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An understanding of the reproductive requirements of rye-

grass cultivars would be helpful in developing management practices

to optimize seed production. For this reason two experiments were

conducted under controlled environment to investigate juvenility and

other reproductive requirements, as well as, varietal differences in

the response to different floral inductive exposure in perennial rye-

grass (Lolium perenne L.). Growth characteristics were also

observed. Four cultivars were utilized in these studies: Linn, an

early maturing forage type cultivar; Pennfine and Acclaim, medium

maturing; and Loretta, a late maturing type. Pennfine, Acclaim and

Loretta are turf types. Seeds and seedlings were exposed to low

temperature to see the effect of plant growth stage on response to

inductive conditions.



Pennfine and. Loretta produced more tillers per plant than

Linn and. Acclaim. Tiller number and dry matter production per

plant were higher with a 20 hour photoperiod than a 12 hour photo-

period.

Linn, the forage type cultivar, showed fair flowering response

when exposed as seed, averaging more than three spikes per plant.

This is in contrast to Pennfine and Loretta, the turf types, which

averaged less than one spike per plant.

Despite the generally poor flowering response, a greater

percent of tillers became reproductive by the eight week cold treat-

ment than by the 'no cold' treatment.

The number of spikes produced per plant was higher for plants

exposed to cold as seedlings than when exposed as seed, which may

be due to the fact that plants in the advanced stage of growth had sur-

passed the juvenility stage and become sensitive to low temperature

and short days. Fluctuation occurred in number of spikes produced

following different cold treatments which suggests a cyclic phenome-

non, but this lacks scientific evidence.

Percent fertile tiller production was higher for all cultivars

when exposed to inductive conditions in the seedling stage rather than

the seed stage.

The poor flowering in these studies may have been due to



insufficient duration of exposure, devernalization by adverse tem-

peratures in the growth chamger, or 4-6°C inductive temperature in

the cold room may have been too low for induction.
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FLORAL INDUCTION AND REPRODUCTIVE DEVELOPMENT
IN SELECTED PERENNIAL RYEGRASS CULTIVARS

LITERATURE REVIEW

Perennial ryegrass (Lolium perenne L.) is used mainly for

pastures with increasing use for turf due to development of acceptable

turf types. The majority of perennial ryegrass seed is grown in the

Willamette Valley of western Oregon. Many factors influence vegeta-

tive and reproductive development in grasses and of these factors

temperature and photoperiod are of special importance. There are

many perennial ryegrass cultivars entering the market where very

little is known about their reproductive requirements. Knowledge of

the requirements for reproductive development would help in the

improvement of the management practices such as fertilizer use

efficiency and open field burning of these cultivars for improved seed

production. Most investigations agree that there are three stages of

growth and development of grass tillers: juvenile, induction, and

initiation, but the descriptions of these stages differ (Evans and

Grover 1940; Sass and Skogman 1951; Cooper 1960; Evans 1964; and

Calder 1964, 1966). Exposure to favorable environmental conditions

is no guarantee that flower induction will occur because of juvenility.

Plants during the juvenile stage are insensitive to environmental

conditions that later promote flowering. A juvenile stage has been
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noted in many grasses and the length of the stage depends on the

species (Calder 1963, 1966). Calder (1966) suggested that many fac-

tors control the length of the juvenile stage, among which are apical

volume, number of mitotic cycles in the apical meristem and accumu-

lation of carbohydrates within the plant. Hamner and Bonner (1938)

defined induction as chemical or hormonal change within a plant

preceding the initiation of floral primordia. So induction is a physio-

logical change resulting from the fulfillment of certain thermoperiodic

requirement (Gardner and Loomis 1953; Murray et al. 1973). The

requirement of perennial ryegrass for short day and/or low tempera-

ture for induction has been reported by Cooper (1951, 1957, 1960);

Wycherley (1952; and McCown et al. (1964). The response of plants

to low temperature induction differs with species, plant population

and age of the plant with the seedling stage being more responsive

than germinated seeds (Michel 1953 and McCown et al. 1964). Once

the plant is fully induced, floral initiation can be triggered by the

appropriate photoperiod and/or temperature exposure (Cooper 1951;

Gardner and Loomis 1953; Sass and Skogman 1951; Hanson and

Sprague 1953; Hodgson 1966; Chilcote 1961; Calder 1964, 1966; and

Canode et al. 1972, 1977). The first indication of floral inception is

a sudden and vigorous elongation of the vegetative growing point.

