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The need to develop a shorter life cycle wheat cultivar which

would be more adapted to multiple cropping systems prompted this

study. Thus the following information was obtained.

Greatest variations in developmental patterns were found in the

stem elongation, booting, inflorescence emergence and anthesis for

five winter and five spring cultivars when planted at different

dates. Differences among the ten winter wheat cultivars in time,

duration and rate of grain filling was also observed. Generally

later flowering cultivars had a more rapid rate of grain filling

than early flowering cultivars with the net result being that

physiological maturity was similar between the two groups.

Actual grain filling period from flowering to physiological maturity

varied among the cultivars, but larger differences were observed in

lag period from heading to flowering. The duration of lag period



contributed to the largest difference in total grain filling period

from heading to physiological maturity.

Changes in visual spike color of the glumes and main axis of

a spike was satisfactory in identifying physiological maturity

without destruction of the spike; however changes in kernel color

was a more direct and precise method. Physiological maturity is a

better measure of the optimum harvesting time to provide for

maximum grain yield for planting sequential crops.

Grain yield was positively associated with time of heading,

flowering, physiological maturity, rate of grain filling and

components of grain yield, but negatively associated with duration

of grain filling period, lag period and harvest index. There was

little association with the duration of the actual grain filling

period and grain yield. However, a large association was observed

between grain yield and the rate of grain filling.

The direct effects of tiller number and rate of grain filling

on grain yield were consistently positive and high. The indirect

effects of rate of grain filling on grain yield were positive and

high via time of heading, flowering and physiological maturity,

components of yield and whole plant dry weight, but negative and

high via duration of grain filling period, lag period and harvest

index.
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TIME AND DURATION OF GROWTH STAGES AND SUBSEQUENT GRAIN YIELD

IN SELECTED WHEAT CULTIVARS (Triticum aestivum L. em Thell)

INTRODUCTION

Breeding for a shorter life cycle while maintaining stabilized

productivity of the wheat plant is a major concern of plant breeders,

especially in multiple cropping systems. Using multiple cropping

limited arable land can produce more food per unit area per year

through the intensification of cropping both in time and space.

The growth cycle of the wheat plants is controlled by genetic,

physiological and environmental factors. Time of heading and flower-

ing, and length of the grain filling period from heading and/or

flowering to physiological maturity appear to be important in

determining duration of the life cycle and subsequent grain yield.

If floral initiation begins too soon, late spring frost may cause

sterility, immature and shrivelled or concaved grains. If maturity

is to be late, the grain filling period may be cut short by high

temperature and water stress resulting in low yield, or the harvest-

ing time may coincide with monsoon rain in some regions.

In Korea, with increasing demands for food, wheat-rice and

wheat-soybeans double cropping systems would be desirable. However,

being approximately two weeks earlier in maturity, barley rather

than wheat is now used in the cropping sequence.
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If breeders are to develop wheat cultivars better adapted to

various environmental conditions which restrict the length of the

growing season, more knowledge is needed regarding genetic and

environmental control of the growing cycle and especially the

maturation period. Such factors as the inter-relationships between

time of heading, flowering, physiological maturity, and duration of

grain filling period, as they influence the components of yield and

grain yield, must be better understood.

The objectives of this study were:

1) to examine developmental responses of genetically diverse

wheat cultivars as influenced by different dates of planting with

reference to the length of the maturation period and subsequent

grain yield.

2) to determine if there are genetic differences between

cultivars for time, duration and rate of grain filling from heading

and anthesis to physiological maturity.

3) to determine if there are associations and possible inter-

relationships of time of heading, flowering, grain filling, physiol-

ogical maturity and components of yield with grain yield.
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LITERATURE REVIEW

Earliness

Earliness in cereal grains can be scored several ways. Days

to floral initiation, internode elongation, flag leaf unfolding,

heading, flowering, and physiological maturity have all been used

to monitor earliness.

Vavilov (1951) pointed out that several types of earliness

exist in wheat. One cultivar may grow more rapidly from tillering

to heading, while another may develop rapidly from heading to

ripening. Some cultivars developed in the northern latitude tend

to ripen at lower temperatures, in contrast to those selected from

regions like the Mediterranean area which require high temperatures

in the later period of growth to reach maturity.

In the life cycle of wheat from seedling emergence to physiol

ogical maturity, four distinct growth phases can be distinguished

such as seedling emergence to spike initiation, spike initiation

to heading, heading to flowering, and flowering to physiological

maturity. Length of each phase may influence the ultimate earliness

and is genetically different from one genotype to another (Pinthus,

1963; Gotoh, 1979). Earliness is also known to be influenced by

such factors as vernalization, photoperiod, temperature and solar

radiation.
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A. Photoperiod Response

Wheat cultivars respond to photoperiod in terms of flowering

time with both sensitive and insensitive types being found.

When grown under long daylength or short nights both sensitive and

insensitive wheats will flower at similar times; however, under

short days or long nights the flowering response is delayed in

sensitive types.

Borlaug et al (1964) suggested that relatively few major genes

are involved in conditioning the sensitivity of spring wheats to

changes in photoperiod. The low sensitivity to daylength of the

wheats developed in Mexico is undoubtedly one of the factors

contributing to their wide adaptability throughout the world.

Pugsley (1965) reported that for spring wheat one gene controlled

flowering time in a cross of Triple Dirk/Selkirk when F2 and back-

crossed plants were grown under a short daylength.

More often, however, several genes including minor gene

modifiers, multiple alleles, etc., have been postulated to account

for observed genetic variation in wheat. Wehrhahn and Allard (1965)

were unable to identify qualitative gene action in early segregating

generations. After extensive backcrossing and selfing they reported

that flowering time in selected wheat crosses was controlled by both

major and minor genes.Welsh et al(1973) found insensitivity in wheat

to be controlled by two major genes with dominant epistasis, and

minor modifiers being present in crosses of photoperiod sensitive by

insensitive cultivars.
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Klaimi and Qualset (1973) explained the inheritance of photo-

period response in selected wheat crosses to be based on two loci

with potentially three alleles being found per locus with other

genes having minor effects. Pirasteh and Welsh (1975) using mono-

somic analysis found three gene pairs with one exhibiting dominant

epistasis over the other two with regards to genetic control of the

photoperiod response in wheat. Sousa et al (1976) also concluded

that insensitivity to photoperiod in wheat appeared to be controlled

by one dominant gene, although in wider crosses more than one gene

seemed to be involved. In addition, a maternal effect was observed

in some crosses. Law et al (1978) reported that dominant epistasis

was involved in insensitivity, using alien substitution lines of

Chinese Spring.

Barley also responds to photoperiod, and both qualitative and

quantitative inheritance have been reported. Ramage and Suneson

(1958), Dormling and Gustafsson (1969), Takahashi and Yasuda (1971)

all reported major recessive genes that conditioned photoperiod

insensitivity in barley. Tew (1977) concluded that the inheritance

of photoperiod response in barley was quantitative. He also described

a genotype by environment interaction when comparing the results

from growing populations in a short-day growth chamber environment

with a short-day field environment in Mexico. Some inheritance

patterns appeared more qualitative when the populations were grown

in Mexico.



In a short-day environment, Barham (1979) found photoperiod

response to be quantitatively inherited with a high heritability

estimate and effectively selected in early generations. He also

found additive, dominant and additive x additive epistatic gene

actions to sensitivity in the Fl, F2, F3 and backcross generations

from crosses of the photoperiod-insensitive Hordeum vulgare cultivar

Manker with photoperiod sensitive cultivars.

Kirby and Appleyard (1980) reported that the number of days to

ear emergence and the number of leaves per plant in spring barley

cultivars decreased markedly with increasing photoperiod.

Cultivars Aramir and Mink were influenced the most while the cultivars

Mona and Lise were least responsive for these traits. The response to

changes in photoperiod varied among cultivars in terms of grain yield.

Most cultivars produced their highest yields in the 13-hour photoperiod

and/or in the 11-hour photoperiod. The Norwegian cultivar Lise out-

yielded all other cultivars in the 15- and 20-hour photoperiods.

In ecological and genetic studies on heading of common wheat and

barley, Ha et al (1978) in a survey of 217 Korean landraces of barley

reported that early maturity mainly occurred in races from southern

provinces. Some races from these provinces were highly sensitive to

short-day conditions. Response to short day length was positively

correlated (r = .66) with heading date in the field. In general,

similar results were obtained in experiments with 80 cultivars from

Korea and world collections since early heading genotypes under

the controlled short daylength conditions headed early in the field.
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Comparison in wheat between growth habit as determined by outdoor

experiments and the degree of vernalization requirement was mainly due

to the cultivar differences of reaction to daylength. It was disclosed

that wheat cultivars which were sensitive to short daylength were

usually classed into the higher degree of winter habit compared with

cultivars which were non-sensitive to short daylength. Therefore, a

new reliable method of classification should be established on heading

response through the combination of two kinds of classification, one

on vernalization requirement and the other on response to daylength

(Gotoh, 1979).

B. Vernalization Requirement

Winter wheat plants require a period of cold treatment sometime

during their development before they can flower. If they do not get

it, either they do not flower or their flowering is much reduced.

The Russian geneticist Lysenko found that artificial cold treatment

of seeds of winter wheat which are beginning to germinate would

permit them to flower like spring wheat when planted in the spring.

This process is called vernalization. However, the nature of the

vernalization induction and induced state is still unknown on a

physiological basis even though it has been known that vernalization

treatment together with long days playa major role in creating

vernalin, gibberellin and anthesin (Bidwell, 1974).

Sachs noted that the vernalization requirement is satisfied by

exposure of imbibed seed or established plants to 0 °C to 10 °C for a

certain period of time from two to eight weeks in most cases.
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A vernalization effect can be reversed in its early stages by

heat treatment. Chujo (1970) vernalized plants of winter wheat cultivar

Norin 27 immediately after sowing for 30 or 40 days at 1°C, 4°C, 8°C,

11°C, and 15°C respectively, using continuous illumination, and then

exposed them to relatively high temperature of 12°C, 18°C or 24°C for

10 days. After the high temperature treatment the plants were trans-

planted in a greenhouse kept 15°C and 20-hour photoperiods. The vernal-

ization effect achieved at 1°C or 4°C were reversed markedly by the

subsequent exposure to high temperature such as 18°C or 24°C.

But the effect obtained at 8°C or 11
o
C were reversed only slightly by

the same treatments.

In a further experiment, he vernalized wheat plants immediately or

15 days after sowing at 2°C for 30 days and then exposed them to high

temperature (25°C) using continuous illumination of different light

intensities (0, 700, 2000, and 7000 lux). The vernalization effect was

reversed most "markedly by high temperature and dark condition (0 lux).

The effect was also reversed more by high temperature and high light

intensity than high temperature and low light intensity.

A wide range of vernalization requirements among wheat cultivars

was found by Gotoh (1979). His approach was to expose plants at the

one leaf stage to 8°C using continuous illumination. Then, the verna-

lized seedlings were transfered into a green house and maintained at

a temperature of 20°C with continuous illumination.



In genetic studies for vernalization response, Tsunewaki and

Jenkins (1961) established that winter habit was governed by three

recessive genes designated as sg 1, sg 2 and sg 3. Pugsley (1971,

1972) reported four dominant genes Vrn 1, Vrn 2, Vrn 3, and Vrn 4

governing spring habit, any one of which is able to inhibit the

expression of the winter habit. Gotoh (1979) confirmed that Vrn 1 has

dominant-epistatic gene action to Vrn 2 and Vrn 3, and all the four

genes are inherited independently. All winter wheats have only recessive

alleles for vrn genes. At least three major gene pairs are involved

in the expression of cultivar differences of vernalization requirement,

and these genes are additive in action. Some modifiers were also assumed

to be involved in the cultivar difference for vernalization requirement.

He also classified vernalization response of wheat genotypes into seven

classes: Class I to III expressed spring habit, and Class IV to VII

winter habit. Gotoh (1980) further reported a gene designated Aa

controlled vernalization in cultivars with requirements of 20 vs 40

days, the shorter requirement being incompletely dominant over the

longer. Gene Bb controlled vernalization in cultivars with a require-

ment of 40 vs 60 days, the shorter requirement being only slightly

dominant over the longer.

In studies on vernalization genes in near isogenic wheat lines,

based on the number of days to anthesis, Berry et al (1980) reported

that three types of gene action were identified: a threshhold response

conditioned by vrn 3 and/or vrn 4 and a cumulative response conditioned

by vrn 1, and the action of vrn 2 which intensified the two responses.
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C. Interactions between Photoperiod and Vernalization Requirement

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 in the field, depending on time

of planting. This difference between the cultivars was due to an

inherited earliness factor that was different from vernalization and

photoperiod. Takahashi and Yasuda (1971) also found in barley that

this earliness was expressed in fully vernalized barley plants when

grown under continuous illumination and termed "earliness in a narrow

sense." They also identified three internal physiological factors

responsible for earliness, which are growth habit (vernalization

requirement), sensitivity to short photoperiod (photoperiodic response),

and sensitivity to long photoperiod (earliness in a narrow sense).

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

cultivars headed sooner if vernalized with increased photoperiods in

a series of treatments from 9 to 17 hours, Early maturing

cultivars tended to respond least to lengthened photoperiods.

It would be simpler to study earliness if only the photoperiod mechanism

was involved; however, when vernalization is also a factor, it becomes

very difficult. The photoperiodic responses are always concealed or

masked by winter habit, but clearly manifested only in the highly

spring genotype.

Keim et al (1973) also indicated that assuming uniform cold

treatment has nullified any effect due to the vernalization require-

ment, an earliness factor appears to exist in wheat that is independent

of the photoperiod and the vernalization responses.
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They further reported that factors governing earliness also appear

to be minor in their effect when compared with the genes governing

the photoperiod responses.

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

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

plant emergence to spike initiation was governed by a dominant gene

for earliness, and days from spike initiation to heading was governed

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

was proposed, which recombination values were between 10 and 25 % being

observed. Pugsley (1972) suggested that the time of ear emergence is

more generally controlled by daylength sensitive genes rather than

through genes governing the vernalization response.

Levy and Peterson (1972) also reported that photoperiod alone rather

than vernalization appeared to be the primary factor controlling

maturity in spring wheats.

A study on effect of temperature on the heading date of wheat

cultivars with a lengthening photoperiod was conducted by Pirasteh

and Welsh (1980). They reported that all cultivars headed more rapidly

at higher temperatures. Each cultivar had a specific set of phenological

control mechanisms which can affect the interaction with environment

in final yield expression. Following the satisfaction of cold require-

ments in the vernalization process, photoperiod and increasing temper-

ature are the main determining factors in heading.



Physiological Maturity

A. Definition

12

Physiological maturity can be defined as the time when the grain

reaches its maximum dry weight at the end of the life cycle.

Together with time of heading and/or flowering, physiological maturity

is of importance in determining the duration of grain filling period.

The term "physiological maturity" was used by Kiesselbach (1952)

to indicate when translocation to corn kernels ceased.

Daynard et al (1971) proposed using the time of formation of a black

layer in the placental region of corn kernels as an indicator of

translocation cutoff and hence physiological maturity.

Eastin et al (1973) have also reported that the appearance of the

dark layer in sorghum kernels coincides closely with the cutoff of

radioactive assimilate translocation to the kernels.

When there was no longer any green color of glumes of wheat was used

by Lupton (1968) to be the end point of the grain filling period or

physiological maturity.

B. Measurements

In studies to determine the end point of the filling period by

measuring grain moisture, Olson (1923) reported that wheat grain did

not fill after the moisture content dropped to 40 percent.
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Kiesselbach (1924) found that the water-free kernel weight four days

before the dead ripening period did not increased further and for

practical purposes in wheat could be considered as mature.

At that time, grain moisture was 38 percent. In barley Harlan et al

(1923) pointed out that kernels were mature when the water content

had fallen to 46 percent. The final maturation date also could be

postponed and the size of kernels increased when kernels were protected

by leaf sheaths or other shade including cool weather at ripening.

Pinthus(1963a) reported that physiological maturity was the point of

maximum dry weight accumulation, and was reached at moisture contents

of 38 - 43 percent in wheat and 47 - 48 percent in barley under the

dryland conditions in Israel. He also noted that the average length

of the period from seed to physiological maturity was 29 days in barley,

35 days in late-planted and 38 days in early-planted wheat cultivars.

Bishnoi (1974) concluded that triticale seeds attained physiological

maturity 24 to 26 days after anthesis when the moisture content was

41 percent.

Recently Lee (1977) evaluating several cultivars reported that

there was no significant increase in groat dry weight in oats later

than 22 to 24 days after anthesis. At that time, grain moisture

content varied from 36 to 40 percent. Changes in color developed

basipetally on a panicle, inward within a panicle node and on a

spikelet glume surface. Over 75 percent of glume area of the panicle

had lost its green color 23 to 25 days after anthesis.
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He recommended the use of a water soluble red dye to determine

physiological maturity. The time when 50 percent of the grain no

longer took up red dye coincided with the time when there was no

significant increase in dry weight. He also suggested that this

method is rapid and simple, while in contrast to measuring changes

in dry weight which is laborious and time consuming or changes in

glume color which is hard to quantify. Also the uptake of 14C-sucrose

a complicated procedure.

Cho (1978) reported that 1000-grain weight was maximized at 44

days after heading on April 25 in southern area and at 34 days after

heading on May 21 in northern area of Korea. The 26 days difference

among two early- and two late-maturing cultivars in average heading

date was reduced to 10 days difference in physiological maturity.

At that time, grain moisture content was 38 to 39 percent without any

difference noted between early and late heading plants.

Duration of Grain Filling Period

A. Definition

Duration of grain filling period in cereal crops has been inter-

preted differently by scientists. It may include the total grain growth

period from heading to maturity (Spiertz et al, 1971) or from anthesis

to maturity (Hass and Reiser, 1975) in wheat, and as from anthesis to

physiological maturity in oats (Lee, 1977).
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B. Relationships

Research results (Bingham, 1969; Spiertz, 1971; Min, 1981) on

the relationship between grain yield and duration of grain filling

period have been reported in several grain crops. In general, their

findings indicated that genetic differences exist for both rate and

duration of grain filling. In most cases, duration was more closely

related to yield than filling rate. Some investigators (Evans et al,

1975) have suggested that it should be possible to increase yield by

achieving an optimal grain filling period of growth.

In studies on the relationships between grain yield and duration

of grain filling period of wheat, Bingham (1969) concluded that grain

filling period is important in determining grain yield of wheat by

increasing the sink capacity as a result of extending period of ear

development. This would have to be obtained by earlier initiation, and

subsequent rapid growth of the ear so that grain filling occurs

mainly under long day conditions. Spiertz (1971) also reported high

positive correlation between grain yield and duration of grain filling

period from heading to ripening and from flowering to ripening in

spring wheat. The period from heading to ripening was more closely

correlated with grain yield than the period from flowering to ripening.

Evans ( 1975 ) suggested that the duration was a more powerful

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

Nass and Reiser (1975) using ten wheat cultivars reported the importance

of rate of grain filling in determining the final grain yield even

though the length of grain filling was not significant among the



16

cultivars tested. Daynard, Tanner and Duncan (1971), and Daynard and

Kannenberg (1976) reported a positive relationship between the length

of grain filling period and grain yield in corn. They also concluded

that a significant potential existed for higher grain yields through

breeding for an extension of the length of the grain filling period.

However, exceptional short grain filling period hybrids with high

grain yield and high rate of grain dry matter accumulation, may exist

for developing cultivars for short-season corn growing regions.

In rice Jones et al (1979) found differences among rice genotypes

in rate and duration of grain filling which were attributable both to

genetic and environmental factors. Higher temperatures increased grain

filling rate and decreased grain filling duration. Hundred-grain

weight appeared to have the most influence on panicle weight. It was

found that if the rate of assimilate supply is high enough to fill

the grain completely, extending the duration of supply cannot be

further utilized. They suggested that emphasis in breeding to raise

the physiological potential for rice yields in California should

include raising the storage capacity either through increasing grain

size or number.

