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7els of degradation 1n Botsalano Game

B
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2 eserve which

1s situated 30Km north of Mafikeng in the Lehurutshe region,

Norwhwest Province, and 350Km from Jochannesburg. Sites were

i

chosen closer to water poilnts, near old kraals, and under bpig

T“ress to represent highly degraded sites, open grassland for

D

moderate degradation and closer to camp sites, fences and offices

to represent less degraded.

Bicmass, species composition and soll characteristics like soil
colour, soll texture, catlon exchange capaclty and organic carbon
percentages were compared for a total of 70 sites chosen.
Integrated System for Plant Dynamics (ISPD) was used to construct
the degradation models by using DCA and DMCOC ordination
cechniques, degradation models which showed the position of
different sites on the degradation gradlent were constructed.

Biomass and degradation were compared using Spearman’s rank
correlation coefficient which showed a negative correlation. Some
species were also selected to be representative of either high,
less or even moderately degraded areas. All the findings 1n this
study show that some areas of the park need restoration
especially those severely degrac 1 areas, this can be done by re-

seeding and protecting the areas by fences or de-stocking.
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CHAPTER ONE

INTRODUCTION

~—

Ihe study area fa_ls within the Molopo ranching area which covers

o8}

cpe

b
@]

®ximataiy four millicn hectares (Donaldson: 19295) . For

g0
th
th

tent management of this ranching area, more precise

b
()

assessment of the range condition and grazing capacity 1s
necessary. Smith (1989), also agrees that 1f one fails to
understand and know the condition of a range he i1s working with
this cause some frustration and eventually lead 1nto
inadegquaclies. Information 1s therefore reguired to assist the
range managers 1n knowing which areas of the park need more
atzention, ©peing degraded and how the fertility in highly
degraded areas can be restored. Early warning signs of

improvements or deterioration need to be known and understood.

1.1 VALUE OF THE STUDY

Park Manac¢ s and r irby farmers may utilise tr¢ findings of the
study 1in overcoming problems of overgrazing. Thorough informaticn
ragarding the range and 1ts condition 1s a precursor to good
management ¢f rangelands. Bosch and Booysen stated 1n their

vagsr March: 1992 that a need exlsted to develop a comprehensive



ssTeEn TraT woilT snarnle range_and sTtlentists to o comnile oz data
szs2 I3r z__ =2xlsting relsvant data t“hat are required for the
zssessment coi ccndition and grazing capaclty in different
NTTTISNOUS Trazling areas. A requirement was, that The system has

22 d=Telcped 1n such a way that once the data bpase 1s

i, an assessment of the range condition and grazing

caracity o any management unit 1n the area under consideration
woculd be possible. It 1s therefore believed that the Park

R

Jers wili. benefit from the results of this study which will

in zurn penefit the North West Province since the management of

“he cark will have a clear pilicture as to which area of the park
TC concentrate on.
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razing and trampling of the vegetation particularly in the
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mi-arid and arid reglons can cause extensive denudation of the

n
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ace, resuitling 1n severe erosion and a poor growth of mainly

[1

phemerals [(Walker: 1874). This can therefore adversely affect

c1
VY

e scils particularl loamy soils, Dbecause the infiltration

O

2 of rain water 1s much lower 1n bare soils than 1in those

t
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ils which are mulched. Revegetation of such bare soil:is

w
O

zcnsequently  1s  hampered seriously (Walker: 1974) . The

n of range condition has Dbecome one of the most
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in the agriculture of developing countries.
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TSTLI .17 Fmoo, sutnoas zatt.e, and parcticularly sneep and
SR Enaw 275, Acocks: 1953, Phillips: 1956-57, Wolk: 1S%47,
e “ro o, Myre:r 12TJ, Werger 1273, 1974 Basiza_.ly, Tnis

1
Ll
) e
H
D
t
(92}
3
ot
]
D
v}
3
Q
4
3

7ince will benefit from the resul-s of =-is

Lay. Grazing reduces standing Dbiomass thrcugh forage

J
ot
{2,

Tirnsumpticon and asscclated trampling of vegetation. Tramp.ing
.52 azzal=srates _ltter decomposltion (Hiernaux:_.92%3%) . Heavy
Y

Yrzzing doring the growing season may also reduce productions
Hlernaux:iiozc

nzr2 are several reasons why, 1n Africa mostly, the influence

oI dcmestic livestock on vegetation 1s often so much more
IzU7astating nan that of game. The usual farming practice,
wnersby the movement of animals 1s controlled, Dby the herdsman

nd return to theilr kraal after grazing. Game are usually mobille

ana, altnougn often concentrated 1n herds, wander over a large

arez. They stay nowhere for any length of time and only graze
sma.. patches. Economic considerations often not only tempt the
farmer to overstock nis or her ranch but also force him to keep

n1s animals In camps. This 1s mostly common to farmers who depend
o oselling thelr livestock for survival, they always want to have
e Than encugh _.Zock because that will in turn put enough cash

—

cr this reason, and because domestiZ anima.s
zr= l.ess mopile trhan game, part c¢I the vegetation 1S more

tnoroughly Tgrazed py them, and wilith poor management, easily over
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£ INp&ct oI neavy Jrazing conoprocagcticn could be explained by
sn2It in florlistlc comeosition towards less palatable {and
nErEIcre L=ss neavily grazed  species. Producticn would thus
= ma.ntainad, alpelt at the expense oI forage value. However,
7.8 situdazion 1s only likely to occur in limited areas, withiln

Zz2w hundred metres radius of water points or herd rests areas.
Vheva grAskivo rate ex-remely hich lar tg5 of Hrae
NhEYs sToTKIn J rates are extremely hig arge amounts o¢f manure

n ourins ars deposited (Hiernaux: 19%¢).
ar< Managers should be able to determine the carrying capacity

]
T
)
)

“ne park for sustalnable management. From several studiles it
as become apparent that the diet of game includes far more plant
pec_es than that of domestic animals (Jewell: 1969, Hill: 1972).

andge management practices centre around the regulation of the

wmker of animals allowed to graze on a given range, along with
ne duratzion and season cof thelr grazing. The stocking of a

ange must therefore be carefully regulated so that the existing

rasses are not depleted or exhausted from overgrazing.



1.2 BACKGROUND
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,,,,,, al metnlds nave geen develcoped py different ressarchers for
- :

1on assessment  as described by Barnes et a

O
(B8]

< ,3zuarz-Hil.l et al 11%8%2), Tainton et a.. (1887,

Ve
tI1

-, Heara et al. 11982, Willis and Trollope

-
No)
[ed)
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=

nerstcene of mest of the methods proposed has been a vel.d
crresition score based on a division of species into groups
wricoroars -cudged to have ecological affinity. These groups are
ccmmenly termed “degreasers”, “increasers”, and in some cases,
after Dyksterhuis (1949) (Barnes et al. :1984),

Thess researchers also polnt out that as an aid to the assessment

oI condition, so-called benchmark sites in veld which 1s judged

1
<)

pe 1n excellent condition are selected 1n appropr-.ate
environments or similar ecological condition, and the sample site
1s compared with the benchmark.

Mentls ~982: «criticised current methods of veld condition
assessment particularly, with respect to the subjectivity of the
eco.oglcal grouping, the choice of benchmarks and the arbitrary
values tC  species or groups, as well as the lack of a
ntitative model linking the carrying capacity with veld
zocndltlcen, wWith regard to ordination of data from grazing trials

as a means of arranging specles along a gradient of grazing

caraclty .stocking rate) 1n particular. In discussing the
crzcTizal aceplicaticn of such information by “veld managers”, ne
ccnceded tnat as most veld managers do not have computers,

ca_culaticon cf ecological distance by multivariate methods would



oI aTT L D L .o lliacliUe, e SLdISsTesl Tl o use LI
R “roa Vel onteo avorages” Srals e oY o rTrodooa g
Lo ITLolers DROUN- ~oldnted averades 2ranaclon Cr grcecacuca a

sZa.ar that wndicates both direction and degree of departure freom
zn seu=cziizsn ovoint oI reference iBarnes et al.l384
~nttner metntd wnich was used by Barnes and his co-researchers

“he v Weighted Palatability Composition Method” which
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invclved tne comparison of proporticnate species compositicn
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of pa.atability, with estimated grazing

SATATITY ¥rom this comparison multipliers had been derived
wnLZIh were ~udged TO be consistent wlth the value of species in
cerms of their contribution to grazing capacilty. In addition,

methods of multivariate analysis had also been tested as a

ccssible meanrs of quantifying all the communities in terms of

2
ts
$b

zing fapacity.
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crna.dason and Kelk (1970) conducted an investigation on the veld

[
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rs
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ms of the Molopo ranching area and found that herbage
crcduction and specles composition are factors of major
“mpcrtance in determinlng carrying capacity and animal production
in the Molopo area. Other factors of considerable importance are
posn encroacnment, droughts and low lev .s of soil fertility.

Tne research data collected by these researchers showed the

dominance oI tThe less desirable, pocrly productive grasses such
25 Irazrostlsol and ArlscCidz Zocnzyestz 1n the Mclopo
ar2a. The mcre productive subclimax specles such as SCipagrosclis

Irlumiz oard Sohlimigcia fullbosa made up a relatively small
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STl Tonne ToTtal o ved NoT 0e ZMESITel Lo
=mzrT arny ma~or niluence on verd production. Particular.y
GlFTIssSsInIi wWas Tne rarity of the valuable broad leaved climax
DrasSS 202 TlSS SUIn as anInNSrlra puUlessens, Fanloum sa_znarlizsnses,
zni srzonizrlzo nlxroredazZa  whic are Dbecth palatable and
croancttive.  The complete absence of these speciles from many of

nelr sites suggested that 1t was highly unlikely that they could

c=2zome dominant components of the vegetatlion within a reasonable
cericd L Time. Herbs and forbs had a very high constancy of

Frcm the research data 1t could also be realised that the
Lactxtnorn (A, melllfera) was encroaching heavily on grass
srrage vrcduction. These findings have confirmed the general
opinicn held by farmers 1n the area, that the control of
encroaching blackthorn must be regarded as a primary reguirement

re veld production 1n the Molopo area could be increased.

4

1

Ancthner factor was drought which broke during February 19686 (Data

p—

b

lustrating the significant effects of the prolonged drought of

3

Lo
(B}

4/72¢ on changes 1in the grass species composition and the very

mar«ed decrease In the grass herbage production of Molopo
rarnchnlng arsa have been presented elsewhere (Donaldson: 1967) )
ard affiected most of the Anchepora pubescens seeds which had been

czesded, ncocwever this species had 1ndicated that 1t could
estaclish 1tself and maintaln a stand desplte the adverse

her

cr

conditions oI drougnt and weed competition. The data fur



Cinzerning Low levels of soill fertility the results cf Donaldson

v
3
2
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201 revealed that the soil was deficient in nitrcgen

ana cncsphorus for the adequate growth of Cenchrus c¢illzrlis. The

8]

~aslc orroglem 1n the area has shown to be extremely low phosphate
zonTent oL The soils. It 1s also a well known phenomenon that
there 1s acute deficiency of phosphates in the scolls and in the

natural grasses o¢f the Northern Cape ranching areas (Theiler:
2822, Henrici: 1923)
Heard et al. (1986) undertook a comparison of five methods for

assessing veld condition in the Natal midlands, the Benchmark
method as described by Tainton et al. (1980}, the Weighted
-tantitative Climax Method (WQCM) as proposed by Tailnton, Fourie
and Foster 1982), the Palatability method and a Key species
method. Their findings showed the Weighted Quantitative Climax

and Key specles methods to be superior to the other three

Cther methods developed have included one by Stuart-Hill et al.
129221 where they developed a method of scor 1g bush veld
aczording to 1tTs prcductive conditlon and found that tree density

m3

was tTh2 most 1mportant variable, for instance, Eastern Cape. The

direczt influence of specles composition on the scoring of bush



T TINLITLIIN Was AT O lnpIrIanc It was alsc recoromended That
AnnLTLInal arlac.e such as plant pa’atabilizy, pLant
airesTtIizlliTy, plant production potential, soll type, altitude,
2oL rTainta.. shcuald be 1nvestigated to establish the nfluence
Tney nEave onofush veld condition.

Miultivariate analytical procedures have been advocated in terms
27 Tretr akillty te yield objectives and 1lnterpretable results.

ne main advantage 1s thelr usefulness 1n sites whose history 1is

UNKNnSwWn. Crdination methods have also been used for the
development of more objectlve condition assessment (Hacker:
LTI Fcran et al. (1986) assessed vegetation change by

ordering sites frem repeated measurements and tracing site
trajectories through ordinatlion space. Although this technique
nas proved to be successful 1n detecting trends in vegetation.

Ine majcr imitaticn of ordination procedures has been the

25 _cg1zal interpretation of the causes of change. (RBoscnh &
Savcrn: 1991, Martens et al.: 15%0).

This problem has been addressed by the inclusion of sites with

xrcwn management histories (Martens et al.: 19%0). Juite often
“re nlstcries of sites are unknown. Bosch & Gauch (199%1) dealt

w.th this problem by se 2cting sites to deliberately include

fznze _:ine contrasts and other contrasts between areas of
inTenslre ose and light to moderate use, e.g. slites near water
cconts and sites farther from drinking points, or sltes near

T z2ge or farther from viliages. The ability to assess and
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5 CAYTITLLAY RrXea, and Teo lnterpret the assessments ectlogically,
t: 2 prerszuzsite Ior rangeland planning and sound management
i=21s22ns Zosch § Gauch: 189l

Tuscc o et. al. 1995 studied the vegetation standing crop biomass

and specles cJomposition at varying distances from water c¢on
urland, sandy ranges 1n different ecological conditicn in the
Chinvanhan desert of South Central New Mexico with known grazing
nistories. This 1s 1n support of the idea that the inclusion of
tes with knocwn grazing historles can help in the interpretation
>f tThe eco.cgical condition . Their findings showed that
fcliowing long term conservative continuous cattle grazing on
vpland, sand sites of the desert were severely grazed and also
nat sites Closer to water polnts were only left with some

4

cciscnous p.ants, all other palatable plants were heavily grazed.

I+ 1s also .mportant at this juncture to make reference to the
findings by Johnson and Mayeux (1992), that ecological theory
crat has been the basis of vegetatlon management for most of this

century 1s now being gquestioned. This re-evaluation has foliowed

~he accurmualation of contrary information (Scholes:1990). Westoby
=t al..(128%,, reveal that all the concepts wused 1n range
ranager 1T are bas 1 on model of ecc yst n func ion. These
a.Ternate models of vegetation dynamics 1nclude the concepts of

cnresholds irriedel:1991) and multiple stable states of differing

specles composition with multiple non-linear pathways Dbetween
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caroarerl s TC

anayement 1.l reguire petter understanding of ths long ternm
Lriczesses Icroing opbserved vegetation changes. This requires a
ooy, cower expanidea periods of time (Foster et al. :19¢y,
S Inlonmaxer and fostTer: LS9l Magrnusen:1935J) confirms -hat

witnout the nistcrical perspective of long term i1nformation,

n
D
t
b
@]
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n
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n

codgements 1n resource management can result. PRecent

aivances In rfaleo-vegetation show that an important contributor

©o Current vegetaticn dynamics has been the climatic variation of

[4¥]

<tarternary -'the .ast 2 million years) as described by the

Scrnceonmaxer and Foster (1991), Sprugel (1991), and others.

I- has also Dbeen suggested through data that communities in
Miczcene and Pliocene (2 to £5 million vyears BP), were more

comp.ex, ¢

D

flecting a warmer more humid, and relatively stable

c.imate compared to the Quartenary (Nilsson (1982), Gould:! 1991,
Morrison 1139l:, Schoonmaker and Foster (1991), Thompson (1991).

Manrny 0oL the specles then had narrow ranges of tolerance of
adaptability to environment variation and disappeared during the
g.acial cycles of the Quartenary. This reference 1s made to
show that plant specles present today 1n most parts of the world
survived past climate changes either by adapting , migrating or

ngolng plant adaptations to ¢l nate changes may be

. . )
[olohalia] o)
coTn. Tre

)

Lz azcemmedating, the thresholds, multigle steady
“ates, and multiple secessional pathways widely okserved for

marny plant ccrmunitles.



Toe oo TO L1,c¢ mI’ion years ci avallable

Ty=Tatloin Inanye 2ata, 1t 1s apparent that today’s communitiss
2= CZomess2a of species that arrived at different times from

nT siuryces, and that had to cope with different b1
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InT=SYaITions 2gden 1829, Huntley: 1991, Schoonmaker and
Toeter: Lo¥lc. In conclusion to the polint made on vegetation
tnanzes whicn were affected by climatic changes West(1293) savys
a7 tToaay, no area 1s without some level of human impacct.
2o 1222 alsc says the future communities can never be exactly
wnat they were. Therefore knowledge of past climate changes of

at .east the late Quartenary, and associated changes in
environmental conditions and specles composition, can be as
imrortant as knowledge of the present for understanding plant

community  dynamlcs  and  thelr implications for management

1.3 OBJECTIVES OF THE STUDY

ra’ To identify different site types 1.e sites which could be
sampled for the purpose of the development of the

degradation models , that make up Botsalano Game Reserve.

(02

To select the most extenslve site types for intensive

survey tT0 be used for development of degradation
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Il LUl tr TnE range zZondlTlion nlodels Ior o Tne se_soTead
SITe Types uslng Juantltative Multlvariate Lnalysis
Meoncoas 0 MAM:

T2 measure biomass yield of the different samp.e areas
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senting different range condition states.
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etermine tne relationship between biomass yield and

r

arge conditicn.



CHAPTER TWO

2.1 DESCRIPTION OF THE STUDY Ar—xa

2.1.1 LOCATION OF BOTSALANO GAME RESERVE

~3

The investigation was carried out at Botsalano Game Reserve,

Fh

1g.:! located on the upper catchment of the Ramatlabama
drainage line , 30 km North of Mafikeng in the Lehurutshe region,
Nerthwest province, and 350 km from Johannesburg. The approximate
latitudes within thch the park lies include 258 32'E - 258 37'E.

T"he reserve was first fenced in 1986 and i1s situated on land
that was previously used for cattle ranching and a small amount

5f cultivation.

2.1.2 SIZE OF THE RESERVE

The size of the reserve is 5800ha. Fig. 1.1 shows a sketch of
Botsalano Game Reserve divided into blocks as shown on the sketch
to assist the management 1n monitoring the movement of animals
and checking the condition of different blocks for grazing
curpcses. Cver the years, the reserve has gained sputat " on as
a fertile preeding ground for many speclies of animals and 1s
oresently supporting one of the most successful breeding
programmes for whilite rhino on the sub-continent. Animals

frequently seen hnhere 1nclude white rhino, buffalo, eland,
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Fig. 1 Map showing location of Botsalano Game Reserve. On the enlarged portion

Botsalano is given number 4, it is located on the road between Mmabatho and Lehurutshe

by

Map supplied by Bop Parks.
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affe, zebra, black wildebeest, blue wildebeest, gemsbok,

H

g1
springbok, blesbock, waterbuck, 1impala, warthog and black-backed
jacxal. To date, over 180 species of birds have been recorded in

the reserve (Bop Parks :1993).

