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INTRODUCTION

The Willamette Valley of Oregon is one of the major areas of

seed production for cool season grass species because of its environ-

ment and geographic location. From an environmental standpoint,

the winters are mild, the growing seasons are long, the summers are

usually cool and dry. There is also an adequate supply of land which

is most effectively utilized for annual and perennial grass seed pro-

duction. The mild winters allow for survival and early regrowth of

annual and perennial grasses.

A number of species and varieties are grown in the valley for

use in lawns and turfs, pastures and conservation cropping through-

out the world. In 1968 there were 92 varieties registered and 17

species for certified seed increase in the Willamette Valley. Nearly

all of the perennial ryegrass and Merlon Kentucky bluegrass produced

in the United States is grown in the Willamette Valley.

The management practices followed by grass seed producers

in the Willamette Valley are unique when compared with other grass

seed producing areas. After harvest most of the annual and perennial

seed fields are burned to remove the straw and stubble residue which
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harbors disease-causing microorganisms, insects and weed seeds.

Burning incinerates some of the perennial grass crowns and tends to

rejuvenate the stand. The subsequent regrowth of the perennial gras-

ses after burning and the growth of newly established annual grass

species is utilized for sheep and cattle pasture.

The fact that a grass seed production field can be grazed dur-

ing the winter months offers the grower an additional source of reve-

nue in the form of monthly pasture rental or the addition of a livestock

enterprise to his farming system. The amount of herbage available

and the carrying capacity of the pasture are determined by the indivi-

dual grass species and the geographic location. Although the economic

considerations of forage production are important to the grass seed

grower, primary emphasis must be given to the management of the

fields for their greatest production of quality seed.

This study was initiated to determine 1) the length of time a

given species can be grazed without substantially reducing seed yield,

2) the amount of supplemental nitrogen required to maintain seed pro-

duction and 3) the time of supplemental nitrogen application.
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LITERATURE REVIEW

The utilization of grass seed stands for forage as well as

seed production is practiced in many regions; however, there are only

limited reports in the literature concerning the effects of grazing and

supplemental nitrogen application on the subsequent seed yield. The

information which is available indicates that species differ in their

response to grazing and supplemental nitrogen application and pre-

sents conflicting reports on the benefits of such practices.

DEFOLIATION AND SEED PRODUCTION

Time of defoliation

Roberts (58) reported that winter grazing at different dates

from October to January did not significantly reduce the seed yield of

timothy and perennial ryegrass when extra nitrogen was applied. How-

ever, the seed yield of S. 50 timothy was reduced for three succes-

sive harvest years by spring grazing in April or May or winter plus

spring grazing even though extra nitrogen was applied. On the other

hand, S. 101 perennial ryegrass showed no reduction in seed yield af-

ter spring grazing or winter plus spring grazing when defoliation was

no later than mid-April. When grazing was delayed until May and a

drought occurred, there was a significant seed yield reduction. Win-

ter defoliation was found to delay lodging until after anthesis. It was



thought that normal pollination and seed set may be seriously affected

if lodging occurred before anthesis. March and mid-April grazing of

perennial ryegrass resulted in an extended period of panicle emer-

gence and uneven seed ripening.

In a three year study Evans (22) found that autumn defoliation

of S.24 perennial ryegrass delayed heading the first year, brought it

on earlier the second year and had little influence the third year. The

relative number of tillers was depressed the first year and increased

the second year by autumn defoliation.

Work by Roberts (56) showed that October defoliation of per-

ennial grasses reduced the over-wintering top growth, lessened the

degree of winter burn and tended to enhance tillering. The total seed

yield was not materially reduced by defoliation until two weeks before

inflorescence formation, but was reduced by cutting at ear formation.

Peterson and Loomis (54) found that fall (September 30 to

October 30) clipping of Kentucky bluegrass reduced the number of

flowers to about one-tenth the number on unclipped plus nitrogen

plants and essentially prevented flowering of unfertilized plants. The

difference in flower numbers was considered to be due to reduced

flower growth rate rather than differences in induction and differentiation.

Schwanbom and Froier (63) reported that orchardgrass and

perennial ryegrass seed yields in Denmark were reduced by using
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regrowth after seed harvest for silage or grazing. Application of 100

to 150 kilograms of saltpeter per hectare (14.6 to 22.0 pounds of nit-

rogen per acre) was required to eliminate the seed yield reduction

caused by grazing.

In studies involving S. 143 orchardgrass, S. 215 meadow fes-

cue, S. 170 tall fescue, S. 59 red fescue and S. 23 perennial ryegrass,

Green and Evans (32) found that October grazing in the seeding year

reduced the first seed crop in all species except ryegrass. Grazing

from December to late April reduced the seed yield in all species.

Tall fescue and red fescue were the most seriously affected by graz-

ing while meadow fescue and perennial ryegrass were the least affec-

ted.

Earlier work by Green and Evans (33) showed that October

and April grazing stimulated the production of fertile tillers in or-

chardgrass, but reduced the weight of seed produced per tiller. As

the age of the stand increased, the yield was maintained at a higher

level than the no-grazing controls by extra tillers which were induced

by grazing between October and April. In S. 215 meadow fescue, gra-

zing did not stimulate tillering to the same extent as in orchardgrass.

The net seed yield of orchardgrass was found to be reduced by April

or May grazing but not by winter grazing in October or December.

The aggregate seed yield of S. 215 meadow fescue was enhanced over

a three year period by October and April grazing.
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Lambert (39) could find no significant effect on orchardgrass

seed yield from any cutting treatments when compared with no cutting.

Nitrogen added after October defoliation did not increase the yield of

seed when compared with plants which were cut at the same time but

not fertilized. The production of tillers was not affected by cutting

on any dates, but the weight of seed per ear was usually reduced by

cutting.

Lambert (40) found that the majority of the tillers of timothy

were produced in the autumn, but they are also produced continuously

throughout the winter. Neither the pattern nor the amount of tiller

production was affected by cutting treatments. Cutting was found to

have little effect on the percent of fertile tillers except where floral

primordia were removed by a cut in late May. In all treatments at

least 90 percent of the ears at harvest were produced by tillers ini-

tiated the previous autumn.

