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To increase efficiency of seed production, it is important to

understand the effects of nitrogen (N) fertilizer rate and time of

application. In particular, the effects on floret fertility should

be examined since only a small proportion of florets actually pro-

duce harvestable seed. For these reasons, experiments were con-

ducted in the field in 1981 and 1982 to study the effect of rate

and time of nitrogen application at different growth stages on po-

tential and actual seed yield and floret fertility. Specific

effects of nitrogen on rate of floret filling in the top, inter-

mediate and the bottom locations of the spike were observed. Two

cultivars of perennial ryegrass were used in this study: Linn,

an early maturing forage cultivar and Pennfine, which is a later

maturing turf-type cultivar. Different nitrogen rates were

applied at the vegetative phase, during spikelet initiation phase



and at both stages.

Nitrogen application increased the seed yield potential by

increasing the number of fertile tillers per unit area and/or

number of florets per spikelet.

Nitrogen rate and time of application had no effect on floret

fertility. Floret fertility percentage in all treatments were

initially about 61%, but by final harvest had decreased to 20-32%.

This reduction was likely due to loss of light seed during har-

vesting and cleaning. There was a slightly lower floret fer-

tility in the top compared with the intermediate and bottom

location of the spike, but this was not affected by nitrogen rate

or timing.

Linn cultivar showed a higher rate of floret filling than the

Pennfine; however, nitrogen rate and time of application showed no

effect on rate of floret filling.

Seed yield was affected by nitrogen application only in 1981,

due to lodging, excessive vegetative tillering, and yield com-

ponent compensation.

Results in this study do not support the hypothesis that

management practices should be aimed at increasing head size

rather than head numbers.
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FLORET FERTILITY AND SEED YIELD IN SELECTED
PERENNIAL RYEGRASS CULTIVARS AS AFFECTED

BY TIME AND RATE OF NITROGEN (N) APPLICATION

REVIEW OF LITERATURE

INTRODUCTION

Perennial ryegrass, Lolium perenne L., is used for both pasture

and turf throughout the world. The majority of the U.S. supply of

ryegrass is produced in the Willamette Valley of Oregon.

Yield in grasses is determined by the number of reproductive

tillers/unit area, number of spikelets per inflorescence, numbers of

florets per spikelet, together with the proportion of those florets

which set seed and the individual seed weight. To maximize yield,

it is important to know which factors of our management practices

such as nitrogen (N) fertilizer rate influence the yield components

and, most important, is the knowledge of the proper timing of such

practices. Most workers have shown positive effects of nitrogen

fertilizer application on ryegrass seed yield (Evans, 1959; Ryle,

1966; Hill, 1970; Spiertz and Ellen, 1972; Hebblethwaite, 1977;

Hebblethwaite and Ivins, 1977; Brown, 1980, 1981; Hebblethwaite,

Wright and Noble, 1980; Moma, 1981). Depending on the rate and the

time of N application, the increase in seed yield can be a result of

an increase in any of the seed yield components.

Tillering: The majority of spikes at harvest are born on

tillers which appeared during the previous late summer and autumn

periods (Ryle, 1964; Hill, 1970; Griffith, Robert, and Lewis, 1973;

Hill and Watkin, 1975a). N application at spikelet initiation can
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increase both fertile tiller number and survival (Evans, 1959;

Wilson, 1959; Lewis, 1968; Hill, 1970; Spiertz and Ellen, 1972;

Hebblethwaite, 1977; Hebblethwaite and Ivins, 1978; Hebblethwaite

and McLaren, 1979; Brown, 1980; Hebblethwaite, Wright, and Noble,

1980). The increase in total tiller numbers, which is due to

production of a high number of vegetative tillers (Hebblethwaite

and Ivins, 1977), reaches a maximum at ear emergence and coincides

with high tiller mortality (Langer, 1959; Hill and Watkin, 1975a;

Hebblethwaite, Wright, and Noble, 1980). However, the later the

date of application of N fertilizer in the spring, the greater the

reduction in fertile tiller numbers (Hebblethwaite, Wright, and

Noble, 1980). Spring N fertilizer application should, therefore,

be aimed at satisfying the requirements of fertile tiller produc-

tion, spike and seed development, without stimulating excessive

tillering (Hampton, 1983a). However, limited success was achieved

in increasing number of fertile tillers per unit area, when time of

N application was delayed to 30% or more spike emergence rather than

at spikelet initiation (Hebblethwaite and Ivins, 1978).

Spikelets/spike and florets/spikelet: N was also reported to

increase the number of spikelets per spike, number of florets per

spikelets, and number of seeds per unit area (Langer, 1959, Ryle,

1964, 1966; Hebblethwaite, 1977; Hebblethwaite and Irvins, 1977;

Hebblethwaite and McLaren, 1979; Hampton, 1983a). However, these

yield components are affected by temperature and daylength (Ryle,

1965), date of spike emergence, location in the spike, and position

of florets within the spikelet (Anslow, 1963; Ryle, 1964, Hill and
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Watkin, 1975a, Hebblethwaite, Wright, and Noble, 1980).

Floret fertility: Increasing the potential seed yield (florets

per unit area) of ryegrass crop by increasing N application is no

guarantee of increased actual seed yield (Hebblethwaite and Ivins,

1977; Hampton, Clemence, and Hebblethwaite, 1983b) because high per-

centage of those florets produced must be pollinated, fertilized and

developed into a harvestable seed. The potential seed yield in

perennial ryegrass crop is in excess of 5 tons/ha but the actual

yield is less than 10% of this potential (Ryle, 1964; Griffith,

Roberts, and Lewis, 1973; Hebblethwaite, Wright, and Noble, 1980)

because of the high fertile tiller mortality and the low floret

fertility. Floret fertility rarely exceeds 80% and is more often in

the range of 50-70% (Anslow, 1963; Spiertz and Ellen, 1972; Griffith,

Roberts, and Lewis, 1973; Hampton, 1983a) with only 20-30% of the

potential seed recovered at harvest (Burbidge, Hebblethwaite, and

Ivins, 1978; Brown, 1981; Hebblethwaite, Wright, and Noble, 1980;

Whingwiri and Sterm, 1982; Hampton, 1983a; Hampton et al., 1983b).

The decrease in floret fertility can either be due to failure of

florets to be pollinated or fertilized and abortion of developing

seed.

Failure of the florets to be pollinated and/or fertilized de-

pends on temperature, light intensity, relative humidity (or rain),

cloudiness, and wind velocity effects (Gregor, 1928; Emez, 1960,

1962; Griffith, Roberts, and Lewis, 1973; Wright and Hebblethwaite,

1979; Hill, 1980). The reduction in seed yield caused by lodging

was due to effect of lodging on pollination and seed set
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(Hebblethwaite and Ivins, 1978; Wright and Hebblethwaite, 1979;

Hebblethwaite, Wright, and Nobel, 1980). Wright and Hebblethwaite

(1979) suggested that delaying lodging until after first anthesis

may have made the environment within the canopy more favorable for

pollen release and dispersal, thereby increasing the number of

floret sites pollinated, and hence number of seeds per spikelet

(Anslow, 1963). Hampton (1983a) also suggested that upright crops

are more accessible to pollen and less subject to microenvironmen-

tal conditions such as low temperature, decreased irradiance, and

greater moisture levels which are detrimental to pollination.

Abortion of pollinated and fertilized floret (developing seed)

can be due to:

(a) Anatomical regulation as the first florets of the spikelets

which are supplied directly by the principal vascular bundles of the

rachilla are better provided by carbohydrates than the terminal

florets (Whingwiri and Stern, 1982).

(b) Hormonal inhibition of seed growth (Rawson and Evans, 1970;

Evans, Bingham, and Roskane, 1972; Walpole and Morgan, 1973; Radley,

1978, 1982; Michael and Beringer, 1980). Rawson and Evans (1970)

have shown that presence of mature ovaries and anthers in the basal

florets of a wheat spikelet can inhibit the setting of grain in the

more distal parts, and this has been attributed to hormonal effect

(Evans, Bingham, and Roskam, 1972; Wapole and Morgan, 1973; Radley,

1978). Higher IAA content was found in the older and more developed

grains (Wheeler, 1976; Radley, 1978), allowing the assumption that

auxin is involved in the interactions within the spikelet.
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Application of ABA to wheat ear shortly after anthesis started, pre-

vented grain set in the third and fourth florets which set seed in

lodged perennial ryegrass crop, decreased from the base to the apex

of the spikelet (Anslow, 1963; Burbidge, Hebblethwaite, and Ivins,

1978; Hebblethwaite, Wright, and Noble, 1980; Hampton, 1983a)

suggesting inhibition similar to that described by Rawson and Evans

(1970). Cytokinin can also be involved by affecting cell division

and differentiation of the shoot apex, by determining sink strength

and delaying senescence, thus affecting amount, duration and direc-

tion of assimilate supply (Michael and Beringer, 1980). IAA and

cytokinin may also be involved in apical dominance of mature florets

as well as GA. However, exact roles of those phytophormones still

await further investigation.

(c) Insufficient assimilate supply, which may be the most im-

portant factor influencing seed set (Mohamed and Marshall, 1979).

The subject of source limitation to grain per ear has been exten-

sively investigated (Ryle, 1970; Willey and Holiday, 1971; Fisher,

1975; Kirby and Jones, 1977; Ong, 1978a; Ong, Marshall, and Sager,

1978b; Burbidge, Hebblethwaite and Ivins, 1978; Stoy, 1980;

Whingwiri and Kemp, 1980; Hampton, 1983a)

In cereals, first floret death between attainment of maximum

floret number and anthesis is believed to be due to assimilate

shortage (Gallapher, Biscoe, and Scolt, 1976). For example, shading

crops to decrease assimilate production between floret initiation and

anthesis decreased grain number per spikelet markedly at harvest

(Willey and Holiday, 1971; Fisher, 1975; Kirby and Jones, 1977;
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Mohamed and Marshall, 1979). Since seed set in perennial ryegrass

was always higher at the base than the apex (Anslow, 1963; Burbidge,

Hebblethwaite and Ivins, 1978; Hampton, 1983a), Hampton (1983a)

suggested that this indicated seed set inhibition by assimilate

availability, especially during the first 7-14 days of seed growth

which are characterized by a rapid increase in seed weight (Hyde,

McLeavy, and Harris, 1959; Griffith, Roberts, Bean, Lewis, Pegler,

Carr, and Stoddard, 1978; Hill, 1980).

