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



TOOTH DETERIORATION I N  SHEE P 

A STUDY OF FARMS I N  SOUTHE RN NORTH I SLAND OF NEW ZEALAND 

A the s i s  presen ted i n  p a r t i a l  fu l f i lment of  

the requi rement s  for  the degree of 

Master o f  Veter i n a r y  Science 

at Massey Un i ve r s i t y 

GERALD DOUGLAS M ITCHUM 

December ,  1 9 85 



ACKNOWLEDGEMENTS 

I am gr ateful to the people and  the government of New Zea l and 

for the oppo r tun i t y  to  l i ve and s t u d y  i n  this countr y .  

Further I wou ld l i ke t o  thank those who have been d i r e c t l y  

i n vol ved i n  t h e  comp l e t i on of  t h i s  thes i s . 

F i r s t l y  to my super v i sor , Profe s sor A . N . Bruere , 

Vete r i n a r y  C l i n i ca l  Sci ences , Massey Uni vers i t y , 

i ndebted for the use o f  fac i l i t i es and access to 

Without h i s  keen i n terest and c r i t i c al approach 

Depa r tment of 

to whom I am 

farms prov i d ed . 

to veter i n a r y  

prob lems , the need for continued r e s e arch i n  the area o f  excess i ve 

tooth wear i n  sheep may wel l  have  r emained unrecog n i zed for many 

year � .  

Second l y  m y  thanks to Dr . B . C . Farquhar son for h i s  encouragement 

and valuable assi stance in  both the formulation of  i d e a s  and the 

techn i cal areas of  a n a l yt i c al chemi str y ,  stat i st i c s  and computer 

oper ation and to Dr . D . M . West for h i s  knowl edgeable a d v i c e  and gen u i n e  

concern i n  the earl y s t ages of  th i s  pro j ect . 

Thi rd l y  my s i ncere a pp r e c i a t i on to Dr . M . Bax ter , 

Dr . A . N . MacGregor , Mr . J . V . Pau l i  and  M r . C . B . Ch r i s t i e  for the i r  

enthu s i a s t i c  cont r i but ions i n  t h e  areas of  m i c rob i ology , s o i l  

science , c l i n i cal pathology a n d  h o r t i cu lture respecti vel y .  I t  was a 

great encouragement to  be able to u t i l i ze the exper t i s e  o f  these men . 

I also  wish t o  thank E l i zabeth Dav i es , L i n l e y  Denby , Jan 

Schrama , Pam Slack and Peter W i n t e r  for the i r  w i l l i ng a s s i stance  i n  

the i r  spec i f i c  areas and Rose Law for  her cheerful a i d  i n  organ i zi n g  

mater i al s .  My thanks a l so to T o m  Law for h i s  v e r y  c a p a b l e  hel p i n  

the a r e a  o f  photogr aphy . 



A spec i a l  thank you to the farme r s  and the i r  employees o f  the 

s i x  farms i n c l uded i n  this stud y .  The i r  i n terest i n  th i s  prob l em and 

the total sheep industry  helped t o  make this project a very 

fu l fi l l i n g  endeavor . 

Final l y  I w i sh to recogn i ze my w i fe ,  Frances , for her h e l p  i n  

proof rea d i n g  and typing  a s  wel l as  h e r  encouragement throughout th i s  

ent i re proj e c t . 



TABLE OF CONTENTS 

Acknowledgements 

Tabl e  of Contents 

List of  Tables 

L i s t  of F i gures 

CHAPTER 1: I NTRODU CTION 

CHAPTER 2: A R E VI EW OF MAJOR DENTAL PROBLEMS IN 

NEW ZEALAND SHE E P  

CHAPTER 3 :  A F I E L D  INVESTIGATION I NTO E XTREME DENTAL 

DET E R I ORATION : A FARM STUDY NEAR WAI PUKURAU 

I n troduct ion 

Farm Profi l e  

H i s tory 

The I n i t i a l  Problem 

C l i n i cal Obse r v a t ions of  Teeth on  Var i ou s  Age Groups 

o f  Sheep 

1 • Lambs 

2. Hogget s  

3 .  Two-Toot h  Ewes 

4 .  Mi xed Age Ewes 

Page 

4 

2 1  

22 

22 

23 

25 

25  

25  

27 

3 0  



Methods Use� to I nvesti gate Some of  the C l i n i c al 

Observations Made 

1 .  The Per c e n ta ge of  Faecal  Ash 

2 .  The Cor r e l a t i o n  Between Per centage of Faec al  

32  

32 

Ash-Per c e n tage of Acid  Insoluble  Resi due 34 

3 .  Obser vat i ons on the Erupt ion Times of the 

Central  Permanent Inc i sors 

4 .  Wea r o f  the Central Permanent I n c i sors 

Results  

1 .  The Per c entage of Faecal  Ash 

2. The Corr e l at i o n  Between Percen t a ge of Faecal 

3 4  

34  

35 

35  

Ash-Per c e n tage of  Acid  Insol uble Resi due 38 

3 .  Observat i ons on the Erupt i on Times of the 

Cen t r a l  Perman ent Inc isors 

:4 . Wear o f  the Central Permanent I n c i sors 

D i scussion 

1 .  Di scus s i on o f  Management 

a .  Change of  Breed 

b .  Change in the Grazing Sys t e m  

c .  I n t en s i fi cation  of Sheep Farming 

d.  I n c r ease i n  Stocking Rate 

2.  D i scu s s i o n  o f  C l i n i c a l  Obser v a t i ons 

a .  Sen s i t i v i t y  o f  Dec i duous I n c i sors 

b .  Enamel Defec ts 

c .  Dem ineral i za t i on of  T i ps of Central 

38 

4 0  

4 1  

4 1  

4 1  

4 1  

4 6  

4 6  

47 

47 

47 

Permanent I n c i sors 49 

d .  D i s a ppearance o f  Sha l l ow Data Points 49 

3.  Di scus s i on o f  the Percentage of Faecal Ash 4 9  

4 .  Di scus s i on o f  the Correl a t i on Between 

Percent a ge of Faecal Ash-Percentage of Acid 

Insol ubl e R e s i d ue 

5 .  Discus s i on o f  Erupt i on Times o f  the Centr a l  

Permane n t  I n c i sors  

5 0  

5 1  



6 .  D i s cu s s i on of Wear o f  the Cen t r a l  Permanent 

I n c i sors 

CHA PTER 4 :  OBSER VATIONS AND TRIALS ON FARMS : AN 

I NVESTIGATION I NTO TOOTH WEAR ON F I VE 

NORTH ISLAND FARMS 

Introduct i on 

Farm Pro f i l e s  

1 • The Tang i moana Farm 

2 .  The R i v e r s i d e  Farm 

3 .  The Poh a n g i n a  Farm 

4 .  The Ranui  Farm 

5 .  The Motuka i  Farm 

C l i n i cal Obser v a t i ons 

1 • The Tan g i moana Farm 

2 .  The R i v e r s i d e  Farm 

3 .  The Pohangina  Farm 

4 .  The Ranui  Farm 

5 .  The Motukai  Farm 

Method of Tr i a l s  on the F i ve Farms 

Results of the Tr i a l s  o f  the F i ve F arms 

1 .  The Tan g i moana Farm 

a.  The Percentage o f  Faecal Ash 

b.  The Corre l a t i o n  Between Percentage of 

Faecal Ash-Per centage of Ac i d  Insoluble 

R e s i d ue 

c .  Observations on  the Erup t i on Times o f  

t h e  Centr al Permanent I nc i so rs 

d .  The Wear o f  the Centr a l  Permanent 

I n c i sors 

5 1  

5 3  

53  

53  

54  

5 4  

5 5  

5 5  

5 6  

5 6  

5 6  

5 6  

57 

58 

58 

59 

5 9  

5 9  

6 0  

60  

60  



e .  Compari son of  Measu rement s  

2 .  The R i vers i d e  Farm 

a .  The Percentage o f  Faecal Ash 

b. The Correlat ion Between Perc e n tage of 

Faec a l  Ash-Percentage of  A c i d  I nsolubl e 

6 1  

6 8  

6 8  

Res i d u e  6 8  

c .  Observ a t i o n s  on  the Erupt i on T i mes of 

the Cen tra l  Permanent Inci sors 6 8  

d .  The W e a r  of  the Central Permanent 

Inci sors 6 9  

3 .  The Pohangi n a  Farm 7 5  

a .  The Percentage o f  Faecal Ash 75 

b.  The Corre l a t i on Between Perc e n t age of 

Faeca l  Ash-Percentage of  A c i d  I n solubl e 

Res i d ue 

c .  Observ a t i o n s  on  the Eruption T i mes of 

the Centra l  Permanent Inci sors 

d .  The Wea r  of the Central Perman e n t  

Inci s o rs 

4 .  The Ranui Farm 

a .  The Percentage o f  Faecal Ash 

b. The Corre l a t i on Between Percentage of 

Faeca l  Ash-Percentage of  A c i d  I nsoluble 

Res i d ue 

c .  Observ a t i o n s  on  the Erupt i on T i mes of 

75 

75 

75 

8 1  

8 1  

8 1  

the Centra l  Permanent I n c i sors 8 1  

d .  The Wear o f  the Central Permanent 

I n c i s o rs 8 1  

5 .  The Motuka i  Farm 87 

a .  The Percentage of Faecal Ash 87 

b.  The C orre l a t i on Between Perc e n t age of 

Fae c a l  Ash-Perce n tage o f  Aci d I nsoluble 

Res i d u e  8 7  

c .  Observat i o n s  on  the Erupt i on T i mes of 

the C e n tral Permanent I n c i sors 87 



d .  The Wear of  the Central Permanent 

Inc i so r s  8 7  

D i scus s i on o f  Farm Tr i a l s  9 3  

1 .  The Percentage of  Faecal Ash 93 

2. The Corre l a t i on Between Percentage of Faecal 

Ash-Percentage of  Acid  Insoluble Res i due 9 4  

3 .  The Erupt i o n  T i mes o f  Central Permanent 

Inci sors 9 5  

4 .  Wear of Cen t r a l  Permanent Inci sors 97  

A Summary of the Important Farm Trial  Observations 1 00 

1 .  Enamel Defe c t s  1 00 

2 .  Unexpl ai ned C l in i cal  Sign s  1 0 1 

3 .  The Cor r el a t i on Between Soil  Inges t i on and 

Tooth Wear 1 0 1  

4� H i gh Soi l  I ngestion on Low Wear Farms 1 02 

5 .  Variation i n  Relationsh i p  of Stoc k i n g  Rate 

to Tooth Wear 1 02 

CHAPTER 5 :  SOLUBILI Z ATION OF SHEE P ' S  TEETH : 

AN ALTE R NATIVE HYPOTHESIS ON THE LOSS 

OF TOOTH S UBSTAN C E  

Introduction 

H ypothes i s  

Demonstrations 

1 .  Demonstra t i on 

2 .  Demonstra t i on 2 

3 .  Demonstrat i on 3 

Summar y o f  Solubi l i z a t i on Hypoth e s i s  

1 04 

1 05 

1 06 

1 06 

1 07 

1 07 

1 1 2 



CHA PTER 6 :  DISC USS I O N  AND CONCLUSIONS ON TOOTH 

i1ETER IORATION IN SHE EP 

APPENDICES 

I Dry-As h i n g  i n  an Open Vessel 

I I  Acid-Inso l u b l e  Ash 

REF E R E NCES 

1 1 3 

1 2 0 

1 2 1  



Table I :  

Table I I :  

Table I I I : 

Table I V :  

Table V :  

Table V I : 

Table V I I : 

LIST OF TABLES 

Stock u n i t s per hectare , total number of 

catt l e , l amb ing percent age and percent age 

of  d r y  ewes on the Wa i pukurau farm are 

l i s ted from 1 97 5  to 1 9 83 . 

Fer t i l i zer and l i me appl ied to  the Wa i pukurau 

farm from 1 973  to 1 9 83 . 

The per c entage of  faecal ash o f  faecal samp les 

col l e c t e d  from September 1 9 8 3  to  September 

1 9 8 4  on the Wai puku r au farm w i t h  mean and 

stand a r d  deviation . 

The c o r r e l ation between the per centage o f  

faec a l  a sh and percentage o f  a c i d  i n soluble 

r e s i d u e  on the Wai puku r au farm . 

The e r u p t i on of  central permanent i n c i sors 

of 1 00 hoggets on the Wai puku r a u  farm with 

the f i r s t  day o f  l ambi n g  day one .  

Tooth wear i n  c m  on the Waipukurau farm w i th 

the mean  wear and mean d a i l y  wear calcu l ated 

and the erupt i on date and enamel defects 

recorded . 

The per c entage o f  faecal a s h  o f  faecal 

samp l e s  collected from October 1 983  to 

September 1 9 84 on the Tang imoana farm with 

mean and stand a r d  deviation . 

Page 

2 3  

24  

3 6  

3 9  

4 0  

42-45 

62 



T ab l e  VI I I : 

Table I X :  

T ab l e  X :  

Tab l e  XI : 

Table- X I I : 

Tab l e  X I I I :  

T ab l e  X I V :  

Tab l e  XV : 

The c o r re l at i on between the percentage o f  

faecal  a s h  a n d  percentage o f  a c i d  i n soluble 

r e s i d u e  on the Tangimoana farm . 

The eruption of  central permanent i n c i sors 

of  1 00 hogget s  on the Tangimoana farm with 

the f i r s t  day of  l amb i ng day one . 

Tooth wear i n  cm on the Tan g i moana farm 

wi th the mean wear and mean d a i l y  wear 

cal c u l a ted . 

Cor r e l a t i on o f  two sets o f  mea surements of  

cen t r a l  permanent i n c i sors in  s heep on the 

Tan g i moana farm r e -measured a n d  recorded on 

6 4  

6 5  

6 6  

the same day . 6 7  

The p e r c entage of faecal a s h  o f  faecal samples 

col l ec t e d  from October 1 9 83 to May 1 9 8 4  

o n  t h e  R i verside f a r m  wi th m e a n  and 

stand a r d  deviat ion . 

The c o r r e l ation between the percentage of  

faecal  a s h  and  percentage o f  acid  insoluble 

residue on the R i verside fa rm . 

The e r u pt ion o f  central permanent i n c i sors 

o f  1 00 hoggets on the R i ver s i d e  farm with 

the f i r s t  day of  l ambi n g  d a y  one . 

Tooth wear i n  cm on the R i ve r s i d e  farm with 

7 0  

72  

73  

the mean wear and  mean d a i l y  wear calcul ated . 7 4  



Table XVI : 

Tabl e  XVI I :  

The p e r c entage o f  faecal a s h  o f  faecal  samples 

collected from October 1 98 3  to  September 

1 9 8 4  on  the Pohangina farm w i t h  mean and 

stand a r d  d e v i at i o n . 

The correlation between the per centage o f  

faecal a sh a n d  percentage o f  a c i d  i nsoluble 

residue on the Pohang i n a  farm . 

Tabl e  XVI I I :  The eruption of  central permanent i n c i so r s  

of  1 00 hoggets on  t h e  Pohang i n a  farm w i t h  

t h e  f i r s t  d a y  o f  l a mb i n g  d a y  one . 

Table X I X :  Toot h  wear i n  c m  o n  the Poha n g i na farm with 

76 

78  

79  

the mean wear and mean d a i l y  wear calcul ated . 8 0  

Table XX : 

Table XXI : 

Table XXII : 

The p e r c entage o f  faecal ash o f  faecal samples  

col l ec t e d  from October 1 9 83  to  August 1 9 8 4  

o n  the R anui f a r m  w i t h  m e a n  a n d  standard 

d e v i at i on . 

The correl ation between the percentage o f  

faec a l  a s h  a n d  percentage o f  a c i d  i n soluble 

residue on the Ranui  farm . 

The eruption o f  central perman ent i n c i sors 

of  1 00 hoggets on  the R anu i farm with the 

f i r s t  day of  l amb i n g  d a y  one . 

Table XXI I I :  Toot h  wear i n  cm on the Ranu i farm with the 

mean wear and mean d a i l y  wear calculated . 

Table XXI V :  The p e r c entage o f  faecal a s h  o f  faecal s amples 

col l ec ted from October 1 98 3  to  August 1 9 8 4  

on the Motukai f a r m  with mean and stand ard 

d e v i at i on . 

82  

84  

8 5  

8 6  

8 8  



Tab l e  XXV : 

Table XXVI : 

The correl ation between the percentage of  

faecal a s h  and percentage of  a c i d  insol uble 

residue on the Motukai  far m .  

The erupt i on o f  central permanent incisors 

of 1 00 hoggets on the Motukai farm with the 

first day of l ambi n g  d ay one . 

Tab l e  XXVI I :  Tooth wear i n  cm on the Motukai f arm with 

90 

9 1  

the mean wear and mean d a i l y  wear cal cul ated . 92 

Tab l e  XXV I I I : A compar i s on o f  the mean perce n t a ge o f  faecal ash 

for the s i x  fa rms i n c luded in t h i s i n vesti gation 

Tabl e XXI X :  

Table XXX : 

Table XXX I : 

with rel a t i ve tooth wear status . 

A compar i s on o f  the mean percentage d i fference 

between faecal ash and ac i d  i n s o l uble resi due 

from the s i x  farms in th i s  i n v e s t i gation . 

The mean erupt ion t i me of  the central permanent 

i n c i s o r s  in hoggets on the s i x  fa rms i nvolved 

i n  this i nvesti gat i on . 

Calculated  d a i l y  wear i n  cm of c entral 

permanent i n c i sors in two-tooth ewes on the 

s i x  farms i nvolved in this  i nv e s t i gation . 

Table XXXI I :  The numbers  o f  colo n i es from s o i l at progre s s i v e  

d i l ut i on s  from t h e  Tang i moana f a r m  a n d  the 

Pohang i n a  far m .  

9 5  

9 6  

97  

9 8  

1 0 8 



Table XXX I I I : Measurements and wei ghts of tomato plants after 

82 d a ys . Pots I and II con t a i ne d  powdered sheep ' s  

teeth and dextros e . Pots I I I  and IV contai ned 

dextrose and no powd ered sheep ' s  teeth . Pots V and 

VI con t a i n ed powd ered sheep ' s  teeth and no dextrose 

and pot V I  had auto c l a ved s o i l l e s s  potting 

med i a .  1 1 0 



LIST OF FIGURES 

F i g . 1 :  Severel y  deter iorated deci duous i nc i sors in  a 

1 4  mon th o l d  ewe hogget on the Waipukurau farm . 

F i g .  2 :  Severely deter iorated deci duous i n c i sors in  a 

1 4  mon th o l d  ewe hogget on the Wai pukurau farm 

with obv i ous i n vol vement of the ent i re exposed 

tooth surfac e . 

F i g . 3 :  Deci duous i n c i sors in  a 1 4  month o l d  ewe hogget 

from the Tangimoana farm where tooth deter ioration 

is  not a probl em . 

F i g . 4 :  Enamel defects  on central permanent incisors in  

a two-tooth ewe on  the Waipukurau farm . 

F i g . 5 :  Enamel defects on central permanent inci sors i n  

a two-tooth ewe o n  t h e  Waipukurau f a r m .  

F i g . 6 :  Linear e n a m e l  d e fects o n  the cent r a l  permanent 

inci sors of a four-tooth ewe on the Waipukurau 

farm . 

F i g .  7 :  A data p o i n t  nearly  m i s s i ng on a c entral permanent 

inci sor w i t h  con s i d er able tooth e x posed below the 

Page 

26 

26  

28  

2 8  

2 9  

2 9  

point . 3 1  

F i g .  8 :  Dec iduous i n c i sors whi c h  have been soaked in  

concent r ated c i tr i c  acid  for  24  hours . 3 1  

F i g .  9 :  The i n c i s o r s  o f  a four year o l d  ewe on the Waipuku r au 

farm r epr esentative  o f  the older  sheep i n  t h i s  flock . 3 3  



F i g .  1 0 :  The i n c i sors o f  a four-tooth ewe o n  the Wai pukurau 

farm with e x tens i ve deteri orat i on of the centra l  

permanent i n c i sors . 

F i g .  1 1 :  Data poi n t  o n  centra l  permanent i n c i sor 

with a v i s i b l e  transparent l i ne on the t i p s . 

F i g . 1 2 :  A graph show i ng the mean percentage faeca l  ash 

with stand a rd deviation for the peri od from 

September 1 9 8 3  to September 1 98 4  on the Wai pukurau 

farm . 

F i g .  1 3 :  A graph showi n g  the mean percentage faec al a sh 

with stand ard deviation for the peri od from 

October 1 9 8 3  to September 1 98 4  on t h e  Tangimoana 

farm . 

F i g . 14 : A graph show i n g  the mean percentage faecal ash 

with stand a rd deviation for the peri od from 

October 1 9 8 3  to May 1 98 4  on the R i verside farm . 

F i g . 1 5 :  A graph showing the mean percentage faecal ash 

with stand a rd deviation for the peri od from 

3 3  

3 5  

3 7  

6 3  

7 1  

October 1 9 8 3  to August 1 984 on the Pohang i n a  farm .  77 

F i g . 1 6 :  A graph show i ng the mean percentage faecal ash 

with standard deviation for the peri od from 

October 1 98 3 to August 1 98 4  on the R anui farm .  

F i g . 1 7 :  A graph showing the mean percentage faecal ash 

with standa rd d e v i a t i on for the period from 

8 3  

October 1 9 8 3  t o  Augu s t  1 984 o n  the Motukai farm .  8 9  



Fi g .  1 8 :  Photograph o f  solubi l i zed CaHP04 preci pitate . 

Fi g .  1 9 :  A .  Photograph o f  culture plates of  so) l at varying 

di lutions from the Pohangina farm . 

B .  Photogr aph of  culture plates of  s o i l  from the 

Tangimoana farm at the same d i luti ons as the 

1 09 

Pohang i n a  p l ates . 1 0 9 

F i g .  20 : Photogr aph showing r e l a t i ve s i ze of  the tomato 

plants rece i v i ng the v a r i ous treatmen t s . 1 1 1  



TOOTH DETER I OR ATION IN SHEEP : A STUDY OF FARMS IN SOUTHERN 

NORTH ISLAND OF NEW Z EALAND 

CHAPTER 1 

INTRODUCTION 

Progress i ve d e t e r i o r a t i on o f  sheep ' s  teeth on New Z e a l and farms 

has become more apparent as  farming has u n d ergone i n t en s i fi c a t i o n . 

In parti cular i t  wou l d  appear that on farms where stoc k i n g  rates are  

hi ghest the sheep have been most seriously  a ffected . 

Hi storical l y  the amount o f  wear of  the i nc i sor teeth has been 

used as a method of cull i n g  in most sheep f l ocks . In many a f fected 

flocks i t  has been c ommon prac t i ce to cull  ewes after three l ambi n g  

seasons . I n  other s i tuations sheep farmers have been encouraged to 

ret a i n  older ewes w i th severely deter i orated mouths but to  give them 

prefeie n t i a l  grazi n g  treatment .  Thi s  has  amounted to c u l l i n g by  a ge 

and prod uction rather than cond i t ion of  teeth . Neverthel ess , man y 

prod ucer s  sti l l  con t i nue to c u l l  by the former method bel i e v i n g  that 

ewes w i th bad l y  deter i orated i n c i sors w i l l  fail  to  mai n t a i n  con d i t i on 

and prod uction d ur i n g  compe t i t i ve management period s .  Whether 

i mp a i rment of prod u c t i on i s  real or per c e i ved , trad i t i onal  cul l i n g  by 

the cond i t ion of  t h e  i n c i so r s  continues to  b e  a common pract i c e . As  

a result  tooth d e t e r i o r a t i on has  become a v e r y  severe waste to  the 

sheep i ndustr y .  

Tooth deter i o r a t i on i s  a problem that was f i r s t  descr i bed b y  

Bar n i coat ( 1 947 ) . Since i t s  recogn i t i o n  there has  

mul t i p l i c i ty o f  a e t io l o g i c a l  factors proposed for thi s  

been a 

cond i t i on . 

Barn i coat stated , "Abrasion d u e  to mech a n i cal c auses i s  wel l k nown 

both here and abroad . Thi s  probl em i s  qu i te d i st inct from that o f  

progres s i ve deter i o r ation  o f  mouths o n  i mproved country ,  whi ch i s  the 

cent r a l  probl em of  t h i s  i n vest i gation"  ( Barnicoat , 1 957 ) . Other 

researchers d i s r e g arded thi s suppos i t i on a fter l i nking the problem to 

so i l  i ngested and h y pothes i sed that tooth wear resul ted from abras i o n  
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by i ngested s o i l  ( He a l y  & Ludw i g ,  196 5 ) .  S i n ce its presentat i on t h i s  

theo r y  has  been gene r a l l y  accepted ( O ' H<r a ,  1 9 83 ) .  It seemed t o  be a 

log i c a l  e x plan a t i o n  o f  the cause o f  �he probl em but tended to 

d i s r e ga r d  some of  the c l i n i c a l  man i festa t i on s .  

I t  i s  now c l e ar that the problem need s t o  be re-asses sed , tak i n g  

i n t o  cons iderat i on other factors wh i c h  a f f ect the i n c i sor teeth . 

Further i t  i s  i mportant to study the t ypes of  farms i nvolved and the 

effect of  new mana gement procedures on tooth deter i o r a t i on . When 

progre s s i ve tooth d eter ioration  is v iewed broad l y ,  it must be 

con c l uded that none o f  the previous l y  proposed aetiologies  completel y 

sat i s f y  the evid ence shown from the c l i n i c a l  picture . 

Research on thi s subject has been d i f f i cult  i n  part due to a 

tendency to i d en t i fy the problem as  a s i ngle ent i t y  termed " tooth 

wear " .  Presentl y there are at least three sepa rate ident i fi ab l e  

con d i t i ons wh i ch m a y  be e x pres sed c l i n i c a l l y  as e x c es s i ve l o s s  o f  

e x posed tooth surfac e . Each o f  these cond i t ions appear to h a v e  a 

sep arate aet iology and can occur e i ther i n d i v i dua l l y  or together i n  

the same flock . 

F i rstly tooth abrasion caused by i ng e s ted abras i ve substances 

has been descr ibed overseas and in New Z eal and ( Ba r n i coat , 1 957 ) . 

Sheep grazing on the Rocky Mountain  region  o f  the Uni ted States o f  

Amer i c a  expe r i en c e  t h i s  prob l em ( Si egmund , 1 979 ) .  However , th i s  a r e a  

i s  ar i d ,  sparsely-s tocked r a n g e  country wh i ch i s  completely  t h e  

oppo s i te t o  t h e  g r a z i n g  con d i t ions encoun t e r ed i n  New Zealand. 

A second type o f  exces s i ve loss o f  e x posed tooth substance i s  

recogn i zed i n  c e r t a i n  developmental  probl ems occurr i n g  dur i n g  tooth 

forma t i on . These p roblems are  known t o  occur w i th nutr i t i o n a l  

excesses and def i c i en c i e s  ( Frankl i n ,  1 95 0 ; Brue r e  et  a l , 1 97 9 ; 

Krook et al , 1 983 ) ,  paras i t i sm ( Su ck l i ng e t  a l , 1 98 3 ) and t rauma 

( Suck l i n g , 1 980 ) . 
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The third  c o nd i t ion i s  the problem whi ch has  been t ermed 

progress i v e  deter i o r a t i on of sheep ' s  teeth ( Bar n i coa t , 1 957 ) . It i s  

thi s  entity whi ch i s  the major prob l em i n  the southern part o f  the 

Nor th Island of New Zeal and . The m a j ority  of t h i s  the s i s  w i l l  

a d d r e s s  i t se l f  to  th i s  l atter cond i t i on . 

A logical approach to a l i terature r e v i ew on t h i s  subj e c t  i s  to 

cat ego r i z e  i n format ion wh i c h  supports the man y proposed a e t i o l o g i es . 

Most of the i n fo r mation that has accumu l a ted s i nce 1 94 7  can b e  d ealt  

w i th i n  t h i s  manner as most workers h a ve i nvesti gated the problem 

with a view to substant i a t i n g  the i r  proposed aeti ology . 

Hav ing cons i d ered the v i ews o f  p r e v i ous workers on  the subj e c t  a 

new hypothes i s  for the cause o f  tooth d eteriorat ion 

The relat ionsh i p  of so i l  inges t i on to  the cause 

d e t e r i oration is  r e v i sed . Th i s  has  resulted from 

is suggested . 

o f  tooth 

close o n -farm 

i n v e s t i gations wh i ch do not s a t i s factor i l y  subst anti ate former 

proposed aet i o l og i es . 

The proposed aetiology has been bu i l t  on informat ion accumu l a ted 

over the past th i r ty-e i ght years by  other researcher s ,  but has v i ewed 

the s e  prev ious observations in a new l i gh t . 

I t  i s  sugg e s t ed that any proposed a e t iol ogy mus t  sat i s fy the 

c l i n i c a l  pi cture seen and it is bel i eved  that in the past t h i s has 

not a l ways been s o . Further in an appl i ed sense the aetiology needs  

to b e  considered in cl ose r e l ationshi p  to flock management and other 

cha n ges withi n the industry which may have exacerbated the prob l e m .  

I n  add i t i on to  

pro j ects have b e e n  

on-the-farm i n forma t i on , 

i n c luded whi c h  h a v e  been 

understand the p r o posed aetiology . 

certa i n  l aboratory 

conducted to  help 
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CHAPTER 2 

A R EVIEW OF MAJOR DENTAL PROBLEMS IN NEW ZEALAND SHEEP 

The major dental  probl ems of sheep i n  New Zealand can be d i v i ded 

into two categor i es , tho se affecting the sur round i n g  and suppo r t i n g  

t i s sues of  t h e  teeth and those l e ad i ng t o  or resu l t i n g  i n  e x c e s s i ve 

los s of  tooth substance . 

Cond i t ions a ffect i n g  the surrou nd i ng and supporting dental  

t i s sues are t ermed periodon t i t i s . There are reported to  be two 

d i s t i nct cond i t i on s  i nvol ved in t h i s  probl em i n  sheep ( Page & 

Schroeder , 1 982 ) .  

The f i r s t  t ype of  

ob served on two farms 
-

pe r i odont i t i s  i s  an acute 

in New Zeal and in 1 9 4 5 . 

probl em f i r s t  

It w a s  termed 

ulceromembranous g i n g i v i t i s  and was c ompared to trench mouth or 

Vincent ' s  a n g i n a  i n  man 

occ u r red in four-tooth to 

( Sa l i sbury e t  al . ,  1 953 ) .  The problem 

fu l l -mouth sheep of  both sexes . Both 

mol a r s  and i n c i sors  were a f fected . The cond i t ion was character i zed 

by s e vere g i ng i v i t i s  with u l cerat i on . There was a foul odour from 

the mouth and l oosen i n g  of teeth w i th eventual los s . F u s i formi s 

necrophorus was i sol ated from cultures t aken from a ffected mouths . 

The sheep i n v o l v ed lost con d i t i o n  and s ome became so emac i ated that 

the y had to be d estroyed . 

A s i m i l a r  p r oblem was descr i bed i n  1 958 in  the Bul l s-Santoft 

area ( Hart & M a c Kinnon , 1 958 ) .  The c on d i t i on was apparen t l y  l i m i t ed 

to s i x  farms . The f i r s t  i n d i cation o f  the d i sease was a s l owl y 

progress i ve i l l -thr i ft .  The a ffected s h eep conti nual l y  worked the i r  

j aws i n  a chewi n g  mot ion a n d  fac i al swe l l in g  due t o  food accumu l ation  

developed i n  chron i c  case s . Examin a t i o n  of  the mouth revealed  a 

put r i d  odour , b l anched swo l len gums a n d  loose and m i s s i n g  permanent 

teeth . The cond i t i on recur red for s e veral years on  the s ame 

properties  wi th up to 1 1 %  morb i d i t y . Four-tooth and older sheep o f  
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both sexes were a f fected and all sheep were of  the Romney breed . The 

cond i t ion d i d  n o t  appear to be seasonal . The farms on wh i ch this  

syndrome recurred were described as  b e ing rolling w i th sandy  s o i ls 

wh i ch were low i n  phosphorus and pot a s s i um .  Bi ochemical s tu d i e s  of  

li ver , blood a n d  serum revealed no  s i g n i f i cant f i n d i ngs . Cultures 

from affected areas revealed a large n umber of  di fferent types of  

m i c ro-organ i sms . Corynebacte r i um pyogenes was the only known 

pathogen i sola t e d  and it was found only from one case . Patholo g ical 

stu d i e s  revealed that the d i sease began i n  the periodontal t i ssues 

and e x tended ult i mately i nto the bony t i ssues . 

