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o Thepb}ediéﬁon that sama commumt:es with similar conditions of lplant available moiéﬁxré o
(PAM) and avaﬂable nutucmts (AN) have similar structural and functionat feamres was tested
for a range of southern African savanna types ~This predictmn forms the bas:s of an
'hypothesis that savannas can be clssified funcnonally on the basis of PAM and AN.
| Nmeteen South Afican savanna typem were sampled over 2 xamfall grad.ult of369 to 690' -
-mm a and on diffetent geologlcal parent materials. Ecologmally meaningful indices of
PAM and AN were derived using climate and soil physical and chemmal data. The ﬂonstm, -

structural and functmnal charactensucs of the woudy plant and herbawous components of
. ‘the savanna communities. were ordinated and classified in reIation to the PAM and AN o

gradlents. The ﬁmf:nonal class:lﬁcatlons were asseSSed in the plane of PAM and AN

Plant avaﬂabla mmsture was mdexed as the mean number of growth days per ammm demred o

~form a water balance modelhng approach This index reflected the duranon of the growmg'.' :

'smson m days and was smtablw detailed for use at the community fevel, The AN indices
o ranged in complemy from a measure of the availability of mdw1dual nutrients in the soil to
N an index base.d on the. results ofa bmassay experiment, The usefulness of the AN mdlces -
.' was assessed ona number of criteria and the soil A horu:on tota.l nurogen . ntent m mglkg N
was chosen as a sultable AN index. ' T PR

The spemes composmon of the woody plant and - grammmd commumtles was pnmaniy '
related to the PAM gradient with AN havmg a sxgmﬁcant but sacondary effect. 'Ihere was
overall a high degree of similarity between woody plant and grammcud floristic types. 'The

distribution of members of the woody plant families, Mlmosmdeae, Caesalpmoxdeae and

Combretaceas - were primarily related to the AN gradlent ‘The hlgher taxonoutic
classifications of the graminoid commumnes, based on subfanuhes and tnbes, were pnma:ﬁy '
related to PAM, ' ' : :

‘Structural trends of the woody plant and herbaceous communities were telated to the PAM_
gradient but not to soil fernhty Thare were a range of structm'al types for similar condzttons o
of PAM and AN | - '



P

| 'I"ae runcuonal trt:nds of the wuody plants were pnmanly related to the AN gradmnt W1th -_

" PAM having a secondary but mgmﬁcant effect while the graﬂnnmd commumty functional

: "tre.nds were primarily related to PAM with AN havmg a secondazy but significant effect.

| _ The wuody plant and grammmd commumtles were not gmuped mm funcnonal types in the_ |
.__'.-'same way | | x
| It was evadent from thls study that these South Afncan savanna types were related §
 Hloristically, structurally and fwcnonally to either or: both of PAM and AN, which are -

_-'hypothwsed to be the pnmary determmants of savanna, suucmre and funcuon Althoughi
communities with sxmﬂar conditions of PAM and AN were not consxstenﬂy funciionally . -

similar, the ﬁmct:nnal classifications of both the woody plant and graminoid communities -

- mapped well onto the PAM-AN plane. ‘This mdlcated that the PAM-AN plane does have .
potential for use as an overall framework for the classxﬁcatmn of savannas ona functienal_'

' basis.
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1.0 INTRODUCTION -

| The seuthem Afncan savanna bxone, as deimuted by Rutherford and Westfa]l (1986), is -
estimated to cover 46.2 percent of the land surface of the subeontment Savannas in thxs .
: regxon are an 1mportant agrononnc, pastoral and eco-tourism resource. Inereasmgly intense

B use of savannas by an expandmg humarn populatmn is resultmg in adverse changes to the soﬂ“
-and vegetauon whmh are affectmg the capacity of these systems to support humans and other

Orgarisms. The current trend of degmdat:on in savannas in southem ﬁur!ea, (and around the -
worﬂ), and the mnsequences of global climatic change prowde extreme cha]ienges for the
management of savanna areas protected for conservatton purposes or used for commerc:a.l'
or subslstence famung o ' o

'There a:e two 1ssues of major concers in savanna management (Frest, Menaut, Walker,

Medma Solbng and SW1ft 1986) 'I'he first is the alterauon of the ecologzcal sn'ucture of
savanna eommunmes, mvolvmg chauges in speexes composman and in the relanve abcndanee o

~ of and relatlonslups between spemes ‘The second concern is a change in the way savannas
function, especna.lly the decline tn pmductmty that results from changes in the availability
of water and nutnents. Efficient management of the savanna resource and the determination
of responses of savanna vegetauon 0 mcreased utthzatmn and global chmatm change requires
an understandmg of the mechanisms or factors that control the structure and functlon of these '
systems (Frost et al 1936). An understandmg of the mechamsms wiuch underlie the

dlfferences between savanna types is needed (Walker 1985)

The results of research on savanna structure and _furlction in different parts of the world have
been synthesised as partofa coﬁaborative intenlational research eftort teﬁned_the pfegramme '
on Responses of Savannas 1o Stress and Disturbance (RSSD). The aim of the RSSD
'programme is to develop & predtctwe uniderstanding of the ways in which savannas respond
to natural and man-made stresses and dlsturbances (Frost et al 1986).
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A key hypothesis of the RSSD _reséaibh effort is that soil moistli:e reglma, _nuuimt statix_é, :

 herbivory and fire are tlie' major determinants of savanna stmcmre'and function (Frost eta - :

i __1936) These four detenmnants av'e not ascnbed equal status in their mﬂuence on savamas,

and water and nutrient supply are considered to be of primary 1mportance 15rost et a 1986) _

~ For the purposes of the RSSD programme, these primary determinants have been te:rmed |

: 'piant -available moisture (PAM) and avaﬁable nutrients - (AN) respectively. Vanous -
suggeshons as to how to. characnenze PAM and AN have been proposed within the RSSD |
forum (Frost et al 1985, Walker and Menaut 1988) | a

 One ofthe'objecﬁves.of the RS_SD pmgmmme is to develop a framework for comparing and
. explaining the structural and functional similarities and differences between savannas around
 the- world The lack of such a framework has hindered attempts to relate research findings
 from g h avanna fo another because of the large sub~ and intercontinental variations in
savanna types (Frost et al 1986). Because PAM and AN are considered to be the primary
debenmnants of savanna structure and functlon on alt cdhtin_ents,’ the PAM-AN concept has

been prdposed as the n'ms't suitable frﬁmework for comparison of the world’s Savannas (Frost

ef al 1986). A classification approach has been proposed as the best way of summansmg the
structural and functional characteristics of the various savanna types. A structural-functional
class:ﬁcatmn will enable the comparison of savannas that are floristically different but
structura.lly and functionally similar. This- is especxally 1m;,)ortant for intercontinental

comparisons. -

A stroctural-functional classification that is predictable on the basis of PAM and AN wil ot
only enable inter-site comparizens on a sub- and intercontinental basis, but will also be a
means of pr'edicting the functional response of the vegetation at a given site to & given
perturbation that affects moisture or nutrients or both, This latter possibility has potential
for aiding research on the impacts of herbivory and fire at a fine scale, and for predicting
the 1mp11cauons of global climatic chanige. The results of such research will be potenna.lly
important for management purposes. . |

The aim of tlus study is, therefore, to test the predlctlon that savanna. commumties mth
 similar conditiens of plant avadable moisture (PAM) and available nutrients (AN) lnave



| snmlar structural and functmnal featurw (Frost et ai 1986). I tlus predtctwn 1s found

to hold, it has unportant 1mp11catmns for the development of predlctwe models of savanna __ -

structure and function hased on the development ofa funchonal class:ﬁcanun of savannas that
is predxctable on the basm of PAM and AN o » - .

. The objet;tives of this study are

1.' To dedep ec&mglcally meamngful indices of PAM and AN usmg chmanc data and soil
ph}’mcal and chemical data. | S .

2. To claséify the' sampied savanna types ﬂo:_i_sﬁ_c’al}y, sl_:'ructmally and fthtiuna]iy and to o

compare these CIassiﬁCations- to one another and to relte them to PAM and AN.
3, To relate the ﬁndmgs of this study to current hypotheses about PAM and AN mlated._ o
_ ﬂonstic, structural and functwnal h‘cnds in savannas. S .

An aim of the RSSD programme is to use the functional approach and the PAM-AN

- framework to develop models for the prediction of savanna dynamics. This study represents
a first step towirds achieving that aim and consequently is only concerned with the
determination of pattern of savanna structure and function in xelahon to PAM and AN, No-
consideration is given to the dynamics of savanna floristic, structural or functional types in

' refation o changes in PAM and AN (e.g. Walkei- & Noy-Meir 1982).’ . |

No single classification can convemently cover all scales of resolution for whmh a predmtwe _
understanding of savanna change needs to be developed. Consequently, approaches are o
needed at global, continental, régional, community, patch and plant scales (Solbrig 1990).

This study is aimed at developing a structural-functional classification of savannas at the

community scale. The community level of resolution is .an nnpormm scale for the



- management of savanna vegelafion.
113 msﬁ’ 1s STRUCTIRE
The remamder of chaptet 1 presents a review of the detennmarts of savanna structure and
function and. the structural-functlonal clasmﬁcatxon appmach - Y

_C'lapter 2 covers the resaarch approach w1th a descnpuon of the study sxtes and detaﬂs of ) " "
: 'thematenals andmethods : x I S

o : Chapters 3 and 4 deal w1th the development of ecologma]ly meanmgﬁﬂ mdlces of PA.M and' j
o '_AN respectwely. These two chapters address study ob]ecnvc L. R B

_ Chapter 5 deals Wlth the ﬂnmnc class:ﬁcatmn of vegetauon in relatmn to the mcb.ces of PAM -

. and AN deveioped in the two precedmg chapters

‘Chapter 6 deals w1th the strumnral trends and clasmﬁcaunn of the. vegetauon in relauon to
PAM and AN. ' : A

B Chapter 7 deals w1th the. funchonal trends and class:ﬁcauon of tl':e vegetaﬂon in reIatlon to.
PAMandAN = : T

Chap.er 8 provxdes a general discussion of the results of the study mcludmg the companson |
' of the floristic and furictional appmaches and Imphcanons for future research. )

Chapters ' 5, -6, 7 address S_tudy _Obj.ec.ﬁveg . an_d .
1 savamh e sy
12.1 D&FMQN.QE.IEBMS, -

The de{uﬁﬁm Ofm used in &“5 St“d)’ fefﬂfs :_to‘ iregetaﬁon w1th a -dbﬁtinﬁﬁus’ h&rbaceous
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stratum compa_sad mainly of C4 graSsés and forbs, and a discontinuous .'Wﬁc_)ody plant Iaﬁc_r_ |
with "a. iange df densanes and. haights The co-enstence of woo&y plants and graésiés is a

unique feavitre of savanna vegetatmn This defirutwn encompasses a wzde range of savanna
types ﬁ'om predommantly gmssland with fw scs.ttered shrubs to closed woodland In this

study savanna types wx]l be used synonymously w1th savanna commumnes |

Savanna s_t;],:ﬁg___ is defined as the spanal arrang ment, both honzonta]ly and vertically of
‘the plant biomass in a cumnumty Structural features mclude dansnv rnean ha:ght and

B canopy cover.

Savanna ﬁ.g ction refers to tha way in whmh plants are adapved to- and respond to

env:ronmentai factors. “Functional features are those features of the plant that are apparent '

. enwmnmental adaptanons such as phenology, leaf sme succulence and fire tolerance.

| As menuoned in sectlon 1.1, four major determmants of savanna s‘:rucmre and funcaon have B
been propused (Frost et al 1986). This hypothesxs has been drawn from syntheses of the
ecology of tropical savannas such as Huntley and Walker (1932) and Toﬂud and Mott (1985).
Soil water reg:me, nutrient status, herbivory and fire are con31dered to be the major-'

- determinants of savanna structure and function on all continents. Human dctivity is
~ considered a ﬁfth determmant of savanna structure and functmn but will not be considered

in this study

As stated in sectioh' 1.1, the four determinants are not ascribed equal status. Plant available -
moisture (PAM) and available nutrients (AN), the primary determinanta, are oonsider_ed to
have » constraining effect on herbivory and fire, the secondary determinants. These, in turn,
are consider_ed to indirecﬂy mochfy the primary determinants. | A’lﬁmugh individual -

determinants have been identified and prioritised, they do not influence savanna structure and -
function independently and have a cotrelative and interactive effect (Frost er af 1986). Also,
t_hé, status of the four determinants may be different in different savannas, fof example water
limitation is considered to be the most important determinant in dry savannas while nutrient
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 limitation and the occurrence of ﬁ:c are more xmportant in mo:st savannas (Wa]kcr ‘985)

This effect is cwdont in the gcncral thodel of savanna structure and funcuon propﬁsed by - R
Walker (1987). Models with the same basw elemen.s were constructed for a range of

savanna types thc distinguishing feature betwoen thcm bemg the d:ffcrﬂnoc in sxgnmcanoe
‘and relative 1mpﬂrtanoe of each element in each model. -

'I'I:e xm emphasxs in thls review will be placed on the pnmary detemunants mnce these :
form the focus of this study These determirv-"ts are cxtcnsively dlscussed and rewcwcd in
syntheses of savanna ecology such as Hunt!ey and Walker (1982) and Tothill and Mott (1985) o

and summansed b} Frost et al (1986)

} 1._-2.2.1 My_d_etenninang _

1.2.2.1 ()  Plant,

This section deals briefly with the facturs that determine and modify PAM and with some
of the aﬁparcnt'cffects that PAM has on savanna structure and function. For the purposes
of this study it is- assumed that each savanmid typs can bc characbensed by an average
condmon of PAM that mﬂuences the. structure and funct:on of thc vegetatzon |

Plant available wattar is determined pnmanly by ramfail 8edl propert'ies such as texture,
~ structure, profiie depth and stoniness influence the permoabllltyand water retention of the
soil and consequently modify the amount of rainfall that enters the soil and the way in which
- itis distributed in the soil profile, Temperature also hasa modi'f}dng effect on PAM ﬂmough |
its effect on evapotranspiration dnd evaporation. The modifying effects of these factors are
dealt with in detail in chapter 3 on the development of PAM indices. | '

Cole (1982) attributes the height and spacmg of savanna vegctatlon to the mﬂuencc of PAM
The wide range of structural types of savanmas eg grassy shrubland to closed woodland is
attributed to PAM since the availability of soil water and its dlstnbunon in the soil proﬁlc .
is thought to influence the relative amounts of trees and grasses (Walber 1971).

increasing dommancc of trees with mcreasmg moisture avaﬂabﬂ_t.ty has been hypothomsod
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As in other vegetatlon types the avaﬂabﬂzty of sml waier ls 1mportant for the uptake of .
_nutnents from the soil (Bate, Furmss and Pendle 1982) and for the phys:q 'agxcal ﬁmcnenmg - -
of the plants (Goldstem and Sarmiento 1987). I'he mﬂuence of PAM on p!ant physmlogy L

“accounts for the ebsemed frends between the soil water balance and pnmary producuwty
(T miey 1982 Frost etal 1986) ' Plant available moisture is hypothes:sed to limit the pnmary o
productivity of sava.una vegetauon (Bate et al 1982) For both woody plants aud grasses, o
: 'growth and mmntenance of photosynthetlc matenal depends on PAM. "

| The Seesohaﬁfy of BAME ha‘s';m iihportaﬁt inﬂuence on 'the %w'ay in which savannas function -

ancl the patterns of gmwth and reproductmn of both the major growth forms are dependant' -

on the avaﬂabzhty of soil water. Both the woody plant and grammmd components ef the

o _ vegetatmn have adaptatmns that enable them to cope with seasonal changes in the avalla.blhty B
of soil water \Medma 1982, Tinley 1982, Frost et al. 1986 and Goldstein and 'S'armientp S

3 1937) " These iuclude phenelogical adaptatiens, seed t:ierma.ne}'r',l 1*.f'eigeiati\'re dommnc'y and
' resurrecnon, phymologlcal plasticlty and leaf size. The vanable seasonal avaﬂabﬂlty of PAM
~also mﬂuencee savanna dynatmcs, for example, by affectmg the ouﬁeome of compentton o
~ between the two magor growth forms (Walker 1987). '

~ Southern African savannas have been dmded into two groups an the basis of PAM. This
dlstmctmn between moist -and dty savannas’ is fundamental for cut:rent savanna theory' '

(Huntley 1982 Walker 1985, Frost et al 1986)

The effects of PAM on vegetatmn composmon, structure and funcuon are dealt with in detml
in chapters 5,6 and 7 respecuvely

1.2.2.1 ()  Available Nutrients (A

This section deals briefly with the factors that determinie and modify AN and with some of
the apparent effects that AN has on savanna -structure“and' flmctien. For the purposes of 'thié.
study it is assumed that each savanna type can be characterised by an average condzucm of '

AN that mﬂuences the structure and function of the vegetation. - ' o



’iutnmt avaﬂabﬂlty is detenmned by the size o the nutrient puol the rate of m;tmnt_}'.“

tumover, pIam: demand and the ionic movement of nutnents in the soil (Bell 1982, Scholesﬁ
 1987). The size of the nutrient poo is determined by the geology of the parent material and
by the rate at which soil i is formed by weathering (Frost et al 1986 Scholes 1987) Low AN- .
or dystrophic soils are formed from the weathering of acldlc parent materials such as gramte, |
. and fmm sediments and redistributed sands These soils have a low merve of weatherable
_ nunera‘[s a Iow effective cauon exchange capamty and small amounts of exchangeab‘e bases.
High AN or ehtrophlc soils are fonned from bas1c igneous rocks. These soils have a high
| reserve of weatherable mmezals, a Iugh eft‘ecuve canon exchange capaczty and a larga
amount of exchangmble bases (Fmst et al 1986)

Leachmg and the relocanon of smls and nutnents m the landscape will also influence nutnent _'
| availability (Frost et al 1986) This phenomenon js clearly illustrated along catenal |
sequences (Ben Shahar 1520). Soil texture plays an important detertiring role in AN status
‘of the soil since it determines the ability of the soil fo retain numems agamat Ieachmg "The
type of clay and the clay content of the soil are 1mportant '

~ Soit organic matter (SOM)- dynamics al_sq influence | AN . In dry savannas, there are low
~ amounts of SOM. Micrdbial abti\.rity' is limited by the availability of ivatet and there is an

mtemuttent nutnent release, In moist savannas there is a high input of organic matter to the
soil. ‘There is a high potential for mineralization because. of the avaﬂabmty of moisture but

the litter is low in nitrogen and high in lignin and phenolics and this limits the microbial
activity. These soils have a siow release of nutrients and a consequenual low stock of AN
(Frost er al 1986). Earthworm actmty and root turnover also influence the amount and

tumover of SOM and hence nutrient avmlabih‘y '

Tssues relating o the ava;ﬂabﬂity £ notrents will be deslt with in more defail in chapter 4

on the development of nutrient indices.

The aifailability of nutrients has an importﬁnt influence on the tjuaintity and quality of p]ant -
production. Nutrient avallablhty is an important determinant of plant producnon, especxally
the avaﬂabmty of nitrogen and phosphorus. Low AN will timit producuon where water is



not hnntmg in mmst savannas. Itis hypothesmed that for the same amount of PAM there | .
- should be i'ugher plant prnducuon on eutropluc than on dysb:oph:c soils (Frost etal 1986) . :' A

'h.'
i

AN mﬂuences the quahty of vegetauon by mﬂuencmg the halance between protein asd

 soluble carbohydrate production (Bell 1982). ™ In this way AN influences the palatability of

" the vegetation of both woody plants and grasses (Bell 1982; Walker 1985). There are
| seasonal change in plant quality due to increasing m.trient constraints as the growmg season. -

: prograsses Plant quallty will be hzgh during the growmg season' and low dunng the dry o
~ season lﬁ’rost et al 1986) Sclemphyllous vegetatton is charactensuc of Iow AN soxls in.
Australia and South Amema (Walker 1935) ' ' : L

Resource avaﬂabmty detemunes the axtent and type of plant defences (Coley, Bryant and '_

Chapin 1985). Structural defences (thoms and spines) are prevelent where AN is high while

o chentical defences (secondary oompounds) nccur where ANi is low (Bell 1982, I-Iunt.ay 1982,

- Walker 1935)

The mioist / and savanna dlstxnctwn can equaﬂy be mgarded asa dystwphm / eutmpmc“'.‘_""’-'-' L

 distinction (Scholes 1991). As for the dtstmctmn based on PAM, this dtﬁe:encc is
| fuﬁdamental fnf current savanna t_hgory (Hu_nticy 1982, Walker 1985, Frost ef a 1986)

Plant specms create pomtwe feedhacks to nutrient cyclmg, affectmg nutrient cychng du‘ectly N

- via uptake, use and loss of nun:tents and mdzrectly by mﬂuencmg\ .:lcrobml activity. and o
herbxmry (Hobbm 1992) Although AN ig considered to be a detemunant of vegetatton_-
structure and function, vegetauon plays an important role in the temporal and spatial”
d:stnbutn » of nutrients in savanna soils (Frost et al 1986) Trees, for axample, influence
the status and distribution of numents in savanna soil by movmg numents agamst the

direction of leaching by conceatrating nutrients from a wxde area (Kellman 19‘79 Bal:e &7' - I

Gunton 1982, Frost et al 1986)

The effects of AN on vegetation oomposmon, structure and function are deait Wll‘.l‘l in detaﬂ
in chapters 5, 6 and 7 respectwely :



* One of the RSSD objecuves is to develop the optlmal chamctensa,udn of PAM and AN for
comparing savannas in terms of then- structure and the way they ﬁmctmn The framework
that has been proposed for this is the PAM-AN plane There is much debate as to how the. . |
PAM and AN axes of the plane shouid be formulated and aevexal suggestions have baen
made (Frost et al 1986, Solbrig, Medina and Mott 1988), The development of PAM and AN
~ indices is dascussed in detml in ;:hapters 3 and 4 respecnvely :

._1_._.2.2'.2 -(a)'_ Herbivory

 Herbivory has both a direct and an indirect effect on vegetation structure and fuoction. ‘The |

" direct effect is by the damage to and reduction of plant biomass while the indirect effectis .

via & modification of PAM and AN (Cumming 1982, Breman & de Wit 1983, Tolsma, Ernst
- & Verwey 198‘7) Hatton & Smart (1984), for, example, recorded a build up of SOM and
a release of major nutrients into the soil in areas protected from herbwory for a number of
. years. Savanna vegetation has co-evojved with browsers and grazers and ail plants have
| adaptations for the survival of herbivory - |

Grazing pressure will influence the structure and species composition of the graminoid layer.
If there is too little grazing, grasses become ‘moribund, Overgrazing leads to 'mor'talitj:r of
palatable species and less palatable species become dominant (O’Connor and Pickett 1992).
Overgrazing can aiso lead o woody seedling establishment and bush encroachment.
Although _browsars. can distort tree structure and retard grdwm rates,. défoliétipn. by
herbivores can also stimulate plant growth, depending on the intensity and frequéncy-df
defoliation (Cumming 1982). Thus, herbivory has an important influence on primary
produci.vity (Cumming i982), - s

- Large herbivores inflycnce soils by trampling and digging and by reducing plant and litter -
cover (Cumming 1982). Large herbivore activity will influence soil moisture and nutrients

10



B whmh “&d,';inﬂuéxlce_.vegetation structure and functlon o

| -"'1.2.2;2 (_b)  Fire

_,__; ‘

Astor herb‘ivory, fire has both a dlrect and an indirect effect on savanna s vegetation. The__- o

B direct effect is via the loss of plant bwmass whﬁe the mthrect effect oceurs through changes
.. in PAM and AN ' oo

" Fire freqﬁency, in'tensity*-and type and the season of burn are all important for savanna
structure and’ ﬁmcuon Fire influences the tree to grass ratio smce it destroys young trees
and shrubs and stunts mature plants and the w1thd1'awa1 of fire leads to bush encroachad veld -
' (Trollope 1982) Fire 1s 1mportant for maintaining bush m a smtable state for browsers n

terms of height, denmty and _condition (Trollope 1982) The unportance of fire asa S

structutal determinant dechnes with increasing aridity (Scholes 1987). Frequent but low
 intensity bunungcanlwd to increased tree density due totheweakemng ofthegrass sward
(Scholes 1987) : o : '

- Sav’a_ilna"plants have evolved with fire as an envitonmental pressure and hence have 's_ttateg_ies' |

* for fire avoidance and tolerance. The ability to coppice, a thick bark ai leaf loss prior fo
busning are examples of the way in which woody plants are adapted to survive fire. The
'pesmon of the perennanng otgan in grasses is an unportance fire avmdance mechanwm _

~ trollope 1982).

Fire has an impbrtzm_t effect on AN by reducing the amount of SOM and total nitrogen in the

upper soil layer, and by reducing the amount of litter (Singh 1993). Increased exposure of |
the soil leads to erosion and the loss of fertile top soil. - Fire can a.lsaleadta the rapid
‘mineralisation of organic matter and the acceleration -of_ nutrient cychng and increased
concentrations of available nutrients such as inorganic P (COﬁtinho 1982, Brown & Mitchell

- 1986) ‘The exposure of the soil surface as a result of fire leads to a reduction i m PAM

becauss of an increase in runoff a decrease in mﬁltranon rate and an mcrease in
evapotranspuauon. '

1



1.3

- This section deals with a structural—ﬁmcuonal approach to the class:ﬁcamm of vegetanon. |
- - The rationale for deveIOpmg such an approach is presented, 1ogethar with a brief outline of
the l'ustory of the approach and a review of studies where it has been used The use of the
term _mml_c’ggnﬂ classification implies a class:ﬁcatmn based on either sttuctura.l
features or functmnal features or a combmanon of these. -

1.3.’1.;115-'__ TORY _oF THE APPEQAQ__ H .

The use '6f the structural-functional approach is not new. “The first classifications of
vegEtation,'deVeloped in classical works on plant geography during the early 19th Century,

were based on the physmgnomy nr structure of vegetation (Whittaker 1973) Development .

- of this approach in the eariy 20th century lead to other cla.smﬁcanon systems such as the life-
 form concept based on ‘the posmon of the perennatmg organ (Ramﬂnaer 1934) and the
structu:al system. pmposed by. Danserean (195 1) nght and Lpucks (1969) list & number
of studies pre 1968 where features such as leaf size, plant height, root form, vegetatwe' '
reproducuon and metkod of seed dlspe.l'sal were used. Other alternative classﬂicanons to that
of classical taxonomy have been formulated. Mueller~Dombo:s & Ellenberg ( 1967) extended

- Raunkiaer’s system to include factors such as plant size and leaf type, size and shape. Gnme"
a 974) proposed a clasmﬁcztmn based on plant hfe history straﬁegms and defined three _
primary strategies that coincide with partlcular habitat conditions.. Noble and Slatyer (1980)
formulated a model based on plant vital attributes that is deslgned to predmt dynamics dtmng .

succession of dlsturbed envuonmenm
Knight and Loucks (1969), Werger and Sprangers (1982), Floret, Galan; Le Floc’h, Orshan

~ and Romane (198’7) and Montalvo, Casado, Levassor and Pineda (1991) prowd“ useful B
reviews on the hstory and use of the sm"'tural-funcnonal approach ' '

1,3.2 BASIS OF m_g _ APPROACH
The basis of the structural-functional approach is *hat plants under 2 given set of
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circumstandes haveéértain physiological or mOrpboiogisal'characteﬁsﬁcs in common and can
be grouped on the basis of these (Grubb 1985) Organisms exhibit sets of co-adapted ttalts _
that are predictably related to their ecology and recutsent patierns of plant speclahsatlon form
the basis far a functional descnption of vegetauon (Grime 1585), ¥ mdmdual structural and
- functional features are understood to be the result of adaptive processes to envmnmqual :
factors then a structural-funictional classification must be ecologically méhningful (Werger and
Sprangers 1982). Recognition that a species must make some trade-offs. in coping with
 envitonmental stresses and that physiological and morphologlcal constraints will lead to
certain grups of trade-offs being made is cemral to the idea that functional groups can be
deﬁned Botkm (1975) (as cited in Nobia 1988) o

In . order. to develop a usaful strgetursl and functx descnpuon of vegetation, plant .
characteristics that vary predlctably in relauon to enwrm}memal variables need to be |
1dent1ﬁed (Gnm¢ 1985),- Atmbutes should be casily measured on a large number: of plants

and the ecological significance of the variation of the particu'ar attributes needs to be
‘established (Gnme 18 . There should be a direct physiological basis for the selection of a

- 'dmgnostlc criteria that reﬂect measurable attributes of the environmient (Gilhson 1970). A
functional classification will need to be open - aded but hlerarchwal and purpose spemﬁc |
(Noble 1988)

133

The structural-functional apprbach to characteriging vegetation is considered by several
.~ authors to have certain advantages over the floristic approach. It is considered less laborious

and does not require a defailed floristic knowledge of the vegetation (Werger & Sprangers"
1982). Consequently relatively inexperienced observers can be trained to récognise and

record physiognomic features (Moll, Campbeil & Probyn 1976). The structural approach
is considered more generaily applicable than the floristic one thus mcreasmg the
comparabmty of its results. The results of the floristic approach are sensitive to chorologr,cal' _
patterns of species distribution so that the comparability of results is somewhat more -
‘restricted (Werger & Sprangers 1982). Because of the emphasis on the plant adaptatlons o

the environment new mf’ormation can be communicated without lmowledge of specxes -
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composmon (nght 1965) The strucwral—funcuonal approach enables the mvesﬂgatl,orx of e |
the wology of the ccmmumty directly rather rhan md:rectly through plant names (nght and |

Loucks 1969). It enables the comparison of vegetauon in geographwally sepaxate areas that '

18 structurally and functionaily mmﬂar but ﬂonstmlly dlfferent. A large number of species

can be grouped into a Jesser number of common and easily measurable structural-functional

- types, .The stmctural approach can be used for descnbmg large geograpmc zones of
- vegetation, similar in appearance but with different floras (eg Fosberg 1961, Moll et g 1976 '
and Box 1981), and for examining small scale or Incal environmental g:adlents (g nght
1965, Webh 'I'racey, Wi]llams & Lance 19'70 Bredenkamp & Theron 1985)

'The su-uctural-funchonal approach is useful in vegetatlon such as fynbos which is floristically |
diverse and where large parts of the flora have. had little or no taxonomic treatment (Linder ~
& Campbell 19‘79) ‘The meéthod of structural anaiyms is rapid and is considered to show
promise in complex tropwal Vegetatlon for wluch floristic data are not avazlable (Webb" -
| Iracey&lehmnle’IG) | - TR

: Classiﬁcation of 'veg'et.atitm on the basis of species mmpoéiﬁb’n hés becnnm the Standard way

of descnbmg vegemuon There are, however, problems assocmwd with-the use of a purely -

ﬂoristlc approach “The specles isa taxonomxc abstractlon without necessarily any inherent |
ecologncal meaning, Often Tlttle is known sbout the spemes that enables eoologmal :

interpretation (Knight and Lo_ucks 1969, Gillison 1970). The high species diversity found o

| in most ecosystems hinders ecological campatisons between vegetation types and limits
attémpts to predict végetation' dynamics (Nobie i!1983).' Floristic differences between
vegetation types may mask structural and functional similaities that would enable inter-site.
comparisons mespectwe of species composition. More than 4 floristic approach is needed |
if a classification as a basis for cansal analysis, effective conservation and mformed _

management is desired (Grime 1985) A strucmral-ﬁmcnonal class:ﬁcatmn appmach is

considered smtable for these purposes
1.3.4 'RE}Q EW OF sm,t_)mgﬂ -
The rest of this section contains a review of studies post 1968 where a'_sinictural-ﬁmcﬁonal |
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| approach has been employed A common feature of these studles is that the vegetatmn wais
grouped by ordmanon and/or clasmﬁcatmn on the basis of a number of structural and
functional characteristics. = The resuitant strucmral-funchonal groups ‘were related to
environmental variables. This is simﬂa'r‘_to_the_'appzoach that has been taken in this study.

These studies have been conducted in different vegetation types and at different spatial scales.

Cowling and Campbell (1980) used structural features of growth form, leaf size, leaf duration
and spmescence to determine whether oonvergence of plant commumty structure has oocurred
- between the Cape medlten'anean region and the medllaerranean regions of California and
Chile, Structural vananon was sampled along climatic gradients on each continent.
" Variation in structural features was also found in relation to soil nutrient content. They.
concluded that under similar climatic constraints the structure of geneticaily distinct plant
commumtles need not. necessanly converge but suggested that the non-convergence was
related to differences in soil nutrient co;__\_dltwns between the areas under compansou.. |
Convergence in vegetation structure hefween ﬂbxisticaﬂy distinct vegeation along similar
climatic gréditmtsin Chile and California haé been démdnstrated (P-ai‘sons.and Moldenke

© (1975) cited in Cowling and Campbeil (1980). . -

Cowiing and Campbell (1983) used structural features to test the hypothesis that there would
be less structural variation along fynbos than non-fynbos coenoclines because the overriding
influence of low levels of soil nutrients would be manifest in a great deal of structural
- convergence in fynbos. The results indicated that there was structural variation in-relation
to soil nutrient and climatic conditions. Fynbos structure was interpréted largely as a'
response to low levels of soil nutrients while non-fynbos structure was explained in terms of
- vaiﬁaﬁons in soil moisture and climate. This was a compaﬁson of vegetation types of - |
dispurate biogeographical affinities but found under similar climatic conditions. The authors _'
used physiognomic-structural features that were easily observed or measured characters to
 which some functional or adaptive siguificance could be attnbuted g leaf texture, ieaf s:ze,
spmescence, growth fozms
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 Floret, Galan Le Floc’h Orshan and Romane (1937) consldered the use of growth forms’_'

ina descnpuve and & functional way in Quercus ilex copplce in southemn France They_' :
found that location of renewal buds wes a good integrating indicator of plant adaptations to
the enwronment and that renewal bud location and leaf consistency appear to vaty
mgmﬁcanﬂy along a gmdlent of increasing env:ronmental constramts, especm]]y climatic |
ones. Fwe groups of characters such as those describing the above-ground parts of the plant,
those describing the photosynthenc organs, those ooncemmg the underground parts of the
~ ‘plant, those related to longevity and seasonality and those related to the plant’s mode of
regeneranml and multiplication were used, ‘Two environmental factors were shown to be
1mp_orta_nt name,ly bedro_c_k and sml types an_d t1_1e number of d:y_ month_s_._, . ' '

. Mantalvo e al (1991) compared spemcs composmon and mo:phologlcal and functional trmts
in Mediterranean grasslands along an altitudinal gradlent ‘They used 60 mozphologwal and

N ﬁmcttonal traits. Pattern in morpho-funcnonal traits along the altitudinal gradient comclded

- with the pattem on the basxs of ﬂonsnc compomuon and hence styles of adaptauon of -
ecological systems were reeognmed They hypothemsed that plant specms composmon and .
trmts were mainly determmed by physzcal factors. - -

1-_3'_-4-2- Bmwg&ta!m -

~ Knight (1965) compa:ed stands of Wisconsin prairie vegétation.alcng a _nloisthré_ gi'a_dient-bn :
the basis of plant structure and -ﬁmction_. Characters such as method of "ve'g_etative |
propagation, phenology, "heigh_t, leaf form, leaf size and root-system structure were used.
Many of these characters showed a trend along the moisture gradient, Knight (1965)
developed a structural—functmnal mdex for chamctenmng vegetauon that was demgned to
mdlcate the relative lmportance of plant features charactenst:c of dry prame '

1.3.43 Ep_rssuegmtm
* Knight and Loucks (1969) studied the structural and functional features of the trees, shrubs
and herbs in the upland forest communities of Wisconsin to determine their potential for
deseribing relationships between the vegetation and the environment. The authors used 29
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tree sh‘uctural—functlonal features The results mdtcated that the upland forest commumues
- could be. described and studied on the basis of thtme features Certam adjacent stands of _
forest vegetation were szmﬂar structurally and funcnonally but were different ﬂonstxcally o
mdicaung that a difference in ﬂonstw composmon did not necessanly mean a d1ffmence in
structural—functlonal charactemtlcs L '

Werger and Sprangers ( 1982) compared ﬂonstw and structural—physmgnomm class:ﬁcatwns
of a dry sem-evergrem forest and thicket vegetatlon of south-eastern India. They found the

classifications to be very similar in their main groupings which were mterpreted as
ecologically meamngful They concluded that the use of structural-phymognonuc cntena' n
allows a detaﬂed and eoologlcally sxgmﬁcant clasmﬁcauon of vegetation. ' '

| Webb et al (1976) classified tropical forest vegetatlon on 2 physxognomxc—structural basis.
' They found that the structurat classification of the simple forests was not useful but that
classification of the- complex forests produced. mwungﬁﬂ mte—gmupmgs These a.utho:s -
R suggest that a strucﬁxral—phystognonuc approach could be useful in tropmal forest vegetanon
 where many specxes are as yet unnamed but a clasmﬁcanon is needed for use in resouroe _
management and utilization, Classification of the sites recovered broad envxronmental '
'mt'ormauon Siructural classxﬁcanons in oomplex forests were correlated with alttmde |
moisture avaﬂabﬂxty, soﬂ tcxturc and aeration and nnncml nurients. ' :

1344 Mgd_am_vgggam

Friedel, Bastin and Griffin (1988) used a mutivariate procedure for reducing a large number
- of Spemes in arid Australian rangelands into a smaller number of functional gronps for the
- purposes of management in response to climate, grazing and fire. “This approach reduced
107 species into 6 groups on the basis of 25 attributes. Specms were divided into functlonal :
groups on the basis of vital attributes and functional gronps were used to class:fy the
monitoring sites into condition states. These authors suggest that until autocology is we]l
documented, it would be wise to collect field data at the species level. Future data collecnon
at the _fu_nc.nonal level would mean increased speed and efficiency and a reduced data
reqmrement ‘They concluded that functional groups are imporiant for ease of in_terpretaﬁon
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of cemplex vegetatmn change for managers and pastorahsts and suggested that ettnbutex- k ”
should be selected aceordmg to thexr relevance for management : -

Milton (19‘90) u’se‘d sttucmral and functiehal amim.tesf o invesﬁgane the incideace of animal- |

_associated adaptatlons in plants in and shrub]ands Features of morpholthy, dlsper.sal and - L

' phenology in relatlon to local vanatlon in sml moisture and nutnent status were eunmdered

I.ezshman and Westoby (1992) did a muluvanate analysxs of 43 tralte of serm—and woodlands

in westem New Srmth Wales in Australia. They used vegetahve, hfe-h:story, phenologlcal .

