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Experiments were conducted under field and greenhouse con-

ditions to investigate the effects of chlorpropham (isopropyl m-

chlorocarbanilate) on vegetative and reproductive development in

Chewings fescue (Festuca rubra L. subsp. commutata Gaud.) and to

determine the time of induction and initiation under natural con-

ditions.

Chewings fescue was found to be very susceptible to chlor-

propham treatment and the use of this herbicide for weed control in

Chewings fescue caused seed yield reduction. Time of chlorpropham

application in relation to environmental factors of temperature and

photoperiod was more important than the actual toxicity of the herbi-

cide. Chlorpropham used at the recommended rate of 2 lbs/A was

lethal to all tillers that were exposed to the herbicide irrespective of



time of application. Seed production from treated plants depended

on development of new tillers from axillary buds and on prevalence

of environmental conditions conducive to induction and initiation.

Extent of chlorpropham injury was dependent on type and

maturity of tissue, state of activity of the organ, soil temperature,

and length of time after treatment. Apical meristems of the shoot

were little affected during the initial stages of injury to the shoots

and remained intact even after necrosis of surrounding tissues.

When plants were grown at low and high temperature levels

and treated with varying herbicide concentrations, tiller production

proved to be a more sensitive measure of herbicide-temperature

effects than dry matter production. High temperatures favored

tiller production and enhanced herbicide toxicity.

Time of induction and initiation under natural conditions were

determined. Induction was found to occur late in the fall (December)

and initiation takes place in February. Plants taken to the field as

late as February were induced but seedhead production was reduced

because environmental conditions were inhibitory to initiation.
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EFFECTS OF CHLORPROPHAM ON VEGETATIVE AND
REPRODUCTIVE DEVELOPMENT IN CHEWINGS FESCUE

(Festuca rubra L. Subsp. commutata Gaud. )

INTRODUCTION

Chewings fescue (Festuca rubra L. subsp. commutata Gaud. )

is a subspecies of Festuca rubra and belongs to a large genus of the

fescues. It has a chromosome number, 2n=42. The fescues com-

prise about 100 species and are grown throughout Europe, North

America, Australia, and New Zealand. Chewings fescue is a native

of Europe and was described there long before it became commer-

cially important. The date at which it was introduced into North

America is not exactly known. The name 'Chewings Fescue' is

from a Mr. Chewings who first sold its seed in New Zealand. Until

recently many hundreds of tons of Chewings fescue seeds were im-

ported into the United States from New Zealand.

The grass is a densely tufted, erect perennial with both ex-

travaginal and intravaginal shoots; and grows to heights of 20-60 cm.

It is distinguished from Festuca rubra by the absence of creeping

rhizomes. The shoots are oval in cross-section and bear narrow to

blunt leaves with tubular leafsheaths. The culms are smooth. The

inflorescence is an open panicle which usually contracts after

flowering. The spikelets bear three to eight florets and there is
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variation in number of spikelets and spikelet branches per panicle

even among tillers of the same origin. The grains are enclosed by

the hardened lemma and palea.

Chewings fescue was introduced for seed into Oregon in the

early 1930's. The original grower in the State and in the Willamette

Valley was Mr. Howard Wagner. He is also credited with intro-

ducing the grass into Union County in eastern Oregon. 1/

In 1936, there were only 50 acres of Chewings fescue in

Oregon. Acreage and production later increased from 925 acres

and 186, 000 pounds of seed in 1939 to 17, 500 acres and 7, 350, 000

pounds of seed in 1967. The acreage, however, dropped to 16, 000

in 1968 and appears to have stabilized since then. In 1969, about

6, 720, 000 pounds of seed was produced from 16, 000 acres in Oregon.

About 97 percent of the acreage is located in the Willamette Valley

counties of Marion, Clackamas, Linn, Polk, Yamhill, Benton, and

Washington, with only three percent of the acreage located in Union

County in eastern Oregon. Chewings fescue is an important seed

grass in the Oregon seedgrass industry. In 1969, Chewings fescue

seeds contributed over $1.5 million to Oregon's agricultural income.

The certified varieties commonly grown for seeds are

Cascade, Highlight, and Jamestown Chewings. Chewings fescue is

1Harry Schoth, personal communication
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a low yielder when used as a forage grass, but its hardy nature,

ability to grow even in shady environments and its vegetative char-

acteristics have made it a very useful grass for turf and lawns.

Weed problems in Chewings fescue fields are similar to

those of other perennial grass fields in western Oregon. The most

serious weed problems are caused by winter annuals among which

are Italian ryegrass (Lolium multiflorum Lam. ), annual bluegrass

(Poa annua L. ), ripgut brome (Bromus rigidus Roth), and rattail

fescue (Festuca myuros L. ). Although the severity of these weeds

varies from one location to the other, the problem caused by Italian

ryegrass and annual bluegrass appears to be widespread in perennial

seedgrasses. In eastern Oregon, the most severe weed problem is

downy brome (Bromus tectorum L. ). Other grassy weeds include

rattail fescue and bulbous bluegrass (Poa bulbosa L.).

Depending on the perennial grass genus, species, variety,

and age of stand chemical control of winter annual grassy weeds has

been practiced with diuron, atrazine, simazine, dicamba, prome-

tryne, chlorpropham and propham. For weed control in established

stands of Chewings fescue, simazine, propham, and chlorpropham

are commonly used. A major handicap in the use of chlorpropham

and propham is the fact that these herbicides cause injury in the

fescues (if applied after October 20) to the point that seed yield is

affected.
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The fact that propham and chlorpropham may cause injury in

the fescues has been recognized since the early years in the use of

these herbicides for annual weed control in perennial grasses. The

need to meet good seed quality standards coupled with the effective-

ness of these herbicides when used in early fall, has resulted in

their continued use for grass weed control. Little study has been

done to show the nature of this injury. Through the years, specula-

tions as to the cause of the yield reduction associated with a late

application of chlorpropham has ranged from increased uptake of the

herbicide during late fall, through increased persistence during the

winter months, to inhibition of seedhead development in treated

plants. A complete lack of information on the growth and develop-

ment of Chewings fescue, its response to environmental factors, and

its botany, only helped to increase the problem of understanding the

causes and nature of chlorpropham injury. The present study was

undertaken to shed some light on the effect of chlorpropham on seed

yield and seed quality, the nature of chlorpropham injury, and factors

associated with susceptibility of Chewings fescue to chlorpropham.
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LITERATURE REVIEW

Growth of Grasses

There are many components of growth and seed yield involved

in herbage and seed production by grasses. In cool season perennial

grasses grown for seed, the growth and seed-yield components that

are of major interests include rate of appearance of new leaves,

tillering, size of stem apex, inflorescence induction, initiation and

development of the seedhead. Within the last decade, reviews have

been written on tillering in grasses (Langer, 1963), shoot apex de-

velopment in grasses (Booysen et al., 1963), and rate of appearance

of leaves on tillers of the gramineae (Anslow, 1966). Various aspects

of vegetative and reproductive developments in grasses have been dis-

cussed in a book edited by Milthorpe and Ivins (1966).

Vegetative development

A successful establishment of a seedling grass can be traced

back to good germination of a good quality seed. In work with peren-

nial ryegrass, Arnott (1969) compared the effect of seed weight on

seedling emergence and seedling growth. He observed that seedlings

developing from heavy seeds maintained the weight and growth advan-
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tage they gained during the non-photosynthetic stage of growth through

subsequent development.

Various studies on development of seedling grasses showed

that there are marked differences between genera and between

species of grasses with respect to rate of appearance of leaves.

Leaves of timothy (Phleum pratense L.) appear more frequently than

those of ryegrass (Lolium spp.) and meadow fescue (Festuca pra-

tensis Hus. ), (Patel and Cooper, 1961; Ryle, 1964). Differences

have also been found among varieties of Lolium (Cooper, 1951;

Mitchell, 1953).

At a certain stage after germination, a grass seedling begins

to produce lateral shoots or tillers. In most grasses the attainment

of a minimum size is a prerequisite to tiller development. In

timothy, at least five leaves were present on new shoots before the

first tiller was recorded (Langer, 1956) whereas in perennial rye-

grass (Lolium perenne L.) new tillers appear only after the leaf

above the emerging tiller has fully expanded (Mitchell, 1953). In

Chewings fescue the average time interval between seedling emer-

gence and tillering was recorded as 20 days with a mean leaf number

of four to five (Akobundu, unpublished).

Evans and Grover (1940) have studied the developmental mor-

phology of the shoot apex in various grasses. Similar study has been

made on quackgrass (Agropyron repens L.) by Sharman (1945). The



length of the stem apex is generally determined by the number of leaf

primordia and varies from one species to another. Most grasses

come under the long and intermediate types while cereals are

characterized by short type of stem apex. The size of the stem apex

during the vegetative phase of development has great impact on floral

initiation and subsequent seedhead development.

Environmental factors affecting vegetative development

Of the various factors that influence vegetative development in

grasses, light, temperature, soil moisture, and nutrient status

appear to be the factors which can impose very drastic changes in

growth of a young grass seedling. Temperature has a very important

effect on the rate of leaf and tiller appearance. Growth of cool

season grasses is minimal at temperatures below 10o C. That the

slow rate of leaf appearance in cool season grasses in winter can be

attributed to low temperature, was demonstrated by Langer (1954)

who observed that leaves of timothy in a heated greenhouse between

mid-October and mid-March appeared at intervals of 9.3 days com-

pared to 13.5 days in plants growing outside. Similar observations

were reported for perennial ryegrass where Ryle (1964) noted a dif-

ference of 6.2 days in time of leaf appearance between plants in a

heated greenhouse and those growing outside during the winter

months. Both light and temperature are implicated in leaf growth.
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Mitchell (1953) examined the influence of different levels of light in-

tensity and temperature on leaf development in ryegrass. He found

that raising either light intensity or temperature decreased the

number of days between the appearance of successive leaves. The

rate of leaf appearance tended to be uniform in all tillers on a plant.

Optimum temperature for tillering and growth varies with species.

Thus while a day temperature between 18. 3° and 21. 6° C is optimum

for timothy, orchardgrass and bluegrass, the optimum for brome-

grass (Bromus inermis Leyss.) is between 18. 3° and 24.9° C

(Baker and Jung, 1968).

Auda et al. (1966) grew potted plants of orchardgrass in nor-_
mal, 50% and 25% daylight and reported tiller counts of 10, 2.7, and

0.7 during a seven-week period. By varying the light intensity at

various photoperiods, the workers concluded that tillering in orchard-

grass was associated with light energy rather than with photoperiod.

This conclusion is in agreement with similar studies in ryegrass

(Mitchell, 1963), timothy (Ryle, 1961), and in orchardgrass seed-

lings (Nittler et al., 1963).