Recently Min (1981) reported that grain filling duration showed

a consistent positive-relationship with kernel weight in early and

late populations of wheat. No relationship was found between grain

filling duration and tiller number. Grain filling duration also

influenced grain yield mainly by the indirect effects of kernel weight

and kernel number in wheat.
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Grain filling in small grains is known to be influenced not

only by internal factors but also by external factors. Effects of

environmental conditions have been reported on the rate and duration

of grain filling. Temperature has been shown to have an effect on

grain filling period of wheat but light was not (Sofield et al, 1974).

Wiegand and Cuellar (1981) indicated that genetic factors (cultivars)

dominate the rate of filling, and environment (temperature) dominates

the duration of filling in wheat.

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

varied in the cultivars and that grain yield was significantly correl-

ated with the rate and length of grain filling, leaf area index (LAI)

at anthesis and one week later, leaf area duration, 1000-grain weight,

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

radiation during 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 can be

obtained either by increasing the rate of grain filling or lengthening

the grain filling period or by both.

C. Inheritance

A number of investigators have reported findings on duration of

grain filling period based on physiological studies, whereas very

little information is available concerning the genetic studies and

associations with grain yields and components of yield in cereal

crops.
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Recently Cross (1975) using a diallel analysis, studied the

duration and rate of grain filling of seven inbred lines of corn.

He found that the general combining ability effects for duration

and rate of grain filling period were larger than specific combining

ability. The phenotypic correlation between duration of grain filling

period and grain yield was significant; however, a correlation between

rate of grain filling and grain yield was not. Rasmusson et al (1979)

studied the vegetative and grain filling period in barley. They reported

that estimates of heritability were low for grain filling period when

based on a single plot (parent-progeny method) but relatively high

when based on means of replicated plots (variance component method).

Brajcich (1981) reported that greater genetic diversity was observed

at the spring site for maturity in crosses of winter x spring wheats,

but at the winter site for heading date and grain filling period.

A large percentage of this genetic variability was due to additive

gene action.

Rate of Grain Filling

Grain filling is the result of the translocation of photosynthate

from source to sink. Rawson et al (1970) reported that the increase in

dry weight per wheat grain was approximately linearly increased, and

averaged 1.39 to 1.66 mg per grain per day between 8 and 29 days after

anthesis.

Kiesselbach (1925) harvested winter wheat at the grain filling

stages of milk, early dough, medium dough, stiff dough and ripening.
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These periods were two to four days apart. The increase in

yield in three-day periods between the stiff dough

and ripening stages was only one bushel per acre, while between the

medium and stiff dough stages the difference was two bushels. The dry

weights per 1000 kernels for the stiff dough and ripening stages were

equal. However, there was a tendency for dry weight to decrease a few

percentage with delayed harvesting after achieving maximum grain dry

weight.

In oats Booth (1929) reported an 8.3 percent decrease of maximum

dry weight with two days delay in harvesting after maximum dry weight.

Thatcher (1913) assumed that there might be rapid respiratory activity

after maximum dry weight, resulting in the destruction of some of the

stored carbohydrates and consequently an apparent decrease in the

carbohydrate material gained by the kernel. He also suggested that

this fact could only be determined by a careful study of respiratory

activities.

In barley Walpole et al (1971) reported that the grain weights

of three barley cultivars increased almost linearly for three to four

weeks after anthesis. In oats the average daily rate of dry matter

accumulation during the grain filling period ranged from 97 kg/ha for

Orbit to 71 kg/ha for Clintford where grain yield was significantly

correlated with the rate of grain filling (r = .68) (Lee, 1977).
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MATERIALS AND METHODS

This study may be categorized into two experiments. The first

experiment examined different developmental responses in terms of

stages of the life cycle, yield components and grain yield for five

winter and five spring wheat cultivars when planted at different dates.

Experiment II focused on determining if genetic differences existed

for time, duration and rate of grain filling from headingand flower-

ing to physiological maturity of ten winter wheat cultivars of diverse

genetic backgrounds. The possible associations and inter-relationships

of heading, flowering, grain filling and physiological maturity with

components of yield and grain yield were investigated.

Experiment I

The five winter cultivars included Yamhill, Hyslop, Young Gwang,

Chang Gwang, and Cho Gwang, while Jugoku 81, Spring Luke, Twin, Pitic

62, and Lerma Rojo represented the five spring type cultivars.

Their pedigrees and some agronomic characteristics for these entries

are provided in Appendix Table 1. All ten cultivars were planted at

five dates. These included November 6, December 6, January 5, February

5 and April 1 in 1976-77. The ten cultivars planted on April 1 were

vernalized in a dark room (1 -4 °C) from February 3 to April 1, 1977 to

assure floral initiation. For comparison a second set of the same

cultivars planted at the same time, but were not artificially vernal-

ized.
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The experimental design was a split plot design with three

replications. Planting dates were the main plots with cultivars

being the sub plots. Each treatment composed of a single row.

Rows were spaced 30 cm apart and were 4 m in length. Plants were

sown 10 cm apart within the row. The fertilizer application was

100 kg/ha of N as 16-20-10 of the formulation N-P205-K20 respect-

ively during seedbed preparation. This was followed by broadcast-

ing 46 kg/ha of N as urea at jointing stage in the spring. The

experimental site was located at the Hyslop Farm of Oregon State

University, Corvallis, Oregon. The soil type is a woodburn silt

loam. A summary of climatic data collected during the period of this

experiment is presented in Appendix Table 2.

From March 29, weekly measurements were taken regarding the

growth stages for each treatment until physiological maturity was

reached. Measurements were recorded using the Decimal Growth Code of

Zadoks (1974) which is presented in Appendix Table 3. Replicated

measurements for each treatment were averaged and rounded to the

nearest whole number. Observations were based on an individual plant

and included the following traits.

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

completely emerged from the flag leaf sheath.

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

ground surface to the tip of the tallest spike of the plant, exclud-

ing awns if present.

3. Number of productive tillers per plant was counted and

included only the productive tillers bearing fertile spikes.
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4. Grain yield was the total weight in grams of cleaned seeds

from each plant.

5. Grain weight per spike was calculated in grams from the

following formula:
Grain Yield per Plant

Number of Spikes per Plant

6. Date of heading was recorded as the number of days from January 1,

and cultivar differences of growth and development response to date of

planting were evaluated as related to life cycle and grain yield.

Experiment II

Ten winter wheat cultivars (Hyslop, Yamhill, Bolal, Centurk, JD/JB/GB,

Kavkaz, Shi 4468, Shi 3311, Peking 8 and Peking 15) were selected

based on their diverse genetic background with regards to sources of

origin, maturity, and grain yield to determine if there were cultivar

differences for various stage of growth. Descriptions and pedigrees

for the cultivars used in this study are presented in Appendix Table 1.

This experiment was planted on November 1, 1979 during 1979-80

growing season.

The experimental design was randomized complete block design with

three replications. Each treatment was composed of two rows. Rows were

spaced 30 cm apart being 6 m long. Within the row, plants were planted

20 cm apart. The fertilizer application was 90 kg/ha of N being added

as 16-20-10 of the formulation N-P
2
0
5
-K

2
0 in a preplant application.
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This was followed by broadcasting 46 kg/ha of N as urea at jointing

stage in the spring. The experimental site was located at the East

Farm of Oregon State University, Corvallis, Oregon. The soil type

is a sandy loam. A summary of climatic data obtained during this

experiment is presented in Appendix Table 2.

Ten plants were randomly selected, identified, measured at

specific stages of growth, and harvested. Observations were based

on an individual plant with the following characters being measured.

1. Spike initiation date was recorded when the double ridges

of spikelet primordia formed on the apical meristematic region of

the embryonal spike. Samples of the cultivars were dissected and

examined under the microscope at seven-day intervals from February

14 to March 8, 1980.

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

completely emerged from the flag leaf sheath.

3. Flowering date was recorded when the first spike of the

plant began to shed pollen.

4. Physiological maturity date was recorded when the first

spike lost its green color, and was noted at two-day intervals for

all the treatments.

5. 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.

6. Plant height was measured in cm just before harvest from

the ground surface to the tip of the tallest spike of the plant,
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excluding awns if present.

7. Spike length was measured in cm, excluding awns if present.

8. Number of tillers per plant was counted, which included

only the productive tillers bearing fertile spikes.

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

of the plant just above ground surface, and allowing to dry for one

day.

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

from each plant.

11. 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.

12. Kernel weight weighed in grams of 100 kernels randomly

selected from each plant.

13. Number of kernels per spike was calculated from the follow-

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

Number of spikes per plant.

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

following formula:
Grain yield per plant

Number of spikes per plant.

15. 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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To identify and determine the date of physiological maturity

and grain growth patterns of the cultivars used, two plants per

variety were randomly selected and harvested at five days intervals

from June 12 until August 1 in 1980. Five spikes per variety were

further randomly selected, tagged just when the end point of the

peduncle turned yellow in color, and harvested at four-day intervals

from June 26 until August 1. This was repeated four times per

cultivar.

All traits were measured on a per plant basis. The analysis

was conducted on the basis of the individual plants. All of the

characters measured were subjected to analysis of variance to

determine if differences exist among cultivars for the traits

measured.

Simple correlation coefficients among the 16 characters

measured were computed, and were further partitioned into direct

and indirect effects, using path-coefficient analysis.
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EXPERIMENTAL RESULTS

Experiment I

A. Analysis of Growth and Development

Figures 1 and 2, and Appendix Table 4 illustrate the variations

of growth and development patterns found for each of the five winter

and five spring types due to the different planting dates. For all

winter and spring cultivars, earlier planting resulted in earlier

growth , development and earlier maturity. For example, stem elong-

ation of winter type Yamhill was observed on May 7 when planted on

November 6, 1976, but stem elongation was delayed until June 7 when

planted on February 5. A similar observation was made for all

cultivars with Yamhill being the most pronounced. For the spring type

Jugoku 81's stem elongation was recorded on March 29 when planted

on November 6, 1976, but was delayed until May 7 when planted on

February 5, 1977. In both examples cited three months delay in

planting date resulted in a one month delay of stem elongation.

When planted on April 1 without artificial vernalization(VI), all

winter type cultivars failed to exhibit stem elongation or spike

differentiation as shown in Figure 1.

Greatest variation in growth and development patterns of the

winter and spring wheat cultivars occurred in four stages, stem elong-

ation, booting, inflorescence emergence, and anthesis as shown in

Figures 3 through 8. In these figures a more detailed presentation of

growth pattern of each of the cultivars is illustrated for each

planting date. Prior to these stages, the cultivars in a given planting
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date remained equal or similar with respect to growth and development.

For example, all the winter type cultivars remained equal or similar

in germination, seedling growth and tillering for all dates of planting.

Data collected on April 19 suggested cultivar differences in stem

elongation for material planted on November 6, 1976. All the spring

type cultivars exhibited a similar pattern of development with very

little difference for the three early stages of growth, but differences

can be observed starting with stem elongation and subsequent stages

when measured on the 19th of April for the same date of planting (

Figure 3).

Cho Gwang, a winter type, was consistently earlier and exhibited

faster growth and development when compared with other winter cultivars.

While for the spring types Jugoku 81 was the earliest and grew faster

when compared to the other spring type cultivars. These same two cultivars

continue to be earlier under the naturally vernalized environmental

conditions when planted on November 6, 1976 through February 5, 1977

as can be seen when Figures 3 through 6 are compared. At the April 1

planting date, however, Lerma Rojo was earlier and had a faster growth

and developmental pattern than Jugoku 81 under the naturally vernalized

conditions (Figure 7). However, under artificially vernalized environ-

mental conditions at the same date Lerma Rojo exhibited earlier growth

at the tillering stage as well (Figure 8).

In Table 1 the averages of length of time until stem elongation,

booting, inflorescence emergence and anthesis from January 1 for five

winter and five spring type wheat cultivars are presented for the five
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Table 1. Average length of time to reach four stages of growth and the duration between stages

for five winter and five spring type wheat cultivars as influenced by five planting

dates. Hyslop Farm, Corvallis, Oregon, 1976-77. Data base on days from January 1.

Planting

dates

Days to
stem
elongation

CDPD
/

Days to
booting

CDPD

Days to
inflorescence
emergence

CDPD

Days to
anthesis

CDPD

2/

DSEB
3/

DBIE
Al

DIEA

November 6 103 0 124 0 134 0 140 0 21 10 6

December 6 112 9 128 4 143 9 148 8 16 15 5

January 5 120 17 138 14 147 13 151 11 18 9 4

February 5 133 30 141 17 152 18 158 18 8 11 6

April 1 52/ 140 37 145 21 158 24 163 23 5 13 5

April 1 W 136 0 145 0 155 0 160 0 9 10 5
Vernalized

April 1 W 150 14 156 11 163 8 167 7 6 7 4
Not vernalized

1/ CDPD . Cumulative difference among planting dates, 3/ DBIE . Duration from booting to inflorescence

2/ DSEB . Duration from stem elongation to booting, emergence,
4/ DIEA . Duration from inflorescence emergence

to anthesis.

5/ All the winter and spring wheat cultivars were included and artificially vernalized.

6 Only all the spring wheat cultivars were included.
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different planting dates. All growth stages were gradually later due

to later planting. The largest difference in stem elongation (CDPD)

was 37 days later when planted on April 1 as compared to November 6.

Differences of 21, 24 and 23 days in booting, inflorescence emergence

and anthesis respectively can be also noted for the same comparison

in planting date. When planted on April 1, the difference in delayed

growth between vernalized and unvernalized spring wheat cultivars was

14 days in stem elongation, 11 days in booting, 8 days in inflorescence

emergence, and 7 days in anthesis. Therefore, stem elongation period

shows the largest difference in growth and development for both winter

and spring wheat plants.

Also, the later the planting date, the shorter was the stem elong-

ation period. The average length of time from stem elongation to booting

(DSEB), from booting to inflorescence emergence (DBIE), and from inflor-

escence emergence to anthesis (DIEA) are also summarized in Table 1.

Duration from stem elongation to booting was the largest as 21 days when

planted on November 6, and then was shortened gradually in accordance

with later planting to 5 days when planted on April 1. Differences in

durations from booting to inflorescence emergence (7 to 15 days) and

from inflorescence emergence to anthesis (4 to 6 days) were relatively

less with a decreased effect due to the later planting dates.

Date of planting did not, therefore, have much effect on the duration

from booting to anthesis.
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B. Genotype x Environment Interactions

The heading date of the cultivars in each planting date appears

in Figure 9 and Appendix Table 5. When considered as the number of

days from January 1 for the winter wheats, there were large variations

both among the planting dates and within cultivars. Cho Gwang was

consistently earlier in heading than the other cultivars with Yamhill

being the last to head. In spring wheats, Jugoku 81 was consistently

earlier in heading than the other cultivars under the vernalized

conditions, but Lerma Rojo was the earlier headed under the nonvern-

alized condition when planted on April 1 suggesting a different

genotype response as the result of the cold treatment. The material

ranges from the earliest heading date of 123 days for Jugoku 81 to 175

days for Spring Luke and Yamhill, or 52 days difference due to the

different planting dates between cultivars.

Grain yields for the winter cultivars were highest in the first

planting date with the exception of Hyslop which had maximum yields

in the second date of planting (Figure 9 and Appendix Table 6).

Grain yields decreased with later planting dates except for a slight

variation occurring in Young Gwang when the January 5 planting date

is compared with December 6. The spring wheat cultivars achieved

their highest yields in the third planting date, and second highest

yields were achieved in the first planting date. An exception to

this was Jugoku 81 which yielded more from the first planting

date (November 6).
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Tiller number per plant varied greatly from one planting date

to another. However, tillering in winter wheat cultivars was generally

greater from the November 6th planting. However, Hyslop and Yamhill

tillered more when planted on December 6. For the spring wheat cultivars

tiller number was higher from the January 5th planting. The exception

was Jugoku 81 which tillered more from the December 6th planting

date. This was also true for Twin (Figure 10 and Appendix Table 7).

Grain weight per spike for the winter wheat cultivars was the

highest with the November 6th planting date, and then decreased with

later dates. Young Gwang was the one exception with a higher value

being recorded from the January 5 planting date. Highest grain weight

per spike for spring wheat cultivars was achieved from the third

planting date. An exception to this was Spring Luke which was higher

in the first planting date (Figure 10 and Appendix Table 8), and

Pitic 62 which exhibited heavier spikes from the second planting date.

Measurements for plant height appear in Figure 11 and Appendix

Table 9. The winter cultivars obtained a maximum height from the

earliest planting date (November 6). In general, the later planting

date, the greater the decrease in height. Three of the spring cultivars

followed the same pattern. However, Pitic 62 and Jugoku 81 reached

maximum height in the second and third dates of planting, respectively..

Mean values, standard deviations and coefficients of variation

for the ten cultivars due to the different planting dates are shown

in Table 2. The smallest variation for both winter and spring cultivars
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Figure 11. Plant height response of five winter and five spring
type wheat cultivars to Five different planting dates.
Hyslop Farm, Corvallis, Oregon, 1976-77.

Winter wheat : Yamhill 0 Spring wheat : Jugoku #81 0

Hyslop Spring Luke
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Chang Gwang A Pitic #62
Cho Gwang x Lerma Rojo x



Table 2. Mean values, standard deviations and coefficients of variation for five characters
involving five winter and five spring wheat cultivars planted at five dates.
Hyslop Farm, Corvallis, Oregon, 1976-77.

Planting
dates

Heading date Grain yield, g/plant
Winter type Spring typeWinter type Spring type

11/06
12/06
01/05
02/05

04/01 1/
04/01

Planting
dates

Mean S 2/ CV 3/ Mean S CV Mean S CV Mean S CV

144.0 9.49 6.59 137.2 10.78 7.86 126.0 44.01
152.4 8.14 5.34 144.2 11.10 7.70 96.8 63.09
155.0 8.40 5.42 141.8 9.89 6.69 77.2 49.25
162.6 7.24 4.45 153.0 8.86 5.79 45.8 20.90
166.2 8.04 4.84 159.8 6.26 3.92 15.6 1.52

166.8 5.84 3.50

34.93
65.18
63.79
45.63
9.72

110.8
105.0
144.0
62.0
17.2
21.6

30.94

35.87
58.54
29.81

3.13
8.26

27.92
34.16
40.65
40.08
18.18
38.26

Tillers per plant
Winter type Spring type

Grain weight per spike, g
Winter type Spring type

11/06
12/06
01/05
02/05
04/01 1/
04/01

Planting
dates

Mean

11.44

11.20
9.84
7.92
3.28

S CV Mean S CV

0.61 5.30 11.04 1.08 9.79
1.56 13.89 11.84 1.43 12.09
1.99 20.24 12.10 3.37 27.89
1.72 21.77 9.16 3.27 35.72
0.88 26.79 4.08 1.03 25.14

- 4.70 0.89 19.03

Mean S CV Mean S CV

11.06 3.94 35.58 9.90 2.22 22.38
8.25 4.18 50.67 9.50 2.82 29.67
7.87 4.20 53.32 11.49 2.66 23.19
5.62 1.37 24.30 6.57 2.05 31.18
5.15 1.89 36.72 4.45 1.27 28.65

- 4.78 2.10 43.84

Plant height, cm
Spring typeWinter type

11/06
12/06

01/05
02/05
04/01 1/
04/01

Mean S CV Mean

117.0 14.95 12.78 104.2
102.6 13.30 12.96 96.6
97.0 9.24 9.53 94.4
87.6 7.51 8.57 85.4
61.0 6.75 11.06 61.6
28.4 4.28 15.06 68.8

S CV

21.12
18.53

11.70
12.46
9.53
10.66

20.27
19.19

12.39
14.59
15.47

15.50

1/ Vernalized in the dark room (1-4°C) from February 3 to planting date April 1, 1977.
2/ S means a value of standard deviation.
3/ The CV values are calculated using mean values and their standard deviations averaged from the

three replications, and rxpressed in percentage.