Evans (28) reported that "autumn- winter" defoliation results

in an increase in the number of fertile tillers in both orchardgrass

and timothy. Over a three-year period defoliation reduced the weight

of seed per 1,000 tillers in these two species.

Gardner and Wiggans (30) found that single clippings at the 4,

5, and 7 leaf stages reduced the grain yield of two mid-season spring

oat varieties by 9, 28, and 98 percent, respectively. Clipping was

found to retard floral development and reduce test weight per bushel.



In a series of experiments designed to compare grazing dur-

ing the winter, spring, winter and spring and no grazing, Lambert

(43) as well as Roberts (57) found that grazing orchardgrass increased

the number of panicles but reduced the weight of 1,000 seeds, as well

as the number and weight of viable seed per panicle.

Duration of defoliation

Huokuma (37) reported that the number of tillers in orchard-

grass was reduced by four to eight cuttings to ground level with a til-

ler mortality of about 90 percent after eight cuttings.

Stechman and Lande (66) found that late and season-long clip-

ping or grazing of wild oat, soft chess, rip gut brome and Mediter-

ranean barley reduced the head height and number of spikelets per

head. In the nursery clipping reduced the number of heads per plant

and the weight of 100 seeds.

Grazing versus clipping

Rapid winter grazing by sheep had no affect on the seed yield

of timothy the following summer as reported by Evans (29).

Similar results were reported by Roberts (57) who found

that the seed yield of leafy orchardgrass does not appear to be re-

duced by winter grazing when extra nitrogen is applied. Grazing by

sheep was found to be more detrimental to seed yield than defoliation
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by cutting because sheep tend to pull out tillers and give uneven de-

foliation.

DEFOLIATION AND FERTILIZER APPLICATION

There are frequent reports in the literature discussing fer-

tilizer applications on cool season grass species grown for seed, but

very few of these reports are concerned with the relationship between

nitrogen fertilizer application and defoliation. Although contradictory

reports appear in the literature, more often than not different spe-

cies are involved.

Rate of application

Working with two levels of nitrogen (N and 6N), Wilson (68)

found that the high level of nitrogen promoted earlier floral initiation,

ear emergence and a greater percentage of fertile tillers in perennial

ryegrass, Italian ryegrass and timothy.

Peterson and Loomis (54) showed that nitrogen applied to

Kentucky bluegrass in the early fall stimulated vegetative growth and

tillering and increased the number of flowers produced by about five

times the number on the unfertilized plants.

Langer (45) found that variation in the level of nitrogen affec-

ted the number of tillers and leaves, leaf area and dry weight during

the first year of timothy production. Differentiation and ear emer-
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gence occurred slightly earlier at high nitrogen levels. At high nit-

rogen levels ear length was increased as well as the percentage of

fertile tillers among the total number produced after the first few

weeks of tillering.

According to Lambert (44) the number of panicles in timothy

was increased with nitrogen application. The number and weight of

viable seed produced per panicle was found to increase with increas-

ing nitrogen levels and spring applications.

Evans (29) reported that the application of ammonium sulfate

does not influence the seed yield of S. 48 timothy, but stimulates leafy

growth at the expense of seed bearing tillers and increases the weight

of seed per tiller.

Work by Lambert (41) showed that orchardgrass seed yield

may be reduced by nitrogen application due to subsequent winter in-

jury.

Gardner and Wiggans (30) found that an application of nitrogen

did not compensate for the deleterious effect of clipping spring oats.

As mentioned earlier in this review, the deleterious effects of clipping

were retarded floral development and reduced test weight per bushel.

Date of application

Evans (22) reported that a nitrogen application to perennial

ryegrass as late as anthesis corrected a seed yield depression caused
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by autumn defoliation.

In studies of orchardgrass and meadow fescue, Green and

Evans (33) found no significant seed yield differences between a single

application of nitrogen in March and the same quantity split between

March and May.

Evans (27) found nitrogen applications increased the seed

yield, number of fertile tillers and weight of seed per fertile tiller

during the first year of production in S. 23 perennial ryegrass when

compared with the unfertilized controls. There was no difference due

to nitrogen application dates.

According to Lambert (41, 42, 43) a spring or a split autumn

and spring application of nitrogen was more effective than an autumn

application on orchardgrass. However, an autumn nitrogen applica-

tion gave the maximum number of panicles. Spring applications of

nitrogen were found to produce the greatest weight of 1, 000 seeds and

the greatest number and weight of viable seed per panicle. Increased

rates of nitrogen were found to increase the number of panicles, the

number and weight of viable seeds per panicle and the number of seeds

per unit area, but did not affect the weight of 1, 000 seeds.

In S. 37 orchardgrass Evans (27) found no significant increase

in the number of tillers due to nitrogen application or the time of app-

lication. There was, however, an increase in the weight of seed per

fertile tiller due to nitrogen application. When 400 pounds of ammoni-
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um sulfate was applied to orchardgrass, the total seed yield was in-

creased 200 to 400 pounds per acre. A single application in March

was more effective than the same quantity in September. A split app-

lication in the spring gave no advantage over a single March applica-

tion. An equal split between autumn and spring gave a smaller seed

yield than a spring application and a larger seed yield than an autumn

application. One-fourth of the nitrogen applied in the autumn and

three-fourths in the spring was just as effective as the whole quantity

applied in the spring.
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METHODS AND MATERIALS

An experiment was designed to measure the effects of defoli-

ation duration and the rate and date of nitrogen application on the seed

yield components, inflorescence emergence and anthesis of two cool

season grass species. Mowing to a height of one inch above the soil

surface was used to simulate grazing.

Plots were established during the first week of October 1966

in pedigreed fields of Merion Kentucky bluegrass and Linn perennial

ryegrass located on the Paul Pugh farm near Shedd, Oregon. A split

plot experimental design with four replications was used with nitrogen

treatments as the main plots and clipping treatments as the subplots.

