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SEED DORMANCY, GERMINATION AND SEEDLING VIGOR OF SOME KENTUCKY
BLUEGRASS (POA PRATENSIS L.) VARIETIES AS AFFECTED

BY ENVIRONMENTAL AND ENDOGENOUS FACTORS

INTRODUCTION

Orderly marketing of agricultural seeds throughout the United

States depends upon some measurement of seed quality factors, including

viability. The measurements must be reproducible among seed producers,

shippers and buyers in order to facilitate the marketing of their

products. Many grass species are characteristically variable in their

dormancy and germination expression and therefore, special testing pro-

cedures are often necessary in order to determine the true seed via-

bility. Post - harvest dormancy is often a particular problem in ascer-

taining seed viability in grasses. The relative performance of grasses

in the seedling stage, commonly designated as seedling vigor, may also

be considered an important seed quality factor, one very significant in

terms of field performance.

Differences in seed dormancy, viability and seedling vigor have

been noted among grass varieties as well as among species. Research

on seed attributes of Kentucky bluegrass types by Maguire and Patterson

(1961) showed differences in post-harvest dormancy and seedling vigor

among several Kentucky bluegrass varieties including Merion, Park,

Delta, Newport and Cougar. There are indications that environmental

effects on seed during its maturation on the mother plant are

expressed in subsequent generations.

This study was initiated to further clarify these varietal dif-

ferences in the case of Cougar and Newport bluegrass and to determine
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the environmental and endogenous factors that may be responsible for

the variations in seed dormancy, viability and vigor.
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LITERATURE REVIEW

Several rather extensive reviews of seed dormancy and germination,

and the various factors that influence these attributes may be found

in the literature (Crocker and Barton, 1957; Mayer and Poljakoff-

Mayber, 1963; Amen, 1963; Vegis, 1964; Lang, 1965; and Koller, 1955).

The physiology of seed dormancy and germination has been reviewed by

Toole et al. (1956, 1957), Koller et al. (1963) and Brown (1965), show-

ing the course of germination and the physiological events that initiate

these responses. The state of knowledge pertaining to grass seed dor-

mancy and germination has been reviewed by Barnard (1963) and more

recently by Fendall and Law (1967). Seed of grasses may exhibit various

kinds of dormancy and these conditions hamper the evaluation of seed

viability and their agricultural use. The main causes of dormancy in

grass seed include physiological immature embryos, impermeable seed

coats and the presence of germination inhibitors.

In other reviews the relationship of various environmental con-

ditions and seed characteristics have also been given attention. These

include temperature influences (Stokes, 1965; and Vegis, 1956) and

light effects (Evenari, 1965a) on dormancy and germination. Informa-

tion regarding endogenous inhibitor reactions (Audus, 1963 and Wareing,

1965) and the influence of the seed coat (Barton, 1965a) upon seed

viability is also available.

The external influences on seed dormancy are often mediated by

time - the after-ripened state of the embryo affects the relative ger-

mination response to environmental conditions. Grass seed are parti-
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cularly responsive to light and differential temperatures but the bio-

logical mechanisms of such reactions are not well understood. Toole

et al. (1955) showed the interaction of temperature and light on seed

germination.

The precise roles of inhibitors are not known either, although

such substances do occur in many seed species and these inhibitors

seem to affect the metabolic pathways. Studies of this nature pertain-

ing to grass seed are few and little knowledge exists regarding their

physiological and biochemical reactions and mechanisms in relation to

seed viability.

Seedling vigor (ability to emerge) is a major factor in successful

establishment of grasses in field plantings. Most vigor tests simulate

unfavorable field conditions. There is need for an indirect measure-

ment of genetic and nongenetic components that constitute seedling

vigor. The aspect of seedling vigor is important in evaluating seed

quality.

I. Environmental Influences on Seed Attributes

The effects of climate on plant growth and development are

mediated through numerous morphological, physiological and biochemical

components. A symposium edited by Evans (1963) discussed environmental

control of plant growth including seed dormancy and germination. Media-

tion through endogenous regulating substances, translocation and dis-

tribution of assimilates, reproductive and morphological responses were

cited as expressions of climatic influences. Temperature and photo-

period were shown to exert strong effects on seed dormancy and

germination.
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Temperature effects upon seed, particularly during their matura-

tion have been studied extensively and have been shown to alter dor-

mancy and germination response. Vegis (1956, 1963) reviewed studies

concerning the environmental factors that induce the resting conditions

in plants and he concluded that environmental temperatures affected

oxygen diffusion in young plant cells, thereby limiting aerobic respi-

ration. He also described the varying range of plant response over

time to temperature. These changing plant responses are believed to

be brought about by the varying activities within the plant itself.

The control of germination by environmental factors under natural

conditions was cited by Lang (1965) as being influenced by several

conditions. Often germination is regulated not only by diurnal tempera-

ture fluctuations but also by seasonal rainfall periods.

Dotzenko et al. (1967) studied temperature stress effects on growth

and seed characteristics of several grasses and legumes grown throughout

the western United States. They concluded that physiological precondi-

tioning by temperature at a critical period of development could induce

metabolic conditions that carry over and influence subsequent reactions

in seeds and plants. Reduction in seedling vigor of orchardgrass and

bromegrass was noted. Maun (1968) showed the influence of high tempera-

ture on delay of floral induction, reduction of pollen viability and

decreased seed set of PNW 602, Merion and Newport Kentucky bluegrasses.

Seed germination was not affected by temperatures of 21-43°C at

anthesis but seed weight was reduced by 38-43°C exposure.

Evenari (1965a) reviewed various influences of light on seed dor-

mancy and germination, a factor that affects other plant processes too.
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Seed respond to light through mediation of the phytochrome system.

Plant species differ in their response to light and within species the

response is associated with physiological age. Temperature deeply

affects light response by seed; alternating temperatures often substi-

tute for or complement light in its effects, particularly in grass

seeds. Liebenberg, as cited in Evenari, found that in Poa seed,

alternating temperatures could substitute for light in inducing germi-

nation. Mayer, also cited by Evenari, stated that for Poa pratensis,

nitrates increase the light sensitivity and decrease the light require-

ment necessary to obtain germination.

After-ripening - the physiological and morphological changes in

seeds after harvest is also influenced by combinations of temperature,

moisture and aeration. Low temperature stratification of imbibed seed

or high temperature drying of seed tend to dissipate the nongerminable

state. Stokes (1965) stated that environmental temperatures during the

last few weeks of seed maturation was the primary factor involved; this

effect was mediated by plant species, variety or even individual plant

differences within a climatic region. Nonafter-ripened seed initially

have a narrow range of temperature response for germination. The

physiological basis for effects of temperature on seed will be dis-

cussed later.

Several authors (Bass, 1954; DeLouche, 1958) showed that seed

moisture content at time of harvest affected the response of Kentucky

bluegrass seed to light treatments although these seed with high mois-

ture were fully viable. Nitrates and low temperature were required to

obtain satisfactory germination of this seed.
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Kramer (cited by Evans, 1963) discussed a number of environmental

factors and conditions including moisture, nitrogen supply, thermo-

period and photoperiod that influenced seed viability. He suggested

that these factors operate by activating various biochemical mechanisms

within the seed embryo. Morley (also cited by Evans, 1963) found high

temperature germination response differences in subclover seed genotypes

that persisted for six years.

Lang (1965) cited research with several crops that showed carry-

over effects of environment on subsequent plant growth of field peas

and several weeds. Seed response to temperature occurred over a much

narrower range than other plant processes.

The mechanisms associated with the viability and germination of

grasses are not well defined; much of the research work has been done

with cereals which may not be applicable in all aspects to grasses.

Barnard (1966) outlined the procedures generally considered

helpful in germinating grasses:

1. Provision of favorable temperature environment with a critical

optimum shortly after morphological ripening. [This tempera-

ture alteration was proposed by Toole et al. (1957) as creating

a favorable balance of reactants for the subsequent reaction

rates involved at a different temperature. Cohen (1957)

stated that a physical-chemical change of state resulted from

rising temperatures.]

2. Prechilling seed under moist conditions.

3. Light treatment during high temperature period.
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Barnard further stated that effective temperature treatments act

in different ways on different seed but germination in any one species

may be achieved by different treatments. Germination behavior depends

greatly upon the physiological age of the seed; requirements for a par-

ticular condition become less stringent with time.

The literature pertaining to Kentucky bluegrass deals primarily

with empirical methods for overcoming difficulties and irregularities

in germination of this species. The methods for Kentucky bluegrass

listed in the Rules for Testing Seeds (1965) specify prechilling of

seeds, use of KNO3 solution as a stimulator and alternating tempera-

tures of 15-25°C., with light as means to obtain maximum germination.

Bass (1954) and DeLouche (1958) studied the effect of maturity as

measured by moisture content (35-53%) upon the germination of Kentucky

bluegrass seed and found that immature seed was fully viable but required

the various treatments in order to obtain full germination.

II. Seed Dormancy

Concepts of dormancy in seed have been reviewed by several authors.

Amen (1963) emphasized the inter-relationship of genetic potential,

history of the parental material and environmental influences upon the

prevailing physiological stage of the seed. The inductive stage of

dormancy is not fully understood nor how it is negated; the extent,

degree and duration of seed dormancy is apparently preset or differen-

tially predetermined in different species.

Evenari's (1965b) definition of seed dormancy - "a state of

restricted, partially blocked and controlled germinability" is useful
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in evaluating the physiological processes and causal factors. Primary

dormancy may be imposed by the seed coat or embryo (Barton, 1965a,

1965b); secondary type dormancy may be later imposed by adverse environ-

mental factors. Lang (1965) considered after-ripening of seeds as a

state of "relative dormancy" - a level of potential activity sufficient

to permit germination, only within certain narrow limits of temperature

and light. The physiological connection between seed maturation, dor-

mancy, after-ripening and germination involves aspects of respiration,

balance between promoters and inhibitors and protein-nucleic acid

synthesis.

Kentucky bluegrass seed typically undergoes a period of dormancy

following harvest. Moisture content as a measure of seed maturity has

been correlated with the duration of the after-ripening period (Bass,

1954; DeLouche, 1958).

Little work has been done to elucidate the physiological mecha-

nisms in grass seed dormancy. Dormancy attributable to impermeable

seed coats and physiologically immature embryos has been reported for

needle grass (Stipa viridula) (Fendall, 1964). Water absorption was

not limited but oxygen uptake seemed to be significantly restricted.

DeLouche (1956) found that dormancy in Western wheatgrass (Agropyron

smithii), crabgrass (Digitaria sanauinalis) and Kentucky bluegrass

was due to restricted exchange of gases imposed by seed coats, even

though water uptake was not affected. Vose (1956) found a restrictive

effect of Phalaris arundinacea seed coats on gaseous exchange. Other

investigators found seed coat restriction with Dnnthonia spicnta,

several Paskalum sp. and Zoysia japonica (cited by Canode et al., 1963).
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Canode, Horning and Maguire obtained increased germination with dehulled

orchardgrass seeds but could not determine if lemma and palea removal

or thresher injury to seed coat was responsible. Water absorption was

normal for intact and dehulled seed. DeLouche and Nguyen (1964) elimi-

nated dormancy in rice by fracturing the pericarp; hull removal did not

increase germination.

Brauen (1967) made histological studies of the seed coat structure

and composition of Lehmann lovegrass (Eragrostis lehmanniana) and found

no causal relationships among dormant and nondormant strains. The

treatments with the usual germination promoters did not affect the seed.

Dormancy was overcome only by abrasion or puncture of the seed coat;

however, three accessions did not respond to this seed coat scarifica-

tion treatment either.

Fendall and Carter (1965) found that removal of the lemma and

palea from green needle grass (Stipa viridula) and Indian ricegrass

(Oryzopsis hymenoides) seed increased the initial water uptake but this

apparently did not account for differences in germination. Similar

results were noted for oxygen utilization. They concluded that mecha-

nical restriction was not a factor in the cause of dormancy of these

species of seed.

