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ABSTRACT

This project evaluated the integration of goats into sheep and cattle grazing systems as a
permanent herbaceous weed control tool. Foraging behaviour of goats grazing pasture
with no access to browse was monitored in Experiment 1. A selection index was used
to determine degrees of effort for selection or avoidance of plant species. Although
most of the grazing time was spent on herbage species, no effort was made to select
them, whereas moderate to strong efforts were made to select weeds. Selection index
varied with season of the year. Goats preferred taller vegetation and grazed above
10 cm from the ground whenever possible, though they took 70% of their bites from
below the top of the sward, regardless of organ selected. Experiment 2 consisted of
feeding known numbers of weed and herbage seeds to goats and recovering them to
assess destruction and viability. On average, 92% of the viable seeds were destroyed,
with up to 72 hours for complete excretion. The effects of goat and cattle grazing on the
structure and competitiveness of swards against weed invasions were studied in
Experiment 3. A pasture competitiveness index (PCI) was calculated using structural
attributes of a sward resulting from goat and cattle grazing alone and in combinations,
under hard and lax grazing severities. The sward was denser, leafier, more uniform, and
covered the soil more thoroughly (greater PCI) with increasing participation of goats in
the treatments, especially because of severe treading damage caused by -cattle
contrasting with no damage from goats. The PCI explained 93% of the variation in
weed seedling density. The effect of pasture surrounding thistle rosettes on their
consumption by goats was investigated in Experiment 4. Thistle rosettes that were
exposed by clipping the adjacent sward were severely defoliated by goats, while rosettes
surrounded by the sward were only nibbled or not eaten at all. Grazing management,
economics, and drawbacks of using goats for herbaceous weed control are discussed.
Integration of goats into grazing systems can result in a more desirable botanical
composition, more uniform and competitive sward, reduced weed control costs, greater
herbage utilisation, and better pasture quality.

Keywords: weed ecology, grazing ecology, weed control, biological weed control, weed management,
grazing management, mixed grazing, goat, cattle, sheep.

Beskow, W. B. (2001). Integration of goats into sheep and cattle grazing systems as a permanent weed control tool. Unpublished

PhD thesis, Massey University, New Zealand.



To family and friends in Brazil
from whom we had to be away
for four long years

in order to do this



ACKNOWLEDGEMENTS

This was a multidisciplinary project involving knowledge of both Weed and Pastoral
Sciences. Without the invaluable advice I had from my supervisors, Dr Kerry C.
Harrington (Weed Science) and Prof John Hodgson (Pastoral Science), I would simply
not have been able to accomplish it. I honestly think I could not have had better
supervisors—their suggestions, criticism, understanding, and support went way beyond
what anyone could ask for and I could always count with them. Besides their helpful
individual contributions, their joint effort yielded exactly what I needed and was
decisive in this project. Above all, they have set numerous examples and a very high
professional standard for me to follow and I shall not disappoint them. To these two

special friends and mentors, my most special thanks.

I am indebted to Assoc Prof Keith Thompson for kindly putting me in contact with goat
farmers, lending me invaluable reference material, inviting me to talk at farmers’
conferences, and giving me helpful advice and directions. His help set my field work
into motion and made a real difference in the project. Thanks are also extended to Mr
Greg Arnold for his professional advice on statistics; Assoc Prof Robin A. Fordham for
friendly discussions and for lending me supporting references; and Dr Ian Valentine for
being my mentor in Ecology since my masterate, lending me many key references, and

for giving me interesting insights into several ecological phenomena.

An important part of this project was carried out at the Massey University Seed
Technology Centre (MUSTC). There I had the pleasure to work with Ms Ruth
Morrison, Mr Robert C. Southward, and Mr Craig R. McGill who literally went out of
their way to help me—without their support I would not have been able to carry out that

experiment. At first they could not believe someone was asking them to help clean and



test weed seeds, something they specialise in getting rid of (not to mention bringing
goat dung into their facilities to be homogenised, weighed, sorted through, etc.). My
wife and I will certainly miss the yearly MUSTC golf and barbecue at Christmas time

and the fun moments we had together. Many thanks for all the support.

In the field work I was helped immensely by Mr Mark A. Osborne and Mr Roger S.
Levy who made sure I had everything I needed, from the fencing set up to invaluable
help with goat handling. On many occasions I was also fortunate to count on their
ingenious ideas too, which made my work a lot easier and for all that, I am sincerely
thankful. I have also had the kind support of Ms Kathy Hamilton, Ms Hera Kennedy,

Ms Irene Manley, and Ms Lois Mather to whom I am very grateful.

Thanks are also due to Dr Maurice and Mrs Dorothy Alley, Mr Lester R. and Mrs Carol
G. Fletcher, and Ms Heather Amopp, for sharing their experience in goat farming with
me and letting me use their farm and their animals for this project. I am also indebted to
the AgResearch Flock House Agricultural Centre, particularly to Dr Sheryll-A. N.
Newman and Mr D.J. Paterson, for lending us some of the animals needed for this study

and providing helpful information.

I would like to dedicate a special paragraph to Mr Allen Billington (Meat New Zealand
Goat Council) who provided the goats used in two of our experiments and was also very

supportive in making contacts and helping obtain some of the funding.

