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Experiments were conducted under controlled environments to

investigate the influence of nutrient supply and panicle removal on

tiller and panicle production in orchardgrass. Propagules of two

clones, MID-5 (Clone 0), from the synthetic variety Pennlate, and

Clone B, a locally adapted clone, were utilized for these studies.

Tiller production was decreased when nitrogen or phosphorus

deficient nutrient solutions were applied during the inductive and

initiation period. Tiller production was primarily dependent on the

nitrogen supply during the initiation period and, to a lesser extent,

on the nitrogen level during the inductive period. Phosphorus supply

appeared to be more important to tiller production during the induc-

tive period than the initiation period. Potassium deficient nutrient

solution did not appear to decrease tiller production during the



inductive period, but reduced tiller production during the subsequent

initiation period. The potassium level in the plant appeared to be

sufficiently high to maintain vigorous growth during the inductive

period.

When nutrient solutions deficient in nitrogen or phosphorus

were applied during the inductive period, none of the plants flowered

unless high levels of the nutrients were supplied during the initiation

period. When the nitrogen or phosphorus supply was high during the

inductive period, deficiencies during the initiation period did not

influence the number of panicles. Potassium supply during the in-

ductive period did not significantly influence the number of panicles

produced, but low potassium during the initiation period appeared to

reduce panicle production.

When plants were grown under low light energy during the initi-

ation period, only tillers that had emerged during the inductive

period became reproductive. When the light energy during the

initiation period was high, over 85 percent of the panicles were

produced from tillers that emerged during the initiation period.

Tiller production in orchardgrass during the initiation period

appeared to be a cyclic phenomenon with a lower percentage of

tillers becoming reproductive with each cycle. When the panicles

were removed, more tillers became reproductive after the first

cycle compared to plants in which the panicles were not removed.



Tiller production in the second cycle was greatest if the panicles

were removed. Panicle removal did not increase dry matter pro-

duction of the plants.
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TILLER DEVELOPMENT IN DACTYLIS GLOMERATA L.
AS INFLUENCED BY NUTRIENT SUPPLY AND PANICLE

REMOVAL

INTRODUCTION

Orchardgrass, Dactylis glomerata L. , is native to western

and central Europe. It is a long-lived perennial, bunch type grass

that is adapted to the temperate regions of the world. Though

utilized mainly in the United States as a forage crop, there are

approximately 10,000 acres of orchardgrass in Oregon grown for

seed production.

The orchardgrass seed production areas are located outside

the major forage production areas. Differences in the response of

individual plants to environment in the seed and forage production

areas could cause a genetic shift in the grass population. The pre-

sent study was conducted to give a better understanding of some of

the factors affecting seed and forage production of clonal material.

The orchardgrass plant consists of tillers of various ages and

developmental stages. In the management of orchardgrass for seed

and forage production, the relationship between the vegetative and

reproductive phases of these tillers, which originated under different

environmental conditions, is important.

Although the temperature and daylength requirements in

orchardgrass have been studied in detail, few studies have been
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reported on the influence of nutrient supply during the inductive and

subsequent initiation period. To better understand the timing of

fertilizer applications for optimum seed and forage yields, the in-

fluence of nitrogen, phosphorus and potassium during the inductive

(fall and winter) and initiation (spring) period was studied.

The floral induced state has been reported to be localized in

the tillers that have received inductive conditions (Gardner and

Loomis, 1953; Wilson, 1959). Experiments were conducted to

determine the contribution of tillers formed during the inductive and

initiation periods to panicle production and the effect of panicle re-

moval on subsequent tiller, panicle, and dry matter production.
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LITERATURE REVIEW

Introduction

Reviews have recently been written on tillering in grasses

(Langer, 1963) and on the rate of appearance of leaves on tillers of

the Gramineae (Anslow, 1966). A recent book, Growth of Cereals

and Grasses, edited by Milthorpe and Ivins (1966) discusses seed and

forage yield components in grasses and cereals.

The morphology of tiller and panicle development in Gramineae

is included in this review to give a better understanding of yield

components in grasses.

Morphology of Gramineae

In the seed of Gramineae the embryo generally contains micro-

scopically visible buds in the axils of the coleoptile and the first one

or two foliage leaves. At a certain stage after germination the young

seedlings begin to produce lateral shoots or tillers from these and

subsequent axillary buds.

In the same way as a tiller arises from the first shoot of the

seedling, a tiller may arise from the axillary bud of the parent

tiller. Before the first new tiller can arise from the parent shoot it

appears that a minimum size is required. Langer (1956) found that
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even under favorable conditions, at least five leaves were present on

new shoots of timothy (Phleum pratense) before the first tiller was

recorded. The minimum time interval between the emergence of a

tiller and the production of the first tiller on its own axis was three

weeks. The average time interval was about 70 to 90 days with a

mean leaf number of seven to eight. Mitchell (1953) observed that

in perennial ryegrass (Lolium perenne) new tillers did not appear

until the leaf above the emerging tiller had fully expanded. Since

new tillers arise from buds in the axils of leaves, the potential rate

of tillering is dependent on the rate of leaf production (Jewiss, 1966).

Adverse environments reduce the rate of tillering more than that of

leaf production so that the number of emerged leaves on a shoot

above a visible tiller may increase. Tillering in perennial ryegrass

(Cooper, 1948) and barley (Hordeum spp.) (Aspinall, 1961) was

exponential as long as the nutrient supply was not limiting (Aspinall,

1961 and 1963).

The transition from the vegetative to the reproductive growth

phase is first evident in a rapid elongation of the growing point of the

shoot. Leaf initials continue to form rapidly on the growing point.

Lateral bud primordia arise in rapid succession or almost simul-

taneously in the axils of the leaf initials, and the bud primordia and

leaf initials form double ridges. In Gramineae that form panicles

(e. g. , orchardgrass, Dactylis glomerata) the axillary primordia
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develop distinctly in acropetal succession, resulting in larger

primary branches at the base compared to the tip of the panicle.

Secondary and subsequent branches are formed in the same way as

the primary branches. The apex of a terminal branch forms as a

spikelet (Barnard, 1964).

Ryle (1964) found in orchardgrass that the number of florets

per primary branch, from the base to the tip of the panicle, de-

creased in an approximately logarithmic manner. Factors which

affected the size of the panicle exerted their primary effect on the

number of florets per primary branch, and, to a much lesser extent,

on the number of primary branches per panicle.

Developmental Stages in Orchardgrass

Calder (1964, 1966) suggested three main ontogenetic stages

in the development of orchardgrass: a juvenile stage, an inductive

stage, and a stage of realization or an initiation stage. See Figure

1.



Germination Ripe to Flower
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Inflorescence initiation

JUVENILE STAGE INDUCTIVE STAGE STAGE OF REALIZATION
(INITIATION)

Growth proceeds but plant insen-
sitive to conditions which later
promote flowering

Response to conditicas
which promote state of
ripeness to flower, e. g.
cold temperatures and/or
short days

When grown in non-inductive
conditions, plant increases in
size but makes no progress
towards flowering

Response to conditions which pro-
mote inflorescence initiation, chief-
ly photoperiod

If grown in photoperiods pre-
venting initiation, greater
size will be achieved but in-
duced state will remain un-
detected

Further growth may
accompany realization
or occur while com-
pleted floral stimulus
acts upon apex

Growth during these periods results in leaf production and, under ideal conditions for flowering,
determines minimum leaf number.

Figure 1. Developmental stage, environmental sensitivity and growth activity between germination
and inflorescence initiation. Calder (1966).

Juvenile Stage

The juvenile stage in orchardgrass has been noted by several

workers (Bommer, 1961; Calder, 1964; Stobbe, unpublished).

Calder (1964) placed seedlings of orchardgrass under inductive

conditions (2 ± 2 C with an eight-hour photoperiod) for periods of

three to six months. The seedlings were then placed under condi-

tions of continuous light. After 18 weeks of continuous light, none

of the plants flowered and no floral initiation was observed when the

main shoot was dissected.
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Studies in which seedlings of different ages were subjected to

inductive conditions showed that the juvenile stage in orchardgrass

lasted about five weeks. During this period the seedlings had

developed between four to five leaves. Calder states that he was not

able to relate the length of the juvenile stage to any morphological

characteristic.

Although juvenility has been studied in the seedling stage, no

studies have been reported which conclusively indicate that juvenility

is a property of each tiller or of the plant as a whole.

Inductive Stage

Orchardgrass enters the inductive stage following the juvenile

stage. Since induction is a physiological state, without any apparent

morphological change, the only method known to determine when in-

duction is completed is to grow plants in photoperiods known to allow

initiation.

