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APPENDIX 1

SOIL PROPERTJES

INTRODUCTION

In this appendix the soils are described. The soils are important

because soil type Is a primary determinant of savanr^a structure and
it

functioning (Frost et al. 1986), and th« soils hava therefore been 

described to allow comparison \vith other studies.

METHODS

The physico-chemical properties of the soils of each site were 

described from 24 surface samples (0-J.5 cm), and five samples each from 

30-40 cm and ca. 60 cm dr>pth. The depth of the A“horison and the 

profile depth were measured for each sample (n“8 for profile depth at 

Utha). The saaiples were air-dried, sieved through a 2 mm sieve, and 

individually analysed for pH (KCl and H2O) and conductl\jity, the 

concentrations of phosphorus, calcium, magnesium, sodium, potassium 

and zinc (Anon 1982), organic carbon (Nelson & Sommers 1975), and the 

percentage clay, derived from a regression (r®=84%) between % clay and 

soil bulk density:

%clay=e7.87“3.84sd
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ijiihere sd“0,2(s£itaple bulk density) (SASOL fertiliser laboratory). The

proportion of gravel and grit (>2mm fraction) was determined by
1;

air-dried weight.

RESULTS AND DISCUSSION

*
f
ih
o'"

&

The soils of the gabbro sites were both heavy textuxed clays (Figure 

Al.l), and were classified as Qlendale''series of the Shortlands form 

(an alfisol in USDA terminology) (MacVicar et al. 19V7). The soils 

of the sandveld site were wainly Clovelly form, but 'ihera w&f. variatioft 

down the slope. The soils of the twy^clay soil siti^&, and-of the h  

horison of the sandveld sits, were weakly acidic to neutral, but the 

deeper level’s of the sandveld site were more strongl\|- aci4ic (Figure 

Al.l). The physic0“chamical'/envilbonraant of the tWo siTes'^xi^,gabbro 

was very similar (Figure Al.ljj except at tlia 60 cm depth. ’This 

difference is attributable to ’ differences in profile i^epth. The 

Thlavekisa profile was 55i2.6 cm (± 1 S.E., n*24) compared to 

85±2.7 cm (ii*5) profile depth at Utha. The values of soil variables 

for Thlavekisa at 60 cm depth were therefQ^jre influenced by partly 

decomposed bedrock m&ce.fial. The 2f5±l.l cin deep A-horison at Utha was 

a well-defined and darkened layer (Munsell dry: 10YR2/1 or 5YE2/2 most 

commonly). There was no readily evident A-horison at the Thlavekisa 

site, and the surface soil was reddish (Munsell dry: 5YR3/2). The 

deeper soil of both clay sites was similar iis^^colour (Mufisell dry: 

2.5YR3/2 most common).

The pH, conductivity, percentage of clay ^ 4  carbon, and th/̂

concentration of calcium, potassi™, magnesium and godiim, 

considerably lower on the sandveld than on the two clay soils, but the
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Figure Al.l. Tlie soil pliysico-chemical characteristics at three depths 

of the Sandveld (circle), Utha (square) and Thlaveklsa (triangle) 

sites: a) pH, b) iponductivity, the concentrations of c) calcium, d) 

magnesiuffi, e) potassium, f) sodiuffl, g) phosphorus, h) siinc,̂  and the 

percent of i) clay and j) carbon. Horizontal bars denote ± 1 S.E..
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concentration of phosphorus was substantially higher on the atoijveld

site. ' The patitem of chai|ge w^.th depth of the soil variables is

“ strikingly different between the sandveld and iclay soli sites. All

variables raeasm'ed, except sodiuta, and zinc, show a marked decrease in 
& o  ̂ '

sBBOiant or concentration with deptit on the ?andveld site. On the clay

 ̂' soil sites, the concentration o^[magnRsium and sodium, aitd to a slight

ds6gr«e calcium (but not potassium) show an increase with despth, which

ss^laias the similar pattern for conductivity-

£IS

'*•V-

W;;