The importance of mineral nutrition in herbage grasses has

long been recognized in the field of grassland farming. In the sand-

culture experiment with seedlings of timothygrass, Langer (1959)

observed that the various combinations of N, P, and K had significant

effects on number and weight of tillers, leaves and inflorescence.
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Potassium influenced tiller number least while the effect of nitrogen

was most outstanding. The observation by Griffith and Teel (1965)

that nitrogen is heavily leached from soils leaving no carry-over,

points to the need for continuous yearly application of nitrogen ferti-

lizer to perennial grass stands.

The importance of water to a successful growth of grass

swards can not be over emphasized. Under the normally wet winter

conditions in western Oregon, moisture is not considered a limiting

factor in grass seed production.

Reproductive development

At some time in the development of a tiller, the growing point

undergoes a morphological change associated with a transition from

vegetative to a reproductive stage. This transition is conditioned

primarily by environment (Cooper, 1960a; Cooper and Calder, 1964;

Elliot, 1966; Ryle and Langer, 1963; Bean, 1970), and is marked in

most grass species by the appearance of double ridges on the apical

meristem, an increase in diameter of the apex and a sudden elonga-

tion of the growing point by means of internode elongation (Booysen

et al., 1963). Three developmental stages are generally recognized

in the development of the grass infloresence, and each of these

stages responds differently to the environment (Gardner and Loomis,
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1953; Elliot, 1966; Ryle and Langer, 1963; Lindsey and Petersen,

1962; Calder, 1966). Cooper (1960a) describes the stages as

(a) floral induction, during which the shoot apex becomes

capable of responding to photoperiodic stimulus and/or

low temperature,

(b) floral initiation in response to an appropriate photoperiod,

and

(c) elongation of the inflorescence.

Induction is a requirement in most perennial grasses of

temperate origin. Exceptions to these have been reported in timothy

(Langer, 1955) Russian wild-rye (Lawrence and Ashford, 1964), and

tall fescue (Templeton et al., 1961). Attempts to artificially induce

flowering in plants of creeping red fescue (Elliot, 1966), and

Chewings fescue (Akobundu, unpublished) have to date proved un-

successful indicating that these plants may require more stringent

conditions for induction. Under field conditions, Elliot (1966) ob-

served induction not earlier than November under conditions in

Canada.

Once induction is complete initiation follows. According to

Cooper (1960a) most perennial grasses behave as long day plants and

will not initiate heads until a critical photoperiod is reached. This

critical photoperiod varies from species to species. Activation of

the axillary bud sites as shown by increase incorporation of RNA and
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protein precursors at these sites has been noted by Knox and Evans

(1968) as one of the earliest signs of floral initiation, following a

successive induction. Once initiation has started, the formation of

new leaf primordia is halted and any further primordia formed by the

shoot apex are reproductive.

Environmental factors affecting reproductive growth

Cold temperatures of between 0-10° C alone or in combination

with short photoperiods have been known to provide the inductive re-

quirement of most cold season perennial grasses (Cooper, 1960a;

1960b; Evans, 1960; Evans, 1964; Calder, 1963). There are great

variations between species and between varieties with regard to

duration of inductive period. Moderate temperatures and long photo-

periods are required for initiation. Studies in a number of grasses

have shown that high temperatures, especially high night tempera-

tures, are inhibitory to inflorescence development (Cooper, 1960a;

Calder, 1964; Chilcote, 1961; Calder, 1966; Ryle and Langer, 1963;

Purvis and Gregory, 1952). Ryle and Langer (1963) have pointed out

that inhibitory effect of high temperature is most effective in timothy

if plants are left in photoperiods nearer the threshhold for flowering.

Light intensity, duration, and quality are implicated in the

transformation of a vegetative grass shoot apex to a reproductive

structure. Some cool season perennial grasses show a requirement
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for short photoperiod alone or in combination with cold termparature

for floral induction (Cooper, 1960a). The apices of these grasses

begin floral initiation in response to long photoperiods. In a detailed

study of the photoperiodic response of darnel (Lo lium temulentum

L. ), Evans (1960) showed that with increasing age, darnel becomes

more sensitive to photoperiod. Decreases in light intensity generally

dealy or inhibit spikelet initiation and inflorescence development

(Ryle, 1967). Red light appears to be involved in the flowering re-

sponse of long-day plants. The role of phytochrome in these re-

actions is not clearly understood.

Application of nitrogen fertilizer is a common practice for

grass seed production, and its effect on yield has been demonstrated

for many grass species. Low nitrogen level has been found to delay

flowering in orchardgrass (Calder and Cooper, 1961). A promotive

effect of nitrogen on time of initiation and proportion of fertile tillers

has been demonstrated in orchardgrass, perennial ryegrass and

timothy (Wilson, 1959). Time of fertilization is a rather important

factor in considering the effects of fertilization on seed production.

Stobbe (1969) showed that a supply of high levels of N and P during

floral induction was more beneficial to panicle development than

similar application at time of initiation. With potassium, however, he

reported that low K during initiation reduced panicle production. Under

field conditions, fall-applied application of N fertilizer or split fall
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and spring application is favored in grass seed production. Age of

stand appears to influence amount of N fertilizer required. Rampton

et al. (1970) reported no significant increases in yield in Kentucky

bluegrass seed at N fertilizer rates of more than 50 lb/A in the first

two years, but as the stands aged, the 100 lb/A rate of N fertilizer

caused significantly higher yields. In addition to increasing seed

yield, nitrogen fertilizers have been reported to lengthen the pro-

ductive period of creeping red fescue stands (Elliot and Baenziger,

1967).

The Carbamate Herbicides

The carbamate herbicides commonly used for weed control in

perennial seed grasses in the Pacific Northwestern states of the U. S.

are propham (isopropyl carbanilate) and chlorpropham (isopropyl-m-

chlorocarbanilate). These herbicides are primarily used for control

of annual weeds.

Templeman and Sexten (1945) first reported on the use of pro-

pham as a herbicide. Ennis (1949) reported on the activity of chlor-

propham. Since their discovery, both herbicides have been widely

used as preplant, preemergence, and early postemergence herbicides

for control of many annual grasses and certain broadleaved weeds in

vegetables, ornamentals, and cool season perennial grasses grown

for seed. In this review, emphasis will be placed on chlorpropham.
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Properties in relation to use

Chlorpropham in its pure chemical form is a crystalline solid

with a melting point of 38-40° C and having a molecular weight of

213.7. It is soluble in aromatic solvents and alcohol but only slightly

soluble in water. It has a greater herbicidal activity and longer soil

residual life than propham (De Rose, 1951; Burschel and Freed, 1959;

Parochetti and Warren, 1968). Considerable loss of both herbicides

by codistillation with water vapor is known to occur under field con-

ditions (Anonymous, 1968, 1970).

Soil activity

Although water has been shown to be essential to the action

of the phenylcarbamates, moisture is known to hasten the microbial

degradation of these herbicides under high soil temperature con-

ditions (Freed, 1951). As a consequence, these herbicides have

proved most effective for the control of winter annuals by reason of

their use during periods of cooler weather at the time when soil

microorganismal activity is low. Moist soil conditions at the time of

application favor maximum herbicidal activity of the chemicals.

Applications made under dry soil conditions must be followed with

irrigation for maximum weed control.

Seasonal variation in toxicity of propham and chlorpropham

has been reported by Wiese and Dunham (1954). They showed that
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summer applications resulted in very short-lived biological activity

whereas fall applications greatly enhanced the persistence of the

herbicides. Loss of propham and chlorpropham from soils have been

attributed to vapor losses (Parochetti and Warren, 1966), codistil-

lation (Anonymous, 1970), microbial breakdown (Kaufman and

Kearney, 1965), and chemical breakdown (Hance, 1969). In addition

to breakdown and volatility losses, adsorption by organic matter has

been shown as a major avenue through which chlorpropham is

rendered unavailable to plants when it is added to soils (Blouch and

Fults, 1953; Roberts and Wilson, 1965). Data to date indicate that

when chlorpropham is applied to wet soil or when application to dry

soil is followed by rainfall or irrigation, the herbicide remains in the

top two inches of soil (Pray and Witman, 1953; Smith and Ennis,

1953; Hurt et al., 1958).

Persistence in soils

Persistence of chlorpropham in soils has been increased by

application of the herbicide in combination with chemicals that act as

inhibitors of microbial degradation of chlorpropham. Potassium

azide, carbaryl (1 -Naphthyl-N-methylcarbamate), and PPG-124

(p-chlorophenyl-N-methylcarbamate) have been successfully used in

this regard (Kaufman, 1965; Kaufman and Kearney, 1967). A com-
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mercial formulation of chlorpropham and PPG-124 is now being

marketed under the trade name of Furloe. (R)

Mode of action

The physiological and biochemical behavior of chlorpropham

in plants has been the subject of various investigations for the past

two decades. Since chlorpropham moves only in the apoplast of

treated plants, root uptake is very important to its activity in plants.

In intact plants, growth inhibition and supression of transpiration

have been reported as some of the toxicity effects of chlorpropham

(Humburg and Kust, 1970; Lyndsay and Hartley, 1963). At the

cellular level, Ennis (1948) and Doxey (1949) observed a decrease in

rate of cell division, increase in the number of chromosomes and

metaphase figures, and a decrease in the number of anaphase and

telophase figures. The disruption of normal cell division was

accompanied by a tremendous increase in the size of existing cells.

The herbicide has added usage as a tool for cytological studies be-

cause of its rapid inhibition of cell activity and contraction of the

chromosomes (Storey et al., 1968). Chlorpropham has been shown

to be strongly inhibitory to RNA and protein synthesis (Mann et al.,

1965; Mann et al., 1966; Shokra,ii and Moreland, 1966; Moreland

(R) Trademark of PPG Industries, Inc.
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et al., 1969). It has also been reported to interfere with oxygen up-

take in yeast (Inoue et al., 19 67) and with oxidative phosphorylation

in cabbage mitochondria (Lotlikar et al., 19 68). Mann, Haid, Jordan,

and Day. (1967) showed that chlorpropham prevented the effect of

light in stimulating germination of Grand Rapids lettuce seed by

blocking the phytochrome-controlled synthesis of m-RNA. Mann,

Cota-Robles, Yung, Pu, and Haid (19 67) have hypothesized that the

carbamate herbicides act as anti-derepressor substances. Available

data on the mode of action of the carbamate herbicides tend to support

this hypothesis (Keitt, 1967).

In addition to its herbicidal properties, the growth-regulating

properties of chlorpropham have led to its use for chemical debudding

of lilies, as sprout inhibitors in potatoes, fruit thinner in peaches,

and for the prevention of bolting in garlic, post-harvest end rot in

citrus and soft rot in sweet potato.
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MATERIALS AND METHODS

Experiment I. Effect of Time of Chlorpropham Application

on Yield and Seed Quality in Chewings Fescue.