This elongation is closely followed by clearly discernible morpho-

logical changes, the morphology of which has been carefully
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documented for several grasses (Evans and Grover 1940; Sass and.

Skogman 1951; Gardner and Loomis 1953; Barnard 1964; and Calder

1966).

This research was designed to:

1) Determine if juvenility exists in certain perennial ryegrass

cultivars.

2) To identify inductive requirements and floral initiation

characteristics of these cultivars.

3) Determine cultivar difference in response to different cold

treatment durations.
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MATERIALS AND METHODS

Four forage and turf type cultivars of perennial ryegrass

(Lolium perenne L.) were used in this study, namely, 'Linn',

an early maturing cultivar; 'Loretta!, late maturing cultivar; and

' Pennfine' and 'Acclaim', medium maturing cultivars. The origin

of the cultivars were Oregon, Australia, Pennsylvania and South

Holland, respectively. The certified seed lots used in this study

were produced in Oregon.

Two experiments were carried out in controlled environment

chambers. The chambers were equipped with automatic light and

temperature. A balanced light spectrum was provided by a combi-

nation of fluorescent and incandescent light bulbs. The photosynthetic

photon flux density (PPFD) at the plant level was 350 uE /sec /m2.

The temperature level was controlled by a 24 hour programmer-

controller clock system where temperature was kept at 21 °C both

day and night.

Experiment One

Certified seeds of perennial ryegrass (Lolium perenne L.)

cultivars Linn, Pennfine and Loretta; early, medium and late matur-

ing cultivars, respectively, were exposed to different cold treatments
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in the dark in moist perlite in petri dishes in a dark cold room at

4-6°C, after free imbitition for 24 hours at 20°C (Salisbury 1964).

Once a week air was circulated through the dishes to prevent accumu-

lation of carbon dioxide, if water was needed it was added at the same

time. Cold exposure treatments of 0, 1, 2, 4 and 8 weeks were

arranged so that all treatments were completed simultaneously and

the plants moved to the chamber on the same date, January 6, 1978,

for floral initiation treatments. Since some elongation of both

radicle and coleoptile occurred, the control treatment (zero week

cold exposure) was allowed to imbibe for 48 hours so that all seedlings

were about the same size when they were transported in 10 x 10 cm

plastic pots filled with thoroughly mixed combination of sandy loam

soil and greenhouse peat. Four plants were planted in each pot.

The pots were placed in the growth chamber according to a com-

pletely randomized design where five observations were used for

cold treatment and each cultivar. Plants were placed under two

photoperiods of 12 and 20 hours of light for flower initiation response.

Plants were watered every day or whenever needed.

Experiment Two

Linn cultivar was not included in this experiment because it is

a forage type and Acclaim which was used instead is a better known
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turf type cultivar. Seeds of Perennial ryegrass cultivars; Acclaim,

Pennfine, medium maturing cultivars; and. Loretta, a late maturing

cultivar were sown in 10 x 10 cm plastic pots. Four plants were

planted in each pot and allowed to grow in a greenhouse at a constant

18°C and 14 hour photoperiod for different periods of time, during the

period from April 19 to May 19, 1979. Plants were selected at three

different stages as follows:

Growth Stage
Age of Plants

(Weeks) Description

I 4 Two - three leaf stage
with two - three tillers
per plant

II

III

1 Single leaf stage

0 Imbibed seeds

Sowing dates were arranged so that all three stages were

completed simultaneously and moved to the cold room under 4-6°C

and eight hours of light at the same time. In the cold room the pots

were exposed to cold treatment for different durations of 0, 1, 2, 4

and 8 weeks, the same as in experiment one. After the end of the

cold exposure, plants were allowed to be preconditioned in a chamber

of 15°C and eight hour photoperiods for a week to avoid the possible
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devernalization effect of higher temperature. The different treat-

ments were then transferred to the chamber at different dates starting

in late May or early June to early August 1979 and allowed to grow

under the growth chamber conditions for the same period of time.

