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Abstract

A study was carried out in the semi-arid and arid
savanna regions of South Africa to determine which
environmental factors are associated with the process

of bush encroachment.

It was found, using discriminant analysis, that ao
single variable, or group of variadles, was responsible
for separating the degrescs of wondy density. Some soil
textural factors showed associatiens with increased
wondy density, The highest woody densities were

recorded an deep, sandy soils with a low annual rainfall,

Several site variabies change as a result of a change

in the dush-grass community. The most prominent of t 2se
is a change in the Jistribution pattern of some soil
cations {calcium, magnesium and sodium), which expands
the two layered, water linked hypothesis of Walter {1971}

on savanna dynamics, to include the leaching of nutrients.

Bush clearing is not feasible in the arid reyions on

sandy soils, where the competitive effect of trees on
grasses i5 strony, but the reverse is weak. On fine
textured soils, however, the competition between these
components is great in both lirections, and control of

woody thickening may be economically feasible.
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Everything should be made as simple
as possibie,

but not simpler.

{Albert Einstein, 1952}
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1. Introduction

Approximately 33% of South Africa is covered by

bush, scrub or savanna (some 53 mitlion hectares).

It has been estimated that at lsast 18 million hectaras
of this bushveld have already been damaged by the
abnormal coppicing of bush, or are endangered by

bush encroachment (Van der Schijff, 1957).

According to Mostert, et al.,{1971), Donaldsen

(1967a, 1967b) and Walter (1971) bush encroachment

has become a serious problem during the past thirty
years in the Vryburg-Mafekeng area, the Molopo area,
northwestern and northern Transvaal, Botswana, South
West Africa (Namibia), Zimbabwe, northern Natal,
Zululand, Swaziland, Mozambique, and the Eastern Cape.
Millions of hectares of valuable pasture have been
encroached by woody plants to such an extent that the
carrying capacity of the veld {rough grazing lands)

has been considerably reduced, not only because of
reauction in grass cover and guality, but also because
large areas have become impenetrable to stock (Mostert,
et al., 1974). Because of the absence o, a dense grass
cover under the bush component, so0il losses due to water
and wind erosion are also greater {Walter, 1971) It
is estimated that in some areas at least 50% of the
natural pasture has been iuvaded by woody elements

{Danaldson, 1873).




With an increase in the density of woody plants there
is a reduction of the total land area availahle for
grazing, and in areas with a moderate infestation of
woody species the quality and quantity of available
grazing deteriorates.

Unless the stocking rate of the area is altered to
compensate for this decrease in grazing the parts of
the farm not infested with woody species will be
severely overgrazed, which may lead to a further

increase in the woody species.

Savanna vegetation, s defined by Walter (1971), refers

to the natural homogeneous zonal vegetation of the

tropical summer rainfall zone, show’ iosed grass
cover and scattered, individual wonu s, either
trees or shrubs. This climatologically conditiened

savanna probably occurs in Africa cnly it areas with
rainfall below 700mm per annum.

Natural savanna is therefore understood to mean 2
homogeneous plant community ia which individual woody
plants grow more or less widely apart on a grass

dominated background {(Walter, ibid.)}.

The term "bush encroachment" is frequently a misnomer,
implying a problem which is not the one with which
agriculturalists are concerxud. It fmplies that
woody 'species are invading areas that have always had
either a low density of, or have baen devoid of, trees

and shruhs.  Most often this is not the case,




Woody species are present in most savanna regions,

and their spread is suppressed by fire and wood
chopping, The term “woody thickening" is more suitable
in that it implies that woody species were present in
the area and that as a result of a change in the
management, these species have increased in density

and vigour.

Bush encreoachment has been studied in most of the
savanpa regions of the world, but much of this research
has been orientated towards the eradication and control
of woody species (Oonaldson, 1967a; wWalter, 1971;
Mostert, et al., 1971).

The prime objective of this studv was an attempt to
cantribute towards an understanding of the factors
associated with bush encrcachment, and how these factors
interact. One aim was to produce a predictive model

of bush encroachment in Seuth Africa. This information
may be used to identify those areas in South Africa
which are sensitive to change and potentially l1iable

to become encruached. To achieve this the relation-
ships between woody density and each of a set of

environmental factors must be estabiished,




2. Literature Rev. .

2.1 Bush encroachment - the world position.

According to Donaldson (1967 the invasion of bushy
shrubs and trees is one of the most difficult and
troublesome problems with which the cattle rancher

has to deal. The value of grazing land may be
completely destroyed by encroaching woody plants, and
their eradication may cost more than the land is worth,
Millions of hectares of formerly and potentially good
grazing of the earth’s surface, particularly in Africa,
the Americas, and Australiz, are infested with worthless

tushes and trees.

In the United States of America, upwards of 500,000
square miles of land are dominated ty bush. In the
state of Texas alone, 55 million acres are infested
with mesquite (Prosopis juliflora), 18 million acres
with Juniper woodland, 20 miilien acres with scrub oak,
and 6 million acres with huisache (Donaldson 1967a).
According to Herbel {1979) the density of brush on
rangeland in the southwestern Unjted States has increased
rapidly since 1900.

A survey by the United States Soil Conservation Service
found that 80. of Texas grasslands ware infested with
one or more low value woody plants. It §s reported
the 22 million hectares were covered with dense stands
of brush requiring control measures before any other

range improvements could be made.




Yet, in spite of efferts to control brush by chemical
and mechanical methous, its density is inereasing.
The survey showed that the area of mesquite alone has

increased by 500,000 hectares during the period 1938 - 1963,

A similar situation exists in the savanna regions of
South America and Australia, In Queensiand (Australia}
more than 13 million acres of Tand are covered with

brigalow scrub {Wilsen and Graetz, 1979},

2.2. Southern Africa.

In South Africa, where approximately 33% of the total
surface area is covered by bush, scrub, or savanna
(some 53 million hectares in total), it is estimated
that at least 18 million hectares of bushveld are
already damaged by the abnormal coppicing of bush or

are endangered by bush encroachment (Van der Schijff, 1957).

It is estimated that in the Molopo region over one million
hectares of veld have been infested by Acacia mellifera
(Dgnaldson, 19673). It can be concluded from these
estimates that the carrying capacity of the veld has

been reduced by as much as 507 or more, and that millions
of rands worth of animal products are lost annually as

a direct result of bush encroachment.

A similar situation exists :n the Eastern Cape where
estimates by Venter (1980) show that approximately 509

of this region consists of some form of woody community,




The arid grassveld and bushveld areas af this region
do not altow for intensification of farming, and are
therefore ideal as natural pasture for cattle ranching.
Venter (Joc c1t.) gives the followiag breakdown of the

degrees of bush encroachment in this region

{i} 7% of the surface ares of the
Eastern Cape region is heavily
encroached by bush {i.e. bush
densities of greater than 1500
bushes/hectare). )

(i) 133 is 1ightly eacroached.

{411) 23% of this region is an area

of potential encroachment.

The same sjtuation exisii uves large portions of
Zimbabwe, where according to West (1958) and Rattray
(1957) the climax vegetation over nearly the whole
country is woodland or shrubland. Barnes (1972)
states that by shifting the dynamic batance which
existed in the past between the vegetation and various
factors, the eauilibrium has been changed and a new
condition has arisen, i.e. the movement of cartain

regions towards a thicket type of vegetation.

2.3 Causes of bush encroachment.

At the turn of the century wany travellers in the
bushveld areas of southern Africa noted the open nature
of the vegetation {Sykes, 1897; Decle, 1800) which is
contrary to the belief of Rattray (1957) and West {1958)




who suggest that the climatic climax vegetation of
thess areas is . woodland of deciduous trees and shrubs
with an understic.ay of grusses and, to a lesser extent,
herbs. .

Strang (1973) remarked that early pioneers commented
on the wide expanses of grassland occurring south of
Harare (formerly Salisbury® where the present
vegetation is woodland. It is thought by West (1947)
and Strang (1973) that this situation was brought about
by conditions favouring frequent, intense fires. The
result of an era of burning, clearing and felling
deceived the first white settlers a, %o the true nature
of the vegetation and encouraged the development of

cattle ranching.

The introduction of domestic livestock into Africa has
resultted in serious and extensive damsge to many tracts
of land (Brown, 1963}, There are several reasons for
this. Cattlz utilize the herbaceocus vegetation to a
greater extent than necessary, since they are able to
put 3m weight by laying down fat, and therefore
continue to feed even when their immediate needs are
satisfied (Kelly, 1973). In contrast, most wild
herbivores are incapable of laying down extensive fat
reserves and evidence suggests that they may be
physioloegically geared to a maintenance lavel of
production so that when theue requirements have been
satisfied they cease to feed (Ledger, 1863). Because
of encroachment, much of the grazing area is producing tess

than its potential, and all of it is threatened. The




value of browse to cattle appears to be less than that
of the grass which 1s displaced by trees and shrubs
{Strang, 1973).

Various factors have been mentioned as possible causes
of bush encroachment. Aucamp {1976) is of the opinion
that the absence of browsers in the animal production
systems has been the chief cause of bush encroachment,
especially in the Valley Bushveld and Thornveld
{Acocks, 1953) of the Eastern fape. UCefoliation by
indigenous game was in earlier times spread over the
grass and bush layers, and under these conditions the
balance between the two components was maintained.

This ideal balance has been disturbed by replacing the

grass and shruo feeding game with cattlie and sheep,

which are both primarily grazers. Aucamp (ibkid.) maintains

that i7 bush encroachmernt is to be prevented, the
browser must be brought back into the animai production
systems, a'\d'he suggests the goat as a good domestic

browser.

In Zimbabwe, Kelly and Walker (1976) suggest that in
former times the unrestricted movement of game in
response to changing conditions of water availability
and herbage quality would have resulted in relatively
Tight overall utitization of veld and pariods of rest
for defoliated grasses to maintain their vigour.
However, with the rising numbers of cattle and the
reduction in the frequency and i.tensity of fires,

presistent heavy grazing has weakened the perennial




grasses, hastening the establishment and encroachment

of woody species (Kennan, 1966).

Working in the northwec' -~n Cape, Donaldson (1967a)

came to the coenclusion vt no single factor can be
responsible as a cause for bush encroachment. It is
suggested that the periocdic occurrence of veld fires
maintained the balance between the grass and woody
species, The problem of bush encroachment as it exists
today has been brought abcut by ringfencing, paddocking,
the confinement of relatively large numbers of animals
to small areas, and the exclusion of veld fires
(Donaldson, 1967a; Strang, 1973; West, 1872; 8arnes, 1972
and many others).

Farmers often btame the discontinuation of veld fires
for the encroachment of bush. Walter.(1971), however,
maintains that closer investigation has shown that
invasive scrub is not generally caused by discontinuation
of veld fires, but that it §s usually assaciated with
targe numbers of grazing animals which reduce the

perannial grasses in semi-arid regions by over-grazing.

Population growth alsc has much to do with the problem.
Farms are gradually becoming smaller and overstocking

is more widespread. If sound grazing management at
the correct stocking rate is not applied under such
conditions, the quality of ihe pasture declines, and the
spread of woody elements is encouraged {Walter, 1971).
According to Walter (ibid.) thicket formation poses a
greater threat to the thinly populated areas (farming

areas) than to areas occupied by the indigenous peoples.
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A farm is usually occupied by one fami.y and a few

tarm hands and utilization of wood by the household

is very limited. The situation is quite different
among the indigencus peoples, who live in large

aulbers avound watering places and whe need much wood
for coeking purposes. Invasive scrub is absent in such
sveyn (Walter, ibid.).  Instead a bare desert-Tike area
Juveiaps Rhrough severe overgrazing which leads to soil
erusion, From an ecenomic point of view, this
jevelopment 135 ever worse than encroachment.

Mostert, et al. {18971} sonciude that the grass-tree
walance was maintained in the past by various factors.
Twr ¥ Fhe wost impnrtant ones are (i) the presence

wf browsers and the overali utilization of the vegetation,
ang reiy barning. A third general facter which is
pFter averiennee the rele of man as a woodgatherer

surarg. 973

i drass and irees au comnpetitors.
Py s generslly aceapted that the suppressive effact

st owondy  fps fes un grass yields is brought about largely
through the cumpatition For soil moisture (Donaldson and
Kelk, 1970: wWalker, 1974; Walker gt al., 1981),

There is « high mortality of grasses under bush during
severe druughts {Donaldson, 19674) and comparatively

frgh resistance ot trees and shrubs to drought damage

at thess biwes (Van Wyk, et al., 1969).




Walter (1971) proposed that a two-layered soil
structure operates functionally in a savanna. This
is based on differential usage of water by the woody

and grass components. In contrast to the grasses,

the shrubs have a more extensive root system, i
they extend laterally very far, and to a certain

extent they also extend vertically to some depth.

Stony soils, in which only small amounts of Fins

s0il are held among the rocks, ara therefore very
favourable to woody plants (Walter, ibid.). &y wontract,
on fine textured soils an extensive root system i3 a%t a
disadvantage, compared with a compact ruot system,

in competition for small gquantities of residual water.

In such conditions shrubs can only maintain a Toothold
among grasses wher2 more water is left in the soil

during the dry period than is used up by the grasses
(Walter, ibid.). dhen these aspects are considered,
the distribution of woody plants and grasses in the
semi-arid regions becomes quite understandable. It

depends largely on climate and soils.

Walter (ibid.) summariges the status of semi-arid

savannas with respect to climate and soils as follows

A. Soils stony : woody plants dominate

over grasses.

Soils of finer «xture

(i) Low precipitation {°20-250mm) : purn
grassland, woody plants absent.

{i1) Precipitation higher (250-~500mm)

savanna, grasses dominate but woody
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plants are also present,
(1i1) Precipitation high (above 500mm}

woodland, grasslands Tess dominant,

Because wateris a limiting factor in semi-arid

savannas {Nalker, 1974) the two components of this
system, i.e, grasses and woody species, compete strongly
with each other, so that one is present to the

exclusion of the other (Walter, 1971},

Knoop {1983) found that woody seedling germination

and growth is severely suppressed by the herbaceous
layer, The seedlings e+<perience the indirect
competition for water, and, in addition, there is

1ikely to be direct competition for water and possibly
for space and nutrients in the topsoil. Above-ground
competition for light and carbon dioxide may also be
important in view of the density of the grass sward,
Walker, et al. (1981) produced a model of this
hypothesis which defines many of the assumptions made

in the original one and allows computer simulations
based in the model to be made (Walker and Noy-meir, 1982).
Kncop (ibid.) corcludes that only under certain
combinations of rainfall aand seil textures can the model
originally proposed by Walter {1371) be usefully applied.
However, the principle of the two layer hypothesis
(Walker and Noy-meir, 1982) -ipears to be generally

applicable to savannas.
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i 2.5 Bush clearing.