Plant materials used for this experiment were obtained from

a three-year-old field of Chewings fescue grown on the Hyslop

Agronomy Farm. The field was established by Dr. W. 0. Lee of

ARS, USDA to study the effects of time of application of various

herbicides on seed yield on Chewings fescue. Clumps of tillers were

dug on October 11, 19 69 from a plot that had remained herbicide-free

over the previous three years of the field's history. The clumps

were trimmed to fit 10 inches diameter by 10 inches deep fibre pots

and firmed with soil from the sites where the plants were removed.

They were placed outside an unlighted greenhouse for easy access

during subsequent treatments. The potted plants were watered with

full strength (1X) Hoagland's nutrient solution (Hoagland and Arnon,

1950) whenever the time between rains was long enough to dry the

soil in the pots. The experiment was set up as a single factor

randomized block design. There were six treatments made up of a

control and five dates of chlorpropham application at the rate of

2 lbs/A. The pots were randomly assigned to the various treatments

by use of a table of random numbers. The herbicide was applied at

monthly intervals from October 16, 1969 through February 13, 1970.
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There were two pots per treatment and each treatment was replicated

three times. Additional pots were added to each treatment to provide

a source of samples for anatomical studies.

On each treatment date, the experimental pots to be treated

were brought into the greenhouse and the herbicide applied with a

belt sprayer using an 8003 Tee-Jet nozzle. An emulsifiable concen-

trate formulation of the herbicide containing four pounds of chlor-

propham per gallon was used, with the sprayer calibrated to deliver

40 gallons/A at 40 psi pressure. On all dates of application, the soil

was kept moist prior to herbicide application.

Visual observations were made on the plants to note pattern

of chlorpropham injury and to correlate the observations with field

data. Samples were taken whenever necessary for anatomical

studies.

Seed harvest was spread out between July 1 through 11 to

make allowance for differences in maturity date of panicles. The

heads were bagged and the total number of fertile tillers noted for

each pot. The bagged panicles were later dried overnight in a 40° C

oven and the seeds hand-cleaned. Data were taken on seed yield per

pot, average yield per head, and on weight per 1000 seeds. For each

treatment three sets of 100 seeds each were counted over a lighted

table. The mean weight of 100 seeds was taken and multiplied by a

factor of ten to give weight per 1000 seeds. An analysis of variance
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was used to determine the effects of the various treatments on yield

and seed quality.

Experiment II. Cytological Studies on Seasonal Response of

Chewings Fescue to Chlorpropham.

Plant samples used for this experiment were taken from two

sources. In order to follow the seasonal changes caused by chor-

propham under field conditions, samples were taken from the three-

year-old Chewings fescue field mentioned earlier at two-week inter-

vals starting December 5 to March 19. To obtain samples for the

cytological studies, two replications of the field plants were randomly

chosen. Each plot had two rows which were sampled from the right

hand row. On each sampling date, the sampling location in each row

was determined by drawing a number from a table of random

numbers. The number drawn represented the distance from the

beginning of the row and was used to determine the exact point where

each sample was taken. Sectional sampling was done by digging up

a clump of tillers from the sampling site. The clumps were then

bagged in polyethylene sacks and later washed in preparation for

tiller sampling for anatomical studies. For each treatment sampled,

two bags representing samples from the replications were used.

Five tillers were then selected for uniformity in size from the con-

tent of each bag and pooled to give a total of ten tillers of approxi-
mately identical stage of development per treatment. Sections of the

tillers containing the shoot apices were selected and fixed in FAA
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(a mixture of formalin, acetic acid, and alcohol). The FAA used

was prepared by mixing equal volumes of solution A (containing 6 ml

of formalin and 44 ml of 95% ethyl alcohol) and solution B (containing

5 ml of acetic acid and 45 ml of distilled water). The general guide-

lines kir sample preparation used in this study are the paraffin

methods described by Johansen (1940). The following schedule by

Smith (1969) was adopted for tissue dehydration and embedding:

1 Wash in 50% alcohol, 2-4 changes in 4 hours

2 #1 Johansen 2 hours (Johansen, 1940)

3 #2 1-2 hours

4 #3 1-2 hours

5 #4 1-2 hours

6 #5 If 1-2 hours

7 Tertiary butyl alcohol (TBA), 3 changes in 12 hours

8 TBA: paraffin oil (1: 1), 1-4 hours

9 Pour into vial with parowax. Leave off cork and place

in 50o C oven. Leave 1-2 hours after material sinks to

bottom of vial.

10 Parowax, 2 changes within 6-12 hours in 600 C oven.

11 Tissuemat: 4-12 hours

12 Tissuemat: 2-4 hours. Fill vial.

13 Embed
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The materials were embedded in peel-away tissue embedding

molds manufactured by Peel-Away Scientific. The tissuemat used

had a melting point of 61.00 C (Fisher Scientific Company). The

molds containing the embedded materials were cooled in ice water

baths.

All paraffin blocks were cut, trimmed and soaked overnight in

a softening solution containing 1 gm of Dreft and 10 ml glycerin in

90 ml distilled water. Paraffin blocks were mounted on wooden

blocks and sectioned at 12 microns thickness with the aid of a Spencer

rotary microtome (Model 820). The ribbons were floated out in a

dilute solution of safranin. (1 ml of a 2% solution of safranin in 500

ml water) following a procedure suggested by Sharman (1943). The

floated out sections easily picked up the dye and showed enough con-

trast to make it possible to examine the sections under the micro-

scope so that undesired portions could be discarded. After expansion

the sections were dried and warmed in preparation for staining.

Various staining combinations were used during the prelimi-

nary staining trials. These included safranin-fastgreen in clove oil,

ferric chloride-hematoxylin-safranin (Smith, 1969) and Sharman'S

(1943), tannic acid-iron alum-safranin-orange G procedure. The

first two schedules involve regressive staining with safranin, and the

problem of differentiating until a satisfactory optimum was reached

made these schedules unsatisfactory for this study. Sharman's
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staining schedule proved more effective in bringing out the contents

of the cytoplasm and gave better differentiation of the meristematic

regions.

Experiment III. Effect of Soil Temperature on the Response of

Chewings Fescue to Chlorpropham Treatments.

Seeds of Chewings fescue were germinated in vermiculite in

metal trays one foot by two feet in size. Ten days after seedling

emergence, the seedlings were transplanted into sandy loam soil

contained in quart size plastic pots. The plants were then grown for

two months in continuous light under greenhouse conditions. They

were watered regularly with 1 /2X Hoagland's solution. To study the

use of soil temperature on response of Chewings fescue to chlor-

propham treatment, a completely randomized factoral experiment

was set up. Two levels of soil temperature (410 F + 1 o and 70o F +

2o) and three rates of herbicides were combined in all possible com-

binations. Temperature controlled water-baths were used to main-

tain the desired temperatures. Chlorpropham was used at rates

0, 2, and 4 pounds per acre. There were two pots per treatment

and all treatments were replicated three times.

Experimental plants were chosen from a large population of

two-month-old potted plants. The pots were placed in a temperature

controlled bath for an equilibration period of 24 hours. The herbi-

cide was then applied with a belt sprayer. The soil temperature in

the pots at the time of herbicide application were 45° and 70° F for

plants in 410 and 700 F water-baths, respectively. Soil temperature
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of pots in the low temperature baths dropped to 41° F within 48 hours

after the commencement of the experiment. Tiller counts were made

on the date of herbicide treatment, and again at harvest time three

weeks later. Plants were washed free of soil in running water, bagged

and oven dried at 90° C. Dry weights of all plants were recorded. The

effects of soil temperature and herbicide rates, were measured by the

extent of tiller production and by the differences in dry weight.

Experiment IV. Stuides on Induction and Initiation in Chewings

Fescue.

I. Artificial induction in Chewings fescue

In the fall of 1968, a stock supply of Chewings fescue plants

were established in the greenhouse by growing clumps of tillers

obtained from Dr. Lee's Chewings fescue field. These plants were

grown in the greenhouse under long days and high temperature to

prevent natural induction. Experimental plants for induction studies

were raised from this lot by growing single tillers in 4-1/2 x 4-1/2

inch plastic pots with drainage holes in the bottom. An induction

environment of 42°/39° F day/night temperature, eight hours photo-

period and about 1000 ft. candles of light intensity was provided in a

walk-in freezer. Light intensity was measured with a Weston Sun-

light Illuminator Meter (Model 756). The room was lighted by
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fluorescent tubes (Sylvania Gro-Lux) supplemented by 60-watt in-

candescent bulbs. One-and two-month-old plants raised under

continuous light in the greenhouse were used for the study. The

plants of each age group were kept in the induction chamber for

duration of 4, 6, 8, 10, and 12 weeks before transferring to a freezer

chamber maintained at 50° F under continuous light. The plants

were later transferred to the greenhouse after three weeks in the

50o F chamber, for observation. The plants were regularly watered

with 1/2X Hoagland's solution throughout the duration of the experi-

ment.

II. Time of induction under natural conditions

Single tillers from potted stands of Chewings fescue were

transplanted into 4-1/2 x 4-1/2 inch pots filled with greenhouse soil

on June 18, 1969. The plants were grown in continuous light in the

greenhouse regardless of natural light conditions. Lighting was

provided by fluorescent tubes (Sylvania Lifeline).

Plants of uniform vegetative development were transferred

to Hyslop Farm on October 3, 1969. The pots were buried flush

with the soil surface in eight-foot by twenty-foot plots. Starting from

October 31, 1969, plants were sampled at two-week intervals until

heading was noted in the sampled plots. A total of four pots were

taken out of the field on each sampling date, and held for three weeks

in a 50° F chamber before transferring to the greenhouse. All
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potted plants in the field received an equivalent of 20 pounds nitrogen

as 16-20-0 fertilizer at monthly intervals. Once transferred to the

greenhouse, nutrients were supplied as 1/2X Hoagland's solution.

To obtain information on the time of initiation in Chewings

fescue under field conditions, shoot apices were sampled at two-

week intervals from field plots of Chewings fescue. Clumps of

tillers were dug up from the field plots and the tillers that were

visually most mature were selected for study. The sampled tillers

were divided into two sets. Shoot apices from one set of tillers were

killed and fixed in FAA for anatomical studies while the other set

was used for morphological studies.

To prepare the shoot apex for photomicrography, the develop-

ing leaf sheaths were removed with the aid of a dissecting needle and

under the low power of a binocular microscope. The methods

suggested by Bonnett (1935) and Sharman (1947) were modified for

photographing the shoot apices. Storing the dissected shoot apices

in Petri dishes lined with wet filter paper helped to minimize but

did not eliminate the problem of rapid drying of the growing points.

When an apex was to be photographed, it was mounted in a

drop of petrolium jelly placed on a glass slide. The slide was then

placed over a black velvet background. Light for photographing was

obtained from a microscope lamp fitted with a 150-watt bulb. A vial

containing a dilute solution of copper sulfate was used as a condenser.
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The solution also absorbed some of the heat produced by the lamps

thus reducing the problem from the drying of the shoot apex. All

photographs were taken with a low power object of a Leitz microscope.