Clonal material has given the best success when studying in-

ductive requirements in orchardgrass since the plants have apparent-

ly passed through the juvenile stage. Many workers have studied the

inductive requirements of orchardgrass (Sprague, 1948; Gardner

and Loomis, 1953; Hanson and Sprague, 1953; Chilcote, 1961;

Calder, 1964; von Amsberg, 1965; Stobbe, unpublished) .

Work by Gardner and Loomis (1953) showed that in the
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particular clones they were studying, both short days and cool

temperature, either simultaneously or in this sequence, were re-

quired for induction. Calder (1964) using clonal material from

orchardgrass varieties S. 143 and S. 345 and Dactylis lusitanica

concludes that induction in Dactylis spp. is basically a dark reac-

tion with a minimum dark requirement of something less than seven

hours.

Von Amsberg (1965) found a differential response between the

two clones of orchardgrass. One clone (Clone 0) required short

days with temperatures below 18.3 C to be induced to flower. The

second clone (Clone R) could be induced to flower under short day

conditions, unless the temperature exceeded 32.8 C. Stobbe (un-

published) in agreement with von Amsberg, found that Clone 0 had an

inductive requirement of short days and cool temperatures, and that

Clone R and a third clone, Clone B, could be induced by short day

treatment. Clone B and R could also be induced when given continu-

ous light if the temperature was maintained at 5 C.

Justras (1964) grew orchardgrass propagules under 7.2 and

12.8 C temperature with various photoperiods and lengths of ex-

posure. He suggested that the basic factor in floral induction is the

low temperature stimulus. No flowering occurred without cool

temperature exposure. However, the more unfavorable the photo-

period the lower the temperature needed for induction or the longer
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the period of exposure required. He concluded that the temperature

requirement for induction was qualitative, whereas the photoperiod

effect was quantitative.

Experimental work to date suggests that a great deal of varia-

tion exists between genotypes of orchardgrass in regard to inductive

requirements. However, when maximum panicle number was de-

sired, regardless of inductive requirement, cool, short days were

found to be most effective induction conditions (Hanson and Sprague,

1953; Chilcote, 1961; von Amsberg, 1965).

If each tiller has a juvenile stage, one could reasonably

assume that the induced state would be localized. Gardner and

Loomis (1953) found that in tillers whose apical growing point was

destroyed by frost, the lateral buds which developed under these

conditions did not flower. Further studies were conducted using

clonally propagated sods held in a cold greenhouse with half of the

sod exposed to a long day and the other half to a short day. Only

that part of the sod that was exposed to short day flowered. The

authors concluded that induction was strictly localized and that it

was limited to growing points in a specific physiological condition.

Their conclusions indicate that each tiller has a juvenile stage and

that each tiller must be induced independently.

Wilson (1959), working in New Zealand, found that none of the

tillers that emerged after October 6 flowered. He suggested that
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tillers emerging after this date did not receive a sufficient number

of short, cold days. He concluded that the failure of later formed

tillers to flower was indirect evidence that floral induction was local-

ized within the particular tiller that received the winter treatment.

However, he found no evidence of localization of winter-induced

stimulus in perennial ryegrass, since tillers formed in early

December were capable of floral initiation.

Calder (1966) states that in Gramineae which require vernal-

ization, each tiller must be vernalized independently, since there

is no translocation of the vernalized state.

Little work has been done on the effect of light intensity

during the inductive stage. Evans (1960) found that short day in-

duction was more effective at low light intensity (400 ft. c.) than in

daylight, in perennial ryegrass, suggesting that short-day induction

may be partially inhibited by light.

The acceleration of flowering brought about in winter rye

(Seca le cereale) by exposure during germination under low tempera-

ture can be in part annulled by subsequent exposure to temperatures

above 15 C if given immediately after the vernalization treatment.

The vernalized condition becomes progressively stabilized and

irreversible as the duration of low temperature is prolonged, and

after 12 weeks of vernalization subsequent heat treatment has no

effect on flowering (Purvis and Gregory, 1952).
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The vernalized condition is further stabilized if a period of

growth (four days) at 15 C immediately follows the inductive stage

(Purvis and Gregory, 1952). Temperatures between 10 and 15 C

were found to be neutral to either vernalization or devernalization in

winter rye. Neutral temperatures in ryegrass were found to be 10

to 21 C (Cooper, 1957).

Initiation Stage

Upon the completion of the induced state, floral initiation can

be triggered by certain photoperiod and/or temperature exposures.

All studies to date (Gardner and Loomis, 1953; Chilcote, 1961;

Calder, 1964) are in agreement that orchardgrass requires moderate

temperatures and long photoperiods. Gardner and Loomis (1953)

found that the critical photoperiod for normal development of panicles

was 13 hours. Calder. (1964) found that continuous light resulted in

a higher percentage of heading plants compared with long days (how-

ever differences were not significant) and that these plants also

headed more rapidly. On the other hand, in agreement with Chilcote

(1961), he found that high temperatures were inhibitory to inflores-

cence development.

Calder (1964) suggested that floral development in orchard-

grass may be a two stage process. Orchardgrass under a nine-hour

photoperiod initiated floral primordia but internode elongation did not
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occur, and the primordia eventually aborted (Garnder and Loomis,

1953). Some plants of Wild Israel orchardgrass grown from seed

under eight-hour photoperiod for three months had initiated in-

florescences, but no internode elongation occurred (Calder, 1962).

These results suggest that there is a shorter photoperiod require-

ment for initiation of floral primordia than for the elongation of in-

florescences.

The minimum photoperiod required (13 hours) for floral

development is less than the maximum photoperiod (17 hours) under

which induction will take place. Experiments to determine whether

induction has taken place should, therefore, be conducted under initi-

ation conditions greater than 17 hours, preferably continuous light.

Factors Affecting Tiller and Floral Development

Origin of Tiller

Langer and Lambert (1959) labelled orchardgrass tillers at

monthly intervals and found that tillers which were present in

November provided the bulk (71.6 - 89.6 percent) of the panicles at

harvest the following year. In a later study, Lambert (1966) found

that 88 percent of the tillers that bore panicles had emerged before

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

gible contribution, and there appeared to be a steady decline in
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panicle-bearing capacity with increasing lateness in the appearance

of tillers.

Wilson (1959) found that ear emergence in orchardgrass was

progressively later with later dates of tiller origin.

Ryle (1964) compared the panicle size of tillers that emerged

in fall with tillers that emerged in March. He found in ryegrass,

meadow fescue (Festuca elatior) and orchardgrass that panicles from

early formed tillers (October and November) had twice as many

florets as panicles from tillers formed in March. The two compo-

nents determining the number of florets were number of primary

branches in the panicle and number of florets per branch. Panicles

from later formed tillers had fewer primary branches than panicles

from early formed tillers (13.4 and 17.6, respectively). Ryle, how-

ever, was not able to demonstrate a decrease in number of primary

branches in orchardgrass with decreasing age of tiller when the ex-

periment was conducted later in the greenhouse.

In orchardgrass, where the distribution of florets on succes-

sive lateral branches along the rachis was approximately logarithmic,

most of the reduction in floret number resulted from decreased

numbers on the first lateral branches.

Day length and Light Energy

Many workers have shown that an increase in daylength, without
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a significant increase in light energy, decreased leaf and tiller pro-

duction (Auda, Blaser and Brown, 1966; Ryle, 1966(a), 1966(b);

Stobbe, unpublished).

Nittler, Kenny and Osborne (1963) found that tillering in three

varieties of orchardgrass was greater when plants were grown with

a light intensity of 1300 ft-c with an eight-hour photoperiod than when

they were grown in a 650 ft-c and a 16-hour photoperiod. Tillering,

however, was greatest when the plants were given 1,300 ft-c with a

16-hour photoperiod. These results suggested that tillering was

dependent on light energy and not light duration.

Auda et al. (1966) grew orchardgrass clonal propagules using

three photoperiods: 18 hours of light at 3,100 ft-c; 9 hours at 3,100

ft-c; and 9 hours at 3,100 ft-c plus 9 hours at 300 ft-c. Their re-

sults showed that maximum tillering occurred when plants were

given a long day at high light intensities. Extending a short day with

low intensity light severely decreased the rate of tillering, but not

the percent soluble carbohydrates in the stubble or the plant dry

weight. The authors suggest that the magnitude of light energy was

associated with potentially high tillering, except when low light in-

tensity lengthened the day, in which case the decrease may have been

caused by an inhibitor or a hormone imbalance.