Shimizu (1959) studied the effects of the enclosing seed struc-

tures on the germination of crabgrass (Digitaria adscendens). He

determined that dormant seeds absorbed little water and a period of

after-ripening was necessary before sufficient water uptake for germi-

nation would occur. Fujii and Yokohama (1965) obtained similar results

for oxygen absorption by lovegrass (Eragrostis ferrL_na).
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Kolk (1962) investigated the viability and dormancy of dry seed

of several weed species, including quackgrass (Agropyron repens) and

found that water absorptive capacity was limited by the seed coat.

This resistance could be overcome by rubbing the seed. Water absorp-

tive capacity varied among the species studied.

Inhibitor-promoter aspects have received considerable attention in

attempts to explain the mechanisms involved in seed dormancy and germi-

nation (Wareing, 1965, Evenari, 1949, 1965a and Toole et al., 1957).

Crocker and Barton (1953) and Mayer and Poljakoff-Mayber (1963) dis-

cussed the possible roles of inhibitors and promoters in the regulation

of seed germination.

In addition to physiological immaturity, due to lack of enzymes

to initiate germination processes in seed or growth promoters to mobi-

lize food reserves, there is apparently an interaction of endogenous

inhibitors and promoters. These substances form a complex that regu-

lates the viability responses of many seed species. Fendall and Canode

(1968) found differences in germination of dormant and nondormant seed

of several orchardgrass varieties that support the inhibitor-promoter

complex idea.

Inhibitory germination substances have been reported in Indian

ricegrass (Oryzopsis hymenoides) (Fendall, 1964), smilograss (0.

milacea) (Koller and Negbi, 1959), sideoats grama (Bouteloua curtipen-

dula) (Sumner and Cobb, 1962) and orchardgrass (Dactylis glomerata)

(Fendall and Canode, 1968). Dormancy in Avena species have been stu-

died extensively (Black, 1959; Simpson and Naylor, 1962) implicating

inhibitors in the seed and attached structures.
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Tuan and Bonner (1964) believe that the dormant stage in seed is

related to blocking of genetic activity in the embryo. Yomo and Paleg

(1967) found that gibberellin was the endosperm-mobilizing hormone in

barley and proposed that gibberellin was the promoter in the inhibitor-

promoter complex. Gibberellin apparently induced the embryo to activate

cells in the aleurone layer which then secreted hydrolytic enzyme

(alpha amylase). Cohen and Paleg (1967) concluded that endogenous

gibberellin-like substances originated in the embryo during initiation

of germination and release of this substance can account for mobiliza-

tion of the endosperm. Gibberellin is one of the most active natural

occurring promoters and is capable of influencing carbohydrate meta-

bolism in seed embryo during germination (Yomo and Paleg, 1967). Simpson

and Naylor (1962) and Black (1959) have shown that gibberellin can over-

come dormancy in Avena fatua.

Fendall (1964) treated seed of Stipa viridula with gibberellic

acid, thiourea, kinetin and H202; he found that this treatment was less

effective than dehulling. No synergistic effects were obtained with

chemical combinations. Prolonged treatment or high concentration inhi-

bited germination.

Sivan, Mayer and Poljakoff-Mayber (1965) found that sensitivity

of different species and varieties to coumarin - a known inhibitor was

determined by the relative amount of enzyme systems responsible for

detoxification. This could result in different levels of unchanged

coumarin which would then inhibit processes essential for germination.

With the exception of wild oats, little response to gibberellin

has been noted in grass species. DeLouche (1961) was able to improve
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the germination of centipedegrass (Eremochloa ophiuroides) with soaking

in gibberellic acid. Greatest effects were obtained with fresh seed.

Andersen (1957) found that gibberellin did not increase germina-

tion of Merion Kentucky bluegrass. SOding and Wagner (as cited by

Mayer and Poljakoff-Mayber, 1963) promoted faster germination rate of

lettuce by soaking nonafter-ripened seed in dilute indoleacetic acid;

however, Poa annua was not influenced.

III. Endogenous_ Rhythms

Regulation of growth activities may also be affected by inherent

genetic factors. Hamner (cited by Evans, 1963), Sweeney (1963) and

Blinning (1956, 1965) reviewed biological "clocks" that regulate germi-

nation as well as other plant processes. Kummerow (1965) covered the

endogenous rhythms that occur in seed germination.

Vtinning and MUssle (1951) showed yearly cycling in the germination

of seeds of various species; this rhythm was irrespective of storage

temperature and was not affected by temperature treatments ranging from

-22 c. to 45°C. Neither desiccation nor immersion in oxygen, hydrogen

or carbon dioxide disturbed this timing.

Kummerow (1965) listed studies showing a single rhythmic germina-

tion occurring in seed of many cultivated plants. These rhythms were

distinct in seed where the mother plant was grown under adverse condi-

tions. Rugge and Liedtke (as cited by Kummerow, 1965) found a positive

correlation between germination and water uptake for mallow seed. They

suggested that this endogenous rhythmic cycling was a characteristic of

incomplete after-ripened seed and the typical after-ripening processes
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varied according to the nature of the seed. They concluded that heat

produced a physical-chemical alteration of the seed proteins or a change

in the water holding capacity of the plasma.

Lang (1965) stated that the stimulating effects of alternating

temperatures on germination were similar to the diurnal temperature

fluctuation that is also favorable to the growth of many plants - a

phenomenon known as thermal periodicity (Went, 1957). This effect

seems to be related to the existence of biological clocks which regu-

late the physiological processes involved in seed germination.

Seed that show several yearly germination cycles have also been

studied. Korjakina (as cited by Kummerow, 1965) studied forage

grasses, including Poa pratensis, and found more than one yearly rhy-

thmic change in germination. Two yearly maxima occurred, the first

from February to April and the other in the October to November period.

Two distinct minima occurred; namely in June and July and again in

December and January. Kummerow studied Dactylis glomerata and likewise

found two yearly maxima in the germination cycle.

IV. Seedling Vigor

Seedling vigor in grasses has been associated with emergence,

seedling growth and stand establishment in many studies. Various

techniques for evaluating and measuring seedling vigor have been

developed (Isely, 1957). DeLouche and Caldwell (1960) presented direct

and indirect tests for seed attributes that reflect seed vigor. Stiles

(1965) and Kittock and Law (1968) established the relationship between

respiration during seed germination and subsequent seedling growth.
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Seed size (weight) is usually correlated with seedling vigor in

grass species - defined as germination rate and seedling growth length

(Whalley et al., 1966 and Kneebone and Cremer, 1955). In general, the

large seed within a strain emerge faster and grow more rapidly; among

species, little relationship exists between seed weight and vigor.

Some differences among strains in the rate of emergence showed no

relationship to weight.

Differences in seed viability and seedling vigor exist among the

varieties of Kentucky bluegrass commonly grown in the United States.

Maguire and Patterson (1961), Law et al. (1964) and Law et al. (1965)

noted variations between the varieties Cougar and Newport as well as

other varieties. Frakes (1961) observed variations in the seedling

vigor of Newport Kentucky bluegrass from two different seed sources.

Speed of germination has also been used to measure seedling vigor of

grasses (Maguire, 1962 and Tucker and Wright, 1965). Maguire devised

a seedling vigor index that can be determined in conjunction with

routine germination evaluation.

Respiration rate of seeds is considered an index of seedling vigor

and this technique has been used with large seeds such as corn

(Woodstock and Combes, 1964; Woodstock, 1965). During the first day

of germination, respiration rates are related to initial seedling

growth. Woodstock and Grabe (1967) later found positive correlation

between oxygen uptake rate during imbibition and subsequent germination

and seedling growth.
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Recent investigations by Grabe (1964) utilized glutamic acid

decarboxylase activity in seed as a measure of seedling vigor. Decrease

of enzyme content is correlated with decline in seedling growth rate and

occurs prior to visible growth changes.

Two, three, five triphenyltetrazolium chloride has been used as

a chemical measure of seed viability (Grebe and DeLouche, 1959).

Reduction of tetrazolium chloride by seed embryos has also been com-

pared to respiration and seedling vigor (Smith and Throneberry, 1955;

Throneberry and Smith, 1951). Generally this reaction is closely

allied with viability but not vigor. Kittock (1960) attempted to

relate respiration and tetrazolium reduction in germinating wheat seeds

to seedling vigor, but the tetrazolium reaction was not closely related

to seedling vigor due to differences in seed size and solution penetra-

tion.

More specific work on seedlings of grass species was done by

Whalley, McKell and Green (1966a), (1966b) and Whalley and McKell

(1967). These authors found little environmental effect during parent

generation upon the seedling vigor of Oryzopsis miliacea seed.

They also evaluated some Phalaris species having different seed-

ling vigor ratings and found that rapid germination rate accounted for

the high seedling vigor of one species but no relationship existed for

total seedling length when adjusted to common seed weight. Effective

conversion of endosperm reserves was considered to be an important

related factor.

In later work, the first two authors studied the inter-relation

of carbohydrate metabolism, seedling development and seedling growth
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rates. Radicle emergence was correlated with rapid rise in sugar con-

tent. Growth rate was limited either by seedling ability to utilize

sugars or ability of endosperm to supply these sugars.

Kentucky bluegrass' vigor has not been investigated beyond deter-

mination of growth rate studies.

In reviewing the literature related to seed dormancy and germina-

tion it appears that few studies have involved the physiological and

biochemical factors per se but rather have dealt with various means of

inducing and measuring germination. Many of these seed investigations

have been undertaken with cereal and legume seed; precise information

about grass seed viability and dormancy is lacking. Environmental

influences on seed reactions have not been thoroughly studied.
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MATERIALS AND METHODS

Seed Sources and Description

Seed of Newport and Cougar Kentucky bluegrass (Poa pratensis L.)

were used in this investigation. These varieties were selected because

of their similar seed size, growth characteristics and seed maturity

dates. The source plants were established as spaced clones in plots

at the Plant Materials Nursery, Washington State University near

Pullman and on the Jacklin Seed Company farm in the Spokane Valley

near Stateline, Idaho. These clones were derived from Breeder's seed,

furnished by the Washington State University Department of Agronomy,

that was originally planted in the greenhouse in 1962. Seed was har-

vested from these plants in 1964, 1965, 1966 and 1967.

These two cultivars represent single plant selections of dif-

ferent genotypes; Cougar is a plant selection made in 1956 from a

Kentucky bluegrass introduction from Denmark (P-4358) and increased

vegetatively to produce Breeder seed stocks (Law et al., 1965). This

grass exhibits little or no post-harvest dormancy. Newport is a

strain of Poa pratensis L. originally collected on the Oregon coast

(Law et al., 1964). this variety has some post-harvest dormancy. One

Newport plant was reproduced by clones to provide Breeder seed in 1958.

Both varieties are highly apomictic in seed production, offering rela-

tively stable genotypes with which to study environmental and endoge-

nous factors.

The two different plot locations represented major areas of

Kentucky bluegrass seed production in this region and offered environ-
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mental diversities that might influence the growth pattern and per-

formance of the two cultivars. Seed from the Pullman area was grown

under dryland conditions, while that from Spokane was grown under

sprinkler irrigation.

During the several years of plant growth and seed production the

plots were hand cultivated to control weeds and maintain individual

plants. Fertilizer, irrigation, stubble burning and other managerial

practices were the same as those used in commercial seed fields. No

chemical treatments for insects or other pests were used in order to

avoid possible undetected effects upon seed quality and performance.

Seed samples showed no evidence of serious insect or pest damage.

General Procedures

Seed was harvested from the plants at different stages of matu-

rity. Beginning with the early soft-dough stage (approximately 18 days

after anthesis) and continuing through the hard-dough stage (approxi-

mately 50% seed shatter) a total of ten samples of seed from both

genotypes at the two locations were taken at two-day intervals. Since

mechanical harvesting could cause seed abrasion and thus influence seed

dormancy, water absorptive capacity or otherwise affect the natural

condition of the seed, all samples were obtained by hand stripping.