Research funds were provided by the Massey University Graduate Research Fund,
Riverside Farm Research Fund, Primary Follicle Trust, and New Zealand Cashgora
Farmers Inc. Without the above support the project would not have gone beyond the
literature review, so I am very thankful for that. I was personally funded by CAPES

(Ministry of Education, Brazil) through a full scholarship and without their support this



PhD would not have happened. (CAPES has just celebrated its 50th year of existence,
funding 200 new PhD students like myself every year.) I would also like to thank my
former colleagues at the “Faculdade de Agronomia”, Federal University of Pelotas
(Brazil), especially the whole DCSA and Dr Manoel de S. Maia for providing key
support which resulted in the success of my scholarship application (Dr K.C.
Harrington, Prof J. Hodgson, Dr Gerzy E. Maraschin, and Dr Aino V.A. Jacques also

took important part in this).

Many thanks to Alvaro Romera, Ignacio Lopez, Sylvia Weil, and Dora Duarte de
Carvalho with whom I had numerous helpful discussions directly related to my studies.
To our Kiwi, English, and Latin American friends who made life in New Zealand so
enjoyable for us; and to Prof John and Mrs Margaret Ruth Hodgson, Mr Parry N.P. and
Mrs Frances 1. Matthews for their friendship, moral and logistic assistance, our heartfelt

thanks.

Thanks to the unconditional support I received from my parents, Breno and Leila
Beskow and from my friend Santa Helena H. da Silva, both before and during this

experience.

As to you Angela, I write in the second person. You are my joy, my energy, my reason,
my right hand, and half of my heart. You make every day seem a joyful ride, and with
you, it is. Your hands-on help in this project, your words of support when I could have
headed downhill, and your most adorable company regardless of my mood, words
cannot thank. Iknow I have been blessed with the company of an angel—you, and that

overwhelms me.

Vi



TABLE OF CONTENTS

PN o1 i ¢ (o AU URURRRRRRTTNt 1i
ACKNOWIEAZEIMENLS. ...ttt e s e e e v
) 5 o) L) (<R RROPP xi
LiStS Of FIGUIES ....uvieiiiiiiiiie ettt ettt e e e s ttee e e e s bae e e s sente e e e s snaeeeseenaneas X1v
) 5 A ) & PR Xix
CHAPTER1. GENERAL INTRODUCTION .cccccerereescccssssssssccssssssssssesssssssssssssssssssssssssssssans 1
CHAPTER 2. LITERATURE REVIEW ...cceteeueccecnsssoonsesssssosssccessssssssssssssssaes 4
2.1, INTRODUCTION ...uuiiiiiiiiiiiiiiiiiiieieeeeeeeeeeeeeetaaanaseeeeeeeaeeeeaeaeeaeseessnmmenneseeeeeeeeeeeaaees 4
2.2. WEED ESTABLISHMENT IN PASTURES ...cccvvuuieeeernrenrrernniiiiieeeeeerrennnseeeseeseeeeessesenns 4
2.3. FEEDING BEHAVIOUR OF GOATS ...vvvvvtrtieieiieeeeeeeeeeeeeeeeeeeeeeeiisseeeeeeeeessssssssssseeeennnes 8
2.4. USE OF GOATS FOR WEED CONTROL ....cevvvtiuiiiiieeeeeeerreeeeeeeeeeeeeeeeeeeeeaeaeeaeeeeeeennns 10
2.4.1. How goats control Weeds ..........cccoevuiiiiiiiiiiiiiiiiii 11
2.4.2. Previous weed control StUdi€S...........eevvvvviuiiiiieiiieeeeeeeeeeeeeeeeeeeeeeeeee e, 12
2.4.2. 1. GOAtS AlONE .....cevveeeeiiiieiiiee e e 12
2.4.22. Goatsand ShEEP .....ceeeieiiiiieiiiieiiieeeeeeee e 13
2.4.2.3. Goatsand Cattle .............uuuuuiiiiiiiiieieeee e e ———————— 15
2.4.2.4. Goats with sheep and cattle..........coccueviiiiiiiiniiiiiiiinieceeeeee, 16

2.4.3. Po0SSIble Arawbacks.........uuuuiiiiiiiiiiieieiieieei e 16

2.5, SUMMARY ....cciiiieeieeeeieetttett e eettet e esteeestaneeesstnaeessseeesstnnaeeesssssnsnnssnnnsseeeessssnnes 17

