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Abstract

A long-term grazing trial was started in 1977 atmdedsvlakte Research Station, about 10km
west of Vryburg, inTarchonanthusveld of the Ghaap’s Plateau, which is a variatidérthe
Kalahari Thornveld veld type. The main aim of thigdy was to use the extensive veld condition
and animal production data set to investigate tfezts and interactions of stocking rate, grazing
system applied and seasonal rainfall on veld cawdiand cattle production. The grazing trial
has changed three times since its inception reguii three different phases.

The main changes in veld condition during phase ¢(I®7/7-1991) was due to density
independent effects (e.g. seasonal rainfall) aridlansity dependent effects (e.g. stocking rate).
A major change occurred in 1985 following a mubtiplear drought. The drought resulted in
adverse changes in species composition, basal eoeresidual biomass of all treatments. The
system did not recover from the drought during phase, despite well above mean seasonal

rainfall for a number of years after the drought.

During phase two (1992-1999) and phase three (BD@@esent) completely different vegetation
dynamics occurred than what was experienced dytirage one. Density dependent effects (e.g.
stocking rate) were more important in explainingiaton in veld condition during these two
phases. High stocking rates resulted in adversegdsain species composition, poor basal cover
and a low residual biomass production. It is howewgortant to note that seasonal rainfall did
explain a significant additional amount of variation veld condition. This suggests that a
continuum of non-equilibrium and equilibrium vegeta dynamics occurred in these two

phases.

The residual biomass and seasonal rainfall modepl@se one indicate completely different
results for the gain per animal data. In the seals@infall model, stocking rate does not have a
significant effect on gain per animal, but seasaaaifall and the interaction of stocking rate
with seasonal rainfall explains most of the vaoiatin gain per animal. This suggest a continuum
of non-equilibrium and equilibrium dynamics andttlamimal production is more sensitive to

seasonal rainfall than to stocking rate, although gignificant interaction of stocking rate with



seasonal rainfall suggest that the seasonal rhgffalct on animal production is dependant on

stocking rate.

The residual biomass model however indicates tioaksg rate is more important than rainfall
in explaining variation in the mass gains per ahifmhe stocking rate effect on gain per animal
was significant and indicated that as stocking rateeased, that gain per animal decreases.
Seasonal rainfall and the interaction of stockiate rwith seasonal rainfall had no significant

effect on gain per animal.

The amount of variation explained by the seasoaiaffall model was larger than the residual
biomass model and this indicates that rainfall &x3 more variation in gain per animal, than
residual biomass does. This possibly indicatesrbatequilibrium effects are stronger than the
equilibrium effects, but it is important to notitteat stocking rate had a significant effect in some

cases.

The gain per hectare models (seasonal rainfallFesidual biomass) for phase one indicates that
stocking rate has a significant effect on gain Ipectare. Increasing stocking rates resulted in
higher gain per hectare, which suggests that thménty point of the typical “Jones and Sandland

model” has not been reached and this might be dumght stocking rates applied during the

duration of phase one. The seasonal rainfall mbdelever has significant effects of seasonal
rainfall and interactions of stocking rate with se@al rainfall on gain per hectare. This suggests
that the effect of stocking rate is dependent @saeal rainfall and that seasonal rainfall explain

an additional amount of variation in gain per hexta

In general, it appreared that the optimal stockiaig for animal production was higher than
those applied during the duration of the trial, this is due to lower than planned actual stocking
rates applied during all three phases of the titig. very difficult to determine a generic optima
stocking rate for different rainfall volumes andstrecommended that the actual stocking rate
for different ecological zones be determined basedainfall, biomass, species compostion,

basal cover and available browse and not just eptavisional recommendations.



The type of grazing system applied did not show statistically significant effects on both gain
per animal and gain per hectare for the animal yctodn data during phase one. This result is
interesting and contradictive to most of the sdfenliterature where some authors concluded
from their studies that rotational grazing systepreduce higher animal production than
continuous grazing systems, whereas others reszarstate that continuous grazing systems

produce higher animal production than rotationakgrg systems.

In phase two both the residual biomass and seasain&ll models for phase two did not show
any significant effects and interactions of stogknate, seasonal rainfall level and/or residual

biomass on both gain per animal and gain per hectar

Both the residual biomass and seasonal rainfall etsoéor phase three did not show any
significant effects and interactions of stockingeraseasonal rainfall level and/or residual
biomass on animal gains per animal. The seasomafaltamodel did not show any any
significant effects and interactions of stockingeraseasonal rainfall level and/or residual
biomass on animal gains per hectare. However, éisedual biomass model indicated that
stocking rate had a significant effect on gain Ipectare and the production closely followed the
Jones and Sandland (1974) model as at low stockiieg, gain per hectare increases at a rapid
rate, but as stocking rates increases to high stgchtes, the rate of increase in gain per hectare
declines, until it eventually reaches a turningnpowhere after gain per hectare declines with

increasing stocking rates.

Stocking rate only had a significant effect on doadition score of cows during phase two and
phase three, as high stocking rates resulted irr pogmal condition in both phases. No

significant effects and interactions of stockinderand seasonal rainfall were indicated on
calving percentage, weaning percentage, concepttes and percentage of desirable meat

produced during phase two.



Declaration

The work described in this dissertation was carreed in the School of Biological and
Conservation Sciences, University of KwaZulu-NaRiketermaritzburg, from January 2004 to

July 2008, under the supervision of Mr. J.C.O du.To

The study represents original work by the authat bas not otherwise been submitted in any
form for any other degree or diploma to any Uniitgr&Vhere use has been made of the work of

others, it is duly acknowledged in the text.

Signed:
G.N. Le Roux

Signed:
J.C.O du Toit (Supervisor)



Acknowledgements

| would like to thank the following people whosentabutions to this project has been
invaluable and without these individuals, this pobjwould not have been possible:

My Creator for giving me the finances to pay offsildy depths and the endurance to complete

the thesis. It reminds one of the scripture

“Delight yourself in the Lord, and He shall givewthe desires of your heart” Psalm 37:4 (King

James Version)

My wife for all the patience, love and support vehtlompleting this thesis and my son Xavier for

really being an true blessing in my life.

My parents for providing me with financial suppottteir love and guidance throughout my
university career. My brother and my two sisters #iranked for providing me with financial

support.

Mr. J.C.O du Toit of the University of KwaZulu-Natéor his supervision and guidance
throughout the duration of this project. Justinpeel me extensively with creating pivot tables in
Microsoft Excel, which saved a lot of time, whearsforming data to get it into a specific

format to analyse. His help with the analysis @& #mimal data is greatly appreciated.

Mr. C. D. Morris of the Agricultural Research Cotror helping me with the statistical analysis
of the data set and with the problems of analysimgpeated measures data set. Craig helped me
calculate Euclidean distances with a program calddcher 4.5 and his help with this and in

interpreting some statistical results is greatlgrapiated.

Prof. K.P. Kirkman of the University of KwaZulu-Nat for helping me with statistical

procedures. Prof Kirkman helped me adjust the Deigt Rank program so that it can process



biomass data for quadratic regressions. Prof Kirkigave me advice right through the duration
of this project and | am truly thankful for all Hielp.
Mrs. M. Coetzee of the National Department of Agltiere for explaining how the data was

collected and for providing the large data set wéfjular updates.

Mr. I.J.M. van Zijl and Mr. R. Dames for showingdaexplaining the history of stocking rate and
grazing system trial and for teaching me to idgntibst of the grass and shrubs species in the

area.

Mr. W. Strydom and his wife Elsabe, for making reelfwelcome at their house and for cooking

awesome meals.

Mr. G. Koekemoer for showing me how the animal piitbn data was collected and for

explaining and answering any questions that | had.

All of technicians and their technical support sfaf collecting the data over the years. | would
especially like to thank Mr. W. Strydom, Mr. J. Pdmder, Mr. J. Mochwaedi, Mr. V. Sioko, Mr.
G. Ebusang, Mr. J. Basigi and Mr. D. Botlhoko fetging me identify grass and shrubs species,
locating certain paddocks and showing me how th&erdnt veld condition methods and
techniques are applied in the field.

Mr. H. Dicks who is retired, but still did not hestie at all to help with some statistical problems

and procedures on numerous occasions.

Mr J. Naiken for providing the necessary equipnienthe bush density survey and Mr. B.

Dalton for helping with the sampling that was dam@004.
The Scientific Technical Support Services (STSShefNorth West Department of Agriculture,

Conservation, Environment and Tourism (NW DACET) fwoviding the necessary funds to

allow for this project to be completed.

Vi



Table of Contents

Abstract i

Declaration v

Acknowledgements \%

Table of Contents Vii

1. Introduction 1
1.1. Overview of the grazing trials at the Armoddkte Research Station 1
1.2. Vegetation at the Armoedsvlakte Researchdstati 9
1.3. Climate at the Armoedsvlakte Research Station 11
1.4. Soils at the Armoedsvlakte Research Station 13
1.5. Objectives of this study 13
1.6. Research Questions 14

2. Literature review on the effects and interactions of stocking rate, type of grazing system

applied and rainfall on veld condition and animal production in semi-arid regions 15
2.1. Introduction 15
2.2.  Stocking rate 17

2.2.1. Importance of stocking rate 17
2.2.2. Stocking rate and animal performance models 17
2.2.2.1. Average Daily Gain (ADG) model 18
2.2.2.2. The gain per hectare model 21
2.2.3. Long term effects of stocking rate on thgetation, animal production and soil
properties22
2.2.4. Studies that show the effects that stockatg has on animal and grass production
24
2.2.5. The importance and interactions of stockatg and type of grazing system
applied 25
2.2.6. The interaction between stocking rate andaih 26
2.3. Grazing systems 27
2.3.1. Rotational grazing 27
2.3.2. Rotational resting 34
2.3.3. Continuous grazing 34
2.3.4. Studies that contradict the notion to cardirs grazing system always results in
poor veld condition and animal production 36
2.3.5. Studies that support the notion that cootiisugrazing systems usually results in
poorer veld condition and animal production 38
2.3.6. Optimum stocking rate for continuous andtiohal grazing systems 40
2.4. The effect of rainfall and droughts on anip@duction and/or veld condition___ 41

vii



2.4.1.  The effect of rainfall in semi-arid regiams animal production and veld

condition 41
2.4.2. Contradictory views on the importance ofifai on veld condition and/or animal
production in semi-arid areas 41
24.2.1. Studies that support the “non-equilibriymatadigm 42
2.4.2.2. Studies that support the “equilibrium”gigm 42
2.4.3. The effect of season of rainfall on spec@sposition and veld condition 43
2.4.4.  The effects of droughts in semi-arid regionsnimal production and veld
condition 43
2.4.4.1. Studies that indicate the effect of drawghveld condition 44
2.5.  Equilibrium and non-equlibrium vegetation dynes 45
2.5.1. Equilibrium vegetation dynamics 45
2.5.2. Non-equilibrium vegetation dynamics 47
2.5.2.1. Non-equilibrium models 49
2.5.2.1.1. Threshold model 49
2.5.2.1.2. The State and Transition model 50
2.5.2.1.3. The persistent non-equilibrium modeligeeind Swift 1988) 54
2.6. The relative importance of equilibrium and femuilibrium vegetation dymamics _ 55
2.7.  Dis-equilibrium 56
2.8. Conclusions 56

3. Literature review of the dtatistical techniques and procedures that are relevant and

appropriate for the grazing trial data set 58
3.1. Introduction 58
3.2.  Ordination 58

3.2.1. Choice of ordination techniques 60
3.2.2. Interpreting an ordination diagram 61
3.2.2.1. Interpreting a Correspondence Analysis)(@#d Detrended
Correspondence Analysis (DCA) 62
3.2.2.2. Principal Component Analysis (PCA) 63
3.3.  Canonical ordination 63
3.3.1. Canonical Correspondence Analysis (CCA) 64
3.3.2. Redundancy analysis (RDA) 64
3.3.3.  The use of a combination of ordination aadonical ordination techniques __ 65
3.3.4. Partialling out effects other than treatnedfects 65
3.3.5. Partial ordination 66
3.3.6. Partial Canonical ordination 66
3.3.7.  The problem of repeated measures 66
3.3.8. Treatment structure 68

4. The effect and interactions of stocking rate, grazing system applied and seasonal rainfall

on veld condition 69
4.1. Introduction 69
4.2. Species composition 70

4.2.1. Methods and materials 70
4.2.2. Statiscal analysis for phase one (1977-1991) 72

viii



4.2.3. Statiscal analysis for phase two (1992-1999) 73

4.2.4. Statistical analysis for phase three (2008résent) 74
4.2.5. Results and discussion 74
4.25.1. Phase one (1977-1991) 74
4.2.5.2. Phase two (1992-1999) 84
4.2.5.3. Phase three (2000-present) 88
4.2.6. Conclusions 91
4.2.6.1. Phase one (1977-1991) 91
4.2.6.2. Phase two (1992-1999) 91
4.2.6.3. Phase three (2000 to present) 91
4.3. Basal cover of species 92
4.3.1. Introduction 92
4.3.2. Methods and materials 92
4.3.3. Statistical analysis for phase one (1977:199 95
4.3.4. Statistical analysis for phase two (19921399 97
4.3.5. Statistical analysis for phase three (200@résent) 98
4.3.6. Results and discussion 99
4.3.6.1. Phase one (1977-1991) 99
4.3.6.2. Phase two (1992-1999) 108
4.3.6.3. Phase three (2000 to present) 112
4.3.7. Conclusions 116
4.3.7.1. Phase one (1977-1991) 116
4.3.7.2. Phase two (1992-1999) 116
4.3.7.3. Phase three (2000 to present) 116
4.4. Residual biomass 117
4.4.1. Methods and materials 117
4.4.1.1. The quadrat method for calculating bionpeesluction 117
4.4.1.2. The Dry Weight Rank (DWR) method 118
4.4.1.3. DWR data processing 121
4.4.1.3.1. Normal ranking 121
4.4.1.3.2. Cumulative ranking (suggested by Jond¢Hargreaves 1979) 121
4.4.1.3.3. Shared ranking (suggested by Barnds E2&2) 121
44.1.4. Explanation of spreadsheet that is usedltulate total residual biomass
and individual species residual biomass (Kirkmapulorhished) 122
4.4.1.5. Advantages and disadvantages of the DighWR&ank (DWR) method 123
4.4.2. Statistical analysis for phase one (1977:199 123
4.4.3. Statistical analysis for phase two (1992999 124
4.4.4. Statistical analysis for phase three (2008résent) 125
4.4.4.1. Residual biomass for the ecological groups 125
4.4.4.2. Residual biomass for species 126
4.4.5. Results and discussion 126
4.4.5.1. Phase one (1977-1991) 126
445.2. Phase two (1992-1999) 138
4.45.3. Phase three (2000 to present residualdssiior ecological groups) 142
4.4.5.3.1. Phase three (2000 to present residoaldss for species) 146
4.4.6. Conclusions 151




4.4.6.1. Phase one (1977-1991) 151

4.4.6.2. Phase two (1992-1999) 151
4.4.6.3. Phase three (2000 to present) 152
5. Cattle production 153

5.1. Introduction 153
5.2.  Gain per animal and gain per hectare 154
5.2.1. Methods and materials 154
5.2.2. Statistical analysis and discussion of tesul 155

5.2.2.1. Phase one (1977-1991) 155
5.2.2.1.1. Gain per animal rainfall model for phase (1977-1991). 155

5.2.2.1.2. Gain per hectare and seasonal rainfadletrfor phase one (1977-1991)157
5.2.2.1.3. Gain per animal and residual biomasseifod phase one (1977-1991)160
5.2.2.1.4. Gain per hectare and residual biomaskehior phase one (1977-1991)
161
5.2.2.2. Phase two (1992-1999) 163
5.2.2.2.1. Gain per animal and seasonal rainfatlehtor phase two (1992-1999) 163
5.2.2.2.2. Gain per hectare and seasonal rainfadleirfor phase two (1992-1999)

164
5.2.2.2.3. Gain per animal and residual biomassetod phase two (1992-1999)
164
5.2.2.2.4. Gain per hectare and residual biomaskehior phase two (1992-1999)
165
5.2.2.3. Phase three (2000 to present) 166

5.2.2.3.1. Gain per animal and seasonal rainfatlehfor phase three (2000 to
present) 166
5.2.2.3.2. Gain per hectare and seasonal rainfadleifor phase three (2000 to
present) 167
5.2.2.3.3. Gain per animal and residual biomasseifod phase three (2000 to
present) 167
5.2.2.3.4. Gain per hectare and residual biomaskehior phase three (2000 to
present) 168

5.2.3.  Conclusions 169
5.2.3.1. Phase one (1977-1991) 169
5.2.3.2. Phase two (1992-1999) 170
5.2.3.3. Phase three (2000-2004) 171

5.3. Animal production variables other than mass data 171

5.3.1.  Animal production variables measured fotlean different treatments 171

5.3.2. Statistical analysis and discussion of tesul 172
5.3.2.1. Phase one (1977-1991) 172
5.3.2.2. Phase two (1992-1999) 172

5.3.2.2.1. Condition score of cows during phase ({/892-1999) 172
5.3.2.2.2. Calving percentages 173
5.3.2.2.3. Weaning percentages 174
5.3.2.2.4. Conception percentages 174
5.3.2.2.5. The percentage of desirable meat giadesiced 175
5.3.2.3. Phase three (2000 to present) 175




5.3.2.3.1. Condition score of cows for phase tii28€0 to present) 175

5.3.3. Conclusions 176
5.3.3.1. Phase two (1992-1999) 176
5.3.3.2. Phase three (2000 to present) 177

References 177
List of appendixes 209
List of figures 229
List of tables 237

Xi



1. | ntroduction

There is currently a lack of knowledge on the dfféfcand interactions between stocking
rate, rainfall and grazing systems on animal prtidoc(e.g. average daily gains) and
veld condition (e.g. basal cover, biomass producand species composition) in the
Vryburg Shrubveld (Veld Type 16b1: Acocks 1988). Amderstanding of these factors

will help to improve veld and animal managementyel as profit margins.

There has been much debate on whether non-equihlor equilibrium vegetation drives
semi-arid rangeland systems. Some authors haveessiggiythat there is continuum of
non-equilibrium and equilibrium vegetation dynaminsthese areas. The problem that
needs to be solved in this project is to studyeffiects and interactions of stocking rate,
grazing systems and seasonal rainfall on veld ¢mmdand animal production. The study
of these variables will indicate the effect and amtpnce of stocking rate, rainfall and
type of grazing system applied in these areas laaddsults can be used to investigate
what type of vegetation dynamics occur in the aleang-term grazing trials were
conducted at the Armoedsvlakte Research Stati@r,Vig/burg. An extensive data set of
veld condition and animal production collected eid®77, are used in this study.

1.1. OVERVIEW OF THE GRAZING TRIALS AT THE ARMOEDSVLAKTE RESEARCH

STATION

The stocking rate and grazing system trials arelgcted at the Armoedsvlakte Research
Station, which is approximately ten kilometers westVryburg, situated at 228’E,

26°28'S and 1234m above sea level (Fourie 1974).

The Armoedsvlake stocking rate and grazing systeias were initiated in 1977 and the
main aim of the trial was to determine the effeftgarious grazing systems and stocking
rates on veld condition and animal production (Zeet2002). Orignally (1977-1991),
four different stocking rates were applied undethbmtational and continuous grazing

systems (Coetzee 2002) (



and Error! Reference source not found.). The rotational grazing treatments had six
paddocks per treatment and herds were moved befwastiocks on a weekly basis. This
rotational grazing system allows for a period ofexixe of five weeks per paddock
(Fourie 1983, Coetzee 2002). The rotational grahiegl comprised 22 animals, while
the continuous grazing herd comprised 11 animaiarfé 1983). Young Bonsmara steers
and heifers (approximately 12 months old), wereduas tester animals, while steers
(approximately 36 months old), where used as §ller obtain specific stocking rates
(Coetzee 2002)Hrror! Reference source not found.). A tester is an animal that is
present in the treatment at all times and this ahihid not experience any diseases or
any other problems that might have affected thesmgain results and/or animal
production variables. A filler is an animal thatgii not have been on the trial for the
entire year or which experiences some problemsoangéues which will affect mass
gains and other animal production variables. C@(2602) reported that all the animals
used in the trial were replaced annually duringsghane. Animal production during
phase one (1977-1991) was estimated by calcul#temghange in the body mass of the
animals over time and veld condition was monitdogdollecting species compositional

data, biomass production data, basal cover datdastu density data (Coetzee 2002).

Analyses of the animal production data revealed te highest animal production per
hectare was obtained in the high stocking ratdrtreats and these results where not in
line with the predictions of the Jones and Sandi@®¥4) model. Venter (1991c), cited

by Coetzee (2002), indicated that possible reasonsleviations from the Jones and



Sandland (1974) model is the that the supposedtimegeffect of the high stocking rate
on animal production was not realized, as the #bgckates applied were not high
enough and the type of animal used was not suitédbj@ossible reason for the lack of
response may be that the compensatory growth patentyoung animals could “mask”
some of the negative effects on animal productibmas therefore recommended that
reproductive animals must be used in the trialmdtuphase two (1992-1999) and phase
three (2000 to present), which would highlight tiegative effect of a high stocking rate
more clearly (Coetzee 2002). The managers of thefélt that the stocking rate effect
would be mirrored in the reproductive potentialcofvs, as well as the production of
calves. Therefore, since 1992 (start of phase twh®),growing animals were replaced
with a weaner production system (cow-calf systeagwards (1969) reported on the
advantage and disadvantage of using young aniroatsidls. Young animals results in a
reduction in the experimental area used and theseats are also better converters of
veld into meat, because they grow rapidly. Thedliaatage of using young animals is
that regular weight changes occur, when comparedlder animals, which causes

constantly changing stocking rates.

Twenty-one animals were used per stocking rateinrerat during phase two. These
consisted of seven groups of three animals, ant gemup represented an age group
from one to seven years old. The continuous grazsygtem treatments were
discontinued as they were found to be similar imte of veld condition and animal
production, when compared to the rotationally gdameatments (Coetzee 2002). The
number of stocking rate treatments was changed foamto three, and stocking rates
were lowered as there was a decrease in veld oomdim all treatmentsHrror!

Refer ence sour ce not found. and to



). The period of occupation within the six paddackational grazing system, was
changed from one week to two weeks, to allow fdorager rest period (ten weeks,

instead of five weeks).

During 2000 (the start of phase three), the starkiates in all of the remaining
treatments (e.g. rotationally grazed treatment®wf medium and high stocking rates)
were increased, to obtain the turning point in Jbees and Sandland (1974) model, as

animal production was still higher in the high $tiog rate treatment (

) (Coetzee 2002).
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Figure 1-1: Original trial design during phase one (1977-1981Yhe Armoedsvlakte
grazing trial showing the sizes of paddocks andristment structurérror!
Reference sour ce not found. has a list of abbreviations used to describe pelddand

treatments.



Figure 1-2: Layout and the size of paddocks for the Armoedselakocking rate and
grazing systems trial for phase two (1992-1999) @make three (2000 to present). The
scale used was 1: 30 000. Paddocks within the ldatikne form part of the trial.



has a description of the abbreviations used tordesstocking rate treatments and

paddocks.



Figure 1-3: A herd of cattle in one of the treatments at thmdedsvlakte Research

Station.



Table 1-1: Changes in suggested stocking rates during thdidaraf the stocking rate
and grazing system trial at the Armoedsvlakte Rebedtation (Coetzee 2002). The four
different stocking rates applied in phase one wadbth the continuous and rotational
grazing systems, while phase two and phase thrBehad rotational grazing system
treatments. The actual stocking rates applied lfasfahe treatments for all three phases

can be found in Appendix 4 to Appendix 17.

Phase One (1977-1991)

Treatment L SU/ha

Light 0.1000
Medium 0.1429
M edium-heavy 0.1818
Heavy 0.2500
Phase Two (1992-1999)

Treatment L SU/ha

Light stocking rate 0.0862
Medium stocking rate 0.1329
Heavy stocking rate 0.2148
Phase T hree (2000 to present)

Treatment L SU/ha

Light 0.1149
Medium 0.1772
Heavy 0.2864

1.2. VEGETATION AT THE ARMOEDSVLAKTE RESEARCH STATION

Acocks (1988) described the vegetation of this aedheTarchonanthusveld of the
Ghaap’s Plateau, which is a variation of the Kalalihornveld (Veld type 16b1, Acocks
1988). Mostertet al. (1971) cited by Fourie (1974) and Fourie (1988)-divides the
vegetation into a further category, which is callecheveld Error! Reference source
not found.). The dominant grass species that can be fouttteihimeveld subdivision of
Tarchonanthusveld are listed irError! Reference source not found. (Fourie 1974,
Fourie 1983).



Table 1-2: Grass species characteristic of the Limeveld, wiichsub-division of
Tarchonanthuwseld of the Ghaap's Plateau (Fourie 1974, Folg&3)1

Climax species Sub-climax species Pioneer species
Anthephora pubescens Stipagrostis uniplumis Aristekdita
Fingerhuthia africana Cymbopogon plurinodis|  A. cortges
Heteropogon contortt Eragrostis lehmannian |A. meridionali:
Digitaria eriantha E. superba A. adscensionis
Schmidtia pappophoroid E. trichophor: Enneapogon desvau
Sporobolus fimbriatus E. nindensis Tragus racemosus
Chrysopogon serrulatus E. scoparius

Themeda triandra

The most dominant shrub speciesGiewia flava while Tarchonanthus camphoratus
locally very commonError! Reference source not found.). Other less common shrub
species ar@rotasparagus suaveolenSymnosporia heterophyllgreviouslyMaytenus
heterophylla, Rhus ciliata Diospyros lycioides, Acacia hebeclada, Ziziphus nmuata
Z. zeyherianaRhus lanceaElephantorrhiza elephantinand Lycium hirsutum The
classification of species followed for grassesgspar Gibbs Russedit al. (1991) and

trees and shrubs as per Germishuizen and Meye8)200

10



Figure 1-4: Typical example offarchonanthuweld of the Ghaapse Plato, wiBrewia

flavathe dominant shrub species.
1.3. CLIMATEAT THE ARMOEDSVLAKTE RESEARCH STATION

The study area is in the summer rainfall area oftlsdfrica and the rainfall is extremely
variable and erratic (e.g. deviations from the me#ien persist for a number of years)
(Fourie 1983, Fouriet al. 1985a, Fouriest al. 1985b and Fouriet al. 1986a). The mean
seasonal rainfall for the period 1 January 1978QdMay 2004 was 498 millimeters per
annum Error! Reference source not found. and toError! Reference source not
found.). The summers are extremely hot, while the wintare moderate Error!
Reference source not found.) (Anon 1972 cited by Fouriet al. 1985a and Fouriet al.
1986a). The highest temperature recorded at Arswakte is 41.8°C and the lowest
temperature is —10.6°C (Koch 1979 cited by Fouég3).
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Figure 1-5: Seasonal rainfall and mean seasonal rainfall gafae the period 1976 to
2004 at the Armoedsviakte Research Station. Thereafations used are
SeaRain=Seasonal rainfall (mm) and MeanRain=Measos®al rainfall (mm) from 1976
to 2004.
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1.4. SOILSAT THE ARMOEDSVLAKTE RESEARCH STATION

Fourie (1974, 1983) reported that the soils at Anmoedsvlakte Research Station are
lime soils, which are similar to Kalahari sand @amd rock as described by Van der
Merwe (1941) cited by Fourie (1974). The A-horizmmsists out of a brown sandy soil
with a average depth of 28 centimeters that ha$ollmving texture: 9 % clay, 1 % silt,
69 % fine sand and 21 % sand, with a pH of 6.6 (lEal974). The soil has an Orthic A-
horizon and the B-horizon consists of hardpan a@at® (Fourie 1983). The soil form
can be described as a typical Coega (Macvicar 1991)

1.5. OBJECTIVESOF THISSTUDY

1. To study the effects and interactions of stogkiate, type of grazing system applied
and seasonal rainfall on veld condition (e.g. sggcomposition, basal cover and residual
biomass).
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2. To study the effect and interactions of stockiatg, type of grazing system applied
and seasonal rainfall on animal production (e.gssngains, calving percentages,

conception rate, weaning rates and weaning masses).
1.6. RESEARCH QUESTIONS

1.1. What is the effect and interaction of stockiatg, type of grazing system applied and
rainfall on species composition and veld condition?

1.2. What is the effect and interaction of stockiatg, type of grazing system applied and
rainfall on the basal cover of species and ecodd@jmups?

1.3. What is the effect and interaction of stockiatg, type of grazing system applied and
rainfall on the residual biomass of species andogomal groups?

2.1. What is the effect and interactions of stogkiate, type of grazing system applied
and seasonal rainfall on animal production varigleg. mass gain data, conception
rates, weaning percentage and calving percentage)?

2.2. What is the relationship between stocking eaté Average Daily Gain (ADG) and

gain per hectare?
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2. Literature review on the effects and interactions of
stocking rate, type of grazing system applied and rainfall on

veld condition and animal production in semi-arid regions

2.1. INTRODUCTION

Managers of rangeland systems can manipulate {hee dand severity of defoliation in
three ways. Firstly, they can manipulate the numberstocking rate of animals.
Secondly, they can manipulate spatial patternstibzation over time and this can be
achieved by implementing a particular grazing sys{e.g. continuous or rotational).
Thirdly, they can manipulate the type of animaltttiee rangeland is stocked with (e.qg.
cattle, sheep, goats or combinations of these twnngercial livestock production
systems).

The relative importance of these three managemanahbles (stocking rate, type of
grazing system applied and animal type) have bedatdd widely in agricultural and
ecological literature over the past few decadesuriEol983, Kreuteet al. 1984, and
O’Reagain and Turner 1992). The effects of stockiig and type of grazing system
have however been regarded as the two most impadgiables in grazing management,
with animal type receiving less attention and asoasequence it has generally been
deemed to be of less importance (Fourie 1983, Kraaital. 1984, and O’Reagain and
Turner 1992). The reason why animal type mightfdess importance than the other two
management variables are because certain specigso{gps of species) have typically
been associated with particular areas of the cpuiior example, cattle are seldom
farmed in the Karoo, while sheep are usually uesuitor the Thornveld and other

Savanna areas.

Some authors suggest that stocking rate is thdesingst important management factor
affecting animal production and the profitability @ livestock system (McMeekan and
Walshe 1963 cited by Fourie 1983, Edwards 1980,ckaarts and Drewes 1989,

O’Reagain and Turner 1992, Bransby and Maclaur@0200ne of the reasons why these
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authors support the above statement is becauskirgjo@te influences the profitability
of an enterprise in the short term and the natueaburce base in the long term
(Danckwerts and Drewes 1989, Foran and Staffordi6i®91 cited by Hatclet al.
1996). Stocking rate thus affects the financial andlogical risk to which an enterprise
is subjected (Hatclet al. 1996). In this review stocking rate models thatcdes the
effects, that stocking rate has on animal perfomeawill be discussed. In addition, the

long term effects that stocking rate has on theetaggn and on soils, will be discussed.

Most authors agree that the type of grazing systppiied is the second most important
management variable, which influences the conversioherbage to animal products
(McMeekan and Walshe 1963 cited in Krewtéeml. 1984, Tainton 1985, O’Reagain and
Turner 1992). There has been much debate whethatiomal grazing or continuous
grazing systems are superior (O’'Reagain and Tut882). In this review, rotational
grazing, rotational resting and continuous grazggtems are defined and the different
approaches and forms of these grazing systems @meusded. The perceived
disadvantages and advantages of both types ofngrazistems are discussed and case

studies (mostly from semi-arid areas) help to itate this point.

The rainfall in semi-arid areas is highly erratieddaunpredictable (Barnes and McNell
1978, Ellis and Swift 1988, Fynn 1998, Fynn and @iGor 2002). It is for this reason
that some authors state that rainfall is more ingmirin affecting veld condition and
animal production, than stocking rate and typerazopg system applied in these semi-
arid regions. The effect that rainfall and drougiais on animal production and veld
condition in semi-arid environments is reviewed.eTthebate of whether equilibrium
paradigm or non-equilibrium paradigms are more iapple to management in semi-arid

areas is discussed.
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2.2. STOCKING RATE
2.2.1. Importance of stocking rate

Stocking rate is a management tool that allows mearsato largely determine the degree
of interaction and utilization between the grazamgmal and the vegetation, which in
turn affects the production per animal and produrciper hectare (Morrist al. 1999).
Stocking rate importance is recognized in Southcafrbut not enough attention is given
to the research of this subject (Fourie 1983). Ydagr capacities of many veld types are
recommended on extension officers’ experiences abservations. This important
management variable is in most cases not deriveh fexperimental data and their
associated analyses (Fourie 1983). The Kalahatilseid (Acocks 1988) covers a large
proportion of north-central South Africa, with muchthe area being farmed extensively
with cattle. Research has been conducted in therrexyer the past few decades (Fourie
1974, Fourie 1983, Venter 1991), but there doesappear to be consensus on how the
veld should be managed regarding stocking rateygredof grazing system applied.

2.2.2. Stocking rate and animal performance models

Stocking rate can be expressed as animal numbeta/ber land area (hectare) available
for each animal (Morriget al. 1999). “Stocking rate on a particular portion ahd,
expressed in animals/hectare, increases lineatlyam increase in the number of animals
stocked” (Morriset al. 1999) Error! Reference source not found.). However, stocking
rate changes non-linearly with increase in livelstommbers, when expressed as

hectare/animal (Morrist al. 1999).
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Figure 2-1: The relationship between hectares per animal amdads per hectare with
increasing number of animals (Zero to ten) on ahxtare area of land (from
Danckwerts 1989b cited by Morret al. 1999).

2.2.2.1.Average Daily Gain (ADG) model

The Jones and Sandland (1974) model is a usefulsemple model that defines and
explains the relationship between stocking rate anidnal performance. The authors
contended that many studies demonstrated a lieégtranship between stocking rate and
gain per animal and a curvilinear relationship lesw stocking rate and gain per hectare.

