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1. 

INTRODUCTION 

The place of grasslands in the economy of New Zealand is paramount. 

Consequently grassland seeds must and do play a vital role in the 

agricultural industry. 

Increasing land values and soaring costs make it imperative that our 

farms are sown with seed of the highest quality. 

On many farms seed production is only considered as secondary to the 

production of meat and milk . It is only in seasons when stock feed is 

abundant that many areas are closed for the production of seed. It would 

be to the advantage of the seed industry if grass seed production was 

viewed more as a primary consideration with stock grazing being employed 

to assist in the management of the seed crop rather than the present 

'catch' crop system employed on many farms . This system would also help 

to reduce the large annual fluctuation in national seed production . 

Herbage seed production in this country amounts to about 18, 000 tons 

annually although fluctuations in this figure do occur (1967 20, 370 tons, 

1968 17, 430 tons, 1969 18, 770 tons, 1970 14 ,880 tons ) . In 1970 seed 

exports represented a total value of over $7 million, of which approximately 

$0. 7  million was obtained from the export of perennial ryegrass seed. 

In recent years a number of grassland workers have· carried out studies 

on various aspects of seed development and production. Despite this, 

however, much work still remains to be done before the physiological 

processes underlying seed production are fully understood. Some of these 

workers have found it necessary to study the position and contribution of 

individual tillers to seed production . In comparison, studies of the 

factors influencing anthesis, fertilisation and seed maturation have been 

somewhat neglected. The production of a large number of head-producing 
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tillers, each bearing large numbers of florets is obviously not enough. 

A high percentage of these florets must undergo anthesis, be effectively 

fertilised and ultimately develop to maximum seed weight and germination 

capacity if the potential yield of the crop is to be fully realised. 

This suggests that seed yield might be considerably increased if the 

conditions required at each of these stages were more fully understood. 

During the late summer, autumn and winter tillers grow vegetatively and 

it is not until the spring that those tillers destined to produce heads 

actually begin reproductive development. It is at this time that the 

first contribution to total seed yield occurs, viz. the number of 

reproductive tillers per unit area. Ear development continues until 

shortly before ear emergence at which point the number of florets per 

head is fixed. Subsequently, anthesis, pollination and fertilisation 

follow to determine the seed-set component of total yield. Finally the 

seeds develop and mature to determine the final yield component-seed 

weight. 

In view of the considerable economic value of the New Zealand 

grass-seed crop, the fact that national yields fluctuate widely from 

season to season, and the paucity of New Zealand investigational work on 

the factors affecting seed yield, a study was carried out over a three 

year period, commencing 1 st April, 1 966, at Massey University, the main 

objectives of which were to: 

1. Relate seasonal variations in tiller production to head 

development and seed yield at harvest. 

2. Describe the morphological changes occurring during .floral 

initiation and development. 

3. Study the influence of selected environmental variables on 

anthesis, seed set and seed development. 



4. Study the response of selected grass species to various 

treatment combinations of grazing and nitrogen application. 

The grass species included in this study were'Grasslands Ruanui' 

perennial ryegrass (Lolium perenne L . ), 1Grasslands Kahu ' timothy 

(Phleum pratense L.) and a local strain of prairie grass (Bromus unioloides 

H.B.K). 

STUDY OUTLINE 

The overall study was divided into two sections. 

1. A field study of seed development in prairie grass, perennial 

ryegrass and timothy. 

2. A study of the effect of five selected environmental variables on 

anthesis, seed set and seed development in prairie grass and 

perennial ryegrass. 

The object of the initial work was to study the sequence of seed 

development in the field, taking into account the time of individual tiller 

formation and following this through the sequence of floral development, 

ear emergence, anthesis and subsequent seed development. In each species 

individual tillers were marked at the 2-leaf stage of development at monthly 

intervals from sowing through to full seed development and harvest. The 

role of these tillers of known month of origin and their relative 

contribution to final seed yield was observed. Records were obtained of 

the time of floral initiation of marked tillers and of their progressive 

development through seed head production, ear emergence and anthesis to 

seed maturity. Successive harvests were made at weekly intervals 

commencing 7 days after peak anthesis and continuing for 6 weeks. This 

allowed samples of seed at varying stages of development to be obtained for 

seed moisture, purity, germination, 1 000-seed weight and seed colour .. 

assessments and for total seed yield measurements. 
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The object of the second part was to study in greater detail the 

effects of prevailing environmental conditions on daily anthesis, and 

subsequent seed set and seed development. It was hoped that analysis 

of daily anthesis records would give information on the environmental 

variable( s) which influence the onset of daily anthesis, time of peak 

anthesis, duration of daily flowering, total number of florets open 

each day, and the duration of time individual florets remained open on 

a particular day. At intervals following anthesis seed samples were 

harvested for assessment of seed •set• ( effective fertilisation) and to 

determine whether or not the number and rate at which individual seeds 

develop was affected by the environmental conditions prevailing· following 

fertilisation. Individual seeds of known age from anthesis were also 

dissected from individual seed heads and subjected to a germination test 

to obtain a picture of the stage in seed development at which the onset 

of seed viability occurred. 

Because of the large amount of published literature on seed production 

only that with particular reference to the species studied viz. perennial 

ryegrass, prairie grass and timothy will be reviewed in each section. 

·rn cases where work pertaining to other crops is quoted this will only be 

made where the article concerned is of particular relevance to the subject 

being reviewed. 

GENERAL DESCRIPTION OF THE GRASSES STUDIED 

The three species considered in this study; Lolium perenne, 

Bromus unioloides and Phleum pratense are respectively classified into 

the tribes Hordeae, Festuceae and Agrostidiae. 



1. Lolium perenne L. 

This species is known under various common names. These include 

Perennial Ryegrass, English Ryegrass, Eavers Ryegrass, Ryegrass and 

Raygrass. The name 'Perennial Ryegrass ', because of its more common 

usage will be used to describe Lolium perenne in this study. 

Descriptions of the morphological features of L. perenne have been 

made by Armstrong {1937), Hubbard (1959), Mosher (191 8), Lewis {1967), 

Hitchcock (1935) and Terrell {1 968). 

Perennial ryegrass is the most widely sown grass in New Zealand. 

Its useful habitat range is extremely wide, being limited at one extreme 

by excessive moisture, and at the other by low fertility and excessive 

dryness. Between these two extremes there is a wide range of country 

on which perennial ryegrass can be profitably grown. 

It is an excellent seed producer, thus making its distribution easy 

and profitable. It is also one of the easiest and quickest of the 

grasses to establish from seed, thus competing with quick growing weeds 

and can be grazed much sooner after sowing than many other grasses. 

Perennial ryegrass is highly productive under close grazing and high 

fertility, producing its maximum herbage yield in the spring when feed 

is.at a premium. 

In the process of selection and breeding the characters of high 

tiller production, rapid tiller development and high annual production 

of both herbage and seed have been retained. Since it is a strongly 

tillering perennial species it is widely used to provide all-purpose 

grazing and is the main component sown in New Zealand pastures. Because 

of this it is grown widely as a specialist crop or cash crop for seed 

production. Perennial ryegrass responds well to nitrogen, the timing 

of application of this nutrient having a strong influence on the production 

. i 
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of both herbage and seed. However, with all of these advantages 

perennial ryegrass has the disadvantage of being dormant in the hottest 

part of the summer, especially when fertility is low or when clovers are 

absent • 

. Seed crops yielding 50-60 bushels of M. D .  seed per acre are not 

uncommon although an average yield is about 20 bushels per acre 

( Smith 1 957, Palmer 1937). 

2. Bromus unioloides H B K 

Grasses of this genus are widely distributed. Some important 

forage species belong to this genus ( e.g. B. inermis, B. unioloides ) 
and also some troublesome weeds ( e. g. B. tectorum, B. commutatus, 

B. sterilis, B. mollis ) . 

Assessment trials .on both the tiller and seed production of a wide 

range of New Zealand and overseas Bromus species have been carried out by 

Rumball (1968), who has observed both inter and intra-species variation 

is high, particularly with regard to tiller number, growth habit, heading 

behaviour and resistance to head smut. 

Descriptions of the morphological features of prairie grass 

( B. unioloides H B K ) have been published by Hitchcock (1 935), Mosher (191 8), 

Hoover et al (1 948), Wheeler and Hill (1957), Barnard (1 964), Whyte et a1 

(1959) and Allan (1936). 

The common name of the species varies from one locality to another. 

In Australia and New Zealand it is called prairie grass and in the u.s . A . 

rescuegrass or more rarely Schrader 's bromegrass. 

the Spanish name for it is Cebadilla. 

Karim (1961)  notes that 

Although it is generally recognised as belonging to the genus Bromus, 

some controversy exists regarding the specific name for prairie grass -

whether the specific name catharticus be accepted in preference to the 

older unioloides. 



Three 'specific' names have been used in the literature, 

cartharticus by Wheeler (1 950), Hitchcock (1935), Pantall (1 961), 

Whyte et al (1 959) and Karim (1961); unioloides by Beddows (1931), 

Langer and Wilson (1 965), Barnard (1957) and Rumball (1968); and 

willdenowii by Raven (1 960). In view of the general confusion 

regarding the specific name of this grass, the name Brornus unioloides 

HBK, as listed in the Standard Common Names for Weeds in New Zealand 

(1969) will be used throughout this thesis. 

Bromus unioloides is a native of South America. It is best adapted 

to humid conditions with mild winters and behaves as a winter annual in 

regions where it is most valuable. It is a rich-land grass, growing 

vigorously in good soil but only meagerly on poor land (Wheeler 1950). 

Prairie grass is an erect, tall-growing plant, heavy seeding, and 

though perennial in character, is often short-lived if subjected to 

indifferent management such as overgrazing, inadequate fertility, or if 

grown in unsuitable soil conditions (Pantall 1961). 

Very little experimental work has been carried out on prairie grass 

in New Zealand, no certified seed is available, and apparently no 

official identification of various local strains has been made. These 

factors must therefore be taken into account when criticising the weakness 

of prairie grass and comparing it with other grasses of pedigree strain 

which have been improved and specially selected for particular 

characteristics over a long period. 

Prairie grass has been recognised as a valuable species for special 

purpose pastures, its main feature being its excellent growth during the 

late autumn, winter and spring, and for its high palatability to all 

classes of stock (Pantall 1 961) .  
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Donald (1939) attributed the poor performance of some stands of 

prairie grass in Australia to the indiscriminate use of poor quality 

seed ( genetically ) , susceptibility to head smut and unsuitable management. 

He suggested that the use of controlled grazing techniques might improve 

the �roduction of the species under general farming conditions. 

For seed production, Saxby (1956), suggests that prairie grass 

should be sown alone, at rates of up to 70 lb per acre in order to secure 

a sufficiently thick stand to warrant it being maintained as a special 

pasture. Provided it is dominant and is not grazed too closely, prairie 

grass will remain in a pasture for many years because of its vigorous 

growth. This is particularly the case when seedcrops are harvested, as 

the stand is strengthened by the establishment of shed seed. 

Compared with most herbage grasses prairie grass is a slow tillering 

species. However, the application of nitrogen is important in influencing 

the number of tillers which become reproductive ( Karim 1961). 

Wheeler and Hill (1957) state average yields of M.D. seed of 600-800 lb 

per acre with a maximum of up to 2000 lb per acre . They also state that 

seedcrops which have been carefully harvested and dressed should·have a 

purity of at least 95%, and a germination of 90% or over. 

One of the interesting points about prairie grass is that it behaves 

as a facultatively cleistogamous species, chasmogamous flowering occurring 

at photoperiods of between 1 0. 5  and 12.5 hours, while the cleistogamous 

condition occurs when plants are exposed to longer photoperiods of up to 

1 6  hours per day ( Ragonese and Marco (1941), Karim (1961), Langer and 

Wilson (1 965)). 



3o Phleum pratense L. 

Of the 1 0  known species in the genus Phleum, Timothy (Phleum pratense L. ) 

is the only one under general cultivation, and all except P .  alpinum are 

indigenous to Northern Europe (German 1 950a), Wheeler (1950), Hoover et al 

(1948)). 

Descriptions of the botanical features of timothy have been given 

by Wheeler (1 950), Hitchcock (1935), Mosher (1918), Hubbard (1959) and 

Armstrong (1 937) . 

Phleum pratense is a late maturing perennial grass which thrives in 

damp situations, but also grows on a wide variety of soils. It is a 

highly palatable grass, requiring a relatively fertile soil (German 1950a). 

It is well adapted to cool, humid conditions and to a considerable 

range of soil reactions, but is adversely affected by high acidity and is 

rather sensitive to deficient moisture conditions during the summer period 

when it is heading (\Vheeler 1950) . Weather conditions often determine 

whether a timothy pasture is harvested for hay or seed. Sometimes excess 

or frequent rainfall delays harvesting a crop intended for hay until the 

seed has become nearly mature, and for this reason it is harvested for seed. 

Timothy is generally regarded as a non-persistant species under 

intensive grazing but with judicious management it can be retained in 

pastures for many years providing a heavy bulk of feed for cattle or sheep. 

The results of nitrogen application to timothy seedcrops have been somewhat 

contradictory. The seed is often slow to germinate and establish and 

particular care with land preparation is considered to be one of the most 

important factors in the establishment of a successful stand, whether this 

be intended for grazing or seed production. 
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Timothy readily produces large quantities of seed, an average M . D .  

yield.being about 1 60 lb. per acre . A small quantity of hulled seed is 

an indication that the crop is completely ripe when harvested, the 

proportion of hulled seed in a seedline usually being higher in dry 

summers. (Armstrong 1 937). 

Certification of timothy using seed grown from imported seed of the 

S48 strain was introduced in New Zealand in 1945, and since that time a 

pedigree strain, bred and selected for New Zealand conditions has been 

released as 'Grasslands Kahu' timothy (Gorman 1 950b) . 

Probably the most outstanding and unusual morphological feature of 

the timothy plant is the enlargement of the basal internode to form a 

bulbous haplocorm which functions as an area of food reserve storage. 

(Sheard (1 968)). 



MA TER IALS AND ME THODS 

1. LAND PREPARATION AND SOW ING OF S EED FOR FIELD TRI AL 

11.  

The s ee d  l ines used in  the field s t u dy were Cert i fi e d  Breeders 

1Gras s l an ds Ruanu i '  Perennial Ryegrass , Cert i fi e d  Bas i c  'Grasslands Kahu ' 

Timothy , and a c ommerc ial l in e  o f  M . D .  Prairie Gras s . 

The t r i al area was culti vat e d  out o f  pas t ure and s own t o  perennial 

rye grass and t im othy pl ots ( 2 1 . 4. 1966) in 18 inch r ows . Each treatment 

included 10 r ows o f  15 or 21  feet in  length . Potas s i c  superphosphate w as 

dri l l e d  with the seed  at a rate o f  2 cwt per acre . 

See d i ng rates for perenn i al ryegrass o f  8 lb per acr e ,  2 lb per acre 

for t imothy and 28 lb per acre for prai r i e  grass , were use d .  

Owi ng t o  d i f f i c ul t i es i n  obtaining a n  even fl ow of  prairie grass s e e d  

through the c oulters of the drill , prai r i e  grass plots were hand sown i n  18 

i nc h  r ows , the s ee d  be ing pl ac e d  into the grooves made by the  ring-rol l e r  

u s e d  i n  the final s tages of  c ul t ivat i on .  

The trial cons isted o f  5 r e pl ic at es , the pos i t i on o f  each spe c i e s  

w i t h i n  a repli cate being chosen a t  random. 

The race area between repl i c ates , was s own broadcas t  with whi t e  c l over 

at 3 lb per acr e .  

A s  s oon as s e e dl ings wer e su ffi c i ently developed t o  all ow 

i dent i ficat i on of  the pos i t i on o f  indivi dual rows i n  each t reatment the 

enti r e  area was fenc ed . 

The experimental lay out o f  the area is shown in  Figure 1 ,  and Plate 1. 



FIGURE 1. FI E LD TR IAL LAYOUT. 
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Plate 1 Elevated view of field trial area (September 1966) 



2. TRIAL MANAGEMENT 

12. 

T he major aspects of management of  the fi eld t r i al are a  involved t he 

appl icat i on o f  nitrogen , the management o f  sheep to  graze t he pl ot s ,  

inter-row cult i vation , the spraying o f  the area t o  c ontrol weed growth,  and 

t he appli c at i on o f  ins e c t i cide  t o  c ontrol aph i ds .  ( Appendix 1). 

Apart from an annual appli ca t i on of  P & K (2 cwt o f  potas s i c  

s uperphosphat e ) o v e r  the  ent i r e  are a  o f  the  field t r i al ,  t h e  only 

additi onal nutri ent appl ied was N .  The n i t r o gen-treat e d  plots ( de s i gnate d  

+N) received  a s i d e  dressing o f  urea granules al ong each r ow ,  at a rat e 

equivalent t o  1� cwt per acre at approximately mont hl y  intervals for 5 

months fol l owing s owi ng .  N appl ication rec ommence d  foll owing s e e d  har ve s t  

in 1 967. Whe rever p ossible urea was appl i e d  immediat ely after a grazing 

peri od.  Frequent n i t r ogen appli cati on was thought des i rable t o  provide  

plants wi t h  a relat i vely continuous s upply o f  this nut r i ent . 

Graze d  plots were s t ocked with approximately 1 0  sheep per treatment , 

the obj ec t i v e  b e ing t o  obt ain e ven grazing o f  the plots ( de s i gnate d  +G ) .  

Gra zing was allowed to c ont inue unt i l  the fol i age was approximately 1 11 i n  

he i ght a t  whi ch t ime all s t ock w e r e  remove d , and t h e  ungraze d  foli age above 

1" i n  height removed  wi th a r e c i procat ing mowe r .  

It was only possible  to  gra ze each spec i es twi c e  i n  t h e  fi rs t  s eason 

be fore gra zing was dis c ontinu e d  due to the ons et of floral ini t i at i on . 

A t abl e of  operati ons i s  present e d  i n  Appendix 1 .  

Be cause the t e s t  species had all been sown in spac e d  r ows it  was 

necessary t o  c arry out inter-r ow cul t i vat i on of the t r i al area t o  control 

wee d  gro wth , parti cularly in the early s t ages of crop establ i shmen t  us ing a 

' Bant am ' rotary hoe . Despite  the use of  inter-row cultivati on a numb er 

of weed spe ci es ( predominantly Holcus lanatus , Ranunculus r epens , Rumex spp 



and Glyceria fluitans) established among the crop plants within the rows. 

Although the weed grass species were not completely controlled despite 

some hand-weeding, two spray applications of 'Embutox•• (2 fl. oz. per 

gallon) at monthly intervals in the spring were found to give effective 

control of broad-leaved weed species. 

A single application of 1Disyston•• granules was also necessary to 

control aphids in the late spring and gave apparently complete control. 

The granules were applied as a side dressing along the row at the rate of 

60 lb per acre. This operation necessitated a temporary halt in the use of 

animals and for the defoliation following the application grazing was 

replaced by mowing. The bulk of plant material involved required the 

cut material to be removed. 

3. TILLER MARKING 

Numerous workers have suggested methods for identifying individual 

tillers of plants as they are formed. The marking materials employed 

include coloured cloth ( Wells 1 9 59 , Miravelle 1965 ) ,  coloured plastic 

wire with label attached ( Wilson 1959 ) ,  string ( Grabe 1956 ) and plastic 

rings or labels ( Anslow 1963 , Lambert 1963b1  1967a, Langer 1956 1 1959b , 

Langer and Lambert 196 3 , Langer and Ryle 1959 ) .  Any t�chnique which is 

used must be relatively permanent and enable easy identification of 

marked tillers at a later date. Although different labelling materials 

• Embutox = Sodium salt of 4-(2, 4 - dichlorophenoxy) butyric acid. 

• Disyston = a.i. 5% W/W Disulfoton ( o.o - diethyl -S-2 ( ethylthio) 
ethyl phosphorodithioate). 
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have I been used with success by various workers, none of the trials in 

which they were used apparently incorporated grazing treatments. 

Lambert ( 1967a) however, did undertake monthly tiller labelling, using 

expansible plastic rings, under cutting treatments. 

Because grazing treatments were included in the present work an 

initial small trial was conducted to determine the effectiveness and ease 

of application of different labelling materials to tillers in grazed plots. 

From this trial it was found that coloured plastic wire and plastic tubing 

rings were least affected by the grazing animal and were the best materials 

for use when large numbers of tillers were to be marked. These materials 

also remained relatively permanent compared with coloured wool, coloured 

cloth and coloured string, all of which tended to rot or fade, or be pushed 

into the soil by stock. For this reason tillers were marked with rings of 

plastic covered wire ( prairie grass) and rings of coloured plastic tubing 

(perennial ryegrass and timothy). 

For marking tillers of prairie grass, plastic covered wire was formed 

into a loop approximately �" in diameter and the ends twisted. This provided 

a ring of suitable size for marking prairie grass tillers, at the same time 

allowing for radial growth of the leaf sheath without apparent constriction. 

A ring was applied by gently sliding it over the top of the tiller so that 

it finally rested at the base of the shoot at, or slightly above, ground· 

level. 

In the case of perennial ryegrass and timothy, l" lengths of 4 m. m. 

diameter plastic tubing were slit longitudinally and applied to the base 

of the tiller from the side. The slitting of the tubing enabled expansion 

of the ring with increase in tiller diameter. 



A colour code was devised so that tillers marked at different dates 

could be identified. 

Previous work by Langer and Lambert ( 1959) and Lambert ( 1963b) also 

showed that expandible rings did not restrict normal tiller development. 

Sufficient tillers per month were marked in each plot to allow a 

minimum of 200 tillers to be identified at seed harvest. Nevertheless 

a greater number of rings were 'lost• in the grazed than the non-grazed 

treatments. 

It is of interest to note that during crop establishment many markers, 

especially those coloured red and yellow, could be found lying alongside 

tillers which had been marked as recently as the previous day. This 

detachment of coloured markers was attributed to removal by birds. Once 

the crop developed sufficient top growth the number of markers detached 

from tillers decreased to a very low level, the major sources of loss 

being the uprooting of marked tillers by grazing stock and tiller death 

during the spring and summer month�. 

4. SHOOT APEX DISSECTION AND PHOTOGRAPHY 

Tillers for dissection were removed approximately 1" below ground level. 

The leaves of a tiller were then removed, using a pointed scalpel and 

binocular microscope as required. 

When an apex was to be photographed it was placed in a dish of clean 

tap water for about 15 minutes. This allowed it to become fully turgid 

and better able to withstand the intensive lighting which had to be used. 

At first considerable difficulty was experienced because intense illumination 

damaged the apices. This difficulty was mainly overcome by dimming the lamp 

during focussing, full intensity light only being used during the exposure 

itself. 



5. MOISTURE CONTENT DETERMINATION 
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In each of the three test species moisture determinations were carried 

out using the air-oven method with samples being held at 130°C for 60 minutes 

as prescribed in the I.S.T.A. Rules (1966). Each determination was made in 

duplicate. In cases where results differed by more than 0.2% the 

determination was repeated in duplicate. 

In the case of determinations carried out on seeds of high moisture 

content ( over 25%) the two-stage drying method was used as prescribed in 

the I.S. T.A. Rules (1966). The initial stage was carried out by drying a 

weighed seed sample in an air-oven at 130° for 15-20 minutes, the objective 

being to reduce the moisture content to 12-15%o After removal from the 

oven, the seed was air dried at room temperature for two hours and weighed. 

The sample was then ground and the second stage drying carried out by the 

0 air-oven method at 130 for 60 minutes. If S1 is the moisture lost in 

stage 1, and S2 that lost in stage 2, each expressed as a percentage, 

the original moisture content was -calculated on a wet weight basis according 

to the formula. 

Determinations were carried out in duplicate. 

6. SEED DRYING 

Because of the problems associated with the storage of immature and 

high moisture content seed, it was found necessary to artifically dry seed 

harvested at over 20% seed moisture content to prevent damage to the seed 

in storage by heating and mould development. Artificial drying was 

accomplished by the use of a commercial fan heater, heated air ( between 

being blown through the seed samples which had been 

spread in thin layers in gauze-bottomed trays for 24 hours. A diagrammatic 

representation of the apparatus is shown in Figure 2. 



FIGURE 2. APPARATUS FOR ARTIF I C IALLY DRYING SEED. 
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?e PURITY ANALYSIS 

A modified purity analysis technique was used in the present study 

which nevertheless followed the principles prescribed in the International 

Seed Testing Association (I.S . T . A . )  Rules (1966). The main object of the 

analysis was to determine the number and weight of pure seed harvested. 

In addition the purity analysis was employed to determine the pure seed: 

empty glume ratio and to provide a sample of pure seed for duplicate 

germination tests. Because seed was hand-harvested complications in the 

purity determination caused by the presence of 'other crop seeds' and 

'weed seeds' were avoided. The 'inert matter' fraction included pieces 

of broken or damaged seeds, empty glumes, lemmas, paleas and unattached 

sterile florets, attached sterile florets which were removed from fertile 

florets during the analysis and a small proportion of chaffy matter and 

straw. In addition, seeds in which the caryopsis was considered to be 

less than one quarter the length of the palea ( measured from the base of 

the rachilla) were classified as inert matter . 

The minimum weights of purity samples for each species were used as 

prescribed in the I .S . T . A. Rules (1966). 

A standard procedure was used to obtain sufficient seed for the 

purity analysis. Seedheads were removed from a sample of harvested 

material, air-dried at room temperature, and the seed gently rubbed out 

of the heads on a stippled rubber surface and weighed. The empty glume 

fraction was roughly separated from the pure seed on a Leggat blower set 

at a standard predetermined air blast for each seed species. The two 

separations were examined over a diaphanoscope and precise separation of 

th� pure seeJ and empty glume fractions carried out. The number of 

pure seeds in the sample was determined and the fraction weighed. The 

number of empty florets present in the inert matter fraction was recorded. 
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The results obtained allowed the percentage of florets which contained 

seed to be calculated. 

8. GERMINATION TESTING 

For each of the test species duplicate germination tests were carried 

out with seeds from the pure seed separation and germinated T. P. ( top of 

paper) in 2 replicates of 100 for perennial ryegrass and timothy and 4 

replicates of 50 for prairie grass. The respective alternating 

germination temperatures were 20-25°C 15-25°C and 20-30°C with daily 

counts and removal of normal germinated seedlings. The duration of the 

germination test was determined by the time prescribed for the final count 

for each species in the I. S.T . A. Rules ( 1966), but the 3 day chilling 

pretreatment of the seed at 5°C which was required to break dormancy, was 

not included in the test period. The test was therefore terminated after 

12 days for perennial ryegrass, 1 0  days for timothy and 28 days for prairie 

grass. In the event of variability exceeding the maximum tolerance ranges 

in percent germination specified in the I. S.T. A. Rules ( 1966) a further 

duplicate germination test was conducted. Samples of seed of both prairie 

grass and timothy in addition to being prechilled at 5°C for 3 days prior 

to the commencement of the germination test period, were placed on blotters 

which had been soaked in a 0. 2% solution of potassium nitrate. This 

procedure was used to prevent germination results being confounded by 

problems of seed dormancy. 

9. FIXATION, EMBEDDING AND SECTIONING OF SEED AND PLANT MATERIAL 

The fixing and killing solution used for preserving plant tissue and 

seeds consisted of a mixture of formalin, glacial acetic acid and 70% 

ethyl alcohol in proportions 2 : 1:17. Despite some possible loss of 



colouration of preserved specimens, this fixative proved to be very 

convenient as samples could be left in the fixative until required. 

However, one difficulty arising from the use of this fixative was that 

any material preserved for periods of more than a few weeks became very 

brittle and problems in wax penetration during embedding for sectioning 

occurred. 

The preparation of specimens for embedding followed a standard 

procedure as outlined by Johansen ( 1940), with some modifications. 

Following washing in 70% alcohol to remove fixative, preserved specimens 

were dehydrated by sequential immersion for 10  minutes in tertiary-butyl­

alcohol ( TEA ) solutions of each of the following concentrations - 70%, 85%, 

90%, 95% and 100%. Infiltration was accomplished by a gradual transfer 

from the TEA to paraffin by allowing the specimens to remain in a 50% 

TEA/paraffin mixture for at least 1 hour at room temperature. The 

tissue was placed on the surface of solidified paraffin wax, covered with 

TEA/paraffin mixture and the beaker placed in an air-oven at 6o0c overnight. 

The tissue sank slowly through the melting wax until it came to rest on the 

bottom of the container. The entire mixture of wax, oil and traces of 

alcohol was decanted and replaced with pure melted paraffin wax. The 

latter process was repeated twice during the next 6 hours the last change 

being made into paraffin wax: sudan III mixture. The tissue was embedded 

by placing the specimens in a paper embedding tray containing liquid wax, 

and quickly cooling the entire mass in a refrigerator . Rapid cooling was 

necessary to prevent wax crystallisation. The blocks were removed from the 

paper mould, excess wax trimmed off and stored in dust proof containers 

pending sectioning. 

Microtoming was carried out on a rotary microtome set to cut sections 

5� in thickness. 
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Hau�t' s adhesive was used to affix the ribbon of sections to microscope 

slides using the procedure described by Johansen ( 1940). The slides were 

allowed to dry overnight and stored in dust proof boxes if staining could 

not be carried out immediately. 

Before the sections could be stained the paraffin was removed by 

immersion of the slide in xylol for at least 5 minutes. The slide was 

then placed for 5 minutes in each of the following solutions, 50/50 

xylol-absolute alcohol, absolute alcohol and alcohol solutions 95%, 85%, 70%o 

The sections were then stained in safranin for 5 minutes and excess 

stain washed off with water. Differentiation was carried out in 50% 

alcohol slightly acidulated with hydrochloric acid ( 2  drops HC1 in 100 ml 

water). The slides were then thoroughly washed in water for 5 minutes, 

transferred into Delafield' s  Haematoxylin for 15 minutes, washed in tap 

water and briefly destained in acidulated water . Following washing for 

20 minutes to remove traces of acid, the sections were dehydrated by 

immersion for 5 minutes in each of a series of alcohol solutions ( 50%, 70%, 

85%, 95% and absolute alcohol). Following 5 minutes immersion in solutions 

of both 50/50 xylol : absolute alcohol and pure xylol the sections were 

permanently mounted in balsam. 

In a few cases where wax penetration was unsatisfactory , infiltration 

was carried out under vacuum. 

A series of different stains were examined to assess their relative 

merits in providing structural definition and contrast for black and white 

microphotography. Delafield' s Haematoxylin and Safranin or Bismark Brown 

appeared most satisfactory for this purpose. 
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A grass crop comprises a popula t i on of  individual t il le rs , e ach capable  of  

growth and vege ta t i v e  reproducti on and w i th a fini te l i fe .  As such i t  is sub j ect e d  

t o  the n ormal dynamics of  any popul at i on in  which indi v i dual t i l l ers ad j us t  t o  

varyi ng environmental condi t i ons and t o  i nter -relat ionships wi t h  other t i l l e rs i n  

t he s ame hab i t at . 

The amount o f  growth from a t il l e r  and i t s  rate o f  vege t at i ve reproduct i o n ,  

are d e t ermined n o t  only by t he avai l ab i l i ty of  nutrients , l i ght and moistur e , but 

als o by compe t i t i on from other t il l ers . 

Whe t her the l i fe span o f  an indi v i dual t i ller  can be measured i n  we eks , months , 

or years , is dependent on the genet ic makeup o f  the species concerned and by general 

environment al condi t i ons , includi ng cr op management . 

The ob j ect ive  o f  this as pect o f  the study was to foll ow quant i ta t i ve changes 

occurring in t i l l e r  numbers from sowing unt il the autumn of the s econd year . 

LITER ATURE REV I EW 
In the  Gram i ne ae the se edling eme r ges as a s i ngle shoot wi t h  an ext remely 

short s t em bear i n g  l eaves in  oppos i t e  ranks . I n  the axil o f  each l e a f ,  buds are 

produce d .  From these , ax illary shoots or t i l lers are forme d .  ( Langer 1 963}. 

For the produc t i on of i t s  firs t t i ller a shoot appears t o  require a cer t ain 

mi nimum number of leaves . Langer ( 1 96J ) states that in  t imothy about 5 leaves 

ar� normally v i s i b l e  be fore the firs t  t i ller appears , but in ry e grass t i llering 

can occur as s oon as t here are 3-4 expande d leaves on the  main s hoot . ( Whyt e  e t  al 

1959). 

I n  grass es , the coleopt i le or primary t iller may produce l a teral branches and 

these in turn other t i l l ers . Under favourable condi t i ons , there fore , s e veral 

dozen t i l l ers may be formed from a s i ngle s e e d .  A s  t h e  int ernodes are much 

shortene d ,  the branches appe ar t o  come out at one point ( R ob b i ns 1 924 ) . 

T i l l ers grow e i ther upwards within the sheath of the sub t ending l e a f  ( i nt ra-

vaginal ) as in pra i r i e  grass or may bur s t  out through the bas e  of the l ea f  sheath 

( extra -vaginal ) as in  ry egrass and t i mothy . 
---· 
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I 
Langer ( � 9 6 3 ) states  t hat , fol l owing i t s  appearan c e  a t i ller n or mally produces 

I 
i t s  own advent i t i ous root sys t e m , al t h ough i t  may remain in  vas cular c onne c t i on wi th 

the par e n t  plan t . The q u es t i on o f  whet her t il l e rs func t i on as i ndepe ndent units or 

whether they are phys i ol og i c ally i n t e r dependent has not been conclus i vely answer e d .  

However Barnard ( 1 964 ) has shown that e ve ntually they b e c ome independent , and i n  

turn supply carbohy drat e s  t o  t il lers devel oping in  the axi ls of  their l ower leaves . 

However , Barnard does not spec i fy even approximate times following format i on when 

t i l l e rs may c ont i nue the i r  m orphologi cal devel opment as independent uni t s .  

Langer ( 1 9 6 3  ) has pres ented  a r e vi ew o f  fac t ors affe c t ing  t i ll e ring i n  herbage 

grasses  i ncluding both gen e t i c  and environmental e ffec t s . 

Mos t studies  on t i l l e r i ng in  grasses have been made under c ontrolled  condi t i ons , 

many w orkers havi ng undertaken  s tudies wi th s i n gle plants . Few workers have 

studi e d  t illering in the fi e l d .  

Results o n  the e ffec t o f  cut t i ng and grazi ng o n  t illeri ng are s ome t imes 

di fficult  t o  interpr e t , s i n c e  a number o f  fac t ors may confl ict  with o r  ass i s t  t iller  

produ c t i on .  These include removal o f  elongate d  s tems ( Langer 1 956 , 1 96 3 , 
� �  

de Booys e n � 1 963 ) ,  t e mpera t ur e  ( Mi t che ll 1 953a ) , l i ght  intens i ty ( Alberda 1 965 , 

Brougham 1 9 59 ) ,  grazing s e verity ( Mi t chell & Gl e nday 1 958 , Donal d 1 939 , Lambert  1962 , 

Langer 1 96 ?  ) and mineral supply ( not ably nit r o gen ) ( V os e 1 96 0 ,  Langer 1 959 b ) . As 

Langer ( 1 959b ) sugges ts , inc reas e d  t i ller produ c t i on may als o  be at t e n de d  by a high 

death rat e , ind i cating s evere  c ompe t i t i on e ffec t s . 

Under cont roll e d  c on di t i ons s everal workers have shown that unless  flowe r i ng 

st ems are removed , de fol i at i on is unli kely t o  i nc rease t illering in  s i ngle plan t s  

( Mi t chel l 1 953a , M i t chell & Coles 1 955 , and L�nger 1 9 6 J  ) .  

Perennial herbage gras s es produce many more t illers than are capable o f  

reaching t h e  fl owering s t age . Langer & Ryl e ( 1 959 ) have shown t he abi l i ty o f  

t ill ers t o  produce ears d e c l i nes t h e  later they appe ar , irrespec t i ve o f  t h e  t i me o f  

s owi ng . The pos i t i on o f  a t i ller  al s o  plays a part , t i llers i nsert e d  on the mai n 

s t e m  tending t o  have a h i gher chanc e  o f  flower i n g  than ot her t illers on the  same 

plant wh ich have appeared at the s ame t i me ( Langer & Ryl e ( 1 959 ) ,  Langer ( 1 956 ) , 
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Lamp ( 1 952)). 

In timothy , Langer ( 1 956) f�und that although tiller buds were initiated , 

their subsequent development or dormancy was determined by environmental factors. 

The onset of reproductive growth in the apical meristem imposes a further 

inhibitory influence on the growth of lateral buds ; although those commencing 

development before floral differentiation in the apical meristem may continue to 

grow. During the later stages of reproductive development i. e. at ear emergence , 

the inhibitory influence apparently disappears in some grasses. Langer found this 

to coincide with the production of large numbers of new tillers in timothy. 

Because each new tiller arises as a bud in the axil of a leaf on the parent 

tiller,  the potential rate of tillering depends on the rate of leaf production 

which, in turn , varie� with the species and is influenced by environmental factors. 

Consequently during early seedling growth , until competition for light , water or 

nutrients occur , the total number of leaves and the total number of tillers increases 

geometrically ( Whyte et al 1959). 

Summer formed tillers tend to remain vegetative possibly because they require 

vernalisation , have an obligatory juvenile development phase , or because flowering 

is inhibited by high summer temperatures ( Cooper & Calder 1964). 

Mitchell ( 1 953a) showed that the daily rate of increase in tiller numbers on 

ryegrass plants depended on the rate of appearance of successive leaves on the main 

stem which determines the rate of formation of the axillary buds , and the 

proportion of these buds which grow into visible tillers. 

Mitchell ( 1953b) noted that in ryegrass , unfavourable conditions for tillering 

delay the time of appearance of tillers. He has also observed ( 1953a) that high 

temperatures , low light intensity and partial defoliation can all induce bud 

inhibition. 

In timothy , Cooper ( 1958) found an inhibitory effect of high temperature on 

inflorescence development , even though photoperiod was adequate. He observed that 

high temperature did not prevent internodal elongation and that under long-day 

conditions or continuous light most tillers become elongated , whether heads were 

initiated or not. 
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It has b een n o t e d  b y  Ryle ( 1 9 6 1 ) i n  t imothy and Forde ( 1 966 ) i n  perennial 

' ryegrass that redu c e d  l i ght intens i ty apprec i ably a ff�ct e d  vege t at i ve and 

reproduc t i ve growth .  Ryle sugges ted t hat l ow l i ght int ensi ty near ground level 

_during the s pring may ac c ount for the e longated s terile till ers frequently 

observed i n  t i mothy see dcrops . These s t er i l e  t il l ers may have rece ived 

i nsuffi c i e nt l i ght for i n fl ores c ence  init i at i on .  

The r at e  o f  t i l ler format i on i n  pere nnial gras ses normally decl i nes 

or c ease s  during s t e m  elongati on and fl oweri ng , although it may be resumed after 

ear emergence . Th i s  periodi c i ty , wh i ch depends on the number o f  reproductive  

till ers present , has been observed in  several s pe c i es .  ( Rethman & Booysen ( 1 968 ) , 

Lambert 1 967b , 1 9 6?c ) .  

Seve ral workers have c ommented  on the  seas onal variation i n  t il l e r  numbers of  

perennial herbage grasses . This variat i on has been observed i n  ry egrass ( Cooper 

& Saeed 1 9 49 ,  Wilson 1 959 , Ryle 1 964 , S c hwass & Jacques 1 956 ) in timot hy ( Langer 

1 956 , 1 95 8 , Wilson 1 959 , Evans 1 927 , S axby 1 956 ) and in  Br omus spp.  ( Lamp 1 952 , 

S axby 1 956 ) . 

n a general dis cuss i on on s eas onal growth in  swards of  perenn i al grasses 

Barnard ( 1 96 4 )  out l i nes a general pat t ern as foll ows : In the  winter  leaf growth 

i s  s l ow but s ome t i l l ering  and s t rong root growth may occur.  I n  the early spring 

acc el erat i on of  leaf growth and s t em e l ongat i on fol l ow fl oral i n i t i at i on w i t h  a 

decl ine i n  both t i l l er and root i n i t i at i on ,  al though there may be  a depth i ncreas e  

i n  es t abl ished root s . After fl owering i n  the summer there is o ften a decr eas e  in  

leaf  grow t h  and s ome renewal o f  both t il l e r ing and root growth . I n  autumn there 

is general l y  an incr eas e i n  ti llering and t he init i at i on and growth of root s . 

As a r esult o f  these cy c les o f  growt h of  the vari ous organs of  a plant , the 

number of l e aves , and the number of  tillers and roots in  established perennial 

swards are extremely dynami c .  

Lambert  ( 1 964 ) , in  s tudi es on t imothy , showed that high rates o f  nit rogen 

( 1 22 lb N/ac/yr ) had only a s mall pos i t i ve e ffe c t  on tiller numbers . The respons e 

was not as great as that found by other workers ( Langer 1 9 59b , Wilson 1 9 59 ) .  

Lat er results  ( Lambert  1 966 ) showed that i nc reas e d  l evels o f  nitrogen decreas ed 
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( or d i d  n o t  �ncreas e )  s e e d  y i e l d .  A t  hi gh levels of  ni troge n , plants had 

s mall er root  sys t ems t han at l ower l e vels  o f  n i t r o gen and s omet imes fewer roots  

t han plan t s  t o  whi c h  no n i t rogen had been appl i e d .  These findings suppor t e d  

Lamber t ' s  earl ier  s ugges t i on ( 1 963a ) t hat plants grown a t  hi gh l e vels o f  n i t rogen 

were sus c e pt i ble to mois ture shor tage and explaine d some of  the plant m ortal i ty 

obs erv e d  under f i e l d  c ondi t i ons i n  dry s e as ons . 

Langer ( 1 956 ) sugges t e d  that , as plant wei gh t  increas e d , rate o f  t il l e ri ng 

was advers ely a f fe c t e d  through c ompe t i t i on for l i ght . The t ime at whi c h  t h i s  

occurre d c ould vary wi t h  envir onment al c ondi t i ons , in par t i c ul ar wat e r , t emperature , 

i nc i de n c e  of  reproduc t i ve t i l l ers , and i nt erplant c ompe t i t i on .  However , w i t hi n  

any one s eas on t h e  prop�o f  t il lers produ c e d  c ould als o  be  mod i f i e d  b y  

nutri t i on and grazing.  In an e s t ablished sward t he number o f  t i l l ers i s  s trongly 

i n fluen c e d  by s oi l  nit rogen s t atus . Where the �i t rogen level in  the e arly sprin g  

i s  l ow ,  t h e r e  may be  l i t t l e  produc t i on o f  new t i l l e rs .  Most t i ll ers w i ll have 

received  adequate  e xposure t o  winter  condi t i ons and wi l l  form heads in the  s pr i n g ,  

with  a h i gh proport i on o f  fer t ile  t o  vegetat ive t i llers . An increas e i n  avai l able 

n i t rogen will  enc ourage the produ c t i on o f  new t i l l ers in  the mid - to late-s pr i ng . 

Most o f  these  remai n vege t at i ve unt i l  the  fol l owing  year , thus i ncreas i ng t he 

leaf : s tem rat i o  i n  t he current seas o n .  S imi larly , c l os e  grazing b y  r emoving 

y oung i n flores cenc e s  as t he y  e l ongat e ,  will end the  inhibi t i on of  the l ower 

axillary buds by t he main growing points and enc ourage the produc t i on of new 

t illers ( Whyt e  e t  al 1 959 ) . 

Cooper ( 1 951 ) sugges t e d  t he l im i t i ng fac t or i n  spring growth o f  grass in  the 

field  may not be  t he e ffect  of t emperature on l e a f  ind t i ller produc t i on , but 

nit rogen deficiency  due to w i n t er l each ing.  Whil e  the l im i t i ng temperatur e  for 

t illering  in perennial rye gr ass is 39-40°F n i t r i fy i ng bac t er i a  are not ac t i ve 

unt il a h i gher t emperature ( uns pe c i fied ! ) ,  and hence the  e f fec t  o f  n i t ro genous 

fert i l i s e rs on early spring growth .  

S tudies on t h e  e f fec t s  o f  nutr i ents on s e e d  y i el d  and t i ller product i on have 

general l y  sh own t hat the mas t er fac t or in manuri ng gras s es is ni trogen , w i t h  
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phosphat e and potash b e i n g  required  t o  a much l esser extent ( Evans 1 9 37b , 

Langer 1 959b , Lambert 1 966 ) .  

Acc ording t o  Brown ( 1 968 ) herbage y ields o f  perennial rye grass and t imothy 

are not  reduc e d  by s t oc k  t reading.  He  found s e e d  yields were i ncreas e d  und er 

t reading rates up to 12 sheep equivalents - an e ffect he a t t r i buted  t o  i ncreas e d  

fer t i l e  t il ler format i on .  The appl i cat i on o f  urea ( 56 lb/ac ) e very four weeks i n  

all s e as ons except winter may have i nflue n c e d  Brown ' s  resul t s . 

Brougham ( 1 959 ) , i n  s tudies on the grazing of  a grass/c l over swar d sugge s t e d  

that l ow t iller  c ount s i n  respons e t o  frequent c l ose grazing w e r e  due t o  plant 

mortal i t y , whil e  in  t al l - growi ng pas ture l ow l i ght condi t i ons were unfavourable 

for t iller ing.  

The grazi n g  management o f  prai r i e  grass has been discussed by S axby ( 1 956 ) 

Langer ( 1 9 62 ) , and Karim ( 1 961 ) .  Donal d ( 1 939 ) at tribu t e d  t he sus c ep t i b i l i t y  o f  

t hi s  s pe c i es t o  over- frequent graz ing t o  the depl e t i on o f  root reserves dur ing 

rapid  shoot el ongat i on fol l owing grazi ng , the fac t that prai r i e  grass has a poorly 

devel ope d crown whi ch is readily i n j ured by stock  and becaus e ,  being highly 

palatabl e ,  prairie  grass i s  liable t o  be selec t i vely grazed . I n  addi t i on ,  

Langer ( 1 962 ) noted  that t he t endency for prai rie  grass t o  produc e fl owerheads 

t hr ough t he year has a b e aring on its rec overy from grazing.  The best  management 

of prai r i e  grass pas t ures appears t o  be one of short peri ods of graz ing 

interrup t e d  by a rest per i od ( Crawford 1 960 , Pantall 1 9 6 1 ) .  T o  s ome ext ent 

overgraz ing e f fe c ts can be c orre c t e d  by all owing natural res eedi ng to oc cur . 

( Langer 1 962 ) .  

I n  Bromus inermis new tiller format i on was observed by Lamp ( 1 952 ) t o  be 

pronounc e d  at or about the t ime o f  anthes is , whether or not  fl ower ing s t e ms were 

harves t e d .  New shoot pr o duc t i on c ont i nued i n t o  the autum n .  Tillers emerging 

in  late s ummer an d autumn showed no int ernodal el ongat i on but c ont i nued to i n i t i a t e  

and exsert leaves unt i l  l ow winter t emperatures s t opped further growth . These  

t illers remain e d  dormant t hrough the  wint e r .  In the s pr ing many emergi ng t illers 

repre sented  shoots pre vi ous ly arres t e d  i n  growth by l ow wint e r  t emperatures . 
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Infl ores c ence  pr imordia appeared first on shoots whi c h  emerged during  the 

previ ous autumn and later on shoots forme d  i n  the spring.  Thus Lamp ( 1 952 ) 

r e c ognised two peri ods o f  act i ve tiller  formation in  Bromus inerm i s .  The 

first began in  the autumn and the s e c on d , and more act ive p e r i od , started 

after peak anthes is . At the t ime o f  harves t t il l er i ng was s t i l l  c ont inuing.  

Betwee n  these two main per iods few t i l l ers emerge d .  

L anger ( 1 956 ) recorded the pat tern o f  variat i on i n  t i ller  numbers i n  

S48 t i mothy . Under Uni t e d  Kingdom cond i t i ons he found t hat t i l l ering 

s t arted  s ome 5 we eks after germi nat i on .  Through the wint e r , t i ller  

produ c t i on c onti nued  slowly unt il  the  e nd o f  February . From then onwards 

the rate increas e d ,  reaching a first p e ak in  April . Aft er a decline i n  

May , which  c oinc i de d  with the begi nnin g  o f  rapid s t em el onga t i on , t iller  

format i on increas e d  again t o  a second maximum at the  end  of  Jul y .  

that a downward trend cont i nued unt il  the end o f  November . 

A ft e r  

� T h e  s eas onal growth pattern o f  perennial ryegrass has b e e n  des cribed  

by  Armstrong ( 1 937 ) and Davi es & Cal der ( 1 969 ) .  The main featur� o f  t iller  

produc ti on in  this s p e c i es are the  rap i d  increase in  t i l l er numbers during 

the autumn , winter and early spring,  and the decreas e  in ti ller  numbers 

c oi nc i dent wi th the onset o f  reprodu c t i ve devel opment .  In this lat t e r  

respect  perenn i al rye grass fol l o�s t h e  s ame sequence as des c ribed  above 

for Br omus i nerm i s  and timothy . The t i l l ering c apac i ty of  ry egrass i s  

high , its rap i d  est abl ishment from s e e d  and intens i ty of  til l e r  forma t i on 

being pronounc e d  features o f  vege t at i ve development . After mi d-summer 

there is  a redu c t i on in  new t i ller produc t i on and a drop in  t i ller  numbers 

due to tiller mor tal i t y .  This latter  e ffect can b e  has t e n e d  b y  dry s o i l  

c ondi t ions ( Whe e l er & Hill 1 9 57 ) .  
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MATER IALS AND M ETHODS 

Tiller c ounts were c arr i e d  out on 6 inch len gths o f  row , at l eas t five 

c ounts being made per treatment of each spe c i es at each samp l i ng dat e .  

I n i t ially t i l l e r  c ounts were made ' in situ ' ,  but as tiller  numbers increas e d  

i t  was necessary t o  remove a marked length o f  r ow ( Plate 2 )  and separa t e  

indivi dual t i l l e rs f o r  c ount i ng.  One  of the  problems i nherent i n  remov i ng 

uni t row l engths was the ' end ' e rror . T o  h e l p  m inimise vari ab i l i ty be caus e 

o f  this fac t or 6 i nch l engths o f  row were c hos en at random i n  each t re atment 

and del imina t e d  by perman ent pegs . 

PLATE 2 

R ESULTS 

Prairie  grass s ample removed for t i l l er dens i t y  
c ount s 

The e ff e c t s  o f  graz ing and n i t rogen o n  t il ler numbers i n  each spec i es 

are pres ent e d  i n  Figures 3 ,  4 and 5 for perennial ry egrass , t i mothy and 

prairie grass respe c t ively . ( Dat a rec orded i n  Appendix 2 ) .  

Analys es o f  var i ance was c arr i e d  out o n  a representat i ve number of 

s ampl ing dat es spanning the experimental p e r i o d  and at those dates where 

t reatment di f fe renc es showed par t i cular i nterest  or t rends . 
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1 .  Perennial Ryegrass 

In this s pe ci e s  ( Fi gure 3 )  there was no s i gn i fi c ant t reatment di f ference 

in the  first 4 months after s owing.  Tiller numbers ros e s teadily t o  a peak 

i n  lat e October , when many heads were i n  t he boot s t age of  deve l opm�nt ( B ) . 

At this  s t age n i t roge n  appli cat i on resul t e d  in  s i gni fi cantly inc reas e d  

t i l l er numbers , t h e  respons e be ing muc h  great er in  the abs e n c e  t han i n  the 

presence  of graz ing.  Grazing per s e  als o  increas e d  t i ller  numbers 

s i gn i f i c antly bu t t o  a lesser extent . 

During the summer , a d e c l i ne in  t iller numbers occurre d .  Treatments 

r e c e i ving nit rogen contained more t i ll ers than thos e  not r e c e i vi ng n i t rogen .  

This general trend c ont i nue d through unt i l  harves t  ( 1 966 ) b y  wh ich t i m e  

t reatment di f ferenc es l argely d isappeare d .  

Throughout the foll owing aut umn and wi nter t iller numbers progressi vely 

i ncreased to a peak in lat e August ( 1 967 ) ,  with n i trogen appl i cat i on 

result ing i n  s i gni f i c antly more ti llers being present . Fol l owing fl oral 

i n i t i at i on t i ller  numbers fell sharply , par t i cularl y during the months 

September t o  January . Foll owi ng harves t in  January 1968 , a flush of  new 

t i ll e rs occurr e d , extending int o the autumn. 

It is interes t ing t o  note the c ontras t i ng e f fe c t  of  grazing on t i ller  

numbers foll owi n g  the 1 966 harvest  through t o  fl oral ini t i a t i on in Augus t 

Throughout this per i od grazing t ended  to depress t i l ler numbe rs 

par t i c ularly in  t he presence o f  nitrogen . 

B ecaus e the seas onal vari a t i on i n  t iller numbers d i d  not oc cur at the 

s ame point on the c alendar s cal e in  1 966 , and 1 967 their  i nt erpre tation 

i s  more d i fficul t . D i f ferences i n  s eas onal conditi ons may have c ontribut e d  

t o  t h i s  e f fec t . I n  addi t i on the c orresponding drop in  t i ll er numbe rs 

f ol l ow ing the boot s tage o f  development ( Oc tober ) i n  1 966 o c curr e d  at an 

e arl i e r  s t age c oi nc i dent with fl oral ini t i a t i on ( August ) i n  1 967 . 

P os s i bly compe t i t i on b e tween plants i n  the first 6 months after s owing was 

n ot su ffic i ent t o  c ause a t iller number re duc t i on through s t resses impos e d  

o n  t h e  plants b y  fl oral ini t i at i on .  
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I � i s  o f  int eres t that t il l e r  numbe rs fluctuat e d  b etween treatments 
i 

during the spring and e arly summer - part i cularly in  the  s e c ond y ear � 

By harves t t ime  in  the s e c on d  year t reatment order was c ompl e tely 

reversed c ompared with the previ ous autumn , with nitrogen t ending t o  

decreas e , and grazing t o  i nc re as e  t iller numbers . The c ompl e t e  reversal 

o f  treatment order at the  t ime  o f  p eak ant hesis ( P . A . ) b e tween years was 

als o  an interest ing f e at ure . 

2 .  Timothy 

In t imothy (F i gu r e  4 )  t he i n i t i al i ncreas e i n  t i l l er numbe rs foll owing 

s ow ing was more prolon ge d t han i n  the other two species s tudied  ( possibly 

as a result o f  s l ow s e e dl i ng e s t abl i shment ) ,  ext ending for up t o  6 months 

afte r  s owing ( Apr il  t o  O c t ober ) .  Pri or t o  the ons e t  o f  fl oral ini t i at i on 

( F. I . )  in  t he first y e ar management c aus e d  no signi fi c an t  var i at i on i n  

t i l l er numbers between t reatments , whi c h  c ont inued t o  ris e unt i l  the boot 

s t age o f  deve l opment ( B ) .  At floral i n i t i a t i on appli e d  n i t rogen s i gni fi c antly 

inc reas e d  t o t al t iller numbers irrespe c t i ve o f  whether plots had been graz e d  

o r  not . In c on t ras t grazing depress e d  t i ller· numbers but only in  the 

pre s enc e of  n i t rogen . 

Total t i l ler numbers in  each t reat ment remained relat ively c ons t ant  

over the summer foll owing s owing , wi th a gradual rise  i n  t iller popul at i ons 

over the foll owing autumn and wint e r  t o  a peak in m i d-winter  for no-nit rogen 

treatments and c on t i nuing  int o the e arly s pring for plots r e c e i ving n i t rogen . 

Following fl oral i n it iat i on t i l ler numbers fel l , this d ownwar d t rend 

c on t inuing t o  the t ime  o f  har ves t ( H )  i n  February 1 968 . At ear emergence  

in  the  second y ear s i gn i fi c antly h i gher t i ller  numbers were  pres ent in  the 

grazed  t reatment wi thout ni trogen than in all other treatments . The t reatment 

incorporat i ng both grazi n g  and n i t r ogen was the poorest  in t erms o f  t il l er 

numb ers . 

As with rye grass , n i t rogen appeared t o  i ncreas e t i ller  numbers whi l e  

graz i n g ,  apart from a peri od i n  t h e  summer o f  1 967 , t e n d e d  t o  dec reas e  
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t il l er numbers . Similarly , t owards harves t ( 1 968 ) the order o f  treatments 

was revers ed c ompar e d  with t hat pertai ning i n  the previ ous autumn and 

wirit e r . 

3 . Prairi e Gras s  

I n  prair i e  grass ( Figure 5 )  there was a slow increas e i n  t il l er 

numbers from s owing through t o  the b oot s t age ( B ) in mid-O c t ober 1 966 . 

Duri ng this t ime management did  not in fluence tiller  numbers s i gni fic antly  

between treatment s . At the boot st age nit rogen s i gni fi c antly i nc reas e d  

t il l er numbers c ompar e d  with no nitrogen whe ther plots had b e e n  graze d  or 

not . After mi d-Oct ober t i l l er nu'mbers fell for approximat ely  one mont h ,  

foll owed by a sharp and ste ady i ncreas e i n  most treatments unt il  i mme d i ately 

p ri or t o  harvest i n  December . 

Graze d  pl ots showe d  fewe r t i l l ers present over this per i od t han ungraze d  

pl ot s . After har ves t tiller  numbers again decl ined  t o  a minimum l evel in  

the l a t e  summer ( February ) , fol l owed by a s harp rise  t o  a relati vely 

c ons t ant or s l owly declining l evel during the autumn and winter , to f l oral 

i n i t i at i on ( F . I . ) in late Augus t .  Duri ng the autumn and winter , nitrogen 

appl i c a t i on s i gni f i c antly increas e d  whil e  grazing s i gn i fi c antly  decreas e d  

t iller  numbers . 

Fol l owing fl o ral i n i t i a t i on ( 1 967 ) t reatment e f fects b e c ame more 

vari ab l e , fluctuating tiller  measurements being obtained between treatment s .  

By Oct ober i n  1 967 graze d pl ots c ontained s i gni fi c antly more t il l e rs than 

ungrazed pl ots irrespe c t ive of presence or absence of nitroge n .  Approximately 

one month later , however , ungraze d  plots showed h i gher t i l l e r  dens i t i es .  

Immedi ately pri or t o  s e e d  harves t ( H ) , t il l er numbers increas e d  t o  a sharp 

peak in January w i th appl i e d  ni trogen treatme nts being superior to no 

ni t rogen treatmen t s . Signi f i c antly hi gher tiller  numbers were r e c orded  i n  

graze d  pl ots r e c e i vi n g  nitr o gen c ompare d  with all other t reatments . 

Subsequently t i l l er numbers fell unt i l  the beginning o f  the autumn ( 1 968 ) ,  

with  graze d  pl ots showi ng a s i gn i f i cant inferiority i n  terms o f  tiller  numbers 

c ompar e d  with ungrazed plots irres pe c t i ve o f  nitroge n  app l i c a t i on or not . 
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As shown i n  Figure 5 t il l er numbers fluc t uat ed widely and at t i me s  

unexplai nabl y  b e tween t r eatment s , par t i cularly over t h e  s pring and early 

s ummer o f  1 96 7 .  

DIS CUSS ION 

In the  firs t y e ar of the experiment t i l ler numbe rs i nc reas e d  subs t ant i ally  

in  all thr e e  species  from s owing t hrough t o  the boot s tage . By t his t i me 

management e f fe c ts were  also b e c oming evi dent , par t i cularly i n  rye grass , 

whe r e  nit rogen appeare d t o  i ncreas e  t i ller numbers . This i nc re as e  i n  

t i l ler numbers fol l ow i ng appl i e d  n i t r ogen has been previ ously repor t e d  i n  

rye grass ( Cooper 1 9 58 )  and i n  prair i e gras s ( Kari m  1 96 1 ) .  The e f fe c t  o f  

grazing however was more var i ab l e , s om e t imes causing  an increas e ,  som e t imes 

a decreas e  in  t i l ler numbers . 

In  all spec i es t i ller numbers remaine d relat i vely s t at i c  or i ncreas ed 

over the  aut umn wi th n i t roge n  appli ca t i on result i ng i n  higher t i l l er numbe rs 

by the e nd o f  the  autumn , par t i cularly i n  rye grass and prai r i e  grass , than no 

n i trogen t re atments i rrespe c t i ve of whe ther grazing had t aken plac e or not . 

Grazing on t h e  other hand generally depressed  t i l l er numbers . 