Sprague (1948) placed induced orchardgrass plants under 9-1/2-

10-1/2 hours of daylight, extending the photoperiod to 16-hours with
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light intensities of 10, 75, 150 and 300 ft-c. Ten ft-c of supple-

mentary light appeared to be too low for maximum heading. In-

creasing the intensity of the supplementary light from 75 to 300 ft-c

had little effect on the number of clones that flowered, or the days

to flowering. The energy of the supplementary light was very low,

however, when compared to the energy required for optimum growth

in orchardgrass.

Ryle (1966c) grew orchardgrass in the greenhouse in three-

inch pots arranged close together under screens and found that a

reduction in light intensity to 10 percent full daylight prevented head-

ing. Eight, five and two out of 12 plants headed under 100, 50 and 25

percent of full daylight, respectively. The number of panicles per

plant were two for plants grown under full daylight and one for plants

grown under 50 and 25 percent full daylight. No differences, how-

ever, were noted between the number of primary branches, or

florets per ear under different light intensities.

In timothy, increasing the photoperiod, with low energy ex-

tended light, from 14-1/2 to 24 hours resulted in a decrease in

length of the inflorescence. There was a linear relation between

total floret number and inflorescence length. The days from initia-

tion to emergence of the inflorescence were reduced with longer

photoperiods. Inflorescences developing under shorter photoperiods

had a longer time to develop, thus producing more florets (Ryle and
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Langer, 1963).

Ryle (1967) studied the effect of reduced light intensity on

number of primary branches and florets per branch of perennial

ryegrass and meadow fescue. Variation in light intensity had small

effects on the number of primary branches in the inflorescences of

both species. Meadow fescue, which has an inflorescence similar

to orchardgrass, showed greater differences than ryegrass. The

number of florets per primary branch in meadow fescue decreased

greatly with decreased light intensity during the period between

initiation and emergence, 27 and 14 florets per branch with 100 and

25 percent sunlight, respectively. The light intensity during initia-

tion had little effect on the number of florets per branch.

Temperature

Mitchell (1956) found that when orchardgrass was grown under

a light intensity of 2,700 ft-c, the optimum temperature for tillering

was 24 C and the optimum temperature for growth was 18 to 22 C.

There was, however, a wide range of temperatures (13 to 29.5 C)

over which the rate of growth of the individual tiller showed com-

paratively little change. The results are in agreement with data

presented by Auda et al. (1966).

Mitchell (1953) grew ryegrass plants under two light regimes,

(700 and 2000 ft-c), and two temperature regimes (7.2/12.8 C and
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21/15.5C day/night). He found that raising the light intensity or

increasing the temperature decreased the number of days between

successive leaves. Raising the light intensity, or lowering the

temperature, or both, resulted in an increased rate of tillering.

High temperatures (26.7 C) were found to be inhibitory to

inflorescence development in orchardgrass (Chilcote, 1961). As

the temperature was decreased from 23 to 13 C, the number of

spikelets and florets per spikelet were increased in timothy (Ryle

and Langer, 1963) and perennial ryegrass (Ryle, 1965). Decreas-

ing temperature showed a similar effect to decreasing daylength

in that the time from initiation to inflorescence emergence was

longer with the lower temperature, allowing more primordia to

develop on the shoot apex.

Mineral Nutrient Supply

When nutrients were supplied to barley before germination,

tiller emergence was found to occur in two phases, first an expon-

ential increase in tillering followed by essentially a non-tillering

phase (Aspinall, 1961). The first phase was governed by the

nutrient supply. The period of non-tillering was not due to the ab-

sence of tiller buds, since it was easily terminated by an application

of nutrients.
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When nutrients were supplied at weekly intervals, tillering

in barley was essentially continuous (Aspinall, 1961). The nutrient

supply was especially critical during inflorescence development,

since the inflorescence appeared to be much more efficient in ob-

taining limiting nutrients than the tiller buds (Aspinall, 1963). The

development of tiller buds during inflorescence development (effects

still observed at anthesis) was apparently controlled principally by

the nutrient supply.

The principal nutrients affecting growth and development of

orchardgrass are nitrogen, phosphorus, and potassium. Nitrogen,

heavily utilized by grasses (Auda et al. , 1966), is readily leached

from the soil and native potassium and phosphorus levels in many

soils are high (Singh, Martens, Obenshain and Jones, 1967).

Griffith and Teel (1965) found a significant potassium carry-over

from year to year, but nitrogen had no carry-over effect. There-

fore, much of the nutritional work in orchardgrass has been on the

effects of nitrogen as it influences growth and seed production.

Langer (1959) grew timothy seedlings in sand culture with

three levels of nitrogen, phosphorus and potassium in all combina-

tions. He found that all three nutrients had significant effects on

the number of tillers, leaves, and inflorescences. Nitrogen at the

lowest levels (six and 30 ppm) tended to mask the effects of phos-

phorus and potassium. Potassium influenced tillering less than
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nitrogen and phosphorus.

In orchardgrass, nitrogen increased yield even though

potassium and phosphorus were deficient (Singh et al. , 1967).

Phosphorus applications did not increase yields, under high levels

of nitrogen, when potassium was deficient. In contrast, potassium

applications increased yields even though phosphorus was deficient.

The results suggest that orchardgrass yields were limited more by

potassium than phosphorus deficiencies.

Calder and Cooper (1961) grew orchardgrass plants in green-

house soil at two levels of nitrogen, 0 and 1 gram per pot bi-weekly

and two density rates, one and 10 plants per pot. They found that

added nitrogen greatly increased floral initiation compared to

plants where no nitrogen was added.

Wilson (1959) noted a greater percentage of winter formed

tillers became fertile at high levels of nitrogen compared to low

rates of nitrogen. Wilson (1959) also found that high nitrogen appli-

cation advanced the emergence date of orchardgrass panicles by 20

to 30 days compared to plants receiving low levels of nitrogen. In

contrast, Lambert (1965) found that nitrogen treatments advanced

the date of floral initiation without affecting the date of panicle

emergence. He concluded that a long period between the initiation

and complete differentiation of the panicle was conducive to high

seed yields. Ryle (1964) demonstrated that the main effect of low
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nitrogen supply in ryegrass, meadow fescue and orchardgrass was

to decrease the number of florets developed on the primary branches

of the panicle, without influencing the number of these branches.

Many workers have studied the time of nitrogen application on

seed and forage yield in orchardgrass (Kresge, 1965; Lambert,

1965; Rampton and Jackson). All studies suggest that fall application

of nitrogen was not as effective in increasing yield as applications

in the spring. Rampton and Jackson found that applying 80 pounds of

nitrogen as a single application in the spring was more effective in

increasing seed yield (differences were not significant) than a split

application, 40 pounds in fall and 40 pounds in spring. This in-

creased seed yield, however, was accounted for by increased weight

of the seed.

Although differences were not significant, increasing the nitro-

gen supplied as NH4+ from 50 to 75 percent resulted in an apparent

decrease in tillering, particularly at low rates of potassium

(MacLeod and Carson, 1966),

Fertilizer recommendations for orchardgrass seed production

in the Willamette Valley are as follows: nitrogen, 30 to 40 pounds

per acre in the fall plus 50 to 60 pounds per acre on or about March

1 and April 1; phosphorus, according to soil test to bring the level

in the soil to 40 pounds per acre, with application in the fall;

potassium, according to soil test to bring levels in the soil to 200
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pounds per acre (Jackson, Warren and Gardner, 1967).

Floral Development and Panicle Removal

Many workers have noted a depression in tillering rate with

the onset of floral development (Langer, 1956; Aspinall, 1963;

Laude, Riveros, Murphy and Fox, 1968).

Langer (1956) noted in timothy a decline in tiller production

during May, which coincided with the beginning of rapid stem elonga-

tion. Laude et al. (1968) comparing vegetative and reproductive

plants of hardingrass (Phalaris tuberosa) found that there was a de-

pression of tillering associated with some aspect of the reproductive

condition. They, however, concluded that increasing dryness and

temperature in the field which exist at the flowering stage may re-

duce tillering. When elongating flowering culms were removed by

grazing, tillering was stimulated.

Aspinall (1963) found that grain and head removal greatly in-

creased tillering in barley when the mineral nutrient supply was low.

The increased tillering due to grain or head removal at high levels

of mineral nutrients, however, was slight. The evidence would

suggest that the developing grain has a direct influence (apical

dominance) on tiller bud elongation or that it competes with the tiller

buds for some other substance, possibly carbohydrates.