44

was noted for days to heading. The greatest variation for all

cultivars was noted for grain yield and grain weight per spike.

Tiller number per plant and plant height were intermediate. Similar

data for the individual cultivars can be noted in Table 3.

Among the cultivars the larger variation for days to heading was

observed for the earlier planting dates, with the smallest variation

among both winter and spring cultivars noted from the last planting

date. Cho Gwang responded more to different planting dates with greater

variation when compared to the other cultivars.

For grain yield Young Gwang appeared to be more stable varying less

across planting dates when compared to other winter type cultivars.

Chang Gwang, Cho Gwang and Yamhill showed greatest variations for this

trait. Spring Luke varied least of the spring cultivars. Relatively

high variations for the spring cultivars were also observed for Lerma

Rojo and Jugoku 81. In general, larger variations were found among

winter types for the different planting dates than spring type cultivars

for this trait.

Yamhill varied the least and Cho Gwang the most for tillers per

plant across the planting dates for the winter types. However, the

spring type Jugoku 81 varied the most among both the spring and winter

cultivars. Winter cultivars tended to vary more than spring cultivars.

Spring types Twin and Pitic 62 exhibited the least in variation in

tiller number due to the different planting dates.



Table 3. Mean values, standard deviations and coefficients of variation across four planting
dates for five agronomic characters of five winter and five spring wheat cultivars.
Hyslop Farm, Corvallis, Oregon, 1976-77.

Growth habit Heading date Grain yield, g Tillers/plant

Winter type Yamhill
Hyslop
Young Gwang
Chang Gwang
Cho Gwang
Average

Spring type Jugoku 81
Spring Luke
Twin
Pitic 62
Lerina Rojo
Average

Mean S 1/ CV .2./ Mean S CV Mean S CV
162.75 7.50 4.61 100.25 51.00 50.87 9.95 1.15 11.53
157.00 9.91 6.31 155.75 51.58 33.12 11.90 1.43 12.00
153.00 5.48 3.58 60.25 14.01 23.25 9.55 2.32 24.21
153.75 6.18 4.02 55.75 33.08 59.34 9.35 2.17 23.19
141.00 10.24 7.26 60.25 33.04 54.84 9.75 2.63 26.97
153.50 7.98 5.20 86.45 42.74 49.44 10.10 1.61 15.99

132.00 8.61 6.52 44.00 16.63 37.80 7.60 2.41 31.65
157.25 5.57 3.54 111.50 23.53 21.10 10.75 1.47 13.70
152.50 6.56 4.30 143.00 42.76 29.90 12.68 1.08 8.53
146.25 7.14 4.88 118.50 37.35 31.52 12.95 1.11 8.59
139.75 6.1.9 4.43 110.25 56.03 53.82 11.20 2.80 25.04
145.55 10.04 6.90 105.45 36.80 34.90 11.04 1.33 12.04

Growth habit Cultivars Grain weight/spike, 9 Plant height, cm

Mean S CV Mean S CV
Winter type Yamhill 9.77 4.31 44.07 90.50 14.53 14.75

Hyslop 12.88 3.37 26.18 90.00 7.34 8.16
Young Gwang 6.48 1.78 27.40 115.50 16.34 14.15
Chang Gwang 5.67 2.10 37.04 108.25 15.33 14.16
Cho Gwang 6.20 2.48 40.00 93.00 10.36 11.14
Average 8.20 3.07 37.45 101.05 12.31 12.18

Spring type Jugoku 81 5.78 1.68 29.14 69.75 4.12 5.90
Spring Luke 10.31 1.13 10.95 93.00 5.10 5.48
Twin 11.24 3.00 26.65 101.25 15.35 15.16
Pitic 62 9.52 3.03 31.87 109.00 10.87 9.97
Lerma Rojo 9.99 2.72 27.21 102.75 9.81 9.55
Average 9.37 2.10 22.44 95.15 7.74 8.13

1/ S means a standard deviation value. 2/ The CV values are calculated using mean values and

their standard deviation values averaged from the three replications, and expressed in %.
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When grain weight per spike is considered, Yamhill varied more

due to the different planting dates with Young Gwang appearing the

most stable. Of an the cultivars tested Spring Luke showed less

variation over the four environments. In general, winter cultivars

varied more than spring cultivars among the different planting dates.

Winter wheats varied more than spring wheats in general due to

the different planting dates with Yamhill, Young Gwang and Chang Gwang

showing the greatest variation for plant height. Twin also showed

considerable variation among the different planting dates when spring

types are compared.



47

Experiment II

Information regarding cultivar difference in relation to time

and duration of heading, flowering, grain filling and physiological

maturity of ten winter wheat cultivars, and their associations with

the components of yield and grain yield is provided in this section.

A. Analysis of Variance

The observed mean square values for time of heading, flowering,

and physiological maturity, duration of grain filling period, grain

yield and yield components for the ten winter wheat cultivars are

presented in Table 4. Significant differences for the cultivars were

observed for all the 16 characters measured indicating that genetic

differences for these traits were present in the experimental popula-

tion selected.

Coefficients of variation were low for days to heading (2.7),

days to flowering (2.0) and days to physiological maturity (PMD = 1.8).

Values were high for grain yield (38.1), whole plant dry weight (43.4),

rate of grain filling (40.6), number of tillers (46.4) and lag period

(140.4).Those for duration of grain filling period, actual grain

filling period, spike length, 100-kernel weight and plant height were

moderately low (less than 11.0). Those for harvest index (14.4), grain

weight per spike (23.9) and number of kernels per spike (19.7) were

moderately high.



Table 4. Observed mean square values for 16 agronomic characters of ten winter wheat cultivars
from one planting date(November 1). East Farm, Corvallis, Oregon, 1979-80.

Sources of
variation DF

Heading
date

flowering
date

PMD 1/ DGFP J Lag
period

AGFP 3/

Cultivars (A) 9 4692.91** 2666.88** 2394.55** 457.11** 426.38** 136.66**

Replications (B) 2 56.36* 36.80* 16.37 1.60 20.45 5.69

A x 8 18 13.48** 8.41** 12.19** 20.62** 70.92** 18.55**

Error (Sampling) 270 3.76 3.10 4.49 4.83 1.67 4.47

Total 299

Standard error (S-)
x

CV

.67

2.7

.53

2.0
.64 .83 1.54

1.8 8.4 140.4

.79

9.0

Sources of Grain Tillers Kernel GWS 4/ Kernels RGF 6/
variation OF yield per plant weight per spike

Cultivars (A) 9 1318.64** 182.90** 4.59** 20.51** 8413.64** 845145.00**

Replications (8) 2 43.81 21.90 2.48** .44 131.92 45292.80

A x B 18 188.08 30.96** .29** .56* 157.19* 76106.30

Error (Sampling) 270 133.16 14.51 .14 .31 92.54 48959.40

Total 299
Standard error (S-) 2.50 1.02 .10 .14 2.29 50.37

CV
x

38.1 46.4 11.0 23.9 19.7 40.6

Sources of Spike Harvest WPDW 6/ Plant

variation OF length index height

Cultivars (A) 9 54.87** 470.81** 10826.40** 6543.45**
Replications (8) 2 .05 17.53 398.91 851.89**

A x 8 18 .83 42.67** 1207.66* 70.03**

Error (Sampling) 270 .52 18.77 722.36 29.22
Total 299
Standard error (S-) .17 1.19 6.34 1.53

CV
x 9.3 14.4 43.4 7.7

* : Significant at the .05 probability level, ** : Significant at the .01 probability level.
PMD = Physiological maturity date, 4/ GWS = Grain weight per spike,

.

2/ DGFP= Duration of grain filling period, J RGF = Rate of grain filling,
AGFP= Actual grain filling period, 6/ WPM= Whole plant dry weight.

00



49

B. Analysis of the Life Cycle

1. Physiological maturity

Several methods were employed to estimate physiological maturity.

In Figure 12 and Appendix Table 10, a comparison for all ten cultivars

is provided based on fresh spike weight, dry spike weight and grain

weight per spike. Peking 15 reached a peak of fresh spike weight on

June 17, and Peking 8 and Shi 3311 on June 27. Thereafter, their fresh

spike weight rapidly decreased. Peking 15 reached a plateau in dry

spike weight and grain weight on June 22, and Peking 8 and Shi 3311 on

June 27. Shi 4468 reached a peak in fresh spike weight on June 22,

Centurk on June 27, and Bolal on July 2. Thereafter, their fresh

spike weight decreased relatively slowly when compared with other

cultivars. Shi 4468 reached a plateau of dry spike weight and grain

weight on July 7, and Centurk and Bolal on July 12. JD/JB/GB reached

a peak in fresh spike weight on July 7, Hyslop and Yamhill on July 12,

and Kavkaz on July 17. Thereafter, their fresh weight decreased very

rapidly. Hyslop reached a plateau of dry spike weight and grain weight

on July 12, Yamhill on July 12, and JD/JB/GB and Kavkaz on July 17.

Based on similar patterns of spike and kernel growth and development,

the 10 cultivars can be divided into three groups. Peking 15 and 8

along with Bolal and Centurk represent one group, Shi 4468 and 3311 fall

into a second group with Hyslop, Yamhill, JD/JB/GB and Kavkaz making

up the third group.
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Figures 13 and 14, and Appendix Table 10 represent three

additional measures of physiological maturity including 100-kernel

weight, moisture content of kernels and percentage of kernels lost

green color. These Figures are divided into the five early and inter-

mediate maturing cultivars (Figure 13), and the five intermediate

and late maturing cultivars (Figure 14).

Five spikes of Peking 15 were sampled on June 26 when the end part

of the peduncle (spike neck) turned yellow in color and/or lost green

color. At that time 100-kernel weight was 4.24 g, moisture content

was 46.6 %, and percentage of kernels lost green color was zero.

When sampled on June 30, 100-kernel weight reached a plateau with

moisture content of the kernels and percentage of the kernels lost

green color being 41.0% and 42.2 % respectively. Thereafter, moisture

content dropped to 34.3 %, and percentage of kernels lost green color

was 100 % when sampled on July 4. Therefore, this cultivar's physiological

maturity date was identified as June 30. Shi 4468 and Centurk also

presented similar trends to Peking 15. However, other cultivars needed

shorter intervals of sampling period to monitor more precise physiolog-

ical maturity date. Particularly, all the late maturing cultivars

Hyslop, JD/JB/GB, Kavkaz and Yamhill where only one or two days interval

of sampling time were required to identify physiological maturity

using the same methods. For example, when the spikes of Kavkaz were

sampled on July 16, 100-kernel weight was 4.45 g, moisture content was

47.4 %, and percentage color lost of the kernels was zero. However,
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when sampled on July 20, 100-kernel weight was 5.27 g reaching a

plateau, moisture content was 37.2 %, and percentage color lost of

the kernels was 87.4 %. Therefore, physiological maturity of this

cultivar was between July 16 and July 20.

When 40 - 60 % of the kernels of a spike lost their green color

depending on the cultivars, dry matter weight of the spike was at

a maximum. At that time moisture content of the kernels was around

40 %. Similar results for the three methods in identifying physiological

maturity can be noted.

A further evaluation of physiological maturity can be found in

Table 5 where three additional methods can be examined. When the three

methods are compared for identification of physiological maturity,

the visual spike color change method for the glumes and main axis of

a spike provided results close to grain moisture content, and dry

spike weight method. Kernel color change method also provided good

results, and was a more direct identification method of physiological

maturity.

The green color loss of a spike did not take place at the same

time as the end part of the peduncle. In general, the end part of the

peduncle lost green color before the color loss in the spike. Loss of

green color in the spike occurred first in the tips of glumes of upper

part of the spike, and progressed toward the base of the glume.

The sequence of color change following the glume was the lemma and

then the palea. Finally the internode of the main axis lost color.
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Table 5. Time of physiological maturity as determined by three methods

for ten winter wheat cultivars planted on November 1, 1979.

East Farm, Corvallis, Oregon, 1979-80.

Cultivars

Hyslop

Yamhill

Bolal

Centurk

JD/JB/GB

Kavkaz

Shi 4468

Shi 3311

Peking 8

Peking 15

Dry spike
weight

method I

Kernel

color
change
method II

Spike
color
change
method III

Average

July 12 July 17 July 16 July 15

July 17 July 18 July 20 July 19

July 07 July 11 July 10 July 09

July 07 July 10 July 07 July 08

July 17 July 17 JUly 20 July 18

July 17 July 19 July 19 July 19

July 07 July 04 July 01 July 04

June 27 June 28 July 02 June 29

June 27 July 01 June 29 June 29

June 27 June 30 June 28 June 29

Note : Method I : Based on two plants randomly sampled, and measured

at five days intervals from June 12 to August 1

during the grain filling period.

Method II : Based on five spikes of 20 spikes randomly sampled

at one time when the end part of peduncle (spike

neck) lost green color for each cultivar, and

measured at four days intervals.

Method III : Based on 30 plants randomly sampled, and observed

at two days intervals to measure visible color

change of glumes and main axis of main spike of

individual plants.
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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. Kernel testa lost its green color only after the spikelet

lost color. The crease of the kernel was the last area to lose color.

The ten winter wheat cultivars may be placed into four groups in

accordance with their grain growth and development patterns and physio-

logical maturity dates identified. Peking 15, Peking 8 and Shi 3311 were

earliest with the cultivars Yamhill, Kavkaz and JD /JB /GB being the

latest in their physiological maturity. Shi 4468, Centurk, and Bolal

were intermediate and Hyslop was mid-late in physiological maturity.

2. Duration of spike and grain growth and development period

Days to spike initiation (double ridge formation), heading, flowering,

grain filling and physiological maturity for the cultivars are presented

in Table 6. Earlier spike initiation cultivars were also earlier in

heading, flowering, and in general matured faster. Within the early

maturing cultivars, however, Peking 15 and Shi 3311 needed 39 days for

spike initiation, 122 and 127 days for heading, 134 and 135 days for

flowering and 180 and 184 days for physiological maturity respectively.

Within the late maturing cultivars, Yamhill and Kavkaz required 65 days

for spike initiation, 154 and 151 days for heading, 155 days for

flowering, and 202 and 200 days for physiological maturity, respectively.

Therefore, difference in length of each stage in accordance with

the cultivars was observed. The range among the ten cultivars was 26

days to spike initiation, 32 days to heading, 21 days to flowering,

and 22 days to physiological maturity.



Table 6. Time and duration of spike initiation, heading, flowering, and physiological maturity
for ten winter wheat cultivars planted on November 1, 1979.
East Farm, Corvallis, Oregon, 1979-80. Data base on days from January 1.

Cultivars
Days to Duration of
Spike
initiation

Heading Anthesis Physio-

logical
maturity

Spike-

growth
period

Grain
filling
period

Lag AGFP 1/
period

Total

Hyslop 58 149 152 198 91 49 3 46 140

Yamhill 65 154 155 202 89 48 1 47 137
Bolal 54 136 140 192 82 56 4 52 138

Centurk 54 137 142 189 83 52 5 47 135

JD/J8 /GB 61 151 153 201 90 50 2 48 140

Kavkaz 65 151 155 200 86 49 4 45 135

Shi 4468 50 126 137 183 76 57 11 46 133

Shi 3311 39 127 135 184 88 57 ,8 49 145

Peking 8 50 124 134 180 74 56 10 46 130

Peking 15 39 122 134 180 83 58 12 46 141

Mean 53.5 137.7 143.7 190.9 84.2 53.2 6.0 47.2 137.4
CV 17.5 9.2 6.3 4.7 6.9 7.5 65.7 4.3 3.2

Range 26 32 21 22 17 10 11 7 15

1/ AGFP . Actual grain filling period.
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Coefficients of variation were 17.5 % for days to spike initiation,

9.2 % for days to heading, 6.3 % for days to flowering, and 4.7 % for

days to physiological maturity. Coefficients of variation values

decreased in accordance with spike and kernel growth and development.

Early maturing cultivars Peking 8 and Peking 15 were 74 and 83 days

for duration of the spike growth period, 56 and 58 days for duration

of the grain filling period, 10 and 12 days for the lag period, 46 days

for the actual grain filling period, and 130 and 141 days for total

duration from spike initiation to physiological maturity, respectively.

Similar comparisons for late maturing cultivars Yamhill and Kavkaz

were 89 and 86 days for duration of spike growth period, 48 and 49 days

for duration of grain filling period, 1 and 4 days for duration of

lag period, 47 and 45 days for duration of actual grain filling period,

and 137 and 135 days for total duration from spike initiation to

physiological maturity, respectively.

The range for the ten cultivars was 17 days for duration of spike

initiation, 10 days for duration of grain filling period, 11 days for

lag period, 7 days for actual grain filling period, and 15 days for

total duration from spike initiation to physiological maturity.

The coefficients of variation among the cultivars were 6.9 % for

duration of spike growth period, 7.5 % for duration of grain filling

period, 65.7 % for duration of lag period, 4.3 % for duration of

actual grain filling period, 3.2 % for total duration from spike

initiation to physiological maturity.
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C. Cultivar Performance and Growth Cycle of Individual Cultivars

Mean values, standard deviations and coefficients of variation for

16 characters for ten cultivars are presented in Table 7 and Appendix

Table 12. Peking 15, Peking 8, Shi 3311 and Shi 4468 were early maturing

cultivars with long grain filling duration and low grain yield.

Bolal and Centurk were intermediate for earliness, duration of grain

filling period and grain yield. Yamhill, Kavkaz and JD /JB /GB were late

maturing cultivars with a short grain filling duration and high grain

yield. Hyslop was a mid-late maturing cultivar with a short grain filling

period and had the highest grain yield. Earlier heading, flowering,

grain filling and maturing cultivars such as Peking 8 had a longer

duration of grain filling period and a lower rate of grain filling,

resulting in low grain yield. Later heading, flowering, grain filling

and maturing cultivars such as Yamhill and Hyslop have a shorter durat-

ion of grain filling period and a higher rate of grain filling, giving

high grain yield.

Time of heading, flowering and physiological maturity varied least

among individual plants within each of the cultivars with CV values

from .5 to 3.1. Total duration of grain filling period, actual grain

filling period and plant height also exhibited low CV values 2.5 to

7.7. The values of kernel weight, spike length and harvest index

ranged from 5.1 to 17.4. Those of grain weight per spike and kernels

per spike were intermediate and ranged from 10.3 to 22.7. Grain yield,

tillers per plant, lag period, rate of grain filling and whole plant

dry weight presented highest CV values among individual plants for

each cultivars.



Table 7 . Mean values. standard deviations, and coefficients of variation of 16 important
characters for ten winter wheat cultivars planted on November 1st, )979.
East Farm, Corvallis, Oregon, 1979-80.