The seed was randomly hand-stripped from several heads on each plant

in the plots and placed into large manila envelopes. This seed was

then air-dried in the laboratory at 21°C until sufficiently dry for

threshing. The seed was hand-rubbed and processed through a South
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Dakota seed blower to remove the inert material. After this processing,

the seed was placed in jars with screw tops and stored at 5°C.

Seed weight determinations were made by weighing replicated 100 -

seed samples on a Mettler electronic balance. Seed weights were

recorded for seed from each harvest date during the four years of the

experiment.

At the time of harvest, seed samples were also taken for moisture

determination. The samples were obtained by hand-stripping a number

of heads at random from each variety and placing the material immedi-

ately into soil moisture cans. All samples were taken at approximately

the same time of day. The cans of seed were weighed and placed

immediately into a drying oven with the temperature controlled at 100°C.

The samples were dried for 24 hours, cooled and weighed again. Moisture

percentages for seed samples were calculated.

The plots were located adjacent to official weather stations that

were equipped to measure daily temperature fluctuation and relative

humidity throughout the year. In 1966, recording hygrothermographs

were placed in the plots to compare micro climate and weather station

measurements. Since environmental parameters were approximately equal

in both instances, data from the weather stations were utilized.

Viability Evaluation

Germination tests were conducted in Stults water-screen germina-

tors under official methods described in the Rules for Testing Seed by

the Association of Official Seed Analysts (1965). These germination

experiments were conducted at alternating 15-25°C temperatures with 16
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hours of darkness concomitant with the 15°C temperature and 8 hours of

fluorescent light (approximately 100 foot candles intensity) with 25°C

temperature. Fifteen cm petri dishes were used as germination con-

tainers. The substrate was chemically-pure blotter paper of the type

routinely used in seed testing laboratories; distilled water was used

to moisten these blotters prior to planting the seed. A replication

consisted of one dish of 100 seeds; an electronic seed counter was used

to count these 100 seed subsamples. Dishes were placed in a randomized

block design with the four replicates arranged from front to back

according to the technique described by Ahring, Morrison and White

(1959). No special treatment such as prechilling or moistening with

KNO
3
solution was used to overcome dormancy or to speed germination.

Germination tests were also conducted on samples of the intact and

dehulled seeds used in the Warburg respiration studies.

Endogenous Rhythm Pattern

A review of research on endogenous rhythms in germinating seeds

(Kummerow, 1965) indicated that such patterns of growth response

occurred in many plant species, including grasses. These responses

were apparently induced in the mother plant by environmental influ-

ences during seed maturation and were expressed by the seeds during

the following season. Preliminary studies of Kentucky bluegrass seed

germination had indicated that such rhythmic oscillations might exist;

therefore, monthly germination tests were evaluated for such patterns.

Four replicates were used, testing seed from each harvest date during

each year. Environmental data obtained from the weather stations were



22

evaluated to determine possible relationships to the endogenous rhythm.

Correlations of temperature, relative humidity and germination were

calculated.

Water Absorption Studies

The rate of water uptake by the seeds was investigated as a possi-

ble factor related to observed differences in dormancy, germination and

seedling vigor among the Cougar and Newport seed of different matu-

rities harvested at the two locations. This factor was also evaluated

to determine any correlation with respiration rate. To fully eluci-

date the physical and biochemical aspects of seed imbibition, dead seed

were also studied. Seed samples used to determine initial seed mois-

ture content were counted on the electronic seed counter, weighed on a

Mettler automatic balance and dried in a vacuum oven at 100°C for 24

hours. When cooled, the samples were again weighed and the seed

moisture content was calculated. These dead seeds were used in the

water absorption studies to evaluate the physical uptake of water by

seeds imbibing water during germination. Values obtained with these

seed were compared to those of live seed in the water uptake studies.

Water uptake was noted at intervals of 1, 2, 5, 10, 20, 30, 40, 50,

60, 70 and 80 hours after placing the seeds in water. The seeds were

placed on Whatman No. 4 filter paper, 10 ml aliquots of distilled

water were added to the dishes, and the dishes were stored in the

laboratory at 21°C until time of reading. At the prescribed intervals,

the filter papers containing the seeds were removed from the dishes and

the seeds were blotted between two dry filter papers to remove excess
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surface moisture. The seeds were removed from the blotter, reweighed

to determine water uptake and replaced in the petri dishes for complete

germination evaluation. The effect of seed appendages (lemma and palea)

upon water absorption rate of the seed was evaluated by dehulling seed

and repeating the procedure used for intact seed.

Respiration Studies

Respiration rates of seeds may be influenced by genetic differ-

ences as well as the stage of seed maturity at the time of harvest

and seed age. Relationships of respiration rate and seedling vigor

have been postulated; therefore in 1967, respiration measurements were

made on seed from the different crop years representing various stages

of seed maturity within those years. Nhnometric techniques were used

to measure oxygen uptake by seeds from the various samples as they

were germinating. Both intact and dehulled seed were studied.

The procedures described by Umbreit et al. (1957) were followed in

measuring seed oxygen uptake and respiration with a Warburg apparatus.

Oxygen uptake for seed samples was measured in standard single-armed

Warburg vessels incubated in a water bath at 20°C. Each Warburg vessel

contained a single layer of Whatman No. 41 low-ash filter paper fitted

around the center well and moistened with 0.5 ml of distilled water.

The center well contained 0.2 ml of 20% KOH solution and was fitted

with a paper wick to provide a maximum absorptive surface for the

evolved carbon dioxide. The lip of the center well was greased with

lanolin to prevent the KOH solution from spilling over into the ger-

mination medium. Three hundred seeds were placed in each vessel, the
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vessels were then attached to the manometers and placed in the water

bath. After an equilibration period, the stopcocks were closed and

readings were made at prescribed intervals during the experiment.

Previous studies by Fendall and Carter (1965) indicated that for

small grass seeds, oxygen uptake measurements were often confounded by

microbial activity from organisms on the seed coat and appendages. To

avoid this type of contamination in the respiration measurements with

Kentucky bluegrass seeds, a surface-sterilizing technique was employed

to reduce the effects from microorganisms present on the seed coat and

appendages.

Seeds used in the respiration studies were wrapped in envelopes

made of nylon mesh and immersed in 10% Alconox solution for five

minutes. The seeds were rinsed in distilled water and induersed in

sodium hypochlorite solution for five minutes followed by a rinse in

distilled water. The seeds were then inserted into the Warburg vessel

for completion of the experiment. The vessels were equilibrated and

oxygen consumption was measured at 0, 10, 20, 30, 40, 50, 60, 70 and

80 hours after initiation of the tests.

Respiration quotients were also measured during an 80 hour period,

similar to a technique described by Fendall (1964). Samples of Newport

and Cougar from 1967 crop, consisting of 300 intact and dehulled seeds

were weighed, surface sterilized and placed in the Warburg vessels for

respiration measurements. Carbon dioxide evolution was determined by

using a duplicate flask without the 20% KOH in the center well. This

measurement was repeated, using intact seeds. Each test was replicated

three times.
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To reduce any errors resulting from extreme changes in barometric

pressure, readings were taken for 30 minute periods at 10-hour intervals

during the 80 hour duration. Between reading periods, the stopcocks on

the manometers were left open.

Seedling Vigor Procedures

Seedling vigor measurements were made at the same time as the

germinated seedling evaluations. Speed of germination ratings were

made for each test, using the method described by Maguire (1962). The

number of normal seedlings per 100 seeds obtained at each counting

period was divided by the number of days the seed was germinated.

These values were then summed. Seed weight was determined for subsamples

of 100 seeds each, taken from the various harvests. Seedling vigor

ratings were then adjusted to a common seed weight. The seedling

vigor scores were compared to respiration measurements made during

subsequent tests.

In 1967, the rate of seedling shoot growth was determined. The

seeds were placed on moist blotters in petri dishes in an alternating

temperature germinator and shoot length was measured in millimeters.

Beginning with emergence of the plumule from the seed coat, the length

of the plumule was measured at 1, 2, 3, 7 and 14-day intervals. Daily

growth rates were computed for the two varieties by measuring the

length increases occurring each 24-hour period for the first four time

intervals. These seedling growth measurements were made in 1967 for

1965, 1966 and 1967 seed of the two varieties from both locations.

Seed from the early, medium and last harvests were used to determine



possible effects of maturity upon vigor. Kentucky bluegrass requires

light to initiate germination. The assumption was made that the rate

of endosperm exhaustion would be the same in light or dark conditions.)

Seed Storage Effects on Dormancy

Light sensitive species (including Poa pratensis) may have secon-

dary dormancy induced by dark storage. This possibility was investi-

gated in 1965, using seed harvested that year. Samples were divided

into two lots after processing; one lot was stored at 5°C in the dark

and the other lot at 21°C in the light. Simultaneous monthly germina-

tion tests as outlined previously were conducted with both lots for a

period of 8 months after seed harvest.

Statistical Analysis

Computations were based on Steel and Torrie (1960). A factorial

arrangement of treatments was made and the data were analyzed as a

completely randomized block design. A Fortran IV computer was utilized

to make statistical analyses of variance for this data. Duncan's

multiple range tests were calculated on means.

1
Verified by Murray and Cooper (1967) and unpublished data,

Washington Agricultural Experiment Station.
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EXPERIMENTAL RESULTS

Environmental Influences

The weather data obtained at the two locations are shown in

Appendix Table 1. No correlation was found between observed dif-

ferences in the germination patterns and temperature extremes or rela-

tive humidity values. Certain trends did exist between locations with

regard to germination.

Factorial analyses of environmental and endogenous influences on

seed germination during 1964, 1965 and 1966 are given in Appendix

Tables 2, 3 and 4. Significant differences existed between varieties

and locations and among the different harvest dates for seed germina-

tion from the three crops. Cougar seed generally had higher initial

germination and less fluctuation in its monthly germination pattern than

did Newport. Location also affected the germination pattern expressed

during the test period, indicating the possible influence of environ-

mental factors. Germination patterns from seed harvested at Pullman

varied more than those from Spokane. It was also noted that more high

temperature days (above 90°F) occurred at Spokane during the period of

seed maturation.

Statistical analyses of variety and location effects upon germi-

nation are shown in Appendix Tables 5, 6, 7, 8, 9 and 10. With the

exception of 1964 Cougar seed, significant differences due to monthly

germination existed for both varieties during all years tested. Har-

vest dates appeared to be less critical, particularly for Spokane seed..

No significant differences due to harvest dates existed for Newport or
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Cougar seed from Spokane in 1966. In 1964, Newport seed from Pullman

and Cougar seed from Spokane showed no harvest date differences.

Appendix Tables 11 through 16 give the separate varietal analyses

of variance for germination of seed from Cougar and Newport Kentucky

bluegrass harvested in 1964, 1965 and 1966. Varieties showed signifi-

cant differences in germination due to locations, months of testing and

harvest dates for all years except that Cougar seed in 1965 was not

influenced by harvest dates.

Varietal Attributes

The seed moisture contents at early, medium and late harvests,

seed weights and initial germination percentages of Cougar and Newport

Kentucky bluegrass are shown in Tables 1, 2 and 3. Seed moisture con-

tent at the first harvest interval representing milk-stage of ripeness

was approximately twice as high as the moisture content at soft-dough

stage and four times that from the hard-dough stage of maturity.

Cougar had higher moisture content than Newport at comparable stages

of maturity and the seed of both varieties harvested at Spokane was

generally higher in moisture compared to that from Pullman.

Seed weights of Cougar were generally lower than those of Newport

when all harvests for the specific crop years were compared. Within

single varieties, the medium harvest resulted in larger seed than those

from early or late harvest intervals.

In all instances, Cougar seed had a higher initial germination

percentage than did those of Newport, averaging 15 to 3070 higher.

Tetrazolium staining estimations of inherent seed viability indicated
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Table 1. Seed moisture, germination, tetrazolium reaction percentages
and seed weights for Newport and Cougar Kentucky bluegrass
harvested at Pullman and Spokane in 1964.