Effect of N on floret fertility: N has been shown to increase

floret fertility in wheat when applied before flag leaf emergence

(Langer and Liew, 1973; Whingwiri and Kemp, 1980). However, floret

fertility in ryegrass decreased as the amount of spring N increased

(Hebblethwaite, 1977). The decrease was related to early and severe

lodging and/or shortage of assimilates because of the high number

of florets (Hebblethwaite and Ivins, 1977) or greater vegetative

tiller production (Hebblethwaite, Wright, and Noble, 1980; Hampton,

1983a) at the high N levels. Increased floret fertility in ryegrass

was found only when N was applied at 70-80% ear emergence; however,

the actual seed yield was reduced (Hebblethwaite and Ivins, 1978;

Hebblethwaite, Wright, and Noble, 1980; Nordesgaard, 1981).

1000-seed weight (mean weight per seed): In ryegrass maximum

seed weight is achieved approximately 28 days after peak anthesis

(Hyde, McLeavy, and Harris, 1959; Anslow, 1964; Hill and Watkin,

1975b; Hebblewthwaite and Ahmed, 1978). There were conflicting

results in the literature concerning the effect of N on the 1000-seed
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weight. A number of workers found that increasing the amount of

applied N increased 1000-seed weight (Evans, 1959; Hebblethwaite

and Ivins, 1978; Nordesgaard, 1981), while others found little or

no effect (Hebblethwaite, 1977; Hebblethwaite and McLaren, 1979;

Hebblethwaite, Wright, and Noble, 1980; Hampton, 1983a; Hampton,

Clemence, and Hebblethwaite, 1983b).

The relationship between number of florets per unit area,

spike size, and seed yield: Percentage of florets which produce

seed decreases as the number of florets per unit area increases

(Hebblethwaite, 1977; Hebblethwaite, Wright, and Noble, 1980;

Nordesgaard, 1981; Brown, 1980, 1981). Actual seed yield in grasses

is the seed weight per unit ground area at harvest and the combined

result of number of fertile tillers per unit area, spikelets per

spike, florets per spikelet, seeds per spikelet (seed set), and

individual seed weight (Hebblethwaite, Wright, and Noble, 1980).

This is because seed yield component compensation is most likely to

occur among these yield components (Griffith, Roberts, and Lewis,

1973; Hebblethwaite and Ivins, 1977; Hebblethwaite, Wright, and

Noble, 1980). Brown (1981) postulated that seed yield was greater

in crops with fewer but larger spikes. He felt that management prac-

tices aimed at increasing florets per unit area have detrimental

effects on seed yield. This is because in most practical situations,

increased number of florets per unit area are associated with in-

creases in number of spikes rather than size of the spike (Brown,

1980). However, some workers believe that yield component compen-

sation is likely to obscure spike size-number interactions



8

(Hebblethwaite and Ivins, 1977; Hebblethwaite, Wright, and Noble,

1980).

This research was designed to:

1. Study the effect of rate and time of nitrogen application

at different growth stages on:

a. Potential seed yield

b. Actual seed yield and seed yield components, particularly

floret fertility

c. Rate of floret filling in different locations of the spike

2. Test the hypothesis that at similar floret populations,

seed recovery, and thus seed yield, was greater in crops with fewer

but larger seedheads."
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MATERIALS AND METHODS

Two experiments were conducted, one in 1981 and one in 1982,

on first and second year stands of perennial ryegrass, using

varieties Linn and Pennfine. The site, at the Hyslop field labora-

tory, Corvallis, was plowed in the fall of 1979 after a crop of

spring wheat. In May 1980, the area was cultivated, harrowed and

rolled. Oregon Certified Linn and Pennfine ryegrass was then

drilled in 15-cm rows at a seed rate of 6.72 kg/ha on May 29.

After sowing, the site was rolled twice, using a roller compactor.

In the fall of 1980, 27 kg/ha of nitrogen fertilizer (as ammonium

nitrate) was applied to the experimental site.

A randomized block design with 6 blocks and 6 treatments in

1981 and 6 blocks and 10 treatments in 1982 was used.

Nitrogen (N) was applied at the vegetative phase, spikelet

initiation phase, and at both stages. Details of the experimental

nitrogen treatments are given in Tables 1 and 2. Vegetative phase

nitrogen was applied February 21, 1981 and March 3, 1982, while

spikelet initiation nitrogen was applied March 10, 1981 and March

26, 1982 to Linn and Pennfine, respectively. All treatment nitro-

gen was applied by a calibrated hand-driven spreader. The stage of

apex development was determined by microscopic dissection of the

apices of 10 tillers selected at random from each block of each

treatment. The timing of these stages was recorded when 7 of the

10 tillers were at the appropriate stage.

Anthesis was determined by examining fertile tillers in the
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Table 1. Rates of spring-applied nitrogen at the selected
growth stages of perennial ryegrass for different
nitrogen treatments applied in 1981.

Treatment N kg/ha
number Vegetative phase Spikelet initiation Total

1 0 0 0

2 60 60 120

3 60 90 150

4 180 0 180

5 0 180 180

6 60 180 240

Table 2. Rates of spring-applied nitrogen at the selected growth
stages of perennial ryegrass for different nitrogen
treatments applied in 1982.

Treatment
number

N kg/ha

Vegetative phase Spikelet initiation Total

1 0 0 0

2 0 60 60

3 60 0 60

4 0 90 90

5 0 120 120

6 120 0 120

7 60 60 120

8 60 90 150

9 60 120 180

10 120 120 240
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field, when anther exsertion began. Peak anthesis was defined as

the time when 80% of the fertile tillers selected at random in all

blocks had exserted anthers.

Number of fertile tillers per unit area at peak anthesis was

obtained by counting all fertile tillers from two random samples

of 0.1 m2 on specially designated areas of the plots. The number

of spikelets per spike was counted on 10 randomly selected spikes

from each 0.1 m2 area taken at peak anthesis. Number of florets

per spikelet was also determined by counting the number of florets

per spikelet in spikelets taken from the bottom, intermediate, and

top locations of the spike in each of the 10 randomly selected

spikes. The mean number of florets per spikelet from all locations

(bottom, intermediate, and top) was taken as the number of florets

per spikelet. Potential yield, defined as the number of florets

per unit area, was then calculated as:

Number of fertile tillers/unit area x spikelets/
spike x florets/spikelet

One week after peak anthesis, a sample of 10 randomly selected

spikes from 0.1 m2 area was taken. A diaphanoscope was used to

determine the number of fertile and sterile florets in the bottom,

intermediate, and top three spikelets in each of the 10 randomly

selected spikes. Seeds from the bottom, intermediate, and top

spikelets were kept separate, oven-dried under 80°C temperature

for 48 hours, and later weighed to determine 1000-seed weight for

each treatment at that particular sampling date.
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Number of fertile florets per spike was calculated as the

mean number of fertile florets per spikelet x number of spikelets/

spike. The number of sterile florets per spike was calculated as

the mean number of sterile florets/spikelet x number of spikelets/

spike. The total number of florets per spike was determined by

adding the number of fertile florets/spike to the number of sterile

florets/spike. Then floret fertility at peak anthesis was cal-

culated as:

number of fertile florets/spike
x 100

number of total florets/spike

However, after harvest, floret fertility was calculated as:

number of seeds/spike
number of florets/spike

x 100

The number of fertile tillers at harvest was obtained by

counting all fertile tillers from two random samples of 0.1 m2 on

specially designated areas of the plots. Fertile tillers were

subsequently hand-threshed and the seed cleaned by sieving,

counted, dried and weighed to determine 1000-seed weight.

Plot harvest in both years was carried out at 40% moisture

content with a Kinko small plot harvester. The harvested material

was placed in jute bags and left to dry naturally in the sun.

Samples were then threshed and cleaned, using a belt thresher. The

clean seed was weighed and the actual seed yield per unit area was

determined. Actual seed number per unit area was obtained by

dividing the actual seed weight per unit area by the 1000-seed
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weight from that area of harvest,

Climatological data were obtained from the Climatic Research

Institute, Oregon State University.

The data were analyzed as a randomized block design and all

significant treatment effects were separated using the least

significant difference (LSD).
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RESULTS AND DISCUSSION

Potential yield

Yield potential is the number of florets per unit of ground

area of the crop measured at peak anthesis (Hebblethwaite, Wright,

and Noble, 1980). It depends upon the process of tillering and

apical development, and its establishment may be considered to be

complete at first anthesis when the spikes have emerged from the

encircling leaf sheaths (Ryle, 1966).