CHAPTER 3. FORAGING BEHAVIOUR OF FREE-RANGING GOATS GRAZING A

DIVERSE HERBACEOUS PLANT COMMUNITY .cccceeersessssecrnssessassasessssssasee 18

3.1. INTRODUCTION ...coiiiiiieieeeeeeeeeeeeeeeeeeeeeeeeee e e e eeeata e es e e e e e e e eeaeeeeeeeeaesasaaseaaeeeeeeeaaaaaaes 18
3.2. MATERIALS AND METHODS ... ..ceeiiieieiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeerreseseeeeeeeeseeeeseaeens 20
KT UG N s TS0 £:1 ¢ o s DO RPN 20
3.2.2. Measurements and ODSEIVALIONS..........ueeeeeerreerrririieeeeeerrrereeeeeesiarreeeeeeee.. 21
3.2.2.1. Foraging behaviour.........cccceeeviiiiiiiiiiiiieeee e eeeiireeee e e e sivaee s 21
3.2.2.2. Botanical COMPOSIEION. ...ccueiruterreiiririiiieerteeeieeeieee et 23
3.2.2.3. Selection INAeX ........cccccuuviiiiiiiiiiiiiiiiie e e 24
3.2.2.4. FeediNg @reaS.......ceeervuuiiiinieeieniiiieeeeeiteeeriteeestteesiteessateesaeesneeeans 25
3.2.2.5. Bite height iNdeX....cccueeviiiiiiiiiiiiieee e 26
3.2.3.  StatiStical analySes ........ceeeeeivieiieieiiiiiiiiieeeeeeiree e e eree e e e e eaaa e e e 27
3.3, RESULTS ettt e e e e et e e et s e e e eaae e e e eesaaaaeeaeaaaaaaaaaaaaaannns 28

vil



3.3.1. Botanical COMPOSILION ........ceereuieiriiieeiiiieeriereesitiee e seeessessnereeessseeesns 28

3.3.2. Selection of individual plant SPECIES ..........cccvueiriuieiiiiiiriiiieiieiiecceane 31
3.3.3.  SeleCtion INAEX ....cccceeivuiiiiiiiieriieriteete ettt 34
3.3.4. Selection of individual plant components..........cceccuveeeercnererirererneernnnennn 35
3.3.5. Bite ReIGNt...eueiiiieeiee e e 39
3.3.6.  Other ObSETVALIONS ....c.couuuiiiiiiiieiiteeeeee et ettt e e e bre e e e seeeeeesaeeas 42
3.4, DISCUSSION ..ciiiiiiiiiiiiieiieeeeeececcrrrrte e e e e e e e e e essaaraeaeeeaeseaeseeeeeesenseeeeeeeesssssnnnns 44
3.4. 1. Percentage time .......ccccceeeeeiiiiirerieeeceieeeeiteeereeesssireeeeieeaeesesbaeessnreeeenns 45
3.4.2.  Selection INAEX .....cccueeiriieiriiieeiiieee et steeste ettt e e s saeesae e 45
3.4.3. Rejection to eat versus difficulty in finding...........ccccoeviiiiiiiiiniiiinininne. 46
3.4.4. Random versus non-random foraging behaviour .........c.cccccceevuveiiinencnnnes 49
3.5, SUMMARY ..ottt ettt ettt ettt sst e e s sare e s e e ebeesseeeneeeseaenneens 51
CHAPTER4. RECOVERY AND VIABILITY OF SEEDS INGESTED BY GOATS...cceeeeeseeeees 54
4.]1. INTRODUCTION ...ceiiiuiiiiiiiiriieetiiiee et eeerte e s s see e s emne e e s s enaae e e s ssreesnsnraannes 54
4.2. MATERIALS AND METHODS ......coiiiiiiiiiiiiiiiiiiiiieiite e ssinee s ssneesasesneesnnee s 56
4.2.]1. THE SEEAS....eeeiuiieeiiieiitee ettt ettt s sttt 56
4.2.2. The animals ........ccceeriiiiiiiiiiiieeeeete ettt ettt 58
4.2.3. Feeding the SEedS.......cceveruiiriiiieieiiieitetetesteeee et 59
4.2.4. Faeces COIIECHION .......eereuuiiiiiiiiniiiieeeeer ettt e 59
4.2.5. Recovery of seeds from faeces.........cccuerrvuiiriiiiiiiiiiiieeeeiieeeeeee e 59
4.2.6. Seedling emergence from intact faecal pellets.........c.cccceevveenniiiniineneens 60
4.2.7. Derived variables and statistical analyses..........ccccceevveeeeeciieeriiieeninennnn. 60
4.3, RESULTS .ottt eb e sttt e s e emba e e s ibesbeeebeesnaesane 63
4.3.1. Reliability and effiCiency ........ccccceevieriieiiiiiiiiiiieniciee e 63
4.3.2. Magnitude of SEed TECOVETY ....covutiriiriiiiiiiniiiiiiic et 64
4.3.3. Physiological changes.........cccccoevuierrririniiiiiiiiiiee e 66
4.3.4.  Seed PasSAZE tIME.....ceerurreeieiiieerieeeieeeteerreeereeeeeesreeesreeseneeesereesneesans 67
4.3.5. Germination from intact faecal pellets ..........ccceeeeeirvieiiniiiieiniieeeee, 69
4.4, DISCUSSION ...eiiuiiiiiieiiite ittt ettt sr et sne s e e e tn s e e s sabeesaneesanessaneeeeee 70
4410 GENETAL...oiiiiiiiiiee et et 70
4.4.2. Some practical IMPlICALIONS .......ccceerueirreriiirieriee et 73
4.5, SUMMARY....cutttitiitiittteteeeeeeeeteeeeeeeeiaaaarseseseasasssssssseessssssssssssnnssnnsssssnssssssssssssnens 75

