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



TEE EFFECTS ON PASTURE OF THE WINTER GRAZING 

OF DRY DAIRY COHS 

A thesis 

presented in partial fulfilment of the requirements 

for the degree 

of 

MASTER OF AGRIC ULTURAL SCIENC E  

at 

Massey University 

P. N. P. :MATTHEV/S 

1971 



A C K N OW L ED G EME N T S  

I should like t o  e xtend thanks to the fo l lowing 

people who assisted in one form o r  another in the course o f  

e xperimental work o r  in the compilation of this thesis : 

Firstly, I should like to thank Profe ssor B.R. Watkin 

who supervised this study and supplied encouragement and 

guidance at all time s .  

T o  1r1r A. G. Camp b e l l  and :Mr D. B. Edmond f o r  helpful 

discussion, criticism and mate rial assistance . 

To Nr K. E Jury for advice on statistical analysis and 

for carrying out the regression analysis pre sented. A l so t o  

Professor R. �fundford f o r  making available his multi-purpo se 

analysis of variance programme . 

To Mr I . P . M .  l'tlacQueen for supplying e xpe rimental animals 

and the land required for both experiments and t o  1·ir T.  Lynch and 

his staff at No . 3 Dairy for assistance in drafting and moving 

s t o ck. Also t o  my father ,  without whose assistance the volume 

of work associated with e ach grazing period would have been 

excess ive . 

To 1.u-s V.  Swan for the unenviab le task o f  typing the 

final copy of this text . 

Lastly, I must thank my wife France s ,  for the understanding 

and sacrifice s made , during the writing of this thesis . · 



C O NT E NT S  

I NTRODUCTION 
Page 

1 
CHAPTER I : Review o f  literature 

Introduct i on 4 

4 Pasture growth wi th defoliat ion 

The influence of the animal upon 

pasture s 

Winter pasture produ ct ion 

Animal requireme nts 

Winter management 

16 

41 

45 

5 1  

CHAPTER I I  : E xpe rimental Out line and 1olethods 

Introduction 59 

60 

62 

69 

Out line 

Layout 

Methods 

CHAPTER I II : Resu l t s  - E xperiment I 

Grazing intensi ty v ' s grazing duration 82 

Be tween days 1 05 

Control (cut ) v ' s grazed 105 

CHAPTER IV : Results - E xpe riment I I  

CHAPTER V 

SUMMARY 

BIBLIOGRAPHY 

APPENDICES 

Grazing i ntensity v ' s graz i ng duration 121 

Be tween days 143 

Control (cut ) v ' s grazed 164 

Di scussion 

De sign and methods 

E xperiment I 

E xperiment I I  

General 

179 

187 

1 99 



Table 

I 

II 

LI S T  0 F T A.B L E  S 

Herbage yield (.lb D • .M./acre ) following 
treading treatments by sheep ( from Edmond, 

1958c) 

Fate of nutrients ingested by dairy cattle 

(from Davies � �., 1962 ) 

III Concentration of nutrients (lb/acre ) under 
. 

individual excretions ( calculated by Petersen 

25 

33 

et al. ,  1956 b )  35 

The growth of .Manawa ryegrass pastures in the 

late autumn .and winter (from Brougham, 1956b ) 43 

V Growth of 1•1anawa ryegrass pastures in the 

winter under three defoliation treatments 

( from Brougham 1956 b ) . 

VI Maintenance requirements for dairy cattle 

(lb D.O.M. and lb D. M. per cow per day) 

VII 

VIII 

IX 

Estimated daily energy requirements for 

pregnancy (lb D.O .M. and lb D. M. ) 

Experiment I and II - Plot dimensions 

Experiment I - Cow weights (lb liveweight ) 

X Experiment I - Daily D.M. intake and percentage 

utilization 

XI Experiment I - D.M. Production ( lb D.M./acre ) 

XII Experiment I - D.M. Production, significant 

results 

XIII Experiment I - Regression log D. M. on time 

44 

49 

63 

82 

83 

85 

86 

for grazing intensity and grazing duration 90 

XIV Experiment I - The effect of grazing durations 

on total grass tiller populations ( tillers/ft2) 100 

Experiment I - Ground cover 100 



x:II 

XVII 

XVIII 

Experiment I Soil bulk density (�cc) 

Experiment I Soil bulk density means 

between replicates (gm/cc) 

Experiment I - Defoliation treatment 

effects on production (lb D. :r-1 ./acre ) 

XIX Experiment I - Differences between plots 

cut and those grazed at different defoliation 

1 04 

1 05 

1 06 

intensities (lb D. M./acre ) 1 08 

XX Experiment I - Regression log D. M. with time 

for defoliation treatments 

XXI Experiment I - The effect of defoliation 

treatment on ryegrass and timothy tiller 
populations 

XXII Experiment I - The effect of defoliation 

1 09 

1 1 7 

treatment on ground cover (% bare ground) 1 1 7 

XXIII 

XXIV 

Experiment I - Defoliation treatment effect 

upon soil bulk density (gm/cc) 

Experiment II - Cow weights (lb liveweight ) 

Xx:l Experiment II - Daily D.M. intake and 

percentage utilization 

1 20 

1 21 

1 22 

Xx:II 

Xx:III 

Experiment II - D. M. Production (lbs D.M./acre ) 1 24 

Experiment II - D.M. Production, Significant 

results due to grazing intensity and grazing 

XXVIII 

duration 

Experiment II - Difference in D. M. production 

(lb/acre ) between grazing intensities ( 1 20 cow 

days per acre - 200 cow days per acre ) 

XXIX Experiment II - Difference in D. M. production 

(lb/acre ) between durations within grazing 

intensities 

XXX Experiment II - Mean D.lii . production per 

Replicate (lb D.M. /acre) 

1 25 

1 25 

1 29 

1 29 



XXXI Experiment II - Regression log D .M. with 

time for grazing duration and grazing 

intensity treatments 

XXXII Experiment II - Grazing duration effects on 

total grass tiller populations 

130 

140 

XXXIII Experiment II - Grazing intensity and grazing 

duration effects upon soil bulk density (gm/cc)142 

XXXIV Experiment II - D. M. production, between days 145 

XXXV Experiment II  - Regression log D. M. with time 

for between day comparisons 

X.XX:VI 

XXXVII 

Experiment II - Between day differences in 

unsown grass tiller populations due to a 

'6 hour' grazing duration 

Experiment II - Between day, grazing duration 

149 

161 

effects on soil bulk density (gm/cc) 163 

XXXVIII 

XXXIX 

Experiment II - Defoliation treatment effect 

on D • .M. utilization and intake 

Experiment II - The effect of cutting and 
grazing on D. M. production (lb D. M./acre) 

XL Experiment II - D. M. production, significant 
results due to defoliation treatment 

XLI Experiment II - Regression log D. M. with time 

for defoliation treatments 

XLII 

XLIII 

Experiment II - Defoliation treatment effect 

on soil moisture (%) 

Experiment II - Defoliation treatment effect 

on soil bulk density (gm/cc) 

XLIV Experiment I � Grazing pressure and actual 

164 

166 

166 

168 

177 

178 

and corrected Post-grazing D. K. residues 189 

XLV Experiment II - Grazing pressures of grazing 
intensity and grazing duration treatments. 200 



XLVI 

XLVII 

Experiment II - Grazing duration and grazing 

intensity effects on regrowth for the first 

10 days following grazing (lb D. M. per acre 

per day) 204 

Experiment II - Between day effects on 

regrowth for the first 10 days following 

grazing (lb D. M. per acre per day) 208 

XLVIII Experiment II - Defoliation treatment effect 

on D. M. regrowth over the first 10 days following 

grazing (lb D. M. per acre per day) 210 



Figu re 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1  

1 2  

13 

1 4  

L I S T 0 F F I G U R E S 

General Layout of Experimental Area 

Experiment I Layout of plots 

Experiment I Layout of pre-treatment 

plots 

Exp eriment II  Layout of plots 

Experiment II - Layout of pre-treatment 

plots 

Experiment I - The effect of grazing 

intensity and grazing duration on D. M . 

production 

Exp eriment I - Botani cal composition of 

re growth 

Experiment I - Grazing duration and 

intensity effe ct on dead matter contribution 

to D.M. production 

Experiment I - The effect of grazing 

intensity on tiller populations 

Exp eriment I - The e ffect of grazing 

intensities on tiller populations 

Experiment I - The effect of grazing 

intensity and grazing duration on herbage 

rejection 

Experiment I and II - Soil moisture , mean 

value of all grazed plots 

Experiment I - Defoliation treatment 

effects on D. M. production 

Experiment I - Defoliation treat ment 

effects on D. M. production of botanical 

components 

Page 

64 

65 

66 

67 

68 

87 

93 

94 

95 

96 

102 

103 

107 

1 10 



15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

Experiment I - Defoliation treatment 

effects on botanical composition 

Experiment I - Defoliation treatment 

effects on tiller populations 

Experiment I - Defoliation treatm ent 

effects on tiller populations 

Experiment I - Defoliation treatment 

effects on soil moisture 

Experiment II - The effect of grazing 

duration and grazing intensity on D. M. 

production 

Experiment II - Botanical components of 

D. 1>1. Regrowth 

Experiment II The effect of grazing 

intensity and grazing duration on 

botanical composition 

Exp eriment II - Grazing intensity effects 

on tiller populations 

Experiment II - Grazing intensity effects 

on tiller populations 

Experiment II - Grazing duration effects 

on tiller populations 

Experiment II - Grazing duration effect 

on tiller population 

Experiment II - D.M . utilization and intake 

between days 

Experiment II - Grazing intensity effect on 

between day D. M. production (6 hour 

durations ) 
Exp eriment II - Grazing intensity effect 

on betw.e en day D. M. prod uction ( 24 hour 

duration) 
•' 

111 

114 

115 

119 

126 

. 132 

133 

135 

136 

138 

139 

144 

146 

147 



29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

Experiment II - Grazing durat io n effect 

o n  bet ween day D. M. product io n  

( individual compo nent s ) 
Experiment II - Grazing int ensit y  effect 

o n  bet ween day D. M. product ion 

( Individual co mponent s ) 
Experiment II - Bet ween day comparison of 

D. M. yield (Ryegrass and Tot al S own Grass ) 
Exp eriment II - Bet ween day comparison of 

clo ver node populat io ns 

Experiment II - Bet ween day comparison o f  

tot al grass t iller po pulat io n  

Experiment II - Bet ween day comparison o f  

151 

152 

153 

156 

157 

t ot al sown grass species t il ler popul at ions 15� 

Experiment II - Bet ween day compariso n o f  

tot al unsown grass species t iller 

populat ions 

Experiment II - The effect of defoliat io n  

t reat ment on D. M. product ion 

Experiment II - The effect of defoliat io n  

t reat ment o n  t he D. M. yield o f  bot anical 

co mponent s  

Experiment II - D efo liat ion t reat ment 

effect s  on percent age cont ribut ion t o  D.M. 

159 

1 67 

170 

yield o f  bot anical component s  171 

Experiment II - The effect o f  defo liat io n 

t reat ment o n  t iller populat io ns 

Ex periment II. - Defo liat ion t reat ment effect s  

on t iller po pulat ions 

Experiment II - The effect of defoliat ion 

t reat ment ,  wit hin defo liat ion int ensit y, o n  

173 

174 

t iller populat ions 176 

Wint ering syst ems associat ed wit h  grazing 

int ensities of· 120 and 200 ea� day s  per acre .1 80 



I N T R 0 D U C T I 0 N 

With the demand for higher production, but probably 

more from economi c necessity, stocking rates on New Zealand 

dairy farms have increased markedly over the past ten y ears. 

The av erage herd size has over this period increased from 57 

cows in 1960 to an estimated 98 cows in 1970 (N.Z. Dairy 

Board, 1970 ) ;  this figu re howev er takes no account of any 

increase in farm size over this period. 

Increased stocking rates on a fixed area of land has 

not been associated with similar increases in pasture 

production, indeed, the reverse may be the case (Campbell , 1966; 

Holmes ,  1962; Morley 1966 ) .  The increased production has 

been a function of increased uti lization of the pasture grown · 

( Campbell,  1966 ) .  With such trends management de cisions with 

regard to pasture and animal become critical , mistakes having 

long reaching repercussions . A critical period on all seasonal 

dairy farms i s  over the winter when management decisions can 

affect butterfat production for the entire lactation (Wallace 

1958 ) .  Increased stocking rates have heightened this wintering 

period as a result of mainly two factors 

(i ) An increased milking herd means lower pasture 

surpluses in the spring, hence lower levels of 

conserved fodder for periods of low pasture production. 

(ii ) It  is at this time of the year that damage to 

pastures through grazing appears most severe . 



Increased stocking rates mean a larger number of 

animals over the winter but a greater reliance on pasture 

for winter fodder also means increased grazing over this 

period. This trend may be eased in some cases by later 

calving. 

Over the winter period it is necessary to equate 

pasture production with animal requirements both before 

3 

and after calving; at the same time it is necessary to be 

aware of the effects grazing is having on future pasture 

production as a result of defoliation, treading and excretion 

by the grazing animals. 

Most aspects of grazing ecosystems in the New Zealand 

environment have been s tudied in isolation, e.g. animal 

requirements (Hutton 1962), intake (Wallace 1958),defoliation 

(Brougham 1959), treading (Edmond 1966) and excretion 

(MacDiarmid 1969). Such experiments cannot take account of 

interactions that may be present; few attempts have been made 

to bring these factors together and study in any detail the 

implications of management systems in terms other than one or 

two marketable animal products. 

The experiments presented in this thesis were designed 

to provide information on some pasture aspects of grazing dr y  

dairy cattle over the winter period; in terms of pasture 

'utilization' at grazing and its regrowth over the late winter­

early spring. Study was on one soil type in one season. 

·� 



1.1 I ntroduction 

C H A P T E R I 

REVIEW OF LITERATURE 

Winter grazing of dairy cattle involves a wide range of 

interrelated aspects. Agronomically it covers the growth, 

defoliation and regro1.; th of pastures ,  the ef fect of the animal 

upon pasture and soil w hile grazing is taking place , and the 

grazing management techniqu es employed. 

This review will deal with the grm'l th, defoliation and 

regrm-1 th of pastures from a physiological and morp hological 

point of view, then will extend these aspects to the grazing 

situation with animal influences of defoliation, treading and 

excretion. More specific aspects of wintering will then be 

covered;  the pasture productivity over the winter, the 

requirements of livestock over this period and how all these 

aspects are interpreted in the practical situation. 

1.2 Pas ture grOI<� th with defoliation 

With def oliation of a pasture sward the interest lies in 

three aspects 

i The growth and death of plant material 

ii  Changes in  botanical composition 

iii  The persistency of  the sward. 
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Studies involving various levels of intensity and 

frequency of defoliation have been numerous ( e.g. Erougham, 

1956; 1959; 1960; Reid, 1959; 1962)  and frequently the 

subject of review articles (e.g. Humphreys, 1966; MacLusky 

and Morris, 1964; Spedding, 1965 ) .  Literature can be cited 

showing advantages in pasture production for less intensive, 

more intensive, less frequent, more frequent or practically 

any combination of frequency and intensity of defoliation. It 

is not proposed therefore to review these experiments as such, 

but to review current knowledge on the underlying physiological 

and morphological changes that take place within a plant 

community when it is defoliated. 

1. 2.1 The groHth a nd death of plant material 

The primary limitation to biological production is set by 

photosynthesis (Elackman and Black, 1957 ) .  This means t hat when 

all factors are optimal for growth, the maximum growth rate of a 

plant or sward will be determined by the quantity of light being 

intercepted by the foliage (Eohning and Burnside, 1956; Brougham, 

1956 ) .  Photosynthesis in individual leaves falls with increasing 

light intensity received on the leaf surface (Hesketh, 1963 ) and 

any light falling on bare ground is wasted (Brougham, 1956 ) .  

The maximum growth rate of a sward will occur when all incoming 

' 

radiation is intercepted by the plant canopy in such a way that 

the maximum leaf area is exposed to the minimum light intensities 

necessary for photosynthesis. Brougham (1956) found the critical 

value to be 95% interception of incident light and Bohning and 

Burnside ( 1956) found. the minim\t:n li;:;ht in-ten::::i ty to be in the 

�. . 
J '•· I I • �• 

·- . 1., 
· • .  •1,-i • . . 
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Species differences exist in the Leaf Area Index 

(LAI)* required to intercept 95% of incident light (Brougham, 

1956) w hich appears due to their growth fonn, in particular 

the orientation and shape of their leaves. The time taken ror 

a sward or a species within a sward to reach the point of 

maximum growth rate will determine the productivity of both, 

while within the sward, it will also determine the competitive 

ability of individual plants and/or species. Due to the 

exponential nature of plant growth (Brougham, 1956) advantages 

(e.g. leaf area) gained in the first few days will be maintained 

until such time as some other factors (e.g. competition for 

light ) brings the phase to an end. 

Initially, regrowth will be determined by the meristematic 

activity of the sward (i.e. number of grov1ing points)( Langer, 1963) . 

The rate of regrowth will be determined by the reserve status 

(usually taken as meaning the soluble carbohydrate level) within 

the plant and the residual leaf area (RLA) remaining on a plant 

or tiller following defoliation (May, 1960) .  

The meristematic activity will be determined by the 

previous management of the pasture (Hrougham, 1 959; Mitchell 

and Coles, 1955), season, and the number of apical meristems 

removed or damaged during defoliation (Carnpbell, 1961) . During 

the vegetative state it is unlikely in most common species of 

pasture plants that the apical meristem will be damaged by 

grazing \Campbell, 1961) . With stem elongation associated with 

flowering the apical meristem of grasses becomes su�ceptible to 

* Area of leaf per unit area of ground. Measurement of 

one side of e ach leaf only (l··atson, 1947). 
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removal (Campbell, 1961) and once removed the potential 

production of that tiller is lost (Langer, 1957; 1959). 

Removal of flowering stems may induce other vegetative 

growing points to differentiate and produce heads (Langer, 

1957). New growth develops from vegetative tillers at the 

base of the tiller destroyed (Langer, 1963) but it is a 

relatively slow process (Davies, 1956). Defoliation not only 

influences tillering through removal of the growing point but 

also through the removal of leaf material. Defoliation 

re-establishes the interdependence of tillers for a short time, 

completely defoliated tillers benefit�ing from assimilate 

translocated from undefoliated tillers (!!Iarshall and Sagar, 1965), 

but defoliation may induce a temporary reduction in tillering 

(Davidson and 1til thorpe, 1965). This reduction is perhaps due 

to increased demands for substrata by existing tillers, as 

Alberda (1966) showed the reduction to be most marked in plants 

with low carbohydrate levels. On the other hand the improved 

light regime following defoliation may lead to increased tiller 

numbers (Mitchell and Coles, 1955). 

The fluctuation of soluble carbohydrate levels following 

defoliation and during regrowth has led observers to place 

considerable importance on the necessity for having high levels 

of reserves immediately prior to defoliation ( iieinmann, 1952). 

Since the awareness of the significance of leaf area to growth 

(Brougham, 1956; Davidson and Donald, 1958) differing degrees 

of importance have been attached to the role of reserves. 

Discussion in the late 1950 s as to the role of reserves 

centred upon whether they are used predominantly as a respiratory 
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substrata (May, 1960) or used directly in new shoot and root 

growth as had been assumed in the past (Weinmann, 1961). If 

reserves contribute to new growth advantages may be gained by 

having extensive reserve levels, if not, then there is little 

to be gained by having reserves in excess of the respiratory 

needs of the non-photosynthetic organs. Not all soluble 

carbohydrate appears however to be available as a respiratory 

substrata (Alberda, 1966). The level of soluble carobohydrate 

reserves at any one time are in fact a balance between the rate 

of photosynthesis (hoth past and current), the amount of 

photosynthate produced, the rate of respiration, the rate of 

translocation to sinks, and the rate of groui;h (Davidson and 

Milthorpe, 1965). The build up of carbohydrates are associated 

with reduced growth rates (Brown and Blaser, 1965; Sheard, 1968) 

and it is argued that this increased level may represent growth 

not being made rather than a contribution to growth (Blaser, 

Brown and Bryant, 1966). This contention is supported by the 

general reduction of carbohydrates in storage organs following 

application of nitrogenous fertiliser (Sheard, 1968) and the 

possible inhibition of photosynthesis by high concentrations of 

soluble carbohydrates (Moss, 1962; Hent, 1958). 

Recent literature implicates stubble reserves in new 

leaf growth (Ehara, Maeno and Yamada, 1966; Marshal! and Sagar, 

1965), especially the carbohydrates within expanding leaves 

(Davidson and Milthorpe, 1966 b). A casual role for reserves 

in the formation of new tissue has not hm.;ever been fully 

established. There appears to be little possibility of root 
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reserves contributing to new leaf growth (Marshall and Sagar, 

1 965). Root reserves appear to be used as respiratory substrates 

in the roots and possibly for any root extension that occurs 

(Davidson and Milthorpe, 1 966 b; Marshall and Sagar, 1 965); 

these may be supplemented by translocation from the stubble 

reserves and later from new photosynthates (Davidson and Milthorpe, 

1 966 b). The oldest expanding leaves have first priority in the 

use of assimilate and therefore leaf expansion is reduced 

relatively less than tiller or root growth, which may stop 

completely following defoliation (Davidson and Mil t(mrpe, 

1 966 b). 

Defoliation has often been observed to affect root growth 

adversely (May, 1 960; Davidson and :rtrilthorpe, 1 965). This 

decrease in root extension is probably a direct result of the 

removal of the primary source of carbohydrate. Regrm-lth may be 

limited by the rate of nutrient uptake during the recovery period 

(Davidson and Milthorpe, 1 966 b) and some of the responses to 

severe defoliation which have been ascribed to reserve shortage, 

may in fact be due to the limitation of mineral uptake 

(Davidson, 1 963). The significance of this reduced uptake will 

depend on the internal nutrient status of the plant prior to 

defoliation (Davidson and Milthorpe, 1 966 b). Reduction in 

leaf area and root extension will also impair the soil moisture 

usage of a defoliated plant (Jantti and Kramer, 1 956). 

Substances other than soluble carbohydrates have been 

implicated as reserve substances (Davidson and Milthorpe, 1 966 a; 

Alberda, 1 966) and are thought to be predominantly of a protein 
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nature. These non-carbohydrate reserves may contribute a 

large portion of the total plant reserves, especially when 

the level of the carbohydrate is low (Davidson and Milthorpe, 

1966 a). The advantage of there being adequate internal 

nitrogen (N) * reserves and carbohydrate/N ratio rather than 

high carbohydrate, low N reserves have been stressed (Sheard, 

1968). 

The direct contribution of reserves to new photosynthetic 

tissue may be small and transitory (Davidson and Milthorpe, 1966 b) 

but regrowth may depend upon them entirely in the first instance. 

Their overall importance to regrowth will probably remain 

controversial as separation of the effects of RLA and reserves 

in regrowth is difficult because 

(i) When rapid initial regrov1th is attributed to 

high levels of reserves, early leaf formation 

immediately becomes a confounding factor. 

(ii) Green leaf remaining after defoliation absorbs 

light and photosynthesises, but may also 

contain soluble carbohydrates which could 

provide a ready energy source and material 

for regrowth. 

Intensive defoliation will be co�patible with high 

production provided the frequency of defoliation is such that 

* For the remainder of this text all chemical elements 

will be referred to by their conventional abbreviations. 
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reserve levels and adequate root growth can be maintained 

(Reid, 1959). Conversely frequent defoliation is acceptable, 

provided adequate leaf capable of photosynthesis remains to 

supply the energy requirement after defoliation. If frequency 

is increased for a given cutting height, it can generally be 

concluded that defoliation will result in lower yields 

(Humphreys, 1966). Frequent and intensive defoliation will not 

be acceptable in most instances as RLA will be non-existent, 

reserve levels will be small and root growth depressed. Plants 

may however adapt to such a management system by assuming a more 

prostrate growth habit, thus providing increased RLA below the 

cutting height and increased stubble reserves (e.g. Kydd, 1966). 

More prostrate plants may be already adapted to close defoliation; 

as shown by Radcliffe, Dale and Viggers ( 1968) browntop hill 

pastures obtained highest D.M. production under defoliation to 

ground level. No one management system will however be 

acceptable at all time of the year (Sears, 1956) a factor which 

is difficult to interpret experimentally in cutting trials. 

Hunt and Brougham (1967) studied the structure of perennial 

ryegrass swards frequently (weekly ) but leniently (so 90 - 95% 

of incident light was being intercepted after cutting ) defoliated 

in late summer. Owing to increased dead matter and sheath 

material, and a decrease in green leaf in the sward, they 

concluded that photosynthetic efficiency of the sward would fall, 

and that a lenient cutting system is unlikely to provide the 

maximum yield of harvestable dry matter in many environments, or 

over long periods of time. Changes in canopy characteristics will 
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alter the efficiency of light utilization as photosynthetic 

areas are not equal in their efficiency; young (Gabrielson, 

1948) and old (Stern, 1960) leaves are less efficient. The 

proportion of photosynthetic to non-photosynthetic components 

and their distribution within the canopy will directly affect 

light utilization (lvarren 1'/ilson, 1960). Wheeler (1962) 

considers �at light use is only important in periods when 

light limits growth and that in most pastoral environments 

these periods are of short duration. 

At some stage during regrowth, growth will be curtailed 

or limited by inter- and intra-specific competition for one 

or more growth factors (e.g. light, nutrients, water, etc.). 

Leaf senescence due to the natural genetically controlled 

life-span of individual leaves (Leopold, 1964) and imposed 

environmental factors such as light (Brougham, 1958), moisture 

deficit, high temperature, and nutrient deficiencies (Leopold, 

1964), means that dry matter losses will be occurring within 

the sward. The life-span of both clover (Brougham, 1962) and 

ryegrass (Hunt and Brougham, 1966) appears to vary with 

season being greatest in the winter. Hunt (1968) studying leaf 

death rates in a clipped ryegrass-white clover pasture obtained 

maximum leaf death rates of 56 lb D.M. per acre per day and 

27 lb D.M. per acre per day in the spring and autumn respectively. 

Maxinn.un rates occurred after 68 days regrmvth in the spring and 

59' days in the autumn. :With senescence, not all D.M. is lost, 
;i 

as at senescence the dry weight of a leaf is approximately 50% 

of their maximum weight (Brougham, 1958). Although animals 



select against dead material (Arnold, 1960) this material may 

constitute a large proportion of their diet (Lancashire and 

Keogh, 1964). The nutritive value of this dead matter appears 

to be unknown. Rates of leaf senescence will determine the 

potential for D.M. decomposition in a sward. Decomposition 

under New Zealand conditions appears slower in summer than in 

either spring or autumn. This dead matter accummulation over 

the summer period may result in the dead matter component 

accounting for 3o% to 5o% of the total D.M. present in early 

autumn (Campbell, 1964). Clover leaves decompose faster than 

those of ryegrass (Hunt, 1968), the extent depending on season 

and stage of grm'lth. 

Follovling defoliation, leaf death and decomposition will 

eventually, during the latter stages of regrowth, equal leaf 

production so that a ceiling production will be reached. Loss 

rates at ceiling yields for white clover in early spring 

(Brougham, 1958) and Italian ryegrass in early winter (Hunt 

and Brougham, 1966) have been calculated at 20 lb and 10 lb 

D.M. per acre per day respectively. Hunt (1968) found dead 

material in a clipped ryegrass/white clover pasture decomposed 

at approximately 30 lb D.M. per acre per day in the spring and 

16 lb D.M. per acre per day in the autumn. 

The stage of growth at which a S\'lard is defoliated will 

therefore be an important factor in influencing the extent of 

leaf death and decomposition during regrowth and the accumulation 

of dead material in the sward over a number of regrowth periods • 

• .J' • 
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1.2.2 Botanical Composition 

Pastures have often been described as being in a 

precarious equilibrium (Sears, 1956) with quite small changes 

in any one factor rapidly leading to marked changes in pasture 

yield and composition. To be successful a pasture is required 

to : 

(i) Produce the maximum sustained yield of 

utilizable nutrients. 

(ii) Maintain an appropriate legume/grass balance. 

For sustained productivity, Morley (1966) considers that 

maintaining the stability of a plant community is essential. 

Stability as described by Morley may not be so important under 

New Zealand conditions as those he experienced at Canberra, as 

the New Zealand environment is more suited to perennial species 

and high stand density. The ability of a plant or species to 

compete successfully following defoliation will depend upon its 

physiological reaction to defoliation relative to other plants 

or species in the sward. Defoliation can alter the competitive 

relationships between species through modification of the 

environment and differential species vulnerability to leaf 

removal (Humphreys, 1966). Species susceptibility to defoliation 

will thus be determined by the seasonal growth potential of the 

species and the timing of defoliation. 

Competition among plants for space probably does not take 

place as before such a point is reached competition for light, 

water, nutrients etc. or some combination of factors will limit 
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growth. Light is often a dominant factor governing composition 

of a sward (Blackman and Templeman, 1938 ) and a species able to 

reach a greater size prior to full utilization of light will 

normally hold the competitive advantage. The sensitivity of 

clover to light competition (Stern and Donald, 1962) is well 

known and necessitates control of the taller grasses to reduce 

this competition. Clovers will respond rapidly to any change 

in light environment (Stern and Donald, 1962). Hunt (1968) 

found shading of the lower canopy appeared to enhance the 

senescence of clover leaves but could not find evidence for 

a comparable effect on ryegrass leaves. 

As discussed by Holmes (1962) a prostrate habit of growth 

or the ability to develop such a grovith form will enable a 

species to survive, compete and produce when subjected to 

frequent intensive defoliation. In general it appears that 

continuous heavy grazing is detrimental to acceptable 

perennials, with them being replaced by annuals or bare ground; 

with some form of spelling however heavy usage may be compatible 

with botanical stability (Morley, 1966). Used intelligently 

hard grazings of plant com�ities at particular timesof the 

year are of value in changing dominance to species that tolerate 

the subsequent climate (Brougham, 1960; Campbell, 1964). 

1.2.3 Persistency of a sward 

Old and dying tillers must be continually replaced by new 

tillers if a grass species is to survive (Davidson and �tilthorpe, 

1965). Tillering is most active in the au�mn months and 
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management systems favouring grass growth and, in particular, 

tillering over this period will ensure survival ( Campbell, 1961). 

Autumn tillers will be vernalized over the cooler winter months 

and will form the bulk of the fertile tillers in the following 

spring (Campbell, 1961). White clover can survive vegetatively 

within a sward provided spelling occurs and competition from 

grasses is kept to a minimum. If, however, the legume is an 

annual, a similar management system involving intensive 

defoliation may lead to its disappearance from the sward (Morley, 

1966). 

1.3 The influence of the animal upon pastures 

The grazing animal defoliates a sward, treads it, and 

deposits dung and urine upon it. These separate factors of 

grazing, treading and excretion act together, but their relative 

importance will depend upon local conditions. 

1.3.1 Grazing 

Sections 1.2.1 and 1.2.2 have outlined aspects of 

pasture production and regrowth following defoliation mainly 

by mechanical methods. What happens however when the 

defoliation is carried out by free grazing animals� The 

previous outline holds but as will be discussed in this 

section the interpretation will be somewhat modified. 

Unlike cutting treatments, with grazing there will be 

changes in the duration of each period of defoliation and in 



periods allowed for regrowth. Defoliation is not 

instantaneous and a tiller or plant may be defoliated 
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several times during a grazing period, while others may not 

be defoliated at all. 1-J'ith the grazing animal there is no 

control over the height of defoliation of individual tillers 
./ 

or plan�s, out stocking ra�e allows a modieum of control ov�r 

the overall 'average' intensity. Unless some rotational system  

is  adopted there is also no control over the frequency of 

grazing. Under set stocking, defoliation becomes even more 

coru·usea. ana., therefore, even harder to compare with the 

situation under mowing. Hodgson (1966) found that when set 

stocked, increasing the stocking rate of hoggets from 19 to 

30 per acre increased the defoliation of tillers on average 

from once every 11 - 14 days to once every 7- 8 days. The 

intensity of grazing will be affected by changes in the 

physiological demands of the stock and in stocking rate 

throughout the year as well as by variation in pasture production 

(MacLusky and Morris, 1964). 

In his review McClymont (1967) says. . .  "A grazing 

ruminant commonly has available to it a wide range of 

potential food in the form of different plant species from 

grasses to trees, each with its young and old leaves, stem, 

seeds and other components, each with particular physical, 

chemical and so nutritional characteristics, and each with 

different densities." 

Improved pastures contain however a smaller number of 

species, there being in so�e cases only a single species or 

strain. Selection is possible even within a single plant 
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which makes it necessary to know, what an animal will select, 

why it is  selected and what effect this selection has upon the 

sward. When grazing, movement is  on a horizontal plane and 

selection in a verti cal plane (Arnold, 1960). Sheep and cattle 

will select leaf in preference to stem and young leaves (green) 

in preference to old leaves (dead) . This selection is  usually 

higher in protein, phosphorus, soluble carbohydrates and gross 

energy and lower in lignin and structural carbohydrates ,  than 

the pasture as a whole (Arnold, 1960; Fontenot and Blaser 1965). 

Arnold ( 1962) considers that selection bet-vteen species is  

unlikely to be  a direct result of  any one of the�e chemical 

differences. 

Sheep have no fixed reaction to species, it will change 

from season to season (Arnold, 1964). It is  perhaps the 

physi cal aspect of the plant community that is  of importance 

in the animal's selection. Little selection is practised on 

yo'lillg, mainly leafy grov;th, but as herbage on offer increased 

in age and maturity, selection be came more pronounced (Arnold, 

1960). In a mixed sward the species with the least mature 

herbage at any one time is normally preferred, possibly due to 

its degree of liquification in relation to ease of harvesting 

(Arnold, 1964). Availability in terms of frequency of occurrence , 

relative yield and accessibility of a plant or species ,  t.;il l  

obviously motivate the animal's selection (Arnold, 1964). \·lith 

abundant forage supply, selectivity may be free ly expressed. 

As availability decreases so will selectivity and less acceptable 

forage must be eaten. The animal appears to compromise,  so that 

whilst eating previously neglected species a high proportion of 
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its total grazing will be on favoured species of low 

accessibility (Arnold, 1964). Grazing pressure will have 

little influence on the preference ranking of species, 

relative acceptabilities between species will be reduced, 

but in the extreme when only a really disliked species remains, 

animals may prefer to starve. 

Differences occur bet\'ieen animal species and also between 

individuals of a flock or herd in their selectivity. For 

example at a low stocking rate on the same small pasture, the 

proportion of gra�s in the diet of sheep ranged from 10% to 

So% (Arnold, 1964). Sight plays a minor role in selection, 

with taste, smell and touch involved to a greater extent 

(Arnold, 1966). Balch and Campling (1962) in their review 

concluded that appraisal of food, especially by taste and 

associated senses is of much less importance when a single 

food is given without choice. Selection must be the result 

of innate behaviour plus learning (1•:cClymont, 1967). 

Non-uniform grazing and preferential species use will 

mean that the seasonal response of the m�ard components may 

alter under grazing. Selection will alter the characteristics 

of the canopy at the expense of the most photosynthetically 

efficient component, green leaf. If grazing is only light 

giving rise to high animal selectivity, then botanical 

composition changes following grazing Hill be away from the 

desirable species. Clover is preferred to ryegrass, leading to 

overgrazing of clover (Brougham, 1966). Varying proportions of 

the terminal growing p::>int of the clpver stolons \..rill be removed 
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and clover regrowth may be delayed in comparison to the grass 

spe cies while the clovers re-establish meristemat i c  activity. 

The regrowth i s  then characterized by increased development of 

axillary meristems , followed by an increase in the number of 

leaves per unit area of sward. These leave s wil l  be smal ler 

in all dimensions, particularly petiole length, making the 

clovers increasingly vulnerab le to competition; parti cularly 

during the colder months of the year (Brougham, 1966). 

Treading may be defined as t he effect o f  the animal s '  '--

hoove s upon their surroundings . On one hand there i s  direct 

action upon the pasture species,  and on the other indirect 

action on pasture production through changes in soil properties� 

Experimental appreciation of treading has been sparse . 

Treading was noted in some early experiments and di scussions ; 

these include the influence of treading on secondary growth in 

North Island hill country in New Zealand lLevy, 19�6) and 

e cologi cal studie s  of areas of obvious treading namely tracks 

and gateways (Bates,  1930; 19J5; Davi es, 1938). Early German 

work (Kleckia, 1937) studied species susceptibil ity to treading. 

Treading has also been di scussed with reference to soil e rosion 

in the Hawke s Bay ( Campbell, 1950) and grazing behaviour (Hancock, 

1950). More recent work, presented in the following sections has 

attempted to put a quantitat ive value upon the impact of treading 

in the animal-pasture -soil e cosystem. 
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Li (1956) describes what takes place when a force is 

applied to a soil as follows : 

11 i. If applied stresses exceed the shearing strength 

or resistance of the soil, local failure begins and the 

load starts to sink into the soil. 

ii. As the load sinks, soil is pushed downward and 

outward mobilizing more and more resistance. Settlement 

stops when equilibrium between stresses and resistance 

is reached. " 

Estimates of static loads exerted by livestock are: 

9.2 lb/in2 for sheep (Lull, 1959), 23.9 lb/in2 for cattle 

(Lull, 1959), and 16.21 lb/in2 for mature Jersey cows (Myers, 

1956). Loads exerted by Friesian cattle do not differ 

significantly from those of Jersey cattle (.Myers, 1956). 

Dynamic loads are greater than static loads and Myers (1956) 

considered this increase to be twofold, v-;hich will give a 

value of 32 lb/in2 for Jersey cm·TS. Values of up to 50 lb/in2 

for cattle have however been quoted (Edmond,1958 c; Sears, 1956). 

The extent of treading can be visualised from cattle 

making approximately 8, 000 - 10, 000 foot impacts per day each 

of 14 in2 (Farris, 1954) giving a total area trodden of 0. 02 

acre per day (O'Conner, 1956). Areas covered will be dependent 

on behavioural responses caused by pasture availability and 

nutritional demands of the animal (Arnold, 1960; England, 1954), 

weather (England, 1954; Hancock, 1953), and the physiological 

state of the animal (Cresswell, 1960; Farris, 1954). Management 
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appears to have little influence on distances walked 

( Cresswell, 1960; Waite, McDonald and Holmes 195 1) but 

will determine the intensity of treading through the stocking 

rate employed. 

Bates (1935) noted that treading and puddling exerted 

a selective influence upon the grasses present on tracks and 

roadways1 eliminating those not structurally adapted to 

withstand the injury of the t reading and puddling. In 

practice however, these tracks and roadways are generally 

regarded as acceptable within the management framework of 

grazing even t hough treading is detrimental tp the areas 

concerned. It is the less obvious treading; that vThich takes 

I 
place whenever an animal makes contact with the pasture and/or 

soil with a hoof during normal grazing, which is of greatest 

interest. Observations have shown that yield differences of 

even 30% are not e asily seen and so much treading damage will 

pass unnoticed, or its extent will not be fully appreciated 

(Edmond, 1966). 

Sears ( 1947) discussing aspects of pasture grm'lth and 

\\ 
utilization said, "• • • • under normal conditions the 'hoof 

cultivation' and pressing of the crowns of the plants into 

the ground is beneficial, but in excess this can open up a 

sward and 'pug' the soil so that pasture grovrth is seriously 

impaired and weeds obtain a start • • • • • " 

In an endeavour to attempt a more critical estimation 

of treading damage, a technique was developed by Edmond ( 1958 c ) 

for isolating treading from other effects of the grazing animal 

;. 
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on pasture . Thi s te chnique consists o f  driving groups o f  

animals along narroiv fenced p lots of such a width that the 

passage of one animal is equivalent to one animal per acre 

per day. Pastures are mown prior to treading when graz ing 

treatments are simulated by the passage of a group of animals 

along these p lot s ,  in both dire ctions, unti l  the desired 

intensity is reached. A grazing treatment incorporating any 

time span wil l  be simulated in a space of minutes or at the 

most hours . 

Owing to the paucity of data from other sources ,  the 

maj ority of di s cussion to follow i s  derived from experiments 

based on Edmond ' s te chnique therefore i t  warrants closer 

apprai sal . The treatment suffers from several limitations in 

terms of its interpretation into a practi cal situation : 

i .  Treading i s  only i n  two dire ctions and takes place 

over a short period of time , whereas in pract i ce ,  

treading will be multi-dire ctional and may be spread 

over a period of days or weeks . Re covery of individual 

tillers between each separate impact is not possib l e .  

i i .  Treatment is o n  a defol iated sward, making the sward 

more susceptible to injury (O ' Connor, 1956). In the 

paddo ck situation treading wi l l  take place at varying 

level s  of defoliation. 

iii. There is  an underlying uncertainty of the quality of 

the t reading. I s  the force applied to the sward , and 

the cutt ing action of hooves applied by sheep in a 

driven mob similar to tho se of freely roaming undi sturbed 

animal s? 
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iv. The treatment levels applied have at the higher 

levels d iverged from practi cal meaning. ' St o cking 

rate equivalent s '  * above 10 or 12 sheep/acre may 

suffer this cri tici sm. The te chnique has been used 

with levels as high as 32 (Edmond , 1964) and 48 

(Brovm, 1968 ) sheep equivalents per acre. PastUre 

responses at these high levels are however,  o f  

interest i n  our basic understanding of a p lant 

communi ty. 

v. I f  differential regrov;th periods were allowed 

according to the number of sheep used, then the 

higher • st o cking rate equivalent ' results would 

b e come more acceptable.  Treatments �'lould then 

b e come estimates of aifferent methods of applying 

lower stocking rates,  but would be diffi cult to 

interpret experimentally, O�'ling to changes in soil 

properties with time and seasonality of pasture 

grm'lth. 

vi . No est imates have been possib le of the immediate 

e ffe cts on the pasture and i t s  utilization by the 

animal as against its regrovTth. 

Thi s  was however the first and possibly the only attempt 

to study treading in complete i solation. It is basic research 

in terms of plant response , comparable with small plot trials 

* As determined by Edmond ( 1958 c ) 
' Stocking rate equivalent ' = 

number of sheep/treatment (nd ) 
Time in days between 

successive treatments (d ) 
and is  expre ssed as n sheep / acre . 
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on for examp l e ,  light utilizati on, dry matter produ ct i on and 

dry matter los se s .  

A s  with smal l plot trial s the main criti cism i s  not 

with the experimental method but with the extrapolation many 

people have been prepared to make from results of thi s basi c 

re search, to the practi cal situation. 

Treading has been shown to produce a signifi cant and 

p rogre ssive reduct i on in the yi e ld of all spe ci es as stocking 

rates increase (Ed.mond , 1958 c ;  1 964; Brown, 1 968), the extent 

of thi s reduction varying between expe riments (Edmond , 1 958c; 

1962; 1963; 1 964; 1 966; BrO\m, 1 968). Tab le I presents 

results of treading a short-rotation ryegrass (Lolium perenne x 

Loli�� multi florum ) , white clover pasture , with varying ' st o cking 

rate equivalent s '  during the spring. 

TABLE I He rbage yields (lb D. M./acre) fol lowing treading 

t reatments by she ep (from Ed.mond, 1958 c ) . 

Treatment* Yi eld (All spe ci e s ) 

( Stocking-rate equivalent ) 28 Aug. 4 O ct .  1 9  Oct .  1 Nov. 

0 355 1 890 21 2 301 

4 3 13 1 620 173 266 

8 242 1 589 1 24 250 

12 193 1 17  4 131 207 

1 6  171 1264 73 1 92 

20 121 1042 73 173 

S . E. + 1 8  60 7 11  

Sig. di ff. at 5% level 54 1 77 31 30 

* Pasture s were t rodden on 31  July, 28 Aug. , 4 O ct .  and 

1 9  Oct. 
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Campbell ( 1966) found that one heavy treading with Jersey 

dairy cows over 1 or 2 days in the late winter when soil was at 

field capacity, had li ttle effe ct on annual dry mat ter production, 

nor was there any evidence of cumulative effe cts when pastures 

were trodden for 3 years in succe ssion. The highest reduction 

V 
in any one year at the highest sto cking rate was only 7%. 

Early work (Davies,  1938; Bates,  1930 ; Kle ckia, 1 937) 

in Europe and the United Kingdom ranked Lolium perenne , � annua, 

Poa pratensis and Trifolium repens to be the mo st re si stant 

species to treading. In areas of severe treading Poa annua 

prevailed, and with medium t reading Lolium perenne flourished. 

The success o f  Poa annua may not be due to any great ability to 

resist treading; Poa � i s  not normally recogni sed as a 

strongly competitive spe cies (Younger, 1959), but has a remarkab le 

capacity for regenerating from seed, whi ch would allow it to 

dominate in the ab sence of other species under heavy treading. 

In New Zealand, LevY ( 1926) reported the use of treading in the 

North I sland hill country, by cattle , to combat susceptib le 

weeds and secondary growth. Edmond ( 1964) showed differences in 

specie s susceptibi lity to treading of 10 different spe cie s ;  dry 

matter production was reduced in all species,  at all stocking 

rates , but the order of ranking with regard to resistance to 

treading changed with the stocking rate used. Loliurn Eerenne and 

Poa pratensis were the most re si stant at the highest sto cking 

rate employed. In a mixed pasture , treadin� caused an increase 

in the proportion of Lolium perenne in the sward (Edmond , 1966). 

·' < 
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Edmond ( 1958 a ) observed that the immediate effe ct s of 

dire ct injury t o  p lants ,  such as di splacement , buri al , bruising 

and destruction, must be dist ingui shed from the persi stent effe cts 

' ;  
o f  altered botani cal composition and changed soil conditions . 

There has howeve r been no pre cise definiti on of a p lant ' s  

reaction to animal t reading (Edmond , 1966). Bates ( 1935) talked 

of the e l iminati on of those spe cie s not adapted to the ri gours 

of t reading, of the leaf section offered for treading and the 

site of the growing point . The physi cal strength of the leaf 

(Evans , 1967) and the abi lity to assume a rhizomatous type growth 

(Mi t chel l ,  1960) have been advanced as the explanation for the 

insensitivity of Lo lium perenne to t reading (Edmond , 1966) • 

..,;.. 
Edmond ( 1958 c ) showed a marked reduction in tiller density 

fo l lowing treading, but observed that re covery and reappearance 
I 

of damaged and buried ti l lers was rapid. New tillers were 

initiated over the re covery pe riod to replace those de stroyed. 

Variation in t i l le r  numbe rs in a pasture were greater between 

years , than that caused by t reading t reatment s within years 

( Campbell, 1966). Lower herbage ye ilds in heavily trodden plots 

could be attributed to lo\-Ter pasture density (Edmond , 195� c ;  

1964; 1966 ) and t o  the lower gro\vth rate o f  the new til lers than 

of tho se they replaced (Langer ,  1957). Thi s is support ed by 

Dut ch work \van der S chaaf, 1965 ) where herb age from poached 

plots was at a younger stage of grovrth than that from unpoached 

plots. A close correlation was also found b etween herbage yi e ld 

and the percentage ground cove r in early spring. Edmond ( 19 64 )  

not ed that reduction in tiller vi gour appears to be le s s  over 

the season of maximum growth of a spe cie s .  
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,, 
The indire ct e ffe cts of treading will operate through 

change s in soil characteristics ; both physi cal and chemi cal . 

Two component s are invo lved , compaction and puddling. 

Puddling as defined by Bodmin and Rubin ( 1948 ) is the process 

of working clay, loam etc. , wi th water to render it compact , 

or impe rvi ous to liquids. The two pro ce s ses are therefore 

related, but at either extreme one can o c cur in the ao sence 

of the other (Lul l ,  1959 ; Gradwe l l ,  1956). Compact ion in 

unsaturated s o il conditions involve s a �e crease in the vo lume 

of soil ai r, '1-Thi ch i s  normally accompanied by some de struction 

of exi sting clods and is promoted by wett ing (O ' Connor 19)6). 

Aggregate dest ruction may oe most serious under very wet and 

very dry conditions , although compacti on wi l l  be most severe 

at some intermediate moi sture content \ O ' Connor, 1956) . Tne 

soils ' ability �o w iths�and loads varie s  according t o  texture , 

porosity and moisture . For soils of any one texture and density, 

the supporting capacity will fluctuate with moi sture content 

(Lull, 1959 ). 

Edmond ( 1958 c ;  1963 ) has shmm a signifi cant t rend 

towards increased bulk densities with increased treading rat e s .  

Estimates of the depth to whi ch soil i s  compacted vary for 

cattle from the top inch (Alderfer and Robinson, 1947 ) to the 

1" - 5 "  layer (Robinson and Alderfer ,  1952 ). O ' Connor ( 1956) 

limit s  cat t le compaction to the top 3 " while Edmond ( 1958 c ) 

limits that of sheep to the t op 2!'' of soil. 

Plant responses have not been related quanti tat ively t o  

s o i l  compaction, but to spe cific s o i l  phys i cal phenomena that 
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arise a s  the result of soil compa ction (Rosenberg, 1964). 

Compa ction will affe ct the soil produ ctivity by in creased 

me chani cal resistan ce to root penetration (Gill and Miller 

1956; Veihmeyer and Hendri ckson, 1948; Forristall and 

Gessel, 1955), redu ced aeration (Wiersma, 1959), altered 

heat flux (Ro senberg, 1964) and altered mois ture availability 

(Gradwell, 1966; Lull, 1959; Baver, 1938; Edmond, 1958 c; 1958 d). 

Runoff will in crea se and infiltra tion will de craase (Alderfer 

and Robinson, 1947; Lull, 1959). Gradwell (1966) found that 

wi th treading in we .t conditions whi ch had cau sed puddlin g, 

higher den sity wa s asso ciated with a les ser ability for the 

soil to store wa ter in th e readily available mois ture range. At 

any poin t in time one or more of these fa ctors may be come 

cri ti cal to plant growth. Whe ther these changes are benefi cial 

to plant growth will depend upon whe ther the soil is loo ser than, 

at, or more compa ct than, the optimal densi ty for the season and 

stage of grow th of the plan t (Ro senberg, 1964). Levels of 

compa ction obtained under pastures in New Zeal and (Edmond, 1958 c) 
appear insuffi cien t to restri ct root grm-1th simply through 

in creased me chani cal re sistan ce. Redu ction in aeration ha s 

been shown to redu ce the ability of roots to enlarge under 

in creased me chani cal res traint (Gill and 1·1ille r, 1956). 

Eviden ce of redu ced aeration i s  seen in the gleying of soil s 

under heavy tr eading treatment s (Edmond, 1958 c; 1964). Compa ction 

of Taupo pumi ce, resulted in a redu ction in ma cro-poro sity and 

the in crea se in moisture storage was shown by Pa ckard (1957) to 

be benefi cial to plant grow th. 
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Species differences have been observed in their reaction 

to compaction (Forristal and Gessel, 1955 ) and in their ability 

to withstand lack of soil air and high water tables (Baumann 

and Klaus, 1955 ) 4  

Soils compacted, at or near saturation, will have a small 

shift in bulk density, but a large effect upon the soil  air voids 

(Gradwell, 1956). In the extreme true puddling without compaction 
. 

will occur. In puddled soils t he situation described will be 

intensified, in that the diffusion of gases and water may be  

severely restricted by the formation of surface crusts (Domby 

and Kohnke, 1956 ). These workers point out however, that unless 

this surface is completely impervious, the rate of diffusion 

through a soil doe s  not depend solely on the properties of this  

layer. 

Plant responses to changes in soil moisture levels will 

be reflected through comp�ction and puddling of the soil  and 

also through t he increased displacement and burial of plants. 

In wet conditions direct root damage, plant displacement and 

burial in mud appeared to be more extensive than crushing and 

bruising of leaves and stems (Edmond, 1963). Reduction in  yield 

was significantly increased with increased soil moisture (Edmond, 

1963 ). Scott ( 1963 ) showed that losses due to treading in the 

winter could be  reduced by drainage. 

Soils with high organic matter content (O' Connor, 1956 ), 

fertility (Edmond, 1966 ), or good soil  structure (Edmond, 1962 

Lull, 1959 ), will have a low bulk density and �an be greatly 

deformed or compacted. Organic matter, as a surface mat will 
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impart considerable bearing s trength to the soil (Lu ll, 1959;  

O ' Connor, 1956); vege ta tion cove r can a lso a ct in a simi lar 

m anne r  ( Clement and Williams, 1958; O ' Connor, 1956; B rown, 

1968) and redu ce d ry ma tte r  losses f rom treading. 

Few estima tes have been made of the re cove ry of soi ls from 

compa ction and puddling. Re cove ry wi ll depend upon the type of 

p lant and its ra te of roo t  g rowth (Lull, 1959). Root g rowth in 

compa cted laye rs is p romoted \�th adequate ferti lity and P and 

Ca appea r to be of ma jo r  importan ce (Wie rsma, 1959) .  