Experiment V. Influence of Length of Exposure to Winter

Conditions on Yield and Seed Quality in Chewings Fescue.

The objective of this experiment was to find out how late in the

season tillers can develop without loss of induction and how differences

in length of exposure to winter conditions affect yield and seed quality.

Seeds of Chewings fescue were germinated in the greenhouse at one

month intervals starting in June 1969. Each set of plants was grown

in continuous light for 2-1/2 months. The plants were transferred to

a 400 F chamber maintained under continuous lighting conditions so

that at the time of transfer to the field, they were three months old.

The plants were taken to the field at monthly intervals starting from

October 3, 1969 to February 19, 1970. The experiment was set up

as a completely randomized design replicated three times with two

pots per treatment.

The plants were brought into the greenhouse after heading and

data were collected on seed yield, number of fertile tillers, and

weight per 1000 seeds.



28

RESULTS AND DISCUSSION

In order to make meaningful interpretations of the effects of

chlorpropham on vegetative and reproductive developments in

Chewings fescue, information is needed not only on the nature of

chlorpropham injury but also on the development of this grass, its

response to environmental factors that affect vegetative and repro-

ductive development, and the effect of these environmental factors on

herbicidal activity of chlorpropham. The experiments were aimed at

providing a meaningful basis for understanding and interpreting yield

reductions associated with chlorpropham injury.

Temperature, precipitation and photoperiod are the main

environmental factors that can seriously affect seed yield in cool

season grasses. Table 1 gives a summary of the weather data for

Hyslop Farm for October 1969 through May 1970. The mean annual

rainfall for the Willamette Valley is 40 inches. About 70 percent

of the annual total occurs during the five months, November through

March.



Table 1. Weather data for Hyslop Farm 1

(September 1969-May 1970)

Air temperature
Max. Min. Avg.

Soil temperature (°F)
Max. Min. Avg.

Precipitation
in inches

Dag-light
hours

1969

1970

September
October
November
December

January
February
March
April
May

74. 8
60.4
50.9
46. 9

45. 7
54.3
55.6
55.9
66.5

48.9
41.6
36.1
35.9

36. 2
35.4
37.0
36.9
42.2

61. 8
51.0
43.5
42.4

41. 0
44.9
46.3
46.4
54.3

77. 9
59.8
51.3
44. 9

44. 1
51.0
56.0
59.3
75.7

60. 2
48.9
44.8
40. 5

40. 2
40.5
42.5
43.7
52.5

69. 0
54.3
48.0
42.7

42. 1
45.7
49.2
51.5
64. 1

0. 121
0. 126
0.093
0. 356

0. 500
O. 213
0.074
0.089
0.036

12: 30
10:58
9:36
8: 53

9: 17
1 u! 27
11:55
13:29
14.49

1 Data represent average daily recordings for each month.
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Experiment I. Effect of Time of Chlorpropham Application on

Yield and Seed Quality in Chewings Fescue

I. Effect on fertile tiller production

Visual observation on the pots at the time of heading in March

1970, showed that pots that were treated late in the season had fewer

living tillers than either the check pots or those treated in early fall.

However, by June 1970, even pots treated in February had produced

large numbers of new tillers. Most of the new tillers were in the

vegetative stage and remained so until harvest in July 1970. Counts

of fertile tillers were made for each pot. The number of fertile

tillers per pot can be considered an indication of the potential seed

yield. However, in the final analysis it is the number of fertile

florets per panicle together with seed weight that determines the

yield of a given grass plant. Number of fertile tillers per pot to-

gether with the analysis of variance is given in Table 2. There were

significant differences between untreated pots and the various dates

of herbicide application. The differences increased with delayed date

of herbicide application. The effect of chlorpropham in limiting the

number of fertile tillers was most pronounced in applications made in

January and February 1970. Stimulated vegetative tiller production in plants

receiving late chlorpropham treatment has been commonly observed

in both Chewings and tall fesdue. This accelerated vegetative tiller
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Table 2. Effect of chlorpropham (at 2 lbs/A) on fertile tiller produc-
tion in Chewings fescue.

Date of
herbicide application

Number of fertile tillers/pot 1

I II III
Mean

tiller number

Check 114 64 111 96. 3

October 16, 1969 64 66 46 58.7*

November 18, 1969 44 46 42 44.0**

December 18, 1969 64 51 77 64.0*

January 15, 1970 44 41 27 37.3*
February 13, 1970 20 5 54 26.3**

1Average of two pots

LSD .05 = 31 tillers

LSD .01 = 44 tillers

Analysis of variance

Source of variation df SS MS

Treatments 5 9167.78 1833.56 6.41**
Replications 2 724. 11 362. 06 1. 26
Error 10 2862.56 286.26

*Significance at 5% level
**Significance at 1% level
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production led Bayer (1953) to conclude that late application of chlor-

propham reduced yield by damaging the seed head primordia while

exerting no adverse effect on vegetative growth.

One month after treatment, the leaves of treated plants

generally turned dark green, probably due to an increase in chloro-

phyll content. This symptom has been recognized as one of the

chlorpropham injury symptoms especially on the leaves of treated

plants (Anonymous, 1970). With time, the leaves turned dark brown

and later the entire tillers died. New tillers that showed no visual

sign of herbicide injury were observed in the treated pots within two

months following herbicide treatment. This could be due to the re -

covery of tillers that were only partially injured or due to the pro-

duction of new tillers from dormant buds that were released from

apical dominance on the death of the older tillers, or a combination

of both factors. Irrespective of the origin of the new tiller, its

emergence is an indication that the herbicide had been completely

degraded or that its concentration has been reduced to a level that

was non-phytotoxic to Chewings fescue.

Whether or not the newly formed tillers produced seeds de-

pended on the prevailing conditions of temperature. and photoperiod.

The time of tiller emergence apparently is critical to its ability to

produce a seedhead. Results of a detailed study on orchardgrass by

Langer and Lambert (1959), and Lambert (1966), showed that there
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is a steady decline in panicle bearing capacity with increase in the

appearance of tillers. Lambert (1966) reported that 88 percent of

the orchardgrass tillers that bore panicles had emerged before

November. Tillers formed between March and April made a negli-*

gible contribution to seed yield.

II. Effect on seed yield

Data on seed yield and the analysis of variance are shown in

Table 3. Application of chlorpropham at the recommended rate of

2 lb/A caused a reduction in seed yield in all treatments. Yield re-

duction in the October and November treatments were not significant

but there was a significant difference between the late treatments

and the control. December treatments caused a two-fold yield re-

duction while the January and February applications resulted in a

three-fold yield reduction when compared to the untreated pots.

Under field conditions, weed competition in untreated pots can con-

ceivably result in yields lower than plots treated with chlorpropham

in early fall. The emphasis placed on clean seeds makes it obli-

gatory on the farmer to resort to chemical weed control in grass

seed crops even at the risk of loss due to herbicide injury. Re-

duction in seed yield observed in this experiment is consistent with

observations reported by Bayer (1953), Dunn (1958), and Lee (1967).
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Table 3. Effect of chlorpropham (at 2 lbs/A) on seed yield in
Chewings fescue.

Date of
herbicide application

Yieldl (gms/pot)
I II III Mean yield

Check 4.56 2.85 4.96 4. 12

October 18, 19 69 3. 07 3. 23 3. 18 3. 16

November 18, 1969 2. 34 3. 60 3. 57 3. 17

December 18, 1969 2.40 1. 24 2. 94 2. 19*

January 15, 197 0 1.03 2.44 0.53 1. 33**

February 13, 197 0 1.07 0. 16 2. 66 1. 26**

1 Average of two pots

LSD . 05 = 1. 67 gms

LSD . 01 = 2.38 gms

Analysis of variance.

Source of variation df SS MS

Treatments 5 19.48 3.90 4.59*
Replications 2 1. 75 0. 87 1. 02
Error 10 8.53 0.85

*Significance at 5% level
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III. Effect on seed weight per head

The number of seeds produced by individual panicles is a very

important factor affecting the total seed yield of a grass sward. Seed

weight per panicle (head) was used in this experiment as a yield index

to determine the effects of the various treatments on the overall seed

yield. The data and analysis of variance of this yield factor are in

Table 4. There were no significant differences among means of the

check pots in treatments made in October, December, January, and

February. Highest yield per panicle were from the October and

November treatments and these differed significantly from those of

the check, December, January, and February treatments. It will be

recalled that total seed yield for check pots were higher but not

significantly different from those of October and November (Table 2).

The higher seed yields in the check pots were associated with a higher

fertile tiller population resulting in a decreased yield per seedhead

(panicle) value. The October and November treatments on the other

hand, had few fertile tillers that produced seed yields comparable to

the seed yield in the check pots. The difference in yield per seedhead

reflects a difference in panicle size between the check pots and the

October-November herbicide treatments. In the latter, the fewer

tillers present were able to produce bigger heads than those of the

check under identical environmental conditions. December through

February treatments had yield per panicle values comparable to
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Table 4. Effect of chlorpropham on seed weight per panicle.

Date of
herbicide application

Seed weight per
panicle per pot (mg)

I II III
Mean weight

(mg)

Check 40. 0 44. 6 44. 6 43. la

October 16, 1969 47.9 48.9 69. 1 55. 3ab

November 18, 1969 53.1 78.2 85.0 72. lb

December 18, 1969 37.5 24.2 38.2 33.3a

January 15, 1970 23. 5 59. 6 19. 7 34. 3a

February 13, 1970 48.4 32. 0 49. 3 43. 2a

1 Complete data are found in Appendix Table 2.
aAll treatments followed by the same letter are not signifi-
cantly different at the 5% level

bAverage of two pots

Analysis of variance

Source of variation df SS MS

Treatment 5 3234. 9 647.0 3. 44*

Replication 2 266.4 133.2 0.71

Error 10 1882. 5 188. 3

*Significance at 5% level
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check pots, although total seed yield and number of fertile tillers

were significantly lower in these than the values for the checks.

Intertiller competition may have been responsible for the lower unit

yield value in the check pots.

Time of tiller emergence is known to affect yield. In the

January and February treatments, new tillers must have been pro-

duced too late in the season to take full advantage of the weather con-

ditions.

IV. Effect on seed weight

The time of herbicide application did not affect seed weight

per 1000 seeds in this experiment. Seed weight was generally higher

in the treated pots than in the check but the difference was not signi-

ficant (Table 5).
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Table 5. Effect of chlorpropham on seed weight.