^  Si-lsyp* principal components analysis of the 24 surf ass cores of each 

(using 10 soil variables) was used to doscribe the spatial 

ŝ ea?-.ation in the soils of the sites . The variation accounted for 

raspactively by the first and second ax̂ ss was 26% and 18% for 

Thlav^kisfi, 25% and 22X for Utha, and 41% and 19% (with one outlier 

dî vlstsd) for the sandveld site. The nutlier deleted from the sandveld 

site was collected from an anomalous 4®pi'®ssioti ttfhich held water 

following rain^ /

The first axis for the Thlavekisa ordina^i. -described a gradient from 

a few samples with high concentrations of potassium and sodium (quite 

closely correlated), associated ^Ith high levels of clay and organic 

carbon, through to the majority of samples with lower concentrations 

of these cations but greater amounts of calcium and of gravel (Figure 

A1.2a). The second axis separated out samples with high concentrations 

of calcium and a high pH from those with hl§h ioDcentrations of 

magnesium. The third axis (16% of the variance) principally? 

determined by phosphorus> (loading=0.56), zinc (loading=0.54) and 

gravel (loa^itg=0.47).
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Figure A1.2. An ordination of fha first two axes of a principal 

components analysis of ten soil variables for a) Ttilavekisa, b) Utha 

and c) Sandveld sites. The a scale is for variables, the b scale for 

samples. - 0 .
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The range in sample .scores m  the fitst axis from -3.5 to 3.53 

indicated fairly substantial f;p,itial variation in the soil. Part of 

this variation was associated wit]| the influence of tree canopies (five 

cores), and W&9 associated with higher l.evels of organic carbon, clay, 

potassium and sodima. Twelve cores from the open formed a
'y

distinguishable clump (figure A1.2a). 'hie remaining cores which 

formed a loose clump were all to be found in relatively close proximity 

to one another in the one corner oi the plot.

/■ >

Although the Utha soil was similar in characteristics, the 

relationship between the variables was very differentr lie first ̂ i s  

of the Utha ordination described a 4.:adient from samples v.’ith,^a hdgh 

Goncsntrationoof potassium, calcium, phosphorus and high leTj^ls of 

carbon,* chrough to samples with a iigH’-conc^jstration of m^'gnlf ium and 

1/ high amounts of clay (Figujre A1.2b). I^e s^cdhd axis identified a few

samples with high pH and associated high concentrations'' of sodium, 

through to an effect of higher concentrations of magnesium associated 

wliih higher amounts of clay, or higher amounts/s# phosphorus. Thfre 

Were strong correlations between the concentration "^^gaagnesium and 

the amount of '.play, the pH and the concentrati|^n bf sodium, and the 

concentrations ofrj, calcium and potassium. The third axis (15% of the° 

variance) was principally determined by pH (16adlng=r3.51), percent 

clay (loading=0-49), potassium (loading=0.45) and calcium 

(loading=0.42). The Utha site displayed a similar degree of spatial 

variation in soil conditions, with first axis scores of the principal 

components analysis ranging from -2.72 to 3.55, but this variation 

could not be related to tree canopy cover nr to location within the 

site.

The relationship between variables on the sandveld site was dissimilar 

to both of the above. The first axis identified a ^gr$dieni^r((^'^ 

samples with higher concentrations of calcium and sodiun/(^,d wi'th high
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amotmts of carbon and clay (all four variables strongly correlated),
■;s

through to sajtnples with, the converse (Figure Al,2c). Th® marked 

variability between samples la shown by the range in first axis scores 

from “2,75 to 6.28, The highest scores on tha first axis were 

associated with the influence of tree canopies. The second axis 

separated samples with high potassium concentrations, and usually a 

high pH, frcwi those with t?igh phosphorus and zinc concentrations. The 

third axis (14% of th3 variance) was principally determined by gravel 

(lodding=0.73) and pH (laadlng=-0.43).

I.
f
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APPENDiX 2

THE WOODY VEGETATION OF THE TWO CLAY SOIL SITES

INTRODUCTION

Jn this appendix the woody vegetation of hte two clay soil sites is 

/described. The woody component can influence herbaceous composition 

(Bosch Si. van Wyk 1970; Kennard & Walkar 1973; Grlffioen & O'Connor 

1990). Further, heavy grazing can promote an ircrease in the woody 

component of savannas ^Walker et al, 1981; Skarpe 1990), which could 

therefore lead to compositional change in the herbaceous stratiun. Tlie 

composition of the woody component and the size structure of the main 

species are described for reference purposes. The population

5tru(|j:ure and identity of the main species provide a first Indication
■i ,))
of possible woody veget;!tlon viynamics, but it was beyond the scope of 

this study to study the dynamics of the woody vegetation in any detail.

