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ABSTRACT

Five encroaching species (Acacia mell ifera, A. nilotica,
Dichrostachys cinerea, Terminalia prunioides and T. seilcea)
have been f i re-g i rd led at  var ious heights and dur ing var ious
seasons.  The height  of  coppice has been measured at  two
assessments after f ire-girdling and the number of dead plants
noted. The regrowth was the lowest and mortality rate the
highest  for  t rees f i re-g i rd led dur ing the ra iny season,  i .e .
between January and April. Fire-girdling is also most effective
i f  done as near to ground- level  as possib le.  A min imum
durat ion and intensi ty  of  the f i re  must  be achieved,  for  f i re-
g i rd l i ng  t o  be  e f f ec t i ve .  Pos t  f i r e -g i rd l i ng  t r ea tmen ts ,
especially with browsers, is suggested, as coppicing does
occur.

INTRODUCTION

Bush encroachment  is  a ser ious problem in especia l ly  the
no r the rn  pa r t s  o f  Namib ia  (Bes te r ,  unda ted ,  see  a l so
S t rohbach ,  1996 ) .  Nex t  t o  c l ea r - f e l l i ng  and  the  use  o f
herbicides, f ire is often used to control woody plants. Veld
fires are not regarded as an effective means in reducing the
number of  woody p lants,  as

( i )  larger  t rees and shrubs do not  d ie f  rom f  i re ,  and of ten
regrow strongly;

A sui tably  h igh fuel - load is  not  a lways avai lable,  and

Grazing management is  of ten in  conf l ic t  wi th the use
of  f i res.  (Tro l lope,  1974)

An  a l t e rna t i ve  t o  t he  use  o f  ve ld  f i r es  i s  f i r e -g i rd l i ng
("stambrand") .  ln  th is  process a f i re  is  made at  the base of
the t ree,  e i ther  us ing wood,  cat t le  dung or  rubber f  rom tubes
as fuel .  Donaldson (1967) descr ibed an apparatus to f i re-
g i rd le s tems wi th butane (LPG) as fuel .  He had considerable
success wi th th is  apparatus,  prov ided he burned the stems
for  at  least  3 minutes or  lonoer for  a shrub/ t ree to be k i l led.

Dona ldson ' s  p rob lem w i th  t he  m in imum bu rn - t ime  o f  3
minutes can be expla ined by the anatomy of  the stem, and
the funct ion of  the var ious t issues in  the stem.

Growth in the stem occurs in two tissue systems: The apical
meristem is situated in the points of twigs. In these meristems
act ive cel l  d iv is ion takes p lace.  Just  below th is  apical
mer is tem, the newly formed cel ls  d i f ferent ia te in to var ious
t issues -  vascular  bundles consist ing of  xy lem, phloem and
fascicular  cambium, in  a matr ix  of  parenchyma cel ls ,  and
surrounded by a layer  of  sc lerenchyma cel ls  forming the
bark.  Fur ther  down,  these cel ls  e longate,  in  th is  way causing
the stem to grow in length (Fahn,  1982).
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Thickening of  the stem resul ts  f rom cel l  d iv is ions wi th in the
cambium. The or ig inal  vascular  bundle consists  of  three
segments:  an inner  bundle of  xy lem cel ls  ( these are pr imar i ly
responsible for water transport f rom the roots to the leaves),
an  ou te r  bund le  o f  ph loem ce l l s  ( t hese  a re  p r imar i l y
responsible for the active transport of nutrients from the
leaves to other  organs l ike roots) ,  and in between a th in
layer  of  cambium (Figure 1)  (Fahn,  1982).  The cambium
cel ls  (or  la tera l  mer is tem) act ive ly  d iv ides inwards and
outwards.  The resul t  is  a f ixed r ing of  phloem, the cambium
str ips l ink ing up,  and an inner  core of  xy lem (or  wood).  The
older  phloem cel ls  to  the outs ide d ie of f  to  form the bark.

(a) --'--

( i i )

( i i i )

\ sclerenchyma'.,..,,-:' (bark)

vascular bundles

parcnchyma cells
of pith

interfascicular
cambtum
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sclerenchyma & primary
phloem)

secondary phloem

cambtum

secondaty
xylem
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(lignified
secondary
xytem)

primary xylem

FIGURE 1 :  L INE  D IAGRAM OF THE ANATOMY OF (A )  A
YOUNG STEM, AND (B) AN OLDER STEM, AFTER
FAHN, 1982.