Soi l o rganisms mus t p lay a role in the re cove ry of soi ls, 

but have been la rgely negle cted in this respe ct in the lite ra ture. 

Ea rthwo rms showed a varia tion in popu la tion with p lan t yield 

(Edmond, 1962; 1963), the re being fewer p resent in heavily 

trodden plots. Re cove ry will also depend upon the degree of 

s hrinking and swelling of the soil cau sed by va ria tions in wa te r  

con tent  and tempe ra ture (Lu ll, 1959). Gradwel l (1966) found 

tha t  the effe cts of pudd ling in we t win te r condi tions on soil 

mois tu re defi cien cy had largely disappeared af te r  six months 

and had comple te ly disappeared af ter ten months. 

1 .3.3 Excre tion 

Dung and u rine excre ted by the g razing anima l has an 

impa ct on both pas ture �d soi l. Sears, Goodall and Newbo ld 

(1948) showed tha t  33% yie ld in creases cou ld be ob tained by the 

re turn of dung and u rine as compared with their non-re tu rn. 

Urine alone p rodu ced 15% in creases and dung alone 18%. 

Similar experiments ca rried ou t a t  diffe ren t lo ca litie s in 
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New Zealand and the United Kingdom did not alway s show the 

same re sult s (Herriott and Well s, 1963; Sear s and Thur ston , 

1953; Watkin, 1954; Wheeler, 1958; Wolton , 1963 ) a s  animal 

returns only appeared to promote produ ction in crea se s under 

rea sonably high fertility condition s. Excreta return will 

depend upon individual animal chara cteri sti cs, su ch a s, the 

rate at whi ch excreta are produ ced, the area covered by a 

single excretion an d  the nutrient content within ea ch excretion. 

In te rms of the grazed pa sture the se in�ividual fa ctor s will 

combine with the length of the gra zing period and sto cking 

rate, to give the total area affe cted by excreta over any 

given period. The per si sten cy of the effe ct s  from a single 

excretion will depend upon it s affe ct on pa sture growth, 

death, and availability , and the rate at whi ch returned 

fertilizer elements are lo st from the soil . 

Mo st obse rvational trials show cattle to defae cate 

1 1  - 12 time s (Han co ck, 1950; Goo dall, 195 1; Ma cLusky, 1960 ) 

and urinate 8 - 1 1  time s (Han co ck, 1950; Goodall, 195 1; 

Peter sen, Lu ca s and Woodhou se, 1956 a) daily, with individual 

excretion s covering slightly le ss than 1 ft2 (Peter sen et �. , 

1956 a; Ma cLu sky, 1960 ; Ma cDiarmid, 1969 ) and 3 - 4 ft2 

(Peter sen � �. , 1956 a; Doak, 1952 ) re spe ctively. Goodall 

( 195 1 )  found 40 lb (wet matter) of dung excreted per animal per 

day, with individual excretion s ranging from 1 - 15 lb. 

Urination s varied from 850 - 2,850 ml. with a mean volume of 

1600 ml (Doak, 1952 ) and a duration of from 5 - 10 se conds 

(Goodall, 195 1 ). Little variation wa s apparent between breeds 

(Do ak, 195 2 ). 



33 

The distribu tion o f  excre ta throughou t the day is o f  

imp ortance i f  sto ck are �razed o n  more than one area, or are 

to be removed from pasture for a ma jor portion o f  any 24 hour 

period. Hanco ck ( 1953) observed tha t dairy cat tle gra zed and 

excre ted at a ra tio o f  60 : 40 for the day and night inte rvals 

be twee n mi lkings; so he concluded tha t i f  areas to be grazed 

for the two periods varied i n  size a ccording to this 60 : 40 

ratio for day and night respe ctively, no fer ti lity transfer wou ld 

be taking pla ce. This contention was not suppor ted by experiments 

at  Alberystwyth (Goodall, 195 1) and Pa lmerston North ( Sears, 1953). 

Go odal l ( 195 1) showed tha t when  the weight of dung voided rather 

than numbers o f  de fae cations was studied, excretions at night 

were heavier than those passed during the day and con cluded tha t 

o n  average 72% o f  dung was re turned to the day p addo ck compared 

to i ntake over this period; while a t  night the re turn was 1 15% 

The gra zing anima l removes on ly a sma ll quanti ty o f  nutrients 

from the pas ture (Table II) ,  the remainder being excreted i n  dung 

and urine. (Davies, Hogg and Hopewell, 1962). 

TABLE II . 
. 

Mg 

Ca 

K 

p 

Fa te o f  nutrients ingested by dairy catt le 

( from Davies et al. , 1962) 

Dung (%) 

80 

75 

10 

62 

Urine (%) 

10 - 12 

4 

80 

Milk (%) 

5 

10 

5 

25 
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About 75% of nitrogen (N) is excreted (Petersen � �. , 

1956 b ) and of this 70 - 75% is voided in the urine (Doak, 1952) . 

For a dry animal proportionately more nutrients, especially 

phosphorus (P) will be returned. Where pastures vary markedly 

in composition and quality between seasons, changes in the 

concentration of nutrients in excreta (Barrovr and Lambourne, 

1962 ; During and McNaught, 196 1) and in the distribution of 

nutrients between dung and urine (Barrow and Lambourne, 1962) 

will occur. Barrow and Lambourne ( 1962) found that for :Merino 

wethers faecal excretion of N and S per unit of feed eaten was 

not significantly affected by the N and S content of the feed 

eaten, nor by the level of feed intake. The remainder o f  the 

N and S was excreted in the urine and hence the proportion 

excreted in the urine will depend on the N and S content of the 

feed. For example, when N in the feed was high, So% of excreted 

N was in the urine, and when N in the feed was low as little as 

43% of excreted N was found in the urine. S varied in t he urine 

from 9o% to 6% of that excreted. Pasture quality and seasonal 

changes in New Zealand are unlikely to vary to the same extent 

as t hose encountere d  in Australia by Barrow and Lambourne ( 1962) 

and there fore the concentration and proportion of these nutrients 

in the urine will be much more stable under New Zealand conditions. 

Excreta is potentially a significant source of nutrients 

for a pasture, the extent of  which will be largely dependent on 

the nutrient intake of the grazing animal. Watkin ( 1954) found 

that with low herbage production the return of excreta had little 

or no effect, but in association with high N treatments,  and 

consequently high herbage yields, faecal returns appeared to 
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contribute to productivity. 

Dung and urine contain a large number of elements, of 

which N, s, P, K, Mg and Ca are the most important, though most 

of the micronutrients are also present (Dale, 1963). The 

nutrient potential can be visualised, when for example, it has 

been calculated by Davies � !l· ( 1962) that the annual output 

per cow of P and Mg in dung is equivalent to 190 lb superphosphate 

and 180 lb magnesium sulphate respectively. Due to the discrete 
, I 

nature of individual excretions, the concentration of nutrients 

under dung and urine patches can be high (Table III). Figures 

quoted for excretal nutrient return have little absolute meaning 

but they serve to illustrate the considerable concentration of 
. 

2 nutrient which can be deposited over an area of 1 - 3 ft of the 

pasture. If the grazing animal is offered large quantities of  

nutrients in its feed supply, the bulk of this will find its way 

back to the pasture via excreta. 

TABLE III : Concentration of nutrients (lb/acre) under 
individual excretions (calculated by 
Petersen et al., 1956 b ) . 

N 

Dung Urine 

760 

350 

«O 

400 

15  

420 
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For ever.y new excretion added, all things being equal, 

one old excretion will be losing significance. A time period 

can be visualised, dependent on the loss rate of the nutrient 

from the excreta and its effect on the environment, after which 

any added excreta will not increase the area and amount of 

active nutrient return. This. situation has been defined as 

' the ' steady state ' with respect to nutrient returns (Petersen 

� �., 1956 b ) and to pasture rejection (MacLusky, 1960) . The 

level of nutrient return will depend upon the quantity of 

excreta deposited over this period, which will be predominantly 

a fUnction of stocking rate. The time period will be relatively 

constant irrespective of stocking rate.  Petersen et al ( 1956 b ) 
quote data in evidence that the loss of nutrient ( in this case 

N and K) is proportional to their concentration in the soil. At 

the loss rate and nutrient levels used, at one beast per acre, 

it  was concluded that when a ' steady state '  was reached for N 

only 16% of the pasture was covered, while for K a large area 

( 37%) was covered owing to the slower loss rate of this element . 

Differing areas covered, nutrient le vels and persistency 

means that dung and urine should be regarded separately. 

( i )  Urine 
-

The major e lements present in urine are N and K (During 

and McNaught, 196 1). Yield responses to urine persist only for 

2 - 3 months and are often attributed to the initial N response 

of  the grasses followed by competition depressing the clovers 

(During and 1�cNaught, 19 61 ;  Lotero , Woodhouse and Petersen, 

1966). The area affected by urine varies with the moisture 
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status of the soil (Dale , 1 96 1 ; Doak, 1 95 2 ) ,  slope (Dale , 1 96 1 ) ,  

soil type and texture (Doak, 1 952) . I t  was found by Herriott 

and Wells ( 1 963)  that the response extended 2" from the edge of 

a urine patch; this means in effect that the estimated 432 lb 

uri�e - N per acre over 45 in2 in their experiment would fall 

to 1 94 lb per acre on the basis of 1 00 in2• 

Excreta return experiments have shown relatively low 

recoveries of N and K, from urine , by the pasture (During and 

McNaught , 1 96 1 ) .  N recovery was probably under-estimated because 

of the higher clover content in the non-return treatment . 

Measurable increases in exchangeable K still existed after two 

years (Lotero et �. , 1 966; Davies et al . ,  1 962 ) .  

Within a given environment , the magnitude of effect and 

rate of decrease in effect appeared to be due to the rate of 

plant groi<�th, while the loss rate appeared to be a function of 

both growth rate of the pasture and the amount of nutrient 

present ( Lotero et �. , 1 966 ) .  Urine has been shown to have 

depressing effects on the levels of other nutrients,  (P ,  Mg 

and ea) in the soil and herbage , caused by pasture demands for 

growth, differing botanical composition and the balance of ions 

(watkin, 1 957 ) .  

( ii )  Dung 

The majority of ea, Mg and P is  returned in the dung as 

well as appreciable quantities of N and K (Petersen et al. ,  

1 956 b ;  Davies et  al. ,  1 962) . 
- -

It appears that the P in dung 

is in a very stable form and is of little immediate value to 

the pasture (Watkin, 1 957 ) .  The low \'later solubility of faecal 
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inorganic P means its value for grass depends on the extent of 

dung/root contact (Gunary, 1 958 ) .  If incorporated in the soil 

this inorganic P appears to be as available as P applied as 

superphosphate (Gunary, 1 958 ) .  Availability of P is therefore 

probably enhanced by biological breakdown and incorporation of 

dung in the soil.  All faecal K and 62% of Mg was found to be 

soluble in water (Doak, 1 952 ) .  The N and K appear to  be  the 

most mobile of all nutrients present in dung (MacDiarmid, 1969 ) .  

Dung will also improve the organic matter content o f  the soil 

(Melville and Sears, 1 953 ) .  

Weeda ( 1 967 ) found that the growth response o f  pasture to 

dung was generally small and this response was at its lowest in 

the autumn. This slight initial response was followed by another 

period of somewhat increased growth after the final and rapid 

decomposition of the dung. MacDiarmid ( 1 969 ) recorded a 3o% 

increase in D. N. in the 6" surrounding a dung pat . There was 

a suggestion that the grass response was primarily due to the 

K and N compounds mobilized from the dung. Over a two month 

period (December - January) the area covered by a dung patch 

showed a 3o% depression in D. M. yield if the patch was left on 

the pasture for more than 6 days and a 7o% depression if remaining 

for 1 5  days (MacDiarrnid, 1 969 ) .  

Very liquid dung had little affect on the botanical 

composition (Weeda, 1 967 ) , but if the dung remained in place for 

longer than 1 5  days plants beneath the deposit are killed 

(Ma.cDiarmid, 1 969 ) .  The periphery of bare patches left were 

usually covered fairly rapidly, mainly by tillers from 



39 

surrounding grasses, while the central area often remained 

sparsely covered for 6 to 1 2  months (Weeda, 1 967 ) .  

Urine spots appear t o  have little affect upon the 

behaviour of the grazing animal .  Norman and Green ( 1 958) 

observed that urine spots were avoided at the first grazing 

following their deposition. MacLusky ( 1 960 ) ,  found urine to 

increase the palatability of pasture and the herbage on urine 

patches to be readily consumed. The rej ection of herbage around 

dung patches however is of greater significance and has been 

studied by several w orkers (MacDiarmid ,  1 969; Martin and 

Doru(er, 1 964; Norman and Green, 1 958; Taylor and Rudman, 1 966; 

Weeda, 1 967 ) .  

MacDiarmid ( 1 969 ) gives four phases in the grazing 

behaviour of dairy cattle : 

i .  Tops are grazed irrespective of dung. 

ii .  Intensive grazing between dung sites with 

selection also apparent within this region. 

iii.  Dung sites are grazed. 

iv. Cows appear to be restless and hungry, but 

prefer to . return to the s everely grazed 

between-dung site area rather than 

completely defoliate around the dung. 

If this behaviour is normal , then the extent of pasture 

rejection will be a function of stocking rate and the length of 

the grazing period. Initial neglect of herbage around animal 

droppings is due to the dung itself (Norman and Green, 1 958; 
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�iartin and Donker, 1 964) but the resultant ungrazed herbage 

then becomes mature and unpalatable , and subsequent refUsal 

due to lack of palatability of herbage rather than the proximity 

of dung (Norman and Green, 1 958 ) .  I t  is probable that odour 

plays a large part in the initial rejection of dung sites 

(Martin and Donker, 1 964) but this re jection will be largely 

overcome if  choice is  restricted (Tribe, 1 949 ) .  The major source 

of 1-1astage is not rejection around dung pats from previous 

grazings but rejection surrounding faeces voided on ungrazed 

pasture (�1acLusky, 1 960; Weeda, 1 967 ) .  Rejection periods of 

from 2 - 3 .months (Weeda, 1 967 ) to 1 3  - 1 8  months (Norman and 

Green, 1 958)  have been observed. An important feature in 

rejection and pasture e cology is the length of survival of the 

dung pat . The ' life ' of the pat was found to vary with season, 

disappearing in 1 - 2 months in the autumn and 4 - 6 months in 

the late spring and summer; extremes of from 2 weeks to 1 7  

months existed (Weeda, 1 967 ) . 'l'leeda ( 1 967 ) found two factors 

important , whether or not a hard crust was formed and the initial 

consistency of the dung. If a crust was formed, the initial 

consistency was irrelevant . The margins usually decomposed 

first, the central area decomposed rather slowly from the 

underside upward until the patch was broken into a number of 

pieces, after which disappearance was rapid. Harrowing depressed 

pasture growth 1 5% over a 3 year period, but promoted more even 

grazing (Weeda, 1 967 ) .  Macro and micro-organism 4Ctivity within 

dung pats will also aid disintegration (Laurence, 1 954; Waters; 

1 955 ; Barley, 1 959 ) .  Incr�ased earthworm numbers and weights were 
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found in those plots receiving dung return (Watkin and Wheeler, 

1 966) .  

The variable over which management has most control i s  

stocking rate ,  i t  i s  this that determines the area covered by 

the ' steady state ' and the extent and duration of rejection of  

the sward around dung pats by the grazing animal. 

1 . 4. 1 Winter Pasture Production 

Aspects of pasture regrowth following defoliation have 

been discussed in Section 1 .  2 and the modification of these 

responses with the introduction of the grazing animal are dealt 

with in Section 1 . 3 . 1 .  This section deals more specifically 

vli th what pasture production levels can be obtained over the 

winter period (June - August ) in particular at Palmerston North • 

. At Palmerston North during the winter, prevailing weather 

conditions (Appendix 1 )  are very seldom severe enough to s top 

grass growth, although temperatures and the amount of incident 

light energy available are low enough to limit growth (Brougham, 

1 960 b ) . As shown by Mitchell ( 1 956)  'English' grasses show 

0 0 little variation in growth rate between 55 and 85 F;  lower 

temperatures will limit growth, with light having effect within 

temperature movement . Thus effects of periods of low light 

intensity are somewhat lessened as these periods often are also 

subject to temperature restrictions. Daily dry matter (D.M. ) 
increments of 1 5  - 29 lb per acre have been recorded at Palmerston 

North (Brougham, 1 95 6  b ) . The amount of foliage required to 
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(Brougham, 1 958) , probably in the vicinity of half that required 

in mid-summer. This would give 95% light interception at LAI of 

3 . 6  and 1 .8 by perennial ryegrass and white clover respectively 

(Brougham, 1 958 ) .  

Production over the winter period will be markedly 

influenced by previous management in the late summer and autumn, 

as t his  will determine the botanical composition of the pasture 

and therefore the limit of its winter gro\vth potential. In 

New Zealand grasses usually dominate during the late autumn, 

winter, and early spring because of their better tolerance of 

the temperatures that occur at these times (Mit chell, 1 956) .  

Recovery in later seasons , of pastures leniently grazed in the 

summer is  often poor as pastures are unable to exploit temperatures 

favourable for ryegrass grmvth in the late autumn owing to the 

summer clover dominance and ryegrass death (Brougham, 1 966) . 

Yields obtained from intensive grazing in the autumn are lower 

than for similar pasture more leniently treated ; but the 

intensive autumn grazing allows the ryegrass component to recover 

(Brougham, 1 960 ) .  Any autumn management system that promotes 

the grass component will aid winter production. The necessity 

for tiller production in the autumn has been previously mentioned. 

Periodic close grazing may stimulate tillering in Manawa ryegrass 

by preventing basal shading (Mitchell and Colas,  1 955 ) ,  but 

persistant close grazing may have the opposite effect with this 

and other species (Brougham, 1 959 ) .  Campbell ( 1 961 ) considers 
. 

close grazing is  perhaps inevitable tmvard the end of the summer 
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period and that this will be sufficient to stimulate the 

desirable degree of autumn tillering. 

For a given pasture , growth over the winter period will  

be influenced by two main factors, the quantity of  herbage 

required to intercept all incident light (Brougham, 1 958) and 

the rate of decomposition within this pasture over the late 

autumn and winter (Brougham, 1 966 ) .  As the last autumn 

def�liation was delayed into the winter, the time required before 

the pasture was able to intercept 95% incident light increased, 

the maximum growth rate was reduced as was the maximum yield 

obtained (Table IV )  (Brougham, 1 956 ) .  

TABLE IV . 
. The growth of Ivrana1va ryegrass pastures in the late 

autumn and winter (from Brougham, 1956 b ) . 

Date of last 'Autumn' defoliation 

1 st April 22nd April 1 3th May 3rd June 

Max. grovlth 
rate (lb D. M. 
per day) 57·5 40.0  40.5  - * 

Time to ma.x. 
growth rate 
(weeks ) 4·5 5·5  4- 6 

Yield when 
max. growth 
rate (ib D.M. 
per acre ) 

1 060 789 679 

Max.yield 
( lb D. M. 2 1 20 1 577 1 357 
per acre ) 

Yield on 5th 
August ( lb 
D. M.per acre ) 2007 1 825 1 478 1 268 

* Treatment 4 did �ot reach maximum growth rate after 9 weeks. 
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If large areas of pasture are spelled for lengthy periods 

in an endeavour to carry autumn saved pasture (ASP ) through the 

winter for utilization by the herd after calving, losses through 

decomposition can be high (Table V )  (Brougham, 1 956 b ) . The 

first closing date (April 1 )  used by Brougham ( 1 956 b ) in 

Table IV and upon which Table V is based, is somewhat earlier 

than those used on most dairy farms as will be shown in Section 

1 .4. 3 . This probably over-emphasises the losses experienced by 

one 1 8  week spell as compared with three six week spells. 

TABLE V Growth of :Manawa ryegrass pastures in the winter 
under three defoliation t reatments (from Brougham 

1956 b ) . 

Treatment Average growth rate Total yield 

(lb D.M./acre/day) lb D. �f. /acre 

One 1 8  week spell 1 7  21 20 

Two 9 week spells 26 3290 

Three 6 week spells 29 3620 

Pasture production is, therefore , favoured by frequent 

heavy grazings (Brougham, 1 959 ) .  Excessive spelling over the 

winter period will cause death of the clover component and is 

thought to result in low soil -N in the early spring, poor rates 

of  photosynthesis and lowered early spring production (Brougham, 
-

1 966 ) .  Sears ( 1 962)  considers t hat laxly grazing pastures over 
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the winter will increase the content of what he terms the le·ss 

desirable grasses in the sward (e . g. Poa trivialis and Yorkshire 

fog) . � trivialis has also been s�own to invade pastures heavily 

grazed over the winter (Watkin pers.�. ) 

1 . 4. 2 Animal requirements 

To achieve the objectives of winter management , it is  

necessary to have a knowledge of the maintenance requirements of  

the cow, the requirements of  the unborn calf and the requirements 

for liveweight gain. 

1 . 4. 2. 1 Maintenance requirement s 

Overseas values (Nat . Res.  Council,  1 966; Ag. Res.  Council ,  

1 965 ) for maintenance , provide minimal energy requirement to 

cover usual activity of CO\iS fed in confinement , but not for 

grazing. These values relate to stall fed animals held indoors . 

Extrapolation of these data to the freely grazing animal was made 

by incorporating loadings for walking, standing, grazing, ruminating 

and possibly environmental exposure . The extension of indoor 

observations to the grazing animal has , to quote McDonald ( 1 968 ) ,  

"presented truly formidable obstacles" .  He points out that there 

is no reason to believe that there i s  any difference in the 

fundamental biology of animals in the two environments ,  and it 

is rather in the quantitive aspects that the major differences 

are observed. Levels and composition of intake will differ as 

will environmental conditions and animal behaviour. Graham ( 1 964) 

calculated the maintenance requirements of grazing animals to be 
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from 1 6% to 7� above those of animals in calorimetry studies. 

The actual amount is dependent on the 'work '  required by the 

animal to obtain a maintenance intake from the pasture on offer. 

He gives a figure of about 3o% for the increase in maintenance 

requirement for grazing good pasture on a level paddock. Blaxter 

( 1 962; 1 964) puts the figure at 2o%. 

Maintenance values have also been cal culated directly using 

the grazing animal. The accurate measurement of the intake of 

the grazing animal is  the great diffi culty with this method. 

Indicator methods are normally used and these have often been 

the subject of criticism for inherent errors (Raymond, 1 966; 

Moule , 1 964; Langlands , 1 967 ; 1 969 ) .  With this method high 

levels for maintenance have been obtained ( Coop and Hill,  1962 ;  

Wallace , 1 956; Lambourne and Reardon, 1 963 ) .  

Wallace ( 1 965 ) using regression analysis found the following 

relationship for lactating Jersey cows 

where 

DOM = 0. 35 f. c.m. + 0.08 L.w. 0•73 + 3 L.W. G. 

DOM = Digestible organic matter intake 

per day ( lbs)  

f. c.m.  = Fat corrected milk ( lbs)  

L.W. = Liveweight ( lbs)  

L.W.G.  = Daily liveweight gain ( lb )  

This value for maintenance o f  0. 08 L.W. 0•73 is 

considerably in excess ( 66 - 78%) of those quoted from overseas 

(Table VI ) .  Work at Ruakura was extended to the feeding of 
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pa stu re indoors (Hutton, 1 962; Walla ce, 1 96 1 ) .  When dry 

cattle we re kept to  a con stant weight, the maintenan ce 

requi rement s we re simila r to  ove rsea s value s; when pa stu re 

wa s fed t o  appetite, f or a 1 000 lb cow maintenan ce requi rements 

in crea sed by 45% when dry and 98% when la ctating (Hutt on 1 962) . 

In additi on t o  the in crea se in main tenan ce a ssociated with 

g ra zing, Hutton ( 1 962) ha s n ow al so shown that maintenan ce 

requi rement s can va ry con side rably indoors when animal s a re fed 

pa stu re at va rying level s. 

La mb ou rne and Reardon ( 1 963)  ob se rved that the maintenan ce 

requirement va ried  with grazing pre ssu re. When liveweight s we re 

maintained by re gulating grazin g time rathe r than st ocking rate 

the in crea se in maintenan ce requi rement s wa s app roximately 

halved. The se change s we re thought to  be associated with an 

in crea se d ene rgy ' cost '  of ha rve sting and what the auth ors 

te rmed st re ss fa ctors. Coop an d Drew ( 1 963) confirmed thi s 

effe ct of pa stu re availability on maintenan ce requi rement. 

Young and Corbett ( 1 968 ) howeve r  with sheep maintained at weight s 
� 

simila r t o  th ose of Lamb ourne an d Reardon ( 1 963) di d n ot find 

thi s relati on ship, they f ound maintenan ce t o  be proportional to  

liveweight. 

Table VI sh ows example s of the maintenan ce requi rement s 

of a 750 lb and 1 , 000 lb dairy cow s  cal culated f rom ove rsea s 

and New Zealand source s. Given a pa sture with an ave rage DOM 

content of 7o%, the DM intake t o  meet maintenan ce demands a s  

sh own in Table VI vary for a 750 lb cow from 8.07 t o  1 6 . 89 DM 
· ,; .) 

pe r cow pe r day. On ly the figure of Wa lla ce ( 1 956) allow s  f or 

g ra zing or an outdoor enviroTh�ent. 



TABLE V I  Maintenance requirement s  for dai ry cat t l e  (lb OOM and lb D. M .  per co1·1 per da.y. ) 

Source ) o. 73 Wt ( lb OOM 
750 lb cow 

DM* 1 DM2 

1 000 lb cow 
OOM DM1 DM2 

Nat . Re s .  Council
+ ++ 0. 043 5 · 45 9 . o8 1 · 19 

8 . 6  

6 . 67 

1 · 44 

1 1 . 1 2  9 · 53 

Ag. Re s .  Council 

Wallace ( 1 956 ) 
Wallace ( 1 96 1 ) 
Hutton ( 1 962 ) a 

b 

c 

0. 048 6 . 02 

0 .08 1 0. 04 

0. 063 7 . 91 

0. 048 6 . 02 

0 .07 8 .79 

0. 095 1 1 . 82 

1 0. 03 

1 6 . 7 3  

1 3 . 1 8  

1 0. 0  

1 4. 65 

1 9 . 7  

1 4. 34 

1 1 . 3 

8 . 6  

1 2. 56 

1 6 . 89 

1 2. 39 

9 · 16 

7 · 44 

10 .84 

1 4. 7 1  

1 2. 40 

20. 65 

1 6 . 27 

1 2. 4  

1 8 . 07 

24.5 2  

1 0 . 63 

1 7 . 7  

1 3 . 94 

1 0 . 63 

1 5 . 49 

2 1 . 0 1 

* DM requirement cal culated for OOM content in pasture at 6o% (DM1 ) and 7o% (DI<I2 ) . 

+ Overseas value s pub li shed in lb TDN (Nat . Re s . Counci l , 1 966 ) and kcal Metabolizable 
energy (kcal �� ) (Ag. Re s . Council , 1 965 ) Conversion factors used were 

1 lb TDN = 1 620 kcal ME (Nat . Re s .  Council ,  1 966 ) 
1 lb TDN = 1 . 04 lb OOM (value for pasture given by rlal lace 1 96 1 ) . 

++ Calculated from maintenance figures given for 450 kg (Nat . Re s . Counci l ,  1 966 ) and 
400 kg (Ag. Re s.  Counci� , 1 965 ) cows.  

a Maintenance figure s for  d ry  cattle at  constant weight 
b Maintenance figure s for dry cattle fed to appetite 
c Mainte nance figure s for lactating cat t le fed to appet i te 

� 
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1 . 4. 2. 2  Pregnancy 

It was concluded by the Ag. Res. Council ( 1 965 ) from the 

work of Van Es ( 1 961 ) and Brody ( 1 945 ) that heat production 

increases in late pregnancy at a rate which is greater than 

from a non-pregnant animal retaining the same amount of energy. 

They assume this increase is  due to increased liveweight and 

increased maternal maintenance costs.  The actual reproductive 

liveweight gain for practical purposes should be taken to be 

1 200 kcal ME per day in the penultimate month of pregnancy 

rising to 2400 kcal ME per day in the last month (Ag. Res .  

Council, 1 965 ) .  Also in  the last month of  pregnancy the fasting 

metabolism should be increased by 2o% (Ag. Res. Council 1 965 ) ,  

to account for the increase in maintenance already mentioned. 

If basal metabolism for dairy cattle is taken as 80 kcal \ 

per kg 0•73  (Forbes ,  1 926 ) then requirements for pregnancy will 

involve a 2o% increase in this figure and an allowance for weight 

gain due to pregnancy (Table VII ) . 

TABLE VII : Estimated daily energy requirements for pregnancy 

( lb DDM and lb DM) . 

750 lb Cow 1000 lb Cow 

DOM DM ** 1 DM2 DOM Dr-11 DM2 

Basal metabolism* 3- 35 4. 1 3  

Basal metabolism + 2o% 4. 02 4-96 

Energy retained 

a. second last month 0.74 o.  74 

b. last month 1 . 48 1 . 48 

Increase due to 
pregnancy . ' 

a. second last month 1 . 41 2. 35 2 .0 1  1 . 57 2. 62  2. 24 
b .  Lant r-non:h �. 1 1)  .". , :'\R j J l7 � d 1 3 . 85 3. 30 

_ .. ----· - ·- -- ·- - . . 
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* Basal metabolism equals 80 kcal/kg 0•73 (Forbes, 1 926 ) 

** DM requirements are calculated for DOM content in the feed 
of 6o% (DM1 ) and 70% (DM2 ) .  

+ Conversion factors are the same as shown beneath Table VI.  

1 . 4. 2. 3  Liveweight gain 

Work at Ruakura (Hutton, 1 962;  Wallace , 1956; 1 96 1 ) has 

given values ranging from 1 . 64 lb DOM to 3 .0  lb DOM as the intake 

necessary for 1 lb liveweight gain. The efficiency of conversion 

of ME to liveweight gain is least in mature animals and in non-

laatating animals (Blaxter, 1 962) and therefore it seems reasonable 

to use Hutton' s  ( 1 962) figure of 2. 92 (approximately 3 .0 )  lb 

DOIIl/lb weight gain. As a DM requirement this would be 4. 28 lb 

and 4. 17  lb per lb weight gain for pasture of 6o% and 7o% DOM 

content respectively. 

1 . 4. 2. 4  Requirement of a dry cattle beast 

Daily maintenance requirements are uncertain, the best that 

can be done is  to accept published values ( indoors ) and add 3o% 

for grazing. This 3o% grazing allowance may be adequate on 

average but at times appears t o  be totally inadequate.  

For early winter grazing when cows are maintained at 

roughly constant liveweights ,  overseas stall feeding values are 

similar to those obtained in New Zealand (Hutton, 1 962) . Hutton' s 

estimate for maintenance (0 . 048 L.w. 0• 73( lb )  ) plus 3o% for 

grazing gives a requirement of 1 0 . 63 lb DM and 1 3 . 83 lb DM for 

a 750 lb and 1 , 000 lb cow respectively. When fed to appetite the 

corresponding requirements would be 1 6 . 34 and 20. 0  lb DM. 
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Requirement s for pregnancy and growth wi ll pre sumably 

be simi lar out-of-doors as those in a more controlled environment 

for simi lar foodstuffs and as a consequence indoor result s can be 

used dire ctly. 

1 . 4. 3  Winter Management 

This se ction is included in the literature review as an 

attempt to show how the New Zealand dairy farmer is wintering 

hi s stock. Some methods are based on a sound agronomi c basi s as 

outlined in early se ctions of this chapter; some are not .  

Experimental literature on the overall pi cture is  scarce and most 

systems have been derived as the re sult of observation and farmer 

innovation. Comments and discussion are from the personal 

observat ions of the author and from publi shed reviews rather 

than from experimental re sults.  It  is  attempted to  discuss the 

evolution of winter grazing practices in re cent years , but it 

should be borne in mind that any system i s  not rigid and that 

individual variation in approach will naturally exist , as will 

differences in winter growth, stocking rates and managerial 

ability between farms and farme rs . 

The obj e ctives of a wintering system must be orientated 

around the requirement of calving the herd at such a weight and 

in such a condition that production over the subsequent lactation 

is enhanced. On the one hand there is  this desire to adequate ly 

feed the animal before calving and on the other the need to 

provide as much pasture as possible for the post calving needs 

of the animal . 
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Three animal requirement s influence deci sions on wintering 

the requirement s of the cow in late lactation, over the dry 

period and after calving. The variables manipulated by the 

manager are the t ime of drying off, the time of calving and 

the sto cking rate . 

Pasture production level s  over the winter in the maj or 

dairying regions of New Zealand are in general suffi cient to 

adequately carry one dry dairy cow per acre . (The management 

problem is brought about by the sudden increase in pasture 

requirement that occurs following calving and the natural desire 

to utilize the minimum quantity of feed resource s while the cow 

i s  unproductive . \ 

Trials at Ruakura (Lees ,  McMeekan and Wal lace , 1 948 ) and 

Palmerston North (Flux, 1 950) showed severe unde rfeeding prior 

to calving produced a fall in butterfat production of 50 - 60 lb 

per cow over the following lactation. Le ss severe re strictions 

in feeding level s  over the winter period have little e ffe ct on 

sub se.quent animal production (Wallace , 1 958; Campbell and Clayton, 

1 966 ) .  

l 
Sto cking rates on New Zealand farms up until the last 

de cade , were such that uti lizat ion by the herd was low over the 

spring, consequently large areas of hay and si lage were 

) 
conserved annually. The �tandard recommendation for wintering 

called for the conservation of t acre per cow as hay or si lage 

and a simi lar area of ASP (Campbell and Clayton, 1 966 ) .  
t
As 

stocking rates increase however, there comes a point where the 

need to conserve large levels of hay and si lage is in conflict 



53 

) ( 
with the herd ' s requirement over this period. Conservati on, 

though widely practi sed is biologi cally ineffi cient , large 

losses being asso ciated with the conservation o f  the hay or 

) 
si lage and with its  sub sequent utilization (Wheeler, 1 968 ) .  

It i s  desirable , therefore , to feed as much as possible of the 

pasture dire ctly to the grazing animal . in �· Lowered 

supplies of hay and si lage ne ce ssi tate a greater dependence on 

grass as a feedstuff for both wintering and early lactation. 

Thi s requirement , has led to cows being calved later, nearer 

the onset of spring growth. The move to later calving being 

acce lerated by increased stocking rates.  At the same stocking 

rate wintering be come s easier and more flexib le with a late 

than with an early calving date (Hutton, 1 968 ) .  Brougham ( 1 966)  

showed that frequent grazings produced maximum yields over the 

winter period , but in practi ce a farmer may prefer to grow less 

but have this lowered quantity when it is  most wanted (viz .  after 

calving) . 

�he saving of ASP has been recommended for use immediately 

before and after calving (Wallace , 1 958 ) ;  a re commendation that 

cannot be equated with late calving up to four or more months 

) 
after the bulk of autumn growth i s  obtained . ASP has more 

re cently been used as a winter supplement in such a way that 

one heavy grazing is followed by a 70 - 90 day spell,  the regrowth 
, 

being used following calving. The conflict no1-1 ari ses between the 

use of autumn growth as ASP for wintering or as fodder for the 

l 
mi lking herd in late lactation. Hutton ( 1 962) report s the 

improvement in feed quality in March and Apri l,  is refle cted by 
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increased intake by the milking co\-1, reaching 9afo of the 

maximum intake obtained in late spring. The comparable figure 

for milk yield is only 6o% and he notes the unnecessarily 

wasteful utilization of high quality feed which can occur in 

the autumn. � greater dependence on pasture for wintering 

means the time of dryin� off i s  less flexible (Bryant , 1 969 ) 

and the management decisions made at this time become more 
\ 

critical (Hutton, 1 968 ) .  

I 
Associated with winter grazing will be degrees of 

pugging, poaching and fouling of pastures. This factor has 

probably in the past influenced thinking on wintering to a 

greater extent than has pasture utilization and gro�th. These 

effects were t hought to be a major drawback to higher production 

in the early 1 950 s ,  so in an attempt to obtain high production 

at 1 coN/acre the ' sacrifice ' paddock wintering system was 

developed (Riddet ,  1 954) . The idea was to restrict damage to 

onfi area (usually 1 paddock) of the farm. Cm•s were allowed 

sufficient grass during the day for estimated requirements and 
I 

then returned to the ' sacrifice ' area. It was necessary to feed 

supplements early in the winter (Stewart , 1 954) and to plough 

the sacrifice area following wintering; which meant spring 

sowin� of pastures or a summer crop. In recent times the use 

of on/off grazing associated with wintering pads and barns is  

a more logical extension of  this system with the ' sacrifice ' 

having been removed. 

�other method was to set stock the herd for the duration 

of the winter over approximately one half the farm at a 
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) 
sto cking intensity of probably 2 cows/acre (McKenzie, 1 960) . 

Kirton ( 1 962) considered that regrowth from the se set sto cked 

areas would be greater than if mob sto cked, be cause of less 

poaching and treading damage ; a contention not supported by 

Edmond ( 1 965 ) .  �he system is a negat ive approach to wintering; 

its main obje ctive being the reduction of pasture damage 

associated with grazing, and it i s  not altogether certain that 

this i s  achieved. It is  not ideal for the animal , in that cows 

start the winter on a high plane of nutrition and after thi s 

initial period are on a de creasing p lane . The main disadvantage 

i s  the calving of the herd with half the farm devoid of pasture 

and facing a slow regrowth . ) Hutton ( 1 966)  showed the problems 

in the system when attempting to use it when stocked at 1t cows 

per acre . Set sto cking is a luxury of low sto cking rates and 

some form of control must be introduced. Campbell ( 1 966 ) obtained 

increased past�re utilisation and growth when winter grazing was 

controlled rather than set stocked. 

Set stocking as practi sed at No. 3 Dairy, Massey University, 

has gradually evolved into a block grazing system. At first the 

move was toward break feeding the set stocked groups over thei r  

paddo cks with n o  back fence , unti l a t  pre sent only 1 or 2 groups 

are break grazed, at sto cking intensities of greater than 200 

cows/acre with both a front and back fence being shifted daily. 

Thi s development fo llowed what had already taken place on many 

I 
heavily stocked commercial dairy farms. Block grazing, restri ct s 

the dry herd to a smal l area of the farm each day. Stocking 

intensities are high and on days that treading damage doe s occur, 



the damage is likely to be severe ; but weighed against the 

whole farm, the area affected i s  small. The damage may be 

agronomically disasterous for this area, but sound practice 
� 

for the whole farm. 

Reports of successful wintering on farms carrying two 

milking cows per acre have been made by Smith ( 1 968) and Hutton 

( 1 968 ) .  At vlaimate Hest (Smith, 1 968 ) ,  dry cows are block 

grazed over the whole of the farm, during the winter period. 

They are shifted daily and the stocking intensity at the start 

is  about 100 cows/acre , but increased as grass availability 

increases. About 4 lb. hay/cow/day is  fed. At Ruakura (Hutton, 

1 968 ) wintering was on grass alone , made available earlier by 

slowing the grazing rotation of the milkers from April until 

mid-June , and feeding hay or silage to both milkers and dry 

cows at this stage . Grazing is rationed throughout the winter 

at 200 to 300 cow grazing days/acre ; resulting in about two 

thirds of the farm being grazed in a 1 0  - 1 2  week rotation. The 

farm reported at Waimate West was self-sufficient in feed supplies 

over the year, but at Ruakura upwards of 700 lb meal/acre/year 

has been purchased. 

The use of off-paddock, wintering systems has been discussed 

(Batten, 1 965 ) but the requirement of wintering on pasture means 

the animals are still grazed. Duration of grazing need only be 

short however,  as a cow can eat large quantities of pasture in a 

short time (Hallace , 1 958 ) .  Platforms will be of benefit for 

the complete removal of stock from pastures at times  when damage 

is likely to occur. This benefit has not been reflected in 



57 

increased farm output with stocking rates of up to 1S cows 

per acre at No. 3 Dairy unit ,  Massey University, but may exist 

in areas extremely vulnerable to winter grazing (Batten, 1 965 ) .  

Complete elimination of conservation practices in the 

spring and early summer, while desirable to achieve maximum 

butterfat production at these times ,  will necessitate the 

purchase of feed for use in late autumn and early winter' (Hutton, 

1 966 ) .  Br,yant ( 1 969 ) discusses various methods of shifting the 

conservation period into the autumn, mainly through the use of 

high producing crops such as maize and sudan grass hybrids (viz. 

Trudan) .  

Increasing winter production through the use of winter 

forage crops or grasses has not been discussed, as in the main 

dairying regions of New z.ealand they are not grown to any 

extent for utilization by non-lactating animals . 1 Winter forage 

crops are frequently grown on town supply farms for utilization 

by lactating animals .  Winter crops are not grown as pasture 

growth is  obtained throughout the winter and any winter crop 

paddock is  not producing when feed is at a premium in the early 

spring. 

The use of nitrogenous fertilizers over the winter period 

has become a more widely accepted practice in recent years , 

ei t·her in May for winter feed or July/ August for milking feed. 

For N applied at 40-50 lb N/acre it can be expected to produce 

about 400 to 500 lb extra DM for each hundredweight applied 

(Bryant 1 969) .  



Early fears that high production was limited by winter 

poaching have been somewhat dispelled by the successful 

carrying of up to two cows per acre through the winter. Thi s 

is not to say damage is not taking place , but it is controlled, 

as is the pasture uti lization and growth. The winter prob lem 

has been overcome by improved management , but at the stocking 

rates employed and with the greater re liance upon pasture as a 

winter feed, the immediate and �lative effects of mi smanagement 

are greater than with low stocking rates (Hutton, 1 968) . 



C H A P T E R II 

EXPERIMENTAL OUTLINE AND :METHODS 

2. 1 Introduction 

The experiment s took place in the winter of 1 969 on an 

area of the No . 3 Dairy Unit , Massey Unive rsity, Palmerston 

North (Lat . 40
°

23 ' S ,  Long. 1 75
°

37 ' E ,  Altitude 1 1 0 ft a. s. l . ) 
Soil type i s  classified as Tokamaru Silt Loam; an 

al luvial soi l  with the profile showing a 6" - 8" dark-brownish­

grey heavy si lt loam on a mott led clay loam. It normally has 

a reasonable P and Ca status but is often low in N and K 

(New Zealand Soil Bureau,  1 954) . 

The experimental area covered 4. 5 acre s al l previously run 

for several years as part of the ' reserve herd '  farm of the 

No . 3 Dairy Unit . All paddocks used were ti led and mole drained 

by the Massey Drainage Service in November 1 964. Mole drains 

are effe ctive in this soil type and last for many years , but 

even with drainage these soi ls tend to be wet in the winter 

(During, 1 967 ) . The area was in ei ther three or four year-old 

pasture . Mixtures so�� had consi sted of 8 lb Manawa ryegrass,  

3 lb cocksfoot,  3 lb timothy, and 3 lb white clover, giving a 

seeding rate of 1 7  lb/acre . Pasture s re ceived annual dressings 

of 3 cwt of superphosphate per acre ; in addition 1 00 lb of 

calcium ammonium nitrate per acre was app lied in August 1 968 . 

The paddocks used for the two main trials \.,rere both cut for a 

late hay crop ( 46 - 54 bales/acre ) the summer pre ceeding the 

experiment . 
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The experiment was designed to provide informat ion on 

the effe cts of intensive winter grazing on the uti lization* 

and regrowth of pasture s .  An experiment was run i n  early winter 

(June ) and repeated on a new area later in the same winter 

(August ) in an endeavour to obtain estimates of the effe cts of 

the various treatments when applied to a simi lar soi l type , but 

under differing soil conditions and with different environmental 

conditions for regrowth. The June and August experiments will 

be cal led Experiment I and Experiment I I  respe ctively for the 

remainder of the text . 

The main variab les studied were grazing intensity and 

grazing durat ion. Grazing intensity be ing defined as the number 

of cow grazing days per acre ( cow days per acre ) and grazing 

duration as the length of the grazing period in which the 

grazing intensity was achieved. 

Treatments studied were two grazing intensities 

and 200 cow days per acre ) and three grazing durations (6, 24 

and 7 2  hours ) all being repli cated three times in a 2 x 3 x 3 

factorial experiment laid out in a randomized block design. A 

control treatment without the grazing animal ( involving two 

cutting heights ) was included, but although rep li cated three 

time s it was not included in the basic layout , but used to 

occupy small unused areas within each repli cate (as shown in 

Figures 2 and 4).  

* Uti lization a s  used in this and subsequent chapters 

describes the quantity of herbage consumed by the 

grazing animal with respe ct to the quality of herbage 

offered. 
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Grazing durations used need further explanation as the 

nomenclature used ( 6 ,  24 and 72  hours ) is not self explanatory 

as i s  that used for grazing intensities ( 1 20 and 200 cow days 

per acre ) . The length of the grazing period associated with 

each experiment was three days and wi thin sto cking intensitie a 

the area on offer to the cows was subdivided in three ways : -

i .  Cows received all pasture to b e  offered over the three 

day period at the start and remained on this area until 

the end of the period , taking the full three days to 

reach the desired grazing intensity (72 hour treatment ) . 

i i .  Cows re ceived one third of al l pasture to be offered 

over the three day period at the start and then 

subsequently received a further third on days two and 

three. The cows were only allowed access to one third 

of their total allo cation at any one time and remained 

on each area for one day, thus taking one day to reach 

the de sired grazing intensity ( 24 hour treatment ) . 

i i i .  Cows re ceived their rati on a s  for (ii ) but were only 

allowed acce ss to their daily ration for 4 - 6 hours 

each day. After the grazing period cows were removed 

to a bare race for the remainder of the 24 hour period. 

The length of the grazing period was 6 hours under fine 

weather but reduced to 4 hours in adverse weather 

condit ions (rain) ( 6  hour treatment ) . 

The 1 6  hour ' and ' 24 hour ' treatments thus took only 24 

hours t o  apply, but were repeated for a period of three days to 

ave rage the environmental conditions facing the ' 7 2  hour ' 

treatment. 
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Total areas within grazing intensities over the three 

day period were similar for all grazing durations consequently 

the daily 'breaks ' of the ' 6  hour ' and ' 24 hour' duration 

treatments were also the same size. 

To reduce the numbers of animals required overall ,  grazing 

intensities were obtained by a reduction in area rather than 

increased stock concentration on similarly sized areas . Three 

cows were grazed per plot , giving 9 cows per treatment or a 

total of 5 4  cows for each experiment . 

In addition to the areas occupied by the two experiments 

de s cribed, a simi larly sized area was used for pre-treatment of 

the experimental animals. The cows were for the three days 

prior to the experiment grazed in accordance to their experimental 

treatment . No replication however was used in the pre-treatment , 

all 9 cows for each treatment being run as one mob . 

2. 3 Experimental Layout 

Six plot s ,  one per grazing treatment , each of suffi cient 

size for a three day experimental period were randomized within 

each replicate.  All ' 6  hour' and ' 24 hour' treatments were then 

split into three , the order in whi ch these were grazed being 

de cided at random. Plot dimensions (Table VIII ) were such 

that each grazed plot was square , thus minimizing any error 

induced by variation in the shape of the plot. Pre-treatment 

plots did not have this restri ction. 
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TABLE VIII : Experiment I and II - Plot dimensions 

Graz�ng Graz�ng Area* Sub-plot !'lot 
Intens�ty Duration Dimensions* Dimensions 
( cow days ( hours) (acres )  ( ft square) ( ft)  
per  acre) 

1 20 6 0.025 33 99 X 33 

24 0 .025 33 99 X 33 

+ 

72  0.075 57. 1 5  ft. sq. 

200 6 

24 

72 

0 .0 15  25 . 57 

0 .0 15  25. 57 

0 .045 

76. 7 1 x25 . 57 

76.7 1x25. 57 

44• 27 ft. sq. 

* Areas and dimensions in these columns refer to the area 
and dimensions of the daily ' break' for the 1 6  hour' and 
' 24 hour ' treatments. 

+ Refers to dimension of the total area offered over the 
three day period for all duration treatments.  

The randomization for Experiment I was also used for 

Experiment II. Layout of the replicates differed between the 

two experiments due to the somewhat different dimensions of 

the two paddocks used and the necessity of avoiding an old tree 

line in Paddock 1 8  (Experiment I )  and a small gully in Paddock 

20 (Experiment II ) .  The layout o f  the whole experimental area 

i s  shown in Figure 1 and the layout of all experimental and 

pre-treatment areas in Figures 2 ,  3,  4 and 5 ·  Control areas 

varied in size according to location and are shown for Experiment 

I and Experiment II in Fig. 2 and Fig. 3 respectively. 
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Prior to closing for ASP, paddocks re ceived their annual 

superphosphate dressing and 5 - 6 weeks befo re the experimental 

grazing 50 lb N per acre (as urea ) . A schedule shovring dates 

of closing, grazing and fertili ser applicati on for each 

experiment , i s  given in Appendix 2. 

All plots were fenced with three wire (No . 1 6  gauge 

galvanised) electri c fences and where ne cessary, plot s were 

separated by three foot wide races to a llow sto ck entry to 

every p lot. The whole of each experimental area was surrounded 

by at least an eight foot wide access race . Each plot had a 

temporary three-wire ele ctrified gateway. Constr�ction of 

fences and gateways is  demonstrated in Plate I .  Following 

grazing of Experiment I fence s were di smantled and re-ere cted 

on the site of Experiment II. 

Pre-treatment areas were subdivided by single-wire 

e le ctri c fences .  A s  no measurements were taken on these pre­

treatment plots,  individual acce ss to plots was not provided. 

A total of 1 , 375 yards of three wire and 530 yards of single 

wire ele ctri c fence was required for each experiment . The 

total 4, 65 2 yards of wire was electrified by an 'Arko ' mains 

electric fence unit .  

Cows were allocated to treatments o n  a weight basis .  The 

5 4  animals were divided into nine groups of six by weight , one 

animal from each group was then randomly allotted to each 

t reatment . Follorling pre-treatment grazing, each treatment 

group was subdivided into three groups by weight , one animal 



a. Gene ral View 

b .  Genera l  V iew 

c .  Herb age R e j e c tion Sampling 

Plate I - Experiment I 
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from each group being randomally allot ted to each replicat e .  

In Experiment I ,  one cow was replaced due to its tendency to 

b reak through the single wire fence s on the p re-treatment areas. 

A large numbe r  o f  cows bloated on the first day of pre-treatment 

in Expe riment I and so , to reduce e rrors introduced by bloat 

for the remainder of Experiment I al l cows were drenched with 

i o z .  p luroni c prior to being moved to a new break ( i . e .  daily 

fo� 1 6  hour ' and ' 24 hour' t reatment s and every 3 days for the 

' 72  days ' treatment ) . 

2. 4• 1 Heasureme nt s 

Pasture measureme nts made were of the D. M. util izat ion at 

graz ing, the D. :M. regrmvth fol lowing grazing and botani cal 

analysi s  and tiller count s b e fore graz ing, after grazing and 

during regrowth. Regular soil moisture measurement s were made 

and soil bulk densities were measured at the end of each 

experiment . 

Envi ronmental conditions differed between Experiment s 

I and II nece ssitating some differences in method and intensi ty 

of measurement s .  De tail s  o f  the methods used common to both 

experiments are given in thi s section and those change s or 

additions used for individual experiments wi l l  b e  given in 

Section 2. 4· 2. A t ime schedule of measurements taken in 

Experiment I and Experiment I I  are given in Appendix 2. 
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Dry Matt e r  Measurements 

All pasture sample s were cut with a Stewart She armaster 

e le ctri c shearing handp i e ce powered eithe r by a mobile 240 volt 

generator or dire ct from 240 volt mains supply. Cutting in all 

cas e s  was to ground level to ensure no grazing was taking p lace 

be low the cut t ing height . The he ight of cutt ing, especially 

aft e r  grazing, me ant samples taken had extensive soi l 

contamination. All samples were washed by the method as 

de s cribed by �alt ine r  ( 1 966) but owing to the low water pressure 

avai lable the wate r  j et s  were modified slight ly. Samples were 

soaked briefly in buckets to remove the bulk of soil pre sent 

befo re actual washing took p lace . The method as used appe ared 

to give a clean sample with little or no loss due to spi llage . 

All washed samples were allowed to drain overnight. Dry matter 

percentage s w e re calculated from 200 gm sub-samples oven dried 

at 8o0c for 24 hours . Samples were we ighed to 0. 1 g. m. 