CHAPTERS. THEIMPACT OF GOATS ON THE COMPETITIVENESS OF PASTURE

AGAINST WEED INVASIONS... . .78

S5.1. INTRODUCTION ....cceeiiiiiiuuuunnnnnnnnnnnennsreeeeeeeeessnssssssesssessesesrssssssssssseeeeeeseeennannnens 78
5.2. MATERIALS AND METHODS.....cccitvttieierereirerierrerereriersnniaeeeesssssnnnsesseeessessseseseness 79
I DR b (= 15014 1<) oL 1< S 80
5.2.1. 10 ANIMAIS coviiiiie e s e e e e e et baassaseessseeeeeseananes 80
5.2.1.2. Grazing Management ...........cccueeerrueeeesueeeriiesaesensuereesssseeeessssseessssnneens 81

viii



5.2.2. MEASUTECITIENLS. .....eeveeeeeeeeeeieeeeetneeeeeeaneerneeeeerenessesnneseesnnseesaneseerennenses 82

5.2.2.1. Routine measurements made at each grazing..........ccccceceveeeveenrreennnnn. 82

5.2.2.2. Non-routin€ MeasuUTeMENLS ......ccceterrrrrrrrriincnirrneereenirereeeeecenreseennene 83

5.2.3. Derived variables and statistical analyses..........ccccceeeerieeriirieeiiniiiieeenenns 84

5.3 RESULTS ..ttt ettt et e s ara e s s esra e e e s esnne e s e nnnes 86

RICT0 BRE € 51 1<) | D PRSPPI 86

5.3.2. Sward structure, herbage accumulation, and soil compaction.................. 91

5.3.3.  Soil seed bank, seedling density and botanical composition..................... 99

5.3.4. Pasture COMPELILIVENESS .......ceerrurrrrirereieeriereniiieessssreeessseeeeesssseeseeeessnnns 104

5.3.5. Within-plot variability .........ccccceiiiiiiiiiiiiiiiiieeeee e 106

5.3.6.  Other ObSETVALIONS .......eeiiiiiiieieeieeiiiiieee ettt etee s enneee e 107

5.4, DISCUSSION ....uutiiiiiiiiieeiiiteeeiteeette ettt et e e e e e irrteesssteessnaeesemaeesenseesenneesenneesans 108

1 5.4.1. Effects on sward StIUCLUTE. .......coeeruurrieeiiiiiieeeieeeeee e e 108
| 5.4.2. Effects on weed seedling density ...........ccoeeueirrieniereeeriereneeesrereeseneens 113
5.4.3. Pasture competitiveness INAEX ...........ceeeeeeeeiriireeririereeensoienneessineneeeeesnnnns 114

544, Other effECtS .....oeiiiiiiiie ittt e e e e 115

5.4.4.1. Botanical COMPOSITION. ...ccciertrrruiiiiiiiiiieeeeiiieeeerireeeeeesieeeeseesieeeeees 115

5.4.4.2. Herbage accumulation.........cccoeeeuiiiiiiiiiiniiiiieieiicee e 116

545, ShEEP..ctiiiiiiiiiiiiiii e e e 117

5.5, SUMMARY ....cotttttttiiieeeeieeeeeeeeereeeettrnneeretseresaeseessrssssnntaseessssssssnnneesesessssssnnnn 117

CHAPTER 6. EFFECTS OF GOAT FORAGING ON ROSETTES OF CALIFORNIAN AND

SCOTCH THISTLES cececueeessaeecsssssnssssssccsssassncsssseeses .. 119

6.1. INTRODUCTION ....ceiiiiuiieeiiiieeeaaiteeeeeeaaeaiinneeeeeeeeesaneeeeesenneeeeseanreeeeesannneeeesan 119

6.2. MATERIALS AND METHODS.......ccccuttiititiiteeeeenniieessreeeesteeesseeesaesnseenineeessessnneens 120

6.2.].  TTEAMENLS.....eeiiiiiiiiiiiiiie et e e e e es e s araes s e reenee s sane s 120

6.2.2. Grazing management ..........cccuueeeeerrrieiurrereeererireeesessreeesesssteeeesssnnseeeens 121

6.2.3.  MEASUTEIMENLS. .....uetiiieiieetieeiiiitiiiititi e eeeeeeersirre e et eeeeeeeesssnnnrrreeeeeeeeeas 121

6.2.4. Derived variables and statistical analyses..........ccccceeeerriiiiinniiniiieeeennnns 122

0.3, RESULTS ..cuetiiiiieiitteeitee ettt e ettt e e ettt e et e st e e e s stesemteeesnbaeeensneeeenaneaee s 123

| 6.4, DISCUSSION ......ouiiiiieiiiitieeiteeeeeeittteeeeeeesateteeteeeeeaaeeeeeesssrteesesanseeeeesansaeeeeas 125
| 0.5, SUMMARY.....otiititiriieiniteerteeertteeessiteeessttteeesssueeeesseeesssseessseeesnsseesssaeesssseess 126
; CHAPTER 7. GENERAL DISCUSSION AND CONCLUSIONS . 128
7.1, INTRODUCTION ..ceiiuiieeeeiiieeeeaiiteeeeinnneereeeeeeeeeeeesannneeeeeaannreeeesennneneeeesanneeessas 128

