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ABSTRACT 

Evidence generated at Massey Un iversity demonstrated the impo rtance 

of the  mani pulation  of ryegrass reproductive g rowth duri ng spri ng to pasture 

production .  It showed that lax g razing of pastu res duri n g  spring  fol lowed by 

hard g razi ng at the time of anthesis could result i n  an e nhancement of 

sum mer-autumn herbage production ,  associated with an enhanced t i l lering 

activity of  ryeg rass plants. Such g razi ng management was cal l ed "late control" ,  

and it was thought to be an option for enhancing pasture production ,  

particularly i n  dairy farms, where conditions for manipulati ng reproductive 

swards would be most favou rable .  Thus, the objectives of th is study were ( i )  

to evaluate the effects of this l ate control spri ng graz ing  management on 

su m mer-autumn herbage production and botanical com position of ryegrass­

wh ite clover dai ry pastures, and ( i i )  to investigate the consequences of such 

a g razing  management strategy on pasture qual ity, herbage i ntake and mi lk  

product ion by dai ry cows. 

Three field experi ments are reported . The fi rst two were sward-based 

experiments whose results were used to plan and set up the th i rd experi ment, 

which i nvolved evaluat ion of both sward and animal effects. 

The resu lts from Experi ment 1 (October 1 990 to April 1 99 1 ) and 2 

(October 1 99 1  to A pri l 1 992) confi rmed the expectations  of e nhanced spri ng 

and sum mer-autumn herbage accumu lation from a late control g razing 

management over  the s pring t ime. An average i ncrease in production of the 

o rder  of 750 Kg D M/ha (25%) was obtai ned from October to November, and 

of 1 .0 t DM/ha (20%) was obtained from January to Apri l  in both years, with 

ryegrass accum ulation being e n hanced in Experiment 1 and white clover 

accu m ulation enhanced in Experi ment 2. Evidence gathered about t i l leri ng 

act iv ity was inconcl usive , although it showed that t i l lers produced under the 
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late contro l  s pri ng g razing management were bigger than those produced 

u nder the conventional hard g raz ing management.  White clover  res ponse was 

variable from year to year. It was concluded that the ti m ing as well as the 

i ntensity of execution  of the late control were very im portant. Late contro l  

shou ld be executed at the t ime of anthesis of the re productive develo pment 

of ryeg rass plants ( late Novem ber-early December), and the removal of 

seed heads and re productive stems should be g radual , over two o r  three 

successive grazing cycles. 

S imulation of the im plementation of this late control g razi ng 

management on a farm basis was then performed, based on  the results from 

Ex pe riments 1 and 2,  in order to gai n an overview about possible practical 

i m pl icat ions for farm practice . The models showed that the pre parat ion of 

pastu res to achieve the re productive stage prio r  to late contro l  was feasible 

and would not i m ply any decrease in the feeding level of dairy cows. However, 

more i nformation was necessary o n  how to execute late control and whether 

o r  not the i ncreased summer-autumn herbage accumulat ion cou ld be 

converted to mi lk production .  

Further evaluation of late control g razi ng in  Experiment 3 (October 1 992 

to A pri l 1 993) revealed that i ncrease in s pring herbage accum ulation by 1 000 

Kg DM/ha (25%) was a 
'
consequence of the re productive g rowth of peren nial 

ryegrass plants, which caused a decrease i n  the digestib i l ity of the herbage 

consu med from 78% to 75% due to the increased contents of senescent and 

g rass stem material in the sward .  On the other  hand, i ncreased summer­

autu mn herbage accumu lation ( 1 000 Kg DM/ha, 25%) after late control was 

due to e nhanced accu mu lation of both ryegrass and white clover. The 

digestib i l ity of the herbage was restored soon after late contro l .  Des pite the 

lower d igestibi l ity of re productive swards duri ng the control period, no 

s ignificant reduction i n  the herbage intake of dai ry cows was detected i n  

com parison with animals g razi ng leafy and vegetative swards. However, the 

use of forage conservation to aug ment g razing pressure duri ng the late contro l  
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phase proved to be more effective than a grazing only strategy, si nce a large 

proport ion of senescent material was al lowed to  form u nder those 

circumstances. The i ncrease in summer-autum n  herbage accumulat ion was 

associated with an i ncrease in m i lk  sol ids yield per cow of the o rder  of 10%, 
with aro u nd 25 Kg mi lk-fat being o btai ned from the extra ton ne of dry matter 

accumulated per hectare i n  late control pastures. 

It is concluded that the l ate control spring  g razi ng management of 

perenn ial ryeg rass -white clover pastu res can be used as an opt ion to enhance 

pasture production in dairy farms, particularly duri ng  the sum mer -autu m n  

period ,  and that th is i ncreased herbage accumu lat ion can b e  effectively 

converted to mi lk sol ids yield. The i mplementat ion of this grazi ng strategy i nto 

a farm context and its impl ications for farm practice are briefly discussed. 
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Chapter 1: 

INTRODUCTION AND OBJECTIVES 

Dairy farming i n  New Zealand employs un ique strategies i n  compari son 

to other  major dai rying  areas of  the world. The favou rable cl i matic conditions 

al low al most complete re l iance on g razed herbage as the sole diet for 

l ivestock throughout most of the year. Recent su rveys have shown that g razed 

pastu re comprises around 85% of the total feed consumption i n  a typical 

seasonal dai ry farm , the balance being completed by other farm g rown (crops, 

hay or si lage - 5%) and pu rchased feeds (hay, si lage, feedstuffs - 1 0%) 

(Brookes & Hol mes, 1 988) .  As a consequence , a strong ecological 

consciousness and research base have been deve loped over the years. This 

has resu lted i n  low cost systems of an imal production ,  wh ich are characterised 

by very h igh levels of uti l isation of the forage grown. 

H igh levels of an imal productivity requ ire h igh levels of pastu re 

product ion and uti l isat ion as wel l  as a favourable  balance between  g rasses 

and legumes. The achievement of such a goal requi res the knowledge and 

u nderstanding of plant responses to varying defo l iat ion reg i mes and their 

i nf luence upon animal responses. The pastu re response to defol iat ion and its 

pattern of production have been the subject of considerable research and of 

many reviews worldwide and in New Zealand over the years (e . g .  Korte & 

Harris, 1 987b ;  Hunt & Easton, 1 989). Much work has bee n put into 

u nderstanding sward responses to manipu lation by cutt ing or g raz ing ,  with the 

aim of o ptimisi ng herbage production .  As a consequence, the importance of 

frequency and intensity of defol iation ,  carbohydrate reserve leve ls,  l ight 

envi ronment,  ti l ler dynamics, tissue turnover and their i nter-relat ionsh ips i n  

determin ing  pasture performance has been well demonstrated. 
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Recent evidence has h igh l ighted the importance of spring g razing 

management of pastures i n  determ in ing sward composit ion and production. 

The spring period is crit ical in terms of g razing m anagement once pasture 

g rowth rates exceed ani mal feed requirements. Lax g razing  at th is t ime 

e ncou rages the productio n  of low qual ity herbage with subsequent low pasture 

g rowth rates, because of poor  l ight envi ronment, h ig h t i l ler  death rates and low 

t i l ler  density associated with uncontrol led reproductive swards. A series of 

research papers (Korte, 1 982; Korte et al., 1 982, 1 984, 1 985 ; Korte , 1 986 ; 

Butler ,  1 986 ; Korte & H arris, 1 987a; L'Hui l l ier, 1 987a) have discussed 

manipulation of reproductive g rowth in terms of the e nsu ing trade off between 

quantity and qual ity of the herbage g rown. Such manipu lat ion of reproductive 

g rowth can cause substantial changes in total and green herbage 

accu mulation,  with flow-on effects on the performance of g razing ani mals, 

particu larly dai ry cows (Tho mson et al., 1 984 ; B ryant & L'Hu i l l ier, 1 986; 

L'Hu i l l ie r, 1 987b, 1 988; L'H ui l l ier  & Aislabie, 1 988; McCal lum et al., 1 99 1 ; 

Hoogendoorn et al., 1 988, 1 992) . On the other hand, Matthew et al. ( 1 989b), 

Xia et al. ( 1 990), and Matthew ( 1 992) have provided evidence that 

man ipu lation of a sward duri ng  the reproductive phase can affect subsequent 

ti l leri ng activity and potential pasture production.  These studies were al l  plot 

trials based on very specific and objective sward targets, and h igh l ig ht the 

need for further research which would develop recom mendations of spring 

contro l  of reproductive growth co nsideri ng ti l ler  dynamics, pasture quality and 

ani mal performance . 

Generally, research work on the optimum spri ng/summer g razing 

management, especially for dairy pastures, has been carried out usi ng g razing 

management strategies defi ned in  terms of stocking rate and rotat ion length 

(e .g .  Bryant & L'Hu i l l ier, 1 986; L'Hu i l l ier, 1 987b, 1 988) , and it is u nder those 

ci rcu mstances that animal responses have often been measured. Fixed 

stocki ng rates and g razing i ntervals are characterised by i nconsistent effects 

upon the balance between sward and animal, since changes in  sward state 
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are transient and u ncontrol led u nder those ci rcumstances (Hodgson, 1 985). 

A p roper understandi ng of the effects of variation  in  sward conditions u pon  

plant and  animal performance, and of thei r sensitivity to management 

i nterference, can only be achieved in studies based on the control and 

manipu lation of specific sward characteristics either in a state of equi l ibrium 

or  i n  some specified pattern o f  change (Hodgson,  1 985) . 

With this backgrou nd in  m ind ,  the current study sought to b ri ng togethe r  

understanding o f  pastu re respo nses to wel l  defi ned s pri ng g razing 

management regi mes and thei r i mpact on dairy cow performance. Accordi ngly ,  

the experi mental objectives were : 

( i )  To evaluate the effects of contrasting spri ng g razi ng management o n  

summer-autum n  herbage production and botanical composition  i n  ryegrass­

wh ite clover dairy pastures ; 

( i i )  To i nvestigate the consequences of these grazing management pol icies for 

sum mer-autum n  mi lk production by dai ry cows. 
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Chapter 2: 

LITERATURE REVIEW 

2.1. Introduction and overview 

New Zealand systems of an i mal production are based almost 

exclusively on  grassland farming.  Pastures are main ly perennial ryeg rass/white 

clover mixtures which grow all year rou nd as a consequence of favourable  

cl imatic conditions. Mi lk production has long been  based on the conversion of 

pasture i nto mi lk  by g razing cows, with small quantit ies of si lage and hay fed 

per cow and very l ittle or no use of concentrate meals (Holmes & Wilson ,  

1 98 4) .  Th is  leads to an almost complete rel iance on  g razed pasture as the 

sole source of feed to the ani mals, although seasonal ity of pastu re production 

has to be accommodated in order to opti mise herbage util isat ion and animal 

performance. 

Against this background reflect ing the importance of pasture p roduction 

and its seasonal ity to the pastoral based milk production systems of New 

Zealand, the fol lowing review of l iterature focuses on the i mportance of 

u nderstand ing g razing management of pastures and its influence on mi lk 

p roduction  and dai ry cow performance . I t  establ ishes a l ink between g razing 

management effects, particularly du ri ng  spri ng ,  and dai ry cow performance 

u nder the seasonal natu re of g rassland systems in New Zealand. I n  view of 

the b readth of the subject matter covered,  use has been made of existing 

authoritative reviews of orig i nal material to provide an i nformat ion base. 

Orig i n al references are cited where they are particularly re l evant to the 

d iscussion.  
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2.2. Grassland farming systems and seasonal ity of pasture production 

Output from g rassland areas i n  New Zealand has been considerably 

improved over the last 50 years due not only to the i ntroduction  of aerial 

topdressing and oversowing, but also to i mproved efficiency of pasture 

uti l isation (proportion of the herbage g rown which is harvested by e i ther  cutting 

or g razing) aris ing from i ncreased understanding of the factors that l imit  and 

pro mote gro wt h  (Hunt & Easton,  1 989) .  Herbage growth is u nderstood as the 

development and i ncrease in size and weight  of new leaf and stem tissue. The 

balance between the rate of growth of new plant material and the rate of loss 

due to senescence and decomposition correspond to herbage accum u lation 

or the net accumu lation of herbage dry matter i n  the sward (Hodgson ,  1 979) .  

Ideal ly, g rassland farming seeks to match pasture g rowth with an imal 

requ i rements. Successful husbandry ,  therefore, depends upon ful l  knowledge 

of both seasonal distribution of pasture production  and the nutritional 

requi rements of an imals with chang ing physiological states throughout the year 

(Roberts & Thomson, 1 984ab). However, complete match ing of pastu re g rowth 

and animal requ i rements is rarely achieved .  The exact pattern of surplus and 

deficit varies from year to year, and with g eographical location of the farmi ng 

enterprise (Roberts & Thomson ,  1 984ab) .  I n  most farming d istricts of New 

Zealand, the production of feed from pastures over the summer frequently falls 

below stock requi rements (Broug ham, 1 970) , probably due to moisture stress 

(Brock, 1 974) and, in dairy pastu res, reduced sward ti l ler  density (L'Hui l l ier, 

1 987b). The othe r period of feed shortage is i n  late autumn ,  winter  and early 

spri ng  (Broug ham, 1 970) ,  with a surplus period bei ng observed duri ng spri ng .  

Where grazi ng is practised throughout the year, changes i n  the 

seasonal pattern of pastu re production can have i mportant consequences on 

animal production si nce a conti nuous supply of food is requ ired. The extent  to 



\ 

Literature review 6 

which seasonal ity of herbage production is  i mportant depends upon whether 

forage can be conserved or held over, the type of animal production e nterprise 

(such as mi lk ,  wool or lamb production) ,  and the degree to which body 

reserves of grazing animals can act as buffer agai nst variat ions in food supply 

(Korte & Harris ,  1 987b) .  

The seasonal g rowth pattern of a pasture is determined largely by the 

g rowth rhythms of its dominant species. By mani pu lati ng g razing management, 

the pattern of seasonal pastu re g rowth can be altered and thus synchro n ised 

more closely with l ivestock feed requirements, althoug h the extent to w hich 

seasonal pastu re production may be modified in this way is l i m ited 

(Sithamparanathan,  1 979) .  Defol iation  at a particular time  of the year may 

change species dominance, si nce plants may be at different stages i n  their  

annual physiolog ical or  morphological cycle .  This chang e  i n  botanical 

com position  can further i nfluence the total and seasonal distri bution of herbage 

production and forage qual ity (Korte & Harris,  1 987b). More frequent and 

i ntense defoliatio n of pastu res often improves the seasonal pattern of herbage 

production by reducing  the spring g rowth, althoug h  that is usual ly at the 

expense of total annual dry matter yield (Korte & Harris, 1 987b). 

New Zealand pastures consist, basical ly,  of a mixture between 

pere n nial ryegrass and white clover. Both species possess quite distinct plant 

biolog ical characteristics and, for that reason, differe nt grazing managem ents 

are l i kely to generate d i fferent patterns of response according to each species. 

Thus, the morpholog ical and physiological characteristics of ryeg rass and 

wh ite clover plants are outl i ned in  the fol lowing  section with the objective of 

provid ing an understanding of the differences i n  behaviour when plants are 

submitted to varying defo l iation reg imes and, more importantly, opportun it ies 

to manipu late them to advantage.  
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2.3. Characteristics of perennial ryegrass and white clover plants 

This section deals with aspects of the biology of perennial ryegrass and 

white clover plants and their response to g razing management. Featu res of the 

two species are discussed separately for ease of p resentation. 

2.3.1. Perennial ryeg rass (Lolium perenne L.) 

Perenn ial ryeg rass constitutes the major g rass species of mixed 

pastu res i n  New Zealand. It is wel l  adapted to the environmental condit ions i n  

most of the country and i s  compatib le with white clover, its com mo n  associate 

pastu re species. 

2.3.1.1.  Plant biology 

Accord ing to H u nt & Field ( 1 979), in order to capital ize on the g rowth 

potential of a pasture species such as ryeg rass, it is necessary to understand 

both the basic structu re of the plant and how the functional o rgans are 

affected by the stresses imposed i n  a pastu re envi ronment. 

H unt & Field ( 1 979) also provide a description of peren n ial ryegrass 

p lants, which wi l l  be summarised in  th is section .  According to these authors, 

the basic un it of production  in  g rasses is the t i l ler. I t  is essential ly  a si ng le 

g rowi ng point encased in the sheaths of the leaves which g row from i t ,  beari ng  

its own root system, and  having the  capacity to develop new g e nerations of 

t i l lers from buds at the bases of i ndividual leaves (Jewiss, 1 972; Hunt & Field, 
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1 979 ; Hodgson,  1 990}. Before the formation of an adventitious root system,  

the young t i l lers are clearly dependent on the parent. After the root system is  

formed, a ti l ler  may fu nction  as an i ndependent un it but revert in  times of 

stress, such as defo l iation ,  to a degree of dependence of the parent p lant 

(Kays & Harper, 1 974). The l ife span of i ndividual ti l lers varies from a few 

weeks to more than a year, so the continued production of new t i l lers which 

rep lace senescent or  reproductive t i l lers ensures the perennial ity of the plant 

(Hunt & Field , 1 979) .  

Perennial ryeg rass g rows wel l  i n  a range of temperatu res varying from 

1 5  to 20 °C (Hunt & Field, 1 979 ; Davies, 1 992). T i l lers are induced to flower 

by low wi nter temperatures fol lowed by i ncreasing day length. About 6 weeks 

of cold (below about 1 0 °C) are required to fully vernalize pere n nial ryeg rass 

(Hunt & Field, 1 979) .  Reproductive t i l lers are incapable of furthe r leaf o r  ti l l e r  

i n it iat ion because floral parts are formed at the apical growing  poi nts. The 

previously compact stem e longates duri ng head emerge nce from the g rowth 

of i nternodes to project the apex above the leaf canopy. The spri ng period, 

when a high proport ion of t i l lers are reproductive, is  when maximum above­

g round g rowth rates are observed (Davies, 1 973). Growth is considerably 

faster than when al l ti l le rs are vegetative eve n under the same conditions of 

season and weather. Such a difference in  g rowth rate arises from the more 

efficient uti l isation of l i ght for g rowth by reproductive swards (Leafe et a/., 

1 974). Several explanations can be offered for such a phenomenon :  (a) 

i ncreasing levels of radiation  in spring al low levels of optimum leaf area i ndex 

(LAI )  and cei l ing yield to be advanced prog ressive ly ;  (b) during reproductive 

g rowth in spring more assimi lates are partit ioned to the shoot from the (oot 

(Ryle, 1 970) ,  so that a g reater proportion of net synthesis is accessible for 

harvest during flowering; (c) stem extension ,  promoted by reproductive growth , 

results i n  new leaves emerg ing and developing h igher  in  the sward where 

there is more l ight (Leafe et a/., 1 974) ; and (d) a growth response when ti l lers 

are transferred from cold to warm envi ronment (Davies et a/., 1 989) .  
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Perenn ial ryegrass swards consist of a dynamic popu lation of short­

l ived t i l lers of d ifferent o ri g i ns and ages. The su rvival of an individual plant 

depends on the balance between the production of new ti l lers and the death 

of established ti l lers, and as there are marked seasonal f lushes in t i l ler 

production and death ,  pere nnial ity is not always guaranteed (Colvi l l & Marshal l ,  

1 984) . Rates of appearance ,  growth,  and death of ti l lers i n  swards determine 

p roduction,  persistence , and i n  mixed swards, the contribution of g rasses to 

the sward botanical com position (Hunt & Field, 1 979 ; Korte et al., 1 985; 

L'Hu i l l ier, 1 987b) .  The knowledge of t i l ler popu lation dynamics assists 

i nterpretation of agronomic studies, and provides basic informatio n  for 

i mprovement of g rassland management (Korte, 1 986) .  

Studies of the l ife-h istory o f  several g rasses have consistently revealed 

a s ignificant turnover in ti l le r  populations and a recu rri ng pattern of high 

m ortality which occurs du ri ng each period of active g rowth (Ong et al., 1 978). 

In perenn ial ryeg rass the re are ,  usual ly, two periods of active ti l lering .  The 

fi rst, in spring ,  continues u nti l  internode elongation starts, and the second 

begins at anthesis and conti nues unti l winter (Korte, 1 986).  At times, e ither  

peri od of rapid ti l le ring may be absent, or suppressed by competition from 

other  species (Garwood, 1 969) .  U nder g razing management experi ments a 

more seasonal pattern of t i l lering has been observed, with rates of ti l ler 

appearance being l ow duri n g  autu mn ,  wi nter and early spri ng ,  and i ncreasing 

to a maxi mum level during late spring (Ko rte, 1 986; L'Hu i l l ier, 1 987b; Matthew, 

1 992) .  Ti l ler  death is normal ly g reatest during reproductive g rowth ,  i n itially 

result ing from death of vegetative t i l l ers, and later from death of defol iated 

reproductive t i l lers (Korte, 1 986) .  

Recently, vegetative propagation b y  means of stolon  formation has 

been demonstrated in perenn ial ryeg rass plants, a stolon  being defi ned as a 

stem with one or more rooted e longated internodes (at least two separated 

nodes havi ng roots) ru nn ing on  the soil surface or  growi ng i n  the soil ( Korte 
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& H arris, 1 987a). Ryegrass stolons play an i mportant ro le i n  ti l ler  replacement 

(Matthew, 1 988) ,  and can develop from the base of procu mbent Duri ed t i l lers 

i n  spri ng ,  either when vegetative t i l lers develop e longated i nternodes and 

roots, or when  reproductive ti l lers develop subsidiary t i l lers and roots from 

buried nodes (Matthew et a/., 1 989a) . 

It has been suggested (Matthew et al., 1 989a) that ryegrass plants 

u ndergo a seasonal cycle of burial and replacement of t i l lers very sim i lar to 

that described for white clover plants (Section 2 .3 .2 . 1 ) . During winter, 

e arthworm casting, animal t reading ,  and du ng deposit ion resu lt i n  partial burial 

of ryegrass plants (Korte & Harris ,  1 987a; Matthew et al., 1 989a). A major 

seasonal stolon formation event coincides with burial of ti l le rs after the autum n  

rai n  and sto lon length increases duri ng spring ,  just before t h e  onset of 

reproductive g rowth (Matthew et al., 1 989a) . 

2.3.1.2. Plant responses to grazing management 

Grazi ng management has a major modifyi ng i nfluence on most 

p rocesses i n  pastoral systems. Not only does it influence plant g rowth and 

m o rphology, but also the nutrient economy of the pasture g rowth through 

changes in  the quantity and qual ity of  soil organic matter  (Srock et al., 1 989). 

The resu lts of cutt ing trials which have been desig ned to p rovide information  

on  g razi ng frequency and intensity i n  pasture rotations have , i n  both tempe rate 

and t ropical regions, often shown that lax and i nfrequent cutt ing promotes 

h igher  d ry matter production than does more intensive and frequent cutti ng 

(McMeekan, 1 960 ; Anslow, 1 967 ; Agyare & Watkin ,  1 967) ,  except on prostrate 

rhizomatous and stolonife rous pastures. These resu lts have ,  however, seldom 

bee n  successfu l ly translated i nto i ncreased ani mal production  in g razing 

studies whe re the negative association frequently observed between dry 



Literature review 1 1  

matter production and both herbage qual ity and its deg ree of uti l isation often 

negates the i ncreased product ion resulti ng fro m  lax and i nfrequent g razing.  

Added to th is are the longer term effects of spel l ing i nterval and g razing 

intensity on sward density and botan ical composition ,  effects which vary 

through  the season as the morphological condition of the pasture species 

changes (Tai nton, 1 974) .  

N u merous workers have h igh l ig hted the close relationsh ip between leaf 

area i ndex, l ight i nterception ,  and pasture growth (Brougham,  1 956, 1 957; 

Anslow, 1 965 ; Broug ham & G lenday, 1 967 ; Anslow & Back, 1 967; Davies, 

1 974; Parsons et al., 1 988ab) .  As a result, many pasture management 

systems have been proposed with the objective of maxim izing l ight 

i nterception i n  order to obtain h igh  an nual yields. However, among many other 

factors that influence pasture production, dry matter losses through tissue 

death  and decay are also important determinants of net pasture productivity. 

These loss processes restrict d ry matter accumulat ion towards the later stages 

of reg rowth in grass/clover swards (Ko rte & Harris, 1 987b ) .  

The characteristic pattern of d ry matter yield on  an i ntensively managed 

perenn ial ryegrass sward reflects the an nual pattern of radiation, the balance 

between photosynthesis and losses by respiration  and death ,  and the varying 

distribution  of assimi lates above and below ground (Leafe et al., 1 974) . Net 

dry m atter  production, therefore , is ru led by g rowth of new herbage and death 

and disappearance of old herbage .  Ag ronomic practices can affect both 

processes, and thus it is important that both be measu red if d ry matter 

accu m ulat ion patterns are to be adequately explained (Korte & Sheath, 1 979). 

More frequent and i ntense defol iation, whether by cutti ng or graz ing ,  

general ly reduces pasture g rowth (McMeekan , 1 960 ;  Anslow, 1 967;  Agyare & 

Watki n ,  1 967) ,  but may not always reduce the amount of forage harvested. 

Reductions in growth with more frequent and intense defol iat ion may be whol ly 
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or  partial ly compensated for by i mproved uti l isation,  and therefore by reduced 

losses of un harvested herbage (Bircham & Hodgson,  1 983 ; Grant et al. , 1 983; 

Korte et al. , 1 984; Korte & Harris, 1 987b ;  L'H ui l l ie r, 1 987ac; Xia et al. , 1 990).  

This balance between g rowth and senescence in response to management 

mani pulation provides an ' homeostatic' mechanism which l i m its change i n  the 

net rate of herbage accu mulation per unit area (Grant et al. , 1 985) . 

D i fferences i n  response to defol iat ion occur because of differences i n  

removal o f  photosynthetic area and meristems, bud regeneration ,  floweri ng,  

seed production, soi l  seed reserves and seedl i ng regeneratio n  (Korte & Harris, 

1 987b) .  The effect of more frequent and intense defo l iat ion has been attributed 

to : ( 1 ) reduced i nterception of l i ght by photosynthetic tissu e ;  (2) depletion of 

metabol ic reserves ; (3) reduced uptake of nutrients and water; and (4) damage 

to meristems or deplet ion of seed reserves. The relative importance of these 

factors depends on envi ronmental conditions and pasture species (Harris, 

1 978) . 

U nder favourable envi ronmental conditions, the g rowth rate of pastu res 

i ncreases with i ncreasi ng leaf area and associated l ight i nterception,  the 

maximum g rowth rate bei ng reached when 95 to 1 00% of l i ght is i ntercepted 

( Korte & H arris, 1 987b) .  More frequent and intense defol iat ion reduces leaf 

area and so reduces l ight i nterception and growth (Brougham, 1 956). 

After defol iation ,  metabol ites for the production of new shoot and root 

structu res come from either cu rrent photosynthesis or metabol ic reserves 

accu mulated in roots and growi ng points during the previous reg rowth period 

(Broug ham , 1 957). Reserves are l i ke ly to be of g reater i mportance when the 

residual leaf area is smal l ,  or where the residual leaf area has a low 

photosynthetic efficiency (Brougham , 1 957 ; Korte & Harris, 1 987b) . Frequent 

i ntense defol iation ,  by reduci ng the opportu n ity for replenishment of reserves, 

can resu lt i n  slower pasture growth .  The importance of reserves varies 

considerably with species and envi ronment, reserves bei ng most important 
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where c l imatic extremes of drought o r  low temperature seriously reduce 

g rowth for prolonged periods (Harris, 1 978)". 

F requent and i ntense defol i atio n  could reduce uptake of n utrients and 

water from soi l  by three possible mechanisms (Harris, 1 978) : (i ) reduction i n  

root growth fol lowi ng defol iat ion, so  l imiti ng exploitat ion o f  nutrients and water; 

( i i )  reduct ion i n  transpiration ,  so restrict ing absorptio n  of nutrients ; and (i i i )  

reductio n  i n  assimi late levels, from reserves and photosynthesis, l im iti ng active 

ion uptake (Korte & H arris, 1 987b) . 

More recently, factors governi ng the behaviou r  of t i l ler populations and 

the effects of variat ion in g razing management duri ng sward reproductive 

g rowth i n  spring have been the object of much research work o n  g rassland 

envi ronment in New Zealand. Among the f ind ings are the i m portance of 

stocking rate in determin ing pasture and animal product ion by effectively 

balancing pastu re g rowth rates and ani mal demand, and the mani pu lation of 

t i l ler populations as a mean of fi ne-tu n ing g razi ng management systems. Such 

topics are reviewed in more detail in Section  2.4.  

2.3.2. White clover ( Trifolium repens L.) 

White clover is recogn ised as perhaps the most i m portant forage 

legume i n  the temperate zones of the world (Davies, 1 992).  New Zealand is 

particularly fortunate i n  the sense that its temperate cl imate is generally 

conducive to strong white clover g rowth in most of the intensively farmed 

regions of the cou ntry (Brock et al., 1 989) . New Zealand pastoral agricu lture 

is based o n  ryegrass/wh ite clover mixed swards with a small i nput of nitrogen 

ferti l iser. The mai n sou rce of the nitrogen element to the soi l -plant system is 

m icrobial fixation .  It has been est imated that biological nitrogen fixation 
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provides an annual i nput of upwards of one mi l l ion ton nes of e lemental 

nitroge n  to New Zealand soi ls, equivalent to 98% of the total n it rogen input 

each year (Syers, 1 982) .  

2.3.2.1.  Plant biology 

White clover g rowth depends upon the extension and repeated 

branch i ng of a series of prostate stems (or stolons) which g row along the soil 

surface from the crown of the orig inal plant (Hodgson ,  1 990) .  Fi nely rooted 

daughter plants develop from nodes on the stolons, eventual ly taki ng the place 

of the tap rooted mother plant which d ies out (Frame, 1 992) . Nodes develop 

at i ntervals along the stolons and are the sites for the formation  of leaves, 

roots and buds with the potential for new branches (Hodgson, 1 990).  The 

sto lon b ranch is therefore the u nit of g rowth most d i rectly analogous to the 

g rass t i l ler ( Hodgson ,  1 990) and is positively related to the amount of clover 

p roduct ion (Frame, 1 992).  In establ ished pastures white clover grows forward 

at the apices and dies from the stolon base towards the apex (Hay et al., 

1 988) . Rott ing of older basal portions of stolons causes the severance of 

branch stolons wh ich then form new plants (Chapman, 1 983) .  

Davies ( 1 992) provided a general descript ion o f  white clover plants 

which wi l l  be summarised i n  th is section .  White clover g rows wel l  i n  a range 

of temperatures varyi ng from 1 8  up to 30 °C, the optimum being  24 °C. G rowth 

rates drop qu ite drastical ly at temperatures below 1 0 °C (Brock et al., 1 989 ; 

Davies, 1 992) .  Throughout the su mmer a succession of flowers is produced. 

These develop from axi l lary buds in place of branch sto lons when day length 

and temperature conditions are favourable. Optimum day lengths for f loweri ng 

in diffe rent varieties are normally 1 4  hou rs or more .  Temperature is particularly 

i mportant, with differences of only a few degrees havi ng  a marked effect on 



Literature review 1 5  

reproductive bud development. I ncreased temperatures can ,  to some extent ,  

override the i n h ibitory effect of short days. By contrast, periods of cold 

i nduction may i ncrease the number of reproductive buds, even if such a period 

is  not required for flower i n itiatio n  (Davies, 1 992). 

Wh ite clover populatio ns in all grazed pastures throughout New Zealand 

fo l low a seasonal pattern of death and renewal which can affect persistency. 

Duri ng  wi nter, treadi ng and earthworm activity combi ne to bury i n  excess of 

90% of clover stolons, and new stolons must be re-establ ished on  the soil 

surface over spring  and su mmer (Hay et al. , 1 987) . At most times of the year 

the processes of new stolon formation and old stolon death are in balance and 

the structure of the popu lation of white clover remai ns relatively constant 

(Brock et al., 1 989). Sto lon biomass studies have shown that large quantities 

of o lder buried stolon die and decay probably as a resu lt of i nternal plant 

stress caused by the demands of i ncreased g rowth in  spring (Hay et al., 

1 983) . Those events i nduce stolon death to exceed format ion ,  so that plants 

reduce in  size and complexity, larger plants breaking up i nto several smal ler 

ones, before the equi l ibrium is re-establ ished over summer. At this po i nt the 

plant populatio n  is frag i le and susceptible to m ismanagement o r  envi ronmental 

stresses such as early drought (Brock et al. , 1 989). Th is cycle is thought to be 

important in the regenerat ion and persistence of white clover (Hay et al. , 

1 987). 

While produci ng high quality feed, the pri ncipal role of white clover l ies 

in  its abi l ity to efficiently supply the nitrogen essential to sustain h ighly 

productive pastu res (Davies, 1 992). Recent studies est imate that for 

developed pastures in  New Zealand, an nual -fi xation i nputs range from 1 00 to 

350 Kg/ha (Brock et al., 1 989). Fixat ion is carried out by soil bacteria 

( Rhizobium trifolif) which i nfect the roots and stimulate the formation  of 

nodules ,  i n  which they survive, using the carbon fixed by the clover leaves as 

a pri mary energ y  supply. Fixed nitrogen is transferred to the g rass in the uri ne 
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and dung of the an imals g razi ng the sward and also (but less rapidly) as 

clover leaves, n odu les, roots and stolons decay and release n itrogen to the 

soi l (Davies, 1 992) . 

2.3.2.2. Plant responses to grazing management 

Like other  pasture plants, white clover is wel l  adapted to g razing .  The 

terminal stolon g rowi ng poi nts normally remai n close to the g rou nd, where they 

are largely protected from the grazing animal, which consumes the leaflets and 

part of the petio le .  It responds to defol iation  by mobil ising carbohydrate from 

the stolons,  whe re it accu mulates chiefly i n  the form of starch (Davies, 1 992), 

and by increasing  its specific leaf area (SLA) ( leaf area/u nit mass) (Chapman 

et al., 1 990).  The carbohydrate level i n  stolons is  restored as new leaves 

develop and photosynthate is once again exported from the leaves (Dav ies, 

1 992) . 

White clover is often perceived as being an un rel iable crop because its 

contribution to total yield in mixtu res varies with in  and between  years. This 

'unrel iab i l ity' may resu lt from several factors, i ncluding  i nappropriate 

management and i ncorrect choice of cultivars (Col l i ns et al., 1 991 ) .  Usually, 

smal l - leaved varieties are indicated for cont inuous grazi ng and larger- leaved 

varieties for rotat ional g razing and cutti ng (Davies, 1 992) .  However, responses 

to envi ronmental and biotic factors are also impl icated in the i nconsistency of 

clover yield in m ixtu res. Biotic factors with which clove r may i nteract i nclude 

the companion g rass,  Rhizobium bacterium and grazing management (Col l ins 

et al., 1 991 ) .  

The number o f  leaves remai n ing  after defol iation i s  associated with the 

i nternal balance of carbon and i nf luences the morphological development of 
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the white clover. Plants u nder defol iation usual ly present lower total soluble 

carbohydrate levels, smal ler  number of branches produced on the main stolon 

and lower stolon extension when o ne leaf rather than two is left per stolo n  

after defol iation,  althoug h  stolons defol iated conti n uously to mai ntai n o n e  leaf 

can sustain g rowth for considerable period of time .  More severe defol iation  

can affect branch numbers both by reducing the n umber of  nodes on the main 

stolon and also by reducing the capacity of the axil lary buds at each node to 

develop into branches (Jo nes & Davies, 1 988; Grant et al., 1 991 ) .  These 

morphological changes have been found to be closely related to the 

persistency, production and proportion of white clove r in mixed grass/clover  

swards (Hay et al., 1 988 ;  Brock et al. 1 988) .  

Several characteristics o f  stolon material below g razi ng height such as 

branching/density, number of g rowi ng poi nts, stolo n m ass, and sto lon length 

have been related to the production and persistence of wh ite clover. Thus 

condit ions for stolon growth have impl ications for total sward productivity (Hay 

et al., 1 987). 

Frequent defol iat ion (as in a heavi ly stocked , conti nuously g razed 

sward) results in  plants with short petioles and smal l  leaves (Wi l man & 

Shrestha, 1 985; Davies, 1 992) .  Stolon extension is  much reduced and die­

back of the older parts of the stolon is i ncreased. Plants wh ich are al lowed to 

g row u ndisturbed for several weeks between defol iat ions, as in a rotational 

g razi ng system, produce long petio les,  large leaves and robust stolons, 

although the stolon represents a smal ler  proportion of the i r  dry weight (Davies, 

1 992). 

Less frequent defol iat ion can enhance white clove r  production, and that 

is p robably related to the level of reserve carbohydrates i n  the plants. U nder 

i nfrequent defol iation petio les extend so that clover lami nae are not shaded. 

The less i ntense defol iation leads to i ncreased stolon g rowth and, presumably, 
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under set stocki ng ,  mean stolon dry weig ht per plant presents a more constant 

pattern, e nsuring a more stable white clover  presence i n  the sward ,  although 

min imum plant weight and branch ing complexity are g reater in rotational 

g razed rather than set stocked swards.  These facts al l  i ndicate that u nder set 

stocking compared with rotational graz ing ,  plants have a more l i mited capacity 

to explo it favourable condit ions, but on the other hand have enhanced stabil ity 

duri ng periods of stress (Hay et al. , 1 988). 

2.3.3. Perennial ryegrass a nd white clover plants g rown in  mixtures 

Plants growing in mixtures compete above g round for space and l ight, 

and below grou nd for space , water, and nutrients. When such m ixtures are 

g razed ,  the type of animal ,  its treadi ng and excretal patterns, and its 

preference or rejection of one or other partners can markedly i nfluence the 

balance of species (Frame & Newbould, 1 986) . Man can i nfluence the 

dynamics of grass/white clover swards by choice of g raz ing  severity and 

pattern (timing of grazing in  relat ion to plant species differe nces in  thei r 

seasonal ity of g rowth and position i n  the canopy) , and by addit ion of l ime and 

ferti l iser (especial ly nitrogen and phosphorus) . S ince g rasses are usually tal ler, 

have a g reater mass of fi ne roots, and have less precise requ i rements of 

cli mate and soil nutrit ion for growth ,  it would be expected that white clover  

could be  at a competitive disadvantage when g rown with most pastu re g rasses 

(Wolton et al. , 1 970 ; Frame & Newbould, 1 986). H owever, that is balanced by 

differences in leaf lami nae orientation  (horizontal for clover and vertical for 

g rasses) (Barthram & Grant, 1 993a) and rate of photosynthesis per unit area 

duri ng the summer (h igher for clover  than for ryeg rass) (Woledge, 1 988), 

caus ing the amou nt of clover  in the sward to i ncrease at that tim e  of the year. 

Furthermore, white clover  plants have been demonstrated to possess two 

physiological attributes (h igher specific leaf area and slower pattern of 
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u nfoldi ng of leaves than g rass) which in combinat ion i ncrease the i r  capacity 

of g rowth and, u nder certain g razi ng management conditions, work to the 

advantage of the clover plants over the companion g rass species (Parsons et 

a/., 1 99 1  ab) . Th is lower i nvestment of carbon  per un it of l eaf area (h ig her  SLA) 

would place white clover at an advantage with respect to current and future 

carbon acquisition relat ive to ryeg rass and, therefore , a h igher degree of 

defo l iation or selectivity for that component would be the way to ensure that 

white clover does not domi nate. the sward (Parsons et a/., 1 991 ab) .  