Variety, location
and maturity stage

Percentage mg

Seed moisture
at harvest

Initial
germination

Tetrazolium
reaction

Seed
weight

Newport - Pullman

Milk stage 41.5 9 88 3.16

Soft-dough 15.9 73 77 3.59

Hard-dough 11.1 84 97 3.60

Newport - Spokane

Milk stage 57.2 13 76 3.50

Soft-dough 14.3 72 82 3.47

Hard-dough 11.9 82 92 3.58

Cougar - Pullman

Milk stage 54.1 65 88 3.09

Soft-dough 22.5 96 92 3.00

Hard-dough 12.0 86 98 3.52

Cougar - Spokane

Milk stage 61.0 78 78 3.60

Soft-dough 17.0 85 88 3.32

Hard-dough 17.3 91 96 3.57
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Table 2. Seed moisture, germination, viability percentages and seed
weights for Newport and Cougar Kentucky bluegrass harvested
at Pullman and Spokane in 1965.

Variety, location
and maturity stage

Percentage mg
Seed moisture

at harvest
Initial

germination
Viability* Seed

weight

Newport - Pullman

Milk stage 40.7 46 87 3.14

Soft-dough 12.9 72 98 3.65

Hard-dough 8.2 23 85 3.58

Newport - Spokane

Milk stage 53.8 5 61 3.58

Soft-dough 11.5 5 67 3.15

Hard-dough 6.5 1 78 3.33

Cougar - Pullman

Milk stage 53.4 75 85 3.02

Soft-dough 19.0 72 90 3.24

Hard-dough 10.1 57 82 3.58

Cougar - Spokane

Milk stage 47.5 36 65 3.38

Soft-dough 16.2 49 75 3.08

Hard-dough 7.6 57 69 3.36

*; Maximum germination obtained during test period.
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Table 3. Seed moisture, germination, viability percentages and seed
weights for Newport and Cougar Kentucky bluegrass harvested
at Pullman and Spokane in 1966.

Variety, location
and maturity stage

Percentage mg

Seed moisture
at harvest

Initial
germination

Viability* Seed
weight

Newport - Pullman

Milk stage 41.8 0 68 3.19

Soft-dough 19.9 3 54 3.54

Hard-dough 13.9 3 33 3.62

Newport - Spokane

Milk stage 60.5 0 64 3.43

Soft-dough 13.9 1 87 3.79

Hard-dough 17.0 1 86 3.82

Cougar - Pullman

Milk stage 54.8 1 95 3.15

Soft-dough 26.0 7 91 2.76

Hard-dough 13.9 21 81 3.46

Cougar - Spokane

Milk stage 64.8 1 74 3.81

Soft-dough 17.7 17 94 3.87

Hard-dough 27.0 10 78 3.35

*
Maximum germination obtained during test period.
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much higher potential germination of Newport than were obtained in the

initial germination results. Cougar germination percentages were more

closely correlated with the tetrazolium readings.

Endogenous Germination Rhythms

The rhythmic germination patterns for Cougar and Newport seed

planted at monthly intervals for a nine-month period after harvest are

shown in Figures 1, 2, 3 and 4. Endogenous germination rhythms were

observed in seed from all years; a sharp decline in germination

occurred three to four months after harvest, followed by an increase

and then a similar decline at six to seven months. Among years varia-

tions of the initial germination levels occurred, indicating possible

environmental influences upon the expression of the endogenous germi-

nation patterns. Cougar seed always germinated higher than Newport

within locations and was generally greater overall.

In the 1964 tests, summarized in Figure 1, Cougar initially ger-

minated 8570, declined to 67% and then leveled off at approximately 85%

again. Little difference was observed between Spokane and Pullman

locations. Newport starting at 57%, showed two minimum levels of 20-

3070 and two maximum levels of 78-82%. Newport seed harvested at

Pullman germinated 8-2070 higher than Spokane seed at all test intervals.

In 1965 the seed was stored at two different temperatures to

determine possible effects. Figures 2 and 3 give the germination

results from these conditions. The rhythmic patterns existed for both

varieties; however, greater variations in germination were found within

varieties and between locations and storage conditions. Cougar and
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Figure 1. Monthly germination patterns for Newport and Cougar Kentucky
bluegrass seed harvested at Pullman and Spokane in 1964.
Seed stored at 5°C.



100

90

80

70

60

0

E 50

40

30

20

10

34

Newport - Pullman
A Newport - Spokane
O Cougar - Pullman

Cougar - Spokane

L-- I I I J 1 I

2 3 4 5 6 7 8

Months after harvest

Figure 2. Monthly germination patterns for Newport and Cougar Kentucky
bluegrass seed harvested at Pullman and Spokane in 1965.
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Newport - Pullman
A Newport - Spokane
() Cougar - Pullman
0 Cougar - Spokane

35

4 5 6 7 8

Months after harvest

Figure 3. Monthly germination patterns for Newport and Cougar Kentucky
bluegrass seed harvested at Pullman and Spokane in 1965.
Seed stored at 21°C.
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Figure 4. Monthly germination patterns for Newport and Cougar Kentucky
bluegrass seed harvested at Pullman and Spokane in 1966.
Seed stored at 5°C.
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Newport seed stored at 5°C showed considerable variation between

locations, Pullman seed germinating 30-50% higher than Spokane seed.

Cougar germination was higher than Newport within each location.

Between the two storage temperatures, seed of Newport initially germi-

nated 10-65% higher when stored at the lower temperature of 5°C.

Cougar seed germinations were 10-20% lower when stored at 5°C.

The 1966 seed as indicated in Figure 4 showed patterns similar to

1964 seed. Cougar seed germination was 10% higher than Newport from

both Pullman and Spokane.

Water Absorption

The rates of water uptake by Kentucky bluegrass seed during the

initial period of imbibition are given in Figures 5, 6, 7, 8 and 9,

comparing seed from 1965, 1966 and 1967 crops of Cougar and Newport

Kentucky bluegrass. The rates of water uptake were always greater for

seed grown in Spokane compared to Pullman seed, averaging 5 mg more

per 300 seeds during 80 hours of imbibition. Within each location

Cougar seed absorbed 5 to 10 mg more total water than that of the

Newport variety. Amounts of uptake for both varieties were rapid

initially, doubling the original amount during the first 10 hours. A

gradual increase in water uptake continued for about the next 50 or 60

hours and then the rate leveled off.

Intact and dehulled seed from 1967 were compared for water

absorptive capacity. Dehulled seed, as indicated in Figure 8 absorbed

water very slowly and absorbed only 50% of the total amount taken by
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Figure 5. Water uptake by intact Newport and Cougar Kentucky bluegrass
seed harvested at Pullman and Spokane in 1965.
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Figure 6. Water uptake by intact Newport and Cougar Kentucky bluegrass
seed harvested at Pullman and Spokane in 1966.
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grass seed harvested at Pullman and Spokane in 1967.
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Figure 9. Water uptake by dead Newport and Cougar Kentucky bluegrass
seed harvested at Pullman and Spokane in 1967.

intact seed. Dehulled seed absorbed .019 mg of water per 300 seed

compared to .030 mg for the intact seed from both locations.

Dead seed of both varieties harvested at Spokane and Pullman in

1967 (Figure 9) absorbed moisture in much the same pattern as intact

seed; however, the total absorbed amount of water was 25 to 5070 less

for the dead seed. Intact seeds absorbed 27-40 mg of water per 300

seeds during the 80 hour test period. Dead seeds absorbed 17-20 mg

during the same time.

Oxygen Uptake

80

Rates of oxygen absorption by respiring Kentucky bluegrass seeds

are given in Figures 10 and 11, comparing intact and dehulled seed

from the 1967 crop. A pattern of initial uniform increase in oxygen
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Figure 10. Oxygen uptake of intact Newport and Cougar Kentucky
bluegrass seed harvested at Pullman and Spokane in 1967.
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uptake was observed for intact seed of both varieties from Pullman and

Spokane. However, after the first period these rates became quite

divergent. Seed from Spokane absorbed 20dul more oxygen per each 10

hour interval than seed from Pullman during the last 70 hours of ger-

mination.
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Figure 11. Oxygen uptake of dehulled Newport and Cougar Kentucky
bluegrass seed harvested at Pullman and Spokane in 1967.

80

At both locations Cougar seed absorbed more oxygen than Newport.

After the first 10 hours the Cougar seed from Spokane gradually absorbed

increasingly greater amounts of oxygen per time period than the Newport

seed. With Pullman seed the rates were similar for 40 hours and then

the Cougar uptake increased faster than the Newport seed. Cougar seed

from Pullman absorbed 100,u1 of oxygen per 300 seeds; whereas Spokane
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Cougar seed absorbed 125F1 of oxygen during the same period. Newport

seed from Pullman absorbed 65,u1 of oxygen while that from Spokane

absorbed 87,u1 during 80 hours.

With dehulled seed (Figure 11) the patterns of oxygen uptake were

somewhat different than those of the intact seed. Dehulled Cougar seed

from both locations absorbed oxygen at a relatively uniform rate.

Cougar seed absorbed about 15,u1 of oxygen per 10 hour interval through-

out the test period. Dehulled Newport seed absorbed about 10,u1 of

oxygen per 10 hour interval. Dehulled Cougar seed from Pullman took in

more oxygen than the intact seed, absorbing 138,u1, compared to 87,u1

over the test period. Dehulled Spokane seed of the same variety

absorbed 115,u1, compared to 125,u1 for the intact seed. Newport seed

from Pullman and Spokane absorbed 60 and 64,ul of oxygen respectively,

during an 80 hour period compared to amounts of 65 and 102,u1 of oxygen

for the intact seed.

Respiration Studies

Respiration quotients of intact and dehulled 1967 seed, as shown

in Figures 12 and 13 indicate little difference in Cougar and Newport

seed. These seed apparently utilize carbohydrates as substrate during

the first 80 hours of germination. Carbohydrates characteristically

produce an R. Q. of 1.0, when respiration takes place in seed having

sufficient oxygen uptake. Dehulling of the seed did not change the

respiratory pattern; evidently gas exchange was not restricted by the

lemma and palea. Field location of seed during maturation did not have

any apparent effect on the respiration rate of these seed.
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Figure 12. Respiratory quotients of germinating intact seed of Cougar
and Newport Kentucky bluegrass harvested at Pullman and
Spokane in 1967.
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Figure 13. Respiratory quotients of germinating dehulled seed of Cou-
gar and Newport Kentucky bluegrass harvested at Pullman
and Spokane in 1967.
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Seedling Vigor Measurements

Tables 4, 5 and 6 indicate speed of germination ratings, along

with the germination percentages for Cougar and Newport seed harvested

at Pullman and Spokane in 1964, 1965 and 1966. Results were obtained

from seed harvested at early, medium and late maturity. Speed of ger-

mination was calculated, using the method described by Maguire (1962).

The 1964 seed of both varieties generally had greater speed of germi-

nation than 1965 and 1966 seed, the latter two having similar ratings.

The 1964 Cougar seed gave an average initial germination rating of 6.7

while 1965 and 1966 seed values were 4.9 and 0.4 respectively. For the

same periods, Newport rated 3.0, 1.6 and 0.1. Apparently the environ-

mental conditions during seed development in 1966 influenced germina-

tion rate by prolonging the after-ripening period.

There was also differential response by the varieties - Cougar

was consistently higher in speed of germination compared to Newport by

years, locations and stages of maturity. Newport did not reach the

equivalent speed of germination rating until the third month after

harvest. Average speed of germination for Pullman seed was usually

significantly higher than that from Spokane until the last months of

the test period.

Within individual varieties at the different locations the stage

of maturity had no uniform effects on germination rate although the

seed harvested at the milk stage were rarely equal to or ever exceeded

the other stages in speed of germination. This difference was most



Table 4. Germination percentage and rating for Newport and Cougar Kentucky bluegrass seed harvested at
Pullman and Spokane in 1964.

