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ABSTRACT 

A series of grazing experiments were conducted in the summer/autumn of 

2003 and 2004 at Massey University' s  Riverside dryland farm near Masterton in 

Wairarapa on the East Coast of NZ, to study the effects of grazing wil low fodder 

blocks (6,000 stems/ha) upon the production and reproductive performance of ewes 

relative to ewes grazing drought pastures. Drought pastures were simulated in this 

study and inc luded short drought pasture and long drought pasture. Pasture with a low 

pre-grazing mass of approximately 1 500 kg OM/ha, a dead matter content of >50 % 

and a sward height of 5-7 cm was defined as short drought pasture typical of drought 

conditions. Long drought pasture was similar to pasture growing in the willow fodder 

blocks, with a pre-grazing pasture mass of >4000 kg OM/ha, a sward height of > 

30cm and a dead matter content of 30-60 %.  Wil low fodder blocks were establ ished 

on low-lying wet, marshy areas of the farm that had very low or zero productivity in 

the undeveloped state. Pasture deve lopment in the fodder blocks was noticed with the 

growth of un sown grasses and legumes, as the areas dried up fo l lowing the p lant ing o f  

wi l low stakes, due to evapotranspiration from the trees. Forage in the wi l low fodder 

blocks inc luded both trees and pasture that was grown under the trees. The nutritive 

value of short drought pasture was low with an ME of 8 MJ/kg OM; long drought 

pasture ranged between 8- 1 0  MJ ME/kg DM; willow pasture contained 8 MJ M Elkg 

DM in 2003 and 1 0  MJ ME/kg OM in 2004. The nutritive value of edible wi l low tree 

«5 mm diameter) was superior to drought pasture with an ME of > 1 0 MJ/kg OM. 

The concentrations o f  the secondary compounds such as condensed tannins (CT;  30-

40 glkg OM) and pheno l ic g lycosides ( PG ;  1 5-35 g/kg DM) were higher in wi l low 
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trees compared to their concentrations (CT;  2-3 g/kg DM) and ( PG; 2-9 g/kg OM) in 

control drought pastures. 

Experiments involving short drought pasture, long drought pasture and wil low 

fodder blocks as  treatment groups were grazed by ewes for 1 0  weeks in regular breaks 

from mid February to early May. Ewes were mated during this period and were joined 

together after mat ing and grazed on normal pasture unt i l  weaning. L ive weight (LW) 

change and body cond it ion score (BCS) were recorded throughout the experiments, 

whi lst reproductive performance of ewes was measured as the number of lambs 

recorded at ultrasound pregnancy scanning, lambing, docking and weaning. 

Measurements on woo l  production were a lso recorded at weaning. 

In 2003 , experimental ewes grazed control drought pastures ( short and long) and 

wi l low fodder blocks ( restricted and ful l  access) as treatment groups (n= 1 00 

ewes/group; Chapter 2). Ewes grazing short drought pasture had an al lowance of 0 .8  

kg DM/ewe/d whi lst ewes with restricted access had an a llowance of 0 .8  kg 

DM/ewe/d from drought pasture and 0 .4 kg OM/ewe/d from willow fodder blocks . 

Ewes in ful l  access treatment group had no access to pasture but were confmed to 

wil low fodder blocks at an a l lowance of  2 .0  kg OM/ewe/d, which was the same 

allowance given to long drought pasture ewes. Ewes grazing short drought pasture 

lost weight at approximately 1 00g/d and recorded a low reproductive rate (90 lambs 

weaned/] 00 ewes mated) with a high proportion of single lamb births. L ive weight 

loss was significantly reduced to 40 g/d in ewes grazing wi l low fodder blocks (ful l 

access) with a 20% units increase in reproductive rate due to more mUlt ip le births 

(P<0.05) .  Ewes grazing long drought pasture performed intermediate to ewes with ful l  

access to  fodder blocks and ewes grazing short drought pasture, whilst ewes with  
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restricted access performed s imilar to ewes grazing short drought pasture. In  2004 

(Chapter 3 ), the restricted access to wil low fodder blocks treatment was e liminated 

from the study and the number of ewes was increased to 1 65 ewes per treatment 

group. Performance of ewes grazing short drought pasture was s imi lar to that of ewes 

grazing short drought pasture in 2003 , with ewes loosing live we ight (40g/d) and a 

low reproductive rate (90 lambs weanedl l 00 ewes mated) whi lst ewes grazing long 

drought pasture gained L W  (54 g/d) and had a higher reproductive rate ( P<0.05) .  

Ewes grazing wi l low fodder blocks performed better than ewes grazing short drought 

pasture by maintaining L W  and their reproductive rate was intermediate to ewes 

grazing short and long drought pasture. 

In 2005, a short grazing trial with rumen fistulated sheep was conducted to 

study the e ffect of supplementing wil low to ewes grazing drought pastures upon 

p lasma amino ac id concentrations (Chapter 4) and upon the microbio logy of the 

rumen ( Chapter 5 and 6) .  Grazing occurred during summer/autumn for 1 0  weeks with 

two treatment groups; control ( short drought pasture; n=7) at an al lowance of 0 .8  kg 

DM/ewe/d and ewes grazing short drought pasture at 0 .8  kg DM/ewe/d p lus a 

supplement o f  fresh wil low at 1.4 kg fresh wi l low/ewe/d (n=7) .  Blood samples for the 

quant ificat ion of plasma amino acids were col lected at week 5 and 1 0, with L W  and 

BCS measured at fortnight ly intervals. S hort drought pasture in this experiment had a 

low pasture mass ( 2000 kg DM/ha) and a low nutritive value (8 MJ/kg DM), whilst 

wil low had a higher ME of 1 0  MJ/kg OM. Both groups of ewes lost live weight at the 

rate of 50 g/d. P lasma concentration of 3 methyl histid ine ( 3-MTH; 88 vs 1 27 � 

mo lelL) at week 5 and non essential amino ac ids (NEAA; 1 082 vs 1 4 1 7  � mo1e/L) at 

week 5 and ( 1 1 55 vs 1 324 � mole/L) at week 1 0, were substant ial ly lower ( P<0 .05)  in 
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wil low supplemented ewes than control ewes .  It was conc luded that the increased 

reproductive rate from wi l low supplementation in ewes grazing drought pasture might 

be part ly explained by reduced body protein catabolism, bes ides also increasing 

p lasma branched chain amino acids CBCAA) and essential amino ac ids ( EAA) 

concentrations. 

