
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. 
 



STUDIES OF LATE SPRING GRAZING 
MANAGEMENT IN PERENNIAL RYEGRASS 

DOMINANT PASTURE 

A thes is  presented in partia l  

fulfilment o f  the requirements for the 

degree of PhD in Agronomy at 

Massey University 

Christopher John Korte 

1981 
;; &J : b -' _ I � 



ii, 

ABSTRACT 

Two grazing experiments and a mowing experiment were conducted 

to obtain inf ormat ion on the patterns of herbage accumulat i on and the 

t i ller dynamics of "Grass lands Nui" perennial ryegrass (Lo lium perenne ) 

dominant pasture under a range of  defoliation regimes du .. :ing late spring/ 

early s ummer . Defoliat ion intensity and defoliation int erval were 

def ined in terms of plant phys iological criteria , that is , light 

intercept i on and stage of reproductive growt h .  

The e ff e ct of four late spring/ early summer graz ing int ensity 

t reatment s , based on residual leaf area index (LAI), and two grazing 

interval t reatment s ,  based on light intercept io'� , were compared in 

the f irst grazing experiment . Net herbage ac cl'.mulat ion was greatest 

when grazing was hard (LAI = 0 . 1-0 . 6) and least when graz ing was lax 

(LAI = 1. 5-2.5) in late spring ( 16 . 5  and 13. 6  t DM/ha respectively) . 

Graz ing at 95% l ight intercept ion reduced green herb age accumulation 

compared wit h  grazing two weeks after 95% light intercept ion ( 14.0 and 

15. 8 t DM/ ha respect ively) . With lax grazing stemmy rank herbage 

develope d ,  whereas with hard grazing dense leafy pasture with a higher 

ryegrass t i l ler density developed . The grazing interval t reatm ent s 

did not s ignif icant ly aff ect ryegrass t i ller density . 

The sec ond grazing experiment compared the effect s  o f  the t im ing 

and int ensity of spring grazings on herbage accu�ulat ion and ryegrass 

t i ller dynamics. Interrupting reproductive growth of ryegrass at the 

h ead emergence stage , compared with at the s� art of culm elongat ion , 

did not increase herbage accumulat ion signi f icantly although it resulted 

in a higher proport ion of stem and a lower proportion of lamina 

a ccumulat ing. As in the f irst experiment , hard graz ing in late 

s pring increased herbage accumulat ion compared with lax grazing . 

Hard grazing appeared to increase herbage accumulation by reducing 

herbage death and decay , not by increasing herbage growth. 

Ryegrass t il ler density was greater in hard grazed swards than lax 

grazed sward s  in summer. This dif ference was mainly due t o  a higher 

t i ller appearance rat e  in hard grazed  swards. The difference was 

s t ill apparent in winter although all t reatments were grazed similarly 

during lat e  s ummer and autumn. Herbage accumulation was greater in 
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autumn where grazing had been hard the prev ious spring/ summer , partly 

due to the higher tiller densi ty . 

Interrupting reproduct iv e  growth at the head emergence stage 

markedly reduced the density of vegetat ive tillers compared to 

interrupt ing reproduct ive growth at the s tart of  culm elongation . 

Due to rapid tillering after interruption of  reproduct iv e  growth this 

difference quickly disappeared . 

The effects of the t ime o f  cutting to control reproductive development 

and the subsequent cutt ing interval on herbage accumulation and t iller 

dynamics of ryegrass pasture were examined in the mowing experiment . 

Herbage accumulation was reduced by more frequent mowing and where 

reproduct iv e  growth was prev ented . Tillers present at the s tart of  

each rest period contributed mos t  herbage because new t illers were 

relativ e ly small . Af t er the first mowing , new tillers were generally 

of  s imilar weight to older t i llers at the end of  res t periods . I t  

appeared that during s ummer , under conditions o f  adequate mois ture and 

nutrients ,  the t i ller dynamics o f  perennial ryegrass swards were little 

influenced by mowing frequency . 

I t  was concluded that the obj ective for late spring graz ing 

management should be to encourage leafy vegetative pastures and to 

prev ent rank stemmy pas ture developing . Dead culms in rank pas ture 

reduced the diges tibili ty of herbage and shaded photosynthetic tis sue . 

Leafy swards had h igher accumulation rates and a higher t iller densi ty 

than s t emmy swards . Methods o f  achiev ing leafy past ure on farms by 

combinations of hard grazing , forage conservation and mechanical topp ing 

are discussed . 
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CHAPTER 1 INTRODUCTION 

The New Zealand pastoral indus try i s  based on approximately 

9 mi lli on ha of  sown grass lan d  and approximately 5 mi lli on ha of 

native and tussock grasslands (Harri s , 1 9 7 9 ) . Ryegrass (Lolium sp) 

and whi te clover (Trifo lium repens L. ) have generallj formed the base 

f or seed mixtures on these sown grass lands (Harri s ,  1968 ; L evy, 19 70) , 

although in lower fertili ty hi ll country areas they may not always be 

the mos t  appropriate speci es (Saxby , 1948) . Rotational grazing , whi ch 

i nvolves shi f ting s t ock from one farm paddock to another at varying 

time int ervals , is the accepted method of pasture management on the 

dairy farm , and i s  receiving increasing acceptance on sheep and beef  

farms (Smi th and Dawson , 1976) . 

Wi th rotati onal grazing, pas tures are allowed to grow and develop 

uninterrupted between grazings , whereas wi th set stocking , pas ture i s  

continually accessab le t o  grazing animals . Compar ed wi th set st ocking , 

rotati onal grazing incorporates maj or and sudden "shocks" to the pas ture 

at each grazing which involve large and rapid changes in pasture structure 

and compositi on .  There i s  a need to examine and assess the impact of 

these " shocks" in terms of pas ture parameters . 

Although the advantages of  rotati onal grazing in terms of pasture 

producti on are di ffi cult to demonstrate (Wheeler , 1962) , the wide 

adopti on of thi s  practice makes it impor tant to determine optimum 

rotations . Based on his grazing s tudies (� rougham , 19 59b , 1960a) , 

Brougham (1970)  proposed the op timum seasonal grazing regime for 

ryegrass/clover pasture at Palmerston North . The question i s  whe ther 

thi s  proposal can be improved ,  and an attemp t was made in thi s  thesi s  

to define the optimum grazing regime in terms of plant physiologi cal 

cri teri a .  

Responses t o  grazing regime may be  exp lained in terms o f  changes in 

botanical composi tion (Brougham , 1960a) , or in terms of a plant 

physi ologi cal parameter , such as light interception (Campbell , 1969) . 

By using plant physiologi cal parame�ers to define grazing , instead of  

pasture height or herbage mas s ,  the influence of  the physi ologi ca l  

parameter on h erbage producti on can be determined directly . 
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Cons iderab le research , reviewed by Brown and Blaser (1968), has 

highlighted the close re lat ionship between leaf area , light inter

ception ,  and pas ture growth . As a result , pasture management systems 

have been proposed with the obj ective of maximizing light intercep tion 

in order to obtain high annual yields of pasture (Donald , 1956 ; 

Brougham, 1956) . On the basis of this previous work it  was decided 

to crit ically test light interception as a criteria for graz ing 

management . 

Milthorpe and Davidson (1966) pointed out that it could be an over

s implificat ion to base management systems only on leaf area and light 

interception . The growth rate of the sward , being the integral of the 

growth rates of the component shoots , is inf luenced by the rate of shoot 

p roduction ( tiller ing in grasses) as well as the growth rate of ind ividual 

shoots . Reproduct ive d evelopment can greatly influence the growth 

rate of individual shoot s ,  part icularly in grasses (Lazenby and Rogers , 

1962) . Other plant physiological factors bes ides leaf area , in 

particular tillering and reproductive development of reygrass ,  were 

therefore reviewed (Chap t er 2 )  and cons idered when designing exper iments .  

I t  was decided to concentrate research in the spring p eriod when 

r eproductive deve lopment of ryegrass influences herbage growth . 

P revious grazing studies have generally avo ided considering reproductive 

d evelopment of ryegrass although various authors (Saxby , 1948 ; Hall ,  

1 9 7 3 )  have s tressed its importance . 

Almost ir.variab ly seed s talk and roughage develop in pasture during 

the early summer .  Saxby ( 1948) commented that an abundance of s eed 

heads , combined with rank leaf growth and dry weather during the summer 

and autumn , was usually associated with relat ively low rates of leaf 

production. If , however , pastures were prevented from flowering and 

s e t t ing seed , then the per iod of summer and autumn growth was apparently 

prolonged . 

In the f irst experiment (Chapter 4)  various graz ing regimes were 

compared to test the impor tance of light interception as a criteria 

for grazing perennial ryegrass /white clover pasture during the period 

of  reproductive growth.  As the grazing practice in one season can 

af f ec t  herbage produc tion in subsequent seasons (Brougham , 19 60a) 
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this experiment was cont inued through the following autumn and 

winter under a common grazing regime to determine res idual effects . 

As a consequence of  the first years results , which showed that 

reproductive deve lopment cons iderably inf luenced pasture growth , 

reproductive deve lopment and light interception were used together 

as criteria for de foliation by grazing in the second experiment 

(Chapter 5 ) . 

In the f inal experiment (Chap ter 6 ) , where defoliation was by 

mowing , the influence of tiller dynamics and t iller age on herbage 

accumulat ion was examined . The resul ts of these experiments , 

together wi th  info rmation reviewed on plant physiological factors 

and pas ture growth , are discus sed in the final chapter (Chap ter 7 ) . 

S ome obj ectives for  rotat ional grazing of  perennial ryegrass /white 

clover pasture in late spring are suggest ed . 



CHAPTER 2 

2 . 1  INTRODUCTION 

4 . 

REVIEW OF LITERATURE 

The response of pasture to defoliat ion has been the subj ect  of 

considerab le research and of several reviews (Donald , 1941; Jameson , 

1963 ; Alcock , 1964 ; Davidson , 1968 ; Youngner , 1 9 72; Harris , 1 9 7 8 ) . 

The responses will be briefly reviewed with particular reference 

to ryegras s /wh ite clover pas tures (LoZium perenne/TrifoZium repens) 

and then the physiological factors cons idered important in caus ing 

these responses will be discussed. 

2 . 2  RESPONSE OF PASTURE TO DEFOLIATION 

Defoliat ion is normally def ined in terms of frequency ( the time 

interval be tween successive defoliation s ) , intens ity (the degree of 

defoliati on or the proportion of herbage removed by each defoliation j , 

and t iming , with particular reference t o  the season e� d the s tage of 

growth (Donald , 1941 ; Alcock , 1964 ; Harris , 1978) . Usually herbage 

dry mat ter product ion of both temperate and tropical pasture species 

in many environments is reduced by more frequent and more in tens ive 

defoliation but this is not always the case . Alcock ( 1964) observed 

that while these responses occurred ove r  a wide range of circums tances 

there have been a number of conflic t ing observat ions , part icularly with 

regard t o  defoliation intens ity . Also , because a greater proportion of 

foliage escapes defoliation in prost ra t e  species , erect growing species 

suffer a greater reduct ion in yield from more intense defoliation than 

prost rate species . The adverse e f f e c t s  of intense defoliation can be 

reduced by decreasing the frequency of defoliat ion . The effect  of 

defoliation is greater at certain t imes of the year and i t  is  possible 

to  control the botanical composi t ion of  pasture according to the timing 

of frequent intensive defoliations (Jones , 1933) . 

2 . 2 . 1  Defoliation intensity 

There are several reports where more intensive defoliation has 

given higher hergage product ion than has less intensive defoliation for 

ryegrass d ominanC swards (Reid , 195 9 , 1962 ; Appadurai and Holmes ,  1964 ; 
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Frame and Hunt , 197 1 ;  Binnie and Harrington , 1972 ; Boswell , 1 9 7 7 ;  

Ollerenshaw and Hodgson , 1 9 7 7 )  and for other species (Mortimer and 

Ahlgren , 1936 ; Tesar and Ah lgren , 1950 ; Robinson et al. 195 2 ;  

Wilson and McGuire , 1961 ; Burger et a Z , 1962) . In contras t ,  Brougham 

(1956)  c learly demons t rated that more intens ive defoliation reduced 

herbage growth in a ryegrass /clover pas ture , a result similar to the 

general conclusion in reviews (Donald , 1941 ; Jameson , 1963 ; Alcock , 

1964 ; Davidson , 1969 ; Younger , 1972 ; Harris , 1978) . Tayler and 

Rudman ( 1966) concluded that grea ter utilization of herbage from the 

base of the sward , rather than higher crop growth rates with closer 

defo liat ion ,  appeared t o  be the main reason why the product ion of grass 

increases so markedly when a sward is repeatedly harves ted by defoliating 

at a low level (down to about 3 cm from ground leve l) rather than at 

a higher level .  It would t herefore appear that it is neces sary to 

evaluate both herbage growth and herbage removal (by grazing or mech

anical means) before the response to defoliation intensity can be 

pred icted . 

2 . 2 . 2  De foliation frequency 

Although less frequent de foliation generally increases herbage 

production from ryegra s s / clover pas ture (Brougham, 1959b; Reid , 1959 ; 

Appa durai and Holmes , 1964 ; Agyare and Watkin , 1967 ; Boswell , 1 9 7 7 ) , 

very infrequent defolia t i on of ryegrass swards has been reported t o  

reduce product ion (Collins and McCarrick , 1969 ; Le Clerc , 19 7 6 ;  

Bar tholomew and Chestnu t t ,  1 9 7 7 ; Kune lius and Calder , 1978) . Reasons 

for this reduc tion will be discus sed later (2 . 3 . 1 . 1 . 3) .  For a given 

de foliation intens ity , the op timum defoliation frequency depends on 

soil fer t ility (especially n itrogen s tatus) and t ime of year . At higher 

fert i lity levels , more f requent defoliat�on is  required to obtain the 

maximum herbage product ion . Bartholomew and Ches tnutt  ( 1 9 7 7 ) , f or 

example , found that when more than 600 kg N/ha was applied to a perennial 

ryegrass pasture , less  herbage was harvested annually when defoliation 

was every 112 days than when defoliation was every 75  days . At lower 

levels of nitrogen ferti lization , defoliating every 112 days produced 

the greater yield . Several exper iments in the U . K .  (Wilman et a Z, 1976  

a ,  c; Bartholomew and Chestnutt , 19 7 7; Chestnu t t , et aZ,  19 7 7 )  have 

shown that cut t ing frequency has a less marked effect on herbage prod

uct i on when the sward is vegetative than when the sward is reproduct ive . 
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The re sponse of grass swards to less frequent cutt ing may not 

represent higher growth rates but rather greater efficiency of the 

harvesting proce ss - the proportion of growth removed and measured 

as production . Anslow ( 1 9 6 7 )  found that with a mower height of 4 cm 

above ground level ,  cutt ing every 3 weeks removed 50% of  the crop while 

cutting every 6 weeks removed 65% of the crop . Even i f  the same rate 

of growth occurred in both swards , so that the crop after 6 weeks was 

twice as great as that af ter 3 weeks , 30% more herbage would have been 

harvested from plots cut every 6 weeks than from those cut every 3 weeks . 

To define the opt imum de foliat ion frequency under grazing it is there

fore necessary to measure growth from ground level (where regrowth 

l argely originates) . 

2 . 2 . 3  Botanical composit ion 

Harris (1978)  reviewed the effect of defoliat ion on botanical 

compos it ion of New Zealand pastures growing on high fert ility soils and 

seeded with ryegrass /white  clover . Inf requent and close defoliat ion 

generally results in a simple mixture dominated by ryegrass and white 

c lover , while infrequent but les s  intens ive defoliation allows the 

ingress of taller growing species such as Cocksfoot (Da ct ylis glomerata) ,  

Y orkshire fog (Ho l cus ta natus) and Praire grass (Bro mus catharti cus) . 

Jones ( 1933) and Brougham ( 1960a) demonstrated that the timing of  frequent 

and intensive grazings markedly inf luence the growth and survival of 

pas ture species , changing the botanical composition and ultimately the 

herbage production of pasture . At Palmerston North , frequent hard 

grazings during the summer caused death of ryegrass , and led to whi te 

clover dominance (Brougham , 1960a) . Subsequent yields obtained from 

the clover dominant pasture were severely reduced . I t  is therefore 

recommended (Brougham , 1970)  that grazing be infrequent (every 3 to  8 

weeks depending on s eason) and close (to leave a res i dual of at least 

3 cm) , except in summer when less intensive grazing is required . 

In this review further discussion of the effects of grazing on botanical 

composi tion is limited to where large changes in the balance between 

ryegrass and white clover occur . 

2 . 2 . 4  Grazing experiments 

In New Zealand pasture is usually uti lized by graz ing but because 
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o f  the high requirement s  o f  land , labour and finance associated with 

grazing experiment s ,  much of the research into the response of pas ture 

to defoliation , both in New Zealand and overseas , has been with mowing 

or cut ting experiments .  Besides defoliating pas ture , grazing animals 

select ively graze , trample pas tures , deposi t  dung and urine , and disperse 

seeds (Watkin and element s ,  1978) . Mowing ins tant ly and uniformly 

removes all herbage above cut t ing height . Both the botanical compos-

i t ion (Watkin and Clements ,  1978)  and the herbage production (Jones , 

1959 ; Frame , 1966 ; Frame and Hunt , 1971)  of grazed pasture is often 

s ignificant ly different t o  that of a mown sward . 

Sears (1951)  conc luded that if reliab le y ields and botanical 

compos i t ions were required , then pas ture measurement was best carried 

out in actual grazing paddocks , or with a plot technique which incor

porated the grazing animal or its  effec t s  to the ful l .  Brougham (1959b , 
2 2 1960a) used small paddocks (200m and 270m ) ,  f enced so  that each could 

be grazed separately , to measure the effects of dif ferent grazing mana-

gements .  Replicate paddocks were grazed at  the same t ime and at tempts  

were made t o  avoid fertility t ransference on or  off  the  experimental arPa . 

The difficulty of extrapola ting from cutt ing experiments to grazing 

sys tems has been illus trated many times (Jones , 1959 ; Jackson and 

Williams , 1 9 7 9 ) . However ,  Frame (1976)  suggested that it  should be 

possible to establish sui table relationships wi thin selected classes 

of sward , fertilization or grazing management to assis t in predicting 

the y ie ld response under grazing from the results  of cutting trials . 

The results from mowing experiments can more readily be extrapolated in 

Europe where silage product ion and feeding are s ignif icant in farming , 

with up to  f our cuts per year being obtained from pastures (Brougham , 

19 7 7 ) . Ext rapolat ion of informat ion fr?m mowing experiments can also 

be useful in helping to explain responses obtained under grazing . 

2 . 3  PHYSIOLOGI CAL FACTORS INFLUENCING RESPONSES TO DEFOLIATION 

Net pasture dry mat ter product ion is the result o f  a balance 

between two processes ; growth of new herbage following defoliation and 

the death and decay of old herbage (Hodgson , 1 9 7 9 ) . Each of the factors 

influencing herbage growth and herbage losses will be considered 

separately and their relationship to the response of pasture to defoli-
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ation (as described in 2 . 2 ) di scussed . 

2 . 3 . 1  Growth of herbage 

The pattern of  herbage regrowth after defoliation was shown by 

Brougham (1955 ) , and many other s tudies since (Brougham , 1959a ; 

Alberda and Sibma , 1968 ; Hunt , 19 70a ; Green et a � 1971 ; Leafe  et al , 

1974 ; Wilman et al , 19 76d) , to  be sigmoid with respect to t ime . Three 

phases are recognised (Brougham , 1955 ; Ede ls ten and Corrall , 19 7 9 ): 

an init ial period when the growth rate increases exponentially with 

t ime ( the exponential phase) ; followed by a second period in wh ich the 

growth rate is constant at a maximum leve l ( the linear phase ) , and 

f inally a third per iod in which the growth rate declines exponent ially 

unt i l  the ceil ing herbage mass  is  reached ( the asymp totic phase) . 

Brougham (1959a) presented a series of regrowth curves covering the 

whole year for an irrigated ryegras s /white  clover pas ture at Pa lmer s t on 

North . In the linear phase , the growth rate ranged from 10 kg DM/ha/ 

day in July to 135 kg DM/ha/day in late D ecember ,  being highly correlated 

with the seasonal f luctuation in solar radiat ion (r = 0 . 979) . The 

ceiling herbage mass (exc lud ing herbage in the bot tom 2 .5 cm of the 

canopy ) was 1100 kg DM/ha in winter and 9100 kg DM/ha in December .  

Pasture growth rate decreases in the asymptotic phase , despite  

full light intercept ion , unt i l  at  the  ceiling herbage mass photosynthetic_ 

gains are equal�by respiratory and death losses . Hunt ( 19 70a) showed 

that the init ial reductions in the rate of green herbage accumula t i on 

that mark the beginning of  the asymp t o t i c  phase were accounted for by 

leaf death . Tainton (19 74a)  also showed that leaf accumulat ion became 

negligible soon after full light  interception was reached . Robs on 

( 1 9 7 3  ) has described how respiration increases during regrowth , there 

being two components , maintenance and growth .  The maintenance component 

is proportional to plant biomass and therefore increases during regrowth . 

The growth component is proport ional to the rate of photosynthes i s  and 

remains fairly const ant after full light interception . Thus , the 

asymp totic phase is caused by both leaf death and respiration increasing 

in magnitude until  they equal photosynthesi s . 

The physiological factors affecting pasture growth are considered 

to be residual photosynthetic t i s sue , carbohydrate and other res e rves , 
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recovery o f  root growth (and the associated effects on nutrient and 

water uptake ) , the number  of residual shoots ( tiller s )  and reproduc t ive 

growth (Milthorpe and Davidson ,  1966 ; Harris , 19 78) . Each of these 

fact ors will be reviewed separately with reference to ryegrass /white  

c lover pasture where possib le .  

2 . 3 . 1 . 1  Res idual photosynthe tic tissue 

Watson (194 7 )  introduced the concept of leaf area index (LAI ) , 

defined as the ratio of leaf area to the area of ground i t  occupies . 

Brougham ( 1956)  demonstrated that the growth rate of  ryegras s / clover 

pasture was related to LAI . Brown and Blaser ( 1968)  reviewed a wide 

range of  experiments to examine the LAI concep t ,  and concluded that 

in general increased LAI , or residual photosynthet ic tissue , provided 

greater ligh t  intercep t ion and hence accelerated growth rate , o ther 

environmental factors being favourable . Once  all photosynthet ical ly 

act ive rad iati'on is intercepted there- is no further increase in growth 

rate with increased LA I ,  and eventually the growth rate declines in the 

asymptotic phase . 

Brougham (I 960b) examined a range of crops and found that daily 

growth rates at  full l i ght intercep t ion were more c losely related to  the 

amount o f  chlorophyll  (from leaf and non-leaf ) per uni t  area of land 

(r = 0 . 912)  than with the LAI (r = 0 . 815) . Although s t ems , petioles , 

leaf sheaths and inf lorescences intercept light and participate to  

various degrees in photosynthesis , the ir surface area has generally 

been ignored when calculat ing LAI . For leaf sheath  this is reasonable 

s ince Leafe et aZ ( 19 7 9 )  showed that in a grazed ryegrass sward , where 

sheath contributed 38% of the leaf and sheath area , sheath only f ixed 

5% of the carbon.  The grass inflorescence however , is very active 

photosynthet ically (Ong and Marsha l l ,  1975 ; Ong et a Z , 1978albut i t s  

contribution to herbage produc tion in grazed swards i s  not known . 

A further prob lem with the LAI concept is that younger emerging leaves 

are generally more photosynthetically efficient than older expanded 

leaves (Jewiss and Woledge , 1967 ; Woledge and Jewiss , 1969 ; Leafe 

et aZ , 1979 ) . For examp le , Leafe et a Z  ( 1979)  showed that expanding 

leaves f ixed twice as much C0
2 

per hour as fully expanded leaves when 

compared on a leaf area basis . Despite  these prob lems many workers 

have ob tained a good relat ionship between LA I  and pasture growth rat e .  
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2 . 3 . 1 . 1 . 1  "Cri tical" LAI 

Brougham (1958a) used the term "crit ical LAI" to describe the LAI 

required t o  intercept 95% of the inc ident ligh t at noon, the LAI where 

maximum growth rate was also reached (Brougham, 1956) . A dif ferent 

t erm, "opt imum LAI" , was used by Aus tralian workers (Davidson and 

Donald, 195 8 ; S tern and Donald, 1961, 19 62 ; Black, 1963) to des cribe 

the LAI where maximum growth rate was reached, further inc reases in LAI 

resulting in reduced growth rate . McCree and Troughton (1966)  

invest igated the growth of white clover in controlled envi ronment 

cabinets and found that if only live material was cons idered an opt imum 

LAI of 3 was apparen t . However, when dead material was included, no 

op t imum was apparent and the maximum photosynthe tic rate was sustained 

from the crit ical LAI ( 3 )  to the ce iling LAI (10) . They concluded 

that the declining growth rate above the opt imum LAI observed in field 

experiments was part ly attributable to the failure to inc lude ma te rial 

which dies between harvests . I t  remains debatable whe ther there is 

a clearly defined op t imum LAI in some field crops (Mi lthorpe and 

Davidson, 1966 ; Harris, 1978), but in ryegrass dominant pas ture, there 

is a clearly defined linear phase of growth (Brougham, 1955, 1959a) 

although during vege tative growth i t  may be very shor t (Alberda and 

Sibma, 1968 ; Leafe et aL, 1974) . 

The LA I  required for maximum pas ture growth rate, the crit ical 

LAI , depends mainly on leaf angle, lati tude, and t ime of year . 

Grasses generally have more erect leaves than clovers and require a 

greater LA I  to intercept a given amount o f  light (Brown and Blaser, 1968) . 

For example, Brougham ( 1958a) found that in mid-summer at Palmers ton 

North the crit ical LAI for a white clover pasture and a perennial 

ryegrass pasture was 3 . 5  and 7 . 1  respect ive ly, illustrating the ef fect 

of leaf angle . A mixed ryegrass /clover pas ture (approximately 50% 

grass and 50% clover) had a critical LAI of 4 . 5 .  In winter, both the 

solar elevat ion and the light flux decline (Barry and Chorley, 19 71), 

the decline being greater at higher lat itudes . As a result a smaller 

LA I  is required to intercept noon sunlight in winter (Brougham, 1958a;  

S tern and Donald , 1962 ) . For example , Brougham ( 1962)  found that the 

critical LA I  of a white  clover sward was 0 . 7  in winter and 3 . 25 in late 

spring at Palmerston North . 
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The relationship between LAI and pasture growth rate explains 

the general responses of pasture to defoliation . The reduction in her-

bage a ccumulat ion with more intensive defoliation (Donald , 1941; Alcock , 

1964; Harris , 1978)  reflects the lower residual LAI and the ass ociated 

depressed growth rat e .  Similarly , more frequent defoliat ion can 

increase the proportion of t ime pas ture remains below the critical LAI , and 

thereby the growth rate . Als o ,  the observation that less frequent 

defoliation will reduce the adverse effects of intensive defoliation 

can be explained in terms of LAI . Brougham ( 1955) suggested that the 

maximum production of herbage could be obt ained if pas ture was kept in 

the linear phase of growth , for example in spring ,  by defoliating when 

30-40 cm high to leave a stubble of 12 cm . However ,  continually 

d� oliating at a low intensity reduces t illering and stubble quality . 

2 . 3 . 1 . 1 . 2  S tubb le quality and LAI 

Hunt and Brougham (196 7)  cut a perennial ryegrass sward weekly , 

leaving suff icient residual herbage ( 16 cm) to intercept 90-95% of  

incident light at noon . The proportion of  leaf lamina in the s tubble 

declined at each cut (from 32% to 10% of residual herbage after 7 weeks) 

and the proportion of senescent and dead material in the s tubble increased 

( from 51% to 72% o f  residual herbage ) . Tiller density ini t ially increased 

to UOOO /m2 in the f irst week but s ubsequently declined to 6400/m
2 

after 

7 weeks . Both Jackson (19 7 4 )  and O llernshaw and Hodgson ( 19 7 7 )  also 

obs erved considerable accumulat ion of dead and senescing p lant material 

in the stubble of  ryegrass swards leniently defoliated . The ef fect o f  

cutt ing perennial ryegrass a t  a constant height was to raise the level 

of the lowes t  green leaf blade towards the cutt ing height (Jackson , 

19 74) so  that with lenient defoliation , mos t  of the stubble was of low 

photosynthetic ef ficiency . Cutting higher also induced basal inter-

nodes to elongate ,  so that the apices were above ground level; and 

aerial t illering occurred . Where similar residues accumulated in grazed 

pastures , a poor stubble quality also occurred . To obtain the advantages 

of higher growth rates associated with h igher residual photosynthetic 

tissue , and also maintain stubble quality , both Jackson ( 19 7 4 )  and 

O llernshaw and Hodgson ( 19 7 7 )  suggested periodic close defoliation of 

leniently defoliated pasture . A minimum frequency of 9 weeks f o r  

such close defoliations was indicated b y  Jackson ' s  work . Tainton ( 19 74b)  

actually found that in  autumn alternate lax and hard grazing out-



12 . 

yielded hard grazed pasture by 63% . 

2 . 3 . 1 . 1 . 3  Defoliat ion interval and LAI 

LAI has been used as the criteria for def ining defoliation 

interval in several studies . Sheard and Winch (1966)  found that if 

bromegrass (Bromus inermis) or cocksfoot (Dact ylis glomerata) swards were 

defoliated at the critical LAI they gave a higher annual yield than more 

frequent defoliation (at 70% light interception) . Wi lson and McGuire 

( 19 61)  ob tained a similar result from three dif ferent pasture mixture s .  

Tainton (19 74b) compared two defoliation intervals ; grazing a t  the 

cri tical LAI and grazing two weeks after the critical LAI was reached . 

The average daily growth rate was reduced by delaying defoliation 

beyond the critical LAI . In contrast , Mitamura (1972)  and Terai (19 7 7 )  

f ound that delaying defoliation o f  cocksfoot swards beyond the critical 

LAI increased herbage product ion . Maximum yield was obtained by 

def oliating each time the ceiling LAI was reached, and both mo re frequent 

defoliation (each time the crit ical LAI was reached) and less f requent 

defoliation (each time the cei ling herbage mass was reached ) reduced 

production .  Very infrequent defoliation reduces produc tion be cause 

the sward enters the asymptotic phase and actually makes no net growth 

after the ceiling herbage mass is reached . The opt imum stage for 

defoliation is not. apparent from these s tudies , being either at the 

crit ical LAI (Tainton , 1974 b )  or at the ceiling LAI (Terai , 197 7 ) . 

2 . 3 . 1 . 2  Res erve s for growth 

Carbohydrate and other reserves have been considered to have an 

important role in influencing pasture growth . Graber et aZ ,  ( 19 2 7 )  

advanced t h e  hypothesis "that new top growths ,  especially i n  the early 

s t ages , are ini t iated and developed largely at the expense of  previously 

accumulated organic reserves" . A s imilar view was expressed by Weinmann 

( 194 8 )  in his review of the role of reserves in grasses , but May ( 1960) 

pointed out that , a reduc tion in the amount of carboyhdrate present in 

roots and s t ubble after defoliation might be largely caused by 

con tinued respirat ion , without there being any causal role of the 

reserves in initiating regrowth . From subsequent work (Davidson and 

Mi l thorpe , 1966a , 1966b; Booysen and Nelson , 1975)  i t  is apparent that 

both photosynthesis by residual leaf and reserve carbohydrate contribute 
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energy t o  regrowth i n  grasses , and that more severe defoliat ion 

increases the dependence of regrowth on stored energy . Although 

reserves may inf luence regrowth of grasses for 2-7 days after defoliat ion , 

in New Zealand , the ir role is not generally considered to be signif icant 

for ryegrass /white c love r pas ture (Harris , 1978) . 

2 . 3 . 1 . 3 Water and nutr i ent uptake 

Besides reduc ing herbage production , more intens ive and more 

frequent defoliat ion generally reduces the root growth of pasture p lants 

(We inmann , 194 8 ;  Davidson ,  19 7 8 )  and this is true of both ryegrass 

(Evans , 1971) and white c lover (Butler et a l , 1959 ; Chu and Robertson , 

1974 ) . As a result  of def oliation (and a less  extensive root sys t em) 

nutrient up take (O ' Brien et al , 1967)  and water uptake (Evans , 19 7 7 )  

i s  reduced . In s itua t i ons where there is mois ture or nutrient stres s ,  

reduc t ion in the s i ze of the root system i s  likely to reduce herbage 

produc t ion and to increas e  plant susceptibility to drought and root 

eating insect pests  (Davidson ,  1978) . A further effect of defoliation 

on white clover is reduced nit rogen f ixation and a loss of  root nodules 

(Moustafa et a l , 1969 ; Chu and Robertson , 1974 ) . 

The production and botanical composition of ryegras s / clover pasture 

can be markedly influence d  by grazing intens ity during summer . 

Brougham (1960a) grazed a "Grass lands Manawa" ryegrass / c ocksfoot/red 

clover/white c lover pasture either closely (from 7 . 5  cm to 2 . 5  cm) or 

laxly (from 18 cm to 7 . 5  cm) during summer (December , January , February ) . 

Close grazing reduced pas ture production both during summer ( 2 . 5  t DM/ha 

compared with 4 .4 t DM/ha ) , and in the subsequent nine months (6 . 3  t DM/ 

ha compared with 9 . 1  t DM/ha) . Similarly , Tainton (19 74a). found that 

a perennial ryegrass-wh i t e  clover pasture grazed laxly and inf requent ly 

during a dry summer produced 20% more herbage than a more c losely 

grazed treatment . The need to avoid very intens ive defoliation in 

summer (Br ougham, 1970)  a lso depends on mois ture regime . Appadurai 

and Holmes (1964 )  found that cutting a perennial ryegrass-white c lover 

pasture at 2 . 5  cm produced 20-4 1% more herbage than cutt ing at 7 cm when 

the soil was maintained at or near f ield capacity . Under a dryer 

moi sture regime there was no s ignifi cant difference between cutting 

heights and a cons is tent t endency for close cutting to g ive a lower 

yield than more lenient cutting . In the experiment of Brougham ( 1960a) , 
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frequent hard graz ings in summer resulted in widespread death of all 

sown species except white clover, and s ince white clover grows more 

slowly than ryegrass at lower temperatures (Mitchell , 1956), this 

largely explained the reduc tion in herbage production dur ing the 

subsequent cooler nine months . The clover content of the sward, 

measured as percentage ground cover and herbage harves ted, was lit t le 

inf luenced by cut t ing height in the experiment of Appadurai and Holmes 

(1964 ) . "Grass lands Manawa", the ryegrass used by Brougham ( 1960a) is 

less drought t olerant than "Grass lands Ruanui "  (Harris and Thomas, 1970) , 

and death of more drought tolerant ryegrass cultivars, such as "Grass

lands Nui" ( Sheath et al , 1976) , is less like ly .  

2 . 3 . 1 . 4 Reproduc t ive growth 

The rate o f  herbage growth in perennial ryegras s swards ,  liberally 

supplied with mineral nutrients and water , is most rapid during the 

period of reproduc t ive growth in late spring (Ans low, 19 65 ; Ans low and 

Green , 1967 ; Alberda and Sibma, 1968 ; Leafe et al , 1974 ; Behaeghe, 

1978) . Even when ryegras s swards are harves ted frequent ly, and the 

development of inflorescences is largely intercepted, the rate of 

herbage product ion s t ill shows a marked peak in late spring (Ans low 

and Green , 1967 ) . In ryegrass /white clover swards, the decline in 

ryegrass product �on during summer is compensated to  some extent by an 

increase in c lover product ion (Brougham, 1959a ; Rickard and Radcliffe, 

19 76) . Depending on the degree of ryegrass dominance the period of 

mos t  rapid growth of  irrigated ryegrass /clover swards can vary from 

lat e  October , for ryegrass dominant swards ,  t o  late December , for clover 

dominant swards (Rickard and Radcliffe , 1 9 7 6 ) . 

In the following sect ions the requirement s  for reproduct ive growth, 

the pattern of  reproductive growth and the physiological reasons for 

higher growth rates during reproductive growth of ryegras s will  be 

examined .  The effects o f  defoliation on reproduct ive growth , in 

relation t o  yield , will then be examined . 

2 . 3 . 1 . 4 . 1  Requirements  for reproduct ive growth 

The change f rom vegetative growth to reproduct ive growth is 

determined by local c ondit ions of temperature and light ; the requirements , 

which vary grea t ly with species and variety , being closely related t o  
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the climat ic or agronomic origin of the plant material (Cooper , 1960) . 

Three stages in the reproductive development of perennial ryegrass are 

recognised: floral induction ,  during which ap ical meristems become 

capable of responding to the photoperiodic st imulus ; floral init iat ion , 

in response to an appropr iate photoperiod ; and inflorescence deve lopment. 

Exposure to winter condit ions of short days and cold is obligatory for 

f loral induction in perennial ryegrass  (Cooper , 1960 ; Aitken , 1966)  and 

each t i ller must be induced independent ly ,  since there is no translocation 

of  the induced state to later formed t i llers (Calder , 1966) . The 

transi t ion from vege tat ive to reproduct ive growth , inf lorescence 

init iation ,  is broadly controlled by day length (Evans , 1964 ) , and is 

first evident from morphological changes in the growing point of the 

t iller (Cooper , 195 1 ;  Barnard , 1964 ) . First the growing point elong2 tes , 

and then spikelets begin to develop in the axils of the leaf initials . 

Soon af ter init iation ,  stem elongat ion begins , and head emergence normally 

occurs about 6 weeks after initiation (Cooper , 1952 ; Aitken , 1966 ) . 

The rate of  development of init iated inf lorescences is mainly 

controlled by temperature , light intens ity , and nutrit ional st atus 

(Evans , 1964 ) . The cons iderable range in heading date between ryegrass 

cultivars depends mainly on the length of the obligat ory exposure to 

winter condit ions (Cooper , 19 52 ; Aitken , 1966) but inf lorescence 

development may be has tened in later head ing cult ivars by the hlgher 

temperatures in later spring . Keat inge et a Z  (1979)  have sugges ted 

that early and late cultivars have a s imilar accumulated temperature 

(Degree days ) be tween init iation and heading . Few tillers appearing 

af ter early September become reproductive in "Grasslands Ruanui" perennial 

ryegrass at Palmerston North (Wi lson , 1959 ; Hill and Watkin , 197 5 ) . 

Floral initiation of "Ruanui" occurs in late Augus t and September , and 

head emergence begins between late Oc tober and early November (Wils on , 

195 9 ; Brougham, 19 61 ; Hill , 19 7 1) . 

2 . 3 . 1 � 4 . 2  Phys iological differences b e tween vegetat ive and 

reproductive swards 

Several reports (Alberda and Sibma , 196 8 ;  Leafe et aZ, 1974 ; 

Behaeghe , 1974 , 19 78 ; Deinum , 1976 ; Woledge and Leafe , 1976 ; 

Alberda , 197 7 ;  Sibma and Louwers e ,  19 7 7) have suggested reasons f or 

the higher growth rates of irrigated and well fert ilized ryegrass swards 



16 . 

in spri.1g compared with summer . I f  nearly all ti llers are rep roduc tive 

at the time of defoliat ion , regene rat ion is only poss ible by growth of 

axillary t i l lers on the bases of flowering ti llers (Williams , 1970 ; 

Behaeghe , 1974 , 1978) . Depending on species , cul t ivar , management 

and fertilizat ion there is a lag while regeneration of t i l lers occurs 

reducing production .  This only occurs for the one regrowth period 

after defoliation of reproductive ti llers however , and dense leafy swards 

at later defoliations produce less than spring swards growing under 

s imilar environmental conditions . 

Alberda and S ibma ( 1968)  suggested that the difference be tween 

reproductive and dense vegetat ive swards was caused either by a change 

in photosynthe tic performance or by a change in dry matter dist ribution 

above and be low the cutt ing level . Leafe et al (1974)  believed that 

assimilate dis tribut ion was important s ince Ryle (1970)  has shown that 

flowering ryegrass partitions 8% and 92% of as similate to root and 

shoot respect ively , while  vege tat ive plant s partition 1 7% and 83% resp-

ectively . Consequently , a greater proport ion of as s imilate is  

accessible for harvest from reproductive spring swards . 

Behaeghe ( 1 9 7 8 )  also s uggested that because summer swards had one 

fourth the ac t ive Chaired)  root mass of spring swards , summer root 

growth was also im�ortant . However ,  Troughton (1978)  has shown that 

summer herbage product ion is  no t significantly reduced by lack of  roots 

in perennial ryegrass .  

Leafe e t  a Z  ( 19 74) , Woledge and Leafe (1976) , and Alberda ( 1 9 7 7 )  

have shown that dense vegetative swards in summer and autumn have a lower 

photosynthetic effic iency than reproductive swards in spring . The 

exp lanation for the different photosynthetic  eff iciency of f lowering 

and vegetative swards has been shown to be related to their s t ructure and 

to the efficiency of their leaves .  Leafe e t  a l (1974 ) , Alberda ( 19 7 7 )  

and S ibma and Louwerse ( 19 7 7 )  have all shown that art if icially altering 

leaf angle of summer swards can alter photosynthesis . Changing leaf 

posit ion from erectophile to planophile decreased the carbohydrate 

production by 30% ( Sibma and Louwerse , 19 7 7 ) . However ,  Behaeghe ( l9 7 8 )  

found that although differences in leaf angle exist between f lowering 

and vegetative crops , they are unlikely to cause large differences in 

yield because the differences in leaf angle change during regrowth and are 
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non-systematic . 

Woledge and Leafe ( 19 7 6 )  exp lain the differences in canopy 

photosynthesis by change s in the effic iency of the individual leaves . 

Woledge ( 1 9 7 7 )  suggest that differences in photosynthetic efficiency 

of individual leaves are a consequence of differences in the light 

climate of the developing leaves ; leaves on e longat ing reproductive 

stems develop in high light intensities at the top of the sward , and 

leaves in vegetative swards develop in the shade of o lder leaves . 

Leaves developing in lower light intens it ies have a lower photosynthetic 

efficiency (Woledge , 19 7 7 ) . 

S ilsbury ( 1965)  and Deinum (1976)  suggested that high photosynthesis 

in a reproductive sward is caused by a high demand for assimilates from 

elongating s t em and growing inf lorescence ; vegetat ive tillers have no 

such demand . 

I t  is not clear whe ther demand for assimilate ( S ilsbury , 1965 ; 

Deinum , 19 7 6 )  or greater photosynthe tic efficiency o f  sun leaves 

(Woledge and Leafe , 1976)  explain the greater photosynthetic efficiency 

of reproduct ive swards . Addit ional demand for assimilate (stem growth) 

results in leaves developing at  the top of the canopy , and reduced 

demand for assimilates (no internode elongation) results  in leaves 

developing in shade . Woledge ( 1 9 7 9 )  has recently presented evidence 

that assimilate demand is less important than the light  environment of 

develop ing leaves in determining the photosynthetic e f f iciency of 

individual leaves .  Neither hypothesis can b e  used t o  explain why 

frequen t ly harvested ryegrass with little internode development grows 

faster in spring than autumn (Ans low and Green , 1967 ) . Behaeghe ( 19 7 8 )  

suggested that hormonal d i f ferences , not related to rep roductive growth , 

were involved and he termed these an ' hibernation effect ' .  