I n  each s pe c i es t here was one main peri od o f  increas e d  t i ll e r  numbers 

each year .  I n  the s ow i ng year hi ghes t t i ller popul at i ons were re c orded  

at the boot s t age i n  rye grass and t i mothy followed by  a sharp fall in  t i l l er 

numbers i n  rye grass and a relat i vely constant level in · t i mothy over t h e  

summer and autumn with b o t h  t il l e r  product i on and d e a t h  apparently balanc i ng 

each ot her . I n  prai r i e  grass hi ghes t t i ll e r  numbers oc curred dur i ng the  

per i od o f  seed  maturat i on ,  par t i cularly in  Decemb e r .  

In the  s ec ond y e ar highest  t i l ler numbers o f  rye grass and t im othy 

oc curr e d  at the t ime o f  fl oral ini t iat i on in Augus t and O c t ober respe c t i vely . 

Subsequently t iller numbe rs fell sharply t o  l ow levels  a t  harves t .  I n  

prairi e gras s a s imilar annual pat t ern of  maximum t i ller  numbers o c curr e d  

c ompared wi t h  the s owing  year , wi t h  a n  increas e  dur i ng s e e d  mat ura t i on t o  a 

p e ak at s e e d  harvest . However during t he e arly aut umn t i l l er numbers ros e 

t o  a fairly c ons t ant  l evel i n  each t reatment in March , Apr i l  and M ay .  
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I 
Duri ng the vegat ive growth st age , t i l lering was the domi nant process , 

but when r eproduc t i ve development became advanc e d ,  t i llering virtually 

c eas e d  c aus i ng a s i gn i f icant re duc t i on i n  tiller format i on .  

I n  all three s pe c i es ( in the s e c ond year i n  par ti cul ar ) the main 

feature o f  the pat tern o f  t i l l er i n g ,  was the de creas e  i n  t iller numbers 

recorded in the late spring and c on t i nu ing through the summer . This 

reduct i on occurre d  first i n  prai r i e  grass , and later i n  ryegrass and 

t imothy . Such behavi our seems t o  be  ent i rely c oncomitant with the 

depress ing  e f fects  o f  fl owering on t i l ler produc t i on reported by other 

workers ( Lamp 1 952 , Langer 1 958 ) .  The appar ent h i gh rate o f  mortali ty 

o f  t ill ers ( probably the relat i vely l arge number of  very small t i llers 

obs erve d )  i n  the spr i n g ,  ( S ept e mber t o  N ovember ) may be i nt erpreted  i n  the 

l i ght o f  Lange r ' s ( 1 9 6 3  ) observat i on t hat impos i t i on of a s tress fac t or 

on a plant ( in this c as e  a poss ible c ombinat i on o f  morphol ogi cal and 

envi ronmental st ress es ) causes death of most rec ently formed t illers firs t .  

Th is mortal i t y  pos s ibly oc curs through compe t i t i on for environmen tal fact ors 

whi ch are i n  short supply . I n  addi t i on this e f fe c t  may b e  due t o  emphas i s  

o n  the growth o f  e s t ablished t i l l ers rather than on the produc t i on of  the 

new t i ll ers . It is  als o pos s i bl e  that increased growth o f  the sward at 

this t ime will redu c e  the amount of  l i ght penetrat ing  t o  the bas e o f  the 

plan t .  Such basal shading would reduc e t i ller produ c t i on as shown by 

M i t chell and Coles ( 1 955 ) .  

I n  all spe c i e s  the replac ement o f  both fertile  and other t i llers that 

d i e d  between spring and mid-summer gave rise  to a se cond inc rease i n  

produc t i on o f  new t i l lers commenc ing approxi mately t w o  months a ft er s e e d  

harvest i n  t h e  summe r and through t h e  autumn . The annual cycle  of  t i ll e r  

produc t i on is s imi lar to that des cribed  by Barnard ( 1 9 64 ) , Lamp ( 1 952 ) i n  

Br omus inermis and Langer . ( 1 956 ) i n  t imothy . 

I t  i s  als o p oss i ble that many o f  the new till ers produced i n  the summer , 

par t i cularly under dry soil c on d i t i ons , mus t rely on the e s t abl ished root s 

of  the parent t i ller  for wat er and nut r i ents unt i l  s oi l  c ond i t i ons bec ome 
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m ore sui table  for root growth and devel opment . Seas onal c on d i t i ons over 

the spr ing and summer peri od were abnormally wet i n  1 9 66 whereas in 1 967 

very dry cond i t i ons prevai l e d  over the same peri od .  Timothy i n  par t i cular 

i s  generally acknowl edged as thriving b es t  under moist soil  c ondi t i ons . 

Under dry cond i t i ons the e f fect o f  defoliat i on by s t ock and the i nab i l i t y  

o f  t h e  plant t o  abs orb s oi l  nitrogen may provi de suffi c i ent  s tress t o  be  

r e fl e c t e d  in high mortal ity o f  y oung t i llers . This i s  partly r e i n forc e d  

by t h e  sugges t i on b y  Lambert ( 1 966 ) that ni trogen e f fe c ts may b e  modi fied  

by availability  o f  s oi l  mois t ure . Timothy , being a late matur ing spec i e s  

i s  l ikely t o  b e  more advers ely affec t e d  b y  dry summer c ondi t i ons than the 

other two earl ier-maturing species . 

Throughout the s e c ond year s i gni f i c ant treatment di f ferences were more 

i n  evidence  i n  all s pe c i es . As ment i oned earli er n i t rogen fert i li s e r  

generally appeared  t o  increas e , whi l e  grazing appeare d  t o  decrease , t i l l e r  

numbers . Howeve r ,  at , or j ust pr i or t o ,  harvest in the s e c ond year ( 1 968 ) 

a reverse e ffec t  appeared i n  rye grass and t i mothy, wi t h  nitrogen t endi ng t o  

depress and grazi n g  s t imulat e t i l l er numbers . No such trend was observed 

in prai r i e  grass . One poss ible  explanat i on would be t o  int erpret this 

t reatment order r e versal in  t erms of fert ile  tiller pr oduc t i on .  Thos e 

t reatments produ c i ng the highest t iller  numbers in the autumn and winter 

pri or to fl oral i n i t i at i on would be  l ik ely t o  show the l owes t  number o f  

vege t at i ve t il l ers at harves t  because o f  the higher populat i on o f  s e e dheads 

b e i ng produc ed . Nit rogen appli c at i on would tend t o  emphas i s e  th i s  e f fe c t  

by s t i mulat i ng more reproduct ive t il l ers a t  the expens e of  vege t at i ve t i l lers . 

Grazing would tend  t o  have the reverse e ffec t .  This emphas i s e s  the 

importance of  management in  alt ering the balanc e betwe en vege t a t i ve and 

r e product ive t i ll er numbers at di fferent t i mes of the ye ar . 
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CONCLUS ION 

Within  each of the three spe c ies s tudied t o t al t il l e r  numbers exh i b i t e d  

a d i s t inc t  annual cycl e .  This indi c at e s  t hat envi r onmen t al e ffec t s  and 

plant  phys i ol ogi c al proc esses regulate  the rat e at whi ch new t i llers are 

pro du c e d .  Two phases  o f  t il l er produ c t i on oc curred .  An ini t i al phas e 

i n  t he fi rs t  s ix months after s owing during which  t iller  numbers ros e  

s i gni ficantly irrespe c t i ve of  n i t rogen and grazing management . The r e a ft e r , 

foll owing fl oral i ni t i a t i on , t reatment e f fe c ts b e c ame evi d e nt about the t ime  

o f  the  ' boot ' s t age o f  rep roduc t i ve devel opment . The numbe r  o f  t il l e rs 

formed e i ther remained s t at i c  or fell sharply . Hi gh till er mortal i t y  

occurred i n  rye grass and t imothy during  t he spring.  Foll owing harves t  

t i l l e r  product ion generally oc curr e d  over the lat e summer , autumn and 

win t e r  peri ods . Foll owing fl oral i n i t i at i on in  the spring  t ot al t i l l e r  

numbers again fe l l  sharply . I n  prair i e  grass there were t wo peri ods o f  

t i l l e r  pro du c t i on ,  the firs t in  the autumn and a s e c ond more pronounc e d  

peak dur ing s e e d  maturat i o n .  Between t h e s e  two peri ods fewer new t i l lers  

were  produced . In rye grass and t imothy t he maj ori ty o f  new t illers were 

for m e d  over the autumn and wint er peri ods, a mark e d  redu c t i on i n  t il l e r  

numbe rs oc curring at , o r  s l i ghtly prior t o  floral ini t i at i on in  t h e  s e c ond 

year . Management influenced t il ler numbers in each s pe c i es . N i t rogen 

appl i c at i on i ncreas ed t i ller numbers i n  all three s p e c i es , part i cularly  

over the  autumn and  winter . Grazing generally depress e d  t ot al t i ll er 

numb ers , al though t his depress i on was par tly over c ome by n i t rogen 

appl i cat i on .  
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TILLER LONGEV ITY AND SURVIVAL 

INTRODUCTION 

. Perenn i al i ty in grasses is expressed  by the fact that in a plant bearing 

s everal hundred t i ll ers only a small propor t i on produ c e  s e e dheads . M os t  o f  t he 

remai ning t i l lers die  be fore the maturi ty o f  s eed in  fer t i l e  t i llers is c ompl e t e ,  

or foll owing harves t ,  but some survive . I n  addi t i on ,  n ew t illers are formed at 

the bas e  of the plant fol l owi ng harvest and extending i n t o  the au tumn and wint e r .  

Wi t h  this general growt h patt ern the plant i s  perpetuat e d .  I n  s e e d  produc t i on 

i t  i s  import ant t o  know what proport i on o f  tillers become reprodu c t i ve , the 

t i l l e r  numbers ori gi nat i ng at di f ferent t imes of the year , and whi c h  ti ll ers 

c on t ribute  m os t  to the fi nal crop o f  seedheads and hence  to total s eed y i e l d .  

I n  any at t empt t o  analyse s e e d  yield c omponents o f  perennial grass es , i t  

i s  n e c essary t o  c ons ider the l ongevity  and survival o f  individual t illers and 

t he i r  devel opment in rel at i on to t he seas onal environment . During the late  

summer , autumn and wint e r , t illers grow vege tatively and i t  is not  unt il  the  

spr i n g  that  t hos e des t ined t o  bear ears ac tually become reproduc t ive . 

The l onge v i ty o f  i ndividual t i l l ers in a grass sward can be extremely 

var i able depending on genotype and envi ronment . 

I n  the present s tudy , at t e mpt s were made to fol l ow t he l i fe h i s t ories  o f  

individual t il l ers t o  d e t ermi ne what proport i on became r eproduc t i ve and the 

contr i but i on of  tillers produced in  parti cular mont hs t o  t ot al se edhead 

produ c t i on .  

LITERATURE R EVIEW 

The l i fe hist ory and l ongevi t y  o f  tillers may vary with time o f  origin and 

envir onment . Langer ( 1 96 3 ) dis t i nguishes 3 di f ferent types , one or more o f  

whi c h  can be  represent e d  on the same plant . 

( 1 )  Till ers whi c h  flower and c ons equently di e i n  the year o f  format i on ,  

describing an an.nual l i fe cycl e .  

( 2 ) Til l ers whi ch fl ower and d i e  i n  the year after  formati on i n  the 

manner of  a bi enni al plant . 

( 3) T i llers whi c h  fail t o  fl ower and whose length o f  l i fe may vary 

from a few we eks �o a year or more . 



37 . 

Langer notes ( 1 9 6 3  ) that under c ondi t i ons of  environment al s tress , 
I 

rec ently formed  t il l ers t en d  t o  d i e  firs t , the ir l i fe being  t erminated after  

only a short  t ime . Once e s t ab l is hed however they can remain al ive  for l onger 

peri ods provided they remai n vege t at ive . The propor t i on of the above 3 types 

of  t ill ers det ermi nes t he hab i t  of the plant . 

The l ength of  l i fe o f  indi v i dual t i llers is an important fac t or i n  the  

survival o f  the whole plan t .  L anger ( 1 956 ) examined the perenn i al habi t o f  

t imothy in  t e rms o f  t il l e r  produc t i on and survival . He showed that t i l l ers 

wer e  relat i vely short - l i ve d , and only a proportion of those formed each y e ar 

pro du c e d  i n fl ores cences . He als o sugges t e d  ( Langer 1 957a )  that many 

vegetat ive t il lers on t im othy plants in his experiments would probably have 

flowered in t he foll owing y ear , describing a biennial l i fe cycl e .  Th e 

remainder would have e ventual l y  di e d  i n  the  vegetative  condi t i o n .  H e  

obs erved t hat  t i llers  f ormed  i n  t h e  spr i n g ,  even i f  they fai led t o  form 

s e e dheads , t e nded t o  die predominantly during the fol l owing aut umn , winter  and 

spring whi l e  t ill ers formed in  late  summe r appeare d to suffer fewer casual t i es .  

Ori gi n  i n  l a t e  autumn was att e nded by a high mortal ity  rat e during t he 

fol l owing summer . Tillers forme d  dur ing t he late summer apparentl y make 

the maj or c ontribu t i on to the v e ge t at i ve growth of  the plant  the following y ear . 

Ryle ( 1 965b ) s i mi l arly observed that t i ll ers formed i n  the l a t e  summer 

and early aut umn pro v i ded the bulk o f  the ear-bearing t i l l ers the following 

spring.  Als o ,  t il lers ari s i ng at suc cessi vely later dat es had a proport i onat ely 

smaller c hanc e  of  developing an ear ( Langer & Lambert 1 959 ) .  At all t i mes , 

how e ver , there was a l ar ge and c hanging p opulat i on o f  t i l lers which remained  

vegetati v e . Ryle ( 1 9 65b ) has not e d  that in  si ngle plants over hal f the t i ll e rs 

fell i n t o  this cat e gory . I n  the swar d ,  the s i tuat i on was much t he same in  

early s pr ing , but  many vege t at i ve t illers d i e d  as  i n fl orescence  devel opment  

pro c e e de d .  Ryle s u gges t s  this part i t i on wi thin the plant be tween fer t i le and 

vege t a t i v e  t i llers is inherent i n  the genotype of the var i e ty . 

The c ontr ibut i on o f  t il l e rs o f  d i f ferent ages t o  the fi nal number o f  

s e e dheads pr oduced i n  meadow fescue and c ocks foot has b e e n  shown b y  Langer & 
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Lambert ( 1 9 59 )  t o  b e  unaffe c t e d  by i ncreas e d  nitrogen . Although the i r  

s t udies s tress the i nfluence of  the autumn t i lleri ng per i od on subsequent 

fert i l e  t i l l e r  produc t i on , s e e d  stands need c ontinued good management i n  the 

s pr i ng at fl oral ini t i at i on .  Langer & Lambert ( 1 959 ) suggest that s e e d  

y i e l d  a t  harvest depends largely o n  the number o f  t il l ers formed  be fore the 

wint e r , poss ibly quite soon a ft er the previ ous harves t .  

I n  studies on plant dens i t y  and s e e d  produc t i on i n  t imothy Lambert ( 1 964 ) 

obs erved that al though l ate- formed tille rs may pro du c e  ears , perc ent age 

fer t i l i ty bas e d  on spring t i ller  numbers is the bes t  index of reproduc t i v e  

c apac i t y .  M os t  t i llers whi ch d o  not bec ome fert i l e  die
. 

pri or t o  harvest 

and new t il l ers may be form e d  at the bas e o f  the plant as the ears mature . 

Rat i os o f  ear numbers t o  vege tative t il l ers at harvest are there fore , Lambert 

sugges ts , o f  l i m i t e d  value as expressi ons o f  fert i l i ty . 

Langer & Ryle ( 1 959 ) have shown i n  t imothy that t i ll ers c ont i nued t o  be 

produ c e d  unt i l  ear emergenc e whe n  the rate of  tiller produc t i on d e c l i ne d ,  with 

only o c c as i onal new t il lers b e i ng recorde d .  Thi s  de cl ine i n  t i ll e r  p ro duc t i on 

for 2 -3 weeks foll owing ear emergenc e  has been als o  n ot e d  in  timothy by Evans 

( 1 9 27 ) .  Similar results were obt ai ned by S i lsbury ( 1 966 ) i n  perenn i al 

rye gras s , Lamp ( 1 952 ) in  Bromus i nermis , and by Lau de e t  al ( 1 967 ) in barl ey . 

The latter workers found that t iller senescence and mortal i ty was simi l ar in  

bot h s t er i l e  and fert ile  plants of  barley up unt il  10  days after awn eme r genc e .  

Aft er awn emergenc e ,  new t i l l ers were produ c e d .  They c oncluded that 

mob i l i s at i on of res erves in  the deve l oping grains �s not a fac t or det ermining 

t iller  mortal i t y .  I n  ad di t i on ,  shoot mortality pri or to awn emergence  was 

not related  t o  nut r i e nt d e f i c i ency , reduced  light intens i ty , or s e e d  

devel opment but Laude  et al ( 1 967 ) c oul d o f fer no c on clus i ons o n  t h e  c aus e o f  

t il l e r  senescence  o r  death at this stage of  devel opment . 

I n  plants bearing many t i l l ers , i t  appears that l arger tillers are more 

l ikely to b e c ome fert i le than s mal l e r  ones . This is presumably why the 

maj or i ty o f  ears at harves t have been found to be produc e d  by t i l l ers i n i t i at e d  
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i n  the . previ ous late  summer and autumn peri ods in a number o f  d i f ferent grass 

s pe c i es ( Gri f f i t hs et al ( 1 967 ) ) .  

Lambert ( 1 963b ) found in  c ocks foot that as tiller populat i ons per plant 

increased  with age o f  s t and , fer t i l ity  fell . The e f fi c ie ncy o f  t ill ers i n  

produ c ing ears was l ow .  Was t age of  t i l l ers was high and as many t ill ers did  

not  extend more than 2 inches and had limited  li fe-spans , Lambert sugges t e d  

they c oul d be r e garded as paras it e s . There fore , means o f  c ontroll ing tiller 

produ c t i on at c ertain times o f  the year might be thought advantageous . I n  

addit i on ,  h i gher fer t il it y  in  till ers produ c e d  i s  obvi ously des irable . I n  

t h i s  respe c t  j u di c i ous c ontrol o f  grazing and nitrogen appl i c at i on might well 

be  i mportant t o  c ontrol t il lering and increas e  the number of fert i l e  t illers . 

MATER I ALS AND M ETHODS 

In order t o  foll ow the l i fe his t ory and l onge vity of individual t illers 

from their month o f  format i on through unt i l  s eed harvest a method for 

i dent i fying indivi dual t i l l ers was devised  as des cribed e arl i er . 

and M ethods page 1 3 ) .  

( Materials 

In  prai r i e  grass new t illers were labelled  at approximately monthly 

intervals at the 2-leaf s tage , by whi ch t i me i t  was poss ible  to see them 

ari s i ng from the leaf sheat h .  I n  t imothy and rye grass , h owever , basal t il l ers 

could often be  ident i fi e d  a t  an earli e r  s t age and were marked  when approximat ely 

1 "  in lengt h .  

In  the present s tudy t h e  c ol e opt ile  t i l l er was des i gnated ' primary ' and 

t i l l ers developing from the bas e  o f  the plant  ' sec ondary ' .  The s e  correspond 

to the t illers d es i gnat ed by M i t chell ( 1 953b ) as the ' col e opt ile  t il l er ' and 

the ' firs t -order t il l er ' . 

At seed  harves t ,  exami nati on all owed the class i fi c at i on o f  marke d  t il l ers 

int o ' reproduc t i ve ' ,  ' veget ati ve ' and ' dead ' categor i es a c c ording to their 

month of  t iller  origin.  

Time o f  s e ed harvest i n  e ach y ear was January ( for rye grass and prairie  

grass ) and Marc h  ( for t imothy ) . 
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R ESULTS AND DIS CUSS ION 

The resul ts for 1 96 6  and 1 967 whi ch are presented  in Tables t and 2 

respect ively , show that  many l abe l l e d  t i ll ers t hat did not produ c e  e ars d i e d  

b e f ore s e ed harves t .  Als o ,  t he propor t i on o f  repr oduc t i ve t i ll ers was 

generally highest amongs t the ol des t til lers in all t hree spec i es i n  both 

y ears . The maj ority  o f  t i llers ori ginating dur ing the earl i e r  m on t hs e ither 

b e c ame reprodu c t ive or d i e d  in the vege t ative  condi t i on be fore seed harves t ,  

des c ri bi ng an annual l i fe cycle . However , from July 1 966 and from O c t ober 

or  N ovember 1 967 onwards , an increas ing numb er o f  t illers remained vege t at i ve 

through to s e e d  harves t .  I t  is sugges t e d  that the great maj ori t y , i f  not  all , 

o f  these  t i l lers d i e d  wi t hout produc ing s eedheads be fore the foll owing autumn 

as no t illers marke d i n  1 966 c ould be found i n  April  1 9 67 .  These t i l lers in  

fac t behaved as  bi ennial s . I t  was par t i cularly not i c e abl e t hat a l arger 

number of spring-formed t il l ers had died at seed harvest  in  all s pe c i e s  in 

1 966 . In the fol l owing year t il l e rs formed in Sept ember i n  rye gr ass , 

O c t ober and November in  t imothy and August  and Sept ember i n  prai r i e  gras s 

general ly s howe d h i ghes t l osses t hrough t il l e r  death as de t erm ined a t  the 

fol l owi ng harve s t . 

I n  all three s pe c i e s  t i lle rs forme d dur i ng the imme diat e  pos t -harve s t  

peri od and through t h e  autumn produc e d  a high percentage o f  t h e  t o t al s e e dheads 

at the fol l owing harves t and had a l ower mortal i ty rat e than t i l l ers produc ed 

i n  the  spring and early summer .  This indicates that e f forts should b e  made 

to e n c ourage t h e  product i on of h i gh t iller  numbers dur ing this  per i od . 

The present results support the findi ngs o f  other workers with cocks foot · 

( Langer & Lambe rt· 1 9 59 , Lambert 1 963b , 1 967a , 1 9 6�) ; timothy ( Lambert 1 9 67b , 

Langer 1 956 , 1 957a ,  Langer & Ryl e  1 959 , Ryle 1 963 , 1 964 , 1 967 , Wilson 1 9 59 ) ; 

Bromus i nermis ( Lamp 1 952 ) ;  Prairie  gras s ( S axby 1 956 ) and perenn i al ry egrass 

( R oberts 1 958a ,  Wil s on 1 959 , Ryl e  1 9 6 4 ,  Schwass & Jacques 1 956 , and 

Cooper & S aeed  1 949 ) .  

Pr obably the mai n r e as on for the high propor t i on o f  t i ll ers pr odu c i ng 

s e e dheads i n  the year o f  s owing ( i n all spec i es ) was that the primary t i ller  



TABLE I FATE OF TILLERS FORMED EACH HONTH AS DETERMINED 
AT T I M E  OF SEED HARVEST ( FIRST YEAR 1 966) 

M on t h  o f  t i l l er origin ( April 

PER ENNI AL RYEGR AS S  % May June July Aug. S ept . Oct . 

+G+N Reproduc t i ve 97 94 75 56 3 -

Vege t at i ve - 3 1 6  31  7 1  9 3  
Dead 3 3 9 1 3  26 7 

+G-N R e pr oduc t i ve 9 6  90 63 56 2 1 
V e ge t at i v e  1 3 22 28 66 93 
Dead 3 7 1 5  1 6  32 6 

-G+N Reprodu c t i ve 9 7  95 84 60 1 2 
Vege t a t i ve - 4 1 0  28 62 9 1  
Dead 3 1 6 1 2  37 7 

-G-N R epr odu c t i ve 9 4  9 2  6 4  46 3 -

Vege t a t i ve 2 2 1 9  34 67 90 
Dead 4 6 1 7  20 30 1 0  

TH'IOTHY % 
+G+N R e produ c t i v e  9 5  8 5  89 72 59 23 

V e ge ta t i ve - 3 1 . 7 1 4  38 
Dead 5 1 2  1 0  2 1  27 39 

+G-N R eprodu c t i ve 9 5  9 1  82 68 31  23  
Vege t a t i v e  4 2 1 1  23 28 54 
Dead 1 7 7 9 4 1  23 

-G+N Reprodu c t i v e  97 89 81  75 58 33 
V e ge ta t i v e  - 4 7 9 1 1  4 1  
Dead 3 7 1 2  1 6  31 26 

-G-N R eproduct i v e  9 2  8 9  7 2  57 33 23 
V egetat i v e  5 4 1 1  24 47 56 
Dead 3 7 1 7  1 9  20 2 1  

PRAIRI E  GRASS % 
+G+N R eprodu c t i ve 9 4  96 78 67 1 2  -

V e ge t a t i v e  1 - 1 1  1 7  69 95 
Dead 5 4 1 1  1 6  1 9  5 

+G-N Reproduc t i ve 9 7  9 1  8 2  54 2 -

V e ge ta t i v e  - 2 7 26 67 93 
Dead 3 7 1 1  20 3 1  7 

-G+N Reprodu c t i ve 95 97 77 55 9 -
Vegetative  1 - 9 23 68 94 
Dead 4 3 1 4  22 23 6 

-G-N Reprodu c t ive  9 7  90 72 41 4 -
Vege ta t i ve - 6 1 2  31 63 89 
Dead 3 4 '  1 6  28 33 1 1  

s owing) 

N ov .  Dec . T o t al 

- - 325 
96 93 403 

4 7 72 

- - 308 
97 96 406 

3 4 86 

- - 339 
94 96 385 

6 4 76 

- - 299 
93 98 405 

7 2 96 

1 0  - 433 
86 97 246 

4 3 1 21 

3 - 393 
86 91  200 
1 1  9 1 08 

1 5  1 449 
78 95 245 

7 4 1 06 

7 - 373 
91 95 333 

2 5 9 4  

- - 347 
93 99 385 

7 1 6 8  

- - 326 
95 97 387 

5 3 87 

- - 333 
94 97 386 

6 3 8 1  

- - 304 
9 1  98  390 

9 2 1 06 



TABLE 2 FATE OF TILLERS FOm:ED EAC!l r-:c:.T:l J..S D���::l':T::-:::D 
AT TJ!'E OF S'E!·.D HA:lV?.ST (S'!::COt;:J YEi.R 1967) I �------�------------�,-------------

M
·o·n-th·. ·o-f __ 

T
_i_1_1_c_r_

C
_r_i-�-. i·n------------------------------------�� 
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produ c e d  from each s e e d  was m ore l i kely t o  pers i s t  unt i l  i t  was i n du c e d  t o  

fl ower under appropriate  envi ronment al condi t i ons . This was s hown by the 

fac t t ha t  i n  all s p e c i es , t i l l ers forme d in  May and June 1 966 ( in the  f i rs t  

5-1 0  wee ks after s owing ) were hi ghly pers ist ent . Generally , 90% or more  of  

these  t i l l ers produ c e d  s eedhe ads . Thos e t illers wh ich d i d  not i ni t i at e  

s e e dheads either  d i e d  or i n  rare cases  remained vege t at i ve . S im i l ar 

observat i ons have been  made by Langer ( 1 9 56 ) . In S48  t i mothy h e  found 

t hat m or e  t han twi c e  the number o f  s e c ondary ti llers produced  fewer t o t al 

i n fl or e s c enc es than primary t i l lers on the  s ame plant . 

has b e e n  repor t e d  by Lamp ( 1 952 ) i n  Bromus inermis . 

The s ame e ffe c t  

S e e dheads o f  prai rie  grass produc e d  by t i llers formed i n  t h e  firs t few 

weeks after  s owing are o f  par t i cular i n t e r es t . I n  the maj or i t y  o f  heads 

s ubs i di ary pani cle  branches w e r e  forme d ,  their s t ems aris ing from the base o f  

t h e  f i r s t  node below t h e  se edhead o n  t h e  main cul m .  This emphas i s es t h e  hi gh 

devel opment pot ent i al an d int e ns i ty of  fl oral ini t i at i on and s e e dhead devel opment , 

of primary t i l l ers o f  this s p e c i es . The high proport i on o f  e arly t i l l e r s  

produ c ing s e e dheads i s  probably res pons i ble  for the  inc reas e d  monthly 

percent age of  s e e dheads produ c e d  in  the first year , compar e d  wi th thos e  form e d  

i n  the  s e c ond year . 

One fact or whi ch appear e d  t o  i n fluenc e tiller  s urvi val in  s ome t re atments 

was s evere  we e d  compe t i t i on - par t i c ularly from Hol cus lanatus and 

Glyc e r i a  fl u i t ans gr owing w i t h i n  the  r ows . Wee d  growth was par t i cularly 

s evere in ungraze d plots t o  which n i t r ogen had been appl i e d  in  t imothy and 

to a l e s s e r  extent  in ryegras s .  Prairie  grass e f f e c t i vely s mother e d  the 

ingress  of weeds . I t  is pos s i b l e  that this  weed growth c oul d have ac c ount e d  

for t h e  apparent change i n  t h e  c ontribut i on of  t i l lers o f  di fferent ages t o  

t h e  final number o f  s e edh�ads pr oduc e d ,  part i cul arly i n  t imothy , in  the  

ungraz e d  t r e atment in  the  s e c ond year .  Apar t from this e f fe c t  there was no 

c ons i s t ent evi denc e of  ei ther graz ing or n i tr ogen i n fluencing the  c ont r i but i on 

o f  t h e s e  d i fferent age d t il l e rs , as als o found by L anger & Lambert ( 1 959 ) . 
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CONCLUS ION 

T i lter i d e nt i fi c at i on according to month of origin all owee the fat e of 

i n d i vi dual t i l lers to be de t ermi n e d  at harves t .  Many v e ge tat i ve t i l l erS d i e d  

b e fore harves t , behav i n g  as annual t i l lers . 

Spring formed t ill ers made a maj or cont r i but i on t o  t h e  v e ge tat i ve growth 

o f  t he plant over the  summe r  and early autumn . These t i l lers generally d i e d  

b e fore t h e  fol l owing w i nt e r ,  and wer e  there for e bi e nn i al . Win t e r  and early 

spri ng t i ll ers in  prai r i e  grass and rye grass s howe d a h i gh mortal i t y , 

par t i cularly i n  the  s e c ond year.  In t imothy , mor t al i ty was h i ghest  amongs t  

t il l ers forme d i n  the  l a t e  s pring.  I n  all  species  t i l l e rs formed i n  the  

imm ediate  pos t -harves t p e r i od and t hrou gh t h e  aut umn made  a maj or c ontri but i on 

t o  t h e  number o f  s e e dh eads at harves t .  These t il l e rs had a l ower mortality 

rat e than thos e  forme d i n  the spr i n g .  Primary t i l lers formed  after  s ow i ng 

wer e h i ghly pers i s t ant and b e c ame almos t exclus i vely repr oduc t ive . 



FLORAL I NITIATION AND DEVELOPMENT 

I NTRODUCTI ON 

The morphol ogi c al c hanges occurring dur ing  floral ini t i a t i on and d e vel opment 

have b e e n  de scribed  in  a number of  grass spe c i e s .  

These des c ri pt i ons have explained many aspects of  reproduc t i v e  devel opmental 

morphol ogy but few at tempts have been  made t o  apply s uch studies  t o  f ie l d  

s i tuat i ons . The pre s e n t  s tu dy describes the  visibl e changes occurr ing during  

reproduct i ve development and foll ows the sequence and rat e o f  infloresc e nc e  

devel opment i n  till ers formed s ome months previ ously i n  the s owing year.  

LITERATURE R EV I EW 

An underst and i ng of  r e pr oduc t i v e  de vel opment is fundamen t al i n  any 

c ons i d erat i on o f  seed  produ c t i on c ap ac i t y  of a plant , ( Th omas 1961 ) .  

The ini t i a t i on and d e ve l opment o f  grass i n flore s c ences i s  usually 

c on tr ol l e d  by t emperature and photope r i od , the c ourse o f  such devel opment b e i ng 

broadly divided  into  thre e s t ages ( Cooper 1 9 60 ) .  

1 .  Fl oral induc t i on , during  wh ich  api cal meris t ems b e c ome c apab l e  o f  

responding t o  fl ower i n g  s t imul i ( Lambert  ( 1 967e)  quot es Kleb ' s  1 9 1 0  

u s e  o f  the t erm ' ri p e ness t o  flower ' . )  

2 .  Fl oral ini t i at i o n ,  i n  whi c h  vis ible  changes i n  the i n fl ores c e n c e  oc cur 

in respons e to env ironmental condit i ons . 

3 .  Fl oral development , o f  the mer i s t em t issue wi t h  ac c ompanying e l ongat i on 

o f  the s t e m  internod e s . 

1 .  Fl oral Indu c t i on 

As fl oral induc t i on w as not s t u d i e d  no revi ew on thi s  as pect  will  b e  made . 

However , i t  is relevant t o  ment i on ,  i n  view o f  later discus s i on , that many 

t emper a t e  perennial gras s e s  als o poss ess a ' wi n t er ' requirement for l ow 

t empe r atures an d short days b e fore fl oral init i a t i on is p oss ible , ( Pe t ers on 

et al 1 9 58 ) . This requ i rement is obl i gat ory for Lol ium perenne ( Bre ese 1 966 ) , 

but n o t  for Phl eum prat e n s e  ( Cooper 1 960 ) or Bromus uni ol oi des ( Kar i m  1 9 6 1 ) .  
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2 .  Fl oral Ini t i at i on and Devel opment 

44 . 

The morphol ogy of  t h e  gras s ape x ,  the c ourse of i t s  devel opment and vi s ible 

changes occurring dur i ng reproduc t ive  devel opment have b e en described by 

Cooper ( 1 950 ) , Wil l i ams ( 1 9 65 ) , S harman ( 1 947 ) , Purvis ( 1 934 ) and Olugbemi ( 1 9 68 ) .  

Detailed  s t u d i e s  on the developm e n t  of  shoot api c es i n  s pe c i fi c  s pe c i es have b e en 

carri e d  out by S harman ( 1 947 ) i n  Agropyron repens , Evans & Graver ( 1 940 ) i n  

per�nni al rye grass , t i m othy and c o cks foot ; Johns ton & MacDonal d ( 1 967 ) i n  

Fes tuca s c abrella T orr ; Evans and Al l ard ( 1 934 ) and Gri f fi t hs e t  al ( 1 967 ) 

i n  coc ks foot ; Barnard ( 1 955a ) i n  Tr i t i cum aes t i vum L ;  Sharman ( 1 960 ) in  

Ant hoxanthum odoratum L ;  J eat e r  ( 1 956 ) i n  perennial rye grass , cocks foot , t i mothy 

and me adow fescue ; Evans ( 1 960 ) i n  Cynosurus cris tatus ; Ande rs on ( 1 954 ) i n  

c er e als ; and Cooper ( 1 950 ) in  a range o f  rye grass es . The fl oral his t ogenesis 

of  a number of  spec ies , including Bromus uni oloi des and L ol ium mul t i fl orum Lam 

has b een described  by Barnard ( 1 957 ) and in  the Gramineae gene rally by 

Wil l i ams ( 1 9 65 ) .  

Workers generally agree  that shoot api c e s  of  t emperat e grasses  remain 

v e ge t at i ve t hrough the autumn and w i nt er , i n i t iating fl oral primordia in 

the follow i ng spring in respons e to increas i ng dayl ength and t e mpe rature . 

The pr.oduc t i on of  mature fl owers and s e e ds is  l ikewis e favoured by l ong days 

· ( Evans and Allard ( 1 953 ) , Gardner and Loomis ( 1 953 ) .  

Ac cording t o  Evans and Graver ( 1 940 ) the  timing o f  fl oral i n i t i at i on is  

variable in  gras s es ac c ording t o  s pe c i e s , t il l e r  order , t i l l e r  age and leaf  

number , nut r i t i on ,  s e as onal c on d i t i ons , dayl ength , lat i tude  and probably 

other fact ors as well . 

In many herbage grasse s ,  i nt ernodal e l ongat i on does  not oc cur unt i l  the 

late s pikel e t  bud s t age , when the api c al meri s t em is t r ans formed into the api c al 

s pikele t . ( Cooper 1 956 ) . He s uggests  al s o  ( Cooper 1 952 ) that onc e ear 

init i a t i on has oc curre d ,  the rat e o f  i n fl orescence el ongat i on is  i n fluenc e d  

mainly by t emperature . 

A number of  workers have at t empt e d  t o  measure ons e t  o f  fl oral devel opment 

by  r e c ording the number of l eaves on t i l l ers at fl oral i n i t i at i on .  Cooper  



and Saeed ( 1 949 ) r e c or d e d  this l e a f  number i n  S24 perennial rye grass as over 20 ! 

under c ontinuous l i gh t , whereas only 1 0- 1 1 e xpanded leaves were required be fore 

floral devel opme nt oc c urr e d  in the f i e l d  ( Co oper  1 95 1 ) .  Sharman ( 1 947 ) 

recorded that i n  Agropyr on repens 1 0- 1 1 l e aves must be  pro du c e d  on the  mai n  

axis be fore that t i l l e r  c ould become repr oduc t i ve and Lamp ( 1 952 ) n ot e d  i n  

Bromus inermis t hat the number of l e aves on t il l ers at fl oral i n i t i a t i on vari e d  

from 5 t o  1 4 ,  w i t h  80% o f  t il l ers producing l e a f  numbers i n  t h e  7 t o  1 0  range . 

Lamp sugges t s  that no one l e a f  number c an s erve as an accurat e m e asure o f  the 

ons e t  o f  reproduc t i ve deve l opment . 

Purvis ( 1 9 34 ) ,  working on rye , found that in short days apparently 

non- fl owering t il l ers had in  s ome c ases actually forme d  an i n fl ores cence  whi ch 

di d n ot el ongat e  and decay e d  wi thin  the l e a f  sheat h .  S im i l ar e ffects  have been  

note d  by  Cooper ( 1 951 , 1 952 ) i n  perennial ry egrass , and Langer ( 1 956 ) , Cocks 

( 1 958a ) and C o oper ( 1 959a )  in  t imothy . They also sugges t there appears t o  b e  

an inhi b i t ory e f fec t  of  h i gh t emperatures o n  i n flores c e n c e  deve l opment . Such 

cond i t i ons however do  not appear to prevent internodal e l ongati on .  I n  t imothy 

plants grown i n  c on t i nuous l i ght or l ong day c ondi t i ons , many shoots el ongat e ,  

whe ther heads have been i n i t iated  o r  not . S imilarly , Wilson ( 19 59 )  not e d  the 

almost c ompl e t e  absence  of fl oral init i at i on i n  a range of grasses a fter  l at e  

Dec e mb er , even  th ou gh day l ength at this t im e  was approximat e l y  2 h ours l onger 

t han that prevai l ing dur i ng the main period of fl oral ini t iat i on .  

MATER I ALS AND METHODS 

At intervals commenc ing the first  we ek o f  Augus t for prairie  grass and 

rye grass , and mi d-O c t ober for timothy , samples of t i ll ers o f  known month o f  

format i on wer e  removed for examinat i on .  A t  e ach s ampl i n g  twenty diss e c t i ons 

were carried  out on t i l l e rs of  di f ferent months of ori gin in  each t reatment . 

The perc ent age of  reprodu c t i ve api c es was recorde d .  Thi s all owed c omparison 

o f  t he rat e o f  onse t  and ext ent o f  fl oral development b e tween  t re at ments and 

als o  between t ill ers forme d in suc c es s i ve months during the year . Sel e c t e d  

api c es were photographe d t o  show t h e  s eque nce  o f  fl oral d e vel opment of  e ach 

spe c i es . ( S e e  mate r i als and methods , page 1 5 ) . 
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RESULTS AND DIS CUSS ION 

Devel �pment s t ages are shown in Fi gures 6 ,  7 and 8 for ryegr ass , t i mothy 

and prai rie  grass respec t i vely . A short s e r i es of add i t i onal phot ographs t ak en 

on a s canning e le c tron m i c r os c ope ( s e e  acknowle dgements ) are pres ent e d  i n  

Append i x  3 .  

Becaus e o f  s i mi l ar development i n  these s pe c i es a s e ri es o f  c ommon 

devel opmental st ages were us e d  to describe  the s equen c e  of reproduc t i ve 

devel opment . These s t ages were bas e d  on thos e  us e d  by Jeat e r  ( 1 956 ) . However , 

i t  was felt that di ffi cu l t i es o f  i nt erpre t at i on woul d ari s e  i f  t o o  many d i f fe rent 

s t ages were  included .  This agr e es w i th the findi ngs o f  Jeater ( 1 956 ) who 

s uggests that it is b e t t e r  to have a small numbe r of s t ages with  large morph ol ogical 

d i f ferences b e tw e en e ac h .  

The c o d e  in  Fi gures 6 ,  7 and 8 re fers t o  the foll owi ng s t ages o f  devel opment . 

(a) Vege tative , apex shor t . ( Vegetat i v e  primordi a  rye grass 5-7 , 

t i m othy 6-1 0 ,  prair i e  gras s 3-4 ) . 

( b ) Vege t at i ve - apex el ongat e d  ( minimum vege ta t i ve primordia  rye grass 8 ,  

t im ot hy 1 1 ,  prai r i e  grass 5 ) . 

( c ) ' Double ridge ' S t age ( i n t ernodal el ongat i on in t imothy ) . 

( d ) Spikelet  pri m or d i a  v i s i b l e  ryegrass , s e c ondary primor d i a  vi s i b l e  

in  t imothy and prai r i e  grass . 

( e ) Glume r i dges v i s i b l e  i n  ryegrass , t ert iary and/or quar t e rnary 

primordia vis i bl e  in t im othy and prai r i e  grass . 

( f ) Fl oret buds devel oping and glumes e l ongat i ng in  rye grass, glume 

ri dges vis i b l e  in  t im ot hy and prair i e  grass . 

( g ) Fl orets deve l oped , glumes el ongat e d , l emmas e l ongat ing,  i n t e rnodal 

el ongat i on in ry e grass . El ongat i on of  i n fl or es c ence  glumes v i s i b l e  

o n  m o s t  of  ape x ,  lemmas e l ongat i ng ,  fl ore t  buds visible  i n  t imothy 

and pra i r i e  grass . 

( h ) Lemmas and glumes c overing s ome o r  al l fl ore ts . 

( i ) Ear emergence  i n  ry egras s and t i mot hy ( not sh own ) s e c ondary b ranch 

e l ongat i on in pra i r i e  grass . 



FI GURE 6 STAG ES OF R E PRODUCT IV E  D EVELO PM E N T  
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( j )  Boot s t age through t o  ear emergence in  prair i e  grass . 

Apex Morphol ogy 

( a ) Vege t a t i ve 

On the v e ge t a t i ve apex primor d i a  are vis ible as t ransverse  ri dges across 

t h e  ape x  in  the s am e  pl ane as the l e aves . ( Pl at e  3 ) . 

Pr i or t o  ini t i at i on the apex e l ongat es and there i s  an i nc reas e  in  t he 

numb e r  o f  ve get at i v e  primordi a ,  these  appeari ng as s mall collars . 

( b ) R epr oduc t i ve 

The c hange -over from a v e ge tat ive  apex to a young i n fl ores cenc e is a rap i d  

process . Buds in  the axi ls o f  s ome of  the leaf  pri mordia deve l op f orming the  

t rans i t i onal ' doubl e-ri dge ' s t age ( Plate  4 ) . This change oc cupies only a short  

pe r i od of  t ime . Doubl e ri dges are vis i bl e  as alt e rnat e r ows o f  double  ' bumps ' ;  

t h e  l ower r i dges representing the leaf  primordia ( Fi gure 6 c , 7 c , 8 c ) and t h e  

upper ones represent ing the buds in  the  l e a f  axi l s .  

Fur t her devel opment proc e e ds in both  acropetal a n d  b as ipetal dir e c t i ons , 

t h e  most advanc ed s t age being in  the  cent ral re gion o f  th e devel oping 

i n fl ore s c enc e .  ( Fi gure 6 d ,  7 d , 8 d ) . 

Spikel et  primordia develop  rapi dly , showing as r ounded protuberanc e s  

arranged oppos i t e  and alt ernately o n  t h e  apex . The ir  devel opment s oon makes 

it d i f ficul t to de t e c t  the sub t e nding l e a f  primordia.  

T o  this  s t age reproduc t i v e  development in al l three  spec i es was s im i l ar .  

Fur ther devel opment di f fered acc ording t o  the  type o f  i n florescenc e . I n  

rye gras s , t h e  spike has an unbranc hed axis  wi t h  the s p i ke l e ts sess il e .  In 

both t im othy and prairie  gras s , t he i nflore s c ence t akes the  form of a pan i c l e , 

t h e  main axis  being  branche d and rebranch e d , and th e spikelets  pedi c e l e d .  I n  

t h e  c as e  o f  t i mothy t he pani c l e  branches a r e  short and hi dden b y  t h e  spikel e t s , 

the  infl ores c e nce appearing t o  b e  in  t he form o f  a spike . The spreadi n g  pan i c l e  

is  r e gar ded b y  Barnard ( 1 964 ) as t h e  mos t  primitive form o f  i n flores c enc e . The 

ul t imate form of  the i n fl ores c ence is mainly due to the  numb er of  t i mes b ranching  

is repea t e d  be for e s p ikel e t  d i f ferentiat i on and the  relative  l e ngth o f  the 

i nternodes of the var i ous branch orders . I n  al l three  spec i es , onc e  spikel e t  
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P l a t e  3 - V e ge t a t i v e a p e x  s h o w i ng l e a f  pr i m o r d i a  - pe r e n n i a l ryegr a s s  x3 43 
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P l at e  4 - R e pr o d u c t i v e  apex , d o u b l e  r i d p,e s t age - pe r e n n i a l r y e . · r a s s x1 96 
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I 
ini t i al s  have been  produ c e d  s ubs equent devel opment o f  fl ore t s , carpels and 

s t amens is similar in all three spe c ies . Firs tly the glume r i dges appear 

c l osely foll owed by thos e  o f  the l emma and pal e a .  These el ongate  and e ventually 

envel ope the devel oping s tamens . At e ar emergence both the male and femal e par t s  

a r e  c ompl et ely enc l os e d  within  the glumes , l e mmas and pal eae . 

S e c ondary protub er an c e  produ c t i on and subs e quent spikel e t  and floret 

forma t i on might be expe c t e d  t o  progress in  the s ame order as phyt omer orga�isat i on 

on the  apex .  This does not occur however . S e condary prot uberances are 

general ly formed i ni t i ally i n  the cent ral regi on of t he ape x ,  further devel opment 

occurr i ng distally and basal l y . Generally , however , further  devel opment of  

spike l e t s  and fl orets  t akes plac e more  rap i dly in distal regi ons than in  cent ral 

and basal regi ons of the developing he a d .  In  both t imothy a n d  pra i r i e  grass 

t hose s e c ondary protuberances near t he apex produce relat ively few branches of  

h i gher  orders wh i l e  t h os e  at the bas e c on t i nue to  produ c e  h i gher order branches 

and s p ikelets for s ome t ime . This helps t o  explai n ,  in  the s e  s pe c i es at l e as t , 

t he fac t that anth e s is and seed  forma t i on progress fr om the ape x down the 

infl or e s cence in the  revers e  or der to phyt omer format i on .  

I n  rye grass t h e  explanat i on i s  more di fficul t .  Corresponding wi th the  

more rapid spe c i al i s at i on and devel opment o f  dis tal fl ore t s , anthes is and seed  

matura t i on als o  c ommence  in this  r e gi on of  the head . That the  l as t  fl orets t o  

bl oom or t h e  l as t  s e e ds t o  mature in a rye grass head a r e  t hos e in the bas al 

spike l e ts has b e e n  par tly explained by Evans and Grover ( 1 940 ) , who sugge s t e d  

t hat fl orets a t  t he bas e o f  t h e  h e a d  i n  fac t ori ginat e d  from phy t omers which 

were the last to produce  s e c ondary protuberances . In  addi t i on , however , any 

expl an at i on has t o  show h ow the las t fl orets t o  form event uall y  develop to the 

s t age where they undergo ant hesis  b e fore fl ore t s  produced  by protuberanc es whi ch 

had t h e i r  genes i s  earl i e r  t han correspond ing protuberanc es forme d  distally on 

the head . Poss ibly the e xplana t i on l i es i n  the relat i ve concentrat i on an d 

d is t r i bu t i on of  growth-promot ing subs t ances w i thin  the apex i t s e l f .  I t  is 

p oss i b l e  that the t erminal regi on of the  ape x , being meri s t e mat i c , r e t ains or 
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c o nt a i ns growth s ubs t anc es , s ay auxin , c apable o f  increas ing the  r a t e  of  

devel opment o f  api c al primordia c ompar e d  wi t h  s pike l e t s  i n  bas al p os i t i ons on 

the ape x .  I t  is  pos tulat e d ,  the r e for e , that a conc entrat i on grad i ent  o f  growth 

s ubs t anc e ( s )  may oc cur fro m  the t ermi nal to the bas al regi ons of the deve l oping 

apex .  This i d e a  perhaps explai ns why t ermi nal primordia , ac tual ly c ompl e t e  

the i r  devel opment more qu i ckly , and b e gi n  anthesis  pri or t o  flor e t s  formed 

c e n t r ally on the s e edhead . 

Fl oral I ni t iat i on of  T i l l e rs of  Di fferent Months of  Origi n 

I n  s pr i ng , when gras s es are s t ar t i ng reproducti ve growth , the crop c ons i s t s  

o faplant populat i on c ompri s ing t i ll ers vary ing i n  age and s i ze  ac c or d i ng t o  t h e i r  

t ime o f  ori gin over t h e  previ ous 6 months or mor e .  

The results in  Figure 9 and Appendix 4 s how that earliest  formed  t i l l e rs 

i n  t h e  firs t year ( May t i llers ) were generall y  the firs t t o  ini t i at e .  Onc e 

fl oral i n i t i at i on comme nc e d  it  continued unt i l  all t i llers ori gi nat i n g  i n  

a par t i cular month which  were apparently capabl e of  flowering had c ommenc e d  

floral development . 

I n  ry e gras s  fl oral i n i t i at i on o f  the earl i es t  formed t il l ers ( May ) was 

firs t observed on 25th Augus t . July forme d t i llers c ommenced  fl oral i n i t i at i on 

1 1  days later , an d t i llers  formed i n  August c ommenc ed ini t i at i on on the  1 2th 

Sept e mbe r .  This gave a mean s pread o f  1 8  days i n  obs ervati ons o f  the ons e t  

o f  i n i t iation o f  t illers origi nat ing i n  t h e  months o f  May to  August  o f  the 

s owi n g  year . Des pite  this  however , there was a mean 3 1  day period  between  

the  t ime of  c ompl e t e  i n i t i at i on of  May originated t i llers and appar e ntly full 

i ni t i at i on o f  Augus t formed t i l l ers . This sugges ts that init iati on i n  

l at e - forme d t i llers oc curs over a l onger p e r i o d  than in e arly- forme d  t il lers  

i n  ryegrass . A similar e f fe c t  oc curr e d  i n  both t i�othy and prai r i e  grass . 

I n  t i mothy an average o f  29 day s  elaps e d  .between the earl i es t  ons e t  o f  fl oral 

ini t i at i on in M ay and S e ptem�er formed t il l ers and at least  50 days b e tween 

the t i me of  c ompl e t e  fl oral ini t iat i on o f  M ay and S eptember form e d  t i ll e rs . 

I n  prair ie  grass the mean relat i v e  durat i ons for May t o  Augus t formed t i llers  were 

3 2  a n d  37 days respe c t i v e l y . Thes e  resul t s  indi cate that wh i l e  ini t i at i on in  
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t illers  of  di fferent ages occurr e d  over an e xt ended period ( e . g . up  t o  1 2  we eks 

i n  t i m ot hy )  the great maj ori t y  were early- formed t ill ers whi ch had growing-points 

beyond the spikel e t  or e ven f l or e t -bud format i on s tages o f  devel opment at a time  

when l a t e - forme d t ill e rs were  still  in  the  earl iest  rec ognisable s t ages o f  fl oral 

devel opment . This explains , in  part at l e as t , the s pread in  t i me o f  head 

emergen c e  obs erved in  these spec i es .  

The  results sugge s t  that dur ing S ept ember in  rye grass and prairie gras s , and 

O c t ob e r  in  t imothy , s ome ext ernal fac t or n e c e ssary for fl oral i ni t i at i on in  each 

spe c i es b e c ame l i mi t i n g .  A s  a resul t subsequent t i l l ers remai ned  vege t at ive . 

Cooper ( 1 952 ) has sugges t ed that high s pr i n g  and summer t emperatures can inhi b i t  

i n fl ores c ence  devel opment in  ryegras s .  I n  add i t i on , perenn i al ry egrass poss esses 

an obli gat ory ' wint e r ' requireme nt for l ow t e mperatures and s hort days be fore 

·fl oral i n i t i at i on is pos s i ble ( Breese 1 966 ) .  I n  t i mothy and prai r i e  grass 

thos e  t i l l e rs wi t h  the highes t e ar bear i n g  c apac ity aros e mainly during t h e  

w i n t e r  months . Thi s  mi ght suggest  that s ome pre -treatment e ff e c t  was 

indicat e d ,  were it n o t  for the fac t that both s pe c i es have proved ins ens i t i v e  

t o  s e ed ve rnal i s at i on and subsequent shor t day treatment ( Lange r 1 955 , 

Cooper  1 960 , Lambert 1 964 in  t imothy , and Karim 1 9 6 1  in prair i e  grass ) .  

Howe ve r , h i gh t emper atures have been shown t o  inhi b i t  i n fl ore s c enc e devel opment 

in  t i mothy ( Langer 1 956 , Cocks 1 958b , Langer and Ryle 1 9 59 ) , resul t i ng i n  a 

marke d  r e duc t i on in e ars from late formed tillers ( Wilson 1 959 ) .  

e ffe c t  has been  obs erved in ryegrass ( Co oper and Saeed  1 9 49 ) .  

A s imilar 

The l ack of a l ow t emperature i nduc t i on requirement in prai ri e grass 

( Karim 1 96 1 ) sugges t s  t hat in this spec i es s ome other fac t or is  r espons i b l e  

for r educ e d  ear bearing capaci ty o f  s p r i n g  formed t i llers . 

I t  was of  interest  that n i t rogen applicat i on appeared t o  s l i ghtly advanc e 

the  date of  ons e t  o f  fl oral i n i t i at i on o f  older t ill ers ( i n ry e grass in  

par t i cular ) and of  the y ounges t t i llers ( those origi nat ing i n  Augus t ,  

Sept emb e r  and O c t ober ) in t imothy . I n  addi t i on n i t rogen s l i ghtly reduc e d  the 

t i m e  i n t e rval from ons e t  to c ompl e t e  ini t i a t i on of early t i l l e rs espe c ial l y  in  

prai r i e  grass , and to  a lesser e xtent i n  t i mothy . 
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N o  obvi ous e f f e c t  from grazing occurre d .  However , i t  should be  n o t e d  
I 

t ha t  i n  all speci es grazing was dis c ont i nued immediately prior t o  the ons e t  

o f  fl oral i ni t iat i on .  Had t h is not been done further grazing could wel l have 

i n flu e n c e d  the rate and extent  of fl oral ini t i at i on with an ult imat e e f fe c t  on 

s e e d  y i e l d  as shown by Hill ( 1 9 7 1 ) .  

As s t at e d  e ar l i e r  ( page 4 1 ) many pri mary t illers o f  prai r i e  grass emergi ng 

wi t hi n  t he first 5 we eks a ft e r  sow ing showed a high pot ent i al for spikel e t  

devel opment . Many heads formed  at this time devel ope d ' se condary ' he ads on 

t h e  s am e  t i ll er . Observat i ons fol l owing api cal disse c t i on showed t hat t he s e  

l a t t e r  were n o t  produc e d  by b i furc at i on o f  t h e  apex , b u t  a r o s e  as a subs i d i ary 

basal branch from the  node direc tly bel ow the seedhead . This was a feature o f  

primary t i ll e rs only , not be i ng obs erve d in  higher order t i l l e rs a t  any t i me 

dur i n g  the two y e ars o f  the s tudy .  

Apex Length and Int ernodal El ongati on 

M easurements of apex l e n gt h  and d i s t anc e of int ernodal e l ongati on at ear 

emerge n c e  are pres e n t e d  i n  Tab l e  3 .  A general pic ture o f  t h e  developmental 

s eque nc e is pre s e n t e d  for the c ont rol t r eatment ( -G-N ) in Fi gure 1 0 .  D e t a i l e d  

measurements of t h e s e  parame t ers a t  di fferent s tages of  de vel opment f o r  all 

t r eatments  can be found in  Appendix 5 .  The devel opmental s t ages ( a-i ) in 

b oth Figure 10 and Appendix 5 are ident i cal t o  thos e pre vious ly d es c r i b e d  

( page 46 ) .  

As shown in  Tab l e  3 t here  was a t endency for t i l l e rs in grazed t reatments 

par t i c ularly in  the  abs ence  o f  ni trogen t o  show both reduc e d  apex l ength and 

r educ e d  dis tanc e of inte rnodal el ongat i on at ear emergenc e t h an other t reatment s .  

This e f fe c t  was par t i cularly n ot i c eable in t imothy and prai r i e  grass . 

I n  rye grass t here was l i t t le apex l ength depress i on due to grazing al one 

e x c e p t  pe rhaps i n  late formed t il l e rs . However , nit rogen appl i c at i on 

( par t i cularly in  the  abs e n c e  o f  graz i ng )  cons i s t ently inc r eas ed c ul m  l en gt h  and 

t o  a l esser extent head l e ngth at emergenc e c ompare d  wi t h  no nit roge n .  

W i t h  ti mothy t h e  maj or e f fe c t  appe are d  t o  b e  a depress i on due t o  graz ing.  

I n  this  s pe c i es grazed treatments , wh e t her ni tro ge n had  b e en ap pl ied  or  not 



FI G U R E  10 M EAN A P E X  LENGTH AN D D I STANCE OF · 

J N T E R N ODAL E LO N GAT I O N  (m m) AT D I F F ER E N T 
STAGE S  OF REPRO D U C T I VE D EVE LOPMEN T (-G-N ) 1 966 

RY EG RASS 

250 
A P EX 
LENGTH 

150 month of t 1 l ler or1g1 n .  
� " fTIOY J .. J une  ju =july a 2august 
s =septem ber 

. 

B C D E 
T I M O T H Y 

1 50 

100 

50 

. 

B C D E F 
P RA I R I E  G RASS 

250 
200 

150 

10 0  

50 

G H 

' 

600 

500 
I NT ER N ODAL 
ELONGATION 

300 

200 

100 

500 

400 

300 

200 

100 

300 

200 

100 

C D E F 

. ' 

C D E F G H I 

A B  C D  E F G H l A B C D  F G H I 
n !="\/ 1=" 1  () PM !=" N TA I  STA (; F  



54 . 

general l y  devel ope d fer t i le t i l l ers whi ch showed reduc e d  apex and culm length  

c ompar e d  wi t h  ungrazed t r eatment s . I n  s ome c ases this depress i on was partly 

ove r c om e  by the appl i c at i on of  n i t r ogen t o  grazed pl ots . 

T ABLE 3 

Rye  grass 

rr'i m ot hy 

Pr a ir i e  
Grass 

Mean A ex  L e n gth and Dis tance  of Internodal Elon at i on 
a t  Ear Eme rgence  Extrac t e d  f r o m  tppend i x  5 

Month o f  Dis tanc e of  i n t e rn odal 
T i l l e r  Apex l e ngth ( mm ) el ongat i on ( mm )  
Origi n  +G+N +G-N -G+N -G-N +G+N +G-N -G+ N  -G-N 
May 278 237 267 250 585 522 609 544 
June 224  2 1 7  260 231 576 506 646 5 1 7  
July 1 93 206 263 226 537 473 586 527 
August 1 76 2 1 1 249 2 1 2  462 426 51 3 453 
Sept ember 1 52 1 4 1  237 200 456 384 483 431 

May 1 46 1 24 1 53 1 58 797 638 863 8 1 4  
June 1 36 1 21 1 42 1 67 7 1 8 602 774 724 
July 1 08 92  1 30 1 07 693 5 1 7  738 672 
August 86 79 1 24 1 03 642 386 677 633 
Sep t e mber 8 1  63 77 76 537 407 636 574 

May 302 271  297 340 392 255 477 431 
Jun e  2 1 2 1 82 265 331 356 332 51 8 393 
Jul y  2 1 7  1 77 207 208 274 296 455 405 
Augus t 200 1 83 231  262 2 1 9  276 386 335 
Sept ember 1 26 1 62 237 251 2 1 1 298 37 1 261  

In  Figure 10  i t  appears that older  t i l l ers devel op l onger heads  at  ear 

emergence and l onger culms than y ounger t ill ers . This was par t i cul arly t h e  

case  i n  t im ot hy a n d  pra i r i e  grass . I n  all three s pe c i es l i t tl e  apex 

el ongat i on oc curr e d  u n t i l  devel opmental s tage g.  At this  s t age ry e grass 

api c es showed floret development w i t h  the glumes e l ongat e d .  I n  t i mothy and 

pra i r i e  grass glume e l ongat i on had oc curre d on  most of the apex w i th the  fl ore t 

buds b e comi ng vis ibl e . Subsequently rap i d  apex el ongat ion oc curre d i n  all 

s pe c i es . The s e  resul t s  support those o f  Evans ( 1 9 6 0 )  who found t hat 

f ol l ow i ng the appearan c e  of spikel e t  primor d i a  in  L ol i um t emul e n t um apex 

l e ngth b e gan to i ncreas e , fol l owed by subsequent expone nt i al e l on ga t i on .  