2.1.3 CLIMATE

Variation in topography and geology can create variation in the
environment within regions of uniform climate (Ricklefs: 1990).
In hilly area , the slope of the land and its exposure to the sun
influence the temperature and moisture content of the soil.

Winds and dust storms usually occur from September to December
due to the typically flat configuration of the land in this

region.
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Tl rainfa.. - Tty tne ysar 19T = B73.3 mm

Tar.z 1 shicows the average maximum and minimum temperature (C)and
“n= —cota. raintall ‘mm) during the months of 1297 - March 1998
Torrared with tTne near normal rainfall categories f£cor the MNcerth

cvinte based cnn 22 years data, and the mean maximum and
Tean minirum temperature for the North West province based on 35

vyears data Long-term operatlonal Group Information centre

O

_____ 2f =ne South African Weather Bureau : 1

99) . The

s

2searcher Zcund 1t necessary to make reference to these figures

cf 1227, mainly because the vegetatlion that 1s dealt with in this
study was collected in March 1998, therefore it would have been
influenced by the rainfall and temperature of the summer ssason
inolvo’ Trese reczordings were obtained from Weather Bureau in
Zrezoria, where the recordings are actually done on a daily
cas.s Fcr the purpose of this study only the average reccrdings
for ecach month were considered (South African Weather Bureau,
unrpubl. June @ 1998 - hppendices D, E, F).

Tapi= 1 shows that there 1s a seasonal change 1n the

remperature. From September to March are summer months with

temceratures above 25 C and higher, while April to August 1s
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“rnIse Icr tre Zooler months dropped down to 3.4 C in June, the
zz_zest month for the year. When considering the average or mean

zratures Ior the year 1997, December seems to have been the
Ttest menth for the year, with the mean temperature of 25 (,

TS actua: maximum temperature was 32.6 C. The next hottest

3

entn in this pericd was February with a mean temperature of 23.8
C, then came November and January with the mean temperature of
and 22.9 C respectively. March and October had similar

rean temperatures, these had 20.4°C and 20.6 °“C.

September has a mean temperature of 18.5°C , this was then
followed by April with a mean temperature of 16.3°C . August has
a mean temperature of 15.6°C . The weather was getting cooler
durrng the months of May, June, and July, when the mean
temperatures were 13.6 C, 11.8°C and 12.0°C but June appeared to

be the coolest month for the year 1997. The temperature of the

r

1rst three months cof 1998 were also recorded. It can also bpe
crserved that these first three months have really been hot,
thus, January had the mean temperature of 23.1-C , February 23.9C

and March 22.9°C.

Tne grapn 1n fig. 2 also shows rainfall distribution for each
month for +the vyear 1997 to May 1998 (South African Weather
Bureau, unpubl. June: 1998). The recordings were also from
Weath=sr Bureau 1n Pretoria. More rain was observed during the

f.rst five months cof the year (1997), thus, January, February,
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Fig. 2 Chart showing rainfall figures for the year 1997 up to May 1998 in Mafikeng
area. Figures were obtained from Weather Bureau in Pretoria because the recordings in
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a cad figure for such a hot year. The amount of rain

Fh

a.l fcr the
rst five months cf the year 1997 seemed tc have been very high
when compared with the long term rainfall figures for the North
West Province for the past 23yrs (Table 1). Comparatively

June 1997 had no rain at all while for other years there was
21ttle rainfall. The rest of the year received less rainfall as

compared tc the first half of the year.

The first three months of 1998 had better rainfall but heaviest
rain was observed only in January. The figure then dropped during
the next month from 159.1 to 77.5 mm. The informaticn from the
Bureau shows that even though rainfall increased 1n March, to
99.1 mm but dropped in April to only 7.2 mm and none at all in

May.

2.1.4 GEOLOGY AND SOILS

Botsalano game reserve has a high ground area that i1s shallow,
stony and rocky in scome places (fig. 3). Red and brown loamy to
sandy loam being derived from the Dominion Reef, Black Reef, and

Ventersdorp quartzite banded ircon-stone and lava.

The valley bottoms have Amabele, Kusasa, Grovedale and Slangkop
which are shallow and poorly drained soils. These are derived
from the reefs mentioned above. The land has also dark brown
sandy-clay to sandy loam that are made of calcrete overlying the

Northern Cape granite rocks. Solls on steep slopes drain well,
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& Causing moilisture stress for pLants at The same Time Trac
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=2 sor.s 2f nrearby Clcwlands are saturated with @ watear

Picklefs:195%0) .

2.1.5 TOPOGRAPHY

The land 1s gently undulating, comprising six low ridges that
nearly run parallel to each other, east to west across the
reserve. The only steep slope 1s the North facing slope of a
single hill on the South part of the reserve, where the Northern
part of the hill 1s cut by a game fence, including a fraction of
thls hill 1nside the park. There are also some deep depressions

within the park where water accumulates.

2.1.6 VEGETATION (SOURISH MIXED BUSHVELD)

This 1s a semi-arid biome which 1s rather more clearly defined
veld type than 1s the mixed bush veld, occupying an irregular
belt on the gentle slopes to the mountains, between the sour
types of the plains and valleys. It 1s generally a rather open
savanna with Acacia caffra the dominant tree and karee woodlands
which open out 1nto extensive grasslands in a fairly tall dense

grass veld dominated Cymbcrcgon plurinodis, Themeda triandra,

AAAAA (Acocks:1975) .
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In Botsalano, grass communities were recognised and sub-divided
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2. grass stands, 1n under grazed area composed of Them=da

—rlznara and unpalatable Cymbopogon excavatus and

‘b short grass stands, 1n old farmlands, composed mainly <=
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szls specles and some few scattered Cynodon dactylon
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(c' a mixture of tall and short grasses on high ground, rocky,

over grazed areas with prominent stands of Digitaria species,

§%}

Antnerora species, Heteropogon contortus and rachiaria

(d" a mixture of tall and short grasses on valley slopes and

botzoms, composed mainly of Aristida species.



CHAPTER THREE

METHODOLOGY
3.1 SAMPLING PROCEDURE
Jrfferent sites were identified in the park. This identification

was based on the level of utilisation of the specific area

1zhin the park. The maln purpose being to sample a range of
sites representing different levels of utilization. There were
scme areas more utllised than others, while some were mostly
over utilised, under utilised, or moderately utilised. Each site

was glven a number.

The choice of sites was made 1n such a way that most other
factors were kept constant such as soill colour, 1.e sites were
chosen mostly on reddish soils because it seemed to be most
extensive soil type of the park. The only difference allowed, as

far as possible was the level of wvegetation utilisation.

Whitrtaker 11278) stipulates that amcong the many kinds of
infcormation that may be gathered, some are more approprilate than

cthers to the character of the community, the investigator’s
research purcoses (Cain & Castro: 1959;3), and the requirements
1rpcsed by rlans for subsegquent data analyses. However, Gauch

11624, says sampling must be appropriate in intensity and breadth
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©o support research conclusicns, but ¢ “larly, - shculd ncs

cupy large amcunts of time and : sources beyond thoss required

Sites were taken very close, farther and very far from the
arinking places. Drinking places were chosen in this study
cecause ofzen there can be observable vegetation changes around
drinking piraces. This has also been observed by Perkin & Thomas
{1923)1n Southern Africa, Andrew (1988) in Australia and Archer
& Smeins (1991), Fusco et al. (1995) in South Western North
America that the effect of grazing 1s particularly marked around
bcreholes or water polnts where grazing animals are concentrated
in high densities for long periods. Andrew (1988) and Pickup
(1994) also agree that in general, distinct zones of bare soil,
ephemeral plants, woody shrubs and grasses (the ‘piosphere’) may
be distinguished from the water point to the cuter edge of the
intensively used area. In this case two main drinking dams 1in
the park were visited. Areas closer to the dam or drinking
points tend to be over utilised as animals come to them regularly
for drinking. When taking records in the field, twenty paces
were taken goling away from the water point to ensure a good
representation of ¢~ leve 3 of utilisation. Animals often come
to ttl tree for different reasons. One of these 1s coming for
shade on hot days, thus utilising the areas heavily. Such sites

wer= selected to represent over utilised areas.
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JamrInd sites wlith permanent structures such as houses which a
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cwards the zentre of the park were sampled =c
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ess utillsed areas. Animals do not often visit such areas for
fear oI beiny harmed by the people hence these sites tended to be
cnima_ly utilised. In the park there were other buildings such
tre management offices, houses for people who stay in the
park. Animals do not often come around such area therefore these
were less utilised by the animals. These sites were taken around
the Manager’s house, Sergeant’s house and the administration

1

cx. There was a constant noise coming from the generator next

o
boa
Q

[
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the manager’s house which could probably scare the animals.

Most animals often like the concave slopes of the park mainly
pecause of the exposure to the sun. A variety of grasses exist
~ere as the raln washes the soils to these concave sites, and the
aczcumulation of water also provides favourable molsture
conditions hence a better production. Other sites were taken
wnere there used to be kraals, the vegetation there has not yet
recovered therefore sites taken there were also representative of
over utilised sites. Other sites however were also taken moving
away from the old kraals 1nto the park to mark the vegetation

diff

[40]

rences.



3.2 DATA COLLECTION AT EACH SITE

3.2.1 METHOD FOR VEGETATION COMPOSITION

L rcint metncd which 1s essentially a method for expressing
Lotanlzal compesitlon 1n terms of cover (Brown: 1957) was used in
this study, aithough 1n this case the method was modified. A 50m
Locny string with a pole at each end, was used. This string was
marxed at 1 m 1nterval. The string was stretched, then the
experimenter used a polnter made of wood to polnt at the species
which coincide with the marked points. The diameter of the
polinter was kept as fine as possible because its diameter can
affect the results (Goodall: 1952). In each case 1f the species
was hi1t directly the name of that specles was recorded next o
“ne pocint numpber, 1f the hit was not direct and there was no
other glant within a radius of 15 cm, the point was recorded as
bare, so there was either a hit or a bare recorded. This can be

supporzed by Brown (1957] when she mentions that usually on

nse swards any above-ground part of the plant 1s recorded as a

Q)]

hit, some workers count only hits on the base of the polint

Clarke et al: 1942).

Starles (1945 counted hits made on vegetatlon present 1n the
f:rst inch abcve the surface of the ground, and a point which
failed to touch a plant was recorded as bare space. However,
rhis me-hod still has some limitations, Brown (1957) also shows

trat the relative merits of the different methods o©f recording
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TS nave pesrn studied and compared. When only the first planc
n1T L& reczcrued, there 1s a tendency for the tall plants to be
niT mcre fresguently than low or prostrate ones. When only hits
at ground level are counted, the creeping grasses and prostrate
nlants secure more than their fair share of hits. When all
specles encountered are recorded as the pointer 1is pushed to the
crcund, then the shorter plants are placed on a parity with the

ller ones (Tinney, Aamodt and Ahlgren: 1937).

The following citations are used to justify the choice of number
of points for this study. For a pasture, where information on
dominants only was required, Levy and Madden (1933) considered
105 pcints to be sufficient, because they were focusing only on
the dominants, whilst 400 or 500 points could be considered for
the less abundant species. Crocker and Tiver (1948) tested the
number of points required for reliable sampling of pasture fields
in the south-east of South Australia, each field being 14 to 150
ha 1n area and widely different in botanical composition, soil
type and past history. The standard deviations and coefficient
of variability indicated a decrease 1n variability with increased
numper of points. The decrease 1in variability was particularly
marxed petween the 100 and 200 point level, [ 3s so betwe 1 the
250 and 300 or the 300 and 400 point level, 1t was scarcely
evident above 500. Their tables show that with 100 points

analyses are too inconsistent for even broad ecological studies.
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Tn= marked aztrease 1n the 200, however suggest that so far as
T ZIrminant specles are concerned, the optimum number of points
or & compromlse  between accuracy, speed and practical
re_lac:ility 1s to be found in this range.” (Crocker and Tiver:
R I A sparsely covered area requlires more points than one
wr1zn s well covered (Brown: 1857). In a lowland veld of
_=sctnz, cover of apout 50= of the vegetation can be sampled with
20J poilnts in 2 ha and 4 ha plots. In pastures 1in the Transvaal

high veld where there 1s a high proportion of bare ground, West

11937, used 1000 points.

Iz has been calculated that to reduce the standard error of the
mean to less than 102 for dominant species and 5% for the less

apbundant specles 1t would be necessary to test 400 to 1500 and

J

2400 to 4000 points respectively. To reduce the standard error

{

cf the mean to 1s approximately 80,000 points would have to be

ct

ested (Clarke et. al. :1942).

After the completion of all the 50 points, the experimenter moved
five paces within the same homogenous vegetation area and made
another set of 50 points making a total of 100 points, another
five paces were taken and the last set recorded. So that at each
“te 150 pc 1ts were recorded. In the same nerve, Brown (1957)
“2s that the number of points does not depend on the size of
=ne fi1eld but rather on the nature of the vegetation, 1ts
varilety, the closeness or sparseness of the cover, and also on

the part of the plant on which hits are to be recorded.



tuay, those plants which ccoculd not be identified by the

sxperimenter 1in the field, were collected, given an
~dentlIlzaticn number, preserved and taken to the herbarium for
_xentlilczaticn

The basal hits and the nearest plant recording (to l5cm) were

both recorded as hits and only in the absence of any plant within
a lbcm radius was recorded as bare.

Wren calculating the percentage composition for each species, the
umber of hits of a particular species were checked from the
record of that site, that number of hits was divided by 150 which

was the total number of points per site and multiplied by 100.

[

instance, in site 2, Ariscida congesta had 48 hits recorded

@)

out of 150 points, therefore its specles composition or abundance
value was calculated as follows:

48 X 100 = 32,0 %

150
The results of these recordings can be found 1n tables on Species
distribution table 3.3 and table 3.4. The percentage composition
was ca.culated for every specles using the formula;

NO. £ Species A X 100

O

152
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3.2.2 SOIL SAMPLING
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collected at each site, for the sake of
unzfcrmity on all sites. The soill sample was taken at every point

number 25 of the transect 1n the middle.

Sm 45m $5 paces
- — — = — —
25m 5 paces
Soil sample T
- -+ +— +— 1
5m 45m

sample was collected at the middle transect at point 25 as shown :n
re for all the 70 sites under consideration.

The soil sample was collected and labelled according to site
number . E.g. site number 10, the soll sample was gilven number

10.

Localised differences in the soil that were not represent:tive of
the site were avoided, for 1nstance, where a bed rock had been

obviously 1t noved, or where dropplngs of a rhino were visible.

The purpose of testing any soil sample 1s to obtain information
about a particular soil (Black et al.:1965). For any population,

thus 1n this case being the larger aggregate of the soil material



Tatvoioae L. Thzss may Inzluds the percent organlZ matter,
smIunt of siluble salts, or the pH value. The purpose of
sampliny ners Tr taking Just a cupful of scil was to estimate
“rnese chnaractsristics and others such as cation exchange capacizy
JIT o an aciuracy wnich would meet the researcher’s needs at the

lcwest possiple cost both money and time.
The sample was taken at the topsoil down to a depth c¢f about 10
22 m with the belief that 1f the population was relatively
remcgenous, a very small sample might tell us all we desire to
Know about the population. With soils, however, variation and

heterogeneity seem the rule rather than the exception (Black et

[
O
(@)Y

£5) .

=1 .
aLl. .

3.2.3 BIOMASS DETERMINATION

Biomass or standing crop 1s defined by Kent & Coker (1932} as the
amount of plant material present 1n a quadrat at a given time.
The harvests or cut welghts that were collected from the field
were taken to the laboratory, dried in the oven for 24 hours at
the temperature of 105 °C and then weighed. The results were

re-crded 1n grams to two decimal places (refer table Z).
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Jegetation 1s cut, separated 1ntc speciles

z samp.s cf the -egetation is cut and the relative weigh:
cf each species 1s estimated by eye in the laboratory
- the relative welghts of species in sampling units are

imatea 1n the field
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welgnts are estimated in the field by means of plots

W

Cf all these procedures, the first one seems to be the most
accurate of all for critical 1investigations regarding the
pehavicur of species and strains 1in seeds mixtures, 1n manuring
tria_.s and 1n studies on the effect of management. Brown (1857)
confirms that 1t has been developed chiefly for measuring
accurately small differences between pastures of the dense humid

type. The other three procedures are for surveys, preliminary

or

rial.s on dense pastures, and trials where big differences 1in
results are expected, as on natural grasslands, rangeland type or

any land which has been developed to Z:s full capacity.

In this s+tudy, the species were not separated, only the total
welgnt of the species was recorded. Poulton (1948) thinks there
is a case for using the accurate cuttling and welghing technigue
cn range land, since sampling intensity 1s a function of the

heterogeneity of the vegetation and not of 1ts extent, the number



SIOSaniolnT LILlTS nesSd NI2T pe excessive and therefore the tTime
rezxuired for sampling and analvsis should not deter anvone from
WSInT Welght z2s the criterion of measurement.

3.2.3.1 HARVESTING

Living plant pbiomass was harvested in 0.5 m x 0.5 m plots at
go-nts 5Sm, 45m of first and last 50m lines, and at point 25m of

L2 line 1n each site.

{ 5m] 25m [(45m] l
5 paces
} - : E |
5m [25m] 45m l
5 paces
| l |
[5m] 25m [45m]
, 50m

Figure sniwing the harvest positions at each transect in each of the 70 sites.



CniZczrmIty in o heilght fZr cutting is very imposrtant. This was
vainTainad Dy gulding the worker with four small rlack poles with

—r:ny tied arcund the poles. The cutting was done kelow the

for reasons of keeping fixed distance from the
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Clicpings were made by the hand shear and the harvest placed

[5

inside the brcwn paper bag. The paper was labelled according to
the site numper first, then the point number, thus for each site
there were five harvest samples, two polnt 5's, one point 25 and
twos point 45's, as shown 1in figure 5. The paper bags were
labelled from harvest one to harvest five respectively.

Example of a label : 10.2, Number 10 represents site number
and the figure 2 represents harvest number two. All labels for
site 10 were written as follows: 10.1, 10.2, 10.3, 10.4, and

0.5,

Brown (1957) supports that small area, up to a square metre oOr
square yard are usually cut by hand with shears. Shears can deal
with nerbage of any height, and an efficient or experienced
worker can clip plots guicker than any machine. For the finer

rass 3, shears are handy because they hold the clippings.

Q
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3.3 SOIL ANALYS .S

5
§3]

_yses procedures were conducted by the researcher
helr c¢f the soil science technicians at the Faculty of
~Aricu.tura. Science laboratories of the University of North
The fcllowlng analyses were conducted:

c1l texture (percentage of clay, sand and silt)

cation exchange
- determination of K, Na, Mg and Ca.

- determination of organic carbon

3.3.1 SOIL COLOUR
So1l cclours are most conveniently measured by comparison with a
co_our chart. The collection of charts generally used with soils

is a modified ve sion of the collection appearing in the Munsell
“Book ¢f colour” and includes cnly that portion needed for soils,
about one-fifth of the entire range found 1in the complete

edl<ion. {(Munsell soil colour charts : 1975).