To investigate the effects of wil low supplementation on rumen microbes, 

rumen samples were col lected during the 2005 experiment with fistulated ewes over a 

1 0  week period .  The study involved the use of  a molecular technique (Chapter 5) ,  

denaturing gradient gel e lectrophoresis ( DGGE), to compare the rumen microbial 

populat ions between the control and supplemented ewes and a cultivat ion technique 

(Chapter 6) to study the e ffect on rumen bacteria of ewes grazing drought pastures 

with and with out willow supplementat ion. DGGE analysis of the V3 region of 1 6S 

ribosomal RNA genes in DNA extracted from samples of rumen contents taken 

fortnight ly over a 1 0  week feeding period showed a d ist inct difference in banding 

patterns between treatment groups which progressively developed over t ime, showing 

rumen microbial adaptation to wil low supplementation. However, phylogenetic 

analysis of the DNA sequences retrieved from the DGGE bands from wil low­

supplemented and contro l ewes d id not cluster by treatment group. It was deduced 

that wil low supplementat ion induced a change in rumen bacterial populat ions through 

se lect ing sub-populations of organisms already present in the rumen. The changes in 

the rumen bacterial populations is attributed to the abi l ity of these bacteria to 

metabo lise secondary compounds in wi l low such as phenol ic g lycosides and flavano id 

monomers and their abil ity to resist the inhibitory effects of condensed tannins. 
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The cult ivation study invo lved enumeration, iso lat ion and purificat ion of 

bacterial colonies on Complete Carbohydrate, Salicin, Xylan, Cellulose and Wil low 

media fo l lowed by ful l  characterisation  of a representative set of pure bacteria l 

cultures. Total bacterial counts on the above media at week 5 and week 1 0  were 

general ly lower in wil low-supplemented ewes compared to control ewes and the 1 6S 

rRNA gene sequences of the majority of iso lates characterised from both Sal ic in and 

Xylan media, were most c losely re lated to species from the Pseudobutyrivibrio genus. 

I so lates from Wi l low medium c lustered as two d ist inct groups. One group ( mostly 

isolated from control ewes) was made up of mainly of organisms not usual ly 

assoc iated with the rumen and probably represent non-resident organisms that are 

passing through the rumen. The other group of bacteria were mainly retrieved from 

wil low-supplemented ewes and were most c losely related to species of the Ofsenella 

genus. Compared to bacteria iso lated on Sal ic in and Xylan media, iso lates on Wi l low 

medium showed l ittle abi l ity to ferment various carbohydrates or trypt icase 

( hydrolysed protein) but were able to uti l ise secondary compounds from wil low. 

It was conc luded that wil low fodder blocks are useful sources of 

supplementary fodder for mating ewes during drought situations. Both the field and 

m icrobio log ica l  studies showed adaptation to the wil low supplementary d iet, 

inc lud ing the detection of Olsenelfa- l ike bacteria for the first t ime in the rumen. It is 

suggested that the princ ipal purpose of the rumen invest igat ion is  the degradat ion of 

secondary compounds present in wil low. 

VU! 



Acknowledgements 

I extend my s incere thanks to Professor Tom Barry who helped me to step into the 

highest qualified degree programme and had been a p i l lar of support and 

encouragement through out my study. I am indebted for his constant inspirat ion, 

unt iring he lp, constructive ideas, immense affection and for the excel lent fac i l it ies 

provided to conduct this work. No words can fully express my gratitude for his 

cont inued patronage and dedicat ion to this work. 

My heartfelt thanks to Senior Scientist. Dr. Graeme Attwood for provid ing me the 

opportunity to work at AgResearch Rumen Microbio logy Laboratory, for his t imely  

help, expertise, valuable suggest ions and excellent lab fac i lit ies provided to  undertake 

rumen m icrobiology studies. 

I express my thanks to Co-Supervisors to Dr. Nicolas L opez Villalobos and Prof. 

Peter Kemp who encouraged me at every stage and provided constructive ideas and 

valid crit icism when ever required despite their busy schedule. 

I am indebted to the technical expertise provided by Geoff Purchas, Collin Morgan 

and Nathan Crombie at organis ing field experiments and to Dong Li, Matt Deighton, 

Jason Peters, Matt Nicholson, Debjit De, Graham Naylor, Diana Paccheco for 

extending their constant help to carry out my Lab work. Without the ir he lp my work 

would have been incomplete. 

My research could not have been possible without the financ ial support provided by 

Massey University through Doctoral scholarship for 3 years, loan Berry Scho larship 

for 6 months and Helen E Akers Scho larship for personal fmances. I a lso thank 

AgResearch who supported fmanc ia l ly in the critical, final stages of this study. 

I owe all my friends a big thank you for their constant encouragement and support 

rendered at various stages of this 4 year study. I especial ly thank Ithiel and Sheelum 

Satya for their l imit less he lp in cruc ial stages, Jerusha for giving me moral strength 

lX 



and Carolina for backing me up in  my low t imes. For a l l  my other friends with whom 

I shared a l l  my feel ings during my study and names that are not mentioned here, your 

company is always remembered and cherished. 

I owe my thanks to my brother Pitta Heston Sam Sagar for his t imely help in 

supporting me fmanc ial ly to come to New Zealand . Without his help I would not have 

been to NZ to pursue my career. I also thank my Parents for their courage, patience 

and prayers to send me this far to undertake P hD and backing me every moment. I 

also thank my sisters and their fami l ies for supporting me to complete this study. 