Simi lar  to  f i re-g i rd l ing,  g i rd l ing or  r ing-bark ing is  a lso used
to kil l  trees. In the process a ring of "bark" is removed around
the stem. Noel  (1968) and Teague & Ki l l i lea (1990) pointed
out that for effective girdling, care must be taken not only to
remove the bark,  but  a lso the phloem and especia l ly  the
cambium must  be removed.  l f  the cambium is  not  proper ly
removed,  br idging can occur ,  and growth above the g i rd l ing
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mark cont inues.  Thus f i re-g i rd l ing can only be ef fect ive i f
enough heat  is  generated to destroy the bark as wel l  as the
under ly ing phloem and cambium.

STUDY SITES AND METHODS

Study s i tes and exper imenta l  methods

The same species used for  the t r ia ls  on the ef fect  of  fe l l ing,
i.e. Acacia mellifera, Acacia nilotica, Terminalia sericea, T.
prunioides and Dichrostachys cinerea, have been used to
determine the ef fects of  f i re-g i rd l ing (Strohbach,  1996).  The
study s i tes are fu l ly  descr ibed in the above paper.

T h e  a p p a r a t u s  d e s c r i b e d  b y  D o n a l d s o n  ( 1 9 6 7 )  w a s
recons t ruc ted  and  used  fo r  f i r e -g i rd l i ng  t he  tes t  p l an ts
(Strohbach,  1991).  In  the respect ive stands of  each species,
10 plants were fire-girdled at 5 cm above the ground, a f udher
1 0 p lants at  20 cm above the ground and another  1 0 p lants
at 50 cm above the ground. This treatment was repeated
every second month,  co inc id ing wi th the fe l l ing t reatments
descr ibed by Strohbach (1996).  F i re-g i rd l ing was appl ied
for  approximately  3 minutes per  s tem, thus fo l lowing the
recommendat ions of  Donaldson (1967).  Treatments were
discont inued af ter  one year .  In  th is  way 900 p lants were
treated.

The p lants were permanent ly  marked wi th metal  markers.
The height  before f i re-g i rd l ing,  the stem diameter  at  f i re-
girdling height, and especially with Acacia mell ifera, the
number of  s tems,  and the general  phenology of  the p lant
( i .e .  in  f lower or  not ,  e tc . )  were noted down at  the t ime of
t reatment .

DATA PROCESSING

Since t reatment  dur ing 1990/1991 ,  two assessments of  the
f i re-g i rd led p lants ( in  May 1992,  and again in  Apr i l  1993)
have been done.  Dur ing assessment ,  the height  of  the l iv ing
oarts  of  the o lants was measured.  In  a case where no
regrowth is visible after a year, the plant is presumed to be
dead.

Cambial  br idging occurred in  several  instances,  neces-
s i ta t ing the exclus ion of  these t rees f rom the resul ts .  The
number of  t rees where cambia l  br idging occurred,  has been
indicated in  the resul ts  (Tables 1 -  5) .

In  the reduced sample,  the average height  of  regrowth for
each t reatment  ( i .e .  height  of  f  i re-g i rd l ing x f  i re-g i rd l ing date)
was calculated for each observation separately. as well as
the % mortality for each treatment. These results are also
given in Tables 1 -  5.

The regrowth of the plants and the % mortality were plotted
against the season of treatment. The season of treatment
was plotted as starting from July and ending in June. This
was done to be able to compare the graphs with the climate
diagrams forthe test sites, as they appear in Strohbach (1996).

RESULTS

ACACIA MELLIFERA (VAHL) BENTH.

With Acacia mell ifera, cambial bridging was only observed
on two t rees f i re-g i rd led dur ing June 1991 (Table 1) .

1 0 8

TABLEl :  REACTION OF ACACIA MELLIFERA TO FIRE-

GTRDLING AT VARIOUS HEIGHTS AND SEASONS.