Cultivars Heading date

Mean S CV

Hyslop 148.30 1.42 0.96
Yamhill 153.37 1.61 1.05
Bolal 135.10 1.35 1.00
Centurk 136.57 1.54 1.13
JD /J8 /GS 150.80 1.19 0.79
Kavkaz 150.47 4.63 3.08
Shi 4468 125.67 1.24 0.99
Shi 3311 126.07 1.74 1.38
Peking 8 123.80 2.34 1.89
Peking 15 122.33 2.15 1.76
Average 137.25 12.08 8.80

Cultivars Lag period

Hyslop
Yamhill
Bola)
Centurk

JD/J11/G8
Kavkaz
Shi 4468
Shi 3311
Peking 8
Peking 15
Average

Flowering date

Mean S CV

151.07 0.83 0.55
154.10 1.37 0.89
139.57 0.63 0.45
141.57 1.85 1.31

152.63 1.66 1.09
154.83 3.61 2.33
136.63 1.00 0.73
134.40 2.23 1.66
133.20 2.48 1.86
133.27 1.48 1.11

143.13 8.82 6.16

PM01/ DGW/
Mean S CV_ Mean S CV

197.57 1.22 0.62 49.27 1.64 3.33
201.43 1.47 0.73 48.07 2.08 4.33
191.83 2.15 1.12 56:73 2.10 3.70
188.43 3.17 1.68 51.87 2.87 5.54
200.77 1.43 0.71 49.97 1.52 3.04
199.87 2.30 1.15 49.40 3.35 6.78
182.50 1.99 1.09 56:83 2.12 3.73
183.97 2.47 1.34 57.90 2.12 3.67
179.37 2.91 1.62 56.07 3.21 5.72
179.10 2.53 1.41 56.77 2.51 4.43
190.53 8.76 4.60 53.29 4.41 8.28

A/
AGFP Grain yield g Tillers/plant

Mean S CV Mean S CV Mean S CV Mean S CV

2.87 1.28 44.58 46.50 1.17 2.51
0.81 0.02 2.03 47.33 1.45 3.06
4.57 1.04 22.81 52.27 2.23 4.26
5.10 1.29 25.23 46.83 3.16 6.75
1.93 1.39 71.98 48.13 1.87 3.89
4.47 1.69 37.87 45.03 2.28 5.07
11.07 1.19 10.74 45.87 2.06 4.50
8.43 1.88 22.31 49.57 2.51 5.07
9.53 1.25 13.12 46.67 3.18 6.81
11.04 1.72 15.59 45.83 2.39 5.22
5.98 3.86 64.55 47.40 3.05 6.44

47.63 16.80 35.27
39.10 12.29 31.43
38.30 11.46 29.91
29.73 7.59 25.52
38.07 7.58 19.91
43.73 15.18 34.71
30.13 7.65 25.40
30.60 9.92 32.41
29.43 12.30 41.81
29.97 11.88 39.63
35.67 13.10 36.12

12.97 5.18 39.92
10.70 3.87 36.17
15.37 3.84 24.97
14.97 4.44 29.65
10.30 2.09 20.26
12.00 4.21 35.08
10.20 2.75 26.93
7.33 2.67 36.40

12.87 5.19 40.29
13.87 4.01 28.89
12.06 4.54 37.67

Note : The CV values are calculated using mean values and their standard deviations averaged from
the three replications, expressed in %. S means a value of standard deviation.

I/ PHD = Physiological maturity date, 2/ DOR = Duration of grain filling period,
J1 AGFP = Actual grain filling period.



Table 7. Continued.

2/
Cultivars Kernel weight, g GWS, g Kernels/spike RGF, mg /plant /day

Mean S CV Mean S CV Mean S CV Mean S CV

Hyslop 4.88 0.34 7.06 3.73 0.46 12.28 76.38 7.88 10.32 966.13 339.59 35.15
Yamhill 5.02 0.41 8.18 3.78 0.63 16.78 75.47 11.48 15.21 812.53 250.83 30.87
Bolal 5.25 0.35 6.58 2.49 0.39 15.55 47.26 5.88 12.45 674.77 199.93 29.63
Centurk 4.13 0.40 9.73 2.04 0.35 17.37 49.38 7.61 15.42 575.83 158.81 27.58
30 /J8/GB 4.98 0.25 5.11 3.74 0.52 13.91 75.11 10.37 13.81 762.77 155.22 20.35
Kavkaz 5.21 0.44 8.48 3.74 0.83 22.32 71.54 13.87 19.39 889.07 315.80 35.52
Shi 4468 5.53 0.37 6.77 3.01 0.50 16.72 54.36 7.41 13.64 529.90 130.99 24.72
Shi 3311 4.57 0.47 10.24 4.31 0.88 20.34 93.72 14.47 15.44 527.50 167.75 31.80
Peking 8 4.79 0.52 10.84 2.31 0.38 16.53 48.24 6.73 13.95 523.80 211.98 40.41
Peking 15 4.70 0.46 9.79 2.15 0.49 22.71 45.53 8.48 18.63 530.03 220.60 41.62
Average 4.91 0.55 11.17 3.13 0.97 30.88 63.70 18.63 29.25 679.23 272.98 40.19

Cultivars Spike length, cm Harvest index, %
3/
Oplant Plant height, cm

Mean S CV Mean S CV Mean S CV Mean S CV

Hyslop 10.48 0.81 7.75 45.55 3.60 7.91 106.40 41.14 38.67 94.43 4.25 4.50
Yamhill 8.20 0.51 6.28 44.54 4.43 9.94 89.77 31.72 35.34 103.90 7.74 7.45
Bolal 10.22 0.64 6.30 44.38 3.99 9.00 86.80 26.15 30.13 128.33 6.61 5.15
Centurk 9.30 0.67 7.20 43.79 4.55 10.38 69.13 20.69 29.93 125.20 5.80 4.63
JD/J11/G8 11.97 0.73 6.12 42.27 3.10 7.34 90.53 18.96 20.94 108.63 4.73 4.35
Kavkaz 11.89 1..03 8.69 40.09 6.96 17.35 110.30 36.95 33.50 126.47 6.21 4.91
Shi 4468 9.02 0.73 8.11 44.67 3.10 6.73 68.03 18.54 27.26 104.13 6.47 6.21
Shi 3311 8.03 0.65 8.07 55.04 4.76 8.65 56.40 19.89 35.27 82.03 5.35 6.52
Peking 8 9.59 0.72 7.50 47.66 4.18 8.76 61.93 26.28 42.44 107.97 8.26 7.65
Peking 15 9.41 0.67 7.13 45.83 5.06 11.05 64.60 23.15 35.84 103.10 4.39 4.26
Average 9.81 1.47 15.01 45.38 5.81 12.81 80.39 32.46 40.38 108.42 15.28 14.09

Note : The CV values were calculated using means and their standard deviations averaged from the
three replications, and expressed in %/ . S means a value of standard

3[
deviation.

1/ GWS - Grain weight per spike;1RGF = Rate of grain filling;-WPDW = Whole plant dry weight. cn
_A
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Genetic differences among the ten cultivars were low for time of

heading, flowering and physiological maturity with CV values of 8.8,

6.2 and 4.6 respectively. The values decreased from heading date to

physiological maturity. Actual grain filling period varied less (6.4)

when compared with total duration of grain filling period (8.3) and

lag period (64.6). Grain yield also showed large genetic differences

with a CV value 36.7. Kernels per spike, grain weight per spike, tillers

per plant, rate of grain filling and whole plant dry weight presented

large variations among the cultivars with range from 29.25 to 40.38.

While kernel weight, harvest index, plant height and spike length

presented less variations with CV values being from 11.2 to 15.0.
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D. Associations among the Characters Measured

In Appendix Table 13 the correlation coefficients for 16 variables

measured involving ten winter wheat cultivars are presented.

The direct effects of heading date and indirect effects of other

variables on grain yield are found in Table 8a. For grain yield and

heading date, the correlation coefficient value was positive (.373).

Heading date had no or little direct effect on grain yield. With regards

to the indirect effects, physiological maturity date (PMD = .513) and

rate of grain filling (RGF = .496) influenced grain yield via heading

date, but there was a negative indirect effect of heading date via

flowering date (-.516). When the coefficient of determination (R2) value

is considered, very little of variation in grain yield could be

accounted for by differences associated with heading date.

When the association between grain yield and flowering date is

considered (Table 8a), the r value was positive (.359). There was a

high negative direct effect (-.527) of flowering date on grain yield.

With regards to the indirect effects, physiological maturity date

(.503) and rate of grain filling (.482) influenced grain yield with

no or little indirect effects of flowering date via the other variables

measured. The R
2
value was low (.129), thus little of the total variation

in grain yield was accounted for by differences of the variables

associated with flowering date.

For grain yield and physiological maturity date (Table 8b),

there was a positive association (.389) with a high direct effect (.535)
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Table 8a. Direct and indirect effects of heading and flowering
dates on grain yield among ten winter wheat cultivars
planted on November 1. East Farm, Corvallis, 1979-80.

Grain yield and heading date
Direct effect -

Indirect effect via Flowering date -.516
Indirect effect via Tillers/plant -.003
Indirect effect via Spike length .002
Indirect effect via Plant height .001

Indirect effect via WPDW 1/ -.008
Indirect effect via PMD 2/ .513
Indirect effect via Kernel weight .005
Indirect effect via DGFP 3/ -.041
Indirect effect via Lag period -.112
Indirect effect via AGFP 4/ .006
Indirect effect via Harvest index -.002
Indirect effect via GWS 5/ -.011
Indirect effect via Kernels /spike .041
Indirect effect via RGF 6/ .496

Correlation 7/ .373**
Coefficient of determination .139

Grain yield and flowering date
Direct effect -.527
Indirect effect via Heading date
Indirect effect via Tillers /plant -.008
Indirect effect via Spike length .002
Indirect effect via Plant height .001

Indirect effect via WPDW 1/ -.007
Indirect effect via PMD 7/ .503
Indirect effect via Kernel weight .008
Indirect effect via DGFP 3/ -.041
Indirect effect via Lag period -.098
Indirect effect via AGFP 4/ .016
Indirect effect via Harvest index -.002
Indirect effect via GWS 5/ -.012
Indirect effect via Kernels per spike .041

Indirect effect via RGF 6/ .482
Correlation 7/ .359**
Coefficient of determination .129

** : Significant at the .01 probability level.
1/ WPDW = Whole plant dry weight, 5/ GWS = Grain weight/spike,
2/ PMD = Physiological maturity date, 6/ RGF = Rate of grain filling,
3/ DGFP = Duration of grain filling period, 7/ N = 300 plants.
4/ AGFP = Actual grain filling period,
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of physiological maturity date on grain yield. When the indirect effects

were considered, rate of grain filling (.471) had a positive influence

on grain yield, while flowering date (-.495) and lag period ( -.108)

influenced grain yield in a negative manner with no or little indirect

effects of physiological maturity date via the other variables measured.

When the R
2
value was considered, very little of the total variation

in grain yield was accounted for by these variables (.151).

In Table 8b the associations between grain yield and total duration

of grain filling period are presented. There was a negative correlation

(-.249), but the direct effect of duration of grain filling period on

grain yield was positive even though the value (.050) was low.

With regards to the indirect effects, flowering date (.428) had a

positive influence via duration of grain filling period on grain yield.

While rate of grain filling (-.420) and physiological maturity date

(-.341) had a negative influence on grain yield via duration of grain

filling period. When the R
2
value was considered, very little of the

total variation in grain yield was accounted for by variation associated

with duration of grain filling period (.062).

The correlation value between grain yield and lag period (Table 8c)

was negative (-.349). There was a positive direct effect of lag period

(.126) on grain yield. With regards to the indirect effects, flowering

date(.412) had the most influence via lag period on grain yield.

While physiological maturity date (-.457) and rate of grain filling

(-.453) had a negative influence on grain yield via lag period.
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Table 8b. Direct and indirect effects of physiological maturity
date and duration of grain filling period on grain yield
among ten winter wheat cultivars planted on November 1.
East Farm, Corvallis, Oregon, 1979-80.

Grain yield and PMD 2/
Direct effect .535
Indirect effect via Heading date -
Indirect effect via Flowering date -.495
Indirect effect via Tillers/plant -.009
Indirect effect via Spike length .002
Indirect effect via Plant height .001
Indirect effect via WPDW 1/ -.007
Indirect effect via Kernel weight .010
Indirect effect via DGFP 3/ -.032
Indirect effect via Lag period -.108
Indirect effect via AGFP 4/ -.013
Indirect effect via Harvest index -.001
Indirect effect via GWS 5/ -.013
Indirect effect via Kernels /spike .046
Indirect effect via RGF 6/ .471

Correlation 7/ .389**
Coefficient of determination .151

Grain yield and DGFP 3/
Direct effect .050
Indirect effect via Heading date -

Indirect effect via Flowering date .428
Indirect effect via Tillers/plant -.008
Indirect effect via Spike length -.001
Indirect effect via Plant height -.001
Indirect effect via WPDW 1/ .006
Indirect effect via PMD 2/ -.341
Indirect effect via Kernel weight .006
Indirect effect via Lag period .093
Indirect effect via AGFP 4/ -.043
Indirect effect via Harvest index .002
Indirect effect via GWS 5/ .005
Indirect effect via Kernels/spike -.021
Indirect effect via RGF 6/ -.420

Correlation 7/ -.249**
Coefficient of determination .062

** : Significant at the .01 probability level.

1/ WPDW = Whole plant dry weight, 4/ AGFP = Actual grain
2/ PMD = Physiological maturity date, filling period,
3/ DGFP = Duration of grain filling period, 5/ GWS = Grain weight/spike,

6/ RGF = Rate of grain filling,
7/ N = 300 plants.



67
Table 8c. Direct and indirect effects of lag period and AGFP _ty

on grain yield among ten winter wheat cultivars planted
on November 1, 1979. East Farm, Corvallis, Oregon,
1979-80.

Grain yield and lab period
Direct effect .126
Indirect effect via Heading date
Indirect effect via Flowering date .412
Indirect effect via Tillers/plant -.008
Indirect effect via Spike length -.001
Indirect effect via Plant height -.001
Indirect effect via WPDW 1/ .007
Indirect effect via PMD 2/ -.457
Indirect effect via Kernel weight .002
Indirect effect via DGFP 3/ .037
Indirect effect via AGFP 4/ .017
Indirect effect via Harvest index .001
Indirect effect via GWS 5/ .008
Indirect effect via Kernels per spike -.035
Indirect effect via RGF 6/ -.453

Correlation 7/ -.349**
Coefficient of determination .122

Grain yield and AGFP 4/
Direct effect -.083
Indirect effect via Heading date -

Indirect effect via Flowering date .099
Indirect effect via Tillers/plant -.001
Indirect effect via Spike length -.001
Indirect effect via Plant height .000
Indirect effect via WPDW 1/ .000
Indirect effect via PMD 2/ .085
Indirect effect via Kernel weight .007
Indirect effect via DGFP 3/ .026
Indirect effect via Lag period -.025
Indirect effect via Harvest index .001
Indirect effect via GWS 5/ -.004
Indirect effect via Kernels/spike .014
Indirect effect via RGF 6/ -.036

Correlation 7/ .081
Coefficient of determination .007

** : Significant at the .01 probability level.

1/ WPDW = Whole plant dry weight, 5/ GWS = Grain weight/spike,
2.1 PMD = Physiological maturity date, 6/ RGF = Rate of grain filling,
3/ DGFP = Duration of grain filling period, 7/ N = 300 plants.
4/ AGFP = Actual grain filling period,
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When the R
2

value is considered, little of the variation in grain

was accounted for by differences involving lag period.

Acutal grain filling period had no significant association with

grain yield (r = .081) nor any direct and indirect effect association

via the other variables.

As can be noted in Table 8d , of the primary components of grain

yield, kernel weight was significantly associated with grain yield

(.128). A low direct effect (.054) was observed for kernel weight and

grain yield. When the indirect effects are considered, no or little

indirect effects of the kernel weight via the other variables can be

noted. With regards to the R
2
value, little variation in grain yield

was accounted for those factors associated with kernel weight.

Tillers per plant (.652) was significantly associated with grain

yield (Table 8d). There was direct effect (.129) of tiller number on

grain yield. With regards to the indirect effects, only rate of grain

filling (.586) influenced grain yield via tiller number. The coeffi-

cient of determination value was also high demonstrating large amount

of variation in grain yield could be explained by variations associated

with tiller number.

Kernels per spike (.279) was significantly associated with grain

yield (Table 8e). There was also a relatively high positive direct

effect (.105) of kernel number on grain yield. With regards to the

indirect effects, rate of grain filling (.295) and physiological

maturity date (.233) influenced grain yield via kernels per spike,



69
Table 8d. Direct and indirect effects of kernel weight and tillers

per plant on grain yield among ten winter wheat cultivars
planted on November 1, 1979. East Farm, Corvallis, Oregon,
1979-80.

Grain yield and kernel weight
Direct effect .054
Indirect effect via Heading date
Indirect effect via Flowering date -.074
Indirect effect via Tillers/plant -.028
Indirect effect via Spike length .001

Indirect effect via Plant height .001
Indirect effect via WPDW 1 -.001
Indirect effect via PMD 2/ .100
Indirect effect via DGFP 3/ .006
Indirect effect via Lag period .004
Indirect effect via AGFP 4/ -.011
Indirect effect via Harvest index .000
Indirect effect via GWS 5/ -.010
Indirect effect via Kernels/spike .003
Indirect effect via RGF 6/ .086

Correlation 7/ .128*
Coefficient of determination .016

Grain yield and tillers per plant
Direct effect .129
Indirect effect via Heading date
Indirect effect via Flowering date .033

Indirect effect via Spike length .001

Indirect effect via Plant height .002

Indirect effect via WPDW 1/ -.011
Indirect effect via PMD 2/ -.035
Indirect effect via Kernel weight -.012
Indirect effect via DGFP 3/ -.003
Indirect effect via Lag period -.008
Indirect effect via AGFP 1/ .001

Indirect effect via Harvest index -.001
Indirect effect via GWS 5/ .013
Indirect effect via Kernels/spike -.045

Indirect effect via RGF 6/ .586
Correlation 7/ .652**
Coefficient of determination .425

* : Significant at the .05 probability level,
**: Significant at the .01 probability level.

1 WPDW = Whole plant dry weight, 5/ GWS = Grain weight/spike,
2/ PMD = Physiological maturity date, 6/ RGF = Rate of grain filling,
3/ DGFP = Duration of grain filling period,7/ N = 300 plants.
4/ AGFP = Actual grain filling period,
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but flowering date (-.203) was negative. Very little variation in

grain yield was accounted for by variation in kernel number when the

R
2

value is considered.

In Table 8e it can be observed that grain weight per spike (.299)

was positively associated with grain yield, however the direct effect

(-.027) on-grain yield was low and negative. With regards to the indirect

effects via grain weight per spike, rate of grain filling (.304) and

physiological maturity date (.257) did influence grain yield, but

flowering date (-.225) was negative. When the R
2

value was considered,

very little variation in grain yield was accounted for by variation

associated with grain weight per spike.

Harvest index (-.150) was negatively associated with grain yield

(Table 8f), while its direct effect (.004) was low. With regards to the

indirect effects, flowering date (.215) was positive, while rate of

grain filling (-.226) and physiological maturity date (-.156) had

negative effect via harvest index on grain yield. The R
2

value was

also very low (.023) suggesting little variation in grain yield was

accounted for by variations of those traits associated with harvest

index.

Information regarding the association between grain yield and

spike length can be found in Table 8f. There was a significant

correlation (.335), but very little direct effect (.004) of spike

length on grain yield. With regards to the indirect effects, rate of

grain filling (.367) and physiological maturity date (.224) influenced
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grain weight per spike (GWS) on grain yield among ten
winter wheat cultivars planted on November 1, 1979.
East Farm, Corvallis, Oregon, 1979-80.

Grain yield and kernels per spike
Direct effect
Indirect effect via Heading date

.105

-
Indirect effect via Flowering date -.203
Indirect effect via Tillers/plant -.055
Indirect effect via Spike length -.000
Indirect effect via plant height -.003
Indirect effect via WPDW 1/ -.003
Indirect effect via PMD .233
Indirect effect via Kernel weight .002
Indirect effect via DGFP 3/ -.010
Indirect effect via Lag period -.042
Indirect effect via AGFP 4/ -.011
Indirect effect via Harvest index .002
Indirect effect via GWS 5/ -.025
Indirect effect via RGF 6/ .295

Correlation 7/ .279**
Coefficient of determination .078

Grain yield and GWS 5/
Direct effect -.027
Indirect effect via Heading date
Indirect effect via Flowering date -.225
Indirect effect via Tillers/plant -.061
Indirect effect via Spike length .000
Indirect effect via Plant height -.002
Indirect effect via WPDW 1/ -.003
Indirect effect via PMD 2/ .257
Indirect effect via Kernel weight .020
Indirect effect via DGFP 3/ -.009
Indirect effect via Lag period -.039
Indirect effect via AGFP 4/ -.012
Indirect effect via Harve-s-t index .001
Indirect effect via Kernels/spike .098
Indirect effect via RGF 6/ .304

Correlation 7/ .299**
Coefficient of determination .089

** : Significant at the .01 probability level.

1/ WPDW = Whole plant dry weight, 5/ GWS = Grain weight/spike,
2/ PMD = Physiological maturity date, RGF = Rate of grain filling,
3/ DGFP = Duration of grain filling period, 7/ N = 300 plants.
4/ AGFP = Actual grain filling period,
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Table 8f. Direct and indirect effects of harvest index and spike

length on grain yield among ten winter wheat cultivars
planted on November 1, 1979. East Farm, Corvallis,
1979-80.