Althoug h there i s  evidence that defol iat ion o f  ryegrass/wh ite clover 

swards at a late stage of  growth ( i .e .  conseNation cuts) and by long g rowth 

i nteNals ( i .e .  rotational g razing)  can i ncrease the amount of c lover i n  the 

sward ,  resu lts can depend on t iming (Wolton et a/. , 1 970; Barthram & G rant , 

1 993a). The t im ing of the defol iation is l i ke ly to affect the balance between 

clover and ryegrass because of differences in the i r  seasonal ity of g rowth 

( Davies, 1 992). Barthram & G rant ( 1 993a) suggested that the amount of clover  

i n  a sward wi l l  on ly increase as a result o f  less i ntense defol iation  reg imes 

when the clover is able to elevate its leaves suffic iently to avoid shad ing by 

the companion g rass. The amount of white clove r i n  a sward i ncreases 

substantial ly with i nfrequent defol iations during the fi rst part of the g rowing 

season when day length is i ncreasi ng and total hours of sun l i ght are high 

(Wolton et a/. ,  1 970 ; Barth ram & Grant, 1 993a) . Len ient rotat ional g razing 

d u ri ng that ti me causes the accumulation of ungrazed leaves on the stolons 

wh ich leads to i ncreases in the size of leaves and petioles, al l owi ng stolons 

to extend and recolonize the sward at some extent. Removal of  the resulti ng 

e longated reproductive stems by a si lage cut or hard g razi ng would remove 

m ost of the grass leaf blade as well as most of the clover leaves. Although the 

reg rowing petioles wou ld be short, the regrowing leaflets would remai n  as 

large as they were before. The result would be an i ncrease in the clover  leaf 

area relative to the g rass leaf area, and a short-term increase in c lover content 

which cou ld lead to longer-term changes i n  popu lations of grass t i l lers and 
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clover  g rowing poi nts (Davies, 1 992) . I n  the later part of the season ,  with 

decl in ing  day length and less sunsh ine, clover  performance seems to be more 

variable in  grass/clover  swards (Wolton et al. , 1 970) .  It has been arg ued that 

th is effect is a consequence of the different g rowth responses of ryegrass and 

clover to temperatu re and seasonal factors ( Barth ram & G rant, 1 993a). Thus, 

the persistence, productivity and proportion of any one plant species i n  a 

mixed sward seems to be a function  of its abil ity to compete for survival ,  which 

is a consequence of the plants' morphological and/or physio log ical state as 

wel l  as their d i fferential pattern of response to yarying seasonal factors (e.g. 

tem perature, rainfal l ,  soi l  nutrient status) .  

2.4. Spring g razi ng management of perennial ryegrass/white c lover 

. pastures 

The wide adoption of year-round rotational g razi ng i n  New Zealand, 

particu larly with dai ry cattle makes it important to determine the optim u m  stage 

of reg rowth to g raze pasture and the opti mum grazi ng i ntensity (Korte et al. , 

1 982). Basical ly ,  g razing management comprises balanci ng animal i ntake and 

pastu re g rowth in order to opti mise herbage uti l isation and animal p roduction, 

as well as balanci ng the physiolog ical effects of defol iat ion on p lants and 

pastu re p roduction .  Those are qu ite disti nct objectives and may or may not be 

compatible with each other. 

During spring ,  temperature ,  day length and total hours of sun l ight 

i ncrease, pushi ng pasture growth rate up to a point whe n  it exceeds animal 

requi rements. This usual ly  coi ncides with the onset of reproductive g rowth in  

perenn ial ryegrass, further  agg ravati ng the seasonal ity of pasture p roduction 

in g rassland areas (Section  2 .2) .  Because of the surplus of g rowth ove r  animal 

demand and the substantial physio log ical effects of reproductive g rowth ,  the 
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spri ng t ime has to be the major opportun ity if there is go ing to be any 

successful phys io logical manipulation  of p lants under g razing .  

The quality and pattern of herbage accumulat ion can be g reatly 

i nfluenced by g razing management, particularly during late spri ng/early 

sum mer  (Korte, 1 982; Korte et al. , 1 982) . A poor l ight env i ronment and low 

qual ity herbage have normally been associated with reproductive swards 

(Korte, 1 982), h igh l ighting  the importance of spri ng grazi ng management i n  

regulat ing pasture and an imal production .  I t  i s  usual ly  claimed that more 

intensive g razi ng often i mproves the seasonal pattern of herbage production 

by p reventi ng reproductive g rowth and d imin ish ing the spring surplus, and a 

decrease in  total dry matter yield is observed i n  most cases under those 

ci rcu mstances (Korte & Harris, 1 987b). Therefore, control of spring  g rowth 

basical ly aims to prevent ryeg rass from floweri ng by removing the apical 

meristem from reproductive t i l lers (Korte, 1 982) .  

Higher g reen herbage accumulation duri ng  summer/autumn is o btained 

when control of late spring  g rowth is ach ieved by close g razi ngs resulti ng i n  

sig n ificantly smal ler amounts o f  dead herbage and , consequently, lower 

senescence losses (Korte, 1 982 ; Korte et al. , 1 982, 1 984) .  This constitutes the 

basis of the conventional spring g razing management of pastu res in New 

Zealand ('early contro! ' ) ,  by which early removal of seedheads as close to the 

g round as possib le is recommended (Hughes, 1 983) as a means of obtaini ng 

leafy vegetative swards in the summer and h igher  levels of pasture uti l isation .  

2.4.1. Til ler popu lations and sward productivity 

Several factors can infl uence pastu re p roductivity, and amongst the 

most i mportant are soi l  moisture and ferti l ity, rainfal l ,  tem perature ,  and l ight 
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envi ronment. However, there may be periods when productivity is l imited by 

a low sward t i l ler  population . 

Recent wo rk on spring g razi ng manag e ment has h igh l ighted the 

importance of factors govern ing t i l ler  populations and the effects of contrasti ng 

defol iation reg imes during  sward reproductive g rowth. Wel l-grazed short 

vegetative swards develop high population densities of small t i l lers whi le tal ler  

swards develop lower population  densities of  larger  t i l lers. Th is d ifferent iat ion 

occurs in response to competit ion between ti l lers for l ight. In vegetative swards 

which have had time to reach equi l ibri um with thei r defol iation reg ime and level 

of i ncident l ight, the relationship between ti l ler  weight and population density 

confo rms to the -3/2 self-th inn i ng law described by Yoda et a/. ( 1 963) and 

Westoby ( 1 98 4). Very short over-g razed swards, however, do not conform to 

the ru le and have fewer t i l lers than would be expected because of frequent 

uproot ing and possi bly also a depressed rate of t i l ler  formation (Grant & K ing ,  

1 983) .  

The -3/2 self-th inn ing ru le describes the relationsh ip between mean 

plant s ize and mean plant density in a stand of p lants increasi ng in s ize, and 

hence subjected to a density dependent m o rtality o r  a size/density 

com pensation mechanism (Matthew et a/. , in prep . ) .  According to Matthew et 

a/. ( in  prep. ) ,  in g razed swards the size/de nsity compensation  mechanism 

comprise fou r phases: ( 1 ) Low herbage mass (smal l t i l ler  size) : t i l ler  

carbo hydrate status is low and the sward has insufficient ti l ler  appearance to 

reach the self-th inn i ng l i ne by i ncreasing ti l ler  numbers ;  (2) Variable leaf area 

( reg rowth phase) : self-th i nn ing at a slope close to -5/2 ; (3) Constant leaf a rea: 

self-th inn ing at a s lope of -3/2; and ( 4) Constant herbage mass (hypothetical ) :  

self-th inn ing at a s lope o f  - 1 . The point of t ransition from (2 )  to  (3) can  be 

considered as an i nd icator of the ideal g razi ng he ight for a particular species 

or cult ivar, si nce i f  regrowth proceeds beyond this poi nt loss of t i l l ers is m ore 

rapid for a proportionate i ncrease in herbage mass. 
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In practice ti l ler  population densities are continually adjust ing. The 

herbage mass in relatio n  to the seasonal variation of incoming  radiation 

determines the potential ti l ler  density and factors which i nfluence g rowth rate 

such as temperatu re, moisture and nutrients influence the rate at which the 

sward adapts (Grant & King, 1 983) .  D ifferences i n  sward morphology which 

result from differences in management can have an i mportant effect on g rowth 

rate by i nfluencing the abil ity of the sward to produce new leaf (Grant & King,  

1 983). Ti l ler density, i f  too low, could l imit pasture g rowth potential by l imiti ng 

the number of growing leaves (leaf area) .  Where ti l ler  densities are sufficient 

to i nduce ti l ler competition ,  differences in t i l ler density tend to be compensated 

by differences in g rowth per ti l ler ( Hunt & Field, 1 979) .  

A ti l lering flush fol lows defol iation and that i s  one  mechanism leading 

to the commonly observed high t i l ler populat ions i n  frequent ly cut and 

continuously g razed swards, and low populations in i nfrequently cut or  h igh­

yie ld ing swards. Another determinant of ti l ler  density is the t i l ler  death rate, 

which i ncreases regardless of density if swards are undefol iated for long 

periods. Thus ryeg rass ti l ler popu lations are characteristical l y  dynamic and 

capable of major changes in response to season and manag ement. No 

i ndividual t i l ler survives i ndefi nitely, as those surviving  inter-ti l ler  competit ion 

are eventually i nduced to flower and to complete the ir  l ife cycle (Hu nt & Field, 

1 979) .  

Ti l ler populatio ns represent a balance between rates of ti l ler  

appearance and death throughout the year (Korte, 1 986). As seen in  Section 

2 .3 . 1 . 1 , there are diffe rent patterns of ti l ler  demography in ryeg rass p lants. 

However, forthe cu rrent New Zealand dai ry farm cultivars, such pattern seems 

to be rather seasonal . The h ighest ti l ler  appearance rates occu r in late 

spring/early summer, during the reg rowth i mmediately after defol iat ion of the 

apices of the main  group of reproductive t i l lers, fol lowed by a decl i ne  through 

summer-autumn,  and an i ncrease agai n during wi nter. The hig hest ti l ler  death  
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rates also occu r in late spring/early summer, fo l lowed by a decl ine duri ng 

autumn to lowest rates i n  wi nter, and an i ncrease again during spring .  As a 

consequence ,  peaks of t i l ler  density usually occur duri ng late spri ng/early 

summer, when rates of ti l ler  appearance and death are at thei r maximum 

(Davies et a!. , 1 981 ; Korte et a/. , 1 984, 1 985 ; Korte, 1 986 ; L'Hui l l ier, 1 987b; 

Matthew et a/. , 1 989a) . These facts emphasize the i mportance of t i l leri ng  after 

i nterruption of reproductive development in determin ing  sward persistency and 

production (Thom, 1 99 1 ) .  

This mechanism of  t i l lering is  very important to the peren nation  of  g rass 

swards (Matthew et a/. , 1 993) . There are two possible pathways for 

pere n nation by t i l leri ng .  One i nvolves production of daug hter t i l lers by floweri ng 

t i l lers (reproductive pathway) and the other involves ti l ler ing by surviving  non­

floweri ng t i l lers (vegetative pathway). The reproductive pathway plays a major 

role  in the perennation of peren nial ryeg rass and prai rie g rass swards, o nce 

ti l l e rs generated through the reproduct ive pathway produce the majo rity of the 

post-flowering t i l lers in  the fol lowi ng year (Matthew et a/. , 1 993) . 

Since ryeg rass accu mulation has been fou nd to be sig nif icantly and 

posit ively correlated with ti l le r  density from early summer  onwards (Korte et al. , 
1 984) , it can be suggested that manipulat ion of the t i l leri ng process th rough 

contro l led spri ng grazing management in o rder to generate h igher su mmer 

ti l le r  densities could improve summer performance of both pasture and g razing 

an imal (L'Hu i l l ier, 1 987b) .  

There have been few studies ai med at understanding the o rig i n o f  those 

early-sum mer t i l lers formed after the reproductive g rowth of perenn ial ryegrass 

p lants. Available evidence from a study primari ly  ai med at defin ing  root 

demography of a ryegrass pasture is that the majo rity of the new t i l lers form 

from stubs of dead t i l l ers which have t ried to flower, but have had seed heads 

removed, either by g razi ng  o r  mowing (Matthew et a/. , 1 989a) . I n  that study 
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a treatment comprising a lax/hard spring grazi ng ,  al lowi ng g reater seedhead 

deve lopment, appeared to enhance t i l lering ,  and it was proposed that 

seedheads would have sti mulated the appearance of daug hter ti l l e rs by 

p roviding photosynthates to subsidise or encourage the early  growth of young 

t i l lers ( Matthew et a/. , 1 989b) .  Further investigat ion ( Matthew, 1 990) using a 

radioactive carbon tracer techn ique confi rmed that supposit ion ,  reveal i ng that 

many daughter t i l lers presented concentrations of radioactivity similar to that 

o rig inal ly suppl ied to their parent seedheads, especial ly  i n  the leaf e longation 

zones of the youngest ti l l e rs .  This result is consistent with patte rns of 

t ranslocation previously reported by Colvi l l  & Marshal l ( 1 984) . Both the n umber 

and size of ti l lers formed are increased when g reater translocation,  w hether 

of products from cu rrent photosynthesis or  from mobi l isation  and redistribution 

of sto red carbohydrate , from parent to daughter ti l lers occu rs. In  cases where 

the parent t i l ler is removed enti rely, or  translocation from parent to daug hter 

ti l le r  is  reduced by allowi n g  competition from developi ng seedheads, the 

n umber and size of daughter t i l lers formed is reduced (Matthew et a/. , 1 99 1 ) .  

Therefore ,  increased t i I Ieri n g  i n  early-summer can be expected where 

seedhead growth is allowed to occu r, providi ng that the seed heads are not left 

too long ,  i n  which case a lot of the young t i l lers would d ie .  Timing for removal 

of seed heads should be at anthesis in such a way as to leave stubs and some 

leaf (Matthew, 1 99 1  a). 

Ryegrass plants are also capable of vegetative spread (Harris et a/. , 

1 979) .  Recent evidence (Ko rte & Harris, 1 987a; Matthew et a/. , 1 989a) shows 

that th is vegetative spread is based on sto lon format ion and m ight be 

encou raged by trampl i ng ,  o r  other factors causing burial of stolons. 

Stolons can develop from vegetative or reproductive t i l lers ( Korte & 

Harris ,  1 987a) . Normal vegetative ti l lers elongate duri ng  spring  below t he soi l  

surface with subsequent root development and daug hte r t i l ler p roduction 

resulti ng in stolon formation in the late spring .  Most ti l le rs formi ng stolons over 
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the winter flower in  the following spring ,  and after grazi ng has i nterrupted 

reproductive development in late spring,  reproductive ti l le rs d ie and a f lush of 

t i l lering  and root g rowth occu rs resulti ng in stolons soon after  that (Korte & 

Harris ,  1 987a; Matthew et al. , 1 989a) . The h ighest sto lon density is normally 

observed in  late spring/early summer although grazing t reatments exert l ittle 

effect on number of stolons. Sto lon density increases during cu lm elongation 

(flowering  time) and ach ieves a peak after g razing has decapitated and ki l led 

reproductive ti l lers. Lax g razi ng and long reg rowth periods can i ncrease the 

length of stolons, and bigger numbers of internodes per stolon  are usually 

observed in  lax g razed swards (Korte & Harris ,  1 987a) . Sto lon formation is 

reduced by i ncreased i ntensity of defol iation reveal ing a possible i nfluence of 

carbohyd rate levels with in  the plant on the degree of i nte rnode elongation 

(Matth ew et al. , 1 989a) . 

Vegetative spread from stolons can be responsible for a s ign ificant ti l ler 

product ion i n  late spring/early sum mer. Most of the t i l lers present i n  the 

swards at that time of the year are primary or secondary daughter t i l lers 

arising  from nodes on winter-formed stolons of previously reproductive til lers,  

which are able to produce two or three times more daug hter t i l lers from thei r 

stolons i n  the following summer than t i l lers orig inated duri ng autu mn (Matthew, 

1 988;  Matthew et al. , 1 989a) . H igh  peaks of ti l ler appearance rates in early­

summer have also been  previously reported (Korte, 1 986 ; L'Hu i l l ier, 1 987a), 

those results probably reflect ing a period of ti l ler  production  from underground 

sto lons too (Matthew et al. , 1 989a) . 

G razing manag ement which e ncou rages daughte r t i l ler  formation  from 

sto lons i n  early sum mer is ,  therefore , l i kely to improve persistence and 

summer-autumn pastu re growth rates of perenn ial ryegrass swards (Matthew 

et al. , 1 989a). H igher herbage accu mu lation in late summer-early winter has 

been reported for pastu res laxly g razed in spri ng in comparison to those hard 

g razed and topped (Matthew et al. , 1 989b ; Xia et al. , 1 990) ,  supporting the 
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conclusion that a lax g razing ,  which al lows reproductive growth to take place 

u nti l  near anthesis, followed by a hard grazing ki l l i ng  the majority of the 

reproductive t i l l ers, results in  a further i ncrease i n  summer and early-autum n  

production  since a rapid develop ment o f  new vegetative til l ers from the stubs 

of dead reproductive t i l lers is e ncouraged (Matthew, 1 991 a) .  Such a spring 

defo l iation  reg ime, which g ives h igher t i l ler density before the usual water 

deficit period i n  su mmer, can be expected to result i n  a h igher  t i l ler density 

after d rought ,  resu lti ng i n  better persistency and herbage production during  

late summer and autumn (Barker et al. , 1 985) .  However, by  al l owi ng some 

early seed head development, i t  is  l ikely that the nutritive value of the herbage 

being g rown under those ci rcu mstances wi l l  decrease, and that could have 

negat ive impl ications for ani mal performance . 

2.5. Sward conditions and herbage uti l isation by the grazing animal 

Ani mal output from g razing systems is the product of output per ani mal 

and the nu mber of an imals g razed per hectare (stocki ng rate) .  On the one 

hand, performance per  animal may be l im ited by genetic potential of  the 

animals concerned, the relative p roportions of productive and non-productive 

an imals and, i n  some cases, worm parasite infestation .  It is also very much a 

function  of nutrient i ntake per animal , which can be markedly i nfluenced by the 

characteristics of  the sward upon which the animals  are grazi ng ( Hodgson & 

Maxwel l ,  1 981 ) .  On the other hand, stocki ng rate is  l imited by the potential of 

pasture p roduction, wh ich is basical ly a fu nction of soil fert i l ity, species 

composit ion ,  and defo l iation reg i me or g razi ng manageme nt as previously 

reviewed. Grassland management, therefore, is a matter of achieving a 

balance between an imal production objectives, mai ntenance of sward 

productivity and uti l isation of the herbage produced before it e nters the stages 

of death and decay (Hodgson & Maxwel l ,  1 981 ) .  
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2.5.1 .  Herbage intake u nder grazing 

Livestock productivity from a pasture-based system depends largely on 

g rowth of herbage and its subsequent uti l isation by stock (Fulke rson & Michel l ,  

1 987) . Althoug h animals usually select herbage with a h igher d igest ib i l ity than 

that of the whole sward (Hodgson ,  1 990) ,  the digestibi l ity of the d iet and, 

hence, the potential level of i ntake, is clearly infl uenced by the maturity of the 

sward and the distribution of components of different digestib i l ity within it 

(Hodgson & Maxwel l ,  1 981 ) .  

Animals g razing pastures rare ly approach thei r genetic potential for 

meat,  mi lk or  wool production because of differences between p lant species 

and components i n  thei r capacity to sustai n ani mal performance . The levels 

of nutrients avai lable to the tissues of the g razing ani mals vary widely and are 

often less than required for maximu m production (Black, 1 990) . 

The supply of nutrients to the tissues of a rum inant animal g razi ng on 

pastures and the efficiency with which the nutrients are uti l ised for body 

functions depend o n :  ( 1 ) the nutrient contents of the forage components 

avai lable ;  (2) the actual components eaten by the animal ; (3) the amount of 

each selected component eaten ;  and (4) the efficiency of biochemical 

reactions metabol is ing the absorbed n utrients with in  the animal ( Black, 1 990). 

Variation in the i ntake of pasture by g razing ruminants has a major 

inf luence on an i mal performance . Many factors inf luence pastu re i ntake and 

can be broadly classified as nutritional and non-nutrit ional (Poppi et al. ,  1 987) . 

Nutritional factors such as digestibi l ity, the ti me feed stays i n  the ru men and 

concentration  of metabol ic  products appear to be important i n  control l i ng 

i ntake on ly if accessabi l ity and avai lab i l ity of herbage are un l im ited, i . e .  the 

animal's harvesting capacity is not l imited by al lowance, pasture he ight ,  mass 
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o r  density. I n  situations where these do apply, non-nutrit ional factors play a 

more important role i n  determin ing i ntake (Poppi et al. , 1 987) .  

The major nutrit ional factor i nf luencing  intake of temperate pastures is 

the digest ib i l ity of the pastu re eaten (Poppi et al. , 1 987) . Herbage i ntake has 

been shown to be l i nearly related to the d igestibi l ity of the herbage eaten 

u nder both g razi ng and i ndoor feeding  conditions and the indications are that 

i ntake wil l  continue to i ncrease at a constant rate up  to the h ighest l evels of 

herbage digestibi l ity which can be ach ieved i n  practice (Hodgson & Maxwel l ,  

1 981 ) .  The digestibi l ity of the herbage eaten by g raz ing animals is a d i rect 

reflection of its morpholog ical composit ion (Hodgson & Maxwel l ,  1 981 ) .  As a 

herbage p lant matures it becomes more f ibrous and less rich  i n  pepsin­

digestible materials. As f ibre content increases the fibre d igestibi l ity decreases, 

so that the total content of d igestible material (digestible fibre p lus pepsin­

digestible material ) decreases (Terry & Ti l ley, 1 964). Therefore , the digestibi l ity 

of new and expanding leaf lamina is l ikely to be of the order of 0.80-0.90 at 

al l  ti mes of the year, fal l i ng steadi ly to 0.70 i n  senescent leaves, while 

changes in  the digestibi l ity of leaf sheaths are simi lar. The floweri ng  ste m  also 

has an i nitial ly h igh digest ib i l ity but th is fal ls rapidly to about 0 .50 at matu rity, 

as a consequence of the rapid development and l ign ification of structural 

tissue .  Variations i n  the digestib i l ity of herbage down the sward canopy and 

throughout the year reflect changes in the relative proport ions of these 

morphological components (Hodgson & Maxwel l ,  1 981 ) .  

The sensat ion of physical satiety i s  a n  associated factor to d igestib i l ity 

i n  i nfl uencing herbage intake . It is a function  of the deg ree of distens ion of the 

al i mentary tract caused by the volume of digesta in the ru men .  The vol u me of 

digesta is a function of the amount of food eaten recently, its digestibi l ity and 

the rates of digestion and of passage of undigested residues down the 

d igestive tract (Poppi et al. , 1 987 ; Hodgson ,  1 990). 



Literature review 31 

Grazi ng an imals are often forced to graze down to low post-g razing 

pasture mass in order  to maxi mize the quantity of herbage eaten per hectare, 

o r  because pasture is being  rationed over  t imes of shortage. As a 

consequence i ntake is depressed. It fol lows that non-nutrit ional factors (Poppi 

et al. , 1 987) or  behavioural constraints (Hodgson , 1 990) are the most 

important factors i nf luenci ng i ntake of grazing animals throughout most of the 

year. 

The important behavioural variables are the rate of herbage intake, itself 

the product of the rate of bit ing and the weight of i ndividual mouthfuls of 

herbage ,  and the t ime spent g razi ng .  The rate of biti ng and i ntake per b ite are 

sensit ive to variat ions in  herbage mass and sward height ,  but the abi l ity of the 

ani mal to make compensating  changes in g razi ng time may be l im ited and 

appears to be dependent in part upon the system of grazing management 

adopted (Hodgson ,  1 981 ) .  

2.5.2. Animal behaviour under grazing 

Variations in the mechanics of the g razing process in response to 

variat ions in sward conditions can exert an important inf luence on the herbage 

i ntake of g razing animals. I ntake per bite is very sensitive to variat ions i n  

sward condit ions, particularly to variations i n  sward height, with i ntake per bite 

decl in ing  progressively with decreasing sward height or herbage mass 

(Hodgson ,  1 981 ) .  When intake per bite is reduced there is usual l y  a 

correspondi ng fal l i n  the rate of i ntake unless there is a compensatory 

i ncrease in  the rate of biti ng .  Dai ly herbage i ntake is also adversely affected 

u n less any reduct ion in rate of i ntake can be offset by an i ncrease i n  g razing  

t ime .  I n  practice, both bit ing rate and g razing t ime  frequently do  tend to 

i ncrease when intake per bite fal ls ,  but these changes are seldom larg e  
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e nough to prevent a fall i n  dai ly herbage i ntake. On extremely short swards 

i ntake per bite , rate of bit ing and graz ing  time may al l decl i ne together 

(Hodgson, 1 990) .  

Under rotational g razing ,  herbage i ntake and animal performance have 

often been related to variations i n  the dai l y  al lowance of herbage dry matter 

(ki lograms per an imal o r  per cent of an imal weight daily) (Combel las & 

Hodgson,  1 979 ; Le Du et al. , 1 979 ; Bryant, 1 980b ;  Glassey et al. , 1 980) .  They 

i ncrease at a decl i n i ng rate with i ncreasing al lowance, usual ly reach i ng  a 

plateau at an al lowance equal to 1 0-1 2% of the ani mal's body weight for most 

c lasses of stock. Since this al lowance is between two and three t imes the 

maximum dai ly herbage intake of the animals co ncerned, i t  i nevitably i nvo lves 

a rel at ive low uti l isation of the herbage at one g razing (Bryant, 1 980b;  G lassey 

et al. , 1 980; Hodgson ,  1 990) .  

The i ntake of d igestible organic matter of g razing cattle is positively 

related to pasture herbage mass. That seems to be more related to an 

e nhanced i ntake per b ite rather than to rate of biti ng ,  si nce there is a very l ittl e 

compensatory effect upon i ntake with changing herbage masses for th is last 

behavioural featu re (Forbes & Coleman, 1 985). I ncreases i n  herbage 

al lowances have been reported to increase herbage intake of dairy cows by 

up to 20% when chang ing from severe to lax g razi ng reg imes (Kristensen ,  

1 988) . U nder those ci rcumstances the herbage eaten had a h i ghe r  nutritive 

value than the sward as a whole and presented a clear and l i near relationsh ip  

between deg ree of  defo l iat ion and uti l isat ion of i nd ividual nutrients. The highest 

degree of selection was for g reen leaf (H oogendoorn et al. , 1 985 ; Kristensen ,  

1 988) , a pri mary consequence of the position o f  green leaf lami nae in  the 

g razi ng horizon ,  which makes leaves easier to prehend and masticate . 

N utrient content of i ngested herbage was increased at the lower degrees of 

defol iation,  th is relat ionsh ip being expla ined by the fact that non-structural ,  

h igh ly digestible carbohydrates and protei n usually are i n  the h ighest 
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concentratio n  i n  the upper part of the sward, whi le  the structural carbohydrates 

(fibres) are i n  the h ighest conce ntration in the lower part (Kristensen, 1 988) . 

Grazing ani mals normally divide their worki ng day i nto alternati ng  

periods o f  g razing ,  rumi nation and rest. There are usually between three and 

f ive periods of graz ing duri ng the day, the longest and most i ntensive bei ng  

after dawn and before dusk. Most g razing  activity occurs duri ng dayl ight hours 

i n  temperate cl imates, though short periods of n ight g razing are common for 

dai ry cows. There is usually a period of ruminat ing activity after each g raz ing 

peri od ,  but much of the ruminat ion occurs at n ight .  Th is characte ristic patte rn 

can be affected by rout ine activities l ike m i lki ng  or moving animals to fresh 

pasture and, exceptional ly ,  by extreme weather conditions, but in most 

circu mstances it is very stable and al l members of the flock or herd tend to 

fo l low the same pattern. On average, work involved in g razing and ruminati ng 

is l i ke ly to take between  6 and 8 hours dai ly for each of those act ivities, with 

g razi ng t ime in excess of 8 to 9 hours/day being i nd icative of l im it ing sward 

conditions (Hodgson, 1 990) .  

2.6.  Pasture production and the productivity of dai ry systems 

Previous sections have dealt with results and trends obtai ned from very 

careful ly control led experiments, using them to develop and clarify some 

general concepts involving pastu re and animal responses to different 

defol iation reg imes and sward characteristics. It has been shown that an imal 

production and herbage uti l isation and productivity objectives may not be 

compatible , and that a compromise between them has to be found i n  order to 

optimise the overal l  productivity levels of g rassland based systems. Results 

from management studies are not so n u merous but seem to mai ntai n a g reat 

deg ree of s imi larity with those previously discussed in  terms of patterns of 
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ti l le ri ng  and herbage production in  response to varying  defol iation reg imes. 

However, animal performance has seldom been evaluated u nder those 

circumstances, leaving a restricted knowledge base for plann ing and 

developing more efficient and adequate g razing systems. 

As mentioned previously, seasonal ity of pasture product ion is  a key 

issue for efficient g rassland productivity (Section 2.2) .  More frequent and 

i ntense defol iation of ryeg rass/white clover pasture in late spri ng-early summer 

ofte n he lps to contro l  it by suppressing the development of reproductive ti l lers 

( reduced g rowth rates) and encouragi ng growth of g rass l eaf and wh ite clover 

(Korte, 1 982 ; Korte et al. , 1 982,  1 984; Thomson et al. , 1 984 ; Butler, 1 986; 

L'Hu i l l ier, 1 987b, 1 988 ; L'H ui l l ier  & Aislabie, 1 988) . That, associated with a 

positive effect on sward qual ity, gave rise to the recom mendat ion that an 

i mpo rtant objective of spri ng m anagement is the mai nte nance of sward qual ity 

go ing  i nto summer (Bryant, 1 984 ; Thomson et al. , 1 984) .  I n  p ractice this 

i nvolves hard and/o r frequent g razing ,  toppi ng and s i lage conservation 

(L 'Hui l l ier  & Aislabie, 1 988 ; Carton et al. , 1 989ab), these be i ng very 

characteristic featu res of the conventional spri ng grazing management system 

being  adopted in New Zealand for several decades ( McCal lum et al. , 1 99 1 ) .  

2.6.1 . Pasture control and feeding level of dairy cows 

G razing managements designed to mai ntai n near maximal levels of 

herbage i ntake and an imal performance (management of spri ng swards for 

dai ry  cows at peak product ion) usual ly i nvolve grazin g  efficiencies of on ly  25 

to 30% (proportion of the herbage offered actually consumed by the g razi ng 

anim al )  with the consequent h igh levels of herbage wastage (herbage 

senescence and decay) ,  decl in ing nutritive val ue and red uced sward vigour  

(Bryant, 1 980b ; Glassey et al. , 1 980 ; Holmes & McMi l lan ,  1 982 ; Hodgson ,  
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1 984) , pointing  to t h e  fact that there should b e  a critical pasture al lowance 

which should be offered to cows i n  early lactat ion if both mi lk  fat and pastu re 

uti l isatio n  are to be opt imised (Bryant, 1 980ab; Thomson et al. , 1 984) . 

Variat ions i n  sward conditions and i n  herbage al lowance both i nflue nce 

an imal performance th rough thei r effects on the amount and nutritive value of 

the herbage consumed. The need for comprom ise between anim al and sward 

requ i rements i n  order  to maintain whole-system viabi l ity is n o  doubt wel l  

appreciated (Hodgson ,  1 984). However, o bjectivity in  dete rmi n ing the 

appropriate compro mises is l imited by the shortage of  data from studies 
; 

i nvolving  measurements on both sward and an imal , particularly i n  a systems 

context (Hodgson ,  1 984). As a consequence, dai ry farmers often face a 

management d i lemma i n  spring :  whether to feed cows at a generous herbage 

dry matter allowance and risk consequent decreases in sward qual ity and m i l k  

yield i n  summer, o r  to  restrict cows i n  spri ng in  o rder to  maintai n sward quality 

and risk an i mmedi ate decrease in cow performance (Hoogendoorn et al. , 

1 988, 1 992). 

This confl ict on how to mai ntain h igh i ntakes, achieve adequate pasture 

contro l  and conserve sufficient pasture to meet subseque nt feed deficits 

makes the decision  about when and how much pasture to conserve very 

com plex (Thomson et al. , 1 984). During recent years, co nservatio n  has been 

regarded pri mari ly as an aid to pasture contro l , its role of providin g  

supplementary feed being o f  secondary importance , although th is has been 

the subject of re-appraisal si nce an i ncrease in levels of mi lk production per  

cow has been actively promoted recently. Effectiveness i n  fu lfi l l i ng  its primary 

role ,  though, requires the early predict ion of the area to set aside for 

conservation and when this is to happen (Bryant, 1 984) . 

Different systems of grazi ng management can i nfluence both the 

amount of pastu re eaten per cow dai ly, and the way in which the pasture is  
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g razed. These can ,  i n  tu rn, i nfluence the subsequent p roduction of the animals 

and of the pastu res. Grazi ng  management is, therefore , an i mportant aspect 

of nutrit ional management of dairy herds (Holmes & McMi l lan , 1 982) . 

2.6.2. G razing management systems and dairy grasslands productivity 

The ach ievement of h igh  levels of production fro m  the herd in early 

lactat ion throug h the combined effects of adequate preparat ion for  calving and 

full feedi ng in early lactat ion is very i mportant (Bryant & Cook, 1 977) . It 

ensures, more than any other  i nput, the ful l and efficie nt use of pastu re at a 

ti m e  when cow efficiency, pasture growth rate and qual ity are at or  near 

maximum .  It ensures that cows are capable of capital ising  on good summer 

g rowth ,  should th is  occur; and i t  provides the best and least expensive 

i nsurance against the possib i l ity of it not occurri ng (Bryant, 1 980a) . Thus, 

m uch recent work has bee n  focused on spri ng graz ing management of 

pastures aiming to develop h igh  producing and efficient dai ry grazing systems. 

G razing management, during  winter, of ryegrass/wh ite clover mixed 

pastu res have repeatedly been reported to have l ittle  effect on herbage 

p roduct ion and dai ry cow performance (Bryant & L'Hui l l i e r, 1 986 ; Fulkerson & 

Michel l ,  1 987 ; L'Hui l l ier, 1 987b), even though increased herbage accumulation 

th roug h long reg rowth interval and high herbage mass is l i kely to occur 

(Santamaria & McGowan, 1 982 ; Holmes et al. , 1 992) .  However, g razi ng 

m anagement during spri ng can change quite substantial ly  the amou nt and 

qual ity of the he rbage produced, to which dai ry cows are particularly  sensit ive 

(Th omson et al. , 1 984 ; L'Hu i l l ier, 1 987b). 

Manipulation of herbage allowances in  spring throug h changi ng g razing  

freque ncy and i ntensity, t imin g  of forage conservation and stocking  rate can 
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substantially alter pastu re and mi lk  production (Bryant, 1 980b ;  G l assey et a/. , 

1 980 ; Thomson et a/. , 1 984; Bake r & Leaver, 1 986;  Bryant & L'Hu i l l i e r, 1 986; 

L'Hu i l l ier, 1 987b, 1 988; L'Hui l l ier & Aislabie,  1 988; Thomson & McCal lum,  1 989;  

Hoogendoorn et a/. , 1 988, 1 992). Duri ng the first half of the lactat ion (spri ng) ,  

the offer of  h igher herbage allowances to dai ry cows whether  by delaying 

conservation cuts or less intensive defol iat ion reg imes usually resu lts in h igher 

m i l k  fat production per cow (Combel las & Hodgson ,  1 979 ; Le D u  et a/. , 1 979; 

Thomson et a/. , 1 984; L'Hui l l ier, 1 987b, 1 988 ; Thomson & McCal l um ,  1 989), 

with maximum levels of production  being commonly o bserved at herbage 

al lowance of 33 to 35 Kg OM/cow/day. Under those ci rcu mstances on ly 50% 

of the herbage on offer is util ised by the cows, with herbage i ntake and, 

consequently, mi lk  yield bei ng depressed at lower al lowances ( Le Du et a/. ,  

1 979) .  More i ntense defol iat ion as characterized b y  early conservation 

(convent ional g razi ng system) ,  spri ng fast rotation (8-1 0 day-rou nds) o r  even 

set stocki ng result i n  lower mi lk  fat production  and productivity when compared 

to less i ntensive defo l iat ion reg i mes (Thomson et a/. , 1 984 ; L' Hui l l ier, 

1 987b, 1 988; Thomson & McCal lum,  1 989), despite an improvement in  the 

seasonal profi le of pastu re product ion by dimin ish ing the disparity between 

spri ng/su m mer and autum n/winter production and mai ntain ing swards in  a 

leafy vegetative state . General ly, th is improved profi l e  of seasonal pasture 

p roduct ion is obtained by reduci ng spring growth rates and, consequently, 

spring  su rplus. Under those ci rcumstances the delay in forage co nservation 

or the less i ntensive defol iation regi mes used to generate the h igher  herbage 

al lowances duri ng spri ng ,  normally resulted in faste r pasture g ro wth rates 

which may, eventual ly, generate more feed being conserved that could be 

used later in the season (Thomson & McCal lum, 1 989) .  Animals mai ntained 

u nder more intensive g razing normal ly lose more weig ht ,  probably reflect ing 

the u nderfeedi ng associated with lower herbage al lowances and pasture 

g rowth rates of early contro l led swards or even si mply due to l ower i ntake, 

i ndicati ng that production  is sustai ned at the expense of body reserves 

(Thomson et a/. , 1 984 ;
. 

L'Hui l l ier, 1 987b, 1 988) . Short ,  l ight swards are 
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characterised by a g reater proportion of the total herbage situated close to 

g round level than tal l ,  heavy ones, maki ng the prehension of feed more 

d ifficu lt for the  ani mals (Combel las & Hodgson ,  1 979) .  U nder  less i ntensive 

g razi ng ,  the stem content of the herbage on offer i n  the sward h as been 

demonstrated to i ncrease as some reproductive growth occurs but, in cases 

where it is control led when stem material is sti l l  green, no negative effect on 

an imal productivity has being  reported (Thomson et al. , 1 984; L'Hu i l l ier, 
'---------. 

1 987b, 1 988) . That supports the conclusion  that green stem could m ake a 

worthwhi le contribution to the i ntake of dai ry cows without any appare nt loss 

i n  animal performance (Tho mson et al. , 1 984) , h igh l ig hti ng the potential 

benefits to ani mal production from the adoption of a less i ntensive g razi ng 

policy during s pri ng (Thomson & McCal lum,  1 989). 

During the second half of the lactat ion (su mmer-autu m n )  the residual 

effects of g razi ng  management of pastures during  spring exert a strong i mpact 

o n  su m mer pasture and an imal production. Usual ly, grazing managements that 

have fai l ed to contro l  pastures during  the reproductive phase of g rowth result 

i n  swards of poor qual ity and low t i l ler density going into the sum mer, causing 

poor pasture g rowth rates and mi lk  fat production (Thomson et al. , 1 98 4; 

Baker & Leaver, 1 986;  L'Hu i l l ier, 1 987b, 1 988; Thomson & McCal lum,  1 989 ; 

Hoogendoorn et al. , 1 988, 1 992) .  That is normal ly the case for those less 

i ntensively g razed pastures during spri ng ,  i n  which the i ncreases in m i l k  fat 

y ie ld duri ng the fi rst half of the lactat ion were compensated for by a reduction 

in  production  during  the second half, resu lt ing i n  no d iffe rences on  total 

lactat ion product ion at the end of the whole mi lki ng season (Thomson et al. , 

1 984; L'H ui l l ier, 1 987b, 1 988) . 

Any attempt to g raze pastures more laxly during spri ng has the potential 

to impact negatively on ani mal production because of the lower nutrit ive value 

of  seed heads and because of difficulties in removi ng seedheads once they are 

al lowed to form . In general , previous experiments where increased seedhead 
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g rowth has been observed, this has occurred as a by-product of experimental 

t reatments i n  which a longer rotat ion length reduced animal i ntake. 

Continuation of such treatments th rough the su m mer only tends to compound 

problems of poor herbage qual ity. On the other hand,  del iberate 

e ncouragement of early seed head growth,  fo l lowed by a change i n  g raz ing 

management designed to remove accu mulated g rowth has never been 

experi mental l y  tested. Such g razing  management would produce the benefits 

from a laxer g razi ng duri n g  spring arid of a harder  grazing later in the season .  

As  seedheads develop, digestibi l ity fal ls rapidly (Hodgson & Maxwel l ,  1 981 ) ,  

so that there is probably a fai rly narrow 'time wi ndow' in late spri ng for the 

contro l  of reproductive g rowth. If th is t ime wi ndow were missed , negative 

results could be expected from a lax g razing pol icy duri ng spri ng ,  due to loss 

of pasture qual ity, and also because maturi ng seed heads compete stro ng ly  for 

carbohydrate with any young t i l lers being formed, resulti ng in death of those 

you ng t i l lers (Ong et al. , 1 978; Carton et al. , 1 989b ;  Matthew, 1 99 1  a ;  Matthew 

et al. , 1 991 ; Thom, 1 99 1 ) . 