The seven charts in the Soil Collection display 199 different
standard colour chips systematically arranged according to their
Munsell notations, these cards are carried in a loose leaf
n

1czebock., The arrangement 1s by the three simple variables that

o

combin to describe all colours and are known 1n the Munsell

's—em as Hue, Value, and Chroma.

¥7]
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~lrntness) and the Chroma notation indicates its strength {or

[

n=nousing tne colour charts accurate comparison was obtained by

nolaing tne soll sample placed in a test tube directly behind the

ap=srrtures separating the closest matching colour chips (Munsell

=L Tolzar zhartTs: 1975,
3.3.2 SOIL TEXTURE
3.3.2.1 VALUE OF TEXTURE IN PLANT GROWTH

The mireral particles cf a scil, range 1n size from those easily
discernible with the naked eye (stone, gravel, and sand) to those
=ven pelow the range of the electron-microscope (colloidal
IImplexes: . This 1s Just the relative proportion of mineral
zonstituents classified according to thelir size. It determines
2 a conslderable extent soll porosity and, consequently

cermeaclility to alr and water, which are essential for root life

many processes that take place 1n soil. Foth et al. (1876)

[¢1)
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93
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maxe a point that the texture of the soil largely determines the

and nuTrients. In addition, texture also affects the total
armcunt and size of the individual pores which for the most part

determines the rate and amount of alr and water movement through.
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water intake, water supplying power,
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na aeration are all closely related to soil

& nigh content of coarse constituents usually lncreases porosity.
But clay humus bond single soll grains together into larger
acgregatas. Buckman & Lyon (1943) also show that the texture of
2 so.. 1nfluences the percentage of humus and nitrogen present.
L sandy scil, for example, usually carries less organic matter
and rnitrogen than one of a heavier nature. This 1is probable due
to the lower molsture content and to the more ready oxidation
that occurs 1n the lighter soils. Soils 1lying along streams,
pecause of their moisture relations are generally much higher in
organic residues and nitrogen than their upland equivalents.

The lime content of a soil, its drainage and erosion, 1its

vegetative cover, and the vagaries of weather are other factors

1 —
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rt an 1influence upon the accumulation and the

3
&}
(]
X
m

activity of the soil organic matter and 1ts nitrogen.

Helling, Chesters and Corey (1964) found that 1in soills with
aniform clay mineralogy, about 92 per cent of the variation 1in
Zation Exchange Capacity (CEC) could be attribut 1 to their clay
and organic matter contents. Solls high 1in organic matter have
a potentially "arge ( I which 1is pl ¢, >ndent. One reason why
many natural peats are infertile 1s that their low pH values ( 3
- 4) result in low CEC. The pH-dependence of organic CEC 1s well

]

ustrated by Helling, Chesters, and Corey (1964).
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TaTE £ SCL. Crgjanic matter to the permanent and pH-dependent CEC
crooerties of several clay soils in the southern United States.
They Izund tnat 1n montmorillonite-dominated soil, removal of
crganiz matter caused as increase 1n CEC while in soills of mixed
clay mineralogy, removal of organic matter resulted in a decrease
3.3.2.2 DETERMINATION OF SOIL TEXTURE

The texture of a soill can be determined by manipulation of moist
soil 1n the hand, the feel method, or by a laboratory method such
as the Bouyoucos hydrometer method 1f greater accuracy 1s

reguired. This 1is the method which was adopted in this study.

Fifty grams of soill from the collected dry sample was placed into
a 250ml beaker. It was transferred into the milk shake cup, and
to this 20ml of calgon solution was added. Calgon solution was
made by dissolving 35,7g of Sodium hexametaphosphate [ (NaPO,).]
and 7.%4g Sodium carbonate (Na-C0O,) in 1 dm de-ionised water. The
main function of this solution was to break down small colloids
chemically. Wat¢ was then added to the cup and stirred for 10
minut 3 with milk- 1aker shaker br 31ks down soil
prartic.es physicallyr. After shaking, this was transferred into
a measuring cyiinder of volume 1075ml and covered to prevent any

lcss through evaporatlon.



and  ssdimentacicn. Dlspersion deals with the

seraraZion of individual so1l particles so that they remain

s2rarazed Zuring the determination, to accurately indicate
TarTiZ_e size distribution.  Since aggregates of solid particles
zre usaawxy neld together by some kind of binding, it 1is first

73
[§9)

()

essary tc remove these substances, or at least render them

[

fIfective, this 1s the role played by Calgon solution. Once

[¢0
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the ccmpound particles in the soll are separated into individual

s, are said to be dispersed (Foth et al. 1974).
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Sedimentaticn concerns the settling rate of the dispersed
particies. Large partlicles are known to settle cut of suspension

more rapidly than do small particles. This 1s because larger

rarticles present less speclific area, hence less buoyancy than
small gparticles.

3.3.2.2.1 SAND DETERMINATION

The stop watch was used to record the time. The solution that

was prepared 1n section 3.4.2.2 above, had to be shaken and the
time of stopping to shake was recorded. After 4 minutes the
nydrometer was inserted and the reading from the hydrometer
raccrded. The temperature here plays an important role kecause
when The temperature was low the hydrometer reading was high, but
when the temperature had increased then the hydrometer did not go

v=2ry deep nhence a low reading. Foth et al. (1876) cites that the



STElTL I WaTaroand 1ts viscosity botn change so that particles

.= Iaster wlth 1ncreased temperature.

I
e

e —aple which glves the percentages of sand (Appendix B) with
“n2 c-ocmrpariscn of the hydrometer reading and temperature was
g2d., The recorded hydrometer reading was checked across under
tne ccrresponding temperature reading, and the percentage of sand

recorded under the specific hydrometer reading and temperature

N2

[e¥)

ch samp.e was recorded.

3.3.2.2.2 CLAY DETERMINATION

The procedure for this was simlilar to the one for sand, except
that for clay, the same solution that was prepared in section
3.4.2.2 above was shaken, time recorded and sample had to be
left fcr 8 hours after which the hydrometer would be immersed.
The temperature of each sample was also recorded in this case.
The lower the temperature, the lower the hydrometer reading, and
higyner the temperature the higher the hydrometer reading as well.
Tnis showed that in cool solutions the particles take a longer
time to settle and that they settle faster in warmer solutions.
The table also has hydrometer readings and temperature recordings
acrcss, therefore to find the percentage of clay, the temperature
recorded for a certain soilil samp @ 1s checked against the

corresponding temper: 1re, and the value found tl@ rce 1s recorded

~

that represents the percentage of clay. (Appendix A - table

for -2ay in soil, Appendix B- table for sand in soil).



3.3.2.2.3 SILT DETERMINATION
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3.3.3 DETERMINATION OF CATION EXCHANGE CAPACITY

{Ca, Mg, K AND Na}
(1) Value or role of cations in growth or species distribution;
Tre clay and humus fractions of the soil are made up of extremely
small colloidal particles. The particles have a large surface

2r unit volume and because of thelr structure have a net

W
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el

negative electrical charge. Cation (lons with a positive (+)

\

crarge) are attracted to the negatively charged surfaces and
include 1ions such as Ca, Mg, K and Na of the clay and humus
particles. This capacity to attract and adsorb cations 1s called
“ne cation exchange capaclty of the soil. One of 1ts most
siyrnificzcant f=zatures 1s that 1t 1s a temporary storencuse for
Larye guantit-es of available nutrients such as calcium,
magres.um, and potassium that are partially protected from

e availlable for plant consumption.

b
(1
QO
1
D
}
3

R

b
41
ct
&3]
s



()

ne reascn wny these were determined 1n the
=3, Under natural conditions when exchangeable

ca.cium, magresium and Potassium are removed from the clay and

)
!
3

aumus £y 1eacthing or plant apbsorption, they are replaced by

hydrogen. This exchangeable hydrogen 1is responsible for soil
acidity {Foth et al. : 1976).
(i1i) The role of ammonium acetate in this procedure:

Ammonium acetate has been used here because of its wvaluable
Jualitles. Firstly, it is highly buffered. As a result, when
a neutral one Normal (1N) solution of Ammonia acetate i1s used to
saturate a soll with Ammonium, the last part of the solution

leached through the soil emerges with the same pH as the solution

added.

Secondly, Ammonium also has special advantages 1in connection with
measurement of the cations displaced from soils. However,
Ammonium acetate has some disadvantages. With soils of high
organic matter content, and with soils containing appreciable
kaolin, halloysite or other 1:1 type clay minerals, it will often
give somewhat lower values for exchange capacity than the Barium
acetate or Bair’ ct " o1 de-triethanc ar " le methods (Mehlich:
1245, This 1s due to the less cc¢ _le = replacement of adsorbed
hydrecgen and Aluminium i1ons by Ammonium acetate. Also with soils
which contain vermiculite clay, interlayer cations such as Ca,

Mg, Ha or H can be replaced by Ammonium, but the Ammonium so
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croCedarae ners constitutad twe maln steps, that is extraction and
dzTerminaticon
3.3.3.1 EXTRACTION

For the extraction part, 10g of soll was measured and, placed in
a 1J.cm centrifuge tube, stoppered tube, stoppered and the mass

2f —ip2 and scoil was determined.

3.3.3.1.1 FORMATION OF SOLUTION A FOR DETERMINATION OF

Ca, Mg, Na and K
50cm’ of 1 mol dm® Ammonium acetate solution was added and shaken
horizontally by an electric shaker for 60 minutes. The sample
was removed from the shaker and left overnight. It was then
centrifuged at 3500 rpm to obtain a clear supernatant solution,

this was done for 10 minutes.

The supernatant solution was then decanted as completely as
possible into a 100 cm’ volumetric flask, without losing any soil.
Lgain 50 cm’ of 1 mol dm™” Ammonium acetate solution was added to
the scil and shaken well by hand to ensure that the soil had
dispersed properly. This was then placed on shaker for 30
minutes, centrifuged and clear solution decanted into the same
2JJ cm wolumetric fiask. The wvolume was then made up with
Ammonlum acetate solution. This was filtered and kept for the

determination of Ca, Mg, Na and K and was labelled solution A.



3.3.3.1.2 DETERMINATION OF CALCIUM (Ca) AND MAGNESIUM (M )

T: Zstermine Zalcium and Magnesium, 5 cm® of Ammonium acetate
=xTracT  scluticn A was plpetted into a 200 cm’ volumetriz flask.
15 cm La- sclution and 10 cm’ of 6 mol dm™” HCL were added *to
dissclve any creclipltate. The volume was then made up with de-
icnised water. CZa and Mg were determined on an atomic absorption

spectrophotometer.

In the absorption method light of the proper wavelength 1s passed

1

through the rame 1n which the element Dbeing determined 1is
-present. Light 1is absorbed by the neutral atoms and molecules.
Ca" and Mg~ are not easily excited therefore they need a high
temperature flame which can be obtained from an atomic absorption
spectrcphotometer. OCn the other hand this high-temperature flame
favours the line radiation of Ca-" and Mg~ since with an 1ncrease
1n temperature there 1s an 1ncrease 1n neutral atoms through
dissociation of molecules containing elements. As the temperature
increases, interferences are reduced for Ca“" and Mg~ because

“here are more neutral atoms avallable for excitation and fewer

atons combined with O, CH, P, Al etc. (Black: 1965).



3.3.3.1.3 DETERMINATION OF SODIUM (Na) AND POTASSIUM (K)

Nrzn esxclted atoms, 1ons and molecules return to lower energy
i=vels, _lght at characteristic wavelengths is emitted. Excited
atcms  and  1ons  gilve “line” radiation at very definite
waves_sngths. The wavelength of the spectral line wused for

ctassium 1s 7£%,5 nm on the atomic absorption

t
o]
'O

spectrophotometer. The most useable emission spectra for sodium
analysls are the 589,0 and 589.6 nm lines. All alkali metals are
easily excited by a flame therefore to reduce interferences from

other elements and to lessen ionisation, a low {(cold) flame 1is

D

recommended. This 1s mainly because K’ and Na” are more easily

excited than Ca™” and Mg-".

3.3.4 DETERMINATION OF ORGANIC CARBON

Schellenberger (1927) proposed that organic material in soil may
be oxidised by treatment with a hot mixture of K.Cr-OC- and

sulphuric acid.

After completion of the reaction, the excess dichromate 1is
titrated with 1ron (II) ammonium sulphate hexahydrate. The
reduc 1 dichromate is assumed to be 1 7alent to the organic C
present in the samp. .= assuming that soil organic matter has an

average valence of zero.



3.7.4.1 PROCEDUT —

Scll was Jround to pass a 0,35 mm sieve, using a porcelain mortar
Znd o resT .=, .3 of dry soi1l was transferred to a 500 cw’
Er_enmever Ziasx. 10 cm of K-Cr-C- solution was pipetted to the
scl. samr.2, the flask was then swirled to disperse the soil in
the solution. 20 cm’ concentrated sulphuric acid was added to

the solution, the flask was again swirled rapidly and more
-y for about 1 minute. The flask was allowed to cool

fer 20 minutes.

150cm’ de-ionised water and 10cm® concentrated ortho-phosphoric
acid were added. 1 c¢cm’ Barium di-phenylamine sulphonate
indicator) was added, titration was then carried on. As the
end point was approached, the solution colour changed to a dark
violet brown. Iron (II) ammonium sulphate was added drop by drop
until the colour changed green. Necessary readings were recorded,

nd calculations for the organic carbon were carried out. The

o3

answers reflected the amount c¢f carbon in 1lg of soil since only

1 g cf soil was used.

3.4 DATA ANALYSIS

Multivariate analysis was chosen for this study. The basic

M
O
Hh

curncs tsing multivariate analysis 1n this research 1s that,
this <type of analysis of community data tend to minimise

redundancy, reduce noise, elucidate relationships, and 1dentify



-

7ides relatively autcmatic

N
1
L
3
n
OB
o
{
)
3
t
C
(@9
]
t
(1
o
b
[
O
3
ts
@]

et e = = D

vel of abstracticn from raw

(D
(1
ot
}
M
'y
M
{1
-
]
[
O
[
w
o)
-
th
cf
3
03
«Q
-t
o)
Q)]
s
D

¢t
[SY)

convenzently collected in ter: of specles abundances in

{2
A1)

q

D
w

[92]
8y

ey~

To community-level properties such as community types and
_cw-dimensional representations of community gradients (Shimwell
2271, Whittaker :1978). The environment and community are

defizned by a multiple of variables which often interact or have

an influence on each other.

Multivariate analyses also serve to relate communities to other
kinds of data, including environmental and historical data.
Results from multivariate analyses also serve to 1lmprove our
understanding of communities, making possible better models of
communities. Improved community models then provide the basis
for designing more appropriate and effective multivariate

methods.

For the purpose of this, the arrangement of unit (internal

analysis) of the samples-by-species data matrix progresses well

because this matrix contains sufficient information. (Lambert
and Williams : 1962). However, in contrast, the environmental
interpretation (external analysis) involves searching for

correspondence between community varlatlon and environmental

Ve L



ryrated System .or Plant Dynamics) was

D

wsed. 1383 s a software package which enables the user to define
relativel.y NIMCOYEnOUS grazlng areas, construct vegetation models,
and store relevant data for each of these areas in a data base.
he package also provides the user with a framework by which the

~a S ~ 3
mooa.Les IZr Tond

ot

icn and grazing capacity assessment and for

b

defining appropriate management options can be prepared for
direct 1mp.ementation in any area of natural vegetation. This
was Dpbasically used for model <constructions which use

crainaticns of sample sites.

The numbers of sites were recorded, specles were also given
numbers, which were recorded and followed by their abundance
scores which were obtalned from the percentage composition
calculaticns. Only eilght species were entered 1n a row, beilng a
regulirement of the software format The format 1s called Cornell
Ecological Programs format (CEP) (Hill: 1981). The species
number and the abundance score within each couplet were laid out
in the column specified by the format statements. If there were
more than eight species present in a site, then the site number
was repeated at the start of the next row and the remalning

species entered in the same way. A two way table data matrix was
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o2z 1.33 32 0.¢7 31 1.33 32 0.67 33 0.67 34 4.00
4 22,00 < 3.23 3 25.33 7 5.33 © 1.33 8 11.33 16 0.87

.33 2¢ 2.00 10 3.33 1 ©.e7 5 0.87 13 0.567

t
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‘nze all the data had been entered, the next row had zeros
instead cf a site number. This means that there are no further
ata. After the data terminator (zeros), fcllowed the species
names, starting on a new row, these were written in the same
order as the speciles numbering of the raw data. For each species
name, eight columns were used, split intc two groups , four first
_etters to represent the genus name and one space between, the
cther three for the speciles name, hence Chloris virgata would be
ZHEL2 VIR. Up to ten names were entered on one rcw and further

names continue on the next row. The result looks like a jumble

of letters. Example:

ANTHARG ARISBAR HETECON ARISCON BULBBUR POGOSQU BRACNEG MELIREP
ZRAGECH ERAG TRI
ZZCIERI ARISSCA TRICGRA EUSTPAS ARISDIF ANTHPUB CYMBVAL DIHEAMP

EPAGSUP ELIC MUT



ne speclies names, and starting on a new row, the same

CrIrzlole was app.ied to the sites. _ight columns were used to
~dentify e=ach site. Here the word ‘survey’ was used to record
s>Te numpers. One space was left between the word survey and the

en names and numbers were fitted on one line and the

next ccocntinued on the next line.

EXAMPLE:
SURPVEY 1SURVEY ZSURVEY 3SURVEY 4SURVEY 5SURVEY 6SURVEY 7SURVEY
Z3CRVEY SSURVEY1O0

SURPVEY1I1SURVEY12SURVEY13SURVEY14SURVEY15SURVEYL6S5URVEY17SURVEY]

8SURVEY1SSURVEY20
3.5.1 ORDINATION TECHNIQUES
Ordination  endeavors to represent sample and species

relationships as faithfully as possible in a low-dimensional
space (Anderson: 1971, Orloci:1978, Everitt:1878, Noy-Meir:1979).
The end product 1s usually two or more-dimensional graph, in
which similar samples or specles or both are near each other and
dissimilar entities are far apart with simililar sites ending up in
zlose proximity to each other. The technigues used in this stud

were DCA(Det: 1ded cor: spondence analysis) and DMOC (I jradation

Mcdel Construction) .