Grain yield and harvest index
Direct effect
Indirect effect via Heading date

.004

Indirect effect via Flowering date .215
Indirect effect via Tillers/plant -.047
Indirect effect via Spike length -.002
Indirect effect via Plant height -.003
Indirect effect via WPDW 1/ .007
Indirect effect via PMD 2/ -.156
Indirect effect via Kernel- weight .005
Indirect effect via DGFP 3/ .024
Indirect effect via Lag period .035
Indirect effect via AGFP 4/ -.028
Indirect effect via GWS 5/ -.010
Indirect effect via Kernels/spike .040
Indirect effect via RGF 6/ -.226

Correlation 7/ -.150*
Coefficient of determination .023

Grain yield and spike length
Direct effect
Indirect effect via Heading date

.004

Indirect effect via Flowering date -.243
Indirect effect via Tillers/plant .028
Indirect effect via Plant height .007
Indirect effect via WPDW li -.007
Indirect effect via PMD 2/ .224
Indirect effect via Kernel weight .007
Indirect effect via DGFP 3/ -.018
Indirect effect via Lag period -.039
Indirect effect via AGFP 4/ .011

Indirect effect via Harvest index -.002
Indirect effect via GWS W -.001
Indirect effect via Kernels/spike -.001
Indirect effect via RGF 6/ .367

Correlation 7/ .335**
Coefficient of determination .112

* : Significant at the .05 probability level,
** : Significant at the .01 probability level.

1/ WPDW = Whole plant dry weight, 5/ GWS = Grain weight/spike,
2/ PMD = Physiological maturity date, 6/ RGF = Rate of grain filling,
3/ DGFP = Duration of grain filling period,7,

/ N = 300 plants.
4/ AGFP = Actual grain filling period,
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grain yield via spike length with negative indirect effect via flower-

ing date (-.243). The R2 value was low (.112) showing little variation

in grain yield was accounted for by this comparison.

Plant height was positively associated (.121) with grain yield,

but its direct effect on grain yield was low (.006) (Table 8g).

With regards to the indirect effects, rate of grain filling (.126)

and physiological maturity date (.111) had positive influences on

grain yield, but flowering date (-.108) was negative with no or little

indirect effects via the other variables measured. When the R
2

value

was considered, very little variation in grain yield was accounted

for by variation associated with plant height.

For grain yield and whole plant dry weight, the correlation

coefficient value was .946. However, the direct effect of whole plant

dry weight (-.016) on grain yield was negative and low. When the

indirect effects are considered, rate of grain filling (.922) and

physiological maturity date (.243) had positive effects on grain yield

with negative effect (-.244) with flowering date via whole plant dry

weight. The R
2

value was high (.895), thus large total variation

in grain yield was accounted for by the variables associated with whole

plant dry weight.

When grain yeild and rate of grain filling are considered (Table

8h), there was a positive association (.977). There was also a large

direct effect (.962) on grain yield. With regards to the indirect effects,

physiological maturity date (.262) had a positive influence on grain

yield, but flowering date (-.264) was negative via rate of grain filling.
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Table 8g. Direct and indirect effects of plant height and WPDW 1/
on grain yield among ten winter wheat cultivars planted
on November 1, 1979. East Farm, Corvallis, 1979-80.

Grain yield and plant
Direct effect
Indirect effect
Indirect effect
Indirect effect
Indirect effect
Indirect effect
Indirect effect
Indirect effect
Indirect effect
Indirect effect
Indirect effect
Indirect effect
Indirect effect
Indirect effect
Indirect effect

Correlation 2/
Coefficient of determination

height

via Heading date
via Flowering date
via Tillers/plant
via Spike length
via WPDW 1/
via PMD 2/

via Kernel weight
via DGFP 3/
via Lag period
via AGFP 4/
via Harvest index
via GWS 5/

via Kernels/spike
via RGF 6/

Grain yield and WPDW 1/
Direct effect
Indirect effect via Heading date
Indirect effect via Flowering date
Indirect effect via Tillers/plant
Indirect effect via Spike length
Indirect effect via Plant height
Indirect effect via PMD 2/
Indirect effect via Kernel weight
Indirect effect via DGFP 3/
Indirect effect via Lag period
Indirect effect via AGFP
Indirect effect via Harvest index
Indirect effect via GWS 5/
Indirect effect via Kernels/spike
Indirect effect via RGF 6/

Correlation 7/
Coefficient of determination

.006

-.108
.051

.002

-.004
.111

.007

-.008
-.023
-.000
-.002
.011

-.051
.126
.121*
.015

-.016

-.244
.088
.002
.001

.243

.004

-.019
.052

.002
-.002
-.005
.018
.922

.946**

.895

* : Significant at the .05 probability level,
** : Significant at the .01 probability level.

1/ WPDW = Whole plant dry weight, 5/ GWS = Grain weight/spike,
2/ PMD Physiological maturity date, 6/ RGF = Rate of grain fillin
3/ DGFP = Duration of grain filling period,7/ N = 300 plants.4/ AGFP = Actual grain filling period,



75Table 8h. Direct and indirect effects of rate of grain filling
(RGF) on grain yield among ten winter wheat cultivars
planted on November 1, 1979. East Farm, Corvallis,
1979-80.

Grain yield and RGF 6/
Direct effect
Indirect effect via Heading date

.962

-

Indirect effect via Flowering date -.264
Indirect effect via Tillers/plant .079
Indirect effect via Spike length .002
Indirect effect via Plant height .001
Indirect effect via WPDW 1/ -.015
Indirect effect via PMD 2/ .262
Indirect effect via Kernel weight .005
Indirect effect via DGFP 3/ -.022
Indirect effect via Lag period -.059
Indirect effect via AGFP 4/ .003
Indirect effect via Harvest index -.001
Indirect effect via GWS 5 -.009
Indirect effect via Kernels/spike .032

Correlation 7/ .977**
Coefficient of determination .955

** : Significant at the .01 probability level.

1/ WPDW = Whole plant dry weight, 5/ GWS = Grain weight /spike,
2j PMD = Physiological maturity date, 6/ RGF = Rate of grain fillin
3/ DGFP = Duration of grain filling period,
4/ AGFP = Actual grain filling period, 7/ N = 300 plants.
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When the coefficient of determination value was considered, the

large variation in grain yield would be accounted for by the direct

and indirect effects of rate of grain filling.

In Table 9 the direct effects of the 15 measurements on grain

yields for each of the ten winter wheat cultivars are presented.

The largest and most consistent direct effects (.817 - 1.272) were

with the rate of grain filling on grain yield when each of the cultivars

are considered. The one exception being Peking 15. The highest direct

effect (2.529) was noted for duration of grain filling period on grain

yield involving Peking 15.

For time of heading, flowering and physiological maturity, heading

date exhibited no or very little direct effects on grain yields for

any of the cultivars. The one exception was for flowering date on

grain yield with Peking 15 (1.530). There were also high positive

direct effects with physiological maturity date on grain yield for

Centurk (.228) and a negative effect with Peking 15 (-2.590).

When total duration of grain filling period, lag period and

actual grain filling period are considered, duration of grain filling

period's direct effects on grain yield were consistently high for

each of the cultivars, particularly Peking 15 (2.629).

Direct effect of lag period on grain yield was either positive or

negative for Hyslop (-.006), Yamhill (.182),Shi 3311(-.001), Peking 8

(-.003) and Peking 15 (-1.769). Considerable direct effects of actual

grain filling period on grain yield were observed for Yamhill (.151),

Bolal (.023) and Centurk (-.161).



Table 9. Direct effects of 15 agronomic characters on grain yields for ten winter wheat cultivars

planted on November 1st, 1979. East Farm, Corvallis, Oregon, 1979-80.

Characters HYS YAM BOL CEN JDB KAV SH4 SH3 PK8 P15 Total

Grain yield and

Heading date -.000

Flowering date -.007 .001 -.104 .017 .002 .003 .023 1.530 -.527

Tillers/plant -.188 -.136 -.052 -.028 -.040 .144 .011 -.087 -.250 .146 .129

Spike length .002 -.014 .008 .011 -.002 .002 -.003 -.010 -.003 -.004 .004

Plant height -.008 -.020 -.004 .009 .024 -.011 .009 -.007 -.006 -.002 .006

WPDW 1/ .071 .177 -.235 .307 .142 -.203 .135 .231 .330 .368 -.016

PMD 2/ -.006 .228 .011 .015 .003 -.030 -2.590 .535

Kernel weight -.246 -.068 -.064 .038 -.089 .068 -.074 .002 .033 -.151 .054

DGFP 3/ .112 .079 .141 .123 .133 .216 .126 .101 .158 2.629 .050

Lag period -.006 .182 -.001 -.003 -1.769 .126

AGFP 4/ .151 .023 -.161 -.083

Harvest index .021 .039 -.076 .067 .060 -.113 .033 .057 .030 .110 .004

GWS 5/ .350 .086 .102 .009 .248 -.096 .197 -.066 -.128 .409 -.027

Kernels/spike -.332 -.127 -.099 -.010 -.269 .141 -.149 .002 .037 -.247 .105

RGF 6/ 1.094 .940 1.272 .817 .927 1.087 .850 .852 .900 .419 .962

1/ WPDW = Whole plant dry weight, 4/ AGFP = Actual grain filling period,

2/ PMD = Physiological maturity date, 5/ GWS = Grain weight per spike,

3/ DGFP = Duration of grain filling period, 6/ RGF = Rate of grain filling.
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For the yield components, tillers per plant, kernels per spike

and kernel weight had direct effects on grain yields for each of all

the cultivars. The magnitude of the effects were different depending

upon cultivars. For example, in Hyslop tillers per plant (-.188),

kernel weight (-.246) and kernels per spike (-.332) had negative

direct effects on grain yields. While for Kavkaz tillers per plant

(.144), kernel weight (.068) and kernels per spike (.141) had positive

direct effects on grain yields.

When the grain weight per spike is considered, there is a high

direct effects on grain yield for each of the cultivars, however, the

size depends on cultivar. For example, for Hyslop the direct effect

was .350, while in Kavkaz the effect was -.096.

The direct effects of spike length, plant height, whole plant

dry weight, and harvest index on grain yield were observed for each

of the cultivars. However, their effects were in general low when

compared with those of the three components of grain yield and grain

weight per spike.

For all cultivars, the direct effect of rate of grain filling on

grain yield was higher than those of the other variables measured.

There were also high direct effects of physiological maturity date

(.535) and flowering date (-.527) on grain yield. The direct effects

of tiller number, lag period, kernel number, kernel weight, duration

of grain filling period, actual grain filling period and grain weight

per spike on grain yield ranged from .129 to -.083. While the direct
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effects of the other such variables as spike length, plant height,

whole plant dry weight, harvest index, and heading date on grain

yield were very low for this experimental population selected.
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DISCUSSION

If wheat is to be used in multiple cropping systems more infor-

mation is needed regarding genetic and environmental factors,

including possible genetic and environmental interactions, which

influence various stages of plant development. Special emphasis

must also be given to the latter stages of growth and especially

the grain filling period.

When modifying the life cycle to fit a multiple cropping

system, several concerns regarding the developmental stages of the

wheat plant must be considered. For example, sufficient time must

elapse during the vegetative phase to allow for the adequate devel-

opment of roots, leaves and tillers to support the grain filling

period.Should the wheat plant flower too early, it can get caught by

a late spring frost during the flowering stage resulting in a high

degree of sterility. It is also conceivable that delayed flowering

may not only disrupt the multiple cropping sequence, but also the

wheat yields may be greatly reduced since the grain filling period

could be cut short by adverse growing conditions.

For example, a later grain filling cultivar may get caught by

high temperature or frequent droughts at the end of the growing

season. Also, late maturing grain may result in harvest period

coming during the monsoon period which would be undesirable for

grain quality and yield reduction. Such factor as sprouting of the

grain in the field and pathogen infections like scab (Fusarium
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graminearum Schw.)can be a problem under these high moisture

condition in countries like Korea.

To provide information regarding the factors influencing

the growth and developmental patterns in the wheat plant, two

experiments were conducted. The first examined different growth

and developmental patterns of five winter and five spring cultivars

when planted at different times during the growing season.

A second study focused more specifically on examining possible

cultivar differences in terms of when each growth stage was initi-

ated, duration of the stage and the rate of spike and kernel growth.

Also how these various growth stages influenced the components of

grain yield and grain yield per se was investigated. Analyses were

further conducted to determine if possible direct and indirect

associations existed among the growth stages and grain yield.

The overall objective was to provide information which would help

wheat breeders in planning breeding strategies to develop shorter

life cycle cultivars adaptable for diversified cropping systems

while minimizing potential yield losses.

It is generally thought that by selecting for early maturing

types there is a loss in potential grain yield. However, with

multiple cropping system it must be kept in mind that it is the

total production from a given hectare of land per year that is

important rather than the individual yield of each crop within the

sequence. Therefore, the breeder must not only be concerned with
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maximizing the yield of each component crop within the cropping

sequence but look at the annual total production of the two or

three crops within the system.

To date wheat breeders have emphasized selection for early

heading date in developing earlier maturing types; however due to

a long grain filling period often coupled with a slow or low grain

filling rate these plants mature at a similar time as plants with

later heading periods. It has been suggested that perhaps physiol-

ogical maturity would be a more important criterion in identifying

plant types with the desired maturity range for various cropping

practices.

Physiological maturity is defined as the time when the grain

has reached its maximum dry weight at the end of the life cycle.

One of the major difficulties has been in identifying just when

physiological maturity occurs. If a simple, rapid and accurate

method could be developed, it would be helpful for breeders and

agronomists in designing their research program. Thus it was a

further objective of this study to examine the nature of the physi-

ological maturity and to identify a method or methods of evaluation

of the initiation and duration of this stage of development.

Environmental Influence

With regards to the influence of different planting dates on

five winter and five spring wheat cultivars, "growth" was defined

as the advancement toward or attainment of full size or physiological
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maturity. "Development" was defined as ordered change or progress

in a plant's growth and developmental pattern. Thus growth may take

place without development and development without growth, but the

two are often combined in a single process. Certain important

developmental events include such stages as germination, spike

initiation, stem elongation, anthesis or physiological maturity,

results in a major change in the life or growth and developmental

pattern of a wheat plant.

Measurements of emergence, tillering, heading date, height and

grain yield are relatively easy to obtain; however the growth and

development and physiological maturity cannot be measured as easily

or accurately. One approach has been to use a number code system as

developed by Zadok et al (1974) to record the stages of growth over

time. This system was used in this study to identify the various

stages of growth.

The greatest difference in growth and developmental patterns of

both winter and spring wheat cultivars as influenced by different

planting dates, occurred in stem elongation, booting, inflorescence

emergence and anthesis. The growth stage of stem elongation was

found to exhibit larger differences both among planting dates and

between cultivars when compared to length of time of any growth

stage from stem elongation to anthesis. This suggests that selection

for earliness should start at the stem elongation period within a

segregating population rather than to wait until the heading or

flowering stage which is now the most common practice.
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However, an interesting fact was that in this study as the planting

date was delayed, the stem elongation period was reduced and grain

yields also declined.No definite association could be found between

the two factors in this study however.

Jugoku 81, a spring, and Cho Gwang winter type wheat were con-

sistently earlier and demonstrated faster growth and development

under the naturally vernalized environmental conditions when planted

on November 6, 1976 through February 5, 1977. However, the spring

type Lerma Rojo was earlier and faster in growth and development

than Jugoku 81 under the naturally vernalized environmental conditions

when planted on April 1, 1977. This may indicate that Lerma Rojo

requires less of a vernalization period and/or is more insensitive

to day length, resulting in a genotype x environment interaction

when compared to the other cultivars.

Cho Gwang and Jugoku 81 were earlier and faster in spike init-

iation and subsequent spike growth than the winter cultivar Yamhill

and Hyslop, but the latter had a faster and higher rate of grain

filling, which resulted in higher grain yields. This suggests that

it might be possible to combine early spike initiation with faster

spike growth and a faster and higher rate of grain filling if these

traits are not negatively associated due to genetic linkage or

some biological constraint.

Earlier plantings resulted in earlier growth and development

including maturity.'A11 winter type cultivars failed to reach the

stem elongation stage or initiate a spike when planted on April 1
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without artificial vernalization. Thus their cold requirement was

not satisfied when planted at this date. Spring cultivars planted

on April 1 also gave unusual results. The material receiving the

cold treatment was transplanted into the field as seedlings.

While the nonvernalized material was planted as seed. Artificial

vernalization of germinating seed required a low temperature for

a month. During this time the seedlings rely on their endosperm

for nutrients and energy for growth. Since the nonvernalized

seed was planted directly in the field, they may have had an

advantage and this might explain their faster leaf development,

increased height and higher grain yield.

It was found that there was genotype x environment

interaction as each cultivar responded differently to the five

planting dates. When selecting for early maturity types it might

be desirable to plant segregating population at several different

times in order to provide more opportunity for selection of the

most adaptable individual plants or lines at a given site. This is

especially true when crosses are made between cultivars with

different photoperiod and vernalization requirements. It would be

desirable to determine the optimum planting date to provide the

desired earlier maturity and at the same time maximum grain yield

within the cropping system.

Physiological Maturity

A simple, rapid and accurate estimation of physiological

maturity is of importance since it would allow for the evaluation
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of individual plants in segregating populations. All methods examined

in this study proved to be satisfactory in indicating the end point

of grain filling or physiological maturity. The one exception was

the kernel moisture content method.

The kernel moisture content did not indicate the exact time of

physiological maturity because the critical end point could not be

obtained. This method was also highly dependent upon weather condit-

ions at the time of sampling. Rain and/or dew temporarily indicated

the grain moisture content. Therefore, time of day when samples were

taken was important with the noon time giving the most repeatable

and constant results. This method also requires repeated sampling,

drying and weighing to obtain the kernel moisture content, thus

again requiring much labor and time. Therefore, this would not be

a satisfactory method of measuring physiological maturity in a

breeding program.

Sampling on a regular bases td obtain the time and point of

maximum dry weight of the spike and kernels appeared to be the most

direct and precise evaluation of physiological maturity. This method

clearly defined the time when the grain had reached its maximum dry

matter deposition. However, this procedure is laborious and time-

consuming due to the need for repeated sampling, drying and weighing

during the grain filling period. The dry spike weight and grain

weight per spike reached a plateau at the same time. The spike weight

however was much simpler to measure than threshing and weighing the

grain, resulting in the saving of labor and time.
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When all factors are considered, the visual color change method

for the glumes and main axis of a spike was the most satisfactory

for the identification of physiological maturity. Shorter intervals

of only one or two days for the observation period were required for

recording the time when there was a complete loss of green color.

Also it was not necessary to destroy the spikes throughout the grain

filling period as with other methods. This technique is less time-

consuming of energy and labor. The visual spike color change method

has the further advantage of being rapid, simple and accurate. Also

many spikes can be evaluated in a short time.

Kernel color change method would also be desirable in identi-

fying physiological maturity when selecting superior individual

plants within a segregating population. It was observed that the

dry matter weight of a spike was maximum when 40 - 60 % of the

kernels of the spike lost their green color. The last area to lose

color was the crease of the kernel. The method permits evaluation

of kernel size, number, plumpness, color, hardness, and pathogen

infection on the kernels as well as physiological maturity can

all be identified at the same time. Further advantages are that it

is simple and rapid, shorter intervals between sampling periods

are required, and it was more direct and precise method than other

methods.