Dai ry cow performance has a positive relat ionship with herbage 

accu mulation duri ng the summer/autumn pe riod (L' Hu i l l ier, 1 987bc, 1 988) , 

which is also positively correlated to sward t i l ler density (Korte et al. , 1 984). 

Therefore ,  g razing management strategies during spring  that i ncrease ti l ler 

density of pastures can be expected to improve the summer performance of 

dairy pastures and of the g razing an imals (L'Hu i l l ier, 1 987a) . Despite the small 

overal l  d ifferences mentioned previously, grazing managements that generated 

h igher  sward t i l ler densities and herbage qual ity going i nto the summer were 

associated with h igher herbage accu mu lation rates and consequent 

i mprovements on mi lk fat and mi lk  protei n  yie lds (L'Hu i l l ie r, 1 987b) ,  th is last 

component of mi lk composit ion being positively related to the wh ite clover 

content of pastures (L'Hu i l l ier, 1 988) . 

The effect of spri ng  g razing management on  the quality of early 
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su m me r  pasture as measured by the in vitro digestibi l ity techn ique has been 

reported to be quite variable, probably reflect ing d ifferent stages of maturity 

and reproductive stem content of the pasture material analysed, since no wel l  

defin ed and objective g razing management has been described in  terms of 

sward characteristics .  General ly ,  g raz ing management in spri ng has l ittle  effect 

o n  the digestibi l ity of early summer pasture, with values of at least 70% i n  late 

spri n g  being observed. Season of the year seems to have a larger i nfluence 

on  pasture quality than does graz ing management (L'Hui l l ier, 1 987b) . Levels 

of in vitro digestib i l ity of early spring  herbage of around 73-76% have been 

observed, decl in ing to 70-73% in late spri ng and 68-69% i n  mid-summer for 

g razi ng  managements varying from hard to lax (L'Hui l l ier, 1 987b) , despite 

changes in botanical composition which normal ly result i n  decreased 

proport ions of ryeg rass leaf and white clover associated with i ncreased 

ryegrass reproductive stem and dead material (Davies, 1 973 ; L'Hu i l l ier  & 

Aislabie ,  1 988). 

On the other hand, there is also evidence that less i ntens ive g raz ing 

strateg ies during spri ng could cause herbage digestib i l ity to d ro p  d rastical ly  to 

levels which impai r  mi lk  production .  D igestibi l ity values of aro u nd 67% have 

been reported to cause reduction i n  m i l k  production of dai ry cows as opposed 

to those g razi ng more i ntensively and wel l  control led swards (72% 

digest ib i l ity) . However, the negative effect of low quality herbage from laxly 

g razed swards on milk yield can be ove rcome by offeri ng cows an al lowance 

of g reen leaf dry matter equivalent to that of cows grazing wel l  control led 

pastures (Hoogendoorn et al. , 1 988, 1 992) .  Because of this potential negative 

effect of the reproductive phase of pere nnial ryegrass g rowth o n  sward t i l ler 

density and herbage qual ity and its i nfluence on dai ry cow performance,  more 

i ntensive g razing managements are widely adopted during  spri ng, despite the 

potential benefits of a less intensive defol iat ion regime to dairy cow 

performance i n  the fi rst half of the lactatio n ,  a period when around 65% of the 

total lactat ion yield is produced (Bryant, 1 984). Intensive g razi ng  during  the 
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period of reproductive growth in  spring can be achieved only by the adoption 

of h igh  stocki ng rates and/or adequate conservation pol icies in o rder to cope 

with the i ncreased herbage g rowth at th is t ime (Hoogendoorn et al. , 1 988; 

Carton et al. , 1 989a). 

Another i mportant feature that a rises from swards g razed by cattle, 

particularly when less severely g razed, is the high pe rcentage of the sward 

area that is i nfrequently grazed, leading to the development of large areas of 

rejected herbage or tal l grass, particularly i n  associat ion with the maturity of 

floweri ng heads ( Fitzgerald & Crosse , 1 989 ; G ibb & Baker, 1 989 ; Gibb,  1 99 1 ) .  

Th is ta l l  g rass represents a sizeable proport ion of  the sward g razed by dai ry 

cows, averag ing about a th ird of the total area, and increasi ng from 20 to 40% 

in late summer/autu mn.  Tall grass represents an even g reate r proportion of 

the herbage mass avai lable to cows than that i ndicated by its area and can 

i ncrease to ove r 50% of the sward i n  late summer/autu mn .  Although it i s  less 

wel l  uti l ised, it represents a sizeable proportio n  (38-43%) of the total herbage 

consumed by cows, particu larly in autum n  when g rowth of short g rass is 

reduced. Better uti l isation and a lower proportion of tal l  grass in  the sward can 

be achieved by t ig hter grazing i n  spri ng/early summer, occasional topp ing  or 

g razi ng after cows with other stock (Fitzgerald & Crosse , 1 989). 

2.7. Impl ications of the agronomic data for dairy produ ction systems 

The previous discussion clearly h igh l ighted how sig n if icant spri ng 

g razi ng management is in determi n ing pastu re and mi lk production  i n  the 

seasonal dai ry production system adopted throughout New Zealand. The 

search for the most appropriate g raz ing system is reflected in the i ntensive 

research on spring g razi ng management during  the last 5 or 1 0  years. I n  

g eneral , ani mals offered generous herbage al lowances duri ng the fi rst h alf of 
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lactat ion through either fast rotation or delayed conservat ion ,  respond 

positively in terms of m i l k  solids yield as wel l  as l iveweight changes. During 

the second half of  lactatio n  the positive effects observed duri ng the p revious 

phase are usual ly offset by decreased ani �al performance either by lower 

herbage quality, reduced g rowth rates, shortage of feed or a combination of 

these factors, basical ly  residual effects of previous g razing regi mes du ring 

spring  which fai led to control the reproductive growth o r  had adverse effects 

on  pasture composit ion and sward t i l ler density go ing i nto the summer period 

(Section 2 .6 .2) .  

Both prevention of reproductive g rowth or absence of contro l  either by 

spri ng fast rotation or by deferred g razing (conservat ion in situ of surplus 

g rass) ,  respectively,  could result in reduced ti l le ri ng du ri ng a key t i l ler 

replacement period in  late spring ,  even though an i nitial i ncrease in pasture 

t i l ler  population u nder the spring-su mmer fast rotat ion would be seen through 

the exist ing size-density compensation mechanism (Matthew, 1 99 1  a). 

Sensitivity to feed shortage periods or unusual growth patterns is also l ikely 

to be a com plicating factor, si nce l ittle or no conserved feed is produced u nder 

those ci rcu mstances. As a consequence, shorter lactation  periods (Tho mson 

& McCal lum,  1 989) and very poor cow performance with poor spring  g rowth 

(Bryant & L'Hui llier, 1 986) are l ikely to occu r. 

Evidence found i n  the literature suggests that pasture production i n  

su m mer  and autu mn can be  enhanced by a g razing management that al lows 

a h igh t i l ler density going i nto the su m mer (Section 2 .4. 1 ) .  Such management 

m ig ht be achieved in  a farm context by lax g razi ng in  early spring ,  al l owing 

reproductive growth to take place , then switching to a hard grazi ng in late 

spring/early summer. This would decapitate and ki ll the majority of the 

floweri ng t i llers, and would allow g reater carbon assi m i lation  and redistribution 

of assi mi lates to the new t i l le rs ,  and favour g reater clover and ryegrass stolon 

formation which would increase new t i l ler numbers, i ncreasi ng summer and 
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autumn pasture production .  Such g razing management would create su itable 

conditions for i mproved dairy cow performance d u ri ng both the fi rst and the 

second half of the lactation ,  resulti ng in higher total lactat ion p roduction .  This 

management is fundamental ly d i fferent from that normal ly  p ractised i n  New 

Zealand. 

It has also been shown that the amount of conserved feed produced is,  

eve ntual ly, i ncreased by the delay in shutting paddocks up for conservation, 

and that this conserved feed could be in excess of winter requirements 

(Thomson & McCal lum,  1 989) , which would allow it to be fed back into the 

system to enhance feeding level and animal productivity d u ri n g  the sum mer­

autum n  period (Section 2.6 .2). I n  general ,  the supply of extra feed should 

result i n  the production of extra mi l k. However the response is affected by 

many factors (Holmes & Brookes, 1 99 1 ) .  When extra feed is avai lable to be 

fed at any time of the year, then the efficiency with which i t  would be 

converted into mi lk  fat wou ld clearly be greatest if fed in e arly lactation ,  

fo l lowed by late lactation and final ly the dry period (Holmes & McMi l lan, 1 982).  

Feedin g  of extra conserved feed to i ncrease the feeding level o f  cows could 

either result in extra milk or extra l iveweight, si nce none of the extra feed 

wou ld be used for maintenance (Hol mes & Brookes, 1 99 1 ) ,  although the 

decisio n  in doi ng so wou ld be very m uch based on  the market d riven mi lk 

sol ids p rice/conserved feed cost relat ion (Ahlborn & B ryant, 1 992) .  

It may not be possible or sensible to try and close graze the whole farm 

in late spring.  Even on h igh ly stocked dai ry farms, cows are u nable to 

consume all late spri ng/early su mmer g rowth. However, spring  g rowth can be 

contro l led by a combination of close g razing,  conservation and topping to 

ach ieve dense leafy nutrit ious pasture for sum mer. C losi ng paddocks for 

conservation  forces l ivestock to graze more closely on the rest of the farm. 

Also reg rowth from hay and si lage paddocks is normally leafy with few 

reproductive t i l lers (Korte , 1 982) .  Fu rther research is requi red to i ntegrate 



Literature review 44 

these pri nciples i nto farm systems and to establ ish the extent to which swards 

can be al lowed to become stemmy before the advantages of leafy swards are 

lost, s i nce fai l u re to control late spring g rowth i n  ryeg rass dominant pasture 

reduces herbage qual ity and production subsequently (Korte et al. , 1 984) . 

2.8. Con clusion 

There are clear theoretical reasons to expect advantages in adopti ng 

less i ntensive g raz ing pol icies during spring  t ime for pasture production ,  dai ry 

cow performance, and overall dai ry systems product ivity. Such g raz i ng 

management would be associated with the occu rrence of some reproductive 

g rowth, bri ngin g  about the potential risks to ani mal and pastu re productivity 

under those ci rcumstances. Success in exploit ing the enhanced pasture and 

mi lk  production from such systems would have to be based on a very wel l  

defined set of rules considering sward characteristics, si nce deficient pasture 

control would cause the benefits from less i ntensive defo l iatio n  on dairy cow 

and pasture performance to be lost . Provis ion of answers to these questions 

is very i mportant for plann ing more efficient dai ry grazing  systems and further 

research is, the refore ,  necessary to integ rate these pri nciples i nto a systems 

context. 
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The precedi ng review soug ht to establ ish the l i nks between  g razi ng 

management effects, part icularly duri ng spring ,  and dai ry cow performance 

with in the seasonal framework of grassland systems i n  New Zealand. 

Evidence gathered u nder very control led condit ions suggests that there may 

be benefits in  adopting  a lax spring  grazing reg ime which al lows some early 

seedhead development and contro l l ing it prior to the ripen ing of seeds or, 

more specifical ly, at anthesis ( , late control ' ) .  Such a grazi ng management 

would enhance herbage accumulation in  spri ng  due to the on-going 

reproductive development and in summer-autum n  due to enhanced ryeg rass 

t i l lering  activity and wh ite clover performance. Because late control al lows 

reproductive g rowth and i ncreases the spri ng surplus of pastu re ,  such g razing 

management is thought to be more compatible with dai ry systems, where the 

i ncreased spring surplus could be accom modated more easi ly si nce some 

topping and forage conservation are a com mon practice in those enterprises. 

The less i ntensive graz ing during spring i n  order to al low early seedhead 

development would favour  i ndividual cow product ive and reproductive 

performance in the fi rst half of lactation by increasin g  l evels of feeding,  and in  

the second half by i ncreasing herbage accu mulation  rates and white clover 

content of pastures provid ing that seedheads are not al lowed to become 

overmature .  

I mplementation of a late control g razi ng strategy o n  a farm basis would 

have to rely on efficient co ntro l  of reproductive stems in order to capital ise on 

potential benefits, and that wou ld imply some deg ree of re-th inking of the 
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con ve ntional role of forage conservation practices and conserved feed use i n  

New Zealand. Furthermore, some questions about the p ractical logist ic o f  it all 

wou ld have to be evaluated , such as : ( i )  the possibi l ity of repeat ing the same 

pattern of response observed u nder very contro l led enviro n mental conditions 

in a large scale basis ; and if so, ( i i )  how best to achieve such late contro l ;  ( i i i )  

how stemmy swards can be al lowed to become before potent ial benefits would 

be lost; ( iv) whether or  not the extra growth ,  especial ly  i n  the second half of 

the l actation ,  cou ld be used to enhance the performance of dairy cows. 

I n  order to deal with those issues a series of fie ld  experi ments was 

carried out at No 4 Dairy Farm , Massey Un iversity. Experi m ents 1 (October 

1 990 to Apri l  1 99 1 ) and 2 (October 1 991 to Apri l 1 992) were plant-based 

studies which i nvestigated the effects of contrast ing spri ng g razi ng 

managements on pasture product ion and sward dynamiCS on a dairy cow 

paddock scale,  gatheri ng  i nformation and setting up a knowledge base for a 

com bi ned plant/animal study i n  Experiment 3 .  I n  Experiment 1 the ti ming of 

late contro l  was studied and in E xperi ment 2 the i ntensity of late control was 

evaluated .  The resu lts from these two experiments are p resented and 

d iscussed together in  Chapter 4.  Experiment 3 (October 1 992 to Apri l  1 993) 

i nvestigated different g razi ng strateg ies for achieving late control  and the i r  

i mpact on  summer-autumn pasture and mi lk  p roduct ion .  Results from 

Experi ments 1 and 2 were used to plan and define the set of pasture based 

targets and management g uidel i nes that characterised the d i fferent grazi ng 

strateg ies tested i n  Experi ment 3 ,  and a summary of those considerations is  

reported i n  Chapter 5. The resu lts from Experi ment 3 are presented and 

d iscussed in Chapter  6 .  A more detai led analysis carried out on a pooled data 

set for the three year study deal i ng with possible year and year x treatment 

effects is presented i n  Chapter 7. Final ly ,  a general overview of the results and 

their p ractical impl ications for dai ry farming systems in  New Zealand i s  

presented i n  Chapter 8. 



Chapter 4: 

INFLUENCE OF SPRING GRAZING MANAGEM ENT ON 

SUMM ER-AUTUMN PRODUCTION OF PERENNIAL 

RYEGRASS/WHITE CLOVER DAIRY PASTURES 

4.1 .  Introduction 
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Traditional ly in New Zealand ,  pastures have been g razed very 

i ntensively throughout spring  and summer with the objective of i nterrupting 

ryegrass stem elongation at an early stage and, therefore ,  preventi ng it from 

becoming reproductive. Such an intense defol iation regi me ai ms to reduce the 

accumulation of g rass su rplus to an i mal requirements and to e nsure that 

pastures are kept leafy and dense. Evidence gathered under very control led 

conditions has demonstrated that there is a very important period of tu rnover 

i n  t i l ler  populatio n  i n  late spri ng -early summer. This ti l ler  replacement p rocess 

is related to the reproductive development of perennial ryeg rass p lants and it 

is l i ke ly to be d imi nished by the conventional intensive spri ng g razing of 

pastures. A less i ntense g razi ng management during  spri ng can enhance 

t i l leri ng  activity, resulting i n  h igher t i l ler populations go ing into the summer 

(Matthew, 1 991  a). This enhanced ti l ler  population has been related to 

increased resistance to summer water deficit (Barker et a/. , 1 985) ,  a com mon 

cl imatic phenomenon in  New Zealand, and h igher herbage accumulat ion rates 

( Matthew et a/. , 1 99 1 ) ,  resulti ng i n  enhanced pasture performance over the 

summer-autu mn period. Less i ntensive spri ng g razing management is also 

l i ke ly to enhance white clover accumulation by allowing the format ion of 

heavie r  stolons which contai n more reserve carbohydrates (Grant & Barthram, 

1 99 1 ; Barthram & G rant, 1 993b) ,  i ncreasing  plant resi l ience and performance. 
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Such management has been described as involvi ng lax g razing i n  early 

spring ,  al lowing reproductive g rowth to take p lace, then switching to hard 

g razing i n  late spring/early sum mer, to decapitate and ki l l  the majority of the 

flowering ti l lers (
,
l ate control ' ) .  Fundamental ly, th is is quite the opposite of the 

conventional spri ng  g razing management of pastures adopted i n  New Zealand 

(
,
early control ' ) .  Because of the need for rapid control of reproductive g rass 

swards i n  late spri ng/early summer and the need for some topping o r  forage 

conservation as means of ach ieving it, such a g razi ng management has been 

thought to be most compatible with the seasonal dai ry systems of New 

Zealand. 

In order to test the impact of this alternative spri ng g razi ng management 

on pasture production at a paddock scale ,  and to evaluate the p ractical 

impl icat ions of imp lementing it i nto a farm context, comparisons of contrast ing 

'early control ' (conve ntional) and ' late contro l '  (alternative) managements were 

carried out at No 4 Dai ry Farm , Massey U n iversity, duri ng the 1 990/91 and 

1 99 1 /92 dairying season .  The present chapter reports those experi ments and 

thei r results. 
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4.2. Experimental 

4.2.1 . Objectives 

The experimental objectives were : 
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( i )  To study the response of perennial ryegrass and white clove r plants to lax 

defol iat ion regimes during spri ng (
,
late control ' )  at a paddock scale under 

dai ry cow grazi ng ;  

( i i )  To gather i nformation on  ryegrass ti l ler  and white clover sto lon  populatio n  

dynamics u nder contrast ing spri ng g razi ng managements ; 

( i i i )  To confi rm the theoretical expectation of improved summer-autumn 

production from pastures managed according  to  the late control grazing  

approach . 

4.2.2. Site 

Experiments were conducted over two consecutive mi lk ing seasons 

(August to Apri l )  at No 4 Dai ry Farm, Massey Un ive rsity, at an altitude of 

approximately 40 m above sea level .  Pastu res were three to six years old and 

comprised a mixture of pere nnial ryeg rass ( Lolium perenne l. cv. 'E l lett') and 

white clover ( Trifolium repens L. cv. 'Grasslands Pitau ' )  sown on a Tokomaru 

si lt loam soi l  (Typic Frag iaqualf) , a poorly drained compact clay loam with a 

compact subsoil and tendency for drying out i n  sum mer. Pastures were sown 

fol lowi ng a maize crop used for g reen feed and si lage maki ng,  as part of the 

farm's pasture renovation programme. Although the natural fertil ity of the soil 

is moderate to low, soi l  nutrient status was medium/h igh  (25 ppm Olsen-P and 
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0 .37 meq exchageable K/1 00g soi l ) .  The area received an application of 2 

ton nes of l ime and 350 Kg of a 30% longlife superphosphate (0.7. 1 5.5) per 

hectare in Apri l/90 and Apri l/91 as part of the annual  mai ntenance ferti l isation 

pol icy adopted in  the farm. 

The area is characterised by an averag e  annual rai nfall of 

approximately 1 000 m m  with p revai l i ng westerly winds. Weather data over  the 

experi mental period were assumed sim i lar to those for the Crown Research 

Institute (CRI )  meteorolog ical stat ion,  approximately 2 km distant. Air  and soil 

( 1 0 cm depth) temperatures and rainfal l and pan evapo ration (monthly totals) 

are presented in Figu res 4 . 1 and 4.2,  respectively.  The 1 990/91 season was 

a l itt le warmer and drier than 1 99 1 /92, with pe riods of soi l moisture stress 

be ing  more l i kely to have occu rred in 1 990/9 1 (F igure 4 .2) .  

A S O N D J F M A M J J A S O N D J F M A M J J 
Month 

Figure 4. 1 .  Mean air and soil ( lOcm) temperatures for the 1 990/9 1 and 
199 1/92 seasons 



200 

150 

:>... 
..-

-s 1 00 c o 
E 

'-" 

E 
E 

50 

Spring grazing and summer-autumn pasture production 

• Rainfall 
El -:.: ::;: Evaporation 

h 

I 
: 

A S O N D J F M A M J J A S O N D J F M A M J J 
Month 

51  

Figure 4.2 .  Total monthly rainfall and pan evaporation for the 1990/9 1 
and 199 1/92 seasons 

4.2.3. Experimental design 

I n  the 1 990/9 1 seaso n (Experi ment 1 )  five paddocks (2 .6 ha/paddock) 

we re selected and each was divided i nto three strips (plots) by elect ric fencing .  

Three g razi ng treatments were random ly al located per paddock (block) , one  

per  stri p, g iv ing a co mplete rando mised block desig n (CRS) with five replicates 

(blocks) .  In the 1 99 1 /92 season (Experiment 2 ) ,  due to the occu rrence of 

patchy or uneven g razing o n  the late control led treatments during  the previous 

season ,  plots were further  sub-divided i nto six sampl i ng areas which were 

consistent ly used for the sampl ing procedures performed throughout the 

experimental period. Fig u re 4 . 3  shows a diag ram of one of the experimental 
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paddocks (bl ocks) , and the arrangement of the sampling areas (8) with in  strips 

(treatments) .  Three of the f ive experimental paddocks used i n  1 99 1 /92 had 

been used during the 1 990/91 season,  and so analogous treatments for both 

seasons were assigned to the same strips. 

T1 8 1  82 83 84 85 86 

T2 

T3 

Figure 4.3. Experi mental plots layout for the 1 99 1 /92 season 

4.2.4. Experimental treatments 

Based on the resu lts of earl ier detai led studies (Matthew et al. , 1 989b; 

Matthew, 1 990) the following three treatments were appl ied in  E xperiment 1 

to the experimental plots : 

( i )  EC (early control) - Hard g razi ng duri ng the enti re spring and summer 

period to a residual pastu re height of 30-50 mm ( 1 400-1 500 Kg D M/ha) ; 

( i i )  LHC ( late hard contro l )  - Lax g razing during spring  to a residual pasture 

height of 80-100 mm (1 800-2000 Kg OM/ha), switched to a hard g razing 
(residual height of 30-50 m m) at the ti me of anthesis (20 Novem ber) ;  
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( i i i )  VLHC (ve ry late hard contro l )  - As LHC but the switch to hard g razi ng 

made on 1 8  Decembe r. 
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Plots were rotationally g razed by dairy cows u nder a contro l led herd 

(250 cows) g razi ng system .  Three disti nct phases were dist inguished duri ng 

the g razing season using the switch i n  defol iation regime from lax to hard as 

a reference point :  (a) pre-control - prior to the switch (October-November) with 

plots being grazed at 3 week i ntervals; (b)  control - at the t ime of the switch 

(December) and sti l l  at 3 week grazing i ntervals; (c) post-control - after  the 

switch (January-Apri l )  with plots g razed at 4 week i ntervals. Treatments based 

on less i ntense defol iation reg imes (LHC and VLHC) during  the pre-control 

phase al lowed some seedhead development, wh ich was contro l led duri n g  the 

control phase. 

At the tim e  of grazing,  animals were allowed into s ing le strips and the 

g razi ng monitored .  Once residual pastu re targets were ach ieved for different 

treatments as specified above (usually with in  a few hours) ,  the cows were 

shifted to another strip unti l  the g razing  of the experimental area was fi n ished. 

During the post-control phase g razing  management for all plots was sim i lar, 

with paddocks be ing g razed under the same g razi ng frequency (4 week 

i nterval) and intensity (30-50 mm residual pastu re height). Control of the 

reproductive growth during the late control phase was achieved by mowing  to 

the appropriate he ights before g raz ing ,  with cows used to harvest the cut 

herbage.  

In  Experiment 2 the VLHC treatment was substituted by a late lax 

control  (LLC) ,  with an i n it ial control g razing to a residual height of 75-1 00 m m  

and return to a residual height o f  30-50 m m  over th ree successive g razi ngs. 

Control g razings were i n itiated on 4 December for both LHC and LLC, and 

were again preceded by mowing to the desi red he ights. 
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4.2.5. Measu rements 

4.2.5.1 . Herbage accumulation and components 

Herbage accumulation was determined from 1 0  random quadrat areas 

(0 . 1  m2) per plot in Experiment 1 ( 1 990/9 1 ) and 1 2  (2 from each sampl i ng  

area) i n  Experi ment 2 ( 1 99 1 /92) before and after each g razing . Samples were 

cut to g round level with an electric sheari ng hand-piece (Table 4. 1 ) . Cut 

herbage was washed and then dried at 80 °C for 24 hours in  a forced-draught 

oven .  Samples were taken for determi nation of botanical com posit ion by 

cutting a hand-piece wide strip (75 mm) alongside each quadrat. Bu lked 

samples for each strip were then taken to the laboratory, washed,  sub­

sampled and the herbage from each of the two result ing sub-samples 

separated by hand into ryegrass leaf and stem, other  g rass leaf and stem,  

wh ite clover leaf and stolon ,  weeds and senescent material. After d ryi ng, 

samples were weighed and the proportion (%) of species components 

determined and herbage accu mulation (Kg DM/ha) calculated based on the 

d ifference between pre-g razi ng and post-grazing herbage mass for successive 

g razi ngs. 

4.2.5.2. Ryegrass til ler demography and dynamics 

In Experiment 1 the orig i n ,  number and weight of new t i l lers produced 

were monitored by detai l ed observation of i ndividual ti l le rs. For each of the 

t h ree treatments i n  each of the five paddocks, six transects of 1 5  ti l lers (90 

t i l le rs/treatment/paddock) were tagged with spl it plastic ri ngs between 9 and 

24 October, 1 990. The t i l lers marked were selected as bei ng adu lt 

overwintered t i l lers about to flower, and any daughte r t i l lers al ready present 

(on  average approxi mately 2 daughter t i l lers per floweri ng t i l ler) were tagged 
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period (TAR) ; 

- Relative t i l ler death rates - number of tagged t i l lers that d ied out of the 

orig i nal population during a regrowth period, d ivided by the exist ing number 

of  ti l l e rs at the start of the period (TOR) ; and 

- Relative t i l ler survival rates - percentage of the original popu lation of ti l lers 

at the start of a reg rowth period alive at the end of the same period (TSR) .  

At the time of the last g razi ng of  the experimental paddocks a l l  tagged 

ti l lers were dug up prior to grazi ng and removed to the laboratory where they 

were counted , d ried and weighed .  

Table 4 . 1 . Grazing dates' of the experimental plots for Experiments 1 and 2 

Graz ing experiment 1 

Go 09 . 1 0.902 

G, 31 . 1 0 .90 

G2 25 . 1 1 .90 

G3 1 8 . 1 2 .90 

G4 1 5 .0 1 .91  

G5 1 8 .02 .91  

G6 12 .03 .91  

G7 1 1 .04.9 1 3  

G8 

1 )  Initial dates of successive grazing cycles 
2) Post-grazing cuts only 
3) Pre-grazing cuts only 

experiment 2 

27 .09.9 1 2  

23. 1 0. 9 1  

1 3 . 1 1 .9 1  

04. 1 2.9 1  

0 1 .0 1 . 92 

23.0 1 .92 

1 9.02.92 

1 7 .03.92 

1 3 .04.923 
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4.2.5.3. Species population densities 

I n . Experi ment 1 the ryegrass t i l ler and white clover stolon population 

densities were monitored through col lection of 40 ti l ler  plugs (53 mm diameter) 

from random locations with in strips at the conclusion of the experi ment ( 1  

Apri l ,  1 99 1 ) ,  and the total g rass t i l lers (ti l lers/m2) and clover stolon densities 

( m/m2) for the three control treatments determined by counting  the number of 

t i l lers and measu ring  stolon length in each plug .  I n  Experi ment 2 the species 

populat ions were mon itored more frequently with four  ti l ler p lug harvests 

spread out throughout the experi mental period as follows:  

Harvest 1 - At the start of the experi ment (October/91 )  

Harvest 2 - At the switch from lax to hard g razi ng (Oecember/9 1 ) 

Harvest 3 - On March/92 

Harvest 4 - At the end of the experiment (ApriI/92) 

At each of the four  harvests 60 ti l ler p lugs were collected per  plot, ten 

from each sampl ing area, and g rass t i l ler, clover stolon/node and weeds 

population densities determined. An estimate of i nternode length (em) was 

obtained by dividing the stolon density (m/m2) by the node density (nodes/m2) 

estimates. 

4.2.5.4. Soi l  ferti l ity 

In E xperiment 2, five soi l  samples per sampl i ng  area were col lected 

fro m  the experi mental s ite at a depth of 0- 1 0  cm and bu lked, resulti ng i n  one 

composite soi l  sample pe r sampl ing area or s ix per strip. Samples were 

analyzed for pH, phosphorus and potassium levels. Level of pH on soil 
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samples was determined by readi ngs of hydrogen- ion act ivity in  a 1 :25 soil­

water solution with a radiometer pH meter. Labile  phosphorus (Olsen-P) was 

determ ined by the sod ium bicarbonate extraction method of Olsen et al. 

( 1 954) ,  and soi l sample solutions for determination of exchangeable potassium 

(exch-K) we re obtai ned by the semi-micro leachi ng procedure described by 

B lackemore et al. ( 1 980) ,  i n  which potassium concentrat ions were determi ned 

by f lame emission .  Experi mental treatments did not d iffer i n  e ither pH ,  Olsen-P 

or exch-K (Table 4.2) whereas blocks did, particularly for pH (P = 0 .025) and 

Olsen-P (P = 0.005) levels.  

Table 4.2. Levels of pH, labile phosphorus (ppm) and exchangeable potassium 
(meq/1 00 g soil) of experimental plots in Experiment 2 

Feature 

pH  

Olsen-P 

Exch-K 

EC 

5 .7 1  

26.00 

0 .39 

Treatments 

LHC 

5 .67 

26.60 

0 .34 

LLC 

5 .72 

28. 1 0  

0 .36 

SEM 

0 .03 

1 .74 

0 .04 

Signif.' 

ns 

ns 

ns 

1 )  In this and subsequent tables. ns = P > 0 . 1 0, + = P < 0 . 1 0, · = P < 0.05, • •  = P < 0.01 , and 
• • •  = P < 0 .001  

4.2.6. Statistical analysis 

All data were in itial ly tested for normal ity and homogeneity of variance. 

In cases where these assu mptions were not val id,  data were appropriately 

transformed. Statistical analysis was performed in accordance with the 

rando mised complete block design (8 deg rees of freedom for error) and 

standard errors derived from strip means (n=5) .  Results generated from 

sequential harvests were analyzed using the ' repeated measures' option of the 

SAS general l i near models procedure .  I n  order to gain an overview of the way 

i n  which measured variables related to each other, exploratory multivariate 

analysis was performed by Canon ical Discrimi nant Analysis (CDA) . 
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4.3. Results 

4.3.1 . Ryegrass ti l ler demography and dynamics 

I n  Experi ment 1 the newly formed t i l lers were classified by thei r site of 

o ri g i n  on  the axis of orig inal ly tagged ti l lers (Table 4.3) .  On a per flowering  

t i l ler  basis there was no  difference i n  numbers o f  newly formed daughter t i l lers 

for different sites of orig in  or  i n  ti l le r  su rvival rates (TSR) at the two harvest 

dates. The only exception was the h igher number of new pri mary daughter 

ti l le rs (NT) at the December harvest produced u nder the VLHC treatment. 

Excepti ng  that EC plots produced heavier NT ti l lers than did LHC and VLHC 

plots at the December harvest, no difference among t reatments was observed 

i n  i nd ividual ti l ler  weight (Table  4.4) , the same trend bei ng observed for weight 

of t i l lers produced per flowering ti l le r  (Table 4.5) .  T i l lers belong ing  to the 

orig inal g roup of tagged t i l lers represented, overal l ,  32% and 20% of the 

populat ion at the December and February harvests respectively, i nd icating  that 

an i ntense tu rnover of t i l lers occurred duri ng late spri ng-early su mmer, which 

dramatical ly changed the profi le  of the orig inal ly selected t i l ler popu lat ion going 

i nto summer. 

In Experi ment 2 the new formed t i l lers were classified by the i r  t ime of 

appearance throughout the season (cohorts) (Table 4.6) . On a t i l le r per parent 

t i l ler  basis, the only difference observed was for the f irst g roup of new formed 

t i l lers tagged soo n after the fi rst g razing ,  when the LHC treatment p resented 

the h ighest number of su rviving new daug hter t i l lers produced per  o rig inal ly 

tagged ti l l er comprising the fi nal t i l ler population in  Apri l/92 . Daughter ti l lers 

produced by the late control treatments (LHC and LLC) tended to be heavier 

than those u nder the early control treatment (EC), particularly d u ri ng the 

su m mer/autum n  period after the control of the reproductive g rowth in early 

December  (Table 4.7) . Weight of new formed daughter ti l le rs per parent ti l ler  

fol lowed the same trend (Table 4 .8) .  



Table 4.3. Number of new tillers formed per flowering ti l ler and tiller survival rate (TSR)(%) of the original population of 
tagged tillers at each of the two til ler harvest dates of Experiment 1 

Treatment 

EC 

LHC 

VLHC 

SEM 

Signif. 

NT 

0 .89 

0 .8 1  

1 .26 

0 .08 
* *  

Harvest 1 ( 1 1 to 14 December, 1 990) 

SFNT SFTAG TOTAL 

0.21  1 . 1 7  2.45 

0.21 0.71 1 .83 

0 . 1 8 0 .99 2.75 

0 . 1 9 0 .23 0 .40 

ns ns ns 

Harvest 2 (4 to 7 February, 1 99 1 )  

TSR NT SFNT SFTAG TOTAL TSR 

27.2 0.62 0 .67 1 .85 3 .25 1 9.9 

3 1 .3 0 .48 0 .45 1 .2 1  2 . 1 9 1 9 .9 

37.8 0 .52 0 .35 1 .26 2.37 2 1 .3 

6.00 0 .09 0 . 1 1 0 .33 0.48 3.82 

ns ns ns ns· ns ns 

(» o 



Table 4.4. Individual til ler weight (mg) of new formed til lers at each of the two til ler harvest dates of Experiment 1 

Harvest 1 ( 1 1 to 1 4  December, 1 990) 

Treat. 

EC 

LHC 

VLHC 

SEM 

Signif . 

NT' SFNT 

35.6 8 .7 

24.9 7 .5 

21 .2 1 2 .2 

2 .5 1 .6 
* ns 

1 )  Means from vegetative til lers only 

SFTAG SURV 

1 2 .5 68.2 

1 0 .6 56.5 

1 4.0  45.6 

1 .5 1 3 .9 

ns ns 

Harvest 2 (4 to 7 February, 1 99 1 ) 

NT SFNT SFTAG SURV 

2 1 . 1  1 5.7 1 7. 9  4 1 .8 

20. 1 1 0 .6 1 6 .8  29.0 

29. 1 9 .6 1 5 . 9  35.6 

6 .8  2.3 2.4 6.4 

ns ns ns ns 



Table 4.5. Total weight (mg) of new formed tillers per flowering ti l ler at each of the two 
ti l ler harvest dates of Experiment 1 

Harvest 1 ( December/90) 

Treatment NT 

EC 3 1 .5 

LHC 20.5 

VLHC 27.0 

SEM 3.7 

Signif. + 

SFNT 

2.2 

1 .5 

2 .3 

0 .7  

ns  

SFTAG 

1 4.7 

8 .5  

1 3 . 1  

3 .5  

ns 

Harvest 2 (February/9 1 )  

NT 

1 2.4 

9.2 

14.0 

3.7 

ns 

SFNT 

1 0.2 

4.6 

3 .4 

2 .0  

+ 

SFTAG 

36.7 

20.3 

23.9 

9.2 

ns 



Table 4.6. Average number of new tillers formed per parent til ler at the final harvest of Experiment 2 ( 1 4 to 23 April, 1 992) 

Til ler cohorts tagging dates 

Treatment 26-3 1 / 1 0  1 5-26/1 1 1 1 - 1 7/1 2 07- 1 1 /0 1  0 1 -05/02 24-28/02 24-30/03 1 4-23/04 Total 

EC 0 .04 0.24 0.42 0 .27 0 .51  0 .68 0.66 1 .27 4.09 

LHC 0. 1 3  0. 1 7  0.35 0 .32 0.47 0.59 0 .73 1 .29 4.06 

LLC 0 .06 0 . 1 6  0.27 0 .29 0.49 0 .74 0 .77 1 .22 4.00 

SEM 0.02 0.04 0 .04 0 .05 0 .07 0 .08 0 .09 0. 1 6  0.39 

Signif. * *  ns ns ns ns ns ns ns ns 

C» W 



Table 4.7. I ndividual ti l ler weight (mg) of new formed til lers at the final harvest of Experiment 2 ( 1 4  to 23 Apri l ,  1 992)1 

Treatment 

EC 

LHC 

LLC 

SEM 

Sign if. 

26-3 1 /1 0  

27.8 

3 1 .5 

28 .5 

9 . 1  

ns 

1 5-26/1 1 

34.5 

45 .2 

36.4 

6 .7 

ns 

Til ler cohorts tagging dates 

1 1 - 1 7/1 2 07- 1 1 /01 0 1 -05/02 

30.9 28.7 22.7 

38.9 29.2 3 1 .0 

33.6 3 1 .4 34.6 

2.6 3.7 3 .0 

+ ns * 

1 )  Statistical analysis performed on transformed data: square root 

24-28/02 24-30/03 1 4-23/04 

1 9.7  1 6 .6 4.8 

3 1 . 1  20.5 6 .2 

27.4 1 9 .6 6 .4 

3 .7 1 .3 0.7 

+ + ns 



Table 4.8.  Total weight (mg) of new formed ti l lers per parent til ler at the final harvest of Experiment 2 ( 1 4  Apri l ,  1 992)1 

Treatment 

EC 

LHC 

LLC 

SEM 

Sign if. 

26-3 1 / 1 0  

5.0 

9.3 

4. 1 

2.3 

ns 

1 5-26/ 1 1 1 1 - 1 7/1 2 

9.6 1 3 .4 

8 .9 1 5 . 1  

8.5 9 .5 

2.0 2.2 

ns ns 

1 )  Statistical analysis performed on  transformed data: square root 

Tiller cohorts tagging dates 

07-1 1 /01 0 1 -05/02 24-28/02 24-30103 1 4-23/04 

8.6 1 3 .8 1 4 .0  1 1 .3 6.5 

1 0 .4 1 5 .0 1 7 .2 1 4.5  8.7 

1 0 .5 1 6 .6  2 1 .4 1 5 .3 8.9 

1 .8 2 .6 2 .4 2.9 1 .5 

ns ns + ns ns 

m 01 
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Althoug h  a simi lar number of new formed ti l lers per parent t i l ler  was 

observed at the end of Experiment 2 ,  more detai led measu rements of the 

ti l l e ri ng  process revealed that swards subjected to different treatments 

exh ibited different t i l ler demographic patterns (Figure 4.4) .  Swards had simi lar 

numbers of tagged ti l lers during the pre-control phase (October-November) ,  

with numbers decreasi ng s ignificantly at the time of control  of the reproductive 

g rowth on LHC and LLC ( December) ,  and recovering soon after the control 

and throughout the post-control phase (January-Apri l )  (Table 4.9 ) .  Again a 

h igh  turnover i n  t i l ler population was observed with on ly 24% of the orig inal ly 

tagged ti l lers present i n  ear ly January/92. 

During the pre-control  phase the LHC and LLC plots showed lower ti l ler 

appearance rates (TAR), lower t i l ler death rates (TOR) and h igher t i l ler  su rvival 

rates (TSR) than did EC plots (Table 4 . 1 0) .  Rates of death and su rvival of 

ti l l e rs were s imi lar throughout the control and post-contro l  phases, with 

treatments under the laxer spring g razing regime presenting the h ighest TAR, 

particularly the LLC treatment. 

