
Copyright is owned by the Author of the thesis.  Permission is given for 
a copy to be downloaded by an individual for the purpose of research and 
private study only.  The thesis may not be reproduced elsewhere without 
the permission of the Author. 
 



STUD I ES ON DU RAT I ON OF G RAZ I NG AND DEFOL I AT I ON 

I N  LUCERNE 

a thesis presented in partial fulfilment o f  the 

requirements for the degree of Doctor of 

Philosophy a t  Massey Universi ty 

New Zealand 

CARROLL GARTH JAN SON 

1978 



Alfalfa, whos e luxurian t  herbage feeds 

The lab'ring ox, mild sheep, and fiery steeds: 

Which ev' ry summer, ev'ry thirtieth morn, 

Is six times re-produced, and six times shorn. 

Old Andalusian Poem transcribed 
by Rev . Harte, 1764 



ABSTRACT 

A proj ect was conducted to study the influence of grazing 

duration (GD)  on lucerne Medicago sativa L. ' Wairau ' .  GD was 

defined as the period of defoliation or grazing before regrowth to 

the early flowering stage was again permitted . 

A field trial conducted for eight months from spring to autumn 

examined three grazing durations ( GDs j, 2-4 , 15 and 30 days , using 

sheep as the grazing animal . Following this , three studie s  in 

control led environment rooms using simulated grazing techniques 

allowed a more detailed study of the influence of GD and also prdVided 

an insight into the interaction of GD with climate . 

In both the field and the controlled environments , total 

herbage production for the full d uration of each of the studies was 

always greatest under the shortes t  GD ( 0-3 days )  and least under the 

longest GD ( 3 0  days ) . In the f ie ld ,  total herbage production was 

reduced by 14% under the 15 day GD system and 29% under the 30 day 

GD system. However in all the s tudie s  the difference s  in total 

herbage production were generated almost entirely by differences in 

stem y ield - there were generally no treatment differences in the 

total production of non-stem ( leaf and new shoot) material . 

The studies in the controlled environment rooms indicated 

that GD had less effect on lucerne herbage production undei dry 

conditions than under moist conditions favouring rapid growth . 

Detailed shoot population studies in which large numbers of 

shoots were individually tagged as they arose , demonstrated the 

impact of shoot decapitation , the relative contributions of the 

different shoot types and the importance of the time of shoot 

appearance in relation to grazing . 

Differences in the immediate growth rate of the herbage 

fol lowing the different GDs were noted . Maximum herbage growth rates 

in this period followed the intermediate GDs ( 10-15 days)  with lower 

growth rates after both the very short ( 0-3 days ) and the very long 

( 3 0  day) GDs . The initial regrowth inertia following the very short 

GD was attributed to the low number of basal shoots on thi s�treatment 

at the start of the regrowth period . 



However the initially reduced herbage growth rates following 

the 30 day GDs seemed to result from an ' earlier ' partitioning of 

assimilate to the roots in the first half of the regrowth period 

following this treatment . It was postulated that this partitioning 

effect was generated by the ' sink ' effect of the depleted root system 

( lowest root weight, and root TNC and starch concentrations ·) measured 

at the end of a 30 day GD . 

The proj ect has indicated that under active growth conditions , 

while GDs of 2-4 days will give maximum herbage production,  GDs of 

1 0-15 days will have little significant effect on the performance of 

mature sheep . Under dry conditions , or when grazing young lambs , even 

longer GDs of up to 30 days are unlikely to seriously affect stock 

production .  
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C HAPTER 1 I NTRODU CT I ON 

Lucerne is probably one of the oldest cultivated forage plants 

on this earth with a documented history of more than 2000 years . 

Today it is recognised as a very valuable legume in many 

parts of the world because of its high yield , forage quality and wide 

climatic and soil adaptation . Its  drought resistance has permitted 

substantial increases in forage production in many areas . It can 

provide a dependable and economical supply of good quality protein,  

independent of  soil nitrogen . Lucerne is also an excellent source 

of calcium , magnesium,  phosphorus and vitamins A and D .  

There are two main species of  lucerne , M edicago sa tiva, adapted 

to temperate climates , and M edica go falca ta, a cold-hardy plant 

originating from northern Asia. M .  sa tiva is very widely distributed . 

It i s  an upright plant , noted for its rapid growth; speedy recovery 

after cutting and drought resistance conferred by its deep taproot . 

By contrast, M .  falcata is a more prostrate plant , winter dormant and 

slow to start growth in the spring . These two s pecies have hybridised 

frequently so that lucerne strains cover a wide spectrum o£ genetic types . 

Lucerne reached New Zealand about 1 800 ( Bolton 1 96 2 )  and What 

became known as Marlborough lucerne owed its origin to Hunter River , 

Provence and Grimm. In 1950 Wairau was released in this country . It 

was produced from twenty foundation plants of Marlborough , and two· 

each of Grimm, Ontario Variegated and American Commercial . Wairau is 

a highly productive lucerne , yielding good quality hay , but persisting 

and performing well under suitable grazing management . 

accounts for 90% of the lucerne sown in New Zealand . 

Currently it 

Latest figures ( 1 97 4 )  put the total area of lucerne in New 

Zealand at 1 91 , 000 hectares ,  a substantial increase from the 1 9 , 000 hectare s  

of 1 94 7 . In the last decade the increases have been occurring i n  both 

the ' traditional'  lucerne areas - Central and North Otago , Canterbury 

and Marlborough - and some of the regions which , unti l  recently , were 

not generally associated with lucerne - West Otago , Wairarapa , 
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Hawkes Bay and the central North Island pumice country . This 

increasing use of lucerne is certainly not restricted to New Zealand . 

A similar trend is evident in parts of Australia, Canada and South 

America, and recently in some of the Middle Eastern countries,  

e . g .  Iran, Iraq and Afghanistan . 

1 1 P R OJECT JU ST I F I CAT I O N 

Associated with the expansion in the area of the crop has 

been an increase in its use for grazing purposes rather than simply 

cutting for later feeding in some conserved form . For example, in 

New Zealand, less than 10% of the area was used for grazing in 194 7 . 

This figure had risen to about 40% in 1966 and in 1974 was 

approximately 50% . 

Research has been conducted on harvesting this c f6p for 

hundreds of yE:ars and a large amount of information has accumulated 

about it . However until recently , this research was concerned alntost 

entirely with harvesting by cutting and very few studies were made 

on harvesting with the grazing animal . Fortunately, much of this 

work on cutting management is relevant to the grazing situation . For 

example, there is no reason to suggest that the importance or ade quate 

spelling between harvesting would be materially affected by the manner 

in which the herbage was removed . Indeed, in all the grazing work 

cited below, where the stocking rate was reasonably high, lucerne 

plants quickly began to succumb i f  adequate spelling was not provided 

between each complete grazing . 

However, replacement of the machine with the grazing animal 

introduces an entirely new factor into the physical process of harvesting 

herbage . This factor is the grazing period or grazing duration, 

i. e .  the time taken to consume or harvest the herbage .  Clearly, this 

is of no consequence when harvesting by machine as in. practically every 

case the herbage is severed instantaneously near the base of the stems . 

In a grazing system, the grazing duration (GD) is a very important 

factor for it governs such things as subdivision, mob size,  frequency of 

stock movement and water reticulation - all factors which can involve 

considerable labour or capital . The effects of GD have not been 

carefully studied as wil l  be shown in the next section . 
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1 2 P R EV I O U S  WO R K  

1 : 2 : 1  GRAZ I NG STUDIES 

In the last decade or so , there have been a number of studies 

on rotational grazing systems for lucerne involving different grazing 

durations ( GDs ) . However , many o f  thes e  have given very little insight 

into the importance of GD , for the basi s  of comparison has confounded 

graz ing and spelling durations . Examples of this approach are 

Smith ( 1970a , 1 9 7 0b ) , Brownlee ( 19 7 3 )  and Fitzgerald ( 19 74 ) . A 

con s i stent finding of these studies is for lucerne plant survival 

(often this is the only agronomic data collected) to improve as spelling 

duration increases and GD decrease s ,  by increasing the number of paddocks 

in the rotation . In view of the importance of spe lling duration , these 

finding s , as s tated , provide little understanding of GD . It is also 

interesting to note that the work of Smith (loc . ci t. )  demons trated that 

s tocking rate strongly influenced the importance of the grazing system . 

At very low stocking rate s , the grazing system w as relatively 

unimportant but , as stock{ ng rate increased , the neces s i ty for rotational 

grazing with an adequate number of paddock s in the cycle , rapidly increased. 

Mor e  recently the same principl e was demonstrated again by S outhwo od 

and Ro bards ( 1975 ) . 

However ,  the recommendations from these trial s , predictably 

enough , have encouraged subdivis ion with quick grazing and long spel ls . 

O ther s , with much less publi shed evidence , have made Sim ilar recommendations 

(Iversen 196 7 ,  C linton 196 8 ,  Clare 1971) . However ,  implem entatio n  of 

these recommendations by the farmi ng community has been very tardy and , 

under extensive farming conditions , negligible . This i s  not surpri sing 

in view of the considerable costs involved , combined pos sibly with a 

lack of conviction of worthwhile returns . 

In reviewing this situation , Ca.:n eron ( 197 3 )  says , "Recent 

developments in the management o f  lucerne-based grazing systems have 

revolved around the use of more and smaller paddocks and shorter grazing 

periods . However , because of the extensive nature o f  many livestock 

industries , these techniques are not widely applicable .  What i s  

required , rather ,  is a system using few paddocks and l nvolving minimum 

handl ing of l ivestock . "  

The spelling requirements of lucerne can be met with two paddocks .  

Thus the neces sity for increased subd ivision with its a s so ciated costs 
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hinges on the importance of GD . 

McKinney ( 1974) re cently concluded a large study in New South 

Wales into the grazing management of lucerne in which he compared seven 

rotational graz ing systems involving from two to 12 paddocks . Despite 

thi s  relatively large number of treatments , the selection of the 

treatments and the paucity of agronomic data again did not greatly 

illuminate the question of GD . For example , in five of the seven rotational 

grazing treatments , GD varied by only five days and , as this was asso ciated 

with spel ling durations ranging from 20 to 55 days , the effe ct of spelling 

duration completely dominated the results . Grazing durations of 20  and 22  

days during the growing period were chosen for the two remaining rotational 

grazing treatments but an extraneous factor (dog attacks)  destroyed the 

reliability of one of these treatments and the other was associated with 

a spel ling period too short for the lucerne . In his con clusions, 

McKinney (loo.ci t. )  stressed the importan ce of spelling duration. With 

reference t o  GD he stated that,  "management of lucerne pastures should be 

based on two or four paddocks • • . • .  " This recommendation involved GDs 

of 30 to 40 days . This conclusion appeared to be based principally on 

an ' obje ctive function ' for animal production (an integration of the 

costs of inputs and prices of outputs for each system) derived from very 

low flock numbers! 

A more appropriate study of GD was that of Peart ( 1968 , 1970) 

again in New South Wales . He compared two rotational grazing systems ; 

5 days on/35 days off (eight paddocks) , with 12 on/36 off (four paddocks ) .  

Once again , little agronomi c data was collected , but he did show that both 

the survival of the lucerne plants and the average liveweight of.the 

wethers on  the plots were higher on the system wi th the shorter GD . 

O ' Connor ( 1970) showed that GDs - varying from three to 18  days 

through the s pring and s ummer - had no residual effe ct on lucerne yield 

or d�nsity six months later in the following s pring . Howeve �,  he also 

showe d that herbage yiald at the end of a 3 6  day regrowth pe riod was 

considerably lower followin9 an lB  or  24 day GD than a 12 day GD and 

stated that , "severe basal shoo t grazing" on the 18 and 24 day treatments 

was the cause of this . No ind i cation was given of the maturity s tage of 

the lucerne when grazing commenced , or the severity of grazing when it 

cea sed on the different treatments . The author simply noted herbage 

yield after  3 6  days following the different GDs . 
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The general pattern o f  lucerne herbage consumption by the grazing 

animal has been described by Arnold ( 1960 ) and McKinney et al ( 19 70) . A 

number of  workers (Monson 1966 , Othman 19 72 , Janson 1975 ,  Constable et al 1977) 

have attempted to simulate this defoliatory e ffect of the grazing animal 

by progressively removing the herbage in small ' bites ' with hand shears 

working down from the top of the stems . Othman ( loc. cit. ) and Janson(loc. cit. , 

were able to show that the removal of the api ces and top third of the 

mature stems stimulated the development of new shoots at the base of the 

sward . In addition , if the progressive defoliation was very s low, i . e .  

extended over a prolonged period , the new shoots growing up from the base 

of the stems could be de capitated in the final ' bites ' when the last of  

the mature herbage was removed . Surprisingly , Monson ( 1966)  chose to 

leave these new shoots completely untouched and thus generated a quite 

unrealisti c grazing simulati on. Janson ( 19 75 )  noted that herbage yield 

after 1-2 weeks regrowth �as lower after both a ve ry short and a long 

( 2 1  days ) defoliation duration ( the time taken to progressively remOve the 

herbage ) than after an intermediate de f0iiation duration (DD) . Othman ( 1972 )  

re corded the same effe ct , while Constable et al ( 1977) recorded a de pression 

in herbage regrowth following a long DD only . 

Thus four reports (O ' Connor 1970 , Othman 1972 ,  Janson 1975 , 

Constable et al 197 7) independently have demonstrated a depress ion in 

regrowth following a long grazing or DD and the first three have also 

indi cated a lag in immediate regrowth following a very short or instantaneous 

DD . Janson ( loc. cit. ) suggested lack of development of the new shoot 

population caused the l ag following a very short DD, but was less certain 

as to the reason for the e ffe ct o f  the long DD. Constable et al ( 1977) 

linked the reduced top weight increases following a long DD with reduced 

root weight and root total non-structural carbohydrate concentration . 

However ,  the design of  their proje ct ,  in common with that of  O ' Connor ' s  

and Othman ' s , confounded maturity stage and DD (Jans on 1 975 ) thus making 

it very diffi cult to a ccurately pinpoint the e ffect of DD per se. 

Even this brief review of the work directly con cerned with GD 

highlights the need for better understanding both of the pl ant ' s  i mmediate 

response to GD and of its impact on total lucerne production in a grazing 

system. 
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1 : 2 : 2  MORPHOLOG ICAL STUDIES 

A brief s ummary is now given of certain morphologi cal features of 

luce rne relevant to GD . 

As the seed germinates ,  the young root and shoot appear through 

the seed coat . The shoot consists initially of the two cotyledons which 

unfold , and this is followed by the appearance of the first , simple leaf 

whi ch is borne on a slender petiole .  Next, the first trifoliate leaf 

emerges at the next node with later leaves appearing at successively higher 

nodes .  

The most important aspe ct of early seedling growth concerng the 

buds whi ch occur in the axil of each cotyledon , the simpl e  leaf and the 

trifoliate leaves , be cause it is from these buds that the �lant branches 

out and develops what subsequently will become the crown . Each bud grows 

out to form a shoot and ultimately a mature stem, from the base of whi ch 

further buds arise and gradually the crown is formed . 

The crown and stubble region of the mature lucerne plant is 

extremely important for it is from there that the new shoots develop at the 

start of each growth cy cle.  The crown has been variously defined by 

different workers but perhaps the simplest and most widely accepted i s  that 

of Stewart (1926)  : the crown consists of the perennial portions of the 

stem. Thi s  definition was adopted by Grove & Carlson ( 1972 ) in their 

recent review, but they also suggested that it makes little significant 

difference as to the exact morphological inclusions of the crown , for such 

things as s ummer drought , winter freezing , certain cultura� practices and 

the general vigour of the plant all influence the amount and kinds of 

vegetative parts in the crown . 

Arising from the crown is the stubble from the previous growth 

cycles ( see Figure 1) . In time , the extreme basal parts of this stubble 

will become part of the crown if the plant continues to grow actively and 

develop. Keoghan ( 1970) re cognised this fact when he referred to these 

basal parts of the stems , characterised by extremely short internodes ,  

as the region of ' crown capture ' .  

�he growth of lucerne fol lows a cyclical pattern through the 

season with the number of cycles being determined principally by the length 

of the growing season. Following harve sting or winter dormancy new shoots 

arise from the croWn and stubble region of the plant and steadily increase 
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}tubble level ( crown region 
� I root system 

Figure 1. Stubble, crown and upper root of a mature lucerne plant. 
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in size and stature until , if temperature and day length are favourable , 

buds and flowers be gin to appear at the api ces of these now mature stems 

(Langer 1968) . The time taken for the new shoots , whi ch appear at the 

base of the plant,  to develop into mature reproductive stems varies from 

three to e ight weeks or mor e ,  depending on temperature and day length 

(Thomas 1967 ) . Although varietal differences occur , the new shoots for 

the next cycle of growth are generally just beginning to appear at the base 

of the plant when the flowers start to appear at the stem api ces of the 

current growth . If the herbage , or even the upper fraction (Othman 1972 )  

is removed at this stage , development o f  these new shoots a ccelerates and 

a new growth cycle commences (Singh & Winch 1974 ) . 

1 : 2 : 2 (a )  Shoot Origin 

The precise origin of the main regrowth shoots has been studied 

by several workers , generally to clarify the importance of cutting height . 

Lea ch ( 1968)  working with Hunter River showed that where stubble was left , 

nearly all the shoots developed on it but , if this stubble was removed , 

shoots would develop on the crown but i n  smaller numbers and later. 

Later work with Totana (Leach 1970)  showed that nearl y  all the regrowth 

shoots arose on the stubble within two centi metres of the crown. These 

shoots arose earlier and grew larger than those appearing higher up on 

the stubble . In a simulated sward of Wairau lucerne ,  Langer . & Keoghan ( 19 70 )  

were also able to show that the major part of re growth came from shoots 

arising very near the crown . Shoot origin was clarified further by a 

field study on Vernal and Saranac (Singh & Winch 197 4 )  in which it  was 

found that shoots originated mainly on the s tubble of the mos t recently 

harvested stems . 

Langer & Keoghan ( 1970)  drew attention to the fact that shoot 

origin differed between spaced plant and sward conditions .  Under spaced 

plant conditions , s hoots arising from sites relatively high on the stubble 

( 5-10 cm zone ) made a significant contribution (44%)  to final regrowth 

yield whereas , under sward conditions , their contribution was negligible . 

This difference between spaced plant and sward conditions has been , and 

still i s ,  the cause of some confusion regarding the relative importance of 

the shoots arising some distance above the crown . 
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Keoghan ( 1970) divided these regrowth shoots into 

basal 

intermediate 

stubble 

shoots arising from the crown and the lower nodes where 

internode length did not exceed 0 . 5  cm 

shoots arising from nodes where internode length was 

0 . 5  - 0 . 6 cm 

shoots arising from upper nodes where internode length 

exceeds 0 . 6  cm 

This classifi cation appears to be superior to that of Lea ch ( 1968) who 

divided the shoots into crown ( shoots arising directly on the crown) and 

stubble ( shoots arising in the axils of stubble leaves )  be cause : 

a) it is often diffi cult to define the precise limits of the crown (Grove 

& Carlson 197 2 )  

b )  very few shoots arise on the crown when stubble i s  present (Leach 1968) 

c) shoots at the extreme base of the stem in this zone of short internodes 

as a group are both the most numerous and the heaviest ( Langer & Keoghan 

197 0 ) , and 

d)  this zone of short internodes ( 0 . 5 cm or less) generally becomes a 

perennating part of the plant while sites on the stubble above this zone 

are generally only transitory due to stubble se ne s cence (Keoghan 1970) . 

Some very detailed studies by Leach (1968 )  have provided valuable 

information on the time of shoot a ppearance following cutting and the 

significance of this to final yiel d. He showed that the maj ority of shoots 

appeared in the first 14 days following cutting at the early flowering stage 

and the earlier a shoot arose the greater its final weight . The ratio of 

shoot weights on Day 28 for shoots arising on Day O, 7 ,  14 and 28  of the 

regrowth period was 100 : 44 : 12 : 3 respectively . As a consequence , 

shoots emerging in the first week of regrowth contributed well  over 80% 

of the total shoot weight at Day 2 8 .  The contribution of shoots arising 

on Day 14 or later declined to 5% or less as the stage of cutting was 

delayed from late vegetative to late flowering . This work was done with 

Hunter River but the general principles were later shown to be also 

appli cable to Rhizoma and Totana ( Leach 1969) . 
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1 : 2 : 2 (b )  Shoot decapitation 

Early this century , it was thought that a lucerne stand would be 

severely and permanently damaged if harvested when crown shoots were tall 

enough to be cut by the mower (Wing 1916) . However , a number of field 

studies on lucerne hay production (Moore & Graber 1922 , 192 5 ;  Salmon et al 

192 5 ,  Willard et al 1934 , Tysdal & Westover 1949) showed that permanent 

damage to the luce rne stand did not o ccur although Meyer & Jones ( 1962 ) 

found that , if long basal shoots were cut during harvesting , it resulted 

in uneven hay quality at the following cut . 

To examine shoot de capitation more close ly , Keoghan ( 1970)  

constructed small simulated swards and contrasted a high and a low cut taken 

at a very advanced stage o f  maturity ( full bloom-s �edpod) .  He noted 

higher regrowth yields if the large population of hew etiolated shoots at 

the base of the plant was not removed . This result is not surprising for 

very few intact shoots remained after the low cut and this resulted in 

initial regrowth inertia while  new shoots developed . 

As already mentioned , O ' Connor ( 1970) , Othman ( 1 972 ) , Janson ( 19 7 5 )  

and Constable et a l  ( 1977 ) a l l  imposed treatments whi ch caused varying 

degrees of basal shoot de capitation as a result or the extended grazing 

or cutting durations employed and recorded a depression in total regrowth 

yield . This depression fol lowed the treatment whi ch involved the 

greatest interference with the new shoots. Various su9�estions were 

made as to why this s hould occur but no detailed etudy has.heen made on 

the response of the new shoot population to decapitation and the relevance 
of this to regrowth effe cts . 

A study of grazing duration will ne cessarily involve degrees of 

basal shoot decapitation and it is clear that a better understanding of 

the plants ' response to this is needed . 

1 : 2 : 3  CLIMATIC INFLUENCES 

The effect of harvesting on the lucerne plant , whether by cutting 

or grazing , is influenced by climati c factors. For instance , it is well 

known that a cutting or grazing system which can be sustained in one area 

will cause heavy losses in another . In the Yakima Valley (Washington) 

an area of low rainfall and high light intensities , cutting every 24 days 

for two seasons had little e ffect on irrigated lucerne vigour , while less 

drastic cutting schedules in the more humid Midwest seriously reduced 
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production after only one season (Jackobs 19 5 0 ) . Turpin ( 19 3 1 ) , 

Dawson et al ( 19 4 0 )  and Staten et al ( 19 4 5 )  to name but a few , have all 

demonstrated the same effe ct: lucerne grown in dry regions ,with or 

without irrigation can be cut at much earlier stages without damaging the J 

stand than in humid regions . 

A similar effect has been demonstrated between wet and dry seasons 

in the same area.  Davies & Tyl er ( 19 62 )  showed that three cuts/annum 

could usually be sustained in Britain, but that it proved disastrous in 

years of high rainfall and low sunshine hours when no more than two 

cuts/annum could be taken with impunity .  

a similar effect in a grazing experiment . 

Whitear et al ( 19 62 )  demonstrated 

The physiological reason for the increased resilience of lucerne 

in dry seasons and climates is not clear. The results with irrigated 

lucerne in dry climates prove that it cannot be due to water s hortages 

per s e . Willard ( 19 5 1 )  has suggested it may be due to both the higher 

light intensities or coole r nights generally associated with dry areas . 

Support for both these suggestions has been provided in later work. 

Lucerne has been shown to be a light responsive spe cies . The herbage yield 

of both spaced plants and s eedlings declined if light intensity fell below 

about 3-4000 foot candles ( Bula et al 19 59 , Garza et al 196 5 )  and responses 

to higher light intensities have been noted in situations where mutual 

shading is greater (Brown et al 19 66 , Wilfong et al 19 6 7 ) . Reductions 

in light intensity have been shown to reduce root weight , r oot : top ratio , 

root carbohydrate l evels and nodule numbers ( Pritchett & Nelson 19 5 1 , 

Gist & Mott 19 5 7 ,  Garza et al 196 5 ) .  

The influence of temperature on lucerne has been studied by a 

number of workers (Field et al 19 7 6 ) . Of parti cular interest to this 

dis cussion is the finding that high mean temperatures ( above about 20-25°C )  

consistently and markedly reduced both root weights and r oot carbohydrate 

con centrations at the early flowering stage (Jensen et al 19 67 , Dale Smith 

19 69 , 19 7 0 ;  Marten 19 7 0 ,  Lee & smith 19 7 2 ) . Thes e  workers gen erally 

recorded maximum herbage gr owth rates at about 20-25°C. It was to be 

expected that these effe cts of high temperature on lucerne would interact 

with its manag ement and , in Arizona , Feltner & Massengale ( 19 65 )  and 

Robison & Massengale ( 19 6 8 )  showed quite clearly that irrigated lucerne 

was more susceptible to frequent cutting during periods of high temperature 

( consi stent daily maxima of 3 8° C or more) than during cool er periods . 
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In all these studies where climate has been shown t o  interact 

with lucerne management ,  the ability of the lucerne to withstand the stres s  

o f  frequent harvesting has been affected . I n  view o f  the stress which 

long GDs appear to impose on lucerne ( Peart 19 68 , 19 7 0; O ' Connor 197 0, 

Othman 19 7 2 ,  Jan son 19 7 5 ,  Constable et al 19 7 7 ) , it seemed reasonable 

to suggest that c l imatic factors may also interact with lucerne ' s  response 

to GD . Indeed , O ' Connor {19 70 ) , with no supportive experimental evidence , 

has a lready suggested that GD should be shortened during the winter period 

and the summer drought in Canterbury . 

1 3 P R OJEC T O BJECT I V E AND O U T L I N E 

Two decis ions were made at the outset of the pro j ect 

1. all the studies would be conducted on New Zealand Certified ' Wairau ' 

lucerne; 

2 .  al l the graz ing treatments - actual and s imulated - would be applied 

only to lucerne which had reached the early flower ing or basal shoot 

appearance stage . The concept o f  spelling to this stage i s  

international ly accepted for maximum herbage production and i s  readily 

integrated into a graz ing system . 

The obj ective of the proj ect was to conduct a detailed study into 

the effect o f  grazing duration on lucerne in terms of both immediate e ffects 

on the plant and the total overall e ffect on production through one season . 

A secondary obj ective was to investigate the pos sible interaction of 

certain c l imatic factors with GD effects . 

A f ield t�· ial was conducted through one full growth season under 

actual graz ing conditions . Then the studies moved indoors into large 

controlled environm ent conditions to monitor treatment effects on the 

plant more closely than had been possible in the field . Simulated 

grazing was employed in thi s part of the proj ect . Three different 

climatic comb inations were imposed in the controlled environments to 

invest igate the interaction of climate with GD . 



C HAPTER 2 F I ELD TR I AL - EXPERI MENTAL 

2 1 S I T E AND STAND D E SC R I PT I O N 

13 

A f ield trial was conducted through the 19 7 5/76 spring/summer/ 

autumn period on a three hectare field of lucerne (Medicago sativa L .  

c v  ' W a i r a u ') at Massey University, Palmerston North, New Z ealand 

( latitude 4 0°2 3�5, longitude 175° 3 7'E, 3 0  m A . S . L . } . 

Palmerston North, in the southern half of the North I sland, has 

a cool temperate climate with an average annual rainfall of 1000 mm well 

spread through the year ( 30 year average } .  Mean daily maximum/minimum 

temperatures for the spring/summer/autumn period rise from 14 . 7/6 . 4°C 

in September to 2 2 . 2/1 2 . 6°C in February, falling again to 14,9/6 . 7°C 

in May (40 year average s ) . Brief climatic data for the trial period 

are given in F igure 2 .  It was in all respects a very typical season . 

The temperatures followed the trend of the 40 year averages ( above ) and 

the rainfall was both well spread and in abSolute amounts very close to 

the 30 year monthly averages .  

The soil on the trial site was a Manawatu fine sandy loam, 

underlain by gravels at a depth of 0 . 5 5 to 1 . 00 metre . 

In the winter of 19 74, the permanent pasture on the trial site 

was ploughed and then 2 500 kg/ha l ime and 4 5 0  kg/ha potassic superphosphate 

applied and cultivated into the top 15 cm of soil . In October 197 4, 

10 kg/ha of Certified ' Wairau ' lucerne seed was sown into a well-prepared 

seed-bed . The lucerne was given long spells to the flowering stage between 

each of the three quick hard graz ings it received over the f irst summer 

and autumn period . It was irrigated three t imes in this establishment 

season and a further 4 5 0  kg/ha potassic superphosphate applied in the 

autumn . A mixture of paraquat and atrazine was applied in the winter to 

control some annual grasses and broadleaf weeds . 
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When growth began to accelerate in the early spring of the 

second year , it was apparent that the management applied in the first 

year had been successful in e stabli shing a good stand o f  vigorous , 

1 5  

relatively weed-free lucerne . Counts taken at thi s  time showed a lucerne 

plant density of 9 0/m1 and a chemical analysis of the lucerne herbage 

showed adequate levels of the maj or and trace elements . 

ready for the trial to begin . 

The stand was 

2 2 TR EATM E N T  D E SC R I PT I O N AND 
EX P E R I M E N TA L  D E S I G N 

Commenc ing in the spring of this second year , three treatments 

were imposed : 

Treatment 1 2-4 day grazing duration , i . e .  as quickly as pos s ible 

Treatment 2 15 day " " 

Treatment 3 30 day " " 

each grazing commenc ing when the new basal shoots s tarted appearing . 

The design was a randomised block with four replicate s .  

2 3 C A L E NDAR O F  EVENTS 

The trial period began on September 20 , 19 7 5  following a quick , 

hard grazing to improve the uniformity of the trial area after the trampling 

involved in the erection of the fencing . The first ' treatment' grazings 

commenced on November 9 ,  19 7 5 . Figure 3 depicts the timing of the grazing 

and regrowth periods on the three treatments through the eight month 

period from September 20 , 19 7 5  to May 1 3 , 1 976 . The length of the regrowth 

period changed through the season with temperature and daylength but 

each new grazing on the three treatments always commenced when new shoots 

were j ust beginning to appear at the base of the mature stems . I n  the 

spring and autumn thi s preceded flowering by a few days and coincided with 

it in the summer .  
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By the beginning of May , herbage growth rate had become very 

slow on all three treatments and consequently the final harvest was taken 

on May 13 to prevent any frosting of the lucerne . 

2 4 GRAZ I N G MANAG EMENT 

A t  the start o f  each grazing period , Romney hoggets were allocated 

to the treatments at a grazing pressure calculated to remove the herbage 

to a mature stem stubble height of 10-12 cm in 2-4 , 15 and 3 0  days . For 

example , at the first grazing this required a concentration o f  approximately 

1400 , 180 and 80 hoggets per hectare respectively for Treatments 1 ,  2 and 3 .  

Small alterations were made to sheep numbers during a grazing i f  it was 

apparent the herbage was being consumed either too quickly or too slowly . 

The size of the small fenced paddocks used in this grazing 

experiment were : Treatment 1 - 2 1 0m1; Treatment 2 - 3 0 0  m� ; Treatment 3 -

540 m1 • The paddock size was purpos e ly increased with GD to ensure I flock size on any of the paddocks did not fall below a minimum of 4-5 hoggets . 

2 5 I R R I GAT I O N 

Irrigation scheduling was based on the evapotranspiration model 

developed 1:y Clothier e t  al ( 1.9 75 ) . Their investigations were �onducted 

on an area of Manawatu fine sandy loam less than one kilometre from the 

field trial site . Sampling showed the average soil depth to be virtually 

identical on the two sites and consequently the soil moi sture 

characteristics given by Clothier e t  al (loc . ci t . )  were also used in the 

calculation of irrigation scheduling for the field tria l . Lucerne roots 

on the f ie ld trial site at the start o f  the second season were found to 

be exploiting the full soil depth o f  approximately 0 . 7  metre . 

Irrigation commenced when the calculations indicated 40% of the 

available water in the root zone had been lost through evapotranspiration 

( so il moisture tens ioh at this point was -1 to -2 bars - B . E .  Clothier 

pers . comm . ) .  Sufficient water was then applied to restore the soil to 

Field Capacity. 
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PLATE 1 .  General view of the trial area November 197 5 . 

PLATE 2 .  Closer view o f  some of the small paddocks .  



Under this pol icy , four irrigations were given during the 

cours e  of the trial , each supplying approximately 45 mm of water by 

spr inklers . 

2 6 C O L L E C T I ON O F  H E R BA G E  D A T A  

1 9 

Herbage samp l e s  were cut from the paddocks immediately pri or 

to e ach graz ing , at interval s  during each grazing on Treatments 2 and 3 ,  

at the end o f  e ach grazing , at interva l s  during each r egrowth period and 

at the f inal harves t  on May 1 3 , 1 9 7 6 .  The s amp ling dates during grazing 

on Treatment 2 were Day 6 ,  9 and 1 2 , and dur ing grazing on Treatment 3 

wer e  Day 6 ,  1 2 , 18 and 2 4 . No samples were cut during the 2 - 4  day 

grazings on Treatment 1 .  The s ampling dates during the regrowth period 

on a l l  treatments were 3 ,  8 and 18 and then , of course , immediately 

pri or to the next graz ing . 