I n  prai r i e  grass , and g�nerally i n  ryegrass t here  was n o  apparent 

i n t e r n odal e l onga t i on b e fore the growing  point entered  the reproduc t i ve phas e .  

( Figure  1 0 ) . Duri n g  i t s  vege tat i ve phas e the growi ng point remained  c l os e  t o  

t he ground . 
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v e ge tative  apex e l ongat i on ( Fi gure 1 0  s t age B ) . This was at  an ear l i er s t age 

than that sugges t e d  by Cooper ( 1 952 ) . He s t at e d  that i n  perenn i al rye grass 

internodal e l ongat i on did  not occur until the late spike l e t  bud s tage of  

reproduc t iv e  development ( equi val e nt to  Figure 1 0  st age D ) .  

I n  pra i r i e  grass internodal e l ongat i on did not occur unt i l  t er t i ary and 

quarternary p r imor d i a  had b e c ome vi s i ble  on the apex ( Fi gure 1 0 ,  s t age E ) . 

I n  t i mothy mos t  t i l l ers s h owed s ome i nt ernodal e l ongat i on prior t o  fl oral 

i n i t i at i on , rai s i ng t h e  apex above the  s o i l  sur face b e fore visible  s i gns o f  

reprodu c t i ve deve l opment  were s e e n .  In add i t i on a number o f  veget at ive  

t il l ers were  observed  whi c h  show e d  ext ens i v e  internodal el ongat i on in t imothy . 

These were cons i de r e d  s t er i l e  and were not included i n  ass essments o f  internodal 

e l ongat i on .  The maximum apex l ength observed in these  ' st er i l e '  t i ll ers was 

in eve ry c as e  less  t han 1 m . m .  However , i nt ern odal e l ongat i on was i n  many 

c as es great ( up to 270 m . m . ) .  The maj or i ty of  t i l l ers showing this e f fe c t  

ori ginat e d  dur i ng t h e  late wi n t e r  and early spring ( Augus t and Septembe r )  i n  

the year of  s owing . Int ernodal e l ongat i on wi thout head i n i t i at i on in  t imothy 

has b e en previ ously obs erved by Langer ( 1 956 ) and Cooper ( 1 958 ) .  They 

suggeste d  an inhib i t ory e f fe c t  o f  h i gh t emperatures on infl orescence  devel opment , 

no h eads b e i ng forme d  i f  temper atures wer e  high , even though photope r i od was 

adequat e .  

CONCLUSION 

The sequenc e of  fl oral devel opment i n  all thre e  gras s es was the s ame , 

spec i e s  di fferences  being c aus e d  by the  extent of branch i ng o f  the inflores�ence  

and the  l e ngth of  t he int ernode s  o f  vari ous branch order s . 

T i l lers  forme d  imme diat el y fol l ow i ng autumn s owing were first t o  c ommenc e 

reproduc t i ve devel opment in  the  spring.  Floral i n i t i a t i on of  l at e  w i n t e r-formed 

t ill e rs occurred approxi mat e ly 3 weeks later than autumn-formed t i l l ers i n  

rye grass and up t o  4 weeks l at e r  in  t im othy an d pra i r i e  gras s . I ni t i a t i on 

ext e nde d over approximat ely a 9 week peri od i n  rye gr ass and prairi e  gras s , and 

up to 1 2  weeks in  t i mothy . N i t r ogen appl i c ation s l i gh tly inc reas e d  the  rat e 
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o f  fl oral devel opment  i n  ol der t ille rs . 

M orphol ogi cal s tu d i es i nd i c at e d  that late-wint e r  and spr i ng-formed t illers 

develope d fewer and short er s e e dhe ads , than aut umn-formed t i l l e rs . Culm l ength 

was als o  r e du c e d .  Grazing and n i t rogen e f fe c ts wer e evi dent o I n  ry e grass 

nit rogen appl i c at i o n  i ncreas e d  head and c ulm length . The maj or i n fluenc e 

i n  t imothy was caus e d  by grazing.  This  fac t or resul t e d  in  a r e du c t i on i n  both  

culm and  s e e dhead l ength . In prair i e  gr ass the grazed tre atment w hi ch had not 

r e c e i v e d  n i t r ogen produ c e d  shorter s e e dheads with redu c e d  culm le ngth c ompared 

w i t h  other t reatmen t s . Nit rogen appli c a t i on t o  grazed plots l ess e ne d  this  

depre s s i o n .  
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EAR EMERGENCE 

INTROD UCTION 

S i n c e  t il l e r i ng in  perennial gras s es is a c ont i nu ous process a 

het e r ogenous t i l l er populat i on is e xp os e d  to condi t i ons favourable for fl or al 

i ni t i at i o n .  Cons equently ear emergence oc curs over a per i od o f  t im e . 

Stud i e s  were  c arried  out on the relat ive emergenc e o f  s e e dheads produc e d  from 

t i l l er s  ori gi nat ing in di f ferent months o f  the year and on fer t i le t il l e r  

produ c t i on under di fferent management treatments .  I n  add i t i on ,  t h e  

d is t r i bu t i on o f  s e e dheads i n  di fferent arb itrary emergenc e/t ime groups was 

det e r mine d , allowing analysis  for individual s e e dhead charac t er i s t i c s  w i t h i n  

each group . 

LITERATURE REV IEW 

Ear emergenc e r e fl e c t s  t he cumulat ive e ffe c t  of environmental c ondi t i ons 

at al l s t ages of infl ores c en c e  devel opment , al though similar ear emergen c e  

dat e s  among indi viduals and var i e t ies  may conceal l arge di f ferenc e s  wh i c h  

oc curred  i n  t h e i r  development t o  this s tage ( Gr i f fi ths e t  al 1 967 ) . The t i m e  

o f  e ar emerge nc e varies  from season t o  s e as on , b u t  t h e  relat i ve t i me s equence  o f  

emergence  between  var i e t i e s  i s  r ar ely al t ered b e c aus e of  s imilari ty i n  res pons e . 

For e xample the e f fe c t  of  a c ol d  s pr i ng is t o  delay ear emergence  in  all 

var i e t i es , al though relat i vely l ow t e mperatures and h i gh ins olati on b e t w e e n  

spike l e t  ini t i a t i on and e a r  emergenc e  can result i n  larger e ars be ing produc e d  

by mos t fer t i l e  t ill ers ( Cooper 1 9 52 ) .  Generally the inte rval fr om ini t i at i on 

t o  emergence is about 25-40 days , b e ing generally s horter in  lat e -heading than 

in e arly-heading grasses  because o f  the h i gher te mperatures expe r i en c e d  during 

the i r  devel opment ( Gri f f i t hs e t  al 1 967 ) . 

The use o f  ear emergence as a c omparat ive measure o f  reproduc t iv e  

de v e l opment i n  grasses  h as the advantages t h a t  i t  is  eas i ly rec ogn i s e d  and 

r e q u i res no r e c ording unt il headi ng oc curs . Howe ver , as Cooper ( 1 956 ) has 

poin t e d  out , it has two main disadvantages . Bei ng expr e s s e d  on a calendar 

t i m e  s c ale  i t  is  s t rongly influence d  by t emperature , and var i es b e t w e e n  s i t e s  
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and s eas ons . In add i t i o n ,  ear emer gence does not measure the t ime o f  

spikel e t  i ni t i at i on d i r e c t ly , b e i ng als o  i nfluenced b y  the rate o f  ear 

elongat i on .  The s e  two proc esses may oft e n  show di fferent  environmen t al 

responses . I n  Lol ium , Cooper ( 1 959b ) obs erved cons iderabl e y e ar t o  year 

var i a t i ons in the date o f  ear emerge nc e , whi ch he at t r i b u t e d  t o  di fferences  

in  s pr i ng t emperature onc e the c ri t i cal phot operiod had b e e n  reac h e d .  H e  

obse r ved a t endency for a warm spr i ng t o  ac c el erate heading a n d  t o  i ncreas e  

the var i anc e .  Studies  on ryegras s  ( Cooper 1 959 c )  and S48 t i mothy ( Be an 1 9 67 ) 

have sugges t e d  the greatest  var i at i on w i t hin s t rai ns o f  each s pe c i es was gene t i c  

i n  ori gi n ,  b u t  when c l i matic  d i f ferences  were small , s e l e c t i v e  e f fe c t s  o f  

management ,  i nc luding t h e  late s t  date o f  grazi ng i n  t h e  s p r i ng , may b e  i mport ant 

in c ausing a shi ft in  t ime of ear e mergenc e .  

Wil s on ( 1 959 ) showed for perennial and i t al i an ryegras s es , c ocks foot and 

t imo thy that the  date of ear emergence of t i ll ers ori gi nat i ng s e veral months 

apart in  the w i nt er and e arly s pr i ng di f fered  by only 7 to 10 days . S i m i lar 

d i fferenc es oc cur in  rye grasses ( Cooper and S aeed 1 949 ) and t i mothy ( Langer 1 956 ) . 

I n  t he spec i es s tudied  by Wi lson ( 1 959 ) h i gh l evels of  n i t rogen advanc e d  t h e  date 

of e ar emer genc e by appr oxi mately 7 ,  or i n  the cas e  o f  c ocks foot 20 t o  30 days . 

T imes from fl oral i n i t i at i on t o  ear emergenc e i n  perenn i al and i t al i an 

rye grass are relat i vely cons tant at about 36-42 days ( Co oper and Saeed 1 949 , 

Cooper 1 952 ) al though Wilson ( 1 959 ) recorded mini ma of  30 and 2 1  days for 

t he s e  two spe c i es respe c t i vely . In Wilson ' s  study ( 1 959 ) t i mothy and c oc ks foot 

b o t h  showed t i mes  decreas i ng from e arly t o  late formed t il lers , t o  reach m i n i ma 

o f  32 and 24 days res p e c t ively - t he former r esul t c ompar ing  favourably w i th the 

s im i lar i n t e r val for t imothy shown by Evans , Allard and McConkey ( 1 935 ) and 

Sprague ( 1 9 4 8 ) . Wil s on ( 1 959 ) has als o  not ed that l e af number at e ar emergen c e  

dec r eas e d  wi t h  later dates o f  t i l l er ori gi n .  

I n  t i mothy , Lan ger ( 1 956 ) has sh own that the i n fl oresc enc e  on pri mary 

t il l ers is l onger and e merges e ar l i er than those on s e c ondary t i ll ers . 
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R e du ct i on in  ear s i ze o f  late  formed t i l l ers has been s h own t o  result  

from decreas e d  primary branch numbers in t h e  ear and from fewer f l orets  on 

each branch i n  c oc ks foot ( Ryle  1 964 ) . In ryegrass the de creas e  was i n  the  

numb e r  of spikelets  on the shoot  apex ( Ryl e 1 96 4 )  and fewer fl or e t s  per 

s pike l e t  ( Ansl ow 1 963 , Ry le 1 965b ) .  I t  has also been  sugge s t e d  ( Ryle  1 963 ) 

that var i at i on in floret numbers in  timothy heads may be  due t o  the  s ame 

e ffec t s . 

Langer ( 1 956 ) showed that s e e d  y i e l d  i n  t i mothy was affe c t e d  by the dat e  

o f  ori gi n  o f  the parent t i ller . This was due mai nly t o  a variat i on i n  s e e d  

numbe r  and not  t o  d i f ferences in  indivi dual s e e d  w e i gh t . However , Stoddart 

( 1 959 ) not e d  that s e e d  we i ght  i n  t i mothy de c l i ned wi th d e c reas ing head l ength -

that is , as heads emerged lat e r . 

I n  both cocks foot and t i mo t hy dry weather at ear emergence reduced  s e e d  

y i e l d  by l i m i t ing nut rient trans fer t o  the ear ( Evans 1 953) . 

The point at whi c h  e ar emergence is rec orded var i es in  d i f fe rent 

i nve s t i gat i ons . These  include t he date on wh ich the termi nal spike l e t  is  

rais e d  above the flag leaf  ( Evans , Allard and McC onkey 1 935 , Cooper 1 951 , 

Langer and Ryl e 1 959 ) , when hal f the  head is  extruded ( Langer and Khat ri  1 965 ) , 

or when the  head is  fully emerged from the leaf  sheath ( S prague 1 948 ) . I n  

inve s t i gati ons involving ear emergence dat e d e fini t i on of t h e  c r i t er i on us e d  

mus t b e  mad e .  

MATER I ALS AND METHODS 
At approximately fortnightly intervals from the ons e t  of ear emergen c e ,  

{rye gras s 1 6 . 1 1 . 66 ,  t imothy , 2 1 . 1 2 . 66 ,  prai r i e  gras s 1 5 . 1 1 . 66) all newly emerged 

heads in  a s el e c t e d  row o� each repl i c ate  o f  the t r i al were t agge d .  Thi s 

proc e dure divi ded  the s pread o f  ear emerge n c e  in each spe c i es i nt o  4 t ime  

groups ( E1 -E4 ) extending over an 8 week per i od .  A di fferent c ol o�re d plas t i c  

marker was use d  t o  ident i fy h e ads eme rged in  each group . A s e e dhead was 

c ons i dered emerged when the ent i r e  head was visible  above the  flag. 

Approximat e ly thre e  weeks after  t agging individual he ads were divided  i n t o  
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groups b e ar i ng markers of the s ame colour . By this me t hod i t  was pos s i bl e  

t o  determine the  c ont ributi on o f  heads ari s ing from previ ous ly marke d t i l lers 

of  d i f ferent  months o f  ori gi n  to  t ot al head produc t i on and t o  determine t o t al 

head numbe rs i n  each emergence group . I n  add i t i on ,  he ads produc ed by each 

s p e c i es were d i v i d e d  into e mergence groups ( E1 -E4 ) for analys is o f  head 

l engt h ,  s p i k e l e t  and floret numbers per head and t ot al culm length . I n  

t i mothy , b e c ause o f  the imprac t i cal i t y  o f  c ount i ng t o t al fl ore t numbers p e r  

head , c ounts o f  total seed  numbers per head w e r e  subs t i tut e d .  R e c ords  o f  t h e  

number o f  heads marked per uni t area in each emerge nc e group were kept f o r  use 

i n  ass e s s ments  of  fer t i l e  t i l l er produc t i on .  

RESULTS AND DIS CUS S ION 

Seedhead Numb er 

The t ot al numb er of s e e dh eads per row foot as pres ented  i n  Tabl e  4 ,  re fl e c t  

the response o f  each spe c i es t o  treatment combinat i ons o f  grazing and ni t rogen . 

Tabl e 4 Total Average S e e dheads per Row Foot at Harvest 

+G+N +G-N -G+N -G-N 

1 966 Rye gr ass 301 Ab 262 Be 324 A a 2 1 0  C d  
T i mothy 1 03 A a 79 Bb 98 AB a 90 AB ab 
Prair i e  Grass 8 1  A a 70 ABb 8 1  A a 67 Bb 

1 9 67 Rye grass 1 45 A a 1 30 Bb 85 Cc 1 39 A a 
Timothy 44 Bb 42 Bb  30 C c  7 0  A a 
Prai r i e  Grass 37 A a 24  Bb  35 AB a 38 A a 

I n  rye grass , nitrogen appl i c at i on s i gn i fi c an tly i ncreas e d  s e e dhead 

produc t i on i n  1 966 . However i n  the fol l owing y e ar ni trogen appl icati on 

caus e d  no such e f fect . Nit rogen severely depres s e d  head numbers in ungraze d  

plots . This e f fe c t  was due , at leas t  i n  part , t o  the e f fe c t  of  n i t r ogen i n  

promot i ng the  ingr ess of w e e ds and the produc t i on o f  dense b o t t om growth  which 

became s e verely i n fe c t e d  �ith leaf  spot ( Helminthosporium d i c tyoides and 

Asc o c hyt a grami n i c ol a )  and rus t ( Pu c c i nia c oronat a ) . Fl oat ing Swe e tgrass 

( Glyc e r i a  flu i t ans ) and Yorks h i r e  Fog ( Hol cus lan at us ) were t h e  domi nant grass 

wee ds present i n  the se cond year . Grazing alone s i gn i fi cantly increas e d  head 

numbers in rye grass i n  1 9 66 compared w i t h  the c ontrol t reatment ( -G-N) . I n  
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1 967 gra z i ng depress i on was c omple t e ly overcome by the appl i c at i on o f  n i t roge n .  

In t imothy , n i t rogen al one had n o  e f fec t  o n  seedhead numbers i n  1 9 66 .  

However grazing depress i on was e f fe c t i vely overc ome by nitrogen appl i c at i on .  

I n  t he fol l owing year graz ing depres s i on oc c urred i rrespe c t i ve o f  whe ther 

n i troge n had been appli ed or not . However nitrogen i n  the  abs ence  of grazing 

s i gni f i c antly r e duced  seedhead numbers , apparently for the s ame reas ons 

sugges t e d  for rye grass . The -G-N t re atment produc ed s i gn i fi can t ly more heads 

than o th er t reatments in 1 967 . 

I n  prairie  grass in 1 966 the appl i c ation o f  nit rogen s i gn i f i c an t l y  

increas e d  head numbers i rrespec t i ve o f  t he pres ence or absence  of grazing.  

Alt hough no grazing e f fe c t  oc curred it  should be not e d  that grazing was 

discon t i nued at the ons e t  of fl oral i n i t i at i on .  I n  1 967 n i t rogen al one had 

no e f fe c t  on s e e dhead numbers . The s i gni fi cant  re duc t i on i n  head numbers 

fol l ow i ng graz ing  was ove rc ome i f  ni t rogen was als o appl i e d . 

Fer t i l e  Tiller Produ c t i on 

The res ul ts in Table  5 express the percentages o f  fer t i le t i llers  produced  

per  r ow foot . -

Table 5 Percentage Fer t i l e  Tiller  Produc t i on 

+G+N +G-N -G+N -G-N 

1 966 Rye grass 54 A a 45 Bb 46 Bb 45 Bb 
T imothy 50 A a 44 ABbe 40 Be 46 A ab 
Prairie grass 62 a 62 a 59 a 6 1  a 

1 967 Rye grass 48  A a 23 Cc 1 2  Dd  30 Bb 
T imothy 1 0  Bb 9 Bb 5 Bb 1 8  A a 
Prai rie grass 33 Bb 34 Bb 2 8  Be 44  A a 

These resul t s , whi l e  showi ng the rap i d  decl ine i n  s e e d  produ c t i on pot ent i al 

from first year to  s e c on d  year , al s o  re veal the extremely low fer t i l e  t i l l e r  

pro du c t i on poten t i al i n  t he se cond season ( 1 967 ) .  In  t imothy a 2�- fold 

red u c t i on i n  fer t i le t i l l e n  percent age was recorded i n  t h e  c ontrol t reatment 

( -G-N ) and up t o  an 8 - fold decrease i n  treat ment -G+N . 

In  rye grass , graze d plots rec e i vi ng nitrogen produ c e d  a s i gn i fi cant ly 

hi gher fer t i l e  t iller populat i on t h an other t reatments i n  both year s .  While  
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no e ff e c t  fr om graz i ng or n i t rogen al one oc curred in  1 966 both c aus e d  severe 

fert i le t il l er reduc t i on in the following y e ar . H owe ver grazing depr es s i on 

was more than overc ome i f  ni t rogen was also appl i e d  i n  1 9 6 7 .  

I n  t imothy grazi n g  and nitrogen each s i gn i f i c antly redu c e d  per c en t age 

f e r t i l i t y  in both years . When c ombine d ,  however , grazing and n i t rogen 

result e d  in s imilar fertile  t il l e r  popula t i ons to the c ontrol ( -G-N ) in  1 9 6 6 .  

The  cont rol treatment was supe ri or t o  all o ther t reatments i n  t erms o f  fer t il e  

t i l ler percentage in  the  foll owi ng year .  

Whil e  no management e ff e c t  oc curred in  prai r i e  grass i n  the  firs t y e ar , 

n i t rogen and grazing both  depres sed  fer t i l e  t iller percentage i n  1 96 7  c ompared  

wi t h  the  c ontrol ( -G-N ) .  N i t rogen appl i c a t i on was not e f fec t i ve in  over c oming 

grazing depres s i on i n  prai r i e  grass in  1 967 . 

The results sugges t t hat despi t e  the e f fect  o f  ni trogen appl i c at i on al one 

i n  increas i ng t otal t i ll er produ c t i on i t  had a severe depress ing e f fec t  on the 

p e r c e nt age o f  t i ll ers whi ch b e c ame reprodu c t i ve .  These findings ar e (lhereJ 7 
s i milar t o  thos e o f  L anger and Lambert  ( 1 959 ) and Lambert ( 1 964 ) but are not  

in  agreeme n t  with those  o f  s ome other workers for ry egras s ( Evans 1 937b ,  

Evans 1 954 , Wil s on 1 959 and Roberts 1 9 66 ) , t imot hy ( Evans and Calder 1 931 , 

E vans 1 934 , Lambert 1 956b , Evans 1 958 , R oberts 1 958b , Langer 1 959b , Evans 1 9 60c 

a n d  S t oddart 1 961 ) and prair i e  grass ( Kar i m  1961 ) who found an i ncrease in 

f e r t i l e  t i ller produ c t i on foll owing nitrogen appl i c at i on .  

Whi l e  grazing h a d  n o  e f fec t  o n  fer t i l e  t i l l er percent age i n  rye grass and 

p rairie  grass in 1 966 , s i gn i f i c ant grazing depr es s i on occurr e d  in al l three 

s pe c i es i n  the s e c on d  year . I n  ryegrass i n  both years and in  t i mothy in  1 966 

ni t rogen applicat i on was i mport ant in  overc oming the depres s i on c aus e d  by 

grazing.  In ryegr as s graze d  plots rec e i v ing nit rogen produ c e d  a 

s igni fi c an tly hi gher percentage of fer t i l e  t i ll ers than all other t reatment s , 

i n  both y e ars . Thi s  c orrec t i on o f  a pot e nt ial depress ion in  fer t i l e  t il l e r  

percentage , and ult imately i n  s e e d  yield  by t h e  appl i c at i on o f  n i trogen t o  

perennial rye grass f ol l owing grazing h as been previ ously obs er v e d  by Evans ( 1 937a ) 

and Rober ts  ( 1 966 ) . 



The h i gher perc ent age of fe r t i l e  t i l l ers produ c e d  i n  the year o f  s ow ing 

( 1 966 ) in each spec ies c ompare d  w i th the s e c ond year may be due t o  the h i gh 

proport i on o f  primary tillers i n  the  crop .  These t i l l ers are regarded as 

being  more fert i l e  and pers i s t an t  than s e c ondary t il l e rs . The results , 

indicate  that the findi ngs of Langer and Ryle ( 1 959 ) f or S 2 1 5  Meadow Fescue 

and S37 Cocks foot c an be extended t o  inc lude perenni al ry egras s , t imothy , 

and prai r i e  grass . Parti cularly i n  the s e c ond year ( 1 967 ) nitrogen 

appl i cat i on to ungra z e d  plots of ryegrass , prairie grass and t i mothy resul t e d  

i n  the  produ c t i on o f  a dense mass o f  t i l l ers whi ch were prone t o  s e vere 

fros t i ng and rus t attack during the wint er . This may have c ont r i bu t e d  t o  

the redu c e d  number o f  fertile  t i ll ers i n  th i s  treatmen t .  A further pos s i ble  

e xpl anat i on l i es in the s eve re ingress o f  annual gras s weeds whi c h  oc curr e d  i n  

t h e  s e c on d  year an d wh i ch may have depre s s e d  ferti le t i ller  produc t i on thr ough 

c ompet i t i on .  

One o f  t h e  di f f i cu l t i es i n  us ing a s i ngle fi gure t o  des c r i b e  the  

per c e ntage o f  fer t i l e  t i llers in  grass-seed  c rops i s  inherent  i n  the  method 

used . M os t  me thods express fert i l e  t i l l e r  number as a percent age o f  the 

t o t al t i ll ers present at seed harves t ( Langer 1957a) or at a par t i cular 

pre v i ous t i me , e . g . a t  the ons e t  o f  fl oral i n i t i at i on ( Lambert  1 9 63a). As 

Lambert ( 1 966 ) has sugges ted t hese  methods are only e s t i mates at bes t , 

inac c uracy occurring because no all owance is made for t he pr odu c t i on of new 

t i l l e rs or for reduc t i on through t i ller  deat h .  

Perhaps the  mos t  realis t i c  expres s i on of the pe rcent age o f  t i ll ers whi ch 

pr oduce s e edheads is the numbe r  o f  heads present at h arves t as a percent age 

of t i llers c apable of reprodu c t ive  deve l opment . As s hown previ ous ly 

( Table 1 )  in 1 966 only t ille rs formed from s owing ( Apri l )  thr ough t o  

Sept ember were c apable o f  produ c i ng se edheads i n  rye grass and prai r i e  gras s . 

The c orresponding peri od in t imothy was fr om sowing t o  N ovember . I n  1 96 7  

only t i l l ers or i gi nat ing dur ing the  months J anuary t o  Augus t i n  ryegrass and 

pra i r i e  grass and January to Dec ember in t imothy were c apable  of reprodu c t i on 
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( s ee  Tab�e 2 ) .  Ac c ordingly , only t o t al t i ll ers formed duri n g  the  abov e  

spec i fi e d  per i ods w e r e  included i n  ass es sment s o f  fert i l e  t i l l e r  produ c t i on 

( Tabl e  5 ) . 
Propo rt i on o f  Heads i n  Emergence  Groups 

Table  6 sh ows t he i n fluence o f  treatments on the percent age o f  s e e dhe ads 

cont r i bu t e d  by e ach emergence  group . I n  al l spe c i es most heads generally 

occurred in emergenc e  group 2 ,  i n  both y ears , and i n  1 9 66  t he s um of he ads 

in groups 1 and 2 c ontributed  the maj or propor t i on of t ot al heads ( 87% i n  

ryegrass , 77% i n  t i mothy and 86% i n  prai r i e  grass ) .  I n  1 967 heads in 

emergenc e groups 1 and 2 c ont r i but e d  the maj or propor t i on o f  t ot al heads in 

graze d  t reatments of ryegrass and prair i e  gras s only . I n  ungrazed  t reatment s 

o f  ryegrass and prai rie  grass , and i n  al l t reatments in timothy , emergence 

groups 2 and 3 c ont ributed  t he maj or perc entage of heads at  harves t .  I n  

rye grass and prai r i e  grass i n  1 967 there fore graz ing c ause d  a shi ft  t owards 

hi gher numbers of e arly emerged heads wh i ch was not apparent i n  t he year o f  

s ow i n g ,  t hi s  e f fe c t  oc curring whe ther n i t rogen had b e e n  appl i e d  o r  not . 

Over b o t h  years however the  results emphas i s e  the import anc e o f  t he 

c ont ri bu t i on of heads i n  emergence gr oup 2 t o  total s e e d  y i e l d , and s t ress 

the  fut i l ity o f  wait i ng for s e e d  on late - emerged heads ( group E4 ) t o  r i pen 

at the  e xpense o f  r e du c t i on in seed number by shedding from e arly-emerge d 

heads . This i s  par t i cul arly import an t  s i n c e  early -emerge d neads generally 

outnumber late-emerge d  heads in a crop . 

In 1 966  i n  all thre e s pe c i es heads i n  emergenc e  group 1 ( earl i es t  emerged 

heads ) ori ginated  primar i ly from t i l l ers forme d in the months o f  May an d June 

( Append i x  6 ) .  He ads in emergence group 2 ori ginat ed mainly from t i l l ers 

formed  in May , June and July . I n  ry e grass an d prairie grass June , July and 

August  formed t i l l ers c ontributed  mos t heads in emerge nc e group 3 ,  whi l e  i n  

t im othy this  group c ompr i s ed heads f r o m  t i llers ori gi nating  from June t o  

O c t ober . The l as t  heads t o  emerge ( group 4 )  ar os e from t i l l ers forme d dur i n g  

t h e  months July t o  S eptember i n  ry e grass and prairie gras s  a n d  Augus t t o  



TABLE 6 

PERCENTAGE CONTRI BUT ION OF SEEDHEADS IN 
EACH EMERGENCE GROUP 

Per cent age o f  heads in each emergence group 

E1 E2 E3 E.4 
earlv l ate 

PRAIR I E  GRASS 1966-7 

+G+N 44. 1  4 1.6  1 2. 7  1 .6 
+G-N 25.0 59. 6 1 4. 1  1 . 3  
·G+N 43. 3  43. 6  9. 4 3 o7  
-G-N 1 6 . 0  69. 7  1 2 . 4  1.9  

PERENNIAL RYEGRASS 

+G+N 29. 0 57.3 1 1 . 3 2 . 4  
+G-N 27. 0  61 . 5  7.9 3 . 6  
-G+N 22 . 1  59.8 1 6. 4  1 . 7 
-G-N 26. 9 67. 1 4. 8 1 . 2  

TIMOTHY 

+G+N 24. 5 50. 2 13. 4 1 1 .9 
+G-N 19.9 61 . 6  9.9 8. 6 
-G+N 22. 0 53 · 3 2 1 . 4  3. 3 
·G-N 18. 7  57 . 0  16 .7  7.6 

1967-8 

PRAIR I E  GRASS 
+G+N 1 9. 7  65.3 1 3.9  1 . 1 
+G-N 30. 5  64. 7 4 . 0  o. 8 
·G+N 1 5. 3 6o. o 22.6 2. 1 
-G-N 5. 0 65 . 5  24 . 6  4. 9 

PERENNI AL RYEGRASS 

+G+N 36. 1  48.3  13 . 5 2. 1 
+G-N 23. 9  66. 3  8 . 5  1 . 3  
-G+N 8. 8 66. 5  2 1 . 6  3 . 1 
-G-N 5. 5  74. 4  19 . 5 o.6 

TIMOTHY 

+G+N 4.8 62. 6 1 4. 0  1 8 . 6  
+G-N 1 1 . 7. 47. 4  27. 6  13. 3 
-G+N 5 . 0  36. 5  39o 2 1 9. 3  
-G-N 8 . 3  5 1.0 28.9  1 1 . 8  
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November i n  t imothy . 

I n  1 9 67 ( Appendix 6 )  t ill ers forme d i n  t he summer ( January ) and through 

into  t he autumn ( March and Apr il ) contribu t e d  most o f  the early emerge d heads 

( E1 )  in the c r op i n  each s pec i es .  Emergenc e group 2 was mai nl y  c ompos e d  o f  

heads produc e d  from t i l l ers formed dur ing the summer ,  autumn and winter 

( January-May i n  rye grass and prai r i e  grass , January -July i n  t i mothy ) . 

Autumn and winter t i l l e rs prov i de d  m os t  heads i n  emergenc e gr oup 3 i n  ryegrass 

and prai r i e  grass wi th an add i t i onal cont r i bu t i on fr om spring t i l l ers in 

t i mo t hy .  ( March-Jul y  t i llers i n  ry egrass and prai r i e  grass , January -

Oc tober/Novemb e r  t i l l ers i n  t i mot hy ) . The las t heads t o  emerge ( E4 )  wer e  

produc e d  from t il l ers ori ginat ing i n  the l a t e  autumn and w i nt er in ryegrass and 

prai r i e  grass an d i nclud ing s pring t i ll ers in t imothy . ( Apri l -Augus t in 

ryegrass , June -November i n  t imothy , June -Augus t i n  prair i e  gras s ) .  

I n  both y e ars heads formed from t i l l e rs origi nat ing i n  t he wi nter  and 

spring were the l as t  t o  emerge . 

Per c e n t age o f  Heads Cont ribut ed by T i l l ers o f  D i f ferent Age s 

From rec ords o f  the number o f  e ars in each monthly r inged t i ller  category , 

values  were derived  for the pe rcent age c ontr ibuti on t o  the t o t al s e e dhead 

popul at i on o f  vari ous monthly groups o f  t i l l ers . Thes e  results are pres e nt e d  

i n  Table 7 .  

The most s t riking feature was t he import ant contribut i on of t h e  e ar l i es t  

t il l er cate gor i es t o  the final populat i on o f  s eedheads . 

I n  all s pe c ies t i l l ers ori ginat ing i n  t he lat e autumn and winter months 

fol l owi ng an Apr i l  s owing made the maj or c ontribu t i on t o  t o t al s e e dhead 

numbers at harves t . I n  rye grass s pr i ng formed t i ll ers ( Sept ember ) produc ed 

only approximat ely 2% o f  the  t o t al heads a t  harves t .  I n  t i mothy and prai r i e  

grass the fi gures were approximately 20% ( September -November t i ll ers ) and 5% 

res pe c t i vely . 



TABLE 7 

Rye grass 

Timothy 

Pra i r i e  
Grass 

Rye grass 

Timothy 

Prai r i e  
Grass 

Perce n t age of  Total Seedhead Populat i on Cont ribut ed 
by Till ers o f  D i f fe rent Ages 

Month of  T i l l e r  Origin ( 1 966 ) 
Treatment May June July Aug .  Sept . O c t . Nov . 

+G+N 1 4  2 1  40 23 2 - -

+G-N 1 6  25 35 22 1 1 -
-G+N 1 8  2 1  38 2 1  1 1 -
-G-N 1 8  26  36  1 8  2 - -

+G+N 20 1 7  20 2 1  1 2  4 6 
+G-N 23 1 8  23 1 8  1 1  5 2 
-G+N 20 8 2 1 24 1 2  5 9 
-G-N 2 1  1 1  27 23 7 5 6 

+G+N 44 1 4  1 8  1 6  8 - -
+G-N 53 1 1  2 1  1 3  2 - -
-G+N 46 1 7  1 8  1 2  7 - -
-G-N 5 1 1 3  2 1  1 2  3 - -

D e c/ M onth of Tiller Origin ( 1 967 ) 
Jan . Feb . Mar . Apr . M ay June July Aug .  Sept . Oct . Nov . 

+G+N 2 3  2 1  1 8  1 3 9 6 4 2 4 trace -
+G-N 2 1  20 19 1 8  1 0  6 3 . trace  3 - -
-G+N 1 8  1 8  22 1 9  9 5 4 3 2 - -

-G-N 23 1 5  1 6  22 1 4  4 3 1 2 - -

+G+N 1 0  1 1  1 4  1 2  1 5  1 3  9 8 5 2 1 
+G-N 1 3  1 6  1 5  7 1 1  1 5  6 8 7 2 trac e  
-G+N 1 6  1 3  1 2  1 0  1 2  1 1  9 5 8 2 2 
-G-N 1 3  1 5 1 4  1 4  1 3  8 8 7 5 1 2 

+G+N 33 27 1 6  6 8 8 1 1 - - -
+G-N 35 25 8 8 1 2  1 1  - 1 - - -
-G+N 38 23 1 4  1 0  8 3 3 1 - - -
-G-N 36 20 1 7  1 3  8 4 2 t rac e - - -

De c .  
-
-
-
-

-
-
1 
-

-
-
-

-

De c .  

-
-
-

-

trace  
-
-
- I 
-
-

-
-



6 8 .  

I 
I n  tih e  s e c ond year the maj or c ont r i bu t i on t o  t o t al head populat i on at 

harves t was from t i ll ers form e d  i n  the l a t e  summer , autumn and w i nt er months . 

A s  i n  the first y e ar the relat i ve c ont r ibut i on of spri ng form e d  ti llers was l ow ,  

b e i ng approximat e ly 3% , 9% and O% respe c t i vely in ryegras s , t i mothy and prai r i e  

grass . 

The resul t s  for b oth ye ars support the fi ndi ngs o f  other w orkers who have 

stres s e d  the impor t ance of  the ol des t t i l l ers i n  a crop and the progress i ve 

decl ine i n  head numbers produ c e d  through succ eeding monthly generat i ons o f  

t i l l ers C Langer 1 9 5 6 , 1 957b , Langer and R y l e  1 959 , Wilson 1 959 , Lambert 1 966 

i n  t imothy ; L anger and Lamb e r t  1 959 , Lewis 1 969 in meadow fescue ; L anger 

and L ambert 1 959 , L ambert 1 9 6 3b in c ocks foot ) .  Langer and Lambert ( 1 9 59 ) have 

s ugges t e d  that  this decreas i n g  ear bear i ng c apac ity w i t h  l at e r  ti ller format i on 

i s  appar ent ly i nher ent in the organi s a t i on of  the plant s i n c e  i t  oc curs 

irrespec t i ve of the time of s owi ng.  However , any d is c uss i on of decreas i ng 

e ar bear i ng capac i ty mus t take int o account the fac t  that this  m ay not be 

s olely an age e f fe c t .  As L anger ( 1 956 ) has point e d  ou t t i me o f  origin i s  

c l os ely correlat ed with t i l l e r  pos i t i on o n  the parent plant . The later the 

dat e of  origin  the greater the number o� prece ding t i l l ers on the pl ant . 

In addi t i on Langer and Ryle ( 1 959 ) have shown that t i l l ers inser t e d  on the  main 

s t em t end to have a higher chance  of fl oweri ng than other t i l l ers on the plant 

which appear at  the same time . 

The result s  i n  Table 7 i n d i c a t e  that although s ee dhead produ c t i on 

general ly dec l i n e d  with suc c ess i vely later dates o f  t i l l e r  or i gin i t  was 

poss ible  for t i l le rs to pr odu c e  a head i f  they were forme d b e fore m i d  O c tober  

in rye grass , D e c e mber in t i mothy and  O c t ober in prair i e  grass fol l owing an 

autumn s owing.  I n  s e cond year c rops only t i llers formed be fore Sept ember in  

ry e grass and prai rie  grass and be fore Dec ember i n  t imothy were  c apable  of  

c ont ributing to  t he s eedhead populat i on at the next harves t .  Presumably at  

these  t imes s ome fac t or c onduc i ve t o  reproductive  deve l opment c eas e d  to  operat e .  

I n  t im othy Langer ( 1 956 ) has sugge s t e d  daylength as a l i mi t i ng fac t or i nhi b i t ing 



I 
ear forma

1
t i on after m i d  July ( U . K . ) .  Pos s i bly other fac t ors such  as 

de fol iat i on and mine r al nutri t i on ( Langer 1 957b ) are also i nvolve d .  The 

result s  i n  t he pres ent  s tu dy w i t h  New Zealand Kahu t i mothy ar e generally 

s i mi lar t o  those report ed by Lange r ( 1 956 ) i n  S48 t i m othy in the Uni t e d  

Kingdom . 

A l ar ge numb er o f  t i l l ers formed i n  the  s pr i ng an d e arly summer o f  1 966 

survived i nt o  the fol l owing y e ar . N one o f  these vege t at i ve t i ll ers apparently 

s urvi ved l ong enough t o  b e ar heads i n  the 1 967 harves t .  Langer ( 1 956 ) showed 

i n  S48 t imothy that no s i ngl e gen erat ion of t il l ers exce eded a mean age of 

1 year . I n  the pres ent s tudy t i ll ers form e d  i n  t he spring and early summer 

e i ther d i e d  be fore harves t ,  or r emained vege t at i ve into the fol l owing y e ar 

thereby ensuring the survi val o f  the plant . As previ ous ly discussed  ( page 40) 

none o f  these t illers  apparently survi ve d  l onger t han the fol l owing aut umn 

( Apr i l ) .  This sugges t s  the i r  func t i on i s  one of ensuring perenni al i t y  

rather t han c ont r i bu t i n g  t o  s e e dhead produc t i on . 

Analys i s  o f  Individual Se edhead Components at Ear Emergence 

Measurements and counts of i ndi v i dual s eedhe ad c omponents are pre s ent ed 

in Appendi x  7 .  Anal ys i s  of vari ance  data derive d  from these  resul t s , 

( Tables  8- 1 1 )  is pre s e n t e d  i n  i t s  ent irety  i n  Appendix 8 and shows the  

e f fe c t  of  t reatments and emergence groups on head l engt h , spike l e t  and  floret 

numb er and mean t o t al culm le ngth for 1 966  and 1 967 . ( Head l ength was 

measured  in  cm  from the point of exser t i on of the bas al branch t o  the 

infl ores c ence t i p ) . 



H e ad Le ngt h 

TABLE 8 

Rye gras s 

Timothy 

H e ad Length Vari at i on Between Tre atme nt s and 
Emergence  Groups 

Treatment 
+G+N +G-N -G+N -G-N 1 

1 9 66 1 8  a 1 8  a 1 9  a 1 8  a 2 4  A a 
1 967 21  A a 1 8  Bb 20 AB a 20 AB a 24 A a 

1 966 1 2  a 1 1  a 1 2  a 1 3  a 1 5  A a 

70 . 

Emergenc e Group 
2 3 4 

1 9  Bb 1 7  Be 1 2  Cd 
20 Bb 1 7  Cc 1 7  Cc 

1 5  A a 1 0  Bb 8 Be 
1 967 9 a 9 a 1 1  a 1 0  a 1 1  a 9 a 1 0  a 9 a 

Prai r i e  1 9 66 38 a 35 a 40 a 37 a 60 A a 45 Bb 24 Cc 20 
Grass 1 967 25 ABb 2 1  B e  3 1  A a 26 ABb 2 8  A a 28  A a 25  ABab 22 

Result s  i n  Table  8 show t hat in 1 966 there was no t re atment e ffect  on head 

l en gt h .  Howe ver , i n  all species  a s i gn i fi c ant redu c t i on i n  head l ength 

occurr e d  between e arly ( E1 )  and lat e ( E4 )  emerged he ads . W i t h  the exc ept i on 

o f  t im othy , t reatment e f fec t s  on head length became apparent i n  the s e c ond year . 

I n  both  rye grass and prairie  grass , grazing depressed  head l engt h .  The 

appl i c at i on of n i trogen to grazed  plots ful ly over c ame this depres s i on .  

Howe ver ni trogen d i d  not s i gni f i c antly  i ncreas e head length i n  ungrazed plots 

o f  rye grass . I n  prai r i e  gras s and ryegras s ,  heads i n  eme r gence  groups 1 and 

2 were l onger than those in  groups 3 and 4 .  N o  such e f fe c t  oc curre d i n  

t imothy i n  the s e c ond year . 

Vari ati ons i n  l e ngth b e tween heads i n  early and lat e emergence groups can 

perhaps be explained in t e rms of the t ime of t i ller f ormat i on .  Any t i l l e r  

ori g i nating l a t e  enough t o  b e  expos e d  s oon a fter i t s  format i on t o  env i r onment al 

c ond i t i ons sui t able for fl oral devel opment wi l l  init iate  a s e e dhead ear l i er in  

i t s  m orph ol ogi c al devel opment than a t il l e r  forme d s ome months pr i or to  the  

fl owe ring per i o d .  Under thes e c ondi t i ons head l e ngth would  b e  mos t l ikely t o  

b e  reduc e d , a f ac t or whi ch m i ght als o  i n fl uenc e the numb er o f  spikel e t s  and 

fl ore t s  produc e d  per head . The resul ts  tend  t o  support f i ndin gs by S t oddart 

( 1 959 ) and . Langer ( 1 959b ) for t imothy in  the first year ( 1 9 66 ) . Th is i s  s h own 

by the s i gn i f i c ant reduc t i on in head le ngth of this spec ies in groups E3 and E4 , 

c ompare d  wi th Gr oups E1 an d E2 . In  the s e cond year , howe ver , lack o f  

s i gn i fi c anc e t e nds t o  negate St oddart ' s  conclus i on that t imothy heads c an b e  

Cc 
Bb 
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d i vi d e d  into  groups acc ordi ng t o  t ime o f  ear emergence  purely on head length . 

Analys i s  o f  t imothy heads i n  e ach emergence  group i n t o  arb i t rary head length 

c at e gor ies  ( Appendix 9)  s hows that in the second year while there were more 

s hort heads ( l ess  t han 5 . 0  cm lengt h )  i n  emergence groups E3 and E4 t han i n  

E 1  and E2 , there were s t i ll a numb er o f  he ads i n  the lat er emerged gr oups 

which were over 1 0 . 0 cm in lengt h , and a smal l numb er over 1 5 . 00 cm i n  l e ngth . 

I t  i s  l ikely that thes e l onger heads i n  l at e-emergence  groups were respons i b l e  

for failure t o  d e t e c t  a s tatis t i c al head length redu c t i on gradi ent from E 1  t o  

E 4  i n  t h e  s e c on d  year . 

TABLE 9 Spi kele t Number Var i a t i on Between Heads i n  Di f ferent 
Treatmen t s  and Emergenc e Groups 

Treatment Emergence Group 
+G+N +G-N -G+N -G-N 1 2 3 4 

Rye gras s 1 966 19 a 1 9  a 20 a 20 a 21  A a 1 9  ABb 20 ABab 1 7  Be 
1 967 20 a 1 8  a 2 1  a 22 a 2 1  a 22 a 20 a 1 8  a 

( S e e d  Number per Head ) 

Timothy 1 96 6  308 BCb 264 Cc 373 A a 346 AB a 376 A a 357 AB a 31 1 Bb 247 Cc 
1 967 308 a 267 a 292 a 284 a 324 a 305 a 290 a 234 a 

Prai r i e  1 9 66 25 a 2 1  a 31 a 23 a 43 A a 25 Bb 1 8  Bbc 1 3  Be 
Grass 1 9 67 20 Bb 1 4  Be 31 A a 2 1  Bb 26 a 24 a 1 8  a 1 9  a 

The result s  i n  Tab l e  9 show the e f fec t  o f  t re atments on spike l e t  number  

and  spikel e t  number var i at i on between  ear emergence  groups . ( Se e d  number pe r 

head was us e d  i n  t imothy bec aus e o f  di fficul t y  i n  d i s t i nguish ing indiv i dual 

spikelets ) .  

I n  ry e gr ass i n  both years t reatments had no s i gn i fi c ant e ffec t  on 

spike l e t  numbe r .  

The appl i ca t i on o f  ni t rogen appeared t o  increas e  spike l e t  number p e r  head 

i n  prai r i e  grass , this e ffec t  reac h i ng s i gni fican c e  i n  the s e c on d  year . 

Graz i ng tended  t o  reduc e spike l e t  number , particularly i n  the s e c on d  year , but  

t he appl i c at i on o f  ni t r ogen to  grazed pl ots t ended  to  overc ome this  depress i on .  

S e e d  number per head i n  t i mothy t ended t o  b e  d epres s e d  by grazing but 

s t i mulat e d  by nitrogen . Thi s  n i t rogen s t imulus was m os t  evi dent i n  the  

presenc e of  grazi ng i n  the  firs t y e ar .  

Emergenc e  gr oup re c or ds o f  s pikel e t  number i n  both rye grass and pr a i r i e  

grass an d s e e d  number p e r  head i n  t i mothy sh owe d a re duct i on from early-emerge d  
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( 1 ) t o  late -emerged ( 4 )  heads i n  the  s owing y e ar ( 1 966 ) .  No e me r gence  group 

di fferenc e s  were det e c t e d  in the s e c ond y e ar .  

The results i n  Table  9 st ress the depres s i on o f  spikelet  number by grazing 

prai r i e  grass , and the  value o f  nitrogen i n  the  management o f  this  species  for 

s e e d  produ c t i on .  The results  als o r e i n force  claims by other workers 

( Evans 1 93 7 a ,  1 962 ) and Roberts ( 1 966 ) that ryegrass , because o f  its l ac k  o f  

response t o  t re atment c ombi nat i ons of  grazing and nitroge n ,  i s  a fl exible 

spe c i es , able  to  wi t hs t and the e f fects o f  de f ol i at i on wi t hout de pres s i on in  

spikel et  numbers per head . N i t rogen app l i e d  up t o  the time  o f  fl oral 

init i at i on apparently did  not i n fluence spikelet  numbers . 

As s p ikel et  branc hes devel op from t h e  shoot apex it  is not surpris ing 

that the i r  number should be i n fluenced by the  s i z e  o f  t he ve getative  apex at 

t he time of fl oral init i at i on .  A s  Lan ger ( 1 957b ) has point e d  out t i l l ers 

formed i n  the summer and autumn develop e ars at about the same t ime i n  the  

s pring.  Spikelet  numbers per head is greatest  in thes e t i ll ers . Those 

ari s i ng on l at er dates bear short er heads and progressively fewer sp ikel e t s  

unt i l  t h e  mi nimum number i s  found o n  heads produc e d  fr om t i l l e rs ac tual ly 

formed under fl oral- i nduc t i on and ini t i a t i on cond i t i ons in the l at e  winter  

and early spring.  This di f ference may arise from the greater  number of  leaf 

primordi a ac cumulat e d  on the s h oot api c e s  o f  ol der till ers , infer ing that  more 

s i tes  are availabl e for spikel e t  i n i t i a t i o n .  

Fl oret Number 

TABLE 1 0  

Rye grass 1 966  
1 967 

Timothy 1 966 

Fl ore t Number Variat i on Between Heads in D i f ferent 
Treatments and Eme rgence  Gr oups 

Treatment Emerge nc e  
+G+N +G-N -G+N -G-N 1 2 

1 1 4  AB a 87 Cb 1 20 Aa 96  BCb 1 38 A a 1 1 1 Bb 
1 20 a 97 a 1 1 4 a 1 1 1  a 1 55 A a 1 1 7  Bb 

� Se e d  number per head ) 

308 BCb 264 Cc 373 A a 346 AB a 376 A a 357 AB a 

Group 
3 

91 Cc 78 
87  Cc  83 

3 1 1 Bb 2 47 

4 

D d  
Cc 

C c  
1 967 308 a 267 a 292  a 284 a 324 a 305 a 290 a 234 a 

Prairi e 1 966 80 Aab 57 Ab 1 07 A a 8 2  A ab 1 46 A a 76 Bb 58 Bb 46 Bb 
Grass 1 967 93 ABb 75 Bb 1 63 A a 95  ABb 1 52 a 1 2 1 ab 8 0  b 7 8  b 
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A su�fi c i ent s upply of  m i neral nut rients mus t b e  ava il able  to al l ow 

individual heads t o  grow t o  maximum s i ze . I t  was not surpr i s ing ther e fore , 

that ni t rogen appl i c at i on i n  the pres ent study exe r t e d  a s t rong pos i t i ve 

e f f e c t  on the numb er o f  fl ore t s  forme d on individual heads , as sh own i n  

Table  1 0 .  

I n  all spe c i es i n  both y e ars grazing generally depr e ss e d , an d n i t rogen 

appl i c at i on increas e d  t ot al fl ore t produc t i on ,  the s e  e f fe c t s  gene rally 

reaching s i gn i f i c an c e  in the fi rs t year . The abi l i t y  o f  ni t rogen t o  partly 

or c ompletely  overc ome the  dele t er i ous e f fe c t  of  grazing on fl oret numbers is 

r e fl e c t e d  i n  the  number of flor e t s  produced  i n  the t reatment +G+N . 

I n  al l s pe c i es the main  ove rall e f fe c t  o f  ni t rogen appl i c at i on was t o  

increase the number o f  florets devel oped per spike l e t  w i thout i n  many c ases  

s i gni fi c antly i ncreas i ng the  numbe r  of  spikel e t s .  Ryl e  ( 1 964 ) has however 

s hown that in rye grass , meadow fes cue and c ocksfoot , c on di t i ons of  s oi l  

n i t r ogen de f i c iency c an result i n  the number of  primary branches i n  the ear 

be ing reduc e d .  The e f fe c t i veness o f  ni t rogen i n  increas i ng fl or et  number 

has been previ ous ly obs erved by Langer ( 1 959 c )  and Ryl e  ( 1 965b ) .  

Two other fact ors whi ch exert an e f fect  on ear s i z e  are t emperature and 

daylength . I n  s i ngl e  plants of  t i mothy ( Ry l e  an d Langer 1 963 ) and rye grass 

( Ryle  1 965a ) the t o t al floret numbers per head decrease as daylengt h  or 

t emperature is i ncreas e d .  

The dat e o f  emergence o f  i nd iv i dual heads affects  the  number o f  fl ore t s  

de vel ope d ( Tabl e  1 0 ) . Thus i n  ryegrass early emerged heads ( 1  and 2 )  contained 

more flor e t s  per spikel e t  than h eads emerging lat er i n  the  s e as on ( 3  and 4 ) . 

I n  prai r i e  grass , ears devel ope d on early emerge d  heads were l arger not only 

b e c ause of a gre at er number of s p ikele ts  but als o  be c ause each spike l e t  

generally devel oped more fl ore t s . Thi s latter  e f fe c t  was par t i c ularly the  

c as e  in 1 967 . 

I n  t im othy the morphol ogy o f  t he e ar precluded d i s t i n c t i ons be ing drawn 

b etween spikelet  and fl oret numbers . However s ee d  numb er per h e ad dropp e d  
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s i gni fi c antly  from e arly-emerged t o  l at e -emerge d  h e ads i n  the firs t y e ar wi t h  

a s i mi lar t r e n d  oc curr i n g  in  the  s e c ond y e ar . 

Simi lar e f fe c t s  on the r e duc t i on i n  fl oret  numbers wi th l a t e r  e ar emergence 

have b e e n  re c orded by Ansl ow ( 1 9 63 ) and Ryl e ( 1 964 , 1 965b ) in  ry e grass , Ryl e 

and Langer ( 1 963 ) in  t i mothy ,  and Ryl e  ( 1 9 65b ) i n  m e adow fescue and c o cks foot . 

Culm Lengt h 

TABLE 1 1  

Rye gras s 1 96 6  

Culm L e ngt h Variat i on Betwe en H e ads in  Di fferent 
T r e atments and Emerge n c e  Groups 

Treat m e n t  Emerge n c e  Gr oup 
+G+N +G-N -G+N -G-N 1 2 3 

83 a 80 a 84 a 86 a 90 A a 84 A a 88  A a 

4 

72  Bb 
1 9 67 87 a 7 1  a 9 1  a 87  a 9 3  a 84 a 8 1  a 77 a 
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The  results i n  Table  1 1  s how that culm l ength at  ear  emergen c e  i n  both  

t im o t hy and prai r i e  grass was r e duc e d  by graz i ng. Simi larly , i n  t h e s e  s pe c i e s  

t her e  was a re duc t i on gradi e n t  i n  culm l ength from ear ly-emerge d  ( 1 )  t o  

l a t e -emerge d  ( 4 )  heads . I n  rye grass however , l i t t l e  appar ent r e l a t i ons h i p  

b e t w e e n  t re atment , o r  t i me o f  e ar emerge nc e ,  and c ul m  le ngth oc curr e d .  

CONCLUS ION 

Gra z i ng and n i t roge n  supply s t rongly i n fluen c e d  s e e dh ead numb er in al l 

spec i es . Grazing was not gene rally del e t e r i ous t o  s e e dhead number per r ow 

foot prov i d e d  n itr ogen was als o appl i e d .  I n  ry e gras s  and t im o t hy , par t i cularly 

in the s e c on d  year , ungraz e d  plots  to whi ch  ni troge n  had b e e n  appl i e d  y i e l de d  

fewer heads than the  c on trol t r e atment . 

Perc e n t age fe r t i l e  t i l l e r  produ c t i on d e c l ine d i n  the s e c ond  y e ar c ompared  

w i t h  t he perc ent age o f  fer t i l e  t i l l ers produc ed i n  the y e ar o f  s ow i n g .  This 

was par t i c ul arly evi de n t  i n  t i m ot hy , fert i l e  t i l l e r  perc ent age b e i n g  r e du c e d  

a s  much a s  8 t imes i n  ungrazed t re at m e nts  t o  wh i ch nit rogen had b e e n  appl i e d ,  

and y i e l d i ng a fi nal fert i l e  t i ller  perc e n t age o f  only 5% i n  1 96 7 .  The 

appl i c at i on o f  nit rogen generally had a depress i ng e f fe c t  on the p e r c e nt age 
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o f  t i l l e� s  wh i ch b e c ame  reprodu c t i ve .  H owever , n i t roge n  appl i cat i on d i d  

i nc reas e  t o t al t i l l er numbers , result i n g  i n  a greater  be tween-t reatment  

per c ent age o f  t i l l e rs pr odu c i ng heads . Graz i n g  and n i t rogen r e duc e d  fer t i l e  

t i l l e r  p e r c e nt a ge i n  t i mothy and prai r i e  grass i n  t h e  s e c ond  y e ar . I n  

ryegras s , n i t rogen appl i c a t i on ove r c ame  the  depres s i on i n  fert i l e  t i l l er 

produc t i on c aus e d  by graz i n g .  This indi cates  t h a t  i n  this  s p e c i e s  us e fu l  

grazing c oul d be  ob t a i n e d  wi t h out  re duc t i on i n  s e e dhead produc t i on provi de d 

n i t r ogen was als o appl i e d .  

I n  t h e  s owin g y e ar ( 1 96 6 )  early -emerged s e e dheads ( emergence  groups 1 

and 2 )  c ontribut e d  over 85% o f  the t ot al he ads forme d  i n  rye grass and pra i r i e  

grass a n d  77% i n  t i mo t hy .  I n  the s e c on d  year the c orresponding f i gures were 

approximately 80% in ry e gras s  and prairi e grass and 55% in t imothy . I n  1 9 67 

graz i n g  c aus e d  a sh i ft t owar ds ear l i er e ar emergen c e , i nc r e as i ng the  

c ont r i bu t i on o f  s e e dhe ads i n  e mergenc e group 1 at  the expens e o f  thos e i n  

emerge n c e  group 3 .  The maj or propor t i on o f  s e edheads generall y  f e l l  in  t h e  

fi rs t  t wo  emerge n c e  groups . Thes e  heads origi na t e d  almos t exclusi vely from 

t i l l ers formed in the autumn and early w in t e r of the y e ar o f  s ow i n g  and dur i n g  

t h e  i mme d i a t e  p os t -h arve s t  per i od ,  au t um n  and early wi n t e r  i n  the s e c ond  year . 

The c ont r i bu t i on o f  t i l l ers forme d in  the  spring t o  t o t al s e e dhead p e r c e ntage 

was l ow .  Heads forme d from t i l l ers or i ginat ing dur ing this  l a t t e r  p e r i od 

general l y  c ont ribut e d  t o  the numer i c ally s maller number o f  l a t e -emerged 

s e e dheads ( e mergen c e  gr oups 3 an d 4)  in t h e  crop . 

The resul ts  o f  analys is for s e l e c t e d  s e e dhe ad components show the maj or 

t r e n d  i n  all s pe c i es as a general d e pres s i on in head l e ngth , s p i ke l e t  and 

fl or e t  number , and culm l ength wi th graz i n g .  Thes e  e f f e c t s  w e r e  in  mos t 

c as e s  partly or c om p l e t e l y  ove r c ome by t he appli c at i on o f  n i t roge n . The 

maj or e f fe c t  of appl i e d  n i t r o ge n , howeve r ,  was to i nc reas e floret numb e r  per 

head . The results  agai n re flec t t h e  tol e rance o f  ry e grass  t o  management  

syst ems in c orpora t i n g  grazing and n i t r o gen , the i nt ol e ranc e o f  prai r i e  gr ass 

t o  graz i ng and p os i t i ve response  to n i t r ogen , and the de l e t e r i ous e f fe c t  o f  
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grazing on  the numbe r  o f  s e e ds per head i n  t i mothy s t ands i n  the sow i ng ye ar . 