The main plots were 20 feet by 40 feet and the subplots were 10 feet

by 20 feet.

The clipping regimes were as follows:

Winter clipping
Spring clipping
Winter-spring clipping
No clipping

October 15 through January 15
January 15 through March 27
October 15 through March 27

Eight nitrogen treatments were selected for both grass spe-

cies. These treatments are summarized in Tables 1 and 2.
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Table 1. Rates and dates of nitrogen application for Linn perennial
ryegrass.

Rate of nitrogen application in pounds per acre
Nitrogen
treatments October 15 February 1 March 31 Total N

Control 34 34 34 102
Equal split spring 50 50 100
15 pounds additional N 49 34 34 117

34 49 34 117
34 34 49 117

30 pounds additional N 64 34 34 132
34 64 34 132
34 34 64 132

Table 2. Rates and dates of nitrogen application for Merion Kentucky
bluegrass.

Rate of nitrogen application in pounds per acre

Nitrogen
October 15treatments February 1 March 31 Total N

Control 45 45 45 135
Equal split spring 68 68 136
15 pounds additional N 60 45 45 150

45 60 45 150
45 45 60 150

30 pounds additional N 75 45 45 165
45 75 45 165
45 45 75 165

The first 25 pounds of nitrogen in each treatment and species

was applied as ammonium sulfate to supply approximately 25 pounds of

sulfur per acre. The remaining nitrogen was applied as ammonium
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nitrate.

Phosphorous was supplied in a blanket application of super-

phosphate at the rate of 50 pounds of P2O5 per acre on March 20,

1967, with a Gandy hand spreader.

Standard weed control practices for perennial ryegrass and

Kentucky bluegrass seed production were followed. During the third

week of November, Karmex diuron was applied at the rate of three

pounds per acre for weed control in Kentucky bluegrass. Weed con-

trol in perennial ryegrass was accomplished by spraying with one and

one-fourth pounds of Atrazine per acre during the fourth week of Nov-

ember. Herbicide applications were made with a bicycle-type plot

sprayer.

The clipping treatments were initiated in mid-October with

a National Mower and repeated every two weeks for the first month

and every three weeks thereafter. On March 24, 1967, the position

of the floral primordia of each species was examined. The floral

primordia of Kentucky bluegrass were one-fourth to one-half inch

above the soil, while the perennial ryegrass was about an inch above

the soil. Since the National mower cuts slightly more than one inch

above the soil surface, clipping was discontinued after March 27, 1967.

Head emergence was recorded as the date when the inflores-

cence was first visible outside the leaf sheath while pollen shed was

recorded as the date when pollen was visibly discharged from the ex-
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truded anthers. The number of fertile tillers per square foot was

determined by harvesting a 6-inch by 24-inch sample from each sub-

plot at seed maturity. The seed yield was determined from a nine-

square-foot sample cut from the center of each subplot. Both grass

species were threshed with a cylinder plot thresher. After threshing,

the perennial ryegrass was cleaned with hand screens. The Kentucky

bluegrass was first delinted and then cleaned with a miniature Clipper

cleaner. Clean seed of each species was then weighed to the nearest

gram.

Four lots of 100 seeds each were counted for each subplot of

Merion Kentucky bluegrass and weighed to the nearest milligram.

The combined weight of 400 seeds was then extrapolated to give the

weight of 1,000 seeds which was then used in the analysis of variance.

Seed weight determinations for the Linn perennial ryegrass

were handled in a somewhat different manner. Four lots of 100 were

counted from each subplot of the first replication only. Each 100 seed

lot was weighed to the nearest milligram and extropolated to give the

weight of 1, 000 seeds. The seed weights were then subjected to the

analysis of variance as a completely randomized design with four ob-

servations.

All data were analyzed by the split plot analysis of variance

method with the exception of the weight of 1, 000 seeds for Linn peren-

nial ryegrass.
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The least significant difference at the five percent level of

probability (LSD05) was used to determine differences among treat-

ments.
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The effect of defoliation and nitrogen application on seed

yield is summarized in Table 3. An analysis of variance showed no

significant difference at the 5% level of probability due to treatment;

however, certain trends are of interest.

Defoliation

Examination of Table 3 shows that the yield of clean seed

tended to be reduced by the combined winter-spring clipping regime

for a period of six months from October 15 through March 27. Clip-

ping for three months either during the winter (October 15 through

January 15) or the spring (January 15 through March 27) appeared to

increase the seed yield when compared with the unclipped control.

Nitrogen application

As may be noted in Table 3, a spring application of addition-

al nitrogen tended to give higher seed yields than a fall application of

the same quantity of nitrogen. When mean values are compared, the

application of 15 pounds of additional nitrogen per acre did not show a



Table 3. The mean seed yield of Linn perennial ryegrass in grams per nine square feet
as influenced by defoliation and nitrogen application.

Nitrogen
application

No
clipping

Winter
clipping

Winter and
spring clipping

Spring
clipping

Mean

Control 78.7 73.7 72.7 85.0 77. 5
Additional N

15 pounds per acre
Fall 65. 7 80. 2 57. 5 75. 5 69. 7
Early spring 87.0 81.0 67.7 74.0 77.4
Late spring 73.5 68. 2 68.0 71. 2 70. 2

30 pounds per acre
Fall 80. 2 84. 2 80. 0 75. 0 79. 8
Early spring 70. 5 85. 5 77. 7 88. 7 80. 6
Late spring 84.0 86.5 75.5 90.7- 84.1

Equal split
Two spring
applications 80.5 84.0 81.0 80.5 81. 5

Mean 77. 5 80. 4 72. 5 80. 0



19

response in seed yield whereas 30 pounds of nitrogen did seem to

show a trend toward higher yield.

The application of 30 pounds of additional nitrogen per acre

regardless of the season of the year tended to increase the seed yield

when compared with the control nitrogen treatment.

The application of all the nitrogen in two equal spring appli-

cations seemed to give higher seed yields than the control nitrogen

treatment.