'and seed—tnelogy characters _The purpose of this study was to determine if there was an

 abjective. bams for grouping plants by these traifs. The classification reduced 300 species

into 5 groups on the basis. of 43 traits. The 5 groups eerrespond to. major growth-fonn o

. Other, rocent studies such as Box 1987 Danin & Orshan 1990 Floret, Galan, Le Floc’h -
Orshan and Romane 1990 and I-Ialloy 1990 ‘are cited m Morltalvo et al (1991)

135 'g' MARIsog QF c_u.sgm' 'C'AIIO_NS' [IONS

: Many ﬂensuc analyses have been supplemented by proﬁle dmgrams and phymognmme—
structural data (Moll et al 1976) but only during the last 20 years ‘have structuml-ﬁmetional _
and floristic analyses been compared on a statistical basis (K_mght & Loucks 1969, Webb et

4l 1970, Wesger & Sprangers 1982), | | -

"1.3.6 APPROACHES T

There are two appro. hes to the structural-functional classification of vegeteﬁen.' Thea
priori approach uses fixed classes defined by a few subjectively selected criteria, The
vegetation is classified into a preconceived range of structural-functional forms, The a

posteriori approach involves the classification of the vegetation based on a large number of
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att;nbutes Classes and groups are synthesased out of empmcal data and uems are gmupad L

| 'onthebasa thheu's:mﬂanty Lmdexandepbaﬂ(lm)compa:edthmappmachesm R

5 fynhos vegetanun and concluded that the g posteﬁori approach was preferable “This

classnﬁcanon can be easily added to. and provides a general purpasa, mfonnauon rich -

: 'classxﬁcanon witha hlgh predmtwe power Thea prmri approach was foand tobe restrictive
and prone to nusclasmﬁcatton. ' : : : . :

| Several ¢ priori su?ucturai classification Systemis have been developed for Afncan savanha '

 vegetation (eg Pratt, Greenway and Gwynne 1966, Coetzee&Gertenbach 1977, Bdwards L

' 1983 Bredenkamll & Theron 1985, Grunblatt Otuchﬂo & Smange 1989)

' Many studies i in savannas (eg Gerhenbach 1983 Fraser, van Rooyen & Verster 1987 Beisky" o

& Amundson 1990, O’Connor 1992) have used a ﬂonstlc and structural approach m ordm"-'
tﬂ explam Vegemtmn environment reiauonsmps SRR .

The savarma vegetauon of muthem Afnca has as yet not beem clasmﬁed onana postenon

. strucmral-funcnonal basis. Exxstmg clasmﬁcatmns of savanias are predonunantly floristic | __
and do not provide much information about function. Research towards formulating a

general structural-functional classification of these savannas is needed (Frost et al 1986).

9



| 2.0 MATERIALS AND METHODS

Study snes were chosen to i'efbrééteht'the ariditjf and fertility grad1ents preseﬂt in Sonth

Affican savannas, Sampling regions in the savarna tuome were chosen on the basis of mean =
annual rainfall to provide a gradient of plant avaiiable moisture (Fig 2.1, Within each__' -
 rainfall region, two or more sites oni different soils were sampled to provzde avaﬂable

nutrient gradlents. As far as posmble, both nutrient rich and nutnent Ppooi soils were _

“samipled in each ra.nfall region (l'able 2, 1) All the snes were located in conservat.on areas
: to eliminate the dxrect effects of anthmpogemc activities, such as wood harvestmg and cattle

| B grazmg, on the vegetauon The ‘vegetation at ali sites had both a woody plant and a'-- '

| herbaceous compunmt but with varymg structureand composmon A total of mneteen sxtes -

 were sampled Throughout this dccument sxtm are referenced. by the numbegs shown in '

: Table 2 1

22 COLLECTION OF SOI
2.2.1 SOI_L- Pg‘ OEL_,_E,s;_ :

A single sml pit at wch site was excavated toa depth of between 1000 and 1300 mm or ﬁo R
the bottom of the profile if shallower. Each soil pmﬁxe was described -and soils were

_ classified to form (Macvlcar, Loxton, Lambrea‘i‘u“, ‘oux, de Vﬂhers, Verster, _
‘Merryweather and van Raoyen & Ha:mse 19‘?7) Soil sanwm were taken from each: of the o

horizons identified in each profile.

2.2;2 URFACE SOIL SAMPLES

Ten surface soil cores were collected at each site, nine located randomly and one located near
the soil pit." A 50 x 300 mm stainless steel sampling tube was used, which was hammered
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~ Table 2. 1 The geoiogy and dﬁmnant woody qpecxes of emh of the sﬂ:es samPied in aach | o

samphng regmn. (Nomenclamre for mcotyledons follows G‘lbbs‘-}lussell e aI. (1987) )

. &$”

Geology o

- Vegetauon

| Game
‘Reserve -

1

- | Quaternary sands

| wmbmm maIZe, Acacm
'_burke: L .

A

| Basalts

..A mgrescens, A. nilaaca

Alluvium

} 4. xamlzapkloea

| Lebombo shyolite

C. apzculamm

| Marine sandstone -

A mmlls A. nilotica -

' Nylsvley
Nature

alw]les v s

- Waterbﬁtg_sa’ndstone '

Burkea aﬁ'zcana, Temmalm = B

sericea

~¥ 1

| Pelsite

C ap:culam C malle

Waterburg sandstone

. 14 tortils, 4. mron_ca .
(old setilement site) - : : :

Game -

| Kalahari sands

A, meﬂy"em, A, enoloba

T |

Ml.ld&tdil_é —

| Tarchon
| Rhus undulata

us can;ohorams,

111

Andesite

A meillfe'a, Gtma ﬂava

Nature -
- | Reserve

Karoo basalts

Gremaspp Tpmnwdes

113

Kalahari sands

G apzculaan, G ﬁavescens 1

Messina

{ A gricuitural
.| Ressarch

~ Station

“

Quatite guis

Calophaspemm mopane

Lower
Sabie

115

{ Sabie River basalts

Albizm. harveyzi, '

Drchro.s‘tachys cmerea

; szbavau
Nature -
Reserve

Timbavati gabbro

A mgrescem, ("rewza spp.

Gramte gne.lss uplands

. “

_' I:-sencea, Sclerocarya bxrrea "

Pretoriuskop

118

g Gr:{mt\e gneiss.midlahds_

T. sericea, D. cinerea

19

.| Granite gaeiss uplands

C. collinum, C. zeyheri
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_ into the sl The cores ranged in depth from 130t 250 mm Soil sampies were plaoed- _'
mpaperbagsandmrdned . - - -

2.2.3 gglg PEYSIC.'&L_A q
Soils were screened through 2 2 mm mesh.sie\re and dried to constant mass at 65°C. Soils
from each site were bulked prior to analysm to reduce the sample variation and consequently
the number of samples. aua.lysed per site. A-horizon soils were comprised of three to sm
proﬁle samples (collected from the soil pit at each site) plus five surface cores. B-horizon
soils were comprised of three to six profile samples (collected from the soil pit at each site).
Two subsamples of each buiked sml type were analysed m each case to check fcar consxstency
of results. : o ' :

Bulk density was calculated from the mass and known volume of each of the surface soil

c_bres.' The soil core volume was calculated from the dimensions of the hole from which the -
core was removed. ~All natural inorganic particles greater than 2 mm Were weighed 10
determine the ‘percentage stone content of each soil, The values of all soil variables

expressed on 4 mass basis were corrected for stomness using the percentage stone content

of each soil. Particle sme distribution was determined using the Bouyoucos: method {Black
1965).

All subsamples were analysed for pH (in 1M KCI), extractable cations (Ca, K, Mg) (IM
Ammonium acetate) and extractable acidity using standard methods (Anderson and Ingram
1987) and resin extractable phosphorus (Murphy and Riley 1962, Sibbensen 1978). Only the
- A-horizon subsamples were analysed for total nitrogen, n’itrogeh mineralization rate (Keensy
1982, Dorich and Nelson 1983) and percentage organic carbon (Neison and Sommers 1975) |
since the major pools and dynamics of these elements oocur in the uPpe\r soil layer, A

The methnds of analysxs of these soil data are prasented in chapter 4 where the development
of avallable nutrient indices is discussed. - '
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The c:h:nate data for each samphng region were summmsed in climate diagrams after Walter -
~ and Leith (196&) The water balance at each site was modelled The modelhng pmwdure
s presented in chapter 3 where the davelopment of plant avaﬂable moisture mdices is

dxscussed

2311 G_eggmpmcgl_dm

‘Altitude (m) and latitude and longitude (degrees and minutes) was determined for each site.
2.3.1.2 . Climate data

Mean monthly rainfall (mm) and mean motithly maxinmm and m:mmum tempemmre (°C) -
data were extracted from Weather Bureau (1988\ records. - These data were collected from
the weather stauon with the most complete records that was closest to the sites in each _

samphng region (Appendm 1'a). Fifty year sequerices of daily rainfall (mm) were generated
using the rainfail simulation model of Zucchini and Adamson (1984), The weather stations
from which records were used in the simulations and the approximate dxstance and dxrecuon
of these stations from &uch site are listed in Appandxx 1 b and c '

Daily poteutial evapotranspiration (PET) was estimated from latitude and mean maximum and
minimum temperature using Linacre’s equation (Linacre 1977),

2.3.1.3 Soil data
The number of horizons and the depth (mm) of each was recorded at each site, 'Bi'ﬂkdensity,'_

percentage organic carbon and stone content was measyred for the A-horizon and estimated
for lower horizons based on the soil profile descriptions, | |



' The soil water content at field capacity (- 0.02 MPs), wilting point (- 1.5 MPA) .:d air dry

(- 10 Mpa) was estimated for each horizon using a curve fitting procedure, based on REN

| empirical relauonstups published by I-Iutson {pers. commt.). 'One of the variables required ;
for the estimation of soil water content was the saturated hyqrauhc conductmty in the vadose |

 zone. This was measured i situ at each site (Amoozegar 1988, submitted). An estimate of

the hydrauhc conductivity of the bottom boundary of the proﬁle was requu:ed This estimate

' ranged from O mm/day for an 1mpannmble bottom bﬂunda:y, such as bedmck to 5000

| . _mmfday fora total[y permeable honttom bounda.ry, such as deep sand

| Pnorto samphng, thewoodyvegetatlon .at.'allﬂsi.tés except Rooxpooxt sifes 10 aﬁd 11, where

- only shrub vegetation occurred, was stratified into two he.lght classes, (tall and short). The
decmon to stranfy was based on the range in height of the woody vegetatmn at each site,”

Cut-off helghts between tall and short classes ranged from 1.5 m to 2.5 m, The woody

vegetation was sampled by measuring the distance from a 100 stratified points to the nearest
plant and fmm that plant to its’ nearest nughbour (two-dxstanoe data). Points were {ocated |
using transects x m long and 'y m apart with x and y values varying according to the
- horizontal structure of the vegetation, such that 1o woody individual was mam:red twice.

A total of 240 woody individuals were measured at each site, (120 points and 2 plants per
point for unstratified vegetauon and 60 pomts \W.th 2 tall and 2 short plants per point for |

. stratified vegeiation), The area over which wc'ody plants were measured at- each site was "

used to delimit the hounds of the sxte and aﬁ other vegetatlon data and sm] data were
collected within these bounds ' -

The species, basal cifcumfefeﬂue (cm), héight (m) and canopy dimensions (m) (fong and
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short axes) of each nearest plant and neamt ne;ghhour were. :emrded Llfe hlshory feamres' o
: Werenoted ' : . , S

_2.4.1.2 © Floristic features

Appendix 4 contams a list of all the speciea that were sampled in thls study A hst of the
spﬁ-mes at each site is contamed in Agpendix 2 a-s, Nomenclature for dicotyledons follows

 Gibbs-Russell, Welman, Retief, Immelmen, Germishuizen, Pienaar, van Wyk & Nicholas
- (1987). “The woody plant fanulies (following Gibbs-Russell et al 1987) that occurred at the

_s1t|.s are listed in Appendlx 3. 'The woody plant spec:,es at each site were grouped mto
| faxml;es (Appendlx 2 a—s) | o

| 2.4,_1_3 S!' f o

A conditioned distance methiod (Cox 1976) was used t0 estimate woody plant density (aumber

. of plants per hectare) usmg the two-distance data, - This method provided 2 obsust estimator .
.muumally biased over a range of distribution patﬁerus from regaier through random o -

_ '_'-clwnped._ Meanwoody d_ens1_ty per specles gnd per site was estimated (Appenchx 2 a-s).

Woody basal area per sPecms and per site ( m*/ha) was esumated from: the miean area per
~ individual multiplied by the density of that sPemes (Appendix 2 a-s). Equivalent basal areas
of muln—stemmed species were calculated from the mnmber and size of stems per iridividual,

Mean piant height (m) per specles and per site was estimated fmm field measurements
Mean maxirum hmght at each site was also determmed (Appendnt 2 a-s) '

| Pemeﬁtage can‘opy cov"er (c) was i_atim'ated from 'measureméntsf'é?_;hq niajor -'(a)_ and. miror
(k) canopy axes using the equation ¢ = ab(pi/4) where pi = 3.14 (xppendix 2 &-s).

The vertical distribution of woody biomass at each site was 'straﬁﬁed into browse h_eight -_
classes based on the heights at which common browsers feed. The classes were 0 to 0.5 m

(duiker), 0.5 t0 1.5 m (impala), 1.5 to 2.0 m (kudu), 2.0 to 6.0 m (giraffe) and > 6.0 m
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o too tallfor browsing. ‘The browse vol.ume'.' (iﬁs) in eaéh brdWse'he.ight class per species and -
- per site was caleulated usmg he:.ght and peroenmge canopy cover data, assunung the plant .
- to be eylmdncal (Appendix 2 a—s) : : R :

I
,l.f

'_2.4.1.4 ' Functional features

: Fﬁncﬁonal data were mmnly coﬂedted_from_ a mﬁew_of the literature but alsé"from field

' .obServﬁtibns"'and discussions with expenen" ienced persons. The functionnl features chosen =~
'_ (Table 2.2) were based on those used in other studies with a functional approach (e.g. nghz BESUR

“and Loucks 1969, Werger and Sprangers 1982), and on features currently - considered

1mportant in savannas (e g, I-Iuﬂtley 1982, Frost et al 1986), It was not possﬂ:le tu obtain

information on every variable for every species and consequently a subset of the functional
feamres with the fost compleve data sets were used. Leaf dura.uon, leaf type, leaf’ size,

spmescence, and an estxmate of palatablhty (Table 2,2 a—e) were assessed in relation. to plant :

'_ avaﬂable moisture and g'valla\ble: nutneut gradlents

| Informahon on Ieaf duratxon (Table 2 2 a) was obtained from sources such as Coates. o

| Palgrave (1977) and van Wyk (1933)

Leaf type (Table 2.2 b) (simple or comf:ound) was recorded in the field.

- The average rané_e in leafmze('rable 22 b) of.each specms was dehemuned from souICes. o
such as Coates Palgrave (1977) and van Wyk (1988). These average values 'were' uséd to
assign each species to one of five leaf size categones based on those g1ven in Gﬂhson (19 70)'

(Table 2 2.

The oceurrence and tvpe of stescence (thoms or spines) was noted in the ﬁe)J. The degree

of spmescence of each Spemes was esumated using a pnckhness ratmg devised by Cooper

- and Owen-Smith (1986) based on a oombmauon of the sharpness and mbustness of the -

prickles (Table 2.2 dy. .
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© Table 2.2 Woody plant ﬁmcﬂonal attnbutes‘ The numbers indicate t.he numencal code for
each atiribute class The aitnbutes of each spemes are hsted in Appendnc 4. RPN

R Lufdumﬁon |
(eafdurs) = 4
. deéiduuus o 2z
semi deciduous | 3

.(b)l.edf’['ype' : '(c)Lenf_Siz_e

o e e
teptopyl <25 wer® |1 osmemed t thorns
' nmphxﬂzﬁ-mﬂung _ very low s spines
 miorophyll 2262025 | 3
o nutnphyil 2026—4500 ém’

B cumpomm
A | _
SorS foliae

BN e oo
W W M e

mesuphyll >4501 mm®

-.(d)Spmeseeme I

(e) inabmty
. (Palay
wikhown

" palatable .

WwoN = o

uupalamhie

'pmidny palmblé |

:hi_. N o &

() Growih Rate

- (Grow ratej
wizows

: _.fast; o

' intérﬁwdiite

dow |

0
1

= 2 sensxﬁvc
. 3

(@ Cold & Frost
 {Cold) -

mtaennedmte

sensitive

() Dronght
Drou)

* sensitive o

.| © Reproduction

(Repy
from geed

not from seed

'(l;;)'Partsaatcn(pluslegﬁés) -

ulnown
~ fritorped

o
1

B inmmedm '
)

Fruit Typc :

koo

root

gum

from shoot . -

_u' N O oo

 fleshy

tH
!
e {indehiscent pod
4

oW e @
P S R

noifrom capsule
ghioot _ : -
Cbak 5

g

: 5 " coppice
B other - -

o h

A rough eshmaha of palatabﬂlty of each specles was made The species were clasaed as .
'palatable, parnally palatable (i}‘ tecorded eaten in some areas and not in others) and'-
“unpalatable (if recorded rarely or never eaten) (Table 2.2 €). The palatabﬂity esumates were _
based on data from a number of sources e. g Dtmham (1980 a & b), Pe!lew (1984) and |
Owen-Snuth & Cooper (198‘?) ' : - o

“The functional features scomd for each woody species are presented in Appendix 4.

28



2421 -___Ff'i sampling

| ’I‘he herbaceous layer was Samplv?d umng the same two-d:stance method descnbed for woody'- o
- plants but within 2 smaller area, * A total of 240 grass and 240 forb mdmduals were

measured at each sxte The swe was subjecuvely quartered and 30 pomts were sampled in
'_eech quadrant w1th 2 grass and 2 forb mdmdua]s (nearest plant a.nd nearest neighbour of

~ each), measured at each pomt Both under and between canopy areas were sampled and ﬂus_ K

. dlsnncuon was recorded for each point.

Grass spemes tuft basal clrcumference (cm), tuft hexght (m), and mﬂoresetmce helgh.t (m) ;' . |
and forb species and plant height (m) were recorded, L1fe hl&tOl'}' featuree were noted

'2‘.4-;2;2.  Grass florisic f

Appendlx 6 contams a list ef all the specxes that were samPled in this study A hst of the- :
. species ‘at each site is conmned in Appendlx 5 as. Nomenclature for monocotyledons

_follows G‘1bbs—Russe11 Reid; van Rooyen & Smook (1985) The grass species représented =~ |
three different subfamilies (Table 2.3 n) and five different tribes (Table 2. 3 o) (foilowwg e

G1bbs-Russe11 Watson, Keekemeer Smook Barker, Anderson & Da11w1tz 1990) The
subfanuly and tnbe to which each specxes helongs is mdlcated in Appendlx 6 '

2423 e_raeummw_feamm -

Grass dens1ty (number of plants per hectare) per sPemes and per s1te was es*unated as for"
the woody vegetat:on (Appendlx 5 a-s). : _

Grass basal area m?/100m?) per specics and per site was sstimated from basal circumference
measurements (Append:x 5 a—s) _ :

Mean plant'height (m) per species and ﬁer site and mean_ maximum height (in) per site we.e
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Table 2.3 Granunoxd functmnal attnbutes The numbers mdlcate the numenca_l code for -
' eachattnbuteclass. Theatmbunes ofeachspeclesarehstedm Appendmﬁ .
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estimiated from ﬁeld measurements (’Appe.ndxx 5 a-s) Because of pmvaﬂmg draught_- |

conditions in the far Northem Transvaal at the time of samplmg, (February 1989), a true :

: reﬂecb.on of sward height could not be obtamed Thus Langjan sites 12 and 13 and Messina
' s1te 14 were excluded from data analysm and mterpretauon that mvolved plant hezght. o

- Agmass YOlume index (msfhﬂ) was calculaﬁed for each. specles and ear.:h site (excel)t s1tes 12 _ L
13 and 14), as the pmduct of basal area and hexght data (Appendm 5 a-s) e

_ Grass functmnal data were collected fmm a review of the hterature from field observahons. o
it dlscusmons with fiel” staff, The funetional features were chiosen on the same basis as
- for the woody vegetation. In companson with woody vegetanon, there was a large amount .

. of hterature available on grass funictional features and of those chosen only fire response was

' ex::luded from the analysm owing to paumty -of data (I‘abie 2, 3) A Iack of data on the _
- response of grasses to fire is menuoned by several ot the contnbutzng authors in Booysen and .
B 'I'amton (1984) Bho o Rt . ‘

| (’mmg response (Table 2.3 ) refers to the way in which species respond to hesbivory.
| D“@ﬁf 813\331&3 tend tOdﬁCrease in abundance when the veld is under or over atilised.
Increaser I species tend to mcrme when the veld is under utilised. Increaser il spemes tend
| ) to mcrease ‘when the veld is overuuhsed o o -

Seed uispersal (Table 2.3 g) refers to the structure of the seed coat of 2 species that relates
to its method of dispersal. The class non-awned’ refers to seeds that do not have any
dtspetsal stmctures _ T '

- Because grass pa]atabﬂxty (Table 2. 3 i & i JS hown to Vary seasonaliy, the palatabmty of
each spec1es dunng the early growmg sezson, late. grang season and in wmber was -
_.estlmated " ' ' AR '

Successionat status (Table 2.3 ) refers to the habitat condition under which the species are
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commcmly found Early succesmonal specms were consxdered to. be those common to
disturbed hab1tats and late successional species common to undlsturbed ‘habitats,

The estimate of the fuel producﬁon po'tenﬁal (Table 2.3 m) for mh species was based on
that derived by TmllOpe, Potgieter & Zambatis {1989) for key grass species in the nger
National Paxk : : .

The grass funct:onal data were collected from a number of sources mc!uchng Chlppmdall -
(19553, Tamton, Bransby & Booysen (1976), Elhs, Vogeland Fuls (1980) and G1bbs Russell :

e: al (1990)
The fUhCﬁOnal' fea!_:t.lfes scored for each grass 'sp'ec'ies are presented in Appeﬁdix 6.
2.452_:.5-7  Forbs

The forbs at each S1te were considered as a smgle functmnai gmup No consxderahon was

' given to forb specxes composmon or to the functional f&atures of individual species. The
| reasons for this were time t:onstrmnts on the. ldam:ficatwn of forb specxes and the pauclty of
forb functlonal in the hterature ' '

Forb density (plants per he'ctare) at each site was estimated in the same w_ay as grass density
(Appendix 7). o | B
Mean forb height (m) and mean .naximum height (m) were estimated from field
measurements (Appendix 7). - |

2.4.3 END OF SEASON SAMPLING

Because vegetation was. sainpled throughout the growing season, changes in floristic and !
strucniral characteristics of the herbaceous layer were anticipated as a consequence-bf
seasonal growth. In order to assess ihese seasonal effects, the herbaceous vegetation at
Mkuzi sites 1, 2 and 3, sampled at the beginning of the growing season {(October and
November 1988), were resampled at the end of t_hé growing season (May 1989) (Appendix
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8 a-d). Only the herbaceous vegeratlon was. resampled since the wwdy Vegetauon was
expec:ted to show no Slgniﬁcant change OVEr orie Season. - ST

'Ther ve_g'etaﬁpn data were analyéed in'three_ Ways.

(0 Structural and flmetxonal features were ;elated to the gradlents of p]ant avaﬂable mmsture o
_ '(PAM) and available nutnmts (AN) mtlmdually usmg a Pearson S product—mommt
oorrelaimn (SAS 1985) S ' ' S

o @ The relauonshlps befween both PAM and AN and the ﬁonsuc, structural and fonctional
 characteristics of the vegetaaon were analysed usmg Detrended Correspondence Analysis
(DCA) (CANOCO package, ter Braak 1988). CANOCQ enables environmental variables

to be analysed concurrently with the vegetauon data. The major vegetauon gradients were

exiracted by DCA and related to indices of PAM and AN, (The daveiopment of these
indices is detailed in chapters 3 and 4), Detrendmg ‘was by seoond order polynomlals and
sample scores were mean we1ghhed species scores. . -

' (3) The TWINSPAN algonthm (Hill 1979) was used to obtaii hlerarchlcal clasmﬁcatlc-mnf
the ﬂonstlc, structural and functional data. The ordmanun was used to ‘evaluate the
asslgnment of sites to gmups by TWINSPAN, and where warranted, reasmgnments were
made to produce a more meaningful class:ﬁcanon of vegetation in terrns of environmental
relations. F1ve cut levels were used (0.00, 0.37, 0,92, 1 85 3 '}'0) All other default options

were used

Speczes with less than four occurmnt:es were excluded from all the analyses. Rare woody
plant and graminoid specles are indicated in Appendlx 4 and 6 respect.wely

The woody plant and herbaceous cpmmumties were anal;;sed séparateiy.'_:‘ Unles#_ otherwise
stated, percentage basal area (log transformed) was the abundance measure used in the
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analyses of bbth _the wdﬂ%iy pia_ht and g’mniinoid \:regetationq S

2511 Woody Vegetation

Woody plant floristic features were considered at thres taxonomic levels, Firstly, species
data werr ordinated and classified to determine how the sites were floristically related to one
another and to. PAM and AN. - Secondly, the woody plant famm:s were ordinated and
classified. Tlurdly, fonomng the hypothes:s that species of the Mimosoideas occur
predonﬁnantly in arid and nutrient rich areas and n..mbers of the Caesalmnmdene and
Combretaceas in mcnst and nutrient poor areas (Huntley 1982), the sites were ordnmted and o
. class:ﬁedonmebasisoftheabundanoeoftheseﬁmefamums | o

2512 * Herbaceous vegetation

| Grannnmd ﬁorisucs wexe also consxdered at three taxonomzc levels. Firstly, sxtes were
. analysed on the basis of species composition, secondly, on the basxs of tlwm at Each site
and ﬂu.rdly on the basm of the Mﬁﬂ represented ar each site.

2.5.2 STRUCTURAL TRENDS AND CLA _ ND CL_MM
2.52.1  Woody vegetation -

Trends in woody plant structural features '(tota! density, total basal area, % canopy cover,
mean height, mean maximum height and total browse volume) at each site were compared
with PAM and AN gradients. The values for each structural variable for both the short and
tall woody plants at each site were combined for these aﬁalyses. The prevalence of these -
features at each site was plotted on the PAM-AN plane. The structural features of rare

. speciss were excluded. Structural features were also compared with soil stone content and
profile depth since these are physicat pmperues of the substrate that could influence woody
vegetation structure independently of PAM and AN. - -
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Com*numty browse volunc distnbutmn proﬁles were compared and sites were gmt ped B
according - to similarities in the pattern of vertical dlstnbuuan of woody b1omass‘ ‘Browse -
- volume distribution data were ordmawd and c1a5s1.ﬁed andbrowse volume dlsmbunm g' ups

were plotted on the PAM-AN p!ane.
- -A sxt&s by staadardmm structural att:zbutea matrix was ordmated and class:ﬁed The sites
were alsn glassified using existing structural classification systems of Pratt, Greeaway. and

o Gwynne (Mﬁﬁ), Bredenkamp and Theron (1985), Edwarr.ls (1983) and Grunblatt Ottickilo .
N and Smange {1939) These classiﬁcauons were compared with mdmes of PAM and AN, N

2522  ; i Hﬁh&w

‘Grass strucmral features (densxty, basal ﬂrea, voluare mdex mean he1ght and meau maximum

' he:ght) and forb structural fewures (dr;" e hpight) at each site were compared
‘with PAM and AN gmdlents Theprevia. - ° * ..  4tes ateach site were also plotted
on the PAM-AN plane Only the stmcmm o "*p’m ;pjecies were 'used_.

A sites by smndardlsad grass strucmral attnbutes matnx ¥-3 ordmated d,nd classz,ﬁed. The
sites were also classified usmg existing structural clasmﬁcauon systems of Pratt, Greenway |
and Gwynne (1966), Edwards (1983) and Grunblatt, Ottichilo and Sinange (1989). These |
classifications were compared with lIlCllGBS of PAM and AN. ~

2523 I ﬂwm

These structural relationships were investigated using a Pearson’s product-moment correlation
(SAS 1985). The variation in woody plant to graminoid biomass ratio aver the range of sites
was compared with the PAM and AN gradients The rels'ﬁonsmp between gzammmd and
forb densu:y and PAM and AN was mvesugated '
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2531 Woody Vegemtion

Leaf duration, leaf type, leaf size, palatability and degree of spinescence wers compared with

PAM and AN gradients, Where appropriate, these functional features were ordinatea and

classified individually and the functional treads were plotted on the PAM-AN plane, =

Leaf duration, leaf type, léaf size, palatability and degree of spinescence were ordinated and
classified together to produce 2 woody plant functional classification in the plane of PAM and
AN, o S | | . .

2532 Herbaceous vegetation

Phenology, physiology, growth form, mode of reproduction, fuel producﬁo'x_:f'poten_ti“al_,_
successional status, grazing response and palatability were compmd-With PAMand AN
pradients. Where appropriate, these functional features were ordinated and classified
individually and the functional trends were plotted on the PAM-AN plane.

Physiology, growth form, mode of réproduction,-fuel production potential, successional

- status, grazing response, palat_ability and seed characteristics were ordinated and classified
- together to produce a graminoid functional classification in the plane of PAM and AN.

254 HYPOTHESES

The floristic, structural and functional results of this study were compared with current
hypotheses of savanna composition, structure and function.

2.5.6 COMPARISONS OF THE CLASSIFICATIONS

The floristic and functional classifications were compared in three ways. Firstly, the ﬂgrisﬁc _
groupings derived from the classification of woody plant and graminoid species composition
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were compared secondly, the fxmcuonal grbupmgs denved f:om the class:ficahon of woody

. plant and graminoid functional classnﬁcattons were compared and th.rdly, the woody plant

' and graminoid floristic classifications were compared with the functional clissifications.
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3.0 PLANT AVAILABLE MOISTURE INDICES

31 INTRODUCTION

The aim of this t:hapter is to p'résen_t and discuss the development of biologically meaningful
- climatic indices for describ_ing the availability of water to savanna plants. A biologically
meaningful index should be based on the interpretation of climate as it relates to plant
growth, For the purposes of thls study, plant available moisture (PAM) is deﬁned as water
that can be taimn up by a plant and used in physwlogmal processes.

It is generally 'accepted that broad scale vegetation distribution and structure, and basic-
features of plant form are determined primarily by the general levels and mean seasonal
 patterns of rainfall and temperamré (Walter 1979 Box 1981), On this basis there ha've been
various appmaches to classifying or mdexmg chmate in telation fo vegetaﬂon These
approaches have been designed for use at dlfferent spatlal scales and vary in the complexxty-
and_ type of data required. o

Plant geographers have related climate maps to vegetation maps in order to describe the -
relationship between climate and vegetation distribution. Climatic models have been devised
for mapping vegetation at the global scale Two such classic class:ficatmn systems, based |
on rainfall and temperature statistics, are those developed by Koppen (1918) (as quoted in
Schulze 1947) and by Thornthwaite (1948) Using the Thornthwaite system, for example,
all major troplcal Savannas are classified in the category of medium precipitation, high
‘temperatures and wet summers and dry winters. “Belsky (1991) refers to two. other global
models, viz. ong based on rainfall, temperature and evapotranspiration (Holdridge 1947) and
' the other based on rainfall and terperature (Whittaker 1975). Both of these models were
devised to determine the climatic boundanes of the major vegetation types of the worid,
Both these models characterized tropical savannas as having 4 low to moderate rainfall and
a high mean annual temperature. There have been more recent approaches to describing the
relationship between climate and vegetation at the global scale. Box (1981}, for example,
déveIOped an empirical model which relates the world’s geographicaily most important plant
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life fonﬁs'to' eight macroclimatic variables aﬂsqciatéd with plant energy and water budgets.

Sevetal‘attempts have been made to describe the relationship between climate and '\'r'egeta.tion

at the regmnal scale. Certain bzochmatlc systems have been apphed to southem Afncan' =

savannas and are reviewed in Schultze and McGe ( 1978). Other systems mclude Phﬂhps

* bioclimatic units of southern Africa (Phillips 1983) and Rutherford and Westfall's mox_sture

matrix of a summer aridity index and winter concentration of precipitation (Rutherford and

- Westfall 1986). These bioclimatic systems are useful for defining biomes and for oompanng B
regional climatic dlﬁ’erences between biomes but not for within biome compansuns (Huntley .

- 1982). More detaﬂed climatic indices are needed for tlus purpose.

~'The intgfacﬁons of energy and water that determine the ef_fectivé environment of -p_lahts can’
be described by climatic water balance modelling (Stephenson 1990). One of the widely used

approaches' to water balance modelling is that 04 'Ihornthwailae and Matiﬁar (1955)' This

| appmach considers month.ly precipitation and evaporative demand but does not prowde a
biologically meanmgftﬂ index. A water baiance model that does prowdc a bmlogwally :
meaningful index has been used to define the biomes of souther_n Afvica (Ellery, Scholes and
Mextis 1991). The index derived from this model indicates the length of the growing season
in days per annum, i.e, the seasonal duration of 1ﬁlant available water. These water balance
models are useful for estimating water deficit, stnmge and excess but do- not mclude the

modifying effects of soil propertles ' '

Soil type and plant-water relations reduce the effectiveness of rainfall (Johnson a:id Tothi]l
1985). It is necessary, therefore, to include the modifying effects of soil properties for
detailed water balance modelling, Loucks (1962) and Waring and Major (1964) modelled

avaﬁable moisture on the basis of soil properties such as water holding capacity, storage and

runoff, where available moisture in the entire profile was expressed as a percentage of the
 storage capacity. Detailed water balanice models that have been used in savannas inciude
WATBAL (Keig and McAlpine 1974) and SAVANNA (Scholes 1987). |

'For the purposes of this study, a watep balance model was developed__that' would p:dvi&e a
biologically meaningful index, detailed enough to use at the local scale. The modei described
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in this study estimates the Iength of the growing season in days per annum and is a
modification of Ellery er al (1991) to include the effects of soil properties. - This model' B
includes parameters suggested by Frost et al (1986) such as air tempmture, ramfall, soil
texture and seasonahty ' |

Th1s chapter partly addresses study objective 1. The water balance mudemng procedure is
presented in secnon 3, 2 Section 3.3 details the chmatic charactensucs of each of the
savanna regions sampled and mean annual rainfall and two mdmes derived by water balance
modellmg are compared. The results are discussed in secnon 3.4,

The methods of data cblléction for the water balance modeljing procedure are detailed in
chapter 2, section 2.2 and 2.3. The sites are referred to by numb'e_l_'_ as in Table 2.1.