A later r e port ( Armstron g ,  1 96 0 ) on these i n v est i ga t ions 

pro v i ded a summary of  the problem . I t  pointed out that the problem 

was enzoo t i c  and  had been seen in limi t e d  areas of both the North and 

South Island . The con d i t ion was very s i mi lar on both Island s  but i t  

was beli eved that more i n flammation o f  the gum marg i n  had occurred i n  

the South Island sheep . It was also r eported i n  d i fferent breeds i n  

the South Islan d  sheep i n clud ing Romn e y s , Chev iots , Border Le i c esters 

and  crossbred s .  Younger 

i n volved i n  some of  the 

sheep 

South 

i nc lu d i n g  hogget s had also been 

I slan d  cases . So i l  t ypes v ar i e d  

gr eatly a n d  there w a s  n o  apparent r elat i onship of  t h e  d i sease to  s o i l  

t ype , car r y i n g  c apac i ty or t o  t h e  d e gree of  development o f  the 

property . No spec i f i c  a gents were found that could have t r a n smi tted 

the d isease to  he althy sheep . 

A recent c a s e  report showed an o u t break of  a s i milar cond i t ion 

on  two a d j a c e n t  farms in the Rotorua  d i st r i c t  (Read et al . , 1 983 ) . A  

s imilar cond i t i on was also seen i n  1 9 8 4  o n  R i ver s i d e  farm i n  the 

Masterton area  ( Bruere-pe r sonal commu n i cation , 1 984 ) .  

A second t ype o f  per i odont i t i s  h a s  been repor ted a s  a chro n i c  

problem invol v i ng mai n l y  t h e  i n c i s o r  teeth . Thi s  problem i nvolves 

the weakeni n g  of tooth support t i s su e s  leading to tooth loose n i ng and 

e x foli a t i on . 
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The i mport a n c e  of  per i odonti t i s  i n  sheep i n  Great Br i t a i n  was 

h i ghl i ghted by a survey o f  s l au ghter sheep ( Herrtage , 1 97 4 )  and a 

sur v e y  of the o c c urrence o f  the problem i n  sheep i n  New Zeal and was 

under t aken i n  four Northland coun t i e s  ( Steele & Henderson , 1 977 ) . In  

the New Zealand stud y ,  38%  of  the total number of farms i n  the area 

wer e surv eyed and  sheep on  36%  o f  these farms were a f fected by 

per i odont i t i s .  The problem was more severe on farms w i th s o i l s  of  

red and brown l oams and brown granu l a r  l o ams and  cl ays . These s o i l s  

usu a l l y  occur i n  areas of  h i gh r a i n fal l . 

A compos i t e  of  e x per i ments was carr i ed out i n  Scot l and o v er a 

per i od of several  years and reported i n  1 962 ( Duckworth et  a l . ,  

1 96 2 ) . The pu r pose was to establ i sh the patterns of  i n c i sor 

devel opment and loss under d i fferent husbandry cond i t ions . The 

results of the t r i al confi rmed that sheep develop and lose thei r  

per manent inc i so r s  faster i n  some flocks than i n  other s . I n  many 

cases sheep were found w i th teeth m i s s i n g by  4 . 5  years o f  age . 

Furthe-r ,  i t  was shown that sheep from unaffected flocks pl aced i n  

flocks with s e r i ous per iodon t i t i s  a l s o  d e veloped the d i sease i n  a 

manner s i mi l ar t o  those of  the host flock . The oppos i t e  w a s  true 

when young ewes were pl aced from " poor tooth" to "good tooth" f arms . 

The s e  ewes had i n c i so r s  compa rable t o  sheep i n  the " good tooth " 

flocks . Teeth l ost from sheep i n  these e xper i ments were app a r en t l y  

u n d i s eased . I n  these observat i ons i t  w a s  seen that ewes lost  teeth 

e a r l i er than wethers on the same far m .  I t  was thought that th i s  was 

l i ke l y  a resu l t  of r eproduct ion stress  on ewes and/or d i fferences i n  

supporting t i s sues o f  teeth. The observation also confirmed that 

there was a forward d r i ft o f  the occlusal  posi t ion o f  i n c i so r s  w i th 

a g e  and that the feed i n g  o f  turn i ps h a s tened the shed d i ng o f  the 

i n c i sors . Obs e r vations of sheep on  v a r i ous v i t amin D and phos phorus 

l e ve l s  yielded no s i gn i fi cant changes from normal w i th regard to 

per i odontal t i s sues . 

Rad i ographi c  stud i e s  were carr i ed out a s  a continuation  o f  these 

observat ions ( Be n z i e  & Cres swel l ,  1 962 ) . These rad iograph i c  s tu d i e s  

general l y  con f i rmed t h e  results o f  t h e  c l i n i cal  observat i o n s  t h a t  the 
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permanent i n c i so r s  on  " poor tooth" f arms were commo n l y  found to be 

m i g r a t i n g  from t h e i r  sockets ear l y  a ft e r  erupt ion . Thi s  has a l so 

been obser v ed i n  New Zeal and ( Bruer e -personal commun i ca t i on , 1 984 ) .  

Thi s  m i gr a t i on o f  permanent i n c i sors from the i r  sockets was often 

ev i d e n t  before rad i ograph i c  changes of the surrou n d i n g  mand i bu l ar 

bone wer e apparent  or be fore widening  o f  the per i odontal membrane  had 

occur red . Howe v er , erosion o f  the per i phery o f  the i n c i so r  a l veolar 

bone qu i ck l y  fol l owed and eros i on o f  i nc i sor alveolar  bone was noted 

to be severe in f locks where turnips were fed . In these stud i e s  the 

i n c i sor alveol a r  bone was apparen t l y  wel l -minera l i zed for sheep of 

the t ype involved  wh ich seemed to i nd i c ate that gener a l i zed c a l c i um 

and phosphorus d e f i c i e n c i e s  d i d  not play an important rol e i n  the 

e a r l y  shedd i n g  of permanent i n c i sors by  sheep in these flocks . 

Inves t i g a t i on o f  proposed pos s i b l e  aetiologies has  formed a 

bas i s  for much of  the research on p e r i odon t i t i s .  E ar l y  r e se a rchers 

proposed a mec h a n i ca l  aetio logy o f  p e r iodontal d i sease ( Ma rkham & 

Lyle-Stewart , 1 9 62 ) . Three stages were suspected i n  premature loss  

o f  i nc i sors i n c l uding  procl i na t i on , j i ggl i n g  and denud ation  o f  bone 

around the tooth socket . Three c au s a t i ve factors were h ypothe s i sed : 

1 .  Reduct i on o f  mol a r  h e i ght of  b i t e  b y  con t i nual attr i t i on where 

mol a r  erupt i o n  is i n suffic i ent to m a i n t a i n  height of b i t e ; 2 .  

Trauma o f  the i nc i sors i n  rumi nation  where occlusion was fau l t y ; 3 .  

Cropping stresses i n  tr aumagen i c  d i ets . These authors a t t empted 

con servation method s in sheep mouths by gr i nd i ng the i n c i sors to 

i mprove tooth stabi l i t y .  

Lack of  a d equate dental exerc i s e  was suggested as  a contr i bu t i n g  

c a u s e  of  per i odont i t i s .  Th i s  resulted from exper i ments i n v o l v i n g  two 

d i f ferent stock i n g  rates o f  sheep on  p astures r ecei v i n g  two d i fferent 

l e v e l s  o f  superphosphate appl ications  ( Porter et a l . ,  1 97 0 ) . The 

i n c idence of per i odont i t i s  was h i gh e st in the low stocked groups on 

pasture rece i v i n g  the h i gher rate of superphosphate . I t  was 

postulated that the con d i t ion may occur as  a result o f  gra z i n g  feed s 

whi ch requi red l i tt l e  t i me for b i t i n g , i n gesting and cudd i n g . The 

h i ghest i nc i dence  of the d i sease c o i n c ided with h i ghest l i ve wei ghts 



8 

of sheep , longest mean tooth length , lowest l e vel s of  b l ood , woo l and 

pasture s e l e n i um and h i ghest l e v e l s  o f  manganese and chromium in  both 

rye grass and wool . A decrease i n  the i n c i dence of the d i sease was 

reported between the second and the fi fteenth days fo l l owi n g  s e l en i um 

adm in i st r at i on. 

Other stud i e s  h a ve 

pe r i odontal d i s e ase . A 

defi c i e n c y  was pos t u l at ed 

emphasi zed the nut rition a l  causes o f  

subcl i n i c a l  c a l c i um and phosphorus d i et a r y  

to be i n volved in premature loss  o f  

permanent i n c i sors  ( Gunn , 1 9 69 ) . Ei ther calcium or  phosphorus was 

supp lemented to groups of  sheep g r a z i ng areas low in these m i n e r a l s .  

Control groups were grazed on the s ame type of  pastures wi thout 

supp lemen t a t i on . Sheep whi c h  wer e gi ven e i ther a c a l c i um or 

phospho rus suppl ement had fewer l oose or miss ing teeth than d i d  the 

cont rol a n i mal s . I t  was suggested that the subc l i n i c a l  m i n e r a l  

defi c i ency may h a v e  led t o  a weaken i n g  of alv eol a r  bone and a 

subsequ ent premat u re loosening and loss of  the perman e n t  i n c i sor 

teeth.  

Another study ( Suckling  et  a l . ,  1 97 4 ) i n volved a 

ear l y  tooth loss had been obser ved for many yea r s . 

farm where 

A t r i al was  

insti gated u s i n g  d i fferent levels  of  l ime on pastures and per i odontal 

changes wer e observed . After two years i n  most ewes on the non-l i med 

pastu re , the movement forward ante r i or to the pad and looseness o f  

the i n c i sor  teeth were marked whi l e  the teeth i n  sheep o n  l i med 

pas tures d i d  not show the same d egree of  mobi l i ty . However , the 

sheep on limed pastures were on  a h i gher general plan e  of nutr i t i on 

due to greater pasture production foll owi n g  l i me appl i ca t i ons . Thus , 

the d i r ect e ffect o f  calcium supplement a t i on was obscure . The 

stocking r a t e  had to  be i n c r e as ed on the l imed pasture to u t i l i ze 

add i t i on a l  pasture growth , hence another variable was i n troduced 

which further confused the obser v a t ions . 

I t  has been sugges ted that i n  seeking to  expl a i n  the e a r l y  l o s s  

of i n c i sor s , atten t i o n  shou ld be g i ven to t h e  epithel i a l  attachments  

of the  tooth . To thi s  end  h i st o l o g i c a l  sections of c£r� -�1 in c i sor 
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teeth and the sur r ound i n g  t i s sues o f  sheep from flocks r a r e ly 

affected by per i od o nt i t i s  and from flocks commonly affected by  

premature loss o f  i n c i sors were compared . In the sheep from farms 

severely affected b y  per i odon t i t i s  there was  a progressive  deepe n i n g  

of t h e  lingual sulc u s  lea d i n g  to  the format ion of  per i odontal pockets 

( Dalg ano & Hill ,  1 9 6 1 ; Hatt et al. , 1 9 68 ) .  

Subsequent work by these authors r e vealed the e xposed r oot 

surface inside per i odontal pockets t o  be covered b y  a th i c k  layer of 

subg i n g i val plaque from wh i c h  cultur e s  o f  h emolytic and non-hemolyt i c  

str eptococci , fus i form bac i lli , m i c rococ c i , Nei ser i a  and Cand i d a  

alb i c an s  were grown ( Hatt e l  al. , 1 968 ) .  

More recently h i stopatholog ical stu d i e s  were performed on lower 

j aws of  two to  f i ve year old sheep from farms where l i t t le 

pe r i odon t i t i s  occur red and from farms whe r e  sheep with periodont i t i s  

obs erv a t i ons was regularly s e en ( Cutress , 1 976 ) . In these 

supr a g i ngi val plaque w i th a pali s ad i n g  a ppearance associ ated 

filamentous growth was always found i n  the d i sease-prone sheep . 

plaque deposits  e x tended to the bottom o f  per i odontal pockets . 

w i th 

The 

I n  

young sheep from una ffected farms t h e  g i ngi val sulcus w a s  nar row o r  

absent and there was li ttle or no plaque .  Further i f  n o  plaque was 

present there was li ttle or no pocket format ion . The older sheep 

from una ffected fa rms d eveloped the same pattern of per i odont i t i s  as  

sheep with cli n i c al per i odont i t i s  with pockets and  plaque present in  

both . However ,  the "pe r i odont i t i s -res i s tant" sheep were affected to  

a lesser extent and at a lower freq uency.  

Further h i s topatholo g i c al stud i e s  confi rmed the e v i d en c e  o f  

plaque involvemen t i n  per i odont i t i s  ( Spence e t  a l . , 1 9 80 ) . Sheep 

with clin ical per i odont i t i s  had a h i gher prevalence of  subg i n g i val 

plaque than d i d  una ffected sheep . M i cro-organi sms cons i sted o f  many 

types but were m a i nly f i lamentous . I t  was suggested that s h eep 

develop a chro n i c  g i n gi v i t i s  followi n g  an acute g i ngi v i t i s  d u r i ng 

tooth erupt ion a s soci ated w i th accumula t i on o f  subg ingi val plaque . 

On farms where sheep were affected with per i odont i ti s ,  plaque 



1 0  

accumula t i o n  and chron i c  gingi v i t i s  were seve re . The connec t i ve 

t i s sue associ ated w i t h  g i n g i val i n flammat i on was d amaged lea d i n g  to  

format ion o f  pockets and  eventually to destruc t i on o f  the per i odontal 

li gament .  I t  was fu rther suggested that plaque formation precedes 

pocketing and that plaque may be neces sary  for the production of 

g i n g i v i t i s ,  per i odon t i t i s  and pocket s .  Damage to the fibre of  the 

pe r i odontal li gament m a y  then cause los s  of support of  i n c i sors 

against normal graz i n g  forces ( Spence , 1 97 8 ) . 

In a compar a t i v e  r e v iew of  per i odon t i t i s ,  i t  was concluded that 

per iodon t i t i s  i s  a b a c t e r i al d i sease . It was s tated , " In all mammal 

studies , a ll forms of marginal periodont i t i s  a r e  caused by  bacter i a  

which colo n i ze the tooth surface s , ex tend and grow i n to the g i n g i val 

sulcus , and i n s i nuate themselves between the tooth surface and the 

gingiva  caus ing d i spla cemen t and d i srupt i on of the soft t i ssue 

att achmen t "  ( Page & Schroeder , 1 9 82 ) . It was further stated that 

pocket format ion was present i n  all cases o f  marginal per i odont i t i s  

and that pockets could n e i ther form nor deepen in  the absence o f  

bacter i a . 

Although the c u r ren tly accepted a e t i ology o f  chron i c  

per i odont i t i s  i s  plaque forming micro-organ i sms ( Page & Schroeder , 

1 9 82 ; Curtress , 1 9 83 ) , i t  would appear war r a n t ed to d i rect future 

stu d i es a t  env i ronmen t a l  pred i spos i n g  factors as  was suggested by 

Ben zie and Cresswell ( 1 9 62 ) .  

The second group o f  maj or problems in sheep in New Zealand h a s  

been called "tooth wea r "  or tooth deter i o r a t i o n . Thi s  cond i t i on w a s  

f i r s t  reported i n  sheep o f  c e r t a i n  d i s t r i cts i n  New Z e alan d  

( Barnicoa t , 1 947 ) .  The problem had become more pronounced i n  the 

preced i n g  20 to 3 0  yea r s  dur i n g  whi ch t i me a n umber o f  changes i n  

sheep farming had taken place . These i nc luded heavy topdress i n g  o f  

pasture s , reduced c attle to sheep ratios , i nt r oduct ion o f  European 

grasses , rotational g r a z i n g  and  the i n c r e ased predomin ance o f  the 

Romney b r eed . Sheep s tocking r ates had i n c reased greatly a s  a 

result . Barnicoat s u ggested that the problem was complex a n d  
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probably invol ved other factors such as  heredit y , environmen t ,  

nut rition , oral  anatomy and tooth s tructure . In a fol lowing study , 

e ndocrine invol vement ,  e r osion by pasture juices , eruption t imin g and 

abrasion by plants or soil were a l so considered as possible causative 

factors ( Barnicoat , 1 9 57 ) . 

The continued top d r e ssing of  l and with fertilizer and l imestone 

had led to the intensific ation o f  sheep farmin g in New Zeal and . 

Therefore it was not s u r prisin g  that Barnicoat studied the over a l l  

e ffects mad e using different soil treatments on simil ar pastures and 

tooth wear rate was obser ved . Five groups of  ewes were observed on 

v a r yin g level s of supe r phosphate , l imestone , superphosphate-limestone 

and superphosphate-limes tone-pot ash . It was concluded that there was 

n o  evidence that teeth were being eroded by the d irect chemic a l  

a ction o f  fertilizers a n d /or l imestone . 

In simil ar e x periments the e ffects o f  d ifferent fertil izer rates 
.. 

were compared on pasture and animal produc tion ( Sucklin g , 1 975 ) . The 

tooth wear o f  sheep o n  pastures receivin g  l ight l e v e l s  o f  

superphosphate and carr ying 1 3 . 6  ewes per hectare were compared to 

that of sheep gra z in g  pastures receivin g high l e v e l s  o f  

superphosph ate and fin a l l y  carr yin g  1 7 . 3  ewes per hectare . The sheep 

a t  the high stocking rates and on pastures rec eiving the high le vel s 

o f  superphosphate gene r a l l y  had higher rates o f  tooth wear . 

This l ine of  inve s t igation was again conducted by Bircham et  a l . 

( 1981 )  who reported no differences on initial tooth l ength o f  

subsequent tooth wear fol lowing pasture topdressing with var ying 

quantities of superphosphate . However the e f fe cts of l ime on tooth 

wear at v arying stocking rates was a l so t ested . Sheep gra z in g  

untopdre s s ed paddocks were compared t o  those grazin g  paddocks 

receivin g  6300 kg o f  l ime per hectare at stocking rates o f  1 5  ewes 

per hectare and 22 ewes per hectare respectiv e l y .  The ewes at the 

l ower stocking rate o n  paddocks receivin g  no  l ime had signific a n t l y  

greater tooth wear t h a n  did t h e  ewes at t h e  s ame stocking rate  on  t h e  

l and receivin g  l ime . There w a s  l it t l e  d ifference i n  tooth wear in 
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ewes gr a z i ng on the u nlimed and the limed paddocks at the h i gher 

stocking rate . The add i t i onal feed grown on the pastu res rec e i v i n g  

li me was consi dered to  b e  responsible f o r  the pos i t i ve effect on  

tooth len gth , espe c i a lly at the lower stoc k i n g  rate . 

Historically sheep gra zed on  largely u n i mproved scrub or tussock 

count r y  w i th brown top-dominan t  pastures have had good i n c i sor teeth . 

Improved pastures o f  perenn i a l  r ye grass and white clover are  the 

type where exces s i v e  tooth wear can be e x pe c t ed to occur ( Ba r n i coa t , 

1 957 ) . 

Gra z i n g  pract i c e s  i nfluence rate of  i n c i sor wear i n  sheep . 

Over -gr a z i ng pastures tends to promote tooth wear , and sheep wh i ch 

are rot a t i onally gra zed have les s  tooth wear than those whi c h  a r e  

set-stocked ( Barn i c oa t , 1 957 ) . Thi s  was shown by Suckli n g  ( 1 9 5 4 ) i n  

a fi eld t r i al conducted a t  Te Awa Research Station o v e r  a per i od o f  

four year s . F i ft y -f i ve ewes were grazed under s et-stock i n g  

cond i tions a t  a r a t e  o f  three ewes per acre a n d  fi fty-fi ve ewes were 

gr azed under a contr olled rot a t i onal system at the same stoc k i n g  

rate . The rate o f  tooth wear i n  t h e  ewes on t h e  controlled 

rotat ional system was s i gn i fi can tly less than that of the set-stocked 

ewes . Preliminary t r i als at Wallaceville Ani mal Research Centre  have 

prod uced s i milar r e s u lts . Appro x i mately 2 . 0mm o f  i n c i sor wear per 

sheep was shown in hoggets grazed rotation ally i n  25 pad docks with 2 

to 2 . 5  d ays break p e r  paddock , whi le 3 . 2mm o f  inc i sor wear occurred 

in  hoggets set-stocked at the same stocking  r a te ( Kane et  al. , 1 9 8 3 ; 

Kane, 1 9 84) . 

Alo n g  with i nc r e a sed pasture product ion , there has  been a trend 

in  some parts o f  New Zealand to reduce cattle numbers and  to 

inten s i fy sheep produc t i on . I t  has  been suggested that h i gher sheep 

numbers lead to i n cr eased r at e  of  tooth wear in sheep ( Barn i coat , 

1 947 ) . Barn i coat ( 1 9 4 8 ;  1 95 7 )  and Suck l i n g  ( 1 9 64 ; 1 97 5 ) suggested 

that by i ncreas i ng the number of  cattle relati v e  to the number o f  

sheep , the rate o f  tooth wear i s  reduced . 
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A constant f i n d i n g  with e x c e s s i ve tooth wear probl ems h a s  

b e e n  increased stocking r a t e s  on a g i ven property ( Ba rni coat , 1 957 ; 

Heal y  & Ludwi g ,  1 9 65 ; Arnold  et al . ,  1 9 66 ; Su ck l i n g , 1 97 5 ; Bi rcham 

et a l . ,  1 9 8 1 ) .  

Here d i t a r y  factors were cons i d e r ed to be i n vo l v ed in  e x c e s s i v e  

t o o t h  wear ( Barnicoat , 1 94 8 ) . Th i s  was demons tr ated i n  a recent 

tr i a l  conducted at Rotomah ana Research Stat i on using crossbred ewes 

of  n i ne genotypes deri ved from Romneys and Perend ales . Border 

Lei cester-de r i ved ewes had a hi gher rate of  wear with Mer i no-der i ved 

ewes showing the l owes t wear rate . Romney and Perend a l es were 

i n te rmed iate i n  regard to wear ( Meyer et  al . ,  1 9 83) . 

The correl ation o f  e n v i ronmen t a l  factors with exces s i ve i nc i so r  

wea r h a s  a l so been c o n s i dered . The ex tent o f  t h e  wear problem i n  

fi v e  year old  Romney ewes was h i ghl i ghted i n  a report o f  the New 

Z e a l and Stock Station Agents Associ ation ( 1 95 7 )  and scient i fic a l l y  

preserited b y  Bar n i coat ( 1 9 5 7 ) .  

In both these repor ts excess i ve tooth wear was shown to be a 

ser i ous probl em on many North and South I s l and farms i n  New Zeal and . 

The map prepared by the New Zealand Stock and Stat i on Agents showed 

the extent of the areas where tooth wear was a problem and it was 

a l so compared to other maps r e l a t i n g  to phys i c a l  and botan i c a l  

env i ronments . There w a s  no correl ation between tooth l ength a n d  

geological format i on , b u t  certa i n  gener a l i zations could be made about 

topography . In general the sheep w i th the bes t  mouths occurred o n  

t h e  h i gher coun tr y .  I t  a l so appeared that ex tent o f  wear w a s  r e l ated 

to  c l i mate and r a i n f a l l .  The l east-worn teeth were found i n  sheep 

from h i gh r a i n f a l l  areas ( 45-50 i nches per annum or more ) with even 

d i s tr i bution of  prec i p i t a t ion being  cruci a l . 

Cer t a i n  soil  types h a ve a l so been shown to  be r e l ated to the 

problem o f  exces s i v e  tooth wear . I n  general  sheep showing the l e a s t  

w e a r  were found o n  zon a l  s teeper h i l l s  covered w i t h  so i l  r el ated to  

y e l l ow-brown earths o n  a sha l l ow free-dr a i ni n g  subso i l . Sheep 
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gr azing  pumice l and a l so tended t o  show l i t t l e  wear ( Ba r n i coat , 

1 957 ) .  Hea l y  ( 1 9 6 9 ) showed a s i m i l a r  s i tuat ion where "med ium wear 

farms" were on yel low-brown l earns and " h i gh wear farms " were on  

yel low-gr ey earths . I n formation coll ected i n  Otago and Southland 

also i n d i c ated tooth wear to be h i ghest on yel l ow-grey earths w i th a 

low phosphorus reten t i o n  ( Orr , 1 983 ) .  

A cons i derable a d v ance in  the understand i ng of the tooth wear 

probl em was made whe n  Hea l y  and  Ludwig ( 1 96 5 )  demonstr ated the 

relation s h i p  of  tooth wear to the amount of  s o i l  ingested whi ch i n  

tu rn was shown t o  b e  related t o  s o i l  t ype and structu re . F rom 

subsequent work it was seen that yel l ow-brown l earns , y e l l ow-brown 

pumice s o i l , yel low-br own earths , red and brown l earns and brown 

gr anu lar cl ays were associated w i t h  low rates  of s o i l  i nges t i o n . 

Yel l ow-grey earths , r ecent soi l s  from s i l t y  al l u v i um , nod zol i s ed 

yel l ow-brown earths a n d  pod zol s  i n  general  were assoc i ated with h i gh 

levels o f  soil  i nges t i on ( Heal y ,  1 9 69 ) . 

Nut r i t i on has p l a yed a role i n  cer t a i n  d e ntal probl ems and i t  

has been con s i dered i n  respect t o  tooth dete r i oration i n  sheep . 

Teeth con t a i n  appro x i mat e l y  90% c a l c i u m  phosphate with many 

other m i n erals  and t r ace el ements i n c l u d i n g  Mg , Na , Sn , F ,  Z n , Ba , 

Fe , Al , Cr , Co , Sb , Mn , Au , C l , Br and Cu ( Barnicoat , 1 957 ) . W i th 

the except i on of  f l u or i n e , cal c i um and phosphorus , l i t t l e  i s  known 

with respect to the role of other e l ements i n  m i n er a l i z a t i on 

(Mc Conn e l l , 1973 ) .  Protei n, energy and v i t amins are  a l so i mportant 

i n  tooth structure a n d  format i o n  ( Ba r n i c oa t , 1 957 ; Luke et  a l . ,  

1 979 ) .  

The i mportance o f  calcium and  phosphorus i n  the forma t i on o f  

teeth w a s  clearly  d emonstrated by Frank l i n  ( 1 950 ) . I n  thi s  work , 

l ambs fed d i ets low i n  calcium and  h i gh i n  phosphorus such as  cereal  

and  g r a i n s  or the i r  by-products , had d e n t a l  developmental problems 

even though the i r  d i e t  was corrected i n  l a t e r  l i fe .  Thes e  probl ems 

were p r evented by  the add i t ion of calc ium supplemen t s . Other d e fects  
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wer e r epor ted b y  Frank l i n  ( 1 950 ) i n  sheep fed a n  i mproper r a t i o  o f  

Ca/P . The y develo ped other abnorma l i t i e s  i nclud i n g  d e l ayed eruption , 

und ershot mand i b l e s , over-crowd ing of  i nc i sors and abnormal wear of  

mol a r s . Further , Mc Roberts ( 1 9 65 ) showed that sheep wh i ch r e c e i ved 

d i e t s  low in e i ther phosphorus or v i tamin  D ,  or both , d e v el oped 

severe ske l etal  d e fects but v i rtual l y  no  dental defects . 

The ava i l ab l e  calcium and phosphorus i n  pastures v a r i e s  w i d e l y  

( Fi e l d  e t  a l . ,  1 97 4 ) . E v i d ence on anal ys i s  of calci um and phosphorus 

in  herbage samp l e s  from the North and South Islan d s  of  New Z e a l and 

showed that sheep with the greatest degree of tooth wear were g r a z i n g  

pastures w i t h  a h i gh l e vel of  calcium and phosphorus . Sheep showing 

a l ower degree o f  tooth wear were on  pastures lower i n  c a l c i um and 

phosphorus . However , i n  t h i s  report , no evi dence was found to 

suggest calcium or phosphorus d e fi c i e n c y ,  excess or imba l an c e  to  be 

responsible for deterioration  of  sheep ' s  teeth ( Barn i coat , 1 957 ) . 

-

Inte rference with the absorpt i on o f  mineral s ,  i n  part i cular  

c a l c i um and  phos phorus may result from parasite infestation . Defects 

of  the skeleton and teeth have been i nduced experiment a l l y  in th i s  

manner ( Sykes & Coop , 1 97 6 ; Suck l i ng e t  al . ,  1 983 ) . 

In an exten s i ve outbreak of dental abnorma l i t i e s  of sheep i n  the 

Wai rarapa dur i n g  1 977- 1 97 8 ,  a range of a nomal ies was reported ( Bruere 

et al . , 1 979 ) .  The dental abnormal i t i es were character i zed by 

excessive wear of deciduous teeth and malerupt ion , excess i ve wear and 

per i odontit i s  i nvolving permanent teeth and dentigerous c yst s . 

Excessive wear i n  adult sheep , ewe lambs and hoggets h a d  been 

r ecogni zed i n  prev i ous years i n  the farms where these cond i t i on s  were 

recorded . Serum calcium and  phosphorus levels were normal i n  s amples 

c o l l ected from the most severely  a f fected sheep at the peak of the 

problem. 

It i s  now wel l recogni zed that f luorine increases s t ructural  

s t ab i l i ty o f  the tooth apat i t e  by  replaci ng the  OH  group o f  the  

c a rbonate hyd r o x yapat i te . Adequate amounts of  dietary fluor i n e  l ea d  
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to mor e  dur able teeth ; however , ·e xces s i ve fluor i n e  i nt ake causes 

problems in  develo p i n g  teeth o f  excess i ve wear along w i t h  p i t t i n g , 

en amel h ypoplas i a , d i scolorat i o n , delayed erupt ion , recess i on o f  

alveolar bone a n d  g i ngi va , male r uption and misshapen teeth ( Frankli n , 

1 950 ; Krook et al . ,  1 9 83 ) . I n  the mineral analys i s  o f  sheep's teeth 

from twent y-one fa rms d i st r i buted over a wide area o f  New Z ealand , 

fluor i n e  was the only mate r i al showing a wide var i a t ion i n  level.  

The flu o r i ne content  of these  s amples ranged  from 28-32 0  ppm . Thos e  

teeth w i th low fluor ine levels showed no faster wear t h a n  those w i t h  

normal levels and there w a s  no  e v i d ence o f  fluoros i s  i n  teeth w i t h  

hi ghe r le vels of fluo r i n e  ( Barni coat , 1 959 ) .  I n  e xper i ments u s i ng 

the h i gh cereal d i ets  low i n  c alc ium and h i gh i n  phosphor us , sheep 

developed gross d ental abnormali t i e s  very  similar to  those repor ted 

with n a tural and expe r i mental cases o f  fluorosi s ( Pierce , 1 93 8 ;  

Bod d i e , 1 947 ) .  Defects seen i n  the Wa i r ar apa sheep ( Bruere et a l . , 

1 979 ) were also qu i te s i mi la r  t o  those seen in  fluoros i s  and i n  the 

sheep fed a calc i um-phosphorus i mbalanced diet ( Frankli n ,  1 950 ) . 

I n  the Wa i r arapa report , li ver samples revealed low copper 

le vels in  sheep and cattle a ssoc i ated w i th low levels of copper and 

low to normal le vels of molybd enum in pasture from a ffected fa rms . 

Mol ybdenum levels from k i d n e y  s amples were normal i n  one year old 

h e i f e r s  showing exces s i ve wear of temporary i n c i sors ( Bruere et a l . , 

1 979 ) .  The copper dependent en zyme lysyl ox idase i s  essen t i al for 

the synthe s i s  of collagen . Collagen i s  the fibrous fr amework of 

teeth as well as man y other body s t ructures and  organs ( Mi llar , 

1 979 ) .  Therefo r e  it has  been suggested that copper may have played a 

part i n  the dental defects s een i n  the teeth o f  sheep i n  the 

Wai r a r apa d i s t r i c t  in  1 977- 1 9 7 8 . 

Tri als u s i n g  pigs  compar ed the e ffect of d i e t s  d e f i c i e n t  i n  

prot e i n  o r  calo r i e s  o n  the development and growth o f  the j aws and 

teeth . Both groups showed retard a t i on of the growth of j aws and 

teeth ( Luke et al . ,  1 97 9 ) . 
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Cer t a i n  v i tamins have been i d e n t i f i ed i n  the ir  r e l ati c � s h i p  to 

skeletal  m i n e ral i z ation . As prev i ously men t i oned , vi  am i n  D 

dental  de fect s ( McRobe rts e t  al . ,  d e f icient d i et s  nei ther caused 

1 9 65 ) ,  nor d i d  var ious level s of  v i tami n 02 in the d i et affect  t h e  

r a t e  of tooth wear . Grazi ng rumi n a n t s  have an adequate sou rce of  

v i t amin A i n  pasture and the wat e r -soluble v i tamins are pro v i ded by 

symbi os i s  of rumen micro fl ora . V i t am i n  C def ici ency has never been 

re ported in rumi nan ts . Ther efore Barn icoat concl uded that there was 

no clear e v i d ence to support a hypothe s i s  that tooth wear resul ted 

from defici e ncies of  m i n e r a l s  or v i tamins or both . 