( i )  Dry matte r  uti lization 

Pasture dry matter was measured both p re and post-grazi ng, 

the difference between the se two measurements was taken as the 

dry matter uti l i zat ion by the grazing animal . Three 1 ft x 3 ft 

quadrats were cut from each plot on the day prior to and the 

day following grazing. Harve st was thus spre ad over a three day 

peri od. The three samples per p lot were bulked, then washed 

and sub sampled as one composite sample. In the control plot s 

two 1 ft x 3 ft quadrats were cut per plot. 
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(ii ) Dry Matter production 

Regrowth on defoliated areas was measured ·by taking 

samples as described for the pre and post-grazing estimates . 

Three 1 ft x 3 ft quadrats were cut 1·rom grazed plots and two 

from control plots. Plots were sampled at ten day intervals. 

Regrowth at Day 0 was estimated from the post-grazing figures, 

with six iurther ten day cuts in Experiment I and five in 

Experiment II. 

Botan1cal Analysis . . 

Following draining, washed samples were subsampled for 

botanical determination. The size of sub-sample varied from 

25 gm in very short post-grazing material to 75 gm in longer 

pre-grazing and final regrowth material. l·lhere necessary 

samples were stored under refrigeration. Botanical analysis 

samples were hand separated into ryegrass , timothy, cocksfoot , 

� species, other grasses, weeds and clovers. Each fraction 

was oven dried at 80°C for 24  hours and then weighed (to 0.0 1  

gm) and from this percentage oc currence and dry matter production 

for each sub-group was determined. 

Tiller Counts . . 

Tiller counts were taken by the method of ?�i tchell and 

Glenday ( 1 958 ) prior to grazing and three times following 

grazing. Twenty ,  2"  diameter plugs were taken per grazed 

plot and ten per control plot sampled. Plugs were dissected 

and all tillers and rooted clover nodes counted. A rooted 

clover node was counted only if some leaf was also present at 

that node . 
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The timing of post-grazing samples was such that it was 

endeavoured to measure tillers that recovered from grazing. 

Sampling was delayed 7 - 10 days following grazing for this 

purpose . The third and fourth measurements were than taken 

at four weekly intervals in Experiment I and three weekly 

intervals in Experiment I I .  

Ground Cover . . 
The percentage ground cover was determined by point 

analysis,  one hundred points being taken per grazed plot and 

fifty per control plot. Each point was recorded as either a 

hit on vegetation or bare ground. 

Soil Moisture . . 

Soil moistures were determined from six, 1 "  diameter 

core samples, taken to a depth of 4" from each plot . The top 

�' · of each core was discarded to e liminate basal plant material . 

Cores were bulked for each plot and oven dried at 80°C for 24 

hours . Moisture percentages were calculated on an oven-dry 

basis. Measurements were made at fortnightly intervals on all 

plots. 

Bulk Density . . 

Toward the end of each experiment soil bulk density 

estimations were made on all plots by the method used by 

Edmond ( 1 964) . 
2 

A core sampler ( surface area 2. 46 cm ) was 

used and measurements made for the 0 - 3 cm, 3 - 6 cm, 6 - 9 

cm and overall 0 - 9 cm depths. Five cores were taken per plot, 

bulked and oven dried at j 00°C for 24 hours. Any cores showing 

worm holes -v;ere discarded and ne1-t cores taken. 
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( i ) Experiment I 

Dry matter utilization 

Grazing in Experiment I ,  especial� at the lighter 

stocking rate resulted in some noticeable pasture rejection 

surrounding dung pats. An estimation of the size of this 

effect was gained by cutting at least 1 70 ft2 with a rotary 

mower set at the general grazing height of those areas on the 

plot where no rejection took place. In all '72 hour' treatments 

a representative quarter of e ach plot was harvested, while for 

the ' 6  hour' and ' 24 hour' treatments within each replicate a 

representative plot was chosen from the three available ,  and 

half the area of these plots was harvested. The pasture harvested 

was washed and the whole sample oven-dried. Areas defoliated by 

rotary moVTer were avoided for the remainder of the experiment 

whenever measurements were taken. 

Botani cal Analysis 

Full analysis was carried out on all samples from pre-grazing 

post-grazing and regro�rth cuts 1 ,  3, 5 and 6.  

Tiller Counts 

Due to the continued fine weather at the time of grazing 

it was thought adequate to sample one plot per treatment per 

replicate ( i . e. samples for ' 6  hour' and ' 24 hour' treatments 

were only taken from one day of three ) . The plot sampled was 

decided at random before grazing and all subsequent measurements 

were made on these plots. 
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Ground Cover 

An estimate of the percentage of bare ground in each 

plot was made two weeks after grazing. 

(ii ) Experiment I I  

Dry matter utilization 

The objective in post-grazing harvests was to recover 

all pasture not utilize� which meant, that under the wet 

condit ions experienced in Experiment II pasture that was buried 

and/or  submerged, required sampling. Frames were placed, all 

loose lumps of mud and soil were collected, and then the site 

was defoliated to ground level. Buried pasture was then raked 

upright with a 1 0" garden rake and the sample site once more cut 

to ground level.  Recover,y of green material appeared satisfactory 

but appreciable root contamination was present , mainly from debris 

washed from the lumps of mud and soil collected prior to cutting. 

Following washing, sub-samples (approximately 25 gm) were taken 

and the root fraction separated by hand. All attached roots 

were dissected at the root-stem junction. Post-grazing D. M. 

yie lds were subsequently corrected for roor contamination. 

Botanical Analysis 

Full analysis  was carried out on all samples from pre­

grazing and regrowth cuts 1 ,  3 and 5 ·  Dissection in the post­

grazing samples was for root contamination only. 

Tiller counts 

All plots l'<ere sampled at all sample dates. 



a 

b 

c 

Plate II - Sampling on Pugge d  Pasture s ( s e e  page 75 ) 
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Ground cover : 

No estimate was made two weeks after grazing, as in 

Experiment I, due to lack of time. 

2. 4. 3 Statistical Methods 

2. 4. 3 . 1 Identical statistical proceedures were carried out for 

both experiments .  The main statistical method used was that of 

analysis  of variance and in general three comparisons were made 

on each set of data. 

(i ) Three way analysis  of variance comparing, .replicates 

x grazing intensity x grazing duration of the general 

model (adapted from Sokal and Rohl� 1 9b9 ) .  

where R stands for replicates , S for grazing intensity and 

T for grazing duration. m represents the population mean 

and e . .  kl an independent , normally distributed variable with l. J  
mean eijkl = 0 and variance o! = 02• The value of subscripts 

are . . 
i = 1 , • . , 3 
j = 1 ,  • . , 2 

k = 1 ,  • • , 3 

1 = 1 , • • , n 

In most cases only one measurement is  available per plot 

making n = 1 and theret·ore eliml.nating ,;he ,;erm 1 from the 

above equation. The model is mixed, in that repl1.cate effects 
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are assumed to be random and grazing intensity and graz1ng 

duration effects fixed. ln the analys1s of variance all Rep 

x Treatment interactions are incorporated 1n the error term 

giving the analysis layout as shown in Appendix 3. 

The grazing duration values tested in this analysis are 

-che ' 7::! hour• treatment compared with -che mean value :for the 

three estimates for �ach of the ' 6  hour' and ' 24 hour' treatments 

per replicate. This mean value being the average reaction of 

these two grazin� duration treatments to the environmental 

conditions experienced during the course of the ' 72 hour' 

treatment. 

(ii ) Four-way analysis of variance comparing, repli cates 

x grazing intensity x grazing duration x days of 

the general model (adapted from Snedecor and Cochran, 1 967 ) .  

yi jks 
= m + Ri + Sj+Tk + (S T) jk + ei jk + Ds + (DS ) js  

+ (DT.)ks + (DST) jks + eijks 

where R stands for replicates, S for grazing intensity, T for 

grazing duration, and D for days. This is  a split-plot design 

with R, S and T bein� the main effects and D the sub-plot effect . 

m represents the population meap and eijk and ei jks the error 

components for main plots and sub-plots respe ctively. The values 

of the subscripts  are . . 

i = 1, • • , 3 

j = 1 ,  • • ' 2 

k = 1 ,  • . 2 . ·'1 
. ( 

s = 1 ,  • • , 3 
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The model is  mixed, in that replicate effects are 

assumed random and all other treatment effects fixed. The 

composition of the respective error terms in the analysis of 

variance are shown in Appendix 3. 

This analysis is used for testing the 1 6  hour' and 

' 24 hour' grazing duration treatments only. It  is  used 

predominantly as a measure to look at effects between the 

three days over which these treatments were repeated within 

each experiment. Results from the main effects are disregarded 

as these have been previously analysed in the three-way analysis 

(Section (i ) above ) . 

(iii ) Three-way analysis of variance comparing replicates 

x grazing intensity x defoliation method (i . e. 

whether plots have been cut or grazed ) . The general model is  

similar to that of  Section (i ) above where T would now represent 

defoliation treatment and subscript k would only represent two 

values. 

The control (cut) plots are compared with the mean values 

of all the grazed plots within the two grazing intensities 

studied. 

Analysis of variance was carried out using a generalised 

multi-factorial analysis of variance programme on the IBM 1 620 

model 2 computer at Massey University. The print-out was as a 

Model I analysis and this was then amended using a desk calculator 

to incorporate the mixed model design. 
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2. 4. 3. 2  Where necessary the least significant difference 

(LSD) between means was calculated according to the equation 

LSD( 0. 1 ) t (o. 1 ) X ( 2 x Err1S r!-
= n 

(0. 05 )  (0.05 ) 

(0.0 1 ) (0.0 1 ) 

(0.001 ) (0. 001 ) 

where t is  the appropriate t value for the df in the error 

mean square (EMS) at the 10% (0. 1 ) , 5% (0.05 ) ,  1% (0. 01 ) or 

0. 1% (0.001 ) level of probability. The �� used in each case 

was the EMS from the appropriate analysis of variance calculation. 

n is the number  of observations per mean. 

In all analysis of variance and t_test results presented, 

the conventional notation for levels of significance will be 

used; that is  p < 0. 1 is  denoted by + , p < 0� 05 by *, 

p < 0.01 by ** ,  and p < 0.001 by ***. 

2. 4. 3.3  Analysis of covariance was performed when significant 

differences appeared in the analysis of variance of the pre-

grazing D. M. sample. Post grazing and regrowth D. M. means 

were adjusted for differences existing prior to grazing. 

Covariance gave only slight alteration to the means and had 

little effect on significant differences shown by the analysis  

of  variance , so  as a consequence i s  not presented. 



2. 4. 3 . 4 Relative growth rates 

It was thought desirable to fit some standard model 

to each set of D. M. regrowth data. Orthoganal polynomials 

(Snedecor and Cochran 1 967 ) were used but in Experiment I 

no justification was obtained for departure from a straight 

line . Consequently this method was abandoned. 

Logistic curves such as those fitted by Brougham 

( 1 959 ) and Hunt ( 1 968) probably have greater biological 

significance than the fitting of a general polynomial . Such 

curves are derived from the assumption that the rate of D. 1t.. 

growth is proportional to the weight at any instant and to the 

maximum weight than can be obtained. Logistic curves could not 

be attempted as maximum yields had not been obtained in D. �I. 

regrowth in either Experiment I or II  when they were discontinued. 

It was attempted therefore to fit log curves, based on the 

assumption that growth at any stage is proportional to the 

amount present at any instant. 

Log curves are based on the relationship (Snedecor and 

Cochran 1 967 ) 

2!!. "" bW dt 
( 1 )  

where W is  D.M. yield in lbs/acre , T is  time in days and b is  

the constant relative rate of  increase . This leads to the 

relationship 

log W* a log A + bT e e ( 2) 

where A is a constant and 'il , b and T are as previously defined. 

* Unless otherwise stated all log data appearing in this 

text is based on loge and not lot1 0 • 
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The regression ( 2 )  was fitted to all D. M. regrowth 

data. Regressions were fitted to individual plots and then 

averaged over treatment means . Curves were only fitted to 

regrowth data from day 10 onwards . Due to the different 

sampling method used in the post-grazing harvest ( Section 2. 4. 2)  

it was t hought desirable to omit this data. In Experiment I 

in the early stages of regrowth the log curve did not fit the 

production data as well as a straight line regression. It was 

thought more desirable however,  to use a standard method ( log 

regression) rather than use normal straight line regressions in 

Experimental I and log regressions in Experiment II .  

� · · ' 



C H A P T E R III 

RESULTS - EXPERIMENT I 

3. 1 

3 . 1 . 1  

Grazing intensity v ' s  grazing durations. 

Cmv weights 

The weights of cows used for Experiment I ranged from 

500 lb to 10 1 2 lb liveweight with a mean value of 722 lb . Table 

IX gives the mean weight of the nine cows allocated to each 

treatment. It appears that the weight of those animals on the 

higher grazing intensity were on the average 35 lb lighter than 

those on the lower intensity. Analysis of variance (Appendix 

4) showed this difference to be non-significant . 

TABLE IX Experiment I - Cow weights (lbs liveweight ) 

Grazing intensity 

1 20 

Grazing 6 752. 2 

duration 24 735 . 1 

(hours) 72  730. 3 

S .E. Mean ± 26. 02 

3. 1 . 2  D.M. Utilization and ' Intake ' 

(Cow days/acre ) 

200 

697 . 1 

697 . 1 

7 18. 4 

D. M. consumption over the grazing period is presented 

in two forms , the intake* in lbs per cow per day and the 

utilization per acre in lbs D. M. consumed for each 1 00 lbs D. M. 

* The term ' intake' refers to the difference between pre and 

post-grazing estimates which is attributed to animal intake . 
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presented at grazing ( expressed as a percentage) .  

The average intake per cow per day was 1 0. 84 ± 

0. 44 lb D. M. Table X gives the mean intake per animal and 

percentage uti lization for each grazing intensity and 

duration. Analysis of variance (Appendix 5 )  indicated no 

significant differences in intake due to duration but showed 

the 4 lb D. M. difference in daily intake per cow between the 

two grazing intensities to be highly significant (p  � 0.01 ) .  

TABLE X . . Experiment I - Daily D. M. intake and percentage 

utilization 

Grazing intensity 

( cow days/acre ) 

SE Mean + 

Difference 

Grazing duration 

(hours ) 

SE Mean + 

LSD ( 0. 05 )  

1 20 

200 

6 

24 

72 

Intake Percent 
( lbs mVcow/day) Utilization 

1 2. 84 

8 .84 

0. 623 

4. 00 ** 

1 0. 1 0  

1 0. 53 

1 1 . 89 

0.763 

2. 40 

69 . 5  

8 1 . 8  

1 . 34 

1 2 . 3  *** 

7 2 . 5  

79 - 3  

75 - 2  

The extra 1 2. 26 lb DM consume.d. per 100 lb DM offered 

with the increase in grazing intensity from 1 20 to 200 cow ·days 

per acre was highly significant (p < 0.001 ) .  There was also a 

significant difference ( p  <. 0. 05 ) between durations in the 



percentage utilization of DM. A t-test (Appendix 5 )  showed 

the percentage utilization with ' 24 hour ' grazing to be 

significantly higher (p � 0. 05 )  than for '6 hour'  grazing but 

not significantly greater than the ' 7 2  hour' treatment . 

3 . 1 . 3  D. M. Production 

Results are presented in Figure 6 showingthe D. M. 

production over the experimental period for each grazing 

duration at the two grazing intensities studied. Mean values 

for grazing intensity and grazing duration effects are presented 

in Table XI while data, analysis of variance and t-test results 

appear in Appendix 6-1 , 6-2 and 6-3 respectively. 

For D. M .  production the analysis of variance of comparisons 
(' 

over the three durations and two grazing intensities were 

analysed in a joint analysis with the grazing techniques v ' s 

grazing intensity analysis at variance . Only _those results 

relevant to· grazing intensity v ' s  grazing duration will be 

presented in this section. 

Table XII summarizes the results of analysis of variance 

carried out on DM data at each harvest date . 

The significant grazing duration effect ( p �  0.05 )  in 

the pre-grazing harvest is shown by t-test to be the result of 

the ' 7 2  hour ' treatment having significantly more D. M. at this 

stage than both the ' 6  hour ' (p  < 0. 1 )  and ' 24 hour ' (p < 0. 05 ) 

treatments. In terms of D. M. this increase was 266 and 407 lb 
. -�l· 

D. M. per acre for the ' 7 2  hour ' treatment over the ' 6. hour' and 



TABLE XI Experiment I - D. M. Production (lbs DM/acre ) 

Harvest 

Pre- Post- 1 0  

Grazing intensity 1 20 2176 670. 9  760. 6 

( cow days/acre ) 200 2 1 39 3�4. 6 5 1 6.8  

Diff. 1 20 - 200 37 276 . 3 243 .8  

LSD ( .0. 001 ) 493 . 0  1 20 .0  1 65 . 0  

SE Mean + 84. 20 21 . 70 28. 1 9  

Grazing duration 6 2 1 45 588 . 5 692. 7 

(hours ) 24 2004 419. 2 528 .0  

7 2  241 1 590·5 695 · 3  

LSD (0. 05 ) 3 1 2 .8  80. 6 1 04· 7 

SE Mean + 1 03. 09 26 . 57 34- 5 1  

(days from grazing) 

20 30 40 

890. 0 983 . 7  1 302 

599 · 4  7 1 7 . 1 95 1 .8 

290.6  266. 6 349 · 9  

1 09 . 6  1 30. 7 1 94. 0 

1 8. 56 2 1 . 88 33. 1 2  

823. 2 9 1 9. 2 1 1 90 

623 .8  781 . 7  1 063 

787 . 2  850. 3 1 1 28 

68. 9  8 1 . 2  1 23. 1 

22. 72  26 .80 40.55 

50 

1 568 

1 1 99 

368 . 6  

1 6 1 . 5  

27 . 57 

1 396 

1 300 

1 454 

1 02.5  

33.76  

-----

60 

1 9 1 8  

1 529 

389· 4  

404. 5 

69. 46 

1 630 

1 557 

1 835 

258. 0  

85 . 05 

CO \)1 



TABLE XII : Experiment I - D. M. production, signi fi cant results 

Harvest (days from grazing) 

Pre- Post- 1 0  20 30 40 

Grazing intensity n. s .  *** *** *** *** *** 

Grazing duration * *** ** *** * n. s. 

Interaction n. s .  n. s .  n. s.  + n. s .  n. s.  

Replicate n. s .  n. s .  n.  s .  n. s .  n. s.  n. s.  

50 

*** 

* 

+ 

n. s.  

60 

** 

+ 

n. s .  

n. s .  

CXl 0\ 
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Figure 6 - Experiment I - The effect of grazing intensity and 
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' 24 hour ' treatments respectively. As mentioned in Section 

2 .4. 3. 3  correction of regrowth figures for this difference by 

covariance analysis had little effect on means or analysis of 

variance results. 

Grazing intensity 

Table XII shows a highly significant (p � 0.001 ) grazing 

intensity effect throughout the regrowth period except for a 

slightly less significant (p �0.01 ) result at the last sample 

date. 

The differences between grazing intensity means and the 

LSD values for p �  0 .001  are given in Table XI . Reducing the 

grazing intensity from 200 cow days per acre to 1 20 cow days 

per acre increased post-grazing D. M. yields by 276 lb D. M. per 

acre . Over the regrowth period this trend increased in absolute 

terms till 60 days later the difference was 389 lb D. M. per 

acre . In relative terms however the 7o% increase in D.M. at 

the low grazing intensity at the post-grazing harvest is  reduced 

by day 60 to an increase of only 25%. 

Grazing duration 

The significant results shown in Table XII for post-grazing 

and regrowth harvests at days 1 0  and 20 is due to the ' 24 hour ' 

duration treatments having significantly less DM than bo1h the 

6 and 7 2  hour treatments (Table XI ) .  t-tests carried out within 

intensity x duration means show the interaction (p <( 0. 1 )  at 
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day 20 due to the ' 6  hour' treatment having significantly more 

DM than the ' 7 2  hour' treatment (p < 0.0 1 ) in the 1 20 cow days 

per acre plots but having less (though not significantly less) 
in the 200 cow days per acre plots. This  effect can be observed 

graphically in Figure 6. At the 4th regrowth harvest (Day 30) 
the ' 24 hour' treatment still has less DM than both the ' 72 hour' 

(p < 0. 1 ) and ' 6  hour' (p < 0.01 ) treatments .  The ' 6  hour' 

duration has now significantly more DM than the ' 7 2  hour' treatment 

(p < o. 1 ) but unlike the previous harvest the effect here is  

similar at  both grazing intensities. Differences at the 5th 

harvest were almost identical to the previous harvest , but 

owing to the increased variability at this harvest the differences 

were no longer significant . 

The final two harvests (days 50 and 60 ) show the ' 6  hour' 

treatment to be loosing its supremacy and the interaction at 

day 50 is caused by this falling off being more marked and 

occurring at an earlier stage in regrowth in the lower of the 

two grazing intensity treatments.  At day 50 the ' 24 hour' 

treatment still has significantly less DM than both the ' 6  hour ' 

and ' 72 hour' treatments (p� 0. 01 ) while at day 60 it  is  only 

significantly lower than the ' 72 hour' treatment (p �0. 05 ) . 

In these two final harvests the ' 7 2  hour' treatment produced 

more DM than the 1 6  hour' treatment , but the difference failed 

to reach significance . 

3 . 1 . 4 Relative Growth Rates 

Table XIII gives the coeffi cients and constants for 

grazing intensity x grazing duration treatments of the regression 

of log DM with time. Regressions were fitted on regrowth data 

from day 10 to d�y 60 . 



TABLE XIII . . Experiment I - Regression log DM on time for grazing intensity 

and grazing duration. 

1 20 cow days per acre 200 cow days per acre 

Coeff. S . E. * Constant Coeff. s. E. * Constant 

Duration 6 0.0 1 4  0. 001 6.58 0.022 0.00 1  6. 04 

(hours ) 24 0. 021 0. 001  6. 22 0. 025 0.001  5 ·73 

72 0. 0 19  0. 002 6 . 42 0. 021 0. 002 6 . 07 

LSD (0. 001 ) ( o. 05 ) 0. 007 (0. 004) 

* S .E. are based on the deviations of mean values about fitted regressions. 

\0 0 
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Analysis  of variance of the regression coefficients 

(b values )  is given in Appendix 6-4· This analysis showed 

highly significant (p � 0.001 ) differences due to grazing 

intensity and grazing duration and also a significant (p � 0. 1 )  

interaction. The difference in mean duration b values ,  over 

the two grazing intensities,  is shown by t-test to be due to 

the ' 24 hour' treatment having a significantly higher b value 

than both the ' 6  hour' (p < 0. 001 ) and ' 7 2  hour' (p< 0.05)  

treatments .  

The interaction between intensity and duration reflected 

the low coefficient for the ' 6  hour' treatment at the 1 20 cow 

days per acre grazing intensity (Table XIII ) .  

Botanical Composition 

3 . 1 . 5. 1 In all sections in Chapters III and IV dealing with 

botanical composition of DM regrowth, analysis  of variance was 

performed on the production of each individual component at each 

harvest on which botanical separation had been made. Results 

from statistical analysis were variable and many significant 

differences displayed between treatment's by analysis of variance , 
. 

were in agronomi c  terms meaningless, � the differences involved 

were so small. Analysis as such will not be given, but in each 

section botanical composition will be discussed with the intention 

of looking for major trends between treatments ·in botanical 

composition and DM production of  individual species .  
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At the final harvest ( day 60) the ryegrass component 

of the sward contributed 1 0  percentage units more to DM 

production than had been the case in the pre-grazing harvest 

(50% compared to 40%) . Ryegrass increased mainly at the 

expense of timothy and unsown grasses. Individual treatments 

had very little effect on the botanical composition of regrowth 

and therefore only the botanical composision of the mean DM 

production for all treatments is presented in Figure 7 .  

Over the experimental period species composition, 

expressed as a percentage , of the mean grazing intensity and 

grazing duration treatment effects (Appendix 7 ) showed little 

variation due to treatment except for dead matter immediately 

following grazing. After grazing dead material formed a major 

c�mponent of DM production measurements but fell to pre-grazing 

levels 30 days later (Figure 8 ) .  Dead matter component was 

enhanced by the highest grazing intensity (Figure 8a) and the 

' 72 hour ' grazing duration (Figure eb ) .  

3. 1 . 6  Tiller Density 

Tiller counts were made on ryegrass ,  timothy, cocksfoot , 

Poa species, other grass species and rooted clover nodes. At 

each sample date analysis of variance (Appendix 8 )  was carried 

out for each spe cies along with an analysis of total sovm grass 

( ryegrass + timothy + cocksfoot ) ,  total unsown grass (Poa species 

and other grasses)  and total grass (total sown grass + total 

unsown grass )  components .  
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Figure 7 - Experiment I - Botan ical composition of regrowth 
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Clover nodes 

The treatments imposed appeared to have little effect 

upon clover nodes. Numbers decreased linearly (Figure 9a) 

regardless of treatment from a mean density of 368.7 � 27. 6 

to 1 04.0 � 3 .5  per square foot. 

Total Grass tillers 

From a mean density of 736 ± 19 .9  tillers per square 

foot prior to grazing, total grass tillers declined to a density 

of 415 � 20. 9 tillers per square foot at the final sample date. 

At both these times there was no significant difference between 

grazing intensity treatments.  The character of this decrease 

was however different between the two grazing intensities 

(Figure 9a) .  Grazing produced an immediate and marked reduction 

in tiller numbers at the high grazing intensity but not the low 

intensity, resulting in significantly fewer total grass tillers 

at the 200 cow days per acre treatment at both the second 

(p < 0. 0 1 ) and third (p < 0. 001 ) harvests. 

Total Sown Grass Species 

Unlike total grass tillers , those of the sown species 

show a continual decrease over the experimental period (Figure 

9b ) .  As with the total grass tillers the higher grazing intensity 

significantly reduced the tiller numbers , compared with the low 

intensity, at both the second (p < 0. 05 )  and third (p  < 0.01 ) 

samples .  
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The total sown grass tiller numbers are largely a 

reflection of the ryegrass component (Figure 1 0a) . Grazing 

appeared to reduce ryegrass tillers at both grazing intensities,  

the reduction being the greatest at the highest intensity. The 

difference between intensities reached significance (p� 0.05 )  

at the third sample. The reduction in tiller numbers between 

1 9  July and 1 9  August was greater at the lower grazing intensity 

to the extent that by 19  August there were fewer ryegrass 

tillers per square foot at the lower grazing intensity ( p� 0. 1 ) . 

Timothy and cocksfoot tillers formed a smaller component 

of the sown grass total ,  but both species appeared less 

influenced by grazing or grazing intensity than was the case 

with ryegrass tillers. At 1 9  June and 1 9  July, 200 cow days 

per acre gave a significant reduction in cocksfoot tiller 

density over the 1 20 cow days per acre (p.� 0. 1 ) . 

Total Unsown Grass Species 

The stability of total tiller population between 19 June 

and 1 9  July, despite reduction in the sown species was caused 

by an increase in unsown species over this period. For the 

first six weeks unsown grass tiller populations increased under 

both grazing intensities. A small non-significant difference 

between grazing intensities at the pre-grazing period became 

more marked (Figure 1 0b )  and significant on 1 9  June and 1 9  July 

(p <( 0.05 ) .  Analysis  of variance (Appendix 8 )  showed a 

significant grazing intensity x duration interaction (p<: 0. 1 )  

in sample 2, it was shown by t-test (Appendix 8 )  that the 

} 
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increase in tiller numbers at the lower grazing intensity was 

due to the ' 6  hour' and ' 72  hour' duration treatments only. 

Due to the small numbers of other grass species  in 

Experiment I all changes in unsown species are due to changes 

in � species. 

Grazing Duration 

Grazing durations appeared to have a variable and 

inconsistent effect upon tiller populations. Analysi s  of 

variance (Appendix 8 )  shows a significant grazing duration 

effect in both total grass (p c:::: 0.05 )  and sown grass species 

(p <  0. 1 )  on 19 July. The grazing duration treatment means 

for total grass species are presented in Table XIV. A t-test 

shows the ' 24 hour' treatment to have significantly fewer total 

grass tillers than the ' 6  hour' (p� 0. 1 )  and ' 72 hour' 

(p < 0.05 )  treatments. This reflects the position in the sown 

species where the ' 24 hour' treatment has fewer tillers than 

both the other two treatments ,  but significance is only reached 

between the 24 hour and 72 hour treatments (p < 0.05 ) .  The 

main component of the difference appears to be ryegrass, though 

differences were not significant in the individual species. 

L IBRARY 
MASSEY UNIVERSITY 
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TABLE XIV : Experiment I - the effect of grazing 

durations on total grass tiller populations 

( tillers/ft2 ) 

Grazing duration 6 

(hours ) 24 

7 2  

S.E. Mean + 
-

LSD ( 0 . 05 )  

3 . 1 . 7 Ground Cover 

4 June 

730 

754 

726 

34- 4 

1 08.5  

19  June 1 9  July 1 9  August 

7 1 6  640 439 
609 564 41 0 

627 688 396 

5 1 - 4  27 - 9  36. 2 

1 62. 0 87. 9  1 1 4. 1  

Table XV gives the percentage bare ground as the mean 

values for each of the treatments imposed. Analysis of variance 

results (Appendix 9 )  shows the increased bare ground under the 

200 covr days per acre compared to the 1 20 cow days per acre to 

be highly significant (p. � 0 .001 ) .  A significant differenoe 

(p < 0. 1 )  due to duration treatments is also indicated. 

TABLE XV : Experiment I - Ground cover 

Percent S.E. LSD(0.001 ) (0. 05 )  Bare-ground Mean 

Grazing intensity 1 20 1 5 . 2 1 . 1 9 7 .72  

( cow days/acre ) 200 26. 8  

Grazing duration 6 1 8. 2 

(hours ) 24 2 1 . 3  1 . 90 4. 60 

72  23. 5  
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The ' 6  hour' treatment has less bare-ground than both the 

' 72 hour' and ' 24 hour ' treatments; the difference significant 

at the 5% level in the former comparison and only reaching 

significance at the 1o% level in the latter. 

3 . 1 .8 Evenness of grazing 

Herbage rejection above the average grazing height for 

each treatment is given in Figure 1 1  and data, analysis of 

variance and t-test results in Appendix 1 0. Analysis of 

variance results show there to be significantly more rejection 

( p � 0.01 ) at the lower grazing intensity and also a significant 

difference (p  < 0. 1 )  due to grazing duration. Most rejection 

occurred in the ' 6  hour' grazing duration (Figure 1 1 )  and a 

t-test showed the difference in rejection between the ' 6  hour' 

and ' 24 hour' treatments to be significant (p < 0.05 ) .  The 

difference between ' 6  hour' and ' 72 hour' treatments just 

failed to reach . 
significance at the 1 o%  level.  

Soil Moisture 

At no stage throughout the experiment were there any 

significant differences between treatments in soil moisture 

content. Individual data and analysis of variance for each 

sample date are not therefore presented. Figure 1 2  shows the 

mean soil moisture content of all plots throughout the 

experimental period. 
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3. 1 . 1 0  Soil Bulk Density 

Analysis of variance (Appendix 1 1 )  showed no 

significant treatments effects at any of the soil layers 

tested or for the overall 0 - 9 cm depth. Results are therefore 

presented as the mean values over all treatments for each level 

measured (Table XVI ) .  Data and analysis of variance results 

appear in Appendix 1 0. 

TABLE XVI : Experiment I - Soil Bulk density 

Soil layer Density S.E. Mean + (gm/cc) 

0 - 3 cm 0. 809 0. 0079 
3 - 6 " 0. 967 0. 0001 

6 - 9 " 1 . 066 0.0067 
0 - 9 " 0. 948 0. 0058 

There was however a significant difference between 

Replicates (Reps)  (p < 0.05 )  at the 0 - 3 cm and 6 - 9 cm 

levels. t-tests (Appendix 1 1 )  show in the top 3 cm, plots 

in Rep. 2 have significantly lower bulk densities than those 

in Rep. 1 ( p -< 0.0 1 ) and Rep • .  2 (p<:' 0. 05 ) .  In the 6 - 9 cm 

level Rep. 3 has significantly lower bulk density than Rep. 2 

( p <::" 0 .001 ) and Rep. 1 ( p < 0.05 ) .  
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TABLE XVII . . Experiment I - Soil Bulk density means 

between replicates (�cc ) .  

Replicate 0-3 cm 

1 0.8 1 9  

2 0.774 

3 0.834 

LSD (0. 05)  0.043 

3. 2 Between Days 

3-6 cm 6-9 cm 0-9 cm 

0. 983 1 . 072 0 .958 

0. 973 1 . 093 0.948 

0.944 1 . 032 0. 936 

0. 039 0. 037 0. 1 00 

No significant differences were obtained in DM utilization, 

DM production, botanical analysis, soil moisture percentage or 

soil bulk density between days within either the ' 6  hour' or 

' 24 hour' durations at the two grazing intensities studied. 

Several isolated significant interactions were obtained in soil 

moisture percentages and DM production but on graphing and t-test 

analysis no trends resulted and interactions appeared meaningless. 

No. data, analysis of variance or t-test results will therefore 

be presented. The mean values over three day grazing periods 

- for all measurements are presented in Section 3. 1 .  

3 . 3  Control (cut) v' s grazed 

Heavy and light cutting intensities are termed 200 and 

1 20 cow days per acre equivalent treatments respectively, as 

these are the levels of defoliation it was attempted to simulate 
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with the cutting treatment�. In each section comparisons 

between the mean cutting and grazing effects over both 

defoliation intensities  will be dealt with, followed by a 

comparison of cutting v' s grazing within each of the defoliation 

intensity levels.  

D. M. Production 

Table XVIII presents the overall treatment means , 

differences and LSD values while the data appears in Appendix 

6-1 and analysi s  of variance results in Appendix 6-2. Results 

are presented in Figure 1 3  for defoliation treatments at the 

two grazing intensities. As no post-grazing control measurements 

were taken in Experiment I the analysis starts at day 10 .  

TABLE XVIII : Experiment I - Defoliation treatment effects 

on D. M. production (lb D. l\1./acre ) 

Defoliation Harvest (days from grazing) 
treatment 1 0  20 30 40 50 60 

Cut 8 1 3  1 047 1 1 7 1  1 26 1  1321  1 9 1 9  

Grazed 639 745 850 1 1 27 1 383 1 674 

Cut-grazed 1 74 302 321  1 34 -62 245 

LSD (0. 05 )  85· 5  56. 3  66. 4 1 00.5 83. 6 232 .5 . 

(0.001 ) 1 64. 9 1 08. 6 1 28. 1 1 93 -9  1 6 1 . 3  448. 7  

Defoliation method ( cutting v ' s grazing) produced 

highly significant effects on D.M production (p < 0. 001 ) on 

�ays 1 0; 20 and 30 and significant effects (p �  0. 05 )  on d�s 

40 and 60. In all cases cut treatments produced more DM: per 
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acre than treatments involving grazing (Table XVIII)  except 

on day 50 where there was a non-significant decrease on the 

control treatments .  The trend between cut v ' s grazed was 

similar (Figure 1 3 )  within each of the defoliation intensities. 

At ciay 1 0  and 20 the difference in mr production between plots 

cut and those grazed were more pronounced in the 1 20 cow days 

per acre intensity than in the 200 cow days per acre (Table 

XIX ) .  This difference between defoliation intensities gave 

rise to the significant intensity x defoliation treatment 

interactions shown by analysis  of variance (Appendix 6-2)  

at day 10  (p < 0. 1 )  at day 20  (p<. 0. 05 ) .  

TABLE XIX Experiment I - Difference between plots cut 

and those grazed at different defoliation 

' 1 20 

' 200 

LSD 

intensities. (lb D. M./acre ) / 

Cut-grazed Harvest (days from grazing) 

1 0  20 30 40 50 

cow days/acre ' 245 377 3 1 6  1 20 -103 

cow days/acre ' 103 227 325 1 49 -23 

(0 .05 )  1 20.8 19. 6 93. 8 1 42. 0 1 1 8. 3 

( 0. 001 ) 233. 2  153· 5 1 8 1 . 1  274- 2 228. 3 

Relative Growth Rates 

' . 

60 

307 

1 84 

297 . 8  

574. 8  

The regressions of log DM with ti�e from day 1 0  t o  day 60 

f� cut and grazed· plots are shown in Table XX. Analysis of 
' 

variance of the regression coefficients shows a highly significant 

(p < 0. 001 ) difference ;i.n relative grov-rth rate between cut and 
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grazed plots .  The cut plots in  all cases having the lowest 

coefficients but the highest constants .  As  shown in  Table XX 

the difference between cut and grazed plots was similar in 

both defoliation intensities. 

TABLE XX Experiment I - Regression log D. M. with time 

for defoliation treatments 

Defoliation intensity Cut Grazed* 

Coeff. SE+ Constant Coeff. Constant 

1 20 cow days/acre 0. 01 2 0. 002 6 .8 1  0. 0 18  

200 COW days/acre 0.0 18  0. 002 6 . 32 0. 023 

LSD+ (0 .001 ) (0. 05 )  0.0058 ( 0. 003 ) 

+ LSD values for comparison between cut and grazed 

treatments. 

* S.E. not available . 

3 . 3 . 3  Botanical Composition 

6. 41 

5 · 95 

The botanical components of DM regrowth for cut and 

grazed plots (Figure 1 4) show that unsown grasses increased their 

contribution to DM production while that of ryegrass and clover 

was decreased when plots were cut in preference to being grazed. 

When these components are expressed as percentage contribution 

(Appendix 1 2) throughout the regrowth period several points 

emerge as shown in Figure 1 5 .  
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i Ryegrass appears to be  favoured by grazing but the 

difference in percentage contribution is caused by the 

increase in unsown grasses on cut treatments rather than 

an increase in ryegrass DM production on grazed plots. 

ii Clover initially appeared favoured by grazing. 

iii ·Unsown grasses gave a larger contribution in cut than 

in grazed treatments (approximately an increase of 1 0  

percentage units at all sample dates ) . This increase 

was due to Poa species as very little ' other grass ' was 

present in any sward. 

iv The initial dead matter increase following defoliation 

is more pronounced in grazed treatments. 

Between grazing intensity treatments cut plots showed 

similar trends in botanical composition to those of grazed 

plots (Section 3. 1 . 5 ) .  In both defoliation treatments the 

initial dead matter increase following defoliation was greatest 

at the highest intensity ( in the order of 7 percentage units ) . 

The lighter defoliation intensity favoured � species in both 

cut and grazed treatments but was more pronounced in the cut 

treatment . This increase in Poa was 25% in both cut and grazed 

plots ;  the relative increase in the cut plots was however 

greater as these contained approximately 2o% Poa species to the 

grazed plots 1o%. 
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3 . 3 . 4  Tiller density 

No tiller counts were made on the control plots 

before grazing so comparisons between cutting and grazing 

treatments are made only on 1 9  June , 1 9  July and 1 9  August .  

Data, analysis  of  variance and t-test information for this 

section appears in Appendix 1 3. 

Results are presented as mean values over both intensities 

for each of the defoliation methods in Figures 16 and 1 7 .  

Clover Initially there was a significant decrease 

with grazing (p � 0. 1 )  after which little difference was 

apparent between cutting and grazing (Figure 1 6a) . 

Total Grass : There was a significantly greater number 
2 of total grass tillers per ft in plots cut rather than grazed 

(Figure 1 6a) , the difference being highly significant at all 

sample dates  ( 1 9  June , p ·< 0. 001 ; 1 9  July and 1 9  August p �  0. 01 ) .  

I t  i s  obvious from Figure 1 6b that these differences originate 

from the unsown grass species in the sward. 

Sown Grass Species Total sown grass tiller densities 

show little difference between cutting and grazing until  1 9  August 
2 when cut plots have 1 7% more tillers per ft than grazed plots.  

(Figure 1 6b ) .  The difference however was only significant at 

the 1 o%  level. The component species show a similar lack of 

reaction to cutting v ' s grazing, but as shown in Figure 20a 

timothy and ryegrass species  act in opposite direction�. 

Unsown Grass Species At all sample dates there was 

2 significantly more unsown grass species tillers per ft in 

plots that had been cut rather than grazed, due to the 
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great increase in Poa species in the cut plots (Figure 1 7b ) .  

The levels of significance reached were similar for both total 

unsown grass tillers and Poa species ( 1 9  June , p < 0. 0 1  ; 

1 9  July, p <  0. 00 1 ; 1 9  August, p <  0. 0 1 ) .  Initially there 

were also more ' other grasses '  in the cut plots. 

Within defoliation intensity the reaction of cut v ' s 

grazed paralleled that of the mean values discussed above in 

all comparisons except for ryegrass and timothy. Results 

within defoliation intensity were variable for both species 

(Table XXI ) .  Analysis  of variance (Appendix 1 3 )  shows a 

significant defoliation intensity x defoliation treatment 

effect (p <. 0. 05 )  at the second sample ( 1 9  July) in both the 

ryegrass and timothy components which are due to the cut v' s 

grazed effect being significant at the lo1v intensity only 

( p  < 0. 05 ) .  Ryegrass had a 2CYfo increase in tillers with 

cutting and timothy a 58% decrease . By the final sa�ple 

( 1 9 August ) the decrease in timothy tillers per ft2, in 

grazed compared with cut plots at the 200 cow days per acre 

intensity had reached significance at the 5% level. 

Ground Cover 

Analysis of variance of ground cover data (Appendix 1 4) 

shows the increase in bare ground when plots are grazed in 

preference to cut (Table XXII )  to be highly significant 

( p  < 0.00 1  ) .  A significant interaction between defoliation 

intensity and defoliation treatment (p < 0. 1 )  is shown by t-test 

to be due to the difference bet\-leen grazing and cutting on the 

percentage b�ro ground to be greater at 200 cow days per acre 



TABLE XXI 

Rye grass 

Timothy 

TABLE XXII 

Experiment I - The effect of defo l i at i on treatment on rycurass and t imothy 
tiller populations 

1 20 cow days per acre 200 cow days pe r acre 
Date grazed cut grazed-cut grazed cut grazed-cut 

1 9  June 306 27 2 34 257 325 -68 

1 9  July 300 360 -60 238 2 1 7  2 1  

1 9  August 1 42 1 6B -26 182  1 44 38 

1 9  June 1 41 1 25 1 6  1 03 96 1 
1 9  July 78 32 45 74 85 -1 1 

1 9  August 70 1 1 5 -45 7 2  1 36 -64 

Experiment I - The effect of defo l i at i on treatment on B;round cover 

(% bare ground ) 

Treatment Mean 1 20 cow days/acre 200 cow days/acre 

grazed 21 . 2  1 5 . 3 27 . o  

cut 9 · 1  6 . 7  1 2. 7  
- - - - - - - -

S. E.  mean + 0.83 1 . 18 

LSD ( 0 . 05 )  6 . 75 

(0 .001 ) 6 . 99 

LSD 0. 05 

99· 1 

55 · 4  

76. 0 

6 1 . 7  

3 1 . 2  

57 . 2  

_. 
_. 

-..l 
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Soil :Moisture 

Soil moisture figures are presented for control and 

for grazed treatments in Figure 1 8b .  Individual plot data and 

analysis  of variance for each sampling date appear in Appendix 1 5 .  

No individual soil moisture determinations were made 

on the control plots on the 9 June (pre-grazing) as it was 

assumed the overall mean for all plots within the paddock would 

represent that for all plots including the controls. As shown 

in Figure 1 8b the grazed plots had consistently lower soil moi sture 

values than the cut plots.  Analysis of variance showed this 

difference to be significant on 23 June (p <:::" 0.0 1 ) and 2 1  July 

(p ...::::::: 0. 05 ) .  Cutting and grazing treatments had similar effects 

within each defoliation intensity treatment and when graphed 

simply reflected the mean cut and grazed values (Figure 1 8b ) .  

The greatest difference between defoliation intensities in soil 

moisture was only 1 . 2  percentage units on 23 June (Figure 18a) • 

. 

Although small ,  this difference reached significance at the 5% 

level. 

Soil Bulk Density 

Control samples for bulk density determination were 

not taken from the cut areas but from areas of undisturbed 

pasture . In the analysis of variance the control v ' s grazed 

mean square was tested against the Rep x cutting treatment 

interaction. Differences between treatments  in soil bulk 

densities were small (Table XXIII ) . Analysis of variance 

(Appendix 1 6 )  shows there to be a significant (p� 0. 1 )  
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treatment effect in the 6 - 9 cm layer where the grazed plots 

have a higher bulk density than those not grazed, though the 

difference is small (0.037 gm/cc) . 

TABLE .XXI I I  

Grazed 

cut 

Experiment I - Defoliation treatment effect 
upon Soil bulk density (gm/cc ) 

Soil layer ( cm ) 
0 - 3 3 - 6 6 - 9 0 - 9 

0 .809 0. 967 1 . 066 0. 941 
0. 808 0. 852  1 . 029 0. 897 

- - - - - - - - - - - - - - - - - - - - - - - - - - -

grazed-cut 0. 001 o. 1 1 5 0. 037 0 .050 

LSD (0. 05 )  0. 1 32 0. 46 1  0. 046 0. 1 86 

SE Mean .:t 0. 022 0. 076 0. 008 0. 031 



4. 1 

4. 1 . 1 

C H A P T E R  rJ' 

RESULTS - EXPERH:ENT II 

Grazing intensity v' s grazing duration 

Cow Weights 

The mean weight of the nine cows allocated to each 

experimental treatment are presented in Table XXrJ' and data 

and analysis of variance in Appendix 4. 

TABLE XXrJ' : Experiment II - Cow weights ( lbs li ve1.,reight ) 

Grazing 
Durations 
(hours ) 
S .E. Mean + 

6 
24 
72 

Grazing Intensity 
1 20 

(Cow days/ acre ) 
200 

802. 6 
821 . 5  
798. 7 

1 1 . 75 

The analysis  of variance indicated no significant differences 

in the average weight of cows between experimental treatments 

but it did show a significant difference (p < 0.05 )  due to 

allocation between replicates. On average the cows allocated 

to Rep .  1 were 25 lb and 34 lb lighter than those allocated to 

Rep 3 and Rep 2 respectively; these differences being shown 

to be significant at the 1 Q%  level for the smaller weight 

difference and at the 5% level for the 34 lb weight difference . 
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4. 1 .  2 D. M. Utilization and Intake 

The average intake per cow per day during Experiment 

II was 6. 60 ± O. 25 lb D.l-1. Daily intake per cow and percentage 

utilisation results for each grazing intensity and duration are 

presented in Table XXV . Data and analysis  of variance information 

appears in Appendix 1 7 .  

TABLE XXY Experiment II - Daily D. M. intake and 

percentage utilization 

Intake ( lbs D. M./  Percent 

cow/day Utilization 

Grazing intensity 1 20 8.54 63. 7 
( Cow days/acre ) 200 4· 67 60. 8  

S.E. 1·!ean + 0. 352 2. 34 
LSD (0. 05)  1 . 1 34 8 .54  

Grazing duration 6 5 · 85 58· 4 
(hours ) 24 7 · 41 65 . 6  

72  6 .55 62. 8 

S.E. Mean + 0. 43 1  2 .86 
LSD ( 0. 05 )  1 . 39 1 0. 46 

The 45 . 3% reduction in intake per cow per day with the increase 

in grazing intensity from 1 20 to 200 cow days per acre was 

highly significant (p <. 0. 001 ) .  Analysis of variance also 

showed a significant (p < 0. 1 )  duration effect which i s  shown 

by t-test to be due to the cows on the '24 hour' treatments 

having a significantly ( p
. 

< 0. 05 ) higher DM intake than those 

on the ' 6  hour' treatment. 
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Difference in percentage utilization between treatments 

were non significant , the greatest difference present was that 

between the ' 6  hour' and ' 24 hour' durations of 7 . 2 percentage 

units. 

4· 1 . 3 D. 1-1. Production 

Results for each grazing duration at the two grazing 

intensities studied are presented in Figure 1 9. The mean values 

for grazing intensity and grazing duration effects are given 

in Table XXVI with data, analysis of variance and t-test 

results in Appendix 1 8-1 , 1 8-2 and 1 8-3 respectively. 

Analysis of variance of comparisons over the three 

durations and two grazing intensities were analysed in a 

combined analysis with grazing techniques ,  as had also been 

done in Experiment I .  

Significant results shown by analysis of  variance of 

D!i! data for each harvest are summarised in Table XXVII. t-test 

results show that the significant grazing duration effect in 

the pre-grazing harvest is due to the ' 24 hour' treatment having 

significantly more DM per. acre than the ' 6  hour' treatment 

(p < 0.05 ) .  

The difference amounted to 226 lb DM per acre or 

expressed as a percentage the cows on the ' 24 hour ' treatments 

had 1 5 . 6% more DM available to them than those on the ' 6  hour' 

treatment . 



TABLE XXVI Experiment II  - D. M. Product ion (lbs D. M./acre ) 

Harvest (days from grazing )  

Pre- Post- 1 0  20 30 40 50 

Grazing intensi ty 1 20 1 602 576 . 3  596 .4  1 007 1 485 2 1 40 3097 
( cow days/acre ) 200 1 5 1 6  582. 0 476. 1 805 · 4  1 1 95 1 733 2495 

Diff. 1 20 - 200 86 -5 · 7  1 20. 3 201 . 6  290 407 602 
LSD (0 .00 1 ) 331 . 0  1 27. 2 95 . 6  1 49 · 4  1 99 · 7  389 · 4  500. 1 

S . E. Mean + 46. 2  21 . 7  1 6. 3  25 - 5  34. 1 66. 6  85 . 4  

Grazing durati ons 6 1 445 592. 7 62 1 . 8  993. 2 1 384 1 947 2787 
(hours ) 24 1 67 1  566 . 3 49 1 . 3  854.8 1 248 187 2  282 1  

7 2  1 560 578.5  495· 7  87 1 .0 1 388 1 99 1  278 1  

L�D (0 .05 )  1 7 1 · 5 80. 7  60. 7  94. 8 1 20.5 247 . 1 3 1 4· 9  
S.E.  Mean + 56. 6 26 . 6  20. 0 3 1 . 2  41 . 8  8 1 . 5  1 04. 6 

_,. 
1\) .p. 



TABLE XXVII Experiment II - D. J.I . Production, Signifi cant re sults due 

�a�ing intensity and grazing duration. 

Harvest ( days from grazi ng) 
Pre- Post 1 0  20 30 40 50 

Grazing intensi ty n. s .  * *** *** *** *** *** 

Grazing durat ion * n. s .  *** * + n. s.  n . s . 

Interaction n. s .  n. s .  ** ** *** n. s .  + 

Repli cate * * * n.  s.  n. s .  + + 

TABLE XXVIII Experiment II - Difference in D.M.  production (lbs/acre ) 

betHeen s:razinB: intensities  � 1 20 cow daJ:S E_er acre -

200 coH days per acre ) .  

-

Harvest (days from grazing) 

Post 1 0  20 30 40 50 
- -

Grazing 6 20. 7 1 2 1 .  7** 234. J** 294** 325* 594* 
duration 24 62.0 233 . 3***377 . 0*** 576*** 68 1 *** 1 007* ** 

( hours ) 7 2  -99. 6+ 6 . 0  -6. 0 0 21 3 202 

_. 

1\) 
V1 



3500 

2500 

Q) ..... 
(.) C1J 
..... Q) 0. 2000 

::2: 
0 
V'l 

.0 

"0 
1 500 

Q) 
): 

1 000 

500 

-o--o- 6 hour  
* * 24 hour 
e e 72 hou r ! S. E .  mean 

0 1 0  20 30 40 

Days from graz ing 

1 26 

I 
1 20 cow days 

per acre 

200 cow days 

per acre 

50 

F igure 1 9  -- Experiment 1 1  - The effect of grazing duration and grazi ng i ntensity on 

D.M.  production 



1 27 

Grazing Intensity 

Table XXVII indi cates highly significant (p < 0.001 ) 

grazing intensity effects at all regrowth harvests but not the 

post-grazing harvest. The significant difference in the post­

grazing harvest i s  due to the cut plots only (Section 4. 3. 1 ) , 

the difference of  5 · 7  lb DM per acre between the grazing 

intensity treatments i s  non-significant. 

The different response in D:r.l production between 1 20 

and 200 cow days per acre intensities within each of the three 

durations studied gives rise to intensity x duration interactions 

at harvests from days 1 0, 20 , 30 and 50. This interaction is  

shown graphi cally in  Figure 1 9  and the differences between 

intensities within grazing durations are presented in Table 

XXVIII with the levels of significance reached for each comparison. 

The higher grazing intensity is shown to cause a highly significant 

reduction in DM (p < 0.001 ) in  the ' 24 hour' duration treatment 

tnroughout the regrowth period; to be highly significant in 

the 16 hour' treatment early in the regrowth period; and to 

have no significant effect in the ' 72 hour' treatment at any 

time during the regrowth period. 