With zcrub invasion the question arises, whether or

not this change can be considered permanent. Walter

(1971) maintains that regeneration of woody plants

does not take place in the dense thickets, probably
because of the high 7i¢ht requirements of the ssedlings.
When the shrubs »tiain their age limit, after a few
decades, and begin to die out, a grass cover has

already been established which can then close up rapidly.
0f course, a farmer does not want to wait so leng and

wishes to eliminate the scrub rapidly,

Numerous authurs have recorded greater herbaceous
productivity after thinning or removal of woody plants
(Ward and Cleghorn, 1964; Barnes, 1973). In Australia,
Wilson and Graetz (1979), and Walker, et al. (1981)
found that herbage growth may be increased threefold by
the removal of trees and shrubs that are inedible to
cattle and sheep. They concluded that a density

of siz trees or 360 shrubs per hectare is the upper Jimit

before horbace growth is limited.

There are several methods available for bush clearing

and control, runging from mechanical removal to the
application of arboricides /Dunaldson, 1967a). In the
western lnited States large areas dominated by sagebrush
have been returned to climax composition by application

of the hormonal herbicide 2,4 - D (Donaldson 1967a). This

resulted in a marked increase in herbage production on
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both arid and mesic sites. Similar results were
obtained in Arizona by Clary and Jameson (1981), who
found that the greatest increase in herbage production

wason sites with a high annual precipitation.

However, the costs of bush control or removal are

often greater than the cost of the land (Donaldson, M.)
The reintroduction of browsers may provide a more

feasible alternative. Trollope (1980) and Aucamp {1976)
have shown that the grass-bush balance may be maintained
in an open state by using domestic goats as a biological

contral measure.

Game ranching has been proposed as an alternative form
of land-use in savanna regicns, but in the past landowners
have generally assumed that indigenous herbivores compete
with Tivestock for fsod (Kelly, 1973). However,
according to Strang (1973) it seems more logical to use
animals which are adapted to the environment, than to
impoge an introduced grazing herd on country which is
not naturally grassland.

Walker (1976, 1979a)shows that high production from
indigenous herbivores is not feasible, and that the
breeding and domestication of a new browser may provide
4 better alternative for the utilization of the woody

component in the savanna areas (Walker, 1980b).

2.6 Infiltration.

According to Walter (1971}, grass and woody plants

occupy twe levels in the soil. An upper layer where
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the grass and tree roots compete actively for
resources, the grass being the superior competitor in
this layer, and a deeper subsof) region where the woody

roots have sole access to these resources.

The amount of water in these layers depends on how wuch
of the incoming precipitation enters the soil.

Therefore, because semi-arid savannas are water limited
systems (Walker, 1974), any reduction of the water input

into the soil is critical.

Infiltration concerns the movement of water into the
s.il (Chow, 1964). By some, it has been considered as
a surface phenomenon, governed entirely by the surface
conditions, particularly the non-capillary porosity

of the soil surface. Others have used infiltration
to describe the movement of water into the soil as
governed by the permeability of the entire profiile
{Chow, 1964).

When turbid water is applied tc the seil, non-capillary
pores are quickly choked and infiltration rate is
shayply reduced. The same result is obtained when
raindrons strike the unprotected soil, detaching the

soil particles which block the pores {Laws, 1941},

From the foregoing, it is obvious that infiltration
is strongly influencad by sail texture and structure,
which govern non-capillary porosity, soil wetness, and

the amount of protection of the soi) surface from rainfall
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impact offered by vegetation.

Walker (1974) states that the rate of water infiltration
into the soil is a function of two factors, viz. the
percentage of the ground covered by Titter, and the
basal cover of caespitose, perennial grasses.

Kelly and Walker (1976} and Walker {1974) have found
that on sandy loam soils the ratic of infiltration
under a litter cover and on bare syrfaces, as measured
with a double~ring infiltrometer, is of the order 9 : 1.
This is confirmed by Duley and Kelly {1938), who found
that the infiltration rate on native sod with a good

cover was several times that of bare ground.

Duley and Domingo (1943} found that total cover,
including live grass and associated litter, was more
important than the kind of grass or the type of soil in
inducing a high water intake. Dyksterhuis and Schmutz
(1947) noted that natural mulch was a primary factor in
determining the amount of infiltration of water into
rangeland. Rauzi (1960) found that the water intake
increased with the increase in the amount of natural
mulch and standing vegetation. Meeuwig {1965) states
that infiltration capacity is influenced primarily by
soil bulk density on non-capillary porasity, and
secondarily by the amount of protective cover afforded
by plants, litter and stone. Soil stability is
influenced primarily by the density of protective cover,

and secondarily, by soil bulk density.
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According to Singer and Blackard {1978) cover shape
and distribution of intercover space appears to be
important in affecting sediment loss. Runoff volume
is significantly reduced by high cover levels which
protect the soil from sealing and maintain a high

infiltration rate.

Both Tomanek (1948} and Hopkins (1954) showed that a
relationship exists between the amount of natural mulch
and the moisture content of rangeland soils.

However, according to Crosby, et al. {1980) the
influence of surface mulch on soil loss is much greater
that it is on runoff. Rhodesian experiments {Hudson,
1961) where field plots were protected by gauze showed
that after nine years the soil toss from the
unprotected plot was 127 times greater than that from
the protected piot, while runoff from the unprotected

plot was 13 times greater,

Wischmeir and Smith (1978) identified three main subfactors
of the cover-management factor (c¢) in the Universal Soiil
toss Equation, viz : surface cover, canopy cover, and
below surface effects. Dissmeyer and Feoster ([1938%)
demonstrated that these factors were not sufficient in
estimating total soil loss from a site, and suggest

that the cover-managemen: factor should consist of nine
sub~factors, viz : amount of bare soil, canopy, soil

reconsolidation, high organic content, fine roots,




i8

residual binding effect, on-site storage, steps, and

contour tillage.

Land use, past and present, plays an important role in
the determination of infiltration loss and soil loss.
Aina (1979) found that continuous long term arable
culttivation resulted in rapid deterioration of the
physical properties of the soil, whereas fallowing
improved soil physical properties and resulted in
rutrient accumulation. Alderfer and Robinson (1947)
found runoff losses to vary from 0 to 2 percent in
ungrazed range and from 33 to 80 percent on heavily
grazed range. However, Johnsor (1962) showed that
even after ten years of very heavy grazing soil erosion
by water is not a critical factor in management.

The water intake rates increase with increasing

amounts of standing vegetation and mulch.

Rauzi and Hanson (1966) demonstrated that water intake
rates on differentially grazed watersheds are nearly
linear with heavily grazed watersheds having the lowest,
and lightly grazed watersheds the highest rates.

Annual runoff was greatest from the heavily grazed

sites and least from the tightly grazed sites.

McGinty, gt al. (1978} showed that terminal infiltration
rates for & pasture in a ro*:tion grazing system and a
Tong term exclosure were very similar, whereas a heavily,
continuously grazed pasture exhibited less than one half
of the terminal infiltration rate of the rotation pasture

and exclasure. Wood, et al. {1978) found similar trends
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in Texas and state that in some ecosystems a grazing
system may not increase plant production more than a
1ight or moderately stocked, continuous grazing system.
However, where increased plant production can be
accomplished by implementing a grazing system, increased
infiltration and decreased sediment oroduction can he

expected.

Glover, et al, (1961) found that the depth of rainwater
penetration is approximately equal to the height of the
plant plus the normal penetration of the shower inte
bare sail, It is considered by these authors that in
the overgrazed dry grassland parts of Kenya, stemflow
and rainwater penetration around trees may now be
playing a part in changing the character of the local
vegetatiaon. It is also swggested that leaf catchment
and stemflow systems may be involved in the maintenance

of grassland vegetation patterns.

Walker (1974) states that the low rate of infiltration
on bare areas in southeastern Zimbabwe is due mostly

to the presence of 4 s0il cap, and the effect of this
cap is frequently intensified by the davelopment of an
algal crust, mainly comnosed of blue-green algae
(Cyanobacteria) (Dulieu, et al. 1977). During dry
periods this crust forms 8 bwdrophobic, impermeable
surface, and observations in the laboratory have shown
that 1t takes up to two hours, or longer, for the surface
to soften and absorb water. This is considerably

Tonger than the duration of an average rainstorm.
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According to Chew (1964) a further cause of reduced
infiltration is the presence of a layer of small
vesicles near the surface nf the soil, which effectively
prevent water percolating hrough. In the vegetated
areas, water infiltration through the base of a grass
tuft is very rapid, and the perennial caespitose tufts
funnel water into their own rhizospheres (Glover, et al.

1961).
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3 Materials and Methods,

3.0 Additional wbjuctives.
In addition b the ppime uhyective of the study,

fow, arise trom the liter.ture.

Savinngs ve owatae Jimited svstems {Walker, 1974) and

srLani npwt oot water inte the soil iz

intilteatian, Tharefere, any factors which

rats o wetar infiltration into the soil

shderea., From the literature review,

sl ne variables Darfiuence infiltration rate

+ Dissmeyer and Foster, 1981},

rfant te measure these factors

wrw tiwy inTiusnue infiltration rate, and

steey change with different degrees of
fanaity under -ifferent environmental conditions.

rihy

ants wirnbably associated with the

af water khrough the soil, the distribution

in nutrients in relation to changes in the bush-

s aalance need to be determined.

Alsu. several hypotheses on the establishment of woody
seadiings in Svuih African savannas have been postulated
(Waiter, 19715 Mostert, gt al., 1971: Donaldson, 1974).
A question which arises is : what are the general
conditions associated with e successful establishment

af woudy plants?
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3.2 Site selection.

The aim was tc select as many sites as possible,
representing areas that have a high woody density and
those that don't. It was, therefore, important to
cover as many combinations of soil type, rainfall, and
past management history as pos .ble, in order to give

a significant overview,

The sites chosen were, therefore, in areas that hia
experienced, or were experiencing, an increase in woody
elements, and also areas that have had a long history
of heavy grazing pressure without an increase in the

woody component.

A1l the areas selected fali inte the broad veqgetal
ty, of Bushveld as defined by Acocks (1953} {fig. 1.,
and as many of the variations of this vegetatian type i3
possibie were samplied. Sites were not only situated
in cattle ranching situations, but also on game ranches,
with mixed indigenous herbivires and cavtle, on private
farms with cattle and domestic browsers, and o. game
reserves, This served to give a generalized overview
of the phenomenon of increased woody density.
The sites, which were spread over all feour pravinces of
the Republic of Scuth Africa, were located as follows
(fig. 2)
to Tranavaal,
Messina Agricultural Research Station
Mara Agricultural Research Station,

Towoomba Agricultural Research Station
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Fig. 1.

Mar of South Africa showing the extent of the Bushveld

vegetotion type (shaded orea) {after Acocks, 1953).
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Klaserie Private Hature Reserve
Cattle ranches in the Thabazimbi

and Zeerust districts.

2, Natal
Unfoleozi Game Reserve

Hluhluwe Game Reserve

3. MNorihwestern Cape
Private farms in the Molopo region

around the towns of Tosca and Bray.

¢. Eastern Cape
Adelaide Experimental Statiocs
Privete farms in the Adelaide, Bedford
and Fort Beaufort districts.
Alice Experimental Farm of the

University of Fort Hare.

3,3, Field Methods.

Once the areas had been visited and identified,
representative sites of 400m® were laid out and each
site characterized according to its vegatative,
physical, c¢limatological, ant! past management

attributes.
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Fig. 2. Mop of South Africa showing the position of the

study regions. (legend overleaf)




Mes Messina Agricultural Research Station
Mar Mara Agricultural Research Station
Kla Klaserie Private Nature Reserve

Tha Thabazimbi district

Zee Zeerust district

Mol Molopo region

Hly Hluhluwe Game Reserve

Ugr Umfolezi Game Reserve

Alc Alice Experimental Farm

Adl Adelaide district

Fig. 2 {cont.) Key to abbreviations used for

a1l maps, figures and tables.
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Mes Messina Agricultural Research Station
Mar Mara Agricultural Research Station
Kla Klaserie Private Nature Reserve

Tha Thabazimbi district

Zee Zeerust district

Mol Molopo region

Hlu Hiuhluwe Game Reserve

ugr Umfolozi Game Reserve

Ale Alice Experimental Farm

Adl Adelaide district

Fig. 2 (cont.} Key to abbreviations used for

all maps, figures and tables.
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3.3.1 The Vegetation.

The vegetation was measured to give an overall
impression of the present status of the sites, and also
to determine the relationships betwsen the various
components. For the purpose of this study the

vegetation was sub-divided into two components.

3.3.1.1. Grass,

Grass and herb basal areas were measured using a ten
point frame (Levy and Madden, 1933). Eight hundred
points were set out cn transects within sach plot.
From these data the percentage rooted grass basal
area (1ive and dead) and the herb basal area were

calculated.

Grass height was determined from 18 sample points within
each site and the mean calculated to give a single value

for the whote stand.

It was considered unnecessary to obtain an accurate
measure of the species compoesition of the grasses
occurring on each site because of the variation in
species composition within and between the areas
visited. However, a ranking scheme was used to record

the dominant grass specfes within cach site,

3.3.1.2 Woody Species.

Two procedures were used to measure this component,
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3.3.1.2.1 Initial Procedure.

The amounts of the woody component are central to this
study and provide a measure for the degree of bush
encroachment. An accurate measure of the character-

istics of the woody component was therefore desirable.

Wocdy basal area was determined Ly measuring the basal
circumference of each woody plant, at the soil surface,
within a site. These values were transformed to area
values, using the equation for the area of a circle, and
summed to give the total woody basal area for the site.
These data were expressed as the percentage of the site
that was covered by woody basal area.

A similar procedure was used to obtain woody density,
expressed as the number of woody individuals per hectare.
No attempt was mide to separate the woody size classes.
Woody cancpy dimensions wure determined assuming that
the area of an ellipse approximates an average woody
canopy in horizental section, To determine the area,
the maximum canopy spread and an orthogonal minor canopy
spread was measured for each woody plant within a site,
and the summed woody canopy area expressed as a percentage

of the surface area of the site.

3.3.1.2.2 Ranking scheme.

The physical measurement of each woody plant was found

to be very time consuming, and a ranking scheme was
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developed from existing data to enable a mere rapid
measurement of each site. The woody species were
ranked into ten size classes and by usin- the midpoint
of =ath class, the predicted values were within 9% of
the original data for basal area, woody density, and
canopy area.

Using this ranking schema, the number of sites measured
could be greatly increased, still maintaining a

reasonable level of accuracy.