It has been sugge sted that tooth and oral anatomy are  i mportant 

when con s i d er i ng the durab i l i t y  of sheep ' s  teeth . Bar n icoa t  ( 1 9 57 ) 

s u ggested that the best mouths are those w i th close , w i d e , long teeth 

i n  wide j aws w i th normal bi tes . He postu la ted that the l e n gth of  

t i me a tooth lasts under wear con d i t ions was  pri mar i l y  dependent on 

the amount of tooth substance presen t , the s i ze or we i ght of the 

cr own , wh i ch compri ses both the v i s i b l e  and une rupted port i ons of  the 

tooth . 

The s i mi l ar i t y o f  tooth chemical content has a l r eady been 

mentioned ( Barn icoat , 1 9 59 ) . A study on wear rate o f  i ncisor teeth 

from farms of  known wear was car r i ed out at Wal l ace v i l l e  Animal  

R esea rch Cent r e .  Al though the mean abr a s i on rate d i ffered from farm 

t o  farm , the d i fferences were s ma l l  and it was concl uded that 

exces s i ve i n c i sor wear was not a resu l t  of  an i n t r i n s ic factor i n  

sheep teeth 

1 9 83 ) .  These 

f i n d i n g s . 

( Era smuson , 1 9 8 3 ; Er asmuson-personal commu n i cat i on , 

resu l t s  were con s i s tent w i th the chemical compo s i t i on 

Endocr i n e  i nvol vement as a poss i b i l i t y  has not been reported i n  

the l i terature s i nce i t s  men t i o n  b y  Barn i coat ( 1 957 ) .  

A theo r y  was proposed that hydroxy aci d s , amino aci d s  and 

phosphoryl ated prod uct s con t a i n ed in herbage m i ght be r e spon s i b l e  for 

excessi ve wear along w i th the abras i v e  act ion of fibre o f  th i s  
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herbage ( Barnicoat , 1 957 ) . An el aborate e x periment was per formed to 

test this theo r y .  Jui ce s  from herbage o n  a "high wear " a n d  " low 

wea r "  farm were compared for at tack on r a d ioac t i ve dent i n e . Prepared 

dent i n e  surfaces were neutr on-act i vated to produce P32 . P32 d e n t i ne 

was then exposed to j u i c e  from the farms and the rate at wh i ch P32 

act i v i t y  appeared in the j u i ce s  was measured . The s ame teeth were 

exposed to a c i t rate buffer ( pH 6 . 1 )  as a control . The phosphorus 

removed by the p a s ture j u i c e s  from the h i gh and l ow wear farms was 

not s i gn i fi cant l y  d i fferent and was r e l a t i ve l y  smal l compared to  that 

removed by the c i trate control . It was concluded that it was 

unl i kely  that the chemic a l  components of pasture j u i ces were the 

cause of exces s i v e  tooth wear ( Cutress & Hea l y ,  1 965 ) .  

Ear l y  erupt i o n  of i nc i sors was theor i zed to be another p o s s i b l e  

aet iology of  e x c e s s i v e  tooth wear ( Ba r n i coat , 1 957 ) . Nut r i t i on h a s  

b e e n  accepted a s  a factor known to be i nvol ved i n  timing o f  erupt ion . 

In a study with hoggets on h i gh pl ane and  low p l ane d i ets , i t  was 

found� that teeth in those on the h i gher plane of nut r i t i o n  er upted 

ea r l i er ( Coop & C l ark , 1 95 5 ) .  Other r esearchers a l so found that 

tho se sheep rec e i ving  better nut r i t i o n  in the first year o f  l i fe had 

ear l i er erup t i n g  teeth than those rec e i v i ng poorer nut r i tion ( Gunn , 

1 9 67 ; Wiener & Pu rser , 1 957 ; Ai tken & Meyer , 1 9 82 ) . Genet i c  

control a l so p l ayed a r o l e  i n  eruption t i ming ( Meyer et  a l . ,  1 9 83 ; 

Wiener & Purse r , 1 95 7 ;  Boaz e t  a l . ,  1 95 8 ; Aitken & Meyer , 1 982 ) . 

Boa z  et al . ( 1 9 5 8 )  found that Scott i s h  hal f-bred/Suffolk c r osses 

showed ear l i e r  e rupt ion than Clun/Suffolk crosses and bree d i n g  from 

the ewe lambs increased the age at wh i c h  the i r  perman ent i n c i sors 

erupted . The e s t i mated med i an age ( Ai tken & Meyer , 1 982 ) o f  e r uption 

of  the central permane n t  i n c i so r s  for Romneys , Perend a l e s , S u f folks 

and Southdowns were 475 , 4 6 5 , 460 and 530 days r espect i vel y .  Central  

permanent i n c i sors o f  Booroo l a  crosses were l ater erupt ing than were 

Romne y  and Per e n d a l e  whi ch is in keeping with l ater erupt i on of 

Mer i nos ( Aitken & Meyer , 1 982 ) .  I t  was  reported ( Ba r n i coat , 1 947 ) 

tha t  ther e  was l i tt l e  e v i dence to support the theo r y  that teeth erupt 

ear l y  on count r y  wh i ch carries  poor mouths and timing of e r uption 

account� for l i t tl e  or no  variation i n  tooth wear ( Barnicoa t , 1 95 7 ; 
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Ai tken & Meyer , 1 9 82 ; Meyer et  a l . ,  1 9 83 ) .  This wou l d  be con s i st e n t  

with t h e  i n format i o n  that mineral i zat � on o f  central permanent 

inc i so r s  takes place from f i ve to seven tlonths and that maturation i s  

complete between ten and twelve  months ( Suckl i ng ,  1 979 ) .  

The abras i ve a c t i on of  fibre  i n  herbage u nder varying cond i t i o n s  

has a l so been proposed as a c a u s e  of  tooth w e a r  ( Barni coat , 1 9 57 ) . 

Austr a l i an researcher s  hypothe s i sed that p l ant opal-phytol iths could  

be responsible for tooth wear . I t  was stated that since the opal i s  

harder than sheep ' s  teeth , one could scarcely  avoid  the conc l us i on 

that these mater i a l s  were a cause of  wear i n  sheep ' s  teeth ( Baker et  

al . ,  1 9 5 9 ) .  

The abras i ve a c t i on of  i ngested soi l on sheep ' s  teeth has been 

general l y  accepted s i nce 1 9 65 as  the ma i n  aetiology of exces s i ve 

tooth wear i n  New Z e a l and ( O ' Hara , 1 983 ) .  Th is conclusion was 

reached as a resu l t  o f  the exten s i ve s e r i e s  of observati ons conducted 

by Hea l y  and Ludw i g  ( 1 965 ) i n  the Wa i r arapa  d i s tr i c t . Three farms 

were s e l ected for d e t a i led study with h i stor i es of  h i gh , med ium and 

low tooth wear i nc i de nces . Wear status was confi rmed by exami n at i on 

of teeth of  all  ava i l able  f i ve year o l d  ewes i ncluding d i rect mea s u r e  

of c e n t r a l  inc i sor t eeth . F a e c a l  samp l e s  were col lected from 

paddocks on invol ved farms at appro x imately month l y  i nterval s a n d  

ashed a n d  a c i d  washed . Acid  washed r e s i dues were used as  an 

indi cator of soil i n gested . Analys i s  of faecal samples col lected  

over 1 9 6 4 - 1 965 showed h i ghest soil  content on the  h i gh wear  f a r m , 

lowest s o i l  content on the l ow wear f a r m  and i n te rmed i ate s o i l 

content on the med i u m  wear farm . Therefore , i t  was concluded that 

i ngested soil  was  the mai n  agent i nvol ved in  exces s i v e  tooth wear a n d  

that t h e  degree o f  w e a r  w a s  d i rectly r e l a t e d  t o  the quan t i ty o f  s o i l  

ingested b y  gra z i n g  a n i ma l s  whi ch was shown t o  b e  h i gh l y  abras i ve t o  

substances l ike den t i n e .  

A lengthy r e v i e w  o f  the nume rous proposed aetiologi es e l udes t o  

the d i f f i culty  s u r r ound ing an  understand ing o f  the tooth 

deter i o ration probl e m . The quote by Barn i co a t  ( 1 957 ) makes clear h i s  
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feelings regarding  the unlikely  possibi l i t y  of  abra s i on as  the 

aetiology . Further , some pract i t i oners , r e searcher s  and producers 

have been uncomfortable with this e xp l anat i on . However , 

recons i d e r a t i on of  the abrasion theo r y  has i n  part been sur pres sed by  

a lack o f  a better explanat ion . The mat e r i al i n  the fol lowing 

chapters of this thes i s  will hope fu l l y  cla r i fy some o f  the reasons 

for skept i c i s m  among this group 

aetiology wh i ch may better fit the 

problem . 

as  wel l  as prov i d e  a pos s i b l e  

c l i n i c a l  man i festat ions o f  the 



CHAPTER 3 

A FIELD I NVESTIGATION I NTO EXTREME DENTAL DETE R IORATION 

A FARM STUDY NEAR WA I PUKURAU 

INTRODU CT ION 

2 1  

The intermi ttent nature of  ser i ous dental problems o f  sheep 

i n v o l v i n g  a number of farms over a w i d e  area has been recorded in New 

Zeal and on several  occurrences ( Bruere et al . ,  1 979 ; Graham-personal 

commu n i c a t i on , 1 984 ) . 

Such a s i tuation occ u r r ed i n  the Hawkes Bay d i s t r i ct as  a result 

of ser ious d r ought cond i t i o n s  in  the Spr i n g  o f  1 983 , whi ch conti nued 

as an ex cept i on a l l y  dry  summer per i od into 1 984 . Dental probl ems 

were reported on a number o f  fa rms i n  the area and  this  section 

d e s c �ibes the events l e ad i n g  up to  the dental deterioration i n  a 

flock of  sheep whi ch was v e r y  severe l y  affected . 

The farm concerned was approx imately 6km south o f  Wa i pukurau i n  

the Hawkes Bay d i s t r i ct . For the past f i ve o r  s i x  years tooth wear 

had been recogni zed by the owner as  a serious probl em in the sheep 

g r a z i n g  on th i s  proper t y .  Al though the degree o f  t ooth deteriorat i on 

obse rved on t h i s  farm was e x treme and probably e x acerbated by  the 

severe weather cond i tions , i t  is bel i eved that it enabled detailed  

c l i n i c a l  observat ions to be mad e which  woul d  otherwise  have been 

overlooked . Further it h i gh l i ghted the d ynamic nature o f  tooth 

d e t e r ioration and the n e c e s s i t y  t o  s tudy such probl ems c losely and 

over a long per i od of  t i me . 
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FARM P ROFILE 

The farm involved i n  this study was a h i l l  farm of 263 hec tares . 

Approx i mate l y  two-th i r d s  of  the farm was rol l i ng arable h i l l  and 

one-th i rd was steeper h i l l s  r i s i n g  to an e l e vat ion of  304 . 8m above 

sea level . The annual r a i n fa l l  on this prope r t y  was 9 1 4mm .  The l and 

faced mai n l y  to  the e a s t . The s o i l  types were Crownthorpe sandy loam 

and  Mat i p i ro sandy loam . The pastures wer e p r edomi nately perenn i al 

r ye grass and whi te c lover . As a result o f  the severe d rought i n  

1 983 , hay was fed from Janu ary t o  June and the number o f  ewes 

fluctuated over the year  because of the feed shortage . The ewe 

numbe rs were reduced from 3500  to 290 0 .  The w i nter stocking rate was 

fi fteen sheep per hectar e .  No c a t t l e  wer e g r a zed . The ewes wer e 

rotat ion a l l y  gra zed e x c ept for the set-stocking per i od from the 

beginning of  lambing u n t i l  wean i n g . Lamb i n g  began during the second 

week of August . The hoggets wer e set-stocked dur ing Apr i l  and May 

and were then rotated at varying i n t erval s .  

HISTORY 

The present owner purchased the farm from his father i n  1 972 and 

mad e some s i gn i f i c ant management chan ges . Coopworth r ams were 

introduced into the R omney flock for c r o s s breed ing . The who l e  

farming progr amme became much more i ntens i fi ed . The stocking r ate 

was incr eased and  cattle numbers wer e d e c r e a sed . The stocki n g  r ate 

from 1 9 6 4  to 1 972 had been approx i mate l y  8-9 s tock units  per hect are . 

A gr azing pol i c y  of  s e t -stocki n g  was repl aced by a rotational g r a z i n g  

system . Some of  t h e  s t a t i s t i c s  as soc i ated w i t h  i ntens i fi cation o f  

the farm are l i sted i n  Table I .  S i n c e  1 97 3  there h a d  been regu l ar 

appl i cations of  supe rphosphate fer t i l i zer  and l ime to some areas o f  

the farm i n  some yea r s . The topdressing  appl ied i s  l i sted i n  Table 

I I .  



Table I :  Stock u n i t s  p e r  hectare , total number o f  cattle , l amb i n g  

percentage a n d  percentage o f  d r y  ewes on  the Wa i puku rau 

farm are l i sted  from 1 97 5  to 1 9 83 . 

Year S/U h a . 11 Cattle Lambing � � Drys 

1 9 83 1 4 . 8  0 80 8 . 0  

1 9 82 1 3 . 5  3 2  82 7 . 5  

1 9 8 1  1 5 . 3  7 9  94 6 . 8  

1 9 80 1 5 . 5  77 92 4 . 8  

1 979 1 2 . 8 7 8  1 05 5 . 4  

1 97 8  1 3 . 8 77 80 4 .  1 

1 977  1 3 . 3  7 8  1 1 2 4 . 0  

1 976 1 2 . 8 7 8  83 2 . 0  

1 975 1 3 . 5  N/A 78 N/A 

THE I N ITIAL P ROBLEM 
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The i n i t i al probl em whi c h  l e d  to veter i n a r y  involvement on the 

farm and final l y  to  th i s  detai l e d  i n v e s t i g a t ion was the poor g rowth 

of the repl acement ewe hogget s . Dur i ng the d rought per i od the 

hoggets had lost an a ve r age o f  5kg i n  bod y we i ght . Thi s  had occur r ed 

from ear l y  March to  e a r l y  May but the wei ght of  the hoggets p r i o r  to  

thi s  t i me was a l re a d y  l ower than e xpected because o f  the ser i ous 

d rought . The two-tooth ewes ( born i n  1 98 1 ) were a l so a ffected b y  the 

poor feed cond i t ions  whi ch resulted from the d rought . Even the m i x e d  

age ewes were wel l  below t h e  a n t i c i pated t a r get we i ghts o f  5 5kg a n d  
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wel l below the wei ghts recorded i n  t h e  s ame class o f  sheep i n  

previous years . The mean weights for t h i s  gro 1p recorded i n  

Febru a r y ,  March and Apr i l  1 98 3  were 4 6 . 5kg ,  45 . : kg and 4 4 . 3kg 

respecti vel y .  

Table I I : Fer t i l i zer and l ime app l i ed t o  the Waipukurau farm from 

1 973 through 1 9 83 . 

Yea r Superphosphate on Superphosphate on 

Rol l i n g  H i l l s  Steep H i l l s  

1 9 83  1 1 2 kg/ha . plus s 224 kg/ha . 

1 9 82 224 kg/ha . p lus K 1 1 2 kg/ha . 

1 9 8 1  336 kg/ha . p lus K 2 2 4  kg/ha . 

1 9 80 224 kg/ha . plus K 2 2 4  kg/ha . 

1 979  336  kg/ha . p lus K 2 2 4  kg/ha . 

1 978 224 kg/ha . plus K 2 2 4  kg/ha . 

1 977 336 kg/ha . plus K 2 2 4  kg/ha . 

1 97 6  224 kg/ha . plus K 1 1 2 kg/ha . plus Mo 

1 97 5  none none 

1 974 224 kg/h a . plus 2 2 4  kg/ha . plus 

2270 kg l ime/ha . 4 5 4 0  kg l i me/ha . 

1 97 3  224 kg/ha . 224 kg/h a . 
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CLI N I CAL OBSERVATIONS OF TEETH ON VARIOUS AGE GROUPS OF SHEE P  

The mouths of  a c ross-section o f  each a g e  group o f  sheep were 

in spected . A variety of  dental anoma l i es wer e obser ved . 

Lambs 

The l ambs were born ( Sp r i n g  1 9 8 3 )  with grossly normal i n c i sor s . 

These teeth began to  wear at a n  early  age at a r ap i d  r ate . The 

enamel and dent i ne con t i nued to appear normal as the teeth decreased 

in  s i ze . 

Hoggets 

The d e c i duous i n c i sors of  many of  the hoggets were wor n  to  the 

gum line a n d  some wer e even below the gum . The sever i ty of the tooth 

deter iora t i on in th i s  group of sheep is demonstrated by F i gu r e  1 .  On 

gross� i n s pe c t i on the enamel of  the d e c i duous teeth was c o n s i dered to 

be normal prov i ded they wer e  l ar ge enough to be e x amined . Around 

some of the more severely affected teeth , there was a d i scolorat i on 

of g i n g i v a l  t i s sue w i t h  a necro t i c  appe aranc e . 

As d e c i d uous i n c i sors were e x amined there was strong e v i d ence to 

suggest that they had not s i mp l y  worn down f rom the wear s u r face but 

that the e n t i r e  e x posed su r face of these t eeth had been eroded as i f  

they wer e mel t i ng away . The d e c i duous i n c i sors were not onl y  

shor tened , but were very smal l i n  over a l l  s i ze and i n  many cases were 

a spike o r  pebbl e-l ike vest i ge as  seen in F i gure 2.  When these were 

compared t o  deciduous i n c i sors  from unaffected sheep o f  the same age 

from other farms ( Fi g .  3 )  the d ramat i c  changes were obv i ous . 



F i g .  1 :  Sever e l y  deter io rated d e c i duous i n c i sors i n  a 1 4  mon th old 

ewe hogget on the Wai puku rau f a r m .  

F i g .  2 :  Sever e l y  deter i or a ted deci duous i nc i sors i n  a 1 4  month 

old ewe hogget on the Wai puku r a u  farm wi th obv ious 

i nvol vement of  the e n t i r e e x posed tooth s u rface . 

26 
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Two-Tooth Ewes 

In those sheep with recen t l y  e rupted central permanent i nc i sors  

there was  l i ttle remai ning o f  the deciduous i n c i sors a s  usu a l l y  seen 

in two-tooth sheep . Thus , the c e n tral permanent i nc i sors  were the 

onl y  fu n c t i onal i nc i sors . An u n u sual observation in these sheep was 

the fac t  that there was contact b etween the upper dental pad and the 

g i n g i v a  i n  the a r e a  of  the d e c i duous i n c i sor roots . Thus , l i mited 

prehen s i o n  may have been pos s i b l e  by contact between the upper dental  

pad and the gums o f  the i n c i sor  area l ateral and  pos t e r i o r  to the 

cen t r a l  perman ent i nc i sors . 

A n u mber of  enamel d e fects were present on the newly erupted 

cen t r a l  perman ent i ncisor  teeth o f  some sheep . These ranged from 

sma l l  a r eas of p i t t i n g  to l a r ge areas of enamel hypoplas i a  as  seen i n  

Figures 4 and 5 .  

F i gure 6 i s  a photog r aph taken i n  February of  19 85 . I t  

demo n s t r ates a l i near area o f  deep p i t t i n g and enamel hyplop l a s i a  on 

the central  permanent i n c i s o r s  and further clari fies  this  problem.  

It c a n  be  seen from thi s s ame f i gu r e  that the en amel of the newly 

erupt e d  lateral permanent i n c i sors appeared qu i te normal . The l i near 

les i o n  on the central i n c i so r s  and the normal appe arance of  the 

late r a l  i n c i sors  suggested that some factor/factors poss ibly  acting  

for  a brief  t i me only had  i n f l uenced the  formati on of  fau lty enamel . 

F i g u r e  7 demon s t r ates the d egree to wh i ch the cent r a l  i n c i sors  appear 

to h a v e  con t i nued to erupt . In this  photogr aph the central permanent 

i n c i sors  were a ffected by e n amel hypop l a s i a  but the a ffected po rtion 

had worn away and the rema i n s  of  the central permanent i n c i sors  and 

the l ateral pe rmanent i n c i sors  were free of such en amel defects . In 

add i t ion the tooth eventu a l l y  wore past a data point o r i g i n a l l y  

d r i l led j u s t  above t h e  g u m  l i ne o f  the l e f t  central permanent 

i n c i sor , demonstrating the r apid  d i ssolut ion of tooth substan ce . 



F i g . 3 :  Dec i d uous i nc i sors  i n  a 1 4  mon t h  o l d  ewe hogget from the 

Tan g i moana  farm where tooth deter i o r a t i on is not a problem . 

F i g .  4 :  Enamel defects on central  p e r manent i nc i sors  i n  a 

two-tooth ewe on the Wai puku r a u  farm . 
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F i g . 5 :  Enamel de fects on central perman ent i nc i sors  i n  a two-tooth 

ewe on the Waipuku r au farm . 

F i g .  6 :  L i near enamel de fects on the c e n t r a l  permanent i n c i s o r s  o f  

a four-tooth ewe o n  t h e  Waipuku r au f a r m .  

29 
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Two of the  sheep examined  had e x tr emely soft  central permanent 

i nc i sors . The s e  teeth were chaulky in appe arance and did not offer 

the s ame re s i s t a � ce  as the teeth o f  other sheep when d r i l led to make 

d a t a  po i n ts . A powdery mat e r i a l  was d i s charged when touched wi th the 

d r i l l  and it was noted that these t eeth wore away at an e x t r emel y 

rap i d  rate and were soon n e a r  the gum l i n e .  

Anothe r observat i on made o n  th i s  farm and subseque n t l y  seen on 

other "hi gh wear " farms s upported the previ ous ly ment i oned v i ew that 

the i nc i sor teeth were not only wear i n g away at the b i t i n g  surface 

but were '' d i s so l v i ng" above and s l i ghtly below the gum mar g i n .  It  

was  noted that  certain  newl y-erupted pe rmanent i n c i s ors had an  a lmost 

t r a n sparent a r e a  at the t i p  of the tooth . Th i s  must be observed when 

the i nc i sors a r e  not in cont act with the upper dental  pad to a v o i d  a 

fal s e  i mpres s i on . The t r a n s parent t i p  was 1 -2mm i n  l ength and 

por t i ons of the t i ps were fr equen t l y  c h i pped or broken . The author 

note d  that a s i m i l a r  appe a rance cou ld  be produced by  soak i n g  teeth in  

conc e ntrated c i t r i c  acid  for twent y-four hours as seen i n  F i gure 8 .  

Another c l i n i c al obs e r vation  wh i ch again supported the fact  that 

othe r  factors bes i des  wear were i nvol ved was made when data poi nts  

wer e  d r i l l ed o n  the l abi a l  s u r face o f  the central permanent i n c i sors . 

In the  first  cases care  was t aken not to d r i l l  i nt o  the pulp  c a v i t y  

a n d  only  enamel a n d  dent i n e  w e r e  d r i l l e d . I n  many c a s e s  a fter two 

weeks these d a t a  poi n t s  were beginn i n g  to d i sappear and a t  s i x  weeks 

mos t  were tot a l l y  eroded and could not be detected . It  bec ame 

app a r ent that on " h i gh wea r "  farms i t  was necessary to d r i l l  i n t o  the 

pu l p  cavity i f  a perman e n t  d a t a  poi nt  was to be establ i shed . 

M i x e d  Age Ewes 

Inspec t i on of older  sheep d emon s t r ated e v i dence of a long  term 

toot h  deter i o r a t i on prob l e m .  The o l d e s t  sheep on  t h e  farm were only  

fou r  years  o f  age whi ch empha s i zed the c u l l i ng rate as a r e s u l t  o f  

toot h  deter i o r a t i on . I n  F i gu r e  9 the  mouths o f  f o u r  y e a r  o l d  ewes 

gr a z i n g  on the property a r e  demon s t r a t e d . The i nc i sors  wer e shor t 



F i g .  7 :  A data  po i n t  n e a r l y  m i s s i n g  on  a central  permanent i n c i sor 

with cons i d e r a b l e  t ooth e x posed below t h e  point . 

F i g .  8 :  Dec iduous i n c i sors  whi ch h a ve been soaked i n  concent r ated 

c i t r i c  a c i d  for 24  hours . 

3 1  
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and smal l and c l e ar l y  wou l d  be v i r tu a l l y  down to the gum i f  the sheep 

had been r e t a i ned another year . An e x ampl e  of  a t yp i c a l  four -tooth 

ewe on th i s  farm can be s e en i n  F i gure 1 0 .  The c e n t r a l  perman ent 

i n c i sors h a d  been worn to a l evel well  below t he l ateral  permanent 

i n c i sors . These l ateral  i n c i sors were wi thout the  usual suppor t from 

e i ther the d e c i duous i n c i s o r s  o r  the central  permanent i n c i sor s . As 

a result it appeared that the l at e r a l  i nc i sors  a l so wore down quickly  

to the l e v e l  of the  cen t r a l  permanent i nc i sors . 

METHODS USED TO IN VEST IGATE SOME OF THE C LI N I CAL OBSER VATIONS 

MADE 

Tr i a l s  were des i gn ed to generate i n format i on r e l a t i n g to c e r t a i n  

aspects of  t h e  tooth probl ems . V i s i t s t o  th i s  f a r m  w e r e  made at 

two-weekly i ntervals  beg i nn i ng in Sept ember 1 9 83 through December 

1 9 83 . Later v i s i ts were m ad e  at app rox i mat e l y  month l y  i n t e r v a l s  f rom 

Dec emce r 1 9 8 3  through June 1 9 8 4  depend i ng on pa r t i cu l a r  obs e r v at i ons 

wh i ch needed to be  made or  mater i al s  col l ected . The fo l l owi n g  

programme w a s  conducted wh i ch i nc l uded 1 00 hogget to two-tooth ewes 

s e l ected a t  random and i d ent i f i e d  w i t h  numbered ear t ags . The 

i n c i sors wer e examined at each v i s i t  for eruption , severi ty of 

d e t e r i o r a t i o n  and presence of  defec t s . 

The Percentage of F a e c a l  Ash 

Ten faecal  samples were col l ected from the area where the ewes 

wer e  be i n g  run . Samp l e s  were c o l l e cted e v e r y  two weeks through 

December 1 9 83  and ther e a f t e r  they were col l e ct e d  a t  appro x i ma t e l y  

month l y  i nt e r v al s . Faec a l  samples wer e  c o l l ec t ed w i t h  c a r e  to avoid  

pasture deb r i s  and  other  contami n a t i on . They were p l a ced in  p l a s t i c  

pots , i de n t i fi ed a n d  frozen unt i l  a n a l ys i s  w a s  a b l e  t o  b e  conducted . 

These were a n a l ysed i nd i v i dual l y  for faecal a s h  by  the method ( see 

Append i x  I )  descri bed by  Bock ( 1 97 9 ) .  



F i g . 9 :  The i nc i so r s  of a 4 year old  ewe on the Wa ipuku rau farm 

represe n t a t i ve o f  the older sheep in this flock . 

F i g .  1 0 :  The i n c i s o r s  o f  a four-tooth ewe on the Wai puku rau f a r m  

w i th e x t en s i ve deteri oration o f  t h e  central permanent 

i n c i s o r s . 

3 3  



The Cor r e l a t i o n  Between Percentage of Faecal  Ash­

Percentage of  Acid  Insoluble Res i due 
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Twen t y-ei ght faec a l  samples wer e a l so a c i d  washed to d e t ermine 

the rel a t i onsh i p  between the per c e n t age of faecal ash a n d  the 

percentage of  a c i d  i n soluble  res i d ue s . The method of an a l ys i s  ( see  

Append i x  I I ) was that  descr i bed by Hea l y  and Ludwi g ( 1 965 ) .  The a c i d  

i nsol ubl e res i d ue was e x pressed as a percentage of  the d r y  we i ght o f  

the faecal samples . 

Observat i ons on the Erupt i on Times  of  the Central Permanent 

Inci sors 

The erupt i on of  the central permanent i n c i sor s was obser ved on 

the one hun d r e d  i d en t i f i ed hogge t s . The i r  mouths wer e e x am ined at 

approx i ma t e l y  t wo-week i n tervals from September 1 9 83 un t i l  e rupt i o n  

w a s  complete i n  a l l  hoggets i n volved . The erupt i on of the t e eth was 

recordid as 0 ,  1 / 4 ,  1 / 2 ,  3/4 or 1 by d ate  to d enote the amount of 

exposed centr a l  perman ent i n c i sor . The date of birth was not known 

so that an e s t i mate had to be made to determi ne the approx i mate age 

of erupt i on . For compa r i son erupt i on was finally defined as the 

emergence of  the tooth thr ough the gum t i ssue ( 1 /4 ) ,  s i n c e  t h e  grades 

of erupt i on were arb i t r ar y  and it was some t i mes d i f f i c u l t  t o  t e l l  

when the tooth was comp l etely erupted . 

Wear o f  the Cen t r a l  Permanent I n c i sors 

A data po i n t  was d r i l led on the l ab i a l  surface of  the l eft 

central  permanent i n c i sor near the g i n g i v a l  margi n .  A n umber two 

carb i d e  burr was used w i th a 24 , 0 0 0  u /m i n  dental  d r i l l . The d r i l l  

penetrated the enamel and dent i ne and entered the pu lp c a v i t y .  An 

ex ample of  the data po i n t  can be seen in F i gure 1 1 .  Measu rements 

were t aken a t  v a r y i n g  i nterv a l s  o f  t i me from the data  poi n t  to the 

tooth t i p  u s i ng d i v i d e r s  and a mm ru l e .  These measu rements  were used 

as an  i n d i c a t i on o f  tooth wear . 



F i g , 1 1 :  Data poi nt on central  perma n e n t  i n c i sor  with a v i s i b l e  
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The results  o f  the faecal ash determ in at i ons are by  d ate  o f  

col l e c t i on i n  Table I I I . Per c e n tages a r e  r ecorded t o  t h e  nearest  

. 5� .  The  mean  percentage faecal a sh wi th s t andard d e v i a t i on is  a l so 

i n c l uded , F i gure 1 2  i s  a graph show i n g  the mean percentage o f  f a e c a l  

a s h  w i t h  standard d e v i a t ion for the p e r i od from September 1 9 83  to 

September 1 9 84 . The h i ghest l e v e l s  of faecal ash were gener a l l y  

measured i n  the l at e  winter and s p r i n g , The not a b l e  e x c ep t i on was a 

sharp i n c r ease i n  faecal  ash recorded i n  l at e  Februa r y .  The mean 

per c e n t a g e  of faecal ash for the per i od from September 1 9 8 3  to 

September 1 9 84 was 22 . 4 � .  



Tab l e  I I I :  The per centage o f  faecal ash of  faecal samples coll ected 

from September 1 98 3  to September 1 9 84 on the Wa ipuku rau 

farm w i th mean and standard d e v i at i on . 