The chamber constant temperature was 21 °C and two photoperiods

(12 and 20 hours) were used.

In both experiments the daily tagging of newly exerted heads

was done to record the time to head exertion. When the experiments

were discontinued the number of plants per pot, number of tillers per

plant, total number of spikes appearing at the same date, number of

heads, number of leaves at heading, and number of spikelets /spike

were recorded and plant height for the headed plants were measured.

Dry weights were determined after the samples were oven dried.

The data from each experiment were analysed separately as

a completely randomized design with three cultivars, two photo-

periods, and five cold durations in experiment one. The same was

done for the data from experiment two with the addition of three

growth stages. Means that were statistically significant were sepa-

rated by Duncan's Multiple Range Test at the 5% level of probability.

Significant first order interactions were further analysed to determine

the source for the interaxtion.
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RESULTS AND DISCUSSION

The flowering response of plants in this study even when

exposed to eight weeks of low temperature and/or short day was less

than expected. The percentage of plants which succeeded in producing

spikes under growth chamber conditions was quite low compared to

that which usually occur under field conditions. However, the variety

Linn, a. forage type responded better than the turf types tested by pro-

ducing more spikes. The poor flowering response and the variation

observed within floral inductive durations are difficult to explain.

Since plants were started from seeds and the species is cross polli-

nated, variability may be the result of genetic variation within the

plant population. In spite of the low flowering, certain growth and

floral induction responses are worth noting.

Vegetative Growth

Tilleringz

In the first experiment, significant differences were found among

cultivars and between photoperiods in number of tillers produced per

plant. Pennfine and Loretta had the greatest mean tiller number per

plant followed by Linn (Fig. 1). These differences are likely due to

genetic background. Loretta (late maturing) and. Pennfine (medium
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Figure 1. Total and Fertile Tiller Production for Different Cultivars
of Ryegrass Grown Under Long Day Conditions Following
Exposure of the Seed to Different Durations of Low
Temperature 4-6°C.
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maturing) are turf types, whereas, Linn is a forage type and early

maturing. The higher tiller number in the 20 hour photoperiod

(Table 1) was expected since greater light energy favors tillering.

In the second experiment, significant differences were noted among

cultivars and plant growth stages for tiller number produced per plant

(Fig. 2, Table 2). Pennfine again was highest in tiller number

followed by Acclaim and Loretta. In contrast to experiment one,

there was no significant difference in tiller number produced per

plant between the 12 and 20 hour photoperiods (Table 1). This may

be because the imbibed seeds (or seedlings) in experiment one were

moved from a dark, low temperature chamber treatment and grown

under 20 and 12 hours, whereas, the plants in experiment two were

grown under a 14 hour photoperiod in the greenhouse during treatment

and thus were previously exposed to long day, higher energy treat-

ment. The observed significant difference in tiller number per plant

noted between growth stages (Table 2) is understandable since the

plants exposed at growth stage I (which had the highest tiller number)

are four and three weeks older than growth stage III (zero week) and

growth stage II (one week) plants, respectively.

In experiment I, both Pennfine and Loretta cultivars differed

significantly from Linn in tiller number per plant but not from each

other (Table 3). However, in experiment two, Pennfine and Loretta
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Table 1. Effect of Photoperiod on Tiller Number and Dry Weight
Production in Different Perennial Ryegrass Cultivars
After Exposure in the Seed or Seedling Stage to Low
Temperature.

Photoperiod Tiller No./Plant
Dry Wt. /Plant*

(g)

Experiment One

20 14.34a 1.59a

12 11.75 b 1.03 b

Experiment Two

20 11.3 1.50

12 10.75 1.40

*Figures with different letters are significantly different at the
5% level.
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Figure 2. Total and Fertile Tiller Production of Different
Ryegrass Cultivars Exposed at the Seedling Stage
to Different Low Temperature 4-60C Durations and
Grown Under Different Photoperiods.
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Table 2. Response of Different Turf Type Perennial Ryegrass
Cultivars Exposed to Low Temperature at Different Ages
and Grown Under 12 and 20 Hour Photoperiods.

