
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  


