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A b s t r a c t

A s t u d y  was c a r r i e d  o u t  i n  th e  s e m i - a r i d  and a r i d  

savanna r e g i o n s  o f  South  A f r i c a  t o  d e t e r m in e  which  

e n v i r o n m e n t a l  f a c t o r s  a re  a s s o c i a t e d  w i t h  t h e  pr oce ss  

o f  bush en cr oa chm en t .

I t  was f o u n d ,  u s i n g  d i s c r i m i n a n t  a n a l y s i s ,  t h a t  no 

s i n g l e  v a r i a b l e ,  o r  gro up  o f  v a r i a b l e s ,  was r e s p o n s i b l e  

f o r  s e p a r a t i n g  th e  de g re s s  o f  woody d e n s i t y .  Some s o i l  

t e x t u r a l  f a c t o r s  showed a s s o c i a t i o n s  w i t h  i n c r e a s e d  

woody d e n s i t y .  The h i g h e s t  woody d e n s i t i e s  were 

r e c o rd e d  on de ep ,  sandy s o i l s  w i t h  a low ann ual  r a i n f a l l .

S e v e ra l  s i t e  v a r i a o l e s  change as a r e s u l t  o f  a change 

i n  th e  b u s h - g r a s s  co mmun i ty .  The most p r o m in e n t  o f  t  ese 

i s  a change i n  t h e  d i s t r i b u t i o n  p a t t e r n  o f  some s o i l  

c a t i o n s  ( c a l c i u m ,  magnesium and s o d iu m ) ,  wh ic h expands 

th e  two l a y e r e d ,  w a t e r  l i n k e d  h y p o t h e s i s  o f  W a l t e r  ( 19 71 )  

on savanna d y nam ic s ,  t o  i n c l u d e  th e  l e a c h i n g  o f  n u t r i e n t s .

Bush c l e a r i n g  i s  n o t  f e a s i b l e  i n  th e  a r i d  r e - j i o n s  on 

sandy s o i l s ,  where the  c o m p e t i t i v e  e f f e c t  o f  t r e e s  on 

gra ss es  i s  s t r o n y ,  b u t  the  r e v e r s e  Is  weak. On f i n e  

t e x t u r e d  s o i l s ,  h ow ev er ,  t h "  c o m p e t i t i o n  between the se  

components  i s  g r e a t  in  bo th  I I  r e c t i  o n s , and c o n t r o l  o f  

woody t h i c k e n i n g  may be e c o n o m i c a l l y  f e a s i b l e .
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1

1. I n t r o d u c t i o n

A p p r o x i m a t e l y  33% o f  South A f r i c a  i s  co ve re d by 

b u s h , sc ru b  o r  savanna (some 53 m i l l i o n  h e c t a r e s ) .

I t  has been e s t i m a t e d  t h a t  a t  l e a s t  18 m i l l i o n  h e c t a r e s  

o f  t h i s  bu s h v e ld  have a l r e a d y  been damaged by the 

abnormal  c o p p i c i n g  o f  b u s h , o r  a re  endangered by 

bush encr oac hment  ( Van d e r  S c h i j f f ,  1 95 7) .

A c c o r d in g  to  M o s t e r t ,  e_t £j_. , ( 1 9 7 1 ) ,  Donaldson 

(1 967 a,  1967b) and W a l t e r  ( 197 1)  bush encr oac hment  

has become a s e r i o u s  pr ob le m  d u r i n g  the  pa s t  t h i r t y  

y e a r s  i n  t h e  V ry b u rg -M a fe k e n g  a r e a ,  th e  Molopo a r e a , 

n o r t h w e s t e r n  and n o r t h e r n  T ' * a n s v a a l , Bo ts w a n a , South 

West A f r i c a  ( N a m i b i a ) , Z imbab we, n o r t h e r n  N a t a l ,  

Z u l u l a n d ,  S w a z i l a n d ,  Mozambique,  and the  E a s te rn  Cape. 

M i l l i o n s  o f  h e c t a r e s  o f  v a l u a b l e  p a s t u r e  have been 

enc roach ed by woody p l a n t s  t o  suc^  an e x t e n t  t h a t  the  

c a r r y i n g  c a p a c i t y  o f  the  v e l d  ( rough  g r a z i n g  1 ands 1 

has been c o n s i d e r a b l y  r e d u c e d , n o t  o n l y  because o f  

r e a u c t i o n  i n  gr a s s  c o v e r  and q u a l i t y ,  b u t  a l s o  because 

l a r g e  are as  have become i m p e n e t r a b l e  t o  s t o c k  ( M o s t e r t , 

e t a ] . . ,  1 97 1) .  Because o f  t h e  absence o. a dense gras s 

c o v e r  un de r  the  bush compo nen t ,  s o i l  lo s s e s  due t o  w a te r  

and wind e r o s i o n  a re  a l s o  g r e a t e r  ( W a l t e r ,  1971)  I t  

i s  e s t i m a t e d  t h a t  i n  some areas  a t  l e a s t  50') o f  th e  

n a t u r a l  p a s t u r e  has been in vad ed  by woody e l em ent s 

(D o n a ld s o n , 19 73) .



W it h  an i n c r e a s e  i n  the  d e n s i t y  o f  woody p l a n t s  th e r e  

i s  a r e d u c t i o n  o f  t h e  t o t a l  l a n d  area a v a i l a b l e  f o r  

g r a z i n g ,  and i n  ar ea s w i t h  a m od erate  i n f e s t a t i o n  o f  

woody s p e c ie s  the  q u a l i t y  and q u a n t i t y  o f  a v a i l a b l e  

g r a z i n g  d e t e r i o r a t e s .

Unl ess  th e  s t o c k i n g  r a t e  o f  t h e  area i s  a l t e r e d  to  

compensate f o r  t h i s  de creas e i n  g r a z i n g  the  p a r t s  o f  

t h e  fa rm  n o t  i n f e s t e d  w i t h  woody s p e c ie s  w i l l  be 

s e v e r e l y  o v e r g r a z e d , wh ic h may l e a d  to  a f u r t h e r  

i n c r e a s e  i n  t h e  woody s p e c ie s .

Savanna v e g e t a t i o n , as d e f i n e d  by W a l t e r  ( 1 9 7 ? ) ,  r e f e r s  

to  the  n a t u r a l  homogeneous zona l  v e g e t a t i o n  o f  t h e  

t r o p i c a l  summer r a i n f a l l  zone ,  show 'o s e d  gras s

c o v e r  and s c a t t e r e d , i n d i v i d u a l  woou s , e i t h e r

t r e e s  o r  s h r u b s . T h is  c l i m a t o l o g i c a l l y  c o n d i t i o n e d  

savanna p r o b a b l y  o c c u r s  i n  A f r i c a  c n l y  i i .  are as  w i t h  

r a i n f a l l  be low  700mm p e r  annum.

N a t u r a l  savanna i s  t h e r e f o r e  u n d e r s to o d  to  mean a 

homogeneous p l a n t  com muni ty  in  wh ic h i n d i v i d u a l  woody 

p l a n t s  grow more o r  le s s  w i d e l y  a p a r t  on a gr as s 

dom in at ed  bac kg ro un d ( W a l t e r ,  i b i d . ) .

The term "bus h enc ro ac hm en t"  i s  f r e q u e n t l y  a misn om er ,  

im p l y i n g  a prob l em  wh ic h i s  n o t  th e  one w i t h  whi ch 

a g r i c u l t u r a l i s t s  a re  c o n c e i t e d .  I t  i m p l i e s  t h a t  

woody s p e c ie s  are  i n v a d i n g  ar e a s  t h a t  have a l way s had 

e i t h e r  a low d e n s i t y  o f ,  o r  have been d e v o id  o f ,  t r e e s  

and s h r u Hs . Most o f t e n  t h i s  i s  no t  t h e  c a s e .
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Woody s p e c ie s  are  p r e s e n t  i n  most savanna r e g i o n s ,  

and t h e i r  spread  i s  su ppr essed  by f i r e  and wood 

c h o p p in g .  The ter m  "woody t h i c k e n i n g "  i s  more s u i t a b l e  

i n  t h a t  i t  i m p l i e s  t h a t  woody s p e c ie s  were p r e s e n t  i n  

th e  area and t h a t  as a r e s u l t  o f  a change i n  t h e  

management , th ese  s p e c ie s  have i n c r e a s e d  i n  d e n s i t y  

and v i g o u r .

Bush e nc roa chm ent  has been s t u d i e d  i n  most  o f  the  

savanna r e g i o n s  o f  th e  w o r l d ,  b u t  much o f  t h i s  re s e a rc h  

has been o r i e n t a t e d  to w ar ds  the e r a d i c a t i o n  and c o n t r o l  

o f  woody s p e c ie s  ( D o n a ld s o n ,  196 7a;  W a l t e r ,  1971 ; 

M o s t e r t ,  e t  al_. , 1 97 1 ) .

The pr ime o b j e c t i v e  o f  t h i s  s t u d "  was an a t t e m p t  to  

c o n t r i b u t e  t ow ar ds  an u n d e r s t a n d i n g  o f  t h e  f a c t o r s  

a s s o c i a t e d  w i t h  bush e n c r o a c h m e n t , and how th e s e  f a c t o r s  

i n t e r a c t .  One a im was to  pr odu ce a p r e d i c t i v e  model 

o f  bush encr oac hment  i n  South A f r i c a .  T h i s  i n f o r m a t i o n  

may be used t o  i d e n t i f y  tho se  area s i n  South A f r i c a  

w h ic h  are  s e n s i t i v e  t o  change and p o t e n t i a l l y  l i a b l e  

t o  become en c ro a c h e d .  To a c h ie v e  t h i s  the  r e l a t i o n 

s h i p s  between woody d e n s i t y  and each o f  a s e t  o f  

e n v i r o n m e n t a l  f a c t o r s  must  be e s t a b l i s h e d .



2.  L i t e r a t u r e  R ev . w.

2.1 Bush enc ro ac hm en t  -  th e  w o r l d  p o s i t i o n .

A c c o r d in g  t o  Don aldson (19 67)  th e  i n v a s i o n  o f  bushy 

sh ru bs  and t r e e s  i s  one o f  t h e  most  d i f f i c u l t  and 

t r o u b le s o m e  pr obl em s w i t h  wh ic h  t h e  c a t t l e  r a n c h e r  

has t o  d e a l .  The v a l u e  o f  g r a z i n g  land  may be 

c o m p l e t e l y  d e s t r o y e d  by e n c r o a c h in g  woody p l a n t s ,  and 

t h e i r  e r a d i c a t i o n  may c o s t  more th a n  th e  lan d i s  w o r t h . 

M i l l i o n s  o f  h e c t a r e s  o f  f o r m e r l y  and p o t e n t i a l l y  good 

g r a z i n g  o f  t h e  e a r t h ’ s s u r f a c e , p a r t i c u l a r l y  in  A f r i c a , 

t h e  A m e r i c a s ,  and A u s t r a l i a ,  are i n f e s t e d  w i t h  w o r t h l e s s  

bushes and t r e e s .

In t h e  U n i t e d  S t a t e s  o f  A m e r ic a ,  upwards o f  500,00 0 

square m i l e s  o f  la n d  a re  dom in at ed  by bush .  In  the  

s t a t e  o f  Texas a l o n e , 55 m i l l i o n  ac re s  a re  i n f e s t e d  

w i t h  mesqui  te  ( P ro sop i  s j u l i f l o r a ) , 18 m i l l i o n  ac re s 

w i t h  J u n i p e r  wo o d la n d ,  20 m i l l i o n  ac re s  w i t h  sc ru b  o a k , 

and 6 m i l l i o n  ac re s w i t h  hu is a c h e  (Do nal ds on  1967 a ) . 

A c c o rd in g  to  H er be l  ( 19 79 )  the  d e n s i t y  o f  br us h on 

r a n g e la n d  i n  t h e  s o u th w e s te r n  U n i t e d  S t a t e s  has i n c r e a s e d  

r a p i d l y  s i n c e  1900.

A su rv e y  by t h e  U n i te d  S t a t e s  S o i l  C o n s e r v a t i o n  S e r v i c e  

found  t h a t  80.; o f  Texas g r .v .s la n d s  wore i n f e s t e d  w i t h  

one o r  more low v a lu e  woody p l a n t s .  I t  i s  r e p o r t e d  

th e 22  m i l l i o n  h e c t a r e s  were cov er ed  w i t h  dense s ta nd s  

o f  brush  r e q u i r i n g  c o n t r o l  measures b e f o r e  any o t h e r  

range impr ove men ts c o u ld  be made.
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Y e t , in  s p i t e  o f  e f f o r t s  t o  c o n t r o l  brus h by che mica l  

and m e cha ni ca l  m et ho ds ,  i t s  d e n s i t y  i s  i n c r e a s i n g .

The su rv e y  showed t h a t  th e  are a o f  m e s q u i t e  a lo n e  has 

i n c r e a s e d  by 500 ,000 h e c t a r e s  d u r i n g  the  p e r i o d  1938 -  1963.

A s i m i l a r  s i t u a t i o n  e x i s t s  i n  the  savanna r e g i o n s  o f  

South Am er ica and A u s t r a l i a .  In  Queensland ( A u s t r a l i a )  

more tha n 13 m i l l i o n  ac re s  o f  l a n d  are  co ve re d w i t h  

b r i g a l o w  sc ru b  ( W i ls o n  and G r a e t z ,  197 9) .

2 . 2 .  So u th e rn  A f r i c a .

In  South A f r i c a ,  where a p p r o x i m a t e l y  33% o f  t h e  t o t a l

s u r f a c e  area i s  co v e re d  by bu sh ,  s c r u b ,  o r  savanna

(some 53 m i l l i o n  h e c t a r e s  i n  t o t a l ) ,  i t  i s  e s t i m a t e d

t h a t  a t  l e a s t  18 m i l l i o n  h e c t a r e s  o f  bu s h v e ld  are

a l r e a d y  damaged by t h e  abnormal  c o p p i c i n g  o f  bush o r

are  endang ered  by bush encr oac hment  (Van d e r  S c h i j f f ,  19 57) .

I t  i s  e s t i m a t e d  t h a t  i n  the  Molopo r e g i o n  ov e r  one m i l l i o n  

h e c t a r e s  o f  v e l d  have been I n f e s t e d  by A c a c ia  m el 1 i f e r a  

(D o n a ld s o n ,  1967 a) .  I t  can be c on c l ude d f ro m thes e 

e s t i m a t e s  t h a t  the  c a r r y i n g  c a p a c i t y  o f  t h e  v e l d  has 

been reduced by as much as 5 0 S o r  more ,  and t h a t  m i l l i o n s  

o f  rands w o r th  o f  an im al  p r o d u c t s  a re  l o s t  a n n u a l l y  as 

a d i r e c t  r e s u l t  o f  bush en c ro ac hm en t .

A s i m i l a r  s i t u a t i o n  e x i s t s  :n the  E a s te rn  Cape where 

e s t i m a t e s  by V e n te r  (19 80 )  show t h a t  a p p r o x i m a t e l y  50% 

o f  t h i s  r e g i o n  c o n s i s t s  o f  some for m  o f  woody com muni ty .
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The a r i d  g r a s s v e l d  and bu s h v e ld  areas  o f  t h i s  r e g i o n  

do n o t  a l l o w  f o r  i n t e n s i f i c a t i o n  o f  f a r m i n g ,  and are  

t h e r e f o r e  i d e a l  as n a t u r a l  p a s t u r e  f o r  c a t t l e  r a n c h i n g .  

V e n t e r  ( Toe c i t ■) g i v e s  the  f o l l o w i n g  breakdown o f  t h e  

d egr ees  o f  bush enc roach ment  i n  t h i s  r e g i o n  :

( i )  73 o f  the  s u r f a c e  area o f  the

E a s te rn  Cape r e g i o n  i s  h e a v i l y  

e ncr oac hed  by bush ( i . e .  bush 

d e n s i t i e s  o f  g r e a t e r  than 1500 

b u s h e s / h e c t a r e ) .

( i i )  ! 3 ‘J i s  l i g h t l y  e n c roa che d.

( i i i )  23", o f  t h i s  r e g i o n  i s  an area 

o f  p o t e n t i a l  en cr oa ch m en t .

The same s i t u a t i o n  e x i a v i  u><;. l a r g e  p o r t i o n s  o f  

Z imbabwe,  where a c c o r d i n g  t o  West  (195 8)  and R a t t r a y  

(19 57 )  th e  c l im a x  v e g e t a t i o n  o v e r  n e a r l y  the  whole 

c o u n t r y  is  wood land  o r  s h r u b l a n d .  Barnes (1972 )

s t a t e s  t h a t  by s h i f t i n g  the  dynamic ba la n c e  which 

e x i s t e d  i n  t h e  p a s t  between th e  v e g e t a t i o n  and v a r i o u s  

f a c t o r s ,  t h e  e a u i l i b r i u m  has been changed and a new 

c o n d i t i o n  has a r i s e n ,  i . e .  th e  movement o f  c s r t a i n  

r e g i o n s  to w ar ds  a t h i c k e t  t y p e  o f  v e g e t a t i o n .

2 .3  Causes o f  bush en c ro ac hm en t .

A t  th e  t u r n  o f  th e  c e n t u r y  ,;iany t r a v e l l e r s  i n  the  

bu s h v e ld  are as  o f  so u th e rn  A f r i c a  notfcd the  open n a t u r e  

o f  the  v e g e t a t i o n  (S y k e s ,  1897;  D e c le ,  1900) wh ic h  i s  

c o n t r a r y  t o  the  b e l i e f  o f  R a t t r a y  (195 7)  and West (19 58)
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who su g g e s t  t M t  th e  c l i m a t i c  c l i m a x  v e g e t a t i o n  o f  

th e s a  areas  i a  . woodland o f  de c id u o u s  t r e e s  and shrubs 

w i t h  an u n d e r s t i ■ey o f  gr eas es an d,  t o  a l e s s e r  e x t e n t ,

S t r a n g  (197 3)  remarked t h a t  e a r l y  p i o n e e r s  commented 

on t h e  wide expanses o f  g r a s s la n d  o c c u r r i n g  so u th  o f  

Ha ra re  ( f o r m e r l y  S a l i s b u r y '  where th e  p r e s e n t  

v e g e t a t i o n  i s  w o od la nd .  I t  i s  t h o u g h t  by West (1947)  

and S t r a n g  (19 73 )  t h a t  t h i s  s i t u a t i o n  was b r o u g h t  ab ou t  

by c o n d i t i o n s  f a v o u r i n g  f r e q u e n t ,  i n t e n s e  f i r e s .  The

r e s u l t  o f  an era o f  b u r n i n g ,  c l e a r i n g  and f e l l i n g  

de c e i v e d  th e  f i r s t  w h i t e  s e t t l e r s  a^ t o  the  t r u e  n a t u r e  

o f  th e  v e g e t a t i o n  and encoura ged  th e  d e ve lo pm en t  o f  

c a t t l e  r a n c h i n g .

The i n t r o d u c t i o n  o f  do m e s t i c  l i v e s t o c k  i n t o  A f r i c a  has 

r e s u l t e d  i n  s e r i o u s  and e x t e n s i v e  damage to  many t r a c t s  

o f  la n d  (B ro w n,  1 9 6 8 ) .  There  a re  s e v e r a l  re as on s f o r  

t h i s .  C a t t l ’j  u t i l i z e  the  he rbace ous  v e g e t a t i o n  t o  a 

g r e a t e r  e x t e n t  th an n e c e s s a r y ,  s i n c e  t h e y  a re  a b le  to 

ou t  yn w e i g h t  by l a y i n g  down f a t ,  and t h e r e f o r e  

c o n t i n u e  to  fee d even when t h e i r  immediat e needs are 

s a t i s f i e d  ( K e l l y ,  1 9 7 3 ) .  In  c o n t r a s t ,  most  w i l d  

h e r b i v o r e s  a re  in c a p a b le  o f  l a y i n g  down e x t e n s i v e  f a t  

r e s e r v e s  and e v id e n c e  s ug ge s ts  t h a t  t h e y  may be 

p h y s i o l o g i c a l l y  geared t o  a m a in te na nc e l e v e l  o f  

p r o d u c t i o n  so t h a t  when thuue re q u i r e m e n t s  have been 

s a t i s f i e d  th e y  cease to  fee d ( L e d g e r ,  19 63) .  Because 

o f  en cr o a c h m e n t ,  much o f  th e  g r a z i n g  are a i s  p r o d u c in g  le ss 

than i t s  p o t e n t i a l , and a l l  o f  i t  i s  t h r e a t e n e d . The



v a lu e  o f  browse to  c a t t l e  ap pea rs  to  be l e s s  tha n t h a t  

o f  the  gra ss  w h ic h  i s  d i s p l a c e d  by t r e e s  and shrubs 

( S t r a n g ,  19 73) .

V a r i o u s  f a c t o r s  have been m en t io ne d as p o s s i b l e  causes 

o f  bush e n c r oa ch m en t .  Aucamp (19 76 )  i s  o f  the  o p i n i o n  

t h a t  the  absence o f  b ro w se rs  i n  t h e  an i ma l  p r o d u c t i o n  

systems has been the  c h i e f  cause o f  bush e n c r oa ch m ent ,  

e s p e c i a l l y  in  th e  V a l l e y  B us hv el d and T h o rn v e ld  

(A c o c k s , 1 953)  o f  the  E a s te r n  Cape. D e f o l i a t i o n  by 

in d ig e n o u s  game was in  e a r l i e r  t im e s  spread o v e r  th e  

g ra ss  and bush l a y e r s ,  and un de r  th e s e  c o n d i t i o n s  th e  

b a la n c e  between t h e  two components  was m a i n t a i n e d .

T h i s  i d e a l  ba la n c e  has been d i s t u r b e d  by r e p l a c i n g  the

g ra s s  and sh ru o fe e d i n g  game w i t h  c a t t l e  and s h e e p ,

wh ic h a re  bo th  p r i m a r i l y  g r a z e r s .  Aucamp ( i b i d . )  m a i n t a i n s

t h a t  i f  bush enc ro ac hm en t  i s  t o  be p r e v e n t e d , the

b ro w se r  must be b r o u g h t  back i n t o  t h e  an im ai  p r o d u c t i o n

s y s te m s , and he s ug ge s ts  the  g o a t  as a good do m e s t i c

b row se r .

In  Z imbabwe,  K e l l y  and W al ke r  (19 76 )  su gg es t  t h a t  in  

f o r m e r  t i m e s  th e  u n r e s t r i c t e d  movement  o f  game in  

respo nse  to  chan gi ng  c o n d i t i o n s  o f  w a t e r  a v a i l a b i l i t y  

and herbage q u a l i t y  wo ul d have r e s u l t e d  i n  r e l a t i v e l y  

l i g h t  o v e r a l l  u t i l i z a t i o n  o f  v e l d  and p e r i o d s  o f  r e s t  

f o r  d e f o l i a t e d  g ra sses  to  m.i; n t a i n  t h e i r  v i g o u r .

However,  w i t h  the  r i s i n g  numbers o f  c a t t l e  and the  

r e d u c t i o n  i n  th e  f r e q u e n c y  and i n t e n s i t y  o f  f i r e s , 

p r e s i s t e n t  heavy g r a z i n g  has weakened the  p e r e n n i a l



g r a s s e s , h a s t e n in g  the  e s t a b l i s h m e n t  and encr oac hment  

o f  woody s p e c ie s  (Ken nan ,  1966) .

Work ing i n  t h e  n o r t h w e : '  -n Cape, Donaldson (1967 a)  

came to  the  c o n c l u s i o n  t ' ,e  f no s i n g l e  f a c t o r  can be 

r e s p o n s i b l e  as a cause f o i  bush e n c r oa chm en t .  I t  is  

sug ge s te d t h a t  t h e  p e r i o d i c  o c c u r r e n c e  o f  v e l d  f i r e s  

m a i n t a i n e d  th e  b a la n c e  between t h e  gr as s and woody 

s p e c i e s .  The pr ob le m  o f  bush en croac hm ent  as i t  e x i s t s  

to d a y  has been b ro u g h t  ab o u t  by r i n g f e n c i n % ,  p a d d o c k in g ,  

th e  c o n f i n e m e n t  o f  r e l a t i v e l y  l a r g e  numbers o f  a n im a ls  

t o  smal l  a r e a s ,  and th e  e x c l u s i o n  o f  v e l d  f i r e s  

( D o n a ld s o n ,  1967a;  S t r a n g , 1973;  West , 1972;  B a r n e s , 1972 

and many o t h e r s ) .

Farmers o f t e n  blame th e  d i s c o n t i n u a t i o n  o f  v e l d  f i r e s  

f o r  the  enc ro ac hm en t  o f  bush .  W a l t e r  . ( 1 9 7 1 ) ,  howe ver ,  

m a i n t a i n s  t h a t  c l o s e r  i n v e s t i g a t i o n  has shown t h a t  

i n v a s i v e  s c ru b  i s  n o t  g e n e r a l l y  caused by d i s c o n t i n u a t i o n  

o f  v e l d  f i r e s ,  b u t  t h a t  i t  i s  u s u a l l y  a s s o c i a t e d  w i t h  

l a r g e  numbers o f  g r a z i n g  a n im a ls  wh ic h redu ce the  

p e r e n n i a l  gr a s s e s  i n  s e m i - a r i d  r e g i o n s  by o v e r - g r a z i n g .

P o p u l a t i o n  gr ow th  a l s o  has much to  do w i t h  t h e  p ro b le m .

Farms are  g r a d u a l l y  becoming s m a l l e r  and o v e r s t o c k i n g  

i s  more w i d e s p r e a d .  I f  sound g r a z i n g  management a t  

th e  c o r r e c t  s t o c k i n g  r a t e  i s  n o t  a p p l i e d  un der  such 

c o n d i t i o n s ,  the  q u a l i t y  o f  Uie p a s t u r e  d e c l i n e s ,  and th e  

spr ead  o f  woody e l e m e n ts  i s  enco ura ged  ( W a l t e r ,  1 97 1) .  

A c c o r d in g  to  W a l t e r  ( i b i d . ) t h i c k e t  f o r m a t i o n  poses a 

g r e a t e r  t h r e a t  t o  th e  t h i n l y  p o p u la t e d  are as  ( f a r m i n g  

ar e a s )  than t o  are as  o cc u p ie d  by th e  in d ig e n o u s  p e o p le s .
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A farm i s  ' i s u a l l y  o cc u p ie d  by one fa m i ' .y  and a few 

farm hands and u t i l i z a t i o n  o f  wood by th e  hou se ho ld  

is  v e r y  l i m i t e d .  The s i t u a t i o n  i s  q u i t e  d i f f e r e n t  

among the  in d ig e n o u s  p e o p le s ,  who l i v e  i n  l a r g e  

numbers ar ou nd  w a t e r i n g  p la c e s  and who need much wood 

f o r  ;o o K in g  p u r p o s e s , I n v a s i v e  sc ru b  i s  ab s e n t  i n  such 

»reat, W a l t e r ,  i b i d . ) .  In s t e a d  a ba re d e s e r t - l i k e  area 

.!«•'« Mips th rough se ve re  o v e r g r a z i n g  wh ic h  le a d s  to  s o i l  

e m s  i o n . From an economic p o i n t  o f  v i e w ,  t h i s  

ieve iopment .  is  even worse than e n c r o a c h m e n t .

M o s t e r t ,  e t  a j  . U 9 7 ! )  c o n c lu d e  t h a t  t h e  g r a s s - t r e e  

ba la n c e  was m a i n t a i n e d  >n the  p a s t  by v a r i o u s  f a c t o r s .

" w  ••f' the  most im p o r t a n t  ones are  ( i ) th e  prese nce  

" f  b ro w se rs  dint th e  o v e r a i 1 u t i l i z a t i o n  o f  the  v e g e t a t i o n ,  

and / e l o  b u r n i n g .  A t h i r d  g e n e ra l  f a c t o r  which  i s

i f  t  e r • i . 'ver i r.he r o l e  o f  man as a w o o d g a th e re r

s t  * a n q . 19 n  :.

.  . i i i r a s s  arui t r e e s  .is c o m p e t i t o r s  .

i t  .» i j e i i e r . i l  i y  a c . a u i e d  t h a t  the  s u p p r e s s i v e  e f f e c t  

j t  wourjy oe. ie>; un grab;,  y i e l d s  i s  b ro u g h t  abo ut  l a r g e l y  

th ro ug h the ..umpet  11 ion f o r  s o i l  m o i s t u r e  (Do na ld so n and 

K e l t .  1 9 / 0 ;  W a lk e r ,  1 9 / 4 ;  W al ke r  e t  a j_ . , 1981) .

There is  a h ig h  m o r t a l i t y  ov gr a s s e s  un de r  bush d u r i n g  

;tiverfc d t o u g h t s  ( D o n a ld s o n ,  1 9 6 /a )  and c o m p a r a t i v e l y  

h ig h  re s  it .vancc o t  t r e e s  and shr ub s  to  d r o u g h t  damage 

a t  t he- ; ;  Umov, (Van Wyk, e t  aj_, , 1 9 69 ) .



W a l t e r  (19 71)  propos ed t h a t  a t w o - l a y e r e d  s o i l  

s t r u c t u r e  o p e ra te s  f u n c t i o n a l l y  i n  a s a v a n n a . Th is  

i s  based on d i f f e r e n t i a l  usage o f  w a t e r  by t h e  woody 

and gras s  c o m p on ent s . In  c o n t r a s t  to  t h e  g r a s s e s , 

th e  sh ru bs  have a more e x t e n s i v e  r o o t  s y s te m , i . e .  

t h e y  ext&nd l a t e r a l l y  v e r y  f a r ,  and to  a c e r t a i n  

e x t e n t  th e y  a l s o  ex te n d  v e r t i c a l l y  t o  soma d e p t h .

St o n y s o i l s ,  i n  wh ic h o n l y  sma l l  amounts o f  f  in>i 

s o i l  a re  h e ld  among the  r o c k s , ar t!  t h e r e f o r e  ve ry  

f a v o u r a b l e  t o  woody p l a n t s  ( W a l t e r ,  i b i d . ) .  By c o n t r a  

on f i n e  t e x t u r e d  s o i l s  an e x t e n s i v e  r o o t  system :z a t  

d i s a d v a n t a g e ,  compared w i t h  a compact r o o t  sys tem , 

i n  c o m p e t i t i o n  f o r  sm al l  q u a n t i t i e s  o f  r e s i d u a l  w a t e r .  

In  such c o n d i t i o n s  shr ubs  can o n l y  m a i n t a i n  a f o o t h o l d  

among gr a s s e s  wher .’  more w a t e r  i s  l e f t  the  s o i l  

d u r i n g  th e  d r y  p e r i o d  tha n i s  used up by the  gr ass es 

( W a l t e r ,  i b i d . ) .  *'hen th e s e  a s p e c ts  are c o n s i d e r e d ,  

t h e  d i s t r i b u t i o n  o f  woody p l a n t s  and gr as ses  i n  the 

s e m i - a r i d  r e g i o n s  becomes q u i t e  u n d e r s t a n d a b l e .  I t  

depends l a r g e l y  on c l i m a t e  and s o i l s .

W a l t e r  ( i b i d . )  summar ises the  s t a t u s  o f  s e m i - a r i d  

savannas w i t h  r e s p e c t  to  c l i m a t e  and s o i l s  as f o l l o w s  

A. S o i l s  s to n y  : woody p l a n t s  do mi nat e

o v e r  g r a s s e s .

S o i l s  o f  f i n e 1" - ; x tu r e  :

( i )  Low p r e c i p i t a t i o n  ( '  lO-ZiSOmm) : p u n ’ 

g r a s s l a n d ,  woody p l a n t s  abs en t . .

( i  i ) P r e c i p i t a t i o n  h i g h e r  (250-500nini ) : 

sa va nn a, gr as se s do mina te b u t  wot>'.iy
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p l a n t s  are  a l s o  p r e s e n t .

( i i ' i )  P r e c i p i t a t i o n  h igh (above 500mm) : 

w o o d la n d ,  g r a s s la n d s  l e s s  d o m in a n t .

Because w a te r  is  a l i m i t i n g  f a c t o r  i n  s e m i - a r i d  

savannas ( W a l k e r ,  1974) the  two components  o f  t h i s  

s y s t e m , i . e .  g ra s s e s  and woody s p e c i e s ,  compete s t r o n g l y  

w i t h  each o t h e r ,  so t h a t  one i s  p r e s e n t  t o  the  

e x c l u s i o n  o f  th e  o t h e r  ( W a l t e r ,  19 71) .

Knoop (19 83 )  fou nd  t h a t  woody s e e d l i n g  g e r m i n a t i o n  

and gr ow th  i s  s e v e r e l y  supp resse d by t h e  herbaceous 

l a y e r .  The s e e d l i n g s  e ' - p o r i e n c e  th e  i n d i r e c t  

c o m p e t i t i o n  f o r  w a t e r ,  a n d , i n  a d d i t i o n ,  t h e r e  is  

l i k e l y  t o  be d i r e c t  c o m p e t i t i o n  f o r  w a te r  and p o s s i b l y  

f o r  space and n u t r i e n t s  i n  th e  t o p s o i l .  Abo ve -g ro un d 

c o m p e t i t i o n  f o r  l i g h t  and ca rb on  d i o x i d e  may a l s o  be 

im p o r t a n t  in  v ie w  o f  t h e  d e n s i t y  o f  the  gr as s  s w a r d . 

W a lk e r ,  ejt £ ! •  ( 19 81 )  produ ced  a model  o f  t h i s  

h y p o t h e s i s  wh ic h d e f i n e s  many o f  t h e  as su m p t i o n s  made 

i n  t h e  o r i g i n a l  one and a l l o w s  co mput er  s i m u l a t i o n s  

based in  the  model  to  be made (W a lk e r  and Noy-mei  r , 1982 ) .  

Knoop ( i b i d . )  co n c lu d e s  t h a t  o n l y  un der  c e r t a i n  

c o m b in a t i o n s  o f  r a i n f a l l  and s o i l  t e x t u r e s  can th e  model  

o r i g i n a l l y  propo sed  by W a l t e r  (19 71 )  be u s e f u l l y  a p p l i e d .  

However ,  the p r i n c i p l e  o f  the  two l a y e r  h y p o t h e s i s  

(W a lk e r  and Noy-mei  r ,  1 982)  spea rs  t o  be g e n e r a l l y  

a p p l i c a b l e  t o  sav ann as.
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2 .5  Bush c l e a r i n g .

W i th  - c r u b  i n v a s i o n  the  q u e s t i o n  a r i s e s ,  w h e th e r  o r  

n o t  t h i s  change can be c o n s i d e r e d  pe rm an ent .  W a l t e r  

( 19 71 )  m a i n t a i n s  t h a t  r e g e n e r a t i o n  o f  woody p l a n t s  

does n o t  tak e p la c e  In  t h e  dense t h i c k e t s ,  p r o b a b l y  

because o f  t h e  h ig h  1 i  c h t  r e q u i r e m e n t s  o f  t h e  s e e d l i n g s .  