The difference in growth rate between spring and s ummer grass 

swards is caused by differences in both assimilate partitioning and 

photosynthetic performance . The reasons for difference s  in photo-

synthetic performance s t i l l  requires further research . 
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2 . 3 . 1 . 4 . 3  Pat tern of reproduct ive growth 

Herbage dry matter accumulat ion during unint errup ted reproductive 

growth of perennial ryegrass dominant swards is s igmoid (Alberda and 

Sibma , 1968 ; Leafe et a l, 19 74) with , under well  fert ilized condi t ions , 

a ceiling herbage mass ( excluding herbage below mowing heigh t )  of 10-12  

t DM/ha (Green et a l, 1971 ; Corrall et a l, 1979) . Leafe ( 1971)  

report ed a very high ce iling herbage mass  of  16  t DM/ha above ground

level , measured from relative ly small quadrat s ( two 30 x 30 cm quadrat s  

per p lot)  and perhaps included material from outside the quadrats . 

Unlike vegetat ive regrowth , wh ich consists  almost ent irely of leaf 

lamina and sheath , in reproductive growth mos t  of the herbage accumu

lation after the start of  stem elonga tion is due to increased mass of 

s tem (Wilman et a l, 1976d) . In the s tudy of Wilman et .a l, the proport ion 

of green leaf blade in the sward declined from 80% to 5% of the herbage 

mas s  during stem elongat ion . The amount of green leaf b lade declined 

after head emergence , about mid-way through the linear phase (Leafe 

et a l, 1974)  and there was a s teady increase in the amount of dead leaf . 

Besides the change from a leafy to a stemmy sward there is a 

marked decline in the nutrit ive value of grass swards during the period 

of s t em growth (Raymond , 1970) . The maturation of the s tem after 

head emergence , that is ligni fication (Raymond , 1970) , is mainly 

responsible for the decline in dige s t ibility of the herbage as a whole 

(Pr itchard e t  al, 1963 ; Terry and Tilley , 1964) , but  also the decline 

in the proportion of green leaf has some effect (Wilman et al, 1976d) . 

Thus the longer a reproduct ive sward grows wi thout interruption ,  the 

greater the herbage yield , but the lower the nutritive value in terms 

of digestib i l i ty and protein content . In grass swards the relat ionship 

between s tage of growth , yield and nutritive value depends on species 

and cultivar (Green et a l, 1 971)  and nitrogen supply (Wilman et al, 

19 76 d) . 

2 . 3 . 1 . 4 . 4  Effects of defoliat ion on reproductive growth 

Brougham (1961)  showed that grazing inf luenced the t iming of 

reproduct ive growth in perennial ryegrass swards .  Stem elongat ion 

occurred approximately one month later in a continuously grazed treatment 
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(herbage height maintained at 7-15 cm) than in a rotat ionally grazed 

treatment ( grazed to 9 cm each time herbage reached 30 cm) . Brown 

( 1980) found that "Grass lands Nui" perennial ryegrass swards grazed 

twice in winter flowered later than swards ungrazed in winter . 

Defoliation during reproductive development affects the number of 

both vegetat ive and reproduct ive t illers . If defoliation removes the 

meris tem of a reproductive t iller the remaining stub cannot grow and 

wi ll ultimately lose weight and die (Davies , 197 7 ) . Defoliated 

reproductive tillers with intact meristems can cont inue to develop , 

although if  the apex was close to the cut t ing level , the tiller may 

develop in a virtually leafless condition (Davies , 1976) . Regrowths 

in early summer contain varying proportions of fertile t i llers , depending 

on cultivar and on the s tage at which reproductive development is  

interrupted by defoliat ion (Corrall , 1974) . At  a given stage of 

development , closer defoliation will remove more meristems and reduce 

the proporti on of fertile t illers in regrowth (Davies et a l , 1971) . 

In grass swards , annual herbage production is  genera lly reduced 

20-30% (depending on subsequen t management )  when reproductive development 

is interrupted by defoliat ion at an early stage (when the sward i s  

leafy) compared with interrupt ion at anthesis (Austenson , 1963 ; Gillet , 

19 7 3 ;  Corrall , 19 7 4 ;  Mis levy et al . 19 7 7 ) . Where little aftermath 

growth occurs because of summer drought or short growing season , the 

advantage of cutting at anthes is may be cons iderably greater (Bird , 

1943 ; Bonin and Tomlin 1968a , 1968b ) . Interrupting growth after 

anthes is (at the dough s tage for example) does not increase the annual 

y ie ld further (Brid , 1943 ; Aus tenson , 1963 ; Bonin and Tomlin , 1968a , 

1968b ; Gervais and St P ierre , 19 7 9 ) . If  herbage quality (DOM ,  TDN , 

prote in)  is  cons idered , the advantage of �elaying defoliation until 

anthes is i s  smaller and not always s ignificant . Corrall ( 19 7 4 ) , for 

examp le ,  obtained from ryegras s  swards annual yield of 14 t DM/ha when 

reproductive growth was interrupted at a leafy stage , compared with 17  

t DM/ha when growth was interrupted post-anthesis . The annual DOM 

production was 9 t /ha and 10 t /ha respectively . 

The number of reproduct ive t i llers and the period of regrowth both 

influence the y ield and quality of  perennial ryegrass at any particular 

defoliation through the season (Corrall , 1974) . Reproduct ive t i llers 
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increase the yield but reduce the digestibility of herbage , the increase 

and reduction being greater with longer regrowth per iods . Depending 

on the stage of reproductive deve lopment , that is height of meristems , 

the t ime of defoliation inf luences the number of rep�oduc t ive tillers 

in regrowth , and therefore the y ield and quality of  regrowth . 

S imilarly , different defoliation intensities will influence the number 

of reproductive tillers in regrowth . 

Because of stem growth , the response to cut t ing frequency is  

different for reproductive and vegetat ive swards (Wi lman e t  a Z ,  1976a , c ) . 

Doubling the defoliation interval (from 3 , 4  or 5 weeks to 6 , 8  or 10 

weeks respectively) had a large positive effect on herbage yield during 

the main per iod of s tem development . During the subsequent vege tat ive 

period however ,  doubl ing the defoliation interval produced lit tle extra 

yield . For example , doubl ing the defoliation interval from 5 to 10 

weeks gave yields of  5 . 1  t DM/ha and 7 . 2  t DM/ha respectively during 

rep roductive growth , and 3 . 6  t DM/ha and 3 . 9  t DM/ha respectively during 

the subsequent 10 weeks of vegetat ive growth . Most of the response to 

defoliat ion frequency in the reproduct ive per iod was attributable to 

increased yield of s t em and seedhead . 

The effects of reproduct ive growth on herbage produc t ion in ryegrass 

dominant swards has .  received little attention under grazing . The 

informat ion reviewed was largely obtained from mowing experiments , and 

experimenters have s eldom inves tigated cutting height . When other 

criteria for defoliat ion f requency are s tudied , such as f ixed time 

intervals or light intercep tion , the results can be profoundly inf luenced 

by reproductive growth ( Sheard and Winch , 1966) , but frequently 

reproductive growth i s  not mentioned . A further problem is  that research 

has been conducted in environments with limited aftermath growth ; in 

New Zealand growth c an of ten continue through the winter . Sheep and 

cattle generally select leaf in preference to culm (Watkin and Clements , 

19 78) , partly reflec t ing greater accessibility , and this preference could 

influence the pattern of  regrowth under grazing . 

2 . 3 . 1 . 5  Res idual shoots 

In intens ively grazed temperate pastures the primary growth uni t  

i s  the individual shoot and the pasture can b e  regarded a s  populations 
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o f  shoots (Mitchell and Glenday , 1958) . In grasses , the shoots are 

called tillers , and each t iller has axillary buds capable of developing 

into further t i llers (Langer , 1963) . In white  clover each stolon is 

a shoot and new s tolons (o r an inf lorescence) can develop from axi llary 

buds (Erith , 1 9 2 4 ; Pas coe , 1973) . 

Factors c ontrolling the growth of  whi te clover ,  its performance 

in grazed pastures and its  ecological inter-relationships with other 

species have recently been reviewed by Pascoe ( 19 7 3) and Brougham et a l  

(1978) . S ince wh ite clover formed only a small part of the pas tures 

studied and because its  growth was not s tudied in detail , the factors 

influencing s t o lon development will no t b e  discussed further . The 

relat ionship b etween t iller densi ty ( the number of grass shoots per 

unit area) and regrowth , and the t iller dynamics of swards will be  

reviewed . 

2 . 3 . 1 . 5 . 1  Tiller  density and regrowth 

Regrowth is insensitive to t iller density over a wide range 

(Jackson , 1 9 7 3 ; Cocks , 1974)  since a decrease in density is compensated 

for by larger t i l lers (Kays and Har per , 1974 ; I shida , 19 75 ; Terai and 

Kanda , 197 9) . In a given environment ,  ryegrass swards quickly reach 

an equilibrium t iller density regardless of sowing rate ; because at 

low seed rates there is a high rate of  t illering , and at h igh seed rates 

there is a h igh rate of plant mortality (Holliday , 1953) . The equilibrium 

tiller density d epends on species , t ime of year , soil fertility , mois ture 

availability , competi t ion from other species , and defoliation regime 

(Holliday , 1953 ; Mit chell and Glenday , 1958 ; Langer et a l , 1964 ; 

Huokuna , 1966 ; Harris and Brougham , 196 8 ;  Garwood , 1969 ; Harris , 19 7 1 ; 

Ishida , 19 7 5 ; Hunt and Field , 19 7 8 ;  Pineiro and Harris , 19 7 8b ; Hors t  

and Nelson , 1 9 7 9 ) . 

At very low ti ller densities , not all light is intercepted by 

tillers , and regrowth is positively correlated with densi t y .  Cocks 

( 19 7 4) found that regrowth of Lolium rigiaum ( in terms of increase in 

LAI after defoliation) increased with t iller density up t o  10 , 000 tillers / 

m
2

, above which it changed little . Huokuna ( 1966) found that herbage 

I 7 production was related to t iller densi ty up to 3 , 200 tillers m in meadow 

fescue swards but the inf luence of  density depended somewhat on cut ting 
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frequency . When cut inf requent ly sparse swards produced more , but 

when cut more of ten only dense swards gave high yields . Variat ion in 

tiller density has been shown by Lazenby and Rogers ( 1962 ) to  account 

for 94% o f  the variat ion in recovery after cutting of S24 perennial 

ryegrass at different spacings . Davies ( 1966)  also found that regrowth 

of S24 perennial ryegrass was related to t iller density between 5400 

and 8700 t illers /m2 . The crit ical dens ity , below which growth is 

positively correlated with dens ity has not been established for perennial 

ryegrass .  

Any stress ,  or combination of  s tresses , which cause a dec line in 

tiller dens ity may cause bare patches in the sward (Davies , 19 7 7 )  there-

by reducing light interception and growth . In mixed swards , white 

clover or other volunteer species can es tablish in bare patches , 

increasing light intercep tion and reducing the effect of  ryegrass 

ti ller dens ity on sward growth . The influence of ryegrass dens ity on 

regrowth of grass /clover swards could be expected to be greatest in cool 

seasons whe'n c lover growth declines . 

2 . 3 . 1 . 5 . 2  T iller dynamics 

S ince the number of tillers present at any one time depends on the 

relative rates of formation and death (Langer , 1963) , the dynamics of 

tiller populat ions determine sward persistence and botanical composition . 

The effects of time of year , soil fert ility , moisture availab ility , 

competition and defoliation regime on ti ller density , tillering and 

ti ller survival will be reviewed in this section .  The review i s  

res tricted to field studies o f  swards where possible . 

2 . 3 . 1 . 5 . 2 . 1  The seasonal pattern 

Lamp ( 1952)  reported tha t clona l plants of Bromegrass g�own singly 

without being cut showed two periods of active tillering . The first in 

spring , c ont inued until internodal elongat ion started , and the second 

began at anthesis and continued unt il winter . A similar pattern of  

tillering occurs in mown grass swards (Langer e t  aZ, 1964 ; Huokuna , 

1966 ; Garwood , 196 9 ; Ito and Nakamura , 1975) , though e i ther period of 

tillering may , at t imes , be abs ent . Tiller death is  normally greatest 

during reproductive growth , init ially due to death of vegetative tillers , 
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and then due to death of de foliated reproductive tillers . In studies 

at Palmers ton North (Harr i s , 1971 ; Hill , 19 7 1 ;  Hunt and Field , 1978) , 

perennial ryegrass tiller density was greatest in late winter or early 

spring , declined during rep roduct ive growth , and then increased again 

f rom autumn . Early spring densi ty is normally about double the minimum 

density (Garwood , 1969 ; Hunt and Field , 1978) . 

The pos t-anthesis period of  tillering is not always apparent from 

dens ity measurements , although it has been in some s tudies (Langer et a l ,  

1964 ; Garwood , 1969) , because decapitated reproduct ive ti llers must 

be replaced be fore an increase in density can occur . Perennial ryegrass  

swards closed for seed production normally have approximately 2000 

( 900-3200) reproductive t illers/m
2 

(Hill , 19 7 2 ;  Spiertz  and Ellen , 

19 72 ; Hebblethwaite and Burbridge , 19 7 6 ;  Hebblethwai t e ,  19 7 7 ;  

Hebblethwaite and Ivins , 1 9 7 7 ,  1978) , and grazed swards probably have 

more due to secondary reproduc t ive t iller development (Davies , 1969) . 

2 . 3 . 1 . 5 . 2 . 2  Reproduct ive growth 

In ryegrass swards ,  the dec line in density during reproduct ive 

growth is mainly due to the death of vegetative ti llers as reproductive 

ti ller density remains almo s t  cons tant ( Spiertz and Ellen , 19 72 ; 

Hebblethwaite and Ivins , 1 9 7 7 , 19 7 8 ;  Ong et a l . 1978b ) . Reduced 

t illering and death of exi s t ing vegetative tillers both cause the decline . 

Death of vegetat ive tillers is  caused by failure of larger tillers 

(mainly reproductive tille r s )  to supply assimilate to smaller heavily 

shaded vegetative tillers ( Ong et a l . 19 78b ) . The d ecline in t illering 

is due to the flowering axi s  exert ing an inhibitory e f fect on the growth 

of t iller buds (Jewiss , 19 7 2 ;  Laidlaw and Berrie , 1974) . Clifford 

( 19 7 7 )  suggested that t iller bud suppression is influenced by movement 

of inhibitory levels of auxin into buds from nearby e longat ing stem 

internodes ,  whose growth in turn is controlled by the developing inflore-

scence and upper leaves . The supp ly of mineral nutrients also appears 

to be involved since cont inuous feeding of  barley plants with a relat

ively concentrated nutrient s o lut ions prevented the decline in tillering 

during stem elongation (Aspinall , 1961) . 

Defoliation during reproductive growth could be expected to increase 

tillering by reducing ap ical dominance , and to increase vegetative tiller 



2 4 .  

survival in the improved light environment o f  the defoliated sward . 

Defoliat ion of  reproductive tillers can indeed advance the period of 

rapid tillering from after anthesis to an earlier date (Asano and 

Chuj o ,  1975 ; Krause and Moser , 1977) . I t  is possible that j us t  

grazing o f f  part of the seedhead could stimulate tillering since removal 

of f lorets from barley inf lorescences increased ti llering , the response 

being more pronounced at low nit rogen levels (Aspinall , 1963) . In 

frequently cut swards of meadow fescue (Jewiss , 1966) , cocks fqot 

(Ito and Nakamura , 1975) , and perennial ryegrass (Davies , 19 7 7 )  

considerable numbers o f  vege tat ive tillers survived through reproductive 

growth . This  is in marked contras t to frequently cut swards of timothy 

(Jewiss , 19 6 6 )  and Italian ryegrass (Davies , 19 7 7 )  where only a small 

proportion of vegetative tillers survived through flowering . Less 

frequent defoliat ion reduced the proportion of vege tative ti llers 

surviving reproduct ive growth (Jewiss , 1966 ; Wi lliams , 1970)  so that 

persistence of the sward depended to a greater extent on tillering 

after flowering . Although frequent def oliation can increase survival 

of vege tative t i llers , it does not always prevent a decline in dens ity 

(Langer , 1959 ;  Anslow , 1967) . 

Decapitat ion of  reproductive tillers stimulates development of new 

tillers from previously dormant axillary buds on the basal nodes of 

cut stubs (Gillet , · 1973) . S ilsbury (19 64) , Williams ( 19 70) , and 

Davies ( 19 7 7 )  have also mentioned t illers originating from this source 

in perennial ryegrass . S ilsbury ( 1964)  found that regrowth of ungrazed 

perennial ryegrass , growing in the mediterranean-type environment of 

South Australia after summer drought , was �ainly due to the development 

of tillers f rom dormant buds on the basal nodes of reproduct ive t illers . 

Few vegetative tillers survived the drought and persistence depended 

on dormant axillary buds . Sward death after cutting perennial ryegrass 

swards at the head emergence stage has frequently been observed in crops 

grown with h igh inputs of N fertilizer in the U . K .  (Williams , 19 70 ; 

Jewiss ,  1 972)  and is  due to the failure of buds on cut reproductive stubs, 

to  regenerate .  More frequent defoliation ,  by increasing survival of 

vegetative t illers and decreas ing the period of bud dormancy , prevents 

sward death (Williams , 1970) . Davies ( 19 7 7 )  actually f ound that in 

a S24 perennial ryegrass sward cut every three weeks few vegetative 

tillers died between cuts (approximately 10%) and during the main f lowering 
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period 34% of new tillers originated from cut stubs . In perennial 

ryegrass swards axillary buds on the basal nodes of defoliated 

reproductive t i l lers appear to be mos t  important for sward persiste nce 

where defoliat ion is infrequent , expecially in high fer t i li ty or dry 

situations . 

2 . 3 . 1 . 5 . 2 . 3  Effect of  defoliation 

Defoliation regime has a marked e f f ect on t iller production ,  

survival and dens ity . Langer ( 1963) , a f ter reviewing several s tudies 

of the effect  of  cut ting on tillering under cont rolled condi t ions , 

concluded that unless f lowering s tems were removed , defoliat ion was 

unlikely t o  increase t i llering in s ingle plants , although in a favourab le 

environment  the effect might only be  t emporary . He noted that in 

swards , defoliat ion also influenced the amount of mutual shading which 

Mitchell and Coles (1955)  had suggested  reduced t illering . Mere ly 

shading t il ler bases , such as occurs in dense stands , can arrest  t i ller 

production , although dry we ight per t iller is unaltered (Davies , 1 9 7 7 ) . 

Conversely , removing the base shade , as occurs with defoliat ion , permits 

resumpt ion of t illering . Hunt and Field (19 7 8) showed that after 

grazing perennial ryegrass swards , t i llering was at first minimal , 

then increased , presumably as more ass imilate became available , and 

eventually decreased as mutual shading had an effect . They also showed 

that init ia l ly after defoliat ion there was little tiller death , but soon 

after the c anopy closed ( 95% light int ercep t fon) tiller death increased 

greatly . 

reached . 

T i l ler death rate decl ined af t er a stable population was 

Thes e  results  sugge s t  that frequent close defoliat ion , although 

preventing mutual shading , reduces as s imilat ion and hence t i l lering . 

Brougham ( 19 59b ) and Huokuna ( 1966)  found . that such a defoliation regime 

resulted in p lant mortality and a low t i l ler density . Normally however , 

as a resul t  o.f greater t iller appearance and survival , more frequent or 

closer def ol iati on result in a higher t i l ler density (Lan�r ,  1959 ; 
e-. c. {.; 

Madison , 1 9 6 2 ; Langer et al, 1964 ; Huokuna , 1966;  Agy�e and Watkin , 
c 

1967 ; Edmond and Hoveland , 19 7 2 ;  Beard , 19 7 3 ;  Harris , 1 9 7 3 ; Ishida , 

1975 ; Ito and Nakamura , 19 75 ; Wilma�et a l, 1976b ;  Davies , 19 7 7 ;  

Dobs on .P.t al . 1 9 7 8 ;  Pineiro and Harris , 1978b ; Boswel l  and Crawford , 

1978 ; She f fer et al. 1978) . Mi t chel l  and Glenday (1958)  and Monteath 
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et  aZ (1977)  have shown that ryegrass tiller density is greater in 

pas ture grazed by sheep than in pasture grazed by cat tle , part ly as 

a result of closer and more frequent grazing . 

2 . 3 . 1 . 5 . 2 . 4  Fer tilizer 

Pot experiments have demons trated that tillering is greatly 

increased by raising the supply of mineral nutrients , notab ly nitrogen 

(Langer , 1966) . In grass swards nitrogen fertilizer also increases 

the rate of tillering (Houkuna , 19 66 ; Sampaio and Beaty , 1 9 7 6 )  and 

t iller dens ity (Lambert , 196 2 ;  Madison , 1962 ; Houkuna , 19 66 ; Harris , 

19 7 3 ; Ishida , 1975 ; Wilman et aZ , 19 76b ; Beaty et a Z ,  197 7 ;  

Davies , 1977 ; Hebblethwaite and Ivins , 1 9 7 7 , 1978) but the response 

depends on defoliation frequency . Wi lman et aZ (19 76b )  found that 

i f  defoliation of perennial ryegrass swards was frequent (every 3 or 

4 weeks ) , nitrogen fertilizer increased density , but when defoliation 

was less frequent ( every 8 or 10 weeks ) , nitrogen decreased dens i ty .  

The decrease was probably caused by the greater amount of shad ing in 

the fertilized swards . I f  phosphorus is limit ing growth , the increase 

in tiller density with nit rogen ferti lizer is  greater if phosphorus 

is also applied (Harris , 1973) . 

2 . 3 . 1 . 5 . 2 . 5  Water supply 

During summer drough t , t iller dens ity is  normally greater in 

irrigated than dryland swards (Garwood and Williams , 1967 ) , but when 

mois ture becomes available again in autumn , dryland swards may b ecome 

denser than previously irrigated swards (Horst and Nelson , 19 7 9 ; 

Korte and Chu , unpub lished data) . Autumn density also depends on 

drought severity , s ince prolonged drought can result in death of 

ryegrass plants (Harris , 1971)  and the recovery of depleted ryegrass  

swards would be expected to be limited . In the experiment o f  Horst 

and Nelson (1979)  wi th tall fescue in Missouri , the difference in 

density observed in autumn was still evident the following spring . In 

pot studies , the amount and rate of t illering have been shown to be 

reduced under dry conditions (Olmsted , 1941 ; Chu , 1979) , and in 

p erennial ryegrass and t imothy swards , resumption of tillering after  

f lowering is  delayed in the absence o f  rain or  irrigation (Garwood , 

1969 ) . 
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2 . 3 . 2  Herbage death and decay 

The death and decomposition of  herbage have received relatively 

little s tudy in temperate grasslands (Mason , 19 76) , but both processes 

have been considered to have an important influence on net herbage 

product ion (Campbell , 1964 ; Brougham , 1962 ; Bean, 1964 ; Hunt and 

Brougham , 1966 ; Ans low ,  1966 , 196 7 ;  Hunt 1970a , b ;  Morris , 19 70 ; 

Davies ,  19 7 la ;  Tainton , 1974b ; Wilman and Mares Martin , 19 7 7 ;  

Robson and Deacon , 19 7 8 ;  King e t  a Z, 19 7 9 ) . The lack o f  knowledge 

about death and decay is indicated by the largely unsuccess ful attempt 

of Sauer ( 19 7 8) t o  model the dynamics of dead herbage . S imilarly , 

the models of  Sheehy et a Z  ( 19 7 9 )  and Okubo e t  al. ( 19 7 7 )  predicted 

considerably more dead herbage than was observed in the experiments 

actually simulated . 

In est�b lished swards the total dry weight above ground level at 

any time includes a considerab le quant�ty of  dead material which is 

continually being added to by senescence of green parts and reduced by 

decay (Bean , 1964) . Campbell ( 1964)  pointed out that dead herbage 

intercepted ligh t but had no photosynthetic capacity , so i t  probably 

reduced pas ture growth . Dead herbage is generally avoided by grazing 

animals in preference for green herbage (Arnold , 1964 ; McBride e t  a� 
1967 ; Dudz inski and Arnold , 19 7 3 ;  Thomson , 19 7 7 )  and is  of  lower 

nutritive value than green herbage (Terry and Tilley , 1964 ; Wilman 

et a Z, 1 9 7 6d ) . Rat tray (19 7 8) found that the in vitro d iges tab ility 

of pasture in autumn was highly correlated (r = 0 . 98) with the proportion 

of green herbage in the sward . 

There is  cons iderable difficulty in studying herbage death and 

decay in pastures . Wilman and Mares Martin ( 19 7 6) noted that there 

is no clear difference between ' living ' and ' senescent or dead ' t issue . 

Herbage is normally classified as living when it is green and
. 

dead when 

it is yellow or b rown . Quantitative data on the death and decomposition 

rates has only been obtained in three studies (Hunt , 1970  a , b ;  Morris , 

1970 ; Wilman and Mares Mart in ,  1 9 7 7 ) .  The death rate was obtained 

by col�ecting dead herbage from f ixed quadrats at frequent intervals 

(norma�ly every 3 days) , and decomposition was estimated as the diff

erence between lit ter accumulat ion (corrected for init ial  residues )  

and herbage death . Considerable t ime is required t o  separate li�ter 
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from green herbage in the field and this limits the size o f  any study . 

The death rate has also been estimated from considering the average 

number of  leaves per t iller , average leaf life , and mature leaf weight 

in a sward (Brougham , 1958b ; Hunt and Brougham , 1966 ; Williamson , 

1976)  but this method can only provide information at the cei ling herbage 

mass . Campbe ll ( 1964)  drew conclusions from f luctuat ions in net head 

mat ter y ield , that is , dead herbage mass  (Hodgson , 1979) , but death 

and decomposit ion rates are conf ounded in this case . Gillingham ( 19 7 8 )  

measured litter fall in a high-stocked hill country pas ture over a 

�·hole year but he undoubtedly underestimated the amount of herbage death 

s ince lit ter was collected infrequently (every two to seven weeks ) .  

Some dec omposit ion would have occurred between litter collect ions , aud 

s ince collections were made after grazing , litter consumed by sheep was 

not included in the estimate .  

2 . 3 . 2 . 1  Fac tors affect ing herbage death 

Dai ly rates of herbage death of over 60 kg DM/ha/day in spring have 

been reported (Hunt , 19 70a ; Wi lman and Mares Martin , 1 9 7 7 )  indicat ing 

the importance of this process . Several fac tors have been suggested 

as influencing the rate of herbage death and these will be briefly 

reviewed . 

2 . 3 . 2 . 1 . 1  Age of leaves 

Leaves are organs of l imited growth and , once they have reached their 

f inal size , they remain on the plant for a period and then die (Langer , 

19 7 9 ) . Williamson ( 19 7 6)  found that the life-span of grass leaves in 

an undefoliated sward depended on species and t ime of year . In ryegrass , 

the rates of leaf appearance and death do not differ greatly , so that 

the number of living leaves per tiller is relat ively cons tant ; normally 

about three leaves per t iller in a closed vege tative sward (Hunt and 

Brougham , 1966 ; Davies ,  19 7 lb ;  Thomas and Norris , 19 7 7 ) . 

Hunt and Brougham ( 196 6 )  found that in an undefoliated Italian ryegrass 

sward each tiller produced a new leaf every 8 to 18 days , in spring and 

winter respectively , so that the life of leaves was between 24 and 54 

day s . In another study (Brougham , 1958b) , the life of white c lover leaves 

was approximately 30 days during summer . 
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2 . 3 . 2 . 1 . 2  S tage of regrowth 

The rate of leaf death is  generally lowest short ly after defoliation 

and it  increases dur ing regrowth (Huokuna , 1960 ; Bean , 1964 ; Agyare and 

Watkin , 19 6 7 ; Hunt , 1970 a , b ;  Wi lman and Mares Martin ,  19 7 7 ) . This  

increase in  leaf death has been attributed to increased shading in  the 

later s t ages of regrowth . Rodin and Bazi levich (19 6 7 )  found that annual 

litter fall in s t eppe meadows was proportional to the plant biomass , 

and Duncan (pers comm) af ter re-ana lysing the data of Hun t ( 1970a) has 

demonstrated a similar relationship during regrowth of ryegrass/c lover 

pasture . Duncan found that approximately 0 . 8% of green herbage died 

daily , regardless of either st age of regrowth or amount of  shading of 

lower leaves . For examp le , the daily death rate of swards with 1000 

and 6000 kg green herbage DM/ha would be expected to be 8 and 48 kg DM/ 

ha respec t ively . Data in other sutdies where litter fall has been 

measured (Morris , 1970 ; Wi lman and Mares Martin , 19 7 7 )  canno t be compared 
�� because insufficient data � present ed . 

2 . 3 . 2 . 1 . 3 Def oliat ion regime 

Herbage cont inua lly dies in undefoliated pasture stands (Brougham , 

1962 ; Hunt and Brougham , 19 66 ; Rodin and Bazi levich , 19 6 7 ;  

Wi lliamson , 1976)  but the defoliation regime can influence the amount 

of death . The inf luence of defoliat ion frequency can be  j udged from 

the work of  Hunt ( 19 70 a , b )  and Wilman and Mares Mar tin ( 19 7 7 )  who both 

studied dead herbage accumulat ion dur ing regrowth .  Reports of Campbell 

(1964) and Morris ( 19 70)  indicate that de foliat ion intens i ty has an 

important  inf luence on herb age death . 

Ans low ( 1966)  sugges ted that t oo long an interval between defoliat ions 

could result in considerab le loss of herbage through senes cence and decay . 

No experiment s  have compared l it ter fall in swards defoliated at different 

frequenc ies under a cons tant defo liat ion intensity , but Wilman et a Z  

(1976 a , c ) reported that the amount o f  dead herbage harves t ed increased 

markedly wi th less frequent defoliat ion . For example , the amount of 

dead leaf harvested over 30 weeks was 110 kg/ha and 1270  kg/ha from three 

week and t en week cut t ing intervals respectively . These  results , and 

those of Hunt (1970 a , b )  and Wilman and Mares Mart in ( 19 7 7) , sugges t  

that less frequent defoliat ion increase herbage death . 
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The in fluence of defoliat ion intens ity on herbage death has not 

been invest igated , but Morris ( 1 970) me asured herbage death in swards 

maintained at different LAI . Herbage death was greater at higher LAI , 

for example , the daily death rate was 54  and 39 kg DM/ha/day in swards 

maintained at  ave rage LAI of 4 . 6  and 3 . 1 respect ively . As stocking 

rate , and pas ture ut ilizat ion was increased , the amount of dead herbage 

ac cumulating in dairy pas ture during sp ring and summer was reduced 

(Campb e l l , 1964) . Similar resul ts were ob tained by Jagusch et a l  
( 1 978)  under sheep grazing . These results suggest that herbage death 

decreases with increasing defoliat ion in tens ity and level of herbage 

ut ilizat ion , a conclusion also reached by Beard ( 19 7 3 ) . 

2 . 3 . 2 . 1 . 4  Climat ic influences 

Frost and drought are the main climatic factors influencing 

herbage death . Several authors (Corbet t ,  19 5 7 ;  Wiegert and Evans , 

1964 ; Agyare and Watkin , 196 7 )  have noted that frost damage in winter 

can result in leaf death . In his simulat ion model of biomass dynamics 

for grass land , Sauer ( 19 7 8) sugge sts that frost damage causes 25% of 

green herbage to die if  the min imum daily tempera ture falls be low 7°C 
0 

for warm-season gras ses and 3 C for cool-season grasses . 

Hunt ( 1 968)  concluded that from the limited information available , 

moisture s t ress and high temperatures could be important fac tors 

influencing leaf death rates . Chu ( 19 79 )  repor ted that during a period 

of water s t ress suff icient to prevent new leave s  appearing , old leaves 

died , reducing the leaf area . The reduct ion in leaf area was greater 

at higher t emperatures in plants maintained at the same leve l of moi s t ure 

st ress . Sauer ( 19 78 )  sugges ted that shoot death due to  drought increases 

linearly as soil-water potential drops below 20% of the permanent wi l t ing 

soil-water  p o t ential . Leaf death due t o  drought  in summer would normally 

be expec ted although the quantitative relat ionship has not been es tab l ished 

for ryegrass /c lover pas ture . 

Although Gillingham ( 1978) undoub tedly underestimated herbage death 

his resu l t s  show the seasonal pattern . Litter  fall was 380 , 1430 , 7 4 0  

and 200 k g  DM/ha during spring , summer , autumn and winter respectively 

in perennial ryegras s /Poa annua dominated s t ockcamp pas tures in hill 

country . In winter and early spring lit ter was mainly leaf , but in late 
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spring senescing Poa annua plants formed the bulk of  litter collected . 

In summer , . pastures became rank and litter was derived mainly f rom 
I 

shaded ryegrass , then in autumn the uneaten stalk material collapsed and 

formed the bulk of the litter fall . Campbell ( 1964)  found that dead 

herbage accumulated during spring and summer ,  when only part of the 

herbage availab le was consumed by dairy cows . Increasing the stocking 

rate , or area of conserved pasture , reduced the amount of dead herbage . 

These results sugges t that the seasonal pattern of herbage death 

in grazed pastures depends on pas ture growth and utilisat ion , ungrazed 

herbage shading plants and eventually dying . Drought during summer 

accelerates the death of uneaten herbage . This is in marked contrast 

to U . K .  hill pastures , where frost seems to have the maj or effect . Dead 

herbage accumulates during autumn and winter then gradually disappears 

during summer (Eadie and Black , 1968) . A component of dead herbage 

whi ch has received little at tent ion is uneaten flowering tillers ; most 

research having concentrated on leaf death.  

2 . 3 . 2 . 1 . 5  Nit rogen 

The appl ication of fert ilizer nit rogen to pasture , besides increa

s ing herbage yield , increases herbage death (Morris , 19 70 ; Wilman and 

Mares Martin , 19 7 7 ) . Although the results of Wilman et al (1976  a , c ) 

are confounded by both herbage death and decomposition they also illus

trate how nitrogen fert ilizer can increase herbage death . With 

infrequent defoliation (harves ted �very 10 weeks) more dead herbage 

was harvested from ryegrass swards when nitrogen f�rt ilizer was applied 

( 1160 and 2180 kg DM/ha for 0 and 525 kg N/ha respectively) . The 

increased herbage death is presumab ly due to the greater green herbage 

mas s  or to the longer period of intense shading ( 2. 3 . 2 . 1 . 2) . 

Wilman and Mares Martin ( 19 7 7 )  also found that nitrogen fertilizer 

tended to decrease the production of senescent and dead t issue in the 

early s t ages of  regrowth . The results of Wilman et a Z ( 19 7 6  a , c ) 

also suggest that nitrogen fertilizer can reduce herbage death in the 

first three weeks of regrowth . With frequent defoliat ion ( every three 

weeks ) nitrogen increased total herbage yield from ryegrass swards , but 

had no s ignificant effect on dead leaf yield (Total herbage : 4 7 30 and 

10850 kg DM/ha ; dead leaf : 100 and 110 kg DM/ha ; for 0 and 525 kg DM/ 

ha respectively) . Wilman and Mares Mart in ( 1 9 7 7 )  sugges ted that nitrogen 
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fert ilizer increased yield in the early stages of regrowth by 

increasing ti ller densi ty , but did not increase leaf death because few 

o f  the new leaves wou ld die within the first three weeks regrowth . 

2 . 3 . 2 . 1 . 6  Pas ture species 

Differences in the amount of  leaf death be tween various pas ture 

species reported by Wilman and Mares Martin ( 19 7 7 )  may have merely 

reflected dif ferent amounts of green herbage , and hence death . In

sufficient data is presented to test this hypothes is . 

2 . 3 . 2 . 1 . 7  Biotic factors 

Besides the factors already reviewed several other biotic factors 

have been reported t o  inf luence herbage death . Gillingham ( 19 78) 

observed that pulling of  p lants by graz ing animals and urine scorch 

increased pasture litter . Herbage under lying dung pat ches qui ckly 

dies and decays (MacDiarmid and Watkin , 1971) . Tramp ling of pasture 

by the hooves of grazing animals also can result in herbage death . 

Harper ( 19 7 7 )  has described how surface-feeding slugs like 

Aqrio limax re ticulatus chew through grass tillers at the base , leaving 

the felled leaves uneaten on the soil to  die . S imilarly , Por ina 

(Wiseana spp) larv�e also chew foliage at ground level ,  leaving de

foliated leaves to die , and Argentine stem weevil (Huperodes bonariensis) 

larvae damage grass t illers caus ing leaf death (Pot t inger , 1 9 7 3 ) . 

Roo t  feeding invertebrate s ,  notab ly grass grub (Coste lutra zealandica)  

larvae in  New Zealand , reduce the root mass of pasture and can increase 

the amount of dead herbage also . 

Several species of  rust fungi are commonly found in New Zealand 

pas ture , the species Pucinia coronata being mos t  important (Blair , 19 7 3 ) . 

Rus t  infected leaves d ie , infestation be ing mos t  noticeab le in summer 

and autumn on perennial ryegrass . 

2 . 3 . 2 . 2 . Litter disappearance 

Earthworms and micro-organisms are involved in removing litter f rom 

pas ture , but grazing animals also consume litter and may trample further 

dead herbage into the s o i l . Daily rates of lit ter disappearance up t o  
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30 k g  DM/ha have been reported for ryegras s /wh i t e  clover pas ture in 

New Zealand (Hunt , 1970b ) . The rate depends on the amount of lit ter 

presen t , the populations of earthworms and micro-organisms , and micro

bial activity . Syers et a Z  ( 1970)  reported that earthworms alone could 

remove up to  85 kg litter DM/ha/day from a ryegrass / c lover pasture . 

Generally two species of  earthworm , both European in origin , 

A Z Zo Zobophora caZiginosa and Lumbricus rube ZZus predominate under ryegrass/  

clover pasture in  New Zealand , with the larger s pecies OctocZasium cyaaeum 

and A Z Zo Zobophora Zonga occurrfug infrequent ly ( S ears and Evans , 195 3 ;  

Wat ers , 1955 ) . Both A .  caZiginosa and L. rube Z Zus consume dung , dead 

roots , and dead leaf (Waters , 1955) , reducing the herb age mass of  pasture . 

L . rube ZZus has been reported t o  depos i t  up to  3 3  t /ha/yr of surface 

cas t s  ( Syers et a Z� l979)  and these cas t s  can cover herbage . Al though 

earthworms can reduce the herb age mass o f  pasture by removing large 

amount s of l itter , due to imp roved nut rient cyc l ing and improved soil 

physical propert ies they also improve the environment for plant growth 

(Barley , 1961 ; S t out et a Z� l9 76) . 

Micro-organisms (mainly b acteria and fungi)  are involved in the 

decomposition of litter b oth ab ove and b elow the soil  surface in 

pas t ures and turf (Bear , 19 7 3 ;  Hunt , 19 7 7 ) . L i t ter pH , lit ter 

carbon-nitrogen rat i o ,  temperature and mois ture are the main factors 

influencing the rate of decomposition (Hunt , 19 7 7 ) . Lime app lication and 

nit rogen fertilization can b oth increase the rat e  of l i t ter decomposition 

(Beard , 197 3) . Warmer t emperatures and moister condit ions also 

increase decompos ition (Hun t , 1 9 7 7 ) . 

2 . 3 . 2 . 3  Litter d isappearance and regrowth 

Although less frequent and less intens ive defoliat ions are expected 

to  increase pasture growth , they are also expected to increase herbage 

death and disappearance . Morris ( 19 70)  ·clearly demons trated the 

importance of this interaction between gross aeri al growth and losses 

from l i tter disappearance . The maximum harvested  yield was obtained 

by rotational defoliat ion to 3 cm every 4 weeks , but this was derived 

from the minimum gross aerial growth . Maximum g ross aerial growth 

occurred unde r  the s imulated cont inuous graz ing t reatments maintained at  

a high LAI ( 4 . 6 ) . The d i f ference between gross and harvested yield 

was largely due t o  the death and sub sequent decay of leaves , up to  50% 

of growth being l os t . Morris ( 19 70 )  concluded that , in pract ice , it 
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may b e  preferab le to ob tain less growth , but t o  harvest more of the 

material grown , minimizing the losses through senescence and subsequent 

decay . 

2 . 4  CONCLUSION 

Although defoliat ion intensity and frequency clearly influence 

pasture growth , the op timum intensity and frequency of grazing is st ill 

not c lear from the literature . I t  wou ld help if the opt imum graz ing 

management could be defined in terms of plant physiological parameters 

such as leaf area index , s t age of reproductive growth , reserve s t atus , 

or s tubb le quality . Recommendat ions could then be made for farms 

wi th diffe rent soil types , climates , fert ilizer programmes ,  stocking 

prac t ice  e t c .  T o  ob tain satisfactory conclusions , inves t igations mus t  

be  conducted under graz ing with herbage sampling to ground leve l .  

Since net herbage accumulat ion is the result of both growth and herbage 

disappearance it is necess ary to separate  dead and live herbage . In 

this investigat ion defoliation intensity and frequency wi ll  be defined 

by p lant physiological parame t ers . 
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CHAPTER 3 TERMINOLOGY AND DEFINITIONS 

The nomenclature . and definitions recently published by Hodgson 

(1979)  and Thomas ( 1980) are used in this thesis . The more frequently 

used terms are presented for convenience in this chapter . 

3 . 1  THE SWARD (Hodgson , 19 79) 

Herbage mass 

Herbage growth 

Herbage accumulation 

Herbage consumed 

Herbage harvested 

the total mas s  of herbage per uni t  area 

of ground , measured to ground level (or 

to some reference height) .  

the development and increase in we ight of  

new leaf and s t em tissue . 

(also referred to as net herbage accum

ulation) ; the change in herbage mass 

between succes s ive instantaneous measure

ments ,  summed over time as appropriate . 

the mass  of  herbage removed per uni t  area 

by animals at a s ingle grazing or s eries 

of grazings . 

the mass  of herbage removed per uni t  area 

by mechanical means at a s ingle harves t 

or series of  harvests . 

3 . 2  THE GRAZING PROCESS (Hodgson , 1979)  

Degree· of defoliation 

Res idual herbage 

Defoliation interval 

the rat io of  the amount of  herbage consumed 

or harvested to the original mass . · The 

equivalent term defoliation intens i ty, is 

used also . 

the herbage remaining after defoliation . 

the time between successive defoliations 

of an area . The term de foliation 

frequency, the number of defoliations per 

unit time , is  also used . 
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3 . 3 GRAZING MANAGEMENT (Hodgson , 1979)  

Grazing period 

Res t  period 

Grazing cycle 

3 . 4  THE CANOPY (Thomas , 1980) 

Leaf Area Index (LAI ) 

Tiller 

the length of time for wh ich a part icu lar 

area of land is grazed . 

the length of time between the end of one 

graz ing and the st art of the next on a 

part icular area . 

the length of time between the beginning 

of one grazing and the beginning of the 

next , tha t is , the grazing per iod p lus the 

rest period . 

the area of green leaf ( one side) per unit 

area of ground that is carried by a canopy . 

Only lamina was measured . 

aerial shoot of a gras s p lant . Tillers 

were only counted after they be came apparent 

to the eye without the d issect ion of the 

plant . 

Tiller appearance rate (TAR) the rate at which tillers become apparent 

to the eye without dissect ion of the p lant . 

( i )  Ab solute TAR 

( ii )  Proportional TAR 

Tiller death rate (TDR) 

is given by N2 - N1 where 

t 2 - t
l 

t
1 

and t 2 are the times at which counts are 

made of the number of live ti llers (N) . 

is given by 1 . N2 - N 1 Nl t 2 - t l 

The TAR is net if N2 is the number of · live. 

tillers at t 2 , and gross if N2 = N1 + (number 

of new t i l lers produced between t1 and t
2

) .  

the rate a t  which t illers die . The gross 

abao lute TDR and proportiona l TDR can be 
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calculated when the number o f  tillers 

dying between two dates is measured . The 

net TDR is the ne t TAR when N
2 < N

1
. 