3.2 WATERB LLING

A water balance model (Fig. 3.1 a,b,c) has been developed for the estimation of the duration
 of the growing season in days per annum (Gdays) based on daily rainfail sequences and.
reference evaporation, The durauon of the growing season is the mean number of days per -
annum on which potential evapotmnspuanon is fully satisfied by available soil water (Ellery
et al 1991) The mean number of days 1 Der annum on whick sufficient water is available .
permit unrestncted “plant growth was considered a biologically meaningful index of water
availability. Expressing the concept in terms of days rather than a dimensionless ratio of B
 rainfall to evaporation helps to make its biological meaning more intuitive (Ellery er ol
1991). '

The model also calculates the mean temperature on the days when water is available,
Temperature can act on savanna$ in two ways, as a regulator of growth rate (grthh
| temperature or wet day temperature) and as a low temperature stress (na-gmwth temperature
or dry day temperature). Wet day temperature is the mean temperature on days when water
| is available for growth, giving an indication of energy supply. Dry day temperature is the
temiperature on days when water is not available for growth and hence a measu-e of cold
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 Figure 3.1 Schematic disgram of the

wiater balance meodel used to generate

indices of growth days, = growth

temperatore and no growth temperature
(modified from Ellery et al 1991). Model
input varigbles are summarised in Table
3.1, Fig. 3.1 (a) illustrates the procedure
for the bucket water balance model. Fig.
3.1 (b} and () illustrate the additional
procedures used for the goil water balance
model fo include the effects of soil

properties on the water balance. Fig, 3.1
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Str_e;:'ss-, m'ost_ly. durmg thedryseason (Ellery et ql 199__.1).- |

The. model can be used in two forms, a mmple *bucket’ fom and a more complex soﬂ’ o

form. The bucket water balance model is useful for broad scale modelling, for exampw at

the biome level (Eliety et al 1991). This model does not take the effects of soil pr *«:‘ft*esf o

into account but is useful if detaﬂed soil data are siot avmlable. The more complex §E!i

_gl___@_m@_l is demgned for modellmg at a smaller spatial 5.ale, for example at the' o
landscape or patc.h scale, The soil water balance model includes soil properties (Table 3.1)

which modlfy the fluxes and pool sizes in the hy 'ologlcal system. ‘The inclusion of soil .
information in the model faclhtates a more dctaﬂed esumauon of what happens to ﬁoﬁ a
. mmsture in terms of evapotranspnraﬁon, leay runoff and storage (F1g. 3 2)

' '_Table 3 1 Datareqm:ed for the sml water balanoe model Input vanables 1 to 8 are reqmred )
for the bucket water balance model. Model mput vanables are discussed in chapner 2,
section 2.3, ' _ :

1. Site dcscnphon : .
2. Number of years of data from Wea \reau reoords (for mformanon only)
| 3. - Station latitude (and longitude, for s mation only) RO C
~ Station alumde o :
© Mean monthly rmnfa]l (mm) (for mfonnatmn only)
‘Mean monthly maximum temperature
-Mean monthly minimum temperature

.- Daély precl;ntatwn in tenths of 2 mm (output from Gem'am (Zucchini & Adamson
1984))

9, Number of soil honzons and saturated hydrauhc conductivity of bottom boundary
10,  Depth, bulk denmty, stone content and organic carbon for each horizon

11, Field capacity (-0.02 MPa), wﬂtmg point (-1.5 MPa) and air dry (-10 MIPa) water
content per horizon _

12. Imnal water comaent (volumetric proportmn) for each hcmzon _

»

i A

-

The model output includes mcmthly and armual estimates of relative humu:hty, potenttal

evapotranspﬂatlon (PET) and numtsr*r of growth days Mezn monthly and annual rainfallis

calculated from the simulaied daliy rainfall data for companson with the Weather Bureau
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records of mean monthly' and annual rainfall. - The 'mddel also prowdes mean annual |
estimates of transpuatmn, evaporatioo, runoff leaching and storage and estimates of annual_ -
wet day temperature and dry day temperatme : .

T — _Saturatlon - a4 = Runof? §
o R b L Leachable
Field Capacity | Water
1¢002MPs) | _
S |~ Available | a
% | | Water | FEyapomable
P b - [ Water
ore | | |
space |
R ....| Wilting Point __
| ¢1.5 MPa)
w10 Mpa) -

' F:gure 3.2 Schemanc d:agram showing thc ways in whzch water at dtfferent waler potent:als o
is removed from a layer of soil. _ _ )

331 CLIMATIC CHARACTERK

All the areas sampled fell into Kc'ippén’s arid zone steppe'ciimatic gmup (hot, dry steppe with
a wmter dry period) and Thornthwaite’s semi-atid warm steppe climatic group (Schulze
. 1947) .

There was a unimodal seasonality of both rainfall and temperature in all the vannas
sampled with wet, warm to hot conditions alternating with dry, warm to cool cOnditi;ins (Fig.
3.3). The duraﬁén of the rainy season, estimated as the number of months during whick
‘mean monthly rainfall exceeded 50 mm, rariged from three G six months (Fig, 3.3).
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Aéc_ordmg to Huatley’s 'deﬁnition of saﬁanna climates (Hnnﬂcy 1982)_ all the areas sampied, o |

- except Pretonuskup, '_ were semi-arid, with rainfall < 650 mm pa and seven or more dry -

months. Walter (1971) tsed & rainfall threshold of 600 mm/ann. to distinguish between

semi-arid a,nd humid savannas and on tlus basis, the Nylsviey and Pretonuskop areas would -
* be considered to be hurnid, Johnson & Tothill (1985) emphasise the refative lengths of the

'_ wet and dry seasons for dxsnngmshmg humid. (dry period of 25105 months) and arid (dry
period of 5 to 7.5 months) savannas. On tlns basxs, all the savannas sampled in this study -

 would be considered to bé arid.

o ’I’he seasorial vaz-iaciem-in temperature. was similar for all the areas sampled (Fig. 3.3).
. Sunﬂanﬁes in growth tefnpemture'and no-growth temperature were also evident (I‘ablc 3.2).
 Mid-winter frosts oceur at Nylsviéy (Frost 1987) and at Rooipoort (Berry, M. pers. comm.) .
_but are ‘uncommon the other savanna areas sampled (Venter and Gertenbach 1986, -

 Gooduman, P.S. pers. comn.). The regular occurrence of frost may be linked to the higher

- altitnde of Rooipdort. (1198 m) and Nylsvley (1080 m) in companson w1th the other a.reas' B

(F:g 3 3) (I-Iun.tley 1982, Wa}ker 1985)

The esumawd reference evaporat:on was hlgher than the mean ramfall for alt monthsq
mdlcatmg a year round monthly water deﬁmt (Tabie 3. 2). :

Three PAM gradients were derived (Fig. 3.4). The first consisted of mean annual rainfall
figures calculated from slaﬂy ftinfali'data The second gradient conﬁste’d of the Gdays index
derived by the bucket water balance model, and the third gradient consisted of the Gdays
index derived by the soil water balance modei. These PAM gmdlrmts were compared and

theu su1tab111ty as indices of PAM conmdered

33.2.1

A c_:qmpéri'son_-of the mean annual rainfall and bucket PAM gradients illustrates the modifying
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Figure 3.3 Climate diagrams for each of the savanna areas sampled, drawn after Walter &
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Table 3.2 Growth temperature, na-gmwth temperature and reference evaporat:on (E\,, the
amount of water that would evaporate from a la:ge body of Water) for each of the rainfall
areas sampled _ _

Locatlon _ Mean annual Estlmatedannual Growm No-.growtb |

rainfall (mm)  reference  temp. (°C)  temp (°C)

- ‘evaporation . ' _
N . . _ {mm) . B _
Messina 38 2519 - 25.3 22.1
Rooipoort 355 2625 25.0 21.8
Lanigjan | 455 232 ¢ 243 215
Timbavati - . 562 2424 235 214
Mizi 50 - 2285 28 206
Lower Sabie 598 2446 24 9.2
Nylsdey ~ © . 617 2393 216 185
Pretoriuskoy 695 2216 213 181

effect of the energy budget on the_availhbi]ity of water b plants The bucket index includes
the effects of altitude, Jatitude and temperature (as PET) which all modify the effectiveness
of rainfall, thus reflecting more realistically the amount of rainfall available tc plants.

' Similarities and dj.fferences in PAM betwee.. e savanna areas were more evident on the
bucket gradient thar shown by the distribution based on raimall alone (Fig. 3.4).

The order of savanna areas aleng the two gradients was different (Fig. 3.4). Although |
Messina had a lower mean annual rainfall (supply of water) than Rompoort it also had &
lower PET (de.mand for water) (Table 3.2). Therefore, in terms of supply and demand
(bucket index), Messina had a greater availability of water and was relatively less arid than
Rooipoort (Fig. 3.4). There was also a change in the order of the Miuzi, Lower Sabie and
Nylsviey areas along the bucket gradient (Fig. 3.4). Although Mkuzi received the lowest
mean annual rainfall of these three areas, it also had the lowest PET (Table 3.2), thus having
the greatest number of Gdays of the three areas (Fig. 3.4). Lower Sabic had the highest PET
 of the three areas (Table 3.2). Pretoriuskop, the ares, with the greatest nimber of Gdays,
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Figure 3.4 A comparison of the PAM gradients derived from (a) mean annual rainfail
{mm/ann.), (b) the bucket water balance model (Gdays) and (c) the soil water balance model
(Gdays). The 8 symbols on gradients. (a) and (b) correspond with the 3 savanna areas
sampled. The symbols on gradient (c) show which sites come from which areas. Site
numbers are as in Table 2.1,



- had the highest rainfall and fhe Igwgst PET of all_arwﬁ 's__ampled._

3.3.2.2

For all sites except Rooipoort 9 and 11, the soil model Gdays value was lower than the
buckét mode] Gdays value (Fig. 3.4). "'I'his indjcated that there was less water eivailja'ble' to ;
_ plants at each site than indexed for each area without consideration of the sozl Also, the
~ range of Gdays was Jower for the soil model than for the bucket model (Fig. 3.4). These -

~ results indicate the modifymg effects of soil properties on the supply and demand componmts -
of thd water balance :

The order of s:’.es along the scul model gradmnt indicated that hecause of the modlfymg-- :
effects of soil propemes, sil:es in d:ff‘erent areas could have sxmﬂar amounts of PAM even
though they had differcnt water and energy budgets. This is especially obvious for ? fkuzi.
1_and 4 and 'Nylsvlej; 6 and 8 and also for :_rimbmﬁ' 16 and 17 and Lower Sabie 15, |

Wzthm each rainfal] region there was a trend in G days and soL. lextire fF1g. 3.5 a)_ .
suppomng the hypothesis that for the same rainfall and energy budgets a "layler soil is more
xeric than a sandier soil (Scholes 1987). iis was evident even though the fine textured soils
had a higher water holding capacity than the coarse textured soils (Pig, 3.5 b)'_. Evaporation |
from the soil surface on the clayey soils was higher than on the sandy soils (Fig. 3.5 ¢)

indicating that there .was._leSS water available for'plzﬁ.nt'gro“'th"and mdije watct lost by
evz-,,,-._r.._,.ati_oﬂ on clay than on sandy soils in each area. :

3.4  DISCUSSION
3,4,1 CLIMATIC CHARACTERISTICS

The similariﬁes in temperaturs between the savanna areas suggeSts that the effect of
temperature on vegetation is likely to be most marked via the en: gy budget of the waner
balance, rather than via a direct effect of tempemuure on aecxes compositmn and plant
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preducthty ‘This | is supported by the statement that blOth cha:actensncs of savannas in

southern Africa do not reveal conmstently sharp dtscennnumes related to thermal gradients o

(Humley 1982) ‘I‘he apparent lack of influence of temperature w1thm the savanna biome i is
contrasted with the findmg by E]lery et al (1991) that the savanna and grassland hmmes may
be differentiated on the basis of dry season temperature. If temperature is having a direct
‘effect on the vegetatton it is likely to be the minimum temperature and the occurrence of
frost that is important and hence would have been evident between the frosted sxtes (Nylsviey

and Rooipoors) and the rest.

- The year reund monthly water deficit observed in this stmiy is eharactensttc ef setm-arid '
savannas (Walker 1983), T

342 EAMM@

'Aithough mean annual ramfail has been used in many studies to deﬁne climatic gradtents
(Sesley 1978, Rutherfprd 1980 and Deshmukh 1984), indices based on rainfall aione provide
only a crude estimate of moisture avaﬁabﬂtty ‘The s:multaneous effects of water supply and
-drmand are not mtegrated (}:llery et al 1991), Cons1denng a demand component, as well,
is important for deriving 2 biologically meamngful mdex. Frost et al (1986) cen.t.tdered _
mean annual rainfall too simple an index to adequately account for savanna ’“Ionsttc, :

structural and functional diversity and high-lighted the need for an index that imtegrated water
and energy budgets. Mean annual rainfall is useﬁxl as a gross index of PAM, e.g. to deﬁna
moisture gzadlents at a broad spatlal scale but in order to derive a more detatled mdex, the
PET component should be included, o -

The ’days of growth opportunity’ i'ndex derived by the bucket model injegratss both the
supply—sxde (precipitation) and the demand-side (evaporation) of plant water relations and is
therefore more robust than an mdex derived from rainfall or e\mperatlon data alone, This
is a simplistic model becatise in realtty plant growth does not end abruptly when the soil dries
| out, but declines over a period of t_mte. *Growth days’ as caleulated will therefore be shorter
than the observed growing period in the field, but should correlate well with plant
productivity (_Eliery et al 1991), since productivity also declines as water becomes Iinﬁting.'
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It remains an index rather than a ﬁeld~vmfiable measurement, since - it repments the
eqmvalent number of days where proﬁle available water fully sausﬂes potentlal evaporatlon,
rather than the days when the plant is physiologically active (Eilery et al 1991). An

nnportantfeatmeofthmmdum thatztﬂlustmtesdﬂerenmmgmwmg seasnns. Anmdex' o

that reflects- seasonahty is important in savannas because all savarna regions are charactensed
by a marked smmnaleffect (Walker 1985). o -

Although the bucket index pmudes a more reahstlc index of PAM than mean annual ramfall
alone, i, too is only use.ful at the reglonal scale and does not provlde an mdex for mh sme :

The inclusion of the modifjrin’g effects of soil properties in the calculaﬁon'of the water
balance pmvmles an mdex that is su1tab1y detaﬂed for use at the local scale. This index is
“biologically meanmgful as 1t reflects the avmlablhty of moisture to plants as modlﬁed by the -
so:l emrnonment | ' ' - : -

Of all the s'on pio]?e:ﬁes_ included, soil texture, depth and stone content are particularly
i'mpo_rtant. Fine texw:edsolis were more xeric than coarse textured soils for the same water
and energy budgets becauét_: soil bextureaﬁbcts soil Waﬁr-holdiﬂg capacity and hydrat'.dic_'
conductivity. Sandy soils have a lower water holding capacity because they have  larger

non-capillary porosity than clayey soils, Clay soils have a more gradual slope of water

potential verses water content indicating a more gradual release of water than sandy scus.

Sandy soils release most of their soil water within a narrow range of potentials because of

the predominance of large pores. Most of the mm.sture in sandy soils occurs between field

capacity and wilting point and henice is available to plants. Finer textured soils have a wider

range of water between field capacity and wilting point than coarser textured soils but a

~ greater proportion of water is held at tensions below wﬂung point and kence is macoessnble
to plants ' - '

Evaporation from the soil surface on clayey soils is higher than on sandy'_sbils because the
. higher water holding capacity in clayey soils means that a given amount of rainfall penetrates

' less deeply on clayey than on sandy soils. Deeper penetration and a narrower capillary.
fringe on coarse-textured soils conserves moisture by protecting it from evaporation '(Schoies'
1987). Also; the soil water held at tensions below the plant wilting point on ﬁné textured
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soils is not avaﬂable to plants but stilk Susceptlble to evaporano:l. Knaop and Walker (1985) :

observed this difference between fine textured soils and sands. Soil with a high clay content |
expenenced extended periods where soil moisture was below -1, 5 MPa over the whole
pmﬁle while water in the sub—sml layers of a sandy soil was not limiting in wet years and
only occamonally limiting in dry ymrs - .

The usﬁ: of Zucchini and Adamson s model for gene:ratmg xamfall Sequences overcomes the
problem that site spec]ﬁc long term rmnfail records are oﬁen unavailable. The facxhty to. -
gerierate long term rainfall sequences in some measure overcomes the effects of the Jarge
’ spat:Ial and temporal vanabzhty of ramfall that is chamctensnc of senu~and savannas (Green
11969, Bmas and McNiell 1978) ' ' - ' '

- The choice ofa suitahle PAM index ‘must be based on a number of Cntena The index must | |
be b_i;il_o'gicaﬂy meaningful, simple to calculate and the potential for its extrapolation must
be assessed, especiaily in the light of availability of the required data. ' -

* Mean anntal rainfall provides a suitable general index of water availability. The advantages
of this index are that rainfall data are available, the index does not require any calculation
and it is easily extrapolated. The major problem with this index is that it is provides no
information on how climate relates to plant growth. The usefulness of mean annual ramfall

in predictive modellmg of vegetauon cha.nge is limited therefore

The index derived from tie bucket model is considered to be useful at the regional scale.
" This index is .bioiogiCally meamngful 'The rainfall 'a_,nd temperature data required are likely
to be available and hence ihe indox has a good poténtial for extrapolation. One disadvantage
‘is that the iridex is not simple to calculate since a modelling procedure is required. '
The index derived from the soil model is biologically meaningful and detailed enough 1o be
used at the local scale, This index yields a high degree of information but requires a fairly

- deiniled data input (e.g, the information on soil properties) and is got simple to calculate. -
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‘e extrapolation of this index would be limited by the availability of the detailed data, .

‘The numbet of growth days per annum (Gdays) denved by the soil water baiancc. muﬂd will - |
be used as a PAM index for the. mtarpretanon of plant: ﬂonstlc, strucuml and fudvtional

'trends in relanon ta mmsture avaﬂabﬂlty Thxs mrle:x 15 wnsﬁered to be bmloglcaliy‘-? )

_meanmgful and to smt the scale of apphcanon and purpose of tius study
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" 4.0 AVAILABLE NUTRIENTS

4.1 INTRODUCTION

The availability of nutrients in the soil is determined by the size of the available nutrient pool

and its rate of replenishment. These factors are controlled by the mineral content and rate
of weathering of the parent material, the rate of tumover of organically bound nutrients, the |
effective soil thickness, the ability of 2 soil to hold nutrients against leachmg and plant
demand for nutrients (Solbrig, Medina & Mott 1988). Thus soil fertshty isa complmc
phenome.non involving interactions of chmate, soil, nutrients and plants

Plant responoo to nutr_ient .avaﬂahility appears to be controlled 'by the pﬂnclple of limiting

~ factors (chapin,.vifous_ak & van Cleve 1986). Nutrient limitatior 3 recognized by an

increase in growth in response to the addition of  Hmiting nutrient, give;ﬁ that all other -

factors are non—hzmtmg This positive response wikl perstst untit the concentrauon of the =
nutrient reaches a point beyond which there i is no longer an increase in plant growth This
is hypothcmsed to be the opt:mal or threshold concentration of the nutrient for plant growth
and any further uptake is considered to be a luxury consumption. A continued increase in
the concentration of the nutrient may result in a deuroase in growth as a result of a toxicity

_ response .

- Plants need r_iutriants in different quantities. Nitrogen, phoép.horus and to 2 lesser extent
potassium appear to be the nutrients that most frequently limit plant productivity in patural
ecosystems (Chapin er al 1986, McLendon & Redente 1991). Lopes and Cox (1977)
reported significant correlations between woody basal area per hectare and soil levels of
" nitrogen, phosphorus and potassium in cerrado ve‘getat_ion in Brazil. Nitrogen, phosphorus "
and potassium. have been found to limit the productivity of Trachypogon savannas of tho.
Orinoco Llanos in South America (San Jose, Montes & Rikonova-Crespo 1991). Low
availability of ‘nitrogen and phosphorus is considered ta be more limiting to plant growth than
low rainfall in the southern Sahel (Breman and de Wit 1983). South Afncan savanna soiis
are consxdered to be rutrogen, phosphorus arid potassium limited (Medma 1987) with
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fertilizer tnsus mdlcahng that nitrogen plays a gn-atex wntrol]ing role in riant production
th:..n phosphorus and potassmm (Grunow, hemtarand Bmyﬁenbacn wm, Walker andKnoop -
1987). -

Although the availability of plant nutrients js hypothesised o be a primary determiinant of
savanna structure and functlon there is as yet no single standard way of estabhshmg a
synthetic nutrient index for savanna soils (Solbrig 1990) There has been much debate within

the fornm of the Responses of Savannas to Stress and Disturbance programme 25 to howte
index the available nutrients (AN) axis of the PAM-AN plane and several approaches have
‘been identified (Frost e al 1986, Solbrig et al 1988) The suggesmd approaches encomnpass
- various degrees of complex:ty, both in method of dete:mmauon and in the mdmes derived.

' 'I’here are several cntena for theehoioe ofa mﬁtabie AN mdex It is very unponant that the
soii fertility index should be ecologically meaningful. An ecologically. rnmningful index is

© one that relates soil physwai and chemical properties to piant growth responses and- hence -

: reﬂects themteracnons of climate, soil, nutrients and plantsmatdetermmeplantproductmty
 In the development of an AN index that is generally applicable to all savanna soils, the

. potential for extrapolatton, simplicity of calculation and the constraints mtposed by the '

limited avambﬂxty of soil physical and chemical data must be taken mto account

The _availabﬂity of nutﬁentﬁ to plants is difficult to ind'ox in naturat enwronments One
approach is to measure the instantaneously available pools of nutrients (Chupin ef al 1986).
'This is achieved by mieans of soil chemical analyses. The aim would be to use variables that
are easy to measure and for which data are generally available. This approach would provide
simple AN indices and would help to overcome the problem of paucity of detailed soil
physical and chemical data, This i a simplistic syproach, however, because it does rot take
into account the flux of nutrients through the available pools which is as important as
instantanieous pool sizes in detenmnmg the availability of nutrients to plants (Chapin et al
1986). S1mple indices of thus nature do not convey information about nutrient-soil, nutnent—
~ nutrient and nutncnt—plant interactions, One solution io this probiem is to assess the
usefulness of a single variable as an AN index by comparing it with indices that represent
an integration of the soil-plant response, e.g. biomasaiproduction..- A good correlation
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between the. s1mp1e and mtegrated md1ces would suggest the potent:.al for usmg only the o
sunpl.e mdex . N .

A number of. appmaches have been used to provide mdlces that reflect the dynamlc aspect |
' of nutrient availability in natural environments. ‘These include incubations to measure
* nitrogen tunover, bioassays of sml and the use. of 1on-exchange resins in the field. (Chapm o

et al 1986)

‘The so:l bioa'sSéy approach was suggested. as a way of assessing AN in savannasoils by
Solbrig et af (1988). Bicassays 'ha_c_ve been used elsewhere to-assess the femnty of natural
soi's e.g, Harrison & Helliwell (1979), Olsvig-Whittaker & Morris (1982), Kinako (1983)
énd Gough and Marrs (1990). In these studies, soil chemical analyses were used 1o indicate
the potenual avaﬂabﬂuy of nutrients whﬂe plant respomses such as hexght biomass
: productmn, root length, root to shoot ratio and: plant tissue nutrient content were assumed
to indicate actual nutnent avaﬂablmy Plant responses can be used to assess the femhty of
a soil assuming that a femie soil will have physmal and chemical propernes that- mamm:ze B
nutrient uptake and plant pmductvxty “Under cantro]led enwronmental condltlons plant’ .
responses to soils with different chemical and physlcal properhes ¢can be mvesugated Plant -

| responses such as biomass productmn are assumed to reflect the dynamics of the soﬂ-plant .
mteractlon and con mquently should provuie eco;ogxca]ly mennmgftﬂ AN mdlc;:s '

A cons:detauon af the concentrauons of the most }mutmg nutrients is anothm' potenual
approach for the dévelopment of AN indices. The availabilify of nitrogen, phosphoras and )
' potassium bas been used for the development of AN indices (Noble 1989) and for soil
fertility assessments (Keliman 1979, Gough and Marrs 1990) ‘Nobel (1589) used soil levels _
-of mrrogen, phosphorus, potassmm, boron and sodium to develop mdmdua! multlphcauve

-indices for determining the influence of these elements on the productmty of agaves and =

cacti. This index was found to s’. sfacﬁonly explam the vanauon*m pmducuwty of these
plants with soil nutrient availability at 2 number of sites (Noble-1989); '

For !:he purposes of this study, an AN index that best reﬂects the gverage condition of
avaﬂable nutrients at the oommumty 1evel wiil be sought The temporal (seasonal)_ a_nd -
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- spaual (patch scaie) dyna:mcs of nument avmlabﬂlty that occur wxﬁ:m any one sa.vanna_ .
commumty (Kellman 1979, Bate & Gunmn 1982, Medina 1987) wﬂl not be conmdered -

'Ih'e;aimofthischhpteris (aopreséritanddiscuss thedevélmmeﬂtﬁp@bentiﬂ.&ﬁ[indicmfor -
. -the quantification of thenument axts of the PAM—AN plane Thm chapter panly addressm
studyob]ectwel o S S

Thmenmmappmachesweretaken Theﬁrstwas&ledehennmaﬁanafmdlcesthat
represented an mtegranon of the sonl-p]ant response.  The second approach mvesugated the |
potenﬁal nsefulness of individual sml properties as AN indices and the third appmach-
considered the dewelopment and use of mdlces derived from combinations of soil properhes
. Themdlcesdenvedfron. .heﬁrstapproachwereusedasreferencemdmesfortheasse&smmt o
of the feml.lty grachents derived from the other approachw The appronches encompassed_

various degrees of complexity, both in method of detenmnauon +ud 1 in the indices denved

* Both absolute and relanve ferilty indices were expenmented mth

'Sec&on 4.2 oi-‘:"this chapt&-pments the methods thai't.wei'e usedto detenﬁine.ﬂae vannus AN S

- indices. Secﬁon43presents theAN mdmsdenvedfmm the various approachesandthese:
_aredmcussedmsecnon44 . - o -

" The met'hods a'f soil data collection aind of the determination of soil physical and chemical

~ properties- arepresmtedmchapterz ‘section 2.2, Sltesarereferred wbynumberasm
Table 2.1. S _

4.2 METHODS
421  REFERENCE INDICES
4.2.1.1 Ferility rankings by experts

One approach to developing an AN index was to use the knowledge of smls experts people
who work Wlﬂl aspects of assessing soil femhty on a daﬂy basis. Fwe soils experl:s wers
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provxded with 2 table of soi} analysm data (laepsml only) for the mnetetm S1tes and asked to

 rank the soils in order of increasing fertility (1 = least fertile) (Appendix 9). For the

purposes of th1s exerelse, femhty was defined as above ground grass producuwty, in the

. absence of water. hmltatmn or compet*hon from trees. The soil fertility rankings glven hy
| _eachexpertwereeompared'asmgaSpeaxmansmnkcorrelanon Ameanrankmgwas

calculated foreach soil fremtheranlnngs given bymchexpem This approach was used as

a sub_]echve reference mde:x for assessmg other potenual AN mdzces by rank correlahon
4212 Emmmm

A bioasoay approach wias adapted for A horizon soils from each of the fineteen sites sampled
(Feuchtenbeiner-Walsh 1990). A constant amount of each of the bulked samples of top soit
-from each site Was placed in a polystyrene cup, with four rephcates per soﬂ - Sufficient seed
: ofagrass speexes Panicum maximum, was sown in each cup to achleve manmum rooting '
density. Pamcwn max:mum was chosen since it estahhshes easily, grows rapidly and i isa

‘relatively widespread Cé savanna grass occumng nannaﬂy on both nutnent rich and poor- e

s0ils, The use of P. maximum as a bmassay specxes was recornmended by Solbzig et al
(1938) The grass was grown under controlled condr'f::ens of day temperature, day length |
~ night temperature, hu:mdlty and irradiance in the phytotron at the Umversxty of the -
Witwatersrand., Pla,nts were watered regularly 75 % of the field capacuy determined for - .

Plants were grown for a 15 week period, Four harvests of above-ground biomass {excluding "
crown material) were made, one after 2 weeks and then at 3 weekly intervals. A fifth and
final harvest included above-ground, crown and root material. Fiarvested material was dried
at 70°C for 2 days and massed to determine shoot productmn {total mass (grams) of above-
~ ground blomass produced over 15 weeks) and whole-plant production (total mass (grams) of'
shoot pmducuon plus root and crown biomass produced over i3 weeks). The dry shoot,
crown and root tissue was analysed for mtrogen, phosphorus and carbon content (total

content over 15 weeks)
| The AN gradlents based on 'Whoie-'plant'atid. shoot 'proc'iuction were compared with one
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another and correlated w1th theexperts rankmgs vsing aSpearman s rankcorrelatton ’I‘he .
root to shoot r.ahos of plants SrowTt on each soil were compared Bmmass productzon was |
used as an objecuve reference mdex for assessmg other potential AN indices by correlation :
“and the gradient of sites based on shoot production was conszde_red a potennal AN index,

422 SINGLE FACTOR INDICES

4221 Emmg ;.producﬁog elative to scq n;;m"en; o m;e.m |
Samples of the same son as used for the bmassay expenment were anatysed for a variety
of chemlcal properues (ﬂeta:ls in chapber 2). ‘Biomass pmdu..uon was compared Wlth soil

total mtrogen (TotN), mtrogen mineralization J.'ate (Nmin), resm extractable phosp jorus (F),
1M ammomum acetate extractable pomssmm (K) and percentage orgaitic carbon {% OC) E

These soil chemical properhes were chosen because N, P and K are macro- elements with

- well documented limiting effects on plant growth (Chapm 1980). Pemcentage otganic carbon' -
isa standard measure, hlghly correlated with total mtrogen anda oonsequence of pmducnon* .

Biomass production and soil nutrient content were related using the pmceduza described by
Cate and Nelson (19‘71) This is a snnple graphical procedure for determining a threshold
 concentration of a particular soil nutnent above and below which there is a high and low
probability of plant response rwpecnvely (Fig. 4.2.1). This gmplncal techluque amounts to
'maxumzmg the computed chi-square value representing ‘the test of the nuil hypothesis that
the number of observations in each of the four quadrants is equal the hypothems that the data -
consxst of one random populatlon (Cate and Nelson 1971) '

" In order to determine plant response o individual soil nutrients and to determine the
- aszociated soil nutdent thresholds, whole-plant and shoot production were plotted againét
each of the five soil chemical properties chosen and the graphical technique applied.
Comparisons of plant response were made on the basis of the inclusion or exclﬁsion of sites
from either of the responsé groups and on the éonsisteﬁcy of groupings, rather than on the
specific positions of sites on the scatter plots and how these changed with different nutrients,
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. Figure 4.2.1 The - Cate-Nelson (1971) procedure for determmmg threshold nutnent
concentrations in relation to plant response. The high (A) and low (B) response groups are.

determined by supenmpomng two perpendicular lines on the piant production - soil nutrient .

seatter plots so as to maximize the number of data points in the positive quadrants (+). The
- point where the vertical line intersects the X axis (C), 'ndmates 2 critical threshold value of

" the soil nutrient above which it is assumed to have no limiting effect and below which
nutuent hnutannn is agsumed 1o control plant nutnent uptake and producnmty '

| 4'.2.2,‘2

The tissue nutrient content of the bmassay plants (determiried by Feuchwnbemer-Walsh |
(1990) ) was compared w1th the reference mdices to see ]f tissue nument content was reiaﬁed__
to soil ferhhty ' a ' ' '

-4._2.2.3 - Individual soi
The potentaal for usmg parent material gmlogy and A honzon bexture, pH, TotN N’mm P _ :

and % oC as smgle factor AN indices was wns1dered The AN gradxents bﬂsed on these_
mdmdual soil pmpert:es were compamd with- the reference indices. .



' _Effecnw cation emﬂbange capaclty (ECEC) and base saturation were calculated for each soll .
{Anon, 1982) The order of sites based on ECBC and on base saturanon was compared with " -

K | the refeﬂence mdmes

4.2.3.-2‘ . Index of N, P and

. ‘The approach to combining N, P and K availability into a single index was based on that
s ﬁken'by Noble (1989), For the purposes of tiii; study, N'avaﬂébility way measured asthe |

amount of ammionium (mg/kg) produced per week in water-logged sozls under labomOry -

condmons, (the anaerobic potential mtrogen mmﬂrahzatlon rate) The concentranons ofboth

' remn—extracta‘ble P and IM ammonium acetate exttactable K were used as m&smes ofthe
potential avaﬂabﬂxty of these nutrients m tl:e 3011 ‘The threshold levels of N, P and K above: o

 which. these nutrients were ot hmmng plan“ gmwth were es’amahed usmg the Caﬁe and K
Nelson (19’?1) procedure ' : | e _ _

The' AN index 'was calculated 2s follows; if the boﬂeen&aﬁbn of a soil nutrient was sbove its

estimated opﬁmum's_upply'threshold value, the availability index for that nutrient at that site .
- 'was unity i.e. the nutrient was assumed not to limit plant growth, If the conoentratlon of the
nutrient was below the estimated threshold value, the availability index was calculated as the
- quotient of the Rutrient corsentration value and the estimated threshold value i.e. 'th_e ratio .
indicated the exteat of nutrieat limitation. A ratio close to 1 indicated only slight limitation

. while a ra.tm close to 0 mdxcated severe limitation, The AN indices were derived by

mulnplymg the avmlabﬂxty indices for Nmin and P and far Nmm, P and K at each sue.. "
These AN 1nd1ces were compared with the reference mdlces '

4233 = Indexof
Multivariate analysis was used as a way of integrating soil variables to provide a simple
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fertility gradient. Total nitrogen and P, and TotN, P and h vere analysed by principal
components analyms and the fixst axis eigenvalues were considered as potential feruhty
gtadlents '1’he multivatiate indices were oompared with the reference mdwes

4301

The soil _dété. sent to the experts was ot stone-content conectedand this is likely to have
resulted in an over-ragking of soils 4 and 7. Both these soils have a high stone content
(Appendix 10) and the stone correction substantially reduces the absolute amount of nurients
available in the soils at each of these sites. To a.ocommodate this problem, sites 4 and 7
were excluded from the AN mdex defived from the experts rankmgs, cT

- The expei'ts’ rankings were found to be signiﬁcanﬂy correlated with c'me- another, (Table
4.3.1) indicating ﬂlﬁt the experts independently arrived at similar fertility rankings of the
soils. The mean rankmg of each soil at each site was considered a potentzal AN index (Fig.

4.3.1 2). The order of sites based on the mean rankings was used as a subjective reference
index for assessing other potential AN indices. ‘The mean rankings ranged from 1.7 to 17.0
and the fertility gradient based on mean rankings (Fig. 4.3.1 a) indicated two groupings of
sites. TherewerelowAsttesmﬂlameanranhng of 8.2 orlessandhlghANsuesmﬂl
a meanranhng of 11.4 or more, "

4.3_.1’.2" | B;gm.ass_mlm_qn

Site 2 was excluded from the AN index based on biomass production because plants on this
soil became water stressed during early stages of the experiment, and plant productivity was
‘consistently much lower than expected from field observations. Sites 4 and 7 were also
excluded because soils used for the bicassay experiment were not adjusted to the conect
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stone content.

Table 4.3.1 Spwman s rank cmrelatmn onefﬁcmnts of the fertxhty ratmgs pmmded by the '

.ﬁvesmlsaxpens
_Expeﬁ; 2 3 4 3
15, 087 086 073 0.8
. p . 00001 00001 00004  0.0001
2 5, . o8 - o086 08
p . 00001 00001  0.0001
3 4 . oM 08
I T 00003 00001
3 . - 084
o p 0..0.001-

_Avaih_blc nutrient gradients were derived from biomass production of P. maximum assummg

' that a gradient in production reflected a gradient in AN. mem was a relatively even spread

of sites along the whole-plant and shoot production gradients (Fig. 4.3.1b & ¢). Neither the
rank order of stes based on whole-plant or shoot production was significantly correlated with

~ the experts rankings. There were, howevar, similarities in the relatwa po.utmns of. s1tes o

along the gradients depicted 1 in Figure 4, 3 1

Greater amounts of whole-plant and shoot production were genevally associated witha higher |

nutrient availability as indexed by the experts’ rankinigs. Soils from sites 3, 5, 8, 12, 15 and
16, which were in the experts’ h:gh AN group (Fig. 4.3.1 2), were posmaned on the high

AN side of the gtadlents based on biomass production (Fig. 4.3. 1band c). Soils 17 18 and _
19 and soils 1 and 19, however, produced higher whole-plant and shoot bmmass _

respecnvely, than expected from the experts’ mnkmgs (Fig. 4.3. 1)

The order of sites along the whole-plant and shoot production gradignts was not correlated

although there were similarities in the relative positions of sites alorig the gradients (Fig.
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431 b & c) The mcluswn of crown and root bmmass (wholo—plant productlon grad:ont) o
eIovated the positions of soﬁs 17 18, and 19 relative to their positions along: the gradteot_"
based on shoot production alone. ’I'he root-to-shoot rauo (r's) of P, mtmmum on fow AN
~soils 17 (:s = 0.95), 18 (1. 49)and 19 (1.68) waslughrelanvemtheothel soﬂs egh.i,_,hAN
soils 3 (r.s = 0, 53), 5 (o 54) and. 15 (0. 56) : -

For the 1 pu-poses of this study, wholoplam producnon a:nd shoot producuon ofP max;mum*. L

were used as objoctlvo roforenoe mdwes for assossmg other pownual AN mdlces

432 mmmm&g

4321
| Fo_r the 'reasfonS stat_e;_:l in soction“tkil.?; sites 2, 4 and 7'Wer_e excloded_.from these indices.