Booth, Moorby, Davies, Jones and Wareing (1962) decapitated
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plants of Solanum andigena and Pisum sativum and applied lanolin

paste with and without indole-3-acetic acid (IAA). Aqueous solu-

tions of radioactive sucrose were applied to mature leaves. After

six to eight hours the decapitated stumps were removed and the

radioactivity measured. The results clearly indicated that external-

ly applied IAA stimulated the movement of substances toward the

point of application. The authors suggest that auxin directed trans-

port may be important in the redistribution of nutrient reserves

from storage organs and older tissue to young growing regions, and

may also play a part in apical dominance and the correlative inhibi-

tion of buds.

Application of IAA to the decapitated shoot had only small and

inconsistent effects in barley (Aspinal, 1963). These results are

in agreement with those of Thorne (1962) but are contrary to work

by Leopold (1949). Leopold, however, applied auxin (alpha

naphthalene acetic acid) to destroyed shoot apexes.

Cutting fertile stems at the earing stage resulted in forma-

tion of new fertile tillers in wheat (Triticium spp.) but not in orchard-

grass or meadow fescue (Fedorov, 1966). Only when these peren-

nial grasses were subjected to 3 - 6 C did new fertile shoots appear

during the same season. He concluded that tillers of annual grasses

retain their vernalized state throughout the season, whereas the

tillers of perennial grasses lose their vernalized state and have to
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be vernalized again before they can produce fertile tillers.

Sullivan, Titlar and Hershberger (1962) found that non-heading

orchardgrass plants were lower in lignin and cellulose, and higher

in protein and cellulose digestibility than heading plants when cut at

the bloom stage. In general, non-heading plants yielded less dry

matter per plant than adjacent flowering plants.

Hovin, Rincker and Wood (1966) suggested that there was a

genetic basis for the non-flowering characteristic. They also

noticed a lower dry matter production from non-flowering clones

compared to flowering clones. Non-flowering behavior appeared to

be associated with a more rigorous requirement for the inductive

treatment compared to varieties which flowered profusely.
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MATERIALS AND METHODS

Plant Material

Two orchardgrass clones, MID-5 (Clone 0), and Clone B were

used in this study. Clone 0 is one of the four clones constituting the

synthetic variety Penn late. Clone B is a locally adapted clone.

Preliminary experiments showed that Clone B required short

days and/or cool temperatures to be induced to flower under subse-

quent long days. Clone 0, however, required short days with

accompanying cool temperature for attainment of the induced state.

To insure that the plant material was induced, the combination of

short, cool days was used in all experiments.

Clonal material of all genotypes was maintained in the green-

house under continuous light to maintain the plants in the vegetative

condition. Greenhouse temperatures were approximately 21 C during

the day and 17 C at night. During the peak heat loads in the summer

months the day temperatures reached as high as 30 C.

All experiments were begun using single tiller propagule s.

Care was taken to remove visible axillary buds and the leaves and

roots were trimmed. Propagules were allowed to become estab-

lished in the greenhouse under continuous light (one to two weeks) be-

fore they were placed under inductive conditions in the controlled

environment chambers.
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All plants were watered at weekly intervals with a standard

half-strength Hoagland's solution (unless otherwise noted) and with

tap water as required.

Experimental Design and Analysis of Data

Experiments were conducted using a split plot and a com-

pletely randomized design. In Experiment I, only differences sig-

nificant at the one percent level of probability were considered

meaningful. In subsequent experiments only differences significant

at the five percent level of probability were considered meaningful.

Controlled Environment Chambers

The controlled environment chambers used to provide induced

plant material were modified US Navy walk-in freezers with auto-

matic light and temperature controls. Each chamber was lighted

by 42 eight-foot fluorescent tubes (Sylvania Gro-Lux), supplemented

by twenty 100-watt incandescent bulbs. Light intensity at plant

level was approximately 1200 ft-c as measured with a Weston Sun-

light Illumination Meter (Model 756).

A translucent fibre-glass barrier separated the light plenum

from the rest of the chamber and aided in diffusing the light uni-

formly within the chamber. Lateral air flow was used to keep a

uniform temperature in the chamber. Temperature was controlled
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at + 1 C.

The controlled environment chamber used for floral initiation

studies provided a considerably higher light intensity than the pre-

viously mentioned chambers. The chamber was constructed similar

to the aforementioned chamber but without a light barrier. Cool

white, reflector-back, fluorescent tubes were used to light the

chamber maintaining a light intensity at plant level of greater than

4000 foot-candles.

A vertical air flow pattern was utilized to maintain a constant

flow of pre-conditioned air up between the plants. To minimize the

possible positional effect in the chamber, plants were rotated on a

weekly basis.

Experiment I. Vegetative and reproductive tiller develop-

ment as influenced by mineral nutrition.

On February 12, 1966, 120 uniform Clone 0 propagules were

planted in six inch plastic pots filled with 20 mesh, washed sand.

The plants were watered with tap water until the experiment was

begun.

The nine week inductive treatment was begun February 26.

The temperature regime was a constant 5 C with an eight hour

photoperiod. Mineral nutrition treatments were applied according

to Table 1. The control was a half-strength Hoagland's solution.

The other treatments varied from the control by either none of the
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particular major element being present or the major element being

present at three times the normal concentration.

Table 1. Mineral nutrition experiment treatment plan.

Induction Period Initiation Period

Treatment No. of Plants
Subsequent
Treatment No. of plants

Control 28 -Nitrogen 4
+Nitrogen 4
-Phosphorus 4
+Phosphorus 4
- Potassium 4
+Potas sium 4
Control 4

-Nitrogen 12 -Nitrogen 4
Control 4

+Nitrogen 4

+Nitrogen 12 -Nitrogen 4
Control 4

+Nitrogen 4

-Phosphorus 12 -Phosphorus 4
Control 4

+Phosphorus 4

+Phosphorus 12 -Phosphorus 4
Control 4

+Phosphorus 4

-Potassium 12 -Potassium 4
Control 4

+Potassium 4

+Potassium 12 -Potassium 4
Control 4

+Potassium 4
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Beginning on April 29, the plants were given continuous light

at 17 C for four days to stabilize the induced state. During these

four days the sand was thoroughly washed with tap water to remove

leachable nutrients. The plants were then placed in the greenhouse

and subjected to certain nutrient treatments during initiation as

shown in Table 1.

The exserted panicles were recorded, removed by pulling

them out of the uppermost node, and the number of primary branches

was determined. Total tillers were counted at the end of the induc-

tive treatment and at the termination of the experiment on August 13,

1966.

Experiment II. Vegetative and reproductive tiller development

as influenced by panicle removal. I. Low light energy during the

initiation period.

On July 9, 1966, 30 uniform propagules of Clone 0 were planted

in six inch plastic pots in 20 mesh, washed sand. On July 16, the

plants were placed in the controlled environment chamber with a

constant temperature of 5 C and an eight hour photoperiod for a

period of ten weeks. On September 24 the plants were given continu-

ous light at 17 C for a one week period.

Twenty-four uniform plants were placed in the greenhouse

at 21 C and continuous light. The plants were divided into three

groups of eight plants. In one group the panicles were removed by
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cutting the stem at the second lowest node, in the second group the

panicles were removed by pulling them out of the uppermost node

and in the third group the panicles were not removed (the tip of the

flag leaf was cut to aid in making weekly observations).

All emerged tillers were labelled weekly with coded, wire

labels. Weekly observations were made on exserted panicles and

the emergence date of the associated tiller was noted. The number

of primary branches on panicles that were removed was determined.

Experiment III. Vegetative and reproductive tiller develop-

ment as influenced by panicle removal. II. High light energy during

the initiation period. 1. Terminated six weeks after the beginning

of the initiation period.

The light intensity in the greenhouse during the initiation period

in the previous experiment was low (under 1000 ft-c). To further

evaluate the effect of panicle removal Experiment II was repeated

utilizing a newly constructed controlled environment chamber.

On April 18, 1967, 25 uniform propagules of Clone B, and 0

were planted in six-inch plastic pots in 20 mesh, washed sand. On

April 25, 20 uniform plants from each clone were placed in the con-

trolled envi-ronment chamber at 15 C day and 5 C night with an eight

hour photoperiod for 11-1/2 weeks.

On July 15, the plants were placed into the second controlled

environment chamber with a higher light intensity. The plants from
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each clone were divided into two groups of 10 plants. In one group

the panicles were removed by pulling them out of the uppermost

node, whereas in the other group the panicles were not removed.

Data were collected as in the previous experiment, except that

the number of primary branches per panicle was not studied. The

experiment was terminated six weeks after the initiation condition

was begun due to a power failure.

Experiment IV. Vegetative and reproductive tiller develop-

ment as influenced by panicle removal. II. High light energy during

the initiation period. 2. Terminated 20 weeks after the beginning of

the initiation period.

Experiment III was repeated because the experiment was

terminated before differences could be shown between plants with

and without panicle removal.