3.3.2  soils

3.3.2.%  So0i) surface <haracteristics.

With an increase in woody density there ars often related
changes in the soil syrface characteristics (Barnes, 1973).
These characteristics were measured using a ten point
frame. Eighty of these frames were set out in each site,
giving a tota) of 800 points. The following soil

surface characteristics were vecorded at each sampling

point :

{i) Bare disturbed soil (hoot imprints,
termite activity)

{11) Bare undisturbed soil

{i11) Clay capping (surface sealing)
(iv) Algal capping (micrafloral crusts)
{v} Litter {total vegetative litter)

{vi) Stones (particles less than 2.5cm
in diameter)
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(vii) Rocks {particles greater than 2.5cm
in diameter)

(viii} Dung

The number of strikes for each variable were recorded
and expressed as & proportion of.the total number of
points, giving a percentage of the surface area

covared by each factor in each site.
3.3.2.2 Soil samples.

The soil was sampled at four peints within each site.
Samples were taken from the topseil (i.e. 150mm below
the soil surface), immediately below the grass roots
{300 - 400mm below the seil surface), and from the
subsoil {at bedrock, or as deep as possible with the
instruments availabla).

Snit depth was determined at each of the sampling points,
using a screw type auger, and averaged to give a single

value of soil depth for each site.
3,3.3 WManagement history.

Past and present management hictory was obtained from
individual landowners and the governing bodies under
whose Jurisdiction the management of the aveas fell,
These data were often unreliable and d1fficult to obtain
because of the tack of records from many of the farms

in the remote areas. In those areas where records

do exist, data concerning grazing management, fire
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management, and bush control were collected,

3.3.4 Climatological data.

This information was obtained from meteoroviogical
stations in each region, Annual rainfall and seasonal

distribution records were used.

3.3.5 Infiltration

3.3.5.1 Rainfall simulation.

High intensity thunderstorms account for most of the
runoff and sediment production from rangelands in semi-
arid and arid rangelands. Infiltration and sediment
groduction experiments based on sporadic storm svents
are very seldom economically feasible. An alternate
to natural precipitation is simulated rainfall applied
to small plots {(Blackburn, gt al., 1974). Rainfal]
simulation, the technique of applying water to plots

in a manner similar to natural rainfall, {s a tool that
has been used fur many years in studies of erosion,

infiltration and runoff.

«n the United States, simulation work began in the early
19305, continued through th: 19405, and accelerated in
the early and mid-{950s. Foltowing this surge,
simulation experienced rather modest growth until about
ten years ag.. There has been increasing interest

during che Yast decade as evidenced by the number of
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people who are building and using simulators of either
new designs or modifications and improvements of

existing designs (Gifford, 1978).

Limitations anu advantages of rainfall simulators have
been discussed by Mech {1965) and Meyer (1965).

However, as noted by Bubenzer (1979) rainfall simulators
as a research toul he . Yong since proved their value,
and accerdi g to Aifford (1978), it appears that
rainrall simulators are here to stay.

Sertrany and Parr {1961, ~.dicate that the principle
inadeynacy of present day infiltrometers appears to be

vhe absence of a widely acceptablz method for determinin
soct infiltration rates. This fact is true even today.
Fi¥ford tibid.) indicates that infiltrometers may be
iunsidered in two general groups : (i) Rainfall
simulators, with the water app’‘ed in the form and at
the rate comparable with natural rainfall, and

41 Flooding type, with the water applied in a thin
sheet upon an enclosed area and usually in a manner to

obtain a constant hydraulic head.

Double-ring infiltrometers (Swartzendruber and 0lsen,
1961) are the commonly used instruments of the flooding
type of infiltrometer, Rainfall simulators cover a
wide range of designs and essentially fall into two
categories : {i} spray tyu: simulators, which include
designs such as the Rocky Mountain infiltrometer
(Dortignac and Love, 1960), where witer is sprayed

upwards through 2 nozzle to obtain terminal velocity of
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the simulated raindrops, the Purdue rainfall simulator
(Bertrand and Parr, 1961) where water is spray d down-
wards from an elevated nozzle, to very sophisticated
designs with rotating booms covering large »reas on the
ground {Gifford, 1978), and (ii) modular, drip type
simulators {(Meeuwig, 1970; Maiekuti and Gifford, 1375;
Gifford, 1980) which are portable and utilize a drup
forming madule to simulate rainfall. This type of
simulator has been shown to give reliable ectimates

of infiltration rapidly on smail plots (Blackbura, g2

1974), which altow 2ajarger sample size over a shueter

time period.
3.3.5.2 The Infiltrometey |

The infiltrometer used war a drip type rainfall

simulator designed for use on rangeland in the south-
eastern United States of America. It is a modular

type infiltrometer originally designed by Meeuwig {1970)
and later modified according to Malekuti and Gifford (1978},
and h2s been used extensively for hydrologic studies
(Gifford, pers comm,). This type of simulator was
selected because it is very portable, uses relatively

small amounts of water, and is simple to use by one

owerator {place 1.).

Tae infiltrometer (fig. 3) will deliver simulated rainfall

art intensities ranging from about 3 to ZESr:m.hr-1 over a

pio: size of 3413cm?. Raindrop size is approximauely
2.5mm in diameter, which approximates the mean drop size

found in a typical rain storm {Laws, 1941; Bubenzer, 1979},




34

The drops fall from a height of 1.6m and reach a

velocity about 30% of terminal velocity (Laws, 1941).

The infiltrometer consists of the following
components (fig. 3)
1. MWater chamber : 60.9 by 60.9cm plexiglass
box.

2. Flow meter : regulates the flow from the
reservoir to the water
chamber, and therefore the
rate of rainfall

3, Reservoir : 25 litre polyethylene container
connected to the flow meter
by flexible plastic tube.

4, Drop formers : 517 stainless steel tubes
with a 0.476mm inner diameter
and a 0.635mm outer diameter.
the tubes project 3.2mm above
and 9.5mm below the pleriglass
base of the chamber.

There are no plot frames on the ground, only a trougn on
the iownsivpe edge of the plot for delivering plot

runoff to a bucket. Because the entire plot is sorinkled
infiltration rates are somewhat evaggerated due to lateral
movement {Gifford, 1973). The simulator is, however,
portable and is well suited to steep slopes and to

rocky soils, and only requires about 25 litres of water
per 30 minutes at a rate of Fusemhe L

The design of Malekuti and Gifford {1978) used a

rotating mechanism to give a randomized drop pattern on
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the plot. However, for this study it reduced the
portability of the instrument, and since under field
conditions any slight air movement gave a satisfactory
drop pattern on the plot surface, this mechanism was

removed.
3.3.5.3 Determination of infiltration rate.

The rate of infiltration is determined as the difference
between the amount of water applied and the amount of

runoff collecteq. Runoff was collected at five

minute intevvals for 30 minutes, to construct an 1tration
curve for each site. For this reason a ’'dry run' was
carried out rather than pre-wetting the soil profile.
Terminal infiltration was obtained from the infiltration
rate readings after 30 mins., or when the amount of

runoff remained constant. The infiltration rates were
expressed as litres of water infiltrating per unit of

time per unit area {that is Lmin'1‘m“).

3.4 Laboratery wethods.

3.4, Seui' sample analysis,

3.4.1.1 Soil sample preparation.

The so0il samples from the field were analysed on return

from a collecting trip. These were sieved through a

2mm soil sjeve and oven dried faor 48 hours at 85°C,
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3.4.1.2 Soil pd.

A 1 + 2 suspension by weight of so0il and 1M XC1 was
made up and the pH determined using a glass electrode

electronic pH meter.

3.4.1.3 Electrical conductivity.

A 1 : 1 suspension by weight of soil and deionized

water was prepared from each cample, allowed to stand,

and the conductivity determined using a cell type

condut e, Soil conductivity gives ar
indica .ne nutriént status of the soil suspensio

(Buckman ana 8rady, 1969).
3.4.1.4 Soil texture.

The textural components of the soil were separated

using *he hydrometer method of Bouyvucos (195%1). This

method relies on differentiel rates of sedimentation ‘
of s0il particias in an aqueopus solution. i
A sample of soi? (5J ~ i00g) wes suspended in

deionized water with iml sodium hexametaphosphate

{to disperse tne clay agqregates), dispersed in a soil

blender for five minutes, and mede up to 1000m] with

deionized water, After bein. shaken by hand, the

specific gravity of the suspension was determined at

40 seconds and 120 minutes using a soil hydrometer,

The percentages of sand, silt, and clay were calculated

from these values (Buuyoucos, ibid.).
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3.4.1,5 Soil cations.

The soils were analysed for their cation content.

The cations measured were calcium, magnesium, potassium,
and sodium. Tnese were extracted from the soil
samples using a 1:10 suspension, by weight, of oven
dried soil and 1N ammonium acetate, shaken for half

an hour and filtered. A small volume of strontium
chloride was added to sach sample to compensate for the
masking effect caused by phosphorus in the soil.
Following dilution, the amount of each cation in the
$011 suspension was measured using an atomic apsorption
spectrophotometer, and tne concentrations determined
using standard curves for the individuzl cations (this
method was obtained from : Methods of Soil Analysis,

Fertilizer Society of South Africa).

3.5 Data analysis.

3.5.1 Raw data transformation,

Froa rhe field duta, woody basal arsa, woody canopy
area, and wood dansity were calculaced using the
midpoint of each zize class. The sites were grouped
into & priori groups according to the woody density.
This grouping was done witht: each ragion sampled.
Within esch region the sites are grouped into three
sub-groups. The symbols used to denote the grouping

are as follows
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1 = Open sites G - 500 bushes/hectare
2 = Slightly woody sites 500-2500 bushes/hectare

3 = Very woody sites above 2500 bushes/hectare

The grouping is arbitrary, but was found tc be most
convenient for the type of analysis used, providing an

even spread of stands across the woody density classes.
3.5.2 Comparison of site factors with woody density,

A correlation matrix (r values) for all the measured
site factors was determined for each region using the

5AS computer package {Barr,

et al., 1976), In addition
all the site variables were compared to woody density

using a plotting facility of the same computer package.
3.5.3 Discriminant analysis.

A muitivariate technique was used to predict which
variables (site factors) play an important role in the
separation of groups according to the density of their
woody component.

One such technique is discriminant analysis (Coolay
and Lohnes, 137%; Cacoullos, 1373). The objective
is to distinguish stutistically between two or nore
groups of sites. To distinquish between groups, a
collection of discriminating variables is selected
that measure the characteristics on which the groups

are expected to differ.
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The primary data will therefore consist of k groups

containing Nys Nas Ny individuals respectively.

Each of tha individuals will have been defined in
terms of p variables which need not have been

measured in the same units.

Oiscriminant analysis tries to analyse the problem
by forming one or more linear combinations of the
discriminating variables, These discriminant functions

are of the form,

Dy o= dyyZy + dyply 4 il v d T

where Dy is the score on the discriminant function i,
the d's are the weighting coefficients, and the Z's
are the standardised val,es (Nie, et al., 1975) of the
p variables used in the analysis, The mathematical
derivation of the coefficients have been described by
Cootey and Lohnes (1971) and Tatsuoka (1971),

In general terms, it invelves solving the eigenvector
problem of the product matrix w“a, where B and W are,
respectively, the between- and within-groups sums of
squares and cross products matrices of the standardized

variabtes (Davies, 1971).

The functions are formed in _uch a way as to maximise
the separation of groupe. Once the discriminant
functions have heen derived, one is able to pursue the
two research objectives of this procedure, namely

analysis and classification,
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3.5.3.1 Analysis.

The analysis aspects of discriminant analysis provide
several tools for the interpr. ation of data. Among
these are statistical tests for measuring the success
with which the discriminating variables actually
discriminate when combined into discriminant functions.
Since the discriminant functions can be thought of as
axes in geometrical space, they can be used to study
the spatial relationships among the groups. More
importantly, the weighting coefficients can be inter-
preted much as in factor analysis or multiple regression.
In this respect they serve to indentify the variables
which contribute most to the differentiation aiong the

respective dimensions.

3.5.3.2 (lassification.

The use of discriminant analysis as a classification
technigue comes after the initial computation. Once a
set aof variables {s found which provides satisfactory
discrivination for sites with 2 known group member-
ship, @ set of classification functions car be derived
which wil) permit the classification of new sites with
ynknown group membership.

Most rlassification equation: are derived from the
pooled within-groups covariance matrix and the centroids

for the discriminating variables (Nie, et al., 1975},
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The resulting ciassification coefficients are
aultiplied by the raw variable values, summed together,
and addad onto a constant. The equation For enz group

would appear as :

atere O is fhe classificasion value +ov group 1,

she ¢, s are the classification coefficients with
3

I, being the constant, and the V's are the raw

scores on the discrinisating variables. There is always

1 separate eguation for each group.

tomputar yackages,

“re 4nalyses were cavried out using the discriminant

anaty

sub-programme of the Statistical Package
“ar the 3ocial Suiences {SPSS) adapted for use on an
IBM OGE0 370 system. Some additional analyses were
wdriad out qsing the Biomedical package (BMDP) which

it

av.oa similar algorithm to the SPSS analysis.

The 1 gorithm and statistical procedures may be found
v GPS5 Updake Manual, Release 8.0 - Algorithms for
SPSS, HeGraw-iill, New York).

3.5 3.0 Interpretation of o ulgs.

in tha sub-programme discraminent (5PSS) the standard-
ized variables of the discriminant functions are always

uged, The value of the discriminant function is computed
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by multiplying each discriminating variable by its
corresponding coefficient and adding together these
products. There will be a separate value for each site
in each function, The variables have been derived in
such & way that they are in the standard form

{Klecka, 1975).  This means that over ali the 3ites 1in
the analysis, the value on one function will have a mean
of zero and a standard deviatign of one. Thus any
single value represents the number of standard
deviations that site is away from the mean for all cases
on the discriminant function. By averaging the values for
the sites within a particular group {degree of woody
density), the group mean on the respective function is
calcutatad, For a single group the means on all the
fenctions ave referred to as the group centroid, which
is the most typical location of a site from that group

in the discriminant function space.

The standardized discriminant function coefficients
(standardized with respect to the measured variables)
are of great importance. When the sign is ignored,
each coefficient represenis the relative contribution
of its associatud variable to that function.

The sigh merely denotes whether the variable is making
a positive or negative coatribution (Nie, et al., 1975},
The interpretation is analogous Lo the interpretatian

of beta weights in multiple regression.