Variety, location Germination percentage and rating at monthly intervals after harvest
and maturity stage 1 2 3 4 5 6 7 8

Newport - Pullman 7 rating

Milk stage 9 0.5b
2

53 2.2b 54 2.8b 87 5.3a 87 5.9a 82 5.3a 61 2.7b 77 5.1a
Soft-dough 73 3.9a 21 0.8b 9 0.5b 40 2.0b 56 2.9b 55 3.2b 44 1.6b 94 5.9a
Hard-dough 84 4.8a 58 2.8b 39 2.2b 75 4.2b 77 4.3b 86 4.7b 30 1.1b 85 5.2a

Newport - Spokane

Milk stage 13 0.5b 40 1.6b 17 0.7b 68 3.2b 61 2.7b 73 3.2b 28 1.0b 50 2.3b
Soft-dough 72 3.9a 34 1.3b 12 0.6b 58 2.7b 54 2.5b 54 2.6b 17 0.7b 75 4.3a
Hard-dough 82 4.2a 48 2.1b 28 1.3b 59 2.8b 82 3.9b 48 2.2b 15 0.5b 84 4.5a

Cougar - Pullman

Milk stage 65 4.4a 70 5.0a 81 5.6a 82 6.1a 82 5.5a 72 6.2a 75 5.5a 70 5.2a
Soft-dough 96 7.2a 86 6.4a 68 5.1a 66 5.6a 81 7.2a 88 8.9a 79 4.8a 97 7.2a
Hard-dough 86 5.9a 91 6.1a 73 5.5a 96 7.2a 94 7.7a 89 6.1a 85 6.1a 94 7.3a

Cougar- Spokane

Milk stage 78 8.2a 71 5.1a 47 3.8a 61 5.1a 67 5.5a 81 7.3a 71 4.5a 62 4.6a
Soft-dough 85 7.1a 79 5.3a 87 6.8a 95 8.9a 81 7.7a 86 9.3a 79 5.3a 85 6.7a
Hard-dough 91 7.3a 91 6.7a 81 3.8a 93 9.3a 90 9.5a 91 6.7a 85 7.4a 90 7.4a

1Rating equals speed of germination, calculated from total of 4 weekly germinations/days germinated.

2Means having a common letter do not differ at the five percent level of probability.



Table 5. Germination percentage and rating for Newport and Cougar Kentucky bluegrass seed harvested at
Pullman and Spokane in 1965.

Variety, location Germination percentage and rating at monthly intervals after harvest
and maturity stage 1 2 3 4 5 6 7 8

Newport - Pullman % ratingl

Milk stage 46 3.3a
2

81 3.6b 71 4.8a 85 5.4a 75 4.8a 79 5.0a 87 4.9ab 84 6.5a
Soft-dough 72 4.1a 92 4.1a 87 5.8a 86 5.6a 87 5.9a 84 5.5a 98 6.2a 89 7.1a
Hard-dough 23 1.5b 77 3.4b 80 5.9a 80 5.7a 85 5.9a 75 5.4a 84 5.4a 75 7.0a

Newport - Spokane

Milk stage 5 0.4b 56 2.6b 53 3.5b 55 4.4b 56 3.4b 48 3.1b 61 3.5b 60 4.6b

Soft-dough 5 0.3b 50 2.2b 69 4.7a 68 4.9a 57 3.7b 58 3.6b 57 3.5b 67 4.8b
Hard-dough 1 Ob 64 2.8b 52 3.7b 78 4.3b 60 4.5ab 43 2.6b 41 2.3b 63 4.9b

Cougar - Pullman

Milk stage 75 5.1a 84 5.5a 78 5.5a 73 5.3a 85 5.8a 80 5.6a 84 6.5a 77 6.3a

Soft-dough 72 5.7a 90 6.Oa 85 6.7a 72 5.4a 84 6.2a 79 5.9a 75 7.1a 80 7.3a

Hard-dough 57 4.3a 78 5.1a 80 6.3a 67 5.2a 82 6.Oa 72 5.2a 74 7.Oa 70 6.6a

Cougar - Spokane

Milk stage 36 2.9a 58 4.0a 57 3.3b 56 4.4b 59 4.1b 41 3.3b 51 3.6b 65 6.2a

Soft-dough 49 4.7a 69 5.1a 53 4.1b 50 4.6b 75 5.4a 51 4.lab 55 4.3b 72 7.5a

Hard-dough 57 6.4a 69 5.9a 60 6.1a 39 4.3b 63 4.7a 66 5.7a 58 5.1a 59 7.Oa

1Rating equals speed of germination, calculated from total of 4 weekly germinations/days germinated.

2Means having a common letter do not differ at the five percent level of probability. P`.1



Table 6. Germination percentage and rating for Newport and Cougar Kentucky bluegrass seed harvested at
Pullman and Spokane in 1966.

Variety, location Germination percentage and rating at monthly intervals after harvest
and maturity stage 1 2 3 4 5 6 7 8

Newport - Pullman % ratingl

Milk stage 0 Od
2

2 0.1c 0 Ob 22 0.8c 66 3.1b 60 2.7b 68 3.4a 57 2.9b
Soft-dough 3 0.1d 17 0.7b 0 Ob 3 0.1c 43 1.8c 54 2.lbc 27 l.lb 52 1.1c
Hard-dough 3 Od 33 1.3b 1 Ob 11 0.4c 17 0.7c 11 0.5c 4 0.2b 7 0.3c

Newport - Spokane

Milk stage 0 Od 25 l.lbc 10 0.4b 64 2.9b 58 2.3b 57 2.3b 50 2.1b 50 2.1b
Soft-dough 1 Od 4 0.1c 22 0.5b 86 4.2a 77 3.7b 75 3.5b 87 4.8a 79 3.7b
Hard-dough 1 Od 2 Oc 18 0.7b 66 2.6b 75 3.4b 59 2.6bc 45 2.0b 56 2.5b

Cougar - Pullman

Milk stage 1 Od 2 Oc 20 0.8b 27 l.lb 69 3.6b 76 5.Oa 95 6.6a 50 3.3b
Soft-dough 7 0.2c 25 0.9b 70 3.4a 66 2.8b 90 5.7a 91 5.8a 84 5.3a 77 5.Oa
Hard-dough 21 0.8a 53 3.1a 70 3.4a 72 4.0a 79 5.2a 75 4.9a 80 5.2a 81 5.1a

Cougar - Spokane

Milk stage 1 Od 15 0.9b 54 2.5a 71 3.7a 68 3.8b 74 3.9b 59 2.9b 67 3.3b
Soft-dough 17 0.7b 22 0.6b 57 2.6a 93 5.7a 88 5.7a 94 6.7a -- 89 5.4a
Hard-dough 10 0.4c 52 2.0a 52 3.5a 78 4.9a 67 4.Sab 74 5.7a 77 5.1a 59 3.9b

1Rating equals speed of germination, calculated from total of 4 weekly germinations/days germinated.

2Means having a common letter do not differ at the five percent level of probability.
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evident in Newport seed for all years and Cougar seed in 1966. Cougar

germination rate was significantly higher at both locations.

Figures 14 and 15 show the rates of seedling length increase for

Cougar and Newport seed from the three crop years as tested in 1967.

The stage of maturity had no apparent effect on the vigor of the seed-

lings. The decrease in seedling growth rate occurring 10 to 15 days

after imbibition was probably due to the exhaustion of seed endosperm

reserves. Photosynthesis initiated at this time was probably below

the compensation point and growth proceeded more slowly.

For Newport seed from all three years the Spokane-grown seed had

greater seedling growth rates than that from Pullman. Seedlings from

Spokane reached 2.1, 3.3 and 2.8 cm in length in 27 days for the 1965,

1966 and 1967 crops respectively while Pullman seedlings grew 1.8, 2.7

and 2.0 cm. The 1967 Newport seed showed some post-harvest dormancy;

germination was initiated at 12 to 17 days after planting compared 5

to 7 days from the other two crop years.

Less growth-rate difference were observed in Cougar seed although

the seedling growth rate from Spokane seed was generally higher than

that from Pullman. Seedlings from seed harvested at Spokane attained

1.8, 3.1 and 3.5 cm in length in 20 days while the Pullman seedlings

reached 1.7, 3.1 and 2.9 cm total length respectively.
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Table 7 indicates the time of plumule emergence after initial

wetting of seed and the growth rates occurring over 24 hour periods

during the first 14 days of germination. Seedling growth rate of

Newport seed harvested at Pullman was significantly lower than Cougar.

This difference was evident throughout the 14 day test period for 1967

seed and less prolonged with the 1966 and 1965 seed. Newport seed from

Spokane did not show these differences; usually these seedlings grew

as fast as the Cougar seedlings.

Respiratory quotients (R. Q.) of 1967 Cougar and Newport seed

from the two locations as given in Table 8 and Figures 12 and 13

averaged 0.93 for Cougar and 0.89 for Newport. Intact seed of both

varieties had higher R. Q. than the dehulled seed. For intact Newport

seed from Pullman and Spokane the R. Q. were 0.91 and 0.93 respectively.

Cougar seed from the same locations had R. Q. of 1.00 and 0.93. The

R. Q. for dehulled Newport seed were 0.87 and 0.84 while Cougar seed

R. Q. were 0.98 and 0.91. There was no apparent correlation between

these respiration quotients and the observed seedling growth rates

during 24-hour periods.
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Table 7. Seedling growth rate at 1, 2, 3, 7 and 14 days after plumule

emergence for Newport and Cougar Kentucky bluegrass seed

harvested at Pullman and Spokane in 1965, 1966 and 1967 and

tested in 1967.

Variety and
location

Days after Growth rate

wetting plumule 1 day 2

emerged

(mm/24 hours) at
3 7 14

1965 seed

Newport-Pullman 5
1

2.5b1 2.9ab 2.3b 3.8b 2.2ab

Newport-Spokane 6 3.4ab 3.7a 2.7ab 6.3ab 1.9ab

Cougar-Pullman 4 3.0ab 2.2b 2.4ab 5.1a 2.6a

Cougar-Spokane 4 3.8a 2.3ab 2.9a 4.0b 1.6b

1966 seed

Newport-Pullman 8 3.6b 4.2ab 4.lab 9.0b 2.4b

Newport-Spokane 7 4.6a 4.1a 4.2a 10.4ab 4.3a

Cougar-Pullman 5 3.8ab 4.4ab 4.9a 10.8a 3.6ab

Cougar-Spokane 4 3.7ab 5.0a 4.7a 10.6ab 3.3ab

1967 seed

Newport-Pullman 15 2.2b 2.9b 3.3b 6.8b 2.8b

Newport-Spokane 16 3.0ab 4.3ab 5.2ab 9.3ab 3.lab

Cougar-Pullman 6 2.7ab 3.8ab 4.4ab 8.5ab 4.2ab

Cougar-Spokane 6 3.8a 5.6ab 5.7a 12.6a 5.5a

1Means having a common letter do not differ at the five percent level

of probability.
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Table 8. Respiration quotients for intact and dehulled seed of Cougar
and Newport Kentucky bluegrass harvested at Pullman and
Spokane in 1967.

Variety, location Average R. Q.
1

Average R. Q.

and seed condition for varieties

Newport - Pullman

Intact 0.91

Dehulled 0.87

Newport - Spokane

Intact 0.93

Dehulled 0.84

0.89

Cougar - Pullman

Intact 1.00

Dehulled 0.98

Cougar - Spokane

Intact 0.93

Dehulled 0.91

0.97

1
Calculated from readings at 10-hourly intervals over an 80-hour period.
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DISCUSSION

Environmental Influences

Interacting effects of environmental factors - particularly light,

photo-period and temperature periodicity - are evident in numerous

plant responses. Seed dormancy and germination are likewise affected

by climatic variation. Dormancy is usually characterized as a condi-

tion that synchronizes germination with the most favorable season for

plant growth and development. Vegis (1963) views most instances of

dormancy as a "relative" state in which the response to a causal con-

dition such as temperature is limited to a narrow range of that condi-

tion. Exposure to extreme conditions, such as freezing temperatures,

often widen the range under which germination will occur.

The varieties Cougar and Newport studied in this investigation

showed large differences in initial germination; Cougar seed germina-

ted much higher than Newport immediately after harvest. Moisture

content of these seed groups showed a similar relationship. Such

responses may well be the effects of environmental conditions during

maturation of the seed. Differences existed between seed from the

different locations; this fact further supports the idea of environ-

mental influences upon seed responses.