Growth dur ing grazing on Treatments 2 and 3 was measured by the 

Aus trali an d i f f er ence technique { Lynch 1 9 6 0 )  using two l arge cages per 

paddo ck . The cag e s  were shi fted randomly within the paddocks on the 

dates during and r emoved at the end o f  each grazing . 

They were replaced on the paddocks at the next grazing after the 

had been on the paddocks for two days . Thi s  delay of two days a llowed 

sufficient t ime for s tem apex r emoval over most of the 

avoided r e cording growth for the first six days of 

and thus 

under the 

rather unre al i stic s ituation of completely undamaged lucerne . 

All the herbage sampling men tioned above involved the harvesting 

o f  two randomly s e lected 0 . 2  m� quadrats per paddock . Hand shears were 

u s ed to s ever the tap-root of e ach lucerne plant in the quadrat , about 

2 - 3  cm b elow the crown , thus ensuring none of the basal shoot s  were lost 

during harv e s t ing . In the l aborator y , the green weight of the two 

herbage s amp l e s  from each paddock was determined , the two were 

then bulked and thoroughly mixed and a lOO g subsample weighed out . 

From this subsample a l l  the basal and s tubb l e  s hoots were p lucked 

off at thei r  site of origin , the l ength of the 20 tallest was measured 

and then the number shoots in e ach c l a s s  and the leaf area of each 

class was determined . Al l the mature herbage was then s evered from the 

crown and root s egment and , if tal l 1 divided into top and bottom 
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hal f  mature herbage (based on stem height immediate ly prior t o  s tart o f  

each graz ing ) after any dead stubble was removed . The leav e s  were 

stripped from the stems of the two halves and leaf area mea sured . All 

the herbage fractions were then dri ed overnight at 80Q C and weighed . 

Leaf area was measured wi th a Hayashi Denkoh Automat i c  Are a  

Meter ,  Mode l AAM-7 . 

The fol lowing def inition s  for herbage components were adopted 

throughout this proj ect , i . e .  in both the field trial the control led 

environment s tudies : 

the crown cons i s t s  of the perennial portions o f  the s tem 

��-���� was the remaining mature stems after comp le tion o f  

graz ing or cutting 

a bud became a s hoot immediately the first leaf emerged and began 

to 

shoot s  remained shoots for the whole o f  a regrowth cyc l e . Howev<:2r , 

once the next cyc le began , the shoots o f  the prev ious cycle bec rune 

' mature herbag e ' or ' mature stems ' .  At the end of a regrowth 

the first shoots for the n ext cycle were j ust beginning to 

emerge at the base of the sward , but thes e  tiny shoot s  were never 

harvested with the very large shoots of the concluding cyc l e . I t  

was considered that this terminol ogy a s s i s ted the o f  

r egrowth rather than the alternat ive , e . g .  Othman ( 19 7 2 )  in which 

the shoots bec ame stems part way through the regrowth period . 

shoots were s ubdivided into 

basal shoots : shoots ari s ing from the crown and the 

lower nodes of the stubb l e  and mature stems where 

internode length did not exceed 0 . 5  cm 

stubble shoots : shoots aris ing from upper nod e s  where 

internode length exceeded 0 . 5  cm 

basal shoots were subdiv ided into 

: a shoot which was neither subtended 

on another shoot nor was subtending another shoot 

subtending : a decap itated shoot whic h  was subtending 

another 

subtended a shoot which was subtended on another 

( see F igure 4 and P lates 3 & 



basal zone { 
of short ---+ 

interno de s  

s ub t e nd i ng 
shoot  -

2 1  

4 .  D i a g ramma t i c  r e s en t a t i o n  o f  the three typ e s  o f  b a s a l  sho o t .  
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PLATE 3 .  Early development of an 
independent shoot . 

PLATE 4 .  Early development o f  a subtended shoot . 
The decapitated independent ( far left)  gives rise 
to the new subtended shoot & in so doing become s 

a subtending shoot . 

2 2  
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Thi s  c l a ssifica t ion o f  basal shoots was decided o n  fol lowing 

pre l iminary g la s shouse investigation s  into the morphologi ca l  effec t  o f  

d ecapitation o f  new shoots ( shoot les s than 1 0  cm long ) . These 

s tudies showed that about 10 days after an independent shoot was 

decapitated a new shoot appeared one of its lower node s . Thus what 

was originally an independent shoot bec ame a subtending shoot and the 

shoot was of cours e  a subtended shoot . 

Stubble shoots were not s eparated into the three subdivisons 

employed for basal shoot s  because the preliminary glas shouse s tudies 

indicated the yield contribution from s tubb l e  shoots under sward cond itions 

and infrequent harve sting was so small that separation into three classes 

was neither practical nor warranted . 

Light penetration through the mature to the new shoots at 

the base of the sward was measured dur ing the g razing period at the t ime 

of herbage sampling with a Lambda LI - 1 8 5  light meter with a quantum 

sensor . Twen ty read ings were taken randomly per paddoc k ,  i . e .  8 0  per 

treatment ,  between 1 1 0 0  and 1300 hours and the results in terms 

of light at the new shoot level a s  a percentage of l ight 

mature herbage canopy . 

2 7 S HO O T  P O P U LAT I ON S TU D I E S 

above the 

To monitor the shoot population c lo sely through the grazing and 

regrowth per iods , it was nece s s ary to identify individual shoots a s  they 

arose . 

Four lucerne plants per paddock were chosen at random for shoot 

marking . Immediate ly pr ior to the s tart of grazing , any new shoots 

present at the base o f  the f our selected plants on e a ch paddock were 

marked with smal l  coloured plastic r ing . Thereafte r , at f ive d ay 

interval s  through the grazing period on Treatments 2 and 3 and at f ive 

day interval s through the regrowth period on all three treatments ,  the 

s elected p lants on e ach paddock were r elocated and any new shoots which 

had arisen on thes e  i n  the f ive days since the l ast tagging wer e  

marked with a ring ( P late 5 ) . 

each f iv e  d ay per i od . 

D i fferent coloured r ings were used for 



PLATE 5 .  One of the Treatment 3 plants on which the 
new shoots were individually tagged as they aro se 
- red , blue & green rings can be seen on this p lant . 
The photoqraph was taken at the end of qrazinq . 

24 
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O n  Day 1 8  o f  the regrowth p e r iod , two o f  the tagged p lants on 

each paddock of the appropriate treatment were carefully dug up . Each 

shoot was p lucked off and a llocated to its appropriate c l a s s  according 

to its pos i ti on and the colour of the t ag at its bas e . The shoots in 

each class were then c ounted , dried and weighe d . This was ten.ned the 

pre l iminary harvest . At the end o f  thu regrowth period , i . e .  immediately 

prior to the s tart o f  the next grazing , the remaining two tagg e d  p lants 

on each paddock were dug up and the same procedure followed . Thi s  was 

termed the f inal harves t .  (At this f inal harvest o f  the tagged p l ants , 

the t iny new shoots for the next growth cycle which wer e  j us t  app e aring 

at the base of the sward were not included in the shoot popul ation 

analys i s  o f  the current growth cycle . )  

The techniques o f  this s hoot tagging wer e  investig ated under 

glasshous e  conditions but still r equi r ed under grazing . Thi s  

was done during the rst cycl e . Thus the results g iven i n  Chapter 4 

relate to the s econd cycle . 

The rings used in this tagg ing exercise were c ut from split 

P . V . C .  tubing of 4-5 mm diame te r .  The spl i t  rings p ermi easy 

application at the bas e  of the shoot s  with a pair of tweezers and also 

accommodated increa s e s  in shoot diame ter without con s tr i ction . 

2 8 A N A LY S I S  O F  R E S U LT S  

The des ign of this trial w a s  a randomi sed block . I t  had four 

r eplicates and there were very few c omplicating factors . Analys i s  o f  

variance w a s  performed both on the r e sult s  o f  different treatments a t  

comparab l e  s ampl ing t imes and on t h e  results of d i f ferent s ampling times 

within a treatment .  The s tati stical parameters g iven in the t ables 

are the Coeff icient o f  Var iation and the Least S ignif icant Di fferenc e s  

at the 5 %  a n d  1% s ignificance l eve l .  On the graphs j us t  the 5 %  LSD i s  shown . 

H e rbage growth rates during regrowth exhibite d  a d efinite 

seasonal e f fect which neces si tated adjustment of the paddock or plot 

value s before ana lys i s  of variance c ould be appl ied . The deta i l s  of 

this are g iven l ater . 



CHAPTER 3 F I E LD TR IAL  - HERBAGE 
COMPONENTS AND Y I E LD 

RES U LTS 

On November 9,  197 5 graz ing s tarted on all three treatments .  

Appendix 1 provides details o f  the herbage harves'ted at thi s  t ime and 

2 6  

demonstrates the uni formity of the treatments . The appearance o f  the 

lucerne at the start of graz ing i s  shown in Plate 6 and the herbage 

characteri s t i c s  are summari sed in F igure 5 .  The concentration o f  l e af 

weight and area in the top hal f  ( approximately 2 0-40 cm height ) and the 

corresponding dominance of stem in the bottom hal f ( approximately 0 - 2 0  cm 

) i s  evident . S imilar d istr ibut ions were recorded by Warren Wi lson 

( 19 6 5 )  and Keoghan ( 1966)  . 

For much o f  the first graz ing cycle , which commenced November 9 ,  

shoot clas s i f ic ation and labell ing techniques were being perfected . Thus , 

whil e  the o f  herbage consumption and r egrowth were mea s ured , a 

complete r e co rd of the number and typ e s  shoots was not obtained unti l 

the second Since only two full cyc l e s  were completed on 

Treatment 3 ,  the princ ipal treatment from here on are made with 

re sults from the second Nevertheles s ,  agreement or otherwis e  of 

first re sults with second i s  wher e  

3 1 T H E  PAT T E R N  O F  MATUR E H E R BAG E 

R EMOVA L D U R I NG G R A Z I N G 

The g eneral pattern o f  mature herbage remova l  was very s imilar 

on Treatments 2 and 3 ;  only the rate o f  consumption was differen t . The 

top half leaf was consumed very qui ckly ; top hal f stem a l ittle more 

( F igure 6 and Plate 7 ) . 

The small amount o f  l ea f  in the bottom hal f  o f  the p ro f i l e  

d i s appeared qui ckly once leaf ava il ab i l ity i n  the top h a l f  f e l l  ( Plate 8 ) . 

Stem mater ial in the bottom hal f  however was left untouched unt i l  a l l  

thi s  l e a f  mater ial , and o f  course ,  t h e  top half stem , was removed . 



PLATE 6 .  Appearance o f  lucerne at start 
of graz ing ( basal shoot appearance I 
early flowering stage ) . 

27 
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PLATE 7 .  General view of Treatment 2 lucerne after 
five days of grazing . 

30 
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N . B .  It was often di fficult t o  photograph certain feature s of lucernes 
deve lopment in the field . To overcome thi s a plant was dug from the field 
& photographed in a pot of soil . The suffix F . T .  wi l l  always be attached 
to Plate de scriptions of fie ld trial plants photoqraphed in pots . 

PLATE 8 .  Treatment 3 
lucerne p lant a fter 
18 days o f  grazing 

- new shoot 
deve lopment evident 
at base of mature 
stems . ( F . T . )  

PLATE 9 .  General view of Treatment 2 lucerne at end o f  grazing 

period ( 1 5  days ) . 



3 2  

Bottom hal f  s tem plus the new shoots emerging a t  the base o f  thes e  stems 

were all that was avai l able to the s tock for the last quarter o f  the 

grazing period . About hal f  of this s tem material rema ined uneaten when 

the stock wer e  r emoved at the end of grazing (Plate 9 ) . 

Light penetration to the basal shoots increased s teadily a s  the 

mature herbage was consumed ( Figure 6 )  . Figure 7 depict s ' the change s  in 

total leaf area during grazing . The deve lopment of new shoot leaf area 

is shown on the same scale to illustrate the size of the contribution 

from this source . 

The patte rn o f  herbage removal ,  l eaf area decline and l ight 

penetration during the f irst grazing cyc le was very s imilar to that o f  

the second cycle .  

3 

3 : 2 : 1  S HOOT NUMBERS 

2 N EW S HO O T  D E V E LO PM E N T  

D U R I NG G R A Z I N G 

At the start of grazing , the r e  were very few n ew shoot s  present 

( F igure 8 ) . No increase was recorded thr e e  days l ater on Treatment 1 

when graz ing on this treatment fini shed . However , a s ignificant increase 

had occurred on Treatments 2 and 3 after s ix days of grazing and a further 

substantial increase was recorded at the next coun t .  For the r e s t  of 

the graz ing period , independent shoot number s  did not c hange s ig n i f icantly 

on e ither treatment .  

By Day 2 4  o f  the 3 0  day graz ing period , a sma l l  numbe r  o f  

subtended and subtendi ng shoot s  had appeared a s  a result o f  dec ap itation 

of some of the independent s . Thi s  effec t  had increased by the next count 

at the end of the 3 0  day grazing period . Thus differentiation o f  the 

basal shoot population into the three c l a s s e s  was more advanced on 

Treatment 3 than Treatment 2 at the end of graz ing . 

S tubble shoot numbers were very low throughout grazing on both 

Treatments 2 and 3 ;  for mos t  o f  the time they compr i s ed only about 2-4% 

of basal shoot number s . 
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3 : 2 : 2  SHOOT S I ZE ,  LEAF AREA AND Y I ELD 

The following r esult s  on shoot size , leaf area and yield relate 

to the total new basal shout population . 

At the start o f  grazing , the few basal shoot s  pre sent were very 

sma l l  and consequent ly basal shoot y i e ld and leaf area were practical ly 

neg l i g ib l e  at this t ime . As grazing progressed on Treatments 2 and 3 ,  

the shoot s  increased in weight and length and , with the concurrent increase 

in shoot numbers ( Figure 8 ) , basa l  shoot yield and leaf area also ros e  

( Figure 9 )  . 

However ,  about hal fway through the grazing p eriod , the increase 

in bas a l  s hoot leaf area was halted and afte r , th�o� increa s e  in 

shoot l ength and average we ight was also stopped . None of thes e  parameters 

increased again , but remained f a i r ly stable for the r emaining 5 and 12 days 

of graz ing respectively on Treatments 2 and 3 - a trend that was also 

reflected i n  basal shoot yield . 

Stubble shoot yield throughout the grazing period was minimal . 

The average stubble shoot contribution to total shoot y i e ld was about 2 % .  

A t  the end o f  grazing the l ength , average weight , leaf area and 

yield of the basal s hoots was highe r  on Treatment 3 than Treatment 2 

( Table 1 ) . Thes e  value s were , o f  c ourse , very low on Treatment 1 at thi s  

time for there had been no change in any o f  thes e  components during the 

three day graz ing period of thi s  treatment . 

1 and 

Plates 1 0  and 11 contra s t  the above-ground app earance of Treatments 

dt the end o f  grazing while P late 12 shows some of the below ground 

parts of a Treatment 2 plant at the e nd of grazi ng . 

pat.tern o f  basal s hoot development under grazing in the first 

cyc l e  was ve:;ry s imi to that of the s e cond cycle . 
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TABLE 1 .  Treatmen t  c omp a r i s o n s  o f  y i e ld , l e a f  a r e a  & 
s i z e o f  new shoots at end o f  gr a z i ng . 

Basal shoots S tubble shts . 
Leaf Wt/ 

Y i e ld area shoot Length Y i e ld 
( g/m) ( cm/'nf) (mg ) ( cm) (g/m) 

Tmt 1 0 . 2 2 4 . 65 1 . 13 

Tmt 2 1 3 . 81 1 7 8  8 . 5 4 2 . 9 9 0 . 55 

Tmt 3 3 1 . 10 6 4 5  3 . 10 3 . 5 0 0 . 56 

CV% 3 2 . 3 4 3 . 2 1 6 . 3 7 . 0  94 . 7  
LSD 5 %  1 6 . 3 4* 4 0 0* 2 . 48 0 . 3 1 1 . 18 

1 %  2 9 . 99 7 34 4 . 5 2 * *  0 . 47 * *  2 . 16 
# # # 

* differences exi st that are statistically s ign i ficant at the 5 %  leve l  
* *  " 11 11  11  " If " 1 1  1 %  11  

# analys i s  performed on Trnts 2 & 3 only 



PLATE 10 . Treatment 1 lucerne plant at end o f  grazing 
period ( 3  days ) . No new shoot development occurred 
duri ng thi s grazing period . ( F . T . )  

PLATE 1 1 .  Treatment 3 lucerne plant at end o f  grazing 
p eriod ( 3 0 days ) - new shoot development evident at 
base of mature stems . ( F . T . ) 

3 8  



PLATE 12 . C lose-up of Treatment 2 lucerne plant at 
end of grazing period , showing part of the crown 
region , some dead stubble material , the base of 
several mature stems , several new white buds , & 
some new shoots both undamaged & decapitated . 

39 
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3 3 R E G ROWTH 

3 : 3 : 1  S HOOT NUMBERS 

The differentiation of the basal shoot population into three c lasse s , 

which was j ust commencing on Treatment 2 ,  but was more advanced on Treatment 3 

at the end of grazing , continued strongly in the first eight days of the 

regrowth per iod on these two treatments (Figure 10) . Independent shoot 

numbers dec lined as , following the decapitation experienced by so many 

of them towards the end of grazing , they became subtending shoots with the 

development of a subtended shoot ( s )  on the decapitated ' stump ' . Thus , 

independent shoot numbers decl ined while subtending and subtended shoot 

numbers increased . 

This substitution of subtending and subtended shoots for independent 

shoots had apparently finished by Day 8 of the regrowth period for shoot 

numbers in the three classes s tabilised thereafter on both treatments . 

Despite the substantial changes in shoot numbers within the three 

classes during the early stages of regrowth , the total of independent and 

subtended shoots did not change throughout the first half of the regrowth 

period on Treatments 2 and 3 .  

Figure 11 compare s shoot numbers ( the total of independents and 

subtendeds only) on all three treatments through the first half of the 

regrowth period . The number of subtending shoots on Treatments 2 and 3 is 

not very relevant to regrowth as their contribution to yield was minimal 

at all times due to their very small size ( see Chapter 4 ) . 

At the start o f  the regrowth period , there were very few basal shoots 

on Treatment 1 and a large number on Treatments 2 and 3 .  However , this 

difference had virtually di sappeared after eight days for shoot numbers on 

Treatment 1 increased very rapidly to reach an apparently stable level by Day 8 .  

Treatments 2 and 3 only differed significantly at one count for the 

total of independent and subtended shoots . At the final cqunt of the 

regrowth period no significant treatment differences were recorded . 

time s .  

Stubble shoot numbers were very low on all three treatments a t  a l l  

Only once did they reach 7% of the independent and subtended shoot 

total ; for much of the t ime they comprised only 3-5% o f  this total . There 
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were n o  significant differences between the three treatments a t  any harvest 

in e ither the number or percentage contribution of stubble shoots . 

During the first grazing cycle , separation of the basal shoot classes 

was incomplete , but counts taken during the third cycle on Treatments 1 and 2 

showed a very similar pattern to that depicted above for these treatments . 

3 : 3 : 2  HERBAGE Y IELD AND GROWTH RATES 

Figure 12 gives a general picture of the regrowth curves for the 

first two cycles and their distribution through the season . The small 

di fferences in percentage bud/flower at the final harvests through the season 

are a reminder that , in thi s trial , the indicator for the start of each new 

grazing cycle Was the development of new shoots at the bottom bf the stems 

rather than the development of flowers and buds at the top of the stems . 

In most parts o f  New Zealand under sward conditions , new shoot development 

generally precedes flowering by a few days in the spring and autumn and 

coincides with it in the summer (C . G .  Janson , personal observation } . 

It is fairly clear , even from this rather imprec ise type of 

presentation , that both seasonal and treatment e ffects were influencing 

regrowth . For instance , there was a marked decline in herbage yield at the 

final harvest as the season progressed . This has been noted by others 

( Smith et al 1966 , Daigger et al 197 0 , sin9h & Winch 1974 ) and is a result 

of changes in such things as air temperature ; daylength or evaporative demand 

which either accelerate reproductive development in the plant thereby 

inhibiting vegetative development earlier , or e lse simply reduce herbage 

growth rate per s e .  

Clearly , if the seasonal effect was significant , its influence would 

have to be removed before the treatment effects could be tested . The 

following procedure was adopted to remove the seasonal effect from the herbage 

growth rate data so that valid treatment comparisons could be made . 

The ' residual ' ( re sidual = plot value - replicate effect - treatment 

effect - overall mean } was calculated for each plot , i . e . paddock , value of 

the particular growth rate under consideration in the first two cycles and 

then regres sed with the number of days since the beginning of November .  

I f  the regression was signi ficant , each plot value was adjusted using the 

derived regression equation . Analysi s  of variance was then performed on 
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these adj us ted plot values t o  test for treatment differences unconfounded 

by the seasonal effect . One example of this procedure is given in 

Appendix 2 for absolute growth rates in the first half of the regrowth period . 

If the regression of ' residual ' on day number was not significant , i . e .  

the seasonal effect was not significan t ,  analysis of variance was performed 

on unadj usted plot values . 

Figure 13 pre sents the herbage growth rate s ,  absolute and relative , 

measured over the first half , Day 0-1 8 ,  and the second half , Day 18 - x ,  of 

the regrowth period in the first two cycles . 

During the first half of the regrowth period Treatment 2 was 

superior to the other two treatments in terms of absolute growth rates but ; 

in terms of relative growth rates , Treatment 1 had the highest values 

( and incidentally Treatment 3 had the lowest) . 

In the second half of the regrowth period , Treatment 1 had the 

highest absolute and relative growth rates and no significant difference s  

existed between the other two treatments i n  terms o f  either absolute or 

relative growth rates . 

This whol e  section on yields and growth rates through the regrowth 

period has been expressed in terms of total herbage yield , i . e .  the sum of 

basal and stubble shoots .  It should be emphasised that the maj ority of 

this yield came from basal shoots .  Stubble shoot yield as a percentage of 

total shoot yield exceeded 6% on only two occasions and at most of the 

harvests fluctuated around 2 - 3 %  (Appendix 3 ) . 

3 4 TOTAL H ER BAG E P R O D U C T I O N 
FOR TR I A L D U RAT I O N 

Figure 14 compares the total herbage production under the three 

grazing systems for the full trial duration - September 2 0 ,  19 7 5  to 

May 13 , 19 76 . There are two main points in this figure . Firstly , the 

15 and 3 0  day GDs d i d  n o t  r e s u l t in massive reductions in total lucerne 

yield - they were 14% and 29 % lower respectively than total lucerne yield 

on Treatment l .  Secondly , the differences between treatments in total ,� T� � -.t 
lucerne yield were generated Aentir ely by differences in s tem yield . There 
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were no significant differences between the three treatments in the total 

production of leaf and new shoot . 

The average growth rate of the herbage during the regrowth periods , 

i . e .  end of one grazing to start of the next , for all three treatments was 

7 . 63 g/m� /day . The average growth rate of the herbage during the grazing 

periods for Treatments 2 and 3 was 2 . 78 g/m�/day , i . e .  approximately 36% 

of the growth rate during the regrowth periods . 

Of the 2 36 day total trial period , Treatments 2 and 3 spent 45 and 

9 0  days respectively under grazing - i . e .  19 % and 38% of the total trial 

duration . Thus , while treatment differences in growth rate during the 

regrowth period did occur ( see Figure 1 3 ) , it seems that an important cause 

of treatment differences in total production was the percentage of the trial 

duration that Treatment 2 ,  but especially Treatment 3 ,  spent under grazing ; 

a period when herbage growth rates were slow�r . 

Although production during the grazing periods was ·relatively small 

( 1 2 3  and 255 g/m2 for the 4 5  and 90 days of grazing on Treatments 2 and 3 

respectively) , 100% of it was leaf and new shoot and it appears this was 

largely responsible for the lack of any s ignificant treatment differences 

in the total production of this valuable herbage component . 

D I SCUSS I ON 

Consumption of the mature herbage in this trial followed the 

pattern described by Arnold ( 1960)  and McKinney et al ( 19 70 )  with the 

leaf and upper stem material being eaten first and the lower stem material 

last . The consequence of this of course was that the plants were left 

\{ virtually bereft of leaf (area)for the last third of the grazing period . 
I 

The difficulty experienced in this trial in persuading stock to eat 

the lower half stem fraction is not uncommon when fairly mat�re herbage i·s 

being grazed , ( see McKinney et al 19 7 0 ) , but was probabiy accentuated in 

this case because ·all the grazing was done with hoggets � 

Development of the new shoot population was rapid following removal 

of the mature stem apices . Shoots quickly increased both ih humber and siz� 
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and thus it was inevitable that , under the 1 5  and 3 0  day grazing periods , 

the sheep would start ' topping ' the tallest of these shoots once the 

leaf and upper stem fractions of the mature herbage had been consumed . 

As a result of this , the increases in the leaf area , length and average 

weight of the new shoots on Treatments 2 and 3 were stopped about two thirds 

of the way through the grazing period . Nevertheles s ,  in view of the 

differences in regrowth which followed , it is important to note that all 

these parameters of the shoot population , plus the total yield of the 

shoot population , were higher on Treatment 3 than Treatment 2 when 

grazing finished 5-10 days later . 

At the start of the regrowth period , shoot numbers on Treatment 1 

were negligible and the few that were present wer� very small .  Thus , 

although the population increased very rapidly in the first eight days 

of regrowth and the relative growth rate ( RGR) of these new shoots was 

much higher than that of Treatment 2 ,  the absolute growth rat� (AGR) of 

Treatment 1 was substantially lower than that of Treatment 2 through 

the first half of the regrowth period . 

Treatment 2 had , of course ,  developed a large �opulation of 
undamaged independent , decapitated independent and emergj}ng subtended 

shoots by the time the regrowth period started . In addition , a small 

but nonetheless significant and probably very efficient ieaf area 

( specific leaf area : 0 . 1 5 cm�/mg - see also Langer & Keoqhan 1970)  
remained on this treatment at the end of the grazinq period , down amongst 

the new shoots j ust below grazing height . Thus the morphological factors · 

which prevented a rapid AGR early in the regrowth period of Treatment 1 

were much less evident on Treatment 2 at the start of this period . 

Treatment 3 had also developed a large population of 

undamaged independent and subtended shoots , subtending and decapitated 

independent shoots by the time the regrowth period started . Moreover , 

as noted above , the total yield , leaf area and average weight ·of the 

shoots in this population were all significantly greater than that of 

the basal shoot population on Treatment 2 at this time . 

It was therefore surprising to find that both the AGR and RGR 

of Treatment 3 was lower than that of Treatment 2 through the first 

half of the regrowth period . It would seem that this could be caused 

by either one or both of the following two main factors : 



a )  the morphological composition of the shoot population from 

which regrowth occurred and/or 

b )  some other morphological or physiological aspect of the 
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plants in Treatment 3 that was not monitored in this field trial . 

With regard to the first suggestion , Figures 10 and ll  indicate 

that the principal difference between the shoot populations of Treatments 

2 and 3 in the early part of the regrowth period is the greater 

importance of subtended shoots on Treatment 3 .  (The total of independent 

and subtended shoots on Treatment 3 exceeds that of Treatment 2 at only 

one harvest of the four in the first half of regrowth and then only 

marginally at the 5% significance level , as shown in Figure 1 1 . )  

One of the obj ectives of the shoot population studies was to provide 

some detailed information on the relative performance of the different 

shoot classes through regrowth . Accordingly , the importance of any 

treatment differences in the morphological composition of the shoot 

populations is discussed in the following chapter . 

With regard to the second suggestion , leaf area .during regrowth 

would be of interest for it permits the calculation of Leaf Area Ratio ( LAR) . 

Leaf area was measured only for the first eight days of the regrowth 

period in the field trial so the following comments relat� j ust to these 

first eight days . Table 2 shows there were no treatment differehces 

in LAR at either cycle over this period . This indicates that 

differences between Treatments 2 and 3 ,  at least for the first eight 

days of regrowth , are not attributable to differences in the 

partitioning of assimilates to leaf and non-leaf above-ground organs . 

The Net Assimilation Rate (NAR) was also calculated for each 

treatment for this same period , but since no figures on root weight 

changes were collected in the field trial , only top weight changes could 

be included in the NAR calculation . Obviously , NAR based only on top 

weight changes is not a good indicator of leaf efficiency because root 

weight changes can influence NAR quite independently of any change in 

leaf effic iency . It is for this reason that the NAR figures are given 

(Table 2 ) . It is most unlikely that leaf efficiency would differ greatly 

between treatments as leaves on all three treatments were small and 

relatively young at this stage - specific leaf area at Day 8 of the 

regrowth period being 0 . 2 2 ,  0 . 24 and 0 . 24 for Treatments 1 ,  2 and 3 . 

respectively . Therefore the NAR figures suggest that treatment differences 

could exist in the reaction of root weight during this early part of the 
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TABLE 2 .  Lea f  Are a  Ra tio ( LAR) & N e t  As s imi lat ion Ra te ( NAR ) 
for f ir s t  e ight days o f  r egrowth per iod . 

Tmt l Tmt 2 Tmt 3 CV% LSD 5 %  
1% 

LAR 

1st cycle 68 . 68 66 . 65 70 . 40 14 . 6  17 . 32 
26 . 23  

2nd cycle 65 . 79 7 1 . 98 65 . 09 12 . 9  15 . 07 
22 . 82 

NAR 

1st cycle 0 . 0035 0 . 0015 0 . 0008 19 . 3  0 . 0006 
0 . 0009** 

2nd cycle 0 . 0037 0 . 0014 0 . 0007 18 . 8  0 . 0006 
0 . 0009* *  
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regrowth period - i . e .  partitioning in the plant between tops and roots could 

be implicated in the differences in herbage growth rate betw�en Treatments 

2 and 3 recorded in the first half of the regrowth period in this field trial . 

By the second half of the regrowth period , the AGR of Treatment 1 

which had been so low in the first half exceeded that of the other two 

treatments . The reason for this is not c lear , but is probably related to 

the stage of growth of the three treatments half way through the regrowth 

period . Consider firstly j ust Treatments 1 and 2 .  Treatment 1 ,  with no 

shoots at the end of the grazing period , spent much of the early part of the 

regrowth period developing a shoot population . In contrast to Treatment 1 ,  

Treatment 2 started the regrowth period some distance along the regrowth 

curve for it had already developed a sizeable shoot population by the end 

of grazing . Thus , half way through the regrowth period , the herbage yield 

of Treatment 2 was higher than that of Treatment 1 ( see Figure 1 2 ,  Day 18 

yields )  and thus was c loser to the stage when canopy factors . ( leaf : non-ieaf 

ratio , self-shading etc . ) start to reduce growth rate . In comparison , 

Treatment 1 was really j ust entering the steepest part of the sigmoidal 

growth curve by Day 18 . 

This same argument can still be used to explain the differences in 

growth rate between Treatments 3 and 1 in the second half of the regrowth 

period , but less convincingly for the herbage yield of Treatment 3 half way 

through this period was less than that of Treatment 2 at the same stage . 

On the basis of this argument ,  the growth rate of Treatment � should have 

been a little higher than that of Treatment 2 in the secon� half o£ regrowth , 

but in fact there was no significant difference between the growth rate of 

these two treatments in the second hal f .  If anything , Treatment 3 tended 

to be a little lower than Treatment 2 .  This suggests that , for some part 

of the second half  of the regrowth period , there may still have been some 

vestige of the factors which inhibited the growth rate of Treatment 3 in 

the first hal f .  

The effect of grazing duration on the total lucerne produced 

through one full growth season was shown in Figure 14 . The impact of the 

15 day GD, in particular , on total lucerne production was sufficiently small 

to make the adoption of longer GDs than the 2-4 days which have been 

recommended ( Iversen 196 7 )  an attractive proposition in many circumstances . 

A 14% reduction in total lucerne yield may well  be considered a reasonable 

price to pay for a less intensive system involving 15 day GDs rather than 

the idealistic one involving 2-4 day GDs . 
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The principal factor responsible for these differences in 

total lucerne yield was , of course , the slow growth rate during grazing . 

Unfortunately,  this will  always be a feature of lucerne , for the 

morphology of the plant and the grazing pattern of stock preclude high 

growth rates under grazing . Growth was generated principally from the 

stem apices and , once these were removed by the stock at the start of 

grazing , further growth could only occur from axillary leaf development 

on the stems and from new shoot development at the base of the stems . 

Axillary leaf development was minimal and also vulnerable to immediate 

removal by the stock while growth from new shoots at the base of the 

stems not only had to develop from very small initials ,  but was 

continually being interrupted - constant decapitation of these new shoots 

was maintained as long as grazing continued . 

The fact that treatment differences  in total yield were generated 

entirely by differences in stem yield has some important practical 

implications . While the stem is undoubtedly the least digestible fraction 

of the herbage (Christian , Jones and Freer ; 1970 ) , mature animals can 

use most of it.  However , to young stock (especially lambs ) , much of 

the stem is virtually indigestible and , as a consequence , they graze 

principally j ust the leaf and new shoot material (Jagusch et al 1970 , 1971 ) . 