They propose from the results of grazing trialg thare is a linear relationship (e.g. y=a-
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bx, were a and b are constants and x is stockite) teetween Average Daily Gain
(ADG) and stocking rate, over a range of stockiates. The relationship between
stocking rate and average daily gain is descrilyetivb lines and these are AB and BXn
in Error! Reference source not found. (Morris et al. 1999). Line AB is parallel to the
stocking rate axis and there is no improvementnimal performance when stocking
rates are decreased from Xb to Xaror! Reference source not found.) (Morris et al.
1999). The main reason for this is that at very &acking rates, intake is not restricted
and the amount of forage available per animal d@¢dimit animal performance (Morris
et al. 1999). Animal production is limited by geneticatlgfined growth potential and/or
forage quality (Morriset al. 1999). Animal performance may in fact decline, aasg
material accumulates and becomes less digestibleghe lignin and other cell wall
contents increases and grasses can even becoméuntbrithe drop in animal
performance is shown by the dotted lingBAn Error! Reference source not found.)
(Stobbs 1970 cited by Morrist al. 1999). At low stocking rates, there is a drop in@D
and they attribute this to high levels of selectiesulting in a large biomass of grazeable
material of a poor digestible content (e.g. higjmin and cellulose levels and low protein
levels) (Jones and Sandland 1974). At stockingrgteater than Xb, animal performance
declines as stocking rate increases, as thereilcerased demand for a limiting resource
(Kennan 1969 and Gammon 1983a cited in O’'ReagainTamner 1992, Hart 1978 cited
in Morris et al. 1999, Fourie 1983, Turner and Tainton 1990). Tlusyntity limitations
and not quality limitations limit animal producti@md performance (Morrist al. 1999).
Eventually a stocking rate Xw is reached, where dlierage daily gain is zero and
animals just maintain their body conditiokr¢or! Reference source not found.)
(Morris et al. 1999). Zero animal gain is usually found at stogkmtes double that
maximum gain per hectare and maximum gain per dranhmaximum gain per hectare
never coincides with each other (Jones and Sandland). Maximum individual animal
performance on a particular veld type, for a gietass of animal occurs at a stocking
rate where quality and quantity limitations areapaled (Turner and Tainton 1990).
Deviations from the ADG model (Jones and Sandla@d4)] have been reported by
Petersoret al. (1965) and Connolly (1976) cited by Moris al. (1999) especially at
high stocking rates, where animal performance mayp doff more rapidly with
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increasing stocking rates, than at low stockinggalhe reason for this may result due to
the increased energy requirements for foraging, reviferage is scarce and widely
dispersed (Heitschmidt and Taylor 1991). HoweVes, linear ADG model is generally a
good approximation of the relationship between lstar rate and animal performance
(Morris et al.1999).
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Figure 2-2: The relationship between stocking rate and ADG gaid per hectare (taken
from Bartholomew 1991 cited by Morret al. 1999).
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2.2.2.2.The gain per hectare model

The relationship between stocking rate and gainhgetare can be described by the
curvilinear equation Y=ax-Bx where a and b are constants and x is the stodtiteg
(Jones and Sandland 1974). The gain per hectarelnsathus derived by multiplying the
ADG equation (Y=a-bx) by the range of stocking saé@plied (x) (Jones and Sandland
1974, Morriset al. 1999). The gain per hectare model shows a sharpase in animal
production/hectare with each unit increase in stggkate from Xa to Xb Error!
Reference sour ce not found.) (Morris et al. 1999). This is followed by a slower rate of
increase at stocking rates beyond Xb, until a maringain per hectare is reached at Xc
(Error! Reference source not found.) (Morris et al. 1999). The maximum gain per
hectare is obtained where X=a/2b and this equasiaerived by differentiating the gain
per hectare equation with respect to x and theateguthe first derivative to zero (Jones
and Sandland 1974). After point Xc, there is arebated decline in gain per hectare at
stocking rates beyond Xc (Morret al. 1999). Finally, point Xn is reached, where the
production per unit area is zer&rgor! Reference source not found.) (Morris et al.
1999). The same production per hectare could beweath at different stocking rates, but
the higher stocking has a lower gain per animad, the choice of at which stocking rate

to apply, depends on the objectives of the farivnr(is et al. 1999).

Morris et al. (1999) indicated that a number of points shoulonb&ed when using an
empirical model for predicting animal performancedagain per hectare at various
stocking rates. The models are empirical and tpeadictive ability depends on the
guality of the data used to derive the models (Mat al. 1999). Models are specific to a
particular vegetation type, particular type andslaf animal and cannot be extrapolated
to predict animal performance under different ctods (Morris et al. 1999). The
models results vary during the season as plant thréwctuates within a season and
years (Morriset al. 1999). Bartholomew (1985) cited by Morret al. (1999) and
Heitschmidt and Taylor (1991) suggested that thr&atran in biomass production results
due to rainfall fluctuations. This will alter thatercept of the average daily gain line,
rather than its slope and will shift the positidrttee maximum animal gain per hectare. It

is thus recommended that a sensitivity analysigpé&dormed to investigate what the
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effect of rainfall on animal production is and age of rainfall levels representative of a
period sufficiently long to incorporate climaticnation, should be used (Morrit al.
1999). The ADG model is not useful in semi-arid andl areas as the rainfall is highly
erratic and productivity more dependent on rainthin stocking rate (Morrigt al.
1999).

2.2.3. Long term effects of stocking rate on the vegetation, animal

production and soil properties

Many rangelands are stocked at rates above theastl carrying capacity, probably

because land managers attempt to maximize incorntteeishort-term, especially during

times of financial difficulty (Danckwerts1989b). Wever, these high stocking rates can
have drastic negative effects on veld condition anonal production in the long term

and many have reported that it can even resukesedification.

Stocking rate has an effect on the quantity of lalsée grazing and thus affects both
intake and animal performance (Moresal. 1999). Stocking rate has a long-term effect
on the vegetation, which will in turn affect theoguctivity and economic viability of
grazing systems (Morriet al. 1999). Some scientists have found that high stgckates
result in adverse impacts on both veld conditiod animal production (Tainton 1972,
Edwards and Nel 1973, Boultwood and Rodel 1981dditg Fourie 1983 and Edwards
1980).

Severe overgrazing caused by high stocking ratdseduce the vigour of grasses and
reduces the ability of the grass to produce andottinue producing herbage, as less
energy is available for storage and growth (ChaparahLemaire 1993 cited by Morris
et al. 1999, Fourie 1983, Van Niekeet al. 1984). Prolonged overgrazing can lead to an
adverse change in species composition both in hamidsemi-arid grasslands (Houston
and Woodward 1966, Hazell 1967, Bryan and Evang,1B@éarson and Whitaker 1974,
Eng et al. 1978 cited by Fourie 1983, Hardy and Hurt 1989, ridoet al. 1992,
Milchunas and Laurenroth 1993, Fynn 1998) and asult in bush encroachment

(Frischknechtet al. 1953 cited by Fourie 1983) These adverse changefgetation
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dynamics can result in a reduction in the abundafgmlatable species, basal cover and
productivity and less productive grasses and faserally replace palatable species
(O’'Connor and Pickett 1992 cited by Fynn 1998, Gifan and Turner 1992 and
O’Connor and Roux 1995). This decrease in veld tmmdultimately results in reduced
animal performance (Fynn 1998) and in a marked atalu in profitability per hectare
(Danckwerts and King 1984, Van Niekezkal. 1984). Experimental results from Hetl

al. (1961) cited by Fourie (1983) support the abowestent and indicated that low
stocking rate treatments resulted in an ADG of KgB®ay and 17.1% of carcass fat,
while the high stocking rate treatments had an ADG.36kg/day and 13.4% carcass fat.
At low stocking rates cattle selected for high gyamaterial, while at high stocking
rates, the forage had a high feeding value (egh hitrogen content and digestibility),
due to the high percentage of short green, growtirasses (Demarchi 1973, Langlands
and Bennet 1973b, Ergf al. 1978 cited by Fourie 1983). Pipet al. (1959) cited by
Fourie (1983) however found that high stockingsatsulted in grasses with low protein

and phosphorus content and high lignin percentages.

Danckwerts (1989c) reported that overstocking ieetweld areas results in a reduction
in forage production, rather than a reduction irafe quality. Hardy and Mentis (1986)
cited by Morriset al. (1999) found contrasting results in humid grasstanahere

overstocking resulted in small changes in biomasdyzction, but a marked deterioration

in the quality of forage on offer.

Stocking rate affects solil infiltration rates aramll svater content (Rhoade=t al. 1964,
Rauzi and Hanson 1966, Rauzi and Smith 1973 ciyeBdorie 1983). Rauzi and Smith
(1973) cited by Fourie (1983) indicate that continsi high stocking rates will result in
low infiltration rates and ultimately soil erosiomhe reason why high stocking rates
result in a decrease in infiltration rates is du¢he decreased soil porosity with increases
in stocking rate (Rauzi and Hanson 1966 cited bgnF$998), which has a negative
effect on root development and increases in sdk density (Rhoadest al. 1964, Rauzi
and Hanson 1966, Warren al. 1986, Pluhaet al. 1987 cited by Fynn 1998). Decreases
in infiltration rates therefore results in loweapt biomass and increased soil run-off (Le
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Houerou 1989 cited by Fynn 1998), which resultkigh soil erosion levels (Fynn 1998).
The effect of high stocking rates on sandy soilé vg less when compared to areas with
clay soils, as sandy soils have high porosity ewld are less prone to surface capping
Sandy soils are thus not likely to have a loweittnation rate (Fynn 1998). For example,
15 years of high stocking rates on sandy soilsndidresult in a significant lowering of
animal production (Barnes 1965 cited by Fynn 1998)ile a study done on clay soils
found that high stocking rates resulted in loweimah production levels (Carew 1980
cited by Fynn 1998).

2.2.4. Studies that show the effects that stocking rate has on animal and

grass production

Fourie et al. (1985a) found that stocking rate had a markedlaigr influence on
available grazing than the type of grazing systeppliad. Above ground biomass
declined as stocking rate increased, but in soraesy®o significant differences in above
ground biomass between stocking rate treatmentari@ct; while during other years
opposite trends emerged. For example in 1977/780oseahere were no significant
differences in biomass production between the wdiffe stocking rate treatments.
However, in the subsequent three seasons the tiggdtium and medium-heavy stocking
rates all had a significantly higher biomass prdiduc than the high stocking rate
treatments. The type of grazing system appliedndidmarkedly influence the available
grazing, but biomass production decreased andngrgaiessure increased as stocking
rate increased. Fouriet al. (1985a) concluded from their studies in the Kalahar
Thornveld that if a stocking rate of 7ha/animaltusiapplied, that the effect of droughts
only becomes drastic, if the drought continuesrhmre than a year, as at this stocking
rate there is enough reserve grazing for 337days.

Fynn (1998) and Fynn and O’Connor (2000) found semi-arid savanna that stocking
rate had a negative affect on production per heatarpoor condition rangeland during
drought years. The combination of drought, higltlstoy rate and terrain morphology
(e.g. steep slopes degraded far more rapidly theakky slope areas) resulted in veld

degradation. Long-term heavy grazing (e.g. higklstm rates) on sloping lands resulted
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in a decline in biomass production in both studiElsese authors pointed out that the
reduction in biomass production in a paddock wasremsevere, where species
composition changes occurred due to drought ardrgyaDuring high rainfall seasons,
where light stocking rates were applied, grazingnmted the development of tufted
perennial grasses. Under low rainfall conditionsnuals and weakly tufted perennials
dominated the high stocking rate treatments. Anspakties dominated at high stocking
rates and when high rainfall prevailed. Long-terighhstocking rates did not reduce
cattle performance (measured in terms of gain pema and gain per hectare).
However, during dry conditions, cattle performamaes the worse at high stocking rates
on poor veld condition, than on veld in a good ¢bod. Rainfall appeared to be a better

indicator of cattle performance than both biomasslpction and stocking rate.

2.2.5. Theimportance and interactions of stocking rate and type of grazing

system applied

Tainton (1984) cited by O’Reagain and Turner (19923inton (1985) reported that
stocking rate may be of secondary importance totype of grazing system applied,
especially when high stocking rates may be applieder rotational grazing systems,
without detriment to range condition and animalf@enance (Booysen and Tainton
1978 and Savory 1978 cited by O’Reagain and Tut®82, Acocks 1966). O’Reagain
and Turner (1992) stated that the above-mentionatkreent is refuted by available
literature. All of the grazing trials reviewed byR&again and Turner (1992), except one,
showed that stocking rate had a greater effectromal production, than the type of
grazing system applied (Carew 1980, Gammon 1988bnA1984), Anon 1985 cited by
O’Reagain and Turner 1992, Fourie 1983, Krewteal. 1984, Donaldson 1986). Grof
and Harding (1970), Robinson and Simpson (1975nn®eand Barnes (1977), Van
Poolen and Lacey (1979) and Vorster and Visagi&@Leited by Fourie (1983) also

reported similar results.

Similarly, range condition appears to be more ddpehupon stocking rate than grazing
system applied (Walker and Scott 1968, Anon 1988&dcby O’Reagain and Turner
1992). The type of grazing system applied only &asgnificant effect at high stocking
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rates (Conway (1963) cited by Fourie (1983)). Highrimal gains are achieved with
continuous grazing treatments for both light andlioma stocking rates (Conway (1963)
cited by Fourie (1983)). However, the high stockirefe and rotational grazing
treatments experienced 49% higher animal gains, tifia high stocking with continuous
grazing treatment (Conway (1963) cited by Four8@)).

2.2.6. Theinteraction between stocking rate and rainfall

Langlands and Bennet (1973) cited by Fourie (19@8Btrated throught their study that
rainfall has a significant influence on stockingerand on the digestibility of available
forage. These authors indicated that in dry yeaus. pelow the mean rainfall for area),
grazing animals in low stocking rate treatmentkected high quality material. There was
more material to select from relative to the higbcking rate treatments. However,
during wet years, surplus grazing material in tbe Istocking treatments became
moribund and lignified, and this decreased theitglilf cattle to select for high quality

material.

Hatch (1995) reported that conservative stockingemi-arid savanna in KwaZulu-Natal
decreased the risk of forage deficits, but incréabe opportunity costs of lost financial
returns during high rainfall seasons. In contrapplying high stocking rates during high
rainfall periods increased the farmer’s returnst the risk of forage deficits during

periods of low rainfall increased and very low regiwill occur under these conditions
(Danckwerts and Drewes 1989, Hatch 1995, McCarb@l® Hatch (1995) proposed
variable stocking rates (e.g. a mixture of consérgaand high stocking rates), but
recognized the danger of increasing stocking natesvariable environment. Danckwerts
and Drewes (1989) found that maximum income petaneand maximum profitability

per hectare occurred at a low stocking rates duheddry” years, and they reported that
there were more “dry” than “wet” years, It thus bBts farmers to stock conservatively

over the long-term.

Fuhlendorfet al. (2001) found that drought had a greater effechigh grazing intensity

treatments, than on low and intermediate graziegttnents. They found that there was a
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substantial decrease in biomass production in rghing intensity treatments and plants

had a small basal area, which resulted in greatergiht mortality.

Walkeret al. (1987) cited by Walker (1993) found in four gameearves in South Africa,
that perennial plants and animals were able tostatid a severe drought for a single
year. However, two successive years of well belegrage rainfall resulted in significant
mortality in both plants and animals. The effectdodbught was exuberated by heaving

grazing prior and during the drought.
2.3. GRAZING SYSTEMS
2.3.1. Rotational grazing

Rotational grazing is a management strategy, wiaghires the allocation of grazing to a
group or groups of animals for the entire grazeablgéod. The grazing area is subdivided
into at least one (usually more) paddock more tt@ number of animal groups

(Booysen 1967). Rotational grazing involves thecsssive grazing of paddocks by
animals in rotation so that those animals are autngd on a small part of the available
grazing for a part of the grazeable period (Booy$867). Each paddock experiences
successive periods of grazing and absence fromingréBooysen 1967), resulting in the

whole grazable area being utilized during the year.

Many scientists advocate that rotational grazintpésonly system capable of maintaining
long-term veld condition and animal production (Ant©26, Botha and Malherbe 1945,
Scott 1947, Roux 1968, Booysen and Tainton 19'&ldy O’'Reagain and Turner 1992,
Robinson and Simpson 1975 cited by Barnes 1977 y&woet al. 1974) and it is

recommended for all veld types (Roux 1968 citedDifgeagain and Turner 1992, Barnes
1992, Danckwerts 1989a, Teague 1989). Rotationatigg has many advantages in
controlling the grazing patterns and it can be usddcilitate the long-term maintenance
of veld condition (Kreuteret al. 1984, Barnes 1992, Kirkman and Moore 1995).
Rotational grazing results in a more even utilmatof the available grazing and as a
result less selective grazing takes place and highe matter yields are achieved per

season (Booysen 1966, Barnes 1992). Rotationaingraalegedly decreases or even
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eliminates selective grazing (Anon 1926, Rowlan@719ienaar 1968a, Booysen and
Tainton 1978 cited by O’Reagain and Turner 1992nBs 1992), while by having a set
period of occupation and absence from the paddopkevents the regrowth of grazing
(Pienaar 1968a cited by O’Reagain and Turner 18iyysenet al. 1974, Edwards
1981). Veld condition allegedly improves with aukant increase in the grazing capacity
and animal production off the veld (Rowland 193wller 1947, Pienaar 1968a, Roux
1968, Savory 1978 cited by O’'Reagain and Turner219gocks 1966, Barnes 1992,
Gammon 1978).

Many authors have reported that rotational graalgws the grasses to have a rest
period during the critical growth periods and tephcontrol selective grazing, which
improves grass production and feeding value (Batich Malherbe 1945, Coetzee 1948,
Preller 1948, Booysen 1956, Grunow 1959, Hildy86Q, Booyseret al. 1963, Booysen
1964, Pienaar 1968a, Venter and Drewes 1969, Retli®dl, Grunow 1973, Vorster
1975, Van den Berggt al. 1975, Van den Bergt al. 1976, Edwards 1975, Taintent al.
1977, Vorster and Visagie 1980, Grunow 1980, Daih®80 cited by Fourie 1983,
Acocks 1966, Booyseat al. 1974, Booyseret al. 1975, Gammon and Roberts 1978a).
O’Reagain and Turner (1992) however indicate thatabove mentioned reasons are not
supported by empirical evidence and animal prodacin continuous grazing systems
may in fact be superior to rotational grazing systeerror! Reference source not
found.). Evidence from long-term grazing trials indicatédt initial levels of animal
production can be maintained for periods longen th@ years. From the datafwror!
Reference source not found., it can be seen that continuous grazing does ex#gsarily
impact adversely on the range condition. None ef ttiels reported improvements in
carrying capacity under rotational grazing systeeiher. Rotational grazing, in some
cases, brought about significant range deteriarateven in as short a time-period as
three years, but it should be noted that this wasveld was utilized by goats (Du Toit
1972 cited by O’Reagain and Turner 1992).
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Table2-1: Results of grazing trials, which compared rotatigrazing systems with

continuous grazing systems in terms of animal pcbdno and range condition (from
O’Reagain and Turner 1992)

Continuous Grazing Rotational Grazing superior |No difference
superior
Animal production 9 7 7
Range condition 3 5 14

Most researchers and advisors in South Africa aabeocotational grazing with multi-

paddocks with at least six to eight paddocks pemahnherd for most veld types

(Kirkman and Moore 1995). Multi-paddock grazingteyss are supposed to provide the

manager with a means of controlling the frequenuy iatensity of grazing, but Barnes

(1992) suggests this is a fallacy. The advantagesutti-paddock systems are as follows
(Roberts 1970):

>

The manager has greater flexibility as dense vald lie grazed intensively and
denuded areas can be given special recovery traatme

The system allows for both highly selective ligmazjng and for less selective
heavy grazing.

The shorter grazing periods of paddocks is suppéseesult in an increased
vigour of grasses.

Patch formation and the detrimental trampling atbkey resources areas can be
prevented.

Long periods of absence (e.g. longer rest perialigyvs grasses to seed in these
rested paddocks.

Increased carrying capacity by allowing the recgyseeding and establishment
of grasses of denuded areas and this can be faloywgrazing.

More effective use of rainfall because of the hpybportion of the veld that is
rested and the system thus has greater drought/ess&oberts (1970) however
commented this in only true if the correct stockiatg is applied.

The manager has to invest less in parasite coatrahimals are in paddocks for a

very short time and parasites are not allowed tabésh.
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» Improved stock condition and more efficient animmlnagement is possible due
to regular handling and observation.

» Burning can be eliminated from the system.

Gammon (1978) found no conclusive evidence thata@rg/ form of rotational grazing
was superior to any other. Barnes and Denny (198dpnd that rotational grazing,
whether with four or eight paddocks, did not insee#he grazing capacity of veld. This
contradicts the thoughts of Savory (1969), How&876), Vaughan-Evans (1978) cited
by Barnes and Denny (1991), who advocate that shadtion grazing resulted in an
increase in grass production and/or an increasthenproportion of desirable grass

species.

Morris and Tainton (1996) concluded from their stud Southern Tall Grassveld that
multi-paddock systems employing short periods ay sind long periods of absence/rest
cannot be justified in terms of the ability of thestem to improve plant production, basal
cover and range condition. A possible reason figriththat the frequency and severity of
defoliation of palatable species may not have dbfle as widely suggested by the
parameters of the system. The benefits of restiegveld could ameliorate the adverse
effects of overgrazing. Barnes (1982), Gammon (},984dinton (1985) cited by Morris
and Tainton (1996) questioned the cost and suppioseeiase in animal production that
can be achieved by short duration grazing. ResofitdMorris and Tainton (1996)
suggested that stocking rate cannot be increased short duration grazing system,
because of the proposed increase in plant produaticuch systems. Denny and Steyn
(1977) cited by Morris and Tainton (1996) reportadt animal performance is in fact
poorer for multi-paddock systems than a system W¥ath paddocks. A possible reason
for this is that animals have a decreased oppaytimiselect an optimum diet in multi-
paddock systems. Morris and Tainton (1996), Moansl Fynn (2001) indicated that a
multi-paddock rotational grazing system is not éeyter than a few paddock system in
terms of increasing animal production and maintgnveld condition. Vorster and
Visagie (1980) found similar facts in that the nienbf paddocks (three, six, 12 and 18)

does not result in increases in animal producfidrese authors found that stocking rate

30



and rest were more important in explaining varmtiio animal production, than grazing

systems.

Barnes (1992) found that for rotational grazingtesyss to increase the carrying capacity
of the veld, one or more of the following three mhes need to occur:
» The first change is an increase in the proportiomare productive and palatable
grass species relevative to unpalatable species.
» The second change is an increase in the biomassigiion due to a favourable
change in defoliation patterns.
» The third and last change is increased utilizatibfess palatable species by the
grazers. There is firm evidence that the above-ioeatl changes are extremely

unlikely.

Brockett et al. (1980) cited by (Fourie 1983) showed that higheémaih gains where
achieved with continuous grazing systems duringngprwhile the rotational grazing
treatments had higher animal gains in summer ahdrau The rotational grazing system

in this study had higher animal production per &extthan continuous grazing systems.

There are two main approaches in the applicatiorthef rotational grazing concept
(Booysen 1969). The main objective of both typesbroaches is to increase animal
production and to maintain veld condition (Kirkmamd Moore 1995). The two
approaches are called High Utilization Grazing (HW®& Non-Selective Grazing (NSG)
and High Production Grazing (HPG) or ControlledeSgle Grazing (CSG) (Pienaar
1968b cited by Drewes 1991, Acocks 1966, Booyse®O9Short Duration Grazing
(SDG) is similar to NSG, but SDG has shorter restquls (Beukes and Cowling 1999).
The primary objective of HUG is to minimize selgetigrazing within the grass sward
(Acocks 1966), while HPG attempts to maximize tle@senal production of high
desirable or desirable plants (e.g. desirable spelike Themeda triandra (Pienaar
1968b cited by Drewes 1991, Booysen 1969).
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HUG is achieved by “forcing” the animals to grazedasirable grass species (e.g.
Increaser species likdristida junciformi3 and by increasing the utilization of the
herbage of offer, even though desirable grass epece severely grazed (Booysen 1969,
Kirkman and Moore 1995). This can be achieved bylyapg high stocking rates and
keeping the period of stay “long” and the period alifsence “long” (Acocks 1966,
Booysen 1969, Kirkman and Moore 1995). The hypashiast combats selective grazing
is that defoliation is supposed to have a greagt¢nirdental effect on undesirable grass
species than on desirable grass species (Booy€9).1bhis is not always true, as the
severe grazing of desirable grass species mayedtiea vigour and competitive ability
(Booysen 1969). Jones a/.(1967) cited by O’Reagain and Turner (1992) ingidathat
non-selective grazing in sourveld resulted in sewefoliation of palatable species and
rapid range deterioration. Non-selective grazirlggadly improves range condition and
herbage production, which allows for two to thre&fincreases in carrying capacity
(Roberts 1967a, Roberts 1967b and Simpson 1968 lojtéD’Reagain and Turner 1992,
Acocks 1966). However, O’'Reagain and Turner (1992arly stated that the majority of
evidence for non-selective grazing or HUG is anéaido

HPG or controlled selective grazing is achievedldgving sufficient leaf material on
desirable grass species within the sward to coatthe fast growth rate of these plants.
Undesirable plant species are rarely grazed andwgposed to become moribund and
die (Booysen 1966, Pienaar 1968a cited by O’'ReagaéhTurner 1992, Booysen 1969,
Kirkman and Moore 1995). By leaving sufficient leaaterial on the desirable plant
species, they can continue to grow at a fasteraateout-compete undesirable species
(Booysen 1969). HPG can be achieved by applyingsmeking rates and by keeping the
period of stay and period of absence in the padtsioért” (Booysen 1969, Kirkman and
Moore 1995). The hypothesis that combats selegtigeing is that the lack of utilization
of undesirable plant species is supposed to wedkein competitive ability against
desirable grass species (Booysen 1969). Evidemcthik grazing strategy is anecdotal
(Pienaar 1968a cited by O’Reagain and Turner 188#)the system is yet to be tested
experimentally, but there is indirect experimenglidence to support this system
(Pretorius et al. 1974, Burgeret al. 1975 cited by O’Reagain and Turner 1992,
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Danckwerts 1984). O’'Reagain and Turner (1992) abtbat lenient defoliation should
favour dietary quality and intake as animals ameaeed from the paddock before species
are excessively defoliated. Animal production maystbe higher in a HPG system than
in a HUG system. Whether undesirable species becooréound and die through no
utilisation, is however, questionable, becauseeaser one species (i.Byparrhenia
hirta), increase when the veld is under-utilised and Irsgegéhree species (i.Aristida

junciformig increase, if the veld is selectively grazed (VardtShoorn 1999).

Booysen (1969) reported that it is not a questiborn@ of these approaches being right
and the other wrong. HUG results in a low initiabguction per animal, while animal
production per hectare is higher than for HPG (Beoy1969). The veld condition will
deteriorate if undesirable grass species are lasseptible to defoliation than the
desirable plant species awmite versa(Booysen 1969). HPG supports the point that
undesirable grass species will die out, as thetganomes more moribund over time
(Booysen 1969). HPG is feasible where the unddsirglant is less susceptible to
grazing than the desirable grass species (Booy3@&®).lin areas where selective grazing
is not a problem, HPG will result in greater proiitut, but where selective grazing is a
problem the method to use will depend on the plemtise grass sward. If the undesirable
grass plants are more susceptible to grazing tadésirable grass species, then HUG is
more suitable (Booysen 1969). If the undesirablesgrplants are less susceptible to
grazing than the desirable grass species, then [4RGore suitable (Booysen 1969).
Tainton (1985) reported that there is a generalb\ag of pastoralists is that HPG is more
appropriate than HUG, but there are however a fese@ions to this, in the literature.

Taintonet al. (1977) found that the period of presence and agsiEnvery important in a

rotational grazing system when trying to obtainhhagimal production. They found that
animal production increases with decreased perafdstay and increased period of
absence. They concluded that the optimum grazirgijesy for Tall Grassveld is a
rotational grazing system with seven paddocks, wifheriod of stay of 10 days and a

period of absence of 60 days.
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2.3.2. Rotational resting

Rotational resting is a management strategy whedluires the allocation of grazing to a
group or groups of animals for the entire grazegleleod to be sub-divided into at least
one more paddock than animal groups and it involhes successive resting of the
paddocks for specific purposes (e.g. seed prodyctiBooysen 1967). Rotational grazing
and resting is a management strategy, which resgjthe allocation of grazing to a group
of animals for the entire grazeable period to ble-divided into at least two or more
paddocks than groups of animals. This strategylu@sothe simultaneous incorporation

of the principles of rotational resting and rotabgrazing (Booysen 1967).
2.3.3. Continuousgrazing

Continuous grazing is a management strategy wheaahwgals are placed in a paddock,
when the forage is ready to be grazed at thest#éine growing season and are left in that
paddock for the entire grazeable period of a yElae. number of animals in the enclosure
during the grazing period may vary according togh@wth rate of the grazing, but some
animals must be present in the paddock at all timesng the grazeable period
(definition adapted from Booysen 1967, Tain&iral. 1999). Continuous grazing is free
of management variables and it thus allows for anompounded evaluation of the

inherent production patterns of the veld at anggitime (Kreuteet al. 1984).

As with any type of grazing system, continuous mrgzhas different degrees of
sophistication (Taintoet al. 1999). In its crudest form, continuous grazing caegs the
whole farm as one paddock with all of the livestackone herd (Taintort al. 1999).
The farm is stocked with the general grazing cdpaxithe area and vegetation (Tainton
et al. 1999). It is suggested that this form of continugmazing results in area and
species selective grazing and unless stocking eatesnanipulated to the production of
the preferred areas, overgrazing of selected psiefileresult and veld deterioration and
erosion may be inevitable (Fourie 1983, Tainttnal. 1999). Taintonet al. (1999)
reported that the less preferred areas can bedymadg to the detriment of the preferred

areas, by forcing the animals to graze these aftasthey have utilised all the material
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on the preferred areas. Animal management (e.dgraited mating, weaning and parasite
control) is very difficult and animals do not egsibr regularly come under the
herdsman’s eye (Taintaet al. 1999). This form of continuous grazing does naivalfor
the rationing of forage and peaks and troughs imalnproduction are exaggerated
(Taintonet al. 1999). Resting of veld as to encourage the seedfitige more palatable

species and to improve vigour is also not posgibdentonet al. 1999).

The second form of continuous grazing is whereettege many paddocks that are each
stocked at the recommended grazing capacity fdr gaddock (Taintoret al. 1999).
Each paddock has it own water points and herddocks are constituted to facilitate
animal management. The animal numbers in each p&daay be regulated to try to
maintain the preferred species composition, byiractise, this is difficult. If paddocks
are well designed, area and species selection eaaduced significantly (Taintost al.
1999). It is however hard to eliminate speciescigle and to ration forage if this form of
continuous grazing is applied (Taintehal. 1999). Rationing can be achieved by varying
animal group sizes and in doing so changing theiggapressure within the different
paddocks throughout the season (Taintoral. 1999). It is not possible to apply rests,
unless there are more paddocks than there are lagniougos (Taintoret al. 1999).

One of the major practical problems with continuguazing is that it lacks flexibility.
Booysen (1975) cited by Taintoet al. (1999) indicated that the optimum economic
stocking rate for a continuously grazed pasturovger than the same pasture grazed
rotationally. Paddock size, placement of water fsoand adjustment of stocking rates to
achieve the recommend grazing capacity is more&akitn continuous than rotational
grazing systems (Taintoet al. 1999). The economic advantage of a lower requirémen
for fencing and water points in a continuous grgzsystem decreases with increasing
sophistication of the system (Taintenal. 1999). However, Mentist al.(1989) reported
that continuous grazing systems are superior mgef the financial returns, even in the

long-term.
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2.3.4. Studies that contradict the notion to continuous grazing system

always resultsin poor veld condition and animal production

Barnes and Denny (1991) found in continuous grazygfems and low stocking rates
treatments, high animal gains where achieved. lbfisn cited in the literature that
continuous grazing results in veld degradation @tichately desertification, in the long-
term. However, there was no indication that cortdirsigrazing had adverse effects on
veld condition in this study. Edwards (1969) fouwsidhilar results indicating that there
was no conclusive scientific evidence in the litera to prove that continuous grazing
systems of any veld type, resulted in lower anipraduction than rotational grazing

systems.

O’Reagain and Turner (1992) reported that it haanbegidely accepted that continuous
grazing is responsible for range deterioration @wid erosion in rangelands (e.qg.
Tidmarsh 1951, Booysen and Tainton 1978 cited bReagain and Turner 1992,
Edwards 1981, Vorsteet al. 1983, Booysen 1969). The reason why is because
continuous grazing allows for area and speciesctede grazing, which results in a
decline in vigour and the eventual death of thdepred species (Booysen and Tainton
1978 cited by O’Reagain and Turner 1992, Booystal. 1974, Barnes 1977, Edwards
1981). While animal performance in continuous grgzisystems is initially high,
production allegedly declines with time, owing toetinevitable range deterioration
associated with this system (Tidmarsh 1951, Booyaed Tainton 1978 cited by
O’Reagain and Turner 1992, Kreutdral. 1984).

However, Mckay (1968), Donaldson and Rootman (1@88j by O’Reagain and Turner
(1992) have shown, for semi-arid savannas, thageraondition may be maintained even
after years of continuous grazing with cattle. Galhy, where degradation occurred
under continuous grazing it appeared to be witlegh{®orris 1944, Roux 1964a, Roux
1964b cited by O’'Reagain and Turner 1992, Donalds®®6). Gammon and Roberts
(1978a, 1978b and 1978c) found that area and sedegptazing and the severity of tiller
defoliation was nearly identical for continuous asid paddock rotationally grazed
systems. Moore and Biddescombe (1964) cited by RoKEI70) stated that there are no
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convincing economic advantages of having a rotatignazing system in semi-arid areas

in Australia.

Kreuteret al. (1984) showed in their study that the continuowszig treatments out-
performed rotational grazing treatments in termbaih average daily gain and live mass
production per hectare. Stocking rate appearedliol@mve a marginally greater effect on
average daily gain, when compared to the type @izigg system applied. Beef
production under continuous grazing was found td®&6 higher at high stocking rates
(2.2 animals/ha) compared to a rotational grazysgesn, but this marked difference was
not evident at low stocking rate treatments. Th&imam animal gain per hectare was
higher under continuous grazing with high stockingtes. The maximum
production/hectare and optimum stocking rate wasatgr under continuous than under
rotational grazing. Possible reasons why continugrezing were more superior to
rotational grazing in this study are because arsrhatl a greater ability to select for high
nutritional value. There is less interference vatiimal behaviour, that possibly resulted
in a less disturbed grazing pattern. The aboveageemean rainfall could also have
resulted in an abundance of herbage and the adpantaconserving fodder in rotational
grazing, was thus not realised. This trial was aroyducted for a few years and the
apparent short-term superiority of continuous grgzshould not be viewed as a long-
term advantage.

Archibald and Bond (2003) found that high stockirmjes and continuous grazing
resulted in the formation of grazing lawns. Theseas are highly productive, usually
consisting out of stoloniferous grass species, Wwkigpport a high number and diversity
of grasses. Huismaat al. (1999) and Swemmer (1998) cited by Archibald anchdBo
(2003), indicated that only when taller growing blrgrasses are kept short, are grazing

lawn grass species able to spread and establistséhees.
Du Toit (2003) found in the False Thornveld of tBastern Cape that the rotational

grazing at a low stocking rate resulted in less thahird of the area being grazed and

grazing was concentrated in small patches less shameters in size. The continuous

37



grazing at a low stocking rate treatment resultedhalf the area being grazed and the
patch size increased to 40 meters. The continusazing at a high stocking rate
treatment resulted in two thirds of the area bgraged and animals grazed in both small
and large patches. Patches had a significantlyenidiversity than non-patches and the
density of Themeda triandravas highly positively correlated to patch size. fehwas
thus no evidence that rotational grazing reducetthpaelective grazing and that

rotationally grazed sites had better species corm@oshan continuously grazed sites.