3 . 5 REPRODUCTIVE DEVELOPMENT (Thomas , 1980) 

Inf lorescence emergence 

An thesis 

the first appearance of the tip of a 

grass inflores cence at the mou th of the 

sheath of the flag leaf . Equivalent to 

ear emergence or head emergence . 

flower opening . 
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EFFECT OF LATE SPRING GRAZING INTENSITY AND 

FREQUENCY ON THE HERBAGE PRODUCTION AND SHOOT 

DENSITIES OF RYEGRASS DOMINANT PASTURE 

4 . 1 INTRODUCTION 

Several grazing management experiments concerned with defoliat ion 

frequency and intens ity have been reported in New Zealand . Brougham 

(1959b , 19 60a) showed how botani cal composit ion of pas ture could be 

al t ered by grazing regime and demons trated that frequent close defol

iat ion in summer greatly reduced ryegrass persistence and produc tion . 

Weeda ( 1965) , Campbe ll  ( 1969) , P ineiro and Harris ( 1 9 7 8a) and Holmes 

and McC lenaghan ( 1 9 7 9 )  have all shown that less frequent defoliat ion 

inc reases pasture growth but the opt imum defoliat ion interval is s t i ll 

not clear from these exper iments . Increasing the degree of defoliat ion 

has been reported to  increase (Holmes and McClenaghan , 1 9 7 9 ) , decrease 

(Weeda , 1965) or have no ef fect on herbage product ion (Tainton , 1 9 7 4b ; 

Marsh , 19 7 8 ,  1979) . This study attempts t o  define the opt imum graz ing 

int ens i ty and frequency more clearly with reference to p lant physiolo

gical p arameters . 

Res idual leaf area index (LAI ) was chosen as the criteria for 

def ining the degree of defoliation (defoliation intensity) since many 

s tudies have stressed the impor tance of light interception for pasture 

growth ( e . g .  Brougham , 1956 ; Donald and Black , 1958) . Residual pasture 

height and residual herbage mass have been used as cri teria for defol

iat ion intensity in grazing studies ( e . g .  Brougham, 1959b , 1960a ; 

Holmes and McClenaghan , 197 9)  but pas tures of  similar he ight or mass  can 

have dif ferent LAI depending on such factors as the ratio of live to  

dead herbage and the ratio of leaf t o  non- leaf . A high and low residual 

LAI were compared t o  test whether this was an impor tant criteria for 

def ining grazing regimes . It  was anticipated that cont inually leaving 

a high residual LAI would reduce stubble quality (Hunt and Brougham, 

196 7 ;  Jackson , 19 7 4 ;  Ollernshaw and Hodgson , 1 9 7 7 )  so treatments with 

alternating grazing int ensities were included t o  maintain stubb le quality 

whi l e  having a higher light intercept ion than the low residual LAI 

treatment .  Two alternat ing intensity treatments were compared as the 

t iming of c lose grazings was expected to  interact with the reproduct ive 

growth of ryegrass . 
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De foliat ion interval was also d e f ined in terms of light 

interception . The opt imum s t age to  de foliate pasture is uncertain , 

being e i ther each t ime full light intercep tion is reached (Tain t on , 

1 9 74b )  or each time the ceiling LAI is reached (Terai , 197 7 ) . More 

or less frequent defoliat ions have b o th reduced herbage produc t ion in 

mowing experiments (Wilson and McGuire , 19 6 1 ;  Sheard and Winch , 196 6 ;  

Terai , 1 9 7 7 ) . S ince much o f  the herbage accumulating in the later 

s tages o f  regrowth is dead leaf  (Hunt , 19 70a ; Tainton , 19 74a) , whi ch is 

avo ided by graz ing animals  (Arno ld , 1964 ; McBride et a l , 196 7 ;  Thomson , 

19 7 7 ) , the produc tion of live and dead herbage was measured . 

As the graz ing pract ice  in one s eason can affect herbage product ion 

in subsequent s easons (Brougham , 1960a) , the residual LAI treatments  were 

only app lied during late s pring/ early summer .  To detect any res idual 

effect  a ll  t reatments were defoliated to  the same degree in la te summer 

and autumn . As recommended for  ryegrass/clover pasture (Brougham , 

1 9 7 0 ) , grazings were lax in summer and hard in autumn . 

Mor e  int ensive defoliat ion is expected to reduce herbage product ion 

(Donald , 194 1 ; Alcock , 19 6 4 ;  Harris , 1978)  and the reports of increased 

production from more int ens ive defoliation in mowing experiments  

( e . g .  Reid , 1959 , 1962 ; Boswe l l , 197 7 )  may have been due  to  improved 

utilization of herbage from the base of the sward rather than increased 

growth (Tayler and Rudman , 1966 ) . S imilarly , part of the response  to 

less freq uent defoliation in mowing experiments could be  due to  imp roved 

utilization of herbage rather than growth (Anslow , 196 7 ) . To ensure 

that respons e s  to  defoliati on were due t o  growth rather than u t i l ization , 

herbage mass was measured t o  ground level from whi ch new growth largely 

origina tes . 

' Grasslands Nui ' perennial ryegrass (Armstrong , 19 7 7 )  was used 

in this s tudy b ecause it has b een shown to be  more persistent (Rit chie , 

19 7 5 ;  Sheath e t  al , 197 6 ; Lancashire e t  al , 1978)  and h igher producing 

than other perennial ryegrass cultivars both in mowing experiments  

(e . g .  Sheath e t  a l , 1 9 7 6 ; Harris et a l , 19 7 7 ;  Si thamparanathan , 1 9 7 9 )  

and i n  grazing experiments (Baars et a l , 1976 ; Armstrong , 19 7 7 ;  

Smith and Stiefe l ,  19 7 7 ; Lancashire e t  a l . 1 9 7 8 ;  Thomsen , 19 7 8 ;  

Hayman , 1 9 7 9 ) . The marked advantage o f  "Nui" ryegras s p roduct ion in 

ryegrass / c love r  swards is often offset to some extent by higher yields of 
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white clover in swards of other ryegrass cultivar s .  Infestat ions o f  

s tem weevil (Huperodes bonariensis Kus ch ) can reduce the yield advantage 

and pers istence of Nui (Kain et a l ,  1 9 7 7 ) . "Nui" has been avai lab le 

to farmers s ince 1975  (Lancashire and Harris , 19 7 7 )  and it appears to 

be replacing o ther perennial ryegrass cult ivars (Lancash ire �t al , 1978) . 

4 . 2  EXPERIMENTAL 

4 . 2 . 1  The s i te 

The experiment was conducted at  Massey University ' s  ' Tuapaka ' 

sheep farm 14 km eas t of Palmers t on North (Plate 4 . 1 ) . The soil type of 

the experimental site is a Tokomaru silt  loam , of medium fert ility in 

i t s  natural s tate , but poorly drained due to the presence of a fragipan 

approximately 90 cm below the soil  surface . Drainage of the site was 

adequate as a sub-surface drainage system had been ins tal led for 

several y ears . 

Soil  mois ture determinat ions (%  of dry weight at 105°C )  for the top 

1 5  cm of  s o i l  were made regularly from within the trial area (Append ix 

I ) . Monthly climatic data recorded at Palmers ton North are presented 

in Appendix I I . The summer of 19 75-6 was wetter and cooler than normal 

and except for  a fortnight in late Feb ruary the soil mois ture level did 

not drop below 20% ,. approximately equivalent to  - 100 kPa ,  the point at 

which pasture growth is restricted ( Scatter , pers . comm. ) . 

4 . 2 . 2  Pasture establishment 

After cult ivat ion out of old pas ture the area was s own on 25  

March 1 97 5  with a mixture of 16 kg/ha "Grass lands Nui" perennial 

ryegrass (Loliwn perenne L . ) and 3 kg/ha "Grasslands Huia" white c lover 

(Trifolium repens L. ) .  Potassic superphosphate (6% P ,  14% K) at a 

rate of 380 kg/ha was broadcast following sowing and two further 

applications of  225 kg/ha each were made in July 1975 and March 1976 . 

Lime at  a rate of 1300 kg /ha was broadcas t over the trial s i t e  in April  

19 7 5 .  S o i l  quick-test analysis of samples taken in Augus t  1975  

indicated th at  pH , C a ,  P ,  K and Mg  levels were adequate f o r  vigorous 

p l ant growth . During the estab lishment period the pasture was grazed 

lightly in May , June and August  197 5 .  The experiment s tarted on 12 

Sep tember 19 7 5 . 



P late  4 . 1 :  A general view of  s ome plots in December 19 75 . 

Plate 4 . 2 : The capacitance p robe used in 1975 / 7 6 . 

40a 
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4 . 2 . 3  The treatments 

Initially i t  was envisaged that two pastures (main plots) , 

perennial ryegrass/white clover and tall fescue/white clover , be 

compared under a range of graz ing managements ( sub-plots) . However , 

the tall fescue failed to es tablish sat isfactorily .  · In August 1975 

the ryegrass area was subdivided into 24 fenced paddocks each 15 m x 16 m 

(Figure 4 . 1) .  Eight grazing treatments were compared , two defoliation 

intervals at four defoliation intensities arranged at random within three 

b lock replicates . 

The two defoliat ion interval treatments were : 

Frequent (F) , grazed when the pasture canopy intercepted 

95% of the photosynthetically active 

radiation at noon ; 

Infrequent ( I ) , grazed 2 weeks af ter the pasture canopy 

intercepted 95% of the photosynthetically 

active radiation at noon . 

Light interception was measured with a "LI-COR" light meter with a 

"QUANTUM" s ensor (Lambda Inst rument Corp . Nebraska) , above the canopy 

and under the canopy at several locations within the paddock at solar 

noon . 

The four defoliation intens ity treatments were : 

Continuous hard (HH) ; 

Alternating hard and lax (HL) ; 

Alternat ing lax and hard (LH) ; 

Continuous lax (LL) . 

Grazing intensity was defined in terms of  residual leaf area index 

(LAI ) . Hard grazing (H) , to leave as low a LAI as pos s ible left a 

LAI between 0 . 1 and 0 . 6 ,  while lax grazing (L) left some residual LAI , 

be tween 1 . 5  and 2 . 5 .  The grazing intens ity treatments s tarted on 25  

Oc tober and the f inal one was completed on  11 January . 

In late summer all treatments were lax grazed , and from March 

onwards all  treatments were hard grazed . The defoliation interval 

treatments were maintained throughout the experiment . Tab le 4 . 1  shows 

the actual defoliation regime for each treatment . The exp eriment ended 

on 21 July 1976 . 



Table 4 . 1 :  Defoliat ion regimes for Experiment 1 

Dates refer to the graz ing per i od and r e s i d u a l  Leaf Area I n d i c e s  are in bra c k e t s  

FREQUENT (F) INFREQUENT ( I )  

Hll HL LH LL HH HL LH LL 

All plots ha rd grazed 10/9-12 / 9 / 1 9 7 5  (0 . 8 ) 

Hard (0 . 9 ) Hard ( 0 . 7 ) Lax ( 1 .  7 )  Lax ( 2 .  7 )  Hard ( 0 . 4 ) Hard (0 . 5 ) Lax ( 1 .  5 )  Lax ( 1 .  6 )  
2 5 / 10-30/10 2 7 / 10- 1 / 1 1  2 8 / 10-3/11 2 5 / 10-30/10 9 / 11-13/11 13/11-18/11 1 1 / 11-15/11 8 / 1 1 - 1 2 / 1 1  

Hard (0 . 2 ) Lax ( 2 . 8 ) Hard ( 0 .  3) Lax { 1 .  5) Hard ( 0 . 4 )  Lax { 1 .  9 )  Hard { 0 . 2 )  Lax ( 0 . 9 ) 
30 / 11-3/12) 28/ 11- 30/ 1 1  2 7 /11-30/11 2 2 / 11-26 /11 21/12-26/12 2 8 / 12-31 / 1 2  2 3 / 12-28/12 1 2 / 1 2-15 / 1 2  

Hard ( 0 . 1 )  Hard ( 0 . 6 )  Lax ( 3 .  0 )  Lax ( 2 . 0 ) 
6 / 1- 1 0 / 1  1 4 / 1 2- 1 7 / 1 2  7 / 1 - 1 1 / 1  28/ 12-31/12 

Lax ( 2 . 3) Lax ( 2 . 5) Lax ( 1 .  9 )  Lax ( 2 .  2 )  Lax ( 2 . 2 )' Lax ( 1 . 0 )  Lax ( 1 . 8 ) Lax ( 1 .  9 )  
15/2-20/2 1 3/ 1- 1 6 / 1  2 9 / 1- 2 / 2  2 3 /1-25/1 4/2-6/2 6 /2-10/2 1 3 / 2 - 1 7 / 2  2 1 / 1- 2 5 / 1  

Lax ( 0 . 9 ) Lax ( 2 . 9 ) Lax ( 2 . 2 )  Lax ( 1 .  2 )  Lax ( 0 . 7 )  Lax (0 . 8 )  Lax ( 1 . 0) Lax ( 1 .  5 )  
14/3-18/3 4 . 2- 6 / 2  2 3 /2-25/2 2 1 / 2-25/2 1 2 / 3 - 15 / 3  1 5 / 3- 1 8 / 3  2 2 / J- 2 5 / 3  2 5 / 2 - 2 9 / 2  

Lax ( 1 .  3) Lax ( 0 . 9 )  Lax ( 1 . 2 ) 
28/2-3/3 2 2 / 3- 2 5 / 3  2 7 / 3-30/3 

Hard (0 . 4 ) Bard ( 0 . 3 )  Bard (0 . 3 )  Hard (0. 3) Hard ( 0 .  3) Hard (0 . 2 )  Hard ( 0 . 2 )  Hard ( 0 . 2 )  
16/4-20/4 1 6 / 4-20/4 1 6 /4-20/4 1 2 /4- 16/4 26/4- 30/4 30/4-5/5 30/4-5/5 1 2 / 4- 16/4 

Hard (0 . 5 ) Hard ( 0 . 8 )  Bard ( 1 . 0) Hard (0. 3) Hard (0 . 4 ) Hard (0 . 5 ) Hard ( 0 .  5 )  Hard (0 . 5 ) .&::-
6/6-9 /6) 2 /6 - 6 / 6  2 /6-6/6 2 9 / 5- 2/6 23/6- 2 7 / 6  1 1 / 7- 1 5 / 7  1 5 / 7- 1 9 / 7  1 3 / 6 - 1 7 / 6  N 

Experiment 1 ended 2 1 / 7 / 76 



Each gra zing , by Romney sheep las ted 3 to 4 days , except at the 

first  grazing of mos t  treatmen ts when insuff ic ient sheep caused 

grazing to be  extended to  5 days . 

4 . 2 . 4  Measurements 
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Herbage mass was ob tained immediately before and after graz ing 
2 from at least  3 quadrats ( 0 . 23 m )  per p lot , cut to ground level with an 

elec tric shearing handpiece . Further samp les were ob tained in summer 

and autumn at  approximately weekly intervals so that regrowth curves 

could be cons tructed . To reduce within-plot var iat ion , quadrat s were 

located within the p lot at positions which gave an average capaci tance 

p robe (Plate 4 . 2 ) reading as suggested by Jones and Haydock ( 19 7 0 )  

a f t er taking 25 read ings per plot . Following cutting herbage was washed 

t o  remove soil and dung , and then weighed after draining . A 200- 600g 

sub sample was dried at 80°C for 14 hours to  obtain the dry mat ter 

percentage . A s econd subsamp l e  was sorted into gras s ,  white clover , 

other species and dead herbage . Emerged leaf lamina was then 

s ep arated from the grass and white clover and the respective leaf areas 

measured on an automatic leaf area meter (Hayshi Denkoh Co . Ltd) . 

Herbage which was no longer green was classified as dead . 

dead l eaves were separated into green and dead fractions . 

Part ly 

The fract ions 

( inc luding the leaf. lamina) wer e  dried s eparately at 80°C and weighed 

for calculati on of  herbage mass and leaf area index . 

The den s i t ie s  of  ryegrass t illers , Poa tillers , other grass species 

t i l lers  and white  clover shoots were determined from twenty ( thirty after 

1 May 1976) 2 0 . 3  cm2 
cores per p lot t aken before each grazing and again 

8 days  after grazing was c ompleted using the technique of Mit chel l  

and Glenday ( 19 5 8 ) . 

4 . 2 . 5  Calculat ion of  net herbage accumulat ion 

Net herbage accumulat ion (P)  was calculated for herbage component 

us ing the method of Campbell ( 1966)  defined algebraically as : 

p = E rB - A . + 
i [ i 1 



A .  herbage mass after grazing at the s tart of rest period i .  l. 

B .  herbage mass before grazing at the end of res t period i .  
l. 
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n .  number of days be tween grazings , or length of rest period i .  
l. 

r
i 

number of days sheep grazed at the end of rest period i .  

i number of graz ing cycles that P is computed for . 

I f  herbage cuts had been taken during a rest period P could be 

calculated for incomplete grazing cycles . The las t term in the formula 

is a correction for growth during the grazing period . 

4 . 2 . 6  Statistical treatment 

Analyses of variance were done using the statist ical computer 

programme "TEDDYBEAR" (Wilson , 19 78)  available on the Massey Univers ity 

Burroughs B6700 computer . Treatments were compared at the 5% signi

f i cance level . 

Despite  all plots being treated similarly prior to the experiment , 

two p lots in the ILL treatment had a significantly higher growth rate 

than the other ten I ( Infrequent ) p lots in the f irs t rest period ( 12 

September to 10 November) ; viz 118 and 137 kg DM/ha/ day compared with 

80 ± 3 kg DM/ha/day . The frequency distribut ion of these twelve 

growth rate s  was also s ignificantly skewed to one side (Gl= -1 . 13) , but 

the distribut ion was not signif icantly skewed when these two results 

were excluded (Gl = -0 . 3 2) . The reason for the difference of these two 

p lots was not a significantly higher stubble mass on 12 September ( i . e .  

laxer grazing) or a signi f icantly higher tiller populat ion on 19 

September , but perhaps a greater number of reproductive tillers per 

unit area . This last parameter was not measured . Net herbage 

accumulation for these two ILL plots were recalculated as missing plot 

values for the first rest per iod . In subsequent grazing cycles the 

measured y ields were used to calculate net herbage accumulation for this 

t reatment . 



4 . 3  RESULTS 

4 . 3 . 1  Herbage mass 

4 . 3 . 1 . 1  Uninterrupted growth 

The pat tern of uninterrup ted growth in spring was obtained from 

herbage cuts (Tab le 4 . 2 ) taken from all plots af ter the first  grazing 

( 12 September)  and ei ther from F plots before the grazing at 95% 
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l ight intercept ion ( 2 6  Oc tob er)  or from I plots two weeks later ( 10 

N ovember ) .  It  took approximately six weeks af ter grazing in September 

f or suf ficient herbage ( 3 7 30  kg DM/ha) to accumulate to intercept 95% 

o f  sunlight at noon . In the following two weeks a further 2250 kg DM/ 

ha accumulated , increas ing the herbage mass to  5980 kg DM/ha on 10 

November . Herbage accumulation was largely green herbage but dead 

herb age accumulated at a higher rate in the two weeks after 95% light 

intercep t ion (35 kg DM/ha/day) than in the previous six weeks ( 4  kg 

DM/ha/ day ) . 

Table 4 . 2 :  Herbage mass (kg DM/ha ± SE) and accumulat ion rates 

(kg DM/ha/ day ) following grazing on 12  Sep tember 1975  

Herb age mass : 

Green herbage 

Dead herbage 

Total 

Accumulation rate : 

Green herbage 

Dead herbage 

Total 

12 September 

6 70±30 

1 20±.10 

7 9 0±40 

6 3  

4 

6 7  

2 6  October 

3450±150 

280± 20 

3730±.160 

115 

35 

150 

10 November 

5 180±20 

800±70 

5980±320 

It was observed that s t em elongation on reproductive t il lers had 

j us t  commenced when F p lots  were grazed on 26 October . Examinat ion of 

180 ryegrass tillers from herbage samples cut t o  ground leve l revealed 

that 37% of ryegrass t illers had visib le stem elongation and that the 
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highest nodes were up t o  8 cm above ground-level (mean = 3 . 5  ± 1 cm) . 

When I p lots were graze d  in November many s eedheads had emerged . 

4 . 3 . 1 . 2 Subsequent regrowth 

Changes in herbage mass , and its components , in each treatment 

f o llowing the first res t p eriod is presented  in Figure 4 . 2 . Grass , 

mainly ryegrass , is subd ivided into emerged leaf lamina ( "grass lamina" )  

and "grass stubble" , whi ch was mainly culms in late spring and mainly 

leaf sheath and enclosed lamina in autumn . The other component of 

green herbage , pres ented as  "other species" , was mainly white  clover , 

but also a small amount of  flat weeds (Taraxacum officinaZe Weber ex 

Wiggers , Leontodon taraxacoides (Vil l . ) Merat , Crepis capi Z Zaris (L) . 

(Wallr . ) .  The last component in the sward was " dead h e rbage" , which 

initially was dead leaves ,  but following f lowe ring also included dead 

ryegrass culms . 

4 . 3 . 1 . 2 . 1 Grass stubb l e  

As can be seen from Figure 4 . 2  and Table  4 . 3 hard graz ing , besides 

removing almost all emerged lamina , also removed considerab le quantities 

of "gras s stubble" . I n  contrast ,  lax grazing removed r e latively 

lit t le "grass stubb le" . Residual "s tubb le" e i ther remained in the 

sward until  removed at a later grazing or unti l  it died and was 

classified as dead herbage . During reproduct ive growth accumulation of 

" grass s tubble" was mainly due t o  culm growth . The p a t tern of " s tubb le" 

accumulat ion in any treatment depended on reproductive growth , residual 

" s t ubble" death , and removal of reproductive meristems . 

Tab le 4 . 3 :  Degre e  of d efoliation of herbage component s  

(Expressed a s  a percentage) 

Treatment 
Grazing p eriod (19 7 5 )  

"Grass lamina" 

"Grass stubble" 

Dead herbage 

Total herbage 

FHH 
3 0 / 1 1- 3/ 12 

9 7  

72  

10  

69 

FLL 
26/11-26 / 11 

6 8  

1 1  

- 2 7  

2 6  

IHH 
21/12- 2 6 / 1 2  

9 5  

4 6  

- 3 9  

5 2  

ILL 
12/12-15 / 12 

83  

23 

- 1 

36 
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Figure 4.2 : Hebaoe mass ( t  OM I ha) and accumu lat ion rates (kg DM/ha /day) 
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At the first  graz ing of  FLL on 20 October , the reproduct ive 

meristems were below the grazing he ight and culm growth cont inued 

during the second rest period to 2 . 7  ± 0 . 2  t DM/ha (Figure 4 . 2 ) . 

A lit t le "stubb l e"was r emoved in the next graz ing per iod ( 0 . 3  :±: 0 . 2  

t DM/ha) , a lmos t entirely emerged inf lorescence , and it was not unt il 

4 7 .  

January that the amount o f  "grass s tubble" declined . The decline was 

not due to graz ing by sheep , but rather the death and subs equent 

reclassification of  culms as dead �erbage . By the autumn there were 

only occasional new reproductive t i l lers and the "grass s tubb le" was 

almost ent irely leaf sheath and unemerged leaf lamina . A similar 

pattern of change in the "grass stubb le" c omponent occurred on ILL , 

except that many o f  the seedheads , but lit t le culm , were removed in the 

November graz ing . 

The first  hard grazing of FHH and FHL on 25  October removed some 

reproduct ive mer i s t ems , but left the lat e r  deve loping reproduct ive 

ti l lers wi th int act meristems and these cont inued to grow in the second 

rest period , account ing for mos t  of the increase in grass s tubb le in 

these treatment s  up to 1 December (Figure 4 . 2 ) . I t  was not unt i l  the 

second hard graz ing , on 1 December for FHH and on 16 Decemb er for FHL , 

that these t i l lers were defoliated , and a f t er this the swards remained 

in a largely vegetative state with only oc casional reproductive t i llers 

develop ing . As on FLL , reproduct ive t i llers continued to  develop on 

FLH after the f i r s t  grazing , but on this t reatment they wer e  removed in 

the hard grazing at the end of November , r a ther than remaining in the 

sward to eventually contribute to dead herb age . 

Reproduct ive t i llers were also r emove d  from the sward at  the f irst  

hard grazing o f  I p lots which explains the lower leve ls of " stubb le" 

recorded after  this graz ing . The dec line in "stubble" a f t er the firs t 

hard grazing ( 15 November , IHH ; 20 Novemb e r , IHL ; 25  December , ILH) was 

caused by the r e classification of defoliated culms , which were up to 

6 cm, as dead herbage as they died . Hard grazing of  vegetative swards 

removed some " s t ubble" ( e . g .  IHH on 25  December)  and this increased  

again i n  the f o l l owing rest  period . 

Plates 4 . 3  t o  4 . 6  i llustrate the d i f f e rent types of  sward that 

developed with hard and lax grazing . On 10  December FHH and IHH were 

leafy and vegetat ive , reproductive t il lers having been killed by the 



prev ious hard graz ing . In contras t ,  FLL and ILL were domina ted by 

reproduct ive t i llers , few reproduct ive meristems having been removed 

at previous lax grazings . 
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I t  was ob served that at the end o f  rest periods in summer there 

were usually some ryegrass t i l lers with freshly emerged se edheads . 

These were particularly not icab le on infrequently grazed p lots and 

fo l lowing hard graz ings on F p lots . This  par t ly explains the accumu

lat ion of " g rass stubble" in the la ter  stages of  regrowth in summer .  

Where this oc curred , the losses o f  old " s t ubble" in early regrowth 

were compensated for by new "s tubb le" growth wi thin the same rest 

p e riod . 

4 . 3 . 1 . 2 . 2  Grass lamina 

The herb age mass of "gras s lamina" is shown in Figure 4 . 2  between 

" grass stubb le" and "other species" . The amount of "grass lamina" 

increased in eve ry rest period and the average level at the end of res t 

periods was 1 . 5  t DM/ha for F plots and 1 . 8  t DM/ha for I p lots , 

a lthough this depended on t ime of year . In the last two weeks of the 

r e s t  p eriod in I plots , that is af ter 95% light intercept i on had been 

a t t ained , "grass lamina" generally continued to accumulate , generally 

at  rates in excess of 20 kg DM/ha/day . Leaf lamina was the ma in 

c omponent of the vege tat ive sward to increase during rest periods . 

4 . 3 . 1 . 2 . 3  O ther species 

"Other species" was a minor component of the sward except in 

s lightly lower lying dampe r  plots wher e  whi t e  clover was more abundant . 

Two plots in par ticular , one in ILH and one in IHL , had an abundance 

of white  c lover in summer wh ich par t ly accounts for the higher levels 

of other spec ies in these two treatmen t s . 

4 . 3 . 1 . 2 . 3  Green herbage 

The amount of  green herbage in swards is shown in Figure 4 . 2  as 

the sum of " grass stubble" , " grass lamina" and "other species" . Also 

the ac cumulat i on rate for each res t  per iod is shown above the histograms 

in Figure 4 . 2 .  



P l a t e  4 . 3 :  FHH on 10 Decemb e r  19 75 . 

48a 

Seven days af t er hard graz ing . Note the dead 
grazed culms . Herbage mass (t DM/ha) : Total 1 . 7 ,  
Grass s tubble 0 . 4 ,  Dead 0 . 8 ; LAI = 1 . 0 .  

P late 4 . 4 : FLL on 10 December 1 9 7 5 . 
Two weeks a f t e r  lax graz ing . Note the large 
number of reproduct ive t i l lers . Herbage mass 
( t  DM/ha) : Total 5 . 1 , Grass s tubble 2 . 2 ,  
Dead 1 . 5 ;  LAI = 3 . 0 .  



P la t e  4 . 5 :  IHH on 10 December 1 9 7 5 . 
Three days after  95%  l ight intercep t ion was 
reached . The tops o f  dead culms can be seen 
in the leafy sward . Herbage mass  ( t  DM/ha) : 

48b 

Total 4 . 5 ,  Grass s tubb le 0 . 9 ,  Dead 1 . 2 ;  LAI = 4 . � . 

P late 4 . 6 :  ILL on 10 December 1975 . 
Twelve days a f t e r  95% l ight intercept ion was reached . 
The sward is  s t rongly reproduct ive . Herb age mass  
( t  DM/ha ) : Total  7 . 3 , Grass s tubb le 3 . 0 ,  Dead 1 . 9 ;  
LAI = 5 .  7 .  Two areas where herbage cuts have been 
taken can be seen in the foreground . 
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The pattern of accumulat ion o f  green herbage depended mainly on 

accumulat ion of "grass lamina" and "s tubb le" . Although the amount of  

" lamina" always increased during res t periods , changes in the amount 

of s tubble reflected growth of new rrs tubb le" and senescence of culms . 

The mean accumulation rate of  green herbage for each res t period 

remained relatively constant during init ial rest periods in FHH ( 9 2 , 

8 7 , 9 2  kg DM/ha/day) whereas it declined in success ive res t periods 

in FLL (90 , 52 , -4 kg DM/ha / day) . S imilarly in ILL , the accumulation 

rat e  of  green herbage was lower than in IHH in the s econd res t  per iod 

shown ( 5 6  and 73 kg green DM/ha/day respectively) . These lower 

accumulat ion rates wi th lax graz ing par t ly ref lected stubble death , 

clearly apparent in January in FLL and in late December in ILL . 

4 . 3 . 1 . 2 . 4  Dead herbage 

"Dead herbage" was an important component in all treatments 

(Figure 4 . 2 ) .  As ment ioned , laxly grazed ryegrass culms eventually 

died and were classif ied as "dead herbage" , which exp lains the 

s igni f icantly higher amount of dead herb age on the LL treatments in 

both February and Apr i l  (Tab le 4 . 4 ) . In other treatments the ryegrass 

culms were eaten by sheep and little dead culm accumulated in the sward .  

However ,  no t all "dead herbage" was ryegrass culm ,  there was also 

considerable accumulation of dead leaf , but as no separat ion into these 

two components was made it  is  not possible to  assess the relative 

contribution of dead culm and dead leaf . 

Tab le 4 . 4 :  Effect o f  graz ing treatments on dead 

herbage mass (t DM/ha) . 

Intensity Treatment : 

HH 

HL 

LH 

LL 

Frequency Treatment : 

F 

I 

4 Feb ruary 

1 . 04 c 

1 . 64 b 

1 . 50 b 

2 . 9 7 a 

1 .  73  a 

1 . 85 a 

� """' c c;..-'> ""' ..... � .,\Q.. ·� +(>..�, c,., ...... fw-t.) · . ..... .{.e,..,.s:.s 
-\-r� � .ea-� cA.c:rlQ_ , 

5 April  

1 .  64  b 

2 . 06 b 

2 . 12 b 

2 . 82 a 

2 . 2 7 a 

2 . 05 a 



The cons iderab le amount of dead leaf that accumulated in swards 

during summer can be seen in Plates 4 . 8  and 4 . 9 .  

also apparent . 

Dead culms are 

Besides culm death , grazing and rus t also appeared to increase 

so . 

the amount of " dead herbage" . For examp le , the increase in "dead 

herbage" between 6 and 10 January on FHH (Figure 4 . 2 ) was during 

graz ing and was presumab ly due to damage of  herbage by t rampling . 

Simi lar increases in " dead herbage" dur ing grazing can b e  seen in o ther 

graz ing periods . Also the negative values in Tab le 4 . 3  ind icate that 

"dead herbage" accumulated dur ing the graz ing period . The increase in 

"dead herbage" in IHH and ILH at  the end of the rest per iods in 

March (Figure 4 . 2 ) was largely due to  death of ryegrass " lamina" 

infe c ted wi th rus t (Puccinia coronata) .  

The hard graz ings of autumn removed s ome "dead herbage" , and 

remaining dead ryegrass culms were trodden down onto the soil surface . 

On a l l  treatments a decline in the amount of " dead herbage" occurred 

following these hard grazings , with net rates of disappearance be tween 

10 and 44 kg DM/ha/day (Figure 4 . 2 ) . The amount of dead herbage in 

vegetative swards also dec lined following hard grazing of FHH and IHH 

in December , at rates of 13 and 10 kg DM/ha/day respectively . 

4 . 3 . 1 . 2 . 5  Total herbage 

Total herbage mass i s  shown in Figure 4 . 2  as the sum of "grass 

s t ubble" , "grass lamina" , "other species" and "dead" , that is , 

the t op of the histograms . The accumulat ion rate for each res t per iod 

i s  shown above the histograms . 

Accumulat ion of total herbage reflec ted not only changes in green 

herbage , but also the accumulat ion or disappearance of dead herbage . 

Where dead herbage accumu lated in the sward , the rate of accumulation 

o f  total herbage was greater than that for green herbage . This occurred 

in spring and summer ,  except after hard graz ing , but in autumn the high 

d i sappearance rates of dead herbage subs t antially reduced the total 

herbage accumulation rat e . 

The variat ion in sward c omposition was greater on laxly grazed 



P la t e  4 .  7 :  FHH on 7 March 1 9 7 6 . 
Three weeks af ter ax graz ing . Herbage mas s 
( t  DM/ha) : T o tal 3 . 2 , Dead 1 . 5 .  

Plate 4 . 8 :  FLL on 7 March 19 7 6 . 

S O  a 

Three weeks after  graz ing . Herbage mass ( t  DM/ha) :  
Total 5 . 0 ,  Dead 3 . 0 .  Note the mat of  dead herbage 
at the bas e of the sward . 
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plots possib ly because of great er opportunity for selective graz ing . 

Sampling of h erbage became more di fficult as patchiness deve loped with 

lax grazing and th is explains the high coeffic ients of variat i on in 

ac cumulat ion rates following lax graz ing . The hard graz ings in autumn 

made the swards more uniform.  

4 . 3 . 2  Net herbage accumulat ion 

The experiment has been divided into two approximately equal periods 

for comparison of the effects of the t reatment s ,  viz a "spring /summer" 

p eriod (12 Septemb er t o  28 Feb ruary ) and an "autumn/wint er" period 

( 1  March to 28 July ) . During the 24 week "spring/sunnner" period 

1 3 . 0  t DM/ha of  herbage accumulated , compared with only 1 . 9  t DM/ha in 

the following 2 2  weeks . Since dead herbage accumulated in the first 

period and disapp eared in the autumn , the difference between the two 

periods was smaller when the comparison was made on the basis o f  green 

herbage accumulat i on ( 11 . 5  and 3 . 4  t DM/ha respectively) . 

4 . 3 . 2 . 1  Grazing int erval 

The effect  of the two graz ing interval treatments on herb age 

accumulation is p re sented in tab le 4 . 5 .  Graz ing interval did not 

s ignificantly affect  total herbage accumulation , but it  did af fect 

green and dead h erb age accumulation . 

With infrequent grazing s ignifi cant ly more green herbage accumul

ated ( 1 2% or 1 . 7 5 t DM/ha) , but the difference was not evident as 

total h erbage accumulation because of dead herbage disappearance .  

When compared during " autumn/winter" the d i fference between graz ing 

frequencies was greater , with 5 7% ( 1 . 5 2 t DM/ha) more green herb age 

a ccumulat ing in I .  This difference in green herbage accumulat ion in 

autumn resulte d  f rom signif icant ly great er accumulat ion of both grass 

and white clover in I .  

In "spring/ s ummer" there was a s igni f i cant interaction b e tween 

grazing interval and grazing intensity for green herbage ( and gras s )  

accumulat ion (Tab le 4 . 6 ) .  There was n o  s i gnificant difference in 

g reen herbage a ccumulat i on between grazing intervals at three 

intensi t ies (HH , HL , LH) , but in LL s igni f icantly more green herb age 

a ccumulated with infrequent grazing . 



Table 4 . 5 :  

GREEN HERBAGE :  

Grass 

White c lover 

Other Species 

Total 

DEAD HERBAGE : 

TOTAL HERBAGE : 

<J)......,<.LLn > """' '�'" 
Tab le 4 . 6 :  

Table 4 . 7 :  

Ef fect o f  grazing interval on net herbage 

accumulation ( t DM/ha) . 

5 2 . 

Spring/ summer Autumn/winter Whole experiment 

F I F I F I 

9 . 5 7 a 9 . 46 a 2 . 5 7 b 3 . 36 a 12 . 15 a 1 2 . 8 7 a 

1 .  5 8  a 1 . 86 a 0 . 09 b 0 .  7 8  a 1 .  66  a 2 . 59 a 

0 . 2 1 a 0 . 2 9 a 0 . 00 a 0 . 04 a 0 . 22 a 0 . 33 a 

1 1 . 3 6  a 11 . 6 1 a 2 . 66 b 4 . 18 a 14 . 03 b 15 . 78  a 

1 .  5 2  a 1 . 56 a -0 . 85  a -2 . 19 b 0 . 6 7 a - 0 . 6 4  b 

1 2 . 8 8  a 13 . 1 7 a 1 .  8 1  a 1 .  99 a 14 . 70 a 15 . 15 a 

� �} Ct1111fP"'f'�"' t= ,._c� 1 -(b.- eo. c.A.... C.ON!f0•-.�4, 
Net accumulation of green herbage in " spring/summer" 

( t  DM/ha) . LSD ( 5%)  = 1 .  34  

F I 

RH 13 . 82 12 . 9 7 

HL 12 . 07 11 . 55 

LH 10 . 90 9 . 95 

LL 8 . 64 1 1 . 9 8  

Net accumulation of " lamina" during summer 

( t  DM/ha) . LSD (5%)  = 0 . 9 1 

F I 

RH 6 . 28 6 . 24 

HL 5 . 55 4 . 93 

LH 4 . 97 5 . 02 

LL 4 . 2 2 5 . 68 
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Accumulat ion o f  "lamina" ( grass + clover) cou ld only be calcula ted 

af ter 15  November as "lamina" was not separated in all  treatmen ts  prior 

t o  this dat e . In summer ( 15 November t o  28 February) there was a 

s ignificant interaction between graz ing interval and graz ing in t ensity 

for " lamina" accumulation (Table 4 .  7 ) . As with green herbage , there 

was no significant difference in lamina accumulat ion in HH , HL , or LH , 

but in LL s ignificantly more "lamina" accumulated in I than F .  In 

the " autumn/winter" period the interaction was not significant , and 

s ignificantly more " lamina" accumulated in I than in F ( 3 .  7 7  and 3 .  33 t 

DM/ha respectively ) . 

S ignificantly more dead herbage ( 1 . 31 t DM/ha) disappeared from the 

sward with infrequent grazing ( Tab le 4 . 5 ) . The diff erence in d ead 

herbage disappearance occurred in the "autumn/winter" not in the " spring/ 

summer" when grazing int erval did not signif icantly influence the amount 

of dead herbage accumulat ing . At the beginning of autumn F and I had 

s imi lar amount s  of dead herbage (Tab le 4 . 4 ) , approximately 2 t DM/ha . 

During the grazing periods of " autumn/winter" 0 . 74 t dead herbage 

disappeared from F ,  due p resumab ly t o  eat ing and trampling into the 

s oi l ,  while 0 . 23 t DM/ha accumulated in I .  Thus , the difference in 

net dead herbage loss during res t  periods ( Tab le 4 . 5 ) reflected a 

di fference in the amount of herbage avai lab le for decay . 

4 . 3 . 2 . 2  Spring/summer grazing intens ity 

The spring/summer grazing intensity t reatments affected herbage 

accumulation in the "spring/summer" period , but had no signif icant 

res idual effect in " autumn/winter" , so  that treatment differences in 

" sp ring / summer" were similar to thos e  for the whole experiment 

(Tab le 4 . 8) . The HH treatments accumulated 2 . 9  t DM/ha ( 20%)  more 

herbage over the whole experiment than the LL treatments ,  and the two 

alternat ing treatments , HL and LH , were intermediate . 

In "spr ing/summer" d ead herbage accumulation was over four t imes 

greater on LL than on HH , and HL and LH were intermediat e . Relatively 

large differences in dead herbage disappearance in " autumn/winter" were 

not s ignificant , due mainly to the high variation in some treatments 

caused by the difficulty of measuring this component . 



Table 4 . 8 :  

SPRING/SUMMER 

HH 
HL 
LH 
LL 

AUTUMN/WINTER 

HH 
HL 
LH 
LL 

Effect  of grazing intens ity  on net 

herbage accumulation ( t  DM/ ha) 

Grass 

1 1 . 70 a 
9 . 38 b 
8 . 44 .b  
8 . 5 4 b 

2 . 69 a 
2 . 87 a 
3 . 05 a 
3 . 2 6 a 

GREEN HERBAGE 

White 
C lover 

1 .  25 a 
2 . 08 a 
1 . 85 a 
1 .  69 a 

0 . 82 a 
0 . 5 7 a 
0 . 05 a 
0 . 30 a 

Other 
species 

0 . 44 a 
0 . 35 ab 
0 . 14 b e  
0 . 08 c 

0 . 01 a 
-0 . 02 a 
-0 . 05 a 
-0 . 03  a 

TOTAL 

1 3 . 40 a 
11 . 81 b 
10 . 43 c 
10 . 31 c 

3 . 52 a 
3 . 42 a 
3 . 14 a 
3 . 59 a 

WHOLE EXPERIMENT 

HH 
HL 
LH 
LL 

14 . 50 a 
12 . 2 6 b 
1 1 . 48 b 
1 1 . 80 b 

1 .  98  a 
2 . 65 a 
1 .  90 a 
1 .  9 8  a 

0 . 4 7 a 
0 . 33 ab 
0 . 19 b 
0 . 11 b 

16 . 94 a 
15 . 24 b 
1 3 . 5 7 c 
1 3 . 89 c 

DEAD 
HERBAGE 

0 . 53 b 
1 . 88 a 
1 .  51  ab 
2 . 2 2 a 

-0 . 95 a 
-1 . 7 7 a 
-0 . 88 a 
-2 . 4 7 a 

-0 . 40 a 
0 . 08 a 
0 . 63 a 

-0 . 25 a 
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TOTAL 
HERBAGE 

13 . 9 3 a 
13 . 70  ab 
11 . 94 c 
12 . 53 be 

2 . 5 7 a 
1 .  65 a 
2 . 26 a 
1 . 11 a 

16 . 54 a 
15 . 32 ab 
14 . 20 be 
13 . 64 c 

D ...... � �  rr.....o. \ �' f'le ro-n2r J t..·,� c .,,. . ..,Fa. � ·, , l.z.....s;S .\..nza�k � -eAJ.. co ""'- fo"t..<--J., • 

As mentioned in the previous sect ion ( 4 . 3 . 2 . 1) there was a s ignificant 

interaction between graz ing frequency and intensity treatments  in green 

herbage (Table 4 . 6 ) , " lamina" (Tab le 4 .  7 )  and grass accumulation .  With 

fr equent graz ing , a s ignif icantly higher amount of green herbage 

a ccumulated with the HH t reatment , and leas t  with the LL treatmen t . The 

a l ternating intensity treatments , FHL and FLH , were not signi f ican t ly 

d i f ferent and accumulated an intermediate . amount of green herbage . 

Accumulation of  " lamina" and grass followed a similar response with 

frequent graz ing . When grazing was infrequent , LH had the lowest  green 

herbage and grass accumulat ion , and there was no significant difference 

b etween the three other intens ity treatments . "Lamina" accumulat ion in 

summer with infrequent grazing was greatest  in HH and there was no 

significant difference between the o ther three intensi ty treatment s .  