\c/

0

METHODS

The data fot the Thitsvekisa site was collectftd as part of an 

undergraduate project by Marneweck (1989). The site was divided into 

contiguous 5 m square blocks, and the height and. basal circumferenc® 

of all individuals >0.5 m in height was measured. At Utha, the height

29&



and basal circiuafsrence of all individuals >2 m in height was measured, 

tfhil® only the hei^t of individuals 0.5-2 m high (termed shrubs) was 

Measured.

Th® population structure of the predominant species was described in 

t m m s  of csntral tandaaciea and patterns of dispersion, including the 

ak^masa coefficient (gj) (SAS 1985). The size inequality of 

iadiTlfesls wltitia the predominant species populations was described 

ffltlt t&a of ■raxlation (CV - SAS 1985), which is sensitive

•fscs* Jte laea.tl(50. (i.e. ia«an), and the skewness coefficient, which

in both location and scale - it is primarily 

Ctedsl et ali 1989).

RESULtt'AND DISCUSiilON

species (of 28) compiisad 99% of tha number of individuals 

in height (594 ha“‘), with Dicbrastschys cinej'sdl (.SIX), &:scis 

g&rrsirdJI (25%) and Combretum coJJImm (12%; the most abundant species 

(yifure A2.1c). In contrast, 14 species contributed 99% of the st®» 

baBal area of the site (3.958 m® ha”‘), with the four most promin^pt 

»p»eias again Dichrostachys cinersa (26%), Combretum collinum (16%), 

AcsGis gsrrardii (13%) and Pterocarpvts rotundifolia (13%) (Figure 

A2.1b). The shrub stratum had a more equitable representation^ of 

species^|(Figure A2.1a), 23 species (of 27) coritribut-.'d 99% of the 

number of individuals (n=399). Securinega yirosa (17%), Dslbergia 

melanoxylan and Di rost&cbys ciaerea (each 14%), and Lsnnaa iiiscolor 

(11%) were the four most prolific shrub spe'-iej.
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Figure A2,l. The percentage contribution, bj/viach species to a) shrub 

density (individuals O.S-2 m in height), b) basal area (individuals 

>= 2 la in height) ffittd c) ntunher of individuals >?= 2 m in height, of 

the woody Goraponsnt at the Utha sits. Key to species: Acac <ixu “ 

Acacia exuvialls, Acac ger - Acacia gerrardii, Acac nig - Acacia, 

nigresceas, Albi har - Albizia haeveyii, Bolu spe - Bolusanthus 

speciosusi Comb col - Cosjbretum collinum, Comb, her - Combeetum 

hereroense, Comb imb - Ci)mbratum imberba^ Dalb mel - Dalbargia 

melanoxyJon, Dich cin ■■ Dichrostachys cinei'Ors, Dios mes - Diospyros 

mespiliformis, Ehre amo « Ebretia amoena, Ehre rig - Ebretia rigida, 

Eucl div “ Euclea divinotam, Gard vol - Gardenia volkensii, Gi*ew hex 

“ Grmia hexamita, Laim dis - Lannea discolor. Lone cap Loncbocarpus 

capassa, Mayt het ~ Maytenus heterophylls, Mayt sen - Haytenus 

senegalensis, Neor fic - Neorautanmiia ficifolius, Ormo tri - 

Ormocarpum trichocarpum^ Ozor pan. - Czoroa paniculosa, Pter rot - 

Pterocarpus rotundifolius, Rhus gue Rhus guenzii^ Scle bir ~ 

Sclerocarya birrea, Secu vir - Securinega virosa, Unfd - unidentified, 

Xime. caf - Ximenia caffra, Zizi muc - ^iziphus mucronata, , ^

6

o

■ ■ ■■ ■

J
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There were 27 species recorded at Thlavekisa. On1,y four species, 

namely AJbizia harveyxx (32%), Dichrostachys cimrea (|lzO%), Ormocarpum 

trlcbocarpum (18%) and Uayt^nus senegalmsis (12%), accounted for 82% 

of tlie individuals (2055 ha )̂, with a fuifther five species each 

contributing 1-10%, and seven species each contributing <1% (Figure 

A2.2b). Similarly, the contribution to basal area was concentrated 

in a few species; Combrstum ce^MJnum (32%), Dxchiostachys cinerea 

(16%), DIospyros mespilxfsrmxs (15%), Albxzia harveyii (11%) and 

Lannsa scbwexnfutthlx (8%) comprised 82% of the tree basal area of 

4,713 ha"^ (Figure A2.2a). Eight individual trees accounted for 

30% of tree basal area, viz Cosibretum collinam (4), C. imbetb& (1), 

Diospyros mespillformls (2) and Lannea scweinfurthii (1).