It is obvious therefore that extending the grazing duration up to 

30 days is unlikely to significantly affect the capacity of the lucerne 

to feed young stock , but may reduce its production of feed utilisable 

by mature animals .  Fortunately , it is the mature animals which adapt 

most readily to the high stock concentrations and frequent shifting 

associated with short grazing durations , and young stock ( e . g  • .  weaned 

lambs ) which benefit most from the low stock concentrations and 

infrequent shifting of long grazing periods . For once , plant and 

animal requirements are not entirely in conflict . 

* * * * 

In the next chapter , the results of the shoot population studies 

are presented and discussed . The obj ective of this exercise was to 

provide a detailed insight into shoot development under grazing and the 

subsequent effects through the regrowth period . It should therefore 

provide a better understanding of the treatment differences in regrowth 

recorded in this chapter . 
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The following tables present details of the number and weight of 

the different classes of basal shoots that were present at the start of 

grazing (Prior) , or arose either during grazing or after grazing in any 

of the specifed five day intervals . Data on the stubble shoots follow 

the basal shoot results for each harvest . 

All the data -are expressed on a per plant basis and as the average 

of eight plants . 

In any statistical analyses of individual basal shoot c lasses , 

subtending shoots plus any classes with fewer than 0 . 5  shoot/plant were 

not included because their contribution to total yield was so small .  

Nevertheless , their contribution was recognised and when any analyses 

were performed on the three main basal shoot c lasses - independent , 

subtending and subtended - all the individual basal shoot classes were 

included . 

When comparing individual basal shoot classes between the 

preliminary and final harvests , statistical analysis was only performed 

on those classes where the number of shoots as a percentage of the total 

had fallen at the final harvest . 

Comparisons between treatments and between harvests were made on 

the percentage figures (number as percentage of total basals , weight as 

percentage of total basal shoot weight ) rather than the absolute numbers 

and weights because of the relatively small sample size in these shoot 

population studies (eight randomly chosen plants/treatment/harvest) . 
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4 1 TR EATME N T  O N E  

All the shoots on Treatment 1 were independents . 

4 : 1 : 1  PRELIMINARY HARVEST * (Table 3 )  

4 : l : l (a )  Basal Shoots 

Eighty five percent of the shoots present at the preliminary 

harvest had appeared by the end of the first five days post-grazing . The 

remaining 15%  of the shoots appeared in the next five day period . 

The earlier a shoot arose on this treatment , the heavier its 

weight at the preliminary harvest ; this resulted from both a longer 

growth period and a higher absolute growth rate . Consequently the early 

developing shoots ( ' Prior ' and 1st 5 )  contributed over 90% of the total 

basal shoot weight (t . b . s . wt . ) .  

4 : l : l (b )  Stubble Shoots 

Stubble shoots were fe·w in number and light in weight so 

contributed only 2 %  to total shoot weight ( t . s . wt . ) They appeared later 

than basal shoots , e . g .  only 17%  of the stubble shoots were present five 

days after the end of grazing . 

4 :  1 :  2 F I NAL HARVE ST (Table 3 )  

4 : 1 : 2 (a )  Basal Shoots 

In the second half of regrowth mortalities occurred principally 

amongst the late developing shoots , so that at the final harvest they 

contributed only 2 %  of t . b . s . wt .  This of course accentuated both the 

numerical dominance and the yield contribution of the early developing. 

shoots . 

4 : 1 : 2 (b )  Stubble Shoots 

The contribution of stubble shoots to t . s . wt .  had decreased by the 

final harvest apparently due to both shoot mortality and limited weight 

increase of the survivors .  

* Day 18 of the regrowth period 



TABLE 3 .  S hoot popu la tion s tud i e s . 
Treatment 1 - P r e l iminary harve s t . 

.., 

No . as % Tot . Tot . wt . 

of total wt . as % of 

No . basals l9l_ t . b . s . wt .  

Prior 0 . 9 6% 0 . 2 5 14% 

During 1 st 5 12 . 5  79% 1 . 43 7 8 %  

the 
re growth 2nd 5 2 . 4  1 5 %  0 . 16 9% 

period 

3 rd 5 

Basal shoot totals 1 5 . 8  1 . 84 

CV% 7 5 . 8  59 . 9  
LSD 5 %  4 . 26 0 . 39 

l %  5 . 92 0 . 5 5 

No . as % Tot . Tot . wt . 

of total wt . as % of 

No . shoots J2_ t . s . wt .  

Stubble shoots # 0 . 8  5 %  0 . 04 2 %  

Stubble shoot time of appearance : 
Prior 1st 5 2nd 5 3rd 5 

No . 0 . 1 0 . 6  
% 1 7 %  8 3 %  

Treatment 1 - F inal harve s t . 

No . as % Tot . Tot . wt . 

of total wt . as % of 
No . basals J2_ t . b . s . wt .  

Prior 1 . 0  8 %  0 . 70 10% 

During 1st 5 1 0 . 8  86% 6 . 1 7 88% 

the 
regrowth 2nd 5 0 . 7  6 %  0 . 17 2 %  

period 
3rd 5 

Basal shoot total s  12 . 5  7 . 04 

CV% � - 0 \._,5 1 .  3 
LSD 5 %  2 .  8 - 1 : 2 9 

1% 3 . 8  1 .  7 9  

No . as % Tot . Tot . wt . 

of total wt . as % of 

No . shoots ( g )  t . s . wt .  

Stubble shoots 0 . 4  3% 0 . 06 0 . 8-% 

time of appearance :  

2nd 5 3rd 5 

Comparison of Preliminary & Final Harvest Data 

Basal shoots - individual c lasses 
no . as % of total basals : during regrowth 
Stubble shoots 
no . as % of total shoots 
wt . as % of t . s . wt .  

NOTES : 
t . b . s . wt .  - total basal shoot weight 
t . s . wt .  - total shoot weight 

CV% 

- 2nd 5 45 . 7  

7 5 . 0  
7 1 . 4  

Av . 
wt . 

J2. 
0 . 2 8 

0 . 13 

0 . 06 

4 3 . 4  
0 . 07 
0 . 10 

Av . 
wt . 

J!lL 
0 . 05 

Av . 
wt . 

J2_ 
0 . 70 

0 . 57 

. 0 � 24 

2 5 . 8  
0 . 14 
0 . 19 

Av . 
wt . 

� 
0 . 15 

LSD 5 %  

5 . 7  

3 . 5  
l . l  
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Shoot growth 
rate 
(mg/day) # #  

1 3 . 3  

10 . 0  

7 . 5  

* *  

n s  
* 

# - the time of appearance of each stubbl e  shoot was noted at harvest 

# #  

ns 
* 
* *  

but because there were so few of them they were bulked for weighin� 
- shoot growth rate is taken as average weight divided by number of 

days from labelling to Preliminary harvest . There are a number of 
inaccuracies in this method but they are of little consequence 
since (a)  they apply equally to all 3 shoot c lasses & (b)  it i s  
the treatment comparisons which are o f  intere st rather than the 
absolute figures .  

- not s ignificant 
- s ignificant at 5% level 

" " 1 %  " 
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2 TR EATM E N T  TWO 

4 :  2 :  1 P RELIMINARY HARVE ST ( Table 4 )  

4 : 2 : l ( a )  Basal Shoots 

Under the 15 day grazing period of Treatment 2 ,  most of the early 

developing shoots ( ' Pr ior ' and 1st 5 )  were decapitated and ultimately 

developed into subtending shoots . Consequently , independent shoots were 

concentrated towards the end of the grazing period - wher� they had an 

increasing chance of avoiding decapitation - and in the immediate post­

graz ing period . 

Because shoot decapitation only started about halr way through the 

grazing period , subtended shoots were only j ust beginning to appear by the 

end of grazing and consequently the majority arose immediately post-grazing . 

Of the independent and subtended shoots whi ch arose during the 

grazing period , the later they arose the greater the average shoot weight 

of the ir age class at the preliminary harvest . Clearly , of the shoots 

which arose early in the 15 day graz ing period , all the large , rapidly 
' 

growing shoots were decapitated leaving only the small ,  s lower-growing 

one s .  This effect decreased in the shoot classes ari sing towards the 
( 

end of graz ing , presumbly because the large , rapidly growing shoots in 

these classes increas ingly e scaped decapitation and thus cohtinued their 

deve lopment uninterrupted . 

Shoots ari s ing after the graz ing period were l ighter at the 

preliminary harvest than those appearing towards the end of graz ing , for 

most of the latter e scaped decapitat ion and thus were able to continue 

development without damage fol lowing an earlier time of appearance . 

As a result of these combined effects , 86% of t . b . s . wt .  at the 

preliminary harve st came from shoots appearing in the last five days of 

graz ing and the first five days post-graz ing . 

Subtending shoots were always small irrespective of when they 

appeared and thus , while they contributed 30% to t . b . s . no'. ,  their 

contribution to t . b . s . wt .  was only 5 % .  



TABLE 4 .  S hoot popu lation s tud i e s . 
Treatment 2 - P r e l iminary harve s t . 

No . as % Tot . Tot . wt . 
of total wt . as % of 

No . basals (g )  t . b . s . wt .  

Prior - indep# 
- subt ' g  1 . 0  3 %  0 . 03 l%  

During 1st 5 - indep 
the - subt ' g  3 . 8  13%  0 . 07 2 %  
grazing 
period 2nd 5 - indep 1 . 8  6%  0 . 29 9%  

- subt ' g  4 . 0  14% 0 . 07 2 %  
- subtd ' d  

3rd 5 - indep 4 . 4  15%  1 . 18 35%  
- subt ' g  
- subtd ' d  1 . 5  5 %  0 . 42 ' 12% 

During lst 5 - indep 3 . 6  12%  0 . 40 12%  
the - subtd ' d  9 . 0  31%  0 . 91 · 27% 
regrowth 
period 2nd 5 - indep 

- subtd ' d  
( 

Basal shoot totals 29 . 2  3 . 37 

CV% 63 . 3  75 . 1  
LSD 5 %  2 . 6  0 . 49 

1% 3 . 5  0 . 66 

Relative Indep 9 . 9  34% 1 . 87 56% 
contributions 
from the 3 Subt ' g  8 . 8  30%  0 . 17 5 %  
main basal 
shoot classes Subtd ' d  10 . 5  36% 1 . 33 · 39%  

CV% 29 . 4  3 2 . 3  
LSD 5% 3 . 1  0 . 39 

1%  4 . 3  0 . 54 

No . as % Tot . Tot . wt . 
of total wt . as % of 

No . I&S ahts . J.gL t . s . wt .  
## 

Stubble shoots 1 . 4  6%  0 . 11 3 %  

Stubble shoot time of appearance : 
Prior 1st 5 2nd 5 3rd 5 :  1st 5 2nd 5 

No . 0 . 1 0 . 4  0 . 8  0 . 1  
% 9% 27% 55% 9% 

# - indep - independent , subt ' g  - subtending , subtd ' d  - subtended 
## - I&S - independent & subtended shoots 
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AV . 
wt . 
(g )  

0 . 03 

0 . 02 

0 . 16 
0 . 02 

0 . 26 

0 . 28 

0 . 11 
0 . 10 

46 . 1  
0 . 08 
0 . 11 

0 . 19 

0 . 02 

0 . 13 

25 . 8  
0 . 03 
0 . 04 

Av . 
wt . 
l.9.L 
0 . 08 
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Independent and subtended shoots comprised approximately equal 

proportions ( 34%  and 36% respectively) of the basal shoot populations at 

the preliminary harvest , but independents made a greater contribution 

than subtendeds to t . b . s . wt .  at this time (56%  and 39% respectively) .  

This was not due to any inherent difference in the growth potential of 

independent and subtended shoots ,  for independent and subtended shoots 

of the same age grew to the same average weight at the preliminary 
' 

harvest.  It was the result of a shoot size effect ( see average weight 

of independent and subtended shoots ) arising from a difference in the 

age composition of the two classes . Most of the independent shoots 

present at the preliminary harvest arose towards the end of grazing and 

thus appeared 5-10 days earlier than most of the subtendeds which arose 

mainly in the first five days post-grazing . 

4 : 2 : l (b )  Stubble Shoots 

As on Treatment 1 ,  stubble shoots were few in number and light in 

weight and thus contributed only 3% to t . s . wt .  Alsb , once again , it 

seemed that stubble shoots were appearing a little later than basal shoots .  

4 :  2 :  2 F I NAL HARVEST (Table 5 )  

4 : 2 : 2 (a )  Basal Shoots 

In the second half of regrowth , it seems that , if ·mortalities 

occurred amongst the independent and subtended shoots , they occurred 

amongst the latest developing ones . Only in these classes did the 

percentage of t . b . s . no .  decline , albeit non-significantly . There did 

not appear to be any difference in the survival of independent and subtended 

shoots of the same age during the second half of regrowth . 

The relative contribution of independent and subtended shoots to both 

t . b . s . no .  and wt . diverged during the second half of regrowth , a factor which 

is probably attributable to the different age composition of the two classes 

and the influence this has on survival . 

4 : 2 : 2 (b)  Stubble Shoots 

Once again the contribution of stubble shoots to t . s . wt .  decreased 

in the second half of regrowth due to both shoot mortality" and negligible 

weight increase of the survivors .  



TABLE 5 .  Shoot popu lat ion s tud ies . 60 
Treatment 2 - Final harvest . 

No . as % Tot . Tot . wt . AV . 
of total wt . as % of wt . 

No . basals __(2_ t . b . s . wt .  __(2_ 
Prior - indep 0 . 1  < 1% 0 . 01 < l% 0 . 10 

- subt ' g  0 . 3  l%  0 . 02 < l% 0 . 05 

During le •-� ·- 5 - indep 0 . 1  < 1%  0 . 01 < l% 0 . 01 
the - subt ' g  2 . 4  12%  0 . 05 l% 0 . 02 
grazing 
period 2nd 5 - indep 2 . 0  10% 1 . 09 17% 0 . 54 

- subt ' g  2 . 4  12% 0 . 07 1% 0 . 03 
- subtd ' d  

3rd 5 - indep 4 . 6  23%  2 . 68 41% 0 . 59 
- subt ' g  
- subtd ' d  1 . 1  5% 0 . 58 9% 0 . 52 

During lst 5 - indep 1 . 5  7 %  0 . 38 6% 0 . 24 
the - subtd ' d  5 . 7  28% 1 . 58 24% 0 . 28 
re growth 
period 2nd 5 - indep 

- subtd ' d  

Basal shoot totals 20 . 2  6 . 47 

CV% 7 3 . 6  84 . 5  43 . 5  
LSD 5% 2 . 2  1 . 09 0 . 19 

l% 3 . 0  1 . 47 0 . 26 

Relative Indep 8 . 3  41%  4 . 17 64% 0 . 50 
contributions 
from the 3 Subt ' g  5 . 1  25% 0 . 14 2% 0 . 03 
main basal 
shoot classes Subtd ' d  6 . 8  34% 2 . 16 33%  0 . 3 2 

CV% 31 . 7  34 . 1  26 . 1  
LSD 5% 2 . 3  0 . 79 0 . 08 

l% 3 . 2  1 . 09 0 . 11 

No . as % Tot . Tot .  wt . Av . 
of total wt . as % of wt . 

No . I&S shts . .M_ t . s . wt .  __(2_ 
Stubble shoots 0 . 5  3%  0 . 05 0 . 8% 0 . 10 

Stubble shoot time of appearance :  
Prior lst 5 2nd 5 3 rd 5 :  lst 5 2nd 5 

No . 0 . 1  0 . 1  0 . 3  
% 25% 25% 50% 

Comparison of Preliminary & Final Harvest Data 
CV% LSD 5% 

Basal shoots - main classes 
no . as % of total basals : Indep 18 . 7  8 . 3  ns (as )  

Subt ' g  20 . 2  6 . 6  ns 1 1  

Subtd ' d  15 . 5  6 . 4  ns 
tot . wt . as % of t .  b .  s .  wt . • Indep 12 . 2  8 . 6  ns . .  

Subt ' g  18 . 2  0 . 8  * *  

Subtd ' d  19 . 4  8 . 2  ns 
Basal shoots - individual classes 

% of total basals : lst 5 (regrowth) -indep 49 . 3  5 . 5  ns 11  no . as 
11 11 11  -subtd ' d  26 . 3  9 . 2  ns 

Stubble shoots 
no . as % of total I&S shoots 55 . 6  2 . 9  * 

wt . 11 1 1  11  t .  s . wt . 61 . 7  1 . 4  * *  

( as )  == approc1chin':] signi ficance 
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4 3 TR EATM ENT T H R E E  

4 :  3 :  1 PRELIMINARY HARVEST (Table 6 )  

4 : 3 : l (a )  Basal Shoots 

Most of the independent shoots present at the preliminary harvest 

once again arose around the end of the grazing period for the same reasons 

as on Treatment 2 .  However ,  Treatments 2 and 3 differed in the develop-

ment of subtended shoots . On Treatment 2 ,  most of the subtended shoots 

arose after the end of grazing while on Treatment 3 nearly 50% arose before 

the end of grazing . Clearly , with shoot decapitation co�encing on both 

treatments approximately half way to two thirds of the way through grazing 

(Figure 9 ) , there was a greater opportunity for subtended shoot 

development during grazing on Treatment 3 than Treatment 2 .  

Size effects amongst shoots arising both during grazing and after 

grazing followed the same pattern as that of Treatment 2 ,  , i . e .  of the 

independent and subtended shoots which arose during the grazing period , 

the later they arose the greater their average weight at the preliMinary 

harvest.  Shoots arising after the grazing period were lighter at the 

preliminary harvest than those appearing towards the end of grazing . 

Once again , as a result of these combined effects , the maj ority 

(71%)  of t . b . s . wt .  at the preliminary harvest came from shoots arisinq in 

the last five days of grazing and the first five days post�qrazinq . 

'rhe total number of subtended shoots exceeded that of independent 

shoots at the preliminary harvest (42%  and 27%  respectively of t . b . s . no . ) 

and because the average weight of these two main shoot classes was not 

significantly different,  subtended shoots made a greater contribution to 

t . b . s . wt .  than independents ( 52% and 39% respective ly) . · This result 

is quite different from that obtained on Treatment 2 (Table 8) where 

subtended shoots as a class were not only lighter than independents 

but also had no numerical superiority and therefore contributed less than. 

independents to t . b . s . wt .  

I 
Independent and subtended shoots that appeared at the same time 

grew to the same average weight at the preliminary harvest . 



TABLE 6 .  Shoot popu lation s tud i e s . 
Treatment 3 - Prel iminary harve s t . 

During 
the 
grazing 
period 

During 
the 
re growth 
period 

Prior 

lst 5 

2nd 5 

3rd 5 

4th 5 

5th 5 

6th 5 

lst 5 

2nd 5 

- indep 
- subt ' g  

- indep 
- subt ' g  

- indep 
- subt ' g  

- indep 
- subt ' g  
- subtd ' d  

- indep 
- subt ' g  
- subtd ' d  

- indep 
- subt ' g  
- subtd ' d  

- indep 
- subt ' g  
- subtd ' d  

- indep 
- subtd ' d  

- indep 
- subtd ' d  

No . 

0 . 1  

0 . 3  
2 . 2  

0 . 5  
2 . 4  

0 . 5  
1 . 9  

0 . 8  
1 . 8  

2 . 3  
0 . 8  
0 . 9  

2 . 8  
0 . 3  
5 . 1  

1 . 1  
6 . 7  

Basal shoot totals 30 . 5  

Relative 
contributions 
f:t om the 3 
main basal 
shoot classes 

CV% 
LSD 5% 

l% 

Indep 

Subt ' g  

Subtd ' d  

CV% 
LSD 5% 

l% 

Stubble shoots 

51 . 7  
1 . 2  
1 . 6  

8 . 3  

9 . 5  

12 . 7  

25 . 7  
2 . 8  
3 . 9  

No . 

0 . 3  

No . as % 
of total 
basals 

< l% 

l% 
7% 

2% 
8% 

2% 
6% 

3% 
6% 

8% 
3% 
3% 

9% 
l% 

17% 

4% 
22% 

27% 

31% 

42% 

No . as % 
of total 
I&S shts 

l% 

Stubble shoot time of appearance :  

Tot . 
wt . 
� 

"" 0 . 01 

0 . 02 
0 . 05 

0 . 02 
0 . 05 

0 . 01 
0 . 03 

0 . 05 
0 . 03 

0 . 2 3 
0 . 01 
0 . 08 

0 . 35 
< 0 . 01 

0 . 54 

0 . 05 
0 . 3 7 

1 . 89 

55 . 3  
0 . 1 3 
0 . 18 

0 . 7 3  

0 . 17 

0 . 99 

26 . 3  
0 . 18 
0 . 25 

Tot . 
wt . 
J.cll_ 
0 . 01 

Tot . wt . 
as % of 
t . b . s . wt .  

1% 
3% 

1% 
3% 

< l% 
2% 

3%  
2%  

12%  
< 1% 

4%  

19% 

29% 

3%  
20% 

3 9% 

9% 

52% 

Tot . wt . 
as % of 
t . s . wt .  

< l% 

Prior/1st 5/2nd 5/3rd 5/4th 5/5th 5/6th 5 :  1st 5 2nd 5 
No . 0 . 1  0 . 1  

% 50% 50% 
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Av . 
wt . 
(g)  

0 . 01 

0 . 08 
0 . 02 

0 . 04 
0 . 02 

0 . 03 
0 . 02 

0 . 06 
0 . 02 

0 . 10 
0 . 02 
0 . 09 

0 . 13 
0 . 02 
0 . 11 

0 . 05 
0 . 06 

3 8 . 9  
0 . 03 
0 . 04 

0 . 09 

0 . 02 

0 . 08 

24 . 1  
0 . 02 
0 . 02 

Av . 
wt . 
J.cll_ 
0 . 03 
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4 : 3 : l (b )  Stubble Shoots 

There were very few stubble shoots on Treatment 3 and once again 

their light weight ensured that their contribution to t . s . wt .  was very 

small (< 1% ) . 

4 :  3 :  2 F I NAL HARVEST (Table 7 )  

4 : 3 : 2 (a )  Basal Shoots 

A similar pattern of shoot mortality to that of Treatment 2 

occurred on Treatment 3 - decreases ,  which j us t  failed to reach the 5%  

significance level , in  the percentage contribution of the latest developing 

shoots and no difference in the survival of independent and subtended 

shoots of the same age . However ,  in addition to these effects , it 

appeared that losses were occurring in the second half of regrowth from 

the early developing independents ,  i . e .  shoots which arose early in the 

grazing period and yet were still undecapitated independents at the 

preliminary harvest . Thi s  is not surprising in view of the fact already 

mentioned that only the smallest and slowest growing of the early 

developing shoots would escape decapitation under a 15 or 30 day grazing 

period . It seems likely that these early developing independents which 

escaped decapitation are responsible for the slightly higher total of 

independent and subtended shoots on Treatment 3 than Treatment 2 in the 

herbage results noted in the early part of the regrowth period . 

4 : 3 : 2 (b )  Stubble Shoots 

No stubble shoots were found at the final harvest of Treatment 3 .  

D I SCUSS I ON 

The results of Treatment 1 are in c lose agreement with those 

of Leach ( 1968 ) . On thi s  treatment shoot development was straightforward . 

Very few shoots were present at the start of grazing , those that were 

present were very small and grazing was so quick ( 2-4 days ) that there 

was no time for shoot development following stem apex removal . 

Consequently no shoot damage occurred and 100% of the basal shoot 

population were independents . 

The very clear relationship on Treatment 1 between the time of 



TABLE 7 . Shoot popu lation s tudi e s . 
Treatment 3 - Final harve s t . 

No . as % Tot . 
of total wt . 

No . basals J:lL 
Prior - indep 

subt ' g  

During 1st 5 - indep 
the - subt ' g  1 . 6  6% 0 . 06 
grazing 
period 2nd 5 - indep 

- subt ' g  2 . 9  11% 0 . 08 

3rd 5 - indep 0 . 1  < 1% 0 . 02 
- subt ' g  2 . 4  9% 0 . 06 
- subtd ' d  

4th 5 - indep 0 . 4  2% 0 . 10 
- subt ' g  1 . 2  5% 0 . 04 
- subtd ' d  

5th 5 - indep 2 . 0  8% o .  71 
- subt ' g  0 . 7  3%  0 . 02 
- subtd ' d  0 . 7  3% 0 . 29 

6th 5 - indep 2 . 7  11% 1 . 07 
- subt ' g  
- subtd ' d  6 . 1  24% 2 . 29 

During 1st 5 - indep 0 . 6  2% 0 . 13 
the - subtd ' d  3 . 9  15% 0 . 69 
regrowth 
period 2nd 5 - indep 

- subtd ' d  

Basal shoot totals 25 . 3  5 . 56 

CV% 47 . 3  52 . 4  
LSD 5% 1 . 3  0 . 46 

1% 1 . 7  0 . 62 

Relative Indep 5 . 8  23%  2 . 03 
contributions 
from the 3 Subt ' g  8 . 8  3 5% 0 . 26 
main basal 
shoot classes Subtd ' d  10 . 7  42% 3 . 27 

CV% 23 . 9  24 . 7  
LSD 5% 2 . 2  0 . 49 

1% 3 . 0  0 . 68 

No . as % Tot . 
of total wt . 

No . I&S shts (g)  

Comparison of Preliminary & Final Harvest Data 
CV% 

Basal shoots - main classes 
no . as % of total basals :  

tot . wt . as % of t . b . s .wt . : 

Basal shoots - individual classes 

Indep 
Subt ' g  
Subtd ' d  
Indep 
Subt ' g  
Subtd ' d  

15 . 1  
14 . 4  
11 . 9  
16 . 6  
1 3 . 1  
12 . 2  

no . as % of total basals : 4th S (grazing) -indep 85 . 0  

Stubble shoots 

1st S (regrowth) -indep 67 . 3  
" " " -subtd ' d  36 . 1  

no . as % of total I &S shoots 
wt . " " " t . s . wt . 
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Tot . . wt . Av . 
as % ·of wt . 
t . b . s . wt .  ill 

1% 0 . 04 

1% 0 . 03 

<. 1% 0 . 20 
1% 0 . 03 

2% 0 . 25 
1% 0 . 03 

13%  0 . 36 
..c: 1% 0 . 03 

5% 0 . 42 

19% 0 . 40 

41% 0 . 38 

2% 0 . 22 
12% 0 . 18 

29 . 3  
0 . 09 
0 . 13 

37'% 0 . 35 

5% 0 . 03 

5 9% 0 . 31 

22 . 2  
0 . 05 
0 . 08 

Tot . wt . Av . 
as % of wt . 
t .  s .·wt . ..0& 

LSD 5% 

4 . 5  ns ( as )  
5 . 6  ns 
5 . 9  ns 
7 . 4 ns 
1 . 1  * *  

8 . 0  ns (as)  

2 . 5  ns 
2 . 4  ns ( as )  
7 . 9  ns ( as )  



�----------- -

TABLE 8 .  S hoot popu lation s tudie s .  
Treatment compari sons . 

Preliminarx harvest 
Tint 2 Tint 3 5% 

Tint 
Basal shoots - CV% LSD 1% main classes 

No . as Indep 34% 27%  17 . 3  6 . 2* ' 41% 
% of 9 . 2  
total Subt ' g  30% 31% 18 . 4  6 . 6  ns 25%  
basals 9 . 8  

Subtd ' d  36% 42% 14 . 0  6 . 4  as 34% 
9 . 6  

Tot . Indep 56% 39% 15 . 1  8 . 5  64% 
wt . as 12 . 6**  
% of Subt ' g  5% 9% 18 . 8  1 . 6  2% 
t..b.s.wt 2 . 3* *  

Subtd ' d  39% 52%  1 7 . 5  9 . 4* 3 3% 
13 . 9  
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Final harvest 
2 Tint 3 5% 

CV% LSD 1% 

23% 18 . 1  6 . 8  
1 0 . 1** 

35% 1 7 . 7  6 . 3  
9 . 3**  

42% 12 . 8  5 . 7* 
8 . 5  

37%  14 . 9  8 . 9  
13 . 2**  

5% 14 . 4  0 . 6  
0 . 9** 

59% 16 . 7  9 . 1  
13 . 4**  
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appearance of a shoot and its subsequent development was probably caused 

by a number of factors in the plant associated with intershoot competition . 

Nutritional and hormonal factors could all be involved in ensuring the 

dominance of the ea.rly developing shoots . In addition to Leach ( 1968 ) , 

Hodgkinson ( 1973 )  has also noted the dominance and irnport�nce of these 

early arising shoots when the mature herbage is removed instantaneously . 

On Treatments 2 and 3 ,  although the shoot population at the start 

of grazing was again minimal , with 15 and 30 day GDs , there was sufficient 

time for appreciable shoot development following stern apex removal and 

consequently shoot decapitation occurred . This introduced a complicating 

effect for now many of the shoots which arose early in the grazin� period 

were decapitated . However , it is clear from the results that , in a 

population of shoots arising within any five day period , there was a 

variety of different initial sizes and potential growth rates - a fact 

aiso noted by Hodgkinson ( 1973 ) . The longer grazing con�inued , the 

fewer of these early developing shoots escaped decapitation and 

increasingly those that did were the ones with the least potential for 

future development . Consequently , in contrast to Treatment 1 ,  it was 

not the earliest shoot class which had the largest average shoot size I 
and made the greatest contribution to yield on TreaEffients 2 and 3 ,  but 

rather the class in which the shoots arose sufficiently late in the GD 

to j ust escape decapitation , thus permitting the biggest / most vigorous 

shoots in that class uninterrupted expression of their potential . 

Once the danger of decapitation had passed ( i . e .  last five days 

of grazing , for this grazing severity and , of course , the post-grazing 

period ) , the importance of shoots appearing as early as possible was 

again evident in the average shoot weights .  Thus the major yield 

contribution on Treatments 2 and 3 came from shoots arising towards the 

end of grazing and in the immediate post-grazing period . 

The relative contributions of independent and s�tended shoots 

on Treatments 2 and 3 involved a number of interacting effects . On 

Treatment 2 ,  subtended shoot development was just cornrnending when grazing 
' 

ceased . Thus the maj ority of the subtended shoots , which predominantly 

arose in the immediate post-grazing period , were ' late ' relative to the 

independent shoots present at the preliminary harvest , many of which 

arose towards the end of the grazing period . Consequently , subtended 

shoots were small and appeared to have a higher mortality than the 
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independents . In contrast , on Treatment 3 ,  a substantial amount of 

subtended shoot development occurred towards the end of the grazing 

period and thus the subtended shoots as a class compared better with the 

independents than on Treatment 2 in terms of both size and survival . 

The increasing numerical importance of subtended relative to 

independent shoots as GD increased was predictable , for almost invariably 

decapitation of a vigorous young independent shoot resulted in the 

development of a subtended shoot , provided at least one node was left 

on the decapitated ' stump ' i . e .  the potential subtending shoot.  This 

may assist the survival of the plant under a prolonged grazing period . 

However , the shoot population studies have shown that this increasing 

numerical importance of subtended relative to independent shoots as GD 

increases will not , per se,  impair regrowth , for independent and 

subtended shoots of the same age always performed comparably . 

In the preliminary glasshouse studie s ,  the apex of subtended 

shoots was removed and development of new shoots on these decapitated 

subtendeds was observed , but no information was collected on the growth 

potential of these ' double subtendeds ' .  Therefore it is not possible 

to predict from these results whether the regrowth following GDs longer 

than 30 days would be affected by the growth potential of the shoot 

population . 

As in the herbage results , the stubble shoots were found to make 

little contribution to yield in the first half of the regrowth period . 

However , the shoot population studies showed their contribution in the 

second half  of regrowth was even less because of their slow �rowth rate 

and poor survival .  In view of their small size at the preliminary 

harvest , this is not surprising . Intraplant competition would be expected 

to intensify in the second half  of the regrowth period and these stubble 

shoots , along with late-developing basals were the ones to succumb . 

Leach ( 1970)  noted that shoots developing higher on the stern generally 

arose later than those developing near the crown , and these shoot studies 

confirm that , in general , stubble shoots tend to arise later than basals . 

However ,  in neither Leach ' s  work or this study is it c lear whether the 

size of the stubble shoots is due to their position , or their time of 

appearance , or both. Keoghan ( 1970) noted poor survival amongst stubble 

shoots in a simulated sward and suggested it may be due to breakdown of 

translocation in the rapidly senescing stubble . 
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Throughout these shoot population studies , the importance of the 

independent and subtended shoots arising towards the end of grazing and 

in the immediate post-grazing period of Treatments 2 and 3 has been 

stressed . However , in the herbage data (Figures 8 and 10) , there was 

no change in the total number of independent and subtended shoots through 

this period on Treatments 2 and 3 .  Thi s emphasises the ?ifference between 

the data of Figures 8 and .10 and those of the shoot popul�tion harvests . 

The latter simply presents a picture of the shoot population half way 

through regrowth with information on when these shoots arose . The former 

simply shows how the total number of shoots changed during grazing and 

regrowth . 