2.3.5. Studies that support the notion that continuous grazing systems

usually resultsin poorer veld condition and animal production

Although continuous grazing has been proposed bgy8en (1975), Booysen and
Tainton (1978) cited by Teague and Dowhover (2G0%) Kirkman and Moore (1995),
research comparing grazing systems has generallgiumted that the effect of rotational
grazing on defoliation patterns is weak or abs@éetaigue and Dowhover (2002, 2003)
indicated that research comparing grazing systeame been chosen to be as uniform as
possible and small paddocks (< 25 hectares and fifte hectares) were mostly used.
The above-mentioned factors significantly reduce trariability that causes patch
selection and the associated deterioration in |lgrgedocks (Norton 1998 cited by
Teague and Dowhover 2002). Research by Stuth (188 by Teague and Dowhover
2002, Baileyet al.(1996) and Sentt al. (1985) indicated that patch grazing increased as
the area under consideration increased in sizelisMakVries and Schippers (1994)
indicated that selection is only slightly affectbgg small-scale heterogeneity at the
feeding stage, but it is profoundly affected byg&sscale heterogeneity at the landscape
level. Spatial and temporal variability in primapyoduction localizes and intensifies
herbivore impacts on the vegetation (Turner 199€dcby Teague and Dowhover 2002,
lllius and O’Connor 1999).

Teague and Dowhover (2002) showed that basal amasrsignificantly influenced by
grazing treatment and that treatments interactgaifgiantly with species composition.
Grass basal cover increased significantly more umditional grazing, compared to

continuous grazing.
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Results of Teague and Dowhover (2002) indicate tlwdditional grazing systems
markedly increased basal cover of grass specieshratdotational grazing treatments
resulted in 33 % less bare ground than continuagislyed systems on the same soil type.
It was concluded that weather, especially predipita had a significant effect on the
basal cover within sites and on the biomass praaludor all of the species. There was
also a significant interaction between rainfall agézing system. In large paddocks
under rotational grazing, perennial herb basal conereased dramatically and there
were lower proportions of bare ground than in camius grazing systems. The type of

grazing, but grazing systems did not influence lassnproduction, significantly.

If grazing takes place in a continuous way withatghes in paddocks bigger than 25
hectares, then taller grass species gets replatbdskorter perennial grasses, followed
by annual grasses and eventually bare ground (A= Smeins 1991 cited by Teague
and Dowhover 2002, Milchunas and Laurenroth 19%)ecies that are more productive
are thus progressively replaced by less producthe palatable species. This can result
in a decrease in the carrying capacity of the fatetrease in infiltration rates and an
increase in soil erosion and run off (Gifford andwkins 1978, Snyman and Fouche
1991 cited by Teague and Dowhover 2002, Thuevwal. 1986, Fuls 1992).

By using rotational grazing in large paddocks, laledjradation will decline, as grass
basal cover will increase, soil erosion and somh roff will decline (Teague and

Dowhover 2003). To prevent the deterioration ofvilgagrazed areas, adequate periods
of rest between successive defoliation must beigeov(Teague and Dowhover 2003).
Teague and Dowhover (2003) concluded that planatdional grazing systems are the

key for the sustainable use and conservation @felands.

Morris et al. (1992) found in Southern Tall Grassveld that camtius grazing at a high
stocking rates treatment resulted in a grass swardinated byAristida junciformis
Even when stock was removed, veld rested and perimdns implemented, the system

was still dominated by this unproductive speciesnion (1958), Tainton (1972) cited by
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Morris and Fynn 2001 and Morret al. (1992) reported on the superiority of rotatiopall
grazing systems over continuously grazed systemsheep production and in order to

maintain a desirable species composition.

Bunting (2003) reported that the optimal grazingtegn for sourveld is a five paddock
rotational grazing system. The paddocks in thi©\eng study area were dominated by
Hyparrhenia hirta before the grazing system was implemented. Aftée t
implementation, the author reported that the veldddion improved dramatically (e.qg.
dominated byrhemeda triandrpand the mass gain of steers increased favourahlg.
five-paddock rotational system required that 40%hefveld be rested, maked use of the
principles of both controlled selective grazing amah-selective grazing and aimed for
50% utilization in the reserve paddock. Veld thatswested during the previous year

received controlled selective grazing during wirged were burned in August.

Venter and Drewes (1969) recommend a similar ggagystem in which 25% of veld is
rested, 50 % of veld is grazed short (e.g. noneigke grazing) and 25% is subjected to
controlled selective grazing. Paddocks that areegtaelectively are rested and burnt the

following season.

2.3.6. Optimum stocking rate for continuous and rotational grazing

systems

Both continuous and rotational grazing systems hhea own optimum-stocking rate
(Booysenet al. 1975). Booyseret al. (1975) and Danckwerts and Drewes (1989)
reported that the optimum stocking rate was founkietbetween the biological optima of
maximum production per animal and maximum producper hectare. Booysen (1969)
reported that one of the main reasons for the peltt condition in some continuously
grazed systems is the application of incorrectlstgcrates and not the actual grazing

system itself.
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24. THE EFFECT OF RAINFALL AND DROUGHTS ON ANIMAL PRODUCTION
AND/OR VELD CONDITION

2.4.1. The effect of rainfall in semi-arid regions on animal production and
veld condition

Rainfall is one of the most important variableslakpng vegetation dynamics, variation
in range production (e.g. animal and grass bionpasduction) and the profitability of
livestock enterprises in semi-arid and arid envinents (Froset al. 1986 cited by Morris
et al. 1999, O’'Connor 1994, Hatch 1995, Hatch and Tairit®85, Hatchet al. 1996).
The rainfall in semi-arid and arid areas is highatyatic and unpredictable (Barnes and
McNeil 1978, Aucamp and Barnard 1980, Memtisal 1989, Behnke and Scoones 1993,
Snyman and Fouche 1993, Fynn 1998, Fynn and O’Go2d@0, McCarthy 2001) and
this can result in substantial and unpredictahletflations in plant production, adverse
changes in basal cover and species compositiorchwiiiimately results in poor animal
production and veld condition (Snyman and Fouch@3)1.9An important relationship to
consider are that there is the strong linear alatiip between mean annual rainfall and
vegetative biomass production (Deshmukh 1984, Mihals and Laurenroth 1993). In
addition, animal production is strongly linearlyated to mean annual precipitation (Fritz
and Duncan 1994 cited by Fynn 1998).

2.4.2. Contradictory views on the importance of rainfall on veld condition
and/or animal production in semi-arid areas

The first viewpoint is that rainfall is more impant than stocking rate and grazing
system in vegetation dynamics and animal produdhosemi-arid areas. The authors in
favour of the equilibrium vegetation dynamics modelpport the notion that the
ecosystem has the capacity to regulate itselfnatbr through the processes of intra- and
inter-specific competition and plant-animal intdéraes (O’Neill et al. 1986 cited by
Briske et al. 2003 and Behnke and Scoones 1993) (Chapter 2THhé&)second viewpoint
is the opposite of the above, namely that ecosystasnminimal capacity to regulate
itself internally and external factors (especiatiynfall) are the key components which
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regulate vegetation dynamics and animal produdtidhese semi-arid areas (Milton and
Hoffman 1994, Brisket al.2003) (Chapter 2.5.2)

2.4.2.1.Studies that support the “non-equilibriymatadigm

Plant species composition and animal productioseimi-arid environments are largely
driven by rainfall in the short term, while stoc§imate becomes more important in the
long-term (Hatch 1994 cited by Fynn 1998, O’Conh895, O’Connor and Roux 1995).
Richter et al. (2001), found in three semi-arid savanna’s thas@eal rainfall was the
most important factor governing changes in spewi@sposition of the herbaceous layer.
Animal production is more dependent on rainfalirtton stocking rate in these semi-
arid regions (Ellis and Swift 1988). Fynn (19985 dfynn and O’Connor (2000) showed
that changes in botanical composition were stronglyenced by rainfall variability and
that rainfall had the most marked effect on vatighin biomass production. Behnke and
Scoones (1993) concluded from their research théitaend semi-arid environments can
be regarded as non-equilibrium systems and thesterag are highly complex (Chapter
2.5).

O’Connor (1991) indicated that the annual raind@tiation in Sandveld savanna had an
important overriding influence of the species cosifional change and that this change
is further mediated by the type of grazing regirpeli@d (e.g. light or heavy grazing).
The species composition and the abundance of tedoprinant species changed
substantially, mainly due to variation in rainfallhe rainfall that occurred during the
duration of this study, initially a couple of weears and then successively drier years,
had a greater influence on species compositionsh, ddnan the imposed grazing

treatments.
2.4.2.2.Studies that support the “equilibrium” hgan

Hoffman and Cowling (1990) cited by Hateh al. (1996) and Riecherst al. (1989)
indicated that forage production is determineddbrdpy the stochastic nature of rainfall,
that stocking rate is the major determinant ofdteek production.
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2.4.3. The effect of season of rainfall on species composition and veld

condition

The season of rainfall affects the species comipasand animal production of the veld.
For example, Roux (1966) found, in Eastern Mixeddgaveld, that when most of the
rain falls in spring and summer the veld is domedaby grass species and shrubs are less
abundant. If most of the rain falls in autumn aridter, then Karoo shrubs dominate the
species composition and grass species are lessdamtunUnpalatable shrubs also
increased in abundance with autumn rainfall. Wherughts occured in the region, both

grass and shrubs species declined in abundance.

2.4.4. The effects of droughts in semi-arid regions on animal production

and veld condition

Droughts occur regularly in arid and semi-arid aread under these conditions, the
available biomass for grazing is a major factot thiuences animal production (Barnes
and McNeil 1978, Fouriet al. 1985a). Barnes and McNeil (1978) indicated thatights

are likely to have disastrous effects on animaldpotion and may cause long lasting
damage to the environment. Livingstone (1991) digdrynn (1998) found that droughts
decrease basal cover and biomass production ofegaand that the first heavy rains

after the drought resulted in high soil run-offil ®osion and loss of seedbanks.

Single and multi-year droughts have major influence the biomass production of veld
and therefore on herbivore populations and themditmn (Ellis and Swift 1988).

Herbivore numbers remains relatively constant dushort, year-long droughts although
they might loose condition (e.g. decrease in mdss)plants experience a greater, but
temporary setback (Ellis and Swift 1988). During ltimgear droughts (two years or

longer), the animal and plant population will deelirapidly and the animal population
will take a long time to recover. This is assumammals do not get fed substitutes for

grazing (e.g. high levels of substitution of maidajing or after drought periods.
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2.4.4.1.Studies that indicate the effect of droughteld condition

Donaldson (1967) found in the Vryburg district, tthlhe 1964-1966 drought lead to a
highly significant mortality ofStipagrostis uniplumjsSchmidtia pappophoroidezsnd
Eragrostis lehmannianahich contributed to more than 80% of the grasigigen the
veld where woody species were not removed bef@aetbught. In an area where woody
species were removed before the drought, thereneasignificant mortality of these
grass species and this veld also had a higherdsosgght biomass than uncleared veld.
The drought resulted in a significant decreaseasabcover in both well-managed areas
and overgrazed areas. There was a significantaser®f annual species (eTyagus
racemosus within all treatment, after the drought had ocedr The high mortality of
grass species resulted in low biomass productiohaadecrease in the carrying capacity
of the veld, especially at the uncleared site.

O’Connor (1995) found, in a grassland savannadhaight had an overriding effect on
species composition change, while grazing had dlenedditional effect. The drought
resulted in a transformation in species compositbmperennial palatable species (e.g.
Themeda triandrato unpalatable perennial (e.gristida bipartitd), annual and forb
species in highly stocked grassland. Lightly stockgassland maintained most of its
palatable perennial species, but these speciedivelabundances declined and a number
of annual species were recorded for the first tafter the drought (O’'Connor 1995). The
total basal cover and basal cover of preferredispateclined in both highly stocked and
lightly stocked treatments (O’Connor 1995). Postugiht recovery and past management
practises help to explain species composition chafigr the drought. For example, sites
that had light stocking rates before, during anerathe drought had a better species

composition and higher basal cover after the dro(@Connor 1995).

Hatch and Tainton (1995) found similar resultsha semi-arid Zululand Lowveld, where
light stocking rates showed a less pronounced teffedrought and had a higher post-
drought biomass in these sites. Fynn (1998) refh@t post drought management is
important and the author used an example from K@873) to illustrate this point. In

this example, a heavily stocked communal area hdg a nine % lower biomass
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production than a commercial area in a normal yaarduring a single year drought, the
communal area had an 80% lower biomass productibgnn (1998) and Fynn and
O’Connor (2000) found that the 1991-92 drought mlufand resulted in dramatical
adverse shift in species composition, to a veld idatad by annual grasses, forbs and

very weak perennial grasses.

Danckwerts and Stuart-Hill (1988) found, in thedeallhornveld of the Eastern Cape,
that the 1982/83 drought resulted in extensivesgmasrtality during the drought. After
the drought, the recovery of the veld was partitylagensitive to the post-drought
management applied. Veld that was grazed immegliater the drought recovered
slower than veld that was rested after the drougbteaser 1 species were more drought
resistant than Decreaser species, while Decrepseies were more stable than Increaser
Il species. The ability of the grass species tamvec after the drought followed an
opposite trend. The species composition of the wveltbvered rapidly following a
drought, provided that the veld is rested afterdiaight. The authors recommended that

veld be rested for as long as possible, after aghtto allow it to recover.
2.5. EQUILIBRIUM AND NON-EQULIBRIUM VEGETATION DYNAMICS

“The question of whether equilibrium and/or non4éhtum vegetation dynamics occur
in rangelands has been the source for many rardjelabates” (Briskeet al. 2003).
Egerton (1973) cited by Briskat al. (2003) and Wu and Loucks (1995) reported that the
equilibrium paradigm has been in existence sin@e kibginning of scientific inquiry,
while the non-equilibrium paradigm is a more recpatadigm. These two paradigms
represent unique interpretations of ecosystem het@ain response to disturbance (e.g.
grazing and rainfall) (Brisket al.2003).

2.5.1. Equilibrium vegetation dynamics

The equilibrium paradigm is based on the assumpltianecosystems posses the capacity
for internal regulation through negative feedbackchanisms (e.g. intra- and inter-
specific competition and plant-animal interactio(@)Neill et al. 1986 cited by Brisket

al. 2003 and Behnke and Scoones 1993). Equilibriumtatige dynamics usually occurs
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in areas (e.g. humid environments) where resowreeld (e.g. rainfall) are relatively
constant. Plant densities are high and symmetcimalpetition for available resources is
important (Taintonet al. 1996). However, climate and ecosystems couplingy ma
contribute directly to ecosystem behaviour, butelie is not the main factor driving
ecosystem behaviour (Higgirst al. 2002 cited by Briskeet al. 2003). Equilibrium
systems are assumed to return to their pre-digtgebatate or pre-disturbance trajectory
when the disturbance has stopped (O’Ngtilal. 1986 cited by Brisket al. 2003, Mentis
et al. 1989, Wu and Loucks 1995, Tainten al. 1996, Fernandez-Gimenez and Allen-
Diaz 1999). The range model that was developed pksterhuis (1949) is based on
equilibrium vegetation dynamics and it emphasidesimportance of plant competition
and plant-herbivore interactions (Fernandez-Gimemek Allen-Diaz 1999, Brisket al.
2003). The problem with the range model is thassumes that if grazing pressure is
decreased or eliminated, that the veld will retiorits climax state (Friedel 1991). Friedel
(1991) and Laycock (1991) indicated that this mighttrue for some systems, but in
other systems, a threshold might have been cr@swthe change in vegetation might be
non-reversible (Chapter 2.5.2.1.1). An example aba-reversible change occurred in a
study by Morriset al. (1992) in Southern Tall Grassveld whamistida junciformis
occurred in high abundances under continuous gyazith a high stocking rate and a
seasonal rest (rotational rest) treatment. Wheestock where removed from the
treatment and a periodic burn was introducd&ustida junciformisabundances remained
stable under the rest and burning regime (Maatigl. 1992). Laycock (1989) cited by
Laycock (1991) called these non-reversible charsgespended stages of succession, in
which communities remain constant for long periofisime. Laycock (1991) gave the
following reasons for suspended stages or differafgctories of succession:

» The dominance of highly competitive species orfiiiens.

» Long generation times of dominant species.

» Lack of seed or a seed source.

» Specific physiological requirements that limit skegl establishment, except at

infrequent intervals.

A\

Adverse climate change.

A\

Restriction of fire.
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Another problem with the range model is that thenak community might not be the
desirable vegetation type considering managememecies (Friedel 1991). The
equilibrium paradigm assumes that ecological syst@ave a high degree of internal
interactions and regulation of plants and herbisoaee therefore strongly connected.
Herbivores thus have a strong influence on planpufaiions in areas where this
vegetation dynamics occurs (Chesson and Case 1t@8bby Briskeet al. 2003, Tainton
et al. 1996, Fernandez-Gimenez and Allen-Diaz 1999). FeteaGimenez and Allen-
Diaz (1999) and Briskeet al. (2003) reported that grazing is assumed to intgrnal
regulate ecosystem behaviour, by imposing negatdexiback mechanisms on the
ecosystem. Fernandez-Gimenez and Allen-Diaz (19@@tates that the range model
predicts that as animal numbers increased, plamdss and cover declines and species
composition shifts from dominance of perennial grasd forbs (climax species), towards
dominance by forbs and weedy annuals species (@ios@ecies). Many authors have
argued for the equilibrium vegetation dynamics égommending that there are multiple
steady or equilibrium states, to account for dymatmehaviour of certain ecological
systems (Holling 1973, Hurd and Wolf 1974, Sutheild 974, Noy-Meir 1975, May
1977 cited by Brisket al. 2003). The above-mentioned authors stated thairtestces
are assumed to force one stable community pasthiieshold to another subsequent
stable community at the same site. Equilibrium gigras has over-emphasised internal
ecosystem regulation and stability, which has mingn the importance of climatic
variability and episodic events on ecosystem behaviWiens 1984 cited by Brisket

al. 2003, Ellis and Swift 1988, Milton and Hoffman ¥9®u and Loucks 1995).

2.5.2. Non-equilibrium vegetation dynamics

The non-equilibrium paradigm has minimised ecosystegulation and stability and
placed greater emphasis on external disturbancgsréenfall), as key components that
effect vegetation dynamics and therefore herbivmopulations (Milton and Hoffman
1994, Briskeet al. 2003). If an area has non-equilibrium vegetationadgics, then it
implies that ecosystems are less predictable thaat the equilibrium paradigm suggests
and that models other than the range model is medjuio try to account for this
variability (Wiens 1984 cited by Brisket al. 2003, Ellis and Swift 1988, Wu and Loucks
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1995). The non-equilibrium paradigm is based orafgumption that ecosystems possess
a limited capacity for internal regulation (Ellisica Swift 1988, Wu and Loucks 1995)
and there is thus a weak interaction between plémtsanimals that graze them and their
food source (Ellis and Swift 1988). Non-equilibrilgystems are thus more vulnerable to
external disturbances and these systems are thiesdyoamic and less predictable than
equilibrium systems (Hurt and Wolf 1974, Pickettal. 1992, Pickett and Ostfeld 1995
cited by Briskeet al. 2003 and Milton and Hoffman 1994). In non-equililtm systems,
climatic events and other abiotic factors (e.gl ®otility) are assumed to be responsible
for the greatest potential for vegetation and hena dynamics. (Walker 1993 and
Watsonet al. 1996 cited by Brisket al.2003, Westobt al. 1989, Behnke and Scoones
1993, O’'Connor 1995 and Taint@t al. 1996). In these systems, herbivores are said to
play a secondary and usually insignificant roleveagetation and herbivore dynamics
(Taintonet al. 1996). Ellis and Swift (1988) proposed that rangélareas with an inter-
annual coefficient of variation of rainfall greatiian 33% are non-equilibrium systems.
The reason for this statement is because livestwolild not experience density
dependent effects as drought induced mortality diolgicrease animal numbers to such a
level that density dependence effects can not pereenced and the herbivores can thus
not influence the ecosystem deleteriously (Ellid &wift 1988, Peett al. 2000). Behnke
and Scoones (1993) have used this argument in ce-arid areas that support
livestock production. The non-equilibrium paradigas severe management implications
as it challenges the traditional approaches foretstednding and managing rangeland
systems (Behnket al. 1993, Scoones 1994 cited by lIllius and O’Connd@@%9Scoones
(1994) cited by lllius and O’Connor (1999) and Bkéret al. (1993) challenged the
equilibrium concept of carrying capacity, the apalion of fixed stocking rates in
variable environments, using species compositioassessing range condition and using
insufficient experimental evidence (e.g. effectsdeffoliation intensity on vegetation

structure, system functioning and animal produgtiorecommend fixed stocking rates.
According to (Fynn 1998) and Fynn and O’Connor (2Q0esults from their study in a
semi-arid savanna indicate that density-dependéstte were present in their study, but

it was mostly expressed on erodible landscapesgland following the drought. These
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authors concluded that grazing definitely had afectfon species composition and
biomass production on erodible slopes, where supgi¢ary feeding was necessary
during the drought years on heavily stocked treatmand especially on poor condition
rangeland. The results of this study contradicted hon-equilibrium paradigm as
stocking rate influenced production per hectare pmor condition veld during the

drought.

Beukes and Cowling (1999) found that changes igispecomposition and basal cover in
a Nama-Karoo grassy shrubland are explained beanbyal and short-term (quarterly)
rainfall and not by grazing impacts and thus suggkshat non-equilibrium dynamics
occur in this region. The concentrated grazing taedeffect of trampling, dung and urine
did not influence perennial species compositiothia shrubland.

Fuhlendorfet al. (2001) found that both grazing and rainfall wergortant in explaining
vegetation dynamics in a semi-arid savanna. Thpgrted that grazing influences the
long-term species composition, but episodic clim&vents substantially influence the
short-term rate and trajectory of vegetation chafge drought that occurred during the
study period resulted in a decrease in plant dgnsitt the system recovered to become

proportional with grazing intensity.
2.5.2.1.Non-equilibrium models

Three non-equilibrium models have been developedctmunt for the stochastic and
discontinuous vegetation dynamics that occur in-eguilibrium areas (Fernandez-
Gimenez and Allen-Diaz 1999).

2.5.2.1.1. Threshold model

A threshold refers to the boundaries that sepanatéple equilibrium states in space and
time and their existence determines if a systemesgeriencing non-equilibrium
vegetation dynamics or not (Holling 1973, May 1&néd by Briskeet al. 2003, Friedel
1991). According to Briskest al. (2003) a stable state is assumed to persist Uil t

disturbance exceeds the threshold limit, to indacealternative stable state. The shift
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back to a previous state is not easily reversibtbomt substantial intervention by range
management (Friedel 1991). Chesson and Chase (1@&®6) by Briskeet al. (2003)
reports that the threshold model is primarily agghlio grassland and savannas that are
experiencing bush encroachment. The reason foidlisat thresholds are most apparent
in these cases, because various growth forms tlanktic changes at different rates and
woody plants symptoms disappear less rapidly timathé case of herbaceous plants.
When a threshold is passed, for example the chahgegrassland state to a woodland
state, the system defines the existence of a noiilgum system, but is does not imply
that the ecosystem has shifted from a equilibriamdn-equilibrium system, because the
capacity for internal regulation may be as greagmater than the previous state. The
evaluation of thresholds, on the basis of distutbaregimes (e.g. fire regime) will
identify the driver of vegetation change and prevadiditional insight into the ecological
processes that establishes the occurrence of tidss(Briskeet al. 2003). Laycock
(1991) indicated that it is necessary to understted following factors in applying
threshold models:
> Researchers need to know which vegetation types halatively “stable
successional states” and why these “stable statest.
» There is a need to develop criteria and methodetatify and monitor states.
» Thresholds must be identified to prevent the systeaving out of desirable
stable states.
» Fluctuations in species composition due to rainéaltl other factors must be
identified and included in model.
» Researchers must know whether the change to diternstates is cause by
anthropogenic or natural factors.

2.5.2.1.2. The State and Transition model

State and transition models were specifically devedl to overcome the limitations
associated with the range model and for the evialuaff vegetation dynamics in variable
environments (Westobgt al. 1989). The state and transition model of Westebwl.

(1989), is a stochastic model that proposes thptedtictable climatic (e.g. rainfall) or

disturbance factors (e.g. grazing) can change w#éget from one state to another
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alternative state and alternative transitions betwstates can occur (Mengésal. 1989).
“New alternative states cannot always be reversgdurcessional processes, either
because new dominants inhibit, rather than fat#jtastablishment of original species
assemblages, or because physical conditions haaegeld” (Walker 1993 cited by
Milton and Hoffman 1994). Behnke and Scoones (199®)port the notion of a state and
transition model as it allows for transitions frame state into a number of different
states, or for the return of veld to its origintdte, which is along a transitional pathway
and because of factors that are different fromeahobkich caused the original change,

have occurred.

The state and transition model allows for a nundfealternative states to develop that
are not necessarily linked in any linear progressind the transition from one state to
another is determined by a combination of stocbamtid/or manipulated events (Fynn
1998). The state and transition model has been ueedrganise research and
management in many types of arid and semi-arid alangs (Walker 1993 cited by
Milton and Hoffman 1994, Westobgt al. 1989, Georgeet al. 1992). The state and
transition model is a qualitative model that possesthe capacity to accommodate
various types of knowledge and information assediavith vegetation management
(Westobyet al. 1989). This model was developed for ecosystemsactanised by event
driven systems, which were not addressed by thgeramodel. The state and transition
model was not developed with the objective to repltne range model in all ecosystems,
as it can accommodate both equilibrium and nonhbguim vegetation dynamics
(Westoby 1979/80 cited by Brisket al. 2003, Westobyet al. 1989). Fynn (1998)
indicates that this model still assumes strongibiofluences in determining vegetation
dynamics and it is thus not intrinsically a non-ségtium model, as it allows for both
density dependent and density independent feedidthanisms to occur. State and
transition models were intended to function on blasis of managerial criteria, rather
than ecological criteria (Brisket al. 2003). Briskeet al. (2003) reported that the state
and transition model requires knowledge of the pidéalternative vegetation states of a

site, potential transitions of the vegetation tteh occurs at a site and the opportunities
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for managers of systems to achieve favourable itrans between vegetation states and

hazards to avoids unfavourable transitions.

Meyer et al.(1996) proposed a state and transition model feiTdrchonanthuwveld of
the Ghaap Plateau, presentedBrror! Reference source not found.. State one is
characterised by mainly highly desirable specieg. (Ehemeda triandrapnd the basal
cover and biomass production varies between medindhhigh. This state only occurs
during periods characterised by consecutive yeafavourable conditions. Meyaeat al.
(1996) reported that the potential for animal piidhn is high, even under undesirable
management conditions. The transition to state isvtherefore caused by consecutive
years of unfavourable climatic conditions.

State two is mainly characterised by desirable isge(@.g.Stipagrostis uniplumisand
prevails during periods with average climatic cdiodis (e.g. small deviations from mean
annual rainfall) Error! Reference source not found.). The basal cover varies from
medium to high and the biomass production varies fmedium to low. The transition to
state three can be caused by either consecutive geéanfavourable climatic conditions
(large deviations from mean annual rainfall) and@orrect management (e.g. too high

stocking rates and/or possibly prolonged periodsootinuous grazing).

State three is characterised by mainly non-degralplecies (e.gAristida congesth
(Error! Reference source not found.). The basal cover can fluctuate from low to
medium and biomass production remains low, everufayourable climatic conditions.
The animal production is low to medium and is deiaed by climatic conditions. For
example, if the rainfall is far below the mean flog area, biomass production will be low
and the vegetation will be predominated by annaat$ animal production will thus be
low. The problem with this state and transition mlofbr the Armoedsvlakte Research
Station is that the threshold is not quantifiedt Ewample, what is a high, medium and
low biomass production in terms of kg/hectare dfive
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State 1 Mainly highly desirable species

Favourable climatical conditions
MMedium-high basal cover, medium-high biomass

|

State 2 Mainly highly desirable species

Average climatical conditions

Medium-high basal cover, low-medium biomass

|

State 3 Mainly non-desirable species

Harsh climatical conditions

Low-medium basal cover, low biomass production

Figure 2-3: State and transition model for tharchonanthuweld of the Ghaap Plateau.

(from Meyeret al. 1996/7).

Bestelmeyeret al. (2003) and Stringhanet al. (2003) indicated that the evaluation of
vegetation dynamics within states, in addition &iween, and the application of the
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threshold concept to a state and transition moaeglrepresented important developments
since the development of the model. Brigieal. (2003) reported that the state and
transition model incorporates multiple dimensioagy( fire and climatic variability) in
addition to grazing and this model relaxes the rmagdion concerning ecosystem
predictability, stability and the potential numhlsrequilibrium states. Fynn (1998) and
Fynn and O’Connor (2000) concluded from their stgdihat the state and transition
model was useful in explaining the composition gem semi-arid environment and to

detect patterns of species composition change.

2.5.2.1.3. The persistent non-equilibrium model (Ellis and fBwi
1988)

This model assumes that arid areas (<300 millimetierainfall per annum) are so
constrained by the amount and variability of praaipon that rainfall events influence
plant and animal interactions to a greater extdaintplant competition and plant-
herbivore interactions (Ellis and Swift 1988 andsBe et al 2003). In these ecosystems,
there are large fluctuations in biomass productioa to low and erratic rainfall regimes
occurring, preventing herbivore populations frorfeetively tracking forage availability
(Ellis and Swift 1988). This minimises the negatfeedbacks between grazing intensity
and vegetation dynamics (Ellis and Swift 1988). Doeurrence of frequent multi-year
droughts contributes to herbivore mortality andvpres herbivore numbers from ever
reaching the ecological carrying capacity (Ellisl @wift 1988). In these non-equilibrium
systems, herbivores have less of an impact ondgetation than in equilibrium systems
(Briske et al. 2003). However, Briskeet al. (2003) reported that this model does not
define the pattern of vegetation dynamics or the ab species composition on primary

or secondary productivity.

An alternative interpretation may be that the imipEfcgrazing is greater in equilibrium
systems, because the grazing intensity increases tprherbivore mortality during the
multi-year droughts (Ellis and Swift 1988). The zjray effect can be magnified by the

occurrence of “key resource areas” (e.g. high prodo zones such as wetlands), that
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can support high animal numbers and delay animataiity during drought periods
(ius and O’Connor 2000 cited by Briskat al. 2003, lllius and O’Connor 1999 and
Scoones 1992, Hamt al. 1996 cited by Fynn 1998). lllius and O’Connor (2P08ed in
Briske et al. (2003) and lllius and O’Connor (1999) concludednirtheir studies that
herbivores remain in equilibrium with key resouateas, even though they may not be in
equilibrium with many other areas of the landscafjgs implies that both equilibrium
and non-equilibrium dynamics occur in rangelandsratterized within low and highly
variable rainfall areas (lllius and O’Connor 199%he relative frequency of stress (e.g.
droughts) and non-stress years and the degreéddtid variation will affect the relative
importance of density dependent and density indégranfactors in an ecosystem (lllius
and O’Connor 1999). Fuhlendoet al. (2001) however report that the problem with
commercial ranching systems is that herbivoresatdree roaming (e.g. constrained by
fences) and they might not be able to access ksyuree areas to optimise nutrient
intake. To aggravate the situation commercial rarchimpose various management
options (e.g. supplementary feeding and dippingintoimise fluctuations in livestock
numbers, which put added pressure on the systemgddry years (Fuhlendort al.
2001).

2.6. THE RELATIVE IMPORTANCE OF EQUILIBRIUM AND NON-EQUILIBRIUM

VEGETATION DYMAMICS

“Theoretical evidence clearly indicates that botfuikbrium and non-equilibrium
dynamics may operate in ecosystems at various texhpod spatial scales, to influence
vegetation dynamics” (Taintoet al. 1996, Peekt al. 2000, Briskeet al. 2003). Huston
(1979) cited by Brisket al. (2003) indicates that communities thus have a coation

of equilibrium and non-equilibrium dynamics and tbhalance between these two
paradigms is constantly changing. The key questitmen becomes “When do
equilibrium and non-equilibrium systems apply?’dahthere is a combination of both
paradigms “What is the relative effect of equiltbmi and non-equilibrium systems have
on vegetation dynamics?” (Brisket al. 2003). “The less persistent the response of
community composition to rainfall variability thaio grazing intensity is partially a

function of the non-selective, intermittent effecfsdroughts, compared with the more
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chronic, selective influence of grazing on indivadigpecies or species groups” (lllius and
O’Connor 1999). The statements made above inditet both climate and grazing
influence vegetation dynamics, because intensilexibee grazing often establishes the
long term trajectory of vegetation change, whilesegic climatic events often exert short
term effects on this rate and trajectory (Fuhlehdaral. 2001 cited by Briskeet al.
2003). lllius and O’Connor (1999) warned that if area experiences large climate
variability, it does not necessarily mean that grgzhas a negligible impact on
vegetation dynamics. It is, however, difficult teasure the relative effect of rainfall and
grazing because both occur at various spatial angbdral scales and they might have
interactive effects (McNaughton 1983, Archer ande®® 1991, Fuhlendorf and Smeins
1999 cited by Fuhlendodt al.2001, O’Connor 1995).

2.7. DIS-EQUILIBRIUM

Virtually all systems experience some non-equilibri vegetation dynamics.
Environmental variation and/or stochastic variationfactors like births or deaths are
constantly redefining the equilibrium point, whiotay be at a rate faster than what the
system can respond too (lllius and O’Connor 19%98)s system will never have a single
equilibrium point and this failure to reach equilitm, is termed dis-equilibrium (lllius
and O’Connor 1999). Caughley (1987) cited in lllarsd O’Connor (1999) showed that
even with an inter-annual rainfall coefficient &%, these highly variable systems show
some equilibrium vegetation dynamics, with consumesource coupling and that the
system is not an entirely non-equilibrium systerhere consumer resource coupling is

absent.
2.8. CONCLUSIONS

The animal performance models that describe tlagioaekhip between stocking rate and
animal performance were found to be useful, buseéhmodels have their limitations.
Some authors reported that the animal performanogets are not useful in semi-arid
areas, as production is more dependent on raitifal on stocking rate. Stocking rate
was found by most authors to explain more of théatian in animal production and veld

condition, than what grazing systems did.
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The main reason why rotational grazing was advodcatas because it is suppose to
minimise selection, encourage a more even utitisatf the veld and it is suppose to
increase both the carrying capacity and range tondof the area. However, the two
approaches to rotational grazing are based on atacdvidence and the supposed
benefits have yet to be demonstrated empiricalpntiDuous grazing, which is supposed
to result in a poor veld condition and animal pratchn was actually found to outperform
rotational grazing systems in terms of animal pobide for some systems. The veld
condition for rotationally and continuously grazaeas was very similar, with rotational
grazing systems being only slightly superior. Baftazing systems have their own
optimum stocking rate and this point lies betwdss maximum production per animal

and maximum production per hectare.