Date of
herbicide application

Weight per 1000 seeds
I II III Mean weight

Check 0.77 0.92 0. 99 0.90

October 16, 1969 1. 03 0.86 0.73 0. 88

November 18, 1969 1.20 1.25 1.29 1.24

December 18, 1969 1. 15 0.99 1. 05 1. 06

January 15, 1970 1.40 0.47 0.86 1. 08

February 13, 1970 1. 17 0.97 0.85 1. 00

Analysis of variance

Source of variation df SS MS

Treatment 5 28.5 5.70 2.85

Replication 2 8. 3 4. 15 2. 08

Error 10 22.2 2.22
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Experiment II. Cytological Studies on Seasonal Response of

Chewings Fescue to Chlorpropham

I. Gross damage to plants

Chewings fescue plants treated with chlorpropham showed

visible injury symptoms within three weeks after the treatment date

under field conditions. Under greenhouse conditions, injuries were

noted within the first week following treatment. The earliest symptom

of chlorpropham was a thickening of the root tip. When Chewings

fescue plants were grown in 1/2X Hoagland's solution containing 0.5

ppm chlorpropham, swelling of the root tips was observed 24 hours

after the start of the experiment.

Exposure of Chewings fescue plants to chlorpropham resulted in

the death of primary meristems. Figure 1 shows field plots of Chewings

fescue in which regrowth occurred and those in which no appreciable

recovery had occurred as of the date of the photograph. The nature

of chlorpropham injury to Chewings fescue is shown in Figure 2.

Mature leaves from treated plants became dark green in color but

showed very little evidence of altered morphology. Differentiation

into leaf blade and sheath was arrested in partly exserted leaves.

The leaves thickened and became boat-shaped and very brittle. The

basal portion of the pseudo-stem of a treated tiller usually became

swollen. With time, the enlargement would become so pronounced



Figure 1. Chewings fescue plots showing effects of date of treatment
on recovery from injury.

A: Check plot showing two rows of Chewings fescue.
Note the effect of chlorpropham on the plot to the
left of the check plot. The notice shown in the
picture stands in the middle of the check plot.

B: A plot treated on December 29, 1969 with 2 lb/A
chlorpropham. Very few new tillers were present
on the date the photographs were taken.

C: A plot treated on October 16, 1969. Enough re-
growth had occurred in this plot as of the date of
this photograph to make the Chewings fescue
stands in this plot comparable to those in the check
plot.
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Figure 2. Nature of gross chlorpropham injury.

Al: Tiller clumps from plants treated with 2 lb/A
of chlorpropham on October 16, 1969. Arrow
points to some of the new tillers present on
this date.

A2: Tiller clumps from plants treated with chlor-
propham on December 5, 1969.

A3: Tiller clumps from the check plants.

Bl: Single tiller from plants treated with chlor-
propham on December 18, 1969. Note that
growth and differentiation have been completely
arrested in this tiller.

B2: Tiller from plants treated on January 15, 1970.
Note the swollen basal portion of young tillers.
Very young tiller initials are bulb-like.

B3: Tiller from plants treated February 13, 1970
showing early stages of injury.

B4: Tiller from check plot.

C: To the left is a tiller from plants treated on
December 5, 1969. To the right is a similar
shoot dissected to show arrested development
in the enclosed leaves. The shoot apex is at
the center of the four leaves.

Note: All samples were photographed on
February 24, 1970.
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that the basal portions of the outermost sheaths would be cracked or

pried open by pressure of the expanding tissue beneath.

Treated tillers did not recover from injury but axillary buds

on the stem were able to grow into new tillers when the herbicide

concentration in the soil dropped to non-toxic levels. Inhibition of

growth and differentiation appeared to be one of the ways that chlor-

propham affected treated plants.

II. Cytohistological investigations of injury

Examination of sectioned plant materials showed that meri-

stematic regions were more susceptible to chlorpropham injury than

mature tissues. The extent of injury and the tissues affected depended

on the duration of the treatment (Figure 3). Initially only the paren-.

chyma cells of the young leaves were affected but with time, injury

spread to the enclosed leaf primordia and finally the shoot apex was

affected.

Parenchyma cells of young tiessues showed enlarged cells,

and cell walls of adjacent cells tended to pull away from each other.

In cells that were normally not dividing, the cytoplasm tended to

coalesce, with the enlarged nucleus drawn to a corner of a much en-

larged cellular cavity. At two weeks after treatment the parenchyma

cells were highly enlarged and cytoplasm tended to stain deeply

compared to the control. At one month the cytoplasm of the much



Figure 3. Effect of time after treatment on extent of tissue destruc-
tion by chlorpropham.

A: Shoot apex from check plant (Magn. 250X).

B: Nature of chlorpropham at two weeks after treat-
ment. Note the enlarged parenchyma cells (magni-
fied 250 X) of the young leaves.

C: Injury to shoot apex at one month after treatment.

D: Injury to shoot apex at two months. Note disinte-
gration of cells in young leaves, and that shoot apex
of side tiller is still intact.
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enlarged cells appeared plasmolysed, and there was a loss of defi-

nition between the nuclear and cytoplasmic regions. Meristematic

shoot apex remained relatively free of herbicide injury until complete

collapse of the surrounding tissues. Similar observations were made

by Dunn (1958) in studies with Tall fescue. In Figure 3, the shoot

apex of a tiller treated two months earlier was still virtually intact

while cells of the enclosing leaf sheaths had disintegrated. The shoot

apex here tended to die of starvation rather than from direct herbicide

injury. Chlorpropham is amitotic poison. One of its herbicidal

actions is the inhibition of cell division. Meristematic tissues are

therefore most susceptible to injury. In order to exert its toxic

affects, the herbicide must be taken up by the plant and translocated

to sites where it exerts its toxic activities. Chlorpropham has been

shown to be strongly inhibitory to RNA and protein synthesis (Mann,

et al., 1965; Mann, et al., 1966; Shokraii and Moreland, 1966;

Moreland, et al. , 1969). Any organ where growth occurs will be

susceptible to chlorpropham injury provided the chemical can reach

the site. Since movement of chlorpropham in plants is only apoplastic,

the shoot apex of grasses, normally lacking direct vascular con-

nections with the more mature tissues, tend to be removed from areas

into which the herbicide would freely move. The roots which are not

so affected are usually more susceptible to injury. Thus, while the

inhibition of root growth limits uptake of water and nutrients by the
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plant, disruption of the cellular oranization around the meristematic

shoot apex restricts free movement of assimilates to the shoot apex.

The net result is a slow but sure death of cells of the shoot apex not

from direct herbicide injury but by starvation. This may in part ex-

plain the apparent resistance of the shoot apex to injury at a time when

surrounding young leaves showed marked susceptibility. It is not

surprising therefore that dormant axillary buds are able to resume

growth after dissipation of the herbicide with no noticeable carry-

over symptoms.

Time of chlorpropham application appeared to affect the

severity of its toxicity. Plants treated in February were more

severely injured by the herbicide than those plants treated in the late

fall and early winter months (Figure 4). The extent of tissue

disruption was more severe in plants treated in February and sampled

one month later than in plants treated in November and sampled in

December. This could have been caused by increased uptake of the

herbicide in February compared to uptake in November.

Loss of chlorpropham from treated soils is mainly through

volatilization and microbial breakdown. In both cases high tempera-

ture and high soil moisture favor rapid loss from treated soils. In

situations where a susceptible species like Chewings fescue is in-

volved, conditions that affect rapid uptake rather than those that

affect life of the herbicide in soil become most important. Low



Figure 4. Effect of time of chlorpropham application on extent
of injury in Chewings fescue.

Nature of chlorpropham injury at two weeks after treat-
ment.

A: Plants treated on February 13, 1970.

B: Plants treated on November 18, 1969.

Nature of chlorpropham injury at four weeks after
treatment.

C: Plants treated on December 5, 1969.

D: Plants treated on February 18, 1970.

Note greater tissue destruction in plants treated in
February compared to plants treated in late fall.
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temperatures that limit root growth and root activity can be expected

to reduce toxicity by limiting uptake of the herbicide.

Since a treated tiller nearly always dies from chlorpropham

injury, resumption of growth by axillary buds will depend on internal

physiology of the grass; more specifically on the amount of reserve

carbohydrate to support new tiller development. New tiller pro-

duction will also depend on the residual life of the herbicide and in

turn on the environmental conditions that affect its breakdown. It is

evident that successful growth will depend on a near optimum con-

dition for herbicide breakdown and vegetative growth. Any deviation

from this will adversely affect regrowth and seed production. In

order to ensure maximum seed production, the herbicide has to be

applied early enough in the season to allow a fairly rapid dissipation

and new tillers must be produced early enough to ensure that induction

is complete and that initiation can occur when environmental con-

ditions are ideal for it.

Figure 5 shows the extent of recovery from herbicide treat-

ment. There is no indication that chlorpropham effects have been

transferred to the new shoots. Once the herbicide has disappeared

new shoots developed appear to be identical in their anatomical and

gross morphological features when compared with plants from un-

treated plots.



Figure 5. Extent of recovery from chlorpropham treatment.

A: Plant from check plots with inflorescence apex.

B: Plant from plots treated with chlorpropham on
November 18, 1969 showing no noticeable carry-
over of herbicide injury.

Note the double ridges on the inflorescence apex.
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Experiment III. Effect of Soil Temperature on the Response

of Chewings Fescue to Chlorpropham Treatments

I. Effect on dry matter production

The effect of soil temperature and concentration of chlor-

propham on dry matter production is shown in Table 6. Varying the

soil temperature did not significantly affect dry matter production.

Also herbicide rates did not significantly affect dry matter pro-

duction.

At both temperatures, root activity in Chewings fescue did not

seem to be very much restricted. This would be expected since the

grass is well adapted to cool climates. An examination of the data in

Table 6 will show that plant response with regard to dry matter pro-

duction was not affected by herbicide rate. This would indicate that

it is the duration of exposure rather than the herbicide concentration

that determines the extent of injury. A low concentration of chlor-

propham may take a longer time to kill the plant than a high concen-

tration but over a protracted period the plant dies.

Herbicide and temperature interactions were significant. The

herbicide was more toxic to the plants at the higher temperatures

than at the lower temperatures. The increased metabolic activities

of the plant at higher temperature would be expected to cause the

plant to be more sensitive to growth inhibition than similar activities
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Table 6. Effect of soil temperature on response of Chewings fescue
to chlorpropham treatments.

Factor A
(temp. )

Factor B
(herb. rate) Replication

Dry wt.
of plants

41
oF 0 lb/A I 1.91

II 3.25
III 3.76

Avg. 2.97
2 lbs/A I 3.21

II 3.10
III 4.28

Avg. 3.20
4 lbs/A I 3.80

II 2.53
III 4.88

Avg. 3.74

70°F 0 lb/A I 5.41
II 7.90

III 5.23
Avg. 6.18

2 lbs/A I 5.05
II 1.17

III 2.42
Avg. 2.88

4 lbs/A I 3.86
II 1.47

III 1.80
Avg. 2.38

1
Complete data are found in Appendix Table 3.
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Analysis of variance for Table 6.

Source df SS MS F

Temp 1. 1..2 1.2 0.62
Herb 2 9.4 4.7 2.48
Temp x herb 2 17.2 8. 6 4.56*
Error 12 22. 6 1. 8

*Significance at 5% level
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at low temperatures.