Clearly , if the shoot population studies show that independent 

and subtended shoots were appearing in a period when Figures 8 or 10 showed 

no change in the total number of shoots of this type , then either mortality 

or transfer to another class (e . g .  independent to subtending ) was 

nullifying the effect. A certain number of independent shoots became 

subtending shoots around the end of grazing on both Treatments 2 and 3 ,  

but it seems that some shoot mortality also occurred around this time . 

This is the only indication in the results of shoot death : occurring so 
! ' 

early . 

These shoot population studies have given a detailed insight into 

the dynamics of shoot development during grazing . As a result ,  it is 

now clear that the differences in herbage growth rate between Treatments 

2 and 3 in the first half of the regrowth period cannot be attributed · to 

either the size or morphological composition of the shoot population from 

which regrowth occurred . The basis of this claim is the equal growth 

potential of independent and subtended shoots of the same age and the 

ample number of shoots on Treatment 3 arising in the period ( last ten days 

of grazing and first five post-grazing ) which contributed , nearly 90% of 

the yield at the preliminary harvest of both Treatments 2 and 3 .  
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Having studied the effect of GD on lucerne through one season and 

gained an insight into the causes of some of the effects on the herbage , 

it was apparent that , if a better understanding of lucerne ' s  response to 

GD was to be obtained , further work should be conducted under controlled 

environmental conditions .  In this way more reliable treatment comparisons 

than would be possible in a field study could be made of a number of factors 

which could be affected by GD and which may influence herbage development . 

Of particular interest in this respect was the size , composition and 

functioning of the underground organs . 

In addition , because of the possible involvement of climate with 

GD , it was considered important that the interaction of at least one or 

two climatic factors with GD be investigated . 

5 1 P LA N T  E STAB L I S HM E N T  

The growth medium used in  the controlled environment (CE) studies 

was a mixture of Manawatu sandy loam and Opiki peat loam in a 7 : 3 (v : v) 

ratio . The following nutrients were added when the two soils were mixed 

thus ensuring thorough distribution through the medium : 

lime at the rate equivalent to 3760 kg/ha 

superphosphate 1000 " 
potash " 500 " 

G· \' \..·"\A. . 
copper sulphate " 11 11 

The whole mixture was steam sterilised for 24 hours and weighed 

out into 550 5 litre plastic pots ( 18xl8xl8 cm) . 4400 g of oven dry 

soil was added to each pot . On October 2 ,  197 5 ,  16-20 inoculated seeds 

of Certified ' Wairau ' lucerne were sown in each pot . Over the next six 

week s ,  the developing seedlings were carefully thinned to leave four 

strong young lucerne plants in each pot ,  sited approximately in the 
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four quadrants of the pot . 

The plants were held in a temperature regulated glasshouse 

(temperature maximum 25 °/minimum l5° C ) and watered daily for the first two 

months after sowing while they steadily increased in size . , They were 

clipped to a stubble height of about 5 cm once during this period and then 

again just prior to their transfer outdoors . From December 1975 to 

May 1976 , plant development continued vigorously outside . The lucerne 

reached the 50% flower stage twice during this period follpwing cutting 

to about 5 cm. 

On May 9 ,  197 6 ,  eight weeks after the last cut and one day before 

entry to the controlled environments , 276 pots were selected to give the 

most uniform group of lucerne plants possible from the 550 pots of lucerne 

available . The height , stem number ,  colour and general appearance of the 

lucerne herbage was the basis for selection of these ' treatment ' pots . 

These 276  pots were then randomly divided into three groups of 92 each . 

Two pots were removed at random from each group for an assessment of the 

uniformity of the three groups . The lucerne in the remaining 90 pots 

in each group was then clipped to 2 cm . Another dressing of fertiliser 

was applied to each pot ( superphosphate and copper sulphate at rates 

equivalent to 600 kg/ha and 12 kg/ha respectively) and lightly worked into 

the top 2 cm of soi l .  The following day (May 10 , 1976)  these 270 

' treatment ' pots were transferred to three controlled environment rooms 

( 1  group of 90 pots/room) in the D . S . I . R . Climate Laboratory at 

Palmerston North (Plate 13 ) . 

The remaining 270 pots of the original 550 were also cut to 2 cm 

and moved into a glasshouse held at about 20e C .  

5 2 TR EATM E N T  D E SC R I PT I O N AND 
E X P E R I M E N TA L  D E S I G N 

The CE proj ect really involved three studies , one in each of the 

three CE rooms . Each study examined the same three ' grazing ' durations 

but under different environmental conditions .  

In each room the 90 pots were placed on six movable trolleys at 

15 per trolley . Approximately 30 pots per treatment were needed for the 



PLATE 1 3 . General view of some o f  the pots in one 
of the controlled environment rooms at the start 
of the CE studies . 

7 1  
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destructive harvesting envisaged . Thus a pair o f  trol leys c arried enough 

pot s  for one GO treatment . I t  was c lear that ,  i f  thi s CE pro j ect was to 

have any relev,mce to the ld situation , conditions as close a s  pos s ible 

to those in a sward would have to be reproduced in the rooms . Thus i t  

was decided that a l l  3 0  pots i n  a treatment should b e  kept together to 

form as large a ' sward ' as pos s ible . Accordingly , three pairs of trol leys 

were arbitrari ly formed in each room , by tying two trolleys togethe r ,  to 

give the three groups o f  30 plants required per room . The construction 

of the trolley permi tt.ed each pot in the group of 30 to be s i ted 

equid istan from its neighbour s , no more than 1 - 2  cm away . 

The 3 0  pots on each pair of trolleys were moved every fotrr days 

in a sy stematic manner over the 30 ava ilable ' site s ' on the twc> trolleys . 

( The only time this could not be done was for the last few days o f  each 

regrowth period when moving the individual pots physical to 

the herbage . )  I n  addition to thi s , the three trol l ey pairs in each room 

were moved every four days into a new position in the room . I n  thi s  way , 

the e ffect of any positiona l effects either within a treatment ' sward ' 

or within the room itself were virtual ly e l iminated , 

Whenever pots were removed from the rooms for destructive samp ling , 

pots of lucerne which were at a s imi l ar stage o f  development to thos e  j ust 

removed were brought in from the 2 7 0  ' spare s ' in the g las shouse to fi l l  

the gaps i n  t h e  ' sward ' . Thus the ' sward ' a lways comprised 3 0  pots . 

The ' spares ' on to the ' sward ' were handled in the same way a s  the 

' treatment '  , o f  cour s e , that ' spare s ' were never used for 

sampling . 

•ro reduce l ight penetrat ion into the s imulated ' sward ' from the 

s ide and improve its relevance to a field sward where , o f  course , a l l  l ight 

filters dmm from the top , a screen of black material was erected around 

each ' sward ' of 3 0  po ts . The top of the screen was l i fted as the ' sward ' 

increased in height but was always kept about 5-6 cm below the top o f  

the stems . 

Whenever a destructive harves t  was taken , two o f  the ' treatment ' 

pots were r.·emoved at random from the appropri ate ' sward ' . The two plants 

in each half o f  a pot compri s ed a repl icate , g iving four o f  two 

plants each for all the and root harve sts . The study in each 

CE room was analysed a s  a completely randomised design . 
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A s  mentioned earl ier , three ' grazing ' duration ( GD )  o r  defoliation 

duration treatments wer e  compared in each CE room . They were : 

Treatment 1 

Treatment 2 

Treatment 3 

z ero GD - i . e .  instantaneous defoliation 

10 day " 

3 0  I f  " 

Each ' grazing ' commenced at the l% f lowering s tage .  Ten days was 

adopted for the intermediate GD because it was felt the 1 5  day GD o f  the 

J utermediate treatment in the f ie ld trial r esulted in too much interference 

( for an intermediate treatment)  with the n ew shoot populati on e longating 

at the base of the sward . 

'rhe f ie ld trial results indicated the pattern o f  herbage consumpt ion 

under d i f ferent GDs . I t  was considered poss ible to s imul ate this very 

c losely by plucking and cutt ing with hand shear s . However ,  a compromise 

had to be reached between a ccurate s imulation o f  the animal s ' grazing 

effec t  and what could be done with reasonable repeatability .  The following 

t e c h n i q u e  w a s a d op t e d . On Treatment 1 - zero GD - the herbage was 

removed instantaneously with one cut at 2 cm above soil leve l .  

On Treatment 2 - 1 0  day GD - the herbage was r emoved i n  four ' bite s ' 

spaced over the 10 day ' grazing ' period . Each ' bite ' removed 2 5 %  o f  the 

difference between the ungrazed vertical height (measured j ust prior to 

commencement of ' grazing ' )  and the f inal ' grazing ' height of 2 cm . For 

example , if the lucerne was 34 cm tall at the 1% f lower s tage , a 2 cm final 

' graz ing ' height left 32 cm to be removed in four ' bites ' i . e . 8 cm ' bites ' .  

There fore the first ' bite ' removed all the herbage above 2 6  cm ( by s imply 

cutt ing the lucerne with hand shears 2 6  cm above soil l evel ) ,  the second 

' bite ' all the herbage above 1 8  cm , the third ' bite ' all the herbage 

above lOcm and the fourth ' bite ' all the herbage above 2 cm . 

On Treatment 3 - 3 0  day GD - the herbage was removed down to 

the 2 cm ' g r a z i n g '  height in four ' bite s ' spaced over the first 

2 0  days fol lowed by two further ' bite s ' at 2 cm on Days 25 and 3 0  to 

remove any shoot developmen t  that emerged above thi s height during the 

last ten days of the ' graz ing ' period . •rreatments 2 and 3 are depicted 

diagrammat ically in Figure 1 5 . 
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At each ' bite ' the shade screens were lowered to keep them about 

5-6 cm below the cutting height . P late 1 4  shows the three ' sward s ' at 

di fferent s tage s  of ' graz ing ' and r egrowth in one of the three CE rooms . 

5 4 TH E C O N T R O L L ED E NV I R O N M E N T S  

The three C E  studie s  were conducted i n  three o f  the Climate Rooms 

of the D . S . I . R .  Climate Laboratory at the P lant Physiology Division in 

Palmerston North . Practical considerations prevented more than three 

Climate Rooms being used for thi s proj ect . I t  was decided that any 

environmental conditions imposed should be relevant to New Zealand cond it ion s . 

In addition , the lucerne had to be capable of f lower ing under each 

environment so that the GD treatments in each environment would commence 

at a uniform stage of deve lopment , an obj ec tive which is much more 

dif ficult to attain under non-flowering conditions . 

With thes e  restrict ions in mind , the following three ' environments '  

were adopted (with abbreviations in brackets ) 

Day/Night Tem12 

spring cool and moist 16°  / 1 0"' c ( Coo l )  

moi s t  summer - warm and wet 2 2 "'  / 1 2" c (W-Wet )  

dry summer· warm and dry 2 2 "/l29 C (W-Dry ) 

Thes e  temperature s  were dec ided on al ter examining the 4 0  year 

averages of the mean dai ly maximum and minimum temperatures for the months 

of September , October and November ( spr ing ) and December , January and 

February ( summer ) at f ive s ites in New Zealand where lucerne i s , or could 

be , u se d  extens ively (Wai t ak ei ,  Hasting s , Dannevirke , B lenheim and 

Winchmore ) .  

The average spring temperature s  for the se f ive sites were 

l7 . 5 �/6 . 5°C whi l e  the average summer temperatures were 2 2 . 5 °/11 . C .  

The 1 69 / l 0° C temperatur e  combination in the Cool room was about the lowe st 

day/night that would g ive r e liable flowering ( Thomas 1 9 6 7 )  . 

The moi s ture d i f ferences were imposed via the soil . Soil moi sture 

in the W-Wet and Cool rooms was maintained c lo s e  to F ie ld Capaci ty by 



PLATE 14 . General view inside one of the CE rooms 
showing shade screens , one ' sward ' ( at back ) with 
j us t  the first ' bite ' removed , one ' sward ' (middle ) 
on which grazing has j ust fini shed , & one ' sward ' 
( at front) we ll into the regrowth period . 

76 
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regular automatic addition s  of approximately lOO m l  water 4 - 5  t imes daily . 

Water logg ing did not o ccur due to the free -draining nature o f  the soil 

mix . Moisture stress was maintained in the W-Dry room by daily watering 

each pot to a con stant po t weight (due allowanc e  being made for increase 

in plant fresh 'fleight ) . Soil moisture at thi s  pre-determined pot weight 

was 1 8 . 6% and under daily watering soil moi s ture did not fall below 1 5 . 1% .  

Thes e  percen tages convert to approximately - 1  and - 4  bars soil moi s ture 

tension respective ly for thi E; potting mix . ( F i e ld Capaci ty was approximate ly 

2 6 %  and ' Wilting Point ' 1 1 % . )  

A common l ight r egime was used in all three rooms : 1 4  hour 

photoperiod with a light intensi ty or irradiance throughout of 1 4 0 - 1 5 0  

watts/meter 2 (photosynthetically active range : 400-700 nanometer s )  

with a n  abrupt l ight-dark change . The l ighting con s isted of four 

1000 watt Sylvania " Metal-arc " high pre s sur e  d i s charge lamps , together with 

four 1 0 0 0  watt Phi l ip s  tungsten iodide lamp s . 

The day/night vapour pre ssure deficit ( in mil libar s )  for the Cool 

room was 5/2 and for the two warm rooms 10/2 . ( These convert to relative 

humidity of 48/84 and 62/85 respective ly . ) Day/night humidity 

and temperature change s occurred over two hours , the photoperiod beginning 

or ending hal fway through the changeover . 

Carbon dioxide concentration was ambient at 3 2 0 - 34 0  ppm . 

5 5 C A L E NDAR O F  E V E N T S  

The lucerne entered the three C E  rooms o n  May 1 0 , 1 97 6 ,  one day 

after be ing cut to 2 cm . It grew uninterruptedly to the 5 0 %  bud s tage when 

the three GD treatments in each room commenced for the first time . Two pots 

were r emoved from each ' sward ' for a uniformity harvest , j ust to 

this first ' grazing ' . All subsequent GDs commenced at the l% flower stage . 

The s tudy in each room terminated when Treatment 3 in that room reached the 

1% flowe.l:' stage at the end of the second ful l  cycle . Figure 1 6  depicts 

schematically the timing o f  events in the W-Wet room . The same s equences 

occurred in the other two rooms , but the length of the r egrowth per iod 

differed because the environmental conditions in each room affected 

flowering timE! . 
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All detailed plant measurements were taken through the second cycle , 

thus al lowing the plants the whole o f  t.he first c ycle and the regrowth period 

prior to the uniformity harvest to adj ust to and refl ect room condition s . 

5 6 C O L L E C T I O N O F  H ERBAG E DATA 

Detailed n1easurements of herbage development were taken right through 

the second cycle of all three GD treatments .  These detailed measurements 

involved destructive harvesting . The limitations on pot numbers imposed by 

room capacity meant that des tructive harvesting could be maintained through 

one cycle only on each treatment . Therefore herbage development outside this 

second cycle was recorded non-destructive ly by s imply collecting a sample of 

the herbage harvested at each ' bite ' taken from the three ' swards ' in each room . 

This system provided the important deta i led herbage figures through 

one full grazing and regrowth cycle plus the equally important f igure s  o f  

herbage production for the full study period . 

Harvests for the detailed measur ements through the s econd cycle o f  

each GD treatment were taken a t  the start of the second ' grazing ' ,  at each 

' bite ' during ' sJrazing ' ( for Treatments 2 and 3 )  and then on Days 3 ,  7 ,  14 and 

2 1 through the regrowth period with the f inal harvest at the end of the 

regrowth per iod , i . e .  immediately before the start of the third ' grazing ' on 

Treatments 1 and 2 .  The only exception to this pattern was in the Cool rocm 

where , because o f  a longer regrowth period to flowering , the harvest on 3 
of the regrowth period was replaced with one on Day 28 . 

At each of the se harvests , two ' treatment ' pots were removed at random 

from the appropriate ' sward ' and after root washing ( see later for detail s ) , 

the tops were severed from the roots by cutting at the base o f  the crown . 

(The four pairs o f  plants ,  i . e .  the replicates , and their components were 

kept separate at all times . )  All basal and stubble shoots were p lucked o f f , 

counted , separated into leaf and stem and , after determination o f  leaf areas , 

dried and weighed . For harvests taken during the ' grazing ' period and before 

the 2 cm cut , 1:he mature herbage , or what remained of it , was cut into 

segments at the appropriate ' bite ' heights for that treatment ( calculated on 

the length of the 20 talle st stems in each replicate at the start of ' grazing ' )  

the leaf and stem separated in each of these ' bi te ' segments , the leaf areas 

determined and all fractions dr ied and weighed . The live stubble material 

left below the 2 cm f inal cutting or ' grazing ' height was dried and weighed 
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with the crown . All plant components were thus accounted for ; the roots 

( see l ater ) , the l ive re s idues and crown , the mature herbage l ea f  and .stem 

and the basal and stubble shoot leaf and stem , and changes in all thes e  

components could b e  monitored . 

An additional destructive harve st to thos e  already mentioned was 

taken on Treatments 2 and 3 in the s econd cycl e  immediately after a ' bite ' 

to 2 cm was impo s ed , for this ' bite ' involved decapitation o f  basal and s tubble 

shoots and it was imposs ible without an ' after ' harvest to determine the 

amount of shoot mater ial remaining a fter the ' bi te ' . This was j us t  a 

consequence o f  the way the plants were dis sected in thes e  destructive harves t s . 

The non-dest:ructive mea surements o f  herbage development outs ide the 

second cyc le wen� obta ined by s imply collecting the herbage cut o f f  from 

the four pairs of plant s  in two randomly s elected ' treatment ' pots in the 

appropriate ' sward ' when each ' bite ' was taken during ' grazing ' .  

All the herbage �;amples were dried overnight in a vacuum oven ( 2 . 0  mm Hg ) 

at 4 0"' c .  Leaf areas were measured with the same type o f  machine a s  that 

used in the fie ld tr ial . 

Light penetration through the mature herbage to the new shoots at the 

base o f  the sward was measured during ' grazing ' on Treatments 2 and 3 with 

the same meter at that used in the f ie l d  trial . Twenty readings were 

taken randomly per ' sward ' before and a fter e ach ' bite ' . 

5 7 S HO O T  P O P U LAT I O N S T U D I E S 

The technique of individual shoot ing and harvesting employed 

in the f i eld trial was also used in the three CE studi e s . Four pots were 

randomly s e l ected in each ' sward ' and during the second cycl e  every shoot 

that aros e  in thos e  pots was tagged in the manner descr ibed in Chapter 2 .  

The individual shoots were then harves ted from two o f  the pots ( i . e .  8 plan t s )  

hal fway through the regrowth period and from the other two pots at t.he 

end of the re9 rowth period (preliminary and f inal harvests respective ly ) . 
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5 8 C O L L EC T I ON O F  R OOT D A TA 

At each of the destructive harvests for herbage data , the root 

system was also harvested . The two ' treatment ' pots were removed from 

the approp riate ' sward ' e ight hours after the photoperiod s tarted ( i . e .  

the lights came on ) in that room . The soil was c arefully washed away 

from the root system over a fine s ieve ( a  task made considerably easier 

by the sandy nature o f  the potting mix )  and all but the f inest rootlets 

collected . After the tops were removed the roots were imme diately placed 

in a freezer at - 8° C .  Thi s  whole process was done a s  quickly a s  pos s ible 

the washed root s  wer e  always in the freezer wi thin 4 5  minute s  o f  the pots 

l eaving the CE room . Onc e  frozen , the roots were transf erred to a 

freeze drier ( 0 . 1  mm Hg , -lS "'C )  for s even days . The dried root s  were 

then qui ckly weighed , ground to pass a 0 . 5  mm screen and placed back in 

the freezer in small sealed bottl e s . On removal ,  thi s root material was 

analysed for solub l e  s ugars and s tarch by the methods o f  Has l emore & 

Roughan ( 1 9 7 6 )  and the l evel o f  thes e  two c onstituents summed to g ive 

the l evel o f  total non-structural carbohydrates . 

5 9 A C E T Y L E N E R ED U CT I O N M E A S U R E M E N T S  

Severe defoliat ion o f  a l egume i s  generally quickly reflected in 

a sub s tantial drop in the level o f  all the indi cators o f  nit.roge n  (N) 

fixation , followed by a s low r i se again a s  the plant recovers ( Hardy et al 

1968 , Moustafa et al 1 96 9 ,  S inclair 1 97 3 , Chu & Robertson 197 4 , Halliday 

& Pate 1 9 7 6 ) . Because of thi s , it was dec ided to examine the pos s ibi l i ty 

that a GD could affect N f ixation to the extent that N availability 

would l imit herbage development in the early part of the r egrowth period . 

The indi cator o f  N f ixation adopted in this pro j ect was that o f  S inclair 

( 197 3 )  - a non-destructive acetylene reduction assay employed on plants 

growing in soi l .  Assays were performed at the following times through the 

second cyc l e  o f  each GD treatment : immediately prior to ' grazing ' ,  once 

or twice (Treatments 2 and 3 respective ly) during ' graz ing ' and then on the 

firs� f i fth , tenth , f i f te enth and last day of the regrowth period . 

Four , glas s incubation chamber s  ( 2 0x 2 0x45 cm) were constructed . 

Two mylar bags wer e  attached to each chamber to facili tate gas mixing ( Plate 1 5 ) . 



PLATE 1 5 . Incubation chamber for acetylene reduction 
assays . 

8 2  
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At each assay four ' treatment ' pots cho s en at random from the appropriate 

' sward ' were placed in the four chamber s , the mylar bags were completely 

deflated , the tops wer e  placed on the chambers , s ealed with grea s e  and 

1 5 0 0  ml o f  inj ected into each chamber through a rubber stopper 

in the top . ( Th i s  gave a concentration o f  10% acetylene by volume ) . 

Each incubation began e ight hours after the photoperiod started (by which 

time the soil temperature in that room had s tabi l i se d  at its daily 

maximum ) , ran for four hours and was conducted in the room to which the 

as sayed pots belonged . The g as e s  in each chamber were mixed thoroughly 

every fifteen minute s  during incubation by alternate ly inflating and 

deflating the two mylar bag s . After four hour s ,  three sma l l  s amp l e s  o f  

gas wer e  wi thdrawn from e ach chamber and the ethylene content of thes e  

samples detennined with a g a s  chromatograph . ( The g a s  chromatograph was 

f itted with a hydrogen flame ionisation detecto r  and an 86 cm x 3 . 15 mm 

diameter stainless ste e l  column packed with Poropak T .  The column 

temperature was held at 8 5 9 C  and the carrier gas (N� ) f low rate of 

approximately 2 0  ml/minute gave an e lution t ime o f  approximately one minute . )  

Pre l iminary tests had shown that : 

a )  the rate of e thylene production was constant for incubation t imes 

ranging from 90 minute s  to at least s ix hours , 

b) air temperatures in the ch.:.unbers and soil temperature s  in the pots 

never increased by more than 2Q C during incubation , and 

c )  no measurable ethylene was produced by the herbage e i ther before or 

after a ' bite ' .  

Although it has been shown that the acetylene r eduction test has very 

l ittle e f fect on the subsequent performance o f  the tested plants 

( S inclair 197 3 ,  Huang et a l  197 5 ) , as a precaution , the pots that had been 

exposed to acetylene were used as soon as possible afterwards for a 

destructive harve s t .  

5 10 H E R BAG E M I N ER A L  A N A LY S E S  

Mitchel l  & Denne ( 1967 ) suggested that the capacity o f  the 

luct:;rne root system for mineral uptake could be a maj or determinant of 

herbage regrowth rates fol lowing severe cutting regimes on this crop . 

To determine whether mineral uptake was involved in the l imitation o f 
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herbage regrowth rates fol lowing long GDs , mineral analyses for percentage 

phosphorus and percentage potassium were performed on the herbage harvested 

during the regrowth per iod following all three GO treatments in the 

W-Wet room . 

5 11 A N A L Y S I S  O F  R E S U LT S  

Each study was analysed a s  a completely randomised des ign with four 

replicates for all measurements .  Analysis of variance was performed both 

on the results of different GO treatments at comparable sampling times and 

on the results of di fferent sampling times within a GO treatment . 

Logarithmic and arc sine transformations were occasionally used on the 

data prior to its analysi s ;  thi s i s  always noted i n  the results . 

In the analysis of leaf area , herbage weight and root weight 

change s  during regrowth , the regrowth period was divided into the Day 0-7 , 

Day 7 - 2 1  and Day 2 1  - final harvest ( 2 1-x) periods to assist understanding 

and interpre t tion of the data . Linear regressions (y = a + bx ' where 

y = the dependent var iable and x '  = time ) for leaf area , herbage weight 

and root weight changes during these per iods were calculated and , if 

the regressions were significant , the slope of the regressions ( i . e .  the 

b values )  for the three GD treatments during these periods were compared 

with paired t tests . The slopes , of course , expressed rate of change 

of the particular parameter . 

The Coeffic ient of Variation and the Least Significant Difference s  

are given i n  the tables ; on the graphs j us t  L . S . D .  at the 5% leve l is 

shown . (Where large differences exist between the three CE rooms , these 

are mentioned in the text . No stati stical verification of the differences 

is given but generally their magnitude was such that veri fication was 

considered unnecessary . )  
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All data for the s e  CE stud i e s  (with the exception of the acetylene 

reduction r esults )  are expre ssed on a per plant bas i s . 

The uniformity measurements j us t  before the pots entered the rooms 

and then at the uni formity harvest in each room , i . e .  j ust before the first 

' graz ing ' started , e s tabl i shed uniformity both at the start of the s tudy 

and within each study at the start o f  ' grazing ' (Appendice s  4 - 7 ) . 

6 1 

6 : 1 : 1  F LOWE RING T IME 

H E R BA G E C HA R A C T E R I S T I C S I N  T H E  T H R E E  

C O N TR O L L ED E N V I R O NM EN T  R OO M S  

The lucerne required a 3 6 ,  3 5  and 5 3  day regrowth period t o  reach 

the l% f lower stage in the W-Wet , W-Dry and Coo l  rooms respectively . This 

did not change during the course o f  the studies and was the same for 

all three GD treatments in a room ( see F igure 1 6 ) . Clearly , ,  whi l e  moi sture 

stress had very little e ffect on f lowering t ime , temperature had a large 

e ffect . 

6 : 1 : 2  S TEM AND LEAF WE I GHTS AND AREAS THROUGH THE P ROF I LE 

The herbage in the W-Dry room , in terms o f  both absolute amounts 

and the di stribution o f  leaf and stern through the profi le , di ffered 

greatly from that in the other two CE rooms at the l %  f lower stage 

( Plates 1 6 , 17 and 18 and Figure 1 7 ) . Moisture str e s s  greatly reduced 

total herbage yield at the l% f lower stage and the very high leaf : stern 

ratio for the whole profile in the W-Dry room contrasts sharply with 

the much sternrnie r  herbage in the moist conditions o f  the o ther two rooms . 

The distribution of leaf and stem weights was r elatively even down through 

the profi l e  in the W-Dry room - a s ituation very di fferent fr�m that o f  



PLATES 16 , 17 & 1 8 . Lucerne at the l %  flower stage 
ie . j ust be fore ' graz ing ' started , from the three 
CE rooms . 
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PLATE 16 : W-WET . 
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PLATE 1 7 : W-DRY . 

PLATE 1 8 : COOL . 
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the other two rooms where leaf weight was concentrated in the upper 

fractions and stem weight in the lowe r .  
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The distribution of leaf area down through th�ofile in the 

three CE rooms (Figure 1 7 )  broadly reflects the distr�on of leaf weight . 

In the W-Dry room, there were similar l eaf areas in each fraction o f  the 

profile while in the other two rooms there was a marked conctentration of 

leaf area in the upper fractions of the profile . 

In all three rooms , the spec i fic leaf area (sla)  of the herbage 

�reas ed s teadily down through the profile ( Table 9) , expres sing a 

shading and probably also an age effec t .  However , it is no
'
ticeable that 

the increase in sla from the top to the bottom of the profile was less in 

the W-Dry than the other two rooms . This is probably an expre ssion of 

both the very uni form leaf distr ibut ion and the low absolute leaf area in 

this room which have permitted excellent l ight penetration to the lower 

leaves . Light penetration to the basal shoots when measurements were 

taken at the l% flower stage was 0 . 6 % ,  9% and 0 . 2 % for the W-Wet , W-Dry 

and Cool rooms re spective ly .  Water stress has been shown t o  retard leaf 

ageing ( Ludlow & Ng 197 4 )  and thi s  may be partially responsible for the 

very smal l change in sla through the W-Dry profile . 

6 : 1 : 3 NEW SHOOTS 

The number of new shoots present on the lucerne at the 1% flower 

stage in the W-Dry room appeared to be greater than in the other two rooms . 

This was evident in the uniformity tables pre sented in Appendices 5 - 7 ,  

but i s  presented more concisely in Table 10 . 

6 : 1 : 4  DAI LY GROWTH RATE 

The average growth rate for the full regrowth perio� was high and 

very similar in the W-Wet and Cool rooms , 0 . 3 1 and 0 . 3 2 g DM/day respectively , 

but was little more than one third of thes e  values in the W-Dry , 0 . 11 g DM/day . 

The high growth rate in the Cool Room , coupled with the long regrowth 

period ( 53 days ) , resulted in this room having the highe st herbage yield 

at the 1 %  f lower stage (Figure 1 7 ) . 

I 
The re sults are now presented of the detailed measurements taken 

through the second cycle of each GD treatment . 
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increase 
from l st 

TABLE 9 .  Spec i f ic l e a f  areas ( i n cm�/mg ) through 
the herbage pro f i l e  at the 1% flower s tage 
( average of 2 harve s t s ) .  

W-WET W-DRY G:OOL 

0 . 2 4 0 . 17 0 . 17 

0 .  30 0 . 19 0 . 2 5 

0 . 42 0 . 2 1 0 . 36 

0 . 50 0 . 2 3 0 . 44 

i n  s.l.a . 
2 . 1  1 . 4  2 . 6  

to 4th � 

ful l  canopy 
0 . 27 0 . 2 0 0 . 2 2 

figures 

TABLE 1 0 . Number & tota l weight of new shoots at 
1 %  flowe r  s tage ( average o f  2 harye s t s )  • 

W-WET W-DRY COOL 

number 3 . 8  2 3 . 0  9 . 3  

total weight ( g )  0 . 03 0 . 29 0 . 10 

90 



6 2 H ER BAG E E F F ECTS D U R I NG D E F O L I AT I O N  
O R  ' G R AZ I NG '  

6 : 2 : 1  LEAF AREA CHANGES 

91 

The changes in total leaf area during ' graz ing ' in the three CE 

rooms are depicted in Figure 18 , while the amount of leaf area remaining 

at the end of ' grazing ' is given in Table 1 1 .  (Appendix 8 a , b  & c shows in 

which fractions of the herbage the leaf area changes were occurring during 

' graz ing ' . )  

The one ' bite ' to 2 cm of Treatment 1 removed abruptly virtually 

the entire leaf area.  Only in the W-Dry room was there any leaf area 

left after thi s  treatment , for on ly in this room was there any leaf area 

on the re s idue stubble material below 2 cm and only in thi s  room was 

there any apprec iable new shoot devel opment at the l% flower stage . 

(N . B .  There were never any new shoots at the 1% flower stage that extended 

above the 2 cm cutting height . )  

The 10 day GD of Treatment 2 al lowed time for some development 

of new shoot leaf area in all three rooms but , with no inter ference to 

new shooft deve lopment prior to the f inal cut to 2 cm , the shoots became 

rather etiolated and mo st of the leaf area was removed at thi s final 

' bite ' . The only development in the mature herbage leaf area during 

the 10 day GD was a small increase in the bottom fraction (or fourth 

quarter ) resulting from some axil lary leaf deve lopmen t .  Thi s occurred 

only in the W-Wet and Cool rooms and was , of course ,  removed at the 

last ' bite ' . 

During the 30 day ' grazing ' per iod of Treatment 3 ,  sGme appre�iable 

change s  in leaf area occurred . The new shoots had an uninterrupted 

growth period of 2 0  days between the start of ' grazing ' and the first 

' bite ' to 2 cm . During this time new shoot leaf area expanded at an 

increasing rate as the mature herbage was progress ively removed . After 

the first ' bite ' to 2 cm on Day 2 0 ,  the new shoots contributed virtually 

all of the leaf area for only in the W-Dry room was there any leaf area 

on the residue stubble material . With three ' bites ' to 2 cm over the last 

ten days of the GD , leaf deve lopment be low 2 cm was encouraged with the 

result that an appreciable new shoot leaf area remained on Treatment 3 

at the end of the ' grazing ' period . Once again , the only deve lopment 

that occurred in the mature herbage leaf area during ' graz ing ' were some 
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TABLE 1 1 . Lea f area ( crn:1 ) a t  end o f  ' graz ing ' per i od . 

Tmt l Tmt 2 Tmt 3 S,E. #  LSD 
5% 
l% 

W-WET 

New shoot 2 6 3 1  1 . 6  6 
9 * *  

Residue 6 

Total 2 6 3 7  1 . 6  6 
9 * *  

W-DRY CV% 

New shoot 31 38 55 2 8 . 1  18* 
26 

Re sidue 12 15 32 39 . 3  1 2 *  
1 8  

Total 43 5 2  87 2 3 . 4  2 3  
3 2 * *  

COOL S. E. 