' The threshold Ievels of total mtrogen (TotN) {500 mg/kg), mtrogen mmerahsatmn rate_-- o
N mm) a0 mglkgfwoek), resm-extractable phosphorus @) (10 mg/kg), extractable potassmm
X) (0 78 cmol( +)/kg) and percenuge orgamc carbon (% OC) (0.90 %) wete estimatod using -
the graphlcal proceduro of (.ato and Nelson (1971) Fig. 4, 3, 2)

Soils frorﬂ sites 3 S 12, 15 and 16 were consnstemtly grouped above the estimated threshold
levels of all the rutrients considered (Fig. 4.3.2). ‘These soils produced consistently high
shoot and whole-plant biomass associated with relatlvely high levels of soil nutnents and
corresponded with those in the experts’ lugh AN group. '

Soils from sites 1, 6, 9, 10, 11, 13 and 14 were consistently grouped below the estimated
threshold levels of all the nutrients considered except P and K (Fig. 4.3.2). These soils *
produced oonsistontly low shoot and whole-plant biomass associated with relatively low levels _

of soil nutrients and corresponded with those in the experts’ fow AN g_roup. Biomass |
production on soil 14 was low relative to the soil P content (Fig. 4.3.2 ¢) as was biomass

production on soil 10 relative to the soil K content (Fig. 4.3.2d). |



- Shoot and whole—plant b1oma.ss producuon on soﬂ 8 was lugh relatlve to the avaxlabmty of |
al the nutrients considered in that soil except TotN and P (Fig. 4.3.2). Shoot and whnle— -
plant bxqtr\ass productmn on sml 19 was hlgh relative to the avaﬂabﬂxty of all nutnents in that' |

- soil exce, Nmm (Fig. 4.3.2). 1he soﬂ__at site 19 had a m_trogan mineralization rate above _

' the estimated threshold level. - Shoot production on soils 17 and 18'ivas consisténﬂy lowbut

these soils produwd a hlgh whole-plant bmmass relative to the avaﬂabxhty of the nutrients
conmdered ' o '

| Tﬁemdmdual soil' chemical properties that best explmnad the observed trends in biomass
| _prbducuun were TotN and Nmm each with only one outlier site (a site that did not fail into |
either the low or h1gh response gmups) (Fig. 4.3. 2a,b) The order of sites based on ‘shoot -
producuon was corrilated with the order based on TotN (7, =0.73, df= 14, P<0. 01) Soil
% OCand P were each associated wub two outlier .sltes (Fig. 4.3. 2% ,€).. The.order ofm,tes

 based on the shaot production gradleut was correlated with the order based on the gradmnt' .

- of % ocC (. =(), 63 df=14, P<0 01, n=14) but notmgmﬁcantly correlated wuh the gradlent -
based_ on P. content, .Pota§szu_m_was associated with three outlier mbas (F;tg. 4. 3 z.d) _

On the basis of the observed response of P. maximum to individual sml nutrients, -.'I‘otN
Nmin and % OC were considered to be potentlal mdmes of AN.

4,3.2.2 * Nutrient mulation in plant _'ss.ues_

The order of sites along the gradients based on both shoot N content and whole-plant N
content were similar, The order of sites based on tissue N content was not correlated wnh .
either the experts rankings or with shoot production. Contrary to expectations, plants grown
on experts low AN soils 1, 6, 1'? 18 and 19 hed shoot tissue N concentranons, (ranging |
from 23800 to 31500 ugN g 1y, that were comparable with those from plants grown on hlgh

AN soxls 3, 8, 12, 15 and 16 (ranging from 23900 to 26100 ugN g‘) ' '

Both shoot N content (r=0.81, df=14, P_'<o;-0m) and .whc_ﬁe—plaﬂt-'N content (r=0.82,
df=14, P<0.001) were positively correlated with site PAM, despite the fact that_.t_he soils
in the laboratory growth trial were all watered to 75% of field capacity. This observation
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Figure 4.3.2 Biomass production of Panicum maximien relative to (a) total nitrogen, (b)
nitrogen mineralization rate, (¢} resin exiractable phosphorus, (d) exchangeable potassium
and (&) percentage organic carbon measured in each soil at each site. The critical threshold
levels of nutrient availability (C) above and below which there was a high (A) and low (B)
plant response respectively were determined by the Cate and Nelson (1971) procedure
{perpendicular lines). . Sites in parenthesis were not included in the fertility assessments.
Sites positioned in either of the negative quadrants (-) were considered as outlier sites since
biomass producﬁon on these soils was exther Iugher or lower than expected from the

availability

of nutrients in the soil.



'suggested some rdatlonslnp between PAM and the nucrobxal ﬂora in each of the soils -
" although mtrogen mineralization rate was not cone!ated with PAM Based on the st:ong._

correlation oftnSsueNcontentmth PAM and. thelackofpattem with soil feruhty, tissue N

 concentration. was not conmdered a potential AN index. - Similarly, tissue P content was et

considered a potential AN mdex because no relationship was found between theconcentiation .

of P'in P, maximum tissue and the eoncentratmn of P in the soil (Feuchtenbe:ner Walsh

4323 o
. s

i
P .

A horizon soil data were used since these are Hkely fo be more readily available than B-

-' honzon data, although the nutnent cuntent of B soils is less hkely to have been influenced -

by 'past land-uss history. A and B horizon % clay (=093, df=16, P<0.001), P (r=0.83,

 df=16, P<0.001), Ca (=0.87, df=16, P<0.001), Mg (=0.82, df=16, P<0.001), and
K (r~0 90, df-lﬁ P<0.001) were found to be s@mﬁcanﬂy pesmvely conelated mdmatmg S
 that, cermmlymth:ssmdy, Ahanzonsoﬂpmpemeseozﬂdbeusedtorepresentsoﬂferhhty o

B honzon soil chemlcal data arg tabulated in Appendlx 11
"4-.3.2'.3.1 \ o _5 s |

'fiie sites wey;e diirided into fmir groups on the basis*of their parent material geelogy, rangmg o |
from acid, nutnent poor (group 1) fo bas1c, nument nch (gmup 4) (Table 4.3.2). Sites in
geological group 4 were the same as these i m the experts high AN group and in the hlgh
biomass productlon group. -Group 1 c:ontained predommantly low AN sites. Comparison

- with the reference mdwes suggested that geology was usetul asa reugh estimate of potentlal _ .

soil femhty but there were instances. where this relauonslup did not hold, - Soil 8, for
“example, although on the same geolog1cai substrate, had a much thher nutrient status than
soil 6. Soils 4 and 7. had a rnuch lowet nutrient status than predlcted from the geology of
these s1tes | - .

T
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| The sandlest soﬁs were in geologmalgroup 1 andtheclaylestmgroup 4 mdmnng arough? -
' correlanon with geology (Table 4.3. 2) The rank order of sites' (excludmg sxte 8) based.on -

% sandandonexperts mean rankings was mgmﬁcanﬂycorrelated(i; 082 df—14,_ I

- P<0. {}01) suggestmg that % sand . content may be a useful single mdex of fernhty,
~ Percentage sand was also correlated with shoot production (r=0.63, df=13, P<0.01). N
~ Percentage clay was also mnsﬁerodapobent!alAdeex (Fig. 4.3.3 ). Alibough :cxmml f_ -
 damis relatweiy casy fo obtain, its use has the same hrmtauons as d scussed for geolog o

43233 p.H

The.pH ofﬂlesoﬂs rangedfrom4 10 6.25 Mﬂllargerangesmeachofﬂxegeologlcal
| -groupmgs (Table 43 2). Compansons of pH and ECEC and pI-I and P y1e1ded 1o pattern |
of increased nutnent availability with increased pH and pH was not correfated with either the -
experts’ aniongs or w1th shoot productlon. A pattern with PAMwas expected, with low pH
~ soils in. h1gh PAM areas and vice ver.s‘a, but PAM and pH were not sxgmﬁcantly corélated.
These results ‘suggested that pH. was not suitable for use as a smgle AN mdex The value
of nsing pH i ina combmed index needs to be consxde:ed ' ' -

43234 Nifrogen

It has already been. shown that ‘I‘otN and Nmm are good indicators of P, maxfmum bxomass
producnon (section 4.3, 2 1) and that nitrogen appears to be the lumtmg factor in these soils.
Both TotlN and Nmin were correlated with the experts’ rankings although Nmin (7, =0.68,
df=15, P<0.01) rot as strongly as TotN (r,=0.76, df=15, P<0.091), | -

There was a fairly even spread of sites aloog the AN gradient based on Nmin in 'com'parison.
with the gradient based on TotN (Fig. 4.3.3 b & ¢). 'The sites along the TotN gradient were
groupod into obvious low AN (less than 310 mg/kg), intermediate AN and hxgh AN (more K
than 790 mg/kg) groups (Fig. 4.3.3 . ' : '
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- 'I‘ahle 4324 honzon soil properties (stnne. content corrected). Sitas wers divided inte geuloglcal groups and ordered within each group accordmg to percentaga sand in -
the A horizon. Site numbers are a5 given in Table 2.1. Key to the geological parent matorial at each site: Kar sand = Karoo sandstone; Wat sand = Waterberg sandstone;
Quat sand = Quaternary sands; Kala sand = Kalahari sands; Quar = Quarizite; Wat sand (+) == Waterberg sandstone + nutrient entichment; Gran midl = Graite
midiands; Gran upld = Granite uplands; Mar sand = Marine sandsione; Mud = Mudstonw Ande = Andesite; Fels = Felslte' Rbyo Rhyohte, Ttm gahb : Timbavati
gabbm, 'Kar bas = Karoo basalt; Alluv = Alluvium; SR bas Sahle River besalt' Bas = Basait.
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Twn major d:ﬁ'erences between the two mdxces were the relattvely low fertilny estimate for

 soil 15 and the close groupmg of soils 1 and 8 along the Nmm gra::hﬂlt ‘Becanse TotN" and

 ~Nmin were cor:elamd (r—0i81 df—l‘? P<0 001), both of these were conmdered as o

._"_pntentlaf Smgle factor AN mdmes
_4.'3.2.3.5_ . Phogms

.' O

| Phosphoms aVa.uabﬂlty was correlated mth the expens rankufgs (r,-D 82 df—15 |
P<0.001) but not. with the order of sitgs based on shoot biomass producnon The |
relationship between phosphoms avaﬂab:hty and P, maxzmum bmmass prdducnon was mot

-cleaﬂy deﬁned |
-~ Soils 8 and 14had a mghPcantentIelanve tothe other sites and totheother warlable
* nutrients (Flg 4334d). The fact that“seil 8 came from an old settlement site accounted for
- the luéh soil P eontent here Site 14 supported a CoIaphospemum mopane commumty
: -_Smls under C mopane elsewhere have been found to be P Ak (Scholes, RY pers comm. )

Phosphorus avaﬁabmty was not considered a potentlal smgle factor AN mdex but was used g S

=

. "m combmauon Wlth mtrogen (sectmn 4.3, 3)

__4.3_.'2‘3.-]6 .

Tt has aiready been shown that % OC was related to P. maximum b1omass pmducaon (secnon - |
4.3.2.1). Percentage organic carbon was correlated with the experts' rankings (,=0.76,
df=15, P<0 001) and Was also mgmﬁcantly correla.ted with 'I'otN (r=0.87, af=17,
" P<0 001) ‘Percentage organic carbon was cens;dered a potential mngle factor AN index

. (F1g. 4. 3 3 e) especlally smee 1t is relaﬁvely easy to measure and data are hkely fo be_' _ -

' avaﬂable

n
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433 MULTEACTON IDIGES |

4331

A significant correlation was found between ECEC and the experts’ rankings (=0.89,
df=15, P<0.001) but not ‘between ECEC and shoot. producuon (Fig. 4.3.4 a). Thc values
of base saturation were very similar to the ECEC values (Table 4.3.2) and hence provided

a SlIBllaI AN mdax, suggemtmg that the experts. were largely gulded by base saturauon
'conmderatmns Both of these measures. were conmdered to be pohentlal AN mdlces '

| '4_.3;3.2 _" 3P}ind K availability using plant biomass

The th.reshold leveis of Nmm, P and K (estlmaten usmg the Cate and Nelson (1971)_-_._-
~ procedure) were 4.286 mg/kg/day, 10 mg/kg and 0.78 cmol(-+)/kg respecuvely Sites2,4 -

and 7 were excludcd from this index as were sites 8 10, 14 and 19, the outher sites for
Nmm,PandK(seesecnon4321) ' '

‘The order and relanve posmons of the sites along the gradients based on the N-P and N«P-K S

indices were very similar but the values of the N-P-K index were compambly lower than

~ those of tha N-p mdex (Table ¢ 3.3). The groupmgs of sites along the N—P and N-P-K
_gradients (Fig. 4.3.4 b) were related to the grotipings based on the expert’s rankings ®ig.
© 4.3.1 a) with a definite high AN, low AN split. Soil 13, with a high N-P and N-P-K AN

Jidex relatwe to the experts’ fe.mhty rankmg and soils 10 and 11 Wlth low N~P and N~P—K .
=._md1ces relauve to the exp.rts’ rankmgs were exceptions. -

Both the N-P and N—P—K mdlces (based on shoot mm) were consﬁered potent:al mulnfactor |
AN indices. - '

4333 Indexof N, P and K using multivariate analysis

The first axis of 2 PCA of TotN and P accounted for 78 % of the variation. ‘The site order
based on the first axis eigenvalues was significantly oorreiated with the experts’ rar_tldngs :
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Table 4.3, 3 (a) Avaﬂabﬂ.fy mdlces of mtrugen nunerahsaﬁon Iate (Nmm), em'actable -

- phosphorus (P} and extractable potassium (K) based on the procedure of Noble (1989), ()

AN indices derived from the multiplication of the availability indices. Sites that did not fall

 withir either the itigh or low response groups (section 4.3,2.1) for a parucular nutuant were
equuded from the md1ces These are mdlcated as out’ $1tes = _

@ | YN P‘-_..- 8 K | o
Site | shoot plant | shoot plant | shoot plant | -
073 . 0.73] 040 040{ 0.8 0,82
1.00° 100} 1.000 100! 100 1.00
1.00 . 1.00 | 1.00 1.00| 100 - 1.00
0.66 0.66| 029 029) 0.69 0.69
- out  out]-1.00. 1.00( owm 092}
0.74 074} 046 046| 087 087
096 0.967 041 041 out - out
048 048} 0.69 0.69) 097 097
1.00 . 1,00} ‘1.00° 1.00} 1.00 100
093 -093] 088 088| 076 076
0.62 062[ out ocut| 091 091
1.0 100 100 1.00[ 100 100
100 1.00f L0O0 1.00] 100 1.00|
021 out| 039 outj 077 077|
| 069 out| 043 out] 0.69 0.69]
1.00 :1.00f out out) out out|

\om_qa\_uaunwawma\uww'

(). NMinxP | T mexK
| Site - shoot. plant | - | Site shoot plant’
17 0.08  outLl S 17 006 - out|”
6 019 019 ] 6 013 0134

1 029 029} - 18 021 out

118 030  out{LowAN | 1 924 0.4
11 033 033F 9. 030 030
9 034 024} . | 11 032 032

10 040 040 |- SRR |

. _ 13 062 0.62
13 082 082 e
- ] - 3 1.0 100
'3 100 106] . f 5 1.00 100
1 5 100 100} | 12 100 100
1201000 Lo0| | 150 100 1.00|
15 100 100! 16 1.0 1.00)
16 1.00 1.00| HighAN| -8 out o
8 out out | 110 out - out|
14  out  out} | 14  out  out
19 out outf - 19 out  out
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| (,=0.80, df=15, »<0.001) and. relative positions along the gradlent (Flg. 434 o) were -

- similar to those prowded by shoot productmn (Fig. 4 %. 1 ¢) and by thP/N-P and. N—P—K__'_ '

mdlces (F:g. 4.3.4 b). The inclusion of Kasa vanable in the PCA d1d not change the o
~ percentage of the variation accounted fp' iiy the first axis but did shghtly alter posmnns of =~
| certam Slt% on the AN grad1ent parﬁcularly sxtes 8 and 14, | -

The use of P in’ the multwanate indices efevated the fe.rt:hty of sites 8 and 14 relauve 1} the

- highand mtennedlate AN sites, ‘The inclusion of , however, lowered the position of these

sites on the feruhty gradient. The best combination of variables was considered to be that )

of TotN, Pand K. This decision was based on compansuns of exg&nvalue fernhty gradmnts

and of these with the other mulnfactor mdlces

44 DISCUSSION
" 4.4.1 REFERENCE INDICES -
| 4.4.1.1'- " Pertility rankings by expel

This approash prowded a means for obtaunmg a smgle fertility index that ;represenned the -
mtegrauon of a number of soil properties. based on the knowledge and opuuons of soils
~experts. A relative index (a gradient of sites) was obtained from the fertility rankmgs that -

was useful for comparison with other indices.

This index was considered ecologicaily mehzﬁng'fui and reqmred only simple computation
. Because it is a relative gradient, one d_mwbaé,k to its use is that the ranking exercise would -
have to be repeated every time additional soils were added to the gradient. Anomer problem
with this approach is that it requires relatively detailed soil physical and chemical data which
are not generally available. Bell (1982) states that data on nutnent ava:lablhty in S?vanna' R
soils is scattered and of variable quahty

In order to improve thi's_approach, the _experts should be consulted as to what other soil
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properties or mfonnatlon, it a.ny, they needed. to assxst their fer!:thty assessments. A
~ knowledge of the criteria used by each expert to ra:nk the smls wonld g:va msnght mto the
relauveunportanceofeachofﬂxesoﬂpmperues a - s

A cautionary note is that the pamcu!ar experience of the expert will influence their
assessment of fertility. The ranking of soils by a pedologist, considering mostly soil physical -
‘ propemes provided an AN gradlent opposxtc from that of the other experts who were guided
 mostly by soil chemical properties. The pedologist rated sandy soils best and clayey soxls
- least favourable for plant growth S S :

4412 mo_n_lass_p;gdm

_ onmass productlon prowded an absolute mdex that reﬂected nntnent avaﬂabmty in terms .
of sml—plant mteracuons This approach prowded an ob;ecnve reference index to wluch the |

other mdmes could be oompa:ed

An index Based on biomass-prod-uction was considered to be ecologically meaningful. The .
. ‘index required only simple compﬂfation but z large amount of effort was required to obtain
the biomass data. A drawback of this approach is that the whole growth trial would have to
be repeated to determme biomass productlon on-additional soils, As for the subjectwe
reference mdex, this approach requlres a relatwely detailed knowledge of soil chemical

' pmperues

* A limitation of using only one indicator species to assess soil fextility is that species

specificity of the soil-plant interaction is not considered Different spec.i_as have different

| tolerance levels of low nutrient availability €.g. grasses 'that are nitrogen limited and legumm

that are: phDSphoms Jimited (Hogberg 1986, Medina 1987) Ideally, a range of mdlcator.
species shauld be conmdered :

There is & problem with_ using soils that have been prepated for cheimical analysis since soil
structure is totaily disturbed and does not represent conditions in the field. The soils used
in this growth trial should have been re-adjusted to the correct stone content after sieving.
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This approach could be extended to consider plant response ona single soil type to chaxig‘és o
in climatic factors, or changes in nulnent avmiabmty ora combmanon of these. A bzoassay .
appmach in the ﬁeld should also be cons;dered S

Plant rooi-to-shoot ratios have been used to aSSess plant response in other bicassay
approaches. The high root:shoot ratio of plants grown o low AM soils in this study can be
explaihe_d as an adaptation to low nutrient avaiiability. A higl root:shoot ratio reflects the
production of a large root stock which increases the xoot surface- area for nutrient uptake.
This is a strategy comnonly found in grasses growing.on smls with low feru.h*y fChapm
1980, Medina 1987) ' :

_._4_.4.2.1 - mmmqm to soil ggt;r_iggg_c:pnfm;:

Although this approach dld not prowde Speclﬁc AN mdtces, it pmvmed usefiel information
for the other approaches experimented with, ’"hls approach .uabled an investigation of the

response of P, maximum to mdmdual soil nutients snd' was 1mportant for determining

" nutrient hrmmtzons or threshold values “or use in other indices e.g. the N-P-K index. The '
results of this approach werg. also userul for the mterpretatxon and assessment of the smgle

factor indices.

| 4.4.2;2

The similarities in tssue nitrogen content of P, maximum grown on experts’ low and h1gh
AN soils was unexpecbed because low tssue nutrient concentrations of plants grown on
infertile soils have been documented (Chapin 1980). Chapin (1980) states, however, that -
 tissue nutrient content iy not necessarily a good index of nutrient availability and that plant
 tissue corcentrations of natural species are fess sensitive indicators of soil nutrient availability
than crop species, Olsvig-Whittaker & Morris (1982) attribute the difficulty of interpreting
tissiie nutrient status to the fact that the uptake of ions'by'plants does not take place in diret
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proportion to the concentratlon of ions in the soil solution. Chapm (1'980)‘ suggests' the ﬁse .
 of the availability of sml numents detennmed by chemical analyms or a combination of ussue |
* nutrient concentration and plant production as AN mchoes The latter suggestion warrants
investigation and may shed hght on the h:gh bmmass produced at sites 1 17, 18 and 19 in __

this study
4Q4.2.3“ . ge_g;ggg

The 1se of geology to estimate sml femhty is based on the assumption that the so1l present .
~ at a site has developed from the u'1derlymg parent material with no major nutrient mputs'
from outside the systema Dystmphlc soils with low activity clays form from acidic parent
materials such as granite and quartz while soﬁs from basic i 1gneous rocks have high activity -
" clays and are eutrophic, A strong corraintion between geology_ and soil charactenstlcs has.
| ‘een found for the major geological units in the nger 'Néﬁbnal Park (Venter 1‘986). |

' Geologmai data are freely available for most savannia areas and provme a relative AN mdex .
An index based on geology requlres empmcal cahbrauon to be ecologma]ly memlingful but |
 is easy to obtain and allows for extmpolatlon ‘ Co

_ Geoidgy and 'geomoxi)hology have been used as a basis for assessing the effect of AN on
 community structure (Bell 1982, Cole 1982) and large mammal biomass in savannas (Bast
1984), The main problem with the classification of regions or. landscapes as fertile or |
infertile on the baszs of their geology is that the marked spanal hetm'ogenexty in nutrient
distribution within the savanna landscape, e.g. along catenas is not taken imio account

(Scholes 1991)

This landscape scale hetexogeneity in nutrient distribution accounts for the discrepancy in
geology and soil nutrient status at site d. This was an old settlement site and the soil nutrient
‘status reflected the nutrient enrichment from outside the system that has occurré_d here
| (Blackmore, Mentis and Scholes 1991). The rate of weatheﬁng of the parent material may
also alter the geology ~ soil fertility relationship. Although the pptential_exists for nutrient
rich soiis_ to develop at sites 4 and 7, the parent material of these soils is yesistant to
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' 'wwthcnng (Vcnwr 1986) and hencc the- sulls have a much IOWcr actual ferl:lhty than_
predmtcd from thcxr geology. |

4424 - Texture

Soil texture is consmcrcd to mdlcatc the fertlhty potcnual of a soil, since the soﬂ nutrlcnt N
_.hcldmg capacity is proporuonal to the soil clay content (Brady 1974). The capacity of a so:ll
to accumuiate organic carbon is also highly correlated to its clay content (Birch & Friend

1956 Tones 1973) 1 cxturc also influences nutrient dynamlcs, e.g. the rate at which orgamc'i |

matter dccomposcs is limited by soil acmtlcn whlch is dctcnnmcd by 3011 texture (Bate and

Guntml 1982)

’I‘hc catcnal sequence ou slopes, e. g on gramtlc surfaces in the Eastem Transvaal Imweld
ﬂlustmtcs the tcxturc-nument association. The top of the catena is asscc]atcd Wlth sandy,
__ easﬂy leached and numcnt ‘poor soﬂs while claycy, nutncnt nch soﬂs occur at the bottem

(Walker 1985, Ben-Shahar 1990).

Walk;er (1985) used SO]l te;xturc and ramfall to formulate a model that predlcts an increase
in trée density alang a gradmt of increasing rainfall. . Soil texture has also been uscd ina
model formulated by Johnson and Tothill (1985) to account for the variation in structure and .
' compcsuicn of tropical savannas Bath of these mcdcls represent precursors of the current
PAM-AN plane hypothcsxs ' '

Both percentage clay and percentage sand were considered to be potcnual AN mdxces. Soil
texture is rclauvely easy to measure and because it prov1dcs an absolute index, addmonal
sites can easily be added to the gradient. '

The main profilem with the use of this index is that a measure of soil texture alone makes. _'
no distinction bstween types of clcy. A given percentage of a low-activity clay such as
kaolinite has very different nutrient supolying properties to a high-activity clay such as
montmerilionite. ~Low-activity, 1:1 lattice clays have a low effective cation exchange
capacity, small amounts of exc':hatigeablc bases and low levels of P in contrast to high
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activity, 2:1 lattice clays that are eutrophic (Frost ef al 1986). Venter (1986) states that most’
of the ecologically essential soil properties of the different basic igneous rocks that occur in

the Kruger National Park are detersnined by the type and guantity of clay mmems present S

in the soil. - In West Afncan the soils with clays other than kaohmte have above average
.*nounts of orgamc matter (Iones 1973). - '

4425 pE

Soil pH influences hi]_n'-ient_ availabilif_y in several ways, e.g. by affecting the solubility of P,
by influencing the rate of nitrogen mineralization and by inﬂumicing the cation exchange

capacity. At a low pH, for example, jons such as alurnmmm and iron are soluble and -

combme with and reduce P avaﬂabﬂity and oompete with catlons for absorptmn sites on the -
soil colloid (Brady 1974), Although pH was not consu:lered a smtable smgle AN mdex the
_'value of using pH in a combm&d mde.x needs to be conudered :

4.'4-.2.6' S m—gﬂ .. y . },r-{-'?"f-'_ __

The indices based on TotN and Nimin related well to both the reference indices. This -
indicated that, although they were single factor indices, they were a good reflection of soil
femhty and in the hght of this were considered to be eoologtcally meaningful. Both of these
measures of soil nitrogen content have been used in other studies. Noble (1989), for .
example, found that TotN accounted for productmty dlfferences between sites of agaves and

cacti, Nitrogen mmera]izatmn rate has been successfully evaluated as an index of forest s011 o

.fernhty and above—ground productmty (Powers 1980, I’astur, Aber, McClaugherty and
Melilio 1984).

Using a measure of nitrogen content of the soil provides an absotute index and one to which
new sites could easily be added. Total nitrogen and Nmin data are relatively easy to obtain
although the Nmin analysis requires incubation of the soil and hence is'-mort:' time consuming,

Total nitrogen Is the mineraliseable reserve of organic nitrogen which through
ammonification and nitrification replénishes the plant-available pool of ammonium-nitrogen
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and mtmbe—mtrogen respecuvely (Hatton & Smart 1984) Total mtrogen therefora represents
the. potenoal avaﬂdbﬂaty of mtrogen in the soil. “Total mtrogen content is oorrelaxed with

 organic matter conbent Nm'ogen nunerahsation rate reflects the rate at which nitrogen is
'mmerahsed into ammonium and “hence prowdes a measure of one aspect of mtrogen S
dynan'ucs within the soil. As already stated, nitrogen 1s conﬂdered to be a limiting nutrient

- in savanna soﬂs Plant functlonal Tesponses are thetefore expected to be strongly mﬂuenced ) |
' by mtrogen avaﬂabﬂxty S : o -

Nltrogen 1s a volatﬁe element and is conisidered to be the main nutnent lost as a result of
_ﬁre Net mtrogen losses do not appear te oecur in all savanna syslaems CMedma 1987). Fire

. decreases the amount of total nitrogen through volat:hsanon but increases mtrogen supplies
~ in other ways e.g. a stimulation of mtrogen ﬂunexallsatmn rate (Smgh 1993)

_4.4._2.‘7_.'-" Phosp_ho.llxs

Aithough phosphorus avmlabﬂity has been used as an AN mdex in other studles e.g Day, o

Keddy, MeNeill and Carleton (1988) it was not considered a potential single factor indexin
this study because of the lack of a cleer relatlonshxp between phosphorus avadabﬂzty and

: b1omass productlon‘

. Phosphorus:is considered to b'e'a limiting 'nutri.en't, e.g. in semi-arid sav'annas. in Botswana =
(Tolsma, Emst, Verweij and Vooijs 1987). A large portion of both organic and morgamc
forms of P are bound with i iron and aluminium compounds or clay particles rendenng them
insoluble. The bound fractions do not teke part in normal soil biochemical processes and are
unavaslable for plant uptake.. Inorgamc P is the form that plants can utilise and only a small |
fraction of this is labﬂe (Hatton & Smart 1984) ‘The characteristic low availability of P is
related to the fact that the size and charge of the ion enables it to be held hghﬂy within the -
soil and hence there is rio movement in the soil by diffusion and mass flow. Therefore Pis |
| only available to plants through root interception and the use of mycorthizas. |

Fire plays an important role in P dynamics in savannas since it causes the rapid -
mineralisation of organic matter and results in the release of inorganic P (Holt & Coventry
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. 1981, Smgh 1993). Unlike mtrogen, phosphoms has thh volanhsatlon temperature and is
. :arely lost through bummg Bummg usually results in hxghar concentmtions of i morgamc P__' e

O inthe upper sol ayer (Singh 1999,

= 4.4.2_--.3 |

N Orgamc carbon isnota plant nutnent but it is the main consutuent of soﬂ orgamc matter
It pmdes the energy source for the minerahzauon af macro and nncronuments which are

bcmud with carbon into orgamc forms that are unavaﬂable to plants Soil organi.c matter has -

an Important mﬂuence on soxl physxcal and chemical pmpertxes (O’Connell 1987)

__'The % orgamc ca:bon ofa soll is lughly correlated W1th orgamc P and N ooncentrahons . o
Most of the soil store of N & P ocours ‘bound with C in organm forms =

'. .Peroentage organic: carbon related well to the reference mdxces and henca is conmdered to

bea potential smgle factor AN’ index. The index based on % OC is an absolute one and _

would enable the addltm of new soﬂs to the mdex Data on % OC are relauvely easy to
obtain, - o -

- One muuon about the use of % OCasa feruhty index is the mrculanty of the. argument that .
high % OC Tesuits in high prcductmty since there is a posxtwe fwdhack hetween.
praductmtyand%OC IS S

4.4.2;9 | : Summ 3 of the sing] , factor | proach
 Percentage clay, % $and, TofN, Nmin and % OC were considered to be the simple indices
with the most potential for indexing AN. This assessment was made on the basis of the

 criteria listed in section 4. 1, and on compansons between simple indices and between szmple

and reference mdices
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Effective cation exchange capamty (ECEC) has b_een used in other studies as an irlde;r of soil -
fertility .g. Kinako (1983) on the assumption that the cation exchange capacity i3 a measure
of the soil’s ability to hold nutrients against leaching (Brady 1974). =Solbrig et al (1988)
consider mat'_% base saturation '-provides_a better estimation of soil fertlity than ECEC. .

The zatwnale for develepmg mdlces on the bams of combmahons of nutrients, esPecially_
limiting ores is that piants do not respond independently to diferent nutrients, For example,
Pis needed for mammum N mmerahsatlon and mtnﬁcatlon (West 1991) 'I'he cho1ce of

o _combmauons ofN P and K in this study was based on the fact that theses are consuierer*

o be limiting in savanna soils. Panicum maximim plants in the growth tnal related tothis
study showed both N and P deﬁmency symptoms (Feuchtenbemer—Walsh 1990) after. erght
to eleven weeks of growth suggestmg that these numents were havmg a hmmng effect on

| 'plant response. _

- One problem w1th theSe multlt‘actor indices is that they reqmre detarled soil chemical data. |
Another pmblem is that a relatavely large amount of calculation is required, especlally for
- the N-PK erg. index which requires the use of mnltrvana&e statistics, - :

24.4.4.1 . Reference indices

_ The index based on f_ertﬂity rankings by experts required a relatively large amount of effort
but there was a good information return. A high number of man hours were required, both
for the collection of soil data and for the ranking by experts This is consnde.red a useful way
of providing a reference index, howwer '

The index based on biomass production also had a high effort factor but there was a good
. information return since this approach provided an index that reflected plant response. This
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was also_canidered a ixseful wﬁ_y of 'p'rov'iding' a tefererica' index, -

Both of these mdm&e have the magor drawback that the. whole approach would have to be '
'repeatedeverynmeanewsoﬂwasaddedtothegmdxent ' ' '

4’}.4;‘4.2 L _'_sm; fcto rindices

 The smgle factor mdlces that tequlred the Ieast effort to obtam ‘such as geology, were only_ -
considered suitable for broad genemhsauons of sl fertility estimates. The single factor
indices considered to be potentially useful are considered to yield a high information retun;-‘ |
fora relauvely small amount of effort although the chenucal analysxs of soﬂs is requtmi for_ .

a]lofth&ﬂe
_4.4.‘4;3”:_- MMM@

' The multifactor approaches required a relafively high ievel--'of‘computaﬁon in combination -
Wlth a need for detailed soil chemical data 'I'hese mdlr'.es were conmdered 10 have a
" reianvely hlgh effort to mfonnatmn ratm ' - '

'The follomng ten AN indices were conmdered worth usmg on the PAM-AN pla.ne () maan
score of experts’ ratings, (2) shoot production, (3) TotN, (4) Nmin, (5) % clay, (6) % OC, :
D% base saturation, (8) N-P, (9) N-P-K, and (10) elgenvams of NI, PR, For the purposes -
of this study TotN was chosen as the main AN index for the quantix of the PAM—AN
 plane, In addition to TotN, the floristic data were related to indices brwd oft .the'maan score o

of experts’ ratings, Shéot production, Nmm, %clay, %0C, N-P and elgen'values of N, P K. _
The structural data. were relaﬂed to TotN and textura.l gradxents and the funcuonal data fo the o
TotN gradmnt ' ' ' L
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5.0 FLORISTIC CLASSIFICATION

“To date, the floristic approach to the classification of savanna vegetation has predominated
' (e.g. Bouxin 1975, Gertenbach 1983, le Roux, Grunow, Morris, Bredenkamp & Schieepers
' 1988 San Jose & Montes 1991) TIus appmach has been useful for the identification of
savanna floristic types- but does not pravide a bas:s for the predlchon of vegetahon change,

or a means for mte.r-«_sue gompansons an_d extrapolations. The R_SSD_forum has proposed the

use of a strudtuml—ﬁlhcﬁon_al approach to address these limitations and floristic classifications _

offei' a referemce point agamst which to judge the success of structural and/er functional

classifications. Floristic and strucmral-ﬂmcuonal approaches have. been compated in other'
studies (e.g. Werger & Sprangers 1982, Montalvo et al 1991)

 The aim of this chapter is " prcseil_t 'th‘_'e rejaﬁonsrﬁps between the 'ﬂqﬁsﬁc_ characteristics of
~ the savanna communities and PAM and AN, This chapter partly addresses study objectives
2 and 3. The woody and graminoid components of the vegetation were analysed separately.