Date of
llre-girdling

1  .8 . '1  990

8 . 1  0 . 1  9 9 0

3.  1  2 .1  990

3 1 . 1 . 1 9 9 1

2 8 . 3 . 1 9 9 1

3 . 6 . 1  9 9 1

8 0  1 4  4
60 30 24

0 6 0 5 0
8 0 4 4
8 0 4 4 4
25 80  50

1 0 0  1 0  0
0 6 0 5 0
0 6 0 6 0

4 0  1 4  1 2
20 22 22
8 0  1 4  4
4 0  1 4  1 5
6 0 2 8 8
60 24 30

1 0 0  1 4  0
50 35 25
40 24 30

He ght ol ot mortalrty Average helght (cm) N0 of trees
f re -grd ln5  showing
(cm) year 1 year 2 year 1 year 2 cambal

- bridging
5

20
50

5
20
50

5
20
50

5
20
50
5

20
50

5
20
50

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
2
0

60
60

0
80

0
0

80
0
0

40
20
60
30
20
40
60

0
0

Mortality percentages of up to 100 % were obtained by fire-
g i rd l ing the t rees 5 cm above the ground (Figure 2) .  The
treatments done during the rainy season (i.e. at the end of
January and end of March) were not as effective as those done
during the dry season. Here only a 40 % mortality was obtained.
The opposi te is  t rue for  t rees f i re-g i rd led 50 cm above the
ground. Here mortality of up to 80 % was obtained after
t reatment  at  the end of  January,  whi le  the t reatments done
out  of  the ra iny season show a maximum morta l i ty  oI  40 'k
for the June treatments, and 25 % for the October treatments
(Figure 3) .  Trees f i re-g i rd led at  20 cm above ground level
showed a mixed tendencv -  morta l i t ies occurred wi th a l l

1 0 0 1 0 0

J u n e

E
(J

-c
'q,

<
(D
o(d
(D

9 6 0
>-
E=
S 4 0

I z Vortut i ty:  1st yr.

I "/o Mortality: 2nd yr.

^-  Av.  height :  1st  yr .

*  Av.  height :  2nd yr .

F I G U R E  2 :  R E G R O W T H  A N D  M O R T A L I T Y  O F  A C A C I A
MELLIFERA, AFTER BEING FIRE-GIRDLED 5 CM
ABOVE GROUND LEVEL,

t rea tment  da tes  except  beg inn ing  o f  December .  Trees
t rea ted  dur ing  October  d ied  on ly  dur ing  the  second year  o f

Aug.  Oct .  DecJan.  Mar .
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1 0 0

ao

,"I

E Z uortut i ty:  1st yr.

I % Mortality: 2nd yr.

1 0 0

*Av.  height :  1st  yr .
:  Av.  height :  2nd yr .

TABLE 2 :  REACTION OF ACACIA NILOTICA TO FIRE-
GIRDLING AT VARIOUS HEIGHTS AND SEASONS.

Date 0f Height of "o mortalily Average height (cm) No oi trees
fire-g rd ing fire-g rd ing - showing

(cm) yearl year2 yearl year2 cambia bridging

A u g .  O c t .  D e c J a n .  A p r

A 6 0
.a
(6
t

S 4 c '

o

c
.9
(D

-c
(D
o)
(6
(D

a

30.7 .1  990

9 . 1  0 . 1  9 9 0

5 . 1  2 . 1  9 9 0

1 . 2 . 1 9 9 1

27.3 .1991

4.6. '1 99'1

2 . 1  0 . 1  9 9 1

77 30
55 50
0  1 3 5
0 6 6

1 6  5 8
0 121

70 30
0 8 0
0  1 0 0

90 20
30 35
90 20

1 0 0  1 5
60 35
B0 30
50 40

5
20
50
5

20
50

5
20
50

5
20
50

5
20
50

5
20
50
5

20
50

60
20

0
0

l o

0
40

0
0

60
1 0
1 0
50
20
20
20

0
0

20
0
0

1 7
55

125
' 1 1 3

83
143
20
80

140
5

20
1 0
0

30
20
27

0
0
0
1
A

3
0
0
0
0
0

F f G U R E  3 :  R E G R O W T H  A N D  M O R T A L I T Y  O F  A C A C I A
MELLIFERA, AFTER BEING FIRE-GIRDLED AT 50
CM ABOVE GROUND LEVEL.