When th e  shr ubs  s t i - i l n  t h e i r  age l i m i t ,  a f t e r  a few 

d e c a d e s , and b e g in  to  d i e  o u t ,  a gr as s  c o v e r  has 

a l r e a d y  been e s t a b l i s h e d  wh ic h can then c l o s e  up r a p i d l y .  

Of  c o u r s e , a f a r m e r  does n o t  want  t o  w a i t  so lo n g  and 

w is he s to  e l i m i n a t e  th e  sc ru b r a p i d l y .

Numerous a u t h o r s  have r e c o r d e d  g r e a t e r  herbace ous  

p r o d u c t i v i t y  a f t e r  t h i n n i n g  o r  removal  o f  woody p l a n t s  

(Ward and C le g h o r n ,  1964;  B a r n e s , 1 9 7 3 ) .  In  A u s t r a l i a ,  

W i l s o n  and G ra e tz  ( 1 9 7 9 ) ,  and W a lk e r ,  e_t aj_. (1981)  

fo u n d  t h a t  her bage gr o w th  may be I n c r e a s e d  t h r e e f o l d  by 

th e  removal  o f  t r e e s  and shr ubs  t h a t  are  i n e d i b l e  to  

c a t t l e  and sheep.  They con c lu d e d  t h a t  a d e n s i t y

o f  s i x  f r e e s  o r  360 shr ubs  p e r  h e c t a r e  i s  th e  uppe r  l i m i t  

b e f o r e  h o r b a c j  gr ow th  i s  l i m i t e d .

The re are s e v e r a l  methods a v a i l a b l e  f o r  bush c l e a r i n g  

and c o n t r o l ,  ra n g in g  f r om  m e cha ni ca l  removal  t o  the 

a p p l i c a t i o n  o f  a r b o r i c i d e s  M u n a l d s o n ,  19 67a ) .  In  the  

w e s te rn  U n i te d  S t a t e s  l a r g e  are as  dom inat ed by sage bru sh 

have been r e t u r n e d  to  c l im a x  c o m p o s i t i o n  by a p p l i c a t i o n  

o f  th e  hormonal  h e r b i c i d e  2 ,4  -  D (Donal dso n 19 67a ) .  Th is  

r e s u l t e d  i n  a marked i n c r e a s e  i n  her bage p r o d u c t i o n  on
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bo th  a r i d  and mes ic  s i t e s .  S i m i l a r  r e s u l t s  were 

o b t a i n e d  i n  A r i z o n a  by C l a r y  and Jameson ( 1 9 8 1 ) ,  who 

fo un d t h a t  th e  g r e a t e s t  i n c r e a s e  i n  herbage p r o d u c t i o n  

was on s i t e s  w i t h  a h ig h  annual  p r e c i p i t a t i o n .

However ,  th e  c o s ts  o f  bush c o n t r o l  o r  removal  are 

o f t e n  g r e a t e r  tha n th e  c o s t  o f  t h e  la n d  ( D o n a ld s o n ,  I b i d . )  

The r e i n t r o d u c t i o n  o f  br ow ser s may p r o v i d e  a more 

f e a s i b l e  a l t e r n a t i v e .  T r o l l o p e  (19 80)  and Aucamp (197 6)  

have shown t h a t  t h e  g ra s s - b u s h  ba la n c e  may be m a i n t a i n e d  

in  an open s t a t e  by u s in g  d o m e s t i c  go at s  as a b i o l o g i c a l  

c o n t r o l  measure.

Game r a n c h i n g  has been propo sed  as an a l t e r n a t i v e  fo rm  

o f  l a n d - u s e  i n  savanna r e g i o n s ,  b u t  i n  t h e  p a s t  l and own ers 

have g e n e r a l l y  assumed t h a t  in d ig e n o u s  h e r b i v o r e s  compete 

w i t h  l i v e s t o c k  f o r  f o o d  ( K e l l y ,  1 9 7 3 ) .  However ,  

a c c o r d i n g  t o  S t r a n g  (19 73)  i t  seems more l o g i c a l  t o  use 

an im a ls  which  are ad ap te d t o  the  e n v i r o n m e n t ,  tha n to  

impose an i n t r o d u c e d  g r a z i n g  herd on c o u n t r y  wh ic h i s  

no t  n a t u r a l l y  g r a s s l a n d .

Wal ke r  ( 19 76 ,  1979a)shows t h a t  h ig h  p r o d u c t i o n  f rom 

in d ig e n o u s  h e r b i v o r e s  i s  n o t  f e a s i b l e ,  and t h a t  the  

b r e e d in g  and d o m e s t i c a t i o n  o f  a new br ow se r  may p r o v i d e  

a b e t t e r  a l t e r n a t i v e  f o r  th e  u t i l i z a t i o n  o f  t h e  woody 

component i n  t h e  savanna a n n s  ( W a lk e r ,  1 9 80 b) .

2 .6  I n f i 1t r a  t i  on .

A c c o r d in g  to  W a l t e r  ( 1 9 7 1 ) ,  g ra ss and woody p l a n t s  

occupy two l e v e l s  i n  t h e  s o i l .  An up pe r  l a y e r  where
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th e g ra s s  and t r e e  r o o t s  compete a c t i v e l y  f o r  

r e s o u r c e s ,  the  gra ss  b e in g  th e  s u p e r i o r  c o m p e t i t o r  in  

t h i s  l a y e r ,  and a deep er  s u b s o i l  r e g i o n  where the  woody 

r o o t s  have s o le  acce ss  t o  th e s e  r e s o u r c e s .

The amount  o f  w a t e r  in  the se l a y e r s  depends on how much 

o f  th e  in co m in g p r e c i p i t a t i o n  e n t e r s  t h e  s o i l .

T h e r e f o r e ,  because s e m i - a r i d  savannas a re  w a t e r  l i m i t e d  

systems ( W a l k e r ,  1 9 7 4 ) ,  any r e d u c t i o n  o f  t h e  w a t e r  i n p u t  

i n t o  th e  s o i l  i s  c r i t i c a l .

I n f i l t r a t i o n  c on ce rn s  th e  movement o f  w a te r  i n t o  the  

s > i l  (Chow, 1964) .  By some, i t  has been c o n s i d e r e d  as 

a s u r f a c e  phenomenon,  gover ned  e n t i r e l y  by t h e  s u r f a c e  

c o n d i t i o n s ,  p a r t i c u l a r l y  th e  n o n - c a p i l l a r y  p o r o s i t y  

o f  th e  s o i l  s u r f a c e .  Other=  have used i n f i l t r a t i o n  

to  d e s c r i b e  the  movement o f  w a te r  i n t o  t h e  s o i l  as 

gove rne d by the  p e r m e a b i l i t y  o f  t h e  e n t i r e  p r o f i l e  

(Chow,  1 9 6 4 ) .

When t u r b i d  w a te r  i s  a p p l i e d  t c  the  s o i l ,  n o n - c a p i l l a r y  

pores  are  q u i c k l y  choked and i n f i l t r a t i o n  r a t e  i s  

s h a r p l y  re d u c e d .  The same r e s u l t  i s  o b t a i n e d  when 

r a i n d r o n s  s t r i k e  the  u n p r o t e c t e d  s o i l , d e t a c h i n g  th e  

s o i l  p a r t i c l e s  wh ic h b l o c k  t h e  po^es (La ws,  194 1) ,

From the  f o r e g o i n g ,  i t  i s  o b v io u s  t h a t  i n f i l t r a t i o n  

i s  s t r o n g l y  i n f l u e n c e d  by s o i l  t e x t u r e  and s t r u c t u r e ,  

whic h gov ern  n o n - c a p i l l a r y  p o r o s i t y ,  s o i l  w et n e s s ,  and 

t h e  amount  o f  p r o t e c t i o n  o f  the  s o i l  s u r f a c e  f r om  r a i n f a l l
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im p a c t  o f f e r e d  fay v e g e t a t i o n .

Wal ker  (19 74)  s t a t e s  t h a t  th e  r a t e  o f  w a te r  i n f i l t r a t i o n  

i n t o  the  s o i l  i s  a f u n c t i o n  o f  two f a c t o r s , v i z .  the  

p e r c e n ta g e  o f  t h e  ground cov er ed  by l i t t e r ,  and the  

ba sal  c o v e r  o f  c a e s p i t o s e , p e r e n n i a l  g ra s s e s .

K e l l y  and Walker  (1 97 6)  and Walker  (19 74 )  have fou nd  

t h a t  on sandy loam s o i l s  the r a t i o  o f  i n f i l t r a t i o n  

unde r  a l i t t e r  c o v e r  and on bare s u r f a c e s ,  as measured 

w i t h  a d o u b l e - r i n g  i n f 11t r o m e t e r , i s  o f  the  o r d e r  9 : 1. 

T h is  i s  c o n f i r m e d  by Ouley  and K e l l y  ( 1 9 3 9 ) ,  who found  

t h a t  t h e  i n f i l t r a t i o n  r a t e  on n a t i v e  sod w i t h  a good 

c o v e r  was s e v e r a l  t i m e s  t h a t  o f  ba re  g r o u n d .

Dul ey  and Domingo (19 49 )  fou nd  t h a t  t o t a l  c o v e r ,  

i n c l u d i n g  l i v e  gr a s s  and a s s o c i a t e d  l i t t e r ,  was more 

im p o r t a n t  tha n t h e  k i n d  o f  gr a s s  o r  th e  typ e o f  s o i l  in  

i n d u c i n g  a h ig h  w a t e r  i n t a k e .  O y k s t e r h u i s  and Schmutz 

(19 47)  no te d t h a t  n a t u r a l  mulch was a p r i m a r y  f a c t o r  in  

d e t e r m i n i n g  th e  amount o f  i n f i l t r a t i o n  o f  w a t e r  i n t o  

r a n g e la n d .  Rauzi (1 960 )  fo u n d  t h a t  th e  w a t e r  i n t a k e  

i n c r e a s e d  w i t h  th e  in c r e a s e  i n  the amount o f  n a t u r a l  

mulch and s t a n d i n g  v e g e t a t i o n .  Meeuwig (19 65)  s t a t e s  

t h a t  i n f i l t r a t i o n  c a p a c i t y  i s  i n f l u e n c e d  p r i m a r i l y  by 

s o i l  b u lk  d e n s i t y  on n o n - c a p i l l a r y  p o r o s i t y ,  and 

s e c o n d a r i l y  by th e  amount  n f  p r o t e c t i v e  c o v e r  a f f o r d e d  

by p l a n t s ,  l i t t e r  and s t o n e .  S o i l  s t a b i l i t y  is  

i n f l u e n c e d  p r i m a r i l y  by the  d e n s i t y  o f  p r o t e c t i v e  c o v e r ,  

and s e c o n d a r i l y ,  by s o i l  b u l k  d e n s i t y .
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A c c o r d in g  to  S i n g e r  and B la c k a r d  (1978)  co v e r  shape 

and d i s t r i b u t i o n  o f  i n t e r c o v e r  space app ears t o  be 

i m p o r t a n t  i n  a f f e c t i n g  se dim ent  l o s s .  R u n o f f  volume 

i s  s i g n i f i c a n t l y  reduce d by h ig h  c o v e r  l e v e l s  which  

p r o t e c t  th e  s o i l  f rom s e a l i n g  and m a i n t a i n  a h ig h 

i n f i 1 t r a t 1 on r a t e .

go th  Tomanek (1948 )  and Hopkins (19 54)  showed t h a t  a 

r e l a t i o n s h i p  e x i s t s  between th e  amount  o f  n a t u r a l  mulch 

and th e  m o i s t u r e  c o n t e n t  o f  r a n g e la n d  s o i l s .

However ,  a c c o r d i n g  t o  C ro s b y ,  e_t a_]_. ( 1 980 ) the  

i n f l u e n c e  o f  s u r f a c e  mulch on s o i l  lo s s  i s  much g r e a t e r  

t h a t  i t  i s  on r u n o f f .  Rhodesian e x p e r im e n ts  (Hudson,

1961) where f i e l d  p l o t s  were p r o t e c t e d  by gauze showed 

t h a t  a f t e r  n in e  y e a r s  th e  s o i l  l o s s  f rom the  

u n p r o t e c t e d  p l o t  was 127 t i m e s  g r e a t e r  t han  t h a t  f rom 

th e p r o t e c t e d  p l o t ,  w h i l e  r u n o f f  f r om  t h e  u n p r o t e c t e d  

p l o t  was 13 t i m e s  g r e a t e r .

W is chm ei r  and Smi th  (19 73)  i d e n t i f i e d  th r e e  main s u b f a c t o r s  

o f  the  cov er-management  f a c t o r  ( c )  i n  the  U n i v e r s a l  S o i l  

Loss E q u a t i o n ,  v i z  : s u r f a c e  c o v e r ,  canopy c o v e r ,  and 

be lo w s u r f a c e  e f f e c t s .  D U sm ey er  and F o s t e r  (198) , '  

de m o n s t ra te d  t h a t  the se f a c t o r s  were not  s u f f i c i e n t  i n  

e s t i m a t i n g  t o t a l  s o i l  l o s s  f rom a s i t e ,  and s ug ge s t  

t h a t  the  cover-managemen;  f a c t o r  s h o u ld  c o n s i s t  o f  n i n e  

s u b - f a c t o r s ,  v i z  : amount  o f  bare s o i l ,  ca nop y,  s o i l  

r e c o n s o l i d a t i o n ,  h ig h  o r g a n i c  c o n t e n t ,  f i n e  r o o t s ,
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r e s i d u a l  b in d i n g  e f f e c t , o n - s i t e  s t o r a g e ,  s t s p s ,  and 

c o n t o u r  t i l l a g e .

Land use,  p a s t  and p r e s e n t ,  p l a y s  an im p o r t a n t  r o l e  in  

th e d e t e r m i n a t i o n  o f  i n f i l t r a t i o n  l o s s  and s o i l  l o s s .

Ai na  (197 9)  fou nd  t h a t  c o n t i n u o u s  l o n g  ter m a r a b l e  

c u l t i v a t i o n  r e s u l t e d  i n  r a p i d  d e t e r i o r a t i o n  o f  the 

p h y s i c a l  p r o p e r t i e s  o f  the  s o i l  , whereas f a l l o w i n g  

im pro ved  s o i l  p h y s i c a l  p r o p e r t i e s  and r e s u l t e d  in  

n u t r i e n t  a c c u m u l a t i o n .  A 1 d e r f e r  and Robinson ( 1 9 4 7 ) 

fo 'm d  r u n o f f  lo s s e s  to  v a r y  f r o m  0 t o  2 p e r c e n t  in  

un gr aze d range and f r om  33 to  80 p e r c e n t  on h e a v i l y  

gr az ed  r a n g e . However ,  Johnson (196 2)  showed t h a t  

even a f t e r  te n  y e a r s  o f  v e r y  heavy g r a z i n g  s o i l  e r o s i o n  

by w a t e r  i s  n o t  a c r i t i c a l  f a c t o r  i n  management .

The w a t e r  i n t a k e  r a t e s  i n c r e a s e  w i t h  i n o - e a s i n g  

amounts o f  s t a n d i n g  v e g e t a t i o n  and mul ch.

Rauzi  and Hanson (1 96 6)  de m o n s tr a te d  t h a t  w a t e r  i n t a k e  

r a t e s  on d i f f e r e n t i a l 1y gr az ed  w at er sh ed s  a re  n e a r l y  

l i n e a r  w i t h  h e a v i l y  gra zed  w a te rs h e d s  ha v in g  th e  l o w e s t ,  

and l i g h t l y  gra zed  wat e rs h e d s  the  h ig h e s t  r a t e s .

Annual  r u n o f f  was g r e a t e s t  f r o m  t h e  h e a v i l y  graz ed 

s i t e s  and l e a s t  f r om  th e  l i g h t l y  gra zed  s i t e s .

M c G in ty ,  e_t a_l_. ( 1 978)  showed t h a t  t e r m i n a l  i n f i l t r a t i o n  

r a t e s  f o r  a p a s t u r e  i n  a r o ' - u i o n  g r a z i n g  system and a 

lo n g  te rm  e x c l o s u r e  were v e r y  s i m i l a r ,  whereas a h e a v i l y ,  

c o n t i n u o u s l y  graz ed p a s t u r e  e x h i b i t e d  l e s s  tha n  one h a l f  

o f  t h e  te r m i n a l  i n f i l t r a t i o n  r a t e  o f  th e  r o t a t i o n  p a s t u r e  

and e x c l o s u r e .  Wood, e t  aj_. (1 9 7 8 )  fo u n d  s i m i l a r  t r e n d s
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In  Texas and s t a t e  t h a t  i n  some ecosystems a g r a z i n g  

system may n o t  i n c r e a s e  p l a n t  p r o d u c t i o n  more tha n a 

l i g h t  o r  m o d e r a t e l y  s t o c k e d ,  c o n t i n u o u s  g r a z i n g  sys tem . 

However ,  where i n c r e a s e d  p l a n t  p r o d u c t i o n  can be 

a cc o m p l i s h e d  by im p le m e n t i n g  a g r a z i n g  system , i n c r e a s e d  

i n f i l t r a t i o n  and dec re as ed  se d im e n t  o r o d u c t i o n  can he 

e x p e c te d .

G l o v e r ,  e_t aj_. ( 19 61 )  fo u n d  t h a t  th e  depth  o f  r a i n w a t e r  

p e n e t r a t i o n  i s  a p p r o x i m a t e l y  equal  to  the  h e i g h t  o f  the 

p l a n t  p l u s  t h e  normal  p e n e t r a t i o n  o f  the  shower  i n t o  

ba re  s o i l . I t  i s  c o n s id e r e d  by the se  a u t h o r s  t h a t  in  

th e  o v e rg ra z e d  d r y  g r a s s l a n d  p a r t s  o f  Kenya,  s te m f lo w  

and r a i n w a t e r  p e n e t r a t i o n  aroun d t r e e s  may now be 

p l a y i n g  a p a r t  i n  c ha ng in g the  c h a r a c t e r  o f  t h e  l o c a l  

v e g e t a t i o n .  I t  i s  a l s o  s ug ge s te d t h a t  l e a f  c at ch m ent  

and s te m f l o w  systems may be i n v o l v e d  i n  the  m a in te na nc e 

o f  g r a s s l a n d  v e g e t a t i o n  p a t t e r n s .

W al ke r  ( 1 974) -s tates t h a t  t h e  low r a t e  o f  i n f i l t r a t i o n  

on oa rs  ar ea s in  s o u t h e a s t e r n  Zimbabwe i s  due m o s t l y  

t o  the pr es enc e o f  a s o i l  ca p,  and the  e f f e c t  o f  t h i s  

cap i s  f r e q u e n t l y  i n t e n s i f i e d  by t h e  d e ve lo pm en t  o f  an 

a l g a l  c r u s t ,  m a i n l y  composed o f  b lu e - g r e e n  a lg ae  

(C y a n o b a c t e r i a )  ( D u l i e u ,  e_t a]_. 1 9 7 7 ) .  D u r i n g  dry  

p e r i o d s  t h i n  c r u s t  forms a ‘' - .-drophobi  c , imcerm eab le 

s u r f a c e ,  and o b s e r v a t i o n s  i n  the l a b o r a t o r y  have shown 

t h a t  i t  ta kes  up to  two h o u r s ,  o r  l o n g e r ,  f o r  th e  s u r f a c e  

to  s o f t e n  and abso rb w a t e r .  T h i s  i s  c o n s i d e r a b l y  

l o n g e r  than the  d u r a t i o n  o f  an av er age  r a i n s t o r m .
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i n  Texas and s t a t e  t h a t  i n  some ecosystems a g r a z i n g  

system may n o t  i n c r e a s e  p l a n t  p r o d u c t i o n  more tha n a 

l i g h t  o r  m o d e r a t e l y  s t o c k e d ,  c o n t i n u o u s  g r a z i n g  sys tem . 

However,  where i n c r e a s e d  p l a n t  p r o d u c t i o n  can be 

a c c o m p l is h e d  by i m p le m e n t i n g  a g r a z i n g  syst em , in c re a s e d  

i n f i l t r a t i o n  and dec re as ed  s ed im en t  p r o d u c t i o n  can be 

e xp e c te d .

G l o v e r ,  e_t a_l_. ( 196 1)  fou nd  t h a t  t h e  dept h o f  r a i n w a t e r  

p e n e t r a t i o n  i s  a p p r o x i m a t e l y  equ al  to  the  h e i g h t  o f  the  

p l a n t  p l u s  the  normal  o e n e t r a t i o n  o f  t h e  shower  i n t o  

ba re  s o i l .  I t  i s  c o n s id e r e d  by th e s e  a u t h o r s  t h a t  in  

th e  o v e r g r a z e d  d r y  g r a s s la n d  p a r t s  o f  Kenya,  s t e m f l o w  

and r a i n w a t e r  p e n e t r a t i o n  aro und  t r e e s  may now be 

p l a y i n g  a p a r t  in  c ha ng in g the  c h a r a c t e r  o f  t h e  l o c a l  

v e g e t a t i o n .  I t  i s  a l s o  sugg e s te d  t h a t  l e a f  cat chm en t  

and s te m f l o w  systems may be i n v o l v e d  i n  the  m a in te na nc e 

o f  g r a s s l a n d  v e g e t a t i o n  p a t t e r n s .

Walker  (19 74 )  s t a t e s  t h a t  the  low r a t e  o f  i n f i l t r a t i o n  

on ba re  are as  i n  s o u t h e a s t e r n  Zimbabwe i s  due m o s t l y  

to  t h e  p re senc e o f  a s o i l  ca p,  and t h e  e f f e c t  o f  t h i s  

cap i s  f r e q u e n t l y  i n t e n s i f i e d  by t h e  dev el op m en t  o f  an 

a l g a l  c r u s t ,  m a i n l y  composed o f  b lu e - g r e e n  a lg a e  

( C y a n o b a c t e r i a )  ( O u l i e u , e t  aJL 1 97 7) .  D u r in g  d ry  

p e i i o d s  t h i s  c r u s t  fo rm s  a h v d r o p h ' b i c ,  impermeable 

s u r f a c e ,  and o b s e r v a t i o n s  i n  t h e  l a b o r a t o r y  have shov/n 

t h a t  i t  ta k e s  up t o  two h o u r s ,  o r  l o n g e r ,  f o r  the  s u r f a c e  

to  s o f t e n  and abs orb w a t e r .  Th-fs i s  c o n s i d e r a b l y  

l o n g e r  tha n  th e  d u r a t i o n  o f  an av era ge r a i n s t o r m .
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A c c o r d in g  to  Chow (196 4)  a f u r t h e r  cause o f  reduced 

I n f i l t r a t i o n  i s  th e  pr es en ce  o f  a l a y e r  o f  sm al l  

v e s i c l e s  ne ar  th e  s u r f a c e  o f  t h e  s o i l ,  wh ic h  e f f e c t i v e l y  

p r e v e n t  w a t e r  p e r c o l a t i n g  h rc u g h .  In  th e  v e g e ta te d  

a r e a s ,  w a t e r  i n f i l t r a t i o n  t h r o u g h  th e  base o f  a gras s 

t u f t  i s  v e ry  r a p i d ,  and the  p e r e n n i a l  c a e s p i t o s e  t u f t s  

f u n n e l  w a t e r  i n t o  t h e i r  own r h i z o s p h e r e s  ( G l o v e r ,  et. a K  

1961) .



21

3 M j t e r i J l j  and Meth od. ; .

3.1 A d d i t i o n a l  - j b j ^ c t i v t j ; .

In , - i . i i t i t i  in t h -> p r 'm v  u b j e c t i v u  o i  the  s t u d y ,

\ I M':y f,; on , .-iri:.w ivoin tht i  l i t e r - . t u r e .

 ̂ . i « i n n i ; i ' v  w U  1 ihii i U;d ^ystorn;  { W a l k e r ,  1 974) and 

"■ , • iKi'- rf.,tr, i 1 hjiu * -'I w a t e r  i n t o  the s o i l  i s

i - , r  t : 1 f ;m :  i.m  . Tii f i re f i . ' ru  , any f a c t o r s  which  

1 -• r r t r , '  .-t' wuT.er i n f i l t r a t i o n  i n t o  t h e  s o i l

■i-*-: - ; u - : Mi.-i 'fH!. hi'inn the  l i t e r a t u r e  r e v ie w ,

j ' .‘ . - .:v ; ,thlu-. n f  i u t> n i.: t.' i n f i l t r a t i o n  r a t e  

. !  .id 'i k , ' - U : D i ss i i ieyer  and F o s t e r ,  1981) .

: :  _ :  Jt- r«„ l ! mi /i -. -tant  t.o measure th e s e  f a c t o r s

v  : - ; r i : -K  :|K  •i./v. ‘ lu ij i n f l u e n c e  i n f i l t r a t i o n  r a t e , and 

” h a n g i  w i t h  d i f f e r e n t  degr ees  o f

., i n ii h i t a n  Jet  ■ i f f e r e n t  e n v i r o n m e n ta l  c o n d i t i o n s ,  

r - i j t ; 'sen t i  i i ' i ;  i>robab1y a s s o c i a t e d  w i t h  the 

v-iwent -.if w a t e r  hhrnugh the s o i l ,  th e  d i s t r i b u t i o n  

* .ki - ta  in n u t r i e n t - ,  m  r e l a t i o n  t o  changes i n  th e  bush -  

:r.-. H i i ' a n re  need to  be d e te r m in e d .

. e v e r i i } h ypot he ses  on the  e s t a b l i s h m e n t  o f  woody 

■.‘ is i i i  ingi> in  Sentth A f r i c a n  savannas have been p o s t u l a t e d  

f W a l t e r ,  1971;  M o s t e r t ,  e_t aj_. , 1971: D o n a ld s o n , 1 9 74 ) .

A • j u n c t i o n  wh ic h a r i s e s  i s  : what  are  the  g en er a l  

c o n d i t i o n : ;  a f  soc ia ted w i t h  m; s u c c e s s f u l  e s t a b l i s h m e n t  

woody p l a n t s ?



3 .2  S i t e  s e l e c t i o n .

The aim was t c  s e l e c t  as many s i t e s  as p o s s i b l e ,  

r e p r e s e n t i n g  areas  t l . a t  have a h ig h  woody d e n s i t y  and 

th o s e  t h a t  d o n ' t .  I t  was,  t h e r e f o r e , im p o r t a n t  to  

c o v e r  as many c o m b in a t i o n s  o f  s o i l  t y p e , r a i n f a l l ,  and 

o a s t  management h i s t o r y  as pos , b l e ,  i n  o r d e r  t o  g i v e  

a s i g n i f i c a n t  o v e r v ie w .

The s i t e s  chosen w e re ,  t h e r e f o r e , i n  are as  t h a t  h aci 

e x p e r i e n c e d ,  o r  were e x p e r i e n c i n g ,  an i n c r e a s e  i n  woody 

e le m e n t s ,  and a l s o  are as  t h a t  have had a l o n g  h i s t o r y  

o f  heavy g r a z i n g  p r e s s u r e  w i t h o u t  an i n c r e a s e  in the  

woody component .

A l l  the areas  s e l e c t e d  f a l l  i n t o  the  broad  v e g e t a t i o n  

t y ,  o f  S us hv el d as d e f i n e d  by Acocks ( 1953) ( f i g .  <! , 

and as many o f  th e  v a r i a t i o n s  o f  t h i s  v e g e t a t i o n  ty p e  : 

p o s s i b l e  were sampled.  S i t e s  were n o t  o n l y  s i t u a t e d  

i n  c a t t l e  r a n c h i n g  s i t u a t i o n s ,  b u t  a l s o  on game ranches 

w i t h  mixed  i n d ig e n o u s  h e r b i v o r e s  and c a t t l e ,  on p r i v a t e  

fa rm s w i t h  c a t t l e  and do m e s t i c  b r o w s e r s , and oi. game 

r e s e r v e s . T h i s  ser ve d to  g i v e  a g e n e r a l i z e d  o v e rv ie w  

o f  the  phenomenon o f  i n c r e a s e d  woody d e n s i t y .

The s i t e s ,  wh ic h were spre ad o v e r  a l l  f o u r  p r o v i n c e s  o f  

th e  R e p u b l i c  o f  South A f r i c a ,  were l o c a t e d  as f o l l o w s

( f i g .  2 ) :

1. T r a n c v a a ! .

Mess ina A g r i c u l t u r a l  Research S t a t i o n  

Mara A g r i c u l t u r a l  Research S t a t i o n ,

Towoomba A g r i c u l t u r a l  Research S t a t i o n
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F ig .  1.  Mac o f  South A f r i c a  showing the extent  o f  the  Beshveld 

veg e ta t io n  type (shaded area)  ( a f t e r  Acocks, 1953) .
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K l a s e r i e  P r i v a t e  Na tu re  Reserve 

C a t t l e  ran che s i n  t h e  Tha baz im bi  

and Z e e r u s t  d i s t r i c t s .

2.  Nat a l

U m fo lo z i  Game Reserve 

H luh luw e Game Reserve

3.  N o r t h w e s t e r n  Cape

P r i v a t e  farms  i n  the  Molopo r e g io n  

aro und  t h e  towns o f  Tosca and Bray .

4.  Ea s te rn  Cape

A d e l a i d e  E x p e r im e n ta l  S t a t i o n  

P r i v a t e  fa rm s i n  th e  A d e l a i d e ,  B ed fo rd  

and F o r t  B e a u f o r t  d i s t r i c t s .

A l i c e  E x p e r im e n ta l  Farm o f  the 

U n i v e r s i t y  o f  F o r t  Hare.

3 . 3 .  F i e l d  M e th od s .

Once the  are as  had been v i s i t e d  and i d e n t i f i e d ,  

r e p r e s e n t a t i v e  s i t e s  o f  400m2 were l a i d  o u t  and each 

s i t e  c h a r a c t e r i z e d  a c c o r d in g  to  i t s  v e g e t a t i v e ,  

p h y s i c a l ,  c l i m a t o l o g i c a l , and p a s t  management  

a t t r i  b u t e s .



25

F ig .  2.  Map o f  South A f r i c a  showing the p o s i t i o n  o f  the 

s tudy re g i on s ,  ( legend o v e r l e a f )
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Mes Messina A g r i c u l t u r a l  Research S t a t i o n

Mar Mara A g r i c u l t u r a l  Research S t a t i o n

K1a K l a s e r i e  P r i v a t e  Nat ur e Reserve

Tha Thaba zimbi  d i s t r i c t

Zee Z e e r u s t  d i s t r i c t

Mol Molopo r e g io n

HIu HIuh luwe  Game Reserve

Ugr  U m fo lo z i  Game Reserve

Al e  A l i c e  E x p e r im e n ta l  Farm

Adi  A d e l a i d e  d i s t r i c t

F i g .  2 ( c o n t . } Key to  a b b r e v i a t i o n s  used f o r  

a l l  maps, f i g u r e s  and t a b l e s .
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Mes Messina A g r i c u l t u r a l  Research S t a t i o n

Mar Mara A g r i c u l t u r a l  Research S t a t i o n

Kla K l a s e r i e  P r i v a t e  N a tu re  Reserve

Tha Tha baz im bi  d i s t r i c t

Zee Z e e r u s t  d i s t r i c t

Mol Molopo r e g i o n

HIu H luh luwe Game Reserve

Ugr  U m fo lo z i  Game Reserve

Ale  A l i c e  E x p e r im e n ta l  Farm

Adi  A d e l a i d e  d i s t r i c t

F i g .  2 ( c o n t . ) Key to  a b b r e v i a t i o n s  used f o r  

a l l  maps, f i g u r e s  and t a b l e s .
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3 .3 . 1  The V e g e t a t i o n .

The v e g e t a t i o n  was measured to  g i v e  an o v e r a l l  

im p r e s s io n  o f  th e  p re s e n t  s t a t u s  o f  the  s i t e s ,  and a l s o  

to  d e te rm in e  th e  r e l a t i o n s h i p s  between t h e  v a r i o u s  

com ponents .  For  th e  pu rpose  o f  t h i s  s tu d y  the  

v e g e t a t i o n  was s u b - d i v i d e d  i n t o  two components .

3 . 3 . 1 . 1 .  G r a s s .

Grass and he rb bas al  ar ea s  were measured u s in g  a ten  

p o i n t  f rame  (Lev y and Madden, 1 93 3) .  E i g h t  hundred 

p o i n t s  were s e t  o u t  on t r a n s e c t s  w i t h i n  each p l o t .

From th e s e  da ta  t h e  p e r c e n ta g e  r o o t e d  g ra ss bas al  

ar ea ( l i v e  and dead)  and t h e  herb bas al  area were 

c a l c u l a  t e d .

Grass h e i g h t  was d e te rm in e d  f rom 16 sample p o i n t s  w i t h i n  

each s i t e  and th e  mean c a l c u l a t e d  to  g i v e  a s i n g l e  v a lu e  

f o r  the whole s ta n d .

I t  was c o n s id e r e d  unn ec es sar y  to  o b t a i n  an a c c u r a t e  

measure o f  t h e  s p e c ie s  c o m p o s i t i o n  o f  the gr ass es 

o c c u r r i n g  on each s i t e  because o f  the  v a r i a t i o n  in  

sp e c ie s  c o m p o s i t i o n  w i t h i n  and between th e  areas  

v i s i t e d .  However,  a r a n k i n g  scheme was used to  re c o r d  

the  do minant  g ra s s  s p e c ie s  w i t h i n  each s i t e .

3 . 3 . 1 . 2  Woody S p e c ie s .

Two pr o c e d u re s  were used to  measure t h i s  component .



3 . 3 . 1 . 2 . 1  I n i t i a l  P r o c e d u r e .

The amounts o f  th e  woody component  are  c e n t r a l  to  t h i s  

s tu d y  and p r o v i d e  a measure f o r  t h e  degree o f  bush 

e n c r oa chm en t .  An a c c u r a t e  measure o f  the  c h a r a c t e r 

i s t i c s  o f  t h e  woody component was t h e r e f o r e  d e s i r a b l e .

Woedy ba sa l  area was d e te rm in e d  by meas ur in g t h e  basal  

c i r c u m f e r e n c e  o f  each woody p l a n t ,  a t  t h e  s o i l  s u r f a c e ,  

w i t h i n  a s i t e .  These va lu e s  were t r a n s f o r m e d  to  area 

v a l u e s ,  u s in g  th e  e q u a t i o n  f o r  th e  are a  o f  a c i r c l e ,  and 

summed t o  g i v e  th e  t o t a l  woody ba sa l  area f o r  the  s i t e .  

These d a ta  were e xp re ssed  as th e  p e r c e n ta g e  o f  the  s i t e  

t h a t  was cov e re d  by woody bas al  a re a .

A s i m i l a r  pr o c e d u re  was used to  o b t a i n  woody d e n s i t y ,  

ex pre ss ed  as th e  number  o f  woody i n d i v i d u a l s  p e r  h e c t a r e .  

No a t t e m p t  was made to  se p a ra te  th e  woody s i z e  c l a s s e s .  