On September 7, 1967, 30 uniform propagules of Clone B and 0

were planted in one gallon cans filled with vermiculite. On Septem-

ber 14 the plants were placed in the controlled environment chamber

at 5 C with an eight hour day for six weeks.

On October 27, 24 uniform plants from each clone were placed

in the second controlled environment chamber with a higher light

intensity. The plants from each clone were divided into two groups

of 12 plants and treated as in the previous experiment.

At the termination of the experiment, March 14, 1968, the
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plants were cut two inches above the soil surface and the dry weight

of the tops was determined.
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RESULTS AND DISCUSSION

Experiments were conducted to study the effect of nutrient

supply and panicle removal on seed and forage yield components in

orchardgrass. Yield components studied were tiller and panicle

production and the number of primary branches per panicle.

Experiment I. Vegetative and reproductive tiller development

as influenced by mineral nutrition.

1. Effect of nutrient supply during the inductive period on

tiller production. Results indicated that supplying nutrient solutions

deficient in either nitrogen or phosphorus during the inductive period

(the period during which light and temperature conditions were given

to induce plants to flower) decreased tiller production compared to

the control (Table 2a and 2b). The reduction in tiller production due

to nitrogen deficiency was greater than that due to phosphorus defi-

ciency. Increasing nitrogen or phosphorus to a level three times as

great as the control did not increase tiller production. No dif-

ferences in tiller production were observed for the various potassium

levels supplied during the inductive period (Table 2c).

Initial tiller production would appear to be determined by the

nutritional level in the propagules. Accordingly, the requirement
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Table 2. Effect of nutrient supply during the inductive period on
tiller production.

Inductive Treatment
- Nitrogen Control +Nitrogen

a. Nitrogen

Tillers per plant 2. 0 7.0 7.7

Inductive Treatment

- Phosphorus Control +Phosphorus

b. Phosphorus

Tillers per plant 4.2 7. 0 8. 0

Inductive Treatment
- Potassium Control +Potassium

c. Potassium

Tillers per plant 8.2 7. 5 7. 0

L. S. D.
. 01

values: Nitrogen Phosphorus Potassium
1.9 2.4 n. s.
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for additional nitrogen became limiting to tiller development earlier

than the requirement for additional phosphorus. Potassium did not

appear to be limiting to tiller development during the nine week in-

ductive period.

Potassium has been shown to be accumulated in plant tissue at

levels much higher (two times) than that required for optimum

growth (Evans and Sorger, 1966). A high level of potassium in the

propagules could account for normal tiller production during the in-

ductive period. Under field conditions a potassium carry-over

(Griffith and Teel, 1965) could in part be attributed to a luxury con-

sumption of potassium by the plant.

Some workers have suggested that potassium deficiencies can

be partially overcome by supplying sodium. Orchardgrass cultivars

containing high levels of sodium have been reported (ap Griffith,

Jones and Walters, 1965). However, Evans and Sorger (1966),

stated that although sodium was beneficial to the growth of many

field crop plants, it could not replace potassium. Although plants

were not analyzed for potassium and sodium, normal tiller develop-

ment under potassium deficient conditions could not be attributed to

substitution by sodium.

Hewitt (1963) noted that in some plants--e.g. , flax and

cereals, particularly barley--potassium deficiencies resulted in in-

creased tiller production. No conclusions from the present
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experiment could be drawn to support these findings.

2. Effect of nutrient supply during the initiation period on

tiller and panicle production. During the initiation period (the

period during which light and temperature conditions were given to

cause initiation, elongation and development of the apical meri-

stems of tillers) a split plot design was used in the experiment but

the results were analyzed as a factorial experiment using the induc-

tive and initiation periods as factors. Only treatments that differed

from the control will be discussed.

a. Effect of nitrogen supply during the initiation period.

i. Tiller production

Plants grown in nutrient solutions deficient in

nitrogen during the inductive or the subsequent initiation period

showed decreased tiller production during the initiation period

(Table 3a). Nitrogen levels greater than the control during the in-

ductive or initiation period did not increase the tiller production

during the initiation period. Plants grown in nitrogen deficient

nutrient solution during the initiation period produced fewer

tillers than the control, except where high levels of nitrogen were

used during the inductive period.

The results suggest that tiller production in orchardgrass is

primarily dependent on the level of nitrogen during the initiation

(spring) period, and, to a lesser extent, on the nitrogen supply
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Table 3. Effect of nitrogen supply during the inductive and subsequent initiation period on
number of tillers per plant, plants that flowered, panicles per plant, and primary
branches per panicle.

Inductive Initiation Period
Period -Nitrogen Control +Nitrogen Mean

a. Tillers - Nitrogen 3.2 27.0 25.5 18.6
Control 10. 8 42.0 45. 8 32. 8
+Nitrogen 29.8 34.0 48.5 36.6

Mean 13.8 34.3 39.9

b. Plants that flowered* -Nitrogen 0 0 4
Control 4 4 4
+Nitrogen 4 4 3

c. Panicles

d. Primary branches

-Nitrogen 1. 2*
Control 1.8 11.0 10.0
+Nitrogen 9.0 S.8 13.0

Mean 5.4 8.4 11. 5

-Nitrogen 13. 8*
Control 14.0 13. 7 13.7
+Nitrogen 12.7 13.3 13. 7

Mean 13.4 13.5 13. 7

7.6
9. 2

13. 8
13.2

*not included in statistical analysis

L. S. D.
01

values where differences were significant:

Treatment Induction Initiation Interaction

Tillers 22. 6 13. 1 13. 1 n. s.
Panicle n. s. n. s. n. s. n. s.
Primary branches n. s. n. s. n. s. n. s.
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during the inductive (fall and winter) period.

ii. Panicle production

Of the plants given nitrogen deficient nutrient solu-

tion during the inductive period, only those that received a high level

of nitrogen during the initiation period flowered (Table 3b), and the

flowering date was delayed (Table 4a).

Panicle production showed little response to nitrogen treatment

due to the wide variation in number of panicles per plant within

treatments (Table 3c). Low nitrogen rates during the initiation

period appeared to reduce number of panicles per plant and short-

ened the period of panicle exsertion (Table 4a), unless the nitrogen

level was high during the inductive period.

The level of nitrogen during the inductive or subsequent initia-

tion period had no effect on the number of primary branches per

panicle (Table 3d). These results were in agreement with Ryle

(1964), who showed that the number of primary branches per panicle

did not vary with nitrogen levels. Ryle, however, found that the

number of florets per panicle was greatly reduced when the nitrogen

level was low during the initiation period.

These studies, together with the results of Ryles' experiments

show the importance of adequate levels of nitrogen during the induc-

tive (fall and winter) and the initiation (spring) periods to obtain

maximum number of panicles and florets per panicle and thus the
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Table 4. Effect of nutrient supply during the inductive and subsequent initiation period on the number
of panicles and the date of panicle emergence. (Four plant totals)

Inductive
Period

Initiation
Period

May
20 21 24 27

June
15 20

July
1 18

August
1 2 5

a) Nitrogen (N)
-N -N

C

+N 1 1 2 1

C -N 3 3 1

C 4 5 5 16 5 4 4 1

+N 8 4 2 1 6 7 7 4

+N -N 16 1 5 7 3 2 2

C 4 4 7 2 4 2

b) Phosphorus (P)

+N 1 8 2 4 9 9 4 13 2

-P -P
C

+P 2 1 1

C -P 7 3 5 1 9 7 6 5 1

C 4 5 5 16 5 4 4 1

+P 2 4 5 4 6 4 3

+P -P 5 8 2 10 9 5

C 1 3 2 10 3 2 3

c) Potassium (K)

+P 3 1 S 2 5 8 5 2

-K -K 1 1 3 1 1

C 6 4 8 10 17 9 9 1 1

+K 6 2 2 1 10 6 2 5 1

C -K 2 4 1 1 9 6 6 9

C 4 5 5 16 5 4 4 1

+K 5 4 10 11 16 7 5 4

+K -K 3 1 2 1 1 1 2

C 3 1 2 1 3 1 2 4 1 1

+K 6 5 7 2 8 10 15 9
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greatest seed yields.

b. Effect of phosphorus supply during the initiation period.

i. Tiller production

Phosphorus deficient nutrient solution gave results

similar to nitrogen deficient solution. Phosphorus deficiencies

during the inductive or initiation period reduced tiller production

(Table 5a). Although not significant, the results suggested that the

phosphorus level during the inductive period was more important to

tiller production than during the initiation period. For optimum

tiller production, adequate phosphorus was essential during the in-

ductive (fall and winter) period. When phosphorus was withheld

throughout the experiment, tiller death was greater than tiller pro-

duction since there was a net decrease in tiller number at the end of

the experiment as compared to the end of the inductive period (Table

2b).

ii. Panicle development

Only one plant flowered when the phosphorus level

during the induction period was zero (Table 5b). These results

showed that even a high phosphorus level during the initiation period

could not overcome phosphorus deficiencies during the inductive

period. Panicle emergence was delayed at the low phosphorus level

during the inductive period (Table 4b).