It is important to note that unstandardized coefficients

do not reflect the relative importance of the variables,
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since they have not been adjusted for the measurement

scales and variation in the original variables,

3.5.3.5 Rotation of discriminant axes.

The discriminant functions are derived in such a way
that the first function separates the groups as much
8s pos.ible. The second function separates them as
much as possible ir an orthogona) direction, given the
first function, Tiu. ond revult §s that the groups

are as separate as possible givan %.e ¢~.;'nel variabies.

As in factor analysis it may be useful tu rotate the
axes {discriminant functions) while holding constant
the relative locations of the sites and the group
centroids, This is done by Varimax solution available
in the sub-programme discriminant (SPSS). It has the
advantage of improving the interpretability of the
new a-es since the main variables contributing te
each axis are highlighted. Such a rotation has no
effect on the group separation and the relative
location of new sites. It is howevrr, important to
note that although rotation of the discriminant axes
have suggested in the statistical literature
{Cooley and Lohnes, 1971}, little, if any, treatment
has been given to the consequences of such a rotation.
Klecka (1975) therefore sugg- .ts that users should
treat this feature as experimental and employ it only

after acquiring a thorough understanding of the technique.
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3.5.3.6 Selection methods.

In the discriminant analysis procedure of SPSS and

BMDP, two methods of variable selection are available.

3.5.3.6.1 Direct method.

A1 the independent variables are entered into the
analysis concurrently. The discriminant functions
are ¢reated directly from the entire set of
independent variables, regardless of the discrimin-
ating power of the independent variables.

The direct method is appropriate when, for theoretical
reasons, the researcher wishes to have all the
independent variables entered in the analysis, and is
not interested in results based on subsets of the

independent variables.

3.5.3.6.2 Stepwise methods.

The alternative to the direct method is to use 2
stepwise selection method. Independent variables will
be selected for entry intg the analysis on the basis of
their discriminating power.

In many instances, the full set of independent
yariables may not be very u-- ful in discriminating among
the groups. 3y sequentially selrcting the 'next best’
discriminator at each step, a reduced set of variables
will be found which is almost as good as, and sometimes

better than, the full set {Klecka, 1975).
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The use of a stepwise procedure results in an optimal
sat of variables being selected. The result is only
optimal (rather than maximal) because not every possible
subset is considerad. The assumption is that the
stepwise procedure is an aefficient way of approxi-
mately locating the best set of discriminating variables.
A maximal solution would require testing every possfbie
subset to determine whi:h would produce the very best
result. This can be done using a jack-knife technigue,
but usuvally there are too many variations for this to

be performed in a reasonable amount of time,
For the purpose of this study, where all the variables

were considered to nave equal importance initially,

a direct analysis procedure was used throughout.
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The use of a stepwise procedure results in an optimal
set of variables being selected. The result is only
optimal (rather than maximal) because not every possible
subset is considered. The assumption is that the

stepwise procedure is an efficient way of approxi-

mately locating the best set of discriminating variables.

A maximal solution would regquire testing every possible
subset to determine which would produce the very best
result, This can be done using a jack-knife technigue,
but usvalily there are too many variations for this to

be performed in a reasonable amount of time,

For the purpose of this study, where all the variables
were consideree to nave equal importance initially,

a direct analysis procedure was used throughout.
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4. Results and Discussion

4.1 Functional classes of variablen.

Some thirty variables were measured to characterise
each site {table 1), Although all are in some way
associatea with the status of the bush-grass community,
some variables may be inherent to the site (i.e. the
variables do not change with differeat vombinations

of the grass ana woody components), whereas the
vemaining variabies change as a result of a change in

the combination of tne woody and grass components.

vhe main 1ist of variables were separated into two
functional subgroups. For convenience, the variables
that dc not change as a result of increased woody
density will be termed ’cawsal variables' and those
which change as a result of incressed woody density

will be termed ‘consequential variables' {table 1},

4,2 infiltration rates,

The rate of water infiltration into the soil was
calculated as the difference between the amount of
water applied and the runoff collected. Runoff was
collected over a 50c¢m by 50cm :jot receiving a
constant rafnfall intensity of 800mm. hour™ ",

To obtain an infiltration curve for each simulated

rainfall, cumulative runoff was collected and measured




Variable

Type

Gross basal area
Herb bosal area
Mean grass height

Grass compenent

Woody basal areo
Woody density
Woody canopy area

Woody component

Rocks

Stones

Topsoil sand content
Subsoil sard sontent
Topsoil clay « tent
Subsoil clay contznt
Topsoil silt content
Subsoil silt content
Soil depth

Causcl varicbles

Litter

Algal capping

Clay copping

Bore undisturbed ground
Bere disturbed ground
Dung

Topsoil conductivity
Subsoil conductivity
Topsoil pH

Subsoil pH
Topsoilisubseil caleium
Topsoilisubsail mognesium
Topsoil:subsoil potassium
Topsoil:subsoil sodium
Infiltration rate

Conseqguentiol
varaibles

Table 1. Functional classes of the measured variables.
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at 5, 10, 15 and 30 minutes after commencement of

the simylated rainstorm.

The infiltrometer used (Malekuti and Gifford, 1978)
did not, however, produce many significant results.
Runoff was only obtained from a few sites (table 2)
although the instrument was used on over one hundred

sites.

The only sta“istically significant results obtained
from the use of this instrument were, not surprisingly,
that under simulated rainfall conditions soils with a
heavy texture (i.,e. a high clay content) showed a lower
infiltration rate after 30 winutes than soils with a
coarse texture {fig., 4), It is of interest that the
infiltration rate curves wese similar for most sites,
but the points of inflection and the rates of
infiltration after 30 minutes varied from site to site.
In coarse textured soil (sands), the applied rainfall
is absorbed very rapidly into the soil profile and very
tittie runoff occurs, On ine textured soils, however,
the opposite effect was observed. Runoff decreases
fairly quickly, probatly due to some surface sealing,
and the infiltration rate after 30 minutes is approxi-

mately one half that for coarse textured soils.

Unfortunately, the number on which runoff
occurred was very small an. snificant relation-
ships were derived between the site variables and
infiltration rates, with the exception of the sei)

textural characteristics.
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Soil type

Fine
textured
soils
Coarse
textured
soils

Infiltratior. rate (L.mintin %)

T
5 min.| 10 min.Jﬁ 15 min. l 30 min.

0.56
0.56
0.56
0.56
0.56
0.56
Q.86
0.56
0.54
0.56
0.56

Site

Mar 13
Mar 14
Mor 15
Mar 16
Mer 17
Moz 19
Mox 20
Mor 31
Mar 32
Mor 33
Mor 34

Table 2. Infiltration rotes on sites where runoff occurred.
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A major drawback of the rainfall simulator is the Tow
kinetic energy attained by the simulated raindrops.
Laws (19241) showed tnat raindrops of 2.5mm in diameter
attain only 30% of their terminal velocity when they
fall from 1.5m in still air. To achieve 955 terminal
velocity, and therefore 95% of maximum kinetic energy,
the drops have to fall from a height of 7.5m. To use
a modular rainfall simulator which is raised te this
height above the soil surface, is not a feasible or
practicsl solution under field conditions. However,
Gifford {pers comm.} feels that the reduced kinetic
energy obtained using this type of simulator should
not be a critic.1 factor, in that the objective of
measuring infiltration was to obtain a comparative
measure of the infiltration rate between sites, and not
absolute rates of infiltration.

However, on the majority of sites measured, no runcff
was coliected after a 30 minute run, indicating that
all the water applied infiltrated intc the soil over
this time period. This is, however, not the case
under natural rainfall conditions as signs of surface

flow of water were observed on almost all the sites.

This type of simulator does not seem to be suitable
for use on South African soils, especially on coarse
textured soils, Setter results may be obtained if
the soils are pre-wet to field capacity before the
infiltration rates are determined to reduce the
exaggerated infiltration rates caused by lateral

infiltration, This may, however, change the sofil
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su~fave Chisracteristicsn, and the time period for
terwiinal infiltration to be reached will not be
detarmined, Another type of simulator may be used
which can procuce higher kinetic energies. These are
usually of a spray type {Gifford, 1980} ard are not
very portable, using large amounts of water during a

~inmulated rainfsll,

4.3 Pass maragement practices.

A1Y v the sites measured occur in bushveld as defined
by Acocks (1953). This vegetation consists of various
combinations of herbaceous and woody cumponents, and

1s used extensively for grazing, especially by cattle
ranchers. Some game ranching is also carried out

in these areas.

4,3.%t Grazing management.

The sites can be categorized into two broad management

priv tices

i4 On privately owned farms and the agricultural
rasgarch stations the vegetation is used almost
exclusively for cattle ranching. Some indigenous

qame: is present in some areas, but usually in relatively
small numbers. The grazinc intensity is determined

Ly the landowner or from advice frem the extension
service of the Department of Agricutture, and stocking
retes vary from area to area.

The area: under cattle ranching mostly utilize &
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rotational grazing system, usually with additional
watering points in each paddock. In some of the more
arid areas, especially the Mplopo district and the
Messina region, below average rainfall for the past
five years has led to severe overgrazing of the
herbaceous component, and on many farms in the Molopo
region very 1ittle, if any, grazing is left.
Consequently, some of these farmers have had to sell
off much of their livestock and the farming area is

becoming severely de-ropulated.

{i1} The game reserves are stocked with herbivores
with mix d feeding preferences. This means that
unlike cattie ranches, under gime reserve conditions
both the woody and the herbaceous component is
utitized by the animals. Because the numbers of the
indigenous herbivores are difficult to monitar, and the
animals are free ranging and tend to congregate on
highly palatable areas, many of the game reserves ure
overs:ocked and the degradation of the herbaceous

component is apparent in many cases.

4.3,2 Fire .

Fire {s not generally utilized as a management tool

in agricultural areas, especially in the semi-arid
savanna regions. In many cases the herbaceous component
is Tow 2a1d there is no vuild up of moribund grass, and

therefora no need for a burning policy. However, some

e
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landowne.'s believe they can reduce the woody component
of the veld by periodic burning. Because of the
reduced herbaceous component in these areas, there is
not a sufficient fuel load to create an intense fire

to ki1l the woedy plants. Accidental fires do, however,
occur periodically, bu* are usually low intensity,

ground fires because of the low fuel load.

In the game reserves fire is regarded as a useful
management tool, and most of these areas have a fairly
flexible fire policy, The purpose is generally to
reduce the amounts of moribund grass which builds up
as a result of the selective grazing habits of the

free ranging animals.

Trollope (1980) has shown that fire, combined with a
follow-up treatment with domestic browsers (goats) can
be used to maintain the vegetation in a particular state
in the eastern Cape. In this area there is a sufficient
fuel load, in the form of a good grass cover, to maintain
an intense Tire to ki1l the woody plants. With a
follow-up treatment with goats, which browse on the
re~growth of the woody plants, Trollope (ibid.) has been
able to maintain an open grassland type of vegetation

for several years.

4.3.3 Bush eradication.

On only one of the farms visited, in the Zeerust district,

was any concerted effort made to eradicate the woody
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component of the savanna vegetation to obtain a higher
grass yield, In this area a foliar spray of TORDON 255
was applied by helicopter with an estimated ki1l rate
of 80% of all woody plants. Unfortunately, no
measurements were made before or after the arboricide
was applied, and the only information available is in
the form of observations by the landowner, who, in the
short term, believes that the grass production on his

farm has increased,

4.4, Results.

The analysis of the data as one large matrix would be
of 1ittle use because of the large differences in
rainfall and soil type that occur between the regions.
An initial attempt was made to analyse these data as
one matrix to determine whether any variables were
associated with increasing woody density. However,
no significant correlations or asscciaty:ins between
woodiness and the site variables were fou «. For this
reason the data were anazlysed and discussed regionally,
i.e. within a broad climatic and vegetation variation

of the bushveld.

4.4.1 Regional analyses.

4.4.1.1 HMessina and Klaserie.




59

4400900 Description.

These areas fal) into the broad category of mopaneveld
and lowveld as described by Acocks (1953). As the
name suggests, the dominant woody species is

Celophospermum mopane interspersed with evergreen

shrubs, mainly Euclea spp. and others. There are also
some areas of mixed bushveld dominated by Sclerocarya
gaffra, Combretum apiculatum, and Acacia spp. The

grass cover is sparse in mopane areas, increasing in
basal area and paltatability in the mixed bushveld
areas, The woody density is generally high especially
in the scrub mopane variation where the mean height of
the woody plant is 2 - 2m

The soils are sandy {ab ard) with isolated
deposits of calcium carbe «n the Messina area,

The rainfall is low, rangine {rom 300mm per annum in the
vestern region to about 450mm per annum in the east,
with most of the rain falling in high intensity thunder-

storms in the early and late summer,

5.4.1.1.2 Interrelationships of site variables and
woedy density.

A1l the measured variabies were plotted against woody
density, and a corrsiation matrix was derived using the
SAS compuier package {Append: 2). Only the significant

relations are presented here.
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With an increase in woody density there is an increase
in woody basal area {fig. 5). In these sites the most
common woody species is Colophospermum mopane.  Under
a high woody density there is not a great deal of
coppicing and most of the woody plants are in the

2 - 4 msize class, giving a high woody basal area.
Also, under Jow woody densities, most of the trees are
from a mixed bushveld vegetation type, and although the
number of stems pe hectare is lower, many of the woody

plants are trees with a large basal circumference.

Topseil pH and subsoil conductivity both increase with
increasing woody density {figs. 6 and 7, respectively).
The Jatter implies that under sites with a high woody
density nutrients ace being leached into the subsoil.
However, many of the stands with a high woody density,
especially in the Hessina area, occur on sites with
celcium carbonate deposits which account for an increased

topsoil pH {i.e. more basic} of these sites.

We gy density and subsoil sand content are positively
corretated {fig. 8) but topsoil silt content decreases
with increasing woody density (fig. 8). The water
holding capacity of the topsoil therefore decreases

with increased woody density.

4.4.1.1.3 Discriminant analysis.

The first discriminant function accounted for 56% of

the variance, and indicates a trend from a grass
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dominated vegetation type to a dense, woody dominated
type. The all-groups scatterplot (fig. 10) includes
the second discriminant function which accounted

for the re ring 44% of the variance. The spatial
orientation « 7 these groups shows that they are fairly
discrete with little overlap between groups on these

axes,

The variables which are most strongly associated with

this discrimination are 1itter, bare undisturbed soil,
and topsoil conductivity (table 3). The numeric value
of the canonical coefficients gives an indication of

the importance of the variable to the derived discriminant
function, with the sign denoting whether the variables

are positively or negatively associated with the

discrimination.