1 5-9 29-9 1 3- 1 0  27- 1 0  1 0- 1 1 2 3- 1 1 8- 1 2  22- 1 2  5 - 1  

11 1 9 83 1 9 8 3  1 9 83  1 98 3  1 9 83  1 9 83 1 9 83  1 9 83 1 9 8 4  

2 8 . 5  23 . 5  24 . 0  2 2 . 5 2 3 . 5  1 4 . 0  1 9 . 5  1 5 . 5  1 9 . 0  

2 2 9 . 5  24 . 5  23 . 0  2 0 . 5  20 . 0  1 9 . 0  1 8 . 5  1 9 . 5  1 9 . 5  

3 2 8 . 0  2 1 . 5  2 1 . 0  2 1 . 0  2 3 . 5  1 8 . 5  1 9 . 5  1 7 . 0  1 7 . 0  

4 2 4 . 0  2 1 . 5  23 . 5  2 0 . 5  24 . 5  1 6 . 0  1 5 . 5  1 7 . 5 1 7 . 5  

5 2 8 . 5  27 . 5  22 . 0  25 . 5  26 . 0  1 6 . 5  20 . 0  1 8 . 0  1 7 . 0  

6 3 0 . 5  2 1 . 5  24 . 0  2 1 . 5  22 . 0  1 8 . 0  20 . 5  1 8 . 0  20 . 0  

7 2 6 . 0  2 3 . 5  22 . 5  2 3 . 0  2 2 . 5 22 . 0  1 6 . 0  20 . 0  1 7 . 5  

8 27 . 0  22 . 0  26 . 0  2 2 . 5 22 . 0  1 3 . 0  1 8 . 0  1 6 . 5  1 7 . 0  

9 2 5 . 5  20 . 5  24 . 0  2 1 . 5  2 1 . 0  1 4 . 5  20 . 0  1 6 . 5  1 9 . 0  

1 0  2"7 . 5 2 1 . 5  20 . 5  N / A  20 . 5  1 5 . 0  1 7 . 0 1 6 . 5  1 6 . 5  

mean 27 . 500 22 . 750 23 . 050 2 2 . 056  22 . 550  1 6 . 650 1 8 . 450 1 7 . 500 1 8 . 00 0  

st . d  1 . 94 3 6  2 . 07 1 6  1 . 6236 1 . 570 1 1 . 8626 2 . 73 9 1  1 .  7709 1 . 4 1 42 1 . 2472 

3 1 - 1  25-2 30-3 1 8- 4  1 7-5 20-6 20-7 3 1 -8 3 0-9 

fl 1 9 84 1 98 4  1 9 84 1 9 8 4  1 9 84 1 984 1 98 4  1 9 84 1 98 4  

2 0 . 0  28 . 5  1 9 . 0  2 4 . 5  1 8 . 5  1 7 . 5  20 . 0  27 . 0  28 . 5  

2 1 9 . 0  3 0 . 0  20 . 0  25 . 0  1 7 . 5  2 0 . 0  1 9 . 5  25 . 5  2 6 . 5  

3 1 8 . 5  3 1 . 5  2 1 . 0  2 4 . 0  1 7 . 0  1 9 . 0  2 1 . 5  25 . 5  4 0 . 0  

4 1 7 . 0  34 . 0  1 8 . 5  2 3 . 5  1 8 . 0  1 7 . 0  20 . 5  28 . 0  3 7 . 0  

5 1 8 . 0  32 . 0  1 8 . 5  2 6 . 0  1 6 . 5  1 8 . 0  20 . 0  28 . 0  2 8 . 5  

6 1 8 . 5  32 . 0  20 . 0  25 . 0  2 1 . 0  24 . 0  1 7 . 5  28 . 0  4 2 . 5  

7 1 9 . 0  4 0 . 0  1 8 . 0  2 4 . 0  1 9 . 5  1 7 . 5  22 . 0  26 . 0  37 . 0  

8 1 8 . 5  32 . 5  20 . 5  2 3 . 5  1 8 . 0  1 8 . 5  1 9 . 0  27 . 0  37 . 0  

9 1 9 . 0  36 . 5  1 9 . 5  22 . 0  1 5 . 0  20 . 0  20 . 0  3 0 . 0  4 3 . 0  

1 0  1 8 . 0  28 . 0  22 . 0  2 1 . 5  20 . 0  1 7 . 0  1 8 . 5  26 . 0  3 5 . 5  

mean 1 8 . 55 0  32 . 500 1 9 . 700 2 3 . 900 1 8 . 1 00 1 8 . 850  1 9 . 85 0  27 . 1 0 0  3 5 . 500 

st . d  . 79757 3 . 6286 1 . 25 1 7  1 . 3703  1 . 7607 2 . 1 220 1 . 3 3 4 4  1 . 42 9 8  5 . 8805 
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T h e  resu l t s  i n vol v i n g  the compa r i so n  between t h e  per cent age o f  

faec a l  ash a n d  t h e  per centage of  a c i d  i n soluble res i dues are recorded 

i n  Tab l e  I V .  The corre l a t i on i s  0 . 752 and the v a r i ance i s  86 . 7% .  

The compa r i son be tween these t wo i n d i c ators c a n  thus be seen t o  be 

very c l ose . Th i s  compa r i son was per formed on s ampl e s  t aken at three 

sepa r a t e  col l ec t i on s .  Samp l e s  l -9 were collec ted on 30 March 1 9 84 , 

samp l e s  1 0- 1 8  were col l ec ted on 1 8  Apr i l  1 98 4  and s amples 1 9-28 were 

col l e cted on 1 7  May 1 9 8 4 . 

Observ a t i o n s  on the Erupt i on Times o f  the Cen t r a l  Perman ent 

I n c i sors 

The resu l t s  of  obse r v a t i o n s  of the erupt ion of the central  

perman e nt- i n c i so r s  are  recorded  i n  Tab l e  V .  Erup t i o n  was preceded by 

the l oosen i n g  and  shed d i n g  of the central  dec i duous i n c i sors . 

Occ a s i o n a l l y  the deci duous i n c i sors wou l d  rema i n  after the central  

pe rman ent i n c i s o r s  had  erupted . Preced i ng erupt i on i t  was noted that 

the g i ngiva wou ld  become i n flamed at the area of the ant i c i pated 

erupt i o n  and a b l i ster wou ld  fo r m .  The tooth wou ld  emerge in a short 

t i me f o l low i n g  the appearance  of  the b l i ster . Erupt ion was a l so 

assoc i a ted frequ e n t l y  with a minor  amount of  haemor rhage . I f  at the 

f i r st observ a t i o n  the tooth was through the gum t i ssues , it wou ld 

norma l l y  be complet e l y  e r u pted by  the n e x t  observat i on i n  

appr o x i mately two weeks . O n  the other hand i f  i t  h a d  not pompletely 

erupted through t he gum t i s su es on the i n i t i a l  observat ion , it  wou ld 

be p a r t i al l y  erupted on the n e x t  v i s i t .  Table V records the date of  

v i s i t a t i on wi th the d ays t o  erupt i o n  for  the central  permanent 

i n c i so r s . The mean percen t a g e  o f  sheep with erupted t eeth was 

c a l c u l a ted . The mean erup t i on t i me was 439 d a ys . The d ates of 

erupt i on are recorded in Tab l e  VI . 



Tabl e  I V :  The corre l a t i o n  between the percentage of faecal ash and 

percentage of  a c i d  i nsoluble res i due on the Wa i pukurau 

farm.  

11 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

1 1  

1 2  

1 3  

1 4  

1 5  

1 6  

1 7  

1 8  

1 9  

2 0  

2 1  

2 2  

2 3  

2 4  

2 5  

2 6  

2 7  

2 8  

% Faecal Ash 

1 9 . 0  

2 0 . 0  

2 1 . 0  

1 8 . 5  

2 0 . 0  

1 8 . 0  

2 0 . 5  

1 9 . 5  

22 . 0  

24 . 5  

25 . 0  

24 . 0  

2 3 . 5  

25 . 0  

24 . 0  

2 3 . 5  

22 . 0  

2 1 . 5  

1 8 . 5  

1 7 . 5  

1 7 . 0  

1 8 . 0  

1 6 . 5  

2 1 . 0  

1 9 . 5  

1 8 . 0  

1 5 . 0  

20 . 0  

Correl ation = 0 . 752 

V a r i ance = 8 6 . 7% 

% A c i d  Insoluble Residue 

1 1 . 0 

1 2 . 0  

1 1 .  0 

1 1 .  5 

1 1 . 0  

1 2 . 0  

1 2 . 0  

1 2 . 5  

1 1 .  0 

1 6 . 0  

1 6 . 0  

1 4 . 5  

1 6 . 0  

1 5 . 0  

1 5 . 5  

1 4 . 5  

1 4 . 0  

1 4 . 5  

1 0 . 5  

9 . 5  

1 0 . 0  

1 0 . 5  

1 0 . 0  

1 0 . 0  

8 . 0  

1 2 . 0  

1 2 . 5 

1 1 . 0  

3 9  
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Table V :  The erupt ion o f  central  permanent i n c i so r s  o f  1 00 hoggets 

on the Wai puku r au farm with the f i r s t  d a y  of l amb i n g  

d a y  one . 

Date Days % Erupted 

1 5-9-83 402 8 

29-9-83 4 1 6  1 6  

1 3- 1 0-83 4 3 0  3 5  

27- 1 0-83 4 4 4  5 8  

1 0- 1 1 -83  4 5 8  7 1  

2 3- 1 1 -83  47 1 8 1  

8- 1 2-83 4 8 6  9 0  

22- 1 2-83 500 9 3  

1 - 1 -84 5 1 4  9 6  

1 9- 1 -£4 528 1 00 

Mean Erupt i on = 4 3 9  days 

Wear o f  the Cen t r a l  Permanent Incisors 

The degree of wear of the central permanent i n c i so r s  has been 

recorded at  v arying i n t e r v a l s  in  Tabl e VI . The entr i e s  preceded by a 

plus  s i g n  i n d i c ate i n c r eased tooth length resulting from i nherent 

i n accur a c i e s  i n  the method o f  tooth measurement .  The degree o f  

accuracy o f  this  method i s  d e s c r i bed i n  a l a t er section . Entr i e s  

m i s s i ng i n  t h e  column f r o m  3 1  January 1 98 4  to  22 February 1 9 85 

represent teeth whi ch had worn past the data  p o i nt . 

enamel de fects i s  a l so r e corded i n  t h i s  table for 

The sever i t y  o f  

compari son . The 

sever i ty of the defects  was a s s i gned with an arbitrary r a t i n g  of 0 

through to  4 with 0 be i n g  the u n a ffected tooth and 4 being the most 
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s e v e r e l y  affected tooth . Grade had minor p i tting , grade 2 had 

w i d e spread p i tt i n g , grade 3 had l arge shal l ow areas of  en amel 

hypopla s i a  and grade 4 had l arge deep areas of en amel hypopl asi a .  

DISCUSSION 

Discuss ion of  Management 

Since the change in owner sh i p  of this  property in 1 97 3  there 

have been four major mana gement changes . 

Change i n  Bre ed 

The re was a change from Romn e y  sheep to Coopwor th sheep . The 

owner reported that he  had f i r s t  become aware of  the tooth wear 

problem about the t i me of thi s change in breed s .  Although research 

has shown a breed pred i spos i t i on for this condit ion ( Meyer et a l . ,  

1 9 8 3 ) , a l l  breeds of  s h eep are a ffected . However the role of  

d i fferent breeds and  the e x tent to whi c h  t hey contr i bute to the 

problem i s  probabl y  sma l l  and  cert a i n l y  not the only factor i n  t h i s  

comp l i cated problem.  Breed appea r s  to play  only a minor role i n  the 

tooth wear problem with Romney be i ng only s l i gh t l y  l es s  suscept i b l e  

t h a n  Coopworth . 

Change i n  t h e  Gra z i ng Sys tem 

A second managemen t  change was a move from a set-stocked g r a z i n g  

s ystem to a rotat ional  grazing s y s t e m .  Bar n i c oat ( 1 9 57 ) suggested 

that i n  general set-stocking tended to accentuate tooth wear probl ems 

when compared to rot a t i on a l  sys tems . Kane ( 1 98 3 )  found the same to 

be  true when he l ooked at more modern  method s of rotational  grazi n g . 

Thi s  management change could have been expected to i mprove tooth wear 

probl ems . 



Table VI : Tooth wear i n  cm on the Waipuku rau farm with the mean 

wear and mean d a i l y  wea� calculated and the erupt i on date 

and  enamel d e fects recorded . 

11 1 3- 1 0  1 1 - 1 0  8- 1 2  3 1 - 1  5-3 3 1 - 1  erupt i on enamel 

1 983- 1 983- 1 9 8 3 - 1 9 84- 1 984- 1 9 8 4 - of defects 

1 0- 1 1 8- 1 2  3 1 - 1  5-3 1 8-4 22-2 C . P . I . ' s  

1 9 8 3  1 9 83 1 9 8 4  1 98 4  1 984 1 9 8 5  

. 32 0 . 24 • 04 29-9-83 4 

2 . 04 . 04 . 02 • 06 5-9-83 2 

3 . 0 1 . 03 • 02 • 0 1  1 3- 1 0-83 0 

4 . 06 . 08 + . 0 1  • 05 . 05 5-9-83 2 

5 . 07 • 1 8  . 02 • 0 1  1 3- 1 0-83 0 

6 • 1 0  • 1 9  . 02 • 09 1 3- 1 0-83 4 

7 • 0 1  . 03 + . 02 1 3- 1 0-83 3 

8 • 0 1  . 08 • 3 1  + . 02 5-9-83 2 

9 . 0 1  • 0 1  . 9 8 1 0- 1 1 -83  0 

1 0  + . 0 1  • 08 . 7 1  23- 1 1 -83 

1 1  . 03 . 0 1  . 07 • 02 1 3- 1 0-83 0 

1 2  . 02 . 02 • 0 1  . 62 27- 1 0-83 0 

1 3  . 0 1  • 08 • 0 1  + . 0 1 1 0- 1 3-83 0 

1 4  • 02 3 1 - 1 -84 

1 5  • 05 • 0 1  • 0 9  . 05 • 02 5-9-83 0 

1 6  • 02 • 0 1  • 0 1  . 03 27- 1 0-83 

1 7  • 0 3  • 1 5  1 0- 1 1 -83 0 

1 8  . 06 • 05 • 05 0 1 3- 1 0-83 0 

1 9  . 1 2 0 • 1 0  • 02 27- 1 0-83 0 

20 . 04 . 04 + . 03 . 5 8 1 0- 1 1 -83  0 

2 1  0 • 1 0  . 08 • 07 27- 1 0-83 2 

22 . 02 0 . 5 3 1 0- 1 1 -83  

2 3  . 09 0 . 05 • 05 1 3- 1 0-83 0 

24  • 1 5  . 03 • 04 27- 1 0-83 4 

25  . 07 + . 0 1  . 07 • 02 29-9-83 2 

2 6  . 02 . 02 + . 02 27- 1 0-83 2 

42 
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Tab l e  V I : Con t i nued . 

11 1 3- 1 0  1 1 - 1 0 8 - 1 2  3 1 - 1  5-3 3 1 - 1  erupt i on enamel 

1 9 83- 1 9 83- 1 9 83- 1 9 84- 1 9 84- 1 9 84- of defects 

1 0- 1 1 8- 1 2  3 1 - 1 5-3 1 8-4 22-2 C . P . I .  ' s  

1 9 83  1 9 83  1 9 84 1 9 8 4  1 9 84 1 9 8 5  

27 . 07 + . 03 23-1 1 -83 0 

28 • 1 0  • 20 . 0 5 0 . 03 29-9-83 2 

29 . 03 + . 0 1  + . 03 . 08 • 5 1  1 3- 1 0-83 

30 . 0 4 • 04 . 5 8 23- 1 1 -83 

3 1  . 07 . 0 8 • 0 1  • 0 1  1 3- 1 0-83 

32 . 27 • 04 23- 1 1 -83  0 

33 + . 0 1  1 0- 1 1 -83  0 

34  . 02 • 04  . 02 1 0- 1 1 -83 0 

35  . 0 1 . 02 29-9-83 0 

36 . 06 . 06 . 0 8 • 09 . 0 3 5-9-83 0 

37 . 02 . 07 . 07 8- 1 2-83 0 

38 . 05 . 05 . 02 . 04 . 02 5-9-83 0 

39 • 0 1  . 04 0 . 52 1 3- 1 0-83 0 

40  0 . 07 . 07 . 03 27- 1 0-83 0 

4 1  • 1 5  • 02 29-9-83 3 

42  0 . 0 1 . 05 • 05 • 63 1 3- 1 0-83 

43  . 05 • 04 . 70 1 0- 1 1 -83  0 

44 + . 02 . 03 1 0- 1 1 -83  0 

45 . 09 0 27- 1 0-83 0 

4 6  . 03 • 0 4  • 06 27- 1 0-83 

47 • 0 1  . 05 8- 1 2-83 0 

48 . 03 • 1 7  + . 0 1  • 04 • 63 1 3- 1 0-83 0 

49  + . 0 1  • 0 1  + . 0 1 1 0- 1 1 -83  0 

50 . 08 . 04 1 3- 1 0-83 2 

5 1  + . 0 1  . 04 . 1 5 . 02 1 3- 1 0-83  2 

52 . 08 • 0 1  1 3- 1 0-83 0 

53  . 0 1 + . 03 . 73 3 1 - 1 -8 4  0 

54 . 03 • 03 + . 0 1 27- 1 0-83 

55 . 02 0 . 69 8-1 2-83 0 
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Tab l e  VI : Con t i nued . 

11 1 3- 1 0  1 1 - 1 0  8- 1 2  3 1 - 1  5-3 3 1 - 1  erupt i on en amel 

1 9 83- 1 9 83- 1 9 83- 1 9 84- 1 984- 1 9 8 4- of defects 

1 0- 1 1 8- 1 2  3 1 - 1  5-3 1 8-4 22-2 C . P . I .  ' s  

1 9 83  1 9 83 1 9 84 1 98 4  1 9 8 4  1 9 8 5  

5 6  . 03 • 04  • 1 1  • 0 1  27- 1 0-83 0 

57 0 • 0 1  • 05 27- 1 0-83 

58 • 1 6  • 1 7  . 06 . 06 29-9-83 3 

59 0 0 . 69 8- 1 2-83 

60 . 02 • 0 1  • 08 . 08 . 66 1 3- 1 0-83 2 

6 1  . 0 1  + . 0 1 . 58 3 1 - 1 -8 4  0 

62 . 05 • 04 • 01 . 79 27- 1 0-83 0 

63 . 0 1 0 8- 1 2-83 

64 . 08 • 0 1  0 • 0 1  1 3- 1 0-83 0 
65 . 0 4 + . 0 3  . 04 • 0 1  . 62 1 3- 1 0-83 0 
66 • 1 0  + . 0 1  . 04 . 02 1 3- 1 0-83 

67 0 . 0 1 • 0 1  27- 1 0-83 0 

68 . 03 . 02 + . 02 . 04 1 3- 1 0-83 0 

69 • 1 0  0 . 04 • 07 5-9-83 4 

70 • 1 4  + . 03 23- 1 1 -83  0 

7 1  + . 0 4 . 08 + . 0 1 27- 1 0-83 0 

72 . 02 

73  . 04 . 0 6 • 04 29-9-83 2 

74 . 09 . 02 0 . 02 29-9-83 

75 . 05 + . 0 1  3 1 - 1 -8 4  0 

76 . 03 . 08 . 04 . 02 . 5 9 5-9-83 0 

77 . 04 0 . 03 • 0 1  • 6 4  29-9-83 

78 + . 02 + . 02 . 1 7 . 0 1  29-9-83 0 

79 . 04 0 . 07 0 1 3- 1 0-83 

80 • 0 3  . 05 . 02 . 07 • 0 1  5-9-83 0 

8 1  . 02 + . 0 1  . 04 1 0- 1 1 -8 3  0 

82 • 0 5  . 02 + . 0 1  1 0- 1 1 -8 3  0 

83 0 . 03 3 1 - 1 -84 0 

84 0 • 1 3  • 05 . 07 5-9-83 2 
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Tab l e  VI : Cont i nu e d . 

11 1 3- 1 0  1 1 - 1 0  8- 1 2  3 1 - 1  5-3 3 1 - 1  erupt i on ena • · e l  

1 9 83- 1 9 8 3 - 1 9 83- 1 9 84- 1 9 84- 1 9 84- of defects 

1 0- 1 1 8- 1 2  3 1 - 1 5-3 1 8-4 22-2 C . P . I . ' s  

1 9 83 1 9 8 3  1 9 84 1 9 8 4  1 9 84 1 9 85 

85 • 0 1  • 09 • 0 1  1 0- 1 1 -83 0 

86 . 07 . 02 . 0 6 29-9-83 0 

87 • 1 0  + . 0 1  • 08 0 1 3- 1 0-83 0 

88 . 06 0 • 1 0  . 05 27- 1 0-83 0 

89 . 0 1 • 02 . 03 27- 1 0-83 2 

90 • 09 0 • 1 6  . 05 27- 1 0-83 4 

9 1  . 1 2 • 07 . 04 + . 02 29-9-83 

92 • 06 + . 03 . 0 6 . 05 1 3- 1 0-83 0 

9 3  . 03 . 03 . 02 1 3- 1 0-83 0 

9 4  • 1 0  . 06 • 2 1  . 03 1 3- 1 0-83 2 

95  • 04 . 07 • 03 27- 1 0-83 2 

9 6  • 0 5  + . 02 . 05 . 06 1 3- 1 0-83 3 

97  . 09 . 06 • 0 1  . 0 1  29-9-83 0 

98  . 0 6 . 05 . 05 . 0 4 29-9-8 3 3 

9 9  • 1 2  • 02 • 0 1  . 07 + . 02 29-9-83 

1 00 . 03 0 23- 1 1 -83  

mean 

wear . 0555 . 05 8 3  . 03 1 9  . 05 5 5  . 02 1 9  0 . 649  

mean 

d a i l y  . 00 1 9 8 . 00208 . 00059 1 . 00 1 63 . 00 0 4 9 8  . 00 1 677 

wear 
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Inten s i f i cat i on o f  Sheep Farming 

A third change was a move to an i n t e n s i fication of  sheep farm i n g  

and t h e  exclusion o f  cattl e . A number o f  authors have concluded that 

run n i ng cattle with sheep to control pasture growth and maintenance 

lead s to less deter ioration o f  teeth than when sheep are grazed alone 

( Ba r n i coat , 1 94 8 ; 1 957 ; Suckl i n g , 1 9 64 ; 1 975 ) • The total 

excl u s i on of cattle from th i s  farm occu r r e d  in  1 9 83 and the fu l l  

effe c t s  o f  thi s pol i c y  o n  the subsequent dental probl em o n  the sheep 

is hard to eval u a t e  but may have been s i gn i ficant . 

Increase in  Stoc k i ng Rate 

The fourth and probably the most s i gn i fi cant management change 

was the great i n c rease in stock numbe r s . These rose from 8-9 stock 

un i t s  per hectare in 1 972 to 1 5  stock u n i t s  per hectare i n  1 9 8 3 ; a 

4 3 �  i �crease i n  w i n ter stocking r ate . With onset o f  the severe  

drought in 1 9 83 , the farm c apac i ty was  s i gn i fi cantly exceeded . A 

factor which has  repeated l y  led to and been associ ated with severe 

i n c i sor wear i n  sheep h a s  been h i gh stoc k i n g  o f  farms with sheep 

( Ba r n i coat , 1 957 ; Heal y  & Ludwig , 1 9 6 5 ;  Arnold et  a l . ,  1 9 6 6 ;  

Suck l i ng , 1 975 ; B i rcham et a l . ,  1 9 8 1 ) .  The i ncreased wear has been 

reported to occur from i n cr eased s o i l  i n gestion resu l t i n g  from 

i n c r e as ed stock n u mbers g r a z i n g  the same a r e a  ( Healy & Ludwi g ,  1 96 5 ) .  

However trials  to b e  reported and d i scussed i n  another sect i on o f  

thi s  thes i s  h a v e  not fu l l y  supported this latter r epor t . 

Never theless i t  c a n  be s a i d  w i th assurance that stocki n g  r a t e  and  

toot h  wear are d i r e c t l y  r e l ated . Therefore i t  is  necessary that a n y  

e x pl anat ion o f  the aet iology o f  thi s  cond i t ion i s  associ ated w i t h  

thi s observat ion . 
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D i scuss i o n  of C l i n i cal  Obser v a t i o n s  

Sen s i t i v i t y of  Dec i duous Inc i sors  

From the  p r e s ent obser vations i t  wou l d  appear that the  d e c i duous 

i n c i sors are more sens i t i ve to tooth wear than permanent i n c i sors . 

Thi s  point was a l so noted pre v i ous l y  b y  Bruere et al . ( 1 979 ) when 

sheep on the Wa i r ar apa were e xposed to s i m i l a r  condi t i ons to those 

des c r i bed on t h i s  farm . The farmer not i ced the deci duous i n c i sors 

d i s appear i n g  very rap i d l y  in Apr i l  and M a y , 1 9 83 and by  the t i me the 

au thor began the e x ami nations most of  these i n c i sors were e i ther worn 

to gum level o r  were tiny remnants of teeth . Thi s  obser v at i on on 

thi s farm and other h i gh wear farms i s  very d i fficult to e x p l a i n  

s i m p l y  in  terms o f  soi l abr a s i on . Wear by  abr asion would b e  e x pected 

to a ffect teeth at the point o f  cont a c t  with the upper dental pad . 

Although i t  i s  true  that a wear facet d e v elops at this  point and  i t  

does decrease i n  length , i t  i s  a l so obv i ous that the e n t i r e  e x posed 

su r face of  the tooth is a ffec ted . Dec i d uous i n c i sors worn below the 

gum l i ne a l so appear to have been a ffected by some action other than 

d i r e c t  abras i o n . It i s  d i ffi cult to e x p l a i n  this  phenomenon i n  terms 

of s i mple abr a s i on when the teeth are b e l ow the contact point  with  

the upper dental  pad  wh i ch may  be assumed to  be essen t i a l  to the 

abr a s i ve proce s s . Further the fu l l  erupt i on o f  the central permanent 

i n c i sors wou ld a l so appear to protect the r emai n i ng 

i n c i sors from fur ther wear i f  th i s  were the case . 

Enamel Defects 

d e c i duous 

The enamel d e fects reported in t h i s  study were r emarkabl y 

s i m i l ar to thos e  r eported by  Bruere e t  a l . ( 1 979 ) on  sheep f a rms i n  

the Wairarapa . The probl em i n  the Wa i r ar apa a l so fol lowed a p e r i od 

of severe weather cond i t i o n s  whi ch l e d  to extreme feed short a ges . 

The tooth d e fe c t s  i n  the sheep on the W a i puku rau farm could n o t  be 

seen unt i l  the e rupt i on o f  centr a l  permanent i nc i sors took p l ac e . As  

a con sequence it  i s  suggested that the d e fects were man i festat i on s  of  

some interference with tooth devel opme n t  whi ch took p l ace prev i ou s l y .  
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Thi s  i s  h i gh l y  l i kely  a s  the development o f  the central permanent 

i n c i so r s  is compl eted by ten to twe l v e  mon ths of  age ( Su c k l i n g , 

1 97 9 ) .  The cause  of  t h i s  latter prob l em i s  d i ffi cult to unde r s t and . 

It has been shown that c a l c ium defi c i en c y  ( Frankl i n , 1 950 ) , f l u o r i d e  

excess ( Frankl i n , 1 950 ; Krook et al . ,  1 9 83 ) and paras i t i sm ( Su c k l i ng 

et al . ,  1 983 ) may a l l  l ead to t h i s  t ype lesion . It i s  pos s i b l e  that 

ei ther one of  these factors could have occurred under the e x treme 

cond i t i ons seen on the Wai pukurau farm i n  1 9 83 . 

I n  this study no en amel defects were r ecorded in  e i ther the 

dec i d uous i n c i sors  or the lateral i n c i sors . Thi s  would c e r t a i n l y  

support the v i ew that the severe s p r i n g  cond i t i ons were assoc i ated 

wi th the enamel defects o f  the central permanent incisors as n e i ther 

the deci duous teeth nor the later a l s  wou ld have developed dur i n g  th i s  

per i od . However i t  i s  emph a s i zed that the deciduous i n c i so r s  were 

very suscept i b l e  to the wear probl em i nd i c at i n g  the occurrence of two 

separ�te en t i t i es ; the enamel d e fects i nvolving the central 

permanent i nc i so r s  and the wear problem i n vol v i n g  the d e c i d uous and 

permanent i n c i sors . 

Some of  the enamel d e fects led t o  rap i d  d eter iorat i on o f  the 

central perman e n t  i n c i sors as seen i n  those sheep having " chaulky" 

i n c i sors whi c h  quickly  wore to the gum l i ne . Thi s  obser vation i s  not 

consi stent w i th the f i n d i ngs on abras i on stu d i es at Wal l ac e v i l l e  

( Era smuson , 1 9 83 ) .  Th i s  may suggest t h a t  teeth with t h i s  type defect 

were not i n c l u ded in the abras i on t r i a l s  as teeth from sheep on  h i gh 

and low wear farms o ften have gro s s l y  normal en amel . It i s  a l so o f  

i nterest that the farm under d i scuss i o n  was the only farm i n  t h e  area 

where thes e  d r amati c  d e fects were reported or observed 

( Beckett-pers o n al commu n i cation , 1 9 84 ) . Ther e fore the envi ronmental 

cond i t i on s  i n v o l ved in the prod u c t i o n  o f  these defects on farms i n  

the North Island must b e  severe and i n  t h i s  case appear t o  b e  coupled 

with management factors . 
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Demi neral i za t i o n  of  T i ps o f  Central Permanent I n c i sors 

The loss  of  opac i t y  i nvol v i n c  t h e  tips  o f  newly erupted central 

permanent i n c i sors was observed in s everal sheep on thi s farm . Th i s  

can be seen i n  F i gure 1 1 .  The transparent t i p s  appeared 

demineral i zed leaving o n l y  the c l e a r  matr i x  to contact the dental pad 

at occlusion . It i s  mor e  d i ffi cult  to  v i sual i ze this phenomenon as a 

wear facet d e vel ops because o f  the thi ckness of the tooth t i p . 

Further the o c currence o f  demi ner a l i z a t i on of  other e xposed areas o f  

the tooth wou ld b e  d i f f i cu l t  to  s e e  for the same reason . The 

pos s i b i l i ty of th i s  be i n g  a devel opmental problem was consi dered 

un l i ke l y  as it was a l so observed in sheep on  other h i gh wear farms 

wh i ch d i d  not have the severe enamel d e fects . 

D i s appearance of  Shal low Data Poi n t s  

Rapid  d i sappearance of shal low d r i l l  poi nts o n  the l ab i a l  

surface of  central permanent i n c i sors w a s  another i mportant 

observation . Erosion o f  dri l l  po i n t s  i n d i c ated a simi l a r  problem on  

other tooth areas to that of  d e minera l i zation of  i n c i sor t i p s  

previous l y  d e scr ibed . T h e  necess i t y  t o  e n t e r  the pulp c a v i t y  to  

establ i sh a permanent data point c aused d i scoloration o f  some of the 

d r i l l ed teeth . Thi s  was l i k e l y  a result  of  nerve  d amage . Al though 

th i s  nerve d amage may have affected rate of  wear , the s e r i ousness o f  

the problem on  this farm cou ld b e  s e e n  wi thout tooth measur ements i n  

u n d r i l l e d  teeth . Teeth used for c omparat i ve studies  on  other farms 

to be repor t ed in  another sect i on were d r i l l e d  us ing the s ame method . 

Discus s i on of  the Percentage o f  Faecal Ash 

Elevat i on of  the percentage o f  faecal ash dur i n g  w i n ter and  

spr i ng mont h s  i s  con s i stent w i t h  e l evation o f  the percentage o f  tne 

ac i d  insoluble residue l evels o f  faeces reported to h a v e  occurred 

d ur i ng w i n t e r  and spr i n g  by Hea l y  and  Ludwi g ( 1 965 ) .  The percentage 

o f  faecal ash levels from the sheep from the Waipuku rau farm were 

n e ver found to be e xtreme l y  h i gh with a mean of 35 . 55%  r ecorded i n  
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September , be i n g  the h i ghest determi n a t i on . It must be r emembered 

for compa r i son that t h i s  f i gure i s  h i gher than percentage o f  a c i d  

i n sol uble resi due and t h e  d i fference i n  percentage of  faecal  ash 

determinations and the percent age o f  acid i n soluble residue for t h i s  

f a r m  was 8% . 

A h i gh peak of  the percentage o f  faecal ash appears with the 

l ate February determi n at i on . Thi s  was dur i ng a t i me when sheep were 

grazi ng kal e . In th i s  particular c a s e , tooth wear was not measured 

for the exact period of  kale graz i n g , but it was i ncluded in a longer 

wear t i me measuremen t . The mean d a i l y  tooth wear d u r i n g  t h i s 

measu rement was near the mean d a i l y  a verage for this farm and was 

elevated for the summer months .  It was of interest that l arge 

amounts of s o i l  were i ngested wh i l e  grazing crops since g r a z i n g  of 

crops repor t e d l y  reduces tooth wear ( Ludwi g et  al . ,  1 9 6 6 ; Hea l y  et 

al . ,  1 9 67 ; Bruere & West , 1 9 83 ) .  

D i scu s s i on of  the Cor relation Between Percentage of  Faecal Ash­

Percentage of Acid  Insoluble Res i due 

The determinat i on of percentage faecal ash was chosen s i n c e  an 

i n d i cator of  total s o i l  i ngested was desi red . Thus , c e r t a i n  mineral s 

i n  soi l r emoved by a c i d  wash i n g  wou ld be i n c l uded . Th i s  method i s  

not tot a l l y  accurate d ue to the d i gestion b y  the a n i mal o f  some 

minerals  and the presence of non-ashable an imal waste , however 

methods that coul d  have l ed to more accurate determi n a t i o n s  such as 

radioact i ve tagging of soi l were not feas i b l e .  

percentage o f  faecal ash was used a s  an i n d i c ator to 

so i l  i n gested . 