30
33

100
0
0

50 45
61 50
4 0 0
40 44
50 95

0
0
0
0
0
0
1
0
1
0

1 0 0

ao

J o/o Mortality: 1st yr.

I  z  vor t . t i ty :  2nd yr

o
Aug .  Oc t .  DecJan .  Mar .  June

1 0 0

ao

1st yr.

2nd yr.

80
/ . - \

1 4 0

120

1 0 0

ao

60

40

20

€
I

6 0 E
.9
q)

-c
c)

4 0 3
(D

8 6 0
.a
6
E

€ 4 0
a 6 0
>-_

E

S 4 0

E
{f
-c
ol
c)

-c
(D
ctl(t'
(l)

20

F IGURE 4 :  REGROWTH AND MORTALITY  OF  ACACIA
MELLIFERA, AFTER BEING FIRE-GIRDLED 20 CM
ABOVE THE GROUND.

treatment ,  but  here morta l i ty  is  as h igh as 80 % (Figure 4) .
The sudden d ieback af ter  a successfu l  season of  coppic ing
can only be explained by the occurrence of a secondary
stress factor, i.e. because of a possible drier location, or
due to fungal  in fect ion (Holz & Schreuder,  1989).

These results indicate that f ire-girdling of Acacia mell ifera
trees at ground level is very effective. Even the treatments
done dur ing the ra iny season show coppic ing only up to an
average height  o{  15 cm (Table 1) .  This  corresponds wel l
with the findings f rom Donaldson (1967), who found etfective
rootkil l  to occur after f ire-girdling trees at ground level for 3
minutes or  more.

ACACTA N|LOT|CA (L.) WTLLD. EX DEL.
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o
Aug.  Oct .  Dec .  Feb.Mar . J u n e

I  z  Uort r l i ty :  5  cm *  Av.  height :  5  cm

L-l % Mortality; 20 cm * Av. height: 20 cm

I z vortulity: 5o cm * Av. height: 50 cm

FfGURE 5 :  REGROWTH AND MORTALITY  OF  ACACTA
NILOTICA AS ASSESSED TWO YEARS AFTER
TREATMENT, AFTER BEING FIRE-GIRDLED AT
VABIOUS HEIGHTS ABOVE THE GROUND.

Cambial  br idging was noted on 8 t rees dur ing October 1990
(Table 2). This was presumed to be the result of inaccurate
application of the methods during the fire-girdling operation.
Thus the October treatment has been repeated during 1991 .
However, the results obtained during October 1991 are very
different from those obtained during October 1990. The
reason is not clear, but could be the result of a number of
factors, l ike the rainfall durinq the season before and/or after

*  Av.  height :
*  Av.  height :

o
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Date of
fire-girdling

Height of o/o mortality Average height (cm) No ot trees
sn0wrng
cambial
bridoino

i l re '9r l

(cm) year 1 yeat 2 year 1 year 2

30.7 .1990

9 . 1 0 . 1 9 9 0

4.12.1990

4.2.1991

27.3.1991

4.6 .1991

20
50

20
50
5

20
50

20
50

20
50

20
50

0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0

1 0  1 0
0 0
0 0

1 0  1 0
0 0
0  1 0
0 0
0 0
0 0

130 140
1 1 1  1  3 8
1 8 0  1 6 5
106 128
1 3 0  1 3 9
1 8 0  1 5 0
100 95
140 120
1 5 0  1 3 5
24 24
47 54
B 0  1 1 5
42 44
85 59
75 63
69 58

1 1 0  1 0 0
185 120

0
0
0
1
0
0
0
0
0
0
0
0
0
0
1

0
0

TABLE 3: REACTION OF DICHROSTACHYS CINEBEA TO
F I R E - G I R D L I N G  A T  V A R I O U S  H E I G H T S  A N D
SEASONS.

the year of treatment, or other weather factors such as the
intensity and duration of the hot, dry spring and summer
months before the rain starts.

E

.9

tl7" Mortutity' 5 ".