The literature reviewed indicated that both equiliitn and non-equilibrium systems
occur in semi-arid areas. It is now important talfa quantitative measure of the relative
abundance of non-stress and stress factors thettaftlensity dependent factors and
density-independent factors. There is thus a coatm of equilibrium and non-

equilibrium factors in semi-arid environments.
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3. Literature review of the datistical techniques and
procedures that are relevant and appropriate for the grazing
trial data set

3.1. INTRODUCTION

This chapter is an overview of the literature tliagals with multivariate statistical
methods that may be used to understand the vemyetdynamics of the Armoedsvlakte
grazing trials. An introduction to ordination isegented and reasons why this analytical
tool is useful in understanding ecological dataexplained. The use of appropriate
models and ordination techniques are discusseéc#os is included on how to interpret
the different ordination techniques and their asged ordination diagrams. An
important part of this chapter is how to remove theation in a data set resulting from
spatial and temporal effects and not treatmentceffdhe problem of repeated measures

of experimental units is discussed with refereicéhé Armoedsvlakte grazing trial.
3.2. ORDINATION

Ordination is the collective term for multivariaichniques that arrange sites along two
axes on the basis of species compositional dataBfieak 1987). An ordination diagram
is a graph with two axes that explains most of\taeation in the data set, in which sites
are represented by points in two-dimensional sgak points are arranged in such a
manner that sites which are situated close togetreesimilar to each other in terms of
species composition, while points that are far aparrespond to sites, are dissimilar in
terms of species composition (Ter Braak 1987, Laps Smilauer 2003). Similarly, the
close proximity of species with particular refereno a sample indicates that these
species are likely to occur more often within theises and with a higher abundance than
species that those that are further away from ths#tes (Leps and Smilauer 2003).
Ordinations can calculate correlations betweenispeand environmental variables and

correlations of environmental to other environmengaiables (Leps and Smilauer 1999).
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Ecologists use ordinations because it can turreldaga sets that are difficult to analyse
into meaningful information (Ter Braak and Smilad®©8). Since the number of species
observed within the data set is usually large, r@tion can be used to summarize and
arrange the data in an ordination diagram (Ter IBI£287).

Ordination diagrams can be interpreted in termthefenvironment at the different sites
(Ter Braak 1987). The ordination axes might coiacidith some of the measured
environmental variables and these variables can beecorrelated with the ordination
axes (Leps and Smilauer 2003). If environmentah datacking, then this interpretation
can be done in an informal way (Leps and Smila®@&9), but if environmental data has
been collected for the sites, it can be done iorem&l manner (Ter Braak 1987). This
two-step approach is called indirect gradient asialpr unconstrained ordination (Ter
Braak 1987, Leps and Smilauer 1999). Indirect gnatdianalysis searches for the
variation that best explains the patterns of sgec@mposition in a data set (Leps and
Smilauer 2003). Unconstrained ordination axes spwed to the directions of the
greatest variability in the data set (Leps and Sunat 2003). Advantages of indirect
gradient analysis are that species compositiondb da easier to collect than
environmental data, since there are many diffeveays to collect environmental data
and the sampler might be unsure which one or marabies species react to (Ter Braak
1987). Species compositional data may thus be ae miormative indicator of
environmental dynamics, than any set of environalewariables (Ter Braak 1987).
Ordination can be used to indicate whether importawironmental variables have been
overlooked (Ter Braak 1987). This can be seenefdghare no relations between the
positioning of sites in the ordination diagram dhd measured environmental variables
(Ter Braak 1987). The occurrence of individual $peenight be so unpredictable that is
a difficult to pick up any relationship between sjgs and environmental conditions and
general patterns of coincidence of several speatiag be of greater use in detecting
species and environmental relationships (Ter Bra8R7). Indirect gradient analysis
techniques that can be used in Canoco 4.5 areipainComponent Analysis (PCA),
Correspondence Analysis (CA) and Detrended Corredgrace Analysis (DCA).
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Direct gradient analysis or constrained ordinatb@eurs when environmental variables
are included from the beginning of the analysis #msl analysis cannot be done without
environmental data (Ter Braak 1987). Direct gradesmalysis aims to find variation in
species composition that can be explained by medsemvironmental variables (Leps
and Smilauer 2003). Constrained ordination axesespond to the directions of the
greatest variation in the data set that can beaggd due to environmental variations
(Leps and Smilauer 2003). Direct gradient analieibniques that can be used in Canoco
4.5 are Redundancy Analysis (RDA), Canonical Caoasence Analysis (CCA) and

Detrended Canonical Correspondence Analysis (DCCA).
3.2.1. Choice of ordination techniques

Ordination techniques that are most widely used rgmoommunity ecologists are
Principal Component Analysis (PCA), CorrespondeAcalysis (CA) and Detrended
Correspondence Analysis (DCA) (Ter Braak 1987). P&¥umes a linear response
model, while CA and DCA assumes a unimodal respongdel (Ter Braak 1987). A
PCA works well when gradients are short (low spedw®ersity or turnover), but over
long gradients the approximation by the linear figrcis poor and the opposite trend
applies to CA (Leps and Smilauer 2003). Lengthraflgents can be checked by running
a DCA or a DCCA (Leps and Smilauer 2003, Leps amdeier 1999). If the lengths of
gradients are shorter than two standard deviatittmes) a PCA or an RDA are more
suitable techniques (Ter Braak 1987, Leps and $m1ild999 and Leps and Smilauer
2003), because there are few absences in the ldd¢aspecies turnover and a linear
model would thus be more appropriate. The choitedrn an RDA and PCA depends if
the user wants to constrain the axes with environiahevariables, if this is the case, then
a RDA will be used and not a PCA.

If the lengths of gradients are bigger than thteedard deviations, then a CA, CCA or

DCA is more appropriate (Ter Braak 1987), becapgeiss responses are more complex
(e.g. more likely to be unimodal than linear) ahdré are greater species turnover and
lots of zeros in the data set. The choice betwkemnse of a CA or a DCA can be solved

by looking for an arch effect in the CA ordinatiand at the lengths of gradients. If there
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is no clear evidence of an arch effect in the CAent CA is the more appropriate
technique. If there is an arch effect, the lengthgradients need to be consulted, as DCA
gradient lengths of greater than four standard adens, indicate that there is high
species turnover and probably an arch effect. A D€iAsed when there is an arch effect
in the CA (Ter Braak 1987) and this removes thé a&ftect by detrending by segments
(Leps and Smilauer 2003). Leps and Smilauer (12003) do not recommend the use of
detrending by segments for unimodal ordination nemplies where either covariables or
environmental variables are present, but rathesmeaend that detrending should be by
polynomials for such data sets. The arch effedearifrom the ends of the axes of the
ordination diagram being compressed, relative ¢éontiddle and because the second axis
(Y-Axis) frequently shows a systematic, often-quaidr relation with the first axis (X-
axis) (Ter Braak 1987). Detrending is not necessahgn a constrained unimodal
ordination is used (CCA), as an arch effect in tigime of analysis indicates redundant
environmental variables (Leps and Smilauer 1999320For example, there might be
two or more environmental variables that are stimgrrelated (either positively or
negatively) with each other. If one of these vdealdrom such a group is removed, the

arch effect will often disappear (Leps and Smila2@03).
3.2.2. Interpreting an ordination diagram

The direction of the arrow in an ordination diagrardicates the direction in which the
abundance of a species or environmental varialtleases the most (Ter Braak 1987).
The length of the arrow in an ordination diagramadsg the rate of change in the above-
mentioned direction (Ter Braak 1987). The longerléngth of the arrow, the greater the
rate of change for the variable in concern. If #ngle between two species, sites and/or
environmental variables is less than 90 degrees) the two variables are positively
correlated with each other (Leps and Smilauer 2003he angle is between 90-180
degrees, then the variables are negatively coectlaind if the angle is exactly 90

degrees, then the variables have no correlatiopglaad Smilauer 2003).

An eigenvalue is a measure of how much of the tiariaof the data set an axis can

explain (Leps and Smilauer 2003). Each axis isttoated so that it explains as much of
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the variation in the data set as possible, whildeuarthe constraint of being independent
of the previous axes (Leps and Smilauer 2003). fesalt, the eigenvalues decrease with

the order of the axis (Leps and Smilauer 2003).

3.2.2.1.Interpreting a Correspondence Analysis (GHRd Detrended
Correspondence Analysis (DCA)

Ter Braak (1987) warns the user, when interpre@idgand DCA ordination diagrams,
that rare species are often on the edge of theraiiggbecause they prefer extreme
conditions and/or because their few occurrenceshance happen to be at sites with
extreme conditions. A CA is sensitive to speciest thccur in only a few species-poor
sites. These species can however be removed fremrttination diagram on the basis of
information from a summary table of the frequendyspecies, mean abundance and
mean local abundance of species in the data setal®mative option is the down-
weighting option, which gives rare species a lowigiveng, thus minimizing their

influence on the analysis (Ter Braak 1987).

In a CA ordination diagram, species and samplesegmesented as points, environmental
variables are represented as arrows and dummyblesiare represented as points (Leps
and Smilauer 1999). The abundance of species witlrance to sites is discussed in
Chapter 3.2. The length, direction and angle ofrenmental arrows can be interpreted
in the same way as discussed in Chapter 3.2.2 p&hmendicular projection of sample
points onto an environmental variable, gives ther as ordering of samples in order of
increasing value of the environmental variable @.epd Smilauer 1999). If species are
situated closed to where an environmental varisbiecreasing (seen by the direction of
the arrow), it indicates that the species with khghest abundance will be at higher
values of that environmental variable (Leps andl|&mer 2003). If species are found to
be close to a dummy variable, then that specissait to have a high abundance in the
samples for that class antte versaLeps and Smilauer 2003). The distance rule isl use
to investigate the relationship between dummy Wéem and sample sites (Leps and
Smilauer 2003). The relationship between envirortailerariables and dummy variables

can be investigated by using the projection rulepd-and Smilauer 2003). The centroid
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of the nominal environmental variable can be ptg@mn a quantitative environmental
variable and in this way the user can get an oofl¢he average value in that class. The
distance rule is used to investigate the relatignbktween two dummy variables (Leps
and Smilauer 1999).

3.2.2.2. Principal Component Analysis (PCA)

Centring and standardizing is an option in lineatiration methods (e.g. PCA) and it
refers to manipulations with the species data madtefore the ordination is calculated
(Leps and Smilauer 2003). Centring by species iggatory for any partial linear

ordination method (e.g. data set where a co-vaiatatrix was used) (Leps and Smilauer
2003). Centring refers to the subtraction of theameo that the resulting species or
sample has a mean of zero (Leps and Smilauer 268@@)dardizing usually means the
division of each value by the standard deviatioepd and Smilauer 2003). Leps and
Smilauer (2003) reports that the user should befalwith standardization by species,
with or without centring, because the intentiontlms procedure is to give all of the

species in the data set the same weight, but spewes with a low frequency might be
very influential. Standardizing is also used ifrthare variables that have different units

or scales (Leps and Smilauer 2003).

An ordination diagram based on a linear model (@A or RDA) displays samples as
symbols, species as arrows, environmental variaddesrrows and dummy variables as
points (Leps and Smilauer 2003). The length andctivn of the arrows for species and
environmental data on a linear ordination diagraan be interpreted as discussed in
Chapter 3.2.2. The angle between species, sitegrantbnmental data gives the user an
indication of the correlation between these vagab|Chapter 3.2.2). The position of
species and sites relative to each other explaig $imilar or dissimilar species are
(Chapter 3.2.2).

3.3. CANONICAL ORDINATION

Canonical ordination techniques are ordination negles that are converted into

multivariate direct gradient analysis and they dealh many species and many
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environmental variables (Ter Braak 1987). The nain of canonical ordination is to
detect the main patterns and the relationshipsd®ivepecies and the environment (Ter
Braak 1987). Canonical ordination techniques asegthed to detect patterns of variation
in species data that can be explained “best” bytiserved environmental variables (Ter
Braak 1987). The ordination diagram that resultsamby expresses variations in species
composition, but also the relationship betweenstiecies and each of the environmental
variables. The canonical form of PCA, CA and DCAcalled Redundancy Analysis
(RDA), Canonical Correspondence Analysis (CCA) amktrended Canonical

Correspondence Analysis (DCCA), respectively.
3.3.1. Canonical Correspondence Analysis (CCA)

CCA is restricted correspondence analysis in theeséhat the site scores are restricted to
be a linear combination of measured environmenilbes (Ter Braak 1987). A CCA
calculates the species-environment correlationclwvlié a correlation between the site
scores that are weighted averages of the spe@esssand the site scores that are a linear
combination of the environmental variables (Terd&d987). The species environment
correlation is thus a measure of the associatibmd®en species and the environment (Ter
Braak 1987). The importance of the associationxgessed by the eigenvalue, as the
eigenvalue measures how much variation in the spatata is explained by the axes and
therefore by the environmental variables (Ter Bra@87). Environmental variables with
long arrows indicate a stronger correlation with drdination axes than those with short
arrows and these variables are therefore morelgloslated to the pattern of variation in

species composition shown in the ordination diagf@en Braak 1987).
3.3.2. Redundancy analysis (RDA)

Redundancy analysis (RDA) is the canonical fornra %fCA and appears to be useful if
used in combination with a PCA (Ter Braak 1987)./RB the technique that selects the
linear combination of environmental variables tretirns the smallest total residual sum
of squares, as this combination will explain mofegh® variation in the data set (Ter
Braak 1987). PCA minimizes the total residual sdraquares, but it does not account for

the variation from environmental variables (Ter &&987). A RDA is simply a PCA
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with the restriction of environmental variables thie site scores (Ter Braak 1987). In a
RDA, species and sites are represented, as in a BR@d\ environment variables are
indicated by arrows (Ter Braak 1987).

3.3.3. The use of a combination of ordination and canonical ordination

techniques

Canonical ordination and ordination followed by ieommental interpretation can be
useful in combination (Ter Braak 1987). If the désdrom these analyses do not differ
largely, then the user knows that no important mmwmental variables have been
overlooked in the study (Ter Braak 1987). |If thesuit of the ordination and the
Canonical ordination do differ significantly, there user may have overlooked important

environmental variables (Ter Braak 1987).
3.3.4. Partialling out effects other than treatment effects

The user of Canoco usually only wants to studyttbéatment effect and not other effects
in his data set. For example, in the current stifdipe user wanted to study the effect of
stocking rate on species composition and not tfectebf spatial, temporal and rainfall
variation, the user can partial out the effectdhafse variables by using co-variables.
Another example given in Leps and Smilauer (199Bat tis relevant to the
Armoedsvlakte data set, is where experimental desgults in samples being grouped
into logical and physical blocks (e.g. in our caseldocks). The values of the response
variables (e.g. species composition) might be sinalie to their close proximity in space
and this results in spatial auto-correlation (Lapd Smilauer 1999). The user must thus
model this influence and account for spatial vasiain the data set (Leps and Smilauer
1999). The differences in the response variablasate due to membership of samples in
different blocks can be partialled out from the mloand the analysis can be performed
on the residual variation (e.g. variation due teatment effect) (Leps and Smilauer
1999). Anderson and Gribble (1998) explained thecgss of partitioning variation
among the spatial, temporal and environmental corapis within a multivariate data set
in detail. The method of Anderson and Gribble ()988an extension of an existing

method for partialling out the spatial componenen¥ironmental variation (Borchaet
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al. 1992), using canonical analysis, as it includesptaal variability in the analysis. In
this study, plot identifiers can be used to resdhis issue and a spatial matrix that uses

dummy variables are required to relate observatiosamples.
3.3.5. Partial ordination

Partial ordination is the process of combining oation and canonical ordination in a
single analysis (Ter Braak 1987). The eigenvalddbeextra axes that measure residual
variation in the data set (e.g. variation thatos explained by the linear combinations of
environmental variables already included in thelysmis) are analysed (Ter Braak 1987).
A partial ordination is being used if the user lsabtracted variability explained in
species composition by a co-variable before annatdin is performed (Leps and
Smilauer 2003).

3.3.6. Partial Canonical ordination

Partial Canonical ordination is the process of ighirig out the effects of co-variables
and to relate the residual variation to the impaaiables (Ter Braak 1987, Leps and
Smilauer 2003). The usual environmental variablessamply replaced by the residuals
obtained by regressing each of the treatment oaatnpariables on the co-variable (Ter
Braak 1987). The Monte Carlo permutation procectar be used to investigate the
statistical significance of the species relatiopshwith environmental variables (Ter
Braak 1987, Leps and Smilauer 1999). The consat&areof Canoco allows the user to
specify the arrangements of samples in terms dfisdpand temporal structure and/or

general split-plot design (Leps and Smilauer 1999).
3.3.7. Theproblem of repeated measures

If response variables (e.g. species compositionjegeatedly sampled for different sites
over time, then spatial and temporal autocorratatioses from these samples. This can
however be corrected for by using a split-plot A& of variance (ANOVA) with time
representing the spilt-plots within the treatmertole plots (Chapter 3.3.4) (Leps and
Smilauer 2003). This type of analysis implies ttie repeated measures are in fact the
within plot factors (Leps and Smilauer 2003). Thieraction between treatment and time
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reflects the difference in the development of sampunits between the different

treatments. Plot identifiers can be used as cabbes because the interaction between
treatment and time is of importance and correspdodshe effect of experimental

manipulation and can be included into the datdgeising them as dummy variables and
the average over years of each site is subtracted fhe variation in the data set and
only the changes within each plot are analysedpgland Smilauer 2003). Time can be
included into the analysis as follows: 0, 1, 2{® &r year 1977, 1978, 1979, 1980 (Leps
and Smilauer 2003). The user of Canoco must incse restrict for spatial and temporal
structure or split-plot design. Interactions betwé&eatment and time are introduced to
account for the way in which each treatment altieesresponse variables measured. For

Armoedsvlakte Research Station, the following iatéons are used:

Timexstocking rate
Timexseasonal current rainfall
Timexseasonal past rainfall

Timexgrazing system (both rotational and continjious

AN N NN

Grazing systemxstocking rate

The restriction of the permutation type to be agplallows for two options within the
Canoco program (Ter Braak and Smilauer 1998). Tis¢ dption requires the user to
know the number of split-plots and second optiaquiees information on the treatment
type (e.g. whole plot level) and the split-plotéé¢Ter Braak and Smilauer 1998). The
effect of environmental variables that differs franeatment type can be tested by
permuting whole plots, while keeping split-plotsezch whole plot together (Ter Braak
and Smilauer 1998). If whole plot factors form mei series that their permutations can
be restricted to cyclic or toroidal shifts to acobdior temporal auto-correlation (Ter
Braak and Smilauer 1998). The effect of environraenariables within the whole plot
factor can be assessed by permuting the split;platiout permuting the whole plots
(Ter Braak and Smilauer 1998). If the split-plodsnfi a time series, their permutations
can be restricted to cyclic or toroidal shifts tw@unt for autocorrelation (Ter Braak and
Smilauer 1998).
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3.3.8. Treatment structure

The Armoedsvlakte Research Station grazing trialsnd phase one (1977-1991) have
two combinations of grazing systems and four stogkiate applications. During phase
two (1992-1999) there was only one grazing syst@plied (e.g. rotational grazing

system) and there were three stocking rate apgitat Phase three had a similar

treatment structure to phase two, but the stockates were higher.
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4. The effect and interactions of stocking rate, grazing

system applied and seasonal rainfall on veld condition

4.1. INTRODUCTION

This chapter illustrates the methods that were tisesample the different variables that
are used as indicators of veld condition at the dedsvlakte Research Station and the
statistical procedures that were used in helpintpushderstand the vegetation dynamics
that occur at this site. The chapter investigdteseffect and interactions of stocking rate,
grazing system applied and seasonal rainfall oeetlweld condition indicators, namely
species composition, residual biomass and basardov the different phases of the
grazing trial. It is important to note that thefdrent phases of the trial were analysed
separately, because both stocking rate and gragisigm treatments were different for

different phases.

The importance of stocking rate and its effect eld\condition according to the literature
has been discussed in Chapter 2.2, while the titers of stocking rate with grazing

system and rainfall were discussed in Chapter 2ahd Chapter 2.2.6. The different
types and approaches of grazing systems and dstefh veld condition were discussed
in Chapter 2.3. The current recommendation to fesnrethe Vryburg area is to apply a
rotational grazing system with six paddocks antidee a week long grazing period for
each paddock (Venter 1991). This allows for a pesiod of five weeks, but this system
results in a decline in veld condition. It is thesommended to apply a similar rotational
system, but with a two-week grazing period, whidtloves for a 10-week rest period

which might be more effective in preventing veldydelation (Venter 1991). The effect

of rainfall and droughts on veld condition was disged in Chapter 2.4.
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4.2. SPECIESCOMPOSITION
4.2.1. Methodsand materials

Tainton (1986) cited by O’Reagain (1996) reportieal tspecies composition is a major
determinant of animal production on South Africangelands. The species composition
assessment was performed every third year and was loly the technician and six co-
workers at the research farm. The Wheel-Point nktém described by Tidmarsh and
Havenga (1955) was used to calculate basal covksp@cies composition, but only the
species composition component will be discusseatigchapter (refer to Chapter 4.3 for
a description on the calculation of basal cover valsulated and for the advantages and
disadvantages of using the Wheel-point method). Wheel-Point that was used is three
meters in circumference and 3000 points were taki#mn all of the treatments. At each
point, a hit or a miss is recorded. Where a hiteisorded, the grass species was also

identified. The abundance of each species wasdhlenlated as follows:

Relative abundance of species A= No of speciescd@mtered/ Total no of hits*100

The relative abundance data was used to study twbatffect of different stocking rates
on the abundance of different species and the €eludition Scores (VCS) were used to

guantify the effect of stocking rate on veld corfit

Two types of Veld Condition Scores (VCS) were chdtad for all of the treatments
using an adaptation of the Ecological Index MetbbdHardy et al. (1999). The relative
index values that were assigned to each group awatue of 10 for the highly desirable
group, a value of seven for the desirable groupalae of four for the less desirable
group and a value of one for the undesirable gr@idardy et al. 1999) Error!
Reference source not found.). The first VCS was based on basal cover (%) asgr
species (Chapter 4.3) and was calculated as follows

VCS one= Y All species basal cover that belong to the hightgichble group*10) +
(Al species basal cover that belong to the desrajbup*7) + FAll species basal
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cover that belong to the less-desirable group*4) All species basal cover that belong

to the undesirable group*1).

The second VCS was based on the relative abund@areof different species and

calculated as follows:

VCS two= ({_All species relative abundances in the highly @éde group*10) + YAll
species relative abundances in the desirable g@up* (O All species relative
abundances in the less-desirable group*4) Al species relative abundances in the

undesirable group*1)

VCS two score will vary between 1000 and 100. Arslwaith a score of 1000, will have
100 percent highly desirable species (100*10). ArsMwith a score of 100, will have
100 percent undesirable species (100*1) (Tainto321@ted by Hardyet al. 1999). A
major shortcoming of this method is the subjecéllecation of species to the groups and
the assumption that all species are equally seasui defoliation (Hardgt al. 1999).

All of the treatments were sampled during phase(@8&7-1991) of the grazing trial, but
during phase two (1992-1999) only replication otlege and six for the rotational
grazing with low, medium and high stocking ratesatments were sampled with the
Wheelpoint method. Continuous grazing treatmenteew® longer part of the grazing
trial during phase two (1992-1999) and phase tf2660 to present) and these paddocks
were thus not sampled. During phase three (20qfesent) only replication one, three
and six rotational grazing with low, medium and histocking rates treatments were

sampled with the Wheelpoint method.

The relative abundances of individual species vgeoeiped into their ecological groups
(Error! Reference source not found.) to analyse how the ecological groups have
increased, decreased or remained constant dudfeécedi stocking rate treatments. The

calculation for all of the ecological groups’ abandes follows below:
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Relative abundance (%) for the highly desirableugro O All the species relative
abundances that are in the highly desirable group)

Relative abundance (%) for the desirable groupAll(the species relative abundances
that are in the desirable group)

Relative abundance (%) for the less-desirable gro(pAll the species relative
abundances that are in the less- desirable group)

Relative abundance (%) for the undesirable grogpAl(the species relative abundances

that are in the undesirable group)
4.2.2. Statiscal analysisfor phase one (1977-1991)

Relative species abundance and veld condition detiee analysed using ordination
techniques with Canoco 4.5 (Ter Braak and Smil&883). A Principal Component
Analysis (PCA) was performed to identify and remawey clear outliers in the data set.
Following this, a Detrended Correspondence Analy§}A) was carried out to
determine the lengths of gradient (e.g. specigwtar or diversity in the data set). These
lengths of gradients were less than 2.5 standanatilens (SD), which suggested that the
species turnover is small. Linear models like PQ#al/ar RDA were thus the most
appropriate techniques to analyse the data. AghadRIDA was chosen to constrain the
axes with environmental variables (e.g. stockirtg,rgype of grazing system applied and
seasonal rainfall) and to remove spatial and teaipautocorrelation. Following this,
manual forward selection of environmental varialded interactions were performed to
test the significance of environmental variabled ameractions between them. It should
be noted that only rotational grazing interactiovere permutated, because continuous
grazing interactions are the exact opposite (irazigg system environmental variables
are nominal variables) and it would have been ucemsary to analyse both. Non-
significant environmental variables and interactigi®>0.1) were excluded from the
analysis. The interaction between current seagairghll and past seasonal rainfall were
not tested, as this interaction resulted in lanfl@tion factors. It was, however, important
to perform this analysis to investigate why the etigffect was so large. When the

seasonal rainfall interaction was included, theetmffect in the analyses decreased
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substantially and this suggests that most of time-&ffect was due to the interaction of

seasonal current and past rainfall.

Two types of Euclidean distances were calculatétgu3RIMER 4.5, namely, change in
species abundance from beginning of the trial &iedchange in species abundance from
year to year Error! Reference source not found., Error! Reference source not
found., Error! Reference source not found. andError! Reference source not found.).
The Euclidean distances for the rotationally gragiels and continuously grazed sites
were shown on different graphs and it should besch@ahat an average across the six
paddocks for the rotationally grazed sites wereetiako make comparisons between
different grazing systems, easieErf(or! Reference source not found., Error!
Reference source not found., Error! Reference source not found. and Error!

Reference sour ce not found.).
4.2.3. Statiscal analysisfor phase two (1992-1999)

Relative species abundance and veld condition deiee analysed using ordination
techniques with Canoco 4.5 (Ter Braak and Smil&@€3). A PCA was performed to
identify and remove any clear outliers in the dsgt Following this, a DCA was carried
out to determine the lengths of gradients (e.gcisgeturnover or diversity in the data
set). These lengths of gradients were less tharsD,5vhich suggested that the species
turnover is small. Linear models like PCA and/or Ri@ere thus the most appropriate
techniques to use to analyse the data. A RDA waserhto constrain the axes with
environmental variables (e.g. stocking rate and@aa rainfall). Following this, manual
forward selection of environmental variables angrnactions were performed to test the
significance of environmental variables and inteoams between them. Non-significant
environmental variables and interactions (P>0.1)ewexcluded from the analysis. It is
important to note that continuously grazed treatshevere discontinued at the start of
phase two. The variation in the data set due taiggasystems could not be analysed
because of this. The RDA model only included sealsomrrent rainfall and not seasonal
past rainfall into the analysis, as there were dmg sampling periods. Therefore,

Euclidean distances could not be calculated foattayses of phase two.
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4.2.4. Statistical analysisfor phase three (2000 to present)

Relative species abundance and veld condition de&t@ analysed, using ordination
techniques with Canoco 4.5 (Ter Braak and Smil&g83). A PCA was performed to
identify and remove any clear outliers in the dsgt Following this, a DCA was carried
out to determine the lengths of gradients (e.gcisgeturnover or diversity in the data
set). These lengths of gradients were less thanSiowhich suggested that the species
turnover is small. Linear models like PCA and RDAres thus the most appropriate
techniques to use to analyse the data. A RDA waseahto constrain the axes with an
environmental variable (e.g. stocking rate). Itingoortant to note that continuously
grazed treatments were discontinued at the staphake two. Because of this, the
variation in the data set due to grazing systenidcoat be analysed. There was only one
sampling period during phase three and as resuit/idean distances could not be
calculated for the analyses. The effect of seasaafall will not vary within a single

season and this variable could therefore not Hdaded.
4.2.5. Resaultsand discussion
4.2.5.1.Phase one (1977-1991)

The results of the Monte Carlo permutation testicaigs that there is a statistically
significant effect (P<0.002) of the environmentatigbles and the interactions of these
variables on the first and all of the canonicalsa@&ror! Refer ence sour ce not found.).
The statiscally signicant environmental variablesravtime, seasonal past rainfall and
seasonal current rainfall, while the statisticailynificant interactions include the time by
seasonal past rainfall, stocking rate by time dondkéng rate by seasonal current rainfall
interactions [Error! Reference source not found.). The species-environmental
relationship for axes one and two explains 97.@gm@rof the explainable variation in the
data set, which indicated that the variation in tega set is well explained by the
measured environmental variabl&s (or! Reference source not found.). Axes one and
two of the RDA explained 57.7 percent of the totatiation in the data seE(ror!
Reference source not found.). Eigenvalues are 0.447 and 0.032 for axes onetvaogd

which represents 53.8 and 57.7 percent of the vat@nce, respectively.
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Table4-1 A summary of the results of the Monte Carlo perriaitatest for the partial
RDA for relative species abundance and veld comlitiata for phase one (1977-1991)
Test of significance of first canonical axis

F-ratio = 157.329

P-value = 0.002

Test of significance of all canonical axes

F-ratio = 38.719

P-value = 0.002

Table4-2: Significance of environmental variables and intacens for the species

abundance and veld condition data for phase on&7¢1991)

Environmental

variable/lnteraction P-Value|Significant

Time 0.00Highly significant
SP 0.00Highly significant
SC 0.00Highly significant
Time*SP 0.004Highly significant
Time*SC 0.32(Non-significant
Rot*time 0.51(Non-significant
Rot*SP 0.72Non-significant
Rot*SC 0.21(MNon-significant
SR*time 0.00Highly significant
SR*SP 0.95Mon-significant
SR*SC 0.00Highly significant

Table4-3: Summary of the partial RDA for species compositiod veld condition data

from phase one with only significant environmemaliables and interactions included

AXes 1 2 3 4
Eigenvalues 0.447 0.032 0.007 0.003

Species-environment correlations 0.907 0.603 0.356 0.291

Cumulative per centage variance

of species data 53.8 57.7 58.5 58.8
of species-environment relation 91.3 97.9 99.3 99.9
Sum of all eigenvalues 0.83
Sum of all canonical eigenvalues 0.489
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Most of the time variable variance could be exmdinby the rainfall interaction
(explained earlier), but it is important to see hgpecies and the veld condition of sites
changed over time. Frofarror! Reference source not found. andError! Reference
source not found., it was concluded that highest rate of changepeci®s composition
occurred during the period 1982 to 1985, in whioh $ystem experienced four years of
below average seasonal rainfalErfor! Reference source not found., Error!
Reference source not found. and Error! Reference source not found.). The most
changes (from year to year) in terms of speciesposition and veld condition occurred
in 1985, which occurred directly after the two cecgtive years of very low seasonal
rainfall (Error! Reference source not found., Error! Reference source not found. and
Error! Reference source not found.). The species composition before this period was
dominated mostly byThemeda triandraand sites had high veld condition scores
(indicated by the close proximity of sites fdhemeda triandraand supplementary
environmental variables)E¢ror! Reference source not found., Error! Reference
source not found. andError! Reference source not found.). The Generlized Additive
Model (GAM) was highly statistically significant {\alue=103.08 and P<0.001), when
looking the probability of findingThemeda triandraover time. After the drought the
species composition was dominated Byagrostis lehmanniangError! Reference
sour ce not found., Error! Reference source not found. andError! Reference source
not found.) even though the system experienced above meanrsdaainfall following
the multi-year droughtHrror! Reference source not found.). The GAM was highly
statistically significant (F-value=116.82 and P<IL)) when looking at the probability of
finding Eragrostis lehmannianaver time. The system did not recover from the two
consecutive dry years, although some convergencgted occurred late in phase one
(Error! Reference source not found. and Error! Reference source not found.). It
seems as though the system can recover from symgle droughts (e.g. of seasonal
rainfall of 182 mm in 1991), but multi-year drough{seasonal rainfall of 319 and 284
mm in 1984 and 1985 respectively), resulted in esbsehanges in veld dynamics. It is
important to note that the significant interactiasfsstocking rate by seasonal current

rainfall and seasonal past rainfall by time indechthat the effect of rainfall on species
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composition and veld condition is dependent on kstgc rate and time Error!

Reference sour ce not found.).

The length of the arrows i&rror! Reference source not found. for the environmental
variables and the interactions between them inglicaheir importance in explaining
variation in the data set. Time was very strongigatively correlated with axes one (-
0.8444) and this is due to the interaction of sealscurrent and seasonal past rainfall
(explanation given above). Seasonal current rdir{f@l4816) was relatively weakly

negatively correlated to axes two.

These results indicated that stocking rate andmgea/stem are not important in terms of
explaining variation in species abundance and welddition of the system, but that
seasonal rainfall (both past and current) was. Riese results, it can be concluded that
the system can recover from single year drougf81), but multi-year droughts result
(1984 and 1985) in an adverse change in speciepation and veld condition. These
results indicated that the system is a non-equilibr system as rainfall explains

vegetation dynamics better than both stockingaatégrazing system.
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Figure 4-1: Euclidean distance for the continuously grazeedssillustrating change in
species abundance from 1977-1991. Treatments WweteContinuous grazing at a high
stocking rate, AL= Continuous grazing at a low kiog rate, AM= Continuous grazing
at a medium stocking rate and AMH= Continuous graat a medium-heavy stocking

rate.
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Figure 4-2: Euclidean distances for the rotationally grazedssillustrating change in
species abundance from 1977-1991. Treatments &kk=Rotational grazing at a low
stocking rate, MHW= Rotational grazing at a medineavy stocking rate, MW=

Rotational grazing at a medium stocking rate.
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Figure 4-3: Euclidean distances for the rotationally grazedssillustrating change in
species abundance from year to year. Treatments: iRotational grazing at a low
stocking rate, MHW= Rotational grazing at a medineavy stocking rate, MW=
Rotational grazing at a medium stocking rate.
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Figure 4-4. Euclidean distances for the continuously grazésssilustrating change in
species abundance from year to year. Treatments viket=Continuous grazing at a high

stocking rate, AL= Continuous grazing at a low &iog rate, AM= Continuous grazing
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at a medium stocking rate and AMH= Continuous graat a medium-heavy stocking

rate.
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Figure 4-5. Biplot of environmental variables and supplemegntanvironmental

variables along the first two axes of a partial Ristrating the effect of environmental
variables and interactions between them on spew&give abundance’s and veld
condition for phase one. Eigenvalues are 0.4470@82 for axes one and two, which
represents 53.8 and 57.7 of the total variancepectwely. Environmental variables
were: SC=Seasonal current rainfall (mm), SR=Stagkete (LSU/ha), SP=Last year’s
seasonal rainfall and Time=Year that survey wasfopmed. Supplementary

environmental variables are: VCS1=Veld conditionrscone, which is based on basal

cover and VCS2=Veld condition score two, whichasdd on species composition.
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Figure 4-6: Biplot of species and samples along the first axes of a partial RDA
showing species relative abundances within sites tfte grazing trial at the
Armoedsvlakte Research Station. Treatments are: R@¥ational grazing at a low
stocking rate, MW= Rotational grazing at a mediuwcking rate, MHW= Rotational
grazing at a medium-heavy stocking rate, SW= Ratatigrazing at a high stocking rate,
AL= Continuous grazing at a low stocking rate, AMentinuous grazing at a medium
stocking rate, AMH= Continuous grazing at a mediv@avy stocking rate and AH=
Continuous grazing at a high stocking rate. Spewi#ls less than 30 percent of their

variance explained by the biplot are not shown.
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Figure 4-7. Generalized Additive Model (GAM) illustrating th@obability of finding
Themeda triandraover time, across all treatments. Treatments ang=Rotational
grazing at a low stocking rate, MW= Rotational gngzat a medium stocking rate,
MHW= Rotational grazing at a medium-heavy stockiatg, SW= Rotational grazing at a
high stocking rate, AL= Continuous grazing at a Iste@cking rate, AM= Continuous
grazing at a medium stocking rate, AMH= Continugrazing at a medium-heavy

stocking rate and AH= Continuous grazing at a Isigitking rate.
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Figure 4-8: Generalized Additive Model (GAM) indicating the puability of finding
Eragrostis lehmannianaver time, across all treatments.. Treatments #veRotational
grazing at a low stocking rate, MW= Rotational gngzat a medium stocking rate,
MHW= Rotational grazing at a medium-heavy stockiatg, SW= Rotational grazing at a
high stocking rate, AL= Continuous grazing at a Istecking rate, AM= Continuous
grazing at a medium stocking rate, AMH= Continu@razing at a medium-heavy

stocking rate and AH= Continuous grazing at a Isigitking rate.
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4.2.5.2.Phase two (1992-1999)

The results of the Monte Carlo permutation testcaigd that there is a statistically
significant effect (P=0.01) of the environmentaliahbles and the interactions of these
variables on the first and all of the canonicalsa@&ror! Refer ence sour ce not found.).
The only significant environmental variable wascking rate Error! Reference sour ce
not found.). The species-environmental relationship for axas and two explained 95.5
percent of the explainable variation in the datawhich showed that the variation in the
data set is well explained by the measured enviesrah variablesError! Reference
source not found.). Axes one and two of the RDA explained 36 peraanthe total
variation in the species data sEtior! Reference source not found.). Eigenvalues are
0.259 and 0.102 for axes one and two, which reptes25.9 and 36 percent of the total

variance, respectively.