The variables with the highest numerical coefficients
from this regien imply that with an {ncrease in woady
density there is an increase in litter, which is

derived from dropped leaves. Associated with this,
there is an increase in the amount of bare soil with
increasing woody density. This is accounted for by
the dramatic decrease in grass basal area, from about
6.5% in open sites to virtually zero in sites with a

high woody density. f

The association between increasing woody density and

decreasing topsoil conductivity indicates a lower
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discriminant function coefficients

Variable Funciion 1 Function 2
Litter 6.35561 0.59829
Open disturbed ground 3,68805 3.40248
Open undisturbed ground 6.77768 1.28226
Algal capping 1.97400 0.38815
Cloy capping -1.32117 -1.10027
Rocks 0.68878 -0,19134
Dung ~l.81111 ~0.0634%
Topsoil conductivity -2.77884 -3.57952
Subsoil conductivity 0.76919 0.659777
Topsoil pH 2.48071 0.39976
Subsoil pH 0.94584 0.88541
Subsoil sand ~0.40659 0.37606
Topseil clay -0.27757 -0.41582
Subsoil clay ~1.20245 ~1.77445
Topsoil silt ~0.55848 -0.62835
Soil depth 0.07433 Q,01505

Tobie 3. Stondardized discriminant function coefficients for

the Messina and Kloserie sites.
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nutrient status of the topsojl under trees than in
grass dominated sites, This is accompanied by a
positive association of subsoil conductivity with
increasing woody density. Taken together, these
results suggest that under grass domianated sites the
nutrients are held in the topsoil by the herbaceous
component and there is very Jittle loss to the subsoil
via leaching. Ip sites with a high woody density,
there is 2 great reduction in the herbacgous component
which allows downward leaching of the nutrients to the

subsoil.

Other consequential variables that show associetions
with increasing woody density are positive associations
of algal capping and pH, and negative associations of
dung and ciay capping. These associations mainly
indicate the degradation of the seil surface with
increzsing woody density. An interesting feature is
that clay capping {surface sealing) shows a negative
association whereas algal capping (microfloral crust)
shows & positive association with the discriminant
function. The formation of an algal cap may be
associated with litter, which is high under the woody
component and decreases in the well grassed sites.
Clay capping, on the other hand, is associated with
the grass component. The tree canopy provides an
interception surface tc incowing precipitation, thus
reducirg the kinetic energy of the drops before they
strike the surface. This reduces the possibility of

surface sealing. In a separate analysis, clay capping
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Varicble

Correlotion coefficients

Gross hasal arec - meon gross height
Greoss basel area - open disturbed ground
Grass basal area - clay copping

Grass basal orea - tepsoil conductivity
litter - open undis:urbed ground

Open disturcd ground - cloy capping
Open disturbed ground - woody basal ares
Open disturbed ground - topsoil conduc.
Clay capping - woody besal orea

Topseil pH ~ subsoil pH

Subsoil sand ~ topsoil silt

Topsoil clay - subsoil clay

Subsoil cley ~ woody density

0.715
0.943
0.740
0.702
-0.894
0.911
0.735
0.718
0.879
0.774
0.800
~0.976
0.712

Table 4. Significant correlotions (r veolues with probobilities

of less than 0.001) of variables from the Messina

sites.



shows a positive correlation with grass basal area
(table 4) which may support the above hypothesis,
However, clay capping also shows positive correlations
with woody basal area and open undisturbed ground
{table &) which are both associated with increasing
woody density. Also, there is no real evidence

for implying a causative relation between algal
capping and 1itter, and between clay capping and grass

basal area.

0f the causal variables (i.e. the physical features

of the site) soil depth is most strongly (and positively)
associated with increasing woody density, implying

that sites with a high weedy density occur on deep soils
and vice versa. There is also a negative association
of topsoil silt with increasing woody density. This
may lend some support to the hypothesis proposed by
Walter (1971). Well grassed sites have a higher topsoil
517t content than sites with a high woody density,
giving the topsoil in the former sites a higher water
holding cepacity. However, in an independent analysis,
topsoil silt is positively correlated with topseil sand.
This implies that topseil clay content, which is the
third component of sofl texture, must increase with
increasing woody density. However, subsoil and topsoil
clay content have a strong negative correlation with
each other (r = -0,976) and subscil clay shows &

positive correlation with woody density (v = G.712).

This is, however, contradictory in that the
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correlations, which were derived independently from
the discriminant analysis, chuw that topsoil clay

content decreases with increasing woody dansity.

Rockiness shows a positive association with the
discriminant function indicating that sites with a
high woody density have a greater amount of ronks on

the so0il surface than sites with a good grass cover,

4.4.1.1.4 Woody species composition.

The woody species which showed the highest densities

in this area, in order of common occurrerce, are

Colophospermum mopane

Dichrostachys cinerea

Acacia nigrescens

Lombretum apiculatum

Jerminalia prunicides

from the data collected it is nol possible to state
which of them are aggressive, but the sites with the
highest waody densities had dense stands of either
£olophospermum mopane or Dichrostachys cinerea,

According to Acocks (1953) and Drummond and Coates

Palgrave (1973) Colophospersum mopane is usually
considered to be soil type dependent and increasing

density usually only occurs through coppicing (i.e. not

strictly an invader). Dichrostachys cinerea, on the
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other hand, has been shown to be an aggre.sive invader,

usually in areas of disturbance.

4.4.1.2 Thabazimbi and Zeerust.

4.4.1.2.1 Description.

The sites from these areas are all situated on privately
owned cattle ranches. The main aim §n visiting this
region was to locate fence-line contrast sites which
have different combinations of grass and woody
components on either side of a fence as & result of
different management practices, However, several

other sites were also measured. Only the latter wer?
used in the analyses since those subjected to artificial
clearing would obviously invalidate relationships
between current measurements of woody density and soil

factors.

The regior falls into the broad vegetation type of
sourish mixed bushveld (Acocks, 1853}, Rainfall is
variable, ranging from 400mm per annum in the west to
about 500mm in the Thabazimbi area. The soils are

generally deep and sandy in texture.

4.4.1.2.2 Interrelationships of site variables and
woody density.

In an initial analysis where all the measured variables

were correlated with each other, and were plotted
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against woody density (Appendix 2) only dung (fig. 11)
and grass basal area (fig. 12) showed significant
relationships with woody density. With an increase
in woody density there is an increase in the amount
of dung on the soil surface, indicating that the
animals prefer these sites, probably as a refuge for
shade. Grass basal area declines with an increase
in trees, but some of the more palatible grass species
{Panicum maximum) occur more frequently under tree
canopies and this may account for an increase in dung

on the soil surface of sites with a high tree density.

4.4.1.2.3 Discriminant analysis.

In these sites the two extremes of woody density (i.e.
open and very woody sites) were used in the discriminant
analysis, excluding thoese that had been bush-cleared,
resulting in a single discriminant function being
derived.

The frequency of the individuals in each group were
plotted along this axis (fig. 13), where { denctes

open sites and 2 denotes woeody sites. The degrees of
woody density are fairly distinct along the discriminant
function, with a small amount of mixing, showing a

trend from low to high woody density (fig. 13).

The variables which are strongly associated with this
trend are titter, bare soil, algal capping, subsoil
pH, subsoil sand, and topsoil pH, mostly consequential

variables.
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As in the Messina sites, litter and algal capping
incresse with increasing woody density. Litter is
mainly derived from the woody species, since the
herbaceaus layer is well utilized throughaut the year
and very little 1itter accumuiates, Algal capping
and litter again seem %0 be associated with each other
and the development of a microfloral crust may require
the s1ightly increased moisture status of the topsail
under the layers of deposited litter, or under a tree
canopy.

With increasing woouy density there is a decrease in
the amount of bare soil, probably as a result of an
increase in Yitter under the woody plants. This is
supported by a negative correlation between Jitter and
bare soil (r = -0.70) {table 6). However, the sites
were sampled in winter when the dominant woody species,

Acacis erubescens, had shed its leaves.

Subsoil pH and subsoil sand content show a positive
association with the discriminant function.  This
implies that under high woody densities, nutrients are
being leached from the topseoil into the subsoil thus
changing the acid-base status. Subsoil pH and subseil
clay are negatively correlated (r = -0,829) indicating
by deduction, a lower subscil clay content in cites

with a high woody density (takle 6).

As in the Messina sites, which also occur on sandy
s0ils, the sites from Thabazimb{ and Zeerust also had

the highest woody densities on deep soils.
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Standardized canonical

discriminant function coefficients

Variable Functien 1
Litter 1.30624
Vpen disturbed ground ~1,05357
Open undisturbed ground -0.99621
Algal cepping 1.89830
Rocks 0.22137
Dung ~0,59872
Topsoil conductivity 0.69072
Subsoil conductivity 0,77364
Topseil pH -0.27819
Subseil pH 1.21805
Subsoil sand 1.15577
Topsoil clay -0.07964
Subseil cloy ~0.23114
Topsoil silt 0.72479
Soil depth 1.68018

Table 5, Standardized discriminont function coefficients for

the Thabozimbi and Zeerust sites.
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Variable

Correlation
cosfficients

Probahitity

Gross basal area - herb bas .t ares
Grass basal area - dung

Woody density - dung

Litter -~ open disturbed ground

Dung - topsoil conductivity

Open undisturbed ground - topsoil silt
Subsoil pH - subsoil clay

0.649
-0.644
0.88%
~0,700
0.848
-0.781
-0.829

0.0008
0,0009
©.0001
0.0002
0.0001
0.0001
0.0001

Table 6. Significant correlations (r values) of varigbles from

the Thabozimbi and Zeerust sites.
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4.4.1.%.4 Woody species composition.

The most common woody species differ slightly between

the two areas. In the Thabazimbi area they are

Acacia erubescens
A. tortilis

Grewia bicolor

In the Zeerust area they are

Acacia srubescens

TJarchonaathus camphoratus

Acacia mellifers

A. karroo

Acaci

erubescens is, however, the most dominant
woody species in both areas. Generally the western
area is fairly encroached with woody densities
reaching 4500 bushes per hectave. However, many of

the high densities are found on sites which may have

been disturbed in the past. On these‘Acaqig erubescens
and A. ge11ifera form dense thickets. According to

farmaprs in the district, bush encroachment is only a
cerjous problem in the regicn to the wes! of Zeerust,
Tha remaiving area is essentially 2 mixed bushveld,
woody dominated, with thickets forming around sites
of disturbance (e.g. watering and feeding troughs}.

In the Thabazimbi ares, the farmers interviewed feel
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that bush encroachment is at present not 2 serious
problem in the immediate district, but woody densities
increase on sites to the west and northwest where soils
are generally deeper and Acacia erubescens forms

dense stands. Many af tha high density sites in the
Thabazimbi district are found on soils where

cultivation may have taken place in the 1930s.
4,4.1,3 Molopo regyen.

4,4.1.3,1 Description.

The thirty sites measured in this region occur in the
vegetation type of Kalahari bur ....d as described

by Acocks {1953). Of prime interest were the areas

dominated by Acacia meilifera,. They eccur to the

northwest of Vryburg, nea - the towns of Tosca and
Bray on the boundary between the Republic of South
Africa and Botswana. The area is used extensively
for cattle ranching, mostly on‘ natural veld, although
some farmers do supplement grazing from irrigated
planted pastures.

The soil is deep and very sandy with deposits of
calcium carbonate. The rainfall is low, about 350mm
per annum, and very erratic, falling mainly in the
summer. For the past five years sevarve drought has
been a serious problem in the area, leading to large

scale over-utilization of the veld.
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4.4.1.3.2 Interrelationships of site variables
and woody density.

Only grass basal area showed a signific»nt relation-
ship when correlated with woody density (fig. 14).
With an increase in woody density there is a decrease
in grass basal area. The reduction is severe in
sites with a very high woody density (5000 - 7000
bushes per hectare) where grass basal area ranges

from 0% to 0.5%.

4,4,1.3.3 Discriminant analysis.

Two discriminant functions were derived from these
data, showing a trend from open and slightly woody
sites to sites with a very high woody density. The
geometrical representation of these functions (fig. 15)
shows the three degrees of woody density to be separate
with very iittle overlap between groups. The first
canonical axis accounts for 60L of the variance

between these groups.

The variable most strongly associated with the
discriminant function are topsoil cenductivity,

subsoil sand and silt (table 7). Algal capping, litter,
and bare g¢round show positive association with

increasing woody density, as they did in the sites

from the Messina Agriculturdi Station.
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Standardized canonical discriminant function coefficients

Variable Function 1 Function 2
Algal capping 1.30523 0.17342
Rocks 1.71502 -0.59138
Open vndisturbed ground 0.39425 0.51575
Topsoil condvectivity ~2.59425 ~0.00812
Subsoil conductivity 1.93014 -0.52287
Topseil pH 1.53427 1,91360
Subsoil pH ~0.89472 0.44571
Topsoil sund 0.25010 ~0.10057
Subsoil sond 2.11008 1.57622
Topsoil clay 1.50686 ~1.10235
Subsoil eloy 2.34576 ~0.12539
Topsoil silt 0.34443 ~0.44238
Subsoil silt 3.85190 1.04748
Topsoil:subsoil Mognesium -0.58249 0.13266

" " Potossium -0.80423 0.64321

" " Sodium 0.76055 -1.05629
Soil depth -0.59268 0.81849

Table 7. Standardized discriminant function coefficients

for sites in the Molopo region.




Variable Correlation
coefficients
Woody basal area - grass bascl arec ~0,701
Litter - open undisturbed ground ~0.,920
Topsoil pH - subsoil pH ~0.995
Topsoil silt - topsoil sand ~0.859
Subsoil silt - subsoil sond ~0.878
Sodium - topsoil pH 0.886
Sodium ~ subsoil pH ~0.879
subsoil cloy - subsoil silt ~0.787
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Table 8. Significant correlotions (r velues with probabilities

of less than 0.001) of variobles from the Molope

sites.




| Variable

Correlation

coefficients
Woody busal erea - gross besal ares -0.701
Litter - open undisturbed ground -0.920
Topseil pH - subsoil pH -0.995
Topsoil silt - topsoil sand -0.859
Subsoil silt - subsoil sand -0.878
Sodium - topsoil pH 0.886
Sodium - subsoil pH -0.879
subsoil cloy - subsoil silt ~0.787
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Toble 8. Significont correlations (r values with probabilities

of less than 0.001) of variables from the Molopo

sites.
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Soil conductivity also shows a strong assocjation
with the discriminant function. With an increase in
woody density there {s an increase in subsoil
conductivity and a desrease in topsoil conductivity.
Associated with this is a decrease in the topsoil to
subsoil ratic of sodium and an increase in the topsoil
pH. However, hecause nf the extremely low actual
values of sodium in the soil in comparisor to those
of the other measured cations, the correlations of
sodium and soil pH may be of little significance.