Therefore , the 

e s t i mate total 

The p e rcentage of acid insoluble  residue had been used  in past 

work as an  ind i c ator of that part o f  soil  apparen t l y  i nvol ved i n  

abr a s i on ( He a l y  & Ludwi g ,  1 965 ) . A comparison o f  the percentage o f  

faecal a s h  and the percentage o f  a c i d  i nsoluble res i due was d e s i rable 

to  permit compari son between method s .  Tab l e  V reco r d s  the resu l t s  

u s i n g  both method s .  There i s  a c l o se correl a t i on between method s a n d  



5 1  

for the purpose o f  this  study , e i ther appear t o  be adequate . The 

d i fference between the pet centage of f aecal ash and the percentage of 

acid  i nsoluble residue fvr t h i s  farm was 8 . 0% .  Th is v alue could be 

subtracted from percent faecal ash whe n  compa r i n g to t r i a l s  u s i ng 

percentage a c i d  i n soluble res idue . The l aboratory time i nvol ved i n  

doing faecal ash i s  far less  than that  for aci d i nsoluble r e s i due . 

Di scus s i on of Erupt i on Times o f  the Central Permanent I n c i sors 

A lack of ind i vidual  bi rth records made comparison o f  erupt i on 

and wear rates  d i ff i cu l t .  However , wi th the i nformation a va i l able 

the gener a l i zation can be made that t here was  no apparent correlation  

between t i me o f  erupt i o n  and  rate o f  wear . Total wear appe a r s  to be  

greater on teeth wh i ch erupt e a r l y  because of  longer e x posu r e  to wear 

factors . The s e  are the same conc lusi ons dr awn in earl i e r  t r i a l s  

( Meyer et a l . ,  1 9 83 ) . Thi s  wou l d  also be compat i b l e  w i th work 

showi ng development and matu rat i on of  central permanent i n c i sors to 

be complete by 1 0- 1 2  months ( Suckl i n g , 1 979 ) .  

Discus s i on of Wea r of  the Cen t r a l  Permanent Inci sors 

The rate of wear o f  central pe rmanent i n c i sors was gener a l l y  

greater i n  t h e  winter and spr i ng and l e s s  i n  the summer a n d  autumn 

months . Thi s  correl ated with h i gher faecal ash level s .  The same 

general f i nd i ngs wer e  recorded i n  earl i er tr ials ( He a l y  & Ludwi g ,  

1 9 65 ) .  The except i on i s  the recorded per i od from 3 1  January 1 9 8 4  to 

,5 March 1 9 8 4 . Dur i n g  part of t h i s t ime the re was cons i de r able s o i l  

ingested a s  i n d i cated by  h i gh f a e c a l  ash . Dur i ng the per i od o f  1 0  

February 1 9 8 4  to 1 9  February 1 9 8 4  the sheep were graz i n g  kal e .  

Teeth c an be seen to wear rapi d l y  i n  one period and wear very  

s lowly i n  the prec e d i n g  or fol lowing per i od . It is  suggested that  

the  development of weakened t i p s  wh i ch then  break away r ap i d l y  is  a 

pos s i b l e  e x planat i on 

stabi l i ty could then 

dentine a r e  weakened .  

for t h i s  phenomenon . Further , a per i od o f  

occur u nt i l  subsequent exposed enamel and 

The t i me of  g r a z i n g  on  kale was qui te short 
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for the amount of  wear e x per i enced . A number o f  large chips  on  

central permanent i n c i s o r s  were obser ved at this t i me .  It  i s  

suggested that weakened t i ps may have broken away rapi d l y  when i n  

contact with large s o i l  par t i c l es i ngested . Tooth l en g th wear 

dropped to the lowest l evel the fol lowing per i od . Had crop g r a z i n g  

been cont i nue d , a drop  in  tooth wear may a l so have b e e n  s e e n  a s  

weakened t i ps d i s appe a r ed a n d  s t r o n g e r  enamel or  dentine w a s  ex posed . 

The cen t r a l  permanent i nc i sors  o f  the two sheep repor ted to have 

" chau lky" teeth broke away rap i d l y .  Thes e  were sheep numbers one and 

s i x  in Tab l e  VI . Except for these apparen t l y  very soft teeth , there 

appears  to b e  l i ttle  correl a t i on between ename l  defec ts and  r a te of 

wear . 

F i v e  other farms were v i s i ted and observations made as a 

compa r i son and con t i n u a t i on o f  thi s  stud y .  
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F i ve farms with d i fferent d e g r ees of  tooth wear i n  t h e i r  sheep 

were chosen from several locat i o n s . Two of  the farms were c l assed as  

low wear  farms becaus e  the sheep h i stor i c a l l y  had good i n c i sors . The 

other three farms had sheep with s e r i ous i nc i sor wear problems . For 

descr i p t i ve reasons the farms were ident i fi e d  by the i r  l oc a t i on or 

farm name . 

F�RM P ROF I LES 

( 1 ) The Tangi moana Farm 

Thi s  farm was c l as sed as a control property becau se the sheep ' s  

teeth wer e  con s i dered normal w i th respect to tooth wea r . The farm 

had 1 1 00 e ffec t i ve hectares and was located on the west coast o f  the 

lower North I s land in the Tang i moana a r e a . Topogr aph i c a l l y  it was 

virtu a l l y  flat with some sand dunes and the el evation was just above 

sea l ev e l . The average r a i n fa l l was 508  mm .  The soi l was sandy and 

pastures  consi sted mainly of  brown top with some peren n i a l  r ye grass 

and whi t e  c lover . Superphosph a t e -K was app l i ed annua l l y  a t  a rate of  

270 Kg/h a  and no l i me was used . Hay was produced on the farm and fed 

with pasture to sheep and catt l e  from l ate May through Ju l y .  Thi s  

supp lemental  feed made up appr o x imately 5 0 %  o f  the d ie t  for that t i me 

of the y e a r . Ther e  were 5600 R omney ewes and  530 bree d i ng cows on  

the farm . The s tock were g r a zed on a rotational sys tem except for  

the s e t -stocking o f  ewes for  l amb i n g . The winter stoc k i n g  rate was 

1 0  su/ha . 
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( 2 ) The R i ver s i d e  Farm 

T h i s  farm was l ocated 1 0  km north of  Masterton i n  the Waira rapa 

d i str i ct wh ich is in the eastern part of  the lower North I s land . It  

contai ned 725  effec t i ve hectar e s . It was  m a i n l y  easy r o l l i n g  h i l l  

coun t r y  w i th some arable areas . The farm was at an alti tude of  2 4 0m .  

The annual r a i n fa l l  for the r e g i on was 862 mm . The so i l  types were 

clas s i f i e d  as Tauhe r e n i kau , Kon i n i  and Greytown . Peren n i a l  rye grass 

and wh i t e  c lover wer e  the predom i n ant grass es . The farm h ad been 

regu l a r l y  topdressed with superphosph ate s i nce the change i n  

ownersh i p  in  1 979 . Amounts o f  fert i l i zer used were dependent on s o i l  

leve l s  a n d  o n  prod uct i on purposes a n d  var i e d  con siderably on the 

farm . S i l age was fed to the sheep in March , Apr i l  and part of  May . 

Ther e  wer e 8 , 402 breeding ewes a n d  no cattle  grazing the farm . The 

sheep were rotat i o n a l l y  grazed 

winter stocki ng rate  was  1 4  su/ha . 

from 9 . 6  su/ha in  1 97 8 .  

( 3 ) The Pohangi n a  Farm 

except for the l ambi n g  period . The 

The stocking rate h ad incr eased 

Th i s  farm was located 30 km north o f  Palmerston North i n  the 

Poh a n g i n a  county of the Manawatu d i s tr i c t . Its area was 320 hectares 

composed of mai n l y  h i l l  coun t r y  but small areas were arabl e . The 

al t i tu d e  of the farm was 3 1 2m and it recei ved an annual r a i n f a l l  of 

1 2 4 3  mm . The p r edominant pasture spec i e s  were peren n i a l rye grass 

and whi t e  clover . The farm had been heav i l y  l i med w i th 2245kg/ha . 

to 6735kg/ha . The winter stock i ng rate for 1 983  was 1 2 . 4  su/ha . The 

sheep were mai n l y  grazed on  a rot a t i on a l  system e x c ept at l ambing  

t i me when they  wer e  set-stocked . The farm had  both purebred and 

commer c i al flocks of  Coopworth sheep . I n  ad d i t i on approx imat e l y  200 

c a tt l e , mai n l y  breeding cows , were wintered . The suppl ementary feed 

was fed to the c a t t l e  on l y .  



55 

( 4 ) The Ranui Farm 

Th i s  farm was a h i l l  farm l ocated east of Masterton again i n  the 

Wai r a r apa coun t y .  In area it covered 270 e ffect i ve hectares . The 

farm was easy h i l l  country w i th several areas whi ch wer e  arable used 

for growing winter and summer feed crops . The e l evation  of the farm 

was from 2 1 0m to 325m . The aver age annual r a i n fa l l  was 900 mm . Soi l  

types were Taihape S i l t  Loam o n  the steeper gu l l i e s  and Atu a , 

Bideford and Ngaumer Si l t  Loam on  the rol l i ng l and . The mai n  pasture 

was a ga i n  peren n i a l  rye grass and wh i te clover wh i ch had been 

topdres s ed with a program of h e a vy use o f  phosphate fert i l i zers s i nce 

1 97 9 .  No  supp lementary feeds were used on this  farm i n  1 9 83 . The 

farm c a r r i e d  2675 Coopworth ewes and ewe hoggets , 37 s t eers and 42 

weane r s . The sheep were rot a t i on a l l y  gra zed except a t  l ambi n g  t i me .  

The w i n ter stocki ng rate was 1 2 . 58 su/h a .  

( 5 ) The Motuka i  Farm 

Th i s  farm was located 1 5  km southeast of Masterton . In area i t  
cov e r e d  625 effec t i v e  h e c tares wh i c h  were proport ioned i n to 

appr o x i mate l y  20 hectares of fl ats , 260 hectares of r o l l i n g  land and 

345 h e c tares of steeper h i l l  countr y .  The e l evat i on of the farm 

var i ed from 1 83m to 380m . The average r a i nfall  was 1 0 1 6  mm . The 

pas t u r e s  were pr edomi n antl y peren n i a l  rye grass and wh i t e  clover and 

superphosphate had been used e x tensi vely over s everal years but no 

l i me h a d  been used in t h e  last  s i x  years . However , the s o i l  pH 

remai ne d  5 . 5  to 6 . 0 .  The f a r m  was stocked with C oopworth-Romney 

cross  sheep and 1 1 5 stee r s . The sheep were rota t iona l l y  gra zed 

except during l ambi n g  t i me .  

d r y  l a te summer cond i t i o n s  

S i lage w a s  f e d  t o  t h e  sheep 

in March and  Apr i l , 1 98 3 . 

because of 

The hoggets 

recei ved no supplemenatary feed . The stocking rate was 1 2 . 03 su/ha . 
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C L I NICAL OBSERVATIONS 

( 1 ) The Tangi moana Farm 

On this property the ma j or i ty of  sheep had excellent teeth wh i ch 

showed l i ttle s i gn of wear other than what wou ld be ex pected with 

aging . The farmer said he had selected sheep for "good mouths" that 

he cons id ered had strong broad man d i bles and the i nc i sor teeth met 

the upper dental pad in a n o rmal manner ( F i g .  3 ) .  Examination  of 

ewes o f  all ages and hoggets r e vealed very  few defects of  any k i n d  i n  

the i n c i sors . There were many s i x  year o l d  ewes o n  the farm with 

i n c i s o r  teeth wh i ch were r emarkably good for the i r  age . The 

dec i d uous teeth of the hoggets showed no evi dence of deter i o r a t i on 

other than what could be consi dered normal wear . 

( 2 ) The R i ve r s i d e  Farm 

For compar a t i ve purposes this farm was a l so used as a " control 

farm" because the sheep a l so had e x ce l l ent i n c i sors s i m i l a r  to the 

Tan g i moana prope r t y .  The d e c i duous i n c i sors of  the younger sheep 

remai n ed in fun c t i onal con d i t i on unt i l  repl aced by the respec t i ve 

permanent i nc i so r s . There wer e  no en amel defects in  any of  the sheep 

ob s e r v ed . Dur i n g  the per i od wh i c h  the tooth observat i ons were 

cond u c ted a sma l l  number of older  ewes d e veloped acute periodon t i t i s  

of t h e  mol ar teeth . The sheep lost we i ght rap i d l y .  I t  was b e l i eved 

tha t  the problem sudden l y  appeared as  a result o f  d i etary stress 

coup led wi th severe paras i t i sm ( Bruere -personal commu n i c a t i on , 1 984 ) . 
' 

Howe v er , the cond i t i on d i d  not affect the major i t y  o f  the sheep . 

( 3 ) The Poha ngina Farm 

The Pohangina farm was a farm wi th a ser i ous tooth wear problem . 

M i x ed age ewes showed evidence  of  severe wear o f  permanent i n c i sors 

and deci duous i n c i sor teeth of  ewe hoggets and two-tooth ewes were 

wor n near or below the gum l i ne . E rupt i n g  central permanent i n c i sors 

appeared gros s l y  normal w i th no e v i d en c e  of  enamel d e fects as  seen on  
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the Wai pukurau farm . 

Ewe hogget s  on this  farm were l i ghter i n  compa r i son to thos e on 

the Tangimoana and the R i verside  farm where teeth were e x c e l l ent . 

However , purebred ram hoggets  on the Pohan g i n a  farm were 1 2  kgs 

he a v i er than the ewe hogg e t s  on the s ame farm even though the i n c i sor 

cond i t ion was similar . The ram hoggets had  recei ved better 

nut r i tional opportun i t i e s and did not appear l i mi ted by the dental 

prob l ems at t h i s  stage . 

Some of  the observat i o n s  made on the Wa i pukurau farm were a l so 

s e e n  on th i s  farm . Sha l l ow data points d r i lled i n to the l ab i a l  

sur f ace of  c e n t r a l  permane n t  i n c i so r s  eroded a n d  some were not 

v i s i ble after four to s i x  weeks . Subsequentl y ,  i t  was necessary to 

d r i l l  i nto the pulp ca v i t y  in order t o  establ i sh a permanent d at a  

poi n t .  The t r ansparent t i ps i nvol v i ng c e n t r a l  perman ent i n c i sor 

teetQ were a l so seen on t h i s farm . 

( 4 ) The R anui Farm 

The Ranu i farm i s  another farm wi th a s i gn i f i c ant i n c i sor wear 

problem in the sheep . The i nc i sor teeth of  the sheep on  th i s  farm 

wer e  in gen e r a l  severely a f fected by  wear in all ages . I n  the 

two-tooth ewes the d e c i duous i n c i sors had almost d i s appeared 

com p l etely wh i l e  t he central  permanent i n c i sors had begun to 

d e t e r i orate s i gn i fi cant l y .  I n  fact they wer e  the main  teeth l eft for 

b i t i ng grass and not supported in the usual manner by the d e c i duous 

i nc i sors . In some sheep o f  e i ghteen months to two years of age the 

l a t eral i n c i sor teeth had erupted and were l onger than the central 

p e r manent i n c i sors . Thi s  was a common finding on  the high wear farms 

as was seen i n  Figure 4 .  The deter i oration o f  the permanent i n c i sors 

of sheep on t h i s  property  was so severe that on l y  220 four year old 

ewes and 50  fi ve year o l d  ewes r emai n ed in  the flock from a total of 

2765 ewes . Thi s  i nd i cated the s er i ousness of  the dental probl em on 

t h i s  propert y . In some sheep occ a s i onal m i l d  p i tt i ng on the e rupt i n g  

c e n tral permanent i nc i so r s  was s e e n  and was con s i stent w i th enamel 
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hypoplas i a . 

The eros i o n  of sha l low data p v i n t s  and the transparent t i ps 

i nvolving  cen tral  permanent  inc i sors  descr i bed on the Wa i puku rau  and 

the Pohang i n a  farms were a l so observed on thi s farm.  

( 5 ) The Motukai Farm 

Agai n  this was con s i d ered a " h i gh wear "  farm where the sheep 

i n c i sor teeth were severely  a f fec ted by wear . However from 

observat i on the dec iduous teeth were not found to be worn as  c l ose to 

the gum l i ne as frequen t l y  as on the R anu i farm . From a total flock 

of  5700 ewes there were 1 000 four year old ewes , 70 f i ve year old 

ewes , 20 six  year old ewes and 1 seven year o l d  ewe so  that the 

majority of breed i n g  ewes had produced lamb s for o n l y  one or  two 

seasons . The Romney r ams brought on to this " h i gh wear" farm from 

" l ow �ea r "  farms ex per i enced the same rapid i n c i sor deteriorat ion . 

The eros i on of  sha l l o w  data points  and the tr ansparent t i p s  

i nvolving  t h e  central permanent i n c i sors descr i bed o n  t h e  Wai puku rau 

and  the Pohangina farms and seen on the Ranui farm were a l so observed 

on the Motuka i  farm . 

METHOD OF TRIALS ON  THE F I VE FARMS 

1 9 83  a l l  farms were v i s i ted Beg i nn i ng i n  October 

appro x i matel y  two-week l y  interval s  u nt i l  l ate December 1 9 83 . 

a t  

After 

th i s  t i me the farms were v i s i ted at appro x i matel y  mont h l y  i ntervals  

unt i l  June  1 984 . It w a s  con s i d ered that these times woul d  coi n c i de 

w i th the erupt i on o f  the central permanent i n c i sor teeth . I n  these 

observations  1 00 hogget ewes ( 1 2- 1 4  mon th o l d ) were sel ected at 

r a ndom on each farm and i dent i fi ed w i th plast i c  numbered ear  tags . 

A t  each v i s i t  the mouths were e x amined for the erupt i on o f  the 

central permanent i n c i so r s . Erup t i o n  of  these teeth was s cored as 



5 9  

was descr i bed i n  Chapter 3 w i t h  0 ,  1 / 4 ,  1 /2 ,  3/4 , o r  1 to denote the 

amount of exposed c e n t r a l  permanent i n c i sor . For compa r i son erup t i o n  

was fi n a l l y  defined a s  the emergence of  t h e  tooth through t h e  gum 

t i s sue ( 1 / 4 )  s i nce the grades of  erup t i on were arbi trary and it was 

somet i mes d i fficult  to tell when the tooth was complet e l y  erupted . 

Twenty two-tooth ewes were selected a t  r a ndom from the o r i g i n a l  

1 00 hoggets . A poi n t  was d r i l led into the pu l p  cavity o f  the c e n t r a l  

perman ent i nc i sors  n e a r  t h e  g u m  l i ne as d e s c r i bed a n d  shown i n  F i gu r e  

1 1 .  The point wou l d  b e  used a s  a reference f o r  measu r i n g the degree 

of wear from the wear facet and thus the s e v e r i t y  of the wear probl em 

on the i nd i vidual farms cou ld be d etermined  o b j ectivel y .  

Ten faecal samp l e s  were co l l ected o n  e a c h  farm a t  each v i s i t .  

From these samples the percentage o f  faecal ash was determined ( see 

Append i x  I ) .  In ad d i t i o n  the per centage o f  faecal ash-ac i d  i nsoluble 

res i d ue was  compared ( see Appen d i x  II ) on 1 9 ,  29 , 20 , 27  and 20 

samples from the Tang i moana , R i verside , Pohangina , Ranui and Motu k a i  

farms r espect i vel y .  

A compari son o f  measurements was made o n  the Tang imoana farm to  

determine  the acc u r a c y  of  the method be i n g used to measu re wea r . 

Si xteen sheep were measured for i nc i sor  wear from data point to  

i n c i so r  tip  on  the central  permanent i n c i sor s . The measuremen ts were 

repeated on the s ame teeth u s i ng the same method on the same d a y .  

Correl at i on coef f i c i e nt and v a r i ance were c a l culated . 

R ESULTS OF THE TR IALS OF THE FIVE FARMS 

( 1 ) The Tangi moan a  Farm 

The Percentage of  Faecal Ash 

In Table VII the percentage of faecal  ash from the samp l e s  

collected o n  t h e  Tang i moana farm i s  r e c o rded . The mean percentage 
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and standard dev i at i o n s  for each set  of d ata are also recorded . I t  

i s  par t i c ul ar l y  pert i n ent 

percentage and the h i ghest 

recorded on th i s  fa r m . 

to note that the h i ghest mean faecal ash 

: n d i v i dual faecal ash percent age were 

They were 5 1 . 0% recorded on 20 August 1 9 84 

and 69 . 5% recorded on June 1 9 84 r espect i vel y .  Figure 1 3  i s  a graph 

showing the mean perce ntage of faecal ash mea sured from October 1 9 83  

to  Septembe r 1 98 4 . I t  can be c l e a r l y  seen that there was  an i nc r e ase 

in  the l e vel  of faec a l  ash during the winter months . 

The Corre l a t i on Between Perc entage o f  Faecal Ash­

Percen tage o f  Acid Insoluble R e s i d u e  

I n  Table VI I I  the correlat i on of t h e  p e r centage of  faecal a s h ­

percentage o f  ac i d  i n s o lubl e residue f o r  the samples coll ected on  t h e  

Tan g i moana farm i s  r ecorded . The corre l a t i on coeffi c i en t  w a s  0 . 97 1  

and the vari ance was 9 8 . 5% .  The mean d i fference i n  the percentage of  

faecal ash and the per cent age o f  a c i d  i nsolubl e residue was  7 . 57 % .  

Observat i o n s  on the Erupt i on Time s  of the Central 

Permanent I n c i sors 

The d ates of  eruption of  the central permanent i n c i sor teeth o f  

1 0 0 hoggets grazed on  the Tangimoana farm a r e  g i ven i n  Tabl e I X .  The 

first  observation was on 5 October 1 9 8 3  a t  which t i me 1 4 % of the 

centr al permanent i n c i sors had e rupted . The l ast sheep was observed 

with erupted central permanent i n c isors on the 2 February 1 98 4  v i s i t . 

I f  day one i s  the f i rst day o f  l amb i n g , t h e  mean erupt ion t i me from 
' 

that date was 4 6 6  d a y s . 

The Wear o f  the Centr a l  Permanent Inci sors 

The rate of  wear of  the central  permanent i n c i sors has been 

recorded in  Table X .  Some o f  the t eeth appear to have i ncreased i n  

length from data poi n t  to t i p .  This  actua l l y  represents i n accurac i e s  

i n  the method of  meas u r i ng from d ata p o i n t  t o  the t i p  o f  the tooth . 

These are  desi gnated by  a plus  prece d i n g  the ent r y .  The e s t i mated 
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mean d a i l y  tooth wear was . 00078 1 cm .  Thi s  estimate w a s  f rom 

measurements taken from 26 January 1 9 8 4  to 1 2  Februa ry 1 9 8 5  and  was 

the l owest rate of tooth wear r ecorded of any of  the farms under 

study . 

Compar i so n  of  Measu rements 

In Tabl e  XI  two sets o f  tooth meas u r emen ts on the same two­

tooth ewes were recorded on the same d a y .  The measurements h a d  a 

h i gh correl a t i o n  wh ich ver i f i ed that the method was both repeatable  

and accurate . 
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Table VI I :  The percentage of  faec a l  ash of  faecal samples col lected 

from Octobe r  1 9 83  to September 1 9 8 4  on the Tan g i moana 

farm with mean and stand ard dev i a t i on . 

5- 1 0  1 9- 1 0 8-1 1 22- 1 1 6- 1 2  1 9- 1 2  2- 1 26- 1 

11 1 9 83  1 9 83 1 9 83 1 9 8 3  1 9 83  1 983  1 9 84 1 9 8 4  

30 . 0  37 . 0  26 . 0  1 8 . 0  1 9 . 0  2 1 . 0  22 . 0  2 1 . 0  

2 24 . 0  3 8 . 0  22 . 5  2 4 . 0  23 . 5  1 9 . 5  2 0 . 5  2 3 . 0  

3 29 . 0  40 . 0  2 9 . 0  3 5 . 5  25 . 5  2 2 . 0 22 . 0  1 9 . 0  

4 34 . 0  43 . 0  1 9 . 0  2 3 . 0  20 . 5  1 8 . 5  2 3 . 0  22 . 0  

5 26 . 0  23 . 0  26 . 5  2 5 . 0  2 1  0 0 1 4 . 5  1 7  0 5 1 7 . 5  

6 3 0 . 0  29 . 0  20 . 0  2 3 . 0  2 1 . 0  1 9 . 0  20 . 0  24 . 5  

7 22 . 0  28 . 0  1 6 . 5  1 7 . 5 26 . 0  1 7  0 0 1 8 . 5  1 8 . 0  

8 24 . 0  29 . 0  3 8 . 0 2 8 . 5  22 . 0  1 6 . 5  1 9 . 5  20 . 0  

9 37 . 5  42 . 5  29 . 5  3 1 . 5  20 . 5  1 6 . 5  1 6 . 5  22 . 5  

1 0  25 . 0  26 . 0  23 . 5  5 0 . 5  24 . 0  1 9 . 0  N I A  20 . 5  

mean 28 . 1 50 3 3 . 5 0 0  25 . 050 27 . 650 2 2 . 300  1 8 . 350 1 9 . 94 4  20 . 800 

st . d  4 . 8 9 9 3  7 . 26 1 0  6 . 23 8 1 9 . 7 6 97 2 . 3357  2 . 26 1 4  2 0 1 858 2 . 2509 

28-2 20-3 20-4 2 4- 5  20-6 20-7 20-8 20-9 

fl 1 9 8 4  1 9 84 1 9 8 4  1 9 8 4  1 9 84 1 9 84 1 9 8 4  1 98 4  

1 9 . 5  23 . 5  2 1 . 0  22 . 5  4 4 . 5  3 8 . 0  4 5 . 5  24 . 5  

2 1 8 . 0  20 . 0  1 9 . 0  2 5 . 5  2 9 . 5  5 6 . 0  4 8 . 0  2 9 . 5  

' 3 1 7 . 0  36 . 0  20 . 5  3 4 . 5  28 . 0  29 . 5  5 5 . 5  20 . 5  

4 1 9 . 5  1 9 . 0  24 . 0  2 2 . 0  3 9 . 0  42 . 0  5 0 . 0  2 6 . 5  

5 2 0 . 0  1 9 . 5  4 1 . 5  2 1 . 0  6 9 . 5  4 9 . 5  5 3 . 0  1 9 . 5  

6 2 2 . 0  29 . 5  1 8 . 5  4 4 . 0  5 0 . 5  65 . 0  5 4 . 0  1 9 . 5  

7 1 4 . 5  1 7 . 5  25 . 0  22 . 0  5 4 . 0  32 . 0  5 1 . 0  2 4 . 0  

8 1 7 . 5  2 3 . 0  28 . 0  2 6 . 5  3 4 . 5  50 . 0  N / A  2 0 . 5  

9 1 8 . 0  1 6 . 5  35 . 0  4 2 . 5  5 9 . 0  4 8 . 0  N / A  1 9 . 0  

1 0  2 1 . 5  1 8 . 0  1 8 . 0  2 3 . 0  5 5 . 0  5 1 . 5  N / A  1 9 . 5  

mean 1 8 . 750  22 . 2 5 0  25 . 050 2 8 . 3 5 0  4 6 . 3 5 0  4 6  0 1 50 5 1  0 000 2 2 . 3 0 0  

st . d  2 . 2267 6 . 1 52 0  7 . 7869  8 . 7688 1 3 . 60 2  1 0 . 9 1 1 3 . 5000 3 . 6225 
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Table VIII : The correl a t i o n  between the per centage of faecal ash and 

percentage 

farm . 

11 % Faecal Ash 

2 1 . 0  

2 1 9 . 0  

3 2 0 . 5  

4 24 . 0  

5 4 1 . 5  

6 1 8 . 5  

7 25 . 5  

8 28 . 0  

9 35 . 0  

1 0  1 8 . 0  

1 1  22 . 5  

1 2  25 . 5  

1 3  3 4 . 5  

1 4  2 1 . 0  

1 5  4 4 . 0  

1 6  22 . 0  

1 7  2 6 . 5  

1 8  4 2 . 5  

1 9  2 3 . 0  

Cor r e l a t i on = 0 . 97 1  

Var i ance = 9 8 . 5% 

o f  acid  i n soluble resi due o n  the Tangimoana 

% Ac i d  Insoluble Res i due 

1 3 . 5  

1 3 . 5  

1 4 . 0  

1 3 . 0  

3 2 . 5  

1 4 . 5  

1 8 . 5  

1 7 . 0  

29 . 0  

1 0 . 5  

1 3 . 0  

1 6 . 0  

27 . 0  

1 7 . 5  

37 . 0  

1 4 . 0  

1 8 . 0  

3 4 . 5  

1 5 . 0  



Table I X :  The erupt i on of  central  permanent i n c i sors of  1 00 hoggets 

on  the Tan g i moana farm with the f i rst d ay of l ambi ng 

day one . 

Date Days % Erupted 

5-1 0-8:3 4 3 1  1 4  

1 9- 1 0-83 4 4 5  2 7  

8-1 1 -8 3  4 6 8  5 1  

22-1 1 -83  479  65 

6- 1 2-83 4 9 3  7 7  

1 9- 1 2-83 506 85 

2-1 -84 520 95  

26- 1 -8 4  5 4 4  99 

28-2-84 577 1 00 

Mean eruption = 4 6 6  days 

65 



Table X :  Tooth wear i n  cm on the Tang imoana farm with the mean 

wear and mean d a i l y  wear c alcul ated . 

11 26- 1 -84 28-2-84 26- 1 -84 

to to to 

28-2-84 1 1 -4-84 1 2-2-85 

1 0 6 + . 0 1 . 02 . 26 

1 09 0 + . 0 1 . 32 

1 25 0 0 . 28 

1 37 + . 0 1 • 0 1  • 1 6  

1 39 . 0 1  0 N/A 

1 52 . 02 . 0 1  • 3 1  

1 5 4 + . 03 . 02 . 29 

1 5 7 0 0 • 2 1  

1 5 8 - 0 0 • 1 5  

1 60 + . 02 • 04 . 45 

1 6 1  . 04 0 . 4 8 

1 64 0 + . 0 1  • 1 8  

1 65 • 0 1  . 02 . 38 

1 7 4  . 02 0 . 25 

1 75 + . 02 N/A • 1 8  

1 77 . 08 + . 0 1  N/A 

1 83 + . 0 1  . 03 N/A 

1 86 • 0 1  • 0 1  . 30 

1 97 0 0 . 27 

1 98 0 0 • 4 1  

mean 

wear . 0045 . 00 6 8  . 2870 

mean 

d ai l y  . 000 1 3 6 . 000 1 5 8 . 000705 

wear 
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Table XI : Corre l a t i o n  of  two sets  of measu rements of cen tral 

perman ent i n c i sors  in sheep on the Tang imoana farm 

re-measured and recorded on the same d a y .  

11 1 st . 2 nd . 

• 35 . 3 4 

2 . 4 8 . 4 8 

3 . 52 . 50 

4 ._60 • 60 

5 . 72 . 72 

6 . 73 . 74 

7 . 70 . 70 

8 . 7 0 . 70 

9 . 69 • 69  

1 0  . 7 0 • 7 1  

1 1  • 8 1  • 8 1  

1 2  . 6 1 • 62 

1 3  . 62 • 60 

1 4  • 69 • 67 

1 5  . 58 . 59 

1 6  • 65 • 6 9  

Cor r el at i on = 0 . 9 9 2  

Var i at i on = 9 9 . 6� 

67 
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( 2 ) The Ri vers i de Farm 

The Per centage of  Faecal Ash 

In Table XII the per centage of  faecal  ash from the samples 

collected on  the R i vers i d e  f a rm i s  recorded . Figu r e  1 4  i s  a gr aph 

showi n g  the percentage of faecal ash measured from October 1 9 83 to 

May 1 98 4 . 

th i s  fa r m .  

Samples from the winter months were not a vai l able from 

The Cor rel at ion Betwee n  Percentage of Faecal Ash­

Percentage of Acid  In soluble R e s i due 

I n  Table XI I I  the c o r r e l ation  o f  the percen t a ge of faecal 

ash-pe r c entage o f  acid  i n soluble resi due from the samples col lected 

on the R i verside farm is r e co r d ed . The correlation coeffi c i e n t  was 

0 . 87 3  and the var i ance was 93 . 4 % .  The mean d i fference i n  the 

pe rcent age of faecal ash and the percentage of acid  i n soluble residue 

was 9 . 4 % .  