Nitrogen application increased the seed yield potential sig-

nificantly only in 1981 in both cultivars by increasing the number

of fertile tillers at peak anthesis and the number of florets per

spikelet (Tables 3-6). These responses are similar to those noted

by other workers (Hebblethwaite and Ivins, 1977, 1978; Hebblethwaite

and McLaren, 1979; Brown, 1981; Hampton, 1983a; Hampton, Clemence

and Hebblethwaite, 1983b). However, fertile tiller numbers were

not significantly different between N treatments at harvest. This

may be due to high tiller mortality associated with early and severe

lodging (Hebblethwaite et al., 1980). Lodging encourages insects

and diseases (Ong, 1978) by creating suitable environmental condi-

tions for them within the lodged canopy that can cause rotting of

the stem base and lead to tiller death (Hampton, 1983a; Hampton

and Hebblethwaite, 1983). Lodging is also associated with in-

creased secondary vegetative tiller production (Hebblethwaite

and Ivins, 1977; Hebblethwaite et al., 1980) which is more

severe at high nitrogen levels (Hebblethwaite and Ivins, 1978;



Table 3. Effect of rate and time of spring-applied N on potential yield in Linn perennial
ryegrass, 1981

N treatment
(kg/ha

Total N
(kg/ha)

Fertile tillers per m2
at peak anthesis

Spikelets per
spike

Florets per
spikelet

Florets per m2

x104 (calculated)

01+02 0 1790 21.1 5.9 22.28

60+60 120 2462 21.5 8.3 43.93

60+90 150 2763 21.5 7.6 45.14

180+0 180 3056 23.2 7.3 51.75

0+180 180 2530 21.5 8.2 44.60

60+180 240 2449 22.0 7.7 41.49

LSD
.05

645 NS 1.3 16.12

S.E. mean 217 0.42 0.43 4.10

C.V. (%) 17.3 10.0 11.5 20.6

'Amount of N applied at the vegetative phase.

2Amount of N applied at the spikelet initiation phase.



Table 4. Effect of rate and time of spring-applied N on potential yield in Pennfine perennial
ryegrass, 1981

N treatment
(kg/ha)

Total N
(kg/ha)

Fertile tillers per m2
at peak anthesis

Spikelets per
spike

Florets per
spikelet

Florets per m2

x104 (calculated)

01 +02 0 1313 23.4 5.1 15.67

60+60 120 2384 23.8 7.7 43.69

60+90 150 2608 23.9 8.2 51.11

180+0 180 2604 23.7 8.0 49.37

0+180 180 2600 23.3 8.5 51.49

60+180 240 2729 22.9 8.9 55.61

LSD
.05

650 NS 0.90 17.75

S.E. mean 216 0.90 0.29 4.20

C.V. (%) 17.9 8.0 7.1 22.4

'Amount of N applied at the vegetative phase.

'Amount of N applied at the spikelet initiation phase.



Table 5. Effect of rate and time of spring-applied N on potential yield in Linn
perennial ryegrass, 1982.

N treatment
(kg/ha)

Total N
(kg/ha)

Fertile tillers per m2
at peak anthesis

Spikelets per
spike

Florets per
spikelet

Florets per m2
x104 (calculated)

01+02 0 2227 24.0 5.7 30.47

0+60 60 2318 25.2 7.0 40.88

60+0 60 2623 24.4 6.2 39.68

0+90 90 2160 22.9 7.9 39.08

0+120 120 1894 23.9 7.4 33.50

120+0 120 2480 23.9 6.3 37.34

60+60 120 2074 23.8 7.3 36.04

60+90 150 2362 24.0 7.5 42.51

60+120 180 2182 24.4 7.9 42.06

120+120 240 2187 23.8 7.8 40.60

LSD
.05

NS 1.2 1.2 NS

S.E. mean 206 0.65 0.40 4.20

C.V. (%) 17.8 6.9 11.1 19.8

'Amount of N applied at the vegetative phase.

2Amount of N applied at the spikelet initiation phase.



Table 6. Effect of rate and time of spring-applied N on potential yield in Pennfine
perennial ryegrass, 1982.

N treatment
(kg/ha)

Total N
(kg/ha)

Fertile tillers per m2
at peak anthesis

Spikelets per
spike

Florets per
spikelet

Florets per m 2

x10' (calculated)

01+02 0 2338 25.9 6.8 41.18

0+60 60 2580 25.0 7.2 46.44

60+0 60 1945 27.7 6.7 37.09

0+90 90 2405 24.3 7.4 43.24

0+120 120 2087 25.9 7.6 41.08

120+0 120 2359 26.1 7.0 43.71

60+60 120 2087 24.5 7.6 38.86

60+90 150 2577 24.7 7.5 47.73

60+120 180 2911 23.5 7.9 54.24

120+120 240 2927 23.8 8.0 55.73

LSD
.05

491 NS NS NS

S.E. mean 160.6 0.61 0.62 4.7

C.V. (%) 10.8 5.8 11.20 19.60

lAmount of N applied at the vegetative phase.

2Amount of N applied at the spikelet initiation phase.
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Hampton, 1983a). These secondary tillers increase fertile tiller

mortality by increasing the competition for light, water, nutrients

and assimilates (Hebblethwaite, 1977; Burbidge et al., 1978;

Hebblethwaite et al., 1980). The same condition (i.e., secondary

vegetative tiller production) occurred in this study; however, no

quantitative measurement was taken for vegetative tiller numbers

after the stand had lodged.

Significant increase in number of florets per spikelet was

observed in both years, although in 1982, this did not lead to

significantly higher florets per unit area (Tables 3-6). The

significant increase in number of florets per spikelet was due

to a significant increase in the number of florets per spikelet at

all sampled locations in the spike at peak anthesis (Tables 7, 8).

The number of florets per spikelet component increased (with few

exceptions) as the amount of N increased, especially with N applied

at the spikelet initiation phase (Tables 3-6). This is because

this component is determined shortly before spike emergence and

more available N during the spike development sequence could

favorably influence the differentiation process (Hill, 1980). These

responses are similar to those noted by other workers (Ryle, 1964;

Hill and Watkin, 1975a; Hebblethwaite and Ivins, 1977, 1978;

Hebblethwaite et al., 1980; Brown, 1980; Hampton et al., 1983b).

The number of florets per spikelet was in the order of

intermediate > bottom > top (Tables 7-10, which is also in

agreement with other published reports (Anslow, 1963; Burbidge
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Table 7. Effect of spring-applied nitrogen on number of florets per
spikelet at different locations in the spike at peak
vIthesis in Linn perennial ryegrass, 1981

N treatment
(kg/ha)

Total N
(kg/ha)

Bottom
spikelet

Intermediate
spikelet

Top
spikelet

01+02 0 5.9 6.2 5.6

60+60 120 8.8 8.5 7.7

60+90 150 7.9 8.9 6.1

180+0 180 7.8 8.3 5.7

0+180 180 7.1 8.6 8.9

60+180 240 8.5 8.9 5.7

LSD
.05

1.3 1.3 1.4

S.E. mean 0.42 0.43 0.46

C.V. (%) 9.7 10.5 14.2

'Amount of N applied at the vegetative phase.

2Amount of N applied at the spikelet initiation phase.
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Table 8. Effect of spring-applied N on number of florets per spike-
let at different locations in the spike at peak anthesis
in Pennfine perennial ryegrass, 1981

N treatment
(kg/ha)

Total
(kg/ha)

Bottom
spikelet

Intermediate
spikelet

Top
spikelet

01+02 0 4.9 5.6 4.9

60+60 120 7.8 8.0 7.4

60+90 150 8.1 8.5 8.0

180+0 180 8.6 8.8 6.8

0+180 180 9.1 9.4 6.9

60+180 240 9.5 9.7 7.1

LSD
.05

1.10 0.81 0.75

S.E. mean 0.39 0.27 0.25

C.V. (%) 9.7 6.50 7.4

lAmount of N applied at the vegetative phase.

2Amount of N applied at the spikelet initiation phase.
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Table 9 . Effect of spring-applied N on number of florets per spike-
let at different locations in the spike at peak anthesis
in Linn perennial ryegrass, 1982

N treatment
(kg/ha)

Total
(kg/ha)

Bottom
spikelet

Intermediate
spikelet

Top
spikelet

01 +02 0 5.5 6.6 5.1

0+60 60 7.4 8.0 5.5

60+0 60 6.3 7.5 4.7

0+90 90 8.3 8.8 6.7

0+120 120 7.6 8.6 6.1

120+0 120 6.5 7.6 4.8

60+60 120 7.6 8.4 5.9

60+90 150 7.8 7.9 6.6

60+120 180 7.9 7.9 5.8

120+120 240 7.8 9.1 6.5

LSD
.05

1.1 1.5 1.1

S.E. mean 0.38 0.50 0.37

C.V. CO 10.5 12.4 12.70

'Amount of N applied at the vegetative phase.

'Amount of N applied at the spikelet initiation phase.
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Table 10. Effect of spring-applied N on number of florets per spike-
let at different locations in the spike at peak anthesis
in Pennfine perennial ryegrass, 1982

N treatment Total Bottom Intermediate Top

(kg/ha) (kg/ha) spikelet spikelet spikelet

01+02 0 7.2 6.7 6.5

0+60 60 7.5 8.1 6.2

60+0 60 6.7 7.6 5.8

0+90 90 7.4 8.2 6.5

0+120 120 7.8 8.6 6.5

120+0 120 7.1 8.0 5.8

60+60 120 7.8 8.8 6.1

60+90 150 7.6 8.8 6.1

60+120 180 8.4 9.1 6.2

120+120 240 8.4 9.5 6.3

LSD
.05

NS 1.30 NS

S.E. mean 0.48 0.45 0.42

C.V. (%) 12.8 10.7 13.50

lAmount of N applied at the vegetative phase.

2Amount of N applied at the spikelet initiation phase.
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et al., 1978; Hampton, 1983a). However, increasing seed potential

may or may not lead to increased actual seed yield, as we will see

later in the discussion of the actual seed yield data.

Floret fertility

Floret fertility is the percentage of florets which set seed

(Anslow, 1963; Griffith, Roberts, and Lewis, 1973) or retain seed

at harvest (Hebblethwaite , 1977). In this study, floret fertility

percentage was initially as high as 66% (Tables 11-14) but by final

harvest had decreased to around 20-32% (Tables 15, 16). These

figures are close to those cited by other workers (Hill, 1971;

Spiertz and Ellen, 1972; Griffith et al., 1973; Burbidge et al.,

1978).