New shoot 5 1 2  2 7  1 . 5  8 
1 2 * *  

Re sidue 

Total 5 12 27 1 . 5  8 
1 2 * *  

# analysis performed o n  logarithm trans formations ie . CV% not appropriate 
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rather small increases , mainly in the W-Wet and Cool rooms , despite the 

fact that twenty days elapsed on Treatment 3 between the start of ' grazing ' 

and the removal of the last of the mature herbage at the first 2 cm ' bite ' . 

The net result of the se effects was that , in each CE room at 

the end of the ' grazing ' period , the total leaf area of Treatment 3 

exceeded that of Treatment 2 which generally exceeded that of Treatment 1 

(Table 11 ) . 

6 : 2 : l ( a )  Effects on specific leaf area value s 

In addition to these changes in leaf area during ' grazing • ,  the 

composit ion of the leaf population al so changed during ' grazi ng ' .  At 

the start o f  ' grazing ' ,  sla values increased from the top to the bottom 

of the profile (Table 9 ) . Thus , when ' graz ing ' started and the younger 

leaves in the upper part of the canopy were progress ively removed , the 

plant became increasingly dependent on the older mature herbage leaves 

in the lower part of the canopy . Whole canopy sla values increas·ed from 

0 . 28 to 0 . 4 1 in the W-Wet room and from 0 . 24 to 0 . 3 4 in the Cool room in 

the first 20 days of the Treatment 3 ' grazing ' period . Even the young 

leaves on the new shoots that developed in the very low l ight conditions 

of the first ten days of the Treatment 3 ' grazing ' in the W-Wet and Cool 

rooms had relatively high sla values (Table 1 2 ) . When these leaves 

were removed at the first ' bite ' to 2 cm on Day 2 0 ,  the subsequent leave s 

that deve loped in full l ight had much lower spec ific leaf areas . 

The se sla e ffects during ' grazing ' were much less evident in the 

W-Dry room than the W-Wet and Cool rooms , due probably to both the better 

penetrat ion of light into the canopy in the W-Dry room (Figure 1 9 )  and 

the effects of the moisture stress in this room on leaf age ing . 

6 : 2 : l (b )  Effects on light penetration 

Figure 19 depicts the changes that occurred in l ight penetration 

to the new shoots dur ing ' graz ing ' on Treatments 2 and 3 .  Very l ittle 

l ight penetrated through to the base of the large herbage canopy in the 

w-wet and Cool rooms at the l %  f lower stage ( 0 . 6  and 0 . 2 % respectively ) 

in contrast to the greater light penetration through the very much 

smaller herbage canopy in the W-Dry room (9%) . 

The l ight readings at the level of the new shoots increased 

both with the progressive removal of the mature herbage at each ' bite ' and 



TABLE 

W-WET 

W-DRY 

COOL 

9 5  

1 2 . C hang e s  in new shoot spec i f i c  leaf area values 
during the ' graz ing ' period : Treatmen t  3 only . #  

Day 1 5  Day 2 0  Day 2 5  Day 30 CV% LSD 
5% 

-- 1% 

0 . 35 0 . 38 0 . 18 0 . 17 6 . 6  0 . 0 3 
0 . 04** 

0 . 18 0 . 16 0 . 17 0 . 16 9 . 9  0 . 03 
0 . 04 

0 . 2 7 0 . 2 9 0 . 18 0 . 16 7 . 1  0 . 03 
0 . 04** 

# the s. l.a.  values in cm2./mg , re late to the leaf area on the 
new shoots immediately be fore the ' bite ' due on Day 1 5 , 
2 0  etc . - N . B .  no new shoot leaf area was removed by the 
' bite ' on Day 15 
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with the elongation of the shoots themselves up through the lower parts 

of the canopy . This latter effect was particularly noticeable in the 

five day per iod between the third and fourth ' bites ' on Treatment 3 when 

three quarters of the mature herbage had been removed and the new shoots 

were growing up quite rapidly through the remaining fairly stemmy material .  

6 : 2 : 2  NEW S HOOT NUMBERS 

The r eaction to decapitation of new shoots during ' grazing ' was 

the same in the CE studies as in the field trial . When an independent 

shoot was decapitated , it fairly quickly subtended one or two new shoots 

( subtendeds )  from its lower undamaged nodes and , in doing so , became a 

subtending shoot . F igure 20 shows how the total number of independent 

and subtended basal shoots ( the main shoot classes for yield contribution ) 

increased dur ing the ' graz ing ' per iod of Treatments 2 and 3 in the three 

studies . 

Basal shoot numbers at the l% flower stage were variable but , 

as noted ear lier , there tehded to be more new shoot s on plants from the 

W-Dry than �he other two rooms at this stage . However , in all three 

rooms , shoot numbers increased steadily as the mature herbage was 

progressively removed . The increase in shoot numbers from Day 0 to Day 10 

on Treatment 3 indicates that , provided the apices are taken , j ust 

' topping ' of the mature herbage (only the first quarter had been removed ) 

stimulates proliferation of a new shoot population at the base o f  the 

sward . However , the counts taken on Days 3 and 6 of Treatment 2 show 

that , where herbage removal is incomplete , three to s ix days elaps e  before 

thi s proliferation becomes evident . 

On Treatment 3 ,  the total number of independent and subtended 

shoots ,  although already quite high , increased further fol lowing the two 

' bites ' to 2 cm on Days 20 and 2 5  of the ' grazing ' period . �he se ' bites ' 

not only generated subtended shoot development but also further independent 

shoot deve lopment ( see results of shoot population studies � Appendices 

22-24 ) . As a result of this and also the longer time for shoot development 

during ' grazing ' on Treatment 3 than Treatment 2 ,  shoot numbers were 

higher on Treatment 3 than Treatment 2 at the end of ' grazing ' .  

Stubble shoot numbers were low , about 10% of total shoot numbers , 

throughout ' graz ing ' on both Treatments 2 and 3 .  
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6 : 2 : 3  NEW S HOOT Y I ELD 

The following results relate to the total new basal shoot 

populat ion . 

99 

Basal shoot yield ,  which was initially very low at the l %  flower 

stage ( except in the W-Dry room) , increased steadily with the progressive 

removal of the mature herbage on both GD treatments in all three CE rooms 

until the first ' bite ' to 2 cm ( Figure 2 1 ) . This ' bite ' of course 

abruptly reduced basal shoot yield . On Treatment 2 the ' graz ing ' period 

concluded with this ' bite ' and the regrowth period commenced . On 

Treatment 3 ,  with two further 2 cm ' bi tes ' being taken before ' grazing ' 

ceased ten days later , there was an increase in shoot weight below the 

2 cm cutting height with the result that basal shoot yield at the end 

of ' grazing ' on Treatment 3 was cons iderably greater than that at the 

end of ' graz ing ' on Treatment 2 .  

Stubble shoot yield was low throughout the ' grazing ' period of 

both Treatments 2 and 3 in all three studies . 

contribution to total shoot yield was about 8 % .  

6 : 2 : 4  HERBAGE HARVESTED DURING ' GRAZ I NG ' 

The average stubble shoot 

Figure 22 shows that during the ten day ' grazing ' period of 

Treatment 2 ,  there was no significant development o f  the mature herbage 

under any of the CE conditions and a relatively small amount of new shoot 

material developed above the 2 cm cutting height . However , during the 

30 day ' graz ing ' period of Treatment 3 ,  there was substantial development 

of new shoots in all three rooms and , in addition , some small increase s  

i n  mature herbage leaf weights i n  the W-Wet and Cool rooms through 

axi llary l eaf development on the lower herbage fractions ( see Appendix 8 

and Plate 1 9 ) . 

6 

6 : 3 : 1 saOOT NUMBERS 

3 H ERBAG E R E S PO N S E O N  COMP LET I O N 
O F  D E F O L I AT I O N  O R  ' G RAZ I N G '  

The regrowth period commenced with the total of independent and 

subtended basal shoots on Treatment 3 exceeding that on Treatment 2 which 

exceeded that on Treatment 1 .  ( The instantaneous complete herbage removal 

MASSc lJN!VERSITl 
LIBR Y 
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PLATE 19 . The type of axil lary leaf development that 

occurred to a l imited extent on the mature stems 

following apex removal during the long GDs in the 

W-WET & COOL rooms .  
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of Treatment 1 gave no time for shoot proliferation . )  

Basal shoot numbers on Treatment 1 increased very rapidly 

following defoliation to reach a fairly stable level by Day 7 (Figure 2 3 ) . 

The count s taken on Day 3 of Treatment 1 indicated that shoot proliferation 

occurred more rapidly following complete herbage removal than following 

partial herbage removal . 

Basal shoot numbers on Treatment 2 also increased over the first 

seven days of the regrowth period before stabil ising . Thi s initial 

increase was to be expected for , on thi s  treatment , shoot numbers by the 

end of the ten day ' graz ing ' per iod had barely reached the level at which 

shoot numbers on Treatment 1 stabilised following ' grazing ' .  In addition 

to t hi s ,  of course , the last ' bi te ' on Treatment 2 ,  for the first time , 

decapitated many of the taller new shoots thereby initiating both 

subtended and further independent shoot development ( see results of 

shoot population studies - Appendices 1 6 , 18 and 2 0 ) . 

On Treatment 3 ,  the total o f  independent and subtended basal 

shoot numbers did not increase significantly following ' grazing ' for thi s 

total was already high by the end of the 30 day ' graz ing ' period and the 

last ' bite ' thus had a relatively small effect . 

The se effects combined to substantially reduce the differences 

in shoot numbers that existed between the three GD treatments at the 

start of the regrowth per iod . However ,  the difference s  were never 

comp l etely e liminated and , for as long as counts were taken , i . e .  r ight 

through the first half and into the second half of the regrowth period , 

the highest total of independent and subtended shoots occurred on 

Treatment 3 and the lowest on Treatment 1 ,  although the difference s  between 

Treatments 1 and 2 ,  and 2 and 3 were o ften not sign ifican t .  

Stubble shoot numbers were low throughout the regrowth period on 

a l l  treatments in all three studies ( F igure 2 3 )  although they comprised 

a s omewhat higher percentage o f  total shoot numbers than during the same 

period in the field trial . There were no consistent treatment effects 

on the contribution of stubble shoots to total shoot numbers (Appendix 9 ) . 
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6 : 3 : 2  LEAF AREA 

The treatment ranking for l eaf area at the beginning of the 

regrowth period was consi stently Treatment 3 > Treatment 2 > Treatment 1 ,  

although none of the di fference s  were large (Figure 2 4 ) . In the W-Wet 

and Cool rooms , leaf area on Treatment 1 at the beginning of the regrowth 

per iod was barely measurable . In these two rooms , leaf area increase 

followed a s im ilar pattern . For the f irst seven days , the absolute rate 

of leaf area expansion was low on Treatment 1 ( starting as it did from 

almost negligible initial s )  but higher on Treatments 2 and 3 (Table 1 3 ) . 

Over the next 14 days , Days 7 - 2 1 , leaf area expansion rate increased on 

al l treatments . 

After 21 days of regrowth , the earlier signi f icant differences 

in leaf area between the three GD treatments had di sappeared and , for the 

remainder o f  the regrowth period ( Days 21-x) , leaf area on all treatments 

incre ased at a steady and s imilar rate . 

In the W-Dry room , leaf area increased throughout the regrowth 

period on all three treatments ;  during the Day 0-7 period at s imilar 

rate s to the other two rooms but at much slower rates for the rest of 

the regrowth period (Table 1 3 ) . Indeed , the average leaf area expansion 

rate decl ined at each success ive period ; Day 0-7 , Day 7 - 2 1  and Day 2 1-x . 

The d ifferences in leaf area expansion rate between the three GD 

treatments noted in the other two rooms were not as evident in the 

W-Dry room . 

6 : 3 : 3  HERBAGE YIELD AND GROWTH RATES 

Total shoot weight on the three GD treatments at the start of 

regrowth was ranked in the same order as shoot numbers and leaf area 

Treatment 3 > Treatment 2 > Treatment 1 .  Shoot weight on Treatment 1 at 

the start of the regrowth period was very low especially in the W-Wet 

and Cool rooms where i t  was less than 10% of that on Treatment 3 at 

this time . Total shoot weight increased throughout the regrowth period 

on all treatments in such a way that , by the 1% flower stage , no 

significant differences in total shoot weight remained between the three 

GD treatments in any of the three CE studies (Figure 2 5 ) . However , there 

were obvious differences between the three studies in total shoot yield 

at the l% flower stage . Over a 36 day regrowth period , the lucerne in 

the W-Wet conditions had developed approximately 2 5 0 %  more shoot material 
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TABLE 1 3 . The s lopes or b va l u e s  o f  the regre s s ions o f  

0-7 # 

7 - 2 1  

2 1 -x 

0-7 

7-21 

2 1-x 

0-7 

7 - 2 1  

2 1-x 

l e a f  area wi th time during the re g rowth period 
- these b va lues represent abs o l ute rate o f  

l ea f  area expan s i on ( i n cm:l /day ) . 

Trot l Trot 2 Tmt 3 
r" value of the 

regression 
W-WET Tmt . l 2 3 

13 . 47 b 2 2 . 2 1 a 20 . 6 1 a 0 . 92 0 . 9 7 0 . 9 3 

4 3 . 3 2 a 43 . 2 7 a 36 . 34 a 0 . 90 0 . 99 0 . 96 

28 . 3 2 a 27 . 65 a 32 . 80 a 0 . 82 0 . 96 0 . 95 

W-DRY 

16 . 1 9 b 2 3 . 28 a 15 . 4 2 ab 0 . 96 0 . 94 0 . 84 

17 . 3 0 a 1 2 . 16 ab 8 . 2 5 b 0 . 89 0 . 87 0 . 74 

8 . 5 9 a 6 . 64 a ll . ll a 0 . 68 0 . 7 4  0 . 84 

COOL 

9 . 2 5 b 18 . 64 a 2 2 . 3 9 a 0 . 86 0 . 96 0 . 94 

4 5 . 2 0 a 43 . 66 a 2 9 . 98 b 0 . 97 0 . 97 0 . 93 

2 5 . 7 8 a 21 . 8 9 a 2 3 . 3 1 a 0 . 95 0 . 89 0 . 98 

# treatment values on the same horizontal with a letter in common 
are not stati stically different at the 5 %  level 
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than the lucerne in the W-Dry conditions over a very s imilar regrowth 

per i od ( 3 5  days ) . In the Cool conditions , although overall growth rate 

was s imilar to the W-Wet room , the longer regrowth period to the l% flower 

stage ( 5 3  days)  re sulted in nearly 50% more shoot material pre sent at 

harvest in the Cool than the W-Wet room . 

The graphs of total regrowth for the full period from end of 

' grazing ' to l %  flower (Figure 2 5 )  indicate that a number of changes are 

occurring between the three GD treatments over this period . To highlight 

thes e  treatment differences and aid the understanding of them , the regrowth 

per iod was subdivided into the Day 0-7 , Day 7 - 2 1  and Day 2 1-final harvest 

( 2 1-x ) periods . The regression of herbage weight with time over each of 

the se periods was calculated and the s lopes (or b values ) ,  representing 

absolute growth rates (F igure 2 6 ) , compared by paired t tests (Chapter 5 ) . 

Before discus sing the effects of the GD treatments , the general 

effect of the three CE conditions on absolute growth rates (AGRs ) through 

the regrowth period wi ll be examined . It is apparent from Figure 26 that 

the moisture stress of the W-Dry room had very little effect on the growth 

rate of the lucerne for the first week of the regrowth period . However , 

in the next two weeks , the moisture stress began to restrict growth rates 

severely and , in the final two weeks to flowering , growth in the W-Dry 

room was only about 10% of that in the W-We t .  The minimal growth rate 

in the last two weeks of regrowth in the W-Dry room , in contrast to the 

growth rate s of the fir st three weeks in that room , suggests that , once 

the tops reached a certain size , or transpirational surface area , there 

was only sufficient available moi sture to barely maintain turgidity under 

the se conditions and further growth was extremely limited . 

The general picture of growth rate in the W-Wet room contrasts 

sharply with that j ust described for the W-Dry . With unrestricted soi l  

moi s ture,  the absolute growth rate (AGR) increased appreciably in each 

successive regrowth period . 

Growth rate in the Cool room was as good as or better than that 

in the W-Wet room except over the Day 2 1 -x period . During this period -

which was much longer in the Cool room than in the W-Wet room ( 3 2  and 15 

days respectively ) - the lucerne in the Cool room was clearly incapable 

of sustaining the high growth rate s  recorded in the W-Wet room . 
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The e ffect of the GD treatments on AGRs during the regrowth 

period can now be examined . The three GD treatments had a s imilar effect 

in the W-Wet and Cool rooms . For the first seven days , the AGR 6f 

Treatment 1 was lower than that of the other two treatments ( although 

the d i fference fell j ust short o f  the 5 %  significance level in the Cool 

room ) . Over the Day 7-21 period , Treatment 1 attained the level of 

Treatment 2 and it was the AGR of Treatment 3 that fell substantially 

below the other two . Over the last period , Day 21-x , no significant 

differences existed between the AGR of all three GD treatments within a 

room . 

In the W-Dry room , higher variability and generally smaller 

treatment effects resulted in a complete absence of stati stically 

signi ficant differences in AGR between the three Gb treatments right through 

the regrowth period . 

While the AGR of Treatment 1 was low in the W-Wet and Cool rooms 

in the first seven days , Table 14 shows that its relative growth rate ( RGR) 

subs tantially exceeded that of Treatments 2 and 3 over this period . 

However ,  during the Day 7 - 2 1  period in the se two rooms , Treatment 3 had 

not only the lowest AGR but also the lowest RGR .  Finally , Table 1 4  confirms 

the s imilarity in the growth rate of all three GD treatments over the last 

part , Day 2 1 -x ,  of the regrowth period . 

This whole sect ion on yields and growth rates through the regrowth 

per iod ha s been expressed in terms of total herbage yield , i . e .  the sum 

of basal and stubble shoots .  I t  should b e  emphasi sed that stubble shoots 

at all time s made only a very small . contribution to regrowth yield 

( Figure 2 5 ) . Rarely did their yield reach or exceed 10% of the total 

herbage yield and , for most of the time , it fluctuated between 3 -7 % . 

There were no obvious d ifferences in the contribution of stubble shoots 

e i ther between rooms or within a room between treatments . 

6 4 TOTA L H E R BAG E HA R V E S T ED 
F O R  P R OJ ECT DU R AT I O N 

Because flowering time var ied b�tween the three CE rooms , the 

duration was different in each of the three rooms : 
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W-Wet 

W-Dry 

Cool 

164 days 

160 " 

2 11 " 

Thi s  of course confounds compari sons between rooms of ' total herbage 

harvested ' .  

1 1 3  

Figure 2 7  shows that the total herbage harves ted in each of the 

three studies was generally greatest under the instantaneous ' grazing ' o f  

Treatment 1 and least under the 30 day G D  system of Treatment 3 .  Total 

herbage harvested under the 30 day GD system was about 2 0 %  les s  than that 

harve sted under the instantaneous ' grazing ' of Treatment 1 in the W-Wet 

and Cool rooms but in the W-Dry room the effect of the long GD system 

appeared to be less severe ,  for a reduction of only 1 3 %  was recorded . 

However , as noted in the field trial , the se differences between GD 

trea tments in total yield were generated almost entirely by d ifferences 

in stem yield . There were no di fference s  in the total production of 

leaf and new shoot between the three GD treatments in the W-Wet and W-Dry 

rooms although in the Cool room the difference between Treatments 1 and 3 

j us t  reached the 5% significance level . 

6 5 S HOOT P O P U LAT I O N STUD I E S 

The results of the shoot population studies done in the CE rooms 

wer e  very s imilar to the results of the same studies done in the field 

tria l . The tables of re sults from the CE studies are given in 

Appendices 10-24 and j ust the main points are mentioned here . 

Under the instantaneous GD of Treatment 1 all the basal shoots 

wer e  independents as no shoot decapitation occurred . Under the 10 and 

3 0  day GDs of Treatments 2 and 3 respective ly , shoot decapitation did 

occur and subtending and subtended shoots deve loped in all three studies . 

Independent shoots comprised 80-90% of total basal shoot numbers at the 

pre liminary harvest following the ten day GD of Treatment 2 and about 

4 0 %  following the 3 0  day GD of Treatment 3 .  

Once again , the independent and subtended shoots that arose 

towards the end of the ' graz ing ' period generally grew to the largest 
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size and were the maj or contributors to total basal shoot weight . Shoots 

ari s ing after the fifth day of the regrowth period developed l ittle weight 

and survived poorly in the second hal f  of the regrowth period . 

Subtended shoots grew to the same size as independents of the 

same age . 

Subtending shoots were always small and because of thi s  made 

l i ttle contribution to total basal shoot weight . 

Stubble shoots were few in number and light in we ight ( contributing 

only about 5-6% or less to toal shoot weight ) and had a s lightly later 

pattern of appearance than basal shoots . 

Basal shoot numbers decreased in the second half of the regrowth 

per iod , the greatest mortalities generally occurring in the latest 

developing shoot classes . 

There did not appear to be any difference in the survival of 

independent and subtended shoots of the same age . 

The contribution of s tubble shoots to total shoot weight decreased 

in the second half of the regrowth period due to both mortality and 

negligible weight increases o f  the survivors . 

Generally , the pattern of shoot appearance and the contribution o f  

the different shoot types t o  total shoot weight waE very s imi lar in all 

three CE rooms . 

D I SCUSS I ON 

These herbage results from the CE studies have confirmed and 

defined more c lose ly virtually all of the GD e ffects monitored in the 

f i e ld trial as wel l  as providing some insight into the interaction of 

two c l imatic factors with GD . The confirmation of the fie ld trial GD 

effects with potted plants in a s imulated sward under s imulated grazing 

in CE rooms is an indication of both the stability of the GD effects 

and the success of the s imulations . For example , the attempt to 
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simulate sward conditions was c learly successful for in the two CE rooms 

where soil moisture was unrestricted (W-Wet and Cool ) , the pattern of 

new shoot development , the pattern of leaf and stem distribution in the 

mature herbage , the decline in speci fic leaf areas down through the 

profile and the degree of light penetration to the base of the ' sward ' 

were very s imilar to that recorded in the field trial . 

The simulated grazing also re sulted in reasonable duplication 

of the f ield situation under actual grazing . The mature herbage was 

removed progre s s ively from the top downwards and the s ize , composition 

and leaf area of the new shoot population at the end of the three GD 

treatments quite closely reflected the situation on the three treatments 

in the f ield trial at the end of grazing . 

The information on herbage deve lopment during grazing that was 

obtained in the field trial was confirmed in the CE s tudies . Basically 

herbage production during grazing was largely dependent on the 

development of the new shoots for the only change on the mature herbage 

was some rather limited axillary leaf development and even this was 

curta i l ed in the W-Dry room . Thus herbage production during grazing was 

low in both the field trial and the CE studies but was composed almost 

entirely of leaf and new shoot material . 

The herbage results of the CE studies have confirmed that a long 

GD ( 3 0  day s )  under good growing conditions has ·a restrictive - effect on 

herbage growth rates in the first half of the regrowth perio9 . The CE 

herbage results have also confi rmed the initial inertia of regrowth 

fol lowing quick defoliation of well-watered lucerne at the 1% flower 

stage . Thi s sudden herbage removal left the plant with very few new 

shoot s  and very little leaf area and , in both the CE studies and the 

field trial , it took several days to deve lop a shoot population and leaf 

are a  which could generate reasonable absolute growth rate s . 

The intermediate GD , this t ime of 10 days , once again appeared 

to have been about the right l ength to allow sufficient shoot development 

and leaf area expansion for rapid resumption of regrowth , without 

incurring the depressive effects on herbage regrowth that followed the 

long (30 day) GD . 

At the end of the 3 0  day GD the lucerne had a higher leaf area 
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and a higher yield and number of new shoots than the lucerne at the end 

of the 10 day or instantaneous GD . Despite this ,  both the absolute and 

relative growth rates of the herbage through the Day 7-21 section of the 

regrowth per iod were lower following a 30 day than a 10 day or 

instantaneous GD . The reason for this i s  not evident in the herbage results . 

The shoot counts and shoot population studies indicate i t  i s  not due to 

either the size or composi t ion of the shoot population on Treatment 3 -
• 

a conclusion which was also reached in the field trial . 

The CE shoot population studie s  showed again that subtended shoots 

grew j ust as rapidly as independent shoots of the same age so the greater 

dominance of subtendeds on Treatment 3 cannot be implicated in the s lower 

regrowth . Further , the shoot studies also showed that Treatment 3 had 

just as many undecapitated shoots ar is ing in the main contributing period 

(last 10 days of ' grazing ' )  at the end of ' grazing ' as Treatment 2 .  

The suggestion that Treatment 3 may have had too many shoots for 

maximum herbage growth rates does not bear close scrutiny . For example , 

in the f ield trial the effect o f  the long GD was still expres sed in the 

first half of the regrowth period desp i te the fact that treatment 

differences in the total of independent and subtended shoots had disappeared 

by Day 8 of the regrowth period . In contrast , in the CE studie s , 

treatment differences in the total of independent and subtended shoots 

sti l l  existed in the second half of the regrowth period by which time 

of course treatment differences in herbage growth rates had disappeared . 

I t  would appear that , above a certain minimum , difference s  in the total 

of independent and subtended shoot numbers generated by GD trials have 

little influence on herbage growth rate . Thi s  i s  probably because the 

total number o f  large dominant shoots i s  fairly s imilar on all treatments 

after the first 7 -8 days of the regrowth period and the ' extras ' on the 

long GD treatments are merely those early ari sing shoots which e scaped 

decapitation by virtue of their small size and s low growth rate . 

The f ield trial demonstrated the effect of GD on total lucerne 

herbage product ion over an e ight month per iod and the CE s tudies confirmed 

thes e  general f indings under more controlled conditions . The greatest 

total herbage production in all three C E  studies occurred under the 

instantaneous ' grazing ' of Treatment 1 .  The 10 day GD red�ced total 

herbage production by 5-10% and under the 30 day GD in the W-Wet and Cool 

rooms , the reduction was about 2 0 % . These GD effects on total herbage 
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production are less than the 14% and 29% reductions recorded in the field 

trial under Treatments 2 and 3 .  One reason obviously is that the 

intermediate GD , Treatment 2 ,  was 10 days in the CE studies and 15 days 

in the field trial . The absence of any treading damage on the newly 

emerging shoots in the CE studies may also account for the reduced effect 

of the longer GDs indoors than under actual grazing in the field trial . 

Despite the differences in total herbage yield between the three 

GD treatments in the CE studies , the total production of leaf and new shoot 

was once again very similar under all three GD treatments in all three 

' cl imates ' .  

The reductions in total herbage yield were again the result o f  

the very limited herbage development that occurred during the ' grazing ' 

per iods and the virtual absence of treatment difference s  in total non-stem 

yield was the consequence of herbage development during ' grazing ' being 

entirely in the form of leaf and new shoot . 

The practical s ignificance o f  these GD effects on herbage production 

over one ful l  growing season were discussed in Chapter 3 .  The CE studies 

s imply confirm the validity of the f indings for GDs of up to 3 0  days . 

In the W-Dry room the 30 day GD appeared to have less effect on 

total herbage production ( 13 %  reduction) than in the W-Wet and Cool rooms ( 2 2 %  

& 19% reductions respectively) . Thi s  i s  not altogether surpri sing in view 

of ( a )  the herbage canopy that developed in the W-Dry room and (b)  the 

effect of the moisture stress on herbage growth rate s . The high 

leaf : stem ratio , excellent di stribution of leaf area through the profile 

and low specific leaf area va lues for the lower leaves indicate that 

lucerne under the W-Dry conditions would maintain both a mo�e effective 

and a relative ly higher leaf area for a greater proportiort of a long GD 

than would lucerne under the W-Wet or Cool conditions . The figures on 

leaf area during ' grazing ' bear this out . In addition , the impact of the 

slow herbage growth rate associ ated with the ' grazing ' period has been 

reduced in the W-Dry room , for the moisture stress in thi s  room has 

res tricted the expression of the rapid growth rates which occurred from 

about Day 7 onwards in the regrowth periods of the W-Wet and Cool rooms . 

I t  would appear therefore that , as conditions became drier , the 

impact of GD on total herbage production from lucerne may decrease . 
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One other effect noted in the W-Dry room has important 

practical implications . The moisture stre ss imposed in thi s room had no 

e f fect on the growth rate of the lucerne in the first week of the regrowth 

period , but an increasingly re strictive effect thereafter . This abi lity 

of lucerne to establish its new shoot population and at least commence 

vigorous herbage growth under the degree of moisture stress imposed in 

the W-Dry room provide s flexibility for lucerne irrigation programme s .  

The difference in the temperature regime between the W-Wet and 

Cool rooms affected flowering time and herbage yield at first flower 

very much in accordance with the findings of other workers ( Smith 1970 , 

Lee & Smith 1 97 2 )  but it did not seem to influence the effect of GD on 

any of the herbage factors monitored in these CE studies . Had lower 

temperature s been used in the Cool room , e . g .  1 2 . 5  /5 C or 10 /4 C ,  the 

e ffect of GD may well have been altered , but as stated earlier , it would 

be more difficult to assess a constant ' grazing ' commencement time in 

the absence of flowering and for this reason lower temperatures were 

not employed .  

* * * * 

The next chapter examines the e ffect of GD on the size , 

composition and functioning of the underground organs in the three 

CE studie s .  
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The impact of graz ing durations of up to 3 0  days on the growth 

rate of lucerne herbage during the subsequent regrowth period has been 

demonstrated in both the fie ld and controlled environments , and under 

actual and simulated grazing . In each case , a long GD has impaired both 

the abso lute and relative growth rate of lucerne herbage for the first 

hal f  of the regrowth period and , despite detailed herbage measurements , 

the caus e of the reduced growth rates is not evident . In this chapter 

the effe cts of GD - in the three CE studies - on the size , composition 

and functioning of some of the underground organs are presented and 

di scussed . 

7 1 M I N E RAL U PTA KE 

Table 15 gives the leve ls of phosphorus (P)  and potassium (K)  

found in the herbage harvested during the regrowth period of the second 

cycl e  in the W-Wet room . Percentage P decreased with time on all 

treatments whereas percentage K did not dec line significantly during 

regrowth . However ,  of greater importance to this study i s  the finding 

that no significant differences were found between the three GD treatments 

at any one harvest in the level of either P or K in the herbage . This 

absence of any treatment differences in herbage mineral level s  suggests 

that the regrowth of one treatment was not being restricted more than 

that of another by the capacity of the root system for mineral uptake . 

In this context it i s  important to note that the potting mix in 

the CE studies was not atypically enriched , for the levels of phosphate 

and potassium in this soil mix were sl ightly lower than in the top 15 cm 

of the soil on the field trial sit e .  Incidentally , there were no 

treatment differences in the W-Wet room in the l eve l s  of phosphate or 

potassium in soil samples taken during the regrowth period of the second 

cycl e  (Appendix 2 5 ) . 
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Day 7 

Day 1 4  

Day 2 1  

Day X 

CV% 
LSD 5 %  

1 %  
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Day 14 

Day 2 1  

Day X 

CV% 
LSD 5 %  

1 %  

H e rbage mineral ana lyses : % phosphorus 
% potas s i um i n  the herbage during the 
re growth period - W-WET . 

Tmt 1 Tmt 2 Tmt 3 

% p 

0 . 5 3 0 . 54 0 . 51 

0 . 51 0 . 47 0 . 49 
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0 . 28 0 . 30 0 . 27 

6 . 7  11 . 8  12 . 6  
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0 . 07 
0 . 10 
0 . 08 
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0 . 3 0 
0 . 44 
0 . 50 
0 . 72 
0 . 50 
0 . 7 1 
0 . 62 
0 . 8 9 
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7 2 AC ETY L E N E  R ED UC I N G ACT I V I TY 

In each room the rate of acetylene reduction (AR) declined as the 

mature herbage was removed ( Figure 2 8 ) . Under the 30 day ' grazing ' the 

dec line was gradual ; under the instantaneous herbage removal of Treatment 1 ,  

AR rate dropped abruptly . During the first 10 days of the regrowth period , 

AR rate on the three GD treatments differed quite markedly . On Treatment 1 

the rate fell sharply to a minimum at Day 5 and then rose sharply . 

Treatment 3 did not exhibit the sharp minimum of Treatment 1 but , for the 

fir st five days of the regrowth period , did not change s ignificantly but 

remained at a l evel which in both the W-Wet and Cool rooms was 

substantially higher than the Treatment 1 minimum . AR rate on Treatment 2 

occupied an intermediate position between that of Treatments 1 and 3 during 

early regrowth . 

After Day 5 of the regrowth period , the AR rate of al l three 

treatments in all three rooms increased quickly such that by Day 1 5  

treatment differences had completely disappeared . At no time during the 

first 1 5  days of the regrowth period was the AR rate o f  Treatment 3 

significantly lower than that of Treatment 2 indeed the reverse was 

more often the case although the differences were general ly not significant . 

By Day 15 of the regrowth period , AR in the W-Wet and Cool rooms 

had regained the rates recorded at the 1% flower stage when grazing 

commenced . These rates were still operative at the end of the regrowth 

period when the l %  flower stage was again reached . Recovery of AR rates 

was not quite as rapid as this in the W-Dry room for by Day 15 the rates 

were still significantly lower than those recorded at the l% flower 

stage at the beginning and end of the second cycle . 