Obse r v at ions on the Erupt i on T i mes of the Central  

Permanent Inc i s o r s  

The dates o f  eruption o f  the cen t r a l  permanent i n c i sor teeth of  

1 00 hoggets gra zed on  the R i v e r s i d e  farm are gi ven i n  Table XIV . The 

f i r s t  observati on was o·n 1 7  October 1 983  at whi c h  t i me 9% of the 

cen t r al permanent i n c i sors  h a d  erupted . The l ast sheep was obser ved 

with erupted central permanent i n c i s o r s  on the 28 February 1 9 84 

v i s i t . I f  day one i s  the f i r st day o f  l ambi ng , the mean eruption 

t i me from that date was 454 d ays . 
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The Wear of  the Cen t r al Permanent Inci sors 

The r ate of  wear of  the central permanent i n c i sors has been 

recorded in  Tab l e  XV . The est i mated mean d a i l y  tooth wear was 

. 0008 1 5 cm .  Thi s  e s t i mate was from measu remen ts taken from 3 0  January 

1 9 84 to 28 February 1 9 85 . Thi s  rate o f  wear was only s l i ghtly 

greater  than the lowest rate wh i c h  was recorded on the Tan g i moana 

far m .  



Table XI I :  The percentage o f  faecal ash of  faecal samples col l ected 

from October 1 . i 8 3  to May 1 9 84 on the R i vers i d e  farm with 

mean and stand a�d d e v i a t i o n . 

fl 1 7- 1 0-8 3 3 1 - 1 0-83 1 4- 1 1 -83 2 8- 1 1 -83 1 2- 1 2-83 

2 1 . 0  2 2 . 0  1 7 . 0  1 9 . 0  1 2 . 5  

2 28 . 5  2 1 . 0  1 8 . 0  1 5 . 0  1 5 . 0  

3 4 4 . 0  1 8 . 0  20 . 5  1 7 . 0  1 3 . 0  

4 4 6 . 0  1 7 . 0  22 . 0  1 4 . 5  1 9 . 0  

5 4 2 . 0  2 0 . 5  2 1 . 0  1 4 . 5  1 7 . 0  

6 3 4 . 5  1 8 . 5  3 0 . 5  1 3 . 0  1 4 . 0  

7 3 9 . 0  2 2 . 0  1 8 . 5  1 1  • 0 1 5 . 5  

8 27 . 0  1 7 . 0  20 . 5  1 5 . 5  1 5 . 5  

9 4 3 . 0  1 9 . 0  2 6 . 5  1 4 . 0  1 4 . 0  

1 0  3 4 . 0  N / A  2 0 . 0  1 3 . 5  1 4 . 5  

mean 3 5 . 900  1 9 . 44 4  2 1 . 4 5 0  1 4 . 70 0  1 5 . 000 

st . d  8 . 3 4 27 1 .  9 9 1 3  4 .  1 1 2 6 2 .  1 88 4  1 . 9 1 4 9 

11 27- 1 -8 4  27-2-84 2 6-3-84 1 6-4-84 1 6-5-84 

1 2 . 0  1 5 . 0  1 5 . 0  1 7 . 5 22 . 0  

2 1 2 . 5 1 6 . 5  1 6 . 5  1 5 . 0 1 2 . 0  

3 1 0 . 0 1 7 . 5  1 6 . 0  1 9 . 0  1 9 . 5  

4 1 1 .  5 25 . 0  1 6 . 5  1 6 . 5  2 1 . 0  
' 

5 1 1 .  0 1 6 . 5  1 5 . 0  1 3 . 0  22 . 0  

6 1 3 . 0  1 6 . 5  1 5 . 5  1 6 . 5  25 . 5  

7 1 3 . 0  1 5 . 5  1 5 . 0  1 3 . 0  22 . 0  

8 1 2 . 5  1 4 . 5  1 6 . 0  1 7 . 5 20 . 0  

9 1 2 . 0  1 9 . 0  1 5 . 5  1 6 . 5  20 . 5  

1 0  1 3 . 5  2 0 . 5  1 4 . 0  1 3 . 0  2 1 . 5  

mean 1 2 .  1 00 1 7 . 650  1 5 . 500 1 5 . 750  2 0 . 600 

st . d  1 .  0 4 8 8  3 .  1 53 9  . 78 1 73 2 . 1 50 6  1 .  0 4 8 8  
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Table XI I I :  The correl a t i on between the percentage of faecal ash and 

percentage of acid � n soluble r e s i due on the R i ve r s ide farm . 

11 % Faecal Ash % Ac id  Insoluble Res i due 

1 5 . 5  4 . 5  

2 1 6 . 5  4 . 0  

3 1 6 . 0  4 . 5  

4 1 6 . 5  5 . 0  

5 1 5 . 0  4 . 0  

6 1 5 . 5  5 . 5  

7 1 5 . 0  4 . 0  

8 1 6 . 0  5 . 0  

9 1 5 . 5  4 . 0  

1 0  1 4 . 0  4 . 5  

1 1  1 7 . 5  7 . 0  

1 2  1 5 . 0  5 . 5  

1 3  1 9 . 0  6 . 5  

1 4  1 6 . 5  7 . 0  

1 5  1 3 . 0  6 . 5  

1 6  1 6 . 5  6 . 0  

1 7  1 3 . 0  4 . 0  

1 8  1 7 . 5  6 . 0  

1 9  1 6 . 5  9 . 0  

20 1 3 . 0  4 . 5  

2 1  22 . 0  1 2 . 5  

22 1 2 . 0  7 . 5  

23 1 9 . 5  1 2 . 5  

24 2 1 . 0  1 3 . 5  

25 22 . 0  1 4 . 0  

26 25 . 5  1 7  . o  
27 22 . 0  1 4 . 0  

28 20 . 0  1 3 . 0  

29 2 1 . 5  1 4 . 0  

Cor r e l at i on = 0 . 873 

Var i ance = 93 . 4% 
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Table XIV : The erupt i on o f  central pe r manent i n c i sors of  1 00 hoggets 

on the R i vers i de farm with the f i r s t  day of l amb i ng 

day one . 

Date Days % Erupted 

1 7- 1 0�3 4 1 2  9 

3 1 - 1 0-83 4 2 6  1 8  

1 4- 1 1 -83  4 4 0  3 7  

28-1 1 -83  4 5 4  5 0  

1 2- 1 2-83 4 6 8  6 8  

26-1 2-83 4 82  78  

3 0- 1 -84 5 1 7  9 8  

28-2-84 5 4 6  1 00 

Mean Erupt i o n  = 4 5 4  days 



Tab l e  XV : Tooth wear i n  cm on  the R i ver s i de farm with the mean 

wear and mean d a i l y  wear c a l c u l a ted . 

11 30- 1 -8 4  3 0- 1 -8 4  

to to 

27-2-8 4 2 8-2-8 5 

380 + . 0 1  . 4 7  

378 0 . 4 0 

307 • 0 1  . 29 

386 • 0 1  . 47 

3 1 8  • 0 1  . 24 

373 + . 0 1  . 28 

39 1 0 . 25 

360 + . 0 1  . 28 

3 6 1  + . 0 1  . 3 4 

3 4 8  . 0 1 

324 . 02 . 3 8 

323 0 . 28 

336 0 • 1 8  

3 1 5  0 • 26 

3 3 3  . 02 • 3 4  

3 9 3  + . 0 1  

4 0 0  + . 0 1  • 3 1  

389 • 0 1  . 37 

350 . 05 

356  0 

mean 

wear . 00 4 0 0  . 32 1 25 

mean 

da i l y  . 00 0 1 428 . 00 0 8 1 5 3 

wear 

74 
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( 3 ) The Poha ngi na Farm 

The Percentage o f  Faecal Ash 

In Table X V I  the percentage of  faecal ash from the samp les 

col lected on the Pohangina  farm is recorded . The mean percentage and 

s t andard de v i a t i ons for each set o f  d ata are a l so recorded . F i gure 

15 i s  a graph showing the percentage of faecal ash measu red from 

October 1 983  to August 1 9 8 4 . 

The Correl ation Between Percentage of  Faecal Ash­

Per centage of Acid  Insolub l e  R e s i due 

In Table XV I I  the correlation of the percent age of  faecal ash­

percent age of a c i d  i n soluble residue for the samples coll ected on the 

Pohangina farm is recorded . The cor relation coeff i c i e n t  was 0 . 9 4 0  

a n d  the var i an c e  was 97 . 0% .  The mean d i ffer ence in the percent age of  

faecal  ash and the percentage of  acid  i n soluble residue was 1 0 . 1 % .  

Obs e r v at i ons on the Erupt i o n  Times o f  the Central 

Permanent Inc i sors 

The dates of  erupt i on o f  the c e n t r al permanent i n c i sor teeth of 

1 00 hoggets gr a zed on the Pohan g i n a  farm are  g i ven in  Tab l e  XVI I I .  

The first observation was on 2 1  October 1 9 83  at wh i ch t i me 2 %  of the 

central permane n t  i n c i sors had erupted . The l ast sheep was observed 

with erupted central permanent i n c i so r s  on the 25 January 1 9 8 4  v i s i t . 

I f  day one i s  the first  day of  l amb i ng , the mean eruption t i me from 

that date was 454 days . 

The Wear of  the Central  Permanent Inc i sors 

The rate of  wear of the centr a l  permanent i n c i sors has been 

recorded i n  Tabl e XIX . The est i mated mean dai l y  tooth wear was 

from measur ements taken from 25  > . 00 1 4 77cm . This  est i mate was 

January 1 9 8 4  to  26  February 1 98 5  • 



Tabl e  XVI : The percent age of faecal ash of  f a ecal samples collected 

from Octobe r  1 9 83 to September 1 9 8 4  on the Pohangina 

farm with mean and  standard devi a t i on .  

11 2 1 - 1 0  4 - 1 1 1 8- 1 1 2- 1 2  2 1 - 1 2  2- 1 25-1  

1 9 83  1 9 83 1 9 83  1 9 83 1 9 8 3  1 9 8 4  1 9 8 4  

1 8 . 0  1 9 . 0  25 . 5  20 . 0  1 8 . 0  1 6 . 0  1 9 . 5  

2 2 3 . 0  20 . 0  1 9 . 0  1 8 . 5  2 0 . 0  20 . 0  2 1 . 5  

3 2 1 . 0  1 9 . 0  1 8 . 5  23 . 5  22 . 0  1 7 . 5  20 . 0  

4 2 1 . 0  22 . 0  1 8 . 5  1 8 . 5  25 . 0  1 8 . 0  22 . 0  

5 20 . 5  1 8 . 0  22 . 0  22 . 0  2 1 . 0  1 9 . 0  20 . 5  

6 2 1 . 0  20 . 0  20 . 5  2 1 . 5 1 8 . 5  1 8 . 0  22 . 0  

7 1 9 . 0  1 8 . 0  1 7 . 5 1 9 . 0  1 8 . 5  1 8 . 0  2 1 . 0  

8 22 . 0  N/A 1 9 . 0  1 8 . 5 2 1 . 0  2 1 . 0  22 . 0  

9 - 2 0 . 0  1 7 . 5  1 9 . 5  22 . 0  2 0 . 5  1 7 . 5  22 . 0  

1 0  1 9 . 0  22 . 0  1 8 . 0  2 1 . 0  1 6 . 5  1 7 . 0  2 1 . 0  

mean 20 . 450 1 9 . 50 0  1 9 . 800 20 . 4 50  2 0 . 1 00 1 8 . 20 0  2 1 . 1 50 

st . d  1 .  499 1 1 .  6 5 8 3 2 . 3828 1 . 8020 2 . 4 0 1 4  1 . 45 6 8  . 9 1 4 3 9  

11 25-2 1 5-3  3-5 20-6 2 0-7 2 0-8 20-9 

1 9 84 1 9 8 4  1 9 84 1 98 4  1 9 84 1 98 4  1 9 84 

1 6 . 0  2 1 . 0  20 . 5  27 . 0  4 6 . 5  1 9 . 5  22 . 5  

2 20 . 5  2 8 . 0  1 8 . 5  28 . 5  5 2 . 0  1 9 . 5  1 7 . 5  

3 24 . 5  2 6 . 5 2 1 . 5  3 3 . 0  5 4 . 5  2 0 . 5 1 7 . 5  

4 2 1 . 0  2 0 . 5  23 . 0  26 . 0  4 1 . 5  1 9 . 0  1 9 . 0  

5 2 3 . 0  2 1 . 0  24 . 5  3 4 . 0  4 6 . 5  1 6 . 0  1 6 . 5  

6 1 7 . 0  2 3 . 0  1 8 . 5  25 . 5  4 8 . 0 1 5 . 5  1 9 . 0  

7 1 9 . 0  22 . 5  20 . 5 25 . 5  50 . 0  20 . 5  N / A  

8 1 8 . 5  2 1 . 5  2 1 . 0  3 1 . 5  5 4 . 5  2 2 . 0  N/A 

9 2 1 . 0  2 3 . 5  1 9 . 5  2 4 . 0  4 8 . 0  1 8 . 0  N / A  

1 0  2 0 . 5 2 1 . 0  1 7 . 5  25 . 0  4 5 . 5  1 6 . 0  N / A  

mean 20 . 1 00 2 2 . 850 20 . 5 0 0  28 . 0 0 0  4 8 . 700 1 8 . 650  1 8 . 66 7  

st . d  2 . 57 98 2 . 539 1  2 . 1 47 4  3 . 5 9 0 1 4 . 1 1 77 2 . 2 1 1 7  2 . 1 1 3 4 
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Table XVI I :  The corre l a t ion between the percentage of faecal 

and percentage of 

Pohang i n a  farm . 

11 % Faecal Ash 

2 1 . 0  

2 28 . 0  

3 26 . 5  

4 20 . 5  

5 2 1 . 0  

6 2 3 . 0  

7 22 . 5  

8 2 1 . 5  

9 2 3 . 5  

1 0  2 1 . 0  

1 1  20 . 5  

1 2  1 8 . 5 

1 3  2 1 . 5  

1 4  2 3 . 0  

1 5  2 4 . 5  

1 6  1 8 . 5  

1 7  20 . 5  

1 8  2 1 . 0  

1 9  1 9 . 5  

20 1 7 . 5  

Correlat i o n  = . 09 4 0  

Var i ance = 97 . 0% 

a c i d  i n soluble r e s i due on the 

% Ac i d  Insoluble Residue 

1 0 . 0  

1 7 . 0  

1 6 . 0  

1 2 . 0  

1 2 . 5  

1 2 . 5  

1 2 . 5  

1 3 . 0  

1 4 . 5  

1 0 . 0  

1 1 . 0 

8 . 5 

1 2 . 0 

1 2 . 0 

1 4 . 0  

9 . 0  

1 1 . 0  

1 0 . 0  

1 0 . 0  

8 . 0  

78 
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Tab l e  XVI I I :  The eruption o f  central permanent i n c i so r s  of 1 00 

hoggets on t h e  Pohang i n a  f a r m  w i t h  t h e  f i rst d a y  

of l amb i n g  day one . 

Date Days % E r upted 

2 1 - 1 0�83 423 2 

4 - 1 1 -83  437 27  

1 8- 1 1 -83 45 1 4 6  

2- 1 2-83 465 74  

2 1 - 1 2-83 484 92 

2- 1 - 8 4  499 95  

25- 1 -84 5 1 9  1 00 

Mean Eruption = 454 days 
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Tabl e XIX : Tooth wear i n  c m  on t h e  Pohangina farm with the mean 

wear and mean d a i l y  wear c a l cul ated . 

11 2-1 2-83 25- 1 -84 6-3-84 25- 1 -84 

to  to  to  to 

25- 1 -84  6-3-84 7-6-84 26-2-85 

6 . 0 9 

1 6  0 1 1  . 52 

7 4  . 09 0 0 1 9  . 7 1  

1 76 . 06 . 0 4 . 0 6 . 54 

200  0 1 3  0 0 1 9  0 6 1  

2 1 8  . 07 . 0 5 0 09 . 65 

276 0 1 0  . 08 0 1 0  . 47 

282 . 04 . 0 8 0 1 1  

4 9 3  . 0 8 . 0 6 0 08 . 50 

5 1 4  - 0 1 3  0 04 0 20 > . 77 

525 . 0 9 0 03 0 24 > . 7 8 

54 1 . 09 0 0 1  0 1 0  

6 1 0  0 06 

6 4 6  0 1 5  

657 0 20 0 67 

665 . 06 0 03 . 25 . 4 9 

69 1 . 4 4 

1 0 88 0 24 . 0 1  . 09 0 8 1  

1 095  0 1 4  . 02 0 1 9  0 60 

1 1 53  0 20 . 02 . 08 . 39 

1 1 68 0 28 . 0 1 . 20 

1 4 32 0 1 4  . 4 3 

mean 

wear . 1 2222 . 03200 . 1 4000 > . 58625 

mean 

d ai l y  . 00277 . 000780 . 00 1 5 05 > . 00 1 4 77 

wear 
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( 4 ) The Ranui Farm 

The Percentage of  Faecal Ash 

In Table XX the percent age of faec a l  ash from the samples 

col l ected on  the Ranui farm i s  recorded . The mean percentage and  

standard dev i a t i o n s  for each set  of data a r e  a l so recorded . F i gu re 

1 6  i s  a graph showing the percentage of  faecal ash measured from 

October 1 9 83  to Au gust 1 9 84 . 

The Cor r e l at i on Between Percent age o f  Faecal Ash­

Per centage of Acid  Insoluble R e s idue 

I n  Table XXI  the corre l at i on o f  the percentage of  faecal a sh­

per centage of  a c i d  insoluble resi due for the sampl es col lected o n  the 

Ranui  farm is r ecorded . The co r r e l a t i on coe ffi cient was 0 . 9 5 1  and 

the v ar i ance was 97 . 5% .  The mean d i fference in the percentage of 

fae c a l  ash and the per centage of ac i d  i n soluble resi due was 8 . 5 % .  

Observat ions on the Erupt i o n  T i mes of  t h e  Central 

Permanent Inci sors  

The dates o f  erupt ion o f  the c e n t r a l  permanent inci sor teeth o f  

1 00 hoggets g r a zed on t h e  Ranu i f a r m  a r e  g i ven i n  Table XX I I . The 

f i r s t  obser v a t i o n  was on 1 7  October 1 9 83  at whi c h  t i me 5% o f  the 

central perma n e n t  i nc i so r s  had erupted . The l a s t  sheep was observed 

with erupted central permanent i nc i so r s  on the 27 Februar y , 1 9 8 4  

v i s i t .  I f  d a y  o n e  i s  the f i r s t  d a y  o f  l amb i n g ,  the mean e r uption 

t i me from that d ate was 4 5 5  days . 

The Wear of  the Central  Permanent Inc i sors  

The rate o f  wear o f  the central  permanent i n c i sors h a s  been 

recorded i n  Tabl e XXI I I . The est i mated mean d a i l y  tooth wear was 

> . 00 1 63 0cm . This  est i mate was from measurements taken f r om 23 

January 1 9 8 4  t o  1 9  March 1 9 85 . 



Tabl e XX : The percentage o f  faecal  ash of faecal samples  col l ected 

from October 1 9 8 3  to August 1 9 84 on the Ranui farm w i th 

mean and standard deviat i o n . 

11 3 1 - 1 0  1 4- 1 1 2 8- 1 1 1 2- 1 2  26- 1 2  9- 1 27- 1 

1 9 83 1 9 83 1 9 83  1 9 8 3  1 983  1 9 8 4  1 9 8 4  

22 . 0  26 . 5  24 . 0  2 1 . 0  1 8 . 5  20 . 0  1 8 . 5  

2 29 . 5  25 . 0  28 . 5  24 . 5  1 7 . 0  1 8 . 0 1 6 . 5  

3 37 . 0  2 1 . 5  24 . 0  25 . 0  1 7 . 5  1 9 . 5  1 5 . 5  

4 3 1 . 0  26 . 0  23 . 5  27 . 5  2 1 . 0  21 . 5  1 6 . 5  

5 37 . 5  20 . 5  25 . 5  2 3 . 5  1 7 . 0  21 . 0  1 7 . 5  

6 3 1 . 0  22 . 0  20 . 5  2 3 . 0  1 8 . 0  1 7 . 5  20 . 5  

7 32 . 5  25 . 0  22 . 5  2 3 . 0  1 6 . 5  1 7 . 5 1 8 . 0  

8 30 . 0  2 3 . 0 2 1 . 0  2 3 . 5  1 5 . 0  1 9 . 0  1 9 . 0  

9 26 . 5  22 . 5  22 . 5  1 7 . 0  1 6 . 0  1 8 . 0  1 7 . 0  

1 0  3 1 . 5  23 . 0  25 . 5  2 4 . 0  23 . 0  23 . 5  1 7 . 0  

mean 30 . 85 0  2 3 . 500 2 3 . 750  2 3 . 200 1 7 . 950 1 9 . 5 50 1 7 . 600 

st . d  4 . 5 3 4 1 2 . 0 1 3 8 2 . 3600 2 . 7 4 0 6  2 . 3973 2 . 3973 1 . 44 9 1  

11 27-2 20-3 1 6-4 3 0-5 20-6 20-7 20-8 

1 9 84 1 9 84 1 984 1 9 8 4  1 98 4  1 9 84 1 9 8 4  

1 9 . 5  1 5 . 0  20 . 0  2 1 . 5  27 . 0  1 9 . 0  22 . 0  

2 1 7 . 5 20 . 5  20 . 0  2 8 . 0  6 1 . 0  1 9 . 5  2 1 . 0  

3 1 5 . 5  2 3 . 0  22 . 5  2 6 . 5  34 . 0  2 1 . 5  1 8 . 5  

4 1 7 . 5 26 . 5  1 8 . 0  2 3 . 5  4 8 . 0  2 1 . 5  5 4 . 5  

5 1 7 . 0 1 9 . 5  20 . 0  3 3 . 0  32 . 0  20 . 5  29 . 0  

6 1 5 . 5  1 7 . 0  2 2 . 0 2 6 . 5  4 0 . 5  2 1 . 5  1 9 . 0  

7 1 8 . 5  1 9 . 0  20 . 0  3 3 . 5  2 9 . 5  20 . 0  3 1 . 0  

8 1 9 . 5  1 7 . 5 20 . 5  2 2 . 5  3 1 . 0  2 1 . 0  1 9 . 5  

9 1 5 . 5  1 7 . 5 23 . 0  2 8 . 0  5 4 . 5  22 . 0  32 . 0  

1 0  1 7 . 5  23 . 0  22 . 0  3 3 . 0  4 9 . 5  26 . 5  3 9 . 0  

mean 1 7 . 35 0  1 9 . 85 0  20 . 800 2 7 . 600 4 0 . 700 2 1 . 3 0 0  28 . 550  

st . d  1 .  5 2 8 4  3 . 4 6 4 5  1 . 53 1 2  4 . 4209 1 1 .  837 2 . 07 1 0  1 1 . 42 5  
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Tabl e  XXI : The correl a t i on b etween the percentage o f  faecal ash and 

per centage of ac i d  i nsoluble resi due on  the Ranu i farrr . 

11 % Faecal Ash % Ac i d  Insoluble Resi due 

1 5 . 0  9 . 0 

2 20 . 5  1 2 . 5 

3 2 3 . 0  1 5 . 0  

4 26 . 5  1 5 . 5  

5 1 7 . 0  8 . 0 

6 1 9 . 0  1 2 . 0 

7 1 7 . 5  1 1 . 5 

8 1 7 . 5  1 0 . 5  

9 2 3 . 0  1 5 . 5  

1 0  2 0 . 0  1 1 .  0 

1 1  22 . 5  1 2 . 0  

1 2  1 8 . 0  1 0 . 5  

1 3  20 . 0  1 1 .  0 

1 4  22 . 0  1 1 . 5 

1 5  20 . 0  1 0 . 5  

1 6  20 . 5  1 1 . 0 

1 7  2 3 . 0  1 3 . 0  

1 8  22 . 0  1 1 . 5 

1 9  2 1 . 5  1 4 . 5  

2 0  28 . 0  2 0 . 5  

2 1  26 . 5  1 7 . 5  

2 2  23 . 5  1 3 . 5  

2 3  3 3 . 0  2 4 . 5  

2 4  26 . 5  1 9 . 5  

2 5  22 . 5  1 5 . 0  

2 6  28 . 0  1 9 . 0  

27  3 3 . 0  2 4 . 0  

Correl ation = 0 . 95 1  

Var i ance = 97 . 5% 
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Table XXI I :  The e ruption of  central  permanent i n c i sors  of 1 00 

hogge t s  on the R a n u i  farm w i t h  the f i r s t  d ay of  

lamb i n g  day one . 

Date Days % Erupted 

1 7- 1 0-83 4 1 2  5 

3 1 - 1 0 -83 4 2 6  1 2  

1 4- 1 1 -83 4 4 0  2 3  

28- 1 1 -83  4 5 4  4 9  

1 2- 1 2-83 4 6 8  6 8  

26- 1 2-83 4 82 7 9  

9- 1 -84 4 9 6  8 9  

23- 1 -84 5 1 0  9 4  

1 3-2-84 5 3 1 9 8  

27-2-84 5 4 5  1 00 

Mean Eruption = 4 5 5  days 

85 



Tabl e XX I I I : Tooth wear i n  cm on the R anu i farm with the mean 

wear and mean d a i l y  wear calculated . 

11 1 4- 1 1 1 2- 1 2  23- 1 27-2 1 6-4 23- 1 

1 9 83- 1 9 8 3 - 1 98 4 - 1 9 84- 1 9 84- 1 9 84-

1 2- 1 2  23- 1 27-2 1 6-4 30-5 1 9-3 

1 9 83 1 9 8 4  1 98 4  1 98 4  1 984 1 9 85 

0024 . 05 • 07 • 06 

0076 • 0 4  . 0 6 • 0 1  • 04 • 04 . 70 

0 1 0 5 . 05 . 06 • 04 • 1 1  • 03 . 73 

0 1 1 8  • 04 • 07 . 09 • 1 0  • 06 

0 1 8 8 • 04 • 04 • 05 • 07 • 09 . 80 

0208 • 02 . 07 . 03 • 1 1  • 05 . 7 1 

027 1 • 1 1  . 09 . 09 • 1 0  • 09 . 69 

0280 . 06 . 0 4 . 03 . 08 • 05 . 6 3 

0283 • 05 . 0 2 . 02 . 02 . 04 . 54 

0302 • 07 . 07 . 08 . 07 . 06 

0362 • 05 . 05 • 07 . 06 . 06 

0 3 9 1 • 05 . 0 4 . 06 . 0 8 . 04 

0 4 4 4  . 06 . 02 • 0 1  . 02 • 1 1  

0536 + . 0 1 • 0 4  . 0 6 . 0 1 0 . 76 

057 1 • 03 • 02 . 05 . 05 . 05 . 53 

068 1 • 0 1  • 1 1  • 0 4  . 05 . 05 • 8 1  

0684 . 04 • 03 . 02 . 08 . 0 1 • 6 1  

0703 • 04 • 04 . 02 . 08 . 06 . 7 1  

07 8 4  . 03 . 08 . 04 . 07 . 08 

08 1 0  . 02 • 0 4  . 02 . 04 . 06 

mean 

wear . 04250 . 05 3 0 0  . 04 4 5  . 06 5 2  . 05722 > 0 . 6 8 5  

mean 

d a i l y  . 00 1 52 . 00 1 26 . 00 1 27 . 00 1 33 . 00 0 9 5  > . 00 1 63 

wear 
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( 5 ) The Motukai Farm 

The Percentage of Faecal Ash 

In Tab l e  XXIV the percentage o f  faecal ash from the samp les 

collected on  the Motukai farm is  recorded . The mean perc entage and  

standard d e v i ations  for  each set o f  data are a l so recorded . F i gu r e  

1 7  i s  a g r aph show i n g  the per centage o f  faecal ash measured from 

October 1 98 3  to August 1 9 84 . 

The Cor r e l a t i on Between Percentage o f  Faecal Ash­

Percentage o f  Ac i d  Insoluble Resi due 

In Table XXV the correl a t i on of the percentage o f  faecal ash­

percentage of ac i d  i n sol ubl e r e s i d u e  for the s amples c o l l ected on the 

Motuk ai  farm is reco rded . The c o r relat ion coeffi c ient was 0 . 90 9  and 

the var i an ce was 95 . 3 � .  The mean d i fference i n  the p e rcentage of  

faecal  ash and  the percentage o f  a c i d  i nsoluble resi due was 7 . 4 � .  

Obser v a t i ons on the Erupt ion Times of  the Cen t r a l  

Permanent Inci sor s 

The dates o f  eruption o f  the central  pe rmanent i n c i sor teeth o f  

1 00 hoggets grazed o n  the Mot uk a i  farm are g i ven in  Table XXVI . The 

f i r s t  observation was on 1 7  October 1 9 83 at which t i me 1 0� of  the 

cent r a l  permanent i nc i so r s  had erupted . The last sheep was obser ved 

with erupted cen t r a l  permanent i nc i so r s  on  the 27 Januar y  1 9 84 v i s i t .  

I f  d a y  one i s  the f i rst d a y  o f  l amb i n g , the mean erupt i on t i me from 

that d a t e  was 442 days . 

The Wear of the Cen t r al Permanent Inc i sors  

The r ate of  wear  of  the cen t r a l  permanent i n c i sors  h a s  been 

recorded in Tab l e  XXVI I .  The e s t i mated mean d a i l y  tooth wear was 

> . 00 1 7 1 5cm . Thi s  estimate was from measurements t aken from 23 

Jan u a r y  1 984  to 28 Febr u a r y  1 9 85 . 



Tabl e XX I V :  The percentage o f  faecal ash of faecal samples 

col l ected from October 1 9 8 3  to August 1 9 84 on . h e  

Motukai  farm w i th mean and  standard d e v iation . 

11 1 7- 1 0 3 1 - 1 0  1 4- 1 1 28- 1 1 1 2- 1 2  26- 1 2  9 - 1  

1 9 83 1 9 83 1 9 83  1 9 83  1 983  1 983 1 98 4  

30 . 0  1 9 . 0  22 . 0  23 . 0  1 7 . 0  1 5 . 5  1 7 . 5  

2 24 . 0  20 . 5  20 . 5  1 4 . 5  1 6 . 5  17 . 0  1 5 . 5  

3 4 4 . 0  28 . 5  1 8 . 0  N/A 1 7 . 5 1 5 . 5  1 6 . 0  

4 46 . 0  1 8 . 0  1 7 . 0  20 . 0  1 8 . 0  1 6 . 0  1 7 . 0  

5 39 . 0  1 9 . 5  1 6 . 0  1 3 . 5  1 6 . 0  1 7 . 0  1 6 . 0  

6 33 . 0  1 8 . 5 1 5 . 5  1 6 . 0 1 6 . 0  1 5 . 0  1 4 . 5  

7 43 . 5  2 1 . 0  1 6 . 0  1 5 . 0  1 5 . 5  1 5 . 5  1 6 . 0  

8 4 6 . 0  1 7 . 0  1 6 . 0  1 5 . 0  20 . 0  NIA 1 5 . 5  

9 .29 . 5 20 . 0  20 . 0  1 5 . 5  1 4 . 5  N/A 1 5 . 5  

1 0  23 . 0  1 9 . 0  1 5 . 5  1 6 . 0  1 7 . 0  N/A 1 3 . 5  

mean 35 . 800 20 . 1 0 0 1 7 . 650 1 6 . 5 0 0  1 6 . 80 0  1 5 . 929 1 5 . 70 0  

st . d  9 . 0060 3 . 1 7 80 2 . 3694 3 . 03 1 1  1 . 5 1 2 9 . 7 8680 1 . 1 35 3  

11 27- 1 27-2 1 6-4 3 0-5 20-6 20-7 2 0-8 

1 9 84 1 9 84 1 9 84 1 9 8 4  1 9 84 1 98 4  1 9 84 

1 6 . 0  1 6 . 5  1 6 . 5  1 9 . 5  3 0 . 5  4 1 . 0  2 5 . 0  

2 2 1 . 0  1 5 . 0  1 7 . 5  2 7 . 5  4 3 . 5  6 1 . 0  24 . 5  

3 24 . 0  1 6 . 0  22 . 5  2 5 . 5  3 3 . 5  3 8 . 0  27 . 5  

4 20 . 5  1 4 . 0  1 9 . 5  25 . 5  3 5 . 0  4 7 . 0  23 . 0  

5 1 8 . 0  1 5 . 0  2 1 . 5  2 1 . 5  3 1 . 5  36 . 0  2 1 . 0  

6 22 . 5  1 5 . 5  1 7  . o  2 5 . 5  3 3 . 0  55 . 0  27 . 5  

7 1 9 . 5  1 6 . 0  20 . 0  1 9 . 5  3 1 . 0  35 . 5  2 9 . 0  

8 1 6 . 5  1 5 . 5  22 . 0  25 . 5  3 3 . 0  27 . 0  23 . 5  

9 1 7 . 5  1 5 . 0  1 7 . 5  1 9 . 5  3 8 . 5  3 1 . 0  24 . 5  

1 0  24 . 5  1 6 . 0  20 . 0  2 0 . 5  3 1 . 0  3 9 . 5  20 . 0  

mean 20 . 00 0  1 5 . 45 0  1 9 . 4 0 0  2 3 . 000 3 4 . 050 4 1 . 1 00 24 . 5 5 0  

st . d  3 . 027 6 . 72457  2 .  1 83 3  3 . 1 7 1 0  4 . 0855  1 0 . 5 1 1 2 . 87 1 8  
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Table XXV : The corr e l a t i o n  between the percentage of faecal ash 

and percentage of a c i d  i n s oluble r e s i due on the 

Motukai farm . 