Even though the nitrogen treatments did not significantly in-

fluence the seed yield, there was a trend for higher seed yields when

additional nitrogen was applied in the spring rather than in the fall.

Nitrogen, whether applied in the fall or spring, is subject to losses

through microorganisms in the soil, higher plants growing on the soil,

leaching or washing in the drainage water and volatilization as a re-

sult of denitrification. Perennial ryegrass is commonly grown on the

heavy clay Dayton-Amity soil association in the Willamette Valley and

once the soil profile becomes saturated during the winter rains, a

majority of the fall-applied nitrogen could be leached or lost through

microbial denitrification.

FERTILE TILLERS PER UNIT AREA

The effect of defoliation and nitrogen application on the num-

ber of fertile tillers per square foot is summarized in Table 4. Al-
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though an analysis of variance showed no significant difference at the

5% level of probability due to treatment, certain trends may be noted.

Defoliation

The combined winter-spring clipping regime (October 15

through March 27) tended to increase the number of fertile tillers

per unit area, while clipping for three months during the winter (Oc-

tober 15 through January 15) or three months during the spring (Janu-

ary 15 through March 27) tended to reduce the number of fertile til-

lers per unit area when compared with the unclipped control.

The combined winter-spring clipping regime seemed to in-

crease the number of fertile tillers per unit area and decrease the

seed yield when compared with the unclipped control. Although fac-

tors contributing to the decreased seed yield can not be accurately

predicted from the data collected in this study, the combined winter-

spring clipping regime could have either reduced the number of fer-

tile florets per tiller or reduced the weight of seed per tiller.

Nitrogen application

There was a trend for spring-applied nitrogen to result in

more fertile tillers per unit area than fall-applied nitrogen. In most

cases both 117 and 130 pounds of nitrogen per acre produced more fer-

tile tillers per unit area than the 102 pounds of nitrogen per acre of



Table 4. The mean number of fertil tillers per square foot for Linn perennial ryegrass as
influenced by defoliation and nitrogen application.

Nitrogen No Winter Winter and Spring Mean
application clipping clipping spring clipping clipping

Control 255 245 190 195 226

Additional N
15 pounds per acre

Fall 236 225 253 202 229

Early spring 252 232 226 294 251

Late spring 200 190 280 253 231

30 pounds per acre
Fall 297 271 287 272 281

Early spring 297 218 262 232 252

Late spring 225 311 380 261 294

Equal split
Two spring
applications 249 297 249 221 254

Mean 251 251 266 241
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the control. When the mean values are examined, all nitrogen treat-

ments increased the number of fertile tillers per unit area when com-

pared with the control.

There was a significant interaction between defoliation and

nitrogen application at the 5% level of probability for the number of

fertile tillers per unit area. When 15 pounds of additional nitrogen

per acre was applied, the number of fertile tillers per unit area under

the no-clipping and winter clipping regimes tended to decrease. The

same nitrogen treatment tended to increase the number of fertile

tillers per unit area with the combined winter-spring clipping as well

as the spring clipping regime. When 100 pounds of nitrogen per acre

were applied in two spring applications, the number of fertile tillers

per unit area under the no-clipping and winter clipping regimes ten-

ded to be higher than the number of fertile tillers per unit area under

the combined winter-spring clipping and spring clipping regimes.

The importance of the significant interaction between defoli-

ation and nitrogen application is difficult to assess. In general, there

was an increase in the number of fertile tillers per unit area when

additional nitrogen was applied to the various clipping treatments.

WEIGHT OF 1,000 SEEDS

The effect of defoliation and nitrogen application on the weight

of 1,000 seeds is summarized in Table 5. An analysis of variance
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showed no significant difference at the 5% level of probability due to

treatment; however, certain trends may be observed.

Defoliation

There was a trend for both the combined winter-spring clip-

ping and the spring clipping regimes to reduce the weight of 1,000

seeds when compared with the unclipped control. Winter clipping

was the only treatment which tended to increase the weight of 1,000

seeds.

Nitrogen application

There seemed to be an increase in the weight of 1,000 seeds

when additional nitrogen was applied at the rates of 15 pounds in the

fall, 30 pounds in the fall as well as 30 pounds per acre in the early

spring. The greatest weight of 1,000 seeds was obtained when all of

the nitrogen was applied in two equal spring applications. Late

spring applications of additional nitrogen tended to decrease the

weight of 1,000 seeds.

HEAD EMERGENCE

The effect of defoliation and nitrogen application on the per-

iod of head emergence is summarized in Table 6. Although an an-

alysis of variance did not show a significant difference due to treat-



Table 5. The mean weight of 1,000 seeds of Linn perennial ryegrass in grams as influenced
by defoliation and nitrogen application.

Nitrogen
application

No
clipping

Winter
clipping

Winter and
spring clipping

Spring
clipping

Mean

Control 2.134 2.112 2.057 2.073 2.094
Additional N

15 pounds per acre
Fall 2.146 2.156 2.144 2.167 2.152
Early spring 1.962 2.128 2.065 2.143 2.074
Late spring 2.082 2.046 2.094 2.049 2.062

30 pounds per acre
Fall 2.156 2.217 2.037 2.138 2.135
Early spring 2.192 2.242 2.130 2.055 2.155
Late spring 2.118 2.081 2.005 1.980 2.046

Equal split
Two spring
applications 2.155 2.248 2.329 2.043 2.197

Mean 2.119 2.153 2.107 2.080



Table 6. The period of head emergence for Linn perennial ryegrass expressed as the mean
number of days from April 1, 1967 as influenced by defoliation and nitrogen application.