7.2. GENERAL CONSIDERATIONS AND APPLICATION.......ccoteeeruueeenueerirneeeeansneeeenanne 129

7.2.1.  Why INtEGTate GOALS ....ccevuuvieeeeeireiiiiiiiiirieeeeeitte e e e ettt e e s e sarreeeessaneeeeeas 129

7.2.1.1. Botanical composition and population dynamics..........cccecveeeeunee. 129

7.2.1.2. Pasture utiliSAtiON........ccuvveereeieiesecciieceeciiire e errereeeeeeteeeee e e e eaenes 142

7.2.1.3. HerbiCIdes.....ccoiiiiiiiiiiieiie e 145

7.2.1.4. ECONOMICS ....cceiivieiiiiiiieie s e ieiniiitteeeeeeeeesiteeeeeseteeeeeessssnsneeesennnseaeeas 146



7.2.1.5. Early experience in 1ife .........ccoccueiriiiiiiniiniiiiceccceccee 150

7.2.2.  Aspects of grazing management...........ceeeveeerueerierernineeeeeeninreeeessnereens 151
7.2.2.1. StOCKING TALE....c.eviiiiiiiiiiieieteeee ettt 151
7.2.2.2. Combination of animal SPECIES .........cerueruerreererrieerireenieeriieenieenenns 156
7.2.2.3. Grazing method ..........coovriiriiiiriiiir e 159

7.2.3.  Other factors to be considered..........coccuerveerieeniieenierniieeeceeceee e 167
7.2.3.1. Objectives of the farmer.........ccccceeeriieieirieiiiiieeeeeee 167
7.2.3.2. Limitations of goats and potential drawbacks............cccecueervueennnen. 172

7.3. QUESTIONS AND SUGGESTIONS FOR FUTURERESEARCH. .......c.ccccvvumrrrrrrnereeeannnn. 179

7.3.1. Feeding behaviour of g0atS.........ccoceeiiiiiriiiriieniiiniieieieecreccrec e 179
7.3.1.1. FOraging theory........ccceeeuiieieiiieeiniieeniieeesieesieessires e e s e cansicreae s 179
7.3.1.2. Consumption of bark.........cccceeeniiiiiniiiiiiiieee 181
7.3.1.3. Experience with Weeds...........cceevueiriiiiiiiniiniieiieecieeccee e 182

7.3.2. Dry matter production and feeding value of pasture weeds ................... 183

7.3.3. Breeding goats for weed control ...........cocveveveiiiienieniinnieneceeeee 183

7.4, CONCLUSIONS ... .utttiiitieiiiteiirare ettt aairee et e siteseessessaeesreessaeesssnaessnaeesennaesan 185
REFERENCES «.uuuutttetssanesssnnessssnessssanessansesssssesssssssssessassssassssssssasessasssssasssssssssssssesssnsesss 188



Table 3.1

Table 3.2

Table 3.3

Table 3.4

Table 3.5

Table 3.6

Table 3.7

Table 4.1

Table 4.2

LIST OF TABLES

Classes of efforts made by goats for selection (positive SI) and avoidance
(negative SI) based on regular intervals of time and cover proportions.
Neutral selection (N) for SI = 0.00; minor selection (MNS), SI from
+0.01 to +1.36; moderate selection (MDS), SI from +1.37 to +3.23;
strong selection (SS), SI > +3.24; minor avoidance (MNA), SI from -
0.01 to -1.36, moderate avoidance (MDA), SI from -1.37 to -3.23, and
strong avoidance (SA), ST<-3.24. i 25

Plant species present in at least one sample, from December 1997 to
November 1998. ..o 29

Percentage time spent in the afternoon by free-ranging goats on grazing
and non-grazing events, from December 1997 to November 1998.
Figures above the double line represent the percentage of grazing time
spent on those species, whereas below the double line are percentage of
all activities. Values in italics are mean Wilcoxon ranks of percentage
time for multiple comparisons within columns (values below percentage
time) and within rows (values on its right). ........cceevveerieiiiniiieniieenee, 33

The degree of goat effort in selecting (positive values) or for avoiding
(negative values) plant species indicated by selection index (SI) with p-
values (probability of true SI being zero) in parentheses....................... 35

Number of visits per species, partitioned into plant components. Within
each cell (see box demarcated by dotted line), values are total number of
visits (in bold), relative frequency of visits within species (%), and
relative frequency of visits within components (%), from top to bottom,
TESPECLIVELY. ..eeiniiiieiiie ettt 37

Vertical location of feeding patches, partitioned into vegetative and
reproductive components. Values are absolute numbers of patches (in
bold) and respective component percentages. .........cceeeeuvveeerrnsvveersnnnnn 40

Foraging strategies (A-D) used by goats grazing herbaceous vegetation,
from December 1997 to November 1998.........ccocooriiriiiiiiniiieiiieeens 43

List of species of seeds used in the experiment and their history. ......... 57

Germination methods used for testing seeds before and after ingestion by
BOALS. .oeiiiiiiiiiiiiiirt ettt e e e e e e eas 58

Xi



Table 4.3

Table 4.4

Table 4.5

Table 4.6

Table 4.7

Table 5.1

Table 5.2

Table 5.3

Table 5.4

Table 5.5

Table 5.6

Mean weight (g) of 1000 seeds used to obtain the seed rations offered to
goats, followed by the standard error (SE) and 95% confidence interval
(CI) fOr €aCh SPECIES. ..eeevueeeeeeeiieeeeeeee ettt e e 63

Relative efficiency of the seed recovery technique. (Values are mean
counts and PETCENLAZES. ) ...vvvuureerurrerrieeeeririeerieesieireeeeseeesreeesreeeesesneees 64

Mean number and percentage of viable seeds recovered from goat faeces.