The changes in the conductivity and cation status of the
soil indicate a movement of cations through the soil
in areas with a high woody density. However, an
increase in the topsoil pH does not support this
Teaching hypothesis. 1f the nutrients are being
leached out of the topsoil they are usually replaced
by hydrogen ions which lower the pH of the soil.
Because of the localized deposits of calcium carbonate
in these soils, woody species may prefer to grow in
association with these deoosits thus showing an
increasing topsoil pH with increasing woody density
{as found in the Messina sites). The only evidence
supporting this idea is that increasing woody density
is associated with surface rocks, and most of these

are calcareous in composition.

The causal variables do shew some association with
the discriminant functions. With an increase in
woody density there is an increase in the amounts of

topsaoil sand and silt, However, silt and sand have
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negative correlations fer the topsoil and subsoi?
components {r = -0.859 and r = -0,878 respectively)
(table 8).

4.4.1.3.4 Woody species composition,

The most cemmon woody species occurring in this area

are
Acacia mellifera
Acacia hebeclada

Carissa bispinosa

with Acacia mellifera being very widespread and almost
mono-dominant in most sites, Donaldson (1974}
described this region as seriously encroached by

blackthora {Acacia mellifera). This situation

appears to have deteriorated over the past few years,
probably as an effect of drought, and exceptionally
dense stands of this species occur over large regions.
Acacia hebeclada often form dense patches of scrub
thicket in the open spaces between the blackthorn
trees, causing many of these stands of vegetation to

be impenetrable to livestock and game.

4.4.1.4 Mara

4.4.1.4.1 Description.

Mara Agricultural Research Station lies just to the

south of the Soutpansberg in the northern Transvaal,
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vithin Acocks' (1953) mixed bushveld. Rainfall is
about 450mm per annum, with most of the rain falling
in the mid-summer months {December to February).

The research station has & wide variety of soil types
giving rise to a distinct mosaic of vegetation
However, most of the soiis fall into the toamy sand

tategory, wegraily of the Hutton and Glenrosa forms

The research sion {s grazed primarily by cattle,
but some indigenous herbivores are still present and
these tend to araze selectively since they are not
confined by fencing within the farm, In general this
area supports a much higner grass basal area and a
Tower woody density than the Thabazimbi or Messina

There 1s also a higher diversity of woody

» and these occur in local dense stands.

4.4, interrelationships of site variables
and woody Jensity.
6t . raco basal area and woody basal area showed

significant correlations, With an increase in woody
density there is an increase in woody basal ares

(fig. 16) (v = U.BO7, p = 0,0006) and a decrsase in
grase basal ares {(fig, 17) {r = -0.582, p = 0,0001).
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4.4,1.4.3 Discriminant analysis.

The first discriminant function accounted for 60% of

the varjance, showing a trend from sites with a high

to those with a low woody density. However, the
geometrical representation nf the discriminant functions
shows that the degrees of woody density do not form
discrete groups. There is a large amount of overlap
between them resulting in a continuum rather than a
discrete grouping (fig. 18). This s & result of the
high woody species diversity within this region, hence

the name mixed bushveld.

Most of the variables which show an asscciation with

the discriminant function are consequences of increased
woody density (tadble 9). Bare ground shows 3 negative
association with the discriminant function. Despite the
lover iree density in this reg%on, there is still
evidence of a litter buil® up under the trees, derived
from the deciduous nature of the woody species.

However, with increasing woedy density there is an
increase in the amount of bare soil. This situation
arises from the fairly heavy defoliation of the
herbaceous component in these areas, resulting in no
grass litter build up, as suggested by a significant
negative correlation (r = -0.915) between litter and
bare soil (table 10). With a decrease in woody density

there is an increase in dung on the soil surface
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Standardized canonical discriminant function coefficients

Variable Function 1 Function 2
Litter ~0.02437 1.48615
Open disturbed ground ~0.19438 0.26085
Open undisturbed ground 1.07832 1.51085
Algal capping ©.52443 0.65186
Cloy capping ~0.34277 ~0.22309
Rocks 0.06052 -0.,55794
Dung 0.91299 L.27567
Topsoil conductivity -0,35322 -0.1.
Subsoil conduntivity 0.36915 ~0.6L
Topseil pH 0.56114 ~0.44364
Subsoil pH ~0.60755 -0,14271
Subseil sand ~1,46708 -0.20336
Topsoil cloy 0.34130 ~0.02554
Subsoil cloy . 0.16487 0,28654
Topsoil silt 0.63576 0.38376
Soil depth 0.26855 -0.56554

Table 9. Stondardized discriminont function coefficients

for the Mora sites.
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Variable Correlution

coefficients.

titter ~ open undisturbed ground -0.915
Subseil sand - topsoil silt -0.787
Topsoil clay ~ subsoil clay -0.879
Table ~ificant correlotions {r volues with probabilities

#ss thon 0.001) of variables from the Moro sites.
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Loosely interpreted, this implies that the animals may
spend more of the time in the areas of a low woody
density, probably because of the high palatability

and availability of the herbaceous component, mostly

Digitaria erianthas and Schmidtia pappophoroides.

In dense sites there is a decrease in the togsoil pH and
an increase in the subsoil pH. This indicates, as in
previaus areas, that nutrients are being Tost from the
topsoil and are accumulating in the subsoil, The
interpretation is that with an increase in woody density
there is a reduction in the herbaceous component which
is unable to use all the water entering the s0i1l. As a
result, some of this water percolates to the subsoil
carrying some of the nutrients with ft. This accounts
far the lewered pH status of the topsoil and the more

basic pature of the subsoil.

Of the causal variables, there is an increase in
subssil sand content and topsoil silt content, and
a decreasein topsoil clay content, with increasing
woody density, This is confirmed by 2 significant
negative correlation {r = -0.787) between subsoil
sand and teosoil sitt, which was determined

independently of the discriminant analysis (table 10),
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4.4,1.4.4 Woody species composition.

As described earlier, woody species diversity in this
mixed bushveld is high, and the most common woody

species are

Acacia tortilis

Grewia monticolor

Acacia permixta

Mundulea sericea
Spirostachys africana
Commiphora pyracanthoides

Of thesa, Acacia tortilis is the most widespread species,
but the sites with highest woody density were usually

localized stands of Grewia monticelor, Acacia permixta,

or Mundulea sericaa, which is not regarded as an
encrocaching species. The dense stands of Spirostachys
africana are limited to alluvial deposits along water
courses, and can therefore not be regarded as encroaching
species.

#here encroachment does occur within this region it s
usually associated with localized areas of disturbance

with Acacia species being the most common woody species,

4.4.1.5 Umfolozi and Hluhluwe.

4.4.1.8.1% Gescription.

These sites are Jocated in the Umfolozi end Hluhluwe
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4.4.1.4.4 Woody species compesition.

As described earlier, woody species diversity in this
mixed bushveld is high, and the most common woody

species are :

cacia tortiiis

Grewia monticolor
Acacia permixta
Mundulea sericea
Spirostachys afrigana

Commiphora pyracanthcides

Of these, Acacia tortiiis is the most widespread species,

but the sites with highest woody density were usually

localized stands of Grewia monticolor, Acacia peri .xta,
or Mundules sericea, saich is not regarded as an
encroaching species. The dense stands of Spirostachys
africana are limited to alluvial deposits along water
courses, and can therefore not be regarded as encroaching
species,

Where encroachment does occur within this region it is
usually associated with localized areas of disturbance

with Acacia species being the most common woody species.

4.4.1.5 Umfolazi and Hiuhluwe.

4.4.4,5.1 Description.

These sites are located in the Umfolozi and Hluhluwe
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game reserves under the jurisdiction of the Natal
Parks Board. The areas fall into the ZuTuland thorn-
veld and Jowveld vegetation types of Acocks (1953).
The rainfall ranges from 500 to 750mm per annum,
falling mostly in the summer, and the climate js hot,
The soils are fairly fine in texture with a high silt

and clay content.

Since both areas are in game reserves, there is a
presence of both grazing and browsing herbivores. A

strict management policy governs the numbers of these.

4.4,1.5.2 Interrelationships of site variables
and woody density.

An initial attempt was made to analyse these data
using correltations of all variables and by graphic
representation of these versus woody density.
However, no significant relationships were obtained
between any of the variabies and woody density
{Appendix 2). Some significant correlations between
site variables were obtained, and these «» discussed

in the following section.

4,4.1,5.3 Discriminant analysis.

Tne all-groups scatterplct (table 19) shows three
fairly distinct groups of woody density, with the first
discriminant function accounting for 70% of the variance

between groups. The first discriminant function
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snuws @ separation of groups, but does not show a
continuum from one extreme of woody density ta the
other.  However, when both discriminant functions
are considered in geometrical space a trend from less
woody to very woody sites can be shown, j.e., from
groups with negative co-ordinates for the group
centroids to groups with positive co-ordinates for
group centroid. The distances (geometrical) between
group centroids are not large, which may indicat

that the set of variables used to discriminate between
the degrees of woouy density is not sufficient.

The overlap between groups is alsc high, indiceting

a continuum effect rather than discrete grouping.

With an increase in litter there is a decrease in the
amount of algal capping. This is an opposite effect
to that observed on sandy soils, where there is an
increase in litter and algal capping with an increase
in woody density. The amount of dung on the soil
surface aiso increases with woody density, probably
because the animals spend more time in the sheltered
sites, Also, indigencus herbivares may be able to
move tarough the dense woody sites with greater ease

than domestic 1ivestock.

Topsoil pH decreases and subsoil pH increases with
woodiness, again implyine that nutrients are being
leached out of the topsoil in sites with a high woody

density, into ihe subsoil. Under sites with a Tow
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Standardized canonical discriminant function coefficients

L0

Variable Function 1 Function 2
Litter 0.56150 0.97691
Open disturbed ground 5.48007 2.28942
Open undisturbed ground 4.73011 2.51611
Algal copping -0.97876 -1.08115
Rocks 0.26380 -0.92226
Dung 0.72858 ~0.12781
Topsoil conductivity ~0.12944 -1.20257
Subsoil conductivity 0. 554BT ¢ 1.33044
Topsoil pH -3.31317 \ 2.55538
Subsoil pH 4.16035 ~2.70049
Subsoil send ~1.06233 -1.83249
Topsoil clay 1.28448 1.08703
Subsoil cloy 0.30784 2.51208
Subsoil silt 1,70512 2.75134
Soil depth ~0.86744 0.13642

Toble 11. Stondardized discriminent function coefficients for

the Umfolozi and Hluhluwe sites.




Variable. Correlation
coefficients
Herb basal area - open disturbed gqround 0.833
Gross height -~ open disturbed ground 0.756
Open undisturbed ground ~ open dis- -0.874
turbed ground
Topsoil pH - subsoil pH 0.941
Subsoil sand ~ topsoil silt 0.957
Topseil cloy - subsoil clay -0.904

Teble 12. Significent correlations ( r volues with probobilities
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of less thon 0.001 ) of variables from the Umfolozi

and Hivhluwe sites.




woody density the opposite effect is observed.

Of the causal variables, there is an increase in
topsoi) silt content, a decrease in topsoil clay
content, and an increase in subsoil clay content with
increasing woody density. This is confirmed by a
significant negative corrvelation between topsoil and
subsoil clay content (table 12). Topsoil sand and
topsoil silt aiso show a significant positive correl-
ation (table 12). This implies, indirectly, that as
the topsoil sand content increases so the woody
density increases, although this is not apparent “rom
the discriminant analysis. There is alse a strong
negative association between soil depth and
increasing woody density, which is opposite to the

observations from sites on sandy soils,
4.4,1.5.4 Woody species composition,

The most common woody species, in order of abundance,

on these sites are

Acac’a tortilis
Acacia karroo
A. nigrescens
Euclea undulata

Maytenus heterophylla

QOf these, Acacia karroo and Euclea undulata are

considered to ba potential encroaching species by the

104
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Tocal field workers.,  On sites which have

previously had a lTow woody density, these spacies tend
to develop into uniform size thickets. Because of
the high rainfall, the climatic climax in these areas
is probably a woodland consisting of mature trees

with an understorey of shrubs, Where disturbance has

occurred, 2 localized scrub thicket of Maytenus

heterophylla may develop.

4.4.1.6 Adelaide.

4.4.1.6,1 Description.

The majority of the sites from this district are

situated on the Adelaide experimental farm belonging

to the Department of Agriculture, with the remaining

sites situated in the Adelaide, Bedford and Fort Beaufort
districts. The sites fall into the false thornveld
vegetation type as dencribed by Acocks (1953) with

many elements of the valley bushveld occurring on the
slopes. The rainfall ranges from 400mm - 650mm per
annum with most of it falling during the early and late

summer.,

According to Acocks (ibid.) this vegetation type is a
previously grass dominated veld which is being invaded

by thorn bushciump veld, with Acagi

karroo being the

dominant woody species. The farms are all grazed by
cattle, and in many aveas the boer goat is farmed in
asscciation with cattle in an attemp* to utilize the

woody plants, which are fairly palatable.
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4.4.1,6.2 Interrelationships of site variables
and woody density.

Grass basal area, topsoil and subsoil conductivity
showed significant relationships with woody density.
Grass basal area decreases {fig. 20), and topsoil and
subsoil conductivity increase with increasing woody

density (fig. 21 and fig. 22, respectively).

4.4.1.6.3 Discriminant analysis

The all-groups scatterplot {fig. 23) shows that there
is a trend from low to a very high woody density in

the geometrical space created by the two discriminant
functions. There is a great amount of oviriap between
the two lower classes of woody density {fig., 23) with
the group centroids very close to each other in
discriminant function space. Some support for this

is added by the views of local farmers and extension
officers, who maintain that e light infestation of woody
plants (f.e. up to 1§ 7 buskes per hectare) does not
have a significant der = ~ion on the production of the
herbaceous tayer in this region. The high density
sites (i.e. those with a “ush density of above 3000
stems per hectare) can be regarded as a distinct

group.

The first canonfcal fumc:ion accounts for 30OL of the
variance and therefore provides a significant trend

for identifying the main variables, showing a distinct
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trend from a low to moderate woody density to siteg
with a very high woody density. Many variables show
an association with this trend, but most can be
considered as consequences of a high woody density

(table 13).

Under high densities there is an increase in the

amount of litter and a decr¢ase in the amount of bare
ground. There is a decrease in the amount of dung on
the soil surface of very dense sites, probably as a
result of these sites being impenetrable to livestock.
This is confirmed by a significant negative correlation
between grass height and bare ground, suggesting

that the herbaceous component is not grazed to the

same extent under sites with & high woody density as

those with a 1ight or moderate woody density (table 14).