Nitrogen
application

No
clipping

Winter
clipping

Winter and
spring clipping

Spring
clipping

Mean

Control 32. 2 34. 7 34. 7 35.2 34. 2
Additional N

15 pounds per acre
Fall 32. 7 35. 2 36.5 36. 5 35.2
Early spring 34. 0 37. 7 33.5 34. 2 34.9
Late spring 35. 2 36. 0 33.5 36. 5 35.3

30 pounds per acre
Fall 35. 2 39. 0 t 36.5 35. 2 36. 5*
Early spring 36. 51- 39. 0 + 33.5 35. 2 36. 0*
Late spring 37. 7 32. 7 36.5 37. 2 36. 0*

Equal split
Two spring
applications 37. 7 -I- 33. 5 35. 2 32. 0 34. 6

Mean 35. 1 36. 0 35. 0 35. 2

*Significant at the 5% level
LSD05

for nitrogen 1. 3

+ LSD
05

2 N's at same clip 4. 3
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ment at the 5% level of probability, a significant difference due to

nitrogen application was found as well as a significant interaction

between defoliation and nitrogen application.

Defoliation

There was a slight delay in the period of head emergence for

all clipping regimes when compared with the unclipped controls. The

average increase was only one day and would not seem to be of prac-

tical significance.

Nitrogen application

The application of additional nitrogen delayed the period of

head emergence for the unclipped plots when compared with the con-

trol nitrogen treatment. Two equal spring applications of 136 pounds

of nitrogen per acre also delayed the period of head emergence for

the unclipped plots when compared with the control nitrogen treat-

ment.

There was a general trend for all nitrogen treatments to de-

lay the period of head emergence when compared with the control

nitrogen treatment for the winter clipping regime. Exceptions were

30 pounds of additional nitrogen in the late spring and an equal split

of 100 pounds of nitrogen in two spring applications.

The application of additional nitrogen in the fall, regardless
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of the rate, as well as 30 pounds of additional nitrogen in the late

spring, tended to delay the period of head emergence for the com-

bined winter-spring clipping regime.

For the spring clipping regime, the application of 15 pounds

of additional nitrogen per acre in the fall and late spring as well as

30 pounds per acre additional nitrogen in the late spring tended to

delay the period of head emergence when compared with the control

nitrogen treatment.

When the mean values for the period of head emergence are

examined for each nitrogen treatment across all clipping regimes,

the application of 30 pounds of additional nitrogen per acre, regard-

less of the time of application, significantly delayed the period of

head emergence when compared with the control nitrogen treatment.

POLLEN SHED

The effect of defoliation and nitrogen application on the time

of pollen shed is summarized in Table 7. An analysis of variance

showed no significant difference due to treatments at the 5% level of

probability.

Defoliation

The time of pollen shed was essentially the same for all clip-

ping treatments.



Table 7. The time of pollen shed for Linn perennial ryegrass expressed as the mean number
of days from May 1, 1967, as influenced by defoliation and nitrogen application.

Nitrogen
application

No
clipping

Winter
clipping

Winter and
spring clipping

Spring
clipping

Mean

Control 24. 0 25. 0 24. 5 25. 0 24. 6

Additional N
15 pounds per acre

Fall 24. 5 24. 0 24. 5 24. 5 24. 3

Early spring 24. 0 24. 5 25. 0 24. 0 24. 3

Late spring 24. 5 25. 0 25. 0 24. 5 24. 7

30 pounds per acre
Fall 25. 0 24. 5 24. 5 24. 5 24. 6

Early spring 25. 0 25. 0 24. 5 25. 0 24. 8

Late spring 25. 0 24. 0 24. 0 25. 0 24. 5

Equal split
Two spring
applications 24. 6 24. 5 24. 6 24. 6 24. 5

Mean 24. 6 24. 5 24. 6 24. 6



Nitrogen application

No individual nitrogen treatment altered the time of pollen

shed more than one day for any clipping regime.

MERION KENTUCKY BLUEGRASS

SEED YIELD
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The effect of defoliation and nitrogen application on the seed

yield is summarized in Table 8. An analysis of variance showed a

significant difference at the 5% level of probability due to both defoli-

ation and nitrogen application.

Defoliation

All clipping regimes were found to increase the seed yield

when compared with the unclipped controls. The greatest increase in

seed yield was found for the combined winter-spring clipping regimes.

Nitrogen application

The application of additional nitrogen in the late spring re-

duced the seed yield when compared with the control nitrogen treat-

ment.

Similar results were noted for spring application of 136

pounds of nitrogen in two applications.



Table 8. The mean seed yield of Merion Kentucky bluegrass in grams per nine square feet
as influenced by defoliation and nitrogen application.

Nitrogen
application

No
clipping

Winter
clipping

Winter and
spring clipping

Spring
clipping

Mean

Control 70.0 86. 7 91. 7 74. 2 80. 6
Additional N

15 pounds per acre
Fall 83. 7 86. 0 104.0 78. 0 87.9
Early spring 77. 5 78. 5 87.0 84. 0 81.7
Late spring 77. 7 73. 5 80. 7 81. 0 78.2

30 pounds per acre
Fall 78.8 92. 0 86. 5 80. 7 84. 5
Early spring 65. 5 76. 5 76. 7 87. 2 76. 2
Late spring 70. 2 71. 2 77.7 43.84+ 74. 0

Equal split
Two spring
applications 46. 7 + 70. 0 83054 70. 0 67.5*

Mean 71.4 79. 3 86. 0* 79. 0

*Significant at the 5% level
LSD05 for clipping 8. 4
LSD05 for nitrogen 11. 0

4 LSD05 clip at same N 24. 4
4 LSD05 sN's at different clip or same clip 22.0
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FERTILE TILLERS PER UNIT AREA

The effect of defoliation and nitrogen application on the num-

ber of fertile tillers per unit area is summarized in Table 9. Certain

trends may be noted although an analysis of variance showed no signi-

ficant difference due to treatments at the 5% level of probability.

Defoliation

Both the winter clipping and the combined winter-spring clip-

ping regimes tended to increase the number of fertile tillers per unit

area when compared with the unclipped control. In contrast spring

clipping tended to reduce the number of fertile tillers per unit area.

Nitrogen application

The fall application of additional nitrogen seemed to reduce

the number of fertile tillers per unit area when compared with the

control nitrogen treatment. Conversely, spring nitrogen application

tended to increase the number of fertile tillers per unit area when

compared with the control nitrogen treatment.