Grazing Duration 

As a result of the interaction between grazing intensity 

and grazing duration at most harvest dates,  grazing durations 

will be studied within grazing intensities. In each grazing 

intensity there was one grazing duration treatment inferior to 

both the other treatments.  Figure 19  shows this to be the 
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'72  hour' duration at the lowest intensity and the ' 24 hour ' 

d�ration at the highest ; Table XXIX gives the reduction in 

D. M. per acre of these two treatments from the other durations 

studied, with the level of significance reached for each 

comparison. 

The comparisons presented in Table XXIX tend to lose 

statistical s ignificance as regrowth proceeds.  Significant 

differences between grazing durations , other than those given 

in Table XXIX occurred only twice , when the ' 6  hour' treatment 

produced more DM per acre than the ' 24 hour' treatment (p < 0. 1 )  

at the low grazing intensity on day 1 0 ,  and the ' 72 hour ' more 

than the ' 6  hour' (p < 0. 1 )  at the high grazing intensity on 

day 30. 

Replicates 

Mean DM per acre figures t·or each replicate · are presented 

in Table XXX and t-tests on the significant results shown in 

Table XXVII appear in Appendix 1tl-3. 

Prior to grazing plots in Replicate 1 had 5 1 4  lb and 

303 lb DN per acre more than Replicate 2 and Replicate 3 respectively 

(p �0. 001 in each case ) . The difference between Replicates 2 

and 3 was also highly significant (p < 0.01  ) .  

The significant results immediately after grazing were 

due to significantly lower DM per acre (p �0.01 ) on Replicate 

3 than the remaining two at both post-grazing and day 1 0  harvests. 

Significance at later harvests was caused by the DM in Replicate 

3 being greater than Replicate 2 (p � 0.05 )  at day 40 and both 

Replicates 1 and 2 (p < 0. 05 )  at day 50. 



TABLE XXIX Experiment II - Diff"erence in Df.l production (lbs/acre) between 

grazing durat ions within grazinf, intensities  

Grazing Comparisons Harve st (Days from grazing) 

intensity ( Durations ) Post- 1 0  20 30 40 50 

1 20 cow 6 - 72  14 186*** 242** 1 43+ 1 1  200 

days/acre 24 - 72  68 1 1 1 ** 1 75* 1 48+ 1 1 4 440+ 

200 cow 6 - 24 . 41 1 86*** 21 0*"* 277** 253 1 73 

days/acre 72  - 24 93 1 1 8** 208** 428*** 354+ 362 

TABLE XXX . �riment II - Mean DJ.! :e_roductio��li cate (lb DM :2er acre ) . 

Harvest (Days from grazing) 

Pre- Post- 1 0  20 30 40 50 

Replicate 1 1 966 605 522 1 021 153 1  1 996 2798 
2 1 452  621 555 100 1  1 422 1 897 2794 
3 1 663 533 49 1 946 1 466 

..... 
2 1 33 3090 1"\) "' 

SE Mean + 49. 0  23. 1 1 7 . 3 27 . 1  36 . 2  70. 6 90. 6 

LSD (0. 05 )  1 48 .6  69. 9 52. 6 82. 1 109 . 8  2 1 4. 1 274.8 



1 20 C ow day s/ac r  72 hours 

200 C ow day s/ac re - 24 hou� s 
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200 C o w  days/acre - 24 hours 

Day 2 

200 Cow days/ac re - 24 h ours 

Day 3 

P late III - Experime nt II - Photos taken t wo days a ft e r  grazing. 



1 20 c ow days/ac�e  - 6 hours 1 20 cow days/ac re - 24 hours 

200 cow days/acre - 6 hours 200 c ow day s/ac re - 24 hours 

Plate IV - Experiment II  - P lot s Graz e d  on Day 1 .  



Experiment II -
TABLE XXXI Regre ssion Log D. M. \>Ti th t ime for Grazing Durat ion and Grazing 

Intensity treatments 

1 20 covT days per acre 200 cow days per acre 
Coeff. S . E. * Constant Coeff.  S .E. * 

Duration 6 0. 037 0. 002 6. 21  0. 037 0.001  

(hours ) 24 0.042 0. 001 6 . 06 0. 046 0 .00 1  

72 0. 043 0. 002 5 ·85 0. 041 0 . 003 

Lsn + (o. oo1 ) (0. 05 ) 0. 0096 ( 0. 005 )  

* S .E. are based on the deviations of mean value s  about 

fitted regressions. 

+ LSD values for comparison of coeffi ci ents 

Constant 

5 · 99 
5 . 48 
5 . 87 

_, 
VJ 0 
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4. 1 . 4  Relative Growth Rates 

Coefficients and constants for the regression of log 

DM with time for each grazing intensity treatments are presented 

in Table XXXI.  Analysis of  variance of  the regression coeffi cients  

is  given in  Appendix 1 8-4. 

The analysis showed highly significant ( p  < 0.01 ) 

differences in relative growth rate ,  over the period 1 0  days to 

50 days , between grazing durations. t-tests (Appendix 1 8-4) 

show the ' 6  hour ' treatment to have a signifi cantly slower growth 

rate than both the ' 24 hour ' ( p < 0. 001 ) and ' 7 2 hour ' (p < 0. 0 1 ) 

treatments. Grazing intensity has a much smaller effe ct on b 

values in comparison to grazing durations (Table XXXI ) .  

4. 1 . 5  Botani cal Composit ion 

Graphing the regrowth of individual treatments in terms 

of individual components showed no trend in botanical composition 

between treatments .  Figure 20 gives the mean effect over all 

treatments. The composition of each 100 lb DJII for the mean of 

grazing intensity and grazing durations were calculated at each 

analysi s  date (Appendix 1 9 )  and those species showing trends due 

to treatment presented in Figure 2 1 . Total so'fm grass species 

reflect directly the changes in ryegrass . Virtually all species 

s�d a relative decline immediately following grazing because of 

the increased dead material present parti cularly at the high 

grazing intensity. Grazing duration appeared to affect the 

ryegrass and clover components ,  with the ' 24 hour '  duration 

treatment encouraging ryegrass at the expense of clover. At 

no stage however did the differences presented reach major 

proportions. 
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4. 1 . 6  Tiller Density 

Analysis  of variance (Appendix 20) showed that both 

grazing intensity and grazing durations frequently affected 

tiller populations and so individual species will  be covered 

under these treatments.  

( i )  Grazing Intensity 

Clover nodes Clover node populations decreased 

from 1 57 + 8. 1 6  per ft2 on 8 August to 78 + 4;9 per ft2 on - . -

6 October. Grazing intensity had little effect upon this 

movement (Figure 22 a ) , with differences between the two 

intensities being greater on 8 August than at any stage following 

grazing. 

Total Grass tillers Total grass tiller numbers 
2 2 fell from 538. 5 i 1 9 . 4 per ft to 266 . 4 i 1 2 . 0  per ft over the 

course of the experiment (Figure 22� ) .  Initial reduction following 

grazing was greatest in the 200 COi-l days per acre treatment with 
2 the difference of 79. 9  tillers per ft between the intensities 

reaching significance at the 1 o%  level (p < 0. 1 ) .  

Total Sown Grass Species Total grass tiller populations 

are on the whole a reflection of those of the soim grass species 

(Figure 22b ) .  I n  the sown grass species the reduction in 

population at the highest grazing intensity was significant on 

24 August (p < 0.05 ) and 1 5 September (p <. 0. 1 )  when the reduction 

2 was 89. 2 and 30. 4 tillers per ft respectively. 
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Within the component species (Figure 23a) , the total 

i s  a reflection of the ryegrass component . The difference (64. 0 

t illers per ft2 ) between intensities in the ryegrass component 

on 24 August approached significance at the 5% level, being 

signifi cant at the 1 aJo level (p < 0. 1 ) . Grazing intensity 

appeared to have no direct influence upon the tiller populations 

of either timothy or cocksfoot . 

Total Unsown Grass Species  Grazing resulted in  an 

immediate reduction in unsoNn grass ti ller populations (Figure 

22b ) . The difference between grazing intensities was confused 

by significant intensity effects in Poa and total unsm-m tiller 

numbers prior to grazing. The 200 cow days per acre treatment 

having 58. 1 total uns�grass and 39. 3 Poa tillers more per ft2 

than the 1 20 cow days per acre treatment. Individual grazing 

intensities appeared not to have any long term affect upon the 

unsown grass tiller populations (Figure 23b ) . 

(ii ) Grazing Duration 

Clover nodes : Following grazing, grazing duration 

appeared to have a greater effect upon clover densities (Figure 

24a) than had grazing intensity (Figure 22a) . Clover populations 

were reduced with grazing at the ' 24 hour' duration greater than 

both the ' 6  hour' and ' 7 2  hour' treatments (p ..::::: 0 . 05 ) . Over the 

regrowth period conditions in the ' 7 2  hour' treatment favoured 

clover populations with the ' 72 hour' duration having significantly 

more clover nodes per ft
2 

on the 1 5  September than both the ' 6  

hour' and ' 24 hour' treatments (p <  0. 00 1 ) and on 6 October 

significantly more than the ' 24 hour' treatment only (R  < 0.05 ) . 
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Analysis of variance (Appendix 20) shows a significant (p � 0. 05 ) 

duration x intensity interaction on 15  September caused by the 

' 6  hour' treatment having significantly more clover nodes per 

ft
2 

than the ' 24 hour' (p <:  0. 01 ) in the 200 cow days per acre 

treatment but at 1 20 cow days per acre the ' 24 hour' vras slightly 

better performed.  The interaction however was small compared to 

the overall superiority of the 72 hour duration at both grazing 

intensities at this time . 

Total Grass Tillers : The ' 24 hour' duration had 

greater effect on grass populations than either the ' 6  hour' or· 

the ' 72 hour' durations (Figure 24a) ; the differences bet-vreen 

durations at each sample data are summarized in Table XXXI I .  

TABLE XXXI I  

Comparison 

6 24 

7 2  24 

LSD (0.05 ) 

Experiment II - Grazing duration effects on 

total grass tiller populations 

Sample Date 

8 August 24 August 1 5  Sept . 6 Oct. 

43 . 2  1 37.  2* 86.7* 66 . 4* 

3 1 . 8  1 05 . 4+ 69. 7* 37 - 5  

1 05 . 2  1 24.5 93- 5  65 . 6  

Tiller densities in the ' 24 hour' duration treatments are the 

lowest of all duration treatments in both total sown and unsown 

grass spe cies and all their respective component species 

(Figures 24b,  25a and 25b ) . 
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Total Sown Grass Species The decrease due to the 

' 24 hour' treatment (Figure 24b ) almost reached significance at 

the 5% level on 24 August and by the 1 5  September the difference 

was significant (p <:: 0. 05 ) over both other duration treatments.  

At the final harvest the differences between duration treatments 

were no longer significant . 

Trends in total sown grass species are a reflection of 

the ryegrass component , though all species show a decrease over 

the experimental period and a similar ranking between duration 

treatments.  Differences due to duration treatments did not 

reach signifi cance in the individual component species. 

Total Unsown Grass Species  . 
. Total unsovm grass 

(Figure 24b ) ,  Poa and ' other grasses ' (Figure 25b ) tiller 

populations all show a similar ranking between duration treatments .  

The ' 6  hour ' having more tillers per f"t
2 

than the ' 7 2  hour ' 

which in turn had more than the ' 24 hour' treatment . At the 

final sample (6 October) the ' 7 2  hour ' treatment has the 

highest population of these components.  At no stage do the 

differences in the individual components or the total unsown 

species component reach significance . To avoid confusion, due 

to overlapping values, total unsown tiller populations are not 

graphed in Figure 25b. 

4. 1 . 7 Soil Moisture 

The mean soil moisture measurement at each sample date 

over all treatments are given in Figure 1 2. Analysis of variance 

of data at each harvest date shmved no significant treatment 
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effects except for a significant duration effect (p < o. 1 )  at 

the last sample date. A t-test on duration means at this harvest 

showed the ' 7 2  hour' treatment to have a significantly higher 

soil moisture content than the 1 6  hour' (p < 0. 1 ) and the ' 24 

hour' ( p < 0. 05 ) treatments. Inspection of the data found the 

difference due to one abnormally high value for one plot in the 

' 7 2 hour' treatment . Data and analysis  of variance results are 

not presented. 

4. 1 .8 Soil Bulk Density 

From Table XXXIII it can be seen that at all depths 

higher bulk densities were achieved under the higher grazing 

intensity. Analysis of variance (Appendix 2 1 ) showed this 

difference 1to be significant in the 0 - 3 cm (p �  0. 05 ) , 3 - 6 

cm (p < 0. 1 ) and the overall 0 - 9 cm (p < 0 .05 ) layers. 

TABLE XXXIII Experiment II - Grazing Intens i ty and Grazing., 

duration effects upon soil bulk density (gm/cc ) 

Soil Level (cm ) 
0 - 3 3 - 6 6 - 9 0 - 9 

Grazing intensity 1 20 0. 885 1 . 099 1 . o87 1 . 024 

( cow days/acre ) 200 0. 922 1 . 1 30 1 . 107 1 . 053 

SE mean + 0.0 1 1 0 . 0 1 0  0 .0 1 1 0 . 008 

LSD (0 .05 ) 0 .034 0. 033 0 .034 0. 026 

Grazing duration 6 0 .890 1 . 1 09 1 .  1 1 1  1 . 037 

(hours ) 24 0. 937 1 . 1 23 1 . 094 1 .  052 

72  0.885 1 .  1 1 2  1 . 086 1 . 028 

SE mean ± 0. 0 1 3  0. 0 1 3  0. 01 3 0 .0 1 0  

.LSD (0 . 05 ) 0 . 041 0. 040 0. 041 0 . 033 
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Grazing duration had less affect upon the soil bulk 

density; only in the 0 - 3 cm layer did analysis of variance 

show a significant duration effect (p < 0 .05 ) .  A t-test showed 

this was due to the ' 24 hour' treatment having significantly 

greater compaction than both the ' 6  hour' and ' 7 2 hour' treatments 

(p <( 0. 05 ) .  

4- 2 

4· 2 . 1 

Beh-1een Days 

D. M. Utilization and intake 

D. M. intake per cow per day and percentage uti lization 

of available D!rl are presented in Figures 26a and 26b respectively. 

In all treatments DH intake per coH is increased in Days 2 and 3 

compared to intake in Day 1 (Figure 26a) . The average increase 

in .intake in comparison with Day 1 was 1 3 . 2%  in the 1 20 cow days 

per acre intensity and 1 0. 3% in the 200 cow days per acre intensity. 

Analysis of variance (Appendix 22) fails  to show any significant 

differences between daily intakes within treatments. 

Percentage utilization presents a somewhat similar trend 

to that of daily intake , values are lower in Day 1 than Day 2 and 

3 at both grazing intensities.  In the 1 20 cow days per acre 

treatment utilization is greater in Day 2 than either Day 1 or  

Day 3 (Figure 26b ) .  Analysis at variance (Appendix 22 ) however 

shows no significant differences in percentage utilization between 

days. 

4. 2 . 2 D. J.I. Production 

The mean DM yields over all treatments for each day are 

presented in Table XXXIV. As shown, regrowth from plots grazed 
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on Day 1 was below other plots at all s tages,  this difference 

often reaching significance . The only other significant 

between day effect -vras at 20 days where regrov1th from Day 2 

plots was shown to be significantly greater than Day 3 plots 

(p �  0. 001 ) . Analysis of variance and t-tests (Appendix 23 ) 

also shows signifi cant duration x day (p < 0. 05 ) and duration 

x intensity x day (p  < 0.01 ) interactions at the harvest 20 days 

following grazing. 

TABLE XXXIV Experiment II - D. H. production, between days 

Harvest (Days from grazing) 
0 1 0  20 30 40 50 

�ay 1 632 527 8 1 0  1 262 1 868 2562 
" 2 5 1 9  575 1 060 1 325 1 9 15 2962 
" 3 588 568 903 1 361  1 944 2888 

SE Mean + 30. 5 2 1 . 0  1 6 . 3  33. 9 39. 2  64. 4 

LSD ( o. o5 ) 1 1 2. 0  77. 1 60. 0 1 24- 5 1 43 .8  236. 3 

D. :M. production for each day at both grazing intensities 

for the ' 6  hour' duration (Figure 27 ) and ' 24 hour' duration 

treatments (Figure 28 ) show that grazing intensity has a greater 

effect on regrowth than has either grazing duration or environmental 

conditions between days. Grazing duration had little effect at 

1 20 CO\i days per acre but when grazed at 200 cov1 days per acre 

regrowth is  restricted when grazing duration is increased from 

' 6  hours ' to ' 24 hours ' . Both intensity and duration effects 

are confirmed by data in Table XXVII and Table XXVIII (Section 
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Between days the only difference in Figures 27 and 28 

is the inferiority of Day 1 which appears to increase as 

intensity moves from 1 20 to 200 cov1 days per acre and duration 

from ' 6  hours ' to ' 24 hours ' .  The three way interaction at 

harvest day 20 can be seen in Figures 27 and 28 to be due to 

regrowth in Day 1 being le ss than Day 3 in both grazing 

intensities but significant at the 24 hour duration only 

(p .::::: 0 .05 and p < 0.0 1 ) for 200 and 1 20 cov1 days per acre 

respectively • The duration x day effect is the result of the 

significant decrease in Day 1 over Day 3 in the ' 6  hour' treatment 

at the low intensity adding to the ' 24 hour' non significant 

increase, to produce over both durations a non-significant result .  

This  does not o ccur at 200 cow days per acre . 

4. 2 . 3 Relative Grm.;th rates  

Table XXXV gives the b values and constants for the 

regression log Di¥1 with time for each of the ' 24 hour' and ' 6  hour' 

durations for each of the three days. Analysis of variance 

(Appendix 23 ) shows no signifi cant difference between days within 

treatments or any day x treatment interactions. The greatest 

difference between days appears to' be in the 200 cow days per 

acre intensity for the ' 24 hour' duration (Table XXXV ) but 

differences still fail to reach significance at the 5% level. 
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TAB LE Y.:J:f:V 

Graz i ng 

Exo e r i me n t II -
Rearc s s i o n  lo5 D . N .  w i t h  t i me fo r b e tw e e n  day comparisons 

Graz i ng durat i on 

int ens ity ' 6  hou r '  ' 24 hou r '  

b SE + * Constant b SE + * C onstant 

1 20 cow Day 1 0. 037 0.00 1  6. 1 7  0 . 037 0. 002 5 · 95 

days/acre 2 0. 034 0. 003 6 . 3 2  0. 037 0. 003 6 . 02 

3 0 . 038 0 . 00 1  6 . 1 3  0 . 038 0 . 00 1  6. 00 

200 cow Day 1 0 . 041 0 . 003 5 . 00 0. 048 0. 00 1  5 · 24 

days/acre 2 0. 042 0 . 002 6 . 04 0 . 043 0. 004 5 · 69 

3 0 . 041 0 . 002  6. 1 1  0 . 046 0. 00 1  5 · 5 1  
-

LSD+ ( 0. 05 )  0. 0062 

* SE based on the devi a t i ons of mean valu e s  ab out fi tted regre s s i o ns 

+ LSD values for compari son o f  b values . 
...... 

� 
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Botanical Comuosition 

The botanical composition of D11I regrowth is represented 

pi ctorially in Figures 29 and 30. No noticeable trends are 

apparent between days within any treatment . Graphing the 

percentage occurrence of each component of each sample date 

showed no movement between days of major proportions in any 

species except ryegrass .  Ryegrass and total grass proportions 

within each treatment are shown in Figure 31 and percentage 

composition data in Appendix 24. 

Following grazing the percentage contribution of ryegrass 

dropped from pre-grazing levels  mainly as a result of dead matter 

increasing from 6% to 1 3% over the same period. Differences 

between days in ryegrass contribution occur ir.mediately after 

grazing and this is  due to an absolute decrease in ryegrass 

production rather than an increase in any other component . Although 

overall DM production differences at day 1 0 , beh,reen days , were 

not significant (Table XXXIV)  analysi s  of variance (Appendix 24) 

shows ryegrass production on Day 1 to be significantly less than 

Day 2 (p < 0. 05 )  but not Day 3 .  The most noticeable item in Figure 

3 1  is the decrease in the percentage contribution to DM yield of 

ryegrass in Day 1 as compared to Day 2 and Day 3 at the later 

stages of regrowth. This  effect being present in all treatments .  

Analysis of variance of total D11 production ( Section 4 ·  2 .  2 )  

found production i n  Day 2 and Day 3 t o  b e  signifi cantly greater 

than that from Day 1 plots at the final regrowth harvest ( p <: 0. 0 1 ) .  

Analysis  of variance of individual components (Appendix 24) only 

shows between day differences in ryegrass and total sown grass .  
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Ryegrass production on Day 1 being significantly less than Day 

2 (p < 0. 001 ) and Day 3 ( p 0::::: 0. 0 1 ) with a similar significance 

reflected in the total sovm spe cies analysis .  The difference 

in DM yie ld of ryegrass between Day 1 and the average effect 

of Days 2 and Day 3 at this final harvest is 37 1 lb DM per acre 

which is slightly greater than the same comparison in total DM 

production (363 lb DI-1 per acre ) .  The decrease in ryegrass 

percentage in Day 1 is due to a decrease in ryegrass production 

therefore rather than to increases  in any other component. 

Tiller Density 

Only those species shol'ling significant between day or 

day x treatment interactions will be investigated in this section. 

The differences betl'leen intensi ties and durations over the mean 

values have been dealt with in Section 4. 6 . 1 .  The large quantity 

of  data available in this section makes interpretation of results 

difficult and to make presentation orderly only the major components 

clover, total grass , total sovm grass and total unsown grass will 

be covered. Results are presented in Figures 32, 33, 34 and 35 

while data, analysis of variance and t - tests appear in Appendix 

25 . Analysis  of variance shovls significant day x treatment 

interactions so consequently results are presented for individual 

treatments .  

Clover 

Analysis of variance fails to show any between day 

differences in clover populations over the regrowth period. 

This is confirmed when the rooted node densities· are graphed for 
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individual treatments for each of the three days (Figure 32 ) . 

Total grass 

Figure 33 shows each treatment over the three day 

experimental period. There were no differences between days 

prior to grazing though tiller numbers on Day 2 and Day 3 in the 

200 cow days per acre - 6 hour treatment were higher than most 

other treatments .  On 24 August results ,  analysis of variance 

shows signifi cant day (p � 0. 1 )  and day x grazing intensity 

interaction (p� 0. 1 ) . The overall mean day difference i s  caused 

by Day 1 havinB signifi cantly fewer tillers than Day 3 plots 

(p � 0 .05 ) .  vli thin grazing intensity however differences were 

only present at the high intensity where Day 1 had significantly 

fewer tillers than both Day 2 (p < 0 .0 1 ) and Day 3 (p <. 0. 05 ) .  

This appears real in the '24 hour' treatment (Figure 33d) but 

the ' 6  hour ' treatment (Figure 33c) is confused by the reiatively 

low value on Day 1 plots prior to grazing. 

On 15 September, Day 1 plots at the high grazing intensity, 

2 still had significantly fewer tillers per ft than both Day 2 

( p < 0. 01 ) and Day 3 (p < 0. 1 ) . A signifi cant day x grazing 

intensity x grazing duration interaction (p .:::::::. 0. 1 )  can be a:ttributed 

to two effects ;  the difference between Day 1 and Day 2 at the 

high grazing intensity being greater in the ' 6  hour' than the 

' 24 hour' durations and at the low intensity rlhere Day 3 gives 

highest tiller density at ' 6  hours ' but the lov;est at ' 24 hours ' . 

As a result of this interaction, in the ' 6  hour' duration at the 

lov;er grazing intensity (Figure 33a) , Day 3 has significantly 

more tillers than both Day 1 (p .C::. O. 1 )  and Day 2 (p < 0 .  05 ) .  



Figure 32 - Experiment 1 1  - Between day comparison of clover node popu lations 
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By the final sample tiller numbers between days within 

treatments did not differ significantly; as shown in Figure 3 3  

the differences between days o n  6 October were smaller than those 

present before grazing. 

Total Sown Species 

Between day effe cts ,  differed more due to grazing intensity 

than grazing duration treatments (Figure 34) . Few differences 

between days were found at the low grazing intensity except 

i rnrnodiat o ly uftor rsraz i n(j ( 2;1. Auguo 'L ) Hhcn Day 3 h.::W. u i r.;nifi cun't ly 

more tillers than Day 2 (p ...:::::: 0. 05 ) . At 200 coH days per acre 

following grazing Day plots had signifi cantly fev1er tillers than 

Day 2 (p � 0. 05 ) and Day 3 (p .<::: 0. 1 ) and at the next sample 

( 1 5 September ) Day 2 had significantly more tillers than both 

other days (p ...::::: 0 .05 ) (Figure 34 c and d ) . 

A significant day x duration x intensity interaction 

(p � 0. 1 ) on 1 5  September was due to the same factors as caused 

a similar interaction in the total grass species.  

Ryegrass tiller populations follow closely that outlined 

for total s ovm grass though the same levels of significance were 

seldom reached in the component species. Timothy and cocksfoot 

populations did not always react in a similar manner to the ryegrass 

2 population but the differences involved in tillers per ft between 

days within these minor components were small in comparison to the 

total tiller populations present .  

Total Unsmm grass spe cies  

The high initial value for Day 2 and Day 3 total grass 

t i ller populations in the 200 co1v days per a cre - 6 hour 
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duration treatment (Figure 33c) are due to the unsmm grass 

tillers in the sward (Figure 35c) . A significant day x duration 

interaction (p  < 0. 1 )  before grazing is due to Day 2 and Day 3 
2 having significantly more tillers per ft in the 1 6  hour ' 

duration (p� 0. 05 )  but not the 1 24 hour ' duration. 

Analysis of variance of results  over the regrowth period 

shows greater differences between days due to duration than to  

grazing intensity. These show that in  the ' 6 hour ' treatments 

Day 1 Nas belm'l the remaining days at most sampling dates. Table 

XXXVI shows the difference between Day 1 and Days 2 and 3 in the 

mean ' 6  hour' grazing duration treatment . The differences existing 

prior to grazing i s  in most cases larger than that after grazing 

making it impossible to say whether any real effects took place 

in the unso•m species due to grazing duration. 

TABLE XXXVI Betv1een da;z differences in unsown grass tiller 

EOEulations due to a ' 6  hour ' grazing duration 

Comparison 8 Aug. 24 Aug. 1 5  Sept. 6 Oct. 

Day 3 - Day 1 84* 34 46** 3 1 + 

Day 2 - Day 1 64* 95** 2 30+ 

LSD ( 0 . 05 )  6 1 . 6  52 .5  32. 1 35 - 3  

A three-way interaction (p -< 0. 1 )  on 24 August i s  caused 

mainly by at the ' 24 hour ' duration Day 1 having most tillers : 

but at the high intensity it had the least . As a result of 

this  interaction t-tests shovl Day 1 to have significantly more 

tillers per ft 2 than both Day 2 and Day 3 (p <: 0.05 )  at the 



1 62 

low intensity (Figure 35b ) while at the high intensity the 

extremes failed to reach significance at the 5% level. 

Total unsown species reactions are a dire ct reflection 

of the Poa component as the ' other grass '  component showed no 

difference in tiller populations between days within grazing 

treatments.  

4. 2. 6  Soil Moisture 

Analysis of variance of data at each sample date indicated 

no significant results due to treatments du�ing the experimental 

period and therefore neither the data nor analysis  of variance 

results are presented. Itiean soil moisture values for all plots 

have been previously presented in Figure 1 2b .  

4. 2 .7  Soil Bulk Density 

Analysis of variance (Appendix 26 ) betv;een days within 

the ' 6  hour' and ' 24 hour' duration treatments shm-.red a significant 

between days difference (p < 0. 1 ) only at the deepest level tested 

(i . e .  6 - 9 cm depth ) . t-test results (Appendix 26 ) indi cated the 

significance was the result of the soil bulk density being 

significantly greater in plots grazed on Day 1 than on Day 2 

(p < o. os ) .  

The grazing duration x day interaction approached significance 

in the 0 - 3 cm level , reached significance (p A(  O.Oll_ in the 

3 - 6 cm level and was non-significant in the 6 - 9 cm level .  

This trend was refle cted by a significant duration x day interaction 

(p < 0 . 05 ) on the overall 0 - 9 cm level .  Results are therefore 
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presented in Table XXXVII showing soil bulk densities for each 

day within the ' 6  hour' and ' 24 hour' grazing durations; each 

value being the mean of two grazing intensities.  

Observation of Table XXXVII shov1s  ' 24 hour' treatments 

at all levels  tested to fall in bulk density from Day 1 to  Day 3 

while in the ' 6  hour' . treatment the movement is  less marked and 

more variable but at all levels highest soil bulk densitie s  were 

obtained on Day 3 .  This trend gives rise to the significant 

duration x day interaction in the 3 - 6 cm and 0 - 9 cm levels.  

TABLE XXXVII 

6 
Grazing 

duration 

(hours ) 24 

SE Mean + 

LSD (0 .05 )  

Experiment II - Beh1een day, grazing duration 
effects on soil bulk density (gm/cc) 

Day Soil level ( cm) 
· o - 3 3 - 6 6 - 9 0 - 9 

0. 888 1 . 094 1 . 1 1 6 1 . 033 

2 0. 890 1 .  1 04 1 . 095 1 . 030 

3 0.891  1 . 1 30 1 . 1 22 1 . 048 
- - - - - - - - - - - - - - - - - - - - - -

1 0. 968 1 . 1 45 1 . 1 1 3 1 . 075 
2 0. 936 1 . 1 24 1 . 080 1 . 047 
3 0 . 9 1 1  1 . 1 01 1 . 090 1 . 034 

0. 0 1 5  0 .0 1 5  0.0 1 1 0 . 009 
0. 045 0 .0 19  

0 - 9 cm level 

t-test results sho>v the small differences between days 

at the ' 6  hour' duration are largely non-signifi cant but Day 3 

has a significantly greater soil bulk density than Day 2 (p <. 0. 1 ) . 
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In the ' 24 hour' duration however grazing in Day 1 has resulted 

in a higher soil bulk density than in Day 2 (p�0.0 1 ) and Day 

3 ( p C:::::: 0. 00 1 ) • vli thin days the removal of animals after 6 hours 

grazing gave a significant reduction in soil bulk density in Day 

1 (p < O .  001 ) a smaller reduction in Day 2 (p <0. 1 ) and a non-

significant increase in Day 3 .  

3 - 6 cm level 

The only difference between days to reach significance 

is in the ' 24 hour' duration where Day 1 has a greater soil bulk 

density than Day 3 (p <::: 0. 1 ) . vli thin days the two duration 

treatments only had significantly different effects on soil bulk 

density in Day 1 (p <0. 05 ) . 

Control (cut) v ' s  grazed 

4. 3 . 1 D. M. uti lization and intake 

Results of estimated intake and percent utilization on 

control and grazed plots at both defoliation intensities are 

presented in Table XXXVIII . Data and analysis of variance results 

appear in Appendix 27 . 

TABLE XXXVIII 

Treatment 

1 20 cow days 
per acre 

200 cow days 
per acre 

SE Mean + 

LSD (0. 05 ) 

Experiment II - Defoliation treatment effect 
on D. :M. utilization and intake 

Intake Percent Utilization 
( lb D. H, / cow day) 

grazed 8 . 54  63. 7  
cut 1 - 96 55 - 0  

grazed 4- 67 60.8 

cut 6. 1 3  7 1 . 5 

0 .65 2. 6 
2 . 25 8 .9  
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Analysis of variance shows a highly significant increase 

in intake with a decrease in intensity (p� 0 .0 1 ) .  Within 

defoliation treatments however (Table XXXVIII ) ,  the grazed 

treatments gave significantly higher intakes (p � 0. 01 ) at the 

lower intensity but this difference between defoliation intensity 

failed to Each s ignificance between cutting treatments .  Within 

defoliation intensity, differences in estimated intake per cow 

per day with cutting or grazing treatments did not reach significance . 

Analysis of variance shows a significant defoliation 

intensity effect (p < 0.05 )  and a highly significant interaction 

effect (p � 0.0 1 ) in percentage utilization. The intensity effect 

is due to the cut treatment only, where utilization was significantly 

greater at the highest intensity ( p  < 0 .0 1 ) .  lh thin defoliation 

intensity, cutting gave a lower percentage utilization than 

grazing (p . «C 0. 1 )  at 1 20 cow days per acre but gave a higher 

percentage utilization than grazing (p <( 0.05 )  at 200 cow days 

per acre ; the differences were 8 . 7  and 1 0. 7  percentage units  

respectively. 

D. M. production 

Results are presented in Figure 36 for defoliation treatments 

at each of the two grazing intensities .  Table XXXIX presents the 

treatment means , differences and LSD values. Data and analysi s  

of variance appear in Appendix 1 8-1 and 1 8-2 respectively. 

The analysis  of variance results show highly signifi cant 

defoliation treatment effects throughout the regro>vth period. · 

Interaction between defoliation intensity and defoliation method 
· -

is large and significant at the first three post-grazing harvests 

(Table XL) . 



TABLE XXXIX . ExQeriment II - The effe ct of cutting and erazing on D. r.T. . 

production (lb D. P./acre ) 

Defoliat i on t reatment Harve st (Days from defoliation) 

Pre- Post- 1 0  20 30 40 50 

Cut 1 697 607 965 1 237 1 705 2226 3 1 86 
Grazed 1 559 579 536 906 1 340 1 937 2796 

Cut-grazed 1 38 28 429 33 1 365 289 390 
-

LSD ( 0. 05 )  1 40 .0  65 - 9  49· 5  77 - 4  1 03. 4 201 . 7  259 . 0 
(0.00 1 ) 270. 2 1 27 . 1 95· 5 1 49- 3 1 99 . 6  389. 2 499 · 9  

TABLE XL Experi�ent I I  - D. J.: . production, s i �ifi cant result s due to defoliation 

treatment 

Harvest (Days from defoliat i on ) 
Pre- Post- 1 0  20 30 40 50 

Defoliat ion Intensi ty n. s .  * *** *** *** *** *** 

Defoliation me thod + n . s . **'* *** *** ** ** 

Interact ion n. s .  ** ' ** + n. s . n. s . n. s .  

-" 

0\ 0\ 



Ql ..... 
u ro 
..... 2000 Ql 
a. 

� 
0 
"' I .0 1 500 

"'0 
Ql 

>-

1 000 

0 

I 
I 

l 

1 0  20 30 
Days from graz ing 

1 67 

200 cow days per acre 

Cut 

- - - G razed ! LSD (0.05) 

40 50 

Figure 36 - Experiment 1 1  - The effect of defoliation treatment on D . M .  production 



1 68 

Defo liation intensity x defoliation treatment interactions 

appear in Figure 36. t-test results show the significant analysi s  

of variance result in the post grazing harvest for grazing 

intensities to be due to differences between grazing intensities 

only (p <( 0.001 ) . At the low intensity, cutting had 1 66 lb DM 

per acre more than grazed plots and at the high intensity 1 10 lb 

DM per acre less; the differences reaching significance at the 

1% and 5% levels respectively. Interactions at days 1 0  and 20 

are due to the differences between grazing intensities being 

greater in the cut than the grazed plots.  In both intensities 

cut plots had significantly higher DM yields than grazed plots, 

the difference in all cases was signifi cant at the 0. 1% level.  

Relative grO\-Tth rates 

Regressions of log DM with time from day 10  to day 50 

for cut and grazed plots at t he two defoliation intensities are 

presented in Table XLI . 

TABLE XLI Regression log DM with time for defoliation treatments 

Defoliation cut grazed* LSD+ �0. 001 ) 
intensity Coeff. SE+ Constant Coeff. Constant 0 . 05 ) 

1 20 cow days/ 
acre 0. 027 0 . 001 6 .72  0. 041 6 . 04 0. 0078 

200 cow days/ 
acre 0. 033 0 .00 1  6 . 35 0. 041 5 · 78 ( 0. 004) 

LSD+(o. oo1 ) (o. o5 ) 0. 0096 (0. 005 ) 

+ LSD values for comparison of regression coefficients .  

* SE not available. 
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Analysis of variance (Appendix 1 8-4) shows a highly significant 

defoliation treatment effect (p < 0.001 ) and a significant 

intensity and defoliation interaction term (p � 0. 1 ) . t-tests 

show in both grazing intensities the relative growth rates of the 

cut plots is  signifi cantly lower than that of the grazed plots 

(p � 0. 001 ) ,  and that a s ignificant difference in growth rates 

between grazing intensities occurs in the cut plots (p <:  0. 05 ) 

but not the grazed plots. 

Botanical Composition 

Plots cut in preference to grazed (Figure 37 ) appear to 

receive a smaller contribution from ryegrass spe cies but an 

increased contribution from unso•m species .  DM production for 

cut and grazed treatment means, expressed as a percentage 

(Appendix 28 ) show two noti ceable effects (Figure 38 ) . 

i . The decrease in ryegrass percentage following 

grazing in both defoliation treatments caused by an increased 

contribution from dead matter in the grazed treatments and a 

relative increase in all other grass components in cut treatments .  

i i .  A decrease in ryegrass and an increase in unsown 

grass components in cut plots relative to grazed plots as regrowth 

proceeded.. The increase in unsown grass was due mainly to an 

increase in Yorkshire fog as � species held similar proportions 

between defoliation treatments .  

Within defoliation intensity the only difference appeared 

to be in the unsown component . Cut plots at the 1 20 cow days per 
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acre treatment had on  average 87% more unsown grass species 

than grazed plots. At 200 cow days per acre intensity the 

corresponding figure was 51%. 

4· 3 · 5  Til ler Densi t;y: 

Results of defoliation treatments on tiller populations 

over the two defoliation intensities are presented in Figures 39 

and 40. Data, analysis  of variance and t-test results appear in 

Appendix 29 . 

Clover nodes 

After defoliation the depression of 73 clover nodes/ft2 

when plots were grazed rather than cut (Figure 39a) was highly 

significant (p <:0.01 ) . During regrowth the difference between 

treatments was somewhat smaller with the difference of 29 nodes 

per ft2 at the final sample ( 6 October) still being highly significant 

(p < 0.01). 

Total Grass 

Cut plots had 60% more grass tillers than grazed plots 

ten days after defoliation (Figure 39a) . The difference being 

highly significant (p <  0.0 1 ) . Cut plots had higher tiller numbers 

throughout the regrowth period, the increase over grazed plots was 

still highly significant (p < 0. 01) on 1 5  September but by 6 October 

the difference of 54 tillers per ft2 ,just failed to reach significance 

at the 5% level (LSD(0.05) 
= 55 ) . Both sown and unso\� grass specie s  

show a simi lar trend (Figure 39b ) , though the difference between cut 

and grazed treatments is more marked in unsown species .  

Total Sown Grass Sne cies 
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per ft2 was recorded ten days after defoliation when plots were 

cut rather than grazed. At the remaining samples this difference 

was reduced to 20 tillers per ft2 (non- signifi cant ) . ! The timothy 

and ryegrass components reflect the trend shown in total sown 

species  while cocksfoot appears less sensitive to defoliation 

treatment (Figure 40a) .  

Total Unsown Grass Species 

Cutting gave significantly more unso1vn grass tillers per 

ft2 than grazing (Figure 39b ) on 24 August ( p < 0 .05 )  and 1 5  

September (p <. 0 .0 1 ) .  The difference had lost significance by 

6 October. Figure 40b shows the other grass component to contribute , 

to the difference , to a greater extent than do Poa spe cies.  At no 

stage did the difference between defoliation treatments reach 

significance in Poa species but in other grasses signifi cance was 

reached at all sample dates ( 24 August and 1 5  September, p <:  0 . 05 ; 

6 October, p < 0. 1 ) .  

Species behaved i n  a similar manner between defoliation 

treatments within defoliation intensity except for the total grass ,  

total sown grass and ryegrass components. Their response to 

grazing intensity are graphed in Figure 41 . At the lower intensity 

tiller numbers in cut plots of all three fall markedly between 

24 August and 15 September, in comparison to the higher defoliation 

treatment . On 15 September, the difference ( aut-grazed) i s  

significant for total grass (p < 0 .0 1 ) and total sown species 

(p � 0. 05 )  at 1 20 but not 200 cow days per acre . These differences 

are reflected in intensity x defoliation treatment interactions in 

analysis of variance on 1 5  September for total grass (p < 0. 1 )  
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and total sown grass species (p <  0.05 ) .  

Soil J1oisture 

The grazed plots had slightly lower soil moisture values 

than the cut plots (Table XLII ) but this difference failed to 

reach significance at any sampling date.  Data and analysis of 

variance results appear in Appendix 30. 

TABLE XLII 

Defoliation 

Treatment 

Grazed 

Cut 

SE :Mean + 

LSD (0 .05 )  

Exoeriment II - Defoliation treatment effect on 

soil moi sture (%) 

25 August 8 September 22 September 6 October 

37 . 6  34- 4 34. 6 23. 5  

38. 3 35 . 8  35 . 2  24. 3 

0. 55 0. 95 0. 89 o.58 

1 . 9 1  3. 29 3 . 07 1 . 94  

4- 3· 7 Soil Bulk Density 

Results are presented in Table XLIII with data and analysis  

of variance in  Appendix 3 1 . Although t he bulk densities in the 

control groups are consistently lower than those in the grazed 

plots it  is only in the 0 - 3 . cm layer that this difference i s  

signifi cant (p < 0. 05 ) .  
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TABLE XLIII E�eriment I I  - Defoliation treatment effe ct on 

soil bulk densit� {�Lee).  

Depth 
0 - 3 cm 3 - 6 cm 6 - 9 cm 0 - 9 cm 

Grazed 0. 904 1 .  1 1 4  1 . 097 1 . 021  

Control 0. 834 1 . 075 1 . 065 0. 992 

LSD 
- (0. 05 ) 0. 03 1 0. 08 2  0.074 0. 090 

SE mean + 0. 0052 0. 0 1 34 0. 0 1 2 1  0. 0 1 48 



C H A P T E R  V 

DISCUSSION 

5 . 1 Exnerimental Design and method . 

Before dis cussing the results presented in Chapters III 

and IV it i s  necessary to  cover the design of the trial and measurement 

methods used in the execution of the two experiments. 

The grazing intensities studied ( 1 20 and 200 cow days 

per acre ) are equatable to those in general farm practi ce .  Figure 
. 

42 outlines the wintering systems that would involve such grazing 

intensities. The actual length of the wintering period refers to 

that period over which block grazing is  practised. Many farmers 

prefer not to use block grazing until as late as mid-June and 

before this time using dry animals to graze out areas of the farm 

before closing for ASP and r1inter saved pasture (�-lSP ) . Under the 

dry conditions in May and early June the dry herd is grazed on 

a whole paddock basis .  Such farmers would have a short wintering 

period (60 days ) while others implementing block grazing at an 

earlier date or those having later than normal calving dates have 

longer wintering periods (90 days ) . For the use of a similar 

proportion of the farm for wintering, a 5o% increase in the length 

of the winter period i s  equivalent to a 5o% increase in stocking 

rate (Figure 42) . Since the trial was designed grazing intensities 

above those used in the trial have become more commonplace . No . 2 

Dairy, Ruakura, employs levels of around 300 covl days per acre for 

the winter period ( Campb.ell pers . comm. ) . Although grazing 
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intensities in excess of 400 cow days per acre have been 

observed these higher values are the exception rather than the 

rule. The values chosen of 1 20 and 200 cow days per acre are by 

no means unrealisti c. 

In the practi cal situation, i t  is  normal procedure to 

operate a ' 24 hour ' grazing duration when block grazing at high 

intensities. The ' 6  hour ' treatment was incorporated to �udy the 

wintering on pasture but with the minimum of animal damage to the 

pasture . On the evidence of Wallace ( 1 958 ) who obtained intakes 

of 9 lb and 1 0. 9  lb D. O. M. for average grazing durations of 2. 8 

and 4. 3 hours respectively, the grazing duration chosen could have 

been shorter. Animals in this trial were required to defoliate to 

much lower stubble heights and probably were subjected to higher 

grazing pressures than those discussed by Wallace . It was decided 

therefore to use a grazing period of 6 hours but to incorporate the 

provision of removing cows after 4 hours if rain was encountered 

over the grazing period. Only on the first day of grazing in 

Experiment II were the cows removed after 4 hours. The 24 hour 

duration in common use is  based on convenience and observation 

rather than on any factual pasture data. It  is generally observed 

that cows appear to damage pasture less and graze more evenly when 

under this management system than is the case with longer grazing 

durations . It was also thought desirable to  incorporate a 

treatment involving a less intensive management than the ' 24 hour ' 

system and see whether this reduction in management resulted in  

marked changes in pasture response.  The ' 72  hour ' treatment was 

included with this in mind. 
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Salmon and Hanson ( 1 964) observed that" • • • •  in  actual 

practice there appears to be no unanimity of opinion as to how 

many animals should be included in any experiment" .  They cited 

literature talking in terms of 3 to 5 animals per plot . A similar 

figure is  also given by Lucas and Mott ( 1 962 ) of from 2 to 5 animals 

per pasture . As a result 3 anima$,per plot was considered the 

least practi cable number in this experiment - as the number 

available and area of land was limited. Any increase in the number 

of animals per plot w ould have meant a decrease in replication and/ 

or the numbers of treatments studied; neither of which appealed. 

It  can be  argued that a group of 3 cows will not act in a similar 

manner to a herd of 100 cows under the same management . With 

the high intensities used the confinement of animals irrespe ctive 

of number is intense and as 54 cows were used for each trial , 

covering a mere 1t acres ,  the groups of 3 were far from i solated. 

It was thought however that the treatments imposed gave a reasonable 

simulation of the conditions ocurring with larger groups of animals .  

The plot size ranged from 0 .0 1 5 to  0. 075 acre (Table VIII ) . 

All cows used were from experimental herds and did not appe�r 

upset by the size of plot or by movement in or around plots .  Cows 

were drawn from a number of sources and hence were previously 

under varying winter feeding regimes .  Pre-treatment before the 

actual trial was therefore thought desirable and extended over a 

period of 3 days . This probably conditioned the cows in  the ' 6  and 

24 hour ' durations more successfully that those at the ' 7 2 hour ' 

duration as the last were subjected to only one grazing cycle and 

the others to three.  However, the cows appeared to settle dmvn 

rapidly to the grazing method adopted, which would support the 
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observation of Hancock ( 1 954) that cattle will adjust to  a 

grazing system within 24 hours. 

The allocation of cows to treatment , as described in 

Section 2. 4, appeared more successful in Experiment II (Section 

4. 1 . 1 )  than in Experiment I (Section 3 . 1 . 1 . ) . In Experiment I 

the cattle at the high intensity were 35 lb lighter than those 

at the low intensity. This could perhaps have been due to the 

wider weight range (500 lb to 1 0 1 2  lb ) recorded in covTS in 

Experiment I or possibly to chance . The method used was quick 

and easy to operate . With large numbers of 2 year old heifers 

and mature cows this method of allocation was thought more 

realistic than a strictly random approach. 

Layout of plots ,  construction of fences ,  gateways and 

races,  and the powering of fences proved successful and ran 

smoothly. Fences were regularly te sted wi th a voltmeter to 

ensure at least 1 000 volts was supplied to all wires. Two-wire 

fences could possibly have been adequate but the third wire 

practically eliminated creep grazing and any chance of CO'IiS breaking 

out of plots. 

Pasture Measurements 

In a grazing situation three aspects can be measured 

i . The productivity of the pasture 

ii . Intake of the animal or the utilization of the pasture . 

iii .  The nutritive value of  the pasture ; how a given feed 

intake is reflected in terms of animal products .  

It  is  the first and second items which were studied with 

possibly the first being of major conco:rtl. A� the rn�i n interest 
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was agronomic all measuremen.ts were made on the pasture even 

though these cutting techniques do not give a very good estimate 

of the value of the pastures to the animal. This is due to the 

selectivity (Arnold 1 960) and variability between animals in their  

choice of  diet (Arnold 1 964) and to the variation existing between 

animals in their ability to convert pasture to utilizable products 

(Blaxter 1 962 ) . Under high intensities ,  as practised in these 

experiments ,  with restri cted sele ctivity, short grazing periods 

and low cutting heights ,  the cut samples are reasonable estimates 

of quantity if not quality of herbage available before and res·idues 

after grazing. It is in this situation that most critics observe 

pre- and post-grazing D. M. figures to be of their  greatest value 

as an estimate of D. M. intake and utilization. When comparing 

such estimates with others derived from animal methods ( e . g. 

chromogen-chromic oxide or other indi cator te chniques ) the 

comparison is obscured by the problem of their being no absolute 

measure of intake in the grazing situation. Both methods involve 

substantial errors (e . g. Line , 1 959;  Carter, 1 962;  Langlands , 1 967 ; 

1 969 ; Moule , 1 964) . 

In studies involving excessive treading damage by animals , 

sampling immediately following grazing has seldom been attempted. 

Both Edmond (pers . comm. ) and Campbell (pers . comm. ) acknowledge 

the difficulty involved in obtaining such a sample. But without 

a post-grazing sample there is  no estimate of the uti lization at 

the time of grazing. Consequently, it was thought desirable to 

obtain such a sample as it was felt that in wet conditions losses 

in D. M. at grazing could possibly be more important than those 

appearing in later regrowth. The method used ( Section 2 . 4. 2. ) 

appeared satisfactory in the recovery of plant residue . As the 
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grazing period was short (at the most three days ) decomposition 

of pasture damaged dire ctly as a result of grazing was considered 

to be negligible . The major problem was the time taken in washing 

and dissecting samples and in the determination of the cutting 

height. In Experiment II post-grazing samples contained as much 

as 41% root contamination. The method used is  probably not the 

answer to this sampling problem but the figures laboriously derived 

are considered to reflect quite closely the amounts present . Any 

bias would probably be an over-estimation of herbage residues in 

these plots rather than an under-estimation. The difficulty in 

cutting to an even stubble height when defoliating to ground level ,  

particularly i n  'pugged ' conditions, would also b e  reflected in 

higher post-grazing D. J.l. yields . It has been observed that there 

is  a natural tendency to leave more stubble when pasture is  long 

than when it is mort (Bone and Taylor, 1 959; Scoffield , 1 970) . A 

conscious effort was made to avoid any such bias . 

In meq.suring D • .M. production over the regrowth period 

there is the problem of sampling a dynami c situation. The 1 0  

day harvest data measure a nett D . M. production; the balance 

between growth and decomposition. This is parti cularly noti ceable 

in Experiment II where in some cases negative growth rates were 

recorded over the first 1 0  days of regrowth. The D. M. samples 

taken fail to tell the amount of new growth that had taken place , 

the contribution of the D. M. present at the previous harvest date 

to that present at the next harvest or the rate of leaf and plant 

death and decomposition between harvests. Samples taken do 

record the available D. lti • .  present at that time ; i . e . the D. M. 
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that could be offered to a grazing animal should the pasture b e  

grazed. In all except two treatments in Experiment I variabi lity 

within pasture s appeared to be reduced following grazing. No 

estimate of the within plot variation was obtained as the three 

samples t aken per plot were bulked prior to washing. 

Botani cal Analysi s  

The method used i s  possibly the most accurate method o f  

botani cal s eparation o n  a weight basi s used (Brown 1 954) , the 

only errors involved being in the sampling pro cedures adopted. 

Botanical samples were taken from those harve sted for D. M. yie ld s  

which meant only a small area o f  each plot was actually sampled 

for botanical composi tion at any one time. Although a more 

representative sample may have been ob tained at each sample date 

if 20 small grab samples had been cut from each plot , it was thought 

a bias would result due to the inaccurate cutting of these small 

samples t o  ground leve l .  

Tiller Densi ty 

A stratified random sampling was adopted in sampling 

tiller populati ons. Thi s  method was found by Mit chell and Glenday 

( 1 958) to b e . the most e ffi cient s tati sti cally. The number of 

samples taken ( 20 per p lot or 60 per treatment ) appeared suffi cient 

and no loss o f  information was evident due to the reduced sampling 

in Experiment I .  Delaying of . sampling for 7 t o  1 0  days following 

grazing was succe ssful in allowing counting of living tillers only, 

but the degree to whi ch this advantage was offset by the formation 

o f  new t illers i s  unknown. A s  i t  has been observed ( Section 1 . 2. 1 ) 

defoliation may induce a temporary red�ction in t i l le ring ��d i t  
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is  thought new tiller produotion over this 7 to 1 0  day period 

would have been minimal. 

5 . 2 Experiment I 

Significant results obtained and trends shown in Chapter 

III will be discussed in this section and also in a combined 

discussion with those from Experiment II in Section 5 . 4. 