Woody density is positively correlated with tepsoil pH
and negatively correlated with subsoil pH. Because
there is not a dramatic reduction in grass basal cover
in the woody sites, the apparent leaching of *he soils,
observed in other areas, does no. appear to be
operating. The increase in the pH of the topsoil in
the very woody sites may come about as a result.of an
increase in leaf litter in these areas, providing a
higher cation input than that which is leaching out.
This is confirmed by posityv. associations »f topsoil
conductivity and the topsoil:isubsoil ratic of calcium

with increasing woody density (table 13). These




112

Veriable Function 1 Funetion 2
Algal capping 1.30523 0.17342
Rocks 1.71502 ~0.59138
Open undisturbed ground 0.39425 0.51575
Topsoil conductivity 1.93014 -0.00812
Subsoil conductivity -2.50241 ~0.52287
Topsoil pH 1.53427 1.91360
Subseil pH -0.89472 0.4457)
Topsoil sand content 0.25010 -0.30057
Subsail sand content 2.11008 1.57622
Topsoil clay con*ent 1.53684 ~1.10235
Subseil clay content 2.34576 -0.12539
Topsoil silt content 0.34443 -0.44238
Subsoil silt content 3.85190 1.04748
Topsoil:subsoil mognesium ~0.58249 0.13266
Topsoi.:subsoil potassium ~0.80432 0.64321
Topsoil:isubsoil sodium 0.76085 ~1.05629
Soil depth ~0.59268 0.81849

Table 13. Stondardized discriminent function

the Adelaide sites.

coefficients for

./uv./hkt see M 1‘fv 7”3 (v( mcf'(;('f,e,.‘/l:r/j}‘;mz»‘(;-»r .
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Varicble Correlation
coefficients

Grass height - open ground ~0.889%
Stones ~ rocks 0.956
Topsoil conduct. - subsoil conduct. 0.89L1
Subsoil conductivity - subsoil pH 0.783
Tepsoil sand - subsoil sand 0.962
Topsoil sond - topsoil clay -0.858
Topsoil sond - subsoil clay -0,843
Topsoil sand - topsoil silt 0.725
Topsoil sand ~ subsoil silt 0.766
Subsoil sand -~ topsoil clay -0.875
Subsoil sond - subsoil clay -0.86%
Subsoil sond - topseil silt 0.728
Subsoil sand - subsoil silt 0.738
Topsoil clay - subsoil clay 0.983
Tepseil cloy ~ topsoil silt -0.781
Topsoil cloy - subsoil silt -0.,790
Subsoil clay ~ subseil silt ~0,751
Topsoil silt - subseil silt = 0.966
Subsoil clay ~ topsoil silt -0.795
‘Table 14, Significant correlotions (r volues with probobilities

of less than 0.001) of varigbles from the Adeloide

sites,




indicate an overall higher nutrient status of the
topsoil in sites with a high woody density than in

sites with a low woody density.

The variables which may be related to the cause of

bush thickening also show strong associations with a
high woody density. There is a two layered soil
structure, based on soil texture in this region

Under high woody densities there is an increase in
topsoil clay and 2 reduction in subsoil clay content.
Also there is a redrction in subsoi) sand content and an
increase in topsoil silt content with increasing

woody density.

The highest woody densities were found on sites with

. a high ¢lay and silt content in the topsoil, and a low
clay and sand content in the subsoil. However, the
topsoil and subsoil clay content are the most important
variables associated with high woody densities in this

region (table 13).

4,6.1,6.4 Woedy species composition.

The vegetation of this area consists almost entirely
of mono-dominant stands of Acacia karroo. However,
on some of the steeper slopes some valley bushveld
(Acocks, 1953) elements may become more common, but do
not occur in very dense stands, These include woody

species such as Azima tetracantha.
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4.5 Soil cation analysis.

One of the hypotheses regarding the determinants of
savanna structure is that proposed by Walter (1971),
i.e. that the soil profile in a savanna is bilayered;
an upper grass reoting layer, and a deeper tree rooting
Tayer. This idea has been further expanded by

Watker {:980b) te include the affects of competition
for basic resources (water and nutrients). These
resources and their movement through the soil profile
may play an important role in governing the structure

and dynamics of savanna vegetation.

To test this hypothesis, paired sites were measured
where the two ppposite extremes of woody density occur
side by side, on the same soil type. These conditions
were brought about by different management actions
applied to the same vegetation type for approximately
five years, resulting in fence-line contrasts, where on
one farm a high woody density may be found zs opposed
to an open savanna on a neighbouring farm. o find
such sites proved difficult at first, but some sites
were measured in the Thabazimbi and Zeerust districts
and on the Alice experimental farm of the University

of Fort Hare. In both regions the woody species had
been controlled on the sites. On the Thubazimbi and
Zeerust sites the woody vecetation was killed using

an arboricide leaving the dead trees standing on the

site, whereas on the Alice sites the woody vegetation
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was killed by fire and the trees were therefore

destroyed.

Soil samples were taken from three specific depths in
the soil profile, a topsoi) sample {from the first

150mm), an intermediate sample {300 - 400mm below the
soil surface), and a subsoil sample from bedrock, or

as deep as pessible with the instruments available.

4.5.1  Thabazimbi and Zeerust sites.

Twenty pairs of sites were measured from this region

and the nutrient content differed widely between them.

Therefore to be abie to comiare the abundances of

each cation, the absolufo v were ralativised by
expressing each value a5 a ion of the summed
value for that cation in eacn .. te. These data

are further divided inte open sites {with few or no

woody elements) and woody sites (with medium to high
woody density}, and the relativised cation data summed
for each category. The relativised data are expressed
graphically to allow for easier interpretation of trends.
In each case the mean of the summed relativised vatue
for each cation (ZR) and the standard error around

the mean is plotted against the relative soil profile

position.

There are differences in the relative amounts of
cations from different positions in the soil profile

In general, there is a greater absolute amount of
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cations in the topscii samples of woody sites than
in open s‘tes (Appendix 1), This is probably
caused by the high litter content under the woody
species which are mostly deciduous. The open sites,
with a high grass cover, do not show a high Titier

build up due to a high stocking rate of grazers.

Electrical conductivity gives a rough estimate of the
amount of nutrients in a soil sample (Buckman and Brady,
1969). It sppears that there is a decline in soil
conductivity with increasing soil depth in open sites

as opposed to a slight'increase in woody sites. This
indicates that with a decrease in grass cover, usually
associated with an increase in woody density, there fis

a loss of nutrients from the topsoil, via a downward
leaching process, to the subsoil where the woody

component has preferential access to them {fig. 24).

Ho significant results ware obtained from the anajyses
for potassium and sodium. There is a general
reduction {n the amount of potassium with increasing

soil depth in both open and woody sites (fig, 25}.

The sodium content of the soi) samples is very
variable and it would appear that either the technique
used for sodium determination is unsuitable, or that
the absolute amounts of this cation are very low and

not easily detected.

The analyses for calcium show similar trends as those

for electrical conductivity (fig. 26). With an increase
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4+ 5011 depth fhere is an fncrease in the soil

caleium cantent in open arzas, and an increase in soil
calcium content in woody sites. This is supported by
Donahue, gt al., {1971), who found that calcium is the
mest mobile soil cation. In sites with a well

developed herbaceous layer the calcium is maintained

in the topsoil, probably through a rapid cycling process.
However, with a decrease in the herbacegus layer, there

is & dawigard loss of calcium to the subsoil.

According to Donahue, gt al., (ibid.) magnesium, like
calcium is a fairly mobile cation. However, there
seems tc be an overall increase in the relative amounts
of magnesium with increasing soil depth in both upEn
and woody sites. In the Thabazimbi sites the trend
for magnesium is similar to that for calcium and
conductivity {fig. 27). With increasing soil depth
there i5 aslight decrease in the amount of magnesjum
{al1though this may not be significant), whereas in
woody sites there is an increase in magnesium with soit

depth.

The Thabazimbi and Zeerust sites both occcur on sandy
soils which are prone to leaching. To obtain more
genera) evidence for the hypothesis, sites were

selected on soils with 2 heavier texture (i.e. soils

with a highar clay content).
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4.5.2 Alice experimental farm.

Trollepe {1974} has been able to maintain different
combinations of ady and grass species within the
false thornveld uf the Eastern Cape {Acocks, 1953) by
applying fire and rollow up treatment with goats.
These sites are located in close proximity to each
other and provided an opporiunity to test the movement
of soil cations with respect to different woody

densities on a soil with a fairly fine texture,

The experimental procedure is identical to that used

in the Thabazimbi and Zeerust sites, with the

exception that the results are presented as absolute
vatues, The means for a number of replicates and the
confidence limits are expressed graphically (fig, 28).
In this case it is not necessary to use relativised
data because the sites all occur within close proximity

of each other,

The graphic representation of the topsoil:subseil ratios
of soil cations shows that different distributions of
cations exist in the soil profile with respect to
different degrees of woody density. calcium,

magnesium and sodium all show similar trends, that with
an increase in woody density there are significant

increases in the amounts f these cations in the subsoil.
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sre grouped as open (o), slightly woody (x ), and very
woody (01}).




However, potassium, unlike the Thabazimbi and Zeerust
sites where there is a decrease in the amounts with
jnereasing soil depth, shows no significant differences
in the tepsoil:subseil ratios of this cation with

respect to different woody densities.

The general deduction that follows from these date

is similar to that from the Thabaszimbi and Zeerw.t f:iw.,
On sites with a high grass cover some of the sof

cations are maintained within the topsoil (active

grass ropting zone), probably due to a rapid cyciine

by the herbaceous component, with a minimal loss tr

the subsoil via downward leaching,

In sites with a high woody density the reverse situaticr
exists. fccompanied by an increase in woody denzify
there is a reduction in grass cover. This allows

some cations to be leached into the subsoil because

the herbaceous component is no longer efficient ir
maintaining these in the topsoil. This leads to

an accumulation of some cations (calcium, magnesium

and sodium - probably with their associated anjons}

in the subsoil where the extensive woody roots have

preferential access to them.

As in the Thabazimbi and Zeerust sites, the Alice
¢ites show a higher catit content of the fepsail in
sites with a high woodv density than in apen, well

grassed sites (Appendix 1),  This derived frop
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thae leaf litter of the almost mono-dominant woody
species cceurrine on the sites, Acacia karroo, In

the well grassed sites there is 1ittle build up because
the vegetation is maintained in an open state by fire,
and the excess grass is grazed off every season.

A secondary effect of the increased nutrient status

of the topsoil under woody elements can he the
establishment of shade-loving, highly palatable grass
spacies such as Fanicum maximum (Kennard and Walker, 1973).
These species may provide good grazing if the woody
canopy is high enough for cattle to pass underneath.
However, high woody densities often occur a% thickers
and the palatable species under the shrubs are

vravailable to grazers.

The distribution of cations in the seil profile with
respect to different degrees of woody density lends
some support to the water linked hypothesis of Walter
{1974) on the structure of semi-arid savannas, both

in fine and coarse textured soils. It seems that

the distribution of soil cations and the movement of
viater through the soil profile are inseparably linked.
However, the distribution of soil cations in the
profile must be considared to be a result of change in
the grass-tree combination, and not as a factor causing

this,
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4.5.3  Geperal discussion.

Some soil cations, mainly calcium, magnesium and
sodium, show a change in their relative distribution
in the soil profile as a result of a change in the
bush-grass community. “he resuits from the
Thabazimbi, Zeerust and Alice districts show that this
process occur< on both fine textured and coarse
texture. soils. However, the sites situated in the
Thabazimbi and Zeerust districts (on coarse textured
soils) appear to have attained the change in the topsoil
to subsoil ratio cations over a shorfer period of

time than those from the Alice experimental station
(fine textured soils). In the former sites which

had been bush cleared three years prior to sampling,
most of the cations were maintained in the topsoi

by increasing grass cover. The sites on an adjoining
property, which had not been buéh cleared, showed a
reduction in grass cocver with increased woody density,

and an accumulation of some sofl cations in the subsoil.

I the Alice sites, 2 similar distribution of cations
ocrurred due to the management actions taken.
However, thess sites had been maintained in this ztate

for about ten years prior to sampling.

The time and scil textural differences between these
two regions do not imply that a longer period of time

is required to obtain the distribution pattern of soil




cationy in the snil profile of sites with a fine
textured soil than coarse textured soil, with respect
to changes in the grass-bush community. To test the
rates of change of cation distribution in the s0i1
profile, regular short term sampling will have to be
carried out, It seems that cations do not continue
accumulating in the subsoil in sites with a high

woody density. There rather appears to be a
particular topseil to subsoil ratic, greater than one,
which is obtained and probably maintained by a cycling
of these cations through che woody component. To test
this hypothesis, long term experiments nead to be
designed with regular measurement of the soil cations
in the soil profile in sites with a high woody

density and a low grass cover.

The amount of cations is higher in the topsofl of
sites with a high woody density than in sites with a
Yow woody density and a good grass cover {fig. 29).
This arises from the high leaf litter input from the
woody species which are mostly deciduous. However,
vue rate of leaf litter decompesition is much stower
{about three years) than that for grass litter {about
six months) {Kelly, 1973). Because of the large
amounts of litter derived from the woody species,
there is a contianuous input of nutrients into the
topsoil under a dense woody canopy. Also, many of
these areas are heavily ciucked with grazers and

consequently there is little litter build up *n the sites
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with a good grass cover, The cations thrt enter the
soil in these areas are probably rapidiy cycled by the
grass species, maintaining higher cation Tevels in

the topsoil than in the subsoil. The reduction of a
good grass cover in sites with a high woody density

is not as a result of a reduction of cations in the
topsoil, but probably as a result of competition for
1ight {Knoop, 1983).

An increase in woody density is probably rot
detrimental to the soil as far as the nutrient status
is concerned. The swtrimental effect is that with an
accompanying reduction in grass cover, erosion may
increase with a resultant loss in topsoil stability.
Rowever, because of the overatl increase in the amounts
of soil cations (ano probably their associated znions)
in the topsoil of sites with a high woody density,

the establishment of a good grass cover, once the
woody species have died or been removed, can rapidiy
take place, 8ut, in these sites a low topsoil to
ruebsail ratio of some cations exists, as a consequence
of increased woody density, If the woody plants are

removed the cations in the subsoil will be unavailable

to the regenerating gress cover. This would mean an
overall Tess of cations to the system, In the case

of natural suecession, Walter (1977) maintains that
most of the savanna woody pecies have a relatively
short Tifespan and that although they may form thickets,

the older plants will gradually die out, being replaced
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by a herbateous component which, although much

reduced, is still present, even under very high woody
densities. If succession exists, a reversion to a
higher grass to tree ratio would result in a smaller
1oss of cations to the subsoil than if the area was
cleared of bush. This 1is, however, not a feasible
sotution to the cattle rancher, who cannot afford to
wait for a long time period for the woody plants to die
out so that nmatural succession may restore a good

herbaceous cover.