At ^lavekisa, Gombretum collxnum was the tallest, Dichrostachys 

)nerea was relatively tall, Ormocarpum trichocarpum'W&s the shortest, 

Maytmus senegalensis was relatively short, while Acacia gerrardii^ 

Albizi;^ harveyii f Loncbocafpas capassa and Maytenus heteropbylla were 

of a similar height (Table A2.1). The height inequality within 

populations (GV) differed markedly between species at Thlavekisa 

(Table A2.1). Dichftistacbys^insrea, Albizia harn'eyii, Haytenus 

senegalensis and Ofmocarpumtrichocarpum were least variable, Lannea 

ichweinfurtbiii Lonchocarpus capassa, Sclerocarya birraa and Combretum 

bereroensB were most variable. The height '■ distributions of 

Lonchocarpus capassa and Lannea schweinfurthii were strongly right 

skewed, those of Acacia gerrardii, Combretum collitaum, C, hereroease, 

Haytenus heteropbylla, Ormocarpum tricbocarpum and Sclerocarya birrea 

were moderately skewed, Albizia harveyii and Haytenus senegalensis 

were weakly skewed, while Dichrostachys cinerea showed no skawness 

(Table A2.1). .The height distribution of all individuals combined was 

strongly right skewed. There were correlations (p<0.01) between 

height and basal area for all species. Patterns for basal area were 

similar but more pronounced (Table A2.1).
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Figure A2.2. The percentage contribution by each species to a) basal 

area and b) number of indi'î idyals of the. woody component (>= 0.5 m in
- O- ll

height) at the Thlavel^isC'-'iite. Key to species: Acac exu - Acacis
■I

exm'ialls, Acac ger - Acscia gerrardii, Albi har - Albizia barveyii. 

Comb col - Combretum collinum. Comb her - Combretum hereroense, Comb 

imb - Combretum imberb^^. Bich cin - Dichrostachys cinerea, Dios mes - 

Diospyros mespiliformis, M h n  sch - Lsnuea schweinfurthii, Lone cap - 

Loncbocarpus capassa, Mayt het - Haytenus beteropbylla, Mayt sen -II
Maytenus senegalensis, Ormo tri "iOraocarpum trichocarpum, Scle bir - 

Sclerocarya birrea, Secu vir - $$curinega virosa, Xime caf -• Ximenia 

caffra.
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At Utha, the mean height of stimbs 0.5-^;Ui high wa|̂  «, although 

this was highly variable (CV = 52%) and pesitively sikewi^(gi'=0,752). 

The most strongly positively skewed, spftcies were ,AlbizX\ harveyilt 

Combretum hereroense, Dalbergla melanoxylon and Securine^^ virosa. 

Maytems senegalBnsis was one of the few species with a stron^egative 

skew. The dominant canopy individuals at Utha were Latmea d\^color, 

Combretum collinum and Pterocarpus rotundifolius, with some \^8cia 

nigrescens Bolusanthus speciosus, '^laXXeDichrostachys ci^\reay

Acacia gerrardii, Combretum bereroens& and C. collinum dominated\\the 

mid-s*ratum. Ac&cia nigrescens showed the^grertest height inequalAV,

as it included some of the talle,‘?t canop^ ink^viduals and also sî r

individuals. All species except Lannea disdolor were right skswed)^ 

Bolusanthus speciosus, Acacia nigrescens^ A. gerrardii and Combretum 

collinum quite markedly &o. Diqhrostachys cinerea had 'noticeably 

little variation. There were correlations (p<0.01) between height and 

basal area for all species. Basal area therefore reflected the same 

patterns as height, although variability was tooiee marked.