D. H. utilization and inta.'ce 

In early June intake of dry cows can be restricted and 

animals held to constant weights (Section 1 . 4. 3 ) .  This would mean 

cows require a maintenance requirement only with a small addition 

for pregnancy. In practi ce the increase in weight due to pregnancy 

i s  often cancelled by a weight decrease in the cow to give an 

overall constant weight. Maintenance figures given by Hutton ( 1 962 )  

for dr,y cattle held to  constant liveweights (Table VI ) are probably 

the best estimates available for this situation. 

The average cow {722 lb ) would require 8 . 37 lb D. M. daily 

for maintenance . Allowing the commonly adopted 3o% increase for 

the outdoor environment ( Section 1 . 4. 2) this requirement increases  

to  1 0. 88 lb D. M. per cow per day. A possible addition of 2 lb D. M. 

per day would be required for pregnancy (Table VII ) .  As set out in  

Table X all treatments gave intakes below 1 2. 88 lb D. M. daily. This 

puts a query on the use of the 30% outdoor loading in this situation 

as cows at the lor1est intensity, though restricted, rejected more 

herbage (Figure 1 1 )  and grazing residues were 80% more than those 

left by cows at 200 cow days per acre . Probably all that can be 

suggested is that at 1 20 cow days per acre co>is were at or above 

maintenance and those at 200 C Oi-l days per acre slightly belm-1 
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maintenance. Grazing duration had little effect on intake; the 

difference between extremes being only 1 . 79 lb D.M. per cow per 

day. 

Cows in the '72  hour' treatment did not appear to suffer 

the same daily nutritional stress as the on/off grazing of the 

' 6  hour' or to a lesser extent the ' 24 hour' treatment. Possibly 

the '72  hour ' grazing treatment would involve a lower maintenance 

requirement for the animals than the other grazing durations. 

Despite a 31% reduction per CO\i per day in intake at the 

high grazing intensity, the increase in grazing intensity resulted 

in the cows having a highly significant increase in the percentage 

utilization of available D.M. ( 1 2. 3 percentage units ) compared 

to the 1 20 cow days per acre treatment. The utilization figures 

recorded, of over 80%, are higher than those obtained by Campbell 

( 1 966) at Ruakura wit� controlled grazing over the winter period 

at 1 . 2  cows per acre . Campbell achieved values of only 55% to 

1o% over a three year period in spite of a possible overestimation 

of utilization by using electric hedge trimmers which fail to 

sample to ground level. 

Cows grazed at 200 cow days per acre generally left 

residues of under 400 lb D.M. per acre ; the lowest being only 

289 lb D. M. per acre (at the ' 24 hour' grazing duration) . These 

low residues reflect the ideal environmental conditions and the 

grazing pressure over the experimental period (Appendix 1 ) .  

Grazing pressure was a parameter proposed by Tvrott ( 1 960) to 

relate grazing intensity in terms of pasture availability for 

the comparison of stocking rate treatments. Grazing pressure 
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as used in this  text i s  defined as : 

Grazing pressure = 
grazing intensity ( cow days/acre ) 
--------.;.._�__:....;.. _ ___;.. X 1 00 
Herbage available (DM/acre ) 

' 24 hour' grazing gave the highest percentage utilization 

but did not show the highest daily intake . This was probably due 

to the lower amounts of D.M. available before grazing on the ' 24 

hour' than both the ' 6  hour ' and ' 7 2  hour ' treatments (Table XI ) 
. 

. resulting in different grazing pressures being applied . wi thin 

each duration. Grazing pressures are presented in Table XLIV 
and show the ' 6  hour ' and ' 7 2  hour ' treatments to have 6 .5% and 

1 6. 8% lower grazing pressures than those in the ' 24 hour' duration. 

TABLE XLIV : Experiment I - Grazing pressure and actual and 

corrected Post-grazing D. N. residues 

Grazing intensity Grazing duration 
( cow days per acre ) (hour) 
1 20 200 6 24 7 2  

Grazing Pressure 5 · 5 9· 4 7·5 8. 0 6 . 6  

Post-grazing DM ( lb/acre ) 

Actual 67 1 395 590 429 574 

Corrected 667 394 589 41 9 591 

Covariance analysis for these differences in pre-grazing 

D.M. yields had small influence on post-grazing D.M. residues 

(Table XLIV ) and consequently little effect on D.M. intake and 

percentage utilization figures. 

Grazing activities (i . e .  standing, grazing or lying ) were 

recorded at 20 minute intervals for all animals on ' 6  hour' and 

' 24 hour' grazing durations during grazing on Day 3.  No differences 

were observed between treatments; over the 6 hour period most 
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cows grazed continuously. The reduced grazing period increased 

the grazing residues by only 1 6 1 lb D.M. per acre. 

The movement in intakes and utilization are much as 

expected in terms of pasture availability, animal demand, 

selectivity and grazing characteristics discussed in Section 

1 . 3. 1  and 1 . 3 . 3 . Herbage rejection around dung pats was greatest 

at the lower intensity and the shortest duration (Figure 1 1 ) . 

Even at the highest grazing pressure cows preferred to reje ct 

small amounts of herbage around dung pats.  The extreme values 

recorded were 82. 2 and 1 4. 8  lb D. M. per acre for the 1 20 - 6 hour 

and 200 - 24 hour treatments respectively. Expressed as a percent­

age of the residue left betwe.en dung sites ,  the figures become 

1 1 . 2%  and 5 . 1%. Differences in rejection appeared visually to be 

more pronounced than in actual measurement . In the ' 72 hour ' 

duration treatment rejection around dung sites was more noticeable 

than for the ' 24 hour ' but less than the ' 6  hour ' treatment. 

Rejection in ' 6  hour ' grazing was around old dung sites whereas 

most rejection in the ' 72 hour ' was around dung voided during 

grazing. 

D. M. losses under dung voided in the course of grazing 

were not measured with the mowing technique used, but this bias 

was probably more important in the ' 7 2  hour ' than the remaining 

treatments. Such loss of pasture would be reduced in the ' 6  hour' 

duration as the cows were removed for 75% of the time , in the 

' 24 hour' as most grazing occurs in the first 6 hours and in the 

' 72 hour ' as only dung voided in the first two days will be a 

source of rejection. Over the grazing period only 3 .9% and 5 · 5% 

of the pasture would have been covered by no�·t .tul.t; i n  the low and 
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high i ntensities respe ctively ( S e ction 1 . 3 . 3 ) .  The loss from 

this source will consequent ly be small. 

D . M. Regrowth 

Two main e ffects dominate D. M. regrowth yields (Table XI ) .  

( i ) The lower D. J.I. production at 200 co•1 days per 

acre compared with 1 20 cow days per acre grazing 

intensity. 

( ii ) The lower D. M. production after ' 24 hour ' grazing 

relative t o  ' 6  hour ' and ' 7 2  hour ' grazing durati ons . 

Although the high graz ing intensity signifi cantly reduced 

D. M. yie lds at al l stages of regrmvth ,  the initial difference of 

276 lb D. M. per acre between grazing intensity treatment s at the 

post-grazing harve st had increased only slightly in real terms 

60 days l ater when the difference was 389 lb D. rr.. per acre . The 

difference in average growth rates for the 60 day period between 

grazing intensiti e s  amounted to 1 . 9 lb D. M. per acre pe r day. 

Over both intensi ties the average rate of gro•1th ove r the 60 day 

period was 1 9. 0  lb D. M. per acre per day with the highest values 

achieved over any 1 0  day period being 29. 6  lb D. M. per acre per day 

between the final two harvests. The se figure s compare with those 

achieved at Palmerston North over the winter period by Brougham 

( 1 956 b ) for a pasture defoliated on 3 June and growth measured 

over the fo llowing nine weeks. B rougham obtained an average growth 

rate o f  20. 1 lb D. H. per acre per day but from a more lenient 

defoliation system. Relative growth rates between day 1 0  and day 

60 were signifi cantly higher on the 200 cow days per acre treatment 

be cause of the lower quantity of D. M. p re sent at any one time on 

plots of thi s  t re atment . 
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Residual leaf areas (RLA) following grazing were probably 

higher in the low than the high intensity treatment because the 

increased post-grazing D. M. yields on this treatment. Despite an 

increase in the percent dead matter at the high grazing intensity, 

in absolute terms there was a higher yield of dead matter in the 

low intensity. These equated to give an initial difference of 

237 lb green D.M. per acre . In terms of LAI, this difference 

could amount to approximately 0.5 of an LAI unit (Brougham 1 958 ) .  

The increase in dead matter after grazing i s  not thought 

to be the result of plant death due to grazing but rather to the 

technique used and to animal selection against dead matter. 

Quantities  of sheath and stem material were possibly classified 

as dead following grazing whereas previously these had been attached 

to larger green units of plant and classified as live material. 

Due to the exponential nature of regrowth it could be 

expected that the higher initial leaf area on the low intensity plots 

would lead to greater differences than were found in the later 

regrowth. Botanical composition cannot be put forward in way of 

explanation as no significant differences appeared between 

treatments (Section 3 . 1 . 5 ) .  A similar situation existed with the 

soil measurements ,  viz . moisture (Section 3 . 1. 9 )  and soil bulk 

density (Section 3 . 1 . 1 0 ) .  It i s  possible that the difference in 

leaf area was insignificant as 0.5 LAI units is much smaller than 

differences generally imposed between treatments in experiments 

studying LAI and defoliation treatments.  The difference amounts 

to 1 3 . 9% of the leaf area required to intercept all incoming 

light at this period (Brougham 1 958) . Ground cover differences 
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between the high and low intensities were small; 73. 2% and 

84.8% respectively. Though highly significant, in terms of 

light utilization at that time of the year the difference in 

ground cover was probably not important. 

736 ± 

2 Prior to grazing tiller numbers per ft were high, viz .  
2 19 .9  grass tillers per ft • This is  somewhat high for 

dairy pastures and is more consistant with those recorded on 

closely grazed sheep pas�res (Mitchell and Glenday, 1 958) . As 

might be expected at this time of the year there appeared to be 

a distinct hierarchy within the total grass tiller populations. 

It involved mature tillers of established plants ,  new tillers 

formed a the base of such plants ,  and new single tiller seedlings. 

The last named were the most prevalent in number, forming a dense 

mat at the base of the sward and were apparently the result of 

two factors; 

( i )  Seeding associated with the late hay crop. 

�ii )  Invasion of � species after a dry autumn (Appendix 1 ) .  

Seedlings were predominantly of ryegrass and Poa species 

(viz.  Poa �) . 

Regardless of treatment tiller numbers decreased markedly 

over the regrowth period and by 1 9  August densities were only 56% 

of those present 1 0  weeks before.  This reduction was probably due 

to the death of young seedlings attempting to establish within an 

established pasture . Competition would exist for light (Donald, 

1 963)  and for soi l  nutrients (Wilkinson and Gross, 1 964) thereby 

affecting both root growth and leaf growth of the seedlings. 

Grazing at 1 20 cow days per acre had little immediate 

effeot on tiller populations but increasing this  intensity to 



1 94 

200 cow days per acre markedly reduced tiller numbers (Figure 9 ) .  

Ryegrass tiller populations were affected by both grazing durations 

while � species showed a decrease with grazing at the high 

intensity and a continued increase at the low intensity. 

Despite the reduction in tiller populations at the high 

grazing intensity the values still remained high (554 ± 42. 0 tillers/ 

ft2 ) .  The reduction was mainly in the seedling component due to 

increased pulling of young plants and increased hoof damage . 

However being the smallest tillers present , they were probably 

also the least productive fraction of sward and could have resulted 

in a strengthening of the. remaining tillers. 

As with grazing intensity, differences in  D.M. regrowth 

between grazing duration tended to remain similar throughout the 

regrowth period (Table XI ) .  The exception was the decline of the 

' 6  hour' treatment during the latter stages of regrowth. This 

decline was more marked at the low intensity and was reflected in 

the lower relative growth rates for the '6 hour ' grazing treatment , 

particularly at the low grazing intensity (Table XIII) .  

In  terms of grazing residues,  the difference between extreme 

vaiues for grazing durations amounted to only 1 20 lb green D. M. per 

acre , roughly half that present between grazing intensities. 

Grazing duration had small effects upon all measured soil and pasture 

parameters. The same arguments advanced for the greater relative 

growth rate in the high compared to low grazing intensity could 

also be advanced for the greater relative grorrth rate in the ' 24 

hour' grazing treatment. Within grazing intensities tiller populations 

were reduced more with a ' 24 hour ' grazing duration than with eithe r  
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a '6  hour' or ' 7 2  hour' duration. 

The higher dead matt�r figure in the ' 7 2  hour ' grazing 

duration i s  probably due to ue higher residues left after grazing 

and to the greater time afforded the cows to graze selectively in 

comparison to the ' 24 hour' and ' 6  hour ' treatments respectively. 

As a constant relationship existed between duration 

treatments in tiller populations, the relative decline in D . M. 

production of the ' 6  hour' duration must have been associated 

with tiller vigour. Three possible reasons may be proffered: 

( i )  Tillers may have been subjected to increased 

competition, earlier in regrowth. This i s  not 

supported however by changes in tiller populations , 

but competition for some factor may possibly have 

occurred as the decline noticeably affected the low 

grazing intensity earlier than the high grazing 

intensity. 

( i i )  The high grazing intensities used mean that urine 

return may have covered much larger areas of pasture 

than is  normally the case (Section 1 . 3 . 3 ) .  Using 

figures quoted in Section 1 . 3 . 3  urine could have 

been excreted on 1 1% and 1 8% of the total area when 

grazed at 1 20 and 200 cow days per acre respectively. 

Various estimates for the area of pasture responses to 

a urine patch have been made , from that actually 

covered by the urine spot (Norman and Green, 1 958) to 

an area 3 times the size (Lotero et �· 1 966 ) .  This 

spread will depend on soil moisture , soil type and 

texture , and slope ( Section 1 . 3 . 3 ) .  These estimates 
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would give pasture responses to urine on areas 

upward to 33% and 55% at the grazed area in the 

1 20 and 200 cow days per acre plots respectively. 

With ' 6  hour ' grazing these figures would be reduced 

to one quarter. No evidence i s  available on the 

distribution of dung and urine throughout the day 

following restricted grazing. If not uniform, i t  

i t  is  likely the ' 6  hour ' plots would be further 

prejudiced at a time when N responses were high. 

(iii ) As a result of selective grazing , the variability within 

the ' 6  hour' grazing duration plots appeared much larger 

than in any other treatment. This was particularly 

evident at the low intensity. As a result accurate 

sampling of these plots may not have been achieved with 

the intensity of sampling used. 

Defoliation Treatments ( cut v ' s  grazed) 

The comparison between defoliation treatments in this 

experiment is somewhat obscured by there being no post-defoliation 

samples taken from the control (non-grazed ) plots.  From the trends 

between day 1 0  and day 20 (Figure 1 3 )  it appears that residues may 

well have been in the same order on cut and grazed plots or perhaps 

higher on the cut plots, especially at the low intensity. This 

makes discussion of absolute D. M. production somewhat more difficult .  

Control plots immediately after defoliation had a faster rate 

of growth than grazed plots,  but this appeared to decline after · 

aay 20 for the low intensity and day 30 for the high intensity 
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treatment. It would appear that grazing hindered early growth 

relative to cutting but the disadvantage was Ehort lived. This 

increased growth on cut plots was evidenced by increased ground 

cover as a result of less seedling damage and possibly higher 

residues .  Consequently large increases were recorded in the Poa 

component both in terms of D. M. yield (Figure 1 4  and 1 5 )  and 

tiller populations (Figure 1 7 ) . Tiller populations of � species 

increased in cut plots until by 1 9  July 261 more tillers per ft2 

were recorded in the cut than grazed plots. Over the last month 

however tiller death was more pronounced in cut plots (Figure 1 7b ) .  

The contribution o f  Poa tillers to D. M. yield on cut plots can be 

visualized; Poa tillers outnumbered those of the total sown species ,  

but Poa species produced only 20% of  the D. M. yield and the sown 

species 60%. 

Between defoliation intensities the treatments acted 

similarly in almost all measurements made except ground cover and 

ryegrass tiller populations. 

Competition in cut plots could be the cause of the decline 

in the growth rate,  this being strengthened by the fact that the 

decline occurred earlier in regrowth at the low defoliation intensity. 

The argument presented. previously with respect to urine return in 

the ' 6  hour ' grazing duration would also apply in any comparison 

between the cut and grazed treatments.  

It i s  difficult to offer a satisfactory explanation of 

the high D.M. yields at day 60 on the control plots relative to 

those recorded at previous harvests (Figure 1 3) .  The more productive 

ryegrass species possibly by this stage were suffering less 
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competition from � species and consequently could take 

advantage of the climatic environment. Visually it appeared 

that this increase was real as control plots appeared to ' improve ' 

over the latter stages of regrowth. 

Section 3. 3 also shows several other differences arising 

from defoliation treatment. 

( i )  Dead matter increases following defoliation were more 

pronounced in grazed plots (Figure 1 5 ) due to the 

unselective nature of the mowing technique and also 

to reduced plant damage through pulling and leaf 

damage . 

(ii ) The elimination of the grazing animal initially 

enhanced clover yield and populations but the 

difference soon d�sappeared. 

( iii)  Defoliation treatments had little effect on tiller 

populations of the sown grass species (Figure 1 6 ) .  

Ryegrass (Table XXI ) was favoured by grazing at the 

high intensity, possibly through the elimination of 

competition from � species when plots were grazed 

rather than cut .  

(iv) Soil mo1sture (�) were higher in control plots early 

in regrowth. The difference was never great and 

disappeared after 2 months. It was probably due to 

the lower bulk densities and increased ground cover 

in the control plots .  
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(v ) Grazing appeared to have little effect on the 

bulk density of the top 3 cm of the soil but 

appeared to increase densities in the 3 - 9 cm 

region. The differences were however small and 

unlikely to have effected production or soil 

moisture retention ( Section 1 . 3 . 2 ) .  Differences 

immediately following grazing may have been 

greater than those recorded but no long term 

changes resulted. 

5 . 3  Experiment II 

D. M. Uti lization and intake 

i .  Grazing durations v ' s  grazing intensity 

As a result of low growth rates prior to grazing available 

D. M. was below that desired for experimental purposes and less than 

that present in Experiment I .  It was thought desirable to operate 

the trial as in Experiment I so no hay was fed despite all cows 

being below maintenance. 

D. M. availability (Table XXVI) prior to grazing were only 

· in the order of 1 500 to 1 600 lb D.M. per acre which meant that at 

the most , if utilization was 1 0o% the intake at the lowest grazing 

intensity would be 1 3 . 3  lb D.M. per cow per day and at the highest 

intensity 8 lb D. M. per cow per day. 

+ The average estimated intake per cow per day was 6. 60 -

0. 25 lb D. M. Between treatments however the greatest difference 

was due to grazing intensity. Cows at 1 20 cow days per acre had 

intakes of 8 .54 lb D . M. per day and at 200 cow days per acre 4· 67 lb 

.;. 
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D. M. per day. Maintenance for the ave�age cow (808 lb ) would 

amount to approximately 1 4. 93 lb D. M. per cow per day, as calculated 

from Hutton' s  figures ( 1 962) and adding a 3o% increase for the 

outdoor environment ( Section 1 . 4. 2) and 3. 1 lb D. M. per cow per 

day for pregnancy (Table VII ) .  This figure of 1 4. 93 l b  D. M. per 

cow per day is well in excess of figures achieved during the 

experiment. Cows at the low intensity received 57. 2% of this 

requirement and those at the high intensity received only 3 1 . 5%· 

Grazing pressures presented in Table XLV are much higher 

than those in Experiment I (Table XLIV ) and refle ct the low 

available D. M. at grazing. 

TABLE XLV Experiment II - Grazing pressures of grazing 
intensity and grazing duration treatments .  

Grazing Grazing 
Pressure Pressure 

Grazing intensity 1 20 7 - 5 Grazing duration 6 1 1 . 1 

( cQw days/ acre ) 200 1 3. 2  (hours ) 24 9 . 6  

72 1 0. 3  

The significant difference in intake shown between cows 

grazing ' 6  hour' and ' 24 hour' durations is due entirely to an 

increase of 226 lb D. M. per acre on ' 24 hour' plots before grazing 

(Table XXVI ) .  Post-grazing D. M. yields were adjusted by eo-variance 

analysis for differences existing before grazing but had small 

effect on intake values .  It is  probable that such analysis  is  

not biologically justified as underfeeding was of such a degree 

that the differences in available D.M. prior to grazing would 
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have little effect on the residues left after grazing. 

Grazing pressure .was such that all animals on all 

treatments defoliated pastures to the maximum level possible, 

hence giving rise to no differences in the percentage utilization 

of the pasture. The extreme values reported, those for the ' 6  

hour ' and ' 24 hour• treatments were a function of variability 

before grazing rather than after grazing. 

Percentage utilization figures in the order of 60%, are 

low, as the low available D.M. per acre meant a high proportion 

of D.M. present was below the grazing height of the animal. After 

grazing animals on all treatments left in the vicinity of 570 lb 

to 590 lb D. M. per acre - giving rise to a more or less uniform 

defoliation treatment across all plots, but owing to the differing 

grazing durations and intensities imposed the damage imparted in 

performing this defoliation obviously varied. 

ii .  Between Day 

The soil was at field capacity before the experimental 

grazing and as a result of overnight rain surface water lay on 

all plots when the animals were introduced on Day 1 .  Surface 

moisture had disappeared by Day 2 and Day 3.  

Increased surface damage occured visually in plots grazed 

on Day 1 compared with other days. This supports Edmonds ( 1 966) 

observation that damage will be reduced if grazing is delayed for 

even a few hours following rain. It was thought intake on Day 

may have been restricted relative to the remaining two days. 

Figure 26a shows a trend toward lower intakes on D� 1 but amounts 

to only a reduction of 1 . 01 lb D. M. per cow per day at the low 
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intensity and 0. 45 lb D. M. per cow per day at the high intensity; 

a reduction of 1 1 . 2%  and 9·5% respe ctively. The reduction was 

greatest,  both in ab solute and re lative terms ,  at the low grazing 

intensity. This could have been the result of greater nutritional 

stress at the high intensity meaning consumption was more rapid and 

took place prior to pasture damage , and/or the oo animal s were 

more prepared to consume soiled herbage . Such observat ions should 

be Viewed with caution due to the lack of statistical signifi cance 

between result s .  

Percentage uti lization figures (Figure 26b ) follow a simi lar 

trend to those of D. M. intake but as with intake measurements no 

signifi cant re sult s were re corded between days . 

iii . Defoliation Treatment 

Cut plots did not show the same variation in ' equivalent ' 

intake per cow pe r day (Table XXXVIII ) ,  thi s being a refle ction 

of the differences in defoliation re sidue s due to the inability of 

the cutting te chniques to simulate the grazing intensity. Between 

defoliation intensitie s there was only 6 lb D. M. per acre between 

residues when grazed but in the non-grazed plots the difference was 

270 lb D. M. per acre . 

Cutting at the high intensi ty underestimated residues from 

grazing by 1 1 0 lb D • .M. per acre whi le at the low intensity it was 

overestimated by 1 66 lb D. M. per acre . This gives ri se to the 

difference s  in intake and percentage uti lization sho�rn between 

defoliation treatments in Table XXXVIII. 

It is interesting to  note that the highe st utilization was 
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recorded by mechanical methods which at the high intensity left 

residues of 472 lb D. M. per acre . Values of thi s order could not 

be achieved with farm scale mechnical harvesting OvTing to soil 

moisture status and its inability to withstand heavy loads. 

D. f•I. Regrmvth 

i .  Grazing duration v' s grazing intensity 

The main point to emerge from D. Jvi. regrowth is  the inter-

action between grazing intensity and grazing duration. 

(a ) Grazing intensity caused differences in D. I.f. regrowth 

within the ' 6  hour' and ' 24 hour ' durations but not the 

' 7 2  hour' duration Table XXVIII. 

(b ) The inferiority of the ' 72  hour' treatment at the low 

intensity and the ' 24 hour ' at the high grazing intensity. 

Differences in post-grazing D. M. yields were small and non­

significant . Despite this uniformity of yield , 50 days later the 

greatest difference between treatments amounted to 1 007 D. �i .  per 

acre . 

Herbage present at the post-grazing harvest did not 

contribute equally to future production. This was due to varying 

degrees of damage having been inflicted by the different grazing 

regimes ,  through burial , displacement and dismemberment of leaves ,  

tillers and plants .  Damage was difficult to assess visually as 

in the ' 6  hour' and ' 24 hour' durations the damage is the mean 

of three separate days. 

Damage is reflected in the growth rates immediately following 
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grazing when negative rates were achieved by all 200 cow days 

per acre treatments and on the ' 72 hour' duration at 1 20 cow 

days per acre (Table XLVI ) .  These differences were such that 

1 0  days following grazing highly significant differences existed 

between treatments in D. M. yield. 

TABLE XLVI Experiment I I  - Grazing duration and grazing intensity 
effects on regrowth for the first 1 0  days following 
grazing (lb D. M. per acre per day) . 

1 20 cow days per acre 
200 " " " " 

S . E. mean + 

L . S . D. ( 0. 05 )  

Grazing Duration 
6 

8 . 0  
-2. 1 

24 

1 . 0  
- 16 . 1 

1 1 . 26 

3 . 65 

(hours ) 
7 2  

-3. 0  

-1 3 . 6  

Using this initial regrowth as criteria for damage at 

grazing, those treatments suffering the greatest damage were those 

giving the lowest regrowth yields after 50 days growth. 

Relative growth rates show that between grazing intensities,  

within grazing durations, growth was proportional to that present 

at any one time. As the ' 7 2  hour' treatments differed by only 

6 lb D. M. after day 1 0  no differences resulted over the remaining 

regrowth period. Within the ' 6  hour ' and ' 24 hour' grazing 

durations absolute values were greatest at the 1 20 cow days per 

acre intensity as it had significantly higher quantities of D.M. 

at day 10.  

It would appear that all differences had taken place by 
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day 1 0  and that regrowth after this stage was proportional to 

the quantity of D. M. present at day 1 0. There was no measure 

of pasture death, growth or survival over the initial 1 0  days 

of regrowth. The low intensity reduced total grass tiller 

populations by 1 3% over this period while the high intensity 

brought about a 36.7% decrease. Unsown grass species decreased 

to a greater extent relative to sown grass species in the 1 20 

cow days per acre than the 200 cow days per acre treatment . This  

was reflected by an increased contribution of total sown grass 

species to D. M. yield at the low grazing intensity. Reductions 

in tiller populations gave differences between intensities of a 

similar order to those in D.M. production, the ratio being 1 : 0. 93. 

Yield differences between grazing intensity appeared to be due 

to tiller numbers rather than differences in yield per tiller. 

At this stage regrowth was dependent on the number of growing 

sites per acre rather than the rate of growth at each site. This  

position gradually changed till at the final harvest a difference 

of 602 lb D. M. per acre existed while tiller numbers were constant. 

The yield per tiller was greatest in the 1 20 cow days per acre 

treatment as a result of the death of presumably the low producing 

tillers in this treatment. Inter-tiller competition would be 

reduced owing to improving climatic conditions in terms of light 

and temperature but enhanced by deteriorating moisture conditions 

over the regrowth period (Appendix 1 ) . 

Between durations a different situation existed, the ' 6  

hour' treatment having the greatest nett balance in D. M. to day 1 0  

after which the rate fell relative to other treatments.  As the 

' 6  hour' treatment suffered no reduction in tiller numbers relative 
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to other treatments ,  reduced growth rate was presumably 

associated with reduced tiller vigour. The return of nutrients 

through urine deposits would play a similar role as discussed in 

Experiment I ( Section 5 . 2 ) .  A decrease in the contribution of 

ryegrass and other sown grasses to D. M. yields in ' 6  hour' 

relative to ' 24 hour' and ' 72  hour ' durations would lend support 

to their argument. 

Tiller numbers were reduced 38% and clover nodes 47% by 

a ' 24 hour' duration immediately following grazing, compared with 

figures at 1 8% and 2o% for • 6  hour' and 22% and 27% by the ' 7 2  

hour' treatments.  At the high grazing intensity the reduction 

in tillers due to intensity itself plus that due to the 24 hour 

grazing period gave low tiller populations on this treatment. 

Although the relative growth rate of this treatment was the highest 

of all treatments the initial reduction in D. M. yield ensured 

that the treatment retained lowest production ranking. The improved 

growth rate was probably due to a lack of competition and to the 

suggestion that tillers remaining at day 1 0  were higher yielding 

than those of other treatments.  

Soil bulk density showed a tendency to increase in the 

top 0 - 3 cm layer at the high intensity but more specifi cally 

at the ' 24 hour' duration. This tendency to increased surface 

compaction was small ,  but differences may have been more substantial 

immediately following grazing. This small shift was associated with 

surface crusts in some � 24 hour' plots which showed reduced 

infiltration following rain. 
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ii.  Between Days 

The main feature in D. l-1. yields was the inferiority of 

Day 1 plots especially at the highest grazing intensity with a 

' 24 hour' grazing duration. Over the pre-treatment period 1 . 41 

inches of rain were recorded with 0. 47 inches of this falling 

overnight immediately prior to grazing. As a result soil was 

saturated with pools of water present in most plots when the 

animals were introduced to plots on Day 1 .  Except for 0. 05 inch 

on the final night no further rain fell over the experimental 

period. Visual damage through pugging and puddling appeared 

most severe on Day 1 in all treatments compared with the remaining 

two days. 

Visual differences were not reflected in terms of significant 

D.J.; . differences except in the 200 cow days per acre - 24 hour 

duration treatment. An average reduction of 1 7 .  2/o in D. J.l. 

production was re corded at all regrowth harvests for this treatment 

on Day 1 compared to the mean of the other two days . All other 

treatments showed a reduction with the corresponding figures being 

5% for the remaining high intensity treatment and for the low 

intensity, 9 . 5% for ' 24 hour' and 1 . 3% for ' 6  hour' grazing. In 

absolute values the relative decrease being 1 : 0 .33 : 0 . 7 4 : 0. 1 1  

for the treatments as named. 

Greatest damage was at 200 cow days per acre for 24 hours ; 

reducing the grazing duration had a greater effect on reducing this 

loss than did on easing of the grazing intensity. 

In contrast to D. I>:.  regrowth , differences between days 

in grazing residues were not signifi cant but there was a trend to 
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higher residues on Day 1 plots ,  compared with mean values for 

Days 2 and 3, in all treatments .  Regrowth over the first 1 0  

days (Table XLVII ) tended to reverse this trend but differences 

in yields were still non-significant between days . 

TABLE XLVII 

Intensity 

Day 1 
Day 2 
Day 3 

LSD (0. 05 )  
S.E. mean + 

Experiment II - Between day effects on 

regrowth for the first 1 0  days following 

grazing (lb D. I>r. per acre per day) 

Grazing intensity ( cow days/acre ) 
1 20 200 

6 hour 24 hour 6 hour 

-1 1 . 8 
3 . 8  
1 . 7 

24 hour 

-33. 8  
6 . 8  

7· 5 

The absence of significant results at the 1 0  day harvest 

and the small differences in most treatments later in regro\vth 

are reflected in the relative growth rates . Analysis of b values 

showing no significant differences between days. 

The decrease in production on Day 1 at 200 cow days per 

acre - 24 hour treatment was associated with a drop in tiller 

densities between 8 August and 24 August . Only i� this one treatment 

were differences substantial ,  the decrease after grazing being 23 

percentage units  greater in Day 1 plots than for the remaining 

days. Similar trends were shown in all species. The reduction in 

tiller numbers was greater than that in D. M. production so presumably 

the smallest lowest producing tillers were destroyed; this would 

also contribute to the increased relative growth rates on these 
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plots. 

Decreases in D.M. yield and ryegrass contribution in 

Day 1 plots late in regrowth may possibly be due to increased 

soil bulk densities and to the formation of surface crusts 

affecting aeration and moisture availability of the top inches 

of the soil. Surface crusts were most evident in the lowest 

producing treatment , no differences however were measurable in 

soil moisture percentages between days in the top 4 inches .  

i ii .  Defoliation Treatment 

Control (non-grazed) plots had consistantly higher D. M. 

yields than the grazed treatments throughout the regrowth period. 

The difference however all took place during defoliation and the 

first ten days of regrowth. After this point the two treatments 

ran parallel. 

There is difficulty in interpretation due to the different 

residues and hence intensity of defoliation applied. Grazed plots 

had similar residues whereas cut plots differed by 276 lb D. M. 

per acre between defoliation intensities.  Thi s  difference however 

did not result in increased growth rates at the higher value. 

Little or no damage occurred to plants with mechanical harvesting 

whereas in grazed plots this was not the case. For example , a 

growth rate over the first 1 0  days on cut plots was 35. tl  lb D. M. 

per acre per day compared to a decrease of 4. 3 lb D. M. per acre 

per day on grazed plots. This difference was accentuated at the 

high intensity due to lower growth rates on the grazed plots 

(Table XLVIII ) .  
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TABLE XLVIII : Experiment II - Defoliation treatment effect 

�t 

Grazed 

LSD (0. 05 )  
(0.001 ) 

on D. M. regrowth over the first 1 0  days following 
defoliation (lbs D. M. per acre per day) . 

Defoliation intensity ( cow days/acre ) 
1 20 200 

36. 8  

2. 0 

6 . 6  

1 6 . 0  

34. 8 
-10 . 6  

Large differences were recorded in  tiller populations 

over this initial period. After ten days cut plots had 72% 
2 more clover nodes and 6o% more grass tillers per ft than 

grazed plots. Both sown and unsown grasses showed similar 

trends but within the unsown components the increase was mainly 

Yorkshire fog. Tiller numbers did not account for all differences 

in yield as production per tiller was also lower on grazed plots. 

Although grazing hindered early growth relative to cutting 

this disadvantage was short lived. Despite having So% higher D. M. 

yields at day 10 , the cut plots had this increase trimmed to 1 4% 

by the final harvest. These changes were reflected in much lower 

relative growth rates on cut than grazed plots. The higher 

densities on cut plots would probably increase inter-tiller 

competition on these plots,  a s i tuation evidenced by increased 

rates of tiller deaths in cut plots early in regrowth. Tiller 

productivity also decreased in cut plots especially in the ryegrass 

component . The increase in the more prostrate Yorkshire fog species 

in cut plots would also increase competition and lower productivity. 
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A s  di s cussed previously the lack of urine re turn would also 

act against cut plots.  I t  appeared that grazing through removing 

l arge numbers of til lers e nhanced regrowth on a per t i l ler basis 

for the remainder o f  regrowth period and establi shed an improved 

composition over cut treatment s .  Ryegrass spe ci e s  were e nhanced 

b o th in population and productivity by grazing, this b eing most 

noti ceab le when cut plots were leni ently defoliated. 

5 o 4 When discussing the impli cations of the. se re su l t s ,  i t  

must be borne in mind that the se experiments were carried out o n  

only one soi l type and i n  one season. Weather condi t i ons over 

the winter period (June - August ) were dri er and cooler t han 

average (Appendix 1 ) . Rainfal l over the 3 month period was 3. 9 

i nche s l e s s  than normal . Regrowth in Septemb er was enhanced by 

warmer than average mean dai ly tempe rature s (+ 3°F ) .  

The greatest variable i n  wintering dry dairy cat t l e ,  in 

terms of e stimated D. M. ' intake ' and sub sequent D. M. regrowth, 

i s  grazing intensi ty. In all measurement s graz i ng i ntensity 

gave rise to larger di fferences than ei ther the me thod of graz ing 

or differing environmental conditi ons between days. 

Under conditions o f  low D. M. availab i lity, animal s have 

been able to compensate to s ome extent for the increasing feed 

shortage and grazing pre ssure by i ncreasing the proport i on of 

avai lable D. M. harVe sted - through increasing grazing t ime and 

de creasing their sele ctivity i n  grazing (e . g. Arnold , 1 964) . 

In t hi s  s tudy thi s was evidenced in the June but not the August 

grazing. Only in the ideal graz ing conditions experienced in 
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June were cows at the high graz ing intensity ab le to markedly 

increase ' ut i l i zati on ' over those � the low intensity. For 

examp le , the 67% increase in grazing intensity gave only a 3 1% 

de crease in e st imated daily i ntake . In adverse condit i ons the 

animals appeared unable to increase utilization and grazed to a 

constant height . In June graz ing re s idue s of be low 400 lb D. M. 

per acre were obtained whereas i n  August , de spi te a 42% increase 

in graz ing pre s sure , re sidues were increased by 5o%. Some of 

this di fference probably originated from di fference s in pasture 

compo si tion and strucuture but i t  i s  l ikely that the main 

component was the physi cal diffi culty in harve sting as a result 

o f  pasture damage , soil contaminati on and burial . 

Estimated ' intake s '  in Expe riment II were the refore l ow 

due to low D. M. avai lability on one hand and to greater graz i ng 

re sidues on t he other. To thi s extent Experiment II was unreali sti c  

as animal s  were estimated to b e  considerably be low maintenance 

' intake s ' .  Something in the o rder o f  6 lb D. M. and 1 0  lb D. M. 

as hay would have been required at the low and high graz ing 

intensity re spe ctively to bring intake s to around mai nte nance . 

I t  i s  possib l e  that feeding supplements could affect grazing 

damage in e i ther dire ction; reduced grazing pre ssure s reduci ng 

pasture damage ( 1 20 cow days per acre c. f. 200 cow days per acre 

in both experiments ) , or feeding suppl ement s on pasture already 

pugged could cause addit ional pasture damage . Campb e l l  ( 1 966 b ) 

ob served that l e s s  damage o c curred when a given graz i ng intensity 

was spread ove r two days , and supplements fed on the s e cond day, 

than i f  the grazing i ntensity had been reached i n  one day on 

gm: ss alone . 
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The manner in  which pasture was grazed within each 

intensity had small effect on estimated D. M. ' intake ' and 

'utilization ' .  Although interpretation is  somewhat clouded by 

differences in grazing pressure between treatments within each 

experiment , there was a suggestion of greater 'utilization' and 

' intake ' with ' 24 hour' grazing. The ' 6  hour ' treatment had the 

lowest intakes, though the average reduction in both experiments 

was only in the order of 1 lb D. M. per cow per day. 

Environmental conditions between contiguous days appeared 

to have only small effect on the animals ability to harvest 

available D. M. In the adverse conditions experienced on the 

first day of the August grazing, est imated ' intake ' was reduced 

by 1 0%  over that on the two following days. It appears that 

differences will only occur when very wet conditions apply at 

the time of grazing. OVer a longer period of time where pasture 

and soil properties are subject to change (e .g. Experiment I 

compared with Experiment II ) the differences may be greater. 

By the final regrowth harvest,  in both experiments , 

D. M. production at the lower intensity was approximately 25� 

greater than that resulting from the high grazing intensity. In 

terms of time , if pastures were grazed when 2, 000 - 2, 500 lb D.M. 

per acre was present , this difference would mean in Experiment I 

that pastures could be grazed twelve days earlier following the 

low intensity grazing than the high intensity treatment ; while 

in Experiment II , due to increased growth rates ,  only six days 

earlier. This  increased growth at the low intensity would 

compensate for some, but not all ,  of the extra land needed over 
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the wintering pe riod when the lower graz ing intensi ty i s  used. 

D. M. regrowth following the early winte r graz i ng was 

slower than that in August .  I t  i s  possible that pasture damage , 

such as o c curred in Experiment I I ,  at thi s early stage of the 

wint e r  would mean re covery would also be slower ,  putting an area 

of land ' out of act ion ' for longer periods. As a re sult it may 

therefore have a greater effe ct on the post-calving feed supply 

than i nd i cated by the data in Experiment s I or II . Such conditions 

would als o  al low the ingre ss of volunteer grasses in bare ground . 

Volunteer gras ses did not increase in contribution on 

heavi ly t rodden pasture s i n  t hi s  study. For example in the first 

experiment (June ) , although growth was s low , damage at graz ing was 

not immense and pastures s t i l l  remained reasonably dense with 

adequate ground cover. In the se cond experiment (August ) although 

pastures be came more open as - the re su lt of damage at graz ing, 

regrowth from the remaining e stabli shed t i l lers was probably fast 

enough to increase ground cove r and suppre ss vo lunteer seedlings . 

The formation of surface crusts in soils of the worst t reatment s 

and de clining mo isture condit ions probab ly also worked against 

volunteer spe cie s .  I t  was only i n  t reatments showing least graz ing 

damage in the first experiment that the unso\in grass spe cies 

increased to any extent - thi s probably being the re sult of � 
seedli ngs surviving graz ing rathe r t han any marked i ngre ssion of 

new germinating seedlings. I n  fact , the most signifi cant level 

of volunteer grasses (e . g. � spe cie s ) occurred in the mown plots ,  
I ,  

which lends support to the above statement and t o  the observation 

made by Sears i n  1 962. 

Weeds formed only a minor component in both pasture s and 
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this appeared unaltered by grazing treatments.  

In the discussion of each experiment (Section 5. 2 and 

5 . 3 )  tiller populations have been put forward as the main deter-

minant of difference in D. M. regrowth following grazing. The 

basis of tiller changes appears however to differ between the 

June and August grazings . 

i .  With the high initial tiller populations present in 

Experiment I,  despite the large reductions from high intensity 

grazing, tiller populations remained relatively high (above 500 

2 per ft ) . It  is suggested that the reduction was mainly in the 

small seedlings and lower producing tillers leaving a smaller 

number of larger tillers in these pastures compared with those 

grazed at the low intensity. 

ii. In Experiment II tiller numbers were lower, more in the 

order of those present at the end of Experiment I than at the 

beginning. Since the Autumn, pastures had been grazed heavily 

in April and again in early June and indications from Experiment I 

would suggest that following such management tiller numbers would 

be more stable by this time. This  is supported by the fact that 

tiller reductions in Experiment II equalled D. M. reductions, there 

appearing to be no differential removal of low producing tillers. 

Following grazing at 200 cow days per acre pastures therefore 

contained fewer tillers than if grazed at 1 20 cow days per acre 

but these tillers did not differ in size . 

Why, therefore , were differences in D. M.  production of a 

similar order at the end of each experiment. In June , it appeared 

that high tiller populations following grazing at the low intensity 
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probably led t o  increased competition and tiller death, restricting 

the production per unit D. M. present. By comparison, tillers in 

the high grazing intensity treatment were at least able to produce 

at maximum levels within the environmental limits imposed. In 

August competition would appear to be absent initially on all 

plots and production per unit D. M. accrued at similar rates  

following the high and low grazing intensities. The low grazing 

intensity treatments suffered less damage at grazing in Experiment 

II ,  than high grazing intensity treatments, the former showing 

nett D.M. gains over the first ten days of regrowth and the latter 

D. M. losses .  Reduction in  tiller numbers in  this experiment seemed 

less clear cut than in Experiment I.  Although substantially reduced 

follow ng grazing, the populations became better defined at the 

third sampling date ( 35 days after grazing) as evidenced by the 

increased levels of significance obtained for the smaller absolute 

differences recorded between grazing intensity treatments at this 

time. This  was possibly due to changes in tiller populations 

within each grazing intensity, i . e .  increased tiller damage and 

lower tiller densities at the high grazing intensity may have led 

to an increased turnover in tillers and therefore to younger tillers 

on these treatments.  This  would support the idea that herbage on 

poached plots is at a younger stage of growth than that from 

unpoached plots (Section 1 . 3 . 2. ) . Langer ( 1 958) has shown that 

often recorded fluctuations in tiller numbers do not reveal the 

dynamic changes of continuous tiller death and tiller formation 

that may be o ccurring within a pasture. 

Improved relative growth rates on high intensity plots in 

Experiment I and on badly damaged plots in Experiment II did not 
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however compensate for the lower initial values caused by 

increased 'utilization' and/or damage at grazing. 

Although grazing intensity caused the major effects, 

differences were also caused at various times by the grazing duration 

adopted. In the June grazing, differences in relative growth rate 

due to grazing duration appear to reflect variations in grazing 

residues rather than changes in tiller populations. Increased 

treading damage may have o ccurred in the ' 24 hour ' duration 

treatments but , if present , was insufficient to alter tiller 

populations. The turnover of tillers , hov1ever, may have increased. 

The ' 6  and 7 2  hour ' grazing treatments left similar residues but 

initially the ' 6  hour ' treatment grew at the faster rate - possibly 

as a result of decreased tiller vigour at the longer duration (72  

hours ) from depletion of reserves caused by individual tillers 

being grazed periodically over the three day period. In August 

however, responses between ' 6  and 24 hour ' treatments appeared 

related to tiller losses at grazing, this being particularly evident 

in grazing on Day 1 .  In addition to tiller losses,  D. M. regrowth 

could also be affected by tiller damage (but not death) and mudied 

and buried pasture. The improved relative growth rate of the ' 24 

hour ' duration treatment possibly resulted from increased tiller 

turnover, as described previously for high grazing intensities.  

I� many respects the ' 24 hour ' treatment acted in a similar manner 

to an increase in grazing intensity. 

In the August experimeht the ' 7 2  hour ' treatment was rather 

an enigma - little difference was shown in D. M. regrowth between 

grazing intensity treatments .  The lack of difference was due to 

the inferiority of the ' 7 2  hour' duration at the low g�azing 
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intensity rather than any great superiority at the high grazing 

intensity (Figure 1 9 ) .  At the low intensity, grazing residues  

on thi s  treatment were the lowest of all recorded while at the 

high intensity they were the highest.  Although this result is  

contrary to  other duration treatments it possibly can be explained 

in terms of pasture fouling. In the wet conditions on Day 1 only 

one third of the total pasture was fouled in ' 6  hour' and ' 24 hour ' 

treatments whereas in the ' 7 2  hour ' treatment animals had access 

to the entire area. The pasture fouling in the 200 - 7 2  hour 

treatment appearing to be sufficient to increase pasture rejection. 

The higher negative growth rate over the first 1 0  days at the 

high grazing intensity, on the ' 7 2  hour ' treatment , almost equated 

the differences found in D.N .  yields after grazing. 

The reduced tiller vigour in the 1 6  hour' duration treatment, · 

has been mentioned on several occasions (Section 5 . 2 and 5 . 3 ) .  

Although real o n  a whole farm basis,  losses involved would b e  small. 

Higher post grazing residues and/or lack of damage at grazing led to 

improved D. M. yields earlier in regrowth in both Experiments ,  which 

compensated for reduced tiller vigour late in regrowth and resulted 

in reductions at the final harvest of less than 3%. This  reduction 

has been explained in terms of competition and fertility transfer 

(Section 5. 2 ) .  Changes i n  tiller populations as a result o f  increased 

grazing residues and competition on these pastures are difficult to 

forecast as tiller numbers and competition aspects in most cases were 

similar for the ' 7 2  hour' treatment ; a treatment not showing a 

similar reduction in D. M. production. The slow initial regrowth in 

'72 hour ' treatments may have meant younger tillers on this treatment . 
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Unless the ' 6  hour' treatment has some beneficial effect 

on the animal , this result perhaps explains in part why on/off 

grazing (platform wintering) at No. 3 Dair,y, Massey University, 

was not found to outproduce other wintering systems in terms of 

annual butterfat production (MacQueen , 1 965 ) . 

Control (mown) plots provided an interesting comparison 

with grazed treatments but probably is not of such importance 

owing to the problems that would be encountered in attempting 

mechanical harvesting with conventional machinery over the winter 

period. In all cases mown plots outyielded grazed plots, but by 

the final harvest the large initial difference was substantially 

reduced. For example , in Experiment II ,  the 80% greater D. M. 

from the mown compared to the grazed plots after 1 0  days regrowth, 

was reduced to only 1 4% advantage by day 50. One of the main 

features of the cut plots was the increase in the number of g�ss 

tiller and rooted clover nodes in comparison to grazed plots. In 

the June grazing this was due mainly to the failure of the mowing 

machine to remove � seedlings as well as to further ingress of 

� species during regrowth. In August all species benefited from 

the absence of any . grazing damage. � species did not increase 

during the second experiment but there was a substantial increase 

in the Yorkshire fog component. Under a mowing regime , ryegrass 

seemed unable to compete as successfully at the low intensity as at 

the high intensity. The decreased growth rates recorded on the 

cut plots are probably attributable to increased competition through 

high tiller populations, increases in lower producing species , 

reduced tiller turnover and lack of nutrient return. 
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It is probab le that one mowing among a seri e s  o f  grazings 

would not be sufficient to alter the production and compo sition o f  

the pasture markedly. However the indications are that thi s may 

not be the case following a series of such cuts as might o ccur in 

a cut and carry management system. Di fferences would however be 

t empered by nutrient return to cut plots and seasonal pasture 

response . 

The pract ical impli cati ons of thi s study appear to b e  that 

high graz ing intensi t i e s  can be used over the winter period on 

soils of a Tokomaru silt loam type , but that the grazing intensity 

used wi l l  de termine regrowth regardle s s  of the damage caused at 

graz ing. U sing a lower intensity w i l l  increase the regrowth but 

thi s will probably not compensate for the larger proportion o f  

the farm needed for wintering and the smaller area avai lab le for 

post-calving feeding. 

The me thods of graz ing as used in this study do not appear 

cri t i cal. In very wet conditions pasture damage i s  reduced by 

lowering the graz ing intensity but a further reduction i s  also 

obtained by removing animals afte r  short pe riods (4 - 6 hours ) . 

No advantage i s  gained from on/o ff graz ing at other time s .  

One heavy grazing over the winter period with graz ing 

intens i t i e s  of up to 200 cow days per acre appear under condi tions 

experienced in these experiments to affe ct D. M. 'uti lizat i on ' at 

grazing and D. M. regrowth. Providing adequate re cove ry i s  allowed 

before the next grazing, i t  is difficult to see the change s 

de s cribed having a great effe ct on annual pasture production. 

�he very nature of the N . Z .  climate means that at t ime s ,  damage 
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greater than that found in the present study will occur and may 

reach a critical point beyond which the pasture will fail to 

recover. It appears from this study however, that considerable 

damage can o ccur without altering the botanical composition or 

delaying regrowth more than a matter of a few days. 

' •· 



S U M M A R Y  

i .  An experiment was designed t o  study some pasture 

aspects of block grazing dry dairy cattle over the winter 

period. Two grazing intensity treatments ( 1 20 and 200 cow days 

per acre ) and three grazing durations (6 ,  24 and 72 hours ) were 

studied. A control (non-grazed) treatment was also included. 

Treatments were replicated three time s and the experiment was 

carried out on two occasions; first in early June (Experiment 

I )  and repeated in early August (Experiment II ) .  

i i .  D. M. 'utilization ' and estimated ' intakes ' at 

grazing were measured by a series of pre- and post-grazing 

pasture samples.  D.  M. regro• .. th was measured over a 60 day 

period in Experiment I and 50 days in Experiment II. The 

botanical composition and tiller populations of pastures were 

measured at regular intervals before grazing and during regrowth. 

Soil moisture and soil bulk density measurements were also carried 

out. 

iii.  The experiments took place on one soil type , in one 

season: Experiment I in fine , cold weather at a time when regrowth 

was limited by environmental conditions, Experiment II in adverse 

conditions , on a saturated soil ,  but at a time when the environment 

was improving with respect to pasture growth. 

iv. Experiment I The greatest determinant of ' intake ' 

was grazing intensity. At the high intensity cows "'rere able to 

inprease 'utilization' of available D. N. Grazing duration had a 

smaller effect on the estimated pasture ' intake ' and utilization' ,  



the 6 hour grazing ,  however ,  gave the lowest value s i n  both 

instance s .  

D. N. regrowth was affe cted more by graz ing i nt ensity 

than by the method o f  grazing ,  the low i ntensi ty treatment be ing 

25% superior by the end of the regrowth p eriod. Within graz i ng 

durations the ' 24 hour' graz i ng t reatment was the lowe � producing 

at al l t i mes and the ' 6  hour ' tre atment showed a marked de cline i n  

growth rate re lat ive to other treatments .  Contro l ( non-graz e d )  

plot s despite lower growth rates outprodu ced grazed plot s due t o  

the i nit ial inhi bi tion of regrowth b y  graz ing. 

Mo st of these diffe re nce s were s hown t o  originate at the 

time of graz ing, with the mo st important variab le be i ng changes 

in t i ller popu lations . Graz i ng t ended to favour ryegrass and 

non-graz ed plots Poa spe cie s .  

v .  Experiment II Cows appe ared l imited in the i r  

abi l i ty to defo l iate b e low 6 00 l b  D. M. p e r  acre . Uti lizat io n  

was therefore simi lar acro s s  a l l  t re atments and i ntakes a 

function o f  graz ing intens·i ty. 

D. M. production in t he low graz ing intensity p lots once 

more outproduced by 25% that in the h1gh 1 ntensity t reatments .  