WEIGHT OF 1,000 SEEDS

The effect of defoliation and nitrogen application on the

weight of 1,000 seeds is summarized in Table 10. Although an analy-



Table 9. The mean number of fertile tillers per square foot for Merion Kentucky bluegrass
as influenced by defoliation and nitrogen application.

Nitrogen
application

No
clipping

Winter
clipping

Winter and
spring clipping

Spring
clipping

Mean

Control 547 626 637 629 610
Additional N

15 pounds per acre
Fall 687 640 560 531 604
Early spring 693 664 727 606 672
Late spring 588 675 692 588 636

30 pounds per acre
Fall 623 506 629 586 586
Early spring 704 677 831 513 681
Late spring 623 685 658 713 670

Equal split
Two spring
applications 634 540 770 733 669

Mean 638 658 688 612



Table 10. The mean weight of 1, 000 seeds of Merion Kentucky bluegrass in milligrams as
influenced by defoliation and nitrogen application.

Nitrogen No Winter Winter and Spring
application clipping clipping spring clipping clipping

Mean

Control 335 325 316 325 325
Additional N

15 pounds per acre
Fall 331 324 334 338 331

Early spring 312 316 306 315 312
Late spring 335 340 365 324 341

30 pounds per acre
Fall 322 329 322 328 325
Early spring 330 311 323 311 311
Late spring 312 317 315 317 315

Equal split
Two spring
applications 326 309 320 325 320

Mean 325 321 325 323
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sis of variance showed no significant difference due to treatment at

the 5% level of probability, certain trends may be observed.

Defoliation

The combined winter-spring clipping regime had no influence

on the mean weight of 1, 000 seeds. Winter clipping or spring clipping

tended to reduce the weight of 1, 000 seeds.

Nitrogen application

The application of 15 pounds of additional nitrogen per acre

in the early spring as well as 30 pounds of additional nitrogen per acre

in the early and late spring tended to reduce the weight of 1, 000 seeds

when compared with the control nitrogen treatment. Two equal spring

applications of nitrogen also appeared to reduce the weight of 1, 000

seeds when compared with the nitrogen control. The application of 15

pounds of additional nitrogen per acre in the fall and late spring seemed

to increase the weight of 1, 000 seeds when compared with the control

nitrogen treatment.

HEAD EMERGENCE

The effect of defoliation and nitrogen application on the per-

iod of head emergence is summarized in Table 11. An analysis of



Table 11. The period of head emergence for Merion Kentucky bluegrass expressed as the
mean number of days from April 1, 1967, as influenced by defoliation and nitrogen
application.

Nitrogen
application

No
clipping

Winter
clipping

Winter and
spring clipping

Spring
clipping

Mean

Control 23.7 27.01 26.5 26. 2 * 25. 8

Additional N
15 pounds per acre

Fall 25.2 28.7* 25. 5 25. 5 26.2
Early spring 28.2 25.2* 28.0 25.5$ 26.8
Late spring 25.5 24.7 28.0 28.5 #t 26.6

30 pounds per acre
Fall 26.2 25.5 28.0 25.5 26.3
Early spring 23.7 23. 0 + 28.7 4. 26.0 25.3
Late spring 25.7 28.5$ 24. 7 26.0 26.2

Equal split
Two spring
application 28. 7 24. 2 4 27.0 29.5-'- 27. 3

Mean 25. 9 25. 9 27. 0* 26. 5

*Significant at the 5% level
LSD05 for clipping 0.80

I LSD05 2 clips at same N 2.4
LSD05 2 N's same clip 3.5
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variance showed no significant difference due to nitrogen treatments at the

5% level of probability.

Defoliation

The combined winter-spring clipping regime significantly

delayed the period of head emergence when compared with the un-

clipped control. Although results were not significant at the 5% level,

the spring clipping regime also tended to delay the period of head em-

ergence. Winter clipping was similar to the unclipped control in its

effect on the time of head emergence.

Nitrogen application

In general the application of additional nitrogen delayed the

period of head emergence when compared with the control nitrogen

treatment. Two equal spring applications of 136 pounds of nitrogen

also tended to delay the period of head emergence when compared

with the control nitrogen treatment. The application of 30 pounds of

additional nitrogen in the early spring seemed to shorten the time

span for head emergence in the population.

POLLEN SHED

The effect of defoliation and nitrogen application on the time

of pollen shed is summarized in Table 12. An analysis of variance



Table 12. The time of pollen shed for Merion Kentucky bluegrass expressed as the mean
number of days from May 1, 1967, as influenced by defoliation and nitrogen
application.

Nitrogen
application

No
clipping

Winter
clipping

Winter and
spring clipping

Spring
clipping

Mean

Control 23. 7 23. 7 25. 0 22.5 23. 7
Additional N

15 pounds per acre
Fall 25. 0 23. 7 25.0 22. 5 24. 0
Early spring 22.5 25.0 23. 7 21. 2 23. 1
Late spring 22. 5 25. 0 25.0$ 22. 5 24. 0

30 pounds per acre
Fall 22. 5 23. 7 25.0 23. 7 23. 7
Early spring 22. 5 23. 7 25.0 * 25. 04 + 24. 0
Late spring 23. 7 23. 7 25.0 21. 2* 23. 4

Equal split
Two spring
applications 21. 2 f 21. 21- 22.5-I 25. 0 t 22. 5

Mean 22. 9 23. 7* 24. 5* 23.1

*Significant at the 5% level
LSD05 for clipping 0.80

4 LSD05 2 clips at same N 2.28 (2.3)
f LSD05 2 N's same clip 2.5



38

showed significant differences due to defoliation treatments at the 5%

level of probability. There were no significant differences due to

nitrogen treatments at the 5% level of probability.

Defoliation

The time of pollen shed was delayed by all clipping regimes

when compared with the unclipped control. Both winter clipping and

the combined winter-spring clipping treatments significantly delayed

the time of pollen shed when compared with the unclipped control.