· In  all  spe c i es most s e e dhead  c omponents vari e d  ac cording t o  t i me o f  e ar 

e mergen c e . Early-emerged he ads were ge n e rally l onge r ,  bore more s pikel e t s  

and more florets per head and h a d  a gre a t e r  culm l e n gth than l a t e -emerged 

heads . 
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ANTHES IS 

INTRODUCTION 

In all species  t he progress of ant hes is ( anther exsert i on )  was observed  

t o  det ermi ne the t ime o f  peak anthes i s  i n  the f i e l d .  T h e  i n format i on obt aine d 

was necessary for the measurement o f  the durat i on and extent o f  subs equent 

s tages o f  s e e d  devel opment . As i t  was i nt ended t o  s tu dy anthes i s  i n  both 

rye grass and prai rie  grass i n  more detail at a lat er s tage i nt ensive observat i on 

of  anthesis  i n  the s e  two spec i es was not c arr i e d  out . However ,  c l oser  

exami nat i on of  t i mothy plants under gl asshouse cond i t i ons was undertaken t o  

pro v i de s ome i nformat i on o n  anthesis and s e e d  formati on .  

LITERATURE REVIEW 

The t er m  ' anthesis ' is wi dely used t o  des cribe t he process o f  b l oomi ng i n  

grasses . Thi s  process b e gi ns when anthers and s t i gmas are exp os e d  t o  the 

pol l i nat i ng agent ( s ) ,  e i t her becaus e the fl ower opens or b e cause the organs 

protrude from a c l os e d  fl ower , and ends when the same fl oral organs are n o  

l on ger avai lab l e  t o  t h e  pol l i nat i ng agent ( s ) .  In  c l e is t o gamous flowers there 

is , by defini t i on , no anthesis ( Fae gri & Pi j l  1 966 ) .  

The morphol ogy of the grass fl ower has been described  by a number o f  

workers ( Mosher 1 9 1 8 ,  Bews 1929 , Armstrong 1 937 , Whe e l er & Hill  1957 ) . 

Others have observed t he daily pat tern o f  anthesis i n  grasses ( Evans 1 9 1 6 ,  

Gre gor 1 9 28 , Beddows 1 9 3 1 , Jones and Brown 1 95 1 , Grabe 1 956 , Johns t on 1 960 , 

Ans l ow 1 963 ) . 

The time o f  day at whi ch anthes is  oc curs var i es between spe c i e s  and daily  

ac c ording t o  weather cond i t i ons . The envir onment al c ond i t i ons i n fluenc ing 

anthesis in  gras s es are revi ewed i n  a foll owi ng s e c t i on ( Page 141 ) . Generally 

anthesis is most act i ve between 5 a . m .  and 9 a . m .  but s ome spec ies b l oom more 

fre ely t owards the middle of the day e . g . Lol ium and Fes tuca ( Be ddows 1 931 , 

Cocks 1 958c , D otzenko and S t egme i er 1 959 ) ,  and in rare c ases duri ng the h ours 

of darkness e . g . Phl eum ( Evans 1 9 1 6 ) .  

In  most gras s es individual heads shed pollen over 6 t o  8 days , the l im i t s  

be i n g  appr oximately 3 t o  1 1  days ( Gregor 1 92 8 , Jones and Newel l  1 9 4 6 , Ans l ow 1 963 , 
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Gri f fi ths e t  a l  1 967 ) depending on spe c i e s  and t h e  number o f  fl orets  on each 

i n fl ores c e n c e  ( Jones and Brown 1 95 1 ) .  

· Some workers s tudy i ng s e e d  development  in  grasses  have r e c orded the 

emergen c e  of  anthers as a datum line  for measur i ng the subsequent  deve l opment 

of s eeds ( Grabe 1 956 , Stoddart 1959 , Bal t enspe rger and Kalt on 1 959 , Hyde et al 

1 959 , Ans l ow 1 963 and Bean 1 965 ) .  The use  of  this cri t e r i on has redu c e d  

variabi l i ty wi thin a n  infl or es c en c e  and allowed conclus i ons o n  t he germi nat i on 

capa c i t y  and the inc reas e  i n  wei ght o f  individual s e eds . I n  s t u d i es with  

Bromus inermis Grabe ( 1 956 ) sugges t e d  that since individual fl ore ts remain open 

for only a few hours the dat e of anthe s i s  c ould be r e gar ded as the dat e o f  

pol l i nat i on .  

I n  ryegrass ant hesis  proc e eds in  a r e gular manner from t h e  apex downwards . 

Wi thin the  spikel e t  the reprodu c t i ve organs of  the basal fl oret mature f i rs t , 

and anthesis c ont i nues extremely regularly upwards ( Gre gor 1 9 2 8 ) . The daily 

peri od of anthes i s  varies , wi t h  the maj or i t y  of  fl orets gene ral ly open b e tween  

1 1  a . m .  and noon . Anthesis does not generally c ommence be fore 9 . 30 a . m .  and 

all fl or e ts have c l os e d  be fore 5 p . m .  ( Gr e gor 1 928 ) .  Beddows ( 1 931 ) c oncluded 

that , in  perennial rye grass , s t i gma and anther exs e r t i on were s i multan e ous . 

Gre gor ( 1 928 ) als o  found that s t i gmat a were fre ely expose d  at the t i me o f  anther 

dehis c e nc e .  

The first i n d i c at i on that a t imothy fl oret has c ommenc e d  anthes is oc curs 

when t h e  glumes open s l i ghtly and the t i ps o f  the anthers be c ome vis i bl e . 

Aft e r  anther emergence the filamets c on t i nue t o  ext end t o  the i r  full lengt h .  

A t  about this t i me t h e  t i ps o f  t he s t i gmas el onga t e , s pread laterally , and 

b e c ome feathery in appearan c e  ( Evans 1 91 6 ) .  Ant her sacs remain closed  unt i l  

after t h e  filament& and s t i gmas have b e c ome fully extende d .  The r e  i s  there for e , 

an i n t er val aft e r  the  s t i gmas are fully expose d  b e fore pollen liberat i on occurs . 

The glumes c l os e  s oon after the anthers are exsert e d .  A t  dehis c e nc e ,  e ach hal f 

of  the  anther opens l ongitudi nally from t i p  t o  bas e . Aft er the anther sacs 

have part ially dehis c e d , any s l i ght movement o f  the  culm will s e t  fre e  quant i t i e s 

of  pol l e n .  Fol l owing dehis c en c e  t h e  fi laments w il t .  The s t i gma remai ns 
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attache d to  the fl oret and gradually dries  and shri vels a fter  anthesis i s  

c ompl e t e d .  The t erminal fl orets begin anthes is firs t  o n  a t i mothy head . On 

s uccess i ve days fl ore ts l ower down on the s pike bl oom . 

The amount o f  l i t e rature on the d e t ai ls of anthes is i n  prai r ie grass is 

limi t e d .  S everal workers , however , have made general obs ervati ons o n  anthe s i s  

i n  t h i s  spe c i es ( Beddows 1 93 1 , Smith  1 944 , Langer & Wil s on 1 9 65 ) . Prai r i e  

grass produces bot h  c hasmogamous and cleist ogamous fl owers . I n  respons e t o  

environmental cond i t i ons ( d ay and s o i l  moisture i n  par t i c ular ) Langer and 

Wilson ( 1 965 ) have shown that chasmogamy in prai rie  grass oc curs early in the 

s pr i ng , to b e  fol l owed by the produ c t i on of cleist ogamous flowers in the summer . 

Chasmogamy is at tended by greater anther l engt h but  later anthes is than occurs 

in the cleistogamous cond i t i on .  ( Chase 1 9 1 8 ,  Madge 1 929 ) . Phys i ologi cally , 

the type of fl ower produc e d  appears t o  be a mat t e r  of  del i cate  balance whi ch 

Harlan ( 1 945 ) att empt ed to  e xplain by ass uming that condi t i ons would have t o  

reach and maintain a certain threshold be fore chasmogamous fl owe rs coul d b e  

forme d ,  otherwi s e  cleist ogamy would  result . Both types o f  fl owers may occur 

on the s ame spikelet . ( Uphof 1 938 , Ragonese and Mar c o  1 94 1 , Langer and 

Wils on 1 965 ) .  Apart from Bromus s pp .  cleist ogamy has als o  been obs e r ve d  in 

other grasses includ ing S t ipa leucotri c ha ( Brown 1 952 ) and Dant honia  spp 

( Dobrenz and Bee t l e  1 966 ) .  

In the c as e  of chasmogamous fl orets o f  prai r ie grass anthesis apparently 

foll ows a s equence s imilar to  that for ryegrass , anthers b e i ng exs er t e d  from 

the floret prior to dehis cence  ( Be ddows 1 931 ) .  

MATER IALS AND METHODS 

The progress of anthes is in each spe c i es was recorded approximately daily 

by e xamini ng 1 00 heads in each treatment in the f i e l d  experi ment and r e c or ding 

the number of heads with exserted anthers . Examinat i on was made at 8 a . m .  for 

t imothy and at · 1 1 a . m .  for ryegrass and prairie  grass t o  r e duce  inac curac i e s  

d u e  t o  diurnal fluctuati ons i n  anther �xser t i on .  

I n  anot her s tudy f i v e  clones o f  ' Grasslands Kahu ' t i mothy w e r e  obtaine d from 

s i ngl e plants - grown at the Grasslands Divis i on ,  D . S . I . R .  Pal mers ton North , and 
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a f t er pott ing were plac e d  in a gl asshouse f or observat ion of anthes i s . O n  

selected  heads t h e  numbe r  o f  anthe rs exsert e d  was recor de d .  Two peri ods o f  

study were us e d ,  one c overing the hours o f  darkness ( 8  p . m .  - 8 a . m . ) and the 

other c overing the per i od 8 a . m .  - 8 p . m . The number o f  exserted  anthers 

present at 8 p . m .  and 8 a . m . respe c t i vely was recorded  and al l exserted  anthers 

then removed .  

I n  add it i on ,  ten t im othy heads were enclosed i n  plas t i c  bags pri or t o  

anthesis t o  d et ermine the abi l i ty o f  t imothy t o  devel op seed  following s e l fi ng .  

At seed matur i ty indi vi dual heads were dis s e c ted , the t ot al number o f  fl or e t s  

c ount e d  and s e ed numbers recorded .  The results obtained were c ompare d with  

s imilar records made on  ten  heads which had not  been bagge d.  

To obt ai n  in format i on on the r elative fertil i ty o f  fl orets  in di f ferent 

pos i t i ons on t imothy he ads five s e e dheads each of 1 0 . 0  cm in length we re 

c h os en and divided  into four r e gi ons , each o f  2 . 5  cm . These  regi ons were 

recorded 1 -4 from the t op o f  the head to  the base . On each head the progress 

o f  anthesis was obs erved and the t otal fl orets whi ch fl owered in each region 

r e c orde d .  Approximat e ly 2 0  days a fter the c ompl e t i on o f  anthes i s  the heads 

were harve s t e d  and diss e c t ed to obtain figures for both the total florets and 

the number o f  seeds formed in each region . 

R ES ULTS AND DIS CUSS ION 

( a ) Field Experi ment 

From the results o f  field observati ons o f  anthes i s  present e d  in Figure 1 1 ,  

( raw data i n  Appendix 1 0 )  it  i s  evi dent t hat in all spe c i e s  there was l i t t l e  

t re atment e f fe c t  i n  the f i r s t  year ( 1 9 6 6 )  b u t  a more marked t reatment e f fe c t  

i n  the s econd year ( 1 9 67 ) .  

In rye grass i n  the firs t  year the range in date o f  ons e t  o f  ant hes is , date 

of peak anthesis and durat i on of anthes i s  between treatments was only 4 ,  4 & 3 

days respe c t i vely.  Treatment e f fects were more marked i n  the s e c ond year . 

I n  1 967 the ons e t  o f  anthes is occurred l ater  in grazed than ungrazed pl ot s .  

Howe ver , the i n fluenc e o f  nit rogen appli cat i on t o  grazed plots was c l e arly 

shown by the ons e t  of anthesis i n  +G+N being  advan c e d  7 days c ompare d  with  
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treatment +G-N .  The number of  days t o  peak anthesis was redu c e d  i n  graze d  

pl ots a n d  apparent ly increas e d  slightly in ungrazed plots whi c h  had r e c e ived 

ni trogen . The durat i on of anthesis in all treatments in the firs t year was 

41  t o  43 days compar e d  with a durat i on of  only 27 t o  32 days i n  the s e c ond 

year . 

In t imothy a delay in the ons et of  anthesis  o f  grazed plants occurred in 

the firs t year . The range i n  the ons e t  and durat i on of  anthesis  was 7 and 8 

days respecti vely over al l treatments . Anthesis extended for up to  74 days 

during u nfavourabl e  weather in the firs t year . N o  apparent d i f ference between 

the dat e  of peak anthesis in di fferent treatments c oul d be d e t e c te d . In the 

s e c ond y ear , there was c ons i de rabl e var i at i on in the ons e t  and durat i on of 

anthes i s  in di ffe rent treatments . As with  ryegrass , but t o  a lesser extent , 

anthes i s  commenc e d  earl i er i n  ungrazed plots whi le the add i t i on of nitr ogen 

t end e d  to delay the t ime to peak anthes i s . The range i n  the ons et of anthes i s , 

date of  peak anthes is , and durat i on of  anthes is was 8 ,  8 and 1 0  days respecti vely . 

Des pi t e  an 8 .day de lay in the ons et of  anthesis i n  grazed plots heads in these 

treatments reached peak anthesis more qui ckly and comple t e d  anthesis ove r a 

shorte r  period t han plants i n  ungrazed plots . 

In prai rie  grass the perc ent age o f  s e e dheads showing exserted  anthers on 

each day of obs ervat i on was count e d .  This i s  a facul tat i vely cleist ogamous 

s pec ies  some fl orets be ing chasmogamous and others cleist ogamous . The results 

present ed here may not be c ons i dered c ompletely ac curate as they do not take into  

acc ount heads wi t h  fl orets wh i c h  flowe red  c l e istogamously and  were  not obse r vabl e 

i n  the fiel d .  The results there fore include only thos e heads flower i ng 

chasmogamously . 

In prai rie  gras s , i n  the firs t year , the ons et o f  anthesis  was apparently 

delay e d  in treatments recei ving nit rogen . However the time  b e twe en the onset 

o f  anthesis arid peak ant hes is in all treatments r emai ned relat i vely c onstant 

betwe en 2 1  and 23 days . Simi larly the t otal dur at i on o f  anthes is i n  prai r i e  

gras s ranged from 4 0  - 4 2  days over a l l  t reatments . No apparent e f fe c t  fr om 

grazing occurre d  in the firs t s easo n .  
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In the  s e c ond y ear grazi n g  had a considerable e f fe c t  on both the date o f  

onset  o f  anthes is · an d o n  the number of days require d t o  reach peak anthes i s .  

Des pi t e  a n  1 1  day delay i n  the  onset  o f  anthesis  i n  graze d  compared with 

ungrazed plots , the t ime from ons e t  to  peak anthes i s  was only 17 days in 

grazed treatments ve rsus approxi mat ely 21  days in ungrazed treatments . The 

durat i on of anthes i s  for all t reatments was 36 to  42 days , with plants in 

grazed p l ot s  compl e t ing anthes i s  over a s l i ghtly shorter period than plan ts 

i n  ungrazed plots . By comparis on the addi t i on of ni trogen had l i t t l e  e f fe c t  

on thes e process es . 

Anthesis  oc curred over an extended peri od in all species  in  the fi rs t  year .  

This was apparently due to  e nvironment al condi tions over the months of Novembe r ,  

December and January . Strong winds , low t emperatures ,  and frequent rain 

caus e d  i nhibi t i on o f  anthes i s  on a number of  days and caus e d  apparent depress i on 

i n  the number of  fl orets whi ch exsert e d  anthers on s everal oc c as i ons . In  the 

s e c ond y ear warm , fine weather al l owed a more contrac t e d  an thes is period and 

resul t e d  in  the date of peak anthes is b e i ng more c l early de fi ned in each 

t reatment . The variat i on o f  anthesis b e tween years was part icularly mark e d  i n  

the c as e  of t im othy ; the mean durat i on o f  anthes i s  for all t reatments i n  t he 

firs t y ear being 7 1  days , c ompared  wi t h  only 45 days i n  the s e c ond year . 

This emphas ises the i mportant role o f  envir onment al condi t i ons on the anthes is 

of . grasses , the i n fluence of prot rac t e d  anthesis b e ing subsequently re flec t e d  

in  uneven s e e d  development and r ipening throughout t h e  crop . 

Observati ons were als o  made o f  the durat i on o f  anthesis  o f  50 individual 

heads of each spe c i es in  the firs t year . The ave rage figures for rye grass 

and prai rie  grass were 9 . 4  and 9 . 2  days respecti vely . In t imothy the durat i on 

of ant hes is per head var i e d  from 6-1 7 days . Thi s  var i at i on in  ti mothy may have 

been c aused by var iat i on in  head length as repor t e d  by Evans ( 1 9 1 6 )  and 

Wheeler  and Hill  ( 1 957 ) .  

( b ) Glass hous e Experiment ( Timothy ) 
The results in  Table 1 2  show the progress o f  daily anthe s i s  i n  5 s e l e c t e d  

t imothy heads under glasshouse condi t i ons . 



TABLE 1 2  

( 1 8 . 1 . 67 )  

Progress of Daily Anthesis in Sel e ct e d  Timothy 
Heads 

Day Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0  

Numb er of florets wi t h  exs e r t e d  anthers 
Night ( 8  p . m .  - 8 a . m . ) Day ( 8  a . m .  - 8 p . m . ) 

1 7  
0 

383 
362 

25 
277 
854 

42 
22 

568 
6 1 0  
1 43 

9 1  
5 8  
95 

293 
39 
26 
1 7  
1 2  

0 
0 
7 

1 1 3 
1 

57  
240 

0 
1 
1 

1 6  
0 

1 7  
0 
0 
0 
0 
0 
0 
0 

The results c onfirmed t hat anthesis  occurred mainly during the ni ght , as 

sugges t e d  previously by Robb i ns ( 1 924 ) and Beddows ( 1 93 1 ) .  However , under 

warm hum i d  condi t i ons ( as r e c or ded by t hermohygrograph ) on days 4 ,  6 and 7 ,  

anthesis  c ont inued intermi t t ently during the day .  

Eme c z  ( 1 961 ) and Lambert  ( 1 966 ) have b o t h  discuss e d  the  environmental 

requ i r e ments for anthes is i n  S48 t i mothy . They s ta t e  that anthes i s  will only 

occur whe n  the t emperature is at l eas t 62°F and l i ght intensi ty at l eas t 1 200 ft . 

c andl e s . Thes e  two mi nimu m  values mus t be exceeded  for at leas t  1 0  h ours 

be fore anthesis c an oc cur . A wind vel oc ity o f  8 m . p . h .  or m or e  can also 

i nhi bi t anthes i s . Obse r vat i ons showe d that the whole proc ess of anther 

exse r t i on ,  and poll e n  dehisc enc e in t i mothy oc cup i e d  a var i able  per i o d  from as 

l i t t l e  as 30 minutes up t o  s e veral hours . This i s  in l ine wi th obs e r vat i ons 

by Evans ( 1 9 1 6 )  and R obbins ( 1 924 ) who quoted  a durat i on o f  anthes is of be tween 

1 and 2 . 5  hours i n  individual t imothy fl ore ts . 

By encl os i ng a number o f  s e e d  heads in plas t i c  bags pri or t o  anthesis  

comparis ons of the  numbe r  o f  s eeds formed foll owi ng s e l f-poll inat i on were  made 

with t h e  number of s e e ds forme d fol l owing cross ing.  
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TABLE 13 Seed Numbers Produc e d  on Timothy Heads Following S e l f  
and Cross Poll inat i on 

Sel f Pol l i nat ion 

Cross Poll i nati on 

Average flore t 
number per head 

1 683 

1 885 

Average seed 
number  p_er head 

4 

5 1 7  

Average percent age 
s eeds per head 

0 . 24 

27. 43 

The results in  Table 13 c on firm s t atements by G orman ( 1 950b ) t hat 

althou gh s e l f- fert il i s at i on can oc c ur in t imothy , the average percentage o f  

florets produc ing s e e d  i s  much l e s s  with sel f-poll i nat i on than w i t h  c ross -

poll inat ion . These f i ndings show that t i mothy may be  r e garded as an ope n 

poll inating  spec i es , the  c ont r i b ut i on of  s el f-pollinat i on t o  t ot al seed y i e l d  

b e ing negl i gible . 

Studi e s  on the fer t i l it y  o f  fl orets i n  different pos i t i ons on t imothy 
tn 

s e edheads , results o f  whi ch are presentedAA.ppendix 1 1  and summar ised  in 

T abl e 14 s how that alt hough there  was no s i gni ficant di f ference in  the t otal 

number o f  florets formed in each region a higher propor t i on of fl orets c ompl e t e d  

anthesis a n d  formed s e e ds in t he mi ddl e regi ons than i n  the  bas al and t ermi nal 

areas of the  head . 

TABLE 1 4  Summary o f  Anthes is and Seed Development Data in  Di f ferent 
R egi ons of Timothy Heads 

Percent age 
Av . Fl ore t s  Tot al Fl orets Av . Fl or e t s  Perc ent age 

R egi on Av . Fl ore t s  Fl owered Flowered Formi ng· Seed Seed Formed 

1 450a 1 84 40. 0b 75 1 6 . 7b 
2 504a 263 52 . 2a 1 1 0  2 1 . 8a 
3 435a 235 54 . oa 1 00 23 . 0a 
4 5 1 0a 1 9 1  37 . 5b 70 1 3 . 7b 

TOTAL 1 899 873 45 . 9  355 1 8 . 8  

Des p i t e  the large number o f  fl orets formed pe r head t he number of fl orets 

whi ch c ompl e t e d  anthes i s  and e v e nt ual ly developed s e ed was l ow .  This c ould  b e  

interpre t e d  as being c aused . e i ther by a l ow gene t i c  fer t i l i t y  e f fe c t  or pos s ibly 

a s t rong dependanc e on spec i fi c  environmental cond i t i ons whi ch were abs ent in 

the present  experiment . Nevert heless , the results sh ow that the mi ddle two 

regi ons of  t imothy heads are c apable of  a higher s e e d  y i e l d  potent i al than 

flor e ts s i tuated on the  basal and t erminal areas o f  t h e  head . This fi ndi ng 



disagree� with Kahre ' s  ( 1 964 ) sugges t i on that in  t imothy ,  s eeds are devel oped 
! 

uni formly over the entire  l e ngth o f  the h e ad . 

CONCLUS ION 

I n  ryegrass , t i mothy and prair i e  grass grazing generally delay e d  the ons e t  

o f  anthes i s  c ompared with ungraz e d  t reatments .  This e f fe c t  generally oc curre d 

irrespe c t i ve of  whe ther nitrogen had b e e n  appl ied or not although in  rye grass 

the addi t i on of ni t rogen tended to re duc e this  del ay .  Desp i t e  the  delay in 

ons e t , anthesis  was generally c omple ted  i n  s eedheads in  grazed plots more 

qui ckly t han in ungrazed pl ots , part icularly in  rye grass and prai r i e  grass in 

the s e c ond year . 

S tr ong winds and l ow t emperatures c aused inhi b i t i on o f  anthes i s  i n  all 

s pe c ies . The results present e d  emphas i s e  t he importance  o f  environment al 

cond i t i ons in regulat ing the durat ion o f  anthesis within a crop . 

In  t imothy ant he s i s  oc curred mainly during the hours of  darkness ,  but s ome 

fl orets e xserted  ant hers duri ng the day , mainly between 8 a . m .  and 1 1  a . m .  

Sel f-poll inat i on resul t e d  i n  far fewer s e eds be ing forme d than oc curre d  

fol l owing crossing.  Within  individual t i mothy heads fl ore ts  i n  the  cent ral 

area were pot entially more fert i l e  and produced  more seeds than fl orets from 

basal and t erminal regi ons of the seedhead . 
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SEED DEV ELOPMENT 

I NTRODUCTION 

Fol l owing anthesis and s e e d  set ( su c c e s s ful fert i li sat i o n )  seed 

devel opment c ommence s .  Cell divis i on c ont i nues unt i l  the embryo has a 

full -devel oped s cutellum , a s t e m  apex and root ini t i al s . Ac c ompanyi ng thi s 

development vari ous phys i ol ogi c al c hanges als o  oc cur . These changes i nclude 

var i at i ons i n  seed  mois ture content , increas e  in seed wei ght , bi ochemi c al 

changes i n  var i ous components , c o l our changes in the c aryops i s  and s ee d c oat 

and the ons e t  and inc reas e  in  s e e d  germinat i on capac i t y . The obj e c t  o f  t h i s  

sect ion o f  the  s tudy was t o  fol l ow some changes o c curr ing duri ng s e e d  deve l opment 

of ryegras s ,  t imothy and prair i e  grass i n  t he fi e l d . The t erm "seed 

devel opment "  as use d  i n  this s t u dy covers t he per i o d  from s ee d  ' set ' throu gh 

t o  seed maturity , this l at te! t erm being reached at the p oint at whi ch max imum 

seed  dry wei ght is f i rs t  at tained.  

LITERATURE REVIEW 

In  s e ve ral s tudies on the c ours e of  s e e d  devel opment in  grass es , ( Hyde 1 9 50 ,  

Grabe 1 95 6 , Hyde e t  al 1 959 and Anslow 1964 ) most at t ent i on has been pai d t o  two 

main as pe c t s , the r e l at i onsh i p  of  mois ture c ont ent to dry w e i ght , and the 

devel opment of  viable seed from the t i me of ant hes is to seed matur i t y .  

A s  Grabe ( 1 956 ) has point e d  out , few at tempts have b e e n  made t o  d e f i ne 

seed  ' matur i ty ' in  t he l i t erature . He quotes Aldr i ch ( 1 943 ) who describes  

matur i ty as  the  point  at  whi c h  maxi mum grain devel opment is first obtaine d .  

Als o ,  the  t erms ' phys i ol ogi c al ' and ' morphologi c al - matur i t y ' have been used 

by  Shaw and Loomis ( 1 950 ) and Anders on ( 1 944)  respe c ti vely , t o  des c r i b e  t h e  

point a t  whi c h  maximum s eed d r y  we i ght oc curs . 

Foll owing fert i l isat i on ,  the o vule begins t o  undergo chan ges whi c h  result 

i n  seed format i on and development . Each seed c ons ists  o f  three major parts -

embry o , endosperm and seedcoa t . The embryo has a s i n gle c otyledon or 

sc utellum , lying in  contact with the endos perm and -wh i c h  u t i l ises food from 

i t . This food is passed on by the scutellum t o  the  growing parts o f  the 

embry o .  The sur face o f  t h e  s cut ellum c omprises a l ay e r  o f  c ells wh i c h  

secrete  enzymes b y  which s t arch and pro t e i n  in  t he endosperm i s  di ges t e d  or 



r endered s olubl e . The endosperm o f  grasses c onsi sts of two por t i ons ; the  

aleurone lay e r ,  whi ch is a layer of  large c e lls ins i de t he s eedc oat and the 

s t ar chy endos perm c ons i st i ng o f  l arge , e l ongat e d ,  thin-wal l e d  c ells fill e d  for 

the mos t part wi th s t ar c h  grains . The seedcoat is developed from the 

i n t e gument ( s ) of the ovule ( Whee l er and Hill 1 957 ) .  The devel opment o f  the  

embryo does not continue inde fini t ely . Cell divi s i ons graduall y  de c r e as e  

a n d  ul t i mat ely c ease when t h e  embryo i s  full y  devel oped .  At this  s tage t h e  

s e e d  may be t ermed mat ure ( James and Clapham 1 935 ) .  

Hyde ( 1 950 ) and Hyde et  al ( 1 959 ) r e c o gnis � three s t ages o f  s ee d  

de velopment in whi t e  cl over and ryegr ass . I n  the lat t e r  s pe c i e s  these s t ages 

may be des c ribed  as : 

1 . A Growth St age las t ing for the f i rs t 1 0  days aft er poll inat i on and 

charac t e r i s e d  by rap i d  increase in s e e d  wei ght and high seed  mois ture content 

( 75-80% ) . Seed harvested duri ng this s tage is not viabl e . 

2 .  A Food Reserve Ac cumulat i on St age last ing for a further 1 0- 1 4  days . 

This st age is characterised  by a s l ow incre as e  i n  seed  dry we i gh t , reac h i ng a 

maximum at the end of the s t age . The amount of wate r  i n  the s e e d  c hanges 

l i t tle but the percent age of moist ure fal ls steadily . Seed  at t ains ful l  

viab i l i t y  during t h i s  s t age . 

3 .  A R ipeni ng St age l as t ing for 3-7 days . Dur ing this s t age dry 

weight remai ns approximat ely c ons t an t , but moisture cont ent falls from 

approximat ely 40% t o  equilibrium wi th the at mosphere.  

Det erm inat ion o f  the s t age at  whi ch s e e d  devel opment c on t i nues independent 

of at tac hment to the parent plant has been discuss ed by S t oddar t  ( 1 9 65 ) .  He 

rec ognised two s tages of seed i ndependence .  The first was p ar t i al ( d es c r i be d  

as ' root i ndependenc e '  o r  t h e  ear l i es t  s tage at which  c ont i nued  development 

c e as e d  to depe nd on functi onal c onne c t i on be tween the culm and t he r oot system ) . 

The s e c ond s t age St oddart sugges t e d ,  was absolut e  ( the point after wh i c h  the 

seed no  l onger requi r e d  functi onal c onne c t i on wi th the parent plant ) . 

Keller  ( 1 943 ) demonstrated  that in fl ores cences of Bromus i nermis c ould 

form viabl e seed  whe n  culms detached imme d i ately a fter ant hes is were kept in  
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water.  Confirmat i on of this e ffect  was lat er obt aine d wi t h  Phalaris tuberos a  

( McWil l i am and Wardlaw 1 965 ) . The se  findings illus t rat e d  the abi l i ty o f  the 

culm t o  act  as a c arbon and nitrogen s our c e  for viabl e s e e d  formati on .  

However ,  a s  S t oddart ( 1 965 ) point e d  out , they d o  not demons t rat e root - independenc e 

during r ipening as this , by de fini t i on ,  also r equi red c ontinued devel opment i n  

t h e  abse n c e  o f  external moistur e . I n  phy s i ol ogi c al terms this s e c ond s tage 

c ommenc e d  whe n  t ransport of  me t ab ol i t es across the ped i c e l  c eas e d , due to the 

format i on of an absc is s i on lay e r  or atrophy o f  the c ondu c t i ng elements . 

St oddar t  ( 1 965 ) found this lat t er point t o  c oinc i de in  L ol i um t emul entum with 

the ' lat e -dough ' s t age endosperm .  H e  suggested that b e c aus e o f  this , s e e d  

c ould not be detach e d  from t h e  s t anding c ulm before t h i s  point was reache d  

without deteriment t o  s e e d  y i e l d .  

Hyd e  ( 1 95 0 )  has l isted  three import ant aspec t s  of  s e e d  qual i t y  whi ch are 

affe c t e d  by the s t age of s e e d  devel opment - viabi l i ty ,  seedling vi gour , and 

st orage l i fe .  Ful l  viab i l i t y  was acquired 1 4  days after poll i nati on i n  

perennial rye grass ( Hyde e t  a l  1 959 ) . However , at this st age translocat i on 

of  food mat erials t o  the s ee d  was just b e ginning. Earl i e r  work with whi t e  

c l over  ( Hyde 1 950 ) indicated that t h e  vi gour o f  s e e dl i ngs from immature se eds 

suffered thr ough i nadeq uat e food reserve s .  Perennial rye grass seed  harves t e d  

1 4  days after pol l inat i on would there fore p ossess v i ab i l i t y , but not h i gh 

see dl i ng vigour . This latter was not gai ned unt i l  about 24 days aft e r  

pol l i nat ion.  S i m ilarly , Hyde ( 1 950 ) s howe d that immature s ee d  deteri orat e d  

rapidly i n  s t orage , and suggested  this was one o f  t h e  main fact ors r e du c ing 

the qual i ty of  many c ommerc i al s eedl ine s .  

MATER IALS AND METHODS 

The changes oc curring dur ing s e e d  development i n  1 966 were s tu d i e d  by 

making s equential harves ts at approximately we ekly i nt ervals from peak anthe s i s . 

Be caus e o f  the l ack o f  t reatment e f fect on the dat e o f  peak anthes i s  i n  all 

three s pe c i es in  1 966 harves t i ng of seed  o f  each spe c i es was c arried  out at 

regular int ervals from the mean dat e of peak ant hes i s  for all t reatme nt s .  



( 30 . 1 1 . 66 for rye grass , 6 . 2 . 67 for  ti mothy and 25 . 1 1 . 66 for prairie grass ) .  

At each harvest  a 2 fo ot swath was cut by hand acr oss 1 0  r ows i n  each t re atment 

and total fresh-we i ght determined .  Imme diately following cut t i ng two subsamples 

were t ake n .  The s e e d  o n  one subsample was immediately removed from the s t al ks , 

t ot al seed freSh we i ght det ermine d ,  and a s ample retain e d for moisture ass essment . 

The s e e d  was then spread out t o  dry or i n  the cas e  o f  h i gh moi s ture content s e e d  

art i fi c i al drying was c arried  out ( Materials and Meth ods page 1 6). The 

remaining s ubs ample was spread out to dry for approximately  10 days . 

then str ipped from the stalks , we i ghed and air dri e d .  

Se e d  was 

This proc edure allowed two s e e d  samples from each harvest - a s ample 

( des i gnat e d  ' direct ')  equi val ent to that obtained foll owing direct  harves t i ng 

and a sampl e ( de s i gnat e d  ' swat h ') equi val ent to that wh i c h  would be obtained 

fol l owing m owi ng and s wath ing and harves t i ng aft e r  a 10 day period o f  drying 

i n  the fi e l d . Six s e quent i al harvests wer e  taken for both timothy and prai r i e  

grass , and s e ven for ryegrass . Rain caused di ffi cult i es in harves t i ng in  1 966 , 

but des p i t e  this  only harves t fi ve  i n  ryegrass was ser i ously a f fe c t e d .  A t  each 

harvest date rec ords were ke pt of c hanges in  seed mois ture c ontent , s e ed w e i ght , 

s eed and s e e dhead c ol our changes and chlorophyll and anthocyan in c ontent o f  the 

floret de t ermined by b i ochemical extrac t i on .  Obser vat i o ns o f  endosperm 

c ons istency of the s e e d  were als o made . In add i t i on , s amples o f  seed  were 

air dried and tested for germinat i on foll owing approximat ely 3 months s t orage . 

S e e d  moisture c ontent , pur i ty and germinat i on tests were det ermined as 

previously des cribed  ( pages 1 7- 1 8 ) . 

At each harvest date in  1 966 1 00 heads were remov e d  at random in each 

treatment and divided  into head c ol our cate gories - entirely green ( G ) ,  heads 

showing s ome gre enness but with  s ome fl orets yell ow ( G-Y ) and heads whi c h  

were enti rely brown ( B ) .  The percentage of  heads showing l oss o f  s e e d  through 

shedding was als o  r e c orde d ( S ) . The seed  was then rubbed fr om the heads and 

the percent age of se e ds in  e ach c ol our category det ermined .  

Measurements o f  quant i t at i v e  changes in both the chl orophyll and 

anthocyanin c ontent o f  fl ore ts at vari ous stages from ear emergen c e  through t o  
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seed ripeness were undertaken us i ng methods described by S t oddart ( 1 964c ) 

( Appendix 1 2 ) . At each sampl ing one foot l e ngths of  row were cut i n  each 

t reatmen t . The fl oret s  were s tr i pped from the heads t o  provide  materi al for 

analys i s . Four subsamples ( 1  gram samples for rye grass and t i mothy , and 2 

grams e ac h  for prai rie  grass ) were taken for dupl i cate est i mati ons o f  

chl orophyll and anth oc y anin  c ont en t . To ove r c ome poss ible e rr ors due t o  

d iurnal variati ons i n  p i gment c ont ent , s amples were taken a t  the s ame t ime 

each day ( 1  p . m . ) Ext rac t i on commenc e d  within  60 minutes . 

RES ULTS AND DIS CUSS ION 

The maj or phys i ol ogi cal c hanges s tudied  dur i ng seed devel opment i ncluded 

changes in : 

1 .  Mois ture c ontent . 

2 .  S e e d  we i ght . 

3 .  S e e d  c ol our changes . 

4 .  Endosperm c ons i s tency . 

5 .  Germinat i on capac i t y .  

These  fac t ors are discussed below. 

1 .  Moisture Cont ent 

Mean r esults for each spe c i es are prese nted in Figure 12  whil e  individual 

treatment e f fects are c ontaine d  in Appendix 1 3 .  

Fol l owing ear emergence  t h e  mean moisture c ontent of  the fl oral organs 

in all s pe c ies remai n e d  high ( 60-70% ) for s ome t ime . Coinc i dent  with a po i nt 

appr oximat e ly 1 4 ,  0 and 5 days a fter peak anthesis for ryegras s , t imothy and 

prai r i e  grass respe c t i vely , gradual l oss o f  moisture began . This l os s  

c ontinue d  during s e e d  development w i t h  m inor fluc tuati ons poss ibly due t o  

variable weather c ond i t i ons . As shown in  Appe ndix 1 3 l i t t l e  b e tween-t reatment 

variat i on was obs er ve d al� hough qui t e  hi gh fluctuati ons in  s e e d  moisture 

c ontent wer e  r e c orded  between observati ons due t o  he avy and frequent r ai n  

duri ng Dec ember and e arly January . The e xces s i ve rai n fall over this per i od 

r e duced  the natural dry i ng rate o f  the s e e d  in rye grass and prairie  grass . 

At a point 30 days a ft e r  peak anthesis the  aver age seed  moisture  c on t e nt i n  
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FIGURE 12 • C H A N G E S  I N  S E E D  
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; 
these two species was 44% and 43% respec t i vely . T imothy on t he othe r  hand 

c ontained seed wi t h  a m ean mois ture c ont ent of approximately 40% at this t ime . 

The hot , dry weather  i n  February apparently all owe d more rap i d  dry i ng o f  

t imothy s e e d .  

I n  t h e  sec ond year ( 1 967 ) wi th hot , dry weather duri ng December , January 

and February the res pe c t ive mean seed m ois ture c ont ents for ryegr ass , t imothy 

and prai r i e  grass 30 days after peak ant h es is were approximately 40% , 3 1 %  and 

43%. This between-year variat i on i n  s e ed moisture c on t ent at  c omparabl e s t ages 

o f  s e e d  development s tr esses the i n fluence  of  prevailing weather c ondi t i ons on 

the rate and ext e n t  of natural drying o f  seed  in the f i e l d .  

2 .  Seed  We ight 

Bushel weight i s  one of  the c r i t e r i ons of h i gh seed qual i ty in  c ommerc i al 

trade . One o f  t he ob j ec t i ve s  o f  s e e d  produc t i on there fore s h ould be t o  

produ c e  t h e  greatest  number o f  s eeds p e r  uni t are a ,  and to  e nsure that these 

s ee ds are of  maximum w e i ght . This is important s i n c e  abi l i ty t o  germinat e 

and subs equent s e e dl ing vi gour i s  related  t o  seed  we i ght and t o  the amount o f  

food re serves c ontained in  t h e  s e e d  ( Grabe 1 956 ) .  Seed  dry wei ght c ou l d  

there fore b e  a use ful indi c at or o f  s e e d  maturity and p ossibly seed  qual ity . 

The results in  Appendix 1 4  show that in al l s pe c i es the dry wei ght o f  

s e e d  i n creases from peak anthesis t o  maturity . The mean results for al l 

t r e atment s  in Fi gure 1 3  show that in  ryegrass s e e d  maturi t y  was reached 

approxima� ely 28 days after peak anthesis c ompar e d  wi t h  appr oxi mately 35 days 

in t imothy and 32 days aft er peak anthesis in prair i e  grass . 

I n  ryegrass maximum s e e d  dry we i ght was fi rs t ach i e ve d  at a point wher e  

i t  c omprised approximately 4 1 %  o f  t ot al fresh wei ght , c ompare d  w i t h  relat i ve 

figures for t i mothy and prair i e  grass o f  59% an d 57% respe c t i vely . 

The fi nal dry we i ght o f  seed formed was i n fluenc e d  by d i f ferent 

management fac t ors i n  each species ( Appendix 1 4 ) .  N i t rogen appl icat i on 

i ncreas ed seed w e i ght in  ry e grass , whi l e  in  prairie  grass grazing depressed 

seed  we i ght unl ess n i trogen was als o  appl i e d .  I n  t i mothy h owe ver , ne i ther 

nitrogen appl i c at i on nor grazing s i gn i ficantly i n fluenc e d  fi nal seed dry 
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wei ght . 

The maximum we i gh t  o f  indi v i dual seeds o f  rye grass has been sh own t o  

o c cur a t  app roximat ely t h e  same t ime in  early and i nt ermediate  emerge d  heads -

being reac h e d  about 26  days after  maximum anthesis . ( Ansl ow 1 96 4 ) .  This 

is in  c lose agreement with the present s tudy and als o with the 2 8  days quot e d  

by Hyde e t  a l  ( 1 959 ) .  

Hyde ( 1 950 )  states  that s ee d  weight is a use ful indicator o f  matur i t y .  

H e  als o points out that thous and-s e e d  wei ght i s  use d  in  some Eur opean 

c ountries as a c r i t er i on of quali t y  in  agri cultural s e e ds .  

I n  add i t i on ,  Ansl ow ( 1 964 ) , has shown t hat s e e d  wei ght withi n ind i v i dual 

heads may vary due to spikelet pos i t i on and by the pos i t i on an individual s e e d  

oc cupies wi t hin the spikele t .  He has shown that , wi thin one spikelet � there 

is a c ons i de rabl e  fall in s e ed we i ght from t he basal fl ore t to the  t erm inal 

one . 

I t  is relevant t o  include at this s t age data relat ing t o  s e e d  we i ght i n  

the  di fferent  ear emergence groups previously c ons i dered in  an earl i e r  s e c t i on 

( page 59 ) .  Figure 1 4  shows di f ferences in  s eed wei ght between heads from 

d i f ferent e mergenc e groups in  the c ont rol t r eatment ( -G-N ) . Dat e for all 

t reatments is present e d  in  Appendix 1 5 .  

The results i n  Figure 1 4  support earl i e r  findings that heads i n  emergence 

group 2 contribute the major proport i on of t otal seed  y i e l d  in each s pe c i es . 

When the summat i on o f  relat i ve y i e l d  fi gure s  for emergence groups E 1  and E2 

is c ons i dered in  relat i on t o  t he we i ght o f  seed prese nt in each gr oup the 

maj or in fluence o f  early-emerged heads i s  fully expres s e d ,  as heads in the s e  

two groups have been shown t o  c ontribute between 75% and 85% o f  t h e  t o t al 

heads formed  in a c r op ( page 64 ) .  

The r e duced  y ield o f  seed  forme d on late-emerged seedheads m ay b e  

in fluenced not only b y  indi vidual s e ed w e i ght as suggested  by S t o ddart ( 1 959 ) 

and Ansl ow ( 1 964 ) but also by a reduc t i on in  seed numb er as shown by Langer 

( 1 956 ) in t i mothy . This latter c ontenti on is support e d  by resul t s  prev i ously 
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pres e n t e d  ( page 72 ) wh i c h  have shown t h at fl or e t  numb er per h e a d  i s  s i gn i fi cantly 

reduc e d  i� l at e -emergence heads i n  all s p e c i es . 

The results i n  Append ix 1 5  show the i n fl uence o f  gra z i ng and n � t rogen 

appl i c at i on on s e e d  w e i ght i n  each spec i es . 

In  rye grass gra z i ng increas e d  s e e d  w e i ght in e arly-emerged heads (E 1 and E2 ) 

and als o  i n  l a t e-emerge d heads ( E3 and E4 ) i f  ni trogen was &ls o &�p� i e d . 

N i trogen generally increas e d  s e e d  w e i ght i n  late -emerged heads . :: :-_ t i mothy 

grazing ge nerally increas e d  s e e d  weight i n  h eads i n  emerge n c e  groL; 1 at the 

expense o f  late -emerged  heads ( E4 ) .  N e i ther nitrogen nor graz ing h ad a 

maj or e f fe c t  on s e e d  weight i n  heads from di f ferent emerge nc e groups o f  
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I t  has been sugge s t e d  by v ari ous workers that vari ab i l i ty i n  s e ed wei ght 

in the same spe c ies is l argely influenced by c ompe t i t i on o f  ass i milates between 

florets o f  seedheads on the sam e  plant ( Sali s bury 1 942 , Donald 1 9 54 , 

Lambert 1 956a , Sonneveld 1 9 57) . General ly , whether this c ompe t i t i on i s  

for moisture , nutrients o r  for t h e  produ c t s  of phot osynthes i s  i s  n o t  c l e ar .  

Anslow ( 1 9 64 ) has however , emphas ised  the influen c e  o f  c ompet i t i on between 

infl ores c ences  for l i ght . Thi s  l at t er e f fe c t  is perhaps support e d  by 

observat i ons in the pres ent study where late- emerged he ads were shade d  by 

earlier and t al l er heads . This e ffec t  was part i cularly marke d fol l owi ng 

l odging i n  rye grass and to a l es s er _ extent in  prai ri e grass . The abi l i t y  

of  late -emerged heads t o  act i vely phot osynthes ise c ou l d  there fore have been  

reduced.  This c oul d explain the  reduc e d  seed  we i gh t  found in lat e -emerged 

heads , indivi dual seed weight b e i ng less t han that p os s ible i n  full dayl i ght . 

Als o , nit roge n  supply has been shown t o  influence the final wei ght o f  

i ndividu al s e e ds ( Lambert 1 9 56 b , Sonneve l d  1 957 ) .  Frequently , h ow e ver , 

the same fact or has been obs erved  t o  have oppos i t e  e f fects i n  di fferent 

experiments , ( Ryle 1 965b ) .  

3 .  See d  Col our Change s 

S e e d  c ol our is probably the most wi dely us e d  c r i t e r i on use d  i n  j udging t he 

s t age o f  devel opment of grass seed  crops . A s e e d  is generally not  c ons i dered 

mature u nt i l  it  has l os t  all t rac es of greenness . Hyde et al ( 1 9 59 ) Evans 

( 1 961 ) and St oddar t ( 1 964a , 1 964c ) have noted howe ver that i n  s ome years seed  

maturity may b e  attained  whi l e  the seedc oat is  still  green .  Under such 

c i rcums t ances crops c an gi ve every appearance o f  i mmaturity . The i r  findi ngs 

suggest the det erminati on o f  s e e d  maturi ty and r i peness purely on s e ed or 

s ee dhe ad c ol our c an be unre l i able . However ,  i t  was felt that the eas e  with 

whi ch a c o l our c r i t er i on c ou l d  b e  use d  in  the f i e l d  was suffi c i ent important 

t o  warrant study of t his aspe c t  o f  seed development . 

I n i t i ally the study was c onducted on a fi eld s c al e , at t empts b e i ng made 

to fol l ow the proport i on of heads and the perc e nt age of se eds in d i f fer ent 
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c ol our c at egories . 
I 

I n 1 addit i on ,  studie s  were undertaken t o  follow quant i tative c hanges i n  

t h e  l e vels of  chlorophy l l  and anthocyanin i n  t he fl ore ts o f  e a c h  s p e c i e s  

during s e e d  development ( method described  page 90 ) .  

Variat i on in the perc ent age o f  s eedhe ads and seeds i n  c ol our c at e gories 

i n  the  field was not  s u f fi c i ently marked i n  the species s tudi e d  t o  enable 

t r e atment e f fects t o  b e  determine d .  Al though the results obtained i n  e ach 

t reatment in the  firs t y ear are  presented in Appendi ces 16  and 1 7 ,  t hos e 

s h own i n  Figures 1 5  and 1 6  are mean values for al l t re atments in e ach s pe c i es . 

The s e  results show that colour changes in the seed  c los ely follow those 

oc curring in the glumes o f  the floret . Henc e the external appearanc e o f  the 

s e e dhead c an be us ed t o  f ol l ow col our changes wi thin a crop wi thout removi ng 

s e e d  from the glumes . 

The perc e ntage o f  s e e dheads i n  a crop which had turned brown i n  c ol our 

at the t ime of seed maturity ( S . M . ) varied be tween spe c i es ( Fi gure 1 5 ) .  I n  

ryegrass appr oximately 65% o f  the heads in the c rop were brown , irrespec t i ve 

o f  the treatment . I n  t imot hy and prairi e grass the c orresponding figures 

were approximately 70% and 80% respe c t i vely . 

At this stage approximat ely 28% o f  heads in ryegrass were showing s e e d  

she dding l os s es . I n  t imothy and prairie grass the c orresponding f i gures were 

approximat ely 55% and 70% .  The percent age o f  heads i n  a par t i cular c ol our 

category emphas ises that al though the rap i di ty of c ol our changes in the 

s ee dhead may vary between spe c i e s , the role of c l imat i c  c ondi t i ons should als o  

b e  c ons i dere d .  Under h i gh rainfall c ondi t i ons l oss o f  gre enness m i ght b e  

more gradual than under  hot dry c ondi t i ons . This infers that y e arly 

variati ons i n  cl imat e dur ing s e e d  development may make it d i f ficult  to use  

c ol our changes o f  the s e e dheads i n  a crop to  provi de pre c i s e  visual c r i t e r i a  

for assessing the at tainment o f  s eed ripeness for harves t , as repor t e d  by 

Cr osb i e  ( 1 9 64 ) .  

R esult s  in Figure 1 6  show that at the point o f  s e ed maturity approxi mat ely 

50% of ry egrass seeds were brown in colour . I n  t i mothy and prai rie  grass at 
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this  s tage the respe c t i ve perc entages were approximately 6 5  and 7 0 .  

Col our changes i n  perenni al ryegrass seed  from green  t o  yel l ow o r  purple 

have been shown by Hyde et al ( 1 959 ) to commence about the 20th day after  

anthes i s .  This  was approxi mately 8 days pr i or t o  the point o f  maximum s e e d  

dry we i ght . The data presented  by Hyde e t  al ( 1 959 ) was c o l l e c t e d  i n  

di fferent years and was c ombined t o  form a ' singl e  seas on '  assessment o f  

c hanges occurring during s e e d  devel opment . Because o f  this , thes e workers 

stated that c ompar i s on between spec i es or with overseas results , in the rat es 

o f  s e e d  colour changes and s e e d  devel opment mus t take this i n t o  ac c ount . 

The results of  det erm i nat i ons o f  changes i n  both chlorophyll and 

ant hocyanin content of  fl ore t s  from ear e mergence  through to s e e d  matur i ty 

( S . M . ) and ult imately t o  a point approximat ely 45 days aft er peak anthe s i s  

a r e  presented in Appendix 1 8 .  Results showing mean v alues for all t re atments 

are present ed graph i c al ly in Fi gure 1 7 .  

A .  Chl orophyl l  

I n  all spe c i es there was a progress i ve redu c t i on i n  chl orophyll c ontent 

o f  florets commenc i ng pri or to peak ant he s i s . As ant hers apparently c ontain 

l it tl e  gre en pigment any inc reas i ng c ontr ibut i on t o  the dry we i ght of  the floret 

due t o  anther devel opment and maturati on would c aus e a c orrespon d i ng fall in 

chlorophyll c ontent expresse d as a perc entage of  total dry wei ght . Similarly , 

dur i ng seed  devel opment increas e s  i n  s e e d  we ight woul d be re flec t e d  i n  a 

re c i procal de c l i n e  i n  chl orophyll c ontent of  the fl oret as a unit . From a 

point c orresponding approxi mately t o  the ons et of  the ' hard dough ' ( hd )  st age 

l oss of chl orophyll in rye grass and prai r i e  grass was almos t c ompl e te . I n  

t imothy a further fall i n  chl orophyll c ont ent oc curre d  t o  a s tage fol l owing 

seed  maturi ty ( S . M . ) rea�hing l ow l evels approximately 45 days after pe ak 

an thes i s .  Eventually the perc ent age o f  chl orophyll i n  the floret woul d 

presumably re ach z e r o .  Unfortunately t his final de gradat i on phas e is  a 

gradual one being di fficul t  to  ut i l is e  as a pre c is e  visual c r i t e r i on of  seed  

r i peness . 
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St oddart ( 1 964 c ) has suggest e d  t hat the det e c t i on o f  ext e ns i ve chlor ophyll 

de gradati on in the s e e d  and glumes c ould be regarded as an i ndi cat i on that 

absc i s s i on l ayers were fully formed and that ripening processes requiring 

c ont i nued c onnect i on with the par ent plant were c ompl e t e d .  

B .  Ant hocyanin 

Determ i nati ons of  c hanges . i n anthocyani n content were c ons idered necessary 

bec aus e , espec ially in  prairie  grass and t o  a lesser extent in ryegrass , the 

glumes and the seedc oat devel oped red pigmentat i on dur ing s e e d  devel opment . 

The resul ts i n  Figure 1 7  show there was little  ant hocyan i n  present in  the 

i n fl ores c e n c es o f  the three spe c i e s  at ear emergence , being virtually absent in  

t i mothy and prai r i e  grass an d vis ible only as  a s l i ght red  nervat i on on the  

s urface o f  the glumes i n  ryegras s . S oon after s e e dhead emergen c e  there was a 

rapi d rise i n  anthocyanin c ont ent due t o  the production o f  ant hocyanin in  the 

anthe rs .  The clos e  relati onship between anthocyanin produ c t i on and anther 

maturat i on has been pre vi ously observed by Onslow ( 1 925 ) .  

Foll owi ng ant hesis anthocyan i n  c ontent fell sharply due t o  anther deh i s c enc e .  

At the c omple t i on o f  anthesis the pigment c ontent gradually fell t o  a l evel 

s imilar to that obtai ned from freshly emerged heads . Ant hocyanin  cont ent 

remained relat ively hi gh in  prair i e  gras s through t o  s e e d  maturity ( S . M . ) and 

t o  a lesser degree in  ryegrass and ti mothy . This trend was als o obs erved by 

S t oddart ( 1 964c ) in S32 1 perenni al rye grass , and was due he sugges ted , to the  

produc t i on ( or lack  o f  degradat i on )  of anthocyanin in  the s e e dc oat , resul t i ng 

i n  a dark purple c aryopsi s .  I n  prairie grass however anthocyanin appeare d  t o  

b e  c oncent r at e d  i n  the glumes , l i t tle i f  any pigment b e i ng observed i n  the 

s e edcoat . The final degradat i on o f  anthocyanin c orresponded approximately t o  

the  point o f  seed  maturity i n  both rye grass and prai ri e grass ( 2 8  and 3 2  days 

after peak anthesis respect ively ) .  

The unrel iab i l i ty of seed chl orophyll and an thocyanin as a guide to s e e d  

mat urity is e vident . In all s pe c i es s e e d  maturity was gene rally reached at a 

point when the seed  had l ost the maj ority o f  these pigments .  However , prec i s e  
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I 
demar cat i on or r ap i d  l os s  o f  chl or ophyll or anthocyanin was generally not 

suffi c i ently marked t o  be readily det e c t e d  by eye in  the f i e l d .  Becaus e 

anthocyanin  c ontent o f  the floret r i s e s  t o  a peak at t he p oint o f  anthes is 

in al l spec i es c hanges in the l evel of this pigment c oul d p erhaps be use ful 

i n  determining peak anthes i s  i n  the f i e l d .  

As S t oddar t ( 1 964c ) has p o i n t e d  out , t w o  fact ors detrac t from the 

us e fulness o f  pi gment c omponents i n  the field assessment o f  s e ed maturity and 

r ipeness . First it  is necessary t o  begin de terminati ons well b e fore the 

ant i c i pated harvest date to de tect  ac c urat ely the at t ai nment o f  phys i ol o g i c al 

ripeness . S e c ondly , the fac i l i t i es necessary for actual chemi c al det erminat i ons 

will seldom b e  avai labl e .  

I t  is of interest that New Zealand ' Grasslands Ruanu i ' perennial ry e grass 

and ' Grasslands Kahu ' t i mothy s howed similar sequent i al c hanges in both 

chlorophyll and anthocyanin  cont ent to thos e  found in  Aberystwyth bred s trains 

S32 1  perenn i al rye grass and S352 t imothy by Stoddart ( 1 964c ) .  I n  ' Grasslands 

Ruanu i '  ry egrass however the prop ort i on o f  both chlorophyl l  and anthocyanin 

present in  the fl oret was approx imat ely twi ce  as hi gh as the  levels found by 

S t oddart in S32 1 . The quant i ty o f  b oth pigments i n  ' Grasslands Kahu ' t imothy 

appeared c omparabl e to that found in S 352 ( St oddart 1 964c ) .  

4 .  Endosperm Cons i s t ency 

The changes in endosperm c ons i s t ency dur i ng s e e d  development can b e  

desc r ibed as ' milky ' , ' s o ft dough ' , and ' hard dough ' ( Gri ffiths et al 1 9 67 ) . 

Duri ng the ini t i al rap id phase o f  s e e d  growth , the e ndosperm c onsists  o f  a 

predominantly c l ear flu i d ,  but the e nsuing milk and s oft dough s t ages are not 

sharply s eparat e d , and throughout the early ' so ft dough ' s tage it is p oss ible 

to  obse rve quant i t i es o f  milky flu i d  by press ing the i mmature e ndosperm b e twe e n  

t h e  fingers . I n  the late ' s oft dough ' stage the endosperm t ends t o  y e l l ow ,  

espe c i ally in ryegrass , and b e c omes more vis cous . During th e fi nal s t ages of 

seed maturat i on the endosperm har dens to a granular c ons i s t ency ( Evans 1 960a ) . 

While  s e e ds i n  a c rop obvi ous ly c over a range of end osperm devel opment the 

overall maturi ty of s e e d  in  each s pe c i es was at tained in  ryegrass , t i mothy and 
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prai rie  grass approximat ely 28 , 35 and 32 days after peak anthesis resp e c t i vely . 

Observa t i ons showed that the ons e t  o f  the hard-dough s tage o c c urred approximately 

24 , 24 and 20 days respe c t i vely in the s ame s pe c i es ( see  Figure 1 5 ) . 

· S t oddart ( 1 9 59 ) has sugges t e d  that s ol i d i fi c at i on o f  the  e ndosperm and 

the cessat i on of  t rans l oc at i on shoul d indicate there c an be l i t t l e  fur ther 

i ncrease in  seed we i ght . This is probably t rue i n  cases where seed  is devo id 

of phot osynthet i c  t issue at  the ons e t  of  the ' hard dough ' s t age .  Under t hese  

c ondi t i ons the pres enc e o f  a hard endosperm c oul d be used as  an indi c a t or o f  

seed  maturity . The fi gures quoted above , howeve r ,  i ndicate  that in  all t hree 

s pe c i e s  increas e  in  seed dry we i ght c ontinues for s ome t ime foll owi ng endosperm 

s ol idi ficat i on.  This is at t ribut e d  t o  the fact t hat at  the t ime o f  onse t  of  

the ' har d dough ' s t age in ryegrass approximately 47% o f  the heads were ent i rely 

green  in  c ol our . I n  t i mothy the c orres ponding f i gure was approximat ely 24% 

and i n  prairie grass 40%. The mean value s for increas e  i n  dry we i ght of  s e e d  

in  e a c h  species fol l owing t h e  ons e t  o f  t h e  hard dough s t age through t o  seed  

maturi ty ( maximum dry wei ght ) were approximately 1 8% i n  rye grass , 4%  i n  t i mothy 

and 1 9% in prai r i e  grass . I t  appe ars that the amount o f  phot osynthet i c p i gment s 

present  over this  per i o d ,  although decl i nin g ,  may s t ill  be an i mportant  

contributor to  the pool of  c arbohydrat e material s  in  the  de vel oping s e ed . 

5 .  G erminat i on 

Seeds were removed from seedheads at known intervals fol l owing anthesis .  

At e ach s ampl ing  date  a germinat i on tes t and a t e trazol ium t e s t  was immediately 

c arri e d  out . The lat ter  was undertaken  us ing me thods des c r i b e d  by Hyde ( 1 952 ) 

for ryegrass and Whart on ( 1 955 ) for t imothy and prair i e  grass . The result s  

were us ed t o  d e t ermine viab i l i ty o f  s e e d  immediat ely foll owing removal from 

the plan t .  The remaining seed i n  each sample was s t ored i n  paper bags at 

room t emperature . Foll owing three m onths storage a further germinat i on and 

t e t razol ium t es t  was c ondu c t e d . 