Plant Age at Time
of Cold Exposure Tiller No. Days to*

Growth Stage (Weeks) Per Plant Heading

I 4 11.4 a 51.42

II 1 10.9 a 60.14

III 0 7.6 b 60.65

*Figures with different letters are significantly different at
5% level.
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Table 3. Tiller Production in Different Cultivars of Perennial
Ryegrass Exposed to Different Low Temperature
Durations in Both the Seed and Seedling Stage and
Grown Under Different Photoperiods.

Mean Tiller*
Experiment Cultivar Per Plant

I

II

Pennfine 15.86 a

Loretta 14.20 a

Linn 10. 36 b

Pennfine 12.94 a

Loretta 10.51 b

Acclaim 10.77 b

*Figures with different letters are significantly different
at 5% level.
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were significantly different from each other. The Acclaim cultivar

was significantly different from Pennfine but not Loretta. The

significant difference which occurred between Pennfine and Loretta

cultivars in experiment two and their non-significance in experiment

one, may be due to the greater variation which was observed in

experiment one. However, a similar trend in tiller number was

noted in both experiments (e. g. Pennfine had higher tillers per plant

than Loretta).

Dry Matter Production

Dry weight per plant is a function of number of tillers per plant

and tiller weight which depends, in part, on number of leaves per

tiller, their expansion and duration of growth. The results showed

that the 12 and 20 hour photoperiods differed significantly for dry

weight per plant in both experiments (Table 1). The 20 hour photo-

period had a higher dry weight per plant than the 12 hour due to the

fact that plants in the 20 hour photoperiod were exposed to higher

total light energy.

In experiment one the variety x photoperiod interaction is sig-

nificant due to significant variation between cultivars within the 20

hour photoperiod (Fig. 3). This small, but significant difference

appears to be due to the reduced response of the Linn cultivar to the
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Figure 3. Effect of Photoperiod and Cultivar on Dry Matter Production
in Perennial Ryegrass Cultivars Exposed as Seeds to Low
Temperature Conditions.
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20 hour photoperiod.

In experiment two, the advanced plant growth stages signifi-

cantly increased the plant dry weight. Since tiller production for

these stages is different the higher tiller number for the older plants

allowed higher leaf area, higher light interception and thus higher

dry matter production through the photosynthetic process. The sig-

nificant difference among cold treatments in the second experiment

is difficult to explain (Fig. 4). These results are in contrast to

those of Salisbury (1965) who found that low temperature exposure

increased tillering and dry weight per plants in Lolium. The high

dry weight due to low temperature exposure may be a result of

accumulation of carbohydrates. The plants in the low temperature

treatment were likely photosynthesing despite the low light intensity

and the low temperature level (4-6°C) reduced utilization of carbo-

hydrates in growth. Cold treatment effects on dry weight are also

significant in their interaction with photoperiod. The most noticeable

difference was in the eight week cold treatment while the differences

in the other cold treatments are very small and variable (Fig. 5).

Reproductive Development

Fertile Tiller Production

The cultivars were variable in the production of fertile tillers.
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Figure 5. Photoperiod and Low Temperature Effects on Dry Matter
Production in Perennial Ryegrass Plants Exposed to
Different Low Temperature Durations and Grown Under
12 and 20 Hour Photoperiods.
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Fertile tiller development was poor in both experiments (Tables 6

and 7). The interpretation of the results for fertile tillers, leaf num-

ber to heading and spikelets/head is hindered by the failure of many

plants to produce spikes during the course of the experiment. The

percentage of fertile tillers produced in the first experiment is 2, 32

and 3.5 for Pennfine, Linn and. Loretta, respectively (Table 4). The

lower total tiller number per plant for Linn versus both Pennfine and

Loretta should be noted in evaluating the percentage flowering. In the

field, both a high number of tillers and a high percentage of fertile

tillers are essential to satisfactory seed yield. In the 12 hour photo-

period, fertile tiller production with the exception of the 'no cold'