Nitrogen rate and time of application had no effect on floret

fertility percentage in either cultivar or year (Tables 11-14)

except for the third week after peak anthesis sampling date in

1981. This significant difference (third week after peak anthesis)

is difficult to explain and its biological significance is ques-

tionable since the percentages are not different from those in the

earlier sampling dates. The lack of a significant difference be-

tween the N treatments in floret fertility percentage is also diffi-

cult to explain since it is known that lodging increased as the

amount of N applied increased (Hebblethwaite, 1977; Hebblethwaite

and Ivins, 1977; Burbidge et al., 1978; Hebblethwaite et al., 1980;

Nordesgaard, 1981; Moma, 1981). Lodging affects floret fertility
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Table 11. Effect of rate and time of spring-applied N on percentage
floret fertility in Linn perennial ryegrass, 1981

N treatment Total N Weeks after peak anthesis After
(kg/ha) (kg/ha) 1 2 3 harvest

01+02 0 63.95 58.65 66.72 32.00

60+60 120 65.80 50.77 57.47 27.95

60+90 150 65.40 57.90 55.32 31.38

180+0 180 57.50 52.90 60.50 32.58

0+180 180 61.25 65.50 64.95 29.25

60+180 240 62.27 56.40 65.17 30.98

LSD
.05

NS NS 8.11 NS

S.E. mean 2.51 3.42 2.69 3.64

C.V. (%) 9.50 12.3 8.7 21.6

'Amount of N applied at the vegetative phase.

2Amount of N applied at the spikelet initiation phase.
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Table 12. Effect of rate and time of spring-applied N on percentage
floret fertility in Pennfine perennial ryegrass, 1981

N treatment Total N Weeks after peak anthesis After

(kg/ha) (kg/ha) 1 2 3 harvest

01+02 0 43.70 55.65 60.25 33.92

60+60 120 56.40 50.20 45.55 19.24

60+90 150 47.60 50.30 53.60 22.47

180+0 180 56.05 50.60 60.85 27.38

0+180 180 57.77 51.40 48.81 26.25

60+180 240 58.88 52.10 51.26 25.32

LSD
.05

NS NS 8.81 NS

S.E. mean 6.20 3.91 2.92 3.28

C.V. (%) 24.0 14.8 10.9 25.5

'Amount of N applied at the vegetative phase.

2Amount of N applied at the spikelet initiation phase.
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Table 13. Effect of rate and time of spring-applied N on percen-
tage floret fertility in Linn perennial ryegrass, 1982

N treatment Total N Weeks after peak anthesis After

(kg/ha) (kg/ha) 1 2 3 harvest

01+02 0 60.70 60.70 58.20 15.04

0+60 60 60.00 67.30 58.90 19.81

60+0 60 48.40 73.20 60.10 21.43

0+90 90 65.60 63.70 64.10 26.57

0+120 120 60.90 62.80 55.40 24.22

120+0 120 57.90 65.10 65.10 21.17

60+60 120 60.20 57.80 57.80 23.30

60+90 120 57.80 63.23 63.23 17.30

60+120 180 60.60 54.96 54.96 25.30

120+120 240 57.90 57.40 57.40 26.04

LSO
.05

NS NS NS NS

S.E. mean- 5.01 5.02 4.85 3.02

C.V. (%) 17.5 16.1 16.7 22.4

'Amount of N applied at the vegetative phase.

2Amount of N applied at the spikelet initiation phase.
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Table 14. Effect of rate and time of spring-applied N on

percentage floret fertility in Pennfine perennial ryegrass,
1982

N treatment
(kg/ha)

Total N
(kg/ha)

Weeks after peak anthesis After
harvest1 2 3

01+02 0 58.55 54.40 61.80 14.85

0+60 60 57.55 54.30 65.80 19.11

60+0 60 52.40 53.80 57.80 21.92

0+90 90 63.60 56.90 65.15 19.23

0+120 120 43.50 54.50 62.80 18.74

120+0 120 67.40 50.50 48.10 23.58

60+60 120 63.40 56.10 55.50 19.06

60+90 150 63.70 49.70 48.70 19.22

60+120 180 53.97 56.30 49.10 19.61

120+120 240 66.50 59.30 54.60 20.30

LSD
.05

NS NS NS NS

S.E. mean 7.31 4.36 6.42 2.60

C.V. CO 23.0 16.2 22.9 25.70

'Amount of N applied at the vegetative phase.

2Amount of N applied at the spikelet initiation phase.
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Table 15. Floret fertility percentage in Linn perennial ryegrass,
1981 and 1982 (average of all N treatments)

Weeks after peak anthesis After
Year 1 2 3 harvest

1981 62.72 61.68 55.52 32.00

1982 59.00 62.71 57.96 22.02

Table 16. Floret fertility percentage in Pennfine perennial rye-
grass, 1981 and 1982 (averages of all N treatments)

Weeks after peak anthesis After
Year 1 2 3 harvest

1981 56.90 53.89 52.38 25.76

1982 59.05 55.58 54.95 19.56
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through its effect on pollination (Emez, 1960; Griffith et al.,

1973; Hebblethwaite and Hampton, 1982) and/or production and

partitioning of dry matter (Hampton, 1983a). A lodged canopy is

more subject to reduced temperature, decreased irradiance, and

higher moisture levels which are detrimental to anthesis and cross

pollination (Hill, 1980; Hampton, 1983a; Hampton and Hebblethwaite,

1983). However, the inherent difficulty in sampling lodged

perennial ryegrass swards (Hebblethwaite and McLaren, 1979) and

the effect of tiller age (Hill and Watkin, 1975; Burbidge et al.,

1978) may have resulted in a wide variation in fertility among

spikes selected, some with exceptionally high floret fertility

values were counterbalanced by low floret fertility values found

in other less well developed inflorescences (Griffith et al., 1973).

Another reason for lack of significant differences may be that N

application was not late enough to affect floret fertility

(Hebblethwaite et al., 1980; Nordesgaard, 1981). Hebblethwaite

and co-workers (1980) found no effect of N on floret fertility

until time of application in the spring was delayed to 70-80% spike

emergence. The latest N application in this study was at spikelet

initiation. The results, however, are in agreement with other

workers (Moma, 1981; Burbidge et al., 1978). Burbidge et al.

(1978) found that in both lodged and mechanically supported (up-

right) crops, the percentage of florets which actually set seed

could initially be as high as 60%. They concluded that the number

of floret sites pollinated was not the prime limiting factor in
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lodged crops (Hampton, 1983a; Hampton et al., 1983b).

Regardless of the N treatment, up to 62% of the potential

seed sites (florets) were pollinated, reaching a maximum one week

after peak anthesis (Tables 15, 16) with the exception of Linn

cultivar in 1982, where maximum floret fertility percentage was

reached two weeks after peak anthesis. However, only 20-32% of

those florets present at peak anthesis were recovered as seed at

harvest (Tables 15, 16). This reduction was similar to that

described by other workers (Anslow, 1963; Burbidge et al., 1978)

for perennial ryegrass and they suggest it may be due to abor-

tion of developing seeds because of insufficient assimilate

supply to satisfy the demand of seed growth of all pollinated

sites (Burbidge et al., 1978) or due to hormonal inhibition of

seed growth (Michael and Beringer, 1980). Seed losses may also

be associated with loss of light seed during cleaning (Griffith

et al., 1973; Hebblethwaite et al., 1980). Griffith et al.

(1973) estimated that 25-35% of the potential seed yield to be

lost in harvesting and cleaning processes due to the removal of

immature and less well developed seeds. In this study, no data

were taken to separate seed losses due to abortion of developing

seed from that lost during cleaning processes. However, produc-

tion of lighter seeds in 1982 than in 1981 (Tables 19-22) and the

greater reduction in floret fertility between the third week after
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peak anthesis and harvest in 1982 (Tables 15, 16) seems to indicate

that loss of light seed during harvesting and cleaning was the

major factor in potential seed loss.

The percentage of florets which set seed in this study was

61, 60, and 42% for spikelets taken from the bottom, intermediate,

and top of the spike, respectively (Tables 17, 18). The percentage

was also similar for floret fertility within each spikelet. These

findings are in close agreement with previous research (Anslow,

1963; Burbidge et al., 1978; Hampton, 1983a). The decrease in

floret fertility from the bottom to the top of the spikelet may

suggest an inhibition similar to that described by Rawson and Evans

(1970). They showed that the presence of mature ovaries and anthers

in the basal florets of a wheat spikelet can inhibit the setting of

the grain in the more distal parts, and this has been attributed to

a hormonal effect (Wapole and Morgan, 1973).

Since floret fertility percentage was always higher at the

bottom than the top of the spike (Tables 17, 18), and although this

is consistent with the acropetal process of flowering as described

by Gregor (1928), it also suggests that floret fertility may be

limited by assimilate availability. Assimilate supply is especially

critical during the first 7 to 14 days of seed growth which is

characterized by a rapid increase in seed weight (Hyde et al.,

1959; Griffith et al., 1973; Hill, 1980). Ong and Marshall (1975)

showed that during this time, in annual bluegrass (Poa annua), the

ear was importing large quantities of assimilate. Ryle (1970)
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Table 17. Floret fertility percentage in spikelets taken
from different locations in the spike in Linn
perennial ryegrass, 1981 and 1982 (averages of
all N treatments).

Bottom Intermediate Top

Year spikelet spikelet spikelet

1981 61.16 59.93 42.55

1982 60.90 59.76 41.17

Table 18. Floret fertility percentage in spikelets taken
from different locations in the spike in Pennfine
perennial ryegrass, 1981 and 1982 (averages of all
N treatments).