Y

3.7 DATA REFINING

Habitat wvariations occur within a particular rainfall zone, this

]

thereZizre lead to large variatlons or nolse 1n the data
ZusTin 27 al.: 1981, Gauch: 1982) which make the identification
>I a rel:arle degradation gradient 1impossible. The 1initial
results showed heterogeneity 1in the ordination results, because
“his was the first step in the analysis procedure, which was done
by means of detrended correspondence analysis (DCA) (Hill & Gauch
1980, which 1s suitable for data sets with relatively long
gradients (Gauch :1982). The ordination results of this data
were under the influence of various habitat factors which were
investigate.. to identify possible relative homogenous vegetation:
habitat groups within the data set. The sites for this study
were deliberately selected to represent differences caused by
grazing, degradation gradient should occur on the first axis.
For this reason, the second and higher are combined into a single
value, that 1s the residual or distance off the first ordination
axis. The resultant ordination plot therefore differs from the
customary plot of the first axls agalnst the second. This was
not the case witnh the initial ordination. It can be noted on the
rdination results for all the seventy sites that the ordination
does not represent any < 1gle factor. Most =~ tf N
sumbled togetl < towards the centre of the graph not spreading
accordingly to any axis. Under these clrcumstances re-ordination
was necessary, the spread of the samples on the graph was also

net i1ideal i.e spreading evenly throughout the ordination graph.
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oz data were tnen split intc two  sets accord 1g to texture of
sc.ls as this was found out to be one variable which mijat have
centributed to ordination results. The two groups were subjected
to poth DCA and DMCC ordinations and the results were acceptable.
3.ces which were considered outliers were removed from the data
mactrix, Dbecause these were with residuals larger than an
arbitrary 50% of the Euclidean length of axis-1. The position of
sites on the ordination axis 1indicates the position of the
samples along the degradation gradient, but the position along
the residual axls 1indlcates a gradient 1n model fit or
appropriateness (from good to poor). Thus, 1f samples are too
far from the first axis, the ordination model does not provide a

good fit to the data.

After dividing the data into sets, ordinations were carried out
on each set. The first set, which 1s referred to as model A, had
three samples with residuals larger than an arbitrary 50% of the
Fuclidean length of axis-1, were discarded from the data matrix,
and the ordinations repeated. This model has 26 sites with the
first axis going up to 89.5 and the second axis going up to 38.7
these axes are for the DMOC results (fig. 9.1). For the second

set referred to as model B, six sites were also discarded for the

same reason and the first axis went up to 70.1 while the sidual
v 31.1 DMC . ation (f° . "7 .1).
¢ ~hatilons ¢ tained aft : that, satisf: 1 o1 of ti conditions

that the second axis should be half or less of the first axis.



CHAPTER FOUR

RESULTS

Table 2

BIOMASS RESULTS OF ALL 70 SURVEYS

Results of biomass taken from the five harvest samples of each plot,
dried in the oven for 24 hours at 105 °C and weighed. Mean Dry weight
1s recorded here, standard deviation and yield per square metre as
calculated by multiplying the 0.5m X 0.5m plot weight by 4 to give the

yield in grams per square metre.

SITE NO. TN DRY WEIGHT STANDARD DEVIATION YIELD PER Sg.m
1 c2.74 11.37 250.96
2 =3.48 16.34 253.92
3 90.¢€2 52.58 3€2.48
4 75.46 42.96 301.84
5 ©5.28 10.39 261.12
2 £3.90 13.55 255.60
7 £9.58 22.07 278.32
8 58.62 14.28 234.48
S 70.90 21.19 283.60
10 53.26 11.94 213.04
11 54.78 7.32 219.12
12 £1.80 4.94 247,20
13 50.64 15.72 202.5%6
14 48.14 17.25 182.5¢
15 15.24 3.47 ’ €0.96
16 56.54 8.660 226.16
17 64.60 15.23 258.40
18 5¢.44 28.64 225.706
19 19.76 0.84 79.04
20 28.18 11.84 112.72
21 2%.00 31.83 276.00
2Z 52.38 13.91 209.52

3 - : L
24 £3.57 30.45
25 £2.36 20.37
2e 53.38 11.79% 213.52
27 24.54 13.36 258.19
Zc Z1.44 25.39 85.7¢
2¢ 2Z.50 13.01 90.20
30 c2. 88 16.23 238.72
31 1T ed 15.85 70.56
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SI~_ NO. MEAN DRY WEIGHT STANDA =~ DEVIATION YIF™O PER Sq.

32 25.10 22.70 100.40
33 42.50 27.39 170.00
34 35.5%6 11.86 142.24
35 a7 .c4 12.75 190.56
3z 17 .4¢ 16.11 189.84
37 23.52 19.56 234.08
38 22.20 15.58 200.80
35 43.25 15.88 193.04
4¢ £2.20 18.97 276.80
47 ©5.42 19.79 261.08
4z 45.54 11.26 162.16
43 21.52 13.81 246.08
44 48.44 7.75 193.7¢6
45 57.32 22.75 229.28
45 50.86 7.37 203.44
47 42 .22 6.85 168.88
48 43.60 10.19 174.40
49 52.06 10.83 208.24
50 50.94 7.28 203.76
51 67.28 14.64 269.12
52 49.5¢6 6.03 198.24
53 60.34 11.14 241.3¢6
54 42 .86 16.12 171.44
55 59.064 37.69 238.56
5¢ 54. 34 15.06 217.36
57 58.28 21.71 233.12
58 51.88 12.69 207.52
59 42 .68 9.92 176.72
0 57.32 7.68 229.28
ol 58.08 9.32 232.32
€2 70.12 11.27 280.48
63 59.28 23.89 277.12
64 84.82 21.07 339.28
65 61l.56 ' 23.92 246.24
66 54.08 4.79 216.32
67 59.98 21.32 239.92
68 77.58 23.64 310.32
69 €4.38 8.49 257.52
70 93.52 22.94 254.08

The results recorded in the above table show the information on
b

fcllowed by 1e mean weilght recordings in column two, these

a

zve been calculated from the five harvest which were made from
each site. The mean is often defined to be the average of

values of the distribution, and it is the most commonly used
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Zre peraase of Lts simplicity and other theoretical

=% rantages. The mean values for different sites were recorded

Tarzance was measured 1n units of squared observations, to
crTaln the measure of spread in the same units as the mean, the
Cccsitive sguare root of the variance was used and this 1is

called Standard deviation. These are the values recorded in

cclumn 2 of table 2.

The two values, mean and standard deviation, are often
different. They are neither directly nor indirectly
proportional, thus one cannot conclude that for sites with
higher mean values their standard deviation will also be high
cr will be low. That 1is the reason, why these are two
independent measures. The third column of the table shows
readings for yileld per sgquare metre, which were calculated for
each site. The mean which was calculated for a 0.5 m x 0.5 m
piot was multiplied by 4 to convert the yield to yield per

sguare metre.



CONSTRUCTING THE HISTOC™™M

wrnen plotting the histogram, the biomass results were first
yroured 1ntc yield per square metre classes of equal width i.e
2.7 as snown in the table 3 below. All 70 results in table 2 lie
rcecwesen <C.vcg and 3¢2.48g on the working scale and was divided
-ntz 11 ciasses by taking a 30g class-width. Table 3 was used to

the raw data into classes with a wide column in which
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‘slash’ was made as each result was entered and every fifth

)

s_.ash was made 1in the reverse direction to form a cluster of 5
fzr zonvenience 1n totalling. Each result was entered only once.
After entering all the numbers, the number of slashes were
counted, recorded and added up to a total of 70. The cumulative

freguency, Zolumn was also entered. The last column of the table

Table 3 DISTRIBUTING THE 70 BIOMASS RESULTS INTO WEIGHT

CLASSES
CLASSES FREQUENCY CUM. FREQ. PERCENT.
=0 - 90 // 2 2 2.85
22 - 120 / 1 3 1.43
Lo.-250 / i 4
12l - 188 /177 / 6 ") 8.57
18I - 218 110 14 24 20.00
212 - 240 AN Y YN 16 40 22.8¢

[0S L8 58 25.71
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R ey 4 8 5.71
TIlo- 3EC / 1 69 1.43
EE ST / 1 70 _1.43

70 99.99

INTERPRET™ ™G _THE HIS™""RAM

Tn2s histogram 1s regarded as a useful summary of a set of
plomass results taken from Botsalano game reserve. Firstly, the
highest bar, the 240 - 270 class in fig.6 1s referred to as the
modal class, or one can say the class which contains the mode.
Just like the arithmetic mean, the mode belongs to the category
of parameters referred to as ‘measures of central tendency.’
"Wardlaw: 1985) The tallest bar may contain the mode but 1is not
itself the mode. The histogram itself is a frequency diagram

because 1t shows the frequency of occurrence of results with

particular classes. For 1instance, the tallest bar, which
represents the class of 240 - 270 contains 18 observations and
therefore has a relative frequency of 18/70 or 25.71%. The area

under the whole histogram represents 100% of the population of

results.

The central 5 bars divide the histogram into central zone, which
ccntains a majority of the observations, leaving ‘taills’ on each
side. The central area represents 60 of the 70 observations,

which corresponds to 85.71% of the total number. There are the
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Fig. 6 Histogram showing the biomass results for all the 70 sites under considreation



_ow=r and uprer +tails of the distribution. The lower
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ccntaining 5.71 = of the observations and the upper tail 8.5

~]
v

v explalned here to show that the relative area
wriTn o 1s vertically under a part, or parts of a distribution 1s
3z direct measure of the relative frequency of occurrence of

cpservations in this case belng the yleld per square metre of the

sites taken.

Tables 4 and 5 the distribution of species in different sites,
each abundance value is recorded as calculated using the formula
shown 1in section 3.2.1 of chapter three. Each species presence
1s indicated by the value recorded for each site, where zero 1is
recorded means that particular species did not occur in that

site.















Table 6 SOIL COLOUR RESULTS FOR "~ . 70 SITES

So1l colour results of the sample plots in the total data set, taken by

comparing the soil samp 2 against the Munsell Soil colour charts. This
1s arranged by the three variables that combine to describe all colours,
thus Hue, Value and Chroma describing tl colour, light: ;s and strength
of the soil respectively. Reddish brown tend to be the dominant colour
for all the plots. Soil samples were collected from Botsalanc Game Reserve

in March 1998, soil colours were confirmed on daily basis after

collection.
SITE NO. SOIL COLOUR
i 10R 3/1 Dark reddish gray
2 10R 3/1 Dark reddish gray
3 10R 3/1 Dark reddish gray
4 10R 3/1 Dark reddish gray
5 5YR 4/4 Reddish brown
€ 5YR 4/4 Reddish brown
7 5YR 4/4 Reddish brown
8 5YR 4/4 Reddish brown
S 5YR 4/4 Reddish brown
10 5YR 4/4 Reddish brown
11 5YR 4/4 Reddish brown
12 _ 5YR 4/4 Reddish brown
13 5YR 4/4 Reddish brown
14 10YR Dark brown
15 5YR 4/4 Reddish brown
16 5YR 4/4 Reddish brown
17 5YR 4/4 Reddish brown
18 5YR 4/4 Reddish brown
19 5YR 4/4 Reddish brown
20 5YR 4/4 Reddish brown
21 5YR 4/4 Reddish brown
22 5YR 4/4 Reddish brown
23 5YR 4/4 Reddish brown
24 5YR 4/4 Reddish brown



SOIL

5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
S5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR
5YR

COLOUR

Reddish
Reddish
Reddish
Reddish
Reddish
Reddish
Reddish

Dark reddish gray
Dark reddish gray
Dark reddish gray
Dark reddish gray

Reddish
Reddish
Reddish
Reddish
Reddish
Reddish
Reddish
Reddish
Reddish
Reddish
Reddish
Reddish
Reddish
Reddish
Reddish
Redaish
Reddish
Reddish
Reddish

brown
brown
brown
brown
brown
brown

brown

brown
brown
brown
brown
brown
brown
brown
brown
brown
brown
brown
brown
brown
brown
brown
brown
brown
brown

brown

10YR 3/4 Dusky Red
10YR 3/4 Dusky Red
5YR 4/4 Reddish brown
5YR 4/4 Reddish brown
5YR 4/4 Reddish brown



SITE NO. SOIL COLOUR

o) 5YR 4/4 Reddish brown
£1 SYR 4/4 Reddish brown
Z2 SYR 4/4 Reddish brown
~3 10YR 3/4 Dusky Red
24 10YR 3/4 Dusky Red
c5 10YR 3/4 Dusky Red
cc 10YR 3/4 Dusky Red
c7 10YR 3/4 Dusky Red
28 10YR 3/4 Dusky Red
&9 10YR 3/4 Dusky Red
70 10YR 3/4 Dusky Red



Table 7 SOIL COLO... . SULTS _JOR SITES IN MODEL A

So1l colour results for the sample plots after dividing the data into
two sets, this set was the set of soils with a higher percentage of
clay. However the reddish brown colour still dominate this set. Samples

were also collected from the park in March 1998.

SITE NO. SOIL COLOUR

L 10R 3/1 Dark reddish gray
5 5YR 4/4 Reddish brown

S 5YR 4/4 Reddish brown

1 5YR 4/4 Reddish brown

13 5YR 4/4 Reddish brown

15 5YR 4/4 Reddish brown

16 5YR 4/4 Reddish brown

21 5YR 4/4 Reddish brown

22 5YR 4/4 Reddish brown

23 5YR 4/4 Reddish brown

24 5YR 4/4 Reddish brown

2 5YR 4/4 Reddish brown

26 5YR 4/4 Reddish brown

27 5YR 4/4 Reddish brown

33 5YR 4/2 Dark reddish gray
34 5YR 4/2 Dark reddish gray
35 5YR 4/2 Dark reddish gray
40 5YR 4/4 Reddish brown

41 5YR 4/4 Reddish brown

49 5YR 4/4 Reddish brown

50 5YR 4/4 Reddish brown

51 5YR 4/4 Reddish brown

cl 5YR 4/4 Reddish brown

€3 10YR 3/4 Dusky Red

57 10YR 3/4 Dusky Red

70 10YR 3/4 Dusky Red



Table 8 SOIL COLOUR RESULTS FOR £ TES 1} I

Soi1l colour results for the plots whose clay percentages were less, the
clay percentage here ranges from 7 - 13 %. There is not much difference
as far as soil colour is concerned, this set is still also dominated by
reddish brown soils. That is why colour was not considered a factor
along which the data : : could be split. The samples were alsc

collected from the Park in March 1998.

SITE NO. SOIL COLOUR

7 5YR 4/4 Reddish brown
21 5YR 4/4 Reddish brown
13 5YR 4/4 Reddish brown
28 5YR 4/4 Reddish brown
29 5YR 4/4 Reddish brown
30 - 5YR 4/4 Reddish brown
31 5YR 4/4 Reddish brown
32 5YR 4/4 Reddish brown
28 5YR 4/4 Reddish brown
3% 5YR 4/4 Reddish brown
42 5YR 4/4 Reddish brown
43 5YR 4/4 Reddish brown
44 5YR 4/4 Reddish brown
45 5YR 4/4 Reddish brown
45 5YR 4/4 Reddish brown
47 5YR 4/4 Reddish brown
43 5YR 4/4 Reddish brown
52 5YR 4/4 Reddish brown
53 5YR 4/4 Reddish brown
54 5YR 4/4 Reddish brown
55 10YR 3/4 Dusky red

O

5YR 4/4 Reddish brown

(@2l

22 10YR 3/4 Dusky red
£3 10YR 3/4 Dusky red
cc 10YR 3/4 Dusky red



Table 9

SITE NO.

]
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12
13
14
15
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17
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20
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22
23
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SOIL TEXTURE RESULTS FOR ALL 70 SITES

So1l texture results for all the sample plots , the Bouyoucos : .hod was
used to get the readings and compared with the temperature readings. For
recording the sand readings, the hydrometer was immersed after 4 minutes,
and for clay readings it was immersed after 8 hours. Calculations were
conducted to get the percentages of silt. The soil samples were collected

from Botsalano Game Reserve in March 1998.

%$SAND $CLAY $SILT
86 11 3
89 7 5
86 11 3
80 12 8
86 11 3
88 11 1
88 8 4
88 11 3
88 11 1
86 12 2
89 9 2
86 12 2
86 12 2
89 7 4
85~ 10 5
88 11 1
88 8 4
88 7 5
80 10 10
79 11 10
ge 10 4
88 10 2
86 11 3
88 10 2
88 10 2
86 11 3
ge 12 2



% SAND
87
88
-
88
86
85
88
85
86
88
87
88
86
88
87
88
88
86
88
86
86
88
88
86
88
88
86
86
85
86
86
86
87
78
72

$CLAY

b
co -J O ~J

$SILT

oo W W NN s B W N W DN W NN oW W NN U s Y Y

[N )



i

SITE NO. $SAND $CLAY $SILT

c3 e 13 11
<4 77 13 10
o 86 11 3
=z 86 11 3
57 84 10 S
£8 78 14 8
v 76 14 10
70 76 13 11



Table 10 SOIL TEXTUI = RESULTS FOR SITES IN MCDEL A

So1l texture results for samples in the finer textured soils, these are
the plots whose percentage clay is 10% and above, these were taken

from the set of results in table 9.

SITE NO. % SAND $CLAY $SILT
. 86 11 3
: 86 11 3
g 88 11 1
11 86 12 2
13 86 12 2
15 8% 10 5
17 88 11 1
21 86 10 4
22 88 10 2
23 86 11 3
24 88 10 2
25 88 10 2
25 86 11 3
27 86 12 2
33 85 10 5
34 88 10 2
35 85 11 4
40 86 10 2
41 88 11 1
49 88 10 2
50 88 10 4
51 86 11 3
£1 78 12 10
£3 76 13 11
7 84 10 6

72 7 13

o)
—



Table 11 SOIL TEXTU ~ RESULTS FOR SITES IN MODEL B

Soi1l texture results also ta: 1 from table 3.4, these were the set of
sites whose percentage clay was considered low, the percentage of clay

here ranges from 7% to 11%.

SITE NO. $SAND $CLAY $SILT
7 38 8 4
i 85 9 2
15 88 7 5
23 87 8 6
25 88 7 6
30 87 10 2
31 88 7 6
32 86 8 4
39 ' 87 7 3
39 88 10 5

2 87 10 3
43 88 11 2
44 88 10 2
45 86 10 2
45 88 10 2
47 86 10 2
48 86 11 3
52 88 10 2
53 88 9 3
54 86 10 4
55 86 10 4
59 86 11 3
50 87 10 3
65 86 11 3
6% 86 11 3



4.1 DETERMINATION OF CATIONS
CALCIUM
: = <, U35% - 0,025
K = LY + 0,025) X 250 50
5, 035 5 10
feading from AA = 0,028
Cilutlon factor = 250
5
Jolume of liquid = 50ml
Mass of soill = 10g
SAMPLE 1
o, o288 + 0,025) X 250 X 5
U, 03¢ 5 10
1.51 % 50 X 5

= 379mg/Kg i.e

379mg of Calcium per Kilogram of soil.

MAGNESIUM
. = 0,€25x + 0,015
W = (Y - 0,015) e 250 X 50
0,625 5 10
= (0,298 0,015) X 50 5
0,625

= 110mg/Kg



POTASSIUM

< % 25 X 50
20 5 10
45 pe 250
20
= 562, 5mg/Kg
SODIUM
b 100x
X, = Y % 250 % 50
100 5 10
= 4 X 250
100
= 10mg/Kg

4.2 CATION EXCHANGE CAPACITY
CEC = (T X 20) - (X - X ) X 0,2
X - X = 31,44 - 27,71

= 3,73
T = 3,3 T = 15,4
CEC = (3,3 x 20 ) - 3,.3 x 0.2 «x 15,4

= 6€ - 3,73

= 62,27 X 0,2 X 15,4

= 191, 8

= 192cmol/Kg = 1,92mol/Kg



4.3 DET RMINATION OF ORGANIC CARBON CONTENT

Zcncentraticn of Fe(NH,)-(S0O,)-. mol dm™” = 10cm’ K.Cr-0-_x Q,167x 6

20cm Fe (NH,). (50,)-

= 0,501 mol dm™*

‘om Fe NHE._ .850.)-_blank - cm® Fe(NH,)-(SO.). samplelx Mx 0.3 x f

1.0g

Where M = Concentration of the Fe(NH,), (SO,), in mol dm™

£ = recovery factor
1.0g = scil mass
SAMTTT. T
—ocm - 14,5 cm'l x O x 0.3 x 1.3
1.0g



Table 12 VALU_

SITE NO.