Net green herbage accumulati on was also calculated for the period when 

the spring grazing intens ity t reatment s  were actually applied ( 26 
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Oc tober to  3 February) . There was a signifi cant (P < 0 .  05)  

correlat ion (r  = 0 . 7 9 )  be tween the number of hard graz ings (FHH = 3 ,  

FHL = 2 ,  FLH = 1 ,  FLL = 0 )  and accumulat ion . Each addit ional hard 

graz ing in October-December resulted in a 20% ( 14 kg DM/ha/day ) increase 

in daily accumulation rate with frequent graz ing . This response 

reflects the decreased green herbage accumulat ion rates that occurred 

following lax f requent grazing (Figure 4 . 2 ,  compare accumulation 

rates in FHH and FLL) . 

Net accumulati on of white clover was not signi fican t ly af fected 

by the intensity treatments .  Accumulat ion of other species , a minor 

sward component , was greatest on HH and least on LL , with HL and LH 

being intermediate . 

4 . 3 . 3  Leaf area index (LAI ) 

4 . 3 . 3 . 1  Res idual leaf area index 

Despi te conside rab le variation in res idual LAI following either 

hard or lax graz ing in late spring /early summe r ,  a cont ras t was 

maintained between t reatments (Tab le 4 . 1 ) .  Wi th lax grazing it was 

not possib le to exa c t ly control the consumption of herbage by sheep 

and this explains the variation in residual LAI following this type 

of grazing . 

At the beginning of the second res t period all F or I p lots had 

received similar pre-t reatments so that the effects of different 

graz ing intensi ties on regrowth could be investigated . The res idual 

LAI ranged from 0 . 6  to 2 . 4  on F p lots and f rom 0 . 3  to 2 . 0  on I p lots . 

Correlation coe f f i cients and linear regression equations were 

calculated for the net accumulat ion rate of herbage components and 

the residual LAI (Tab le 4 . 9 ) . In the two weeks following graz ing 

(20 / 10 to 3 / 11 in F or 10/11  to 2 4 / 1 1  in I )  there was no s ignificant 

correlat ion between residual LAI and the accumulation of total herbage , 

green herbage or dead herbage . Following the grazing in October of 

the F plots the a ccumulation rates of  the components of  green herbage , 

leaf lamina and non-leaf , were s ignificantly corre lated with residual LAI . 

A uni t  increase in res idual LAI was associated with a decreased leaf 

accumulation rate of 15 ± 6 kg DM/ha/day and an increased non- leaf accumulat iot 
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rate of  29  + 9 kg DM/ha/day . The non-leaf was mainly ryegras s culm 

( 4 . 3 . 1 . 2 . 1 ) . Although these two regressions were s ignificant they only 

accounted for 40-50% of the variat ion in ac cumulat ion rate . Leaf 

and non-leaf accumulat ion were not significantly correlated with LAI 

after the November grazing of  I plots . 

Tab le 4 . 9 :  Correlation coeff i cients b e tween residual LAI and 

accumulation rat e (kg DM/ha/day ) for d i f ferent herbage 

components measured over the f irs t two weeks regrowth 

in October (Frequent ) or November (Inf requent ) 

Frequent Infrequent 

Leaf lamina -0 . 6 24* -o·. 287  n . s .  

Non-leaf 0 .  7 1 1* *  -0 . 0 17  n . s .  

Green h erbage 0 . 46 7  n . s .  - 0 . 150 n . s .  

Dead herbage  0 . 1 3 1  n . s .  0 . 125 n . s .  

Total h erbage 0 . 529  n .  s .  0 . 166 n . s .  

Corre lat ion coefficient significant ly d i fferent from 0 at 1%** , 5%* , 
or  non- significant n . s .  

4 . 3 . 3 . 2  LAI at 95%  light intercept ion 

There was cons iderable variation in leaf area indi ces measured 

at 95% ligh t  interception . No cons ist ent seasonal t r ends were apparent 

within t r eatments so data has b een pooled (Table 4 . 10 ) . Grazing 

interval did  not s ignificant ly inf luence the LAI measured at 95% light 

intercept ion . In s ummer the LAI measured a t  95% ligh t  interception was 

affected by the previous grazing , being greater where the previous 

graz ing was hard . For example , a LAI of  8 . 0  was measured at  9 5% ligh t  

intercept i on i n  FHH o n  6 January compared with 4 . 7  i n  FLL on 2 8  December . 

Swards in FHH were vegetat ive with little "dead herbage" ( 560 kg DM/ha) 

whi le swards in FLL contained more "dead herb age" ( 17 80 kg DM/ha) 

and considerab le amounts of "stubb le" ( 23 30 kg DM/ha) . Much of the 

"s tubb le" and "dead herbage" after  lax grazing was ryegrass culm and 

this also intercep ted light above the measuring s ensor ( 2 . 5  cm above 

ground l evel ) . 



Table 4 . 10 :  LAI at 95% light intercep t ion (Pooled 

results for all t reatment s )  

F I LSD (5% )  

SUMMER (Dec-Jan) : 

Previous grazing hard 6 . 3 5 . 5  n . s .  
Previous graz ing lax 5 . 0  4 . 5  n . s .  
L . S . D .  ( 5%)  1 . 0  n . s .  
Mean 5 . 6  5 . 0  n . s .  

AUTUMN (Feb-March) 3 . 1 3 . 3  n . s .  

WINTER ( June) 2 . 9  3 . 0  n . s .  

5 7 .  

Mean 

6 . 0  
4 . 8 
0 . 8  
5 . 3  

3 . 2  

2 . 9  

The LAI at 95% light int ercep t ion was lower in autumn and winter 

than in summer . LAI measured in autumn were for swards containing 

cons i derab le amounts of dead herbage and this , together with the seasonal 

decline in light in tensity , account s for the decrease be tween summe r 

and autumn . During winter , the swards were vege tat ive with dead 

herbage largely trampled be low 2 . 5  cm , so  the lower LAI reflected the 

lower light leve ls of winter . 

On infrequently grazed p lots , the LAI continued to increase with 

further accumulation of " lamina" (Figure 4 . 2 ) af ter 95% l ight inter

cept ion had been reached . 

4 . 3 . 4  Tiller populations 

4 . 3 . 4 . 1  Sward development 

T il ler cores taken during the experiment show changes which occurred 

as the sward deve loped ( tab le 4 . 11 ) . Both ryegrass and white c lover 

increased in percentage occurrence during the experiment due to tillering 

and s t o lon growth . White c lover ini t ia l ly present in 20% of  cores 

increased to 65% presence by the end of the experiment . Ryegrass was 

more evenly distributed than whi t e  c lover (� nitially 7 7% occurrence) , and 

eventually was present in almost a l l  cores . The continuing growth of  

plants  resulted in increased density of b o th ryegrass t i llers and white  

clover shoots .  Poa spp . (P. annua L .  and P. trivialis L . ) was the other 



Table 4 . 11 :  Tiller and shoot dens ities ( thousand /rn2
) , and percent species occurrence in cores 

(arcsin I % ,  natural mean in parenthesis) . 

Sampling date : 1 Aug 75  

Tiller and Shoot density : 

Ryegrass 3 . 0±0 . 4  
Poa n . a .  
White c lover 0 . 3±·0 . 04 

Occurrence : 

Ryegrass 1 .  0 7± 0 .  02 ( ? ? )  
Poa 0 .  7 6± 0 .  03  (4 ? )  
Other grass species 0 . 50± 0 . 02 (2.3 ) 
White clover 0. 48± 0 .  03  (2 Z. )  

n . a . , not availab le 

19 Sept 75  

5 . 3-±0 . 3  
2 . 0±0 . 1  
0 . 2±0 . 05 

1 .  08± 0 .  0 2  ( ?B )  
0 . 80± 0 . 02 (5 2. )  
0 . 35± 0 . 02 ( 2.2 ) 
0 . 46± 0 . 0 3 (20)  

2 1  Jan 76 

7 . 1±0 . 2  
3 . 5±0 . 3  
1 . 1±0 . 2 

1 .  33± 0 .  03  (94 ) 
1 . 06± 0 . 03 ( ?6)  
0 . 2 7± 0 . 04 (  ? ) 
0 . 75± 0 . 04 (46 ) 

1 Aug 7 6  

6 . 6±0 . 3  
2 . J±0 . 2  
1 .  9·± 0 .  3 

1 .  43:tO . 02  <as) 
0 . 98± 0 . 03 (69 ) 
0 . 20± 0 . 02 (  4 ) 
0 . 94± 0 . 05 (65 ) 

VI 
00 
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main component o f  the sward and this  also increased in percent occurr

ence with t ime . Despite  one third of tillers being Poa they contributed 

l i ttle to product ion since ryegrass tillers were considerably larger . 

Other grass speci€s (mainly Bromus mo l lis L .  Gluceria fluitans (L) R . Br . , 

Aqrosti� tenuis Sib th . , Cunosurus cristatus L .  and Holcus lanatus L . )  

were only a minor c omponent of the sward . 

4 . 3 . 4 . 2  Treatment effects 

Although t il ler  cores were taken regularly before and after each 

grazing , most  of this data is not presented because of difficult ies in 

interpretation . Besides the effect of treatments , there was considerable 

seasonal variation in t iller populations which confounded responses 

s ince data was not collected from all treatments  on the same date . 

Also , the densi t ies measured before and after grazing were somet imes 

greatly different . Even at a given samp ling,  ryegrass ti ller dens ity 

often had a coefficient of variat ion of 20% and occasionally 30% . 

No distinction was made be tween vege tat ive and reproduct ive t illers 

although it was observed that reproductive tillers often remained green 

at the base for  some time af ter growth had ceased . Because of the 

inaccuracies and the considered importance of tillering , it was decided 

to examine this characteristic in detail in a later s tudy . 

4 . 3 . 4 . 2 . 1  Ryegras s t iller density 

The effect of  t reatments on ti ller densi ty was compared on three 

dates (September , January and August)  when all treatments were sampled 

within a short period of time (Table 4 . 12 ) . As expected , 8 days after 

the s tart of the experiment (19 S eptember) ryegrass t iller density was 

not s ignificant ly affected by treatments . In January , af ter the 

graz ing intensi ty t reatments  had been comp leted , it was found that 

ryegrass t iller density was significant ly affected by the intensity but 

not f requency t reatments . Those treatments which had been hard grazed 

were not significantly different , but the LL t reatment had a lower tiller 

densi ty .  At the end of the experiment , 1 August ,  differences in 

ryegrass t i ller density were no longer significant . 

To allow c omparison with later experiments , ryegrass ti ller dens i ty 

f or FHH and FLL at each grazing is presented ( Figure 4 . 3 ) . To enab le 
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Tab le 4 . 12 :  Ef fect of graz ing treatments on ryegrass t iller 

density (thousand tillers per m2
) 

Intensity treatment : 

HH 
HL 
LH 
LL 

Frequency treatment : 

F 
I 

19 Sept 

4 . 4  a 
4 . 9  a 
5 . 3  a 
6 . 5  a 

5 . 0  a 
5 . 6  a 

21 Jan 

7 . 9  a 
6 . 8  ab 
8 . 0  a 
5 . 6  b 

7 . 5  a 
6 .  7 a 

1 Aug 

6 . 3  a 
6 . 3  a 
7 . 0  a 
6 . 7 a 

7 . 1  a 
6 . 0  a 

(before and af ter) has been plotted  also . Between late December and 

March ryegrass t iller dens i ty was greater in FHH than in FLL . During 

April-June fluctuat ions in density from before grazing to 8 days after 

graz ing were cons iderably greater than the difference b etween FHH and 

FLL . 

4 . 3 . 4 . 2 . 2  Poa and white c l over 

White clover shoot dens i ty was not signif icantly affected by the 

treatments in September , January or  Augus t .  Poa tiller densi ty was not 

s i gni f icantly af fected by the t reatments in Septemb er or January , but in 

Augus t ILL had twice as many Poa t i llers as other treatments  (Tab le 4 . 13}. . 

Table 4 . 13 :  Effect of treatments on Poa t i ller density on 

( 
. 2 

1 August 1976 thousand t illers per m ) . 

LSD (5%)  = 2 . 0  

F 

HH 3 . 1  
HL 2 . 4  
LH 2 . 2  
LL 1 . 4  

I 

1 . 5  
2 . 2  
2 . 9  
5 . 7  



9 

8 

•7 

6 

= 5 E 
' 0 0 
S! 4 -

""' -
ell 
c: 
� 3 
.. 
:! 
� �� 

1 

• 

0 

A 

, , . , 
, 

, 
, 

I 

• 

,I' , 

,b ' , 

• 

A' 

' ' ' ' ' 
• 

' 0 ·  

'i, ' .. 

FHH F L L  

0 A 
• • 

- - - - - ---

A 

• 0 

, T , , r ... ... 
... .. 

• 

A 

.. 

Before grazing 

After gra z ing 

Mean 

.. ... ... ' ... ... . 
A "'I 

• 

0�----�----r-----r-----�----�----r-----�----r-----�----� 
Sept Oct Nov Dec Jan Feb Mar Apr May June 

Figure 4 . 3 :  Ryeg rass t i l ler density at each g razing in FHH and FL L . 

0'\ 
0 Ill . 



6 1 . 

4 . 3 . 4 . 3 Aer ial tillers 

It was observed that many defoliated reproduct ive ryegrass ti llers 

developed aerial t illers on the res idual nodes . S ome of these rooted , 

but many were several cm above the soil surface . On 21  January , four 

22 cm diame ter cores were taken per plot and the number  of aerial 

t i l lers per core counted to see if the presence of aerial ti llers was 

a ffected by the treatments ( Table 4 . 14) . Aerial tillers occurred 

even in closely grazed pasture , but would not have b een noticed by the 

casual observer because they were on the short ( 1- 3  cm) culm bases 

left  af ter graz ing . Treatments which left more culm in the sward , 

and therefore more nodes above ground , resulted in more aerial ti llers . 

P lots not grazed hard until  the second grazing (LH) had significantly 

more aerial t i l lers than those grazed hard at the first  grazing (HH and 

HL ) b ecause of  the difficulty in forcing sheep to graze the more mature 

culm bases at a later dat e .  S ince sheep were able to largely avoid 

grazing culms in the LL treatment mos t  aerial t i llers were found in 

this treatment . Infrequent ly grazed swards had signif icant ly more 

aerial t illers than frequent ly grazed swards , a ref lect ion of the 

di fference in culm development , especially at the first  grazing . 

Table 4 . 14 :  Effect of treatments on aerial t i l ler densi ty 

( t i l lers/m
2

) 

Frequency treatment : 

F 
I 

Intensi ty treatment : 

HH 
HL 
LH 
LL 

Density 

170 b 
260 a 

70 c 
70 c 

230 b 
490 a 
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4 . 4 D I SCUS SION 

4 . 4 . 1  The inf luence of reproductive growth 

Light interception was used as a cri terian for defoliation in this 

exper iment , but during the late  spring reproduct ive growth appeared to 

greatly inf luence the pattern of herbage accumulation . For examp le , 

in Table 4 . 9 a positive correlat ion be tween non-leaf accumulation and 

res idual LAI after defoliation in October , but not af ter defoliat ion 

in November ,  probably reflected different s tages of reproductive 

development at the time of grazing . In October stem elongation had 

j us t  s tarted in ryegrass ,  and hard grazing removed some apical meristems 

whi le  few were removed by lax grazing . The positive correlation 

could have reflected different amounts of culm growth . In November , 

many seedheads had emerged and little further culm growth could be 

expected since even lax grazing resulted in meristems being removed . 

The lack of correlation between res idual LAI and non-leaf accumulation 

could be interpreted as reflecting no culm growth on this occasion . 

Tainton ( 19 74b )  compared two treatments during September , October , 

November , s imi lar to IHH and ILL in this experiment and found no 

significant difference in total net product ion ,  but greater net green 

herbage production from lax grazing . He commented that this was not 

due to greate r  leaf area , but to the recovery of a greater proportion 

of older tillers in the sward . S ince grazing occurred in mid-October 

when reproduc t ive meristems could be expected to be defoliated by hard 

grazing , but not by lax grazing , the advantage was probably due to 

reproductive growth again . In this experiment the first grazing of  

IHH and ILL occurred in November at  the head emergence s tage when little 

recovery could be expected from older reproductive tillers . In fac t , 

regrowth seemed to depend on the appearance of new tillers from grazed 

stubs of flower ing t illers , most vege tative t illers having died . 

Although IHH and ILL were c learly defined in terms of light 

interception by Tainton and in this experiment ,  d ifferent responses 

were obtained , reflecting the stage of  reproduct ive development at 

grazing • 
• 

Sheard and Winch ( 1966)  also found that reproductive growth 

great ly affected herbage product ion when light interception was used 

as a criteri� for de foliation . However ,  observations on rep roduct ive 
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development were largely visual in this s tudy s o  i t  was decided to 

examine reproductive growth in greater detail in a later study . 

4 . 2 . 2  Dead herbage 

Herbage was divided into live and dead components to show the op t i

mum stage for defoliation but changes in the amount of dead leaf 

were mos t ly not obvious because of the presence of dead culm .  This 

contrasts with other studies (Hunt , 1970 a ,  b ;  Tainton , 1974 a , b )  where 

dead culm was absent and changes in dead leaf were obvious . In the 

first res t period of the experiment (Table 4 . 2 ) there was no dead 

culm and dead herbage accumulated at a higher rate after full light 

intercep t ion than before full light interception (35 and 4 kg DM/ha/ 

day respectively) . Tainton (1974  a) also reported that the rate of 

leaf senescence increased rap idly from about the time that full canopy 

was attained . 

The s easonal pattern of dead herbage accumulation and disappearance 

was s imilar to that reported by Campbell ( 1964) . Dead herbage mass 

increased during summer and then decreased in autumn and winter .  It 

is interesting to note that in autumn the total herbage accumulat ion 

rate was less than 10 kg DM/ha/day but green herbage accumulated at 

up to 36 kg DM/ha/day (Figure 4 . 2 ) . 

As shown by Rattray ( 19 7 8) , an increased proportion of  dead 

herbage in the sward reduced the in vitro diges tability (Figure 4 . 4 ) .  

Cont inued lax grazing in late sp ring , by encouraging the accumulation 

of dead herbage (Tab le 4 . 4 ) , can be expec ted to result in swards of 

low nutritive value . Conversely , cont inued hard grazing should result 

in swards of  high nutritive value . 

4 . 4 . 3 Graz ing intensity 

The intens ity treatments were based on res idual LAI and indeed 

wher e  grazing was "hard" relatively little lamina remained after 

grazing compared with " lax" (Table 4 . 1) . However , al though "hard" 

graz ings removed mos t lamina , the degree of  defo liation for total 

herbage was often less than SO% (Figure 4 . 2 and Tab le 4 . 3) . With " lax" 

graz ings the degree of defo liation was even lower . Dead herbage was 
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avoided , as also found by others (McBride e t  a Z , 19 67 ; Thornson , 1 9 7 7 ) , 

and to increase the degree of defoliat ion it  would have been necessary 

to force sheep to consume greater amounts of dead herb age . 

There was a 20% advantage of close (HH) over lax (LL) graz ing in 

herbage accumulat ion , mainly resulting from greater green herbage 

accumulation in spring / summer . No residual ef fect of spring grazing 

in tensity was de tected in the autumn/winte r .  

With frequent grazing significant relat ionships were estab lished 

showing that increased res idual leaf area reduced green herbage 

accumulation . There was a positive correlation between the numb er of 

hard grazings and green herbage accumulat ion , and in the two weeks 

following defoliation on 20 October there was a negative correlat ion 

between leaf accumulation and residual LAI ( 4 . 3 . 3 . 1) .  This  result was 

surpr ising since the general f inding had been that increased leaf area 

index causes greater ligh t intercept ion and accelerated growth rate 

(Brown and Blaser , 1968) . Greater light intercep tion may not have 

occurred with lax graz ing because although the res idual LAI was higher , 

the LAI at 95% light intercept ion was lower (Tab le 4 . 10) . For example , 

when the average LAI for FHH and FLL was calculated by numerical 

intergrat ion for the period 25 October to 18 February no significant 

d i f ference was found ( 3 . 3  and 3 . 4  respectively ) . Even if  greater 

ass imilation did occur wi t h  lax grazing , greater losses through death 

and decay (Morris ,  1970) , or  greater translocation of assimilate to 

leafless culms (where i t  would presumably be lost in respiration) , 

obs cured thi s .  Holmes and McC lenaghan ( 1 9 7 9 )  have also reported 

higher net pasture growth rates with closer grazing in spring . 

During the spring/ summer period more. green herbage accumulated in 

IHH than in either IHL or ILH (Table 4 . 6) ,  a pattern s imilar to that 

found with frequent graz ing . ILL did not follow this pattern however , 

accumulating a similar amount of  green herbage to IHH . This difference 

may have been due to greater secondary reproduct ive growth in ILL but 

this hypothesis cannot b e  c onfirmed because reproductive t illers were 

not separated from vegetative t illers . 

The sampling of t i ller populations in January was af ter most 

reproduct ive tillers had died and so it largely recorded vege tative 
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t i l lers . Despite the sward being relat ively open in early spring 

(Table 4 . 11)  cont inued lax grazing reduced ryegrass ti ller density 

almost 30% compared with cont inued hard grazing (Table 4 . 12) . These 

results are similar to those from other grazing experiment s (Tainton 

19 7 4  a ;  Boswell  and Crawford , 1978) and are in accordance with the 

conclusions of Langer (1963)  and Davies ( 1 9 7 7 )  who both noted that 

close , but not too severe grazing , favoured t i l ler numbers . 

Alternating grazing intens i ty treatments prevented the decline in t i ller 

population ; a s imilar result to that of  Ollerenshaw and Hodgson ( 19 7 7 )  

with cut perennial ryegrass swards . With grazing intens ities s imi lar 

be tween February and July the difference between treatments disappeared ,  

il lustrating the dynamic nature of ryegrass t i ller populations . 

Except for greater invasion by Poa in ILL between January and 

August there was no effect of  treatments on botanical composition 

mea sured as species occurrence in t iller cores . The reason for this 

greater ingress of Poa was perhaps a comb inati on of greater seeding 

by Poa and lack of competition from ryegrass in ILL . 

4 . 4 . 4  Grazing interval 

A number of grazing experiments have shown that herbage produc t ion 

was increased by d�ubling or trip ling the grazing interval (Table 4 . 15) . 

In comparison to these other experiments both F and I in this 

experiment were relat ively infrequent and the difference between F and 

I was relatively small . Tainton ( 1974 b )  compared treatments 

essentially the same as FHH and IHH . In contrast to this experiment 

where no s igni f icant difference in herbage accumulation was detected 

between F and I during the " spring/summer" , Tainton ( 19 74 b) obtained 

12% greater herbage production from more frequent grazing . The dif ference 

in results was due to the method of calculating product ion by Tainton . 

Thi s  will be d iscussed further in Chapter 7 ( 7 . 1) .  

Tainton ( 19 7 4  a , b )  found that the rate o f  green herbage accumulation 

declined quickly after 95%  light intercep t ion was reached , explaining 

the reduced production with less frequent graz ing . The rate of green 

herbage and grass " lamina" accumulat ion (also mentioned by Taint on) 

only declined markedly after 95% light intercept ion was reached in one 

regrowth in eight during summer in this experiment (Figure 4 . 2 ) . Thi s  

will be discussed in Chapter 7 ( ] . 2 . 2 . 1) .  



Table 4 . 15 :  Length of rest per iods in s ome grazing 

experiments (days)  

Frequent Infrequent 

This experiment (average) 

HH 35 45  

LL 3 2  43  

Weed a (1965)  10 21 

Campbell (1969)  7 28  

P ineiro and Harris ( 197 8  a) 14-28  28-56 

Holmes and McClenaghan ( 1 9 7 9 )  10  2 1  

6 6 .  

The most notab le effect of grazing f requency was in the " autumn/ 

winter" period when 5 7 %  more green herbage accumulated with infrequent 

grazing . Many of  the regrowth curves for green herbage in "autumn / 

winter" have a lower s lope in early regrowth than in late regrowth , 

especially where grazing was frequent (Figure 4 . 2 ) . Also there was 

no marked decline in green herbage accumulation after 95% light 

int erception .  This  sugges ts . that the greater herbage accumulation i n  I 

resulted from pasture being in the linear phase of growth longer . 

Thi s  result is of c ons iderable re levance t o  all-grass wintering systems 

where infrequent defoliation ( 60-90 days depending on pasture growth )  

i s  common i n  autumn and winter (Hook , 1 9 7 8 ) . Considerab ly more herbage 

can b e  accumulated by delaying grazing for two weeks after 95% light 

inte rception ,  without s ignificantly reducing t iller density or the 

whi t e  clover content of  the pasture . Very long regrowths in autumn 

and winter wi l l  however reduce both herbage accumulation and the clover 

cont ent of the sward (Brougham , 19 70) . The opt imum defoliation interval 

for autumn and winter has yet to be def ine d , but it  is at least two 

weeks after 9 5 %  l i ght interception . 

3 . 4 . 5 Aerial t i l lers  

The occurrence o f  aerial tillers on ryegrass have been reported 

previously (Kydd , 1966 ; Hayes ,  197 1 ;  S imons et  al, 19 7 4 ;  Tainton , 

197 4b ; Minderhound , 19 78) . Although aerial tillering is not always 
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associated with f lowering , S imons e t  a l  (1974)  found tha t aerial 

t i l lers frequen t ly deve lop on the remains of f lowering stems , and 

the observations in this exper iment (Table 4 . 14 )  suggest  that mos t  

aerial tillers were from this origin . The persistence and production 

of aerial t i l lers was invest igated in a later study . 



CHAPTER 5 TH E  E F F E C T S  O F  T H E  T I M I N G AND I NT E N S I T Y O F  
S P R I N G G R AZ I N G S  ON T H E  HE RBAG E P R O D U CT I O N 
A N D  T I L L E R I N G O F  R Y E G RA S S  DOM I N ANT P A S T U R E  

5 . 1  INTRODUCTION 

6 8 .  

The previous experiment suggested that reproduct ive growth 

markedly inf luenced herbage product ion . As observat ions on s tages 

of reproductive development were l imited it was decided to relate 

defoliation treatments to s tages of  reproduct ive development in 

another experiment . 

The interrupt ion of  reproduct ive development by mowing of pure 

grass swards has shown that interrupt ion at anthesis wi l l  give the 

maximum annual herbage dry mat ter yield (Bird , 1943 ; Aus tenson , 196 3 ;  

Bonin and Tomlin , 1968 a , b ;  Gillet , 19 7 3 ;  Corrall , 19 7 4 ; Mislevy et al , 
1977 ; Gervais and St  Pierre , 1979 ; Corrall et a� 19 7 9 ) . However , 

the nutri t ive value of  grass swards decline markedly during culm 

growth (Pritchard et al, 1963 ; Terry and Tilley , 1964) so that the 

advantage of defoliat ion at anthesis  is reduced if herbage quality 

(annual yield of  D . O .M . , T . D . N . , or prote in) is  considered . The mowing 

experiments mentioned above were all  conducted overseas and there is 

lit tle comparable local data for grazed ryegrass /clover swards . 

Besides poss ib le differences in herbage p roduction ,  botanical compos i tion 

of ryegrass / clover swards could be  altered by permitting different 

amounts of ryegrass reproductive growth . 

The choice of grazing regime depends not only on annual herbage 

product ion , but also on the pattern of product ion . In the previous 

experiment pasture growth rate decl ined �ith successive lax grazings 

in early summe r ,  whereas with success ive c lose graz ings it remained 

relatively constant ( 4 . 3 . 1 . 2 . 4) . · Extens ion workers (e . g .  Hal l , 1973)  

have observed that removal of  reproduct ive t i llers by close defoliat ion , 

or by mechanical topping (Matthews , 1 9 7 5 ) , will promote "vigorous leafy 

growth into a period when a pasture which has been allowed to s eed wil l  

be in a phase of  relatively poor vegetative growth" . The following 

experiment examines the pattern of herbage production af ter d i fferent 

t imings and intensi t ies of grazing during the period of ryegrass 
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reproduct ive growth . 

A possible reason for reduced growth from a pas ture allowed 

to seed could be a reduced tiller density . Allowing reproduc tive 

growth normally results in a decline in vegetative tiller dens ity 

( Spiertz and Ellen , 1 9 7 2 ;  Hebblethwaite and Ivins , 19 7 7 ,  19 7 8 ;  

Ong e t  al , 19 7 8b )  and decapitation o f  reproductive tillers could be 

expected to increase tillering (Asano and Chuj o ,  19 75 ; Krause and 

Moser , 19 7 7 ) . In the following experiment the influence of 

differences in ti ller density , resulting from different amounts o f  

reproductive growth , on herbage production was invest igated . 

In the p revious experiment it had been hoped that t iller cores 

taken before and a f t er each grazing would show differences in ti ller 

density between treatments .  However , the amount of variation was 

o ften very high (coefficients of variation up to 30%) and because 

vegetat ive and reproductive ti llers were not separated , interpretation 

of results was difficult . Variat ion was reduced in the following 

experiment by using f ixed frames for tiller measurement s ,  and by count ing 

vegetat ive and reproductive tillers separately .  A special study of  

aerial tillers was made t o  measure their importance to pers istence 

and production .  

5 . 2  EXPERIMENTAL 

5 . 2 . 1  The site 

The experiment was c onducted between the 6 September 19 7 6  and 

1 June 19 7 7  on the s ame site  and pasture as the experiment described 

in Chapter 4.  The experimental area was grazed on 6-10 August and 

again on 3-6 September , then 20 paddocks were  chosen for the experiment . 

Potassic superphosphate (6% P ,  14%K) at a rate of  567 kg /ha was broad

cast on all plots in September 1976 . Insecticide to control 

Argentine stem weevil  (Huperodes bonariensis) was sprayed on all plots 

in October  1976 and March 1 977 . 

Soil moisture determinations (% of dry weight at 105
°

C)  for the 

top 15 cm soil were made regularly from within the trial area and are 

presented in Appendix I .  Monthly climatic data recorded at Palmers t on 
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Nor th are presented in Appendix II . The autumn of 1976-7 was drier 

than the p revious year with soil moisture leve ls being below 20% 

for approximately 10 weeks (Feb ruary to April)  and dur ing this time 

pas ture growth was slow . 

5 . 2 . 2  The treatments 

The f o llowing f ive treatments were arranged at random within 

four b lock replicates (Figure 5 . 1) .  

Contro l :  Ungrazed after 6 September  19 7 6 .  

T
1

H :  First grazed 21  October ; mid-spring grazing hard . 

T
1

L :  First grazed 21 Oc tober ; mid-spring grazing lax . 

T
2

H :  First grazed 15 November ; late-spring grazing hard . 

T
2

L :  F irst grazed 15 November ; late-spring grazing lax . 

T1 
and T

2
, referred to as " t ime of grazing" , were different 

stages of  reproduc t ive development at the first grazing . Grazing on 

21 October 1 9 7 6  (T
1

) was when it was j udged that many reproductive 

ryegrass meristems were within grazing height (3-4 cm above ground 

level)  and grazing on 15 November (T
2

) was when it was j udged that 50% 

of ryegrass s eedheads had emerged . The two grazing intensi t ies were 

again based on residual leaf area index (LAI ) , and were designed to leave 

no leaf l amina (Hard : LAI = 0-0 . 7 ) or to leave some leaf lamina (Lax : 

LAI = 0 . 6- 2 . 2 ) .  

All p lots  were laxly grazed during late summer and hard grazed 

during autumn as recommended by Brougham ( 19 70) . After the initial 

grazing (T1 and T2) ,  subsequent grazings were either when the sward 

intercep tea 95 %  of photosynthet ically act ive solar radiation at noon 

or after 6 weeks , whichever was f irst . .In late summer dry weather and 

in winter low temperatures reduced pasture growth so that 95% light 

intercep t ion was not reached after 6 weeks regrowth . All grazings were  

with Romney sheep and lasted 3 to 5 days . 

for each treatment i s  shown in Tab le 5 . 1 . 

The ac tual grazing regime 
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T1 L 1  

Control1 T2H1 T1 H •  I 
N 

T2L 1 T1 L 2 T2 L 2  

T1 H 2 Control2 T2 H ,  

T2 L3 Control3 T1 L3 

T1 H.a T1 H3 

T1 L 4  T2 H3 

T2 L4 T2 H4 

Control4 
F 1gure 5 . 1 · PI an of Expenment 2 . 



Table 5 . 1 : Defoliat ion regime s for Experiment 2 .  Dates refer 

to the grazing period and the residual leaf area 

indices are in brackets . 

All plots HARD grazed 3 / 9  - 6 / 9 / 76 (0 . 6 ) 

7 1 .  

Hard ( 0 .  7 )  

2 1 / 10-2 5 / 10 

Hard (0 . 1) 

20/11-23 / 1 1  

Hard (0 . 2 ) 

20/12-23/ 12 

Lax ( 1 .  3)  

21/10- 25/10 

Lax ( 1 .  4) 

10/ 1 1-15 /1 1  

Lax ( 2 . 2 ) 

30 /11-3/ 12 

Lax ( 1 .  2)  

17 /12-20/ 1 2  

Hard (0 . 0 ) 

1 5 / 11-20/11 

Hard (0 . 1 ) 

1 6 / 12-20/12 

Lax (0 . 8 ) 

15/ 11- 20 / 11 

Lax ( 1 .  0 )  

11/ 12-15 / 12 

Lax (0 . 7 )  

2 5 / 1-29 / 1  

Hard ( 0 . 1)  

18 / 3-21/3  

Hard (0 . 7 ) 

28/4- 2 / 5  

Lax ( 1 .  8 )  

10/1-13/1  

Lax (0 .  7 )  

7 / 2-11/2  

Hard ( 0 . 3)  

25 /3-28/3  

Hard ( 0 . 2 ) 

6 / 5-10/ 5  

Lax (0 . 6) 

2 1 / 1-25/1  

Hard (0 . 3) 

1 1 / 3-14/3 

Hard (0 . 6 ) 

24/4-28/4 

Experiment ended 1 / 6 / 7 7  

The Control treatment was ungrazed 

Lax (0 . 8) 

4/1- 6 / 1  

Lax ( 0 . 9 ) 

30 / 1- 3 / 2  

Hard ( 0 . 2 ) 

21/3- 2 5 / 3  

Hard ( 0 . 4) 

2/5- 6 / 5  
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5 . 2 . 3  Measurements 

5 . 2 . 3 . 1  Herbage mass 

Herbage measurements were s imilar to those in the first 

experiment ( 4 . 2 . 4 ) excep t that the capacitance probe was not used . 

The locat ion of quadrats was random, although unusually long or 

unusually short areas of herbage were avoided . Sub-samp les were 

dis sected into ryegrass 1 white clover , o ther grasses , other species ,  

and dead herbage . Dead ryegrass culms were separated from the dead 

herbage . Ryegrass was divided into three types of  ti llers : reproductive 

(those tillers with visible culm elongation) , aerial (those t illers 

emerging from culm nodes ) , and vegetative . Emerged leaf lamina 

( " lamina" ) was again separated from the white clover and ryegrass 

fractions for leaf area measurement . 

5 . 2 . 3 . 2  Tiller cores 

Thirty 5 cm diameter tiller cores (Mitchell and Glenday , 1958)  

were collected from each plot at the beginning and end of the 

experiment . The number of ryegrass , Poa . other grass tillers and 

the number of white c lover shoo ts per core was recorded . 

5 . 2 . 3 . 3  Tiller marking 

Following grazings in spring and summer four samp ling areas per 

plot were obtained at random , but avoiding very long or very short 

areas of herbage . At each location a circular frame (10 . 2  cm diameter) 

was attached to the soil with wire and all live ryegrass tillers within 

the frame marked with short lengths of split p lastic tubing (Plates 

5 . 1 and 5 . 2 ) . Vegetative , reproductive , and aerial tillers were 

separately marked with different coloured markers . Sampling areas 

were left  undis turbed until immediately before the next grazing when 

they were removed for d issection .  Tillers within each marked category , 

and those that had appeared during regrowth (unmarked) , were cut at 

ground level and reclassif ied as vegetative , reproduc tive , aerial or 

dead . The number of  tillers in each of tpe 15 possible categories 

was recorded and each indidivual tiller dried and weighed . 

that appeared but died b efore grazing were not counted . 

New t illers 



P la t e  5 . 1 :  A circular fixed frame us ed for t il ler marking . 
The ye l low , red and b lue plas tic  tub ing marks 
vegetat ive , reproduct ive and aerial tillers 
respectively . 

P late 5 . 2 :  A ci rcular frame used for t i ller marking . The 
wires were u s ed to re locate frames at the end 
of rest periods . 

7 2 a  
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The rye grass t i ller dens ity (Figure 5 . 5 ) for each cat egory of 

t i llers was calculated by averaging the densi ties in frames before and 

af ter each grazing . S ince bare areas of ground were avoided when 

p lacing frames , the t i l ler density ob tained by this method was 

expect ed to  be greater than that ob tained from 5 cm diameter cores 

t aken at random . At the beginning of the experiment when both me thods 

were used on 12 plots  there was a 7% difference (Table 5 . 2 ) . 

Approximately ha lf the area per plot was actually measured with the 

non-random me thod ( 314 cm2
) compared with the random method ( 5 89 cm2 ) .  

Table 5 . 2 :  Ryegrass t i l ler dens ity on 6 Sep tember as 

measured by dif ferent methods ( thousand ti llers/m2 ) 

Me thod Dens ity (± SE) 

4 x 10 cm diame ter frames per plot (non-random) 6 . 4  ± 0 . 5  
30 x 5 cm diame ter  cores per plot ( random) 6 . 0  ± 0 . 5 

The gross absolute  t i ller appearance rate (TAR) and gross 

absolute ti ller death rate (TDR) were calculated  as suggested by 

Thomas ( 1980) . 

TAA 

TDR 

5 . 2 . 3 . 4  Control plots  

unmarked ti llers 
rest per iod ( days )  

marked tillers dead 
rest period (days ) 

The control p lots were left ungrazed a f t e r  6 Sep t ember to al low 

un interrupted reprodu c t ive growth . The number of ryegrass seed-

heads per unit area was measured at intervals over the spring . Also , 

ci rcular frames for t i llering marking were placed in Control plots 

after grazing on 6 Se ptemb er and removed for dissect ion on 4 January . 

5 . 2 . 4  Calculat ions and s tatistical analysis  

Net herbage accumulat ion was again calculated using the same me thod 

as previou�( 4 . 2 . 5 ) . S tatistical analysis were carried out on the 
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Mas s ey Unive r s i t y  B 6 7 00 computer us ing the p ro gramme " TEDDYBEAR" 

wri t te n  by Wilson ( 19 7 8 ) . 

5 . 3  RESULTS 

5 . 3 . 1  Deve l opment o f  the undef oliated f lowe ring sward 

5 . 3 . 1 . 1 Herb age accumulat i on 

The pat t ern of h e rb age accumula t i on during unin t errup t e d  r e

produc t ive growth was ob t ained f rom herb a g e  c u t s  (Tab l e  5 . 3) t aken a f t e r  

t h e  f i r s t  graz ing ( 6  and 2 1  S ep t emb er)  and b ef o re the next g raz ing , 

e i th e r  a t  T
1 

( 2 1  October)  or at T
2 

( 1 5  Novemb e r ) . Ryegrass was the 

main s pe c i e s , cont ribut ing 60- 70% of the g r e en herbag e . 9 5 %  l ight 

int e r c e p t ion was reached on 1 6  O c tober and a f t e r  this , that i s , 

b etween 2 1  O c t ober and 15 Novemb e r , the r a t e o f  dead h e rbage accumul-

a t i on increased markedly . S t em e longa t i on in ryegras s  b e gan in mid-

S e p t emb e r  and as more t il lers b ecame " reproduc t ive" the proport i on 

o f  ryegras s in the "vege t a t ive'' category d e c l ined . 

Tab l e  5 . 3 :  Herbage mas s  (kg DM/ha)  and r a t e  o f  herbage 
accumulat ion (kg DM/ha/day )  a f t e r  graz ing on 
6 S e p t emb e r  1 9 76 .  

D a t e  6 S e p t  2 1  S e p t  2 1  O c t  

Herb age mas s 

Green h e rb a g e : 
Ryegrass 

Vegetat ive t i l le r s  4 6 1  ± 3 5  1 1 2 5  ± 4 7  8 6 4  ± 5 0  
Rep ro d u c t ive t il lers 0 7 1  ± 1 7  1034 ± 8 7  
T o t a l  4 6 1  ± 35 1 1 9 6  ± s s  1 8 9 8  ± 1 1 8  

Whi t e  c l ov e r  84 ± 8 2 1 7  ± 2 5  6 2 2  ± 5 8  
Other s p e c i e s  1 35 ± 2 2  3 4 1  ± 2 3  6 0 8  ± 6 1  
T o t al 6 80 ± 4 5  1 7 5 4  ± 4 0  3128  ± 9 0  

Dead h e rb a g e : 230 ± 2 0  2 0 6  ± 1 8  5 3 2  ± 3 3  
T o t a l  h e rbage : 9 10 ± 5 1  1 9 60 ± 4 6  3660  ± 10 3  

Accumu l a t i on rate 

Green h e rb ag e  7 2  3 5  
D e ad herbage - 2 8 

9 2  
2 2  

T o t a l  70  4 3  1 1 4  

1 5  Nov 

5 35 ± 4 1  
2 6 35 ± 2 5 0  
3 1 70 ± 2 6 7  
1 2 3 1  ±2 0 7  
1 0 3 2  ± 9 4  
5 4 3 3  ± 9 7  
1 0 7 6  ± 5 8  
6 509 ± 11 8  
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5 . 3 . 1 . 2 Reproduc tive deve lopment 

The fina l number of ryegrass ti llers showing s t em elonga t i on 

in the Cont rol plots and class if ied as ' reproduct ive ' was 2200 ± 
2 100 per m Tillers showing s t em elongat ion first appeared in mid-

Sep t ember and increased in percentage quickly during Oc tober ( Figure 

5 . 2 ) . Herbage samples cut on 18  October , three days before T1 , were 

examined and it was found that 2 6 %  of  ryegrass ti llers had visib le stem 

elongat i on , and of the remaining 7 4% with no vis ib le elongat ion 20% 

were f ound to have reproduct ive me ristems when examined mi cros copically . 

From this it  was calculated that approximat ely 60% of  the final numb er 

of  reproductive tillers showed vis ible signs of stem elongat ion on 

18 O c t ober , a value similar to that finally ob tained when more 

reproduc t ive tillers actually deve loped (T1 in Figure 5 . 2 ) .  

Seadheads did not begin t o  appear unt il  Novemb er and the numb er 

qui ckly increased until early De cember . The sward lodged in mid-

December and the final seedhead count was from cut quadrats taken in 

January . Examination of  180 reproduct ive t i llers from 5 p lots showed 

that 34% of heads had emerged on 15 November when T
2 

p lots  were first 

grazed . This was similar to  the p roport ion measured from s eedhead 

counts  on control plots (T2 in Figure 5 . 2 ) .  

Plates 5 . 3  and 5 . 4  show the con t r o l  plots at T1 and T2 . 

5 . 3 . 1 . 3  Marked t illers 

After grazing on 6 Septemb er t i l lers were marked in all  

treatments . Tab le 5 . 4  presen t s  the data ob t ained when frames 

were removed on 21 October ( f rom T 1 ) ,  on 15 November ( from T2 ) ,  and 

on 4 January ( from Control) . Des p i t e  the variat ion between t urf s , 

reduced t o  s ome extent by covariance adj ustment for the ini t ial number 

of  t i l lers per circular frame , s ome t rends were apparent . 
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Plate 5 . 3 :  

Plate 5 . 4 : 

A control plot at T1 (21  October) . 
A s trip was mown ouE of the plot  to 
show the sward s tructure . 