Bottom Intermediate Top

Year spikelet spikelet spikelet

1981 59.90 58.70 40.35

1982 58.47 57.18 39.89
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suggested that increased assimilate transfer to the stem in

Darnel ryegrass (Lolium temulentum) was largely at the expense of

roots and tillers. Ong et al. (1978a) reported that the stem was

a major sink for assimilates from the flag leaf in perennial rye-

grass so the stem was competing directly with the seed for assimi-

lates. Shortage in assimilate supply can also occur later in the

seed growth process due to competition for assimilate by secondary

vegetative tillers. Vegetative tillering recommences after stem

elongation has occurred (Jewiss, 1972) and is more severe in wet

years than dry ones (Hebblethwaite et al., 1982) and at high N

levels (Hebblethwaite and Ivins, 1977; Hampton et al., 1983b).

As 1982 was a dry year (Tables 23, 24), vegetative tillering was

less than that of 1981. It appears likely that the supply of

assimilates may be the most important factor influencing floret

abortion (Mohamed and Marshall, 1979). This factor may contribute

to the loss of 20-30% of differentiated florets. The use of

growth retardant chemicals to control vegetative tillering as

well as lodging, would be a further possibility for investigation

to increase floret fertility by increasing assimilate supply and

repartitioning of dry matter to the developing seed (Wright and

Hebblethwaite, 1979; Hampton et al., 1983b).

Rate of floret filling

Linn perennial ryegrass cultivar showed a higher 1000-seed

weight than Pennfine for the same sampling date (Tables 19-22).



Table 19. Effect of rate and time of spring-applied N on floret rate of filling in Linn

perennial ryegrass, 1981 (1000-seed weight in g)

One week after Two weeks after Three weeks after
N trmt Total N peak anthesis peak anthesis peak anthesks
kg/ha kg/ha B* I T B I T B I T

01+02 0 1.11 1.27 1.23 1.63 1.76 1.22 1.72 1.89 1.77

60+60 120 1.04 1.29 1.12 1.59 1.79 1.55 1.93 2.18 1.84

60+90 150 1.13 1.36 1.21 1.72 1.87 1.70 1.79 2.04 1.80

180+0 180 1.06 1.40 1.21 1.76 1.87 1.57 2.07 2.24 2.15

0+180 180 1.07 1.32 1.22 1.73 1.77 1.43 1.77 2.04 1.84

60+180 240 1.01 1.00 0.96 1.45 1.71 1.47 2.04 2.20 1.90

LSD
.05

NS NS NS NS NS NS NS NS NS

S.E. means 0.082 0.161 0.100 0.132 0.110 0.143 0.120 0.113 0.142

C.V. (%) 13.2 20.1 15.0 16.2 12.2 19.2 12.7 10.8 15.2

*B = bottom spikelets, I = intermediate, and T = top.

'Amount of N applied at the vegetative phase

2Amount of N applied at the spikelet initiation phase



Table 20. Effect of rate and time of spring-applied N on rate of floret filling in Pennfine

perennial ryegrass, 1981 (1000-seed weight in g)

One week after Two weeks after Three weeks after
N trmt Total N peak anthesis peak anthesis peak anthesis
kg/ha kg/ha B* I T B I T B I T

01+02 0 0.81 0.94 0.90 1.24 1.29 1.00 1.50 1.49 1.31

60+60 120 1.01 1.22 1.06 1.31 1.55 1.24 1.60 1.70 1.38

60+90 150 0.96 1.21 1.09 1.35 1.35 1.00 1.71 1.82 1.59

180+0 180 1.01 1.21 1.15 1.13 1.40 1.17 1.64 1.74 1.44

0+180 180 0.99 1.20 1.20 1.38 1.44 1.22 1.43 1.60 1.28

60+180 240 1.00 1.15 1.02 1.30 1.39 1.14 1.68 1.66 1.35

LSD
.05

NS NS NS NS NS NS NS NS NS

S.E. mean 0.058 0.069 0.061 0.128 0.098 0.066 0.099 0.106 0.081

C.V. CO 12.0 12.0 12.0 20.0 14.0 11.80 12.4 12.8 11.3

*B = bottom spikelets, I = intermediate, and T = top.

'Amount of N applied at the vegetative phase

2Amount of N applied at the spikelet initiation phase



Table 21. Effect of rate and time of spring-applied N on rate of floret filling in Linn perennial
ryegrass, 1982 (1000-seed weight in g)

One week after Two weeks after Three weeks after
N trmt Total N peak anthesis peak anthesis peak anthesis
kg/ha kg/ha B* I T B I 1 B I T

01+02 0 0.57 0.61 0.52 1.24 1.21 1.15 1.77 1.73 1.46

0+60 60 0.52 0.58 0.52 1.48 1.52 1.32 1.80 1.82 1.46

60+0 60 0.53 0.59 0.51 1.33 1.51 1.33 1.72 1.81 1.57

0+90 90 0.68 0.67 0.63 1.45 1.56 1.28 1.83 1.85 1.63

0+120 120 0.66 0.66 0.63 1.39 1.57 1.35 1.74 1.87 1.65

120+0 120 0.57 0.58 0.53 1.43 1.59 1.31 1.81 1.86 1.52

60+60 120 0.72 0.70 0.69 1.43 1.51 1.33 1.94 1.91 1.71

60+90 150 0.68 0.75 0.66 1.30 1.44 1.35 1.63 1.76 1.70

60+120 180 0.64 0.67 0.58 1.26 1.31 1.14 1.59 1.64 1.56

120+120 240 0.62 0.60 0.53 1.33 1.34 1.18 1.78 1.88 1.52

LSD
.05

NS NS NS NS NS NS NS NS NS

S.E. mean 0.054 0.052 0.046 0.087 0.066 0.078 0.151 0.085 0.065

C.V. (%) 19.3 16.4 15.8 12.8 9.1 12.3 17.1 9.4 8.2

*B = bottom spikelets, I = intermediate, and T = top.

'Amount of N applied at the vegetative phase

'Amount of N applied at the spikelet initiation phase



Table 22. Effect of rate and time of spring-applied N on rate of floret filling in Pennfine
perennial ryegrass, 1982 (1000-seed weight in g)

One week after Two weeks after Three weeks after

N trmt Total N peak anthesis peak anthesis peak anthesis

kg/ha kg/ha B* I T B I T B I T

01+02 0 0.47 0.47 0.50 0.54 0.63 0.54 1.03 1.04 1.01

0+60 60 0.46 0.45 0.34 0.53 0.62 0.54 1.13 1.21 1.10

60+0 60 0.47 0.49 0.45 0.66 0.72 0.70 1.07 1.10 1.01

0+90 90 0.48 0.47 0.45 0.55 0.74 0.60 1.43 0.43 0.24

0+120 120 0.45 0.48 0.40 0.61 0.70 0.65 1.29 1.31 1.12

120+0 120 0.52 0.55 0.48 0.54 0.57 0.53 1.09 1.18 0.96

60+60 120 0.47 0.46 0.43 0.50 0.51 0.48 1.59 1.56 1.32

60+90 150 0.45 0.50 0.44 0.63 0.70 0.63 1.38 1.45 1.33

60+120 180 0.45 0.46 0.41 0.67 0.71 0.63 1.29 1.39 1.19

120+120 240 0.52 0.55 0.51 0.47 0.54 0.47 1.10 1.15 0.87

LSD
.05

NS NS NS NS NS 0.125 0.311 0.231 0.271

S.E. mean 0.039 0.036 0.039 0.047 0.056 0.043 0.107 0.098 0.079

C.V. (%) 16.4 14.9 15.1 16.5 17.3 14.9 17.3 15.3 14.1

*B = bottom spikelets, I = intermediate, and T = top.

'Amount of N applied at the vegetative phase

2Amount of N applied at the spikelet initiation phase
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This may be due to the genotypic differences in seed size or seed

filling between the two cultivars. In addition, Linn is an early

maturing cultivar and its seeds may have been in a more advanced

stage of development than those of Pennfine at the time of

sampling.

Nitrogen rate and time of application had no effect on rate

of floret filling in spikelets taken from the bottom, Intermediate,

and top of the spike in either cultivar in 1981 (Tables 10, 20).

The same response was noted in 1982 for Linn Cultivar (Table 21).

Pennfine, however, showed significant differences among treatments

in seed weight for the top spikelets in samples taken two weeks

after peak anthesis and in spikelets taken from all locations of

the spike three weeks after peak anthesis (Table 21). The non-

significant difference between the different N treatments may be

a reflection of the buffering action of seed yield component

compensation since nitrogen increased the potential yield of

these cultivars (Tables 3-6).