Evenari et al. (1966) interpreted the varietal response dif-

ferences of some seed in terms of differential environmental control

over the various partial processes of seed maturation. Seed of short

day (8 hour) plants imbibed water more rapidly than long day (20 hour)
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plants. A similar explanation was offered by DeLouche (1958) for germi-

nation variations in Kentucky bluegrass seed harvested at different

stages of maturity.

In preliminary investigations freshly harvested Newport seed had

higher germination percentage and germinated faster with a 12 hour

light period compared to 8 and 4 hour periods. Cougar seed germinated

equally well under all light regimes. The observed effects of loca-

tion - greater water uptake rate by Kentucky bluegrass seed harvested

at Spokane may be due to such environmental effects on the maturing

seed although day length would not be appreciably different between

Pullman and Spokane.

Grant-Lipp and Ballard, as cited by Evenari et al. (1966), defined

several processes in relation to seed maturation: (1) Embryo matura-

tion is independent of the environment but adversely affected by plant

age at time of seed set; (2) Seed coat permeability is inversely

related to day length and (3) Coloration is affected by the maturation

of the seed coat itself.

Fendall (1964) reported research by several workers showing ger-

mination differences were correlated with seed color. Fendall, how-

ever, found that all freshly harvested seed of Stipa viridula were

dormant regardless of color quality. In this investigation seed color

changes in Kentucky bluegrass occurred between the milk stage of

maturity and the soft-dough stage. For seeds of many species this

change is regarded as evidence of morphological maturity. No color

differences were observed to be related to locations; however the
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observed significant differences in germination rating for Newport did

occur between the milk and soft-dough stages.

Patterns of climatic variation are expressed in different species,

variety and population differences; however, little is known about the

genetically-controlled physiological characteristics that determine

growth and development in various environments. Koller et al. (1962)

summarized attainment of "initial germinability" as related to a

distinct developmental stage (functional maturity) occurring when seed

moisture levels off and no longer parallels dry matter accumulation.

Subsequent accumulation of inhibitors, decreased water permeability

and toughening of seed coat or appendages apparently determine the

degree of dormancy. These factors gradually lose their effectiveness

during the post-harvest ripening period.

Comparative studies of these climatic races may offer greater

understanding of the mechanisms involved. Hiesey (1953) and Juhren

et al. (1953) found that germination and early growth of several Poa

species was related to average temperatures during the 30-day period

prior to harvest. Ecotypes of Poa showed great variation

in response to different day and night temperatures. Seed dormancy

was apparently determined by the stage of seed development at time of

the particular temperature exposure.

Grasses exhibit a wide range of such germination inducing mecha-

nisms; prechilling, alternating temperatures, light and KNO3 are most

effective in promoting germination of grasses. Several of the effec-

tive treatments apparently function differently on different seed;

however, germination in any one species may sometimes be obtained by
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different treatments. Preliminary tests showed that prechilling,

KNO3 and 10-30°C temperatures promoted germination of freshly-harvested

Newport seed. Cougar did not show this differential response.

Higher temperatures were recorded at Spokane during the Kentucky

bluegrass maturation period, averaging 5° above Pullman. Vegis,

Koller and Ballard (as reported in Evan's text, 1963) all emphasize

the great effect of climatic conditions during the development of the

seed on subsequent dormancy and germination. From these and other

reports it is evident that some observed seed viability variations

are due to temperature and photoperiod differences. Further study of

environmental influences on seed attributes should include control and

measurement of these factors during seed maturation. In this study

the stage of maturity at seed harvest apparently affected seedling

vigor of Newport seed from Pullman; seed at milk stage showed lower

germination percentage and rate of growth.

These environmental variables have not been adequately identified

and should be further studied.

Endogenous Responses

Climatic effects may be mediated through endogenous regulating

substances and systems. Nitch (as cited in Evans, 1963) describes

this process affecting plant development as a three-step process:

(1) reception of a climatic stimulus, with a receptor such as phyto-

chrome in the case of photoperiodism; (2) transformation of the cli-

matic message into a chemical message; and (3) stimulation or inhibi-

tion of a given process by the chemical message. Numerous studies of
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endogenous inhibitor-promoter complexes have been reported for different

species. Fendall (1964) pointed out that little is known about the

specific action of such substances in the metabolic processes asso-

ciated with germination. Isolation and identification of such sub-

stances was not attempted in this study; such investigations would be

extremely valuable in elucidating the regulating mechanisms involved in

dormancy and germination.

Physiological bases for climatic responses may be determined by

analyzing the environmental components and their effects upon individual

processes deemed essential for germination such as imbibition and gas

exchange. Seedling growth rate may also be regulated in this manner.

Quite different physiological mechanisms can be effective in producing

the same end results.

Barnard (1966) pointed out that physiological age strongly deter-

mines germination behavior of grass seed. The stringency of a parti-

cular requirement dissipates with time. Gesslin (as cited in Kolk,

1962) stated that grass seed often obtain full germinative capacity

at milk-ripe stage and are not further improved by later harvesting.

Fendall (1967) cited three major causes of dormancy in grasses -

physiologically immature embryos, impermeable seed coat and germina-

tion inhibitors. Species variations in "after-ripening" of seed have

also been reported. Maguire and Patterson (1961) found that Cougar

and Newport varieties of Kentucky bluegrass exhibited differences in

"post- harvest dormancy"; in this study Cougar'had virtually no after-

ripening requirements while Newport underwent several months of a

dormant state. The maturation of the embryo during this time could
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account for the initial lower Newport germination and then its sub-

sequent increase equal to Cougar. This explanation would be in agree-

ment with Vegis' theory of narrow temperature range response during

dormancy. Genotypic differences in seed development as well as dif-

ferential responses to pre-ripening environments may also have caused

these differences. Koller et al. (1962) cited inactivation of endoge-

nous inhibitors and synchronization of endogenous cycles as explana-

tions for observed post-harvest changes in seed.

The results of this investigation show that seed water uptake was

not a limiting factor in the germination of Kentucky bluegrass. Water

was evidently able to adequately penetrate the external seed structures

since removal of the lemma and palea did not increase but, in fact,

decreased the rate of uptake and the total amount of water absorbed

by the seed. These findings point out that total water uptake is not

necessarily the critical part of germination. Penetration of water

into the internal tissue is necessary for enzyme activation and trans-

portation of reserve materials and metabolites within the seed. This

physical action is apparently regulated by the seed coat, not the

appendages in the case of Kentucky bluegrass. Burch and DeLouche (1959)

showed that different species of seed absorbed water at varying rates;

these rates also varied among seed parts of the same species. Oat

seed coats initially absorbed water rapidly, continued slowly for

several days, and then increased slightly. Other tissue absorbed

water rapidly for 24 hours and then the rate decreased.

Dead seeds of Kentucky bluegrass absorbed water in much the same

manner as the live dehulled seed. Crocker and Barton (1953) and Mayer
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and Poljakoff-Mayber (1963) showed that water imbibition was unrelated

to the viability of seeds. However, Evenari et al. (1966) showed that

the environmental effect on the legume mother plant, which was trans-

mitted to the germination of seed, was controlled through seed coat

permeability to water. Some grass seed, notedly Paspalum sp.,

Pennisetum sp. and Sorghum halepense may fail to absorb water and

remain firm and ungerminated (Andersen, 1961). This condition may

persist in the seed for a year after harvest. Several workers (cited

by Canode et al., 1963) indicated that dehulling seed of Paspalum

and Zoysia improved water uptake and subsequent germination. Toole et

al. (1957) reported that water absorption was not significantly inhi-

bited by seed appendages or seed coats of numerous range grasses

studied, including Poa macrantha and species of Eragrostis, Polypogon,

Bouteloua and Muhlenbergia. Firm seed has not been found to influence

germination of Cougar or Newport Kentucky bluegrass.

In these studies, varietal differences in water absorption capa-

city were noted. Although rates of uptake were similar, Cougar seed

absorbed more total water than Newport at both locations. These rates

were similar for 1965, 1966 and 1967 seed tested in 1967. Such varia-

tion may indicate greater seed metabolic activity in Cougar, resulting

in higher initial germination and greater seedling vigor.

Histological studies of seed structure and changes that occur

during maturation and subsequent germination processes may be useful

in determining the causes of germination differences among species and

varieties. Brauen (1967) attempted such histological evaluation of

Eragrostis lehmanniana but found no differences that explained the
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variation in dormancy. During routine evaluation of the tetrazolium

staining reactions of Kentucky bluegrass seed it was noted that Cougar

seed apparently had larger embryos than Newport. Cougar seed also had

a high incidence of multiple embryos; often two or three seedlings

developed from the same caryopsis. These factors could possibly

account for some of the observed differences in seedling vigor in this

study and will be further studied.

Oxygen absorption rates of Cougar and Newport reflect a minimum

restriction by the seed coat and appendages to oxygen uptake. The

oxygen absorption is then apparently a reflection of the degree of

respiratory activity occurring within the seed and the differences

between varieties and locations show the influence of these factors on

seed metabolism.

The decreased oxygen uptake by dehulled seed compared to intact

seed may be due to incomplete removal of micro-organisms from the

intact seed by the sterilization technique. Presence of such organisms

beneath the lemma and palea could result in greater oxygen uptake than

that occurring with the more completely sterilized dehulled seed.

However, the change in relative position in oxygen uptake by Cougar

seed grown at Spokane would not seem to be explained on this basis.

Respiration quotients during early germination of both varieties

indicate that aerobic respiration occurred in both varieties and that

intact seed respired essentially the same as dehulled seed. Carbohy-

drates utilized for sugars in metabolic activities do not seem to be

limiting. Respiration occurred at a steady rate during the first 80

hours of germination. The variation between species in their ability
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to utilize sugars as reported by Whalley et al. (1967) for several

Phalaris species does not apparently exist with Cougar and Newport

bluegrass seed.

Genetic diversity is another contributing factor in explaining

climatic adaption of similar plant types. The genetic variation is

largely dependent upon the mode of fertilization. In an apomictic

species like Poa pratensis, little or no variation is expressed within

individual plants and embryo-controlled post-harvest dormancy would be

reflected in the genotypes. It would appear that Newport has such

heritable dormancy which is lost during the after-ripening period,

while Cougar does not.

Tuan and Bonner (1964) concluded that the dormant state of seeds

is associated with the repression of genetic activity in the embryo.

Derepression of the genetic material would result in breaking of dor-

mancy. Such changes could also be activated by inhibitor decrease to

a level that triggered enzyme-directed synthesis of more inhibitor or

perhaps a similar system involving a germination promoter. More likely

a complex system of promoter-inhibitors is involved. Gibberellin is

considered by some researchers (Simpson and Naylor, 1962 and Cohen and

Paleg, 1967) to be the germination promoter in barley and wild oats;

however, limited success has been obtained with grass species.

Andersen (1957) did not find increased Kentucky bluegrass germination

with gibberellin treatment. Coumarin has been indicated as a possible

inhibitor (Sivan et al., 1965) of germination and does occur in many

seed species. Identification of endogenous regulators and their involve-

ment in individual reactions would greatly elucidate the process of

germination.
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The endogenous seed characteristics may be expressed in cyclic

rhythmic patterns of germination as is true with certain other plant

responses. Kummerow (1965) has reported endogenous rhythms in orchard

grass seed germination. Such rhythms were also observed in these

studies with two maximum and two minimum germination levels occurring

in both varieties during the year following seed harvest. These

rhythms varied in intensity among the different test years but followed

similar patterns. These findings seem to be in agreement with nnning

and gassle (1951) who found such rhythms were unaffected by various

physical treatments and environmental changes. Such rhythms would

appear to coincide with normal optimum seasonal periods for success-

ful germination and survival.

It is possible that the observed endogenous rhythms are inherited

by the Kentucky bluegrass types used in this study.

Expression of Vigor

Environmental conditions during the parent generation can have

subsequent effects on seedling vigor of the seedlings. Lang (1965)

showed carryover effects of environmental conditions upon seedling

vigor of the subsequent generation of various species. Whalley et al.