7 5b 

A c on trol plot at T
2 

(15  November) . 
A s trip was mown to show the sward s tructure . 
Note the greater amount of  reproductive development 
compared with P late 5 . 3 .  



Tab le 5 . 4 :  Ch anges in rye g ras s t i l le r  dens i t y  ( lOO t i ll ers/m
2

) 

and t i l ler w e i gh t  (rug / t i ller)  following graz ing on 

6 Septemb e r  

7 6 . 

6 S e p t  2 1  O c t  1 5  Nov 4 Jan 

T i l l e r  dens ity * 

Marked t i llers : 
Vegetat i ve 
Reprodu c t ive 
Dead 

Unmarked t i l l e rs : 
Vegetat ive 
Rep roduct ive 

Mean t i ller weigh t  

Vege t at ive t illers : 
Marked 
Unmarked 
Reproduct ive t il lers : 

6 4  ± 5 4 1  ± 3 
1 8  ± 2 

5 ± 2 

1 5  ±12 
1 ± 1 

2 6  ± 5 
1 3  ± 2 
6 7  ± 8 

1 4  ± 2 
2 7  ± 2 
2 4  ± 2 

4 ± 4 
3 ± l 

2 1  ± 3 
1 7  ± 4 

1 6 0  ± 20 

9 ± 2 
1 8  ± 2 
3 8  ± 1 

10 ± 7 
l ± 1 

2 7  ± 1 
5 ± 1 

2 5 0  ± 2 5  

* Adj us t e d  b y  covariance f o r  the number o f  t i l l e rs marked per 

f rame on 6 Septemb e r .  

The dens i t y  o f  veget a t ive t i l lers d e c l ined wi th t ime a s  more t i l lers 

b ecame reprodu c t ive , and as marked t illers died . T i l le r  death 

increased a f t e r  95% ligh t  i n t e rc ep t i on was reached ( 1 6  O c t ober) , and 
2 

the dens i t y  of vegetat ive t i l le rs d e c l in e d  from 5 600 p e r  m on 2 1  
2 

Oc t ob er ( T
1

) t o  1 800 per m o n  1 5  Novembe r  ( T
2

) .  By 4 J anuary remaining 

veget at ive t i l lers were smal l  and e t iolated with 50% of th e marked 

vege t a t ive t i l le r s  showing i n te rnode e longa t i on .  The mer i s t ems o f  

these e t i ol a t ed t illers were examined and i t  was es t ab l i shed that they 

were not reproduct ive . Marked vegetat ive t il lers w i t h  no internode 

e l ongat ion on 4 January had a mean w eight of 16 ± 3 mg/ t i ller b ut 

including t h e  t i llers showing e l ongat ion increased the mean weigh t  t o  

2 7  mg/ t i l l e r . New veget a t ive t il le rs ( unmarked) were smaller than 

older ( marked )  vegetative t il l e rs . Ove r  9 0% of the reprodu c t ive 

t i llers were t i l lers present a t  th e s tart o f  the experiment ( i . e .  

marked) .  Reproductive t i l l e r s  increased in wei ght and g r ew t o  many 

t imes the s iz e  of vegetat ive t i l lers . 

S ome aerial t i llers appeared i n  the sward on 1 5  Novemb e r  and b y  

4 J anuary 1 10 ± 6 0  aerial t i l le r s  p e r  m
2 

w e re pre s ent on Contro l p l o t s . 
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5 . 3 . 2  Herbage mass 

5 . 3 . 2 . 1  Whole sward 

For simplicity and for comparison with the results in Chap ter 4 

the sward has been divided int o grass (mainly ryegrass and Poa) , other 

species (mainly white clover) , and the dead herbage ( including dead 

culm) . Changes in the herb age mass of  these components for each rest 

period is presented in Figure 5 . 3  and is s imilar to ryegrass (Figure 

5 . 4) as ryegrass was the main pas ture species . The pattern of  regrowth 

in the first rest period (described in 5 . 3 . 1 . 1) is on-ly drawn once 

for T1 and T2 . 

5 . 3 . 2 . 1 . 1  Grass 

The pattern of regrowth of grass ( Figure 5 . 3) was similar to that 

of ryegrass which will be des cribed in detail (5 . 3 . 2 . 2 ) .  The amount 

o f  Poa was consistently greater under the lax grazing than the hard 

graz ing treatment in the spring/summer period (Table 5 . 5 ) . The 

diffe rence in the amount of Poa was established at the firs t hard or 

lax grazing (at T1 or T2) and remained until all plots were hard grazed 

in autumn . The amount of Poa was not s ignificantly influenced by the 

" t ime of grazing" treatments . 

5 . 3 . 2 . 1 . 2  Other species 

White clover was the main component of the "other species " in 

Figure 5 . 3 , the remainder ( flatweeds ) rarely exceeding 50 kg DM/ha . 

The amount of wh ite clover increased during regrowth on all treatments 

in spring and summer but in aut umn there was less clover regrowth . 
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Tab le 5 . 5 :  The e f f e c t  o f  graz ing int en s i t y  on the he rbage ma ss 

(kg DM/ha) o f  " other gras s "  (ma inly Poa )  at various 

d a t e s  

Date Hard Lax 

2 0  November 2 4 0  b 440 a 

1 1  De cember 180 b 540 a 

1 7  January 1 3 0  b 350 a 

1 5  Feb ruary 8 0  b 290 a 

5 Apr i l  4 0  a 9 0  a 

1 6  May 40 a 30 a 

7 8 .  
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5 . 3 . 2 . 1 . 3  Gr e en herbage 

The a ccumulation o f  green h e rbage ( " grass" plus " other spec i e s " )  

was s imilar t o  t h e  pat tern for ryegrass ( 5 . 3 . 2 . 2 ) .  The average 

accumula t i on r a t e  for each r e s t  p eriod increased with successive hard 

graz ings ( T
1

H and T
2

H )  to app roximately 85 kg DM /ha /day in January , 

but d e c l ined t o  3 7  kg DM/ha / day f o l lowing succes sive l ax graz ings 

in T 1 L ( F i gure 5 . 3 ) .  I t  remained at app r oximately 4 0  kg DM/ha/ d ay 

on T
2

L dur ing the s ame per iod . Accumu l a t ion rates o f  green herbage 

de c lined in t h e  dry period dur ing e arly autumn and then increased again 

after rain . 

5 . 3 . 2 . 1 . 4  Dead herbage 

The a c cumu l a t i on of dead herb age r e f l e c ted the accumulat ion o f  dead 

ryegras s c u lm ,  d e s c r ibed in 5 . 3 . 2 . 2 ,  and the ac cumulat ion o f  dead leaf . 

Dead l e a f  was t h e  main component o f  dead h e rbage a t  a l l  t imes (Tab le 5 . 6) 

although dead culm accounted for over 40% o f  dead herbage in late summer 

with lax g r a z ing . Both dead leaf  and dead culm were p r esent in 

signi f i can t ly h i gher amount s  in l ax ly gra z e d  swards , but in the per iod 

of dry weather in March when the amount o f  vegetat ive l amina declined 

(Figure 5 . 4 ) the amount of dead l e a f  increased on p revious ly hard 

grazed p lo t s , reducing this d i f fe rence ( F i gure 5 . 3) .  
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Tab l e  5 . 6  The e f f ect o f  grazing intens ity on dead he rbage 

mas s  on various dat es (kg DM/ha) 

Date Dead Leaf Dead Culm T o t a l  

Hard Lax Hard Lax Hard Lax 

2 0  Nov 500 b 900 a * 1 0  b 120 a 5 1 0  b 9 6 0  a 

1 1  Dec 4 3 0  b 1080 a 1 7 0  b 310 a 5 0 0  b 1 39 0  a 

1 7  Jan 2 10 b ll20 a 7 0  b 6 80 a 2 80 b 1 80 0  a 

15 Feb 560 b 1100 a 1 3 0  b 790  a 6 9 0  b 1 89 0  a 

5 Apr i l  7 70 b 1100 a 1 5 0  b 590 a 9 20 b 1 700 a 

1 6  May 460 a 460 a 4 0  b 160 a 5 0 0  a 6 2 0  a 

Changes in the herbage mas s  o f  rye grass vegetat ive t i l l e rs , 

reproduc t ive t i llers and dead c u lm for each t reatment ove r  the 

exper iment al period is presen t e d  i n  Fi gure 5 . 4 . Ae r ia l  t i l lers only 

repres ent e d  a small amount o f  h erb age ( generally les s than 5 0  kg DM/ha 

but occas ional ly up t o  lOO kg DM/ h a )  and s o  were not shown s epara t e ly . 

The f i r s t res t period was s imilar f o r  b oth graz ing inten s i ty treatments 

so it was only drawn once from T
1 

and T
2

. Vegetat ive t i l le r s  are s ub-

divided into " l amina" and " s t ub b l e " . S ince reproduct ive t i l le r s  had 

l i t t le " lamina" a f t er the firs t graz ing this is indicated by a d o t t e d  

line . The amount of " l amina" on reproduct ive tillers is rep resented 

b e low t h e  dot t ed l ine ( and ab ove t h e  vege t at ive t i llers )  and l ive 

culm above the dot t ed line . 

5 . 3 . 2 . 2 . 1  Reproduct ive t i l l e r s  

Har d  graz ing on 2 1  O c t ob e r  ( T
1

H )  removed many reprodu c t ive mer i s tems 

and prevent e d  further reproduc t ive growth in thos e t i l lers . With lax 

grazing ( T
1

L )  f ewer mer i s t ems were damaged and reprodu c t ive growth 

cont inued in the fol lowing res t p e r iod . Sub s equent hard graz ings 

(T
1

H )  a l s o  removed mos t  of the reproduct ive herbage wh ich h a d  accumu

lated so that relat ive ly l i t t l e  dead culm accumulated in t h e  sward on 

T
1

H . I n  c on t r as t , cont inued lax graz ing (T
1

L )  mainly removed " l amina" 
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from reproductive tillers and culms continued to accumulate . At 

first culm remained green , but later (January - March) died , increasing 

the amount of dead culm .  

Between 21  October and 1 5  November there was little further 

accumulation of  ryegrass " lamina" ( 60 ± 90 kg DM/ha) on T
2 

plots and 

ryegrass growth was almost entirely due to culm growth . Hard grazing 

of largely reproduct ive swards on 15 November (T
2

H) removed most  

reproductive herbage and the residual culm died in  the next 4 weeks . 

A small amount of further reproductive growth occurred on T
2

H in 

January and the following lax grazing (21  Jan . ) ,  where sheep were able 

to largely avoid culm, resulted in some dead culm accumulating . Lax 

grazing on 15 November (T
2

L) mainly removed " lamina" and left a 

considerable quantity of  culm (1540 ± 1 70 kg DM/ha) . This culm was 

largely avoided in subsequent grazings and died in December and January . 

Ewes also avoided grazing dead culm which then disappeared from the 

sward during autumn regrowths . Both T
1

L and T
2

L were hard grazed in 

March but during this grazing little dead culm disappeared and it  was 

merely trampled onto the ground where it  subsequently decayed (Figure 

5 . 4 ) . 

Plates 5 . 5  and 5 . 7 illustrate how hard grazing removed considerable 

amounts of culm compared with lax grazing (Plates 5 . 6  and 5 . 8 ) at both 

T1 and T2 • After grazing at T
1 

(21  - 25 October) an area of  sward in 

T
1

H and in T
1

L was protected from grazing (Plates 5 . 9  and 5 . 10) . The 

protected areas show that the hard grazing on 21 - 25 October was largely 

successful in prevent ing subsequent reproductive growth compared with 

lax grazing (Plate 5 . 10) or no grazing (Plate 5 . 4) . 

5 . 3 . 2 . 2 . 2  Vegetat ive tillers 

Except for the first rest period and a t ime in March , vegetat ive 

t illers made a maj or contribution to herbage mass in all rest periods 

(Figure 5 . 4 ) . Hard grazing removed both " lamina" and "s tubble" whereas 

lax grazing mainly removed " lamina" . The decline in vegetative 

herbage mass in the first rest period was caused by the subsequent 

reclassification of some of th ese vegetat ive tillers as reproductive 

tillers and by the death of some vegetat ive ti llers , especially 

after 15 October in T2 (Tab le 5 . 4) .  



P la t e  5 . 5 :  T 1H after graz ing on 2 7  Octob e r . 
Many reproduct ive mer i s t ems were removed 
in graz ing . T L can b e  seen in the 
b ackground on t�e righ t . 

80a 

Plate 5 . 6 :  T 1L after graz ing on 2 7  Octob e r . 
Note the great er amount of leaf and c u lm l e f t  
compared with T 1H ab ove . 
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P late 5 . 7 :  T
2

H on 2 7  November , one week after graz ing . 
Note the limited number o f  vegetative 
t illers recovering . 

Plate 5 . 8 :  T
2

L on 2 7  November , one week after grazing . 
Consierab le amounts  of  reproduct ive t illers 
are s t ill present . 



Plate 5 . 9 :  

Plate 5 . 10 :  

80c 

T H on 27 November . 
T�e area ins ide the bamboo stakes was hard 
grazed on 21-25 October then pro tected f rom 
graz ing on 20- 2 3  Octob er ( outs ide s t akes ) . 
Note the small amount of  reproductive development 
compared with T 1L in P late 5 . 10 .  

T 1 on 2 7  November . 
T�e area ins ide the b amboo stakes was lax 
grazed on 2 1-25 October then protected f rom 
grazing on 10- 15  Novemb er ( outs ide s t akes ) . 
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The period of dry weather in March (Append ix I )  resul ted in desi

ccat ion of le aves and the dec line in vege tat ive herbage mass particu

larly noticeab le in T
1

H and T
2

H in March (Figure 5 . 4 ) . 

Hard grazed swards were large ly vegetat ive whereas lax grazed 

swards contained more ryegrass culm .  A t  the end o f  regrowth , when 

swards were intercept ing 95% of noon sunlight , there was less vegetative 

herbage in previous lax grazed swards than in previously hard gra zed 

swards (Tab le 5 . 7 ) .  Besides leaf , the culms wh ich were mainly up-

right during summer , also intercepted light so that the greater 

vegetat ive herbage mass at 95% light interception in H ref lected the 

smaller amount of light intercep ting culms . 

Tab le 5 . 7 :  Effect of graz ing intensity on the herbage mass 

(kg DM/ha) of vegetative ryegrass at  95% light 

interception . (Pooled for regrowths in 

November , December and January) .  

Previous grazing 

Lamina 

S tubb l e  

Total 

Hard 

1180 a 

490 a 

1670  a 

Lax 

740 b 

380 b 

1120 b 

vu..o..c.a...> ..,.. _. ( J.:..p\� ""Ct->V'<f r� � ._o....-. rc..rJZ.- 4 .,.,.,.d 1.. fUr e.....c.l..-
c.() 'Y'- ().0 '"\�t" I 

5 . 3 . 3  Net herbage accumulation 

Net herbage accumulation was calculated for two 19 week periods , 

viz Period I ( 6 . 9 . 76 - 1 7 . 1 . 7 7 ) , and Period II  ( 1 7 . 1 . 7 7 - 1 . 6 . 7 7 ) . 

During Period I the rest per iods followed hard and lax grazings , while 

in Period I I  all t reatments  were under simi lar grazing regimes . Total 

herbage accumulation for the whole experiment does not always exact ly 

mat ch the sum of Period I p lus Period I I  because 1 7  January was part 

way through rest periods and this  affected the correction for the 

following grazing period . 

Averaged ove r  all treatments a total of 12 . 7  t DM/ha of  herbage 

accumulated during the 38 weeks of the experiment , of which 76% 

accumulated during Period I .  Detailed results  are presented in 
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in Appendix I l l  and selected results in the fol lowing sect ions . 

5 . 3 . 3 . 1  Time of spring grazing 

82 . 

T ime of grazing did not si gnificant ly affect net accumulation 

of the main herbage components (Table 5 . 8) .  

Although net ryegrass accumulation was not s ignif icant ly 

inf luenced by time of grazing , the accumulation of  reproduct ive 

herbage and lamina be fore T
2 

was (Tab le 5 . 9 ) . 

shown separately since both remained ungrazed unt i l  15 November . 

Graz ing at  T
1 reduced reproduct ive ryegrass accumulation but increased 

vegetat ive ryegras s accumulat ion . S imilarly , more lamina , but less 

s tubb le accumulated when reproduct ive growth was interrup ted at T 1
. 

These d i f ferences were apparent in accumulation for the whole 

experiment , but they were not signi ficant (Appendix I l l ) . 

5 . 3 . 3 . 2  Grazing intensity 

Green herbage ac cumulation was inf luenced by grazing intensity 

(Tab le 5 . 10)  and during the 38 weeks of  the experiment 1 7% (0 . 9  t 

DM/ha) more green herbage accumulated in H than L .  Although H '.ras 

greater than L in both Period I and Period I I , the difference was 

only s igni f icant in Period II . Because significantly more dead 

herbage accumulated in L than in H ,  and significant ly less green 

herb age in L than H ,  the effect of grazing intensity on total 

herbage accumulation was non-s ignificant . 

Aerial tillers contributed s ignif icant ly more to  net herbage 

accumu lation in L than in H (Table 5 . 1 1 ) , particularly in Period I .  

However ,  the contr ibut ion was very small (app roximately 3% o f  ryegrass 

in Period I )  and appeared to  decline over summer (Period I I ) . 

Table 5 . 11 :  Net herbage accumulation of the aerial t iller 

category (t DM/ha) 

Hard Lax 

Period I 0 . 02 b 0 . 13 a 
Period I I  0 . 00 a 0 . 05 a 
Total 0 . 02 b 0 . 18 a 

D �� �  ...,, \.\:.,f'(.z,. ·� .f-<2.-l -{ �O.....,.... (..:::<N"� �-� �  L- gA;).r �"'�A rjt>-) .. � • 
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Table 5 . 8 :  Effect of t ime of graz ing on net herbage ac cumulat ion 
( t  DM/ha) 

Period I Per iod II Total 

Tl T
2 T

l T2 Tl 
T

2 

Ryegrass 5 . 48 a 5 . 24 a 2 . 9 3 a 3 . 30 a 8 . 41 a 8 . 43 a 

Other grasses 1 . 1 3 a 1 . 16 a -0 . 1 3 a - 0 . 04 a 1 . 00 a 1 . 12 a 

White  clover 2 . 1 2 a 1 . 86 a 0 . 3 3 a 0 . 36 a 2 . 51 a 2 . 21 a 

Flatweeds 0 . 0 7 a 0 . 10 a 0 . 02 a 0 . 0 3 a 0 . 10 a 0 . 13 a 

Green herbage 8 . 89 a 8 . 36 a 3 . 15 a 3 . 6 5 a 12 . 03 a 11 . 89 a 

Dead herbage 1 . 06 a 1 . 0 7 a -0 . 2 2 a - 0 . 33 a 0 . 85 a 0 .  7 3  a 

Total 9 . 95 a 9 . 44 a 2 . 9 3 a 3 . 32 a 12 . 88 a 12 . 6 3 a 

"'D""'n.c..a"'S. � ...... \0\;P,L 1�(L. � Q CJ I"'r'- pcv a...- , 1 o..-c\ "'T-z.. �� �� c.o�-. po.-.� . 
Tab le 5 . 9 :  Net accumulat i on of  ryegrass and its  components be tween 

6 September and 15 November ( t  DM/ha) 

Vegetat ive t i llers 

Reproductive tillers 

Lamina 

"Stubble" 

Total 

T1H 

0 . 8  a 

1 . 6  ab 

1 . 5 a 

0 . 9  ab 

2 . 4  a 

T1L 

0 .  7 a 

l . O b 

1 . 2  ab 

0 . 5  b 

1 . 7 a 

0 b 

2 . 7  a 

0 . 8  b 

1 . 9  a 

2 . 7  a 
!>'""""'�'" ...-. � \ 1-< f'l"- .. ....... "-6'- �� "- <"-''' re� � -r, 1.\ , '  ' '- .,._ .,_�.  T;z.. � � c.J-.  «o.,....tf"'� . 

Table 5 . 10 :  E f fect of graz ing intensity on net herbage accumulat ion 
( t  DM/ha) 

Per iod I Period I I  Total 

Hard Lax Hard Lax Hard Lax 

Ryegrass 6 . 01 a 4 .  7 1  a 3 . 5 1 a 2 . 7 3 b 9 . 40 a 7 . 44 b 

Other grasses 1 . 06 a 1 . 23 a - 0 . 0 4  a -0 . 14 a 1 . 03 a 1 . 09 a 

White  clover 1 . 9 1 a 2 . 15 a 0 . 44 a 0 . 24 a 2 . 32 a 2 . 39 a 

Flatweeds 0 . 10 a 0 . 08 a 0 . 05 a 0 . 01 a 0 . 14 a 0 . 09 a 

Green herbage 9 . 08 a 8 . 1 7 a 3 . 96 a 2 . 84 b 1 2 . 9 1  a 1 1 . 01 b 

Dead herbage 0 . 50 b 1 .  63  a - 0 . 14  a -0 . 41  a 0 . 36 b L 22 a 

Total 9 . 59 a 9 . 80 a 3 . 82 a 2 . 43 a 13 . 27 a 12 . 23 a 

D ......... <-a..v.. S "" J.\;f\e. � k..t (c ""'\"c..r �t,. 1\-- "-"' <\ � f.,r b"�vl- C<>ov'-i'-' �T-. 
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S ignif icant ly more ryegrass leaf lamina ac cumulated in H than 

L ,  the difference being s ignificant in Period I but not Period II 

(Tab le 5 . 12 ) . Wh ite clover lamina accumulat ion was not s ignificantly 

affected by grazing intens ity . 

Table 5 . 12 :  Ef fect of  grazing intensity on net accumulat ion 

of lamina , (t DM/ha) . 

Ryegrass 

Hard Lax 

Period I 3 . 86 a 3 . 11 b 

Period II 2 . 9 7 a 2 . 75 a 

Who�e experiment 6 . 83 a 5 . 86 b 

otx..A-Cf- -k-10. � cc...-n (Jo..l � 
c (ou u- ( r.  

5 . 3 . 4  Leaf area index 

5 . 3 . 4 . 1  Re sidual leaf area index 

White C lover 

Hard Lax 

0 . 95 a 1 . 12 a 

0 . 2 7 a 0 . 22 a 

1 . 2 1 a 1 . 34 a 

Res idual leaf area indices (LAI ) f o llowing each grazing are 

presented in Tab le 5 . 1 . A reasonab le contras t in res idual LAI was 

maintained between treatments . 

The e f fect of  residual LAI on regrowth was invest igated after 

grazing a t  T
1 

and T2 when plots had received s imilar pretreatment s  

(Table 5 . 13 ) . I n  the T
1 

treatment (grazed 2 1 - 25 October) there was 

a significan t  correlation between residual LAI ( 0 . 5  - 1 . 8) and total 

net herbage accumulation over the following two weeks . This largely 

reflected the s trong relationships between residual LAI and green 

herbage accumulation and between residual LAI and reproductive tiller 

accumulat ion . By contrast ,  in the T2 t reatment (grazed 15 - 20 

November) the only s ignificant relationship between res idual LAI (0 . 01 -

1 . 2) and sub sequent herbage accumulation was for dead herbage 

accumu la t ing during the subs equent three weeks and the decline in 

vegetative t i llers . 



Table 5 . 13 :  Correlat ion coe ffic ient between res idual LAI and the 

component s of net herbage ac cumulat ion following T
1 

(25 /10 - 7 /11)  and following T
2 

(20/11 - 11/12) . 

Tl 
T2 

Vegetative t illers -0 . 551 NS -0 . 7 29* 

Reproductive tillers 0 .  877  **  0 . 4 43 NS 

Total ryegrass 0 . 799 * -0 . 493  NS  

Green herbage 0 . 910 ** 0 . 0 7 6  N S  

Dead herbage 0 . 314 NS 0 . 926  ** 

Total herbage 0 . 7 97 * 0 . 6 7 4  N S  

5 . 3 . 4 . 2  Leaf area index at  full light intercept ion 

84 . 

Pasture was defoliated af ter six weeks regrowth in late summer 

and autumn , be fore 95% light intercept ion was reached , so that the 

leaf area index at 95% light intercep t ion was measured only in summe r 

(Tab le 5 . 14) . Hard grazed pasture had a higher LAI at 95% light 

interception than laxly grazed pasture . Time of spring grazing treat-

ments  did not significant ly affect the LAI at 95% light interception . 

Table 5 . 14 :  LAI at 95% light int ercept ion in summer 

Grazing intensity 

Hard 

Lax 

5 . 3 . 5  Tiller cores 

LAI 

4 . 6 a 

3 . 7 b 

To ensure that there were no dif ferences in botanical composit ion 

between treatments t i l ler cores were taken at the start of the 

experiment .  No significant d i fferences between treatments were detected 

and pooled results are presented in Table 5 . 15 .  By the end of  the 

experiment (Tab le 5 . 16) , in June , ryegrass tillers occurred in s lightly 



more cores ( 9 3% c f  83%) and the density had increased . Poa 
occurrence had declined , par ticularly under hard graz ing , but 

85 . 

white clover occurrence had changed little (Tab le 5 . 1 6 ) . The 

ryegrass tiller dens ity was 30% higher , and Poa ti ller density 

considerab ly lower where graz ing had been hard in the p revious spring/ 

summer ,  but wh ite  c lover density was not signif ican t ly affected . 

Time of spring grazing did not s ignificantly affect the density of 

any species in June . 

Tab le 5 . 15 :  

Ryegrass 

Poa 

2 
Tiller and shoot dens it ies ( thousand /m ) ,  and 

percent species occurrence in cores ( ar c s in ; % ,  

natural mean in parenthesis) . in September 19 76  

Occurrence Density 

1.  4 7  ± 0 . 10 ( 83)  6 . 2  ± 1 . 5  

1 . 03 ± 0 . 18 ( 8 7 )  2 . 8  ± 2 . 3  

Other grass sp . 0 . 18 ± 0 . 16 ( 3)  

White clover 0 . 84 ± 0 . 13 (65)  1 . 2  ± 0 . 6  

Tab le 5 . 16 :  Effect of t reatments on species occurrence in cores 

(arcsin 1 % ,  natural mean in parenthesi s )  and shoo t 

densi t ies (thousand/m
2 on 7 June) . 

Grazing Intens ity Time of  grazing 

Hard Lax 

Occurrence : 

Ryegrass 

Poa 
Other grass s p . 

White clover 

1 . 36 (9 6 )  

0 .  6 1 ( 36)  

0 . 13 (  2 )  

0 . 86 ( 64)  

1 . 44 ( 88)  ns . 

0 .  9 1 ( 7 3 )  * 

0 . 11 (  1 )  ns . 

0 . 89 ( 7 2 )  ns . 

1 . 4 1 ( 9 2 )  

0 . 74 ( 5 2 )  

0 . 07 (  1 )  

0 .  8 8 ( 7 0 )  

1 .  3 9  ( 94) ns . 

0 .  7 8 ( 5 7 )  ns . 

0 . 16 (  3) ns . 

0 . 85 ( 66)  ns . 

Density : 

Ryegrass 

Poa 
White clover 

8 . 3  

0 . 9  

1 . 3  

6 . 4  

3 . 2  

1 . 1  

* 

* 

ns . 

7 . 6  

2 . 1  

1 . 3  

7 . 1  

2 . 0  

1 . 2  

ns . 

ns . 

ns . 

* significantly different at 5% level ; or ns . non-significant . 
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5 . 3 . 6  Perennial ryegrass in fixed frame s 

5 . 3 . 6 . 1  Tiller density 

As already ment ioned ( 5 . 3 . 1 . 3) vegetat ive tiller density declined 

during uninterrup ted reproductive development , so that at T
1 

and T2 
there were 4 800 and 2100 vegetative tillers /m2 respectively (Figure 

5 . 5 ) .  Graz ing at T
1 

and T
2 

resulted in a marked up surge in vegetative 

til ler dens ity . Grazing intens ity subsequent ly affected vegetative 

ti ller density , with H having approximately 50% more t illers than L by 

the end of  J anuary . The di fference between H and L became apparent 

during December in T
1 

and during January in T2 . 

Reprodu c t ive t i ller dens ity was greatest  at the first grazing 

(at either T1 or T2) and declined thereafter (Figure 5 . 5 ) . With lax 

grazing the dec line was gradual as culms died , whereas after the f irst 

hard grazing a large reduct ion occurred , particularly following the 

first grazing of T2H on 15 November . For c larity standard errors 

are not shown for reproductive tillers in Figure 5 . 5 .  

presented in Figure 5 . 7 .  

They are 

Aerial t illers did not appear unti l  after the first grazing at 

T1 or T2 , and there was a cons is tently higher aerial tiller density in L 

than H .  Aer ial tillers eventually did develop in the ungrazed cont rol 

plots , but the dens ity was comparatively low ( 100/m
2 

on 4 January) . 

Standard errors for aerial tiller dens it ies are presented in Appendix IV . 

5 . 3 . 6 . 2  Tiller dynamics 

5 . 3 . 6 . 2 . 1 Vegetative t illers 

Differences in vegetative t i l ler dens ity apparent in Figure 5 . 5  

could have been due to dif ferences in the ab solute ti ller appearance 

rate (TAR) or the absolute ti ller death rate (TDR) . 

presented in Figure 5 . 6 .  

This data is 

The TAR and TDR marked by squares in Figure 5 . 6  were obtained from 

Table 5 . 4  ( 2 1  October and 15  November ) . The method of calculation 

largely exp lains why the TAR on 11 October in T2 
was considerab ly less 

than the TAR on 29 September in T1 • Many unmarked tillers died between 
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F igure 5 . 5 :  Ryegrass t iller density ( 1000/ m 2 ) at each g razing . 
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21 October and 15 November (Table 5 . 4 ) and if these had been inc luded 

a higher value for T
2 on 11 October would have been obtained . 

S imi larly the TDR for T
2 

on 11 Oc tober would be increased if unmarked 

tillers that died between 21  October and 15 November were inc luded . 

Although differences in TDR are apparent in Figure 5 . 6  they are 

of insuff icient magnitude to account for the greater tiller density 

in H than L ( Figure 5 . 5 ) . However , i t  is interesting to no te that 

the proport ional TDR ( 2 . 4) was increased by laxer graz ing . After 

T1 and T2 (indicated by arrows ) the absolute TDR was signifi cant ly 

greater in L than H (Figure 5 . 6 ) and as the density at T1 and T2 was 

s imilar in both treatments  (Figure 5 . 5 ) the difference was due to a 

greater proportional TDR in L .  The greater absolute TDR during 

February-March in H than L (Figure 5 . 6 ) was due to a greater densi ty 

in H than L ,  not a higher proport ional TDR . 

The TAR was relatively low during uninterrupted reproduc t ive 

growth , but af ter grazing at T
1 

and T
2 

(indicated by arrows) 

increased dramat ically , then declined rapidly during summer . Af ter 

T1 and T2 the TAR was not signif icantly different in the H and L 

treatments , but after the next hard grazing , the TAR was signi f icantly 

greater in H than L .  Thus the greater vege tat ive t i l ler dens ity in 

H than L (Figure 5 . 5 ) was large ly due to a greater TAR in H than L 

during December (T
1

) or J anuary (T2
) .  

On 1 1  November the vege tative t i l ler density was cons iderab ly lower 

in T2 than in T1 (Figure 5 . 5 ) but this difference disappeared by 

January because the TAR was higher after T2 than after T1 
(Figure 5 . 6 ) .  

Vegetat ive tillers appeared either from the base of defoliated 

reproduct ive tillers or in the leaf axi l of marked vegetative t ille rs . 

The relative contribution of  each source of new tillers was no t 

measured , but it  was noticed that in Oc tober and November , when reproduct ive 

tillers were first defoliated , relat ively more new t illers came from 

the base of  reproductive t illers . This was most not icab le after  T2 
when few vegetative tillers had survived reproductive growth . 
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5 . 3 . 6 . 2 . 2  Reproductive tillers 

The dens ity of live and dead reproduc tive tillers at the end of 

each res t  period is presented in Figure 5 . 7 .  Al though mos t  

reproduct ive tillers had appeared by the first grazing (T1 
or T

2
) 

further development occurred in all subsequent res t per iods . These 

later reproduct ive tillers deve loped mainly from t i llers marked as 

vegetat ive at the beginning of regrowth (95%) , and the remainder f rom 

new t i llers ( 5%) . Mos t  reproductive t illers died in the res t period 

following hard grazing , but many survived following lax grazing . 

Thi s  explains the faster  decline in reproductive tiller dens ity on 

T1H and T2H shown in Figure 5 . 5 .  

Dead reproduc tive t i l lers cont inued to accumulate , but since th e 

number was lower than the numb er appearing , reproduct ive tillers must  

have decayed or have been removed during graz ing . 

5 . 3 . 6 . 2 . 3 Aerial tillers 

Aerial t illers init ially developed f rom the nodes of grazed culm . 

More aerial tillers appeared in L than in H ,  and more in T2 than T1 
(Tab le 5 . 1 7 ) . A large numb er of  aerial t i l lers were removed during 

grazing ( 25% in T1H and 85% in T2H) . Dif ferences in aerial t iller 

density were therefore caused by differences in culm development and 

culm removal ( and therefore s i t es for aerial t iller development) ,  and 

by differences in aerial t i ller removal during grazing . 

Some aerial tillers occasionally developed into reproductive 

t il lers . At the end o f  the s econd rest period on T2L ( 4  January ) 

three aerial tillers formed in the previous rest period ( i . e .  after 

the culms were grazed at T2 ) developed an inflores cence . 

these is shown in Plate 5 . 11 .  

One of 

Table 5 . 1 7 :  Number of aerial t illers appearing and sub sequently 
removed dur ing graz ing2between O ctober and the end 
of February ( ti l lers /m ) .  Full  data is presented in 
Appendix IV 

T illers appearing 
Removed in grazing 

600 
150 ( 25%) 

1200* 1200 1800* 
1000 ( 85%)  

*Til lers were not marked for  one regrowth cycle , r educing 

this total . 
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Figure 5.7: Reproductive t i l l e r  dynam ics . 

Live tillers 
{ �  

Appeared during rest period 
Marked at start of rest period as reproductive 

Dead ti llers 
{ :  

Died du r i ng rest period 
Dead a t  s tart of rest period 

I S.E. of total live and dead 

• No ti l lers marked i n  this  rest period . Totals obtained from 
previous and subsequent rest per iods. 
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Plate 5 . 11 :  Flowering o f  an aerial  t i l ler . Sample f rom 
T

2
L on 1 1  December . 

T i ller 

1 Unmarked aer ial t i l le r : appeared between 
20 Nov and 11 Dec .  

2 Marked rep roduct ive t iller : died b etween 
20 Nov and 11 Dec . 

3 Marked aer ial t iller : s t em e longation 
b etween 20 Nov and 1 1  Dec . 

4 Unmarked aer ial t i ller : app eared between 
20 Nov and 11 Dec . 

5 Marked vegetat ive t i ller : s tem elongation b etween 
20 Nov and 11 Dec . 

6+7 Unmarked veget a t ive t i llers : appeared between 
20 Nov and 11 Dec . 

H Head on aerial t i ller . 
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5 . 3 . 6 . 3  T iller we ight 

The weight of marked and unmarked vege tative t i l lers at the 

end of res t periods are shown in Figure 5 . 8  and Tab le 5 . 18 .  

The mean weight of marked t i l lers was significantly greater than 

the mean weight of unmarked t il lers on all oc casions . Generally 

more than 50% of  unmarked t i l lers were less than 10 mg and 80% less 

than 20 mg , whereas only approximately 20% of marked t il lers were less 

than 10 mg and 40-50% less than 20 mg . Some marked vegetative 

ti l lers were 100 mg or occasionally slightly heavier . 

Tab le 5 . 18 :  Mean tiller weight and coefficient of skewness of 

marked and unmarked vegetative ti llers before graz ing 

T1H 

20 Nov 

20 Dec 

25 Jan 

18 March 

T1L 

10 Nov 

30 Nov 

1 7  Dec 

7 Feb 

25 March 

T2
H 

16 Dec 

21 Jan 

11 March 

T2
L 

11 Dec 

4 Jan 

21 March 

Mean weight (mg) 

Marked 

29 

2 7  

2 8  

2 4  

1 9  

2 1  

2 0  

32  

2 7  

2 8  

30  

29  

30  

2 0  

25  

Unmarked 

10 

10 

10 

10 

7 

6 

5 

10 

8 

15 

15 

12 

10 

8 

10 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

Coefficient o f  skewness 

Marked Unmarked 

0 . 85 

0 . 88 

0 . 9 6 

0 . 96 

1 . 05 

1 . 6 7 

1 . 01 

1 . 0 3 

0 . 85 

0 . 87 

0 . 91 

1 . 22 

1 . 29 

1 . 21 

1 . 06 

1 . 5 7 

1 . 66 

2 . 10 

2 . 32 

1 . 9 5 

2 . 16 

1 .  7 9  

1 .  3 0  

1 .  26  

1 .  26 

1 .  85 

1 .  31  

1 . 66 

1 .  29 

1 . 91 

*Marked s ignific�ntly (P < 0 . 05 )  different from unmarked 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 
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The coef fi cient of skewness calculated for vege tat ive ti ller 

weight in each plot was positive and signif icant (P< 0 . 05 )  on a l l  

occasions f o r  marked , unmarked and total (marked and unmarked) 

t illers . Unmarked tillers alway s had a significantly greater 

coefficient of skewness than marked tillers (Table 5 . 18) . 

5 . 3 . 6 . 4  Contribution of marked t i llers to  herbage mass  

From th e  mean weight and number of t illers in each category the 

proportion of vege tative herbage mass contributed by marked and unmarked 

tillers was calculated (Tab le 5 . 19 ) . In successive res t  periods 

after the interruption of reproductive growth the unmarked ti llers 

contributed  a p rogressively lower proport ion to the vegetative ryegrass  

herbage mass . This appeared to  be  related to tiller dens ity because 

when the vegetat ive tiller population was relatively stab le (e . g .  T
1

L 

after November - Figure 5 . 5 ) unmarked t il lers were less important , 

contribut ing about 7% of vegetat ive herbage . 

The pr oport ion of reproduct ive herbage mass cont ributed by ti llers 

marked at  the s tart of the rest period as vege tative or reproductive 

was calculated (Tab le 5 . 20) . The balance of reproductive herbage came 

from t il lers appearing during the regrowth (unmarked) and occas ionally 

from aerial t i l ler � , but these two categories were less important . 

As might b e  expected on lax graz ing treatments (T1L and T 2L) , reproductive 

t illers present at the start of regrowth contributed mos t reproductive 

herbage at the following grazing . However , on hard graz ing treatment s ,  

the reproduc tive t illers marked at  the s t art  of  regrowth largely died 

and t illers marked as vegetat ive ( i . e .  t il lers with no s tem elongation) 

rapidly developed to  contribute mos t reproductive herbage at the 

following grazing . Because hard grazing resulted in a largely 

vegetative sward ( Figure 5 . 4 ) vegetative ryegrass tillers reclassif ied 

as  reproductive , although high in p roportion , were actually quite  low 

in amount . 
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5 . 4  DISCUSSION 

5 . 4 . 1  Uninterrupted reproduct ive growth 

Mos t  reproductive tillers appeared in the firs t res t perio_d 

o f  the experiment (Oc tober and November) although further reproductive 

t i l lers c ontinued to appear unt i l  autumn . The pattern of  ryegrass 

accumulation during this period of  uninterrupted growth was s imilar 

to that reported by Wilman et al (1976d) , reproductive t illers making 

the main contribution to herbage mass  once culm elongat ion had begun . 

S imilarly , the decline in vegetative t iller density normally observed 

during uninterrup ted growth also occurred (Spiertz and E llen ,  19 72 ; 

Hebb lewaite and Ivens , 19 7 7 ,  19 7 8 ;  Ong et a l , 1978b) . Thus , the 

p resence of 30-40% other species in the sward did not alter the pattern 

of rep roductive growth or t iller dynamics as observed in pure ryegrass 

s tands by overseas workers . 

5 . 4 . 2  Interruption of reproduct ive growth 

Later int errup tion of reproductive growth (up to anthesis) has 

b een shown to increase the amount of herbage harvested annually from 

grass swards (Corrall , 19 7 4 ; Mis levy et al , 19 7 7 ) . For example , 

Corrall ( 19 7 4)  harvested 13 . 4  t DM/ha and 16 . 4  t DM/ha from "Aberys twyth 

S 24' '  perennial ryegrass first cut at the leafy stage and the post-

anthe s i s  stage respectively . Both swards were subsequently cut after 

5 weeks and then every 6 weeks . 

Under grazing in this experiment later interrup tion of  

reproduct ive growth , at the head emergence stage (T2 ) compared
_ with 

the leafy s tage (T1 ) ,  did no t s ignificantly increase herbage 

accumulat ion (Table 5 . 8) .  Delaying interrupt ion unt i l  anthesis - may 

have increased herbage accumulat ion , but the increas e  would be expected 

t o  be a t t r ibutable to culm development (Wilman et a l , 19 7 6a) , not lamina 

development whi ch almost s topped after 95% light intercep t ion ( 5 . 3 . 2 . 2 . 1 ) . 

The t endency for greater culm product ion and reduced · lamina production 

with later interrupt ion of reproductive development was apparent in 

this experiment (Table 5 . 9 ) . Between the start of the experiment and 

head emergence (T2) 53% (1 t DM/ha) less s tubble and 8 8% (0 . 7  t DM/ha) 

more lamina accumulated in T1H than in T2 • 
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Cut ting stemmy herbage f or conservation is probab ly the most  

efficient method of harve s t ing pasture closed for  long periods of 

uninterrupted reproductive growth . Although cattle may have consumed 

such herbage readily , the sheep used in this experiment showed re luctance 

to consume stem , especially the basal portion . 

A period of rapid tillering occurred after graz ing reproductive 

swards at both T
1 

and T2 (Figure 5 . 6 ) . It  is interest ing to  note 

that vegetative tillers appeared at the same rate when graz ing was 

either hard of lax at both T1 and T2 . Graz ing presumab ly reduced 

apical dominance and base shading . Davies ( 19 7 7 )  showed that merely 

shading t iller bases can arres t t illering , and conversely , t i l lering 

resumes when base shading is removed . 

Considerab ly more reproductive meristems were removed by hard 

grazing than by lax grazing at  both T1 
and T

2 (at least 80% in H 

compared with 2 5% at  T1 and 3 3% a t  T2 in L ) . The proportion of 

reproductive meristems removed presumably had little effect  on ap ical 

dominance as s imilar tiller appearance rates were measured after hard 

and lax grazing . Both hard and lax grazing removed lamina and it  has 

b een shown that removal of ei ther the repr oductive mer i s t em or the 

expanding leaves in Italian ryegrass reduces apical dominance and 

a llows t i llering (Laidlaw and Berrie , 1974 ; Clifford , 19 7 7 ) . Also 

i t  was observed , although not measured , that lax grazing at T2 
resulted in removal of part o f  ryegrass seedheads and this may have been 

s uffi cient to s t imulate tillering (Aspinal l ,  1964) . 

Head emergence in "Nui" perennial ryegrass occurs in October to  

November a t  Palmerston North , as does "Ruanui" (Wi lson , 1959) , so that 

the post-fl ower ing period of t i llering oc�urs between October and 

December , depending on when apical dominance is  reduced by defoliation . 