I express my love to Sundar kanth who had been my fiance through out this study 

and gratitude for his encouragement, moral support and patience to help me complete 

this degree program. H is support remained unchanged as my husband to finish the 

conc luding phase of this thesis. 

F inal ly, I praise and thank the Lord Almighty Jesus Christ, with whose blessing I am 

able to submit this research work. 

P 
. 

th L d 1fi / '  h d""'"'' rmse e or . . . . . .  In se ....... . . 

x 



TABLE OF CONTENTS 

DECLARA T IO N S 

ABSTRACT 

ACKNOW L EDGE M E N TS 

TAB L E  OF CON T E NTS 

L I ST OF TABLE S  

L I ST O F  FIGURE S  

L I ST OF P L A T E S  

L IST OF A PP E NDICES 

L I ST OF ABBREV I AT I ON S  

CHA PTER 1 

REVIEW OF LITERATURE 

1 .0 I ntroduction 

1 . 1  Sheep Production 

1 . 1 . 1  Annual Cycle 

1 . 1 .2 Seasonal P riorities 

1 . 1 .2. 1 SummerfEarly Autumn (weaning to mating) 

1 . 1 .2.2 Late Autumn (Mating and early pregnancy) 

1 . 1 .2.3 Winter and Early Spring 

1 . 1 .2.4 Early Spring (Lambing) 

1 . 1 .2.5 Late Spring (Lactation) 