As long as the level of phosphorus was adequate during the
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Table 5. Effect of phosphorus supply during the inductive and subsequent initiation period on number
of tillers per plant, plants that flowered, panicles per plant, and primary branches per
panicle.

Inductive
Period

Initiation Period

-Phosphorus Control +Phosphorus Mean

a. Tillers -Phosphorus
Control
+Phosphorus

Mean

3.2
27. 5
42.0

24.2

27.8
42.0
44.0

37.9

26.0
46. 2
48.2

40.2

19.0
38.6
44.8

b. Plants that flowered -Phospohrus 0 0 1

Control 4 4 3

+Phosphorus 4 4 3

c. Panicles -Phosphorus 1.0*
Control 11.0 10.8 6.0 9, 2
+Phosphorus 9. 8 7.0 7. 8 8. 2

Mean 10.4 8.9 6.9

d. Primary branches -Phosphorus 13. 8*
Control 12.8 13.7 13.8 13. 4
+Phosphorus 14.3 13.6 12. 9 13. 6

Mean 13.5 13.6 13. 5

*not included in statistical analysis

L. S. D.
. 01

values where differences were significant:

Treatment Induction Initiation Interaction

Tillers 20.0 11.6 11.6 n. s.
Panicles n. s. n. s. n. s. n. s.
Primary branches n. s. n. s. n. s. **
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inductive period, phosphorus levels during the initiation period did

not affect the number of panicles per plant (Table 5c). In addition,

the number of primary branches per panicle was not influenced by

phosphorus treatments (Table 5d).

The results suggest that for optimum panicle production, ade-

quate levels of phosphorus are required during the inductive (fall and

winter) period. The application of phosphorus during the initiation

(spring) period had little effect on the number of panicles per plant.

Since the number of branches per panicle was not a true indication of

florets per panicle (Ryle, 1964), no estimate of the number of florets

per panicle for the various phosphorus treatments could be made.

c. Effect of potassium supply during the initiation period.

i. Tiller production

Plants which received no potassium throughout the

experimental period produced fewer tillers than the control plants

(Table 6a). High potassium levels increased tiller production as

compared to the controls. These results emphasized the importance

of potassium in tiller production in orchardgrass.

The level of potassium during the inductive period did not influ-

ence tiller production (Table 6a). Tiller production, however, was

reduced when plants received no potassium during the initiation

period as compared to those which received potassium. These re-

sults suggested that tiller production was determined largely by the
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Table 6. Effect of potassium supply during the inductive and subsequent initiation period on number
of tillers per plant, plants that flowered, panicles per plant, and primary branches per
panicle.

Inductive
Initiation Period

Period -Potassium Control +Potassium Mean

a. Tillers -Potassium 17.2
Control 35. 8
+Potassium 39.5

Mean 30.8

48.8
42.0
43.0

44.6

43.5
50.5
61.8

51.9

36.5
42. 8
48.1

b. Plants that flowered -Potassium 3 4 4

Control 4 4 4

+Potassium 3 4 4

c. Panicles -Potassium 1.8 16. 2 8. 9 9.0
Control 9.8 10.8 15. 2 11. 9
+Potassium 2.8 4.8 15. 5 7. 7

Mean 4. 8 10.6 13.2

d. Primary branches -Potassium 12.9 13.7 12.6 13.0
Control 13.7 13.7 14.3 13. 9
+Potassium 13.5 13.6 13.8 13.6

Mean 13.4 13.7

L. S. D.
. 01

values where differences were significant:

Treatment Induction Initiation Interaction

Tillers 19.5 n. s. 12.7 n. s.

Panicles 11.9 n. s. 6. 9 n. s.
Primary branches n. s. n. s. n. s. n. s.



43

potassium supply during the initiation (spring) period. These re-

sults were, however, confounded by the growth response during the

inductive period (Table 2c), when tiller production was not influ-

enced by the potassium treatment.

ii. Panicle development

The level of potassium during the inductive or sub-

sequent initiation period did not affect the number of plants that

flowered (Table 6b), or the number of panicles per plant (Table 6c)

when compared with the control. However, when the plants were

given no potassium during the initiation period, panicle number

appeared to be reduced, though not significantly. Potassium treat-

ments did not appear to have any effect on the duration of the flower-

ing period (Table 4c), or on the number of primary branches per

panicle (Table 6d).

Potassium appears to exert its greatest influence on the number

of panicles per plant when applied during the initiation (spring)

period.

3. Effect of time of panicle emergence on the number of pri-

mary branches per panicle. Later formed panicles had a greater

number of primary branches than early formed panicles (Table 7).

Data on the age of tillers that flowered were not taken, but later

experiments showed that the main shoot was the first to flower.

Accordingly, panicles from later formed tillers had a greater number
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of primary branches than panicles from early formed tillers.

These results are in disagreement with reports of field studies

(Ryle, 1964), which showed that early formed tillers had the greatest

number of primary branches per panicle. Ryle, however, was not

able to repeat the results in the greenhouse. The results from his

greenhouse experiments were in agreement with the results of the

present experiment.

Table 7. Effect of date of panicle emergence on the number of
primary branches per panicle.

Date

Observations May 20-27 May 28-June 20 June 21-Aug 5

Number of Panicles 241 258 186

Number of Primary
Branches 12.9 13.8 14.4

L. S. D. .01 = 0.4

Experiment II. Vegetative and reproductive tiller develop-

ment as influenced by panicle removal. I. Low light energy during

the initiation period.

In Experiment I it was observed that some of the tillers which

emerged during the initiation period became reproductive (Compare

Table 2a, b, and c with Table 3c, 5c and 6c, respectively).

To more adequately determine which tillers produced panicles,

experiments were conducted in which all emerged tillers were
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labelled at weekly intervals. Comparisons were made of tiller and

panicle production between plants where the panicles were removed

and plants where the panicles were retained intact.

Tiller production during the inductive period was low (Figure

2a, b, and c) since the temperatures were well below the optimum

(24, C, Mitchell, 1956) for tiller production. Tiller production

during the first four weeks of the initiation period was low but rapid-

ly increased during the next five weeks.

Only tillers formed during the inductive period became floral.

No differences in panicles per plant could be detected between plants

from which the panicles were removed and plants from which the

panicles were not removed (Table 8).

Table 8. Effect of removal (pulling or cutting) of panicles on the
number of panicles and tillers subsequent to the emergence
of panicles.

Observations

Treatments
Panicles removed Panicles not removed

Pulling Cutting

Panicles

Tillers

3.9-1/

15.8

2.0

7.8

3.0

9.9

1/Treatment means not significant
2/L. S. D. 5.8.05
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Panicles emerged during the fourth week of the initiation

period, and flowering lasted for approximately three weeks (Figure

3a, b, and c). Tiller production was low during inflorescence initia-

tion and elongation but increased rapidly after panicle emergence.

When the panicles were removed by pulling, tiller production was

increased as compared to plants whose panicles were not removed

(Table 8). Cutting the reproductive shoot at the second lowest node

did not influence tiller production.

The results from Experiment II were generally in agreement

with published data in that only tillers that had been induced became

reproductive (Gardner and Loomis, 1953; Wilson, 1959). There

also appeared to be a depression in tiller production during inflores-

cence development similar to that reported by Langer (1956);

Aspinall, (1963); Laude et al. (1968). Aspinall (1963) attributed the

depression in tiller production to limiting nutrient supply, since

when adequate nutrients were supplied no depression in tiller pro-

duction in barley was observed during inflorescence development.

Laude et al. (1968) suggested that lack of moisture or high tempera-

tures during the inflorescence development may have caused a de-

pression in tiller production. In the present experiment, nutrients

and water were not limiting and temperature was controlled near

21 C. Panicle and tiller production in this experiment was much

lower than in Experiment I. The initiation period in Experiment I
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was during spring and early summer when natural daylength was

long and light energy was high compared to the present experiment,

which was conducted in the fall (short natural daylength with light

intensity below 1000 ft. c. ).

The results of the present experiment and published data sug-

gest that any environmental condition that limits the availability of

carbohydrates or photosynthesis during inflorescence development

decreases tiller production, since the developing inflorescence ap-

pears to be more efficient in obtaining limiting nutrients than the

tiller buds (Aspinall, 1963).