Physiological status of seeds before (PRE) and after (POST) being
ingested by goats. Values are in percentage. ..........occcvvveereeceeeercnennennnns 67

Percentage of seedlings emerged from intact goat faecal pellets within 5
months of defecation. ............covuieriiiiiiiiniine e 70

Treatment combinations of Experiment 3 and plot areas adopted. ........ 80

Mean static load and pressure exerted on the soil by the hooves of the
goats and cattle used in Experiment 3 and by sheep from an adjacent area
as a function of their body mass and hoof area. ............cccocevrerrrvrirnnnnn. 88

Mean pre- and post-grazing sward surface height and herbage mass,
herbage disappearance (HbDs), grazing period (GrPd), and apparent
daily herbage intake (ADHI) following lax and hard grazing by cattle
and/or goats from July 1999 to June 2000 (nil, low, high, and maximum
signify goat numbers in each treatment). Values are treatment means
from the 12 months of experiment............ccecveereecriieeniieeinecciie e, 89

Effects of goats and cattle on sward structure, overall competitiveness,
and botanical composition. The analyses were carried out on the natural
logarithms of the values recorded at the end of the experiment (June
2000), except for grass seed-heads (GSH), which was recorded in mid-
summer (January 2000). (For means, see figures Figure 5.3 to Figure
BTN 0 OSSPSR 90

Number of viable seeds in the soil seed bank (to 2-cm depth) estimated
from seedling emergence in glasshouse. (Species are in decreasing order
of seed bank magnitude.) ........cceeevrerureiierieiiee et 100

Mean within-plot variances of variables related to sward structural
characteristics as a measure of sward uniformity at the end of the
experiment (June 2000).........cceeeeereieiiiiieenieriieie e 107

Xii



Table 5.7

Table 6.1

Table 7.1

Table 7.2

Contrasting behaviour patterns of goats and cattle grazed separately in a
rotational method at hard grazing severity (5 cm post-grazing sward
NEIZRL). e 111

Effects of goats on rosettes of Scotch and Californian thistles after two
pre-grazing treatments: Intact (rosettes surrounded by pasture plants) and
Clipped (surrounding sward clipped to ground level within 20 cm
TAAIUS). et eiereeeeiieeeeitteeeriteees i reeeessteteeesesssaaeeeesassssaassessssneessnsnsnnes 123

List of some weeds for which there is evidence of control by goats.
Details on most of these studies can be found in Section 2.4. ............. 131

The profitability of goats used for weed control on a Southern North

Island hill country farm* (Daniels, 1996). Values are per annum for the
whole farm as at 1996. .....c..cooiiiiiiiiiiieeee e 148

Xiii



Figure 3.1

Figure 3.2

Figure 3.3

Figure 3.4

Figure 3.5

Figure 4.1

Figure 4.2

Figure 4.3

Figure 5.1

LISTS OF FIGURES

Horizontal and vertical projections of feeding areas explored by goats. 26

Botanical composition of pasture grazed by goats, from December 1997
to November 1998. Lines are mean percentage cover (—) +SEM (---).
(a) grasses; (b) Scotch thistle; (c) white clover; (d) winged thistle; (e)
rushes; (f) broad-leaved dock; (g) narrow-leaved plantain; (h) catsear; (i)
creeping buttercup; (j) weeds total (i.e. all, except a and c¢), and herbage
(1.e. not weeds) total (2 and C). ..ccoeevueeeeriiiiiiiieeeeee e 30

(a) Percentage time spent by free-ranging goats grazing on herbaceous
weeds and herbage plants (grasses and white clover), and (b) general
botanical composition (percentage cover) of the pasture, from December
1997 to November 1998. ... 32

Typical examples of how goats explored the vertical profile of the
vegetation in contrasting seasons: summer (a) and winter (b). The
shaded area represents the vertical profile of the vegetation effectively
explored by goats. The bold line denotes bite height. The horizontal
axis shows species and component being harvested on each consecutive
feeding patch. Non-feeding trails were omitted. ............cceevveeennrnennnns 41

Histogram of time spent by goats per feeding patch, from December
1997 to November 1998 (n = 3607). ..ccccuveereirieienieeiieeeeeeeeeeee e 42

Percentage of total (P7SR) and viable (PVSR) seeds that passed through
the digestive tract of goats (Section 4.2.7). Horizontal lines are +SEM.
(To obtain the mean number of seeds recovered, multiply values by 10.)