The general trend was that as stocking rate inecetiee relative abundanceshifjitaria
eriantha decreased substantially, while the abundancegCyrhbopogon plurinodis
decreased to a lesser extdatr(or! Reference source not found.). However, the relative
abundances ofSchmidtia pappophoroideBicreases substantially, while the relative
abundances oEragrostis pseudo-obtusand Tragus racemosugicreased to a lesser
extent with increasing stocking rates. Both typésveld condition scores decreases
substantially with an increase in stocking ratespeeially the second veld condition
scores. The veld condition score improved grealgwarent seasonal rainfall increases,
especially the second veld condition scdferfr! Reference source not found.). It is
important to note that the significant interactibatween stocking rate and seasonal
current rainfall, indicated that the effect of $timg rate is dependant on current seasonal

rainfall.

The length of the arrows i&rror! Reference source not found., for the environmental
variables and the interactions between them, itelicgaheir importance in explaining
variation. Axis one was very strongly positivelyri@ated to stocking rate (0.9063) and
to the stocking rate by seasonal current rainfédiraction (0.8665), which suggested that

stocking rate explained most of the variation insa@ne. However, season rainfall
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explained an additional amount of variation alor @ne. Seasonal current rainfall have
a strong positive correlation (0.6224) with axi®twhich indicated that seasonal current

rainfall explains most of the variation in axis two

The light and medium stocking rates treatments w&angly associated witBigitaria
erianthaand both types of veld condition scores, whilehigh stocking rate treatments
were strongly associated with less palatable speteagrostis pseudo-obtusand
Schmidtia pappophoroidesThis indicates that high stocking rates seemsldorease

veld condition scores.

These results indicated that stocking rate is morportant explaining variation in
species abundances and veld condition, althougbosabcurrent rainfall explained an
important part of the variation in the data seted# results suggested that there is

continuum of non-equilibrium and equilibrium vegeta dynamics in the system.

Table 4-4 Summary of the results of the Monte Carlo permatatest for the RDA for

species abundance and veld condition data for piaase

Test of significance of first canonical axis
F-ratio = 4.187
P-value = 0.008

Test of significance of all canonical axes
F-ratio = 2.424
P-value = 0.01

Table 4-5: Significance of the environmental variables andriattions between them on

species relative abundance and veld conditionfiase two (1992-1999).

Environmental Variable/ | P-Value Significance

I nteraction

SC 0.188 Non-significant
SR 0.002 Highly significant
SR*SC 0.104 Significant
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Table4-6: Summary of the RDA for data from phase two (19929)9with only

significant environmental variables and interacsiarcluded.

Eigenvalues 0.259 0.102 0.017 0.214
Species-environment correlations | 0.921 0.724 0.401
Cumulative per centage variance

of species data 25.9 36 37.7 59.2
of species-environment relation 68.59 95.5 100

Sum of all eigenvalues 1
Sum of all canonical eigenvalues 0.377
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Figure4-9: Tri-plot of species, environmental variables, seppntary environmental
variables and samples along the first two axesRDA showing species relative
abundances and veld condition scores for sitdseafitmoedsvlakte Research Station.
Species with less than 40 percent of their variaxg@ained by the tri-plot are not
shown. Treatments are: LW=Rotational grazing awadtocking rate, MW= Rotational
grazing at a medium stocking rate and SW= Rotakigrazing at a high stocking rate.
The environmental variables are: SR=Stocking lagt){ha), SC=Seasonal current
rainfall (mm) and Time (year). The supplementaryiemmental variables are
VCS1=Veld condition score one, which is based sabeover and VCS2=Veld
condition score two, which is based on species asitipn. Species are:
Digeri=Digitaria eriantha SchpapSchmidtia pappophoroide€ymplu=Cymbopogon

plurinodis Traracdragus racemosuand ErapseEragrostis pseudo-obtusa
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4.2.5.3.Phase three (2000-present)

The results of the Monte Carlo permutation testcaigd that there is a statistically
significant effect (P=0.004) of stocking rate o first canonical axis (Table 4-7). The
species-environmental relationship for axis onelarpd 100 percent of the explainable
variation in the data set, because stocking rate tha only environmental variable
included in the analysis (Table 4-8). Axes one amd of the RDA explained 55.3
percent of the total variation in the data set (@ah8). Eigenvalues are 0.286 and 0.267
for axes one and two, which represents 28.6 and@ pércent of the total variance,

respectively.

The general trend is that as stocking rate incceéise relative abundance Diigitaria
erianthadecreased substantially, while the relative abuoesfThemeda triandrand
Fingerhuthia africanadecreased to a lesser extelrror! Reference source not
found.). The relative abundance Bfagrostis lehmannianancreased substantially, while
the relative abundance &fagrostis superbancreased to a lesser extent with increasing
stocking rates. Both types of veld condition scatesreased with an increase in stocking

rates, especially the first veld condition scoies ¢r! Reference sour ce not found.).

The length of the arrows of the environmental \@aa and the interactions between
them indicated their importance in explaining véoia. Axis one was very strongly
positive correlated to stocking rate (0.94), whitlggested that stocking rate explained

most of the variation in axis onEnfor! Refer ence sour ce not found.).

Table 4-7 Summary of the results of the Monte Carlo permatatest for the RDA for

species abundance and veld condition data for piaase

Test of significance of all canonical axes
F-ratio = 2.805
P-value = 0.004

88



Table4-8: Summary of the RDA for relative species compositiod veld condition

data from phase three (2000 to present) with stgckate as the only environmental

AXes 1 2 3 4
Eigenvalues 0.286 0.267 0.144 0.131
Species-environment correlations 0.94
Cumulative per centage variance

of species data 28.6 55.3 69.7 82.8
of species-environment relation 100

Sum of all eigenvalues

Sum of all canonical eigenvalues

0.2§
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Figure 4-10: Tri-plot of species, environmental variables, dapgentary environmental
variables and samples along the first two axesRIDA illustrating species abundance
and veld condition for sites from the grazing taathe Armoedsvlakte Research Station.
Species with less than 55 percent of the totabwae explained by the tri-plot are not
shown. Treatments are: LW=Rotational grazing awadtocking rate, MW= Rotational
grazing at a medium stocking rate and SW= Rotakigrzzing at a high stocking rate.
The environmental variable is SR=Stocking rate (I#l). The supplementary
environmental variables are VCS1=Veld conditionreane, which is based on basal
cover and VCS2=Veld condition score two which isdzhon species composition.
Species are: DigerBigitaria eriantha, Thetr=Themeda triandraEraleh=Eragrostis

lehmannianaFinafr=Fingerhuthia africanaand ErasupEragrostis superba
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4.2.6. Conclusions
4.2.6.1.Phase one (1977-1991)

Most of the variation in time is explained by tmteraction of seasonal current rainfall
and seasonal past rainfall. The multi-year dro(fy884-1985) caused an adverse shift in
species composition from @hemeda triandradominated system to aRragrostis
lehmannianadominated system, with a resultant decrease invéhe& condition of all
treatments. High seasonal rainfall followed the uditt, but the change in species
composition persisted, although some convergerdeatiur. These results indicated that
stocking rate and the type of grazing system a@pdiee less important in explaining
vegetation dynamics, than seasonal current andsalapast rainfall are. These results
suggested that the system can recover from sirggle groughts, but multi-year droughts
result in adverse changes in species compositian persist for a number of years. These
results indicate that non-equilibrium vegetatiomayics occurred during phase one, as

rainfall was more important than stocking ratexplaining vegetation dynamics.
4.2.6.2.Phase two (1992-1999)

High stocking rates resulted in an adverse changpecies composition and a resultant
decrease in veld condition. The opposite trendtedifor rainfall as high seasonal current
rainfall resulted in an improvement in veld conatiti These results indicate that stocking
rate was more important than rainfall in explainiragiation in the data set, but rainfall

explains an additional part of the variation in tata set. This indicated that the
vegetation dynamics within the system is a contmuoef non-equilibrium and

equilibrium effects in the system.
4.2.6.3.Phase three (2000 to present)

High stocking rates resulted in adverse changespaties composition and resultant
decrease in veld condition scores. It is import@nnotice that rainfall could not be
included in these analyses as there was only am@lsay period and rainfall thus does

not contribute to explaining, variation within ttata set.
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4.3. BASAL COVER OF SPECIES
4.3.1. Introduction

Tidmarsh and Havenga (1955) defined the basal coivgrasses as the rooted cover of
grasses at ground level. Basal cover varies framsa@eto season and within seasons and
this variation can be attributed to the incidenéedefoliation (e.g. grazing and fire)
and/or rainfall. It is important to monitor the bhsover of an area, as a decline in basal
cover can result in increased soil run-off and sodsion levels (Kincaid and Williams
1966 cited by Fynn 1998), but Kennan (1969) citedFinn (1998) reported that this will
not happen in areas with very sandy soils (reasonshis are given in Chapter 2.2).
Fourie (1983) reported that high stocking ratedath the rotational and continuously
grazed systems resulted in a decrease in basal aogeéhe aim of this chapter is to see if
this trend has continued to occur at Armoedsvi&dsearch Station. In contrast to this,
Fuhlendorfet al. (2001) concluded from their studies that basal cagenot a good
indicator of grazing intensity and its use may léadhe interpretation that vegetation
change is more responsive to climate than to ggaZliney recommend that species
composition should be used as an indicator of geltlition.

4.3.2. Methods and materials

A basal cover assessment at the Armoedsvlakte Rés8tation is conducted every third
year. The Wheelpoint method (Tidmarsh and Haver@zb)lis used to calculate the
basal cover (%) and species composition (Chapg&fi)of grasses, but only the basal

cover component will be discussed in this chapter.

The main advantage of point methods like the Whaetpmethod is that they are free of
problems associated with quadrat size (EversorClaudke 1987 cited by Brockett 2001).
A point based method may be able to avoid the prolbf the biased placement that is
experienced with quadrats in tall grass and onyeeiain (Brockett 2001). Everson and
Clarke (1987) cited by Brockett (2001) indicateattthe Wheelpoint method was the
most consistent in its relative accuracy and disicratory ability. Eversoret al. (1990)

reported that the Wheelpoint method shows goodlteesietween the observed and
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expected frequencies for all the species that la@ypled, but more than 1200 points are
required in detecting a change in species witheguency of less than five percent to
achieve a 20 percent precision, where precisiondefised as the degree of variability in

estimates obtained with repeated samples.

The disadvantages of the Wheelpoint method aretlieabperator and sampling costs are
higher than other point methods like the step-pamgthod. This is because the
Wheelpoint requires two people, one operator tohpine wheel and the other as an
observer and recorder, whereas the step-point metijaipment is much cheaper and
only one sampler is required. Two sources of eesult due to the use of the Wheelpoint
method (Tidmarsh and Havenga 1955, Memtisal. 1980, Hardy and Tainton 1982,

Mentis 1982, Friedel and Shaw 1987). The firsthiat tthe probability of recording a

strike is extremely low and large sample sizesthus required to achieve acceptable
levels of precision of basal cover. The seconch#& there is a considerable amount of

variability between and within operators in thentigcation of what constitutes a strike.

The Wheelpoint that is used at the ArmoedsvlakiseRech Station is three meters in
circumference and 3000 points are taken withirofithe treatments. At each point a hit
or a miss is recorded and if a hit is recorded ttiengrass species is identified by the
observer and recorder. This allows for the calouabf total grass basal cover for each
of the stocking rate treatments, individual basalet of all of the grass species within
each stocking rate treatment and basal cover df eh¢he ecological groupE(ror!

Reference sour ce not found.)(calculations shown below).

All of the stocking rate and grazing system treattador phase one (1977-1991) were
sampled. During phase two (1992-1999) only replbcet one, three and six for the
rotational grazing at a low, medium and high stogkiates treatments, were sampled.
Continuous grazing treatments were no longer plath® grazing trial and as a result,
these paddocks were thus not sampled. During ptiase (2000 to present) only
replication one, three and six for the rotationedzgng at a low, medium and high

stocking rates treatments, were sampled.
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The basal cover of each of the grass species Waslated from the number of strikes

recorded as a percentage of the total number ot pbservations for a sample site:

Basal cover of a species (%) = Number of hits fat tspecies/total number of points
taken (3000)*100

Total basal cover for a treatment (%) = Numberitf for the treatment/total number of
points taken (3000)*100

The basal cover data were used to study the edfettinteractions of stocking rate, type
of grazing system applied and seasonal rainfaltliffierent species basal cover, on the
total basal cover within each treatment and onlbthgal cover of different ecological

groups Error! Reference source not found.).

The basal cover of individual species were groupéal their ecological group<E¢ror!
Reference source not found.) to analyse how the ecological groups’ basal cdwaare
changed due to different stocking rate treatmeifitse calculations for all of the

ecological group basal cover follow below:

Basal cover (%) for the highly desirable groupzAll the species basal cover that were
in the highly desirable group)

Basal cover (%) for the desirable group=A(l the species basal cover that were in the
desirable group)

Basal cover (%) for the less-desirable groupAl( the species basal cover that were in
the less- desirable group)

Basal cover (%) for the undesirable group®\|l the species basal cover that were in the
undesirable group)

The total basal cover for each of the differentkiing rate treatments were calculated as
follows:

Total basal cover for a stocking rate treatm@&iiitassal cover for the highly desirable

group for the relevant stocking rate treatmentbasal cover for the desirable group for
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the relevant stocking rate treatmenpd basal cover for the less desirable group for the
relevant stocking rate treatmend-basal cover for the undesirable group for the aaiév

stocking rate treatment.
4.3.3. Statistical analysisfor phase one (1977-1991)

Relative species basal cover data was analysed osilination techniques with Canoco
4.5 (Ter Braak and Smilauer 2003). A PCA was pertat to identify and remove any
outliers in the data set. Following this, a DCA weasried out to determine the lengths of
gradient (e.g. species turnover or diversity in tla¢a set). These lengths of gradients
were less than 2.5 Standard Deviations (SD), whigjgested that the species turnover
was small. Linear models like a PCA and/or a RDAswaus the most appropriate
techniques to analyse the data. A partial RDA wagsen to constrain the axes with
environmental variables (e.g. stocking rate, typgrazing system applied and seasonal
rainfall) and to remove spatial and temporal autetation. Following this, manual
forward selection of environmental variables angractions were performed to test the
significance of environmental variables and inteoas between them. Only rotational
grazing interactions were permutated, because ragois grazing interactions were the
exact opposite (e.g. grazing system environmeraahbles were nominal variables) and
it would have been unnecessary to analyse both-digmificant environmental variables
and interactions (P>0.1) were excluded from thelyasisa The interaction between
current seasonal rainfall and past seasonal rhinkle not tested as this interaction
resulted in large inflation factors. It was howewmportant to perform this analysis to
investigate why the time effect was so large. Wtten season rainfall interaction was
included, the time effect in the analyses decreasbstantially and this suggested that
most of time effect was due to the interactionedsonal current and past rainfall.

Two types of Euclidean distances were calculated bioth grazing systems using

PRIMER 4.5. These were the change in basal cowen fthe beginning of the trial

(Error! Reference sour ce not found. andError! Reference sour ce not found.) and the
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change in basal cover from year to year
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Figure 4-14). The Euclidean distances for the imatally grazed sites and continuously
grazed sites were shown on different graphs.ithgortant to note that an average across
the six paddocks for the rotationally grazed sitas taken to make comparisons between

grazing systems, easidfrfor! Reference source not found., Error! Reference source
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not found.,
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Figure 4-14).
4.3.4. Statistical analysisfor phase two (1992-1991)

Relative species basal cover data were analysed oslination techniques with Canoco
4.5 (Ter Braak and Smilauer 2003). A PCA was pertat to identify and remove any
clear outliers in the data set. Following this, @Awas carried out to determine the
lengths of gradients (e.g. species turnover orrdityein the data set). These lengths of

gradients were less than 1.5 SD, which suggestadtiie species turnover was small.
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Linear models like PCA’'s and/or RDA’s were thus thest appropriate techniques to
use to analyse the data. A RDA was chosen to @nstine axes with environmental

variables (e.g. stocking rate and seasonal ra)nf&bllowing this, manual forward

selection of environmental variables and interagiovere performed to test the
significance of environmental variables and intBoss between them. Non-significant
environmental variables and interactions (P>0.1)ewexcluded from the analysis. It is
important to note that continuously grazed treatsevere discontinued at the start of
phase two and the variation in the data set dugaring system could not be analysed
because of this. The RDA model only had seasomaticurainfall and not seasonal past
rainfall included into the analysis, as there walydwo sampling periods. As a result,

Euclidean distances could not be calculated foatradyses.
4.3.5. Statistical analysisfor phase three (2000 to present)

Relative species basal cover data were analysedy asdination techniques with Canoco
4.5 (Ter Braak and Smilauer 2003). A PCA was pertat to identify and remove any
clear outliers in the data set. Following this, @ was carried out to determine the
lengths of gradients (e.g. species turnover orrditxein the data set). These lengths of
gradients were less than two SD, which suggestadttie species turnover was small.
Linear models like PCA and/or RDA are thus the naggtropriate techniques to use to
analyse the data. A RDA was chosen to constrairaties with the only environmental
variable (stocking rate). It is important to natatt continuously grazed treatments were
discontinued at the start of phase two and theatran in the data set due to grazing
system could not be analysed because of this. TWaseonly sampling period during
phase three and because of this Euclidean distaocdgd not be calculated for the
analyses. Seasonal rainfall (both past and curcentld not be included in the analysis,

as these variables will not vary within a singlasmn.
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4.3.6. Resultsand discussion
4.3.6.1.Phase one (1977-1991)

The results of the Monte Carlo permutation tesstiated a statistically significant effect
(P=0.002) of the environmental variables and theractions of these variables on the

first and all of the canonical axes (Table 4-9).

The environmental variables that had a statisticsitinicant effect on the basal cover of
species were time, seasonal past rainfall and sebsaorrent rainfall, while signicant

interactions were the time by seasonal past arakisip rate by time interactions (Table
4-10). The species-environmental relationship feesaone and two explained 95.9
percent of the explainable variation in the datawhich showed that the variation in the
data set was well explained by the measured envieotal variables (Table 4-11). Axes
one and two of the RDA explained 54.7 percent ef tibtal variation in the data set
(Table 4-11).

Most of the time variable variance were explaingdhe rainfall interaction (explained
earlier), but it is important to see how the basaler of species have changed over time.
From Error! Reference source not found. andError! Reference source not found. it
can be concluded that the highest rate of changkerbasal cover of species occurred
during the period 1982 to 1985, when the systemegapced four years of below
average seasonal rainfalErfor! Reference source not found., Error! Reference
source not found. andError! Reference source not found.). The most change in basal
cover (from year to year) occurred in 1985, whilmmediate after the two consecutive
years of well below mean seasonal rainfaliror! Refer ence sour ce not found., Error!
Reference source not found. andError! Reference source not found.). This change
persisted longer in the continuously grazed sifdstreatments before the multi-year
drought was dominated mostly bByhemeda triandraError! Reference source not
found., Error! Reference source not found. andError! Reference source not found.),
while Eragrostis lehmanniandominated the basal cover of all treatments foltmmihe

drought Error! Reference source not found., Error! Reference source not found. and
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Error! Reference source not found.). The system did not recover from two consecutive
low rainfalln years, despite high seasonal rairddtiér the multi-year drought, although
some convergence of sites occurred late in phasemor! Reference source not
found. and Error! Reference source not found.). The single year drought (182 mm
rainfall during 1991), did not result in an advexd®ange in basal cover dhemeda
triandra basal cover actually improved, whileragrostis lehmannianaasal cover
declined Error! Reference source not found. and Error! Reference source not
found.).

The length of the arrows for the environmental afaleés and the interactions between
them indicates their importance in explaining vi@goiain the data set. Time was strongly
negatively correlated with axes one (-0.8583) &mslis due to the interaction of seasonal
current and seasonal past rainfall (explanatiorergiabove). Seasonal past rainfall
(0.6285) and the interaction of time by seasonait painfall (0.6291) is relatively
strongly positively correlated to axes two.

These results indicated that stocking rate andmggasa/stem were less important in terms
of explaining variation in the basal cover of spscwithin the system, than seasonal
rainfall (both past and current) was. It is impatte note that the significant interactions

of stocking rate by seasonal current rainfall aiodlsng rate by time, indicated that the

effect of seasonal rainfall on species composiaad veld condition is dependent on

stocking rate and time. From these results, it @aeluded that the system can recover
from single year droughts, but multi-year drougftsults in an adverse change in basal
cover of sites. These results indicated that tretesy is a non-equilibrium system as

rainfall explains vegetation dynamics better thathlstocking rate and grazing system,
but the interaction of stocking rate with time eped additional amount of variation of

basal cover.
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Table 4-9 A summary of the results of the Monte Carlo perriatatest for the partial

RDA for species basal cover data for phase one7(1981)

Test of significance of first canonical axis
F-ratio =133.028
P-value =0.002

Test of significance of all canonical axes
F-ratio =43.158
P-value =0.002

Table 4-10 Significance of the environmental variables andnattions between them
for species basal cover during phase one (19771991

Environmental variabledinteractiongP-value|Significance
Time 0.002Highly significant
SP 0.002Highly significant
SC 0.002Highly significant
Time* SP 0.002Highly significant
Time*SC 0.492Non-significant
Rot*Time 0.568Non-significant
Rot* SP 0.248Non-significant
Rot*SC 0.044Significant
SR*Time 0.002Highly significant
SR*SP 0.996Non-significant
SR*SC 0.022Significant

Table 4-11 Summary of the results of the Monte Carlo permatatest for the partial

RDA for species basal cover data for phase one7(1981)

AXes 1 2 3 4
Eigenvalues 0.42 0.04 0.01
Species-environment correlations | 0.88 0.72 0.5 0.31
Cumulative per centage variance

of species data 49.7 54.7 56.4 56.9
of species-environment relation 87.1 95.9 98.§ 99.7
Sum of all eigenvalues 0.84
Sum of all canonical eigenvalues 0.48
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Figure 4-11: Euclidean distance for the rotationally grazedssilustrating change in the
basal cover of species from 1977. Treatments ak&sRotational grazing at a low
stocking rate, MW= Rotational grazing at a medidatking rate, MHW= Rotational
grazing at a medium=heavy stocking rate and SWatkwial grazing at a high stocking

rate.
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Figure 4-12: Euclidean distance for the continuously grazesksitustrating change in

the basal cover of species from 1977. TreatmemtsAdi=Continuous grazing at a high
stocking rate, AL= Continuous grazing at a low ktog rate, AM= Continuous grazing
at a medium stocking rate and AMH= Continuous grgzat a medium-heavy stocking

rate.

102



HLW

Euclidean distance

1979 1982 1985 1988 1991
Time (Year)

Figure 4-13: Euclidean distance for the rotationally grazedssitiustrating change in the
basal cover of species from year to year. Treatsnamt: L\WW=Rotational grazing at a low
stocking rate, MW= Rotational grazing at a mediuocking rate, MHW= Rotational

grazing at a medium=heavy stocking rate and SW=atiwtal grazing at a high stocking

rate.
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Figure 4-14: Euclidean distances for the continuously grazesb silustrating change in
the basal cover of species from year to year. fireats are: AH=Continuous grazing at a
high stocking rate, AL= Continuous grazing at a Istecking rate, AM= Continuous
grazing at a medium stocking rate and AMH= Contimigrazing at a medium-heavy

stocking rate.
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Figure 4-15: Bi-plot of species and environmental variables gltire first two axes of a
partial RDA showing the effect of environmentaligates and the interactions between
them on species basal cover of sites, from themgaral at the Armoedsvlakte

Research Station. Eigenvalues are 0.42 and OrGké&s one and two, which represents
49.4 and 54.7 percent of the total variance, raspyg. Species with less than 33 percent
of their variance explained by the bi-plot are simdwn. Environmental variable are
SR=Stocking rate (LSU/ha), Time (year), SC=Seasomaknt rainfall (mm),
SP=Seasonal past rainfall (mm), CON=Continuousiggezystem and ROT=Rotational
grazing system. Species are: Theltiemeda triandraEralehZEragrostis lehmanniana

Cymplu=Cymbopogon plurinodiand Aricon-Aristida congesta
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Figure 4-16: Scatter-plot of samples along the first two axea pértial RDA with
species basal cover from sites from the grazirad) &tithe Armoedsvlakte Research
Station. Eigenvalues are 0.42 and 0.04 for axesaod two, which represents 49.4 and
54.7 percent of the total variance, respectivetgalments are: LW= Rotational grazing
at a low stocking rate, MW= Rotational grazing anedium stocking rate, MHW=
Rotational grazing at a medium-heavy stocking raW= Rotational grazing at a high
stocking rate, AL= Continuous grazing at a low ktog rate, AM= Continuous grazing
at a medium stocking rate, AMH= Continuous graahg medium-heavy stocking rate

and AH= Continuous grazing at a high stocking rate.
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Figure4-17: Generalized Linear Model (GLM) illustrating theopability of attaining a
basal cover oThemeda triandraver time across all treatments. The GLM was very
highly statistically significant (P<0.001, F-ratib#1.54). The logistic regression equation
was Y=-48481+49.1298x-0.0124486where Y=predicted basal covertiemeda
triandra (%) and x=time (year). Treatments are: L\MRstational grazing at a low
stocking rate, MW= Rotational grazing at a medidatking rate, MHW= Rotational
grazing at a medium-heavy stocking rate, SW= Ratatigrazing at a high stocking rate,
AL= Continuous grazing at a low stocking rate, AK&entinuous grazing at a medium
stocking rate, AMH= Continuous grazing at a mediueavy stocking rate and AH=

Continuous grazing at a high stocking rate.

106



0.04

LES
o w [Ow O mw w @a MW @ B

0.0351 @
0.031 &
0.025 §
. . a
o
: .
0.021
. o

0.0157

0.017

Probability of attaining a basal cover of Eragrostis lehmanniana (%)

0.005 A1

1975 1980 1985 1990 1995

Time (year)

Figure 4-18: Generalized Linear Model (GLM) illustrating theopability of attaining a
basal cover oEragrostis lehmannianaver time across all treatments. The GLM was
highly statistically significant (P<0.001, F-rat®8.59). The logistic regression equation
was Y=-49465.5+49.7729x-0.0125224where Y=predicted basal covertdiemeda
triandra (%) and x=time (year). Treatments are L\WRstational grazing at a low
stocking rate, MW= Rotational grazing at a medidatking rate, MHW= Rotational
grazing at a medium-heavy stocking rate, SW= Ratatigrazing at a high stocking rate,
AL= Continuous grazing at a low stocking rate, AK&entinuous grazing at a medium
stocking rate, AMH= Continuous grazing at a mediueavy stocking rate and AH=

Continuous grazing at a high stocking rate.
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4.3.6.2.Phase two (1992-1999)

The results of the Monte Carlo permutation testewkighly statistically significant
(P=0.004) for the environmental variables and titeractions of these variables on the
first and all the canonical axes (Table 4-12) dednly signicant environmental variable
was stocking rate (Table 4-13). The species-enmantal relationship for axes one and
two explained 100 percent of the explainable vemmin the data set, which showed that
the variation in the data set is well explainedtliy measured environmental variables.
Axes one and two of the RDA explained 33.7 peradrthe total variation in the basal
cover data set (Table 4-14).

The general trend was that as stocking rate inetedsasal cover dDigitaria eriantha
decreased substantially, while the basal cover Gyimbopogon plurinodisand
Heteropogon contortusiecreased to a lesser extent. However, the basedr cof
Eragrostis pseudo-obtusandTragus racemosusicreased with increasing stocking rates

(Error! Reference source not found. andError! Reference sour ce not found.).

The length of the arrows iBrror! Reference source not found. for the environmental
variables and the interactions between them inglicaheir importance in explaining
variation. Axis one was very strongly positive eated to stocking rate (0.7886), which
suggested that stocking rate explained most ofdnation in axis one. Seasonal current
rainfall had a relatively weak negative correlatipf.5876) with axis two, which

indicates that seasonal current rainfall explaimedt of the variation in axis two.

These results indicated that stocking rate was nmoportant than seasonal rainfall in
explaining variation in basal cover, but seasomnatent rainfall explained an important
part of the variation in the data set. These restlius suggested that there was a

continuum of non-equilibrium and equilibrium vegeta dynamics in the system.
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Table4-12 A summary of the results of the Monte Carlo perriaotetest for the RDA

for species basal cover data for phase two (199219

Test of significance of first canonical axis
F-ratio = 4.847
P-value = 0.004

Test of significance of all canonical axes
F-ratio =3.308
P-value =0.002

Table 4-13 Significance of the environmental variables andriattions between them

for species basal cover during phase two (19921999

Environmental variablesinteractionsP-value |Significance

SC 0.11&8Non-significant
SR 0.00Highly significant
SR*SC 0.13MNon-significant

Table 4-14 Summary of the RDA for the basal cover of spediging phase two (1992-
1999)

AXes 1 2 3 4
Eigenvalues 0.272 0.066 0.265 0.114
Species-environment correlations 0.833 0.671

Cumulative per centage variance

of species data 27.2 33.17 60.3 71.6
of species-environment relation 80.5 100

Sum of all eigenvalues 1
Sum of all canonical eigenvalues 0.337
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Figure 4-19: Tri-plot of species, environmental variables, thieiactions between and
sites along the first two axes of a RDA showingéHect of environmental variables on
species basal cover from sites, from the graziagdt the Armoedsvlakte Research
Station. Eigenvalues are 0.272 and 0.066 for aresand two, which represents 27.2
and 33.7 percent of the total variance, respegtiigbecies with less than 55 percent of
their variance explained by the tri-plot are natwh. The environmental variables are
SR=Stocking rate (LSU/ha) and SC=Seasonal curaemitatl (mm). Treatments are
LW=Rotational grazing at a low stocking rate, MWet&ional grazing at a medium
stocking rate, and SW= Rotational grazing at a Bigicking rate. Species are:
Digeri=Digitaria erianthg Cymplu=Cymbopogon plurinodjErapse£ragrostis pseudo-
obtusa TraracTragus racemosusnd Hetconkleteropogon contortus
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Figure 4-20: GLM illustrating the probability of attaining a & cover ofDigitaria

erianthaover time across all treatments. The GLM was lyighgnificant (P<0.001, F-
value=32.03). The logistic regression equation W&s-3.06778-13.1427X, where
Y=predicted basal cover dDigitaria eriantha (%) and X=stocking rate (LSU/ha).
Treatments are LW®Rotational grazing at a low stocking rate, M\Retational grazing

at a medium stocking rate, and SW= Rotational ggpat a high stocking rate.

111



4.3.6.3.Phase three (2000 to present)

The results of the Monte Carlo permutation testcaigd that there was statistically
significant effects (P=0.042) of the environmentatiables on the first canonical axis
(Table 4-15). The species-environmental relatiom$br axis one explained 100 percent
of the explainable variation in the data set, beeastocking rate was the only
environmental variable included into the analy3ialfe 4-16). Axes one and two of the

RDA explained 52.1 percent of the total variatiorthe data set (Table 4-16).

The general trend was that, as stocking rate isedgathe basal cover @igitaria
eriantha decreased substantially, while the basal coverErdgrostis lehmanniana
increaseds substantially. The basal cover .o$uperba E. nindensisand Chrysopogon
serrulatusincreased to a lesser extelror! Reference source not found. andError!

Reference sour ce not found.).

The length of the arrows for the environmental alales indicated their importance in
explaining variation. Axis one was very stronglyspively correlated to stocking rate
(0.863735), which suggested that stocking rateagxplmost of the variation in axis one

(Error! Reference source not found.).