The main approach was to.'investiga;te trends in'woody plant and grarmnmd species
compomtlon in relation to PAM and AN by ordination and classification. Trends in the
distribution of woody plant families and graminoid subfamilies and tribes were also
considered. These higher taxonomic levels were mvestlgated because they are conﬂdered
to reﬂect functmnal traits of the vegetation. The: woody plant and grammmd classnﬁca?

based on species composition were compared

Sections 5.2 and 5.3 present the results of the ordination and classification of the woody plant
'and_ ‘graminoid floristic data, Section 5.4 considers the companson between the -two
clas_siﬁcatioﬁs These results are d:scussed in sect[on 5.5. '

 Plant available moisture was indexed as the mean number of Gdays per annum derived using
the soil water batance model. Uniess otherwise stated, the available nutrients gradient was-
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indexed by total mtrogen conitent of the A horizon fTotN) The details of these mdm are
given in chapters 3 and 4 respecuvelyi ' : -

The details of the methods of floristic data collection and analysis can be found in ehapter
2, sections 2.4 and 2.5 respectively. The sifes are referred to by number as in Table 2.1.

52 RESULTS: WOODY VEGE]
- 5.2,1 SPECIES COMPOSITION

The eigenvalues of the first four DCA axes were 0.79, 0.65, 0.53 and 0.41 respectively, The
curnulative pementage variance accounﬁed for by the first two axes of the spemes—
_enwmnment biplot was 39.0% and 62. 1% and hence the first two axes were cons:dered

adequate represmtatmn of the species and environmental vanables (Flg 5.2.1). The range
of sample scores on the first axis was 9.06, mdxcatmg that sites at oppomte ends ofthis axis

shared few sm:m in common,

The first floristic axis of the DCA was strongly negatively cortelated with PAM (r=-0.71,
df =17, P<0.001) but not correlatrsd with AN (TotN) (r=0.11, df=17, #>0.1) (Fig.5.2.1).
The second fi stic axis was correlated with AN (r—'O 60 df= 17 P<0.01) but not wlth |
PAM (=0, 24, df=17, P>0. 1) - -

The first axis described an available moisture gradient (Fig. 5.2.1). Communities 9 to 14
at the arid end of the gradient were éomp_osed of species such as Acacia erioloba, A.
mellifera, * Terminalia pruniodes, Boscia albitrunca, B. foetida, Lycium cinereum,
Colophospermum miopane, Commiphora spp., Grewia flava aod G. villosa. Comwmunities at
the moist end of the gradient were compusid of species such as Terminalia sericea,
Combretum spp., Euclea spp., Maytenus spp., Albizia harveyii, aud Ochna nuatalita. The
* second axis described an available nutrients gradient (Fig. 5.2.1). Commanitivs 2, 3, 5 and
8 with a relatively higl total nitrogen (TotN) confent were associated with several Acacia
spp. together with sﬁecies such as Dombeya roundifolia and Diospyros lyciodes.
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Figure 5.2.1 Plot of sites (M) and woody plant species (9) and environmental variables
(arrows) in relation fo the first two axes of the detrenided correspondence analysis. Full
species names are listed in Appendix 4. PAM and AN are the number of Gdays per annum
and the A horizon total nitrogen content (mg/kg) respectively. The a scale applies to the
sites and species and the b scale to the environmental variables, The scale of the arrows
representing the environmental variables is X 2. ‘The species names that are not printed on
the biplot are as follows: (A) dalb mela, (B} acac exuv, (C) grew mont, (D) grew flve, (E)
eucl undu, (Fy comb here, (G) acac burk, (H) plec arma & Grew sp., (J) cari bisp, comm
negl, eucl cris, eucl nata, euge cape, grew ocel & cord rudz Site numbars are as given in
Table 2.1. .
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Communities at the low AN end of the gmdxent were associated wn;h species such as
-Combremum apzcutam, Albizia forbsii, Acacxa burkei, Peltaphonm tg‘hcanwn and Euclea |
divinorwm. Community 6 ‘which had a low AN and relatively high PAM, was an outlier.
Burkeq gfricana was the most abundant species in this community and did not occur in any |
of the other savanna types sampled. Strychnos pungens was also only recorded in carhm‘unity -
The first TWINSPAN division (eigenvalue 0.66) was interpreted on the basis of plant

available moisture since communities 9 to 14, at the arid end of the PAM gradient, were
separated from the other communities by this division (Fig. 5.2.2); The first division was

. 2 I

'Acacfa hf!ot;'t_:a 3 |

' 5

w8

" Aeacia nfg_rés.cens- _4-'

(@) Dichrostachys cinerea e 16
Grewia monticola _ __l40y PT———— | R

17

@) 18

e rmnne 1 Q)

—y Gombretum molle _ 1

' Eucles divinorum AT 8

~ Dichrostachys cinarea :;

_ ' e 14

Grewia Hav '
ia flava . 3) -

10

Figtire 5.2‘2 A dendrogram 1llustranng the hxeramhwal classification of the savann woody
plant communities on the basis of specles composition, Numbers in parenthesis are the -
division numbers. The indicator species for each division are shown. Slte numbers are 2§

given in Table 2.1.
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_ based on the presence or absé,nce of Gmgia Jflava and p’.ref_Erentiai specxes iljclud;a&_Acacia _3

" erioloba, A. mellifera and Boscia albitrunca. Division two (eigenvalue 0.6'1.), which

~ oceurred within the group of mtermadlate and high PAM sites, was mterpreted on the basm :
of available nutrients since communities 2, 3, 5 and 8, at the ferule end of the AN gmdlent
were separated from the less fertile communities (Fig. 5.2.2). Acac:a _mlonca was _the--
indicator species of this division. Division three (cigenvalue 0.65) split the arid communities
into two groups, 9, 10 and 11 and 12, 13 and 14 (Fig. 5.2.2). The indicator species was
Dichm.s'tackys.cin'e:fea whiéh did-_not occur in communities 9, 10 and 11-. '.

The vegetauon sampled at the mnetem sites was classlﬁed into four floristic types after
'I'WINSPAN division 3, and into seven floristic types based on the final clustering of sites
by TWINSPAN (Fig. 5.2.2) and on- the positions of sites on the DCA b1p10t (Fig. 5.2, 1}
The groupings of sites by TWINSPAN corresponded w1ﬂ1 the relative positions er sites ou
the biplot, wita the exception of sites 4 and 6 and 16. The species composlt_lon of
community 4 was interesting in that the tall woody species were similar to those found in the
 intermediate and low AN grouping of sites with Combretum apiculatum dominant, while the
shrub layer had an sbundarce of Acacia spp. On the basis of the ordination result,
- communities 4 and 6 were conmdered unique ﬂonstic types and community 16 was grouped g
with communities 15, 17, 18 and 19.

Both the resulté_ of the ordination and the cla'ssiﬂ_catldn indicated that, of the two
environmental variables considered, PAM had an overriding influence on the apécies
distributions. 'The primary influence of PAM was clearly illustrated on a plot of the four and
seven floristic types on the PAM-AN plane (Fig, 5.2.3). Floristic types 6 and 7 were
characteristic of dry savanna areas and species in floristic types 1, 2, 3, 4 and 5 occurred
‘under moister conditions. The species composition of communities 12, 15 and 16 appeared

to reflect the PAM status at these sites since although they had a high AN stitus, they were
grouped into flosistic types on the basis of PAM, The secondary i’nﬂueﬁ@e of AN was
~illustrated by th_c pos‘iﬁon on the plane of floristic type 1, with a high nutrient status, and'-
floristic types 2, 4 and 5 with 4 low AN status. ‘The primary influence of PAM and
secondary influence of AN was net clearly illustrated in floristic Jpe 3. A posmble_' '
explanation for the groupmg of these communities into a single floristic type is that they had
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F‘gure 5.2.3 Waody plant ﬂens&c types (veg Lo 7) on the PAM-AN plane The sites were
 grouped aceording to the hierarchical classification of the species composition of the woody
plant communities. "The symbols represent the groupings after TWINSPAN division 3. The
lines indicate the groupings of the sites into the seven ﬂonstic types menuﬁed S:fﬁ' numbers _

are as g1ven in Table 2.1,

a relauvely lugh number of § species in common that were ot sampled anywhere elsz,'
(apprommately 30% of the species). These communities were ail located i in the eastern
Transvaal Lowveld and hence were g_eographlcally separated from the other communities
sampled. The posititm of community 14 on the PAM-AN plane and the fact that it was not
grouped into a floristic type with sites close to it suggests that sn:es with similar condmons '

of PAM and AN do not necesmﬂy have : a sxmﬂar s.pemes comﬂosmon There nf.tay be.‘_ - -

......

floristic types ﬁand 7 were; sampled in- geographmaﬂy dlstmct areas, (the far northem

Transvaal and the north eaﬂtem Cape respecnvely)
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5.2.2 COMPOSITION AT THE FAMILY LEVEL

There were no clear trends in PAM and AN and flaristic composition based on the dominant
families in each community. The first f oristic axis was weakly negatively correlated with
PAM (r= 0. 44 df~ 17, P<0. 1), and the second floristic axis was not correlated with e1ther '

of the envmonmental variables.

In contrast to the spemes composmon results the first ﬂonsttc axls of the DCA basedonthe

amounts of Mimosmdme, Caesalpmoxdeaa and Combretaceae was mgmﬁcantly negatwely
correlatr * with AN (r=-0.51, df=17, P<0.01), Neither axis was correlated with PAM
(P>0.1, df=17) (Fig. 5.2.4). Mimosoideas were most abundant at sites with a high AN
status, whﬂe Combretaceae and Ceasalpmmdeae were abundant at sites with mtermedlate and
low AN status respechvdy (Fig. 5.2. 4) - |

524 QTHER AN .mg_ 'Icns:

' I‘he ﬁrst floristic axls of the ordmatmns of woody plant specms compomtion with PAM and:

various indices of AN was significantly correlated with PAM and the first envxronmental -

axis, urespective of the AN index used (Table 5.2.1). This illustrated the primary effect of
PAM on species composmon -Besides TotN, the other AN indices that were significantly
- correlated with the secund floristic axis were experts’ mean ranking, N—P and Nmin (Table

3,2.1).

5‘!3‘
5.3.1 SPECIES COMPOSITION

The eigenvalues of the first four DCA axes were 0.65, 0.54, 0.40 and 0.34'réspecﬁvely.
The cumulative percentage variance accounted for by the first two axes of the species-
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Figure 5.2.4 Plot of mtes (=) and cmnmnmenlal variables (arrows) in relanon to the firsttwo
- axes of the detrended cozrespondence analysis based on the abundance of members of the
Mimosoideae, Ceasalpinoideas and Combretaceae (®) at each site, “PAM and AN are the -
numbez of (icays per annum and the A horizon total nitrogen content (mg/kg), respectively.-
The a sczle applies to the sites and families and the b scale to the environmentat variables.
'I‘he scalé; of the arrows representing the environmental variables is X 2. The dashed line

indicates the grouping of sites after division 1 and the solid lines, the groupings of sites after
the final dmsmn (14) of TWINSPAN Site numbers are as given in 'I'able 2 1

‘environment biplot was_' 33.9 and 56.6% and hénce the first two axes were considered an
adequate représentaﬁon of the species and environmental vatiables (Fig. 5.3.1). The range
of - rlple acores on the first ans was 7.28, mdmatmg that sites at oppm‘ite ends of ﬂus axis

hired few species in common.

The first floristic axis of the DCA was neganvely correiated wtth PAM (r= -0.66._ df=17, .
P<0.005) and not correlated with Al (TotN) (r=-0.09, df=17, P>0.1) (Fig. 5.3.1). The
second floristic axis was correlated with AN (r=0.59, df=17, P<0. 01) but not with PAM

(r=0.12, df=17, P>0.1).
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Table 5.2.1 Eigenvalues and Pearson correlation coefficients (r, with *=p<0.05, **=p<0.01 and ***=p <0.001) from ordination (DCA)
of the woody floristic data with PAM (GDays per annum) and various md.loes of AN. Al and A2 refer o species axes 1 and 2, Bl and E2.
N refertoenvxronmentalaxes 1and 2, and df = degreasoffreedon Experts expertsmeanranlnng, shoot prod = shootbmmass,N—P =

combmation of N and P based on shoot biomass, N-P-K eig = AN intoy derived from the first axls exgenvalues of the muluvanate analyms' -
of N, P and K, % clay, % OC and NMin = percentage clay, orgamc carbon and mtrogea nunerahzatlon mte in the A honzon respectwely

 Eigenvalues | rwittspeddes Al | rmthspecxesA?. | rwith AN
AN af| A1 A2 A3 | pAM AN E B2 _'PAM AN  Et  E2 | PAM

Experts 15|0.79 0.67 0.60 | 0.68" _-41.44 .'3.7-?'** q.’ﬁ'” -_o.-_13 -o.so'f 0;_08. 9.56‘- - '45;12.
‘Shoot prod '."14' 0.80 0.67 0.56 0.70™ '_"0;-14 0.71™ 0;.43 .-:"0-12" “'0.?'15 _,..0~1-5 _6'-25.-- ...'..'.0-33..--
w2 1 lose 071 063 ] 073 02 076 021 001 065 0.8 065 | '_"_'0.1__1 |
| % clay 16 0.80 0.6 053 | 071" 011 0727 030|028 04F 021 050 oo
HOC  17|079 065 054 | 072" 006 0.7 029 | 022 o043 018 o045 o |

Nmin 17079 065 054 | 072 016 076™ -0.06| 022 052 005 055 | 012

NPKelg  17[0.79 0.65 054 [ 072" 028 074 04| 022 045 000 053] o1




AXIS 2

e
i 40 —- 015
digi dids
' spor e
»  papideus %m
s 1 orggy obitt
w v doctapst .
2" panteda L + atlsndse
AN sria byt
wogaps - ’?m* ‘#na seop .
= tem ire ndjst droe moss cenz off 1:
+ eustpasp - uy
. boltise ¢ 2]
sam | PAM g O || emomon
' - = gy stip
‘4-0 W mm M . 4.0
-0.15 . ey onne cone bagbert: li15.bs°ala.
hotecprit g - w13 . - 14 N
malfrape o odraghbard | g e
. al s + arag gl . . ooy orag lohm
=7 = perlpate " .
v " o p e gran v sch papp
: dheamyy " oagpat =10
m‘ . © o brataer 1
ety race; mefi nety + = kard simp
. elyg ol _seha_p‘u . o
%ﬁ:ﬁ";’;'. o dect *  poga squs * oy plar
4,0 1015

AXIST

Figure 5.3.1 Plot of sites () and grass species (®) and environmental variables (arrows) in
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relation to the first two axes of the detrended correspondence analysis. Full species names
are listed in Appendix 6. PAM and AN are the number of Gdays per annum and the A
horizon total nitrogen content (mg/kg), respectively.
~ species and the b scale to- the environmental variables. The scale of the arrows representing
the envnronmental vanables is X 4, Site numbers are as given in Table 2.1.

The ¢ scale applies to the sites and



The first axis described an available 'moisture_g_'r_adignt__ (Fig. -5".3?1).; 'Commun_iﬁea 9 to 14 |
: at the arid end of the gi‘adient werei associated with specles such :’as Schmidtia papﬁoﬁhoroides _
- and Emeapagon cenchrotdes Aristida spp. and Eragrostis spp. occurred predonunanﬂy at
- these arid sites. Commumtles at the moist end of the gradient were assoclated with species-
such askaeteropogon amplectm, Laudeﬂa sm:plex Cyrwdan dacg;lon Melmw nerviglumis
: and Schizocarium mngmwn ‘The second a:ns described an available nutrients gradient
(Fig. 5. 3. 1) Commumtles 2, 3 5 15 and 16 w1th a r&,atwely hlgh TotN content were
assoclahed mth Specxes ‘such as Panicum deustum, P. coforaan, Themeda mandra, :
Bothriochloa insculpta, Urochloa mosambicensis and Enneapogon scoparius, Communities
at the low AN end of the gradient were associated with species such as - Hyperthelia
'dzssolma, :Zyonums muacus, Pagonankna vn'tam)sa and Cymbopogan plunnadzs.
) Com:uumty 11 was ar outlier relatwe to the 1 .3ition of the other arid sites since it had
_ specws such as Aristida vesma, Eragrasa.r mnden.m and E obm.m that are charactensuc of

- arid areas but occurred exciuszvely at site 11 in thls stwdy (Flg 5, 3 1. '

'The ﬁrst TWINSPAN dmmon (mgenvalue 0 52) was mtelpreted on the basis of plant-
available moisture since commumues 9 to 14 at the arid end of the PAM grad:ent were

' separated from the other communities by this division (Fig. 5.3.2). Communities 8 and 17

had some species in common with the arid communities and were grouped with them. The '.
first division indicator species for the arid grouping were Aﬁsﬁda conjesta, Schmidtia
: pappophomides and Eragrostis leiunanmana I%emeda triandra was. the indicator species
for the moist graupmg Division two (mgenvalue 0. 57), which occurred within the group
of intermediate and high PAM sifes, was mtelpreted on the basis of avajlable nutrients since
communities 2, 3, 5, 15 and 16, at the fertile end of the AN gradient, were separated from
the other communities by this division (Fig. 5.3.2). The second division indicator species
was Diheteropogon amplectans. Dmsmn three (eigenvalue 0.57) sepatated community 11
from the other arid communities (Fzg 5.3 2) 'The indicator spemes for thJs dmsmn was'
Am‘ttda ads'cemzoms _

~ The vegetation. samplad at the nmeteen sites was class‘lﬁed into four ﬂonstlc types after
TWINSPAN dmslon three and mne floristic types based on the final clustering of sites by
TWINSPAN .(Fxg. 5.3.2) and _on the posmons of sites on the D_CA biplot (Fig. 5.3.1). The
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 Aristida stipitata
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S e
Themeda iandra o o ngiraﬁa'enhnrha.- 15
. ' Chrysopcgon senvfalus
_ Diheteropogon ampfectans &)
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| | Eragrostis pallens ——— g
- Urochloa mosambicensis _
e 1)
| aritida conjests el ——
| Eragrostis tehmanniana | _ @ R 14
Schmidtia pappophoroides . . _ I o
Aristida adscensionis _ L S el

Figure 5.3.2 A dendrogram illustral:ihg the hierarchical classification of the savanna -

graminoid communities on the basis of species composition. Numbers in parenthesis are the

division numbers. The indicator species for each dmswn are shown Site numbers are as

| gwen in Table 2.1.

- groupings of sites by TWINSPAN corresponded with the refative positions of sites on the -
b:plot ‘Communities 1 and 4 had a low AN status but were grouped with the high AN status

sites. Community 1 had a high occurrence of Pamcum maximum which was also abundant

in the high AN commiunities.: Pamcum maximum occurred predominantly in subcanopy

habitats at t}us site, Based en the results of the classitication, commumnes 1 and 4 were
conmdered umque ﬂcnsuc types - .

Both the resits o‘f'_ the ordination and the classification indicated that, of the two
environmental variables considered, PAM had an overriding influence on the species

07



dlsmbutmns 'I’he pnmary mﬂuence of PAM was apparent from a plot of the four and nine |
ﬂonsnc types on the PAM-AN plane (Fig. 5. 3 3). - -

_.1400'
S 12009
- E 10004
= '
5 8004
- 1
s
‘= 600+
-
e 400 -
=
brd 00 4
g 200
_ .Q.

20 30 40 50 60 70' 80 90
 PAM (Number of Gdays per annum)

Figure 5.3.3 Graminoid floristic types (veg 1 to 9) on the PAM-AN plane. The sites were
grouped according to the hierarchical clasyification of the species composition of the
graminoid communities. The symbols represent the groupings after TWINSPAN division 3.

" The lines indicate the groupmgs of the sites into the nine ﬂonsuc types identified (Table

5.3.1). Site numbers are as given in Table 2.1.

Floristic types 7, 8 and 9 were characteristic of dry savanna areas and species in floristic
types 1, 2, 3, 4, 5 and 6 occurred under moister conditions. The secondary influence of AN
was illustrated by the position on the plane of floristic types 2 and 3, with 2 high nutrient
status, and floristic types 1, 4 and 5 with a low AN status. As for the woody vegeration,
there were communiﬁes with similar conditions of PAM and AN that were not grouped into
 the samie floristic types, e.g. communities 5 and 8 and communities 11 and 14. The species
composition of community 5 appeared to bé related to AN since thié community was grouped
- with the high AN sites. Although the availability of nuttients at site 8 was very similer to
that at site 5, the species composition of commumty 8 app.ared to be related to AN smce it
was grouped with the and sites.
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_ The ea"fenvalu&s of the ﬁrst two: DCA axes were 0.53 and 006 tespecuvely 'I‘he ﬁrst_" ’
floristic axis wasg ueganwly correlated with PAM (r=-0.68, df= 17 P<0. 005') mdxcaung_

that the grasses of the Pamomdeae were associated with moister sites while grasses of the

- Chloridoideae and Amndmoideae were assoma:ed wﬂh drier sites (F1g. 5 .3 4) Nelther am_ _

Axis2

.. 30

| .0.12

Arondinokiens

) Panicoidsaey
012 T s T

151 \J8

» Clistkividuane

2.0+ -0.08

Figure 5.3.4 Plot of sites (%) and environmental variables (arrows) in relation to the first two
axes of the detrended correspondence analysis based on the grass subfamilies (@) present at
each site.  PAM and AN are the aumber of Gdays per anmum and the A horizon total
nitrogen content (mg/kg), respectively. The a scale applies to the sites and families and the
b scale to the environmental variables. The scale of the arrows representing . the.
environmental variables is X 4, The groupmg of sites after the second division of
_ TWINSPAN is mdlcated Site numbers are as glven in Table 2.1 _

was correlated with AN (P>0.1, df=17).
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© 5.3.3 MOMPOSITIONAL TRENDS ON THE, BASIS OF TRIBES

The eigenvaliues of the first two DCA axes were 0.56 and 0.34 respectively, The first
ﬂonsuc axis was negatwely correlated with PAM (r=-0.59, df= 17, P< 0.01) indicating that
the compositional variation based on grass tribes could be explained in relation to the PAM
gradient. The Aristideae, Fappophoreae and Chlorideae occurred predommantly at the and

| sites while the Paniceae, Arunditsileas and Andropogonaceae were the predoriirtant tribes
at the moist sites (Fig. 5.3.5). - Neither of the axes were correlated with AN (P>0.1,
df=17),

AXS 2

2.0+ 0,07
PAM Panicess

Atundinelaas

Figure 5.3.5 Plot of sites () and environmental variables (arrows) in relation to the .irst two
axes of the detrended correspondence analysis based on the grass tribes (®) present at each
site. PAM and AN are the number of Gdays per annum and the A horizon total nitrogen
comtent (mg/kg), respectively. The & scale applies to the sites and families and the b scale
to the environmental variables, The scale of the wrows representing the environmental
variables is X 4. The gmupmg of sites after the gixth division of TWINSPAN is mdlcated

~ Site numbers are as given in Table 2.1,
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5.3.4 OTHER AN INDICES

The first floristic axis of the ordinations of the graminoid floristic data with PAM and

various indices of AN was significantly correlated with PAM and the first environmental

axis, irrespective of the AN index used (Table 5.3.1). This illustrated the primary effect of
PAM on species composition. . Besides TotN, the second fioristic axis was correlated with
- all the other AN indices except shoot production (Table 5.3.1).

5.4  COMPARISON OF WOODY AND GRAMINOIN CLASSIFICATIONS
The woody plant communities were grouped  Woody  Graminoid

into seven floristic types and the graminoid -
communities into nine floristic types. A
' comparison of the classifications indicated that
similar woody plant communities did not
necesssrily have similar  graminoid
communities associated with them and vice
versp but there was a high degree of
correlation overall (Fig. 5.4.1). Communities
1, and 7 wero olassified into ome woody
floristic type but represented two different
graminoid vegetation ypes.  Similarly,
community 6 had a unique woody plant
composition but the gramineid community at
this site was similar to communities 7, 18 and
19, Sites R and 17 had a similar graminoid ) -

compositiun but were classified into different gf:&r; plsg:tlancf ;ﬂpn?nﬁg f;’:ﬁ:gg
woody floristic types. The savanna types that  classifications. Floristic types are

had a similar woody plant and graminoid separated By solid squares.

composition wers high AN sites 2 and 3. and 15 and 16, high PAM sites 18 and 19 and the
arid sites 12, 13 and 14, and 9 and 10, Community 4 had a unique woody plant and

B K ooty tapd

R R ¥ TR —h — S e 3

b AR A S T el L Bl T

v
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- Table 5.3.1 Eigenvalues and Pearson corrélation coefficients (r, with *—p<0 05, *“‘-‘p<0 01 and ***=p <0 001) from ordmation (DCA)
of the grass floristic data with PAM (GDays per annum) and various mdxces of AN. Al and A2 refer to species axes 1 and 2 El and B2 refer
to environmental axes 1 and 2, and df = degrees offreedom Experts = expert’s meanrankmg, shoot prod = shootbtomass, NP =
combination of N and P based on shoot biomass, N—P—K eig = AN index derived from the first axis eigenvalues of the multivariate analysxs B
of NPand K, % ¢lay, % OC.and NMin = percentage clay, orgamc carbon and mtrogen mmerahzatmn rate in the A hunzon respecnvely.

| Eigenvalues | ) '+ with species Al - Ivithspecies A2 _._'_rﬁmm--

AN df| A1 A2 A3 | PAM AN  ElI . m |PAM AN B R | PAM
| Bxperts '_ 15| 064 060 038 -0.66™ -0.13'_ 0.69™ | 0.19 '0'_.-01 -d._sz' 015 o057 | -:D-.IZ'L
| shootprod 14| 0.63 0.56 0.42 063" 034 066" 056 | 030 039 037 044 | 9426-_ ne
N2 11|oes 060 os0| 070" 025 07 040 | 021 0.60° 03 ool or |
|#cay 16066 056 0.49] 069" 0.13 ;'9.72;“*' '40530 011 055 024 056" 0.04

% OC 17| 0.65 054 40| -0.66" 020 067" 02 012 0.6 021 - 06" | 016

Nmin  17] 065 (.54 040 066" 000 066 021 | 0.2 051 0.7 05 | 006 |

| NPKeig  17]0.65 0.54 040 0.6 013 0.66" 0w | 0i2 057 -0.08  0.§_1"' | 013
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graminoid species composition. A comparison of the floristic classifications after
TWINSPAN division 3 indicates that all the woody plant and grass communities in the high
PAM - low AN region of the pIane were grouped into one floristic type (Fig. 5.2.3 & Fig.
5. 3 3) : - . .

An important similasity between the two classifications was that they were both related N

primarily to the PAM gradlent with AN having a secondary effect. ‘The rmults of the DCA
suggested that PAM had a slightly greater mﬂuence on the species composmon of the woody
| vegetatian than it had on the graminoid composition, since it was shghtly more strongly
correlated with the first woody ﬂoristlc axis (r=-0.71, df=17, P<0.001) than with the first
| graminoid floristic axis (r=-0 66, df== 17, P<0. 005) The correlation bemreen the second
floristic axis of both the wondy plant (r=0.60, df— 17, P<0.05) and grammmd (r--O 59,
df—-l? P<O 01) ordmatums was similar. S :

5.5 DISCUSSION

The influence of PAM and AN on savanna species composition has been obsarved in other

studies (van der Meulen & van Gils 1983, Jensen & Belsky 1989, San Jode & Montes 1991,

Ben Shahar 1991). The results of this study, for both woody plant and graminoid
-composmon, support the conclusmn of Huntley and Walker (1982) that water is the major
environmental determinant of savanna species compomuon Johnson and Tothill (1985) found
that, within rainfall regions in Australian savanpas, soil watar holdmg capacity and internal
drainage (i.e. factors relating to PAM) were important controls on floristic composition. The -
secondary influence of AN on species composition is likely to be most pronounced within
each savanna reglon (i.e. under similar climatic conditions) as found by Ben-Shahar (1991)
in the Sabi-Sabi Game Reserve and by O’Connor (1992) | in a semi-arid savanna in the far

northeérn Transvaal,

5.5.1 WOODY VEGETATION
Certain of the species sampled only occurred in moist or in arid communities. Species such
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as Acacia mellgfera, Boscio alb:mmca, Lyczum cinereum, Colophospemwu mopane,
Conmphom africana, Grewia flava and Terminalia pmmodes have been reoorded in other
arid sava--1a areas e.g, in the Etosha National Park (le Roux et al 1988). Sn'nﬂarly,

were species that were restricted to either dystrophic or eutroph_lc soils. Species such as
Acacia burkei, Albizia forbsii, :Cmnbremm collinum and Terminalia oeﬁCea commonty occur
on sandy soil derived from granite and sandstone e.g. in the south-western Kruger National
Park (Venter & Gertenbach 1986). There were also a number of species that cccurred in
-commumtles over a range of PAM and AN. These included species such as Combretum
apiculatm which occurred in both low and high PAM communities and Dichrostachys
cinerea and Sclerocarya birrea that occurred on both low and high AN soils,

Nylsvley community 6 had a unique woody plant composition. This is attributed to the fact
that this community represents part of the southern limit of the Zambezian Domain or
‘phytochorion. This domain is characterised by *miombo’ faxa such us Burkea africang and
Ochna puichra growing on dystrophic soils (Huntley 1982). The uniqueness of Mkuzi
commumty 4 is attributed to the fact that the tree and shrub components were ﬂonsttcally
somcwhat different. Tho tree component was composed predommanﬂy of Combretum
apiculatum, while the shrub Iayer had an abundance of Acacia nigrescens, Acacia mlotzca
and dcacia toreilis. 'This combination of tree and shrub. species was not enoountered at any
of the other sites. A possible explanatmn is that this community has been subject’ toa fairly '.
regular occurrence of fire (Goodman, P.S, pers. comm,) thut may have altered the ‘species
compomuon of the shrub layer. The other floristic types reflected known dxsmbuuons of
species in relation to chmate and soil femhty '

The relationship between the disu'ibution of selected families and AN observed in this study
supports the hypothesis that members of the Mimosoideae are abundant on nutrient rich soils
and members of the Caesalpinoideae and Combretaceae on nutrient poor soils (Scholes 1991).
The distribution of these families was not related to PAM although it has been hypothesised
that members of the Caesalpinoideae are dominant in moist savannos {(Huntley 1982) and

- members of the Mimosoideae in arid savannas (Tinley 1982). The floristic groups based on

selected families could be considered as functional groups since the functional characteristics
of each of these families are distinct and of ecological significance in relation to PAM and
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AN, This aspect will be discussed in more detail in chapter 7.

The results of this study indicated that communities with similar conditions of PAM and AN -
were not always ﬂonstlcally similar, One explanation for this is that the spemes composition
ofa commumty i8 sensitive to the h:stoncally determined chorological pattern of distnbutmn
of its component spemes (Werger & Sprangers 1982). That certain Species only oceur in
certain gengraphlcal locanons, lrrespectWe of environmental conditions, means that the |
comparabmty of the results of a floristic clasmﬁcatwa on the basis of PAM and AN, as in
this: study, is geogranhlcally restricted, Flonstlc types 3, 6 and 7 contained oommmtzes ,
with a range of conditions of PAM and AN but i in each case, the cummumtzes were sampled
m the same geographical areas The observatwn that communities w1th similar condltmns
of PAM and AN were not always ﬂonstwaﬂy sunular supports the need for an approach su'*h _
as the strucmml-ﬁmc.tlonal one for comparative and predictive purposes. The underlying
hypothes:s is that savannas with similar conditions of PAM and AN that differ ﬂonsucally

are sumlar stmcturally and/or functmnally.

5.52 Mgm.ymmmgm |

As for the distribution of woody plant spec1es there were graminmd species that occurred .
only. under moist or arid conditions, only on dystrophic or eutrophic soils and some that
occun'ed across a range of moisture and nutrient coriditions. Genera such as Andropogon,
Diheteropogon, Schizacarium and Loudetia occur predominantly in moist areas and gensra.
such as Stipagrosiis, Enneapogon and Aristida are common in arid areas (Huntley 1982),
Genera such as Hyparrhenia are characteristic of dystrophm soils (Cole 1982) and genera
such as Panicum and C'enckms of eutrophic seils,

The umque floristic composition of Mkuzi comtmunity 4 and of Rooipoort commumty 111 may
be related to the shallowness and stoniness of the soils at these sites. Specles such as
Melinus repens, Heteropogon _comomu, Chrysopogon serrulatus, Enneapogon scoparius and -
certain Aristida and Eustachys species that occurred at these sites are known to be common
on shallow, stony soils (Roberts 1971, Cole 1986, and Ben-Shahar 1987). Busch, Vit
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: Ransburg & Truter (1987) found that percentage stoniness of the soil and 5011 depth were - |
mpormnt habitat factors for explaamng grass. eomposmonai vanahon in the westem parts of |
the South Afncan grassland biome. The classification of mtennedxate PAM commumues 8
~and 17 w1th the arid communities reflected the higher occurrence of dristida and Eragrostis
 species. at these sites than at the other mtennedlate and high PAM sites. Eragm.sm and

Aristida spemes are common in arid areas (Johnson & Tothill 1985). B

| The rela.txonshlp between the dlstnbuuon of grammmd subfanuhes and tribes and PAM

observed in this smdy is well known in the savanna areas of southern Aftica. (Gibbs Russell B |

et al 1990), Austraha and South America (.Tohnson and Tothﬂl 1985}. On all of these-
cont:nents, Pamcmd grasses were cominon m mesi¢ areas wh:le Anstidmd and Chloridoid
~ grasses occurred under semi-aric condltmns (Johnson & Tothill i985) Iohnson and Tolhn}

- (1985) proposed 2 miodel for the cl&sssﬁcauon of the world’s savannas ‘based on tnbal
floristic variation in relation to grad1enas of annual ram_fall and soil textural characteristics.
On this basis they identified three major savanna types, namely a core Andropogonnid
~ savanna, a wet Pamcmd«Andropogonmd savannaandadry Ansudmd-&agrostoxd—Chlondmd |

savanna. Johnson & Tothill (1985) suggest that while many of the predominant savanna :
grass- _genem are the same on different continents, geqlogml isolation and con_l:ment_spemﬁc '
speciation preclude global comparisons of savannas at the species level. They consider the
use of a.higher taxoniomic level such as tribes as a basis for a giob'al classification of savanna
types as a solution to this problem. The classfication of grasses into subfamilies and tribes
has a * 'gh predwtwe value and mdtcahes broad categc..ms of morphology, repmducuve' |
adéptauons, anateymy, physiology and geographical distribution (GJbbs Russell & Spies 1988).
Thus, the foristic groups derived in this study based on the distribution of subfamﬂses and
tribes could be conmde:ed as f.mcnonal groups, This aspect will be dealt with in more detail
in chapter 7.

. The results of the floristic classification of the graminoid communities in the'piane of PAM
and AN indicated that communities with similar conditions of PAM and AN were not always |
floristically similar, As for the woody plant commumues, these results support the need for |
- an approach such as the strucmral-funcuonal one for comparanve and predictive puzposes.
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The results of the ordinations of woody plant and graminoid species t_:qmpositidn with PAM
* (Gdays) and various indices of AN further supported the hypothemmat PAM has an . '

 overriding influence on the distribution of savanna species. The first species axis was

correlated with PAM in'espectwe of the AN index used. Not all the. AN indices were

successful in explammg the compositional variation of the woody vegetauou Apart from the

~ experts’ rankings mdex, all the indices that were correlated witl woody composition were

related to the nitrogen content of the soil. In addition fo the various ..trogen indices, grass
species composition was also related to % clay and % crganic covhon.

 The differences betwean the woody plant and graminoid floristic classificatiors suggested that

these components of the vegetation were responding differently to PAM and AN in a number ~

of ‘the commuﬂitiessazﬂpled A possible explanation for this at woody pla_ntS-and
gmmwods respond to envuonmental constramts at defer-t o and temﬁoral scales
 (Johnson and Tothill 1985). -Another explanauou < that the ﬂomuc cumpomuon of these two
components of the savanna vegetation i mﬂuenced by other enwronmental factors e.g. the
apparent effect of stoniness and soil depth on gtammmd floristic composition. 'The effects
of disturbance may also account for compositional differences e. g. communities § and 8 that
" had a similar woody plant composition but a different graminoid composition, The
compositioﬁ of the herbaceous component can be completely altered by grazing history and
changes rapidly in response to annual rainfall variability (0’Connor 1985). The similarities
between the woody plant and graminoid classifications, however, suggested that these two
components of the vegetation do not respond t0 the mﬂuences of PAM and AN entirely -

mdependenﬁy
5.6 CONCLUSION

| Plant available moisture had a pifimary'e&ect af; ;:he:-ag::ﬂi_r_s _'e;é_mposi_tinn of the savanna
communities sampled and on the distribution of graminoid subfamilies and tribes. The effect
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.' of avaﬂable numents was T less pronounoed, but snll mguﬁcant and was strong on tree |

_composztmn at the famﬂy level. The woody plant and graminoid components at’ ‘each site o |

~ were not always clasmfiad into the same ﬂonsnc types but there was a degree of correlatam
' .mdicanng that tuese components dc rmt act ent:mly mdependenﬂy in response to condmons =

ofPAMandAN
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6.0 STRUCTURAL TRENDS AND CLASSIFICATION

6.1 INIRODUCTION

 Although the floristic approach to the analysis of plant communities has predominated since
the tum of the century (Werger & Sprangers 1982), "the use of the physiognomic-structural
approach has continued, as reflected in the classical works of Raunkiaer (1934), Dangercau o
| (1951) and others "The structural approach to charaeterismg vegetation is conmdered to have .