It was found that fresh spike weight and dry spike weight were

equal on July 17 to 22 for early maturing cultivars, and on July 27
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to August 1 for late maturing cultivars. Thereafter little or no

drying took place, so that these periods are considered as an

optimum time for mechanical harvesting. However, the time of

physiological maturity identified by any one of the methods

described would be the optimum time for manual harvesting.

Harvesting at the time of physiological maturity would permit

more intensification of cropping both in time and space.

With Peking 15 there was 20 days difference between time of physiol-

ogical maturity (June 27) and time of fresh and dry spike weight

equilibrium (July 17). In countries where the most appropriate

method of harvest is manual, this means of identifying maturity

would be very significant.

The time of physiological maturity can be used to monitor

earliness more exactly when compared to other stages of development

in life cycle such as floral initiation, internode elongation, flag

leaf unfolding, and heading or flowering. Physiological maturity

date is an end point of the life cycle, and is less influenced by

environmental conditions.

Growth Stages and Morphological Traits

Cultivar differences in time and duration of spike and grain

growth and development were observed. The duration of grain filling

period might be defined as the total duration from heading to

physiological maturity involving both the lag period from heading

to flowering and actual grain filling period from flowering to
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physiological maturity. Where lag period length was quite differ-

ent among the cultivars examined and influenced total duration of

grain filling period in wheat, length of actual grain filling

period was the same or similar among the cultivars and little related

with grain yield.

It was found that cultivars with earlier spike initiation were in

general faster to head, flower and mature. The early maturing culti-

vars had earlier spike initiation, shorter duration of the spike

growth period, and longer duration and lower rate of grain filling.

While late maturing cultivars had later spike initiation, longer

duration of the spike growth period, and shorter duration and higher

rate of grain filling. Actual grain filling period was similar

between early and late maturing types, but lag period was quite

different among the cultivars. Therefore, lag period was also very

important in determining total duration of grain filling period and

life cycle, suggesting shorter lag period cultivars with early

maturing and high grain filling rate would be ideal in developing

shorter life cycle cultivars.

The life cycle can be divided into four important stages.

These include seedling emergence to spike initiation, spike initiat-

ion to heading, heading to flowering, and flowering to physiological

maturity. When the life cycle and components of grain yield are

considered, tiller number is usually established before heading,

both spike and spikelet number are determined at heading and flowering,

and finally kernel number and size between anthesis and physiological
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maturity. Thus the duration of each stage may strongly influence

both the life cycle length and subsequent grain yield via the

components of yield. Selection for traits associated with shorter

life cycle should be based on the time of spike initiation and

duration of spike growth period, the time and duration of grain

filling period along with a consideration of components of grain

yield.

When the coefficients of variability estimates (CV's) of the

16 characters measured for the cultivars are considered, the traits

with low coefficient of variability value may be more stable to a

wider range of environmental conditions. The largest CV's were

found for grain yield for all cultivars. Tiller number and whole

plant dry weight also showed high CV's, while kernel weight presented

low CV values. Harvest index and kernels per spike were intermediate

and grain weight per spike and rate of grain filling were moderately

high with regard to their respective CV' s. The time and duration of

heading, flowering, grain filling and physiological maturity, however,

were lower for the cultivars as compared with other traits in this

study. Therefore it can be interpreted from the CV values that the

traits with low value or less environmental influence could be

selected in early generations, but the traits with high value could

be more efficiently selected in the later generations. This is

assuming that there is adequate useable genetic variation associated

with these traits and stages of growth.

Simple correlation coefficients among 16 characters measured
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for the cultivars indicated that grain yield was associated with

physiological maturity date, tiller number, spike length, plant

height, whole plant dry weight, kernel weight, grain weight per

spike, kernels per spike and rate of grain filling. Grain yield

was, however, negatively associated with duration of grain filling

period, lag period, harvest index with little or no association

with actual grain filling period. Effective selection for increased

grain yield could be achieved through compromised selection between

the traits based on the path-coefficient analysis.

In summary the results of this study suggest that for develop-

ing early maturing wheat cultivars for multiple cropping sequences

while maintaining productivity, selection for earliness trait should

be started at the stem elongation stage. It was at this stage that

the greatest variability occurred for both the winter and spring

wheat cultivars when measured across planting dates. Furthermore,

the breeding materials should be planted at several times for selec-

tion of shorter life cycle genotypes adaptable to the cropping sequen-

ces. This is due to the genotype x planting date interactions.

It was also found that there were significant cultivar differen-

ces for time, duration and rate of spike and grain growth and devel-

opment, and components of yield and grain yield. However, early

maturing cultivars have earlier spike initiation, longer duration

of grain filling and lower rate of grain filling. Later maturing

cultivars had later spike initiation, shorter duration of grain
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filling and higher rate of grain filling. Breeding for shorter life

cycle cultivars with high productivity could be possible by combining

later spike initiation, shorter spike growth period and shorter grain

filling period and higher rate of grain filling. This would appear

possible by crossing between the winter and spring wheat gene pools.

When the components of grain yield and life cycle length are

considered, later spike initiation allow for the desired vegetative

growth including the development of productive tillers. Selection

for earliness associated with shorter spike and grain growth period

are desirable for shorter life cycle cultivars thus providing for

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. This trait could be selected via shorter grain filling period,

long spike and heavier grain weight per spike.

It is also suggested that the traits with low CV values both

among cultivars and individual plants for each of the cultivars

could be selected in early generations if sufficient genetic variab-

ility is available; however the traits with high value are able to

be more effectively selected in later generations due to the greater

environmental influence.

For the identification of physiological maturity, the visual

color change method for glumes and main axis is simple, rapid and

accurate when compared to the other methods, while the kernel color
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change method might be more useful in selecting within segregating

populations for earliness. Time of physiological maturity could

provide a maximum grain yield for a specific maturity range.
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SUMMARY AND CONCLUSIONS

The first objective of this study was to examine different

developmental responses in terms of stages of the life cycle,

yield components and grain yield for winter and spring wheat

cultivars when grown under the different planting dates.

A second objective was to evaluate if genetic differences exist

for time, duration and rate of grain filling from heading and

flowering to physiological maturity of winter wheat cultivars of

diverse genetic backgrounds. The final objective was to investigate

if there are associations and inter-relatiOnships of time, duration

and rate of heading, flowering, grain filling and physiological

maturity with grain yield and yield components.

The results and conclusions from this investigation are summar-

ized as follows:

1. Greatest difference in growth and development patterns of the

winter and spring wheat cultivars occurred in stem elongation,

booting, inflorescence emergence and anthesis.

2. The growth stage of stem elongation was found to exhibit larger

difference both among planting dates and cultivars.

3. Winter wheat cultivars responded more than spring wheat cultivars

to the different planting dates. Variations between cultivars

and between different planting dates were less for heading date,

and greatest for grain yield and grain weight per spike, while
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being intermediate for tillers per plant and plant height.

4. Winter wheat Cho Gwang and spring wheat Jugoku 81 were earlier

and exhibited faster growth and development, while winter

wheat Yamhill and Hyslop were later in growth and development,

but exhibited faster grain filling and higher rate of grain

filling, resulting in higher grain yields.

5. Combination of a new cultivar and optimum planting date would

result in earlier maturity and higher productivity for both

winter and spring wheat cultivars.

6. Visual spike color change method for glumes and main axis of

a spike was satisfactory in identifying physiological maturity

without destruction of the spike. The kernel color change method

was more direct and precise method. These two methods are simple

and rapid.

7. The time of physiological maturity identified by the methods

would be optimum for hand harvesting to provide maximum

grain yield, and time and space for planting sequential crops

and/or interplanting crops in multiple cropping.

8. Time of physiological maturity should be used to monitor earl-

iness.

9. A more reasonable definition for duration of grain filling period

was devised to use total duration of grain filling period from

heading to physiological maturity which is divided into such

distinct periods as lag period from heading to flowering and

actual grain filling period from flowering to physiological

maturity.
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10. Actual grain filling period varied little among the cultivars.

Larger differences were observed in the lag period. The durat-

ion of lag period contributed to the largest differences of

total grain filling period from heading to physiological

maturity.

11. Based on similar patterns of spike and kernel growth and devel-

opment, the ten cultivars can be divided into three groups.

Peking 15 and Peking 8 along with Bolal and Centurk represent

one group, Shi 4468 and Shi 3311 represent a second group with

Hyslop, Yamhill, JD/Hi/GB and Kavkaz represent the third

group.

12. In accordance with their grain growth and development patterns

and physiological maturity dates, Peking 15, Peking 8 and Shi

3311 were earliest with Yamhill, Kavkaz and JD/a//GB being the

latest. Shi 4468, Centurk and Bolal were intermediate and

Hyslop was mid-late in physiological maturity.

13. Significant differences among the cultivars were observed for

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

and physiological maturity, and for grain yield and yield

components.

14. Grain yield was positively and significantly associated with

heading, flowering and physiological maturity dates, tiller

number, spike length, plant height, whole plant dry weight,

kernel weight, grain weight per spike, kernels per spike and

rate of grain filling among the cultivars. Grain yield was
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negatively and significantly associated with duration of grain

filling period, lag period, and harvest index, but very little

association with actual grain filling period was observed.

15. The direct effects of tiller number and rate of grain filling

on grain yield were consistently positive and high. The indirect

effects of rate of grain filling on grain yield were positive

and high via time of heading, flowering and physiological

maturity, tiller number, kernels per spike, spike length, grain

weight per spike and whole plant dry weight, but negative and

high via duration of grain filling period, lag period and

harvest index.

16. Large variations in grain yield were accounted for by variations

in tiller number, whole plant dry weight and rate of grain

filling when the coefficients of determination values are considered.

17. It was concluded that rate of grain filling was more powerful

in determining grain yield than duration of grain filling period

for the cultivars examined, while within a cultivar duration

of grain filling period was more important in determining final

grain yield.
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Appendix Table 1. Pedigree, growth habit, earliness, yield potential and origin of cultivars
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.

Young Gwang : Youck Sung 3/12 SE. A soft red common winter wheat released by the Office of Rural
Development, Korea in 1959. Mid-late maturity, tall height, awned and light spikes.
Low grain yield.

Chang Gwang : Youck Sung 3/12 SE. A soft red common winter wheat released by the Office of Rural
Development, Korea in 1959. Mid-late maturity, mid-tall height, awned and mid-light
spikes. Low grain yield.

Cho Gwang : Jae Gwang/Norin 72. A soft red common winter wheat released by the Office of Rural
Development, Korea in 1976. Early maturity, semi-dwarf, awned and mid-light spikes.
Low grain yield.

Bolal : Cheyenne//Kenya/Mentana. A hard red common winter wheat released by Turkey.
Intermediate maturity, mid-tall height, awned and light spikes. Low grain yield.

Centurk : Kenya 58/2/Newthatch/3/Hope/2X Turkey/4/Cheyenne/5/Parker. A hard red common winter
wheat released by Nebraska State University. Intermediate maturity, mid-tall height,
awned, light spikes and small kernels. Low grain yield.

JD/J8//GB : Jade/Jubilee//Gabo. A soft red common facultative wheat crossed by Dr. Joseph RuPert,
Rockefeller Foundation while working in Santiago, Chile. Late maturity, mid-tall
height, awnless and heavy spikes. Low grain yield.

Kavkaz : Lutescens 314 H 147/Bezostaja 1. A low tillering, intermediate hard red common winter
wheat released by Russia in 1971. Late maturity, medium height, awnless, large and
heavy spikes and large kernels. Very high grain yield.



Appendix Table 1. Continued.

Shi 4468 : Unknown, CHN 76025. A hard red common winter wheat released by China. Mid-early
maturity, medium height, awned, mid-heavy spikes and large kernels. Low grain
yield.

Shi 3311 : Unknown, CHN 76043. A soft red common winter wheat released by China. Early
maturity, dwarf, awnless heavy spikes. Low grain yield.

Peking 8 : Pima 4/Tsao-Yang-Mai. A hard red common winter wheat released by China. Early
maturity, medium height, awned and light spikes. Low grain yield.

Peking 15 : Hong Liang No. 4-2792. A hard red common winter wheat released by China. Very
early maturity, medium height, awned, mid-light spikes and large kernels. Low
grain yield.

Jugoku 81 : Norin 56/Jugoku 55. A low tillering scft red common spring wheat released by Japan.
Extremely early maturity, dwarf, awned and light spikes. Low grain yield.

Spring Luke : PI 178383/2X Burt//CI 13438. A hard red common spring wheat released by Washington
State University. Late maturity, semi-dwarf, awned and mid-light spikes.
Intermediate grain yield.

Twin : Norin 10/Brevor//3X lemhi 53/3/Lemhi 62/4/Lemhi 53 X5/3/Lee X7//Chinese/Aeum.
A hard red common spring wheat released by USA. Mid-late maturity, mid-tall height,
awned and mid -light spikes. Intermediate grain yield.

Pitic 62 : Yaktana 54//Norin 10/Brevor 26-1C. A high-tillering hard.red common spring wheat
released by Mexico. Intermediate maturity, medium height, awned and light spikes.
Intermediate grain yield.

Lerma Rojo : Lerma 50/Yaqui 48//Mario Escobar X2/Supremo 211. A hard red common spring wheat
released by CIMMYT and INIA, Mexico. Early maturity, medium height, awned and
light spikes. Low grain yield.
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Appendix

Table 2. Meteorological data for the 1976-77 and 1979-80 crop years

for the Hyslop Farm and East Farm, Corvallis, Oregon.

Location and

Year Month Precipitation

Average
temperature, C

mm Max. Min. Mean

Hyslop Farm October 31.8 19.1 5.1 12.1

1976-77
November 36.1 13.1 3.4 8.3

December 37.3 6.4 - 0.4 3.1

January 24.4 7.1 2.3 2.4

February 75.4 12.5 1.4 7.0

March 129.3 11.4 1.4 6.4

April 25.9 17.1 3.1 10.2

May 87.1 16.5 5.3 10.9

June 28.7 23.6 8.7 16.2

July 3.1 26.0 9.5 17.8

Total 479.1

East Farm October 168.1 17.8 5.8 11.8
1979-80

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 for East Farm were obtained from the Office of Plant
Clinic, Botany and Plant Pathology Department, OSU.
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Appendix Table 3. Zadoks, Growth Code for Cereal Crops

Code

0 Germination

00 Dry seed

01 Start of imbibition

02

03 Imbibition

04

05 Recycle emerged from caryopsis

06

07 Coleoptile emerged from caryopsis

08

09 Leaf just at coleoptile tip

1 Seedling growth

10 First leaf through coleoptile

11 First leaf unfolded

12 2 leaves unfolded

13 3 leaves unfolded

14 4 leaves unfolded

15 5 leaves unfolded

16 6 leaves unfolded

17 7 leaves unfolded

18 8 leaves unfolded

19 9 or more leaves unfolded

2 Tillering

20 Main shoot only

21 Main shoot and 1 tiller

22 Main shoot and 2 tillers

23 Main shoot and 3 tillers

24 Main shoot and 4 tillers



25 Main shoot and 5 tillers

26 Main shoot and 6 tillers

27 Main shoot and 7 tillers

28 Main shoot and 8 tillers

29 Main shoot and 9 or more tillers

3 Stem elongation

30 Pseudo stem erection

31 1st node detectable

32 2nd node detectable

33 3rd node detectable

34 4th node detectable

35 5th node detectable

36 6th node detectable

37 Flag leaf just visible

38

39 Flag leaf ligule/collar just visible

4 Booting

40

41 Flag leaf sheath extending

42

43 Boots just visibly swollen

44

45 Boots swollen

46

47 Flag leaf sheath opening

48

49 First leaf sheath opening

48

49 First awns visible

5

50

51

52

53

Inflorescence emergence

First spikelet of inflorescence just visible

1/4 of inflorescence emerged
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54

55

56

57

58

59

1/2 of inflorescence emerged

3/4 of inflorescence completed

Emergence of inflorescence completed

6 Anthesis

60
Beginning of anthesis

61

62

63

64

65

66

67

68

69

Anthesis half-way

Anthesis complete

7 Milk development

70

71 Caryopsis water ripe

72

73 Early milk

74

75 Medium milk (increase in solids of liquid endosperm
notable when crushing the caryopsis
between fingers)

76

77

78

79

Late milk
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8 Dough development

80

81

82

83 Early dough

84

85 Soft dough (finger-nail impression not held)

86

87 Hard dough (finger-nail impression held, inflorescence
loosing chlorophyl)

88

89

9 Ripening

90

91 Caryopsis hard (difficult to divide by thumb-nail)

92 Caryopsis hard (can no longer be dented by thumb-nail)

93 Caryopsis loosening in daytime

94 Over-ripe, straw dead and collapsing

95 Seed dormant

96 Viable seed giving 50% germination

97 Seed not dormant

98 Secondary dormancy induced

99 Secondary dormancy lost.



Appendix
Table 4. Observed mean values of Zadoks' growth code for five winter type and five spring type

wheats when planted five times. Hyslop Farm, Corvallis, Oregon, 1976-77.

Dates Planting dates

1 II III

_V

IV v 1/VI

13

14 10 02 1/

Planting dates
1/

I II III IV v 2/VI 1
HYSLOP

23 20 13 -

311 25 23 15 09 02 N

Planting dates if

I II III IV V g/VI _4/
YOUNG-WANG
24 18 16 12 -

29 24 18 15 08 02
3/29
4/05

.1_/
YAMHILL
26 22 16

30 24 23

4/12 30 28 27 20 12 11 30 28 28 21 11 11 30 27 22 18 11 11

4/19 30 28 29 23 12 11 31 30 30 24 13 12 31 28 27 22 12 11

4/26 31 29 29 24 13 12 32 30 30 25 13 12 32 31 29 24 13 12

5/03 32 31 30 29 14 21 33 32 30 30 21 14 33 32 30 30 15 14
5/10 39 32 30 30 21 21 42 32 31 30 23 22 43 40 31 30 22 23
5/17 44 32 31 30 24 25 44 44 32 30 27 24 45 44 42 31 31 25
5/24 45 44 43 30 25 25 64 44 43 31 27 27 54 45 45 43 32 25
5/31 45 44 43 30 29 26 64 48 44 41 31 29 68 60 50 43 44 28
6/07 67 53 45 32 32 29 67 60 53 46 43 29 73 74 64 57 52 29
6/14 75 70 64 44 44 29 77 74 73 57 44 29 82 75 75 69 58 29
6/21 80 75 73 56 53 29 78 76 74 74 56 29 82 77 75 75 75 29
6/28 80 75 75 73 71 29 78 80 75 75 73 29 86 78 75 75 75 29
7/05 82 76 75 Z3 73 29 81 80 Zi Z5 Z5 29 86 Z8 76 Z5 Z5 29

CHANG GWANG CHO GWANG JUGOKU #81
3/29 26 21 17 12 - - 28 22 18 13 - - 24 22 19 13 -

4/05 30 24 19 15 08 02 29 25 22 16 09 02 31 22 21 18 08 02
4/12 30 27 22 18 12 11 32 30 24 20 12 10 32 31 30 18 12 11

4/19 31 27 26 22 12 11 33 31 29 24 12 11 33 31 31 23 12 12
4/26 31 30 29 25 13 12 33 32 30 24 13 12 52 32 31 23 13 12
5/03 32 32 30 30 15 21 49 44 32 30 14 21 60 49 44 32 15 21
5/10 44 42 32 30 22 23 62 44 43 32 21 23 65 66 54 42 22 23
5/17 45 44 32 31 24 26 64 55 46 44 32 25 69 68 66 50 31 24
5/24 56 45 45 42 25 26 64 65 61 49 43 28 72 72 66 65 45 27
5/31 67 59 54 42 44 28 75 72 66 56 47 29 77 74 72 69 61 27
6/07 73 74 66 54 48 29 85 79 75 67 64 29 83 83 77 75 66 32
6/14 78 75 75 67 61 29 85 82 80 78 71 29 87 83 79 79 68 66
6/21 83 80 76 74 71 29 85 82 83 78 76 29 87 85 84 82 78 67
6/28 86 82 80 17 74 29 86 84 84 78 78 29 88 86 84 82 78 73
7/05 86 82 80 77 75 29 89 84 84 78 78 29 89 86 84 83 79 77
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Appendix
Table 4. Continued.