Wi thin grazing i ntensities,  graz i ng durat ion treatments d i d  not 

act in a s im i lar manner - the 72 hour t reatment being inferior 

at the low intensity and the 24 hour at the high i ntensi ty. The 

latter was the re sult of reduced regrowth from plo t s  of this 

treatment grazed on Day 1 when surface water lay on all p l o t s ;  

over the remaining two days thi s reduct ion was l e s s  marked. The 

6 hour t re at ment once more showed de creased growth rat e s .  



Control (non-grazed ) plots behaved in a similar manner 

to those in Experiment I .  

Damage to pastures at grazing was reflected in growth 

rates over the first ten days of regrowth. After this point , 

on most treatments ,  growth was proportional to that present at 

day 1 0. The main variable affecting initial regrowth appeared 

to be changes in tiller populations. 

vi. Results of both Experiments were di scussed in terms 

of pasture response and their short and long term impli cations 

on a whole farm basis. 
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A P P E N D I C E S  

The following code is used throughout Appendices 

I Replicate 

K Grazing Intensity 

L Grazing Duration 

Day 

Ap,eendix 1 Meteorologi cal Data. 1 969 

Information re corded at D. S. I . R. , Palmerston North, t mile from · 

the experimental area. 

(a ) Monthly Data 

11, Mean M' J.1ean Mean Temp . Rainfall No . of �0 year 1ax1mum 1n1nrum vera:;e 
Temp .fF) Temp.fF) (oF) ( inches ) days ( inches ) 

Jan. 70. 6 54· 6 62. 6 3 . 1 8  1 3  3 . 39 

Feb . 69. 8  54· 1 62. 0 2. 76  7 2. 7 1  

Mar. 68. 9 54· 0 6 1 . 4  1 . 09 6 2 .82  

April .  62 .7  46. 8  54. 8  2. 68 1 2  3 . 04 

May 58. 1 46. 1 52. 1 3 . 92 1 4  3 . 32 

June 52 .7  37 · 4 45 . 1  2 . 64 1 3  3 . 8 1  

July 5 1 . 6  37 · 4 44· 5 1 - 54 1 1 3 . 5 1  

Aug. 55. 1 42. 3 48 . 7  2. 5 1  1 8  3 . 3 2  

Sept. 6 1 . 5  46· 4 54. 0 1 .  29 1 1  2 . 75 

Oct. 59· 1  44- 8 52. 2 1 . 50 1 3  3 . 40 



(b ) Daily Data over grazing periods 

1 June 5 1 . 7 36. 4 44- 1 

2 50. 8 37 . 3  44- 1 

3 54- 3 . 42. 2 48. 3  

4 54. 8 3 1 . 8 43 . 3  

5 54· 3 40. 0 47 . 2  

6 56. 2 39. 0  47 . 6  0 . 08 

7 54. 8 41 . 0  47 - 9  Trace 

8 5 2. 0  39. 9  46. 0  

9 50. 1 40. 4 45 - 3  

1 0  53 . 1 37 . 5  45 - 3  
1 1  53. 2 33. 0 43 . 1  

1 2  56. 7 40. 0 48 . 4  

1 August 56. 8 44. 8  50. 8 0. 1 7  

2 54- 8 49· 4 52 .  1 0 . 02  

3 53- 4 34. 2 43. 8  

4 5 1 . 2  29. 8 40- 5  

5 56. 2 33. 8 45 - 0 0 . 23 

6 56. 2 44· 5 50. 4 0. 05 

7 57 - 5  41 . 0  49- 3 0 . 58 

8 53- 9  41 . 2  47 . 6  0. 08 

9 57 - 1 45 . 8  5 2. 0  0. 47 

1 0  50. 8 44. 8 47 . 8  0. 04 

1 1  55- 1 33 . 8  44·5 

1 2  55. 2 44- 0 49- 6 0 . 05 



Appendix 2 Schedule of events.  

(a ) Experiment I 

1 April 

2 

3 . 

f Experimental and pre-treatment ) heavily grazed and closed. 

areas 

3 �lay 50 lb N/acre applied to experimental and pre-treatment 

3 - 3 1  

4 June 

5 

6 1 7 

8 ) 
9 

10  } 1 1  

1 2  
1 3 . 
1 9  . 
22 

23 

24 

25 . 
4 July 

5 

6 

1 4  1 1 5  

1 6  

1 9  

20 

21 

areas. 

Plots layed out and fenced. 

Tiller samples. 

Pre-treatment l 
Pre-grazing 
harvest I Soil 

Post-grazing harvest 

J Herbage rejection measurements 

Control plots cut 

Tiller samples 

moisture 

Soil moisture ) First regrowth harvest. 

Ground cover estimate 

} Second regrowth harvest 

Soil moisture 

Third regrowth harvest 

'I'i.ller samples 

Soil moisture 

� Grazing 



24 
25 

26 

Fourth regrowth harvest 

3 August � 
4 Fifth regrowth harvest 

5 

6 Soil Bulk densities 

1 j  Soil moisture . 
1 4 1 1 5  Sixth regrm"th harvest .  

1 9  . 
1 9  Tiller counts 

(b ) Experiment II 

Soil moisture 

i April 
1 

Experimental and pre-treatment areas heavily 
grazed and closed • 

. 
2 June � 
3 . . 
1 July 

1 July -

7 

8 

9 

1 0  
1 1  
1 2  
1 3  . 

• . 
20 
21 
22 
23 
24 

2.? . : 
30 

31  
1 Sept. 

Area lightly grazed and closed. 

50 lb N/acre applied 

4 August Plots layed out and fenced 

Tiller 

) Pre-treatment 

counts ) 
I 

grazing � 

� First regrowth harvest. 

Tiller counts 

Soil moisture 

J Second regrowth harvest . 

Pre-grazing D. M. harvest 
Soil Moisture 

Jj Post-grazing 
harvest 



9 Soil moisture 

1 0  Third regrowth harvest 

1 1  
. . 

1 5  Tiller counts 

1 9  

20 
2 1 

j Fourth regrowth harve st 

22 Soil moi s tt:.re 

27 Soil bulk dens i ty 
. 
. 29 

30 Fifth regroHth harve st 
1 Oct .  

• I 
6 Soil moisture Tiller counts 



Appendix 3 . 
. Analysi s  of variance methods showing the source and df of treatment and e rror 

terms (E!·lS )  and the appropriate divi sors used in t he F. test . 

Source df F. Rati o  Source df . F. Ratio Source 
Divi sor Divisor 

Repli cate (R)  2 EMS Repli cate ( R )  2 EMS Repli cate (R)  
Treatmentn Treatments Treatme nts  

Grazing intensity Grazing intensity Grazing intensity 
( s )  1 Ef,lS (s )  1 EJ.lS (s )  

Grazing duration Grazing durat ion Defoliation 
(T)  2 EMS (T) 1 EMS technique (T) 

s X T 2 EMS S x T 1 EMS s X T 

R x Treatments R x Treatments R x Treatments 

R X s ) 1 0  (E!.!S ) 
R X S ) 6 (Egs ) R X s ) 

R x T  ) R x T � R x T ) 
R X s X T ) R X s X T R X s X T ) 

Sub-plot 

Days (D)  2 EHS2 
�s x Treatments 

D X S 2 EMS2 
D x T 2 EVJS 

2 
D x S x T 2 EMS2 
Da�s x R x Treatments 
R X s X D � R x T x D 1 6  (E:r.1S

2 ) R x S x T x D  ) 
R x D  ) 

( i )  ( i i )  ( i i i )  

df F. Rat io 
Divisor 

2 EMS 

1 E?>lS 

1 EMS 

1. EMS 

6 (EMS ) 



Appendix 4 . Cow Weights - Experiment I and II . 

(aL Data 
lbs Liveweight lbs Liveweight 

I K L Expt . I  Expt.  II I K L Expt.  I Expt.  II 

1 1 737- 3* 758. 3  2 2 1 679. 3  795 . 3  

1 1 2 760. 6 836 . 6  2 2 2 658 . 6  886 . 6 

1 1 3 684. 0 797 - 3 2 2 3 754- 0 844. 0 

1 2 7 1 2. 6  789 . 0  3 1 1 802. 0 841 . 6  

2 2 751 . 3  788 .0  3 1 2 789. 3 803. 0 

1 2 3 683 . 3  759 . 0  3 1 3 794. 6 825 . 0  

2 7 1 7 . 3  825 . 0  3 2 1 699- 3  823 . 6  

2 2 655 . 3  715 . 6  3 2 2 681 . 3  790. 0 

2 1 3 7 1 2 . 3 807 . 3  3 2 3 7 1 8. 0 793 . 3  

* Each valve is mean weight at three animals 

�b L Anal;zsis of variance 

df m. s. (Expt I )  m. s.  (Expt II ) 

Grazing intensity 1 55 1 2. 40 o. ooo 
Grazing duration 2 1 42. 25 1 43 . 5  

Interaction 2 7 1 2. 1 5  3 1 9 . 5  

Replicate 2 3945 .05 1 876.5* 

Replicate x treatment 1 0  2031 . 85 41 4.7 

Total 1 7  2084. 1 0  1 044. 9 

�CL t-test between Re£licate means �E::92eriment II)  

Replicate Mean liveweight 

1 788 lb 

2 822 lb 

3 8 1 3  lb 
n = 3 

EMS ( 1 0  df) = 41 4. 7 

LSD ( 0. 1 ) = 2 1 . 3  

( 0. 05 ) = 26. 2 

( 0. 01 ) = 37. 3  



AE:eendix 2 D. M. intake and utilization Experiment I 

(a� Data 

I K L Intake* Utilization (%) I K L Intake* Utilization(%) 

1 1 1 3 . 04 68. 1 2 2 1 8 .06 80. 3  

1 1 2 1 5 . 35 77 . 7  2 2 2 8 . 1 8  86.9 

1 1 3 1 1 . 7 3  63 . 0  2 2 3 8 .07 80. 8  

1 2 1 8 .42 79-7 3 1 1 1 1 . 25 67 · 4 

1 2 2 7 - 58 80. 6 3 2 1 2.50 69. 9 

1 2 3 8 . 43 78. 0 3 1 3 1 4. 05 7 1 . 9 

2 1 1 1 0. 37 60. 2 3 2 1 9 · 45 79. 2 

2 1 2 1 1 .  2 1  73- 9 3 2 2 8 . 36 86. 8  

2 1 3 1 6. 06 73 .5  3 2 3 1 3 . 02 83. 8 

* lb D. M./ cow/day 

(b) Analysis of variance 

df m. s. Intake m. s .% uti lization 

Grazing intensity 1 7 1 . 9600** 675 . 65*** 

Grazing duration 2 5 ·  267 1 7 1 . 1 5* 

Interaction 2 1 . 6 1 99 5 · 6750 

Replicate 2 1 . 8897 6. 0900 

Replicate x Treatment 1 0  3 .4897 1 6 . 2530 

Total 1 7  7 . 3 1 83 59. 059 

(c) t-test within duration means (% utilization) 

n = 6 
Eiv"..S ( 1 0  df ) = 1 6. 253 

LSD ( 0. 1 ) = 4. 22 

(0. 05 ) = 5 · 1 9  

(0 .0 1  ) = 7 . 38 



A�pendix 6 

6 - 1 Data 

D. M. production - Experiment I 

(a) Grazed plots ( 1 b mr/ acre ) 

I K L Pre- Post 1 0  20 30 40 

1 1 1 2298 733 845 1 020 1 043 1 293 

1 1 2 2372 530 742 843 995 1 288 

1 1 3 2232 825 737 949 956 1 392 

1 2 1 2 1 09 429 574 676 842 1 1 38 

1 2 2 1 880 364 430 527 662 989 

1 2 3 2 1 62 476 468 664 699 877 

2 1 1 3068 824 860 1 067 1 o93 1 428 

2 1 2 1 8 1 9  474 558 683 8 1 7  1 099 

2 1 3 262 1  694 755 896 938 1 304 

2 2 1 2007 395 5 27 592 753 978 

2 2 2 1 884 247 354 484 642 857 

2 2 3 1 996 383 543 734 667 1 001 

3 1 1 2003 653 792 968 1 053  1 365 

3 1 2 2 1 45 645 662 729 933 1 274  

3 1 3 2346 660 894 855 1 025 1 27 2  

3 2 1 2386 497 558 6 1 6  7 3 1  939 

3 2 2 1 9 26 255 422 477 641 866 

3 2 3 3 1 08 505 775 625 8 1 7  92 1  

(b) Cut plots (lb DM/acre ) 

I K Pre- Post* 1 0  20 30 40 

1 1 201 1 1 000 1 2 1 2  1 232 1 232 

1 2 201 1  598 777 1 023 1 063 

2 1 1 957 1 099 1 364 1 409 1 502 

2 2 1 957 635 85 1 1 070 1 1 49 

3 1 2245 9 1 9  1 224 1 259 1 532 

3 2 2245 628 85 1 1 033 1 090 

* not harvested 

50 60 

1483 1 68 1  

1 594 2034 

1596 1 9 1 3  

1 323 1 65 1  

1 1 62 1 452 

1 277 1 73 1  

1 526 1 776 

1 423 1 576 

1 603 20 17  

1 21 5  1 41 7  

1 01 0  1 336 

1 086 1 535 

1526 1 626 

1 558 1 689 

1 799 2056 

1 305 1 627 

1 052 1 256 

1 360 1 759 

50 60 

1 365 1 7 27 

1 1 1 0 1 398 

1 407 241 7 

1 229 1 8 1 2  

1 623 2234 

1 1 90 1 928 



6-2 Anal;rsi s of Variance -4 Hean squares x 1 0  at e ach harvest 
Pre- Post-

df �azing grazing 1 0  20 30 40 50 60 

Grazing intensity (s)  1 0. 8288 45 . 8 1 6 1 * U  46 . 7883*-H 64. 5504*** 41 o 9497*H· 70. 4865*** 7 2• 94 1 1 *** 6 1 . 5681 *lt · 

Cut v ' s  Grazed (T)  1 6 . 0320 o. oooo 1 3 o 7026H- -* 40. 981 4,><--JH 46 . 2562 8 . 1 54 1 *  1 . 7 609 27 . 0848 '* 

Grazing duration (D)  2 25 .5655* 5 . 8033** * 5 · 5 1 23** 6 .  7708·li-·H 2 .8359* 2. 4582 3. 6 1 94* 1 2 . 477 1 
+ 

S x T 1 o. 2763 o . oooo 2. 2649+ 2 . 5238* 0. 00132 0. 09 1 7 o. 7 200 1 .  7 298 

s X D 2 3. 1 099 0 .493 0. 2436 1 . 1 538+ 0 .0672 0. 2860 2. 1 665+ 3. 2402 

Replicate 2 1 4. 0459 0 .647 1  0. 3568 0. 4388 0 .0337 0. 0 1 20 2. 6 1 94'* 1 . 0806 

Repli cate  x Treatments 1 4 6. 3806 0. 4236 0 . 7 1 50 0. 3099 o. 43 1 1  0. 9877 0. 6846 4· 341 7 

Total 23 7 · 909 1 2 . 81 6 1  3. 6952 5 . 6 1 39 4. 3532 4. 257 1 4. 4268 8.0332 



6 - 3 t-test information 

(a) Grazing duration 

( 1 4  df) 
LSD ( lb DM per acre ) 

Harvest  E1·:S 0. 1 0 .05 0 .0 1  

Pre-grazi� 63806 256 .8  3 1 2. 8  434. 2 
Post-grazing 4236 66. 2 80. 6 1 1 1 . 0 

Day 1 0  7 150 86. 0 1 04. 7  1 45 · 3  
Day 20 3099 56. 6 68. 9 95 · 7  

Day 30 43 1 1  66.7 8 1 . 2  1 1 2. 7  

Day 40 6846 84. 1 1 02. 5 1 42. 2 
Day 60 4341 7 2 1 1 . 8 258. 0 358. 1 

n = 6 at all harvests 

(b) Grazing duration x Grazing intensity interactions 

(i ) Day 20 (p< 0. 1 )  

.. 

Intensity (cov; days/acre ) 

( i i )  

Duration 
(hours ) 

6 
24 
7 2  

1 20 200 

1 01 8* 
752 
900 

628 
496 
674 

* D. r,r. production (lbs/acre ) 
EMS = 3099 ( 1 4  df) 

n = 3 

LSD ( 0. 1 )  = 80. 1 

( o. 05 ) = 97 -5 

( 0. 0 1 ) = 1 35 . 3  

( 0.00 1 ) = 1 88. 2 

Da� 20 (p ...::::. o. 1 )  

Intensity ( co1v days/ acre ) 
1 20 200 

6 1 5 1 2* 1 28 1  

Duration 24  1525 1 075 
( hours ) 7 2  1 666 1 241 

* D. M. :eroduction {lbsLacre ) 
EMS = 6846 ( 1 4  df) 

n = 3 

0. 00 1  

1 55 . 6  

202. 1 
1 33. 1 

1 56 . 8  

1 97 . 8  



LSD (0. 1 ) = 1 1 9 . 0  

(0 . 05 ) = 1 44. 9 
( 0 .0 1 ) = 201 . 1  

(0. 00 1 ) = 279 · 7  

( c) Defo li at i on te chnique x Graz i ng i ntens i ty int eraction 
( i )  Day 1 0 ( p <: 0.  1 ) 

Cut 

Grazed 

Intens i ty (cow days/acre) 
1 20 200 

1 006* 

76 1  

620 

5 1 7  

* D . M. production ( lb s/acre ) 

EMS = 7 1 50 ( 1 4  df) 

n = 3 ( cu�) n = 9 (grazed) 

LSD ( 0. 1 ) = 99. 2  

( 0 .05 ) = 1 20. 8 

( 0 .0 1 ) = 1 67 . 7  

(0. 001 ) = 233 . 2 

( ii ) Day 20 (p <::: 0. 05 ) 

Cut 

Grazed 

Intensity ( cow days/acre ) 
1 20 200 

1 267* 

890 

826 

599 

* D. M. production ( lbs/acre ) 

EMS = 3099 ( 1 4  df) 

n = 3 ( cut ) n = 9 (grazed) 

LSD ( 0. 1 ) = 65. 3  

(0 . 05 ) = 79. 6 

( 0 .0 1 ) = 1 1 0. 4 

(0. 00 1 ) = 1 53 .5  



6 - 4 (a ) Analysis of variance of b valves 

df I1!ean squares x 1 04 

Grazing intensity (s ) 1 1 .  27 42 *** 

Cut v' s grazed (T ) 1 1 .  4365 *** 

Grazing duration (D)  2 0 . 389 1 ** 

S x T 1 0 . 0 1 47 

S x D 2 0. 1 278+ 

Replicates 2 0. 0065 

Replicates x Treatments 1 4  0. 0440 

(b ) t-test LSD 1 03 X 

EMS ( 1 4  df ) n 0. 1 0 . 05 0. 01 

Du:cations -6 4• 4 X 1 0  6 2. 1 3  2 . 60 3. 6 1  

Intensity x duration " 3 3 . 02 3 . 67 5 . 60 

cut x grazed " 3 ( cut )  3 .00 

9 (grazed ) 

0 . 00 1  

5 . 0 1  

7 - 09 

5 . 80 



Appendix 7 . Botani cal Analysis Experiment I . 

Percent Botanical composition of treatment means. 

Component Ryegrass Timothy Cocks Poa 

(i ) Pre-(EazinB: 
1 20 41 . 0  1 3 . 3  6 . 2  1 1 .8 

200 39. 2 15 . 0  5 ·8 1 1 .  1 

' 6  hour ' 38. 3  1 5 - 4  6 . 3  1 1 . 0 

' 24 hour' 38. 8 1 3 . 1 5 - 5 1 2. 4  

' 7 2  hour' 43. 1 1 4. 0  6 . 2 1 0. 9  

( ii ) Post-B:Eazi� 
1 20 26. 7  1 0. 9  3 . 8  7 . 1 

200 23.7  8 . 6  2. 3 5 · 9  

' 6  hour' 29. 5  1 0. 0  2 . 2 6 . 3  

' 24 hour ' 24. 2 9 - 9 3 - 9 6. 1 

' 7 2  hour' 2 1 . 9  9 - 4 3 . 0  y . o  

(iii )Regrowth da� 1 0  

1 20 35 . 8  1 0. 8  6 . 9  10 .9  

200 29- 9  9 . 6  5 · 9  8 . 8  

' 6  hour' 33. 8 1 1 . 6 7 . 1 1 0.5  

' 24 hour ' 33. 2 1 0. 5  6 . 5  8. 9 

' 7 2  hour ' 3 1 . 6  8 . 5  5 . 6  1 0. 2 

( iv) Re!Em•th da� 30 

1 20 48. 2  1 1 . 4 7 , 6  9 . 8  

200 48. 1 1 2. 4  8 . 0  7 . 6  

' 6  hour' 49- 1 1 3 . 0  5 · 9  9 . 0  

' 24 hour' 46. 2 1 1 . 0 8 . 4  9 - 6 

' 7 2  hour ' 49- 1 1 1 . 7 9 . 2  7 - 4 

(v ) Regro'ilth da� 20 

1 20 56.8  5 · 5 8 . 0  9- 3 

200 53- 4 6 . 5  7 . 2  8 .7  

'6  hour ' 56. 0 6 . 2  7 . 1 8 .5  

' 24 hour' 55 . 8  5 · 4 8 . 1 8 . 9  

' 7 2  hour' 53- 4 6 . 4 7 . 6  9 - 6  

Other Total 
S Unsown Clover Dead Weed grass m·m 
grass 

1 .8 60. 4 1 4. 4  1 2. 7  5 . 2 7 . 2  

2. 2 60. 0  1 3 . 3  1 3 . 5  5 · 4 7 . 8  

1 . 8  59 -9  1 2. 9  1 4. 8  5 - 2 7 . 2 

2. 1 57 - 3 1 4. 6  1 4. 2  6 . 9 y. o  

2. 1 63. 3  1 4. 2  1 0. 3  3 . 8 8. 3 

0. 3 41 · 4  7 - 4  1 4- 4  8 . 4 28. 5  

0. 1 34. 6 6 . 0  1 2. 9  7- 3 39. 2 

0. 3 41 . 6  6 . 5  1 1 . 8  8 . 6 3 1 . 5  

0. 3 38. 0 6 . 4  1 4. 9  7 . 8  32 .8  

0. 01 34. 3 y . o  1 4. 3  7 . 1 37 - 3 

0 . 3  53 - 5 1 1 . 2 1 3 .7  4- 9 1 6 . 6  

o . 8  45 - 0 9 - 6  1 7 . 4  5 - 9  22. 0 

0 .4  52- 5 1 0. 9  1 3 . 6  7 - 7  1 5 . 0  

0. 9 49 - 7  9 . 8  1 8 . 3  5 . 8  1 6. 3  

0. 3 45 · 7 1 0 . 5  1 4- 9  2. 7 26. 3 

0 . 9 68. 0  1 0.7  1 1 . 3 3 . 0 7 - 9 

0.5  68. 5  8. 1 1 4. 0  3 . 6 5 . 8  

0 .5  68 . 0  9 - 5  1 2. 9  3 . 8 5 ·1  

0. 6 65 -5 1 0. 1  1 3. 3  4- 3  6 . 7  

1 . 0  yo.o 8 .5  1 1 . 8  1 .  7 8. 0 

0 .9  70. 2 1 0. 2  1 0. 7  2. 8 6 . 1 

0 . 3 67 . 3  8 . 9  1 5 - 5  4. 1 4- 3 

0.7  69. 3  9 . 2  1 2. 7  3 . 3  5 . 6  

0.7 69- 5  9 . 6  1 2 . 7  4- 0 4. 1 

0 . 4  67 · 4  10 .0  1 3 . 8  3 . 0  5 . 8  



(vi ) Regrowth day 60 

1 20 47 . 6  1 1 . 3  7 . 6  1 2. 0  1 . 6 66. 5  1 3 . 6  1 2. 4  2. 9 4. 6 
200 52. 3  1 0. 2  8 .0  1 0. 0  0. 6 70.5 1 0. 2  1 3.5  2. 3 3 - 4 

' 6  hour ' 49-0 1 1 . 4 6 .7  1 1 . 1 1 . 5  67 . 0  1 2. 6  1 3 . 5  2 .  7 4· 3 

' 24 hour' 50. 9 1 0.0 1 · 9  1 1 . 5  0. 5 68.8 1 2. 1  1 1 . 6  3. 2 4- 3 

' 72 hour ' 50.0 1 0. 9 8.8  9. 8  . 1 .  3 69 . 8  1 1 .  1 1 3 . 7  1 .  9 3.  4 



AJ2J2endix 8 : Tiller Density - Experiment I 

(a)  Data ( tillers/ft
2 ) 

4 June 

I K L Total So;.m Unsown . Other 
G G G Ryegrass T1mothy Cocksfoot Poa G Clover rass rass rass . rass 

1 1 8 1 9 6 1 6  203 472 1 30 1 4  202 1 279 

1 1 2 827 740 87 630 69 41 50 37 295 

1 1 3 720 49 1 229 332 1 1 5 44 1 65 64 398 

1 2 1 678 484 229 325 78 46 227 2 378 

1 2 2 654 543 1 1 0  440 32 7 1  1 1 0  1 1 46 

1 2 3 8 1 8  655 1 63 495 1 37 23 156  7 440 
2 1 1 781  5 1 6  265 360 1 1 0 46 254 1 1  426 

2 1 2 65 1 403 248 245 1 05 53  202 46 387 

2 1 3 7 22 432 290 341 66 25 289 376 

2 2 1 7 27 387 340 3 1 6  64 7 339 435 

2 2 2 743 573 1 70 483 89 1 1 69 1 467 

2 2 3 6 28 46'i 1 63 286 94 85 1 49 1 4  307 

3 1 1 637 376 261  266 80 30 254 7 529 

3 1 2 808 635 1 73 579 55 1 1 7 2  460 

3 1 3 786 527 259 428 85 1 4  245 1 4  41 9 

3 2 1 736 680 56  540 1 0 1 39 55 1 1 97 

3 2 2 838 639 1 99 540 94 5 183 1 6  437 

3 2 3 679 56 1  1 1 8 5 29 27 5 1 1 7 1 261  

19 June 

1 1 1 708 5 1 2  1 96 433 78 1 1 85 1 1  293 

1 1 2 738 682 56  421 1 5 1  1 1 0 55 1 250 

1 1 3 839 452 387 282 1 1 0 60 355 32  26 1 

1 2 1 788 676 1 1 1  5 1 3 1 53 1 1  1 1 0  282 

1 2 2 477 258 2 1 9  1 85 48 25 2 1 8  295 

1 2 3 577 408 1 69 29 1  85 32  1 60 9 325 

2 1 1 1 021  662 359 369 229 64 350 9 266 

2 1 2 583 39 1  1 92 1 69 1 1 2  1 1 0 1 90 2 295 

2 1 3 641 41 2 229 2 1 3 1 7 2  27 2 1 8  1 1  247 

2 2 1 5 2 1  . 325 1 96 227 7 1  27 1 95 1 305 

2 2 2 690 46 1 230 3 1 4  1 03 44 229 1 348 

2 2 3 495 350 1 45 96 1 28 1 26 1 44  1 250 

3 1 1 8 1 5  408 407 256 1 47 5 382 25 337 



3 1 2 658 443 2 1 5  

3 1 3 727 483 244 

3 2 1 443 341 1 02 

3 2 2 5 1 0  406 1 04 

3 2 3 482 408 74 

19  July 

1 1 1 683 401 282 

1 1 2 597 444 153  

1 1 3 806 499 307 

1 2 1 579 3 27 252 

1 2 2 534 322 2 1 2 

1 2 3 660 369 29 1 

2 1 1 753 43 1 322  

2 1 2 580 337 243 

2 1 3 757 455 302 

2 2 1 538 27 1 26 1 

2 2 2 497 323 1 74  

2 2 3 687 41 9 268 

3 1 1 799 509 290 

3 1 2 680 392 288 

3 1 3 757 455 302 

3 2 1 486 405 81 

3 2 2 495 3 1 4  1 8 1  

3 2 3 462 343 1 1 9 

1 9  Augu st 

1 1 1 456 

1 1 2 3 1 0  

1 1 3 356 

1 2 1 491 

1 2 2 450 

1 2 3 360 

2 1 1 499 
2 1 2 376 

2 1 3 383 

2 2 1 463 

2 2 2 369 

2 2 3 499 

233 223 

242 68 

1 80 1 76  

343 1 48 

273 ' 1 75 

26 1 99 

250 250 
280 96 

1 97 1 86 

346 1 17 

387 82 

250 249 

259 

353 

1 92 

234 

259 

245 

321  

362 

2 1 1 

263 

300 

268 

243 

295 

208 

1 90 

2 1 5  

394 

273 

295 

293 

2 1 1 

252 

1 79 

1 7 2 . 

87 

243 

1 56 

2 1 1 

1 49 
1 63 

69 

. 23 1  

1 56 

1 49 

1 63 

1 03 

7 1  

1 47 

1 24 

7 1  

41 

64 

89 

50 

48 

87 

41 

1 03 

55 

1 1 5 

78 

78 

1 1 0 

1 03 

78 

89 

66 

27 

69 

66 

82 

96 

41 

80 
76  

87 

78 

1 1 5 

80 

2 1  

27 

78 

25 

25 

85 

82  

73  

27 

9 

2 1  

7 6  

5 3  

57 

1 4  

1 8  

1 26 

37 

9 

57 

34 

1 4  

25 

27 

1 

27 

1 8  

23 

9 

2 1  
4 1  

41  

37 

1 6  

21 

204 1 1  

243 1 

1 0 1  1 

1 03 1 

73 1 

275 7 

1 42 1 1  

305 2 

2 15  37 

2 1 1 1 

273 1 8  

295 27 

1 58 85 

293 9 

227 34 

1 53 21  

229 39 

263 27 

279 9 

293 9 

76 5 

1 67 1 4  

1 17 2 

2 18  5 

57 1 1  

1 67 9 

1 47 1 

174 1 

94 5 

241 9 

78 1 8  

1 85 1 

1 1 2  5 

73 9 

240 9 

273 

398 

275 

3 1 8 

1 95 

1 69 

1 24 

202 

259 

204 

236 

229 

250 

202 

252 

1 76  

275 

234 

236 

202 

1 1 7 

279 

220 

1 35 

1 42 

1 1 5 

1 24 

1 2 1 

1 1 5 

1 05 

73 

89 

98 

1 33 

1 05 



3 1 1 437 203 234 98 7 1  24 2 1 1 23 1 2 1 

3 1 2 550 266 284 1 5 1  92 23 263 2 1  87 

3 1 3 449 3 1 6  1 3 3  206 64 46 1 26 7 80 

3 2 1 287 2 1 1 76  1 47 37 27 32  44 66 

3 2 2 407 244 1 63 1 69 64 1 1  1 47 1 6  87 

3 2 3 33 1 243 88 1 79 57 7 87 1 76 



(b ) Anal�s i s  of Variance 
1 0-2 

mean square s X 
A. June df 

Total So1-m Unsown 
Rye gra s s  Timothy C o cks foot Poa 

Other 
C lover G rass S p e c i e s  Grass Grass 

Repli cate 2 34· 595 275 · 4 15  1 04. 764 333. 087 6 . 29 1  1 0. 1 77 1 1 0 . 249 2 . 1 6 2  99. 2 1 1 
G raz ing 

1 0. 580+ 
Intensity 1 34.7 22 35 . 00 1  1 2 1 .  1 60 50. 332 5 · 445 0. 1 09 59· 769 1 39. 444 

G raz ing 
durat ion 2 1 3 . 694 1 08. 7 40 57 - 594 1 89. 028 6 . 1 34 0. 242 82. 597 3 . 424 1 .  287 

Interact ion 2 1 .  327 28. 949 42. 098 1 7 . 044 2 . 435 0. 969 41 . 86 1  1 .  235 7 . 666 

R e p  X 
t reatment 1 0  7 1 . 220 1 05 . 489 42. 736 1 1 9 . 559 1 1 . 177 7 . 898 45 · 41 4 3 . 200 1 37 . 369 

To tal 1 7  49 · 114 1 1 2. 7 1 2  56. 3 1 9  1 36 . 7 20 8 . 996 5 · 992 57 . 843 3 . 307 1 01 . 7 33  

12 June 

Rep l i cat e 2 1 03. 582 1 1 4. 254  24. 294 249 . 327 1 5 . 7 22 2 1 . 037 29 . 994 0. 375 4. 264 
G raz ing 

Intens ity 1 1 695 · 559** 366 . 30 1 *  485 . 68 1 *  1 09 . 520 62. 347 0. 569 400. 445* 4. 1 09* 0. 405 
Graz ing 

durati on 2 1 96 . 347 7 3 . 7 20 54. 1 6 1  1 1 6 . 7 29 0. 317 9 - 99 1  44. 309 0. 682 4. 937 
Interact ion 2 1 06. 282 1 95 · 52 204 . 404+ 3. 686 5 ·  467 23. 454 1 86 . 480+ 0. 424 33 . 2 1 5  

Rep x 
rrreatment 1 0  1 58. 69 1  42. 624 69- 589 1 00. 990 23. 1 23 1 3 . 339 59· 95 1  0. 68 1 27 . 073 

Total 1 7  240 . 876 1 42. 028 1 02.782 1 09. 347 1 9 . 806 1 4. 290 89 . 50 1  0 . 8 1 7  20. 939 

12 Jul;:! 

Repl i cate 2 1 4. 527 1 3 . 476 43 . 47 4 47 . 1 5 2  1 1 . 501  1 2 . 5 2 1  22 . 509 1 1 . 562  1 5 . 042 

Graz ing 
I nt ens i t y  1 1 207 . 042** 377 .207 **234. 7 22* 1 69. 894* 0. 500 32.  267+ 224. 0 1 4* 0. 1 25 1 6 . 056 



Graz i ng 
69. 469+ durat i o n  2 235. 6 17* 50. 1 7 1  1 9 . 847 0. 1 1 6 1 2. 6 1 6  67 . 601  2. 007 2. 954 

Int eraction 2 38. 236 5 . 8 17 1 4. 288 0. 202 8. 1 87 5 · 502 34. 254 5 . 360 7 . 007 
Rep X 

t reatment 1 0  46. 7  41  2 1 . 894 40. 498 20. 637 5 · 2 1 5 8. 998 36 . 1 98 3 . 258 29. 233 
Total 1 7  1 3 2. 424 45 · 509 so. 327 30. 039 5 · 427 1 0.795 49 . 1 0 1  4· 1 5 1 2 1 . 082 

12 Augus t 

Repli cat e 2 1 2. 607 6 . 837 4· 502  7 .  7 37 9. 834 2. 1 87 2 . 565 2. 9 1 2  23. 562  
Graz ing 

78. 827+ 4· 702+ 
intensity 1 1 4. 045 47 . 045 1 1 4. 005 0. 1 80 1 07 · 555 0. 094 0. 269 

Grazing 
durat i on 2 28 . 1 45 1 1 . 2 1 7  1 3 . 905 8. 909 9. 1 27 1 . 07 4 1 2. 1 82  1 .  41 2 24. 349 

I nt e raction 2 1 2. 066 1 7 . 955 58. 1 82 20. 402 2. 682  2. 777 68. 644 0. 577 56. 940 
Rep x 

t reatment 1 0  78. 690 24. 499 52. 556 20. 62 1  3. 583 1 . 0 1 2 54. 852 0. 957 2.  707 
Total 1 7 53. 329 2 1 . 41 5 46. 632 20. 890 4. 664 1 . 582 48. 404 1 .  1 45 53. 365 



( c) t-tests 
19 June 

( i )  Unsown spe cies  - grazing intensity x grazing duration 
interaction (p < 0. 1 )  

1 20 cm-1 days/ acre 200 cow days/ acre 
Grazing 6 
duration24 · 

72  

3 2 1 *  
1 54  
287 

* tillers/ft2 

n = 3 

EMS ( 1 0  df) = 6958. 9  
LSD( 0. 1 ) = 1 23. 4 

( 0 .05 )  = 1 5 1 . 7  
( 0 .0 1 ) = 2 1 5 . 8  

1 36 
1 84  
1 29 

(ii)  Poa species - grazing intensity x grazing duration 
interaction (p < 0. 1 )  

1 20 covl days/ acre 200 cow days/ acre 

Grazing 6 
duration 24 

7 2  

. 306* 
1 50  
272 

* tillers/ft2 

n = 3 

EMS ( 1 0  df) = 5995 · 0 
LSD ( O. 1 ) = 1 1 4. 6  

( 0. 05 )  = 1 40 .9  
( 0. 01 ) = 200. 3 

19 July Between grazing duration means 
(i )  Total grasses (p <  0.05 )  

n 
ElllS ( 1 0  df) 
LSD( 0. 1 ) 

( 0 .05 )  
( 0.01 ) 

= 

= 
= 

= 

6 
467 4. 1 

7 1 . 5 
87. 9  

1 25 . 1 

1 35 
1 83 
1 26 



( ii )  Sovm grass species (p � 0. 1 )  

n = 6 

EMS ( 1 0  df) = 2 1 89 .0  

LSD ( 0. 1 ) = 48.9  

( 0. 05 )  = 60. 2  

( 0. 0 1 ) = 85 . 6  



AEuendix 2 Ground cover - Exneriment I 

(a) Data (% bare ground) 

I K L Bare ground I K L Bare ground 

1 1 1 1 2. 0  2 2 22. 0 

1 1 2 1 5 . 0  2 2 2 27 . 0  

1 1 3 1 9 . 0  2 2 3 29. 0  

1 2 1 2 1 . 0  1 1 1 2. 0  

1 2 2 26. 0  1 1 2 1 7  . o  

1 2 3 30. 0  1 1 3 1 5 . 0  

2 1 1 1 0. 0  1 2 1 32. 0 

2 1 2 1 4. 0  1 2 2 29. 0  

2 1 3 23. 0  1 2 3 25 . 0  

(b ) Anal;zsis of variance 

df 1t]eans square f 

Grazing intensity 1 600.89 47 . 07*** 

Grazing duration 2 43. 1 7  3. 38+ 

Interaction 2 8.39 0. 66 

Replicate 2 2. 1 7  0 . 1 7  

Replicate x Treatment 1 0  1 2. 77 

Total 17  49. 1 8  

( c ) t-test between mration means 

n = 6 

EMS ( 1 0  df)= 1 2. 77 

LSD ( 0 . 1 ) = 2. 44 

( o. o5 ) = 4. 60 

( 0 . 01 ) l"""' 6 . 54 



Appendix 1 0  : Evenness of grazing - Experiment I 

( a) Data ( lbs D. Ivi. per acre ) 

I K L Re j e ction I K L Rej e ction 

1 1 83. 2 2 2 45 - 4 

1 2 63 . 6  2 2 2 20. 3 

1 1 3 44. 0 I 2 2 3 1 0  .. 9 

2 1 7 . 6  3 1 64. 5 

1 2 2 2 .0  3 1 2 39. 0 

2 3 3 1 . 8  3 3 68. 0  

2 1 1 98. 9 3 2 1 41 . 8  

2 1 2 32 .3  3 2 2 22. 0 

2 1 3 44- 8 3 2 3 38 . 9  

Analysis of variance (b)  
df I·:ean square F 

Grazing intensity 
Grazing duration 2 

Interaction 2 

Replicate 2 

Replicate x reatment 1 0  

5603. 88 

1 1 22. 85 

273. 62 

73 .52  

290. 1 2  

673. 24 Total 1 7  

( c )  t-test between grazing duration means 

Treatment lb DM/acre re j e ction 

6 hour 56. 9 

24 hour 29. 9  

7 2  hour 39. 7  

n = 6 

EMS ( 1 0  df) = 290. 1 2  

LSD ( 0. 1 ) = 1 7 . 8 

( 0.05 ) = 21 . 9  

( 0 .0 1 ) = 31 . 2  

1 9 . 32** 

3 . 87+ 

0 .9  

0. 25 



AJ2J2endix 1 1  Soil Bulk Density - Experiment I 

(a) Data 

I K L 0 - 3cm 3 - 6cm 6 - 9cm 0 - 9cm 

1 1 1 0. 809* 1 . 00 1  1 . 099 0 . 970 

1 1 2 0.762  0. 930 1 . 035 0. 909 

1 1 3 0. 865 1 . 0 1 4  1 . 069 0. 983 

1 2 1 0 . 8 1 7  0 .954 1 . 065 0. 945 

1 2 2 0 . 832  1 . 000 1 . 079 0. 970 

1 2 3 0 . 830 1 . 001 1 . 087 0.973 

2 1 1 0.789 0.970  1 . 093 0 .95 1  

2 1 2 0 . 753 0. 997 1 . 1 3 2  0. 961 

2 1 3 o. 749 0. 9 1 8  1 . 056 0. 908 

2 2 0 . 758 0. 967 1 .  1 1 4 0. 949 

2 2 2 0. 779 0. 999 1 . 097 0. 958 

2 2 3 0. 8 1 5  1 . 000 1 . 065 0. 960 

3 1 1 0 .820 0. 950 1 . 057 0. 942 

3 1 2 0. 842 0. 934 1 . 040 0. 939 

3 1 3 o. 782 0.943 1 . 028 0. 9 1 8  

3 2 1 0. 886 0.931  1 . 03 1  0. 949 

3 2 2 0. 833 0. 985 1 . 066 0. 961 

) 2 3 0. 841 0 . 9 1 9  0. 968 0. 909 

* gm/cc 

1 0.8 1 9  0. 983 1 . 07 2  0 .958 

2 0. 774  0. 975 1 . 093 0 .. 948 

3 0. 834 0. 944 1 . 032  0. 936 

(b )  Anal�sis of  variance 

liean squ.ares X 1 02 
Source df 0-3 3-6 6-9 0-9 

Grazing intensity 2. 688 0. 054 0. 007 0. 480 
Grazing duration 2 0 .35 1 0.022 0. 1 82 0. 1 47 
Interaction 2 0. 1 1 6 0. 1 55 0. 028 0 .41 8  
Repli cates 2 5 . 895* 0. 263 0 .58 1*  o. 726 
Replicate x Treatments 1 0  1 .  1 1 1  0. 090 0. 082 . 0. 602 
Total 1 7  1 . 560 0. 1 08 0. 1 42 0.534 

( c )  t-test (betvleen ReJ2s ) 

Layer Ei�S n 0. 05 0 . 0 1  0. 001 

0-3 cm 1 . 1 1 1 x 1 o-2 6 0. 0429 0 . 06 1 0  0. 0883 
6-9 om 0. 082x1 0

-2 6 0. 0368 0,. 05 23 0. 0757 



Appendix 1 2  : Botanical Analysis - Experiment I 
. .  

Percent Botanical composition of treatment means. 

Component Ryegrass Timothy Cocks Poa 

(i ) Regrowth day 1 0  
grazed 32.7  1 0. 2  6. 3 9· 9 

cut 32. 2 1 0. 6  5 · 6 1 9 - 9  

1 20 34. 6 1 1 . 4  6 .8  1 7 . 1 

200 30. 3 1 0. 4  5 . 0  1 2.7  

(ii ) Regrowth day 30 

grazed 48. 2 1 2. 0  7 - 7 8. 6 

cut 43 . 1 1 1 . 4  5 . 0  1 9. 3  

1 20 45 . 8  1 1 . 0 5 · 9  1 5 . 1 

200 45 . 6  1 2. 3  6 . 8  1 2. 7  

(iii )Regrovfth day 5 0  

grazed 55 - 1  6. 0 7 . 6  8. 9 

cut 45. 6  5 · 6 6 . 4  1 6. 1 

1 20 50.5 5- 3 6. 6 1 3 . 7  

200 50. 2 6. 3 7 - 4 1 1 . 4  

( iv ) Re growth d ay 60 

grazed 50.0 1 0. 8  7 . 8  1 0. 7  

cut 46. 2  9 -5  5 · 6 1 8. 3  

1 20 46. 0  1 0. 0  5 · 6 1 6 . 9  

200 50. 3 1 0 . 3  7 . 8  1 2. 2  

Other Total Unsown Clover Dead We d Grass Sm-.rn Grass e 

Grass 

o.s  49. 2  1 0. 4  1 5 · 4 5 · 3 1 9 -7  

1 . 5 49 .. 4 2 1 . 4  1 0 . 4  7 . 0  1 1 . 7  

1 . 0 52. 9 1 8 . 0  1 1 . 6  s . o 1 2. 4  

1 . 0  45· 7 1 3 . 8  1 4. 2  7 . 3  1 9.0  

0 .7  67 . 9  9 . 3  1 2. 7  3. 2 6 . 8  

1 . 6 59· 5 20. 9  8. 2 5 · 4 6 .0  

1 .  4 62.7 1 6 . 6  9. 1 4- 4 7 . 2  

0 .9  64.7 1 3 . 6  1 1 . 8  4· 3 5 . 6 � 
I 

0. 6 68. 7  9 ·5  1 3 . 1 3. 4 5· 2 

1 . 5 57. 6 1 7 . 7  1 1 . 7 6. 2 6.8  

1 .  2 62. 3 1 4- 9  1 1 . 2  4. 6 7 . 0  

1 . 0  64. 0 1 2 . 3  1 3 . 6  5. 0 s . o  

1 .  1 68.7  1 1 . 8  1 2. 9  2. 6 4. 0 : 
1 .  4 6 1 . 3  1 9.7  1 0. 1  4· 5  4- 3 

1 . 6  6 1 . 6  1 8. 4  1 0 . 4  4. 8 4· 8 

0. 9 68. 4  1 3 . 1 1 2. 6  2. 3 3 .5  



A;e;eendix 1 3 : Tiller Density - Experiment I 

(a ) Data (tillers 1 ft2 ) 

I K 
Total Sown Unsown Rye grass Timothy grass grass grass 

19 June - grazed 

1 1 762 549 2 1 3  379 1 1 3 
1 2 6 1 4  447 1 66 330 95 
2 1 748 488 260 250 1 7 1  
2 2 569 379 1 90 21 2 1 0 1  
3 . 1 733 445 289 289 1 38 
3 2 478 385 93  228 1 1 4 

12 June - cut 
1 1 94s 440 505 298 1 1 9 
1 2 956 478 479 336 87 
2 1 1 0 1 1  345 666 230 78 
2 2 842 5 1 1 3 3 1  38 1 1 07 
3 1 854 5 1 4  340 289 1 79  
3 2 7 23 368 356 259 93 

12 Jul;v - e2:azed 
1 1 695 448 247 309 59 
1 2 59 1  339 252 258 66 
2 1 697 408 289 269 77 
2 2 574 340 234 204 83 
3 1 7 45 452 293 321  97 
3 2 48 1 354 1 27 252 78  

12 Jul� - cut 
1 1 886 409 482 3 1 2 37 
1 2 8 1 8  347 47 1 233 1 03 
2 1 1 0 1 6  434 582 360 32 
2 2 659 288 37 1 1 88 73 
3 1 1 1 44 460 684 409 28 
3 2 821 346 475 231  78 

Cocksfoot Poa 

57 1 98 
23 1 63 
67 253 
66 1 89 
1 8  276 
43 92  

23 496 
53  398 
37 537 
23 292 
46 280 
1 6  344 

80 241 
1 9  233 
62 249 
53 203 
34 278 
24 1 20 

60 445 
1 1  427 
42 550 
27 346 
23 656 
37 465 

Other Cl over grass 

1 5  268 
4 301 
7 269 
1 301 

1 2  336 
1 263 

9 468 
8 1  338 

1 29 386 
38 373 
60 280 
1 1  324 

1 65 
1 9  233 
40 227 
3 1  234 
1 4  224 
7 205 

37 220 
44 263 
32  104 
25 226 
28 1 88 
1 0  1 73 



12 August - grazed 

1 1 374 2 18  1 56 1 46 54 1 8  1 47 8 1 3 1  

1 2 434 292 1 41 203 73  17  1 38 2 1 20 

2 1 41 9  242 177 1 27 8 1  34 1 68 9 89 

2 2 444 294 1 49 1 79 9 1  25 1 42 8 1 1 2  

3 1 479 262 2 1 7  1 52  76  34 200 1 7  96 

3 2 342 233 1 09 1 65 53 1 5  89 20 76 

19 August - cut 

1 684 303 381 1 1 0  1 6 1 3 2  37 2  9 1 1 0 

1 2 667 332 335 1 45 1 7 6  1 1  32 1  1 4  1 07 

2 1 520 299 221 202 92 5 2 1 6  5 60 

2 2 5 1 9  252 268 1 00 1 38 1 4  240 27 40 

3 1 597 303 294 1 93 92 1 8  27 1 23 1 1 5 

3 2 537 3 1 8  2 1 9 1 88 93 37 200 1 9  1 1 2  



(b ) Anal�s i s  o f  variance 

mean square s X 1 0-2 

df Total Sown Unsown 
Rye grass Timothy Cocksfoot Poa 

Other 
C lover gras s  gras s  grass grass 

-

12 June 

Graz i ng 
360. 803+ 263. 203+ 

i ntens i ty 1 632. 20 1 ** 37 .808 0. 1 01 33 . 668 0 . 480 7 . 680 9· 541 
C u t  v ' s  

graze d  1 1 696 . 941 * ** 1 .  1 40 1 190. 962** 9 . 1 88 3. 968 4. 8 1 3  1 1 52 - 480** 69. 1 20+ + 1 54 . 80 1 

Inte raction 1 7 1 . 539 90. 20 1 0 . 854 78. 540 0. 441 0. 0 1 3  0 . 0 1 3  1 .  333 6 . 90 1  
Rep l i cat e 2 1 65 . 206* 32 . 253 93 . 5 1 8  62. 604 7 . 683 3. 066 6 1 . 36 1  5 - 36 1  1 9. 824 
Rep X 

treatment 6 27 . 596 45 · 688 9 1 . 7 28 24. 6 1 5  9 . 5 27 4· 49 1 66. 2 17  1 4. 467 3 1 . 797 
Total 1 1  263. 334 42- 526 262 .  7 29 32.794 1 0 . 055 3 . 490 175 - 974  1 5 . 999 36 . 5 1 5  

1 2  Ju l.z:: 

Graz i ng 
1 279 . 267** 297 . 007***343. 841 + i ntens i ty 1 3 1 4. 1 6.3*** 1 8. 008* 1 4. 083* 325 . 52 1 *  o.  241 33. 394 

Cut v ' s 
grazed 1 2030. 60 1 ** 2. 708 2 1 95 . 1 07*** 1 2 . 000 9. 1 88+ - 4, 320 2041 . 02 1 *** 3 . 308 1 0. 830 

I n t e ract i on 1 55 . 039 1 . 841  38. 5 2 1  49 . 6 1 3* 23. 241 * o.  750 33. 667 0. 301 7 . 363 
Repli cat e 2 42. 65 1 1 2 . 606 1 1  • 38 1 23 . 06 1  0. 280 3. 023 24. 656 2 .93 1  6. 826 
Rep X 

treatment 6 84. 244 3 . 977 59 - 1 70 7 . 670 2. 441 3 . 6 2 1  53 . 882 1 . 840 2 1 . 488 
Total 1 1  359 . 606 3 1 . 875 269. 1 1 4 42. 554 5 - 968 4. 266 252 . 07 4 1 . 886 1 7 . 83 1  



12, August 

Grazing 
i ntensity 1 1 4 . 083 7 . 363 42. 1 88 2 .. 083 3 . 853  0. 403 49. 6 1 4 0. 301 0 .. 963 

Cut v ' s 
grazed 1 887 . 5 1 9H· 58. 963+ 492. 20 1 ** 0. 963 87 . 480* 0. 563 45 1 .  4 1 4-1(•* 0. 908 5 - 333 

Interaction 1 0 .. 564 8 . 333 4· 94 1 3 1 . 363 2 . 6 1 3 1 . 080 1 .  9 1 9 o. 6o8 o. 270 

Repli cate 2 46. 03 1 2 . 1 03 29. 1 90 7 . 063 1 4. 203 0. 563 38. 543 1 . 363+ n .  Go6 
Re p x 

treatment 6 48 . 623 1 1 . 023 27 . 656 1 4 . 47 3 8 .  202 1 .  472 25 . 965 0. 348 6 .  1 21 

Total 1 1  1 1 6 . 906 1 3 . 1 8 1  69. 471 1 2 . 307 1 5 . 597 1 . 092  66. 893 0. 603 7 .  1 37 



( c ) t-tests Grazing intensity x defoliation treatment interaction 

( i )  Ryegrass ( 1 9  July) p < o.os . 