4.3.2. Grass tiller and clover stolon/node population 

I n  Experi ment 1 ,  due to  problems of  identification betwee n  ryegrass and 

other  g rass species, results for the g rass component of the sward are 

p resented as total grass t i l lers (ryeg rass + other g rasses) . However, the 

proport ions of ryegrass and other g rasses in  the herbage bei ng accum ulated 

fro m  grasses (Table 4. 1 7) i ndicate that ryegrass was the majo r g rass species 

p resent. Plots under the laxer spring g razi ng management (LHC and VLHC) 

had a higher total grass ti l le r  populat ion (Table 4 . 1 1 )  and h igher white clover 

stolon density than did EC (Table 4. 1 2) at the end of the experimental period. 
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Figure 4.4. Ryegrass tillering pattern throughout the 199 1/92 season 
for (a) EC; (b) LHC; and (c) LLC 
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Table 4.9. Average n umber of tagged til lers per parent tiller throughout Experiment 2 

Tagging dates 

Treatment 0 1 - 1 0/1 0 26-3 1 /1 0  1 5-26/1 1 1 1 - 1 7/1 2 07-1 1 /0 1  0 1 -05/02 24-28/02 24-30/03 1 4-23/04 

EC 3.5 3 .7 4.2 4.9 4.3 4.0 4.3 3.9 4.4 

LHC 3.5 3.9 4.2 4.0 3.7 3.5 3.5 3.5 4.3 

LLC 3.3 3.6 3.7 3.7 3 .5 3.8 4.3 3.8 4.3 

SEM 0.2 0 .2 0 .3 0 .3 0.3 0.3 0.4 0.3 0.4 

Signif. ns ns ns • ns ns ns ns ns 



Table 4. 1 0 . Rates of ryegrass ti l ler appearance, death and survival for the different experimental phases in 
Experiment 2 

Experimental Treatments 

Phase' EC LHC LLC SEM Signif. 

Pre 33.7 25.8 23.9 2.4 * 

TAR Control 1 7.3 23.8 27.0 1 .3 * * *  

(ti l lers/1 00 ti l lers) Post 27.3 28.9 35.0 1 .6 * *  

Pre 25.7 23.7 22.3 0.9 * 

TOR Control 38.0 38.3 40.3 2. 1 ns 

(ti l lers/1 00 ti l lers) Post 29. 1  28.5 30.0 1 .4 ns 

Pre 74.3 76.3 77.7 0.9 * 

TSR Control 62.0 6 1 .4 59.7 2.2 ns 

(%) Post 70.9 71 . 1  70.0 1 .5 ns 

1)  Pre = Oct-Nov/91 ,  Control = Oec/9 1 ,  Post = Jan-Apr/92 

0') <.0 



Table 4. 1 1 .  Grass ti l ler population density (ti l lers/m2) at the end of Experiment 1 (Apri l/9 1 )  and throughout Experiment 2 

Treat. 

EC 

LHC 

VLHC4 

SEM 

Signif. 

Apr/9 1 2 

3970 

4930 

4740 

3 1 3  
* 

Ryegrass1 

Octl9 1 Dec/91 3  

3820 3030 

3780 2040 

42 1 0  2020 

1 42 2 1 6  

+ * *  

Mar/92 Apr/92 

3480 4240 

3480 3720 

3930 3940 

305 3 1 6  

ns ns 

1 )  For 1 990/91 i t  represents total grass ti ller population (ryegrass + other grasses) 
2) Statistical analysis performed on transformed data: eosin 
3) Time of control of the reproductive growth on "late control" plots 
4) Replaced by LLC in the 1 99 1 /92 season 

Other grasses 

Apr/9 1 Octl9 1 Dec/91 3 Mar/92 

2350 3990 5 1 80 

2880 2590 5250 

2680 2200 4940 

303 294 298 

ns * *  ns 

Apr/92 

4730 

50 1 0  

40 1 0  

233 
* 



Table 4. 1 2 . Wh ite clover stolon population at the end of each experiment and clover nodes density throughout Experiment 2 

Treat. 

EC 

LHC 

VLHC3 

SEM 

Signif. 

Clover stolon (m/m2) 

Apr/9 1 Apr/92 Octl9 1 

4 1 .4 1 09 .6  1 370 

61 .6 1 1 2 .4 1 600 

59.4 1 1 3 .8  1 430 

5.3 6.4 14 1  
* ns ns 

1 )  Time of control of the reproductive growth on " late control" plots 
2) Statistical analysis performed on transformed data: sin 
3) Replaced by LLC in  the 1 99 1 /92 season 

Clover nodes (nodes/m2) Internode length (cm/node) 

Dec/91 1 Mar/92 Apr/92 Apr/922 

3 1 90 3600 4520 2.5 

2330 3850 4360 2.6 

1 980 3400 4230 2.8 

242 225 354 0. 1 
* *  ns ns • 
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I n  Experiment 2 the species population changes were monitored more 

often,  reveal i ng that there was a s ignificant reduction  i n  t i l ler  numbers and 

white clover nodes by the t ime of the late contro l  of the reproductive growth 

o n  the lax grazed plots (Tables 4. 1 1  and 4. 1 2) .  G rass t i l ler and clover node 

populations of the LHC and LLC plots were restored duri ng  the control and 

post-control phases, and were s imi lar to those of the EC plots at the end of 

the season.  These changes i n  the ryegrass ti l ler  population fol lowed closely 

the changes observed i n  the total nu mber of t i l lers formed per parent ti l le r  

duri ng measu rements of t i l ler dynamics (Table 4.9) .  Other g rass t i l ler 

populat ions tended to fol low the same pattern as ryeg rass t i l lers,  although  

treatments had no  effect on weed population densities (Table  4. 1 3) .  

Lax grazing during  spring (LHC and VLHC swards) resulted in  the 

h ig hest white clover stolon density at the end of  experiment 1 (Apri l/9 1 ) ,  but 

the same difference was not observed at the end of experiment 2 (April/92) ,  

a lthough plants g rown under the lax spring  grazing reg imes (LHC and LLC), 

particularly LLC,  showed longer internode length than those u nder EC (Table 

4 . 1 2) .  

Table 4.1 3 .  Weed population densities (plants/m2) throughout Experiment 2 

Treatments 

EC 

LHC 

LLC 

S EM 

Signif. 

Octl91 

65 

56 

41 

1 5  

ns 

Dec/91 1 

53 

38 

36 

20 

ns 

Mar/92 

67 

89 

79 

32 

ns 

1 )  Time of control of the reproductive growth on "late control" plots 

Apr/92 

80 

89 

42 

30 

ns  
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4.3.3. Dry matter prod uction and herbage accumulation rates 

I n  th is section results are presented for each separate year, but an 

overall analysis deal ing with year and treatment x year effects is presented in  

Chapter 7.  I n  Experi ment 2 ,  treatments LHC and LLC were expected to 

perform s imi larly during the pre-control phase. I nstead, LHC swards had lower 

herbage accum ulation rates, and the i r  poorer performance extended 

throughout the rest of the season .  The fact that herbage accumulatio n  rates 

were depressed on LHC relative to LLC plots before the commencement of 

differential treatments is unexplained (Table 4. 1 4) ,  but needs to be borne i n  

m ind when interpret ing results for th is treatment.  

I n  general , treatments involvi ng lax defol iation reg imes duri ng spri ng 

(LHCNLHC i n  Experiment 1 and LHC/LLC in  Experi ment 2) tended to 

accu mulate herbage at a faster rate than the conventional hard g raz ing  ones 

(EC) during both pre-control and post-control phases (Table 4 . 1 4) .  In 

E xperiment 1 a substantial degree of variation was associated with the 

measu rements (average coefficient of variation from January to April of about 

63.5%), resu lti ng in differences being non-significant for most reg rowth 

i ntervals. I n  Experi ment 2 ,  with the fu rther sub-division of experim ental strips 

i nto sampl i ng areas, variation was better contro l led but sti l l  of considerable 

size (average coefficient of variation from January to Apri l  of about 2 1 .9%). 

H igher  total herbage accumu lation rates were most evident towards the end 

of the post-control phase , particularly March and Apri l  i n  both seasons. The 

trends (Experiment 1 )  and/or differences (Experi ment 2) i n  herbage 

accu mu latio n  rates were reflected in total herbage accu mulation for each  of 

the experimental phases concerned and for the total production of the whole 

period (Table 4 . 1 5) .  Duri ng the pre-control phase the increased total dry 

matter accu mulation for the late control treatments was a consequence of 

h igher  g reen and senescent dry matter accu mulation (Table 4. 1 6 ) .  G reen 



Table 4. 1 4 . Monthly herbage accumulation rates for Experiments 1 and 2 (Kg DM/ha/day) 

Experiment 1 Experiment 2 

Month EC LHC VLHC SEM S ignif . EC LHC LLC SEM S ign if. 

Oct 55.0 64.0 64.0 8.6 ns 44.0 39.0 44.0 5 . 1  ns 

Nov 49.0 73.0 94.0 7.0 * 35.0 45.0 53.0 4.3 * 

Dec 67.0 72.0 75.0 9.3 ns 46.0 44.0 54.0 3.2 

Jan 55.0 49.0 53.0 9. 1 ns 62.0 60.0 7 1 .0 5 .5 ns 

Feb 27.0 30.0 23. 0  7.8 ns 49.0 53.0 54.0 3.5 ns 

Mar 22.0 46.0 29.0 1 0 .8 ns 38.0  3 1 .0 45.0 4.5 * 

Apr1 20.0 27.0 39.0 9.6 ns 40. 0  47.0 5 1 .0 5.6 • 

1 )  Statistical analysis performed on transformed data (sin) for the 1 991/92 season 



Table 4. 1 5 . Total herbage dry matter accumulation in Experiments 1 and 2 (Kg DM/ha) 

Experiment 1 Experiment 2 

Phase1 EC LHC VLHC SEM Signif. EC LHC LLC SEM Sign if. 

Pre 3 1 90 4 1 80 4820 386 • 2430 2570 2960 2 1 0  ns 

Control 2080 2240 2330 288 ns 1 430 1 350 1 680 1 00 • 

Post 3740 4580 4330 678 ns 5600 5670 6590 299 • 

Season 901 0 1 1 000 1 1 480 803 ns 9460 9590 1 1 230 275 • •  

1 )  Pre = Oct-Nov; Control = Dec; Post = Jan-Apr 



Table 4. 1 6 . Herbage components accumulation (Kg DM/ha) in Experiments 1 and 2 

Experiment Treatments green 

2 

EC 

LHC 

VLHC 

S EM 

Signif. 

EC 

LHC 

LLC 

S EM 

Sign if. 

1 070 

1 3 1 0  

1 380 

1 35 

ns 

1 )  Pre = Nov only; Control = Dec; Post = Jan-Apr 

senescent 

- 1 0  

70 

220 

56 
* 

green 

23 1 0  

1 830 

1 8 1 0  

1 65 

+ 

1 460 

1 1 90 

1 1 70 

1 76 

ns 

Contra l 1  

senescent 

-230 

41 0 

520 

259 

+ 

-30 

1 60 

5 1 0 

1 60 
* 

green 

4030 

4730 

4880 

601 

ns 

5640 

5570 

621 0  

380 

ns 

senescent 

-290 

- 1 50 

-550 

348 

ns 

-40 

1 00 

380 

1 92 

ns 
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herbage accumu lat ion was reduced du ri ng the control phase, and senescent 

herbage accumulat ion significantly i ncreased. After the contro l  of the 

reproductive g rowth on the lax spring g razed plots had taken place and the 

swards had been re-established in their vegetative state ,  the accumulat ion of 

g reen dry matter i ncreased agai n ,  resulti ng i n  h igher g reen and total herbage 

accumulation for the late rather than early control treatments duri ng the post­

control  phase. Despite some sizeable differences between treatments i n  

relation t o  herbage component accumulation ,  none o f  the differences was 

s ign ificant due to the h igh variab i l ity associated with the data set. 

The trend for i ncreased green dry matter product ion during  the pre­

control phase for the late control treatments was associated with i ncreases i n  

other  g rass and perennial ryegrass ste m  components of herbage 

accumulat ion, as the reproductive growth prog ressed (Tables 4. 1 7, 4. 1 8, 4. 1 9 ; 

F igure 4.5) .  During the control phase, the reduced green d ry matter production 

for the late control treatments was due chiefly to the reduction in ryegrass 

accumulation , probably reflecti ng the reduced ryegrass ti l ler  density of those 

swards at that t ime of the year (Table 4 . 1 1 ) . He rbage components 

accu mu lation was qu ite variable during the post-control phase for different 

seasons. In Experiment 1 ,  the i ncreased green dry matter accum ulation for the 

late control  treatments came, basical ly, from e nhanced ryegrass accumulation 

(Table 4 . 1 7) ,  but in E xperiment 2, bearing in m ind the l i mitations of the LHC 

treatment in that year, it appeared to come primarily fro m  en hanced white 

clover accumulation (EC vs LLC ; Tables 4 . 1 8  and 4. 1 9) .  No effect on weed 

dry matter accu mu lation was detected at any season or experimental phase 

(Tables 4. 1 7  and 4. 1 8 ) .  The ryegrass :white clover balance of all experi mental 

swards was characterised by a seasonal pattern (Figu re 4.6) ,  probably a 

consequence of the d i fferent plant species characterist ics and environmental 

requ i rements. 

No di rect evaluation of the nutritive value of the pastu re g rown was 
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carried out ,  but i nferences can be drawn from the morphological changes 

caused in the swards by different g razing treatments in Experiment 2 .  No  

s ignificant changes i n  the l ive:senescent material ratio of the swards were 

observed throughout the experi mental period (Table 4.20). On the other hand, 

the qual ity of the g reen material produced was quite variable and reflected the 

physio logical state of the swards. During the pre-control  phase the leaf:stem 

ratio of the grass component i n  the late control led swards (LHC and LLC) was 

sign ificantly reduced .  Subsequently, leaf :stem ratios for late control led swards 

were re-establ ished to levels si m i lar to that of early contro l led swards (Table 

4 .2 1  ). 

Table 4 . 1 7 .  Green dry matter accumulation components 1 during Experiment 1 

Phase2 

Control 

Post 

(Kg DM/ha) 

Treatment 

EC 

LHC 

VLHC 

SEM 

S ignif. 

EC 

LHC 

VLHC 

SEM 

Signif .  

leaf 

1 090 

1 030 

1 060 

1 00 

ns 

2 1 90 

2950 

2940 

334 

ns 

Ry 

stem 

440 

-50 

- 1 60 

90 
* *  

o 
- 1 0  

280 

209 

ns 

leaf+stem 

1 530 

980 

900 

1 54 
* 

21 90 

2940 

3220 

359 

+ 

Og Wc 

1 1 0 650 

60 800 

- 1 0 840 

63 1 42 

ns ns 

550 1 1 90  

290 1 420 

330 1 1 90  

274 349 

ns ns 

1)  Ry = ryegrass; Og = other grasses; Wc = white clover; Wd = weeds 
2) Control = Dec/90 ;  Post = Jan-Apr/91 

Wd 

20 

- 1 0 

80 

41  

ns 

1 00 

80 

1 40 

1 1 3  

ns 



Table 4. 1 8 . Species dry matter accumulation during Experiment 2 (Kg DM/ha) 

Phase 1 Treatment Ryegrass Other grasses White clover Weeds 

Pre 

Control 

Post 

EC 

LHC 

LLC 

SEM 

Sign if. 

EC 

LHC 

LLC 

SEM 

Signif. 

EC 

LHC 

LLC 

SEM 

Signif. 

550 

630 

570 

1 59 

ns 

400 

260 

-90 

90 
** 

3080 

3 1 30 

3200 

293 

ns 

-30 

2 1 0  

1 90 

1 39 

ns 

60 

- 1 00 

30 

6 1  

ns  

440 

440 

370 

358 

ns 

1 )  P re = Nov/91 only; Control = Dec/91 ;  Post = Jan-Apr/92 

540 

480 

640 

1 07 

ns 

980 

960 

1 2 1 0  

1 53 

ns 

1 970 

1 900 

2440 

364 

ns 

1 0  

- 1 0 

-20 

21  

ns 

20 

70 

20 

39 

ns 

1 50 

1 00 

200 

1 23 

ns 

79 
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Table 4 . 1 9. Species components accumulation 1 ( Kg D M/ha) in Experiment 2 

Phase2 

Pre 

Control 

Post 

Treatment 

EC 

LHC 

LLC 

SEM 

Sign if. 

EC 

LHC 

LLC 

SEM 

Signif . 

EC 

LHC 

LLC 

SEM 

Signif. 

L 

450 

270 

240 

79 

+ 

41 0 

280 

Ry 

S 

1 00 

360 

330 

1 07 

ns 

- 1 0 

-20 

1 70 -260 

63 68 
* 

2730 350 

2780 350 

2800 400 

1 90 1 45 

ns ns 

L 
-30 

-40 

-40 

35 

ns  

80  

20  

1 20 

21  
* 

520 

520 

400 

230 

ns 

Og 

S 

0 

250 

230 

1 1 1  

ns 

-20 

- 1 20 

-90 

57 

ns 

-80 

-80 

-30 

1 7 1  

ns 

1)  Ry = ryegrass; Og = other grasses; Wc = white clover; L = leaf; S = stem/stolon 
2) P re = Nov/91 only; Control = Oec/9 1 ; Post = Jan-Apr/92 

L 

490 

41 0 

560 

78 

ns 

790 

780 

Wc 

S 

50 

70 

80 

49 

ns 

1 90 

1 80 

1 000 2 1 0  

1 1 2 84 

ns ns 

2330 -360 

2 1 90 -290 

2740 -300 

285 1 48 

ns ns 



Table 4.20. Pre-grazing l ive:senescent material ratio for the three experimental 
phases of Experiment 2 

Phase 

Pre 

Control 

Post 

EC 

3 .80 

3.73 

3.58 

Treatments 

LHC 

4.41 

2 .64 

3.22 

LLC 

4.05 

2.26 

2 .81  

SEM 

0.24 

0 .48 

0.25 

Signif. 

ns 

ns 

ns 

8 1  

Table 4.2 1 . Pre-grazing leaf :stem ratio of the grass component of the sward for the 
three experimental phases of Experiment 2 

Treatments 

Phase EC LHC LLC SEM Signif. 

Ryegrass: 

Pre 1 . 1 9  0 .91  0 .84 0.05 .. ..  

Control 2 .01  2.86 1 .81  0.45 ns 

Post 2.94 2.79 2.87 0.2 1 ns 

Other grasses: 

Pre 0.74 0 .85 0.70 0.52 ns 

Control 1 .28 1 .50 0.92 0 . 1 9 ns 

Post 1 .84 1 .65 1 .34 0. 1 7  ns 

Overal l :  

Pre 0 .94 0 .86 0 .77 0 .04 .. 

Contro l 1 .73 2. 1 1  1 . 1 9  0.23 + 

Post 2 .53 2 . 1 7  2 .09 0.20 ns 
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Figure 4.5. Botanical composition of EC (top), LHC (middle),  
and LLC (bottom) swards at pre-grazing throughout the 
199 1/92 season 
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Figure 4.6. Ratio between perennial ryegrass (%) and clover (%) at 
pre-grazing masses in Experiment 2 
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4.3.4. Relationship between the measured variables according to 

Canonical Discriminant Analysis (CDA) 

84 

Since all the variables measured i nfluence pastu re production ,  they 

would be expected to be correlated to each other. This is the type of 

corre lat ion which is assessed in multivariate analysis and can be used to study 

the i nterrelationships between data sets of measu rements made on the same 

subjects (Cooley & Lohnes, 1 971 ) .  Canonical corre lation identifies the 

maximum correlation between l i near functions of two vector variables 

generated from the orig i nal data set ,  the canonical factors or discrim inant 

funct ions. Each canon ical factor accounts for some of the variation in the 

orig i nal data set, and their relative i mportance with in the overal l  data set is  

g iven by the proportion  of  the mu ltivariate dispersion explai ned. Often one or 

two of these canonical factors account for much of  the variat ion in a larger 

data set (Cooley & Lohnes, 1 971 ) .  Prel im inary C DA analysis o n  soil ferti l ity 

results revealed that the most s ign i ficant discrim i nant function  for paddocks 

was based on a contrast between pH and combined levels of P and K. I n  

addition ,  fo r the ryeg rass ti l leri ng  results, t h e  most sig n ificant discri m inant 

function for treatments was based on spri ng and summer/autumn t i l ler 

appearance rates. Thus 90 observations on 5 variables measured i n  

E xperiment 2 were used i n  a CDA as fol lows : ( i )  soil fert i l ity :  p H ,  combi ned 

l evels of P and K (P+K) ; ( i i )  ryeg rass t i l ler appearance : spring and 

summer/autumn rates ;  and (i i i) herbage accu mulation :  su m mer/autumn rates, 

where the d iscrimi nat ion was performed for both experimental paddocks and 

treatments. 

The results obtai ned demonstrated quite clearly th�t experimental 

paddocks did differ from each other i n  soil ferti l ity status, as previously found 

from the univariate analysis of variance (Sect ion 4.2.5.4) ,  and that such 

d ifferences were associated with the contrast ing t i l lering patterns observed 
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du ri ng the experim ental period (,-2 = 0.9331 ; P = 0.0082) . The fi rst and second 

canonical factors accounted for 64% and 27% of the overall variance 

respectively, and revealed that paddocks that h ad h igh l evels of phosphorus 

and potassium in the soil had high summer/autumn ti l ler  appearance rates 

(Table 4.22, Figu re 4 .7). I n  particular, i nspectio n  of paddock means ( Figu re 

4.7) shows that paddock 1 had lower ferti l ity and lower su m mer-autumn 

t i l ler ing than the other paddocks. Additional ly ,  there was a marg inal ly 

sign ificant treatment effect on ti l ler  production (P = 0.0920) , with the first 

canonical factor accounti ng for 97% of the m u ltivariate dispersion .  The 

multivariate analyses indicate that treatments that had h igh su m mer/autumn 

herbage accu mulatio n  rates also had low spri ng but h igh summer/autum n  ti l ler  

appearance rates (,-2 = 0 .9231 ) .  This is  i l l ustrated by plotti ng treatment means 

for herbage accu mu lation and t i l ler appearance rates (F igure 4.8) ,  and was 

consistent with the theoretical hypothesis bei ng tested . Furthermore ,  i n  th is 

canonical factor soi l  ferti l ity also appeared as a very strong feature with a 

coefficient of 0 .9999 (Table 4.22) .  This result is somehow surprisi ng ,  since the 

results from the u n ivariate analysis on the soi l ferti l ity resu lts revealed no 

sig nificant differe nce between treatments for any of the soi l ferti l ity t raits 

measured (Table 4 .2 i n  Section 4.2.5.4) .  However, levels of labi le  phosphorus 

were sl ig htly h igher for the LLC treatment than for EC and LHC, the treatment 

that also showed the h ighest ti l ler  appearance and herbage accu mulation rates 

during the summer-autumn period. On this basis, the possibi l ity that these 

small  and non-sign ificant differences in fert i l ity status between strips with in  

paddocks contributed to the observed differences between treatments can not 

be ru led out. 



Table 4.22. First canonical factor for analysis of ( 1 ) paddock 
and (2) treatment effects in CDA of five variables. 

Variable 

Soil fertility: 

pH 

P+K 

Til lering : 

spring 

summer/autumn 

Herbage accum .  

Canonical r 
Proportion' 

Probabil ity 

Canonical 1 

(Paddock) 

0.7531 

-0 .8383 

0 .21 1 9  

-0.5958 

-0 .446 1 

0.933 1 

0 .6391 

0 .0082 

1) Proportion of multivariate dispersion explained 

Canonical 1 

(Treatments) 

0 .4201  

0 .9999 

-0 .8353 

0 .9977 

0 .9756 

0 .923 1 

0 .9668 

0 .0920 
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4.4. Discussion 

4.4. 1 .  Research techniques 

E xperi mental areas used i n  either Experiment 1 or 2 were large and 

therefore l ike ly to present proble ms of substantial variabi l ity between and 

with i n  paddocks (blocks) .  In Experi ment 1 ,  random sampl i ng (quadrat cuts) of 

each strip (Frame, 1 981 ) was used i n  association with a completely 

randomised block (CRB) design.  Resu lts obtai ned duri ng that experi ment 

revealed that the CRB design was effective in  e l im inat ing the noise coming 

fro m  the differences between paddocks i n  the analysis of variance, but the 

number  of  samples harvested with i n  each strip was not big enough to cope 

with the with i n  treatment variabi l ity. As a consequence, the i n tensity and 

structure of the sampl i ng procedures used in  Experi ment 2 were altered i n  

order to i ncrease the precision of the measurements bei ng carried out. Strips 

were sub-divided i nto sampl i ng areas and the total number  of samples per 

strip i ncreased, with samples now bei ng harvested randomly with i n  each 

sampl ing area (Frame ,  1 98 1 ) .  

This re-structu ring  i n  sampl ing procedures proved to be effective in  

deal ing  with the between  and with i n  paddock variabi l ity, and coeficients of 

variat ion (CV) of around 65% in Experi ment 1 were reduced to values of 

around 20%, which were with in  the 1 0-40% range presented by Frame (1 981 ) 

for typical plot sub-sampl ing techn iques. Estimates of ti l le r  density and 

demography presented CV varying from 8 to 22%, which were also with in  the 

range of 1 0-45% presented by Jewiss ( 1 981 ) for a wide range of techniques 

used to determi ne these pastu re t raits. Therefore ,  the changes carried out i n  

sampl i ng procedures we re effective i n  reducing variabi l ity and i ncreasing 

experimental precision to acceptable levels. Fu rther improvements in precison 

m ight be achieved by the adoption of double sampl ing procedu res (Frame, 

1 98 1 ; Tho m  et a/. , 1 986) and/or ranked sampl ing methods (Mci ntyre, 1 952) .  
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4.4.2. Ryegrass til ler demography, dynamics and population 

A considerable amou nt of variabil ity occurred i n  the results of i nd ividual 

t i l ler observatio ns in Experiment 1 , mainly due to variat ion with in experi mental 

plots (transects) .  This effect was probably due,  in part, to the fact that several 

people worked on the t i l ler tagg ing procedure ,  possibly i nt roducin g  d i fferences 

i n  i nterpretation i n  some cases. Balancing operators across plots and 

t reatments was not possible at that t ime. As a consequence , no overal l 

differences among treatments were detected (Tables 4.3 ,  4 .4 ,  and 4.5), 
although the resu lts from grass t i l ler populatio n  measu rement at the end of the 

t rial (Table 4 . 1 1 )  and of herbage accumulation components duri ng the post­

control  phase (Table 4. 1 7) suggested otherwise. The trend for l ower t i l leri ng 

o n  the LHC treatment was not expected. If this was a real effect, a possible 

reason could be that removal of seed heads immediately after stem elongation, 

before there has been time for appreciable photosynthesis, actual ly leaves the 

plant more depleted of reserves than not al lowing the seedheads to form i n  

the fi rst place (Matthew, 1 990) .  It is possib le that control treatments could 

have had a more marked effect on t i l leri ng i f  mowing he ight had been a l ittle 

h igher  for the LHC and VLHC treatments, si nce reduced stubble he ights are 

l i ke ly to reduce the formation of new t i l lers from the cut stubs of reproductive 

t i l lers ( Davies, 1 977, 1 988 ;  Matthew et al. , 1 99 1 ) . The i ndividual weight of new 

pri mary ti l lers (NT) at the February harvest was smal ler  than that at the 

December harvest (Table 4.4) ,  the probable reason bei ng that numbe rs of 

early  formed NT also flowered, and that NT recorded at the February h arvest 

were newly formed. Only vegetative ti l lers were i ncluded in  the means 

presented in Table 4.4. 

I n  Experi ment 2,  t i l lers in  swards g razed laxly duri ng spri n g  with 

conseque nt early seedhead development ( LHC and LLC) , ti l lered and d ied at 

a slower rate than did those i n  hard g razed swards (EC) during the pre-control 
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phase (Table 4 . 1 0) ,  resulti ng i n  lower ryeg rass t i l ler populat ions at the t ime of 

contro l  for the LHC and LLC treatments (Table 4. 1 1 ) . Poor ti l le ri ng act iv ity and 

reduced t i l ler population have previously been associated with ryegrass swards 

al lowed to go through their reproductive g rowth phase (Korte, 1 982 ; Korte et 

a/. , 1 982) . Reproductive swards are characterised by a poor l i ght envi ro nment 

which adversely affects the ti l leri ng  process (Korte, 1 982) , an effect w hich is 

exacerbated by the abi l ity of maturi ng seedheads to compete strong ly  with 

you ng t i l lers for carbohydrate (Ong et a/. , 1 978 ; Carton et a/. , 1 989b ; M atthew, 

1 99 1  a ;  Matthew et a/. , 1 991 ; Thom,  1 991 ) .  Such competition  is known to  result 

i n  reduced number and size of new til le rs formed, and also i ncreased death 

of you ng t i l le rs if seed heads are allowed to pass the stage of anthesis 

(Matthew, 1 99 1  a) . 

Rates of ti l ler  appearance u nder the LHC and LLC treatments b ecame 

h igher  than those u nder EC duri ng  the control phase and remained h ig her for 

the LLC treatment during the post-control phase (Table 4. 1 0) .  That effect, i n  

association with si mi lar rates o f  t i l ler  death and su rvival for all t reatments, 

al lowed the num ber of t i l lers formed per parent ti l ler and t i l ler  populatio n  to be 

re-establ ished in late control treatments by the end of Experiment 2 in Apri l/92 

(Tables 4.9 and 4. 1 1 ) . Ti l lers formed afte r  the control phase on swards laxly 

g razed duri ng spring were heavier than those on hard g razed swards (Table 

4.7). The high t i l ler appearance rates for LHC and LLC during the control 

phase were probably due to a more open sward that al lowed ryegrass plants 

to ti l ler freely under a situation of reduced i ntra-specific or self-competition .  

The same explanation does not apply to the post-control phase, when t i l ler 

populat ions for those treatments were essential ly the same (Table 4 . 9) but 

LLC swards conti nued to t i l ler at a much faster rate than EC plots (Table 

4. 1 0) .  

E nhanced t i l leri ng activity following delay of i nterruption of reproductive 

g rowth u nt i l  anthesis has been reported previously (Matthew, 1 988 ; M atthew 
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et a/. , 1 989ab ; Matthew et a/. , 1 993 ; X ia et a/. , 1 990) . Although some evidence 

of such e nhancement of t i l leri ng activity obtained from the results of the two 

fie ld experiments reported, the differences between treatments i n  ryegrass 

t i l ler  densities at the end of the measurement periods were not s ignificant 

(Table 4. 1 1 ) .  However, there was a trend for t i l lers bei ng p roduced i n  late 

control led swards to be heavier than those produced from EC swards (Table  

4.7) ,  and such an  i ncrease in ti l ler  size could be equivalent to  an i ncrease in  

ti l ler  numbers accordi ng to  the size/density co mpensatio n  mechanism 

descri bed by Matthew et a/. ( in prep. ) .  

I n  both Experiments 1 and 2 a h igh  tu rnover of t i l lers was observed 

duri ng the pre-control and control  phases for all t reatments, with on ly  20-25% 

of the ori g i nal populat ion of tagged t i l lers being present in early Jan uary. That 

i ndicates that most of the early spri ng daug hter t i l lers from flowering t i l lers are 

short l ived, and pastu res need to rely on the late spri ng-early  summer ti l le ri ng 

to ensure adequate t i l ler numbers going into the summer period. The 

importance of t i l le r  replacement and ti l lering duri ng late spring-early sum mer  

has also been hig h l ighted in earl ier studies (Korte et  a/. , 1 982 , 1 984, 1 985, 1 9 86 ;  

L'Hu i l l ier, 1 987b ; Matthew, 1 99 1  a, 1 992; Thom ,  1 99 1 ) , and it also seems to 

p lay an i mportant role in determin i ng ti l ler  popu lation density duri ng  the 

sum mer-autu mn period. 

4.4.3. Wh ite clover stolon/node population 

Responses of white clover stolon popu latio ns were variable for different 

seasons (Table 4 . 1 2) .  At the end of Experi ment 1 ,  plots which had been laxly 

g razed duri ng spri ng (LHC and VLHC) presented h igher clover stolon densities 

than did those hard g razed (EC), but this result was not repeated at the e nd 

of Experiment 2. I n  addition ,  values of white clover stolon  density measured 
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in Experi ment 2 were almost twice as large as those measured in  Experi ment 

1 ,  probably a consequence of some degree of i nter-specific competitio n  going 

o n  with in  the sward (Section 4.4.5) which may have caused the differences i n  

patterns of response of herbage accumu lat ion (Section 4.3 .3)  for different 

seasons. White clover node populat ions tended to fol low the same pattern of 

changes observed for ryegrass t i l ler populat ions, with n umbers being 

sig n ificantly decreased for  the LHC and LLC t reatments during  the pre-control 

phase, but recoveri ng agai n during the post-control phase and reachi ng the 

same level as EC plots by the end of Experi ment 2 in April/92. An i nd i rect 

measurement of plant size ( i nternode length)  i ndicated that, althoug h stolon 

and node popu lations were essentially the same at the end of Experim ent 2, 

white clover plants in the LHC and LLC swards must have undergone a 

morphological transformation that resulted i n  plants comprised of bigger  un its 

than those in EC swards. Th is i ncrease in p lant size could be equivale nt to an 

i ncrease i n  the number of plants (density) (size/density compensation 

mechanism - Sectio n  2 .4 . 1 ) . 

Lax defo l iat ion reg imes during  spri ng are l ikely to lead to i ncreased 

sto lon growth and, presu mably, i ncreased energy reserve levels i n  white clover 

p lants (Grant & Barthram, 1 99 1 ; Barthram & G rant, 1 993). The resulting l onger 

i nternodes, with thei r h igher content of rese rve carbohydrates, would g reatly 

i ncrease the energy avai lable to support axi l lary bud development at each 

node, resu lti ng in h igher leaf appearance and branching rates (Grant & 

Barthram, 1 991 ; Barthram & Grant, 1 993) and probably improvi ng the p lant's 

abi l ity to regrow after defol iat ion at that ti me of the year. White clover p lants 

also undergo  a p rocess of separation into smal ler u nits wh ich results i n  

s impler plants i n  terms of branching complex ity during spri ng .  These smal ler 

plants usually have a rapid g rowth over the su mmer peri od ,  i n  which they 

i ncrease plant weight and branching complexity again (Hay et a/. , 1 988; Brock 

et a/. , 1 988). Therefore, spri ng conditio ns that allow clover plants to 
. 

accumulate high l evels of reserve carbohydrates, as the late control  treatments 
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would ,  are l i kely to favour the recovery process of p lant weight and branch ing 

complexity. This wou ld en hance the subsequent presence and production  of 

white clover i n  those swards (Hay et al. , 1 988) ,  si nce small plant size can l ead 

to decreased survival and productivity i n  many p lant commun it ies (Harper, 

1 977; cited by Hay et al. , 1 988) . 

Clover stolon length was measu red only at the end of Experiment 2 ,  but 

it seems that , althoug h clover node density was lower for LHC and LLC 

swards than for EC at the time of the late control g razi ng ,  plants i n  the former  

swards were probably b igger and had h igher rese rve carbohydrates levels 

than those in the EC sward . That probably caused an enhancement i n  the 

recovery process and degree of competitiveness of clover plants duri ng  

sum mer, resulti ng in  the si milar stolon and node densities for al l treatments at 

the e nd of the season ,  the difference bei ng the size of the morphological un its 

comprising those plants. 

4 .4.4. Herbage dry matter accumulation 

Despite the co nsiderable withi n-treatment variation observed during  

both seasons, particu larly i n  Experiment 1 ,  a consistent trend of  h igher 

herbage accumu lation rates for laxly g razed swards was obtai ned for both pre­

control  and post-control phases, with the except ion of the LHC treatment 

d u ri ng the post-control phase of Experiment 2 (Table 4 . 1 4) .  D ifferences i n  

accumulation were particu larly noticeable towards the end of each season. 

Cumulative total summer-autu mn pasture product ion measured for the LHC 

treatment in 1 990/9 1 and LLC in 1 99 1 /92 was 22% (840 Kg DM/ha) and 1 8% 

(990 Kg DM/ha) h igher, respectively, than the conventional EC t reatment 

(Table 4 . 1 5) .  Late control plots performed better than early control plots i n  

t h ree out o f  the four  comparisons carried out i n  Experi me nts 1 and 2 ,  with the 
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LHC plots in  Experi ment 2 ( 1 99 1 /92) bei ng the only case in which that was not 

observed. Those plots had performed poorly i n  a p re-treatment phase duri ng 

spring  (Section 4.3 .3) ,  when al l the others were accumulating herbage more 

quickly than EC plots. S imi lar patterns of response have been reported 

previously by Matthew et al. ( 1 989b) and Xia et al. ( 1 990) worki ng  with pure 

ryegrass swards g razed by sheep under very control led conditions. The refore, 

ryegrass swards submitted to simi lar g razing reg i mes seem to respond 

consistently throug h  increasi ng herbage dry matter accumulat ion duri ng the 

sum me r-autumn period. In Experiment 1 ,  despite the h igher total season 

herbage dry matter production from LHC and VLHC in comparison to EC 

swards, those subjected to a late control g razi ng at anthesis (LHC) tended to 

p roduce more of the extra d ry matter duri ng the su m me r-autum n  period as 

opposed to those swards contro l led two weeks later (VLHC), in which most of 

the extra dry matter was produced during spri ng (Table 4 . 1 5). 

4.4.5. Herbage components accumulation 

Since the components of  the accu mulated herbage were essential ly 

sub-sets of the main data set of total herbage accu mu lation ,  variabi lity 

associated with them was substantial ly h igher, with statistical ly  s ign ificant 

differences seldom being observed. Resu lts for the p re-control phase of 

Experi ment 1 are not presented because separation of botanical components 

of harvested herbage was not performed u nti l the fi rst control treatment on 

LHC took place on November, 20. The increased levels  of total herbage 

accu mulation  observed duri ng the pre-control  phase of E xperiment 2 for the 

LHC and LLC treatments were mostly due to increased accu mu lat ion of 

senescent material , and to a lesser extent, the accumulat ion of green material 

(Table 4. 1 6) ,  although the ratio  l ive :senescent material of the pasture g rown 

did not change substantial ly (Table 4.20) .  Basical ly ,  the component 
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contributing to the sl ightly h igher g reen dry matter accu mulation over that 

period was g rass stem as opposed to leaf material ,  a consequence of the on­

go ing reproductive development (Figure 4.5) that caused leaf:stem ratio of the 

g rass component in  the sward to decrease Significantly (Table 4.2 1 ) .  The 

h igher  accumulation of senescent material on  lax grazed treatments i n  spring 

reflected reduced levels of herbage uti l isation which , when associated with the 

reduced leaf :stem ratio of the pasture g rown , could have negative effects on 

the qual ity of the herbage for purposes of feeding dai ry cows. Simi lar results 

h ave bei ng reported i n  earl ier  studies (Korte, 1 982 ; Korte et al. , 1 982, 1 984; 

Thomson et al. , 1 984; Butler, 1 986 ; Bryant & L'H ui l l ie r, 1 986 ; L'H ui l l ier, 

1 987b, 1 988; L'Hui l l ier  & Aislabie ,  1 988) , and have been one  of the reasons for 

the conventional ly wide spread hard g razing of pastures throughout spri ng  and 

summer in New Zealand. 

During the control phase of Experi ment 2, the tre nd observed duri ng  the 

p re-control  phase for senescent material accu mu lation o n  lax g razed swards 

conti nued, but the opposite occu rred for the g reen material component (Table 

4. 1 6) ,  causing a sl ight ,  but not Sig nificant, reduction in the l ive :senescent 

m aterial ratio in  the sward (Table 4.20) .  The reason for that was a reduction  

in  accumu lation of the g rass component, particularly of  stem material (Tables 

4 . 1 7 , 4 . 1 8,  and 4. 1 9) ,  fol lowi ng the control of the ryeg rass reproductive g rowth 

(Figure 4.5) . As a result the leaf :stem ratio of the sward i ncreased to a l evel 

s im i lar to that of the early control led swards (Table 4.2 1 ) . In Experiment 2 ,  a 

reduct ion i n  ryegrass leaf accum ulation was also observed for the late contro l  

treatments, as in  the previous phase, possibly related to the low ti l ler density 

of those swards. The differences in sward morphology generated by 

differences in management have been reported to have an important effect on 

pasture g rowth rate by i nfluenci ng the abil ity of the sward to  produce new leaf 

(Grant & King,  1 983) . Low t i l ler  density is one of those morp hological 

d ifferences and could l i mit pasture g rowth potential by l im iti ng the number of 

g rowing leaves (Hunt & Fie ld,  1 979) and the plant's abi l ity to compete for 
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space, l ig ht and nutrients. 