_eertam advantages over the ﬂonsuc appmach For example, the. structural appr.oach does

. not reqmre a detailed floristic Imowledge of the vegetanon under analyms (Wetger &

- Sprangers 1982) The structural approach can be used for deecnbmg large geographic zones o
of vegetation (e.g Bex 1981), and for examining smail scale or local enwronmental gmd1ents
(e.2. Bredenkamp & Theron 1985). 1he rationale for the use of a structural approach is
conmdered in more detml in section 1.3 of chapter 1. -

The structure of save.ﬁne vegetation has been analyeed using both @ priori (Edﬁrards 1983,
_ _Bredenkamp & Theren 1985) and a posteriori (Lopes & Cox 1977, Skarpe 1990) approaches '
van der Meulen & Westfall (1980) analysed the shucture of bushveld vegetation using
R De.nsereau 8 system of structural diagrams, : |

Many ﬂensuc a.nalyses have been supplemented by proﬁie diagrams and physmgnonuc— .
structural data (Moll, Campbell & Probyn (1976) A number of studies in savannas (e.g.

Coetzee & Gertenbach 1977, Gertenbach 1983, Fraser, van Rooyen & Verster 1987, Belsky
& Amundson 1990 submitted, O’Connor 1992) have used a floristic and structural approach
in order to explain vegetatlon enwronment relationships. o

A Imowledge of the structure of savanna vegetation is 1mportant fer several reasons, for
‘example, because it influences the distribution of wildlife. The structural appreaeh provides
a basis for predictive medelhng of vegetatmn change because a change in structure usually
reflects the reaction of the vegetauon to perturbanona such as disturbance (Bredenkamp &
Theron 1985). ' ' :
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"The aim of this chapter is to present the relationships between the structural characteristics
of the woody plant, grammcnd and forb communities and PAM and AN, Thls chapter parﬂy. =
'addresses study objectwes 2and 3. S _

. Structural chaxacwmncs of the woody plant and grammmd communities were analysed |
separately. The first section of the chapter considers the trends in individual woody plam:
structural charachenst:cs along the PAM and AN gradients. Sectton presents the trends in
mdmdual gtammmd and forb structural characnensucs wn:h PAM and AN and considers
_seasonal changes in the structural characteristics of the herbaceous layer. “The third secuon '
'cons1_defrs the st_rucmral relauonshlps between the woody plant and graminoid and grammmd -
and forb' communities, . The potential for class;fymg the woody plant and grammo:.d

comrnunities on a structural basas, usmg both an g pnon and an @ pasteﬁan approach is

| mvesngated

Plant avmlable mmsture was mdexed as the number of Gdays per annum denved usmg the
soil wate.r balance model, Unless othermse stated, AN was md..xed by the total mtrogen
content of the A honzon (mgfkg) The detmls of these mdmes are contained in chapters 3

and 4 respecuvely

The methods_ of strctural data collection and analysis are p cseated in Chapter 2, sections
2.4 and 2.5 respectively. The sites are referred to by number as in Table 2.1,

62 WOODY VEGETATION RESULTS

© Woody plant density was not significantly correlated with cither PAM (r=0.21, df=17,
P>0.1) or AN (r=-0.29, df=17, P>0,1). Although there was no clear trend in woody
density on the PAM-AN plane, the highest densities ocourred in communities 1, 7 and 18,
~ at the moist end of the PAM gradient on dystrophic soils (Fig, 6.2.1 a).
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Figure 6.2. 1 Trends in woody plant community (a) density, (b) basal arm, (c) total browse
volume, (d) canopy cover and (¢) mean height on thu PAM-AN plane. PAM is indexed as
the mean number of Gdays per annum and AN as the total nitrogen content of the A horizon
it mg/kg of soil. The cirvles indicate the value of each structural variable at each site.
These values are contained in Appendix 2. Site numbers are as given in Table 2.1,

* Total basal area was significantly positively correlated with PAM (-=0.47, df=17, P<0.05)
indicating that woody basal area increased with an increase in moisture availability.
Although the highest basal areas occurred in the high PAM and Jow AN region of the FAM-
~ AN plane (Fig. 6.2.1 b), there was no 'signiﬁéant correlation between basal area and AN
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_(r=-0.265_ df=17, _P>_ 0"1')-'

There was 2 wmk trend in toml browse volume with PAM (r=0 41 df= 17 P<D 1) but no
trend WIth AN (r=-0 13 df—l? P>0.1) (F1g 6.2.1 c)

There were no clear trends in i:anopy_oover' with either 'P_AM. (r=0.26, df=17, P>0.1) or

AN (=0.21, df=17, P>0.1) althongh sites with the highest canopy covers occurred in

moist areas on dystrophic soils (Fig. 6.2.1 d). (The canopy cover values represent the sum
- of the canopy covers of the short and tall woody plant layers at each site). I

Both mean height (=0.58, df=17, P<0.05) and mean maximum height (r=0.48, df=17,
P<0.05) were pt:-sitively correlated with PAM.  This indicated that woody height increased
with an mcrease in moisture availability. No trend in helght occun'ed "long the AN gradlent
(P>01 df—~17)(F1g 621e) ' -

These results mdlcated that where envuonmental factors were mﬂuencmg woody commumty '
| structure, PAM had the ovemding effect | |

For all structural features there was a general trend towards mgher values accurrmg in the
high PAM Iow AN region of the PAM-AN plane (Fig. 6,2.1 a-¢). There were exceptions
to these trends, however. The h1gh AN - intermediate PAM community 3 and the low PAM
- low AN community 14 had consistently higher values than communities with similar
conditions of PAM and AN (Fig. 6.2.1 a-e). The high PAM - low AN communities 6 and
7 had cnnmstently lower values than commumues with simitar condmons of PAM and AN -
(Fig. 6.2.1 a-¢). The woody plant community at site 16 had a higher browse volume and
canopy cover and the woody plants at site 9 were taller 'than the _surrbunding sites, These
results indicated thata rahgé of structural features vccurred within each PAM and IAN region
on the plane, Codlmuhities positioned in close proximity to one another on the plane,
namely communities 11 and 14, 5 and 8 and 1 and 6 were different from one another for all
the structural variables considered (Fig. 6.2. 1'a-¢), These results mdicated that woody plant
communiities with sumiar ccndmons of PAM and AN dld not conmstently have slmﬂar :

structural features. ' ' '
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) There were no sxgmi' sorrelat&o:zs between the structural Va!iables and soﬂ
represented aspmenmge clay (P>0.1, df=17). S -

None of the woody plant structural features were carrelated with elther soil stohe content or
with soil profile depth. ‘This indicated that neither of these soil strucmral properties had an
'ovemdmg mﬂuence on the wood) vegetatzon structure. '

Four browse volume groups were forutulated from a jubjective comparison of the browss
- volume distribution profites in all the woody plant communities (Fig. '6."2'.2),'.,'

Browse height classes

012345673910012345578910
‘Browse volune (m3)

Figure 6.2.2 Four characteristic browse volume disteibution profiles (group t - 4) formulated
from a subjective comparison of the browse volume distribution profiles at each site, Sites
were organised into groups irrespective of the total amount of browse available at each site.
The browse classes were (D) 0 to 0.5 m (duiker), (I) 0.5 to 1.5 m (impala), (X) 1.5 to 2.5
m (kudu), (G) 2.5 to 6, 0 m (giraffe) and ( > 6.0) browse above 6.0 m that was too high for

brommg‘ . -
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Group 1 communities had most of the browse concentrated in the 2.5 to 6.0 m (’gimffe’) .

browse height classes. Most of the commumttes in this group had a relatively low amount' R

of browse above60m(< 100001113)

Group 2 communities had most of the browse'locaied above 2.5 m: with similar amounts in
the 'giraffe’ and ’> 6.0 m’ browse height classes. All the commiunities had relatively small
amou; = of browse helow 2.5 m and the dxsmbutmn of browse in the ’impala’ (0.5 to 1.5
mj and ’duiker’ . " to 0 5 m) height classes was mmﬂar to that for the group 1 communitles

~ Group 3 coiﬁniunities had a large cbncamration of hroWse VOlume above 2.5 m. '1‘hu browse |
in the *impala’ height- ciass was comparanvely well represented in these commumues in
comparison with the communines of groups 1 and 2. '

Group 4 commiunities had most browse iocated below 2.5 m with the *duiker’ and *impaia’
classes being most prominent, R ' |

A biplot of the DCA of browse volume distribution indicated a gradient in distribi.ltion-
profiles that was related to PAM (Fig. 6.2.3), The ﬁrst DCA axis was negauvely correlated
with PAM (r=-0.65, df=17, P<0.01) but not correlated with AN (r=-0.015, di=17,
P>0,1) indicating that PAM had an overriding effect on the browsa distribution. The’ >
6.0 m’ and "giraffe’ classes were associated with high PAM and the *impala’ and *duiker’
- classes with low PAM. Thus, there was a gradient of communities with browse \mlﬁme'
mainly above 2.5 m to those with browse volume mainly below 2.5 m with a decrease in
PAM.

The relatioriship 'b'etween the four subjective browse volume gi'oups and the PAM gradient
was clear illustrated on the PAM-AN plane (Fig. 6.2.4). Sites with the most browse
volume above 2.5 m and esp'eciaiiy in the *> 6.0’ m height class occurred in the mid
reaches of the plane, The similarity in the browse volume distribution profiles of
communitieﬁ 2, 3 and 18, was unexpected since these communities differed with regard ‘o
the other structural features, The grouping of these communiﬁes illustrated the lack of an
AN influence on browse volume distribution since there was a large difference in AN
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-AXIS 2 -

20-r014

»B.0m

Figm-e 6.2.3 Plot of sites (l), hrowse classes (®) and: enwmnmental vanables (arrows) in
relation to the first two axes of the detrended correspondence a.nalyms The sigenvalues of
the first two axes were 0.33 and 0.13 respectively. PAM and AN were represented by the
nymber of Gdays per annum and the A horizon total nitrogen content (mg/kg), respectively.
The a scale applies to the sites and browse classes and the b scale to the environmental

varigbles. The scale of the arrow representing PAM is X 2, The groups of sites indicated
are those based on a comparison of the browse volume distribution profiles at each site (Fig

6.2.2).

between them.
6.2.3 MMMAMSM

Nalther the ordination or classxﬁcatlon of all the woody plant structural features together
produced structural gradtents or gioups that were related to the PAM and AN gradients.

The ordination and classification of 1all and short heights and canopy covers grouped il the
communities together except for communities 10 and 11, The eigenvalues of the first three
DCA axes were low, 0.08, 0.02 and 0.01, indicating that structural graients were not
pronounced. The first DCA axis was correlated with PAM (r=-0.64, df=17, P<0.01).

115



. No reiatiohship- between
structure and AN (r=-0.17,
df=17, P>0.1) was upparent,

The a pribri structural
classification systems of Pratt
et al (1966), Bdwards (1983), | N
_Bredenkamp&Theron (1935) - 20 — 40 5'0‘ — . _ 9'0'

~ and Grunblatt e al (1989),_ . PAM (Gilxys per annum)

| apphed to the woody plant Fignre 6.2.4 Patterns of browse volume distribution on-

the PAM - AN plane, The sites are grouped according to
. communities, did not produca the four chamctensuc browse volume. dxstnbutmn profiles

clearly defined gradients of (18622 | |
struetural types in relation to PAM.. There v/as some trend in that the driet mtes were :mamly Y
classified as bushland or shrubland with short open woodland whereas the moister sites were
'_ mamly classified as woodland with a sparse shrub layer. No clear trends in structural types
were apparent on the PAM-Alv plane for either AN as TotN (Fig. 6.2.5 a) or AN as
‘percentage clay (Fig. 6. 2 §b)., These results ‘again indicated that there were a range of
structural types for smnlar conditions of PAM and AN, : :

Graminoid density was not significantly correlated with either PAM (r=0.26, df=17,
P>0.1) or AN (P>0.1, df=17) and high and Jow densities occurred in all regions of the
PAM-AN plane (Fig. 6.3.12). : |
Grass basal area was significantly posifively correlated with PAM (r=0.55, df=17, P<0.05)
indicating that there' was an increase in basal area with an increase in sofl moisture
 availabiliiy. Although the highest basal areas occurred in the high PAM - low AN region
of thé PAM—AN plane (Fig, 6.3.1b), there was no significant correlation between basal area
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Figure 6.2.5 The structural classification of the sites based on the a pnon classﬁ,icauon

system suggested by Grunblatt, Ottichilo and Sinange (1989). The AN axis was indexed by
‘(a) total nitrogen content (mg/kg) and (b) percentage clay content of the A honzon, _

respectively.

.andAN(P>0 1, df-—17)

The grass volume index (basal area x height) wa_s positively correlated with PAM (r=0.53,
df =14, P<0.05) and communities with the highest grass biomass ocourred in the high PAM
region of the PAM-AN plane Communities with a low grass volume index occurmd at the
more arid sites (Fig. 6 3 1 c) There was no trend in grass volume mdex with AN(P>0 1

df=14) (Fig. 6. 3 1 c)

Mean height (r=-40.46,_ df=14, P<0.1) and mean maximum height (r=0.54, df=14,
| 17 |
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- Figure §.3.1 Trends in grammmd commumty (a) density, (b) basal area; (¢) volume index
and (d) mean hexght and in forb community (¢) density and (f) mean height on the PAM-AN
plane, PAM is indexed as the mean number of Gdays per annum and AN as the total
nitrogen content of the A horizon in mg/kg of soil. The circles indicate the value of each
structural variable at each site, The graminoid structural values are contained in Appendix
5 and the forb structural values in Appendix 7. Site numbers are as given in Table 2.1.

P<0, 05) were correlated with PAM indicating that thie tallest grass communities oceurred

. at the moist sites. There was no significant correlation of grass height with AN #>0.1,
df= 14) but the tnllest commumt:es oocurred on dysu'opmc soils (Flg. 6.3.1 d)
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A range of grass swucmai features oceurred within each region on the PAM-AN plane.
. Commumues pomuoned in close prommty to one another on the plane, ¢.g. communities 5
‘and B and 1 and 6 were structurally different (Fxg 6.3.1 a—d) These results mdlcated th.at

sites with similar conditions of PAM-and AN did not consistently have similar structural -

. features Gy the tw;;v enwronmental variables conmdered PAM seemed to have the pnmary
" effect on grass cml‘a*muml:y structure. | - - -

| 6.3..2 GRAM:NQ}:D sTRUm 'm_ AL cmgs IFICATION

Neither the ordmauon or cIasmﬁcatmn of all the grass structural features produced' o |
_'mterpretable structiral gradlents or groups. The DCA axes we.re not correlated w1th cither

- PAM or AN and the TWINSPAN groupmgs were not ecﬁlogma]ly memungfut

| None of the a prion structural class1ficai:10n systems of Pra.tt et al (19 Edwards '(1983). |

~ and Gmnblatt et al (1989) applied to the grass. oummumtm produced cIearly deﬁnetl __
» _'gradxents of structural types in relation fo PAM No clear trends in structural types were :
apparent on the PAM-AN plane for exther AN as 'I‘otN or AN as percemage clay

Forb dens1ty was :'signiﬁcantly'negat.ively-correldtad with PAM (r=-0.62, df=17, P<O o
indicating that there was a h1gher densu:y of forbs i in drier areas. There was no relauonslnp -
-between forb densﬂ:y and AN (P>0 1, df—17) (Fig. 6.3. 1 e)

: .Forb mean helght was not correlahed with mﬂler PAM (r—O 32, df=17, P>0. 1) or AN
P>0.1, df =17), “Tall and short forb communities occuued inall regmns of the PAM—AN _

plane (Fig. 6. 3 1 f)

A comparison of the structural features of the herbaceous communities sampled at the |
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o _.begmmng anc encl of i;he growmg season mdmted thatt there were mgmﬁcant changes in.
| grahunmd and forb commumﬁr structure over ﬁ’.me (Fig 6.3, 2) L Coe

"The'density of gi'a'.s's plants in t:ommﬁnitj p) mcreased inlcontraSt toa subétaﬂﬁal decrease in.
density in community 3 and a shght decrease in commumty 1 '(Fig. 6. 3 2 a). Grass basal )
area decreased in atl commumtres (Fig. 6.3.2 b) and both commumnes 1 and 3 had o

substantlally less grass biomass at the end of the season. The average he:ght of the ; grass SO

_---mmmumnes at afl the sn:es mcreased over time (Fig. 6. 3 2 c & d) The grass volume mdex o
'dacreased substannaily in communmes 1 and 3 (F.g 6 3, 2 e)

In contrast to the. s&sanal changes in grass denslty, forb demuty was lugher in cnmmumty' S

~ land lower in commumty 2 at the end of the growing season (Flg 6.3.3 ). The ave:age' -
' height of the forb oomrnumtws at both sites increased durmg the growmg seasan although_ :

N only shghtly in commumty 1 (Flg. 6.3.3. b)

| ~ These results mdxcated tﬁat txme of gampling” 15 an lmportant fa.ctor when conwienng-
herbaceous commumty sttuctural charactensncs : .

There was no relationship between the amounts of woody and grass biomass over the range |
of sites sampled (r=-0.05, df=7, P>0,1). The woody to grass biomass ratio was not
_ s:gniﬁmmtly oorrclated wuh PAM (r=-0.27, df=17, P>0 ) or AN (r—-~0 06, df=17,

- P>0. 1) (Fig. 6. 4 1 a) Simﬂarly, there was no trend m’Woody {o grass. bmmass ratio with
soil texture as percentage sand (~=0.24, df=17, P>0.1) (Fig. 6.4.1 b) or as percentage clay'
Cr=-0.17, df=17, P>0.5. e B
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. Figum 6.3.2 Conipaﬂscu of the beginning (hatched bar) and end (solid bai) of season .

~ graminoid community
d (€) volume index at sites



— .

s

404
0.
204

101

" Forb mean haight fem)
' Forh-:"is'iensit.v (pla'n'tsllfga}' .

. Sitesin Mkuzic . Shesin Mz

Fxgure 6.3.3 Companson of the begummg (hatched bar) and end (i sahd bar) of season forbf
' commumty (a) densny and (b) mean helght at sites 1 and 2 in Miizi. _

200,

175
150
154
100
75
50

011 12 2 16 3 8 1 7 18 2 3 016 7 1119 8 1 13.
4 9 131517 5°6 4 19 .- 1512 5 4 14 17 18 § 6
Sites ordered by increasing GDays - - Sites ordered by increasing % sand

W:G ratio (based on basal area m? fa)

F'gure 6.4.1 The wcody to grass blomass ratio along the (a) PAM gradxem and (b) the soﬂf '
‘texture gradient. _

L]

Iz



'6.4-2_ M@M@M.@M |

| 'I'here was no relauonsmp betweea grass and forb denmty over tne range of 81tes samp]ed
(r--O 09, df=17, P>0.1). - - : :

“The results of this study indicted that PAM had a primary mﬂueuce on the strucmre of both
the woody plant and graminoid commumtws. The influence of PAM on plant height has
been observed in other stuches, A posmve oorrelatlon between tree height and precipitation

‘was found in two semi-arid savanna areas in southern Africa (van der Meulen & van Gils

1983) and mean grass he;ght was found to decrease with a decrease in PAM m the Sermgetz

grasslands (McNaughton 1983). .Cole (1982) states that the Yanatmn in height and spacing

of savanna vegetation is controlled by PAM. A positive correlation between the hmghts of -
both the woody plant and gramiaoid oommumtws in tlus study suppnrted this hypatlmns but

- a lack of any correlation of woody plant and grarmnmd density with PAM suggested that

| available moisture did not influence the spa_cm_g of the vegetation in a predictable way. The

~_positive correlation between both woody plant and graminoid basal area and PAM supported
the hypothems that there is a general posu:xve oorrelauon between rainfail and plant biomass
in savannas (Bell 1982). ' o :

These were no trends in community structure along the AN gradient although strucfural
variation in relation to nutrient availability has been recorded in savannas. The influence of
AN on vegetation structure has been observed in cerrado vegetation in Brazil where a
positive relationship was found between the density and height of woody-vegetﬁﬁon and
certain soil properues (Lopes & Cox 19‘77) Edaphlc factors are known to influence
‘vegetation structure  in southern African savannas, for example, the structure of |
Calophmpennwn mopane communities in the far northern Tmnsvaal (O’Connor 1992) anr.l .
in the Kruger Nationial Park (Fraser er. al 1987) - -
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652 MEMM |

. 'Although it appears that ne1ther tho woody plant or gram..md commumt} stmcmre vaneti

* predictably on the PAM-AN ‘plane, a multiple linear regression model needs to be fitted to

- the data to support this conclusmn Even though there were no apparent trends Wlth AN .

- a mulnplehnearregremon of the forra y = PAM AN PAM x AN would indicate if there

._'_was a mgmﬁcan* interaction term or if the ovorall medel was slgmﬁoant This woild enable o
the 1dent1ficatlon of stmotural vanatton that was a consoquenoe of the combined effocts of _ |

PAM and AN.

" ‘The results of this study indicted that there were & range of structural tvpes fof sunﬂar o
condmons of PAM and AN, “This result was not unaxpectod since both. arid and mmst_'_

_savannas have structural forms ranging from open treeless: grasslands to closed canopy
stratified woodlands (Huntley 1982). Belsky & Amundson (1990, submitted). state that a

. wide vanety of community types existed within the east Afncan savanna bxome, changmg |

along ramfall topographm and edaphxc gradlents

- Modeis " fof_the prediction of variation in_:'-s'avanna_ structure have been developed On the
basis of rainfall and soil texture, Walker & NoyéMeir (1982) predicted a chaoge- from
~grassland t» savannatowoodland ie. an increase in woodiness with an increase in rainfall. )
Bell (1984) predlctod the structure of savannas under different conditions of PAM and AN. . "

| Open woodlands were predicted to oceur in dry ateas on fertile soils with a dommanoe of

trees and- shrubs and tall grasses under moist, dystrophic conditions. A low density of woody
plants in arid, infertile areas and the occurrenice of woodland under moist, eutrophic
conditions was prodlctod The structural variation of the savanna communmes sampiod in

this study do not clearly reflect these prodlctlons ' -

__DETERMINANTS _ON ~ SAVANNA

The effects of the secondary determmants of herbwory and fire on savauna structure neod
to be oonmdered in an explanatlon of savanna structural variation. ‘These’ determinants are
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- hypothemsed fo be more unportant than PAM’ for inﬂuenczng the structure of east Aﬁican : .
savannas (Belsky 1991). Rutherford (1979) found that the vegetanon in the Nylsvley study

armhadalower spemesbasalamthanmsxmﬂarcommummelsewhereandatmbuwd this

 to the more frequent occurrence of fire at the Nylsv_l_ey- site. - Belsky (1984) has recorded a

reduction in mean tres height in the Screngeti National Park as a consequence of browsing.

' Structural changes of thé herbaceous communities of savannas in response to herbivory and
fire are well documented (O°Comnor 1985). Changes in graminoid density, tuft

' circumference and helght and increases in furb dmmty have been recorded in herbaoeuus o

communities in the eastem Transvaal lowveld i m response to grazmg (0} Cmmor & Pickett
1992) ' ' ' '

* The variation in woody to grass biomass. raﬁo'recbrd'ed'-. in this study did not support the
 current hypothese& that woody 0 grass biomass ratio is higher in moist than in arid. savannas
(Frost etal 1986), and that mcxmsmg tree dommance occurs withi mcreamng mafall (Walter _

i e

6.6 CONCLUSION

The structural variation of the woéé‘é piant arid graminoid commurities was primarily ralated

' ta the PAM gradient. There wete 10 l:rends with AN. There were no apparent predlctable
structural trends on the PAM-AN plane but this conclusion needs to be supported by the
results of a multiple linear regression. A range of structural types occurred under similar
conditions of PAM and AN. The effects of herbivory and fire on the structure of savanna
communities nesa to be conmdered The dlf*'erenoe between the begmmng and end of season

herbaceous community stmcmre suggested :hat sampling time was important and was lzkely :
to have mﬂuencad the variation in structural features recorded for the ra.nge of s .- sdmpled. |
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7.0 FUNCTIONAL TRENDS AND CLASSIFICATION

7.1 INTRODUCTION

The functional approach _td the classification of vegetation is not new (Knight & Loucks '
1969). The basis of this approach is that plants under a similar set of environmental

conditions have morphological and physiological characteristics in common and can be .
* grouped on the basis of these (Grime 1985)." If functional features are chosen that are known

to represent environmental adaptatwns then the functional approach should provide a
classxﬁcatlon of vegetauon that is ‘more ecologmally meamngful than that based on ﬂonstzcs
alone _(nght & Loucks 1969, Werger & Sprangers 1982), '

Although the functional approach has been used i different vegetation types (Knight 1965,

Werger & Sprangers (1982), Friedel, Bastin & Griffin 1988, Montalvo er af 1991), the

savanna vegetaﬁon of southern Africa has as yét_ net been classified on a fun'ctioﬁa_l _b'aSis. |
Existing cl‘aSsiﬁsatiqﬁs of savantias are_px-_eddﬁ}al_inanﬂy floristic and do not provide much |

information about function. It is hypothesised that a general functional classification of

savannas would provide a basis for prcdictiva mod_ellihg of vegetation change. The fa_tionale _
for using a functional approach and a review of studies where this approach has been
~ employed in other vegetation types are presented in section 1,3 of chapter 1. - |

The aim of this chapter is fo determine how the savanna communities are functionally related
to one another arc) to the availability of water and nutrients, This chapter partly addresses
study objectives 2 and 3. ' '

The wondy plant and g'ram.inq'id components of the vegetation were analysed separately.
Trends in individual functional features were considered in relation to the PAM and AN
gradients. Functional classnﬁcatzons of the woody plant and grammmd communities were
- derived by ordination and classification of all the functional features. The woody plant and
graminoid functwnal groups were compared and the functional class1ﬁcat10ns were compared -
with the floristic clasmﬁcatmns denved in chapter 5. The resuits of the latter companson
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are presented in this chapter but discussed in chapter 8.

'Plant available'moistur.e was 'indéxed as the 'numb.er of Gdays per annum derived using thé | |
- soil water balance model, Unless otherwise stated, AN was indexed by the total nitrogen
content of the A honzon (mg/kg) 'I‘he details of these mchoes are contamed In chapters 3

and 4 respecnvely. :

- The methods of data collection a.nd ana!ys:s of the functlonal features are discussed in secuon'
2.3 and 2.4 of chapher 2. The woody plant and grammmd functional features are listed in
Table 2.2 and Table 2. 3 and the correspondmg functional scores for each specxes are
contained in Appendlx 4 and Appendix 6, The sites are referred to by number as in Table '
21, . -

7.2  RESULTS: WOODY VEGETATION

7.2.1 FUNCTIONAL TRENDS IN RELATION TO PAM AND AN GRADIENTS
7211  Leaf duration
Deciduousness was weakly positively correlated with PAM (r=0.42, df=17, P<0.1)
although most woody communities were more than 80 % deciduous. Evergreenniess was
negatively correlated with PAM (r=-0.47, df=17, P<0.05). These results indicated that

woody communities in high PAM areas were predonﬁnantly deciduous and that there was a
greater occurrence of evergreenness in the low PAM areas (Fig. 7.2.1 a).

7212  Leaf type

| 'I‘hé occurrence of compound leaves was positively correlated (#=0.50, df= 17, P<0.05),
‘and the occurrence of simple leaves, negativeiy correlated (r=-0.50, df=17, P<0.05) with
AN, Communities with a high pefce;ntagg basal area with simple i_eaVes_ oceurred
predominantly in the low AN region of the PAM-AN plane (Fig. 7.2.1b), Although there
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Figs. 7.2.1 Trends in woody plant community (a) leaf’ duration, (b) ieaf type and (c) leaf
size on the PAM-AN plane. Unless otherwise stated, the trends were identified by ordination
“and classification of % basal area data. The functional classes are listed Table 2.2, The
symbols indicate the predommant trait or traits in each oommumty -
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were 1o s1gmﬁcant cnnrelatlons of Ieaf type. and PAM (r—O 06, df=17, P>0.1}, the_. o .

_ commumues at the arid end of the PAM gradient had a relatively low oocummce of
compound leaves {< 58 % of the basal arw) The arid uommumty 9 was an excepimn, -
however (ng* 72 1b).. ' o ' -

7.'2-.1.3 - Lgaim_zg |

The occurrenoe of sma]l leaves (leptophylls) Was pomhvaly correlated with AN (r-—-O 47
(df=17, P<0. 05) but not conelated with PAM (r=0.14, df= 17 P>0 D. The occurrence
of intermediate sized leaves (microphylis) was weakly negatwely correlated with PAM (r=-
0.43, df=17, P<O0. 1) only The uccurrence of large leaves (notophyﬂs and mesophylls) was
negatwely correlated Wlth AN (r=-0. 37, df= 17, P<0 05) and pomtwely correlated w1th
PAM (r-—O 50, df= 1‘7 P<0, 05).. - Large- leafed woody plant communities occun'ed 8

_ predonunantly in the high PAM low AN region of the PAM-AN plane (F*g 7.2.1 ch. |
. Although the occu::rence of smiall 1eaves (leptophylls and nanophylls) was not correlated with -

'PAM, there was a predominance of nanophyllous and microphyllous ieaves in four of the six

arid commumnes and an associated absence of natophylls and mesophylls
7.2.1.4  Spinesconce

_ Spineédeﬂce was related to Soil femhty Tﬁe'percentagé of the wondy biomass that was
unarmed was neganvely correlated with AN (r=-0.54, df=17, P<0.05) and the highly
spmesceut communities occurred on fertile soils (#=0.50, dfw 17 P<0. 05) Communities
that were predominantly unarmed or slightly spinescent occurred_ma.mly in the low AN"_ '
region of the PAM-AN plane (Fig.7.2.2 2). The spinescent nature of the low AN
‘communities 9 and 11 was related to the abundance of Acacia spp at thess sxtes
Spinescence was unreiated to the PAM gracllent

7.2.1.5 Pal i_i_ .

There were no pr_edidtable trends in palatability, expressed .oﬁ a percentage. basal area basis,
~ with either PAM (r=0.17, df=17, P>0.1) or AN (r=0.17, df=17, P>0.1). Woody
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Figure 7.2.2 Trends in woody plant community (a) spinescencé and (b é'nd c) palatability on
the PAM-AN plane. Unless otherwise stated, the irends were identified by ordination and

classification of % basal area data. The functional classes are listed in Table 2.2. The
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: commumnes W1t11 lugh mtennedlate and low. palatabihtles mcuned in all regmns of the o "

PAM—AN plane (Fxg 7. 2. 2 b) The raim of the number of pa]atable to unpa]atablc specles |

- ranged from 1.0 to 6.0 indicating that there were the same number or miore pa.latable than | -

unpalatable spe_cies. in all the c_ommumues. Commun_mes with relanvely low ratios oocun'ed
predominantly in the high PAM - low AN region of the PAM-AN plane (Fig. 7.2.2¢).

"7.'2,2 FUNCTIONAL CLASS] 'c' _ '_ oN WOODY VEGETATION
' The exgenvalues of the ﬁrst 3 axes of the DCA of phemlogy, leaf type leaf size, spinescencs

ami palatablhty were 0. 2 0. 0’? and 0.03 rcspectwely (Fig. 7.2, 3) The cumulatIVe_
percenmge variance “accounted for by the . ﬁrst two axes of the. ﬁmctlonal feature -

environment bzplot was 42.8 and 66.5% and hence the first two axes were consﬂered an .

adequate repa'esentanun of the functional and env:ronmental variables (Fig. 7.2. 3)

The first DCA axis whs pomtwely correlated W1th AN (r-[) 45, df=17, p<o. 1) but not
- correlated w1th PAM (r--O 01, df=17, P>0. 1) (Fig. 7. 2. 3). The second DCA axis was
ngganvely colrelated with PAM (r=-0.49, df 17, P< 0.05) but not correlated with AN
C(r=-0.11, df=17, P>0.1). | o s

The ﬁrst axis descnbed an avmlable nutnent gradxent Communities at the femie end of the _ |
gradient were characterised by leptophyllous, compoundieaves These communmes were
predominantly deciduous and palatable and had intermediate to very high spinescence (Fig.
‘7.2.3)'; Cammuﬂiti_es at t_lie infertile end of the gradient were characierised by nobbphynous
and mesophylious, simple leaves. Thess communities were predominantly partially palatable
or unpalatable and were characterised by unarmed or slightly spinescent species (Fig, 7.2.3).

The second axis described a plant available moisture gradient. The arid end of the gradient
was characterised by the occurrence ‘of nanophyllous and micraphylious leaves and the.
occurrence of evergreen species (Flg 7.2.3).. The moist end of the PAM gpradient was
characterised by the occurrence of notophyllous and mesophylious Ieaves, partial palatabﬂlty-
- and. senu-dec:duousness (Fxg 7.2.3). : : :
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Figln'e 7.2.3 Plot of sztes (w) and woody functional features (®) of phenology, leaf type,
size, spinescence and palatability, and environmental variables (arrows) in relation to the first
two DCA axes, PAM and AN are the number of Gdays per arnum and the A horizon total
‘nitrogen content (mg/kg) respectively. The a scale applies to the sites and species and the
b scale to the environmental variables. The scale of the arows is X 2. The functlonal
attributes and classes are listed in Table 2.2. '

- The woody plant commumtles were dmded into four groups or types on the bams of the
results of the ordination and classﬁ‘icauon of the functional variables (F1g, 7.2.4), Funcuonal
. group 1 communities occurred on thh AN soils (Fig. 7.2.4) and were characterised by
species that had leptophyilous, " com;’iound.leaveé, and that were deciduou"s, palatable and
highly spinescent. The funictional features of this group reflected the predominance of Acacia
spp. at these sites. Functlonal gg_o_p_g commumtles, in the low PAM and AN region of the
PAM- AN plane (Fig. 7. 2.4), had similar functional featores to those of group 1 except that
- the sites in group 2 had slightly larger leaves- (nanophylls and microphylis) and more
“evergreen species. - Functional group 3 communities were spread over a range of low to
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Figure 73.4 Woody plant funcnonal types (group 1 ta 4) on the PAM—AN plane, The sites
“were grouped accordirig to the hierarchical classification of the woody functional attributes
(Table 2.2). The lines indicate the groupings after TWINSPAN division 4, The symbols
Tepresent the groupings after the final division of TWINSPAN (division 10). Site numbers -

~ are as given in 'I'able 2.1,

mtermedlate PAM and AN (Fig. 7.2.4). These communities. .were characterised by
micraphyllous and notophyllous. simple leaved spemes that were unarmad or slightly
spinescent and partiaily palatable or unpalatable, Functional Group 4 communities occurred
in the high PAM - low AN region of the PAM-AN plane (Fig. 7.2.4) and had species with
' nomphylkms'and mesophylious, simple '1eaves. As for group 3, these communities had
species that were predominantly unarmed or slight_ly spinescent and partially pélatable or
unpalatable. With the exception of site 14, all the communities in this group_ occurred in the
high PAM - low AN region of the PAM-AN plane (Fig. 7.2.4).

Of the six communities in functional type 3. commx_lnitiés 4 and 10 were sepa_fated outas
" unique after the ﬁ_nai division of TWINSPAN (Fxg 7.2.4).'. Site 10 had a high occurrence

of biomass that was unpaiaiablé and evergreen, and this was related to the dominance of
Tarchonanthus camphoratus at this site. Commuriity 4 had functional features characteristic
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'-oftgoﬂx_f_uncﬁogﬂ_t;pm and 4. .