[N

0 0 -] oY U1 b W

11

B
A

13
14
15
16
17

NS
[l O O

NN

0

[N}
w [IaN W [N
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[O))

Results
Magnesium by using a high temperature flame which was obtained from an
atomic absorption spectrophotometer.

Potassium ions using atomic absorption spectrophotometer but with a low

flame

samples used for these determinations were the same soil samples which

~

-]

FOR CEC,

of Cation Exchan

Ca,

[

Mg, K, AND Na

Capacity,

determination

This table contains all the results for all the plots,

were collected from the park in March 1998.

CEC

S

I N e
[} O WO Xe] (&)Y (S}
DS O DY N O

b
N

.49
.72
.28
.49
.89
.75
.84
.04
.96
.78
.96

o e

I T e e R e

i i = b=
[IsN JisN (@] [@P)
N QO (O8] P (@]

=
W o
[69] ~J

’_l
wn
(S}

Ca

215
212,5
218
379
212,5
210
212,5
212,5
150
114
212,5
262,06
185,14
329
212,5
212,5
100
212,5
35

48
212,5
212,5
212,5
212,5
212,5
345

Mg

130
202,5
104
110
140
80
202,5
167,5
245,77
198
142,5
145, 3
125,5
90
40
202,5
231,9
140
196
180
140
140,5
160
142,5
140
143,5

K

112
62,5
124
562,5
150
75
62,5
268,5
214,9
202
125
109, 8
178
262,5
25
275
48
200
25
96
125
125
87,5
123
125
120

FOR ALL 70 SITES

Also determination of Sodium and

Na

35
25
25
10
2,5
15
25
30
58
85
32,5
86,9
98
12,5
57,5
35
95
2,5

12
25
30,5
50
32,0
32,5
30

of Calcium and

the soil



SITE NO. CEC Ca Mg K Na

o7 202 285 142,5 150 27,5
= -.18 212,5 14z2,5 125 32,5
oG 1.25 285 147,5 275 25
B ZLa 212,5 140 125 25,5
S 2,539 285 190 150 45
32 DS 355 107,5 320 90
23 2L07 355 60 162,5 87,5
4 1,28 250 140 137,5 -
35 1.08 285 120 135,5 55,5
3z 1.32 212,5 175 162,5 45
37 1.83 329 60 112,5 35,5
38 1.55 355 115 100 67,5
39 1.¢8 250 165 150 45
40 1.53 245 152 100,5 48
41 1.48 212,5 50 140 38
4z 1.90 212,5 242,5 225 27,5
43 1.98 255 105 275 50
44 1.87 - 40 350 100
45 1.92 142,5 87,5 287,5 25
4z 1.96 245 154 225 45
47 2.03 212,5 168 254 55
48 1.06 355 107,5 320 90
49 1.49 277,5 102,5 205 50
50 1.90 212,5 242,5 225 27,5
51 1.87 212,5 106 250 100
52 2.05 246 100 185 60
53 1.98 329 67,5 350 107
54 2.04 212,5 180 187,5 30
55 1.%9 212,5 47,5 200 25
5¢ 1.98 235 50,7 120 59
57 1.25 140, 5 88 320 90
58 1.9 245 120 210 75
59 1.87 250 150 118 48
<0 1.39 212,5 135 180 75

299 240 145 250 25

(BN
-
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212,5
205
342
205
230,5
212,5
212,5

Mg
135
190
180
175
55
125
185
98,5
162
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Table 13 VALUES FOR CEC, Ca, ! _ K AND Na FOR MODEL A

Soil results showing the amounts of the above mentioned ions in the
samples which were grouped under Model A, these results below were also
taken from the full set of the results in table 12, soil samples were

all taken from the Botsalano Game Reserve in March 1998.

SITE NO. CEC Ca Mg K Na
. 1.6¢C 215 130 112 35
5 2.89 212,55 140 150 2,5
5 1.61 210 80 75 15
11 1.49 212,5 142,5 125 32,5
13 1.75 185, 4 125,5 178 98
15 1.04 212,5 40 25 57,5
15 1.96 212,5 202,5 275 35
21 1.43 212,5 140 125 25
22 1.48 212,5 140,5 125 30,5
23 1.76 212,5 160 87,5 50
24 1.47 212,5 142,5 123 32,0
25 1.48 212,5 140 125 32,5
26 1.56 345 143,5 120 30
27 1.72 285 142,5 150 27,5
33 1.07 355 60 162,5 87,5
34 1.68 250 140 137,5 -
35 1.08 285 20 135, 5 55,5
40 1.53 245 152 100, 5 48
41 1.48 212,5 50 140 38
49 1.49 277,5 102,5 205 50
50 1.90 27,5 242, 5 225 27,5
51 1.87 212,5 106 250 100
61 1.99 240 145 250 25
63 2.98 285 190 150 "2
€7 1.68 205 125 115,5 45
70 2.04 212,5 162 250 15
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Table 14 VALUES FOR CEC, Ca, Mg, K AND Na FOR MODEL B

So1l results for the values of the above mentioned ions, the soil

samples were also taken from the same game reserve in March 1998.

SITE NO. CEC Ca Mg K Na

- 1,24 212,5 202,5 62,5 25
N 1.49 212,5 142,5 125 32,5
13 1,9¢ 212,5 140 200 2,5
Z8 1,49 212,5 142,5 125 32,5
2% 1,05 285 147,5 275 25
30 1.43 212,5 140 125 25,5
31 1,50 285 190 150 45
32 1,006 355 107,5 320 90
38 1,55 355 115 100 67,5
39 1,68 250 165 150 45
42 1.90 212,5 242,5 225 27,5
43 1,98 255 105 275 50
44 1,87 - 40 350 100
45 1,92 142,5 87,5 287,5 25
45 1.96 245 154 225 45
47 2,03 212,5 168 254 55
48 1,06 355 107,5 320 950
52 2,05 246 100 185 60
53 1,98 329 67,5 350 107
54 2,04 212,5 180 187,5 30
55 1,99 212,5 47,5 200 25
59 1.87 250 150 118 48
&0 1,89 212,5 135 180 75
S 1,88 205 175 100 50

N
Oy

2,43 342 55 145, 5 55



Table

SITE

15 VALUES FOR ORGANIC CARBON FOR ALL 70 SITES

Results of organic carbon percenta¢ for the whole set, percentages were
calculated after the titrations with iron (II) ammonium sulphate hexahydrate
which reduces the dichromate used to treat the soil with sulphuric acid. The

same so0il samples were used to determine the amount of Carbon in all the

samples .

NO. ORGANIC CAT~ON %
1 0,33
2 0,73
3 0,62
4 0,68
5 0,39
6 0,34
7 0,75
8 0,67
9 0,85
10 0,76
11 0,48
12 0,55
1 0,59
1 0,45
15 0,19
16 Q,61
17 0,54
18 0,68
19 0,14
0 0.16
21 0,49
22 0,50
23 0,65
5 0,52
25 0,54
25 0,68
27 0,72



ORGANIC CARBON %
0,18
g, 19
0,58
0,14
0,16
0,15
0,42
0,18
0,53
0,55
0,62
0,69
0,49
0,48
o, 71
0,85
0,84
0,83
0,88
0,92
0,32
0,42
0,40
0,44
0,95
1,06
0,98
0,99
0,98
0,21
0,99
1,02
0,97
0,80
0,87



SITE

NO.
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ORGANIC CARBON %
0,85
0,88
0,97
0,98
0,95
0,95
1,07
1,05



T " le 16 V' " JES FOR ORGANIC C JN FOR SITES IN MODEL A

So1l results for t. amount of or 11c carbon in tl ke which
found to have more percentage of clay, and which were classified as
Model A, these results have been taken from table 15 which contains

results for the whole data set.

SITE NO. ORGANIC CARBON %
il 0,33
5 0,39
: 0.34
o 0,48
13 0,59
15 0,19
16 0,61
21 0,49
22 0,50
23 0,65
24 0,52
25 0,54
26 0,68
27 0,72
33 0,15
34 0,42
35 0,18
40 0,49
41 0,48
49 0,42
50 0,40
51 0, 44
€1 0,80
23 0,85
&7 0,95
70 1,05



Table 17 VALU™ 3 FOR ORGANIC CARBON FOR SITES IN MOI™ . B

SITE NO.

fa—
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42
43
44
45
4¢
47
48
52
53
54
55
59
60
&5

60

So1l results for the percentages of organic carbon in the soil samples
which constituted Model B. The results were also taken from the
results in table 15. All these soil samples were collected from

Botsalano Game Reserve in March 1998.

ORGANIC CARBON %
C,75
0,48
0,68
0,18
0,17
0,58
0,14
0,16
0,62
0,69
0,71
0,85
0,84
0,83
0,88
0,982
0,32
0,95
1,06
G, 98
0,99
1,02
0,97
0,97
0,89
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Fi1g.8 DCA ordination for model A. Position of sample plots on sites with more clay
so1ls, plant species were used to compile data for this ordination, the above results

were obtalined after the removal of outliers. .
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Fig. 10 DCA ordination for model B, the sample plots on the sites with less percentage

of clay. All the data on plant species were also collected from Botsalano Game Reserve

in March 1998.
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CHAPTER FIV.

INTERPRETATION OF RESULTS

5. 1 INTRODUCTION TO INTERPRETATION OF RESULTS

wdy ordinations were carried out for the purposes of
G=UelIoing 2egradation medels for the Botsalano game park. The

rorst ma-2r data set which consisted of all 70 sites that were

n
AN
3
T3
b
(]
[
i
73

the field were ordinated using detrended
ccrrespendence analysls (DCAY (H1ll & Gauch : 1980} which 1is
suitapie for data sets with relatively long gradients (Gauch

_v=_ . The data consisted of lists of species present and their
acundance, pbut due to the “"noise” 1n the results, the researcher
found 1t necessary to split the data set. This was basically
tecause the sites seemed to form clusters as indicated in
£.x.7 separatzed into A and B). The two axes of this ordination
onlv appear well on the computer but when printing the first axis
automatically cut off. It was not known for sure which factor
r.ght have contributed to this clustering hence the decision to
spl.T the data set 1nto Lwo sets. The two sets were then
crdinated again separately using both DCA and DMOC for getting
the models in fig.9.1 and fig.ll.1l. The ordinations are only
aczcepted 1f the residual or second axis 1s 50% of the first axis
WL was the Zase 1rn kboth ordinations {(Bosch & Gauch: 1951). A
n.un residual may 1indicate the existence of a fairly strong:
infiluencing factor other than the one reflected in the first

axl3.
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_lberateiy selected to represent

1

taused by grazing, all other factors that might
rzsults such as so1l molsture, soil colour and texture
were Kept ccnstant during the field work. Habitat variations
cccur within a particular rainfall zone and this can therefore
= TO large varlations or nolse 1n the data set (RAustin et.
a..:.981; Gauch :1582) which make identification of a reliable
degradation gradient impossible. It was therefore very important
to conduct soll analyses on some of these soil characteristics
for verification that the only difference between sites would be

in the level of utilization and not the soll character and also

for verification of similarities and differences between the

sites. The results then showed that the soil colour did not
differ much, most soils were reddish soils. The organilic matter
content and cation exchange capacltles were also tested. Among

a.. thess, the texture appeared to be the one that might have
contributed to the instability of the results. One set contained
relatively higher percentages of clay referred to as Model B3,
where the average clay percentage of these sites was 11.5% (range
10 - 18). The other set contained relatively lower percentages of

clay, called Model B, where the average clay percentage of the

s: 2s i1n this model was 7.8% (range 7 - 13) . Each of these
vegetatlon data sets were then ordinated, results can be seen in

chapter four fig. 9.1 and fig. 11.1).



.4, e ILUs Tnét tne range dces not differ much In modesX
~ T2 zatilon =2xchange capacity (CEC) range is from 1.300 mol/kg to

_.77 moloxg, and for model B, 1t is 1.05 mol kg to 2.42 mol/kg.
erence 1s very small, therefore CEC could not be used to
fferences between the models. The mean values for
cZ the twe moders were 1.70 mol/kg and 2.75 mol/kg

rescectively which show a difference of 0.05 which 1is quite

The mean corganlc carbon content of the two models was also

v

calzulated. It was found to be 0.54% of carbon for model A and
6.c8x for model B. Only a difference cf 0.14% which is regarded
a small figure. The range of percentage of organic carbon range
from 0.15= £o 1.05= for model A and 0.14% to 1.06= for model B.
Tne vercentage carbon also does not reflect a great difference
petween the models.

The -

PSS~

xture of the two models were compared with regard to

D

percentage clay and percentage sand, 1t was found that percentage
sand ranges from 7¢* to 88= for model A and from 86= to 89% for

model B. The mean values for percentage of sand were found to be

=3- fcr model A and 86= for model T showing a 3% difference in
“h2 mean percentage. The results for percentage clay ranges from

20+ te 13- for model A and from 7% to 11z for model B. There 1s
serlap of figures in the percentages, this 1s because the

sites were cnly selected according to the ordination results
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AAAAAAAA o I_A ~ v Cent cnangad The sams
IUE=X a0 Can also pe expected 1n al: other results. The mnean
va.ues fov vercentage of clay were 12= for mcocdel A and 10> for

Table 18 PERCENTAGES OF SAND IN MODEL A

This table shows the groups of classes for percentage of sand in model A.
The classes are indicated as letters and the frequency for each class 1is

also shown.

CLASSES (%) FREQUENCY
Jco - U8 A 3
T - BL B C
32 - g4 C 1
35 - 87 D 13
g8 - =0 E 9

Fig. 12 shows a pile chart for the > sand 1n model A. The
inference that one can deduce from this figure 1s that model A
nad more sites falling in class D, these make 50% of the records,
32,22% of the sites fall in class E, 11,54% in class A and 3,853

in c.ass C and no site in class B.






Table 19 PERCENTAGE OF SAND IN MODEL B

This table shows groups of classes for percentage of sand in model B.

CLASSES FREQUENCY
ol pay 9
37 B E
33 C 9
gc D 1

ig. 13 which 1s a ple chart for percentages of sand 1in model B
snow that this model had equal percentages of 37,50% for classes

L ard Z while class B had 20,835 and the lowest was class D with



PERCENTAGES IF SAND IN MODEL B

A (37.50%)
C (37.50%)

B (20.83%)

Fig. 13 Pie chart showing percentages of sand in Model B



Table 20 PERC_JTAGES OF CLAY IN MODEL A

This table shows classes and frequencies for the percentage of clay in

Model A. Classes are indicated as letters.

CLASSES (%) FREQUENCY
13 A 11
i1 B S
12 C 4
13 D 2

T.g. 14 shows a ple chart for the percentage of clay in Model A.
This shows that more sites in model A had 10% clay these made
21= of the whole set. 34,€¢2% of the sites were in class B,

,28= 1n class C and finally only 7,6%=% in class D.






Table _1 -IF INTAGES OF CLAY IN MODEL B

This table shows the classes and frequencies for percentage of

clay 1in model B.

CLASSES (%) FREQUENCY
- A 4
B B 3
¢ C 2
1o D 11
11 E 4

7. 15 which 1s the pie chart for the percentages of clay in

(o)

de. B show that 45,83% of the sites fell in class D, that was

O

fcilowed by equal percentages for both classes A and E of 16,67%,

~

22,22 in class B and only 8,33% in class C.

These results were thus used to verify the ordination results
that to some extent there 1s some difference 1n the two models.
After obtaining the ordination results 1t was then important to
er>fy the acceptability of the axes. After removal of sites
wnozh did not fit well in the data (outliers) the residuals for

ctr tne models went down below 50% of the first axis which was

o

property of the ordination results.
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5.1.1 MODEL A

This s a set of sites with more clay probably representing the
heavier solls 1n the area, the average percentage clay content 1is
11.5=. On this model 26 surveys were plotted on a graph for
degradation after initial ordination and splitting of data. The
first axis of the graph represents degradation level. The
results show that sites very close to the represent less utilised
sites, these are shown as group A 1in fig.9.1. The moderately
utilised sites are in group B in the same figure and going to the
far right are the highly over utilised sites, the group C sites

as 1ndicated on the model (fig. 9.1)

If one compares the positions of site 63 and site 15, they are
both at the extreme ends of the model. One can therefore deduce
from this, that the two sites are highly different. This can
therefore be confirmed Dby comparing all other factors like
position relative to known land marks, so!  characteristics and
species composition. Site 63 was taken on a less utilised area
of the park, 1in a relatively good condition. This was one of
the sites with high biomass yield of 277.12g of dry weight per
square metre, the colour of the soil was dusky red. Soil colour
1is the most obvious and easily determir 11 character of the soil.
Although it has little direct influence on the functioning of the
soil, one may infer a great deal about soil from its colour, if
it 1s considered with other observable features. The

significance o0f soil colour is almost entirely an indirect



Zx3.r2 LI ITner worYe IMPOorLant Zharacsteristics or gualities tha-
Sl LI 80 2asl.y anld accurately observed.
Tre lay fontent percentage vi site 23 was found to be above the
average rercentage of the set and this was 13=. Texture in this

zase alsc plays an 1mportant role because soil particle size

i=Termines tne amount of available surface area for adsorption

th

2y anil nutrlients. In addition it influences the amount and

(@]

of 1ndividual pores which for the most part determine the

rate and amount of air and water movement through soils.

Tre Cation excharige capaclty which 1s a temporary storehouse for
_arge guantities of available nutrients such as calcium,
magnesium and potassium that are partially protected from
_=aching yet are available for plant consumption was determined.
Trhe CZEC amount for site 03 was 2.98mol per kilogram of the soil,
zalzium was 2%85mg per kilogram, magnesium was 190mg/kg, potassium
was 15Jmg/kg and sodium was 1l2mg/kg. The organic carbon content
of site ©3 was alsoc determined and found to pbe 0.85% of carbon.

Tt could be noted from table 16 that this percentage 1s very high

as compared to the percentages 1in the rest of the model. The
species composition of site €3 consisted of 43,33% abundance of

saon SonTorTus, 10= of Themeda triandra, 12= of
molzzzues and 11,33% of Aristida congescta. In this
smudy these srecles tend to decrease i1in abundance 1f the level of

LTl_lzaticn Lncreasss, they are therefore found in abundance 1in
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Lol ing at s1t2 15 wnich 1s found at the extreme rignt o

W2

mode.. Thls site was taken in an area very close to the watering
pcint. The vegetation of the s:ite looked poor by judgement of the

, tne plants that were found there, were also very small in

[
) (\:
1

&
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e

e. They appeared to be species that were recovering from heavy
cvergrazing and over trampling by animals. This i1s highly
probable wt 1 one considers the position ¢ the site, so close to
the dam. This was the site that represented a typical over-
utilised area. The biomass yield of site 15 tended to be the
smallest 1in the model, the amount was 60,96g of dry weight per
square metre. The colour of the soil in this site was reddish
brown, as mentioned earlier, colour 1s one of the most useful and
important characteristics for soil 1dentification, especially

when looked at in conjunction with the soil structure.