Regardless of the N treatment, sampling, date and the cultivar,

the mean 1000-seed weight was higher in 1981 than in 1982

(Tables 19-22). This reflects the effect of environmental condi-

tions (especially temperature and precipitation) on rate of dura-

tion of seed filling and, hence, seed weight. Tables 23 and 24

show the daily amount and distribution of precipitation and air

temperature for May and June 1981 and 1982, for the Hyslop field

laboratory, where both experiments were conducted.
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Table 23. Meterological data for May 1981 and 1982 for
Hyslop Field Lab, Corvallis, Oregon

Date

Air temperature (°F) Precipitation
(inches)1981 1982

Maximum Minimum Maximum Minimum 1981 1982

1 75 38 68 43 0 0

2 61 41 66 39 T** 0

3 59 40 59 45 .06 .04

4 56 35 59 33 .06 .04

5 55 40 60 40 .20 0

6 53 33 70 41 .23 0

7 56 41 77 42 .08 0

8 60 41 60 40 T T

9 60 46 56 39 .06 .12

10 64 39 57 44 0 T

11 66 44 58 41 0 0

12 65 36 68 43 .04 0

13 71 47 68 43 0 0

14 74 51 69 41 0 0

15 61 45 71 40 .34 0

16 56 41 72 46 .07 0

17 52 47 73 48 .14 .29

18 59 49 62 42 .78 T

19 61 44 61 39 .21 T

20 60 39 69 42 T 0

21 59 46 75 44 T 0

22 64 46 76 40 T 0

23 72 52 69 47 0 0

24 74 58 76 50 .27 0

25 67 53 86 51 .43 0

26 67 43 72 35 T 0

27 70 44 59 39 0 T

28 73 48 65 40 0 T

29 80 49 73 47 0 0

30 74 53 78 48 .01 0

31 69 42 80 49 .01 0

Total 2.58 1.51

Mean 70.2 48.3 74.3 51.1

**T = trace amount E <.01 mm
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Table 24. Meterological data for June 1981 and 1982 for
Hyslop Field Lab, Corvallis, Oregon

Date

Air temperature (°F) Precipitation
(inches)1981 1982

Maximum Minimum Maximum Minimum 1981 1982

1 71 42 63 50 0 T **
2 69 45 60 47 T 0

3 71 50 63 44 0 T

4 72 55 63 47 .23 .02

5 68 50 62 48 .01 T

6 68 51 64 48 .16 T

7 65 48 61 39 .13 T

8 59 50 70 44 1.17 .07

9 65 50 79 50 .08 0

10 65 48 86 47 .02 0

11 66 40 87 51 .11 0

12 70 48 65 51 .01 T

13 63 47 57 52 .44* .30

14 63 40 68 52 .03 .30

15 68 41 70 50 T 0

16 78 51 80 50 .08 0

17 64 43 85 51 .08 0

18 68 50 90 58 0 0

19 66 55 97 54 .03 0

20 72 49 92 55 T 0

21 68 51 73 58 0 T

22 74 56 79 52 0 0

23 66 52 84 52 T 0

24 71 50 89 52 0 0

25 82 49 80 54 0 T

26 83 48 80 59 0 .25

27 73 41 73 53 0 .39

28 73 47 68 55 0 .06

29 79 49 65 54 0 .21

30 87 52 76 56 0 .01

Total 2.99 0.49

Mean 64.6 44.2 68.1 42.6

*Record amount of precipitation for this date.

**T - trace amount E <.01 mm
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The tables show relatively mild temperatures and high amounts

of precipitation for 1981 and hot, dry conditions for 1982. The

period from May to June coincides with ear emergence, anthesis

and seed filling in perennial reygrass in the Willamette Valley.

The light seeds obtained in 1982 are most likely due to insufficient

water supply, which may have adversely affected nutrient supply

(including N) or availability of products of photosynthesis

(Anslow, 1964; Hill and Watkin, 1975b; Hebblethwaite, 1977).

Hebblethwaite (1977) found that the increased seed weight, because

of irrigation, was due to an increased duration of the seed

filling period.

Although mean seed weight has been found to be fairly stable

from year to year in herbage seed crops (Evans, 1976; Hampton and

Hebblethwaite, 1983), individual seed weight shows a range of

variation dependent on time of anthesis of the floret and its

position within the ear (Anslow, 1964). In this study, regardless

of the N treatment, sampling date and cultivar, the top spikelets

had lighter seed than the bottom and the intermediate ones

(Tables 19-22). Also, within each spikelet there was a marked

decline in seed weight from the bottom to the top florets. These

findings are in close agreement with other research reports

(Anslow, 1964; Hill and Watkin, 1975b; Hebblethwaite et al., 1980).

The intermediate spikelets are the first to develop (Evans, 1964;

Whingwiri and Stern, 1982), so they are developmentally superior to

other spikelets and the bottom spikelets are better placed in



43

relation to the vascular system with regard to assimilate supply

(Burbidge et al., 1978). The higher seed weight of the bottom

and intermediate spikelets may also have been due to hormonal

control over assimilate distribution (Michael and Kelbitsch,

1972; Michael and Beringer, 1980). Michael and Kelbitsch (1972)

found that grain weight in barley is positively associated with

differences in cytokinin content and activity which led to

differences in attraction of metabolites, an enhancement of

'sink' capacity and its accumulation process, retardation of

senescence and prolongation of the filling period. High auxin

and gibberellins activity per grain during grain development has

also been reported (Wheeler, 1972). However, it is impossible to

identify a particular cause without further detailed investiga-

tion.
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Seed yield

Seed production was generally higher in Linn than Pennfine

in 1981 (Tables 25, 26) but the reverse was true in 1982 (Tables

27, 28). This different response may be partly due to timing

and severity of lodging. 1981 was a wet (normal) year compared

to 1982, which was dry and hot (Tables 19, 20). Lodging scores

for Linn and Pennfine at peak anthesis in 1981 were 3, 4, and 5,

respectively (a lodging score of one means an upright canopy and

6 represents a completely lodged "flat" canopy). In contrast,

there was almost no lodging in 1982. It is well documented that

lodging can decrease seed yield in ryegrass by decreasing the

number of seeds per unit area by affecting production and parti-

tioning of dry matter (Anslow, 1963; Hebblethwaite et al., 1978;

Burbidge et al., 1978; Hebblethwaite et al., 1980; Hampton and

Hebblethwaite, 1983). Lodging will also lead to premature senes-

cence of leaves and affect retranslocation of assimilates from the

stem to the spike (Hampton, 1983a). The early season dry weather

pattern in 1982 may also have adversely affected seed filling in

the Linn cultivar because of its early maturity.

Application of N produced significantly higher seed yields

only in 1981 (Tables 25-28). However, there was no significant

difference between N treatments. Despite the nonsignificant

difference between N treatments in seed production, it appears

that there was no advantage in applying more than 120 kg/ha of

total N. However, different combinations of N applied at the



Table 25. Effect of rate and time of spring-applied N on seed yield and seed yield components in
Linn perennial ryegrass, 1981.

N treatment
(kg/ha)

Total N
(kg/ha)

Fertile
tillers/
M2 at

harvest
Spikelets
per spike

Seeds/spikelet
(calculated)

Seeds/M2
104

(calculated)
1000-seed
wt (g)

Clean seed
yield
(kg/ha)

01+02 0 1343 25.2 1.90 6.45 2.13 822

60+60 120 1986 23.3 2.14 9.92 2.11 1482

60+90 150 2029 22.1 2.39 10.71 2.31 1480

180+0 180 1890 21.5 2.40 9.74 2.33 1547

0+180 180 1757 21.1 2.50 9.27 2.37 1327

60+180 240 1801 21.6 2.98 11.57 2.17 1468

LSD
.05

596 N.S. N.S. N.S. N.S. 399

S.E. mean 183 0.78 0.29 1.57 0.09 132

C.V. (%) 19.9 7.0 18.1 20.5 8.4 19.9

'Amount of N applied at the vegetative phase

2Amount of N applied at the spikelet initiation phase



Table 26. Effect of rate and time of spring-applied N on seed yield and seed yield components in

Pennfine perennial ryegrass, 1981.

N treatment
(kg/ha)

Total N
(kg/ha)

Fertile
tillers/
M2 at
harvest

Spikelets
per spike

Seeds/spikelet
(calculated)

Seeds/M2
104

(calculated)
1000-seed
wt (g)

Clean seed
yield
(kg/ha)

01+02 0 1161 24.8 1.65 4.75 1.61 575

60+60 120 1754 23.5 1.65 6.83 1.90 1160

60+90 150 2221 24.4 1.78 9.62 1.96 1047

180+0 180 2264 22.8 2.35 12.15 1.94 1206

0+180 180 1674 21.2 2.36 8.39 1.88 1217

60+180 240 1764 23.1 2.25 9.18 1.89 1056

LSD
.05

500 N.S. N.S. 2.56 0.16 257

S.E. mean 165 0.95 0.22 0.89 0.04 89.5

C.V. (%) 18.4 8.2 15.8 21.5 4.3 16.5

'Amount of N applied at the vegetative phase

2Amount of N applied at the spikelet initiation phase



Table 27. Effect of rate and time of spring-applied N on seed yield and seed yield components in

Linn perennial ryegrass, 1982.

N treatment
(kg/ha)

Total N
(kg/ha)

Fertile
tillers/
M2 at
harvest

Spikelets
per spike

Seeds/spikelet
'calculated)

Seeds/M2
10 4

(calculated)
1000-seed
wt (g)

Clean seed
yield
(kg/ha)

01+02 0 2566 26.0 1.07 7.15 1.81 1238

0+60 60 2502 22.3 1.39 7.76 1.68 1460

60+0 60 2450 24.6 1.33 8.04 1.80 1759

0+90 90 2163 23.1 1.73 8.63 1.54 1805

0+120 120 2249 23.1 1.82 9.50 1.65 1577

120+0 120 2695 25.0 1.50 10.13 1.69 1794

60+60 120 2634 23.5 1.60 9.88 1.69 1763

60+90 150 2714 22.3 1.40 8.45 1.75 1622

60+120 180 2187 25.5 1.65 9.21 1.74 1646

120+120 240 2187 23.3 1.88 9.56 1.55 1569

LSD
.05

N.S. N.S. 0.63 N.S. N.S. N.S.

S.E. mean 158 0.85 0.22 0.37 0.09 166

C.V. (%) 13.2 7.1 15.6 22.2 10.5 18.70

'Amount of N applied at the vegetative phase

2Amount of N applied at the spikelet initiation phase



Table 28. Effect of rate and time of spring-applied N on seed yield and seed yield components in
Pennfine perennial ryegrass, 1982.