' Commumty 15 was mc.luded thh the functmnal type 4 communmes after ‘I‘WINSPAN o
dmsmn two but was separated from them by dmsmn four to form a umque functtonal type:

(Fig. 7.2.4). ("ommumty 15 had functional feahlres that were characteristic of both

functional types 3 and 4. Although community 15 occurred on a relatively ferttle soil, it was
: chamcterised by a low occurrence of. spmescent palatable specles in companson w:tth-

 communities that had 2 similar condition of PAM and AN. Only 19 % of the woody plant -

basal area in community 15Wﬁsspmescentmcompanson with 42 % mcommumty 16 xi -
94 % mcommumtys : ' o a

' Although functlonal sxmxlantles of the woody plant commumues e.uabled the denvatwn of

functmnal groups or types in relation to PAM and AN, the results mmcated that woody plant -

communities w1th sum]ar mo1sture and nutrient condmons d1d not have eonmstently surular‘
functional features. 'I'he arid Colophospermum mopane commumty, 14 had very mmﬂar. _

conditions of PAM and AN to the Acacia spp cummumues 9and 11 but had ﬁmctluna.l. o

: features that were similar to the mo1st Tennmaka and Cambmm eommumt:cs 18 and 19.
_' Comimunities 1 4 and 6 also had sxmﬂar conditions of PAM and AN but: were ﬁmctmnally :

dxfferent

7.3 RESULTS: HERBACEOUS VEGETATION

7.3.1 ONAL TRENDS IN RELATION TO AND RADIENTS

' 7.3..1  Phenology

There was 110 predlctable trend in gramm-:ud phenology with either PAM or AN All

communities except community 14 had miore than 80 percent of the bmmass composed of

| perennial speczes and most had more than 90 percent petemual The greatest percentage
basal area of annuals occurred in two of the moist communities, 1 (1 1_.4 %) and 17 (4.8 %). -
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_There was no mgmﬁcant trend in the percentage of ma]am formmg specws wzth PAM _
(r-0 06, df— 17 P>0 1) or AN (r=-0.35, df= 17 P>0, 1), but a,compaﬂmn of the ratio -

of malate (M) o aspa.rtatc (A) formers m the dystmphlc Burkea aﬁ'lcam commumt.}' fand o

the eutrophw Acacia spp. commumty 8 at Nylsvley snggested a relatmnshlr between grass

physxology and putrient availability. - Although these 31tes had very similar * alues of PAM o

~ the M/A ratio was- 41.-.60 % on the low nutrient soil and 20:80 % on the fertﬂe soil (Fig, _. '
73.1a). Al commun fies in the high PAM - low. AN region of the plane had M/A ratios

of 40 *3H:60 (i3) % and‘-thelugh ANcommumt:esZ 3, 5 and 8 had more than 80 %
aspartate formers (F1g. 7.3.1 a). The other h:gh AN commumnes 12, 15 and 16) had more__ g

than 60 % ar.partate formers except for commumty 10 wluch had an M/A ratio of 44.4:55.6 .

- % (Fig. 7.3, 1 2). These results suggested i hlgher occurrence of malatc fomung specxes on "
low AN soils, ‘There WETE 110 predlctabie trends with PAM anﬂ AN in the occurrence of -

rnalate or aSpartate formers on a peicentage basal area basis, and the bmmass at most
: 'cammumnes was dommated by aspartate formexs, : co

7313 Gowlfom

The occurrence of tufted species was negatively correlated with PAM (r=-0.65, df=17,
P<O, 01), indicating that there was a predominance of tufted species in the low PAM
communities. The first axis of a DCA of growth form types was negatwely correlated with

PAM (r—-(] 46 df=17, P<0 05). The trend w1th PAM was apparent on the PAM—AN'
plane where low PAM communities were predominantly tufted and hlgh PAM commun_mes

predominantly tufted-rhizomatous (Fig. 7.3.1 b). There was a mixture of growth forms in

most of the commumt:es in the nud-reaches of the PAM gradient (Fig. 7.3. 1 b) Growth
form was not sxgmﬁcantly corralated with AN.

7.3'.1.4_ . Mod of yeproducti

There were o trends in rnode of reproducnon thh PAM. and AN and most communities had
a relatwely hxgh occurrence of species that could reproduce both vegemuvely and sexually»
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Figure 7.3.1 Trends in graminoid community (a) physiology, (b) growth form and (c) fuel
production potential on the PAM-AN plane. Unless otherwise stated, the trends were
identified by ordination and classification of % basal area data. The functional classes are
Iisted in Table 2.3. The symbols indicate the predominant trait or traits in each community.
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- Oniy communities 2, 4, ’}‘ 13 and 19 had morc than 50 % basal area composed of obhgate-- S
sexual reproducers ' L R

7.3.1';5_' | Pu--“"_" jon

Low fuel productton potential, (the sum of productlon potentlal classes 1 and 2 in Table 23),

- was ncgatlvely correlated with PAM (r—-O 61, df=17, P<0.01). whﬂe the occurrence of

high fuel producuon potential (the sum of classes 6, 7 8 and 9) was wcakly pcmcvely |

_ correlated with both PAM (r= 0_417 df=17, P<0. 1) and AN (r-O 422 df=17, P<0. 1)

The first aJus ofa DCA of the nine fuel pmductxon potentlal classes was positively correlated
w1th “AM (r—-O 60 df= 17, P<0 01). ’I‘hesc results. mchcated that thore was a
predormnanoe of blomass with a low fuel producnon potennal at the low PAM sites and 2

where PAM was not hmmng, the fuel producuon potential was mﬂuenced by tho availability

of nutnents (F;g 7.3.1 c) o :

7316 - Succession

The occurrcnce of Iate stccessional species _Wés'p'oﬁtivdy correlated with PAM (f=0.56,_
df=17, P<0.05) but not correlated with AN (r=0.37, df=17, P>0.1). The occurrence of
mld-suocessmnal species was neganvely correlated w1th PAM (r=-0. 4'7 df=17, P<0 05)
and AN (r—-O 58, df=17, P<0.05) while the occun'ence of early suocessmnal sPecm was
unrelated to either environmental gradient. Species with Jate succcsmonal statts occurred in
the moiSt communities and although mid-successional _sp3cics occurred in all the communities
(except community 3) (Fig. 7.3.2 a), they iricreased in abundance with a decrease in PAM
and AN. The first axis of a DCA of successional status was weakly positively correlated
with AN (=0.43, df=17, P<0.1) and, with the exception of community 10, all the high
AN communities had a relatively high abundance of late successional speclcs (Fig. 7.3.22a).

7317  Grazing response

The occurrence of spocles that doclmed with over . unhsatlon (decreaser spectcc) was
posmvely coz:relatod W1th PAM (r-0 52 df—- 17, P<O0. 05) and the occurrence of specxes that
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Figure 7.3.2 Trends in graminoid community (2) successional status, (b) grazing response
and (c) palatability on the PAM--AN plane. Unless otherwise stated, the trends were identitied
by ordination and classification of % basal area data. The functional classes are listed in
Table 2.3. The symbols indicate the predominant trait or traits in each community.
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: mcmsed wnh over utxhsauon (mcreaser I Specws) wais nega.twe,ly correlated thh PAM |

(r--o 74 df--l'? P<Q. 001) These results mdlcated that there was a !ngher relanve basal -

~ ared of increaser two species in the more arid commmnnes (E‘1g 7.3. 2 b) The grazmg
: 'response of the grasses was not related to AN L '

318  Palambiliy

- The occurrence of h1gh1y palatable blomass durmg the early pa.rt of the growmg season was
weakly correlated with AN (r 19 43, df= 1’7 P<0. 1), suggestmg that soil fcrﬁhty has an
important influence on grass pal_atabﬂlt_y at t_ln_s stage irt the growing seasori, The occirrence
of low palatability biomass in the early season was negatively correlated with PAM (r=-
- 0.55, df--17 P<0.05), suggésting that there were more low palatabmty species at the dner
sites. The ocuuu'ence of hlghly palatable spec;es in the Iate and winter stages was positively E
correlated with PAM (r =(.55, df— 17, P<0. 05) and with AN (r=0. 50, df=17, P<0; 05),
suggestmg an interaction of the effects of PAM and AN on palatabﬂxty of the grammmd
layer. The results indicared that the palatablhty of the_granunmd layer at the more arid sites
 declined dram'atica]l'y' over the growing season in comparison with thé c":hange at the more
- moist sites. Whera PAM was not lmntmg, palatablhty was h1gh on the fertile mtes (F:g
A 3 2¢) ' : :

7.3.2 FUNCIIONAL CLASSIFICATION OF THE GRAMINOID VEGETATION -

The eigenvalues of the first 3 axes of the DCA of physiology, growth form,- mode of -
 reproduction, fuel production ﬁotential, successional status, gr‘azing Teuponse, pal_ata.bility and
seed characteristics were 0.09, 0.0% and 0.04 respectively (Fig. 7.3.3). The cumulative
percentage variance accounted for by the first two axes of the functional variable -
environment biplot was 37,8 and 69.8% and herce the first two axes were considered an
adeﬁuate représen_tatiun of the functional and environmental variables (Fig. 7.3.3). o

The first DCA axis was niegatively correlated with PAM (f=-0;57, df= i7, P< 0.{15) but not
correlated with AN (r=-0.04, df=17, P>0.1) (Fig. 7.3.3). The second DCA axis was
positively correlated with AN (r=0.64, df=17, P<0.01) but not correlated with PAM
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Figure 7.3,3 Plot of sites (%) and gmmmmd functional features (') of physwlogy, _mode of
reproduction, growth form, seed characteristics, fuel production potent:al, successional status,
grazing response and palatability, and environmentil variables (acrows) in relation to the first
two DCA axes. PAM and AN are the number of Gdays per annum and the A horizon total
nitrogen content (mg/kg) respectively. The a scale applies to the sites and species and the
b scale to the environmental variables. The scale of the arrows is X 2, The functional
aft~"" utes and classes are listed in Table 2.3, KEY : A = decreaser; B = high paiatability;
¢* v gefative and sexval reproduction; D = not awned and E = aspartate formers. -

(r=1.23; df=1; P>0.1) (Fig. 7.3.3)

The first axis described a plant available moisture gradient. Communities at the arid end of
the gradient were characterised by tufted grasses that had a low fuel production po.tentiai
(classes 1 and 2) and that were of early and mid-successional status (Fig. 7.3.3). Species
~ with low palatability, and species with increaser II status were common, Grasses in these
communities produced many small and medium sized seeds and the occurrence of plumed
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and barbed seeds was restriced (o these more arid sites (Fig: 7.3.3).

Cbmmnnities' at the moist end of the.ﬁmdiént;—were charactensed bjr tﬁftéd—rbizoma_t@us
‘species ‘and 'speCiés that could exhibit 21l growth forms such as Digitaria eriantha (Fig.
7.3.3). Fuel product:on potentlal in these moist communities was high (class&s 6 and ’7) ~nd
species with intermediate to high palazabmty and decreaser status were common, There was
‘a high occurrence of species with late-successmnal stats and a low productmn of large,

'awnedsecds(&g 733)

The high fertility cdmmunities were characterised by species that were stoloniferous or
 stoloniferous-thizomatous or tufted-stoloniferous (F'ig.. 7.3,3) and could reproduce
' vegetatively or sexvally. There was a predominarice of aspartate formers, decreaser species
and species with a high palatability. Fuel producﬁon potential was high in these
communmes‘ - Although I w-successmnal status specm were common, species that could
~ ocour across the successxonal spectrnm were also present (Flg 7. 3 3). |

Commumhes at the mfcrtﬂe end of the AN gradxent had a predommance of mxd—succesmmal
status species and a low to intermediate fuel production potennal Palatabmty was fow and :
unpalatable species occurred predominantly in the low AN commiunities. Increaser I species,

~ malate formers, and speéies with vegetative reproduction were common (Fig. 7.3.3). |

 The graminoid plant communities were divided into four groups o types on the basis of the
~ resuls of the ordination and classification of the functional variables (Fig. 7.3. 4) Functional
' g;gmp__ communities occurred at the low AN region of the PAM-AN plane (Fxg. 7.3.4) and
~ were characterised by tufted, increaser II, early and mxd-sucoesmonal species that had a lew |
fuel productmn potentlal and a low pa.la.tahﬂlty Functmnal group 2 communmes oceurred
~ on high AN soils (Fig. 7.3.4) and had a number of different growth forms, decreaser specm
late—sucqessmnal status, intermediate to high fuel production potential and high palatability.
 Functional group 3 was characterised by a mixture of furctional features that occtried in the
other groups. This group contained both low and high AN communities and was located in
 an intermediate position along the PAM gradient (Fig. 7.3.4). Functional group 4
' communities, which were moist and dystrophic (Fig. 7.3.4), were characterised by tufted-
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anure 7.3 4 Graminoid functional types {group 1 to 4) on the PAM—AN plane The sites
were grouped according to the hierarchical classification of the graminoid functional

attributes (Table 2.3). The lines indicate the groupings after TWINSPAN division 4, The
symbols represent the groupings after the ﬁnal dmsmn of TWINSPAN (division 6). S1te

numbers are as given in Table 2.1,

rh:lzomatous decreaser and mcreaser I mid— to Iate-successmnal species that had an-
mtermedlate to hlgh fuel pruducuon potennal and iow to mtarmadlate palatablhty (Fxg

7.3.4).

Coinmunity 3 was inc:iude_d in group 2 or the basis of the ordination results (Fig. 7.3.3)
although it was classlﬁed as a uniguie community (Fig, 7. 3.4). The uniqueness of community
3 is thought to be related to the fact that there was a low functional diversity at this site.
- Community 3 was characterised by 100% of the biomass being aspartate formers, decreaser
* species, of laie-successional status, with a hngh fuel production potential (cIass 6), and more

~ than 95% with a high palatability throughout the growing season and a tut‘ted-stolomferous

‘growth form. The other fentile communities had a higher functional diversity and the
-community 3 functional features occurred predomiriantly, but fiot exch_xsively at theSe sites,
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The subdivision of functional group 1 may be a bib‘geographical phehomfenon since
communities 9, 10 and 11 occurred in the north-eastern Cape wtule commumtles 12 and 14
“were located in the far northem Transvaal '

" The subdivision of'functionai group 3 into two groups of -commuhities S and 16 and
‘communities 1, 8, 13 and 17 may be related to a dxfference in available nutrients although
communines 5 and 8 had a szmilar AN status, ' '

 Although functidnal similatities of the graminoid communities enabled the derivision of
functional groups in relation to PAM and AN, the results mdicated tha’ rammom plant
communities with similar moistare and nutrient conditions did not ha.ve.: e sently similar
 functional features, Comuunities 1 and 6, and 15 aud 16 had similar cbndi. - sof PAM and
AN but were functionally different. S

7.4 - COMPARISON OF WOQD _ AND_ GRAMINOID FUNCTIONAL

\SSTFIC! IONS

There was a low degree of similarity in the way in which the woody piant and graminoid.
communities were classified into functional groups. The woody plants were divided into nine
functional types (Fig. 7.2.4) in combaﬁson with seven functional types of the graminoid layer
(Fig. 7.3.4). Although there were some similarities in the four woody plant and fonr
graminoid functional groups, only communities 9 and 12, 1 and 13, 6 and 7 and 18 and 19
had similar woody plant and similar graminoid communities as reflected by the final
'TWINSPAN division. ' :

The lack of similarity was attributed to the fact that the functional features of the woody
plants were primarily related to differences in AN while the graminoid functional groups
primarily reflected the PAM gradient, This suggests that the woody and grammoid
camponents of the vegetation were not related functionally in the same way to PAM and AN,
In community 14, for example, the graminoid functional features reflected the low PAM
status of the site but the woody plﬁnt component had _functibnal features that were
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| charabteﬁstic of high PAM envuonments Commumnes 5.35d 8 had sumlar woody'.

| functional features but Jmse of the graminoid layer. were d:fferent. S1mﬂarly, the grammmd '
components of commumties 4, 10 and 15, which were classxﬁed as unique on the basm of_ :
thexr woady functmnal features, were ﬁ.mctmnally smﬂar to other. cemmunmes '

An important conclusmn that emerges from a companson of these clasmficauons is that they

 both mapped raasonably well onto the PAM-AN plane, mdlcatmg that it may be useful asan -
overall framework for the funcuonal clasmﬁcatmn of savanna types These results mdmate o

that it is necessary to consider the woody plant and grammmd cumponents of savamas as
separate functional gmups Different models would have to be developed for each of these - '
: components for the predlcnon of change in savanna funcuon in response to changes in PAM_ _'

..r.t must be bom in mmd however that the natum of the funcuonal fmmres used to denve _
" the classifications will have mfluenced the flmctmnal types de.nved and the relatlonshlps of -
thesetoPAM andAN o o R

7.5.1 WOODY VEGETATION

The major difference between the woordy floristic and functional cléﬁiﬁcéﬁdns was that the

ﬂoﬁsﬁc groupings were priﬁlarily related to PAM (Fig. 5 2.1y while the funétional groupings |
reflected the AN gradient (Fig. 7.2.3). The importance of AN was also reflected in the
floristic clhssiﬁca_tio'n of the woody plant communities based on thehlgher taxonomic level
of selected subfamilies. a ' ' o '

There were seven final floristic groups (Fig. 7.5.1 4) in comparison with eight functional

groups (Fig.' 7.2.4). This sugg_esteﬂ that classif}aﬁig the communities on a -function_al basis
did not reduce a large number of floristic types into a smaller- number of functional types.
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Figure 7 .5.1 The ﬂonstlc groupmgs of the (a) woody plant and (b) granunmd communities
as derived in chapter 5. The lines in fig, (a) indicate the seven woody plant floristic types
(veg 110 7) and the lines in fig. (b) indicate the stine gramineid floristic types {veg 1 to 9).

A comparison of the floristic and structural classifications indicated that there were
commumtxes that were" ﬂonstxcally and funcncmally similar, such as the eutroph.tc _
commumtles 2, 3, 5 and 8, the arid communities 9 and 11 and the moist, dystrophlc |
~communities 18 and 19, There were comn_lumues that were floristically different but
functionally similar such as the Burkea africana cor’hmunity- 6)atN ylsvley, the Combretum
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- spp. commumty (7) at Nylsviey and the Sclerocatya - Temmalta commumty (17) i

‘Timbavati.. There were: also communities that were. ﬂonsucaﬂy smulai‘ ‘but funcuonally C
d:fferent such as the aud Co!o,phmpemwn mopaue community us that ‘was related _

- floristically to the other far northern Transvasl communities (12 and 13) but funcuonaliy o
- the hzgh PAM Pretoriuskop commumt:es (18 and. 19) ' -

' The floristic groups in part reﬂectecl the geograpllical separation of the savanna regions smca |
-~ the Rooipoort, far northem Transvaal and eastern 'I‘ransvaal Lowveld sites were grouped
accordmg to region, mespecuVe of differences in PAM and AN. ~ The functional

_--clasﬂficatmn did not: reﬂect these regmnal groupings and commumtles were. combined into | .

funictional types irrespective of their geOgmptucal locatlon, for example, flmctxona.l type 3
' included communities from Roolpoort, the far northem Trausvaal, the eastern Tmnsvaal
'Lowveldandm | - - o o

'_ A common feature of both the floristic and functmnal class1ﬁcatlons was that commumues .
i similar posmons on the PAM-AN plane were not always ﬂonstma]ly or funcuonaliy' |

- similar,
752 GRAMINOID VEGETATION

Both the grammozd floristic (F1g 5 2 5) and functmnal (Flg 7.3.3) clasmﬁcauons were
: pnmanly related to PAM: W1th the AN gradient of secondary m:portance. The pnmary S
" importance of PAM was also reﬂected in the floristic classtficatlons based on t.he higher

taxonomic levels of subfamily and tnbe.

There were nine final floristic gr‘oups (Fig. 7.5.1 b) in comparison with seven. funcﬁdnal
groups (Fig. 7.3.4). 'I'ius sugge&ted that the ﬁmctmnal clasmﬁcanon of the communities did _
reduce the ﬂonsuc types into a smaller number of functional types.. Tl'us was esPeczally
obvious for communities 1, 4 and 11 thCh were ﬂonsncally dlsnnct from but funcuonaliy _'

- gimilar to other commumtxes
A comparison of the floristic and structural classifications indicated that there were
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- communities that were" ﬂonsncally and ﬁmcuonally sumlar, such as the eutmphxc

-oommunmes 3 and 16, the arid commumnes 9 and 10 and the moxst dystmpm communities | .
6, 7, 18 and 19 -There were: commumtm that were ﬂonsucally dlffezent but functtonally..:j o

similar such as commumty 11 which was functmnally related 1o commumtles 9 and 10. and -
commumty 1 which was functlonally related to communities &, 13 and 17, 'I‘here were also
communities that were ﬂonsucally similar but functmnally different such as communities 2
and 3 and 15 and 16, With the exceptmn of commumty i3, the arid sftes were dzstmct :
: _flonstlcally and functmnally ' : ' ' '

- A common feature of both the floristic and funcmnal classlﬁcauons was that commumues
in snmlar pos1t10ns on the PAM-AN plane were not always ﬂnnstmally or ﬁmctmnally'

7611 Leaf duration

' The high occurrence of deciduousness in all communities mth:s study was not unexpected

since most African savanna woody plants are semi-deciduous or deciduous (Frost ef al 1986). * -
The temporal pattem of leaf pmduction and loss in response to the seasonal availability of
water in savannas is considered an important charactensuc of the water relations of savanna
trees (Goldstem and Sarmiento 1987). Drought-dec;duousness has been 0bserved to increase
as precsztauon decreases (Schulze et al 1987) and tlus may account for the trend m'.
deciduousness with PAM found in this study. The observation that trees and shrubs in arid
savannas tend to be more dlstmctly deciduous than in mmst savannas (Huntley 1982),

suggests that the duration of PAM has an 1mportant mﬂuence on the way in which deciduous
species functmn It is likely that any one Spemes wouId exh1b1t a plastlmty of txmmg of leaf

- loss over a range of PAM
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Demduousness is also related to ths oocurrence of ﬁre dunng the dry seasoen smce Ieaf loss __
prior to the ume of burmng enables plants to avoxd loss of photosynthate by damage to leaf N
material (Bate and Gunton 1982, Frost 1984). Since fire is infrequent in arid savanaas but
isa regular phenomenon in moist savannas (Huntley 1984), declduousness in moist savannas
may be fire rather than drought relat:ed '

_ Savanna eve.rgree.n Spemes survive drought conditions wnhout the loss of phobosynthehc-' -
~ tissue. This was observed in the droughted far northern Transvaal communities (12, 13 and
~ 14), where evergreen spemes such as Boscia albitrimea were fully leafed while the deciduous

. woody plants such as the Grewia and Acacia spp. were sheddmg the:r leaves. Although

| evergreenness is an adaptation for nutrieat conservation (Goldstenn and Sarmmnbo 1987), the _
- retention of Ieaves during the dry season means that evergreen species are susoepuble 1o

tissue loss by fire,  The mgher occurrence of evergreenness in the low PAM mmmumtles
in this study may be due to the absence of very hot and regular fires at- these arid sites

(Huntley 1984)
-7.6.1';‘2 | M"@m_m

| Many theories have been advanced tu aocount for the adaptwe sxgmﬁca.nce of tree leaf szze,
rela.ung to.the regulatmn of leaf ﬁemperature, to water-use efﬁcxency and to nutnent econnmy

 The trend m the occurrence of large leaves with PAM observed in this study can be
explained on the basis of thermal regulation and water relations. Leaf size, shape, type and
surface characteristics have an important influence on the leaf energy balance since both
water vapour and heat transport are affected by the aerodynamic propemes of leaves. The
aerodynamic properties of smali leaves enable them to stay closer to air temperature than
larger leaves, eveh when stomata are closed. Thus a high occurrence of small leaves is
~ expected in environments where stomaté are closed for part of the day d‘ue"to water’ étre'ss _
caused by drought or high evaporative demand (Solbrig 1987, Schillze Robichaux, Grace

Rundel & Ehlennger 1987) Larger leafed savanna spemes are consndered to be less drought
. tolerant than those wrch smaller leaves (I-Iuntley 1982, Goldstein and Sarnuenm 1987) and
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hence are expected to occur in moister areas.

The lack of any trend in Ieaf type with PAM is interesting since cutrent theories constdat'_ |
compound Ieavm an adaptattﬂn for copJ.ng with water sttess '

The significant trend in leaf sweand typethh AN in‘ this study suggests 'th_at there .is.spme' o
adaptive advantage of having small leaves in fertile environments or large feaves in infertile
_environments, There 1sas yet, however, no convincing theoty to explain the functional
relationship of leaf size and soil fertility (Scholes, M.C. pers. commm.).

- Leaf size may have co-evolved with spinescenice in response to hetbivory of palatable species

| because spinescence is most effective as a defence strategy in combmab.on thh small leaves

 (Dunham 1980b). This would not account for the ocourrence of unpalatable and unarmed
species with small leaves, however Because small leaves hava a lower shading effect than
large ones, 4 tree with small leaves can have & greater number of layers of leaves in a gwen:"
helght interyal for the same amount of ]Jght (Orians and Solbng 1977) This may mean that N
the small leafed species have an increased photosynthetic surface reiative to large leafed

species and hence can maximise the use of freely available resources. Large leaves may be
~ less susceptible to nutrient loss by leaching than smail leaves and hence would be imjiortant '
for the nutrient economy of woody plants in resource poor environments. Plants growing
_in low resource _environments have reduced: growth potentials and long-lived tissues as a
means of reducing resource demands (Chapin, Bloom, Field & Waring 1087). Thus, large
 leaves may in some way be related to low growth rates and leaf longevity. The adaptive
~ significance of leaf size in Mediterranean environments has been explained using both

nutrient deficiency and heat stress arguments (Cowling & Campbell 1983),

7.6.1.3

Palatability was expected to be positively related to soil fertility since thie production of plant
metabolic constituents (protein and soluble carbohydrate) is strongly influenced by soil
nutriént availability (Bell 1982), Bell (1982) suggested that the food quality of savanna plasits
i determined by the ratio of metabolic (M) to structural carbohydrate (S) constituents where
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'hlgh MIS ratios are mdmatlve of good quahty food. Unpalatab!e species- have chenucal | S

deterrents or low nutrient contents or hlgh hgmn and ﬁbre contents that make the Ieavck
tough (OWen-Smith and Cooper 1987). B '

A compazi;son of the j;)alatabﬂiﬁes of the Jow AN community ©® and the sigh AN commumty _'
(8) indicated that the expected palatability - soil fertility trend occurred at Nylsviey, as
recorded by Owen-Smith and Cooper (1987), but was niot reflected over the entire range of
sites sampled 'A--po_séibie explanation for the lack of a trend in palatablllty with AN was '_

'related_ to the fact that.t{:e..t'tain species s_uch-as Acacia burkei, A, 'er.z'alaba, A mellij‘ém, 4.

tore s, Combrenbn' apiculatum, C. molle, Dichrostachys cinerea, Grewia flavescens,
 Sclerocarya birrea and Ziziphus mucronata occuxred abundantly on low fertility soils but
- were considered to be lughly aoceptable to browsers (Owen-Smth and Ni ovelhe 1982, OWBI'I- :
Sxmth and Cooper 1987) -

The rough palatabmty esﬁmate used in this study, based on data collected from the literature
-tather than from obsexvahons at each site, must be interpreted with some caution. This is |
‘because the aooeptabﬂny of any one plant species to herbivores can vary spanaliy and -

temporally with soil type, growth stage, growth season, the type of browsers present and the =

availability and acceptability of co-occurring plant species (Pellew 1984, Cooper, Owen-
Smith & Bryant 1988, Owen-Smith a1d Cooper 1988). Research has shown that even species
such as Ochna pulchra and Euclea natalensis that are classed as unpalatable are wten at -
~ certain times (Owen-Smth and Cooper 1988)

'The positive relationslﬁp between the occurrence of spinescence and AN observed in this
~ study supports the hypothesis that woody plant anti-herbivore defence straic » related
to soil fertility. Structural defences were expected to be comron on eutropnn, nt)‘..l& and_
chemical defences common on dystrophic soils. '

Milton (1'991). found that spinescen'ce was weakly related to soil-nutrient status at a regional
scale in southern Africa and that nutrient-rich habitats in arid areas were more spinescent
than the surrounding dry plains. Owen-Smith and Cooper (1987) found that plants with
chemical defences were common on infertile soils and plants with structural defences on
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nuttient rich soals at Nylsvle;,

Both the nature and quantity of plant defences are determined by resource availability (Coley

et al 1985). Low?ésou:ce environments have plants with slow growth rates and high levels .

.(‘-4:' defence while high resour«,e environments have plants with faster growth rates and lower

deferce levels, Slower growers have higher defences because as the potential growth rate
becomes more limited by resource avaﬂabmty, the replaoement of resources Jost to
herbwores becomes more costly (Bell 1982, Chapm et al 1987)

'The structural defenm of palatable plants on fertile soils are thought to have evolved in
response fo hlgh herbivory of these species (I-Iuntley 1982, Cummmg 1982, Milton 1991)
since spinescent species have some of the highest crude protein and lowest fibre contents
recorded (Pellew 1984, Cooper and Owen-Smith 1986). Structural defences do not
‘completely protect palatable plants. from herbivory but they reduce foliage losses by
restricting the eating rates of herbivores below the levels that might otherwise cecur (Cooper
and Owen-Smxth 1986). Plant thorns and spines restrict bite sizes to smgle leaves or leaf
clusters and the combination of small leaves and spinescence appears to offer the greatest
protectlon from browsers (Dunham 1980b, Cooper and Owen-Smith 1986). The varying

forms of spinescence differ in their effectiveness against d:fferent sizes and feeding |
techmques of browsers (Cooper and Owen-Sm1th 1986). - |

7.6.2 GRAMINOID VEGETATION
7.6.2.1 Phenology

Although a predormnance of perennial Specms was expected at all the sites, the occurrence
of annual and facultatwely perenniat species was expected to be negatively related to PAM. -
More annuals were expited in the drier communities because plants with this phenology are
able to survive unfavouable climatic periods as seeds and then germmate and grow in
response to effective rainfall. The lack of any relationship between phenology and PAM may
b_e because anauals only become 1mpgrtant in extremely arid environments, at rainfalls less
than the minimum rainfall sampled in this study. McNaughton (1983) found that perennial
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~ plants donunated in.16 out, of 17 Se.rengsn grdssland cnmmumues sampled over a mmfall- -
o '-gradlent of approxzmately 400 to approxlmately 1000 mm per annum.

 7.62.2 Ehxsmlggx .

A relationship between the occutrence of malate and aspartate forming species and PAM was
 expected since malate formers have been shown to become more abundant with increasing
rainfall, whﬂe aspartate formers showed the opposite tendenf-y (Ellis er af 1980). From a
prehmmary mvesngauon of 7 savanna sites, Htmtiey (1982) predicted a high mtto of N

. aspamte to malate formmg specles in and areas and 2 low ratic in moist areas, '

| The results of thls study did not. show the expected rc:lailonshlp hetween grass physxology and
- PAM but there was a weak trend hetween grass phys:ology and AN with- more aspartate'
 formers on fertile soils. This trend supported the resuits of the phymologlcal studxes of Tew,
_ Grossman, Faxr & ("resswell (1974), which suggested a link between grass photosynthetw'
‘type and soil mtrogen content. Tew et aI ( 19?4) found that aspartate formers Were assocwﬂi __

' with soﬂs of Iugh nitrogen content and malate fonners on low nztrogen soﬂe A relatlvely .
low leaf tissue N content has been recorded in malate fonnmg grass Specle.s such as'
 Hyparrhenia rufe (Medina 1987). Tew et al (1974), however, postulate that it is the level
of reduc_ed _mtrogen rather than lan!al mtrogen that i is the effective edaphic control,

+ possible explar__l_aﬁwn for the lack of a trend with AN may be that the apparent écolog’idal '

' association betwes~ mesic environments and malate formers (mostly Panicoideae) and arid
environmients and aspartate formers (mostly Chiprideac) breaks down with regard to the
Arundinoideae, éspecially the Arisrida spp., which are malate formers but have a high
oceurrence in dry regichs (Gibbs Russell et al 1990). Another reason maj,} G that the trend
with PAM was masked by the lumping of NAD-ME and PEP-CK aspartate formers into one

- functional group. Elhs e al (1980) have found that within the aspartate forming group, the
NAD-ME type dominated in areas of very low prec1p1tatmn (less than 200 mmlann } while
the PEP-CK type formed a. group mtermedmte between the NAD-ME and the malate
formers, Malate and PEP-CK formmg species have been found to exhszt man}' anatommal
similarities (Ellis ez af 1980) ' ' -
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7623  Growth form

Graminoid growth form has important functional implizations because it influences the
acceptability of grasses o grazers (O’Reagain and Mentis 1989), enables grasses fo survive
herbivory and fire (Stuart-Hill and Mentis 1982, Danckwerts & Stuart-Hill 1987, O*Connor
1991), facilitates competition for resources (Goldstein & Sarmiento 1987) and influences the
recruitment potential of grasses. -

“The results of this study suggested that the ocourrence 'Qf esoloniferous and rhizomatous
growth forms was related to PAM since species at the arid sites were predominantly tufted,
This may be because 4 tufted growth form has an adaptive advantage for survival in low
PAM habitats or that stoloniferous and thizomatous growth forms have an adaptive advantage
for survival in moist habitats or that species in arid areas reproduce mainly by seed and
hence lack vegetative growth features. Clump forming grasses are characteristic of dry
prairies (Knight 1965), Clonal reproduction of herbaceous perennials in a Mediterranean

- grassland was found to be mote effective in an environment with 4 less pronounced summej:'
water deficit (Montalvo ez af 1991), | a o

Stolons and rhizomes are important 'adaptive mechanisms that enable grasses to survive
herbivory ami firs (Stusrt-FIill & Mentis 1982), both of which are expected to e of 2 “igher
frequency and intensity in moist than in arid savanpas, These vegetaﬁve structures facilitate
the storage of photosynithate which can be used for the regeneration of new plant tissue after
defoliation by grazing or burning. Grasses with low or decombent growth forms have a
greater chance of escaping herbivory since they are less accessible to herbivores than taller
and more upright forms (Danckwerts & Stuart-Hill 1987), Species such as Urochloa
- mosambicensis exhibit growth form plasticity in response to herbivory which enables these
species to tolerate heavy grazing (O’Connor & Pickett 1992), Fire is expected to be more
detrimental to erect than to basal grass species (Silva, Raventos & Caswell 1990, in press).

Growth form is also related to the ability of a graminoid species fo compete for resources
such as light and space, The availability of these resources is more limited in moist than in
arid environments (Stuart-Hill & Mentis 1982), Consequemly growth forms tha prdv_ide a
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- competitive advantage for resource accumulauon would be favourad in mmst areas. A
stoloniferous or rhlzomatous growth form may provule such an advantage. o

Stolons and rhizomes enable graminoids to propagate by vegetative growth. The maintenance
of grass populations depends in part on the availability of vegetative or sexual propagules for
recolonising gaps caused by drought and grazing (O’Connor & Pickett 1992).

.7.6.2.4 | _ uel. roduction potential

‘The observed trend in fuel production potential in relation to PAM and AN was expected
" since species characteristic of high PAM and AN environments ‘have a h1gh biomass
productior: potential, - The infrequent occurrence of fire in arid environments (Huntley 1984)
is related to the low availability of fuel in the herbaceous layer as observed in this study.
Research in the Kruger National Park has shown that fires will not spread when the fuel load
is less than 2000 kg/ha and this fuel load was related to communities with a low to very low
fuel score (Trollape & Potgieter 1985). One problem with these results is that the e:stimlati_on N
of fuel producti@n potential is subjective and estimates the inherent or geﬁeﬁe potential of
each species rather than the actual production in relation to conditions of PAM and AN
(Trollope et al 1989). o

7.6.2.5 Grazing response

A consideration of the responses of species to grazing is an iniportant way of assessing veld
condition for'monitoring sustairied fora.e produétmn.and susceptibility of the veld to erosion
(Trollope ef ol 1989), Although grazing response is directly related to disturbance, PAM (in
combination with fire regime) has been found to influence the responses of grasses to
utilisation. Trollope et ol (1989) hypothesise that rainfall is an underlying control on the
response of veld in the Kruger National Park to hervivory and fire, High rainfall in the
- Lowveld Sour Bushveld areas of the Park is thought to facilitate the developmient of
predominantly unpalatable increaser | communities in the absence of burning. Trollope ef
ol (1989) suggest that these increaser I communities represent the climaric climax on these
soils *nd that the decreaser stage observed in other tandscapes is the climatic climax because
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the lower annual rainfall of these areas limits further succession.

The gralter oceurrence of incredser 11 species in arid communities and decreaser spemes in

- mozst communmes m this study may be because i increaser 1I species ate better adaptod to

survive in more harsh enwronments These results also suggest that arid rangeland is less -
suitable for grazing and more susceptible to degradation by_overgra_zmg than moist rangeland.. ..