Table 4-15 A summary of the results of the Monte Carlo perriatetest for the RDA

for species basal cover data for phase three (RDpesent)
Test of significance of first canonical axes

F-ratio=2.183
P-value= 0.042
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Table 4-16 Summary of the RDA for the basal cover of speciging phase three (2000
to present)

AXes 1 2 3 4
Eigenvalues 0.238 0.286 0.217 0.098
Species-environment correlations | 0.874

Cumulative per centage variance

of species data 23.6 52.1 73.7 83.6
of species-environment relation 100

Sum of all eigenvalues 1
Sum of all canonical eigenvalues 0.238
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Figure 4-21: Tri-plot of species, sites and environmental vdeslalong the first two

axes of a RDA showing the effect of environmentaiables on species basal cover from
sites, from the grazing trial at the ArmoedsvlaResearch Station. Eigenvalues are
0.238 and 0.286 for axes one and two, which reptes#8.8 and 52.3 percent of the total
variance, respectively. Species with less thapeésBent of their variance explained by
the tri-plot are not shown. The only environmenaiiable is SR=Stocking rate

(LSU/ha). Treatments are: LW= Rotational grazing &w stocking rate, MW=
Rotational grazing at a medium stocking rate, ad-Rotational grazing at a high
stocking rate. Species are: Digddigitaria eriantha EralehZragrostis lehmanniana
Chrser€hrysopogon serrulaty&rasup£ragrostis superband EraninEragrostis

nindensis
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Figure 4-22: GLM illustrating the probability of attaining a $& cover oDigitaria
erianthaover time across all treatments. The GLM was stediy significant (P=0.03,
F-value=7.92). The logistic regression equation ¥as3.33311-9.81648X, where
Y=predicted basal cover @figitaria eriantha(%) and X=Stocking rate (LSU/ha).
Treatments are: LWRotational grazing at a low stocking rate, M\Rstational grazing

at a medium stocking rate, and SW= Rotational ggpat a high stocking rate.
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4.3.7. Conclusions
4.3.7.1.Phase one (1977-1991)

During phase one the system experienced largetiansain basal cover and most of this
variation in the basal cover across all treatmeatsdd be explained by the interaction of
seasonal current and seasonal past rainfall. Masteochanges in basal cover occurred
during the multi-year drought in the system and tthhange in basal cover seems to
persist longer in continuously grazed treatmenke ain change in the basal cover of
species was in that the basal cover of sites wengrthted byTrhemeda triandrdbefore
the drought and byEragrostis lehmannianaafter the drought, although some
convergence did occur late in phase one. Thesdétgesdicated that seasonal rainfall is
more important than stocking rate and grazing systeexplaining variation in the data
set. This indicates that non-equilibrium vegetatdymamics are occurring in the area.
These results also suggested that the system cawmerefrom single year droughts, but

not from multi-year droughts.
4.3.7.2.Phase two (1992-1999)

High stocking rates resulted in a decrease in twdahl cover of sites. The basal cover of
highly desirable species likeigitaria eriantha decreased, while overstocking increased
the basal cover of less-desirable and undesirg#eies likeEragrostis pseudo-obtusa
and Tragus racemosusStocking rate explained more variation in basavec than
seasonal rainfall, but seasonal rainfall explaiaadadditional amount of variation in
basal cover. This suggested that there is a camtinef non-equilibrium and equilibrium

vegetation dynamics in the system.
4.3.7.3.Phase three (2000 to present)

The application of high stocking rates resultedidecrease in total basal cover of sites
and in a decrease in the basal cover of highlyralels species lik®igitaria eriantha
while the basal cover alesirable species likEragrostis lehmannianand Eragrostis

superbaand less-desirable species liegrostis nindensjancreased. It is important to
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note that the effect of rainfall could not be invgsted, as there was only one sampling

period and rainfall is thus not explaining variatio the data set.
4.4. RESIDUAL BIOMASS
4.4.1. Methods and materials

The methods for calculating residual biomass ferdtiferent stocking rate treatments at
the Armoedsvlakte Research Station have changedtiowe. The quadrat method was
used from 1977 to 1998. From 1999 to present, the\Weight Rank (DWR) method

was used to calculate biomass production.
4.4.1.1.The quadrat method for calculating bionpaieguction

The residual biomass assessment was performedifoes a year between 1977-1981,
and twice a year thereafter. A one square metedrquavas placed along the line
transect. The dry matter material within the quadvas clipped to a height of two
centimeters from the ground. Moribund material wermoved, since material below this
height did not contribute to available biomass paitn. The grass species were
harvested on an individual basis. 30 quadrats Wwareested per line during 1981-1992.
Species were then grouped into highly desirablsiralgle, less desirable and undesirable
groups Error! Reference source not found.). In 1993/94, the same method was
applied, but the thirty quadrats were pseudo-rafeid twice, giving a total of 60 (1993-
1996). The reason why these “replications” werenesgt pseudoreplications was because
the first replication and second replication wemepled close together and they thus do
not represent true “replications”. In 1997/98, &@drats instead of 30 were harvested in
the same way as described above. Samples were edle@h a species basis and oven-
dried for two days at 3&€. The total grass biomass production (kd)handividual
species biomass production (kgihand the biomass for each of the ecological groups
(kg.ha') were then calculated. In 1999, the method ofudating biomass production,
changed from the quadrat method to the DWR method.
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4.4.1.2.The Dry Weight Rank (DWR) method

The DWR method was mainly developed to eliminate tieed for clipping a large
amount of grass and to sort the vegetation to cheter the relative contributions of
species to total biomass production, on a dry wegisis (Dowhoveet al. 2001). The
DWR method involves the following (adapted from Beset al. 1982):

1. Quadrats are placed in a homogenous area torkeyed and this requires that the
sample should be representative of the area toabwlsd. It is important to consider
guadrat size and each quadrat should include st llegee species in the majority of the
guadrats, but the quadrat should still be smalughao enable the operator to allocate
ranks quickly and accurately (Kirkmaet al. 1994, Kirkman 1999). The number of
quadrats required is linked to the level of accuraesired (Kirkmanet al. 1994,
Kirkman 1999).

2. Each of the quadrat sampled requires the opei@@llocate which species contribute
the most, second most and least amount to dry Wweigiduction (Kirkmanetal. 1994
and Kirkman 1999).

3. A rank of one is allocated to the species thattridbutes the most to dry weight
production, a rank of two is allocated to the spedhat contributes the second most to
dry weight production and a rank of three is altedato the species that contributes the
least to dry weight production (Kirkman 1999). Thi®cess is known as normal ranking.
4. If only one species is present in the quadththiee ranks are allocated to this species
and this is called cumulative ranking (Kirkmanal. 1994, Kirkman 1999). Cumulative
ranking is used where there are less than thregespm a quadrat. (described by Jones
and Hargreaves 1979).

5. If only two species are present in a quadraan& of one and two are allocated to the
clearly dominant species and a rank of three tather species. This is also an example
of cumulative ranking (Kirkmaetal. 1994, Kirkman 1999).

6. Another example of cumulative ranking is wherdyawo species are present in a
guadrat, but the dominant species is only slighttye than the other species than a rank
of one is given to the dominant species and a odrtwo and three to the other species
(Kirkman etal. 1994, Kirkman 1999).
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7. If two species appear to contribute equal anmotmtdry weight production then the
relevant rank is allocated equally to the speciescerned and this is called shared
ranking (Barnest al. 1992). This allows for more than three speciesetonicluded in a
quadrat (Kirkman 1999). If a rank of one was altedato the two dominant species, a
rank of two and three are allocated to the next dominant species (Kirkman 1999).
The data are recorded on the data sheet as follgpesxies A and species B are both
allocated a rank of one, species C is allocategn& of two and species D is a rank of
three. It is suggested by Kirkman (1999), that sdaanks should be circled on the data
sheet for ease of entering them into the spreati§thiseussed in Chapter 4.4.1.4).

8. It is suggested that non-grasses like forbsgesdaind weeds should be grouped
together (Kirkmaret al. 1994, Kirkman 1999).

The precision of the DWR method can be increaseddighting the ranks for each of
the quadrats sampled on the basis of the dry matbetluction, before the summation by
ranks (Jones and Hargreaves 1979, Kelly and McN©eBO, Barneset al. 1982,
Dowhoveret al. 2001). A non-destructive method of estimating kagsproduction for
each of the quadrats used in the DWR analysisus thquired (Kirkmaret al. 1994,
Kirkman 1999). Several non-destructive techniquesestimating dry matter yield have
proposed, of which the disc meter is probably thesthwell known in South Africa
(Kirkman etal. 1994, Kirkman 1999). The disc meter may not gigeuaate results on
veld that has been grazed selectively or on veld th short, particularly where this
occurs on stony or uneven ground (Kirkmab al. 1994, Kirkman 1999). The
comparative yield method that was proposed by Helydnd Shaw (1975) cited by
Kirkman etal. (1994) and Kirkman (1999) and the double samplédhnique that was
proposed by Reiclet al. (1993) are non-destructive methods of estimatingmbiss
production. The double sampling technique appeabe tthe most suitable in providing a
rapid means of estimating the biomass productiomach quadrat used in the dry weight
rank analysis (Kirkmaret al. 1994, Kirkman 1999). This method requires thedyiet
each quadrat to be estimated, while simultanealidgating ranks to each of the species
within the quadrat (Kirkmaetal. 1994, Kirkman 1999). The double sampling technique
estimates the biomass of grass in a series of gtgaty visual estimation on a suitable
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scale (Kirkmanet al. 1994, Kirkman 1999). A proportion of the quadrated to be
clipped and weighted and a linear regression can #stablished between the biomass
estimates and the corresponding actual dry masikeofrass in the harvested quadrats
(Kirkman et al. 1994, Kirkman 1999). It is important to note thihe calibration is
specific to each operator and that it is neces®arg-calibrate on each sampling occasion
(Kirkman etal. 1994, Kirkman 1999).

At the Armoedsvlakte Research Station the followstgps were used in applying the
DWR technique:

The volumes of grasses within quadrats were subggtestimated to have varying
degrees of biomasses and are accordingly ranked soale from 1-5 (low to high
biomass) and three replicates of a five, four,éhtevo and one are cut. This material is
weighed before being dried for two days at@38Senesced material is removed from the
tuft before it is clipped, as this material does oontribute to available dry matter, as
cattle will very rarely utilize this material. Thgrass is harvested to a height of two
centimeters from the soil, to accommodate the ggatieight of cattle. Reiclet al.
(1993) recommend that fresh weight should be usstéad of dry weights due to the
similarities in their weight distribution. Thesethors recommend that if need be, the
fresh weights could be converted to dry weightse $ampling then proceeds as follows
along the transect:

1. A nested quadrat is placed along the transettgroduction value is given to each of
the four sub-quadrats within the quadrat (Figu&S8j-

2. The three most prominent species, in terms efr thontribution to dry matter
production, in each of the sub-quadrats are idedtifA value of one is given to the
species, which contributes the most to biomassymtozh and a value of three to the
species, which contributes the least. A value @&, dwo and three is given to a single
species if it is the only species contributing tg thatter production for the sub-quadrat.
The production value can also be shared betweenotwmore species. For example,
species A and species B can contribute equallyryonthtter production within a sub-
guadrat and both species are thus awarded a om@nsvthree.
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Figure 4-23 The quadrat used during the Dry-WeRgmk (DWR) sampling method at

the Armoedsvlakte Research Station.
4.4.1.3.DWR data processing
4.4.1.3.1. Normal ranking

Ranks one, two and three are allocated to the tthoe@nant species in terms of their
contribution to dry matter yield. The three spe@esthen allocated the ranks of one, two

and three on the data entry sheet and on the sghreeid(Kirkman unpublished).

4.4.1.3.2. Cumulative ranking (suggested by Jones and Hargeav
1979)

This is used where the quadrat has less than #peges. In this case, more than one
rank is allocated to a species. For example, spekis allocated a rank of one, two and
three. This is entered into the spreadsheet asAtRher example of cumulative ranking
is where species A is allocated a rank of one amg with species B being allocated a
rank of three. This is entered as 12 for speciemd 3 for species B on the spreadsheet

(Kirkman unpublished).
4.4.1.3.3. Shared ranking (suggested by Bareésl.1982)

Shared ranks are used when two or more speciesilzdrt equally to the dry matter
within the quadrat. Each of the two species is thllatated their ranks equally. This type
of ranking allows for more than three species toirmuded in a particular quadrat
(Kirkman unpublished). If there was a quadrat wahr species within it and the two
dominant species contributed equally to dry maiteduction and the other two species
where the next dominant species, then the ranKsbeikllocated in the following way

(Kirkman unpublished). Species A and species B both receive a rank of one, species
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C will get a rank of two and species D will getamk of three (Kirkman unpublished). It
is convenient to circle the shared ranks on tha dlaget, which makes the process of data
capturing faster and easier. Kirkman (unpublishexforts that the shared ranks are
differentiated in the spreadsheet by adding 0.5hénabove-mentioned example, the rank
for species A and B will be 1.5, species C will tse and species D will be three

(Kirkman unpublished).

4.4.1.4.Explanation of spreadsheet that is usechlculate total residual
biomass and individual species residual biomassrkigkan

unpublished)

The estimated value of the dry weight productiore@th quadrat is entered on the right
hand side of the spreadsheet for each of the gisadampled. Kirkman (unpublished)
reports that the spreadsheet has been configured linear regression equation in the
form Y=a+bX, where Y=residual biomass (kgihaX=rank of production and a and
b=regression coefficients. The regression coefiisiga and b) are entered at the top of
the spreadsheet, along with the amount of quadeatgpled and the size of the quadrats
used. The model can however be adjusted to accoea@uadratic regressions in the
form of Y=aé*, where Y=residual biomass (kgHa x=rank of production, a and

b=regression coefficients and e=natural log.

The details of the site sampled and the data dellers entered in the yellow shaded
areas of the spreadsheet, as the rest of the spestchas been protected to maintain the
integrity of the calculations. However, the fornmsikxe visible for the user and for others

that want to examine them (Kirkman unpublished).

The results from the DWR method can be seen abdltem of the data sheet (Kirkman
unpublished). The program gives the user a totanbss production and the amounts
that individual species contribute to total biomassa value and as a percentage of total

biomass.

122



Kirkman (unpublished) reports that an integrityt teas been included on the right hand
side of the spreadsheet. If the data for each qu&as been entered correctly then there
should be a three in the “DO” column and an on®ach of the next three columns,
corresponding to the ranks of one, two and threemfreach quadrat. Kirkman
(unpublished) reports that if a mistake has beedemthen the user can track the error

easily and it can be corrected.

4.4.1.5.Advantages and disadvantages of the DryghVeéRank (DWR)

method

Friedel et al. (1988) showed from their studies that the compeasatield method
(alternative method for non-destructive determoratiof biomass) shows large
differences in biomass production between operaémd the procedure of standard
selection and calibration is slow. The DWR techeigasulted in constant biomass and
species composition estimation, but initial tragirs still required. t'Mannetjie and
Haydock (1963) reported that if ranking was doneemily, that the dry weight rank
method provided an accurate estimation of spe@agposition by weight and that great
levels of accuracy can be achieved, where obsemmrsuntered a restricted group of
species. Dowhoveet al. (2001) found that the DWR was preferred to visuahdrat
estimation because ranking was easier, quickerlessl likely to be biased between

evaluators.

Sandlancet al. (1982) criticized the DWR method, as it relies opre-determined set of
multipliers to pastures and/or veld of differentniageneity and spatial distribution.
Gillen and Smith (1986) also criticized the DWR huet as it over-estimates the

abundances of abundant species, while under-estigriass abundant species.
4.4.2. Statistical analysisfor phase one (1977-1991)

Residual biomass data were analysed, using ordm#tichniques with Canoco 4.5 (Ter
Braak and Smilauer 2003). A PCA was performed &nidy and remove any clear
outliers in the data set. Following this, a DCA weasried out to determine the lengths of

gradient (e.g. species turnover or diversity in tlaa set). These lengths of gradients
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were less than one SD, which suggested that theesprirnover was very small. Linear
models like PCA and/or RDA were thus the most appate techniques to use to analyse
the data. A partial RDA was chosen to constrainakes with environmental variables
(i.e. stocking rate, type of grazing system appéiad seasonal rainfall) and to remove the
spatial and temporal autocorrelation. Followingsthmanual forward selection of

environmental variables and interactions were peréal to test the significance of

environmental variables and interactions betweeamth Only rotational grazing

interactions were permutated, because continuoasingy interactions were the exact
opposite (i.e. grazing system environmental vaeglaire nominal variables) and it would
have been unneccessary to analyse both. Non-sigmifienvironmental variables and
interactions (P>0.1) were excluded from the analy$he interaction between current
seasonal rainfall and past seasonal rainfall weteasted as this interaction resulted in

large inflation factors.

Two types of Euclidean distances were calculatéiguBRIMER 4.5 and these were the
change in residual biomass from beginning of tte¢ &nd the change in residual biomass
from year to yearHError! Reference source not found., Error! Reference source not
found., Error! Reference source not found. andError! Reference source not found.).
The Euclidean distances for the rotationally gragibels and continuously grazed sites
were shown on different graphs and it should bechahat an average across the six
paddocks for the rotationally grazed sites wereetako make comparisons between
grazing systems, easidfrfor! Reference source not found., Error! Reference source

not found., Error! Reference source not found. and Error! Reference source not
found.).

4.4.3. Statistical analysisfor phase two (1992-1999)

There were no residual species biomass data alafl@bphase two and only the residual
biomass data for the ecological groups were andlySeror! Reference source not
found.). Residual biomass data from 1992 to 1999 werdys@a using ordination
techniques with Canoco 4.5 (Ter Braak and Smilap€3). A PCA was performed to

identify and remove any clear outliers in the dsgt Following this, a DCA was carried
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out to determine the lengths of gradients (e.gcisgeturnover or diversity in the data
set). These lengths of gradients were less tharsD,5vhich suggested that the species
turnover was small. Linear models like PCA and/@ARwere thus the most appropriate
techniques to use to analyse the data. A partiah RIAs chosen to constrain the axes
with environmental variables (e.g. stocking ratd asasonal rainfall) and to remove the
spatial and temporal autocorrelation. Followingsthmanual forward selection of
environmental variables and interactions were peréal to test the significance of
environmental variables and interactions betwe@mthNon-significant environmental
variables and interactions (P>0.1) were excludenhfthe analysis. It is important to note
that continuously grazed treatments were discoatinat the start of phase two and the

variation in the data set due to grazing systenidcoat be analysed because of this.
4.4.4. Statistical analysisfor phase three (2000 to present)

Both residual biomass data for the ecological gsoapd residual species biomass data
were analysed with Canoco 4.5 from 2000 to 2004 Braak and Smilauer 2003).

4.4.4.1.Residual biomass for the ecological groups

A PCA was performed to identify and remove anyietglin the data set. Following this,
a DCA was carried out to determine the lengths rafdignt (e.g. species turnover or
diversity in the data set). These lengths of gradievere less than 1.5 SD, which
suggested that the species turnover was small.atinedels like PCA and/or RDA
would thus be the most appropriate techniques ¢otasinalyse the data. A partial RDA
was chosen to constrain the axes with environmeatébles (stocking rate and seasonal
rainfall) and to remove spatial and temporal autetation. Following this, manual
forward selection of environmental variables angrnactions were performed to test the
significance of environmental variables and inteoams between them. Non-significant
environmental variables and interactions (P>0.1)ewexcluded from the analysis. It is
important to note that continuously grazed treatsevere discontinued at the start of
phase two and the variation in the data set dugaring system could not be analysed

because of this.
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4.4.4.2.Residual biomass for species

A PCA was performed to identify and remove anyietglin the data set. Following this,
a DCA was carried out to determine the lengths rafdignt (e.g. species turnover or
diversity in the data set). These lengths of gradievere less than two SD, which
suggested that the species turnover was smallat. medel like PCA and/or RDA would
thus be the most appropriate techniques to usedtyse the data. A partial RDA was
chosen to constrain the axes with environmentahlbbas (i.e. stocking rate and seasonal
rainfall) and to remove spatial and temporal aut@tation. Following this, manual
forward selection of environmental variables angractions were performed to test the
significance of environmental variables and intBoss between them. Non-significant
environmental variables and interactions (P>0.1l)ewexcluded from the analysis. It is
important to note that continuously grazed treatsevere discontinued at the start of
phase two and the variation in the data set dugdping system could not be analysed

because of this.
4.45. Resaultsand discussion
4.4.5.1.Phase one (1977-1991)

There was no residual species biomass data awailabphase one of the grazing trials at
the Armoedsvlakte Research Station. The residuahass data for the four ecological
groups from 1977 to 1980 was only measured oncegltine year, while the data after
this (1981 to 1991) was measured up to five timrerially. Only the results of residual
biomass analysis of the ecological groups from 181991 will be discussed in this

section.

The results of the Monte Carlo permutation testwshtbat there is a statistically
significant effect (P=0.002) of the environmentatigbles and the interactions of these
variables on the first and all of the canonical sax€able 4-17). The environmental
variables that had a significant effect on thedesl biomass of the ecological groups
were time, seasonal past rainfall and seasonalemurrainfall, while significant

interactions included stocking rate by time, siogkrate by seasonal past rainfall,
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stocking rate by seasonal current rainfall and iggpaystem by seasonal past rainfall
(Table 4-18). The species-environmental relatigmébi axes one and two explains 98.8
percent of the explainable variation in the datawhich showed that the variation in the
data set were well explained by the measured emwiemtal variables (Table 4-19). Axes
one and two of the partial RDA explained 40.4 petad the total variation in the data
set (Table 4-19).

The main trend in the residual biomass of sites twasthe residual biomass of sites over
time has changed from being dominated by the higlelsirable ecological group to a
sward dominated by the desirable ecological grobprdr! Reference source not
found., Error! Reference source not found. andError! Reference sour ce not found.).

A possible reason for the above was that speciethendesirable ecological group
respond differently than species in highly deseaimoup when considering seasonal past
and seasonal current rainfall. The desirable groa a positive association with both
seasonal current and seasonal past rainfall, whéehighly desirable ecological group
has a positive association with seasonal pastalaiahd a negative association with
seasonal current rainfall. Frofrror! Reference source not found., it can be concluded
that between 1981 and 1986, the highly desirabtdogal group residual biomass
decreased dramatically and this trend was only éardly three above mean seasonal
rainfall years Error! Reference source not found.). The desirable ecological group
residual biomass followed a completely differeentt in that the residual biomass of all

treatments is continuously increasing over tifaer ¢r! Refer ence sour ce not found.).

Both continuously and rotationally grazed sites l@adhigh residual biomass of the
desirable ecological group, but the rotationallgzgd sites had a higher residual biomass
of the highly desirable group, compared to the iomaiusly grazed sites (i.e. application
of the distance rule). Continuously grazed sitegehea much higher residual biomass of
the undesirable ecological groupr(or! Reference source not found.). This suggested
that the residual biomass of rotationally graze@ssiwas one of higher palatability
because its biomass had a relatively higher abwedahspecies likdhemeda triandra

(i.e. high digestibility, low cell wall componerttigh cell contents and high palatability),
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while the residual biomass of the continuously gdabhad a relatively higher abundance
of undesirable species likgistida congestdi.e. low digestibility, high cell wall content,
low cell content and low palatability). The sign#nt interactions of rotational grazing
system by seasonal past rainfall and continuouairggasystem by seasonal past rainfall
indicated that the effect of grazing system is deleat of seasonal past rainfall. One of
the benefits of having a rotational grazing sysienthat in high rainfall years, excess
grazeable material is retained and this materialtban be utilised in low rainfall years.
Similarly, the effects of stocking rate are dependen seasonal past rainfall, seasonal

current rainfall and time.

The Euclidean distance for the rotationally grazéds indicated no drastic change in
residual biomass of ecological groups from 1980986 when compared to 1977, except
for the light stocking rate treatment, which divedgirom the original residual biomass.
There was however a large change in the residoahdss of all treatments in the period
1987-1989 (all treatments illustrate divergenced #ms might have been due to three
years of above mean seasonal rainf&@trr! Reference source not found. andError!

Reference source not found.). This was followed by the convergence of all tmeents

because of a very low seasonal rainfall (e.g. 192during 1990.

The Euclidean distance for the continuously grasaees indicated no drastic changes in
the residual biomass of ecological groups acrokdredtments, except for the light
stocking rate treatment, which illustrated divergefrom the original residual biomass
(Error! Reference source not found.). The largest change in the residual biomassan th
continuously grazed sites from year to year occudaring 1983 Error! Reference
source not found.). The exact reason for this was unknown (as ths@®l rainfall was
relatively lower, when compared to other yearsmythis phase). The animals mass and
stocking rate for 1983 could thus not be calculatesl they were not recorded. The
stocking rate for 1983 might have been lower angl itha possible explanation for this

increase in residual biomass of sites.
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The length of the arrows for the environmental afaleés and the interactions between
them indicates their importance in explaining V@om in the data set. Time was
negatively correlated with axis one (-0.6473) dmd suggested that time explained most

of the variation along axis one.

These results indicated that seasonal rainfalk tfpgrazing system applied and stocking
rate explain the variation in the residual biomafreatments over time, indicating that
the system is experiencing a continuum of non-dgjuuim and equilibrium vegetation

dynamics.

Table4-17 A summary of the results of the Monte Carlo perriatetest for the partial
RDA for residual ecological groups biomass datamduphase one (1981-1991)

Test of significance of first canonical axis

F-ratio = 129.191

P-value = 0.002

Test of significance of all canonical axes
F-ratio = 20.814
P-value = 0.002

Table 4-18 Significance of environmental variables and thenattions between on the
residual ecological groups biomass of sites forpieod 1981-1991

Environmental variable/interaction P-Val|®gnificance

Time 0.002 | Highly significant
SP 0.002 | Highly significant
SC 0.034 | Significant
Time*SP 0.986 | Non-significant
Time*SC 0.236 | Non-significant
Rot*time 0.602 | Non-significant
Rot*SP 0.022 | Significant
Rot*SC 0.54 Non-significant
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SR*time 0.006 | Highly significant
SR*SP 0.066 | Significant
SR*SC 0.072 | Significant

Table 4-19 Summary of the partial RDA for residual ecologigedup’s biomass data

from 1981 to 1990 with only significant environmaintariables and interactions

included

AXes 1 2 3 4
Eigenvalues 0.278 0.017 0.004 0.352
Species-environment correlations 0.7 0.389 0.268
Cumulative per centage variance

of species data 38 40.4 40.8 88.8
of species-environment relation 93 98.8 100

Sum of all eigenvalues 0.733
Sum of all canonical eigenvalues 0.299

Euclidean Distance

1982

1983 1984 1985

1986 1987

Time (year)

1988 1989 1990

Figure 4-24: Euclidean distance for the rotationally grazedssilustrating change in

residual biomass (kg.Hafrom 1981. Treatments are: HR=Rotational grazing high
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stocking rate, LR= Rotational grazing at a low king rate, MR= Rotational grazing at a

medium stocking rate and MHR= Rotational grazing atedium-heavy stocking rate.

500
450 -
400 -
350 -
300 -
250 A
200 A
150 A
100 A

50 A

Euclidean distance

1982 1983 1984 1985 1986 1987 1988 1989 1990
Time (Year)

Figure 4-25: Euclidean distances for the continuously grazess silustrating change in
residual biomass (kg.Hafrom 1981. Treatments are: HC=Continuous graaing high

stocking rate, LC= Continuous grazing at a low kitog rate, MC= Continuous grazing
at a medium stocking rate and MHC= Continuous giiaat a medium-heavy stocking

rate.
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Figure 4-26: Euclidean distance for the rotationally grazedssiliustrating change in
residual biomass (kg.Hafrom year to year. Treatments are: HR=Rotatignaring at a
high stocking rate, LR= Rotational grazing at a Etacking rate, MR= Rotational
grazing at a medium stocking rate and MHR= Rotatignazing at a medium-heavy

stocking rate.
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Figure 4-27: Euclidean distances for the continuously grazess silustrating change in
residual biomass (kg.Hafrom year to year. Treatments are: HC=Continugraging at a
high stocking rate, LC= Continuous grazing at a &tacking rate, MC= Continuous
grazing at a medium stocking rate and MHC= Contirsugrazing at a medium-heavy

stocking rate.
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Figure 4-28: Bi-plot of the environmental variables and ecobadjigroups along the first
two axes of a partial RDA illustrating the residb@mass (kg.hd) for different
treatments. Eigenvalues are 0.278 and 0.017 fa& axe and two, which represents 38
and 40.4 percent of the total variance, respegtividle environmental variables are:
SP=Seasonal past rainfall (mm), SC=Seasonal cuaariall (mm), SR=Stocking rate
(LSU/ha), Time=Time (Year), Rot=Rotational grazeygtem and Cont=Continuous
grazing system. The ecological groups are D=DeleirdD=Highly desirable and
U=Undesirable.
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Figure 4-29: Scatter plot of residual biomass (kg'héor sites along the first two axes of
a partial RDA from the grazing trial at the Armoeld&te Research Station. Eigenvalues
are 0.278 and 0.017 for axes one and two, whicresepts 38 and 40.4 percent of the
total variance, respectively. Treatments are: L\WstaRonal grazing at a low stocking
rate, MW= Rotational grazing at a medium stockiatey MHW= Rotational grazing at a
medium-heavy stocking rate, SW= Rotational grazatga high stocking rate, AL=
Continuous grazing at a low stocking rate, AM= Qumbus grazing at a medium
stocking rate, AMH= Continuous grazing at a mediv@avy stocking rate and AH=
Continuous grazing at a high stocking rate.
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Figure 4-30: Generalized Linear Model (GLM) illustrating residiséomass (kg.hd) for
the desirable ecological group for all treatmemardime. The linear regression was
statistically significant (F=89.25 and P<0.001) &wl73976.5+37.361X, where
Y=Expected residual biomass for the desirable egodb group (kg.ha) and X=Time
(year). LW= Rotational grazing at a low stockintetdMW= Rotational grazing at a
medium stocking rate, MHW= Rotational grazing atedium-heavy stocking rate, SW=
Rotational grazing at a high stocking rate, AL= @mmous grazing at a low stocking
rate, AM= Continuous grazing at a medium stockeug rAMH= Continuous grazing at

a medium-heavy stocking rate and AH= Continuougiggaat a high stocking rate.
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Figure 4-31: Generalized Linear Model (GLM) illustrating residibiéomass (kg.hd) for
the highly desirable ecological group for all treanhts over time. The logistic regression
was highly statistically significant (F=24.29 andP001) and Y=16.82*18
16.92*10°X+4.258X, where Y=Expected residual biomass for the higlesirable
ecological group (kg.h8 and X=Time (year). Treatments are: LW= Rotatiagralzing
at a low stocking rate, MW= Rotational grazing anedium stocking rate, MHW=
Rotational grazing at a medium-heavy stocking raW= Rotational grazing at a high
stocking rate, AL= Continuous grazing at a low ktog rate, AM= Continuous grazing
at a medium stocking rate, AMH= Continuous graahg medium-heavy stocking rate
and AH= Continuous grazing at a high stocking rate.
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4.4.5.2.Phase two (1992-1999)

The results of the Monte Carlo permutation tesicaigd that there was a statistically
significant effect (P=0.002) of the remaining eovimental variables and the interactions
of these variables on the first and all of the cacal axes (Table 4-20). The
environmental variables that had a significant affen the residual biomass of the
ecological groups are time, seasonal past raiafiadl seasonal current rainfall, while
significant interactions were the stocking ratetinye and stocking rate by seasonal past
rainfall interactions (Table 4-21) The species-emwvmental relationship for axes one and
two explained 96 percent of the explainable vasrain the data set, which showed that
the variation in the data set are well explainedh®y measured environmental variables
(Table 4-22). Axes one and two of the partial RD#plained 27.7 percent of the total
variation in the residual biomass data set (Takt@}y

There has been a large increase in total residoalass of treatments (sum of residual
biomass of all three ecological groups) over tifaer r! Refer ence sour ce not found.).
The ecological group that changed the most in tesds residual biomass was the
highly desirable group, whose residual biomass imaseased over timeE¢ror!
Reference source not found.). The desirable and undesirable ecological groapslual

biomass also increased, but to a lesser extent.

Stocking rate had a negative association with totaldual biomass and the residual
biomass of all three ecological groups. For exapgolencrease in stocking rates resulted
in a large decrease in the residual biomass ohitjely desirable ecological group, a
smaller but still relatively large decrease in tthesirable ecological group residual
biomass and a small decrease in the residual beofake undesirable ecological group.
These results were partially against expectati@tabse although high stocking rates
resulted in a decrease in residual biomass of yigkkirable and desirable ecological
groups, a concomitant increase in the residual assmof undesirable group were
expected. The significant interactions of stocknage by time and stocking rate by
seasonal past rainfall indicated that the effedtotking rate was dependent on time and

seasonal past rainfall.
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An increase in seasonal current rainfall, resuited surprising decrease in total residual
biomass Error! Reference source not found.), probably due to the different reactions
of the three ecological groups to seasonal cureentall. The highly desirable ecological
group indicated large increases in their residuaiiss in response to higher current
seasonal rainfall, while the desirable ecologicalug showed a relatively large decrease
in residual biomass. The undesirable ecologicaugrshowed no effect of seasonal
current rainfall on residual biomass (i.e. orthaglpn High seasonal past rainfall,
however, resulted in different residual biomasigpas, as there was an increase in the
total residual biomass and an increase in all teealogical groups with increasing

seasonal past rainfalE(ror! Reference source not found.).

The length of the arrows iBrror! Reference source not found. for the environmental
variables and the interactions between them inglicaheir importance in explaining
variation. Axis one was weakly negatively corretbte stocking rate (-0.4631) and to the
interaction between stocking rate and time (-0.36@@ich suggested that stocking rate
explains most of the variation in axis one. Seascoaent rainfall had a very weak
negatively correlation (-0.3154) with axis two, wihiindicated that seasonal current

rainfall explained most of the variation in axisotw

These results indicated that stocking rate is nmiomgortant in explaining variation in
residual biomass, although seasonal current raiafglained an additional amount of
variation in the data set. These results thus sigdethat there is continuum of non-

equilibrium and equilibrium vegetation dynamicghe system.
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Table 4-20 A summary of the results of the Monte Carlo perrmiaotetest for the partial
RDA for residual ecological groups biomass datanduphase two (1992-1999)

Test of significance of first canonical axis

F-ratio = 56.927

P-value = 0.002

Test of significance of all canonical axes
F-ratio = 15.389
P-value = 0.002

Table 4-21 Significance of environmental variables and thenattions between on the
residual ecological groups biomass data of siteghiphase two (1992-1999)

Environmental variabledinteractiongP-value|Significance
Time 0.00Highly significant
SP 0.00Highly significant
SC 0.00Highly significant
Time*SP 0.47(Non-significant
Time*SC 0.52Non-significant
SR*Time 0.00Highly significant
SR*SP 0.07Bignificant
SR*SC 0.41®on-significant

Table 4-22 Summary of the partial RDA for residual ecologigedups biomass data

from 1992-1999 with only significant environmenvakiables and interactions included

AXes 1 2 3 4
Eigenvalues 0.23 0.03 0.01 0.38
Species-environment correlations 0.63 0.39 0.37
Cumulative per centage variance
of species data 23.1 27.7 28.8 66.8
of species-environment relation 80 96 100

140



Sum of all eigenvalues 1
Sum of all canonical eigenvalues 0.29
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Figure 4-32: Tri-plot of residual biomass (kg.fiafor ecological groups, environmental
variables, supplementary environmental variablessities along the first two axes of a
partial RDA from the grazing trial at the Armoedsiktie Research Station. Eigenvalues
are 0.231 and 0.046 for axes one and two, whictesepts 23.1 and 27.7 of the total
variance, respectively. Treatments are LW= Rotalignazing at a low stocking rate,
MW= Rotational grazing at a medium stocking ratd 8WV= Rotational grazing at a
high stocking rate. The environmental variables 8R=Seasonal past rainfall (mm),
SC=Seasonal current rainfall (mm) and SR=Stockatg {LSU/ha). The ecological
groups are: HD=highly desirable ecological group,Desirable ecological group and
U=Undesirable ecological group. The only supplermgnénvironmental variable is

Total=total residual biomass (kg-Ha
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4.4.5.3.Phase three (2000 to present residual Is®niar ecological
groups)

The results of the Monte Carlo permutation testicaed that there is a highly
statistically significant effect (P=0.002) of erammental variables and the interactions
between them on residual biomass of the ecologicalps for the first canonical and all
of the canonical axes (Table 4-23). The only emnmental variable that had a significant
effect on the residual biomass of species was stgatate, while significant interactions
included the stocking rate by time and stocking @y seasonal current rainfall (Table
4-24). The species-environmental relationship fas @ne and axis two explained 99.2
percent of the explainable variation in the datd, sehich illustrated that the
environmental variables had explained the variatiothe data set (Table 4-25). Axes
one and two of the partial RDA, however explainaetyd 7 percent of the total variation

in the residual biomass data set (Table 4-25).

The general trend was that over time, there had bemibstantial increase in the residual
biomass of the highly desirable ecological growgatively large increase in residual
biomass of the desirable ecological group and smealeases in the residual biomass of
the undesirable and less-desirable ecological graipror! Reference source not

found.).