Woody canopy d i m e n s io n s  wure d e te rm in e d  assuming t h a t  

t h e  are a o f  an e l l i p s e  a p p ro x im a te s  an av era ge woody 

canopy i n  h o r i z o n t a l  s e c t i o n .  To d e te rm in e  th e  a r e a ,  

t h e  maximum canopy spr ead  and an o r t h o g o n a l  m in o r  canopy 

sp rea d was measured f o r  each woody p l a n t  w i t h i n  a s i t e ,  

and the  summed woody canopy area e xp ressed  as a pe rc e n ta g e  

o f  the  s u r f a c e  are a o f  the  s i t e .

3 . 3 . 1 . 2 . 2  Ranking scheme.

The p h y s i c a l  measurement  o f  each woody p l a n t  was found  

t o  be v e r y  t ime con suming ,  and a r a n k i n g  scheme was
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deve lo pe d f rom  e x i s t i n g  da ta  to  en ab le  a more r a p i d  

measurement  o f  each s i t e .  The woody s p e c ie s  were 

ra n ke d  i n t o  ten  s i z e  c la s s e s  and by u s i n "  t h e  m i d p o i n t  

o f  each c l a s s ,  t h e  p r e d i c t e d  v a lu e s  were w i t h i n  93 o f  

th e  o r i g i n a l  data f o r  bas al  a r e a ,  woody dens i  t y . and 

canopy a re a.

Us in g t h i s  r a n k i n g  scheme,  t h e  number  o f  s i t e s  measured 

c o u l d  be g r e a t l y  in c r e a s e d ,  s t i l l  m a i n t a i n i n g  a 

re a s o n a b le  l e v e l  o f  a c c u r a c y .

3 . 3 . 2  S o i l s

3 . 3 . 2 . 1  S o i l  s u r f a c e  c h a r a c t e r i s t i c s .

Wi th  an i n c r e a s e  in  woody d e n s i t y  t h e r e  a re  o f t e n  r e l a t e d  

changes i n  t h e  s o i l  s u r f a c e  c h a r a c t e r i s t i c s  (B a r n e s ,  1973) .  

These c h a r a c t e r i s t i c s  were measured u s in g  a ten  p o i n t  

f r a m e .  E i g h t y  o f  the se  f ram es were s e t  o u t  i n  each s i t e ,  

g i v i n g  a t o t a l  o f  800 p o i n t s .  The f o l l o w i n g  s o i l  

s u r f a c e  c h a r a c t e r i s t i c s  were r e c o r d e d  a t  each s am pl in g

( i )  Bare d i s t u r b e d  s o i l  ( h o o f  i m p r i n t s ,  
t e r m i t e  a c t i  v i  t y )

(11 )  Bare u n d i s t u r b e d  s o i l

( i l i )  C lay  ca p p in g  ( s u r f a c e  s e a l i n g )

( i v )  A l g a l  ca p p in g  ( m i c r o f l o r a l  c r u s t s )

( v )  L i t t e r  ( t o t a l  v e g e t a t i v e  l i t t e r )

( v i )  Stones ( p a r t i c l e s  l e s s  tha n  2.5cm
in  d ia m e t e r )



( v i i ) Rocks ( p a r t i c l e s  g r e a t e r  th a n  2.5cm 

i n  d ia m e t e r )

( v i i i )  Dung

The number  o f  s t r i k e s  f o r  each v a r i a b l e  were re c o rd e d  

and e xpr essed  as a p r o p o r t i o n  o f _ t b e  t o t a l  number  o f  

p o i n t s ,  g i v i n g  a pe rc e n ta g e  o f  th e  s u r f a c e  area 

cove red  by each f a c t o r  in  each s i t e .

3 . 3 . 2 .2 S o i l  s a m p le s .

The s o i l  was sampled a t  f o u r  p o i n t s  w i t h i n  eacn s i t e .  

Samples were tak en  f ro m the  t o p s o i l  ( i . e .  150mm below 

the  s o i l  s u r f a c e ) ,  i m m e d ia t e ly  be low  th e  gr as s  r o o t s  

(300 -  400mm below  th e  s o i l  s u r f a c e ) ,  and f r o m  t h e  

s u b s o i l  ( a t  b e d ro c k ,  o r  as deep as p o s s i b l e  w i t h  the 

i n s t r u m e n t s  a v a i l a b l e ) .

S o i l  depth  was d e te rm in e d  a t  each o f  the  s am pl in g p o i n t s ,  

u s i n g  a screw ty p e  a u g e r ,  and averag ed to  g i v e  a s i n g l e  

v a lu e  o f  s o i l  de pt h f o r  each s i t e .

3 . 3 . 3  Management h i s t o r y .

Pa st  and p r e s e n t  management h i s t o r y  was o b t a i n e d  f rom 

i n d i v i d u a l  lan do wne rs  and th e  g o v e r n in g  bod ie s unde r  

whose j u r i s d i c t i o n  the  mana^mnent  o f  uhe are as  f e l l .

These data were o f t e n  u n r e l i a b l e  and d i f f i c u l t  to  o b t a i n  

because o f  the  l a c k  o f  r e c o r d s  f ro m many o f  the  farms 

•in th e  remote a r e a s .  In  th o s e  are as  where re c o r d s  

do e x i s t ,  da ta  c o n c e r n in g  g r a z i n g  management , f i r e
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management , and bush c o n t r o l  v-ere c o l l e c t e d .

3 . 3 . 4  C l i m a t o l o g i c a l  d a ta .

T h i s  i n f o r m a t i o n  was o b t a i n e d  f ro m m e t e o r o l o g i c a l  

s t a t i o n s  i n  each r e g i o n .  Annual  r a i n f a l l  and seasonal  

d i s t r i b u t i o n  re c o r d s  were used.

3 . 3 . 5  I n f i l t r a t i o n

3 . 3 . 5 . 1  R a i n f a l l  s i m u l a t i o n .

High i n t e n s i t y  th u n d e r s t o r m s  ac c o u n t  f o r  most  o f  the  

r u n o f f  and se dim ent  p r o d u c t i o n  f rom  r a n g e la n d s  i n  se m i-  

a r i d  and a r i d  ra n g e la n d s .  I n f i l t r a t i o n  and sed im ent  

p r o d u c t i o n  e x p e r im e n ts  based on s p o r a d i c  s t o rm  ev e n ts  

a re  v e ry  se ldom e c o n o m i c a l l y  f e a s i b l e .  An a l t e r n a t e  

to  n a t u r a l  p r e c i p i t a t i o n  i s  s im u l a t e d  r a i n f a l l  a p p l i e d  

to  smal l  p l o t s  (81 ac kbu rn  , et_ a_l_. , 1 97 4) .  R a i n f a l l  

s i m u l a t i o n ,  the  t e c h n iq u e  o f  a p p l y i n g  w a te r  t o  p l o t s  

i n  a manner s i m i l a r  to  n a t u r a l  r a i n f a l l ,  i s  a t o o l  t h a t  

has been used f o r  many y e a r s  i n  s t u d i e s  o f  e r o s i o n ,  

i n f i l t r a t i o n  and r u n o f f .

i n  the  U n i te d  S t a t e s ,  s i m u l a t i o n  work began i n  the  e a r l y  

1930s, c o n t i n u e d  th ro u g h  t h i  1940s,  and a c c e l e r a t e d  in  

t h e  e a r l y  and m i d -1 9 5 0 s .  F o l l o w i n g  t h i s  s u rg e ,  

s i m u l a t i o n  e x p e r i e n c e d  r a t h e r  modest gr ow th  u n t i l  ab ou t  

t e n  ye a rs  a g „ .  There has been i n c r e a s i n g  i n t e r e s t  

d u r i n g  :he l a s t  decade as ev id e n c e d  by the  number  o f
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pe opl e who a re  b u i l d i n g  and u s in g  s i m u l a t o r s  o f  e i t h e r  

new de s ig n s  o r  m o d i f i c a t i o n s  and improve ments o f  

e x i s t i n g  de s ig n s  ( G i f f o r d ,  1978) .

L i m i t a t i o n s  anu adv an ta ges  o f  r a i n f a l l  s i m u l a t o r s  have 

been d is c u s s e d  by Mech (19 65 )  and Meyer ( 1 9 6 5 ) .

However,  as note d by Bubenzer  (197 9)  r a i n f a l l  s i m u l a t o r s  

as a r e s e a r c h  to o l  hu .  l o n g  s in c e  proved t h e i r  v a l u e ,  

and n c c a r d i  g to G i f f o r d  ( 1 9 7 8 ) ,  i t  app ears t h a t  

r a i n r a l l  s i m u l a t o r s  are  h« re  to  s t a y .

Bevt rar i t !  and P a r r  (196 1,  . i d i c a t e  t h a t  the  p r i n c i p l e  

i nadequacy o f  p r e s e n t  day i n f i 1 t r o m e t e r s  ap pea rs  t o  be 

the absence o f  a w i d e l y  a c c e p t a b l e  method f o r  d e t e r m i n i n .

i n f i l t r a t i o n  r a t e s .  T h i s  f a c t  i s  t r u e  even t o d a y ,  

• j ' f f o r d  i i b i d  . )  i n d i c a t e s  t h a t  i n f  i  1 t r o m e t e r s  may be 

• . l i i i s idered i n  two g e n e ra l  group s : ( i )  R a i n f a l l

t i m u l a t o r s ,  w i t h  th e  w a te r  a p p " ' e d  i n  the  fo r m  and a t  

the r a t e  com pa ra bl e w i t h  n a t u r a l  r a i n f a l l ,  and 

h i  F l o o d i n g  t y p e ,  w i t h  th e  wa + e r  a p p l i e d  i n  a t h i n  

shee t  upon an en c lo s e d  area and u s u a l l y  in  a manner  to  

o b t a i n  a c o n s t a n t  h y d r a u l i c  head.

D o u b l e - r i n g  i n f i 1t r o m e t e r s  (S w a r tz e n d r u b e r  and O ls on,  

1961)  a re  t h e  commonly used i n s t r u m e n t s  o f  t h e  f l o o d i n g  

typ e or" i n f i l t r o m e t e r .  R a i n f a l l  s i m u l a t o r s  c o v e r  a 

wide range  o f  d e s ig n s  and e s s e n t i a l l y  f a l l  i n t o  two 

c a t e g o r i e s  : ( i ) spr ay  t y i , . s i m u l a t o r s ,  wh ic h i n c l u d e

de s ig n s  such as t h e  Rocky M ou nta in  i n f i l t r o m e t e r  

( D o r t i g n a c  and Love ,  1 96 0) ,  where w i t e r  i s  spra yed 

upwards th ro u g h  a no z z le  to  o b t a i n  t e r m i n a l  v e l o c i t y  o f
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tn e  s im u la t e d  ru  i n d r o p s ,  t h e  Purdue r a i n f a l l  s i m u l a t o r  

( B e r t r a n d  and P a r r ,  1361)  where w a te r  i s  s p r a y • d down

wards f rom  an e le v a t e d  n o z z l e ,  to  v e r y  soph i  s t i  Gated 

de s ig n s  w i t h  r o t a t i n g  booms - o v e r i n g  l a r g e  ?reas  on th e  

groun d ( G i f f o r d ,  1 9 7 8 ) ,  and ( i i )  m o d u la r ,  d r i p  type 

s i m u l a t o r s  (Meeuwig,  1 979 ; Me I e k u t i  and G i f f o r d ,  1978;  

G i f f o r d ,  1 980) wh ic h  a rc  p o r t a b l e  and u t i l i z e  a -Jrvp 

fo r m i n g  module to  s i m u l a t e  r a i n f a l l . T h i s  typ e 

s i m u l a t o r  has been shown to g i v e  r e l i a b l e  er . tiniytnv, 

o f  i n f i l t r a t i o n  r a p i d l y ' o n  sm a l l  p l o t s  ( B l a c k b u r n ,  e t  :j , ,  

1 97 4 ) ,  which  a l l o w  a i a r o e r  sample s i z e  ev er  a s h o r t e r  

t i m e  p e r i o d .

3 . 3 . 3 . 2  The I n f i 1t r o m e t e r  .

The i  n f i 1t r o m e t e r  used was a d r i p  ty p e  r a i n f a l l  

s i m u l a t o r  de s ig n e d  f o r  use on r a n g e la n d  i n  th e  s o u t h 

e a s t e r n  U n i t e d  S t a t e s  o f  A m e r i c a . I t  i s  a m od ul ar  

ty p e  i n f i l t r o m e t e r  o r i g i n a l l y  d es ig ne d by Meeuwig (1970 )  

and l a t e r  m o d i f i e d  a c c o r d in g  to  M a l e k u t i  and G i f f o r d  (19 781 ,  

and has been used e x t e n s i v e l y  f o r  h y d r o l o g i c  s t u d i e s  

( G i f f o r d ,  pers  comm.) .  T h is  type o f  s i m u l a t o r  was

s e l e c t e d  because i t  i s  v e ry  p o r t a b l e ,  uses r e l a t i v e l y  

smal l  amounts o f  w a t e r , and i s  s i m p le  t o  use by one 

o p e r a t o r  ( p l a c e  1 . ) .

The i n f i 11 ro m e te r  ( f i g .  3)  w i l l  d e l i v e r  s i m u l a t e d  r a i n f a l l  

0 i i n t e n s i t i e s  r a n g i n g  f rom ab o u t  3 t o  25 cm .h r" ^  o v e r  a 

p . o : s iz e  o f  3413cms . R ai nd ro p s i z e  i s  a p p r o x i m a t e l y  

2.5mm in  d i a m e t e r ,  wh ic h a p p ro x im a te s  the  mean drop s i z e  

fou nd  in  a t y p i c a l  r a i n  s t or m  (Laws,  ! Q41;  B u b e n z e r , 1 979 ) .
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The drop s fa  11 f r o m  a h e i g h t  o f  1 , fm and reach  a 

v e l o c i t y  ab ou t  30fi o f  t e r m i n a l  v e l o c i t y  (Laws,  194 1) .

The i n f  11t r o m e t e r  c o n s i s t s  o f  t h e  f o l l o w i n g  

components  ( f i g .  3)  :

1. Water  chamber  : 5 0 . 9  by 60.9cm p l e x i g l a s s

2.  F low m e te r  : r e g u l a t e s  the f ’ ow f r o m  the
r e s e r v o i r  to  the  w a te r  
chamber ,  and t h e r e f o r e  the  
r a t e  o f  r a i n f a l l

3.  R e s e r v o i r  : 25 l i t r e  p o l y e t h y l e n e  c o n t a i n e r

con ne cte d to  th e  f l o w  me te r  
by f l e x i b l e  p l a s t i c  t u b e .

4.  Drop f o rm e rs  : 517 s t a i n l e s s  s t e e l  tubes

w i t h  a 0.476mm i n n e r  d ia m e t e r  
and a 0.635mm o u t e r  d i a m e t e r .

1 he tub es  p r o j e c t  3.2mm above 
and 9.5mm below  the  p l e x i g l a s s  
base o f  the  chamber .

There a re  no p l o t  f rames on th e  g r o u n d , o n l y  a t r o u g n  on 

th«i io w ns lo pe  edge o f  the  p l o t  f o r  d e l i v e r i n g  p l o t  

r u n o f f  t o  a b u c k e t . Because the  e n t i r e  p l o t  i s  s o r i n k l e d  

i n f i l t r a t i o n  r a t e s  are  somewhat ex ag g e ra te d  due to  l a t e r a l  

movement  ( G i f f o r d ,  19 73) .  The s i m u l a t o r  i s ,  h o w e v e r , 

p o r t a b l e  and i s  we 11 s u i t e d  to  s te ep  s lo p e s  and to  

ro c k y  s o i l s ,  and o n l y  r e q u i r e s  ab o u t  25 l i t r e s  o f  w a te r  

per  30 m in u te s  a t  a r a t e  oT Z . 5 c m . h r " 1 .

The d e s ig n  o f  M a l e k u t i  and G i f f o r d  ( 1 9 / 3 )  used a 

r o t a t i n g  mechanism to  g i v e  a rando mized dro p p a t t e r n  on



34

The drop s f a l  i  f r om  a h e i g h t  o f  1.6m ar . i  r-^acf, a 

v e l o c i t y  ab ou t  30% o f  t e r m i n a l  v e l o c i t y  (Laws,  19 41) .

The i n f i l t r o m e t e r  c o n s i s t s  o f  th e  f o l l o w i n g  

components  ( f i g .  3)  :

1. Water  chamber  : 60 .9 by 60.9cm p l e x i g l a s s

2. F low m e te r  : r e g u l a t e s  th e  f l o w  f ro m the

r e s e r v o i r  to  the w a te r  
chamber ,  and t h e r e f o r e  the  

r a t e  o f  r a i n f a l 1 .

3.  R e s e r v o i r  : 25 l i t r e  p o l y e t h y l e n e  c o n t a i n e r
c on ne c te d to  th e  f l o w  mete r  
by f l e x i b l e  p l a s t i c  t u b e ,

4.  Drop f o r m e r ;  : 5 t ? : t u i  n le s s  s t e e l  tube s
with a <).4, :<T!m inner diameter 
and a 9.6^5;nm outer diameter.
The tub es  p r o j e c t  3.2mm above 

and 9.5mm be lo w the p l e x i g l a s s  
base o f  th e  chamber .

Ther .. are no p l o t  f ram es on the  g r o u n d , o n l y  a t r o u g h  on 

the  downs i . edge o f  th e  p l o t  f o r  d e l i v e r i n g  p l o t  

r u n o f f  t o  a b u c k e t .  uocause t h e  m t i r e  p l o t  i s  s p r i n k l e d  

i n f i l t r a t i o n  r a t e s  are  , mewhat e x a g g e ra te d  due to  l a t e r a l  

movement  ( G i f f o r d ,  1 9 7 8 ) .  Thti ‘ - n u la to r  i s ,  however ,  

p o r t a b l e  and i s  w e l l  s u i t e d  to  s te ep  s l c ; e s  and to 

ro c k y  s o i l s ,  and o n l y  r e q u i r e s  ab ou t  25 l i t r e s  o f  w a te r  

per  30 m in u te s  a t  a r a t e  o f  7 . 5 c m . h r " 1 .

The d e s ig n  o f  M a l e k u t i  and G i f f o r d  (19 78)  used a 

r o t a t i n g  mechanism to  g i v e  a random ized drop p a t t e r n  on
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holding

I no t ho scale I

F i g . 3 An exploded v iew o f  the modi f i ed r i i n f a l l  s im u la to r ,
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P la te  1 . R a i n f a l l  s im u la to r  o p e r a t in g  u n d e r f i e l d  

c o n d i t io n s .

JL
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the  p l o t .  However ,  f o r  t h i s  s t i . d y  i t  reduced the  

p o r t a b i l i t y  o f  the  i n s t r u m e n t ,  and s i n c e  un de r  f i e l d  

c o n d i t i o n s  any s l i g h t  a i r  movement gave a s a t i s f a c t o r y  

dro p p a t t e r n  on th e  p l o t  s u r f a c e ,  t h i s  mechanism was 

removed.

3 . 3 . 5 . 3  D e t e r m i n a t i o n  o f  i n f i l t r a t i o n  r a t e .

The r a t e  o f  " i n f i l t r a t i o n  i s  d e te r m in e d  as th e  d i f f e r e n c e  

between the  amount o f  w a t e r  a p p l i e d  and th e  amount  o f  

r u n o f f  c o l l e c t e d .  R u n o f f  was c o l l e c t e d  a t  f i v e  

m in u te  i n t e r v a l s  f o r  30 m i n u t e s ,  to  c o n s t r u c t  an I t r a t i o n  

cu rv e f o r  each s i t e .  For  t h i s  reason a ' d r y  r u n ' was 

c a r r i e d  o u t  r a t h e r  tha n p r e - w e t t i n g  the  s o i l  p r o f i l e .

T e rm in al  i n f i l t r a t i o n  was o b t a in e d  f ro m th e  i n f i l t r a t i o n  

r a t e  r e a d in g s  a f t e r  30 m i n s . ,  o r  when th e  amount  o f  

r u n o f f  remained c o n s t a n t .  The i n f i l t r a t i o n  r a t e s  were 

e xp re ssed  as l i t r e s  o f  w a te r  i n f i l t r a t i n g  per  u n i t  o f  

t i m e  p e r  u n i t  ar ea ( t h a t  i s  l . m in ~ ' . m R).

3 .4  L a b o r a t o r y  meth ods .

3 . 4 . 1  Sc i i '  sample a n a l y s i s .

3 . 4 . 1 . 1  S o i l  sample p r e p a r a t i o n .

The s o i l  samples f ro m th e  f i e l d  were an a ly s e d  on r e t u r n  

f r o m  a c o l l e c t i n g  t r i p .  These were s i e v e d  th ro u g h  a 

2mm s o i l  s i e v e  and oven d r i e d  f o r  48 hour s a t  8 5 " C .
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3 . 4 . 1 . 2  S o i l  p-f.

A 1 : 2 sus p e n s io n  by w e i g h t  o f  s o i l  and 1M KC1 was 

made up and th e  pH de te rm in e d  u s i n g  a g la s s  e l e c t r o d e  

e l e c t r o n i c  pH m e te r .

3 . 4 . 1 . 3  E l e c t r i c a l  c o n d u c t i v i t y .

A 1 : 1 sus p e n s io n  by w e ig h t  o f  s o i l  and d e i o n i z e d  

w a t e r  was pr e p a re d  f r om  each '■ample, a l lo w e d  to  s ta n d ,  

and the  c o n d u c t i v i t y  de te rm in e d  u s in g  a c e l l  typ e 

co n d u c t  t e r . S o i l  c o n d u c t i v i t y  g iv e s  ar

i n d i c a  ,ne n u t r i e n t  s t a t u s  o f  t h e  s o i l  sus p e n s io

(Buckman and B r a d y ,  1969) .

3.  4 .1 .  4 S o i l  t e x t u r e .

The t e x t u r a l  components  o f  the s o i l  were sep a ra te d  

u s in g  the  h y d ro m e te r  method o f  Bouyuucos ( 1 9 5 1 ) .  Th is  

method r e l i e s  on d i f f e r e n t i a l  r a t e s  o f  s e d i m e n t a t i o n  

o f  s o i l  p a r t i c l e s  i n  an aqueous s o l u t i o n .

A sample o f  s o i l  (50 -  lOOg) wes suspended i n  

d e i o n i z e d  w a t e r  w i t h  1ml sodium hex am etaphosph ate 

( t o  d i s p e r s e  the c l a y  a g g r e g a t e s ) ,  d i s p e r s e d  in  a s o i l  

b l e n d e r  f o r  f i v e  m i n u t e s , and made up to  1 0 0 0 ml w i t h  

d e i o n i z e d  w ac er .  A f t e r  be h :  . shaken by h an d , the 

s p e c i f i c  g r a v i t y  o f  th e  sus pe ns io n was d e te r m in e d  a t  

40 seconds and 120 m in u te s  u s in g  a s o i l  h y d ro m e te r .

The pe rc e n ta g e s  o f  s a n d , s i l t ,  and c l a y  were c a l c u l a t e d  

f ro m  th e s e  v a lu e s  (Bo uy ou cos , i b i d . ) .
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3 .4 .1 .  5 S o i 1 c a t i o n s .

The s o i l s  were an a ly s e d  f o r  t h e i r  c a t i o n  c o n t e n t .

The c a t i o n s  measured were c a l c i u m ,  magnesium, p o ta s s iu m ,  

and sodiu m. Tnese were e x t r a c t e d  f rom th e  s o i l  

samples u s in g  a 1 : 1 0  s u s p e n s io n ,  by w e i g h t ,  o f  oven 

d r i e d  s o i l  and IN ammonium a c e t a t e ,  shaken f o r  h a l f  

an ho ur  and f i l t e r e d .  A sm al l  volume o f  s t r o n t i u m  

c h l o r i d e  was added t o  each sample t o  compensate f o r  the  

masking e f f e c t  caused by phosphorus i n  the  s o i l .  

F o l l o w i n g  d i l u t i o n ,  the  amount  o f  each c a t i o n  i n  the  

s o i l  s u spe ns io n was measured u s in g  an a to m ic  a o s o r p t i o n  

s p e c t r o p h o t o m e t e r ,  and tne  c o n c e n t r a t i o n s  d e te rm in e d  

u s in g  s t a n d a r d  cu rv e s  f o r  the  i n d i v i d u a l  c a t i o n s  ( t h i s  

method was o b t a i n e d  f»-om : Methods o f  S o i l  A n a l y s i s ,  

F e r t i l i z e r  S o c i e t y  o f  South  A f r i c a ) .

3 .5  Data a n a l y s i s .

3 .5 . 1  Raw da ta t r a n s f o r m a t i o n .

From rne f i e l d  d a t a ,  woody bas al  a r e a ,  woody canopy 

a r e a ,  and wood - d e n s i t y  were c a l c u l a t e d  u s in g  the  

m i d p o i n t  o f  each s i z e  c l a s s .  The s i t e s  were grouped 

i n t o  a p r i o r i  group s a c c o r d in g  t o  the  woody d e n s i t y .

T h is  g r o u p in g  was done w i t h i n  each r e g i o n  sampled.

W i t h i n  each r e g i o n  the s i t e s  are  grouped i n t o  t h r e e  

s u b - g r o u p s .  The symbols  used to  den ote  th e  g ro u p in g  

are  as f o l l o w s  :
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1 = Open s i t e s  0 -  500 b u s h e s / h e c t a r e

2 = S l i g h t l y  woody s i t e s  500-2500 b u s h e s / h e c t a r e

3 = Very woody s i t e s  above 2500 b u s h e s / h e c t a r e

The g r o u p in g  i s  a r b i t r a r y ,  b u t  was fou nd  to  be most 

c o n v e n i e n t  f o r  t h e  ty p e  o f  a n a l y s i s  us ed ,  p r o v i d i n g  an 

even spread o f  s ta nd s a c ro s s  th e  woody d e n s i t y  c l a s s e s .

3 . 5 . 2  Compar ison o f  s i t e  f a c t o r s  w i t h  woody d e n s i t y .

A c o r r e l a t i o n  m a t r i x  ( r  v a l u e s )  f o r  a l l  tht - measured 

s i t e  f a c t o r s  was d e te rm in e d  f o r  each r e g i o n  u s in g  the 

SAS com put er  package ( B a r r ,  £ t  -al_. , 1 9 7 6 ) .  In a d d i t i o n  

a l l  the  s i t e  v a r i a b l e s  were compared to  woody d e n s i t y  

u s in g  a p l o t t i n g  f a c i l i t y  o f  t h e  same co mput er  pack age .

3 . 5 . 3  D i s c r i m i n a n t  a n a l y s i s .

A m u l t i v a r i a t e  te c h n iq u e  was used to  p r e d i c t  which 

v a r i a b l e s  ( s i t e  f a c t o r s )  p la y  an i m p o r t a n t  r o l e  in  the 

s e p a r a t i o n  o f  group s a c c o r d i n g  to  the  d e n s i t y  o f  t h e i r  

woody component .

One such te c h n iq u e  i s  d i s c r i m i n a n t  a n a l y s i s  (Cool ey 

and Lo hne s,  IS ? 1! ;  C a c o u l l o s ,  197 3) .  The o b j e c t i v e  

i s  t o  d i s t i n g u i s h  s t a t i s t i c a l l y  between two o r  more 

gro ups  o f  s i t e s .  To d i s t i n g u i s h  between g r o u p s ,  a 

c o l l e c t i o n  o f  d i s c r i m i n a t i n g  v a r i a b l e s  i s  s e l e c t e d  

t h a t  measure the  c h a r a c t e r i s t i c s  on wh ic h the  groups 

are  ex pe ct ed  to  d i f f e r .



41

The p r im a r y  data w i l l  t h e r e f o r e  c o n s i s t  o f  k groups

c o n t a i n i n g  n ^ ,   ................  n k i n d i v i d u a l s  r e s p e c t i v e l y .

Each o f  th a  i n d i v i d u a l s  w i l l  have been d e f i n e d  i n  

terms o f  p v a r i a b l e s  wh ic h  need n o t  have been 

measured i n  the  same u n i t s .

D i s c r i m i n a n t  a n a l y s i s  t r i e s  t o  a n a ly s e  the  prob le m 

by fo r m in g  one o r  more l i n e a r  c o m b in a t i o n s  o f  t h e  

d i s c r i m i n a t i n g  v a r i a b l e s .  These d i s c r i m i n a n t  f u n c t i o n s  

are o f  th e  fo rm ,

where i s  the  sc or e on th e  d i s c r i m i n a n t  f u n c t i o n  i ,  

the  d ' s  are the  w e i g h t i n g  c o e f f i c i e n t s ,  and th e  Z ‘ s 

are  t h e  s t a n d a r d i s e d  va l  ;es ( N i e ,  £ t  a j_ . , 1 975) o f  the 

p v a r i a b l e s  used i n  th e  a n a l y s i s ,  The m a th e m a t ic a l  

d e r i v a t i o n  o f  t h e  c o e f f i c i e n t s  have been d e s c r i b e d  by 

Coo ley  and Lohnes (1 97 1 )  and Tat suo ka ( 1 9 7 1 ) .

In  g e n e ra l  t e r m s ,  i t  i n v o l v e s  s o l v i n g  the  e i g e n v e c t o r  

pr ob le m  o f  the  p r o d u c t  m a t r i x  M‘ ^8,  where B and W a r e ,  

r e s p e c t i v e l y ,  th e  bet ween -  and w i t h i n - g r o u p s  sums of  

squ are s and cr o s s  p r o d u c t s  m a t r i c e s  o f  t h e  s t a n d a r d i z e d  

v a r i a b l e s  ( D a v i e s ,  19 71) .

The f u n c t i o n s  are form ed in  .i<:h a way as to  maximise 

the  s e p a r a t i o n  o f  g ro u p s .  Once t h e  d i s c r i m i n a n t

f u n c t i o n s  have been d e r i v e d ,  one i s  a M e  to  pur sue  the 

two re s e a rc h  o b j e c t i v e s  o f  t h i s  p ro c e d u r e ,  namely  

a n a l y s i s  and c l a s s i f i c a t i o n .
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3 . 5 . 3 . 1  A n a l y s i s .

The a n a l y s i s  as p e c ts  o f  d i s c r i m i n a n t  a n a l y s i s  p r o v i d e  

s e v e r a l  t o o l s  f o r  th e  i n t e r p r  a t i o n  o f  d a t a , Among 

the se are s t a t i s t i c a l  t e s t s  f o r  mea su r i ng  t h e  success, 

w i t h  whic h the  d i s c r i m i n a t i n g  v a r i a b l e s  a c t u a l l y  

d i s c r i m i n a t e  when combined i n t o  d i s c r i m i n a n t  f u n c t i o n s .  

S i nc e the  d i s c r i m i n a n t  f u n c t i o n s  can be th o u g h t  o f  as 

axes in  g e o m e t r i c a l  sp a c e , t h e y  can be used to  s tu d y  

th e  s p a t i a l  r e l a t i o n s h i p s  among th e  g r o u p s . More 

i m p o r t a n t l y ,  the  w e i g h t i n g  c o e f f i c i e n t s  cart be i n t e r 

p r e t e d  much as i n  f a c t o r  a n a l y s i s  o r  m u l t i p l e  r e g r e s s i o n . 

In t h i s  r e s p e c t  t h e y  ser ve  to  i n d e n t i f y  t h e  v a r i a b l e s  

wh ic h c o n t r i b u t e  most  t o  t h e  d i f f e r e n t i a t i o n  a lo n g  the  

r e s p e c t i v e  d im e n s io n s .

3 . 5 . 3 . 2  C l a s s i f i c a t i o n .

The yse o f  d i s c r i m i n a n t  a n a l y s i s  as a c l a s s i f i c a t i o n  

t e c h n iq u e  comes a f t e r  the  i n i t i a l  cor ap u ta t i  o n , Once a 

s e t  o f  v a r i a b l e s  i s  fou nd wh ic h p r o v i d e s  s a t i s f a c t o r y  

d i s c r i '  i n a t i o n  f o r  j  i  te s  w i t h  a known group  member

s h i p ,  a s e t  o f  c l a s s i f i c a t i o n  f u n c t i o n s  can be d e r i v e d  

wh ic h w i l l  p e r m i t  th e  c l a s s i f i c a t i o n  o f  new s i t e s  w i t h  

unknown group  membership.

Most r i a s s i f i c a t i o n  e q u a t i o n -  are d e r i v e d  f r om  the 

poo led  w i t h i n - g r o u p s  c o v a r i a n c e  m a t r i x  and th e  c e n t r o i d s  

f o r  t h e  d i s c r i m i n a t i n g  v a r i a b l e s  (Ni  e , e_t a l_ . , 197 5) .
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The r e s u l t i n g  c l a s s i f i c a t i o n  c o e f f i c i e n t s  are 

m u l t i p l i e d  by th e  raw v a r i a b l e  v a l u e s ,  summed t o g e t h e r ,  

and added o n to  a c o n s t a n t . The e q u a t io n  f o r  one group 

would appe ar  as :

where 0 is  the  c l  ass i H o d t u m  v a lu e  ♦o r  gro up  i ,  

the C ^ , ' s  are the  c l a s s i f i c a t i o n  c o e f f i c i e n t s  w i t h  

1 ., b e in g  the  c o n s t a n t ,  and t h e  V ' s a re  th e  raw 

: . ; . / res on the d i s c r i m i n a t i n g  v a r i a b l e s .  There  is  a lways 

i se p a ra te  e q u a t i o n  f o r  each g ro up .

Computer  i /dcfeages.

* re  a na ly se s were c a r r i e d  o u t  u s in g  t h e  d i s c r i m i n a n t  

a n a l y s i s  sub-programme o f  the  S t a t i s t i c a l  Package 

r  the  S o c i . i S c i e n c e s  (SPSS) ad ap te d f o r  use on an 

lijf*1 ;6i).S7Q sys tem. Some a d d i t i o n a l  a n a l y s e s  were 

•.rf r  * ■ ed o u t  u s in g  the  B io m e d ic a l  package (6MDP) wh ic h 

iT,-> \ .'.u . a s i m i l a r  a l g o r i t h m  to  th e  SPSS a n a l y s i s .

The a g o r i  thin and s t a t i s t i c a l  p r o c e d u re s  may be fou nd  

: i- SPSS Update Manu al ,  Release 8 . 0  -  A l g o r i t h m s  f o r  

UPSS, McGi aw- il  M l ,  New Y o r k ) .

2 . eJ 3.1 I n t e r p r e t a t i o n  o f  . . u 11s .