E % Mortality: zO cm

lv"

* Av. height: 5 cm
.- 

Av. height: 20 cm

FIGURE 6:  REGROWTH AND MORTALITY OF
DICHROSTACHYS CINEBEA AS ASSESSED TWO
YEARS AFTER TREATMENT, AFTER BEING FIRE-
GIRDLED AT VARIOUS HEIGHTS ABOVE THE
GROUND.

Comparing the results of various fire-girdling heights and
seasons (excluding the October 199'1 treatment), it is clear
that (i) f ire-girdling at 5 cm above the ground results in the
highest percentage mortality, and the least coppicing, and
(ii) treatments during the rainy season also result in low
amounts of coppice and high mortalit ies (Figure 5).

It seems that the treatments done during the rainy season
at 20 cm above the ground level are less effective than
treatments done at either 5 cm or 50 cm above ground level.
The reason for this is not clear.

Dichrostachys cinerea (L.) Wight & Arn.

As observed with the fell ing operation (Strohbach, 1996),
mortality is extremely low with Dichrostachys cinerea aller

1 1 0

TABLE 4: REACTION OF TERMINALIA PRUNIOIDES TO
F I R E - G I R D L I N G  A T  V A R I O U S  H E I G H T S  A N D
SEASONS.

t reatment .  Only a tota l  o f  3 shrubs were k i l led by the
treatment. Again, a total of 4 trees showed cambial bridging
(Table 3).

Compar ing the ef fect iveness of  f i re-g i rd l ing at  var ious

FIGURE 7: REGROWTH AND MORTALITY OF TEBMINALIA
PBUNIOIDES AS ASSESSED TWO YEARS
AFTER TREATMENT, AFTER BEING FIRE-
GIRDLED AT VARIOUS HEIGHTS ABOVE THE
GROUND.

heights, Figure 6 shows that f ire-girdling should be applied
as near as possible to the ground and also during the rainy
season. Two of the three trees which were kil led, were
treated during the rainy season at 5 cm above the ground

Date of
fire-girdling

Height ol
fire-girdling
(cm)

% mortality Average height (cm) No ol trees
sn0wrng
cambialyear 1 year 2 yeat 1 yeat 2

.7l0

1 2 . 1 9 9 0

2 . 1 9 9 1

27.3 .1  991

1.6 .1991

19.7 .1991

1 990

1 9901 0

I

20
50

20
50

20
50

20
50

20
50

20
50
5

20
50

50 50
0 0

't2 33
30 30
0  1 0
0 0

30 30
0 0
0 0

11  44
0 0
0 0
0 2 0
0 0
0 0

20 20
0 0
0 0

70 80
0 0
0 0

25 25
40 44
86 64
40 37
50 60

105 120
29 35
83 83

1 3 5  1 6 0
4 9  1 3
60 62

1 0 0  1 0 0
47 37
50 50
70 75
26 25

105 80
90 75
1 5  7
47 38
65 70

0
z

J

0
0
0
0
1

0
1

0
0
0
0
0
0
0
0
0
0
0

F 6 0
-_
E

S 4 0

E
{J
s
.9

1 o o  e
(D(:'
(6
c)

o
Ju ly Oct.  Dec.  Feb.Mar.  June

L-l% Mortality: 5 cm *Av. height: 5 cm

W7o Mort"l ity: 20 cm *Av. height: 20 cm

I "/" Mo.t.lity: 50 cm * Av. height: sO cm
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Date of
iire-girdling

Height of
fire-girdling
(cm)

% mortality

vear 1 vear 2

Average height (cm)

year 1 yeat 2

No of trees
sn0wrng
cambial bridging

t . I

. 1 0

. 1  9 9 1

991

. 1 9 9 1

. 1 9 9 1

1 1 . 1 9 9 1

2.1992

5
20
50

20
50

20
50

5
20
50

20
50

20
50

0 0
0  1 1
0 0
0 0
0 0
0 0
0 0
0 0
0 0

1 0  1 1
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0

1 1 0  9 5
1 0 6  1 2 7
150 140
1 8 0  1 6 5
1 6 6  1 7 7
190 230
135 90
170 125
200 175
1 1 0  1 1 5
140 155
1 5 5  1 4 0
100 60
100 65
1 0 0  1 0 0
100 60
100 55
100 50

0
1
0
0
1
0

0
0
1
0
0
0
0
0
0
0
0

TABLE 5: REACTION OF TERMINALIA SEBICEA TO FIRE-

GIRDLING AT VARIOUS HEIGHTS AND SEASONS.

bR

E=
o=

E
o

c
o)-i5

c
<!)
t:',(6
o

Llol"  Morta l i ty :  5 cm *Av.  
height :  5 cm

ff i% Mo.t" l i ty :  20 cm *Av.  height :  2o cm

I z Mo.t.lity: 50 cm - 
Av. height: 50 cm

July Oct .Nov.  Feb.Mar.