N treatment
(kg/ha)

Total N
(kg/ha)

Fertile
tillers/
f12 at

harvest
Spikelets
per spike

Seeds/spikelet
(calculated)

Seeds/M2
10 4

(calculated)
1000-seed
wt (g)

Clean seed
yield
(kg/ha)

01+02 0 2451 25.6 1.05 6.61 2.09 1600

0+60 60 2526 24.6 1.38 8.59 2.04 1853

60+0 60 2572 27.6 1.28 9.11 2.06 2053

0+90 90 2825 26.3 1.31 9.74 2.06 2049

0+120 120 2747 24.5 1.53 10.30 2.13 2253

120+0 120 2661 26.7 1.39 9.89 2.09 2138

60+60 120 2426 26.2 1.51 9.63 2.17 2123

60+90 150 2736 24.5 1.44 9.65 2.05 2072

60+120 180 2252 25.1 1.57 8.87 2.07 1960

120+120 240 2674 26.3 1.52 10.75 2.10 2210

LSD
.05

N.S. N.S. N.S. N.S. N.S. N.S.

S.E. mean 149 0.81 0.19 0.88 0.39 161

C.V. (%) 13.5 6.5 12.6 18.7 5.5 15.6

'Amount of N applied at the vegetative phase

2Amount of N applied at the spikelet initiation phase



49

vegetative phase and/or spikelet initiation phase, totaling

120 kg/ha, produced the higher seed yield in different years.

Applying 240 kg/ha always resulted in decreased seed yield

(Tables 25-28). The current recommendations for perennial rye-

grass fertilization suggests 90-112 kg/ha of N with 50% of

that amount applied in March and 50% in April. According to the

results found in this study, application of 60 kg/ha at the

vegetative phase and another 60 kg/ha at the spikelet initiation

phase will give adequate number of fertile tillers at peak anthe-

sis, ensure adequate N supply for seed set and development, and

most importantly, give high seed yield.

Seed yield components

The significant seed yield responses to N in 1981 were due to

significant differences in fertile tillers/m2 at harvest in Linn

cultivar (Table 25) and significant differences in fertile tillers/

m2 and 1000-seed weight in Pennfine cultivar (Table 26).

Many workers have found that increasing the amount of applied

N increases fertile tillers per unit area in perennial ryegrass

(Wilson, 1959; Hill, 1970; Spiertz and Ellen, 1972; Hebblethwaite,

1977; Hebblethwaite and Ivins, 1978; Brown, 1980; Moma, 1981).

Amount and timing of N application had no effect on number of

spikelets per spike in either cultivar or in either year (Tables

25-28). This is consistent with the fact that the number of

spikelets per spike is dependent on the number of reproductive
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primordia accumulated at the shoot apex at the onset of reproduc-

tive development in the spring, and on the number of additional

primordia delimited during apical development (Ryle, 1964). Only

those tillers arising in the fall and early winter will accumulate

more unexpanded primordia than those arising in early spring; hence,

they have a higher spikelet number per spike (Anslow, 1963; Ryle,

1964; Hill and Watkin, 1975a). This explains why in the field, the

amount of N fertilizer applied in the spring has only small effects

on number of spikelets per spike (Hebblethwaite, Wright, and Noble,

1980). Nitrogen application significantly improved number of seeds

per spikelet but only in Linn cultivar in 1982 (Table 27). How-

ever, the difference was not significant among N treatments. Nitro-

gen application also increased the number of seeds per unit area but

this was significant only in Pennfine cultivar in 1981, but showed

no difference to time or rate of N application (Table 26). These

results are not surprising since all treatments have the same floret

fertility (Tables 11-14). The method used in determining the num-

ber of seeds per unit area (dividing seed weight per unit area by

1000 seed-weight from that area of harvest) may have contributed to

the inconsistency in seed number since small differences in 1000 -

seed weight can lead to large differences in seed numbers (Table 26).

For example, the 180 + 0 and 0 + 180 kg/ha N treatments produced

1000-seed weight of 1.94 and 1.88 g and seeds per m2 of 12.15 and

8.39 x 104, respectively. However, the 0 + 180 treatment produced

a higher harvested seed yield.

The only significant 1000-seed weight difference among



51

treatments was in Pennfine cultivar in 1981 (Table 26). However,

the difference was between the control and the N treatments and not

among N treatments. A nonsignificant effect of nitrogen application

on the 1000-seed weight has already been reported (Hebblethwaite and

Ivins, 1977; Moma, 1981). Other workers (Hebblethwaite and Ivins,

1978; Nordesgaard, 1981) observed increased 1000-seed weight due to

delayed N application. Variation in 1000-seed weight to applied N

from season to season is possibly best explained through the flexi-

bility of the ryegrass plant in its adjustment of the yield com-

ponents in response to various environmental factors (Hebblethwaite

and Hampton, 1982; Hampton and Hebblethwaite, 1983). Evidence for

this is shown in 1981 results, where significant difference in

number of seeds per m2 in Pennfine cultivar (Table 26 were accom-

panied by significant 1000-seed weight differences.

The relationship between number of florets per unit area, spike size,

and seed yield

The percentage of florets which produce seed usually decreased

as the number of florets per unit area increased (Hebblethwaite,

1977; Hebblethwaite et al., 1980; Nordesgaard, 1981; Brown, 1980,

1981). Brown (1981) postulated that seed yield was greater in

crops with fewer but larger seed heads. He felt that management

practices aimed at increasing floret numbers may have detrimental

effects on crop efficiency, with yields failing to improve or

differing by far less than the increased floret numbers (Brown,

1980). This is because, in most situations, increased floret
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numbers are associated with increases in seed head numbers rather

than seed head size. The prerequisite for testing Brown's postu-

late is production of similar number of florets with different

numbers of fertile tillers (spikes) per unit area. This may be

accomplished by different N timing treatments. In this study,

examination of number of florets per unit area and fertile tillers

per unit area (Tables 3-6) revealed that the requirements for

testing Brown's postulation were fulfilled only in the 1982 data

for Pennfine cultivar. This is because N treatments produced

similar floret numbers and different fertile tiller numbers per

unit area at peak anthesis (Table 6). However, the nonsignificant

seed yield data (Table 28) from these treatments do not support

Brown's postulation. Treatments giving similar floret numbers but

different fertile tiller number per unit area should have given

different seed yield (Brown, 1981).

Actual seed yield is the combined result of all seed yield

components (fertile tillers, spikelets per spike, florets per

spikelet, seed set, and seed weight). These yield components

respond to environmental conditions and management practices as a

unit and seed yield component compensation is most likely to occur

among them (Griffith et al., 1973; Hebblethwaite and Ivins, 1977;

Hampton, 1983). The flexibility of the ryegrass plant in its ad-

jsutment of the yield components in response to various environ-

mental factors is the major reason that led to conflicting results

in correlation studies between seed yield and its components in
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perennial ryegrass. While some workers suggested that seed yield

in ryegrass depends primarily on number of fertile tillers per

unit area (Spiertz and Ellen, 1972; Langer, 1980), other workers

(Hebblethwaite and Hampton, 1982; Hampton and Hebblethwaite, 1983)

found that variation in seed yield in perennial ryegrass was best

explained by the number of seeds per unit area. Therefore, pro-

duction of large spikes may be offset by poor seed set, poor

tillering, or a short filling period (Hill, 1980; Hebblethwaite

et al., 1980). Thus, larger spikes are not necessarily associated

with higher seed yield as suggested by Brown (1981).
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CONCLUSIONS

Nitrogen applications increased the seed yield potential by

increasing the number of fertile tillers per unit area and/or the

number of florets per spikelet. Nitrogen applied at the vegeta-

tive stage produced the highest number of fertile tillers at peak

anthesis, whereas that applied at spikelet initiation produced the

greatest number of florets per spikelet.

N was not the factor limiting floret fertility since N time

and rate of application had no effect on floret fertility in both

cultivars and both years. Out of every 100 florets, more than 50

developed seeds three weeks after peak anthesis but only 20-32 were

harvested. Lodging was partially responsible because of increased

abortion of vegetative tillering. However, since the time between

the last date of sampling and harvest was less than a week, seed

losses during harvesting and cleaning and not seed abortion was

the major factor in poor seed recovery.

Further work is needed to investigate nitrogen application

rates and dates. The use of growth retardant chemicals to control

vegetative tillering, as well as lodging, may provide improved yield

and seed recovery. The effect of phytohormones on seed growth in

grasses and their interaction with synthetic growth regulators would

be a further possibility for investigation.

The results in this study disagreed with the hypothesis that

management practices should be aimed at increasing head size rather

than head numbers in grass seed crops. Yield component compensation

is likely to obscure head size-number interations.



55

REFERENCES

Anslow, R.C. 1963. Seed formation in perennial ryegrass. I.

Anther exsertion and seed set. J. of British Grassland
Soc. 18:90-96.

Anslow, R.C. 1964. Seed formation in perennial ryegrass. II.

Maturation of the Seed. J. of British Grassland Soc.
19:349-357.

Brown, K.R. 1980. Seed production in New Zealand ryegrasses.
II. Effects of N, P and K fertilizers. NZ J. of Exp.

Agric. 8:33-39.

Brown, K.R. 1981. Inefficient conversion of floret populations
to actual seed harvested in grass seed crops. In Proc. of

14th Int. Grassland Cong. pp. 266-268.

Burbidge, A., P.D. Hebblethwaite, and J.D. Ivins. 1978. Lodging

studies in Lolium perenne grown for seed. 2. Floret Site

Utilization. J. of Agric. Sc., Cambridge 90:269-274.

Emez, T.J. 1960. Meteorological factors and anthesis of grasses.
Report of Welsh plant breeding station for 1960. pp. 125-126.

Emez, T.J. 1962. The effect of meteorological conditions on
anthesis in agricultural grasses. Annals of Bot. 26:159-172.

Evans, G. 1959. Seed rates of grasses for seed production. I.

Pasture varieties of ryegrass, cocksfoot and timothy. Empire

J. of Exp. Agric. 27:291-299.

Evans, A.W. 1976. Report on the final year's results of the seed
production assessment trials on ryegrass varieties for 1975
harvest and a summary of results for 1972-1975. Nat. Inst.

of Agric. Bot., March 1976.