In  the  sub-programme d i s c r i m i n a n t  (SPSS) t h e  s t a n d a r d 

i s e d  v a r i a b l e s  o f  the  d i s c r i m i n a n t  f u n c t i o n s  are  a lways 

u s e d . The v a lu e  o f  t h e  d i s c r i m i n a n t  f u n c t i o n  i s  computed



by m u l t i p l y i n g  aach d i s c r i m i n a t i n g  v :  i - ia b l  u by i t s  

c o r r e s p o n d i n g  c o e f f i c i e n t  and a d d in g  t o g e t h e r  the se 

p r o d u c t s .  There  v i i l l  be a se p a ra te  v a lu e  f o r  each c i t e  

i n  each f u n c t i o n .  The v a r i a b l e s  have been d e r i v e d  ni 

such a way t h a t  t h e y  are  in  the  s t a n d a rd  for m  

( K l e c k a ,  197 5) .  T h i s  means t h a t  o v e r  a l l  t h e  s i t e s  in  

t h e  a n a l y s i s ,  t h e  v a lu e  on one f u n c t i o n  w i l l  have a mean 

o f  ze ro  and a s t a n d a rd  d e v i a t i o n  o f  on e.  Thus any 

s i n g l e  v a lu e  r e p r e s e n t s  the  number  o f  s t a n d a rd  

d e v i a t i o n s  t h a t  s i t e  i s  away f r o m  th e  mean f o r  a l l  cases 

on t h e  d i s c r i m i n a n t  f u n c t i o n .  By a v e r a g in g  th e  v a lu e s  f o r  

the  s i t e s  w i t h i n  a p a r t i c u l a r  gro up (d eg re e o f  woody 

d e n s i t y ) ,  the  group  mean on th e  r e s p e c t i v e  f u n c t i o n  is  

c a l c u l a t e d .  For  a s i n g l e  group  t h e  means on a l l  the  

f u n c t i o n s  a'*e r e f e r r e d  to  as the  group  c e n t r o i d ,  which 

i s  t h e  most t y p i c a l  l o c a t i o n  o f  a s i t e  f rom t h a t  group 

i n  t h e  d i s c r i m i n a n t  f u n c t i o n  space.

The s t a n d a r d i z e d  d i s c r i m i n a n t  f u n c t i o n  c o e f f i c i e n t s  

( s t a n d a r d i z e d  w i t h  r e s p e c t  t o  the  measured v a r i a b l e s )  

are o f  g r e a t  im p o r ta n c e .  When t h e  s ig n  i s  i g n o r e d ,  

each c o e f f i c i e n t  r e p r e s e n t s  the  r e l a t i v e  c o n t r i b u t i o n  

o f  i t s  a s s o c i a t e d  v a r i a b l e  to  t h a t  f u n c t i o n .

The s i g n  m e re ly  de not es  wh e th e r  t h e  v a r i a b l e  i s  making 

a p o s i t i v e  o r  n e g a t i v e  c o n t r i b u t i o n  ( N i e ,  jet £!_•> 1 9 75 ) .

The i n t e r p r e t a t i o n  i s  ana lo go us  to  the  i n t e r p r e t a t i o n  

o f  be ta w e ig h ts  in  m u l t i p l e  r e g r e s s i o n .

I t  i s  i m p o r t a n t  t o  n o te  t h a t  u n s t a n d a r d i z e d  c o e f f i c i e n t s  

do n o t  r e f l e c t  the  r e l a t i v e  im p o r ta n c e  o f  the v a r i a b l e s ,
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s i n c e  t h e y  have n o t  been a d j u s t e d  f o r  the  measurement  

s c a le s  and v a r i a t i o n  i n  th e  o r i g i n a l  v a r i a b l e s .

3 . 5 . 3 . 5  R o t a t i o n  o f  d i s c r i m i n a n t  axes.

The d i s c r i m i n a n t  f u n c t i o n s  a re  d e r i v e d  i n  such a way 

t h a t  the  f i r s t  f u n c t i o n  se p a ra te s  the  groups as much 

as p o s s i b l e .  The second f u n c t i o n  se p a ra te s  them as 

much as p o s s ib K -  <r an o r t h o g o n a l  d i r e c t i o n ,  g iv e n  the  

f i r s t  f u n c t i o n .  T, .. •*nd r e s u l t  i s  t f . i t  th e  groups 

a re  as se p a ra te  as p o s s i b l e  e i v s n  ".•.a v a r i a b l e s .

As i n  f a c t o r  a n a l y s i s  i t  may be u s e f u l  t o  r o t a t e  the 

axes { d i s c r i m i n a n t  f u n c t i o n s )  w h i l e  h o l d i n g  c o n s t a n t  

th e  r e l a t i v e  l o c a t i o n s  o f  the s i t e s  and th e  group  

c e n t r o i d s .  T h i s  i s  done by Var imax s o l u t i o n  a v a i l a b l e  

in  t h e  sub-programme d i s c r i m i n a n t  (SPSS).  I t  has the  

adva nt ag e o f  im p r o v in g  th e  i n t e r p r e t a b i 1 i t y  o f  the  

new a-es  s i n c e  th e  main v a r i a b l e s  c o n t r i b u t i n g  to  

each a x i s  are  h i g h l i g h t e d .  Such a r o t a t i o n  has no 

e f f e c t  on the  gro up  s e p a r a t i o n  and the  r e l a t i v e  

l o c a t i o n  o f  new s i t e s .  I t  i s  hr -wev^v,  i m p o r t a n t  to  

n o te  t h a t  a l t h o u g h  r o t a t i o n  o f  the  d i s c r i m i n a n t  axes 

have sug ges ted  in  t h e  s t a t i s t i c a l  l i t e r a t u r e

(C o o le y  and Lohne s,  1 97 1) ,  l i t t l e ,  i f  an y ,  t r e a t m e n t  

has been g iv e n  to  the  consequences o f  such a r o t a t i o n .  

K le cka  (197 5)  t h e r e f o r e s u g o '  ts  t h a t  us er s  sho ul d 

t r e a t  t h i s  f e a t u r e  as e x p e r i m e n t a l  and employ i t  o n l y  

a f t e r  a c q u i r i n g  a th o ro u g h  u n d e r s t a n d i n g  o f  the  t e c h n i q u e .
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3 . 5 . 3 . 6  S e l e c t i o n  m e th o d s .

In  t h e  d i s c r i m i n a n t  a n a l y s i s  pr o c e d u re  o f  SPSS and 

BMDP, two methods o f  v a r i a b l e  s e l e c t i o n  are a v a i l a b l e .

3 . 5 . 3 . 6 . 1  D i r e c t  method.

A l l  th e  in d e p e n d e n t  v a r i a b l e s  a re  e n te re d  i n t o  th e  

a n a l y s i s  c o n c u r r e n t l y .  The d i s c r i m i n a n t  f u n c t i o n s  

are  c re a t e d  d i r e c t l y  f r o m  the  e n t i r e  s e t  o f  

ind e p e n d e n t  v a r i a b l e s ,  r e g a r d l e s s  o f  the  d i s c r i m i n 

a t i n g  power  o f  th e  i n d e p e n d e n t  v a r i a b l e s .

The d i r e c t  method i s  a p o r o p r i a t e  when,  f o r  t h e o r e t i c a l  

r e a s o n s ,  t h e  r e s e a r c h e r  wi sh es  to  have a l l  the  

i n d ep en de nt  v a r i a b l e s  e n t e r e d  i n  t h e  a n a l y s i s ,  and i s  

n o t  i n t e r e s t e d  i n  r e s u l t s  based on su b s e ts  o f  the  

in d e p e n d e n t  v a r i a b l e s .

3 . 5 . 3 . 6 . 2  S te pw is e methods.

The a l t e r n a t i v e  to  the  d i r e c t  method i s  t o  use a 

s t e p w is e  s e l e c t i o n  m eth od.  Ind ep end en t  v a r i a b l e s  w i l l  

be s e l e c t e d  f o r  e n t r y  i n t o  th e  a n a l y s i s  on th e  b a s i s  o f  

t h e i r  d i s c r i m i n a t i n g  power .

In  many i n s t a n c e s ,  the  f u l l  s e t  o f  Ind ep en de nt  

v a r i a b l e s  may n o t  be v e r y  u f u l  in  d i s c r i m i n a t i n g  among 

th e  g rou ps .  3y s e q u e n t i a l l y  s e l e c t i n g  the  ' n e x t  b e s t '  

d i s c r i m i n a t o r  a t  each s t e p ,  a red uced s e t  o f  v a r i a b l e s  

w i l l  be fou nd  wh ic h i s  a lm o s t  as good as ,  and sometimes 

b e t t e r  t h a n ,  the  f u l l  s e t  ( K l e c k a ,  19 75) .
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The use o f  a s t e p w is e  pr o c e d u re  r e s u l t s  in  an o p t im a l  

s e t  o f  v a r i a b l e s  b e in g  s e l e c t e d .  The r e s u l t  i s  o n l y  

o p t im a l  ( r a t h e r  than maximal )  because n o t  e v e r y  p o s s i b l e  

su b s e t  i s  c o n s i d e r e d .  The as s u m p t i o n  i s  t h a t  th e  

s t e p w is e  p r o c e d u re  i s  an e f f i c i e n t  way o f  a p p r o x i 

m a t e l y  l o c a t i n g  th e  b e s t  s e t  o f  d i s c r i m i n a t i n g  v a r i a b l e s .  

A maximal  s o l u t i o n  would  r e q u i r e  t e s t i n g  e v e r y  p o s s i b l e  

su b s e t  to  d e te r m in e  wh: :h would pr odu ce t h e  v e r y  b e s t  

r e s u l t .  T h i s  can be done u s in g  a j a c k - k n i f e  t e c h n i q u e ,  

b u t  u s u a l l y  t h e r e  are too  many v a r i a t i o n s  f o r  t h i s  to  

be p e r fo rm ed  in a re a s o n a b le  '-.mount o f  t i m e .

For  th e  pu rpose o f  t h i s  s t u d y ,  where a l l  t h e  v a r i a b l e s  

were c o n s id e r e d  t o  nave equal im p o r ta n c e  i n i t i a l l y ,  

a d i r e c t  a n a l y s i s  p roc ed ur e was used t h r o u g n o u t .
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The use o f  a s t e p w is e  pr o c e d u re  r e s u l t s  in  an o p t i m a l  

s e t  o f  v a r i a b l e s  b e in g  s e l e c t e d . The r e s u l t  i s  o n l y  

o p t i m a l  ( r a t h e r  tha n m a x im a l ) because no t  e v e r y  p o s s i b l e  

su b s e t  i s  c o n s i d e r e d .  The as s u m p t i o n  i s  t h a t  the 

s te p w is e  pr o c e d u re  i s  an e f f i c i e n t  way o f  a p p r o x i 

m a te l y  l o c a t i n g  the  b e s t  s e t  o f  d i s c r i m i n a t i n g  v a r i a b l e s .  

A maximal  s o l u t i o n  would  r e q u i r e  t e s t i n g  ev e ry  p o s s i b l e  

su b s e t  to  d e te r m in e  whic h would  pr odu ce the  v e ry  b e s t  

r e s u l t .  T h i s  can be done u s in g  a j a c k - k n i f e  t e c h n i q u e ,  

b u t  u s u a l l y  t h e r e  are too  many v a r i a t i o n s  f o r  t h i s  to  

be p er fo rm ed i n  a r e a s o n a b le  amount o f  t im e .

For  the  pur pose o f  t h i s  s t u d y , where a l l  t h e  v a r i a b l e s  

were c o n s id e r e o  t o  nave equal  i m p o r ta n c e  i n i t i a l l y ,  

a d i r e c t  a n a l y s i s  pr o c e d u re  was used t h r o u g h o u t .
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4.  R e s u l t s  and D is c u s s io n

4. 1 F u n c t i o n a l  c l a s s e s  o f  v a r i a b l e ' : .

Some t h i r t y  v a r i a b l e s  were measured to  c h a r a c t e r i s e  

each s i t e  ( t a b l s  1 ) .  A l th o u g h  a l l  are i n  some way 

a s s o c i a t e d  v i t h  t h e  s t a t u s  o f  the  bu s h -g ra s s  communi ty ,  

some v a r i a b l e s  may be I n h e r e n t  to  the  s i t e  ( i . e .  the 

v a r i a b l e s  do n o t  change w i t h  d i f f e r e n t  w m b i n a t i o n s  

o f  the  gra ss  and woody com p o n e n ts ) ,  whereas the 

r e m a in in g  v a r i a b l e s  change as a r e s u l t  o f  a change In 

t h e  c o m b in a t i o n  o f  t n e  woody and gras s  com ponents .

.‘he main l i s t  o f  v a r i a b l e s  were sep a ra te d  i n t o  two 

f u n c t i o n a l  s u bg rou ps .  F o r  c o n v e n ie n c e ,  the  v a r i a b l e s  

t h a t  dc n o t  change as a r e s u l t  o f  i n c r e a s e d  woody 

d e n s i t y  w i l l  be termed ' c a u s a l  v a r i a b l e s '  and thos e 

w h ic h  change as a r e s u l t  o f  In c re a s e d  woody d e n s i t y  

w i l l  be termed 'c o n s e q u e n t i a l  v a r i a b l e s '  ( t a b l e  1 ) .

4 . 2  i n f i l t r a t i o n  r a t e s .

The r a t e  o f  w a te r  i n f i l t r a t i o n  i n t o  the  s o i l  was 

c a l c u l a t e d  as the  d i f f e r e n c e  between the  amount  o f  

w a t e r  a p p l i e d  and the  r u n o f f  c o l l e c t e d .  R u n o f f  was 

c o l l e c t e d  ov e r  a 50cm by 50cm i o t  r e c e i v i n g  a 

c o n s t a n t  r a i n f a l l  i n t e n s i t y  o f  800mm. h o u r ' 1 .

To o b t a i n  an i n f i l t r a t i o n  cu rv e  f o r  each s im u la t e d  

r a i n f a l l ,  c u m u l a t i v e  r u n o f f  was c o l l e c t e d  and measured



V a r ia b le Type

G rass  b a s a l a re a  
H erb  b a s a l a re a  
Mean g ra s s  h e ig h t

G ro ss  com ponent

Woody b a s a l a re a  
Woody d e n s i ty  
Woody canopy a re a

Woody com ponent

T o p s o i l  sand c o n te n t  
S u b s o i l  sar.d c o n te n t  
T o p s o i l  c lo y  t. ' t e n t  
S u b s o i l  c lo y  c o n te n t  
T o p s o i l  s i l t  c o n te n t  
S u b s o i l  s i l t  c o n te n t  
S o i l  d e p th

f a u s o l v a r ia b le s

A lg a l  c a p p in g  
C la y  c o p p in g  
B o re  u n d is tu r b e d  g ro u n d  
B o re  d is tu r b e d  g ro u n d

T o p s o i l  c o n d u c t iv i t y  
S u b s o i l  c o n d u c t iv i t y  
T o p s o i l  pH 
S u b s o i l  pH
T o p s o i l : s u b s o i l  c o lc iu m  
T o p s o i l i s u b s o i l  m agnesium  
T o p s o i l  : s u b s o i l  p o ta s s iu m  
T o p s o i l i s u b s o i l  sod ium  
I n f i l t r a t i o n  r a te

C o n s e q u e n t ia l
v a r a ib le s

T a b le  1 . F u n c t io n a l  c la s s e s  o f  th e  m easured v a r ia b le s .
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a t  5 ,  IQ ,  15 and 30 m in u te s  a f t e r  commencement o f  

th e  s i m u l a t e d  r a i n s t o r m .

The i n f i l t r o m e t e r  used ( M a i e k u t i  and G i f f o r d ,  1978) 

d i d  n o t ,  howe ver ,  pr odu ce many s i g n i f i c a n t  r e s u l t s .  

R u n o f f  was o n ly  o b t a in e d  f rom  a few s i t e s  ( t a b l e  2) 

a l t h o u g h  the  I n s t r u m e n t  was used on o v e r  one hundred

The o n l y  s t a t i s t i c a l l y  s i g n i f i c a n t  r e s u l t s  o b t a in e d  

f r o m  the  use o f  t h i s  i n s t r u m e n t  w er e,  n o t  s u r p r i s i n g l y ,  

t h a t  un d e r  s im u la t e d  r a i n f a l l  c o n d i t i o n s  s o i l s  w i t h  a 

heavy t e x t u r e  ( i . e .  a h ig h  c l a y  c o n t e n t )  showed a lo w e r  

i n f i l t r a t i o n  r a t e  a f t e r  30 m in u te s  th an s o i l s  w i t h  a 

coa rs e  t e x t u r e  ( f i g .  4 ) .  I t  i s  o f  i n t e r e s t  t h a t  t h e  

i n f i l t r a t i o n  r a t e  c u r v e s  were s i m i l a r  f o r  most  s i t e s ,  

b u t  t h e  p o i n t s  o f  i n f l e c t i o n  and the  r a t e s  o f  

i n f i l t r a t i o n  a f t e r  30 m in u te s  v a r i e d  f ro m s i t e  to  s i t e .  

In  co ar se t e x t u r e d  s o i l  ( s a n d s ) ,  the  a p p l i e d  r a i n f a l l  

i s  absor bed  ve ry  r a p i d l y  i n t o  th e  s o i l  p r o f i l e  and v e ry  

l i t t l e  r u n o f f  o c c u r s .  On ine t e x t u r e d  s o i l s ,  however ,  

the  o p p o s i t e  e f f e c t  was o b se rved .  R u n o f f  dec rea ses  

f a i r l y  q u i c k l y ,  p r o b a b l y  due to  some s u r f a c e  s e a l i n g ,  

and t h e  i n f i l t r a t i o n  r a t e  a f t e r  30 m in ut es  i s  a p p r o x i 

m a t e l y  one h a l f  t h a t  for co ar se t e x t u r e d  s o i l s .

U n f o r t u n a t e l y ,  the  numbe" on wh ic h r u n o f f

o c c u r r e d  was v e ry  sm al l  aru . , n i f i c a n t  r e l a t i o n 

s h ip s  were d e r i v e d  between th e  s i t e  v a r i a b l e s  and 

I n f i l t r a t i o n  r a t e s ,  w i t h  th e  e x c e p t i o n  o f  th e  s o i l  

t e x t u r a l  c h a r a c t e r i s t i c s .
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S i te I n f i l t r a t i o n  r a t e  ( l . m in V 2) S o i l  ty p e

5 min. 10 min | 15 m in . 30 m in .

K lo  1 0 .5 6 0 .5 6 0 .2 0 0 .1 8
K la  2 0 .5 6 0 .5 3 0 .2 0 0 .1 6
K la  3 0 .5 6 0 .5 4 0 .2 3 0 .2 2
K la  4 0 .5 6 0 .5 6 0 .5 * 0 .4 5
U g r 1 0 .5 0 0 .4 8 0 .4 2 0 .3 0
U gr 3 0 .5 6 0 .5 3 0 .4 8 0 .3 5 F in e

U g r 4 0 .5 6 0 .5 0 0 .5 3 0 .2 3 te x tu r e d

U g r 5 0 .5 6 0 .5 5 0 .4 9 0 .2 8
U g r 6 0 .5 6 0 .5 0 0 .5 1 0 .4 1
U g r 9 0 .5 4 0 .5 2 0 .4 8 0 .2 3
U g r 10 0 .5 4 0 .4 8 0 .4 1 0 .2 5
U g r 11 0 .5 6 0 .5 2 0 .5 1 0 .4 3
U gr 12 0.54 0 .4 8 0 .4 3 0 .2 5
U g r 13 0 .5 6 0 .5 2 0 .5 0 0 .2 9

M ar 13 0 .5 6 0 .5 1 0 .4 3 0 .3 8
M ar 14 0 .5 6 0 .5 1 0 .4 9 0 .4 0
M ar 15 0 .5 6 0 .5 5 0 .5 0 0 .4 7
M ar 16 0 .5 6 0 .5 1 0 .4 9 0 .4 7
M ar 17 0 .5 6 0 .5 6 0 .5 1 0 .5 1 C oa rse
M ar 19 0 .5 6 0 .5 5 0 .5 2 0 .5 1
M ar 20 0 .5 6 0 .5 5 0 .5 1 0 .5 0 te x tu r e d

M ar 31 0 .5 6 0 .5 5 \ 5 1 0 .5 1
M ar 32 0 .5 4 0 .5 3 0 •'v 0 .4 7
M ar 33 0 .5 6 0 .5 5 0 .4 7
M ar 34 0 .5 6 0 ,5 2 0.4/ 0 .4 6

T a b le  2 . I n f i l t r a t i o n  r a te s  on s i t e s  w he re  r u n o f f  o c c u r re d .
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A m a jo r  drawback o f  t h e  r a i n f a l l  s i m u l a t o r  i s  t h e  1ow 

k i n e t i c  en er gy  a t t a i n e d  by the  s im u l a t e d  r a i n d r o p s .

Laws (194 1)  showed t n a t  r a i n d r o p s  o f  2.5mm i n  d ia m e t e r  

a t t a i n  o n l y  30E o f  t h e i r  t e r m i n a l  v e l o c i t y  when they 

f a l l  f ro m 1.5m i n  s t i l l  a i r .  To a c h ie v e  95« t e r m i n a l  

v e l o c i t y ,  and t h e r e f o r e  95% o f  maximum k i n e t i c  e n e r g y , 

the  d>-ops have to  f a l l  f r o m  a h e i g h t  o f  7 .5m.  To use 

a m od ul ar  r a i n f a l l  s i m u l a t o r  wh ic h i s  r a i s e d  t o  t h i s  

h e i g h t  above the  s o i l  s u r f a c e ,  ' s n o t  a f e a s i b l e  or  

p r a c t i c a l  s o l u t i o n  unde r  f i e l d  c o n d i t i o n s . However,  

G i f f o r d  ( p e r s  comm.} f e e l s  t h a t  th e  redu ced V n e t i c  

e ne rg y o b t a in e d  u s in g  t h i s  ty p e  o f  s i m u l a t o r  sh ou ld  

n o t  be a c r i t i c a l  f a c t o r , i n  t h a t  th e  o b j e c t i v e  o f  

meas ur i ng i n f i l t r a t i o n  was to  o b t a i n  a c o m p a r a t i v e  

measure o f  the  - i n f i l t r a t i o n  r a t e  between s i t e s ,  and not  

a b s o l u t e  r a t e s  o f  i n f i l t r a t i o n .

However ,  on t h e  m a j o r i t y  o f  s i t e s  me as ur ed , no r u n o f f  

was c o l l e c t e d  a f t e r  a 30 m in u te  r u n ,  i n d i c a t i n g  t h a t  

a l l  t h e  w a t e r  a p p l i e d  i n f i l t r a t e d  i n t o  t h e  s o i l  ov er  

t h i s  t i m e  p e r i o d .  T h is  i s ,  ho weve r ,  n o t  th e  case 

unde r  n a t u r a l  r a i n f a l l  c o n d i t i o n s  as s i g n s  o f  s u r fa c e  

f l o w  o f  w a t e r  were ob se rved on a lm o s t  a l l  th e  s i t e s .

T h i s  t y p e  o f  s i m u l a t o r  does n o t  seem t o  be s u i t a b l e  

f o r  use on South A f r i c a n  s o i l s ,  e s p e c i a l l y  on coa rse 

t e x t u r e d  s o i l s .  S e t t e r  r e s u l t s  may be o b t a i n e d  i f  

th e  s o i l s  a re  p r e - w e t  to  f i e l d  c a p a c i t y  b e f o r e  the  

i n f i l t r a t i o n  r a t e s  are d e te rm in e d  to  redu ce the 

ex ag g e ra te d  i n f i l t r a t i o n  r a t e s  caused by l a t e r a l  

i n f i l t r a t i o n .  T h i s  may, howe ver ,  change the  s o i l
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su ' fa . .e  c t i j tMC t t r  i s t i c r . , and t h e  t im e  p e r i o d  f o r  

?.er ii i inal  i  i i f  1 1 t r a U o t i  t o  be reac hed  w i l l  not  be 

r ie t i ^ m in e d .  An o th e r  t y p e  o f  s i m u l a t o r  may be used 

which can pro duce h i g h e r  k i n e t i c  e n e r g i e s . These are 

u s u a l l y  o f  a sp ra y  ty p e  ( G i f f o r d , 1 980)  and a r e  n o t  

vc-i-v p o r t a b l e ,  u s in g  l a r g e  amounts o f  w a t e r  d u r i n g  a 

. I m u la t e d  r a i n f a l i  .

4 .3  Pas-  ma-agement  p r a c t i r e s .

A i l  oi  the  s i t e s  measured oc c u r  i n  b us hv el d as d e f i n e d  

oy Acocks ( 1 9 5 3 ) .  T h i s  v e g e t a t i o n  c o n s i s t s  o f  v a r i o u s  

c o m b in a t i o n s  p f  herbace ous  and woody com pon ent s , and 

■s used e x t e n s i v e l y  f o r  g r a z i n g ,  e s p e c i a l l y  by c a t t l e  

" a n c h e r s .  Some game r a n c h in g  i s  a l s o  c a r r i e d  out  

* n the se a r e a s .

4 . 3 . 1  G ra z in g  management .

The s i t e s  can be c a t e g o r i z e d  i n t o  two broa d management 

pr?.. t i c e s  :

! .i On p r i v a t e l y  owned fa rm s and th e  a g r i c u l t u r a l  

re s e a rc h  s t a t i o n s  th e  v e g e t a t i o n  i s  used a lm o s t  

e x c l u s i v e l y  f o r  c a t t l e  r a n c h i n g .  Some in d ig e n o u s  

'-am*; is p re s e n t  in  some a r e a s ,  b u t  u s u a l l y  i n  r e l a t i v e l y  

smal l  num bers. The g r a z i n '  i n t e n s i t y  i s  d e te rm in ed  

! y t h e  land ow ne r  o r  f ro m a d v i c e  f r o m  the  e x t e n s io n  

r,L-rvicL- o f  t h e  Dep ar t me nt  o f  A g r i c u l t u r e ,  and s t o c k i n g  

r d t t c  va ry  f ro m area to  a re a .

The.- area., unde r  c a t t l e  r a n c h in g  m o s t l y  u t i l i z e  a
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r o t a t i o n a l  g r a z i n g  s ys te m , u s u a l l y  w i t h  a d d i t i o n a l  

w a t e r i n g  p o i n t s  i n  each paddock.  In  some o f  the  more 

a r i d  a r e a s ,  e s p e c i a l l y  t h e  Molopo d i s t r i c t  and th e  

Messina r e g i o n ,  be low ave rage r a i n f a l l  f o r  th e  pa st  

f i v e  y e a r :  has l e d  t o  se ve re  o v e r g r a z i n g  o f  the  

herbace ous  component ,  and on many farm s i n  t h e  Molopo 

r e g i o n  v e r y  l i t t l e ,  i f  an y ,  g r a z i n g  i s  l e f t .

C o n s e q u e n t l y ,  some o f  the se  fa r m e r s  have had t o  s e l l  

o f f  much o f  t h e i r  l i v e s t o c k  and t h e  fa r m in g  area i s  

becoming s e v e r e l y  d e - p o p u l a t e d .

( i i )  The game r e s e rv e s  are s t o c k e d  w i t h  h e r b i v o r e s  

w i t h  mix d f e e d i n g  p r e f e r e n c e s .  T h i s  means t h a t  

u n l i k e  c a t t l e  r a n c h e s ,  unde r  gvme r e s e r v e  c o n d i t i o n s  

b o th  the  woody and th e  herbace ous  component  i s  

u t i l i z e d  by th e  a n i m a l s .  Because the  numbers o f  the  

i n d ig e n o u s  h e r b i v o r e s  are  d i f f i c u l t  t o  m o n i t o r ,  and th e  

a n im a ls  a re  f r e e  ra n g in g  and ten d to  c o n g re g a te  on 

h i g h l y  p a l a t a b l e  a r e a s ,  many o f  t h e  game r e s e r v e s  ure  

o v e r s t o c k e d  and the  d e g r a d a t i o n  o f  the  herbaceous 

component  i s  a p p a re n t  i n  many case s.

4 . 3 . 2  F i r e  .

F i r e  i s  n o t  g e n e r a l l y  u t i l i z e d  as a management to o l  

i n  a g r i c u l t u r a l  a r e a s ,  e s p e c i a l l y  i n  th e  s e m i - a r i d  

savanna r e g i o n s .  In  many cases th e  herbace ous  component  

i s  low a i d  t h e r e  i s  no o u i l d  up o f  m or ibund  g r a s s ,  and 

t h e r e f o r e  no need f o r  a b u r n in g  p o l i c y ,  However ,  some
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l and owner s b e l i e v e  th e y  can reduce the  woody component  

o f  the  v e l d  by p e r i o d i c  b u r n i n g .  Because o f  the  

reduc ed herbaceous component  i n  th e s e  a r e a s , t h e r e  is  

n o t  a s u f f i c i e n t  f u e l  l o a d  to  c r e a t e  an i n t e n s e  f i r e  

t o  k i l l  the  woody p l a n t s .  A c c i d e n t a l  f i r e s  do,  however ,  

o c c u r  p e r i o d i c a l l y ,  bu*  are u s u a l l y  low i n t e n s i t y ,  

ground f i r e s  because o f  t h e  low f u e l  lo a d .

In  th e  game r e s e r v e s  f i r e  i s  r e ga rd ed  as a u s e f u l  

management  t o o l , and most  o f  th es e areas  have a f a i r l y  

f l e x i b l e  f i r e  p o l i c y .  The pur pose i s  g e n e r a l l y  to  

redu ce th e  amounts o f  mor ibun d gra ss  wh ic h b u i l d s  up 

as a r e s u l t  o f  t h e  s e l e c t i v e  g r a z i n g  h a b i t s  o f  the  

f r e e  r a n g i n g  a n im a ls  .

T r o l l o p e  (19 80)  has shown t h a t  f i r e ,  combined w i t h  a 

f o l l o w - u p  t r e a t m e n t  w i t h  do m e s t i c  br ow ser s ( g o a t s } can 

be used t o  m a i n t a i n  the  v e g e t a t i o n  i n  a p a r t i c u l a r  s t a t e  

i n  th e  e a s t e r n  Cape. In  t h i s  area th e r e  i s  a s u f f i c i e n t  

f u e l  l o a d ,  i n  the  fo r m  o f  a good gra ss c o v e r ,  t o  m a i n t a i n  

an i n t e n s e  f i r e  t o  k i l l  t h e  woody p l a n t s .  W i th  a 

f o l l o w - u p  t r e a t m e n t  w i t h  g o a t s , whic h browse on the  

r e - g r o w t h  o f  the  woody p l a n t s ,  T r o l l o p e  ( i b i d . )  has been 

a b l e  to  m a i n t a i n  an open g r a s s la n d  ty p e  o f  v e g e t a t i o n  

f o r  s e v e ra l  y e a r s .

4 . 3 . 3  Bush e r a d i c a t i o n .

On o n l y  one o f  the  farm s v i s i t e d ,  i n  the  Z e e ru s t  d i s t r i c t ,  

was any c o n c e r te d  e f f o r t  made t o  e r a d i c a t e  the  woody



58

component  o f  t h e  savanna v e g e t a t i o n  to  o b t a i n  a h i g h e r  

gra ss  y i e l d .  In t h i s  area a f o l i a r  spr ay  o f  TORDON 255 

was a p p l i e d  by h e l i c o p t e r  w i t h  an e s t i m a te d  k i l l  r a t e  

o f  80% o f  a l l  woody p l a n t s .  U n f o r t u n a t e l y ,  no 

measurements were made b e fo r e  o r  a f t e r  t h e  a r b o r i c i d e  

was a p p l i e d ,  and the  o n l y  i n f o r m a t i o n  a v a i l a b l e  i s  in  

th e fo rm  o f  o b s e r v a t i o n s  by th e  la n d o w n e r ,  who,  in  the 

s h o r t  t e r m ,  b e l i e v e s  t h a t  t h e  gr a s s  p r o d u c t i o n  on h is  

fa rm  has in c r e a s e d .

4 . 4 .  R e s u l t s .

The a n a l y s i s  o f  th e  da ta  as one l a r g e  m a t r i x  would be 

o f  l i t t l e  use because o f  the  l a r g e  d i f f e r e n c e s  in  

r a i n f a l l  and s o i l  ty p e  t h a t  o c c u r  between th e  r e g i o n s .

An i n i t i a l  a t t e m p t  was made t o  a n a l y s e  the se da ta  as 

one m a t r i x  t o  d e t e r n i n e  w he th er  any v a r i a b l e s  were 

a s s o c i a t e d  w i t h  i n c r e a s i n g  woody d e n s i t y .  However ,  

no s i g n i f i c a n t  c o r r e l a t i o n s  o r  d s s o c i a t i m s  between 

w oodiness and the  s i t e  v a r i a b l e s  were f o t  ... For  t h i s  

reason th e  da ta  were a na ly se d and d is c u s s e d  r e g i o n a l l y ,

i . e .  w i t h i n  a broad  c l i m a t i c  and v e g e t a t i o n  v a r i a t i o n  

o f  the  b u s h v e ld .

4 . 4 . 1  Reg io na l  a n a l y s e s .

4 . 4 . 1 . 1  Messina and K l a s e r i e .



J9

4 . 4 . 1 . 1 . 1  D e s c r i p t i o n .

These ar ea s  f a l l  i n t o  the  broad  c a t e g o r y  o f  mopaneveld 

and l o w v e ld  as d e s c r i b e d  by Acocks ( 1 9 5 3 ) .  As the 

name s u g g e s t s , th e  dom inan t  woody s p e c ie s  i s  

Colophospermum mopane i n t e r s p e r s e d  w i t h  e ver gr ee n  

s h r u b s , m a i n l y  Euc lea  spp. and o t h e r s  . There are  a ls o  

some are as  o f  mixed bu s h v e ld  dom ina ted  by S c l e r o c a r y a  

c a f r r a , Combretum a p i c u l a t u m, and Ac ac ia  spp.  The 

g ra s s  c o v e r  i s  sp ar se  i n  mopane a r e a s ,  i n c r e a s i n g  i n  

ba sa l  area and pa 1a t a b i 1 i t y  i n  t h e  mixed b us hv el d 

a r e a s .  The woody d e n s i t y  i s  g e n e r a l l y  h igh  e s p e c i a l l y  

i n  th e  sc ru b  mopane v a r i a t i o n  where t h e  mean h e i g h t  o f  

t h e  woody p l a n t  i s  2 -  3m

The s o i l s  are sandy Cab- and) w i t h  i s o l a t e d

d e p o s i t s  o f  c a l c i u m  csrb^  , n the  Messina a r e a .

The r a i n f a l l  i s  l o w ,  ra n g in n  f rom 300mm pe r  annum in  the  

w e s te rn  r e g i o n  -to ab o u t  450mm p e r  annum in  th e  e a s t ,  

w i t h  most o f  the r a i n  f a l l i n g  i n  h ig h  i n t e n s i t y  t h u n d e r 

s tor ms i n  th e  e a r l y  and l a t e  summer.

4 . 4 . 1 . 1 . 2  I n t e r r e l a t i o n s h i p s  o f  s i t e  v a r i a b l e s  and 
woody d e n s i t y .

A l l  th e  measured v a r i a b l e s  were p l o t t e d  a g a i n s t  woody 

d e n s i t y ,  and a c o r r e l a t i o n  m a t r i x  was d e r i v e d  u s in g  the  

SAS co mp ute r  package (Append.  2 ) .  Only  th e  s i g n i f i c a n t  

r e l a t i o n s  a re  pr e s e n te d  h e r e .
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With an i n c r e a s e  in  woody d e n s i t y  th e r e  i s  an in c r e a s e  

i n  woody bas al  area { f i g .  5 ) .  In  the se s i t e s  t h e  most 

common woody s p e c ie s  i s  Colophospermum mopane. Under  

a h ig h  woody d e n s i t y  t h e r e  i s  n o t  a g r e a t  deal  o f  

c o p p i c i n g  and most o f  th e  woody p l a n t s  are  in  the  

2 - 4 m s iz e  c l a s s ,  g i v i n g  a h ig h  woody basa l  a re a .