Beari ng in mind the l imitat ions occurred with the LHC treatment i n  

E xperi ment 2 ,  the i ncreased total herbage accumulation for the late control 

treatments duri ng the post-control phase in both seasons can be attributed 

mai n ly to enhanced green dry matter accu mulat ion (Table 4 . 1 6 ) .  In Experiment 

1 the i ncreased g reen materi al accumulation was chiefl y a consequence of 

i ncreased ryegrass g rowth, particularly the leaf fract ion, probably reflect ing the 

enhanced grass t i l ler density of those treatments (Table 4 . 1 1 ) . On the other  

hand,  i n  Experi ment 2 (LLC) ,  the i ncrease came mai nly from i ncreased white 

clover accumulation  on the LLC plots, probably due to plants comprised of 

heavier un its since no difference was observed in either stolon or node 

populat ion at the e nd of the tria l .  There was sol id evidence of larger ryeg rass 

t i l ler size i n  Experiment 2 ,  and this i ncrease i n  size of a ti l l er popul atio n  is  

expected to enhance sward productivity as much as an i ncrease i n  density 

accord ing to the s ize/density com pensation mechanism descri bed by Matthew 

et a/. ( in prep.) .  During the post-control phase,  in e ither season ,  the qual ity of 

the pasture grown on late co ntrol swards (LHC and LLC) as measu red by the 

l ive :senescent material and leaf :stem ratios returned to levels s imi lar to those 

of EC swards Tables 4.20 and 4 .2 1 ) .  

4.4.6. Ryegrass :clover balance 

Resu lts reg arding late control of the reproductive g rowth of perennial 

ryegrass plants were orig i nal ly  obtai ned from smal l  plots and glasshouse 

experiments on pure ryegrass swards (Matthew et a/. , 1 989ab ; Matthew, 1 990 ;  

Xia et a/. , 1 990). Simi lar response patterns but of  smal ler  magnitude were 

obtained from ryeg rass-white clover mixed swards under the less control led 

conditions of the two field experi ments described. I n  Experi ment 1 late control 
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plots s howed an i ncrease in su mmer-autumn herbage accu mulation main ly 

due to e nhanced ryegrass accumulat ion, and that was associated with an 

i ncreased g rass t i l ler and clover stolon density. In Experiment 2 the i ncreased 

sum me r-autumn herbage accumu lation was main ly due to enhanced white 

clover accumulation ,  and that was associated with bigger ryeg rass t i l lers and 

g reater clover i nternode length. There were no differences i n  e ither g rass ti l ler  

or clover  node/stolon densities, but a clear seasonal ryeg rass :clover  balance 

effect i nfluencing  the summer-autumn herbage accumu latio n  of pastures was 

observed for al l  treatments (Fi gu re 4.6) ,  probably a consequence of the 

different morpho-physiological characteristics of the plants and thei r response 

patterns to seasonal cl i matic condit ions. These results show a quite variable 

pattern of response to late control treatments for different years, but offer l ittle 

opportun ity to explai n them.  I t  seems that a more complex mechan ism inter­

relati ng  the different morpho-physiological characteristics and the differential 

patterns of response to varying defol iation regi mes and seaso nal factors (e .g .  

tem pe rature ,  rai nfal l ,  soi l  nutrient status, etc) would be i nvolved i n  determin i ng 

the ryegrass :clover balance and sward performance of m ixed pastures 

subjected to late co ntrol spring g razi ng management,  and that could be the 

subject of futu re research.  

Plants g rowi ng in  mixtures tend to compete for space , l i ght, water and 

nutrients (Frame & Newbould, 1 986),  with factors affect ing the plant's abi l ity 

to compete probably exerti ng  a decisive role in  determin ing the proportion and 

productivity of any one species in the sward . The responses of different 

pasture species to different defol iat ion reg i mes, particularly ryegrass and white 

clover, have been attributed to their  differences in g rowth response to 

temperature and seasonal factors (Barthram & Grant, 1 993a) and differences 

in the physiolog ical responses to stress of plants condit ioned by different 

defol iati on patterns (Brock et al. 1 98 1 ) .  Perennial ryegrass and wh ite clover 

plants have d ifferent temperatu re requirements for optimum g rowth, with 

warmer conditions suiti ng  the legume best. Wh ite clover plants when 
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submitted to lax defol iation regi mes tend to accumulate ungrazed leaves on 

the stolons causing  the size of the leaves and petioles to i ncrease and 

al lowing stolons to extend and recolonize the sward to some extent (Davies, 

1 992). The resulti ng bigger stolons are probably associated with i ncreased 

energy reserves which would greatly i ncrease the abi l ity of plants to g row and 

establ ish i n  a plant com munity (Grant & Barthram, 1 99 1 ; Barthra m  & Grant, 

1 993b). By control l ing reproductive swards, most of the g rass leaf blade as 

wel l  as m ost of the clover leaves are removed. Although the reg rowing 

petioles are short, the reg rowing leaflets remai n as large  as they were before 

the control cut/g razing ,  result ing in  an increase in  the clover leaf area relative 

to the g rass leaf area, and a short-term i ncrease in clover content which may 

lead to longer-term changes in populations of g rass t i l lers and clover g rowing 

poi nts (Davies, 1 992) . In addition ,  a h igher  specific leaf area (lowe r i nvestment 

of carbon per unit area of leaf produced) and a slowe r pattern of u nfolding of 

leaves when compared to g rasses,  would place white clover plants in  

advantage over the com panion grasses with respect to current and future 

carbon acquisition duri ng  the reg rowth process in  sum mer t ime ( Parsons et al. , 

1 99 1  ab). 

At the t ime of late control it is l i kely that wh ite clover had al ready 

u ndergone the seasonal process of re-establ ish ment and sub-division i nto 

smal ler plants that usual ly takes place i n  spring  (September/October) ,  during 

wh ich plants are fragi le  and susceptible to any environmental or management 

stress (Brock et al. , 1 988, 1 989) .  However, the hard control used for both the 

late control treatments in  Experiment 1 may wel l have i nterfered with the 

recovery p rocess of white clover plants in weight and branching structure over 

the summer which , in associat ion with the low precip itation in December 

(Section 4 .2 .2 - Figure 4.2) ,  resulted in no enhanced · productio n  despite the 

l i kely b igger size of the morphological u nits comprising  the plants at that time. 

U nder those ci rcumstances a h igher g rass t i l ler populat ion was observed 

i nstead, and the positive differential i n  summer-autum n  herbage accu m ulation 
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i n  favour of the late contro l led swards was main ly due to enhanced ryegrass 

accumulation .  I n  Experi ment 2 the less i ntensive control of the reproductive 

g rowth (LLC) does not seem to have i nterfered with the recovery process of 

clover plants, and resulted in the formation of bigger sto lons and e n hanced 

t i l leri ng  activity i n  ryegrass plants over the summer-autum n  period. Because 

of the h igh  tem pe ratures during summer, the more vigoro us white clover plants 

i n  the LLC swards were probably able to compete more efficient ly with thei r 

companion species causing pasture dry matter accumulation ove r  the post­

control  phase to be h igher than that for EC swards. The proportion of ryegrass 

i n  the sward started to increase as temperatu res started to decrease ,  swingi ng 

the competitive bal ance away from the clover component (F igure 4.6). 

Although such a trend cou ld be observed (Figure 4.5) ,  it was not reflected in 

i ncreased ryeg rass accu mu lation,  with the overall i ncreased summer-autumn 

pasture production of the LLC treatment bei ng a result of the enhanced white 

clover production .  
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4.5. Summary 

1 .  Dry matter product ion during spri ng and summer-autu mn periods was 

e n hanced by a g razing regime i nvolving lax g razing of pastures duri ng  
. 

spring switched to hard grazing  at the t ime of anthesis of the reproductive 

g rowth of ryeg rass p lants (late November-early December) ( late contro l )  i n  

three out of four comparisons. 

2. Tim ing as wel l  as i ntensity of late control were important in determ in i ng 

pastu re yield. For maximum i ncrease in dry matter product ion,  late control 

should be executed at anthesis (late November/early December) and the 

return to conventional post-grazing residuals (30-50 mm or 1 400-1 500 Kg 

D M/ha) reached gradually over  2 or 3 successive g razi ng cycles. 

3 .  The data shows some evidence of i ncreased ryeg rass t i l ler  density in 

Experiment 1 and i ncreased t i l ler size in  Experiment 2 ,  but the evidence that 

th is caused the i ncrease in  pasture product ion is inconclusive. 

4 .  Althoug h wh ite clover responses appeared to differ between years, there 

was some evidence that late control i ncreased g rowth of white clover also. 

5 .  If an alternative g razing system is to be bu i lt upon these pri nciples of 

defi ned plant physiolog ical state and objective pasture targets, further 

research including  an imal responses and herbage qual ity is necessary to 

study the feasibi l ity of implementing such a g razing management into a farm 

context. 
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Chapter 5: 

FEASIBILITY OF THE LATE CONTROL S PRING GRAZING 

MANAGEMENT FOR SEASONAL DAIRY SYSTEMS 

5.1 . Introduction 

The pattern of i ncreased herbage accu mulation during  the su mmer­

autumn period after a previous period of control led reproductive g rowth (, late 

contro l ' )  seems to be consistent and could be used as an option to enhance 

feeding levels of dai ry cows duri ng the second half of lactation ,  a period of the 

year when farmers usual ly can not feed cows to their  ful l  requ i rements. 

H owever, some important p ractical questions must be answered before 

considering the implementat ion of such a graz ing management i n  a farm 

context. The [ji rst comprises how to allow ryeg rass plants to become 

reproductive without restrict ing cow i ntake i n  the sprin� In order to accom plish 

that, there should be a relaxat ion in  grazing pressure ove r  the spring (h igher 

post-g razing residuals - Sectio n  4.2 .4) .  Because pastu re g rowth rates normally 

start to exceed animal feed requ i rements only from m id-spring  onwards, that 

could imply that less of the forage g rown is avai lable for consumption i n  early 

spring ,  resulti ng i n  a l ikely restriction to the feed i ntake of cows i n  early 

lactation .  Secondly,taccumu lation of pasture cover i n  spring may lead to a 

reduct ion i n  nutritive value of the herbage associated with reproductive 

developme� That cou ld jeopardise cu rrent and futu re m i lk  production .  I n  

addit ion ,  less grazi ng pressure usual ly i mpl ies increased herbage i ntake 

( Sect ion 2 .6 .2 ) ,  which could have consequences for the overal l farm stocking 

rate si nce the farm would have to carry fewer cows i n  o rder to generate the 

extra pasture cover, un less co nserved feed was used during  early lactation. 
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Supposing that it would be possible to create the sward condit ions 

necessary for executi ng late control of the reproductive g rowth without 

sacrifici ng animal performance duri ng  spring ,  the second questio n  would be 

how to achieve such contro l ,  since it is  very difficu lt to remove seedheads from 

reproductive swards usi ng on ly generously fed grazi ng animals. That problem 

is further agg ravated since, at the t ime of late contro l ,  pastu res are usual l y  

accumulat ing herbage much more quickly than the cows are eating it. 

Inadequate control of pastures can reduce t i l ler populat ions and pasture 

production and qual ity (Section 2 .6 .2) .  Assuming that late control could be 

effectively achieved and the increased summer-autu mn pastu re production 

obtained, the f inal question  wou ld then be if the extra herbage would be eaten 

and converted into extra mi lk  production .  

5.2. Simulations of late control grazing in a farm condition 

In order to perform a prel im inary feasibi l ity test of the late control spri ng 

g raz ing  manageme nt, a series of feed budgets was performed using computer 

spreadsheets desig ned to calcu late the feed requ i rements of dairy cows and 

use them in feed budget calculat ions for dairy farms (Brookes, 1 993).  These 

spreadsheets requi re input of farm size, stocki ng rate, calvi ng  date, drying-off 

date, l iveweight and body condition  score of cows, level of m i l k  fat production ,  

lactat ion period, pastu re g rowth rates and average pastu re cover. F igures of 

herbage i ntake obtained are based on the concentrations of metabolizable 

energy of the pasture. Pastu re growth rate figures were based on a set of data 

col lected over a period of 1 9  years for the experi mental site (Massey 

Un iversity Farms Administ ration, u n publ ished internal report ) ,  and over  8 years 

for the Manawatu downland areas ( mainly dai rying areas) (McCrone - Min ist ry 

of Agriculture and Fisheries, unpubl ished i nternal report) .  Duri ng the exercise 

two situations were simulated for each site , a conventional and a late contro l  
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spri ng  g razing  management. 

Since del iberate encou ragement of early seedhead development 

fol lowed by a change in g razi ng  management designed to remove 

accumulated growth (late control )  had never been expe rimentally tested 

before , some assumptions had to be made in order to simulate late control 

conditions. Based on the results of the two field experi ments reported i n  

Chapter  4 (Experiment 1 and 2 )  and on other research work i nvolv ing spri ng 

g razi ng management (e .g .  L' H ui l l ie r, 1 987bc) , it was assumed that pastures 

u nder the late control g razi ng management wou ld have herbage accu mulation 

rates increased by 20% in late spri ng (Novembe r) and by 25% in mid­

summer/early-autumn (February to Apri l ) .  Feed requ i rements were predicted 

consideri ng a Friesian dai ry cow weigh ing 500 Kg and produci ng 1 60 Kg of 

m i lk  fat i n  260 days (average cow of the experimental herd) .  Targeted body 

condition scores were 5.0 at calv ing (early August) , 4 .5 at dryi ng-off date ( late 

Apri l ) ,  and reaching 5.0 again at the start of next calv ing.  Targeted average 

pasture covers for the late co ntrol g razing  strategy were 2000 Kg D M/ha at 

start of calving, 2500-2600 Kg D M/ha at late control time (early D ecember) ,  

returni ng to 2000 Kg DM/ha at the end of the late control period (early 

January) ,  which was the target average pastu re cover for the conventional 

g razi ng strategy throug hout the spri ng and su mmer periods. Feed budget 

calculat ions were made consideri ng a stocki ng rate of 2.7 and 2 .5 cows/ha for 

the Manawatu down land areas and the experi mental site, respectively. Those 

were the optimum stocki ng rates for those sites i n  relation to the standard 

herbage accumulation rates provided, since the total amount of pastu re g rown 

i n  a year was very si mi lar to the total feed requ i rements u nder  those 

ci rcumstances. Cows were fed at thei r fu l l  requirements at all t imes. 
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5.2.1 . Manawatu down land areas 

At th is site a feed su rplus was predicted from early October onwards, 

since pasture g rowth rates (feed supply) started to exceed an imal 

requ i rements (feed demand) under both the conventional and the late control  

g raz i ng managements (Tables A 1 . 1 and A 1 .2 - Appendix 1 ) . Under the 

s imu lated conventional g razing strategy, 30% of the area had to be shut up 

for  conservation from mid November to  late December (6  week period ) ,  i n  

o rder to  maintai n pasture in  a vegetative state and to avoid the ave rage 

pasture cover target of 2000 Kg DM/ha bei ng exceeded (Figu re S. 1 ) . This 

conservation process resu lted in  an average of 680 Kg DM/ha of conserved 

feed over the whole area, from which 347 Kg D M/ha (S1 %) would have to be 

fed back into the system to meet the target pastu re cover of 2000 Kg D M/ha 

at the start of the next calvi ng .  

On the other  hand, under the simulated late control g razi ng strategy, 

the target pasture cover of 2S00-2600 Kg D M/ha was not ach ieved unt i l  early 

December, when 60% of the area was taken for conservation and the e xtra 

SOO-600 Kg DM/ha removed (4 week period) ,  i n  order to obtai n the pastu re 

cover of 2000 Kg DM/ha by early January ( Figure S. 1 ) . Such a large 

p roportion of the farm area being taken for conservation cou ld have a negative 

effect on herbage i ntake and mi lk production ,  si nce it would correspond to a 

large increase in g razing pressure and force an imals to graze i nto the lower 

strata of reproductive swards. An average of 840 Kg DM/ha of conserved feed 

over the whole area was produced , al l of which was in excess of the total 

annual ani mal feed requ i rements and corresponded to the SOO-600 Kg D M/ha 

of extra pasture cover removed plus the additional feed su rplus accumu lated 

over the co ntrol period. 
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5.2.2. Experimental site 

Although the No 4 Dai ry Farm is also situated with in  the Manawatu 

region ,  its pattern of pasture growth i s  quite distinct from that of the downland 

areas in the same region,  with feed supply being always h igher  than animal 

demand during a normal spring (Tables A 1 .3 and A 1 .4 - Appe ndix 1 ) . As a 

consequence , the need for shutt i ng  up  areas for conservatio n  occurred much 

sooner  for both the conventional and the late co ntrol g raz ing management. 

Under the conventional grazing strategy,  30% of the area had to be shut up 

from early October  to late Novem be r  (6 week period) (Figure 5.2) .  An ave rage 

of 880 Kg DM/ha of conserved feed over the whole area was produced, from 

wh ich 475 Kg DM/ha (54%) wou ld have to be fed back i nto the system i n  

order to meet the target pasture cover of 2000 K g  D M/ha at t h e  start of the 

next calv ing .  However, feed supply started to become short in rel ation to feed 

demand from late February o nwards, when the average pastu re cover 

decl ined below 1 800 Kg DM/ha, the min imum pastu re cover l im it al lowed 

duri ng lactation for that particu lar farm . In that situation ,  the 475 Kg DM/ha of 

conserved feed would have to be used to mai ntain the feeding  level of cows 

du ri ng the remainder of the lactat ion .  

U nder the late control g raz ing strategy the target pastu re cover of 2500-

2600 Kg DM/ha was reached in late October and maintained u nti l  early 

Decembe r  by shutti ng up 30% of the area for conservation f rom mid October 

to end of December ( 1 0 week period) ,  when the extra 500-600 Kg D M/ha were 

removed i n  order to achieve the 2000 Kg DM/ha pasture cover target set out 

for early January. An average of 1 030 Kg DM/ha of conserved feed over  the 

whole area was produced , al l of which was in  excess of the total annual feed 

requ irements of the cows and corresponded to the extra pasture cover 

removed plus the feed surplus occu rred over the control period. There was no 

need for using conserved feed ove r  the autumn u nder this g razin g  strategy. 
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5.3. Discussion 

Although for  this type of  computer simulat ion work a more detai led 

model such as UDDER (Larcombe,  1 990) would be more suitable ,  it was not 

used due to unavai labi l i ty. Later evaluations usi ng UDDER produced simi lar 

results to those obtained from Brookes' spreadsheet model .  T hese results 

showed that the relaxation  i n  grazi ng p ressure over the spri ng s imply by 

manipulati ng g razi ng management (no conserved feed used) would not 

i nterfere with the feeding levels of the cows, since herbage accum u lation rates 

were usual ly h igher than feed requirements. Si mple mani pulatio n  of the timing 

and proportions of area to be set aside for conservation allowed h igher post­

g razi ng residues to be o btai ned and the targeted 500-600 Kg D M/ha of extra 

pasture cover to accumulate without causing a restrict ion on the feed intake 

of cows, particularly at the experi mental site , where g rowth rates over the 

spring  normally exceed feed requirements (Figures 5. 1 and 5 .2) .  In fact there 

cou ld be some benefits, s ince an imals wou ld be offe red a h igher d ai ly herbage 

al lowance and pre-g raz ing herbage mass, which cou ld result i n  enhanced 

levels of herbage i ntake (Sections 2 .6 . 1  and 2.6.2 ) .  

According to  these si mulations, the  conserved feed produced under the 

late contro l  g razi ng strategy in both sites would be in excess of animal 

requi rements and cou ld be used to raise feeding l evels of cows at different 

t imes of the year, or even used to decrease g razing  pressure on pastu res i n  

years o f  cold and wet spri ngs, when herbage accu mulat ion rates a re slow and 

it is d ifficult to generate the extra pasture cover without causing some deg ree 

of restriction  to the dairy cows. However, it was not possible to obtai n mi lk 

y ie ld responses to the i ncreased herbage production , si nce mi lk  production 

was an input to the spreadsheet model used to calcu late feed requ i rements. 

It was concluded that setti ng the sward condit ions for late control did 
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not constitute a problem i n  normal spring years ,  but fu rther  i nformation  was 

necessary on how best to ach ieve effective control of the reproductive g rowth 

without excessive reduction i n  herbage allowance for the cows, and how 

effectively the extra g rowth duri ng the su m me r-autum n  period would be 

co nverted i nto extra mi lk production .  Furthermore ,  from an experimental poi nt 

of view, it would be interesti n g  to have a comparison between a late control 

treatment that would use no conservation (only grazi ng an i mals) to control 

pastures and a l ate control t reatment that wou ld rely on forage conservation  

to  augment graz ing and control pastures. Under those ci rcu mstances i t  would 

be possible to determine the effectiveness of the expected i ncrease i n  herbage 

intake, due to enhanced al lowance , in contro l l ing reproduct ive swards relative 

to an optimum use of forage conservation to ach ieve the same goal . 

I n  practical terms, late control  cou ld be i mplemented on a farm scale 

by e ither  a delay i n  shutt ing u p  paddocks for conservation ,  or strategic use of 

supplementation (conserved feed) in early spring  i n  order to decrease g razi ng 

pressu re on pastu res and al low early seed head development. Under those 

ci rcu mstances, post-grazing residuals would be arou nd 500 Kg DM/ha h igher 

than those conventional ly  used ,  and the normal average pastu re cover over 

the whole farm wou ld i ncrease by the same amount. Late control  of the 

reproductive growth of pastu res would be executed later, at anthesis, with 

si lage bei ng made in December rather than i n  N ovember. Such a g raz i ng 

management could improve ani mal performance in  early lactation through 

high e r  herbage al lowances, and in  late lactation  through i ncreased herbage 

accu mulation which cou ld be used either for i ncreased m i l k  production or to 

extend lactation .  The i ncorporatio n of such a g razi ng p ractice i nto a farm 

system context is dependent upon further research to i nteg rate all these 

princip les and provide a strong knowledge base to support the decision 

maki ng  process. 
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Chapter 6: 

SPRING GRAZING MAN AG EMENT EFFECT ON SUMMER­

AUTUMN PASTURE AND MILK PROD UCTION OF MIXED 

DAIRY SWARDS 

6.1 . I ntroduction 

Animal production systems based on g rassland areas are extremely 

dependent upon the qual ity and efficient harvesti ng of the pasture g rown. New 

Zealand systems of animal production,  particu larly dairy systems, have been 

recog n ized worldwide for their efficiency and levels of p roductivity. Such 

successful animal husbandry enterprises are based on closely matching feed 

supply (pasture g rowth) to feed demand (animal requ i rements) ,  conferring the 

characteristic seasonal pattern of production to New Zealand g rassland 

systems. The levels of productivity of such systems are mai n ly  determined by 

manipu lat ion of factors l ike stocki ng rate, cow quality, calv ing date, body 

condition  or  l iveweight at calvi ng ,  and level of feedi ng i n  early lactation 

(Bryant, 1 980a) . 

Recent evidence has high l i ghted the importance of the spri ng  g razing 

management of  pastures as a means of  optimisi ng the performance of 

seasonal dai ryi ng systems. Late control of the reproductive g rowth of pastures 

in spri ng (Matthew, 1 992) results i n  enhanced spring  and sum me r-autum n  

herbage accumulation (Experime nts 1 and 2 - Chapter 4) , which could be 

used to raise feeding levels and enhance milk production of dai ry cows. 

Although the feasibi l ity of such a g razi ng management strategy has been 

part ial ly assessed by si mulatio n  exercises, it has not been tested 
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experimental l y  yet. The avai lable evidence shows that the pre paration of 

pastures during spring in  order to d evelop the extra pasture cover requ i red to 

al low early seed head development would not imply any sacrifice to the 

nutrit ion of dairy cows (Chapter 5). However, no i nformation is avai lable on 

how to execute the late control of the reproductive g rowth and, furthermore, 

what the consequences would be to pasture quality and animal performance 

u nder those circumstances. 

In order to deal with those issues, a thi rd field experiment was planned 

to test the impact of a late control g razi ng strategy on pastu re and animal 

responses. The main objectives were : 

( i )  (a) To fu rther study the i mpact of late control of  ryeg rass rep roductive 

g rowth on herbage productio n  and qual ity ; 

(b) To measu re the effects of such a g razing practice on the herbage 

i ntake and mi lk  production of  dai ry cows during the su mmer-autumn 

period ; 

( i i )  To test two different g razing strategies for achievi ng late control  of 

reproductive swards ;  

( i i i )  To evaluate the impl ications of such g razing management i n  a dai ry 

systems context. 

The present chapter  reports that experiment, its results, and draws 

attention to eventual impl ications for dai ry systems. 
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6.2. Experimental 

6.2.1 . Site 

The experiment was conducted at No 4 Dai ry Farm , Massey U niversity, 

during  the 1 992/93 dai rying season .  Pastures were two to three years o ld and 

comprised a mixture of peren nial ryegrass (Lolium perenne L. cv. 'Grasslands 

Nu i ' ) ,  white clover ( Trifolium repens L. cv. 'Grasslands Pitau') and red clover 

( Trifolium pratense L. cv. 'Grasslands Pawera') sown on a Ohakea si l t  loam 

soi l  (Aeric Och raquept), a moderate clay al luvial with overlaying g ravel  and 

stones about a metre below the surface. This soil is i mperfectly d rai ned and 

d ries out i n  summer. Orig inal soi l nutrient status was m edium/low ( 1 5 ppm 

Olsen-P and 0 .25 meq Exch-K/1 00g soi l ) .  The area also received an 

appl ication of 2 tonnes of l ime and 350 Kg of a 1 5% longl ife superphosphate 

(0.9.B.7) per hectare i n  May/92 as part of the annual mai ntenance ferti l isation 

pol icy adopted in the farm , and 30 Kg/ha of n it rogen were applied as u rea i n  

October 2 3  on two of the experimental blocks due t o  signs o f  nitrogen 

deficiency (yel lowing and patchy u rine responses) . 

A i r  and soil ( 1 0 cm depth) temperatures and rainfall and pan 

evaporation (monthly totals) are presented in Figures 6 . 1  and 6.2, respectively. 

The spri ng was considerably wetter than the previous two seasons b ut that 

changed duri ng  the summer and autumn,  when rainfall was considerably 

reduced (especial ly January and February) and temperatu res were not as high 

as those observed during the 1 990/91 and 1 99 1 /92 seasons (Figures 4. 1 and 

4.2,  Section 4.2.2) .  Further details of site are described i n  Chapter 4 .  
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6.2.2. Experimental design 

6.2.2.1 . Pasture evaluations 

The layout of the experimental area regard ing  pasture measurements 

was the same as that used duri ng the previous season and described i n  

Section 4.2 .3 .  Briefly, a new set of five 1 .7 ha paddocks were selected and 

each divided i nto th ree strips (plots) by electric fenci ng. Three g razing 

t reatments were randomly al located per paddock (block) , one per strip ,  i n  a 

completely randomised block (CRB) design with five repl icates (b locks). As 

before ,  s ix sampl i ng areas were identified with in  each strip and used 

consistently for the sampl ing procedures performed throughout the 

experimental period.  

6.2.2.2. Animal evaluations 

Three selected g roups of seven Friesian dai ry cows were assigned to 

th ree expe rimental g razing  treatments for the pe riod of measurements of 

an imal responses (December 4 to Apri l  29) . Cows were fi rst drafted f rom the 

mai n  herd (250 cows) according to the i r  age, p roduction i ndex (P I )  and 

b reed ing i ndex (B I ) ,  l actat ion days, pregnancy status, levels of mi lk-fat and 

mi lk-protei n  production in the current lactation and , fi nal ly, l iveweight and body 

condition  score at the t ime of g rouping.  Cows were then randomly d rawn to 

comprise the f inal experi mental groups, which were balanced for age i n  order 

to get the same age structure as that of the main herd .  Experi mental an imals 

had an average i n itial l iveweight of 490 Kg and body condition score of 4.4. 

Each cow was considered as an experi mental u nit , giving a completely 

random ised desig n  (CRD)  with seven repl icates (the number of cows per 

g roup) .  
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6.2.3. Experimental treatments 

Planning of the g razing treatments to be tested was based on the 

results of field experime nts in the previous seasons (Experi ments 1 and 2 -

Chapter 5) ,  and on earl ier  detai led studies (Matthew et al. , 1 989b ;  Matthew, 

1 990) .  Basically, it involved a comparison betwee n  an early control or  

conventional g razing treatment (EC) and two late control t reatments (LC) .  For 

analytical reasons, the t rial was divided into three experi mental phases and 

th ree treatments were assigned to strips (p lots) as fol lows : 

( i )  Pre-control o r  preparation phase ( 1 5 September  - 03 December/92) -

Throughout this phase plots were rotational ly grazed by a herd of 250 dairy 

cows at approximately 3 week i ntervals, in o rder to al low the development of 

sward differences and establ ish an average pastu re cover over the 

experimental area as specified for the fol lowing tre atments : 

(a) EC � One strip of each paddock was g razed i ntensively to a 

residual pastu re height of 30-50 m m  ( 1 400- 1 500 Kg D M/ha) 

maintai n i ng an average pasture cover of around 2000-21 00 

Kg DM/ha on al l  five paddocks; 

(b) LC � The other  two strips of each paddock were g razed laxly to a 

residual pasture heig ht of 80-1 00 m m  ( 1 800-2000 Kg DM/ha) 

maintai ni ng an average pasture cover of arou nd 2500-2700 

Kg DM/ha on all five paddocks. 

Duri ng th is t ime paddocks (blocks) were sequential ly g razed by the 

dai ry herd with a difference of three to four days between them. Lax g razing 

t reatments (LC) al lowed some early seedhead development. G razi ng was 
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closely monitored ,  and cows were removed as soon as residual pasture 

targets were achieved for the different treatments as specified above . By the 

end of this phase a difference of around 500-700 Kg D M/ha i n  ave rage 

pasture cover between EC and LC treatments had been created. Plots under 

the EC t reatment were in a vegetative stage with few reproductive t i l lers whi le 

those u nder LC were in a reproductive (anthesis) stage ,  sett ing up the 

differe nces in sward characteristics for the next phase. 

(i i )  Control  phase (04 Decembe r/92 - 02 January/93) - During  this phase the 

selected groups of cows were transferred to the experimental areas 

(December 4) and randomly assigned to the th ree experimental t reatments. 

Fro m  December 4 onwards, each of the three repl icated sets of t reatments 

(2 .8  ha) was transformed i nto a self-contained u nit. The i n itial difference of 

500-700 Kg D M/ha in average pasture cover between EC and the LC 

treatments (created during the pre-control phase) had to be removed by the 

end of this phase, i n  order to have the three farmlets ru n ni ng at a common 

ave rage pasture cover o f  around 2000 Kg D M/ha in  early January/93. Two 

contrasting  grazing strategies were used to contro l  seedheads and reduce 

pastu re cover on the LC farmlets to the same level as that for the EC farmlet: 

(a) No forage conservatio n - Maintenance of the same level of stocki ng 

rate as on the EC farmlet (2.5 cows/ha or 7 cows/2.8 ha), but 

increasing the speed of the rotation from a 20 to a 1 0-day round 

(very fast rotation - VFR) ;  

(b)  Simu lating forage conservation on 30% of the farmlet area - Si nce 

the effectiveness of mowing in control l i ng reproductive grass g rowth 

was demonstrated in previous trials (Experime nts 1 and 2 - Chapter  

4 )  and the mai n i nterest was on the consequences of  such a 

grazi ng pol icy on  the grazed part of the farm,  the 30% area of 

forage conservatio n  (defi ned in  Chapter 5) was simulated by an 



Spring grazing and summer-autumn pasture and milk production 1 1 8 

equivalent i ncrease (43%) i n  stocking rate on the g razed area. 

Three more cows were therefore added to th is treatment during  the 

control phase, g iving an effect ive stocking rate of 3 .6 cows/ha or  1 0  

cows/2.8  ha (h igh stocki ng rate approach -HSR) .  Rotation l ength 

was sl ig htly shortened fro m  a 20 to a 1 5-day round in o rder to al low 

cows to g raze around the enti re farmlet twice before the  beg inn i ng  

o f  the next phase. 

Duri ng th is phase each of the five strips was sub-divided i nto 2 (VFR) ,  

3 (HSR)  or 4 (EC) breaks by electric fencing i n  order to  generate the different 

rotat ion lengths specified above ( 1 0 ,  1 5  and 20 days, respectively) .  Residual 

pasture heights or  herbage masses and average pasture covers became a 

funct ion of the rates of he rbage i ntake and accumu lation, s ince a fresh area 

of pastu re was offered dai ly  to the an imals after the afternoon m i l ki ng,. Water 

was avai lable to each group of cows at al l times from portable tro ughs. 

( i i i )  Post-control phase (03 January - 29 Apri ll93) - This phase was scheduled 

to start i n  early January, when the three experi mental farmlets were expected 

to be run ning at a very s imi lar average pasture cover, and i n  fact started on 

January 3 .  Stocking rate on the HSR farmlet (previously 3 .6 cows/ha) was 

reduced to the same level as that for EC and VFR (2 .5 cows/ha) and al l th ree 

farmlets were g razed at a 20-day rotation interval (4  breaks per strip)  u nti l  

January 31 , when they were shifted to a 30-day i nterval (6 b reaks per strip) 

for the rest of the post-control phase. 

Duri ng this phase al l three treatments (farmlets) were managed under 

the same stocki ng rate (2.5 cows/ha) and grazing i nterval (20-day i ncreas ing 
. 

to a 30-day round ) ,  the only difference bei ng the residual effects of contrasti ng 

spri ng  g razi ng managements and late control strategies i mp lemented duri ng 

the control phase .  Each group of cows received a fresh area of pasture after 

the afternoon mi lki ngs. A schematic representation of the t re atments is 
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presented i n  Figu re 6.3 .  

Pre Control Post 

1 500 Kg DM/ha 2.5 cows/ha 2 .5 cows/ha 

EC 20d rotation 20d rotatio n  20�30d rotat ion EC 

2.5 cows/ha 2.5 cows/ha 

1 0d rotatio n  20�30d rotat ion VFR 

LC 1 800 Kg D M/ha 

20d rotation 3.6 cows/ha 2.5 cows/ha 

1 5d rotation 20�30d rotat ion HSR 

(Sep 1 5  - Dec 3) (Dec 4 - Jan 2) (Jan 3 - Apr 29) 

Figure 6.3 .  Layout of the expe rimental t reatments during the 1 99 2/93 season 

6.2.4. Measurements 

6.2.4.1 . Pasture responses 

6.2.4.1 . 1 . Herbage accumulation and components 

Measurements were carried out as i n  Experiments 1 and 2 (Chapter 4). 

Herbage accu mu lation was determined f rom 1 2  randomly placed quadrat 

areas (0. 1  m2) per plot (2 from each sam pl ing area) before and after each 

g razi ng .  Samples were cut to ground level with an e lectric shearing  hand­

piece . Cut herbage was washed to remove soil contamination and then dried 

at 80 °C for 24 hours in a forced-draug ht oven.  Samples were taken for 

determination of botanical composition by cutti ng a hand-piece wide (75 mm) 

strip alongside each quadrat. Bu lked samples for each strip were then taken 
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to the laboratory, washed, sub-sampled and the herbage fro m  each of two 

sub-samples separated by hand i nto ryeg rass leaf and stem ,  other  g rass leaf 

and stem ,  clover leaf and stolon, weeds and senescent material . S ince the 

proportion of red clover i n  the samples was low, both white and red clover 

were put together i nto the same botan ical category of  clover. After d rying ,  

samples were weighed and the proportion (%)  of species components 

determined. Herbage accumulation (Kg D M/ha) was calculated based o n  the 

difference between pre-g razing and post-grazing herbage masses for 

successive graz i ngs. Herbage accumulation rates during the fi rst regrowth 

pe riod (mid-Aug ust to mid-September/93) fol lowing a com mon winter g razing  

management after experimental paddocks had been re-i ncorporated i nto the 

farm area were also determi ned. During the contro l  and post-control phases, 

post-grazing cuts were usual ly taken on a strip when the last b reak contain i ng 

a sampl i ng area with i n  it was grazed. 

6.2.4.1 .2. Average pastu re cover 

Measurements of average pastu re cover over the expe ri mental area 

com menced on December 4 at the beg inni ng of the control phase, when 

expe ri me ntal farmlets were set out ,  and conti nued on a weekly basis 

throughout the control  and post-control phases (Section 6 .2 .4) .  S i nce the di rect 

estim ate of herbage mass is t ime consuming, ' determination  of herbage mass 

on the farmlets was carried out i ndi rectly by the use of a risi ng plate meter. 

Although th is method rel ies on a cal ibration curve ( l i near equation) which 

mig ht be affected by the differi ng sward structu res, no cal ibratio n  curves were 

made for the experi mental treatments. Measu rements were made by taking  50 

random risi ng p late meter readings from a zig-zag l i ne across each 

experimental strip (plot) . Average herbage mass for each strip was calculated 

usin g  the fol lowing  cal ibration equation  suppl ied by the manufacturer of the 
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equipment :  

H M  = 1 58(RPR)+200 ; 

where H M  = herbage mass and RPR = average ris ing plate read ing .  The 

ave rage pastu re cover for each farmlet was determined by si mple arithmetic 

mean of herbage masses across strips. These m easu rements were used i n  

making day to day graz ing  management decisions, but not for calculation of 

herbage accumulation data. 

6.2.4.1 .3. Ti l ler dynamics 

Ti l ler  population dynamics was mon itored by detai led observation  of 

i nd ividual t i l lers .  For each of the three treatments i n  each of the five paddocks, 

six transects of ten t i l lers (60 t i l lers/treatment/paddock) were tagged with split 

plastic ri ngs between 1 and 1 8  October, 1 992. The t i l lers m arked were 

selected as being  adult overwintered ti l lers about to flower, and any daughter 

ti l l e rs al ready present (on average approximately 2 .5  daughter  t i l lers per 

floweri ng t i l ler) were tagged with a different colou r  from that used to tag the 

main t i l ler  axis. Tagging of new t i l lers and cou nts of  dead ones was performed 

at three d ifferent times throughout the experimental period as fol lows:  

Tagging 1 - At the start of  the control phase (early-Oecember/92) 

Tagging 2 - A month after begi nn ing of post-control phase (early­

February/93) 

Tagging 3 - At the e nd of the experiment (Apri l/93) 

For each tagg ing procedu re a different colour  was used, al lowing  the 

identification of different ti l l e r  cohorts and thei r time  of appearance. From the 

recorded observations, some ti l ler dynamics parameters l ike ti l ler  appearance 

rate (TAR),  t i l ler death rate (TO R) and t i l ler  survival rate (TSR) (Section 
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4 .2 .5 .2 )  were calcu lated for the three experimental phases (Section  6 .2 .4 ) .  At 

the  t ime of the last g razing of the experimental paddocks al l  tagged t i l lers were 

dug u p  prior to g razing and removed to the laboratory where they were 

separated into thei r respective cohorts which were counted, dried and 

weig hed. 