The resul t s  i n  Fi gure 1 8  ( raw data present e d  in Appendix 1 9 )  s how the 

germi nat i on percent age of  rye grass , t imothy and prair i e  grass at vary i ng 

intervals fol l ow i ng anthes i s .  
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I n  ryegrass , germinat i on was observed as lit t l e  as 7 days after anthes is  

reaching a maxi mum approximately 23 days later.  I n  s ample s  which  had been 

s t ored for 3 m onths however , the ons et o f  germinat i on was del ayed to  a point  

9 days after anthes i s , but full germi nat i on capac i ty was reached on the  1 7th 

day . A s imi l ar t rend was obs erve d in both t i mothy and prair i e  grass . 

In all three spe c i e s germi nat i on and t e trazolium t e s t  results were 

c l os ely relat e d .  This  infers that l ow t emperature pre t r e atment of  the seed  

pri or to  the germinati on tes t e f fe c t i vely broke dormancy , whi c h  can caus e 

anomal ous results  in the germinat i on of  fres hly harves t e d  s e e d .  

I n  many s tudies o n  s e e d  devel opment one o f  the maj or aspects  c ons i dered  

has been the t ime o f  ons et  and rat e of increase o f  the  germinat i on c apaci t y  

o f  seed  foll owing anthes is . Workers general ly agree that i n  a numbe r  o f  

spe c i es the ons e t  o f  germinat i on o c curs a t  an early s tage o f  seed  devel opment 

e . g . 10 days a ft er anthesis for pe rennial ryegrass ( Hy de et  al 1 959 ) , 6 days 

for barley ( Harl an and Pope 1 922 ) 5 days for Bromus inermis ( Grabe 1 956 ) and 

4 days for oats ( Frey et  al 1 958 ) . Hyde et al ( 1 959 ) observed that i n  

perennial ryegrass viab i l i ty was acquired with gr eat rap i di t y , the fi rst  

vi able seeds being obs erved only 1 0  days after anthes i s , and ful l  germi nat i on 

potent ial b e i ng reache d  1 4  days after  anthes is . In c ont ras t howeve r , 

St oddart ( 1 9 59 ) found that i n  t i m othy the i ncreas e in  germinat i on perc ent age 

was a gradual proc ess beginning approximat ely 1 0  days after  anthes is  and 

i ncreas i ng s l owly over the next 30 days t o  over 90% .  This suggests  t hat 

species  vary in the ir rat e of at t a inment of maximum s e e d  viabi l ity fol l owing 

anthes is . The resul t s  obt aine d i n  this experiment als o sugge s t  t hat 

germinat i on tests  on immature s e e d  imme diately foll ow i ng harvest can y i e l d  

very di fferent results when compar e d  w i t h  tests  c arri e d  out after 3 months 

s t orage . 

It  s eems l ikely that a number of  immature s e e ds i n  al l species  whi ch 

were capab l e  of  germinat i on soon  after anthes is  contained insu f fi c i e nt food 

r eserve s  t o  maintain their v i ab il i t y  during a t hree m onth s t orage per i o d .  

Similar c onclusi ons have b e e n  r e ached b y  Grab e  ( 1 956 ) in  Bromus inermis , 
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Hyde e t  �1 ( 1 959 } i n  perennial ry e grass , Hyde ( 1 950 ) i n  whi t e  c l over and 

McAl i s t e r  ( 1 943 ) i n  a number o f  p as ture grasses . As a resul t , s ome rye grass , 

t imothy and prai r i e  grass se e ds harves t e d  as l i t t l e  as 7 ,  1 0  and 4 days 

respe c t i vely after anthes is would possess vi abi lity  but woul d show a l im i t e d  

s torage l i fe .  Such seed , b e i n g  l i ght and immature ,  would probably b e  removed 

during c ommercial cl eaning.  

The  maj or di f fi culty i n  a discus s i on of  the  resul ts shown i n  Fi gure 1 8 ,  

is t o  explai n the increas e d  germinat i on gradi ent and earl ier  attainment o f  

full  vi ab i l i t y  o f  s e e d  after 3 months s t orage . The f i gures on germinat i on 

perc e n t age after 3 mon t hs s t orage o f  rye grass see d ,  c l os ely fol l ow those 

obt ained by Hy de e t  al ( 1 9 59 ) . Under these  c on d i t i ons the rap i d  increase 

in  germinat i on c apac ity  c ommencing on the 9th day after anthes is and reaching 

a maximum on the 1 7t h  day relates to the 1 0th and 1 4th day values quo t e d  by 

Hyde et al ( 1 959 ) .  I n  prair i e  grass the rat e o f  at tainment o f  full germ i nat i on 

capac i ty is als o  rapi d ,  c ommenc ing on the 8th day aft er anthes i s  and rising  t o  

a maximum value o n  the 1 2t h  day . I n  t i mothy s e e d  fol l owing 3 m onths s t orage 

germinat ion ons e t  be gan 20 days after anthesis , reachi ng a maximum appr oximately 

15  days later . This lat t e r  f i gure c orresponds reasonably well wi t h  the 40 days 

quot e d  by Stoddart ( 1 959 ) . 

As a poss i bl e  expl anat i on for this variat i on in  the rat e of  a t t a inment 

of  ful l  germinat ion capac i ty i t  is sugges ted  that a pos t -harvest change i n  

t h e  seed  may oc cur . Such an after-ripening e f fe c t  may all ow a greater  

number o f  s e e ds t o  germinate at an  earlier s t age o f  devel opment t han occurs 

i n  the c as e  of freshly harve s t e d  s e e d .  This sugges t i on i s  support e d  by· the 

fact that t e trazolium s t aining pat t erns in freshly harve s t e d  seed  of all thr e e  

spe c i es showed marked vari at i on in  intens i ty .  I n  some s eeds t h e  c ol eorh i z a  

was only l i gh t ly staine d ,  c ompar e d  w i t h  the i n t ense r e d  s t ai n ing o f  the 

scut ellum and c oleopt i l e . These l i gh tly stained  areas , whi l e  clas s e d  as 

normal in  fres hly har ve s t e d  s e e d , were not evi dent fol l owi ng t e t razol ium 

treatment of s e e d  after 3 months s t orage . 
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B e c aus e o f  t h e  emphas is previously plac e d  on the  importance o f  heads 

i n  di f fe re nt e ar e mergenc e groups t o  s e e d  y i e l d  i t  was thought des irab l e  t o  

include germinat i on recor ds for s e e d  from heads i n  each ear emergenc e group . 

The resul ts s hown in F i gure 1 9  are mean values o f  germi nat ion perc e nt ages 

for al l t reatments exc ept at E4 where i ndividual t reatment di fferenc es are 

also s h own . (See Appendix 20 ) 

The results s tress t hat i n  rye grass there was a germinat ion re duc t i on 

gradi e nt between s e e ds form e d  on early-emerged heads ( E1 )  t o  late heads ( E4 ) . 

S e e ds from late h e ads ( E3 and E4 ) had 25-30% l ower mean germinat i on than s e eds 

from early heads ( E1 and E2 ) .  S i mi l arly in t imothy , s e e d  from l at e-emerged 

heads ( E3 and E4 ) had a 1 2% and 31% l ower germ inat i on resp e c t i vely than s ee ds 

from early- emerged he ads ( E1 and E2 ) .  I n  prair i e  grass , howe ver , l i t t l e  

germinat i on r e duct i on oc curr e d .  In t his spe c i e s  mean germinat i on o f  s e e ds 

from e arly-emerged heads ( E1 and E2 ) and seeds  from lat e-emerged heads ( E3 

and E4 ) was 9 8% and 96% respec t ively . The speed  o f  germi nat i on o f  s e e ds 

from late  heads was slower than that of  s e e d  from early-emerged heads . 

The n i trogen and graz ing treatments presen t e d  in  Fi gure 19 s how t hat in  

rye grass , nit rogen appl i cat i on increased the  ge rminat i on percentage o f  s e e d  

from late -emerged heads . Graz ing al one r e du c e d  s e e d  vi abi l it y . I n  

t imothy , grazi ng again had a del e t er i ous e ffe ct  o n  t h e  germinat i on c apac i ty 

o f  s e e d  from late-emerged he ads whil e  the nitrogen e f fect  was less obvi ous . 

In prairie  grass the e f fe c t s  o f  gr az ing and ni t rogen on germi nat i on c apac i t y  

o f  s e e d  from h e ads in  E 4  were  relat ively small c ompare d  with t h e  o t h e r  s p e c i e s . 

Ans l ow ( 1 964 ) obs erved  s i mi lar var i at i ons in germi nat i on capac i ty o f  s e e ds 

on e arly , inte rme diate and lat e emerged he ads o f  rye grass . Germi nat i on 

c apac ity was l ower on average in  late heads . I n  add i t i on ,  he found that s e e d  

from spikele ts in the middle of  ryegras s h eads gave the h i ghe s t  germinat i on 

and that the t erminal s e e ds in each spikelet  were als o  o f  l ower germinat i on 

than the  bas al ones . 

The results in the  present  s e c t i on toget h e r  wi t h  thos e  pres ent e d  i n  

previous s e c t i ons ( Pages 6 4  and 92 ) emphas ise t h e  relat i v e  c ont r i bu t i on and 
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I 
value o f  seed  from e arly-emerge d  and late -emerged heads . They show t hat 

the number of  heads emerging early is great e r ; their s e e d  wei ght higher and 

t he i r  germinat ion c apac i t y  greater than those emerging l at e .  

CONCLUSION 

The sequenc e  of s e e d  devel opment i nvolves init ial ly rapi d c e ll divis i on ,  

resul t ing i n  an increas e  i n  s e ed s i z e  and wei ght . Thereaft er rate of  c e l l  

div is i on progress ively de c l ines , f o o d  reserves are ac cumul ate d i n  the 

d e ve l op i ng seed  and s e e d  germinabi l i t y  is attai ne d .  Finally s e e d  reaches 

maximum dry wei ght at matur i t y .  

I n  t he present  s tudy t h e  s equence o f  d e velopment was c ons i dered  by 

measurement and obs ervati ons on changes in seed  moisture c ont ent , we i ght , 

c ol our , endosperm c ons is t e ncy and germ i nat i on capacity . 

I n i t i ally s e e d  mois ture content  is hi gh ( 60-?o% ) after anthesis . At 

vary i ng peri ods aft er peak anth e s i s  ( 1 4 ,  0 and 5 days for ryegrass , timothy 

and prairie grass respe c t i ve ly ) mois ture c on t ent began t o  fal l . The rate 

and extent of  l oss o f  mois ture was affec t e d  by s e asonal weather c ondi t i ons . 

Maximum s e e d  dry wei ght ( maturi t y ) was reached approxi mat ely 30 days 

after peak anthesis  in all species . N i t rogen appl i c at i on i ncreas e d  fi nal 

s e ed w e i ght in ry e gr ass , whi l e  grazing reduced the wei ght o f  s e e d  forme d i n  

prairie  grass . - I n t i mo t hy ,  n e i ther ni tr ogen appli c at i on n or grazing 

s i gn i fi c antly r educ e d  f inal seed  wei ght . This s u gges ts t h e  imp ort anc e  o f  

c ons i dering the management of  indi v i dual species  to  maximise  s e e d  we i ght 

rath er than the us e o f  c ommon management syst ems for d i f fe rent species  sown 

for s ee d  produ c t i on .  

The maj or c ont r i but i on t o  t ot al s e e d  we i ght was made b y  early-emerge d  

heads , seed  we i ght b e i ng reduc ed w i t h  t i me of subsequent e ar eme rgen c e .  

The rate o f  fl oret and seed  col our changes from green t o  b rown in  a 

part i cular spe c ies  was var iabl e .  The i n fluenc e of we ather o n  this fac t or 

suggested  it was di f ficult  t o  use s e e dhead c ol our changes or meas ur ements 

of l oss of  chl orophyl l  or ant hocyanin from the fl or et to obt ai n  pre c is e  
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assessments of  s ee d  maturi ty . Ant ho,y anin  cont ent o f  the floret was 

c ons idered a pot ent i ally us e ful measurement of pe ak anthes i s  i n  a crop . 

At maturity the endosperm o f  the s e e d  was already in  the  ' hard dough ' 

s t age . The ons e t  o f  this s t age was reached 4 ,  1 1  and 1 2  days prior t o  the 

p oint of maximum seed dry we i ght i n  ry e grass , t imothy an d prai ri e grass 

respec t i vely . Increases in s e e d  dry w e i ght there fore cont i nue for s ome 

t ime foll owing e ndosperm sol i d i f i c at i o n . 

Studies on the  rate of ons e t  of  germi nati on c apac ity foll owi n g  anthesis 

s howe d t hat var i at i on c ould o c c ur depending on whe ther germinat i on tests  were 

c ondu c t e d  immed i at ely fol l owing removal from the plant or fol l owi ng s t orage 

( 3  months ) . Immature s eeds removed from the plan t  as l i t t l e  as 7 ,  1 0  and 4 

days aft er anthes i s  i n  ryegr ass , t i mothy and prairie  grass resp e c t i vely were 

c apable of germinat i on when dormancy was br oke n .  These  immature seeds 

h owever , di d not retain v i abi l i ty after 3 months st orage . I n  c ases where 

s e e d  was germinat e d  a ft er s t orage vi abl e s e e ds were firs t  d e t e c t e d  in s amples 

t aken 9 ,  20 and 8 days respe c t i vely in  the three grasses aft e r  anthes i s . 

An i ncreased germinat i on gradi ent and earl ier at tainment o f  full vi abi l ity 

was characteris t i c  of seed  st ored for 3 months after s ampling when compared 

with v i ab i l i ty t e s t s  on s e e d  i mmediately a ft er removal from the head . 

Maxi mum v i ability o f  ryegrass , t i mothy and prairie  grass seed t es t e d  

imme diately after harvest oc curred 30 , 38 and 1 6  days a f t e r  ant hes is 

c ompare d with 1 7 ,  35  and 1 2  days respe c t i vely when germinati on test ing was 

delayed for three months . 

Seed from early -emerged heads showed superi or germinat i on speed  i n  all 

spec i es and a h i gh e r  fi nal germinat i on than seed from lat e -emerge d  heads . 

Nitrogen c aus e d  a subs t ant i al i ncrease i n  germinat i on percent age i n  rye gr ass , 

while  grazing tende d t o  depress seed  v i ab i l ity , par t i cularly i n  t i mothy . 
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SEED RIPENING, HARVES TING AND Y I ELD 

INTRODUCTION 

In the present s t u dy the t erm "ripening '' re fers t o  changes oc curri ng 

from seed  maturity unt i l  the s e ed has dri e d  t o  a moisture c ontent sui t able 

for harves t ing.  Weather c ondi t i ons vary from year t o  year and the t ime 

t aken for s e e d  to ripen changes ac c ordingly . S t ages of development and 

t h e i r  relati onship to the ext ernal appearanc e of the head remain approximat ely 

t he same , bu t the t i me occup i e d  by each s t age is apparently influenced by the 

environment , parti cularly rainfall . 

The present stu dy i ncludes c ons i derat i on of the e ffect o f  harvest method 

and o f  gra z i ng and nitrogen appli c at i on on s eed y ield and qual i ty ; o f  moisture 

c hanges in the seed and methods empl oye d  to assess the point of harvest ri peness 

and hence of opt imum h arves t t i me . 

Work by Arnold and Lake ( 1 965 ) has rais ed d oubts as t o  whe ther dire c t  

threshing o f  grass s e e d  crops c an be carr i e d  out e arly enough t o  avo i d  

c onsi derab l e  shedding l osses w i thout i mpai r i ng s e e d  viab i l i ty . I f  s e e d  i s  

removed from the plant b e fore i t  c omes away eas i ly , germi nat i on is ine v i t ably 

i mpai red . In  c ontras t , h i gh qual ity s e e d  can b e  obtained over a relat i vely 

l onger per i od when i t  has dri ed pri or t o  threshing.  For these reas ons i t  was 

de c i de d  t o  s tudy whe ther i mprovement in s e e d  qual i ty resul ts from natural 

drying o f  the seed i n  the s t anding crop only , or whether the s ame result 

c ould be obtained by c u t ting the crop p�i o r  to s e e d  matur i ty be fore s e ed 

shedding l osses became severe and all owing the s e e d  t o  mature and dry on the 

cut straw . This  study was als o  prompted  by work by S t oddart ( 1 965 ) whi c h  

s h owed that the later stages o f  s e e d  maturi ty were abl e  t o  pr oceed  t o  c omple t i on 

w i thout requiring the culm t o  b e  fun c t i onally at tached t o  the root sys t e m .  

LITERATUR E REVIEW 

The rate of mo i s t ure l oss i n  s eed dur i ng natural dryi ng i s  vari abl e ,  and 

is apparently relat e d  to seas onal weather c ond i t i ons , part i cularly rainfall . 

( Evans 1 960a , Anslow 1 964 ) .  I n  addi t i on the range o f  ripeness occurring i n  

a s e e d  crop depends on gene t i c  c ons t i tut i on and d i fferences i n  t h e  age o f  
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i ndi v i dual s e edheads ( Columbus -Jones 1 959 ) .  The rate o f  devel opment o f  the 

s e e d , i n  t erms o f  both s i ze and the ac cumulat i on o f  reserve produc t s , largely 

determines the onse t  of fi nal drying.  Shaw and Loomis ( 1 950 ) for exampl e ,  

d is t inguish between ' phys i ol ogi cal maturity ' of mai ze s e e d  at 30-40% moisture 

c ontent  ( at whi ch st age dry matt e r  accumulat i on is c ompl et e ) , and ' harves t  

matur i ty ' a t  about 20% mois ture content whi c h  oc curs b y  mois ture l oss . 

Studies by S t oddart ( 1 959 ) on t im othy and by Evans ( 1 960a ) on c o cks f oot , 

meadow fes cue and meadow foxtail , have i ndi c at e d  t hat seed  in  the late- dough 

s tage appears t o  be ripe in  all respe cts , even though the s e e d c oat and glumes 

may b e  still  predominantly gre e n .  A c r o p  c ont aining s e e d  a t  t h i s  s t age 

would  not b� j u dged ripe by present c r i t eria , wh i ch demand a yell ow or l i ght 

brown seedc oat and a hard e ndosperm . This emphas i ses the need  for greater 

understanding of  the  s t at e o f  ' ri peness ' in seed of  herbage grasses ( St oddart 

1 964a) . 

Many workers have sugges t ed methods for det ermining the pre c i s e  point o f  

s e e d  ripeness for harvest i n  grass s e e d  crops . M os t  o f  t hese  met hods have 

i nvolved the us e of visual criteria.  The l ong-used t echniques of  sweeping a 

hat through the  standing heads , pull ing a few heads through the fi ngers or  

rubb i ng seed out  o f  the head in the palm o f  t h e  hand are  s t ill  empl oye d  by many 

s e e d  growers . These methods are apparently des i gned t o  gi ve s ome i ndi c at i on 

o f  t he phys i cal c ondi t i on o f  the s e e d  and su i t ab i l i t y  for harves t and have been  

r e c ommended by  many workers ( Evans 1 937b , Stuart 1 957 , M cPherson 1 957 , Barrer 

1 957 , Jolly 1 9 57 ,  Smith 1 957 , Harbord 1957 , Morris 1 959 , R i c hards 1 96 1 , 

Delahunty 1 9 62 ) .  The first visual e vi dence o f  shedding i n  grass s e e d  crops 

has been sugge s t ed by some workers as indi c ative of opt imum harves t date 

( Palmer 1 937 , Wheeler 1 95 0 ,  Had field  1 957 , Harbord 1 957 , St oddart 1 9 59 , 

Del ahunty 1 962 , Kahre 1 96 4 ,  Gwynne 1 966 ) .  

L oss o f  greenness from the s e e d  and/or the s t raw have both been  sugge s t e d  

a s  use ful indi cat ors o f  seed  ripeness at harves t ( Cockayne 1 9 1 3 ,  Jolly 1 9 46 , 

Whatman 1 956 , Culbertson and K ommedahl 1 956 , Whe eler and Hill 1 957 , S m i t h  1 957 , 
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Columbus-Jones 1 959 , Culbertson e t  al 1 960 , R i chards 1 961 , Gwynne 1 966 ) ,  and 

t he c ons i s t ency of the e ndosperm one of the  maj or anat omi c al c omponents o f  the 

s ee d ,  apparently c an provide a usable and rel i able gui de t o  s e e d  ri peness 

(McPhers on 1 957 , R i c hards 1 957 , Jolly 1 957 , Smi t h  1 957 , Stoddart 1 9 59 , 1 964a , 

1 964b , and R i chards 1 9 6 1 ) .  

Relat i ve ly few workers have sugge s t e d  det erminat i ons of  s e e d  we ight and/or 

seed  mois t ure content  as us e ful methods t o  assist  in the  assessment of crop 

ripeness , ( Wheeler and Hill 1 957 , Crawford 1 960 , Koopman 1 963 , Ans l ow 1 964 , 

Gri f fi ths e t  al 1 967 , and Nel l i s t  and Rees 1968 ) . 

In  prac t i c e  a s e e dcrop c ons ists  of a populat i on o f  i n fl ores c e nces c overing 

a wide matur i ty range , which  means t hat problems arise i n  determi n i ng the mos t 

ac curat e impress i on o f  overall crop ripeness . 

Ansl ow ( 1 964 )  suggests that the relat i onship between s e e d  wei ght and 

moisture content , as one of the more c ons ist ent fac t ors in s e e d  devel opment , 

c ould be a us e ful me thod  o f  ass essing c r op ripeness . 

When us ing percent age moi s t ure as a field c r i t eri on of  ripeness , two 

di ffi c ult i es oc cur . The firs t is that t he relat i onship between percentage 

mois t ure and viabi l i t y  var i es ac c ording t o  seas on ,  and the  s e c ond i s  that 

pre c ipitat i on can i n fluence the values obtained . However , i n  the lat er stages 

of  maturi ty these di f fi cult i es largely disappear , and seed mois ture measurements 

can b e  a valuable addi t i onal gui de for d e c i ding the  best  time for dir e c t  

c ombining o f  crops . ( Gr i f fi t hs e t  al 1 967 ) .  

Mois ture may b e  as soc iated  with s e e d  i n  two ways , firstly as sur fac e 

moisture whi c h  is quickly l os t  by evaporat i on ,  and sec ondly as int ernal 

mois t ure . ( Hill and Crosbie  1 966 ) . Removal o f  i nt ernal mois ture requi res 

t hat the wat er be move d to t he seed  sur fac e be fore evaporat i on c an oc cur and 

explains why the process of  seed ripening may b e  a rapi d or gradual process 

depending upon the prevai l ing environmental cond i t i ons . Kl e i n  ( 1 9 67 ) , 

however , quotes the average l oss o f  mois ture in  the standing c r op of a wide 

range o f  grasses as being from 1 -4% per day . 
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Stoddart ' s  ( 1 964b ) studies on changes i n  t ot al free ami n o  ac i ds i n  seed  

during development have shown that the pat terns of  fl uctuati on i n  t i mothy and 

perennial ryegrass are s imilar to thos e he descri b e d  for t ot al soluble 

c arbohydrat e ( T . S . C . ) ( S t od dart 1 964a ) . However ,  he  c oncluded that , from a 

pra c t i cal standpoint , the det erminat i on of T . S . C . c ontent appeared to  b e  a 

more c onvenient me thod of  s e e d  ripeness ass essment .  

Changes i n  s e e d  respira t i on rat e have been i nvest i gat e d  as a pos s i bl e  

crit e r i on for est i mat ing the e arl iest  point of  s e e d  ri pene s s . ( St oddart 

1 9 6 1 ) .  Unfor tunately , dur i ng seed maturat i on ,  i n fe c t i on by sub-epidermal 

fungi such as Alternaria  spp.  almos t i nvariably o c curred , giving fals e 

respi rat ory values and nul l i fy ing the pot ent ial use fulness o f  seed  respirat i on 

measurement in the det erminat i on o f  ri peness . 

Many grass seed  crops c an be harves t e d  at moderat ely h i gh moisture levels 

( Grabe 1 956 quot es 47% for Bromus inermi s , Hyde e t  al  ( 1 959 ) and Klein  ( 1 967 ) 

quot e 4o% for perennial rye grass . The stage o f  maturity o f  the s e e d  at these 

mois ture levels does not appear to  be crit i c al i n  a f f e c t i n g  the viab i l i ty and 

bushel we i ght of c ommer c i al see dl ots . I n  many c rops t he s e e d  has reached 

max i mum dry wei ght and is abl e to germinat e and produc e vi gorous s ee dl ings 

b e fore it  is dry enough to c ombine ( Grabe 1956 ) .  I n  such cases the n , the 

problem is re ally one o f  el iminat i ng excess mois ture from the seed be fore 

it  i s  put into s t orage . 

Kle i n  ( 1 9 67 ) observed that in a range of  grasses the s e e d  moisture 

c ont e nt of the s t anding crop was nearly the same at the hi ghest y i el d  point 

in successive years and there fore was a go od index o f  best  mowing time . In 

general , seed  moisture is h i gh in the immature crop - usually 60%-70%. As 

seed ripens the mois ture drops eventually t o  about 1 0% .  K l e i n  has ther e for e  

sugge s t e d  it is poss ible t o  draw ' drying curves ' for each grass spe c i es . 

The dry ing curve for each type o f  s e e d  has a characteris t i c  shape as t o  slope 

or drying rat e .  During hot weather , the slope o f  the curve would t emporari ly 

increase , whi l e  during c ool or rai ny weather the curve would flat ten.  

Such seed mois t ure c ont ent curves have been us e d  by  Kl e i n  ( 1 967 ) t o  predi c t  
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the proper mowing date of s e e d cr ops of  a number o f  spec ies . 

Whi l e  more rel i able t e chniques for e valuat ing the s t age o f  r ipeness of 

seedheads for harves ting may ass is t  in minimis ing seed  l osses through shedding , 

the problem of  une ven seed  r i pening in many perenni al grass crops remai ns t o  

be overc ome . Sel e c t i on and breeding for seed retent i on appears t o  b e  a most 

promis i ng l i ne of  enquiry likely t o  lead to  a sol u t i on of this problem.  

( Be an 1 965 ) .  

I n  add i t i on S t oddart ( 1 959 ) has s hown that i n  t imot hy endosperm 

s ol id i f i cati on c orresponds wi th the c ompl ete  format i on of abs c iss i on l ayers 

and is ass oc i at e d  with seed dehydrat i on .  At this s tage even s l i ght me c hani c al 

disturbance can c aus e extens i ve s e e d  shedding. 

Similarly , Bonin and Goplen ( 1 963a ) in Phalaris arundinacea found that 

shedding i nvolved the releas e  o f  the s e e d  from t h e  glumes, disar t i culat i on 

occurring j us t  below the flore t .  

F i e l d  c ondi t i ons which  promot e shat tering are ext remely variable .  For 

exampl e ,  Bonin and Goplen ( 1 9 63b ) observed that s hattering stress in Phalaris 

arundinac ea was most  s e vere on the  windward side o f  a crop . Further , a 

di fference of one or more days in anthesis dat e c oul d c ompound di fferences in 

shat t ering percentage betwe en c l ones i f  heavy winds or rain were expe r i enc e d  

j us t  a s  s ome c l ones were b e gi nning to  shat ter and be fore others had c ommenc e d  

shatt ering.  ( Bonin and Gopl en 1 963b ) .  

Whi l e  s e e d  retention c an apparently be impro ve d  by appr opri at e sele c t i on 

t echniques ( McWi l l i am 1 9 63 ) ,  i t  remains t o  be s e e n  whether eas i er separat i on 

o f  s e e d  and glumes can b e  s e l e c ted for s imultane ously ( Bal t ensperger and Kal t on 

1 959 ) .  

The phys i ol ogi c al c ontrol o f  abs c i ssion l ay e r  format i on at the point o f  

s e e d  att achment t o  t he pedi c e l  has been shown t o  have a hormonal bas i s  

( Gri f fiths et a l  1967 ) .  I t  was found by Jewis s  ( 1 961 ) that spray i ng tim othy 

seedheads with synthe t i c  auxin ( naphthyl acetic a c i d )  20 days after anthes i s  

increas e d  s e e d  retent i on ,  and mor e  r e cently Mul l e t  ( 1 966 ) reported  improvements 
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i n  both s e e d  yield  and s e e d  r e t ent i on i n  Phalaris tuberosa with auxin  s prayed 
! 

b ef ore and at anthes i s . However , unt i l  var i e ties wi th a h i gh s e e d-retai ning 

c apac ity are devel ope d ,  early harvesting s t i ll remains the best method o f  

m i nimis i n g  s e ed shedding  l osses . ( Gr i f fi t hs et al 1 967 , Evans e t  al 1 9 62 ) .  

Grass seed  whi ch i s  harvested  as soon as maximum vi ab i l i ty i s  attained 

usually has a l ow thous and-s e e d  w e i ght , a fluid endos perm with a h i gh mois ture 

c ontent and c ons equent ly a very l imited  s t orage l i fe .  ( Hyde e t  al 1959 ) .  The 

s e e d  is als o ext remely di f fi cult to remove from the i n fl orescence  whi ch means 

that threshing mus t b e  so s evere that seed  is damage d in the proc ess . As 

S t oddart ( 1 96 4 a) point e d  out , such fact ors become less extreme wi t h  i nc re as ing 

maturity , and it  is t he ore t i cally possible  to select  a harvest date whi c h  is 

l at e  enough for them all to exc e e d  minimum t olerances , but suffi c i ently early 

to preclude l osses due to sheddi ng.  

Normally grass s e e d  is sold  by weight and i t  st ops increas i ng i n  weigh t  

whi le i t  i s  s t i ll gre en and be fore it  i s  fit  for safe harves t i n g .  I t  has 

been suggested by C ompson ( 1 959 ) that it  is wrong to think that maturi ng i n  

the field , ei ther in  t h e  s t anding c r o p  o r  on t h e  c u t  s traw , results i n  

increases i n  seed we i ght . He suggests the obj e c t  o f  condi t i onin g  is t o  all ow 

the. outs i de of t he s e e d  t o  die  and wither , rendering the s e ed s a fe for s t orage . 

The problem is apparently t o  k i l l  the s e e d c oat wi thout damaging the embryo , 

sunshine presumably b e i ng import ant in this cond i t i oning proc ess . What man 

( 1 956 ) sugges ts , howe ver that the importance of all owing a cut grass seed  

c r op t o  lie  in  a swath for s e veral days i s  simply to fac i l i tate mois ture l oss 

from the  s e ed to  pre vent the seed heat i ng i n  s t orage . Crosb i e  ( 1 96 4 )  notes 

that whereas many growers thresh grass seed up t o  14  days aft er mowing , i n  

fact the weather condi t i ons 2 - 4  days pri or t o  threshing are more import ant , 

for these will det ermine the s e e d  moisture . content at threshi n g .  

Timothy is acknowle dged as be ing· a d i f ficult  crop t o  harvest • .  This is 

partly b e c aus e the s e e d  c an be di f ficult t o  remove fr om the head but mainly 

b ec aus e it is encl o s e d  i n  a double cha f f .  ( Gwynne 1 966 ) .  The i nner chaff 
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envel opes the s e e d  and shoul d ,  i f  p os s i bl e , b e  l e ft i n t ac t . This s ingl e  

seed  with i t s  cha f f  i s  enclos e d  i n  two  glumes which  are much l arger . The 

problem is t o  s e parate  t he s e e d  c on t ained in the inner chaff  from the out er 

glumes without ' skinning '  the s e e d .  S e e d  merchants require t he pres e n c e  o f  

the i nner chaf f  o r  skin as evidenc e that t h e  s e e d  has not b e e n  damage d during 

harves t i ng ( Gwynne 1 966 ) . Als o  such hul led se eds have a reduced  s t orage 

l i fe , Lampeter  ( 1 958 ) recording a l oss o f  viabi l i ty o f  70% i n  hulle d  t imothy 

s e e d  3 mont hs after  h arves t .  

Harves t in g  and threshing o f  her bage s eeds at an e arly s t age o f  maturi t y  

o f t e n  re duc es germinat i on c apac i t y .  Jens en ( 1 968 ) has s hown that the 

reduced germi nat i on c apac ity of early harves t ed s e e d  is mainly c ause d  by 

mechanic al damage at  threshing. 

A number of workers have carri e d  out s tudies i nvolving the sequent i al 

harvest o f  vari ous grass seed crops at s t ages of devel opment  ranging from a 

few days a ft er anthes i s  throu gh t o  s e e d  r i peness . ( Grabe 1 956 , Hyde e t  al 

1 959 , Lawrence  1 960 , Ansl ow 1 9 6 1 , Kahre 1 964 , Rebis chung et al 1 9 64 , 

S t o ddart 1 964a , Arnold and Lake 1 966 and Jens en 1 9 6 8 ) .  Their s tudies have 

shown that s e e d  we i ght , germinat i on c apac i ty ,  and s e ed s t orage abi li t y  are all 

markedly a f fe c t e d by harvest dat e .  Once s e e d  is mature all t hese fac t ors are 

maxi mal and harves t ing c an pro c e e d  at any t ime dur i ng t he ripening s ta ge 

provided  that , i f  t hreshing is carr i e d  out while the  s e e d  is o f  high moisture 

c on t ent , c are be t aken to avoi d  m e c hani c al damage t o  the s e e d  during t hr eshing , 

and t o  remove mois t ure fr om the s e e d  by dry i ng t o  a level  sui t ab l e  for s a fe 

st orage . 

Although i t  is not within the s c ope o f  this review t o  discuss harvest i ng 

machi nery and methods i t  should be point e d  out that excell ent discuss i ons on 

the t e chniques of harvest i ng ( di re c t  - and swath - harves t i ng and doubl e  

t hr eshing ) have been pr oduc e d  by a number o f  workers ( Arnold and Lake 1 965 , 1 966 , 
1 966, 

Nellist  and R e es 1 967 , 1 9 68 , Nel l is t A1 967 , Gri f f i t hs e t  al  1 96? ) .  
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The amount o� l i t e rature on the e f fect o f  ni t roge n  on s e e d  y i e l d  i s  

ext e ns ive . The appl i c a t i on of  ni trogen has been s hown t o  incre as e  s e e d  

y i el ds in  rye grass ( Evans 1 937a , Evans 1 954 , Eve rs and S onneveld  1 955a 1 9 55b , 

Lobb 1 9 55 , Wilson 1 959 , Evans 1 9 60c , Greaves 1 96 4 , R ob erts 1 9 66 ) ; in  t imothy 

( Whee l e r  1 950 , Hagsand 1 955 , Lambert 1 956b , Huq and De Long 1 958 , Wilson 1 959 , 

Langer 1 959b , Evans 1 960c , St oddart 1 9 6 1 , Lewis 1 96 1 , Bj {klund 1 962 and 

Gre aves 1 964 ) ; and in  prai rie  grass ( S axby 1 956 , Karim 1 96 1 , Langer 1 96} ) .  

Convers e ly , some workers have found n o  s i gni fi c ant i nc re ases  i n  s e e d  y i e l d  

foll owing nitrogen appl i c at i on ( Evans 1 953 and Lambert 1 964 in  t i mothy an d 

Lobb 1 955 and Anslow 1 962 i n  rye grass ) .  Lambert ( 1 9 6 1 , 1 963a ) found 

� s i gn i ficant s e e d  yield r e duc t i on in  s48 t imothy i n  s eparate experime nt s  

foll owing the u s e  of  nitroge n .  

This variab i lity i n  s e e d  yields from studi e s  o n  t i mothy t o  whi c h  ni t rogen 

has been appl i e d  indicates that other fac t ors may mod i fy the e ffec t  o f  

ni t ro gen o n  s e e d  yi eld i n  this s pe c i es ( Lambert 1 9 66 ) .  Evans ( 1 953 ) and 

Lambert ( 1 961 , 1 963a ) have both suggest ed that dry weathe r , parti cul arly at 

e ar emergenc e reduced the y i e l d  of t i mothy by l imit ing nutrient trans fer t o  

t h e  e ar . The anomalous b ehavi our o f  timothy i n  its  response t o  n i tr o ge n ,  

c ompare d  with other herbage grasses may well b e  that i t  i n i t i ates and develops 

e ars later and i s  there fore the spec ies most l i able  t o  e n c ounte r  dry c ondi t i ons 

duri ng e ar format i on .  Lambert ( 1 963a)  has ther e fore sugges t e d  that suppl ementar 

wat e r  may be an import ant adjunct t o  the e ffic i ent use o f  nit rogen i n  the 

management o f  t imothy for s e e d .  

The t i ming of  grazing i n  relat i on t o  both plant gr owth rate and s eas on i s  

als o  important in  influe n c i ng subs eque nt s e e d  y i e l d . Evans ( 1 937a ) and 

R ob erts ( 1 958c ) have s hown that s e e d  y i e lds of perennial rye grass , t i mot hy 

and c ocks foot are not generally r e duced  by wi nter  grazing , except when f ol l owed  

by  a dry per iod in the  s pring.  This latter e ffect  may b e  caus e d  by c ondi t i ons 

b e i ng un favourable for a ft e rmath r e c overy . Spring grazing on the  o ther  hand . 

r e duced  seed  y i elds through the format i on of  smal l e r  i n fl ores c ences . Results  
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by Evans ( 1 937b ) , Langer ( 1 957b ) ,  Roberts ( 1 958 c ) and Langer and Ryle ( 1 959 ) ,  

hav� shown that spring grazing o f  perennial rye grass and t imothy seri ously 

reduced s e e d  yiel d .  Parti c ul arly i n  perennial rye grass , spring grazing 

result e d  i n  permanently redu c e d  ear numb e rs . R oberts ( 1 966 ) observed y i e l d  

redu ct i on foll owing grazing one week aft e r  infl oresc ence ini t i a t i on .  I n  

Tama rye grass Davies ( 1 969 ) has shown that defol iat i on should c eas e i n  

O c t ober or seed  yield  r e du c t i on can oc cur . 

Evans ( 1 962 ) and R oberts ( 1 966 ) have both s u ggested the p os s i b i l i t y  o f  

c orre c t in g  a pot ent ial depress i on in s e e d  y ield fol l owing gra z i ng in the 

autumn , winter and early spri ng period by opt imum appl i c at i ons of nitrogen.  

With nitro gen appl i c at i on ,  perennial rye grass has b e en s hown to  be capab l e  

o f  produc i ng as much s e e d  a f t e r  spring grazing ( Evans 1 937a , R oberts 1 9 66 ) . 

The ir r es ults support the c ontent i on that perennial rye gr ass i s  a flexible 

s p e c i es , respondi ng p os i t ively t o  defol iat i on c oupled with n i tr ogen 

appl i c at i on in the produc t i on of s e ed . 

In a discuss i on on t imothy management Davies ( 1 960 ) not e d  that l eni ent 

grazing may be c on t i nu e d  unt i l  s t em format i on b e gi ns wi thout d e l e t e r i ous 

e ffects on seed y i e l d .  S axby ( 1 956 ) has also s t ated that t i mothy will 

pers ist  for many years under sheep grazing , provided  this is not  c l os e  or 

c o nt inuous . 

Whi l e  de fol i at ion , whether by grazing or cutt ing does not appear t o  

enhan c e  s e e d  yield i n  t imothy Lambert ( 1 9 6 6 ) has point e d  out that c laims 

made for b ene fits from de fol iat i on were "based on indi vidual s at i s fac t i on 

with the yiel& obtained rather than on any measured incr eas es i n  yield  i n  

a c ompar i s on . of  de fol i at i on versus n o  defoliat i on " .  There for e , he s u ggested  

that where  seed produ c t i on was the  only c onc ern , d e fol i ati on was o f  no  benefit  

i n  this spec ies . On the - other hand , where  livestock and s e e d  produc t i on wer e 

i nt e grat e d  in the farm programme the problem was d i f ferent . I f  properly timed 

and c ont rolled , use ful grazing c ould be obtained wi thout marke d  r e du c t i on in 

s e e d  y i e l d .  This was par t i c ularly s o  i n  the c as e  of gras s s p e c i e s  whi ch had 
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I 
a w i nt er d ormancy ( e . g . t imothy and c ocks foot ) . I n  such c as es , Lambert  

sugges t e d ,  yield  probably would not b e  affect e d  unless the plants were 

damaged by pugging. 

MATERI ALS AND METHODS 

The harves t ing meth ods us e d  i n  1 966 have be e n  pre v i ously des c r i be d  in  

detail  ( page 89 ) .  Br i e fly , in  the first year s equent i al har ves t s  c ommenced 

at , or soon a ft er ,  peak anthesis  and c ont i nued for s ix or s e ven weeks at  

approximat ely s e ven day inte rvals . Hal f o f  the harve s t e d  materi al was 

immediately threshed and s e e d  y ie l ds determine d .  The remainder was l e ft 

for 1 0  days as a swath and then t hreshe d .  Seed shedding l osses were 

det ermined by recording the percent age of  heads on which  shedding had 

occurred at vari ous int ervals a ft er peak ant hes i s .  

I n  the s e c ond year ( 1 967 ) , although large s c al e  sequen t i al harves t s  

were not carr i e d  out , y i el d  det erminat i ons were obtained using dire c t -harve s t ing 

and swath-harvest ing m e t hods for ryegrass and prairi e grass 30 days after  peak 

anthesis  and for t imothy 35 days aft er peak ant hes is in  e ach t reatment . 

RES ULTS AND DIS CUSS ION 

A .  Seed Yield  

Seed y i e l ds for rye grass , t imothy and prai rie  gras s obt aine d at di f ferent 

harvests i n  1 96 6  are presented  in  Tabl e 15  ( ove r ) ( raw data in Appendix 2 1 ) .  

Although both ryegrass and t i mothy fai l e d  t o  show s i gni fi cant t reatment 

e f fe c t s  the t rend neve r t heless i n  the  s owi ng year was for grazing and 

n i t rogen t o  increase y i e l ds in  rye grass and depress y i elds i n  t i mothy . In  

pra i r i e  grass , i rrespe c t i ve o f  harves ting me thod , nit rogen appl i c at i on was 

important in overc omi ng yield  depress ion i n  treatments i nc orporat i n g  grazi ng.  

H i ghest  yield o f  prai r i e  grass seed  was obt ai ne d  from plants i n  ungrazed  plots  

rec e i ving n i t r ogen .  R e sults for prairie grass s t ress t h e  deUTimental e f fe c t  

o f  grazing and the pr om o t i ng i nflue nce o f  appli e d  n i t rogen on the s e e d  y i e l d  o f  

this  s pe c ies . 
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TABLE 1 5  S e e d  Y i elds 1966  lb ac  at  1 5% s ee d  moisture 

Y i e l d  Days Y i e l d  
Treatment Dire c t  S wath A ft e r  Peak Harves t  D i r e c t  Swat h 

Harvest Harvest An thesis  Harvest Harves t 
R;y:eg:rass 

+G+N 668 a 844 a 0 H 1  436 Cb 430 Be 
+G-N 654 a 630 a 7 H2 470 Cb 584 ABbe 
- G+N 666 a 750 a 1 4  H3 770 AB a 960 ABab 
-G-N 606 a 624 a 2 1  H 4  8 1 0  AB a 1 236 A a 

28 H5 9 30 A a Not R e c orded  
35 H6 540 BCb 650 ABbe 

T imoth;y: 
42 H7 404 Cb 4 1 0  B e  

+G+N 1 9 0  a 258 a 1 0  H 1  1 40 Cbc 292 ABbe 
+G-N 2 1 8  a 267 a 1 7  H2 325 A a 383 A a 
-G+N 1 73 a 206 a 24 H3 302 AB a 354 ABab 
-G-N 236 a 279 a 31  H4 2 1 5  BCb 261 Be 

38 H5 1 27 Cc 1 33 Cd 
45 H6 1 1 9 Cc 91 Cd 

Prairi e Grass 

+G+N 2444 AB a 4620 Bb 3 H 1  804 Cd 1 780 D e  
+G-N 1 740 Bb 3660 Cc 1 0  H2 1 09 6  Cd 2670 Cc 
-G+N 281 4 A a 5466 A a 1 7  H3 2350 Be 31 86 Bb 
-G-N 2420 AB ab 4236 Bb 24 H4 2950 ABb 4020 A a 

31  H5 4450 A a 4346 A a 
39 H6 2260 Be 2080 CD de 

The yield  figures foll owing swath h arvesti ng ( Table 1 5 )  show t hat 

incre as ed yield  c an be obt ained part i c ularly in ryegrass and t imothy by 

c ut t in g  the c r op prior t o  seed matu r i ty and all owing s ee d  devel opment and 

ripening to c ont inue on the cut s t raw . This t e c hnique all owe d hi gher s e e d  

y i elds to b e  obtained than the u s e  o f  dire c t -harves t i n g  methods . 

Sequent i al harvests c ar r i e d  out i n  t he sowing year ( 1 9 6 6 ) indicate  that 

maximum seed y i e ld was obt ained at d i f ferent times a fter peak ant hesis in each  

s pe c i e s . This was a r e fl e c t i on o f  species  var i a t i on i n  the  t ime taken for 

s e e d  to matur e . 

M aximum , y i e l d  dat a ( expressed as a mean valu e  at 1 5% s e e d  moisture 

c ontent ) for the s e c ond year ( 1 967 ) � presented in  Table 1 6  ( raw data i n  

Appendix 22 ) .  

The results s t ress the i n fluence
. 

of  management on each s pe c i es .  
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TABLE 1 6  Seed Y ie l ds 1 967 ( Me an val ues lb/ac . a t  1 5% s e e d  moisture c ont e nt ) .  

Treatment Y ield 
Direct  Harves t  Swath Har ves t 

Rye grass +G+N 530 A a 596 A a 
+G-N 505 A a 528 Aab 
-G+N 385 Bb 256 Bbc 
-G-N 308 Bb 334 Be 

Timothy +G+N 83 Cc 82 Cc 
+G-N 1 24 BCc 87 Cc 
-G+N 2 1 0  ABb 2 1 3  Bb 
-G-N 285 A a 272 A a 

Prairi e Grass +G+N 1 000 Cc 781  Cc 
+G-N 277 Dd 380 De 
-G+N 2672 A a 2406 A a 
-G-N 1 836 Bb 1 73 1  B b  

While  ni trogen appl i c at i on fai le d  t o  reveal maj or y i e l d  increases i n  

rye grass ,  graz ing was bene fi c ial t o  s e e d  yield.  Approximat ely a 60% i nc re ase 

i n  yield was obt ained i n  grazed  pl ots i rrespec t i ve o f  whe ther ni trogen had 

been appl i e d  or  not , c ompar e d  with the  c ontrol t r e atment ( -G-N ) . 

T imothy showe d marked grazi ng and nit rogen appl i cati on e ffec ts i n  

depress i ng s e e d  y i eld in the second year . In t h i s  s pe c i es the c ontrol 

( -G-N )  was superior t o  all other t reatments . I n  c ontras t  t o  the prev i ous 

year the 1 9 67/8 s e ason was very dry dur ing January -March.  Perhaps , as 

sugges t e d  by Lambe rt ( 19 639 , under such c onditi ons t imothy plant s devel oped 

a smaller root mass at high nitrogen levels . This c ould explain the 

depres s i ng e f fe c t  o f  ni t rogen on seed y ield in t im othy in the s e c ond year . 

I n  prair i e  grass , as i n  the year o f  s owing , t reatment figures show the 

de�imental e f fe c t  of grazing  on s ee d  y i e l d .  In  b o t h  years hi ghest y i e l ds 

were obtained i n  the treatment -G+N , +G-N being i n feri or t o  all other 

comb i nat i ons . In  the second year , the applicati on o f  n i tr ogen t o  graze d  

plots fai led t o  overcome y i e l d  depress i on caused  by grazing a s  was t h e  cas e  

i n  the s owing year . 

M e an maximum yield over all treat ments showe d a marked reduct i on between 

years . Maximum y i elds i n  1 967 were approximat ely 1 5% t o  70% less t han thos e  

i n  the previ ous y e ar dependi ng o n  s pe c i es and harves t i ng me thod . The h i ghest 

yield reduc t i on ( 68 . 5% )  occurred in prairie  grass wh i l e  direct -harve s t e d  
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t imothy show e d  only a 1 4 . 8% r e duc t i on i n  1 9 67 compare d  wit h  1966 . Probably 

the maj or reas on for y i e l d  being r e duc e d  in  all s pe c i es in the s e c ond year 

was the marke d fall i n  fer t i l e  t i ller pe rcent age whi c h  occurr e d  i n  1 967 

c ompared wit h  the firs t year ( page 6 1 ) .  I n  addit i on we ed growt h  and poor 

aft ermath r e c overy may have c on t r i buted t o  the reduced  s e e d  y i e l ds o c curr i n g  

i n  the s e c o n d  year . 

B .  Se e d  Qual i ty 

In all species s t udied the improvement i n  s e ed qual i ty exhib i t e d  at 

succ ess i vely later harvests up t o  the point of maximum y i e l d  was ass o c i at e d  

with both an increas e  i n  s e e d  w e i gh t  and germinat i on c apac i t y  n o t  only wi thin  

the uncut c rop but  also within the swath .  A similar pat t ern has been  found 

by Lawrence ( 1 960 ) in a c ompar i s on of di r e c t  - and swath-harves t i ng of Russ i an 

wild rye ( Elymus junc eus Fis c h ) and by similar c ompar is ons by Nell i s t  and 

Rees ( 1 967b ) in S24 rye grass . 

By i n c orporat ing data on s e e d  yield from Tabl e 1 5  with germinat i on result s , 

seed  weigh t  ( Figure 1 3 )  and s e e d  mois ture l e vels ( Fi gure 1_2 ) at suc cess ive  

harvests a comparison o f  harve s t ing me thods on the rate  o f  a t t ai nment o f  

maximum s e e d  qual i ty ( maximum weight and germinat ion capac i ty )  was obt ained  

( data in  Appendix 2 3 ) . R esul t s  for ryegrass , t imothy and prairie  grass are 

shown in Fi gures 20 , 21 and 22 respe c t i vely . 

I n  ryegrass ( Fi gure 2� ) maxi mum yield  following direct -harves t in g  was 

at tained at harvest 5 ( 28 days after  peak anthes i s ) with a mean y i el d  o f  

930 lb/ac . At this point s e e d  germinat i on and dry we i ght were maximal having 

been reached 2 1  and 28 days after  peak ant hesis respec t i vely . At harves� 5 

s e e d  mois ture c ontent was approximat ely 47% and a mean value o f  75% o f  h e ads 

showed s ome shedd i ng l osses . Unfortunately y i e l d  data obtaine d a ft e r  1 0  

days natural dry ing ( swath-har v es t i ng )  f ol l owi ng c u t t i ng 28 days after  peak 

anthesis is not available as heavy rain c aus e d  s amples t o  d e t e r i orat e 

following cut ti ng. Unfortunat ely this makes y i e l d  comparisons between 

direct -harvest and swath-harves t dat a at harvest 5 imposs ible . I t  should 

be not e d ,  however , that c u t t ing s amples at harv e s t  4 ( 2 t days a f t e r  peak 
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anthes i s ) and removal o f  s e e d  1 0  days later resulted i n  a mean yield  

inc rease o f  over  300 l b/ac . compar e d  wi t h  the yield  obtaine d by  direct -

harvesting 28 days aft er peak anthesi s .  Direct -harvest in g  at harvest 4 

{ 21 days after peak anthesis ) would have resulte d  i n  s e e d  b e i ng threshed 

7 days pr ior  to the at tainment of maximum s eed dry wei ght e ven though this 

point c oi nc i ded  with the  at t ainment o f  full viab i l i ty .  The i n ferenc e from 

thes e results for rye grass i s  t hat h i gh y i elds c an s t i l l  be obtained e ve n  

when the c r op is c u t  s l i ghtly b e fore s e e d  maturity and all owed t o  c onti nue 

maturat i on and ripeni ng on the culm pri or to threshing . In c ontras t  

harvesting at harvest 3 ( 1 4 days a ft e r  peak anthesis ) , resul t e d  in s e e d  

y i e l ds fol l owing dire c t -harves t i ng and swat h-harves t i ng o f  7 7 0  and 9 6 0  l b  

p e r  acre respec t i vely . While  these y i eld figures are qui t e  hi gh s e e d  

harvest e d  a t  this stage would b e  o f  l ow we i ght ( approximat ely 70% o f  f i nal 

s eed we i gh t ) and reduc ed germ i nat i on c apac ity ( appr ox i mately 65% ) . In 

addi t i on s uch seed , as well as b e i ng of poor qual ity would have a reduce d  

s t orage l i fe .  

The data for t i mothy ( F i gure 2 1 ) �� o f  int erest i n  that maximum y i e l d  
J 

was reac he d at harvest 2 ( 1 7 days after peak anthes i s ) i rrespe c t ive o f  the 

haryes t i ng method use d .  At this  point ne i ther s e e d  germinat ion capa c i ty 

nor seed  w e i ght were at the ir maximum . S e e d  direct -harves t e d  1 7  days 

after p�ak anthesis s howe d a mean germi nat i on o f  only 5% , whereas s e e d  

obtained by swath-harvest ing t h e  crop 1 7  days aft er peak ant hesis  had a 

mean germinat i on value o f  approximately 8 2% compared with  a final val u e  

o f  95% .  This early yield  maximum occurr e d  at . a p o i n t  approximately 1 8  days 

pri or t o  seed maturity , and at a mean s e e d  moisture cont e nt o f  5 1 % .  

From the maxi mum y i e l d  point 1 7  days after peak anthesi s , y i elds fell 

progres s i ve ly at suc c essive harvests , despite a gradual increase i n  indivi dual 

s e e d  we i ght for a further 18 days . This reduc t i on appeared to be a re fl e c t i on 

o f  seed  l osses t hrough shedding.  The results indi cate  that t imothy is not 

suit able for direc t-harves t i ng .  The reas on for this i s  that peak mean y i e ld 
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( 325 lb/ac ) was at t ai ne d  whil e  the seed  was o f  very l ow germi nat i on c apac i t y . 
i 

De laying dire c t -harves t i ng unt i l  harvest 5 ( 38 days after peak anthe s i s ) whe n  

max i mum s e e d  wei ght and germinat i on c apac i ty were reached result e d  i n  s evere 

y i el d  reduc t i on ( 1 98 lb/ac ) through shedding. 

I n  1 9 66 , it is sugges t e d  that the protracted  pe r i od o f  anthe s i s  in the 

crop ( 66-74 days ) may have all owed e arly-emerged heads to devel op s e e d  t o  a 

s tage where their  number contribut e d  marke dly to y i e l d  pri or t o  the devel opment 

of s e e d  from i ntermediate  and late emerged he ads . The e ffec t  o f  this  c oul d 

have been t o  all ow y i e l d  maxi mum t o  be reached earl i e r  following peak anthes i s  

than would normally occur .  

I n  t imothy cut t i ng the c rop pri or t o  s e e d  matur ity ( 24 days a fter peak 

anthesis  at a moisture c ont ent o f  47% )  and allowing the seed  t o  dry on the 

culm pr i or t o  threshi n g  resul t e d  not only in a hi gh s e ed y i eld but als o i n  the 

harves t ing o f  seed o f  h i gh germinat i on capac i ty .  

I n  prai r i e  grass ( Fi gure 2 2 )  maximum y i eld o c c urred a t  harves t 5 ( 31 days 

after peak anthes is ) i rrespe c t i ve o f  harves t i ng method ( 4450 lb/ac and 4346 lb/ac 

for dire c t  - and swath-harves t i ng respe c t i vely ) .  I n  prair i e  grass , there fore , 

direct -harves t i n g  appe ars t o  b e  satis fac t ory des p i t e  the fac t t hat at peak 

y i el d ,  3 1  days a ft er anthes i s , approximat e ly 80% of s e e dhe ads showe d s ome s i gns 

of she dding . In  add i t i on ,  s e e d  mois ture content at maximum y ie l d  was 

approx i mately 48% so that s e e d  direct-harves ted at this point woul d require  

art i fi c i al drying pri or t o  s t orage . Swath-harves t ing , bec aus e i t  all owed seed  

to  dry naturally t o  a mois ture c ont ent o f  between 1 2  and 1 5% overc ame this  

o bj ec t i on .  The dis advantage o f  t his  lat ter  h�rvest i ng technique was the 

risk of seed l osses pri or t o  threshing throu gh i n c l ement weather . Peak y i e l d ,  

3 1  days a ft e r  ant hes i s , i n  prai r i e  grass c oi n c i d e d  w i t h  t h e  attainment o f  

maximum s e e d  dry wei ght , germinati on maximum having been reached 1 4  days 

earl i e r  ( 1 7 days aft er pe ak anthes is ) �  
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C .  Opt imum Harvest Time 

Fol lowi n g  present at i on of data i n  the previ ous s e c t i ons on  seed yield and 

qual ity it was thought desi rable t o  att empt t o  relate the s e  fact ors to the  

opt imum point in the  r ipening sequence at  whi ch seed was sui t ab l e  for 

harvest i ng t o  achi eve maximum quant i ty of h i ghes t  qual ity see d .  Accordingly 

seed dry ing c urves were prepar e d  ( Figures 23 , 24 , 25 ) us i ng data for 1 966 

( Appendix 23 ) .  I n  addi t i on sequent i al seed  y i e l d  and germinat i on ass essments 

at 1 6 ,  23 , 30 , 37 and 43 days aft e r  peak anthesi s  and seed mois ture d e t ermi nat i ons 

in 1 967 allowe d s i mi l ar dry i ng curves to be drawn inc orporat ing dat a  for the 

s e c ond year ( Appendix 2 4 ) .  The resul ts present ed are mean values for all 

t reatments i n  each year . The mean rate o f  s ee d  mois t ure l oss in  the s t anding 

c r op for all treatments was relat e d  to vi able seed y i el d ,  the point o f  highest 

yield of viable seed b e i ng des i gnat e d  as the opt i mum mowing t i me . 

The regu l ar i ty of the rate at whi ch al l spe c i es l ost  mois ture wi t h  t i m e  

and the rel a t i onship be tween b o t h  s e e d  y i e l d  and qual ity sugges t e d  that the 

moisture c ont ent of s e e d  was a r e as on abl e indicat i on of mowing t ime whi c h  c ould 

b e  used as a b as is for the commen c ement o f  harves t ing operat i ons . Fr om the 

di fferenc e b e tween results in  e ach o f  the two years , howeve r , it c an be s e e n  

t h at rates o f  seed  mois ture l oss i n  t he s t anding crop c a n  vary , presumably 

in respons e to envir onmental c ond i t i ons . Sunshine hours , e vaporat i on ,  w i n d  

s p e e d  and rai nfall have all b e e n  shown t o  i n fluence r a t e  of r e duc t i on o f  s e e d  

moisture ( D odds and Pel t on ( 1 967 ) ) .  Desp i t e  t h i s , however , i t  se ems fe as ib l e  

t h a t  t h e  use of drying curves c ould be us e d  t o  predi c t  t h e  d a t e  o f  c omm encement 

o f  harves t i ng at leas t  a few days in  advanc e .  

The bes t mowing d ates for each spec i es var i e d  s l i ghtly from year t o  year . 

Henc e , as K l e i n  ( 1 967 ) has point e d  out , ' calendar time ' i s  not an adequat e 

i ndex of mowi ng t ime . Results i n  the present study show , howeve r , that s e e d  

mois ture con t ent in  t h e  s tanding c r o p  is s i milar at the h i ghes t y i el d  point 

within each s pec i es and , there for e , i s  a good indi c at or o f  opt i mum mowing t ime . 
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Seed  dry i ng curves may b e  us e d  t o  pre di c t  the corr e c t  mowing date of a 

s e e dc rop for subsequent swath-harves t i ng or for direc t -harve s t ing by first 

meas uring the seed  moisture present and findi ng i t  on the curve . Then the 

number of days usually required  for the mois t ure c ont ent t o  drop to the 

rec ommended cut t i ng point c an b e  det ermi ned .  