A l s o ,  unde r  lo w  woody d e n s i t i e s ,  most o f  t h e  t r e e s  are 

f r om  a mixed bu s h v e ld  v e g e t a t i o n  t y p e ,  and a l t h o u g h  the  

number o f  stems pe h e c t a r e  i s  l o w e r ,  many o f  the  woody 

p l a n t s  are  t r e e s  w i t h  a l a r g o  bas al  c i r c u m f e r e n c e .

T o p s o i l  pH and sub 's o i l  c o n d u c t i v i t y  both i n c r e a s e  w i t h  

i n c r e a s i n g  woody d e n s i t y  ( f i g s .  6 and 7,  r e s p e c t i v e l y ) .  

The l a t t e r  i m p l i e s  t h a t  unde r  s i t e s  w i t h  a h ig h  woody 

d e n s i t y  n u t r i e n t s  are b e in g  l ea che d i n t o  th e  s u b s o i l .  

However , many o f  the  s t a n d s  w i t h  a h ig h  woody d e n s i t y ,  

e s p e c i a l l y  in  th e  Messina a r e a ,  o c c u r  on s i t e s  w i t h  

c a l c i u m  c a r b o n a te  d e p o s i t s  w h ic h  accou nt  f o r  an In c re a s e d  

t o p s o i l  pH ( i . e .  more b a s i c )  o f  th e s e  s i t e s .

Wc ,dy d e n s i t y  and s u b s o i l  sand c o n t e n t  are  p o s i t i v e l y  

c o r r e l a t e d  ( f i g .  8)  b u t  t o p s o i l  s i l t  c o n t e n t  dec re as es  

w i t h  i n c r e a s i n g  woody d e n s i t y  ( f i g .  9 ) .  The w a te r  

h o l d i n g  c a p a c i t y  o f  the  t o p s o i l  t h e r e f o r e  decr eas es 

w i t h  i n c r e a s e d  woody d e n s i t y .

4 . 4 . 1 . 1 . 3  D i s c r i m i n a n t  a n a l y s i s .

The f i r s t  d i s c r i m i n a n t  f u n c t i o n  a cc ou nt ed  f o r  561 o f  

the  v a r i a n c e ,  and i n d i c a t e s  a t r e n d  f rom  a gr as s
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F ig .  5 The r e la t io n s h ip  be tw ee n woody d e n s i ty  and woody 

b a s a l a re a  in  th e  M e s s in a  s i t e s .
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F ig .  6 The r e la t io n s h ip  be tw een woody d e n s i ty  and t o p s o i l  

pH i n  th e  M e ss in a  s i t e s .

JL
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F ig .  7 The r e la t io n s h ip  be tw een woody d e n s i ty  and s u b s o i l  

c o n d u c t iv i t y .

&
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F ig .  8 The r e la t io n s h ip  be tw een woody d e n s i ty  and s u b s o i l  

sond c o n te n t  i n  th e  M e ss in a  s i t e s .

JL
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F ig .  9 The r e la t io n s h ip  be tw een woody d e n s i ty  and t o p s o i l  

s i l t  c o n te n t  i n  th e  M ess ina  s i t e s .

A
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dom inated v e g e t a t i o n  ty p e  to  a den se,  woody dom inated 

ty p e .  The a l l - g r o u p s  s c a t t e r p l o t  ( f i g .  10) i n c l u d e s  

th e  second d i s c r i m i n a n t  f u n c t i o n  which acc ounted 

f o r  the  rc r i n g  44;; o f  t h e  v a r i a n c e .  The s p a t i a l  

o r i e n t a t i o n  i  th es e groups shows t h a t  the y are f a i r l y  

d i s c r e t e  w i t h  l i t t l e  o v e r l a p  between gro ups  on the se

The v a r i a b l e s  which are  most  s t r o n g l y  a s s o c i a t e d  w i t h  

t h i s  d i s c r i m i n a t i o n  are  l i t t e r ,  ba re  u n d i s t u r b e d  s o i l  , 

and t o p s o i l  c o n d u c t i v i t y  ( t a b l e  3 ) .  The num er ic  va lu e 

o f  t h e  c a n o n i c a l  c o e f f i c i e n t s  g i v e s  an i n d i c a t i o n  o f  

the  im p o r ta n c e  o f  t h e  v a r i a b l e  t o  th e  d e r i v e d  d i s c r i m i n a n t  

f u n c t i  o n , w i t h  th e  s ig n  d e n o t i n g  wh e th e r  th e  v a r i a b l e s  

are  p o s i t i v e l y  o r  n e g a t i v e l y  a s s o c i a t e d  w i t h  the 

d i s c r i m i n a t i o n .

The v a r i a b l e s  w i t h  t rie h i g h e s t  n u m e r i c a l  c o e f f i c i e n t s  

f r o m  t h i s  r e g i o n  im p ly  t h a t  w i t h  an i n c r e a s e  i n  woody 

d e n s i t y  t h e r e  i s  an i n c r e a s e  i n  l i t t e r ,  which i s  

d e r i v e d  f r o m  dropped l e a v e s .  A s s o c i a t e d  w i t h  t h i s ,  

t h e r e  i s  an i n c r e a s e  i n  t h e  amount  o f  bare s o i l  w i t h  

i n c r e a s i n g  woody d e n s i t y .  T h i s  i s  accou nt ed f o r  by 

the  d r a m a t i c  dec rease  i n  gra ss  bas al  a r e a , f r om  abou t  

6,5% in  open s i t e s  t o  v i r t u a l l y  ze ro  i n  s i t e s  w i t h  a 

h ig h woody d e n s i t y .

The a s s o c i a t i o n  between i n c r e a s i n g  woody d e n s i t y  and 

de c r e a s in g  t o p s o i l  c o n d u c t i v i t y  i n d i c a t e s  a lo w er

JL
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All-groups Scafterplot

First Canonical D.scriminant Function

#  indicate? e group centroid )

F ig .  10 . The s p a t i a l  o r ie n t a t io n  o f  th e  M e ss in a  and K la s e r ie  

s i t e s  i n  d is c r im in a n t  f u n c t io n  spa ce .



Standardized canonical discrim inant function coe ffic ien ts

Variable Function 1 Function 2

L i t t e r 6 .3 5 5 6 1 0 .5 9 8 2 9

Open d is tu r b e d  g ro un d 3 .6 8 8 0 5 3 .4 0 2 4 8

Open u n d is tu r b e d  g ro u n d 6 .7 7 7 6 8 1.2 8 2 2 6

A lg a l  c a p p in g 1 .9 7 4 0 0 0 .3 8 8 1 5

C la y  c a p p in g -1 .3 2 1 1 7 -1 .1 0 0 2 7

Rocks 0 .6 8 8 7 8 -0 .1 9 1 3 4

Dung - 1 .8 1 1 1 1 -0 .0 6 3 4 5

T o p s a i l  c o n d u c t iv i t y -2 .7 7 8 8 4 -3 .5 7 9 5 2

S u b s o i l  c o n d u c t iv i t y 0 .7 6 9 1 9 0 .6 5 9 7 7 7

T o p . jo i l  pH 2 .4 8 0 7 1 0 .3 9 9 7 6

S u b s o i l  pH 0 .9 4 5 8 4 0 .8 8 5 4 1

S u b s o i l  sand -0 .4 0 6 5 9 0 .3 7 6 0 6

T o p s a i l  c lo y -0 .2 7 7 5 7 -0 .4 1 5 8 2

S u b s o i l  c la y - 1 .2 0 2 4 5 -1 .7 7 4 4 5

T o p s a i l  s i l t - 0 .5 5 8 4 8 -0 .6 2 8 3 5

S o i l  d e p th 0 .0 7 4 3 3 0 .0 1 5 0 5

T o b iij  3 .  S ta n d a rd iz e d  d is c r im in a n t  fu n c t io n  c o e f f i c ie n t s  f o r  

th e  M e ss in a  and K la s e r ie  s i t e s .
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n u t r i e n t  s t a t u s  o f  t h e  t o p s o i l  unde r  t r e e s  than in  

gra ss  dom ina ted  s i t e s ,  T h i s  i s  accompanied by a 

p o s i t i v e  a s s o c i a t i o n  o f  s u b s o i l  c o n d u c t i v i t y  w i t h  

i n c r e a s i n g  woody d e n s i t y .  Taken t o g e t h e r ,  th es e 

r e s u l t s  su g g e s t  t h a t  un de r  gras s  dom in at ed s i t e s  the 

n u t r i e n t s  are h e ld  i n  the  t o p s o i l  by th e  herbaceous 

component  and t h e r e  i s  v e ry  l i t t l e  l o s s  t o  the  s u b s o i l  

v i a  l e a c h i n g .  I n  s i t e s  w i t h  a h ig h  woody d e n s i t y ,  

th e r e  i s  a g r e a t  r e d u c t i o n  i n  the  herbaceous component  

which a l l o w s  downward l e a c h i n g  o f  the  n u t r i e n t s  t o  the 

s u b s o i l .

O th e r  c o n s e q u e n t i a l  v a r i a b l e s  t h a t  show a s s o c i a t i o n s  

w i t h  i n c r e a s i n g  woody d e n s i t y  a re  p o s i t i v e  a s s o c i a t i o n s  

o f  a l g a l  ca pp in g  and pH, and n e g a t i v e  a s s o c i a t i o n s  o f  

dung and c l a y  c a p p in g .  These a s s o c i a t i o n s  m a in l y  

i n d i c a t e  th e  d e g r a d a t i o n  o f  the  s o i l  s u r f a c e  w i t h  

i n c r e a s i n g  woody d e n s i t y .  An i n t e r e s t i n g  f e a t u r e  is  

t h a t  c l a y  ca p p in g  ( s u r f a c e  s e a l i n g )  shows a n e g a t i v e  

a s s o c i a t i o n  whereas a l g a l  capp in g ( m i c r o f l o r a l  c r u s t )  

shows a p o s i t i v e  a s s o c i a t i o n  w i t h  the  d i s c r i m i n a n t  

f u n c t i o n .  The f o r m a t i o n  o f  an a l g a l  cap may be 

a s s o c i a t e d  w i t h  l i t t e r ,  which  i s  h i g h  unde r  the  woody 

component  and de crea se s i n  the  w e l l  g ra ss ed  s i t e s .

Cla y  c a p p i n g ,  on the  o t h e r  h and , i s  a s s o c i a t e d  w i t h  

the  gr as s component .  The t r e e  canopy p r o v id e s  an 

i n t e r c e p t i o n  s u r fa c e  t o  incom in g p r e c i p i t a t i o n ,  thus 

r e d u c in g  th e  k i n e t i c  ene rgy  o f  t h e  drops  b e f o r e  the y 

s t r i k e  the  s u r f a c e .  T h is  redu ces  th e  p o s s i b i l i t y  o f  

s u r f a c e  s e a l i n g .  In  a se p a ra te  a n a l y s i s ,  c l a y  capp ing
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V a r ia b le C o r r e la t io n  c o e f f i c ie n t s

G ross  b a s a l a re a  -  mean g ra s s  h e ig h t 0 .7 1 5

G ro ss  b a s a l a re a  -  open d is tu r b e d  g ro un d 0 .9 4 3

G rass  b a s a l a re a  -  c la y  c o p p in g 0 .7 4 0

G rass  b a s a l a re a  -  t o p s a i l  c o n d u c t iv i t y 0 .7 0 2

l i t t e r  -  open u n d is  ru rb e d  g ro u n d -0 .8 9 4

Open d is t u r b - d  g ro u n d  -  c lo y  c a p p in g 0 .9 1 1

Open d is tu r b e d  g ro u n d  -  woody b a s a l a re a 0 .7 3 5

Open d is tu r b e d  g ro u n d  -  t o p s a i l  con du c . 0 .7 1 8

C la y  c a p p in g  -  woody b a s a l a re a 0 .8 7 9

T o p s a i l  pH -  s u b s o i l  pH 0 .7 7 4

S u b s o i l  sand -  t o p s a i l  s i l t 0 .8 0 0

T o p s a i l  c la y  -  s u b s o i l  c la y -0 .9 7 6

S u b s o i l  c lo y  -  woody d e n s i ty 0 .7 1 2

T a b le  4 .  S i g n i f i c a n t  c o r r e la t io n s  ( r  v a lu e s  w i t h  p r o b a b i l i t ie s  

o f  le s s  th a n  0 .0 0 1 )  o f  v a r ia b le s  fro m  th e  M ess ina
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shows a p o s i t i v e  c o r r e l a t i o n  w i t h  gra ss  bas al  area 

( t a b l e  4)  which may s u p p o r t  the  above h y p o t h e s i s .

However , c l a y  c a p p in g  a l s o  shows p o s i t i v e  c o r r e l a t i o n s  

w i t h  woody bas al  area and open u n d i s t u r b e d  ground 

( t a b l e  4)  wh ic h a re  bo th  a s s o c i a t e d  w i t h  i n c r e a s i n g  

woody d e n s i t y .  A l s o ,  t h e r e  i s  no r e a l  e v id enc e 

f o r  im p l y i n g  a c a u s a t i v e  r e l a t i o n  between a l g a l  

cap pi ng  and l i t t e r ,  and between c l a y  ca pp in g and gras s 

basal  a re a.

Of the  cau sal  v a r i a b l e s  ( i . e .  th e  p h y s i c a l  f e a t u r e s  

o f  t h e  s i t e )  s o i l  depth  i s  most s t r o n g l y  (and p o s i t i v e l y )  

a s s o c i a t e d  w i t h  i n c r e a s i n g  woody d e n s i t y ,  i m p l y i n g  

t h a t  s i t e s  w i t h  a h ig h woody d e n s i t y  o c c u r  on deep s o i l s  

and v i c e  v e r s a . There  i s  a l s o  a n e g a t i v e  a s s o c i a t i o n  

o f  t o p s o i l  s i l t  w i t h  i n c r e a s i n g  woody d e n s i t y .  Th is  

may l e n d  some s u p p o r t  t o  th e  h y p o t h e s i s  proposed by 

W a l t e r  ( 1 9 7 1 ) .  Wel l  grassed s i t e s  have a h i g h e r  t o p s o i l  

s i l t  c o n t e n t  tha n s i t e s  w i t h  a h ig h  woody d e n s i t y ,  

g i v i n g  the  t o p s o i l  i n  th e  fo r m e r  s i t e s  a h i g h e r  w a te r  

h o l d i n g  c a p a c i t y .  However , in  an i n d ep en de nt  a n a l y s i s ,  

t o p s o i l  s i l t  i s  p o s i t i v e l y  c o r r e l a t e d  w i t h  t o p s o i l  sand. 

T h i s  i m p l i e s  t h a t  t o p s o i l  c l a y  c o n t e n t , which  i s  the  

t h i r d  component  o f  s o i l  t e x t u r e ,  must  i n c r e a s e  w i t h  

i n c r e a s i n g  woody d e n s i t y .  However , s u b s o i l  and t o p s o i l  

c l a y  c o n t e n t  have a s t r o n g  n e g a t i v e  c o r r e l a t i o n  w i t h  

each o t h e r  ( r  « - 0 . 9 7 6 )  and s u b s o i l  c l a y  shows a 

p o s i t i v e  c o r r e l a t i o n  w i t h  woody d e n s i t y  ( r  = 0 . 7 1 2 ) .

T h i s  i s ,  however ,  c o n t r a d i c t o r y  in  t h a t  the



72

c o r r e l a t i o n s ,  wh ic h were d e r i v e d  i n d e p e n d e n t l y  f rom 

t h e  d i s c r i m i n a n t  a n a l y s i s ,  show t h a t  t o p s o i l  c l a y  

c o n t e n t  de crea se s w i t h  i n c r e a s i n g  woody d e n s i t y .

R oc k ine ss  shows a p o s i t i v e  a s s o c i a t i o n  w i t h  the 

d i s c r i m i n a n t  f u n c t i o n  i n d i c a t i n g  t h a t  s i t e s  w i t h  a 

h i gh  woody d e n s i t y  have a g r e a t e r  amount  o f  ro ck s on 

t h e  s o i l  s u r f a c e  than s i t e s  w i t h  a good gras s  c o v e r .

4 . 4 . 1 . 1 . 4  Woody sp e c ie s  c o m p o s i t i o n .

The woody sp e c ie s  whic h showed th e  h ig h e s t  d e n s i t i e s  

i n  t h i s  a re a ,  i n  o r d e r  o f  common o c c u r r e n c e ,  are :

Coiophospermum mopane 

O ic h r o s t a c h y s  c i n e r e a 

A ca c i a n ig r e s c e n s  

Combretum a p ic u la tu m  

Termina 1 ia  o r u n i o i d e s

From t h e  da ta c o l l e c t e d  it i s  n o t  p o s s i b l e  t o  s t a t e  

which  o f  them are  a g g r e s s i v e ,  b u t  th e  s i t e s  w i t h  the  

h i g h e s t  woody d e n s i t i e s  had dense s t a n d s  o f  e i t h e r  

Colophospermum mopane o r  D i c h r o s t a c h y s  c i n e r e a . 

A c c o r d in g  to  Acocks (1 953 )  and Drummond and Coates 

Pal grav e ( 1 973)  C o lo p h o s p e r run mopane i s  u s u a l l y  

c o n s id e r e d  to  be s o i l  ty p e  dep endent  and i n c r e a s i n g  

d e n s i t y  u s u a l l y  o n ly  oc cur s th ro u g h  c o p p i c i n g  ( i . e .  not  

s t r i c t l y  an i n v a d e r ) .  D ic h r o s t a c h y s  c i n e r e a , on the
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o t h e r  hand , has been shown to  be an a g g r e s s i v e  i n v a d e r ,  

u s u a l l y  in  areas  o f  d i s t u r b a n c e .

4 . 4 . 1 . 2  Thaba zimbi  and Z e e r u s t .

4 .4  . 1 . 2 . 1  D e s c r i p t i o n .

The s i t e s  f r om  the se  are as  are  a l l  s i t u a t e d  on p r i v a t e l y  

owned c a t t l e  ra n c h e s .  The main aim i n  v i s i t i n g  t h i s  

r e g i o n  was to  l o c a t e  f e n c e - l i n e  c o n t r a s t  s i t e s  which 

have d i f f e r e n t  combi  n u t i o n s  o f  g ra s s  and woody 

components  on e i t h e r  s i d e  o f  a fe n c e  as a r e s u l t  o f  

d i f f e r e n t  management  p r a c t i c e s .  However , s e v e r a l  

o t h e r  s i t e s  were a l s o  me as ur ed . Only  t h e  t a t t e r  wer? 

used in  the  a n a l y s e s  s i n c e  th os e s u b je c t e d  to  a r t i f i c i a l  

c l e a r i n g  would  o b v i o u s l y  i n v a l i d a t e  r e l a t i o n s h i p s  

between c u r r e n t  measurements o f  woody d e n s i t y  and s o i l

The region,  f a l l s  i n t o  the  broad v e g e t a t i o n  ty p e  o f  

s o u r i s h  mixed b us hv el d (A c o c k s ,  195 3) .  R a i n f a l l  i s  

v a r i a b l e ,  r a n g in g  f r o m  400mm pe r  annum in  the  west  to  

ab ou t  500mm in  the  Thab azimb i  a r e a .  The s o i l s  are

g e n e r a l l y  deep and sandy i n  t e x t u r e .

4 . 4 . 1 . 2 . 2  I n t e r r e l a t i o n s h i p s  o f  s i t e  v a r i a b l e s  and 
woody d e n s i t y .

I n  an i n i t i a l  a n a l y s i s  where a l l  the  measured v a r i a b l e s  

were c o r r e l a t e d  w i t h  each o t h e r , and were p l o t t e d



a g a i n s t  woody d e n s i t y  (Appe ndi x  2)  o n ly  dung ( f i g .  11) 

and gra ss  basal  are a ( f i g .  1 2 ) showed s i g n i f i c a n t  

r e l a t i o n s h i p s  w i t h  woody d e n s i t y .  W i th  an i n c r e a s e  

i n  woody d e n s i t y  t h e r e  i s  an i n c r e a s e  i n  the  amount 

o f  dung on the  s o i l  s u r f a c e ,  i n d i c a t i n g  t h a t  the  

a n im a ls  p r e f e r  the se s i t e s ,  p r o b a b l y  as a r e fu g e  f o r  

shade.  Grass bas al  area d e c l i n e s  w i t h  an in c r e a s e  

i n  t r e e s ,  b u t  some o f  the  more p a l a t a b l e  gra ss  s pe c ie s 

(Panlcum maximum) o c c u r  more f r e q u e n t l y  unde r  t r e e  

c ano pi es  and t h i s  may a cc ou nt  f o r  an i n c r e a s e  i n  dung 

on the  s o i l  s u r f a c e  o f  s i t e s  w i t h  a h ig h  t r e e  d e n s i t y .

4 . 4 . 1 . 2 . 3  D i s c r i m i n a n t  a n a l y s i s .

In  th e s e  s i t e s  t h e  two ext remes o f  woody d e n s i t y  ( i . e .  

open and ve ry  woody s i t e s )  were used i n  the  d i s c r i m i n a n t  

a n a l y s i s ,  e x c l u d i n g  th o s e  t h a t  had been b u s h - c l e a r e d ,  

r e s u l t i n g  i n  a s i n g l e  d i s c r i m i n a n t  f u n c t i o n  be in g 

d e r i v e d .

The f r e q u e n c y  o f  t h e  i n d i v i d u a l s  i n  each group  were 

p l o t t e d  a lo n g  t h i s  a x i s  ( f i g .  1 3 ) ,  where 1 denote s 

open s i t e s  and 2 de no te s  woody s i t e s .  The deg rees o f  

woody d e n s i t y  are f a i r l y  d i s t i n c t  a l on g the  d i s c r i m i n a n t  

f u n c t i o n ,  w i t h  a sm al l  amount o f  m i x i n g ,  showing a 

t r e n d  f rom low to  h ig h  woody d e n s i t y  ( f i g .  13) .

The v a r i a b l e s  which a re  s t r o n g l y  a s s o c i a t e d  w i t h  t h i s  

t r e n d  are l i t t e r ,  ba re  s o i l ,  a l g a l  c a p p in g ,  s u b s o i l  

pH, s u b s o i l  sand,  and t o p s o i l  pH, m o s t l y  c o n s e q u e n t i a l  

v a r i a b l e s .



75

1000 2000 3000

Moody Density ( buhei per

F ig ,  11 The r e la t io n s h ip  be tw een woody d e n s i ty  and dung 

i n  th e  T h a b a z im b i and Z e e ru s t s i t e s .
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1000 2000 3000

Woody Density ( buihn pt:

F ig .  12 The r e la t io n s h ip  be tw een woody d e n s i ty  and g ro ss  

b a s a l a re a  in  th e  T h a b a z im b i and Z e e ru s t s i t e s .
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As in  the  Messina s i t e s ,  l i t t e r  and a l g a l  c ap pi ng  

i n c r e a s e  w i t h  in c r e a s i n g  woody d e n s i t y .  L i t t e r  is  

m a i n l y  d e r i v e d  f ro m t h e  woody s p e c i e s , s i n c e  the  

herbaceous l a y e r  i s  w e l l  u t i l i z e d  th r o u g h o u t  t h e  ye ar  

and v e ry  l i t t l e  l i t t e r  a c c u m u la t e s . A lg a l  cap pin g 

and l i t t e r  ag ai n seem to  be a s s o c i a t e d  w i t h  each o t h e r  

and th e  aeve lopm ent  o f  a m i c r o f l o r a l  c r u s t  may r e q u i r e  

the  s i  i g h t l y  i n c r e a s e d  m o is t u r e  s t a t u s  o f  the  t o p s n i l  

unde r  the l a y e r s  o f  d e p o s i te d  l i t t e r ,  o r  unde r  a +ree 

canop y.

Wi th  i n c r e a s i n g  wooay d e n s i t y  t h e r e  i s  a de c rea se in  

t h e  amount o f  bare s o i l ,  p r o b a b l y  as a r e s u l t  o f  an 

i n c r e a s e  i n  l i t t e r  un de r  th e  woody p l a n t s .  T h is  i s  

s up p o r te d  by a n e g a t i v e  c o r r e l a t i o n  between l i t t e r  and 

ba re  s o i l  ( r  » - 0 . 7 0 )  ( t a b l e  6 ) .  However , the  s i t e s  

were sampled in  w i n t e r  when the  dom inan t  woody s p e c ie s ,  

A c a c ia  e ru b e s c e n s , had shed i t s  l e a v e s .

S u b s o i l  pH and s u b s o i l  sand c o n t e n t  show a p o s i t i v e  

a s s o c i a t i o n  w i t h  t h e  d i s c r i m i n a n t  f u n c t i o n .  T h i s  

i m p l i e s  t h a t  unde r  h ig h  woody d e n s i t i e s ,  n u t r i e n t s  are 

b e in g  l ea che d f rom the  t o p s o i " i n t o  t h e  s u b s o i l  thus 

c ha ng in g the  a c id - b a s e  s t a t u s .  S u b s o i l  pH and s u b s o i l  

c l a y  a re  n e g a t i v e l y  c o r r e l a t e d  ( r  = - 0 , 8 2 9 )  i n d i c a t i n g ,  

by d e d u c t i o n ,  a l o w e r  s u b s o i l  c l a y  c o n t e n t  in  s i t e s  

w i t h  a h igh woody d e n s i t y  ( t  ;s 1 1 e 6 ) .

As in  the  Messina s i t e s ,  which a l s o  oc c u r  on sandy 

s o i l s ,  the  s i t e s  f r om  Tha baz i r rh i  and Z e e ru s t  a l s o  had 

t h e  h i g h e s t  woody d e n s i t i e s  on deep s o i l s .
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F ig .  13 , The fre q u e n c y  and d i s t r i b u t i o n  o f  s ta n d s  lo n g  th e

d is c r im in a n t  f u n c t io n  f o r  th e  T h a b a z im b i and Z e e ru s t 

r e g io n s .
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Standardized canonical discriminant function coe ffic ien ts

Variable Function 1

L i t t e r 1 .3 0 6 2 4

~;>en d is tu r b e d  g ro un d -1 .0 5 3 5 7

Open u n d is tu r b e d  g ro u n d -0 .9 9 6 2 1

A lg a l  c a p p in g 1.89 83 0

Rocks 0 .2 2 1 3 7

Dung -0 .5 9 8 7 2

T o p s a i l  c o n d u c t iv i t y 0 .6 9 0 7 2

S u b s o i l  c o n d u c t iv i t y 0 .7 7 3 6 4

T o p s o i l  pH -0 .2 7 8 1 9

S u b s o i l  pH 1.21 80 5

S u b s o i l  sand 1.15 57 7

T o p s o i l  c la y -0 .0 7 9 6 4

S u b s o i l  c ie > -0 .2 3 1 1 4

T o p s o i l  s i l t 0 .7 2 4 7 9

S o i l  d e p th 1 .6 8 0 1 8

T a b le  5 . S ta n d a rd iz e d  d is c r im in a n t  fu n c t io n  c o e f f i c i e n t s  f o r  

th e  T h o b o z im b i and Z e e ru s t s i t e s .



Variable
Correlation
coefficients Probability

G ross b a s a l a re a  -  h e rb  bas .1 a re a

G rass b a s a l a re a  -  dung

Woody d e n s i ty  -  dung

L i t t e r  -  open d is tu r b e d  g ro un d

Dung -  t o p s a i l  c o n d u c t iv i t y

Open u n d is tu r b e d  g ro u n d  -  t o p s a i l  s i l t

S u b s o i l  pH -  s u b s o i l  c la y

0 .6 4 9

-0 .6 4 4

0 .8 P 5

-0 .7 0 0

0 .8 4 8

-0 .7 8 1

-0 .8 2 9

0 .0 0 0 8

0 .0 0 0 9

0 .0 0 0 1

0 .0 0 0 2

0 .0 0 0 1

0 .0 0 0 1

0 .0 0 0 1

T a b le  6 .  S ig n i f i c a n t  c o r r e la t io n s  ( r  v a lu e s )  o f  v a r ia b le s  fro m  

th e  T h a b a z im b i and Z e e rv s t  s i t e s .
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4.4.1.''.4 W o o d y  s p e c i e s  c o m p o s i t i o n .

The most  common woody sp e c ie s  d i f f e r  s l i g h t l y  between 

t h e  two a r e a s . In t h e  Thabazimbi  area th e y  are  :

A c a c ia  erubescens 

A. t o r t i 1i  s 

Grewi  a b i  co l  o r  

S. f l i v a  

Rhus 1 ancea

In th e  Z e e r u s t  area th e y  are :

A c a c i a  e r u b e s c e n s  
T a r c h o n s n t h u s  c a m p h o r a t u s  
A c a c i a  m e l 1 ifera 
A . k a r r o o

Ac ac ia  er ube sce ns i s ,  howe ver ,  th e  most dominant  

woody s p e c ie s  i n  bo th  a re a s .  G e n e r a l l y  the  west ern  

area i s  f a i r l y  encroac hed  w i t h  woody d e n s i t i e s  

r e a c h in g  4500 bushes per  h e c t a r e . However ,  many o f  

t h e  h ig h  d e n s i t i e s  are found on s i t e s  which may have 

been d i s t u r b e d  in  the  p a s t .  On thes e Ac ac ia  erubesc ens  

arid A. mel  1 i f e r a  fo rm  dense t h i c k e t s .  A c c o rd in g  to  

fa rm e rs  i n  t h e  d i s t r i c t ,  bush encro ach ment  i s  o n l y  a 

s e r i o u s  pro b lem  in  the  reg i r -n  t o  th e  west  o f  Z e e r u s t .

T h t  r e m a in in g  area i s  e s s e n t i a l l y  a mixed b u s h v e l d , 

woody do m in a te d ,  w i t h  t h i c k e t s  f o r m i n g  around s i t e s  

o f  d i s t u r b a n c e  ( e . g .  w a t e r i n g  and f e e d i n g  t r o u g h s } .

In  th e  Thab azimb i  a r e a , t h e  f a rm e rs  i n t e r v i e w e d  f e e l
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t h a t  bush encroach ment  i s  a t  p r e s e n t  n o t  a s e r io u s  

prob lem in  the im mediate d i s t r i c t ,  but  woody d e n s i t i e s  

in c r e a s e  on s i t e s  t o  the  west  and n o r t h w e s t  where s o i l s  

ar e g e n e r a l l y  deeper  and Ac ac ia  erubesc ens  forms 

dense s ta n d s .  Many o f  th e  h ig h  d e n s i t y  s i t e s  i n  th e  

Thabazimbi  d i s t r i c t  are fou nd  on s o i l s  where 

c u l t i v a t i o n  may have ta ke n p la c e  i n  the  1930s.

4 . 4 . 1 . 3  Molopo re g V o n .

4 . 4 . 1 . 3 . 1  D e s c r i p t i o n  .

The t h i r t y  s i t e s  measured i n  t h i s  r e g i o n  oc c u r  i n  the 

v e g e t a t i o n  ty p e  o f  K a l a h a r i  bur  •. .-.d as d e s c r i b e d  

by Acocks ( 1 9 5 3 ) .  Of pr im e i n t e r e s t  were th e  areas 

do minated by Acac ia  m e i l i f e r a . They o c c u r  t o  the  

n o r th w e s t  o f  V r y b u r g ,  n e a * the  towns o f  Tosca and 

Bray on the  boundary between the  R e p u b l i c  o f  South 

A f r i c a  and Botswana.  The ar ea i s  used e x t e n s i v e l y  

f o r  c a t t l e  r a n c h i n g ,  m o s t l y  on n a t u r a l  v e l d ,  a l t h o u g h  

some fa rm e rs  do sup ple ment  g r a z i n g  f rom  i r r i g a t e d  

p la n t e d  p a s t u r e s .

The s o i l  i s  deep and v e ry  sandy w i t h  d e p o s i t s  o f  

c a lc iu m  c a r b o n a te .  The r a i n f a l l  i s  l o w ,  ab ou t  350mm 

per  annum, and v e ry  e r r a t i c ,  f a l l i n g  m a in l y  in  the  

summer. For  the  pa s t  f i v e  ye ar s  sev ere d r o u g h t  has 

been a s e r i o u s  prob lem in  tbu  a r e a ,  l e a d in g  to  la r g e  

s c a le  o v e r - u t i l i z a t i o n  o f  the  v e l d .
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4 . 4 . 1 . 3 . 2  I n t e r r e l a t i o n s h i p s  o f  s i t e  v a r i a b l e s  

and woody d e n s i t y .

Only  gras s bas al  area showed a s i g n i f i c a n t  r e l a t i o n 

s h ip  when c o r r e l a t e d  w i t h  woody d e n s i t y  ( f i g .  14) .

W i th  an i n c r e a s e  i n  woody d e n s i t y  t h e r e  i s  a decrease 

i n  gras s bas al  a r e a .  The r e d u c t i o n  i s  se ve re  in  

s i t e s  w i t h  a v e ry  h igh woody d e n s i t y  (5000 -  7000 

bushes per  h e c t a r e )  where gra ss  bas al  area ranges 

f rom  OS t o  0.5' . ' .

4 . 4 . 1 . 3 . 3  D is c r im in a n t ,  a n a l y s i s .

Two d i s c r i m i n a n t  f u n c t i o n s  were d e r i v e d  f r om  these  

d a t a , showing a t r e n d  f rom open and s l i g h t l y  woody 

s i t e s  t o  s i t e s  w i t h  a v e ry  h ig h woody d e n s i t y .  The 

g e o m e t r i c a l  r e p r e s e n t a t i o n  o f  th e s e  f u n c t i o n s  ( f i g .  15) 

shows the  t h r e e  degrees o f  woody d e n s i t y  t o  be se p a ra te  

w i t h  v e ry  l i t t l e  o v e r l a p  between g r o u p s . The f i r s t  

ca n o n i c a l  a x i s  a cco un ts  f o r  60i, o f  the  v a r i a n c e  

between th e s e  g r o u p s .

The v a r i a b l e  most s t r o n g l y  a s s o c i a t e d  w i t h  the  

d i s c r i m i n a n t  f u n c t i o n  are t o p s o i l  c o n d u c t i v i t y ,  

s u b s o i l  sand and s i l t  ( t a b l e  7 ) .  A lg a l  c a p p in g ,  l i t t e r ,  

and bare ground show p o s i t i v e  a s s o c i a t i o n  w i t h  

i n c r e a s i n g  woody d e n s i t y ,  as th e y  d id  i n  th e  s i t e s  

f r om  the  Messina A g r i c u l t u r a l  S t a t i o n .
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F ig .  14 The r e la t io n s h ip  be tw een woody d e n s i ty  and g ro s s  

b a s a l a re a  i n  th e  M olopo s i t e s .
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F ig .  15 . The s p a t ia l  o r ie n t a t io n  o f  th e  M o lop o  s i t e s  in  

d is c r im in o n t  f u n c t io n  s p o c e .