Thi s  i s  in contrast to  the Uni t ed Kingdom where regularly defoliated 

swards resume rapid tillering in late summer or autumn (Langer et aZ, 

1964 ; Garwood , 1969 ) . In b o th cases t i l lering resumes after flowering , 

but f lowering is  earlier in New Zealand ryegrass (Table 5 . 21 )  so  

t illering resumes before rather than af ter summer . The p er iod 

of reproductive development in ''Manawa" ryegrass pastures is  more 

prolonged than in perennial ryegrass pastures (Brougham , 1961) , and this 



could delay the appearance of po�.t-f lowering ti llers in "Manawa" 

swards . 

Tab le 5 . 2 1 : Date of floral init iation (FI) and the post
flowering period of  ti llering (P) in relation 
to the longest day (LD) . Data for S 2 3  and 
S24 is from Garwood ( 1969 ) . 

N . Z .  

U . K .  

Nui 

S 2 3  

S 2 4  

Sept 

Mar 

FI 

Oct 

Apr 

FI 

5 . 4 . 3 Grazing intensity 

Nov 

May 

p 

FI 

Dec 

June 

LD 

LD 

LD 

Jan Feb 

July Aug 

p 

p 
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Although enhanced regrowth could b e  expected f rom a higher 

res idual LAI ( Brougham , 1956) , in fact greater net herbage accumulat ion 

occurred wi th a lower residual LAI . Net ryegrass accumulat ion was 25% 

greater in H than L (Tab le 5 . 10) , a similar result to  the previous year 

when green herbage accumulat ion was 20% greater in HH than LL . In 

contras t to Brougham (1956) , who measured regrowth from a uniform 

sward mown to different heights , the above results were obtained over 

a numbe r  of rest periods from swards which became quite different in 

s t ructure . 

When Hunt and Brougham ( 19 6 7 )  regularly trimmed a perennial 

ryegrass sward every seven days to a height which left  sufficient herbage 

to intercept 9 0%-95% of noon sunlight they found that res idual herbage 

contained progressively more dead herbage . A s imilar progressive 

accumulat ion of dead herbage occurred with lax graz ing in this experiment 

and in the previous grazing experiment (Figures 4 . 2  and 5 . 3) .  This 

was b ecause sheep removed lamina more readily than o ther herbage 

components , so that less than 50% of the total herbage ( and little 

de ad herbage) was removed . 

Only : af ter the f irst grazing at either T1 or T2 could the influence 

of resi dual LAI on herbage accumulation be inves tigated without confounding 
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inf luences fr om differences in sward structure , botanical composit ion , 

t iller dens i ty , etc (Tab le 5 . 13) . Two similar comparisons were 

possib le in the previous chap ter (Table 4 . 9 ) ,  and only in one of the 

four was total  herbage accumulation s ignificant ly correlated with 

residual LAI . This one signi ficant correlat ion (after T1) appeared 

to be due to dif ferent ial defoliation of  reproductive meristems , wh ich 

resulted in greater reproductive growth af ter lax grazing . It  is 

therefore concluded that although a higher res idual LAI may enhance 

regrowth (Brougham , 1956 ) , this may not be reflected as greater herbage 

accumulation because of losses through death and decay . A greater 

residual LAI is  associated with a greater green herbage mass , and , 

as  discussed in the literature review ( 2 . 3 . 2 . 1 . 2 ) ,  increased herbage 

death . Because of the activity of soil  fauna dead herbage does not 

accumulate a t  the s ame rate as death occurs , but on one occas ion 

(November 19 7 6 )  dead herb age accumulation was significantly and 

positively c orrelated with res idual LAI (Tab le 5 . 13) . The negat ive 

correlation b e tween vegetative herbage accumulat ion ( leaf lamina 

accumulation in 1 9 7 5 )  and increased residual LAI (Table 5 . 13 and 4 . 9  

respectively ) also reflects herbage death and disappearance . 

The res i dual LAI of L was consistent ly greater than H (Tab le 5 . 1 ) 

but at 9 5% l ight intercep t ion the LAI of H was greater than L 

(Table 5 . 14 ) . The greater amount of  culm and dead herbage in L than 

H (Table 5 . 6 ) , much of which int ercepted light above the level of  

ligh t  measurement , was undoubtedly the cause of the difference in LAI 

between H and L at 95% light intercep tion . The greater LAI of  H at 

95% light intercept ion resulted in a smaller than expected difference 

in average LAI . For example , the average LAI , calculated by numerica l 

integrat ion o f  LAI measured a t  success ive stages of regrowth , for T1H 

and T
1

L between 25 October and 18  December were not s ignificant ly 

dif ferent ( 2 . 2  and 2 . 8  respect ively ) . As the average LAI of H and L 

were s imilar , the assimilation was probably similar a ls o .  The 

greater herbage accumulation measured with more intensive defoliation 

therefore mus t  have reflected reduced herbage death and decay , that 

is � more effici ent utilization of  herbage before it was subj ected to 

loss by decay . 

Harder grazing , by removing culm and reproductive meristems , 

resulted in the reproductive t i l ler density declining more rapidly 

in summer . As in the previous year , cont inued lax grazing resulted 
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i n  a sward with large amounts of dead or dying ryegrass culm ,  wh ile 

hard grazed swards were leafy and vegetative . The greater amount 

o f  Poa in laxly grazed swards probably ref lected Poa culm left at the 

init ia l  grazing at T
1 

or T
2

. Bes ides the difference in leafiness , 

a s  in the previous experiment , and as noticed by ext ension workers 

( e . g . Hall , 19 73)  the pat tern of herbage p roduction was better in 

H than L .  In January accumulation o f  green herbage was at 

approximately 85 kg DM/ha/ day in H compared with approximately 40 kg 

DM/ha / day in L (Figure 5 . 3 ) .  

Hard grazed swards had a grea ter vegetat ive tiller dens ity than 

lax grazed swards by January in b oth 1976  and 1977  ( 30% and 50% 

respectively) , a result s imilar to that in other studies (e . g . Tainton , 

1 9 7 4a ;  Boswell and Crawf ord , 19 78) . The difference in tiller density 

was mainly attributable t o  a greater tiller appearance rate in H 

than L ,  not at the first hard or lax grazing at r1 or T2 , but subsequently 

( 5 . 3 . 6 . 2 . 1 ) .  Several experiments have shown that t iller appearnce 

c an be reduced by artificial shading (Mit chell and Coles , 1955 ; 

B ean , 1964 ; Thomas and Davies , 1 9 7 8) and the greater amount of  culm 

and dead herbage in L than H (Tab le 5 . 6 ) probab ly reduced ti ller 

appearance in L by shading active photosynthetic tissue . In 19 7 6  

a s ingle hard grazing (which removed o r  trampled culm) was sufficient 

t o  increase the tiller dens ity to a level similar to a hard grazed 

sward , also sugges ting that shading by culm reduced t i ller development 

and appearance . 

Dif ferences in apical dominance or assimilate partitioning could 

a l s o  have c aused the greater t iller appearance rate in H than L .  

During December and January there was cons iderab ly more green , 

v ir tually leafless , culm in L than H (shown as "reproductive t i l lers" 

i n  Figure 5 . 4) .  Assimilate may have been translocated to these culms , 

t hereby reducing assimilate avai lable for tillering in L .  

I n  19 7 6  the difference in til ler density caused by hard and lax 

grazing disappeared in autumn (Figure 4 . 3) ,  but in 1 9 7 7  the dif ference 

was s t ill  apparent in June . The main dif ference between years was 

in autumn , 1976  being wet ter and 19 7 7  being drier (Appendix I ) . It  

woul d  appear that hard grazing in  autumn to c lean up  rank �erbage from 
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the previous summer ,  as suggested by Hunt and Brougham ( 1 9 6 7 ) , can only 

be expected to remove the ef fect of previous lax graz ing when sufficient 

moisture is avai lable to permit tillering in autumn . 

Despite all treatment s  being managed simi larly between January 

and June (Period 1 1 ) , during this time swards previous ly hard grazed 

accumulated 25% more ryegras s than swards previously lax grazed .  

The diffe rence was also reflected in  green herbage accumulation , and 

was p artly at tributab le to d ifferences in ryegrass t i l ler density . 

There was a significant correlation ( r  0 . 5 7 6 )  between ryegrass 

accumulat ion in Period 11 and vegetative tiller dens i ty in March . 

In 19 7 6 ,  because differences in tiller density d isappeared during the 

moister autumn , a similar res idual response to  p revious grazing intensity 

was not observed . As Jackson ( 19 7 3 )  commente d ,  yield can be 

insensitive to tiller densi ty over quite a wide range , but if dens ity 

cont inues to fall yield is  ultimately affected . From the results 

ob tained in this experiment it appears that during autumn and early 

winter ryegrass accumulation can be  reduced i f  t i ller density drops 

b elow 8300 tillers /m2 
( Tab le 5 . 16) . This is discussed further in 

the final chapter ( 7 . 2 . 4 . 1 . 1) .  

5 . 4 . 4  Aerial tillers 

This experiment c on f i rmed that aerial tillers develop from above 

ground axi llary buds on grazed reproductive tillers . Different 

defol iati on managements  left  different numbers of aerial axillary buds 

(or nodes) ,  allowing d i f ferent numbers of  aerial til lers to develop . 

Aerial t il lers contr ibute l i t t le to  the persistance o f  ryegrass in 

pastures grazed by sheep s ince none of  the marked aerial t i llers rooted  

effectively and many were removed by  grazing . Aerial tillers made a 

very smal l  contribut ion t o  net herbage accumulation , even when grazing 

was lax and the number was greatest (0 . 2  t DM/ha over the whole 

experimen t ) . 

5 . 4 . 5  Ti l ler weight 

Jones et al ( 19 7 9 )  have measured the frequency distribution of 

t iller weights for tall  fes cue . As in this experiment , they found 

that tiller weights did not follow a normal distribution ,  but were 
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markedly skewed . Jone s e t  a l  ( 1 9 7 9 )  found that the logs of individual 

t i l ler we igh ts  were not normally distributed either as suggested by 

the work of Koyoma and Kira ( 1956)  and Obeid et  al ( 196 7 ) . As 

expected , the younger unmarked tillers were generally smaller than the 

o lder marked tillers (Tab le 5 . 18) , although there was a large range 

in the wei gh t  of both categories of tillers (Figure 5 . 8 ) .  Small 

t illers ( less than 10 mg ) were more like ly to be new tillers , but a 

p roportion were older , and p resumably less vigorous . 

Rapi d  t il lering did not immediately result in a proportional 

increase in herbage product ion because the new t i llers were considerably 

sma l ler than older t illers . When the t i ller density was stable new 

unmarked t i l lers cont r ibuted about 7% of herbage mass  at the end of 

regrowth ( 5 . 3 . 6 . 4) .  New t illers made a greater contribution to herbage 

mas s  and accumulat ion in November and December after reproductive 

growth had reduced the vegetative tiller density . In the next 

chapter the r elationship between tiller age and contribut ion to herbage 

p roduction is inves tigated further .  

Ong e t  a l  (19 7 8b )  reported that small t i l lers were most  likely 

to  die during periods of  shading . Although small t illers are most 

likely t o  be  younger t illers , many established t i llers (marked)  were 

sma l l  even af ter several weeks regrowth . Tiller death due to shading 

by larger t il lers is therefore likely to affect both young and older 

e s t ablished t i l lers . Mean tiller weight is  unlike ly to be of  value 

for interpretation of t i ller dynamics becaus e  of the different tiller 

weight d i s t r ibutions caused by tiller age (Figure 5 . 8 ) ,  and genotype 

(Jones et aZ , 1 97 9) . 
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CHAPTER 6 :  EFFECTS OF THE TIME OF CUTTING TO CONTROL 

REPRODUCTIVE DEVELOPMENT AND THE SUBSEQUENT 

CUTTING INTERVAL ON HERBAGE ACCUMULATION AND 

TILLER DYNAMICS OF RYEGRASS PASTURE 

6 . 1 INTRODUCTION 

Usually the vegetative tiller dens i ty of grass swards declines 

during reproductive growth ( Spier t z  and Ellen , 1972 ; Hebblethwaite 

and Ivins , 19 7 7 , 19 7 8 ;  Ong et a l ,  1 9 7 8b ) . The experiment reported 

in Chapter 5 showed that defoliation during reproductive growth 

interrup ted this decline and caused a period of rapid tillering . I t  

would seem that different defoliation managements  probably resulted in 

swards with different t i l ler age s t ructures after flowering . Where 

stem development was permit ted the vegetat ive t iller populat ion was 

predominant ly young , wh ile earlier interrupt ion of reproductive growth 

resulted in a mixture of pref lowering and new t i llers after flowering . 

Davies ( 19 7 7 )  has shown that because of  different p roportions of 

vege tative tillers surviving flowering , S22 and S24 ryegrass swards 

have different tiller age s t ructures . 

Differences in age s tructure of  t i l ler populations could only be  

implied from the grazing experiment because new sampling areas were 

chosen each res t period for tiller marking . To enable the same 

sampling areas to be observed through s everal rest periods , without 

the p roblems of animal t reading , fouling , e t c , a mowing experiment was 

designed . Defoliation regimes were chosen to  p roduce a range of t i ller 

age structures after f lowering . 

The grazing experiment described in �hapter 5 had shown that within 

any rest period the herbage p roduct ion o f  ryegrass generally depended 

on t illers present at  the s tart of regrowth , new tillers cont ributing 

lit t l e .  In the following experiment t h e  weight o f  tillers of different 

ages was measured to f ind their relative contribution to herbage 

accumula t ion . 
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6 . 2 EXPERIMENTAL 

6 . 2 . 1  The s ite and sward es tablishment 

The experiment was conducted between 5 September 19 7 7  and 2 3  

January 19 78 a t  a s i t e  on the Mas sey University campus (Plate 6 . 1 ) .  

The soil was an Ohakea silt loam (Cowie , 19 74) which in its  natural s tate 

is characterised by 1 m of poorly drained silt loam overlaying 2-5 m 

of weakly cemented gravels . Drainage was adequate at the s ite because 

a subsurface drainage system had been installed . 

The experimental area was cultivated in February 19 77  and then 

devided into 60 plots , each 2 m x 5 m,  arranged in five block rep licates 

(Figure 6 . 1) .  On 15 March "Grass lands Nui" perennial ryegrass 

(Lo Zium oerenne L) was b roadcast on 30 p lots  at a rate of 45 kg/ha . 

The o ther 30 plots were s own with "Grass lands Manawa" ryegrass 

(Lo Zium x h�bridum Haussk� but these were not used in the experiment . 

Ryegrass seedlings tended to emerge in rows , about 8 cm apart , 

corresponding to imp ressions left by a Cambridge roller used to  

consolidate the seedbed . Dicotyledon seedlings were controlled by 

spraying on 28 April 19 77  ( 1 . 44 kg dichlorprop /ha , 90 g MCPA/ha , 0 . 13 

kg dicamba/ha) . The main weed grass was Poa annua L ,  largely in the 

inter-row areas . To encourage tillering , the sward was mown on 7 May , 

2 8  May and 31 July before the experiment s tarted . 

6 . 2 . 2  Sward management 

The experimental area was spray irrigated on four occasions 

( 30 October , 9 Decemb e r ,  29 December and 15 January) when the amount 

of water. in the top 15 cm of soil reached 20% of the dry weight . 

Pasture growth is limited by soil mois ture if  the soil moisture tens ion 

is less than - 100 kPa ( Scotter , pers aomm .. ) , 19% of the dry weight 

on this s i te . 

Infestat ion by Argent ine stem weevil (H�perodes bonariensi s )  was 

ant i cipated so the experiment was sprayed with Oximal at 1 kg/ha on 

22 September  and 14 November .  Little weevil damage was observed . 

Fertilizer was applied to  prevent plant nut rients from limiting 

growth (Table 6 . 1 ) .  Nit rogen was applied at approximately monthly 

MASSEY UNIVERSITY 
LJ[l,�. ( 



Plate 6 . 1 :  General view of the experiment on 7 November . 
The meterological s tat ion can be seen in the 
background . A 30 cm ruler is  shown between 
AS and FS ( Figure 6 . 1 ) . 

Plate 6 . 2 :  View of some plots on 7 November .  
Note AS and FS in the foreground , and 
E

4
, B

4 
and A

4 
behind the 30 cm ruler . 

B and F were cut on 1 1  November . 

9 9 a  
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intervals and during the measurement period 140 kg N/ha was applied . 

Soil  quick test values (Mountier et al , 19 6 6 )  on soil samp les (0- 10 cm) 

taken on 10 August 19 7 7  ind icated that nutrients were adequate for 

vigorous p lant growth (pH 5 . 6 ,  K 7 ,  Truog P l 2 ) . 

Tab le 6 . 1 :  Fertili zer application to the experimental area 

Date Fer t ilizer (N . P . K . ) Kg N /ha Kg P /ha Kg K/ha 

7 .  3 .  77  0 .  6 . 14 2 3  5 3  

9 .  4 .  77  26 . 0 .  0 50 

3 1 .  8 .  77  1 2 . 10 . 10 48  40 40 

4 . 10 .  7 7  12 . 10 . 10 25 21  21 

9 . 11 .  77  2 6 .  0 .  0 9 0  

9 . 12 .  7 7  2 6 . o .  0 60 

3 .  1 .  78  26 . 0 .  0 60  

Total 238 84  114 

6 . 2 . 3  Treatments 

The experiment was mown on 5 September 19 7 7  and then the following 

s ix defoliation treatments compared (Figure 6 . 1 ) : 

A .  Cut every three weeks 

B .  First cut after three weeks ; subsequent cuts at  95% 
light interception 

C .  First cut when reproductive meristems were above cutt ing 
height ; subsequent cuts every three weeks 

D .  First cut when reproductive meristems were above cutting 
height ; sub sequent cuts at 95% light interception . 

E .  First  cut when reproductive meris'tems were above cutt ing 
height ; subsequent cuts every 8 weeks . 

F .  Firs t cut a t  head emergence ;  subsequent cuts a t  95% 
light intercep tion . 

The actual cutting treatments and dates are shown in Tab le 6 . 2 .  

Because F was mown more frequent ly than expected the experiment ended 

two weeks earlier than ant i c ipated when avai labl e  harves t areas were 

exhausted  in F .  Light intercep t ion was measured a t  solar noon in 
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treatments B , D  and F wi th a ' LI-COR ' l ight meter with the 2 . 5  cm high 

' QUANTUM ' sensor (Lambda Instrument Corp . , Nebraska) .  All treatment s 

were cut t o  the same height with a modi f ied reel mower which left a 

stubb le approximately 1-5 cm in length depending on ti ller angle . For 

all treatments  the mean residual herbage mas s after cut ting was 600 + 

100 kg DM/ha . 

Table 6 . 2 :  Dates of cut ting in each t r eatment . The cut t ing 
interval is shown in parenthesis (W, weeks ; 95% , 
95%  light interception ;  HE , head emergence ; S, 
when reproductive meristems were above cut t ing heigh t ) . 

Treatment A 

5 Sept 
26 Sept ( 3W) 
1 7  Oct ( 3W) 

7 Nov ( 3W) 
28 Nov ( 3W) 

Treatment B Treatment C 

5 Sept 5 Sept 
26  Sept ( 3W) 

19 Oct ( S )  
1 1  Nov (95%)  9 Nov ( 3W) 

30 Nov ( 3W)  
5 D ec  (95%)  

T reatment D Treatment E 

5 Sept 5 Sept 

1 9  Oct ( S) 19 Oct ( S )  

2 6  Nov (95%) 

19 Dec ( 3W) 21 Dec ( 3W) 14 Dec ( 8W) 

Treatment F 

5 Sep t 

11  Nov (HE)  

8 Dec (95; ) 

30 Dec (95%)  3 0  Dec (95%) 30 Dec (95%) 
9 Jan ( 3W) 

23 Jan ( 2W) 
11 Jan ( 3W) 

2 3  Jan (95%) 23 Jan ( 2W) 

6 . 2 . 4  Measurements 

23 Jan 23 Jan ( SW) 23 Jan (95% ) 

Each plot was divided into twenty 100 cm x 50 cm harvest areas 

(Figure 6 . 2 ) .  Depending on the ant i c ipated number of mowings ,  

sufficient areas were selected at  random to  allow one harvest before 

and after each mowing ; between 6 and 1 8  harvest areas were selected 

in each plot . Each harves t  area c omprised a 0 . 18 m2 quadrat for yield 

est imation and an adj acent circular f ixed frame ( 0 . 008 m2 or 10 . 2  cm 

diameter) for t i ller marking . 

6 . 2 . 4 . 1  Herbage mass 

At each harvest , before and after mowing , one harvest  area was 

selected at  random from each rep licate to obtain the pre-mowing or post-

mowing herbage mas s . The quadrat was cut to ground level with an 

electric shearing handpiece . The cut h erbage was washed to  remove soil  

and then dried at  80°C f or at  least 14 hour s . 
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6 . 2 . 4 . 2 Tiller marking 

The fixed frames were p laced during August and all ryegrass t i l lers 

wi thin each frame were marked with split co loured p lastic 4 mm rings . 

Following the mowing on 5 Septemb er all f rames were examined to mark 

unmarked tillers and remove rings from til lers that had died . All  

356 frames had been checked by  9 September . After subsequent mowings 

these frames were again examined to mark new t illers and remove rings 

from dead tillers . S ince rings of dif ferent colours were used after  

each mowing, the rest  period that a tille r  had appeared in , could be  s een 

from the colour of its  plas tic ring . The number of rings of each 

colour removed from each frame and number of  new tillers marked was 

recorded . 

Vegetative t illers which were brown and wi thered , or had no live 

(greenish-white)  leaves ins ide the sheath were classified as dead . 

Reproductive t i l lers were c lass ified as dead when the defoliated s t em 

was b rown and sap less . Because ti llering is  intravaginal in 

ryegrass new tillers were often enc losed in the marker ring of  the p arent 

tiller . The larges t t iller was classified as the parent tiller . 

At each harvest , before or after graz ing , one f ixed frame (and 

the t urf within i t )  per p lot was removed with a spade and then 

examined in the laboratory . Herbage within each frame was cut at 

ground level and divided into live ryegrass ,  dead leaf , dead ryegras s 

culm and other species . Live ryegrass t i l l ers were divided into d i f ferent 

age categories (depending on colour of marke r ) , and then further int o  

reproductive t illers ( those tillers with vis ib l e  above-ground stem 

extension) and vegetative tillers . The emerged leaf lamina was removed 

from each t il ler to give leaf and s tubb le ( the remainder)  for each 

tiller category . The d ry weight of each herbage fraction was recorded 

to enab le calculation of the proportion of herb age mass in each fract ion . 

The number of tillers in each category and the number of unmarked t il lers 

arising from each t iller category was recorde d .  

6 . 2 . 4 . 3  Seedhead counts 

�o+ 
A 

In treatment F an area was lef t in each p lo t  which was defoliat e d  

after 5 Sep t ember and the number of seedheads per  unit  area was 

counted frequently through to 15 December . After this lodging made 
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counts difficult . 

6 . 2 . 5  Calculat ion of herbage accumulat ion 

The total herbage mass before and after mowing was ob tained 

from the cut quadrats ( 6 . 2 . 4 . 1 ) and the mass of each herb age component 

obtained by multip lying th is t otal by the proport ion measured in the 

fixed frame ( 6 . 2 . 4 . 2 ) .  Herbage accumulation for each rest  period was 

calculated as the difference be tween the herbage mass measured at 

the beginning and end of the rest period . Detailed results are 

presented in Appendix V .  

6 . 2 . 6  Statist ical procedures 

The statistical computer p rogrannne "TEDDYBEAR" (Wi lson , 1978)  

was used for  analysis of  dat a .  Tiller density data (Tab les 6 . 3 , 

6 . 5 ,  6 . 6  and 6 . 10) were compared us ing analysis of covariance , the 

number of til le rs per frame at the t ime of tiller marking be ing the 

covariat e .  

6 . 3  RESULTS 

6 . 3 . 1  Uninterrupted regrowth 

6 . 3 . 1 . 1  During reproductive growth 

Data obtained from dif ferent treatments , reflecting the un

interrupted growth and development of a reproductive sward i s  

presented i n  Table 6 . 3 . On 5 S ep t emb er no reproductive t i l lers were 

apparent . Three weeks later ( 2 6  September ) ,  stem elongat ion had j ust  

commenced and t i ller density was increased by  the appearance of new 

(unmarked) til lers . The increase in herbage mass was mainly due to 

the increased weight of marked vegetative tillers , new t illers being 

considerably smaller . Cont inued growth of marked tillers , both 

vegetative and reproductive , accounted for mos t  of the increase in 

herbage b e tween 26 September and 19 October . Although reproductive 

t iller weight was not significantly dif ferent - for these two date s , culm 

growth resulted  in many previously vegetative tillers ( 1 6  mg) being 

class ified as reproduct ive ( 9 3  mg) on 19 October . The increase in 

herbage mass between 19  October and 11 November was due to  the 



Tab le 6 . 3 :  Herbage mass ( t  DM/ha) , t iller density (hundred 

t i l le rs/m
2

) ,  and tiller weigh t  (mg/tiller) during 

uninterrupted growth after cut t ing on 5 September . 

104 . 

Date 5 Sept 26 Sept 19 Oct 11 Nov 

TREATMENTS :  

DAYS REGROWTH :  

HERBAGE MAS S : 

Ryegrass : 

Vegetat ive t i llers 

Reproduc t ive t illers 

Total 

O ther species : 

Dead herbage : 

Total : 

TILLER DENSITY : 

Vegetative t illers : ** 

Marked 

Unmarked 

Tot al 

Rep roductive t i llers : 

To tal alive : 

Marked tillers dead : 

MEAN T ILLER WEIGHT : 

Vegetative t i llers : 

Marked 

Unmarked 

Reproductive t i l lers 

All 

0 

0 . 7 c* 

0 c 

0 .  7 d 

0 . 1  a 

0 . 4  c 

1 . 2 d 

114 

114 

114 

9 c 

A +  B 

21 

1 . 2 b 

0 c 

1 . 2  c 

0 . 1  a 

0 . 5  c 

1 . 9 c 

103 a 

26  a 

1 2 9  a 

1 b 

1 30 a 

1 1  c 

16  b 

5 b 

5 6  b 

* Duncans mul t ip le range test  compares dates . 

C , D , E  

44 

1 . 8 a 

1 . 2 b 

3 . 0  b 

0 . 2  a 

0 . 6  b 

3 . 9 b 

8 1  b 

25 a 

106 b 

16 a 

122 a 

1 7  b 

24  a 

10 a 

9 3  b 

F 

6 7  

1 . 4 b 

3 . 8 a 

5 . 2  a 

0 . 2  a 

l . l a 

6 . 5  a 

62  c 

19 a 

81  c 

22  a 

103 b 

30 a 

26  a 

13 a 

211  a 

** Adj usted  by c ovariance for number marked on 5 September . 

.. 
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accumulation of dead herbage and further growth of reproduct ive ti ller s .  

The decline in vegetative tiller herbage mass after 19 October was 

associated with a decline in the number of vegetat ive t i llers and no 

s ignific ant increase in tiller we i ght . By 11 November reproduct ive 

t il lers were eight times heavier than marked vegetat ive ti llers . 

Reproduct ive t iller density did  not increase significant ly after 19 

October and a final density of  1 7 30 ± 150 tillers /m
2 was reached 

(Mean of t reatments C , D , E  and F in Tab le 6 . 3) .  

Seedheads began emerging in late October and cont inued to appear 

unt i l  December (Tab le 6 . 4) .  At the f irst cut of Treatment F on 

11 November 39% of heads had emerged . Plates 6 . 1  and 6 . 2  show t reat-

ment F four days before mowing on 7 November . 

On 26  Sep tember when treatments A and B were cut , there were 

few reproduct ive tillers with s t em elongat ion ( 70 ± 30 t illers /m
2

) 

and changes in tiller dens ity during the subsequent regrowth (Tab le 6 . 5 ) 

were s imi lar to  those described f o r  the regrowth start ing on 5 September 

(Table 6 . 3) .  The number of vege t a t ive tillers again dec lined as 

ti l lers were reclas sified as reproductive tillers , and as vegetat ive 

ti l lers died . Signi ficant ly (P < 0 . 05 )  fewer new ti llers appeared 

in the firs t three weeks regrowth after  cut ting on 26 Septemb er compared 

with the first  three weeks after 5 S ep t ember ( 2600 and 1200 t i l lers /m2 

respect ively) . 

Tab le 6 . 4 : Head emergence during uninterrupted growth 
on the undefoliated  part  o f  F .  

Date 

5 Sept 
19 Oct 
28 Oct 

4 Nov 
10 Nov 
2 1  Nov 
15 Dec 

Heads /m 2 

( ± SE)  

0 
0 

30 ± 10 
160 ± 20 
590 ± 70 

1220 ± 120 
1550 ± 230 

% Head 
emergence 

2 
10 
39 
81 

100 



Tab le 6 . 5 :  Ti l ler density during unint errupted growth2after 
cut t ing on 26  September (hundred tillers /m , 
adj usted by covariance for numb er of tillers marked 
on 26 Sep tember) . 

Date 

TREATMENT 

DAYS REGROWTH : 

LIVE TILLERS : 

Vegetative t i llers : 
Marked 
Unmarked 
Marked and unmarked 

Reproductive t i ller s : 
Total 

DEAD TILLERS (marked) :  

26 Sep t 

A and B 

0 

122 

122 

1 
123 

D�s ..,. ....... '�rl� 'o--.(f- .J..e..o -\ " "· '"'f "�" .,_,  �� -
6 . 3 . 2 . 1  During vegetative growth 

17 Oct  

A 

21  

102 a 
12 a 

114 a 

10 a 
124 a 

ll a 

11 Nov 

B 

46 

79  b 
7 a 

85 a 

21  a 
106 a 

23  a 

106 . 

When treatments C , D  and E were cut on 19 October 1600 ± 200 

t i llers/m
2 

had visib le stem e longation (reproductive t i l lers in 

Table 6 . 3) . Cut t ing removed meristems from 1200 ± 100 t illers/m
2

, 

and effectively controlled reproductive development . Data obtained 

from treatments C , D  and E af ter cutting on 19 October is  presented in 

Tab l e  6 . 6 .  

After cut ting on 19  October the sward was mainly vegetative 

b ecause reproduct ive t i l lers with defoliated meristems died and few 

further reproduc tive t i l lers appeared . Herbage accumulation was mainly 

due to  increasing weight of vegetative t il lers , and a f t er 95% light 

int erception (26 November)  to dead herbage accumulation . Vegetative 

t il lers cont inued to increase in weight after 9 5% light intercept ion 

( t o  50 mg) and the number did not change s ignificantly during the 

eight weeks regrowth . This i s  in contrast to  the reproduct ive 

sward (Tab le 6 . 3) where vegetative t illers ( 25  mg) did not increas e  

significant ly in weigh t  and declined i n  number after 19 October , when 

the sward was also at full  light intercep tion . 
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Tab le 6 . 6 :  Herbage mass  ( t DM/ha) , t i l ler  density (hundred 

t il lers /m
2

, adj usted by covariance for the number 

of  t il lers marked on 19 Octob e r )  and tiller weight 

(mg / t i l ler) during uninterrup t ed growth after cut t ing 

on 19 Oc tober . 

Date 19 Oct 9 Nov 26 Nov 14 Dec 

TREATMENT : C , D , E  c D E 

DAYS REGROWTH : 0 2:1. 38 56 

HERBAGE MASS : 
Ryegrass : 

Vegetative tillers 0 . 5  d* 0 . 9  c 2 . 2  b 4 . 3  a 
Reproduct ive t illers 0 . 3  a 0 . 3  a 0 . 6  a 0 . 6  a 
Total 0 . 8  d 1 . 2 c 2 . 7 b 4 . 8  a 

Other species 0 . 1  a 0 . 1  a 0 . 1  a 0 . 3  a 
Dead herbage 0 . 5  b 0 . 6  b 0 . 6  b 1 . 2 a 
Total 1 . 4 d 1 .  9 c 3 . 5  b 6 . 4  a 

TILLER DENSITY : 

Vegetative ti llers : 
Marked 106 92 a 89 a 8 7  a 
Unmarked 9 b 28  a 3 3  a 
Total 106 101 a 114 a · 120  a 

Reproductive t il ler s : 16 11 a 6 a 6 a 
Total alive 122 112 a 120 a 126  a 

Marked t illers dead 19 a 29 a 29  a 

MEAN TILLER WEIGHT : 
Vegetative t il lers : 

Marked 6 c 1 4  c 31 b 50  a 
Unmarked 6 b 6 b 1 8  a 

Reproductive t i llers : 21  c 3 6  c 94 b 146 a 

*Duncans mul t ip le range test for herbage mass was with 
transformed ( square root ) data . The natural means are shown . 

J>v-co-.-.S .-v......_ � .\-.: e k  rc..-1- �\ C... O..v-- pe<r-!U> ol.�u 
I 
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6 . 3 . 2  Net herbage accumulat ion 

Treatment A was mown every three weeks so the seasonal pattern 

o f  herbage accumulation was apparent (Table  6 . 7 ) .  Accumulation was 

greatest in early December when vigorous vegetative growth occurre d .  

Vegetative growth was comparat ively low during late October b u t  the 

average soil t emperature (Tab le 6 . 7 )  and other meterological data 

(Appendix VI ) collected 50 m from the experiment suggest that the 

period of lowest  herbage accumulation was not due to temperature or 

moisture limitations , as the plots were irrigated.  

Tab le 6 . 7 :  Net  ryegrass herbage accumulation in treatment A 

( 3  weekly cut) and the average 10 cm soil 

t emperature for each res t period . 

Regrowth Temperature Ryegrass accumulat ion ( t  DM/ha) 
cycle* 

5 Sept - 26  Sept 

2 6  Sept - 1 7  Oct 

17  Oct 7 Nov 

7 Nov - 2 8  Nov 

2 8  Nov - 19 Dec 

19 Dec 9 Jan 

* Las t cut omi tted 
'D .......... c. CL--� v"'- u.. H, rt �  

The trea tments  had 

coc)  Vegetative Reproductive Total 

7 . 8  0 . 6 cb 

10 . 5  0 . 8 b 0 . 3 

12 . 1  0 . 3 c 0 . 2  

14 . 1  0 . 9 b 0 . 1 

15 . 8  l . S a 0 . 3 

16 . 2  l . O b 

because only two weeks regrowth . � -k..+ <. o.� ("""" t- �ilis. 

0 . 6  cb 

1 . 1 b 

0 . 5  c 

l . O b 

1 . 8 a 

l . O b 

a marked effect on net herbage accumula t ion 

when compared at the end of the experiment (Table 6 . 8  and Figure 6 . 3) 

and as expec t ed ryegrass contributed over  90% of herbage . The mos t  

frequently cut treatment accumulated least herbage ( A  6 . 8  t DM/ha) a,nd 

treatment F accumulated 80% more herbage (F : 12 . 5  t DM/ha) • .  

Differences in herbage accumulat ion were largely explained by the 

number of cuts dur ing the experiment and the amount of reproductive 

growth that occurred . Figure 6 . 3  shows that in treatments  A , C , D and 

E herbage accumulation was highly correlated with the number o f  cuts 

during the experiment ( r= -0 . 924  with 18  d . f . ) .  Treatments  B and F 

had considerably h igher accumulation than would be expected from the 

number of c4ts , but this can be explained by reproductive growth . 
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Comparing t reatments B , D and F (Tab le 6 . 8) ,  all mown at 95% ligh t 

intercep tion (Tab le 6 . 2 ) ,  shows the effect of reproduct ive growth 

on herbage accumulat ion .  Prevent ing reproductive growth by mowing at 

th e leafy s tage (D) reduced ryegrass and dead herbage accumulation 

compared with allowing reproductive growth to continue unt il  39% head 

emergence (F) . The greater amount of dead herbage in F than in D 

accumulated during the later stages of reproduct ive growth , that is , 

after 95% light intercept ion was reached (Appendix V ) . The mowing 

of B on 26 Sep tember removed few reproductive meris tems and reproduct ive 

growth continued unti l  95% light int erception was reached on 11 November . 

This explains why herbage accumulation in treatment B was greater than 

would be expected from the numb er of cuts (Figure 6 . 3) .  

Tab le 6 . 8 :  Net herbage accumulation for each treatment between 

5 Sep t ember  and 23 January ( t  DM/ha) . 

Treatment A B c D E 

Ryegrass : 

Vegetative 5 . 7  b 7 . 1  a 5 . 3  b 7 . 9  a 8 . 0  a 
Reproduct ive 0 . 8  c 2 . 6  ab 1 . 5  b e  1 .  2 c 1 . 8  b e  
Total 6 . 5  c 9 . 7  ab 6 . 8  c 9 . 1  b 9 . 8  ab 

Other species 0 . 3  a 0 . 6  a 0 . 5  a 0 . 4  a 0 . 2 a 

Dead herbage 0 b 0 . 2  b 0 b 0 .  3 b l . l a 

Total herbage 6 . 8  c 10 . 5  b 7 . 4  c 9 .  8 b 11 . 1  ab 

1)� """'-..... \ �pl rt � --1-�-d- c.c-"'1'� +r 0?J>;.\i:l <;; g .... � 

F 

7 . 4  a 
3 . 8  a 

11 . 2  a 

0 . 3  a 

1 . 0  a 

12 . 5  a 

<... 0""-fC � • 

The effect  of cutt ing frequency on net herbage accumu lation can 

be seen by comparing A and B or C , D  and E (Tab le 6 . 8  and Figure 6 . 3) .  

Les s herbage accumulated when cutting was every three weeks compared 

with cutt ing at  95% light  intercep tion ( compare A and B ,  o r  C and D ) . 

Comparing D and E indicates that the resp ons e to increased regrowth 

length beyond 9 5% ligh t  intercep t ion in a vegetative sward was largely 

from increased dead herbage accumulation (Table 6 . 8) . 

The other species component of the sward was mainly Poa but at 

the s tart o f  the experiment the following species occurred (%  occurrence 

in 30 fixed frames ) : ryegras s ( lOO) , Poa (77) , Tri.fo liwn repens ( 17 )  
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Juncus bufonius ( 1 3 ) , BP- Zlis perennis ( 10) , Veronica sp ( 10) , 

Coronopus didymus ( 3 ) , Geranium sp (3) and Taraxacum officinale ( 3 ) . 

6 . 3 . 3 Tiller dynamics 

Data on ryegrass t iller dens ity , tiller appearance and t iller 

death in the sward was obtained from the three fixed frames per p lo t  

dest ruc t ive ly sampled at  the last two dates f o r  each treatment , that 

is , 23 January and at  the penult ima�e mowing . In Figure 6 . 4 , t illers 

marked at the s tart of the experiment are labelled I ,  and new t i llers 

marked at success ive mowing� II - VIII . In Tab le 6 . 9 ,  the numb er 

of total tillers , new t il lers , and dead tillers are equivalent to  the 

sum of all t iller categories ( I - VIII ) , the number o f  marked t illers 

and the tillers dying during regrowth (I - VII )  respect ively . The 

number of reproduct ive t i llers at each date (Tab le 6 . 9 ) was recorded 

from f ixed jrames removed at each mowing , not the same frames used 

to  calculate ti ller dens i ty , app earance and death . 

6 . 3 . 3 . 1  Tiller dens i ty 

Ryegrass t iller densi ty at  the beginning of  the experiment was not 

s i gnif icant ly dif ferent for  the s ix t reatment s (P < 0 . 05 )  although 

i t  ranged from 9700 to  11700 t illers /m
2 

( t reatments B and F respectively ) , 

a ll  t il lers b e ing vegetative . In September the tiller dens i ty 

increased due to  rap i d  t i l lering , but declined again during the per iod 

of  reproduct ive growth in October (A and C Figure 6 . 4) . These changes 

are not apparent in o ther t reatments because of less frequent samp ling . 

During October and early N ovember reproduct ive growth was interrupted 

and a p eriod of  rapid til l ering occurred , increasing the t iller density . 

In most t reatments the dens ity declined during the las t  f ew weeks of the 

experiment . 

Treatment s  were compared in early December  when the peak densi ty 

was reached , and again a t  the end of the experiment (Tab le 6 . 10) . 

Treatment E ,  mown on 14 December , was excluded from the first  comparison . 

In December dens ity was greates t on C and F and least on A and D ;  but 

a t  the end of  the experimen t  no difference could b e  detected between 

t r eatments . 



Table 6 . 9 :  Ryegrass tiller dens ity at each mowing (hundred 

t i 1 1ers /m
2

) 

TREATMENT A :  

5 September 
26 Sep tember 
17 October 

7 November 
2 8  November 
19 Decemb er 

9 January 
2 3  January 
TREATMENT B :  

5 September 
26 September 
l l  November 

5 December 
30 December 
2 3  January 

TREATMENT C :  

5 September 
19 October  

9 November 
30 Novemb er 
2 1  December  
l l  January 
2 3  January 

TREATMENT D :  

5 September 
19 October 
26  November  
30 December 
23 January 

TREATMENT E :  

5 September 
19 October  
14 December 
23 January 

TREATMENT F :  

5 September 
11 November 

8 Decemb e r  
30 December 
23 January 

Reproductive Dead 
t illers ti llers 

0 
0 9 c 

10 7 c 
13  16 b 

4 22 ab 
6 1 7  b 

23  a 

0 
1 8 d 

21 14 c 
1 26 a 
4 24 a 

19 b 

0 
14 14 b 
10 26 a 

1 13 b 
4 20 ab 

22 a 

0 
14 1 7  a 

7 2 1  a 
1 24  a 

18  a 

0 
19 13 b 

5 3 1  a 
4 3  a 

0 
24 32 a 

0 30 a 
3 2 7  a 

35  a 

New 
tillers 

24 b 
7 cd 
2 d 

36 a 
12 c 

11 c 

25 b 
9 d 

40 a 
12 cd 
17 c 

41 a 
6 c 

38 a 
13 b e  
1 7  b 

26 a 
30 a 
16 b 
26 a 

34 a 
29 a 
43 a 

1 7  b 
77  a 
13  b 
25 b 

111 . 

Total 
tillers 

112  be* 
1 2 7  a 
1 2 7  a 
113  be  
1 2 7  a 
122  ab 
llO c 

105 c 

9 7  c 
l l4 b 
10 8 b 
1 2 3  a 
1 1 l b 
109 b 

110 c 
137  ab 
l l 7  c 
143  a 
136 ab 
131  ab 
129  b 

1 1 7  c 
126 b 
135 a 
1 2 7  b 
136 a 

104 a 
125  a 
12 3 a 
124 a 

1 1 7  cd 
103 d 
150 a 
1 3 7  ab 
12 7 b e  

* Duncans mul t iple range tes t compares observations between cuts 
within t reatments . 



Tab le 6 . 10 :  

Treatment 

1 December * 

2 3  January 

Effect of t reatments 

til lers /m
2

, adj usted 

of  t illers marked on 

A 

126  b 

103 a 

B 

133 ab 

117 a 

on t iller density 

by covariance 

5 September) . 

c 

1 4 3  a 

128  a 

D 

13l b 

131 a 

for 

112 . 

(hundred 

the number 

E 

128 a 

F 

145 a 

122 a 

*A :  2 8 / 1 1 ,  B :  5 / 12 ,  C :  30 / 1 1 , D :  26/11 , F :  8 / 12 
D ...,_, c .,.__._ ,.. �t�·.f'u. r-<>----({'- �+ "- "'-� p r.r e.., +s-..ec ... -h....Jt.A-1� a �  I o .... � o(2.. �� :s-- . 

