslop
x

Hyslop
x

Yamhill
x

C

Yamhill

x

d .ob

7 Cerros
x

R d Bobs

Grain yield vs
PMD 1/ -.459 .759* .762* .167 .338 -.202
Kernel weight .716* .685* .899** .930** .863** .911**
DGFP2/ .652* -.913** -.441 -.299 -.054 .727*
Lag period .244 -.613 -.716* .084 -.325 .055
AGFP3/ .309 -.821** .756* -.578 .797** .369
Harvest index .279 .459 .650* .535 .487 .696*
GWS 4/ .751* .860** .798** .933** .789** .855**
Kernels/spike .718* .779** .663* .895** .673* .561
RGF 5/ .996** .994** .987** .971** .968** .990**

PMD 1/vs
Kernel weight -.545 .617 .676* .255 .388 -.270
DGFP2/ -.778** -.803** -.650* -.920** -.844** .392
Lag period -.757* -.649* -.827** -.929** -.937** -.523
AGFP3/ .030 -.657* .644* -.695* .693* .560
Harvest index -.500 .456 .747* -.030 .688* .461
GWS 4/ -.626 .725* .745* .065 .326 -.099
Kernels/spike -.631 .630 .718* -.005 .285 .115
RGF 5/ -.396 .798** .817** .380 .541 -.314

Kernel weight vs
DGFP 2/ .690* -.667* -.387 -.395 -.191 .580
Lag period .270 -.483 -.693* .032 -.426 -.003
AGFP3/ .515 -.579 .796** -.692* .765** .321

Harvest index .713* .459 .781** .710* .749* .679*
Grain .934* .745* .913** .964** .975** .888**
Kernels/spike .849** .480 .772** .928** .890** .524
RGF 5/ .681* .671* .874** .932** .877** .910**

DGFP 2 /vs

Lag period .784** .672* .918** .864** .944** -.363
AGFP3/ .111 .899** -.179 .888** -.348 .794**
Harvest index .366 -.571 -.728* -.129 -.623 .889**
GWS 4/ .725* -.937** -.647* -.275 -.194 .661*
Kernils/spike .703* -.887** -.734* -.236 -.250 .578
RGF 5/ .593 -.948** -.577 -.515 -.302 .632*

1/ PMD = Physiological maturity date,
2/ DGFP = Duration of grain filling period,
3/ AGFP = Actual grain filling period,
4/ GWS = Grain weight per spike,

5/ RGF = Rate of grain
filling.

* : Significant at the .05 level, ** : Significant at the .01 level.
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Table 7. Continued.

Characters
Hyslopxxxx
Yamhill

Hyslop

7 Cerros

Hyslop Yamhill

Red Bobs 7 Cerros

Yamhill

Red Bobs

7 Cerros

Red Bobs

Lag period vs

AGFP 1/ -.458 .280 -.533 .536 -.638* -.855**

Harvest index .008 -.795** -.896** .212 -.736* -.458

GWS 2/ .395 -.721* -.851** .183 -.395 .188

Kernels/spike .444 -.700* -.857** .237 -.400 .344

RGF 3/ .190 -.639* -.808** -.142 -.547 .135

AGFP 1/vs
Harvest index .751* -.270 .676* -.410 .639* .794**

GWS 2/ .415 -.788** .690* -.628 .669* .245

Kernels/spike .336 -.736* .562 -.611 .554 .097

RGF 3/ .289 -.851** .706* -.733* .851** .264

Harvest index vs
GWS 2/ .672* .732* .916** .748* .696* .693*

Kernels/spike .613 .729* .902** .770** .619 .523

RGF 3/ .228 .494 .707* .498 .624 .601

GWS 2/ vs

Kernels/spike .982** .942** .963** .992** .966** .856**

RGF 3/ .719* .882** .828** .900** .808** .830**

Kernels/spike vs

RGF 3/ .689* .813** .720* .853** .711* .516

1/ AGFP = Actual grain filling period,
2/ GWS = Grain weight per spike,
3/ RGF = Rate of grain filling.

* : Significant at the .05 level, ** : Significant at the .01 level.