Dates Planting dates
1/

I II III IV V VI

Planting dates 1/

I II III IV V VI

SPRING LUKE TWIN
3/29 4/ 27 18 16 13 - 26 23 20 12 - -

4/05 29 23 22 16 09 02 29 25 24 15 08 02
4/12 29 26 25 19 11 11 31 29 27 20 12 11

4/19 31 28 28 24 12 11 31 29 28 23 12 12
4/26 32 30 29 25 13 12 31 30 30 26 13 12
5/03 33 32 31 30 14 21 33 32 31 30 14 14
5/10 43 32 31 30 21 21 43 32 32 30 22 22
5/17 44 43 32 31 31 26 45 44 42 31 31 24
5/24 53 44 42 32 31 26 65 45 45 43 32 24
5/31 59 50 46 44 40 26 66 53 47 44 44 31
6/07 73 64 58 47 44 32 75 68 66 61 45 43
6/14 78 74 69 61 61 44 83 75 73 71 60 53
6/21 78 78 75 75 65 53 83 76 75 76 73 67
6/28 78 80 75 75 74 70 83 80 75 76 74 73
7/05 84 80 77 75 75 73 83 80 75 76 75 75

PITIC 62 LERMA ROJO
3/29 28 24 20 14 - 28 24 20 13 -

4/05 30 24 24 18 10 02 32 25 23 17 09 02
4/12 31 29 25 21 12 11 32 30 29 24 11 11

4/19 32 31 30 25 12 12 32 31 30 30 13 11

4/26 32 32 31 25 14 13 33 32 31 30 14 13
5/03 44 42 32 31 21 22 48 45 41 32 21 22
5/10 55 44 41 32 22 23 59 45 43 42 31 22
5/17 58 49 45 40 32 25 65 55 43 49 32 24
5/24 67 60 55 45 40 31 65 65 62 58 43 31

5/31 73 66 64 54 44 31 73 72 67 64 47 43
6/07 77 75 70 65 52 43 77 79 75 67 64 57
6/14 85 75 76 76 61 52 88 81 80 77 71 69
6/21 85 81 77 76 75 68 88 82 82 78 75 69
6/28 85 83 82 79 75 75 88 85 84 79 80 75
7/05 92 83 82 79 75 75 88 85 84 79 80 75

1/ Planting dates:
I :November 6, 1976
II : December 6, 1976
III : January 5, 1977
IV : February 5, 1977
V : April 1, 1977
VI : April 1, 1977

2/ Vernalized in a dark room (1-4
o
C)

from Feb. 3 to April 1, 1977.

3/ Not vernalized artificially.

4/ Measured at seven days intervals
using Zadoks' growth code.
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Appendix
Table 5. Observed mean values of heading date for five winter type and

five spring type wheats planted five times.
Hyslop Farm, Corvallis, Oregon, 197647.

Cultivars
Planting dates 1/ 2/
11/06 12/06 1/05 2/05 4/T- 4/1 Mean- CV

Yamhill

Hyslop
Young Gwang
Chang Gwang
Cho Gwang
Winter Mean
type CV

Jugoku 81

Spring Luke
Twin
Pitic 62

Lerma Rojo
Spring Mean
type CV

155 161 162 173 175

143 158 161 166 173
147 150 156 159 164
146 153 155 161 164
129 140 141 154 155
144.0 152.4 155.0 162.6 166.2

162.75 4.67

157.00 6.31

153.00 3.58
153.75 4.02
141.00 7.26
153.50 5.20

5.5_ _5.3_ 4.5_ _4.5 - _153.50_ -5.00

123 128 134 143 150 164 132.00 6.52
151 155 159 164 164 175 157.25 3.54
143 154 155 158 164 168 152.50 4.30
138 144 148 155 164 168 146.25 4.88
131 140 143 145 157 159 139.75 4.43
137.2 144.2 147.8 153.0 159.8 166.8 145.55 6.90

7.9 7.7 6.7 5.8 3.9 3.5 145.55 4.56

Appendix
Table 6. Observed mean values of grain yield for five winter type and

five spring type wheats planted five times.
Hyslop Farm, Corvallis, Oregon, 1976-77.

Cultivars
Planting dates
11/6 12/6 1/5 2/5 4/1 1/4/1 2/ Mean CV

Yamhill 160 119 81 41 15 - 100.25 50.87
Hyslop 183 198 160 82 18 - 155.75 33.12
Young Gwang 76 60 63 42 16 - 60.25 23.25
Chang Gwang 104 47 43 29 14 55.75 59.34
Cho Gwang 107 60 39 35 15 60.25 54.84
Winter Mean 126.0 96.8 77.2 45.8 15.6 86.45 49.44
1:0....-CY____ - _3A2--55.2-.53.3._45.6- Q.Z. 56.45-38.22--

Jugoku 81

Spring Luke
Twin
Pitic 62

Lerma Rojo
Spring Mean
type CV

58 47 51 20 15 10 44.00 37.80
125 110 132 79 20 33 111.50 21.10
134 139 201 98 17 21 143.00 29.90
128 129 152 65 18 24 118.50 31.52
109 100 184 48 16 20 110.25 50.82
110.8 105.0 144.0 62.0 17.2 21.6 105.45 34.90
27.9 34.2 40.7 48.1 11.2 38.3 105,45 31.94

1/: Vernalized in the dark room, 2/: Not vernalized,

and excluded in CV calculation. and excluded in CV calculation.
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Table 7. Observed mean values of tillers per plant for five winter type

and-rive spring type wheats planted five'times.
Hyslop Farm,,Corvallit,Oregon, 1976777:

Cultivars
Planting dates

11/6 12/6 1/5 2/5 4/11/...4/1 _?./ Mean CV

Yamhill 10.6 11.0 9.8 8.4 4.0 9.95 11.53
Hyslop 12.0 13.8 11.4 10.4 3.0 11.90 12.00
Young Gwang 11.8 11.2 7.0 8.2 2.0 9.55 24.27
Chang Gwang 11.8 10.0 9.0 6.6 4.2 9.35 23.19
Cho Gwang 11.0 10.0 12.0 6.0 3.2 9.75 26.97
Winter Mean 11.44 11.20 9.84 7.92 3.28 10.10 10.21
type CV 5.30 13.89 20.24 21.77 26.79 10.10 15.99

Jugoku 81 9.4 9.8 6.4 4.8 3.0 5.0 7.60 31.65
Spring Luke 11.0 11.6 11.8 8.6 3.2 4.4 10.75 13.70
Twin 11.4 13.8 13.3 12.2 5.4 5.2 12.68 8.53
Pitic 62 12.4 12.2 14.6 12.6 4.0 5.6 12.95 8.59
Lerma Rojo 11.0 11.8 14.4 7.6 4.8 3.3 11.20 25.04
Spring Mean 11.04 11.84 12.10 9.16 4.08 4.70 11.04 19.36
type CV 9.79 12.09 27.89 35.72 25.14 19.03 11.04 12.04

Appendix
Table 8. Observed mean values of grain weight per spike for five winter

type and five spring type wheats planted five times.
Hyslop Farm, Corvallis, Oregon, 1976-77.

Cultivars
Planting dates

11/6 12/6 1/5 2/5 4/11/ 4/1_?./ Mean CV

Yamhill 15.09 10.82 8.27 4.88 3.75 9.77 44.07
Hyslop 15.25 14.35 14.04 7.88 6.00 12.88 26.18
Young Gwang 6.44 5.36 9.00 5.12 8.00 6.48 27.40
Chang Gwang 8.81 4.70 4.78 4.39 3.33 5.67 37.04
Cho Gwang 9.73 6.00 3.25 5.83 4.69 6.20 40.00
Winter Mean 11.06 8.25 7.87 5.62 5.15 8.20 37.45
type CV 35.58 50.67 53.32 24.30 36.72 8.20 27.24

Jugoku 81 6.17 4.80 7.97 4.17 5.00 2.0 5.78 29.14
Spring Luke 11.36 9.48 11.19 9.17 6.25 7.5 10.31 10.95
Twin 11.75 10.07 15.11 8.03 3.15 4.04 11.24 26.65
Pitic 62 10.32 12.20 10.41 5.16 4.50 4.29 9.52 31.87
Lerma Rojo 9.91 10.93 12.78 6.32 3.30 6.06 9.99 27.21
Spring 9.90 9.50 11.49 6.57 4.45 4.78 9.37 22.44
type CV 22.38 29.67 23.19 31.18 28.65 43.84 9.37 21.90

1/: Vernalized in the dark room, 2/: Not vernalized artificially.
and excluded in CV calculation. and excluded in CV calcualtion.
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Appendix
Table 9. Observed mean values of plant height for five winter type and

five spring type wheats planted five times.
Hyslop Earth, Corvalli§, Oregon, T97677..'

Cultivars
qnti2/ate.

6 /5 2/5 4/1 3-4/1V Mean CV

Yamhill 116 104 91 83 50 29 98.5 14.75

Hyslop 101 87 86 86 59 22 90.0 8.16
Young Gwang 135 122 107 98 65 34 115.5 14.15

Chang Gwang 129 106 106 92 66 28 108.25 14.16
Cho Gwang 104 94 95 79 65 29 93.00 11.14
Winter Mean 117.0 102.6 97.0 87.6 61.0 28.4 101.05 10.54
type CV 12.8 13.0 9.5 8.6 11.1 15.1 101.05 12.18

Jugoku 81 70 69 75 65 54 58 69.75 5.90
Spring Luke 98 95 93 86 54 57 93.00 5.48
Twin 122 100 98 85 72 72 101.25 15.16
Pitic 62 114 121 105 96 72 78 109.00 9.97
Lerma Rojo 117 98 101 95 56 79 102.75 9.55
Spring Mean 104.2 96.6 94.4 85.4 61.6 68.8 95.15 16.08
type CV 20.3 19.2 12.4 14.6 15.5 15.5 95.15 8.13

: Vernalized in the dark room (1-4°C) and excluded in calculating
CV values

2/ : Not vernalized artificially and excluded in calculating CV values.
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Table 10. 3bserved mean values of grain growth and development traits during the grain filling period

for identification of physiological maturity of ten winter wheat cultivars.
East Farm, Corvallis, Oregon, 1980.

Sampling
dates

Hyslop
Fresh
spike
weight

Dried
spike
weight

Grain
weight/
spike

0/F1/ 100
kernels
weight

Yamhill

Fresh
spike
weight

Dried
spike
weight

6/12 3.089 1.08
9

.16
9

.35 .47g 2.63
9

.80
9

6/17 3.30 1.24 .37 .38 .89 3.05 1.00
6/22 4.65 1.74 .81 .37 1.39 4.73 1.58
6/27 5.08 2.30 1.27 .45 1.77 5.86 2.20
7/2 6.29 3.00 1.81 .48 3.11 6.48 2.80
7/07 6.29 3.33 2.26 .53 3.85 6.24 3.17
7/12 8.22 4.83 3.54 .59 4.88 8.39 4.78
7/17 6.22 4.36 2.75 .70 4.72 7.97 5.00
7/22 5.76 4.90 3.41 .85 5.04 5.15 4.25
7/27 4.64 4.67 3.52 1.00 5.41 4.93 4.96
8/01 4.19 4.25 2.64 1.00 4.81 3.98 4.07

Bola] Centurk

6/12 2.88 1.14 .39 .40 1.34 2.10 .90
6/17 3.34 1.41 .69 .42 1.82 2.63 1.00
6/22 4.48 2.12 1.33 .47 2.86 3.26 1.52
6/27 4.03 2.04 1.35 .51 4.33 4.40 2.19
7/02 5.36 2.89 2.04 .54 4.04 4.11 2.31
7/07 5.34 3.32 2.37 .62 4.97 4.03 2.53
7/12 5.41 3.76 2.86 .70 5.50 4.23 2.83
7/17 3.89 3.39 2.50 .87 5.16 3.32 2.82
7/22 3.62 3.71 2.77 1.00 5.45 3.24 3.18
7/27 3.19 3.23 2.23 1.00 5.42 2.47 2.52
8/01 2.91 3.00 2.24 1.00 5.46 2.64 2.72

Grain D/F 1/ 100
weight/ kernels
spike weight

.139 .34 .23
g

.30 .33 .61

.79 .33 1.31
1.25 .38 1.67
1.90 .43 2.80
2.17 .51 3.63
3.65 .57 4.63
3.62 .63 4.73
3.17 .83 4.75
3.76 1.00 5.34
3.00 1.00 5.17

.35 .43 .87

.46 .38 1.25

.91 .47 1.88
1.44 .50 3.80
1.54 .56 3.36
1.81 .63 3.77
2.14 .67 4.12
2.13 .85 4.21
2.37 .98 4.54
1.84 1.00 4.46
2.00 1.00 4.13

Note : Two plants were randomly sampled and measured at five days intervals from June 12th to
August 1st for each of ten cultivars.

: Ratio of dried spike weight to fresh spike weight, while fresh spikes were dried by sun.
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Table 10. Continued.

Sampling
dates

JD /J8 /G8

Fresh
spike

weight

Dried
spike
weight

Grain
weight/

spike

D/F 1/ 100 t'll-vetr

kernels spike

weight weight

Dried
spike

weight

Grain
weight/
spike

D/Fli 100
kernels

weight

6/12 3.63
9

1.139 .19 g .31 .439 1.929 .679 .089 .35 .23g

6/17 4.74 1.43 .48 .30 .74 3.00 1.12 .32 .37 .71

6/22 5.88 2.05 1.14 .35 1.64 4.15 1.50 ,65 .36 1.04

6/27 6.59 2.42 1.46 .37 2.00 4.60 1.82 1.09 .40 2.40

7/02 8.52 3.64 2.50 .43 2.97 6.86 2.91 1.91 .42 2.53

7/07 9.18 4.40 32 8 .48 3.84 9.24 4.59 3.35 .50 4.27

7/12 7.78 4.28 3.03 .55 4.44 8.72 4.96 3.65 .57 4.90

7/17 7.36 5.00 3.77 .68 5.13 9.81 6.03 4.80 .62 5.50

7/22 6.54 5.70 4.32 .87 5.17 6.25 5.02 3.88 .80 5.53

7/27 4.89 5.00 3.80 1.00 5.28 4.64 4.60 3.70 .99 5.90

8/01 3.76 3.85 2.62 1.00 6.32 4.89 4.95 3.85 1.00 5.70

Shi 4468 Shi 3311

6/12 3.93 1.53 .67 .39 1.62 6.71 2.64 1.50 .39 2.02

6/17 5.17 2.21 1.38 .43 2.69 7.19 3.56 2.50 .50 3.27

6/22 6.63 3.23 2,35 .49 4.02 7.50 4.08 2.92 .54 3.86

6/27 5.29 2.67 1.86 .51 4.60 9.98 5.77 4.54 .58 4.96

7/02 5.58 3.40 2.55 .61 5.17 8.62 5.62 4.46 .65 4.92

7/07 5.35 3.73 2.88 .70 5.58 7.61 6.18 4.88 .81 4.76

7/12 4.81 3.63 2.81 .76 5.93 6.08 5.45 4.55 .90 4.91

7/17 4.27 3.97 3.13 .93 5.44 5.15 5.20 3.85 1.00 4.92

7/22 4.07 4.13 3.20 1.00 5.48 6.02 6.17 5.00 1.00 4.96

7/27 4.09 4.24 3.29 1.00 5.68 4.58 4.77 3.92 1.00 4.65

8/01 3.98 4.04 3.00 1.00 5.72 5.73 5.92 4.83 1.00 4.67

Hate : Two plants were randomly sampled and measured at five days intervals from June 12 to August 1
for ten cultivars.

1/ : D/F means ratio of dried spike weight to fresh spike weight, while fresh spikes were dried by
sun.
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Table 10. Continued.

Pekingeking 8

Fresh Dried Grain D/Fli 100
dates

spike spike weight/ kernels

weight weight spike weight

g g g g
1.94
2.35
3.27
4.18
4.47
4.71

4.98
4.64
4.98
5.46
4.85

6/12 4.38 1.69 .77 .39

6/17 4.63 2.04 1.15 .44

6/22 4.77 2.42 1.71 .51

6/27 5.30 2.92 2.12 .55

7/02 4.13 2.60 2.00 .63

7/07 3.71 2.41 1.81 .65

7/12 3.50 3.12 2.35 .89

7/17 2.84 2.78 2.04 .98

7/22 2.94 2.97 2.35 1.00

7/27 4.01 4.09 3.09 1.00
8/01 2.97 3.00 2.37 1.00

Peking 15

6/12 3.34 1.38 .71 .41

6/17 4.66 2.14 1.34 .46

6/22 4.31 2.30 1.63 .53
6/27 3.93 2.27 1.65 .58

7/02 4.00 2.61 1.94 .65

7/07 3.04 2.32 1.68 .76

7/12 2.98 2.52 1.71 .85

7/17 2.78 2.80 2.04 1.00
7/22 4.26 4.27 3.09 1.00
7/27 3.06 3.09 2.22 1.00

8/01 3.37 3.41 2.56 1.00

2.07
2.77
3.66
4.27
4.52
4.11

3.88
4.90
5.46
4.58
5.18

1/ : D/F means ratio of dried spike weight to fresh spike weight,
while fresh spikes were dried by sun.
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Table 11. Observed mean values of five traits just after loss of green

color of the end part of peduncle(spike neck) for identifi-
cation of physiological maturity of ten winter wheat cultivars.
East Farm Corvallis Ore on 1980

Cultivars Sampling
Moisture 100

dates
content kernels

of weight
kernels

Percentage Moisture content
kernels

lost
color

pi e Whole
except spike
kernels

Peking 15

Peking 8

Shi 3311

Shi 4468

Centurk

Bolal

Hyslop

6/26
6/30
7/04
7/08

27.4
24.4

12.6
12.6

47.1

40.3
15.4
15.4

6/26 47.9 3.49 .0 27.2 48.8

6/30 42.8 3.99 28.1 19.3 42.0

7/04 37.4 3.59 64.5 18.1 36.5

7/08 19.7 4.23 100.0 11.6 19.1

6/30 37.3 3.89 30.1 27.3 38.7

7/04 32.2 3.85 82.2 23.4 33.4

7/08 18.6 4.10 92.5 14.8 18.4

7/12 10.2 3.79 100.0 9.4 10.4

6/30 45.9 5.09 4.6 31.2 47.0

7/04 41.4 5.27 42.7 24.2 41.6

7/08 34.8 5.28 100.0 12.6 24.5

7/12 13.5 5.01 100.0 11.1 12.3

7/04 49.5 3.38 .0 30.4 49.4

7/08 42.8 3.78 46.3 24.5 41.4

7/12 39.1 3.81 67.4 19.7 37.8

7/16 21.5 3.82 100.0 17.1 20.2

7/04 47.9 4.39 .0 47.5

7/08 42.8 4.98 28.2 25.9 41.6

7/12 39.2 4.90 80.9 20.3 37.5

7/16 20.4 4.85 100.0 7.8 20.0

7/16 43.3 4.83 28.8 27.9 43.1

7/20 33.2 4.29 93.3 19.8 31.2

7/24 15.9 5.04 100.0 8.0 15.2

7/28 9.3 5.05 100.0 8.7 9.2

Note : Twenty spikes were randomly sampled at one time when the end

part of peduncle (spike neck) lost green color, and measured

at four days intervals, while he five spikes were harvested

and dried in the oven(95u - 98 C) for 24 hours.
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Table 11. Continued.