1 . 1 .3 Pasture Production 

1 . 1 .3. 1 Seasonal Pattern 

1 . 1 .3.2 Sward Characteristics 

1 . 1 .3.2. 1 Sward surface height 

Page 

i-iii 

iv-viii 

ix-x 

XI-XIX 
xx-xxv 

xxvi-xxviii 

xxix 

xxx 

xxxi-xxxii 

2 

5 

5 

6 

6 

8 

8 

9 

1 0  

1 1  

1 1  

1 3  

1 3  

Xl 



1 . 1 .3.2.2 Herbage mass 

1 . 1 .4 G razing systems 

1 . 1 .4. 1 Continuous stocking system 

1 . 1 .4.2 Rotational grazing system 

1 .2 Drought 

1 .2 . 1  Definition 

1 .2.2 Occurrence 

1 .2.2. 1 I nfluence of Climatic factors 

1 .2.2. 1 . 1  Effects of EN SO 

1 .2.2. 1 .2 Interdecadal Pacific Osci llation 

1 .2.2. 1 .3 G lobal warming 

1 .2.3 Effect on farming 

1 .2.3. 1 Loss at National  level 

1 .2.3.2 Loss at I ndividual Farm level 

1 .3 Willows as a supplementary feed in NZ Farms 

1 .3. 1 Varieties 

1 .3.2 Utilisation 

1 .3.2. 1 Soil conservation 

1 .3.2.2 Shade and shelter 

1 .3.2.3 Supplementary feed 

1 .3.3 M ethods of feeding 

1 .3.3. 1 Cut and supplementation with willows 

1 .3.3.2 Fodder blocks 

1 .3.4 Nutritive value 

1 .3.4. 1 Supplementary feed 

1 .3.4.2 Primary compounds 

1 .3.4.3 Secondary compounds 

1 .3.4.3. 1 Phenolic glycosides 

1 .3.4.3.2 Condensed Tannins 

1 .3.4.3.2. 1 Concentration of CT 

1 .3.4.3.2.2 Effects of CT 

1 3  

1 3  

1 4  

15 

1 6  

1 6  

1 6  

1 6  

1 7  

1 9  

20 

2 1  

22 

23 

25 

26 

26 

26 

26 

27 

27 

28 

29 

30 

3 1  

3 1  

33 

34 

36 

38 

38 

XlI 



1 .3.4.3.2.3 Voluntary feed intake 38 

1.3.4.3.2.4 Digestibility and metabolism of nutrients 39 

1 .3.4.3.2.4. 1 Protein 39 

1 .3.4.3.2.4.2 Fibre d igestion 42 

1 .3.4.3.2.4.3 Animal production 43 

1.4 The rumen microbial ecosystem 45 

1.4. 1 Fibre degrading bacteria 46 

1.4.2 Degradation of phenolic compounds in the rumen 47 

1 .4.2.1 Effects of CT on microbes 47 

1.4.2. 1 .1 Anti-microbial effects 47 

1 .4.2.1.2 Resistance to CTs 48 

1.4.2.2 Effects of other phenolic compounds on rumen microbes 49 

1.4.2.2. 1 I n h ibitory effects 49 

1 .4.2.2.2 Resistance to phenolic compounds 49 

1.4.3 M olecular techniques used for microbial community analysis 50 

1 .5 Feeding value of forages 57 

1 .5. 1 Definition 57 

1 .5.2 Feeding value of drought pasture in NZ 59 

1 .5.3 Feeding value of tree forages 60 

1.5.4 Problems associated with calculated intakes in grazing 62 
experiments 

1.6 Conclusion 64 

1. 7 References 67 

XIII 



CHAPTER 2 

2003 GRAZING EXPERIMENT 

2.1 Abstract 

2.2 Introduction 

2.3 M aterial and M ethods 

2.3.1 Experimental Design 

2.3.2 Ewes 

2.3.3 Forages 

2.3.3.1 Pasture management 

2.3.3.2 M anagement of willow fodder blocks 

2.3.3.2.1 Site selection 

2.3.3.2.2 Willow fodder blocks 

2.3.4 Forage M easurements 

2.3.4.1 Pasture 

2.3.4.2 willow 

2.3.5 Animal measurements 

2.3.6 Laboratory analyses 

2.3.7 Statistical analyses 

2.4 Results 

2.5 Di cussion 

2.6 Conclusions and Recommendations 

2.7 References 

Page 

91 

93 

94 

94 

95 

96 

96 

97 

97 

97 

98 

98 

98 

99 

99 

100 

102 

110 

118 

120 

XIV 



CHAPTER 3 

2004 G RAZING EXPERI M ENT 

3.1 Abstract 

3.2 Introduction 

3.3 M aterial and M ethods 

3.3.1 General 

3.3.2 Experiment I 

3.3.2.1 Experimental design 

3.3.2.2 Animals 

3.3.2.3 Forages 

3.3.2.3.1 Preparation of drought  pasture 

3.3.2.3.2 Preparation of wil low fodder blocks 

3.3.2.3.3 G razing management 

3.3.3 Experiment 11 

3.3.3.1 Experimental design 

3.3.3.2 Animals 

3.3.3.3 Pastu re and w iDow fodder b locks 

3.3.4 Forage measu rements 

3.3.4.1 Pasture 

3.3.4.2 willow 

3.3.5 Laboratory Analyses 

3.3.6 Statistical Analyses 

3.4 Resu lts 

3.4.1 Experiment I 

3.4.2 Experiment 11 

3.5 Discussion 

3.6 Conclusions 

3.7 References 

Page 

124 

126 

127 

127 

127 

127 

128 

129 

129 

130 

130 

131 

131 

131 

131 

132 

132 

132 

133 

134 

135 

135 

144 

150 

155 

156 

xv 



CHAPTER 4 

2005 SHORT G RAZING EXPERIM ENT 

4. 1 Abstract 

4.2 I ntroduction 

4.3 M aterial and Methods 

4.3. 1 Experimental Design 

4.3.2 Ewes 

4.3.3 Forages 

4.3.3. 1 Drought pasture 

4.3.3.2 G razing management 

4.3.3.3 Willow supply 

4.3.4 Forage measu rements 

4.3.4. 1 Pasture 

4.3.4.2 willow 

4.3.5 Animal measurements 

4.3.6 Laboratory analyses 

4.3.7 Statistical analyses 

4.4 Results 

4.5 Discussion 

4.6 References 

Page 

1 60 

1 62 

1 63 

1 63 

1 63 

1 64 

1 64 

1 64 

1 65 

1 65 

1 65 

1 65 

1 66 

1 66 

1 68 

1 69 

1 73 

1 76 

XVI 



Page 

CHAPTERS 

M OLECULAR STUDY 

5. 1 Abstract 1 79 

5.2 Introduction 1 80 

5.3 M aterial and Methods 1 8 1  

5.3. 1 G razing trial 1 8 1  

5.3.2 Rumen sampling 1 82 

5.3.3 Molecular study 1 82 

5.3.3. 1 DNA extraction 1 82 

5.3.3.2 PCR amplification of 1 6S rRNA gene V3 region 1 83 

5.3.3.3 Cleaning of PCR product 1 84 

5.3.3.4 Denatu ring Gradient Gel Electrophoresis (DGGE) 1 84 

5.3.3.5 DGGE standard DNAs 1 86 

5.3.3.6 Analysis of DGG E  DNA bands 1 86 

5.3.3.7 Sequencing DNA from DGG E  bands 1 87 

5.3.4 Feed Analyses 1 87 

5.4 Results 1 88 

5.4.1 Feed Analysis 1 88 

5.4.2 DGG E  analysis of bacterial  population changes during d iet 1 9 1  

adaptation 

5.5 Discussion 

5.6 References 

1 98 

203 

XVII 



CHAPTER 6 

C U LTURE STUDY 

6.1 Abstract 

6.2 I ntroduction 

6.3 M aterial and M ethods 

Page 

207 

208 

209 

6.3. 1 Bacterial strains and media 209 

6.3.2 Animals, wil low supplementation and rumen sampling 209 

6.3.3 Enumeration, I solation and purification of bacterial  2 1 0  
colonies 

6.3.4 Phenotypic characterisation of bacteria 2 1 0  

6.3.5 Ext raction of DNA, sequencing and phylogenetic analysis 2 1 1 

6.3.6 Analysis of secondary compounds 2 1 2  

6.4 Resu lts 2 1 3  

6.4. 1 Enumeration 
2 1 3  

6.4.2 Bacterial iso lation and characterisation of bacterial  2 1 3  
cultures 

6.4.3 Utilisation of components in wiUow 221  

6.4.4 Phylogenetic analysis 228 

6.5 Discussion 23 1 

6.6 References 237 

XVlll 



Page 

CHAPTER 7 

GENERAL DISCUSSION 

7.0 Introduction 242 

7.1 Drought 244 

7. 1 .1 Defining the severity of drought in NZ 244 

7.1.2 Prediction of future drought risk under scenarios of 246 
climate change 

7.1.3 Quality of pastures during drought 247 

7.1.4 Concentration of other secondary compounds in short 248 
drought pastures 

7.2 Willow fodder blocks 250 

7.2.1 Contribution of willow tree in fodder block 250 

7.2.2 Contribution of willow pasture in fodder block 251 

7.2.3 Dietary allowance and access to willow fodder blocks 251 

7.2.4 Grazing management of willow fodder blocks 252 

7.2.4.1 Weaknesses in grazing willow fodder blocks 252 

7.2.4.2 Grazing plan 253 

7.2.4.3 Improvement in quality in willow fodder blocks 254 

7.3 Effect of tree fodder supplementation on ewe performance 256 

7.3.1 Increase in ewe reproductive rate 256 

7.3.1.1 Reasons for the enhanced reproductive rate 256 

7.3.2 Increase in plasma amino acid concentrations 263 

7.4 Aspects of rumen microbiology 265 

7.4.1 DGGE study 265 

7.4.2 Culture study 266 

7.4.3 Comparison of DGGE and Culture study 266 

7.4.4 Utilisation of plant secondary compounds 

7.5 Alternative forages for drought pastures 

7.6 References 

268 

269 

275 

XlX 



Table 1 . 1  

Table 1 .2 

Table 1 .3 

Table 1 .4 

Table 1 .5 

Table 1 .6 

Table 1 .7 

Table 1 .8 

Tab le 1 .9 

Table 1 . 1 0  

Table 1 . 1 1 

Table 1 . 1 2  

LIST OF TABL E S  

Changes in the domestic l ivestock populat ion in N Z  from 1 980 to 
2005 
Changes in product ivity of the Z sheep industry from 1 980 to 
2005 
Contribut ion of pastoral agriculture to NZ's  export earnings 
(FOB Value of NZ's exports ($ Mi l l ion) }  