II. Effect on tiller production

Tiller production appeared to be very sensitive to temperature

and herbicide rates. At the high temperature, the plants were more

sensitive to a low rate of chlorpropham (2 lbs/A) than at the lower

temperature. At a herbicide rate of 4 lbs/A, tiller production at

both temperatures was minimal (Figure 6.).

The analysis of variance for this experiment is given in Table

7. High temperature had a significant effect on tiller production in

the check pots. At the low temperature, reduction in tiller production

Was generally gradual. Temperature alone did not significantly affect

tiller production. Slow uptake of the herbicide at lower temperature

may be the way through which temperature could exert its effect in

the vegetative growth of Chewings fescue.
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Figure 6. Effect of chlorpropham and temperature on tiller pro-
duction.
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Table 7. Effect of temperature and herbicide rates on tiller pro-
duction.

Analysis of variance 1

Source of variation df SS MS F

Temperature 1 138.9 138.9 3.1
Herbicide 2 1693.0 846.5 19.2**
Temp x herbicide 2 670.8 335.4 7. 6 **
Error 12 529.3 44.1
1 Complete data are found in Appendix Table 3.

**Significance at 1% level
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Experiment IV. Studies on Induction and Initiation

in Chewings Fescue

I. Artifical induction in Chewings fescue

Attempts to artificially induce potted plants of Chewings fescue

to flower were not successful. Some of the possible causes of failure

could be temperature, light quality and intensity, or duartion of induc-

tive conditions. Some plants are knownto have more stringent require-

ments than others. An example is creeping red fescue where day /night

temperatures are implicated in floral induction. Under the experi-

mental conditions used in this study it was not possible to reduce

temperature without loss of light intensity. During the eight-hour day

conditions, temperature often rose higher than the mean temperature

of 42o F. The light intensity of 1000 ft-c used for the investigation

may have been inadequate for this grass. No attempt was made to

use vernalized seeds for the study. Any thorough investigations of

the inductive requirements of this grass must take into account the

factors of temperature, light intentisty and duration of inductive period.

II. Time of induction and initiation under natural conditions

Potted plants for floral induction studies were sampled from

field plots at two-week intervals starting from October 31, 1969. The

earliest sampling date at which induction was observed in Chewings

fescue was December 26, 1969. Samples removed from
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the field at two week intervals starting October 31, 1969 failed to

produce inflorescence even when left for three months in the green-

house. Internode elongation occurred in most of the November

samples but no inflorescence was observed. This period corre-

sponded with the period of minimum photoperiodic and low tempera-

ture conditions in the area.

Initiation studies were aimed at identifying the time of

initiation under field conditions. Figures 7 and 8 show the various

anatomical and morphological changes in development of the shoot

apex in Chewings fescue. Anatomical studies show that the transition

from vegetative to reproductive growth occurred in samples taken on

February 6, 1970 (Figure 8d).

Morphological differences between vegetative and reproductive

shoot apices became evident by the February 19 sampling date

(Figure 7). Inflorescence heads did not emerge above the flag-leaf

until April 1, 1970.

Development of the reproductive apex is marked by the

termination of leaf primordia initiation. During the winter months,

the vegetative apex is a low cone with an average of five-leaf pri-

mordia. One of the earliest morphological changes in the prepara-

tion of a shoot apex for initiation is the elongation of the low cone

apex into a cylindrical, slightly tapered apex (Figure 8c). This is

followed by a definite break in leaf primordia production (Figure 8d)



Figure 7. Morphological changes in the development of the shoot apex.

A: Vegetative apex sampled January 29, 1970. Note the
short stem apex.

B: Transition from vegetative to reproductive apex.
Note the elongated stem apex with the spikelet pri-
mordia at the base. Sampled February 19, 1970.

C: Early stage in the development of the panicle.
Sampled March 8, 1970.

D: Late stage in development of the reproductive apex.
Sampled March 19, 1970.
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Figure 8. Development of the shoot apex in Chewings fescue.

8a: Vegetative shoot apex as seen December 5, 1969.

8b: Vegetative shoot apex as seen January 23, 1970.
8c: Vegetative shoot apex February 6, 1970.

8d: Vegetative shoot apex February 6, 1970. Note
transition to reproductive apex. Very few tillers
had advanced to this stage on this date.

8e: Reproductive apex as seen on February 19, 1970.
8f: A more advanced stage of the reproductive apex.

Sampled March 5, 1970.
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and the production of the double ridged lobes of leaf and branch

primordia (Figures 8d, e, f).

Determinations of time of induction and initiation have an im-

portant bearing in understanding the inductive requirement of this

grass. Information of this nature is necessary to fully understand the

nature of chlorpropham injury and yield reduction.

Plants treated in October or November could be expected to pro-

duce tillers that will take full advantage of the inductive conditions pre-

vailing in the December-January months and to be able to fully initiate

before temperature conditions inhibitory to proper initiation occur.

Experiment V. Influence of Length of Exposure to Winter

Conditions on Yield and Seed Quality in Chewings Fescue.

I. Effect on fertile tiller production

Fertile tillers were counted in all pots at harvest time to deter-

mine the effect of the various treatments on fertile tiller production.

The data and analysis of variance are shown in Table 8. There was a

significant difference among dates at which plants were taken out to the

field. Highest fertile tiller number was produced when potted plants

were taken out to the field in October compared to when they were

taken out later in the season. Potted plants taken out to the field in

November and December were killed by flood. The plots were under

water for nearly two weeks following heavy rains that flooded the ex-

perimental field between January 22 and February 3, 1970.
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Table 8. Effects of duration of exposure to winter conditions on
production of fertile tillers in Chewings fescue.

Treatments Replications Head numbers I

October 3, 1969 I 62
II 55

III 54
Avg. 57. 0

January 13, 1970 I 20
II 19

III 38
Avg. 25.7**

February 5, 1970 I 43
II 35

III 44
Avg. 40.7**

1 Complete data are found in Appendix Table 4.

Analysis of variance

Source df SS MS F

Date 2 1473.6 736.8 14.02**
Error 6 315.3 52.6

**Significance at 1% level

LSD .05 = 12 heads

LSD .01 = 16 heads
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II. Effects on yield and seed quality

Yield differences between plants taken to the field in October

and those taken out in the winter months were highly significant.

(Table 9). Seed weight per panicle and weight per 1000 seeds were

the other variables measured. In each instance, plants taken to the

field in October proved superior to plants taken to the field in sub-

sequent winter months (Tables 10 and 11).

This clearly demonstrates the need to fully expose plants to

winter conditions in order to maximize seed yield. The experiment

showed that inductive conditions still prevailed as late as February

5th. If induction was complete then the low seed production must be

attributed to less than optimum initiation conditions. Moderate

temperatures and long photoperiods are required to initiation.

Studies in a number of grasses show that high temperature, espe-

cially high night temperatures are inhibitory to inflorescence de-

velopment (Cooper, 1960a; Calder, 1964; Chilcote, 1961; Calder,

1966). It is possible that these plants taken to the field in January

and February were unable to complete their induction and initiation

processes. before the onset of inhibitory conditions.

The injurious effects of chlorpropham resulted in the death

of established tillers and production of new tillers at some later

date. Each delay in application causes a corresponding delay in new

tiller production. Treatments made in February, while not
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completely eliminating fertile tiller production, affected the total

number of fertile tillers, yield per panicle, and seed w eight.
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Table 9. Effects of duration of exposure to winter conditions on seed
yield in Chewing's fescue.

Treatment Replications Seed weight (grams)
October 3, 1969 I 5. 356

II 3. 659
III 3. 379

Avg. 4. 161

January 13, 1970 I 0. 012
II 0. 005

III 0. 014
Avg. 0. 010**

February 5, 1970 I 0. 036
II 0. 051

III 0. 027
Avg.. 0. 037**

Analysis of variance- -Seed weight

Source df SS MS

Date 2 33.7 16.9 44. 02**
Error 6 2..3 0.4

**Significance at 1% level
LSD . 05 = 1. 00 gms

LSD . 01 = 1. 32 gms
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Table 10. Effects of duration of exposure to winter conditions on
seed yield per head in Chewing's fescue.

Treatments Replications
Seed weight
head (mg. )

October 3, 1969 I
II

III

86.2
66. 5
62.6

Avg. 71. 8

January 13, 1970 I 0. 6
II 0. 2

III 0. 4
Avg. 0. 4**

February 5, 1970 I 0. 8
II 1. 5

III 0. 6

Avg. 1. 0**

Analysis of variance--Seed weight per head (mg)

Source df SS MS

Date 2 10106.2 5053.1 94. 56'w.c
Error 6 320.. 6 53.4

**Significance at 1% level
LSD . 05 = 11.8 mg

LSD 01 = 15. 6 mg
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Table 11. Effects of duration of exposure to winter conditions on
seed quality in Chewing's fescue.

Treatments Replications Weight/1000 seeds

October 3, 1969 I 1. 16
II 1. 16

III 1. 24
Avg. 1. 19

January 13, 1970 I 0. 62
II 0. 60

III 0. 89
Avg. 0. 70**

February 5, 1969 I 1. 00
II 0. 85

III 1. 11
Avg. 0. 98*

Analysis of variance--Seed weight per 1000 (gms)

Source df SS MS

Date 2 35.2 17.6 11. 32**
Error 6 9.3 1.5

**Significance at 1% level. *Significance at 5% level.
LSD . 05 = 0.20 gms

LSD.. 01 = 0.27 gms
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SUMMARY AND CONCLUSIONS

Greenhouse and field experiments were conducted to study the

effects of chlorpropham on vegetative and reproductive developments

in Chewings fescue. In order to further investigate the cause of seed

yield reduction associated with chlorpropham injury studies were

made on the development of the shoot apex. The effect of time of

chlorpropham application on seed yield, and seed quality was investi-

gated using potted plants grown outside the greenhouse. Measure-

ments were made on the effect of time of herbicide application an

fertile tiller production, total seed yield, yield per panicle, and

seed weight. Date of herbicide application affected fertile tiller pro-

duction and consequently seed yield but did not appear to have affected

seed weight. Application of chlorpropham before December did not

decrease yield significantly but applications made at later dates in

the winter caused significant yield reduction.

Studies on gross chlorpropham injury showed that treated

tillers did not recover but that regrowth was from axillary buds.

Anatomical studies showed that tissues associated with growth

activities were most susceptible to chlorpropham injury. Tissues of

the intercalary meristems,' and young developing leaves were shown

to be more sensitive to injury than either the shoot apex or the more

mature, non-differentiating tissues. Injury to roots was observed
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within 24 hours after exposure to chlorpropham. Chlorpropham

affected treated plants by causing cell enlargement, inhibiting cell

division, and causing general necrosis of the plants. New tillers

developed after dissipation of the herbicide. The severity of the

damage produced by chlorpropham was influenced by rate of meta-

bolic activity, maturity, time of treatment, and by length of time

after treatment.