Nitrogen application

There was a trend for the application of additional nitrogen

to delay the time of pollen shed when compared with the control nitro-

gen treatment. Two equal spring applications of nitrogen generally

reduced the time of pollen shed when compared with the control nit-

rogen treatment.
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indicating that seed yield increases were obtained under the winter or

spring clipping regimes. There was a trend for the combined winter-

spring clipping regime to result in lower seed yields than the unclipped

control.

All clipping regimes were found to increase the seed yield of

Merion Kentucky bluegrass regardless of the season or the duration.

The combined winter-spring clipping regime gave

seed yield than the unclipped control.

The observation that the seed yield of perennial ryegrass is

reduced by the combined winter-spring clipping treatment while Ken-

tucky bluegrass produced more clean seed under the same clipping re-

gime is of biological interest. One possible explanation for the in-

creased seed yield of the Kentucky bluegrass could be the amount of

carbohydrate reserves in the rhizomes. Perennial ryegrass has a

fiberous root system and the total volume of carbohydrate storage is

probably not as great as in a rhizomatous root system. The photosyn-

thetic efficiency of Kentucky bluegrass could also be higher than the

perennial ryegrass.

The application of fifteen pounds of supplemental nitrogen

generally reduced the seed yield of Linn perennial ryegrass. Either

15 pounds of additional nitrogen per acre is not sufficient to bring

about a measurable increase in the seed yield or the existing crop

plants do not get full benefit of the applied nitrogen. On the other hand

a significantly higher
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thirty pounds of supplemental nitrogen tended to increase the seed

yield when compared with the control. The data is interpreted to mean

that although a perennial ryegrass field is grazed during the winter or

early spring it is unnecessary to add supplemental nitrogen to the usu-

al nitrogen fertilization program.

The response of Merion Kentucky bluegrass to supplemental

nitrogen was also of interest. The application of supplemental nitro-

gen in the fall tended to increase seed yield while the supplemental

nitrogen applied in the early or late spring tended to reduce the seed

yield when compared with the control. When all of the nitrogen was

applied in two equal spring applications, the yield was also reduced

when compared with the control. The trends for a seed yield depres-

sion when all of the nitrogen or supplemental amounts was applied in

the spring is contrary to reports in the literature (41, 42, 43). Peter-

son and Loomis (54) reported that the application of nitrogen to Ken-

tucky bluegrass in the early fall stimulated vegetative growth and til-

lering and increased the number of flowers subsequently produced to

about five times more than unfertilized plants. The induction of flow-

ering in Kentucky bluegrass is brought about by the combined affect of

low temperature and short photoperiods during the fall (54) and an ap-

plication of nitrogen in the fall may influence the number of tillers

which are physiologically sensitive to inductive conditions or may in-

fluence the number of florets which will be present on each inflorescence.
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Although Merion Kentucky bluegrass is grazed during the win-

ter and/or early spring, supplementary nitrogen has no significant ef-

fect on seed yield. According to the work of Langer and Lambert (47),

the final seed yield of a given species is dependent upon the number of

tillers which reach the reproductive state and the number of florets

formed by each inflorescence. For Linn perennial ryegrass, the most

tillers were produced by the combined winter-spring clipping regime

and although not statistically significant this same clipping regime re-

sulted in the lowest seed yield. The response of Merion Kentucky blue-

grass was in accord with the work of Langer and Lambert (47) in that

the combined winter-spring clipping regime produced the highest seed

yield and the greatest number of fertile tillers per unit area.

One parameter that should be measured to more completely

understand the effect of clipping and supplemental nitrogen application

on seed yield is the number of seed per fertile tiller. A multiple reg-

ression and correlation analysis using seed yield, number of fertile

tillers per unit area, weight of 1, 000 seeds and the number of seeds

per fertile tiller may show which factor is the most important factor

contributing to seed yield.

The time of head emergence and pollen shed was recorded to

determine if defoliation or supplemental nitrogen altered the pattern

of development in Linn perennial ryegrass or Merion Kentucky blue-

grass. In planning this study the combined winter-spring clipping and
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the spring clipping regimes were considered to be extreme treatments.

A six-month clipping duration from October 1 through March 27 was

felt to be an extreme pressure for a seed production field. Observa-

tions made prior to the final clipping indicated that spring defoliation

as late as March 27, 1967 would not destroy any elongating inflores-

cences. In this particular year spring clipping as late as March 27

was not severe.

Extreme defoliation durations could extend the period of head

emergence causing pollen shed to occur during periods of high temper-

ature and low atmospheric humidity. Pollen shed during adverse en-

vironmental conditions could cause pollen viability to decline rapidly.

Since perennial ryegrass lodges severely prior to harvest, an extreme

defoliation duration could also delay pollen shed until after lodging.

The result could be difficulty in pollen transfer from the anthers to

the stigmas after lodging if a majority of the culms are horizontal,

while only a few remained vertical.

There was a significant interaction effect between nitrogen

and clipping on the time of head emergence for Linn perennial ryegrass.

Although there was a trend for a delay in the time of head emergence

for the clipping and nitrogen treatments, the trend was not consistant

across all treatments. The delay in the time of head emergence may

have been due to the plants being kept in a vegetative condition longer

than the control plants; thereby delaying the period of initiation and
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subsequent head emergence.

The time of pollen shed for perennial ryegrass was not signi-

ficantly influenced by the clipping or nitrogen treatments. Although

there was a trend toward a delay in the time of pollen shed when sup-

plemental nitrogen was applied the reduction was small and would not

seem too important.

The application Of supplemental nitrogen did not affect the

period of head emergence or the time of pollen shed for Merion Ken-

tucky bluegrass. However, the clipping treatments had a greater

effect and did significantly affect the period of head emergence and

the time of pollen shed for Merion Kentucky bluegrass. The combined

winter-spring clipping regime significantly delayed the period of head

emergence for Merion Kentucky bluegrass. Winter clipping as well as

the combined winter-spring clipping regimes significantly delayed the

time of pollen shed when compared with the unclipped control.