(1966) theorized that the seed accumulation of necessary materials

for enzyme systems to hydrolyze endosperm carbohydrate reserves would

be affected. This would be reflected in the over-all conversion

efficiency of these reserves into seedling growth.

Whalley and McKell (1967) showed that among several species of

Pha)aris, differences existed in seedling growth rate and length.
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This growth was related to sugar content in the seeds. Some species

were limited by the ability of the seedlings to utilize sugars supplied

by the endosperm while others had limited ability to supply sugars.

Cougar Kentucky bluegrass may have greater inherent ability to

utilize the available sugars in metabolism compared to Newport. Respi-

ration quotients obtained in this study indicated similar patterns;

carbohydrates are apparently readily available for both varieties.

Post-harvest ripening might also exert a control related to sugar

utilization. These factors may account for the observed varietal

differences.

Growth rate and ultimate length of seedlings during the early non-

photosynthetic stage of growth are major criteria for evaluating seed-

ling vigor. Rapidity of germination is also a major attribute. Seed

of both varieties grown at Spokane produced more vigorous seedlings

than Pullman seed, indicating possible environmental effects upon

vigor. Speed of germination cannot be considered as a sole criterion

for measuring seedling vigor since dormancy may prevent complete

expression of potential. Time of germination after exposure to opti-

mum conditions (moisture, temperature and light) and the subsequent

growth rate of seedlings are also important in determining the rela-

tive effectiveness in seedling establishment and survival.

Seed respiration measurements as means of evaluating vigor have

been utilized by several workers (Kittock, 1960; Woodstock, 1965). In

this study some observable differences in respiration were noted

between varieties that could account for seedling vigor differences.
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Cougar seed had higher R. Q. values than Newport when intact and

dehulled seed from both locations were compared. With the Kentucky

bluegrasses studied, the small size of seed and the inherent biological

variation resulted in erratic results when attempts were made to mea-

sure and correlate seed attributes that reflect relative seedling vigor.

Some. Practical Aspects of Results

Erratic germination results among testing laboratories may be

partially attributed to inherent variation within biological material

as well as experimental variation. Knowledge of the existence of

such potential differences can greatly aid seed analysts and others

in determining quality of different seed lots. The information obtained

in this study regarding the causes of the observed differences in seed

attributes between these two varieties of Kentucky bluegrass would be

useful to those persons involved in evaluating grass seed quality and

performance potential, and should lead to a better understanding of

the seed physiological mechanisms involved in dormancy and germination

and of the environmental influences upon the seeds. Improved testing

methods would greatly facilitate the marketing of Kentucky bluegrass

seed throughout the United States. Recognition of rhythmic patterns

that may occur in seed germination is of utmost importance in deter-

mining the true viability of seed that is marketed soon after harvest.

Further studies are also needed to detrmine how long this rhythmic

fluctuation persists.

Present laboratory germination concepts, while fundamentally sound,

do not provide sufficient information regarding field planting value of
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seed. Since seed lots may differ in planting value, a vigor test that

would supplement regular germination, could detect such differences

and greatly aid seed quality evaluation.

To date some success in determining field planting value has been

obtained using cold tests for corn and peas. Such measurements of

resistance to soil micro-organisms under adverse moisture and tempera-

ture conditions are complex and applicable only to particular field

conditions.

A more direct measure of indicative physiological attributes

that correlate with field establishment of seedlings would permit

development of a standardized vigor test. Refinement of the respira-

tion measurements to accurately assess Kentucky bluegrass seedling

vigor does not seem feasible due to the small seed size, the complexity

of metabolic processes and micro-organismal contamination. Speed of

germination and seedling growth rates apparently correlate more

closely with field performance potential.
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SUMMARY AND CONCLUSIONS

The environmental and endogenous factors that may influence seed

dormancy, germination and seedling vigor in the Kentucky bluegrass (Poa

pratensis L.) varieties Cougar and Newport were studied. Seed was

harvested at Pullman and Spokane, Washington at different stages of

maturity. This seed was then tested over 10-month periods in 1964,

1965, 1966 and 1967.

Cyclic germination patterns were observed in this seed throughout

the test periods. These oscillations occurred at intervals of two to

three months. The rhythms were not affected by alternating tempera-

tures, seed maturity or storage conditions. This rhythm was more

pronounced in Newport seed. Results indicate an inherent endogenous

seed attribute, probably located in the embryo. The pattern consis-

tency varied somewhat with location and year of production. This

may be due to the influence of environmental factors upon the expres-

sion of physiological characters. Observed temperature differences

between the locations during period of seed maturation were reflected

in some seed variations. These rhythms need to be studied further to

determine how long they persist.

Post-harvest dormancy was more pronounced in Newport seed. Cougar

had virtually no dormancy. Dormancy in Newport seed was apparently

centered in the embryo and dissipated during the after-ripening period.

Neither the seed coat nor appendages impeded water absorption or

oxygen uptake, as was demonstrated by responses of intact and dehulled
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seed. Environmental conditions during seed maturation can prolong the

after-ripening period.

Respiratory rates and patterns were similar for both varieties.

Results suggest probable utilization of carbohydrates as the principal

metabolite throughout the initial phases of germination.

Seedling vigor differences as evaluated by speed of germination,

growth rate and seedling length showed that Cougar seed was more

responsive. Stage of maturity per se had no discernible effect on

vigor.

It appears that the differences between the seed attributes of

these two varieties are inherited and the endogenous responses vary

somewhat in response to environmental conditions. The complex inter-

actions of the various factors make it difficult to pinpoint the exact

causes. A need exists for specific chemical or physical measurements

to evaluate potentials of different seed lots.

In testing for seed quality the occurrence of endogenous rhythms

and other internal factors that may affect germination responses must

be recognized along with the subtle influences of environment. Varia-

tions between genotypes must also be considered in field management

practices for seed production.
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Appendix Table 1. Maximum and minimum temperature data recorded at
Pullman and Spokane in 1964, 1965 and 1966.

Date

Pullman Spok
Maximum
Temp. (F)

ane
Minimum
Temp. (F)

Maximum
Temp. (F)

Minimum
Temp. (F)

.....t
AID
Ch
v-4

In
AID
o
r4

AID
%SD

ON
1-1

sot
AID
Ch
v-4

VI
AID
o
v-4

AID
AID
o
r-I

AID
ChtI

VI
N.C)

o
r4

AID
AID
o
v-4

sot
AID
Ch
r-I

In
%D
otI

%,f)

AID
o
r-I

May
1 51 49 70 36 34 29 58 55 74 40 37 42

2 48 54 81 31 31 46 52 59 87 37 34 42

3 45 52 86 33 31 42 54 57 89 40 37 45

4 55 51 88 35 41 47 62 55 90 41 43 47

5 51 47 90 32 28 48 58 50 93 37 31 56

6 57 56 69 33 29 56 61 65 92 40 29 55

7 61 60 67 40 29 42 65 69 72 45 34 43

8 65 63 78 42 30 40 70 72 78 45 40 48

9 65 70 76 39 35 46 66 79 84 47 41 53

10 59 72 63 41 37 44 63 75 82 44 44 47

11 62 75 66 31 42 40 68 79 71 39 45 47

12 72 75 60 45 43 38 70 79 69 43 47 43

13 58 68 52 41 47 37 61 77 59 45 50 39

14 63 65 50 29 43 35 65 73 55 35 45 41

15 71 67 56 36 41 32 74 70 57 38 51 39

16 82 61 54 38 43 38 85 55 57 44 45 40

17 74 55 58 45 35 33 68 63 64 50 33 34

18 79 64 66 46 33 27 81 67 72 44 33 35

19 79 70 75 49 37 34 85 64 77 52 39 44

20 68 57 76 42 39 46 83 60 76 51 40 51

21 60 62 60 42 37 50 66 65 75 45 43 40

22 53 63 59 31 46 34 58 64 62 41 50 37

23 63 57 66 30 42 30 64 56 68 35 47 39

24 60 60 77 41 42 40 62 64 81 48 45 43

25 60 60 84 34 42 40 66 64 90 36 45 49

26 66 69 83 36 45 49 70 78 89 40 50 56

27 72 75 76 36 47 46 78 82 87 42 47 50

28 65 81 71 51 47 38 73 87 81 55 50 49

29 60 69 69 49 55 43 74 84 75 57 43 48

30 74 62 66 42 42 45 77 63 76 50 20 54

31 79 65 66 45 35 40 79 60 57 53 43 45
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Appendix Table 1. Continued

Pullman Spokane

Maximum
Temp. (F)

Minimum
Temp. (F)

Maximum
Temp. (F)

Minimum
Temp. (F)

Date

....t to vz, .4. to ..o -4- to .0 -4- to q)
D D D ..o q) .1) v:, v:, 1/40 .r, s) .r,

O ON ON ON ON CS 01 Cr) ON ON CA Cr,
r-t r-I r-t r-I r-t f - i f-t r-/ r-/ r-I

June
1 78 71 67 52 39 34 81 77 72 59 42 44

2 70 77 60 49 42 41 79 83 69 55 51 44

3 73 74 49 39 50 40 78 80 61 47 52 44

4 72 77 56 53 37 39 75 82 54 55 46 43

5 69 79 70 51 41 39 75 85 74 55 48 48

6 59 77 75 49 52 40 72 80 77 54 56 49

7 63 72 78 47 43 40 68 75 83 53 47 49

8 58 79 75 39 33 55 53 85 81 46 48 53

9 67 81 63 42 43 52 77 90 77 45 52 55

10 68 85 65 49 44 50 75 94 72 51 54 55

11 63 78 59 49 47 42 73 91 70 52 58 44

12 70 63 65 48 47 41 76 73 66 52 52 43

13 74 63 69 47 43 46 79 67 64 51 45 45

14 69 53 74 56 44 49 77 70 78 54 43 49

15 77 63 79 47 46 40 82 70 80 54 52 52

16 62 73 85 48 49 45 65 77 91 50 64 57

17 55 68 76 42 54 58 60 71 88 49 60 60

18 59 67 76 45 49 50 64 71 80 49 58 55

19 59 68 70 45 45 52 66 75 75 48 48 57

20 67 76 68 42 46 50 72 76 73 44 50 53

21 66 70 63 47 45 47 73 78 72 49 48 47

22 73 74 68 45 42 42 78 82 72 49 48 49

23 84 80 68 53 46 42 85 88 71 52 52 50

24 79 72 57 55 53 41 83 85 67 52 61 47

25 79 70 73 42 48 40 87 78 79 50 54 51

26 81 70 79 58 44 44 88 76 83 60 48 54

27 63 64 80 44 37 49 65 66 80 47 44 58

28 69 64 74 34 38 47 71 62 78 45 48 54

29 76 71 71 36 40 46 80 77 75 44 42 49

30 81 76 70 54 40 42 86 82 75 50 51 47
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Appendix Table 1. Continued

Date

Pullman Spokane

Maximum
Temp. (F)

Minimum
Temp. (F)

Maximum
Temp. (F)

Minimum
Temp. (F)

-
.0
Ch
.-4

tn
.0
ON
r-1

v).o
ON
.-4

.....t

.0
ON
.-4

in
.0
ON
r-1

1/40

1/40

ON
r-1

4
t.0
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tr1

t.0
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%.0
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4
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til

kr)
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1/40

V,
ON
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July
1 84 82 70 48 42 43 89 90 81 54 51 54

2 74 83 59 47 47 46 86 94 63 58 56 50

3 74 81 60 43 56 44 78 90 63 50 57 52

4 73 79 72 40 54 43 76 84 77 53 58 53

5 74 86 83 50 55 44 76 92 84 53 59 55

6 80 91 78 44 59 49 85 97 84 33 55 59

7 91 87 82 51 63 45 96 95 88 56 72 53

8 87 84 85 59 57 46 95 90 90 68 60 55

9 70 77 86 51 42 48 92 79 90 54 51 59

10 83 71 82 39 47 51 87 76 82 47 52 62

11 91 68 78 42 45 50 96 77 83 55 52 53

12 98 73 84 54 51 44 104 77 86 57 52 53

13 85 81 77 60 51 46 84 88 82 71 51 56

14 80 92 81 58 58 49 88 95 83 68 54 58

15' 68 85 83 54 60 47 86 92 91 61 63 58

16 71 90 80 46 47 58 75 95 89 49 59 62

17 87 89 81 52 56 49 92 92 85 53 63 57

18 74 78 90 55 51 45 88 82 92 58 56 54

19 77 80 77 42 40 54 83 85 87 52 55 60

20 84 70 74 47 51 50 91 82 81 52 53 53

21 80 56 84 52 48 36 86 62 87 61 55 49

22 75 70 87 45 43 42 78 72 92 46 52 54

23 75 80 87 40 41 47 81 85 89 48 52 56

24 83 88 86 42 46 53 88 91 81 48 62 60

25 90 95 79 45 51 45 96 95 77 57 66 50

26 88 88 80 50 54 36 95 96 81 58 62 50

27 92 88 84 47 58 39 96 94 89 56 59 51

28 91 89 88 55 56 45 95 95 93 60 66 54

29 78 90 92 64 51 45 93 96 95 64 58 57

30 71 92 89 57 48 47 73 96 93 62 58 57

31 65 95 84 49 58 60 70 96 89 46 66 62
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Appendix Table 2. Analysis of variance for seed germination of
Cougar and Newport Kentucky bluegrass harvested at
two-day intervals in Pullman and Spokane in 1964.