6.2.4.1 .4. Species population densities 

G rass t i l ler  and white clover stolon/node populatio n  densities were 

m onitored with fou r ti l ler p lug (53 m m  diameter) harvests spread out 

th roug hout the experimental period as fol lows : 

Harvest 1 - At the start of the experi ment (October/92) 

Harvest 2 - At the switch from the pre-control to control phase (early­

Decembe r/92)  

Harvest 3 - At the end of  the experiment (Apri l/93) 

Harvest 4 - At the ti me  of the fi rst grazing followi ng a com mon winter 

rotation management after experimental paddocks had 

been re- i ncorporated into the farm area (mid-August/93)  

At  each of  the fou r harvests 60 ti l ler  plugs were col lected per plot, ten 

fro m  each sampl ing area, and g rass t i l lers and clover stolon/node densit ies 

determ i ned by counti ng ti l lers and nodes and measuri ng sto lon length i n  each 

p lug .  Agai n red clover plants co nstituted a small proportion  of the plants in the 

samples and, for that reason ,  the clover component comprises main ly white 

clover plants. An estimate of i nternode length (cm)  was obtai ned by divid ing 

the stolon  density (m/m2) by the node density (nodes/m2) esti mates. 
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6.2.4.2. Animal responses 

6.2.4.2.1 . Mi lk yield and composition 

Milk yield was measured electronical ly for each cow eve ry day by 

means of the Ruakura Mi lk Harvest system i nstal led on the 36 bail twin-style 

rotary p latform used to mi lk the herd .  Cows were mi lked twice dail y  at 7 :00 am 

and 4:30 pm. Mi lk  samples we re taken on the fol lowing dates using a 

proportion ing Mi lk Meter (Tru Test Co. N.Z. )  and composition of representative 

mi lk  samples was determined at the Livestock Improvement Corporation 

laborato ry (Hamilton) by infra-red absorption (Mi lk-O-Scan :  AJS N Foss, 

Denmark) : 

9 ,  1 4, 20 Decembe r  1 992 

7, 1 7, 27 January 1 993 

1 1 ,  24 February 1 993 

1 1 ,  21 March 1 993 

1 4  April 1 993 

Results from different milk tests were combi ned to generate mean 

values for mi lk-volume and mi lk-sol ids yields duri ng the control (9 , 1 4,20 

Decembe r) and post-control (re mai n ing mi lk test results) phases of the 

experi mental period . Prior to the com mencement of the farm let study period, 

duri ng the preparation phase ,  mi l k yield and composition of each cow in the 

whole herd were measu red at month ly intervals, and those resu lts were used 

as covariates during the statistical analysis of the data. 
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6.2.4.2.2. Liveweight and body condition score of cows 

Changes in l iveweight and body condition score were monitored by 

weigh ing and condition scori ng experimental cows at month ly intervals. These 

m easurements were carried out consistently after the morning mi lki ng ,  before 

the cows went back to the experi mental area, and performed by the same 

person at the beg inning  of each month. The l iveweight of cows was measured 

by an electronic scale and body condition scores assessed accord ing to a 

visual 0 to 1 0  scale developed at Massey U n iversity, which is based o n  the 

deg ree of body fatness of the ani mals (0 = th in and 1 0  = fat). 

6.2.4.2.3. Herbage i ntake and sward qual ity 

Levels of herbage i ntake were calculated from estimates of total faecal 

o utput and herbage digest ib i l ity as described by Le Du & Penn ing ( 1 982). 

Faecal output was estimated i ndi rectly by the use of i ntra- ruminal chromium 

contro l led release capsules (65% Cr203 mat rix ,  46.6 mm2 orifice, 4. 1 cm core, 

Mark I I  wi ng design ,  CAPTEC New Zealand Ltd) ; (Parker et al. , 1 990) . 

Measurements of herbage i ntake were carried out i n  the periods 1 4-23 

D ecem be r/92 and 1 8-27 January/93, duri ng the control  and post-control  

phases, respectively. Capsu les were admin istered to the cows and a period 

of seven days al lowed i n  o rder to achieve an uniform concentration of C r203 

i n  the rumen.  Faecal samples were collected from each cow once a day i n  the 

morn ing during days 8 to 1 7  after cows had received the capsules .  Samples 

were bu lked over five day periods (day 8 to 1 2  and 1 3  to 1 7) and stored at -4 

°C, p rior to bei ng thawed, d ried (80 °C to constant weight for at least 72 hs) 

and g round in preparatio n for chromium analysis by atomic absorption 
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spectrophotometry according to the method described by Costigan & El l is 

( 1 987) and modified by Parker et al. ( 1 989). Duri ng each of the five-day 

periods of faecal sample col lection ,  fou r oesophageal fistulated cows were 

used for col lection  of herbage samples at the begi nn ing  and end of g razing. 

Fistulated animals were maintai ned on simi lar pastures adjacent to the 

experimental area and used in pai rs, rotating across t reatments, in o rder to 

al low a sample to be col lected for each treatment f rom each cow. Samples 

were place i n  crushed ice i mmediately after collection and taken to the 

laboratory for storage at - 1 8 cC. These extrusa samples were subsequently 

freeze-dried, g round, subsampled and submitted to d igestibi l ity analysis. The 

digestib i l ity of the grazed herbage was determined by an in vitro cel lu lose 

solubi l ity technique usi ng a method s l ightly modified from Roughan & Hol land 

( 1 977) .  

Additional procedures of herbage intake measurement and sampl ing of 

herbage as g razed were used du ri ng the December measurement period. 

Esti mates of apparent herbage i ntake were obtained through diffe rences 

between pre and post-grazing herbage masses, and digestibi l ity of g razed 

herbage estimated on samples haNested by hand plucking simu lat ing g razing 

activity from areas left ungrazed by exclosure cages (2 x 1 m). Because cows 

were being  offered a d ifferent area of pasture daily duri ng that period as a 

consequence of the different treatments, the number  of quadrat cuts (0.1  m2) 

and exclosure cages used was planned on a per strip basis. Thus, a total of 

1 6  quadrat cuts and 8 exclosu re cages were used for sampl i ng the EC and 

VFR treatments (4 cuts and 2 cages per break for EC, 8 cuts and 4 cages 

per break for VFR) and 1 5  quadrat cuts and 9 exclosure cages for sampl ing 

the HSR treatment (5 cuts and 3 cages per break). Bulked samples of hand 

plucked herbage per strip we re sub-sampled into fou r  pai rs of samples, with 

one of them bei ng hand dissected into botanical components and the other 

freeze d ried, g round and analysed for in vitro digestib i l ity and n itrogen content 

(standard procedure of Kjeldahl nitrogen  with a Kjeltec auto system ) .  
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6.2.4.2.4. Grazing behaviour 

I n  each of the fou r  5-day periods of herbage i ntake assessment, a 24-

hou r period of observation on the g razing  activity of the an imals was 

performed ( 1 5 and 22 . 1 2 .92,  23 and 29 . 0 1 .93). Recording of activities was 

performed at 1 0  minute i ntervals and was based on cou nti ng the number of 

an i mals demonstrati ng specific activity i n  each group or  farmlet. The activities 

monitored were g razing ,  ru mination or  neither. Est imates of rate of b it ing were 

made during the periods of major g razing activity by recording the amou nt of 

t ime taken for ani mals to make 20 un interrupted bites (Hodgson ,  1 982). 

Because observations of activities were performed on a group rather than 

individual animal basis, statistical analysis could not be performed due to lack 

of repl ication. Therefore , the records generated are p resented only as an 

i ndication  of possible effects of treatments on grazi ng behaviour. 

6.2.5. Statistical analysis 

Al l  data were in it ial ly tested for normality and homogeneity of variance. 

In cases where these assumptions were not val id ,  data were appropriately  

transformed. Statistical analysis on the pasture response data was performed 

i n  accordance with the randomised complete block design (8 degrees of 

f reedom for error) and standard errors derived from strip means (n=5) . Results 

generated from seque ntial harvests were analysed using the "repeated 

measures" option of the SAS general l i near models procedure .  Statistical 

analysis was performed on the animal response data accord ing to the 

completely randomised design ( 1 8 degrees of freedom for error) and standard 

e rrors derived from cow means (n=7) . Data for yields of mi lk and mi lk-sol ids, 

l iveweight and body condition score were subjected to a pre-treatment 
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covariance adjusted repeated measures analysis. The covariates were the 

accumulated yield for each cow from calving u nti l  one week before the contro l  

phase began, and l iveweight and body condition  score at the start of the 

control phase, when all cows were g razing together in  one herd .  

As i n  Experi ment 2 (Section 4.2.6) ,  i t  was of interest to  exami ne 

associat ions between variables, i n  particular h erbage accum ulation and mi lk  

production .  Since COA was ru led out  by the different structu res of  the two data 

sets (5 paddocks compared with 7 cows) a small principal component analysis 

(PCA) was used to ach ieve this, and analysis of variance performed on PC 

scores (Jol l iffe, 1 986). Further detai ls are g ive n in Section 6 .3 .8.  

6.3. Results 

6.3.1 . Ti l ler dynamics 

During the pre-control or pre paration phase, late control swards (VFR 

and HSR)  were characterised by lower t i l ler appearance (TAR) and death 

rates (TOR) and h igher ti l l e r  survival rates (TSR)  than those observed for the 

EC swards (Table 6 . 1 ) .  That pattern changed during the control and post­

contro l  phases, when TOR and TSR were essentially the same for al l 

treatments. During the control phase , no significant difference was observed 

between treatments in TAR ,  althoug h HSR swards tended to ti l ler  considerably 

faster than VFR swards, and s l ight ly faster than the EC swards. The same 

trend conti nued during the post-control phase. 



Table 6. 1 .  Rates of ryegrass ti l ler appearance (TAR). death (TOR) and survival (TSR) throughout the experimental period 

Experimental Treatments 

Period EC VFR HSR SEM S ignif. 

Oct-Nov 64.9 44.5 49 .2 6. 1 * 

TAR Dec-Jan 1 0 1 .6 76.9 1 04.9 1 7 .5 ns 

(ti l lers/1 00 ti l lers) Feb-Apr 46.8 49.3 58.9 4.8 ns 

Oct-Nov 63.2 52.4 54.4 3 . 1  * 

TOR Dec-Jan 50.3 52.5 50.5 2.3 ns 

(ti l lers/1 00 ti l lers) Feb-Apr 37. 1 32.5 3 1 .5 2.8 ns 

Oct-Nov 36.8 46 .2 45.6 2 .7 * 

TSR Dec-Jan 49.7 47.5 49.5 2.3 ns 

(%) Feb-Apr 62.9 67.5 68.5 2.8 ns 
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The records of t i l le r appearance at different tagging  dates revealed a 

smal ler  number of new daug hter ti l lers bei ng formed throughout the season 

for the VFR treatment as opposed to the EC and HSR treatments (Table 6.2) .  

Ti l ler ing was reduced du ring  the period of lax g razing on both late control 

t reatments (VFR and HSR).  Soon after the control of the reproductive g rowth 

of the swards took place , t i l lering was considerably  enhanced o n  the  HSR 

swards, but not in the VFR swards (Figure 6 .4), resulti ng i n  a lower n um ber  

of newly formed daughter ti l lers bei ng p roduced per  parent ti l l e r  i n  VFR swards 

at the end of the tria l .  A h igh tu rnover i n  t i l ler  population was observed for all 

t reatments with only 25% of the orig inal ly tagged t i l lers remai n ing in the t i l ler 

population of the experimental swards i n  early February/93.  

Table 6 .2 .  Average number of  tagged ti l lers per  parent t i l ler throughout the season 

Treatments 

EC 

VFR 

HSR 

SEM 

Signif . 

0 1 - 1 8/1 0 

3.3 

3.4 

3.5 

0 . 1  

ns 

Tagg ing dates 

01 - 1 6/1 2 ' 1 0-26/02 

4.5 8.5 

3.6 5.8 

3.8 8.4 

0 . 1  0 . 1  
* *  ns 

1)  Time of control of the reproductive g rowth on late control farmlets 

1 8-30/04 

9. 1 

6.9 

1 0.2 

0. 1 

+ 



Oct 1 Dec 1 Feb 1 0  

Tiller cohorts tagging dates 
Apr 1 8  

Figure 6.4.  Ryegrass tillering pattern for (a) Ee; (b) VFR; (c) 
HSR 
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Numbers of daug hter t i l lers per parent t i l ler formed duri ng the 

observation  period and sti l l  alive at the ti me of the final harvest of ti l lers in 

Apri l/93 were s imi lar for the EC and HSR treatments, and lower (P < 0. 1 0) for 

the V FR treatment (Table 6 .3) .  The only difference observed in the weight of 

i ndividual t i l lers produced per pare nt t i l ler  at different taggi ng dates, was that 

t i l lers belong ing to the last cohort were significantly heavie r  for the EC 

treatment when compared to those produced u nder the VFR and HSR 

treatment conditions (Table 6 .4) .  As a consequence, the total weight of new 

formed daug hter ti l lers per parent t i l ler produced by the VFR swards was 

consistently smal ler than that for EC and HSR swards (Table 6 .5), though 

differences were s ign ificant only for cohorts tagged during the control phase. 

Table 6 .3 .  Average number per parent tiller of ti l lers formed during the observation 
period and sti l l  alive at the final harvest of the season ( 1 8 to 30 April, 
1 993) 

Treatments 

EC 

VFR 

HSR 

SEM 

Signif . 2 

01 - 1 6/1 2' 

1 .27 

0.75 

0.98 

0 . 1 3  
* 

Tiller cohorts tagging dates 

1 0-26/02 1 8-30/04 

3.55 3.81 

2.40 2.96 

3.95 4.49 

0.43 0 .49 

ns + 

1 )  Time of control of the reproductive growth on late control farmlets 

Total 

8.63 

6 . 1 1 

9.41 

0.87 

ns 

2) In  this and subsequent tables: ns = P > 0. 1 0; + = P < 0. 1 0; • = P < 0.05;  • •  = p < 0.01 ; 
• • •  :: p < 0.001 
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Table 6 .4. Individual ti l ler weight (mg)' of new formed t i l lers at the f inal harvest of the 
season ( 1 8 to 30 Apri l , 1 993) 

Treatments 

EC 

VFR 

HSR 

SEM 

Signif. 

0 1 - 1 6/1 22 

33.9 

35. 1 

29.3 

0 . 1  

ns 

Til ler cohorts tagging dates 

1 0-26/02 

33.4 

29.3 

30.4 

0 . 1  

ns 

1 )  Statistical analysis performed on transformed data: logarithm 
2) Time of control of the reproductive growth on late control farmlets 

1 8-30/04 

1 4.3 

1 0.3 

1 0.0 

0 . 1  
* *  

Table 6.5. Total weight (mg)' of new formed til lers per parent til ler  at the final harvest 
of the season ( 1 8  to 30 Apri l ,  1 993) 

Ti l ler cohorts tagging dates 

Treatments 0 1 - 1 6/1 22 1 0-26/02 1 8-30/04 Total 

EC 41 .9  1 2 1 .8 50.4 21 4.2 

VFR 24.3 76 . 1  34.2 1 34.7 

HSR 33. 1  1 20.9 49.0 203.0 

SEM 5 . 1  1 7 .7 7.7 26 . 1  

Signif. * ns ns ns 

1 )  Statistical analysis performed on transformed data: square root 
2) Time of control of the reproductive growth on late control farm lets 
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6.3.2. Grass ti l ler a nd clover sto lon/node population 

At the start of the preparat ion period EC swards p resented sl ightly 

h igher ryeg rass population density than HSR swards, and sl ightly lower clover 

nodes/stolon densities than VFR and HSR (Table 6 .6 and 6.7) .  At the t ime of 

the late control  of the reproductive g rowth,  the populat ion of ryeg rass t i l lers on 

the lax g razed plots (VFR and HSR) was sl ightly lower than on E C  (P < 0. 1 0) 

(Table 6 .6 ) ,  with other g rasses fol lowing the same tre nd only i n  swards under 

the H SR treatment. The VFR treatment presented sl ightly h igher ti l le r  

populat ion of  other grasses than EC,  both bei ng sig nificantly more dense (P 

< 0.05) than the HSR swards. Total g rass t i l ler populat ions fol lowed the same 

pattern as other g rasses ti l ler  popu lations. During  the control and post-contro l  

phase, t i l ler  population densities of  ryegrass and other g rasses on HSR 

swards were restored to the same levels as those of the EC swards by the 

end of the trial (Apri I/93) .  The VFR swards had lowe r ryeg rass ti l l e r  density but 

s im i lar other grasses t i l ler  density to EC and HSR swards. Results from the 

plug samples i m mediately after the wi nter rotation management (Aug/93 ; Table 

6 .6) revealed that al l the experime ntal swards started the fol lowin g  spri ng with 

sim i lar populations of ryeg rass and other grasses t i l l e rs. 

Litt le difference between treatments was observed in clover node 

populat ion densities throughout the season (Table 6.7). On the other hand, 

clover stolon density and internode length changed substantial l y  by the t ime 

of  the late co ntrol of the reproductive growth on lax grazed swards duri ng  

spring ,  with VFR and HSR swards presenti ng h igher stolon d ensities and 

i nternode length than EC swards (P < 0.05 and P < 0.01 , respectively). The 

same trend was observed at the end of the post-control phase for stolon 

density and i nternode length, with the exception that VFR swards tended to 

show reduced clover sto lon densities at that time. Overal l ,  clover node and 

stolon populations were d imin ished during  the winter, but experi m e ntal swards 



Table 6 .6 .  Grass ti l ler population densities (ti l ler/m2) throug hout the season 

Grass sp. 

Ryegrass 

Oth.grass 

Total 

Treatments 

EC 

VFR 

HSR 

SEM 

Signif .  

EC 

VFR 

HSR 

SEM 

Sign if. 

EC 

VFR 

HSR 

SEM 

Signif. 

Octl92 Dec/92' 

2550 2080 

2230 1 540 

201 0 1 570 

1 82 1 68 

+ + 

3030 3960 

3740 4780 

2860 3290 

277 444 

+ * 

5580 6040 

5970 6320 

4870 4860 

298 437 

1 )  Time of control of the reproductive growth on late control farm lets 

Apr/93 A ug/93 

2700 3260 

1 820 3360 

2860 3290 

1 02 255 
* * *  ns 

5580 4340 

5360 4850 

5 1 60 4880 

489 262 

ns ns 

8280 7600 

7 1 80 82 1 0 

8020 8 1 70 

457 366 

ns ns 

1 34 
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Table 6 .7 .  C lover stolon/node popu lation densities th roughout the season 

Un it Treatments Oetl92 Oee/92' Apr/93 Aug/93 

EC 2 1 90 2750 4780 2 1 20 

Nodes VFR 2530 2 1 80 436 0  1 750 

( nodes/m2) HSR 2560 2760 4570 1 790 

SEM 1 55 240 303 1 53 

Signif. ns ns ns ns 

EC 84.4 65. 1  87.7 57.2 

Stolon VFR 89.2 70.6 80.8 46.4 

(m/m2) HSR 87.4 79.6 89.0 53.0 

SEM 3.9 4 .2 3.7 2.9 

Signif .  ns • ns • 

EC 4 .0  2.8 1 .9 2.8 

I nternode VFR 3 .7 3.7 2 .0  2 .8 

(em) HSR 3.7 3.2 2.2 3.0 

SEM 0 .2  0.2 0. 1 0 . 1  

Signif. ns • •  ns ns 

1 )  Time of control of the reproductive g rowth on late control farm lets 
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came out of the winter rotation period basical ly with the sam e  levels of node 

and stolon density, the on ly exception being the VFR treatment wh ich showed 

a lower clover stolon density than did the EC and HSR treatments (P < 0.05) .  

Clover stolons produced by HSR swards mai nta ined the tre nd of longer 

i nternode length, with those produced by VFR swards reverting  to levels 

s imi lar  of those observed for EC swards. 

I n  general , no  Sig n ificant changes in  weed populat ion density were 

observed either during  the expe rimental period or after the wi nter rotatio n  

management. There was a trend for H S R  swards t o  show a h igher weed 

populat ion than EC and VFR by the time of the late control (Tabl e 6.8) .  

Table 6.8.  Weed population densities (plants/m2) throughout the season 

Treatments 

EC 

VFR 

HSR 

SEM 

Signif. 

Octl92 

1 50 

220 

200 

33 

ns 

Dec/921 Apr/93 

1 20 240 

1 00 270 

1 90 240 

3 1  29 

+ ns 

1 )  Time of control o f  the  reproductive growth on late control farm lets 

Aug/93 

1 90 

1 90 

1 60 

36 

ns 
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6.3.3. Herbage accumulation and average pasture cover 

A h igh degree of variabil ity was observed in the data for herbage 

accumulation ,  especially after the farmlet study started and post-g razing 

sampl ing had to be carried out after a o ne-day or two-day regrowth period for 

some sampl ing areas with in each experi mental strip (coefficient of variation of 

around 64%) . As a result, few s ignificant differences were observed. 

Nevertheless, late control  swards (VFR and HSR) accu mulated herbage dry 

matter at a faster rate than did early control  swards (EC) during t he pre-control 

o r  preparation phase (P < 0 . 1 0 ;  Table 6 .9) .  That trend changed with the 

i m plementation of different reproductive g rowth control strategies during the 

contro l  and post-control phases, basical ly  reflect ing the degree of i ntensity of 

control bei ng imposed (Table 6 . 1 0) .  U nder those circumstances, VFR swards 

showed the h ighest rates of herbage accumulation which conti nued to be 

observed duri ng  the fi rst month of the post-control phase (January)  (Table 

6 .9 ) .  On the other hand , swards control led under a more i nte nsive g razi ng 

approach (HSR) ,  resulted in a faster control and reduction of the average 

pastu re cover over the farmlet (Table 6 . 1 0) .  Such a control policy caused a 

reduction i n  rates of herbage accumulat ion which cou ld sti l l  be  observed 

during  the f i rst month of the post-control phase (January) (Table 6 .9 ) .  Duri ng 

th is period HSR swards performed poorly, with rates of herbage accumulation 

tending to be slower than those observed on the EC swards. That pattern of 

response changed agai n in February, soon after the rai n  fol lowi ng a dry spell 

wh ich started in mid January and continued unti l  late February (F igu re 6.2) ,  

with both late control treatments (VFR and HSR) performing bette r than EC 

during  the remai nder of the experi mental pe riod . This was particularl y  the case 

for HSR swards, which showed the h ig hest rates of herbage accum ulation 

duri ng March and Apri l (Table 6 .9 ) .  Consequently, the average pasture cover 

over the late control  farmlets (VFR and HSR)  was sl ightly h igher than that for 

the early control farmlet ( EC) i n  March and Apri l ,  althoug h by the  time  the 
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cows were dried-off, al l three experimental farmlets had essential ly the same 

average pasture cover (Table 6. 1 1 ; Figure 6 .5) . 

Table 6 .9 .  Monthly herbage accumulation rates (Kg DM/ha/day) throughout the 
season 

Treatments 

Month EC VFR HSR SEM Signif. 

Oct 55.0 69.0 6 1 .0  [c. "2-0 3 .8  * 

Nov 56.0 77.0 7 1 .0 73 2 ') 7 .6  + 

Dec 65.0 85.0 53 .0  I '- �  1 3 .3 ns .) 

Jan 64.0 86.0 56.0 7 1.{  1 ';- 1 1 .4 + 

Feb 35.0 55.0 49 .0 1 '5'  9.2 ns 

Mar 2 1 .0 29.0 38.0 ' 1.  £ )  6 . 1  + 

Apr 9 .0 1 1 .0 20.0 '2 0  8 .9  n s  

Aug/Sep 52.0 65.0 67 .0 t ()  1 0  2.6 + 

Table 6 . 1 0 . Average pasture cover over the experimental farmlets during the four 
weeks of the control phase (Kg DM/ha) 

Treatments 

Date EC VFR HSR SEM Sign if. 

Dec 4 2090 2770 2830 1 39 * *  

Dec 1 1  2 1 50 2400 2500 1 65 ns  

Dec 1 8  2240 2440 2250 1 29 ns  

Dec 26  2590 2640 2360 1 42 ns 

Jan 2 2300 2330 21 50 1 6 1 ns  
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Table 6 . 1 1 .  Average pasture cover over the experimental farm lets during the post-

:oj 
z:e. 

control phase and at drying-off date (28 Apri l , 1 993) (Kg DM/ha) 

Treatments 

Month EC VFR HSR SEM Sig nif. 

Jan 22 1 0  2430 21 80 8 1  n s  

Feb 2 1 50 2 1 90 2 1 50 55 ns  

Mar 2070 2220 21 60 49 + 

Apr 1 880 1 970 1 900 37 ns  

Apr 28  1 800 1 780 1 770 99 ns 

2750 r-------------------------------------.-______ � 

":- -
2500 ..... 

2250 

..... ..... 

- EC 
VFR 

. . . . . . . HSR 

� 2000 
0.0 � 

1 750 

1500 

Dec Jan Feb 
Month 

Mar Apr 

Figure 6.5 . Average pasture cover for the three experimental 
treatments throughout the farmlet study period 
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The pattern of response of total herbage accumulat ion for different 

experi mental phases and overall season pastu re production reflected the same 

trend as observed for the monthly herbage accumulation rates (Table 6 . 1 2 ) .  

A more comprehensive analysis i ncluding the three years data (years 1 and 

2 - Section 4.3.3 ;  and year 3) is presented in  Chapter 7. Duri ng the pre-contro l  

or p re paration phase t h e  late contro l  treatments produced more dry m atter  

than the early control (EC) due to higher g reen and senescent material 

accu mulation under those circumstances (Tabl e  6 . 1 2 ) ,  although no s ignificant 

differences were observed in l ive :senescent mate rial ratio of the herbage 

g rown in  different swards (Table 6 . 1 3) .  After the control phase was 

implemented with the late control  treatments bei ng differe ntiated i nto two 

different farmlets, the accumu lation  of senescent material fol lowed the same 

pattern as i n  the previous phase but at different i ntensities, with VFR swards 

accu mulating a larger amou nt of senescent material than HSR. Both VFR and 

HSR accumulated more senescent material than did Ee, whi le accu mulation 

of g reen material was reversed and VFR and HSR tended to accu mulate less 

l ive herbage material than did EC over the fou r  weeks of the control  phase.  

This was particularly so for the HSR treatment, that being the mai n cause for 

the d ifferent trends of response observed in total herbage accumu lat ion duri ng 

that period. Th is decrease i n  green herbage accumu lation associated with a 

h igher  accu mu lation of senescent material caused the l ive :senescent material 

ratio in the sward to drop substantial ly .  



Table 6 . 1 2 .  Herbage dry matter accumulation (Kg DM/ha) during the three experimental phases1 

Treat. 

EC 

VFR 

HSR 

SEM 

Signif. 

Green 

3320 

3920 

3630 

303 

ns 

Pre 

Senescent 

80 

520 

400 

84 
** 

Control 

Total Green Senescent 

3400 20 1 0  1 0  

4440 1 700 950 

4030 1 360 290 

3 1 7  334 202 

ns * *  

1 )  In this and subsequent tables: P re = Oct-Nov/92; Control = Dec/92 ; Post = Jan-Apr/93 

2) October 1 to April 30 (2 1 2  days) 

Total Green 

2020 42 1 0  

2650 5060 

1650 5430 

414  673 

ns ns 

Post Season 

Senescent Total Total2 

-300 391 0  9330 

360 5420 1 25 1 0  

-530 4900 1 0580 

375 561 640 

ns + + 
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Table 6 . 1 3. Pre-grazing l ive :senescent material ratio for the three experimental 
phases 

Phase 

Pre 

Control 

Post 

EC 

7.87 

5.77 

3.53 

Treatments 

VFR 

6.52 

2.67 

2.97 

HSR 

7.33 

3.35 

3.69 

SEM 

0.43 

0 .69 

0 .20 

Sign if. 

ns 
• 

+ 

Accumu lation of g reen material by the late control treatments (VFR and 

HSR)  i ncreased again after swards had been re-establ ished in the ir  vegetative 

state by the end of the control phase , causing the l ive :senescent material ratio 

of  the herbage in the experi mental swards to become s im i lar agai n .  Despite 

t hat ,  VFR swards were sti l l  accu mulating a considerable amou nt of senescent 

m aterial when compared with either EC or HSR swards, that bein g  reflected 

i n  a trend for lowe r l ive :senescent material ratio during  the control period 

(Table 6 . 1 3) .  Although a considerable variat ion among plots for herbage 

components accumu lation was observed duri ng the post-control phase, 

statist ical analysis of the data did not reveal S ign ificant treatment differences. 

As a consequence, only the trends for a h igher accu mulation of total and 

g reen d ry matter during the sum mer-autumn period for the VFR and HSR 

farmlets as opposed to the EC can be repo rted . The overall season al pasture 

product ion tended to be h igher for the late control led swards (VFR and H SR) 

( P  < 0 . 1 0 ; Table 6. 1 2) .  

The  enhanced green dry matter accumulat ion of the  late control 

t reatments during the pre-control or preparation phase was mai nly due to an 

i ncreased accu mu lat ion of g rasses i n  the sward (ryeg rass and other g rasses), 

particularly of the stem component, a l ikely consequence of the reproductive 

state of such swards (Tables 6 . 1 4, 6 . 1 5 ;  Figure 6 .6) ,  causing a tre nd for 

reduced leaf:stem ratio in  the g rass component of the herbage produced when 

co mpared to EC swards (Table 6 . 1 6) .  The same component (grass stem )  also 



Table 6 . 1 4. Species dry matter accumulation (Kg D M/ha) d uring the three 

Phase 

P re 

Control 

Post 

experimental phases 

Treatment 

EC 

VFR 

HSR 

SEM 

Signif. 

EC 

VFR 

HSR 

SEM 

Sign if. 

EC 

VFR 

HSR 

SEM 

Signif .  

Ryegrass 

900 

1 360 

940 

279 

ns 

860 

660 

200 

1 95 
* 

1 750 

2360 

2300 

537 

ns 

Other g rasses 

690 

760 

930 

265 

ns 

1 30 

-70 

-30 

307 

ns 

-260 

220 

- 1 1 0  

428 

ns 

C lover 

1 380 

1 280 

1 370 

327 

ns 

830 

1 1 20 

1 230 

404 

ns 

1 950 

2200 

2980 

6 1 9 

ns 

Weeds 

350 

520 

390 

1 06 

ns 

1 90 

- 1 0 

-40 

274 

ns 

770 

280 

260 

1 72 

+ 

1 43 
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Table 6 . 1 5 . Species components accumulation' (Kg DM/ha) during the three 

Phase 

Pre 

Control 

Post 

experimental phases 

Treatment 

EC 

VFR 

HSR 

SEM 

Signif. 

EC 

VFR 

HSR 

SEM 

Signif. 

EC 

VFR 

HSR 

SEM 

Signif. 

L 

890 

840 

600 

1 23 

ns 

680 

750 

Ry 

S 

1 0  

520 

340 ' 

1 07 

+ 

1 80 

-90 

370 - 1 70 

1 27 1 88 

+ ns 

1 700 50 

2290 70 

2370 -70 

340 25 1 

ns ns 

L 

420 

490 

390 

99 

ns 

240 

230 

Og 

S 

270 

270 

540 

1 82 

ns 

- 1 1 0  

-300 

90 - 1 20 

1 94 1 58 

ns ns 

290 -550 

350 

470 

1 8 1 

ns 

- 1 30 

-580 

27 1 

ns 

1 )  Ry = ryegrass; Og = other grasses; elv = clover; L = leaf; S = stem/stolon 

Clv 

L S 

1 360 20 

1 090 1 90 

1 2 1 0  1 60 

244 1 08 

ns  ns 

940 - 1 1 0  

1 1 1 0 1 0  

1 21 0  20 

243 2 1 8 

ns  ns 

1 780 1 70 

241 0 -21 0  

2660 320 

380 297 

ns ns 
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Figure 6.6. Botanical composition of Ee (top), VFR (middle), 
and HSR (bottom) swards at pre-grazing throughout the 
1 992/93 season 

1 45 

0 Rye leaf 
� Rye Stem 
0 OGr.leaf 
IE] OGr.stem 
I2S1 WCl.1eaf 
.. WC1.stol 
� Weeds 
• Dead 



Spring grazing and summer-autumn pasture and milk production 1 46 

Table 6 . 1 6 .  Pre-g razing leaf:stem ratio of the g rass component of the sward for the 
three experimental phases 

Treatments 

Phase EC VFR HSR SEM Sign if. 

Ryegrass: 

Pre 1 .3 1  1 .22 1 . 1 7  0.09 ns 

Control 1 . 1 9  1 .27 2 .34 0.44 ns 

Post 2. 1 3  2 .0 1  2 .2 1  0 . 1 4  ns 

Other grasses: 

Pre 1 .06 1 .02 0 .8 1  0 . 1 1 ns 

Control 1 .0 1  0 .45 0.66 0. 1 2  * 

Post 1 . 1 7  0 .94 1 .20 0 . 1 2  ns 

Overall :  

Pre 1 . 1 3  1 .09 0 .96 0 .09 ns 

Control 1 . 1 4  0 .8 1  1 .27 0 . 1 8  ns 

Post 1 .56 1 .35 1 .60 0.07 + 

accou nted for the d ifferences observed i n  g reen herbage accumulation duri ng 

the control period.  As the control phase prog ressed and seed heads and 

reproductive stems were control led, there was a considerable reduct ion in the 

accu mulation of g rass stem mate rial causing the overal l g reen dry matter  

accu mu lation to  be di mi nished. No  significant differences i n  leaf :stem ratio 

were observed for different experi mental swards at this t ime. During  the post­

control phase the i ncreased g reen d ry matter accumu lation  i n  the late contro l  

swards (VFR and H SR) was mai nly due to  an enhanced ryeg rass and clover 

accu mulation, particularly of the leaf com ponent. The leaf :stem ratio of the 

g rass component i n  the swards was mai ntained at simi lar levels th roughout 

the summer-autu m n  period. The late control treatments (VFR and HSR) 

tended to accu m u late less weed dry matter than did EC. Herbage 

accu mu lation rates soon after the wi nter rotation management tended to be 

h igher  for the l ate control treatments (VFR and HSR) (Table 6 .9) .  
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6.3.4. Sward qual ity and herbage intake 

During weeks 2 and 3 of the control  phase ( 1 4  to 23 Decem ber, 1 992) 

sampl es of herbage as g razed were col lected by hand plucki ng  from areas 

protected from grazing  by exclosure cages. Hand separation of that herbage 

into botanical components revealed a s imilar l ive :senescent materi al ratio for 

all the t reatments despite their  different physiological states of development. 

However, i n  the late contro l led swards (VFR and HSR)  the l ive com po nent of 

the herbage was characterised by a smaller grass leaf :stem rat io for the VFR 

treatment, and there was a h igher proportion of  clover for the HSR treatment 

(Table 6. 1 7) .  These differences were reflected i n  the differences observed 

between  treatments i n  nutritive value of the sampled herbage as measured by 

its n itrogen content (%N), d ry matter digestibi l ity (%D MD) and org an ic matte r  

d igest ib i l ity (%OMD). The H SR treatment showed the h ighest content of 

nitrogen  and the late control led treatments (VFR and HSR) the lowest levels 

of digestibi l ity (Table 6 . 1 8) .  

Table 6 . 1 7 .  Main botanical features of  herbage sampled by hand plucking simulat ing 
grazing in areas protected from grazing by exclosure cages from 14 to 
23 December 

Feature 

l ive:senescent 

leaf:stem 

%clover 

EC 

1 4. 1  

3 .2  

37.2 

Treatments 

VFR 

1 0 .7 

1 .5 

39.2 

HSR 

1 1 .7 

2.7 

49.8 

SEM 

1 .6 

0 .3 

1 .0 

Signif. 

ns 
* 

** 
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Table 6 . 1 8. Nutritive value of the herbage sampled by hand plucking of areas 
protected from grazing by exclosure cages from 1 4  to 23 December 

Treatments 

Parameter EC VFR HSR S EM Sign if. 

N(%) 3.25 3 .2 1  3.39 0 .03 ** 

DMD(%) 78.6 77.5 76.8 0 . 1 5  *** 

OMD(%) 80.7 79.9 79.5 0 . 1 0  *** 

Oesophageal fistu lated (OF) dairy cows we re used conco mitantly with 

the hand plucking  procedu re to harvest samples of herbage as g razed duri ng 

the fi rst period of herbage i ntake assessment. The results of the digest ib i l ity 

analysis of the OF samples were very s imi lar to those of pastu re from the 

exclosure cages, and m ust have been a consequence of the m orpholog ical 

differences of plants in the swards at that t ime (Tab le 6. 1 9) .  Despite such 

differences in nutritive value ,  morphology and structure of the swards at that 

t ime of the year, estimates of herbage i ntake were simi lar for al l three 

experi mental treatments (Table 6.20) ,  although an imals grazi n g  late control 

swards (VFR and HSR)  tended to show lower l evels of intake than those 

g razi ng EC swards. Duri ng the second period of herbage intake assessment 

soon after the end of the control phase, i n  January, no differe nce was 

observed i n  the digestib i l ity of the OF samples or i n  levels of herbage intake 

(Tables 6 . 1 9  and 6 .20). Est imates of herbage intake obtained either by the 

d ifference between pre-g razing and post-grazing herbage masses or the 

ch romium oxide technique were unreal istical ly  high and,  as a consequence, 

o n ly the relative differences between treatment means should be considered. 

The digestibi l ity of the herbage consu med at the beg i nn i ng of g razing  was 

consistently hig her than that at the e nd of the graz ing  (Table 6 . 1 9 ) .  



Table 6. 1 9 . Values of estimated in vivo digestibil ities (%) for the dry matter and organic matter of extrusa 
samples collected by oesophageal fistulated cattle at e ither the beginn ing and end of g razing 

Treatments 

EC 

VFR 

HSR 

SEM 

Signif. 

EC 

VFR 

HSR 

SEM 

Signif. 

1 4  to 23 December 

beginning end 

79.8 75.7 

76.5 74.5 

77.5 72.7 

0 .42 0.66 
* * *  * *  

83.3 78.9 

80.0 77.2 

80.9 75.5 

0 .49 0 .56 
* . *  * • •  

1 8  to 27 January 

average beginn ing end average 

DMD(%) : 

77.8 80.6 75 .3 78.0  

75.5 8 1 .3 75.0 78.2 

75. 1 8 1 .8 75.6 78.7 

0.36 0.62 0.98 0.47 
* * *  ns ns ns 

OMD(%) : 

8 1 . 1  83. 1  77.2 80.2 

78.6 83.5 77.7 80.6 

78.2 84.4 78.2 8 1 .3 

0.33 0 .90 1 .04 0.59 
• •  * ns ns ns 
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Table 6.20 . Estimates of herbage intake (Kg/cow/day) by the experimental g roups of 
cows at both periods of measurement as determined using the chromium 
oxide technique 

Treatments 

EC 

VFR 

HSR 

SEM 

S ignif .  

EC 

VFR 

HSR 

S EM 

Signif .  