The percentage clay content of site 15 was determined and found
to be 10= which 1s lower than the average percentage of the set.
The cation exchange capacify of site 15 was 1.04mol per kilogram
of soil, calcium was 212,5mg/kg of the soil, magnesium was
40mg/kg, Potassium was 25mg/kg and sodium was 57,5mg/kg. The
organic carbon content of site 15 was found to be 0.19% of
carbon. The species composition of site 15 consisted of 78,67%

of Fragrostis trichcphora and 6,67% of Aristida congesta



son of Lness two SLTes In

_l- JANNIT N2slTats To see tnhe differences displayed in the two
SR -re can therefore look at this model as ©being
rerzzsentTative of the degradation trends in the park.

Zt= 12 wnich 1s posltioned towards the centre 1in the mcdel
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present moderately utilised sites. Tnis was an
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cpen grassiand of the park, where animals could only be seen

rzssing the area pbut not staying for long periods of grazing.

vy

e rlomass yleld of site 13 was 202,569 dry weight per square

which s less than that of site 63 but more than that of
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size 15. The colour of the soll was also reddish brown. Majority
cf sites 1n this study had reddish soils, which was mainly
because during the field work the coclour was kept almost constant
even thougnh 1T was Jjust by the look of the eye. The colcur of the
scils would not vary. The only thing that had to differ for the

sites was the level of degradation.

The red colour of soils 1s generally related to unhydrated i1ron
cxide, although manganese dioxide and partially hydrated iron
oxides may alsc contribute red colours. Since unhydrated iron
oxide 1s re_.atively unstable under moist conditions, red colour
ssuasly indizates good drainage and aeration. Strengly red scils
are expected on convex surfaces underlain by pervious rocks.
Many red scils owe thelr colour to inheritance from the parent
mazerial and not to soll-forming processes, since the redness in

rocks may persist for centuries even under molist conditions.



£3,c7, ana " fig. 9.1) are found very close to the

secsnd axis. These are the sites which were close to the

(o3

Llldings, therefore less utilised (group A). They had high
bicmass yield ranging from 232g/m- to 277 g/m-.

Species abundance curves and regression analysis curves were
fitted for those specles which were outstanding for most sites,
for less degraded sites, moderately degraded and severely
degraded sites for both models. However it was also found that

same species appear on different conditions for the two models.

The 1indicator species curves have Dbeen designed to show the
degradation gradient on the x-axlis taken from the ordination
graphs and the second axis (y) shows the species abundances, the

regression analysis curve 1is also fitted in the same graph.

Fig. 1o shows the curve for Heteropogon contortus, the high
abundance of this species in less degraded sites which are the
sites closer to the second axis and it decreases as the level of

utilisation increases, thus for sites moving away from the second

axis. The statistics for this species 1is 0.681 and 1its
correlation coefficient is 0.7 5.
The organic carbon percentages were 0.80%, 0.85%, 0.95= ,0.95%,

and 1.05% which were considered high wvalues as compared to the

percentages of other sites in the model which are below 0.80%.






(Jrou

¢
T

A fig. 9.1) which were

wrtund a placze where there used to be old kraals. Animals do not

sz=m T2 Llxe this place as 1t 1s full of stones and few grass
zrsries. The dominant specles also include Hectercpogon conrtirtus,
s.1nls rerens, ana Aristida dirffusa. Organic carbon percentage
Ior these s:ites range from 0.5 to 0.72 =. The biomass yield for
tnese sites 1s also more than 200g of dry weight per sqguare
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ite 5, 11, 40 and 41 are found almost towards the centre

(¢}

@]

£ the model. These are representatives of moderately utilised

t

tes, and were a bit farther from the watering point (group B

£ig. 2.1). The dominant species here include Aristida karbicollis
sT Arisclida congssta. The organic carbon percentage range

petween 0.3% to 0.49, which represents a middle range in this
array Of sites. Sites 49, 50, 51 and 16 were also 1n an open
grassland 1n the park. There was no evidence of any environmental
artificia. features which could cause animals to fregquent that

r2z. It was Jjust an open area with a minimum number of small

o8

t

rees and shrubs. These were alsoc taken to represent a moderately

ucilized area of the park. These sample sites are in block 3 and

4 of the park which are far from all animal attractions.

o -

Tre curve wn fig.l7 shows a curve which starts with minimum

apundance at the less utilised sites and increases to maximum at

of
b

moderatzly degraded sites which are found towards the middle
2f <he gragn. The abundance then decreases as the condition

tranges to severe degradation. The species abundance curve of






- e W T A 5 1 ; ; : J - =
E OG-S OIS Suggests tnat 1t 1s an 1ndicator of

mecazurm degradation 1in the study area. The statistics for this

species 1s 0.53%2 and the correlation coefficilient 1s 0.232.

Fig. 18 shows an abundance and regression analysis curve for

phora which appears to have a linear curve, this
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specles clearly indicates 1ts low presence in less degraded sites
which then 1increases steadily as the level of degradation
increases and reaches maximum at the severely degraded sites. The
statlistics for this species 1s 0.994 and the correlaticn

coefficient is 0.997.

Fig. 19 shows the curve for Themeda triandra which increases with
the low degradation level and decreases down to zero as the
degradation increases. Its statistics 1s 0.487 and the
correlation coefficient 1s 0.441.

Fig. 20 shows a curve for Melinis repens which is also found in
abundance at the less utilised sites and decreases as the level
of utility increases. Statistics 1is 0.381 and the correlation

coefficient 1s 0.029.

Fig. 21 a curve for Andropcgon eucomus which has a similar
appearance to that of Aristida congesta barbicollis which starts
with minimum abundance at less degraded sites and increases at
the moderate utilization and decreases agaln as the level of
utilization increases. Statistics 1is 0.831 and the correlation

coefficient 1s 0.559.
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T . R TUYTUe I0r AL _SllXz SonoRSTi WNlch SNCwWs a2 soraad at low
ana o niderate.y utisized and decreases also as degradation level
_rIreases. 3tatistics 1s 0.359 and the correlation ccefficient is

his model snows three sites which are towards the extreme right
sI Tne grarh, representative of heavily utilized sites. Site 15
was very close to a drinking polnt where animals frequent for
drinking and resting purposes, 1t can be representative of heavy
uwtillzation in the past. Sites 33 and 35 were also close to one
of tne biggest drinking pclnts in the park i.e Mogobe dam. These
two show the signs of heavy utilization by animals when they
come for drinking. The Cation Exchange Capacity of these two are
1.¢7 and 1.08, which are alsc considered very low. The organic
carpcn percentages are also very low for sites 33 and 35, viz;

J.15= and 0.13= respectively.

Cne can therefore look at this model as being representative of
the degradation levels of the park. If sites 63 and 15 are
compared on the model, where distance 1s very large meaning that
the two sites are extremely different in all aspects, 1.e. level
of utility, and organic carbon percentage. The distance of
points representing surveys on the graph also clarifies the
similarities between the different sites. For instance, 22, 24
and 25 ars very close on the graph, just as 15, 33 and 35 are
very cilose. This short distance between the sites shows the

simllarity petween the sites.



5.1.2 MODEL B

ct

This was the seccend model developed for Botsalano Game Reserve.

rr]

13. Z..l shows an indication ©f two homogeneous groups due to
drfferent soll attributes. In this model, the extreme sites that
w1lll be compared are site 54 (which is found on the residual) and
site 31 (which 1s one of the sites found at the extreme end of
the first axis). Site 54 was positioned 1n an open grassland
area and can be the representative of sites with relatively good
condition. The biomass yield was 171,44g of dry weight per
sgquare metre. Site 54 had reddish brown soils, which 1s one
indication that the solls are relatively old or at least that the
soll material has been subjected to relatively intense weathering

for a considerable time.

Under natural conditions when exchangeable calcium, magnesium and
potassium are removed from the clay and humus by leaching or
plant absorption, they are replaced by hydrogen, which is then
responsible for soill acidity. The results in table 13 and 14,
show that the soils in the park contain relatively more calcium
than magnesium, and more potassium than sodium. Site 54 had
212,5mg of calcium per kilogram, 180mg/kg magnesium,

187, 5mg/kg potassium and 30mg/kg sodium, the CEC amount for site
54 is 2.04mol per kilogram which 1s considered very high when

compared with the rest of the figures 1n the same model.



re coiour ¢f the soil alone could not be used to give
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inaication of organic content of the soil. The investigation was
carried cut and site 54 was found to have 0.%8% of carbon. The
species compcsition of site 54 was 1235 Anthepora argentea, and
34,¢7= Andrcrogon sucomus. These species were found in this
study to be common 1n higher abundances in those sites which were
regarded as non-degraded, hence they can be referred to as

indicators of good condition in this game park.

Site 31 which 1s found at the right of the first axis of model
‘b’ was taken very close to the drinking dam. It can be a
representative of those heavily utilised sites, because animals
tend to frequent the area both for drinking and resting hence the
areas around the dam are heavily over utilised. The biomass
vield of site 31 was about 70g of dry weight per square metre.
There was hardly anything to harvest in this area. The soil

colour for this site was reddish brown.

The cation exchange capacity of site 31 was 1.5mol/kg of soil.
This figure 1s very small compared to the other figures in the
model. The organic carbon percentage was 0.14% which is the
smallest amount for the whole data set. Few species that were
seen 1in site 31 1included, mainly £Eragrostis specles, thus
Eragrostis plana 36%, Fragrostis trichophora 11.3%, Eragrostis

rigidicr 13.3% and Eragrostis heteromera 36%.



o zlnes wWolln are  Uery T.o0se T The reslijual oani owhioh
LELYEESenT LS55 LTIl_lzation, LnZoude sites which were a.so  1n tne
SuernoJrass.oand They are 52,25 and €€ (group AZ fig.l1ll.1l), and
weres dominatsd by SonimiIgila rappophcrolies and Androcczon eucomus

Sites 42, 44 and 45 are very close on the graph{group Al fig.
L..< , and were taxen in the open grassland of block 2. They had

a similar speciss composition, viz: were dominated by 4Ariscida
Tz, ~nItnercri argentea and Andreopogon eucomus. The organic
carpcn vercentage of these sites closer to the second axls were

0.84= and C.83= while the organic carbon percentage for
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sites 5%, 25 and ¢< were 1.02=, 0.97= and 0.89%, respect =ly.

Flg. 23 shows a curve for Andropogon sucomus which shows maximum
abundance at less degraded sites, decreasing as the degradation

beccmes mecderate. Statistics 1s 0.%23 and the correlation

Fig. 24 a curve for Antheporaz argentea which shows a similar

beraviour to Andrcocgen 2uczZmus  where 1t attalns  maximum

QD

apundance in less degraded sites and decrease as the level of

degradation becomes moderate. Statistics 1s 0.704 and the

correlation ccefficient is 0.300.

5 a curve for Zragroscis trichephora shows high abundance

t
10}

in lezss degraded sites and increases further with moderate

aT1stics s 2.482 and the correlation coefficient 1s 0.185.












cr less degraded sites and then decreases To

Z2xI as tre dsgradation level increases. Statistics 1s 0.51¢ and
Tn= Corre_ation coefficlient 1s (0.147,

t

a zurve cr Arliscida barbicoccllis starts with minimum

acundance at less degraded sites and 1ncreases to maxlimum at

O

aerate degradation and none at all for severely degraded sites.

—aztlstics 1s 0.774 and the correlation coefficient 1s 0.433.

97

a curve for Aristida congesta showing maximum abundance
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screading for less degraded to moderately degraded sites and
decreases as degradation increases. Statistics is 0.572 and the

correlaticn coefficient 1is 0.21e6.

Sizes 18, 7, 30, 39 and 38 (group B fig. 11.1) were taken going
away from Mogobe dam in tco the park. Their positions on the graph
represent the moderately used sites. These areas were neither
rheavily nor lightly used , hence the sites are positioned to
represent moderately utilized. The dominant speclies 1in these

-~
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31Tes 1nclude Eragroscls trlcnephora, Heteropogon contortus,

L L

sClds cnaescta, EFustachys paspaloides. The organic carbon
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£ sites ar=s far con the right side ¢
r s.tes which represent the highly utilised areas of the park,
are sizes 28 and 29 which were very close to a drinking point in

clccx 2 oand sites 31 and 32 which were very close to Mogobe dam.
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our sites are therefore representative of heavily utilized
sites. The dominant species 1n site 28 and 29 were Fragrostis
netercmera, Tragrostls rigldicr, Eragrostis  crichcphora and
-cra. The organic carbon percentage of these two

sites are 0.18 and 0.17 which are considered very low when

compared with other figures 1in the model.
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ites 31 and 32 were also dominated by Eragrostis species like
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na, Eragrostis heteromera, Eragrostis rigidior,
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tis ctrichephora and Eragrostis echinochlcidea. The organic
carbon percentage of these two sites are 0.14 and 0.16 which are

considered the lowest percentages of all.

After the ordinations were run and manipulated until acceptable
results were obtained, any variations that occur on the residual
axes could be due to various factors such as differences 1in
rainfall, minor soil variations and management history of the
sample plots. However, these variations were minimised by the
eliminaticn of outlier sites. The ordination models now seem to
provide a gyood fit to the remaining sites, which implies that the
def:ined degradation gradients can be regarded as appropriate

bases fcr the condition of the park.



5.1.3 INTL..°?RETATION  BIOMASS RESULTS
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czed to have very low ylelds, similarly, sites
WILLIM Were Taxken In o areas wnich were less utilised were sxpected
@

~o nhave ver, nigh yrelds. Heavy use leads to less regeneration

®

Q

cthn vegetatively and reproductively. Plants are grazed in a way

o}
O

“nat does not provide room for flowering and seeding. It can
2.3 weaxsn the food supply needed for cell division which
S3UrLCrTs vegsetative growth. When studying production of

rangelands, 1t 1s of great 1mportance to consider the species
ccmposition and biomass yield of the area, mainly because the

piclcgical properties of a community change as specles enter and

Picklefs(1%20) agrees that as a community matures, the ratilo of
sicmass to productivity increases, The me¢  1tenance requlirements

-f the community also increase until production can no longer

me=T the demand, at which polint the net accumulation of biomass

b

n the community stops (Odum:1969, Whittaker:1975, Peet:1981).
However, the end of biomass accumulation does not necessarlly
si1anal the aztainment of climax, specles may continue to invade
= communsty and replace others whether the biomass of the

IImmunlty lncZreases or not.
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I sites and thelr degradation gradient, Spearman’s rank
n ccefficient was used to test for significance using

~re t-statiztic and the table available in most statistical

cocors. Thne value of t has to exceed 2.49 in a one-tailed test at
... level. The t value for model A was 5.44 and that for model
5 was 4.32%, Dboth the values were above 2.49 which shows a

ative ccrrelation between bilomass and degradation (fig. 29 and
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relationship 1s considered negative 1in this study because 1t

Q)

has peen found through Spearman’s ranking that those sites whose
piomass yields are low, their level of degradation 1is high.

This 1s the same for sites whose bilomass yields are high, then

they have low degradation values. Then such sites have low
degradation values due to their closeness to the residual on the

Sites, 1 to 4 were on a less utilised area, the grass speciles

were still 1n a good condition. The only thing that might have

ts

crought the difference 1n thelr yield 1is that site 1 and 2 were
very <close to the road, hence a lower vyield Dbecause of
disturbance resulting from road construction. As a result site
Z nad a bicmass yield of 253 g/m- which 1is regarded a high value

na a degradation value of 90. The removal of top soil and

addizion of small stones when making the road might have affected



RELATIONSHIP BeTWeEN BIOMASS AND DEGR.
FOR MODEL A
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Fig. 29 Relationship between Biomass and Degradation for Model A. Table of results
u: 1 for this graph is in »pendix H.
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Fig.30 Relationship between Biomass and Degradation for Model B. Table of results used
appear in appendix I.



2 dry welght per square metre which can be considered
T“ne degradation value of site 5 has been found to be
-2, wnich 1s cons:idered nct very low or very high. This confirms
tcn of the site to be moderately utilised. The same
sces for sites © to 12. These were also taken on the reddish
sorls in block 9 and also have yields above 200 g/m- of the dried
vegetation sample. In this set of samples, site 11 had a bilomass
yieid of 21% g/m . However this set of sites were taken where
there was flire 1n the previous vyears. Huntley 1972, Tainton,
Groves and Nash: 1977 confirm that fire followed by subsegquent
zlipping has shown to reduce total dry matter yield relative to
post-fire protection. It 1s because of this, that fire 1s used
very sparingly by proponents of controlled selective grazing,
usually only 1in higher rainfall sour-veld areas (Grossman et
al.:1%81). Moving closer to the dam were sites 13 to 15 where
“he yield for site 13 was 202 g/m  of the dried sample while for
site 14 the yield went down to 192 g/m- of the dry weight. This
site was closer to the dam in block 9. Similarly site 15 was very
close to the drinking point, but the yield was only €0 g/m this
15 one of the sites which were heavily utilised hence a very low
vield. The degradation value for this site was estimated at 89,5
which means that the site was positloned further away from the
res:dual on the ordination graph showing that the site 1s
severely degraded. Animals frequent the place for drinking and

resting purposes.
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Qry WelgntT per sguare me<re, while

aeyradation values are between 36 and 14,2 which are regarded as

modsraze s atilisad sites depending on the crdinaticn scalse Sor
TaIn TICEL LnocTner set of sltes was Taken 1n an ares within the
car< whizn was 1nitially used for kraals. Sites 1% and 293
rerresent tne most heavily utilised area in this set of sites.

The species in these area were still under recovery because there

]
2

unT nave keen heavy grazing and resting by animals in the pasct.
ne fiomass values for these two sites were 7% g/m- and 112 g/m-
rescectlvely. Other sites 1n the set were 1into the park hence
scme difference in the yield as compared to site 19 and 20.
There were some differences with the sites taken in the area but

moving some paces away from the kraals.

5122 28 to 30 were farther away from the dam in block 2. This
was one of the drinking points, which seemed not to be preferred

rany animals. The reason could be that 50= of the dam was

)
b

nvaded by the water plants which are not preferred by many

[

animals. Sites 28 and 29 had bic ass yields of 85 g/m” and 90 g/m-
respectively, which are considered wvery lcw. The degradation
vaiues were 70 and 5¢,4 respectively ,which are regarc 1 as high
i “he model indicating that these site were also moderately to

severely degraded.

[}
[EW]

-
e

dam is one c¢f the most common and biggest drinking places

O
)

irn the parkx. Sites were selected very close, farther away and
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S Site :: and 24 were verv close to the dam hence the lzow
vrelds of 170 g/m and 142 g/m. Their degradation values were 74

noare regarded hign  depending on the models in which

22 s1tTa2s arpear nence showing hignhly degraded sites.