The se results indicate that , under all three CE conditions , the 

effect o f  the long GD ( 3 0  days)  on herbage development in the first half 

of the regrowth period cannot be attributed to impaired nitrogen (N )  

fixat ion o n  thi s treatment a t  this time . This is reinforced by the 

re sults of N analyses done on herbage from the W-Wet and W-Dry rooms 

(Table 1 6 ) : there were no significant treatment differences in the level 

of herbage N at any stage during the regrowth period in e ither room . 

The theoretical figure for the ratio of ethylene produced to N 

fixed in the whole plant is 3 . 00 ,  although values for this ratio reported 

in the l i terature range from 2 . 18 to 5 . 49 (Bergersen 1970 , Sinclair 197 5 ) . 
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TABLE 1 6 . Percentage ni trogen 
the re growth period . 

Tmt 1 Tmt 2 

W-WET 

Day 7 3 . 90 4 . 02 

Day 14 4 . 12 4 . 48 

Day 21 3 . 77 3 . 84 

Day X 3 . 64 3 . 6 3 

CV% 7 . 4  5 . 9  
LSD 5% 0 . 44 0 . 3 6 

1% 0 . 6 2 0 . 5 1 * *  

W-DRY 

Day 7 3 . 96 3 . 86 

Day 14 3 . 8 5 3 . 9 3 

Day 2 1  3 . 86 3 . 9 0 

Day X 4 . 03 4 . 06 

CV% 4 . 2  5 . 8  
LSD 5% 0 . 26 0 . 3 5 

1% 0 . 36 0 . 49 

in the herbage 

Tmt 3 --

4 . 38 

4 . 3 9 

3 . 92 

3 . 56 

6 . 6  
0 . 41 
0 . 58* *  

4 . 19 

4 . 17 

4 . 04 

4 . 18 
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0 . 47 
0 . 65 
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When thi s  ratio was calculated for the Day 15-x period ( this period was 

chosen because AR rates had become relatively stable by this time) , the 

ratio was 1 . 2 5 in the W-Wet room and 2 . 37 in the W-Dry room . 

This suggests that the AR assay was underestimating N fixation 

in the W-Wet room . (There were no significant differences between the 

two rooms in the level of soil N - Appendix 2 6 ) . This may be associated 

with the moist conditions that were maintained in the pots in the W-Wet 

room . However , whatever factor ( s )  were influencing absolute rates o f  

AR between rooms , the mineral N levels in the herbage ( Table 16)  indicate 

that the principal conclusion of the AR assays remains unchanged : the 

effect of the long GD on herbage development in the first half of the 

regrowth per iod cannot be attributed to impaired N f ixation under any 

of the three CE conditions . 

7 3 ROOT W E I G H T  

I n  the W-Wet and Cool rooms , root weights o n  a l l  three GD 

treatments declined signi ficantly in the second cycle with the removal 

of the mature herbage to reach minimum leve ls one-three weeks into the 

regrowth period before increas ing again to reach their original level·s 

at the end of the regrowth period , i . e .  the 1 %  f lower stage (Figure 2 9 ) . 

In both rooms root weight following the long GO of Treatment 3 not only 

reached the lowest minimum but was the first in the regrowth period to 

reach thi s minimum and begin increasing again , whil e  the root weight o f  

Treatment 1 was the last in the regrowth period to begin inpreas ing 

again . These differences between the three GD treatments in root weight 

changes during the regrowth period are further i llustrated in Table 17 

where changes during the Day 0-7 , Day 7 - 2 1  and Day 2 1-x sections of the 

regrowth period are presented and compared . The general trend of root 

weight was downward on all three GD treatments in both the W-Wet and 

Cool rooms during the Day 0-7 section , although significant
(

regressions 

were not often established . During the Day 7-21 section of the regrowth 

period in both CE rooms , the s lope of the regression for Treatment 1 was 

still negative but on Treatment 3 the slope was positive , i . e .  root weight 

was increasing . On Treatment 2 where root weight was following an 

intermediate course during this period , no significant regression could 

be established . By the Day 2 1-x section , root weight on all three GD 
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TABLE 1 7 . The s lope s or b va lues o f  the regre s s ions o f  
root weight w i th time during the r egrowth per iod 

- the se b va lues repr e s ent rate o f  root weight 
change ( i n g/day ) . 

Tmt 1 Tmt 2 Tmt 3 
r�va1ue of the 

regres sion 
W-WET Tmt . 1 2 3 

Day 0-7 nsr -0 . 1 9 nsr 0 . 62 

Day 7 - 2 1  -0 . 06 b nsr 0 . 09 a 0 . 61 0 . 70 

Day 2 1 -X 0 . 09 a 0 . 1 2 a 0 . 11 a 0 . 82 0 . 85 0 . 90 

COOL 

Day 0 - 7  nsr nsr - 0 . 14 0 . 80 

Day 7 - 2 1  -0 . 08 b nsr 0 . 06 a 0 . 60 0 . 61 

Day 2 1-X 0 . 05 a 0 . 07 a 0 . 06 a 0 . 69 0 . 7 3 0 .  7 8  
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treatments was increas ing and the s lopes of the regressions did not di ffer 

s ignificantly between treatments . 

In the W-Dry room , although there appeared to be a general decl ine 

in root weight with the removal of the mature herbage fol lowed by an 

increase to the original level s  by the end of the regrowth period , the 

effects were small and variability was high with the result that root 

weight did not change significantly on any of the three GD treatments during 

the second grazing/regrowth cycle (Figure 29) . 

7 4 R O O T  COMPOS I T I O N 

The pattern of change s  in total non-structural carbohydrates ( TNC ) , 

starch and soluble sugar concentrations was very s imil ar in the W-Wet and 

Cool rooms (Figure 30) . TNC percentages which were high at the flowering 

stage dec lined with removal of the mature herbage - gradually on Treatment 3 

and more sharply on Treatment 1 .  The decline continued for about one!fhree 

weeks into the regrowth per iod before minimum l evels were reached and net 

accummulation of TNC in the root system commenced . Percentage TNC then 

rose at a fairly steady rate unti l the original high concentrations were 

reached once again at the end of the regrowth period . Percentage starch 

followed an almost identical pattern to TNC concentrations . The 

percentage of soluble sugars changed very little but tended to move in the 

opposite direction from that of starch and TNC percentages . Thus changes 

in starch concentrations were generally a little greater than change s  in 

TNC concentrations . 

In the W-Dry room the pattern of changes in TNC and starch 

concentrations during the ' grazing ' /regrowth period (Figure 3 0 )  was s imilar 

to that in the W-Wet and Cool rooms . However , the amplitude of the 

changes in the W-Dry room appeared to be smaller than in the other two 

rooms (Table 1 8 ) . In additio� the concentration of soluble sugars did 

not change s ignificantly on any of the treatments in the W-Dry room during 

the ' grazing ' /regrowth cyc l e . 

In each room the root TNC and starch concentrations reached their 

minimum and began increasing again , first , following the 3 0  day GD o f  

Treatment 3 an4 last , following the instantaneous GD of Treatment 1 
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TABLE 1 8 . P e rc entage change in TNC concentration* recorded 
during the gra z i ng I regrowth cyc l e  on each GD 
treatment i n  the 3 CE r ooms . 

W-WET W-DRY COOL 

Tint l 2 3  1 7  2 0  

Tint 2 28 17 24 

Tint 3 31 2 3  3 1  

Average 2 7  19 2 5  

* the % change in TNC concentration on e ach GD treatment i s  the difference 
between the lowe st reading & the average of the 2 highes t  readings 
on that treatment expressed as a % of the latter ( i e .  the average of 
the 2 highes t  readings on that treatment) 
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( 7-10 and 14-2 8  days respectively after ' grazing ' f inished ) . 

It i s  quite evident that the general pattern of changes in TNC 

and starch concentrations in the three CE rooms is s imilar t9 the general 

pattern of root weight decl ine and restoration in the three rooms , 

except of course that in the W-Dry room the changes in TNC and starch 

concentrations reached the 5% signi ficance leve l , whereas the change s  in 

root weight d id not . 

D I SCUSS I ON 

Where growth has not been restricted by moisture stress , 

defoliation in these studies has generated the c lassical fall and 

subsequent rise in root weight and root TNC and starch concentrations 

that normally fol lows the removal of lucerne tops under active growing 

conditions (Brown et al 1972 ) . The three GD treatments have influ�nced 

the shape of these root responses and obviously also the value of t�e 

parameters at the end of ' grazing ' . 

However ,  although the three GD treatments generated significant 

differences in root weight and composition by the end of the ' grazing ' /start 

of the regrowth period , the results have indicated that differences in 

herbage growth rates between the three treatments during the first half of 

the regrowth period cannot be attributed to either the capacity of the 

root system for mineral uptake or the capacity of the nodule s  for N 

fixation . Clear ly , as Hodgkinson ( 1 97 3 )  has already noted , the lucerne 

root system has considerable plasticity in terms of mineral uptake and 

it would appear that the N fixation system has a similar degree of 

flexibility . 

The treatment differences in the pattern of root weight change 

during the regrowth period were of cons iderable interest for thi s  finding 

confirmed a suspicion aroused by the NAR calculations performed on the 

field trial data . It i s  pertinent that the study in which there were no 

significant treatment differences recorded in herbage growth rates during 

the regrowth period (W-Dry ) was also the study in which there were no 

significant treatment dif ferences recorded in root weights during the 

regrowth period � In the other two studies (W-Wet and Coo l ) treatment 
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differences i n  root weight changes occurred principally in the Day 7 - 2 1  

section o f  the regrowth period . Thi s i s  evident i n  the graphs o f  root 

weight (Figure 2 9 )  and the regressions of root weight with 
'
time ( Table 1 7 ) . 

Treatment difference s  in root composition changes also occurred 

principally in the Day 7 - 2 1  section ( Figure 3 0 )  . These treatment 

d i fferences are attributable to the effect exhibited in both the W-Wet 

and Cool rooms in which root weight and TNC levels began to increase 

again earlier in the regrowth period following the 30 day GD than following 

the 10 day GD , and following the 10 day GD they began to increas e  again 

earlier than fol lowing the instantaneous GD . 

It i s  intere sting to link these changes in the roots with the 

concurrent changes in the tops . For instance , total plant weight ( the 

sum of root and top weight) , after an initial period of inertia in the 

first seven days , increas ed for the rest of the regrowth period at the 

same rate on all three GD treatments in both the w-wet and Cool rooms 

( Table 1 9 ) . Clearly , the lower herbage production of Treatment 3 than 

Treatment 2 over the Day 7 - 2 1  section of the regrowth period was 

as sociated with a compensating change in root we ight such that the 

increase in total plant weight over this period was identical on both 

treatments . 

Also Table 2 0  shows that,  in the W-Wet and Cool rooms , apart 

from the first seven days , the three GD treatments in a room had the same 

net assimilation rates through the regrowth per iod . This equivalence 

between the three GD treatments of (a) net assimilation rates and 

(b) absolute growth rates of the total plant indicates that the differences 

between the three GD treatments in herbage growth rates during the Day 7-21 

section of the regrowth period were the result o f  differences in the 

partitioning of assimilate in the plant . 

Treatment d ifference s  in the AGR and NAR of the total p lant in 

the first seven days of the regrowth period - in contrast to the rest o f  

the regrowth period - reflect the difference s  that existed between the 

three GD treatments in leaf area at the start of this period . With virtually 

no leaf area at the start of the regrowth period on Treatment 1 in the W-Wet 

and Cool rooms , an initial loss in total plant weight with its as sociated 

negative NAR was inescapable .  However , on Treatment 3 the' quite substantial 

leaf area that had developed by the end of ' grazing ' was able to maintain 

total plant weight through this first seven day period . 
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TABLE 19 . Tota l p lant we i ght ( s um o f  top & root we i gh t s ) 
& ab s o lute growth rate ( AGR ) o f  the total p l an t  

Total 
plant 
weight 
( g )  

AGR 
(g/day) 

# 

Total 
plant 
weight 
( g )  

AGR 
(g/day ) 

# 

during the regrowth per i od . 

Trot 1 Tmt 2 

W-WET 

Day 0 1 0 . 7 3 10 . 86 

Day 3 11 . 3 4 10 . 01 

Day 7 1 0 . 56 10 . 5 5  

Day 14 1 1 . 6 2 12 . 26 

Day 21 14 . 3 0 15 . 60 

Day X 2 2 . 26 2 3 . 60 

Day 0-7 nsr nsr 

Day 7 - 2 1  0 . 2 7 a 0 . 36 a 

Day 2 1 -X 0 . 5 3 a 0 . 5 3 a 

COOL 

Day 0 18 . 98 18 . 61 

Day 7 1 8 . 80 18 . 4 5 

Day 14 2 0 . 62 2 0 . 34 

Day 21 2 3 . 16 23 . 06 

Day 28 2 5 . 43 2 5 . 84 

Day X 3 5 . 8 1 3 5 . 85 

Day 0-7 nsr nsr 

Day 7 -21 0 . 31 a 0 . 3 3 a 

Day 2 1-X 0 . 40 a 0 . 4 0 a 

Trot 3 

9 . 65 

9 . 7 5 

9 .  74 

1 1 . 5 0 

14 . 3 4 

2 1 . 94 

nsr 

CV% 

7 . 2  

8 . 9  

9 . 3  

7 . 8  

9 . 3  

6 . 6  

5 %  
LSD 

l %  

1 . 19 * 

1 .  7 2  
1 . 48* 

2 . 1 3 
1 . 53 
2 . 2 0 
1 . 47 
2 . 11 
2 . 19 
3 . 1 5 
2 . 39 
3 . 43 

r:lvalue o f  the 
regre ssion 

Tmt . 1 2 3 

0 . 3 3  a 0 . 7 8 0 . 9 3 0 . 90 

0 . 51 a 0 . 95 0 . 97 0 . 94 

18 . 02 

1 8 . 07 

19 . 8 0 

22 . 37 

2 5 . 09 

34 . 59 

nsr 

0 . 31 a 

0 . 38 a 

CV% 

9 . 3  

1 0 . 5  

6 . 7  

7 . 6  

9 . 0  

7 . 5  

5% 
LSD 

1% 

2 . 7 5 
3 . 96 
3 . 10 
4 . 45 
2 . 2 0 
3 . 10 
2 . 78 
3 . 99 
3 . 68 
5 . 2 9 
4 . 2 3 
6 . 09 

r:lvalue of the 
regression 

Tmt . 1 2 3 

0 . 7 6 0 . 7 9 0 . 7 7 

0 . 9 3 0 . 96 0 . 94 

# these figures are the slopes or b value s of the regressions of total 
plant weight with time during the regrowth period 

N . B .  no signi ficant regres sions of total plant weight with time could be 
e stabli shed with the data from the W-Dry room . 
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TABLE 2 0 . Net A s s imi lation Rate ( NAR ) in 
� 

g/dm /week 
dur ing the regrowth period . 

Tmt 1 Tmt 2 Tmt 3 

W-WET 

Day 0-7 -0 . 36 -0 . 2 9 0 . 03 

Day 7 -21 0 . 2 7 0 . 2 9 0 . 26 

Day 2 1-X 0 . 18 0 . 17 0 . 17 

COOL 

Day 0-7 - 0 . 3 1 -0 . 11 0 . 03 

Day 7-21 0 . 3 5 0 . 2 7 0 . 26 

Day 2 1 -X 0 . 1 1 0 . 12 0 . 12 
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One other pertinent relationship between the roots and the tops 

is pre s ented in Table 21 . Clearly , increase in root weight and TNC 

concentration following the 30 day GD began not only earlier in the 

regrowth period but at a much lower l eaf area than following the 1 0  day 

and instantaneous GD . The reason for this is not clear but its 

relationship to both the size of the root system and the concentration 

of TNC and starch in the root system at the start of the regrowth period 

is intere sting . The lower the root weight and the lower the TNC and 

starch concentration in the roots at the start of the regrowth period 

the lower the leaf area at which the plant began to res·tore root weight 

and c arbohydrate concentration . 

N . B. Partitioning to the roots would almost certainly have commenced before 

the root parameters (weight , TNC percentage , starch percentage)  began to 

increase 1 for Hodgkinson ( 1970)  has demonstrated bi-directional movement 

of carbohydrates in the regrowing lucerne stem .  However ,  since the 

point at which these root parameters began to increase would be closely 

linked to the commencement of partitioning to the roots , it provides a 

convenient point for treatment comparisons . 

, 
These results have indicated tha t ,  following a 3 0  day GD , ' Wairau ' 

lucerne ' s  capacity for increases in total plant weight was undiminished 

but , for some reason , it began to partition assimilate towards the root 

system so early in the regrowth period and at such a low leaf area that 

for a time assimi late supplies to the tops were insufficient to maintain 

the top weight increases of lucerne plants regrowing after shorter GDs . 

It is important to note that , because carbohydrates are part of 

a dynamic energy-balance system interrelated to rates of growth and 

photosynthesis , any factor which restricts growth relatively more than 

photosynthesis would cause a carbohydrate build up in plant tissue 

(Blaser et al 1 966 ) . However , no such factor occurred in the W-Wet and 

Cool rooms and thus some other mechanism must have generated .the earlier 

upturn of TNC , starch and root weight on Treatment 3 .  It i s  tempting 

to invoke a source/sink relationship in considering the se resu ltsj with 

the more depleted root system following the 30 day GD acting as a 

s lightly stronger sink and thus ' attracting ' assimilate to i t  earlier 

than the less depleted root systems following the shorter GDs . 
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TABLE 2 1 . Approx imate time & l e a f  area whe n  net gain of 
root TNC % c ommence s  i n  the regrowth period . 

Trot 1 Trot 2 Trot 3 

W-WET 

Day 18 14 7 

Leaf area ( cm':l ) 580 430 180 

COOL 

Day 28 21 12 

Leaf area ( cm:z.) 880 750 280 

# the day when net gain of root TNC% commences i s  taken from the graphs 
of root TNC% (Figure 30)  & then the leaf area that is present on thi s 
day is taken from the graphs of leaf area ( Figure 2 4 ) . 

N . B .  Root weight also began to increase again earlier in the regrowth 
period & at a lower leaf area foilowing the 30 day GD than following 
the 10 day & instantaneous GD . 



137 

Thi s suggestion certainly doe s  not lack support in the literature . 

It i s  well known that environmental conditions , e . g .  light intensity 

( Ryle & Powell 1 9 7 6 ) , water stress ( Sosebee & Wiebe 1971)  and low soil 

nitrogen (Leafe et al 197 4 )  can alter the partitioning o f  assimilate 

between the tops and roots of plants . There have al so been many s tudies 

on the influence of one plant organ on the export of assimilate from 

another .  For example , experiments with decapitated and partial ly 

defo liated sugar beet plants (Geiger 1966 , Geiger & Swanson 1965 ; 

Terry 1966 , Winter & Mortimer 1967 ) indicate generally that amounts o f  

assimilate tran slocated to particular reg ions are determined t o  a 

considerable extent by the relative activities o f  the various sink s . In 

a r ecent review Pate ( 1 9 7 5 )  stated , " there i s  evidence from several crop 

species that a consuming organ ( sink ) can exercise a control ling influence 

over the produc tion and export qf assimilates by ' source ' organs such as 

photosynthesising l eaves . '1 

The mechanism by which the influence o f  one plant part i s  exerted 

on another is probably hormonal .  Went ( 1938 ,  1943) first suggested that 

the root exerted some hormonal control over shoot growth . In a study 

with Pisum sa tivum , McDavid et al ( 197 3 )  concluded that the proportion 

of current a s s imil ate s retained by the shoot may be dependent on the 

amount of cytokinin or other hormones supplied from the roots . A 

reduction in this supply following root pruning or adverse conditions for 

root growth may reduce the capaGity of the shoots to retain assimilate 

and increase the proportion partitioned oownwards to the roots . The 
results of Clifford and Langer ( 19 7 5 )  with ryegrass suggested that 
root-pruning increased the s ink activity of the remaining roots for they 

attracted labelled assimilate more s trongly than the roots of intact 

plants . In view of the effects that the 30 day GD in the CE studies 

had on root weights and composition , it is conceivable that thi s treatment 

could have a s imilar effect on the hormonal ' me ssage s ' from the roots , 

as root pruning . 

Working with lucerne , S i lva ( 1968)  showed that , in the absence 

of leaves at the start of regrowth , export o f  photosynthate down to the 

roots started at a lower leaf area in plants with an initially low root 

TNC status than in plants with an initially high root TNC status . A 

similar effect was recorded by Hodgkinson ( 1 9 7 3 )  except that he monitored 

root weight rather than root TNC status . 
I 

Two groups of lucerne plants were 

prepared by pre-treatments of infrequent and frequent cutting . The total 
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root weight on the ' infrequent ' plants was more than double that on the 

' frequent ' plants at the f inal cut , i . e .  the start of the experimental 

period . As the plants regrew following the final cut , total root weight 

reached its minimum and began increasing again on both treatments on 

Day 7 .  At this time the ' infrequent ' treatment had double the shoot 

weight of the ' frequent ' treatment ,  i . e .  root we ight increases on the 

' frequene ( low root weight ) treatment started at a lower shoot weight 

and presumably a l so leaf area than on the ' infrequent ' (high root weight ) 

treatment .  

Finally , the work o f  Chatterton et a l  ( 1974 ) i s  o f  considerable 

inter e st for it indicate s there are differences between lucerne varieties 

in the priority they assign to the re storation of root TNC percentage 

fol lowing defol iation . These CE studies suggest that ' Wairau ' lucerne 

assigns it a fairly high priority during regrowth . 

In the W-Dry room , although the pattern of the GD effects on the 

underground organs was the same as in the other two rooms , in general the 

size of the effects were smaller to the extent that statistically 

sign i ficant dif ferences often did not occur . This , coupled with the 

fact that significant treatment differences in herbage yield . and growth 

rate during the regrowth period were not found in the W-Dry room , meant 

that many of the relationships l inking changes in tops and roots during 

regrowth , which helped to c larify GD e ffects in the other two rooms , did not 

occur in the W-Dry room . The smaller effect of GD on the underground organs 

in the W-Dry room can no doubt be attributed to such things as the high 

leaf : stem ratio , the excellent distribtuion of leaf area through the profile , 

the retarded l eaf ageing and the high root : top ratio in the W-Dry room . 

The findings of this chapter tend to confirm the suggestion made in 

the previous one - as conditions become drier the impact of GD wil l  be reduced . 

Thi s would indicate that the suggestion of O ' Connor ( 19 7 0 )  that GD be 

shortened during periods of summer drought is unneces sary . Indeed , these results 

indicate that under dry conditions the lucerne plant is better able to survive 

the stress of longer GDs and , as shown in Chapter 6 ,  the effect on herbage 

production is less than under moist conditions . 



* * * * 

It would seem that the ob j ectives of the CE s tudies have 

been achieved . By examining the effect of GD under controlled 

environment conditions , reliable treatment comparisons were made 

1 3 9  

o f  a number of factors which were not measured i n  the field trial 

but which were thought to be influenced by GD . As a result of 

thi s , the reason for the depressive effect of a very long GD on 

initial herbage regrowth has apparently been revealed . In 

addition , the herbage e f fects recorded in the field trial have been 

confirmed and an insight has been gained into the interaction of 

at least one environmental factor with GD . 
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CHAPTER 8 CONCLUD I NG COMMENTS AND SUMMARY 

CONCLUD I NG COMMENTS 

This proj ect has examined the impact of grazing duration {GD)  on 

lucerne . However it is important to note that each GD , from the very 

short ( 0-3 days ) to the much longer { 30  day s )  duration - in both the field 

trial and the three controlled environment (CE) studies - involved a 

gradual defoliation (or removal of the mature herbage ) over the appropriate 

period . This reflected the situation in which a certain number of stock 

enter a paddock ,  their numbers are not altered during grazing and they 

are removed , i . e .  grazing ceases , once the maj ority of the mature herbage 

has been consumed . It would certainly be most unwise to conclude that 

the findings of this proj ect on the relative effects of different GDs 

would apply to GDs of a similar length But a vastly different defoliation 

pattern . Thus a situation in which lucerne was kept closely grazed for 

much of a 30 day GD could be expected to generate considerably more 

severe effects than the 30 day GDs ih this proj ect . Conversely if the 

lucerne was only lightly ' topped ' for much of the GD and then quickly 

defoliated right at the end of the grazi�g period , this could be expected 

to generate a smaller effect than a GO of similar length d�foliated in 

the manner adopted for this proj ect . 

There are two reasons for the importance of the defoliation pattern . 

Firstly , the results of this proj ect indicate that , in 'Wairau ' lucerne , 

provided a GD i s  long enough to allow development of a reasonable 

population of new shoots by the end of grazing , its effect on subsequent 

herbage regrowth is largely determined by the energy balance of the 

plants during grazing . This will affect the state of the root system 

at the end of grazing and , as a consequence , the partitioning of 

assimilate between tops and roots during the regrowth period . Energy 

balance of course is c losely linked to leaf area . The second reason is 

that herbage production during grazing - being largely determined by new 

shoot development , which is of course both sigmoidal and halted by 

apex removal - would be adversely affected by sustained clos� 

decapitation of the new shoots throughout the grazing period. 
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The pattern of defoliation then should not be overlooked in a 

consideration o f  GD effects . 

The shoot population studies demonstrated the capacity o f  ' Wairau ' 

lucerne to maintain a high population of shoots throughout grazing periods 

of up to 30 days . There were c learly a l arge number o f  sites for 

independent shoot development on the crown and stubble bases of the 

mature lucerne and then , once decapitation of the new independent shoots 

commenced , subtended shoot development was initiated . It seems fairly 

clear that , provided the energy balance o f  the plant was not allowed to 

fall too low (by maintaining a reasonable leaf area) , ' Wairaq ' lucerne 

could maintain a high population of entire (undecapitated) s�oots through 

grazing periods considerably longer than 3 0  days . 

The practical implications of this proj ect to lucerne grazing 

management are importan t .  I t  has long been suspected that maximum total 

lucerne production over a fUll season would only occur under a system 

involving very quick grazings , i . e .  very short GDs , and thi s  has been 

proved in this pro j ect . However ,  the magnitude of the e ffect o f  longer 

GDs was not known and quantification of this alone has been worthwhile . 

The impact of the 10-15 day GDs on total lucerne production was 

sufficiently small to make the adoption of longer GDs , than the 

recommended 2-4 days , an attractive proposition in many c ircumstance s .  

A l0-14% reduction in total lucerne yield may well be considared a 

reasonable price to pay for a less intensive system involving 10-15 day � 
GDs rather than the idealistic one involving 2 - 4  day GDs . 

In c ontrast to the effects on total lucerne producti�n ( i . e .  sum 

of stem, leaf and new shoot yield ) are the effects of GD on non-stem 

lucerne production ( i . e .  leaf and new shoot yield only) . Here , the 

absence of a significant GO effect on production over a 6-8 month period 

in all but one o f  the four trials indicates how unwise it would be to 

extrapolate directly the effects of GO on total lucerne production to 

animal production . S ince the stem i s  the l east digestible fraction of 

lucerne herbage ,  it seems fairly clear from these results that the 

effects of GD on animal production could be less than the effects on 
� 

total herbage production . Further , s ince different classes of stock 
J 

have different abilities to digest stem material , the effect of GD on 

animal production i s  l ikely to be governed by the class of stock grazing 

the lucerne . For example , a system involving GDs o f  3 0  days i s  not 
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l ikely to reduce the production from young weaned lambs because only 

the fraction of herbage which is virtually indigestible to these animal s  

wil l  b e  affected . However , the same system may well significantly reduce 

production from mature sheep for much of the stern fraction is digestible 

by these animals and therefore long GDs will have the effect of reducing 

the yield of utilisable herbage for this c lass of stock . 

These comments of course ignore the behavioural resppnses of the 

animals to the different stock concentrations and frequencie�s of shifting J 
implicit in different GDs . Generally , young animals in particular react 

favourably to a reduction in crowding and frequency of distu�bance so 

it is entirely conceivable that , i f  longer GDs do not reduce' uti l isable 

feed for a particular class of stock , they may well increase animal 

production relative to very short GDs . 

All this can be summarised into a s imple statement . When grazing 

lucerne under conditions favouring rapid herbage growth , maximum production 

from mature animals wil l  probably be achieved under relatively short GDs ,  

although it appears likely the idealistic recommendation of �-4 day GDs 

can be relaxed to GDs of about 10 days with l ittle appreciable effect 

on animal performance . However ,  maximum production from ve�y young 

stock is more l ikely to result under longer GDs - possibly o f  up to 3 0  days . 

Under dry conditions the impact of GO is reduced and , if nec�ssary , these 

recommended GDs can probably be increased somewhat with little 

additional effect on animal production . 

Throughout this proj ect regrowth periods have been of sufficient 

length to allow the lucerne to reach the 1% f lower or basal shoot 

appearance stage . In a l l  the discussion of the results it has been a 

basic assumption that thi s  pol icy will be adhered to because , as stated 

in the Introduction , the concept of spel ling lucerne to this stage is 

international ly accepted as essential for both maximum herbage and 

animal production - and it is readily integrated into a graz+ng system . 
1 

This whol e  proj ect has been conducted with one variety o f  

lucerne - New Zealand Certified ' Wairau ' . The relevance of , the f indings 

to other varieties is an important question . Varietal differences have 

been found in the response of lucerne to harvesting at immature stages 

(Gross et al 1958 , Brown 1963 , Iversen 1967 ) and the pattern has generally 

been for the dominantly M .  sativa types to be more susceptibl e  to this 



143 

type of mismanagement than the dominantly M .  falcata type s . ;  The reasons 

proposed for the greater resilience of the M .  falca ta types· have either I 
implicated the greater residual leaf area of these more prostrate types 

(Keoghan 1 96 7 )  or the slower rate a t  which they seem to reduce their 

root reserve s following cutting (Brown 1963 ) . 

are probably quite close ly related . 

However , the two reasons 

It i s  pos sible there could be some small differenc e s  in varietal 

respons e  to GD . In view of the way in which GD appears to influence 

lucerne , it seems l ike ly that the factor ( s )  governing any varietal responses 

to GD may be similar to the factor { s )  which appears to influence varietal 

response to immature harvesting . Thus a variety with a high leaf : stem 

ratio and a relatively even distribution of leaf area through the profile 

may be less affected by GD than a very s temmy variety with its leaf 

area concentrated in the upper part of the canopy . However , any 

varietal differences in response to GD are only like ly to be in degree o f  

expression and wil l  probably be rather small . 

SUMMARY 

Thi s  pro j ect was conducted to study the influence of grazing 

duration (GO )  on lucerne . GD was s imply the duration of a grazing , or 

the period over which defoliation continued before uninterrupted regrowth 

was again permitted . New Zealand Certif ied ' Wairau ' was the cultivar 

used throughout the proj ect and each grazing (actual or s im�lated) 
f 

commenced only when the lucerne had reached the 1% f lower/basal shoot 

appearance s tage . 

A f ield trial was conducted for eight months through the spring , 

summer and autumn at Palmerston North , New Zealand . Irrigation reduced 

soi l  moi s ture fluctuations through the season and sheep were used for all 

grazing treatments .  The trial examined three grazing durations : 

2-4 , 1 5  and 3 0  days . 

At the start of each grazing , the first new shoots were j ust 

beginning to appear at the base of the sward . At each grazing the 

pattern of mature herbage consumption was the same - stem ap�ces and upper 

leaves first , fol lowed by middl e  leaves and upper stems , thep lower leaves 
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and much more s lowly the middle and lower stem material . · Removal of the 

upper stem and leaf fraction stimulated new shoot development at the base 

of the sward . Shoot numbers and size increased quickly such that , on 

the 15 and 3 0  day GO treatments as the last of the leaf material on the 

mature herbage was consumed , the stock began ' topping ' the rapidly 

elongating new shoots . The stock continued to do this whi le grazing 

the remaining stem material . It was found that decapitatton of these 

new shoots ( independents ) stimulated development of at least one new 

shoot ( a  subtended) on each of the decapitated ' stumps ' a s . well as 

generating further independent shoot development on the crown , stubble 

and extreme bases of the mature stems . At the end of the 1 5  and 3 0  day 

grazing period s , a l arge shoot population with a significant leaf area 

had developed below grazing height and was poised to commence 

uninterrupted development with the start of the regrowth period . On the 

2-4 day GO however , there was insufficient time for any new shoot 

development before grazing ceased so on this treatment the regrowth period 

started with only a very small number of very §mall shoots with a 

negligible leaf are a .  

Following the 2-4 ,  15 and 3 0  day G O  treatments , the lucerne regrew 

to the l% flower/basal shoot appearance stage again but treatment 

difference s  in herbage absolute growth rates were evident through the 

first half of the regrowth period . Maximum absolute growth rat�� through 

thi s  period were recorded following the 15 day GO treatment . The 

initial inertia following the 2 -4 day GO treatment was attributed simply 

to the very low shoot number s , shoot s ize and leaf area on thi s  

treatment when the regrowth period started , but the reason for the initially 

depressed absolute growth rates following the 30 day GO . was not clear . 