Standardized canonical discriminant function coeffic ients

Variable Function 1 Function 2

A lg a l  c a p p in g 1.30 52 3 0 .1 7 3 4 2

Rocks 1.71 50 2 -0 .5 9 1 3 8

Open u n d is tu r b e d  g ro un d 0 .3 9 4 2 5 0 .5 1 5 7 5

T o p s o i l  c o n d u c t iv i t y - 2 .3 9 4 2 5 - 0 .0 0 8 1 2

S u b s o il  c o n d u c t iv i t y 1 .9 3 0 1 4 - 0 .5 2 2 8 7

T o p s o i l  pH 1 .5 3 4 2 7 1 .91 36 0

S u b s o i l  pH -0 .8 9 4 7 2 0 .4 4 5 7 1

T o p s o i l  sand 0 .2 5 0 1 0 - 0 .1 0 0 5 7

S u b s o i l  sand 2 .11 00 8 1 .5 7 6 2 2

T o p s o i l  c la y 1.5:1686 -1 .1 0 2 3 5

S u b s o i l  c lo y 2 .3 4 5 7 6 -0 .1 2 5 3 9

T o p s o i l  s i l t 0 .3 4 4 4 3 -0 .4 4 2 3 8

S u b s o i l  s i l t 3 .8 5 1 9 0 1 .04 74 8

T o p s o i i : s u b s o i l  Magnesium - 0 .5 8 2 4 9 0 .1 3 2 6 6

' "  P o ta ss iu m -0 .8 0 4 2 3 0 .6 4 3 2 1

"  "  Sodium 0 .7 6 0 5 5 - 1 .0 5 6 2 9

S o i l  d e p th - 0 .5 9 2 6 8 0 .8 1 8 4 9

T a b le  7 . S ta n d a rd iz e d  d is c r im in a n t  fu n c t io n  c o e f f i c ie n t s  

f o r  s i t e s  i n  th e  M olopo r e g io n .
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V a r ia b le C o r r e la t io n

c o e f f i c ie n t s

Woody b a s a l a re a  -  g ra s s  b a s a l a re a -0 .7 0 1

L i t t e r  -  open u n d is tu r b e d  g ro un d -0 .9 2 0

T o p s o i l  pH -  s u b s o i l  pH -0 .9 9 5

T o p s a i l  s i l t  -  t o p s o i l  sand -0 .8 5 9

S u b s o i l  s i l t  -  s u b s o i l  sand -0 .8 7 8

Sodium  -  t o p s o i l  pH 0 .8 8 6

Sodium  -  s u b s o i l  pH -0 .8 7 9

s u b s o i l  c lo y  -  s u b s o i l  s i l t - 0 .7 8 7

T a b le  8 . S i g n i f i c a n t  c a r r e lo t io n s  ( r  v a lu e s  w i th  p r o b a b i l i t ie s  

o f  le s s  th a n  0 ,0 0 1 )  o f  v a r ia b le s  fro m  th e  M olopo
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V a r ia b le C o r r e la t io n

c o e f f i c ie n t s

Woody b a s a l a re a  -  g ra s s  b a s a l a re a -0 .7 0 1

L i t t e r  -  open u n d is tu r b e d  g ro un d -0 .9 2 0

T o p s a i l  pH -  s u b s o i l  pH -0 .9 9 5

T o p s o i l  s i l t  -  t o p s a i l  sand -0 .8 5 9

S u b s o i l  s i l t  -  s u b s o i l  sand -0 .8 7 8

S odium  -  t o p s o i l  pH 0 .8 8 6

Sodium  -  s u b s o i l  pH -0 .8 7 9

s u b s o i l  c lo y  -  s u b s o i l  s i l t - 0 .7 8 7

T a b le  8 . S i g n i f i c a n t  c o r r e la t io n s  ( r  v a lu e s  w i th  p r o b a b i l i t ie s  

o f  le s s  th a n  0 .0 0 1 )  o f  v a r ia b le s  fro m  th e  M olopo
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S o i l  c o n d u c t i v i t y  a l s o  shows a s t r o n g  a s s o c i a t i o n  

w i t h  the  d i s c r i m i n a n t  f u n c t i o n .  Wi th  an i n c r e a s e  in  

woody d e n s i t y  t h e r e  i s  an i n c r e a s e  in  s u b s o i l  

c o n d u c t i v i t y  and a decre ase  i n  t o p s o i l  c o n d u c t i v i t y .  

A s s o c ia t e d  w i t h  t h i s  i s  a decre ase  i n  the  t o p s o i l  to  

s u b s o i l  r a t i o  o f  sodium and an i n c re a s e  in  t h e  t o p s o i l  

pH. However , because o f  the  e x t r e m e ly  low a c tu a l  

va lu e s  o f  sodium in  the  s o i l  in  com par iso n to  thos e 

o f  the  o t h e r  measured c a t i o n s ,  the  c o r r e l a t i o n s  o f  

sodium and s o i l  pH may be o f  l i t t l e  s i g n i f i c a n c e .

The changes i n  th e  c o n d u c t i v i t y  and c a t i o n  s t a t u s  o f  the  

s o i l  i n d i c a t e  a movement o f  c a t i o n s  th ro u g h  t h e  s o i l  

i n  area s w i t h  a h ig h  woody d e n s i t y .  However , an 

in c r e a s e  i n  th e  t o p s o i l  pH does n o t  s u p p o r t  t h i s  

l e a c h i n g  h y p o t h e s i s .  I f  t h e  n u t r i e n t s  are  be in g 

l eac hed  o u t  o f  the  t o p s o i l  t h e y  are  u s u a l l y  re p la c e d  

by hydrogen io n s  wh ic h lo wer  th e  pH o f  the  s o i l .

Because o f  the  l o c a l i z e d  d e p o s i t s  o f  c a l c i u m  c a rbo na te  

i n  thes e s o i l s ,  woody s pe c ie s may p r e f e r  to  grow in  

a s s o c i a t i o n  w i t h  the se  d e o o s i t s  thu s  showing an 

i n c r e a s i n g  t o p s o i l  pH w i t h  i n c r e a s i n g  woody d e n s i t y  

(as  found i n  t h e  Messina s i t e s ) . The o n l y  ev ide nc e 

s u p p o r t i n g  t h i s  idea i s  t h a t  i n c r e a s i n g  woody d e n s i t y  

i s  a s s o c ia t e d  w i t h  s u r f a c e  r o c k s , and most o f  these  

a re  c a lc a r e o u s  in  c o m p o s i t i o n .

The causal  v a r i a b l e s  do show some a s s o c i a t i o n  w i t h  

t h e  d i s c r i m i n a n t  f u n c t i o n s .  Wi th  an in c r e a s e  in  

woody d e n s i t y  t h e r e  i s  an i n c r e a s e  i n  the  amounts o f  

t o p s o i l  sand and s i l t .  However , s i l t  and sand have



n e g a t i v e  c o r r e l a t i o i s  f o r  t h e  t o p s o i l  and s u b s o i l  

components ( r  » - 0 .8 5 9  and r  = - 0 . 8 7 8  r e s p e c t i v e l y )  

( t a b l e  8 ) .

4 . 4 . 1 . 3 . 4  Woody s pe c ie s c o m p o s i t i o n .

The most common woody sp e c ie s  o c c u r r i n g  i n  t h i s  area

Acac ia me!1 i f e r a  

Aca c ia  heb eclada 

C a r i s s a  b i s p in o s a

w i t h  Ac ac ia  m e l l i f e r a  be in g v e r y  w id es pr ead  and a l m os t  

mono-dominant  i n  most s i t e s .  Donaldson (1974)  

d e s c r i b e d  t h i s  r e g io n  as s e r i o u s l y  encroac hed  by 

b l a c k t h o r n  ( Ac ac ia  m e l l i f e r a ) ■ T h i s  s i t u a t i o n  

appears to  have d e t e r i o r a t e d  ov e r  th e  past, few y e a r s ,  

p r o b a b l y  as an e f f e c t  o f  d r o u g h t ,  and e x c e p t i o n a l l y  

dense s ta nds  o f  t h i s  s pec ie s  oc c u r  ov er  l a r g e  r e g i o n s .  

Aca c ia  heb eclada o f t e n  for m dense pa tch es o f  scrub 

t h i c k e t  i n  th e  open spaces between the  b la c k t h o r n  

t r e e s ,  ca u s in g  many o f  th es e s ta nds  o f  v e g e t a t i o n  to  

be i m p e n e t r a b le  to  l i v e s t o c k  and game.

4 . 4 . 1 . 4  Mara

4 .4  . 1 . 4 . 1  D e s c r i p t i o n .

Mara A g r i c u l t u r a l  Research S t a t i o n  l i e s  j u s t  to  the  

south  o f  the  S ou tpa nsb erg in  th e  n o r t h e r n  T r a n s v a a l ,
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w i t h i n  A c o c k s 1 (19D3) mixed b u s h v e ld .  R a i n f a l l  i s  

ab ou t  450nmi per  annum, w i t h  most o f  th e  r a i n  f a l l i n g  

i n  the  mid-summer months (December to  F e b r u a r y ) .

The re s e a rc h  s t a t i o n  has a wide v a r i e t y  o f  s o i l  type s 

g i v i n g  r i s e  t o  a d i s t i n c t  mosaic  o f  v e g e t a t i o n .  

However ,  most  o f  the  s o i l s  f a l l  i n t o  t h e  loamy sand 

i d t e g o r y ,  - i s r a i l y  o f  t h e  H u t t o n  and Glenr osa  forms 

, Me v i c;i r  , e t  a j . ,  1 9 7 ? ) .

The re s e a rc h  -non i s  graz ed p r i m a r i l y  by c a t t l e ,  

b u t  some in d ig e n o u s  h e r b i v o r e s  are  s t i l l  p i e s e n t  and 

thesw ten d tu  ( i raze s e l e c t i v e l y  s i n c e  th e y  are n o t  

c o n f i n e d  by f e n c i n g  w i t h i n  th e  f a r m .  In  g en er a l  t h i s  

area s u p p o r t s  a much h i g h e r  grass  bas al  area and a 

l o w e r  woody d e n s i t y  tha n the  Thab azimb i  o r  Messina 

s l t t i .  There i s  a l s o  a h ig h e r  d i v e r s i t y  o f  woody 

s y e - . 'b s ,  and thes e oc c u r  i n  l o c a l  dense s tan ds .

h . - I , ; . * . . " .  I n t e r r e l a t i o n s h i p s  o f  s i t e  v a r i a b l e s  
and woody d e n s i t y .

O' . r u : s  basal  area and woody bas al  area showed 

s i g n i f i c a n t  c o r r e l a t i o n s .  W i th  an in c re a s e  i n  woody 

d e n i i t y  t h e r e  i s  an i n c r e a s e  i n  woody basal  area 

( f i g .  16) ( i ■: t i .8 0 7 ,  p = 0 .0 006 )  and a decre ase  in  

g r t s c  bac ul  ureti  ( f i g ,  17) ( r  = - 0 .  592 , p = 0.0001 ) .
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hectareMoody Density

F i g . 16 The r e la t io n s h ip s  be tw een woody d e n s i ty  and woody 

b a s a l a re a  in  th e  M ara s i t e s .



Woody Density ( bushes per hectare )

F ig .  17 The r e la t io n s h ip  be tw een woody d e n s i ty  and g ra ss  

b a s a l a re a  in  th e  M ora s i t e s .
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Woody Density • bvshes per hectors )

F ig .  27  The r e l o t io n s J : p be tw een woody d e n s i ty  ond g ra s s  

b a s a l a re a  in  th o  M ara s i t e s .

L&.
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4 .4 . 1  . 4 . 3  D i s c r i m i n a n t  a n a l y s i s .

The f i r s t  d i s c r i m i n a n t  f u n c t i o n  acc oun ted  f o r  60% o f  

t h e  v a r i a n c e ,  showing a t r e n d  f rom  s i t e s  w i t h  a h igh  

to  th os e  w i t h  a low woody d e n s i t y .  However , the 

g e o m e t r i c a l  r e p r e s e n t a t i o n  o f  t h e  d i s c r i m i n a n t  f u n c t i o n s  

shows t h a t  th e  deg rees o f  woody d e n s i t y  do n o t  form 

d i s c r e t e  g ro u p s .  There i s  a l a r g e  amount o f  o v e r l a p  

between them r e s u l t i n g  i n  a c on t in uu m  r a t h e r  tha n a 

d i s c r e t e  g ro u p in g  ( f i g .  18) .  Th is  i s  a r e s u l t  o f  the 

h i gh  woody sp e c ie s  d i v e r s i t y  w i t h i n  t h i s  r e g i o n ,  hence 

th e name mixed bu s h v e ld .

Most o f  th e  v a r i a b l e s  which  show an a s s o c i a t i o n  w i t h  

th e  d i s c r i m i n a n t  f u n c t i o n  are consequences o f  in c re a s e d  

woody d e n s i t y  ( t a b l e  9 ) .  Bare ground shows ? n e g a t i v e  

a s s o c i a t i o n  w i t h  the d i s c r i m i n a n t  f u n c t i o n .  D e s p i t e  the 

l o w e r  t r e e  d e n s i t y  i n  t h i s  r e g i o n ,  t h e r e  i s  s t i l l  

e v i de nc e o f  a l i t t e r  b u l M  up unde r  the  t r e e s , d e r iv e d  

f rom  the  dec id uo us  n a t u r e  o f  th e  woody s p e c ie s .

However , w i t h  i n c r e a s i n g  woody d e n s i t y  th e r e  i s  an 

i n c re a s e  i n  the  amount  o f  bare s o i l .  T h i s  s i t u a t i o n  

a r i s e s  f r om  t h e  f a i r l y  heavy d e f o l i a t i o n  o f  the 

herbaceous component  i n  the se a r e a s ,  r e s u l t i n g  i n  no 

gra ss  l i t t e r  b u i l d  up,  as sug gested by a s i g n i f i c a n t  

n e g a t i v e  c o r r e l a t i o n  ( r  = - 0 . 9 1 5 )  between l i t t e r  and 

bare s o i l  ( t a b l e  1 0) .  Wi th  a decrease i n  woody d e n s i t y  

t h e r e  i s  an i n c r e a s e  i n  dung on t h e  s o i l  s u r f a c e .
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All-groups Scatterplot

3 2 1 '2 ,

First Canonical Discriminant Function 

! S  indicates a group centroid }

F ig .  18 . The s p a t i a l  o r ie n t a t io n  o f  th e  Mara s i t e s  i n  d is c r im in a n t  

f u n c t io n  sp a ce .
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Standardized canonical discriminant function coeffic ients

Variable Function 1 Function 2

L i t t e r -0 .0 2 4 3 7 1.48 61 5

Open d is tu r b e d  g ro un d -0 .1 9 4 3 8 0.26 0P 5

Open u n d is tu r b e d  g ro un d 1 .0 7 8 3 2 1 .51085

A lg a l  ca p p in g 0 .5 2 4 4 3 0 .6 5 1 8 6

C lo y  c a p p in g -0 .3 4 2 7 7 -0 .2 2 3 0 9

Rocks 0 ,0 6 0 5 2 -0 .5 5 7 9 4

Dung 0 .9 1 2 9 9 L . 27567

T o p s a i l  c o n d u c t iv i t y -0 .3 5 3 2 2 - 0 .1 -

S u b s o i l  c o n d u c t iv i t y 0 .3 6 9 1 5 -0 .6 1 ,

T o p s o i l  pH 0 .5 6 1 1 4 -0 .4 4 3 6 4

S u b s o il  pH -0 .6 0 7 5 5 -0 .1 4 2 7 1

S u b s o i l  sand -1 .4 6 7 0 8 -0 .2 0 3 3 6

T o p s o i l  c la y 0 .3 4 1 3 0 -0 .0 2 5 5 6

S u b s o i l  c lo y  4 0 .1 6 4 8 7 0 .2 8 6 5 4

T o p s o i l  s i l t 0 .6 3 5 7 6 0 .3 8 3 7 6

S o i l  d e p th 0 .2 6 8 5 5 -0 .5 6 5 5 4

T a b le  9 . S ta n d a rd iz e d  d is c r im in a n t  f u n c t io n  c o e f f i c ie n t s  

f o r  th e  M ara s i t e s .
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V a r ia b le C o r r e la t io n

c o e f f i c i e n t s .

L i t t e r  -  open u n d is tu r b e d  g ro u n d -0 .9 1 5

S u b s o il  san d  -  t o p s o i l  s i l t - 0 .7 8 7

T o p s a i l  c lo y  -  s u b s o i l  c la y -0 .8 7 9

T a b le - ' i f i c a n t  c o r r e la t io n s  ( r  v a lu e s  w i t h  p r o b a b i l i t ie s  

uss th a n  0 .0 0 1 )  o i  v a r ia b le s  fro m  th e  N e ro  s i t e s .
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L o o s e l y  i n t e r p r e t e d ,  t h i s  i m p l i e s  t h a t  the  a n i m al s  may 

spend more o f  the  t im e  i n  the  are as  o f  a low woody 

d e n s i t y ,  p r o b a b ly  because o f  the  h igh p a l a t a b i 1 i t y  

and a v a i l a b i l i t y  o f  the  herbaceous component ,  m o s t l y  

P i g i  t a r i a  e r i a n t h a  and S c h m id t i a  p a p p o p h o ro id e s ■

In dense s i t e s  t h e r e  i s  a decre ase  i n  the  t o p s o i l  pH and 

an i n c r e a s e  i n  the  s u b s o i l  pH. T h i s  i n d i c a t e s ,  as i n  

p r e v i o u s  a r e a s ,  t h a t  n u t r i e n t s  a re  be in g l o s t  f r om  the  

t o p s o i l  and are a c c u m u la t i n g  in  t h e  s u b s o i l .  The 

i n t e r p r e t a t i o n  i s  t h a t  w i t h  an i n c r e a s e  i n  woody d e n s i t y  

t h e r e  i s  a r e d u c t i o n  i n  the  herbaceous component  which  

i s  una ble  to  use a l l  the  w a te r  e n t e r i n g  the  s o i l .  As a 

r e s u l t ,  some o f  t h i s  w a te r  p e r c o l a t e s  to the  s u b s o i l  

c a r r y i n g  some o f  the  n u t r i e n t s  w i t h  * t .  T h i s  a cc ou nt s  

f o r  the  l ow ere d pH s t a t u s  o f  the  t o p s o i l  and the  more 

b a s i c  n a t u r e  o f  the  s u b s o i l .

Of the  cau sal  v a r i a b l e s ,  t h e r e  i s  an i n c r e a s e  in  

s u b s o i l  sand c o n t e n t  and t o p s o i l  s i l t  c o n t e n t ,  and 

a decre ase  i n  t o p s o i l  c l a y  c o n t e n t ,  w i t h  i n c r e a s i n g  

woody d e n s i t y .  Th is  i s  c o n f i r m e d  by a s i g n i f i c a n t  

n e g a t i v e  c o r r e l a t i o n  ( r  = - 0 . 7 8 7 )  between s u b s o i l  

sand and t c o s o i l  s i l t ,  which  was de te rm in ed  

in d e p e n d e n t l y  o f  the  d i s c r i m i n a n t  a n a l y s i s  ( t a b l e  1 0 ) .



4 . 4 . 1 . 4 . 4  Woody sp e c ie s  c o m p o s i t i o n .

As d e s c r i b e d  e a r l i e r ,  woody sp e c ie s  d i v e r s i t y  in  t h i s  

mixed b us hv el d i s  h i g h ,  and th e  most  common woody 

s p e c ie s  are  :

Aca c ia  t o r t i 1 is  

Srewia r o o n t i c o l o r  

Acac ia  permi  x ta  

Mundulea s e r ic e a  

S p i r o s t a c h y s  a f r i c a n a  

Commi phora p y r a c a n th o id e s

Of  t h e s e , Ac ac ia  t o r  C i 1 is  i s  the  most  wid es pr ea d s p e c ie s ,  

b i / t  the  s i t e s  w i t h  h i g h e s t  woody d e n s i t y  were u s u a l l y  

l o c a l i z e d  s ta nds  o f  Grewi  a mont i  c o l o r , Aca c ia  permi  x t a , 

o r  Mundulea s e r i c e a , which i s  n o t  rega rd ed  as an 

e n c ro a c h in g  s p e c ie s .  The dense s ta nd s o f  Spi r o s ta c h y s  

a f r i c a n a  are  l i m i t e d  to  a l l u v i a l  d e p o s i t s  a lo ng  wat er  

c o u r s e s ,  and can t h e r e f o r e  n o t  be re ga rd ed  as en c ro a c h in g

Where encroach men t  does oc c u r  w i t h i n  t h i s  r e g io n  i t  s 

u s u a l l y  a s s o c ia t e d  w i t h  l o c a l i z e d  area s o f  d i s t u r b a n c e  

w i t h  Ac ac ia  s pe c i es  be i ng  th e  most common woody s p e c ie s .

4 . 4 . 1 . 5  Um fo lo z i  and Hluh lu we.

4 .4 . 1 . 5 . 1  D e s c r i p t i o n .

These s i t e s  are  l o c a t e d  in  the  U m fo lo z i  end Hluh luwe
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4 . 4 . 1 . 4 . 4  Woody s pe c i es  c o m p o s i t i o n .

As d e s c r ib e d  e a r l i e r ,  woody sp e c ie s  d i v e r s i t y  i n  t h i s  

mixed b us hv el d i s  h i g h ,  and the  most common woody 

sp e c ie s  a re  :

Aca c ia  t o r t i H s  

Grewia rao nt ico l  o r  

Ac ac ia  p e rm ix ta  

Mundulea s e r i c e a  

S p i r o s t a c h y s  a f r i c a n a  

Commiphora py i -aca nth o i  des

Of  t h e s e ,  Aca c ia  t o r t t  ? is  i s  the  most  wid es pr ea d s p e c i e s ,  

b u t  th e  s i t e s  w i t h  h ig h e s t  woody d e n s i t y  were u s u a l l y  

l o c a l i z e d  s ta nd s o f  Grewi  a mont i  c o l  o r  , Acac i  a pert  . x ta  , 

o r  Mundul ea s e r i c e a , t . i i c h  i s  n o t  re ga rd ed  as an 

en c ro a c h in g  s p e c ie s .  The dense s ta nds  o f  S p i r o s t a c h y s  

a f r i c a n a  are l i m i t e d  t o  a l l u v i a l  d e p o s i t s  a l on g w a te r  

c o u rs e s ,  and can t h e r e f o r e  not  be rega rd ed  as en c ro a c h in g  

s p e c ie s .

Where encroachment  does oc c u r  w i t h i n  t h i s  r e g i o n  i t  is  

u s u a l l y  a s s o c ia t e d  w i t h  l o c a l i z e d  areas  o f  d i s t u r b a n c e  

w i t h  Ac ac i a  sp e c ie s  be in g the  most common woody s p e c ie s .

4 . 4 . 1 . 5  U m fo lo z i  end H5uh)uive.

4 .4 .1 . 5.1 D e s c r i p t i o n .

These s i t e s  are  l o c a t e d  i n  th e  U m fo lo z i  and Hluh luwe
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game r e s e r v e s  unde r  the  j u r i s d i c t i o n  o f  the  Nata l  

Parks Boa rd.  The area s f a l l  i n t o  th e  Z u l u l a n d  t h o r n -  

v e ld  and lo w v e ld  v e g e t a t i o n  ty p e s  o f  Acocks ( 1 9 5 3 ) .

The r a i n f a l l  ranges f rom  500 to  750mm pe r  annum, 

f a l l i n g  m o s t l y  i n  th e  summer, and the  c l i m a t e  i s  h o t .

The s o i l s  are  f a i r l y  f i n e  i n  t e x t u r e  w i t h  a h ig h  s i l t  

and c l a y  c o n t e n t .

S inc e bo th  areas  are  i n  game r e s e r v e s ,  t h e r e  is  a 

p resen ce o f  bo th  g r a z in g  and b ro w si ng h e r b i v o r e s .  A 

s t r i c t  management p o l i c y  go ver ns the  numbers o f  th e s e .

4 . 4 . 1 . 5 . 2  I n t e r r e l a t i o n s h i p s  o f  s i t e  v a r i a b l e s  
and woody d e n s i t y .

An i n i t i a l  a t t e m p t  was made t o  an a ly s e  the se  data 

u s in g  c o r r e l a t i o n s  o f  a l l  v a r i a b l e s  and by g ra p h i c  

r e p r e s e n t a t i o n  o f  the se  ver su s woody d e n s i t y .

However , no s i g n i f i c a n t  r e l a t i o n s h i p s  were o b ta in e d  

between any o f  the  v a r i a b l e s  ana woody d e n s i t y  

(Ap pe ndi x  2 ) .  Some s i g n i f i c a n t  c o r r e l a t i o n s  between 

s i t e  v a r i a b l e s  were o b t a i n e d ,  and th es e <.■••» d i sc us se d 

i n  th e  f o l l o w i n g  s e c t i o n .

4 . 4 . 1 . 5 . 3  D i s c r i m i n a n t  a n a l y s i s .

Tr.e a l l - g r o u p s  s c a t t e r p l c t  ( t a b l e  19) shows th re e  

f a i r l y  d i s t i n c t  groups of  woody d e n s i t y ,  w i t h  th e  f i r s t  

d i s c r i m i n a n t  f u n c t i o n  a c c o u n t i n g  f o r  702, o f  the  v a r i a n c e  

between g ro u p s .  The f i r s t  d i s c r i m i n a n t  f u n c t i o n



shuws a s e p a r a t i o n  o f  g r o u p s , bu t  does n o t  show a 

con t i nu um  From one ext reme o f  woody d e n s i t y  t o  the 

o t h e r .  However,  when b o th  d i s c r i m i n a n t  f u n c t i o n s  

er e c o n s id e re d  i n  g e o m e t r i c a l  space a t r e n d  f r om  le s s  

woody t o  v e ry  woody s i t e s  can be shown, i . e .  f rom 

groups w i t h  n e g a t i v e  c o - o r d i n a t e s  f o r  t h e  group 

c e n t r o i d s  to  groups w i t h  p o s i t i v e  c o - o r d i n a t e s  f o r  

group c e n t r o i d .  The d i  s t a n c e s ( ge om et r i  c a l ) between 

group c e n t r o i d s  are  n o t  l a r g e ,  w h i c k may i n d i c a t i  

t h a t  the  s e t  o f  v a r i a b l e s  used to  d i s c r i m i n a t e  between 

the  degrees o f  woouy d e n s i t y  i s  n o t  s u f f i c i e n t .

The o v e r la p  between groups i s  a l s o  h i g h , i n d i c a t i n g  

a cont i nuum e f f e c t  r a t h e r  than d i s c r e t e  g ro u p in g .

W i th  an i n c r e a s e  i n  l i t t e r  t n e r e  i s  a dec rease  i n  the 

amount o f  a l g a l  ca p p in g .  T h is  i s  an o p p o s i t e  e f f e c t  

t o  t h a t  observed on sandy s o i l s ,  where t h e r e  i s  an 

in c r e a s e  in  l i t t e r  and a l g a l  ca p p in g  w i t h  an i n c re a s e  

i n  woody d e n s i t y .  The amount  o f  dung on the  s o i l  

s u r f a c e  a l s o  i n c re a s e s  w i t h  woody d e n s i t y ,  p ro b a b l y  

because the  a n i m al s  spend more t im e  in  che s h e l t e r e d  

s i t e s .  A l s o ,  i n d ig e n o u s  h e r b i v o r e s  may be a b le  t o  

move t n r ough  the  dense woody s i t e s  w i t h  g r e a t e r  ease 

than d om es t ic  l i v e s t o c k .

T o p s o i I  pH dec reases end s u b s o i l  pH i n c r e a s e s  w i t h  

w ood ine ss ,  ag ai n i m p l y i n g  s h a t  n u t r i e n t s  are be in g 

leach ed o u t  o f  t h e  t o p i o t l  i n  s i t e s  w i t h  a h ig h  woody 

d e n s i t y ,  i n t o  the  s u b s o i l .  Under  s i t e s  w i t h  a low



All-groups Scatterplot
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First Canonical Discriminant Function

i 9 indicates a group centroid )

F ig .  1 9 . The s p a t i a l  o r ie n t a t io n  o f  th e  U m fo lo z i and H lu h lu w e  

s i t e s  in - d i s c r im in a n t  fu n c t io n  s p a c e .

A
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Standardized canonical discriminant function coeffic ien ts

Variable Function 1 Function 2

L i t t e r 0 .5 6 1 5 0 0 .9 7 6 9 1

Open d is tu r b e d  g ro un d 5 .4 8 0 0 7 2 .2 8 9 4 2

Open u n d is tu r b e d  g ro un d 4 .7 3 0 1 1 2 .5 1 5 1 1

A lg a l  c o o p in g - 0 .9 7 8 7 6 -1 .0 8 1 1 5

Rocks 0 .2 6 3 8 0 -0 .9 2 2 2 6

Dung 0 .7 2 8 5 8 -0 .1 2 7 8 1

T o p s a i l  c o n d u c t iv i t y -0 .1 2 9 4 4 -1 .2 0 2 5 7

S u b s o i l  c o n d u c t iv i t y -O .S M ? .'; 1 .3 3 0 4 4

T o p s o i l  pH -3 .3 1 3 1 7 2 .5 5 5 3 8

S u b s o i l  pH 4 .1 6 0 3 5 -2 .7 0 0 4 9

S u b s o il  send -1 .0 6 2 3 3 -1 .8 3 2 4 9

T o p s o i l  c la y 1.28 44 8 1.08 70 3

S u b s o i l  c la y 0 .3 0 7 8 4 2 .5 1 2 0 8

S u b s o i l  s i l t 1 .7 0 5 1 2 2 .7 5 1 3 4

S o i l  d e p th -0 .8 6 7 4 4 0 .1 3 6 4 2

T o b le  1 1 . S to n d a rd iz e d  d is c r im in a n t  fu n c t io n  c o e f f i c ie n t s  f o r  

th e  U m fo lo z i and H lu h lu w e  s i t e s .
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V a r ia b le . C o r r e la t io n

c o e f f i c ie n t s

H erb  b a s a l a re a  -  open d is tu r b e d  g ro un d 0 .8 3 3

G rass h e ig h t  -  open d is tu r b e d  g ro un d 0 .7 5 6

Open u n d is tu r b e d  g ro u n d  -  open d is  -0 .8 7 4

tu rb e d  g ro u n d

T o p s a i l  pH -  s u b s o i l  pH 0 .9 4 1

S u b s o i l  sand -  t o p s o i l  s i l t 0 .9 5 7

T o p s o i l  c lo y  -  s u b s o i l  c la y -0 .9 0 4

T a b le  1 2 . S ig n i f i c a n t  c o r r e la t io n s  ( r  v a lu e s  w i t h  p r o b a b i l i t ie s  

o f  le s s  th a n  0 .0 0 1  ) o f  v a r ia b le s  fro m  th e  U m fo lo z i 

and H lu f i lu v e  s i t e s .
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woody d e n s i t y  the  o p p o s i t e  e f f e c t  i s  o b s e r v e d .

Of the  caus al  v a r i a b l e s ,  t h e r e  i s  an i n c r e a s e  i n  

t o p s o i 1 s i l t  c o n t e n t ,  a decre ase  i n  t o p s o i l  c l a y  

c o n t e n t ,  and an i n c r e a s e  i n  s u b s o i l  c l a y  c o n t e n t  w i t h  

i n c r e a s i n g  woody d e n s i t y .  T h i s  i s  c o n f i r m e d  by a 

s i g n i f i c a n t  n e g a t i v e  c o r r e l a t i o n  between t o p s o i l  and 

s u b s o i l  c l a y  c o n t e n t  ( t a b l e  12 ) .  T o p s o i l  sand and 

t o p s o i l  s i l t  a ls o  show a s i g n i f i c a n t  p o s i t i v e  c o r r e l 

a t i o n  ( t a b l e  1 2) .  T h i s  i m p l i e s ,  i n d i r e c t l y ,  t h a t  as 

the  t o p s o i l  sand c o n t e n t  i n c r e a s e s  so t h e  woody 

d e n s i t y  i n c r e a s e s ,  a l t h o u g h  t h i s  i s  n o t  a p p a re n t  * rom 

the  d i s c r i m i n a n t  a n a l y s i s .  There  i s  a l s o  a s t r o n g  

n e g a t i v e  a s s o c i a t i o n  between s o i l  dept h and 

i n c r e a s i n g  woody d e n s i t y ,  which  i s  o p p o s i t e  to  the  

o b s e r v a t i o n s  f r o m  s i t e s  on sandy s o i l s .

4 .4  .1 .  5 .4  Woody s pe c ie s  c o m p o s i t io n .

The most common woody s p e c ie s ,  i n  o r d e r  o f  abundance,  

on the se  s i t e s  are  :

Ac ac ia  t o r t i 1 is  

Acac ia  kar roo  

A. n ig re s c e n s  

Euclea u n d u la ta  

Haytenus h e t e r o p h y l 1 a

Of t h e s e ,  Acac i  a k a r r o o  and Euclea u n d u la ta  are 

c o n s id e re d  to  bn p o t e n t i a l  e n c ro a c h in g  s pe c ie s  by the
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l o c a l  f i e l d  w o r k e r s . On s i t e s  which have 

p r e v i o u s l y  had a low  woody d e n s i t y ,  th es e s pe c ie s tend 

to  de vel op i n t o  u n i f o r m  s i z e  t h i c k e t s .  Because o f  

the  h ig h  r a i n f a l l ,  th e  c l i m a t i c  c l im a x  i n  the se areas 

i s  p r o b a b l y  a woodland c o n s i s t i n g  o f  ma tur e t r e e s  

w i t h  an u n d e r s t o r e y  o f  s h r u b ? . Where d i s t u r b a n c e  has 

o c c u r r e d , a l o c a l i z e d  sc ru b t h i c k e t  o f  Maytenus 

h e t e r o p h y l 1 a may d e v el op .

4 .4  .1 .  6 A d e la id e .

4 .4 . 1 . 6 .1 D e s c r i p t i o n .

The m a j o r i t y  o f  th e  s i t e s  f r om  t h i s  d i s t r i c t  are 

s i t u a t e d  on t h e  A d e la id e  e x p e r im e n t a l  far m  b e lo n g in g  

to  the  Depa r tmen t  o f  A g r i c u l t u r e ,  w i t h  th e  r e m a in in g  

s i t e s  s i t u a t e d  i n  th e  A d e l a i d e ,  B ed fo rd  and F o r t  B e a u f o r t  

d i s t r i c t s .  The s i t e s  f a l l  i n t o  th e  f a l s e  t h o r n v e l d  

v e g e t a t i o n  t y p e  as d e s c r ib e d  by Acocks (1953 )  w i t h  

many e lem ents  o f  th e  v a l l e y  bu s h v e ld  o c c u r r i n g  on t h e  

s lo p e s .  The r a i n f a l l  ranges f r om  400mm -  650mm per  

annum w i t h  most  o f  i t  f a l l i n g  d u r i n g  th e  e a r l y  and l a t e  

summer.