6 . 3 . 3 . 2 Til ler  appearance 

Treatment A, and t reatment C after 19 October , were both mown 

every three weeks and showed similar t iller appearance patt erns 

(Tab le 6 .  9 ) . Two periods of rapid t i l lering occurred , the f irst 

before s tem elongation ( 5- 26  September)  and the second after defoliation 

of  reproduc t ive tillers . Mowing in October defoliated many reproductive 

t illers , but i t  was no t until after the next mowing ( 7  or 9 November) 

that the p eriod of mos t rapid t iller ing oc curred (Tab le 6 . 9 ) . 

Tillering was s igni f icantly reduced in treatment A dur ing the period 

of s tem elongation ( 26 September to 7 N ovember) . A s imilar period of  

reduced t i llering occurred in treatment C ( 1 9  October to  7 November) .  

Af ter the late  November peak ,  tillering declined to a level intermediate 

between the p revious extremes in A and C .  

Although not apparent from Figure 6 . 3 , in the less frequently 

mown treatment s  ( B , D , E , F) tillering was also rapid before s tem 

elongation b egan and relative ly s low during s tem elongation (Tab le 6 . 3) .  

After defoliation of reproductive tillers in t reatments B , D and F 

( 1 1  November , 19  October and 11  November respect ively)  rapid  t i llering 

occurred ( Figure 6 . 3) .  Rapid tillering a lso occurred in t reatment 

E after defoliation of reproductive t i l lers (Table 6 . 6) . 

When t reatments  C , D and E were mown on 19 October i t  was found 

from the 15 frames removed before mowing and the 15 frames removed 

after mowing that 5 1% of reproductive t illers had new unmarked t illers 

attached compared with 1 1% of  vegetat ive t illers (Table 6 . 11 ) . From 

Tab le 6 . 11 i t  was calculated that reproductive tillers had 0 . 9  new 
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tillers per tiller compared with 0 . 2  for vegetative tillers . 

S ince reproduct ive ti llers were less nume rous than vege t a t ive  t i l l e rs , 
56% o f  new tillers were attached to  reproductive tillers . 

Tab le 6 . 11 :  Number of  new (unmarked) t illers per marked 

vegetative and reprodu c tive tiller on 19 

October (Treatment s  C , D  and E) . 

Number of  marked tillers 
New t i ll ers /marked tiller Vege t a t ive Reproduct ive 

0 1636  188 

1 147  88 

2 46  60 

3 10 36 

4 2 7 

5 0 1 

Total 1841 380 

Total 

1824 

235  

106 

46 

9 

1 

2221  

B y  contrast , when treatment F was cut for the first  t ime 

(11  November) ,  reproductive t il lers had 0 . 6  new tillers / t i ller and 

vegetative t i llers 0 . 1  new t i l lers / t i ller (detailed data not pres ented) . 

Also ,  a greater proportion of new t i l lers were attached to  reproduct ive 

ti llers ( 72%)  than to vegetative t i llers . 

Swards were largely vegetative after mid-November (Table  6 . 9 )  but 

late reproduct ive t i llers cont inued to  contribute new t il lers (Tab le 

6 . 12) . The defoliated culm b as es o f  mown reproductive t i l le rs ( cut 

s t ubs)  also p roduced new tiller s , in F contribut ing 3 5% of new tillers 

on 8 December . At  later dates , when fewer stubs were present , a 

greater p roportion of  new tillers came from vegetative t i l lers . A 

s imilar trend is apparent in o ther t reatments . Where f requent mowing 

reduced reproductive dominance (A and C) the p roport ion of new t il lers 

contributed by reproductive t i llers ( cut and uncut ) was reduc e d .  
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Table 6 . 12 :  Proport ion (% )  of new tillers appearing from 

vegetative , reproduct ive and defoliated reproduc t ive 

( cut stubs ) t i llers at each cut . 

Vegetative Reproduct ive Cut 
t i llers tillers s tubs 

TREATMENT A :  

28 November 84 6 10 
19 December 86 10 4 

9 January 80 5 14 
23 January 98 0 2 

TREATMENT B :  

5 December 66  3 31  
30 December 81 12 7 
23  January 95 0 5 

TREATMENT C :  

30 November 88 4 7 
2 1  December 90 5 5 
11  January 89 1 10 
2 3  January 99  0 1 

TREATMENT D :  

26 Novemb er 59  24 1 7  
30 December 78  10 1 2  
2 3  January 9 3  0 7 

TREATMENT E :  

14 December 5 7  18 2 5  
2 3  January 74 0 26 

TREATMENT F :  

8 December 64 1 35 
30 December 74 7 19  
23 January 99  0 1 

The t illering rate o f  vegetative t illers (Table 6 . 13)  was 

influenced by t i ller age and t ime of  year . Data was high ly vari ab le , 

mainly because the number o f  tillers observed in each category was 

low .  Each frame contained about 100 tillers , subdivided into s everal 

categories ( I-VIII ) . Est ab lished tillers ( I ) tillered at  dif ferent 

rates in each rest p eriod , but generally at  higher rates than the newe st 
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ti llers (e . g . in A comare I with III  on 7 Nov , I with V on 19 Dec , 

I with IV on 9 Jan) . During the period of  more rap id til ler ing 

h owever , this difference between category I t i llers and more re cent 

t i llers was reduced ( i . e .  A on 28 Nov , B on 5 Dec , C on 30 Nov , 

D on 26 Nov , F on 8 Dec) . Apparent differences between treatments 

at  s imilar dates were part ly at t ributab le to different periods of time 

be tween cut s .  

Table 6 . 1 3 :  Tillering rate ( t i l lers/ lOO t i l lers ) for each category 

of vegetat ive tillers 

Category 

TREATMENT A :  

7 Novemb er 
28 Novemb er 
19 Decemb er 

9 January 

TREATMENT B :  

5 December  
30  Decemb er 
23  January 

TREATMENT C : 

30 Novemb e r  
2 1  December 
11 January 

TREATMENT D :  

26 November  
30  Decemb e r  
23  J anuary 

TREATMENT E :  

14 December  
23 January 

TREATMENT F :  

8 December  
30  December 
23 January 

I 

4 
43 
26 
14 

47 
9 

20  

34 
18 
16 

29 
17  
29  

25 
30 

88 
11 
24 

II 

1 
46 
24 
13 

53 
18 

9 

41 
20 
18 

15 
16 
24 

8 
72 

86 
11  
6 6  

Ill  

0 *  
6 l  
l B  

7 

33 
l 7  
22 

::!9 
20 

6 

1 
13 

45 

4 
26 

IV 

50 
l O  

0 

6 
lO 

1 
3 

5 

39 

V 

0 
6 

5 

1 

VI 

l 

*Numbers  in italics indicate less than 100 marked tillers in 
category . 
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6 . 3 . 3 . 3  Tiller death 

In treatment A tiller death was lowes t  at the beginning of the 

experiment and increased after 17  October when defoliated 

reproductive t i l lers died (Tab le 6 . 9 ) . Similarly , defoliated 

reproductive t il lers contributed to the greater death rate of 

Group I tillers between 19 October and 9 November apparent in 

treatment C (Figure 6 . 3) .  Similarly reproductive tillers defoliated 

on 11  November in t reatment s  B and F contributed to  the period of 

faster tiller death of Group I tillers apparent in Figure 6 . 3 . 

During Decemb er and January few reproductive tillers appeared ( and 

therefore died after mowing) but t iller death did not decline 

signi fi cantly in treatments A , C , D  and F ( Table 6 . 9 ) . 

6 . 3 . 4  Mean t il ler weight 

6 . 3 . 4 . 1  Reproductive tillers 

The weigh t  of reproductive tillers during the main period of 

reproductive growth was presented in Tab les 6 . 3  and 6 . 4 .  

6 . 3 . 4 . 2  Vegetative t il lers 

The mean weight of vegetat ive tillers in each age category is 

presented in Tab le 6 . 14 .  Generally , mean t iller weigh t  was increased 

by longer regrowths .  For example , in t reatments A and C category 

I t illers averaged 19 ( 12-25)  mg , in treatments B ,  D and F 35 

( 28-44) mg and in treatment E 52 (49-54) mg a f t er average regrowths 

of 3 , 5  and 7 weeks respectively . Where considerable reproduct ive 

growth occurred (e . g .  B on 11 November) vegetat ive t illers were 

ligh t er and such data is excluded in the c omparison above . I t  is  

also interes t ing to  note that on 7 Novemb e r  in  t reatment A ,  the  re

growth with low herb age accumulat ion (Tab le 6 . 7 ) category I t illers 

were of a s imilar weight to previous regrow ths  (Table 6 . 14) . 

The influence o f  til ler age on t i ller weight at mowing can b e  

seen b y  comparing t illers in different age categories o n  a given date 

(Tab le 6 . 14) . In 24 out of 27  comparisons ( 89%) the youngest category 

of tillers (e . g .  VII on 9 January in A) was s igni f icantly (P < 0 . 05 )  
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Table 6 . 14 :  Mean we ight o f  vegetative ti llers be fore mowing (mg) 

Age Category I II I l l  IV V VI 

TREATMENT A :  

2 6  September 13 a 3 b * 
19 October 13  a 10 b 4 c 

7 November 12  a 10 ab 9 ab 6 b 
28  November 24 a 27 a 25 a 23  a 4 b 
1 7 December 25 b 26 b 31  b 4 7  a 14 c 9 c 

9 January 19 b e  2 0  b 26  a 15 be  13 c 

TREATMENT B :  

26 September 19 a 7 b 
11 November 19 a 16 ab 8 b 

5 December 36 ab 40 a 31 b 11 c 
30 December 3� a 33 a 31  a 25  a 8 b 
2 3  January 36 ab 36 ab 43 a 30 b 21  b 10 d 

TREATMENT C :  

19 October 25 a 10 b 
9 November 16 a ll b 6 c 

30  November 24 a 27 a 24  a 5 b 
2 1  December 24 b 26 ab 30 a 14 c 4 d 
1 1  January 21 a 24 a 15  b 14  b e  ll c 5 d 

TREATMENT D :  

19 October 22  a 8 b 
2 6  November 36 a 28  a 6 b 
30  December 39  ab 42 a 29  b 15 c 
2 3  January 33 a 34 a 2 8  b 22 c 9 d 

TREATMENT E :  

19  October 24 a 10 b 
14  December 49 a 5 2  a 1 8  b 
2 3  January 54 a 55  a 46  a 20  b 

TREATMENT F :  

1 1  November 26 a 13  b 
8 December 44 a 44 a 1 3  b 

30 December 31  ab 3 7  a 2 1  b 9 c 
2 3  January 28 a 3 3  a 2 8  a 2 8  a 8 b 

*Duncans multiple range t e s t  between categories on a line . 

VII 

6 d 
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lighter than the older categories of t i l lers . The hypothes is that 

ti l lers of different ages p resent at the start of regrowth have a 

similar mean weigh t  a t  the end of regrowth (e . g . categories I - VI 

on 9 January in A) was true in 10 out of  21  comparisons ( 48%) . 

The hypothes is was true less f requently where cut t ing was mos t  

frequent ( 3  out of  9 c omparisons in A and C ( 33%) and 2 out of  2 

in F ( 100%) ) .  Where the hyp othes is was false there was a tendancy 

for younger groups of t il lers to be lighter . 

6 . 4  DISCUSSION 

6 . 4 . 1  Herbage accumulat ion 

This experiment again i llus trated that less frequent defoliation 

increased ryegrass herb age accumulat ion (Ans low , 196 7 ;  Boswell , 

19 7 7 ) . Delaying interrup t i on of  reproductive growth unt i l  39% head 

emergence (Treatment F) increased herbage accumulation compared with 

earlier interrup t ion (Treatments B and D) , and further delaying 

interrupt ion unt i l  anthe s is could have undoub tedly increased 

accumulation even further (Aust enson , 1963 ; Gi llet , 1 9 7 3 ; Corrall ,  

1974 ; Mislevy et a l. 19 7 7 ) . In the vegetat ive sward , defoliation 

prior to  95% light intercep t ion reduced herbage accumulation 

(Treatments A compared w i th B ,  and C compared with D) , largely due 

to  a reduction in vege t a t ive tiller weight ( 6 . 3 . 4 . 2) . Delaying 

defoliat ion unti l  after  9 5 %  l ight intercep tion (Compare t reatments 

D and E)  resulted in l i tt le increase in ryegrass accumulation and 

greater dead herbage accumulation (Tab le 6 . 8) .  Thes e  resul t s  support 

the conclusion of Tainton ( 19 7 4a) that there is  little advantage in 

delaying grazing after  95% light intercep t ion has been reached . 

However , �here a pas ture is c losed for cons ervati on,  delaying 

defoliation beyond this s tage will increase herbage accumulat ion 

(because of the cont inued growth of reproductive tillers )  provided 

c losing is not t oo lat e , thereby reducing the number of reproductive 

t i llers . 

The seasonal pattern of  ryegrass accumulation was s imilar to  that 

reported by Brougham ( 1 9 5 9 a) , except that between 17 October and 7 

November there was a period  of  unexpectedly low growth . Treatment A 
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was actually cont inued until September 19 79 and a similar period of  

low growth was measured between 1 7  October and 7 November 19 7 8 .  

As previously mentioned ( 6 . 3 . 2 ) low temperatures and lack o f  mois ture 

was unlikely to have caused the lower growth . The reduced vegetative 

t iller accumulat ion in this rest period could have been due to reduced 

ti ller dens i ty or reduced tiller weigh t . Tiller weight was not 

significant ly lower in this rest period than in previous res t per iods 

(Tab le 6 . 14) , but vegetative tiller dens ity was lower (Tab le 6 . 9 ) . 

These results sugges t that frequent close defoliat ion during the 

reproductive period reduces herbage produc tion becaus e of reduced 

reproduct ive t i l ler growth and because of  low rates of tillering . 

As in the previous experiment (Tab le 5 . 19) , an increas e in tiller 

densi ty did not immediately result in an increase in herbage product ion 

because newly emerged tillers were cons iderably smaller (Tab le 6 . 14) . 

New tillers cont inued to increase in weight af ter their first 

defo liation and where cut t ing was less f requent , tillers of  different 

ages (excluding the newes t) often had a s imi lar mean weight (Tab le 

6 . 14) . This result requires further inves t igation because t iller 

groups have a high ly skewed weight dis tribut ion (Figure 5 . 8) so 

s imilar mean weigh t s  may have arisen from a few large tillers in a 

category . Category I t illers ( t illers marked at the start of  the 

experiment) contributed most  to yield in this experiment because ( i) 

mos t  reproduct ive t illers came from this cat egory , ( i i )  this 

category was mos t  numerous ( iii)  tillers did  not decline markedly in 

weight with age during the experiment (Tab le 6 . 14) . Each cut t ing 

reduces t iller weight and tillers will decline in weight with age 

if the rate of  regrowth declines in succes s ive  res t per iods . 

6 . 4 . 2  Tiller dynamic s  

Ti ller density (Figure 6 . 4) followed a s imi lar s easonal pattern 

to that observed under graz ing (Figure 5 . 5) and by others in the U . K .  

(Langer et a Z ,  19 6 4 ;  Garwood ,  1969 ) . Veget a t ive t iller dens ity 

decl ined during the p e riod of  reproduct ive growth , but not to the s ame 

extent as in the grazing experiment , then recovered quickly after 

defoliation of reproductive t illers . In the grazing experiment 

vegetat ive t iller densi ty declined to  2100 t il lers/m
2 

at  34% head 
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emergence , c ompared with 8100 t illers/m
2 

at 39% head emergence ,  in 

th is cut t ing experiment (Tab le 6 . 3) .  As discus sed in more detai l 

in the f inal chapter ( 7 . 2 . 4 . 2 . 3 and 7 . 2 . 4 . 2 . 4 ) ,  the difference in 

vegetat ive t iller density at head emergence could have been due t o  

nit rogen fertilization and/or the absence of  whi t e  clover in the 

mowing exp eriment . Because t iller density did not decline as much as 

expected the defoliat ion regimes did not produce the expected range 

of tiller age structures after flowering . 

Differences in t i ller dens ity of the sward were detected in 

December (Table 6 . 10) and these largely ref lected di ff erent numbers 

of new t il lers (Figure 6 . 4) ,  that is , tillers appearing after removal 

of rep roductive meristems . At the end of the experiment the 

differences were no longer significant because new tillers had died 

at a greater rate than older (preflowering) tillers ( 6 . 4 . 3) .  Hunt 

and Field ( 19 7 8) also found that defoliat ion frequency had lit t le 

effect on t il ler density in summer compared with the late winter/ 

early spring when less f requent defoliat ion markedly reduced density . 

The s imilarity of all treatments sugges t that under condit ions of 

adequate mois ture and nutr ients , the tiller dynamics of "Nui" perennial 

ryegrass are l it t le influenced by defoliation f requency during summer . 

In reproduct ive swards the mean tiller weight of  vegetat ive 

ti llers fai led to increase s ignif i cant ly after 95%  l ight inter-

cep t i on (Tab les 5 . 4  and 6 . 3) ,  but in a vegetative sward mean t iller 

weigh t  cont inued to  increase after 95%  light interception (Tab le 6 . 6 ) .  

Thes e tabl es also show that after 95%  light interception is reached 

t iller densi ty declined in reproductive swards but not in the 

vegetative sward . These d i f ferences are presumably due to competit ion 

for light and assimilates . Vegetative t illers can be  shaded by 

taller reproduc tive tillers and Ong et al  ( 19 7 8b )  demonst rated that 

the larger reproductive til lers do not trans locate ass imilates to 

smaller heavily shaded vegetat ive tillers . In a vegetative sward 

ass imilates are translocated f rom unshaded to shaded t illers and 

shaded t i llers c an survive f or up to f ive weeks provided the res t o f  

the p lant receives adequate light (Ong and Marshal , 19 7 9 ) . Eventually 

some p lant s will dominat e  the vegetat ive sward as skewness of  the 

popula tion increases (Harris , 1971)  and t illers on shaded plants will 
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die . Data presented by Hunt and Field (19 7 8) showed that in autumn 

t il ler death did not increase substantially unti l  three weeks after 

95% light intercep tion was reached . Where nutrients are limit ing , 

t il ler death is unlikely t o  be related to light intercept ion 

(Davies , 1 9 7 lb) . 

6 . 4 . 3  Prediction of t i ller death 

Data presented in Figure 5 . 4  was us ed to determine if  there was 

a relationship between t i ller density and the tiller death rate (TDR) . 

A s imple relationship between density and TDR would be  useful for 

s imulat i on modelling of t i l ler dynamics . Insufficient data was 

collected to allow the relationship between density and the t iller 

appearance rate to be inves t igated in similar detail . 

Data from each age category (I-VI I I )  was considered s eparat ely 

and data was excluded where a large number of  tillers died . Within 

each treatment , t illers were clas s ified as appearing either before 

flowering or after flower ing (e . g . in F preflowering tillers were 

categories I and II , and post-flowering t i llers were categories I II

V) . Variab les were defined as follows : 

TDR ; densi ty of  d ead t illers of a given catego ry 

( I-VII )  at the end of the res t period 

d ivided by the number of days regrowth ( dead 

t i llers /m
2

/ day) . 

N ;  t iller den s i ty within a given category ( I-VI I I )  

at  the start of  the rest period (marked t i l lers/m
2

) .  

Linear regress ions were calculated between TDR and N (Tab le 6 . 15) . 

The regression coefficient i s  equivalent t o  the proportional t il ler 

death rate . 

By comparing t reatments  C , D  and E after 19 October the effect of 

cut t ing interval ( 3 , 4 . 6 ,  and 6 . 9  weeks average respectively) was 

inves t igated (Tab l e  6 . 15 ) . The proportional TDR, that is , the linear 

regress i on coefficient , was not significantly different for the three 

cut t ing intervals . Had treatment E been permi t ted t o  grow l onger than 



Table 6 . 15 :  Predi c t ive equations for t iller death rate (TDR) 

f rom t iller dens ity (N) . 

Factor 

Cut ting interval 

Treatment C 

Treatment D 

Treatment E 

First mowing 

Treatment B 

Treatment D 

Treatment F 

Tiller age ** 

Preflowering 

Post flower ing 

Equation 

TDR 

TDR 

TDR 

TDR 

TDR 

TDR 

TDR 

TDR 

0 . 006 N 

0 . 006 N- 3 

0 . 00 7  N- 7 

0 . 004  N+8 

0 . 004 N+3 

0 . 008  N+4 

0 . 00 4  N+3 

0 . 00 8  N+-4 

S lope* 

p 

p 

p 

p 

p 

q 

p 

q 

df 

57 

37  

22  

62  

42 

37 

101 

41 

*Duncans multiple range test comparing the regression 

coefficients . All regression coe f f i cients were 

s ignifican t ly greater than zero (P < 0 .  01) . 

**Treatments B , D  and F .  

2 
r 

0 . 46 

0 . 76 

0 .  7 7  

0 . 54 

0 . 6 3 

0 . 4 7 

0 . 56 

0 . 4 3 
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7 weeks the TDR may have been higher in this t reatment because of  

accelerated t iller death at  the end of very long regrowths (Hunt 

and Field , 1978) . 

Treatments B , D  and F were compared t o  tes t the effec t  of date 

of first cut (Tab le 6 . 15) . Only data from rest periods cut at 95% 

light intercept ion was included .  The proportional TDR was 

s ignificantly h igher in F than B or D .  This reflected a greater 

number of  post-flowering t i llers , which had a greater proportional TDR 

than older pre- f lowering t illers . There were 9060 pos t-f lowering 

tillers /m
2 

in t reatment F compared with 5150 /m
2 

and 45 50/m
2 

in B and 

D respectively . This data sugges t s  that t iller death can be  linearly 

related to  densi ty for a given age category of  vegetative t illers . 

It then follows that a given age category o f  t i llers will decay 
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exponentially with time an d half lives can be calculated . 

From Tab le 6 . 15 it can be calculated that vegetat ive t illers 

present b efore f lowering had a half life of 173 days and those 

appearing after flowering a half life of 87 days . 

Modelling of  t iller populat ions will be possib l e  when ( i )  

i t  i s  shown that decay curves a r e  indeed exponent ial ; the present 

experiment was too short ; ( ii )  s easonal patterns of t i l ler 

appearance are more clearly defined over the whole year and under 

different conditions ; ( i i i )  half lives are calculated for tillers 

apppearing at d i f ferent times of t he year ; (iv) reproductive 

act iv i ty of t i llers appearing at different t imes of the year is 

known (Hill  and Watkin , 19 7 5 ) . 
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CHAPTER 7 :  OVERALL DISCUSSION OF RESULTS 

7 . 1  MEASUREMENT OF HERBAGE PRODUCTION 

Before discuss ing the results further it  is worthwile considering 

the technique used to measure herbage p roduct ion . In both the graz ing 

and mowing experiments d i f f erent management systems were assessed in 

te rms of net herbage accumulat ion , that is , summat ion of differences 

in total herbage mass b etween the beginning and end of res t periods . 

As emphasised in the l iterature review , herbage accumulat ion 

ref lects growth of new p l ant material less losses due to senescence 

and decompos i t ion . As discussed by Kort e  and Sheath ( 19 7 8) herbage 

harvested in mowing experiments does not always equate with net herbage 

accumulat ion . The technique used by Sears ( 1951) has been used in 

New Zealand to measure p as ture production in grazing experiments 

( Brougham 1959b , 1960a ; P ineiro and Harris , 19 7 8a) , but this measure 

i s  not necessarily the s ame as net herbage accumulat ion .  

With the Sears ' t e chnique, protection cages are p laced in paddocks 

at the time o f  grazing . After  grazing , herbage within the cages is 

r emoved with handshears , or  by hand p lucking , in an attempt to  copy 

the i rregular defoliati on pat tern made by grazing animals . Herbage 

r emoval from the cages is used as a measure of herbage production . 

Over s everal graz ings the Sears ' technique should give s imi lar 

result s  to net herbage accumulation measurements ,  uneaten herbage 

eventually dying and decompos ing . Lynch and Mountier ( 19 5 4) demons t rated 

this when they compared the Sears ' technique and the Aus tralian difference 

t e chnique , which measures net herbage accumulation , and did not detect 

a s igni ficant difference in annual herbage p roduction . However , at  any 

grazing , the amount of h e rb age removed by grazing will not necessarily 

equal the amount of  herbage that accumulated in the previous regrowth . 

For example , herbage accumulat ing in the previous regrowth (net herbage 

a ccumulation) , p lus herb age l e f t  after the p revious grazing , could be  

consumed and measured by th e  Sears ' techniqu e .  I t  is concluded that 

the seasonal distribution of  pas ture production could be confounded 

by the degree of defoliati on when measured by the S ears ' technique . 
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"Trim" t echniques for measurement of  pas ture production 

(Lynch and Mount i e r ,  1954) have been widely us ed in New Zealand 

(Weeda , 19 65 ; Radcli f f e  and Lynch , 1974) . A motor-mower cuts 

pasture to a uniform height at  the beginning ( " trimming cut " )  and end 

(for measurement of growth) of each res t period . Although Lynch and 

Mount ier ( 19 54) concluded that a "trim" t e chni que was to be preferred 

for mos t  types o f  invest igat ion it does not measure net herbage accu-

mulat ion o f  the surrounding unt rimmed pas t ure . Trimming can be  

expect ed t o  alter both  the r ate  of  growth and decomposition , by  

removing photosynthetic  tissue and herbage that otherwise could have 

decayed . 

Tainton (19 7 4b )  used yet another method for calculating net 

production in pas ture . He calculated net production as the dif ference 

between total herb age mass  ( l iving and dead) at the end of  the res t 

period and living h erb age mas s ( excluding dead) at the beginning o f  

the rest per iod . I f  dead herb age accumulates in succes sive res t 

periods , as i t  did in both graz ing experiments (Figures 4 . 2  and 5 . 3) ,  

then i t  could be counted more than once as production us ing this 

method . When accumulat ion is calculated as the difference between 

total herbage mass ( l iving and dead) at b o th the end and 

b eginning of the res t p er iod , different results and conclus ions are 

reached (Tab l e  7 . 1) . 

Table 7 . 1 : Average rates of  herbage accumulation (kg DM/ha/ day)  
after  1 September 1 9 7 2  as pres ented by  Tainton (19 74b )  
and a f t e r  recalculation from d a t a  presented i n  f igures 

Herbage component 

Taint on ( 19 7 4b ) : 

Treatment 1* 

Treatment 2 

SE 

Recalculated : 

Treatment 1 

Treatment 2 

Living 

74  

7 1  

Dead 

7 

Total 

103 . 4  

92 . 6  

4 . 2  

74 

78 

* Treatment 1 :  Grazed to 2 . 5 cm at  95%  l ight intercep t ion . 

T reatment 2 :  Grazed to 2 . 5cm two weeks after 95% l ight intercep e t ion . 
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Tainton ( 19 7 4b )  concluded that " in terms of  the net product ion 

of mat erial availab l e  to the animal , Treatment 1 showed a sub s tantial 

a dvantage over Treatment 2" . The recalculated results show l it t le 

di fference in l iving and total herbage accumulat ion for the two 

treatments ,  but greater dead herbage accumulation where grazing was 

de layed until two weeks after the canopy intercepted 9 5% of the 

incoming light (Treatment 2 ) . 

( 7 . 2 . 1) .  

These results will b e  d is cussed further 

In the grazing experiments an allowance  was made for growth 

during the graz ing period . It is generally recognised that with a 

pro longed grazing some allowance should b e  made for growth during the 

graz ing period (Green , 1949 ; Linehan et a l , 1952 ; Hodgson , 19 79) . 

If  the grazing period is  less than 3 days  such growth is generally 

ignored .  However , occas ionally grazing las ted five days when 

insufficient sheep were availab le to consume the required amount of 

herb age in three days . 

The method of Campbell ( 19 66) was used to  calculate accumulat ion 

dur ing the grazing period ( 4 . 2 . 5 ) . This method as sumes that the 

a ccumulation rate is the same dur ing the graz ing per iod as measured in 

the p revious res t period . There is no a priori reason , excep t ease 

of calculat ion and precedent , for this assump t ion . The accumulation 

rate during grazing could have b een equated with the accumulation rate 

in the subsequent res t period , or a comb inat ion of  rates in the previous 

and sub sequent res t periods . A more accurate as sessment of herbage 

removal could have b een ob tained if protection cages had been p laced 

during the grazing period (Linehan et al , 1952) . 

7 . 2  MANAGEMENT OF REPRODUCTIVE SWARDS 

P erennial ryegrass  dominant pasture has two distinctive periods 

of growth , reproduct ive and vegetative , each requiring management 

according to different crit eria . Before discuss ing the role o f  ligh t  

intercept ion ,  s tage of  reproduct ive development and tiller dynamics 

as criteria for management of reproduct ive swards , the t iming of  

reproduct ive growth will be cons idered . 
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7 . 2 . 1  Timing of  flowering 

In all three experiments rep roduct ive development was 

synchronised by clos ing swards in early September . The reproductive 

development ob served was very simi lar to that reported for "Grass lands 

Ruanui" perennial ryegrass growing in pots (Wilson , 1959 ) and in rows 

for s eed production (Hill , 19 7 1) . Floral initiat ion occurred in late 

Augus t and September , and head emergence began in late October . Culm 

elongat ion s tarted approximat e ly three to four weeks b efore heading . 

As d iscussed before ( 3 . 3 . 1 . 4 . 1) , the t iming of reproduct ive 

development is influenced by climate and graz ing management .  

Floral ini tiation is largely controlled by daylength (Evans , 

1964) and grazing has no obvious e f fect (Hill , 19 7 1 ) . Initiation in 

"Grass lands Ruanui" perennial ryegrass is unaffected by t emperature 

over the range 4 to  14°C ,  and occurs at daylengths of  approximately 

11 hours (Aitken , 1966) . An 1 1  h our daylength is reached at s lightly 

dif ferent dates at  different latitudes , for example , on 21  August ,  28  

August and 1 September at Kaitaia (Lat itude 35°S), Palmerston North 

(40°S) and Invercargil l  (46°S) respe c t ively (Gerlach , 19 7 4 ) . 

Reproduct ive development after flo ral initiation is  hastened by 

warmer temperatures (Cooper , 1952 ; Evans , 1964 ; Aitken � 1966 ; 

Keatinge et  aZ , 19 7 9 )  so that culm elongation will o ccur earlier and 

more rapidly in a warm s pring than in a cool spring . I n  the mowing 

experiment i t  was found that later c losing of swards del ayed reproduct ive 

development and similarly Brougham (!961)  found that culm elongation was later 

in a continuously grazed sward than in a rotationally grazed sward . 

Thus paddocks within a farm would b e  expected to be at various stages 

of reproductive development at  any t ime in spring because of differences 

in previous grazing . However , examination of  reproduct ive tillers in 

any paddock will show the s tage of reproduct ive development and enab le 

prediction of responses t o  grazing management .  

2 
Mos t  reproduct ive tillers ( ab out 2200/m ) appeared in an initial 

group , but further reproductive t i l lers continued to develop unt i l  

late autumn , a lthough at  a much lower rate . A s imilar result was 

obtained by Brougham ( 1961)  who found that in a "Grass lands Ruanui"  

perennial ryegrass sward relatively few seedheads appeared after December . 



By cont rast , in a grazed "Grasslands Manawa" ryegrass (Loliwn x 

hydridum Haus s kn) sward , the period over which stem elongat ion 

occurred was more pro longed , with many s eedheads appearing up to  

February . 

7 . 2 . 2  Ligh t interception as a criteria for defoliat ion 

Light inte r ception was used to determine both the s tage of  
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development for  defoliation and defoliat ion int ensity . Few p rob lems 

were encountered in ident ifying 95% light intercep t ion ,  the crit ical 

leaf area index as def ined by Brougham ( 1958a) . On windy days with 

broken cloud , rap id f luctuations in the l ight flux above the canopy 

occasionally prevented measurement , but on clear or overcast days the 

light flux was sufficiently cons tant . Graz ing intens ity treatments 

with different res idual LAI provided low (hard grazed) and high ( lax 

grazed) percent light intercep t ion after graz ing . 

Increased l i ght intercep tion , through higher res idual LAI , was 

expected to result in greater herbage accumulation due to accelerated 

growth rates (Brougham , 1956 ; Brown and Blaser , 196 6 ) . Also , the 

rate of herbage a ccumulation was expected to increas e after graz ing , 

as ligh t  intercept i on increased , unt il  9 5% light int ercept ion when 

further increases in LAI would not great ly increase light interception 

or growth .  Thus i n  both grazing exp eriments herbage mass  was expected 

to  accumulate exponent ially with respect t o  time during the res t period . 

Figures 4 . 2  and 5 . 3  clearly showed that herbage mass did not 

accumulate exponent ially b etween grazing and 95% light intercep t ion , 

the relationship o f t en appeared to be  almo s t  l inear , at  leas t after the 

ini tial stages . I t  is unlikely that replication in t ime ( as well as 

in space) , to  separate c limatic effects from stage of regrowth , would 

have changed the observed pat tern . Temp eratures and radiation 

increased in spring , and this would be  expected to  accentuate the 

predicted exponential pat tern . Thes e  results do not p rove that pasture 

growth was not influenced by light intercepti on ,  but rather that 

herbage accumulat ion was not . 

In an expe riment simulat ing defoliat ion by sheep Morris ( 19 70 )  

found that the h arvest ed y ield ( equivalent t o  herbage accumulation in 
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this thesis ) was not an accurate reflection of the growth wh ich had 

taken place , since a large and variab le proport ion of the herbage was 

never harvested , but grew ,  died and decayed untouched . The changes 

in herbage mass shown in Figures 4 . 2  and 5 . 3  do not represent pas ture 

growth , they also include herbage death and decay . 

The negative correlat ion between vegetative herbage accumulation ,  

o r  leaf accumulation ,  and increased res idual LAI (Tab les 4 . 9  and 5 . 13)  

suggP.st�rl  that  much of the res idual leaf  died  and decayed soon after 

defol iation in the grazing experiments . Wh en Brougham (1956)  showed 

that the rate of pasture growth increased unt il complete light 

int ercept i on was approached he meas ured increases in herbage mass  above 

a 2 . 5  cm cut t ing height , so that his measurements avo ided herbage 

disappearance at the bas e  of the sward . As shown in Plate 4 . 8  and 

by J ac kson ( 19 7 6) most  dead herbage is concentrated at the bas e of the 

sward . Als o , Brougham ' s  experiment began in September , when swards 

have least  dead herbage (Campb ell , 1964) , again reducing herbage los ses . 

A relatively small range of res idual LAI was investigated in 

the grazing experiments .  In the s tudy of Brougham (1956) the res idual 

LAI ranged up to 5 ,  whereas it never exceeded 3 in the graz ing 

exp eriments . A very low level of utilizat ion would have been required 

to leave higher re� idual LAI . Reduced utilizat ion would have 

inc reased dead herbage accumulat ion and reduced herbage accumulat ion . 

In the grazing experiment s the advantage of increased res idual 

LAI was mos t obvious when laxer graz ing resulted in fewer reproductive 

t illers being defoliated (Tab les 4 . 9  and 5 . 13) . The observed 

increased herbage accumulation was most  likely a result of increased 

reproductive growth , not increas ed l ight interception . 

7 . 2 . 2 . 1  Defol iat ion frequency 

In the mowing experiment , defoliating every three weeks , b efore 

95% l ight intercept ion was reached , reduced herbage accumulat ion 

compared with defoliating at 95%  ligh t  interception (Table 6 . 8) . 

S imilar results have been ob tained elsewhere (Wilson and McGuire ,  

19 6 1 ;  Sheard and Winch , 1966 ; Mitamura , 19 72) . 
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Both the firs t grazing experiment (Table 4 . 5 ) and the re

calculated results of Tainton (Table  7 . 1 ) showed that during late 

spring defoliation at either 95% ligh t  interception or two weeks 

after 95% ligh t  int e rception resulted in a similar herbage accumulation 

(living p lus dead) . This was because no consistent exponential 

growth phase ( 2 . 3 . 1) was detected and becaus e rap id herbage accumulation 

continued after  95% light intercept ion (Figure 4 . 2 ) . 

During unint errupted growth of reproductive swards , lamina 

accumulated until 9 5 %  ligh t interception was reached , after  which 

further herbage accumulation was largely due to rap id culm and dead 

leaf accumu lat ion , with little further lamina accumulating (Figure 

5 . 4  and Tab le 6 . 8) .  A s imilar pattern was observed by Tainton ( 1 9 7 4a ,  

b )  and this explainrl why greater dead leaf accumulat ion o c curred when 

grazing was two weeks after 95% light intercept ion compared with 

graz ing at 9 5% light intercept ion (Tab l e  7 . 1 ) . This pattern also 

explainOO why more lamina accumulated when rep roduct ive growth was 

interrupted at a leafy stage compared with at 30% head emergence 

(Tab le 5 . 9 ) . 

In the f i rs t grazing experiment dead herbage accumulat ion was 

s imilar for treatments grazed at 95% l ight intercept ion and grazed two 

weeks after 95% light intercept ion . In that experiment dead herbage 

included both dead leaf and dead culm ,  not j us t  dead leaf as in the 

experiment of Tainton ( 19 7 4b) . More dead leaf could have accumula ted 

when defoliation was d elayed until  two weeks after 95% l ight inter

cep t i on ,  but this was undoub tedly obs cured by culm death and decay 

in th e first graz ing experiment . 

7 . 2 . 2 . 2  Defoliation intensity 

The residual LAI treatments us ed in both grazing experiments 

were designed to result in dif ferent ligh t  interceptions . D i f ferences 

in residual LAI -were achieved , but differences in light intercepti on 

by leaves ( th e  photosynthet ically active part of the canopy) were 

considerably smaller than expected b ecause of culm development . 

Lax grazing permi tted culm development , while close graz ing 

reduced culm development and also resulted in trampling of dead 



131 . 

culms to the bottom of the canopy . S t and ing culms (dead and dying) 

intercepted ligh t  so that at 95% light interception , instead of the 

LAI being similar for lax and close grazing , the LAI was cons iderab ly 

greater in close grazed swards (Tab le 4 . 10 and 5 . 14) . As mentioned 

previously ( 4 . 4 . 3  and 5 . 4 . 3 ) , this resulted in the average LAI during 

res t periods , and therefore light intercept ion by leaves , being 

s imilar in lax and hard grazed swards . 

In the f irst  grazing experiment herbage accumulation in "spring/ 

summer" was great ly inf luenced by the res i dual LAI t reatments desp ite 

light intercept i on by leave s being similar for high and low 

res idual LAI treatments . It was concluded in previous dis cus s i on 

(4 . 4 . 3  and 5 . 4 . 3) that the great er herbage accumulat ion with hard 

graz ing , also found by Holmes and McClenaghan ( 1979 ) , was more likely 

to have been the result of reduced loss es through death and decay than 

the result of greater growth . 

The rate of  herb age accumulation declined wi th success ive lax 

grazings in early summer ,  while it remained considerably higher and 

relat ively constant with hard grazing (Figures 4 . 2  and 5 . 3 ) .  Th is 

confirms the ob servat ions o f  Saxby ( 1948)  and Hall ( 19 7 3) that clos e 

graz ings in late spring will p romote vigorous leafy growth compared 

to p as ture that has· b een permitted to become rank and stemmy . The 

decl ine in accumulat ion rate in rank pasture was not a result of  water 

stress , both stemmy and leafy pas tures were growing under similar 

conditions , but was p r obab ly due to greater herbage losses through 

death and decay . Rank pas ture als o has the disadvantage that much 

of the herbage offered to grazing animals , b eing dead , is of low 

nutritive value (Ra t t ray ( 19 7 8) and Figure 4 . 4 ) . 

The "hard" graz ings in late spring that largely p revented the 

accumulation of stemmy material were not part icularly s evere . "Hard" 

grazings in the first  graz ing experiment s eldom resulted in removal of 

more than 50% of the herbage and the res idual herbage mass was at  

leas t 1 . 5  t DM/ha ( Fi gure 4 . 2) . "Hard" graz ings were s light ly mor e  

s evere i n  the s econd grazing experiment ( F igure 5 . 3) .  I n  comparison , 

Jagusch et al (1 978 )  reported that during s pr ing in a farmlet experiment 

at Ruakura , sheep ( 2 1 ewes /ha) removed 52% of herbage of fered and the 



res idual herbage mass  was 1 . 6  t DM/ha . 

7 . 2 . 3  Stage o f  reproduction development as a criteria for 

defoliat ion 
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Stage of reprodu c tive development was used as a criteria for 

defoliat ion becaus e culm development had a marked effect on pastures , 

herbage accumulation rates of over 100 kg DM/ha/day being measured 

during this period . Different s t ages of  interrup tion o f  reproduct ive 

growth and defoliation to reduce reproduct ive growth were 

investigated . 

7 . 2 . 3 . 1  Stage of  growth at  interruption 

Two s tages of  interruption o f  reproduct ive growth were compare d ,  

the late leafy stage (when culm elongation w a s  b eginning and many 

reproduct ive meristems could be defoliated) and the head emergence s t age 

( 34% heads emerged in the s econd grazing experiment and 39% heads 

emerged in the mowing experiment) . Both mowing and hard grazing at  

the leafy s tage removed many reproductive meristems ( 5 . 3 . 6 . 1  and 

6 . 3 . 3 . 3) . The consequence of  interrupt ing reproductive growth at  

the leafy stage compared with the head emergence stage seemed to  

depend on the fertility leve l , whi ch influenced the size of  reproductive 

t i l lers . In the grazing experiment similar herbage accumulation was 

obtained when interrupt ion was at either s t age , but in the mowing 

experiment , later interrup t i on increased accumulation (Table 5 . 8  and 

6 . 8) .  Much o f  the inc rease in accumulation in the mowing experiment 

was contr ibuted by reproduct ive t i l lers . S imilar rep roductive t iller 
2 

densi ties were measured ( 2 200/m ) b ut reproductive t illers were 

heavier in the mowing experiment than in the grazing experiment ( 2 11 mg 

and 120 mg respect ively at  h ead emergence) . Nitrogen fertilizer was 

app l ied in the mowing experiment , but not in the grazing experiment . 

The greater nitrogen availab ility in the mowing experiment may have 

resulted in heavier reproductive t illers (Wilman et aZ , 1 9 7 7 ) . 

Although interrupt ion of  reproductive grow th at the leafy or 

the head emergence stage produced variab l e  results in terms o f  herbage 

accumulation ,  the relat ive accumulation of lamina and culm was con-

sistently affecte d .  Culm accumulation was increased and lamina 
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accumulat ion decreased by delaying int erruption after the leafy s t age . 

As found by others ( e . g .  Wi lman et a � ,  19 76d) this was b ecause the 

ceiling leaf mass was reached at the late leafy st age and further 

uninterrupted growth was large ly culm (Figure 5 . 4) . Defoliat ion at 

the leafy s tage permitted further leaf accumulation and reduced culm 

accumulat ion i f  reproductive meristems were also defoliated . 

Later interruption of reproduct ive growth , up to anthesis  

(Aus t enson , 19 6 3 ;  Gi llet , 19 7 3 ;  Corrall , 19 7 4 ;  Mis levy et a l, 19 7 7 ) , 

could be  expected to  increase annual herbage production under fert ile 

conditions . Also , a high herbage mass , up to 10- 12 t DM/ha ( Corrall 

et al, 19 7 9 ) , largely compris ing culms could be expected where 

reproduct ive growth cont inued uninterrupted until anthes is . In the 

second graz ing experiment difficulty was encountered in forcing sheep 

to consume the basal  portion of culms when swards had reached a herb age 

mas s  of 6 t DM/ha and this prob lem would be greater in swards at 

anthes is . As dis cussed previous ly (5 . 4 . 2 ) , mechanical harves t ing of 

reproductive herbage for hay or s ilage is the most effectiv e  method 

of ut ilis ing a high herb age mass . 