The number of primary branches per panicle was found to be

associated with the time from the beginning of the initiation period

to the emergence of the panicles (Figure 4). With increasing time

more primary branches developed. These results were in agree-

ment with Ryle (1965) who found that conditions prolonging the time

from initiation to panicle emergence resulted in more primary

branches per panicle.

Panicles from the main shoot had fewer primary branches than

later formed tillers: 14.1 and 15.0, respectively. These results

did not agree with field experiments (Ryle, 1964) in w hich early

formed tillers had a greater number of primary branches than later

formed tillers. However, Ryle was not able to demonstrate the field

results in greenhouse tests. These results show the difficulty in
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interpreting greenhouse experiments to the field situation.

In the present experiment the panicle of the main shoot emerged

earlier during the initiation period than panicles of later formed tillers,

4.4 and 5.1 weeks, respectively. These results accounted for the

decreased number of primary branches per panicle for the main

shoot, since the number of primary branches per panicle was

associated with time to panicle emergence.

Experiment III. Vegetative and reproductive tiller develop-

ment as influenced by panicle removal. II. High light energy during

the initiation period. 1. Terminated six weeks after the beginning

of the ititiation period.

In Experiment II, low light intensity daring the initiation period

appeared to be a factor resulting in low tiller and panicle production

in Clone 0 orchardgrass. This experiment was repeated using two

clones: Clone 0, and B orchardgrass. A controlled environment

chamber with high light intensity was used for the initiation period.

Due to a power failure, which terminated the experiment six weeks

after the beginning of the initiation period, differences between the

plants where the panicles were removed or were not removed could

not be established. The data were, therefore, pooled and presented

in Figures 5 and 6.

Panicle emergence in Clone B began between 2-1/2 to 3-1/2

weeks after the beginning of the initiation period and one week later
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in Clone 0. In Clone B almost all (152 of 166) of the tillers that

emerged during the inductive period flowered during the subsequent

initiation period, whereas, in Clone 0 the percentage was much

lower (37 of 137). No apparent differences in percent reproductive

tillers were noted in Clone B between early and late formed tillers

(Figure 5). In Clone 0 a lower percentage of late formed tillers

appeared to become reproductive (Figure 6). These result4, how-

ever, may have been confounded by the early termination of the ex-

periment.

Tillers which emerged during the initiation period became

reproductive but the experiment was terminated too early to deter-

mine the percentage of reproductive tillers.

Experiment IV. Vegetative and reproductive tiller develop-

ment as influenced by panicle removal. II. High light energy during

the initiation period. 2. Terminated 20 weeks after the beginning

of the initiation period.

Since no data on the effect of panicle removal on tiller and

panicle production were obtained in Experiment III, the study was

repeated. To obtain a minimum tiller number per plant during the

inductive period, the temperature was held at 5 C for six weeks

with an eight-hour day.

For analysis, the main shoot and all secondary tillers which

emerged during the inductive period were pooled together and listed
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as tillers, zero week after the inductive period.

a. Clone B

i. Tiller production

Tiller production increased rapidly when the plants

were subjected to initiation conditions of continuous light at approxi-

mately 21 C (Figure 7a and b). Tiller production appeared to be

cyclic during the first 14 weeks after the inductive period. From

the 15th week to the end of the experiment, tiller production

appeared to be continuous. The peaks of cycle one and two were

three weeks apart, and cycle two and three, four weeks apart. The

cyclic phenomena of tiller production, per se, was not influenced by

panicle removal at time of emergence of panicle.

Figure 7a and b suggested that the cyclic tillering phenomena

might be associated with inflorescence initiation, since following

each period of high inflorescence initiation there was a depression

in the number of tillers produced. When after the end of the third

cycle no more inflorescence initiation occurred (as determined by

no panicle emergence), the cyclic phenomena of tillering appeared

to cease as well.

The cyclic phenomena of tiller production did not appear to be

associated with inflorescence elongation, since panicle production

was high just prior and during the week that tiller production was

high (Figure 8).
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When tiller production was recorded as cumulative number of

tillers per plants, tiller production appeared to be continuous (Figure

9a and b). The r value for Figure 9a was .997 and 9b was .994

which showed near perfect association between time in weeks and

tiller production. These results were in agreement with Aspinall

(1961) who observed that when the nutrient level was high, tiller

production was essentially continuous. The results of weekly tiller

production in Figure 7a and b show that following the observa-

tions of tiller production on a weekly basis gives a more adequate

expression of plant development than data on cumulative tiller pro-

duction.

Panicle exsertion and removal was begun on the third week after

the inductive period and continued to the end of the experiment (Fig-

ure 8a and b). Early tiller production (inductive period and first

cycle) were unaffected by panicle removal (Table 9) since the treat-

ment was applied during the first cycle.

The data from the first tillering cycle indicated the uniformity

of the two populations. Tiller production during the second cycle

was increased when the panicles were removed. No differences in

the tiller production was found subsequent to the second cycle. The

data suggested that when the plants were small, tiller development

was unable to compete with the growing panicle for food reserves.

Orchardgrass is a cross-pollinated crop. Seed production in
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the controlled environment chamber would be very low since clonal

material was used. Although two genotypes were present in the

chamber, Clone B and 0, cross-pollination was minimal since: the

air flow in the chamber was vertical; plants of the two genotypes

were physically separated; a small number of panicles shed pollen

at any given time; and the humidity around the panicles (very near

the lights) was very low, causing desiccation of pollen. No estimate

of seed set was made, however, it can be safely assumed, that there

was very little seed development. As evidence, panicles remained

green for a long period after anther dehiscence.

Table 9. The effect of panicle removal on tiller production.

Weeks after inductive period

0 1-4 5-8 9-14 15-20

Treatment Inductive Period (1st cycle) (2nd cycle) (3rd cycle) (Final period)

Panicles removed 2. 9 23. 2 23. 4 41.1 36. 5

Panicles not removed 3. 2 21.8 13. 2 46.9 28. 8

As the plant became larger, panicle development exerted less

influence on the whole plant. Older panicles, not having set seed,

became a source, rather than a sink, for photosynthetic products.

In plants where the panicles were not removed, panicle emergence

occurred mainly in the first and second cycle (Figure 7b). Compe-

tition by developing panicles from the beginning of the third cycle to
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the termination of the experiment was slight, therefore, as evi-

denced by rapid tiller production.

ii. Panicle production

The time of emergence of tillers which produced panicles

is given in Figure 7a and b. The tillers produced during the induc-

tive period gave the greatest percentage of reproductive tillers

(Table 10). The percentage of reproductive tillers decreased with

each successive tillering cycle. Only one tiller became reproduc-

tive after the third cycle. Tillers which emerged during the induc-

tive period contributed only a small percentage of the total panicles

produced (Table 11), under 15 percent.

Table 10. Effect of date of tiller emergence on the percent of reproductive tillers.

Treatment

Weeks after inductive period

0 1-4 5-8 9-14 15-20 L. S. D. .05

Panicles removed 75.7 56. 1 36.9 13.3 1. 1* 18. 4

Panicles not removed 84.6 57.0 25.8 S.1
(65. 0)** (48.5) (28.7) (11.0) (8.5)

*not included in statistical analysis
**averages of arcsin transformed data

When panicles were removed, each successive tillering cycle

after the inductive period produced a lower percentage of the total

panicles. When the panicles were not removed, the first tillering

cycle after the inductive period produced the highest percentage of
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the total tillers with less than 25 percent of the panicles produced

later.

Table 11. Effect of date of tiller emergence on the contribution of total panicle yield.

Treatment

Weeks after inductive period

0 1-4 5-8 9-14 15-20 L. S. D.
.05

Panicles removed 7.6 46.0

Panicles not removed 14. 4

31.1 15.0

61.5 14.5

0.3 6.1

9.7 8.3

When panicles were removed, the number of reproductive

tillers after the first tillering cycle was increased compared to

plants where the panicles were retained intact (Table 12). Panicle

emergence began during the third week after the inductive period.

The data on the number of panicles from tillers produced during the

inductive period and the first four weeks of the initiation period are

similar between the two treatments, which showed the uniformity of

the plant material. Although it was not shown inthe mean values,

panicle removal caused a greater number of plants to produce

panicles from tillers emerging from the third cycle (11 out of 12)

compared to plants where the panicles were not removed (7 out of

12).
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Table 12. The effect of panicle removal on subsequent reproductive
tiller production.