Measurement period 

1 4  to 23 December' 

D ry matter: 

27.7 (25 .6) 

25.5 (2 1 .0) 

23.6 ( 1 8 .4) 

1 .42 ( 1 1 .0) 

ns ( ns )  

24.2 

22.7 

20.7 

1 .34 

ns 

Organic matter :  

1 8  to 27 January 

27.7 

26.2 

28.2 

2.27 

ns 

22.7 

22.5 

23.0 

1 .63 

ns 

1 )  Numbers in parenthesis correspond to estimates of d ry matter intake from the pre­

grazing/post-grazing cut technique 
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6.3.5. Patterns of grazing behaviour 

The dairy cows spent 1 9.5% of the day engaged in activities rel ated to 

the twice daily m i lki ngs, since the experimental area was approximately 1 000 

metres d istant from the mi lk ing shed and ani mals from different treatments had 

to be moved back and forward as a single mob, causi ng the need for sorting 

out experi mental g roups twice daily before the cows were allowed back i nto 

their  farmlets. The remain ing 80.5% of the day was spent o n  the paddocks i n  

g razing and ru minati ng activities, with the major periods of g razing  and 

rumination occurring  approximately at the same time for al l treatments. D u ri ng 

the control phase ani mals i n  the late control farmlets (VFR and HSR) tended 

to spend sl ightly more of their ti me grazi ng than did those i n  the EC farmlet 

(Table 6 .2 1 ) ,  a l ikely consequence of the h igher  pre-grazi ng herbage m asses 

on these treatments and the different structure of those swards when 

compared to EC. VFR and HSR swards had a higher proportion of stem 

material i n  the g razi ng stratu m that may have caused i ncreased difficult ies for 

prehension of the herbage. Time spent in ru mination was somewhat longer for 

the HSR group than for ani mals in the EC and VFR groups, probably a result 

of a h igher i ntake of fi brous material that had to be chewed further in order to 

be d igested .  Such trends in g razi ng and rumi nation times caused VFR and 

HSR g roups to spend a smal ler  proportion of their t ime on other  activities 

( neither g razing nor  ru minating) .  The sam e  pattern of behavioural act ivities 

was observed duri ng  the second period of o bservation in late Jan uary, the first 

month of the Pdst-control phase. Little d ifference was observed between 

treatments in re lat ion to rate of biti ng in either period of observation (around 

one bite per second) ,  althoug h the rates o bserved i n  late January tended to 

be s l ightly h igher than those obse rved in  December (Table 6 .2 1 ) ,  pro bably 

reflect ing the lower average pasture cover over the farmlets duri ng the second 

peri od of observat ion .  
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Table 6 .2 1 . Time spent in specific activities by dairy cows grazing the experimental 
swards (hours) and their rates of biting (bites/minute) 

Activities EC 

Mi lking : 4 .8  

On pastures: 1 9.2 

· grazing 7 .7  

· ruminating 5 .9 

· neither 5 .6  

Biting rate : 62.3 

Milking : 4.5 

On pastures : 1 9 .5 

· grazing 8 . 1  

· ruminating 5 .7  

· neither 5 .7  

Biting rate : 69.3 

Treatments 

VFR 

1 4  to 23 December: 

4.8 

1 9.2 

8 .5 

5 .6 

5 .1  

63.5 

1 8  to 27 January: 

4.5 

1 9.5 

8.6 

5.9 

5.0 

68.6 

HSR 

4.8 

1 9.2 

8.3 

6.4 

4.5 

59.0 

4.5 

1 9 .5 

8.3 

6 . 1  

5 . 1  

66.5 
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6.3.6. Mi lk  yield and composition 

No significant difference between treatments was observed in vo lume 

of mi lk  produced per cow at any stage th roughout the farmlet study period 

(Table 6 .22) .  During  the control phase (Decem ber) ,  particularly duri ng  the last 

two weeks of that period, cows belonging to the VFR and HSR groups tended 

to p roduce a smal ler volu me of mi lk than did those i n  the EC g roup.  That 

pattern of response changed soon after the control of the reproductive g rowth 

had bee n  completed i n  early January with the cows in the VFR treatment 

p roducing the same volume of mi lk  as those in  the EC group.  The cows i n  the 

H S R  g roup continued to produce slig htly less mi lk  duri ng January, unti l  

catch ing up with the other two groups in February. Subsequently, cows in the 

VFR and HSR farmlets tended to show sl i ghtly h igher m i lk  productio n  than 

cows i n  the EC farm let when herbage accumulation rates for VFR and HSR 

treatments tended to beco me bigger than those for EC towards the end of  the 

season (Table 6 .9) .  Such patterns of response were reflected in the total mi lk 

p roduct ion per cow duri ng both control and post-control phases (Table 6.22) .  

Despite the trend for reduced mi lk production per cow during the control 

phase for animals in  the VFR and HSR groups (Table 6 .22) ,  the 

concentrations of sol ids (fat, protein and lactose) in  the i r  milk was s l ightly 

h igher  than that for ani mals i n  the EC group (Table 6 .23) ,  causing  levels of 

m i l k  fat, protei n ,  lactose and total sol ids per cow to be very s imi lar duri ng  the 

control  phase (Tables 6 .24, 6 .25, 6 .26, and 6 .27) .  Sig nificant differe nces were 

observed in March and Apri l  (P < 0.05 and P < 0 . 1 0,  respectively) ,  the t ime 

of the biggest differences in  herbage accumulation rates for the VFR and HSR 

t reatments, when ani mals in  the late control farmlets produced more mi lk 

sol ids than those i n  EC (Table 6 .27) .  Such a sig nificant i ncrease in  mi lk solids 

d u ri ng the last two months of the experiment was reflected i n  the trend for the 

overal l  i ncreased total mi lk sol ids production duri ng the sum mer-autumn period 
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(P = 0 . 1 750), particularly mi lk fat (P < 0. 1 0) (Table 6 .24). 

6.3.7. Changes in l iveweight and body condition score 

Animals g razing late control swards were l i ghter than those graz ing EC 

swards at the end of the control phase (December) (Table 6 .28) .  In general, 

cows gai ned weight duri ng most of the farmlet study period, though cows i n  

the H S R  group to lost some weight i n  January ,  the t ime when that treatment 

showed the lowest herbage accu mulation rate i n  comparison  with EC and VFR 

(Table  6 .9 ) ,  but cows were sti l l  producing the same level of m i lk  sol ids (Tables 

6 .24, 6 .25, 6.26, 6 .27) .  The differences in  l iveweight generated during  the 

contro l  phase persisted duri ng most of the post-control phase, and 

d isappeared only at the end of this period. Changes in  body condition score 

of the ani mals were mi nor, and tended to fol low the same pattern as the 

l iveweight changes (Table 6 .29) . 



Table 6.22. Daily milk yield during the farmlet study period ( l itres/cow/day) and the 
cumulative total yields for the control and post-control phases ( I itres/cow) 

Treatments 

Month EC VFR HSR SEM Signif. 

Dec 1 9.3 1 8 .9 1 8 .8 0.46 ns 

Jan 1 9.7 1 9 .4 1 8 .9 0.52 ns 

Feb 1 7 . 1  1 7 .4 1 7 .7 0.38 ns 

Mar 1 4.2 1 4 .9 1 5 .3 0.57 ns 

Apr 1 0.9  1 2 .2 1 2 .0 0.64 ns 

Phase:  

Control 600 590 580 1 0  ns 

Post 1 860 1 920 1 920 50 ns 

-' 

01 01 
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Table 6 .23. Milk composition for the th ree experimental treatments during the control 
and post-control phases (%) 

Treatments 

Month EC VFR HSR SEM Sig nif. 

Fat :  

Dec 4.47 4.62 4 .68 0 .22 ns 

Jan 4 .51  4 .71  4 .91  0 .22 ns 

Feb 4.89 4.89 5 .0 1  0 .22 ns 

Mar 4.89 5 . 1 9 5 .66 0 .21  + 

Apr 5. 1 9  5.07 5 .55 0.28 ns 

Protein :  

Dec 3.46 3.52 3 .44 0 .09 ns 

Jan 3.26 3.25 3 .20 0 .08 ns 

Feb 3.58 3.58 3 .5 1  0 . 1 0  ns 

Mar 3.66 3.85 3 .79 0 . 1 2 ns 

Apr 3.68 3.81 3 .83 0 . 1 3  ns 

Lactose: 

Dec 5. 1 6  5.26 5 . 1 7 0 .06 ns 

Jan 4.73 4.86 4 .73 0 .06 ns 

Feb 5.07 5 .28 5 .20 0 .06 ns 

Mar 4.77 4.96 4 .84 0 .09 ns 

Apr 4.70 4 .73 4.70 0 .07 ns 
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Table 6 .24. Daily milk-fat yield during the farmlet study period (Kg/cow/day) and the 
cumulative total yields for the control and post-control phases (Kg/cow) 

Treatments 

Month EC VFR HSR SEM Signif. 

Dec 0.87 0 .87 0.86 0 .03 ns 

Jan 0.89 0 .9 1  0 .91  0 .04 ns 

Feb 0.84 0 .85 0.87 0 .03 ns 

Mar 0.70 0 .77 0.86 0 .03 ** 

Apr 0.57 0 .6 1  0 .66 0 .03 + 

Phase : 

Control 27 .0  27.0 27.0 1 . 1 ns 

Post 90.0 94.0 99.0 3.5 + 

Table 6 .25. Daily milk-protein  yield during the farm let study period (Kg/cow/day) and 
the cumulative total yie lds for the control and post-control phases 
(Kg/cow) 

Treatments 

Month EC VFR HSR SEM Signif .  

Dec 0.67 0 .66 0.65 0 .02 ns 

Jan 0.64 0 .62 0 .61  0 .02 ns 

Feb 0 .61  0 .6 1  0.62 0 .02 ns 

Mar 0.52 0 .57 0.58 0 .02 + 

Apr 0 .40 0 .46 0.46 0 .02 * 

Phase : 

Control 2 1 .0  20 .0 20.0 0 .7  ns 

Post 65 .0 68.0 68.0 2 . 1  ns 
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Table 6.26. Daily mi lk-lactose yield during the farm let study period ( Kg/cow/day) and 
the cumulative total yie lds for the control and post-control phases 
(Kg/cow) 

Treatments 

Month EC VFR HSR SEM Signif. 

Dec 1 .00 0.98 0.98 0 .03 ns 

Jan 0 .94 0.93 0.90 0 .03 ns 

Feb 0 .87 0 .9 1 0.92 0 .03 ns 

Mar 0 .69 0.74 0.74 0.04 ns 

Apr 0 .52 0.58 0.57 0 .03 ns 

Phase : 

Control 3 1 .0 30.0 30.0 1 .0 ns 

Post 90 .0 95.0  94.0 3.5 ns 

Table 6 .27. Daily mi lk-solids yield during the farmlet study period (Kg/cow/day) and 
the cumulative total yie lds for the control and post-control phases 
(Kg/cow) 

Treatments 

Month EC VFR HSR SEM Signif .  

Dec 2 .54 2 .52 2.48 0 .07 ns 

Jan 2 .47 2 .48 2 .42 0.07 ns 

Feb 2.32 2 .37 2 .4 1  0 .06 ns 

Mar 1 .9 1  2 .08 2 . 1 8 0 .08 * 

Apr 1 .49 1 .64 1 .69 0.08 + 

Phase : 

Control 79.0 78.0 77.0 2 .2 ns 

Post 245.0 257.0 261 .0  7.6 ns 
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Table 6 .28.  Average liveweight (Kg) throughout the farmlet study period (control and 
post-control experimental phases) 

Treatments 

Period EC VFR HSR SEM Signif. 

Dec 5 1 1 495 502 4.9 * 

Jan 5 1 4  500 494 7 . 1  + 

Feb 527 5 1 4  507 5.9 * 

Mar 535 5 1 6  506 5.9 * 

Apr 540 529 529 7 .3 ns 

Table 6 .29.  Average body condition score throughout the farmlet study period (control 
and post-control experimental phases) 

Treatments 

Period EC VFR HSR SEM Signif. 

Dec 4.7 4 .6 4 .6 0 . 1  ns 

Jan 4.5 4.5 4.3 0 . 1  ns 

Feb 4.5 4 .6 4.3 0 . 1  * 

Mar 4.5 4.7 4.3 0 . 1  * 

Apr 4.5 4.6 4.5 0 . 1  ns  
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6.3.8. Relationship between pasture and a nimal responses according to 

Principal Components Analysis (PCA) 

In order to gain some objective assessment of the relationsh ip between 

mi lk sol ids production and herbage accumulation ,  pri ncipal components 

analysis was performed on a small combined data set of ani mal and pastu re 

measurements. These consisted of 3 treatments (EC, VFR and HSR) and 3 

months (February ,  March and Apri l ) .  Data from December and January were 

excluded from the analysis because of the large degree of variabi l ity. The 

variables involved were herbage accu mu latio n  rate and/or mi lk-sol ids ,  fat, 

protein ,  lactose yield. 

The PCA generated two principal components for each combinatio n  of 

herbage accum ulation and mi lk-yield feature ,  but only the fi rst one is reported, 

since it accounted for a very high proportio n  of the overal l variation of the data 

u nder investigat ion (Table 6.30) .  The PC's revealed a close relatio nsh ip 

between pasture production and ani mal performance.  Analysis of  variance of 

the PC scores o btai ned from each of the PCA's revealed a sig n ificant effect 

of treatment (P < 0 .020) and t ime of the year (P < 0.00 1 ) ,  with h igher  mi lk­

solids yield bei ng  obtai ned from treatments accumulating herbage at a faster 

rate (HSR > VFR > EC) and decreasing through the season as the overall 

herbage accumulation rates decreased (February > March > Apri l )  (Table 6 .9) .  

S ince the two sets of  data (animal and pastu re measurements) were not 

confo rmable, it was not possible to determine how much of the association 

between herbage g rowth and milk production may have been due to the effect 

of decl ini ng mi lk yields with advances in lactation stage. S imi lar results were 

obtai ned from an analysis on the same data by si mple l i near regression.  

Because for this analyses the herbage accu mulation rates and the mi lk solids 

yield were averaged across time (February to Apri l ) ,  logarithmic transformation 

was used in order  to prevent the large February means havi ng an i ncre ased 
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i nf lue nce on the analyses compared with the smal ler March and Apri l means. 

Again a strong relationsh ip between herbage accu m ulation and mi lk sol ids  

production was observed, with 98.2% of  the variat ion i n  mi lk  sol ids bei ng  

accou nted for by  the  fitted reg ression (Figure 6 .7) .  

Table 6.30. Correlations between raw data and PC scores, and the proportion of 
total variance explained by PCA of the combined data set of animal 
and pasture responses 

Data set 

PCA Pasture An imal P roportion 

HA' x solids 

HA x fat 

HA x protein 

HA x lactose 

1 )  HA = herbage accumulation 

0.72 

• 
� 
• 

� 0.7 

C 
en 

..:.G -

.§ 
'-' 

co c 
.....)0.68 

• 

0 .932 0.932 

0 .973 0.973 

0 . 833 0.833 

0 .968 0.968 

EC • 

VFR 
HSR 

... 

solids = 0.452 + 0. 173(growth) 
(r2 = 0.982; P = 0.086) 

1 .3 1 .4 1 .5 1 .6 Log (herbage accumulation) 

0 .869 

0.946 

0.694 

0.937 

Figure . 6 .7 .  Relationship between the average herbage 
accumulation rate (Kg DM/ha/day) and average milk solids 
yield (Kg/ha/day) for the February to April period. 
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6.4. Discussion 

6.4.1 . Techniques 

In general , measu rements of pastu re traits were associated with h igh 

levels of  variabi l ity (coefficients of  variat ion of  up  to 64%) .  The size of the 

experimental area was quite large (8.4 ha) and, althoug h  a completely 

randomised block design was used in order to get some control over the 

between-paddock variabi l ity i ntrinsic to on-farm tri als, variabi l ity with in 

paddocks was considerable and could not be effectively control led by the 

experimental techn iques used. As a consequence, the l evel of precision of the 

estim ates obtai ned reduced and resu lted i n  on ly a few sig n ificant differences 

bein g  observed. However, the margi nal differences and t rends observed in th is 

trial should be considered more careful ly s ince they were consistent with the 

find ings from the previous two grazi ng seasons (Experi ment 1 and 2 - Chapter 

4) and could reflect a real treatment effect (Chapter 7) . 

The same problem of larg e  variabil ity did not occu r with the results fro m  

t h e  set of animal measurements (coefficients of variation between 5 and 1 0%), 

except ing the estimates of the dai ly herbage i ntake of dairy cows. Herbage 

i ntake measurements were made by two d ifferent ways du ring  the study. I n  

December, di rect (d ifference between pre-graz ing and post-grazing  herbage 

masses) as wel l  as i nd i rect esti mates of herbage intake (from est imates of 

total faecal output and herbage d igestibi l ity of the grazed herbage) were made, 

and on ly i ndirect estimates were made in  January (Sect ion 6 .2 .4 .2 .3) .  

The  results obtained from both periods were un real istical ly h igh ,  and 

may have been a consequence of problems with the techn iques employed. 

Expected values fo r that time of the year would be around 1 5  Kg OM/cow/day 

or 1 40 MJ of metabol izable energ y  consideri ng the combi ned requi rements for 

maintenance and mi lk  production  (Chapter 5) .  Duri ng the control  phase, when 
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the di rect method was used , g razing was quite patchy i n  both late control and 

early  control pastures. Such a prob lem was expected to occur with late control 

pastures because of the high pre-grazing herbage masses and h i gh  herbage 

al lowances offered to the cows. On the other hand, December was wetter than 

i n  the past two years (Figures 4 .2  and 6.2) , resulti ng i n  h igher  herbage 

accu mulation rates than expected for the early control areas, which favoured 

the occurrence of patchy g razing . Consequently, determinations of pre-grazi ng 

and post-grazing masses were qu ite variable ,  with some very high values 

being  obtained from patches of tal l g rass due to the random sampl i ng 

procedure employed. 

Esti mates of herbage intake from the i ndirect tech nique using the 

chromium control led release capsu les (CRC) were also very h igh .  Estimates 

of i ntake according to that technique are based on estimates of the total faecal 

output and the digestibi l ity of the g razed herbage, which can be calculated by 

the fol lowing expressions : 

F = CRC release rate (g .day-1 ) / Cr203 i n  faeces (g .g-1 ) 

I = F / ( 1 -0)  

I t  fo l lows that measurements of i ntake ( I )  are dependent u pon the  accu rate 

estimation of faecal output (F) and digestibi l ity (D) .  Any error i n  estimating  F 

wou ld result i n  equivalent error in  I but, if error occu rs i n  the esti m ation of D ,  

it would result i n  a p roportionally larger  e rror in  I ,  si nce values o f  D are usual ly 

g reater than 0 .50 (Le Du & Penning,  1 982) .  Values of release rate of the CRC 

used i n  this trial were those suppl ied by the manufacturer fo r ani m als g razi ng 

s im i lar pastures, and it was not possible to check them under the experimental 

g razing conditions. If, for any reason ,  the release rate of the C RC's was lower 

than the value used , the determinatio n  of total faecal output would be i nflated 

and so would the estimates of herbage i ntake . Values of chromium 
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conce ntrat ion i n  the faeces are not l ike ly to have been a source of b ias,  since 

that sort of analysis is performed routine ly at the U niversity laboratory where 

faecal samples were analysed . Furthermore,  values of d igestib i l ity of the 

g razed herbage were quite h igh for pastures used during both measurement 

peri ods when compared to existent values i n  the l iterature (Sect ion 2 .6 .2) ,  and 

that cou ld also have i nflated the estimates of intake . 

Although the very h igh absolute values of herbage i ntake ru le  out any 

possib i l ity of comparison between the results obtai ned in this trial and other 

publ ished results , it does not mean that a relative comparison between 

treatments wou ld not be val id. With these considerations in mind, a d iscussion  

of  resu lts is  presented in  the fol lowin g  sections. 

6.4.2. Til ler dynamics and population 

As in the previous seasons (Experiments 1 and 2 - Chapter  4) ,  a 

considerable amount of variabil ity was observed i n  the data set. This is not 

surpris ing given the between-paddock variation i n herent i n  an on-farm trial . 

Duri ng  the preparation period (spring)  the lax grazi ng management (VFR and 

HSR) caused a s ign ificant decrease in the number of n ew daug hter t i l lers 

formed per parent t i l ler i n  co mparison with those formed i n  the hard g razed 

swards (EC) (Table 6 .2 ,  Figure 6 .4) ,  result ing i n  lower t i l ler popu lation 

densities by the t ime of the start of the experimental farmlet study period 

(Table 6 .6 ) .  These differences reflected reduced rates of t i l ler appearance, 

which were not compensated by the lower rates of t i l ler death and h igher rates 

of t i l ler su rvival under those ci rcumstances (Table 6 . 1 ) .  Such a pattern of 

response was very simi lar to that observed i n  Experiment 2 (Table 4 . 1 0) and 

is i n  accordance with several previous reports (e.g.  Korte, 1 982 ; Korte et al. , 

1 982) . The poor l i ght envi ron ment associated with reproductive swards ( Korte, 
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1 982) and the strong competit ion for assi mi lates between matur ing seedheads 

and young t i l lers (Ong et al. , 1 978 ; Carton et al. , 1 989b; Matthew, 1 99 1  a; 

Matthew et al. , 1 99 1 ; Thom, 1 99 1 ) are the most probable causes. The l ight 

reg ime with in a sward has long been recog nised as a major factor i n  

determin ing ti l le r  death (Hunt & Field, 1 979) and the competition  between 

maturing seedheads and you ng ti l le rs has been known to cause a red uction 

i n  number and s ize of new formed t i l lers as wel l  as increased death of young 

t i l lers once seedheads are al lowed to pass the stage of anthesis (Matthew, 

1 99 1  a) . 

Duri ng the control phase, the fi rst month of the experi mental farmlet 

study period (December/92) ,  late control treatments (VFR and HSR) showed 

different patterns of ti l lering wh ich were a l ikely consequence of the defo l iation 

reg ime being appl ied to those swards at that t ime (Figure 6 .4) .  The VFR 

treatment resulted i n  a more g radual control and reduction i n  average pastu re 

cover  levels, and it was associated with lower t i l ler  appearance rates than 

those for the remain ing  treatments (EC and HSR) (Table 6 . 1 ) . On the other 

hand, a more intensive defol iation reg ime which caused a more sudden control 

and reduction in average pastu re cover levels ( H SR) resulted i n  rates of ti l ler  

appearance as h igh as those of  the conventional ly hard g razed swards (EC),  

and a faster and more effective recovery of t i l ler numbers at the start of the 

summer-autumn period (Table 6 .2) .  Such a contrast in  response patterns from 

the two late control treatments was probably due to the efficacy and ti m ing  of 

the different graz ing strategies in  returning swards to thei r vegetative state and 

reducing their ove ral l  average pasture cover to the same level as that on the 

EC farmlet, the orig i nal target for early January. The VFR management took 

longer to control swards than its counterpart ( H SR) and probably al lowed 

animals to selectively g raze pastures, causing rejected stem and old herbage 

material to senesce and accumulate at the base of the sward ,  and to i nterfere 

with the t i l lering process (Table 6 . 1 2) .  Shadi ng of photosynthetic tissue by 

dead herbage and ryeg rass stems in  rank pasture has been reported 
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previously by Korte ( 1 982) and it is bel ieved to cause considerable decreases 

in ti l le ring under those ci rcumstances (Davies, 1 977) . Accumulation of 

senescent material i n  the HSR swards was not so intense and al lowed 

ryegrass plants to ti l le r  freely si nce, under those ci rcumstances, there was no  

i ntra-specific competit ion due to  reduced ti l ler populat ion. 

The rate of ti l ler ing i n  VFR swards (Table  6 . 1 )  during the post-control  

phase was simi lar to that of EC swards, and caused an i ncomplete restoration  

of ti l ler  nu mbers in  the  former, resulti ng i n  reduced n u mbers of new daug hter 

ti l lers being formed per parent t i l ler (Table 6 . 2  and 6.3, Figure 6 .4) and 

reduced t i l ler popu lation (Table 6 .6) at the end of the trial . That may have 

been a consequence of the unsuitable l ight enviro n ment i n herited from the 

previous phase (control phase) ,  si nce the shortage of moistu re i n  the soi l  

during  most of January and February (Figure 6 .2) was l ikely to have slowed 

down the decomposit ion of the senescent material which is bel ieved to have 

interfered with t i l leri ng .  However, HSR swards conti n ued to ti l ler  s l ightly more 

quickly than EC in the autumn,  despite having s imi lar nu mbers of til lers per  

parent t i l ler si nce the beg inn ing of the post-contro l  phase. That ,  associated 

with s imi lar rates of death and sU Nival for all t reatments, resulted in a trend 

for i ncreased numbe rs of daughte r t i l l ers being formed per parent t i l ler by the 

end of the experimental period in HSR swards (Tabl e  6.2 and 6.3, Figure 6.4) . 

The EC and HSR swards finished the season with essential ly the same 

ryegrass ti l ler populations which were significantly h igher than that i n  the VFR 

swards (Table 6 .6) .  

Ti l ler populations i n  other g rasses tended to show the sam e  pattern of  

response, with the exception of VFR swards d u ring  the pre-control phase. 

Those swards started the farmlet study pe riod with h igher other g rasses t i l ler 

population , which was pro bably a consequence of the sl ig htly h igher ti l l e r  

popu lat ion present at the outset of  the trial (Table 6 .6 ) .  
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The importance of the late spring-early sum mer t i l leri ng i n  swards 

comprised mainly of pere nn ial ryegrass plants was h igh l ighted by the h igh 

turnover i n  t i l ler population observed duri ng  that period, with on ly  25% of the 

original ti l ler  population tagged in October/92 sti l l  present i n  early-February/93. 

Such a ti l ler  replacement p rocess has been reported previously by several 

authors (Korte et al. , 1 982 , 1 984, 1 985, 1 986 ; Matthew, 1 99 1  a, 1 992 ; Thom, 

1 99 1 ) and seems to play an i mportant role in dete rmin ing  ti l ler population 

duri ng the summer-autum n  period. The formation of new t i l lers from 

reproductive t i l lers has been demonstrated to  be a very effective way of 

enhancing such t i l ler replacement and it is l ikely to i m prove the perennation 

and persistency of perenn ial ryegrass swards (Matthew et al. , 1 993). 

6.4.3. Clover stolon/node population 

The in itial set of ti l ler  plugs harvested in Octobe r/92, at the outset of the 

trial , revealed that swards had the same clover node and stolon popu lation 

and, consequently, the same i nternode length (Table 6.7). Lax g razing duri ng 

the spring did not have any effect on node population density throughout the 

experimental period, with only a trend for reduced node numbers bei ng 

observed i n  the VFR swards at the begi nn i ng of the farmlet study period, the 

time  of the year when those swards were conceptual ly the same as HSR 

swards. Such a pattern of response was sl ightly different fro m  that observed 

duri ng the previous season i n  Experime nt 2 (Chapte r 4), when a sig nificant 

reduction i n  node population  was observed in  the lax g razed swards (LHC and 

LLC) .  This discrepancy cou ld be due to the jo int presence of white and red 

clover i n  the clover component of the swards during the cu rrent tria l ,  whereas 

on ly  white clover was present in the previous season. The overal l clover node 

population was h igher at the end than at the start of the trial , probably 

reflecti ng the different phases of the seasonal cycle of burial and re-
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establ ishment that clover plants undergo du ring the year (Section 2 .3 .2 . 1 ) .  A n  

i nd ication of the wi nter burial of clover plants was obtained from the reduced 

node population densities observed soon after the wi nter rotatio n  

management, when swards did not differ i n  node nu mbers but p resented a 

lower node populat ion than that observed at the beg inn ing of the autum n  

(Table 6 .7) .  

Clover stolon density was s ignificantly affected by lax grazi ng  over  the 

spri n g  (Table 6 .7). Late control led swards (VFR and HSR) were characterised 

by h igher stolon densit ies goi ng i nto the farmlet study period. That was 

probably a consequence of the defol iation reg ime adopted on those swards 

that al lowed clover p lants to grow bigger stolons which, in associat ion with  the 

sim i lar clover node densities of the experi mental treatments, resu lted i n  the 

longer i nternode length observed at that time of the year (Table 6 .7) .  Such an 

effect of lax defol iat ion regimes on stolon growt h  was observed during  the 

p revious season (Sect ion 4 .4.2) and has also been reported elsewhere (Grant 

& Barthram, 1 991 ; Barthram & G rant, 1 993) (Sect ion 2 .3 .3) .  C lover stolo n  

densities tended to become simi lar again by the e nd of the trial i n  Apri l/93,  

with mean values bei n g  s l ightly lower for the VFR swards than for the EC and 

HSR swards (Table 6 .7 ) .  Such a trend was mai ntai ned after the com mon 

wi nter g razing management, but levels o f  stolon density on a l l  treatments were 

lower than those observed i n  early autu mn,  probably due to the winter bu rial 

of stolons (Hay et al. , 1 987). Clover plants i n  the HSR swards tended to show 

longer i nternode length throug hout the summer, autu mn and wi nter. 

6.4.4. Herbage dry matter accumulation 

The data for herbage accumulation and components were characterised 

by a considerable l evel of variation which l imited the sign ificance of treatment 
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effects, particularly during the December and January months. From 

Decembe r  onwards each set of repl icated t reatments was managed as a self­

contained farmlet at a fixed stocking rate, and a fresh break of pastu re was 

offered to cows every day. The stocking rates had been previously defi ned 

based on an ave rage pasture g rowth rate for the experimental site of a round 

35 Kg DM/ha/day i n  December and 25 Kg D M/ha/day i n  January. Actual 

g rowth rates were substantial ly  greater than those expected, which caused 

cows to leave higher  post-grazing residues and led to the occurrence of 

patchy or uneven g raz ing .  Thus, variabil ity with i n  strips due to patchy g razing 

was greater than in  Experiment 2. Despite that, herbage accumulatio n  rates 

were consistently h igher for the late control treatments (VFR and HSR) d u ri ng 

spring  ( preparat ion period) and most of the summer-autumn period 

(experimental farmlet period) (Table 6 .9) .  The rates of herbage accum ulation 

in the VFR and H S R  swards during the control phase (Decem ber) and the f irst 

month of the post-control phase (January) we re a di rect consequence of the 

g razi ng strategy uti l ised to re-establ ish those swards into their vegetativ e  state 

and reduce the average pastu re cover on those farm lets back to the same 

level as that of the conventional ly g razed farmlet (EC). 

The very fast rotation g razi ng approach (VFR) ach ieved control of the 

reproductive growth of swards by a sequence of three 1 0-day g razing cycles 

of i ncreasing grazing i ntensity, characterised i n it ial ly by h igh  levels of post­

g razi ng residuals that al lowed swards to accu mulate herbage more rapidly 

due, probably, to h igher  levels of residual leaf area index, even thoug h  they 

had low g rass ti l le r  densities (Table 6 .6) .  The i m portance of the remai n i n g  leaf 

area i ndex in determ in ing  rates of reg rowth after g razing or  cutt ing h as long 

been recognised (Broug ham, 1 956, 1 957 ; Anslow, 1 965; Broug ham & G l enday, 

1 967 ;  Anslow & Back, 1 967;  Davies, 1 974 ; Korte & Harris, 1 987b; Parsons et 

al. , 1 988ab; Parsons & Penn ing ,  1 988). On the other hand , the h igh stocki ng 

rate approach (HSR)  ach ieved control  of the reproductive g rowth of the swards 

by a sequence of two 1 5-day grazi ng cycles of i ntensive g razing which 
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e l im inated seed heads, reproductive stems and the extra pasture cover  more 

quickly than the VFR approach did (Table 6 . 1 0) .  The resu ltant swards were 

open and characterised by low grass ti l ler densities, resulti ng i n  low rates of 

herbage accumulation.  Differences i n  sward morphology caused by differences 

i n  g raz ing management have been recog nised to be impo rtant factors i n  

determin ing  herbage accumulation rates b y  i nf luencing the abi l ity of the sward 

to produce new leaf (Grant & King ,  1 983) . Reduced t i l ler density i s  one  of 

those morpholog ical differences and it is l i ke ly to l i mit herbage accu m ulation 

by l imiting  the n umber of g rowing leaves (Hunt & Field, 1 979) and the abi l ity 

of plants to com pete for space , l i ght and nutrients. 

The increased herbage accu mulation rates for the late contro l  swards 

(VFR and HSR) were more noticeable towards the end of the experimental 

season (March and Apri l ) ,  particularly for the HSR treatment (Tabl e  6 .9) .  

Estimates of total herbage accumulation tended to fol low the same trend 

observed for herbage accumulation rates and were reflected in the overall 

seasonal pastu re production (Table 6 . 1 2). Late control swards (VFR and HSR) 

tended to reg row more qu ickly soon after the fi rst g raz ing followin g  the 

standard winter rotation management (Table 6 .9) .  There was no apparent 

reason for such a trend,  si nce g rass t i l ler and clover node/stolon d ensities 

(Tables 6 .6 and 6 .7) as well as the post-g raz ing herbage masses were s im i lar 

on al l three treatment areas at the begi nn ing of that reg rowth period . 

6.4.4.1 . Herbage dry matter composition 

During the pre-control or  preparation phase of the t rial the differences 

observed in total herbage accu mulation were a consequence of i ncreased 

senescent material accu mulation and, to a lesser extent, g reen d ry matter 

accumulation i n  the lax g razed swards (VFR and HSR) when compared to the 
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hard grazed swards (EC) (Table 6. 1 2) .  The smal l increase i n  green m aterial 

accumulation was basical ly  a function of the reproductive state of the late 

control swards (Figure 6.6) and was caused by increased stem material 

accumulation i n  the g rass com ponent (Tables 6 . 1 4 and 6 . 1 5) .  Because of that, 

there was a s l ight reduction in the ratios of l ive :senescent materia l  and 

leaf:stem in the VFR and HSR swards, although those changes were not 

statistically sig n ificant (Table 6 . 1 3  and 6. 1 6) .  Rapid accumu lation  of senescent 

m aterial usual ly  indicates reduced levels of herbage uti l isation which i n  

associat ion with a n  i ncreased proportion of stem material i n  t h e  sward could 

i nterfere with the qual ity of the herbage g rown and the nutrient i ntake of 

g razi ng an imals. Such a pattern of response was observed during  the previous 

season (Section 4.4.4) and has repeatedly been reported i n  New Zealand 

( Ko rte,  1 982 ; Korte et al. , 1 982 , 1 984 ; Thomson et a/. , 1 984; Butler, 1 986; 

B ryant & L'Hui l l ier, 1 986 ; L 'Hu i l l ier, 1 987b, 1 988 ; L'Hu i l l ier  & Aislabie,  1 988; 

Hoogendoorn et al. , 1 992) .  

The increased herbage production in the VFR treatment during  the 

control phase was mainly due to i ncreased senescent material accum ulat ion ,  

wh ich was probably caused by the g radual process of control and reduction 

in levels of pasture cover for that treatment (Table 6 . 1 0) (section 6 .4 .3) . Both 

late control led swards (VFR and H SR) accu mulated rather l ess green m aterial 

t han EC swards. The reduct ion in green herbage accumu lat ion in VFR swards 

seemed to be due main ly to reduced grass stem accu mulat ion ,  whi le i n  the 

H S R  swards there was reduced grass stem as wel l as leaf accum u lation 

(Tables 6 . 1 4  and 6. 1 5) .  The results suggest that reproductive stems in the 

VFR swards were not consumed by the ani mals and u nderwent a process of 

senescence, i ncreasing the size of the pool of senescent material under those 

ci rcu mstances which caused a s ignificant drop i n  the l ive :senescent material 

ratio of those swards (Table 6 . 1 3 ) .  The removal of reproductive stems was 

more effective i n  those swards where the grazing animals were forced to 

g raze more intensively due to the i ncreased stocking rate (HSR) .  Under those 
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ci rcumstances most of the leaf material was being consumed and t i l ler  

densit ies were rather low, that probably being the reason for those swards not 

being able to produce new leaf material at the same rate as it was bei ng  

consumed (Hunt & Field, 1 979 ; G rant & King , 1 983) (Section 6 .4.2) .  The 

i ncreased intensity of defol iation was reflected in  the i ntermediate 

l ive :senescent material and h igher leaf :stem ratio observed in HSR swards 

when compared to those for EC and VFR (Tables 6 . 1 3  and 6 . 1 6 ) .  

During the post-control phase the patterns of  response i n  terms of 

herbage accu mulatio n  were simi lar to those observed in Experiments 1 and 

2 (Section 4 .4.4) .  Late control treatments (V FR and H SR) tended to 

accum u late more dry matter than EC did. The i ncreased dry matter 

accumulation was mai n ly  due to g reen material accu mulation ,  althoug h VFR 

swards tended to accumulate sl ig htly larger amou nts of  senescent material 

than EC and HSR swards (Table 6. 1 2) .  The h igher green dry matter 

accum ulation for VFR and HSR than for EC swards was main ly due to 

en hanced production of perennial ryeg rass and clover leaf material ,  particularly 

for HSR swards (Tables 6 . 1 4  and 6 . 1 5) .  The leaf:stem ratios of swards under 

the three grazing treatments were simi lar throug hout the su mme r-autu m n  

period. Such a patte rn of response was probably a consequence of the 

en hanced ryegrass ti l l e ri ng activity (Table 6.5) and clover morphological 

structure (Table  6.7) of the late control led swards during the summer-autu m n  

period .  

6.4.5. Ryegrass:clover balance 

During the cu rrent trial , grass and clover plants presented a pattern of 

response very simi lar to that observed during the fi rst two years of th is study 

(Experi ments 1 and 2) .  A theoretical mechanism to explain the responses of 
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g rass and clover plants to defol iation regimes sim ilar to those used i n  th is trial 

was proposed in Section 4.4.5 and can be used here to facil itate the 

u nderstanding of the ryeg rass :clover balance of swards subjected to late 

contro l  grazing management during spri ng t ime. 

The lax grazing reg ime imposed on the late control swards (VFR and 

HSR)  caused a reduction i n  t i l ler number. Despite that, such t i l lers were bigger 

and, therefore, no detri mental effect was noticed in terms of total herbage 

accu m ulation during  that period. This t i l ler size-density compensation event is 

qu ite com mon in g rass species (Matthew et al. , in prep . ) .  An i ncreased g rowth 

of stolons by clover plants was also i nduced by lax grazing,  probably due to 

the accu mulation of ungrazed leaves on stolons (Davies, 1 992),  which resulted 

i n  bigger stolons with a h igher level of reserve carbohydrates (G rant & 
Barthram, 1 991 ; Barthram & Grant, 1 993). Such morphological changes i n  the 

pastu re species contributed to the behaviour of the swards during the control 

and post-control phases of g rowth. Soon after the reproductive stems were 

removed from the swards of the VFR and HSR farmlets, the plant commun ity 

was quite open and provided plenty of vacant spaces to be colon ized . U nder 

those circumstances, plants were able to grow freely at fi rst u nti l  i ntra and 

i nter-specific competition started to impose l imits, probably at the beg inn i ng  of 

the post-control phase (January) . At that ti me, a reduction in rainfal l occurred 

wh ich was extended unt i l  late i n  February (Figure 6 .2) .  As a consequence of 

the  e longation of g rass leaves and sheaths during the reproductive phase, the 

contro l  of the reproductive g rowth of the swards probably caused most of the 

g rass leaf blade as wel l  as most of the clover leaves to be rem oved, 

particu larly in  the swards u nder the HSR treatment. U nder those 

c ircumstances reg rowing petioles are short but the reg rowing leaflets remai n  

a s  large as they were before , which could have caused an i ncrease in  the 

clover leaf area relative to the grass leaf area and a short-term i ncrease in the 

clover content of the swards (Davies, 1 992) . 
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Clover plants are also characterised by having a lower specific leaf area 

and s lower pattern of u nfolding  of new leaves when compared to g rass 

species, which confers an advantage i n  terms of current and future carbon 

acqu isit ion duri ng the reg rowth process in sum mer (Parsons et a/. , 1 99 1  ab). 

This lower i nvestment of carbon per un it area of leaf, associated with a h igher 

level of reserve carbohydrates i n  the late control treatments, h igh temperatures 

(Figure 6 . 1 )  and a probable soil moisture deficit duri ng January and February 

(Figu re 6 .2) ,  may have al lowed clover plants to perform better than i n  

conve ntional conditions ( E C  farmlet). Once rai nfall resumed i n  late February 

and levels of soi l  moisture were re-establ ished , ryeg rass plants which were 

already t i l lering considerably but could not compete eff iciently with clover 

plants due to cl imatic conditions, were able to i ncrease thei r contri bution to the 

herbage accumulated (Figure 6 .6) ,  particularly during  March and Apri l ,  when 

tem pe ratures were not as h igh as i n  January and February. Therefore, 

knowledge of the d ifferences between ryeg rass and clover plants i n  response 

to varying temperatures and other seasonal features (Barth ram & G rant, 1 993) 

as well as their physiolog ical responses to stress conditioned by different 

defol iation reg imes (Brock et a/. , 1 981 ) is very important for an appropriate 

u nderstanding of the overal l response of a mixed pasture submitted to different 

g razi ng managements. As a consequence of th is ryegrass :clover balance, late 

control treatments accu mu lated more total and g reen dry matter duri ng the 

su m mer-autumn period,  wh ich was a result of e n hanced dry matter  production 

by both plant species. 