11 % Faec al  Ash % Acid Insol ubl e Res i due 

1 6 . 5  1 0 . 0  

2 1 7 . 5  1 0 . 5  

3 22 . 5  1 4 . 0  

4 1 9 . 5  1 2 . 5  

5 2 1 . 5  1 1 .  5 

6 1 7 . 0  9 . 0  

7 20 . 0  1 2 . 5  

8 22 . 0  1 2 . 5  

9 1 7 . 5  9 . 0  

1 0  20 . 0  1 2 . 0  

1 1  1 9 . 5  1 3 . 5  

1 2  27 . 5  2 0 . 5  

1 3  25 . 5  1 6 . 0  

1 4  25 . 5  1 9 . 5  

1 5  2 1 . 5  1 5 . 0  

1 6  25 . 5  1 7  . o  
1 7  1 9 . 5  1 4 . 5  

1 8  25 . 5  2 0 . 0  

1 9  1 9 . 5  1 2 . 0  

20 20 . 5  1 5 . 0  

Correl ation  = 0 . 90 9  

Var i ance = 95 . 3% 
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Tab l e  XXV I :  The erupt ion o f  central permanent i nc i sors  of  1 00 

hoggets on the Motukai farm with the f i r s t  d ay o f  

l amb i ng day one . 

Date Days % E rupted 

1 7- 1 0�83 4 1 2  1 0  

3 1 - 1 0-83 4 2 6  24  

1 4- 1 1 -83 4 4 0  4 6  

28- 1 1 -83 4 5 4  6 5  

1 2- 1 2-83 4 6 8  7 8  

26- 1 2-83 4 8 2  9 0  

9 - 1 -84 4 9 6  97 

2 3- 1 -84 5 1 0  1 0 0 

Mean Eruption  = 442 days 



Tab l e  XXV I I : Tooth wear i n  cm on the Motuka i  farm with the mean 

wear and mean d a i l y  wear calcu l at e d . 

11 28- 1 1 -83  23- 1 -8 4  27-2- 8 4  23- 1 -84 

to to to to 

23- 1 -84 27-2-84 1 6-4-84  28-2-85 

20 1 . 06 • 04 • 02 . 59 

208 • 03 0 • 0 3  

2 1 0  . 03 + . 0 1  • 08 • 65 

22 1 . 02 0 . 04 • 65 

222 . 05 • 0 1  • 0 8  > . 70 

223 . 04 • 04 • 03 • 64 

234 + . 0 1 • 0 1  • 02 • 5 1  

235 . 09 0 • 06 > . 7 0 

246  . 09 • 0 1  • 02 

257 . 03 + . 0 1  • 0 3  

259 . 08 • 04 • 1 1  > . 87 

264 . 07 • 0 1  . 09 > . 88 

265 . 09 . 03 • 04  • 52 

274  . 09 • 02 . 06 

277 • 07 • 04 . 0 6 > . 80 

282 • 0 1  • 07 • 0 1  . 55 

285 . 05 0 . 08 • 55 

287 . 04 • 06 . 03 

288  . 1 0 • 0 1  . 08 > 1 . 02 

289 . 06 . 03 . 03 

mean 

wear . 05 4 5  . 0200 . 0 5 0 0  > . 68786 

mean 

d a i l y  . 00 0 9 5 6  . 00057 1 . 00 0 9 4 3  > . 00 1 7 1 5  

wear 
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DISC USSION OF FARM TRIALS 

The Percentage of  Faecal Ash 

In  Table XXV I I I  the mean percentage of faecal ash for the 

samples collected f rom a l l  the farms over appro x i mate l y  one year a r e  

compa red . The data  from the R i v erside f a r m  does n o t  i nclude  the 

samples col l ected over the w i nter months as these were i nadvert a n t l y  

destroyed . The degree of  tooth wear i s  a l s o  recorded i n  t h i s  t a bl e .  

There are several  str i k i n g  di ffe r e n c e s  i n  this data . F i r s t l y ,  

a t  a 1 %  level the Tangimoana farm h a d  a s i gn i f icantly  h i gher 

percentage of faecal  ash than any of  the other farms and i t  had the 

lowest rate of  i n c i sor  wear . Thi s  farm a l so had  the lowest s t o c k i n g  

r a t e  w i t h  1 0  su/ha . Conversely  the lowes t  percent age of  f a e c a l  a s h  

was measured i n  the samples from t h e  R i v e r s i d e  farm wh ich was  a l so 

defi ned as a low tooth wear property . Al though the winter faecal  

samples col lected on the R i verside  farm were  destroyed , the  o v er a l l  

percentage o f  fae c a l  ash a s  seen o n  F i gu r e  1 4  was low . It i s  a l so 

i mportant to note that the stocking  r a t e  on the R i verside  farm o f  1 4  

su/ha was one of  the h i ghest . 

Healy ( 1 9 6 9 ) has  shown previous l y  that the amount o f  s o i l  

i ngested i s  d i r e c t l y  i n f l uenced by  s o i l  type and stoc k i n g  r a t e . 

However i n  one t a b l e  of  this  r eport ( He a l y ,  1 9 69 ) there was v i r tu a l l y  

n o  d i f ference i n  t h e  amount of  s o i l  i n g e s t ed between sheep g r a zed a t  

3 . 6  su/ac . a n d  sheep grazed at 1 0 . 7  su/ac . ,  a vast d i fference i n  

stocking rate . I f  Heal y ' s  results a s  j u s t  described a r e  compared 

with the present results from the two " low wea r "  farms a s i m i l ar 

e x c eption to h i s  general hypothes i s  i s  noted . Sheep a t  the l ower 

stocking rate ( 1 0 su /ha . )  i ngested l arge quan t i t i es of s o i l  and 

sheep at the h i gh e r  s tock i n g  rate ( 1 4  su /ha . )  i ngested s ma l l e r  

qua n t i ties o f  s o i l .  Thes e  except i o n s  to t h e  general statement o f  

Hea l y  ( 1 9 69 ) s u g g e s t  t h a t  t h e  relationsh i p  between soi l  i ng e s t i o n  t o  
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soil  t ype and stocking r ate and s o i l  i ngestion to  tooth wear may not 

always be as h i gh l y  cor r e l a t e d  as previously con s i de r ed . Further the 

ent i re abrasion theo r y  ( He a l y  & Ludwi g ,  1 9 65 ) i s  based on the premise 

that because sheep ingest l a r ge amounts of  soil during the winter 

mon ths and the major i t y  o f  tooth wear occurs at that t i me of  the 

year , then i nc i sors  must wear by the abras i ve action of  the i ngested 

soi l  between the occlusal  surfaces and the upper dental pad . 

Althou gh the general r e l a t i onship between the amount of soil  i ngested 

and the rate of tooth wear is recogni zed the ex ceptions in the 

current  study encourage fu rther i n vest i gation . 

A second observ ation o f  i n terest was that on the h i gh wear farms 

the average annual percentage of  faecal  ash was very s i m i l a r . In 

each case it was lower than the l e vels  recorded on the Tan g i moana 

farm . I t  may be argued that the soil i n gested on the Tangimoan a  farm 

was not as abr a s i ve as that from the four " h i gh wear " farms but i n  

fact � the soi l  o n  th i s  farm was of  a n  abras i ve n ature being sandy i n  

type . 

In all  cases there was a s i gn i fi cant i n crease i n  soi l i ngested 

d u r i ng the winter months wh i ch was s i m i l ar to previ ous reports ( Healy 

& Ludwi g ,  1 9 6 5 ) .  Th i s  h i gh level o f  s o i l  i ngest ion coinci ded w i th 

the months of  the year Jun e , Ju l y ,  August and Sept ember when there 

was a h i gh r eported loss of  tooth substance . 

The Cor r e l ation Betwee n  Percentage of  Faecal Ash­

Percentage of Acid  Insoluble R e s i due 

Table XXIX presents the mean percentage d i fference between 

faecal  ash and ac i d  i n soluble r e s i due from the faecal samples 

c o l l ected from the var i ou s  farms i n  th i s  i nvesti gat ion . The 

d i f ferences between the two were sma l l  and con s i s tent for a l l  the 

samples . I t  wou ld appear that ei ther the percentage o f  faecal ash or 

the percentage of a c i d  i nsoluble r e s i due cou l d  be used as  an 

i n d i c ator for soi l i ngest i on . Further i f  the results from t h i s  

i n vesti gat ion were compar e d  t o  those from other s tudies  whi c h  used 
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acid  i n soluble r e s i due as a measure o f  i n ge sted soil  then the val ues 

from th i s  table should be  subtr acted from the percentage of  faecal  

ash . 

Table XXVI I I : A comp a r i son of  the mean percentage of  faecal ash for 

appr o x i mately one year from the s i x  farms i ncluded 

in  th i s  investi gation with r e l at i ve tooth wear statu s . 

Farm Mean % Degree Dates 

Faecal Ash of Wear 

Tan g i moana 2 8 . 5  Sl i ght Oct . 1 983-Sept . 1 9 84 

R i v e r :& i d e  1 8 . 8  Sl i ght Oct . 1 983-May 1 98 4  

Pohangina 22 . 7  Severe Oct . 1 98 3-Au g . 1 98 4  

Ranui  2 3 . 8  Severe Oct . 1 9 8 3-Au g . 1 9 84 

Motukai 22 . 6  Severe Oct . 1 983-Aug . 1 984  

Wai p ukurau 22 . 4  Severe Sept . 1 983-Sept . 1 984  

The Erupt i on Times of Central Permanent I n c i so r s  

In Table X X X  t h e  record s  are presented for the mean erupt i on 

t i mes of the c e n t r a l  permanent i n c i sors of  the sheep observed o n  the 

s i x  farms i nvol v e d  in this i nves t i ga t i on . Thi s  i n formation h a s  some 

l i mitat ions as  the i n d i v idual  bi rth d a t e  of  each s heep was not known 

accurately and could o n l y  be e s t i mated . The teeth o f  the sheep on 

the Wai puku rau and  the Motukai farms had the ear l i est mean erupt i on 

t i mes whi l e  sheep on the Tangimoana farm had the l atest mean erupt i on 

t i me .  On the other three farms at R i ve r s i d e , Pohangina and Ranu i a l l  



Tab l e  XX I X :  A compari son of  the mean perc en tage d i fference between 

fae c a l  ash and a c i d  i nsoluble residue from the s i x  

farms i n  th i s  i n v es t i ga t i on . 

Farm Mean % Di f fe re n ce 

Tan g i moana 7 . 3  

R i ve r s i de 9 . 4  

Poh a n g i n a  1 0 . 1 

Ranui  8 . 7  

Mot u k a i  7 . 4  

Wai pukurau 8 . 0  
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sheep had nea r l y  i d e n t i c a l  mean erupt i o n  t i mes for the i r  central 

permanent i n c i sors . No c l e ar con c l u s ion could be d r awn from t h i s  

data  other t h a n  there appe ared to b e  l i tt l e  correlation between 

s e v e r i t y  of wear and central  permanent  i n c i sor erupt i on t i me .  Th i s  

was s im i l ar t o  other research o n  t h i s  subject ( Meyer e t  a l . ,  1 983 ) .  

Hoggets o n  the Waipuku r au farm had the e a r l i est mean e rupt ion 

t i me and e x pe r i enced severe deter iorat i on of the d e c i duous i n c i sor s . 

Thi s  was of i nterest s i nc e  the nutr i t i o n  on thi s  farm had been poor 

as a result of the drought . However on the Pohan g i na farm a converse 

s i tuation was observed . One hundred s even ram hoggets were observed 

to  have 36 . 4% o f  the cen t r a l  permanent i nci sors erupted . Th i s  was at 

the same t i me when ewe hoggets o f  the s ame age on thi s farm h a d  5% of 

the central permanent i n c i sors erupt e d . The r am hoggets a veraged > 

50kg and the ewe hoggets averaged < 3 8kg bod y we i ght . Al though the 
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Tab l e  XXX : The mean erupt i on time of the central permanent i n c i sors  

i n  hoggets on the s i x  farms i nvolved i n  thi s  

inves t i gation . 

Farm Days to Erup t i on 

Tan g i moana 4 6 6  

R i verside 4 5 4  

Pohangina 454  

Ranui  4 5 5  

Motukai 442 

Wai puku rau 4 3 9  

s e x  d i fferen ces i n  r a t e  of  g a i n  a n d  s i ze must be acknowled ged , the 

bod y cond i t i on of  the ram hoggets was noti ceably better than that of  

the ewe hoggets . Ewe hoggets on the Tangimoana farm however , were 

h i ghest i n  bod y wei ght of  any hoggets i nvolved i n  the study and  were 

the latest to  e rupt the i r  central permanent i nc i sor s . Al tho u gh the 

r e l ationshi p  of h i gh planes of  nut r i t ion to  early erupt ion has been 

r e cogni zed ( Coop & Clark , 1 955 ) the c o n fu s i n g  results i n  the current 

study suggest the pos s i b i l i t y  o f  other  factors invol ved i n  e rupt ion . 

Wear o f  t h e  Central Perman ent I n c i sors 

A compar i son o f  the mean d a i l y  tooth wear of the sheep on the 

s i x  farms i nv o l ved in th i s  inves t i g a t i o n  i s  g i ven i n  Tab l e  XXXI . On 

the two " low wear"  farms the  r ate o f  wear was ver y s im i l ar , w i th the 

teeth o f  the sheep on  R i verside farm ' wea r i n g  s l ight l y  faster than the 

teeth o f  the Tangi moana farm sheep . On the o ther four farms the r ate 



Table XXX I :  Cal culated d a i l y  wear i n  cm of centr a l  permanent 

i n c i sors in two-tooth ewes on the s i x  farms i n volved 

i n  this i n v e s t i gat ion . 

Farm Mean Dai l y  Wear Dates 

in cm 

Tang i moana . 00075 1 0  26-1 -84 to 1 2-2-85 

R i ver s i d e  . 00 0 8 1 5 3 3 0- 1 -8 4  to 2 8-2-85 

Pohan g i n a  . 00 1 4 7 7  25- 1 -8 4  t o  2 6-2-85 

R anui  . 00 1 6 3 0  2 3- 1 -84 to 1 9-3-85 

Motukai • 00 1 7 1 5  23-1 -84 to 2 8-2-8 5 

Waipukurau . 00 1 677 3 1 - 1 -84 to 2 2-2-85 

9 8  

o f  wear o f  the cent r a l  permanent i nc i sors w a s  s i milar i n  a l l  cases . 

Of  these four "high wear " farms the teeth o f  the Pohang i n a  farm sheep 

had the l owest wear a t  . 00 1 477cm per day and the teeth of  the Motuk a i  

farm sheep h a d  the greatest r a t e  o f  tooth w e a r  a t  . 00 1 7 1 7cm p e r  d a y .  

To be able t o  fu l l y  i nterpret the resul t s  o f • these measuremen t s  

of tooth wear of  central  permanent i n c i s o r s  o f  sheep on a l l  farms 

requ i res prior cons i d er at i on o f  the d i fferent ways in whi ch teeth may 

be affected . The newly erupted i n c i sors are  chi s e l -shaped with a 

tapered t i p . A wear facet develops at the t i p  o f  the tooth 

presumab l y  as the for c e s  which a ffect tooth wear begin to operat e .  

As the i nc i sor teeth d i minish i n  l en gth mor e  and more o f  i t s  b i t i n g  

surface i s  actu a l l y  contacting the dental pad . The rate of  wear o r  

l o s s  of  i n c i sor length i s  faster i n  newl y erupted teeth under s i m i l a r  
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wear ci rcumstan ces , than at a l a t e r  stage when a l arger contact 

sur face is exposed . Thi s l atter a ssumpt i on c an be deduced from 

research conducted at Wa l l acev i l l e  R e search Laborator y by E r a smuson 

( 1 9 83 ) i n  wh i c h  a mechan i ca l  dev i ce w a s  used to test and measure 

rates of abr a s ion  in d i fferent teeth . Virtua l l y  the same amount o f  

tooth substance was abraded under s i mi l ar abras i v e  t r i a l s  regardless  

of  the s i ze o f  the wear  s u r face . The r e fore i t  i s  l i kely that teeth 

w i th smal ler wear surfaces than other s  wou ld decrease i n  l e ngth more 

rap i d l y  than t eeth with l ar ger wear s u r faces when both are e x posed to 

the same abras i ve cond i t i o n s  for the s ame l en gth of t i me .  

From the e x pe r i ments whi ch were a imed a t  testi n g  the d i fferences 

i n  wear rate a t  d i fferent times of the year and when d i fferent 

amounts of  s o i l  had been i n gested some i nteres t i n g  p o i n t s  arose . 

These observat ions  were made from d a t a  points whi ch were d r i l l ed on 

the lab i a l  su r f ace of  the tooth near to the gum mar g i n  short l y  after 

the �ooth had erupted . Dur i ng the e a r l i er stages of  measurement the 

teeth were u nworn and had th i n  t i p s . These d ecreased in l e n gth as 

the biting  s u r face of  the teeth bevel led o f f . As a result  of  thi s 

v i rtual change i n  tooth conforma t i o n  the loss of  tooth l e n gth during  

the summer months appe ared greater t h an wou l d  have  been  e x pected . 

Thi s feature was p a r t i c u l ar l y  apparent i mmed iately fol l owi ng tooth 

erupt i o n  but in fact , the h i ghest r a t e  of  tooth wea r  d i d  occur during  

the winter  months when so i l  i nges t i o n  was  at i t s  h i ghest as was a l so 

reported by Healy and Ludwi g ( 1 9 65 ) .  

Frequen t l y  i t  was observed that the sheep on the " h i gh wear"  

farms showed sudden and r a p i d  loss  of  tooth substance . Thi s r a p i d  

l o s s  w a s  e i ther preceded o r  fol l owed by a pe r i od when v i rtual l y  no  

tooth wear  was  obser v ed . I t  was consi dered that thi s  phenomenon was 

probably a t t r i butable to the d e v e lopment of d emine r a l i zed thin t i p s  

o n  the i nc i sors whi ch m a y  h a ve b roken away r a ther erat i c a l l y  i nstead 

of wear i n g  a t  a regu l a r  r ate . E v i dence o f  th i s  phenomenon i s  

frequentl y s een i n  the teeth o f  sheep from high wear farms and had 

been r eported by other writers  ( Ba r n i coat , 1 957 ) . 
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A SUMMARY OF THE I MPORTANT FARM TRIAL OBSERVAT IONS 

The observa t i o n s  and i n v e s t i gations of sheep on the farms i n  

th i s  study led t o  the fol lowing conclusions : 

1 .  Enamel d e fects appear to be a s eparate probl em from tooth wear 

with an u n e x plained aetiology ; 

2 .  There a r e  c l i n i c a l  s i gns i nv o l v i ng tooth wear wh ich cannot be 

expla i n ed by abras i on ; 

3 .  A strong  cor rel a t i on e x i s t s  between s o i l  i n gestion and tooth wear 

on affected farms ; 

4 .  The i ngestion o f  so i l  on c e r t a i n  farms may be h i gh w i thout the 

occurrence of exces s i ve tooth wea r ; 

5 .  The r e  are farm v a r i ations i n  r elation to the i n fluence of  stock i n g  

rate on tooth wear . 

( 1 ) En amel De fects 

The aetiology of  the enamel defects could not be defi ned from 

the current  i nv e s t i gat ion . The t ime l apse between the d evelopment o f  

these problems and  the obs e r v ation o f  c l i n i c a l  s i gns c r eates a 

spec i a l  d i fficulty i n  the s t u d y  o f  th i s  cond i t i o n  and the 

ci rcumstances and factors l e ad i n g  to the occurrence of these probl ems 

may be r eversed by  the t i me of d i scovery of  the cond i t i on . However , 

the e f fects  of  the d rast i c  weather l e a d i n g  to severe feed shortages 

as seen i n  this s tudy and b y  Bruere et  a l . ( 1 97 9 )  suggest the 

pos s i b i l i ty of  an aeti ology of nutr i t i on a l  o r i g i n . 

The tooth wear probl em and  enamel d e fect problem appear to  be 

sep a r a t e  ent i t i e s  with d i ffe r e n t  aetiolog i e s . With the e xcept i o n  of 

the two cases o f  sheep with chaulky central permanent i n c i sors  

reco r d e d  in  Chapter  3 , t h e r e  was  a poor cor relat i on between tooth 

wear and the enamel d e fe c t s  as recorded in Table I I I . Both 

cond i t i on s  were seen on the Wai puku r au f arm with wear occur r i ng on  

centr a l  perman ent i nc i so r s  w i t h  and wi thout enamel d e fects and on  

dec i d uo u s  incisors  gros s l y  f r ee of  enamel  defect s . These a ffected 

dec i d uo u s  i n c i s o r s  developed b e fore the s e r i ous drough t . I t  i s  a l so 
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noteworthy that wear had been a s e r i ous problem o n  thi s farm pr ior  to 

the ci rcumstances lead i ng to the s e v e r e  en amel de fects . Fur ther the 

en amel defects obser ved on  the other " h igh wea r "  farms were of  a 

minor nature and few i n  number . Tooth wear occurred on these farms 

at a rapid r a t e . 

( 2 ) Unexpl a i ned C l i n i c a l  Signs 

Two obvious c l i n i c a l  s i gns whi ch cannot be e xpl a i n ed by  abrasion 

are the eros i on of  non-occ l u s a l  i n c i sor surfaces and the 

deminer a l i zed i n c i sor t i ps in shee p . Both of  the se e n t i t i e s  have 

been described pre vious l y  in  Chapters 3 and 4 and were observed in 

sheep on all of  the h i gh wear f arms in this investigat i on . The 

affected non-oc c l us a l  sur faces of i n c i sors  ( Fi g .  1 )  wou l d  s u ggest a n  

erosion of  en amel a n d  d e n t i n e  by  a n o n-abr as i ve factor . Further , the 

demi ner a l i z a t ion o f  i n c i sor tips i n d i cated contact o f  teeth with some 

substance capable of d i sso l v i n g  d ental appa t i te .  The weakened 

demine r a l i zed mat r i x  wou l d  then be suscept i b l e  to  the abr a s i ve a c t i on 

of soi l i nge sted or even the normal b i t i n g  o f  gr ass . 

( 3 ) The Corre l a t i o n  Between So i l  Inge s t i on and Tooth Wear 

The r e s u l ts from this i n v e s t i gation on those f arms w i th 

exces s i ve i nc i sor wear i n  sheep support the results from the resear ch 

by Hea l y  and  Ludw i g  ( 1 9 6 5 )  that showed the r ate of i n c i so r  wear to be 

greatest d u r i n g  the t i me of y e a r  when s o i l  inge s t i on was h i ghest . 

The invol vement o f  abr a s i ve forces i n  the loss  of occlusal  surfaces 

has been accepted for many years ( Ba r n i coat , 1 957 ) but the " me l t i n g "  

away o f  i n c i sor sur faces does n o t  f i t  t h e  c l i n i cal p i cture  of  wear by  

abras i o n . Although the conc l u s i o n  that the ingested s o i l  causes 

rap i d  wear of  i n c i sors  i n  sheep i s  a hypothe s i s  that is  d i ff i c u l t  to  

prove or  d i sprove , the evidence supports the i nvol vement o f  soi l  

i nges t i o n  i n  the tooth deter i o r a t i on prob l em . 
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( 4 ) H igh Soi l  I nge s t i on on Low Wear Farms 

The cons i stent f i nd i n g  o f  h i gh soi l i n gestion by the sheep on  

the Tan g i moana farm was of  considerable s i gni fi cance . The sheep o n  

thi s  f a r m  had a l o n g  h i story o f  low i n c i sor  wear wh i ch was confi rmed 

by measuremen ts of tooth length wear i n  this i nves ti gat ion . The 

inges t i on of  large quan t i t i es of soil with  l i tt l e  adverse effects on 

i n c i s o r  length appeared to contrad i c t  the bas i c  premise of the 

abras i on theo r y .  This result along with the c l i n i cal obser v a t i ons 

d i s cu s s ed prev ious l y  appea r ed to be a d equate jus t i fi cation for 

cons i d eration of  possible al tern a t i ve factors i nvol ved in t h i s  

probl em . I t  seemed appa rent that t h e  correlat ion between s o i l  

i n ge s t i on and r a t e  of  tooth wear i n  sheep i nvolved a non -abr a s i ve 

factor . The i n gest ion o f  l arge amou n t s  o f  soil  by sheep on  the 

Tang i moana farm wi thout adverse effects on  the i nc i sors of sheep 

cou l d  be expl a i n ed by  the lack of thi s factor in the s o i l . 

Con ve�e l y ,  the pr esence of  such a factor i n  s o i l  on h i gh wear f arms 

cou l d  expl a i n  the d i fferent e ffect on i n c i sors from s o i l  i ngested by 

sheep on these fa rms . 

( 5 ) Var i a t i on i n  Relati onship o f  Stocking Rate to Tooth Wear 

The relationship  of stocking r ate t o  tooth wear recogn i zed and 

reported by man y researchers ( Ba r n i c oa t , 1 957 ; Healy & Ludwi g ,  1 9 65 ; 

Arnold et al . , 1 9 66 ; Suckl ing , 1 97 5 ; Bi rcham et al . ,  1 9 8 1 ) i s  

central to the epidemiological cons i d er a t i ons in  t h i s  stud y .  

However , the r e s u l t s  from the R i v e r s i de f� rm o f  low tooth wear i n  

sheep o n  a farm with a h i gh stoc k i n g  rate led t o  con s i d erable 

question when compared to other f arms in th i s  i nvesti gation . 

A l t hough some understan d i ng may be found i n  the r e l a t i v e l y  recent 

i ntensi fi ca t i o n  of  thi s propert y ,  i t  appeared l i kely that other 

factors were i n volved . D i f ferences in the amount of s o i l  i ngested 

and  its r e l a t i onsh i p  to  soi l  t ype ( He a l y , 1 9 6 9 )  i s  one e x p l a n a t ion of 

thi s  occurren c e . However soi l i ng e s t i o n  on this farm was r e l a t i v e l y  

h i gh i n  October 1 9 83 . Ther e fore i t  a ppears l ikely t h a t  t h e r e  i s  

another way i n  whi c h  s o i l  type affect s  t h e  i n fluence of  stoc k i n g  r ate 
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on  tooth wear i n  sheep . 

There were many quest ions wh i c h  could not be answered by the 

gener a l l y  accepted proposed tooth wear mecha n i sms . Ther e fore a 

sea rch was i n s t i gated for another possible aet iology wh ich could 

s a t i sfy the c l i n i c a l  observati ons as  wel l as  the results of  t h i s  

i nves t i g at i on . 



CHAPTER 5 

SOLUBILI ZAT ION OF SHEEP ' S  TEETH 

1 04  

An  Alternative Hypothe s i s  on the Los s of  Tooth Substance 

INTRODUCTION 

The currently accepted aetiology for wh at has been te rmed " tooth 

wea r "  by abr a s i on in New Z eal and sheep has fa i l ed to s a t i s fy the 

c l i n i cal p i cture seen on  " h i gh wea r "  farms . Some of  the c l i n i c al 

s i gns i n vol v i n g  sheep i n c i sors obse r ved cons i stentl y on " h i gh wear" 

f arms ( Chapters 3 & 4 )  cou ld not be e x p l a i n ed by  abras i ve mechan i sms . 

The effects o f  the con d i t i on on both occlusal  and non-occlusal  

i n c i sor sur faces of  d e c i d uous and permanent teeth were documen ted . 

There was an obv ious " melting away" of the d e c iduous i n c i sors w i th 

the result i n g  vest i ge r e s embl ing a t i n y  rounded p ebbl e p r i o r  to i t s  

total d i s appearance ( Fi g .  2 ) . The vesti ge w a s  often w i thout a wear 

facet as it was affected on the ent i r e  ex posed s urface 

c ases did not even contact the upper d e n t a l  pad . 

and i n  some 

Further the 

t r ansparent t i ps observed on the central  permanent i n c i sors  of  sheep 

o n  " h i gh wear" farms i n d i cated the pos s i b l e  i nvol vement of  agents  

which were capable o f  d emineral i z i n g  teeth . In  a d d i t i on to the 

c l i n i c al observat ions  the trial  results  r e v e aled the h i ghest s o i l  

i ngestion on the farm e x pe r i en c i n g  t h e  l owest r a te o f  tooth wear and 

the lowest stocki n g  r a te .  Thi s  appeared t o  contr a d i ct the bas i c  

premi se o f  the " tooth wea r "  b y  abras i on theor y .  Therefore the 

i ncon s i s t e n c i es i n  the c l i n i c a l  p i c ture presen ted along w i th many o f  

the resu l t s  from the t r i al s  conducted o n  the f arms i n  t h i s  proj ect 

stimu lated a search for an a l t e r n a t i ve e x p l a n ation o f  th i s  prob l e m .  

Al though t h e  c l i n i cal  s i gn s  i n d i cate t h e  involvement o f  a 

non -abra s i ve agent , t h e  d i rect r e l at i on s h i p  between soi l i ngest i on 

and rate of  wear h a s  been r eported ( He a l y  & Ludwi g ,  1 9 65 ) and was 

observed in the c u r r e n t  t r i al s .  The i n fluence of  stocking rate on  
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tooth deter i orat ion h a s  a l so b e e n  r eported on  many occa s i ons 

( Barnicoat , 1 957 ; Arnold et  a l . ,  1 9 6 6 ;  Healy & Ludwi g ,  1 9 65 ; 

Suckl i n g , 1 975 ; Bi rcham et a l . ,  1 9 8 1 ) .  As a result i t  was fe l t  that 

other hypotheses should be propo s e d  wh i ch could sa t i s fy c r i ter i a  

d i ctated by  past r e s e arch , as  wel l as  c l i n i c a l  observat i o n s  and farm 

trial s .  Thus the p roposed h ypothesis  must involve aetiologi cal  

agents wh i c h  are p re sent in  the soi l ,  wh i ch are able to  d i ssolve 

tooth substance and wh ich are i n f l uenced by the stocki n g  r ate on the 

invol ved f a rm . 

HYPOTHESIS 

A complex ecol o g i cal system e x i s ts i nvol v i ng grazing  stock and 

so i l  m i c ro-organ i sms . These s o i l  mic robes are in  a dynamic state and 

they are i n fluenced by many e n v i ronment a l  factors . The number and 

mass � f  t hese m i c r o -organi sms f l uctuates w i th food suppl y ,  moi sture , 

temperatu re , pH and  other f a c tors ( Ouastel , 1 955 ) . Further i t  has 

been demonstrated that animal manure i s  an excellent source of  food 

for these organ i sms ( Seegerer , 1 95 3 ; R amaswami et a l . ,  1 979 ) . With 

the add i t i on of  these orga n i c  foods to so i l , there is a mar ked 

increase  in microbial  mass a n d  produc t i o n . A rel a t i ve i ncrease of 

act i n omycetes and fungi with a r e l at i ve decrease in bacter i a  a l so 

occurs ( Shepherd , 1 952 ; Pathak , 1 95 4 ) . Sheep d epos i t  m i l l i ons of  

k i l ogr ams of manure  and  urine o n  New Z e a l and farms annua l l y .  The 

h i gher the stocki n g  rate the greater the quan t i t y  depos i ted per 

hecta r e . 

S o i l  micro-organi sms produce a number of substances capab le o f  

solubi l i z ing cer t a i n  h i gh l y  i nsoluble m i nerals . These substances 

i n c l u d e  organi c  a c i d s  such a s  butyr i c , l a ct i c , acet i c ,  c i tr i c , oxal i c  

and fumar i c  ( Jensen , 1 9 1 7 ;  Waksman , 1 932 ; Muromtsev , 1 95 5 ; 

Ar i s to vaska j a , 1 95 6 ) . Thi s  solub i l i z i ng process c a n  occur i n  a c i d ,  

neu t r al or alka l i ne soi l  ( Muromtsev , 1 95 8 ) . Although some bac te r i a  

c a n  produce these substance s , acti nomycetes a n d  fung i  h a v e  been 

demo n str ated to be the mos t  effect i ve producers ( Rose , 1 95 4 ; 
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Muromtse v ,  1 958 ) . 