I n  both rye grass ( Fi gure 23 ) and prai r i e  grass ( Fi gure 25 ) c ompar i ng 

t h e  two harves t ing methods on the b asis  o f  success i ve harve s t s , the  viable 

seed  y i el d  obt ained foll owing swath -harves t i n g  was superi or to d i r e c t -harves t ing 

at all harves t dates pri or t o  peak yield and gave a higher or c omparable  y i e l d  

at this point . This finding has also been obs erved in perennial rye grass by 

Nellist  ( 1 967 ) and Nell i s t  and Rees  ( 1 967 ) .  Irr espe c t i v e  o f  the  method of 

harves t i ng the  opt imum t ime for c ommenc eme nt of this operat i on i n  both years 

was at a seed  moisture l e vel  of appr oximat ely 44% ( 40-47%)  i n  rye grass and 

45% ( 43-48% ) in prairie  gras s .  Shoul d di r e c t -harves t i ng b e  under taken at 

t h i s  point , h owever , art i fi c i al dry ing fac i l i t i e s  woul d be ess en t i al t o  

r e duce s e e d  moisture c ont ent t o  a safe s t orage l e vel . 

The relati onship between seed  moisture content  and viable seed  y i el d  i s  

parti cularly evi dent i n  t imothy ( Fi gure 24 ) .  I n  t h i s  spec i e s  two opt imum har vest 

points are s h own on the dry ing c urve . The firs t at approximately 47% moisture 

c ontent shoul d b e  use d  when swath-harves t i ng methods ar e b e i ng empl oy e d .  

T h e  secon d , oc curr ing approximately 1 4  days lat er , shoul d b e  u s e d  only whe n  

d i r e c t -harves t i n g  is b e i n g  c onsi dere d .  The rat e of s e e d  germinat i on impr ovement 

( di r e c t -harvest )  was approximat ely 3% per d ay in both years . ( Appendi c es 23 

and 24 ) .  This rap i d  increase demons trat es the need  t o  t i me d i re c t -harves t i ng 

a c curat ely and stresses the ne e d  t o  delay harve s t ing for approximately 1 4  days 

after the opt i mum mowing t ime for swath-harves t i ng.  I n  1 96 6  unfavourable 

weather condi t i ons c ause� slower moisture l oss from the seed  than i n  1 967 . 

Desp i t e  this , howe ver , seed  she dding became severe i n  t imothy pl ots prior 

t o  maximum y i e l d  at whi ch point the crop was sui t able  for di re c t -threshi ng.  

These resul t s  support findings by Arnold and Lake ( 1 966 ) i n  S48 t i mothy that 
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s i gn i fi c antly hi gher s e e d  y i elds c ould be obt aine d  fol l owing swath-harvesting 

than by the use  of direct -harves t i ng methods . Their comment that the use o f  

swat h-harve s t i ng techniques all owed increased  yields o f  high germination s e e d  

t o  b e  obtaine d  while  a t  the same t ime reducing shedding l os s e s  is support e d  

by the results obtained for t imothy . In add ition  the fact that swath-harves t i ng 

can be car r i e d  out approximat ely 1 4  days e arl i er than direct -harves t i ng , 

suggests that the us e o f  the former t e c hnique may all ow more flexibi l i t y  in 

harves t ing t imothy s e e d . 

The durat i on o f  a suitable crop c ondi t i on for direct -harvesting i n  all 

three spec i e s  was relati vely bri e f  and the r isk of sudden s h e dding l os s es due 

t o  the ons et of unfavourable weather c ondi t i ons was high .  I n  c ontras t , h i gh 

qual ity s e e d  c ould be obtained over a l onger peri o d  when the crop was cut and 

the seed all owed to dry naturally pri or t o  threshing.  I t  is sugges t e d  that 

the improvement in  qual i ty by s wat h -harves t i ng methods results l ar gely from 

increas e  i n  s e ed we i ght duri ng maturat i on and ripening whi l e  on the cut s traw .  

It  is c ommonly beli eved that the margin be tween under-r ipeness and 

over -ripeness in  gras s seed crops is narrow.  This  concept  is probably due t o  

present standards o f  ass essing s e e d  ripeness . It is sugge s t e d  that at prese nt 

the use o f  r ipeness ass essment methods wh ich  emphas ise  s e e d  mois ture and the 

c ondi t i on of the m os t  advanced beads in  a crop t o  t he exclus i on of later emerge d  

s maller heads woul d be a n  advantage . This is r e in for ced  by previ ous results 

which have s t r essed  the important c ontribut i on o f  early- emerged he ads in a 

c r op t o  total seed  y i e l d . Since e arly-emerged heads c ontain the gre ates t  

number o f  s ee ds an d the he avi est indivi dual seeds i n  a c r op , any delay i n  

harvest ing t o  enabl e s e e d  i n  late -emerged heads t o  mat ure will result i n  

r educ ed s e e d  y i e l d .  The i ncreas e d  c ontribution o f  l a t e  heads w i l l  be  more 

t han offset  by shedding l osses fr om earl ier- emerge d  heads . 

Many grass seed  s pe c i es are c onsidered di fficult t o  grow bec aus e o f  the 

i nc onsistency in  seed yield from year to year .  Much o f  this y i e l d  vari ati on 

is poss ibly due to uncertainty i n  de c i ding the c orre c t  harves t t i me . On  the 
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other hand i f  the crop i s  harve s t e d  t o o  early the s e e d  is di f fi cult  t o  r emove 

from the head because the abs c is s i on l ayer in the s e e d  is not fully formed  and 

s u f fi c i ent  dehydrat i on has n ot taken plac e .  Convers ely late harves t i ng 

usual ly results i n  a l oss o f  s e e d  from shedding,  both  in  the standing c r op 

and duri n g  harves t in g .  

Apparent ly , s ome grower dissat is fa c t i on exi s t s  c oncerning the rel i ab i l i ty 

o f  eye-assessment characters empl oye d  for assessing crop ripeness . This i s  

indi c at e d  b y  t h e  apprec iable i n creas e  in the  u s e  o f  portable mois ture meters 

for s e e d  mois ture det erminat i ons in  the fi eld . 

CONCLUS ION 

By c ons ider i ng seed  y i e l d  results in b oth ye ars , it is poss ible to make 

some general s t atements regarding the best  management for e ach s pe c i es t o  

obtain h i gh y i e l ds . 

I n  ryegrass , whi l e  no s i gni fi cant treatment d i f ferences occurre d i n  t he 

s owing year , i n  the second year grazi n g  caused a s i gn i f i c ant increase i n  s e e d  

yiel d .  Nitrogen applicat i on al one di d not s i gni fi c antly in cr eas e y ie l d . 

N o  treatment di fferences oc curred in  timothy i n  the first y ear . 

Graz i ng , and t o  a lesser extent nitroge n ,  were b oth deUximental t o  y i e l d  

in t h e  s econd y e ar .  Bec ause ne ither graz ing nor nit rogen promot e d  increas e d  

s e e d  y i el ds i n  this s pe c i e s  in  e i ther year the best  management c ombinat i on 

was c ons i dered t o  be -G-N . 

In prai r i e  grass grazing depress e d  and ni t r ogen appli c at i on increas e d  

y i e l ds i n  both y ears . The c ombinati on -G+N was super i or t o  all o ther 

t reatments i n  produc ing high s eed  y i elds . 

I n  all s pe c i es the resul ts showed  that simi lar or incr e as e d  y i el d  c ou l d  

be obt ained b y  mowing the crop at a s t age at , or s l i ghtly pri or t o ,  s e e d  

maturity and all owi ng s e e d  devel opment and ripening to  c ont inue o n  t h e  cut  

s t r aw for up  to  1 0  days . Using this  t e c hnique hi gher s e e d  y i el ds were  

obtained in  rye grass and  t imothy than when seed  was direct -harves t e d .  

In  the rye grass direct -harvesting  2 8  days a fter peak anthes i s  at  a s e e d  

mois t ure of  47% gave a maximum y i e l d  of  930 lb/ac . In cases wher e the  crop 
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was cut 2 1  days after peak anthes i s  and all owed t o  dry i n  the  swath for 1 0  

days y i e l d  was i ncreas e d  b y  ove r 300 lb/ac . In this s p e c i e s  maximum 

germinat i on was already reached at the point of h i ghest s e e d  yield  regar dless 

o f  the harve s t i ng me thod employ e d .  The advantage in  y i e l d  obt ained  foll owi ng 

swath-harves t i ng sugges ts this te chnique is more sui table for rye grass than 

direct -harve s t i ng .  

In t i mothy , while y i e l d  maximum oc curred as early as 1 7  days a ft e r  peak 

anthe s i s  ne i ther s e e d  germinat i on c apac ity n or s e e d  wei ght maximum had been 

r e ached at this  point . Seed  d i r e c t  harve s t e d  1 7  days a ft e r  peak anthes i s  

had a mean germ inat i on o f  only 5%. S e e d  from culms cut  1 7  days a fter peak 

anthesis  and swath dri e d  pri or t o  threshing had a mean germinati on o f  8 2% .  

Y i e l d  maxi mum oc curred approximately 1 8  days pri or t o  s e ed  matur i ty at a 

moisture c ont e nt of  approximat e l y  5 1 % .  Howe ver , highest y ields o f  hi gh 

germinat i o n  capac ity s e e d  us ing swath-harves t i ng methods oc curred foll owi n g  

c u t t ing 24 days after anthesis ( 354 lb/ac with a ge rm i nat i on perc entage o f  

9 4  i n  1966 ) .  S e e d  moisture c on t ent a t  t h e  time o f  c u t t in g  was 47% . In  

the cas e  o f  dire c t -harves ting this  operat i on required a delay t o  38  d ays 

after peak anthesis be fore s e e d  of sui table qual ity c ould be obtained 

( 1 27 lb/ac , germinat i on 95% i n  1 966 ) .  S e e d  mois ture c ontent at thi s  p o i nt 

was 31% and extens i ve shedding had taken plac e .  Direct -harvest i ng t e chniques 

appear uns u i t able for timothy . Swath-harves t i ng result e d  in  an advant age o f  

227 lb/ac . o f  high germinat ing s e e d .  This was caus e d  b y  earl i e r  cut t ing 

than c ould b e  used with direct - harve s t ing methods . 

shedding l osses  were low.  

At t hi s  early s tage 

In  prai rie  grass t he opt imum po int for commenc ement of harves t i ng 

operati ons w as at approximat ely 48% seed  m oisture conten t .  This oc c urred  

3 1  days a ft er peak anthesis . S i milar y ie lds were ob taine d whe ther the c r op 

was dire c t -harvested  at this point ( 4450 lb/ac ) or t hreshed following dry ing 

in the swath for 10  days ( 4346 lb/ac ) . 

The use  o f  ' drying curves ' for the predic t i on o f  correct  mowi ng time  o f  

seedcrops i s  suggested  for rye grass , t imothy a n d  prairie  grass . I rrespe c t i ve 
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i 
o f  t h e  method o f  harvesting  the opt imum mowing point for ryegr as s  was at 

approximately 4 4% s e e d  mois ture content . Timothy c rops which are 

swath-harves t e d  shou l d  be mown at approximately 47% moisture c ontent . 

Howeve r ,  crops should not be dire c t -harves t e d  unt i l  s eed  mois t ure perc e nt age 

has fallen to approximately 27% by which time severe y i e l d  reduc t i on t hrough 

shedding l osses can oc cur . In prai r i e  grass the opt imum mowing point oc curred 

at  approximately 45% seed  moisture c ont ent . 

I t  is c on c luded that in ryegras s  and t i mothy h i ghes t y i e l ds of  high 

qual i t y  seed  c an be obtained  by the use o f  swath-harves t i ng me th ods . I n  

prair i e  grass b oth dire c t -harvest i n g  and swath-harves t i ng w e r e  s u i t able methods . 

The maj ority o f  s e e d  produ cers apparently use eye ass essment 

characteris t i c s  ( part i cularly s e e d  and s t raw colour changes and shedding l oss es ) 

in the determinat i on o f  c orre c t  harvest dat e .  Howeve r ,  more us e c ou l d  be 

made of  seed moisture c ontent changes within the c rop as a means o f  t i m i ng 

cut t ing and harves ting operat i ons m ore ac curately . 
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The purpos e o f  this s ec t i on is t o  draw t ogether findings and c onclus i ons 

reache d in the fore going s e c t i ons of the fi el d study � While  general isat i on i s  

the m a i n  aim , t h e r e  are obv i ously instances where spec i fi c ity i s  n e c ess ary . I n  

add i t i on s e e d  c r o p  management is discus s e d  in relat i on t o  t h e  f i e l d  s t u dy and in  

the l i ght o f  curr e nt l i t e rature on var i ous aspects o f  s ee d  produc t i on .  The 

sect i on is als o d e s i gned  to p oi nt out are as of concord or d i s agre ement . 

Perennial grass pas tures are often required t o  perform a dual r ol e , 

provi ding herbage for s t oc k  as well as s e e d  dur ing the s ame farming y ear . 

Consi de rable at t empts have b e en made t o  evolve a manageme nt system whi c h  would 

all ow m aximum u t i l i s at i on of grass for grazing wi thout impairing s e e d  y i e l d .  

Part icular at t en t i on has b e e n  pai d t o  t h e  e ffects of defol iat i on and ni trogen 

appli c at i on on s e e d  produc t i on .  

One of  the m ai n  fact o rs imp ortant i n  s e e dcrop management i s  the  

morphologi c al development o f  the meri s t ems o f  grass t i l l ers . This i ncludes 

knowle d ge o f  the t i me of change o f  the apex from the vege t at i ve to  the reprodu c t i ve 

c on di t i o n ,  its  ac c es s i b i l i ty to s t oc k , and the e f fec t  o f  the r emoval o f  these 

meri s t e ms on l at eral meris tem devel opment or tillering.  Wilson ( 1 959 ) , 

Aitke n  ( 1 962 ) and de Booys en et al ( 1 9 63 )  have all sugge s t e d  that management o f  

crops for grass s e e d  produ c t i on shou l d  be  relate d t o  t h e  i n c i dence and l ength o f  

the
.
r eproduc t i ve phas e a n d  o f ' the s t ar t  of t h e  "ac c e s s i bl e "  peri od in  t h e  main 

herbage spe c ies . This has apparently been the bas i s  for sugges t i ons by both 

Cooper and Sae e d  ( 1 949 ) and Langer ( 1 957b ) for a more morphologi c al and 

phys i ol ogi cal approach to the problems o f  management o f  gras s s e e d  c r ops . 

A grass plant may c ons ist o f  s e veral hundre d  t il l ers o f  whi ch only a 

propor t i on pr oduc e s e e dhe ads . From the point o f  view o f  s e e d  produc t i o n ,  it 

i s  i mportant to know whi c h  management fac tors i nfluen c e  the total number o f  

t il lers produc i ng s e e dheads , t h e  numbers of new t i l l ers form e d  at d i f ferent 

t imes  o f  the y e ar , and whi ch t i llers c ontribute m os t  to the  fi nal s e e d  y i e l d . 
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I n  addit i o n ,  a knowle dge o f  manageme nt prac t i c e s  whi ch a f fe c t  the main 

c omponents o f  seed yield - numbe r  o f  s e e dheads , number of s e e ds p er head and 

s e e d  we i ght - is of gre a t  importan c e  in maxim ising s e e d  produc t i o n .  

A numbe r  o f  other w orkers have s t resse d  t h e  maj or i n fluenc e o f  summer and 

autumn t il l er produc t i on to total s e e dhead produc t i on ( page 68 ) .  The s e  

workers have s hown , a s  h ave fi ndi ngs i n  t h e  present study , t hat s e e d  y i e l d  

depends primarily on the  number o f  t il l ers formed b e fore t h e  wint e r ,  and 

poss i bly v ery s oon after the pre vi ous harves t .  The present study has als o  

shown that new t illers f orme d  immediat ely aft er harvest and c ontinuing through 

t h e  fol l owing autumn have a l ower mortali t y  in the vege tat i ve c on d i t i on t han 

t il l ers produ ced fol l owing fl oral i ni t i at i on in  the spring or early summer . 

I n  c onvers e t his high mortal i ty o f  s pr i ng formed t i llers was a s t riking feature 

in all thr e e  spe c ies ( part i cularly during the  months o f  Sept ember and O c t ob er 

i n  ryegrass and prair i e  grass and N ovemb e r/D e c ember in  t imothy ) .  Howev e r ,  

spring formed t i llers made t he maj or c ontr ibution t o  the  vege t a t i ve growth 

of the plant over the following summer and e arly autumn but these  till ers 

generally d i e d  be for e  the  fol l owing wint e r .  Primary t i l l ers formed fol l owing 

s owing als o  had a greater  capaci t y  for v e ge t at ive survi val and subsequent 

reprodu c t i ve devel opmen t  than s e c ondary t il le rs .  Lamp ( 1 952 ) and Langer ( 1 956 ) 

reached s imi l ar c onclus i ons . 

In  t emperat e grass es the growing poi nt of a t i l ler remai ns i n  a v e ge t at i ve 

c on d i t i on during the  autumn and w i nt e r .  I n  the s pring many c hange their  

fun ct i on i n t o  s e e dhead formati on .  About this t im e , the t issue a t  the bas e o f  

the  growi ng point begins t o  e l ongat e , pushing the developing s e e dhead up 

withi n  the l eaf sheat h .  In  the pres ent s t u dy t h e  i n i t i at i on o f  this proc ess  

var i e d  ac c ording t o  t h e  dat e o f  t i ller ori gin.  For  exampl e ,  floral ini t i a t i on 

o f  rye grass till ers formed .in the  late  wint e r  oc curr e d  approximat ely 3 w eeks 

later than in  those f orme d in the  autumn . A s i m i l ar e ffec t  oc curre d i n  t i mothy 

and prai r i e  grass , a 4 week di f ferent ial b e ing r ec orded  i n  each spec i es .  

Floral i n i t i at i on c on t i nue d for appr oximat e ly 9 we eks i n  rye grass and pra i r i e  
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grass and 1 2  weeks i n  t imothy . 

The maj or i ty o f  t i l l ers aris i ng i n  all thr e e  spec i es duri ng s t em elongat i on 

d i e d - b e fore or immediately foll owi ng e ar emerge nce . This is als o the  c as e  i n  

I t al i an ryegr ass ( Wilson 1 959 ) , Tama ryegrass ( Davies 1 969 ) and in  cereals 

( Laud e  et  al 1 9 6? ) .  This de c rease i n  t i ll ering and high t i ller  mor t al i ty 

duri n g  the peri od o f  stem  e l ongat i on has b e en explained by the e f fec t  o f  

c omp e t i t i on from older flowering t i l le rs for nutrients and ass imilates 

( Langer 1 959b ) .  As Davi es ( 1 9 69 )  has observed young t ill e rs wi th many t illers 

pre c e ding them on the plant are not favourably place d  in  this c ompe t i t ive 

"hierachy " •  

In the three s pe c i es s tudi e d  t h e  l argest number o f  s e e dheads , whi ch also 

c arri e d  the heavi est  and greatest numbe r  of s e e ds ,  were those emerging firs t .  

The s e  e arly- emerging heads c ontri but e d  over 85% o f  the s e e d  y i e l d  a t  har ve s t  i n  

rye grass and prai r i e  grass and 55-75% i n  timothy. S e e dh eads in thi s  category 

were the first t o  b e gi n  floral devel opment having been  formed almos t exclus i ve l y  

from t i l l ers ori ginating i n  t h e  i mm e di ate  p os t -harvest p e r i o d  and during t h e  

aut umn and e arly winter . I n  the c as e  of  autumn-s own c r ops , t i llers formed from 

s e e d  germinat i on through unt il  about late July in ryegras s  and prair i e  grass and 

Sept ember in  t i mothy , made the maj or c ontribut ion to t otal s e e d  y i e l d . Spring 

t i l l ers produc e d  fewer and later -emerged heads as previously sugge s t e d  by 

Ans l ow ( 1 963 ) and Ryle ( 1 964 , 1 965b ) .  The results infer that management of  

s e e dcrops t o  enc ourage t illering s h ould begin soon after the n ormal autumn 

s owing  of first y ear c rops and immediately after the  previ ous harve s t  in s ec on d  

y e ar crops . 

Seed  y i e ld will b e  det ermin e d  by the number o f  s e e dheads formed i n  the 

l a t e  summer ,  autumn and e arly wint er ;  by the number o f  s e e ds forme d on each 

head in the s pring ; and by the final indivi dual s e e d  we i ght obtained  at 

maturity in the s ummer . Thes e fac t ors o f  yield  have impl i c at i ons when 

c onsi dering s e e dc rop management in relat i on to such fac t ors as nit rogen 

appl i cati on , grazing,  t ime o f  clos i ng and harve s t ing. 
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The amount o f  l i t e rature on the e ffect  of  nitrogen on s e e d  producti on i s  

ext ens i ve .  Many w orkers have sugges t e d  that nitrogen increas e s  s e e d  y i e lds , 

at l e as t  i n  the 3 species  c ons i dered here ( page 1 1 2 ) .  On the  other han d , some 

have found n o  s i gn i ficant increases in s e e d  yield and a few suggest v ar i able 

respons es t o  nitr o gen appl i c a t i on .  Only Lambert ( 1 961 , 1 963a ) found a 

s i gn i f i c ant r educ t i on in  s e e d  y i e l d  ( in S48 timot hy ) whi ch he qual i fi e d  by 

s ugge s ti n g  was due to dry s e as onal c on d i t i ons . 

I n  t he pres ent  s tudy no s i gn i f i c ant yield increas e  o c curr e d  i n  rye grass 

fol l owing  ni trogen appl i cat i on al one in  e i ther year . Although not meas ur e d , 

this may have b e e n  due t o  the relat i ve l y  high soil  fer t i l i t y  l evel o f  t he 

exper imental s i t e  fol l owing c ul t i vat i on out of grass .  As wi th rye gr as s , 

results i n  t imothy generally fail e d  t o  s upport t h os e  obtained  by other worker s .  

In  t i mothy ,  nitrogen appl i c at i on was deleterious t o  y i el d , par t i cularly in  the 

s e c on d  year .  Howeve r , althou gh not s t atisti cally s i gni ficant , the trend i n  

the firs t y ear was for nitrogen t o  s l i ghtly incre as e s e e d  y i elds . I n  prair i e  

grass n i t rogen markedly i nc r e as e d  s e e d  yields i n  b oth years , sugges t i ng a 

greater demand for nitr ogen by this s pe c i es and s upporting the previ ous findi ngs 

of other workers ( page 1 1 2 ) .  The other important c ontribut i on o f  appli e d  

nitrogen was i t s  effect  i n  c ompl e t e ly o r  partly overcoming the yiel d depres s i on 

from grazing.  

I n  New Zealand , mos t  seed  produce rs apply n i t r ogen t o  grass s e e d  c rops at  

closing.  Although a s trong visual response oft en occurs through a flush o f  

n e w  t il lers thes e produ c e  few heads an d l i t t l e  s e e d  ( Hill 1 970 ) . Under t h e s e  

c on di t i ons , n i t r ogen w i l l  result in  a heavy bulk o f  l e a f .  This may h e l p  

r e d u c e  blind-s e e d  diseas e  inc i dence and may als o  c ause heavy l odgi n g .  It  

is s u gges t e d  that e arlier  appl i c at i on c ould have a greater e ffec t  on s e e d  

y i el d ,  since  a m anagement system whi ch encourages t il l e r  produc t i on i n  the 

late summer ,  autumn and e arly wint er will influ e n c e  s e edhead numbe r  at harvest .  

Appl i c at i on at the  time  o f  floral i n i t i at i on in  the spring however mi ght well 

i nfluence  seed number per head and later , indivi dual s e e d  we i ght . This 
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p ossibly explai ns the s e e d  y i e l d  i ncreases obtained usi ng spl it  appl i cati ons 

of nitrogen - hal f  in  the autumn and hal f in the spring ( Lambert and Thurs t o n  

1 952 i n  cocks foot , Lambert  1 96 6  i n  t imothy , H i l l  1 970 i n  rye grass ) .  

Nitroge n  appl i c at i on was important in  i ncreas ing t ot al t i ll e r  numbers . 

H owever , the appl i c at i on of  this e lement had l i t tl e  e f fe c t  i n  increas ing the 

percentage o f  t ill ers whi ch becam e  r eprodu c t ive , parti cularly i n  the s e c ond 

year . The findi ngs i n  the pres e nt s tudy there fore are i n  agr eement with  t h os e  

o f  Lambert ( 1 964 , 1 96 6 )  with timothy but fai l t o  support those o f  other workers 

who found t hat nitrogen appl i c at i on increas e d  the perc e ntage of fer t i l e t i l l ers 

( page 6 2 ) .  · 

Part i cularly i n  the s e c ond year , ni trogen appl i c at i on t o  ungr�ze d  pl ots o f  

both rye grass and t i mothy resulted  i n  a dense mass o f  vege t at i ve growth whi ch 

was s everely fros t ed during the winter.  This effe c t  has als o  been obs erved by 

Lambert ( 1 963a ) in t i mothy . I n  addi ti on ,  the ingress of  wee ds was a notable 

feature , al ong with s evere leaf mortal i ty and de c ay at the bot t om o f  the swat h .  

The e f fe c t i veness of prai rie  grass in  smothering weed growth was apparent . In  

both rye gr ass and t im ot hy , se edhead number in the s e c ond year was markedly 

reduced  in the ungrazed treatment to whi c h  nitrogen had been appl i e d .  I n  

t imothy t h e  c ontrol treatment ( -G-N ) produc e d  s i gni fi cantly more heads than 

all other treatment s . A marke d  reduct i on in  fert i l e  t il l er pro du c t i on oc curred 

in the s e c ond year c ompare d  with the year qf sowing . 

An i nteres t ing feature in rye grass was t he s t riking pos i t i ve int erac t i on 

of ni trogen and grazing ; t he s e  fact ors t ogether resul t i ng i n  a marked  inc reas e 

i n  fer t i l e  t i ll er perc entage . However , in  t erms o f  c onvers i on o f  ve ge t at i ve t o  

reprodu c t i ve t i ll ers n i t rogen appl i c at i on al one actually redu c e d  fer t i l e  t il l er 

percent age . Whi l e  other workers ( Evans 1 93?a , R oberts 1 96 6 ) h ave es t abl ishe d 

the importance o f  using n i t rogen t o  overcome the depres s i ng e ffect  of  grazing 

in  te rms o f  fert i l e  t i l l ers i n  rye grass , the current results i n di c ate that a 

marked i n creas e  in  fer t i l e  t iller  numbers can be achieved by a c ombinat i on of  

both grazing and nitr ogen . A possible  explanat i on may l i e  i n  the impr oved 

l i ght r e gime t o  basal t i l l ers fol l owing grazing and the improv e d  s t i mulus to 
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growth from nitrogen appl i c at i on .  
I I 

Summer and autumn forme d t il l ers , whi l e  c ontributing the  maj ori ty o f  

s e e dheads a t  harvest ,  also pro duc e d  heads whi ch showed greater  deve l opment  

poten t i al than heads from t il lers formed in  the winter and s pring.  I n  addi t i on 

t o  its  e f fe c t  i n  increas ing t il l er numbers n i t rogen als o  a f fe c t ed s e e dhead 

devel opment  in  t erms o f  head l ength and spikelet  and fl ore t  numb e r .  Whil e  i t  

had no e f fe c t  on head l ength i n  rye grass and t imothy i n  ei ther y e ar , n i t r ogen 

s i gni fi c an t ly i ncreas ed head l ength in  prair i e  gras s . Spikele t  numbe r  was 

i ncreas e d  by n i t rogen in t imothy and prair i e  grass but not in rye gr as s . This 

s tresses the  value o f  appl i e d  n i trogen in t h e  management o f  the s e  former s p e c i e s  

!or s e e d  produc t i on .  N i trogen appl i cat i on als o  s trongly i n fluenc e d  the number 

of fl orets  on indivi dual heads and ult imat e ly s e e d  number per head in all spe c i e s , 

and agai n was i mport ant in  par t l y  or compl e t ely ove r c oming the  depress ion i n  

fl ore t and s e e d  number c aus e d  b y  grazing.  Ryle ' s  ( 1 964 , 1 967 ) w ork w i t h  

rye grass has shown s imilar e f fe c ts , nitrogen i ncreas i ng floret . numb er b u t  not 

the t ot al number o f  spike l e t s  per head . A poss i b l e  explanat i on o f  this e f fect 

c oul d be  t hat fl ore t format i on occurs dur i ng head devel opment when the e ar is  

undergoing exponent i al growth and there fore has a high demand f or subs trat e s . 

Spik�let  numb ers , on the  other hand , are d e termi n e d  when the  ape x  is  small and 

making l i t tl e  growt h .  

Whil e  n i trogen was often  b e ne fi c i al t o  these s e e dhead c omponents i t  i s  

relevant t o  remember t hat t o t al s ee d  y i e l d  was not i ncreas e d  b y  nitrogen i n  

rye grass and t imothy . Such an e ffect  s tresses the  e qual import an c e  o f  fer t i l e  

tiller  perc entage which was r e duc e d  b y  n i t rogen , result ing i n  n o  overal l  

increas e  in  s e e d  y i e l d .  

Whi l e  ear emergence date i n fluenced head l ength in  t imothy in  the y e ar o f  

s owi ng , results in  t h e  s e c ond y ear fai l e d  t o  support the sugge s t i on b y  S t oddart 

( 1 959 ) , Langer ( 1 959b ) , Evans ( 1 960c ) , . and L ewis ( 1 961 ) that t imothy heads c ould 

be  divi d e d  into groups re pres e n t i ng time  o f  ear emergen c e  purely on l ength , 

e arly-emerged he ads being l onger than late  heads . 
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The variab i l ity i n  s ee d  yields from year t o  year i n  t i mothy t o  whi ch 

n i trogen had been  appl i e d  indicated  that other factors may m odi fy t he e ffec t  o f  

n i troge n  o n  s e e d  y i e l d  in  t h i s  spec ies . Evans ( 1 953 ) suggest e d  that dry weather 

at ear emergenc e reduc ed seed  y i e l d  by limi t i ng nutr i ent trans fer to the ear and 

Lambe rt ( 1 963a ) observed t hat rainfall i n  May and June seems t o  be ess ent i al 

for satis fact ory s e e d  produ c t i on o f  t i mothy in  the Uni t e d  Kingdom . The variable 

behavi our o f  t imothy in its  respons e to  ni trogen , c ompare d wi th other herbage 

gras s es , may well be bec ause it i n i t i at es and develops ears later and i s  

there fore more l i able t o  enc ount er dry condi t i ons during e ar format i on .  

Lambert ( 1 963a ) has there fore sugges t e d  the supply o f  supplementary water may 

be an imp ortant adj unct t o  the e f fi c i ent .use o f  ni t rogen in the management o f  

tim othy for s e e d .  

2 .  Defol i at i on 

The problems o f  s e e dcrop management relat ing t o  grazi ng are b as e d  on a 

knowle dge of  the rat e and extent o f  internodal elongat i on and rais ing o f  the 

devel oping s ee dhead above ground l evel in  the spri ng , and on the e ffe ct  o f  

d e foliat i on o n  seedhead number and individual see dhead c omponents . 

de Booyse n  et al ( 1 963 ) note  t hat sel e c t ive grazing by s t ock occurs i n  

herbage s t ands . To  c om bat this  many management syst ems include the concept o f  

rot ati onal grazing involving h i gh s t ocking pressures for short per i o ds o f  t ime . 

In the present s tudy both rye grass and prairie  grass showed l i t tl e  i n t ernodal 

e longati on unt i l  fl oral devel opment began . Duri ng vege tat i ve growth there fore , 

the  growin g  points were b e l ow the l evel o f  defol i at i on and the produ c t i on o f  new 

l eaves and t illers c ould still  pro c e e d  under re l at i vely heavy grazing.  I n  

t i mothy , howe ver , some int ernodal e l ongati on occurre d  whi le the api c es were s t i ll 

vegetati ve and the el ongate d  s hoots remaine d ere c t . The api cal growing p o i nt s  

and many o f  t h e  axillary buds w e r e  thereby rai s e d  above the ground a n d  c ould be 

removed under relat i ve ly heavy grazing. Once s t em elongat i on o c curr e d  c on t i nue d 

grazing c ould obvi ously result i n  serious detrimental e f fe c ts on t otal head numbe r  

a s  shown b y  many worke rs ( Langer 1 957b ,  Langer a n d  Ryl e 1 959 , Evans 1 960a , 
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R ob erts 1 96 6 , Hill 1 9 7 1 ) .  Langer ( 1 957b ) and Roberts ( 1 966 ) sugges t  that i n  

ryegrass and t imothy removed s e e dheads are not replac e d .  However , i n  s om e  

other s p e c ies  such a s  prairie  grass , i t al i an rye grass ( Gri ffi t hs e t  al 1 96 7 ) , 

t ama rye grass ( Davi es 1 969 ) and Br omus mollis  ( Laude e t  al 1 9 67 ) ,  growi ng p oi nt 

removal by grazing s t imulates t illering and results i n  the produc t i on o f  a new 

crop of  heads whi ch replace thos e previously destroye d .  This e f fe c t  was not 

c ons i dere d  in the present s tudy as de fol i at i on was discontinued pri or to s t em 

e l ongati on .  I n  the annual species  quot e d  above the dat e at whi ch grazing is 

discont i nued  for s e e d  produc t i on is apparently not as c r i t i cal as in ryegrass an d 

timothy . 

Total tiller n umbers and new t iller produc t i on were reduc e d  by de fol iat i on 

in  all species . H owever , as ment i oned e arl i er , n i trogen partly or compl e t ely 

overcame the deterimen.tal e ff e c ts o f  grazing on t i l l er produc t i on and als o  on 

head l ength i n  all species , as well as on seedhead number i n  rye grass and 

prairie  grass . 

A possible  e xplanat i on o f  this grazing e ffec t  on total t il l er numbers and 

new t i l l er produc t i on may be related to the level of  so-cal l e d  food reserves 

in the plant . Grazing or cutting herbage removes s ome or all o f  the act i ve 

phot osynthet i c  t issue . Food res e rves may be  trans ferred from s t orage organs , 

depending on the int ens i ty o f  de fol i at ion , t o  the r emaining mer i s temat i c  re gi ons 

whi ch s oon produ c e  fresh l eaves and t il le rs . Whe n  su ffi ci ent photosynthet i c  

tissue  has been synthesis e d  agai n ,  s t orage produ c t s  ( part i cu l arly s t orage 

carbohydrate ) are replace d  in the s t orage organs . ( Mi lt horpe and Davids on 1 965 ) . 

The reproduc t ive cycle of  the s p e c i es will als o  i nfluence the response of a 

plant t o  de fol i at i on .  A c c ording t o  Why t e  e t  al ( 1 959 ) the per i od o f  ac t i ve 

reprodu c t i on ,  from el ongat ion of  the in flores cenc e t o  ripening o f  the s eed , i s  

cri ti c al i n  the l i fe cycle , food reserves are a t  a lowered  l e ve l , and s o  ar e the 

number o f  vege ta t i ve ti llers whi ch c an form new photosynthet i c  t issue . The 

gre ater  the number of  reproduct ive t i ll ers on a plant the more vulnerable is 

the p l ant to cutt ing or grazing.  In a range o f  annual , b i e nn i al and perenni al 
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s trains o f  rye grass Cooper and Saeed  ( 1 949 ) found res i s t an c e  t o  d e fol i at i on t o  

be  c l os e l y  c orrelated  with t h e  extent o f  reproduct ive devel opmen t . 

The respons e t o  cut t i ng and grazing o f  a herbage spec i e s  or strain depends 

there fore on its s e as onal cycle o f  carbohydrate st orage , on its growth habi t , and 

als o  on the t iming and extent of i n fl orescence  devel opment . I n  the present  study 

grazing was dis c ont i nu e d  at the first s i gn o f  floral i n i t i at i on as det ermi ne d  by 

api c al diss e c t i on .  However , the t im i ng o f  grazing i n  relat i on t o  plant growth 

rat e and s eas on is als o important in i n fluenc ing subsequent s e e d  y i e l d . · Evans 

( 1 937a ) and R oberts ( 1 958c ) have both s hown that s e e d  y i e l d  o f  rye grass , t i mothy 

and c o c ks foot is generally not redu c e d  by winter graz i n g ,  except  when followed 

by a dry per i o d  in the spring when c on di t i ons for regr owth may be  unfavourable .  

Spring grazing r e du c e d  s e e d  y i e l ds through the format i on o f  smal l er rather than 

fewer i n fl ores c e n c es . This latter e f fe c t  has als o  been  shown by Langer ( 1 957b ) 

and L anger and Ryle ( 1 959 ) .  

A further fac t or i n  this process o f  grazi ng whi ch warrants ment i on is that 

of treading.  I n  a study on the e f fe c ts of  sheep treading o n  herbage and s e e d  

y i e l d  o f  perennial ryegrass a n d  t i mothy , Brown ( 1 968 ) c oncluded that i ncreas e d  

s e e d  y i elds wer e  obtaine d under treading rat e s  up t o  1 2  sheep equival e nt s . 

This e f fe c t  was thought t o  be  c aus e d  by treading s t i mulat in g  the format i on o f  

fer t i l e  t i ll e rs . However , n i t rogen appli c at i on t o  the trial are a  every 4 weeks , 

i n . all s e as ons e xcept  winter , may have i n fl uenc e d  Brown ' s  results by nul l i fy ing 

an� d e l e t eri ous e f fe c t  of  de fol i a t i on and treadi ng . In  addi t ion , i ncreas e d  

s e e d  y i el ds may have been due t o  a r e du c t i on in  c ompe t i t i on for nutri e nts , 

s t o ck-tre ading r e ducing the number o f  y oung vege ta t i ve t i ll ers present in  the 

spring and e arly s ummer . As Lambert ( 1 964 ) has sugges t e d  most t i l l ers arising 

at  these  t imes o f  the  year are  c ons i d e r e d  t o  be  o f  n o  value for seed  produc t i on 

and may be c ons i de r e d  ' paras i t i c ' on the pare nt plant when c rops are being  grown 

solely for this purpose .  The hi gh mortal i t y  and s hort l i fe s pan o f  s pri ng- form e d  

t il lers obser ve d i n  t h e  present study als o supports Lambert ' s  s ugges t i on .  
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Langer ( 1 9 62 )  has sugge s t e d  t hat i n  prairi e  grass the upri ght gr owt h  hab i t  

all owed a hi gh proport i on o f  t he plant t o  be remov e d  t hrough grazing.  A l arge 

part o f  the rem ove d material c ons i s t e d  of  fleshy leaf  she aths , s e r i ously 

a f f e c t ing r e c overy after  repeat e d  de fol i at i on .  Langer als o  n o t e d  t hat the 

t e ndency for prairie gras s to produ c e  fl owerhe ads throughout the year a f fe c t ed 

i t s  rec overy from grazi n g .  However , whate ver disadvantages t h i s  spe c i e s  

pos sessed i t  appeared t o  be hi ghly palatabl e t o  st ock e ven when mature .  From 

this  point of view heavy grazing l e d  to l os s  o f  pers ist ency of pra i r i e  gras s i n  

the field  and as results in  this s tu dy have also s hown , t o  s e r i ous r e du c t i on i n  

s e e d y i e l d  unless nitr ogen was als o  appli e d .  

3 .  Time o f  C l osing 

Because o f  the year ly vari at i on i n  the t i me of  ons et and rate o f  s e e dh e ad 

d e ve l opment the  c ommon prac t i c e  o f  c l os i ng grass s e e d  crops on the s ame date e ac h  

y e ar is a haphazard way of  t ryi ng t o  c ons i s tently maximise  grass s e e d  y i e l ds . 

By · taking a s ample o f  t illers from a paddock at regular frequent int ervals i n  

t h e  s pring and squeezing  each t i l l e r  between the t humb and fore fi nger t he 

pos i t ion o f  the  develop ing head within the leaf  sheath can be determ i ne d .  

This me thod all ows a measurement o f  the he i gh t  o f  the s e e dhead above gr ound level 

and overcomes t he need for api c al d iss e c t i on .  Us ing t h i s  method , c l os ing dat es 

c an be adjus t e d  from year t o  year ( Hill  1 97 1 ) .  

Many seed growers apparently c los e grass seedcrops too  late and/or use 

s t ock to gra z e  the area too  s e verely immediat ely pri or t o  c l os i ng ( Hi l l  1970) . 

Few s e e d  producers are criti c is e d  for c l os i n g  grass s e e d  crops too  early . 

Apparently the l ower s e e d  yields obtained following late c l os i ng are s t i ll 

a c ceptabl e .  

4 .  Anthe s i s  

Whi l e  n i trogen al one had l i t tle e f fect  o n  t i me o f  ons e t  o f  anthes is , a 

delay of  up t o  8 days oc curre d i n  this respect  in  graze d treatments wi th or  

w i thout nitrogen.  The  except i on was i n  ry e gras s where nitroge n  d i d  t e nd to  

r e duce this delay .  Despite t his delay , ant hes is was generally c ompl e t e d  i n  
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s e e dh e ads i n  graze d  pl ots more qui ckly than i n  ungrazed plots . This e f fect  was 

part i cularly e vi dent in the s e c ond year . Al though management had s ome e f fec t  

on anthes i s , this was c ons i dere d small relat i v e  t o  c limat i c  c o nd i t i ons ( e . g . 

anthesis  c ont inu e d  for 74 days in  t imothy in 1 966 under c ool wet c ondi t i ons , 

c ompared  with only 46 days i n  1 967 under warm dry c ondi ti ons ) which  appeare d  t o  

b e  the maj or determinant o f  anthe s i s  durat i on and i nt ensi ty as suggest e d  by 

Eme c z  ( 1 961 ) an d Lambert ( 1 966 ) . 

5 .  Harves t i ng 

Spe c i es var i e d  in  the rate o f  at t ai nment of  maximum s e e d  viab i l i ty fol l owing 

anthe s i s  i n  the order prair i e  gras s , rye grass and t imothy ( 1 2 ,  17  and 35 days 

respe c t i ve ly ) .  This d i f ference i s  one o f  the reas ons for the var i a t i on i n  

harves t i ng methods empl oye d  t o  obtain maximum viabl e seed  y i el d .  

A s  s h own i n  the pres e nt study the use  o f  c ol our t o  det erm i ne this  t ime o f  

harves t is  not reliab l e  a s  yearly vari at i on i n  climat e dur i ng s ee d  devel opment may 

make the relat i onship i n c ons i s t ent . This agrees with the findings o f  

Crosb i e  ( 1 964 ) .  Similarly the unrel i abi l i ty of  c hl orophyll and anthocyanin  

degradat i on as measures o f  seed  ripe ness suggests that pigment changes in  the 

floret cannot be used t o  ac curately pre d i c t  optimum harvest dat e . In fact the 

fina� chl orophyll and ant h ocyanin  degradati on phas e was t oo gradual , and was not 

s u f f i c i ently abrupt t o  be use ful on a field s c al e . However , anthocyan i n  c ont ent 

of the fl oret did define the point o f  peak anthe s i s  in  each species and c ould  b e  

us e d  for determining the onse t  o f  s e e d  development i n  a crop . 

Relat i ve s eed yield  from heads in  di fferent emergence groups was affe c t e d  

by seed  we ight . However , the redu c e d  y i e l d  of h i gh qual i ty s eed from l at e -

emerged heads w as due not  only t o  l owere d  s e e d  w e i ght b u t  als o  t o  re duc e d  fl oret 

number per head and l ower germi nat i on capac i ty in  all s pe c i e s . It appears 

that nitr ogen c an increas e the germinat i on capac i ty of  s e e d  and in fact c an 

overc ome the r e duct i on i n  germi nat i on � apac ity  o f  s e e d  from l ate- emerged heads 

in ryegrass . In contras t graz ing c an s everely reduc e s e e d  viab i l i ty i n  eve n  

late-emerged h e ads i n  t i mothy . Thes e  findings on s e e d  qual i ty agai n emphas i s e  

t h e  importance  o f  early-emerged heads i n  s e e d  crop produ c t i on and t h e  n e e d  t o  
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enc ourage and maintain their dominan c e  i n  the stan d . 
I 

I mmature s e e ds removed from the plant as l i t t l e  as 7 ,  1 0  and 4 days aft e r  

anthes is  in  rye gras s , t imothy and prai r i e  grass were c apabl e o f  germinat i on 

provi d e d  dormancy was broken . The results of  germi nat i on tests c arr i e d  out 

on s e e d  fol lowing 3 months s t orage s upport f indi ngs by Hyd e  ( 1 950)  that i mmature 

s e e ds had only a l im i t e d  s t or age l i fe .  Foll owi ng 3 months s t orage maxi mum 

viab i l i ty was reac h e d  in s e e d  s amples removed from plants 1 7 ,  35 and 1 2  days 

after anthesis in  ryegras s , t im othy and prairie grass , respe c t i ve l y .  Thes e  

results s uggest that in  rye gr as s  and prairie  grass in  par t i cular maximum 

viabil i ty was at tained  s ome t ime pri or to s e e d  mat urity ( maximum dry w e i ght ) .  

Consequently s e e d  h arve s t e d  at the point of  maxi mum we i ght i s  unlikely t o  s u f fe r  

from l ow germi nat i on in  t h e s e  s pe c i es . In  t imothy however harves t ing may have 

to be d elayed to obt ai n  high germinat i on capaci ty s ee d .  

The ons et  of  t he hard dough s t age o f  s e e d  deve l opment was not a r e l i ab l e  

indicat or o f  s e e d  r ipeness f o r  harves t ,  oc curring 2 4 , 2 4  and 2 0  days a f t e r  p e ak 

anthes i s  i n  rye gras s , t imothy and prair i e  gras s respe c t i ve l y . At this po i nt 

47% , 2 4% and 40% o f  h eads in  thes e s p e c i e s  were s ti ll c omple t ely gre en . 

Foll owin g  the ons e t  o f  the har d dough s tage s e ed dry we i ght increas e d  a fur ther 

1 8% i n  rye grass , 4% in  timothy and 1 9% i n  prairie  grass . 

Maximum s e e d  w e i ght was i n fluenc e d  by  di f ferent management fac t ors i n  e ach 

s pe c i e s  be ing attai n e d  28 , 35 and 32 days after peak anthe s is in  rye grass , t imothy 

and prair i e  grass respe c t i vely . For e xample in  rye grass , ni t roge n  inc reas e d  

s e e d  we i ght , whi le in  prai r i e  grass grazing c aus ed the maj or del e t e r i ous e ff e c t  

unless  n i trogen was als o appl i e d .  In  t imothy both n i t ro gen and grazing fai l e d  

t o  i n fluence  fi nal s e e d  wei ght . Findings by Lambert ( 1 956b ) and Lewis ( 1 9 6 1 ) 

that n i t rogen increas e d  s e e d  we i ght and h enc e s e e d  y i e l d  i n  t imothy were not 

suppor t e d  in  the pres ent s tudy . 

At present a c ons i s t ently  rel i abl�  method for de t e rmining the c orre c t  

harve s t ing date is  not avai labl e t o  s e e d  producers . A more reliable i n d i c ator  

of  mowing and harve s t i ng time is  p os s i bl y  the  us e o f  s e e d  mois ture c ont e n t .  
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Results obt ai ne d  sugges t a c ons istent and good rel at i onship b e tween s e e d  
I 

mois ture c ontent and maximum v i able s e e d  y i e l d .  S eed dryi ng c urves a s  us ed in  

this study and pre v i ous ly sugge s t e d  by Klein  ( 1 967 ) all ow the point o f  viable 

seed  y i e l d  maximum ( des i gnat e d  the  opt i mum mowing t ime ) t o  b e  determine d .  

Thi s  opt i mum mowing t ime can vary depending on the spe c i es and harves t i ng method.  

By meas uring seed  mois ture changes in the s t anding crop a s e e d  producer c ould 

us e seed drying curves t o  pre d i c t  the  number o f  days normally required be fore 

the c rop woul d be ' in c ondi t i o n '  for harves t ing the maximum y i e l d  of hi gh quali t y  

s e e d .  This for e c as t ing o f  the c orrect harves ting date woul d b e  b ased  o n  a s e e d  

moisture l oss o n  the s t anding s t r aw o f  b e twe en appr oximately 1 %  and 2 . 0% per day 

dependant on spe c i es .  

Maximum viab l e  s e e d  y i e l d  i n  rye grass was obt ai ned foll owi n g  swath harvest ing , 

the crop being cut 2 1  days after peak anthesis ( 1 236-lb/ac . 1 966 ) .  At this 

opt imum mowing t i me s e e d  moi s t ure c ontent was approximately 43%. At th is point 

seed germinat i on was at a max i mum but final seed we i ght had not been reache d .  

Delay i ng harves t i ng for a further 7 days to  allow s e e d  we i ght i ncreas e o n  the 

s t anding straw resulted in  s e vere y i e l d  reduction through shedding ( 930-lb/ac . 

i n  1 966 ) • 

. In  t imothy d es pi t e  maximum y i e l d  b e i ng attained  only 1 7  days aft er peak 

anthesis the maj or fac t or delay i ng harvest was the rat e o f  at tainment o f  full 

germina t i on capac i t y .  Highest y i e l ds o f  viable s e ed were obt ained  foll owing 

s wath-harves ting 2 4  days aft er peak an thes is , seed mois ture c ontent at the 

opt imum mowing t ime bei ng approximately 47% . ( 354-lb/ac .  95% germinat i on 1 9 66 ) .  

For d i r e c t -harves ting maximum s eed germinat i on was not reach e d  for a further 

1 4  days . At thi s  point s e e d  moisture c ont ent at the opt imum time for dire c t  

harves t ing had fallen t o  approximately 3 1 %  and severe l oss ( 227-lb/ac ) o f  s e e d  

due t o  shedding had occurre d .  Becaus e o f  t h is , direct  heading o f  t imothy 

see dcrops is not r e c ommended .  

I n  prairi e grass the opt i mum mowing t ime was at approxi mately 45% seed  

moistur e , 3 1  days after peak anthesis . .  S imilar maximum y i e l ds were  obtained 
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irrespec t i ve o f  whether the crop was direct  harves t e d  ( 4450-lb/ac . i n  1 96 6 )  

o r  t hr eshed  foll owing 1 0  days drying i n  the swath ( 4346-lb/ac . in  1 966 ) . This 

r e fl e c t e d  the abil ity of  prair i e  grass seed  t o  at tain  maximum germinat i on 

c apac i ty and we i ght pri or t o  the ons e t  of  s evere shedding l osses . 

I n  all spe c ies the improvement in  s ee d  qual i ty at successively lat er 

harve s ts up to  the  maximum vi abl e seed  yield  point  was due  to  an incre ase i n  

b o t h  s e e d  we i ght and germinat i on capac ity . Similar c onclus i ons have been 

reache d  by Lawrence ( 1 960 ) and Nellist and R ees ( 1 967 ) .  

Maximum y i el ds in  the s ec ond year were approximat ely 1 5-70% l ower than 

those in  1 966 , depending on spec i es and harves ting me thod . The great e s t  

reduc t i on ( 68% ) oc curred i n  prairie  grass , wh ile direct -harvested  t i mothy 

showed only a 1 4 . 8% reduc t i on c ompared with 1 9 66 .  One of  the main reasons 

for this  reduc t i on in the s e c ond year was the marked decreas e  in fert i l e  t i l l er 

pro du c t i on c ompared with the first year . In add i t i on ,  weed growth and poor 

a ftermath rec overy may have c ontribut e d  t o  re duc e d  s e e d  y i e l ds in  the s e c on d  

year . This dec l ine in  y i e l d  i n  suc c essive  years has als o been shown by other 

workers ( Palmer 1 937 , Lambert 1 963b , 1 9 6 6 ,  Gri ffi t hs e t  al 1 967 , Lewis 1 9 67 ) .  

Becaus e the tissues o f  s e e d  are s o ft pri or t o  maturity mechan i c al crushing 

and i n ternal fracturing can oc cur if harves ting is c arri e d  out t oo e arly . This 

is part i cularly important s ince  immature s ee d  mus t be threshed more se verely t o  

remove i t  fiom the infl ores cence . Hill  and Cros b i e  ( 1 966 ) have s t a t e d  that 

in s e e dl ots harvested  "ou t - o f- c ond i t i on "  mechani c al damage i s  often a maj or 

cause  o f  seed  i n j ury . This damage is often not s u f fi c i ently s evere t o  b e  shown 

as a l oss o f  germinat i on in tests  c arr i e d  out immediat ely a fter harves t .  

Rather i t  is the subs equent breakdown in  bruised tissues which  bri n gs about 

germ ination r e duc t i on in s t orage . Bec ause of th is , the more c omm on pr ac t i c e  

over rec ent years o f  threshing s e e d  pri or t o  c omple t i on of  natural dryi ng i n  

order t o  reduce the risk p f  weather and s e e d  she d ding l osses , may have 

disad vantages . In  addi t i on art i fi c i al dry ing o f  s ee d  must be empl oye d at 
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addi t i onal c os t  t o  reduce  seed  mois ture c on t ent t o  a l evel s u i t able for s a fe 

s t orage . 

A detailed knowledge o f  the devel opment o f  t he plant and the  use  o f  this  

knowle dge i n  t he c ontrol l e d  management of  the crop  t hroughout the year woul d 

be  a more pre c is e  and pred i c t able  method o f  obt ai ni ng hi gh gras s s e e d  y i el ds . 

The results pre s e n t e d  stress  that di f ferent management sys tems are 

nec es s ary for ryegras s , t imot hy and prair i e  grass . This is  p ar t i c ularly 

import an t  s ince each spec i es di f fers in  i t s  tolerance and reac t i on t o  grazing 

and nitrogen appl i c at i on .  The resul t s  there fore s t ress the hazards inherent 

in  the us e of c ommon management t echniques for di f ferent grass s pe c i e s  grown 

for s e e d  produc t i o n .  
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The ob j e c t  o f  the present s tudy was t o  i nves t i gate  the e f fe c t  o f  

s e le c t e d  environmen tal variabl es o n  anthes is and s e e d  s e t , a n d  o n  s e e d  

devel opment in rye grass and prairie  gras s .  

Throughout this inves t i gat i on the individual grass flore t was made the 

unit o f  obs e rvat i on .  The e ffe c t s  o f  weather condi t i ons on anthes is  and s e e d  

s e t  were ass e s s e d  b y  c ompar i n g  met e orol ogi c al dat a  for 2 4  hour peri ods with the 

behavi our of fl oret s  in bloom over the s ame t ime i nt erval s . Observat i ons on 

the sequen c e  and durat i on o f  pol l inat i on and fer t i l is at i on were made in each 

spe c ies . The e ffe c t  o f  met e or ol ogi c al c onditi ons duri ng s e e d  devel opment 

on the per c ent age o f  s e e ds forme d at s equent i al harvest  dates from anthes is  

was als o  examine d .  

MATERI ALS AND METHODS 

The t r i al was c onduct e d  out do ors at the Department o f  S c i e nt i fi c  and 

Indust r i al Research , Plant Phys i ol ogy Divis ion , Pal merst on North . ( Lat . 40�0S ,  

Long.  1 75 °37 ' E , eleva t i on 1 1 0 ' , average rain fal l 39 . 1 7 " ,  mean maxi mum 

temperat ure 6 1 . 9 °F ,  mean minimum t empe rature 47°F ,  sunshine hours 1 900 h .  

per annum and ground fros ts 4 8  days per annum ) .  

I n  t he present s t udy cl onal mat erial was us e d .  This w as desirable 

( Cooper 1 95 1 ) as  both ryegrass and prai r i e  grass are  total ly or partly 

outbre eding spec i es , where c ons i derable genetic  var i at i on can exist  wi th in a 

s t rain.  Plants o f  e ach spe c i es were propagat ed v e ge tatively  from a s i ngl e 

s e l e c t e d  parent plant ( ryegrass from a s in gle  Nuc l eus S t ock plant an d prai r i e  

grass from a s i ngl e  p lant s el e c t i on o f  ' Butts ' s t rain , b o t h  made avai lable 

by Grass l ands D i vis i on ,  D .S . I . R . , Palmers t on North ) .  Groups o f  appr oximat ely 

10 t i ll ers of the c l one were propogat e d  in  pots c ontaining verm i c ul i t e -pumice-

peat mixtures ( 1 : 1 : 2 )  in  the  late  autumn and plac e d  i n  a block out s i de over the  

winter . The plants received 200 ml . o f  s t andard H oaglands nut r i en t  s olu t i on 
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on each o f  5 days per week o ver this  peri o d .  O n  Oc t ober 1 s t , 1 968 , s ix 

ry egrass plants and f i ve prairi e  grass plants were placed  at random i n  each 

of s even treatments on the trial s i t e ,  where  they remaine d throu ghou t  the 

experiment . 

The daily envi r onmental vari ables r e c orded wer e : -

� .  Temperature °F .  re corded by Cu/Co thermoc ouples s i t e d  36" above the 

ground for prai r i e  gras s and 1 8 ' ' for ryegrass �ppr oximately s e edhead 

he i ght ) and c onne c t ed to a mul t i channel rec order . 

2 .  R e l at i ve Humi d i ty ,  recorded on a therm ohygrograph s i t e d  1 8" above 

ground level . 

3 .  R ainfall - r e c or d e d  with a Cassella  rai n gauge s i t e d  al ongs i de the 

t r i al are a  i n  short pas ture , wi th the r i m  o f  the cat c hment funnel 

1 2  inches above the groun d .  

4 .  Wind Speed - measured by r e c or di ng abs olute wi nd run i n  a p res c r i be d  

per i od , and t h e  c onvers i on o f  t h e  t ot al t o  average m . p . h .  Wind speed  

rec ords were obt ai ned us i ng a cup-c ount er anemome ter s i t e d  in  the  

c entre o f  a t reat ment wi th the cups 1 8 " above the  soil  sur f ac e .  

5 • .  Light Intens i ty - rec orded from dat a  obtained on an Edac l i ght 

i nt egrater ( heat c ompensate d )  s i tuat e d  appr oximat ely 1 00 yards from 

the trial are a .  

The treat me nt s  w e r e  s i t uated i n  a NW-SE line , each b e i ng 6 '  x 6 '  i n  

area.  Vari ous shel t e re d  and shaded t re atments  were used and s ome o f  t he 

t reatments were c over e d  wi t h  plas t i c she e t i ng dur i ng rain and at n i gh t . The 

l ayout · o f  the trial is s hown i n  F i gure 26 . 

Shel t e r  from w i nd was obtained by a s c re en o f  Hes s i an , whi c h  gave a 

r e duc t i on i n  ave rage w indspeed o f  over 90% c ompare d  wi th open t reatments 

( Plate  5 ) . 

The r e du c t i on o f  airspeed a f fe c t s  features o f  the mi c ro c l i mat e .  I n  

general , s h e l t e r  raises  day t i me air  and s o i l  temperatures , increas es 
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atmospheri c hum i d i ty ( par t i c ul ar ly at  nigh t ) and i nc reas es dew fall ( S t urrock 

1 9 69 ) .  

I 

Plate 5 Shelt er ed Treatment Us e d  i n  Envi ronmental Study 

One thi ckness o f  hess i an was used to  r e duce inci dent l i ght i n t ens i ty . 

To overc ome the  poss i b i l i ty o f  impaire d  r e s p i rat i on an d t r anspirat i on with this 

shading t e c hn i qu e  ( O lugbemi  1 96 8 ) an air gap of 1 ' 6" from the ground was l e ft to  

all ow air  c i r cu l at i on around plants wi thin ' shaded '  t reatments ( Plat e 6)  ( over ) . 

Light i n t e n s i t y  re duc t i on in each t r e at ment vari e d  w i t h  the c ons truc t i on 

mat er ials us e d .  V e r t i c al hess ian frames u s e d  as a s hel t e r  re duc e d  daily 

t otal light i nt ensity  by approximately l5% ,  while t he s am e  mat er i al us ed t o  

encl ose the plants i n  shaded t reatments gave a t otal l i ght reduc t ion o f  

approximately 7 0% .  The c l ear plas t i c  c overed  frames us e d  t o  exclude rai n 

from s ome t re atments r e duced l i gh t  i n t ens i ty by approx imately 40% . The l i ght 

reduc t i on c ompare d  wi th full l i ght in th e 7 treatments were : 
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TREATMENT 1 Shelter and shade 76% 
TREATMENT 2 Shel t e r  only pra i r i e  grass 1 5% 
TREATMENT 2 Shelter only rye grass 35% 
TREATMENT 2 Shelt er - c overed fr om rai n 68% 
TREATMENT 3 Control Nil 
TREATMENT 4 Shade d only 70% 
TREATMENT 5 Uncovered N i l  
TREATt4ENT 5 Covered from rai n 4 1 %  
TREAT!1ENT 6 Shelt e r e d  only prai r i e  gras s 1 5% 
TREATMENT 6 Shelt ered only rye grass 35% 
TREATr.-lENT 7 Shaded only 70% 
TREATMENT 7 S haded and c overed from rain 89% 

Plate 6 Shaded Treatment Used i n  Envi ronment al Study 

Overal l l i ght r e duc t i ons i mpos ed by di f ferent  treatments were recorded  

us i ng an Eppley pyr anome ter , volt age read i n gs being  re c orde d on a pot ent i ometer . 