Although the time of pollen shed was delayed only two to three

days, the ability to control the time of pollen shed may be a useful

management tool. In a given area of grass seed production, such as

the Willamette Valley, it is common to have different varieties of the

same species planted in adjacent fields. A problem of contamination

of pedigreed grass fields by foreign pollen may result from the adja-

cent planting of the same species. In order to prevent contamination

of pedigreed seed and maintain genetic purity within seed lots certi-
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fying agencies have established minimum isolation distances for sepa-

ration of closely related species and varieties of the same species as

well as different generations of the same variety. If the time of head

emergence and pollen shed can be accurately determined and controlled

by management practices, the isolation distances and border areas re-

quired by certification standards can be replaced by time isolation or

the difference in the date of flowering as discussed by Rampton (55).

In this study clipping was used to simulate grazing because

of management problems involved with livestock. Although a mower

offers more advantage than locating, transporting and managing live-

stock within the experimental area, certain differences between clip-

ping and grazing must be recognized. Mowing non-selectively removes

all plant material at a given level, while grazing animals select mater-

ial more or less at random throughout the grazing area. Clipping does

not subject theecperimental area to the treading or trampling of live-

stock. Grazing by sheep is known to be more detrimental to the grass

stands than mowing because sheep tend to pull out tillers and give un-

even defoliation (57). This uneven defoliation by sheep may offer an

advantage to certain tillers within the grazing area.

The data collected in this study represents but one year. In

order to determine the response of Linn perennial ryegrass and Mer-

ion Kentucky bluegrass to clipping and supplemental nitrogen applica-

tion, the study should be continued through a minimum of five years.
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During the five-year period a complete range of environmental condi-

tions would be involved instead of one selected year.
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SUMMARY AND CONCLUSIONS

A study was initiated to determine the effects of the rate and date

of nitrogen application and clipping on the seed yield of Linn perennial

ryegrass and Merion Kentucky bluegrass. The results of this study are

summarized:

l. Seed yield of Linn perennial ryegrass was not sig-
nificantly increased or reduced by clipping or nitrogen
treatments. The seed yield of Merion Kentucky blue-
grass was significantly increased by combined winter-
spring clipping for six months. Two applications of
equal amounts of nitrogen in the spring significantly
reduced the seed yield of Merion Kentucky bluegrass
as compared to some fall nitrogen.

2. The number of fertile tillers per unit area was not
significantly influenced by either clipping or sup-
plemental nitrogen application. However, trends
suggest that winter clipping or combined winter-
spring clipping tends to increase the number of
fertile tillers per unit area.

3. The weight of 1,000 seeds of both Linn perennial
ryegrass and Merion Kentucky bluegrass was not
significantly influenced by clipping or nitrogen ap-
plication.

4. The inflorescence emergence of Linn perennial
ryegrass and Merion Kentucky bluegrass was
significantly delayed by high rates of supplemen-
tal nitrogen. A significant interaction was also
found between clipping and nitrogen treatments
for head emergence of Merion Kentucky bluegrass.
Supplemental nitrogen plus clipping tended to delay
inflorescence emergence for Merion Kentucky
bluegrass.

5. The time of pollen shed for Linn perennial rye-
grass was not significantly effected by clipping or
nitrogen treatments. Nitrogen treatments did not
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significantly influence the time of pollen shed for
Merion Kentucky bluegrass. However winter clip-
ping and the combined winter-spring clipping re-
gimes significantly delayed the time of pollen shed.
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APPENDIX



Appendix table 1. Computed F values for split plot analysis of variance for all characters
measured for Linn perennial ryegrass.

Source of Seed yield in Number of fertile
variation grams per 9 tillers per

square feet square foot

Date of Head emergence
pollen shed

D. F. M. S. F. M. S. F. M. S. F. M. S. F.

Replication 3 238.7 1.25 8,902.7 1.66 0.73 2.28 2.40 0.77

Nitrogen 7 431.0 2.26 9,845.2 1.83 0.50 1.56 9.84 3.18*

Rep X N 21 189.9 5,358.7 0.32 3.09

Clipping 3 426.2 3.23 3,357.6 0.78 0.06 0.62 6.13 0.58

Clip X Rep 9 131.9 4,274.6 1.06 10.44

Clip X N 21 131.5 0.82 6,184.9 1. 98* 0.58 0.85 16.36 2.53**

CXNXR 63 159.6 3,024.2 0.68 6.45

Total 127

*Significant at the 5% level
**Significant at the 1% level



Appendix table 2. Computed F value for the completely randomized analysis of variance for the
weight of 1,000 seeds in grams of Linn perennial ryegrass.

Source of variation D. F. M. S.

Treatment 31 0.000251 0.000479 NS

Error 96 0.5236

Total 127

NS Not Significant



Appendix table 3. Computed F values for split plot analysis of variance for all characters
measured for Merion Kentucky bluegrass.

Source of Seed yield in Number of Weight of Date of Head
variation grams per 9 fertile tillers 1,000 seeds pollen shed emergence

square feet per square foot in milligrams

D. F. M. S. F. M. S. F. M. S. F. M. S. F. M. S. F.

Replication 3 937.7 4.17* 46,035.6 0.71 0.00033 0.33 9.90 1.73 18.30 1.20

Nitrogen 7 647.0 2.87* 21,919.0 0.35 0.00142 1.42 4.91 0.85 5.88 0.38

Rep X N 21 224.7 61,896.4 0.001 5.72 15.18

Clipping 3 1,158.7 5. 17* 34,644.1 3. 34* 0.00033 3.00 16.13 7. 75 ** 10.23 4. 39*

Clip X Rep 9 223.8 10,522.1 0.00011 2.08 2.33

Clip X N 21 191.9 0.81 17,289.1 0.86 0.00033 1.10 6.02 1.41 13.76 1.35

C X N X R 63 234.1 20,027.4 0.00030 4.26 10.19

Total 127

*Significant at the 5% level
**Significant at the 1% level