Seasonal recommended al lowances of pasture cover, pasture 
length and OM quant it ies for a breeding ewe 

Values related to e ither sward conditions under cont inuous 
stocking or post grazing stubble under rotational grazing 

Page 

2 

3 

4 

7 

1 5  

Comparison o f  reproductive rates at ultrasound scanning over the 23 
three field experiments for experimental control ewes grazing 
simulated drought pasture during mating versus commercial ly 
farmed ewes grazing non-drought pastures during mat ing at 
Massey Univers ity Rivers ide Farm in Wairarapa 

Estimated cost of a drought us ing Massey University Riverside 24 
Farm, Wairarapa, as a model (1 . Stantial l, Agricultural 
Consultant, Wilson & Kee l ing Ltd . ) 

Nutritive value of  edible OM ( leaf plus stem:::; 5mm d iameter) o f  32 
wi l lows. OMO is orgamc matter digestibi l ity, ME IS 
metabo l isable energy 

Nutritive value of wi l low supplements and drought pasture, to 33 
beef cattle ( Moore et a I . ,  2003 ) and ewes ( Mc Wi l l iam et a I . ,  
2005)  

Concentrat ion of  secondary compounds (condensed tannins and 40 
others) in temperate forage spec ies with pastoral value for New 
Zealand farming systems 

L ivestock product ion responses to feeding CT -containing forages 43, 44 
such as Lotus corniculatus and Salix and Populus sp. , relative to a 
contro l  non CT -containing forages. 

The comparative feeding value in terms of sheep l ive-weight gain 57 
of some pasture spec ies grown in NZ. All forage feeding values 
expressed relative to white c lover as 1 00%. 

xx 



Table 1 . 13 

Table 1 . 1 4  

Table 1 . 1 5  

Table 1 . 1 6  

Table 2. 1 

Table 2.2 

Table 2.3 

Table 2.4 

Table 2.5 

Effect of feeding white c lover or perennial ryegrass d iets on 
intake and milk yield of dairy cows 

Effect of feeding lactating cows maintaining we ight (LW; 550 
kg) on good and medium qual ity pasture on milk production and 
DM intake 

Variat ion in the control  drought pasture between years and its 
effect on calculated dry matter intake ( DM I )  and on animal 
performance. Data refers to pastures on Massey University 's  
Riverside Farm in the Wairarapa, NZ, between mid Feb and late 
April ( Late summer/autumn) 

The effect of supplement ing ewes ( 1  OO/group) grazing low 
quality drought pasture with wil low/poplar ( 1 .4 kg fresh/ewe/d 
for approximately 70 d) during mating upon reproductive 
performance ( lambs/ l OO ewes mated) and lamb mortality 
between birth and weaning adjusted to equal birth rank. Data 
col lected on Massey Univers ity's Riverside Farm in the 
Wairarapa, NZ 

Pre-grazing and post-grazing mass (kg DMlha) and dead matter 
content of control ( short and long) drought pasture and wil low 
fodder blocks grazed during the experiment (mean values with 
standard errors) 

Chemical composit ion and nutritive value of the pasture and 
wil low diet selected (g/kg DM) by ewes grazing low qual ity 
contro l drought pastures (short and long) and wi l low fodder 
b locks (mean values with standard errors)' 

Secondary compound content of the pasture and wi l low d iet 
se lected (g/kg DM) by ewes grazing low quality control drought 
pastures (short and long) and wil low fodder blocks (mean values 
with standard errors)' 

Live weight change (g/day) and body condition score change 
(units) during the 75 day experimental grazing period, together 
with reproductive rate (expressed as a percentage of the total 
number of ewes exposed to the ram) in ewes grazing control  
( short and long) drought pastures and wil low fodder blocks 
( mean values with standard errors) 

The effect of grazing ewes for 75 days, includ ing mat ing, on 
control ( short and long) drought pasture and wil low fodder blocks 
on conception rate, fecundity, mean lambing date and total lamb 

58 

59 

60 

6 1  

1 03 

1 04 

1 05 

1 1 1  

1 1 2 

XXI 



Table 2.6 

Table 2.7 

Table 2.8 

Table 3.1 

Table 3.2 

Table 3.3 

Table 3.4 

Table 3.5 

mortality from birth to weaning(mean values with standard 
errors) 

The effect of grazing ewes on control ( short and long) drought 
pasture and wi l low fodder blocks for 75 days during the late 
summer/autumn, including mat ing, on lamb birth and weamng 
weights (k i lograms; mean values and standard errors) 

The effect of grazing ewes on contro l  ( short and long) drought 
pasture and wil low fodder b locks for 75 days during the late 
summer/autumn, inc luding mating, on who le -year wool 
production and staple length ( mean values and standard errors) 

The effect of ewes grazing for 75 days during the late 
summer/autumn, including mat ing, on low quality control 
drought pastures ( short and long) and wi l low fodder blocks on 
calculated dry matter intake (kg OM/ewe/day), calculated 
metabo l isable energy (N1E) intake ( M] N1E/ewe/day) , calculated 
crude protein (CP)  intake (g/ewe/day) and calculated condensed 
tannin (CT) intake (g/ewe/day) and pheno lic g lycosides 
(g/ewe/day) ( mean values with standard errors) 