The data illustrated that an increase in stockatgs resulted in a large decrease in the
residual biomass of the highly desirable ecologgadup and small decrease in the
residual biomass of the less-desirable ecologicalig The same trend existed for the
desirable and undesirable ecological groups, asehigtocking rates resulted in a lower
residual biomass of these two ecological groupsh whe desirable ecological group
responding the most of these two. High stockinggatesulted in a decrease in the
biomass of less-desirable and desirable grassespeshich is the opposite of what
theory would suggest. It is important to note tha effect of stocking rate on the
residual biomass of the ecological groups was digr@non time and on the seasonal

current rainfall Error! Reference source not found.).
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Current seasonal rainfalls had a negative assoniatith the residual biomass within all
four ecological groups, as higher current seasomafall resulted in a lower residual
biomass of all of the groups. The highly desiradaelogical group responded the most in
this associationError! Reference source not found.). Seasonal past rainfall had a
positive association with residual biomass of tlesichble and undesirable ecological
groups, while seasonal past rainfall had a negass®ciation with residual biomass of
the highly desirable and less desirable ecologjoalips Error! Reference source not

found.).

The length of the arrows iBrror! Reference source not found. for the environmental
variables and the interactions between them inglicaheir importance in explaining
variation in the data set. Axis one was very wealdgatively correlated to stocking rate
(-0.2737) and the interaction between stocking e seasonal current rainfall (-
0.3801), which suggested that stocking rate explanost of the variation in axis one.
Seasonal past rainfall had a very weak negativeelation (-0.1298) with axis two,

which indicates that seasonal past rainfall exgldimost of the variation in axis two.

These results indicated that both rainfall and lstar rate is important in explaining
variation in the residual biomass of sites, whigggest that the system is experiencing a

continuum of equilibrium and non-equilibrium vegeia dynamics.

Table 4-23 A summary of the results of the Monte Carlo perriatetest for the partial

RDA for residual ecological groups biomass datanduphase three (2000 to present)

Test of significance of first canonical axis
F-ratio = 40.184
P-value = 0.002

Test of significance of all canonical axes

F-ratio =9.172
P-value = 0.002
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Table 4-24 Significance of environmental variables and thenattions between on the
residual ecological groups biomass data of siteghiphase three (2000 to present)

Environmental variabledinteractions |P-Value|Significance
Time 0.228on-significant
SP 0.332Non-significant
SC 0.00Highly significant
Time*SP 0.48@lon-significant
Time*SC 0.11@Non-significant
SR*Time 0.00Highly significant
SR*SP 0.48fMon-significant
SR*SC 0.078ignificant

Table 4-25 Summary of the partial RDA for residual ecologigedups biomass data

from 2000 to present with only significant enviroemtal variables and interactions

included
AXes 1 2 3 4
Eigenvalues 0.13 0.01 0 0

Species-environment correlations | 0.43 0.33 0.33 0.06
Cumulative per centage variance

of species data 154 17 17.2 17.2
of species-environment relation 89.5 99.2 10Q 100
Sum of all eigenvalues 0.87
Sum of all canonical eigenvalues 0.15
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Figure 4-33: Bi-plot of residual biomass (kg.Hpfor ecological groups, environmental
variables and interactions between them alongitketivo axes of a partial RDA from
the grazing trial at the Armoedsvlakte Researchid@taEigenvalues are 0.133 and 0.014
for axes one and two, which represents 15.4 armkident of total variance,
respectively. The environmental variables are: S&&s8nal current rainfall (mm),
SR=Stocking rate (LSU/ha) and Time=Time (year).l&gizal groups are: Hdes=Highly

desirable, Des=Desirable, Ldes=Less-desirable atetlUndesirable.
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Figure 4-34: Scatter plot of samples for residual biomass ditag the first two axes of
a partial RDA. Eigenvalues are 0.117 and 0.02ak&s one and two, which represents
11.7 and 14.5 of the total variance, respectivBtgatments are: LW= Rotational grazing
at a low stocking rate, MW= Rotational grazing ahedium stocking rate and SW=

Rotational grazing at a high stocking rate.
4.4.5.3.1. Phase three (2000 to present residual biomass for species)

The results of the Monte Carlo permutation testwsdtb that there was a highly
significantly effect (P=0.002) of environmental idnles and the interactions between
them on residual biomass of the species for tls éanonical and all of the canonical
axes (Table 4-26). The environmental variables tied a significant effect on the
residual biomass of species is time and seasonaerturainfall, while the only
significant interaction was the stocking rate byeiinteraction (Table 4-27).The species-
environmental relationship for axes one and two larpd 93.8 percent of the
explainable variation in the data set, which iltattd that the environmental variables

had explained the variation in the residual biongea set (Table 4-28). Axes one and
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two of the partial RDA however explain only 13.9rqent of the total variation in the
data set (Table 4-28).

The general trend was that over time, there had bemibstantial increase in the residual
biomass ofDigitaria eriantha and Eragrostis lehmannianarelatively large increase in
the residual biomass @éfristida congestand a small increase in the residual biomass of

Eragrostis superb#&Error! Refer ence source not found.).

The data illustrated that an increase in stockaigs resulted in a substantial decrease in
the residual biomass obDigitaria eriantha and Eragrostis lehmanniana(Error!
Reference source not found.). A similar trend existed forAristida congestaand
Eragrostis superbaas higher stocking rates resulted in a lowerdredi biomass of this
species. This is unexpected as undesirable speridgo increase at high stocking rates
(Error! Reference source not found.). Current seasonal rainfalls had a negative
association withDigitaria eriantha, Eragrostis lehmannianaAristida congestaand
Eragrostis superbaas higher current seasonal rainfall resulted itower residual
biomass of all of these species abdjitaria eriantha and Eragrostis lehmanniana
responded the most in this associati&nrbr! Reference source not found.). Current
past rainfall had a positive association wifagrostis lehmannianaAristida congesta
and Eragrostis superbaas higher past seasonal rainfall resulted inghéri residual
biomass of all of these specidstagrostis lehmannianaesponded the most in this
associationError! Reference source not found.) andDigitaria erianthahad a negative
association with seasonal past rainfall, as higleasonal past rainfall result in a lower
residual biomass of this species. It is importamdte that the significant interactions of
stocking rate by time and stocking rate by seaspasl rainfall indicated that the effect
of stocking rate was dependent on time and seasmastlrainfall Error! Reference

sour ce not found. andError! Reference sour ce not found.).
The length of the arrows iBrror! Reference source not found. for the environmental
variables and the interactions between them inglicaheir importance in explaining

variation. Axis one was very weakly negatively etated to the interactions between
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stocking rate and time (-0.2928) and stocking eatd seasonal past rainfall (-0.3433),
which suggested that stocking rate explained mb#teovariation in axis one. Seasonal
past rainfall had a very weak negatively correlat(e0.1439) with axis two, which
indicated that seasonal current rainfall explaimshof the variation in axis two.

These results indicated that both rainfall and Istwr rate are important in explaining
variation in the residual biomass of sites, whigggest that the system is experiencing a

continuum of equilibrium and non-equilibrium vegeia dynamics.

Table 4-26 A summary of the results of the Monte Carlo perriaotetest for the partial
RDA for residual species biomass data during ptlase (2000 to present)

Test of significance of first canonical axis

F-ratio= 23.066

P-value= 0.002

Test of significance of all canonical axes
F-ratio= 6.666
P-value = 0.002

Table 4-27 Significance of environmental variables and thernattions between on the

residual species biomass data of sites for theeptimse (2000 to present)

Environmental variables or interactionsP-value|Significance
Time 0.01Significant

SP 0.490Non-significant
SC 0.002Highly significant
Time*SP 0.058ignificant
Time*SC 0.76(Non-significant
SR*Time 0.00Highly significant
SR*SP 0.07&ignificant
SR*SC 0.15Mon-significant
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Table 4-28 Summary of the partial RDA for residual speciesiass data from 2000 to

present with only significant environmental varebhnd interactions included

AXes 1 2 3 4
Eigenvalues 0.1 0.01 0.01 0
Species-environment correlations | 0.46 0.37 0.34 0.18
Cumulative per centage variance

of species data 12.3 13.9 14.6 14.8
of species-environment relation: 82.7 93.§ 98.4 99.6
Sum of all eigenvalues 0.81
Sum of all canonical eigenvalues 0.12
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Figure 4-35: Bi-plot of residual biomass of species, environraknériables and the
interactions between them along the first two afes partial RDA from the grazing trial
at the Armoedsvlakte Research Station. Eigenvate.099 and 0.013 for axes one
and two, which represents nine and 13.9 percethteofotal variance, respectively.
Species with less than 10 percent of their vari@axg@ained by the bi-plot are not shown.
The environmental variables are: SP=Seasonal aadalt (mm), SC=Seasonal current
rainfall (mm), SR=Stocking rate (LSU/ha) and Tingedr). Species are:
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Digeri=Digitaria eriantha, Aricon=Aristida congestakErasup£ragrostis superband

Eraleh=Eragrostis lehmanniana
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Figure 4-36: Scatter-plot of sites along the first two axes pbatial RDA from the

grazing trial at the Armoedsvlakte Research Statidigenvalues are 0.099 and 0.013 for
axes one and two, which represents 12.3 and 18c@meof the total variance,
respectively. Treatments are: LW= Rotational grgaha low stocking rate, MW=
Rotational grazing at a medium stocking rate and=RM@itational grazing at a high

stocking rate.
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4.4.6. Conclusions
4.4.6.1.Phase one (1977-1991)

Over time there were changes in the residual bismésites, from being dominated by
the highly desirable ecological group to being duasied by the desirable ecological
group. Rotationally grazed sites had a higher tedidbiomass of the highly desirable
ecological group, compared to continuously graztssswhile the continuously grazed
sites had a higher residual biomass of the und#siexological group. A large change in
the residual biomass of the light and rotationgltgized site occurred throughout phase
one, but not in other rotationally grazed treatragnmntil 1987 to 1989, when all sites
showed divergence due to the higher seasonal Haififés was followed by convergence
of all of the rotationally grazed sites becausevefy low seasonal rainfall. The
continuously grazed treatments showed no drastéingds in residual biomass, except for
the light stocking rate treatment, which showededpence from the original residual
biomass. It is important to note that the effectgodizing system and stocking rate on
residual biomass was dependent on seasonal pa$dlitarhese results indicated that
seasonal rainfall, type of grazing system applied stocking rate all explained variation
in residual biomass and this indicates that thera continuum of non-equilibrium and

equilibrium vegetation dynamics.
4.4.6.2.Phase two (1992-1999)

During phase two, there were a large increasearrékidual biomass over time and the
ecological group that changed the most was thehyhggsirable ecological group, which
showed large increases in residual biomass, whéderésidual biomass of the desirable
and undesirable ecological group increased to setesxtent. Stocking rate had a
negative association with total residual biomasd #re residual biomass of all three
ecological groups. High stocking rates resulte@ isubstantial decrease in the residual
biomass of the highly desirable ecological grouplame decrease in the desirable
ecological group and a small decrease in the rakitiomass of the undesirable group.
The effect of stocking rate on residual biomass deggendent on time and seasonal past

rainfall. The general trend in rainfall utilisatiari the three ecological groups was that
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higher seasonal current rainfall, resulted in iasezl residual biomass of the highly
desirable ecological group, a decrease of theal#siecological group and had no effect
on the undesirable ecological group. All three egmal groups residual biomass had a
positive association seasonal past rainfall. Thesalts indicated that there was a
continuum of non-equilibrium and equilibrium vegéia dynamics in the system as both

rainfall and stocking rate explained variationa@sidual biomass.
4.4.6.3.Phase three (2000 to present)

During phase three, there was a large increaseeimesidual biomass over time and the
ecological group that changed the most was thehhagsirable ecological group, which
showed large increases in residual biomass. Theates undesirable and less-desirable
ecological groups increased to a lesser extenh Bligcking rates resulted in a substantial
decrease in the residual biomass of the highlyralelei and desirable ecological groups,
while the undesirable and less-desirable groupedsed to a lesser extent. The effect of
stocking rate on the residual biomass of ecologitalps was dependent on time and
seasonal current rainfall. There was a negativecestson between the residual biomass
of the ecological groups and seasonal currentatiahd the highly desirable ecological
group responded the most in this association. Tigkh\h desirable and less desirable
ecological group had negative associations wits@ea past rainfall, while the opposite
trend existed for the desirable and undesirabléogmal group. These results indicate
that there is a continuum of non-equilibrium andiklorium vegetation dynamics in the

system, as both rainfall and stocking rate expthieriation in residual biomass.
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5. Cattle production

5.1. INTRODUCTION

A commonly accepted agricultural objective of asgtand system is to maximise animal
production, while maintaining veld and soil resagcEdwards 1969, Aucamp and
Barnard 1980, Danckwerts and Daines 1981). Chadgedo the treatment applied are
usually slow for veld condition variables and nasigy reversed and it is essential that
the veld condition evaluation is based on long ténals (>10 years) (Edwards 1969).
The grazing trial at the Armoedsvlakte Researchidtallowed researchers to study the
long-term effects and interactions of stocking rayge of grazing system applied and
seasonal rainfall on both cattle production andl welndition. The aim of this chapter is
to investigate these effects and interactions dtlecproduction and to see whether the
mass gain data followed the widely used Jones amdll&nd (1974) model. The model
predicts that as stocking rate is increased, thelteoriginally be a constant or slight
increase in gain per animal, whereafter there lbglla decrease in gain per animal due to
more competition between animals at high stockatgs (due to reduced forage intake
and increasing energy expenditure to obtain foréggn 1998). The model predicts that
production per hectare will increase as stockirigsrancrease up to a point where gain
per hectare will start declining, because at thegh stocking rates, individual animal

gains will be so poor that the gain per hectaréstalrt declining (Fynn 1998).

One of other aims of this chapter is to study weetthe effect of rainfall is more
important than the effect of stocking rate on anim@duction (e.g. mass gain data
and/or other animal production variables). If tlighe case, the area experiences non-
equilibrium vegetation dynamics and managers shtdd monitor rainfall patterns and
use adaptive management (suggested by Stuart3#f)land opportunistic management
(suggested by Westobgt al. 1989) to optimise animal production. An example of
opportunistic management in semi-arid areas isitolfase cattle during wet years and to

sell cattle during dry years (i.e. this is exampilen opportunity, whereas unfavourable
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changes will be seen as hazards) (Fynn 1998). Tdrere&economic problems with this
approach. During a wet year, most of the area lalle had similar rainfall. Farmers
purchase more cattle and as a result increasedetnand for cattle, resulting in a high

purchase price.

Furthermore, if stocking rate is more importantnthainfall in explaining variation in
animal production, then the area is experiencingjliegum vegetation dynamics and
stocking rate is a more important management vigriabhd adaptive management of this

variable should be used to optimise animal produacti

The effect and interactions of stocking rate, tybegrazing system applied, seasonal
rainfall and residual biomass on other animal potida variables such as conception
rate, calving percentages, weaning percentageslitmon scores, dressing percentage,

carcass mass and grade and price of meat produlledse be investigated.
5.2. GAIN PER ANIMAL AND GAIN PER HECTARE
5.2.1. Methods and materials

The mass of cattle was recorded monthly with anrpeattle scale (Fourie 1983) Cattle
were kept in a kraal for between 15 and 18 houferbewneighing and no grazing and
water was available to them during this period (f®@983). During phase one (1977-
1991) the trials were stocked with Bonsmara staacs heifers (Chapter 1.1 for further
discussions) and animals were replaced annuallyet@e 2002). During phase two
(1992-1999) the growing animal system was replaggd a weaner production system
(cow-calf system) (see Chapter 1.1 for the reasohisg¢ birth mass of calves were
recorded three days after it was born) and thexedfis weighed monthly and when it
was 100 days and 205 days (weaning mass) old. Gowlsheifers were weighted

monthly.
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5.2.2. Statistical analysisand discussion of results
5.2.2.1.Phase one (1977-1991)

The mass gain data were analyzed, using multiptgession with the statistical
programming package Genstat 8.1. Two particulaityaaa were performed and these
were the seasonal mass gain per animal per dagn(kggl/day) and seasonal mass gain

per ha (kg/hectare/year).

For both the gain per animal and gain per hectate,dwo types of multiple linear
regression models were developed and either rhirdal residual biomass were
incorportated into the model. Rainfall and residoiaimass can not be incorporated into
the same model as these variables were closelglated (Fynn 1998). By comparing the
results of each model (e.g. amount of variationlarpd in the multiple linear
regressions), it could be concluded which varigbdénfall or residual biomass) was a

better indicator of animal gain per animal and gsnhectare (Fynn 1998).

The rainfall model was used to investigate bothdigmificance of gain per animal and
gain per hectare on the main effects (stocking aatk seasonal rainfall) and first order
interactions (stocking rate by seasonal rainfairiaction). The type of grazing system
applied was used as the grouping factor. Time ef®ut of the analysis, as it resulted in
large inflation factors between itself and stockiate and seasonal rainfall.

The residual biomass model was used to investigatie the significance of gain per
animal and gain per hectare on the main effectekstg rate and seasonal rainfall) and
first order interactions (stocking rate by seasoaaifall interaction). The type of grazing
system applied was used as the grouping factore Mimms left out of the analysis, as it

resulted in large inflation factors between itseifl stocking rate and seasonal rainfall.
5.2.2.1.1. Gain per animal rainfall model for phase one (1977-1991).

The results indicated that there was a highly stta#lly significant effect (P=0.003) of

seasonal rainfall on gain per anim&r(or! Reference source not found.). Closer
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investigation of the data suggested that increas@agonal rainfall resulted in high gain
per animal for phase on&rror! Reference source not found.). Stocking rate had no
significant effect on gain per animal, but stockiate had a significant interaction with
seasonal rainfall, which suggests that the efféestarking rate is dependent on seasonal

rainfall (Error! Reference source not found.).

Grazing systems and its interaction with stockiatg had no statistically significant on
gain per animalHrror! Reference source not found.). This result contradicts most of
the scientific literature, were some authors cometl that rotational grazing systems
produce higher animal production than continuoazigig systems and others researchers
state that continuous grazing systems produce highienal production than rotational

grazing systems.

Table5-1: Results of the multiple linear regression of thengper animal and seasonal
rainfall model for phase one (1977-1991). Abbraweiz used are: SR=stocking rate
(LSU/ha), Searain=seasonal rainfall (mm) and GSziggesystem applied

Parameter Estimate Standard Error | T(57) T pr.
Constant 0.31 0.08 3.97 <0.001
SR 0.42 0.54 0.77 0.444
Searain 0.00 0.00 3.05 0.003
SR.Searain 0.00 0.00 -2.93 0.005
GSRot 0.03 0.07 0.51 0.613
SR.GSROT -0.10 0.53 -0.19 0.85
SR.Searain.GS Rot 0.00 0.00 -0.91 0.365
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Figure 5-1: The relationship between gain per animal and sedsainfall for phase one
(1977-1991) for the seasonal rainfall model.

5.2.2.1.2. Gain per hectare and seasonal rainfall model for phase one
(1977-1991)

The results indicated that there was a statisyicanificant effect (P<0.001) of seasonal
rainfall on gain per hectare and statistically gigant effect (P=0.005) of stocking rate
on gain per hectareefror! Reference source not found.). Closer investigation of the
data suggested that increasing seasonal rain&dylted in higher gains per hectare
during for phase ond=¢ror! Reference source not found.).

Higher stocking rates resulted in an increase im g&r hectareError! Reference
source not found.). These results did not follow the widely used eloand Sandland
(1974) model, as increasing stocking rates resufiekhigher gains per hectare, which
suggested that the turning point of the typicale3oand Sandland (1974) model had not
been reached possibly due to the lower than suggiesbcking rates, applied during the
duration of phase one (Appendix 4- Appendix 17 &mdor! Reference source not
found.). Stocking rate had a highly significant interaanti(P=0.005) with seasonal
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rainfall, which suggests that the effect of stogkiate is dependent on seasonal rainfall

(Error! Reference source not found.).

Grazing system and its interaction with stockingerand seasonal rainfall had no
statistically significant on gain per anim&rf{or! Reference source not found.). Two
theories are disssued in the literature. One resegoup support the theory that animals
produce higher under continuous grazing systems dinaer rotational grazing systems,
while others support the direct opposite (O’Reagaid Turner 1992). These trial results
thus contradict both theories.

Table5-2: Results of the multiple linear regression of ga@én animal and seasonal
rainfall model for phase one (1977-1991). Abbrawiz used are: SR=stocking rate
(LSU/ha), Searain=seasonal rainfall (mm) and GSziggasystem applied

Par ameter Estimate |Standard error [t(57) |t pr.

Constant -9.18 6.40 -1.87 0.176
SR 207.50 46.80 4.43 <.001
Searain 0.0¢ 0.01 2.95 0.005
SR.Searain -0.42 0.09 -2.36 0.022
GS Rot 0.5Y 566 01 0.92
SR.GS Rot 9.50 4570 0.p1 0.436

SR.Searain.GS R(

=

-0.p3 0/05 -0.64 0.528
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Figure 5-2: The relationship between gain per hectare andeabginfall for phase one
(1977-1991) for the seasonal rainfall model.
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Figure 5-3: The relationship between gain per hectare ankistpaate for phase one
(1977-1991) for the seasonal rainfall model.
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5.2.2.1.3. Gain per animal and residual biomass model for ghase
(1977-1991)

The results indicated that there was a statisyicadnificant effect (P<0.001) of stocking
rate on gain per animaEfror! Reference source not found.). Closer investigation of
the data suggested that higher stocking ratestrasal decline in gain per animal for
phase oneHrror! Reference source not found.). Residual biomass and the interaction

of this variable with stocking rate had no sigrafit impact on gain per animal.

Grazing system and its interaction with stockingerand seasonal rainfall had no
statistically significant effect on gain per aning&atror! Reference source not found.).

Two theories are disssued in the literature. Osearch group support the theory that
animals produce higher under continuous grazingesys than under rotational grazing
systems, while others support the direct oppositRéagain and Turner 1992). These

trial results thus contradict both theories.

Table 5-3 Results from the multiple linear regression of glaen per animal and residual
biomass model for phase one (1977-1991). Abbrenatused are: SR=stocking rate

(LSU/ha), RB=residual biomass (kg:hand GS=grazing system applied

Parameter Estimate [Standard error t(57)| t pr.
Constant 0.5377 0.0814 6.61 <.001
SR -1.01¢ 0.45p -2.35 0.0p8

)
RB -0.00004 0.000184 -0.22 0.83
SR.RB -0.0001L 0.001%8 -0.p7 0.944
GS Rot 0.0145 0.08p7 0.2 0.841
SR.GS Rot -0.227 0.498 -0.45 0.951
SR.RB.GS Rot 0.00016 0.00101 016 0.872
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Figure 5-4: The relationship between stocking rate and gairapenal for phase one
(1977-1991) for the residual biomass and stockatg model.

5.2.2.1.4. Gain per hectare and residual biomass model forsgha
one (1977-1991)

There was a statistically significant effect (P98Pof stocking rate on gain per hectare
(Error! Reference source not found.). Closer investigation of the data suggested that
higher stocking rates resulted in a increase im ga&r hectare for phase onérfor!
Reference source not found.), and this suggested that the “turning” pointioé typical
Jones and Sandland model has not been reachedmighis be due to the lower than
suggested stocking rates applied during the duratigpghase one (Appendix 4-Appendix
17). Residual biomass and the interaction of tlasable with stocking rate had no

significant impact on gain per anim#r{ or! Reference sour ce not found.).

Grazing system and its interaction with stockingerand seasonal rainfall had no
statistically significant on gain per anim&rf{or! Reference source not found.). Two

theories are disssued in the literature. One resegoup support the theory that animals
produce higher under continuous grazing systems dinaer rotational grazing systems,
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while others support the direct opposite (O’Reagaid Turner 1992). These trial results
thus contradict both theories.

Table5-4: Results from the multiple linear regression of glaen per hectare and
residual biomass model for phase one (1977-1994hreviations used are: SR=stocking

rate (LSU/ha), RB=residual biomass (kg‘hand GS=grazing system applied

Parameter Estimate |Standard error t(57) |t pr.
Constant 6.49 7.13 0.91| 0.366
SR 109.1 39.6 2.75| 0.008
RB -0.0066 0.0161] -0.41| 0.684
SR.RB 0.106 0.138 0.76| 0.448
GS Rot 3.04 7.59 0.4] 0.69
SR.GS Rot -4.4 43.7 -0.1f 0.92
SR.RB.GS Rot -0.0573 0.0883| -0.65( 0.519
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Figure 5-5. The relationship between gain per hectare andkistpaate for phase one
(1977-1991) for the residual biomass model.
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5.2.2.2.Phase two (1992-1999)

Multiple regression analyses were used for thessitzdl analysis, using Genstat 8.1. Two
particular analyses were performed and these ineregasonal mass gain per animal per
day (kg/animal/day) and seasonal mass gain petdilagctare/year).

For both the gain per animal and gain per hectata,dwo types of multiple linear

regression models were developed to incorporate f@mnfall and residual biomass into
the model. Rainfall and residual biomass cannanberporated into the same model as
these variables are closely correlated (Fynn 19B8)comparing the results of both

models (i.e. amount of variation explained in theltiple linear regressions), it can be
concluded which variable (rainfall or residual bess) is a better indicator of animal
gain per animal and gain per hectare (Fynn 1998).

The seasonal rainfall model was used to investitf@esignificance of the main effects
and interactions on gain per animal and gain petane. The model included the main
effects (stocking rate and seasonal rainfall) arsd érder interactions (stocking rate by
seasonal rainfall interaction) and there was nougyrgy factor, as grazing system
treatments were discontinued at the end of phaseTome was left out of the analysis as

it resulted in large inflation factors between litsed stocking rate and seasonal rainfall.

The residual biomass model was used to investifj@esignificance of the main effects
and interactions on gain per animal and gain petane. The model included the main
effects (stocking rate and seasonal rainfall) arsd érder interactions (stocking rate by
seasonal rainfall interaction) and there was nougyrgy factor, as grazing system
treatments were discontinued at the end of phaseTome was left out of the analysis as

it resulted in large inflation factors between litsend stocking rate and seasonal rainfall.

5.2.2.2.1. Gain per animal and seasonal rainfall model for paawo
(1992-1999)
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The results indicated that there were no statistisggnificant effects and/or interactions
of stocking rate and seasonal rainfall on gaingremal Error! Reference source not
found.).

Table 5-5 Results from the linear regression on the gairapenal and seasonal rainfall
model for phase two (1992-1999). Abbreviations wumed SR=stocking rate (LSU/ha)
and Searain=seasonal rainfall (mm)

Parameter |Estimate |Standard error t(20) | t pr.
Constant 0.45 0.46 0.97( 0.34
SR -0.96 3.82] -0.25| 0.80
Searain 0.00 0.00] -0.16{ 0.88
SR.Searain 0.00 0.01 0.14]| 0.89

5.2.2.2.2. Gain per hectare and seasonal rainfall model for phase two
(1992-1999)

The results indicated that there were no statistisggnificant effects and/or interactions

of stocking rate and seasonal rainfall on gainhmatare Error! Reference source not
found.).

Table 5-6 Results from the multiple linear regression onghm per hectare and
seasonal rainfall model for phase two (1992-1988previations used are: SR=stocking

rate (LSU/ha) and Searain=seasonal rainfall (mm)

Parameter |Estimate |Standard Error t(20) |t pr.

Constant 2.3 15 0.15[ 0.88
SR 47 123 0.38| 0.708
Searain -0.0033 0.028| -0.12] 0.906
SR.Searain 0.116 0.238 0.49| 0.632

5.2.2.2.3. Gain per animal and residual biomass model for ghtago
(1992-1999)

The results indicated that there were no statistisggnificant effects and/or interactions
of stocking rate and residual biomass on gain pena (Table 5-7Results from the
multiple linear regression of the gain per animal and residual biomass model.
Abbreviations used are: SR=stocking rate (LSU/ha) and RB=residual biomass
(kg.ha-1)
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Parameter |Estimate [Standard error | t(20) | t pr.

Constant 0.8B 0.37 2.37 0.p3
SR -4.13 2.6 -1.594 0.14
RB 0.00 0.00 -1.4p 0.16
SR.RB 0.01 0.0L 1.36 O..59

Table 5-7 Results from the multiple linear regression of glaen per animal and residual
biomass model. Abbreviations used are: SR=stoadkitey(LSU/ha) and RB=residual
biomass (kg.hd)

Parameter |Estimate [Standard error | t(20)] t pr.

Constant 0.8B 0.37 2.37 0.03
SR -4.13 2.6 -1.54 0.14
RB 0.00 0.00 -1.4p 0.16
SR.RB 0.01 0.0L 1.36 0.19

5.2.2.2.4. Gain per hectare and residual biomass model forsgha

two (1992-1999)

The results indicated that there were no stati$fisggnificant effects or interactions of

stocking rate and residual biomass on gain perahedError! Reference source not

found.).

Table 5-8: Results from the multiple linear regression far gain per hectare and

residual biomass model for phase two (1992-199Bhréviations used are: SR=stocking

rate (LSU/ha) and RB=residual biomass (kg)ha

Parameter |Estimate [Standard error | t(20) |t pr.
Constant 8.1D 12.40 0.64 O.
SR 31.4( 90.8p 0.35 0.73
RB -0.02 0.02 -0.7L 0.4
SR.RB 0.17 0.1p 0.92 0.87

53
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5.2.2.3.Phase three (2000 to present)

Multiple linear regression analyzes were used lier statistical analysis, using Genstat
8.1. Two particular analyses were performed andethveere the seasonal mass gain per

animal per day (kg/animal/day) and seasonal masspga ha (kg/hectare/year).

For both the gain per animal and gain per hectata,dwo types of multiple linear

regression models were developed to incorporate f@mnfall and residual biomass into
the model. Rainfall and residual biomass couldb®tncorporated into the same model
as these variables were closely correlated (Fy@81By comparing the results of both
models (e.g. amount of variation explained in theltiple linear regressions), it was

concluded which variable (rainfall or residual bess) is a better indicator of animal
gain per animal and gain per hectare (Fynn 1998).

The seasonal rainfall model was used to investitf@esignificance of the main effects
and interactions on gain per animal and gain petane. The model included the main
effects (stocking rate and seasonal rainfall) arsl brder interactions stocking rate by
seasonal rainfall and there was no grouping fa@srgrazing system treatments were
discontinued at the end of phase one Time wasolgftof the analysis as it resulted in

large inflation factors between itself and stockiate and seasonal rainfall.

The residual biomass model was used to investifj@esignificance of the main effects
and interactions on gain per animal and gain petane. The model included the main
effects (stocking rate and residual biomass) arsdl dirder interactions (stocking rate by
residual biomass interaction) and there was no gyngu factor, as grazing system
treatments were discontinued at the end of phaseTome was left out of the analysis as

it resulted in large inflation factors between litsed stocking rate and seasonal rainfall.

5.2.2.3.1. Gain per animal and seasonal rainfall model for pba
three (2000 to present)
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The results indicated that there were no stati$fisggnificant effects or interactions of

stocking rate and seasonal rainfall on gain pemahiError! Reference source not

found.).

Table5-9: Results from the linear regression on the gairapénal and seasonal
rainfall model for phase three (2000 to presenbbrviations used are: SR=Stocking

rate (LSU/ha) and Srain=seasonal rainfall (mm)

Parameter |Estimate [Standard error | t(8) [t pr.

Constant 0.4p 0.6 0.61 0.p6
SR 0.2( 5.18 0.04 0.97
Srain 0.0( 0.0p 0.11 0.92
SR.Srain 0.0p 0.1 -0.17 0.B7

5.2.2.3.2. Gain per hectare and seasonal rainfall model foragdh

three (2000 to present)

The results indicated that there were no stati$fisggnificant effects or interactions of

stocking rate and seasonal rainfall on gain petanecError! Reference source not

found.).

Table5-10: Results from the multiple linear regression onghm per hectare and
seasonal rainfall model for phase three (2000 ¢sgat). Abbreviations used are:

SR=stocking rate (LSU/ha) and Srain=seasonal r&iinfan)

Parameter |Estimate |Standard error t(8) | tpr.
Constant -6.90 37.70f -0.18] 0.86
SR 274.00 297.00 0.92] 0.38
Srain 0.02 0.06 0.24] 0.82
SR.Srain -0.21 0.49| -0.43| 0.68

5.2.2.3.3. Gain per animal and residual biomass model for ghas

three (2000 to present)

The results indicated that there were no statidfisggnificant effects or interactions of

stocking rate and residual biomass on gain per a@n{Error! Reference source not

found.).
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Table5-11: Results from the multiple linear regression of glaen per animal and
residual biomass model for phase three (2000 teepte Abbreviations used are:

SR=stocking rate (LSU/ha) and Srain=seasonal rdaiimhan)

Parameter |Estimate [Standard error t(8) | tpr.

Constant 0.3p 0.11 2.6 0.03
SR 0.04 0.76 0.05 0.96
RB 0.00 0.00 1.0p 0.33
SR.RB 0.0p 0.0 -0.34 0[5

5.2.2.3.4. Gain per hectare and residual biomass model forsgha
three (2000 to present)

The results indicated that there is a statisticsigyificant (P=0.008) effect of stocking
rate on gain per hectar&rfor! Reference source not found.). At low stocking rates,
gain per hectare increased at a rapid rate, bsitoaking rates increased to high stocking
rates, the rate of increase in gain per hectardingec until it eventually reached a
turning point, whereafter gain per hectare decliwét increasing stocking rategn(ror!
Reference source not found.). This is the typical “Jones and Sandland 1974bpomse
of gain per hectare to stocking rate. The relahgn®f residual biomass and gain per

hectare was non-significarii(ror! Reference source not found.).

Table 5-12 Results from the multiple linear regression for ¢fagn per hectare and
residual biomass model for phase three (2000 teepte Abbreviations used are:

SR=stocking rate (LSU/ha) and RB=residual biomkgshg!)

Parameter |Estimate [Standard error |  t(8) | t pr.

Constant -4.0D 6.96 -0.61 0.b6
SR 161.00 43.50 3.0 0.p1
RB 0.00 0.00 0.4p 0.47
SR.RB 0.01 0.0B 0.38 0.11
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Figure 5-6: Relationship between stocking rate and gain petahne for phase three
(2000 to present).

5.2.3. Conclusions
5.2.3.1.Phase one (1977-1991)

The residual biomass and seasonal rainfall modepfase one indicated completely
different results for the gain per animal datathe seasonal rainfall model, stocking rate
did not have a significant effect on gain per anjnmut seasonal rainfall and the
interaction of stocking rate with seasonal rainé&dplained most of the variation in gain
per animal. This suggested a continuum of non-gxiwim and equilibrium dynamics

and that animal production is more sensitive tcseeal rainfall than to stocking rate,

although the significant interaction of stockingeravith seasonal rainfall suggested that

the effect of seasonal rainfall on animal produci®dependant on stocking rate.
The residual biomass model however indicated ttaiksg rate was more important

than rainfall in explaining variation in the massrg per animal. The stocking rate effect

on gain per animal was significant and indicateat s stocking rate increased, that gain
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per animal decreased. Seasonal rainfall and tleeaiction of stocking rate with seasonal

rainfall had no significant effect on gain per aalm

The amount of variation explained by the seasaaafall model (28.4%) was larger than
the residual biomass model (17.3%) and this indatahat rainfall explained more
variation in gain per animal, than residual biomdiss This possibly indicated that non-
equilibrium effects are stronger than the equilibrieffects, but it is important to note

that stocking rate had a significant effect in sarases.

The gain per hectare models (seasonal rainfall r&sdiual biomass) for phase one
indicated that stocking rate had a significant @ffen gain per hectare. Increasing
stocking rates resulted in higher gains per hectainech suggested that the turning point
of the typical “Jones and Sandland 1974 model” iatsbeen reached and this might
have been due to light stocking rates applied duthre duration of phase one. The
seasonal rainfall model however has significanteff of seasonal rainfall and

interactions of stocking rate with seasonal ralrdal gain per hectare. This suggests that
the effect of stocking rate is dependent on sedsamafall and that seasonal rainfall

explain an additional amount of variation in gaer pectare.