1 20 co� days/acre 200 cow days/acre 

Defoliation grazed 

Treatment cut 

* Tillers per ft2 

n = 3 

EII1S ( 6df) = 769 .97 

LSD ( 0. 1 ) = 44. 0 

( 0 .5  ) = 55 · 4 

( 0 .o 1 ) 84. 0 
( 0. 001 ) = 1 35. 03 

299 ·  7* 
360. 3 

( ii ) Timothy ( 1 9  July) p < 0. 05 

238 . 0  

2 17 . 3  

1 20 cow days/acre 200 cow days/acre 

Defoliation grazed 

Treatment cut 

2 * Tillers per ft 

n = 3 

ENS (6df) = 244. 1 

LSD ( o. 1 ) = 24. 8  

( 0.05 ) = 3 1 . 2  

( 0. 01 ) = 47 . 3  

11 ·  1 * 
3 2 . 3  

74- 3  

84. 7 



Appendix 14 Ground cover - Experiment I 

(a ) Data 

Grazed Cut 

I K % Bare ground I K % Bare ground 

1 1 1 5 . 0  1 8 . 0  
2 26. 0  2 1 1 . 0 

2 1 1 6. 0  2 8 . 0  
2 2 26. 0 2 2 1 2 . 0  
3 1 5 . 0  3 4. 0 

3 2 29 . 0  3 2 1 5 . 0  

(b )  Anal;zs i s  of variance 
df m .  s .  F 

Grazing intensity 234. 08 56. 56 *** 

Cut v ' s  Grazed 396 . 75 95 . 86 *** 

Interaction 1 24. 08 5 . 82 + · 

Replicates 2 0 . 58 0. 1 4  
Replicates x Treatments 6 4- 1 4  
Total 1 1  6 1 . 90 

( c) t-test vli thin grazing intensity x defoliation treatments 

n = 3 

EMS ( 6 df ) = 4. 1 4  
LSD ( 0. 1 ) = 5 . 36 

( 0 . 05 ) = 6 . 75 
( 0. 01 ) = 1 0. 23 



Appendix 15 : Soil :Moisture - Experiment I 

(a ) Data (Moisture %) 

Grazed 

I K 

1 1 

1 2 

2 1 

2 2 

3 

3 2 

Cut 

I K 

1 1 

2 

2 1 
2 2 

3 1 

3 2 

23 June 

36. 4 

3 6 . 9 

36. 1 

38. 5 

3 6 . 7  

2 3  June 

38. 6 

38 . 4 

40. 8 

38. 8 

40. 3  

38. 5 

6 July 

37 . 6  

35 . 8  

37 . 7  

37 - 9  

39 . 8  

38. 3 

6 July 
40. 6  

38. 2 

37 . 4  

38 . 7  

36 . 8  

38 . 7  

( c ) Analys i s  of variance 

21 July 

35 . 8  

37 . o  
35 . 8  

36. 6 

39. 2 

37 . 1  

2 1  July 
40. 2 

39 . 1 

38. 5 

39. 1 

40. 6 

3 6 . 9  

4 August 

40. 0  

40. 6 

39. 6 

40. 0  

42 . 7  

41 . 4  

4 August 

42. 9 

41 . 6  

38 . 9  

42. 1 

39 - 7  

40. 9  

I•�ean square s 

1 1  August 

40. 7  

40. 3 

40. 6  

40. 7 

43 . 1 

43 . 0  

1 1  .b.ugust 

44. 0 

42. 1 

39. 0  

42. 2 

41 . 2  

41 - 5 

df 23 June 6 July 2 1  July 4 August 1 1  August 

Grazing 
intensity 1 4. 20 1 0* 0 . 441 0 1 . 541 0  

Grazed v ' s  cut 1 6 . 1 0 1 0** 0 . 9080 1 3 . 8680* 

Interaction 1 0. 0670 1 . 2660 1 . 400 

Replicate 2 0 . 87 25 0 . 2425 0. 9060 

Rep x Treatment 6 0. 48 1 4  2 . 4538 1 . 9582 

Total 1 1  2. 2730 1 . 6 203 2 . 7 609 

0. 6530 

0. 2690 

0. 9640 

1 .  5505 

2. 2 1 00 

1 .  6588 

0. 1 1 90 

0. 2 1 30 

0 . 3340 

2. 6560 

2. 63 1 5  

1 . 9788 



Annendix 1 6  : Bulk Density - Experiment I 

( a) Data (gm/cc ) 

( i ) Grazed 

I 

1 

2 

3 

0 - 3 

0 . 8 19 

o. 774 

0. 834 

( ii ) Control 

1 0. 842 

2 0. 8 1 0  

3 o. n2 

cm 3 - 6 cm 6 - 9 cm 

0 •. 983 1 .  072 

0 . 975 1 . 093 

0. 944 1 .  032 

0 . 96 1  1 . 043 

0. 98 1 1 . 035 

0. 6 15 1 . 009 

0 - 9 cm 

0 .958 

0. 948 

0. 936 

0 . 949 

0. 942 

0. 799 

(b )  Analys i s  of variance 
I•Tean squares x 1 o2 

df 0-3 3-6 6-9 0-9 

Grazed v' s control o.ooo 1 .  995 0. 20 1+ 0. 385 

Replicate 2 0 . 078 2. 543 o. 1 1 0 0. 449 

Rep x Treatment 2 o. 1 41 1 .  72 1  0. 0 1 7  0. 279 

Total 5 0 . 088 2. 1 04 0. 091 0. 368 



Aopendix 17 D.M. intake and utilization - Experiment II 

(a ) Data 

I K L Intake* Utilization(%) I K L Intake* Utilization(%) 

9. 66  67 . 9  2 2 3 . 48 55 . 0  
1 1 2 1 0. 08 65 .5  2 2 2 3 · 75 54· 9 

1 3 7 · 59 6 1 . 0  2 2 3 4. 63 57 · 7  
1 2 1 4. 83 65 . 0  3 1 1 6 .80 57 . 1 
1 2 2 5 . 68 65 . 6  3 1 2 1 0. 1 0 69.7  
1 2 3 4· 42 56. 0 3 3 9 · 47 69. 5  
2 1 7 . 3 2  57 · 5  3 2 3 . 0 1 47 · 9  
2 1 2 8. 1 2  60. 8 3 2 2 6 .76  77 . 2 
2 1 3 7 . 68 64. 2 3 2 3 5 · 5 1  68. 3 

* lb D. I,I. /cow/day 

(b ) Anal,y:sis of variance 

df m. s .  Intake % utilization 

Grazing intensity 1 67 . 2027*** 36. 7500 
Grazing durati on 2 3. 6632+ 80. 2 1 80 
Interaction 2 o. 2540 1 3 . 3690 
Replicate 2 2. 7052  7 2. 4855 
Replicate x Treatment 1 0  1 . 1 1 56 49 . 1 236 
Total 1 7  5 . 3884 50. 6 1 8 1  

( c ) t-test between duration means �Intake ) 

n = 6 
Er·1S = 1 . 1 1 56 ( 1 0  df ) 

LSD ( 0 . 1 ) = 1 .  0 1  
(0. 05 ) = 1 .  36 
(0 .0 1  ) = 1 . 93 



A:e:eendix 1 8  D. l\1. Production - Experiment II  

1 8 . 1 Data 

( a)  Grazed plots ( lb D. M./acre ) 

I K L Pre- Post- 1 0  20 30 40 50 

1 1 1 708 549 7 27 1 1 86 1 524 2232 3278 
1 1 2 1 847 637 585 1 025 1583 2 1 99 3 1 77 
1 1 3 1 493 582 506 861  1 35 1  2097 2398 
1 2 1 1 487 521 496 835 1 1 27 1 698 2402 
1 2 2 1 7 20 59 1 427 769 1 028 1 450 238 1 
1 2 3 1 577 694 476 898 1 396 1 925 2645 
2 1 1 1 5 28 649 676 1 070 1 5 69 2078 2878 
2 1 2 1 604 629 664 1 1 5 1  1 585 2 1 67 3282 
2 1 3 1 436 5 1 4  522 888 1 279 1 830 2896 
2 2 1 1 264 570 569 806 1 1 5 2  1 692 2396 
2 2 2 1 366 6 1 6  395 720 1 0 1 3  1 6 1 4  2 1 26 
2 2 3 1 604 679 567 909 1 344 2000 2839 
3 1 1 1 427 6 1 1 645 1 075 1 500 201 7  3096 
3 1 1 738 526 575 954 1 441 227 1 35 1 4  
3 1 3 1 635 490 468 855 1 534 2366 3357 
3 2 1 1 258 656 6 1 8  987 1 432 1 962 2672 
3 2 2 1 75 1  399 302 5 1 0  840 1 5 29 2444 
3 2 3 1 6 1 4  5 1 2  435 8 1 5  1 423 1 730 2553 

(b ) Cut plots ( lb D. M./acre ) 

1 1 1 748 747 1 093 1 490 1 173  2262 2900 

1 2 1 748 5 1 9  825 1 1 04 1 464 2 1 05 3 1 96 
2 1 1 405 820 1 1 93 1 379 1 825 1 986 3 1 26 

2 2 1 405 490 907 1 086 1 609 1 8 1 2  2806 

3 1 1 939 659 1 045 1 337 1 933 2796 3884 
3 2 1 939 408 728 1 029 1 626 2394 3203 

( c) Mean D .M. production per replicate ( lb D. H./acre ) 
1 1 966 605 522  1 021 153 1 1 996 2798 

2 1 452 62 1  .�· 555 1 001 1 422 1 897 2794 

3 1 663 533 491 946 1 466 ·' 2 1 33 3090 



1 8. 2  Analy�i s  of variance 

df 

Grazing intensity ( s )  1 
Cut v ' s  Grazed (T) 1 
Grazing Duration (D)  2 
S x T 1 
s X D 2 
Repli cate 2 
Replicate x Treatment 1 4 

Total 23. 

Pre-
grazing 

2. 5026 
8 . 6459+ 

7 .. 6394 
0. 8342 
3. 373 1  

1 2 . 0794* 

1 . 9 1 95 

3 . 6973 

Mean squares X 1 0-4 at each harvest 
Post 
grazing 1 0  20 30 40 50 

-·-· ·- �·----

2. 3940* 1 5 . 9088*** 32o 736T'I-H· 49o 3927*lHI· 80. 3004�-*
* 1 56 . 2 1 30**·)1-

0 . 3528 82. "(756-ll·* '* 49 . 3521-X--l(·ll- 59o 9330H·* 37 ., 67 1 2** 68. 2696*·X· 
o. 1 042 3. 2967"*** 3. 4322•* 1 · 576 1+ 2. 1 930 " o. 27 1 3  . 
8., 5285X·* 3 . 25 1 y�··lt . 1 .  8209+ 0. 0 1 84 2. 9525 1 5 .  1 5 25 

1 .  058 1 1 . 9382 ·** 5 . 620 1 *-lC· 1 2 . 4289*"** 8 . 98 1 0  24. 1 675+ 

1 . 7704* 1 .  4339* . 1 .  2340 0 . 7808 1 1 . 2 1 44+ 23 . 209 1 + 

0. 4249 " 0 . 2400 " 0. 586 1 1 . 0473 3 . 9853 6 . 5655 

1 . 0039 5 · 1 580 4.8995 6 .8696 9. 6302 1 8 . 5586 



1 8 . 3  t-test information 

(a) �razing duration 

L. S. D. ( lb D. N. per acre ) 
Harvest EMS ( 1 4  df ) 0 . 1 o. os 0. 0 1  0. 001 

Pre-grazing 1 9 1 95 1 40. 8 1 7 1 . 5 238 . 0  
Day 1 0  2400 49. 8  60. 7  84. 2 1 1 7 . 1 
Day 20 586 1 77 · 9  94. 8 1 3 1 . 6  1 83 . 0  
Day 30 1 0473 99. 0 1 20.5 1 67 . 3  

n = 6 at all harvests 

(b ) Re:Qlicates  

Pre-grazing 1 9 1 95 1 22. 0 1 48. 6 206 . 2 286 . 1 
Post-grazing 4249 57 · 4  69 . 9  97 . o  
Day 1 0  2400 43 . 1  52. 6 7 2 . 9  
Day 40 39853 1 75 · 7  2 1 4. 1 297 . 1 
Day 50 65655 225 . 6  274. 8 381 . 4  

n = 8 at all harvests 

( c ) Grazing duration x Grazing intensity interactions 

(i ) Da;z 1 0  (p <  0 . 0 1 ) 
Intensity 

1 20 
Duration 6 683* 
(hours ) 24 608 

7 2 499 

*D. M. production ( 1bs/acre ) 

n = 3 
EI'•lS = 2400 ( 1 4  df) 

LSD ( 0. 1 )  = 70. 4 
(0. 05 )  = 85 . 8  
(0. 0 1 ) = 1 1 9 . 1 
(0.001 ) =  1 65 . 6  

( cow days per acre ) 
200 
56 1  
375 
493 

I 



( i i )  Da� 20 (p < 0. 01 ) 
Intensity ( cow days/acre ) 

1 20 200 
Duration 6 1 1 1 0* 876 
(hours ) 24  1 043 . 666 

72  868 874 

*D. M. Production (lbs/acre ) 

n = 3 
EKS = 5861 ( 1 4  df) 

LSD ( 0. 1 ) = 1 1  o. 1 
(0. 05 )= 1 34. 1 
(0. 0 1 )=  1 86. 1 
(0 .00 1 )c  258 . 8  

( i ii ) Da� 30 (p < 0.00 1 ) 
( covT days/ acre ) Intensity 

1 20 200 

Duration 6 1 53 1 *  1 237 
(hours ) 24 1 536 960 

7 2  1 388 1 388 

*D. 1.1 • .  production (lbs/acre ) 

n = 3 
EMS = 1 0473 ( 1 4  df) 

LSD( 0. 1 ) = 1 39 - 9  
( 0. 05 )  = 1 70. 5 
( 0. 0 1 ) = 236 . 6  
(0. 001 ) = 329 . 0  

( iv )  Da� 20 (p  < 0. 1 )  
( cow days/acre ) Intensity 

1 20 200 

Duration 6 3084* 2490 
(hours ) 24 3324 23 1 7  

7 2  2884 2679 
*D. J.l. production ( lbs/acre ) 

EMS = 65655 ( 1 4  df) n = 3 
LSD ( O. 1 ) = 365 . 6  

( 0 .05 )  445 · 3  
( 0. 01 ) = 6 1 8 . 1 
( 0. 00 1 ) = 859 · 5  

: 
. ·, 



(d ) Defoliation technique x Grazing intensity interaction 

( i•) Post-grazing (p < 0.01 ) 

Cut 

Grazed 

* D. IIi. production 

n ;::: 3 ( cut ) n ;::: 9 
E;.;s ;::: 4249 ( 1 4  df) 

LSD( 0. 1 ) ;::: 76. 5 
( 0. 05 )  = 93 . 2  
( 0. 0 1 ) 1 29 . 3 
(0. 001 ) 1 79. 8 

(ii ) Day 1 0  ( p < 0.0 1 ) 

Cut 

Grazed 

* D.M. production 

n = 3 ( cut ) n 

EMS ;::: 2400 ( 1 4  df) 

= 57 · 5 LSD ( 0. 1 ) 
( o. o5 )  ;::: 
( o. 01 ) 

70. 1 
97 . 2  

(0. 001 ) = 1 35 . 2 

( i i i ) Day 20 ( p < 0. 1 ) 

Cut 

Grazed 

= 9 

Intensity ( cow days per acre ) 
1 20 200 
742* 472 
576 582 

( lbs/acre ) 

(grazed) 

Intensity ( coH days per acre ) 
1 20 200 

1 1 1 0* 820 
597 476 

( lbs/acre ) 

(grazed) 

Intensity ( cow days per acre ) 
1 20 200 

1 402* 1 073 
1 007 806 

* D.��. production ( lbs/acre) 

n = 3 ( cut ) n = 9 (grazed) 
EMS = 5861 ( 1 4  df) 

LSD( O. 1 ) = 89. 8  
( o. o5 )  = 1 09· 4 
( 0. 0 1 ) = 1 5 1 - 9  
( 0.00 1 ) = 2 1 1 . 2  



1 8-4 

(a) Analysis of variance of b values 

df lf.ean Squares x 1 04 

Grazing intensity (S ) 1 o. 288i� 

Cut v ' s grazed (T ) 5 - 5722 *** 

Grazing duration (D ) 2 0 . 8 1 20 •)(-* 

s T 0. 3486 + X 

s X D 2 0. 1 443 

Replicates 2 0. 9 1 1 6  ** 

Replicates x Treatments 1 4  0. 0807 

(b ) t-tests 

L. S . D. X 1 03 

E�·1S ( 1 4df) n 0. 1 0. 05 0 .0 1  0. 00 1  

Durations 8. 07x1 0 -6 
6 2. 89 3. 5 2  4. 88 6. 79 

Intensity x Durations 11  3 4- 09 4- 98 7 - 9 1  9. 6 1  

Intensity x Defoliation 
method " ( 3 cut ) 4. 1 0  7 . 80 

( 9  grazed ) 



Appendix 19: Botani cal Analysis - Experiment II 

Percent Botanical composition of treatment means. 
( i )  Pre-g:razing: 

Ryegrass Timothy Cocksfoot Poa Total Other Sown Unsmm Clover Dead Weed 
Grass Grass Grass 

1 20 44- 7 8 . 5  1 5 . 1 6 . 4 3 - 5 68. 2  9· 9 1 3 . 5  2. 2 6 . 0  
200 44. 8 9· 5 1 5 .  1 . 6 . 9 3 . 8 69. 4 1 0. 7  1 1 . 4  2 .  2 6 . 3 
' 6  hour ' 44- 2  9 - 9  1 5 . 1 7 . 8  2. 9 69. 3 1 0. 8  1 1 . 4  2. 7 5 · 9 

' 24 hour ' 49. 0  8 . 5  1 4. 1 6 . 0  3 . 0 7 1 . 6  9 . 0 1 1 .  2 1 .  6 6 . 5  

' 7 2  hour ' 41 . 0  8 . 6 1 5 . 9  6 . 1 5 . 0  65 - 5  1 1 .  1 1 4. 78 2. 4 6 . 1 

(ii ) Harvest Da;z 1 0  
1 20 41 . 4  1 1 .  2 1 3 . 2  4· 8 2. 7 65 . 8  7 - 5 1 2. 1 3 .  2 1 1 . 5  
200 34. 6 1 2 . 1 1 4. 2  5 . 2 3 . 1 60.7 8 . 3  1 3 . 5  3 .  3 1 4. 2  

1 6  hour ' 37- 7  1 1 .  2 1 4. 8  5 - 2 2 . 9 63. 6  8. 1 1 2. 1 3 . 6  1 2. 5  

' 24 hour ' 42- 9  1 1 . 9  1 3 . 9  3 . 8  2. 3 68. 3  6 . 1 1 0. 4  1 . 9  1 3. 4  

' 7 2  hour ' 33 - 5 1 1 . 9  1 2. 4  5 · 9  3 - 5  57 . 8  9 - 5  1 5 . 9  4· 1 1 2. 7  

(iii ) Harve st Da;z 30 
1 20 45 · 2 1 1 . 3  1 1 . 5 5 - 9  1 . 9  68. 0  7 . 8  1 7 .  1 3 . 8 3 . 1 

200 39. 8  1 5 - 4 9 · 2 8 . 2 2. 3 64. 4 1 0. 5  1 8 . 0  4· 2 2. 9 

' 6  hour ' 39. 6 1 3. 7  9 · 1 8 . 1 2. 8 62. 4 1 1 . 0  1 8 . 4  5 . 1 3 . 1 

' 24 hour' 47 · 4  1 3 . 4  1 1 . 3  5 . 6  1 .  4 7 2. 1 7 . 1 1 4- 5  3 . 5  2. 8 

' 7 2  hour ' 40. 5 1 2 . 9  1 0. 7  7 . 2  2. 2 64. 2  9· 4 1 9 . 9  3 . 4 3 . 1 

(iv) Harvest Da;z 20 
1 20 47 . o  1 2. 4  1 0. 6  6 . 6 3 . 9  69 . 9  1 0. 2  1 2. 7  3 . 2 4. 0 

200 42. 6 1 2. 5  9 - 9  7 . 2  4- 4 65 . 0  1 1 . 7  1 4. 4  5 · 0 3 . 9 

' 6  hour' 4 1 . 6  1 1 . 2  9 . 3  8 . 0  5 · 1 62. 1 1 2. 7  1 6. 0  4· 8 4· 4 
' 24 hour ' 52 . 2 1 0. 8  1 0. 1  5 - 3  2. 6 73. 1 8. 1 1 1 . 5  3 . 5  3 . 8 

' 7 2 hour ' 40. 6 1 5 . 3  1 1 . 3  7 - 4  4- 6 67 . 2  1 2. 0  1 3 . 2 4. 0 3 . 5  



Ao;eendix 20 . Experiment II - Tiller Density . 

( a) Data ( tillers/ft2) 

I K 1 Total 
grass 

8 AuBl!st 
1 1 1 546 

1 2 478 
1 3 56 1  

1 2 1 599 
1 2 2 578 
1 2 3 485 
2 1 1 530 
2 1 2 563 
2 1 3 358 
2 2 1 642 
2 2 2 479 
2 2 3 636 
3 1 1 434 
3 1 2 493 
3 1 3 605 
3 2 1 589 
3 2 2 490 
3 2 3 627 

2� Aug:u.st 
1 41 6 

1 1 2 280 
1 3 48 1 

1 2 1 338 
1 2 2 296 
1 2 3 239 
2 1 1 464 
2 1 2 483 
2 1 3 475 
2 2 1 567 
2 2 2 3 1 2  

2 2 3 330 

Sown Unsovm . Ryegrass T�mothy Cocksfoot Poa grass grass -

396 150 270 98 29 1 06 
385 92 247 93 44 53 
3 1 6  245 1 44 1 33 39 94 
420 179 236 1 1 5 69 1 22 
380 1 98 229 80 7 2  1 1 2  
368 1 1 7 2 1 3 1 2 1 34  62 
375 154 203 86 86 99 
337 226 178  1 20 39 1 1 6 
248 1 1 0 78 1 1 5 55 25 
367 275 1 86 1 55 25 1 05 
284 195 1 2 1 1 22 40 7 6  
366 270 204 1 28 34  1 7 2  
330 1 04 1 86 83 6 1  5 1  
423 70 285 90 48 39 
575 30 476 69 30 25 
359 230 1 5 3  1 44 62 1 1 3 
385 105 1 9 1  1 05 90 78 
492 1 35 337 1 05 50 1 2 1 

335 81  201 87 47 57 
236 44 1 46 7 2  1 8  3 1  
302 179 1 74 73 55 1 03 
277 6 1  1 26 1 30 2 1  51  
21 8 78 1 1 7 63 37 45 
1 37 10 1  39 78 21 57 
330 1 33 1 73  1 08 50  1 0 1  
353 1 34 1 7 2  1 29 49 98 
363 1 1 2  76  202 85 87 
36 1 206 1 47 1 1 0 1 05 1 1 5 
2 17  95 8 1  1 05 3 1  85 

222 108 89 78 55 94 

Other Cl over grass 

44 1 55 

39 1 27 
1 5 1  1 1 9 
57 1 5 1  
8 6  1 1 8 
55 1 85 
56 1 47 

1 1 0 176  
85 76 

1 70  1 39 
1 1 9 1 65 
98 220 
53 155 
3 1 153  
5 2 1 8  

1 1 7 1 66 
27 179 
1 4  1 79 

25 1 05 
1 3  65 
76 1 1 9 
1 0  10 1  
33 56 
44 85 
33  82 
36 1 1 5 
25 94 
9 1  1 30 
1 1  1 1 8 

1 4  153 



3 1 1 465 

3 1 2 426 

3 1 3 47 1 

3 2 1 489 

3 2 2 1 1 9 

3 3 3 552 

15 September 

1 1 1 37 4 

1 1 2 324 

1 1 3 457 

1 2 1 344 

1 2 2 263 

1 2 3 358 

2 1 1 37 2 

2 1 2 323 

2 1 3 392 

2 2 1 400 

2 2 2 268 

2 2 3 286 

3 1 1 329 

3 1 2 364 

3 1 3 305 

3 2 1 459 

3 2 2 2 1 6  

3 2 3 375 

6 October 

1 1 1 2 1 0 

1 1 2 257 

1 1 3 231 

1 2 1 27 1 

1 2 2 224 

1 2 3 204 

2 1 1 290 

2 1 2 221 

2 .  1 3 367 

2 2 1 • 36 1 

2 2 2 223 

367 98 

366 6 1  

417 54 

298 1 92 

1 06 1 3  

430 1 22 

273 1 0 1  

247 71 

324 1 33 

275 69 

1 93 70 

298 60 

269 1 03 

240 82 

229 1 63 

224 176 

156 1 1 3 

1 69 1 1 7 

233 85 

27 1 93 

282 23 

298 1 62  

1 95 22 

286 89 

1 44 75 

21 4 42 

1 2 1 1 1 0  

2 17  54 

1 1 8 1 06 

1 1 2 92 

201 89 

1 42 79 

238 1 29 

255 . 1 06 

1 42 8 1  

1 62 

1 79  

29 1 

1 24 

36 

23 1 

1 69 

1 46 

21 8 

1 83 

1 2 1 

220 

1 66 

157 

98 

92 

79 

87 

1 28 

1 85 

1 99 

1 48 

. 1 23 

1 56 

85 

1 49 

57 

1 34 

80 

89 

1 33 

89 

1 28 

1 41 

69 

1 41 

1 1 1  

7 1  

1 08 

47 

1 1 7 

67 

63 

1 0 1  

8 1  

46 

55 

52 

59 

94 

80 

61  

34 

70 

58 

46 

1 09 

41 

1 03 

64 

75 

55 

65 

24 

82 

37 

38 

5 

1 1  

26 

23 

5 1  

24 

37 

52  

1 6  

48 

35 

28 

37 

41 

3 1  

27 

30 20 

50 1 5  

41 23 

7 1  1 3  

28 1 0  

9 1 1 4  

24 45 

28 24 

23 87 

93 2 1  

45 28 

6 1  38 

49 1 2  

53 1 

1 50 42 

6 7 

1 1 5 7 

88 1 3  

74 3 

87 46 

66 3 

52 1 8 

46 1 4  

87 1 6  

69 1 3  

1 1 7 46 

1 24 53 

79 34 

87 30 

61 24 

79 1 4  

1 6  7 

1 1 9 42 

1 6  5 

82 7 

1 40 

79 

1 37 

1 7 2  

53 

1 37 

82 

98 

1 58  

94  

50 

1 26 

7 2  

1 03 

1 40 

1 20 

79 

1 79 

92 

92 

1 26 

1 30 

59 

1 85 

65 1 0  76  

41 6 1  

66 44 78 

44 9 85 

84 23 58 

7 1  2 1  1 05 

72  1 7  40 

65 1 4  63 

85 44 1 1 9 

54 5 1  86 

66 1 5  67 

I 
. I 



2 2 3 336 1 44 1 9 2  80 50 1 4  1 03 89 1 1 9 

3 1 1 342 250 92  1 45 64 .41 52 . 40 88 

3 1 2 262 1 9 1  7 1  1 35 39 1 7  6 2  9 58 

3 1 3 1 95 1 30 65 1 03 1 8  9 64 44 

3 2 1 3 1 5  17 1 1 43 1 0 1  49 2 1  1 1 0 33 89 

3 2 2 204 173 32  1 06 43 24 28 4 7 1  

3 2 3 283 1 86 91 1 0 1  55 30 92 5 89 



(b )  Analysi s  of  Variance 
1 0-4 

mean squares X 
Total Sown Unsm·m Other 

Source df grass -- grass grass Rye grass Timothy Cocksfoot grass Poa Clover 
- -·- -

8 Aueust 

Rep. 2 0., 0069 1 .  4359 1 .  292f .. 1 .  8 1 29 0. 07 29 0. 0 1 90 0. 6376+ 0. 1 233  0. 1 633  
Grazing 

1 . 5 1 96+ intens ity 1 1 0  7 236 0.007 2 0. 2 1 56 0 . 1 964* 0 .0 1 1 2  0. 1 587 Oo6923* Oo 1 7 2 1 
Grazing 

duration 2 0. 3005 o. 1 277 � 0 . 2 1 42 o. 2450 0. 0246 0 . 0455 0. 0421 0. 6922 0. 0370 
Interaction 2 Oo 41 1 1  0. 1 53 2  0. 1 322 0. 2 1 5 1  0 .0934 0. 0400 o. 2928 o. 1 1 1 7 0 . 1 579 
Rep x 

treatment 1 0  0. 6786 0 -559 1  o.  3775 0.85 1 1  0. 0320 0, 0tP 9 0. 1 606 0. 1 28)) 0 .. 1 1 97 
Total 1 7  0. 585 1  0 . 53 1 3  0. 5043 0. 7807 o. 0541 0. 376 0. 2 1 83 0. 1 523 0. 1 227 

24 August 

Rep . 2 1 . 5895 1 . 0 1 32 o. 2753  0. 37 1 8  0. 22 1 3  0. 1 629+ 0 .0542 0. 2364 0. 1 7 1 0  
Grazing 

2 . 87 20+ intensity 1 3. 5823* 0. 1 028 1 . 8948+ 0 . 1 387 0 .. 0 1 8 1  o. oooo 0. 0338 0. 0265 
Graz ing 

3 . 0923+ 0. 3241 + duration 2 1 . 0356 o. 687 2 0. 1 957 0. 1 037 0. 0780 0 . 0676 0. 2432 
Interaction 2 1 .  1 430 0. 4294 0 . 3 1 7 1  0. 0661  0 . 0547 0. 0307 0. 0307 0. 0806 0 .. 0487 
Rep X 

Treatment 1 0  0 . 9365 0. 5497 0. 3 1 53 0 . 406 1 0 . 1 3 1 3  0. 0462 0. 0680 • 0. 1 005 0. 0832 

Total 1 7  1 . !,05 1 0. 8256 0. 3420 0. 4249 0 . 1 300 0. 0602 0 .0579 o.  1 270 o. 1 1 45 



15 September 

Rep. 2 0 .03 1 9  0 . 5 1 0 1"*' 0. 3868 0 .. 6234* 0. 0097 0. 0335 0. 049 1 0. 1 67 2  0. 0363 
Grazing 

0. 41 7 1+ intensity 1 0. 4080 0. 001 8 0 .. 3669 o .. oooo 0. 00 1 6  0.0032 0 . 0003 0. 0 1 93 
Grazing 

duration 2 1 . 260 1 *  Oo 4304* 0. 2384 0. 1 1 66 0. 0802 0. 0 189 0. 0224 0 . 1 3 1 8  0. 8454** 
Interaction 2 0. 6652 0 . 233 2  0. 1 569 0 . 0793 o .. o832 0. 0076 0 .. 0405 0 .09 1 4  o. 1 985-l:· 
Rep X 
Treatment 1 0  o. 26 1 1 Oo 0982 0. 1 599 0. 1 200 0. 0506 0 .0 1 65 0 . 0225 0. 0762 0.0329 

Total 1 7  0. 4078 0 . 2204 0. 1 862  0. 1 886 0 .0501 0. 0 1 68 0.0266 0. 0908 0. 1 476  

6 October ---

Rep. 2 0 . 6701  0. 1 930 0. 1 95 1  0. 0392 0. 0075 0 .0653 0. 0950 0 .0228 0 .0 1 27 
Grazing 

intensity 1 0. 01 1 8  0. 0709 0. 1 267 o . o841 0. 0882 0 .. 0624 0. 027 2 0. 0356 0. 1 1 20 
Grazing 

0. 1 29 1 + duration 2 0 .. 6638 o. 4534 o. 3 1 35 0. 1 388 0 .08 1 1 0., 0 1 55 o. o828 0. 077 4 
Interaction 2 0. 1 595 0. 1 1 04 0.0 1 06 0. 078 1  0. 0397 0. 021 8 0. 0004 0 . 0077 0. 0 1 50 
Rep X 
Treatment 1 0  0. 2603 0 . 2077 0. 1 236 0 . 0765 0. 0373 0. 0295 0. 0496 0. 0505 0 .. 0438 

Total 1 7  0. 3295 0. 2 1 5 3  o .  1 41 3  0 .0801 0. 0422 0. 033 1  0. 05 1 7  0. 0445 0. 0508 



( c ) t-tests 

( i )  Betiveen grazing duration means 

Spe cies Date EI1iS n LS�o. 1 ) 

Total Grass 24 August 9365 . 2 6 98. 0 
Clover " 831 . 8 6 29 . 1  
Total Grass 1 5  Septemter 26 1 0. 7  6 5 1 . 7 
Clover " 328 .9  6 1 8 . 4  
Total Sown 
Grass " 982. 1 6 3 1 . 7 

Clover 6 October 437 . 6  6 2 1 . 2  

( 0. 05 )  ( o. 01 ) 

1 24. 5 1 77 . 1 

37 . 1  5 2 . 7  

65 . 7  93-5  

23 . 3 33. 2 

40. 3 57 . 3  
26. 9  38 . 3  

( i i )  Grazing intensity x Grazing duration Interaction 
( Clover, 1 5  September, p <  0. 05 )  

( 0. 001 ) 

1 35 . 3  
48. 0  

1 20 cow days/acre 200 cow days/acre 

6 hour duration 
24 hour duration 
72  hour duration 

82. 0 * 

97 . 7 

1 41 . 3 

2 * rooted nodes/ft 

n ::: 3 
EMS 328. 9  

LSD ( 0. 1 )  = 25 . 96 

( 0. 05 )  = 32. 99 
( o. 01 ) - . 46- 93 
(0. 001 ) = 67 . 9  

1 1 4. 7  

62 . 7 
1 63 . 3 



Appendix 2 1  Soil Bulk Density - Experiment I I  

(a ) Data 

I K L 0 - 3 cm 

1 1 1 0. 902 

1 1 2 0. 952 

1 3 0. 85 1  

2 1 0. 959 

1 2 2 1 .  0 1 4  

1 2 3 0. 890 

2 1 1 0. 872  

2 1 2 0 .933 

2 1 3 0. 87 1  

2 2 1 0. 860 

2 2 2 0. 922 

2 2 3 0 .928 

3 1 1 0. 863 

3 2 0. 885 

3 1 3 0. 840 

3 2 0. 884 

3 2 2 0. 9 1 7  

3. 2 3 0 . 927 

1 0 .. 928 

2 0 .. 898 

3 0. 886 

(b ) Anal;zs i s  of Variance 

Grazing intensity 

Grazing duration 

Interaction 

Replicates 

Replicate x Treatment 

Total 

df 

1 

2 

2 

2 

1 0  

1 7  

3 - 6 cm 

1 . 1 1 9 

1 . 1 82 

1 . 1 23 

1 . 1 7 1  

1 .  2 1 9  

1 .  1 42 

1 . 1 24 

1 . 088 

1 .  1 1 7 

1 . 1 1 6 

1 .  1 27 

1 . 1 67 

1 .  068 

1 . 065 

1 . 009 

1 . 057 

1 . 059 

1 w 1 1 2  

1 . 1 59 

1 . 1 23 

1 . 062 

6 - 9 cm 

1 . 1 1 5 

1 . 1 46 

1 . 1 23 

1 .  1 41 

1 . 1 6 1  

1 .  1 41 

1 .  1 07 

1 . 048 

1 . 079 

1 . 1  j 4 

1 . 084 

1 . 1 00 

1 . 1 00 

1 . 092 

0. 976 

1 . 09 1  

1 . 035 

1 . 098 

1 . 1 38 

1 . 089 

1 . 065 

1·1ean square x 1 0 
0-3 3-6 6-9 

0. 6 1 2* 0 . 420+ 0. 178  

0. 502* 0. 340 0.098 

0. 066 o .oa6 0. 1 32 

0 - 9 cm 

1 . 045 

1 . 095 

1 . 033 

1 . 090 

1 . 1 32 

1 . 058 

1 . 034 

1 . 023 

1 . 022 

1 . 030 

1 . 044 

1 .  065 

1 .  0 1 0  

1 .  0 1 4  

0. 942 

1 .. 0 1 0 

1 . 004 

1 . 046 

1 . 076 

1 . 036 

1 . 004 

2 

0-9 

0. 378* 

0 . 09 1  

0. 090 

0. 282 1 . 462*** 0. 821 ** 0. 762** 

0. 1 02 0. 095 0. 1 03 0. 064 

0. 1 96 0. 266 0. 195 0. 1 7 1  



( c )  t-tests 

LSD 
Layer EMS ( 1 0df )  n 0. 1 0 .05 0 .. 01 0. 001 

( i ) Durations 0-3 cm 1 . 02x1 0 -j 6 0. 0335 Oe 041 2 0. 0585 

( ii )  Replicates 3-6 " 0. 95x1 0-3 6 0. 0323 0. 0397 0. 0564 0 .08 1 6  

6-9 " -3 1 .. 03:x:1 0 6 0 .0335 0. 041 2 0 .. 0586 0. 0849 

0-9 11 0 .. 64x1 0-3 6 0. 0265 Oe 0325 0. 463 0. 0670 



Appendix 22 D. M. Intake and Percent Utilization - Experiment II 

( a) Data 

I K 1 1-1 Intake* Utilization I K 1 M Intake* Utilization 
(%) (%) 

1 1 1 9 o9 1  76. 1 2 2 1 1 3 . 1 8  so.o 

1 1 2 9 .00 62 .9  2 2 1 2 2. 58 46. 1 
1 1 3 1 0  .. 07 65 .5 2 2 1 3 4- 67 66.5 
1 1 2 1 1 1 . 27 7 4· 1 2 2 2 1 3 . 46 45· 6 
1 1 2 2 1 0. 5 3  70. 2 2 2 2 2 3 . 7 1  55 · 6  
1 1 2 3 8. 44 5 2. 9  2 2 2 3 4- 09 65. 5 
1 2 1 1 4· 59 6 1 . 5  3 1 1 1 5 · 40 48. 3  
1 2 1 2 5 . 28 72 . 4 3 1 1 2 8 . 43 66. 9  
1 2 1 3 4. 63 6 1 . 3  3 1 1 3 6 .. 56 55 . 1 
1 2 2 1 5 · 97 63. 6 3 1 2 1 9 .02 63. 4  
1 2 2 2 5- 43 68. 3 3 1 2 2 1 1 . 1 1  74- 3  
1 2 2 3 5· 55 65 · 4  3 1 2 3 1 0. 18  7 1 . 2  
2 1 1 1 6. 37 49· 3  3 2 1 1 2 . 68 41 . 1 

2 1 1 2 8.50 67 . 2  3 2 1 2 3 . 6 1  56. 3  
2 1 1 3 1 · 09 56. 2 3 2 1 3 2. 74 46 . 1 
2 1 2 1 5 · 93 50. 5 3 2 2 1 5 . 83 72. 4 
2 1 2 2 8 . 59 63 . 0  3 2 2 2 7 . 48 8 1 . 9  
2 1 2 3 9 · 85 66. 9  3 2 2 3 6 . 97 76.8  

* lbs D. M. per cow per day 



(b ) Analysis  of Variance 

mean squares 
df Intake % Utilization 

Grazing intensity 1 1 5 1 .  290** 39.59 

Grazing duration 1 2 1 . 965* 492. 03 

Interaction 1 0. 025 83 a 44 

Replicate 2 1 0. 700 267 . 40 

Rep x Treatment 6 3. 258 1 65 . 37 

Days 2 2 . 460 1 68. 32  

Days x Intensity 2 0. 790 43 . 65 

Days x Duration 2 0. 0003 0. 98 

Days x Intensity x Duration 2 0. 022 0.78 

Rep x Day x Treatment 1 6  1 .  288 7 2 . 96 

Total 35 6 . 896 1 06.77  

( c )  t-test - Betv1een grazing duration means for D. M. intake . 

n 
EMS ( 1 6  df) 
LSD ( 0. 1 ) 

( 0. 05 ) 
( 0. 0 1  ) 

= 

= 

= 

= 

6 

1 .  288 

1 . 1 4 

1 .  39 

2. 63 



A,E,eendix 23 D. I<I. Production Between Day - Experiment II 

(a )  Data 

Harvest (Days f�om grazing) 
I K L :M Pre- Post- 1 0  20 30 40 50 

1 1 1 1 1562 373 596 1 084 1 424 2 180 2969 I 

1 1 2 1 7 1 8  638 8 1 7  1 379 1570 2332 3435 

1 1 1 3 1 844 636 768 1 094 1579 2 184 3430 

1 1 2 1 1 824 472 498 899 1 732 2038 2899 

1 2 2 1 801 537 572 1 090 1 532 2273 3586 

1 1 2 3 1 9 1 5  902 686 1 086 1 486 2286 3047 

1 2 1 1 1 492 575 520 746 835 1 421  1 927 

1 2 1 2 1 459 403 442 886 1 203 1 798 2648 

1 2 1 3 1509 584 5 26 874 1 342 1876  263 1  

1 2 2 1 1 877 683 250 48 1 79 1  1 1 1 0 1 708 

1 2 2 2 1 589 504 488 1 0 1 6  1 083 1 695 278 1 

1 2 2 3 1 695 586 544 766 1 2 1 1 1 544 2653 

2 1 1 1 549 785 736 1 034 1 639 22 1 0  3 1 34 

2 1 1 2 1 5 1 9  499 706 1 223 1527 2086 2786 

2 1 1 3 1 5 1 5  664 586 952 1 540 1 939 27 1 4  

2 1 2 1 1 41 1 699 599 1 01 4  1 400 2 176  2559 

2 1 2 2 1 636 605 707 1 1 70 1562  2082 356 1  

2 1 2 3 1 766 584 686 1 270 1 794 2243 3726 

2 2 1 1 1 270 635 56 1  747 1 220 1 954 241 6 

2 2 1 2 1 1 1 9 603 538 9 1 1 1 084 1 46 1  2330 

2 2 1 3 1 404 47 1 608 761  1 1 5 1  1 661  2442 

2 2 2 1 15 17  826 3 1 9  543 79 1  1 522 1 885 

2 2 2 2 1 334 592 441 1 001  1 233 1739 2364 

2 2 2 3 1 248 430 425 6 1 6 1 01 4  1 582 21 29 

3 1 1 1 1 341 693 687 1 0 1 5  1 5 26 2006 3023 

3 1 1 2 1 5 1 1  500 647 1 232 1 558 1 952 3268 

3 1 1 3 1 428 641 601 977 1 415  2093 2997 

3 1 2 1 1706 624 640 808 1 534 2256 330 1  

3 1 2 2 1 793 460 555 1 020 1 304 21 1 6  3564 

3 2 1 1 1 305 769 543 932 1 493 2034 2497 

3 2 1 2 1 280 559 698 1 1 47 1 334 1 936 2796 

3 2 1 3 1 1 89 641 6 1 2  88 1 1 469 1 9 1 5 27 22 

3 1 2 3 1 7 1 4  493 5 3 1 1 035 1 484- 2442 3677 



3 2 2 1 1 6 1 1 445 37 1 415 760 1 508 2420 

3 2 2 2 1 826 330 292 598 9 1 1 1508 2423 

3 2 2 3 1 8 1 5  421 243 5 1 8  848 157 1  2488 

( c ) t-t e s t s  

. ( i ) Betwe en days 

Harve st El·�S ( 1 6df) n LSD (0. 1 )  ( 0 . 05 ) (O g 01 ) ( 0. 001 ) 

20 day 48 1 0  1 2  49· 4  60. 0 82. 7 1 1 3 . 6  

50 day 74490 1 2  1 95 . 0  2.36 . 3  325 . 5  447 · 5  

( i i ) Interacti on, Durat ion x Day at harve st day 20 (p < 0. 05 )  

EMS ( 1 6  df ) 
LSD ( 0. 1 ) 

(0. 05 ) 

(0. 01 ) 

(0. 001 ) 

Day 1 

2 

3 

Grazi�g durat ion (hour ) 
6 

926-l:· 

1 1 30 

9 23 

24 

693 

990 

881 

*lb Dlol per acre 

= 481 0  n = 6 

= 69. 8  

= 84. 8 

= 1 1 6 . 9  

= 1 60.7 

( i i i ) Interaction, Day x Durat ion x Intensity at harvest day 20 
(p  < 0.01 ) 

Graz ing intensity 

Grazing duration 

(hours ) 

Days 

1 

2 

3 

1 20 cow days/acre 

6 24 

1044* 907 

1 278 1 093 

1 008 1 1 30 

* lb D . M .  p e r  acre . 

E1·1S ( 1 6  df ) = 48 1 0  n '). 
J 

LSD (0. 1 ) - 98o 8  

( 0. 05 ) = 1 20. 0 

( O. O i  \ "" 1 65 o 4  ) 
(0 .  JVl ) :.: 2 27 . 3  

200 cow days/acre 

6 24 

808 480 

98 1 887 

839 633 



(b ) Analysis  of  variance 

-·---· 

mean squares X 10-4 

Source df Pre- Post- 10 20 30 40 50 
_.._.,._,.. .. ------
Grazing intensity 1 25.233* 1 . 554  28. 391-*** 83.967** 17 0.  433*** 227. 959-*** 577 •  28Q>tH 

Grazing duration 1 45. 878** 0.629 15.275** . 17 .140+ 16. 524 5. 040 1 . 020 

Interaction 1 2.  280 " . 0. 380 2 . 8o6 · 4. 608 17 . 907
+ 28. 569 38. 482* 

Repli cate 2 18. 9 11+ 1. 414 0 . 509 1 . 7 1 7 0. 212  1.156 20 . 440+ 
Rep x Treatment 6 3 .  462 2.058 1 . 036 3.683 4·7 1 0  4· 1 737 5· 474  

Day 2 o. 773 3 . 852 0. 824 19. 168-:<·** 3 . 0 13 1. 796 54· 464** 

Day x intensity 2 2.926 2 . 403 0.187 0. 65 1 3. 560 0. 786 0. 551 

Day x durati on 2 0. 057 0. 04 2 0. 302 2.756* 0.624 3 . 526 12. 293 

Day x intensity x 
duration 2 0. 407 0. 226 0. 300 3 . 407-K•* 3 . 20 1  3. 253 4· 152 

Rep x Day X 
Treatment 16 1. 295 1. 676 0.793 0. 481  2.068 2. 762  1 · 449 

Total 35 4. 60 1  1. 646 1.989 5 · 454 8 . 213 10. 052 27.217 



(d) Re lative growth rat e s (Analysi s of variance of b values ) 

Source df mean square (x 1 0
6

) 

* 
Treatments 3 1 63 . 6 269 

Reps 2 78.7378** 

Treatment x 
Rep s 6 30. 7356 

Days 2 9. 6970 

Days x 
Tre atment s 6 5 · 7536 

Error 1 6  1 2. 3957 



AEEendix 24 : B o t ani cal comp o s i tion . Expe riment II . 

( a) Data - Percent comp o s i t ion o f  tre atment mean D. f.I. Yi e lds 

K L 1·1 Rye gra s s  Timo thy Co cks fo o t  P o a  
O ther Total S own •ro tal Un::; orm 

C l over H e ed Dead G ras s e s  G rass  G rass 
--

( i ) Pre-era7. ing 

1 46 . 7  9 · 4 17 · 9  6 . 0  2. 8  74 . 0  8 .8  8.5  2 . 0  6 . 6  
2 so. o 7 . 2 1 5 . 6  6 . 8  1 .  G 7 2 . 8  8 . 4  1 2. 7  1 •.9 4. 3 
3 46 . 6  1 0. 6  1 1 . 6 6 . 6  3. 0  68 . 8  9 - 6  1 2. 1 2. 4 7 . 0  

2 1 48 . 3  9 - 5  1 2 . 2  7 - 3 3 . 3  70. 0  1 0. 7 1 0. 9 1 .  5 6 . 9 
2 2 42· 9 1 0 . 8  1 6 . 5  8 . 5  2 . 0  70. 1 1 0 . 4  1 o .  6 3 . 0  5 · 9 
2 3 44 · 4 1 · 9 1 4 . 1 6 . 5  5 . 2  66 . 4  1 1 . 8 1 3 . 3 2 . 0  6 . 4 

1 1 45 · 1 1 0. 3  '1 6 . 0  1 · 4  3 -5  7 1 . 3  1 1 . 0  8 . 6 1 .  9 7 . 2 
1 2 4 4 - 3 1 0. 7  1 6 . 6  8 . 3  1 .  1 7 1 . 6  9 - 3  1 1 . 6  3 o 3  4 · 2 

1 3 43 . 1 8 . 9  1 2 . 9  1 · 9 4 . 1  64- 9 1 2 . 0  1 3 . 9  2. 8 6 . 3 

2 1 49 · 9  8 . 6 1 4. 1 6 . 0  2. 6 7 2 . 7  8 .6  1 0 .8  1 � 6  6. 3 

2 2 1�8 . 6  7 . 2  1 5 · 5  7 . 0 2. 5 7 1 . 3 9 ·5  1 1 . 6  1 . 6 6 . 0  
2 3 47 · 9  9 · 6 1 2. 8  5 � 1 4· 2 70. 3 9 - 4  1 1 . 5 1 . 7 7 . 1 

( i i ) Rcgro1-1 t h  day 1 0  
. 1 1 37 . 6  1 4. 5  1 9 . 3 1 .  9 2 . 6  7 1 - 4  4- 5 9. 1 3 . 1 1 2 . 0  

1 2 118 . 7  6 . 4 1 2 . 4 5 - 1 1 . 8 67 · 5 6 . 9  1 1 . 9 1 .  9 1 1 . 8  

3 47 . o  1 1 . 0  1 2. 7  4 · 6 1 . 7  70. 6 6 . 2 1 0. 5  2. 3 1 0 . 4 
2 1 36 . 1 1 3 . 8  1 4 . 8  3 . 3  2 . 0  62 . 0  5 · 4 1 4. 0  2. 6 1 5 · 9 
2 2 4?- 4 1 2 . 0  1 2 . 7 6 . 0  3 . 0  67 . 1  8 . 9  8 . 4 3 . 8  1 1 . 7  
2 3 29 . 9  1 2 . 3  1/1 . • 7 5 . 6  4- 3 5 6 - 9  9 ·9  1 4. 6  3 . 1  1 5 . 6  

1 3 1 . 9  1 3 . 2  1 8 . 9 3 . 0  3 . 0  64. 1 6 . 0  1 1 . 9 3 . 8  1 4. 3  



2 44. 1 7 . 2  1 4. 8  6 . 5 1 .  8 66. 1 8 . 3 1 0. 3  3 . 5  1 1 . 8  

1 3 37 . 2  1 3 . 1 1 0. 6  6 . 1 3 . 8  60G 9 9 · 9 1 4. 3 3 G 6 1 1 . 3  

2 1 4 1 . 7 1 5 . 1  1 5 . 2  2 . 3 1 .  6 69. 3 3 - 9 1 1 .  2 2 . 0  1 3 . 6  

2 2 t11 . o 1 1  • 1 1 0 . 4  4 · 5 3 . 0  68 . 6  7 . 6  9 · 9  2. 2 1 1 . 8 

2 3 39 · 7  1 o.  1 1 6 . 9  4 . 1 2. 2 66. 6 6 . 2 1 0. 8  1 . 7 1 4. 6  

( i i i ) Regrow th day 30 

1 46 . 0  1 3 . 0  1 2 . 8  6 . 1 1 .  2 7 1 . 8 7 . 3 1 4. 6  3 . 8 2. 5 

2 4 6 . 6 1 0. 7  1 0. 8  5 . 8 O G9  613. 1 6 . 7 1 8 . 9  3 . 9  2 . 4  

3 t17 d 1 o.  1 1 0. 3 6 . 5 2 .0  67 .7  8 .6  1 5 · 9 4 . 1 3 · 1  

2 1 45 . 1 1 6 . 0  13 . 0  6 . 6  1 .  4 69 . 1  8 . 1 1 5 . 1  4. 2 3 . 5 

2 2 38 . 9  1 5 . 3 9· 4  8r.. t) 3 . 3 63 . 7  1 1 .  2 1 6 . 9  5 · 4 2 .7  

2 3 37 . 4 1 6 . 2  9 · 5  8 . 5 3 . 6 6.3 . 2  1 2 . 1 1 7 . o  4· 4 3 . J 

1 1 4 1 . 2  1 5 . 1 1 o.  7 6 . 4 1 .  8 67 . o  8 . 3 1 7 . 2  4 · 5 3 . 0  

2 1)0. 2 1 1 . 8  8 . 2 8 . 7 2 . 9  60. 2 1 1 . 6 1 9 . 3  5 · 6 3 . 2 

3 37 � 2 1 4 . 1  8 . 7  9 · 4 3 . 7  60. 0 1 3 . 1 1 8 . 4 5 . 2 3 . 3 

2 1 49 . 8  1 3 . 9  1 0. 1 6 . 3 o . B  7 3 . 8  7 .  1 1 2 . 5 3 - 5  3 . 0  
' 

2 2 45 - 4  1 4 . 2  1 2 . 0  5 . 1  1 .  3 7 1 . 6 6 . 4 1 6 . 4  3 . 6  1 .  9 

2 3 47 · 5  1 2 . 2  1 1 . 1 5 · 7  1 .  9 70 .8  1 · 1  1 4. 5  3. 3 3 . 6  

( i v ) Regr01·1th day 5 0  

1 1 43 - 7 1 1 . 6  1 0. 1 6 . 5 3 - 9 65 o 4  1 0o 4  1 4- 4  5 · 3  4. 6 

1 2 56 . 7 9 · 7  8 . 3 5 . 1 1 . 7 7 4 ·  7 6 . 9  1 2. 0  2. 0 4· 4 

3 49 · 4 1 1 . 4 1 1 . 6 6 . 8  3 . 6  72 - 4 9. 1 1 2. 4  2 .  1 4. 0 



2 

2 

2 

(b ) 
K 

1 

1 
1 
1 
1 
2 
2 

2 

2 

2 

2 

1 40 . 1 1 1 .  2 1 · 3 8. 7 3 . 9  58 . 6 1 3 � 4  
2 45 · 9 1 1 . 5 9 . 0  6 . 1 5 . 8  66 . 3 1 2. 0  

3 43 · 9  1 1 • 1 1 1 . 3 1 . 0  4 · 5 66. 3 1 1 . 5 
37 . 3 1 0 . 3  1 0 . 2 8 . 9 4· 1 57 . 8 1 3 . 5  

2 45 . 0  1 0. 3 8 . 6  7 · 3 5 o 2  64. 0 1 2 . 5  

1 3 4 1 · 9 1_3 . 2 9 . 0  8 . 0  5 · 6 64. 0 1 2 . 3 
2 1 46 . 6  1 2. 4 7 . 2  6 . 3 3 . 1 66 . 3 1 o. 3 
2 2 57 . 6  1 0. 8  8 . 7  4 . 0 2. 3 77 . 1 6 . 3 
2 3 5 1 · 4 9 . 3  1 3 . 8  5 . 8 2 . 5  74· 4 8 . 1). 