FfGURE 8: REGROWTH AND MORTALITY OF TERMINALIA
SERICEA AS ASSESSED TWO YEARS AFTER
TREATMENT, AFTER BEING FIRE.GIRDLED AT
VARIOUS HEIGHTS ABOVE THE GROUND.

level. The third tree which died was also treated during the
rainy season, but was fire-girdled at 50 cm above ground
level. The reason for this kil l  can be attributed to the fact
that the shrub was an old plant (at treatment it was 3 m high
with a stem diameter of 36 mm), indicating that the age of
the plants also has an effect on the mortality rate'

Termi nal ia pru n ioides Lawson

The plants of Terminalia prunioidestreated were often bigger
than those treated for other species (up to 4 m high)' Thus
the bark generally was thicker, resulting in a number of trees
showing cambial bridging (Table 4).

Again, f ire-girdling at 5 cm above ground level showed the
highest mortality rate and the least coppicing (Figure 7)'

Coppic ing was a lso reduced wi th the h igher  f i re-g i rd l ing
treatments done during the rainy season. Again, the agelsize
of the trees also seems to be important: the only trees which
died after being fire-girdled at 20 cm or 50 cm, were higher
than 3 m, and had a stem diameter of more than 60 mm'

Terminalia sericea Burchell ex DC.

Terminalia sericea also shows an ability to bridge damage
to the cambium - three trees did show such cambial bridging
(Table 5).

Similar to the results obtained from fell ing treatments, very
little difference is observed between the effects of the various
heights of f ire-girdling (Figure 8). The two plants which were
kil led, were fire-girdled 5 cm (treated during October 1991)
and 2O cm (treated during March 1992). From this evidence
it can again be deduced that the lower treatment heights
are more effective in kil l ing the trees.

Again, a drop in the amount of coppicing is observed in all
trees treated during the rainy season. Other than observed
with the other species, the coppicing rate is reduced already
with shrubs treated at the end of November, and the effect
on the amount of coppice is reduced dramatically by the
middle of the rainy season (as from March).

This earlier senisit ivity to treatment can be attributed to the
phenology of the trees. Flushing starts as early as October,
as opposed to the beginning of the rainy season with the
other species. This flushing depletes nutrient levels in the
roots, making the trees sensitive for fell ing or f ire-girdling
treatments. The nutrients seem to be replenished as early
as March in a process probably similar to translocation as
described for grasses by Tainton (1981).

DISCUSSION

In general it was shown that f ire-girdling, as with fell ing, is
most effective if done as near to ground level as possible'
Also concurring with results obtained for fell ing, the most
effective time to treat the trees is during the active growing
oeriod. Evidence obtained from the trial with Terminalia
sericea suggests that the active growth period, rather than
the rainy season, is the period during which trees are most
susceptible to damage by fire and/or fell ing.

As cambial bridging was observed on several occasions,
the necessi ty  of  a min imum t imespan of  f i re-g i rd l ing,  to
effectively destroy the cambium, is again demonstrated.
Donaldson (1967) already described this phenomenon, thus
expla in ing the inef fect iveness of  a veldf i re to destroy
encroaching woody species. In most cases the available
fuel at the stem base is too l itt le to support a prolonged hot
fire, as very l itt le grass is available underneath a tree/shrub
canopy to add to the fuel load.

As a 100% mortality rate is not achieved, and coppicing does
occur, post fire-girdling treatments are essential. The removal
of coppice was shown by Teague & Kil l i lea (1990) to be
effective in kil l ing trees after glrdling. A similar approach is
suggested, especially by means of browsers. Trollope (1974)
found that stocking lightly with goats was effective to control
the coppice of bush after a veld fire, with no detrimental
effect to the grass.
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