7 . 2 . 3 . 2  Interruption of reproduct ive growth 

Rep roduc t ive t illers were killed by removal of their mer i s t ems . 

Als o ,  with very frequent defoliations ( Treatment A in the mowing 

experiment ) culm growth was largely suppressed . In this t reatment 

many reproductive t illers , having a fixed number of leaves at f loral 

init iation , may have actually died without any culm development 

occurring , once all the leaves had developed . 

I t  was shown , in both the s e cond grazing experiment and the mowing 

experiment , that a carefully t imed hard grazing or mowing could largely 

end reproductive growth at an early s tage of  culm development . The 

timing of this defoliation depended on the position of developing 

seedheads r elat ive to defoliat ion heigh t . This can be determined by 

inspecting the larger tillers in the sward . The developing s eedhead 

can be fel t  within the leaf sheath by s queez ing each tiller b e tween 

thumb and forefinger after strip ping back the basal leaves . 
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7 . 2 . 4  Tiller dens ity as a criteria for defoliat ion 

I t  was observed in the l i t erature review ( 2 . 3 . 1 . 5 . 1) that .re

growth is insensit ive to tiller dens ity over a wide range s ince a 

decrease in dens ity is c ompensated for by larger tillers . Also , in 

mixed swards , a decrease in dens ity o f  one species is quickly 

compensated for by an increase in density (and growth) o f  other species . 

It  can therefore b e  concluded that over a wide range o f  conditions tiller 

density will have lit tle value as a criteria for de foliat ion . 

However ,  it was found in the s econd grazing exp e riment that t iller 

density could inf luence herbage accumulation . Herbage accumulat ion 

had previous ly been found to be af fected by tiller dens ity in perennial 

ryegrass swards over the range 5400 t o iDOO t illers/m
2 

(Davies , 1966) . 

Ryegrass tiller density was within this range in June 1 9 7 7 ,  6400 and 

8300 t illers/m2 
in lax and close grazed swards respectively , and this 

difference in dens i ty resulted in a s ignificant difference in herbage 

accumulation .  This  result shows that management during the reproductive 

period of growth , by affecting t i ller density , can inf l uence herbage 

production .  Thus , although t i l ler dens ity normally has l i t t le value 

as a criteria for d efoliat ion , it should be cons idered during late 

spring/early s ummer when a reduct ion in dens ity below a critical 

level can reduce sub sequent herb age product ion . 

7 . 2 . 4 . 1 The relati onship between t i l ler density and herbage 

production 

7 . 2 . 4 . 1 . 1  The crit i cal density 

The crit i cal t iller dens i ty , below which growth i s  pos i t ively 

correlated with density , depends on sward purity , season , and tiller 

weight . In mixed swards , white clover and other species can compensat e 

for low ryegrass t i l ler dens ity . During summer low ryegrass t iller 

density is unl ikely to  res trict herbage product ion , either rapid white 

clover growth compensating (Brougham , 1959a)  or dry s o i l  conditions 

masking any ef fect . 

The second graz ing experiment showed that the cri t ica l  t i ller 

density in autumn was at leas t 8000 t i l lers/m
2 

for inf requen t ly grazed 
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ryegrass dominant pasture . Presumably , below this densi ty t iller 

size  and other species could not compensate suff i ciently . In more 

frequently grazed pasture of  s imilar botanical compos i tion a h igher 

critical dens ity could b e  expected (Huokuna , 1 9 66 ) , less t ime being 

available for t illers to increase in weigh t , and compensate for low 

dens ity . 

A lower critical densi ty would be  expected in spring than in 

autumn because ryegrass grows more rapidly during reproductive growth 

and because reproductive t i llers have a higher potential weight than 

vegetat ive t illers . For example , Wilman e t  a Z  (19 76d)  harvested 

8 tDM/ha from I talian ryegrass swards with a tiller dens ity of  3400 

t illers /m
2 

after 11  weeks uninterrupted growth . Again , the critical 

densi ty would be  expected to be  higher where more frequent defoliat ion 
• 

int errupted rep roductive development . 

More res earch is required to estab lish the crit ical t iller density 

for ryegras s /c lover pas ture at  different times of  the year and under 

dif ferent defoliation regimes . Unt i l  this information is available 

t iller d ens ity measurements are unlikely to be  useful in predicting 

the potential for herbage production in a particular rest period . 

However , Lazenby and Rodgers (1952 , 1964)  found that annual herbage 

production was highly correlat ed with tiller dens ity in perennial 

ryegrass grown under one management . They noted that with greater 

variab ility wi thin a population tiller density would become a less 

reliable parame ter of annual her.bage production .-

7 . 2 . 4 . 1 . 2  Tiller weight and tiller age 

Both the second graz ing experiment and the mowing experiment 

showed that an increase in t iller density did not always result in an 

increase in herbage product i on because newly emerged t illers had a 

cons iderably smaller weight than other t illers . However , where mowing 

was infrequent , tillers of different ages (excluding newly emerged 

t illers ) generally had s imilar weights at the end of regrowth (Table 6 . 14 ) . 

Thus , j uvenility only inf luenced the contribution of t illers to herbage 

producti on for the f irs t f ew weeks after appearance . 
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This conclus ion is possib ly an over-s implification because the 

frequency dis t ribut ion of tiller weigh t s  is highly skewed (Figure 

5 . 8 ,  Jones et a l , 1979) . Simi lar mean weights of different tiller 

age categories could ar ise from a sma l l  change in the p roport ion of 

larger t i llers . Als o ,  it is pos s ib l e  that under graz ing , recent ly 

emerged t illers , or in fact small t i llers in general , b e ing a t  the 

base of the sward are less intensively defoliated than larger tillers . 

Grass t i l lers can survive for three years under frequent defoliation 

(Jewiss , 1966)  but more work is required to  define their contribut i on 

to herbage accumula tion at different ages . Obvious ly both mean tiller 

weight and the frequency distribution o f  t iller weight need t o  be 

measured for t illers of different ages over several res t periods to  

show if  the conclus ion in the p revious paragraph is  true . 

7 . 2 . 4 . 1 . 3  Pos t-flowering tillers and growth 

A p e riod of rapid tillering was found to occur between October 

and December , depending on when apical dominance was reduced by 

defolia t i on of reproduct ive tiller s .  The contribution of  these pos t-

flowering t i llers to herbage production and sward pers is tence is not 

clea r .  However ,  the mowing experiment showed that post-f lowering 

ti l lers were actually well estab l ished by January under irrigation 

(Tab l e  6 . 14) , often being as heavy as preflowering tillers . Vegetative 

tillers that survive until atuumn , as well as t illers that appear up 

to early S ep tember , can be expected t o  flower the following spring 

in , grazed  swards , and contribute t o  h e rb age production . 

Thes e  results are in marked contras t t o  those of Hill  and Watkin 

( 19 75)  in seed p roduct ion studies . They found that few summer formed 

tillers s urvived and that autumn t i llers contributed mos t  of the 

reproduct ive t il lers the following spring ,  and therefore considerab le 

spring herb age . In seed crops vegeta tive t i llers are shaded and have 

to compete with the larger reproduct ive til lers for nutrients , so that 

few survive . Surviving vegetat ive t i l lers after heavy comp e t i tion 

are small and et iolat ed . 

It is  c onc luded that autumn t i l l ering is important after seed 

crops or d rought have depleted t i l ler p opulati ons . However , it was 

unexpected to find that close grazing in autumn , which removed or 
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trampled dead culms , was largely unsucces sful in encouraging recovery 

of t iller dens ity in previously lax grazed swards in 19 7 7 .  By cont ras t 

in 19 76 , hard grazing in autumn successfully encouraged t illering in 

p reviously lax grazed swards . The main difference between years was 

the amount of autumn rainfall , 19 76  being wet and 19 7 7  being d ry 

(Appendix I ) . 

Thus before ryegrass can tiller in response to  hard graz ing in 

autumn , sufficient mois t ure must  be available . This requires further 

inves t igation ,  but unt i l  more evidence is  ob tained , i t  would appear 

that t o  prevent autumn growth being reduced , tillering should b e  

encouraged in early summer i n  preference t o  autumn . Obvious ly any 

dead herbage should also be removed by autumn to encourage growth and 

ti l lering . Because close grazing reduces growth in autumn ( 7 . 3 . 2) 

i t  may be  better to  have a " clean-up" graz ing , as sugges ted  by Hunt 

and Brougham (1966) , b ef ore autumn rains . 

7 . 2 . 4 . 2  Factors influencing tiller dens ity 

In this sect ion the factors inf luencing ti llering and t i l ler 

density in ryegrass dominant swards during the reproductive period o f  

growth will be discussed . Defoliation will be  discuss ed in terms of 

interruption of reproduct ive growth and defoliat ion int ens ity . Nitrogen , 

the main nutrient that seemed to  influence results , and the presence 

o f  other species will be dis cussed . Little  can be added to  p revious 

comments on the affect of moisture on tiller density ( 2 . 3 . 1 . 5 . 2 . 5 ) . 

7 . 2 . 4 . 2 . 1  Interruption of reproductive growth 

During unint errup t e d  reproductive growth vegetat ive t iller dens i ty 

declined , as also obs erved by others (Spiertz and Ellen , 1 9 7 2 ; 

Hebb lethwaite and Ivins , 1 9 7 7 , 19 7 8 ;  Ong et a l , 19 7 8b ) , t o  2 100 

t iller s /m
2 

at 34% head emergence in the s econd grazing experiment . 

The decline was due to  reduced tillering and death of vegetat ive t illers 

as des cribed previously ( 2 . 3 . 1 . 5 . 2 . 2) .  

Delaying interrupt ion of  reproductive growth beyond 34% head 

emergence would be expected  to decrease vegetat ive t i l ler dens ity further , 

and perhaps result in sward death (Williams , 1970) . 
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Sward death as a result o f  prolonged reproductive growth has not 

b een reported in New Zealand . 

Where vegetative tiller density has b een markedly reduced by 

long periods of  uninterrupted reproductive growth , regenerati on and 

growth depends largely on t i l lering f rom buds on the cut s tubs of 

reproductive t il lers (Williams , 19 70) . Even where considerab le 

numbers of vegetative tillers are present after interrupt ion of 

reproductive growth , buds on cut s tubs contribute a large number of 

t i l lers . In Treatment F of  the mowing experiment , where after 

interruption of  reproduct ive growth at  39% head emergence there were 

8100 vegetative tillers/m
2

, 35% of  new tillers ( 2 700/m
2

) originated 

f rom cut stubs (Tab l e  6 . 12) . 

Although t illering decl ines during reproduct ive growth i t  

no�ally resumes either after anthes is (Lamp , 1952) or  earlier where 

reproductive t i l lers have b een defoliated (Asano and Chuj o ,  19 75 ; 

Krause and Moser , 19 7 7 ) . The latter s ituat i on was illustrated in the 

second graz ing experiment where graz ing , even laxly at a leafy s tage 

o f  reproductive deve lopment permit ted resump t ion of tillering . L ax 

grazing at the leafy stage only removed the apex from approximately 15% 

o f  the develop ing reproduct ive tillers . 

7 . 2 . 4 . 2 . 2  Defoliation intensity 

I t  has frequently been observed that mor e  intens ive defoliation 

o f  perennial ryegrass swards results in inc reased tiller dens i ty 

(Harris and Thomas , 19 7 0 ;  Tainton , 19 7 4 a ;  Davies , 1 9 7 7 ; Boswe ll  and 

Crawford , 1978)  and this result was obt ained in both grazing experiments 

(Tab le 4 . 12 and Figure 5 . 5 ) . However , as already discussed ( 5 . 4 . 2) , 

both hard and l ax grazing to interrupt reproductive development were 

equally effective in encouraging the resumption of ti llering . The 

differences in dens ity which eventually developed seemed t o  be due to 

a higher rate of  t iller appearance in hard grazed swards later in the 

s eason . 
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As discussed ( 7 . 2 . 4 . 2 . 1) ,  tillering recommences after 

defoliati on o f  reproduct ive t iller apices . Also , merely shading 

tiller bases c an arrest t illering , and conversely , removing base 

shade permits  t illering (Davies , 19 7 7 ) . However , in the second 

grazing experiment , s imi lar tiller appearance rates were meas ured 

after hard and lax grazing were used to  interrupt reproductive 

deve lopment .  This  was despite more reproductive t i llers dying and 

more light reaching the base of the sward after hard grazing . 

Ei ther grazing removed the limiting effect o f  shading and apical 

dominance or some other factor was res tricting til lering during 

reproductive growth . 

Clifford ( 19 7 7 )  s uggested that in LoZium multifZorum tiller ing 

was suppressed by movement of inh ibitory levels of auxin into buds 

from nearby elongating stem internodes , whose activity in turn was 

controlled by the developing inf lores cence and upper leaves . Wheeler 

( 19 80) reported that r emoving the lamina of the flag leaf from wheat 

reduced internode e longat ion . As both hard and lax graz ing removed 

leaves from rep roduct ive t illers this may have reduced int ernode 

elongation and permi t t ed the resumption of  t il lering . 

7 . 2 . 4 . 2 . 3 Nitrogen fertil izat ion 

Nitrogen fertilizat ion could have affected tiller dens i ty and 

tillering in the mowing experiment . Nitrogen fert ilizer was 

app lied in this experiment , but not in the second grazing experiment , 

and greater availab i li ty of nit rogen could partly explain the h igher 

vegetative tiller dens i ty measured at head emergence in the mowing 

experiment ( 8100 and 2 100 t illers /m2 in the mowing and second graz ing 

experiment respect ively) . Work in the U . K .  on perennial ryegrass 

closed for seed p roduc t i on has shown that nitrogen fertilizer applied 



at the t ime of  floral initiat ion markedly increases vegetative 

tiller dens i ty in the early stages of reproductive growth 

(Hebb lethwait e , 19 7 7 ;  Hebb lethwaite and Ivins , 19 7 7 ) . 
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In the U . K . work nit rogen did not significant ly effect 

reproduct ive t i ller density . However , largely as a consequence of  

a greater proportion of vegetat ive t il lers dying where higher amounts  

of nitrogen fer tilizer had been applie d ,  in  the period b e tween 50% 

ear emergence and anthesis the differences in vegetative t iller 

dens ity disappeared or reversed . Thus , depending on the s t age of  

growth , nitrogen fertilizer may first  increase ,  and then decrease , 

vegetative t iller density during uninterrup t ed reproduct ive growth . 

Higher levels o f  nitrogen fertilizer can be expected to  accentuate this 

pattern and to predispose the sward to failure to  regenerate after 

long periods of  unint errupted reproductive growth (Williams , 1970) . 

Results from the mowing experiment suggested that later 

interrup tion o f  reproductive growth ( at ear emergence compared with at  

the s tart o f  internode elongation) increased the subsequent amount of  

tillering , and t iller density , but  this trend was not apparent in  the 

s econd grazing experiment . The greater availab ility of nitrogen in 

the mowing experiment could have explained this difference als o .  

From the l imited evidence availab le  i t  appears that defoliation 

and nitrogen , through their effects on c ompetition between vegetative 

and reproductive tillers , interact s trongly during reproduct ive growth 

in affecting t i l ler dens i ty and t i l ler dynamics . 

7 . 2 . 4 . 2 . 4  O ther species 

In the mowing experiment the sward was almost pure ryegrass with 

other species , mainly Poa , filling gaps between ryegrass .  In the 

grazing experiments the sward was also p redominant ly ryegrass ,  with 

white clover and Poa contributing approximately 30% of  the green 

herbage . The presence of  white  clover probab ly affected t illering and 

tiller dens i ty in the graz ing experiment . 

The h igher vegetative tiller dens ity measured at  early head 

emergence ,  and the greater amount of t illering after later interruption 



141 .  

o f  reproductive growth , i n  the mowing experiment compared with the 

s econd grazing experiment could have been caused either by white  

c lover and/or nitrogen availab ility (_7 . 2 .  4 .  2 .  3) . Harris (197 1 )  

found that perennial ryegrass growing i n  association with whi t e  

clover had a lower tiller densi ty than when growing i n  monoculture . 

I t  was suggested that this  was caused by intense shading of  the bas e  

of  the mixed sward , arising from the horizontal arrangement o f  white 

clover laminae , reducing the rate of  tillering (Davies , 19 7 7 )  and /or 

ti ller s urvival . Although whit e  clover may have a l t ered the magnitude 

of  fluctuations in tiller populations , the s ame patt erns observed in 

monoculture were apparent . 

7 . 2 . 5  Management and botanical composition 

Grazing management in late spring/early summer had little effect 

on botanical composition of  pas t ure . However , in both grazing 

experiments , Poa t il ler d ensity was s ignificantly greater during winter 

in pasture whi ch had been part icularly stemmy the p revious summer 

( ILL in 19 76 and L in 19 7 7 , Tab les 4 . 13 and 5 . 16) . The greater invas ion 

of Poa into lax grazed pas ture could have been due to a greater amount of  

Poa seeding and/or reduced competition from ryegrass .  

7 . 2 . 6  Root growth 

Although plant roots were not measured they could have influenced 

the results . In field s tudies a decrease in the rat e of  init iation 

of new roots together with increased s enescence and decay of older 

roots  has been noted during the period of  reproductive growth 

(Trough ton , 1 95 7 ;  Garwood , 19 6 7 ) . Interrupt ion of reproductive 

growth , b esides encouraging t il lering , may have encouraged init ia t ion 

of new roots . Als o ,  compared with rank s t emmy swards , leafy swards 

may have h ad more vigorous root growth . However , during dry weather 

in Feb ruary and April 19 7 7  (Appendix I )  herbage accumulation in leafy 

and s temmy swards was simil arly restricted by lack of  moisture (Figure 

5 .  3) . 
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7 . 2 . 7  Management recommendation 

The two grazing intensity treatment s compared in 1976 and 19 7 7  

resulted in swards with different s t ructures , leafy swards from c lose  

graz ing and stemmy swards from lax grazing . Providing mois ture is  

availab le , leafy swards are  preferab l e  to s t emmy swards because of  

higher growth rates in  December and January , h igher nutritive value , 

and higher til ler densi ty (which can influence autumn growth) . However ,  

close graz ing of the whole farm is not normally possible during 

reproductive growth because the pas ture growth rate is greater than 

animal requirements . As was recent ly discussed <Ma tthews et a l , 1 9 7 9 ) , 

leafy growth can s t i l l  be  obtained by comb inations of grazing , closing 

paddocks for conservation and mechanical topp ing . 

7 . 2 . 7 . 1  Forage conservation 

Closing paddocks for forage conse rvation will increase the 

s t ocking rate on the rest of the farm , making it pos sible  to graze the 

remainde r  of the farm closer . Pas ture growth not utilised by graz ing 

animals should be harvested as hay or s ilage , thereby reducing death 

and decay . Herbage left ungrazed for feeding during summer drough t  

w i l l  b e  largely stem ,  whi ch will die and decline in nutritive value . 

Thes e s tems may als o reduce autumn growth . 

As h igher yields can b e  ob t ained from reproduc t ive crops than 

from vegetative crops (Leafe et a l , 19 74) , paddocks should preferab ly 

be c losed before grazing has removed reproduct ive meristems . The 

optimum s tage of growth for cut t ing reproduct ive crops depends on the 

nutritive value of cons erved forage required (Green et a l , 19 71) . 

Another c onsideration may be  the encouragement of pos t-flowering 

t i llers . In the second grazing experiment pos t- f lowering t illers 

estab lished quickly after c lose graz ing in October and November , but 

many farmers cut hay in Decemb er .  T i l lers appearing after December 

haymaking may not survive drought as well as o lder and therefore larger 

t i l lers . Langer (1963) sugges ted that small t i llers wil l  die first 

in d rought . 
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7 . 2 . 7 . 2  Mechanical topping 

Removing stemmy herb age by mechanical topping will encourage 

leafy growth and tillering , but unless toppings are conserved , cut 

herb age will be wasted . The litter resulting from t opp ing could 

encourage the growth of  Pithomuces chartarum , increas ing the risk of 

facial eczema (Brook , 1963) . Litter could also increase the r isk 

o f  ryegrass staggers (Keogh , 1 9 7 8) . As might be expected , Ho lmes 

and McClenaghan ( 19 79)  showed that topping only increased pas ture 

p roduction when herbage was long and stemmy at the t ime of t opping . 

Topping leafy pasture did not increase pas ture growth . 

Provided reproduct ive meristems are above the cutting height , the 

t iming of topping is probab ly not critical . In the f irst  grazing 

experiment the alternat ing grazing intensi ty treatment s (HL and LH) 

had a similar ti ller dens ity t o  the HH treatment and were leafy in 

January . Topping before reproductive meristems are above cutting 

height only removes leaf , and s tem growth could still  occur . 

I t  should be noted that lax grazing , which did not prevent 

s temmy growth , encouraged t i l lering at both the leafy and head emergence 

s tage ( Figure 5 . 6 ) . T i l le ring was res tricted later in the s eason , 

when culms died . Thus mechanical topping will have most  benefit 

after pasture has become rank . 

7 . 2 . 7 . 3  Grazing 

I t  is difficult t o  generalise about the optimum grazing regime 

for the reproduct ive period  of growth from the experiments reported 

in this thes is . Many factors ( such as stocking rat e , type o f  farm, 

pasture species , etc)  wi ll  have a considerab le effect on decisions . 

However , a reasonable obj e c t ive for late spring management ,  b es ides 

feeding lives tock fully , is to  control reproduct ive growth and 

maintain leafy swards . 

Longer rotations during reproductive growth could undoub tedly 

increase herb age production , but would probably reduce herbage quality . 

Many dairy f a rmers have rotat ions of approximate ly 3 weeks during spring 

( e . g . Mat thews et al , 19 7 9 )  and l onger regrowths were shown t o  increas e 
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herbage accumulat ion in the mowing experiment . S ince much of  the 

ext ra product ion would be culm ,  especially with the laxer grazing 

of cat tle , herbage could be more diff icult to ut ilise and , if  not 

grazed off , would decline in quality . 

7 . 3  MANAGEMENT OF VEGETATIVE SWARDS 

The main obj ective of this thes is was to study graz ing management 

during the period of reproduct ive growth in late spring/early summer . 

The amount of information ob tained on the vegetative period of  growth 

was therefore relative ly limi ted . However ,  some comment s  ab out the 

pattern of vegetat ive herb age accumulat ion and ab out autumn graz ings 

can be made . 

7 . 3 . 1  The pattern of vegetat ive herbage accumulation 

I t  was shown in the mowing exper iment ( 6 . 3 . 1 . 2) that during 

unint errupted vegetative growth herbage accumulation was mainly due 

to increas ing weight of tillers pres ent at the start of regrowth , 

p lus , after 95% light intercep t ion , the dead herbage accumulat ion . 

This pattern was s imi lar to that ob served during rep roduc t ive growth , 

but the patt erns of  lamina accumulat ion and tiller death were different 

during reproduct ive growth . 

As discus sed previous ly ( 7 . 2 . 2 . 1) during uninte rrupted reproduct ive 

growth lamina accumulated unt i l  95% light interception when a cei ling 

was reached . This cont ras ts to vegetative growth where lamina 

continued to accumulate after 9 5 %  light intercept ion (Figure 4 . 2 ) .  

Increas ed weight of  reproduct ive t illers after 95% ligh t  int ercep t ion 

was mainly due to increased culm weight . Vegetat ive t i l lers , cons is t ing 

almos t ent irely of leaves ,  increased in weigh t  by increas ing leaf weigh t , 

the numb er of  leaves b eing relat ive ly cons t ant (Hunt and Brougham , 1966 ; 

Davies , 19 7 lb ;  Thomas and Norris , 19 7 7 ) . Eventually a cei ling herbage 

mass is reached in vegetative swards (Brougham , 19 59a) . 

After 9 5 %  ligh t  intercept ion was reached t i ller densi ty declined 

rapidly in reproduct ive swards but not in vegetative swards (Tab les 

6 . 3  and 6 . 6 ) .  Res ult s f rom the first graz ing experiment also showed 

that delaying grazing unt il two weeks after 9 5 %  light intercep t i on did 

not s ignificantly reduce tiller dens i ty compared with grazing at 95% 

l i ght intercept ion (Tab le 4 . 1 2 ) . Data pres ented by Hunt and Field 

( 19 78) showed tha t f:n autumn , t iller death did not increase sub s tantially 

until three weeks af ter 95.% .light int:exception . Shaded t i l lers survive 
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in vegetative swards b ecause the larger unshaded t i ll ers trans locate 

as s imi lates (Ong and Marsh al , 1 9 7 9 ) , whereas in reproduc t ive swards 

little t rans location to shaded tillers occurs (Ong et a l , 1 9 7 8b ) . 

Eventually s ome p�ant s  will dominate the sward (Harris , 19 7 1 )  and t i ller 

density will decline (Hunt and Brougham , 1966)  as t i llers on shaded 

plants die . 

7 . 3 . 2  Graz ing int e rval 

In the first graz ing experiment it was found that dur ing "autumn/ 

winter" 5 7 %  more green herbage accumulated when grazing was two weeks 

after 9 5 %  light intercep t i on compared with graz ing at 9 5 %  light 

intercept ion . The reason suggested for th is ( 4 . 4 . 4 ) was that the rat e 

of  green he rbage accumulat i on increased during the res t period , 

especially when graz ing was at 9 5% light intercep t i on ,  s o  that the 

swards r emained at a higher accumulat ion rat e longer with less frequent 

graz ing . 

The results of the grazing experiment and other graz ing trials 

(Brougham , 19 59b ; Tainton , 19 7 4b )  all show th at less frequent and 

less int ens ive graz ing during autumn markedly increases herbage 

accumulat ion . Brougham ( 1959b )  found that frequent hard graz ings 

in autumn reduced herb age yields by approximately 20% compared with 

infrequent lax graz ings . Tainton ( 19 74b )  ob tained considerab ly higher 

herbage product ion f rom swards alternately hard and lax grazed than from 

swards cont inually hard grazed . This result was also t rue when net 

herbage accumulat i on was calculated as described in 7 . 1 .  The op t imum 

s tage of growth for grazing in "autumn/winter" is at leas t two weeks 

after 9 5 %  light intercep t i on is reached . 

Both Mi tamura ( 19 7 2 )  and Terai ( 19 7 7)  conc luded that to maximise 

the amount of  herbage harves ted from vege tat ive cocks foot swards the 

optimum t ime to de foliate was when the sward reached the ceiling LAI , 

that is , some weeks af ter 9 5 %  light intercep t ion was reached . Such 

infrequent defoliation of ryegras s dominant swards could be expected 

t o  reduce t i l ler dens ity , and perhaps subsequent he rbage growth , 

especially i f  more f requent defoliation was adop ted later . Also , 

the conclus ions of Mi tamura ( 19 7 2) and Terai ( 1 9 7 7 )  were based on 

relat ively short experimen t s . 

It would seem worthwh i le to inves tigate further the otpimum s t age 

of growth for graz ing in autumn/winter . At this t ime of  the year 

infrequent grazing is o f ten pract ised in an effort to accumulate herbage 

for early spring when animal demand for forage normally exceeds pasture 

growth . It  is theref ore important to determine if  long rest periods 

can be adopted , that is , grazing at the ceiling LAI , wi thout 
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reducing spring growth . 

7 . 4  CONCLUS ION 

At the b eginning of this thes i s  it was suggested that defoliation 

should be based on p lant physiological criteria , and various criteria 

were inves t i gated . The research emphas ises that harve s t ed herbage 

(net herbage accumulat ion) reflects two proces ses , herbage growth 

and herb age death . Increased light intercept ion ,  reproduc t ive growth 

and high t iller dens ity can increase herbage growth , but may no t 

increase herb age harvested becaus e o f  losses . 

In particular , increased light intercept ion ,  although presumab ly 

result ing in greater herbage growth , also resulted in greater losses , 

and no overall advantage in net herbage accumulat ion . Thi s  conclus ion 

requires further invest igat ion under a wider range of  condi t ions . 

If  graz ing had been cons iderably more f requent in the grazing experiments , 

as occurs on farms in spring Ufutthews et a l �  1979) , then close graz ing 

could have reduced growth to such an extent that net herb age 

accumulat ion was reduced als o .  

The relat ionship between pasture growth and pas ture los s es 

due to senes cence , decay , p ests and pathogens needs to  be c l early 

established before the effects o f  phy s iological criteria on net herbage 

accumulat ion can be accurat ely assessed . Seldom has pas ture growth 

been measured , although several techniques are availab l e  ( Ses tak 

et al , 19 71) , agronomi s t s  normally measuring the amount of  herb age 

harves ted mechanically or by grazing animals . Since graz ing animals 

selective ly eat the photosynthet ically active herbage f rom the canopy 

and avoid dead material , it is important that the realtionship between 

growth , death and decomposition be established under grazing . 
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APPENDIX I I :  Me teorological Measurement s ,  D . S . I . R . , Palmerston North 

Sept Oct Nov Dec Jan Feb Mar 

Rainfall (mm) 
19 75- 76 54 83 53 103 89 61 79  

1976- 7 7  7 8  140 65 75 67 45 52 

1928- 75 Mean 73 87  76  94 81  70  67  

Daily Max . Temp (
°

C)  

1975- 76 14 . 4  16 . 7  1 7 . 0  19 . 3  20 . 9  19 . 0  2 1 . 2  

19 76- 7 7  14 . 3  16 . 1  17 . 3  20 . 2  20 . 2  22 . 4  22 . 1  

1928- 75 Mean 14 . 8  16 . 6  18 . 6  20 . 6  2 2 . 0  22 . 4  20 . 9  

Daily Min . Temp (°C)  

1975- 76 7 . 0  9 . 8  9 . 5  1 1 . 1 14 . 0  10 . 4  1 1 . 9 

1976- 7 7  7 . 1  7 . 9 8 . 7 12 . 8 12 . 3  12 . 8  12 . 2  

1928- 7 5  Mean 6 . 6  8 . 3 9 . 8  11 . 6  12 . 7  12 . 8  11 . 6  

10 cm Soil Temp (°C )  

1975-76 9 . 5  12 . 7  13 . 5  15 . 4  17 . 6  14 . 8  14 . 5  

1976- 7 7  9 . 4  12 . 2  1 3 . 1 16 . 0  15 . 9  17 . 1  15 . 8  

1928-75  Mean 9 . 9  12 . 5  15 . 2  1 7 . 5  1 8 . 7 18 . 3  16 . 4  

April May 

51 109  

6 7  113  

79 89 

18 . 2  14 . 3  

18 . 1  1 3 . 3 

1 8 . 2 15 . 0  

10 . 4  6 . 4  

9 . 4  4 . 9  

9 . 5  6 . 8  

13 . 0  9 . 2  

12 . 6  7 . 7  

13 . 2  10 . 2  

June 

215 

109 

97 

11 . 9  

12 . 3  

12 . 6  

4 . 4  

5 . 5  

4 . 6  

6 . 9  

7 . 2  

7 . 7  

July 

120 

80 

87 

11 . 7  

12 . 4  

11 . 9  

4 . 6  

5 . 1  

3 . 9  

7 . 0  

6 . 6  

6 . 6  

,_ 
.p. 
CO . 

: I  

. ' 
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AEEendix I l l : Net herbage accumulation in the second graz ing 

experiment 

(a)  Effect of t ime of  grazing . 

(b ) Effect of  graz ing int ens i ty . 



(a) Effect of t ime of grazing on net herbage accumulat ion ( t  DH/ha) 

1 50 .  

Period I Period II Whole Experiment 

Green herbag e :  

Grass : 

Ryegras s :  

Vege t a t ive t i l le r s  

Rep roduct ive t i l le r s  

A e r i a l  t i l le r s  

To t a l *  

?oa and o t h e r  grass 

T o t a l  

\olh i t e  c lover 

Flat weeds 

T o t a l  

Dead h e rbage : 

Ry e g rass c u lm  

Dead l e a f  

T o t a l  

To t a l  h e rbage : 

3 .  74 a 

l .  60 a 

0 . 0 7 a 

5 . 48 a 

1 . 1 3 a 

6 . 6 1 a 

2 . 2 1 a 

0 . 0 7  a 

8 . 89 a 

0 .  3 1  a 

0 .  75 a 

1 . 06 a 

9 . 9 5 a 

2 . 59 b 
2 . 54 a 

0 . 08 a 

5 . 2 4 a 

1 . 16 a 

6 . 40 a 

1 . 86 a 

0 . 10 a 

8 .  36 a 

0 . 1 3 a 

0 . 94 a 

1 . 0 7 a 

9 .  44 a 

2 .  7 7  a 

0 . 16 a 

0 . 00 a 

2 .  9 3  a 

- 0 .  1 3  a 

2 . 80 a 

0 .  3 3  a 

0 . 0 2 a 

3 .  15 a 

0 . 4 6  a 

0 .  2 4  a 

-0 . 2 2 a 

2 .  9 3  a 

3 . 29 a 

-0 . 04 a 

0 . 05 a 

3 . 30 a 

-0 . 04 a 

3 . 26 a 

0 .  36 a 

0 . 0 3 a 

3 . 6 5 a 

-0 . 4 3 a 

0 . 10 a 

-0 . 3 3 a 

3 . 3 2 a 

6 . 5 7  a 

1 .  70 a 

0 . 0 7 a 

8 . 4 1  a 

l. 00 a 

9. 4 1  a 

2 . 5 1 a 

0 . 10 a 

1 2 . 0 3 a 

-0 . 1 3 a 

0 . 9 8 a 

0 . 8 5 a 

1 2 . 88 a 

*To t a l  inc ludes f r a gments not c lass i f iable as veget a t ive , rep roduct ive or ae r i a l .  

J>.......,_c�.._ """-""'\.\", pi"- <� � !2....+ 

� �J.,-. oe:..o .- .p o � t • 

C.o4ov- """ -r, o-.. ol, T it.  .......; ,-\\-..; � a. 

5 . 80 a 

2 . 46 a 

0 . 1 3 a 

8 . 4 3 a 

1 . 1 2  a 

9 . 5 5  a 

2 .  2 1  a 

0 . 1 3 a 

1 1 . 89 a 

-0 . 3 2 a 

1 . 0 5 a 

0 .  73 a 

1 2 . 6 3  a 



(b) Effect o f  grazing intensity on net herbage accumulation (t DM/ha) 

Green herbage : 

Grass : 

Ry egras s :  

\'e get ative t i l lers 

Reproductive t i l lers 

Aerial ti l l e rs 

Tot al* 

Foe and other grass 

Total grass 

White c lover 

Flat weeds 

Total 

Dead herbage : 

Ryegrass culm 

Dead leaf 

Total 

Total herbage : 

Period I 
Hard 

3 .  7 2  a 

2 . 19 a 

0 . 02 b 

6 . 0 1 a 

1 . 06 a 

7 . 0 7 a 

1 . 9 1 a 

0 . 10 a 

9 . 08 a 

-0 . 04 b 

0 . 54 a 

0 . 50 b 

9 . 59 a 

Lax 

2 . 60 b 

1 . 9 4 a 

0 . 1 3 a 

4 .  71 a 

1 .  23 a 

5 . 94 a 

2 . 15 a 

0 . 08 a 

8 . 1 7 a 

0 . 48 a 

1 . 15 a 

1 .  63 a 

9 .  80 a 

Period I I  
Hard 

3 . 24 a 

0 . 2 7 a 

0 . 00 a 

3 . 5 1 a 

-0 . 04 a 

3 . 4 7 a 

0 . 44 a 

0 . 05 a 

3 . 96 a 

-0. 28 a 

0 . 14 a 

-0 . 14 a 

3 . 82 a 

Lax 

2 . 82 a 

-0 . 14 a 

0 . 05 a 

2 .  73 b 

- 0 . 14 a 

2 . 59 b 

0 . 24 a 

0 . 01 a 

2 . 84 b 

-0 . 6 1 a 

0 . 20 a 

-0 . 4 1 a 

2 . 4 3 a 

1 5 1 . 

Whole experiment 

Hard 

6 . 9 5 a 

2 . 36 a 

0 . 0 2 b 

9 . 40 a 

1 . 0 3 a 

10 . 43 a 

2 . 32 a 

0 . 14 a 

1 2 . 9 1 a 

-0 . 29 a 

0 . 6 5 b 

0 .  36 b 

1 3 . 2 7  a 

Lax 

5 . 42 b 

1. 80 a 

0 . 18 a 

7 . 4 4 b 

1 . 09 a 

8 . 5 3  b 
2 . 39 a 

0 . 09 a 

1 1 . 0 1  b 

-0 . 16 a 

1. 38 a 

1. 22 a 

1 2 . 2 3 a 

*Total includes f ragments not c lass i f iable as vegetative , reproductive or aerial . 

1)......,._..,_...._. :!> �u,l"-.... �Jl.. -�<-o \- c o. --��o;. u c--.., c... �·.-K-., ·"' F "'cJ. 
� ea..L. C.o ,..,. fc>"' � � 
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Appendix IV : Aerial t i l ler density ( t i l lers /rn
2

) at the end of  each 

res t  pe r iod in the second graz ing experiment . 

Treatment 
Res t  

Period 
Live t illers 

Unmarked Marked 
Dead 

Total t i l lers 

2 5 / 10 - 2 0 / 11 105 ±  76 105± 7 6  

2 3 / 1 1  - 20/12  383±15 1  1 5 8 ±  3 8  540 ± 1 88 

23/ 12 - 2 5 / 1  5 3 ±  3 1  6 8 ±  5 0  120± 7 8  

2 9 / 1  - 1 8 / 3  

Total 

60± 21 150± 50 210± 5 6  

6 0 1  

2 5 / 10 - 10/11 255± 175  

15/11 - 30/11 39 8± 132 

3 / 1 2  - 1 7 / 1 2  1 5 8± 43 

1 3 / 1  7 / 2  188± 53  

12/2  - 25/3  180± 32 

Total* 1179  

2 0 / 1 1  - 16/12  

2 0 / 1 2 ' - 21/1  

2 5 / 1  - 11/3 

Total 

20/11 - 1 1 / 12 

1 5 / 1 2  - 4 / 1  

3 / 2  - 2 1 / 3  

Total* 

840± 2 7 4  

3 3G± 244 

23± 14 

119 3 

743± 2 2 2  

8 4 3±  1 7 2  

2 4 0±  59 

1846 

255± 175 

255± 9 4  653± �01 

315± 114 473± 147 

2 9 3± 83  480± 80 

150± 44 330± 70 

84C± 2 7 4  

68± 3 3  390± 259 

128± 70 150± 84 

243± 2 2 2  

263± 132 1125± � 9 9  

5 2 5±  5 1  7 6 5±  9 8  

6 8 :!_ 3 1  

128± 5 8  

45± 19 

241  

6C± 41 

2 3± 8 

6 0± 2 7  

128± 35 

2 7 1  

1 5±  9 

B± 8 

23 

3 0±  1 7  

3 3 8±  63 

368 

* Note that the total i s  reduced because t illers were 
not marked for one res t period . 

In Table 5 . 1 7 the number of t illers removed during graz ing : 

Removed = Total marked - total l ive - total dead . 
e . g .  T

1
H 601 - 2 10 - 241 = 150 .  
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AEEendix V :  Net herbage accumulation (t DM/ha ) in the mowing 
experiment . 

Ryegrass Other Dead Total 
Vegetat ive Reproductive Total species herbage herbage 

TREATMENT A :  

2 6  Sept 0 . 6  0 . 6  0 . 7  
1 7  Oct 0 . 8  0 . 3  1 . 1  0 . 2  1 . 3  

7 Nov 0 . 3  0 . 2  0 . 5  0 . 1  0 . 6  
2 8  Nov 0 . 9  0 . 1  1 . 0  0 . 2  0 . 1  1 . 3  
19 Dec 1 . 5  0 . 3  1 . 8  -0 . 1  1 . 7 

9 Jan 1 . 0  1 . 0  0 . 2 - 0 . 2  1 . 0  
LSD ( 5%)  0 . 5  0 . 3  0 . 5  0 . 3  0 . 3  0 . 3  

TREATMENT B :  

2 6  Sept 0 . 6  0 . 6  0 . 1  0 . 7  
11 Nov 0 . 7 2 . 5  3 . 2  0 . 3  0 . 1  3 . 7  

5 Dec 1 . 8  -0 . 2  1 . 6  0 . 2  0 . 1  1 . 9  
30 Dec 1 . 9  0 . 2  2 . 2  0 . 1  -0 . 1  2 . 2  
2 3  Jan 2 . 1  2 . 0  -0 . 1  2 . 0  

LSD (5%)  0 . 5  0 . 4  0 . 6  0 . 3  0 . 2  0 . 7  

TREATMENT C :  

19 Oct 1 . 1 1 . 3 2 . 4  0 . 1  0 . 2  2 . 8  
9 Nov 0 . 3  0 . 1  0 . 4  0 . 1  0 . 5  

30 Nov 1 . 3  1 . 3  -0 . 1  1 . 2  
21 Dec 1 . 1  0 . 1  1 . 2  0 . 3  1 . 4  
11 Jan 1 . 2 1 . 3  0 . 1  - 0 . 3 1 . 0  

LSD (5%)  0 . 4  0 . 4  0 . 3  0 . 2  0 . 2  0 . 3 

TREATMENT D :  

19 Oct 1 . 1  0 . 9  2 . 0  0 . 3  0 . 1  2 . 4  
26 Nov 1 . 7  0 . 3  1 . 9  -0 . 1  0 . 1  2 . 0  
30 Dec 3 . 0  0 . 1  3 . 0  0 . 1  0 . 1  3 . 2 
23  Jan 2 . 1 2 . 1  2 . 2  

LSD ( 5 %) 0 . 7  0 . 4  0 . 6  0 . 2  0 . 2  0 . 7  

TREATMENT E :  

19 Oct 1 . 2  1 . 5  2 . 7  0 . 1  0 . 2 3 . 0  
14 Dec 3 . 8 0 . 3  4 . 1  0 . 2  0 . 7  4 . 9  
2 3  Jan 2 . 9  2 . 9  0 . 2  3 . 1  

LSD ( 5%)  1 . 0  0 . 6  1 . 0  0 . 2  0 . 5  1 . 4  

TREATMENT F :  

1 1  Nov 0 . 7  3 . 8  4 . 4  0 . 1  0 . 7  5 . 3  
8 Dec 2 . 6  0 . 3  2 . 3  0 . 1  2 . 4  

30 Dec 2 . 0  0 . 2  2 . 2  -0 . 1  2 . 2  
23  Jan 2 . 1  0 . 1  2 . 2  0 . 1  0 . 3  2 . 7 

LSD (5%)  0 . 6  1 . 1  1 . 1  0 . 4  0 . 4  1 . 0  
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Appendix VI : Met erologi cal measurements , Mas sey University ( 19 7 7- 1 9 7 8 )  

5 Sept - 26  

26  Sept - 17  

17  Oct 7 

7 Nov - 2 8  

2 8  Nov - 19 

19 Dec 9 

0 
Temperatures ( C )  

Daily Av . Grass min . lOcm soil 

Sept 8 . 3  0 . 9  7 . 8  

Oct 10 . 9 4 . 3  10 . 5  

N ov 11 . 8  4 . 0  1 2 . 1  

N ov 1 3 . 7 6 . 7  14 . 1  

Dec 15 . 3  7 . 9  1 5 . 8  

Jan 14 . 8  7 . 1  16 . 2  

Bright 
sunshine (hr) . 

78  

98  

115 

148 

82 

164 
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