Treatment
Weeks after inductive period

0 1-4 5-15

Panicles removed

Panicles not removed

2.2

2.7

13.1

12.8

13.2

5.4

The results of panicle development in Clone B orchardgrass

clearly demonstrate that tillers formed long after the inductive

period are capable of becoming reproductive. These results are in

disagreement with greenhouse studies by Gardner and Loomis

(1953), and field experiments by Wilson (1959) who stated that the

induced state is localized in the tillers that have passed through the

inductive period. The present results suggest that once the plant

is induced to flower, secondary and tertiary tillers formed after

the inductive period may also flower. Accordingly, the results sug-

gest that the juvenile phase is only a property of the main shoot, and

the secondary and tertiary tillers do not pass through the juvenile

phase. These results confirm the position that clonal material can

effectively be used to study the inductive conditions in orchardgrass.

Adequate light energy during the initiation period was found to

be essential for inflorescence development. In Experiment II, only

tillers formed during the inductive period flowered. In Experiment
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IV the bulk of the panicles were produced from tillers formed after

the inductive period.

The results in the present experiment agree with the results

Langer (1956) obtained working with timothy. He found that as the

season progressed, a smaller percentage of the tillers produced

inflorescences and in mid-summer no tillers produced panicles.

He suggested that the tillers which emerged in midsummer did not

have a sufficiently long day to flower. In the present experiment

tillers that emerged after the 15th week of the initiation period did

not become floral, even though a 24-hour photoperiod was maintained

throughout the experiment.

Several possibilities exist which might explain the results of

the present experiment: as the plants became larger there was

more interplant shading possibly reducing the light energy sufficient-

ly to reduce and eventually halt panicle formation; the induced state

as it was biochemically transmitted from the primary to the second-

ary to the tertiary tillers was diluted to the point where it was in-

effective in inducing floral initiation; the plants became too pot

bound to produce panicles. To further clarify these possibilities,

plants which have ceased to produce panicles should be placed under

inductive conditions and then under initiation conditions. If the

plants would produce panicles, light energy or pot binding would not

be the factors which terminated flowering. On the other hand if no
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flowering occurred after an inductive period, the dilution effect of

the induced state would not be the factor.

Panicle emergence was earlier for the main shoot than for

tillers that emerged during the inductive period, 3.0 and 4.3 weeks,

respectively. These results are in agreement with Experiment II.

iii. Dry matter production

At the termination of the experiment, 20 weeks after

beginning of the initiation period, the plant tops were cut two inches

above the soil surface, dried and weighed. When panicles were re-

moved as they emerged, the dry matter production per plant was

lower, 26.5 grams compared to 33.5 grams for plants where the

panicles were not removed. The weight of the removed panicles,

which were not included in the dry weight, did not compensate for

the reduction in dry matter production due to panicle removal.

b. Clone 0

Of the 24 plants of Clone 0 orchardgrass given six weeks

of inductive condition, nine plants did not produce any panicles and

five plants produced only one panicle. These results suggested that

more than six weeks of inductive conditions were required to induce

all of the plants of Clone 0 to flower. Of the plants that produced

two or more panicles, five plants were in the panicle removal treat-

ment, and five in the treatment in which the panicles were not re-

moved.
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i. Tiller production

Clone 0 orchardgrass showed similar results to Clone

B orchardgrass. Tillering appeared to be a cyclic phenomena (Fig-

ure 10a and b) and inflorescence development did not appear to in-

fluence cyclic tiller production (Figure Ila and b). Since variation

within the treatment was great, significant differences between

treatments could not be detected.

Tiller production in plants of Clone 0 that did not produce

panicles (Figure 12) increased rapidly during the first three weeks

of the initiation period, followed by a uniform production of tillers.

These results suggested that the cyclic pattern of tiller development

may be associated with floral initiation and development.

ii. Panicle production

Panicle emergence in Clone 0 orchardgrass began

during the third and fourth week after the inductive period (Figure

11).

When panicles we re removed, the number of panicles per

plant was 10.0 of which 86.2 percent were produced from tillers

emerging during the initiation period. When panicles were retained

intact the number of panicles per plant was 6. 4 of which 80 percent

were produced from tillers emerging during the initiation period.

iii. Dry matter production

At the termination of the experiment, 20 weeks after
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the beginning of the initiation period, the plant tops were cut and

dried. There were no differences in dry matter production per plant

for the three treatments. Dry matter production per plant was

40.2, 41.1, and 36. 5 grams for plants whose panicles were retained

intact, were removed and for plants that did not produce any panicles,

respectively. Plants which did not produce panicles tended to pro-

duce less dry matter.

Dry matter production was not increased when the panicles

were removed, or when plants did not produce panicles. From the

standpoint of forage yield, panicle production appears to be an im-

portant contributor to total dry matter production. More studies

should be conducted to determine the photosynthesis efficiency of the

panicle and the extent it contributes dry matter to the rest of the

plant.
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SUMMARY AND CONCLUSIONS

Controlled environment chamber and greenhouse studies were

conducted to determine the influence of nutrient supply and panicle

removal on tiller development in selected orchardgrass genotypes.

Measurements were made on the number of vegetative and repro-

ductive tillers, the number of primary branches per panicle and dry

matter production.

When orchardgrass plants were given a nutrient solution de-

ficient in nitrogen during the inductive period, a reduction in tiller

and subsequent panicle production was noted. Low nitrogen supply

during the initiation period reduced tiller production, unless the

nitrogen level was high during the inductive period. All plants grew

vigorously when given high levels of nitrogen during the initiation

period, regardless of the nitrogen level during the inductive period.

When the nitrogen supply was adequate during the inductive period no

significant depression in panicle production was noted, regardless

of the level of nitrogen during the initiation period. However, low

nitrogen supply during the initiation period appeared to reduce

panicle production. On the basis of these results, maximization of

seed and forage yield would demand high levels of nitrogen during

the inductive (fall and winter) and subsequent initiation (spring)

period.
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Orchardgrass plants given a nutrient solution deficient in

phosphorus during the inductive period had fewer tillers, and only

one plant flowered during the subsequent initiation period. When

plants were given a high level of phosphorus during the inductive

period, panicle production was not influenced by the level of phos-

phorus during the initiation period. Optimum tiller and panicle pro-

duction would appear to be primarily dependent on high levels of

phosphorus during the inductive (fall and winter) period.

Orchardgrass plants grown in a nutrient solution deficient in

potassium did not show any decrease in tiller production during the

inductive period. These results suggested that the level of potassium

in the propagules was adequate to produce normal growth during the

inductive period. However, when plants were given a nutrient solu-

tion deficient in potassium during the initiation period, there was a

reduction of tiller and panicle production. High levels of potassium

throughout the experiment increased tiller but not panicle production

compared to the control. These results indicated that high levels of

potassium were required throughout the experiment for maximum

forage and seed production.

The number of primary branches per panicle was not influenced

by the level of nitrogen, phosphorus, or potassium. Late emerging

panicles, however, had a greater number of primary branches than

early emerging panicles. Ryle (1964), however, showed that
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nutrient supply affected the number of florets per branch and not the

number of branches per panicle. The number of branches per

panicle, therefore, would not be a good indicator of potential seed

yield.

When orchardgrass plants were grown under low light energy

during the initiation period, only tillers that had emerged during the

inductive period became reproductive. If, however, the light

energy during the initiation period was high, over 85 percent of the

panicles were produced from tillers that emerged during the initia-

tion period. These results suggested that light energy during the

initiation period influenced the number and origin of tillers that be-

came reproductive. When the light energy during the initiation

period was high, the induced state appeared to be transmitted from

the primary to the secondary and tertiary tillers. The induced state

was not localized in tillers that had passed through an inductive

period. The results showed that there was no juvenile stage in

secondary or tertiary tillers.

Tiller production during the initiation period appeared to be

cyclic. The cycles appeared to be associated with inflorescence

initiation. When the panicles were removed as they emerged, a

greater number of tillers were produced during the second cycle- -

the cycle after the plants began to flower.

Tillers formed during the inductive period had the highest
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percentage of reproductive tillers. Of the tillers produced during

the initiation period, the percentage of reproductive tillers de-

creased with each cycle. When the panicles were removed as they

emerged, more tillers became reproductive after the first tillering

cycle, compared to plants from which the panicles were not re-

moved. These results suggested that the maturing panicle became a

sink for carbohydrates, thus causing a reduction in new tiller and

panicle production.

Panicles from the main shoot emerged earlier and had fewer

primary branches than panicles from later formed tillers. The

number of primary branches per panicle was found to be associated

with the time to panicle emergence.

Dry matter production was not increased when the panicles

were removed, or when the plants did not produce panicles. From

the standpoint of forage yield, panicle production appeared to be an

important contributor to total dry matter production.
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