Pregrazing and post grazing mass (kg DM/ha) and dead matter 
content from primary and secondary growth of control ( short and 
long) drought pasture and willow fodder b locks grazed dur ing the 
experiment (mean values with standard errors) (Experiment I )  

Chemical composition and nutrit ive value of the pasture and wil lov 
d iet se lected (g/kg OM) by ewes grazing low qual ity control 
drought pastures (short and long) and wil low fodder blocks 
(primary and secondary growths) (mean values with standard 
errors) (Experiment I )  

Secondary compound content of the pasture and wi l low d iet 
se lected (g/kg OM) by ewes grazing low quality contro l  
drought pastures (short and long) and wi l low fodder b locks 
( mean values with standard errors)l (Experiment I )  

Changes in l ive weight (g/day) and body condition score (BCS) 
over the experimental feeding period, when ewes were grazed 
on control (short and long) pastures and wil low fodder blocks 
( mean values with standard errors) (Experiment I )  

The effect o f  grazing ewes for 8 6  days, including mating, on 
contro l  ( short and long) drought pasture and wil low fodder blocks 
on reproductive rate (expressed as a proportion of the total 
number of ewes exposed to the ram), conception rate, fecund ity, 

113 

1 1 4  

116 

1 37 

1 38 

1 39 

145 

1 46 

XXll 



Table 3.6 

Table 3.7 

Table 3.8 

Table 3.9 

Table 3.10 

Table 4.1 

Table 4.2 

Table 5.1 

mean lambing date and total lamb mortality at birth and 
weaning(mean values with standard errors) (Experiment I )  

The e ffect of grazing ewes on control  ( short and long) drought 
pasture and willow fodder b locks for 86 days during the late 
summer/autumn, inc luding mating, on lamb birth and weaning 
weights (k i lograms; mean values and standard errors) 
(Experiment I )  

Pregrazing and post grazing mass ( Kg OM/ha), dead matter 
content and Chemical composition of control pasture and wil low 
fodder block (primary and regrowth) grazed during the 
experimental period of 30 days ( mean values and standard errors) 
(Experiment JI) 

L ive weight change (g/day) and body condition score change 
(units), during the 30 day period of grazing control and wil low 
fodder block and reproductive data at ultra sound scanning 
expressed as a percentage of the total number of ewes exposed to 
the ram ( mean values and standard errors) (Experiment I I )  

The effect o f  ewes grazing for 8 6  days during the late 
summer/autumn, inc luding mating, on low quality control 
drought pastures (short and long) and wil low fodder blocks on 
calculated dry matter intake ( kg DM/ewe/day), calculated 
metabolisable energy (ME) intake ( MJ M E/ewe/day) , calculated 
crude protein (CP)  intake (g/ewe/day) and calculated condensed 
tannin (CT) intake (g/ewe/day) and phenol ic g lycosides 
(g/ewe/day) ( mean values with standard errors) ( Experiment I )  

The e ffect o f  grazing frequency per season upon the nutritive 
value of the diet selected by sheep grazing ful l  access on fodder 
blocks 

Pasture mass, chemical composition of the diet selected and 
change in l ive weight ( L  WC) and body condition score (BCS)  in 
ewes when grazing drought pasture with and without 
supplementation with wil low during the experimental period 
(mean values with standard errors) 

P lasma concentration of amino acids (Il mole/L) in fistulated 
ewes grazing short drought pasture with ( supplemented) and 
without (control )  supplementation of wi l low for 3 5  and 70 days. 
Mean values with poo led standard error (SEM) 

Chemical composit ion o f  the lowest (25%) and highest ( 60%) 

147 

1 48 

149 

152 

153 

170 

171 

185 

XXIII 



Table 5.2 

Table 5.3 

Table 6. 1 

Table 6.2 

Table 6.3 

Table 6.4 

Table 6.5 

Table 7. 1 

Table 7.2 

Table 7.3 

Table 7.4 

Table 7.5 

denaturing so lut ions used to make the denaturing gradient 

Pasture mass, chemical composit ion (primary and secondary 1 89 
compounds)ofthe d iet selected and change in l ive weight ( L  WC) 
and body condit ion score ( BCS) in ewes when grazing drought 
pasture with and without supplementation with wi l low during the 
experimental period ( mean values with standard errors) 

C lone sequence informat ion 1 96, 1 9 7  

Bacterial co lony counts ( x 1 09) at Weeks 5 and l O in control and 2 13 
willow-supplemented ewes.  

Phenotypic characteristic s of representative bacterial iso lates on 2 1 5  
Salic in, and Xylan media 

Substrate ut i l isat ion tests of bacterial iso lates from Sal icin and 2 1 6  
Xylan medium 

Phenotypic characteristics of bacterial iso lates from rumen 2 1 8  
samples o f  wil low-supplemented wand contro l  C ewes 

Substrate ut il isat ion tests of Wil low bacterial iso lates from 220 
wil low supplemented wand control  C ewes 

Comparison of herbage mass and nutritive value of long and short 
drought pastures simulated in this study during the 2003 and 2004 
grazing Experiments 

Concentration of other secondary compounds (g/kg OM) in short 
drought pasture simulated in the 200 1 -2003 year long grazing 
Experiments 

Effect of increasing the number of grazings per season upon 
herbage mass and botanical composit ion in wil low browse blocks 
from 2003 to 2006 

Comparison of wi l low stem cuttings as supplementary feed to 
ewes grazing drought pastures and grazing wi l low fodder blocks 
during mat ing ( summer/autumn) upon ewe reproductive 
performance in a series of grazing Experiments conducted at 
Massey University's Riverside Farm from 2002 unti l  2004 

Comparison of calculated intakes of OM (kg/d) by ewes and their 
live we ight change in grazing Experiments with wil low stem 
cuttings and wil low fodder blocks as supplementary feed to ewes 
grazing drought pastures during mating ( summer/april) conducted 
3.t Massey University' s  Riverside Farm from 200 1 unt i l  2004 

249 

250 

255 

260 

261  

XXIV 



Table 7.6 

Table 7.7 

Comparison of calculated intakes (g/d) of CP, CT and PG in 
grazing Experiments with wil low stem cuttings and wi l low 
fodder blocks as supplementary feed to ewes grazing drought 
pastures during mating (summer/apri l )  conducted at Massey 
University' s  Riverside Farm from 200 1 unti l  2004 

Comparison of p lasma amino acid concentrations (/1 mo le/L) in 
fistulated ewes grazing short drought pasture, with and without 
willow supplmentation ( Experiment 3) ,  with that of ewes grazing 
Lotus corniculatus and ryegrass/white c lover pasture (Min et aI . ,  
1 999). 