Q2

Site 42 tc 5¢ were 1n an open grassland in block 3. The yields in
“nls set ¢f sites are not very high. This was cne of the areas of
che park which could be considered moderately utilised. The
y.e_ds 1n thls set range between 162 g/m” and 269 g/m- which are
not very high. Next to block 3 1s block 4 which was almost
similar te plock 2 1n specles composition and the level of

T.l1ty. These two Dblocks were not heavily wutilised, but
moderately utilised. The last set of sites was taken around the
buildings. These 1include sites from ¢1 to 70. It 1s in this set
cf sites that we find less utilised sites with very high yield.
cf the sites 1in this group have yields above 250 g/m- and

even two of the sites above 300 g/m-. These are the cnes taxen

very close tc the buildings, where animals do not often come
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VVVVV moJ. ts Toin
LIx=_ A anda from U tTo 13 for model B. These low values indicate

Znz good ccndition of the sites because these were positioned

=T ILT3e o tThe residuar 1n the ordination graphs, hence lcw

Nalxer (19B2) stated that the presence of a large unpalatable

£.cmass 1lncreases the resillience of a system through an inertia

v

»r zuffering effect. The grasslands with such a component
represent the vegetation which would probably be able to
wiznstand seasonal drought conditions and much higher stocking
ratres wlthout a drastic loss of cover, erosion, bush
encroachment, and could therefore be regarded as relatively

stable and resilient.



CHAE .ER SIX

DISCUSSIONS AND CONCLUSIONS

6.1 GENERAL DISCUSSIONS

_and degradation seems to be a problem facing many rangelands,
Jams reserves also experience this problem because of the numbers
cf animals kept there. However, the principal causes of
degradation were found to be water and wind erosion accompanied
cyv damage or loss of vegetation and soil salinisation by Woods

1383) and Chartres (1987).

In this study, attention was paid more to under utilised, over
sr1l1sed and moderately utilised areas of the park. Biomass
results of the sites taken from the different areas of the park
a.so help highlight the level of utilisation of different areas.
For instance under normal circumstances, one would expect over
utilised sites to have a low biomass yield and under utilised
sizes to have a higher biomass yield. This was also verified by
using Spearman’s rank correlation coefficient to <check the
correlation between biomass and degradation. The results then

shcwed a strong negative correlation.



L sncocwlezges of the reacticn of specles to climacte and 1its

T =S —

.nTeraction with defolie¢ i1on, together with an understanding of
~ne soil factors that are limiting the recovery process, would
“rerafcre e of special 1mportance 1in devising management

strategles for the Ilmprovement of degraded rangelands (Rosch &

¥ctze et al. (1984} support the fact that the amounts of herbage
zvarlable will differ between sites with markedly different
specles composition. It 1s also assumed by the same researchers
chat for a veld of a gilven composltion, grazing capacity 1is
directly related to yield 1.e. those areas which are highly
grazed will probable produce low yield which may result from the
urpalatable grasses which are not preferred by animals. The
measurement of vyield at each site would allow for wvalid

ccrmrarison.

Extreme climatic or grazing conditions can also cause large
cnanges in the vegetation (Noy Meir & Walker :1984). It was
crserved 1in this study in the park, that there are areas whose
vegetation could be regarded as representing a good condition.
This was also confirmed by referring to species present in such

a

K

eas. It has been discussed in this study which sites seem to

b

been less degraded, moderately and severely degraded and the

et}

cies which are found 1in the different levels of degradation,

0}
et
¢

th

cr 1nstance, 1n Model A, Gaussian models provided the best fit

for species abundance data on the degradation gradient for



SoLrIpogZin fulomus and Zragrcestis crichophora whose D-statistic
1s higher than 0.600. For model B such species 1included
ocrxon roniortus again with D-  statistic of 0.514 and
wicelllis, Andropogon eucomus and Anthepcra argentea
wnich are weli above 0.600. Aristida congesta has the value of
72 which 1s also closer to 0.600. The other chosen species
for model A however had lower D-statistic and these tended to be
nocn-responsive they are Themeda triandra with 0.497 and Melinis
rerens and Aristida congesta which have values less than 0.400.
“rom the regression analysis curves of these species (Chapter
five) 1t could be noted that some species tend to increase with

less degradation and decrease as the level of degradation

sncreases form moderately degraded to severely degraded.

Most of the sites are taken in blocks which are clearly known and
understood by the present management, 1t 1is therefore very
important that the two models developed for Botsalano Game
Reserve be used for the restoration of those moderately to
severely degraded areas of the park. Degradation reduces the
capacity of rangeland resources to produce goods and services of
value to society (Johnston et al. 1990). It 1is very important
~hat the management of the park pays attention to those areas
whizh have feen found heavily degraded 1.e these are the areas
very close to watering points and areas close to the old kraals,

s>te numbers are 1indicated and block numbers where these sites

were samples are discussed in section 5.1.3. Even those which are



te.v degraded are also indicated 1n this section. The DMGC
crdination models also have sites grouped into group Al, A2, B
and C for model B to indicate increasing level of degradation
from Al t2 T, and groups A, B, C in Model A also indicate the
sames lncrease. Further deterioration due to severe overgrazing

-eads tc the encroachment by karoo shrubs (Bosch:1889) .

6.2 METHOD APPRAISAL

When bPpbegilnning an ecological investigation of an area, 1t 1is
useful to subdivide the general vegetation cover into more
hcmogenous subunits (Mueller-Dombois:1974) . In this study a
detalled soil map of the area was used to select the most
extensive soil type. This was where most of the sampling was
done. Mueller-Dombois (1974) also supports the fact that maps
often provide the opportunity for a fair distribution of sampling

1in the sense of geographic distribution and vegetation variation.

The point method that was used 1n this study for collection of
data 1n the field, has also been used by many 1investligators.
Most of them have the general opinion that this method has every
prospect of becoming the accepted one for large-scale surveys as

as for exact field analysis (Brown:1957). All those who

-

wWe 1

nav

used this method confirm that for analysis by area there 1is

4]

a saving of time and labour when compared with other methods.
Thzugh best suited for short vegetation (up to 4 - 6 metric; the

rethod can be adapted for taller vegetation and can pbe used on



it

. Cr uneven ground. The piln point makes possible the exact

distincton between species, even if the sward is dense (Brown

scccrdiny tOo Goodall(1l852) the personal differences between
ccservers are not great but 1t 1s desirable, that in any series

n wnich comparilisons are to be made, readings should be made by

the same person. Crocker and Tiver (1948) showed that under
normal weather conditions and with analyses made at the 300 - 400
coint level, the variation between different observers 1is little

greater than between separate analyses made by the same
individual. In their experience, the personal factor enters on
days on which a strong wind blows. On such days 1t would be
petter to avoid using the point method, especially in grass which
is a foot or more in height because in the swaying grass 1t 1is
aifficult to decide whether a grass should be counted as a hit or
a miss. In this study, there were some difficulties 1in
sdentifying a hit or a miss only in a case where many species
zl1inging together. The height of the grasses also gave some

roblems in those sites whose cover was mainly tall grass species

r

escgecially because most of the days were windy.

Javi 3 (1931) makes a criticism that the total area examir 1 1s

-y small in proportion to the whole area under analysis, when
~he number of readings is high. This did not seem to be the case
_n this study because a large area of the park was covered, which

could be representative of the whole park.



o sets, which finally gave out two
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rradaticn models for the park. This conclusion therefore

susrcorts the acceptance of the degradation models as appropriate
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n
O

und bases for conditlon assessments of vegetation

in tne Botsa.ano Jame reserve.

6.3 RECOMMENDATIONS

I wculd like to recommend that field work be undertaken during
warmer months, viz; January, February and March. These are warmer
and wetter montns, during which most plant species have their

flowers and leaves. Identification 1s much easier and saves time

rh
¢
r

the researcher. Different species flower at different times
£ the vear, it would still be advisable to carry out several

surveys representing different seasons.

Most vegetation communities have different species. The variation
in speciles composition 1s related to varlation 1n associated

nvironmental factors which can usually be represented by
environmental gradlents. It 1is very important to carry out
ordinations as the emphasis here 1s on individual samples or
species. Thelir degrees of similarity to each other and on

determining how the order of the 1ndividuals 1s correlated with

underlying environmental controls (Kent & Coker:1992).



The range anc cnoice of methods for ordinaticn is a substantial
Croolaem for ooth researchers and students (Kent and
Bal.ard:1988,. Even now, there 1is no absolute agreement over

method that gives the least distortion to the
data. In this study detrended correspondence analysis (DCA) was
chcsen because 1t malnly involves detrending. It 1s referred to
as the removal of the ‘arch effect’ which 1s a problem in
reciprccal averaging (RA). Gauch (1982) also concluded that DCA
gives results at Lleast as good and usually superior to other
ordination techniques. DMOC which is a PCA ordination technique

was used in the analysis.

A useful mcnitoring tcol has resulted, which can be useful in
informing management :-Zrategles 1n the park. Sample surveys can
be used to determine trends 1n vegetation change and informed
ad-ustments to stockling rates and types ilmplemented. However, I
sti1ll agree wlith Werner (1990) that increased interaction between
the pure scientist and the land manager would be of mnutual
benefit to the understanding of natural systems and to the
rangelands which are fundamental to the health of our country. It
1s also very 1important to apply basic ecological principles in
management to ensure that long-term sustained productivity of

rangelands.

It s therefore also recommended that the management of Botsalano
Game PReserve apply scme of the ecological and even economical

principles to those areas which are already degraded, for
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LnsTance, Trhere are areas :n the park which have lost most
ca.atakble specles and which are replaced by the unpalatable
sr=cles, then the management can look for the seeds and re-seed

tne lcst sgecies, but also bearing in mind that 1f the seed bank

h
[}

r tne desirable plants 1s exhausted, then the range will not
zzura.ly regenerate even 1f 1t 1s totally destocked unless

adaitional re-seeding costs are incurred.

werner (19%0) also outlines the principle of succession that it

involves a serles of species replacements, fast growing weedy

spgecles replaced by slower growing but longer lived and strong
ccmpetlitive specles. The management can thus put up strong

control measures for herbivores not to get to the treatment areas
py erecting a fence around the area. However, long-term planning

1s necessary to restore the degraded areas 1n the park.

Zcocme restoration treatments such as the use of prescribed fire
zontrol woody weeds in degraded semi-arid woodlands, are already
<ncwn to pbe cost effective (Burgess, (1988) , Hodgkinson et al.

22$85)), whereas other treatments, such as the Dbroad scale
application of expensive herbicides to control shrubs, are

uneconomical (Burgess:198¢0) .

Tre results from this study also do reflect that the level of

degradaticn decrease with distance away from water points. Using
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ceing widely used 1n Australia as well Landsberg et
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However, cautlion 1s also necessary because this
m=asure may not reflect historical grazing pressures away from
w72y rvcoints.  Ludwig et al. (1999) also confirms that a decline
. The density, cover and obstruction widths of vegetation
CatIines close to water polnts indicates a loss of function, that
©s a decline in the ability of the landscape to retain vital
rescurces because of excessive run-off losses of water, soil

~diments, nutrilients, and litter. Plant richness also decline

¥

rezr water, hence areas near water points can be viewed as

v
L

:fice zones’ Dbecause such areas will always be heavily

w
[69)
)

imracted by stock (Andrew and Lange:1986) .

7 zan also be believed that the existence of these severely

as

L

aded areas 1n the park 1s due to the ignorance of the past

Q2

varx managers who might have been ignorant about the long-term
zcnsequences by overstocking, however most managers now take care

to avoid overstocking a range that is still in good condition.

L:ndner (19%0) suggested that 1f the range is already severely
degraded, then the most profitapble course of action will be to
cpportunistically ¢ > the land whenever it manages to produce
any forage, with the aim of totally degrading the range, this
idea can pbe useful for Botsalano game reserve to totally degrade
“rncse areas with the sole purpose of may be building some chalets
Zr camping sites for wvisitors. At the other extreme,

Landner (19%0) suggests again that range which is either in good
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hly degraded, can be exploited on a sustainable

Q2
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the stocking rate to the feed availabiliity.
Trls grazing management strategy will restore and preserve the
ccd condition in perpetulity. Finally, for range which
s moderately degraded these might be some value in de-stocking
suriny seascns when there are good prospects for seedlings to

sezome established.

Therefore de-stocking the game reserve and re-seeding it can be

4N

ful T2 the existing condition of Botsalano Game Reserve,

G

-tnough the process of recovery 1s much slower than the process

S

of degradation.

Sincze the park 1s also used to accommodate different groups of

[

e who either go there for camping or hunting, restoring the
severely degraded areas of the park especially those close to
water points and roadways 1s likely to provide aesthetic and

recreaticnal benefits to tourists and other travellers 1n the

(8]
I
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APPENDIX A

TABLE 2
HYDROMETER METHOD CLAY IN SOIL
50 g s0il in 1075 ml of distilled water HYDROMETER READING AFTER g HOURS
(%)
HYDRO-
METER. TEMPERATURE €
READING
17¢ 18C 19-20C 21C 22C 23C 26-25C 26C 27/28C 29C 30-31C 32C 33¢C
e T o VI VR
-3 - - - -2 - - 0 1 2 3 4
-2 - - - - - 0 1 2 3 & 5 6
-1 - - -0 1 23 6 5 6 1 8
0 - - o 1 2 3 4 s 6 7 8 9 10
1 0 1 2 3 45 6 7 8 9 0 1 12
2 23 & 5 6 7 8 9 10 1 12 13 14
3 6 5 6 7 8 9 10 1 12 13 % 15 16
4 6 7 8 9 10 11 12 13 1% 15 6 17 18
5 © 89 0 11 12 1 1% 15 16 17 8 19 2
6 10 1 2 13 1% 15 % 17 18 19 0 A 2
7 12 13 1% 15 16 17 18 19 20 2 2 23 %
8 14 15 6 17 18 19 20 2 2 B %25 2%
9 16 17 8 19 2 2 2 23 U 2% % 21 2
10 18 19 20 2 2 23 U2 % 2 8 29 30
11 20 2 2 B % B 2% 27 8 9 03 32
12 27 B % 0B %2 28 29 3 2B K
13 % 25 % 27 8 29 0 3 2 0B % B/ %
14 % 27 8 29 30 31 2 R % 3 % 37 38
15 8 29 € TR VR %% % 37 B39 40
16 ! 7 ¢ T VRN 1 % 3 B0 0 & 4
17 2 0N % /%W B 0N W W 2 43 4
18 % 3% % 37 38 39 0 4 W W 45 b
19 % 37 B39 40 4 Q2 83 W4 W 41 48
2 3’0 P S Y B W4 w4 849 50
2 40 41 42 43 44 45 46 47 48 49 50 51 52
22 Q@ w4 6 4 849 5 51 52 53 S
2 W45 VY BT " 5 St 52 53 S 55 56
. 2% % 47 8 49 50 51 52 53 5% 55 % 57 58
2% 8 6 % 5 52 %) 5% S5 6 57 58 59 60
2% 5 St 2 53 S 58 5 57 58 59 60 61 62
27 52 93 5% S5 S5 57 8 59 60 61 62 63 64
28 5% S5 % ST 58 59 60 6l 62 63 66 65 66
29 % 57 8 59 60 61 82 63 b6 65 66 67 68
20 58 59 60 61 62 63 66 65 % 67 8 69 70
1 60 6l 62 63 64 65 6 67 68 69 0 7N
,_ 62 63 6 65 66 67 68 69 0 N 77
1 64 65 8 67 68 69 07 n o n %75 %
3% % 67 8 6 10 N 7 n % 715 % T
3 68 69 I O I %75 1% T %079 &
% 0 N y720 < T VRS TR T ) 819 B0 81 82
3 7 n % 15 1% 77 B 1 80 81 82 83 8
3 % 7 " n®w N VI 2 8 8¢ & B8
19 % 7 B9 80 8l 82 83 8 85 8% 8 88

40 78 9 80 81 82 83 84 85 86 87 88 89 90



HYDROMETER METHOD

APPENDIX B

HYDRO-
METER
READING
17 ¢
3 g
-2 -
-1 -
0 -
1 100
2 98
3 %
4 94
5 92
6 90
7 88
8 86
9 84
10 82
1 80
12 78
13 76
14 74
15 72
16 70
17 68
18 66
19 64
2 62
2 60
2 58
23 56
24 54
25 52
26 50
27 48
28 46
29 44
30 42
k) 40
KY) 38
33 36
34 3%
ki kY)
36 30
kY 28
38 26
39 24
40 22

76

TEHPERA

99
97
9
93
91
89
87
85
83
81
7
7
75
73
7
69
67
65
63
61
59
57
55
53
51
49
47
45
43
i
39
37
35
KK
]
9
2
25
23
21
19
17

TURE ¢

100
98
9%
%
92
90
88
86
84
82
80
78
7
74
72
70
68
66
64

o]
7

60
58
56
54
52
50
48
46
44
42
40
38
3
34
32
30
i
2%
24
22
20
18
16

26C 27/28 C
- 100
99 98
97 %
95 94
93 92
9 90
89 88
87 86
85 84
83 82
81 80
79 78
7 76
75 74
73 72
n 70
69 68
67 66
65 64
63 62
61 60
59 58
57 56
55 « 54
53 52
51 50
49 48
47 46
45 44
43 42
41 40
39 38
3 36
3 k1
3 32
i 30
29 28
a1 %
25 24
2 2
21 20
19 18
17 16
15 14

99
97
95
93
91
89
87
85
83
81
79
77
75
73
n
69
67
65
63
61
59
57
55
53
51
49
47
45
43
41
39
kY

33
3
3
27
%
23
21
19
17

13

97
95
93
9
89
87
85
83
81
9
n
75
73
1
69
67
65
63
61
59
57
55
53
51
49

47 .

45
43
41
39
37
35
33
3
29
27
25
23
2
19
17
15
13
11



APPENDIX C :
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2 :he arger :a
Aristida barbicollis
Hel ropogon contortt
Ar: :ic conc sta
Bulbostylis burchelliil
Pogonarthria squarrosa
Brachiaria negropedata
Melinis repens
Eragrostis echinochloidea
Eragrostis trichophora
Digitaria eriantha
Aristida scabriv: "vis
Trichoneura grandiglumis
Eustachys paspaloides
Aristida diffusa
Anthepora pubescens
Cymbopogon validus
Diheteropogon amplect 1s
Eragrostis superba
Elionurus muticus
Andropogon eucomus
Themeda triandra
Pentarrhinum ‘1sipidum
Eragrostis rigidior
Eragrostis gummiflua
Ischaemum afrum
Urochloa mosambiensis
Aptosimum lineare
Mundulea sericea
Cyperus longus
Kyphocarpa angustifolia
Indigofera melanadenia
Oenothera tetraptera
Chloris virgata
Digitaria velutina
Compositae
Eragrostis heteromera
Walafrida densiflora
Schkuhria pinnata
Alternanthera pungens
Rhynchelytrum repens
Gnaphalium filagopsis
Eragrostis biflora
Eragrostis plana
Cynodon dactylon
T¢ 2s

“is dunciformis

>
Eragrostis chloromelas
Setaria ingrassata
Brachystelma cupulatum
Monocymbium ceresiiforme
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JUN

------ indicatas that the data is unavailable
2 {ndicates than the day avarage ks unreliable duve to missing data.
AVE ia the day averaqge.
Note :
AVE will only be for the dayes that appear on the raport.
This value can be wrong if only a part of the year s data is extracted.