6.4.6. Herbage qual ity and intake 

The changes that occurred i n  the qual ity of the herbage of experimental 

swards were a pri mary consequence of the d ifferent morphological states of 

plants under those circumstances. Swards al lowed to become reproductive 
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(VFR and HSR)  were characterised by a lower leaf :stem ratio than those 

mai ntained i n  a vegetative state (EC) (Tables 6.1 6 and 6 . 1 7) .  The more 

g radual control g razing approach (VFR) did not remove the reproductive stems 

qu ickly enoug h ,  causing them to become ove rmature and senesce, i ncreasing 

the pool of senescent material at the base of the sward (Table 6 . 1 5) .  On the 

othe r  hand, HSR was effective i n  return ing swards quickly to a vegetative state 

and removing reproductive stems. Such a sequence of events resulted i n  a 

decrease i n  the nutritive value of the herbage present o n  VFR and HSR 
swards duri ng  m ost of the control  phase in December (Tables 6. 1 8  and 6 . 1 9) ,  

although the overal l  levels of d igestibil ity observed at that t ime of the year 

were h igher than the 67% l evel reported by Hoogendoorn et al. ( 1 988, 1 992) 

as l i kely to interfere with the mi lk  productio n  of dai ry cows. At the t ime of the 

harvest of the herbage samples for digesti bi l ity analysis, stems we re sti l l  green 

and l i kely to be of h igh digestib i l ity. S imi lar results have been reported 

previously (Davies, 1 973 ; L'Hu i l l ier, 1 987b , 1 988 ; L'H ui l l ier  & Aislabie ,  1 988) 

and revealed the potential val ue of g reen stems in mixed reproductive 

ryegrass-white clover pastures for dairy cow feeding purposes (Thomson et 

al. , 1 984;  Thomson ,  1 989) .  Levels of digesti b i l ity of the herbage fro m VFR and 

H S R  swards were restored to levels sim i lar  to those of EC swards by mid­

January, afte r being  returned to a vegetative state (Table 6 . 1 9 ) .  

At i ndividual g razings the qual ity of  the herbage being  consumed 

decreased as the grazi ng process cont inued ,  a l ike ly consequence of the 

decl i n i ng  grazi ng heights and morphological differences of the sward strata 

bei ng g razed (Table 6 . 1 9) (Hodgson & Maxwel l ,  1 98 1 ) .  Levels of n itrogen i n  

the consumed herbage reflected the diffe rences i n  content of clover, with a 

h igher  level of clover i n  the herbage be ing associated with h igher  levels of 

n itroge n  (Table  6 . 1 7) .  

Despite the differences i n  sward qual ity and structu re observed duri ng 

the control phase, the est imates of herbage intake did not reveal any 
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d ifference between treatments, although the i ntake of animals g razin g  late 

control led swards (VFR and HSR) was sl ightly lower than those g razin g  EC 

swards (Table 6 .20). The different rotation l engths being used at that t ime 

caused cows i n  the VFR and HSR farmlets to receive a dai ly  area for g razing 

2 or 1 .33 times larger  than cows in  the EC farmlet, respectively. Such a l arge r  

area associated with h ig her pre-grazi ng herbage masses resulted in  h igher 

herbage allowances, which must have partial ly  com pensated for the adverse 

sward characteristics of the VFR and HSR swards. Maintenance of levels of 

i ntake and mi lk production of dai ry cows g razin g  reproductive swards by 

offering a higher a l lowance of pastu re has been reported previously u nder 

s imi lar conditions (Hoogendoorn et al. , 1 988, 1 992) (Section 2 .5.2) .  Once the 

control phase had been fi nished and swards retu rned to a vegetative state ,  no 

d ifferences were observed in  levels of herbage i ntake duri ng the fi rst month 

of the post-control phase (Table 6.20).  

6.4.7. Animal performance 

The observed pattern of response in  an imal performance to the t h ree 

experimental treatments under i nvestigation was a l ikely consequence of the 

differences in sward structure, species composit ion and morphology, rates of 

herbage accumulat ion and change in  ani mal l iveweight and body condition 

score. During the control  phase (December/92)  no difference between 

t reatments was observed i n  either mi lk  volu me or mi lk solids yield corrected 

for any pre-experi mental d ifferences (Tables 6 .22 ,  6.24, 6 .25, 6.26, 6 .27) .  

Despite the tendency for decreased mi lk volu me in  ani mals g razin g  late 

control led swards (VFR and HSR),  i nd ividual dai ly  production of mi lk sol ids 

was very simi lar to that from EC swards due to the sl ightly h igher content of 

prote in ,  lactose and ,  particu larly, fat i n  the m i l k  be ing produced by the V FR 

and HSR g roups (Table 6 .23) . Such a trend for e n hanced mi lk  solids content 
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was observed again i n  March and Apri l  (end of the post-control phase) ,  the 

time when VFR and HSR were accu mulat ing herbage at a faster rate than EC. 

The content of sol ids in the milk can be inf luenced by both the chemical 

compositio n  of the diet and the nutrit ional status of the dai ry cow (Sutton & 
Morant, 1 989; Coulon & Remond, 1 99 1 ; Buttery & Beever, 1 992) .  During the 

control  phase the animals g razing VFR and HSR swards received a h igher 

al lowance than those g raz ing EC swards (h igher herbage masses and g razing 

area) and consumed herbage characterised by a higher content of stem 

material (Section 6.4.5) .  The stem material of g rasses i s  g e neral ly 

characterised by higher levels of structural components o r  cel l  wal ls which are 

less d igestible to the animals and comprise the f ibre portion  of the diet ,  

com monly expressed as ADF (acid detergent fibre) .  The content of  m i lk  fat is 

very closely re lated to the ADF level of the diet which, in  associatio n  with 

levels of d ry matter intake , usual ly  explain a very large proportion  (90-95%) of 

the variation o bserved in concentrat ions of milk fat in feed ing t rials (Sutton & 
Morant, 1 989) . Mi lk fat has been demonstrated to be the constituent of the 

mi lk  that is l ikely to give the g reatest response to defined nutrit ional changes 

(Buttery & Beever, 1 992). I ncreases i n  mi lk fat co ncentrat ions are also l ikely 

to occu r when animals are in  negative balance of energy and are mobi l is ing 

body fat reserves from ad ipose tissues to maintai n production  (Buttery & 
Beever, 1 992) . The data suggest that th is did not happen duri ng the control 

phase (Tables 6.28 and 6 .29) . 

Variatio ns in  mi lk fat content can be quite i ndependent of variations i n  

m i l k  productio n  and protei n  content (Coulon & Remond, 1 991 ) .  I ncreases i n  

m i lk  protei n  content have been reported i n  feeding trials where a n  i ncrement 

i n  energy supply was accompanied by an increment in protei n supply provided 

that the e nerg y  supply was adequate to meet the ani mal requ irements. It was 

also noted that the i ncrease in dietary protein  content could i mprove diet 

d igest ib i l ity, and consequently its energy value (Coulon & Remond, 1 99 1 ) .  A 
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reduction  i n  mi lk protei n  concentrat ion is l i ke ly to occur when animals are i n  

negative balance o f  n itrogen (Buttery & B eever, 1 992) . Duri ng the control 

phase and most of the post-contro l  phase, the VFR and HSR swards 

produced more clover than EC swards and analysis of the herbage as g razed 

d u ri ng the fi rst peri od of herbage i ntake i n  December revealed a h igher  

content o f  n itrogen  fo r  samples col lected from HSR swards. Such an  i nc re ase 

. 
in n itrogen content of the herbage consumed could be related to an 

i mprovement of the digestib i l ity of the diet ,  which may have resulted i n  the 

h igher  mi lk sol ids content ,  particu larly fat , duri ng March and Apri l ,  when 

swards were all vegetative and had simi lar leaf :stem ratios (Tables 6 . 1 6 and 

6 . 1 7) .  S ignificant increases in concentration of m i lk  protei n  have been recently 

reported by Wi lk ins et al. ( 1 991 ) in dai ry cows grazing ryegrass and w hite 

clover swards when offered pastures with a h igh  proportion of white clover 

( 1 %  vs 23%). 

During the post-control phase , VFR and HSR treatments showed a 

consistent trend for h igher production of mi lk  sol ids than did EC, and that must 

have been a consequence of h igher al lowance or  greater mass, which i n  turn 

reflect the h igher rates of herbage accu mulation and clover content of  those 

swards at that ti me of the year (Section 6 .3 .8) .  Experimental g roups of an imals 

g razed equal areas of pasture dai ly throug hout the post-contro l  phase . U nder 

those circumstances, treatments accumulat ing herbage at faster rates are 

bel ieved to have provided ani mals with a h igher al lowance of good qual ity feed 

with a h igher content of nitrogen . Such enhanced al lowance may have caused 

i ncreased herbage i ntake (Combel las and H odgson ,  1 979 ; Le Du et al. , 1 979 ; 

B ryant, 1 980b; Glassey et al. , 1 980;  Le D u  et al. , 1 98 1 ) and improved the 

fermentative process of ru minal d igestion ,  i ncreasing the avai labi l ity of 

precursors for mi lk sol ids synthesis at the mam mary gland level ,  particularly 

for mi lk fat. However, animals in the VFR g roup tended to produce less mi lk  

sol ids than ani mals i n  the HSR group, pro bably a consequence of  the h i gher 

amount of  senescent material i n  those swards (Table 6 . 1 2) .  The pattern of  
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change i n  mi lk  sol ids content throug hout the experimental period was 

consistent with the chang es i n  mi lk compositio n  w hich occur normally i n  late 

lactatio n :  i ncreases in the concentration  of mi lk fat and protein and a decrease 

in lactose concentration (Grainger, 1 990). Although cows in the HSR g roup 

lost some l iveweight and body conditio n  i n  January, changes i n  l iveweight and 

body condition score were minor and not large e noug h to have caused any of 

the changes observed i n  mi lk yield and com posit ion.  Overall changes i n  

l iveweight and condit ion score were s im i lar between treatme nts by the end of 

the experi mental period (Tables 6.28 and 6.29 ) .  

The EC farmlet started the control period with around 7 10  Kg OM/ha 

less pasture cover than VFR and HSR farmlets (Table 6 . 1 0) ,  which wou ld 

correspond to about 28 Kg mi lk fat (MF) if that extra feed had been eaten by 

d ai ry cows, assum ing a conversion rate of 25 Kg OM/Kg MF duri ng early 

lactat ion (Holmes & Brookes, 1 991 ) .  Over the control period the mi lk  fat 

p roduction was 67.5, 67.5, and 97.2 Kg MF/ha for EC (2.5 cows/ha) , VFR (2 .5 

cows/ha), and HSR (3 .6 cows/ha) , respectively (Table 6.24) . Under those 

ci rcumstances, the HSR farmlet produced about 30 Kg MF/ha more than the 

EC farmlet, which was very simi lar to the 28 Kg M F/ha expected g iven the 

i n itial d i fferences i n  feed reserve on those two farmlets. On the other hand, the 

same i ncrease in  mi lk fat production was not observed in  the VFR farml et, 

i ndicat ing that an i ntense process of senescence and decay probably occurred 

i n  the pastures subjected to that g raz ing management strategy. 

Ouring the post-control period both VFR and HSR swards accumulated 

more herbage dry matter than EC swards, 1 51 0  Kg OM/ha and 990 Kg OM/ha 

respectively, which caused an i ncrease in  mi lk  fat yield of 1 0  and 22.5 Kg 

MF/ha (4 and 9 Kg M F/cow) . These resu lts revealed that the conversion of the 

extra feed to mi lk fat production for the VFR treatment ( 1 50 Kg O M/Kg M F) 

was less favou rable than that for the HSR treatment (40 Kg O M/Kg MF) and 
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very low when compared to the 40 Kg O M/Kg MF normally expected for 

an imals in late lactation (Grainger, 1 990) . That may have been due to the 

h igher  accumulation  of senescent material in those swards during that phase 

(Table 6 . 1 2) .  Despite its lower efficiency in comparison to HSR, the VFR 

farmlet would correspond to a very high risk system, s i nce no conserved feed 

was harvested and it wou ld be forced to rely heavi ly  on purchased feed to 

operate .  
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6.5. Summary 

1 .  Spri ng g razi ng management of perennial ryeg rass-clover dai ry pastures 

i nvolv ing late control of the reproductive development of swards as defi ned 

by the late control t reatments of this field experiment (Experi ment 3) 

i ncreased pasture p roduction in spri ng and in the summer-autumn period, 

confi rming the results from previous Experi ments 1 and 2 (Chapter 4) . 

2 .  The i ncreased pasture production appeared to be associated with enhanced 

ryegrass and clover  accumulation throug h e nhanced t i l lering  activity and 

more vigorous and resi l ient clover plants, respectively. 

3. Late control of the reproductive g rowth of swards in late spring-early 

su m mer (anthesis i n  ryegrass plants) was more rapidly and more effectively 

achieved by aug me nt ing grazing pressure th rough a temporary i ncrease i n  

stocking rate associated with forage conservation ,  than by decreasin g  

rotation length to 1 0  days. 

4. Swards allowed to become reproductive suffered a reduction in nutritive 

value as measured by the digest ib i l ity of the herbage bei ng consumed. This 

reduction in digestib i l ity levels did not i nterfere with mi lk yield. This can be 

attributed to increased herbage allowance and to removal of reproductive 

stems whi le they were sti l l  g reen and immature .  

5 .  Late control led swards accu mulated herbage at a faster rate than 

early control swards and the extra feed was effectively converted into 

mi lk  by the dai ry cows. 
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Chapter 7: 

OVERALL ANALYSIS OF COMBINED EXPERIM ENTS 

The overal l  effects of spri ng g razi ng management o n  pasture 

accumulation were exami ned in a f inal analysis of the pooled data from the 

three experiments (Sections 4.2.4 and 6 .2.3) ,  based on contrast between the 

early control management (EC) and the two late control  managements (LC) 

in each year. The overal l  analysis was feasible because s imi lar experi mental 

designs and simi lar pastu re measu rements techn iques were used i n  al l three 

years. The results for herbage accum ulation (Kg D M/ha) were exami ned withi n 

p re-contro l ,  control and post-control phases, as for the i nd ividual experiments . 

(Tables 4 . 1 5  and 6 . 1 2) .  

The combined analysis was based o n  1 5  observations per treatment 

(from 5 replicate blocks or paddocks per year) . Three of the five repl icate 

paddocks used in  Yea r  1 were also used in  Year 2 (Section 4.3) .  These 

paddocks were discarded from the data set in order to prevent the i ntroduction 

of  bias to the analysis .  The refore , from the 45 possib le observations per  

phase, on ly 36 were actual ly used i n  the overal l analyses. Treatment effects 

and treatment contrasts (EC vs LC) were evaluated agai nst the treatment x 

year mean square with fou r  degrees of freedom. 

I n  a pre l im inary analysis the estimates of pasture production with i n  each 

of the three phases were adjusted by covariance for d ifferences in herbage 

accumulation in  the fi rst month of each year. Th is covariate had a sign ificant 

effect on the data only for the pre-control  phase (P < 0.000 1 ) ,  and appeared 

to deal effectively with the relatively poor performance noted for treatment LHC 

in Year 2 (Sectio n  4 .3 .3) .  However, it did not material ly affect the assessment 
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of t reatment contrasts, and the results shown i n  Table 7.2 rel ate to 

u ncorrected plot values drawn from Table 7. 1 .  

Table 7 . 1 . Summary of herbage accumulation results from Experiments 1 ,  2 and 3 .  

Treatment 

Phase Year EC LC1 LC2 SEM Signif. 

3 1 90 4 1 80 4820 386 * 

pre 2 2430 2570 2960 2 1 0 ns 

3 3400 4440 4030 3 1 7  * 

1 2080 2240 2330 288 ns 

control 2 1 430 1 350 1 680 1 00 * 

3 2020 2650 1 650 4 1 4  ns 

3740 4580 4330 678 ns 

post 2 5600 5670 6590 299 * 

3 391 0 5420 4900 561 + 

Table 7 .2 .  Resu lts from the combined experiment analysis for Experiments 1 ,  2 ,  3 .  

Phase 

Pre 

Control 

Post 

Year 

0 .0862 

0 .8432 

0 .2356 

F-test sign ificance level 

Year*Treatment Treatments Contrast (EC vs LC) 

0 .3549 0.0265 

0 .49 1 5 0.6704 

0 .8879 0.0276 
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There were no sign ificant effects of either year x treatment i nteraction 

or year on pasture accu mulation ,  but the contrast between LC and EC 

treatments was s ignificant (P < 0 .05) in both the pre-control and post-control 

phases (Table 7.2) ,  with the LC treatments showing  h igher levels of herbage 

accu mulation in both phases (Table 7. 1 ) . 

The analysis used is conservative i n  the sense that it i gnores any 

contri butio n  to variabi l ity in LC pasture responses from variation in the details  

of the LC treatments with i n  and between years. The results therefore 

consol idate the observat ions from individual studies (Sections 4.3.3 and 6 .3 .3) ,  

and provide a substantial degree of confidence for the overall evaluation of the 

effects of contrast ing spring  grazing managements on pastu re production. 

These effects wi l l  be considered further in  Chapter  8.  
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Chapter 8: 

OVERVIEW AND CONCLUSIONS 

8.1 . Synthesis of results 

The present study ai med at evaluati ng the theoretical potential benefits 

to pasture production fro m  a less i ntense defol iat ion reg ime than the 

conventional hard g razi ng duri ng the spring  used to suppress the reproductive 

g rowth of perenn ial rygrass-white clover swards and mai ntai n pastures in a 

leafy and vegetative state (Chapter 3) .  Such a defol iat ion regime was cal led 

" late control" ,  and it al lowed some early seedhead development fol lowed by 

hard g razing at the t ime of anthesis in order to remove the reproductive stems. 

It was argued that late control of reproductive g rowth would resu lt i n  i ncreased 

pasture production due to an en hancement in the t i l lering  activity of ryegrass 

p lants, and that was associated with i ncreased rates of herbage accu mulation 

duri ng the summer-autumn period (Sectio n 2.4.2) .  Th ree field experi ments 

were carried out during three successive g razing seasons i n  order to study the 

possib i l ity of repeating the same pattern of i ncreased summer-autum n  growth 

i n  a dai ry cow paddock scale ,  and the feasibi l ity of i ncorporat ing this late 

control  g razing management i nto a dairy farm context. 

The fi rst experi ment i n  1 990/91 (Experiment 1 )  was designed to 

compare the late control g razi ng management with conventional i ntensive 

spri ng g razing,  and to study the t iming of execution of the late contro l .  The 

results showed that pastures grazed under the late control  g razing 

management accumulated more herbage dry matter than conventional ly  

g razed pastures duri ng  spring and su mmer-autu mn period , and that the 
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i ncreased summer-autum n  herbage accumulation  was main ly  due to enhanced 

ryegrass accumulation. Measure ments of grass t i l ler density i n  that year 

revealed that late control treatments f in ished the summer with a h igher ti l ler 

populat ion than the early control treatment, although this effect was not 

detected by the t i l ler demography measurements. General ly ,  variabi l ity i n  the 

data set was very high causi ng the level of significance of differe nces between 

treatments to be either marg i nal or  not sign ificant. Control of the reproductive 

g rowth i n  late November-early December (anthesis) proved to be more 

desi rable  than control two weeks later (mid December) ,  since it resulted i n  a 

h igher  p roport ion of the extra dry matter bei ng produced duri n g  the summer­

autum n  period. 

The second experiment in  1 99 1 /92 (Experi ment 2) p rovided a further 

com parison between the conventional and the late control spring  grazing 

manag e ments, but also the opportu n ity to further study aspects of the 

execution  of the late control  ( i .e. i ntensity of contro l ) .  Late control treatments 

generated increased herbage accu mulation rates during  spri ng  and summer­

autum n  period again, but i n  this study the increase i n  productio n  was main ly 

due to e nhanced white clover accumu lation.  No difference was observed in  

either  ryeg rass t i l ler  or white clove r node populat ions at the end of summer, 

although the resu lts indicated that ryegrass t i l lers and white clover plants i n  

the  late contro l  swards were bigger than those i n  early contro l  swards. The 

level of variabi l ity observed during th is second trial was reduced due to an 

i mproved experi mental design ,  but was sti l l  large enough to l i mit  the number 

of significant d iffe rences obtai ned . A g radual removal of the reproductive 

stems over 2 or  3 grazing cycles p roved to be more effective i n  i ncreasing 

summer-autumn production than a more sudden approach which removed 

reproductive stems at the fi rst control g razing.  

Although differences in  herbage accumulation  over the su m me r-autumn 

period were not s ignificant for i ndividual years (seasons) ,  they assume more 
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authority since they were consistent across years (Chapter 7) and match the 

experimental hypothesis of the study. However, the pattern of species 

respo nse to the late control spring g razing management was quite variable ,  

with ryegrass production being enhanced in the fi rst year and white clover 

product ion enhanced in  the second year. I n  general the resu lts showed some 

evidence of i ncreased ryeg rass t i l ler density in the fi rst year (Experiment 1 )  

and i ncreased t i l ler  size i n  the second year (Experi ment 2) ,  but the evid ence 

that th is caused the i ncrease i n  pastu re production was i nconclusive . The 

response of white clover to the late contro l  grazi ng management seemed to 
be the result of an i nteraction between its morpho-physiological characteristics 

and cl imatic requ i rements, particularly temperature and soi l  moisture (Section 

4.4.5), which would explain the variable responses from year to year. 

However, these, com ments are merely speculative and further work under wel l  

control led experi mental conditions wou ld be necessary to deal with the i ssue 

properly. 

I ncreased herbage accu mUlation duri ng  spring may not be i mportant for 
/ 

New Zealand farm ing  systems si nce it is during  spri ng that a feed surplus 

normal ly occurs. However, duri ng the summer-autumn period farmers usually 

face a shortage of feed, which results in cows being fed less than their 

requ i rements. U nder those ci rcu mstances an increase in herbage 

accumulation is potential ly i mportant, and cou ld result in enhanced feeding 

levels and increased mi lk production. I n  both Experi ments 1 and 2 the 

i ncrease i n  summer-autumn herbage accum u lation was of the order of 1 000 

Kg D M/ha. Assu m i ng a conversion rate of extra feed in  late lactation to m i lk  

fat production of  about 40 Kg DM/Kg MF (G rainger, 1 990) ,  that would 

correspond to an i ncrease of 25 Kg MF/ha. Nevertheless, when consideri ng 

the i mplementatio n  of th is late control spring g razi ng management i nto dai ryi ng 

farming systems, some practical issues were raised and the need for some 

further  i nvestigation  h igh l ighted (Chapter 5) .  Thus, a th i rd f ie ld experi ment 

(Experi ment 3) was set up to evaluate means of ach ieving the late control of 
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reproductive swards at a farm level ,  and to study the i mpact of such a grazing 

management on dai ry cow performance. Once again ,  the late contro l  pastures 

accumulated more dry matter  than conventionally g razed pastures duri ng both 

the spring  and the summer-autum n  period. The increased herbage production 

in  spring was a fu nct ion of  the reproductive development of grass plants, and 

presented a lower leaf :stem ratio than conventional ly  g razed pastures at that 

t ime of the year. As a consequence, the d igestibi l ity l evel of the d iet of the 

g raz ing dairy cows was decreased but did not dro p  below the 67% reported 

by Hoogendoorn et al. ( 1 988, 1 992) to reduce mi lk y ie ld .  I n  fact, the extra feed 

reserve on the HSR farmlet at the beg i nning of the control phase was 

effectively converted to m i lk  fat i n  a ratio of about 25 Kg DM/Kg MF (Section 

6.4.7) .  Duri ng the summer-autumn period pasture responded consistently 

through i ncreased herbage production as i n  previous years (Experi ments 1 

and 2) ,  although its composit ion and orig in seemed to depend upon seasonal 

features that would determi ne the competitive balance between the two major 

plant species compris ing the sward ; perenn ial ryegrass and white clover. The 

herbage produced i n  summer-autumn was of good qual ity and was converted 

i nto mi lk by the cows. Under those circu mstances, 22.5 Kg MF were obtained 

from an extra pasture production of 990 Kg DM/ha for the HSR treatment 

(Section 6 .4.7) ,  a conversion of 44 Kg DM/Kg MF, which was consistent with 

values reported elsewhere (G rai nger, 1 990 ; Holmes & Brookes, 1 99 1 ) and 

confirmed the prediction of i ncreased mi lk-fat product ion .  

Control of  the reproductive swards was better ach ieved by the grazing 

strategy which involved forage conservation (HSR) as a means of augmenti ng 

g razing pressure (30% of the area destined for silag e making) .  U nder those 

conditions, control of reproductive stems and removal of the extra pasture 

cover over the whole farm was more rapid and effective, causing swards to be 

brought back under close control i n  a shorter period of t ime.  
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8.2. I m pl ications for farm pract ice in  New Zealand 

The potential benefits of a less intense g razin g  pol icy than the 

conventional hard spri ng g razi ng  of perenn ial ryegrass-w hite clover dai ry 

pastu res have been demonstrated through the results obtai n ed from the three 

field experiments reported . Such findi ngs are of  particu lar i nterest for 

i ncreas ing overal l productivity of the seasonal dai rying systems of New 

Zealand. 

Late control g razing manage ment duri ng spring  on dai ry farms would 

basical ly i mply a delay i n  the decision to exclude paddocks for forage 

conservation.  Herbage accu mulat io n  rates normal ly exceed an imal demand 

from m id-October onwards, the t ime of the year that farmers usually set 

paddocks aside for si lage maki ng. U nder a late control management approach, 

exclusion of paddocks fro m  the rotational sequence of g razi ngs would be 

postponed for about 4 to 6 weeks (e .g .  from mid October unt i l  late November) 

(Chapter 5) .  This relaxat ion in g razi ng pressure would al low swards to 

accu mulate increased herbage mass and to become reproductive, with the 

average pasture cover over the whole farm increasing to levels of 500-700 Kg 

D M/ha above the usual average pastu re cover of conventional ly g razed dairy 

farms. Strategic use of conserved feed can also be conside red an option for 

reducing the g razi ng pressure on pastures and to allow the bui ld up of the 

extra pasture cover, particu larly in  spri ngs of slow herbage accu m ulation .  The 

extra 500-700 Kg DM/ha in average pasture cover should be removed duri ng 

the control period in  order to return swards to a close control by early January. 

This control period should start i n  late November-early December, or more 

specifical ly at the time of anthesis of the reproductive growth of ryegrass 

plants, during  which paddocks wou ld  be dropped from the g raz ing  sequence 

for s i lag e  making .  That would p rovide the i ncrease i n  g razing  pressure 

necessary to remove the extra pastu re cover accumulated o n  the farm over 
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the spring ,  and bring  swards back u nde r close contro l .  The proport ion of the 

farm to be set aside for conservation is dependent upon the pasture g rowth 

condit ions in e ach season and of the geographical l ocation  of each farmi ng 

enterprise . 

Seasons  i n  which low rates of herbage accu mulat ion occur duri ng 

spring  are l ikely to be unsuitable for implementing the late contro l  g razing 

because, under those circumstances, feed ing restrictions would have to be 

i mposed on the cows in order to allow pasture mass to accum ulate. On the 

other hand, in spri ngs of extremely rapid growth,  levels of average pasture 

cover over the farm might exceed the extra 500-700 Kg DM/ha level set as a 

management g uidel ine .  Under those ci rcumstances paddocks would h ave to 

be dropped off the sequence of rotational grazi ng and set aside for s i lage 

before the beg inn i ng  of the control phase. Furthermore ,  i n  years of rapid 

su m me r  g rowth additional forage conservation would probably have to be 

carried out in order to keep control over the pastures and of the g razi ng 

pressure .  Thus , the late control grazi ng management should be seen as one 

more opt ion in a range of managements avai lable to dai ry farmers, and could 

be adopted if seaso nal conditions are favourable. 

The resulti ng less i ntensive g razing during  spring is l i ke ly  to favou r  mi lk 

production and reproductive pe rformance of dai ry cows through the 

consequent h igher l evels of herbage allowance which wou ld result in  h igher  

i ntakes (Section 2 .6 .2) .  Such an i ncrease i n  feeding level at that t ime of the 

year is very desi rab le ,  since animals would be at their peak of mi lk  production 

and energy demand, i n  the phase of lactation  of the highest possib le effic iency 

in terms of uti l izat ion of feed . The enhanced mi lk  production would conti nue 

during the summer-autumn period as a consequence of the h ig her rates of 

herbage accu mu lat ion and qual ity of the herbage produced fol lowi ng  the 

period of late contro l .  Furthermore ,  the s imulation models showed that, i n  

normal years ,  the conserved feed produced under late control g razing would 



Overview and conclusions 1 91 

be i n  excess of the total an nual feed requi rement, and cou ld also be used to 

enhance feeding  levels. I n  Experiment 3,  conversio n  rates of herbage d ry 

m atter to milk fat were of about 25 Kg D M/kg M F  i n  mid lactat ion and 40 Kg 

D M/Kg MF in  late lactation ,  i ndicating that if extra feed is avai lable it should 

be fed during the fi rst half of the lactat ion (spring) ,  when it would be more 

efficiently converted to mi lk fat by the dai ry cows (Hol mes & B rookes, 1 99 1 ) .  

Probably the mai n general i mplication to farm practice i n  New Zealand 

would be the mental approach to the spri ng grazing management issue. The 

present study has provided evidence that ,  contrary to conventional views, it is  

not necessari ly bad practice to allow some reproductive development i n  spri ng  

pastures. I n  fact, i t  has been demonstrated that the spring  g razin g  

management of pastures o n  seaso nal dai ry farms can be much more flexible 

than is general ly assumed. 

8.3. Further research 

It is not clear what would be the most appropriate way of uti l isi ng the 

extra feed produced from pastures subjected to late control g razing  

management duri ng the spring .  Possible options would i nclude enhancement 

of herbage intake and mi lk  production per cow i n  the current lactation, 

mai ntenance of the actual levels of mi lk yield and lengthening of the lactation 

peri od,  improvement of the body condition score of the cows, carry ing  pasture 

reserves forward to improve pasture cover on the farm at start of next calvi ng 

and , fi nal ly, enhancement of m i lk production by delayi ng the cul l ing of 

d iscarded cows. Therefore , the implementation of th is alternative g razing 

procedu re in a farm systems context is depende nt u pon further research to 

i nteg rate all these principles and provide a knowledge base strong e nough to 

support the decision maki ng process in a whole farm basis. 
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Furthermore,  an evaluat ion of the productivity levels is  necessary u nder 

both the late control and the conventional spri ng  g razing  management, s ince 

d ifferences are l ikely to exist i n  the total amount and the qual ity of the 

conserved feed produced because of the d ifferent tim ing and proportio ns of 

the farm area bei ng set aside for conservat ion.  That could have important 

i m pl ications on stocking  rate and productivity levels (m i lk  yield/ha) of farms, 

and should be thoroughly studied in order to determine if the agronomic 

benefits from a less i ntensive spring  g razing approach ( i . e .  late contro l )  would 

also be positive in terms of the overal l farming enterprise. To accompl ish that, 

further research would have to be based on self-contained system studies, so 

al l  the i nputs and outputs of the whole operation could be accounted for and 

practical management gu idel i nes developed. 
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APPENDIX 1: 

OUTPUTS OF LATE CONTROL SIMULATION MODELS 

The outputs from the computer spreadsheets used to s imu late the 

different g razi ng strategies in  Chapter 5 g ive results for half month periods, 

and i nclude the fol lowing  i nformatio n :  average pasture cover at the start and 

at the end of each half month period, dai ly and total feed supply, dai ly  and 

total feed requ i rement. These results can be seen i n  the fol lowing  tables: 
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Table A 1 . 1 .  Predicted values for feed supply and demand (Kg DM/haJday) and 
average pasture cover (Kg DM/ha) for downland areas under a 
conventional spring g razing management situation (2.7 cows/ha) 

Feed No conservation Conservation' 

Month Demand Supply Cover Supply Cover 

Aug(2) 27. 1  2 1 . 0  2000 2 1 .0 2000 

Sep( 1  ) 28.6 32 .0 1 902 32.0 1 902 

Sep(2) 38.7 32.0 1 952 32.0 1 952 

Oct( 1 ) 41 .3 45.0 1 85 1  45.0 1 85 1  

Oct(2) 39.2 45 .0 1 906 45.0 1 906 

Nov(1 ) 38. 1 48.0 1 999 48.0 1 999 

Nov(2) 37.6 48 .0 2 1 47 33.6 2 1 47 

Dec( 1 )  37.0 50.0 2303 35.0 2087 

Dec(2) 35.9 50 .0 2499 35.0 2058 

Jan(1 ) 35.8 39.0 2724 39.0 2043 

Jan(2) 34.8 39.0 2772 39.0 209 1 

Feb(1 ) 34.2 35.0 2839 35.0 2 1 58 

Feb(2) 32.6 35 .0 2850 35.0 2 1 69 

Mar( 1 ) 3 1 .0 34.0 2883 34.0 2202 

Mar(2) 30.7 34.0 2928 34.0 2247 

Apr( 1 ) 30.6 23 .0 298 1 23 .0 2300 

Apr(2) 29.0 23 .0 2866 23.0 2 1 85 

May(1 ) 2 1 .0 20 .0 2777 20.0 2096 

May(2) 2 1 .4 20 .0 2762 20.0 2081 

Jun ( 1  ) 2 1 .5 1 6 .0 2740 1 6 .0  2059 

Jun (2) 2 1 .7 1 6 .0  2657 1 6 .0  1 976 

Ju l ( 1  ) 22.6 1 6 .0  257 1 1 6 .0 1 890 

J u l (2) 23 .6 1 6 .0 2472 1 6 .0 1 79 1  

Aug ( 1  ) 25.8 21 .0  2350 2 1 .0 1 669 

Aug(2) 2278 1 597 

Total 1 1 247 1 1 525 1 0844 

Si lage 0 681  

1 )  30% of the area shut from late November to late December 
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Table A 1 .2 .  Predicted values for feed supply and demand ( Kg DM/ha/day) and 
average pasture cover (Kg DM/ha) for downland areas under a late 
control spring g razing management situation (2.7 cows/ha) 

Feed No conservation Conservation 1 

Month Demand Supply Cover Supply Cover 

Aug (2) 27 . 1  21 .0  2000 2 1 .0 2000 

Sep( 1  ) 28.6 32.0 1 902 32.0 1 902 

Sep(2) 38.7 32 .0  1 952 32.0 1 952 

Oct( 1 ) 41 .3 45 .0 1 85 1  45.0  1 85 1  

Oct(2) 39.2 45 .0  1 906 45.0 1 906 

Nov( 1 ) 38 . 1  57 .6 1 999 57.6 1 999 

Nov(2) 37 .6 57 .6 229 1 57.6 229 1  

Dec(1 ) 37 .0 45 .0 259 1 1 8 .0 259 1  

Oec(2) 35 .9 45 .0  271 2 1 8 .0 2307 

Jan( 1  ) 35 .8 39 .0 2857 39.0 2020 

Jan(2) 34.8 39 .0 2905 39.0 2068 

Feb( 1 ) 34 .2 43 .7 2972 43 .7 2 1 35 

Feb(2) 32.6 43 .7 3 1 05 43.7 . 2268 

Mar(1 ) 31 .0 42 .5 3260 42 .5 2423 

Mar(2) 30.7 42 .5 3432 42.5 2595 

Apr( 1 ) 30.6 28.7 3621 28.7 2784 

Apr(2) 29 .0 28 .7 3592 28.7 2755 

May( 1 ) 21 .0 20.0 3588 20.0 2751 

May(2) 21 .4 20.0 3573 20.0 2736 

Jun( 1  ) 2 1 .5 1 6 .0 3554 1 6 .0 271 4 

Jun(2) 21 .7 1 6 .0 3468 1 6 .0 2631 

Ju l ( 1  ) 22 .6 1 6 .0 3382 1 6.0 2545 

Ju l (2) 23 .6 1 6 .0 3283 1 6 .0  2446 

Aug( 1  ) 25 .8 2 1 .0 3 1 6 1  2 1 .0 2324 

Aug(2) 3089 2252 

Total 1 1 247 1 2336 1 1 499 

S i lage 0 837 

1 )  60% of the area shut during December 
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Table A 1 .3 .  Predicted values for feed supply and demand (Kg DM/ha/day) and 
average pasture cover (Kg DM/ha) for the experimental site under a 
conventional spring grazing management situation (2.5 cows/ha) 

Feed No conservation Conservation' 

Month Demand Supply Cover Supply Cover 

Aug(2) 25. 1  27. 1 2000 27. 1  2000 

Sep(1  ) 26.5 40. 1  2032 40 . 1  2032 

Sep(2) 35.9 40 . 1  2235 40. 1  2235 

Oct(1  ) 38.3 49.9 2299 34.8  2299 

Oct(2) 36.3 49 .9 2473 34. 8  2247 

Nov( 1 ) 35 .3 45 .2 269 1 3 1 . 6  2222 

Nov(2) 34.8 45.2 2839 31 . 6  2 1 67 

Dec(1 ) 34.2 35 .5 2995 35.5 2 1 1 9  

Dec(2) 33.3  35 .5 301 5 35.5 2 1 38 

Jan(1 ) 33.2 23.4 3050 23 .4  21 74 

Jan(2) 32.2 23 .4 2904 23 .4 2028 

Feb(1 ) 31 .7 23.4 2762 23.4  1 886 

Feb(2) 30 .2 23 .4 2647 23 .4 1 77 1  

Mar(1 ) 28.7 2 1 .0 255 1 21 .0  1 675 

Mar(2) 28.4 21 .0 2436 21 .0  1 560 

Apr( 1 ) 28.4 22 . 1  231 7  22 . 1  1 441 

Apr(2) 26.8 22 . 1  2223 22. 1  1 347 

May(1 ) 1 9 .4 28 . 1  2 1 52 28 . 1  1 276 

May(2) 1 9 .8 28 . 1  2282 28. 1 1 406 

Jun( 1  ) 1 9 .9 22 . 1  241 5  22 . 1  1 539 

Jun(2) 20 . 1  22 . 1  2447 22 . 1  1 57 1  

Ju l ( 1  ) 20 .9  1 6 .8 2477 1 6 .8  1 601  

Ju l(2) 21 .9  1 6 .8 241 5 1 6 .8  1 539 

Aug( 1  ) 23.9 27 . 1  2334 27 . 1  1 458 

Aug(2) 2382 1 506 

Total 1 04 1 4  1 0796 9920 

Silage 0 876 

1 )  30% of the area shut from early October to late November 
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Table A 1 .4 .  Predicted values for feed supply and demand (Kg DM/ha/day) and 
average pasture cover (Kg DM/ha) for the experimental site under a late 
control spring grazing management situation (2.5 cows/ha) 

Feed No conservation Conservation 1 

Month Demand Supply Cover Supply Cover 

Aug(2) 25.3 27. 1  2000 27. 1  2000 

Sep( 1  ) 26.5 40. 1  2032 40 . 1  2032 

Sep(2) 35.8 40. 1  2235 40. 1  2235 

Oct( 1 )  38.3 49 .9 2299 49.9 2299 

Oct(2) 36 .3 49 .9 2473 34.9 2473 

Nov(1 ) 35.3 54.2 269 1 37.9 245 1 

Nov(2) 34.8 54.2 2974 37 .9  2490 

Dec(1 ) 34.3 39.0 3265 27.3 2536 

Dec(2) 33.3 35.5 3332 24.8 2359 

Jan ( 1  ) 33.3 23.4 321 2 23 .4 21 85 

Jan(2) 32.3 23.4 3065 23 .4 2039 

Feb( 1 ) 3 1 .8 28. 1  2924 28 . 1  1 897 

Feb(2) 30 .3 28. 1  2824 28 . 1  1 867 

Mar( 1 ) 28 .8  25.2 2884 25.2 1 857 

Mar(2) 28 .5  25.2 2846 25.2 1 81 9  

Apr( 1 ) 28.3 26.5 28 1 0  26.5 1 784 

Apr(2) 26.8 26.5 2799 26.5 1 772 

May(1 ) 1 9 .5 28. 1  281 0  28 . 1  1 784 

May(2) 1 9 .8 28 . 1  2941 28. 1 1 9 1 4  

Jun( 1  ) 20 .0 22 . 1  3074 22. 1  2047 

Jun(2) 20.3 22 . 1  31 06 22 . 1  2079 

Ju l ( 1  ) 2 1 .0  1 6 .8 31 35 1 6 .8  2 1 09 

Ju l (2) 22 .0 1 6 .8 3074 1 6 .8  2047 

Aug( 1  ) 23.8 27. 1  2992 27 . 1  1 966  

Aug(2) 3041 20 1 4 

Total 1 04 1 4  1 1 455 1 0428 

S ilage 0 1 027 

1 )  30% of the area shut from late October to late December 