treatment increased spike production in Linn as the duration of cold

treatment increased (Table 5). This is in agreement with Murray

et al. (1973) who found that number of panicles per plant increased

and days to heading decreased with increasing exposure to cooler

temperature. Evans (1964) and Canode (1972, 1977) drew similar

conclusions. However, this was not the case with Pennfine and

Loretta cultivars in either photoperiod and even with the Linn culti-

var in th3 20 hour photoperiod. The 'no cold' treatment was some-

times as effective as the eight week cold treatment. This may sug-

gest induction due to short days. Cooper (1960) found that floral

induction in Lolium perenne can be brought about by either low



Table 4. Effect of Cultivar (a) and Cold. Duration (b) on Different Characteristics of Different
Ryegrass Cultivars Exposed to Cold in the Seed Stage and Grown Under Long Days.

(a) Cultivar
Experiment One

To Fertile Leaf # to Days to Spike lets/
Tillers Heading Heading Head

Pennfine 1.67 3.42 59.33 14. 56

Linn 32. 30 2. 91 52. 94 9. 49

Loretta 3. 45 3. 98 66. 30 13. 03

(b) Cold Duration
in Weeks

8 14. 95 4.13 61.06

4 9. 68 2.63 61.03

2 9.80 2. 91 57.21

1 11.11 4.42 59.16

0 6. 1 3.65 58. 02

9. 44

9. 88

8.71

10. 86

11.66



Table 5. Response of Linn a Forage Type Perennial Ryegrass Cultivar After Different Cold
Duration Exposures in the Seed Stage.

Cold Duration
in Weeks

Total Tiller
Number

Fertile Tiller
Number

% Fertile
Tiller

Leaf # to
Heading

Spikelet/
Head

8 190 82 43 2.65 10

4 162 64 40 2.20 9.1

2 157 43 28 2.60 8. 2

1 200 26 13 3.77 14.8

0 172 66 38 3.62 12.1



Table 6. Cultivar (a) and Cold Duration (b) Effects on Fertile Tiller Production, Leaves to
Heading, Days to Heading and Spike let Number per Head in Selected Perennial
Ryegrass Cultivars Induced to Flowering in the Seedling Stage.

(a) Cultivar To Fertile
Tillers

Experiment Two
Leaves to
Heading

Days to
Heading

Spike lets/
Head

Pennfine 1.79 5.1 58.60 18.11

Acclaim 6. 08 5. 09 53.59 16. 25

Loretta 7.38 4.79 57 . 79 18. 01

(b) Cold Duration
in Weeks

8 6.56 4. 37 59.43 15. 88

4 0.74 4. 25 32.4 15. 99

2 4. 53 4.78 47.13 16. 31

1 8.59 4.70 54.86 15.71

0 3. 96 5. 14 64. 94 21.70



Table 7. Results of Termination of Experiment on Effect of Cold Duration Exposure on Different Characteristics of Perennial Ryegrass Cultivars
Exposed to Cold at Different Seedling Ages and Grown Under Long Days.

Cold Durations

Experiment Two
Total Tiller Fertile Tiller % Fertile Leaf # to Days to Spike lets/

Number Number Tillers Heading Heading Head

Pennfine

Acclaim

Loretta

8 590

4 631 18 2. 85 S. 7 70. 2 20. 5

2 560 11 1.69 5. 72 52 11 15. 00

1 590 17 2.88 4.6 55 23 18.70

O 587 7 1. 19 3.85 47.29 15.40

8 543 31 5.7 5. 03 61.6 18. 15

4 525 7 1.00 4.71 22.4 18. 14

2 388 35 9.02 4. S 53 2 16.84

1 515 Si 9.90 4.97 61.00 15.2

O 510 25 4. 90 6. 00 51. 6 15. 80

8 480 68 14. 2 4. 20 60. 18 15. 32

4 465 S 1. 1 3. 60 46.4 13.00

2 464 17 3. 7 4. 76 50. 12 16. 05

1 466 S4 11. 60 5. 70 64.2 19.00

O 494 31 6.3 4.60 49.28 14.40
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temperature or short days independently. The poor spike production

according to our observations during the course of the experiment

was due to both fewer number of plants headed and few number of

spikes produced per plant (total number of spikes produced divided by

the total number of plants) varied among cultivars in both experiments.