A c c o rd in g  to  Acocks ( i b i d . )  t h i s  v e g e t a t i o n  ty p e  i s  a 

p r e v i o u s l y  gra ss  dom inated v e ld  which i s  be in g invade d 

by t h o r n  bushelump v e ! d , w i t h  Aca c ia  k a r ro o  b e in g  the  

dominant  woody s p e c ie s .  The farm s are a l l  gra zed  by 

c a t t l e ,  and in  many areas  th e  bo er  goat  i s  farmed in  

a s s o c i a t i o n  w i t h  c a t t l e  i n  an a t t e m p t  to  u t i l i z e  the  

woody p l a n t s ,  which  are f a i r l y  p a l a t a b l e .



106

1000 2000 3000 4000 5000.

Woody Density (bushai per hectare )

F i g . 20 The r e la t io n s h ip  be tw een w oody d e n s i ty  and g ra ss  

b a s a l a re a  i n  th e  A d e la id e  s i t e s .
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Woody Density ( bushes per hectare )

F ig .  21 The r e la t io n s h ip  be tw een w oody d e n s i ty  and t o p s a i l  

c o n d u c t i v i t y  i n  th e  A d e la id e  s i t e s .
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1000 2000 3000 4000

Woody Density ( bushes per h.ct

F ig ,  22  The r e lo t io n s h ip  be tw een w oody d e n s i ty  ond s u b s o i l  

c o n d u c t i v i t y  i n  th e  A d e la id e  s i t e s .
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4 . 4 . 1 . 6 . 2  I n t e r r e l a t i o n s h i p s  o f  s i t e  v a r i a b l e s  

and woody d e n s i t y .

Grass basa l  a r e a ,  t o p s o i l  and s u b s o i l  c o n d u c t i v i t y  

showed s i g n i f i c a n t  r e l a t i o n s h i p s  w i t h  woody d e n s i t y .  

Grass basal  area decr eas es  ( f i g .  2 0 ) ,  and t o p s o i l  and 

s u b s o i l  c o n d u c t i v i t y  in c r e a s e  w i t h  i n c r e a s i n g  woody 

d e n s i t y  ( f i g .  21 and f i g .  2 2 , r e s p e c t i v e l y ) .

4 . 4 . 1 . 6 . 3  D i s c r i m i n a n t  a n a l y s i s .

The a l 1-g ro u p s  s u a t t e r p l o t  ( f i g .  23)  shows t h a t  t h e r e  

i s  a t r e n d  f ro m low t o  a v e ry  h ig h  woody d e n s i t y  in  

the  g e o m e t r i c a l  space c r e a t e d  by th e  two d i s c r i m i n a n t  

f u n c t i o n s . There i s  a g r e a t  amount  o f  o v e r l a p  between 

the  two l o w e r  c l a s s e s  o f  woody d e n s i t y  ( f i g .  23)  w i t h  

the  grou p c e n t r o i d s  v e ry  c l o s e  to  each o t h e r  in  

d i s c r i m i n a n t  f u n c t i o n  space.  Some s u p p o r t  f o r  t h i s  

i s  added by th e  v iews o f  l o c a l  f a n n e r s  and e x te n s io n  

o f f i c e r s , who m a i n t a i n  t h a t  a l i g h t  i n f e s t a t i o n  o f  woody 

p l a n t s  ( i . e .  up to  15 .1 bushes p e r  h e c t a r e )  does n o t  

have a s i g n i f i c a n t  de<- ’  - i o n  on th e  p r o d u c t i o n  o f  the  

herbaceous l a y e r  in  t h i s  r e g i o n .  The h ig h  d e n s i t y  

s i t e s  ( i . e .  tho se w i t h  a -ush d e n s i t y  o f  above 3000 

stems per  h e c t a r e )  can be rega rd ed  as a d i s t i n c t

The f i r s t  c a n o n ic a l  feme; .on a cc ou nt s  f o r  bGi. o f  the 

v a r i a n c e  and t h e r e f o r e  p r o v id e s  a s i g n i f i c a n t  t r e n d  

f o r  i d e n t i f y i n g  the  main v a r i a b l e s ,  showing a d i s t i n c t
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All-groups Scafterplof

First Canonical Discriminant Function

( ®  indicates .  group centroid )

F ig .  2 3 . The s p a t ia l  o r ie n t a t io n  *• th e  A d e la id e  s i t e s  in  

d is c r im in a n t  f u n c t io n  s r - '.c * .
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t r e n d  f r om  a low to  moderate woody d e n s i t y  t o  s i t e s  

w i t h  a v e ry  h igh woody d e n s i t y .  Many v a r i a b l e s  show 

an a s s o c i a t i o n  w i t h  t h i s  t r e n d ,  b u t  most can be 

c o n s id e r e d  as consequences o f  a h ig h  woody d e n s i t y  

( t a b l e  13) .

Under h ig h d e n s i t i e s  t h e r e  i s  an i n c re a s e  in  the 

amount o f  l i t t e r  and a decre ase  i n  th e  amount  o f  bare 

gr oun d.  There i s  a decre ase  i n  t h e  amount  o f  dung on 

th e  s o i l  s u r f a c e  o f  v e ry  dense s i t e s ,  p r o b a b ly  as a 

r e s u l t  o f  the se  s i t e s  b e in g  i m p e n e t r a b le  to  l i v e s t o c k .  

T h i s  i s  c o n f i rm e d  by a s i g n i f i c a n t  n e g a t i v e  c o r r e l a t i o n  

between gras s h e i g h t  and ba re  g r o u n d , su g g e s t i n g  

t h a t  th e  herbace ous  component  is  n o t  grazed to  the  

same e x t e n t  unde r  s i t e s  w i t h  a h ig h  woody d e n s i t y  as 

tho se w i t h  a l i g h t  o r  moderate woody d e n s i t y  ( t a b l e  14) .

Woody d e n s i t y  i s  p o s i t i v e l y  c o r r e l a t e d  w i t h  t c p s o i l  pH 

and n e g a t i v e l y  c o r r e l a t e d  w i t h  s u b s o i l  pH. Because 

th e r e  i s  n o t  a d r a m a t i c  r e d u c t i o n  in  grass  basal  cover  

i n  t h e  woody s i t e s ,  the  a p pa rent  l e a c h i n g  o f  khe s o i l s ,  

observ ed i n  o t h e r  a re a s ,  does no c app ear  to  be 

o p e r a t i n g .  The in c r e a s e  i n  the  pH o f  the  t o p s o U  in 

the  v e r y  woody s i t e s  may come ab ou t  as a r e s u l t . o f  an 

i n c re a s e  in  l e a f  l i t t e r  in  th es e a r e a s ,  p r o v i d i n g  a 

h i g h e r  c a t i o n  i n p u t  than t h a t  which  is  l e a c h i n g  o u t .

Th i s  i s  c o n f i r m e d  by p o s i t i v e  a s s o c i a t i o n s  o f  t o p s o i l  

c o n d u c t i v i t y  and th e  t o p s o i l i s u b s o i 1 r a t i o  o f  c a lc iu m  

w i t h  i n c r e a s i n g  woody d e n s i t y  ( t a b l e  1 3 ) .  These
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V o i ia b lo F u n c t io n  1 F u n c t io n  2

A lg a l  ja p p in g 1.30 52 3 0 .1 7 3 4 2
1.71 50 2 -0 .5 9 1 3 8

Open u n d is tu rb e d  g ro un d 0 .3 9 4 2 5 0 .5 1 5 7 5

T o p s a i l  c o n d u c t iv i t y 1 .93 01 4 -0 .0 0 8 1 2

S u b s o il  c o n d u c t iv i t y -2 .5 0 2 4 1 -0 .5 2 2 8 7
T o p s a i l  pH 1.53 42 7 1.91 36 0

S u b s o il  pH -0 .8 9 4 7 2 0.4 4 5 7 1

T o p s a i l  sand c o n te n t 0 .2 5 0 1 0 -0 .1 0 0 5 7

S u b s o il  sand c o n te n t 2 .1 1 0 0 8 1.57 62 2

T o p s a i l  c la y  co n se n t 1 .5 3 6 3 4 -1 .1 0 2 3 5

S u b s o il  c la y  c o n te n t 2 .3 4 5 7 6 -0 .1 2 5 3 9

T o p s o i l  s i l t  c o n te n t 0 .3 4 4 4 3 -0 .4 4 2 3 8
S u b s o i l  s i l t  c o n te n t 3.85 19 0 1.04 74 8
T o p s o i l : s u b s o i l  magnesium -0 .5 8 2 4 9 0 .1 3 2 6 6
T o p s o i - : s u b s o i l  p o ta s s iu m -0 .8 0 4 3 2 0 .6 4 3 2 1
T o p s o i l i s u b s o i l  sod ium 0 .7 6 0 5 5 -1 .0 5 6 2 9
S o i l  d e p th -0 .5 9 2 6 8 0 .8 1 8 4 9

T a b le  1 3 . S ta n d a rd iz e d  d is c r im in a n t  f u n c t io n  c o e f f i c ie n t s  f o r  

th e  A d e la id e  s i t e s .
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V a r ia b le C o r r e la t io n

c o e f f i c ie n t s

G rass  h e ig h t  - open g ro u n d -0 .8 8 9

S ton es ro c k s 0 .9 5 6

T o p s a il c o n d u c t.  - s u b s o i l  c o n d u c t. 0 .8 9 1

S u b s o il c o n d u c t i v i t y  - s u b s o i l  pH 0 .7 8 3

T o p s o i l sand - s u b s o il. 0 . ° 6 2

T o p s o i l sand - t o p s o i l c la y -0 .8 5 8

T o p s o il son d  - s u b s o i l c la y -0 .8 4 3

T o p s o il sen d  - t o p s o i l s i l t 0 .7 2 5

T o p s o i l sond - s u b s o i l s i l t 0 .7 6 6

S u b s o il sand - t o p s o i l c la y -0 .8 7 5

S u b s o il sand - s u b s o i l c la y -0 .8 6 9

S u b s o il son d  - t o p s o i l s i l t 0.728
S u b s o il sand - s u b s o i l s i l t 0 .7 3 8

T o p s o i l c la y  - s u b s o i l c la y 0 .9 8 3

T o p s o il c la y  - t o p s o i l s i l t -0 .7 8 1

T o p s o il s u b s o i l s i l t - 0 .7 9 0

S u b s o i l c lo y  - s u b s o i l s i l t - 0 .7 5 1

T o p s o i l s i l t  - s u b s o i l s i l t - 0 .9 6 6

S u b s o i l c lo y  - t o p s o i l s i l t -0 .7 9 5

ia b le  1 4 , S i g n i f i c a n t  c o r r e la t io n s  ( r  v a lu e s  w i th  p r o b a b i l i t ie s  

o f  le s s  th a n  0 .0 0 1 )  o f  v a r ia b le s  from  th e  A d e la id e
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i n d i c a t e  an o v e r a l l  h i g h e r  n u t r i e n t  s t a t u s  o f  the 

t o p s o i l  in  s i t e s  w i t h  a h ig h  woody d e n s i t y  than in  

s i t e s  w i t h  a low woody d e n s i t y .

The v a r i a b l e s  which  may be r e l a t e d  to  the  cause o f  

bush t h i c k e n i n g  a l s o  show s t r o n g  a s s o c i a t i o n s  w i t h  a 

h ig h woody d e n s i t y .  There i s  a two la y e r e d  s o i l  

s t r u c t u r e ,  based on s o i l  t e x t u r e  i n  t h i s  r e g i o n .

Under  h ig h  woody d e n s i t i e s  t h e r e  i s  an i n c r e a s e  in  

t o p s o i l  c l a y  and a r e d u c t i o n  in  s u b s o i l  c l a y  c o n t e n t .  

A ls o  th e r e  i s  a r e d r : t i  on in  s u b s o i l  sand c o n t e n t  and an 

i n c re a s e  i n , t o p s o i l  s i l t  c o n t e n t  w i t h  i n c r e a s i n g  

woody d e n s i t y .

The h i g h e s t  woody d e n s i t i e s  were found  on s i t e s  w i t h  

a h ig h c l a y  and s i l t  c o n t e n t  i n  t h e  t o p s o i l ,  and a low 

c l a y  and sand c o n t e n t  i n  the  s u b s o i l .  However ,  the 

t o p s o i l  and s u b s o i l  c l a y  c o n t e n t  are the  most i m p o r t a n t  

v a r i a b l e s  a s s o c i a t e d  w i t h  h ig h  woody d e n s i t i e s  i n  t h i s  

r e g i o n  ( t a b l e  13) .

4 . 4 . 1 . 6 .4 Woody sp e c ie s  c o m p o s i t i o n .

The v e g e t a t i o n  o f  t h i s  area c o n s i s t s  a l m os t  e n t i r e l y  

o f  mono-dominant  s ta nds  o f  Acac ia  k a r r o o ■ However , 

on some 3 f  me. s t e e p e r  s lo pe s  some v a l l e y  bus hve ld 

( A co ck s ,  1953)  e l em ent s may become more common, b u t  do 

n o t  oc c u r  i n  ve ry  dense s ta n d s .  These i n c l u d e  woody 

sp.ecies such as Azima t e t r a c a n t h a .
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4 .5  Sof? c a t i o n  a n a l y s i s .

One o f  the  hypothe ses  r e g a r d in g  th e  d e t e r m in a n t s  o f  

savanna s t r u c t u r e  i s  t h a t  proposed by W a l t e r  ( 1 9 7 1 ) ,  

i . e .  t h a t  t h e  s o i l  p r o f i l e  i n  a savanna i s  b i l a y e r e d ;  

an uppe r  gra ss  r o o t i n g  l a y e r ,  and a deeper  t r e e  r o o t i n g  

l a y e r .  T h is  idea has been f u r t h e r  expanded by 

Wa lker  ( i 9 8 0 b )  to  i n c l u d e  the  e f f e c t s  o f  c o m p e t i t i o n  

f o r  b a s i c  r es ou rce s ( w a te r  and n u t r i e n t s ) .  These 

re s o u rc e s  and t h e i r  movement th ro u g h  the  s o i l  p r o f i l e  

may p la y  an im p o r t a n t  r o l e  i n  g o v e rn in g  the  s t r u c t u r e  

and dynamics o f  savanna v e g e t a t i o n .

To t e s t  t h i s  h y p o t h e s i s ,  p a i r e d  s i t e s  were measured 

where the  two o p p o s i t e  ext remes o f  woody d e n s i t y  oc cur  

s i d e  by s i d e ,  on t h e  same s o i l  t y p e .  These c o n d i t i o n s  

were b ro u g h t  abou t  by d i f f e r e n t  management a c t i o n s  

a p p l i e d  to  th e  same v e g e t a t i o n  typ e f o r  a p p r o x i m a t e l y  

f i v e  y e a r s ,  r e s u l t i n g  i n  f e n c e - l i n e  c o n t r a s t s ,  where on 

one fa rm  a h ig h  woody d e n s i t y  may be foun d e*  opposed 

to  an open savanna on a n e i g h b o u r in g  fa rm .  o f i n d  

such s i t e s  proved d i f f i c u l t  a t  f i r s t ,  b u t  some s i t e s  

were measured i n  th e  Thabazimbi  and Z e e ru s t  d i s t r i c t s  

and on the  A l i c e  e x p e r im e n ta l  fa rm  o f  the  U n i v e r s i t y  

o f  F o r t  Hare.  In  bo th  re g io n s  th e  woody s pec ie s  had 

been c o n t r o l l e d  on the s i t e s .  On the  Thabazimbi  and 

Ze e ru s t  s i t e s  the  woody v e o e t a t i o n  was k i l l e d  u s in g  

an a r b o r i c i d e  l e a v i n g  the  dead t r e e s  s ta n d in g  on the 

s i t e ,  whereas on th e  A l i c e  s i t e s  th e  woody v e g e t a t i o n
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was k i l l e d  by f i r e  and t h e  t r e e s  were t h e r e f o r e  

d e s t r o y e d .

S o i l  samples were taken  f rom t h r e e  s p e c i f i c  dep ths  in  

the  s o i l  p r o f i l e ,  a t o p s o i l  sample { f ro m t h e  f i r s t  

150mm), an i n t e r m e d i a t e  sample {300 -  400mm below the  

s o i l  s u r f a c e ) , and a s u b s o i l  saniote f r om  b e d r o c k , o r  

as deep as p o s s i b l e  w i t h  t h e  i n s t r u m e n t s  a v a i l a b l e .

4 .5 . 1  Thabazimbi  and Z e e ru s t  s i t e s .

Twenty p a i r s  o f  s i t e s  were measured f rom t h i s  r e g i o n  

and th e  n u t r i e n t  c o n t e n t  d i f f e r e d  w i d e l y  between th e m . 

T h e r e fo r e  t o  be a b le  t o  c o i r j a r e  the  abundances o f  

each c a t i o n ,  t h e  a b s o lu t e  v were r e l a t i v i s e d  by

e x p r e s s in g  each v a lu e  as a ion o f  the  summed

va lu e  f o r  t h a t  c a t i o n  i n  eacn „  . ce . These data 

are  f u r t h e r  d i v i d e d  i n t o  open s i t e s  { w i t h  few o r  no 

woody e le m e n ts )  and woody s i t e s  ( w i t h  medium t o  h igh  

woody d e n s i t y ) ,  and th e  r e l a t i v i s e d  c a t i o n  data summed 

f o r  each c a t e g o r y .  The r e l a t i v i s e d  da ta a re  expr ess ed 

g r a p h i c a l l y  to  a l l o w  f o r  e a s i e r  i n t e r p r e t a t i o n  o f  t r e n d s . 

In  each case the  mean o f  th e  summed r e l a t i v i s e d  v a lu e  

f o r  each c a t i o n  (ER) and the  s tan da rd  e r r o r  around 

the mean i s  p l o t t e d  a g a i n s t  the  r e l a t i v e  s o i l  p r o f i l e  

p o s i t i o n .

There ar e  d i f f e r e n c e s  i n  t h e  r e l a t i v e  amounts o f  

c a t i o n s  f ro m d i f f e r e n t  p o s i t i o n s  i n  the  s o i l  p r o f i l e .

In  ge ner a l  , t h e re  i s  a g r e a t e r  a b s o l u t e  amount o f
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T h o b o z im b i open s i t e s
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Soil Depth 

T h o b o z im b i woody s i t e s

M
Soil Depth 

Z e e ru s t open s i t e s

0

Soil Depth

Z e e ru s t woody s i t e s

F ig .  24 E l e c t r i c a l  c o n d u c t i v i t y  i n  t h e  s o i l  p r o f i l e  o f

th o  T h a b a a im b i a n d  . l o e r u a t  s i t e s  (w h e re  2 R  i s  t h e  

summed r e l a t i v i s e d  c o n d u c t i v i t y  a t  s h a l lo w  ( S ) ,  

m ed ium  ( M ) ,  a n d  d e e p  (D )  s o i l  d e p t h ) .
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T ho ba z im b i open s i t e s  T h a b a ^ im b i w oody s i t e s

Soil Depth 

Z e e ru s t open s i t e s

Soil Depth

Z e e ru s t woody s i t e s

F ig .  25 The d i s t r i b u t i o n  o f  p o ta s s iu m  i n  th e  s o i l  p r o f i l e  o f

th e  T h o b a z im b i and Z e e ru s t s i t e s  (w h ere  2R  i s  th e  summed 

r e l a t iv i s e d  am ount o f  th e  c a t io n  a t  s h a l lo w  ( s ) ,  

medium (m ), and deep ( d )  s o i l  d e p th s ) .
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c a t i o n s  i n  the  t o p s o i?  samples o f  woody s i t e s  than 

i n  open s H e s  (Appe ndi x  1) .  T h i s  i s  p ro b a b ly  

caused by the  h ig h  l i t t e r  c o n t e n t  under  th e  woody 

spe c i es  wh ich  are m o s t l y  de c id u o u s .  The open s i t e s ,  

w i t h  a h ig h  gras s c o v e r ,  do n o t  show a h igh  l i t t e r  

b u i l d  up due to  a h ig h  s t o c k i n g  r a t e  o f  g r a z e r s .

E l e c t r i c a l  c o n d u c t i v i t y  g i v e s  a r ough  e s t i m a t e  o f  the  

amount o f  n u t r i e n t s  i n  a s o i l  sample (Buckman and Brady,  

1969) .  I t  appears t h a t  t h e r e  i s  a d e c l i n e  in  s o i l  

c o n d u c t i v i t y  w i t h  i n c r e a s i n g  s o i l  depth  i n  open s i t e s ,  

as opposed to  a s l i g h t  i n c r e a s e  i n  woody s i t e s .  Th is  

i n d i c a t e s  t h a t  w i t h  a decrease i n  gras s c o v e r ,  u s u a l l y  

a s s o c ia te d  w i t h  an in c re a s e  i n  woody d e n s i t y ,  th e r e  is  

a lo s s  o f  n u t r i e n t s  f rom the  t o p s o i 1 , v i a  a downward 

l e a c h i n g  p r o c e s s , t o  t h e  s u b s o i l  where t h e  woody 

component  has p r e f e r e n t i a l  access to  them ( f i g .  2 4) .

No s i g n i f i c a n t  r e s u l t s  were o b t a i n e d  f rom th e  a n al ys es  

f o r  po ta ss i um  and sodium. There is  a gen er a l  

r e d u c t i o n  i n  the  amount o f  p ot as s iu m  w i t h  i n c r e a s i n g  

s o i l  dept h i n  both open and woody s i t e s  ( f i g .  2 5) .

The sodium c o n t e n t  o f  th e  s o i l  samples i s  very  

v a r i a b l e  and i t  would appear  t h a t  e i t h e r  th e  te c h n iq u e  

used f o r  sodium d e t e r m i n a t i o n  i s  u n s u i t a b l e ,  o r  t h a t  

the  a b s o l u t e  amounts o f  t h i s  c a t i o n  are v e ry  low and 

not  e a s i l y  d e t e c t e d .

The a n a ly se ^ f o r  c a l c i u m  show s i m i l a r  t r e n d s  as those 

f o r  e l e c t r i c a l  c o n d u c t i v i t y  ( f i g .  2 6 ) .  Wi th  an i n c re a s e



T h a b o z im b i open s i t e s  T h a b cz im b i woody s i t e s

Soil Depth 

Z e e ru s t open s i t e s

Soil Depth

Z e e ru s t woody s i t e s

F ig .  26 The d i s t r i b u t i o n  o f  - .v lc iu m  in  th e  s o i l  p r o f i l e  o f

th e  T ho b o z im b i and Z e e ru s t s i t e s  {w h s re S R  i s  th e  summed 

r e l a t iv i s e d  am ount o f  th e  c a t io n  a t  s h a l lo w  ( s ) , 

medium (m ) , and deep (d )  s o i l  d e p th ) .
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Soil Depth

T h a b a z ifiib i open s i t e s

Soil Depth 

Thabozimbi  woody s i t e s

Soil Depth 

Zeerust open s i t e s

Soil Depth

Zeerust  woody s i t e s

F ig .  27 The d i s t r i b u t i o n  o f  magnesium in  the s o i l  p r o f i l e  o f

the Thabozimbi  and Zeerust  s i t e s  (where £R i s  the summed 

r e l a t i v i s e d  amount o f  the c a t i o n  a t  sha l low  (s ) ,  

medium (m), and deep (d)  s o i l  depth) .
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1 • s o i l  dept h t h e r e  i s  an i n c r e a s e  i n  the s o U  

c a l c i u m  c o n t e n t  i n  open a r ^ a s ,  and an i n c r e a s e  i n  s o i l  

c a lc iu m  c o n t e n t  i  n woody s i t e s .  T h is  i s  s u pp or te d by 

Donahue, e t  a_T_., ( 1 9 7 1 ) ,  who found  t h a t  c a lc i u m  i s  the  

most m o b i l e  s o i l  c a t i o n .  In  s i t e s  w i t h  a w e l l  

de veloped herbaceous l a y e r  the  c a l c i u m  i s  m a in ta in e d  

i n  the t o p s o i l ,  p r o b a b ly  th ro u g h  a r a p i d  c y c l i n g  p r oc es s .  

However,  w i t h  a decrease i n  the  herbaceous l a y e r ,  t h e r e  

i s  a dcw i t fard  l o s s  o f  c a l c i u m  to  th e  s u b s o i l .

A c c o rd in g  t o  Donahue, e_t a_l_., ( i b i d . )  magnesium, l i k e  

c a l c i u m  i s  a f a i r l y  m o b i l e  c a t i o n .  However , t h e r e  

seems t o  be an o v e r a l l  in c r e a s e  i n  the  r e l a t i v e  amounts 

o f  magnesium w i t h  i n c r e a s i n g  s o i l  depth  i n  bo th  open 

and woody s i t e s .  In  the  Thabazimbi  s i t e s  the  t re n d  

f o r  magnesi um i s  s i m i l a r  t o  t h a t  f o r  c a lc i u m  and 

c o n d u c t i v i t y  ( f i g .  2 7 ) .  Wi th  in c r e a s i n g  s o i l  depth 

th e re  i s  a s l i g h t  decrease i n  th e  amount o f  magnesium 

(a l t h o u g h  t h i s  may n o t  be s i g n i f i c a n t ) , whereas in  

woody s i t e s  t h e r e  i s  an in c re a s e  i n  magnesium w i t h  s o i l

The Thabazimbi  and Z e e r u s t  s i t e s  bo th  oc cu r  on sandy 

s o i l s  which are prone to  l e a c h i n g .  To o b t a i n  more 

ge ner a l  ev id en ce  f o r  the  h y p o t h e s i s ,  s i t e s  were 

s e le c t e d  on s o i l s  w i t h  a h e a v i e r  t e x t u r e  ( i . e .  s o i l s  

w i t h  a h i g h e r  c l a y  c o n t e n t ) .
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4 . 5 . 2  A l i c e  e x p e r im e n ta l  fa rm .

T r o l l o p e  (19 74)  has been a b le  to  m a i n t a i n  d i f f e r e n t  

c o m b in a t i o n s  o f  ody and gras s s pe c ie s w i t h i n  the 

f a l s e  t h o r n v e l d  v f  t h e  E as te rn  Cape {A c o c k s ,  1953)  by 

a p p l y i n g  f i r e  and f o l l o w  up t r e a t m e n t  w i t h  g o a ts .

These s i t e s  are lo c a t e d  in  c l o s e  p r o x i m i t y  t o  each 

o t h e r  and p r o v id e d  an o p p o r t u n i t y  to  t e s t  the  movement 

o f  s o i l  c a t i o n s  w i t h  r e s p e c t  t o  d i f f e r e n t  woody 

d e n s i t i e s  on a s o i l  w i t h  a f a i r l y  f i n e  t e x t u r e .

The e x p e r im e n ta l  p rocedu re i s  i d e n t i c a l  t o  t h a t  used 

in  t h e  Thabazimbi  and Z e e r u s t  s i t e s ,  w i t h  the 

e x c e p t i o n  t h a t  the  r e s u l t s  are p r es en te d as a b s o lu te  

v a lu e s .  The means f o r  a number o f  r e p l i c a t e s  and the  

c o n f id e n c e  l i m i t s  a re  exp resse d g r a p h i c a l l y  ( f i g .  28 ) .

In  t h i s  case i t  i s  n o t  n ec es sa ry  to  use r e l a t i v i s e d  

data because th e  s i t e s  a l l  oc c u r  w i t h i n  c l o s e  p r o x i m i t y  

o f  each o t h e r .

The g r a p h i c  r e p r e s e n t a t i o n  o f  the  t o p s o l 1 : s u b s o i 1 r a t i o s  

o f  s o i l  c a t i o n s  shows t h a t  d i f f e r e n t  d i s t r i b u t i o n s  o f  

c a t i o n s  e x i s t  in  t h e  s o i l  p r o f i l e  w i t h  r e s p e c t  to  

d i f f e r e n t  degrees o f  woody d e n s i t y .  C a lc iu m ,  

magnesium and sodium a l l  show s i m i l a r  t r e n d s ,  t h a t  w i t h  

an in c r e a s e  in  woody d e n s i t y  th e r e  are  s i g n i f i c a n t  

i n c r e a s e s  i n  the  amounts c f  the se  c a t i o n s  in  th e  s u b s o i l .
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S o i l  cat ions

F ig .  28 T o p s o - l is u b s o i i  r a t i o ; ;  o f  the measured cat ions (ca lcium, 

magnesium, potassium,  sodium) f rom the Adelaida s i t e s  i n  

r e l a t i o n  t o  d i f f e r e n t  uocdy d en s i t i es  (where the s i te s  

are grouped os open (o>,  s l i g h t l y  woody ( x ) ,  and very 

woody ( □  ) ) .



However ,  p o ta s s iu m ,  u n l i k e  the  Thabazimbi  and Ze e ru s t  

s i t e s  where t h e r e  i s  a decrease i n  the  amounts w i t h  

i n c r e a s i n g  s o i l  d e p th ,  shows no s i g n i f i c a n t  d i f f e r e n c e s  

i n  the  t c p s o i 1 : s u b s o i 1 r a t i o s  o f  t h i s  c a t i o n  w i t h  

r e s p e c t  t o  d i f f e r e n t  woody d e n s i t i e s .

The g en er a l  d e d u c t i o n  t h a t  f o l l o w s  f ro m thes e date 

i s  s i m i l a r  t o  t h a t  f rom the  Thabazimbi  and Z e e r u . t  r.-ie 
On s i t e s  w i t h  a h ig h  gra ss  c o v e r  some o f  the  s o i l  

c a t i o n s  a re  m a in t a in e d  w i t h i n  th e  t o p s o i l  ( a c t i v t .  

gra ss  r o o t i n g  z o n e ) , p ro b a b ly  due to  a r a p i d  e y e i i i / ;  

by t h e  herbaceous component ,  w i t h  a min ' in a l  l o s s  t :  

the s u b s o i l  v i a  downward l e a c h i n g .

In  s i t e s  w i t h  a h ig h  woody d e n s i t y  t h e  r e v e rs e  s i t u a t - '  

e x i s t s .  Accompanied by an in c r e a s e  in  woody de ns f t>  

t h e r e  is a r e d u c t i o n  i n  gras s c o v e r .  Th is  a l lo w ? 

some c a t i o n s  t o  be le ac he d i n t o  the  s u b s o i l  because 

the  herbaceous component  i s  no l o n g e r  e f f i c i e n t  ir. 

m a i n t a i n i n g  th es e i n  t h e  t o p s o i l .  T h i s  le a d s  to  

an a c c u m u la t i o n  o f  some c a t i o n s  ( c a l c i u m ,  magnesium 

and sodium -  p r o b a b l y  w i t h  t h e i r  a s s o c ia t e d  a n io n s !  

i n  the  s u b s o i l  where th e  e x t e n s i v e  woody r o o t s  have 

p r e f e r e n t i a l  access to  them.

As i n  th e  Thabazimbi  and Z e e ru s t  s i t e s ,  the A l i c e  

s i t e s  show a h i g h e r  c o t i t v  c o n t e n t  o f  the  t o p s o i l  in 

s i t e s  w i t h  a h ig h  woodv d e n s i t y  than i n  open, w e l l  

grassed s i t e s  (Appe ndi x  i ) .  T h i s  is l i u r iv e d  f run
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the  l e a f  l i t t e r  o f  th e  a l m os t  mono-dominant  woody 

s pe c i es  u t u u r r i n r  on the  s i t e s .  Acac ia  kar r o o . In 

th e  w e l l  gr ass ed s i t e s  th e r e  i s  l i t t l e  b u i l d  up because 

the v e g e t a t i o n  i s  m a in t a in e d  i n  an open s t a t e  by f i r e ,  

and the  excess grass  i s  gra zed  o f f  ev e ry  season.

A seco nda ry  e f f e c t  o f  the in c re a s e d  n u t r i e n t  s t a t u s  

o f  the  t o p s o i 1 under  woody e lem ents  can be the 

e s t a b l i s h m e n t  o f  s h a d e - l o v i n g ,  h i g h l y  p a l a t a b l e  gras s 

s pe c i es  such as Panicum maximum (Kennard and W a lk e r ,  1973) .  

These sp e c ie s  may p r o v i d e  good g r a z i n g  i f  the  woody 

canopy i s  h igh enough f o r  c a t t l e  to  pass u n d e r n e a t h . 

However,  h ig h  woody d e n s i t i e s  o f t e n  oc c u r  aS t h i c k e t s  

and the  p a l a t a b l e  s pe c i es  under  t h e  shrubs are 

u n a v a i l a b l e  to  g r a z e r s .

The d i s t r i b u t i o n  o f  c a t i o n s  i n  th e  s o i l  p r o f i l e  w i t h  

r e s p e c t  to  d i f f e r e n t  degrees o f  woody d e n s i t y  lend s 

some s u p p o r t  to  t h e  wat er  l i n k e d  h y p o th e s is  o f  W a l t e r  

( 1971}  on the  s t r u c t u r e  o f  s e m i - a r i d  sa va nn as , both 

i n  f i n e  and coarse t e x t u r e d  s o i l s .  I t  seems t h a t  

the  d i s t r i b u t i o n  o f  s o i l  c a t i o n s  and the  movement o f  

w a fe r  th ro u g h  the  s o i l  p r o f i l e  are i n s e p a r a b l y  l i n k e d .  

However,  th e  d i s t r i b u t i o n  o f  s o i l  c a t i o n s  i n  the 

p r o f i l e  must  be co n s id e re d  to  be a r e s u l t  o f  change in  

the  g r a s s - t r e e  c o m b in a t i o n ,  and no t  as a f a c t o r  cau s i ng  

t h i  s .
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4 . 5 . 3  Genera l  d i s c u s s i o n .

Some s o i l  c a t i o n s ,  m a in l y  c a l c i u m ,  magnesium and 

sodium, show a change i n  t h e i r  r e l a t i v e  d i s t r i b u t i o n  

i n  t h e  s o i l  p r o f i l e  as a r e s u l t  o f  a change i n  the 

b us h -g ra s s  comm uni ty .  'he r e s u l t s  f r om  the  

T h a ba zi m bi ,  Z e e ru s t  and A l i c e  d i s t r i c t s  show t h a t  t h i s  

p rocess  o c c u r 1, on bo th  f i n e  t e x t u r e d  and coarse 

t e x t u r e v  s o i l s .  However , t h e  s i t e s  s i t u a t e d  in  the  

Thabazimbi  and ZeerusL d i s t r i c t s  (on coa rse  t e x t u r e d  

s o i l s )  appear  t o  have a t t a i n e d  the change in  the t o p s o i l  

t o  s u b s o i l  r a t i o  c a t i o n s  o v e r  a s h o r t e r  p e r i o d  o f  

t i me tha n th o s e  f rom th e  A l i c e  e x p e r im e n ta l  s t a t i o n  

( f i n e  t e x t u r e d  s o i l s ) .  In t h e  f o r m e r  s i t e s  which 

had been bush c l e a r e d  t h r e e  y e a r s  p r i o r  to  sa m p l i n g ,  

most o f  the  c a t i o n s  were m a in ta in e d  in th e  t o p s o i l  

by i n c r e a s i n g  gras s c o v e r .  The s i t e s  on an a d j o i n i n g  

p r o p e r t y ,  wh ic h had n o t  been bush c l e a r e d ,  showed a 

r e d u c t i o n  i n  gra ss  co v e r  w i t h  in c re a s e d  woody d e n s i t y ,  

and an a c c u m u la t i o n  o f  some s o i l  c a t i o n s  in  th e  s u b s o i l .

i i i  the  A l i c e  s i t e s ,  a s i m i l a r  d i s t r i b u t i o n  o f  c a t i o n s  

o c r u r r e d  due to  t h e  management a c t i o n s  t a k e n .