Seed recovery in time as a percentage of the total seeds ingested by
goats. Vertical lines are +SEM. Values are the same as the ones
presented in Figure 4.1 (total), but spread over time. ...........cccoeveueneee. 68

Flow of white clover seeds fed to goats. (Values in italics are estimates
obtained from the 1000-seed weight, subject to the variability shown in
B K21 0) (S 30 3 SRR 72

Monthly rainfall recorded at the Palmerston North AgResearch
Meteorological Station, approximately 700 m from the experimental site.

Xiv



Figure 5.2

Figure 5.3

Figure 5.4

Figure 5.5

Figure 5.6

Figure 5.7

Figure 5.8

Monthly soil temperature (10-cm depth) recorded daily (9.00 a.m.) at the
Palmerston North AgResearch Meteorological Station, approximately
700 m from the experimental Site. .........cooevuverrriieeerirniiiiiieee e 87

Monthly tiller population density following lax and hard grazing by
cattle and/or goats from July 1999 to June 2000 (nil, low, high, and
maximum signify goat numbers in each treatment). Arrow indicates
when treatments first differed statistically (P<0.05). (Means were back
transformed from natural logarithms. For statistical analyses, see Table
5. ) et et e st e s e aa e s areeeas 91

Monthly tiller weight following lax and hard grazing by cattle and/or
goats from July 1999 to June 2000 (nil, low, high, and maximum signify
goat numbers in each treatment). Arrow indicates when treatments first
differed statistically (P<0.05). (Means were back transformed from
natural logarithms. For statistical analyses, see Table 5.4.).................. 92

Monthly leaf area index (LAI) following lax and hard grazing by cattle
and/or goats from July 1999 to June 2000 (nil, low, high, and maximum
signify goat numbers in each treatment). Arrow indicates when
treatments first differed statistically (P<0.05). (Means were back
transformed from natural logarithms. For statistical analyses, see Table
514 e e 93

Monthly dead matter following lax and hard grazing by cattle and/or
goats from July 1999 to June 2000 (nil, low, high, and maximum signify
goat numbers in each treatment). Arrow indicates when treatments first
differed statistically (P<0.05). (Means were back transformed from
natural logarithms. For statistical analyses, see Table 5.4.).................. 94

Weight of grass seed-heads left after lax and hard grazing by cattle
and/or goats in mid-summer (January 2000) (nil, low, high, and
maximum signify goat numbers in each treatment). (Means were back
transformed from natural logarithms. For statistical analyses, see Table
5. ettt et st e st e e s ene e e e eanreee s 95

Monthly pre-grazing bare soil following lax and hard grazing by cattle
and/or goats from July 1999 to June 2000 (nil, low, high, and maximum
signify goat numbers in each treatment). Arrow indicates when
treatments first differed statistically (P<0.05). (Means were back
transformed from natural logarithms. For statistical analyses, see Table
5 ettt et et st e e s ate e e s s aee e e e baeenaa 96

XV



Figure 5.9

Figure 5.10

Figure 5.11

Figure 5.12

Figure 5.13

Figure 5.14

Figure 5.15

Monthly herbage accumulation following lax and hard grazing by cattle
and/or goats from July 1999 to June 2000 (nil, low, high, and maximum
signify goat numbers in each treatment). Arrow indicates when
treatments first differed statistically (P<0.05). (Means were back
transformed from natural logarithms. For statistical analyses, see Table
5. ) et st ne e 97

Total herbage accumulation during the 12 months of experiment (July
1999 to June 2000), following lax and hard grazing by cattle and/or goats
(nil, low, high, and maximum signify goat numbers in each treatment).
(Means were back transformed from natural logarithms. For statistical
analyses, s€€ Table 5.4.).......ceiiiiiiiiiiie e 98

Soil compaction index (the greater the index, the greater the soil
resistance to penetration) assessed at the end of the experiment (June
2000), following lax and hard grazing by cattle and/or goats (nil, low,
high, and maximum signify goat numbers in each treatment). (Means
were back transformed from natural logarithms. For statistical analyses,
SEE TaADIE 5.4.). e e 98

Weed seedling density following lax and hard grazing by cattle and/or
goats from July 1999 to June 2000 (nil, low, high, and maximum signify
goat numbers in each treatment). Arrow indicates when treatments first
differed statistically (P<0.05). (Means were back transformed from
natural logarithms. For statistical analyses, see Table 5.4.).................. 99

White clover seedling density following lax and hard grazing by cattle
and/or goats from July 1999 to June 2000 (nil, low, high, and maximum
signify goat numbers in each treatment). (Means were back transformed
from natural logarithms. Differences were not significant statistically.)
.......................................................................................................... 101

Monthly contribution of weeds to the botanical composition (kg weed
DM/kg herbage DM) following lax and hard grazing by cattle and/or
goats from July 1999 to June 2000 (nil, low, high, and maximum signify
goat numbers in each treatment). Arrow indicates when treatments first
differed statistically (P<0.05). (Means were back transformed from
natural logarithms. For statistical analyses, see Table 5.4.)................ 102