Time of natural floral induction and initiation was found to be

December 26 and February 6, respectively. Initiation was marked

by a change from a low cone-shaped shoot apex to a cylindrical apex.

Normal seedhead development required maximum exposure of plants

to winter conditions. Yield was progressively reduced with increas-

ing lateness in exposure of plants to winter conditions.

Evidence presented in this study shows that chlorpropham is

very injurious to Chewings fescue and that maximum benefit from

its use, with regard to seed production in Chewings fescue, can only

be derived from an early application of the herbicide.

Effect of chlorpropham appears to be restricted to the plants

that have absorbed toxic amounts of the herbicide. Apparent initial

or short-term resistance of the shoot apex to injury is due to in-

ability of the herbicide to move to the growing tips as would the auxin-

type growth regulators. There is no redistribution of the herbicide

in treated plants, hence axillary buds are able to resume growth

without noticeable injury symptoms.
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Environmental conditions of temperature and photoperiod

are the main determinants of seedhead development. Chlorpropham

exerts its effect only as it delays production of tillers at a time most

favorable to floral induction and initiation under natural conditions.
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APPENDIX



Appendix Table 1. Weather data for Hyslop Farm. September 1969 to May 1970.

Day
Temperature (°F)

Max. Min.
Soil temp.

Max.
(°F) at 2"
Min.

Precipitation
in inches

Daylight
hours

September 19 69

1 88 51 90 62 0 13 :14
2 91 44 94 64 0 13 :12
3 77 38 84 60 0 13: 09
4 69 45 80 60 0 13 :06
5 69 44 80 59 0 13:03
6 73 46 82 60 0 13: 00
7 83 50 85 60 0 12 :57
8 91 59 90 82 0 12 :54
9 85 47 84 63 0 12 :51

10 80 49 86 62 0 12:48
11 90 48 88 63 0 12 :45
12 89 47 90 64 0 12: 42
13 82 52 90 64 T 12 :39
14 73 42 83 58 0 12 :36
15 70 42 81 58 0 12 :32
16 74 45 83 58 0 12 :29
17 73 53 75 63 .15 12 :27
18 70 54 70 61 2.18 12 :24
19 67 54 67 61 .59 12 :21
20 63 52 64 59 .27 12 :18
21 64 47 67 57 .01 12 :14
22 65 52 65 56 T 12 :11

(cont'd)



Appendix Table 1. (continued)

Temperature (°F)
Day Max. Min.

Soil temp.
Max.

(°F) at 2"
Min.

Precipitation
in inches

Daylight
hours

23 68 54 68 58 .38 12:08
24 69 49 70 57 0 12: 05
25 73 51 72 57 T 12:02
26 67 50 68 55 0 11 :58
27 69 46 70 55 0 11 :56
28 67 49 67 56 . 01 11: 53
29 76 54 75 58 0 11 :50
30 69 54 70 60 .03 11:47

October
1 62 50 62 57 .21 11 :43
2 64 45 63 54 .52 11 :40
3 63 39 65 51 .06 11 :37
4 62 37 65 50 0 11 :35
5 64 41 64 49 0 11 :31
6 69 36 67 48 0 11:28
7 73 45 68 49 . 01 11: 25
8 62 49 60 54 .99 11 :23
9 61 48 62 53 . 15 11: 19

10 57 42 58 51 .20 11: 16
11 58 38 63 47 0 11 :13
12 63 43 61 47 0 11: 11
13 60 38 57 43 0 11 :07

(coned)



Appendix Table 1. (continued)

Temperature (°F)
Day Max. Min.

Soil temp.
Max.

(°F) at 2"
Min.

Precipitation
in inches

Daylight
hours

14 64 38 55 42 0 11: 04
15 60 37 57 42 0 11 :01
16 51 41 52 45 .36 10 :58
17 57 41 57 48 .24 10:55
18 58 36 59 47 0 10:52
19 56 36 56 47 0 10:49
20 56 39 58 47 0 10 :46
21 65 40 62 48 0 10 :44
22 64 43 62 50 .02 10 :40
23 60 49 60 53 0 10 :37
24 59 40 60 49 .08 10 :35
25 58 34 58 47 .04 10 :31
26 54 39 54 47 0 10: 29
27 54 43 54 47 .69 10 :26
28 57 46 56 50 . 15 10:23
29 60 45 59 51 . 16 10 :20
30 62 48 60 52 0 10 :17
31 60 43 60 51 .03 10 :14

November

1 64 40 60 50 0 10 :12
2 69 42 60 50 0 10: 09
3 60 43 50 50 0 10:06

(cont' d)



Appendix Table 1. (continued)

Temperature (°F)
Day Max. Min.

Soil temp. (°F) at 2"
Max. Min.

Precipitation
in inches

Daylight
hours

4 63 50 61 54 .04 10:04
5 59 45 57 50 1.58 10:00
6 56 44 51 48 .19 9:58
7 55 42 54 48 .06 9:56
8 59 44 53 47 0 9:52
9 55 44 55 49 0 9:50
10 60 39 58 48 0 9:48
11 59 39 57 46 0 9:45
12 57 36 56 46 0 9:43
13 51 40 54 48 0 9:41
14 53 39 54 47 0 9:38
15 46 40 51 48 .01 9:36
16 53 38 52 45 .22 9:34
17 48 38 48 41 .04 9:31
18 51 36 49 42 .02 9:29
19 46 34 46 42 0 9:27
20 53 35 50 42 0 9:25
21 47 37 46 42 .69 9:22
22 51 40 50 45 T 9:21
23 45 34 48 44 0 9:19
24 52 36 48 42 0 9:17
25 42 37 44 42 0 9:15
26 40 31 44 41 0 9:13

(cont' d)



Appendix Table 1. (continued)

Temperature (0F)
Day Max. Min.

Soil temp.
Max.

(0F) at 2"
Min.

Precipitation
in inches

Daylight
hours

27 52 26 48 38 0 9:12
28 48 24 45 37 0 9 :10
29 46 23 43 36 0 9 :09
30 38 23 40 36 0 9 :06

December
1 32 25 38 36 0 9 :05
2 32 24 38 36 0 9 :04
3 33 26 39 37 0 9: 02
4 38 28 38 36 . 19 9:01
5 50 30 44 36 .02 9 :00
6 42 30 43 40 .12 8 :59
7 45 38 43 40 .09 8 :57
8 44 40 44 42 .29 8 :56
9 54 37 48 42 .57 8:55

10 46 31 45 38 .22 8:54
11 52 38 44 39 .42 8 :53
12 53 39 46 43 2.37 8 :52
13 53 39 49 45 .35 8 :52
14 60 46 51 45 1.17 8 :52
15 53 31 49 40 . 02 8:51
16 47 35 46 41 .22 8:50
17 50 38 46 41 .24 8 :50

(cont' d)



Appendix Table 1. (continued)

Day
Temperature (°F)

Max. Min.
Soil temp.

Max.
(°F) at 2"
Min

Precipitation
in inches

Daylight
hours

18 48 42 45 41 .41 8 :50
19 50 42 50 45 . 14 8:49
20 51 44 47 45 .35 8 :50
21 50 46 47 45 1.35 8:49
22 53 39 50 44 . 02 8: 5J
23 47 39 45 41 1.18 8:49
24 48 39 45 41 .32 8:50
25 49 38 47 42 . 11 8:49
26 51 40 45 42 .59 8:50
27 43 30 44 38 .20 8:51
28 43 30 42 38 .07 8 :51
29 48 33 46 38 .02 8:51
30 44 36 44 38 0 8 :52
31 44 39 44 41 0 8:53

January 1970

1 45 33 45 33 0 8: 54
2 45 28 43 36 0 8:55
3 34 28 38 36 T 8 :56
4 39 30 38 36 .13 8 :57
5 38 25 40 38 0 8 :58
6 35 23 36 35 0 8:59
7 35 26 35 34 0 9: 00

(cond't)



Appendix Table 1. (continued)

Day
Temperature (°F)

Max. Min.
Soil temp.

Max.
(°F) at 2"
Min.

Precipitation
in inches

Daylight
hours

8 38 32 35 35 .04 9 :01
9 36 34 35 34 . 86 9: 03

10 39 27 38 35 .84 9 :04
11 34 29 36 35 .03 9 :05
12 35 29 38 35 .52 9 :08
13 50 35 42 35 . 47 9: 09
14 56 46 47 42 . 50 9: 11
15 53 38 50 44 .50 9 :12
16 42 39 44 43 .45 9 :14
17 43 39 44 42 1.80 9: 16
18 54 40 48 43 .79 9:18
19 54 48 49 46 .54 9 :20
20 56 48 50 47 .98 9:22
21 57 48 53 47 . 57 9: 24
22 59 49 54 49 .75 9:26
23 59 47 53 49 1.51 9:28
24 47 45 51 46 .74 9 :30
25 51 42 49 45 1.73 9 :32
26 50 42 49 44 . 54 9: 35
27 52 40 47 43 1.02 9 :37
28 44 32 45 38 .08 9:40
29 48 30 47 38 .00 9:42
30 41 31 41 38 . 10 9 :44
31 49 40 48 40 .02 9 :47

00(cont' d) L..)



Appendix Table 1. (continued)

Temperature (°F)
Day Max. Min.

Soil temp.
Max.

(°F) at 2"
Min.

Precipitation
in inches

Daylight
hours

February
1 50 43 48 43 .29 9:50
2 49 36 49 42 . 01 9: 52
3 52 39 49 42 .03 9:55
4 49 29 48 38 0 9:58
5 43 33 43 38 .02 10 :01
6 46 37 43 38 1. 14 10 :03
7 54 45 48 42 .25 10: Oo
8 59 36 54 42 0 10: 09
9 60 40 53 42 0 10 :11

10 57 34 51 41 0 10: 14
11 56 36 53 41 0 10 :16
12 59 42 54 43 0 10: 19
13 52 34 50 42 .20 10 :22
14 56 32 52 40 0 10: 25
15 53 37 49 40 .05 10 :28
16 52 46 49 45 1.93 10 :30
17 48 40 48 42 1. 73 10: 34
18 43 37 45 41 .21 10 :36
19 52 32 51 39 0 10 :40
20 52 29 51 38 0 10 :43
21 60 29 53 38 0 10 :45
22 59 32 55 39 0 10:49
23 60 30 56 39 0 10 :51

(cont` d)



Appendix Table 1. (continued)

Temperature (0F)
Day Max. Min..

Soil temp.
Max.

(DF) at 2"
Min.