To monitor shoot development through the grazing and regrowth 

periods of all three GO treatments , detailed shoot population studies 

were conducted . Within the basal shoot class the time at which a shoot 
I 

arose was the most important factor governing its subsequent growth rate 

and ultimate size . Shoots aris ing more than 10 days before or 5 days 

after the end of grazing made l ittle contribution to yield . I f  they 

arose too early , al l the largest and fastest growing shoots were 

decapitated and if they arose too l ate they were severely suppressed 

apparently by their s lightly older neighbours which quickly a chieved 

dominance .  Thus the major yield contr ibution came from shoots arising 

around the end of the grazing period . 
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As GD increased from the minimum of 2 - 4  days to the maximum 
i 

of 3 0  days , the proportion o f  independent shoots in the regrowth population 

decl ined and the proportion of subtended shoots increased . 
' However ,  a 

compar ison of these two shoot classes revealed that independent and 

subtended shoots of the same age had the same growth rate through the 

regrowth period , grew to the same ultimate size and sustained the same 

level of mortality . 

In the second half o f  the regrowth period , basal shoot numbers 

decreased slightly with the greatest mortalities occurring amongst the 

shoots which had been the last to ari se in the regrowth per�od . 

Stubble shoots throughout the graz ing and regrowth periods on 

all three treatments were few in number and light in weight i ( contributing 

only about 5 -6% or less to total shoot weight ) . The ir gro�th rate was 

low , they had a s lightly later pattern of appearance than basal shoots and 

poor survival through the latter half of the regrowth period . 

These shoot population studies established conclusively that the 

initial difference in herbage growth rates following the 15 and 3 0  day 

GD treatments could not be attributed to either the size or composition 

of the shoot population at the end of grazing . 

The total production of lucerne herbage over the full eight month 

period of the trial was highest under the 2-4 day GD system , 14% lower 

under the 15 day GD system and 29% lower under the 30 day GD system . 
I 

However , these differences were generated almost entirely by differences 

in stem yield for there were no significant differences between the 

three GD treatments in the total production o f  non-stem ( i . e .  leaf and 

new shoot ) material . 

Three studies were then conducted , one in each of . three large 

controlled environment rooms , to examine the impact of GD on lucerne under 

mor e  controlled conditions than had been possible in the field trial and 

in particular to examine GD effects on the size , composition and 

func tioning of the underground organs . A further obj ective was to 

examine the interaction of at least one climatic factor with GD effects . 

In each room a different ' climate ' was imposed and in each '.climate ' three 

GD treatments applied . The three ' c limates ' or environmen�s were 

(with abbreviations in brackets ) : 



spring cool and wet 

wet summer warm and wet 

dry summer warm and dry 

l6
°

/l0
°

C 

2 2
°

/12
° c 

2 2f 1 2 .,C 

( Cool ) 

: (w-wet)  

(W-Dry) 
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The three GD treatments were - instantaneous defoliation , i . e .  

zero GD , 10 days and 30 days - and they were imposed by a simulated 

gra zing technique . Thi s  involved progressive defoliation fith hand 

shears to mimic as c losely as practical the actual pattern of defoliat ion 

recorded in the field trial under sheep graz ing . 

The results of these studies effectively confirmed the f indings 

of the field trial on the response of lucerne top growth to GD . Although 

the magnitude of some of the responses were occasionally different from 

the field trial , the overal l  trends and general pattern wer.e unquestionably 

the same . In the W-Wet and Cool rooms the characteristics
' 

of the herbage 

and its respon s e  to GD in all r e spects was very similar to the lucerne 

in the f ield trial . In the W-Dry climate a very different type of 

herbage canopy developed and , although the e ffects of GD on shoot numbers 

and shoot development were very similar to the f ield trial , the effects 

of GD on herbage regrowth rates and total yield were less than in e ither 

of the other two rooms or in the field trial . 

In the W-Wet and Cool rooms root weights decreased under all 

three GD treatments with the removal of the mature herbage to reach 

minimum level s  1-3 weeks into the regrowth period before increasing 

again to reach their original levels by the end of the regrowth period 

at the l% flower stage . In both rooms root weight following the 3 0  

day GD fell to the lowest level but was also the first to begin 

increasing again . Herbage mineral analyses indicated regrowth on the 

three GD treatments was not being differentially affected by the c apacity 

of the root system for mineral uptake . In addition , acetylene reduction 

mea surements demonstrated substantial reductions in nitrogen f ixation 
I 

with the removal of the mature herbage , but showed quite clearly that 

rates increased quickly again on all three GD treatments during the first 

hal f  of the regrowth period and there was certainly no evidence of 

impaired nitrogen f ixation following the 3 0  day GD . 

Under each of the three GD treatments , total non-structural 

carbohydrate ( TNC ) and starch percentages in the roots decrkased 
' 

significantly in both the w-wet and Cool rooms with the r emoval of the 
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mature herbage to reach minimum levels at about the same time in the 

regrowth period a s  minimum root weight occurred , before increasing again 

to reach their original l evels at the l% flower stage . When these 

changes in the roots were linked with concurrent changes in the tops , 

it was found that the more depleted the root system at the start o f  the 

regrowth period , the shorter the time before , and the lower the leaf area 

at which , restoration of root weight , TNC and starch concentrations 

commenced during regrowth . It was also found that , despite differences 

in herbage growth rates , the three GD treatments generated the same 

total plant weight increases and Net Assimilation Rates through the 

regrowth period . As a result of these f indings and evidence from the 

literature , it was concluded that some mechanism , which was apparently 

influenced by the degree of depletion of the root system at the start 

of the regrowth period , was affecting the partitioning of as similate 

between the tops and roots of the lucerne during regrowth . It was 

considered that differences in the partitioning of assimilate between the 

tops and roots were largely responsible for differences in the effects of 

intermediate ( 10-15 day ) and very long (30 day) grazing durations on 

top weight increase s through the first hal f  of the regrowth period � 

Although the pattern of GD e ffects on root size , composition and 

functioning was s imi lar in all three rooms , the magnitude of the e f fects 

in the W-Dry room was generally smaller than in the other two rooms . 

The results from the W-Dry room strongly suggested that , as conditions 

become drier , the impact of GD in a lucerne system will be reduced . 

Finally , thi s  proj ect has shown that the morphology of the plant 

and the grazing pattern of stock preclude high lucerne growth rates under 

grazing . Thus maximum herbage production will be achieved only under 

systems of very quick grazing , i . e . �-4 day GDs . However ,  because 

production of the most digestible fractions of the herbage is least affected 

by extending the GD , longer- grazing durations of 10-15 days and , for 

very young stock , even up to 30 days , are l ikely to have much less e ffect 

on animal product ion than total herbage yields would suggest . 
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APPEN D I X  1 .  

tot . hrbg . wt .  # 

tot . stern wt . 

tot . leaf wt . 

tot . leaf area 

stem length ( crn) 

Top hal f 

stem wt . 

leaf wt . 

leaf area 

Bottom half 

stem wt . 

leaf wt . 

leaf area 

Flowering 
stage 

Basal shoots :  

number 

weight 

Stubbl e  shoots : 

number 

weight 

1 5 5  
Herb age data at f i r s t  harve s t  ( Nov . 9 }  • 
(wts . or yie lds in g/m'2 , 
counts are per m1 } 

Tmt 1 Tmt 2 

3 3 9 . 80 335 . 12 

205 . 48 2 1 1 . 67 

134 . 36 1 2 3 . 44 

40558 36971 

41 . 2  4 1 . 9  

66 . 34 67 . 88 

1 1 2 . 88 92 . 87 

3 2 5 7 5  2 5 05 0  

1 3 9 . 15 143 . 80 

2 1 . 48 30 . 5 7 

7982 11922 

11 . 1% bud 9 . 7% bud 

101 126 

0 . 7 3 0 . 89 

leaf areas 

Tmt 3 

3 11 . 19 

189 . 5 5 

1 2 1 . 65 

3 5868 

41 . 2  

6 2 . 76 

103 . 45 

29052 

126 . 79 

18 . 20 

6815 

4 . 4% bud 

21 

0 . 11 

i n  cm2 /m 1 ,  

CV% 

� . 5  

1 3 . 1  

9 . 2  

11 . 5  

3 . 1  

9 . 8  

11 . 8  

14 . 1  ; 

14 . 9  

16 . 3  

2 0 . 5  

86 . 7  

5 1 . 3  

I 
94 . 4  

-

LSD 
S% 

-- 1% 

48 . 09 
7 2 . 8 3 
4 5 . 82 
69 . 40 
2 0 . 19 
30 . 58 

7519 
11 388 

2 . 24 
3 . 39 

11 . 17 
16 . 92 
2 1 . 01 
31 . 8 2 

7035 
106 5 5  

3 5 . 2 0 
5 3 . 3 1 

6 . 60 
9 . 99 * *  
3158* 
4783 

1 2 . 6  
19 . 1  

7 3 . 0* 
110 . 6  

0 . 9 3 
1 . 4 1 

# mature herbage only ie . excludes any new shoots at the base 
of the sward 
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APPEN D I X  2 .  Calculation o f  ad j u s ted plot va lues for absolute 
growth rate ( AGR) of herbage during the regrowth 
period Day 0 - 1 8 . 

1st cycle 

Tmt l 

Tmt 2 

Tmt 3 

2nd cycle 

Tmt l 

Tmt 2 

Tmt 3 

Rep . 

unadj std 
plot 
value 
for AGR 

8 . 33 
7 . 08 
6 . 60 
6 . 79 

1 5 . 08 
14 . 54 
1 5 . 96 
10 . 7 1 

1 3 . 54 
7 . 57 
7 . 67 

10 . 12 

6 . 89 
5 . 93 
6 . 47 
6 . 39 

1 2 . 98 
1 1 . 07 

8 . 05 
16 . 06 

5 . 8 5  
6 . 15 
5 . 67 
5 . 7 9  

calcu­
lated 

unadj std residual 
means (y) 

7 . 20 

1 4 . 07 

9 . 73 

6 . 42 

12 . 04 

5 . 87 

0 . 2 9 
0 .  77 
0 . 6 1 

- 0 . 11 

0 . 7 9 
1 . 98 
3 .  7 2  

- 2 . 44 

4 . 51 
0 . 27 
0 . 69 
2 . 2 3 

- 1 . 15 
- 0 . 38 

0 . 48 
-0 . 51 

-1 . 3 1 
-1 . 49 
-4 . 19 

2 . 91 

-3 . 18 
-1 . 15 
-1 . 31 
-2 . 10 

days 
from 
Nov . 9  

ex') 

2 0  
" 
" 
" 

3 3  
" 
" 
" 

48 
" 
" 
" 

64 
" 
" 
" 

86 
" 
" 
" 

1 1 4  
" 
" 
" 

adj std 
day no . 
(Jan . 8 )  

-40 
" 
" 
" 

- 2 7  
" 
" 
" 

-12 
" 
" 
" 

+4 
" 
" 
" 

+26 
" 
" 
" 

+54 
" 
" 
" 

regression equation : y = 1 . 98 5 1  - 0 . 0 3 2 7  x' 

F value : 7 . 64 *  ( approaching l % )  

overall 
1 2 3 4 mean Tmt 

total 6 2 . 67 5 2 . 34 5 0 . 42 5 5 . 86 9 . 22 total 

mean 1 0 . 45 8 . 7 2 8 . 40 9 . 3 1 mean 
Rep . Tmt 

adj std 
regress- plot 

ion value 
residual for AGR 

-1 . 32 
" 
" 
" 

-0 . 90 
" 
" 
" 

-0 . 40 
" 
" 
" 

+0 . 10 
" 
" 
" 

+0 . 82 
" 
" 
" 

+1 . 7 4  
" 
" 
" 

1 
5 4 . 48 

6 . 8 1  

7 . 01 
5 . 76 
5 . 28 
5 . 47 

14 . 18 
1 3 . 64 
1 5 . 06 

9 . 8 1 

1 3 . 14 
7 . 17 
7 . 27 
9 .  7 2  

6 . 99 
6 . 03 
6 . 5 7 
6 . 49 

13 . 80 
1 1 . 89 

8 . 87 
16 . 88 

7 . 59 
7 . 89 
7 . 4 1  
7 . 5 3 

2 
104 . 45 

1 3 . 06 

effect 
1 . 2 3 -0 . 50 -0 . 82 0 . 09 

e ffect 
-2 . 41 3 . 84 

adj std 
means 

5 . 88 

1 3 . 17 

9 . 3 3 

6 . 5 2 

1 2 . 86 

7 . 61 

3 
62 . 36 

7 . 80 

-1 . 42 

· I 



1 5 7  

APPENDIX 3 .  Stubb le shoot y i e l d  as % of total s hoot y i e l d  
- during the re growth per iod . 

Day 0 Day 3 Day 8 Day 18 

1st cyc le 

Trot 1 10 . 4  5 . 3  

Trot 2 < 1 . 0  3 . 9  3 . 3  1 . 2  

Trot 3 ..:::::. 1 . 0  2 . 8 4 . 4  3 . 7  

CV% 178 . 3  40 . 2  44 . 7  34 . 6  
LSD 5% 1 . 8  3 . 1  4 . 7 * 2 . 1  

1% 3 . 3  5 . 6  7 . 1  3 . 1* *  

2nd cycle 

Trot 1 1 . 6  2 . 2  2 . 7  

Trot 2 3 . 9  2 . 6  6 . 9  2 . 6  

Trot 3 1 . 6  2 . 9  1 . 7  0 . 4  

CV% 119 . 6  1 17 . 5  50 . 8  7 9 . 9  
LSD 5% 7 . 4 4 . 8  3 . 2  2 . 6  

1% 13 . 6  7 . 3  4 . 8* *  4 . 0  

APPEND IX 4 .  Uni formi ty j u s t  b e fore entry to CE rooms . 

W-WET W-DRY 

Top wt . ( g )  8 . 10 7 . 78 

Root wt . ( g )  1 3 . 9  13 . 8  

COOL CV% 

7 . 18 9 . 9  

1 2 . 8  5 . 8  

5% 
LSD 

l% 

1 . 2  
1 . 8  

1 . 3  
1 . 8  



APPENDIX 5 .  Uni formi ty harve s t  : 
(wts . in g/plant ; leaf 

Trnt 1 Tmt 2 

tot . hrbg . wt .  10 . 7 0 11 . 64 

tot . stem wt . 6 . 82 7 . 59 

tot . leaf wt . 3 . 88 4 . 05 

tot . leaf area 1 1 2 2  1206 

top or lst la 

stem wt . 1 . 21 1 . 19 

leaf wt . 2 . 43 2 . 3 8 

leaf area 662 5 94 

2nd la 

stem wt . 1 . 51 1 . 62 

leaf wt . 1 . 1 3 1 . 02 

leaf area 341 347 

3rd la 

stem wt . 1 . 91 2 . 07 

leaf wt . 0 . 28 0 . 52 

leaf area l OO 2 05 

4th la 

stem wt . 2 . 19 2 . 7 0 

leaf wt . 0 . 04 0 . 14 

leaf area 19 6 1  

Residual 

stem wt . 1 . 86 l .  74 

leaf wt . 

Flowering 
stage 

64% bud 7 2 %  bud 

Basal shoots : 
number 2 1 

weight 0 . 01 0 . 04 

stubble shoots : 
number 
weight 

W-WET . 
areas in cm :l/plant) 

Trnt 3 

1 1 . 30 

6 . 98 

4 . 32 

1 305 

1 . 12 

2 . 68 

717 

1 . 61 

1 . 17 

4 03 

1 . 88 

0 . 34 

129 

2 . 3 7 

0 . 13 

57 

1 . 80 

0 . 01 

52% bud 

1 
0 . 01 

1 
< 0 . 01 

CV% 

6 . 0  

7 . 4  

9 . 7  

1 3 . 5  

19 . 0  

8 . 7  

1 3 . 3  

11 . 9  

19 . 5  

19 . 9  

1 3 . 2  

3 3 . 4  

36 . 2  

5 . 8  

5 1 . 7  

57 . 8  

10 . 2  

1 5 8  

5 %  
LSD 

l% 

1 . 10 
1 . 58 
0 . 86 
l .  2 3  
0 . 64 
0 . 9 2 
2 7 2  
3 9 2  

0 . 36 
0 . 5 2 
0 . 35 
0 . 51 
147 
2 1 1  

0 . 30 
0 . 44 
0 . 3 5 
0 . 50 
1 2 1  
1 7 3  

0 . 4 2 
0 . 6 0 
0 . 20* 
0 . 2 9 

8 5 *  
1 2 2  

0 . 23 
0 . 3 3 * *  
0 . 09* 
0 . 12 

4 2  
6 1  

0 . 2 9 
0 . 4 2 



APPENDIX 

tot . hrbg . wt .  

tot . stem wt . 

tot . leaf wt . 

tot . leaf area 

top or lst la 

stem wt . 

leaf wt . 

leaf area 

2nd la 

s tem wt . 

leaf wt . 

leaf area 

3 rd la 

stem wt . 

leaf wt . 

leaf area 

4th la 

stem wt . 

leaf wt . 

leaf area 

Re sidual 

stem wt . 

leaf wt . 

Flowering 
stage 

Basal shoots : 
number 
weight 

Stubble shoots 
number 
weight 

6 .  Uniformity harve s t  : W- DRY . 
(wts . in g/plant ; leaf areas in cm�/plant) 

Tmt l Tmt 2 Tmt 3 CV% 

4 . 26 3 . 84 4 . 4 0  1 3 . 3  

1 . 88 l .  74 1 . 92 13 . 8  

2 . 38 2 . 10 2 . 48 14 . 5  

428 3 9 3  480 13 . 0  

0 . 34 0 . 36 0 . 2 7 31 . 3  

0 . 90 0 . 78 0 . 87 28 . 9  

153 105 13 0 2 2 . 8  

0 . 36 0 . 2 9 0 . 35 18 . 6  

0 . 6 5 0 . 56 0 . 74 2 1 . 2  

103 117 140 24 . 3  

0 . 47 0 . 4 5  0 . 5 3 16 . 9  

0 . 50 0 . 43 0 . 57 19 . 0  

104 9 0  131 2 0 . 1  

0 .  7l 0 . 64 0 .  77 1 2 . 0  

0 . 3 3 0 . 3 3 0 . 3 0 2 7 . 2  

68 8 1  7 9  28 . 0  

2 . 10 1 . 98 . 1 . 86 16 . 6  

0 . 04 0 . 04 0 . 06 66 . 8  

67% bud 4 2 %  bud 57% bud 

16 1 9  1 3  
0 . 12 0 . 2 0 0 . 11 

159 

5% 
LSD 

l% 

0 . 91 
1 . 31 
0 . 42 
0 . 61 
0 . 55 
0 . 8 0  

9 3  
1 3 4  

0 . 17 
0 . 24 
0 . 40 
0 . 58 

48 
69 

0 . 10 
0 . 15 
0 . 2 2 
0 . 3 2 

48 
68 

0 . 14 
0 . 19 
0 . 16 
0 . 2 3 

36 
52 

0 . 14 
0 . 2 0 --
0 . 14 
0 . 2 1 

36 
5 2  

0 . 5 2 
0 . 7 5  
0 . 05 
0 . 07 
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tot . hrbg . wt .  

tot . stem wt . 

tot . leaf wt . 

tot . leaf area 

top or lst � 

stem wt . 

leaf wt . 

leaf area 

2nd � 

stem wt . 

leaf wt . 

leaf area 

3rd la 

stem wt . 

leaf wt . 

leaf area 

4th � 

stem wt . 

leaf wt . 

leaf area 

Residual 

stem wt . 

leaf wt . 

Flowering 
stage 

Basal shoots 
number 
weight 

Stubble shoots 
number 
weight 

7 .  Uni formity harve s t  : COOL . 
(wts . in g/plant : leaf areas in 

Tm t  1 Trr.t 2 Tmt 3 

12 . 68 12 . 02 1 3 . 29 

7 . 4 2 6 . 86 7 . 60 

5 . 26 5 . 16 5 . 69 

1 3 1 7  1381 1494 

1 . 41 1 . 3 8 1 . 5 2 

3 . 3 2 3 . 41 3 . 81 

656 7 74 786 

l .  71 l .  39 1 . 52 

1 . 05 0 . 84 0 . 97 

3 3 0  268 3 2 2  

1 . 9 3 1 . 5 9 l .  97 

0 . 63 0 . 48 0 . 68 

2 3 9 168 290 

2 . 3 7  2 . 50 2 . 58 

0 . 26 0 . 43 0 . 2 3 

92 1 7 1  96 

1 . 88 l .  74 1 . 84 

0 . 01 0 . 01 0 . 01 

5 1% bud 54% bud 50% bud 

2 l 1 
0 . 01 0 . 01 0 . 01 

cm
2

/plant) 

CV% 

10 . 4  

ll . 7 

11 . 4  

8 . 7  

3 1 . 9  

16 . 7  

14 . 1  

14 . 9  

16 . 7  

18 . 5  

5 . 7  

2 0 . 8  

2 0 . 3  

8 . 2  

26 . 3  

2 4 . 7  

6 . 0  

160 

5 %  
LSD 

l% 

2 . 14 
3 . 07 
1 . 38 
1 . 99 
0 . 99 
1 . 42 
197 
284 

0 . 7 4 
1 . 06 
0 . 94 
1 . 3 5 
168 
2 4 0  

0 . 37 
0 . 53 
0 . 26 
0 . 3 7 

93 
1 3 3  

0 . 1 7 *  
0 . 24 
0 . 20 
0 . 29 

7 7 *  
lll 

0 . 3 3 
0 . 47 
0 . 1 3 *  
0 . 18 

4 7  
6 8 * *  

0 . 17 
0 . 2 5 
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APPEN D I X  8 a , b & c . Leaf area changes during �ra z ing.  

( the figures are leaf are a , i n  cm� , i n  the di fferent herbage fractions 
immediately be fore the ' bite ' due on the day l isted at the head of 
the column) 

Mature 2nd la 
herbage 

New 
shoots 

3rd la 

4th la 

Residue 

Basal 

S tubble 

Appendix 8a 

Prior Day 3 

368 395 

175 169 

40 90 

14 

1 

W-WET 

Treatment 2 

Day 6 Day 10 CV% 

18 . 0  

196 2 8 . 6  

128 141 46 . 3  

15 50 30 . 2  

6 5 

Treatment 3 

Prior Day 10 Day 15 Day 2 0  Day 2 5  Day 3 0  S. E.# 

Mature 2nd la 
herbage 

3rd la 

4th la 

328 

103 

15 

Re sidue 6 

New Basal 
shoots 

Stubble 

3 

4 2 3  

152 2 38 

19 49 

47 1 2 2  

1 7  16 

total leaf area after each 
of the three 2 cm ' bites ' 

5 9  

2 2 9  

3 2  

9 31 37 

# analysis performed on logarithm transformations 

1 . 3  

1 . 7  

2 . 7  

1 . 9  

1 . 7  

2 . 1  

5 %  
LSD 

l %  

119 
180 

82 
119 

71* 
lOO 

17 
2 5 * *  

LSD 
5 %  

-- 1% 

165 
2 5 2  
1 2 2  
207 

3 9 *  
6 0  

115 
165**  

19 
28 

2 3  
2 9 * *  



Appendix Bb W-DRY 

Treatment 2 

Prior Day 3 Day 6 Day 10 

Mature 2nd � 102 117 
herbage 

3rd � 101 158 65 

4th � 90 122 112 84 

Re sidue 12 19 29 15 

New Basal 46 5 7  6 0  116 
shoots 

Stubble 4 16 17 29 

Treatment 3 

Prior Day 10 Day 15 Day 20 

Mature 2nd � 81 107 
herbage 

3rd � 102 8 5  1 5 2  

4th � 91 87 96 

Re sidue 18 16 18 

New 
shoots 

Basal 2 3  5 8  6 7  

Stubble 1 9 6 

total leaf area after each 
of the three 2 cm ' bite s ' 

97 

8 

8 5  

8 

36 

162 

CV% 

3 5 . 6  

3 0 . 8  

31 . 1  

90 . 7  

3 3 . 8  

49 . 7  

Day 2 5  Day 30 CV% 

13 . 6  

18 . 0  

30 . 2  

2 5 . 4  

57 8 7  18 . 4  

5 %  
LSD 

l% 

67 
102 

51 
7 4 * *  --
4 9  
6 9  
2 6  
37 
36 
5 1 * *  
1 2  
1 7 * *  

LSD 
5 %  

-- 1 %  

2 2 *  
3 3  
3 2  
4 7 * *  -
4 3  
61 

23 
3 2 * *  

18 
2 5 * *  



Appendix Be COOL 

Treatment 2 

Prior Day 3 Day 6 Day 10 

Mature 2nd \ 490 427 
herbage 

3rd \ 310 315 281 

4th \ 5 2  63 59 149 

Residue 

New Basal 10 8 2 1  65 
shoots 

Stubble 4 1 7 10 

Treatment 3 

Prior Day 10 Day 15 Day 2 0  

Mature 2nd \ 5 1 2  590 
herbage 

3rd \ 2 35 180 273 

4th la 5 0  7 2  109 115 

Residue 

New Basal 2 2 0  5 4  126 

shoots 
Stubble 4 11 28 

total leaf area after each 
2 1  

o f  the three 2 cm ' bites ' 

163 

CV% 

15 . 0  

1 2 . 9  

2 9 . 2  

3 1 . 0  

Day 25 Day 3 0  CV% 

5 . 7  

2 0 . 3  

16 . 2  

28 . 3  

3 3 . 3  

12 28 3 3 . 7  

5 %  
LSD 

l% 

119 
180 

6 2  
8 9  
3 6  
5 1 * *  

1 2  
1 7 * *  

5 %  
LSD 

l% 

5 4 *  
82 
7 4 *  

1 0 7  
2 2  
3 0 * *  

3 0  
4 3 * *  

8 
1 1 * *  

11 
16**  



APPEND I X  9 .  S tubb le shoo t numbers 
shoo t numbers during 

Tint 1 Tint 2 

W-WET 

Day 7 17 . 4  18 . 9  

Day 14 15 . 2  16 . 5  

Day 2 1  15 . 3  14 . 1  

W-DRY 

Day 7 16 . 6  9 . 1  

Day 14 14 . 0  1 2 . 4  

Day 2 1  17 . 0  1 0 . 6  

COOL 

Day 7 9 . 8  10 . 0  

Day 14 11 . 0  1 5 . 3  

Day 21 10 . 5  14 . 3  

as a percentage of 
the re growth period . 

Tint 3 

CV% 

9 . 8  44 . 3  

13 . 5  31 . 4  

2 0 . 2  2 7 . 6  

4 . 7  4 3 . 1  

4 . 9  4 5 . 9  

5 . 3  2 6 . 7  

7 . 3 39 . 5  

2 . 8 2 6 . 1  

6 . 5  37 . 4  

164 

total 

5% 
LSD 

l %  

1 0 . 9  
1 5 . 7  

7 . 6  
1 0 . 9  

7 . 3  
10 . 5  

7 . 0  
10 . 0* *  

7 . 7 * 
11 . 0  

4 . 7  
6 . 7 * *  

5 . 7  
8 . 2  
4 . 0  
5 . 8 * *  
6 . 2 * 
9 . 0  
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Explanatory note to Appendices 10-24 

The following tables present detail s  of the number and weight of 

the different classes of basal shoots that were present at the start of 

' grazing ' (Prior ) , or arose either during ' grazing ' or after ' grazing ' 

in any of the specified five day intervals . Data on the stubble shoots 

follow the basal shoot results for each harvest . 

All the data are expressed on a per plant basis and as the average 

of eight plants . 

In any statistical analyses of individual basal shoot classes , 

subtending shoots plus any classes with fewer than . O . S  shoot/plant were 

not inc luded because their contribution to total yield was so small .  

Nevertheless their contribution was recogni sed and they were included 

in the totals for the three main basal shoot c lasses and in any analyses 

performed on these totals . 
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APPEND IX l O . S hoot popu lation s tud i e s . 
W-WET : Tmt 1 - Prel iminary harve s t . 

No . as % Tot . Tot .  wt . AV . Shoot growth 
of total wt . as % of wL rate 

No . basals .1&_ t . b . s . wt . .1&_ (mg/day) # #  

Prior 2 . 2  1 3 %  0 . 5 0 27% 0 . 2 3 1 2 . 8  

During 1st 5 9 . 4  56% 1 . 2 5 67% 0 . 1 3  10 . 0  
the 
re growth 2nd 5 4 . 6  2 7 %  0 . 10 5 %  0 . 02 2 . 5  
period 

3rd 5 0 . 6  4% 0 . 01 1 %  0 . 01 

Basal shoot totals 16 . 8  1 . 86 

Stubble 

No . 
% 

CV% 3 7 . 8  59 . 6  34 . 0  
LSD 5% 1 . 6  0 . 2 8 0 . 03 

l% 2 . 2  0 . 38 0 . 04 

No . as % Tot . Tot . wt . Av . 
of total wt . as % of wt . 

No . shoots ( g )  t .  s . wt .  191. 
shoots # 2 . 7  14% 0 . 08 4% 0 . 0 3 

Stubble shoot time of appearance : 
Prior 1st 5 2nd 5 3rd 5 

1 . 1  1 . 6  
4 1 %  

t .  s .  wt . 
t . b . s . wt .  

# 

# #  

59% 

total shoot weight 
" basal shoot weight 

the time of appearance of each stubble shoot was noted 
at harvest but because there were so few of them they 
were bulked for weighing 
shoot growth rate is taken as average weight divided 
by number of days from labelling to Preliminary harvest 



APPEND I X  1 1 . Shoot popu l a t i o n  s tud i e s . 
W-WET : Tmt . l  - Final harve s t . 

No . as 0, 'l'ot . •o 
o f  total wt . 

No . b o. s o l f> __ <91 __ - -----· ·· ··-- - --
Prior 2 . 5  18% 1 . 61 

During l s t  5 8 . 7  62% 3 . 69 

the 
re growth 2r,d 5 2 . 9 20% 0 . 36 

period 
3rd 5 

Basal sh oot total s 14 . 1  5 . 66 

CV% 3 2 . 4  2 9 . 5  
LSD 5 %  1 . 6  0 . 58 

1 %  2 . 2  0 . 79 

No . a s  9o Tot . 
o f  total wt . 

No . shoots 191. 
Stubble shoots 1 . 6  10% 0 . 10 

Stubble shoot time of appearance : 
Prior l s t  5 2nd 5 3rd 5 

No . 0 . 9  0 . 7  

% 56% 44% 

Tot . wt . Av . 

a s  % of lilt .  

t . b . s . wt . l'll. _ -------
28% 0 . 64 

65% 0 . 4 2 

6% 0 . 12 

30 . 9  
0 . 1 3 
0 . 18 

Tot . wt . Av . 
as % of wt . 
t . s . wt .  191. ---

2 %  0 . 06 
1 

Compari son of Pre liminary & F inal harve st total shoot numbers : 

Basal total 
Stubble 

CV% 
14 . 8  
34 . 7  

LSD 5% 
2 . 5  * 
0 . 8  * *  

167 
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APPEND I X  1 2 . Shoot popu l a t i on s tuct i e s . 

W-D RY : Tmt . l  - P r e l iminary harve st . 

No . as o. Tot . Tot . wt . Av . Shoot growth ·o 
of total wt . as % of wt . rate 

No . basals _tlL t . b . s . wt . jgl_ (mg/day) -----

Prior 6 . 7  2 7 %  0 . 62 49% 0 . 09 5 . 4  

During 1 st 5 10 . 3  41% 0 . 47 3 7 %  0 . 05 3 . 8  
the 
re growth 2nd 5 4 . 4  18% 0 . 12 10% 0 . 03 3 . 8  
period 

3rd 5 3 . 9  15% 0 . 06 4% 0 . 02 

Basal shoot totals 2 5 . 3  1 . 2 7 

CV% 46 . 0  61 . 6  30 . 7  
LSD 5 !6  3 . 0 0 . 2 0 0 . 01 

l% 4 . 0  0 . 27 0 . 02 

No .. as 9o Tot . Tot . wt . AV . 
of total wt . as 9o of wt . 

No . shoots i:IL t . s .wt .  ( g )  

Stubble shoots 4 . 3  15% 0 . 08 6% 0 . 02 

Stubble shoot t ime of appearance : 
Prior 1 s t  5 2nd 5 3rd 5 

No . 0 . 2  2 . 0  2 . 0  0 . 1  

% 5% 46% 46% 2% 



APPEN D I X  1 3. S hoot popu l a t i on s tudi e s . 
W-DRY : Trot 1 - F inal ha rves t .  

No . as !'o 'l'ot .  Tot . wt . Av . 
of total wt . as Yo of wt . 

No . ba sals js_) t . b . s . wt . J5I.L ------· - - --···--
Prior 6 . 2  30% 0 . 91 52% 0 . 15 

During l s t  5 8 . 7  42% 0 .  7 1  40% 0 . 08 
the 
re growth 2nd 5 4 . 5  21% 0 . 1 2 7 %  0 . 03 

period 
3rd 5 1 . 0  5 %  0 . 01 <:: 1% 0 . 01 
4 th 5 0 . 4  2% 0 . 01 < 1% 0 . 02 

Basal shoot total s 20 . 8  1 .  76 

CV% 5 1 . 2  1 08 . 7  5 1 . 3  
LSD 5 9o 2 . 7  0 . 49 0 . 0 3 

l% 3 . 7  0 . 66 0 . 04 

No . as % Tot . Tot . wt . Av . 
of total wt . as 9o of wt . 