5. Conclusions.

5.1 Regional analyses.

There is no single variable or group of variables
that separate degrees of woody dungity in all the
sampled areas included in *he study (see tuble 15,
which summarises the main findings). However, wher
climatolegical and pedotogical factors are taken fnto

consideration some trends do exist,

On sandy soils, there appears to be an assecia
soil depth with increasing woody density. In these
sites the highest wocdy densities were found on deeg
soils, The reverse situation exists on fine textured
soils, where the highest woudy densities were found cn
skallow soils. This probably arises directly from

the hypolheses of kulter (1871) and Walker (1880) on
savanna structure. In sandy soils, which are freeiy
drained, much of the incoming precipitation infiltrates
to the subsoil where the tree roots have sale, ar at
wwenn preferential, atcess to this water, This
featurs 15 enhanced by the alveady reduced herbaceous

cat. allowing  the deeper

Tayer which vecurs in these

rovting woody species to establish, On fine textured

se1ls, which have @ tlower rate of vertical infiltrotion,

and, generally & higher b ohaceous cover, much of the

water 15 heid in the topscil where tree and gravs rosts
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Table 15 {contd.)

Xey to the sypbols used in the summary of the diseriminant

analyses.

ce) ghow the essoeiation

Tne signe (positive or nomut
of the indicated variabices wilk tke diseriminant funetion
accounting for the pruatest variunce for the paribicular

region.

4++ = 2 gtrong positive cowoclation

posibive asgociation

+
+
"

s
"
»

weal: pocitive association

- = a weak negative associatior

The symhols used to indieste the trexnd of the discriminent

follows:

i=

cites with a low wooly du

cites with 2 mediusm wooldy uensity

#

w
#

cites wibn o hish weoly density
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compete actively for water. However , an shallow
soils the water will percolate into cracks and
fissures in the rock substratum, and accumulate there.
The roots of the :oody species will again have

preferential access to this water.

On fine textured soils, the soil texture variables

play a more significant rele in discriminating between
degrees of woody density than in sites an coarse
textured toils, because of the higher number of
important coefficients on the discriminant functions

of the fine textured sites (tabie 15). A bilayered
soil profije with respect to ciay content appears to
exist in fine textured soils, The highest woody
densities on these soils were found on sites with a
high topsoil clay content and a Tow subseil clay content
on the Adelaide experimental farm. However, in the
Unfolozi and Hivhluwe game reserves, the oppeosite
occurred. In these areas the highest woody densities
were found on sites with a low topsoil clay content and
a high subseil clay content. This may be because of
the effect of soil depth in these areas. in the
Hluhluwe and Umfolozi sites the soils are generally
shallow but the tree roots may have preferential access
to the water in fissures in the rock substratum,
whereas in the Adelaide sites the soils are generally
deep, with a high topsoil clay content, giving this

layer a higher water holdiuy capacity.
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SGome of the consequential variables show different
trands under different soil conditiony,  Litter
increases as woody density increases in all sites.
This is as @ result of dropped leaf material from
the wondy species which are generally deciduous, Al
regtons were fairly heavily grazed by herbivores and

acconnts Tor the small amount of litter in sites

will o loaw wnody density.

Alval carpiug uiso increases with increasing woody

2t sandy soils, This seems to be associated

creased yeaf litter on the soil surface and a
seorease in grass basal area. On fine textured soils
there appears to be a decrease in the amount of algal
czapiing although there is an increase in litter with
nereasing woody deusity. One reason for this may be
<hat in sites on fine textured soiis with a luw woody
aenhsity, there is a high water holding capacity in the
zopseil, With incoming precipitation the infiltration
inte the soil profile is slower and ponding of water
or the soil surface occurs. This gives a higher
" mojsture on the s0il sur “uce in grass sites than

in wites under a high woody density because the

increased litter on the surface increases the infiltration

rete in the latter sites. The formation of microfloral

crusts is more likely in the open, well grassed sites

on fine textured soils. On coarse textured soils, through

which water infiltrates very rapidly, the increased
amount of litter under high woody densities may give a

t1inktty migher meisture status to the soil surface,
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Bare soil also shows on incredsv wi*h incrcuzing
amounts of woody specigs in sites on sandy soile,
whereas in sites on fine textured soils, there is a
decrease in the amount of bare soil with increasinge
woody density. This ~henomenon is attributed tr 2
dramatic decrease in grass basa’ area in sites wite 2
high woody density on sandy soils, wherea: on {ine
textured soils the decrease s not as severe. i
the sandy sites (Messina, Thabazimbi, Zecrust arc
Molopo) the decrease in grass hasal area was &0 o=
average, often to virtually zero percent rooted basul
area, with the greatest decrease in the Messina gitr
(93%).  The fine textured soils do not show thic

severe decrease, (50% in the Adelaide sites and or

7% in the Umfolozi and Hluhluwe sites) usually dowr .
§ - 2: rooted grass basal area, which sti1l prevides
some grazing. This phenomenon is ascribed to the
higher water holding capacity of the topseil in the
fine textured soil sites.

kaoap (1983) found that on fine textured soils the
herbaceous component was the controlling element of
the vegetation as suggested by Walter (1871, in
contrast, on coarse textured soils the herbaceous

vegetation appeared te be the tolorated component,

This study showed that the competiiion between lrevs
and grasses is very strong in sites on sandy soils,

whereas on fine textured soils this compatition doec not
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have the same depressive effect on the herbaceous

vegetat.on,

The above factors may lend some support to the two
layered soil profile structure in South African
savannas as proposed by Walter {1971), but some of
the factors which are associated with this hypothesis
must be considered as consequences of a change in the
bush-grass community, even though they contribute

to the present dynamics of the system.

The highest measured woody densities occurred on sites
with sandy soils and 2 low annual rainfall, These
sites have the lowest grass basal area, below 0.5% in
many cases, with the most common woody species being
Acacia spp. and Colephnspermum mopane. Initially it
was expected that the mesic sites, i.e. with a rainfall
exceeding 600mm per annum, would produce high woody
densities. However, in these sites the climax
vegetation appears 1. be a closed woodland consisting
of larger, mature woody species rather than a thickét

type consisting of multistemmed species.

There appear to be hardly any links between the
measured variables which may be attributed to the
c¢aise of an increase in woody density and the actual
process, with the exception of soil depth and some
textur:] characteristics oi the soil. This may
,upport the suggestions of West (1968) that the climax

over much of the bushveld region is woodland.
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5.2 Criticisms and future research.

It is not possible to predict the degrees of woody
density on a wide scale from the variasbles used in the
analyses. This appears to be one general criticism
of the study, that the sites measured do not reflect
areas of potential encroachment. To compensate for
this measured of sites where different stages of
encroachment occcur could be made, to determine how

the measured variabies change with respect to

different age classes of woody species.

The determination of infiltration rate may provide a
mere complete impression of the dynamics of woody
thickening. However, because .' .he low kinetic
energy produced by the rainfall s.mulator used, these
data were not considered in the analyses, Using a
simulator providing a h'qher kinetic energy, this
probtem may be overcome resulting in a more complete
set of variabies characterising each site, and
pruviﬁing a more satisfactory measure to identify and

predict areas of putential encroachment.
5.3 Management practices.

The bushveld can be maintained in a particuiar
combination of grass-bush through management actions,
This has been shown by Trullope (1974) in the eastern

Cape and by some farmers in the Zeerust district.
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However, clearing already encroached areas is costly
and very Tabour intensive, and often the desired
effect is only maintained for a few seasons. The use
of goats and fire has been shown to be very successful
on a small scale in the eastern Cape over a ten year
period, and its application on a large scale in other
regions in South Africa may be worth investigating.
The experiment appears to be fairly stable and some
farmers in the region have ijmplemented this as a

control measure against Acacia karroo with varied success.

The use of fire and goats will not necessarily be
successful to maintain a particular bush-grass
community in other savanna regions, because of the
Tow grass basal area found in the more arid, sandy
regions. There is not a sufficient fue) load to
maintain an intense fire to kill the woody species.
Also, there are severe animal husbandry problems with

goats in these regions {Aucamp, 1980).

In the more arid, sandy sites the use of a foliar

arbericide has produced successful results, but this
i5 a costly process often exceeding the value of the
land, and to maintain a successful increase in grass

basal area, follow up applications have to be made.

Therefore, bush control may be applied in all savanna
areas, but in some, especiaily the more arid (with
rainfall below 450mm per annum), sandy areas, the
maintenance of increased grass production will be over-

shadowed by the costs invoived in bush clearing.
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5,4 Present status of the bushveld with

respect to woody thickening.

One observation which is not directly apparent

from the discriminant analysis is that the central
area of the Transvaal bushveld, and other areas of
mixed bushveld, with an annual rainfall of 500mm,
does not always tend to a woody climax. In these
areas woody densities do not reach the same extremes
as in the more arid regions {the maximum bush

density recorded was 3000 bushes per hectare as opposed
to 7000 bushes per hectare in the arid areas).

Even though bush thickening does occur in ihe mixed
bushveld, usually confined to overgrazed areas

around watering points, on the whole it does not seem
to rate as an area of severe bush thickening.
However, regular monitoring of the status of woody

density in these areas should be enforced.

In the mesic areas the climax vegetation appears to

be mature woodland, but some thickening does occur

and should be regarded as areas of potential encroach-

ment. Although the highest weody biomass may be found
in mesic sites, the highest woody densities were found

in the more arid sites on sandy soils.

Sandy soils cover about 5C - 60% of the bushveld and
in these areas, especially where rainfall is below

450mm, bush thickening appears to be widespread.
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These areas seem to be very prone to an increase in
woody density, and if the constraints that previousiy
maintained the vegetation in an open state are removed,
or if continuous heavy grazing is applied, this process

is sharply accentuated.

Because of the gravity of the situation in these
areas, the Department of Agriculture has recently
decided to grant financial aid for bush clearing in
the Molopo region which is severely encroached by
Acacia mellifera. However, because these areas
appear to be prone to severe woody thickening it may
prove to be a wasteof financial input, The costs
involved in clearing existing woody vegetation, and
in maintaining a low woody density, would exceed the
monetary return in the resulting increased grazing
capacity. Also, if recommended stocking rates are
not strictly adhered to, these areas will refurn to a
very dense state over a short period of time. Bush
clearing in these areas will not be successful as the
financial and Tabour inputs will exceed the benefits

over the long term.
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Appendix I  Raw Data Tables

Grass bosel area percentage of stond surfoce areo )

Herbaceous basal area

Mean gross height centimetres)
Litter
GOpen ground

Algal copping

Cloy copping percentage of stand surfoce area )
Stones

Rocks

Dung

Woody basal area J
Woody density bushes per hectare )
Woody conopy ares percentauge of stand surfece crea }
Soil conductivity umho.cm“l }
Seil pH

Soil sand content

log H* concentration )

Seil clay content percentage of soil somple )

Soil silt content

Caleciom ( Topscil:Subsoil ratio unless
Magnes ium obselute amounts specified
Potassium ports per million )

Sadivm

Soil depth { centimetres )

Table 16,  Units for Variables in Raw Data Tables
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Correlation coefficients of the variables and woody density

for all the sites ( the uppsr figure is the correlation

coefficient and the lower value is the probability of obtaining

the corrslabion value).
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Grass besal area!.0,590 | -0.309 |-0,530 | 0.573 | -0.523 | -0.575
0.001 | 0.090 | 0.997| o0.175} 0.001| 0.004
Herb basal area 1.0,270 {-0.358 | -0.2115 | ~0,256 | ~0.213 | -0.340
0.071 | 0.047 { 0.589| 0.290| 0.309| 0.111
aress height -0.009 |-0.357 | 0.217 [ 0.471 | 0.423| 0.265
0.950 | 0.048 | 0.306| 0.015| 0.378| 0.242
Rocks ~0,086 | -0,015 | -0.086 | ~0.109 | 0.101 | -0.365
0.568 | 0.673 | 0.689 | 0.593| 0.713| 0.086
Litter ~0.075 | 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 | -0.245| 0,131
0.124 | 0.009 | 0.173 ] 0.095] 0.514) 0.549
Bare undisturbed| 0,17, |-0.202 | 0,068 {-0.214 [ -0.022 | 0.227
0,246 | 0.274 | 0.749 | 0.292| 0.746| 0.296
Bare disturbed [.p,155 | 0,076 |-0.040 [-0.086 | ~0.003] 0.213
0,302 | 0.684 ] 0.852 | 0.7521 0.884] 0.328
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Dung -0.921 | 0.51% | 0.131} 0.132 | 0.218{ 0.885
0.542 | 0.003 | 0.539 | 0.527 | 0.543 | 0.001

ot 0.486 | 0.603 [-0.211 | 0.227 |-0.328 | 0.208

0.001 | 0.003 | 0.320 | 0.263 | 0.348 | 0.340

s —u.35¢ | 0.408 | -v. 066 | -0.202 | 20,216 | 0,031
0,014 | 0.022 | 0.755 | 0.273 | 0.452 | 0.886

T psedt sonduch. {=0.215 | 0.143 | 0.073 | 0,477 [ 0.715 | 0.076
.15 | 0.440 | 0.734] 0.013| 0.001| 0.729

Subsoil eonduet. f-0.224 | 0.191 {-0,189 | 0.179 | 0.731 ] -0.054
©.132 { 0.303 { 0.376 | 0.332 | 0.001| 0.803

Topsoil sand 6,060 | 0.317 | 0.127 | -0.032 | 0.219| -0.313
0.696 | 0.750 | 0.615| 0.873 | 0.595| 0.145

-0.307 |-0.247 {-0.229 | 0,012 | -0.195 | ~0.034

0.037 | 0.176 | 0.303 | 0.950| 0.401] 0.636

Topscil alap -0,10) [~0.679 | 0.004 | ~0.280{ 0.085| -0.257
0.490 | 0.001 | 0.983 | ©€.376| 0.876| 0.235

0.133 | 0.712 | 0.033 | 0.224| 0.207| 0.013

0.370 | ©0.00L | 0.875| 0.209) 0.901| 0.952

Topaoil silb 0,199 |-0.399 | -0.267 | 2,236 | 0.221] 0.038
6,184 [ 0.025 [ 0.206 [ 0,507 0.525] 0.863

Soil depbh -0.095 | 0.433 |-0.243 | 0.495| 0.845[ 0.834
0,529 | 0.734 § 0.250 | 0.137[ 0.019{ 0.795
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