262 

264 

xxv 



Fig 1 . 1  

Figure 1.2 

Figure 1 .3 

Figu re 1 .4 

Figu re 1.5 

Figure 1 .6 

Figu re 1 .  7 

Figu re 1.8 

Figure 1.9 

Figure 1 .10 

Figure 1 .1 1  

Figure 1 .12 

Figure 1 . 1 3  

Figu re 1 . 1 4  

LIST OF FIGURE S  
Live weight targets through the annual cyc le o f  breeding ewes 
on easy summer wet country (Easy) and harder h i l l  country 
( Hard) .  

Pasture growth curve ( mo ist summer 1 mi ld winter areas)a 

Pasture growth curve (dry summer 1 cold winter areas)b 

Sward surface height (cm) is expressed against herbage intake. 
Point C depicts critical height of the sward surface when 
animal performance starts to dec line. 

Percentage OSMD deviat ions from 1 989 t i l l  2003 due to E l  
N ino and L a  Nina events. DSMD: Days o f  so i l  mo isture deficit; 
EN: El N ino ; LN: La Nina events. 

The monthly OSMD deviat ion (%) for NZ for the year 
2002/03 . 

I ndex denoting the phases of the I nterdecadal Pac ific 
Osc i l lation I ndex ( I PO).  

Smoothed NZ surface air and surrounding marine temperatures 
1 87 1 - 1 998 (0C) compared with the 1 96 1 - 1 990 reference 
period. 

The d iameter of supplementary wi l low consumed by bee f  cattle 
when grazing low quality drought pasture . 

Change in stem diameter of supplementary Tangoio wi l low 
consumed by ewes grazing low qual ity drought pasture. 

The chemical structure of Salic in molecules (MW=286.27) 

Salicin as a percentage of dry weight versus palatabi l ity as a 
percentage of leaves partly or  who lly consumed. 

Intake of (a) dry matter ( OM)  and (b) sal ic in in common 
brushtail possums fed d iets with variable concentrations of 
salic in. 

Thio lysis reaction of condensed tannin po lymers with 

Page 

5 

1 2  

12 

15 

1 8  

1 8  

20 

2 1  

28 

29 

34 

35 

36 

37 

XXVI 



procyarudin ( R=H ) and/or prodelphinidin ( R=OH) units. 

Figure 1 . 1 5  The re lationship between condensed tannin concentration in the 42 
dry matter of forage spec ies ( x) ,  and (a) the ratio of non-
amonia-nitrogen (NAN) flowing at the abomasum or 
duodenum. 

Figure 2 . 1  Change in ( a )  neutral detergent fibre concentrat ion (NDF) and 106 
( b) organic matter digest ibi l ity ( OMO) in samples of wi l low 
selected by sheep grazing wi l low fodder blocks. 

Figure 2.2 Decrease in organic matter digest ibil ity ( OMO) with increase 1 07 
in neutral detergent fibre (NDF) concentration in samples of 
wil low selected by sheep grazing wi l low fodder blocks 

Figure 2.3 Changes in (a) mean ewe l ive weight and (b) body condition 1 08 
score in ewes grazed on control drought pastures ( short and 
long) and wi l low fodder blocks ( restricted and ful l  access). The 
solid l ine indicates the experimental grazing period (75 days) .  

Figu re 3. 1 Experiment I .  Increase in (a)  Dry matter (DM) content 140 
expressed as (%) ( b) Diameter ( D) of chewed wi l low (mm) 
with t ime during experimental grazing in samples of wil low 
se lected by ewes grazing wi l low fodder blocks. 

Figu re 3.2 Change in CT concentration (g/kg DM) with t ime in short 142 
contro l  pasture(o) ; long contro l pasture(e);  wi l low trees (D); 
lotus legume present in wi l low pasture (_); and wil low fodder 
block pasture (. ) . (Experiment I )  

Figure 3.3 Changes in (a) mean ewe l ive weight and (b) body condition 1 43 
score in ewes grazed on contro l drought pastures (short and 
long) and wil low fodder blocks ( ful l  access).  

Figu re 3.4 Pattern of rainfa l l  recorded at Riverside Farm ( Wairarapa) 15 1 
through out the years of2003 (Pitta et al., 2005) and 2004 ( this 
Experiment I ) , compared with the long term average in the past 
1 5  years. 

Figure 4. 1 Change in d iameter of wi l low chewed down ( D; mm) by in the 1 69 
wil low supp lemented group 

Figu re 4.2 Changes in (a)  mean ewe l ive weight and ( b) body condition 172 
score in ewes grazed on short drought pastures with 
( supplemented) and without (contro l )  supp lementat ion of 
wi l low stem cuttmgs 

XXVII 



Figure 5.1 Change in concentration (g/kg OM) of (a) pheno lic g lycosides 190 
(PGs) and ( b)f1avanoid monomers ( FMs) in the rumen samples 
of wil low supplemented ewes. 

Figure 5.2 OGGE gels of the PCR ampl ified, hyper-variable region ( V3 )  192 
of 1 6S 0 A from rumen samples in control and wil low 
supplemented ewes col lected at weeks (0, 2, 4, 6 and 1 0) along 
with their s imi larity matrices ( Pearson's Coefficient) .  