Precipitation
in inches

Daylight
hours

24 57 33 53 39 0 10:54
25 62 31 55 40 0 10 :58
26 61 31 55 40 0 11:01
27 59 32 55 40 0 11:04
28 60 35 58 41 .11 11:07

March
1 45 35 46 40 T 11 :10
2 44 36 46 40 .03 11 :12
3 52 37 50 40 .01 11:16
4 51 38 51 41 .10 11: 19
5 56 30 56 39 0 11:22
6 55 45 53 39 .22 11:24
7 58 45 53 46 .71 11:28
8 49 38 52 44 0 11:31
9 56 37 58 43 0 11:34

10 52 35 51 43 T 11:36
11 57 37 59 42 .42 11:40
12 54 44 54 45 .22 11:43
13 57 38 54 43 .16 11:46
14 53 44 52 44 .30 11:50
15 57 45 56 48 .06 11:52
16 53 45 53 47 .06 11:55

(cont'd)



Appendix Table 1. (continued)

Temperature (°F)
Day Max. Min.

Soil temp.
Max.

(°F) at 2"
Min.

Precipitation
in inches

Daylight
hours

17 54 33 57 42 0 11 :58
18 53 33 58 40 0 12 :02
19 59 30 59 40 0 12:05
20 61 30 60 41 0 12 :08
21 62 36 61 41 0 12: 11
22 55 36 58 43 0 12: 14
23 56 33 57 43 0 12 :17
24 61 36 56 43 0 12 :20
25 55 34 57 42 0 12:24
26 61 40 60 42 0 12: 27
27 59 34 60 42 0 12:29
28 64 42 62 43 T 12 :32
29 58 43 62 47 T 12 :36
30 57 29 60 42 T 12 :39
31 61 28 64 42 0 12:42

April
1 62 38 65 42 0 12 :45
2 56 28 56 42 T 12:49
3 59 30 63 41 0 12:51
4 62 34 65 42 0 12:54
5 57 46 56 41 0 12:58
6 62 45 63 50 .07 13 :01

(cont'd)



Appendix Table 1. (continued)

Temperature (°F)
Day Max. Min.

Soil temp.
Max.

(°F) at 2"
Min,

Precipitation
in inches

Daylight
hours

7 52 29 55 40 .08 13 :04
8 51 36 55 41 T 13: 07
9 64 45 67 45 T 13 :10

10 56 42 56 48 .64 13 :13
11 53 34 57 43 . 07 13: 15
12 53 31 60 41 . 12 13: 19
13 51 39 55 41 T 13 :23
14 59 34 59 42 0 13:25
15 60 31 62 42 .06 13 :28
16 60 36 64 47 T 13: 31
17 64 36 65 44 0 13: 35
18 65 40 67 45 T 13 :37
19 50 39 54 45 . 23 13: 40
20 51 35 57 44 .01 13 :43
21 51 35 60 44 .13 13 :46
22 55 40 61 45 .13 13 :48
23 58 44 63 48 .14 13 :51
24 56 44 58 48 .18 13 :54
25 51 40 53 46 .40 13 :57
26 49 36 55 45 . 12 14 :00
27 50 32 57 45 .02 14 :03
28 52 30 60 43 . 07 14: 06
29 58 35 61 42 .04 14 :09

(cont'd)



Appendix Table I. (continued)

Temperature (°F)
Day Max. Min.

Soil temp. (°F) at 2"
Max. Min.

Precipitation
in inches

Daylight
hours

30 49 42 50 45 . 17 14:12

May

1 61 47 64 50 O. 00 14: 14
2 67 44 69 49 0 14 :17
3 74 44 72 49 0 14 :19
4 78 46 76 51 0 14 :22
5 63 47 70 55 0 14:24
6 62 34 67 48 0 14: 26
7 61 31 72 48 0 14 :29
8 61 39 7 0 48 . 42 14: 32
9 59 41 62 50 . 12 14: 35

10 54 38 62 48 .03 14 :38
11 51 34 59 47 .40 14 :41
12 52 36 62 47 . 01 14: 42
13 56 34 63 47 0 14: 44
14 63 38 71 47 0 14 :46
15 75 43 7 6 50 0 14: 48
16 82 46 80 54 0 14 :50
17 78 46 82 56 0 14 :52
18 68 39 79 54 0 14: 55
19 68 37 81 54 0 14 :57
20 60 46 67 55 0 14 :59

(cont'd)



Appendix Table 1. (continued)

Temperature (0F)
Day Max. Min.

Soil temp.
Max.

(0F) at 2"
Min.

Precipitation
in inches

Daylight
hours

21 65 38 75 54 0 15 :01
22 72 46 83 54 0 15 :03
23 65 41 70 53 T 15: 05
24 70 45 80 53 0 15: 07
25 79 51 82 60 0 15 :08
26 85 48 88 60 0 15 :10
27 65 44 79 59 0 15: 12
28 63 41 75 56 0 15 :13
29 68 48 80 56 .04 15 :14
30 66 43 74 57 . 02 15: 16
31 71 52 79 59 0 15 :18



Appendix Table 2. Effect of chlorpropham on yield and seed quality in Chewings fesc, .

Treatment Replications Head no. a Seed wt. (gms)a
Seed wt. pera

head (mg)
Wt. per 1000 seeds a

(gms)

Check

October 16, 1969

I
II

III
Avg.

I
II

III
Avg.

114
64

111
96. 3

64
66
46
58. 7

4.56
2. 85
4.96
4. 12

3.07
3.23
3. 18
3. 16

40.0
44.6
44.6
43. 1

47.9
48.9
69, 1
55. 3

0.77
0.92
0.99
0. 90

1.03
0.86
0.73
0. 88

November 18, 1969 I 44 2.34 53.1 1.20
II 46 3. 60 78.2 1.25

III 42 3. 57 85. 0 1. 29
Avg. 44.0 3. 17 72. 1 1.24

December 18, 1969 I 64 2.40 37.5 1. 15
II 51 1.24 24.2 0. 99

III 77 2.94 38.2 1. 05
Avg. 64.0 2. 19 33. 3 1. 06

January 15, 1970 I 44 1. 03 23. 5 1.40
II 41 2.44 59.6 0.97

III 27 0. 53 19.7 0. 86
Avg. 37.3 1. 33 34.3 1. 08

(coned) Q



Appendix Table 2. (continued)

Treatment Replications Head no. a Seed wt. (gms) a head (mg) (gms)
Seed wt. pera Wt. per 1000 seedsa

February 13, 1970 I
II

III
Avg.

20
5

54
26.3

0.97
0.16
2.66
1.26

48.4
32.0
49. 3
43.2

1.17
0.97
0.85
1.00

aEach treatment represents average value from two pots.

0



92

Analysis of variance for Appendix Table 2.

Analysis of variance--Number of fertile tillers

Source df SS MS

Date
Rep
Error

5

2

10

9167.8
724. 1

2862. 6

1833.6
362. 1
286. 3

6.41**
1.26

**Significance at 1% level

Analysis of variance--Seed weight (gms)

Source df SS MS

Date 5 19.5 3. 9 4. 59*
Rep 2 1. 8 0. 9 1. 02
Error 10 8.3 0.8

*Significance at 5% level

Analysis of variance--Weed weight per head (panicle)

Source df SS MS

Date
Rep
Error

5

2

10

3234.9
266.4
1882.5

647.0
133.2
188.3

3.44*
0.71

*Significance at 5%level

Analysis of variance--Weight ler 1000 seeds

Source df SS MS

Date
Rep
Error

5

2
10

28.5
8.3

22.2

5.7
4.2
2.2

2.85
2.08



Appendix Table. 3. Effect of soil temperature on response of Chewings fescue to chlorproph ,m.

Factor A (temp. ) Factor B (herbicide rates) Replications
Dry wt. ofa

plants
Increase ina

tiller no.

41°F

70°F

0 lb/..A.

2 lbs/A

4 lbs/A

0 lb/A

2 lbs/A

I
II

III
Avg.

I
II

III
Avg.

I
II

III
Avg.

I
II

III
Avg.

I
II

III
Avg.

1.91
3.25
3.76
2.97
3.21
2.10
4.28
3.20
3.80
2.53
4.88
3.74

5.41
7.90
5.23
6.18

5.05
1.17
2.42
2.88

2
12
23
12.3

2

9
9
6.7

3
4
1

2.7
29
28
48
35.0

2
2
1

1.7

(cont'd)



Appendix Table 3. (continued)

Dry wt. ofa Increase ina
Factor A (temp. ) Factor B (herbicide rates) Replications plants tiller no,

4 lbs/A I 3.86 5
II 1.47 0

III 1.80 0
Avg. 2.38 1.6

a Each treatment represents average value from two pots.
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Analysis of variance for Appendix Table 3.
Analysis of variance - - Weight of plants

Source df SS MS

Temp 1 1.2 1.2 0.62
Herb 2 9.4 4. 7 2.48
Temp x herb 2 17.2 8. 6 4. 56*
Error 12 22. 6 1. 8

*Significance at 5% level

Analysis of varianceIncrease in tiller number

Source df SS MS

Temp 1 138. 9 138. 9 3. 15
Herb 2 1693. 0 846. 5 19.19 **
Temp x herb 2 670.8 335.4 7. 60
Error 12 529. 3 44. 1

**Significance at 1% level
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Appendix Table 4. Effects of duration of exposure to winter con-
ditions on seed yield and seed quality in Chewings
fescue.

Treatment Replications

Seed
Head weight
no. (gms)

Seed wt.
per head

(mg)
Wt. /1000

seeds (gms)

October 3, 1969 I 62 5.356 86.2 1. 16
II 55 3. 659 66. 5 1. 16

III 54 3. 379 62. 6 1. 24
Avg. 57.04.161 71.8 1. 19

January 13, 1970 I 20 0.012 0. 6 6. 17
II 19 0.005 0.2 6.00

III 38 O. 014 0.4 8.92
Avg. 25. 7 O. 010 O. 4 7. 03

February 5, 1970 I 43 0. 036 0. 8 9. 99
II 35 O. 051 1. 5 8.45

III 44 0.027 0.6 11.08
Avg. 40.7 0. 037 1. 0 9.84
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Analysis of variance for Appendix Table 4.

Analysis of variance--Head number

Source df SS MS

Date
Error

2

6

1473.6
315.3

736.
72.

8
6

14. 02**

**Significance at 1% level
LSD . 05 = 12 heads
LSD .01 = 16 heads

Analysis of variance--Seed weight

Source df SS MS

Date 2 33.. 7 16.9 44.02**
Error 6 2.3 0.4

**Significance at 1% level
LSD . 05 = 1.00 gms
LSD .01 = 1.32 gms

Analysis of variance--Seed weight per head (mg)

Source df SS MS

Date 2 10106.2 5053.1 94.56**
Error 6 320.6 53.4

**Significance at 1% level
LSD .05 = 11. 8 mg
LSD . 01 = 15. 6 mg

Analysis of variance--Seed weight per 1000 (gms)

Source df SS MS

Date 2 35.2 17.6 11.32**
Error 6 9.3 1.5

**Significance at 1% level
LSD . 05 = 0.20 gms
LSD . 01 = 0.27 gms