Dur i ng the  per i o d  of  anthes i s  of  each s pe c i es daily r e c or ds were kept  of  

the number and pos i t i on of open florets  on s e l e c t e d  h eads i n  e ach t reatme n t . 

Be caus e o f  the acrope tal pat t ern of  anthes i s  w i t h in eac h  spikelet  i t  was 

n e c e ss ary t o  proc e e d  on an indi vi dual floret  b as i s  an d t o  r e c ord the pos i t i on 

of  par t i cular florets on the day o f  anthes i s . S i n ce indivi dual fl or e t s  are 

open for only a few hours , t he day of  ant hes i s  was regarded as the day o f  

poll inat i on .  The pos i t i on o f  individual fl orets at anthe s i s  was r e c or d e d  
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u s i n g  a � c ode for spikele t  pos i t i on on the s e e dhead and floret pos i t i on w i thin  

the s pikel e t . No t aggi ng o f  i ndi vidual fl ore ts  was c arri e d  out , b e c aus e i n  

pre l i minary t r i als handling i ndi vi dual fl ore t s  on a s pikel e t  in  t he pr o c es s  

o f  mark i ng w i t h  c ol our e d  wat erproof  ink o ft e n  caus e d  more fl ore t s  t o  open . 

Dai ly r e c ords were made o f  the number o f  fl orets open i n  each t re at ment 

at h ourly intervals . This data gave information on dai ly ant hes i s  int e ns i t y  

and durat i on ,  t h e  length o f  time  individual fl ore t s  remained open , t h e  t ime  

o f  peak fl owering , the  average number o f  florets  open per head and the t ot al 

number o f  fl orets open each day . 

Daily rec ords were als o  made o f  the p o s i t ion on t agged heads o f  fl orets  

open each day . Approximately 400 open fl orets per species  wer e  recorded in  

each t reatment on a par t i cular day . On di f ferent dat e s  fr om anthes is , 40 

fl orets were harve s t e d  from eac h  t reatment ( 4 , 7 ,  1 0 ,  1 4 ,  1 8 ,  2 1 , 24 , 28 and 

30 days after anthes is ) .  Thes e were c lass i fied i n t o  three groups . 

GROUP A Fl ore t s  i n  whi c h  the o vary was shrivell e d , dis c ol our e d ,  not  

enlarged and obvi ously had not been fert i lise d e f fe c t ively . 

GROUP B Flore t s  c on t aining ovar ies enl arge d ,  whi t e , b i l obe d ,  but not 

s howing greenness or el ongat i on .  Ovul es in this group were 

e nlarged s u f fi c iently to sugges t  a growth s t i mulus , pos s ibly 

caus ed by fert i l is at i on .  

GROUP C Fl orets c ontaining ovari es , green , el ongat e d , with endos perm 

devel opment and s e e ds apparently deve l oping normally .  

Fl orets c ont ain i ng ovar i es in  Groups A and B wer e fixed i n  formal i n  

ac e t i c  acid  : 70% alc ohol ( 1 : 1 : 1 8 )  and s t ored for l at e r  micr o t ome s e c t i oning.  

Fl orets c ontaining ovar i es in  Group C were air dri e d  and s t ored in 

envel opes for germinat i on t es t i ng .  

Pre l iminary i nves t i gati ons had shown that up t o  four days were required 

f ol l owing the day o f  anthes is  for fer t i l isation o f  the ovule to  oc cur . For 

this reas on fl oret s  harvested  four days after anthesis were u s e d  t o  de t ermine 

the  number o f  flor e t s  ferti l i s ed . This allowed c ompar i s on o f  the numb er o f  
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fl or e t s  fer t i l is e d  w i th t he number o f  florets deve l oping s e e d  on suc cess i ve 

harve s t  dates from anthes i s . 



A .  EFFECT O F  ENV IRONMENT O N  THE PATTERN OF DAILY 
ANTHES IS 

LITERATURE R EV I EW 
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A number o f  workers have publ i s he d  ac counts o f  the e f fe c t  o f  environment al 

condi t i ons on anthes i s  and s e e d  devel opment . Mos t  o f  t h i s  work has been 

c arr i e d  out on grass es , al though lucerne , in parti cular , has r e c e i ve d s ome 

at t e n t i o n .  

T h i s  se c t i on is res t r i cted  t o  a review o f  res earch r e l at i ng t o  thos e 

envi r onmental fac t ors us ed i n  the present study . 

humi d i ty , l i ght  intens i t y , wind s pe e d  and r ai n fal l .  

1 .  Temperature : 

viz .  t e mperatur e , relative 

Eme cz  ( 1 9 6 1 ) studied the i n fluence o f  meteorol ogi c al fac t ors on the 

ant h e s is of 9 grass spec ies . Temperature , measured "in  the i mmediate  

vi c i ni ty o f  the plant s at plant-bas e level " , and l i ght intensity had a 

pos i t ive e f fe c t  by induc i ng an d promot ing ant hes i s . For S 2 4  ryegrass a 

0 thr eshold value o f  57 F .  and 2000 foot c andles l i ght intens i ty for at l e as t  

2 . 5  h ours was required  be fore anthes is c ommenc e d .  For S23  ryegrass the 

thr eshold values  for t emper ature and l i ght i ntens i ty were 62°F and 4400 foot 

candl es for 1 . 5 hours . Thus the daily ons e t  of fl owering on a par t i c ul ar 

day var i es wi t h  var i et i es o f  the same spe c i es .  The durat ion  o f  anthes i s  

( e i t her wi thin  one day o r  between days ) and the l ib erati on o f  pol len  were 

both influenc e d  by the fac tors wh i c h  i nduc e d  anthes i s . Eme c z  r e c orded that 

the rate of anther exs e r t i o n  was c ons ist ent for all spe c i es . Thos e grasses 

whi c h  exserted  anthers relat ively qui c kly , s uch as L.  per enne , were  a f fe c t e d  

b y  m e t eorol ogi c al c ondi t i ons imme diat e ly p r i or t o  anthes i s .  Others , ( such 

as Dac tyl is gl ome rata and Phleum pratens e )  whi ch exsert e d  the i r  anthers more 

s lowly were mai nly in fluenc e d  by weather c ondi t i ons on the previ ous day . 

O t h e r  workers have r e c orded ess ent i ally  s i mi lar e ffects o f  t emperature on 

ant hes is in grasses  ( Gregor 1 928 , Ponomaryov 1 958 , Bennet t  1 959 , Lambert 1 966 ) 

and luc erne ( Knowles 1 943 and Doull 1 967 \ 
Hyde ,and Wi l l i ams ( 1 946 ) found that i n  Pl ant ago lan c e olata anther 

d e h i s cenc e and l iberati on of pol l e n  c oul d be delay e d  by high hum i d i t y , abs ence  
0 o f  wind , and temperatures below 50 F .  
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Anthers o f  gras s e s  dehisce  parti cul arly when the weathe r  i s  warming up 

( Fa e gr i  and P i j l  1 966 ) , irre s pe c t ive of whether the increase in t emperature 

o c c urs as a daily chan ge , or bel ongs to more large -s c al e  i rregular changes 

c onnec t e d  w i t h  general weather devel opment . 

However , Evans ( 1 9 1 6 )  i n  his s t udies on t imothy , was more precise  and 

0 s ta t e d  that "when the minimum t emperature was 65 F or more , t i mothy flowers 

c on t inued t o  bl oom in  large numbers each day , whether the day was clear , or 

whe t her it was cloudy or raining " .  This result ind i c at es that i n  t i mothy at 

least , t emperature plays a maj or r ole  in d e t ermining the t ime o f  ons e t , 

durat i on an d intens i t y  o f  daily ant he s i s .  

Jones and Brown ( 1 951 ) found that i n  Bromus i nermis , p ol l en shedding was 

reduc e d  by l ow t emperatures ( mi n i mum 38 °F ) .  

pol l e n  l iberation being approximately 86°F .  

The opt imum t emperature for 

They als o s uggest e d  that poor 

s e e d  set i n  s ome gras s es was due to the '' ext reme heat -blas t ing ( presumably 

t h i s  term i n fers heat damage and des s i c at i on )  o f  the flowers " and dess i c at i on 

o f  the pol l e n .  

Dotzenko ( 1 967 ) , o n  t h e  other hand , f ound that l ow t emperat u res during 

ant her exsert i on r e t arded embry o development in Russ ian Wi l d  rye  ( Elymus ju n c eus 

F is c h )  and millet  ( S e t aria i t al i c a  Beauv . ) t he type of i n j ury b e i ng ass o c i at e d  

wi t h  the l e vel o f  temperatur e . For exampl e ,  ant her injury and c oll aps e d  

0 40 embryo sacs oc curre d  in  plants expose d  to -1  C and C t emperatures , whi l e  
0 s ty l e  i nj ur y  occurred  in  plants expos e d  t o  a t emperature o f  2 1  C .  

Singl e  ( 1 966 ) and Olugbemi ( 1 968 ) have stat e d  that i n  wheat , mos t  damage 

oc curred at anthes i s , sugge s t i ng a high de gree of s en s i t i v ity  of the 

r epr oduc t i ve organs t o  t emperature s tress . Olugbemi ( 1 968 ) als o  noted that 

i n j ury to the s t aminate fl oral parts in  wheat was a prominent feature . of fros t 

i n j ury . He s ugges t e d  that whi l e  this was probably s o  for a moderat e 

t e mperat ure s t ress , both  mal e and femal e reproduct ive or gans were l ikely t o  b e  

i nj ured w i th increas i n g  intens i ty and dur a t i on o f  s t ress . 



Olugbemi ' s  work indicat e d  t hat l ow t e mperature mainly affec t e d  the mal e , 

and high t emper ature mainly t he femal e repr oduc tive organs . I t  als o  sugge s t e d  

t hat fl orets  o f  wheat a t  a s tage from 7 days prior t o  ant he s i s , through unt i l  a 

few days a ft er anthes i s , were most  sus ceptible  to  t emperature i n j ury .  The s e  

findings are als o supported b y  Sunes on ( 1 9 4 1 ) with bar l ey , Li vings t on and 

Swinbank ( 1 950 ) wi th wheat , and by Hesl op-Harrison ( 1 957 ) i n  a range o f  

fl owering pl ant s .  

I n  direct  c ontras t , howe ve r , high n i ght temperatures ( 20°C )  have been 

shown t o  arrest normal anther d evel opment in  Poa annua L.  withou t  damaging 

the pist i llate  organs ( Hovin 1 958 ) . S i m i l arly t emperatures over 27°C 

during anthes i s  o f  Poa prat e ns is L .  have r esulted in reduc e d  poll en viab i l i ty 

in this  s p e c i e s . ( Maun et al 1 9 69 ) .  Apparently , there fore , grass s p e c i e s  

di f fer in  t h e i r  reac t i on to  temperature during anther maturat ion and anthe s i s . 

I n  I tal i an rye grass ( Lo l i um mul t i fl orum ) it has b e e n  suggested  that 

whatever the dura t i on of l i ght , thermope r i odism c an d e t ermine the daily rhythm 

o f  flower ing ( S chaeverbeke 1 9 66 ) . I n  this  spec ies  at l eas t high temperature 

has been shown t o  favour fl oral maturat i on and als o  to have an acces s o ry r ol e  

onc e anthesis  has been induc e d .  Schaeverbeke s t a t e d  that temperature appear e d  

to be t h e  essential fac t or in  the ant hes i s  o f  i t al i an rye gras s . 

I t  is  di f fi cult  in  many r eports t o  i s ol ate the e f fe c t s  o f  l i ght , t ot al 

radiant energy , and ambi ent t empe rature . In  s ome res earch papers the words 

' l i ght ' and ' radiat i on ' appear t o  have b e c ome synonymous . The des cri pt i on 

o f  an environment w i th high i n c i dent radiat i on in terms o f  high temperature 

alone may o ft en c o n fus e the true explanati on of observed  resul t s . 

2 .  R elat ive Humidity : 

The number o f  publ icat i ons on the e f fe c t  o f  relat ive humid ity on grass e s  

is  smal l , be i ng mai nly c oncerned w i t h  t h e  e ffe c ts o f  hum i d i t y  o n  ant hes i s  and 

pollen germi nat i on .  

Lambert ( 19 6 6 ) stated that r elat i ve humi d i ty had n o  e ffe c t  on ant he s i s  

i n  a wi de range o f  grasses . Rather i t  was the actual pres enc e o f  rain that 

· - � 
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hindered or even i nh i b i t e d  anthes is . Emec z  ( 1 961 ) als o  s upport e d  this view , 
\. 

but qual i fied his s t at ement by noting that humidity  had "no measurable e f fec t  

o n  anthes i s  i n  gras s es except whe n  i t  c ause d  altered  l i ght c ondi t i ons , o r  when 

i t  was acc ompan i e d  by pre c i pi t at i on " .  

I n  c ontras t t o  t he above f indi ngs , other workers have s ugges t e d  a direct  

relat i onship between humi dity and anthe s i s .  For example Gregor ( 1 928 ) 

s u gges t e d  that the  t ime o f  ons e t  o f  anthes i s  and the t ime  from floret opening 

unt i l  ant her dehis c en c e  i n  perennial ryegrass may be i n fluenced  by hum i d i ty . 

Smi t h  ( 1 944 ) s t at e d  there was a ne gat ive c orrel at i on between humidity  and s e e d  

s e t  i n  grass es . 

I n  other c rops , humidity  i n fluenc e s  s e e d  format i on i n  t he s am e  d i re c t i on 

as s ugges t e d  by Smi th ( 1 944 ) . Relat i vely dry air ( l-ess  t han 50% R . H . ) , both 

day and night during anthes i s  is  c ons i dered t o  b e  one o f  the  fact ors favouring 

s e e d  produc t i on i n  lucerne ( Br i nk and C ooper 1 936 , Knowles 1 943 and Doull 1 967 ) 

and Hyde and Wil l i ams ( 1 946 ) c ons i der that dehi s c ence  o f  ant hers and l i berat i on 

o f  pollen can b e  delayed by high humi dity  in  Plant ago lanc e olata .  

I n  mos t  previ ous work , n o  clear d i s t i n c t i on i s  made be tween the e ffe c t s  

o f  high humidity  and rai nfall o n  anthe s i s . Whe ther the e f fe c t  o f  rain is  a 

phy s i c al one wi th the fl or e t s  reac t in g  adversely t o  t he pre s e nc e  o f  free wat e r  

i s  not  c lear . Shoul d this  not be the c as e , however , one wou l d  have thought 

that high hum i d i t y  and rai n fal l woul d have s imilar e f fe c ts on ant hes is , or a t  

l eas t mani fest e f fe c t s  i n  t h e  same direc t i on .  

I n  many r e c ords no dis t inc t i on is  made o f  t he e ffe c t  o f  hum i di t y  al one 

on anthes i s , or on whether humidity  i n fluences anthe s i s  by interac t i on wi t h  

one o r  more other envi ronmental vari abl es . 

3 .  Light Int ens i ty :  

The e f fe c t  o f  l ight int ens i t y  on anthes is , as alr eady s t at e d , has been 

s h own by Emec z  ( 1 9 6 1 ) to  have pos i t i ve e ffects i n  indu c i n g  and promot i ng 

anthes is  in  a range of grass es . 



1 51 . 

The threshold value s  whi ch mus t be exc e e ded be fore anthes is  will  oc c ur 

var i e s  with s pe c i es and var i e ty . I t  appears that , whi l e  l i ght int ens i ty is  

not  t he only s i n gle environment al fac t or i n fluenc ing the  ons e t  and i nt ens ity  

o f  anthes is , i t  neverthe less a f fe c ts anthesis  in  c o n j unc t i on with other 

vari ables , par t i cularly temperatur e . ' Similar e f fe c t s  have been quoted  by 

Lambe r t  ( 1 9 66 ) . 

I n  lucerne Knowles ( 1 943 ) found the number o f  hours o f  sunshine per day 

t o  b e  pos i t i vely c orrelat e d  with s ee d-se t ,  pos s i bly thr ough its  e f f e c t  on 

enc ouraging poll inat ing agents t o  the fl owers rather than through any d i r e c t  

i n fl uenc e o n  t h e  fl oral parts thems e lves . Hyde and Wil l i ams ( 1 946 ) obs e rved 

diurnal var i at i on in grass pollen l i berat i on t o  b e  c orrelated , both in 

fre q uency and durat i on ,  with the i nc i denc e - o f sunshi ne . On dull days anthe s i s  

was l argely suppressed and l o c al pollen c oncentrat i on remai ned l ow .  H owever , 

what part i cular component ( s )  o f  the environment was i nvolved was not s t at e d .  

4 .  Wind Spe e d : 

Wind poll i nat i on is the dominant type o f  abi o t i c  p oll inat i on ,  c ompr i s i ng 

some  95 - 98% o f  all examples and prevai li ng in s e veral fami l i t i es , e . g . 

Gra�i neae , Cyperac eae , and Junc ac e ae . Evans ( 1 9 1 6 )  observed that i n  t i m ot hy 

the number o f  heads fl owering was depressed by s t rong winds , and Hyde and 

Will i ams ( 1 946 ) found that in  Plantago lance olat a ,  a gentl e breeze was 

s u f fi c ient to al l ow poll e n  to be shed within a few minut es of anther 

deh i s c ence . Dehiscence  o f  anthers and li berat i on o f  pollen wer e  both  

delayed  by  lack  o f  wi n d .  

It  has b e e n  found t hat w i n d  veloc ity is  important in  hindering or e ve n  

i n h i b i t i ng anthesis i n  a range o f  grasses . A wind vel o c i ty o f  1 5  mph 

i nh i b i t ed ant hes is in S24 an d S23 ryegrass . In t imothy an 8 mph windspe e d  

i n h i b i t e d  anthes is ( Em e c z  1 96 1 , Lambe�t 1 9 66 ) .  



5 .  Rain : 
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Few workers have s p e c i fically d iscussed  the e f fe c t  o f  rain o n  ant hes is  

i n  �rasses . Howeve r ,  Fae gr i and P i j l  ( 1 966 ) not e d  that grass anthers generally 

did not open unl ess the weather was warm and dry and that poll en was r ap i dly 

was h e d  out of the air by rai n .  P onomaryov ( 1 958 ) c ons idered  rain as an 

envi r onmental fac t or caus ing "deviat i on from the normal pat t ern o f  dai ly 

anthesis"  in grasses , whi l e  Evans ( 1 961 ) s tated that in d i f ferent s eas ons 

t he durat ion o f  anthe s i s  o f  a crop  c ould be  s i gn i fi can tly  prol onge d  during 

wet weather . 

RESULTS - P erennial Ryegrass 

The pat t ern of daily anthe s i s  ( 1 . 1 2 . 68 - 1 2 . 1 2 . 68 )  f o r  ry e gras s in relat i on 

t o  environmental var iab l es ( t emperature , r e l ative humi d i t y , l i ght , wind s p e e d  

and rain fal l ) is presented  in  Fi gure 2 7  ( raw dat a i n  Appendix 2 5 ) . 

Envi ronmen t al c ondi t i ons caus e d  c onsi derab l e  var i at i on in  the  durat i on and 

int ensity o f  dai ly anthes is . Condi t i ons c omplet ely inhi b i t e d  ant he s i s  on 

day 2 and were  respons i ble for greatly r e duc ed anthes i s  on days 5 and 7 .  

Analys i s  o f  t reatment data for the c omponents o f  daily anthes is  i s  

presented  i n  Tables 1 7  and 1 8 .  I n  add i t i on , environm e nt al vari abl es  were 

s u b j e c t e d  to c orrelat i on analys i s  and regress ion analys i s  in  r e l at i on to dai ly 

anthes i s  c omponent s . The c orrelat i on matrix o f  this analy s i s  is pre s ent e d  

i n  Appendix 26 . 

Becaus e indivi dual envir onment al fact ors were hi ghly interc orrel ate d ,  

ac tual regres s i on equat i ons were o f  l imi t e d  value and are there fore not quot e d .  

Howe ver , they were us e d  t o  calculate t h e  pe rcent age t ot al var i a t i on o f  var i ous 

c omponents of anthes i s  which each e nvironmental fac t or explai ne d .  

Individual c omponents o f  daily ant hesis pat tern are discussed be low i n  

r e l at i on t o  both Tabl es  1 7  and 1 8  and Appendix 2 6 .  
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TABLE 1 7  Resul ts  o f  Analys i s  o f  Treatment Data for Components o f  
Daily Anthesis  Pat t e rn in Ryegrass 

Time o f  Time o f  Peak % T o t al Floret s  
T reatment Ons e t  A n  thes i s  Open at Peak 

( mean hrs ) ( mean hrs ) An t he s i s  
( mean % )  

1 .  She l t e r  and Shade 0942 ABb 1 1 36 a 54 a 
2 .  Shelter  and Covere d  092 4  Bb 1 048 a 52  a 
3 .  Contr ol 0954 ABab 1 242 a 53 a 
4 .  Shade o nly 1 024 A a 1 3 1 2  a 55 a 
5 .  Cove r e d  only 1 000 AB ab 1 400 a 52  a 
6 .  She l t e r  only 0936 ABb 0924 a 53 a 
7 .  Shade and Covered 1 000 ABab 1 448 a 53 a 

C . V . %  6. 0  6. 0  9 . 5  
L . S . D . 0 . 7( 0042 ) 7 . 7 ( 0742 ) 6 

Time o f  Ons et of Dai ly Anthes i s  

Daily anthes i s  c ommenc e d  b etween 9 . 20 and 1 0 . 20 a . m .  The t ime o f  ons e t  

was the  only aspec t  o f  daily anthesis pat t e rn s i gni fi cantly  influenc e d  b y  the 

t r e a t ments impos e d .  A s  s hown in  Table 1 7  t h e  shelt e r/c overed t re atment  
� 

s i gn i fican t ly advanc e d  the  t i me o f  onse t  c ompared  with the shade1 t re atment . 

The c orrelation matr i x  shows that a lar ge number o f  cl imat i c  meas uremen t s  

wer e  s i gn i ficantly c orrelat e d  w i t h  t h e  t im e  o f  ons e t  o f  daily ant hes i s .  

Howeve r , many o f  these  c orrelat i ons were l ow .  The main e f fe c t s  c am e  from 

t emperature and hum i d i t y  var i a t i ons which  ac count e d  for 5 1 %  and 67% o f  the 

t ot al var i ance respe c t ively.  

The maj or s i gni f i c ant c orrelat i ons are  presented  be l ow .  

Temperature minimum pre vi ous night -0 . 38 • •  

Tempera�ure minimum o n  n i ght 36 hours prior t o  day o f  anthesis  -0 . 54 • •  

Hum i dity minimum and mean previous n i gh t  -0 . 33 • •  and -0 . 27 •  

Humi dity minimum and mean o n  day o f  ant hes is  -0 . 34 • • and -0 . 47 • • 

Hum i dity maxi mum , minimum , mean prev i ous day -0 . 44 • • ,  -0 . 49 • •  and -0 . 53 • •  

Humi dity  mean o n  n i ght 36 hours prior t o  day o f  anthes is  -0 . 73 • • 

Wind speed maxi mum on day o f  anthes i s  +0. 44 • •  

L ight minimum on previ ous day +0 . 39 • •  

I t  appears that l ow n i gh t  temperatures and humidity l e vels  pri or t o  

anthes i s  advanc e d  the  t ime o f  ons e t  o f  dai ly anthes is . Low l i ght i n t ens i ty 
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on t h e  previ ous day and high wind  spe e ds on the  day o f  anth e s i s  als o  delay e d  

t i me o f  anthe s i s  ons e t . Low humi dity on the day o f  anthes i s  and humi d i t y  

levels o n  t h e  previ ous day cause d  ear l i er dai ly ant hes i s .  I n  addi t i on the  

t ime o f  onse t  of anthesis  was s i gni fi c antly c orre l a t e d  w i t h  the number of  

fl or e t s  open on the previous day ( +0 . 44• • ) .  

Time o f  Peak Ant hes i s  

Peak ant hesis occurre d  generally between 1 1  a . m .  and noon , but was 

delay e d  unt i l  early aft ernoon i f  the t im e  of ons e t  of anthes i s  was als o  

delay e d .  The t i m e  o f  peak anthe s i s  ( Tabl e 1 7 ) , while n o t  i nfluenc e d  b y  the 

t reatments impos ed , was stron gly a f fe ct e d  by both t empe r at ur e  and humi d i t y .  

Almos t all t e mperature and hum i di t y  var i abl es wer e  s i gn i fi cant and negat i ve , 

i n  par t i cular , the  minimum and mean t emperatures for the previ ous nigh t  

All t emperatures t ogether explained 70% o f  the 

vari a ti on , but mean night t emperature al one explained 56% . All humi d i t i e s  

explained  68% o f  t h e  t otal var i at i on .  Rainfall was ne gat i vely corre l at e d  

with  t h e  t i me o f  peak anthes i s  ( -0 . 29 * ) and wind s p e e d  maximum was als o  shown 

to h ave a s mall pos i t ive e ff e c t  ( +0 . 36 • • ) .  Whi l e  rai nfall t ende d to  has t e n  

t he t im e  o f  peak anthesis , s trong winds apparent ly delay e d  the  t ime o f  peak 

anthe s i s .  

The t im e  of peak anthes i s  on a par t i cular day was influe nc e d  s i gni fi cantly 

and pos i t ively by the durat i on of anthes i s , the le ngth o f  t i me indivi dual 

fl orets  remaine d open and t h e  intens i t y  of anthe s i s  on the pre vi ous day . 

% T o t al Flore ts Open at Peak 

Approximately 50% of t h e  total fl orets ope n  on a par t i c ular day were 

open a t  peak anthe s i s . The percent age of total flore ts  open at peak anthe s i s  

( Table 1 7 ) was unaffe c t e d  b y  t reatment and showed l i t t l e  var iat i on due t o  

envir onmental cond i t i ons . In  fact t h e  few corre lati ons t hat d i d  show 

s t a t i s t i cal s i gni ficance ac c ount e d  for very l i t t l e  o f  the t ot al var iance  

( a pproximat ely 1 7% ) . 

M i nimum ni ght t emperature pri or t o  the day o f  anthes is was negat i vely 

and s i gni f i c antly relat e d  to the percent age of florets open at peak ant-hes i s  
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( -0 . 25 * ) .  I n  add i t i o n ,  the intens i t y  o f  anthesis on the pre v i ous day ( +0 . 34 • • )  

the  t im e  o f  ons e t  ( +0 . 27 • ) and the  durat i on o f  time indivi dual fl orets remain e d  

open on t h e  day o f  anthesis  ( +0 . 34 * * )  were all relat e d  t o  t h e  percent age o f  

fl ore t s  open at peak fl owering.  

TABLE 1 8  R esults o f  Analys i s  o f  Treatment Dat a for Compone n t s  o f  
Daily Anthes is  Pat tern i n  Ryegrass 

N o .  Fl or e t s  Le ngth o f  Durat i on 
Treatment Open at Peak Time Flore t s  A n  t h e s i s  

An t h e s i s  Open ( hours ) 
( mean ) ( mean mins ) 

1 .  Shel ter and Shade 1 1 8  a 1 56 a 5 . 47 a 
2 .  Shelt er and Covered 1 44 a 1 49 a 5 . 50 a 
3 .  C ont rol 1 4 1  a 1 47 a 5 . 04 a 
4 .  Shade only 1 26 a 1 42 a 4 . 70 a 
5 .  C overe d only 1 43 a 1 46 a 5 . 09 a 
6 .  Shel t er only 1 1 8 a 1 31 a 4 . 97 a 
7. Shade an d Cove red  1 43 a 1 45 a 5 . 29 a 

C .  V . %  2 3 . 0 1 6 . 0  1 5 . 0  
L . S . D .  40 26 o . 85 

Numbe r  of Fl ore t s  Open at Peak Ant hesis  

o f  

Although t h e r e  was no s igni f i c an t  treat ment e f fect , ( Tabl e 1 8 )  t emperature , 

hum i d i ty and l i ght were s i gn i f i cant l y  c orrelat e d  wi th the  numb er o f  fl owers 

open at peak anthes is  ( Appendix 26 ) .  Temperature explained 63% and hum i di t y  

69% o f  the tot al variat ion.  Minimum an d m ean t emperatures both on the day of  

anth e s i s  ( -O o 47 • • and -0 . 38 • • ) ,  and on the pr evious day ( -0 . 38 • •  and -0 . 42 • * )  

were  ne gat ively c orre lat e d  wi t h  the  numbe r  of fl ore t s  open at peak anthes i s .  

M i n i mum and mean t e mperature ( +0 . 3o • • and +0 . 32 * * ) and minimum and mean 

hum i dity  ( +0 . 57 • •  and +0 . 37 * • )  on t he nigh t  36 hours pri or t o  t h e  day o f  

anth e s i s  were s i gni fi c ant ly c orrelat e d  with flore t numbe r s  open a t  peak ant he s i s . 

Length of Time Fl oret s  Open 

Indivi dual fl ore t s  remained open for approximat ely 2 . 5  hours . 

No t reatment e f fe c t  was evident ( Table 1 8 ) . Temperat u re on the  day o f  anth e s i s  

h a d  l it t l e  e f fe c t  o n  the  t ime individual fl ore t s  r emai n e d  open ( Appendix 25 ) .  

However , ni ght and day t e mperatures for the  36 hour per i od pri or t o  the day 

o f  ant hes is s howed s i gni ficant negative  c orrelat i ons ( be tween  -0 . 3  and -0 . 5 ) , 

and explai ned  64% o f  the t ot al var i at i on .  Hum i d i t y  o n  t h e  day o f  anthes is , 
, 

showed a s i gni fi c ant negative  c orr e l at i on .  This fact o r  exer t e d  the maj or day 



1 56 .  

o f  anthesis  e ffect  on the  length o f  t ime i nd i vi dual fl ore t s  rema i n e d  open . 

The length o f  t i me a fl oret remained open was s i gni ficantly c orrelat e d  

( +0 . 37 • • )  w i t h  the t ime o f  pe ak an thes is . Under c ond i t i ons where  fl ore t s  

remained open longer t h e  t ime o f  peak anth e s i s  was delayed . 

Durat i on o f  Daily Ant h e s i s  

T ot al daily ant he s is durat i on var i e d  from 4 t o  9 hours w i th an average 

durat i on of approximat e ly 5 hours . 

No  t reatreent e ffe c t  was evi dent ( Tabl e 1 8 ) .  A numbe r  o f  t emperature 

c orrelat i ons were s i gn i fi cant . Thes e included minimum and mean t emperature 

on the  day of anthesis ( -0 . 58 • •  and -0 . 42 • • )  maximum , minimum and mean 

t e mperatures dur ing t h e  previ ous n i ght ( -0 . 54• • ,  -0 . 54 • •  and -0 . 57 • • )  and 

max i mum , minimum and mean t emperat ures on t h e  pre vi ous day ( -0 . 42 • • ,  - 0 . 57• • 

and -0. 55 • • ) .  Whi l e  hum i d i ty d i d  not appear to be hi ghly c orrelat e d  w i t h  t he 

durat i on o f  daily ant hes i s , hum i d i t i es e xplained 66% of the t o t al var i a t i on 

and t e mperat ures only 59%. Minimum t emperatures were most s i gni f i cant , 

minimu m  t emperature on the  day o f  anthes i s  ( -0 . 58 • • )  and min imum t empe rature 

on t h e  pre v i ous day C -0 . 57 • • )  t oge ther expl aining 50% of  the var i at ion.  

The  durat i on o f  dai ly ant hes is was d i r e c tly related  to  the l e ngth o f  t ime 

i n di v i dual florets rema i ned open ( +0 . 42 • • ) and w i t h  t ime of peak anthe s i s  

R ESULTS - Prairie Grass 

The pat tern of daily anth e s i s  for s i x  days ( c ommenc ing  1 1 . 1 1 . 68 )  i n  

p ra i r i e  grass i n  relat i on t o  environmental vari abl es ( temperatur e , re lat i ve 

hum i d i ty , l i ght , wind speed and rain fall ) is  present e d  i n  Figure 28 and 

Appendix  27 . These results show that c ons i derable variat i on can oc cur 

i n  t he t im e  of ons e t , intens i ty and durat i on o f  daily anthes i s  in pra i r i e  

gras s a s  me asured by t h e  average percent age o f  fl ore t s  ope n .  

Analy s i s  o f  t reatment data for the c omponents o f  daily anthesis  i s  

pres e n t e d  i n  Tables 1 9  and 20.  In addi t i on envir onment al var i ables were 

s ub j e c t e d  to c orrelat i on and r e gr es s i on analys is i n  relat i on t o  daily ant hes i s  

c omponents . The c orrelat ion matr i x  o f  t h i s  analys i s  is  present e d  i n  Appendix 2 8 .  
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The s i gni f i c ant correl at i ons quote d  are f or each i ndi v i dual var i abl e . 

As the indi vidual envi ronme nt al fac t ors were highly int e rc orr e l at e d ,  

actual  regres s i on e quati ons were o f  l imi t e d  value and are ther e fore not 

quot e d .  H owe v e r ,  they were us e d  t o  c al culate the perc ent age t o t al var i a t i on 

o f  vari ous c omponents of  anthesis  wh i c h  e ach environment al fac t or explaine d .  

TABLE 1 9  R e sul t s  o f  Analys i s  o f  Treatment Dat a for Components of  
Dai ly Anthe s i s  Pat t e rn in  P rairie  Grass ( Me an o f  

6 days) 
Time o f  Time o f  P e ak % Tot al Fl ore t s  

Treatment Ons e t  An thes i s  Open at P e ak 
( me an hrs ) ( mean hrs ) An t h e s i s  

( me an % )  

1 .  She l t er and Shade 0542 a 0954 ab 7 1  b 
2 .  Shel t e r  and Cove r e d  061 8  a 0842 b 77  ab 
3 .  Contr ol 0506 a 09 30 ab 76 ab 
4 .  Shade only 0500 a 1 01 2  ab 7 1  b 
5 .  Cove r e d  only 0524 a 1 1 1 2 a 79 a 
6 .  She l t e r  only 0500 a 0948 ab 76 ab 
7. Shade and c over e d  0536 a 1 1 1 2 a 77 ab 

C .  V . %  1 8 . 4  1 7 . 0  1 3 . 8  
L . S . D . 1 . 3(  01 1 8 )  2 . 3( 021 8 )  7 

Time of  Ons e t  of Anthes i s  

Anthes is  general ly c ommenc e d  betwe en 5 . 00 and 6 . 00 a . m .  The r e s ul t s  

i n  Tabl e 1 9  s h ow that n o  t reatment di fferences oc curr e d .  R e gress i on analys i s  

s h owed that overall temperature and humidity  explaine d only 33% and 37% o f  

t h e  t o t al var i at i on .  S igni f i c ant negative  c orrel a t i ons were obtained between 

t im e  o f  ons e t  and maximum t emperature and hum i d i t y  two nights prior t o  the  day 

o f  anthe s i s  ( -0 . 37 • , -0 . 37 •  respec t ively ) .  Apart from this  i t  appears t hat  

the  cl imat i c  fact ors studied  had l i t t l e  e f fe c t  on  the  t ime o f  daily ons e t  o f  

an t h es i s .  

T i me of  P e ak Anthes i s  

Peak anthes i s  gen erally o c cur r e d  b e t w e e n  9 a . m .  and 1 1  a . m .  b u t  c ould b e  

d el ay e d  unt i l  the early aft e rnoon i f  t o t al anthes i s  durat i on was protrac t e d  

( Fi gure 2 8 ) .  The treatment m e ans present e d  in T able 1 9  show that c overed  

and  s hade/c o vered  s i gn i fi cant ly d el ay e d  the  time  o f  pe ak anthesis  c ompared  

w i th the  shelt er/cove r e d  t re at m en t . Howeve r ,  an exam i nat i on o f  t he 

c orrelat i on mat rix  ( Appendix 2 8 ) sugges t e d  that the  maj or environmental fac t ors 

i nvolve d were t empe rature an d hum i di ty wh i c h  t o ge ther a c c ount e d  for 7 0% of the  
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var i at i on obtaine d . For example maximum night t e mperatur e s , b ot h  on the 

ni ght  imm e d i at ely pri or t o  the day of anthes i s  ( -0 . 6 8 • • ) and dur i ng t he 

night 36 hours pri or t o  the day o f  anthe s i s  ( -0 . 6 3 * * )  we re b ot h  negat i vely 

c orrel at e d  w i t h  t i me o f  peak ant he s i s . A posi t i ve r e l at i onsh ip was shown 

by l ow day t e mperat ures  on the day of anthesis  ( +0 . 44 • • )  and a negat ive  
. 

c orrel ati on w i th hi gh t emperatures the previ ous d ay ( -0 . 39 * * ) .  M i nimum 

hum i d i ty duri n g  the  day of anthes i s  and duri ng the pre vi ous n i gh t  were 

pos i t i vely c orrelat e d  w ith the t i m e  o f  peak anth e s i s  ( +0 . 41 * *  and +0 . 52 * *  

respe c t ively ) . 

Perc e ntage T o t al Fl oret s  Open at  P e ak Anthes is  

Approximately 75% of t ot al f l or e t s  fl owering were open at peak ant hes is . 

An examinat i on o f  the results i n  Table  1 9  indicates that  shade was the maj or 

fac t or reducing the  perc entage o f  flor e t s  open a t  peak anthe s i s . Temperature 

and humi d i t y  c ondi t i ons together explained 55% of the var i a t i on r e c or de d .  

As s h own i n  t h e  c orrelation matr i x  the mos t signi fi c an t  c ondi t i ons and t im e s  

were t h e  m i ni mum t emperature and minimum humi di ty levels  o n  the day o f  ant h e s is 

( -0 . 43 * *  and +0 . 42 * * ) and the m e an t e mperature and mean hum i di t y  levels  

t wo nights  pri or t o  the  day o f  anthesis  ( -0 . 35* and -0 . 54 * • ) .  

TABLE 20 R esults of Analys i s  o f  Treatment Data for Component s of  
Dai ly Anthes i s  Pattern  i n  Prai r i e  Grass 

Numb e r  of  Fl ore t s  Length o f  T i m e  Durat i on 
Open at Peak Fl ore t Open Anthesis  
Ant h e s i s  ( mean ) ( mean mins ) 

1 .  Shelt e r  and Shade 54 AB ab 1 95 a 1 0 . 4  a 
2 .  Shel t e r  and Covere d  30 Bb 1 7 1  a 8 . 1  a 
3 .  Control 57 ABab 205 a 9 . 6  a 
4 .  Shade only 44 ABab 1 9 8  a 1 1 .  1 a 
5 .  Covere d only 66  AB a 202 a 1 0 . 4  a 
6 .  S he l t e r  only 53 AB ab 1 52 a 9 . 8  a 
7 .  Shade and C overe d 7 2  Aa 1 70 a 1 0 . 5  a 

C .  V . % 36 . 0  20 . 0  1 1 . 6 
L . S . D . 29 53 4 . 6  

o f  
( hrs ) 
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Numb e r  o f  Fl ore ts Open at Peak Dai ly Ant hesis 

The results  present e d  i n  Table  20 show that the treat ment  ' sh e l t e r  and 

cove r e d ' had s i gni ficantly fewer fl or e t s  open at peak anthe s i s  than the  

t reatments ' c ove re d only ' and ' shade and c overe d ' . 

No  s i gn i f i c ant treatment/day interac t i on oc curred i n  the number o f  fl ore t s  

open a t  peak anth e s i s  o r  i n  the l ength o f  t ime individual flor e t s  remai ne d 

open.  Because o f  this  mean values for these component s of  dai ly an thes is 

were us e d  i n  Table  20 .  

In  terms of  t h e  regress i on analys e s  both temperature and hum i di ty were 

eq ually import ant and ac c ount e d  for 52% o f  the variat i on i n  number of  fl or e t s  

ope n .  The numbe r  o f  fl ore t s  open a t  peak anthe s i s  o n  a par t i cular day was 

s i gni f i c antly c orrelat e d  with mi nimum day t emperature ( -0 . 44 • • )  with min imum 

t e mperature on the  pre vi ous d ay ( +0 . 37 * ) ,  and wi t h  both maximum and minimum 

n i ght t e mperature 36 hours pr i or to day of fl owering ( -0 . 38 •  and +0. 47 • •  

respe c t i vely ) .  Apparently night t empe rat ure imme diately pri or t o  the day o f  

flowe ring did  not s i gn i fi c antly i n fluence  fl oret numbers open a t  peak anthe s i s , 

the maj or night t e mperature e f fec t  being  determined  two n i gh t s  pri or t o  the 

day o f  anthes is . 

Maximum relat i ve humidity  on the day of  anthesis  was negati vely c orrelat e d  

wi th the number o f  florets open a t  peak anthesis ( -0 . 42 • * )  a s  w e r e  maximum 

and me an humidi t i es the previ ous night ( -0 . 49 • •  and -0 . 51 * *  respect ively ) .  

The only other s i gn i f i cant c orrelat i on was minimum l i ght on t he day o f  

anthes i s  ( +0 . 36 • ) .  

The numbe r  o f  fl orets open on a par t i cular day was s i gni fic antly  

c orrelated  with t he number o f  fl orets  whi ch were open on  the  pre v i ous day 

Length of  Time Individual Fl ore ts Ope n  

There · was no  e vi denc e  of  a s i gni f ic ant t reatment e f fe c t  ( Tabl e  20 ) and 

onc e again t emperature and hum i di ty were t he maj o r  c ompon ents  of  the environme nt 

a f fe c t ing the le ngth of time  fl ore t s  remained open ( t ogether acc ount ing for 60% 

o f  the var iat i on ) . In  t erms o f  the par t i cular c ondit ions s i gn i fi c ant 
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I 

I 
c orrelat i ons were recor d e d  for minimum day t emperature ( +0 . 46 * * )  and maximum 

t emperatures duri ng each o f  the two nights pr i or t o  the day of anth e s i s  

( -0 . 38 *  and -0 . 4 1 • •  res p e c t i vely ) .  M i ni mum and me an hum i dity t wo n i ghts 

pr ior  to anthesis  were als o s i gni f i c an t ly c orrelat e d  wi th durat i on of 

ant hes i s  o f  i n d i vi dual fl oret s  ( +0 . 5o• • and +0 . 34 •  respe c t i vely ) .  

From a d e t a i l e d  exam i nat i on o f  these fl orets subsequently ( re sul t s  

pre s e n t e d  i n  Appendix 29 ) i t  appeare d  that the length o f  t ime i ndivi dual 

fl or e t s  remained  open i n  a par t i cular t r e atment or on a gi ven day was fairly 

c ons t ant i rresp e c t i ve of whe ther a s ee d  was ultimately formed or not . 

Durat i on o f  Dai ly Anthe s i s  ( Hours ) 

Daily anthesis  cont i nu e d  for 8 t o  1 1  hours . N o  s i gn i f i c ant t re atment  

di f ferences oc c urred ( Tabl e  20 ) .  The fac t  that t emperature explained  77% 

and hum i di ty 76% of the var i at i on indicates  that these  two var i abl e s  were  

hi ghly c orrelat e d .  The main s i gn i fi c ant  correlat i ons were : 

Temperature minimum day o f  anthesis  +0 . 72 • •  

Temperature max i mum and minimum previ ous n i ght  -0. 53• • and +0 . 48 • •  

Temperature maximum 36 hours pr ior t o  anthes i s  -0 . 42 * *  

Hum i d i t y  minimum and me an 36 hours pri or t o  anthes i s  +0 . 64 • •  and +0 . 54 • •  

Light maximum , minimum and me an on day o f  anthes i s  -0 . 36 * , -0 . 39 *  

The c orrelat i ons indicate  that l ow ni ght temperature pr i or t o ,  and l ow 

t emperature on the day o f , anthes i s  extended the dur a t i on o f  daily anthesis . 

Similar e ffe c t s  also oc cur with h i gh hum i di t y  pr i or t o , an d l ow l i ght  i nt ens i ty 

on , t he d ay o f  anthes i s . The c orrelat i ons between l i ght  and durati on o f  daily 

an thesis are of  par t i c u l ar interest  as  they repres en t  the  only s i gni f i c ant  

l i ght e ffec t  obtained in  prai rie  grass other than the e f fec t  of minimum l i ght 

on th e day of anthe s i s  ( +0 . 36 * ) on t he numbe r  o f  fl ore ts open at peak anthe s i s  

a s  previously ment ione d ( page 1 5 9  ) .  
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DIS CUSS ION 

I nt e rpr e t a t i o n  of resul ts  from e xperiments in wh i ch i n d i vi dual 

e nvi ronmental var i ables are n ot controll e d  is d i f fi cult s i n c e  cl imat i c  

fac t ors are often  hi ghly inter-c orre l at e d .  A hi gh m e an t emperature pr obably 

i n fers there may be high maximum and m i ni mum t emperat ures and pos s ibly even 

l owe r hum i dit ies  and hi gh l i gh t  radi at i on .  An e f fe c t  c au s e d  by a h i gh 

max i mum t e mperat u r e , therefore , may be c orrelat ed n ot j us t  w i t h  maximum 

t emperature but al s o  with those other e ffec t s  whi ch i n fluence  i t .  

Throughout t h e  experiment i t  was apparent that the i n t e ns i ty of fl owe ri ng 

on the previ ous day had a cons i derable  i nfluence on the  t i m e  of  onse t , th e 

durat i on of anthe s i s  and the t ime o f  p e ak anthes i s  on the suc c e ed i ng day . 

Despi t e  this , however , temperature and humi d i t y  exer t e d  the maj or e ff e c t  on 

daily anthes is , m i n i mum ni gh t  and day t emperature l e vels gene rally be ing mos t 

cons is tent  in  i n fl uenc i ng the t i me o f  ons e t  and i nt ens i t y  o f  anthes is on a 

part i c ular day . 

I n  both rye gras s  and prairie  gras s anthesis proce ede d i n  a more or l e s s  

regular manner from the t i p  o f  t h e  hea d  downwards . Wit h in the indivi du al 

spikel e t  the basal fl ore t  reached maturi ty firs t , anthes is  cont inuing 

regularly from the  basal t o  the t ermi n al floret . 

Anther dehi s c ence  oc curre d generally within a few m i nu t es o f  exser t i on 

but appeared t o  be delay e d  under cond i t i ons o f  l ow t emperature and hi gh humi dity . 

N o  anthers were obs erved t o  have l iberat e d  pollen pri or t o  extens i on o f  the  

s t i gma branches . In  rye grass the shortest  t ime b e tween t h e  ope n i ng o f  a 

flore t and anther  dehi s c e n c e  was 3 m i nutes  and the l onges t approximate ly 85 

m i nut e s .  I n  pra i r i e  grass the  c orresponding t i me int ervals were 4 m i nu t e s  

a n d  appr oximately 9 5  minutes respe c t i ve ly . The t imes for ry e gras s c orrespond 

to  the relat i ve durat i on of  2 minut e s  and 77 minutes  quo t e d  for this spe c i e s  

by Gregor ( 1 928 ) .  

N o  ins tanc es o f  a fl ore t fully opening and c l os i n g  twi c e  during the  s am e  

day o r  o n  suc c e s s i ve days were obs erved  i n  e i ther s pe c i e s  i n  the  pre s e n t  

s tudy . This i s  c ont rary t o  fi ndi ngs i n  �t alian rye grass b y  Gregor ( 1 9 28 ) .  
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The mean l e ngth of time  indivi dual fl or e t s  remained open was 1 67 

m inut es for ryegrass and 1 85 minutes  for prai r i e  grass . In n e i t he r  spec i e s  

was there any apparent relat i ons hip between t h e  durat i on o f  flor e t  opening 

and c l os i ng and subs equent seed s e t .  

The dai l y  period o f  anthes i s  i n  e ach s p e c ies var i e d  t o  some extent . 

Prai r i e  grass c ommenc e d  anthes is b e tween 4 a . m .  and 6 a . m .  and c on t inue d for 

from 8 hours ( days 4 and 6 )  to 1 4 . 0  hours ( d ay 1 ) . The mean dur a t i on over 

t h e  s ix days studied  was 1 1 . 0  hours . Ryegrass on the other hand b e gan dail y  

anthes i s  later  i n  t h e  morning ( 9- 1 1 a . m . ) and cont inue d for approx imat e l y  

6 hours . Atmospheric  c ondi t i ons , par t i cular ly t emperature and humi di t y ,  

appeared t o  r e gulate t h e  ons e t  o f  dai ly anthesis  i n  both spec i e s . 

Each ant her dehis c e d  by a l ongitudinal s l i t . The two s ac s  o f  t h e  

anther dehis c e d ,  i f  not s imul t an e ously , wi t h i n  a very few minut e s  of e ach 

othe r .  Given a gentl e  bre e z e  t h e  great bulk o f  t h e  pollen was shed  wi thin 

a few minut e s  of anther deh i s c enc e .  

In both spec i e s  t he i mpor t ance  of  night temperatures on the  pat t ern o f  

dai ly anthe s i s  was mar k e d .  H i gh n i ght t emperatures ( appr oximat ely  1 0°C or 

h i gher ) generally resu l t e d  in  e arl i er ons e t , contrac t e d  durat i on and e arl i e r  

peak anthes i s  and also redu c e d  t h e  length o f  time indi vi dual fl ore t s  r emaine d 

open i n  both ryegrass and pra i r i e  grass . L ow n i ght t emperatures generally 

had an oppos i t e e f fec t . This promot i on o f  daily flowering i nt ens i t y  as a 

resul t of e xposure t o  h i gh n i gh t  t emperatures c oul d be cons i de r e d  in  r e l at i on 

t o  the  findings of other workers ( Suneson 1 9 41 , Livings ton and Swinbank 1 950 , 

Hesl op-Harr i s on 1 957 , and Olugbemi  1 968 ) who as previ ously s t a t e d  have 

suggest ed t hat anther devel opment and pol l e n  maturati on are enc ouraged by 

h i gh nigh t  t emperature s .  

Thi s  would result in . anthers maturing and c ontaining ripe pollen i n  a 

c ond i t i on for dehis c enc e .  As a result an intens i ve and c ont rac t ed anthe s i s  

patt ern c ou l d  occur provided daily environmental c ondi t i ons we�e favour abl e .  

Wi t h  l ow ni ght temperat ures the rate  of anther and pol l e n  deve l opment c ou l d  



b e  r e t arde d ,  w i t h  the resul t that anthes i s would b e  delaye d  unt i l  t emperatures 

sui t able for the c omplet i on of thes e processes oc curr e d .  

I n  rye grass h i gh temper at ur es ( above approximat ely 1 0°C )  duri ng t h e  two 

n i ghts  pri or to the day o f  ant h e s i s  als o resul ted  in a greater number of fl oret s  

open a t  t h e  time  o f  peak ant he s i s .  Low night temperatures ( approxima t e ly 

0-5°C )  had an oppos i t e  e f fec t .  Thes e  f indi ngs s upport the  sugge s t i on by 

Evans ( 1 9 1 6 )  that in t imothy daily anthesis  pat tern  "s eems t o  depend to some 

ext ent on the c l i mat i c  c ond i t i ons during  the pre c e ding days '' •  

The results for bo th s p e c i es do not generally support the sugge s t i on by 

Hov i n  ( 1 958 ) and M aun et al ( 1 969 ) t hat high nigh t  t e mperatures arrest  normal 

anther devel opmen t . Howe ve r , the results cannot b e  c ons i de r e d  t o  be a d i r e c t  

contrad i c t i on o f  findings by these  workers as maxi mum n i gh t  t emperatures o f  t h e  

order o f  20°C as use d  i n  t h e i r  previ ously described  experiments wi th P o a  s pp .  

were not reached i n  t h e  pres ent s tudy . 

I n  both spe c i es daily anthes i s  patt ern was s trongly i n fluenc e d  by day 

t emperature . Low t emperatures ( b e l ow approximat e ly 1 4°C i n  rye gras s and 

1 6°C in pra i r i e  grass ) dur i ng the day e i ther inhi b i t e d  anthes is ( par t i cularly 

in ryegrass ) or , when anth e s i s  occurre d ,  a f fe c t e d  the numbe r  of fl or e t s  open 

at peak anthes i s  and increas e d  the durat i on of daily ant hesis  i n  both s pe c i e s . 

In add i t i on , und e r  such condi t i ons l ow t em�eratures  caus e d  a delay i n  t h e  t ime 

to peak anthes i s  i n  rye gras s .  I n  prairie  grass indi vi dual flor e t s  r e mai n e d  

open for l onger and t h e  percentage o f  fl orets open a t  peak anthes i s  was 

re duc e d .  

Low relative  humi d i t y  ( below approxi mat ely 50% )  during  t h e  day o f  anthes i s  

ge nerally advan c e d  the t im e  o f  peak flowering i n  prair i e  gras s , but t h e  

perc ent age o f  flore ts open at this  point was o f t e n  h i gh ( over 7 5% ) . I n  both 

s pe c i es l ow hum i dity r e duced  the  numb er of  flor e ts open a t  peak ant he s i s .  

Daily hum i d i t y  l evels apparently exerted  l i t t l e  e f fec t  o n  the durati on o f  

anthesis  or on t he l ength o f  t ime indi vi dual flore ts r emaine d open i n  pra i r i e  

gras s . However , i n  rye gras s  l ow humi di ty generally resul t e d  i n  an e ar l i e r  
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onse t  o f  anthes i s  and redu c e d  the t i me indivi dual fl or e t s  remained  open . 

L i ght appare ntly  play e d  l i t t le part i n  i n fluencing dai ly fl owe r i n g  

pat t e rn i n  rye grass alt hough l ow l i ght int ens ity delay e d  the ons e t  of  

anthes is . This relat i v e ly minor e ff e c t  o f  l i ght on fl owe r i n g  was unexpe c t e d 

as Eme c z  ( 1 9 6 1 ) and Lambe r t  ( 1 9 6 6 ) had both s t ressed the i mport anc e  o f  l i gh t  

int ens i t y  on dai ly anthes i s  pat tern i n  S 2 3  and S24 ry egrass and i n  s48  t imothy . 

The i nfluenc e  o f  l i gh t  intensity  on durat i on of  dai l y  anthes i s  i n  prair i e 

grass was not c l ear when this fac t or was c onsidered as an independent var i ab l e . 

During day 1 r educ e d  l i gh t  i nt ens i ty apparent ly i n t erac t e d  with  t empe r ature and 

hum i d i t y  resul t i ng i n  protracted  durat i on of  ant hes is . Althou gh ext ended  

durat i on o f  fl ower i ng als o  oc curred on days 2 and 5 l i ght i n t e ns it y  al one d i d  

n o t  appear t o  b e  the s ol e  c ontr i buti ng caus e .  The only other s i gni f i c an t  

l i gh t  e ffec t  i n  prairi e grass was that o f  l ow l i ght i n t ens i ty r e du c i n g  the 

number of fl orets  open at the  t ime o f  daily peak anthes i s .  

Although i t  was o ft e n  d i f fi cult  t o  int erpr e t  s ome o f  the  s i gni fi c ant 

t reatment e f fe c t s  shown in the present s tudy shading appear e d  to delay the 

t ime o f  peak anthes is  and t o  r e duce  the  per c ent age o f  florets  open at peak 

anthesis i n  prai rie grass . 

The maximum l i gh t  values obtained i n  this s tudy were 1 902 uni t s  for 

rye grass ( day 1 1 } and 1 77 8  units for prai r i e  grass ( day 6 ) .  These f i gures 

represent maximum l i gh t  l evels o f  approximat ely 1 0 , 500 and 9 , 800 foot c andles 

per hour respe c t i vely . The former f i gure is approximately 2 and 5 t imes 

higher than the level quot e d  as i n fluenc i ng ant h es i s  in S23 and S24 perennial 

rye gras s  by Eme c z  ( 1 9 6 1 ) .  



Whil e  i t  is impor t ant  that grass anthers be fully expos e d  t o  the 

envi ronment  dur ing anthesis it  appears t hat air movement is  necessary t o  c arry 

pollen away . Faegri and Pi j l  ( 1 966 ) have sugges t e d  that the opening o f  grass 

anthers caus es s om e  arrest of the pollen , whi ch will  s oon block the e x i t  unl ess 

m ovement of  the s t amens removes the first  poll en.  This is prob ably t he reas on 

why e ven l ow wind speeds influenc e d  the rate of anther dehiscence  and pol l e n  

liberat i on .  

Wind speeds over approxi mat ely 1 0  m . p . h .  delay e d  both the t ime  o f  ons e t  

and t i me o f  peak anthes is i n  rye grass , and caus ed c l os ing o f  open fl or e t s  and 

cessat i on of  fl ore t  openi ng i n  both s pe c i es . Conversely l ow wind speeds o f  

appr oxi mat ely 3-5 m . p . h . apparently advance d  anthes is ons e t  and extended the  

durat i on o f  daily fl owering.  

I n  rye grass , l ooking at t r eatment e ffe c t s  gen erally , i t  appeared that 

shelt e r  led  to ear l i er ons e t  o f  daily anthesis . Plant s i n  shel t er e d  t re atments 

general ly c ommenced  anthes i s  earl i e r  i n  t he day t han plants i n  t reatments 

expos e d  to the wind . 

I n  the present study ( i n rye grass i n  parti c u l ar ) i t  was observed t hat the  

presence  of  heavy dew  retarded or  e ven inhibited  t h e  ons e t  of  anthes i s , unt i l  

mois ture o n  the florets had evaporat e d .  

I n  both spe c ies  the e f fe c t  o f  rain on anthes is  was not well d e f i ne d .  I f  

rain oc curred a f t e r  fl orets  had s t ar t e d  t o  bloom o n  a part i c ular day , an d the 

temperature was warm ( over approximate ly 1 5°C ) , there  appear e d  t o  b e  l i t tl e  

appar ent  i nhi b i t i n g  e f fe c t  of  rai n , i n  that flor e t s  c ont inued t o  bl oom . 

Howe ver , under t hese c ondi t i ons rain generally has t ened the c l os ing o f  fl o re t s  

in whi ch anther dehis c ence  had already oc curre d and r e t arded t h e  ope n i ng o f  

further flore t s . This resul ted  i n  e arl ier peak anthes is , par t i cularly i n  

rye gr ass . Under l ow t emperature condi t i ons anthesis  intens i t y  was re duc e d  

o r  n o  further fl orets  were observed t o  open when i t  was raining.  
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The maj o r  e f fect o f  rai nfall i n  both s p e c i e s  was t o  advance t h e  t ime o f  
I . 

peak anthesis and t o  curtai l  or i nh i b i t  anthes i s  under l ow t emperature and 

hi gh humidity  c ondi t i ons . 

The e ffe c t  o f  rain fall was apparently not  a predominantly phy s i cal one , 

open floret s  not ne cessar i ly c l os i ng due t o  the presence of  free wat e r  on t he 

e xpos e d  fl oral organs . Thi s  was par t i cularly evi dent i n  ry egrass ( days 3 ,  6 

and 9 )  where anthesis  c ont inued during l i ght rai n .  

The e ffect  o f  rain o n  anthes i s  was more marke d  i n  ryegrass than i n  prai r i e  

grass . Th is  suggests  that the lat t e r  spec i e s  was more t ol erant t o  envi r onmental 

c ond i t i ons whi ch c ould affe c t  daily anthes is  pat tern.  This i s  further  

suppor t e d  by the  fact t hat far fewer s i gni f i c ant envir onmental c orrelat i ons were 

d e t e c t e d  in prai rie grass than in rye grass t hroughout this s tudy . 

One of the fac t ors whi ch had a maj or bearing on the pat tern and i n t e n s i t y  

o f  daily anthes is i n  both spec ies , was the number o f  flor e ts open o n  the pre vi ous 

day . In generall int e ns i ve anthes is  on one day was foll owed by later  ons e t  

and by reduced  numbers o f  fl ore t s  open dur i ng anthes is on t h e  succeeding  day . 

This was par t i c ularly the  case  when the i n tervening n i gh t  t emperature was l ow 

( be l ow approximat ely 6 °C )  and was als o  dependent upon the minimum n i ght 

t emperature pre vai l i ng two n i ghts prior to the  day of  anthes i s .  