In the first experiment, Linn, a forage type cultivar, showed fair

flowering response averaging more than three spikes per plant. In

contrast, both Pennfine and Loretta averaged less than one spike per

plant (Fig. 6). These differences between cultivars may be due to

different genetic background effecting control of reproductive develop-

ment.

Low Temperature Duration Effects

Despite the generally poor fertile tiller production, a greater

percent of tillers became reproductive in the eight week cold treat-

ment than in the 'no cold' treatment for experiment one (Fig. 7).

However, the number of leaves to heading did not differ (Table 4).

Thus evidence of an optimum quantitative response is lacking. In the

second experiment, fluctuations occurred in percent fertile tiller

production in response to cold durations (Table 4b). The one week

cold treatment had the highest percent fertile tiller production fol-

lowed by the eight week treatment (Table 4b). The exceptionally low
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Pennfine Linn Loretta

Figure 6. Spike Production in Different Ryegrass Cultivars After
Low Temperature 4-6 °C Treatment in the Seed Stage and
Grown Under Long Days.
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Figure 7. Effect of Low Temperature on Spike Production in
Selected Perennial Ryegrass Cultivars.



28

percent of fertile tiller production in the four week cold treatment and

the inconsistency in number of days to heading in both experiments is

hard to explain. Development of competing sinks (tillers, roots, etc.)

in a cyclic pattern may have contributed to this response. Tiller

initiation and subsequent growth are separate processes and may have

contributed to the variation observed. No data were collected to sub-

stantiate this possibility.

The number of spikes produced per plant were different for

different durations of cold treatments in both experiments. The num-

ber 31 spikes produced for plants exposed at the seedling stage was

always higher than for similar treatments in the imbibed seed stage.

This may be due to the fact that plants in the advanced seedling stage

had already surpassed the juvenile stage and become sensitive to envi-

ronmental conditions (low temperature and short days) that later pro-

mote flowering. The fluctuation in number of spikes produced follow-

ing different cold treatments (Fig. 7) may suggest a cyclic phenomenon

similar to that found by Stobbe (1969) in orchardgrass. He stated that

'tiller production in orchardgrass during the initiation period appeared

to be a cyclic phenomenon. Cold durations interacted significantly

with photoperiods in the number of heads produced per plant for ex-

periment one (Fig. 5). Such an interaction is not a surprise and simi-

lar results had been cited previously by Cooper (1952) and Peterson
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(1961). Both low temperature and photoperiod independently can be

inductive to flowering. Failure of plants to respond favorably to low

temperature treatment may have been due to the fact that cultivars

examined have a threshold higher than the eight weeks cold treatment

used. Such a threshold has been documented for other grasses e. g.

tall fescue (Festuca arundinancea, Schreb. ). Templeton (1961),

Kentucky bluegrass; Lindsey and Peterson (1962), Canode et al.

(1972, 1977).

Growth Stage Effects

It is generally known that seedlings are more responsibe to low

temperature induction than seeds. Evans (1960) suggests that a more

rapid low temperature induction occurred in four week old plants than

seeds at 10°C in Lolium. and Poa Dratensis. In these experiments,

there was only a slight increase in percent fertile tiller production in

Pennfine and a somewhat greater response in the Loretta cultivar

where seedlings were exposed to inductive conditions. Fertile tillers

increased from 1.67 to 1.79% in the former and from 3.48 to 7.38 in

the latter (Tables 4a and 7). Plants exposed at different growth stages

reached heading at almost the same leaf number as for seed exposed

to cold (about 5). However, plants in growth stage I which were

exposed to low temperature induction when they were four weeks old
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produced spikes at earlier dates which were exposed to the inductive

conditions when they were imbibed seeds (growth stage III) (Table 2).