Evans, L.T., J. Bingham, and M.A. Roskrans. 1972. The pattern of

grain set within ears of wheat. Aust. J. of Biol. Sc. 25:1-8.

Fisher, R.A. 1975. Yield potential in a dwarf spring wheat and

the effect of shading. Crop Sc. 5:607-613.

Gallagher, J.N., P.V. Biscoe, and R.K. Scott. 1976. Barley and

its environment. VI. Growth and development in relation to

yield. J. of Appl. Econology 13:563-583.



56

Gregor, J.W. 1928. Pollination and seed production in the rye-
grasses (Lolium perenne and Lolium italicum). Transactions
of the RoyalSoc. of Edinburgh 55:779-794.

Griffith, D.J., H.M. Roberts, F.W. Bean, J. Lewis, R.A.D. Pegler,
A.J.H. Carr, and J.L. Stoddart. 1978. Principles of
herbage seed production. Welsh Plant Breeding Station Tech.
Bulletin No. 1. pp. 1-149.

Griffith, D.J., H.M. Roberts, and J. Lewis. 1973. The seed yield
potential of grasses. Welsh Plant Breeding Station, annual
report for 1973. pp. 117-123.

Hampton, J.G. 1983a. Chemical manipulation of Lolium perenne
grown for seed production. Ph.D. Thesis. Univ. of
Nottingham, U.K.

Hampton, J.G., T.G.A. Clemence and P.D. Hebblethwaite. 1983b.
Nitrogen studies in Lolium perenne grown for seed. IV.

Response of amenity types and influence of a growth regulator.
Grass and Forage Sci. 38:97-105.

Hampton, J.G. and P.D. Hebblethwait. 1983. Yield components of
the perennial ryegrass (Lolium perenne L.) seed crop. J. of
Appl. Seed Prod. 1:23-25.

Hebblethwaite, P.D. 1977. Irrigation and nitrogen studies in
S-23 ryegrass grown for seed. I. Growth, development, seed
yield components and seed yield. J. of Agric. Sc., Cambridge
88:605-614.

Hebblethwaite, P.D. and M.H. Ahmed. 1978. Optimum time of com-
bined harvesting for amenity grasses grown for seed. J. of
British Grassland Soc. 33:35-40.

Hebblethwaite, P.D., A. Burbidge, and D. Wright. 1978. Lodging
studies in Lolium perenne grown for seed. I. Seed yield and
seed yield components. J. of Agric. Sc., Cambridge 90:261-267.

Hebblethwaite, P.D. and J.G. Hampton. 1982. Physiological
aspects of seed production in perennial ryegrasses. In

Breeding high yielding forage varieties combined with high
yield. pp. 17-32. G.V. Bogaert (Ed.). Eucarpia, Gent,
Belgium.

Hebblethwaite, P.D. and J.D. Ivins. 1977. Nitrogen studies in

Lolium perenne grown for seed. I. Level of application.
J7-7-tritish Grassland Soc. 32:195-204.



57

Hebblethwaite, P.D. and J.D. Ivins. 1978. Nitrogen studies in
Lolium perenne grown for seed. II. Timing of nitrogen
application. J. of British Grassland Soc. 30:63-71.

Hebblethwaite, P.D. and J.S. McLaren. 1979. Nitrogen studies
in Lolium perenne grown for seed. III. The effect of
nitrogen and water stress. Grass and Forage Sci. 34:221-227.

Hebblethwaite, P.O., D. Wright, and A. Noble. 1980. Some
physiological aspects of seed yield in Lolium perenne. In

Seed Production. pp. 71-90. P.D. Hebblethwaite (Ed.).
Butterworths, London.

Hill, M.J. 1970. Ryegrass seed crop management. NZ J. of Agric.

121:52-54.

Hill, M.J. 1980. Temperate pasture grass seed crops: Formative
Factors. In Seed Production, pp. 137-149. P.D. Hebblethwaite
(Ed.). Butterworths, London.

Hill, M.J. and B.R. Watkin. 1975a. Seed production studies on
perennial ryegrass, timothy and prairie grass. I. Effect
of tiller age on tiller survival, ear emergence and seedhead
components. J. of British Grassland Soc. 30:63-71.

Hill, M.J. and B.R. Watkin. 1975b. Seed production studies on
perennial ryegrass, timothy and prairie grass. 2. Changes
in physiological components during seed development and time
and method for harvesting for maximum seed yield. J, of

British Grassland Soc. 30:133-134.

Hyde, E.O.C., M.A. McLeavy, and G.S. Harris. 1959. Seed develop-
ment in ryegrass and in red and white clover. NZ J. of Agric.

Res. 2:947-952.

Jewiss, O.R. 1972. Tillering in grasses -- its significance and

control. J. of British Grassland Soc. 27:65-82.

Kirby, E.J.M. and H.G. Jones. 1977. The relation between main
shoots and tillers in barley plants. J. of Agric. Sci.,

Cambridge 88:381-389.

Langer, R.H.M. 1959. Growth and nutrition of timothy, Phleum

pratense. V. Growth and flowering at different levels of

nitrogen. Annals of Appl. Biol. 47:740-751.

Langer, R.H.M. and F.K.Y. Liew. 1973. Effects of varying
nitrogen supply at different stages of the reproductive
phase on spikelet and grain production and on grain nitrogen
in wheat. Aust. J. of Agric. Res. 24:647-656.



58

Lewis, J. 1968. Fertile tiller production and seed yield in
meadow fescue. 2. Drill spacing and time of N manuring.
J. of British Grassland Soc. 23:240-246.

Michael, G. and E. Beringer. 1980. The role of hormones in
yield formation. In Physiological aspects of crop produc-
tivity. pp. 85-116. Proc. of 15th Colloquium of the Int.
Potash Inst., Vern.

Michael, G. and H. Seiler-Kelbitsch. 1972. Cytokinin content
and kernel size of barley grain as affected by environmental
and genetic factors. Crop Sc. 12:162-165.

Mohamed, G.E.S. and C. Marshall. 1979. Physiological aspects of
tiller removal in spring wheat. J. of Agric. Sci., Cambridge
93:457-463.

Mama, E. 1981. The effect of high levels of nitrogen application
on seed yield and seed yield components in Italian ryegrass
in relation to occurrence of lodging. J. of Japanese Soc.
of Grassland Sci. 26:398-403.

Nordesgaard, A. 1981. Trials on time of nitrogen application in
the spring to various grasses grown for seed production. In

Proc. of XIV Int. Grassland Cong. pp. 251-253. J.A. Smith
V.W. Hays (Eds.). Westview, Colorado.

Ong, C.K. 1978a. The physiology of tiller death in grasses.
I. The influence of tiller age, size and position. J. of
British Grassland Soc. 33:197-203.

Ong, C.K., C. Marshall and G.R. Sagar. 1978b. The physiology of
tiller death in grasses. 2. Causes of tiller death in a
grass sward. J. of British Grassland Soc. 33:205-211.

Radley, M.E. 1978. Factors affecting grain enlargement in wheat.
J. of Exp. Bot. 29:918-934.

Radley, M.E. 1982. Some factors affecting grain set in wheat.
In Opportunities for manipulation of cereals productivity.
Monograph 7, pp. 140-149. A.F. Hawkins and B. Jeffcoat
(Eds.). British. Plant Growth Regulator Group, Wantage.

Rawson, H.M. and L.T. Evans. 1970. The pattern of grain growth
within the ear of wheat.. Aust. J. of Biol. Sc. 23:753-764.

Ryle, G.J.A. 1964. The influence of date of origin of the shoot
and level of nitrogen on ear size in three perennial grasses.
Annals of Appl. Biol. 53:311-323.



59

Ryle, G.J.A. 1966. Physiological aspects of seed yield in gasses.
In Growth of Cereals and Grasses. pp. 106-120. F.L. Milthorpe
and J.D. Ivins (Eds.). Butterworths, London.

Ryle, G.J.A. Partitioning of assimilates in an annual and a
perennial grass. J. of Appl. Econolgy 7:217-227.

Spiertz, J.H.J. and J. Ellen. 1972. The effect of light intensity
on some morphological and physiological aspects of the crop
perennial ryegrass (Lolium perenne L. var. 'Cropper') and its
effect on seed production. Netherlands J. of Agric. Sci.
20:232-246.

Stoy, V. 1980. Grain filling and the properties of the sink. In

Physiological Aspects of Crop Productivity. pp. 65-81. Proc.
of 15th Colloq. of Int. Potash Inst., Bern.

Walpole, P.R. and R.G. Morgan. 1973. The effect of floret sterili-
zation on grain number and grain weight in wheat ears. Annals
of Bot. 37:1041-1048.

Wheeler, A.W. 1976. Some treatments affecting growth substances
in developing wheat ear. Annals of Appl. Bot. 83:445-462.

Whingwiri, E.E. and D.R. Kemp. 1980. Spikelet development and
grain yield of wheat ear in response to applied nitrogen.
Aust. J. of Agric. Res. 31:637-647.

Whingwiri, E.E. and W.R. Stern. 1 982. Floret survival in wheat:
significance of the time of floret initiation relative to
terminal spikelet formation. J. of Agric. Sci., Cambridge
98:257-268.

Willey, R.W. and R. Holliday. 1971. Plant population, shading
and thinning studies in wheat. J. of Agric. Sci., Cambridge.
pp. 453-461.

Wilson, J.R. 1959. The influence of time of tiller and nitrogen
level on floral initiation and ear emergence of four pasture
grasses. NZ J. of Agric. Res. 2:915-932.

Wright, D. and P.D. Hebblethwaite. 1979. Lodging studies in

Lolium erenne grown for seed. 3. Chemical control of

lodging. . of Agric. Sci., Cambridge 93:669-679.