At Thlavekisa, Albizia harveyii, Uaytenus sensgalensis, DichrgstsdHys I 

cinerea s Lonchocarpus capassa, Lannea scweinfurthii and ,,Drmpcsrpum 

trichocarpum were highly significantly clumped, whereefs Combi\\ei:um 

collinum was randomly dispersed (Marneweck 1989). I'here was a 

significant association between three species pairs, namely Albizia 

harveyii \ixth. Lonchocarpus capassa, and Ormocarpum trichoqarpum with 

Lonchocarpus capassa and Uaytenus senegalensis (Marneweck 1989).

It

The size structure of a population tells little about the past, but

allows some inference on possible future states. The composition and
\\
^̂ ize structure of the wocdy component of both clay soil sites indicate

a potential for bush encroachment. At Thlavekisa there is a high
1)

density of relatively small individuals of the microphyllous species 

Dichrostachys cinerea and Albizia harveyii^ ii?hile at Utha there is a
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reasonable number cf small individuals of D, ciner&a, Combretum 

colllmm. Acacia nigrescans and A. gerrardii. These populations were 

ail quite strongly right skewed, and there was therefore the 

possibilit;y that many individuals could still increase in size. 

Bicbrostackys cineirsa m.& Acacia species are conventionally considered 

to be encroachment species» It is thereforb concluded that the 

physiognomy of these two sites could change in the medium term (5-10 

yr) dapsnding on utilisation regime. At Thlavekisa, the canopy 

elements haVe been reduced to supply building materials, but smaller 

individuals ;i'.ere not affected.

r
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Table A2.1. The population structure of the predominant woody species at 

Utha Siid Thlaveklsa.

Height (m) Basal Area (cm*)

Site, 

species

Thlavekisa 

Acacia gerrardii 

Albizia harveyii 

Gombratum collinum 

C. hereroense

Dichrostachys cinerea
■'il,

Lonchocarpus capassa 

Lannea schweinfurthii 

Maytenus heterophylla 

M. senegalensis 

Oraocarpuia trichocarpum 439 

Sclerocarya birrea 

, All Individuals 

Utha

n X S.E. med g| CV IT S.E. med Si CV

56 1.2 0.12 0.9 2.85 80 18 7.6 3 9 6.47 311

796 1.3 0.02 1.2 0.77 48 8 0.5 2.9 6.08 166

104 ire 0.20 1.8 1.41 78 172 34.4 27.3 3.50 203

22 1.7 0.33 1.3 2.65 89 54 32.4 8.8 3.28 280

504 1.9 0.04 2.0 -.05 46 18 1.0 11.5 2.40 120

87 1.2 0.12 1.0 5.39 96 19 8.0 2.9 7.27 400

' 34 1.7 0.37 1.0 3.05 130 141 98.1 ‘1.9 5.20 405

70 1.2 0.09 1.0 1.64 65 18 5.2 3.9 3.99 247

302 1.0 0.03 0.9 1.04 48 5 0.5 2.9 5.72 ,176

1 439 0.7 0.02 0.5 2.34 54 2 0.2 1.3 5.89 136

19 1.4 0.28 0.6 1.83 91 22 10.7 3.9 3.4j'̂ 214

2482 1.4 0.02 1.1 3.07 75 23 3.1 2.8 21.c4 693

Acacia exuvialia 45 2.9 0.09 2,8 0,70 20 14 1.1 11 2.53 51

A. gerrardii 264 3.1 0.05 2.8 1.61 28 35 2.2 23 2.56 100

A. nigrescens 55 3.6 0.36 2.8 2.79 73 114 39.4 23 3.66 256

Bolusanthus speclocus 26 3.3 0, 22 3.0 3.39 34 122 27.6 6/ 2.46 115

Combretum collinuoj 133 3.2 0.10 2.9 1.72 36 84 8.8 52 3.49 120

G . hereroense 25 3.0 0.15 2.9 0.46 25 53 10.4 35 1.67 98

Dichrostachys cinerea 328 3.2 0.03 3.1 0,15 17 56 , 2.3 5f) 1.48 73

Lannea discolor 21 5.9 0.52 7.0 -.78 40 363 63.5 390 0,67 60

Pterocarpus rotundifolia 46 4,5 0.23 4.3 0.54 35 202 30.8 151 2.,; !04

Ziziphus mucronata 42 2.8 0.07 2.8 0.54 17 16 1.5 13 : 62

All individuals 1070 3.2 0.04 2.9 3.35 37 67 3.6 33
II

6.05 178
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