I n  this  s tudy i t  was oft en di ffi cult t o  explain s ome o f  the s i gn i fi c ant 

effe c ts wh i ch occurre d  between treatment s . In prai r i e  grass l i t t l e  e f fe c t  

due t o  shelter and c overed t r e atment c ombi na t i ons was observe d .  In rye grass 

shade and c overed treat ments sh owed l i t tl e  e ffe c t  on anthes i s . This was 

at t r i bu t e d  t o  the fac t t hat t em perature , and to a l esser ext ent hum i d i t y , 

were t he fac t ors exert ing t he mai n influence on daily anthes is . Unfor t unat ely 

the variat i on in le vels o f  these two envir onment al c omponents b etween t reatments 

was not as great as expec t e d .  In b o t h  cases only a mean var i a t i o n  o f  

0 approximately + 1 . 5  C occurred between all t reatments us ed i n  the  present 

study . 



B. POLLINATION, FER T ILIS ATION AND S EED ' SET '  

INTRODUCTION 
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Observat i ons o f  ant hes is alone give l i t t l e  or no i n format i on on the  

abil i t y  or otherw i s e  o f  pol l inati on t o  u l t imat ely resul t  in s e e d  de vel opment 

( Beddows 1 931 ) .  

Whi l e  at t empts have been made t o  d e termine some o f  the e nvironment al 

fac t ors wh ich a f f e c t  anthes is , i t was als o  important that in format i on b e  

obtained about t he  processes o f  poll inat i on and fert i l isat i on .  For t h i s  

re as on observat i ons w e r e  made o f  t he poll i nat i on ,  fert i l i s at i on an d s e e d  

s e t t i ng of rye gr ass an d t o  a l esser  ext ent prai rie grass . 

LITERATURE REV I EW 

The t erm ' po l l i nati on '  is used t o  des c ribe proc esses o c c urring from 

the t ime of  ant her dehisc ence  unt i l  the pollen tube reaches the embry o sac 

i n  the ovary . The t erm ' fe r t i l i s at i o n '  i nfers the ac tual fus i on of  the male 

nuc l eus with the ovum . ' Se e d  s e t ' is  us e d  t o  describe the early gr owth of 

the embryo and endosperm o f  a suc cess fully fert i l is e d  ovary . 

Ansl ow ( 1 963 ) quotes V i ss er ' s  work on the re ten ti on of  viab i l i t y  of 

p ol l e n , wh i c h  s t at es  that the l i fe of poll en grains of the Grami neae is short , 

espec i ally under c ond i t i ons of  low hum i d i t y .  Ans l ow there fore suggests that , 

s i nce  anther exser t i on i n  rye grass is mos t profus e under c o n di t i ons of  l ow 

re l at ive humi d i t y , pollen l i fe should be short e s t  at t i mes o f  the day when 

mos t pollen is shed.  Als o ,  Jones and  Brown ( 1 951 ) sugge s t e d  "that the p o or 

s e e d-set obs erved in s ome grass spec ies may be due t o  t he sus c e pt i b i l i ty o f  

the  s t i gmas t o  damage under h i gh t emperatures and t o  des s i cat i on o f  t h e  poll e n " .  

Wat anabe ( 1 955 ) has described t he morphol ogi c al changes undergone by 

pol l en grains in c ontact with the s t i gmas of a range of Grami neae , and al s o  

n o t e d  that when the progress of  pol l e n  germinat i on i s  dis t urbed pollen grains 

t e nd to shr i nk or burs t a� any s t age . He als o obs erved ( 1 958 ) that wi thering 

o f  the s t i gmas of  grasses begins a few hours after  poll i nat i on pos si bly due t o  

a n  i ncrease  i n  c ell pe rmeabi l i ty of  the pol l i nat e d  s t i gma c e l l s . This 

' s t i gma reac t i on '  was de fined by Kato and Watanab e ( 1 957 ) as the change t ak i ng 
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place i n  the s t i gma c ells foll owing the at t achment o f  poll en grai ns t o  them . 

S e l f inc ompat ab i l i ty , the i nabi l i ty o f  a plant wi t h  func t i onal game t es t o  

produc e sel fe d  s e e ds , oc curs wi dely ( Br ewbaker and Maj umder 1 9 59 ) , and is  

probably t he mos t import ant outbre eding mechanism in  many fl owe r i ng plants 

( Lundq v i s t  1 959 ) .  Incompat ab il i ty results from t he inhi b i t i on of  poll en tube 

grow t h , occurring ei ther on the s t i gma or i n  the  p i s t illar t i s su e .  

I n  the Gram i neae t h e  i nhi b i t i on o f  s e l f-pollen i s  c on fi ne d  t o  t h e  t i ps 

o f  t h e  s t i gmat ic hairs ( Br ewbaker and Majumder 1 9 59 ) .  Gregor ( 1 928 ) not e d  

that in  s e l f  pol l inat e d  rye grass plants many poll e n  grains germ i nat e d  o n  t h e  

s t i gma.  Howeve r , growth was r e t ar d e d  after pollen tubes  had t rave l l e d  a 

short dist ance  i n  the s t i gma branches and no t ubes  were  obs erved t o  e n t er the 

central c ol umn . Sel f s t e r i l i t y  i n  this spe c i es oc curs because the male 

gam e t e s  fai l  to reach the ovul e s . 

Charact er i s t i c s  o f  the  poll en grains of  gras s es , inc luding ry e grass and 

prair i e  grass have been described  by Wodehous e ( 1 965 ) . 

On the  s t i gma , gras s pollen shows about 60-80% germi nat i on under natu ral 

as well  as art i fi c i al pol l i nat i on c on di t i ons , the percentage o f  germinat i on 

increasing wi t h  greater p ollen  and s t i gma mat uri t y .  ( Watanabe 1 9 61 ) .  

Several other workers have gi ven detai l e d  descript i om of  the poll inat i on 

and fer t i l isati on proc ess es i n  spec i fi c  members o f  the Gramine ae . ( Pope 

1946 in barl ey ; Brown and S hands 1 957 in oats ; and Ho�hikawa 1 9 59 , 1 960 i n  

wheat ) .  The s e  des cript i ons c l osely fol l ow the general sequenc e out l i n e d  by 

Jame s  and Cl apham ( 1 935 ) . 

Brewbaker and Majumder ( 1 959 ) obs erved that pollen  grains have a mutually 

s t i mulat i ng e f fect on pollen germi na t i on ,  s o  that at l ow c onc e nt rat i ons , their  

germi nat i on is low . Thus Ans l ow ( 1 963 ) sugges t e d  that the  poss i b i l ity o f  an 

ovule be ing fer t i l i s e d  w as l ikely t o  be redu c e d  w i t h  fewer pollen grains 

fall ing on the s t i gma.  

I n  his st�di es on poll en tube  growth and fer t i lisat i on i n  barl ey , Pope 

( 1 9 46 ) s ugges t e d  that , s ince  no evi dence was seen of  d i ges t i on of  c e lls t o  



allow pass age of  the  pollen  tube , i t  was probable t hat pec t inas e , s e c r e t e d  by 
' 

the  p oll en tube , dissolved the  mi ddle l amellae , thereby permi t t i ng the pass age 

of t h e  tube between  the c e l l s  of t he c onduc t in g  t issue . Howeve r , more r e c e nt 

hist ologi c al s tu d i es of  poll en and pol len tubes by Poddubnaya-Arnoldi e t  al 

( 1 959 ) have s hown that the mos t ac t i ve are a  of t he pollen t ube  was in the  t i p ,  

whe r e  h i gh pe roxi das e  ac t i vi ty an d i nt ens ive phosphatase s e c re t i on prov i de the 

pol l e n  t ube with nutrit ive  s ub s t anc es  and s o f t e n  surrounding t i ssues by 

d i ss o l ving t hem , fac i l i t at i ng the entry o f  the poll en tube into the ovary . 

P ol l e n  Germinat i on on Arti fi c i al Me d i a  

T h e  pol l e n  o f  many types o f  plants  h a s  been  t es t ed for viab i l i t y  under 

a wide range of  cultural c ondi t i ons .  Emerging from a c ompl e x  ass or tm ent o f  

findi ngs is one general c onclus i on - t hat c e r t ai n  poll en species  are e x c e e d i ngly 

d i f fi c ult t o  ge rminate in vi tro . Pollen of  members of  the  Gramineae are 

notori ous i n  this  respe c t . 

I n  mos t  ins tances , poor pollen tube devel opment i ndi c at e d  that , althou gh 

t h e  c ulture me d i a  us e d  by di f ferent w orkers were adequate for pol l en germi nat i on ,  

they l acked s ome of the  i ngre d i e nt s  pres ent i n  the style . Eshel ( 1 9 68 ) 

sugge s t e d  t h e r e  were pos s i bly s e ve ral cons t i tuents  releas e d  by metab o l i c  

pro c es s e s  when t h e  polle n  pene trat e d  t h e  s t i gmat i c  s ur fa c e  and grew between 

t h e  s tylar c ells . 

Anthony and Harlan ( 1 920 ) obt ained  inc ons i s t ent resul ts  in at t e mpts t o  

germi nate  bar l ey pollen art i fi c i ally . The out s t anding feature o f  t h e i r  

experiments was t he extreme del i c ac y  o f  t h e  wat e r  adjustment of  t h e  grai n .  

Expose d  t o  dry air for a s  l i t t l e  as 2 minutes , t he walls  o f  t h e  gra i n  c ol laps e d  

t hr ough wat er l oss . I f  grains were plac e d  i n  a saturat e d  atmospher e they 

imbibed wat er s o  fas t t hat they als o  burs t .  Bair and Loomis ( 1 941 ) sugges t e d  

t hat apparently a near i s o t onic  relati onship b e tween the  nut r ient  me dium and 

the cyt oplas m  was req u i r e d  t o  pre ve nt burst ing.  

At best h owever , a germinat i on per centage obt aine d by plac i n g  poll en on 

art i fi c i al me dia can be expe c t ed to give only an indi c at i on that a t  l e as t  s ome 

pollen  is viabl e ,  and i s  not  a rel i able pre-pol l i nat i on es t i mate of its potency 
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i n  t h e  f i e l d  ( K ing 1 9 55 ) . 

Methods for Det e c t i ng Pol l e n  Tube Growth 

Many inves t i ga tors have at t empt e d  t o  d e te c t  the  pres enc e o f  pollen t ubes 

i n  t he s tyles o f  fl owe ring plant s . Chandler ( 1 931 ) devi s e d  a t e c hnique i n  

whi c h  ac e t o c armine , ani l i ne blue and magenta were us e d  t o  stain  pol l e n  t ubes 

o f  s mall fl owers , and Nebel ( 1 931 ) s imilarly appl i e d  a l acmoid-mar t i us y e l l ow 

s ta i n  on a range of  spe c i es . Wilson and Brown ( 1 957 ) use d  lacmoi d t o  t rac e 

the  pat tern of  pollen tube  growth i n  the s tylar t issue o f  pra i r i e  grass , oats 

and c ocksfoot , and Adams ( 1 953 ) employed potassium permangan at e , oxal i c  ac i d ,  

and lact ophenol i n  work o n  mai ze . S tudies  on pollen tube d evel opment i n  

barl ey us ing p otass i um i o di de - i od i ne s oluti on have been  c arr i e d  o u t  b y  Pope 

( 1 946 ) .  Bolt on and Fry e r  ( 1 937 ) m i crotome-s e c t i oned lucerne styles . A 

l a c t ophenol- c o t t on blue s t ai n  was us e d  by Gre gor ( 1 928 ) t o  d e t e c t  pollen tube s  

i n  t h e  stylar t issue o f  a range o f  spec i es , including four grass es , and Dionne 

and Spi ce r  ( 1 958 ) us e d  s a frani n  and ani li ne b lue t o  s t ai n  poll e n  tubes in 

d i s s ec t e d  s tyles an d s t i gmas . Dat t a  and Naug ( 1 967 ) als o  us e d  Gregor ' s  ( 1 928 ) 

t e chnique with  success i n  s tu d i es o f  pollen tube devel opment i n  rye grass . 

Des p i t e  all o f  the s e  methods , whi ch have b e e n  us e d  w i t h  apparent  s u c c ess , 

t h e  B i ol ogi c al Stain Commis s i on ( 1 962 ) rec ommend e d  the t e chniques des c r i b e d  

by  Chandler ( 1 931 )  and N ebel ( 1 931 ) as t h e  most s u i t abl e and e f fec t ive  methods 

for d e t e c t i n g  the pres e n c e  o f  pollen tubes i n  s tylar t issue o f  a w i de r ange 

o f  plant s . 

S e e d  S e t  

T h e  t er m  ' s e e d-s e t ' has been  wi dely used  i n  dis cuss i ons on s e e d  product i on .  

I n  many c as es the pre c i s e  mean i n g  of  the t e rm is  uncl e ar . 

Many workers have us e d  t h e  number o f  fully devel ope d s e e ds o n  a s e e dhead 

as the  c r i t e r i on for m e asur ing ' se e d  s e t ' ( Sto ddart 1 9 59 , Ans l ow 1 963 , 1 96 4 ,  

Kahre 1 9 64 )  whil e  others s e e m  t o  equate this  pro c ess w i th s u c c ess ful 

fert i l i s at i on ,  ( Anthony and Harlan 1 92 0 ,  Gregor 1 928 , Beddows 1 93 1 , Jones and 

Brown 1 951 , Crocker and Bar t on 1 953 , Gri f f iths and Lewis 1 9 67 ) or s e e d  
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d e velopme n t  ( Je nkin 1 93 1 , Knowles  1 943 , Smith 1 944 , Butler 1948 , Barnard 1 955b , 

Ryt ova 1 96 8 , Campbell , McBean and Gree n  1 9 69 ,  Campbell and Fergus on 1 969 ) . 

' Se e d-s e t ' as shown by e arly embryogenes is  appear s  t o  b e  s imply an i nc re as e  

in  the number o f  cells  in  the ovary ; ' s e t ' being i n d i c a t e d  by the  pre s en c e  o f  

c e ll divis i on foll owing suc c es s ful fert il isat i on .  Unl ess t h i s  c ell  d i vi s i on 

oc curs t h e  ovules e ventually s hr i vel and di e ,  even though poll inat i on has taken 

plac e . 

MATER IALS AND METHODS 

In t he pres ent s tudy di f ficul ty was e xperi enc e d  in the d e t e c t i on of the 

path o f  p ollen  tube devel opm e nt within the  s t i gmat i c  hairs and styl ar t is sue . 

Vari ous m e thods of  mount i ng and s taining s t i gmas were t ri e d .  Unfortunat ely a 

suitable  method was only obt ained  late in  the inve s t i ga t i on . The t e chnique 

finally adop t e d  was as des c r i b e d  by Chandl er ( 1 931 ) ,  using ac e t a-c armine , 

ani line  b lue an d magenta foll owed by des taining i n  abs olu t e  alc ohol . The 

cyt oplasm of the pollen tubes s t ained blue and th e surrounding tissue  p i nk t o  

red .  Thin hand-cut  s e c t i ons were found t o  be s u i t able  for the purpose as 

they all owed relat ively long por t i ons o f  pollen t ubes t o  be det e c t e d .  

RES ULTS AND DIS CUS S ION 

At tempts to germinate pollen art i fi c i ally in sucros e solut i ons or on t h e  

sur fa c e  of agar media c ontaining sucrose were uns u c c es s ful . The add i t i on o f  

boron as advoca t e d  by O ' Kelley ( 1 959 ) als o  pr oved i ne f fe c t i ve .  How e ver , on 

the bas i s  o f  reac t i on of pol len grai ns i n  1 %  t e t razolium chloride  solu t i on 

both rye grass and prairie gras s were obs e rved t o  pr oduc e a high per c e n t age of  

viable  p ol l e n .  Almos t invar iably a t  l e as t  80% o f  t h e  grains i n  e ach s pe c i e s  

showe d int ense s taining whe n  plac e d  i n  t e t razoli um s ol u t i on for 30 m inutes . 

A small perc ent age of  grai ns were e i ther devoid o f  c ontents  or s t aine d only 

sl ightly . Thes e  were c ons i dered t o  be  non-vi able . The s e  findings i n fer 

t hat l ow v i abl e pollen pot ential i s  probab ly not an important fac t or 

i n fluencing poll inat i on e ffect i veness . 

Grains adhering t o  t h e  s t i gmat i c  hai rs soon germinate in the sugary 

s olut i on s ecre t e d  by the papillae of a mature s t i gma.  ( James and Clapham 1 935 ) , 
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producing a s ingle pol l e n  t ube through the germ pore . The tube nucleus 

moved to  the t i p  of  the tube whi ch pas s e d  be tween the s t i gmat i c  papillae . 

· A diagrammatic  repres entat i on o f  pol l i nat i on and the path of  pollen tube 

devel opment i n  ry e grass is shown in Figure 27 . 
The fac t or whi c h  caus es pollen tubes t o  grow down the  s tyle t owards the 

ovul e ,  thus bringing about fer t i l i s at i on in  a wide range o f  plants has been  

s hown t o  be  an  i ncreas i ng c al c ium gr adient ( Mascarenhas and Mac hl i s  ( 1 964 ) 

and Van Overbeek ( 1 9 66 ) ) .  

The p ol l e n  tubes did  not travel in  one plane within the s tylar tissue . 

Frequently only shor t l e ngths of  pollen tubes were obs erve d in  s e c t i oned 

mat er i al . The pollen tube cont i nu e d  growth down the out er wall o f  the ovary 

and eventually  e nt er e d  the m i cropyl e .  

Prior t o  fert i l i s a t i on the ful l y  devel oped ovule was in  an apparently 

res t i ng s tate , t here  being n o  evidence  of cell divis i on in any of  its parts  

( Plate 7 ) .  

Following m i c r opyl e  ent ry t he generati ve nuc leus o f  the pollen tube 

d i v i d e d  into  two male  nuc l e i . When the tube reached the  embry o sac i t s  t i p  

per forated t h e  wall of  the s ac , pushe d  between t h e  two s ynergi dae and open e d  t o  

li berate the mal e nuc l e i  ( Plate 8 ) . 

The fat e o f  the tube nucleus was not determine d ,  althou gh i t  appe are d  t o  

r e main intac t unt i l  o r  s l i gh tly after the point of  mal e  nuc l eus discharge . 

James and Cl apham ( 1 935 ) have s ta t e d  that in the proc e s s  o f  fert i l i s at i on one 

male nuc leus from the pollen tube fus e d  with the e gg nuc l eus whi l e  the othe r  

fus e d  with t h e  central nucl e i . The firs t fus i on ,  o f  male nucleus and ovum , 

and the further devel opment o f  the  fer t i l i s e d  e gg gave r i s e  t o  t he embry o .  

The s e c ond fus i on ,  of  male nucl e us and central nuclei underwent rap i d  c ell 

d i vis i on ,  and eventually d evel ope d into  the endosperm . 

Unless this proc ess  oc curre d t he ovule eventually shri velled an d di e d , e ven 

though p ol l i nat i on had t aken pl ace  ( James and Cl apham 1 935 ) . Thus al thou gh 

p oll inat i on was an ess e nt ial pre l iminary , i t  was e ffe c t ive ferti l i s a t i on whi ch 

was the  e s s e n t i al pr ocess i n  s e e d  produc t i on .  Once cell  divi s i on o f  the e gg 
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apparatus had been  observed b y  mi crot ome s e c t ioning a s e e d  was cons i de r e d  t o  
I 

have ' se t ' ( Plat e 9 ) . I n  both s pe c i es s tu d i e d  this s t age was obs erved  t o  oc cur 

wi t h i n  4 days aft e r  ant hesis . S e e d-s e t  det erminati ons were t he re fore made a t  

t h i s  t i m e  interval fol l owing anthes is . 

Imme diat ely aft er fer t i l isat i on the fus ion nucl'e i  divide d r epeat e dly . 

Jame s  and Clapham ( 1 935 ) state  that gene rally the fer t i l i s e d  egg d i vi des i n  a 

charac t eris t i c  way , forming a chai n o f  c e lls of which t he one at the  m i c r opyl ar 

end bec omes enlarge d .  This c el l  and all the others except t he one at the far 

end cons t i tut e the s uspensor . The embryo is formed pri n c i pal ly from the e nd 

c e l l  rem ot e from the  micropyl e .  In  the pres ent study however despi t e  t h e  

large number o f  mic rot ome s e c t i ons c u t , no  evidenc e o f  s uspens or format i on 

was observe d .  

I f  n o  suspensor i s  formed  this could b e  cons i de r e d  t o  b e  an e volut i onary 

adapt at i on all owi ng rap i d  s e e d  devel opment . This i s  par t i c ularly s i gn i fi cant 

since both rye grass and prair i e  grass have been previ ous ly s hown to deve l op 

vi abl e  s e e d  as l i t t l e  as 7 days and 4 days after anthesis respe c t ively ( Page 1 00 ) . 

The e l i minat i on of a s us pens or s tage c ou l d  allow c e ll d i vi s i on t o  occur rapi dly 

and wou l d  eliminat e one s tage in the process of s e e d  deve l opment fol l owing 

fer t i l isati on.  Th is would also r e du c e  t h e  numb e r  o f  or ganisati onal s t ages a t  

whi ch fai lure o f  de vel opment could oc cur . 

A necessary c ondi t i on for the  devel opment of  the  s e e d  is t hat fer t i l isat i on 

of the e gg within t he ovule occurs . A hist ologi c al s tu dy o f  the ovary duri ng 

the per i od imme d i at ely fol l ow ing c ompl e t i on of pol l e n  tube  gr owt h  permi t t e d  a 

meas urement o f  the frequency with wh i ch fert ilisat i on oc curre d .  Fai lure o f  

fert i lisati on c ou l d  thus be  dist i nguish e d  from subs equent fai lure t o  develop 

s e e d .  

Pre vi ous work o n  a range of  plant  s pe c i es has sh own that temperature 

exer ts a s t r ong in fluence on the rate . o f germ tub e  growth foll owi ng p ol l e n  

ge rm inat i on ( Smith and Cochran ( 1 935 ) in  t omatoes , S exsmi th and Fryer ( 1 9 43a , 

1 943b ) i n  luc erne, and Pope ( 1 946 ) and Br own and S hands ( 1 957) i n  b arley . 

The results  in Tab l e  2 1  show that the t ime inter val from p ol l i nat i on t o  s e e d  
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• se t ' i n  rye grass and prairie grass i s  als o i n fluenced by t e mperature . 

TABLE 2 1  Mean Time Intervals R equired for Comple t i on of  V ari ous Stages 
of  Pollinat i on,  Fer t i l is a t i on and S e e d  ' Se t ' . 

S t age 

Pollen 
germinat i on 
after poll inat ion  

Pollen  tube 
growth i n  
s t i gma branches 

P ollen  tube 
i n  c ent ral column 

Pollen tube 
reac h e d  ovary 

Tube e n t ry 
t hrough mi cropy l e  

Firs t division  
o f  fer t ilised 
egg ( s e e d  ' se t ' ) 

Rye grass 

I ncubat i on temperature 
and t i me ( hours ) 

2 0°C 30°C 

0 . 32 
( 1 9 mins ) 

0 . 7  

1 . 3 

4 . 6  

7 . 9  

Approx . 
74  

0 . 2  
( 1 2 mins ) 

o . 6  

1 . 2 

3 . 7  

6 . 8  

Appro x .  
6 8  

Prairie Grass 

I nc ubat i on t e mperature 
and t i me ( hours ) 

20°C 30°C 

0 . 1 3  
( 8 mins ) 

0 . 5  

1 . 3 

3 . 4  

5 . 4  

Approx . 
2 7  

0 . 1 2  
( 7  mins ) 

0 . 5  

0 . 9  

3 . 0  

4 . 7  

Approx . 
2 2  

The  maj or d i fference betwe en t h e  s p e c i es is i n  t he t ime requi red for 

the f irst divi s i on of the fert i l i s e d  e gg - approximat ely 24 hours for 

prair i e  grass versus 72 hours for rye grass . This i nfers a much sh ort e r  

' res t '  period pr ior  t o  zygo t e  divi s i on i n  the  former spec i e s . I t  i s  

poss i bl e  that t h e  l en gth of t h i s  ' re s t '  per i od may have a bearing o n  the 

subse quent abi l i ty or failure o f  s e e d  devel opment . I n  prairie  gr as s ovu l e  

abort i on was not  c ommon . I n  ryegras s , however , i t  is pos s i bl e  that the 

60-65 hour delay fol l owing tube entry through the mi cropyl e  be for e zygote 

divis i on may have i n fluenc e d  the number o f  fertilised  ovules e ventually 

deve l oping int o s e e ds . 

Despi te the  l arge number o f  s e c t i ons cut , n o  e vi den c e  o f  the  pres ence  o f  

e i th e r  central or  polar nuclei  was obs erve d .  Apparently i f  these  are pre s en t  

they dis i nt egra t e  or disappear some t i me prior t o  fer t i l is ati on .  Coincident 

wi t h  fertilisat i on ,  ac t i ve cell  divis i on occurr e d .  Ferti l is e d  ovules  c ould b e  
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dis t i n guished  fr om thos e t hat had n o t  been fert i li s e d  by t h e  increas e d  s iz e  o f  

the ovary 96 hours after pol l i nati on .  I f  e f fective fert i l i sat i on did  not  

occur there  was no further ovul e devel opment , the  embryo s ac c ol laps e d  and 

event ually the ent ire  ovule . I n  this  c as e  only a ves t i ge o f  the ovary 

rema i n e d  at a lat er dat e  ( Pla t e  1 0 ) . 

Plat e 1 0  M i c ro t ome S e c t i on o f  Rye grass S e e d  7 D ays A f t er 
P ol l i nat i on Show i ng Ovule C ollaps e Fol l owing 
Ine f fe c t ive  Fer t ilisat i on x 36 

Within  72 hours aft e r  pol l i nat i on ,  pollen tub es  had degenerat e d  and 

c ould no l onger be found wi th i n  t he ovary . At this  point , the fer t i l is at i on 

pr ocess was c ons id er e d  t o  have e nde d .  For this reas on a val i d  est imate o f  

t h e  frequency with which t h e  process  o f  ' s e ed s e t ' oc curred ( as measured by 

t h e  frequency of  e f f e c t i ve fert i lisat i on ) could be made 4 days aft e r  anth e s i s .  



At a p o i n t  9 6  hours after pol l i nat i on the average number of  c ells in  the  

ovary o f  prai r i e  grass was about 50 , ( Plate 1 1 ) and i n  rye grass approximat e l y  

1 0 .  

P l a t e  1 1  Microtome Se c t i on o f  Devel opi ng Prai r i e  Grass S e e d  
Four Days after Pollinat i on x 4 5  

O n e  o f  t h e  most impor t an t  aspe c t s  was that n o t  al l ovules whi c h  were 

fer t i l i s e d  c ontinu e d  devel opm e n t  into  seeds . I n  a number o f  c ases  ovu l e  

c ol l aps e oc c urred in  ovari es i n  wh ich c e l l  divi s i on had c omme nc e d .  S i m i l ar 

findings h av e  been recorded by C oope r and Brink ( 1 940)  i n  luc e rne ( Me d i cago  

s at i va L ) . 

The mean perc ent age of fl o r e t s  s e t ting s e e d  i n  t he present s tudy was 

38 for rye grass and 79 for p ra i r i e  grass . The former f i gure is much l ow e r  

t h an the 62% quot e d  b y  Gr i f fi t hs and Lewis ( 1 967 ) i n  s tudies  o n  S24 ryegrass 
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and t h e  9 2 . 9% quot e d  by Jenkin ( 1 93 1 ) on a range o f  rye grass plant s .  The 

fi gure for seed set  in  prai r i e  grass c ompares favourably with the mean val ue 

of about 83% of s e e ds devel ope d in this species  given by Beddows ( 1 931 ) but 

is less  than the 97% quot e d  by Smi th ( 1 9 44 ) .  It  shoul d be  not e d , howeve r ,  

that i n  Smi t h ' s  experiments t h e  plant s s t u di e d  wer e  cons i de r e d  t o  b e  hi ghly 

or c ompl e t el y  s e l f- fer t i le . 

The number o f  s e e ds forme d  was less  in  many c ases t han m i gh t  b e  expec t ed .  

Even i n  a c l e is t o gamous spe c i e s  su ch as prairie  grass wh ere abs olu t e  fert i l i ty 

m i ght  be ant i c ipat e d ,  a vary i ng numbe r  o f  flore ts remai n unfert i l is e d .  
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S EED DEVELOPMENT 

INTRODUCTION 

The devel opment of the embryo does not c ontinue ind e fi ni t ely . Cell 

div i s i on gradually d e c r e as es i n  frequency and ult imat ely c e as e s . Concurrent 

with this  c e s s a t i on o f  cell divis i on , a progress i ve loss o f  wat er t akes plac e 

and the  out er c oat har d e ns . At compl e t i on o f  this  process the s e e d  is  ripe . 

At this  s t age the  endosperm c ells c ontain s t arch grai ns and prot e i n .  The 

mois ture c on t e n t  of a ripe  s e e d  is  l ow and t h e  food reserves c ons i s t  chi e fly 

o f  i ns olubl e s ubstanc e s , l i t tle  s ugar or  amino  ac i d  b e i ng d e t e c t ab l e . 

( Cr acker and Barton 1 953 , S t oddart 1 964a , 1 96 4b , 1 964c , 1 9 65 , 1 9 6 6 , and 

O j ima and I s awa 1 968 ) .  At this s t age the endosperm has b e c ome s ol i d  and 

granular in appearance .  

The ob j e c t  of  this  aspec t  o f  t h e  s tudy was t o  de t e rmine whe ther  t h e  

number o f  s e e d s  present at full devel opment was de t e rmine d s olely b y  t h e  

number of  s e eds  e ffe c t i v e ly fert i l i s e d , o r  whe ther c ollaps e or abort ion o f  

s e e ds occurre d during d e ve l opment . 

LITERATUR E  R EV I EW 

Knowl es and Baenz i ger ( 1 962 ) s uggest  that , while  a proport i on o f  the  

i n fert i l i ty i n  bromegr as s ( Bromus i nermi s )  and wheat grass ( Agr opyron spp ) is 

ge n e t i c  in  ori gin , the e nvironment influenc e s  the propor t i on o f  fl orets whi ch 

s e t  s e e d . Similarly Johnst on ( 1 960 ) has demons t rated  up t o  1 0% morph ol ogi cal 

s t e r i l i ty in  c ocks foot fl ore t s . Anslow ( 1 964 ) has shown that the pos i t i on 

o f  a fl ore t on a ryegrass he ad influenc es n o t  only i t s  chance o f  developing 

a large s e e d , but  als o  affects i ts chan c e  of  devel oping a seed at  all . N o  

i n formati on s eems t o  be  avai labl e o n  t h e s e  r elati onshi ps in  mul t i -branched  

panicles  ( Ry l e  1 965b ) . 

Coinc idental with  fert i l i s at i on ,  act i ve nuc l ear and cell  d i v is i on is  

s t imulat ed , c aus ing a c ons i derabl e i nc reas e in the  s i ze  of  t he ovul e i n  a 

s h ort period o f  time . In lucerne , Cooper and Brink ( 1 9 40 ) , observed  t hat 

f e r t ilis e d  ovules c ou l d  be  dis t i nguished from t hos e wh i c h  had net been  

f e r t i l i s e d  by  increas e s  in ovule s i ze , as little  as  48  h ours aft e r  poll inat i on . 
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They als o  n o t e d  that o f  the ovu l e s  whi ch b e c ame fert i l e , 34 . 4% cont aining 

inbred  embry os and endosperms c ol l aps e d  within  6 days o f  pol l i nat i on ,  

c ompared w i t h  only 7 . 1 % c ontain i n g  hybr i d  embryos and e ndosperms . 

While  they support e d  the c o n t e nt i on t hat wheat was mos t sus cept ible t o  

t e mperature s t ress at anthesis , Livi ngs t on and Swi nbank ( 1 950 ) als o  r e c orded 

i n j ury to  s e e ds in wh i c h  the  fert i l ised embry o had b e gun t o  develop.  They 

r e p or t e d  a s i gni fi cant  reduc t i on in average grai n we i gh t  produ c e d  on wheat 

plants fro z e n  very s oon aft er fert i l isat i on .  S i milar results have recorded  

i n  wheat plants  heat s t ressed on c ons ecut i ve days from fer t il i sat i on t hrough 

t o  s e ed maturity ( Paque t 1 968 ) .  

But l er ( 1 948 ) found that wheat grains i n  the milky stage o f  devel opment 

were more s us c e pt ibl e t o  frost dam age t han at a later s t age o f  development , 

al t hou gh apparently some germinat i on inj ury c ould occur when an appreciable 

amount o f  seed  mois ture was present . 

At las barley and Whi t e  Won d e r  Millet  were heat - s t ressed  at s t ages of  

maturat i on during the 5 weeks fol l owing heading by Lau d e  ( 1 967 ) . A s ingle 

e xp osure t o  a maximum t emperatu r e  o f  49 or 54°C was use d ,  and resul t e d  i n  

r educ ed germinat i on perc entage i n  b o t h  spec i e s .  

I n  s t u d i e s  o n  t h e  influen c e  of  t emperat ure o n  t h e  devel opment of the 

endosperm in wheat gra i ns Hoshikawa ( 1 960)  observed  that divi s i on of  the 

e n d osperm c ells ( i . e .  i ncrease in c e ll numbe r )  was independent o f  temperature . 

0 However , at high t emperatures ( 30 C c onst ant ) the rat e  o f  cell  gr owth was 

r e t ar de d ,  c e l ls be ing s maller and fewer in number t han those form e d  in the 

e ndosperm o f  grains held at 20°C .  Temperature als o  i n fluenc e d  s e e d  

maturat i on r at e ,  h i gh t emperatures ( 30°C )  short e ning t he t ime o f  r i pening o f  

t h e  s e e d .  S e e ds ripened at 30°C were als o  thin and l i ght .  

Olugbemi ' s  ( 1 968 ) study on the  e ffec t  o f  t emperat ure s t ress on wheat 

p l ants at di f ferent s t ages of  d e v e l opment , sugge s t e d  that c ompl e t e  fl ore t  

s t er i l i ty on a head was rarely a feature o f  t emperature  i n j ury . He i nd i c a t e d  

t hat each fl oret reac t e d  independently t o  t e mperature s tress , that fl ore t s  on 

t h e  same e ar were rarely all s us c eptible  to injury at the same t ime , and t hat 
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t he period  for whi c h  an individual floret was susc e p t i b l e  t o  t emperature i n j ury 

was rather short . Under l ow t emperature cond i t i ons where frost oc curred ,  

damage t o  plants was not due t o  the format i on of fros t in i t s e l f ,  but t o  the  

e f f e c t  o f  l ow temperatures on the water i n  plant c e ll s .  Hewet t  ( 1 968 ) 

showed that water pre s e nt b e tw e e n  the cells  froze firs t wi t h  i c e  format i on ,  

more wat er was drawn through the c e l l  walls , the s tructure o f  c e l l  prot e i ns 

was disrup t e d , and the  cell  di e d .  H e  s t a t e d  that , i n  general , the  formation  

o f  ice  i n  plant tissue for more  t han hal f an hour r e su l t e d  i n  c ell deat h .  

MAT ER IALS AND METHODS 

The d e ve l opment o f  s e e d  of both ryegrass and prai rie  grass was fol l ow e d  

b y  s equent i al harve s t i ng from 4 days t o  3 0  days aft er anthes i s  as d e s c r i b e d  

pre v i ously ( Page 1 �5 ) . 

RES ULTS AND DIS CUSS I ON 

The results o f  the perc ent age o f  s e e ds that de ve l oped from fl oret s  open 

on  d i fferent  days and harves t e d  at int ervals up t o  30 days after anthes is  are 

pre s e nt e d  in Appendix  30 wit h  mean resul t s  shown graphically in Fi gure 30 . 
Thes e resul ts  s how that i n  rye grass i n  part i cular , c ons i de rable i nc rease 

or decreas e in the number of  s e e ds present  30 days after anthes is  oc curred 

whe n  c ompared  wi th the origi nal percent age of  se eds ' s et ' 4 days aft er ant h es i s .  

There appeared t o  b e  wide vari at ions i n  the dire c t ion and ext ent o f  such c hanges , 

par t i cularly i n  rye grass , which did  not c ons ist ently relate t o  e i ther c o nd i t i ons 

of daily anthes is  or t o  spe c i fi c  t reatment s . 

Cons i dering the  perc entage of  s e e ds pres ent on di fferent s ampl ing dat es in 

relat i on to individu al days o f  ant hes is , wide variat ion oc curre d .  

I n  rye grass , i n i t i al s e ed s e t  4 days aft er an thes is ranged  from 2 1 %  for 

fl ore t s  open on day 1 up to 57% for fl or e t s  open on day 3 .  Final s e e d  number 

present 30 days aft er anthe s i s  ranged from 23% ( for fl orets undergoing anthesis  

on  day 6 )  t o  54% ( for florets open on  day 4 ) . Wi de di f fere n c e s  b e tw e e n  t h e  

perc ent age o f  s e eds pres e nt 4 days and 3 0  days a ft e r  an thes i s  o n  a part i cu lar 

day oc curr e d .  A n  incr eas e  i n  t h e  perc ent age o f  s e eds present  o c c urre d wi t h  

progres s i vely lat er s ampl ing dates for florets open o n  days 1 , 4 , 8 , 9 and 1 1 .  
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Con vers ely , a fal l in the  pe rcent age o f  s e eds  present o c curr e d  i n  fl o r e t s  

open on days 3 , 6 , 1 0 and 1 2 .  Nil or insu f fi c i e nt anthesis oc curr e d  o n  days 

2 , 5  and 7 for c omparis ons to be made . 

I n  prai r i e  grass mean s e e d  ' set ' on d ay 4 ranged from 70% for florets  

open on day 6 to  86% for  fl ore ts  open on d ay 3 .  Final seed  number 30  days 

a ft er anthe s i s  ranged from 86% ( day 6 )  to 9 4% ( day 2 ) . An increas e i n  the  

p e r c ent age of  s e e ds developed at success i v e l y  l at e r  sampli ng dates  from 

anthesis was eviden t .  The maximum i nc r e as e  occurred for s e e ds developed  

from fl ore ts  open  on days 4 and 6 ( 1 6 . 4% and 1 6 . 1 % respe c t i vely ) .  The mean 

i n c reas e  in s e ed number over all 6 days d e t e rmined by compari ng the results  

4 and 30 days after  ant hes i s , was 1 0 . 2% .  

In the p r o c e s s  of  indivi dual floret d i s s ec t i on for ass essment o f  s ee d  

d e ve l opment , ovul e s  were clas s i fi e d  i n t o  three  groups ( A= apparen t l y  not 

f e r t i l i s ed , B= swol l e n , and C=  develop ing ) as described  earl i e r  ( Page 1 4; ) .  

The  ovul es  class e d  i n  group B showed a b i l obal s we l l i ng o f  t he ext e r i or of  

the  ovule as s h own in  Plat e 1 2 ( B ) . Ovule s  i n  this category were readily  

d i s t i ngu i shed from t hos e in t he other two  groups ( Plat e 1 2 ,  A&C ) .  

Plat e 1 2 :  Ovul e c l as s i f i c at i on groups fol l ow i ng fl or e t  diss e c t i on x1 7 



Fol l owing microt ome s e c t i oning it  was observed that ovules  in  group B ,  

whi l e  apparently s e t t i ng s e e d  normally c ontained ovar i es whi ch were i n  the form 

of an inverted  T ini t i al ly ( Plat e 1 3) .  This w as in c ontras t  t o  those observed 

i n  groups A and C whi c h  were approximat ely spher i cal in  shape . 

Pla t e  1 3  Ovul e s howing i nvert e d  T ovary s hape ( group B ) . x 74 
• 

The frequency o f  ovules in  this condi t i on var i e d  wi t h i n  and b e t we e n  

t reatments  and was apparently  n o t  res t r i c t e d  t o  any par t i cular part o f  

indi v i du al s e e dheads . In some  c ases  up t o  50% o f  ovules examined  were 

clas s e d  i n  this group(B). Gene rally t hese  ovules remained apparently q u i e s c ent 

for vary ing peri ods up t o  2 1  days after anthes i s .  I n  respons e t o  c ond i t i ons 

wh ich  were  not dete rmine d  ovari e s  in this group eve ntually r e c ommenced  apparently 

normal d e ve l opment or c ollaps e d .  The fat e o f  ovar i es i n  this  group was 
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resp onsible for the i nc r e as e  or d e c re as e  i n  the percent age of  s e e ds found in  

samples t aken at  int erval s from an t hesis . This s ugge s t s  t hat t he number o f  

ovari e s  e f fe c t i vely fe r t i l is e d , whi l e  import ant  i n  det ermining poten t i al s e e d  

numb er , i s  n o t  t he only fac t or i n fl u enci ng t h e  fi nal number o f  s e e ds devel ope d .  

The abi l i ty o f  s ome ovar i e s  t o  apparently curt ail normal devel opment following 

s e e d  set for a per i od up to 3 weeks aft e r  anthesis and then  continue or 

t erminate fur ther devel opment is of par t i c ular interest  and would be  worthy o f  

more  int ens ive  s tudy . The sugge s t i on that suc h  a s i t uat i on c ou l d  oc cur i n  

grass es has b e e n  previously obs erved by Johns t on ( 1 960 ) i n  s tudies  o n  cock s fo o t  

( Dac tyl is gl ome rata L ) . 

The col l aps e of  ovu l e s  o f  a wi de range o f  plants foll owing fer t i lisat i on has 

be e n  previ ously  recorded  by a number of workers . This  phenomenon has been 

shown t o  oc c ur in  a range of  s t onefruits  ( Bradbury 1 929 , Harrold 1 935 ) ; in  

peanuts ( Arachis  hypogea ) by Reed ( 1 9 24 ) ; and i n  lucerne ( Medicago s at i va ) by 

Brink and Cooper ( 1 936 ) , Cooper , Bri nk and Albre cht ( 1 937 ) Sayers  and Murphy 

( 1 9 66 ) .  However , this  phenomenon h as apparently not b e en previously des cri b e d  

i n  e i ther ry e grass o r  prai r i e  gras s .  

C ooper and Brink ( 1 940 ) sugges t e d  t hat i n  lucerne the collaps e o f  

fer t il i s e d  ovul es may be  a "man i fes t a t i on o f  sel f-inc ompat i b i l i ty per se or it 

may be an inbre eding e f fe c t " . However , Say e rs and Murphy ( 1 966 ) subsequently 

show ed t hat in  lucerne , abort i on was not nec essarily an e f fe c t  of  i nbreeding , 

s i n c e  a high de gre e of  abort i on als o  occurred in  plants  fol l owing cross ing.  

N e i t h e r  t he fre quency of  fer t i l i sat i on nor the incidence  of  ovule ab ort i on in 

lucerne was a f fe c t e d  by t h e  pol l en parents us e d  in  such c r oss e s . They 

there fore sugges t e d  that ovu le  abort i on in luc erne was c ont roll e d  by t h e  

genotype of  the femal e parent . ( S ay e rs and Murphy 1 966 ) . 

The result s  o f  analys is  o f  the percent age o f  s e e ds form e d  i n  each 

t re a t ment are sh own in  Tab l e  22 . 

0 I n  ry egras s a two d e gr e e  fros t ( -2 . 2  C ) oc curred dur i n g  the  firs t 4 days 

of  s e e d  devel opment . This apparently i n fluenc ed s e e d  ' se t ' , part i cularly in  

the c ontrol t reatment . From 7 days a ft e r  anthesis  unt i l  the  final s ampl i ng 



TABLE 22 1 85 
R Y EGRASS 

Days a f t e r  A n t h e s i s 
TR.EJ.Tr·:ENTS 4 7 1 0  1 4  1 8  

She l t e r  3 5  AB 36 A 39 A 38 .A 3B A 
and Shad e p 
Sh e l t e r  51 A 46 A 41 A 42 A 45 A 
and C o v e r  p 
C o n t r o l  1 9  B 24 A 26 A 28 A 3 1 A 

p 
Shade C n l y  39 A B  42 

p 
A 4 1 A 4 3  A 44 A 

Cover Only 39 AB 'n A 
p 

3 8 A 34 A 3 1 A 

She l t e r  4 1  AB 42 A 40 A 39 A ll 2 A 
C n l y  F 
Shade 41 A B  44 A 47 A 47 A 4 4  ;... 
and C o v e r  . p 
!'iN SG . D i f f  2 5 2 3  24 2 )  
c . v .  % 65 . 9 58 . 7  54 . 0  5r . . 4 57 . ')  

D a;ys af t e r  A n t h e s i s 
TREATl".EI:TS 21 

A 

24 28 30 ?": e a r. 
She l t e r  40 A 3 7 A 39 A 3A A 3 3  J,. 
and Shad e 
She l t e r  41 A 4 1 A 42 A 4 5  A 4 3 A 
and C ov e r  
C on t r o l  32 A 3 7  A 39 A 39 A 3 1 J,. 
Shade Only 4 5  A 48 A 49 A 4') A 1�4 j', 
C over only 3 2  A 34 A 36 A 38 A 36 A 
She l t e r  44 A 47 A 4-7 

. 48 A 4 3 J,. 11. 
Shade 43 A 4 5  A 45 A 45 A 4 5  A 
and C ov e r  
trn SG . D i ff . 2 5  26 27 28 21 

c . v .  % 57 - 3  5 7 . 1  59 . 2  58 . 8  47 . 2  � 
fl PRAIRIE GRASS 

Da;ys af t e r A n th c s i s  
TREATI·:B:TS 4 7 1 0  1 11 l Fl  
She l t e r  69 B 74 A 73 A 7 3  A f-.2 A 
and Sha d e  .p  
She l t er 76 AB 80 A 77 A 80 J,. 85 A 
and C ov e r  p 
C ontrol 86 AB 88 A 86 A 85 A 87 J,. 

p 
Shade Only 81 AB 85 A 85 A 90 J,. 88 A 

p 
C over Only 89 A 89 A 90 A 88 J,. e6 A 

p 
She l t e r  73 AB 80 A 75 A 83 A 84 A 
Only p 
Shad e 77 AB 83 A 81 A 85 A 88 A 
and C ov e r p 
:MN SG . D i ff . 18 18 20 13 

c . v .  % 17 . 3  1 7 . 0  1 7 . 0  1 7 . 4  l l . l  

Da;zs a f t e r  A n t h e s i s  

TREATl".ENTS 21 24 28 30 r-: e a n  

Sh e l t e r  87 A 81 B 76 B 81 c 78 B 
ana ohan e . p Q Q F 
She l t e r  8 7  A 87 AB 87 AB 84 c 83 AB 
and C ov e r  p F� - F<( p 
C ontrol 92 A 93 .A. 94 h.  94 ;.. 90 A 

p ? ? p 
Shade O n l y  85 A 89 AB 85 AB 92 AB 87 AB 

p PQ p p 
C over C n l y  85 A 88 AB 91 A 93 A 89 A 

? PQ p F 
Sh e l t e r  8 4  A 84 AB 85 AB 85 BC 82 AB l I 
Only p PQ PQ p 
Shade 85 A 92 A 92 A 92 AB 87 AB 
and C ov e r  p PQ p p 
r1N SG . D i ff . 1 (;  

c . v .  % 8 . 5  7 . 9  1 0 . 6  7 . 0  8 . 9  
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dat e 3 0  days after anthes is h owever � o  further treat ment e f fe c t  was d e t e c t e d .  

In  prai rie  gras s overall mean f i gures show that the comb i nat i on o f  shelt e r  

and shade i n  treat ment  1 had a dele t er i ous e f fe c t  on the percentage o f  s e e ds 

devel ope d c ompared  w i th the coverea treatment . This was at t r i but e d  t o  the 

l owered i n i t i al s e e d  ' s et ' val u e  obt ai n e d  4 days after anth e s i s  i n  t re at ment 1 .  

During the  20 days foll owing s e e d  ' se t ' ass essments 4 days after  anthe s i s , the  

preva i l i ng treatme n t s  fai led  t o  c ause s i gn i fi cant variat i on i n  seed  devel opment . 

The sudden variat i on oc curri ng 24 days aft er anthesis  is d i fficult t o  explain .  

A two d e gree  frost ( -2 . 2°C )  a t  this t ime  was the only outs t an di ng envi ronment al 

feature . It seems unl ikely h owever that at this lat e s tage o f  deve l opment 

l ow t emperature c ou l d  have exer t ed such an e f fec t . Thi s was r e i n for c e d  by 

the fac t that no s hri velled or decay e d  s e e ds which were fully deve l op e d  were 

observe d 30 days aft e r  anthes is . The cau s e  of the variat i on i n  results i s  

unexplaine d .  

The relat i ve increas e  i n  s e e d  s i ze i n  prai r i e  gras s a t  4 , 7 , 1 4 and 2 1  days 

aft er anthesis  is shown in phot o graphs of  s e c t ione-d mat erial ( Plates  1 4 ,  1 5 ,  1 6  

and 1 7 ) .  

Seeds from e ac h  s ampling dat e were air-dried and t es t e d  for germ inati on.  

The resul t s , pres e nt e d  in Appendix 31 , show that full seed viab i l ity was 

at taine d in rye gras s  approximat ely 24 days after an thesi s ,  and i n  prair i e  

grass approximat ely 1 8  days a f t e r  anthe s i s . The firs t viable  s e e ds were 

· obt ained i n  prairie grass as l i t t l e  as 4 days aft er anthe s i s  and in  rye grass 

after a further 3-6 days . This di fferenc e i n  the ons et  o f  viabi lity  is  

s imi lar t o  that  found in the  field  t ri al results  presented  e arl i e r  ( Page 1 0 1  ) .  

In  t he pre vi ous s e c t i on ( Page 1 ? 5 )  i t  was shown that there was a much shorter 

' re s t ' per i od pr i or to  the di vi s i on o f  the zygote  in  the ovary of  prairie  grass 

t han ryegrass ( appr oxi mat ely 24 h ours versus approximately 72 hours respe c t ively ) .  

This was apparently one of" the fact ors i n fluenc ing the length of t i m e  requ i r e d  

b e fore vi able  s e e ds w e r e  forme d .  



Plate  1 4 :  Devel oping prai r i e  grass s e e d  
4 days after p oll i nation 

'----

Plate 1 6 :  Dev e l oping prai rie  grass s e ed 
1 4  days a ft e r  pol li nati on 

Pl ate 1 5 :  Deve l op i ng prai r i e  grass s e e d  
7 days a ft e r  poll i na t i on 

aJI x45 

Plat e 1 7 : Devel oping pra 1 r 1 e  grass s ee d ·  
21  days a fter p ol l i nat i on .  
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CONCLUSION 

Studies  on the e f fe c t  o f  s e l e c t e d  enviro nment al var i ables on anthesis  

showe d that the envir onment played  a s i gni ficant part i n  c ontrolling dai ly 

anthesis  pat t e rn in b o t h  ryegras s  and prai r i e  gras s .  

L i t t l e  e f fect due t o  shel t e r , shade and covered  t re atment c omb inat i ons 

was observe d .  I n  ry e gr ass however , plants i n  shel tered  treatment s generally 

c ommence d  daily anthes is earl i e r  t han plants in t reatments expos e d  t o  the w i n d .  

Shading delay e d  the t i m e  o f  ons e t  o f  anthe s i s  i n  prai r i e  grass and redu c e d  t h e  

per c e n t age o f  fl ore ts open a t  t h e  peak of  dai ly fl owering.  

Wit h in e ach spec i e s  the  onse t  o f  anth es i s  occurred at approxi mat ely the  

s ame t i me each  day . Although the time o f  peak anthes is  var i e d  be tween  days 

t h i s  variat i on was not s i gni fi c an t , the pe rc e ntage of  flor e ts open at the 

point of peak ant hes i s  being reas onably cons t ant . The length o f  t ime 

i n d i v i dual fl orets remained open was s i milar , irrespe c t i ve of whe ther 

subsequent s e e d  set o c c urred or not . Durat i on o f  dai ly ant hes i s  w as 

approximat ely 6 hours i n  rye gr as s  and 1 1  hours in prai r i e  grass . 

Anther dehis cence  oc curred 3-4 minut e s  after exs e r t i on in both  s pe c i es 

under warm , dry c ondi t i ons , Und e r  c ondi t i o ns o f  low temperature and hi gh 

hum i d i ty dehi scence  was delayed  up t o  85-95 minutes  aft er exsert i o n .  

Temperature , and t o  a lesser  extent rel ative humi d i ty appear e d  t o  exert 

the  major i n fluence on daily ant hes i s  patt er n  in both s pe c i e s . As well as 

a day t empe rature e f fe c t , a s t rong correlat i on was evi dent b et we en dai ly 

fl ow e ri ng pat t ern and t emperature on one or both o f  the t wo nights  pri or t o  

t h e  day o f  ant hes is . 

Day t emperatures b el ow approximat ely 1 4°C generally increas e d  the 

durat i on and in  s ome c as e s  c ompl e t ely inhi bi t e d  anthes i s . On mos t days 

anthesis  d i d  not c ommence unt il  air t emperat ures had reached approximately 1 8°C .  

I n  b oth spe c i es h i gh night t emperatures ( over appr oximately 1 0°C )  caus ed 

e ar l i e r  ons e t , c ontrac t e d  durat i on , and earl ier peak ant hes is  and als o redu c e d  

the  l e ngth o f  time individual fl orets remai ned  open . Low n i gh t  t emperat ures 
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( b e l ow approximate ly 1 0°C )  d e creas e d  fl oweri ng int e ns i t y  and als o  r e duc e d  the 

number of  fl orets open at peak anthes i s .  

Low humi di t y  o n  the day o f  anthes i s  general ly delay e d  t h e  t ime o f  peak 

anthes i s  in prai r i e  gras s an d c aus e d  e ar l i er ons e t  o f  anthe s i s  as well as 

reducing the length of ti me indivi dual fl ore ts r emai n e d  open in ryegras s . 

L i gh t  intens i ty al one appeared t o  exert only a mi nor e ffect  on daily 

anthesis  pat t ern . Low l i gh t  :i,.ntensi ty delayed t h e  ons e t  o f  anthesis  i n  

ryegras s . Shad i n g  appear e d  t o· ·
·· dela-y the  t ime o f  peak anthesis  and t o  r e du c e 

the  perc ent age of flore ts  open at peak anthesis i n  pra i r i e  grass . 

Some air moveme nt appe are d  t o  b e  nec essary for an thes i s  ( 3-5 m . p . h . ) . 

R e duct i on i n  anthe s i s  oc curr e d  at wind spe eds ove r  appr oximat ely 1 0  m . p . h .  

Rai n fall i t s e l f  did  not gre at ly affect  anthe s i s  once dai ly flowe ri ng had 

c omme nc e d .  Howe v e r , i n  rye grass i n  par t i cular , rain resu l t e d  i n  e ar l i e r  p e ak 

anthe s i s  and redu c e d  the durat i on o f  dai ly anthe s i s . Anth es is  was i nh i bi t e d  

during rain ac c ompani e d  by l ow day t emperatures . 

A r e gress i on o f  means o f  al l e nvironmental var i ables  ( temperatur e , hum i di ty , 

l i gh t , wind spe e d  and rai n fall ) t oget he r  explained approximat ely 80% o f  the 

variat i on in dai ly anthesis pat t e rn and durat ion .  This suggests  that the  five  

environmental var i ables cons i dered  in  this  s tudy , whi l e  ac c ounting-�or a hi gh 

percent age of  the variat ion in  daily anthes is , were not the only fac t ors 

r e gulat i ng daily anthesis i n  rye grass an d pr airi e grass . 

Studies  on the path o f  pollen tube de vel opment fol l ow i ng germi nat i on 

showed that pollen t ube  growt h  from the  s t i gmat i c  hair t o  the ovary o c c urred 

d own the s tylar c on du c t ing t is sue , betwe en the inner and out e r  int e guments  o f  

t h e  ovary and i n t o  t h e  ovar ian c avi t y  through the mic ropyl e .  Fol lowing 

fert i l i s at i on o f  t h e  e gg mother-cell , cell  divi s i on oc curr e d .  Onc e t h i s  

divis i on was observed  fer t i l i s at i on and s e e d  ' set ' were c ons i d ered t o  have 

b e en succ ess fully c ompleted . 

No evidence  o f  suspens or format i on was obser ve d in  e i th e r  spe c i e s .  The 

t ime for c ompl e t i on of the var i ous s tages of  poll i na t ion , fer t ilisat i on and 
L 

s e e d  ' se t ' in  both s pe c i es was t emperat ure depend¥n t , t h e  e nt i re proc e s s  b e i n g  
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. 0 0 more r apid at 30 C t han at 2 0  C .  The maj o r  di f ferenc e between spec ies was t h e  

t i me r equired f o r  the  f i rs t  divisi on o f  the  fer t i lised  egg , b e i n g  appr oximately 

72 h ours for ry egras s  and 24 hours for prai r i e  grass . 

I n  ryegras s  ovule abort i on was m ore c ommon than i n  prai r i e  gras s .  

M i c r otome s e c t i ons cut 4 days �fter an thes is , showed t hat the pr opor t i on 

o f  fl orets 'se t t i ng' s e e d  was appr oxima t e ly 80% in prai r i e  grass but only 4 0% 
i n  rye grass . 

M ost  i nves t i gat i ons int o the  causes  o f  failure o f  s e e ds t o  deve l op have 

b e en c oncerned w i t h  the fac t ors influencing poll inat i on .  O f t en e f fe c t i ve 

pollinat i on and fer t i l is at i on are c ons i dered s u f f i c i ent to  guarant ee  s e e d  

format i on .  In t he present s tudy i t  was shown that in  ryegrass and t o  a l esser  

ext ent i n  prair i e  gras s ovul e mortal i ty c ould oc c ur dur ing s eed  devel opment . 

Mortal i ty occurr e d  fol l owing s e e d  ' se t ' and c ont inued up t o  approximat ely 2 1  
days after ant h es i s . This process was first evi dent in the arres t e d  development 

of the embry o very s oon after fert i l i s a t i on and appeared to i nvolve disrupt i on 

o f  c ell  divi s i on , gi vi ng the ovary a m i s shapen appearanc e .  At a l ater s t age 

cell  divis i on and s e e d  devel opment o ft en resumed apparently normally . 

C onvers ely in  some cas es cell  disint egrat i on occurre d ,  unt i l  only a few o f  t he 

c ells  o f  the embryo c ou l d  be det e c te d .  I n  such cases the e n t i re ovule c ollaps e d .  

Wi de variati on occurred i n  the pe rcent age o f  _ ovules abor t i n g .  This e ffec t  

appar e n t ly occurr e d  irres pe c t i ve o f  the  var i at i on i n  envi ronmen t al c ondi t i ons 

i mpos e d  by t he maj or ity  of t reatments us e d  in the pres ent s t u dy .  I n  prai r ie 

grass h owever a s i gni ficantly l ower s e e d  ' se t ' fi gure 4 days after anthesis  

was rec orded in  t he shelt er/s hade c ombinat i on tre atment c ompar e d  with  the  

cov e r ea t reat me n t . 

Marked var i at i on b e tween the per c entage of  se eds ' se t ' 4 days and 30 days 

a f t er anthes is  on a par t i cular day oc curr e d .  

The resul ts  s u gges t  that wh ile ant hesis , poll inat i on and s e e d  ' s e t ' are 

ess ent i al pr eli minar i e s  t o  s e e d  produc t i on ,  consi derabl e al t erat i on in  t h e  

number o f  s eeds present at harves t c an occur during the p r o c e s s  o f  s e e d  

devel opment . 
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As Ryle ( 1 965b ) has point ed ou t ,  t here s t i ll r emains muc h  t o  b e  d one 

be fo r e  the phys i ol ogi c al pro c esses underlying seed  produ c t i on are t h oroughly 

unders t ood.  How ever , i t  s e ems that  studies on  the  environment al control o f  

anth e s is , and the  proces s es o f  pol l i nat i on ,  fer t i l isat i on , s e e d � e t' an d 

devel opment have been  somewhat negl e c t e d  i n  ryegrass and pra i r i e  grass c ompared 

wi t h  studies on vege t a t i ve and i n fl orescence devel opment . The format i on o f  a 

large number · o f  s e edh eads i s  not the o nly requirement for maximisat i on o f  s e e d  

y i el d .  A h i gh percentage o f  florets mus t b e  e f fe c t i vely fer t i l ised  and d e ve l op 

seed  o f  maximum w e i ght and germi nat i on capac i ty t o  real i s e  the  full y i e l d  

potent i al o f  t h e  crop.  
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