Data - Total sown grnus anJ ryeerass D . M .  yields day 10 and day 50. 

L .M 

1 1 
1 2 

1 3 
2 1 
2 2 

2 3 

1 1 

1 2 

1 3 
2 1 

2 2 

2 3 

Day 1 0  
'ro tal So�m Grass 

47 5 . 6 

495 · 7  

41).6 . 0  

41 2 . 6 

405 . 3 
1).63 . 9  
3 1 4. 4  
31).1 . 7  
3 1 2. 2  

203 . 7  
282. 1 

238 . 5  

Day 50 
Hye,:;rass  Total 3ovm Grass 

-
225 . 4  1 940 

336 . 0  2 1 96 
297 · 7  1 975 
236 . 7  2007 
3 1 7 · 9  285 1  

309 . 9  2737 

1 66 . 4 1 1 7 2 

22 1 . 7 1 524 

1 69 · 9  1 605 

1 27 . 8  1 327 
1 7 1 . 9  1 879 

1 2 1 . 9 17 30 

1 7 . 9  5 . 3 4. 8 
1 3 . 8  4. 2 3 . 6  
1 2. 6 6 . 1 3 . 5  

1 8 . 4 5 · 7  4. 6 
1 5 . 2 3 .. 5 4· 9  
1 4o 5  5 - 1 3. 8  
1 3 . 9  4. 8 4.8  
1 0. 6  2 . 8  3 . 1 
1 0. 5 3 . 0  3. 7  

Rye grass 
1 305 

1 634 
1 335 

1 329 
2202 

1 885 
7 1 3 

1 006 
1 026 

988 

1 356 
1 1 98 



( c ) Analysis of vari ance - D . N .  yi e ld 

Source d f  Rye.:;ra:_:;_�_( day 1 0 )  

G raz i ' ·; i ntcnsi ty 

G raz L·. ; durat i o n  

Intera c t ion 

Rep l i cate 
Rep x Treatment 
Day 
Day x Intenr; i ty 

Day x Du rat ion 

1 
2 
6 
2 
2 
2 

Day x Intens i ty x durilt ion 2 
Rep x Day x Tre atment 1 6  

Total 35 

(d)  t-t c s t s  - I3e ti-JCen cbys D .  l-1 . yield --

Compari son El·!.S 
_,.. _ _ ____ ___ 

Rye�rass (day 1 0 )  3800 

Ryegra s s  ( day 50) 49000 • 

To tal Smm t;ra s s (day 50 )  84300 

l1 

1 2  
1 2  
1 2  

1 3 . 841 ** 
o. 43!) . .  
0 . 503 
0 .5 1 2  
0. 5 1 8  
1 · 59 "1 *  
0. 41 8  
0. 035 
0 . 0 1 6  
0. 380 

0. 832 

LSD ( 0. 1 )  

44- 0 
1 57 . 8  
207 . 1 

I·lean square (x 1 0-4) 

�earass (day 5�) 
289 . 53 "** 
93. 9 1 . 

2 . 98 
59- 75* 
1o . oo · 

65. 86*"*· * 
6 . 56 
7 .. 5 1  
8 .02 
4. 90 

23 . 43 

( 0 .05 )  (0.0 1 ) 

53 - 4 7 3. 6  
1 9 1 . 6  263 . 9 
25 1 . 4 246 · 4 

Total So1·m G ras s (� .5Q) 
499. 60** 

(0 .001 ) 

1 0 1 . 1  
362. 8  
476. 2 

1 1 2 . 17 * "  
1 8 . 05 
52.  1 8+ 
1 4 . 1 6  
84. 27 'H 

1 .  tl2 

1 3 . 48 
9 . 86 
8. 43 

33. 49 



AE,Eendix 2,2 0 Ti ller  Density - Experiment II 0 

(a)  Data 

I K L M Total grass Total sown 'rotal Uns01·m 
C lover · Ryegrass Timothy Cocksfoot Poa Other Gra-· Grass Grass 

---· 

8 AUf,U B to 
1 584 467 1 1 7 1 90 329 1 05 37 53  64 

1 1 1 2 647 )26 1 2 1  1 33 380 1 37 9 8 2  39 

1 1 1 3 408 1 95 2 1 3  1 42 1 0 1  53  41 1 83 30 

1 1 2 1 377 334 43 1 85 2 1 5  96 23 3 2  1 1  

1 1 2 2 467 35 2 1 1 5 1 1 5 222 96 34 7 1  44 
1 1 2 3 589 470 1 1 9 80 305 89 76 57 6 2  

2 1 1 6 1 9 486 1 33 1 1 7 300 1 26 60 1 0 1 3 2  

1 2 1 2 682 488 1 94 1 88 243 1 5 1  94 1 28 66 · 
2 1 3 497 287 2 1 0  1 47 1 65 69 5 3  1 37 7 3  

1 2 2 1 6 1 2  404 208 1 26 243 85 76 1 37 7 1 

2 2 3 6'( 1 490 1 8 1  1 1 7 3 1 6  85 89 89 92  

2 1 1 1 47 2 364 1 08 98 206 89 69 94 1 4 
2 1 1 2 5 24 334 1 90 1 88 1 44 1 03 87 1 33 57 

2 1 1 3 593 428 1 64 1 56 259 66 1 03 69 96 

2 1 2 1 685 337 348 204 1 97 1 26 1 4 1 90 1 58 
2 1 2 2 5 1 4 329 1 85 1 92 1 37 1 37 55 48 1 37 
2 1 2 3 489 . 

345 1 44 1 33 1 99 98 48 1 1 0 34 

2 2 1 1 462 284 1 78 1 42 1 1 2  1 65 7 57 1 2 1  

2 2 1 2 7 1 3 369 344 1 5 1  2 1 1 1 35 23 1 1 5 229 



2 2 1 3 75 1 447 304 1 24 236 1 65 46 1 44 1 60 
2 2 2 1 373 234 1 39 1 26 7 1  1 3 1 3 2  50 89 
2 2 2 2 493 ?(39 204 1 56 108 1 26 55 1 03 1 0 1  
2 2 2 3 57 2 .3 29 243 2 1 3 1 85 1 1 0 34 76 1 67 
3 1 1 1 373 320 . 53  1 44 1 69 73  78 44 9 
3 1 1 2 5 24 39 1 1 33 1 53 263 78 50 64 69 
3 1 1 3 405 279 1 26 1 69 1 26 98 55 46 80 
3 1 2 1 5 3 1  439 92  1 1 7 256 1 05 78 32 60 
3 1 2 2 564 493 7 1  1 92 364 85 44 48 23 
3 1 2 3 385 337 48 1 5 1  234 80 23 37 1 1  . 

3 2 1 1 42 1 2 1 3  208 1 56 55 1 0 1  57 64 1 44 
3 2 1 2 6 1 1 4 1 4 1 97 1 85 23 1 1 1 9 64 1 24 7 3  
3 2 1 3 7 35 449 . 286 1 48 1 7 4  2 1 1 64 1 5 1  1 35 
3 2 2 1 427 327 1 00 1 99 188 1 1 2 27 82  1 8  
3 2 2 2 541 426 1 1 5 1 7 9  1 97 1 56  7 3  7 8  37 
3 2 2 3 503 403 1 00 1 58 188 46 1 69 73  27 1 2 2 2 45 1  247 204 1 1 0 1 28 69 50 1 1 0 94 
24 August 
1 1 1 1 333 268 65 82  1 26 89 . 53 44 2 1  
1 1 1 2 349 2 1 3  1 36 1 24 1 26 76 1 1  92 44 
1 1 1 3 567 524 43 1 1 0 350 96 78 34 9 
1 1 2 1 29 1 254 . 37 73  1 76  55 23 32  5 
1 1 2 2 ?09 1 8 1  28 76  98 69 1 4  2 1  1 



1 1 2 3 339 27 3 66 46 1 65 92  1 6 39 27 
2 1 1 267 228 39 85 7 3  1 28 27 23 1 6  
2 1 2 35 1 264 87 1 24 1 67 92  5 76  1 1  

1 2 1 3 395 338 57 94 1 37 1 69 32 55 2 
2 2 1 1 55 1 1 6 39 85 7 3  25 1 8  2 1  1 8  . 
2 2 2 380 293 87 37 1 1 9 1 03 7 1  48 39 

1 2 2 3 352 245 1 07 46 1 60 62  23 66 41  . 
2 1 1 1 330 259 7 1  55 1 3 1  55 7 3  3 9  32  
2 1 1 2 483 332 1 5 1  1 2 1 1 65 1 40 27 1 26 25 
2 1 1 3 578 400 1 78 7 1  222 1 28 50 1 37 4 1 
2 1 2 1 545 295 250 1 35 1 58 1 1 2 25 206 44 
2 1 2 2 458 384 74  1 1 9 1 8 1  1 37 66 44 30 
2 1 2 3 446 379 78 92 1 76 1 37 55 .44 34 
2 2 1 1 474 305 1 69 1 35 78 1 33 94 87 82 
2 2 1 2 756 456 300 1 1 2  245 1 03 1 08 1 8 1  1 1 9 
2 2 1 3 47 2  323 1 49 1 42 1 1 7 94 1 1 2 76 73 
2 2 2 1 1 32 1 03 29 57 39 50 1 4  27 2 

2 2 2 2 364 277 87 1 41 94 1 28 55 80 7 
2 2 2 3 440 270 1 70 1 53  1 1 0 1 37 23 1 47 23 
3 1 1 1 494 436 58 1 44 1 88 1 7 9  69 2 1  37 
3 1 1 2 436 307 1 29 1 35 1 42 94 7 1  92  37 
3 1 1 3 466 358 1 08 1 40 1 56 1 49 53 • 69 39 
3 1 2 1 523 404 1 1 9 66 204 76 1 24 94 25 
3 1 2 2 36 1  325 36 1 26 1 65 89 7 1  34 2 



3 1 2 3 .395 .368 27 44 1 69 1 69 30 1 8  9 
3 2 1 1 407 237 1 70 1 8 1  82 98 57 1 24 46 
3 2 1 2 5 1 0  343 337 1 5 3  188 98 57 1 33 34 
3 2 1 3 55 1 3 1 3 238 1 83 1 03 1 28 82  1 92 46 
3 2 2 1 1 53 1 33 20 34 60 55 1 8  2 1 8  
3 2 2 2 1 1 9 1 08 1 1  39 32  44 32 9 2 
3 2 2 3 86 78 8 85 1 6  4 1  2 1  7 1 

.1,2_§_££ t cm b c r 
1 1 1 1 403 293 1 1 0 66 1 76 64 53 89 2 1  
1 1 1 2 330 268 6 2  96 1 67 7 6  25 57 5 
1 1 1 3 390 259 1 3 1  85 1 65 62  32 1 1 7 1 4  
1 1 2 1 269 2 1 5  54 7 1  94 7 1  50 53 1 
1 1 2 2 3-18 271 7 1  1 26 1 7 4  6 4  39 69 2 
1 1 2 3 355 219 1 06 96 1 69 55 25 1 0 1  5 
1 2 1 1 295 239 56 66 1 63 62  1 4  55 
1 2 1 2 439 366 73 1 28 268 87 1 1  66 7 
1 2 1 3 298 220 78 89  1 1 7 94 9 76  2 
1 2 2 1 222 1 95 27 7 1  1 42 30 23 1 1  1 6  
1 2 2 2 222 1 35 87 46 78 50 7 80 7 
1 2 2 3 345 249 96 32  1 44 57 47 66 30 
2 1 1 1 3 1 3 236 77 55 1 26 39 7 1  66 1 1  
2 1 1 2 266 1 7 6  90 1 05 1 1 0 4 1 25 85 5 
2 1 1 3 536 394 1 4 2 57 26 1 7 6  57 1 1 0 32  



2 1 2 1 376 277 99 1 47 1 88 78 1 1  78  2 1  
2 1 2 2 295 2 1 3  82  76 1 17 66 30 7 3  . 9 
2 1 2 3 297 23 1 66 85 1 67 32  32  57 9 
2 2 1 1 305 1 8 1  1 24 1 3 1  92 55 34 78 46 
2 2 1 2 462 270 1 92 92 89 1 1 5 66 1 5 1  4 1  
2 2 1 3 433 220 2 13 1 37 94 69 57 1 42 7 1  
2 2 2 1 1 7 4  1 2 1 53  7 3 7 1  41  9 44 9 
2 2 2 2 3 1 4  1 99 1 1 5 82  1 08 82  9 92 23 
2 2 2 3 3 1 7  1 47 1 70  82  57 60 30 10 1  69  
3 1 1 1 3 1 5  2 1 4  1 0 1  64 92 85 37 64 37 
3 1 1 2 243 1 79 64  92 87 55 37 32  32  
3 1 1 3 428 307 89 1 1 9 206 69 32  87 2 
3 1 2 1 5 1 3  396 1 1 7 87 300 64  32  1 0 1  1 6  
3 1 2 2 35 3 268 85 1 44 1 67 76  24 80 5 
3 1 2 3 226 1 48 78 46 87 34 27 57 2 1  
3 2 1 1 337 208 1 29 1 26 82  92  34 85 44 
3 2 1 2 578 447 1 3 1 1 1 5  236 1 7 2  39 1 0 1 30 
3 2 1 3 463 238 225 1 49 1 26 62  50 1 7 2  5 3  
3 2 2 1 1 78  1 68 1 0  34  1 1 5 32  2 1  5 5 
3 2 2 2 324 292 32  82  1 63 69 60 23 9 
3 2 2 3 1 47 1 24 23 60 92 2 1  1 1  2 1  2 

£._0.s..!� 
1 1 1 1 23 1  1 65 66 80 87 37 41  4 1  25  

1 1 1 2 259 204 82 87 1 24 39 1 4  80 5 

1 1 1 3 1 41 63 78 62  44 1 4  5 73 2 



1 

1 

1 

1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 

1 2 
1 2 
1 2 
2 1 
2 1 
2 2 
2 2 
2 2 
1 1 
1 1 
1 1 
1 2 
1 2 
1 2 
2 1 
2 1 
2 1 
2 2 
2 2 
2 2 
1 1 
1 1 
1 1 

1 
2 
3 
2 
3 
1 
2 
3 
1 

2 
3 
1 
2 
3 
1 
2 
3 
1 

2 
3 
1 
2 
3 

260 2 1 3  47 
2 1 8  1 7 1  47 
292 259 33 
234 1 90 44 
266 2 1 6  50 
209 1 1 .8 9 1  
279 1 44 1 32 
1 88 92 96 
288 210 48 
294 1 83 1 1 1  
289 1 8 1  1 08 
1 76 89 87 
29 1 1 65 1 26 
1 95 1 7 1  24 
349 280 69 
373 247 1 26 
36 1 239 1 22 
1 87 1 5 1  36 
20 1 1 1 8 83  
282 1 58 1 24 
341 279 62  
346 220 1 26 
340 25 1 89 

.39 1 42 46 25 46 1 

94 98 66 1 46 1 

50 206 39 1 4  3 2  1 
89 1 33 50 1 39 5 
87 1 3 1  80 5 41  9 
37 89 1 8  1 1  80 1 1  

69 1 1 0 23 1 1  1 05 27 
69 41  44 1 66 3 0  

44 1 42 1 1 87 37 1 1  

1 1  1 37 23 23 1 1 0  
66 1 1 9 37 25 69 39 
89 50 23 1 6  60 27 
53 105 30 30 1 1 2 . 1 4  
48 1 1 2  3 2  27 23 1 
80 1 56 1 1 5 9 44 25 

1 1 5 1 35 89 23 50 76 
6 2  1 3 1 76  3 2  69  53  

55 80 55 1 6  34  2 

46 64 27 27 76 1 
1 0 1  64 53 41  87 37 
7 6  1 42 64  73  23 39 
7 3  1 26 7 i  7 3  62  64  

1 1 5 1 67 57 27 7 1  1 8  



3 1 2 1 281 1 94 87 30 1 1 9 48 27 82 5 

3 1 2 2 2 1 7  1 6 2  55 78 1 05 48 9 39 1 6  

3 1 2 3 287 2 1 6  7 1  66 1 8 1  2 1  1 4  64 7 
3 2 1 1 290 1 65 1 25 87 1 03 44 1 8  98 27 
3 2 1 2 293 1 6 2  1 3 1  24 1 1 2  39 1 1 1 1 5  1 6  
3 2 1 3 36 1 1 87 1 7 4  1 47 89 64 34 1 1 7 57 
3 2 2 1 270 208 62 66 1 33 48 27 57 5 
3 2 2 2 1 79  1 56 23 64 76  48 32  1 8  5 
3 2 2 3 1 64 1 5 4  1 0  8 2  1 08 32 1 4  9 

1 2 1 1 3 1 3  246 67 80 1 37 82 27 53 1 4  



(b ) Anallsis  of Variance 

Total Total Total 
Source df grass Sown Unsown C lover Rye grass Timothy tocks- Poa Other Grass 

Grass Grass oat 

8 August Mean squares (x 1 0-2) 
279 - 45+ * 

Grazing intensity 1 6 . 59 37 2. 49 0. 03 1 58 . 34 55- 75* 6 . 1 7  so. 41 1 48.  43+ 

Grazing duration 1 1 67 . 70 6 . 7 6  1 06 . 78 0. 04 0. 67 1 2 . 48 0. 002 37 . 2 1 1 8 . 06 
Interaction 1 234· 60 49. 00 69 . 45 0. 1 1  * 1 8 . 06 5 ,1 . 84 20. 40 1 .  7 8  48. 77 
Replicate 2 1 0 1 . 1 2 9 1 . 43 226 . 80 2 1 . 82 1 63. 1 0  1 8 . 0 1  9 · 45 32. 41  1 28 .84 
Rep x Treatment 6 60 . 63 43 - 37 53 - 97 1 1 .  24 41 - 98 6 . 1 7  1 7 . 02 1 9 . 55 29- 55 
Day 2 1 5 1 . 1 1  42. 1 8  40. 68 8 . 3 1  1 7 . 1 6  1 0 . 57 1 2 . 7 8  1 2. 30 8. 1 7  
Day x I ntensity 2 1 99 . 55 1 04 . 22 2 1 . 4 1 5 - 23 53. 1 9  1 .  7 4 5 . 20 6 . 1 6  1 . 00 
Day x Duration 2 1 1 9 - 53 91· 95 7 9 . 08+ 7 .. 04 97 . 09 4. 86 3 . 98 35 . 7 2  8 .76  
Day x Intensity 

x Duration 2 2 . 95 1 6 . 70 8 . 24 1 5 - 99 1 5 . 7 3  8 . 58 6 . 1 6  3 . 92  1 6 . 88 
Day x Rep x 

Treatment 1 6  1 1 8 . 40 98. 7 8  25 . 30 1 1 . 7 4 62. 39 1 1 . 45 8 . 41 1 3 . 9 1  1 5 . 03 

Total 35 1 1 6 . 8 1  7 4- 34 58 .00 1 0 . 64 60. 57 1 2 . 22 9 - 67 1 7  · 44 27 . 8 1  

24 August 

Graz ing intensity 1 426 . 42 650. 25* 56 . 25 4 - 69 403 . 34** 1 7 . 92 1 . 00 7 - 84 3 . 48 
Grazing duration 1 1 696 . 07* 558 . 53* 408 . 04+ 1 49 . 65+ 100. 33+ 60. 84 36. 00 1 2 1 . 7 3+ 40. 1 1  
Interaction 1 652. 80 250 . 69 1 6 2 . 1 4  29. 1 6  38 . 65 29 . 88 1 5 . 7 3  48 , 53  8. 60 . 
Replicate 2 477 . 47 7 3 . 32 1 7  4· 47 34. 23 1 6 . 34 1 8 . 46 28 . 95 87 . 80 1 7 . 1 9  

Rep x Treatmnnt 6 209 . 22 9 1 . 05 87 . 23 30. 1 1  1 9 . 69 20. 03 17 . 27 29. 1 2  50. 38 



Day 2 2 1 0. 36+ 1 44. 1 1+ 33 . 1 9  6 . 66 52 .76  25 . 94 0. 09 1 0. 59 0 . 04 
Day x Intensity 2 26 1 . 8 1+ 1 62 . 65+ 53.  7 2+ 1 8 . 05 85 . 47* 2. 25 9 · 53 28. 5 1  0. 57 
Day x Duration 2 63 . 1 8  1 9 . 50 1 1 8 . 5 1 ** 0. 54 34. 37 1 6 . 43 1 5 . 68+ 54. 05* 2 . 44 
Day x Intensity 

52 .  32+ x Duration 2 1 33. 68 24. 47 10 . 27 55· 38+ 7 . 22 0 .54  47 . 7 3+ 0. 64 
Day x Rep 

x Treatment 1 6  74· 44 49. 83 1 8 . 41 . 7 . 3 1 1 9 . 82 1 0. 07 4· 70 1 3 . 82 1 .  77 

Total 35 2 1 4. 7 1  1 04. 32 65 . 96 1 7 .74  41 . 89 1 5 . 1 6  9 · 75 29. 46 6 . 1 3  

12 Se2tember 1 

G razing Intensity 1 45 o 1 1  93 ·77+ 1 2  .. 25 0. 1 3  105 .  40+ 5 . 68 3 . 24 0 . 0 1  1 3 . 08 
Grazing duration 1 675 . 1 3* 1 82 .  70* 1 42 . 40 30. 62* 1 3 . 94 42. 90* 1 0. 45 75 · 40 1 0. 56  
I nteraction 1 383.5 1 *  1 38 . 85* 69. 44 1 03 . 36** 38. 03 3 1 . 92* 0. 00 1  55. 0 1  0. 84 
Repli cate 2 9 . 1 1  27 . 1 6  49. 36 6 . 09 . 3 1 . 59 1 .  35 2 .0 1  1 6 . 43 1 1 . 7 2  
Rep x Treatment 6 50. 50 17 · 5 1  39. 85 4. 82 26 . 08 4. 36 5 . 63 1 7 . 41 5 . 56 
Day 2 7 1 . 48 29 . 82 47 . 03·H 8 . 47 3. 24 1 7 . 60* 0. 29 29. 79** 3 . 86 
Day x Intensity 2 296 . 67*  1 7  3 . 55•* 3 2. 84* 5 . 22 68. 86 1 7 .  1 4* 4. 33 1 9 . 1 7 *  3 . 63 
Day x Duration 2 83. 46 5 1 . 89 8 .  25 1 0. 1 2  42. 43 1 .  80 0. 85 1 1 . 1 5 0. 6 1  
Day x Intensity 

1 62 . 65+ 1 24. 02+ x Duration 2 1 . 7 3  2. 40 56. 1 0  9· 04 1 . 60 1 .  28 0. 09 
Day x Rep X 

Treatment 1 6  54. 53 43 . 1 7  6 . 84 8 . 40 3 1 . 25 3 . 76  2. 46 4· 27 1 .  8 2  

Total 35 1 00. 7  4 57 . 83 24. 32 1 0. 34 34. 8 1  7 - 45 3 . 00 1 3 . 1 1  3 . 6 2  



6 October 

Grazing Intensity 1 0 . 69 1 0 .56  1 3 . 20 1 2. 1 3 27 . 39 21 . 93 5 . 06* 2. 1 5  4. 69 
Grazing duration 1 397 . 34* 1 68 . 57 54· 76  1 8o 63 30. 62 23. 5 2  4. 62* 6 . 7 6  23. 04 
Interaction 1 90. 88 65 . 88 8 . 59 4. 34 42. 68 23 . 52 7 · 93* 0. 28 0. 1 9 
Replicate 2 55· 34 1 5 . 53 1 2 . 35 4 .56  6 . 1 0  0. 47 7 · 44* 1 . 09 6 . 1 1  
Rep x Treatment 6 52 . 30 6 1 . 9 1 35. 1 0 5 . 1 8  25 . 67 1 1 . 49 o. 7 2  22. 89 6 . 20 
Day 2 0. 1 8  1 1 . 28 1 1 . 94 8 . 27 1 . 09 0. 45 6 . o8-� 8. 38 0 .93  
Day x Intensity 2 4· 87 1 .  77 7 . 07 3 . 32 1 7  · 43 5 · 65+ 8. 46*-l!· 3 . 63 4. 1 0  
Day x Duration 2 1 .  5 1 2 1 . 25 1 1 . 63 4. 1 5  1 3 . 1 7  0. 50 5 · 20* 1 0. 3 1  0. 4 
Day x Intensity 

32. 55+ 1 9 . 49+ x Duration 2 1 8 . 58 5 · 96 4· 58 0 . 54  4. 1 9  6 . 38+ 0 . 1 2  
Day x Rep X 

Treatment 1 6  24. 20 1 1 .  1 1  8 . 39 8 . 34 6 . 59 1 . 96 1 . 1 8 5 . 30 2 . 94 

Total 35 38. 60 27 · 40 1 4. 62 7 . 1 3  1 3 . 56 5 ·  27 2 . 96 8 . 3 1  1 4. 6 2  



( c) t-tests 

( i )  Total grass 

24 August - grazing duration x Day (p  ( 0.05 ) 

1 20 coH days/acre 200 coH days/acre 

Da.y 1 41 9.3* 264.7 
2 382.7 41 3 . 3  
3 465 . 2  382.7 

* tillers/ft2 

n = 6 

Ef.1S ( 1 6 df) = 7 444 
LSD ( 0 . 1 ) = 87 . o  

( o. o5 )  = 1 05 . 7  
( 0 .0 1 ) = 1 45 . 6  

( 0. 00 1 ) = 200. 1 

15 Sentemb er - grazing duration x Day (p < 0. 05 )  

1 20 CO'-'' days/acre 200 cow days/acre 

Day 1 
2 

3 

.365* 

306 
372 

* tillers/ft 

n = 6 

ET·:S ( 1 6  df) = 5453 
LSD ( 0. 1 ) = 74· 4 

( o. o5 ) = 90. 4 
( 0. 0 1  ) = 1 24. 5 

252 
390 
334 



15 September - grazing duration x grazing intensity 
x day (p ( 0. 1 )  

Day 1 

2 
3 

E:r-1IS 
LSD ( 

( 

( 

1 20 cow days/acre 
' 6  hour ' ' 24 hour ' 

n 

344* 
280 

45 1 

= 3 

386 
332 
293 

* tillers/ft2 

( 1 6  df) = 5453 
0. 1 ) = 1 05 
0 .05 ) = 1 28 
0 .0 1  ) = 1 7 6  

( ii ) Total Sown Grass 

Elf:S 
LSD ( 

( 

( 

24 August - Day (p <0. 1 ) 

Day 1 
2 

3 

n = 

( 1 6df) = 

0. 1 ) = 

0.05 ) = 

0. 01 ) = 

1 2  
4983 
50. 3 
6 1 . 1  

84. 2 

253 tillers/rt2 

290 " 

322 " 

200 cow days/acre 
' 6  hour ' ' 24 hour ' 

3 1 2  

493-
398 

1 9 1  
2 0.---, v ·  I 

270 

24 August - day x intensity (p  < o. 1 )  

1 20 coH day_s/_acre 200 co-v1 day_s/_acre 

Day 1 3 1 9* 1 87 
2 290 ' 290 

3 384 261 

* tillers/ft 

EMS ( 1 6df) = 4983 n = 6 

LSD ( 0. 1 ) = 7 1 . 1  ( 0. 0 1 ) 1 1 9 .. 0 = 

( o. o5 )  = 86. 4 (0 . 001 ) 1 63 .. 6 � 



15 Seutember - day x intensity (p .( 0. 05 ) 

Day 1 
2 

3 

1 20 coH days/acre 

272 tillers/ft2 

230 11 

265 

EJ.:s ( 1 6df) 
LSD ( 0. 1 ) 

( o .o5 )  

( 0.0 1 ) 

= 

= 

= 

= 

1 1  

43 1 7  

66. 2 
80. 4 

1 1 0.8  

n 

200 coH days/acre 

1 85 tillers/ft2 

285 1 1  

200 1 1  

= 6 

15 September - day x intensi ty x duratioa (p <( 0. 1 )  

1 20 cow days/acre 200 covJ days/acre 

' 6  hour ' ' 24 hour ' ' 6  hour' ' 24 hour '  

Day 1 248* 296 209 1 6 1  

2 208 252 36 1 209 

3 320 209 226 1 73  

* tillers/ft 

EMS ( 1 6df) = 431 7  n = 3 

LSD ( 0 . 1 )  = 1 62. 2 

( o. o5 )  = 1 96 . 9  
( 0.01 ) = 27 1 - 4 

6 October - day x intensity x duration (p  z 0. 1 )  

1 20 cow days/acre 200 cow days/acre 

' 6  hour' ' 24 hour' ' 6  hour' ' 24 hour ' 

Day 1 228* 1 65 230 1 59  
2 202 1 66 200 1 39 

3 1 65 2 1 5 2 14  1 35 

* tillers/ft2 

ENS ( 1 6df ) = 1 1 1 1  n = 3 

LSD ( 0. 1 ) = 47 - 5  

( o . os )  = 57 .• 7 
( 0 .0 1 ) = 79o5 



( iii ) Total Unsown Grass sne c i e s  

Day 1 
2 
3 

Day 1 
2 

3 

8 August - day x duration (p  <o. 1 )  

Day 1 
2 
3 

6 hour 24 hour 

1 33* 
1 97 
2 1 7  

155 
1 49 
1 39 

* tillers/ft 2 

EHS ( 1 6df) = 2530 n 

LSD ( o. 1 ) = so. 7 
( o.os )  = 6 1 . 5  
( 0.01 ) = 84. 8 

= 6 

24 August - day x duration (p < 0.01 ) ,  day x intensity 

(p 0. 1 )  

6 hour 24 hour 1 20 cou days/acre 200 

95* 82 1 00 
1 90 "  54 92  
1 29 76 83 

* tillers/ft 

EMS ( 1 6df) = 1 84 1  n = 6 
LSD ( 0. 1 ) = 43. 2  

( o.os )  = 52 ·5  
( 0. 01 ) = 7 2. 4  
(0 .00 1 ) = 99 - 5  

24 August - day x duration x intensity (p < o. 1 )  

1 20 cm>� days/ acre 200 coVT days/acre 
' 6  hour' ' 24 hour ' ' 6  hour '  ' 24 hour ' 

65* 1 35 1 26 29 
1 39 46 241 62 
1 1 0 57 1 48 95 

* til lers/ft 

cow days/acre 

78 
1 52  
1 22 



EMS ( 1 6df') = 1 841 n :::1 3 

LSD ( 0. 1 ) = 6 1 . 2 

( 0. 05 ) = 7 4- 3 

( 0 .0 1  ) = 1 02. 3 

( 0.00 1  ) = 1 40. 6 

12 September - Day (p < 0.01 ) 

80. 0 tillers/ft 
2 

Day 1 

2 90. 0 

3 1 1 8 . 0  

EJriS ( 1 6df') = 684. 0 n = 1 2  

LSD ( 0. 1 ) = 1 8. 6  

( 0. 05 ) = 22. 6 

( 0 .0 1  ) 3 1 . 2 

( o. oo1 ) = 42. 9 

15 Sentember - day x duration (p <._ 0. 05 )  

' 6  hour ' ' 24 hour ' 

Day 1 1 00* 60 

2 1 02 79  

3 1 46 90 

* tillers/ft2 

EMS ( 1 6df') . = 839-5  

LSD ( 0. 1 ) c 29. 2 

( 0. 05 ) :;:: 35. 3 

( 0.0 1 ) = 48- 9 

( 0.001 ) = 67. 2 



Ao-oendix 26 . Experiment II - Soi l :Bulk Density . 

( a ) Data (gm/cc) 

I K L J.; 0 - .3 cm .3 - 6 cm 6 - 9 cm 0 - 9 cm 

1 1 0 . 900 1 . 068 1 . 1 22 1 .  0.30 

1 1 2 0. 931  1 .  1 40 1 . 062 1 . 044 

.3 0. 075 1 .  1 50 1 .  1 6 1  1 . 062 

1 2 1 1 . 028 1 .  24.3 1 . 1 6 1  1 .  1 44 

1 2 2 0. 957 1 . 1 7 .3  1 .  1 1 5 1 . 082 

1 1 2 .3 0. 888 1 . 1 29 1 . 1 6 1  1 . 058 

1 2 1 1 0. 947 1 . 1 29 1 . 1 65 1 . 080 

1 2 1 2 0. 97 2 1 . 1 69 1 . 1 .3 .3  1 .  09 1 

1 2 1 3 0 . 957 1 .  2 1 5  1 .  1 25 1 . 099 
2 2 1 1 . 060 1 .  248 1 . 1 82 1 . 1 63 

1 2 2 2 1 . 004 1 .  237 1 . 1 75 1 . 1 39 

1 2 2 3 0. 978 1 . 1 73 1 . 1 26 1 . 093 

2 1 1 1 0. 878 1 . 1 60 1 .  1 27 1 . 055 

2 1 1 2 0. 837 1 . 080 1 . 083 1 . 000 

2 1 1 3 0. 900 1 .  1 3 1  1 .  1 1 1  1 . 047 

2 1 2 1 0 . 928 1 . 049 1 .  0.38 1 . 005 

2 1 2 2 0. 978 1 .  09.3 1 . 045 1 . 039 

2 1 2 3 0. 894 1 . 1 2 1 1 . 06 1  1 .  025 

2 2 1 1 0. 890 1 . 1 30 1 .  1 1 2  1 . 044 

2 2 1 2 0. 841 1 . 089 1 . 1 1 9 1 . 0 1 7  

2 2 1 3 0. 84(3 1 . 1 .30 1 .  1 1 0 1 .  029 

2 2 2 1 0. 973 1 . 1 25 1 . 098 1 . 065 

2 2 2 2 0. 9 1 5  1 .  1 40 1 . 058 1 . 037 

2 2 2 3 0. 879 1 . 1 1 7 1 . 095 1 . 030 

3 1 1 1 0 .874 1 . 038 1 . 088 1 . 000 

3 1 1 2 0. 869 1 . 083 1 . 092 1 . 0 1 4  

3 1 1 3 0. 846 1 . 083 1 .  1 2 1 1 . 0 1 6  

3 1 2 1 0. 889 1 .  1 07 1 . 1 48 1 . 048 

3 1 2 2 0. 863 1 . 049 1 . 083 0. 998 

3 1 2 3 0. 902 1 . 039 1 . 045 0. 995 

3 2 1 1 0. 836 1 . 041 1 . 083 0. 986 



3 2 2 0. 890 1 . 062  1 . 084 1 .  0 1 2 

3 2 3 0 .925 1 . 068 1 . 1 06 1 . 033 

3 2 2 0. 928 1 . 099 1 . 053 1 . 027 

3 2 2 2 0. 898 1 . 05 1  1 .  00.3 0. 984 

3 2 2 3 0. 925 1 . 027 1 . 050 1 .  001 

(b ) Analrsis of Variance 
X 1 0-4 It.ean squares 

Source df 0-3cm 3-6cm 6-9cm 

Grazing Intensity 5 1 . 1 0  27 . 40 0.70 
Grazing Duration 2 1 0. 7** 1 7 . 90 26. 1 0  

Interaction 1 0. 30 3 . 50 2. 1 0  

Replicate 2 1 779. 0** .367 . 4** 1 3 1 . 1 * 

Rep x Treatment 6 1 5 . 1 0  22. 60 27 . 1 0 

Days 2 20. 60 1 .  1 0  22. 90+ 

Day x Intensity 2 3 . 1 0  5 . 00 4· 1 0  

Day x Duration 2 28. 00 47 . 90+ 6 . 70 

Day x Intensity x 
Duration 2 4· 50 2. 80 5 - 50 

Rep x Day x 
Treatment 1 6  1 .3 . 20 1 3 . 40 7 . 20 

Total .35 29- 50 35 - 40 1 8 . 50 

( c )  t-tests 

(i ) Between Days (6 - 9 cm layer p <0. 1 )  

Day 1 

Soil Bulk density 1 . 1 1 5 

(gm/ cc) 

Day 2 

1 . 088 

0-9cm 

1 9.90 

20. 80 

0. 1 0  

208. 2** 

1 3 . 20 

8. 60 

0. 1 0  

24. 20* 

0. 60 

4- 80 

1 9 - 50 

Day 3 

1 . 1 06 



EJI!S ( 1 6df) = 0. 00072 n = 1 2  
LSD ( o .  1 ) = 0. 0 1 9  

(0. 05 ) = 0. 023 
(0. 0 1  ) = 0.032 

( i i )  Day x Grazing Duration interaction (3-6cm layer p <0. 1 )  

Days 1 
2 
3 

E:.rs ( 1 6df) 
LSD ( 0 . 1 ) 

( 0 . 05 )  
( 0 . 0 1 ) 

= 

= 

= 

= 

Grazing Duration (hours ) 
6 24 

1 .  094* 
1 . 1 04 
1 . 1 30 

1 . 1 45 
1 . 1 24 
1 . 1 0 1  

*Soil Bulk density (gm/cc ) 

0.00 1 34 n = 6 
0.037 
0 .045 
0.062 

(iii ) Day x Grazing Duration interaction ( 0-9cm layer p < 0.05 )  

Days 1 

2 
3 

EivlS ( 1 6df) = 

LSD ( 0. 1 ) = 

( 0. 05 )  = 

( 0. 0 1 ) = 

( o. oo1 ) = 

Grazing duration (hours ) 
6 24 

1 . 033* 1 . 075 
1 . 030 1 . 047 
1 . 048 1 . 034 

* Soil Bulk density (gm/ cc) 

0. 00048 n = 6 
0.0.1 6 
0 .01 9 
0.026 

0. 036 



Appendix 27 : Experiment II - D. I•1. utilization and Intake 

(a)  Data 

I K D. Ivi. Intake ( 1b Di.:j cov;/day) % utilization 

( i )  Grazed 
1 1 9 . 1 1  64. 8  

2 4· 91 62. 2 
2 1 7 . 7 1 60.8 

2 2 3· 95 55 · 9 
3 1 8.79 65 . 5  
3 2 5 - 09 64. 5 

(ii )  Control 
1 1 8 . 34 57 - 3 
1 2 6. 1 5  70. 3 
2 1 4. 88 41 . 6  

2 2 4-58 65 . 1  
3 1 1 0 . 7  66. 0 
3 2 7 . 66 79 .0  

(b ) Anal;ysi s  o f  variance 

Source df m. s. D. !.: . intd::e m. s.% Utilization 

Defoliation intensity 1 24. 3675** 1 39 . 40* 
Defoliation treatment 1 0 . 5896 2. 74 
Interaction 1 3. 1 008* 280. 72** 
Replicate 2 7 . 9892 1 67 . 84* 
Replicate x Treatment 6 1 .  2669 1 9 . 88 

Total 1 1  4- 6943 79 . 80 



Appendix 28 . Botani cal Components ,  Cut v ' s  Grazed - Experiment II . 

Percent contribution of botanical components of treatment means. 

Rye grass Timothy Cocksfoot Poa Other 'rotal Sm·m Total Unso'l-m Clover Weed Dead Grasses Grass Grass 

( i ) Pre-grazing 
grazed 45 · 5  9· 0 1 5 . 2 6 . 6  3 . 6  68 . 7  1 0. 2  1 2 . 6  2 . 2  6 . 3 
cut 40· 4  9· 1 9 · 5  6 . 5  4· 9 60. 0  1 1 . 5  1 8 . 5 0. 9 9 · 4 

( i i )  Regrowth day 1 0  
grazed 38. 0 1 1 . 5 1 3 . 8  5 - 1 2 .9  63. 1 8 . 0  1 2. 8  3 . 3 1 2 . 8  
cut 35 - 3  1 1 . 7 1 3 . 4  8 . 4 4· 9 60. 4 1 3 . 3  1 4. 0  4· 8 1 · 6 

( i ii ) Hegrovtth day 30 

grazed 42. 4  1 3 . 4  1 0. 3  7 . 2 2. 2 66. 1 9 · 4 1 7 - 5 4. 0 3 . 0  
cut 39 . 8  1 · 5 1 0 . 5  5 · 1 1 · 1 57 . 8  1 2. 8  1 9. 5  3 . 9  6 . 0  

( iv)  Regrowth day 50 
grazed 45 . 1  1 2. 3  1 0. 2  6 . 9 4 - 1 67 . 6  1 0. 9  1 3 . 5  4 . 0  3 . 9  
cut 33 .9 9 · 1 1 4. 3 9. 2 9 -0 57 · 9  1 8 . 2  1 6 . 0  3 . 3 4· 5  



-

!J2pendix 22, . Experiment I I  - Tiller Density . 

(a) Data 

I K Ryegrass Timothy 
-

( i ) 
1 
1 
2 1 
2 
3 
3 

1 
1 
2 
2 

3 
3 

���us t  - grazed 
1 1 7 4  77 
2 94 90 

1 40 1 46 
2 1 06 98 
1 2 1 1 1 08 
2 1 30 9 1  

- cut 
1 3 1 1 1 01 
2 7 1  1 24 
1 1 7 4  2 1 5  
2 1 28 202 
1 254 7 6  
2 389 1 03 

( ii ) �ptember - grazed 

1 1 1 78 11 
1 2 1 75 6 1  
2 1 1 40 68 

Cocksfoot Poa Other grass 
- --

40 64 38 
26 5 1  29 
6 1  95 3 1  
64 98 39 
65 5 4  1 7  
57 90 1 9  

39 27 55 
1 28 1 58 1 1 9 
27 1 88 2 1 8  
57 92 1 1 5 
46 1 21 7 1  
23 1 7 2  44 

26 83  2 1  
20 55 1 2  

37 9 1  25 

Total Sown Total Unsown 
Total e;rass Clover Grass Grass 

392 96 29 1 1 0 1  
29 1 8 1  2 1 1 80 

474  97 347 1 26 

403 1 34 268 1 36 
454 1 1 9 384 7 1  
387 1 2 1 278 1 09 

533 1 28 45 1 82  
600 1 7 6  323 277 
822 2 1 8  41 6  406 
594 1 35 387 207 
568 202 376 1 92 
7 3 1  229 5 1 5 2 1 6  

385 1 1 3 28 1 1 04 
322 90 256 66 
362 1 05 . 245 1 1 6 



2 2 86  58 39 97 39 3 1 8  1 28 1 83 1 35 
3 1 1 7 1  58 33 52 1 5  333 1 03 268 67 
3 2 1 42 84 33  72  1 8  350 1 25 259 9 1  

- cut 

1 1 82 1 03 48 44 78 355 1 03 233 1 22 
1 2 2 1 1 85 34 76 87 493 1 03 330 1 63 
2 1 7 6  7 1  60 1 1 9 94 420 1 5 1  207 2 1 3  
2 2 7 1  1 08 1 6  1 28 80 403 1 03 1 95 208 
3 1 1 90 37 . 48 1 05 5 385 1 42 275 1 1 0 
3 2 245 98 32  98 25 498 1 28 375 1 23 

(iii ) 6 Oct ober - grazed 

1 1 97 40 1 9  57 1 8  233 7 2  1 60 76  
1 2 1 0 1  3 6  1 2  66 18  233 83 1 49 84 
2 1 1 1 7 25 52  74  25 293 74  1 94 99 
2 2 97 63  2 1  74  5 2  307 9 1  1 80 1 26 
3 1 1 28 40 22 59 1 7  266 63  1 90 76 
3 2 103 49 25 77  1 4  267 83 1 77 9 1  

- cut 
1 1 .1 08 39 39 87 2 1  294 96 1 86 1 08 
1 2 1 08 30 60 27 62  287 85 1 98 89 
2 1 69 69 1 4  92  1 33 377 1 1 5 1 5 2  225 
2 2 105 - 7 3  1 4 92 1 47 43 1 1 26 1 92 239 
3 1 1 0 1  1 0 1 34 41 25 302 1 01 236 66 

3 2 1 1 9 37 41  32  5 234 1 1 7 1 97 37 



(b ) Analysis of variance 
1 0-2 mean square X 

Other Total Total Sot-m Total Unsown 
Source df Rye grass Timothy Cocksfoot Poa grasses grass Clover Grass Grass 

- -

( i ) 24 August 
Defoliation 

intensity 1 99-76  0. 1 9  4- 94 1 0. 45 3 . 52 46 . 8 1  0. 2 1  66 . 7 4  1 . 84 
Defoliation 

method 1 1 85 . 65 37 . 1 0 0 .04 78.03 1 68.00* 1 744 . 84-** 16 1 . 33** 395 . 60** 417 · 54* 
Interaction 1 1 . 6 1  6 . 60 1 1 . 02 3 . 00 3 .  74  48. 40 0.85 50.84 0. 04 
Replicate 2 1 30. 02 63. 60* 1 .  1 1 20 . 83 40.77 1 48 . 30 22. 62  47 - 97 82. 04 
Rep X 

Treatment 6 73 . 60 1 0. 2 1 1 1 . 47 24. 58 1 9. 97 7 1 . 80 1 0. 66 32 . 23 7 3 . 1 1  

Total 1 1  89. 88 2 1 . 1 3  7 o 9 1  25 . 5 1  34. 24 233 . 40 24. 69 7 2 . 95 98. 38 
(ii ) ..!.2.__§eptember 
Defoliation 

intensity 1 7 . 2 1 5 . 33 5 . 07* 0 .85 0. 44 1 7 . 28 1 . 47 6 . 60 2. 43 
Defoliation 
method 1 0 . 24 7 . 68 2 .08 1 2. 00 47 . 60* 1 95 . 2 1 ** 3 . 85 1 2. 6 1  1 08.00** 

Interaction 1 58. 5 2  5 - 33 4. 08+ 1 . 08 0 .04 87 o 48+ 5 . 60 65 . 80* 1 . 6 1  
Replicate 2 93. 98+ 1 . 5 1  0. 39 1 9 . 90+ 2 1 . 02+ 2 . 83 5 . 78 83. 02* 54· 22* 
Rep X 

Treatment 6 1 8. 86 4· 55 o. n  3 . 84 . 5 o 09 1 5 . 39 2 . 43 9 · 59 4· 11 

Total 1 1 33 . 37 4- 42 1 . 5 1  6 . 98 1 0 . 97 36. 1 8  3 . 37 29. 1 8  22. 65 



( i i i ) 6 October 

Defoliat ion 
intensity 1 0. 1 4  0.56 0.04 1 .  47 2 .90 

Defoliat ion 
method 1 0. 9 1  7 . 68 2. 1 7  1 .  08 5 1 .  67+ 

Interaction 1 7 - 5 2+ 1 0 . 45 3 . 3 1  7 . 7 0  0. 1 0  
Repli cate 2 2 . 5 1  5 . 82 0.56  1 0. 39 6 . 5 1 *  
Rep X 

Treatment 6 1 . 64 3 . 90 3 . 44 3 . 93 1 1 . 49 

Total 1 1  2 . 1 3 4. 88 2 . 48 4 ·96 22. 42 

( c ) t-tests - 1 5  Sep tember, Defoliat ion intensity x defoliation 

method interaction 

( i ) Total grass ( p 0. 1 )  

grazed 

cut 

1 20 co1·1 days/ acre 

360. 0* 
386 . 7  

* ti llers/ft 

200 coH days/ acre 

330.0 
464. 7 

0. 03 

88 . 56+ 

1 . 08 
1 02. 39* 

1 5 .08 

35 . 00  

3 . 41 

25 . 33** 

0 .85 
3 . 1 0 

1 . 02 

3 . 80 

n = 

EI·� ( 6df ) .. 

LSD ( 0 . 1 )  = 

0 .52  

1 0. 27 
2. 1 7  
7 . 83 

s . so 

5 . 60 

3 

1 539 
62. 3 

( o.os ) ::. 78 . 4  
( 0. 0 1 ) = 1 1 8 . 8  

o .  2 1  

37 .45 

s . 8B 
1 22. 23* 

20. 83 

37 · 55 



( i i )  T otal Sown grass (p < 0.05 )  

grazed 

cut 

n = 

EJ.:S ( 6df) = 

LSD ( 0 . 1 ) ::> 

( o. os ) :: 

( 0.0 1  ) Cl 

1 20 coH days/ acre 200 eo;.; days/ acre 

265* 

238 

233 

300 

* tillers/ft2 

3 

958. 8  

49. 1  

6 1 . 9  

93 . 7  



Aouendix 30 Soil Moisture - Experiment II 

(a )  Data 

Grazed plots 

I K 25 August 8 September 22 September 6 October 

1 37 . 6  35 . 5  35 . 3  23.7  
1 2 36. 2 33. 0  3 2  .. 2 22 . 4  
2 37 -7  34. 4 34. 8 23 .7  
2 2 36 . 7  34- 4 33 .. 9 23. 4  

3 1 39. 2 34-5 35 . 7  24. 5 
< 2 38. 1 34. 3 35 . 6  23 . 3 _, 

Cut plots 

1 1 39. 5  . 37. 3  33 . 4  22. 6 
2 34- 9 30. 9 30.7 23 . 3  

2 1 36. 6 34. 9  34· 4 24-7 
2 2 37 -7 38. 2 37 . 1  27 . 2  
3 1 42. 1 39. 0  40. 6  25 . 6  
3 2 39. 1  34. 2 35 . 1  22. 5 

(b ) Analysis of variance 

· Hean squares 
df 25 August 8 September 22 September 6 October 

Grazing 
8 . 333+ intensity 1 9 . 363 7. 680 0 . 608 

Grazed v ' s cut 1 1 . 1 63 5 . 880 1 -. 203 2 .001  
Interaction 1 0 .750 2. 253 0. 1 63 o. 701 
Replicate 2 8. 432+ 2. 298 1 4. 890 3 . 076  
Rep x Treatment 6 1 . 828 5 - 430 4· 7 1 2  2. 045 

Total 1 1  3 . 503 4-970 6. 1 00 1 . 975 



Appendix 3 1 Soil Bulk Density - Experiment II 

(a) Data 

( i )  Grazed 

I 0 - 3 cm 3 - 6 cm 6 - 9 cm 0 - 9 cm 

0 .928* 1 . 1 56  1 . 1 38 1 . 026 

2 0 . 898 1 . 1 24 1 . 089 1 . 03 1  

3 0 . 886 1 . 062  1 . 065 1 . 005 

(ii ) Control 

1 0. 844* 1 . 144 1 .  1 1 0  1 . 033 

2 0.829 1 . 095 1 . 084 1 . 003 

3 0. 828 0. 986 1 . 001 0. 939 

* gm/cc 

(b )  Anal.zsis of variance 

1·�ean squares x 1 02 

df 0-3 3-6 6-9 0-9 

Grazing v ' s  control 0. 046 0. 827 0 .41 8 c . 1 0 2  

Replicate 2 o. 7 42* 0. 228 0. 156 0. 1 26 

Replicate x Treatment 2 0. 008 0.054 0 .044 0 . 066 

Total 5 0. 1 70 0. 398 0. 2 1 6  0. 1 25 