Cultivars Sampling
dates

Moisture 100
content kernels
of weight
kernels

Percentage Moisture content

Kernels Spike Whole spike
lost except kernels
color

JD /JB /GB 7/16
7/20
7/24
7/28

43.6 4.69 34.2

30.0 4.52 98.2

13.4 4.84 100.0

8.9 4.94 100.0

Kavkaz 7/16 47.4 4.45 .0

7/20 37.2 5.27 87.4

7/24 28.1 4.91 100.0

7/28 10.4 4.96 100.0

Yamhill 7/20 34.2 4.76 87.2

7/24 15.1 4.32 100.0

7/28 8.8 4.55 100.0

34.4
21.4
10.6
5.1

28.6
22.6
17.8
5.4

25.2
10.0
9.6

44.9
29.4
13.1

9.3

47.5
36.4
26.6
11.2

33.7

15.0
8.6
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Table 12. Observed mean values of 16 agronomic characters for ten winter wheat cultivars planted

on November 1st, 1979. East Farm, Corvallis, Oregon, 1979-80.

Cultivars
Heading
date

Flowering
date

Tillers
per
plant

Spike
length
cm

Plant
height
cm

WPDW 1/

g

Grain
yield
9 /plant

PMD 1

Hyslop 149b". 152b 13abc 10.5b 94d 106a 48a 198c

Yamhill 154a 155a llbc 8.2d 104b 90ab 39bc 202a

Bolal 136d 140d 15a 10.2b 128a 37b 38bcd 192d

Centurk 137d 142c 15a 9.3c 125a 69c 30d 189e

.10/JB/G8 151b 153b 10cd 12.0a 109b 91ab 38bcd 201ab

Kavkaz 15Ib 155a 12abc 11.9a 126a 110a 44ab 200b

Shi 4468 126e 137e, lOcd 9.0c 104h 68c 30d 183f

Shi 3311 127e 135f 7d 8.0d 82e 56c 31c 184f

Peking 8 124f 134f 13abc 9.6c 108bc 62c 29d 1809

Peking 15 122f 134f 14ab 9.4c 103c 65c 30d 180g

Mean 138 144 12 9.8 108 80 36 191

Cultivars
Kernel DGFP 2/
weight, g

Lag
period

AGFP 4/ Harvest
index, %

GWS /
g

Kernels/
spike

RGF 6/
mg/day/plant

Hyslop 4.88cd 50bc 3c 47bc 45.6bc 3.73b 76.4b 966a

Yamhill 5.02bc 49c lc 48bc 44.5bc 3.78b 75.5b 813b

Bola) 5.25ab 57a 4bc 53a 44.4bc 2.49d 47.3c 675cd

Centurk 4.13e 52b 5bc 47bc 43.8c 2.04d 49.4c 576d

JD/J14/G8 4.98bcd 50bc lc 49b 42.3cd 3.74b 75.1b 763bc

Kavkaz 5.21b 50bc 4b 46c 40.1d 3.74b 71.5b 889ab

Shi 4468 5.53a 57a lla 46c 44.7bc 3.01c 54.4c 530d

Shi 3311 4.75cd 58a Bab 50b 55.0a 4.31a 93.7a 528d

Peking 8 4.79cd 57a 10a 47b 47.7b 2.31d 48.2c 524d

Peking 15 4.70d 57a lla 46c 45.8bc 2.15d 45.5c 530d

Mean 4.91 54 6 48 45.4 3.13 63.7 679

++ :
Letters denote Duncan's NMR test rankings at the .05 level among ten cultivars.

1/ WPDW = Whole plant dry weight, 4/ AGFP = Actual grain filling period,

2/ PMD = Physiological maturity date, GWS = Grain weight per spike,

3/ DGFP = Duration of grain filling period, 6/ RGF = Rate of grain filling.
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Table 13. Associations of 16 agronomic characters within each of ten cultivars planted on

November 1st, 1979. East Farm, Corvallis, Oregon, 1979-80.

Characters HYS YAM BOL CEN JDB KAV SH4 SH3 PK8 P15 Total

Heading date vs

Flowering date .453* .389* .666** .727** .571** .946** .454* .577** .868** .607** .980**

Tillers/plant -.121 -.447** .119 -.007 .025 .339 -.152 -.220 -.417* -.242 -.026

Spike length .238 -.114 -.074 -.201 -.122 .418* -.119 -.423* .224 -.100 .435**

Plant height -.091 -.645**,325 -.036 -.339 .439* -.239 .096 -.038 -.364* .209**

WW1/ -.191 -.524** .128 -.151 .057 .302 -.112 -.220 -.445* .006 .470**

Grain yield -.238 -.478** .134 -.225 -.037 .111 -.158 -.220 -.479** .015 .373**

PMD 2/ .237 .090 .351 .421* .337 .730** .209 .533** .264 .431* .959**

Kernel weight -.199 -.240 .079 -.329 -.445* -.221 -.074 -.467**-.291 .111 .093

DGFPJJ -.689**,708**,283 -.076 -.463**,883**,389* -.203 -.489**,424* -.828**

Lag period -.816**,639**,894**,156 -.167 -.722**,662**,239 -.146 -.726**,890**

AGFPAL -.073 -.277 .152 -.008 -.252 -.761**-.018 .007 -.436* .078 -.074

Harvest index .021 .332 -.043 -.134 -.291 -.405* .122 .151 -.255 .066 -.386**

GWS 5J -.218 .146 .056 -.339 -.098 -.374* .108 .016 -.199 .310 .412**

Kernels/spike -.129 .288 .010 -.165 .066 -.357 .140 .019 -.009 .332 .389**

RGF J -.172 -.387* .162 -.202 .035 .265 -.111 -.212 -.421* .075 .516**

1/ WPDW = Whole plant dry weight, 4/ AGFP = Actual grain filling period,

2/ PHO = Physiological maturity date, 5/ GWS = Grain weight per spike,

1/ DGFP = Duration of grain filling period, 6/ RGF = Rate of grain filling.

* : Significant at the 0.05 probability level, ** : Significant at the 0.01 probability level.
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Table 13. Continued.

Characters HYS YAM 801 CEN JOB KAV SH4 SH3 PK8 P15 Total

Flowering date vs

Tillers/plant -.386* -.059 -.147 -.262 -.482** .220 -.487** .098 -.381* -.539**-.063

Spike length -.111 .136 -.012 -.115 -.195 .286 -.114 -.079 .410* -.207 .461**

Plant height -.067 .105 -.381* -.136 -.415* .478** -.323 .472** -.188 -.126 .205**

WPDW 1/ -.458* -.071 -.201 -.369* -.450* .195 -.269 .139 -.411* -.307 .463**

Grain yield -.492** -.060 -.207 -.443* -.447* .051 -.219 .154 -.449* -.309 .359**

PMD .404* .487** .021 .316 .280 .790** .182 .429* .314 .379* .940**

Kernel weight -.046 .018 -.070 -.073 -.226 -.106 .367* .054 -.336 .108 .141*

DGFP j -.090 .046 -.406* -.044 -.182 -.767** -.095 .023 -.347 -.140 -.812**

Lag period .146 .460* -.261 .565** .714**-.458* .367* .655** .360 .105 -.781**

AGFP A/ -.286 -.451* -.260 -.278 -.679**-.786** -.309 -.471** -.494** -.220 -.188**

Harvest index .346 .087 -.087 .016 .033 -.340 .214 .119 -.304 -.084 -.408**

GWS 5/ -.090 -.051 -.173 -.232 .075 -.286 .462* .130 -.263 .127 .427**

Kernels/spike -.076 -.045 -.215 -.201 .169 -.311 .361* .119 -.061 .105 .386**

RGF 6/ -.481** -.071 -.169 -.416* -.415* .184 -.215 .154 -.418* -.267 .501**

1/ WPDW = Whole plant dry weight,
2/ PMD = Physiological maturity date,
3/ OUP = Duration of grain filling period,

A/ AGFP = Actual grain filling period,
5/ GWS = Grain weight per spike.
6/ RGF = Rate of grain filling.

* : Significant at the 0.05 probability level, **: Significant at the 0.01 probability level.
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Table 13. Continued.

Characters HYS YAM BOL CEN JOB KAV SH4 SH3 PK8 P15 Total

Tillers/plant vs

Spike length .127 .225 .316 .087 .155 .612** .045 .244 .039 .461* .215**

Plant height .543** .207 .117 .112 .455* -.073 .231 -.027 .175 .510** .397**

WPDW 1/ .974** .948** .926** .911** .863** .831** .908** .864** .958** .828** .683**

Grain yield .942** .875** .858** .813** .731** .802** .835** .784** .934** .808** .652**

PMD 2/ -.128 -.278 -.122 -.304 -.230 .164 -.075 -.035 -.289 -.282 -.066

Kernel weight -.520**-.257 -.240 -.779**-.387* -.370* -.426* -.322 -.102 .536**-.218**

DGFP .009 .148 -.201 -.330 -.236 -.357 .018 .140 .042 -.075 -.061

Lag period -.116 .374* -.243 -.368* -.600**-.460* -.251 .320 .015 -.165 -.065

AGFP 4/ .140 -.228 -.076 -.153 .254 -.183 .163 -.122 .033 .037 -.008

Harvest index -.604**-.710**-.369* -.644**-.441* -.024 -.578**-.591**-.119 :246 -.366**

GWS -.304 -.611** .037 -.489**-.415* -.327 -.426* -.437* -.139 .086 -.470**

Kernels/spike -.021 -.532** .175 -.051 -.292 -.210 -.283 -.378* -.089 -.198 -.426**

RGF 6/ .955** .877** .885** .850** .751** .846** .856** .782** .949** .788** .609**

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

* : Significant at the 0.05 probability level, **: Significant at the 0.01 probability level.
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Table 13. Continued.

Characters HYS YAM BOL CEN JDB KAV SH4 SH3 PK8 P15 Total

Spike length vs

Plant height -.064. .092 .285 .190 -.171 .107 .298 -.075 .057 .559** .416**

WPDW 1/ .237 .198 .308 .132 .389* .427* -.030 .250 .090 .696** .443*

Grain yield .247 .178 .262 .117 .332 .240 -.104 .242 .490** .671** .335**

PMD -.119 .175 -.311 -.175 .282 -.009 -.386* .124 -.548**-.204 .419**

Kernel weight -.140 .023 -.294 -.176 -.306 -.427* -.208 -.087 -.771** .556** .126*

DGFP -.294 .212 -.271 -.085 .361 -.585**-.294 .491** -.213 -.119 -.358**

Lag period -.336 .217 .088 .076 -.130 -.536** .028 .298 .379* -.053 -.308**

AGFP Al -.045 .049 -.297 -.119 .390* -.462* -.318 .191 - .371* -.087 -.128*

Harvest index -.127 -.201 -.329 -.042 -.283 -.345 -.246 -.130 -.317 .222 -.458**

GWS .363* -.200 -.070 .052 .299 -.514**-.239 -.031 -.007 .466** .042

Kernels/spike .521**-.282 .067 .157 .40T* -.417* -.185 .017 .035 .235 -.014

RGF .270 .159 .280 .118 .284 .334 -.061 .200 .073 .683** .382**

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 0.05 probability level, ** : Significant at the 0.01 probability level.



Table 13 . Continued.

Characters HYS YAM BOL CEN JDB KAV SH4 SH3 PK8 P15 Total

Plant height vs

WPDW 11 .598** .237 .237 .309 .215 -.443* .126 .108 .245 .525** .247**

Grain yield .620** .198 .259 .254 .113 -.165 .041 .125 .214 .503** .121*

PMD .396* .320 -.171 -.240 -.579** .412* -.123 -.192 -.172 -.315 .207**

Kernel weight -.092 .524** .098 -.067 -.072 .220 -.004 .329 .147 .593** .132*

DGFP .374* .725** .034 -.245 -.280 -.324 .024 -.300 -.128 -.004 -.160**

Lag period .057 .716** .192 -.153 -.209 -.181 -.022 .472** -.316 . 348 .186**

AGFP .463** .228 -.058 -.167 -.072 -.342 .038 -.607** -.011 -.254 .002

Harvest index -.103 -.120 .582** -.353 -.266 -.256 -.473** .119 -.196 .149 -.490**

GWS .157 -.152 .312 .180 -.290 -.172 -.411* .212 .121 .158 -.389**

Kernels/spike .242. -.412* .378* .241 -.480** -.308 -.487** .070 .012 -.168 -.486**

RGF .594** .106 .263 .272 .140 -.098 .041 .167 .242 .498** .131*

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

* : Significant at the 0.05 probability level,**: Significant at the 0.01 probability level.
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Table 13. Continued.

Characters HYS YAM BOL CEN JDB KAV SH4 SH3 PK8 P15 Total

1/
WPDW--vs

Grain yield .987** .959** .963** .941** .932** .854** .971***.967** .984** .977** .946**

PMD 21 -.092 -.230 .037 -.351 -.087 .163 .034 .059 -.188 -.167 .455**

Kernel weight -.472**-.157 -.021 -.696**-.421* -.185 -.211 -.033 .067 .733** .081

DGFPY .097 .241 -.044 -.305 -.126 -.306 .133 .248 .154 -.172 -.383**

Lag period -.085 .438* -.286 -.350 -.589**-.411* -.047 .369* .001 -.274 -.415**

AGFP .229 -.168 .093 -.136 .335 -.145 .163 -.066 .150 .014 -.030

Harvest index -.582**-.650**-.229 -.592**-.352 -.194 -.458* 7.488**-.074 .318 -.432**

GWS 5/ -.121 -.376* .362* -.154 .064 -.003 -.055 .007 .087 .546** .185**

Kernels/spike .165 -.321 .487** .272 .201 .089 .056 .043 .051 .248 .170**

RGF 61 .989** .946** .976** .958** .935** .898** .974** .960** .982** .980** .958**

1/ WPDW = Whole plant dry weight, 4/ AGFP = Actual grain filling period,
2/ PMD = Physiological maturity date, 5/ GWS = Grain weight per spike,

3/ DGFP = Duration of grain filling period, 6/ RGF = Rate of arain filling,

: Significant at the 0.05 probability level ** : Significant at the 0.01 probability level.
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Table 13. Continued.

Characters HYS YAM BOL CFI) JOB KAV SH4 SH3 PK8 P15 Total

Grain yield vs

PMD J -.055 -.202 .220 -.205 -.103 .218 .133 .072 -.125 -.100 .389**

Kernel weight -.386* -.042 .158 -.605** -.210 -.341 -.129 .121 .107 .789** .128*

DGFP J .165 .226 .140 -.104 -.069 -.326 .218 .263 .236 -.113 -.249**

Lag period -.054 .403* -.298 -.367* -.506**,195 -.018 .386* -.013 -.287 -.349**

AGFO/ .291 -.149 .271 .056 .320 .140 .235 -.067 .237 .086 .081

Harvest index -.465** -.428* .023 -.294 .004 .328 -.243 -.257 .090 .507**,150**

GWS A/ .008 -.187 .535** .093 .305 .263 .099 .168 .196 .638** .299**

Kernels/spike .264 -.170 .624** .484** .372* .341 .203 .167 .149 .341 .279**

RGF .995** .990** .994** .978** .990** .982** .989** .994** .990** .991** .977**

PMD Res

Kernel weight .151 .433* .627** .086 -.185 .095 .427* .016 .203 -.036 .186**

DGFP L/ .541** .640** .799** .873** .678**,324 .820** .720** .712** .634**,637**

Lag period -.001 .326 -.441* -.051 .049 -.315 -.065 .017 .111 -.210 -.854**

AGFP -4/ .761** .559** .960** .822** .515**-.242 .879** .595** .670** .819** .158**

Harvest index .355 .208 .702** .478** -.101 .037 .331 .085 .436* .207 -.292**

GWS Al .196 .186 .639** .162 .247 .023 .276 .254 .486** .239 .480**

Kernels/spike .142 -.016 .509** .123 .319 -.025 .119 .317 .400* .343 .435**

RGF -.109 -.299 .138 -.377* -.192 .266 .01) -.012 -.220 -.167 .490**

PMO = 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 0.05 probability level, ** : Significant at the 0.01 probability level.
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Table 13. Continued.

Characters HYS YAM 801 CEN JOB KAV SH4 SH3 PK8 P15 Total

Kernel weight vs

DGFP J .285 .493** .591** .272 .173 .371* .445* .057 .395* -.132 .115*

Lag period .191 .254 -.145 .290 .108 .379* .385* .108 .125 -.047 .030

AGFP 2/ .191 .426* .625** .139 .060 .264 .235 -.033 .449* -.105 .130*

Harvest index .698** .445* .725** .489** .644** .315 .359 .494** .264 .593** .100

GWS .551** .417* .731** .440* .183 .569** .564** .735** .507** .637** .367**

Kernels/spike -.030 -.066 .448* -.151 -.158 .207 .177 .360 -.145 .236 .033

RGF Ai -.414* -.111 .109 -.643**-.235 -.095 -.207 .134 .044 .792** .089

DGFP11 vs

Lag period .706** .725** .122 .028 .177 .783** .326 .216 .207 .411* .736**

AGFP17 .631** .610** .886** .908** .681** .887** .839** ,683 ** .924** .755** .517**

Harvest index .247 -.108 .746** .598** .131 .586** .240 -.025 .581** .152 .477**

GWS Jj .335 .019 .619** .361* .309 .534** .197 .281 .584** -.025 -.173**

Kernels/spike .217 -.233 .516** .224 .248 .478** .030 .351 .369* .060 -.201**

RGF lj .068 .087 .038 -.305 -.208 -.185 .076 .160 .108 -.231 -.437**

1/ OGFP = Duration of grain filling period, 3/ GWS = Grain weight per spike,

AGFP . Actual grain filling period, 4/ RGF = Rate of grain filling.

* Significant at the 0.05 probability level, **: Significant at the 0.01 probability level.



Appendix
Table 13. Continued.

Characters HYS YAM 801 CEN +MB KAU SH4 S83 PK8 P15 Total

Lag period vs

AGFP J -.104 -.103 -.353 -.390* -.601** .408* -.241 -.567** -.179 -.287 -.199**

Harvest index .201 -.244 .003 .185 .288 .385* .052 .002 -.145 -.153 .276**

GWS ?.1 .184 -.180 -.176 .074 .175 .416* .275 .140 -.179 -.276 -.313**

Kernels/spike .093 -.315 -.142 -.092 .146 .315 .157 .123 -.137 -.322 -.337**

RGF 1/ -.120 .305 -.311 -.356 -.527**,334 -.065 .379* -.060 -.326 -.471**

AGFP-14s

Harvest index .127 .131 .702** .048 -.107 .575** .216 -.023 .637** .271 .342**

GWS 2/ .269 .238 .666** .304 .122 .475** .044 .133 .650** .173 .147*

Kernels/spike .203 .026 .553** .242 .093 .468** -.060 .204 .414* .297 .135*

RGF -Y .227 -.237 .181 -.134 .223 -.023 .115 -.149 .126 -.102 -.037

Harvest index vs

GWS .566** .751** .638** .657** .525** .583** .623** .527** .675** .651** .369**

Kernels/spike .224 .595** .482** .408* .312 .556** .573** .404* .583** .528** .377**

RGF 2/ -.489** -.422* -.045 -.391* -.025 .214 -.288 -.255 .040 .466** -.235**

GWS'vs

Kernels/spike .815** .873** .935** .819** .941** .920** .911** .895** .774** .894** .937**

RGFY -.031 -.200 .481** .008 .255 .172 .056 .157 .137 .634** .316**

Kernels/spike vs

RGFY .236 -.148 .579** .414* .331 .258 .190 .143 .127 .331 .307**

AGFP = Actual grain filling period, 3/ RGF = Rate of grain filling.
2/ GWS = Grain weight per spike,

* : Significant at the 0.05 probability level, **: Significant at the 0.01 probability level.