The earlier heading may be because plants in growth stage I either

were more responsive to low temperature or being in a more advanced

stage of development allowed them to have more sources of photosyn-

thate such as leaves and tillers. These sources allowed greater pro-

duction of energy which was used by the plants and led to the earlier

heading. Their low percent fertile tiller production may be attributed

to the higher production of tillers at this growth stage (Stage I). How-

ever, no significant difference between growth stages in enhancement

of reproductive development is observed (days to heading). This is in

agreement with Peterson et al. (1961) who found that in Lolium

temulentum, darnel, treatment in the advanced stage was seldom

more effective than the seed treatment. This is in contrast to

McCown et al. (1964) who stated that when germinating seeds and

four week old plants of perennial ryegrass were given equivalent low

temperature treatments and then transferred to continuous light and

warm temperature, the percentage of plants heading was greater and

days to heading were fewer with treatment at the four week old stage.

Growth stage interacted significantly with photoperiod for the number

of heads produced per plant (Fig. 8). The decreased response in the

12 hour photoperiod with the increase in plant age at cold exposure
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time may suggest that seeds are more or equally responsive to cold

than plants. Unfortunately, this is clouded by the greater response

of older plants in the 20 hour photoperiod. Such a response is difficult

to explain and again the poor flowering of plants in both experiments

makes it difficult to interpret biologically. The number of spikelets

per spike are higher for the zero week old treatment and growth stage

III (imbibed seeds when exposed to cold) throughout the experiments.

This indicates less competition for dry matter since a low number of

spikes are produced and compensation between yield components oc

occurred. The leaf number to heading in both experiments is low

(3-5) compared to 7 and 4-7 reported earlier by Cooper (1957) and

Salisbury (1965), respectively.
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Figure 8. Effect of Photoperiod and Growth Stage on Spike
Production in Perennial Ryegrass After Exposure
to Different Low Temperature 4 -6 °C Durations at
Different Seedling Stages and Growth Under 12
and 20 Hour Photoperiods.
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CONCLUSIONS

Pennfine and Loretta cultivars were superior to Linn and

Acclaim in tiller production. The superiority may be due to the fact

that Linn and Acclaim are earlier maturing than Pennfine and Loretta.

This early maturity characteristic allowed them less time in the

vegetative stage for tiller growth and development.

The 20 hour photoperiod was superior to the 12 hour in tiller

production, dry matter production and spike production.

Spike production was fair in the Linn cultivar while the turf types

were lower. Low temperature exposure at the seedling stage showed

a greater response than imbibed seeds by producing more fertile

tillers. The effect was most pronounced in the Loretta cultivar.

The eight week cold treatment was superior to the no cold treat-

ment in production of reproductive tillers when the low temperature

exposure was applied to imbibed seeds. However, when exposure was

applied to seedlings, production of fertile tillers fluctuated.

Spike let number per spike was greater for the no low tempera-

ture or for plants exposed to low temperature as seed.

The failure of many plants to produce heads in these studies may

have been due to several factors:

Duration of exposure may have been insufficient for induction.

It is known that perennial ryegrass will not flower until a certain
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threshold of low temperature has been exceeded (Mc Cowan et al.,

1964). This threshold may be more than eight weeks for the cultivars

examined. However, field observations in Oregon suggest that turf type

ryegrasses have a short winter requirement.

It is possible that plants were de-induced (devernalized) by the

21 °C temperature in the growth chamber despite theone week condi-

tioning period at 15°C. Amsberg (1965) working with orchardgrass

(Dactylis glomerata) suggested that temperatures higher than 18°C

were promotive to tiller development but little or non-promoting for

floral induction.

These cultivars may have an obligate juvenile stage (in which

plants are insensitive to environmental conditions that later promote

floral induction. The juvenile phase may have been extended by the

low light or other conditions characteristic of the controlled environ-

ment chamber. However spike production in the imbibed seed stage

was higher than in the one old seedlings which suggest absence of a

juvenile stage.

The 4-6°C temperature in the cold room may have been too

for floral induction of these cultivars.

Further research is needed to clarify these points.
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