No . shoots ill t .  s .wt .  ill 
S tubble shoot s  2 . 5  11% 0 . 06 3% 0 . 02 • 

Stubble shoot time of appearance : 
Prior lst 5 2nd 5 3rd 5 

No . 0 . 1  1 . 7  0 . 7  

% 4 %  68% 28% 

Compari son of Preliminary & Final harvest total shoot numbers . 

Basal total 
S tubble 

CV% LSD 5 %  
1 5 . 9  3 . 9  * 
4 7 . 2  1 .  7 * 
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APPEND I X  1 4 . Shoot popu l a t i o n  s tudi e s .  
COOL : Tmt 1 - P r e l iminary harve s t . 

No . as 96 Tot: . Tot . wt . Av . Shoot growth 
o f  total wt . as % of wt . rate 

No . bas a l s  J..�[_) t . b .  s .  \v t . J2_ (mg/day) ·----- -·--· 
P rior 5 . 3  2 9 %  1 . 98 5 3 %  0 . 3 7 14 . 2  

During 1 st 5 9 . 6  5 3 %  1 . 64 4 3 %  0 . 17 8 . 1  
the 
re growth 2ncl 5 3 . 3  18% 0 . 14 4% 0 ; 04 2 . 5  
period 

3rd 5 

Basal shoot totals 18 . 2  3 . 76 

CV% 31 . 3  4 5 . 1  28 . 2  

LSD 5% 2 . 0  0 . 59 0 . 06 

l 9o 2 . 7  0 . 80 0 . 07 

No . a s  % Tot . Tot . wt . Av . 
of total . wt . as % o f  wt . 

No . shoots ill t . s . wt . ill 
Stubbl e  s hoots 2 . 3  1 1 %  0 . 08 2% 0 . 03 

Stubble shoot time o f  appearance : 
Prior 1st 5 2nd 5 3rd 5 

No . 0 .  3 1 .  2 0 .  8 

% 13% 52% 35% 



APPEND I X  1 5. Shoot popu l a t i on s t ud i e s . 
COOL : Tmt 1 - Final harve s t . 

No . as �6 Tot . 
of tot:al \vt . 

No . ba s a l s  l_<ll_ ----------
Prior 3 . 9  28% 4 . 24 

Dur i ng lst 5 8 . 0  58% 3 . 58 
the 
re growth 2nd 5 2 . 0  14% 0 . 50 

period 
3rd 5 

B a s a l  shoot totals 1 3 . 9  8 . 3 2 

CV% 30 . 8  36 . 7  

LSD S Q.  ·o 1 . 5  1 . 06 

l %  2 . 0  1 . 44 

No .. as % Tot .  
of total wt . 

No . shoots .N.L 
Stubb le shoots 1 . 1  7% 0 . 09 

Stubbl e  shoot t.ime of appearance : 

No . 
% 

Prior l st 5 2nd 5 3rd 5 
0 . 2  0 . 7  0 . 2  
18% 64% 18% 

Tot . wt . 
a s  9u of 
t . b . s . wt . - - - - - - -

51% 

43% 

6% 

Tot . wt . 
as % of 
t . s . wt .  

l% 

Av . 
wt . 
l_g) ___ 
1 . 09 

0 . 45 

0 . 2 5 

2 4 . 0  
0 . 15 
0 . 2 0 

Av . 
wt . 
M. 

0 . 08 

Compari son of Preliminary & Final harvest total shoot numbers : 

Basal total 
Stubble 

CV% LSD 5% 
16 . 9  2 . 9  * *  

4 1 . 8  0 . 8  * *  

1 7 1  



APPENDIX 1 6 . Shoot population s tudi e s . 
W-WET : Tmt 2 - Pre l iminary harve s t . 

Prior 

During lst 5 
the 
' grazing ' 

period 2nd 5 

During 1st 5 
the 
regrowth 
period 2nd 5 

3rd 5 

- indep # 
subt ' g  

- indep 
- subt ' g  

- indep 
- subt ' g  

- indep 
- subtd ' d  

- indep 
- subtd ' d  

- indep 

No . 

1 . 4 . 

3 . 6  
0 . 4  

6 . 6  

5 . 1  
0 . 5  

0 . 9  
1 . 9  

No . a s  % 
of total 
basals 

7 %  

18% 
2%  

3 2 %  

2 5 %  
2 %  

4 %  

9% 

Basal shoot totals 20 . 4  

Relative 
contributions 
from the 3 
main basal 
shoot classes 

CV% 
LSD 5 %  

l% 

Indep 

Subt ' g  

Subtd ' d  

40 . 3  
1 . 5  
2 . 0  

16 . 2  

1 . 8  

2 . 4  

No . 

79% 

9 %  

1 2 %  

No . as % 
of total 
I&S shts 

Stubble shoots 3 . 2  
# #  
1 5 %  

No . 
% 

Stubble shoot time o f  appearance : 
Prior lst 5 2nd 5 1 s t  5 2nd 5 

0 . 5  0 . 9  0 . 8  1 . 0  
16% 28% 2 5 %  31% 

Tot . 
wt . 

1<IL 

0 . 04 

0 . 72 
0 . 01 

1 . 20 

0 . 2 7 
0 . 03 

0 . 03 
0 . 06 

2 . 36 

50 . 7  
0 . 2 3 
0 . 31 

2 . 22 

0 . 05 

0 . 09 

Tot . 
wt . 

1<IL 
0 . 10 

3rd 5 

Tot . wt . 
as % of 
t . b . s . wt .  

2% 

31% 

51% i 

l l %  
l% 

1% . 

3 %  

9 4 %  

2 %  

4% 

Tot . wt . 
as % o f  
t . s . wt .  

4% 

# i ndep - independent , subt ' g  - subtending , subtd ' d  - subtended 
## I &S - independent & subtended shoots 

1 7 2  

Av . 
wt . 

1<IL 

0 . 03 

0 . 20 
0 . 02 

0 . 18 

0 . 05 
0 . 06 

0 . 03 
0 . 03 

3 1 . 3  
0 . 03 
0 . 04 

AV . 
wt . 

1<IL 
0 . 03 



APPEND I X  1 7 . Shoo t popu l a t i on s tud i e s . 

W-WET : Trnt 2 - F i nal harve s t . 

Prior 

During lst 5 
the 
' grazing ' 

period 2nd 5 

During lst 5 
the 
regrowth 
period 2nd 5 

3 rd 5 

- indep 
subt ' g  

- indep 
- subt ' g  

- indep 
subt ' g  

- indep 
- subtd ' d  

- indep 
- subtd ' d  

indep 

No . 

1 . 0  
0 . 4 ·  

4 . 7  
0 . 6  

6 . 1  

2 . 6  
0 . 6  

0 . 6  
0 . 8  

Basal shoot totals 1 7 . 4  

Re lative 
contributions 
from the 3 
main basal 
shoot classes 

CV% 
LSD 5% 

l% 

Indep 

Subt ' g  

Subtd ' d  

Stubble shoots 

4 3 . 2  
1 . 0  
1 . 4  

1 5 . 0  

1 . 0  

1 . 4  

No . 

2 . 2  

No . ?.s % 
o f  tota l 
bas a l s  

6% 
2 %  

2 7 %  
3% 

35% 

15% 
3 %  

3 %  
5 %  

86% 

6% 

8% 

No . as % 
of total 
I&S shts 

1 2 '� 

Sttilibl e  shoot time of appearance : 

Tot . 
wt . 

.l2L 
0 . 32 
0 . 01 

2 . 69 
0 . 01 

2 . 1 3 

0 . 29 
0 . 06 

0 . 03 
0 . 02 

5 . 56 

3 7 . 4  
0 . 3  
0 . 4  

5 . 46 

0 . 02 

0 . 08 

Tot . 
wt . 

� 
0 . 16 

Tot . w t .  
as % of 
t . b . s . wt .  

6% 
-< l% 

48% 
..::: l %  

3 8 %  

5 %  
l %  

l% 
< l% 

98% 

< ' 1% 

l% 

Tot . wt . 
as % of 
t. s . wt .  

3 %  

Prior lst 5 2nd 5 l s t  5 2nd 5 3 rd 5 

No . 0 . 3  0 . 7  0 . 6  0 . 6  
% 14% 

Comparison of Preliminary 

Basal total 
Indep & Subtd ' d  
Stubble 

3 2 %  2 7 %  2 7 %  

& Final harvest total 
CV% LSD 5 %  
1 3 . 7  2 . 8  * 
1 2 . 3  2 . 3  a& 
3 1 . 4  0 . 9  * 

' 
shoot numbers 

1 7 3  

Av . 
wt . 

J.ill_ 
0 . 32 
0 . 02 

0 . 57 
0 . 02 

o . . 3 5  

0 . 1 1 
0 . 10 

0 . 05 
0 . 03 

3 4 . 9  
0 . 08 
0 . 10 

Av . 
wt . 

J.<1L 
0 . 07 



APPEND I X  1 8 . Shoot popu l a t i on s tudi e s . 
W-DRY : Trnt 2 - Pre l iminary 

No . as % 
of total 

No . basa1s 

Prior - indep 7 . 9  2 4 %  

subt ' g  1 . 5  5% 

During lst 5 - indep 1 . 9  6 %  
the - subt ' g  
' graz ing ' 

period 2nd 5 - indep 7 . 0  2 2 %  
- subt ' g  

During l s t  5 - indep 8 . 5  26% 

the - subtd ' d  1 . 5  5 %  

regrowth 
period 2 nd 5 - indep 2 . 9  9% 

subtd ' d  0 . 4  l% 

3rd 5 - indep 0 . 6  2% 

Basal shoot totals 32 . 2  

CV% 5 p . 3  
LSD 5 %  2 . 2  

l% 2 . 9  

Relati ve Indep 2 8 . 8  89% 

contributions 
from the 3 Subt ' g  1 . 5  5 %  

main basal 
shoot classes Subtd ' d  1 . 9  6 %  

No . 
% 

No . as % 
o f  total 

No . I&S shts 

Stubble shoots 3 . 8  ll% 

Stubble shoot time o f  appearance : 
Prior lst 5 2nd 5 l s t  5 2nd 5 

0 . 5  2 . 1  1 . 0  
13% 55% 26% 

Tot . 
wt . 

J2_ 
0 . 56 
0 . 02 

0 . 18 

0 . 48 

0 . 2 1 
0 . 02 

0 . 03 
<. 0 . 01 

0 . 01 

1 . 51 

58 . 6  
0 . 1 3 
0 . 17 

1 . 47 

0 . 02 

0 . 02 

Tot . 
wt . 

1<IL 
0 . 08 

3rd 5 
0 . 2  

5 %  

174 

harve s t  

'l'ot .  wt . Av . 
as % o f  wt . 
t . b . s . wt .  J2_ 

3 7 %  0 . 07 
1 %  0 . 01 

1 2 %  0 . 09 

3 2 %  0 . 07 

14% 0 . 02 
l% 0 . 01 

2 %  0 . 01 
<. 0 .  01 

l% 0 . 01 

4 2 . 5  
0 . 02 
0 . 02 

97% 

l% 

l% 

Tot . wt . Av . 
as % of wt . 
t . s . wt .  J2L 

5 %  0 . 02 
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APPEN D I X  19 . S hoot popu l � ti o n  s tu d i e s . 

W-D RY : Tmt 2 - Final harve s t . 

No . as % Tot . Tot . wt . Av . 
of total wt . as % of wt . 

No . ba s a ls i<IL_ t . b .  s . wt . i<IL_ -

P r i or - i ndep 6 . 9  27% 0 . 66 34% 0 . 10 

subt ' g  0 . 4  2% < 0 . 01 0 . 01 

Duri ng l s t  5 - indep 2 . 0  8% 0 . 24 12% 0 . 12 
the - subt ' g  
' g ra z i ng ' 

period 2nd 5 indep 7 . 0  28% 0 . 66 34% 0 . 09 
- subt ' g  

Dur ing 1st 5 - i ndep 6 . 0  24% 0 . 3 1 16% 0 . 05 

the - subtd ' d  0 . 5  2% 0 . 03 2% 0 . 06 

regrowth 

period 2nd 5 - i ndep 2 . 2  9% 0 . 03 2% 0 . 01 
- subtd ' d  0 . 2  l% 0 . 01 < 1% 0 . 0 3 

3 rd 5 indep 

Basa l shoot tota l s  2 5 . 2  1 . 94 

CV% 37 . 3  39 . 6  28 . 7  
LSD 5 9,; 1 . 8  0 . 15 0 . 02 

1 %  2 . 5  0 . 2 0 0 . 0 3 

Relative Indep 24 . 1  95% 1 . 90 98% 
contributions 
from the 3 Subt ' g  0 . 4  2 %  
main basal 
shoot classes Subtd ' d  0 . 7  3% 0 . 04 2% 

No . as % Tot . Tot . wt . Av . 
of total wt . as % of wt . 

No . I&S shts i:Jl_ t . s . wt .  i:Jl_ 
Stubble shoots 2 . 2  8% 0 . 04 2% 0 . 02 

Stubble shoot time of appearance : 
Prior 1st 5 2nd 5 1st 5 2nd 5 3rd 5 

No . 0 . 4  1 . 6  0 . 2  
% 18% 7 3% 9% 

Comparison of Preliminary & Final harvest total shoot numbers : 
CV% LSD 5 %  

Basal total 15 . 8  4 . 9  * *  

Indep & Subtd ' d  15 . 2  4 . 5  * 

Stubble 41 . 1  1 . 3  * 



1 7 6  
APPEN D I X  2 0 . Shoot popu l a t i on s tudi e s . 

COOL : Tmt 2 - P r e l iminary harve s t .  

No . as 9o Tot . Tot . wt . Av . 
of total wt . as % of wt . 

No . basals J.<ll_ t . b . s . wt .  1<lL 
Prior - indep 2 . 8  1 3 %  0 . 80 2 1 %  0 . 2 9 

subt ' g  1 . 1  5% 0 . 0 2 1% 0 . 02 

Duri ng lst 5 - indep 2 . 6  1 2 %  0 . 7 4 19% 0 . 28 
the - subt ' g  0 . 2  1 %  <. 0 . 0 1 0 . 0 1 
' grazing ' 

period 2nd 5 - indep 6 . 2  2 9 %  1 . 4 3 3 7 %  0 . .  2 3  
- subt ' g  

During 1st 5 - i ndep 5 . 2  2 4 %  0 . 7 9 2 0 %  0 . 15 

the - subtd ' d  0 . 3  1 %  0 . 04 1% 0 . 1 3 

re growth 
period 2nd 5 - indep 1 . 2  6 %  0 . 0 2 l% 0 . 0 2 

- subtd ' d  1 . 6  7 %  0 . 05 1 %  0 . 0 3 

3rd 5 - indep 0 . 4  2 %  < 0 . 01 0 . 01 

Basal s hoot totals 2 1 . 6  3 . 89 

CV% 2 7 . 4  36 . 5  24 . 1  

LSD 5% 0 . 9  0 . 2 4 0 . 04 

l %  1 . 2  0 . 3 2 0 . 05 

Relative Indep 18 . 4  85% 3 . 7 8 9 7 %  

contributi on s 
from the 3 Subt ' g  1 . 3  6% 0 . 0 2 l %  

main basal 
shoot classes Subtd ' d  1 . 9  9% 0 . 0 9 2 %  

No . as % Tot . Tot . wt . Av . 
of total wt . as % of wt . 

No . I&S shts i.[2_ t . s . wt .  i.[2_ 
Stubble shoots 2 . 5  1 1 %  0 . 1 0 3 %  0 . 04 

Stubble shoot time of appearance : 

Prior 1st 5 2nd 5 1st 5 2 nd 5 3rd 5 

No . 0 . 2  1 . 0  0 . 6  0 . 7  

% 8 %  40% 2 4 %  2 8 %  



AP PEN D I X  2 1 . Shoot popu l a  t_i o n  s -tud i e s . 
COOL : Tmt 2 - Final harve s t .  

No . a s  % Tot . •rot . wt . 

of tota l wt . as % o f  

No . bu. s a l s  i2L t . b .  s . wt .  

Prior - indep 1 . 8  11% 0 . 89 1 1 %  
subt. ' g 0 . 3  2% 0 . 01 

During l s t  5 - indep 2 . 8  18% 2 . 06 2 6 %  
the - subt ' g  
' g �-azing ' 

period 2nd 5 indep 6 . 2  39% 4 . 06 SO% 

sub t ' g  

During l s ·t 5 - indep 3 . 2  20% 0 . 88 11% 

the - subtd ' d  0 . 2  l% 0 . 05 l %  

re growth 
period 2nd 5 - indep 0 . 9  6 %  0 . 08 1% 

- subtd ' d  0 . 5  3 %  0 . 0 3 < 1% 

3rd 5 indep 

Basal shoot totals 1 5 . 9  8 . 06 

CV% 2 5 . 8  30 . 3  
LSD 5 %  0 . 8  0 . 49 

l �o 1 . 1  0 . 65 

Re lative Indep 14 . 9  94% 7 . 9 7 . 99% 
contribution s  

from the 3 Subt ' g  0 . 3  2 %  0 . 0 1 

main basal 

shoot c l a s s e s  Subtd ' d  0 . 7  4 %  0 . 08 1% 

No . as 9:o Tot . Tot . wt . 

o f  total wt . as % o f  

No . I & S  shts J:IL t . s . wt .  

Stubble shoots 1 . 4  8 %  0 . 14 2 %  

Stubb le shoot t ime of appearance : 

Prior 1 s t  5 2nd 5 1st 5 2nd 5 3 rd 5 

No . 0 . 7  0 . 4  0 . 3  
% 50% 2 9 %  2 1 %  

Compari son of Preliminary & F inal harve st total shoot numbers 

Basal total 

Indep & Subtd ' d  

Stubble 

CV% LSD 5% 
1 7 . 1  3 . 4  * 

1 5 . 9  
3 3 . 5  

3 . 1  * *  
0 . 7  * *  

1 7 7  

Av . 

wt . 

ill_ 
0 . 49 

0 . 03 

0 . 74 

0 .. 6 5  

0 . 2 8 

0 . 2 5 

0 . 09 

0 . 06 

2 5 . 1  

0 . 1 2 
0 . 16 

Av . 
wt . 

J:IL 
0 . 10 
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APPEND I X  2 2 . Shoot popu lat ion s tud i e s . 
W-WET : Tmt 3 - Prel iminary harve s t . 

No . as % 

o f  total 

No . basa l s  

Prior - i ndep 

- subt ' g  1 . 2  4 %  

During lst 5 - indep 0 . 2  l% Re lative contributions from 

the - subt ' g  2 . 6  9% the 3 mai n  basal shoot classes 
' grazing ' 

period 2nd 5 - i ndep 0 . 5  2 %  No . as % 

- subt ' g  3 . 0  1 0 %  o f  total 
No . basals 

3rd 5 - indep 1 . 0  3 %  
- subt ' g  1 . 2  4% Indep 10 . 4  34% 

4 th 5 - indep 1 . 0  3 %  Subt ' g  8 . 6  28% 

- subt ' g  0 . 6  2 %  
Subtd ' d  1 1 . 7  38% 

5 th 5 - indep 2 . 3  8% 
- subt ' g  
- subtd ' d  2 . 0  7 %  

6th 5 - indep 3 . 1  10% 
- subt ' g  
- subtd ' d  3 . 0  1 0 %  

During lst 5 - indep 2 . 3  8 %  
the - subtd ' d  6 . 7  2 2 %  
re growth 
period 2nd 5 - indep 

- subtd ' d  

Basal shoot total s 3 0 . 7  

CV% 3 2 . 1  
LSD 5% 0 . 9  

l% 1 . 2  

No . as % 

of total 
No . I & S  shts 

Stubble shoots 3 . 9  11% 

S tubble shoot time o f  appearance : 
Prior lst 5 2nd 5 3 rd 5 4th 5 5th 5 6 th 5 lst 5 2nd 5 3rd 5 

No . 0 . 2  0 . 8  1 . 8  0 . 6  0 . 5  
% 5% 2 1 %  46% 1 5 %  1 3 %  

Note : the fol lowing shoot population results from Treatment 3 i n  a l l  three 
s tudie s  were acci dentally de stroyed ; the Pre liminary harve st shoot weight 

results & all the final harve s t  results . 



APPEND I X  2 3 .  Shoot popu l a t i on s t u d i e s . 1 7 9  

W-DRY : Trot 3 - Pre l imi nary harve s t . 

Prior 

During 1 s t  5 

the 
' grazing ' 

period 2 nd 5 

3rd 5 

4th 5 

5th 5 

6th 5 

Dur i ng 1 s t  5 

the 

re growth 

period 2 nd 5 

- indep 

- subt ' g  

- indep 

- subt ' g  

- i ndep 

- subt ' g  

- indep 

- subt ' g  

- indep 

- subt ' g  

- indep 

subt ' g  

- subtd ' d  

- indep 

- subt ' g  

- subtd ' d  

- indep 

- subtd ' d  

- indep 

- subtd ' d  

No . as % 

of total 

No . basa l s  

4 . 1  

0 . 8  

3 . 1  

L S  
3 . 5  

2 . 6  

L 4  

2 . 1  

0 . 3  

4 . 4  

2 . 2  

5 . 9  

4 . 1  

3 . 8  

5 . 9  

1 . 2  
2 . 6 

8 %  

2 %  
6 %  

3 %  

7 %  

5 %  
3 %  

4 %  

1% 

9% . 

4% 

12% 

8% 

8% 
1 2 %  

2 %  

5% 

Basal shoot total s  4 9 . 5  

No . 

% 

CV% 3 9 . 7  

LSD 5 %  1 . 2  

1 %  1 . 6  

No . as % 

of total 

No . I & S  shts 

S tubble shoots 2 . 1  4% 

Stubble shoot time o f  appearance :  

Prior 1 s t  5 2 nd 5 3 rd 5 4 th 5 5th 5 

Re la tive contr ibutions from 
the 3 main basal shoot c la s s e s  

Indep 

Subt ' g  

Subtd ' d  

6th 5 
1 . 1  

5 2 %  

No . a s  % 

ci f  total 

No . basals 

2 2 . 3  

12 . 4  

14 . 8  

1 s t  5 
1 . 0  

48% 

45% 

2 5% 

3 0 %  

2nd 5 3rd 5 



1 8 0  
APPEN D I X  2 4 . Shoo-t: popu l a t i o n  s tud i e s . 

COOL : Tmt 3 - Prel iminary harve s t . 

No . as % 

o f  total 

No . basa l s  

Prior - i ndep 
- subt ' g  1 . 9  6% 

During 1st 5 - .i ndcp 0 . 3  l% Re lative contr ibutions from 

the - s ulit ' g  2 . 2  7 %  the 3 ma i n  b a s a l  shoo t c l a s s e s  
' gr a z i ng ' 

period 2nd 5 - indep 0 . 6  2 %  No . as % 
- subt ' g  3 . 2  1 0 %  of t o t a l  

No . basa l s  

3 r d  5 - indcp 1 . 5  5 %  
- s ubt ' g  1 . 2  4 %  Indep 12 . 7  3 8 %  

4th 5 - i ndep 1 . 3  4 %  Subt ' g  9 . 0  2 7 %  
- subt ' g  0 . 5  1% 

Subtd ' d  11 . 6  3 5 %  
5th 5 - indep 1 . 9  6% 

- subt ' g  
- subtd ' d  1 . 8  5 %  

6th 5 - i ndep 4 . 4  1 3 %  
- subt ' g  

subtd ' d  2 . 8  8 %  

During 1 s t  5 indep 1 . 9  6% 

the - subtd ' d  5 . 9  18% 

regrowth 

period 2nd 5 - indep 0 . 8  2 %  
- subtd ' d  1 . 1  3% 

Basal shoot tota l s  3 3 . 3  

CV% 36 . 3  
LSD 5% 0 . 8  

1% 1 . 1  

No . a s  % 

of total 
No . I&S shts 

S tubble shoots 1 . 7  5% 

S tubble shoot time of appearance :  

Prior 1 s t  5 2 nd 5 3 rd 5 4th 5 5th 5 6th 5 1 s t  5 2 nd 5 3rd 5 

No . 0 . 2  0 . 7  0 . 1  0 . 7  

% 1 2 %  4 1 %  6 %  4 1 %  
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APPENDIX 2 5 . Leve l s  of phos phorus
# 

and potas s ium
# #  

in 
s o i l  s amples taken ha l fway through ( Pr e l iminary harve s t )  
and at the end ( F inal harve s t )  o f  the s econd cycle 
regrow th period : W-WET room only . 

Tmt 1 Tmt 2  Trnt 3  CV% LSD 
5 %  

-- 1% 

Preliminary p 2 4 . 8  24 . 3  2 2 . 5  10 . 5  4 . 0  
5 . 8  harvest 

K 2 

Final p 2 4 . 8  

2 

2 2 . 0  

2 

2 4 . 5  10 . 1  3 . 8  
harvest 5 . 5  

K 2 

# Olsen te s t  

2 2 

## S tandard Mini stry o f  Agriculture & F i sherie s  

quick te st for potassium 

APPEND IX 2 6 . Total s o i l  nitrogen l eve l i n  the W-WET 
and W-DRY rooms . ( Average of 4 s amp l e s  from ea'ch treatment 
·i n  each room taken at the end of the s econd cyc le o f  
each treatment - expre s s ed as a % o f  oven dry weight . )  

W-WET W-DRY 

0 . 4 18 0 . 4 0 5  

CV% 

5 . 0  

5 %  
LSD 

l% 

0 . 0 1 7  

0 . 02 3  



A P P E N D I X  2 7 . T h e  p a t t e r n  o f  m a t u r e h e r b a g e  r e m o v a l d u r i n g 
g r a z i n g ( a c t u a l  n u m b e r s  f r o m  w h i c h  F i g u r e 6 w a s  
c o n s t r u c t e d  - d r y  w e i g h t s  i n  g / m 2 ) 

D a y  

0 
6 
9 

1 2  
1 5  

C V% 
L $ D - 5 % 

- 1 %  

D a y  

0 
6 

1 2 
1 8  
2 4  
3 0  

C V% 
L S D - 5 % 

- 1 % 

T o p  h a l f Bo t t o m  h a l f  
s t e m w t  l e a f  w t  s t e m  w t  

T r e a t m e n t  2 

1 2 0 . 8 7 
5 9 . 7 7 
3 5 . 8 5 

2 . 7 3 

2 9 . 8  
2 6 .  1 2  
3 7 • 5-4 

9 2 . 4 0 
8 2 . 0 1  
7 2 . 2 7 
4 6 . 7 9 

2 2 . 8  
2 6 . 7 6 
3 8 . 4 7 

1 6 8 . 2 0 
2 4 . 3 1 

4 . 4 7 

1 5 .  7 
1 7 . 8 8 
2 7 . 0 7 

2 1 7 . 3 0 
2 5 0 . 9 5 
2 4 !1 . 9 8 
2 3 3 . 4 2 
1 3 2 . 4 1  

1 9 . 6 
6 5 . 2 3 
9 1 • 4 9 

T l� e a t m e n t  3 

1 2 9 . 0 9 
7 4 .  0 1 
3 0 . 7 5 

6 . 0 6 

2 2 . 4  
2 1 . 4 7 
3 2 . 5 1  

1 7 4 . 7 5 
1 7 8 . 0 0 
1 9 0 . 5 4 
1 9 1 . 4 2 
1 5 4 . 4 9 

8 8 . 7 2 

1 7 . 2 
4 2 . 4 2 
5 9 . 5 0 

l e a f  w t  

2 1 • 9 5 
1 0 .  7 0 

6 . 0 9  
2 . 0 4 
0 . 5 9 

6 2 . 3  
7 . 9 4 

1 1 .  1 3 

1 8 . 8 5 
1 7 .  4 0 

6 . 7 7 
5 .  1 5 
0 . 4 0 

6 9 . 7  
1 3 . 3 1 
1 9 • 1 4 



A P P E N D I X 2 8 . L e a f  a r e a  c h a n g e s  d u r i n g t h e  g r a z i n g  
p e r i o d  ( a c t u a l  n u m b e r s  f r o m  w h i c h  F i g u r e  7 w a s  
c o n s t r u c t e d  - l e a f  a r e a s  i n  c m 1 / m � )  

D a y  

0 
6 
9 

1 2  
1 5 

C V% 
L S D - 5 %  

- 1 % 

D a y  

0 
6 

1 2  
1 8  
2 4  
3 0  

C V% 
L S D - 5 % 

- 1 %  

T o t a l  l e a f  a r e a  

T r e a t m e n t  2 

4 8 , 2 2 7  
9 , 8 3 0  
4 , 0 0 5  
1 , 1 2 7 

2 9 6  

2 1 . 6 
4 2 1 7  
5 9 1 4  

T r e a t m e n t  3 

4 3 , 2 3 4  
2 5 , 8 1 0  

9 , 9 6 5  
2 , 6 1 6  

3 8 7  
6 4 5  

3 0 . 6  
5 3 5 5  
7 5 1 0  

N e w  s h o o t  l e a f  a r e a  

1 8 5 
1 j 2 8  4 

6 7 0  
2 0 1 

3 4 . 9 
3 2 7  
4 6 9  

4 3  

9 9 8  
8 3 9  
3 3 1 
6 4 5  

5 7 . 2  
6 4 4  
9 2 5  



A P P E N D I X  2 9 . Y i e l d , l e a f  a r e a  a n d  s i z e  o f  n e w  s h o o t s  
d u r i n g g r a z i n g  ( a c t u a l  n u m b e r s  f r o m  w h i c h F i g u r e  9 
w a s  c o n s t r u c t e d ) 

B a s a l  S h o o t s  S t u b b l e  

Y i e l d  l e a f  a r e a  W t / s h o o t  l e n �  S h o o t  ;t: i e l d  
( D M  g I m 2 ) ( c m 2 / m � ) ( m g ) ( c m ) ( O M g / M ,_ ) 

D a y Tr e a t m e n t  2 

0 
6 5 . 3 3 1 8 5  5 . 8 9 2 . 2 5 
9 1 5 . � 0  1 1 5 7 9 . 1 3 3 . 2 8 1 .  1 7  

1 2  1 6 • 1 6 5 8 5  1 0 . 7 6 3 • 7 1 0 . 5 6 
1 5 1 3 .  8 1 1 7 8 8 . 5 4 2 . 9 9 0 . 5 5 

C V% 3 0 . 5  2 9 . 7 1 6 • 9 2 3 . 5  9 1 . 8 
L S D - 5 % 6 . 2 4 2 5 0  2 .  3 1 1 .  1 5  * 1 • 2 1 

- 1 %  8 . 9 7 * *  3 6 0 * *  3 .. 3 3 * * 1 . 6 5 1 .  8 3 

D a y T r e a t m e n t  3 

0 0 . 4 2 4 3  4 . 5 2 1 .  5 6  
6 3 . 4 0 1 0 0 6 . 3 0 2 . 4 0 

1 2  1 5 . 4 7 9 6 7  7 .  7 6  3 . 6 5 
1 8  2 3 . 4 7 8 3 9  1 2 . 9 8 4 . 4 8 0 .  1 3 
2 4  2 6 . 6 8 3 3 1 1 1 • 8 0 3 . 2 4 0 . 2 6 
3 0  3 1 . 1 0  6 4 5  1 3 .  1 0 3 . 5 0 0 . 5 6 

C V% 2 1 . 3 5 7 . 9  2 2 . 3  1 4 .  6 1 0 6 .  6 
L S D - 5 %  5 . 3 7 4 2 5  3 .  1 6 0 . 6 9 0 . 5 8 

- 1 %  7 . 4 4 * *  5 8 8 * *  4 . 3 7 * *  0 . 9 5 * *  0 . 8 8 



A P P E N D I X  3 0 . H e r b a g e  y i e l d  d u r i n g t h e  r e g r o w t h  p e r i o d  -
f i r s t  t w o  c y c l e s  ( a c t u a l  n u m b e r s  f r o m  w h i c h  F i g u r e  1 2  
w a s  c o n s t r u c t e d  - y i e l d i n  g / mz D M ) 

T r e a t m e n t  Tr e a t m e n t  2 Tr e a t m e n t  3 

D a y  1 s t  c y c l e  

0 0 . 3 2 1 3 .  0 5  2 9 . 2 0 
3 3 • 1 1 3 5 . 4 8 4 7 . 8 5 
8 2 8 . 5 8 8 1 . 3 1  7 7 . 7 8  

1 8 1 2 9 . 9 6 2 6 6 . 3 9 2 0 4 . 2 8 
X 5 4 9 . 1 7  5 2 8 . 3 2  4 1 5 . 1 0  

· D
,
a y  2 n d  c y c l e  

0 0 . 2 2 1 4 .  3 6 3 1 . 6 6 
3 3 .  1 5 3 1 . 5 4  4 4 . 3 9 
8 3 3 . 5 7 8 8 .  3 1  6 5 .  1 7 

1 8 1 1 5 . 7 9 2 3 1 . 1 5 1 3 7 . 2 4 
X 4 4 4 . 4 3 4 1 1 . 2 9 2 7 9 . 4 3 
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