One of the h i gh l j  i nsolubl e miner a l s which can be d i ssol ved by 

th i s  process i s  phosphate rock ( Fred , 1 9 1 9 ;  Mu romtsev , 1 9 5 8 ; 

McCon n el l ,  1 97 3 ) . Thi s i s  the major way by  wh ich th i s  miner a l  is 

mad e avai lable to  plants when app l i ed as  a ferti l i zer  i n  th i s  form . 

Rock phosphate , tooth en amel and d e n t i n e  a r e  very s imi l a r  i n  chemi cal 

compo s i t i on and c r yst al l i ne structu re . They a l l  belong to  the 

mineral cl ass o f  apatite ( Gruner et a l . ,  1 9 37 ; Berry and Mason , 

1 959 ) and they c a n  all  be solubi l i zed b y  contact with organ i c  a c i d s  

( Ba r n i coat , 1 95 7 ; Muromtsev , 1 958 ) . 

It i s  hypothes i s ed that sheep i nc i sors contact these 

sol ubi l i z ing subs t ances present in the soil mic ro-en v i ronmen ts d u r i n g  

i n gestion of  l a rge amounts of  s o i l  a t  c e r t a i n  t i mes o f  t h e  year . 

Inc i sors are demineral i zed by these subs tances and the matr i x  easi l y  

broke� away . I t  i s  further suggested that mol a r s  are not affected as 

sal i va di lutes and neut r a l i zes the e ffects o f  these a gen t s . The 

hi gher the stock i ng rate and subsequent manure produ ction  the h i gher 

the concent r a t i o n  of the a ffect i n g substances and the more r a p i d  i s  

the effect o n  the i nc i sors . Ther efore sheep o n  farms with a l ow 

stocking ra te m i ght i nges t  l arge q u a n t i t i es o f  so i l  wi thout e x treme 

deter iorating e ffects to the i n c i sors . 

DEMONSTRAT IONS 

Several  l abor ato r y  d emon s t r a t i o n s  were per formed fol lowi n g  the 

development of th i s  hypothe s i s .  The purpose o f  these d emon strations  

was  to  a i d  in  v i sual i z i n g  what m i ght h appen d u r i n g  soi l -tooth contact 

as  sheep i ngest  soil d u r i n g  g r a z i n g . They a r e  presented purely as  

demonstrations  and  are not i ntended a s  s c i e n t i f i c  e v i d e nce . 
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Demonstration 1 

E i ght mi l l i l i te r s  of  s t e r i l e  Sabou r aud ' s  d e xtrose agar was 

l i qui f i ed in a water bath . One hal f m i l l i l i ter of  1 0 % K2HP04 was 

added to the med i a  fol lowed by one mi l l i l i ter  of  1 0 % CaCl 2 .  The 

insol uble prec i p i t ate CaHP04 formed i n  the med i a .  One mi l l i l i t e r  o f  

the med i a  with t h e  pre c i p i tate was placed on a ster i l e  micros cope 

s l i d e  and covered with a ster i le covers l i p .  The agar was a l lowed to 

sol i d i fy and the edge was then i noculated with Asper g i l l i s  n iger . 

The s l i de was then i ncubated at 28 C .  Within twenty-fou r  hours a 

c l e a r  area could be seen around the growi n g  colony as  solubi l i z i n g  

substances were p roduced by  the mic ro-o r gani sms a n d  t h e  prec i pi tate 

was d i ssol ved . F i gure 1 8  is a photograph of  the s l i d e . 

Demonstrat i o n  2 

Soi l  was c o l lected from a " low wea r "  farm ( Tangimoana farm , 

Feb . , 1 9 84 ) and from a "hi gh wea r "  farm ( Pohangina farm , Feb . , 1 9 84 ) .  

F i ve samples were taken from paddocks b e i ng grazed a t  f i ve separate 

locations on each farm . The f i ve samp l e s  from each farm were mi xed 

together thoroughly and f i l t ered through a 2 mm soi l s i eve . A sample 

o f  soil from the mix from each farm was wei ghed and d r i e d . The d r i ed 

s amples were then wei ghed and the actual  d r y  s o i l  equ i valents were 

determined for each far m .  F i ve d i l ut i ons were made with ster i l e  

water a t  1 : 1 0 ,  1 : 1 00 ,  1 : 1 00 0 ,  1 : 1 0000 and 1 : 1 00000 . Samples were 

p laced on culture plates cont a i n i n g  Sabouraud ' s  dextrose agar with 

chlorampheni c o l  and then i ncubated at 28  C .  Table XXX I I  records the 

results of the demon s t r a t i on and F i gure 1 9  i s  a photogr aph of  the 

c u l ture plates after f i ve d ays i ncubat i on . 

Although the r e s u l t s  i nd i cate h i gher numbers o f  fungi on  " h i gh 

wear" farms , no conclus i ons could be d rawn w i thout l arge numbers o f  

s i mi l a r  t r i al s . The d i l u t i on method o f  count i ng fungi a l s o  has  some 

l i mitation s  as do other methods of quantitative  studies . 



Tabl e XXXII : The n umbers of  colon i e s  from s o i l  at progr es s i ve 

d i l ut i ons from the Tan g i moana farm and the 

Poh a n g i n a  farm.  

Di l uti ons Tang imoana Farm Pohangina Farm 

1 : 1 0 Too Numerous to Count Too Nume rous to Count 

1 :  1 0 0  " " " " " " " " 

1 : 1 00 0  28  Colon i e s  3 5  Col onies 

1 :  1 0000 4 " 9 " 

1 : 1 00000 0 " 2 " 

Demons t r a t i o n  3 

1 08 

A demon s t r a t i o n  was des i gned u s i n g  p l ants as an i n d i cator o f  

solubi l i zation o f  sheep ' s  teeth i n  v i tro b y  micro-organ i sms . S i x  

pots were used i n  t h i s  d emonstration  cont a i n ing a non-nu t r i t i ve 

so i l l ess pott i n g  med i a  ( Brooki n g , 1 97 6 ) .  Pots I and I I  rece i ved 1 00 

ml  of  defi ned r h i zobi a  med i a  conta i n i n g  dex trose and no phosphate . A 

complete fer t i l i zer with phosphate o m i tted was used i n  water i n g  

( Brooki n g , 1 976 ) .  The ferti l i zer u s e d  was North Carol i n a  State 

U n i vers i t y  Phytotron Nutr i en t . Pots I and I I  also rece i ved three 

g rams each·  o f  powdered sheep ' s  teeth . Pots III and IV  recei ved 1 00 

ml o f  the rhi zob i a  med i a  with dextrose and the same fer t i l i ze r . They 

recei ved no powdered sheep ' s  teeth . Pots V and VI  r e c e i ved no 

dex trose but both recei ved the s ame fert i l i zer and three grams each 

o f  powdered sheep ' s  teeth . The p o t t i n g  med i a  of  pot V I  was 

autoclaved before the beg i nn i n g  o f  the demonstrat i on . 



Fi g .  1 8 :  Photogr aph of  sol u b i l i zed C a H P 0 4  prec i p i t ate . 

F i g .  1 9 :  A .  Photogr aph o f  culture p l ates o f  s o i l  at v a r yi n g  

d i lutions from the Poh a n g i n a  farm . 

B .  Photogr aph of culture p l a t e s  o f  so i l  from the 

Tan g i moana farm at the s a me d i l u t i ons as the 

Pohangina p l ates . 

1 0 9  
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Tomato seeds were s eeded to each pot . When the p l a n t s  were 

appro x i mat e l y  3 cm tal l they were th i nned to fou r per pot . The pots 

were watered with the ferti l i zer m i x tu r e  as needed . They wer e kept 

i n  the same env i ronment and rece i ved appro x i mately the same amount of 

s un l i ght . 

E i ght y-two days from the date o f  seed i n g  the two m i d d l e  s i zed 

p l a n t s  from each pot we re cut 1 cm above the so i l . These p l a n t s  were 

measured for base ci rcumference and h e i ght , then d r i ed at 1 0 0 C and 

we i ghed . The results are presented i n  Tabl e  XXX I I I . A photograph 

taken at seven t y-two days i s  shown i n  F i gure 20 . 

Tab l e  XXX I I I : Measur emen ts and we i gh t s  of  tomato plants after 

82 days . Pots I and I I  con tained powdered sheep ' s  

teeth and dextros e .  Pots I I I  and IV con t a i ned 

dextrose and no powdered sheep ' s  teeth . Pots V 

and VI con t a i ned powd e r ed sheep ' s  teeth and no 

dextrose and pot VI had autoc l a ved so i l l e ss 

pot t i n g  med i a .  

Pots Base C i rcumference He i gh t  D r i e d  We i ght 

in cm in cm in gm 

I 2 . 00 4 4 . 5  2 . 90 3 3  

I I  1 .  9 0  4 0 . 0  2 . 4 3 9 3  

I I I  too sma l l  3 . 5  not wei ghed 

IV " " 7 . 5  " " 

V 1 .  55 37 . 5  2 . 1 5 3 3  

VI 1 .  60 3 6 . 0  1 . 6029 



F i g . 20 : Photogr aph showi n g  rel a t i v e  s i ze of the tomato p l a n t s  

re c e i v i n g  the v a r i ous treatmen t s . 
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As c a n  b e  seen from Table XXX I I I  p l an t s  in pots I and  I I  

performed bes t .  Plants  i n  pots I I I  and IV were reduced t o  a sma l l  

leafless s t e m  b y  the e n d  o f  the demo n s trat ion a n d  plants  i n  pots V 

and VI d i d  not grow a s  l a rge a s  those i n  pots I and I I . Plants i n  

pot V g r e w  l arger than those p l an t e d  i n  the sterile  pot t i n g  med i a  i n  

pot VI . 

It appe ared that the dex trose med i a  i n  pots I and I I  ser ved a s  a 

med i a  for m i c ro-organ i sms . The m i c robes produced s olubi l i z i n g  

substances  wh i ch d i s so l ved the a p a t i t e  present i n  the form o f  

powdered sheep ' s  teeth mak i n g  t h e  phosphate avai lable to  t h e  p l an t s . 

Thos e  p l a n t s  i n  pots I I I  and IV eventu a l l y  d i ed because there was no 

phosph a t e  present . Plants i n  pots V and  VI  d i d  not grow a s  well  a s  

those i n  pots I and  I I  beca u s e  they d i d  not rece i ve food for 

mic ro-or g a n i sms in the form of d e x t rose . P l ants in pot VI were 

s lower to start growi ng because of a n  absence of  mic ro-organi sms at 
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the b e g inning  o f  the e x per i men t .  However the med i a  wou ld have been 

con t a m i nated as the seed s were i nt roduced i nto the pot s . 

S i nce sheep ' s  teeth a r e  a h i ghly i n so l uble apat i t e , plants are 

unab l e  to u t i l i ze the pho s phate present u nt i l  i t  i s  solub i l i zed . It 

appea r s  from th i s  demonstr a t i on that the apatite o f  sheep ' s  teeth can 

be s o l ubi l i zed i n  soil and u t i l i zed by p lants . 

S UMMARY of  SOLUBILIZATION HYPOTHESIS 

There are two things wh i ch must take place before solubi l i zat i on 

of i n c i sors occu rs . F i r s t l y  s o i l  must con t a i n  h i gh concentrati ons of 

subs t a n ces capable of d i ssol v i ng apat i te . Concentr a t i ons of  these 

subs t an ces are dependent on  microbial  mass and production wh i c h  i n  

turn i s  depend ent on food supply and other envi ronmental factors . 

She e p  manure serves as a good source of  m i crobi a l  food and i s  present 

i n  s o i l  i n  quan t i t i es d i r e c t l y  r e l ated to stocking rate . Secon d l y  

t h e  i nc i sors must contact the solub i l i z i n g  substances present i n  

so i l . Thus excess i ve l o s s  of i n c i sor  substance i s  related t o  s o i l  

i n g e s t ion but i t  i s  a l so dependent on soi l content . 
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CHAPTER 6 

DISCUSSION AND CONCLUSIONS ON TOOTH DETER IORATION I N  SHEEP 

New Zeal and i s  unique i n  i t s approach to sheep produc t i on . The 

t e mperate cl i mate coup l e d  with aggr e s s i v e  inten s i fi c a t i on of gr a z i n g  

systems have prec i p i tated serious dental problems ( Barn i coa t , 1 94 7 )  

u n l ikely t o  occur i n  most other sheep producing  nations . Pastures 

gr azed by sheep i n  colder c l i mates are  spel led from use for long 

per iods wh i l e  supp lemen t s  are fed and pastures grazed by sheep in 

a r i d  con d i t i on s  requ i re l ong per i od s  for regrowth nece s s i tat i n g  very 

long rotat i ons . Although i n c i sor wear occurs under some of  these 

c o nd i t ions in other coun t r i es the predi spos i n g  factors are  vast l y  

d i fferent from those expe r i enced i n  New Zeal and ( Barni coat , 1 957 ) . 

�he search for the a e t i ology o f  " tooth wear"  has l ed to the 

c o n s i deration of many possibi l i t i es s i nce the r ecogn i t ion of  the 

p r oblem as e a r l y  as 1 9 4 3  ( Graham-pe r sonal commun i cation , 1 9 84 ) . The 

mass  of i n format ion comp i led by Bar n i coat ( 1 9 4 7 ; 1 9 4 8 ; 1 957 ) ruled 

out man y of  the ear l y  hypotheses and e luded to  non-abras i v e  agents 

( 1 9 57 ) .  However the l o g i c  of the so i l  abr a s i on theory ( Healy & 

Ludwi g ,  1 9 65 )  apart from the c l i n i ca l  occurrence of the cond i t ion l ed 

to  a long pe r i od of accept ance of  th i s  explan a t i on ( O ' Hara , 1 9 83 ) .  

Fortunat e l y  the cont i nu e d  que s t i on i ng of  t h i s  theory i n  l i ght of the 

c l i n i cal f i n d i ngs 

p r omoted conti nued 

presented 

study o f  

on  man y a ffected sheep properties  

thi s  problem ( Bruere and Wes t , 1 9 83 ) .  

The observat i on of  devas t a t i n g  enamel defect problems i n  con junction 

w i th " tooth wear" i n  sheep on farms exper i en c i ng severe droughts as  

r e ported by Bruere et  a l . ( 1 9 7 9 ) and in  the present r eport further 

c o mpli cated the unders t an d i n g  of d ental p robl ems i n  sheep and 

s t i mulated greater i n t e r e s t  in thi s  a r ea . 

The severe tooth deterioration  problem observed i n  the sheep on 

the Wai pukur au farm may have been a r ather e x treme c as e .  However i t  

i s  l ikely that there were other farms i n  the same area whi ch 
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fol l owing the 1 9 83 drought cond i t i ons a l so had sheep w i th dental 

prob l ems . The numbers o f  s heep affected and the serio ;sness o f  the 

con d i t i on probably wou ld  v ary from farm to farm . Over a l l  the 

s i t u at i on was probably s i m i l ar to the cases repor ted in  the Wai rarapa 

by  Bruere et a l . ( 1 97 9 ) . The resu lts  from the Wa ipukurau farm and 

the Wair arapa farms i nd i c a ted the enamel defects to be a d i st i nc t  

con d i tion whi ch cou ld  o c c u r  w i t h  tooth wear . The defects ranged from 

m i n o r  pitting of enamel to severe enamel hypopl a s i a  and chau lky , soft 

i nc i sors ( Fi g s . 4 ,  5 & 6 ) . The a e t i ology of  th i s  problem was 

unknown . However , i f  the t i me of  tooth format i on was con s i dered i t  

i s  l i kely that the problem developed d u r i n g  the per i od o f  the severe 

d r o u ght when poor nut r i t i on ,  mineral i mba l ances or  d e f i c i en c i e s  

o c c u rred a t  a v i tal t i me a s  the permanent i n c i so r s  were b e i n g  formed . 

R e s e a rch has shown that c a l cium imbalances and fluor i d e  excesses 

( Fr ank l i n , 1 9 5 0 ) may prod u c e  similar l e s i ons to those observed on the 

farm in  Wai pukurau and a s  reported by Bruere et  al . ( 1 97 9 ) . Other 

fac tors such as par as i t i sm may a l so have been i n vol ved 

problems . Paras i t i sm as  previous l y  reported i s  a l so 

p r o d ucing enamel defects ( Suckl i n g  et a l . ,  1 9 83 ) . E i ther 

in these 

capable of  

of  these 

fac tors or a comb i n a t i on of these and other pos s ible factors must be 

con s i dered . It does appea r  however , that the mos t l ikely aet i ology 

was of n u t r i tional  o r i g i n  prec i p i ta ted by the severe weather 

con d i t i ons . 

As reported i n  Chapte r  3 the erupt ion o f  the central permanent 

i n c i sors on the W a i puku r a u  farm occurred e a r l i er than observed i n  

sheep of  the same age o n  o ther farms . A s im i l ar s i tuation was a l so 

n o t ed i n  man y of the s heep observed i n  the Wai r a r apa i n  1 977 by 

Bruere et al . ( 1 979 ) .  Contrary to these two s eparate obse r v a t i on s , 

A i t ken and Meyer ( 1 9 82 ) noted that ear l y  eruption of  the central  

p e r manent i n c i sors actual l y  resulted with i mproved nutr i ti o n . The 

r e a son for these d i fferences in erupt i on t i mes is obscure ; however , 

e x c es s i ve wear of  d e c i d uo u s  teeth does not appear to be the cause o f  

ea r l y  erupt i o n  s i nce sheep o n  other " h i gh wea r "  farms i n  th i s  study 

d i d  not expe r i ence the same effec t . Further it  is  not l ikely that 

e a r l y  er upt ion of the central permanent i n c i sors of  sheep on the 
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Wai pukur a u  farm wou l d  have been the cause o f  excess i ve tooth wear 

s i nce matur ation and development i s  complete  by 1 0  to 12 months and 

erupt ion occurred after this t i me ( Suckl i n g , 1 979 ) .  The fact that 

early erupting i n c i s o r s  wou ld be e x posed to " wear for ces"  ea r l i e r  and  

"wear " b e g i n  sooner is  obv i ous . 

On many New Z e a l a n d  farms e x cessi ve l o s s  of  e x posed i n c i sor  

s u r face is  a common problem i nvol v i n g  many sheep and caus i n g  

c on s i derable  economi c  l oss ( Bi rcham e t  al . ,  1 9 8 1 ) .  Further it  wou l d  

appear t h a t  the c a u s e  o f  th i s  prob l em i s  an e x tr i n s i c  agent wh i ch i s  

d i rectly r e l ated to s o i l i n g e s t i o n  a n d  stock i n g  rate . 

Evidence from farm obser vat i on s  i n d i cated the l ikel ihood o f  an 

a e t i ologi ca l  agent wh i ch c aused deter iorat i on of tooth substance by 

d i rect cont act with the i n c i sor s . Further it had been obser ved that 

sheep brought from " lo w  wea r "  farms onto " h i gh wea r "  farms soon take 

on  the dental  character i s t i c s  i n  r egard to "tooth wea r "  o f  the 

i n d i genous sheep . The same i s  t rue of  sheep moved from "hi gh wea r "  

f arms t o  " low wea r "  farms ( Bruere et al . ,  1 979 ) .  More ev idence was 

prov ided to substant i a te the l i kel ihood o f  an extr i n s i c  agent 

i nvolved in th i s  prob l em with the abrasion tests per formed at 

Wal l acev i l l e  An i mal R e s earch Centre ( Er asmuso n , 1 9 83 ) .  These tests  

showed a s i m i l ar rate o f  wear for  a l l  teeth f r om " h i gh and  low wea r "  

f arms tested under the s ame abras i ve cond i t i on s . 

Although most t i s s u es are dynamic and change rel a t i ve l y  fast i n  

re sponse to  envi ronmental i n f l uences , teeth are stable after 

d e velopment and matu r at i on and change of structure and compos i t i on 

v a r y  on l y  s l i ght l y .  Thus factors such as hered ity ( Ba r n i coat , 1 95 7 ; 

Meyer et a l . ,  1 9 83 ) ,  n u t r i t ion ( Fr a nkl i n , 1 9 5 0 ; Bar n i coat , 1 957 ) , 

e a r l y  erupt i on ( Barn i co a t , 1 95 7 ; Ai tken & Meyer , 1 982 ; Meyer e t  

al . ,  1 9 83 ) , endoc r i n e  ( Barn i coat , 1 95 7 )  a n d  other i n t r i n s i c  factors 

do  not appea r  to be the major cause of " tooth wear " and the d ramat i c  

e ffects observed o n  1 n c i sors  i n  sheep o n  " h i gh wear " farms were 

apparently caused by  an  e x tr i n s i c  agent . 
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The e x aminat i on o f  extr i n s i c  a gents pos s i bl y  i n vo l ved i n  the 

" tooth wea r "  prob l em was a con s i d e r able part o f  ear l y  research . The 

heavy use of fer t i l i ze r s  and l i me was i n v esti gated thorough l y  

( Barnicoat , 1 9 57 ; Su c k l i ng , 1 975 ; Bi rcham et  a l . ,  1 9 8 1 ) with l i t t l e  

pos i t i ve correlation e x c ept as they i n fluen ced stocking r a t e  by  

i n c reased pasture prod u c t ion . Further the change to  h i gh prod u c i n g  

peren n i a l  r ye g r a s s  and wh ite clover  was a l s o  consi dered ( Ba r n i coat , 

1 9 57 ) . The in vol v emen t of  plant a c i d s  produced by p lants was a 

p laus i b l e  ex plan a t i o n  ( Ba r n i coat , 1 95 7 )  however th i s  theory was ruled 

out by results  from tes t s  by Cutr e s s  and  Heal y ( 1 965 ) .  

Other extr i n s i c  fac tors were proposed as  pos s i b l e  aet i o l o g i c a l  

agents i n c l u d ing plants  a n d  soi l  a s  abras i ves . 

Bake r et al . ( 1 9 5 9 )  proposed plant opa l -phytol i ths as the 

caus i t i ve agent for " tooth wea r "  however the d i f ference between sheep 

i n c isors on  farms w i t h  the same h erbage was d i fficult to e x p l a i n  by 

th i s  hypothes i s .  Further the c l i n i cal  s i gns  d escri bed in Chapters 3 

and  4 of t h i s  the s i s  were not i n d i c a t i ve o f  abras i ve change . 

The abrasion by s o i l inges t i on theory presented by Healy and 

Ludwi g ( 1 9 65 ) bec ame w i del y accepted a fter its presentat i on and i t  

was v i rtua l l y  unchal l en ged for twenty years  ( O ' Hara , 1 9 83 ) . The 

c l i n i cal  observat i ons and t r i a l s  whi ch have l ed to a recon s i d e r a t i o n  

o f  th i s  gene r a l l y  accepted aet i o l o gy h a v e  b e e n  presented i n  Chapters 

3 ,  4 and 5 o f  th i s  stu d y .  

The s earch for a n  e x tr i ns i c  agent c o n tained i n  so i l  and 

i n fl uenced by  stoc k i n g  rate thus appea r ed to be a l o g i c a l  approach 

toward under stand i n g  the " to6th w e a r "  probl em . Chapter 5 is the 

presentat i on of  the solubi l i z a t i on hypothes i s  as  a proposed 

e x planat i on of the aet i ol ogy o f  t h i s  cond i t i on . Further suppo r t i n g  

e v idence e x i sts f o r  t h i s  hypothe s i s  i n  the abi l i ty to e x p l a i n  the 

mecha n i sms o f  reported management pract i ce s . 
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Reduc i ng the stoc k i n g  rate i s  one of  the most effec t i ve ways to 

con trol the " tooth wea r "  problem ( Barni coat , 1 9 57 ; Suck l i n g , 1 975 ) .  

As reported earl i e r  i n  t h i s  thes i s ,  reduc t i on o f  sheep numbers  leads 

to  demin i shed amounts o f  food for s o i l  mi cro-or gani sms and decreased 

product i on of  solubi l i z i ng substances . Reduced content of s o i l  

sol ubi l i z i n g  substances along w i t h  decreased so i l  contact ( Heal y ,  

1 9 6 9 )  cou l d  expl a i n  the i n fluence o f  reduced stocking rate on " tooth 

wear " .  

It h a s  also been reported that rotat i on g r a z ing decreases " tooth 

wea r "  in compar i son to s et-stoc k i n g  ( Barni coat , 1 957 ; Kane et a l . ,  

1 9 8 3 ) .  The rest i ng o f  paddocks between stocki n g  would g i ve t i me for 

the u t i l i zation o f  a n i mal waste by s o i l  m i cro-or gani sms and a 

su bsequent return to normal equ i l i br i um ( Pathak , 1 95 4 ) . The longer 

the rotation the greater the pos i t i ve effect could be e x pected on the 

cond i t i on . 

Another reported man agement practice has  been the l i ming o f  

pa stures . Th i s  prac t i ce appears  to  be most i mpor tant a t  relat i v e l y  

low stocki ng rates ( Bi rcham et a l . ,  1 9 83 ) .  I t  i s  suggested that 

l i ming  may alter s o i l pH affec t i n g  the mass and production of  s o i l  

m i c ro-organi sms ( Waksman , 1 9 32 ) . 

It has  also been reported that runn i n g  c attle with sheep i s  

another way of reduc i n g  " tooth wear"  ( Ba r n i coat , 1 957 ; Suckl i n g , 

1 975 ) . S i nce cattle manure i s  not read i l y  d i s t r i buted and the 

i n f l uence on so i l  m i c ro-or gani sms is a local e f fect , the contaminated 

so i l  is  a voided by gra z i n g  s tock . As the manure begi n s  to  

d i s i ntegrate , the m i c ro -organ i sms a r e  u s i n g  the food provi ded and  

wi l l  beg i n  to  return to a normal  state o f  product ion . The over a l l  

effect i s  the same a s  pasture rotation with t h e  res t i n g  o f  a sma l l  

area with i n  the padd oc k .  Further greater pugging of  s o i l  b y  c a t t l e  

m a y  l e a d  to  a n  i n c r ea s ed surface of  e x po s ed s o i l  reducing t h e  

concentr a t i on of man u r e  t o  s o i l  surface . Pugs i n  t h e  soil  a l s o  

prov i d e  a place where manur e can b e  d i s t r i buted and soi l m a y  b e  l e s s  

l ik e l y  to  b e  ingested . 

, I 
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F i n a l l y  supp l ement a r y  feed i ng can have a d r amat i c  effect on the 

preservat i on of  i nc i so r s  when t i med to c o i n c i d e  wi th per i ods o f  h i gh 

so i l  ingestion ( Ludwi g et  al . ,  1 9 66 ; Healy et al . ,  1 967 ; Bruere & 

West , 1 9 83 ) .  Gra z i n g  c rops such as choumoe l l i e r  and turnips may l ead 

to con s i d e rable so i l  i n gestion however such s o i l  has been rested from 

grazing and may not contain the h i gh micro-o r g a n i sm popu l a t i ons found 

in h i gh stocked pastu res . Rest i n g  soi l from graz i n g  and subsequent 

a n i mal  waste products tends to depress the l evel  o f  s o i l  

micro-or gani sms by r ed uc i ng the i r  food supply ( Pathak , 1 95 4 ) . A 

s i mi l a r  e ffect i s  a t t a i ned by turn i ng soi l thus spread i n g  the effect 

of the s u r face manure ( Varga & Gyurko , 1 9 55 ) . Feed ing hay , grain  and  

s i lage l i mits  contact with contamin ated so i l . Even when fed  on the 

ground , the ti me requ i r e d  to eat i s  m i n i mal  compared to grazi n g . 

The proposal o f  other soi l r e l ated fact o r s  invo l v ed i n  " tooth 

wear " encour ages a new exami n a t i on o f  " h i gh wear "  and " low wear " 

soi l . : Although the r at e  of  i n c i sor "we a r "  i s  d i rectly  r e l ated to  

stocking r ate the i n f l uence of  stocking r ate i s  var i ab l e  from farm to  

farm . For exampl e  the 

h i gh stoc k i ng rate-" l ow 

study of  soil on the River s i d e  farm wi th a 

tooth wea r "  could yield i mportant 

i n format i on . It i s  a l ready known that cer t a i n  cl ays have a greater 

capac i t y  to bond organ i c  matter than others ( Hester , 1 9 4 8 ) . Further 

d r a i nage and other factors i n volved i n  remov i n g  organ i c  matter from 

s o i l  surface may be i mportant in the understan d i ng of  s o i l  i n f luence 

on  t h i s  problem . 

It i s  a l so i mpo r t ant i n  l i ght of  thi s study that i nvol vement o f  

ear thworm cast i n  " tooth wea r "  problems b e  con s i dered . I t  i s  a l re a d y  

known t h a t  ear thworm c a s t  a r e  h i gher i n  m i c ro-or gan i sms , part i c u l a r l y  

a c t i nomycetes , t h a n  s o i l  p r i or t o  passage through earthworms 

( Ruschman n , 1 953 ) .  It i s  a l so i nterest i n g  to  note that the t o t a l  

wei ght of earthworms is pos i t i vely cor r e l ated 

production ; therefore those pastures wh i ch a r e  abl e  

stocking r ates wou ld  l i kely be h i gh i n  earthworms . 

w i t h  pastur e  

to  c a r r y  h i gh 

Max i mum earthworm 

w e i ghts are present d ur i n g  winter  months when s o i l  i ngest i o n  i s  

h i ghest and when " tooth wea r "  i s  most severe ( Sears , 1 95 3 ; Waters , 
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1 955 ) . A closer i nv e s t i gation o f  ear thwor m  involvement i n  " tooth 

wea r "  thus seems appr opr i ate as  i t  appears that they have the effect 

o f  concentrating sol ubi l i z i n g  substances near  the surface of  the 

so i l . 

The c l i n i c a l  observations and t r i a l s  i n  t h i s  i nvesti gation elude 

to  the e x i stence o f  a n  entity whi ch i n volves the demi neral i zat i on o f  

e x posed i n c i sor surface fol lowed by abr a s i on o f  unprotected mat r i x i n  

sheep . The se obse r v at i ons along with d ata from current t r i a l s  appe ar 

to  be j u s t i fication for fu rther research i nto th i s  problem . Fresh 

hope of  a solut i on c a n  be en v i s ioned with a better understand i n g  of 

all of  the involved factors . 
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APPENDI X I 

DR Y-ASHING I N  AN OPEN VESSEL ( Boc k ,  1 97 9 ) 

For the determination o f  ash content of  faec a l  sampl es . 

Mater i a l s . 

1 .  Cerami c Crucibles  

2 .  Des i cc ator 

3 .  Oven 

4 .  Furn ace 

5 .  Balance 

Method . 

1 • Store crucibles i n  d e s i ccator . 

2 .  Wei gh crucibles . 

3 .  Place samples i n  c r u c ibles . 

4 .  Place in oven at 1 0 0 - 1 05 C overn i ght . 

5 .  Store crucibles i n  d e s i ccator . 

6 .  Wei gh crucibles w i t h  dried  samples and subt ract crucible wei ght . 

7 .  Pl ace i n  furnace a t  5 5 0  C over n i ght . 

8 .  Store crucibles i n  d e s i ccator . 

9 .  Wei gh crucibles w i th ash and subtract 

1 0 .  weight of ash 

Ash � =  wei ght o f  d r i ed sample x 1 00 

Resu l t . 

c r u c i ble wei ght . 

The method of  dr y-ashi n g  g i ves a good i d e a  o f  the l evel o f  non­

vol a t i l e  i norgan i c  mat e r i a l  i n  a sample .  



1 2 1  

APPENDIX I I  

A C I D-INSOLUBLE ASH ( He a ly & Ludwig, 1 9 65 ; Bock , 1 979 ) 

For the d et ermi nation o f  a c i d - i n so l uble residues  of  ash from faecal 

s a mples whi ch have been ashed . 

Materi a l s .  

1 • Ashed sample 

2 .  1 0  ml test tubes 

3 .  3N HCl 

4 .  D i st i l led water 

5 .  Hot water bath 

6 .  Cent r i fuge 

7 .  Oven 

8 .  Balance 

Method . 

1 .  Wei gh test tube 

2 .  Put wei ghed ashed s amp le in t e s t  tube 

3 .  Add 8 ml of 3N HCl and agi tate 

4 .  Heat in water bath for 30 m i n . 

5 .  Cent r i fuge 1 0  minutes at 3000 r pm 

6 .  Discard  supe rnatant l i qu i d  

1 .  Repeat two more t i me s  with 3N H C l  then wash with d i s t i l l ed water 

8 .  Dry in oven at 1 05 C 

9 .  Wei gh tube with samp l e  and subtr act the w e i ght o f  the tube 

1 0 .  we ight of a c i d  i nsoluble r e s i due 

% A c i d  Insoluble r e s i due = we i ght of d r i ed sample 

Resu l t . 

The method of acid-washing  g i ves a good i d e a  o f  ac id-in soluble 

residue i n  a sample . 

X 1 00 
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