Figure 5.3 A OGGE gel ( Week 4) of the PCR ampl ified, hyper-variable 
region (V3)  of 1 6S rRNA genes from rumen samples col lected 193 
from wil low-supplemented animals ( lanes 2-7) and control 
animals ( lanes 8- 1 4) .  

Figure 5.4 A phylogenet ic tree constructed using the 1 6S rRNA gene V3 194, 195 
sequences retrieved from the DNA bands exc ised from OGGE 
ge ls. 

Figure 6.1 Electron micrographs of the negat ively stained bacterial cel l s  219 
iso lated on Wi l low enrichment media. 

Figu re 6.2 Util isat ion patterns of secondary compounds (g/kg OM) in 222 
uninoculated media and bacterial cultures grown on Wi l low 
media after growth iso lated from both wi l low supplemented 
and control  ewes. 

Figure 6.3 HPLC chromatograms ind icat ing the e lut ion of peaks before 223-227 
inoculation (- )and after growth (- ) of Wi l low isolates. 

Figu re 6.4 A phylogenet ic tree constructed using the 16S DNA sequences 229 
from the isolates on Salic in, and Xylan media. 

Figu re 6.5 A phylogenet ic tree constructed using the 1 6S DNA sequences 230 
from the isolates on Wil low media. 

Figure 7.1 The areas of NZ which experienced drought conditions during 246 
1 972-2003 with July-June PEO accumulation exceeding 
spec ified thresho Id . 

Figure 7.2 P lant density (plants/m2) versus plant age (month as unit) for 270 
chicory over 4 year period (Barry, 1 998) .  

Figure 7.3 Mean monthly growth rates of pasture and Rere (Lucerne) 272 
grown on hil l  country (200 slope) at Whatawhata over five 
years ( 1 982-87; McGowan et ai . ,  2003 ). 

XXVlll 



Page 

List of Plates 
Plate 1 P reparation of short drought pasture 84 

a. Before grazing 
b. G razing with cattle 
c. Simulated d rought pastu re 

Plate 2 Establishment of  wil low fodder blocks 85 
a. Site selection 
b. Site preparation 
c. Planting stakes 
d. Established willow fodder blocks 

Plate 3 Experiment 1 in 2003 86 
a. Established willow fodder blocks (3 year o ld )  
being grazed by  ewes 
b. Willow fodder block showing start and end of a 
break 

Plate 4 Experiment 2 in 2004 87 
a. Willow fodder blocks - Primary growth 
( Feb/march) 
b. Willow fodder blocks - regrowth (April/may) 

Plate 5 Ewes grazing willow fodder blocks in Experiment 2 88 
a. Ewes grazing primary growth 
b. Ewes grazing regrowth 

Plate 6 Short grazing Experiment with fistulated ewes 89 

in 2005 

a. Fistulated ewes grazing short d rought pasture 
supplemented with willow stem cuttings 
h. Control  fistu lated ewes grazing short d rought 
pastu re 

XXlX 



Appendix 1 

Appendix 2 

Appendix 3 

Appendix 4 

List of Appendices 

Similarity matrix of the phylogenetic tree (Figu re 
6.4) constructed using xylan isolates 

Similarity matrix  of the  phylogenetic tree ( Figure 
6.4) constructed using salicin isolates 

Similarity matrix of the phylogenetic tree (Figure 
6.5) constructed using wi llow iso lates 

Electron micrographs of the negatively stained 
bacterial cells isolated on Xylan media 

Page 

282 

283 

284 

285 

xxx 



BCAA 

BCS 

CA 

CC 

CP 

Cr203 

CT 

d 

DGGE 

DM 

DMJ 

DOMD 

DON 

DSMD 

EAA 

E Ll SA 

ENSO 

EU 

FM 

FV 

GDP 

GLM 

ha 

HCL 

hd 

HPLC 

HT 

IPO 

I VD MD 

LHV 

LIST O F  ABBREVIATIO N S  

Branched chain amino acid 

Body condition score 

Chlorogenic ac id 

Complete carbohydrate 

Crude protein 

Chromium sesquioxide 

Condensed tannins 

day 

Denaturing gradient gel e lectrophoresis 

Dry matter 

Dry matter intake 

Digestible organic matter 

Deoxy Nivaleno l  

Days o f  so i l  mo isture defic it 

Essential amino acid 

Enzyme l inked immunosorbent assay 

El Nino - Southern osc i l lation phenomenon 

European union 

F lavano id mono mer 

Feeding value 

Gross domest ic product 

General ised l inear model 

hectare 

Hydrochloric ac id 

Head 

H igh performance liquid chromatography 

Hydro lysable tannins 

Interdecadal pac ific osc i l lation index 

I nvitro dry matter digestibi l ity 

Lower heating value 

XXXI  



LIG 

LW 

L WC 

MAF 

ME 

MTH 

MW 

NAN 

ND 

NDF 

NE 

NEAA 

NH3 

NIV 

N IWA 

NV 

NZ 

OM 

OMD 

OR 

P 

PED 

PEG 

PG 

SAS 

SE 

SMD 

SOl 

TLC 

UDP 

VFI 

L ignin 

L ive weight 

L ive weight change 

Ministry of agriculture and forestry 

Metabo lisable energy 

Methyl histidine 

Molecu lar weight 

Non ammonia nitrogen 

Not determined 

eutral detergent fibre 

et energy 

Non-essential amino acid 

Ammonia 

Nivaleno l 

National inst itute for water and atmospheric research 

Nutritive value 

ew Zealand 

Organic matter 

Organic matter d igest ibi l ity 

Ovulat ion rate 

Probabil ity 

Potential evapotranspiration defic it 

Poly ethy lene g lycol 

Pheno lic g lycoside 

Statist ica l  analysis system 

Standard error 

Soil  mo isture deficit 

Southern osc i l lation index 

Thin layer chromatography 

Undegradable dietary protein 

Voluntary feed intake 

XXXll 