0508047 0 MAFIXKENG WO WAKIN TEMPERATURE 1997 TIME 03h0C

DAY JAN FEB KAR AFR MAY JUN JUL AG 3RP ocT NOV [\] 49

DAl 3.} 29.4 27.1t 4.6 4.4 16.3 14.9 22.3 15.3 3.8 23.6 8.0
02 v, 7 3.9 8.9 21.6 26.9 17.3 16.9 23.1 26.2 30.5 29.9 5.7
01 0.0 30.5 6.8 32.9 23.4 19.0 1.4 22.3 25.7 31.4 32.4 3.7
04 18.8 3.5 29.3) 21.9 23.7 20.1 1.2 25.1 25.8 33.1 33.0 32.3
0% 2%.6 .3 1.2 5.4 24.5 20.8 8.7 18.4 24.5 3.9 33.9% 3.t
06 30.4 30.0 7.1 30.3 0.9 21.8 17.4 16.6 2%.2 34.9 4.3 3t.8
07 311 6.9 4.2 17.8 10.4 23.5 15. 4 19.6 18.0 34.4 36.5 J2.1
0n 30.8 29.5 8.9 20.4 20.7 24.6 15.2 32.2 21.8 8.9 J3.8 4.5
03 29.1 8.3 30.4 17.1 21.2 23.6 15.2 3.9 15.6 26.0 32.5 34
1] 30.2 8.3 24.4 22.3 21.6 3.9 18.2 43.5 16.9 16.4 29.1 37.2
(B 26.1 11.4 28.9 21.4 1.8 2.2 19.7 3.9 t72.1 29.6 25.8 36.0
12 23.2 17.8 26.2 4.9 22.1 12.6 20.3 4.6 19.3 301 29.7 36.12
13 22.6 31.% 22.1 22.5 22.2 16.0 t9.8 25.9% 3.9 26.0 31.1] 35.9
14 28.3 19.8 5.8 21.4 23.7 16.6 19.5 26.2 19.4 22.0 34.0 35.6
15 29.8 7.9 2.9 23.7 23 30.0 30.5 24.3 19.6 26.0 it.3 EA N )
16 30.1 It 24.3 5.0 22.1 18.4 19.7 25.0 23.4 20.9 9.1 14.9
17 34.7 34.0 24.8 i6.0 32.17 2.6 0.3 25.3 24.1 18.6 24.9 29.3
tg 2.6 8.5 22.8 28.13 23.0 16.2 22.3 6.1 21.3 22.1% 2.7 3o
19 28.3 13.2 23.4 6.3 23.4 19.2 12.5% 27 .6 27.2 22.5 16.7 28.8
20 30.1 32.4 23.9 1.2 23.0 171 21.5% 27 A 1o.2 25.10 12.3 30.1
21 4.7 34.4 35.0 4.8 24.5 21 .1 4.6 6.0 1.2 27.4 19.8 341
12 6.3 34.9 26.7 36.1 2t.6 23.1 13.9% 25.1 12.s 30,3 35.3 34.0
a3 3.8 35.2 15.2 19.1 17.4 21.3 23.2 26.9 34.2 31.8 28.5 2.5
14 29.9 28.0 37.9 20.0 19.5 23.2 5.0 25.0 28.9 33.4 32.4 29.8
25 29.0 30.4 24.9 i) 16.3 3.7 0.2 25.¢ 31.6 33.9 18.5 3z.8
16 29.0 30.5 21.9 24.4 17.4 24.1 23.8 37.1 10.0 3:.0 29.7 EERR
27 29.6 9.0 1.3 27.5% 4.8 24.3 1.1 6.7 31.3 6.3 26.7 35.4
28 28.0 24.3 23.13 2.0 12.0 26.0 16.8 25.2 4.0 23.6 9.2 3).2
29 jo.o 29.3 21.7 3.3 13.1 1.4 25.) 35.6 24.0 30.7 3.4
jo 310 24.17 1.7 15.6 11.3 16.7 26.90 3.4 8.9 9.6 29.5
kR 32.2 26.8 16.2 0.0 4.2 29.5 2s%.5
AVR 28.6 30-5 29.3 22.5 20.7 20.0 9.7 4. 25.7 26.2 29.8 32.6



( JhAN FEB NAR APR

ni 25.4 0.9 34.2 30.1
02 24 ¢ 33.8 30.1 30.3
03 20.¢ KEPR] 39.5 29.6
[} 26.1 31.3 31.0 36.5
Q9 28.1 33.9 313.3 31.2
Qo 25.2 32.9 14.2 30.8
07 28.5 34.6 12.9 32.4
o8 3.5 LN 6.7 9.7
09 30.7 4.2 J1.5 16.3
10 5.1 33.4 jz.8 6.5
11 38.7 33.2 jr.? 9.5
72 8.6 33.9 27.8 36.2
] 3r.oe 29.9 6.7 27.4
td 28.7 0.8 4.7 29.4
15 28.9 27.5% 26.8 29.3
16 31.2 29.5 9.1 27.9
17 32.5 21.0 0.9 26.3
18 LN 24.9 32.5 25.2
19 31.2 231.7 i8.6 5.3
20 30.3 36.6 10.9 25.2
ral jz.2 28.8 32.3 5.6
22 3.t J1.6 KR | 7.1
23 3.5 32,9 3t.2 28.5
24 32.4 30.9 3.2 30.2
25 27.3 30 32.2 29.0
b4 291 25.8 29.8 28.7
27 3.9 29%.4 22.2 29.4
18 3 32.0 25.7 30.6
9 v 29.3 30.5
0 9.8 6.9 28.5
EAl 30.7 28.1

AVE i%.3 30.5 9.9 23.5

Report Complete
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The feoklawing codes are used

AVEB 1s

Notas

AVE wil) only be for
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nz
n3
4
(r4
06
o7
vy
09
o
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Jan

15.
6.
b7,
17.
7.
17.
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18.
8.
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1R,
1h
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16,
16,
18
17.
18.
18.
18.
16.
18.
13.
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1€
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wndrcates that the Jata is wnavailablo
indicatss than the dey average L2 unreliable due to missing data.

the day
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the days that apgpear on the report.
Thia value car he wrong k€ omly a part of the year s data is extractad.
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MAY

O S SN RNYS OIS EIREEIN N ARAUADRODD N A LR

*

— A A CAWNWWITEY SIS~ S wDOCODOSTAS - DN

Jun

NP P PP PR B — e a DB AMORSITARNLD -

JUL AUC SEP
7o~ 1 7.5 $.8
6 n.s 6.2 7.1
S 0.7 1.3 14
1 3.2 5.0 7.6
S 3.9 1.9 9.7
4 4.6 - 1.5 12.9
1 1.5 1.a i
3 a.2 Z.6 12.1
8 6.7 5.5 0.6
.5 4.7 4.4 11.4
.5 1.8 5 2 12.9
2 3¢ 6.8 10.9
4 3.7 41 10.9
2 1.0 7.3 8.
A 1.7 9.2 7.2
] 2.8 8.7 6.9
N 1.6 6.0 10,8
-] 3.2 7.4 1.1
) 0.1 9.5 1.2
ol 8 8 7.4 14.2
N 7.7 5.6 1.0
.6 6.6 6.2 12.%6
Ny 7.9 2.8 13.9%
1 7.5 T2 10.3
6 3.6 12.31 10.1
! 5.3 9.9 13.5
3 8.6 1.7 14._4
3 1.3 10.12 16.1
0 2.2 i0.0 15.12
.7 8.8 1.3 16.%

9.0 it
3 f.8 11.13

NINIHOM TEAPERATURE 1997

ace

14.
15.
14
14.
15
15,
14,
13.
tn
1
13
1.
1.
12
t0.

9.

“ QP BN OOV LV INAENDDO RSN T

TIME 03h00

NOov DEU

16.5 4.8
15.4 18.1
16.6 12.6
20.0 t31.9
18. ¢ 17.7
16.1 15.9
20.7 17.%
2.0 1%.7
1.0 9.8
an. 4 20.43
16 .6 20.3
13.7 17.3
15 2 19.3
5.7 17.A
15.6 18.9
16 .1 19.5
9.6 an. 4
%.9 1.5
6.6 15.8
2.9 144
13.0 16.2
8.1 19.5
6.3 12.2
12.9 16.2
15.7 17.8
12.7 1.2
14.6 18.9
16.0 20.1
14.8 19.8
15.2 16.1

1.7
14.6 17.5



DAY Jan FRB NAR APR NAY JuN JUL RUG SEP ocT Hav DEC
0 x| 17.9 18.8 7.3 15.8 9.9
a2 16.7 16.7 13.1 15.8 10.7
DE] 14.6 16.0 10.9 13.5 10.0
04 14.6 14.4 13.2 13.7 12.6
) 16.9 16.2 16.4 t4.4 10.5
06 189.3 20.4 16.3 12.8 10.9
07 17.8 19.5 17.5 12.9 10.2
08 7.1 20.2 17.9 14.89 3.4
9 19.4 17.7 17.6 13.4 7.6
10 10.0 20.4 14. % 13.6 3.2
1t 1.4 19.5 15.4 15.2 n.S
12 16.8 18.4 15.4 14.5 2.5
13 5.5 290.4 13.8 t3.9 2.2
t4 V6.9 14.4 13.0 V3.2 3.5
15 15.6 3G.0 5.4 13.8 - 0.1
ts 16.5 8.t 14.2 15.0 0.2
1y 19.8 15.4 15.3 13.4 4.9
18 20.3 15.7 15.9 10.7 1.9
19 16.3 14.5 18.1 10.2 2.8
0 168.0 15.8 .t 9.3 4.1
21 16.7 15.1 18.0 10.2 3.1
22 8.7 17.8 17.8 10.7 3.8
22 18.2 16.4 17.90 13.8 6.4
1] 17.9 17.8 5.7 12,3 5.1
25 5.9 17.3 16.0 12.7 1.5
6 17.2 17.9 19.8 1.1 5.1
¢ 27 18.0 15.4 14.8 10.7 5.1
T 28 LN 16.6 15.4 9.3 8.4
| 29 18.9 16.4 10.4 0.6
39 15.0 16.5 10.8 3.2
31 18.7 5.0 5.3
AVE 16.8 17.4 15.8 12.8 5.5
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The fovllowing codes are uped : Die volgonde kodes word gebruik :

#dsd2 . waissing deta. ‘sdes - gonthrekende data,
Atvin - no gbgervation made due to accumulation. Attkd - gesn obmervasie gedoen agv opgaring.
Bret® - no observation svade due (o accumulation but rain fell. Bi**d - geen observesie gedoen agv opgaring maar t het gerean.
f# - value unreliable due to miseming data. ¥ - waarde onbetroubaaxy agv ontbyekende data.
¢ - value unreliable due to accumulation. C - waarde onbstroubaex agv opgaring. :

Np ‘ NP
Tha total for the year (YEARR TOF) will only be for the Die jaartotaal [(JAAR TOT} word bersken vir die e wat op
nonths appearing on the report. This value sy he die vexslsg verskyn. Bierdie waarde kan verks rens as Blege
fnocorrect if only part of 3 year's data is extracted. 'n gedeclte van 'n jaar se data onttrek is.

T S Lt b T Ty wrm e P L U Uprp i R SR o e i M h e mmm—— i e

DAILY RAINFALL WITH NONTBLY A&D annuAL TOTALS FOR rnc PERIOD 1997/01/01 - 1998/05/31
DAAGLYKSE REEHVAL HET WAAND- EN JAARTOTALR VIR DIE PERIODE 1997/01/0V - 1998/05/31

KAFIKENRG WO 0508047 0 LAY: 2%¢7 LOW: 2%32 H: 1282 e
J2K 1957
3c 3,0 mm 6= 3,4 an & 38,7 nuw 10= 8.8 oan 162 22,5 me (7= 21,5 mm 168= 2,3 me 20= ., T ©n
21= 1,6 am 22 28,9 om 24 0,2 no 5= 0,4 non 27= 0,5 no
0T = 159,% mwe
YEB 1957
S 11,4 op 6 44,9 an I= 1,6 9= 0,0 mm 1= 2,0 mo 14= 0,3 mm 19= 0,0 um 2= % amn
25e 0,2 om 26< 2,3 an 27z 56,9 am 8= 4,5 om
TOY = 124,1 mo
KAR  ¥997
2 11,5 am 4= 3, anm Sc 16,5 nm [T 0,6 mm 72 17,2 mm ¢= 33,0 mm 10= 1¢,5 mn 18= 0,3 wn
1§= 32,6 mm 20= 11,3 om 25= J,6 nm 6= 5.7 om 27c 1,8 ma 29= 9,6 mm
™7 = 162, mo
2
APR 1997
iz 25,7 am 3= 13,4 oo 4 11,4 »m 8= 7.9 om 9= 2,4 mo V4= 4,0 mp 17= 1,6 mm 18= "9 ®n
19c 0,4 mm 20= 10,5 om 22- 12,5 mam
TOT = 107‘7 mm
MRY 1997
[ Z2,% mm = 17,1 mam & 0,0 nm 3= 26,5 mn 248 50,7 nm 28= 37,8 mm 26= 0,0 mm 7= 0,1 wp
TOT <= 134,7 num
JUN 1997
TOY = 0,0 mp
JUL 1507
27z 2,0 »n
™! = 2,0 nm
AUG 1997
29= 3,6 mp 30= ?,8 an
TOT = 10,6 nm
SEP 1997
Bz 2,5 mm 1= 1,8 an 8= 4,5 an 9e 5,2 npa 10= 8,3 om Vi= 0,5 mm
10T = 2,8 am
0ocT 19937
10= 6,4 nm 13 51,5 mn 14= B.% mm 15« 1,5 nm 24> 0,3 manm
TOT = 68,2 wm
ROV 1997
5% 5,7 mm 8- 0,0 mm 10= 0.5 mm iz 11,4 mn 12¢ 0,4 mm 15¢ 6,6 na 28= 5,6 mm
TOT = 30,0 me
DEC 1997
2x 0, mm Sz 18,3 mm Y= 0,0 mm Vi= 0,7 sn 13» 3,5 mm 2%z 13,0 mp 24= 3,5 mn 28 0,0 um

19= 7,0 am Iix 6,2 ne
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13

z2z 98

I

TOT = 52,3 nn

YEAR/JAAR TQT =

JAN 1998
12 318,86 mn P 3,9
18= 8,7 mn 0= 10,8
TOT = 159,10 mm
FTR 1998
7= 1,0 wm ti= 20,4
107 = 77,5 &m
———
NAR 1998
6 ,0 Bm T 7.9
18- 0,4 am 30= 17,8
TOT = 99,1 »o
APR 1998
Tz b,6 oo 12= 0,3
TOT s 7,2 ma
MAY 10438
TOT = 0,0 mn

YTEAR/JAAR TQT = 342,44 mm

873,88 am

»m
o
nn

nm
mm

3 5,0 onm
2y= 0,5 mm
16= 1,1 mm
8= 4,0 en
16= $,3 mm

46 2 mm 7z 4.8 nm Qe 0,4 mm 3= €,9 num 14c 3,0 ma

¢,2 mm 23= 7,5 ma 29= 13,6 mm 30= 14,0 om

55,0 mm 30= 0,0 nm

1,7 an 123= 9,9 ma 13z 15,8 mm 8= 1,6 mm 27= 30,3 mm

Report complete / Vaerslag voltooi






APPENDIX H

SPEARMAN’ S RANK CORREILI __JON COEFFICIENT FOR MODEL A

ZITZ NCZ. 5IOMASS RANK DEGRADATION RANK DIFF. DIFF-
TALUE GRADIENT (d) (d-:
- ZZ0, %2 15 15 7 8 54
5 2112 20 19 15 5 25
z 225,90 18 18,2 11 7 49
i Zlwl12 11 18,5 12 1 1
Lz 202,52 2 48 22 15 256
1z 23.%9<2 1 89,5 26 25 625
1z 22z, 1¢e 12 36 21 9 81
21 272,00 24 18,7 13 12 144
22 20%.52 9 17,2 8 1 1
23 295,04 5 20 17 12 144
24 254.038 19 17,5 10 6 <
25 2eh.44 22 17,3 9 13 169
2¢ 2.3.52 10 7 4 6 3¢
27 2298.1¢ 19 7,5 5 14 196
33 170.00 3 74 24 21 441
34 142,24 2 62 23 21 441
35 190.00 4 80 25 21 441
490 272.80 25 19,2 16 S 81
41 2z21.c8 21 18,8 14 7 49
49 2038.24 8 22 18 10 100
50 203.7¢ 7 22,3 19 12 144
51 229,12 23 25 20 3 9
L 232.32 13 2 2 11 121
=3 277.12 26 0 1 25 625
57 239.92 14 8 6 8 o4
70 254,08 16 2.2 _3 13 169
4512
r = 1.0 - 6. x _~* -
n- - n
Where d = difference between pailred ranks
n = number of pairs of obs :vations
r = 2.9
e - Zo
= L SToT2 = -0.543




Significance testing

Tne r. value must be tested for significance using the t
sTzT1sTiC and table available 1n most statistical books.
Tris,

S

1
I
b
3

)

r = -0.543 | 26 - 2
| 1.0 - 0.295
V
= -0.543 | _24 = -3.17
3.705

v3

he value of t has to exceed 2.49 1n a one-talled test at the

M

21 of 0.01 level. The t wvalue for this model is -3.17 ,

p—

e

!

negative correlation between biomass and degradation gradient 1s

A
b

hixnhly significant.



APPENDIX I

SPEARMAN’'S RANK CORRELATION COEFFICIENT FOR MODEL B

<TTZ T 2ICMA33  RANK  DEGRADATICN  RANK DIFF. DIFF.-
ULLUES GRADIENT (d) (d°)
- 073,32 25 14,5 20 5 25
11 21912 16 3 3 13 169
13 225.7¢ 17 14,72 17 0 0
28 85.76 2 70 25 23 529
25 90.00 3 56,4 23 22 484
30 238,72 21 15 21 0 0
31 70.5¢ 1 60 24 21 441
32 122.40 4 55, 8 22 18 324
38 2)0.80 13 14,3 18 15 225
3% 193.04 10 14,4 19 9 81
42 122, 1¢ 5 3,1 5 0 0
43 246,08 24 4 9 15 225
44 193, 7¢ 11 6 11 0 0
45  229.28 18 2 2 16 256
£ 233,44 14 4,1 10 4 16
47 1 78.88 6 3, ¢ 7 1 1
43 174,40 9 13,5 16 7 49
52 123,24 12 7 12 0 0
52 241.3¢8 23 3 3 20 400
54 171,44 8 0 1 7 49
55  238.5¢ 20 3,5 6 14 196
59  170.72 7 13 14 7 49
€0 229.29 19 3,7 8 11 121
25 245.2 22 13,2 15 7 49
g5 218,32 15 12 13 2 4
3693
- = 1.0 - 6 % 3693
25 - 25

.o °hhn }.263



Sign:i 7’ 1ce testing

Tnis mcdel has the t value -1.30,
c=tween blomass and degradation

significant.

the negative correlation

gradient

is

once

again