Grazing system and its interaction with stockingerand seasonal rainfall had no
statistically significant on gain per animal and gain per hectare for both the residual
biomass and seasonal rainfall models. Two the@iesdisssued in the literature. One
research group support the theory that animalsymediigher under continuous grazing
systems than under rotational grazing systems,ewdtiers support the direct opposite
(O’Reagain and Turner 1992). These trial results ttontradict both theories.

5.2.3.2.Phase two (1992-1999)

Both the residual biomass and seasonal rainfallatsoldr phase two did not show any
significant effects and interactions between anth vetocking rate, seasonal rainfall

and/or residual biomass on both gain per animalgaivd per hectare.
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5.2.3.3.Phase three (2000-2004)

Both the residual biomass and seasonal rainfallaisoor phase three did not show any
significant effects and interactions of stockindgeraseasonal rainfall and/or residual
biomass on animal gains per animal. The seasoimdhltamodel did not show any any

significant effects and interactions of stockingeraseasonal rainfall and/or residual
biomass on animal gains per hectare. However gfidual biomass model indicated that
stocking rate had a significant effect on gain pectare and the production closely
followed the “Jones and Sandland 1974 model” dsvatstocking rates, gain per hectare
increased at a rapid rate, but high stocking ra#dss, the rate of gain per hectare
declined, until it eventually reaches a turningnpowhereafter gain per hectare declined

with increasing stocking rates.
5.3. ANIMAL PRODUCTION VARIABLESOTHER THAN MASS GAIN DATA

5.3.1. Animal production variables measured for cattle in different

treatments

The following animal production variables were mead for each cow during phase two
and three:

» Conception rates (cows pregnant/cows mated *100)

» Calving percentages (cows that calved/cows mate®)*10

» Weaning percentages (Calves weaned/cows mated *100)

Condition scores are given to all cows four timesirty the year. The condition scores
were given to each cow before servicing, after isgry, before calving and after
weaning. The condition score was a value of betvagenand five, where a score of one

was if the cow is very thin and score of five isemthe cow was very fat.

If cows, calves and heifers are slaughtered, 8iaughtered mass, carcass mass, dressing
percentage, the grade of the meat and the prieeedfffor different grades, are recorded.
The South African grading system of meat operatesv® main variables and these are

the age of the animal and the fatness of the nfeairn( 2005). The age of the animal is
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divided into four age classes (Anon 2005). Thesefagrade (animal with no permanent
incisors is under the age of one), AB grade (anitmal has two teeth, is one to one and
half years old with two permanent incisors), B grgdnimal that has four teeth, two
years old with three to six permanent incisors) @ndrade (animal that is called a full
mouth of teeth, two and a half years to three ye#dswith more than six permanent
incisors) (Anon 2005)The fatness of the carcass is judged by how muatafavisually
been seen on the carcass (Anon 2005). If an ariiaslery little or no fat, the meat is
graded as zero to one code (Anon 2005). When anahm$ not too lean nor to fat, the
meat is graded the codes two, three and four (AR@f%). An animal that is slightly over
weight will be classified as code five and an expedy fat animal's meat will be

classified as code six (Anon 2005).
5.3.2. Statistical analysis and discussion of results
5.3.2.1.Phase one (1977-1991)

The only animal production variable that was meagwturing phase one was the mass

gain of steers and heifers and these results scesied in Chapter 5.2.2.1.
5.3.2.2.Phase two (1992-1999)

Simple linear regression analysis, using Genstat Was used to study the effect of

stocking rate on condition score for phase two. tild linear regressions (also using

Genstat 8.1) were used to investigate the effedtiateractions of stocking rate and

rainfall on calving percentage, weaning percentageception rate and the percentage of
desirable grade meat. The percentage desirables gresht was calculated as follows

(Section 5.3.1):

% desirable grade meai-of Grade A2 and Grade AB/of all grades of meat*100
5.3.2.2.1. Condition score of cows during phase two (1992-1999)

There was a statistically significant (P<0.001)eeffof stocking rate on the condition

scores of cows for phase twhrfor! Reference source not found.). The relationship
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between stocking rate and condition score cleartjicated that high stocking rates

resulted in low condition scoreBrror! Reference sour ce not found.).

Table 5-13 Results from the simple linear regression of stagkate on the condition
score of cows during phase two (1992-1999). Theealdtion used is: SR=stocking rate
(LSU/ha)

Parameter |Estimate [Standard error [t(21) |t pr.

Constant 3.9111 0.106 B7 <.001

SR -4.684 0.91f7 -5.11 <.0Q1

o
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Figure5-7: Relationship between stocking rate and the camddcore of cows during
phase two (1992-1999).

5.3.2.2.2. Calving percentages

There was no statistically significant effect anteraction of stocking rate and seasonal
rainfall on the calving percentage of cows duriftgge two Error! Reference source
not found.).
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Table5-14: Results from the multiple linear regression of kg rate and seasonal
rainfall on the calving percentage for phase tw@Bgk1999). Abbreviations used are:

SR=stocking rate (LSU/ha) and Searain=seasondhhajmm)

Parameter |Estimate [Standard error [t(17) |t pr.

Constant 101.8 38[3 2.66 0.017
SR -174 326 -0.55 0.591
Searain -0.0187 0.0787 -0p5 0.802
SR.Searai 0.302 0.6p9 0J46 0.652

5.3.2.2.3. Weaning percentages

There was no statistically significant effect anteraction of stocking rate and seasonal

rainfall on the weaning percentage of calves duphase twokrror! Reference source

not found.).

Table5-15: Results from the multiple linear regression of kiog rate and seasonal
rainfall on the weaning percentage of calves fasghtwo (1992-1999). Abbreviations
used are: SR=stocking rate (LSU/ha) and Searaisesaarainfall (mm)

Parameter |Estimate [Standard error [t(17) |t pr.

Constant 86.[7 38 2.28 0.0B5
SR -5 328 -0.1p 0.899
Searain -0.0008 0.0T3 -0.p1 0.991
SR.Searail] 0.098 0.6p3 0{15 0.882

5.3.2.2.4. Conception percentages

There was no statistically significant effect anteraction of stocking rate and seasonal

rainfall on the conception percentages of cowsmgduphase twoHrror! Reference

sour ce not found.).

Table5-16: Results from the multiple linear regression of kg rate and seasonal
rainfall on the conception rate of cows during ghiago (1992-1999). Abbreviations
used are: SR=stocking rate (LSU/ha) and Searaisesaarainfall (mm)
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Parameter |Estimate [Standard error [t(17) |t pr.

Constant 134)7 36|14 3.7 0.002
SR -495 310 -1.6 0.128
Searain -0.0787 0.07 -1.12 0.376
SR.Searait 0.865 0.6p6 1{38 0.185

5.3.2.2.5. The percentage of desirable meat grades produced

There was no statistically significant effect anteraction of stocking rate and seasonal
rainfall on the percentages of desirable meat gradeduced during phase twér(or!

Refer ence sour ce not found.).

Table5-17: Results from the multiple linear regression of khog rate and seasonal
rainfall on the percentage of desirable meat gradeduced during phase two (1992-
1999). Abbreviations used are: SR=stocking ratdJbh&) and Searain=seasonal rainfall

(mm)

Parameter |Estimate [Standard error [t(17) |t pr.
Constant 1.2B 0.35 3.48 0.p0
SR -3.9( 3.00 -1.30 0.21
Searain 0.0p 0.J0 -1.16 0.p6
SR.Searait 0.1 0.01 116 0f26

5.3.2.3.Phase three (2000 to present)

Simple linear regression analysis, using Genstatwias used to study the effect of

stocking rate on condition score of cows duringgehidree.
5.3.2.3.1. Condition score of cows for phase three (2000 to present)

There was a statistically significant effect ofciimg rate (P<0.001) on the condition

scores of cows during phase thrégrr! Reference source not found.). There is
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definite negative association with stocking ratd #re condition score of cows, as higher
stocking rates resulted in decreasing conditiomesod cows Error! Reference source

not found.).

Table5-18: Results from the simple linear regression of stogkate on the condition
scores of cows for phase three (2000 to presehé.abbreviation used is: SR=Stocking
rate (LSU/ha)

Parameter |Estimate [Standard error [t(46) |t pr.

Constant 3.4442 0.08Y8 39J22 <.001
SR -1.948 0.680 -2.82 0.0p7
4
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Figure 5-8: Relationship between stocking rate and the camdgcore of cows for phase

three (2000 to present).
5.3.3. Conclusions
5.3.3.1.Phase two (1992-1999)

Stocking rate only had a significant effect on dwmdition score of cows during phase
two. No significant effects and interactions ofcitiog rate and seasonal rainfall was

indicated on calving percentage, weaning percentageeption rates and percentage of
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desirable meat produced. This suggested that anpmomluction are not affected by
density dependent effects and/or density indepeneféects in this system. A possible
reason for this is that no significant effects aniractions can be seen as the actual
stocking rates were much lower than what they shbale been, as per specifications of

the trial design (refer ton Appendix 12 to Appentii)
5.3.3.2.Phase three (2000 to present)

The only variable that was available for phasedhvas the condition scores of cows.
This variable had a significant effect with stoakrate, and the results indicated that

high stocking rates result in poor cattle condition
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Appendix 1. Description of the abbreviations used to desciiieepaddocks iError!

Refer ence sour ce not found.

Name of Paddock |Description of treatments

LW1 Rotational grazing system at a light stockiatgrreplication one
LW2 Rotational grazing system at a light stockiatgrreplication two
LW3 Rotational grazing system at a light stockiatgrreplication three
LwW4 Rotational grazing system at a light stockiatgrreplication four
LW5 Rotational grazing system at a light stockiatgrreplication five
LW6 Rotational grazing system at a light stockiatgrreplication six
MW1 Rotational grazing system at a medium stockatg replication one
MW?2 Rotational grazing system at a medium stockatg replication twq
MW3 Rotational grazing system at a medium stockatg replication three
MW4 Rotational grazing system at a medium stockatg replication four
MW5 Rotational grazing system at a medium stockatg replication five
MW6 Rotational grazing system at a medium stockatg replication six
SW1 Rotational grazing system at a high stockimg raplication one
SW2 Rotational grazing system at a high stockiig raplication two
SW3 Rotational grazing system at a high stocking replication three
SW4 Rotational grazing system at a high stocking raplication four
SW5 Rotational grazing system at a high stockimg raplication five
SW6 Rotational grazing system at a high stocking replication six
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Appendix 2: Description of the abbreviations used to desctieepaddocks ikrror!

Reference sour ce not found.

Name of Paddock

Description of treatments

LW1

Rotational grazing system at a light stockiatgrreplication one

LW2 Rotational grazing system at a light stockiatgrreplication two

LW3 Rotational grazing system at a light stockiatgrreplication three

Lw4 Rotational grazing system at a light stockiatgrreplication four

LW5 Rotational grazing system at a light stockiatgrreplication five

LW6 Rotational grazing system at a light stockiatgrreplication six

MW1 Rotational grazing system at a medium stockatg replication one

MW?2 Rotational grazing system at a medium stockatg replication two

MW3 Rotational grazing system at a medium stockatg replication three
MW4 Rotational grazing system at a medium stockatg replication four

MW5 Rotational grazing system at a medium stockatg replication five

MW6 Rotational grazing system at a medium stockatg replication six

VW1 Rotational grazing system at a medium-heavglstg rate replication one
VW2 Rotational grazing system at a medium-heavglsig rate replication twg
VW3 Rotational grazing system at a medium-heavglstg rate replication three
VW4 Rotational grazing system at a medium-heavgisig rate replication fou
VW5 Rotational grazing system at a medium-heavglshg rate replication five
VW6 Rotational grazing system at a medium-heavglshg rate replication six
SwW1 Rotational grazing system at a heavy stoclaig replication one

SW2 Rotational grazing system at a heavy stoclaig replication two

SW3 Rotational grazing system at a heavy stoclkang replication three

SwW4 Rotational grazing system at a heavy stoclang replication four

SW5 Rotational grazing system at a heavy stoclaig replication five

SW6 Rotational grazing system at a heavy stoclkaig replication six

LA Continuous grazing system at a light stockinig ra

MA Continuous grazing system at a medium stockatg r

VA Continuous grazing system at a medium-heavyksbgcrate

SA Continuous grazing system at a heavy stockitey ra
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Appendix 3: The division of grass species into different ecalahgroups as required

by the ecological index method Hardy al. (1999)). Other 1 refers to forb species that

were grouped into the highly desirable group, Otheefers to forb species that were

grouped into the desirable group, Other 3 refefstio species that were grouped into the

less desirable group and Other 4 to forb speciaswvilere grouped into the undesirable

group.

Highly desirable group

Desirable group

L ess-desirable group

Undesirable group

Anthephora pukscens

Cymbopogon plurinodis

Cynodon dactylon

Aristida congest

Brachiaria nigropedata

Eragrostis lehmanniana

Elimns muticus

Tragus racemosus

Chrysopogon serrulatus

Eragrostis superba

Eragsosindensis

Enneapogon desvauxii

Digitaria eriantha

Fingerhuthia africana

Eragrostjzseudo-obtus

@ropetium capense

Eustachys paspaloides

Heteropogon contortus

Aristida meridionali:

Pogonarthria squarrosa

Panicum stapfianum Stipagrostis uniplumis Enneapaymparius | Microchloa caffra
Schmidtia pappophoroides Eragrostis echinochloidedrachiaria marlothii Aristida stipitate
Sporobolus fimbriatus Melinis repens Eragrostishiophora | Triraphis andropogonoid
Themeda triandra Eragrostis rigidior Eragrostis okt Eragrostis pallens

Other 1 Diheteropogon amplectens |Other 3 Trichoneura grandiglumis

Other 2

Tragus koelerioides

Aristida diffusa

Other 4

The classification was taken from Fourie (1983)ur® (1983) describes the four

ecological groups as follows:

Highly desirable species are grass species witigla liomass production, high feeding

value, good soil stabilizers and they are pererspakties. These species have Decreaser

characteristics because these species are donimgeld in a very good condition and

they decrease in abundance with under- and ovengraz

Desirable species are grass species with an aveiagass production and they are good

soil stabilizers. These species have Increasehdaeacteristics e.g. scarce in veld that is

in good condition and they increase in abundancegeid which has slight under or

selective grazing) and Increaser 2a characteristiasce in veld that is in good condition

and they increase in abundance in veld which hgistsi overgrazed).

Less desirable species are grass species withopmoass production, poor feeding value

and they are weak perennials. These species Hrgostd soil stabilizers. These species
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have Increaser 1b characteristics e.g. scarcelihtiat is in good condition and they

increase in abundance in veld which has been hightjer or selective grazed) and

Increaser 2b characteristics e.g. scarce in veltishin good condition and they increase
in abundance in veld which has highly overgrazédyacteristics.

Undesirable species are grass species, which haeeydow biomass production, they

are very weakly perennial, but mostly annual speeied they are poor soil stabilizers.

These species have Increaser 2c characteristiesh\ahe species that are very scarce in

veld in good condition and increase in abundandle wary heavy overgrazing.
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Appendix 4: Actual stocking rates applied during phase onh@fgrazing trial at the

Armoedsvlakte Research Station for the light stogkiate and rotational grazing system

treatment. The abbreviation SR refers to the starkate (AU/ha) applied.

Year 1081| 1982| 1984 1985 1986| 1987 1988 1990] 1991
Suggested Light SR (Au/ha) 0.100Q 0.100p 0.1000 0.10Pp0 0.1000 0.1000 0.1000 0j10000Q.1
Actual Light SR (Au/ha) 0.09531 0.07644 0.1082 0.09[79 0.1022 0.1052 0.0995 0J068067.0
Suggested M edium SR(Au/ha) 0.1429 0.142p 0.1429 0.14p9 0.1429 0.1429 0.1429 0142829.1
Suggested M edium-heavy SR(Au/ha) |0.181§ 0.181B 0.1818 0.18{l8 0.1§18 0.1818 0.1818 0{181818§.1
Suggested Heavy SR (Au/ha) 0.250(Q 0.250p 0.2500 0.25Pp0 0.2$00 0.2500 0.2500 0J250800.2
0.30
0.25 - A= - A-————- - - - - - ——- - - 4
0.20 - e\ ctual Light SR (Au/ha)
©
= L B K- B - k- B X" X ~ -= - Suggested Medium
:’ SR(Au/ha)
:u; - -B - Suggested Medium-
< (.15 4 heavy SR(Au/ha)
; - - - —4— - Suggested Heavy SR
< (Aufha)
= = B= Syggested Light SR
<@ (Auha)
0.10 - m m mflm = = o
0.05 -
0.00
1981 1982 1984 1985 1986 1987 1988 1990 1991
Time (year)
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Appendix 5: Actual stocking rates applied during phase on&efgrazing trial at the
Armoedsvlakte Research Station for the medium stgatate and rotational grazing
system treatment. The abbreviation SR refers tatieking rate (AU/ha) applied.

Time (year) 1081 1982| 1984 1985| 1986| 1987| 1988 1990/ 1991

Suggested medium SR (Au/ha) 0.1429 0.142p 0.1429 0.14p9 0.1429 0.1429 0.1429 0{142929.1
Actual medium SR (Au/ha) 0.1244 0.104p 0.1462 0.1189 0.1230 0.1249 0.1252 0{102774.0
Suggested Light SR (Au/ha) 0.100Q 0.100p 0.10¢0 0.10p0 0.1000 0.1000 0.1000 0]10000@.1
Suggested Medium-heavy SR (Au/ha) | 0.1814 0.181B 0.1818 0.18{18 0.1318 0.1818 0.1818 0[18181§.1
Suggested Heavy SR (Au/ha) 0.250Q 0.250p 0.25(¢0 0.25p0 0.2500 0.2500 0.2500 0)25080Q.2

0.30

0.25 1 B - - — - — B — - - — - B — - - — - B - — - — - B - - - — - B - - — - — B — - - — - B — - - — - a

0.20 A

= B= 5yggested medium SR (Au/ha)
e=—tr==/\ctual medium SR (Au’ha)

— —4— - Suggested Light SR (Au/ha)
0.15

— -A— - Suggested Medium-heavy SR
(Au/ha)

— -o— - Suggested Heavy SR (Au/ha)

Stocking rate (LSU/ha)

0.10 A

0.05

0.00

1981 1982 1984 1985 1986 1987 1988 1990 1991

Time (year)

216



Appendix 6: Actual stocking rates applied during phase onenefgrazing trial at the

Armoedsvlakte Research Station for the Medium-hestocking rate and rotational

grazing system treatment. The abbreviation SR seferthe stocking rate (AU/ha)

applied.
Time (year) 1981| 1982| 1984| 1985 1986| 1987| 1988| 1990
Suggested Medium-heavy SR (Au/ha) | 0.1814 0.181B 0.1818 0.1818 0.1$18 0.1818 0.}1818 01818
Actual Medium-heavy SR (Au/ha) 0.1563 0.113¢ 0.1583 0.1446 0.1317 0.1355 0.1353 0J1210
Suggested Light SR (Au/ha) 0.100Q 0.100p 0.1090 0.10p0 0.1(G00 0.1000 0.1000 0J1000
Suggested Medium SR (Au/ha) 0.1429 0.142Pp 0.1429 0.14p9 0.1429 0.1429 0.1429 01429
Suggested Heavy SR (Au/ha) 0.250Q 0.250p 0.25Q0 0.25p0 0.2%00 0.2500 0.2500 0)2500
0.30
0.25 o — o — 0 ——— 0 ——0———0——@
0.20 §
E LR PR BT DR B TR BCEE A |
S = B= Syggested Medium-heavy SR (Au/ha)
< === Actual Medium-heavy SR (Au/ha)
% 0.15 — —e— -Suggested Light SR (Au/ha)
> — -A— -Suggested Medium SR (Au/ha)
% —@— Suggested Heavy SR (Au/ha)
3
0.10 >~ ———— - -~ - ——— - +~ - - - +~ - — - == -~ - ——— - -~ ——— - +~ - — - == -
0.05 1§
0.00
1981 1982 1984 1985 1986 1987 1988 1990

Time (Year)
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Appendix 7: Actual stocking rates applied during phase on&efgrazing trial at the
Armoedsvlakte Research Station for the heavy shgckate and rotational grazing

system treatment. The abbreviation SR refers tatieking rate (AU/ha) applied.

Time (Year) 1981) 1982 1984 1985| 1986| 1987 1988 1990[ 1991

Suggested Heavy SR (Au/ha) 0.250Q 0.250p 0.25¢0 0.25p0 0.2%00 0.2500 0.2500 0§250800.2
Actual Heavy SR (Au/ha) 0.2163 0.157f 0.2219 0.18B3 0.1¢50 0.1750 0.1686 0{150172.1
Suggested Light SR (Au/ha) 0.100Q 0.100p 0.1000 0.10p0 0.1p00 0.1j000 0.1000 0)j10000Q.1
Suggested Medium SR (Au/ha) 0.1429 0.142p 0.1429 0.14p9 0.1429 0.1429 0.1429 0]142829.1
Suggested Medium-heavy SR (Au/ha) | 0.181§ 0.1818 0.1818 0.1818 0.1818 0.1)818 0.1818 0/18181§.1

0.30

0.25 .--I---l--.---l--.--i---.--'

0.20 - = B+ Suggested Heavy SR
(Au/ha)

==dr==Actual Heavy SR (Au/ha)

—4&— Suggested Light SR (Au/ha)

Stocking rate (LSU/ha)

0.15 ~ = - Suggested Medium SR

(Au/ha)
—=—Suggested Medium-heavy

SR (Au/ha)

0.10 & A A A A & 4 & A

0.05

1981 1982 1984 1985 1986 1987 1988 1990 1991
Time (year)

218



Appendix 8: Actual stocking rates applied during phase on&efgrazing trial at the
Armoedsvlakte Research Station for the light stegkiate and continuous grazing
system. The abbreviation SR refers to the stockatey (AU/ha) applied.

Time (Year) 1981| 1982 1984| 1985 1986| 1987] 1988 1990
Suggested Light SR (Au/ha) 0.100d 0.100p 0.1090 0.10p0 0.100 0.1000 0.1000 0]1000
Actual Light SR (Au/ha) 0.0941 0.096p 0.1035 0.0947 0.0971 0.0984 0.9p902 0J0666
Suggested Medium SR (Au/ha) 0.1429 0.142p 0.1429 0.14p9 0.1429 0.1429 0.1429 0)1429
Suggested Medium-heavy SR (Au/ha) [0.1814 0.181B 0.188 0.18[18 0.1$18 0.1)818 0.]1818 01818
Suggested Heavy SR (Au/ha) 0.250(Q 0.250p 0.2500 0.25p0 0.2$00 0.2500 0.2500 042500
0.30
0.25 A-—————- A~ A~ A&~ A~ A~ A~ A
0.20 -
g L A LR - LI LR - - u = B Suggested Light SR
? (Aulha)
= e=—ir— Actual Light SR (Au/ha)
£ 0.151
éa - —& — Suggested Medium SR
£ (Au/ha)
§ - % — Suggested Medium-
@ heavy SR (Au/ha)
0.10 -
- —A& - Suggested Heavy SR
(Au/ha)
0.05 -
0.00

1981 1982 1984 1985 1986 1987 1988 1990

Time (year)
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Appendix 9: Actual stocking rates applied during phase on&efgrazing trial at the

Armoedsvlakte Research Station for the medium stgakate and continuous grazing

system. The abbreviation SR refers to the stockatey (AU/ha) applied.

Time (Year)

1981| 1982 1984| 1985] 1986

1987| 1988 1990

Suggested Medium SR (Au/ha)

0.1429 0.142p 0.1429 0.14p9 0.14

129 0.1429 0.1429 0]1429

Actual Medium SR (Au/ha)

0.1318 0.1344 0.1443 0.12B3 0.13

41 0.1293 0.1290 0J0830

Suggested Light SR (Au/ha)

0.100Q0 0.100p 0.1000 0.10p0 0.1

00 0.1000 0.1000 0J1000

Suggested Medium-heavy SR (Au/ha) [0.181§ 0.181B 0.1818 0.1818 0.1§18 0.1818 0.1818 0J1818

Suggested Heavy SR (Au/ha)

0.250Q 0.250p 0.2500 0.25p0 0.2%00 0.2500 0.2500 0{2500

Stocking rate (LSU/ha)

0.10 A

0.05 A

0.00

o

)

o
.

e

-

3
.

= B Syggested Medium SR (Au/ha)
e=gr==/\ctual Medium SR (Au/ha)

— -@ - Suggested Light SR (Au/ha)

— —A— - Suggested Medium-heavy SR (Au/ha)
— M- - Suggested Heavy SR (Au/ha)

1981

1982

1984

1985 1986 1987 1988 1990
Time (year)

220



Appendix 10: Actual stocking rates applied during phase onéefgrazing trial at the

Armoedsvlakte Research Station for the medium-hetygking rate and continuous

grazing system. The abbreviation SR refers to theksg rate (AU/ha) applied.

Time (Year) 1981| 1982| 1984| 1985 1986| 1987| 1988| 1990
Suggested M edium-heavy SR (Au/ha) 0.18184 0.181B 0.1818 0.18{18 0.1818 0.1818 0.]1818 0[1818
Actual Medium-heavy SR (Au/ha) 0.164Q0 0.164p 0.1690 0.16[19 0.1627 0.1683 0.1673 0Jj1113
Suggested Light SR (Au/ha) 0.100Q 0.100p 0.1090 0.10p0 0.1000 0.1000 0.1000 0j1000
Suggested Medium SR (Au/ha) 0.1429 0.142p 0.1429 0.14p9 0.1429 0.1429 0.1429 0]1429
Suggested Heavy SR (Au/ha) 0.250Q 0.250p 0.25¢0 0.25p0 0.2%00 0.2500 0.2500 0J2500

0.30

0254 ®W----- - - - - - - - ]
. = B= Syggested Medium-heavy SR (Au/ha)
©
s 0.20 1 e=gr==/\ctual Medium-heavy SR (Au/ha)
w .
i, B = =g = == = == = f = = § = =g = =p§ - - - Suggested Light SR (Au/ha)
IS - —a - Suggested Medium SR (Au/ha)
__g - -B - Suggested Heavy SR (Au/ha)
o 0.15 -
)

0101 &----- *-—--- *-—--- *----- *-—--- *-—--- *-—--- .

0.05

1981 1982 1984 1985 1986 1987 1988 1990
Time (year)

221




Appendix 11: Actual stocking rates applied during phase onéefgrazing trial at the
Armoedsvlakte Research Station for the heavy stgciate and continuous grazing

system. The abbreviation SR refers to the stockatey (AU/ha) applied.

Time (Y ear) 1081] 1982] 1984] 1985] 1986] 1987 1988] 1990

Suggested Heavy SR (Au/ha) 0.2500 0.250p 0.2540 0.25p0 0.2500 0.2500 0.2500 0]2500
Actual SR (Au/ha) 0.2317 0.210p 0.2502 0.21B0 0.2090 0.2127 0.2237 0]1315
Suggested Light SR (Au/ha) 0.1000 0.100p 0.1040 0.10p0 0.1000 0.1000 0.1000 0]1000
Suggested Medium SR (Au/ha) 0.1429 0.142p 0.1449 0.14P9 0.1429 0.1429 0.1429 0]1429
Suggested Medium-heavy SR (Au/ha) | 0.181§ 0.181B 0.1848 0.1818 0.1818 0.1818 0.1818 0[1818

0.30

0.25 4 a

0.20
P —&—Suggested Heavy SR (Au/ha)
= e=d=\cttial SR (Au/ha)
s 0151 - —+ - Suggested Light SR (Au/ha)
> - | - - - - - - - )
£ - -® - Suggested Medium SR (Au/ha)
4
b = @& Syggested Medium-heavy SR (Au/ha)
n

0.10 A >~ - ———- - - - - >~ - ———- >~ - ———- - ———- >~ - ———- - ———- .

0.05

0.00

1981 1982 1984 1985 1986 1987 1988 1990
Time (Year)
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Appendix 12: Actual stocking rates applied during phase twdefdrazing trial at the
Armoedsvlakte Research Station for the light stogkate and rotational grazing system
treatment. The abbreviation SR refers to the stackate (AU/ha) applied.

Time(Year) 1992] 1993| 1994| 1995] 1996| 1997| 1998 1999
Actual light SR (Au/ha) 0.0676 0.068D 0.0646 0.0582 0.0654 0.0667 0.p578 0J0756
Suggested light SR 0.0864 0.086P 0.0862 0.0862 0.0862 0.0862 0.0862 0/0862
Suggested Medium SR (Au/ha) [ 0.1329 0.132Pp 0.1329 0.13p9 0.1329 0.1§329 0.1329 01329
Suggested Heavy SR(Au/ha) 0.2148 0.2148 0.2148 0.2148 0.2148 0.2148 0.2148 02148

0.23

0.21

0.19

0.17 1

0.15 1 = B Actual light SR (Au/ha)

—4— Suggested light SR

—&— Suggested Medium SR (Au/ha)
0.13 4 —&— Suggested Heavy SR(Au/ha)

Stocking rate (Au/ha)

0.11 -

0.09

»
»
»
»
»
»
»
>

007 - R p
. -..... ’.---l.

L]

w a1’

0.05

1992 1993 1994 1995 1996 1997 1998 1999

Time (Year)
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Appendix 13: Actual stocking rate applied during phase two efgnazing trial at the

Armoedsvlakte Research Station for the medium stgakate and rotational grazing

treatment. The abbreviation SR refers to the starkate (AU/ha) applied.

Time (Y ear) 1002] 1993] 1994] 1995] 1996] 1997] 1998] 1999

Actual Medium SR (Au/ha) 0.1455 0.077[L 0.0932 0.09B9 0.0972 0.1078 0.0801 0]1263
Suggested Medium SR (Au/ha) | 0.1329 0.132p 0.1339 0.13p9 0.1329 0.1829 0.1329 0/1329
Suggested Light SR (Au/ha) | 0.0864 0.086R 0.08¢2 0.0862 0.0862 0.0862 0.0862 0/0862
Suggested Heavy SR (Au/ha) | 0.2144 0.214B 0.2148 0.2148 0.2148 0.2148 0.p148 02148

023

0.211

0191

0174

0.151

»

»

»

»

»
»

= B Actual Medium SR (Au/ha)
——Suggested Medium SR (Auha)
—=—Suggested Light SR (Au/ha)
—&— Suggested Heavy SR (Aufha)

Stockina rate (Au/ha)
»
»

0.13 1 '

0.114 \

0.09 1 '

’
l---r--l
4

0.07

1992 1993

1994

199

1996

Time (Year)

1997

1998

1999
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Appendix 14: Actual stocking rate applied during phase two efdnazing trial at

Armoedsvlakte Research Station for the heavy stgckate and rotational grazing
treatment. The abbreviation SR refers to the starkate (AU/ha) applied.

Time(Year) 1992 1993 1994| 1995 1996 1997 1998| 1999
Actual heavy SR (Au/ha) 0.225 0.144p 0.1391 0.14p4 0.1%11 0.1586 0.1326 0j1771
Suggested heavy SR (Au/ha) 0.2148 0.214B 0.2148 0.2148 0.2148 0.2148 0.2148 0J2148
Suggested Light SR (Au/ha) 0.0864 0.086p 0.0862 0.0862 0.0862 0.0862 0.p862 0]0862
Suggested Medium SR (Au/ha) | 0.1329 0.132p 0.1329 0.13P9 0.1$29 0.1329 0.1329 0§1329
0.24
(]
0I227 A‘ A A A A A A A
\
1
0.20
\
'
— 018 !
i ' .
= . ' = B Actual heavy SR (Auha)
; . ] —i—Suggested heavy SR (Au/ha)
= 0161 . .1 ] ——Suggested Light SR (Aufha)
= a* "’ ‘ ' —e— Suggested Medium SR (Auha)
o ‘ ’ ‘
p e ’ '
= 014 n..-_-l' \"
L S
0.12
0.10
X X B | X X | |
0.08

1992 1993 1994

199

Time (year)

1996

1997

1998

1999
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Appendix 15: Actual stocking rate applied during phase threthefgrazing trial at the

Armoedsvlakte Research Station for the light stogkate and rotational grazing

treatment. The abbreviation SR refers to the starkate (AU/ha) applied.

= 4= Actual Light SR (Au/ha)

—&— Suggested Light SR (Au/ha)
—&— Suggested Medium SR (Au/ha)
—e— Suggested Heavy SR (Au/ha)

Time (Year) 2000] 2001] 2002| 2003
Actual Light SR (Au/ha) 0.0784 0.086p 0.0894 0.07p3
Suggested Light SR (Au/ha) 0.1149 0.114p 0.1149 0.1149
Suggested Medium SR (Au/ha) [ 0.1774 0.177P 0.1772 0.17[72
Suggested Heavy SR (Au/ha) 0.2864 0.2864 0.2864 0.28b4
0.30
0.25
g 0.20
S 0151
[ 5 5 2
0.10
- = ¢ = w w = - " u
-=-" =" . . " -
0.05
2000 2001 2002 2003
Time (Year)
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Appendix 16: Actual stocking rate applied during phase threthefgrazing trial at the

Armoedsvlakte Research Station for the medium stgakate and rotational grazing
treatment. The abbreviation SR refers to the starkate (AU/ha) applied.

Time (Year)

2000

2001

2002| 2003

Actual Medium SR (Au/ha)

0.1177

0.130

0.11¢6 0.1046

Suggested Medium SR (Au/ha) [ 0.1772

0.177

0.1742 0.17|72

Suggested light SR (Au/ha)

0.1149

0.114

0.1149 0.1149

Suggested Heavy SR (Au/ha) 0.2864

0.286

0.28¢4 0.28p4

0.30

0.28 1

0.26

0.24 1

0.22 4

0.20

018

Stockina rate (Aul/ha)

0.16

0.14 1

0.12 4 ¢ "

0.10

»

= & Actual Medium SR (Auha)
——Suggested Medium SR (Au/ha)
—4— Suggested light SR (Au/ha)
—&— Suggested Heavy SR (Aufha)

2000

2001

Time (Year)

2002
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Appendix 17: Actual stocking rate applied during phase threthefgrazing trial at the

Armoedsvlakte Research Station for the heavy stgckate and rotational grazing
treatment. The abbreviation SR refers to the starkate (AU/ha) applied.

Time (Year)

2000

2001

2002

2003

Actual heavy SR (Au/ha)

0.1753

0.195

n

0.152

4 0.14

D9

Suggested Heavy SR (Au/ha)

0.2864

0.286

z

0.284

4 0.28

b4

Suggested Light SR (Au/ha)

0.1149

0.114

D

0.114

19 0.11

A9

Suggested Medium SR (Au/ha)

0.17772

0.177

D

0.177

2 0.17

72

0.30

0.28

0.26

0.24

0.22

0.20

0.18 ’

Stockina rate (Au/ha)

0.16

0.14

0.12

0.10

= 4= Actual heavy SR (Aulha)
——Suggested Heavy SR (Au/ha)
—— Suggested Light SR (Au/ha)
—&— Suggested Medium SR (Au/ha)

2000

2001

Time (Year)

2002

2003
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