Source of variation DF SS MS

Error 288 58254.449 202.272

Varieties 1 76499.875 76499.875 378.202 **

Locations 1 8951.301 8951.301 44.254 **

Months 7 41863.832 5980.547 29.567 **

Harvest dates 2 4174.156 2087.078 10.318 **

VL 1 3185.482 3185.482 15.748 **

VM 7 25197.250 3599.607 17.796 **

VH 2 1177.382 588.691 2.910

LM 7 1066.972 152.425 0.754

LH 2 2379.632 1189.816 5.882 **

MH 14 11358.766 811.340 4.011 **

VLM 7 1024.809 146.401 0.724

VLH 2 2488.420 1244.210 6.151 **

VMH 14 7443.051 531.646 2.628 **

LMH 14 3314.040 236.717 1.170

VLMH 14 1422.358 101.597 0.502

`F value significant at the one percent level of probability.
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Appendix Table 3. Analysis of variance for seed germination of
Cougar and Newport Kentucky bluegrass harvested at
two-day intervals in Pullman and Spokane in 1965.

Source of variation DF SS ES

Error 544 39854.801 73.262

Varieties 1 1380.393 1380.393 18.842 **

Locations 1 75691.437 75691.437 1033.153 **

Months 7 56491.941 8070.277 110.156 **

Harvest dates 2 1570.510 785.255 10.718 **

VL 1 3812.654 3812.654 52.041 **

VM 7 17473.168 2496.167 34.072 **

VH 2 3694.077 1847.039 25.211 **

LM 7 10072.453 1438.922 19.641 **

LH 2 538.499 269.250 3.675 *

EH 14 1931.994 138.000 1.884 *

VLM 7 1860.847 265.835 3.629 **

VLH 2 857.350 428.675 5.851 **

VMH 14 1396.937 99.781 1.362

LMH 14 1563.928 111.709 1.525

VLMH 14 2326.000 166.143 2.268 **

`F value significant at the one percent level of probability.
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Appendix Table 4. Analysis of variance for seed germination of
Cougar and Newport Kentucky bluegrass harvested at
two-day intervals in Pullman and Spokane in 1966.

Source of variation DF SS MS

Error 1176 210475.937 178.976

Varieties 1 228990.000 228990.000 1279.443 **

Locations 1 85010.937 85010.937 474.985 **

Months 7 645746.687 92249.500 515.429 **

Harvest dates 2 1561.907 780.954 4.363 *

VL 1 54154.996 54154.996 302.582 **

VM 7 38924.934 5560.703 31.070 **

LM 7 49031.832 7004.547 39.137 **

VLM 7 37119.652 5302.805 29.629 **

VH 2 11779.168 5889.582 32.907 **

LH 2 12.361 6.181 0.035

VLH 2 8143.582 4071.791 22.750 **

MH 14 34357.410 2454.101 13.712 **

LMH 14 6185.012 441.786 2.468 **

VMH 14 5622.629 401.616 2.244 **

VLMH 14 15067.402 1076.243 6.013 **

F value significant at the one percent level of probability.
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Appendix Table 5. Analysis of variance for germination of Newport
Kentucky bluegrass seed harvested at Pullman and
Spokane in 1964.

Source of variation DF SS MS

1964 Seed from Pullman

Error 72 22740.746 315.844

Months 7 26139.066 3734.152 11.823 **

Harvest dates 2 1238.001 619.000 1.960

MH 14 13306.277 950.448 3.009

1964 Seed from Spokane

Error 72 20457.246 284.128

Months 7 40201.961 5743.137 20.213 **

Harvest dates 2 6793.473 3396.736 11.955 **

MH 14 7252.848 518.061 1.823

'`F value significant at the one percent level of probability.
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Appendix Table 6. Analysis of variance for germination of Cougar
Kentucky bluegrass seed harvested at Pullman and
Spokane in 1964.

Source of variation DF SS MS

1964 Seed from Pullman

Error 72 7029.980 97.639

Months 7 1323.789 189.113 1.937

Harvest dates 2 1076.266 538.133 5.511 **

MH 14 1906.884 136.206 1.395

1964 Seed from Spokane

Error 72 8026.465 111.479

Months 7 1488.320 212.617 1.907

Harvest dates 2 1112.255 556.127 4.989 **

MH 14 1072.899 76.636 0.687

'`F value significant at the one percent level of probability.
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Appendix Table 7. Analysis of variance for germination of Newport
Kentucky bluegrass seed harvested at Pullman and
Spokane in 1965.

Source of variation DF SS MS

1965 Seed from Pullman

Error 136 8636.512 63.504

Months 7 14237.191 2033.884 32.028 1.*

Harvest dates 2 2142.818 1071.409 16.872 **

MH 14 2373.449 169.532 2.670 **

1965 Seed from Spokane

Error 136 12878.379 94.694

Months 7 57299.465 8185.637 86.443 **

Harvest dates 2 2745.730 1372.865 14.498 **

MH 14 1120.042 80.003 0.845

F value significant at the one percent level of probability.
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Appendix Table 8. Analysis of variance for germination of Cougar
Kentucky bluegrass seed harvested at Pullman and
Spokane in 1965.

Source of variation DF SS MS

1965 Seed from Pullman

Error 136 8693.730 63.924

Months 7 2163.217 309.031 4.834 **

Harvest dates 2 328.266 164.133 2.568

MH 14 1119.217 79.944 1.251

1965 Seed from Spokane

Error 136 9646.270 70.928

Months 7 12203.207 1743.315 24.579 **

Harvest dates 2 1443.402 721.701 10.175 **

MH 14 2605.906 186.136 2.624 **

**
F value significant at the one percent level of probability.
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Appendix Table 9. Analysis of variance for germination of Newport
Kentucky bluegrass seed harvested at Pullman and
Spokane in 1966.

Source of variation DF SS MS

1966 Seed from Pullman

Error 296 82038.062 277.156

Months 7 53064.836 7580.687 27.352 **

Harvest dates 2 6677.977 3338.988 12.047 **

MH 14 24289.621 1734.973 6.260

1966 Seed from Spokane

Error 292 44226.004 151.459

Months 7 290078.687 41439.812 273.604 **

Harvest dates 2 241.302 120.651 0.797

MH 14 9513.328 679.523 4.487

**
F value significant at the one percent level of probability.
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Appendix Table 10. Analysis of variance for germination of Cougar
Kentucky bluegrass seed harvested at Pullman and
Spokane in 1966.

Source of variation DF SS NS

1966 Seed from Pullman

Error 296 44799.879 151.351

Months 7 227862.312 32551.758 215.075 **

Harvest dates 2 13911.574 6955.785 45.958 **

MH 14 10908.953 779.211 5.148 **

1966 Seed from Spokane

Error 292 39413.246 134.977

Months 7 199830.687 28547.238 211.497 **

Harvest dates 2 666.126 333.063 2.468

MH 14 16522.277 1180.163 8.743

**F value significant at the one percent level of probability.
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Appendix Table 11. Analysis of variance for seed germination of
Newport Kentucky bluegrass harvested at two-day
intervals at Pullman and Spokane in 1964 seed.

Source of variation DF SS MS

Error 144 43197.988 299.986

Locations 1 11408.277 11408.277 38.029 **

Months 7 64838.609 9262.656 30.877 **

Harvest dates 2 4083.784 2041.892 6.807 **

LM 7 1502.485 214.641 0.716

LH 2 3947.679 1973.840 6.580 **

MH 14 17434.957 1245.354 4.151 **

LMH 14 3124.108 223.151 0.744

**F value significant at the one percent level of probability.

Appendix Table 12. Analysis of variance for seed germination of
Cougar Kentucky bluegrass harvested at two-day
intervals at Pullman and Spokane in 1964 seed.

Source of variation DF SS MS

Error 144 15056.449 104.599

Locations 1 728.503 728.503 6.967 **

Months 7 2222.796 317.542 3.037 **

Harvest dates 2 1267.826 633.913 6.063 **

LM 7 589.315 84.188 0.805

LH 2 920.679 460.340 4.403 *

MH 14 1367.327 97.666 0.934

LMH 14 1612.440 115.174 1.102

*IT value significant at the one percent level of probability.
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Appendix Table 13. Analysis of variance for seed germination of
Newport Kentucky bluegrass harvested at two-day
intervals at Pullman and Spokane in 1965.

Source of variation DF SS MS F

Error 272 21514.871 79.099

Locations 1 56738.074 56738.074 717.306 **

Months 7 62481.547 8925.934 112.845 **

Harvest dates 2 4868.312 2434.156 30.774 **

LM 7 9053.973 1293.425 16.352 **

LH 2 20.360 10.180 0.129

MH 14 1240.052 88.575 1.120

LMH 14 2253.496 160.964 2.035

**F value significant at the one percent level of probability.

Appendix Table 14. Analysis of variance for seed germination of
Cougar Kentucky bluegrass harvested at two-day
intervals at Pullman and Spokane in 1965.

Source of variation DF SS MS

Error 272 18339.980 67.426

Locations 1 22764.625 22764.625 337.622 **

Months 7 11487.969 1641.138 24.340 **

Harvest dates 2 396.162 198.081 2.938

LM 7 2878.093 411.156 6.098 **

LH 2 1375.557 687.779 10.200 **

MH 14 2088.676 149.191 2.213 **

LMH 14 1636.343 116.882 1.733

**
F value significant at the one percent level of probability.
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Appendix Table 15. Analysis of variance for seed germination of
Newport Kentucky bluegrass harvested at two-day
intervals at Pullman and Spokane in 1966.

Source of variation DF SS MS

Error 588 126263.813 214.734

Locations 1 137436.500 137436.500 640.030 **

Months 7 265271.875 37895.980 176.478 **

Harvest dates 2 2999.128 1499.564 6.983 **

LM 7 77871.312 11124.473 51.806

LH 2 3920.288 1960.144 9.128

MH 14 18892.191 1349.442 6.284

LMH 14 14910.066 1065.005 4.960

* *F value significant at the one percent level of probability.

Appendix Table 16. Analysis of variance for seed germination of
Cougar Kentucky bluegrass harvested at two-day
intervals at Pullman and Spokane in 1966.

Source of variation DF SS MS

Error 588 84212.812 143.219

Locations 1 1731.763 1731.763 12.092 **

Months 7 419407.437 59915.348 418.347 le*

Harvest dates 2 10341.762 5170.879 36.105 **

LM 7 8280.805 1182.972 8.260

LH 2 4235.504 2117.752 14.787

MH 14 21108.633 1507.759 10.528

LMH 14 6322.520 451.608 3.153

F value significant at the one percent level of probability.