However ,  th ese  s i t e s  had been m a in ta in e d  i n  t h i s  s t a t e  

f o r  ab ou t  te n  y e a rs  p r i o r  t o  sa m p l i n g .

The t i m e  and s o i l  t e x t u r a l  d i f f e r e n c e s  between these  

two re g io n s  do not im p l y  t h a t  a l o n g e r  p e r i o d  o f  t im e 

i s  r e q u i r e d  t o  o b t a i n  the  d i s t r i b u t i o n  p a t t e r n  o f  s o i l
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c a t i o n : ,  i n  the  s o i l  p r o f i l e  o f  s i t e s  w i t h  a f i n e  

t e x t u r e d  s o i l  than coa rse  t e x t u r e d  s o i l ,  w i t h  re s p e c t  

t o  changes i n  t h e  gra ss -b us h communi ty .  To t e s t  the 

r a t e s  o f  change o f  c a t i o n  d i s t r i b u t i o n  i n  t h e  s o i l  

p r o f i l e ,  r e g u l a r  s h o r t  te rm  sam pl in g w i l l  have to  be 

c a r r i e d  o u t .  I t  seems t h a t  c a t i o n s  do not  c o n t i n u e  

a c c u m u la t i n g  i n  t h e  s u b s o i l  i n  s i t e s  w i t h  a h igh 

woody d e n s i t y .  There r a t h e r  appea rs to  be a 

p a r t i c u l a r  t o p s o i l  to  s u b s o i l  r a t i o ,  g r e a t e r  than one,  

which i s  o b ta in e o  and p ro b a b l y  m a in ta in e d  by a c y c l i n g  

o f  thes e c a t i o n s  th ro ug h «.he woody component .  To t e s t  

t h i s  h y p o t h e s i s ,  long terra e x p er im en ts  need to  be 

de s i gne d w i t h  r e g u l a r  measurement  o f  t h e  s o i l  c a t i o n s  

i n  the  s o i l  p r o f i l e  in  s i t e s  w i t h  a h ig h  woody 

d e n s i t y  and a low  gras s c o v e r .

The amount  o f  c a t i o n s  i s  h i g h e r  i n  the  t o p s o i l  o f  

s i t e s  w i t h  a h ig h  woody d e n s i t y  than i n  s i t e s  w i t h  a 

low  woody d e n s i t y  and a good gras s  co ve r  { f i g .  2 9 ) .  

r h i s  a r i s e s  f rom the  h ig h  l e a f  l i t t e r  i n p u t  f ro m the  

woody sp e c ie s  which are  m o s t l y  de c id u o u s .  However , 

tho  r a t e  o f  l e a f  l i t t e r  de c o m p o s i t io n  i s  much s lo w e r  

(ab ou t  th r e e  y e a r s )  than t h a t  f o r  g ra ss l i t t e r  ( a b o u t  

s i x  mo nt hs ) ( K e l l y ,  1973) .  Because o f  the  la r g e  

amounts o f  l i t t e r  d e r i v e d  f rom the  woody s p e c ie s ,  

t h e r e  i s  a co n t i n u o u s  i n p u t  o f  n u t r i e n t s  i n t o  the 

t o p s o i l  under  a dense woody canopy.  A l s o ,  many of  

these  areas  are  h e a v i l y  c .u c k e d  w i t h  g ra z e r s  and 

c o n s e q u e n t l y  t h e r e  i s  l i t t l e  l i t t e r  b u i l d  up *n the  s i t e s
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Summed r e l a t i v i s e d  values f o r  ca lc ium,  sodium, 
and mngnesium.

F ig.  29.  A genera l ized  d i s t r i b u t i o n  p r o f i l e  o f  some s o i l  ca t io i  ■ 

wi th  respe ct  to  s o i l  depth, on open ( o ) and woody ( x  ) 

s i te s  on f i n e  ( - -- ) and coarse tex tur ed (— ) s o i l s .
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w i t h  s good gr a s s  c o v e r .  The c a t i o n s  th . - t  e n t e r  th e  

s o i l  in  th es e areas  are p r o b a b l y  r a p i d l y  c y c le d  by th e  

gras s s p e c ie s ,  m a i n t a i n i n g  h i g h e r  c a t i o n  l e v e l s  in 

the  t o p s o i l  tha n i n  th e  s u b s o i l .  The r e d u c t i o n  o f  a 

good gra ss  co v e r  in  s i t e s  w i t h  a h ig h  woody d e n s i t y  

i s  n o t  as a r e s u l t  o f  a r e d u c t i o n  o f  c a t i o n s  in  the 

t o p s o i l ,  b u t  p r o b a b ly  as o r e s u l t  o f  c o m p e t i t i o n  f o r  

l i g h t  (Knoop,  1983) .

An in c r e a s e  in  woody d e n s i t y  i s  p r o b a b l y  not  

d e t r i m e n t a l  t o  the  s o i l  as f a r  as th e  n u t r i e n t  s t a t u s  

i s  conc ern ed.  The d e t r im e n t a l  e f f e c t  i s  t h a t  w i t h  an 

accompanying r e d u c t i o n  i n  gr ass  c o v e r ,  e r o s i o n  may 

i n c re a s e  w i t h  a r e s u l t a n t  l o s s  i n  t o p s o i l  s t a b i l i t y .  

However , because o f  th e  o v e r a l l  in c r e a s e  i n  t h e  amounts 

o f  s o i l  c a t i o n s  (ana p r o b a b l y  t h e i r  a s s o c ia t e d  a n io n s )  

i n  the  t o p s o i l  o f  s i t e s  w i t h  a h ig h  woody d e n s i t y ,  

t h e  e s t a b l i s h m e n t  o f  a good gra ss  c o v e r ,  once the  

woody s pe c i es  have d ie d  o r  been removed,  can r a p i d l y  

t a k e  p la c e .  B u t ,  i n  th ese  s i t e s  a low t o p s o i l  to  

r. i .'bsoi l r a t i o  o f  some c a t i o n s  e x i s t s ,  as a consequence 

o f  in c re a s e d  woody d e n s i t y .  I f  t h e  woody p l a n t s  are  

removed the  c a t i o n s  i n  the  s u b s o i l  w i l l  be u n a v a i l a b l e  

to  the  r e g e n e r a t i n g  gr as s  c o v e r .  T h i s  would mean an 

o v e r a l l  l o s s  o f  c a t i o n s  to  th e  sys tem. In  t h e  case 

o f  n a t u r a l  s u c c e s s io n ,  W a l t e r  (1971)  m a in t a in s  t h a t  

most o f the  savanna woody I ' e c i e s  have a r e l a t i v e l y  

s h o r t  l i f e s p a n  and t h a t  a l t h o u g h  t h e y  may for m  t h i c k e t s ,  

t h e  o l d o r  p l a n t s  w i l l  g r a d u a l l y  d i e  o u t ,  be in g re p la c e d
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by a herbaceous component w h i c h ,  a l t h o u g h  much 

re du ce d,  i s  s t i l l  p r e s e n t ,  even unde r  v e ry  h ig h  woody 

d e n s i t i e s .  I f  su c c e s s io n  e x i s t s ,  a r e v e r s i o n  t o a 

h i g h e r  gras s to  t r e e  r a t i o  would r e s u l t  i n  a s m a l l e r  

l o s s  o f  c a t i o n s  t o  the  s u b s o i l  tha n i f  the  area was 

c l e a r e d  o f  bush.  T h i s  i s ,  howe ver ,  n o t  a f e a s i b l e  

s o l u t i o n  to  t h e  c a t t l e  ra n c h e r ,  who can not  a f f o r d  to  

w a i t  f o r  a long  t im e  p e r i o d  f o r  th e  woody p l a n t s  to  d ie  

o u t  so t h a t  n a t u r a l  s u cces s i on  may r e s t o r e  a good 

herbaceous c o v e r .
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5. C o n c lu s io n s .

5,1 Regional  a n a ly s e s .

There i s  no s i n g l e  v a r i a b l e  o r  group  o f  v a r i a b l e s  

that , se p a ra te  degrees o f  woody d e n s i t y  i n  M l  the 

sampled area s in c lu d e d  i n  '-hi.- s t ud y  (Lee tab le-  15, 

which summar ises the  main f i n d i n g s ) .  However , whur 

c l  i m a to l  o g i c a l  and pedo 1 o;; ic a  1 f v c t o r s ,  are takor.  i  ieIv 

c o n s i d e r a t i o n  some t r e n d s  do b x i c t .

On sandy S o i l s ,  t h e r e  appear: t o  be an a s s o c i a t i o n  of  

s o i l  dept h w i t h  i n c r e a s i n g  woody d e n s i t y .  In  t i i t c e  

s i t e s  the  h i g h e s t  woody d e n s i t i e s  were fou nd  on deep 

s o i l s .  The r e v e rs e  s i t u a t i o n  e x i s t s  on f i n e  t e x t u r v d  

s o i l s ,  where the  h i g h e s t  woody d e n s i t i e s  were fou nd on 

s h a l l o w  s o i l s .  T h is  p r o b a b ly  a r i s e s  d i r e c t l y  f rom 

the  hyp ot he se s or" K j l t e r  (1971)  and Walker  ( 1 980) or, 

savanna s t r u c t u r e .  In  sandy s o i l s ,  which are  f r e e l y  

d r a i n e d ,  much o f  the  inco ming p r e c i p i t a t i o n  i n f i l t r a t e s  

t o  the  s u b s o i l  where the  t r e e  r o o t s  have s o l e ,  o r  a t  

p r e f e r e n t i a l ,  access to  t h i s  w a t e r .  Th is  

f e a t u r e  i;> enhanced by the  a l r e a d y  reduced herbaceous 

l a y e r  which oc cu rs  i n  thosifj a re a s ,  a l l o w i n g  the  deeper  

r o o t i n g  woody bpec lu L to  c l t a b l i  U ) . On f i n e  t e x t u r o d  

s t ' i l s ,  which havu a i . lowtrr  1%: t  n n f  v t - r t i c a l  i n f  i  1 t i v  t i . - i ; , 

and.  g e n e r a l l y  u h i ' i h v f  h . iceour  u o v u r , much o f  ttu- 

wat er  i s  h e ld  i n  the  lop&i ; I where- tre e  an d i i rd t .  t: ro o t;
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Table 15 (contd.)

K e y to the synbola used in the summary of the discriminant

Tne signs', (positive or nc.-rativ.') show the association 
of the indicated variables with t h e discriminant function 
accounting for the greatest variance for tho particular

+++ = a strong positive association 
++ = a positive association
+ = a weal: positive- association

= a weak negative aosociatior 
■ a negative association 

--- = a strong negative association

The s y z b o l c used to indicate- the- trend of the discriminant 
:!*. are as follows:

1 = cites with a low woody density
2 « cites with a medium woody uivicity
3 * cites witn a high woody density
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compete a c t i v e l y  f o r  w a t e r .  Howevei , on sh a l l o w  

s o i l s  the  w a te r  w i l l  p e r c o l a t e  i n t o  c rac ks  and 

f i s s u r e s  i n  th e  ro c k  s u b s t r a tu m ,  and acc um ula te t h e r e .  

The r o o t s  o f  the  .-oody s pe c i es  w i l l  aga in have 

p r e f e r e n t i a l  access t o  t h i s  w a te r .

On f i n e  t e x t u r e d  s o i l s ,  the  s o i l  t e x t u r e  v a r i a b l e s  

p la y  a more s i g n i f i c a n t  r o l e  i n  d i s c r i m i n a t i n g  between 

degrees o f  woody d e n s i t y  than in  s i t e s  on coarse 

t e x t u r e d  t o i l s ,  because o f  the  h i g h e r  number o f  

im p o r t a n t  c o e f f i c i e n t s  on th e  d i s c r i m i n a n t  f u n c t i o n s  

o f  the  f i n e  t e x t u r e d  s i t e s  ( t a b l e  1 5) .  A b i l a y e r e d  

s o i l  p r o f i l e  w i t h  r e s p e c t  t o  c l a y  c o n t e n t  appears to  

e x i s t  i n  f i n e  t e x t u r e d  s o i l s .  The h i g h e s t  woody 

d e n s i t i e s  on thes e s o i l s  were found  on s i t e s  w i t h  a 

h i gh  t o p s o i l  c l a y  c o n t e n t  and a low s u b s o i l  c l a y  c o n t e n t  

on th e  A d e la id e  e x p e r im e n ta l  fa rm .  However , i n  the  

Umfo lo z i  and Hluh luwe  game r e s e r v e s ,  the  o p p o s i t e  

o c c u r r e d .  In  the se  areas th e  h i g h e s t  woody d e n s i t i e s  

were fou nd  on s i t e s  w i t h  a low  t o p s o i l  c l a y  c o n t e n t  and 

a h ig h  s u b s o i l  c l a y  c o n t e n t .  T h is  may be because o f  

th e e f f e c t  o f  s o i l  depth in  these  a re a s .  In  the 

H luh luwe and U m fo lo z i  s i t e s  the  s o i l s  are  g e n e r a l l y  

s h a l l o w  b u t  th e  t r e e  ro o t s  may have p r e f e r e n t i a l  access 

t o  th e  w a te r  in  f i s s u r e s  i n  th e  roc k su b s t r a tu m , 

whereas i n  the  A d e la id e  s i t e s  the  s o i l s  are g e n e r a l l y  

deep,  w i t h  a h igh t o p s o i l  c l a y  c o n t e n t ,  g i v i n g  t h i s  

l a y e r  a h i g h e r  w a te r  h o ld i n g  c a p a c i t y .



l:oiii(! <1? t in:  ccmsequent- ial  v d r r a b l c c  f-lir-w c i f r fc j r er i f  

' . ' 'uiicI l' u ndfiv d i f f e r e n t  s o i l  coi td i 1 i  on :■, L i t t e r  

i noreases as wocidy d e n s i t y  in c re a s e s  in  a l l  s i t e s .

T h i s  is; ay a r e s u l t  o f  dropped l e a f  m a t e r i a l  f rom 

H i t  woody sp ec ie s which are g e n e r a l l y  d e c idu ous .  A l l  

re-n ion i  were f a i r l y  h e a v i l y  grazed by h e r b i v o r e s  and 

t l J ;  m i  m in t :  f o r  t h e  smal l  amount o f  l i t t e r  i n  s i t e s  

v :. i iv wnnd.v cit1 its i  t y .

A1 : •. v i ' h i i i u  ci luo i n c re a s e s  w i t h  i n c r e a s i n g  woody

•.Hi sandy s o i l s .  T h i s  seems to  be a s s o c ia te d  

v, - 1 i. : i'i.; reased l e a f  l i t t e r  on the  s o i l  s u r f a c e  and a 

cLK-reasc in  gr as s  basal  a r e a .  On f i n e  t e x t u r e d  s o i l s  

the;re app ears t o  be a decrease i n  t h e  amount o f  a l g a l  

: epi - fng a l t h o u g h  t h e r e  i s  an i n c r e a s e  i n  l i t t e r  w i t h  

nc re a s in g  voody d e n s i t y .  One reason f o r  t h i s  may be 

t h a t  i n  s i t e s  on f i n e  t e x t u r e d  s o i l s  w i t h  a low woody 

a e n s i t y ,  th e r e  i s  a h ig h w a te r  h o ld i n g  c a p a c i t y  i n  the  

t o f ' s o i l .  Wi th  inco ming p r e c i p i t a t i o n  the  i n f i l t r a t i o n  

i n t o  the s o i l  p r o f i l e  i s  s l o w e r  and ponding o f  wat er  

the s o i l  s u r fa c e  o c c u r s . Th is  g i ve s a h i g h e r  

m o i s t u r e  on the  s o i l  sur  *uce i n  gras s s i t e s  than 

i n  : . i t 6 i  under  a h ig h  woody d e n s i t y  because the 

inc re ased l i t t e r  on the  s u r f a c e  i n c r e a s e s  the  i n f i l t r a t i o n  

rktm i n  th e  l a t t e r  s i t e s .  The fo r m a t i o n  o f  m i c r o f l o r a l  

c r u s t : ;  i s  more l i k e l y  i n  the  open,  w e l l  grassed s i t e s  

f i i  f ’ titi t e x t u r e d  s o i l s .  On coa rs e  t e x t u r e d  s o i l s ,  t hr ou gh  

which w a te r  i n f i l t r a t e s  v t r y  r a p i d l y ,  th e  i n c re as ed  

amount of  l i t t e r  unde r  h ig h  woody d e n s i t i e s  may g i v e  a 

: , l > i h t l y  h i f i t ic r m o i s t u r e  s t a t u s  to  the  s o i l  s u r f a c e ,



onc c iurag ing the  fo rm atio n  o f w ic r r f  ra 1 c ru s t:

Bare s o i l  a l s o  shows an incret iSu vci*h i nc. roi isi  no 

amounts o f  woody sp e c ie s  i n  s i t e s  on sandy s o i l e ,  

whereas i n  s i t e s  on f i n e  t e x t u r e d  s o i l s ,  t h e r e  ir. a 

decre ase  i n  the  amount o f  bare s o i l  w i t h  i n c r e a s i n g  

woody d e n s i t y .  T h i s  'henomenon i s  a t t r i b u t e d  t r  a 

d r a ma t i c  decr ease i n  gr ass  ba sa1 area i n  s i t e s  w i+ r  

h ig h woody d e n s i t y  on sandy s o i l s ,  whereas or; < ; r. 

t e x t u r e d  s o i l s  the  decre ase i s  n o t  as s ev er e .  ; r. 

the  sandy s i t e s  ( M es s in a,  T h a b a z im b i , Z e c r u s t  arc  

Molopo)  the decrease i n  gra ss Kasai  area was 80"  : r 

a v er age ,  o f t e n  to  v i r t u a l l y  zero p e r c e n t  r o o te d  basal  

a r e a , w i t h  the  g r e a t e s t  decrease i n  the  Messina c i t e  

(93 ‘» ) .  The f i n e  t e x t u r e d  s o i l s  do not  show t h i s  

sev ere  d e cr ea se ,  (501; i n  the  A d e la id e  s i t e s  and c . l .* 

7Z i n  t h e  Um fo lo z i  and Hluh luwe  s i t e s )  u s u a l l y  dowr t 

1 -  2 -. r o o te d  gras s basal  a r e a ,  which s t i l l  p r o v i d e :  

some g r a z i n g . T h is  phenomenon i s  a s c r i b e d  t o  the  

h i g h e r  w a te r  h o ld i n g  c a p a c i t y  o f  t h e  t o p s a i l  i n  the 

f i n e  t e x t u r e d  s o i l  s i t e s .

Knocip ( 1 983)  found  t h a t  on f i n e  t e x t u r e d  s o i l s  the 

herbaceous component  was the  c o n t r o l l i n g  e lement of  

the  v e g e t a t i o n  as sug gested by W a l te r  ( 1S71) .  Ir 
c o n t r a s t , on coa rse t e x t u r e d  s o i l s  the  herbaceous 

v e g e t a t i o n  appeared t o  be the  t o l e r a t e d  component  ,

Th is  s t ud y  showed t h a t  t h e  c o m p e t i t i o n  between t r ee s 

and gr ass es is  v e ry  s t r o n g  i n  s i t e s  on sandy s o i l s ,  

whereas on f i n e  t e x t u r e d  s o i l s  t h i s  c o m p e t i t i o n  dot!c
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have the same d e p r e s s iv e  e f f e c t  on the  herbaceous 

v e g e ta t  .on.

The above f a c t o r s  may lend sone s u p p o r t  to  the  two 

la y e r e d  s o i l  p r o f i l e  s t r u c t u r e  i n  South A f r i c a n  

savannas as proposed by W a l te r  ( 1 9 7 1 ) ,  b u t  some o f  

the  f a c t o r s  which are a s s o c ia t e d  w i t h  t h i s  h y p o th e s i s  

must be c o n s id e r e d  as consequences o f  a change i n  the  

b us h- gr as s communi ty ,  even though th e y  c o n t r i b u t e  

to  the  p re s e n t  dynamics o f  the  system.

The h ig h e s t  measured woody d e n s i t i e s  o c c u rr e d  on s i t e s  

w i t h  sandy s o i l s  and a low annual  r a i n f a l l .  These 

s i t e s  have the l o w e s t  gras s basal  a r e a ,  be low C.5£ in  

many cases ,  w i t h  the  most common woody s pe c i es  be ing  

Acac ia s p p . ana Col ophospermutn mopane. I n i t i a l l y  i t  

was ex pe cte d t h a t  the  mesic  s i t e s ,  i . e .  w i t h  a r a i n f a l l  

exce edi ng 600mm per  annum, would produce h ig h woody 

d e n s i t i e s .  However , i n  thes e s i t e s  the  c l im a x  

v e g e t a t i o n  appea rs t . . be a c l o s e d  woodland c o n s i s t i n g  

o f  l a r g e r ,  mature woody sp e c ie s  r a t h e r  than a t h i c k e t  

typ e c o n s i s t i n g  o f  m u l t i  stemmed s p e c ie s .

There appe ar  t o  be h a r d l y  any l i n k s  between the 

measured v a r i a b l e s  which may be a t t r i b u t e d  to  the 

cMise o f  an i n c r e a s e  i n  woody d e n s i t y  and th e  a c tu a l  

pr ocess ,  w i t h  the  e x c e p t i o n  o f  s o i l  depth and some 

t e x t u r t l  cha r a c t e r i  s t i e s  o i the  s o i l .  T h i s  may 

-u p p o r t  t h e  s u g g e s t i o n s  o f  West (1968)  t h a t  the  c l im a x  

ov er  much o f  the  b us hv el d r e g i o n  i s  woodland.
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5.2  C r i t i c i s m s  and f u t u r e  r e s e a r c h .

I t  i s  not  p o s s i b l e  t o  p r e d i c t  the  degrees o f  woody 

d e n s i t y  on a wide s c a le  f ro m the  v a r i a b l e s  used in  the  

a n a l y s e s .  T h is  appears t o  be one ge ner a l  c r i t i c i s m  

o f  the  s t u d y , t h a t  th e  s i t e s  measured do n o t  r e f l e c t  

areas  o f  p o t e n t i a l  enc ro ac hm en t .  To compensate f o r  

t h i s  measured o f  s i t e s  where d i f f e r e n t  s ta ges  o f  

encroachment  oc c u r  c o u l d  be made, to  d e te rm in e  how 

the  measured v a r i a b l e s  change w i t h  r e s p e c t  to  

d i f f e r e n t  age c la s s e s  o f  woody s p e c ie s .

The d e t e r m i n a t i o n  o f  i n f i l t r a t i o n  r a t e  may p r o v id e  a 

more com pl et e im p re s s io n  o f  th e  dynamics o f  woody 

t h i c k e n i n g .  However , because : .he low k i n e t i c

energy produced by t h e  r a i n f a l l  s i m u l a t o r  used,  thes e 

data were n o t  c o n s id e r e d  i n  the  a n a l y s e s . Us ing a 

s i m u l a t o r  p r o v i d i n g  a h i g h e r  k i n e t i c  e n e r g y , t h i s  

prob lem may be overcome r e s u l t i n g  in  a more complete 

s e t  o f  v a r i a b l e s  c h a r a c t e r i s i n g  each s i t e ,  and 

p r o v i d i n g  a more s a t i s f a c t o r y  measure to  i d e n t i f y  and 

p r e d i c t  area s o f  p o t e n t i a l  enc roachment .

5 .3  Management p r a c t i c e s .

The bus hv el d can be m a in ta in e d  in  a p a r t i c u l a r  

c o m b in a t i o n  o f  gr a s s -b u s h  th ro u g h  management a c t i o n s .  

T h is  has been shown by T r o l l o p e  (1974)  i n  t h e  e a s te rn  

Cape and by some fa rm e rs  i n  the  Ze e ru s t  d i s t r i c t .
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However ,  c l e a r i n g  a l r e a d y  encroac hed  areas i s  c o s t l y  

and ve ry  l a b o u r  i n t e n s i v e ,  and o f t e n  the d e s i r e d  

e f f e c t  i s  o n l y  m a in ta in e d  f o r  a few seasons.  The use 

o f  goats  and f i r e  has been shown to  be v e ry  s u c c e s s fu l  

on a smal l  s c a le  in  the  e a s te rn  Cape ov er  a ten  ye ar  

p e r i o d ,  and i t s  a p p l i c a t i o n  on a l a r g e  s c a le  in  o t h e r  

re g io n s  i n  South A f r i c a  may be wor th  i n v e s t i g a t i n g .

The e x p e r im e n t  appears t o  be f a i r l y  s t a b l e  and some 

fa r m e r s  i n  the  r e g io n  have implemented t h i s  as a 

c o n t r o l  measure a g a i n s t  Ac ac ia  k a r ro o  w i t h  v a r i e d  succ ess .

The use o f  f i r e  and goat s  w i l l  not  n e c e s s a r i l y  be 

s u c c e s s fu l  to  m a i n t a i n  a p a r t i c u l a r  b u sh- gr as s 

communi ty i n  o t h e r  savanna r e g i o n s ,  because o f  the 

low gras s basal  area found i n  the  more a r i d ,  sandy 

r e g i o n s .  There i s  not  a s u f f i c i e n t  f u e l  l o a d  to 

m a i n t a i n  an in t e n s e  f i r e  t o  k i l l  t h e  woody s p e c ie s .

A l s o ,  t h e r e  are severe an imal  husbandry prob lems w i t h  

goats  in  thes e re g io n s  (Aucamp, 1380) .

In  the  more a r i d ,  sandy s i t e s  the  use o f  a f o l i a r  

a r b o r i c i d e  has produced s u c c e s s fu l  r e s u l t s ,  but  t h i s  

i s  a c o s t l y  process o f t e n  exc ee di ng  the  v a lu e  o f  the  

l a n d ,  and to  m a in t a in  a s u c c e s s fu l  i n c re a s e  i n  grass  

ba sal  a re a ,  f o l l o w  up a p p l i c a t i o n s  have to  be made.

T h e r e f o r e ,  bush c o n t r o l  may be a p p l i e d  i n  a l l  savanna 

a r e a s ,  but  i n  some, e s p e c i a l l y  the  more a r i d  ( w i t h  

r a i n f a l l  be low 450mm per  annum),  sandy a r e a s ,  the 

mainte nan ce o f  in c re a s e d  gr as s  p r o d u c t i o n  w i l l  be o v e r 

shadowed by the  c o s t s  i n v o l v e d  in  bush c l e a r i n g .
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5. 4 P re se nt  s t a t u s  o f  the  b ushve ld  w i t h  

re s p e c t  to  woody t h i c k e n i n g .

One o b s e r v a t i o n  which i s  not  d i r e c t l y  a p pa ren t  

f rom the  d i s c r i m i n a n t  a n a l y s i s  i s  t h a t  the  c e n t r a l  

area o f  the  Tra ns va al  b u s h v e ld ,  and o t h e r  areas o f  

mixed b u s h v e ld ,  w i t h  an annual  r a i n f a l l  o f  500mm, 

does n o t  a lways ten d to  a woody c l i m a x .  In  these 

areas woody d e n s i t i e s  do not  reach th e  same ext remes 

as i n  th e  more a r i d  re g io n s  ( t h e  maximum bush 

d e n s i t y  r ec or de d was 3000 bushes pe r  h e c t a r e  as opposed 

to  7000 bushes per  h e c ta re  i n  t h e  a r i d  a r e a s ) .

Even though bush t h i c k e n i n g  does oc c u r  i n  th e  mixed 

bu s h v e ld ,  u s u a l l y  c o n f i n e d  to  o ve rg razed area s 

around w a t e r i n g  p o i n t s ,  on the  whole i t  does n o t  seem 

t o  r a t e  as an area o f  severe bush t h i c k e n i n g .

However ,  r e g u l a r  m o n i t o r i n g  o f  t h e  s t a t u s  o f  woody 

d e n s i t y  i n  th es e areas  sho uld  be e n fo rc e d .

In  the  mesic  area s th e  c l im a x  v e g e t a t i o n  appears to  

be mature woo dla nd,  b u t  some t h i c k e n i n g  does oc cu r  

and sho uld  be rega rd ed  as areas  o f  p o t e n t i a l  e nc ro ac h

ment.  A l t h o u g h  the  h ig h e s t  woody biomass may be found 

i n  mesic s i t e s ,  the  h ig h e s t  woody d e n s i t i e s  were found 

i n  the  more a r i d  s i t e s  on sandy s o i l s .

Sandy s o i l s  c o v e r  abou t  50 -  601' o f  the bus hv el d and 

i n  thes e a r e a s ,  e s p e c i a l l y  where r a i n f a l l  i s  below 

450mm, bush t h i c k e n i n g  appears to  be w id esp read.
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These area s seem t o  be ve ry  prone to  an i n c re a s e  in  

woody d e n s i t y ,  and i f  the  c o n s t r a i n t s  t h a t  p r e v i o u s l y  

m a in ta in e d  the  v e g e t a t i o n  i n  an open s t a t e  are removed,  

o r  i f  c o n t i n u o u s  heavy g r a z in g  i s  a p p l i e d ,  t h i s  process 

i s  s h a r p l y  a c c e n tu a te d .

Because o f  the  g r a v i t y  o f  the  s i t u a t i o n  i n  the se 

a re a s ,  the  Depar tment  o f  A g r i c u l t u r e  has r e c e n t l y  

de c ided  to  g r a n t  f i n a n c i a l  a i d  f o r  bush c l e a r i n g  in  

the  Molopo r e g io n  which is  s e v e r e l y  encroached by 

Ac ac i a m e l1 i f e r a ■ However ,  because thes e areas 

appear  t o  be prone  to  severe woody t h i c k e n i n g  i t  may 

prove t o  be a waste o f  f i n c n c i a l  i n p u t .  The c o s ts  

i n v o l v e d  i n  c l e a r i n g  e x i s t i n g  woody v e g e t a t i o n ,  and 

i n  m a i n t a i n i n g  a low woody d e n s i t y ,  would exceed the 

monetary  r e t u r n  i n  the  r e s u l t i n g  in c re a s e d  g r a z in g  

c a p a c i t y .  A l s o ,  i f  recommended s t o c k i n g  r a t e s  are 

not  s t r i c t l y  adhered t o ,  the se  areas w i l l  r e t u r n  to  a 

ve ry  dense s t a t e  ov er  a s h o r t  p e r io d  o f  t i m e . Bush 

c l e a r i n g  i n  th es e areas w i l l  n o t  be s u c c e s s fu l  as the 

f i n a n c i a l  and l a b o u r  i n p u t s  w i l l  exceed the b e n e f i t s  

ov er  the  lon g  te rm .
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Appendix I  Row Data Tables

Gross basal  area

Herbaceous basal  area

Mean grass he igh t

L i t t e r

Open ground

A lg o l  capping

Cloy capping

Woody basal  area 

Woody den s i ty  

Woody canopy a r e i  

S o i l  c o n d u c t i v i t y  

S o i l  pH

S o i l  sand content  

S o i l  c l a y  content  

S o i l  s i l t  content  

Calcium 

Magnesium 

Povassium 

Sodium 

S o i l  depth

(  p e rc e n ta g e  o f  s tc n d  s u r fa c e  a re a  ) 

( c e n t im e tre s )

( percentage of  stand surface area )

( bushes per  hectare )

( percentage of  stand surface area ) 

( umho.cm"* )

( lo g  H+ conc ent rat ion )

( percentage of  s o i l  sample )

( Tops c ' i l iSubsoi l  r a t i o  unless 

absolute amounts sp e c i f ie d  

par ts  per  m i l l i o n  )

( cent imetres )
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Correlation coefficients of the variables and woody density 
for all the sites ( the upper figure is the correlation 
coefficient and the lower value is the probability of obtaining 
the correlation value).
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Grass basal area -0 590 309 -0 530 -0 573 -0 523 -0.575
0 001 090 0 997 o 175 0 001 0.004

Kerb basal area -0 270 358 -0 115 -0 256 -0 213 -0.340
0 071 o 047 0 589 0 290 0 309 0.111

Grass height -0 009 -0 357 0 217 0 471 0 413 0.265
0950 0 048 0306 0015 0378 0.242

Rocks -0 086 -0 015 -0 086 -0 109 0 101 -0.365
568 0 673 0 669 0 593 0 713 0.086

Litter 075 0 072 -0 066 0 186 0 172 -0.034
0 619 0 697 0 759 G 631 0 691 0.876

Algal capping -0 229 -0 456 -0 221 -0 339 -0 145 0.131
0 124 0 009 0173 0 095 0 514 0.549

Bare undisturbed 0 174 -0 202 068 -0 214 -0 0.227
0 246 0 274 749 0 292 0 746 0.296

disturbed -0 155 0 076 -0 040 -0 066 -0 003 0.213
0 302 0 684 0 852 0 752 0 884 0.328
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])un2 -0.921 0.51 = 0.131 0.132 0.218 0.885
0.542 0.003 0.539 0.527 0.543 0.001

'.''opscj..: i-L 0.4i36 0.603 -0.211 U.227 -0.328 0.208
0.001 0.003 0.320 <1.263 0.348 0.340

-d.33o 0.408 -U.06b -0.222 -0.216 -0.031
O.Cli 0.022 0.755 0.273 0.452 0.886

Tc .jsc-SI jonauct. -0.215 0.143 0.073 0.477 0.715 0.076
0.151 o . u o 0.734 0.013 0.001 0.729

Subrvoil conduct. -0.22/. 0.191 -0.189 0.179 0.731 -0.054
0.132 0.303 0.376 0.332 0.001 0.803

Topsail sand 0.060 0.317 0.127 -0.032 0.119 -0.313
0.690 0.750 0.615 0.873 0.595 0.145

Suhsci.l sanii -0.307 -0.247 -0-.219 0.012 -0.195 -0.034
0.037 0.176 0.303 0.950 0.401 0.635

5'opsc ii clay -0.101 -0.679 0.004 -0.180 0.085 -0.257
0.490 0.001 0.983 0.376 0.876 0.235

SuVso.v ■ 0.133 0.712 0.033 0.224 0.207 0.013
0.370 0.001 0.875 0.209 0.901 0.952

Topsoil silt 0.199 -0.399 -0.267 0.136 0.221 0.038
0.184 0.025 0.206 0.507 0.525 0.863

Soil depth -0.095 0.413 -0.243 0.495 0.845 0.834
. 0.329 0.734 0.250 0.137 0.019 0.795
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