Monthly contribution of white clover to the botanical composition (kg
white clover DM/kg herbage DM) following lax and hard grazing by
cattle and/or goats from July 1999 to June 2000 (nil, low, high, and
maximum signify goat numbers in each treatment). (Means were back

xvi



Figure 5.16

Figure 5.17

Figure 5.18

Figure 6.1

Figure 7.1

Figure 7.2

transformed from natural logarithms. For statistical analyses, see Table
5 e s 103

Monthly contribution of grasses to the botanical composition (kg grasses
DM/kg herbage DM) following lax and hard grazing by cattle and/or
goats from July 1999 to June 2000 (nil, low, high, and maximum signify
goat numbers in each treatment). (Means were back transformed from
natural logarithms. For statistical analyses, see Table 5.4.)................ 104

Tiller density (TDI), tiller weight (TWI), relative LAI (RLAI), dead
matter (DDI), ground cover (GCI), and pasture competitiveness (PCI)
indices, following lax and hard grazing by cattle and/or goats (nil, low,
high, and maximum signify goat numbers in each treatment). (For
statistical analysis of PCI, see Table 5.4.).........cccovuvvvirieeeniieecnnnnnnnn. 105

Relationship between pasture competitiveness index (PCI) and weed
seedling density in June 2000, following lax and hard grazing by cattle
and/or goats (nil, low, high, and maximum signify goat numbers in each
treatment). (For definition of PCI, see Section 5.2.3.)......ccccceeveunnennn. 106

Percentage volume of rosettes of two thistle species eaten by goats after
two pre-grazing treatments: “intact” (rosettes surrounded by pasture
plants) and “clipped” (surrounding sward clipped to ground level within
20 CIM TAAIUS). weveeeieiieeiireeeier ettt e et e e eiter e et e st eesbe e e e s aneeeeeeeas 124

Potential impact of goats on the lifecycle of an annual or biennial pasture
weed. Thin, black arrows signify natural changes in physiological state,
regardless of goat activities. All other arrows signify the direction and
relative effectiveness of the effects caused by goats (the thicker the
arrow, the greater their potential to cause that effect). The thickened,
black arrows signify that the weed remains in that state or returns to a
previous one, while the grey ones indicate death. States are: (a) seed in
the soil seed bank under an undisturbed sward canopy; (b) disturbance;
(c) seed germination and seedling emergence; (d) rosette surrounded by
pasture plants; (d’) exposed rosette; (e) bolting and flowering; (f) seed
maturation; and (g) seed rain. Arrows with an “x” denote new pathways
revealed by the present study (directly or indirectly); “n™ signifies that
pathway was already KNOWn..........ccoeevviiiiiiiiiiiiiniiiee e 132

Potential impact of goats on the life cycle of a perennial pasture weed.
Thin, black arrows signify natural changes in physiological state,
regardless of goat activities. All other arrows signify the direction and
relative effectiveness of the effects caused by goats (the thicker the
arrow, the greater their potential to cause that effect). The black, goat

Xvii



arrows signify that the weed remains in that state or returns to a previous
one, while the grey ones indicate death. States are: (a) seed in the soil
seed bank under an undisturbed sward canopy; (b) disturbance; (c) seed
germination and seedling emergence; (d) rosette surrounded by pasture
plants; (d’) exposed rosette; (e) vegetative reproduction; (f) bolting,
flowering, and seed maturation (incorporates the equivalent of e and f of
Figure 7.1 because of space limitations); and (g) seed rain. Arrows with
an “x” denote pathways revealed by the present study (directly or

indirectly); “n’ signifies that pathway was already known. ................ 135

xViii



Plate 3.1

Plate 4.1

Plate 5.1

Plate 7.1

Plate 7.2

LIST OF PLATES

Scale (1-9) relative to the body of the goats used during all observations
for determining prehension bite height and local vegetation height.
Values in parentheses denote corresponding heights in centimetres above
Zround 18VEL ........coomiiiiiiiiii e 23

Seedlings of (a) perennial ryegrass, (b) Scotch thistle, (c) narrow-leaved
plantain, and (d) gorse, developing in intact faecal pellets excreted by
goats. Pellets are on top of potting mix, within a plastic pot (Section
4. et et 69

Swards grazed hard (5 cm post-grazing height) once a month by (HM)
goats and (HN) cattle only, (A) immediately after the first grazing (July
1999), and (B) immediately before grazing (i.e. after 4 weeks of
regrowth) in April 2000. .......cocoeeeeiiriiieeeeeeee e 109

Goats selecting broad-leaved dock seed-heads growing in a gateway.
Photograph was taken in early summer 1999-2000 in the area adjacent to
Experiment 3. Note that pasture is abundant in the paddock. ............. 137

Scotch thistle rosettes rejected by sheep (A) and cattle (B and C) but
eaten to ground level by goats (D). Commercial (A) sheep and (B) beef
cattle breeding farms under continuous grazing, located 10 and 1 km
northwest of Palmerston North, respectively; (C) area adjacent to
Experiment 3 of the Massey University Pasture and Crop Unit,
rotationally grazed by cattle followed by goats (Section 5.2.1.2); (D)
rosette eaten by goats in (C). Photographs taken in the spring of 1999.

Xix