7.62.6  Palatbility
- The acceptability of grasses te grazers is 'inﬂuonoed by several factors including the time of

season (Goorgmdzs & McNaughton 1990), the avaﬂab:lzof of other specms, the occumenoe'
of piant antxherbwore defences {(Stuart- Hl]l & Mentis . 1982) and grass growth form

(O Reagam and Mentis 1989)

‘The observed trends in pa]atabzhty w1th AN in ﬁus smdy were expected since grasses |

- growing on fertile soﬂs have boen shown to have hlgh metabolic to struotural c:arbohydmte‘ . |

ratios and hence to be hxghly acceptable to grazers (Bell 1982) Plant structure also .
influences acoeptabﬂlty to grazers and cattle were found to prefer species that were Ieafy and
non- stemmy (O’Reagam & Mentis - 1989). The acceptabmty of grass spocles to grazers .
changes seasonally as a result of ‘seasonal changes in’ cmde, protein levels and in plant
structure (O Reagam & Mentls 1990, Georgladls & McNaughton 1'990)

Chemical antiherbivore defences occur in some grass species such as Cymbopogoﬁ excovam_s_'
and Elionurus muticus (Stuart-Hiﬂ and _Mentis 1982), Chemical protection may be due to
to:ticity or to compounds such as fibre and ligﬁ_in that reduce the digestibility of the plant
‘faterial. This Jatter form of defence occurs in species such as Eragrostis curvila; Grasses |
also have physical features that provide protection from herbivory. Such physical features
include high leaf tensile strength, hairiness and stemmyness. Stemmyness is vié%ﬁ asa

defence mochamsm analogous to spinescence in woody specxes sinice it reduces herbivore bite - -

size andl feeding rates (O Reagain & Mentls 19895, As disoussed for the woody plant:
species, graminoid species with chemxcal defences are most common on dy=ttophic soils.

155



- _A common way of descnbmg the palatabﬂlty of the herbaceous Iayer in south Aﬁ&wm o
' savannas m relation to PAM and AN is by the identification of "sweet’ veld and "sour’ veld.

Sweetveld is considered to oceur in arid areas on fertile soils while sourveld occurs in moist |
dystrophic envuonments (Scholes 1991). bweetveld contains. pa]a:able species such as
: Panicum maximum, Digitaria spp., and Cenchirus cilfiaris, while species suchasliypanfzenm o

hina, Dzhetempagon amplectans and Pogonarthrig squarrosa (Gertenbach 1983) gecur in . -

. sourveid Huntley (1932) states tiat moist savannas chaxacteﬂsucany produce herbage of
: lngh buik and low nutnﬁve value. | -

- ’-The functwnal vanatmn of the woody plant component was related w0 the ava:labxhty of
‘nutrients while that of the grammcud layer was pnmmly mlated to plant available moisture,
R The woody plant and graminoid communities were not groupad fum*txor'ally in the same way,
- suggesnng the need for the development of sepa.rate models for the predlctmn of ﬁmcuonal_. o
} 'change in response to changes in PAM and AN. Woody plant and grammoui commumtxes

© with similar conditions | of_ PAM and AN did not have conslstgn_t__ly similar “fanctional

characteristics but both classifications mapped _we_l_I onto the PAM-AN plane suggesting that

it may provide a _suitablg overall framework for the class_iﬁcation' of savannas on #functional |

basis, -
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8.0 DISCUSSION -

8.1 INTRODUCTION

“The aim of this study was to test the prediction that savanna communities with similar
conditions of plant available moistare (PAM) and available nutdients (AN) have similar
structural and funcﬁonal features. -The objecnv&s were (1) to develop ecologically )

~ meaningful mdxces of PAM and AN, (2) to ‘classify the sampled savanna types ﬂonstm]ly,.

structurally and functionally and to relate these clasmﬁcatmns to PAM and AN and to one

another; and (3) to relate the findings of this study to current hypotheses about PAM and AN

related ﬂonstic, structural and ﬁmct:onal trends i in savanmnas,

This chapter discusses th'e results of this snidy in the light of the aim and objectives. The
first section discusses issues relating to the indices of PAM and AN 'I’he second section
cousiders the clasmﬁcauon of the savanna typea in selation to PAM and AN. The third

section oonmders the ocmpanson of the floristic and functional clasmficanons. Fmally, the

unphcatlons of the results of this study for fiture research are dxscussad

8.2 PAM AND AN INDICES

Because PAM and AN are considered to be the primary determinants of savahna strucm'
and function, the PAM-AN plane has been proposed as a Suitable Mewbrk for the
comparison of savannas on a structural-functional basis (Frost et al 1986). The potennai of
this approach hinges on the developme.nt of satxsfacto:y indices of PAM and AN for the
quantification of the PAM-AN pIane (Solbrig 1990). There has been much debate mmm_ the
forum of the RSSD programme about how these indices should be _deﬁved and several
approaches to the development of PAM ard AN indicss have been suggested (Frost er al
1986, Solbrig ¢f al 1988). There is general consensus that the indices should be biologically
meaningful, as simple .1 vossible to calculate and should be transportable both spatially and
temporally. In developing suitable indices there must inevitably be a trade-off between

increasing complexity of the index and the availability of the necessary climate and soil data. -
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The effort-to—iufonnaﬁon iatioof the index must be assessed, The issue of spahal scale must
also be taken inm_éccount and it niay be that different indices are needed for intra- and infer-
com:_inental.compéri_sons. The develdpn}em of biologically meaningful indices is-a difficult
task because it requires a simple measure of the complex"'ways in which plants respond to
" the availability of water and numents, both of which are difficult to index in namrai

environments. -

The PAM index used in this study is biologically meaningful. It reflects the duration of the
growing season based on the temporal dynamics of soil water potential in each of a number
of soil horizons. Itis nnportant to have an index that reflects seasonality becavse all savanna :
regions are characterised by a marked seasonal effect (Walker 1985). The water balance
model used to dexive this index includes the modifying effects of soil properties on the water
' budget. Soil property differences at the commumty scale have been shown to have a marked

influence on PAM (I{noop & Walker 1985) g - '

- In terms of the cffo_rt—to-ihformation ratio, the soil water bala:;de_ model approach to indexing
PAM yields a detailed index with a high degree of information. The data required for this
level of detail such as the depthk, bulk density, stone content, prganic ém_‘bdﬁ content and soil -
" water holding capacity of each soil horizon, however, mean that the effort component is 2lso
 high. ‘The results of this stuay show that the PAM index derived from the soil water balance
model provides a suitable basis for the comparison of savannas at the community level, the
 scale at which savanna: are managed. However, the usefulness of this index must be
balanced against the data and computatmnal reqmrements of the soil water balance model,
both of which may 11m1t its apphcabzhty asa general PAM mdex

' numuer of di,ffei'ent approaches to the -development of AN indices were tried. These |
s~maaches encompassed various degrees of complexity and the indices derived varied in their
. eSfort-to-information ratio, An impertant aspect of the assessment of the indices was. fiow
easily they could be altered to include additional soils. The reference indices had a high
effort component but they were COIISIdereu to be biologically meaningful since they reflected
' nutrient availability in terms of soil-plant interactions. The effort required to determine these

 indices limits their potential for the quanuﬁcatxon of the PAM-AN plane but the results of
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th.ls smdy mdlcatethat they prcmde a smtablemeans for assesmng the usefu]ness ofother- -
 indices that are easier to denve. The single factor indices had a relattveiy low effort-to-

.mformanon ratio and. correlated well with the reference mdlees The results of tlns study

indicated that the single indices based < mtrogen avaﬂabﬂlty, soil texture and pereentage "
~ organic carbon. are potentially useful for the quanuﬁcatlon of the PAM~AN plane because _
-they are sunple to derive and ecologically meanmgful Of these, total mtrogen in the A
__honzq 1 was used as the main Adeex in thxs study because it is easy to measure, prowdes
an lﬂd&‘i w1tl10ut oomphcated calculatxons, relates well to. the reference indices and is a
lmutmg nutnent in savanna systems (Medma 1987 San Ioée etal 1991) )

- For the purpnses of tlus study, PAM and AN md1ces Were sought that best reﬂected the
__ average condmons of water avaﬂabﬂuy and soil fertlllty at the commumty level. ‘An average'
. _mdex of tlus nature does not take mm account spatial and temporal variations in PAM and
AN it scaIes above and below thte commumty levei that affect the structure and function of
savannas communities, _The seesanal dynamics of nument avaﬂabmty and the spaual {patch
. sca]e) pattems of nutnent distribution that oceur within savanna communitles (Keﬂman 1979,
 Bate & Gunton 1982 were not reflected in these AN indioes. These temporal and spatial
pattems have been shown to mﬂuence savanna structure and funcuon (Wa]leer & Knoop
1987, Georgmdxs & McNaughton 1990), Events at larger scales such as droughts and floods B
may have an mﬂuence on savanna structure and function for long penods thereaﬂer ('I'mley _
- 1982) - :

 The fict that PAM and AN do rot vary independently of one another, because water
availability influences nutrient ‘availability, has been a concern within the RSSD forum _
(Solbtig 1990) because it means that the axes of the PAM-AN plane are not orthogonal. The
results of this study indicate that although orthogonality of the axes may be desirable, it may R

.not be necessary t‘or the purposes for which the PAM-AN plane is to be used. Vanatmns -

- in the floristic and functwnal characteristics of the communities mapped well onto the PAM-
AN plane uzed i in this study, The mdlces of Gdays per anpum and total mtrogen inthe A
‘horizon were uot correlated. - ' :
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‘83 FLORISTIC, STRUCTURAL AND FUNCTIONAL CLASSIFICATION

The results of this study indicated the importancs of the primary determinants of PAM and
AN for the compositidn,. structure and funct_ioh of South African savanna communities. The
 results of the floristic classification of both the woody plant and graminoid communities
~ supported the conclusion that water is the major environmental deterrninant' of species
composition ih -savannas (Huntley and Waiker 1982). The observed primary influence of
PAM and secondary. influence of AN on spemes compomtxon has been hypothes:sed (Bell

- 1982, 'I"mley 1982). - : - |

The structure of the woody plant and graminoid communities was primarily related to PAM
‘as suggested by Cole (1982). There was a range of structural types in all regions of the
‘PAM-AN plane as hag been observed in other African savannas (Belsky & Amundson 1990,
submltﬁed)

The funcuonal trends in the gmmmcud communi,iss were predommantly related to PAM but
the woody functional features trended predonunantly with AN, . The apparent primary -
- influence of PAM on the functioning of the graminoid layer is mterestmg since soil nutrient
content has been shown to be very important functionally in the graminoid layer (Olsvig-

Whittaker & Morris 1982, Theron, Morris & van Rooyen 1984), The influence of AN on,

for examble, grass p.ﬂatabxhty is rriarked within communities at the patch scale and the

‘importance of this determinant in this study may have been masked by the average AN index

derived for the commumty level of resolunon : o

The woody plant and granﬁnoid components of eleven of the nineteen communities were not.

grouped into functional types in the same way. This lack of functional simi_lhiity between |
vegetation ‘comoonents of the same communiﬁeé_- has been observed in Wisconsin forest
vegetation (Knight & Loucks 1969). There was a considersble variation in the predominant
understorey plant functiorial features between stanus dominated by the same tree species in
this forest vegetation. Knight & Loucks (1969) suggested that functional features of the
understorey vegetation could be used to mterpret enwronmental mﬂuences that were not
_appaxent from the arboreal vegetatmn. ' '
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The apparent d:fferenoe in the unportance of the primary determmants on the functzon of the
graminoid and woody plant commumtles indicates that separate models will need to be .

| developed for these two components of the ‘vegetation for predictive purposes Sepatate'
models for predlctwe purposes would take into account the fact that woody plants and grasses
respond to ‘changes in the primary determinants at different spahal and temporal scales.- The -
herbaceous layer of semi-arid savannas, for example, changes rapxdly in response tooenual -
rainfall vanabﬂlty (O’Connor 1985) ' B '

A common feature of both the woody plant and grammmd functional clasmﬁcatxons was that
sites with similar conditions of PAM and AN did not have consistently similar funcnonal
. cha:actensuoa ‘%xcept i extreme conditions it is unliely that plant communities undef '
- similar conditions will be cor posed of exclusively sir uar strateg_les (Grime 1985).

A word of caution is needed about the way in which the funcfional data were collected. A
large pomon of the functional data, such as eéﬁmates of palatability, leaf'site and grazing
response were collected from the hterature These estimates therefore reflected the geneuc "
potential of each species ‘rather than site specific information. Many of the features were
| apphed mdueotly through species Menuﬁcahon and this method does not take into account
the effects and implications of plant plastxcxty Speoies niay Vary in adaptat:lon depmdmg on
genotype and habitat of the individual plant (nght 1965). Refiried field observations are
necessary t_o incorporate intra-species variation into a structural~ funcnonal classification. If
~ the structural and functional features are assessod in the field, the effects of plasticity will
' be accounted for, There are two other problems associated with this approach. Firstly, there
is a paucity of data in the literature on a number of life histoiy attfibutes, especially of
 woudy plant species. Secondly, the data of features that exhibit a seasonal variability such
as ﬂowering time cannot be extrapolated from one area to ariother with a high degree of
confidence. Consequently site specific records of these features over the medium to long
term are required. The ’snap-shot’ approach to samphng in this study (appronmately one
week per sue), preoluded the obsewatlon of seasonal changes. '

A relatively small.numbér of funcﬁonal attributes were _os'ed to define the woody plant
functional types in this study in comparison with the number used in other studies. The -
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woody plant communities were clasmﬁed on the basis of five functional attnbutes wtth atotal
* of nineteen attribute classes. Warger and Sprangers (1982) used 62 stzuctuml-phymognomm .
characmnsucs and Knight and Loucks (1969) used 29 feamres Monullvo et al (1991)
concluded from a comparison of comzmunities using non-taxonomic attributes that the number
of attributes influences t_he'ex_tent of possible inferences that can be drawn from the resulﬁng
classification, The choice and number of functional features used has been found to influence
the classification derived (Webb e af 1976, Werger and Sprangers 1982), Leishman and
Westoby (1992) used a Jarge number of traits in order to prevent the classification from be:ng
dominated by preconceptibns as i0 which traits are best cortelated with others or are most
* important in themselves, Montalvo et af (1991) used a high number of attributes in order
to obtain a -bro:_id.characteﬁsation of each species without the @ priori assumption that some
. attributes are more important than others. It is Suggestéd therefore, that alarger number
of functional features be cun.ndered in future functional classifications of savanna vegetation.

The collection of site-specific functional data, as suggested above, may serve. to overcome
the problem: of paucity of data on functional attributes that was.expeqe_noed in this study,

8.4 COMPARISON OF FLORISTIC AND FUNCTIONAL CLASSIFICATIONS

'A high degree of similarity was not observed between the woody plant and graminoid
floristic and functional classifications in this study aithough similarities between taxonomic
and structural-functional classifications have been observed in elsewhere, Knight (1965)
compared a structural-functional index derived for Wisconsin prairie vegetation with a
corpositional index derived for the same veetation and found a close relationship between
the two indices. Werger and Sprangers (1982) compared floristic and structural-
physiognomic classifications of a dry semi-evergreen forest and thicket vegetation of south-
castern India. They found the classifications to be very similar in their main groupings and
concluded that the use of structural-physiognomic criteria allows a detailed and ecologically

 significant classification of vegetation. Montalvo et al (1991) found correspondence between

classifications based on species composition and on morpho-functional traits in Mediterranean
grassiands. A édmmnn feature of these studies is that data were sampled within one
geographical area in each case and a lack of a high degree of correspondence between the
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ﬂonsuc and funcnonal classmﬁcauons of the savanna communities in this study may be related |
to the fact that oommum‘aes were sampled overa mde geograplueal area,

In this study the floristic grol.tping”s_ reflected the geographical separation of the communities
sampled while communities from different- geographical locations were grouped together
functionally. Studles of the convergence of ecosystem structures under similar climates have
_. ‘shown that the selective forces of the en_vi}onment ¢an overmle the importance of taxonomic |
relationships or phylogeny in the evolution of structural-physiognomic characters (Werger

and Sprangers 1982, Cowling and Campbell 1983). The convergence of form and function
under similar evolutionary pressures is the underlying hypothesis of the structural-functional
classification approach. Itis on the basis of this that functional classxﬁcattsn* are considered
 to be more ecologically meaningful than floristic ones. Montalvo et al (1591) consider that
in Mediterranean grassland vegetation, species composition facilitates differentiation between
grasslands from different localitics and suggest that this is due to a variation in the
distribution and abundance of the species related to more local types of peculiarities such as -
_ differences in species migrations and 'esfab]ishment. They consider that a non-taxpnormic
classification expresses the _mﬂuencé of environmental variability on _thése systems in a moré '
sradual way. Knight and Loucks (1960) consider the question of ecological equivalence and
suggest that emphasis on taxonomic differences can cover very real ecological similarities.
The observation in this study that the woody plant and graminoid communities were grouped
into ﬂoristic types int a more similar way than into functional types supports the idea that
species composition reflects bmgeographmal separation while funcuonal features reﬂect plant
responses to enwmnmental condmons

The results of this study indicate that convergence of fornt and function irrespective of
 taxonomic relationships should enable the comparison of ﬂorilstically different but structurally
and/or functionally similar Savanné. communities. This is especially important for inte.-
continental comparisons for the classification of the savannas of the world proposed by the
RSSD research effort (Frost ef al 1986). A structural-functional index derived for Wisconsin
prairie vegetation is considafed to have the potential for application to grassiands with similar
environments around the world, irrespective of species differences (Knight 1965). - Knight
- (1965) contrasts this with a compositional index, developed for the same vegetation, that ¢an |
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- only be used where the same indicator speczes are “und. nght and Inucks (1969)

suggested that the structural- functional coordinates denved in theu' study of Wisconsin forest .
| 'vegelanon covid be applied to tempemte upland forest vegetatlon of Eumpe Asm and North o
_ Amem:a, all w1th dlfferezt spec:es composmon but sumiar ecologlcal condmons '

One of the main. dlfferenoes between th'_e ﬁoristic and functionat 'clas_siﬁmtion's _Of_ the woody
plant commuﬁities was that the floristic types, based on species composition, were primarily
related to PAM while the functional ypes reflected differences in AN. The functional /
floristic convgrgenée of the woody plants appears to be higher at the fanﬁlial‘__level,_ however,
since the occurrence of the ‘selected families (Mimosoideae, Cacsalpinoideae and
Combretaoeae) was also pnmanly related to the AN gradient. ‘The classifications of the
granunmd communities on the basis of specles composition, tribes, subfamlhes and functional

_ feamreswereallpmnanlyrelatedtomePAMgradmt o -

It must be bo_r_n_in mind that the r’ange' of functional at_l:':ibut&s_-used- wiH._have influenced the
functional types derived and consequently the comparison of the floristic and functional
' classifications. The functional classifications derived in this study are not considered to be
definitive and onlj represent a first attempt at _'_class_i_fying South -African savannas on a
" functional basis. Ifa different suite of woody plant functional traits, suh as those relating

*to fire response had been used, the influence of PAM may have been found to be more
funcuonally zmportant - - '

8.5  IMPLICATIONS FOR FUTURE RESEARCH

 This study suggests that there is potentiai for using tie PAM-AN plane as an overall
framework for the functional classification of savannas, The follomng issues need to be
considered with respect to any future research. ' '

The predictive potential of the devised woody plant and graminoid functional classifications
 in the plane of PAM and AN needs to be tested. This car. be done in two ways. The first
is by positioning the savanna type on the PAM-AN plane on the basis of its structural and
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 functional ¢ yracteristics and then determining if the predicted PAM and AN values
correspond with the actual values measured at the site. The second way is by using acttal
measures of PAM and AN to predict the structural and Fianctional characteristics of a savanna
type and then determining if the predicted structural and functional characteristics correspond
with the actual structuiral and/or functional vharacteristics measured at the site. The ultimate
utility of a functional classlﬁcanon will only be demonstramd after thorough testing has
~ shown that the clasmﬁcanon does hmrxe predictive value and that it i transportabla both

spanally and tempora]ly (Noble 1988)

Ata récent RSSD mieeting the inclusion of temperature as a third axis on the PAM-AN plane
- was suggested (Soibﬁg 1990). Alﬂ.léugh the influence of temperatre on savanna structure
and function was notinvestigated in this study, similarities in mean mﬁnthiy températufes and
in the seasonal variation of temperature for all these South African ﬂaw“"w suggest that
‘temperature may not be an important determinant. Further investigt .~ “goas
" a.determinant is needed beforc a conclusion can be drawn. A tempen - e be
1mportant for a class:ﬁeahnn of savannas from different continents. "

In using the PAM-AN plane idea for predictions of vegataﬁon dynamics it is suggested that
different classifications may be reqmred dependmg on the purpose of the predictive model
A consideration of the dynanucs of vegetation structure and fungtion in response to fire, for
example, wonid require a classification with a different set of _feamres from one that
predicted vegetation change in response to herbivory. The functional classification developed
by Friedel et al (1988) is an example of a classification specifically for the purposes of
management of arid rangelands. Functional attributes should be selected according to their |
relevance for management purposes, Noble (1988) considers that it is unlikely that a definite
 set of functional classifications will be developed until specific applications are required.

An important consideration in the use of the PAM-AN plane is how to take into account t' e
probiem that the current floristic, structural and functional conditions of the vegetation maj'
be reflecting the direct effects of landuse rather than the average conditions of PAM and AN,
The classiﬁ_catibns derived in this study were based on vrgetution subjected only to natural
- disturbances. The potential direct effects of the secondary determinants and especially human
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influence on the structure and function of savannas on the basis of PAM aid AN needs to

be considered, These determinants are hypoﬂles:sed to be more important than PAM for
influencing the structure of East Afm:an Savannas (Belsky 1991).

The ﬂavelopmeat and use of‘ a structurai~functional index for savanms as devaloped by
Knight ( 1965) for prairie vegetation and by Knight & Loucks for fozest «egetauon couldbe
investigated. Such an index might prove usefui for the comparison of savanna vegetntwn on
an inter-conunanlal basis, o

8.6 CONCLUSIONS

There are six main conclusions from the results of this study.

1.

The PAM and AN indices derived in thiz study were ecologically meaningful and
suitable for the quantification of the PAM-AN plane, The PAM index (number of

-éi‘owth deys per anstm) derived by the soil water balince model was considered to be
 detailed enough for use at the community level, Ten AN indices were considered worth

using on tlfle PAM-AN plane narriely' (1) mean score of experts’ ratings, (2) shoot
production, (3) total nitrogen, (4) nitrogen mineralisation rate, (5) percentage clay, (6)

. percentage orgaiic carbon, (7) percentage base saturation, (8) N-P, (9) N-P-K, and (10)

3

eigenvalues of N,P,K. Ths AN index vsed in this study (total nitrogen content mg/kg
in the A horizon) was considered to account for floristic, structural and functional
variation of the vegetation on the basis of soil fertility. '

The floristic variation of the savanna vegetation was related to the primary determinants
of PAM and AN. Plant availsble moisture had a primary effect on the species
composition of the savanna communities sampicd and on the distribution of graminoid
subfamilies and tribes, The effect of available nutrients was less pronounced, but still
significant and was strang on tree composition at the family level, | |

The woody plant and graminoid components at each site were not always classified into
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o the same ﬂonsnc types ‘but. there was a degree of cum:latmn mdwatmg that these
o _cnmponents do not actcnnrely mdependently in response to conditions of PAM and AN,

4.

The Strﬁcturai variation of the woody plant and"graminoid communitiés was prima?riiy'

.related to the PAM gradient and there were no trends with soil ferhhty Them were fio -

) appamnt predmtable structural trends on the PAM»AN plane but this conclustnn needs

- to-be supported by the resuits of a muluple linear regressxon e r.inge of struotural
- types occurred undet similar conditions of PAM and AN. The effects of herbivory and

: ﬁ:e on the structure af savmma cornmumﬁes need to be constdered

The functional | trends of the savnia communities were related to the primary
detemunants of PAM and AN The functional variation of the woody. plant component

 was. related to the avaﬁahxhtv of nutnents whﬂe that of the graminoid layar was
pﬂmanly related to plant available mo:sture. The woody plant and gmmmmd
. communities were not. grﬁuped functzonally in the same way, Sdggestmg the need for the

| changesmPAMandAN .

development of separate models for the predncuon of functional change m response to
Woody plant and gratinoid communities with similar condifions of PAM and AN did
not have conszstently similar functionat characteristics but both classxficatmns mapped -
well onio the PAM-AN plane suggesting that it may prov:lde a suitable overal -

framework for the classification of savannas on a functional basis, The predictive
potential of the derived fmnctlona.l cIaSmﬁcanon models in the plane of PAM and AN’

needs to be assessed.
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APPENDIX 1L

Details about the weather mums from whzch the monthly and daily chmate data were _'
 collected, o

' (a) Mean monthly rainfall and maximum and minimum femperatures N
Area [ame nd nu of stati o ._ Nj;rﬁbei"gtm' -oﬁm’r_ds'.‘

‘Mkuzi - Mkuzi Game Reserve . 375366 8 8
‘Nylsviey . Nylsvley Nature Reserve 590307 - 12 12
Rooipoort  Kimberley Airport . 290468 90 53

Langjan -~ Mara Agric. Station =~ 721725 33 33
Messina Macuville - -BeW6 33 51

Lower Sabw Skukuza, - 596657 33 -
Timbavati ~ Satara S - 639214 mw - 6
Ptetonuskop Pretonusknp R 556295 25 .. 25

)  Daily sminfall | L

Area - Name and number of station | Latitude = Longitude
Mkuzi - - Mkuzi Game Reserve - 375366 - 37°36" ~ 32°13"
Nylsvley = . Nylsviey Nature Reserve 590307  24° 37" 28° 41"
Rooipoort  Caerwinning .~ | 289302 ¢ 28° 32" 24° 11"
Langjan Omloop - 764710 22° 50" 29° 24
Messina Goeree 809285 22° 15" 29° 40°
Lower Sabie Krokodilbrug - 557712 25022 31 sS4
Timbavati  Tshokwane ~ = 596647 - 26° 47" - 31° 52"
Pretotiuskop -Gutshwa-NAF = 556289 250 1" - 31710"

{c)

1
S
N
NNW
N
W.
W
NW 17 60
NW
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APPENDIX 2.

Woody p]ant specles compomuon and stmctural data recorded at each sue. Full sPecies
:ﬁunesamelnﬂedln.Appendn:4» Family names are listed in Appendix 3, The rare - _
species at each site aie indicated wuh an asbensk Totals exclnde values for rase specws. |

(a) Mkuzi 1 e
Family Density . Bapal ‘Me&in ° Canopy  Browse
' area . height ' cover volums
: {#fha) (m2/ha) (m) {%) - (m3)
acag burk 17 - 113 6.770 6.2 - 67,03 23199 B
albi fdxb 17 8 0.l40 6.0  4.74 1186.2"
* ancy mont 24 ' 4 0.160 3.0 . 0.81 2237.7
# brac disc 10 29 0.001 - 0,3 0.02 . 0.6
* gcapp tran 7. . B9 6.010 0.4 ‘0.04 - 1.4
 card bisp 3 . 401 0.020 0.2 0.25 P |
* gasg aeth 8 29 0.010 0.5 0.05 2.8
eatu epin - 24 .8 0,020 3.8 0.48 67.3
codd rudi P 7. 90 0.120 1.3 ‘0,85 -84.5"
comb moll - 9 252 1,420 4.0 12,52 3324.8
| comm hegl 5 46, 0.141 2.7 . 1.71 .. 369.3
-dich sine 17 - 4 0.040 2.0 0.75 ' 74.8
ehre rigi. = 4 57 0.040 0.2 Q.01 0.1
—eucl erin i . - 37 0.941 2.4 . 0,1% 29.8
euct divdi ~ 11 - 160 - 0.050 1:l "0.87 @ 83.7
eusl nata . i1 . 181 2.050 1.1 0.98 . 165.7
euge: cape 18 544 G.040 0.2 0.15 3.2
© grew hexa .29 4 © 0,001 1.1 0.05 © 8.3
% grew mico 29 33 . 0.220 - 2.2 1.99° . 437.2
grew occl 29 973  0.430 0.3 1,81 69.8
* mayt moss -8 " . 57 0.p20 0.3 2.36 11.5
othn nata 12 20 0.070 0.5 1.10 ° 146.7
rhus guen 1 120 . 0.380 ~1.9 3,10 566.0
"% scho brac. S - 4 . 0.800 B.0D 5.77 . 3173.2
pele bire . - 1 - i3 . 1l.3210 7.2 9.46 4324.5
scry mada 14 122 2.180 © 1.7 3.30 952.1
tepm seri 9 46 0.280 4.1 2.24 335.7
* tree spec 4 4 4,430 0.0  2.81 1568.4
zizi muer 23 le8  2.650 3.5  27.94 8171.9
TOTALS .. .. 3437 17.053 2.5 . 139.40 43156.0
(b} Miuzi 2 _ _
Family Dengity . Baral Mean Canopy  Browse
_ _ area - height - cover volume
(#/ha) (m2/ba) . - (m) (%) {m3)
acac gran - 17 3 G.100 4.4 1.20 301.7
acac nigr 17 127 2,150 - & 10.46 4682.2
acag nilo 17 - 305 1.070 1.5 8.61  1395.3
acac tort 17 - 127  0.580 0.5 4.76 B99.°
hovasc shru 7 .. 32 ¢.011 0.% 0.17 22,5
dich cine 17 101 0.021 0.8 = 0.66 41.1
* doyv iong i3 8 0.001 1.1 0.07 - 7.6
ehre rigi =~ 4 13 0.001 0.5 n.02 0 0.2
eucl undu 11 19 0.001 0.7 0.16 °  11.9
* grew spad 29 -6 - 0.001 0.8 0.01 0.4
mayt sene - 8 - 20 "0.002 - 1.0 0.09 - B.B
* rhoi trid 31 ) 0.001 0.7 0.02 . 0.6
zizi muecr 23 _ 16 -0.011 2.0  0.26 = 25.8
TOTALS 763 3.927 1.5  26.3% 7048.5




()

TOTALS

Hkuzi 3 N | |
_ Family ‘Dansity - Basal " Mean Canopy  Browse :
. i T area height govey  volume
R “i#/nay” (m2/hd) (m) (%) (m3)
acap nile - - 17 . .5 . 0.130 3.9 '1.08 . 207.8 -
‘acaec tort: - 17 - 49 2,19} S 5&l 726,33 5396.7
* acac xank . - A7 . 95 -8.230- - 9.3  70.61 44883.0 -
agim tetr 25 ¢ 100 0.001 0,0 0.0 - 0.3
dich aine'; A - 30 . 0,060 ° . 2.3 i.80.  317.8
doig lyei . 11 17 - 0.061 1.6 0.07 - 8.1
domb rotu 28 70021 0 4.0 i.16 458.1
doyvrham i3 3 0,001 0.5  0.00 0.1
ehre rigi 4 209 0.080" 0.8 . 0,55 58.3
euc} undy - il 3 0.00% 1.0 .00 0.2
grew ocei 23 17 b.001 0 1.8 0.03 2.0
grew sped . 29 7 0,001 7 0.9 0.05° 4.6
mayk sene 8 18 - 0.060 . 0 0.7 - Qud4 - A9.5
" sela birr 1 3 81230 - 6.3 0 0,90 337.9
' apiy afri- 12 .1 0.056 Tl 0468 a74.8
.. zizl mumor 23 .6 . b.081 3.6 1.38  775.5
. POTALS v 60T 9,296 2.9 . 104.50 - 53500.1
- (d) Mkuzi 4
Family Density - Basal  #ean Canopy Browsa
S jarea hedight- gover volume
. (#/ha) (mayhaj .  (w) (%) . (m3)
‘acac bugk . 17 . 2 . 0,330 ~8.0  2.10  1048.8 -
&cac nigr R 376 0. 480 0.8 . 2.03 558.4
acac nilo 17 - 82 0.010 0.2 0.09 2.1
acac  tort 17 95 = 0.050 L 0,9 0.17 12.3
albi forb - . 17 33 - 0.041 1.5 - 0.18 "34.6
‘comb apie 9 925 6.420 _3.s=_ 36,91 12532.2
dich sine - 17 426 0.310 Nt 1.38  -186.3
eucl oris - 11 - 31 0.001 0.1 6.00 . 0.0
grew suba =~ = - 29 3 0.100 3.8 °  D.48 - 1149.0
mayt sene 8 62 . 0,010 0.2 - 0.03 G.7
ozpr obov i 28 0.291 - 3.2 1.58 - 431.5
scle birr K S 10 0,550 5.8 3.15 1192.3
zizi muecr - 23 2 0.210 . 4.5 1.79 447.8
- 2082 8,783 2.6 49.87 18973.0




ﬁknai's

- . caf

Family Density Bagd) + Mean Canopy  Browse
e C o ~area height = cover volume
. © (#/ha) (m2/ha) -{m) - (%) {m3jy -
F acac leud . 17 -1 .0.020 3.5. .48 143.1
acac nigr 17 . 1 | 0.030 - 3.5 0.50 T4.6
‘agaz nilo ‘17 - 152 - Q.570 1.4  a,62 699.6
acac gene 7. . - 20 - D.010 . 0.5 0.13 © B.O
acac tort 17 267 . 4.590 T2, 49.28  7332.6
azim tetr - 25 . 5 0.0061% 0.7 - 0.33 - 8.0
aada nata -7 20 - 0.06G .. 1.0 - 0.57 111.3 .
tome: 7 86 - 0.020 . 0.7 0.56 38,5
-~ aribimp . 3 - B 0,001 0,3.  0.02 0.5
. djeh sine - 17 76 . 0.010 0.5 0,22 9.8
- ehra rigi R T ‘- 0,00 0.6 0.0} 0.3
eucl undg 11 20 . 0,001 0.9 0.09% 6.0
goss herb 15 S10 - 0.001 0.4 0.07 1.9
lycd acut - 27 20 0,010 - 0.6 0.04 - 1.8
mayt gene 8 30 - o.001 - 0.7 . .06 2,3
rhue glen 1 s Q001 - 0.9 0 0.06 - 4,7
sida iner - 26 2 0.160 - 4.5 " 1.03 ~aE9.3
 TOTALS 707  5.295. 1,2 . 56.03  8281,0
(£ Hyleviey 6 o o
. Pamily Density Bagal = ' Mean - Canspy  Browse
. .. .. " area . height cover  vblume
_ (#/ha} (w2/haj {m) . (%) Am3}
acac buril 17 4 b.001 1.8 0.13 - 21.1
_burk afri S L 179 24830 | 3.8 14.36  5076.0
. comb zeyh .9 T 0,240 8.0 1.85, B13.9
- dich gine 17 .21 0.001 0.4 0.05 2.9
domb rotu 28 16  0.031 2.1 0.38 89,6
grew flva 2% 0 - 102 - 0.180 1.9 2.61 578.5
lann disc 1 15 - 0.1l 2,2 0.83 - 263.9
lyel speo 27 2 0.010 2,5 0.03 4.3
gchn pule .18 322 0.530 - 0.8 - 104 190.7
“ozar pani 1 -4 0.901 1.3 - 0,03 3.4
- term seri 9 . 35 - 0,510 - 6.3 5.56  2030.7
vite momb 30 9 0.001 - 0.3 0.01 0.3

TOTALS



(g) Nylsviey 7

Basal

Haan . Canopy

TOTALS

8,479

36.22

- Pamily Deasity
: . area - height gover - volune
| _(f/ha) w2/ha)  {m} (%) (3)

acag caff - 17 - 85 . 0.020° 0.9 0,11 . 19.3
comb apie T9 1461 1.380 2,5  12.47 - 3292.5
comb moll 9 1904  1.990C - 2,0 - 8.54 1546.0

- comb . zayh -9 10 T 0.270 4.4 1.51 709.0

© - dich sine A7 287  0.030 1.2 Q.71 - . 93.7
dipl gond .. 3 42 Q.00 - 0.2 0 0.13 2.8
euel divi . - 41’ © 42 - Q.04D - 1.8 0.50 88.3 .
eucl line 1Y 42 ¢.001 0.7 .. 0.08 . 1.6

gard spat 24 5 0,050 3,3 ° .0.56  165.2

- grew bico 24 2 0.010 3.0 017 - 3.4
mayt poly 8 125 = 0.020 " 0.8 0.33 la.9
mund geri 21 2. 0.001 . 5.5 . 0.38 89.4

- ochn pulc - A9 44 " 0.020 .6 0.07 - 15.0
‘wzar pani - 1 2 . 0.030 4,5 -0.22 . 68.3 -
pelt afri 6 - 10" 0.240 “ 4.3 1.32 328.6
‘rhus lept 1 -2 0,010 - 48 0 Q.10 25:4-

. termBeri - . 9 - B B.010 3.1 0.27 46,6

- vite rehm 30 1083 - 0.830 - 1.7 - 6.79 811.1

" TOTALS 4862 . 4.822 253 32,79  7052.2

{h) Nylsvley 8 o
Family Density . Basal Hean Canopy Browse
R T ares height - dover “volume
| B (#/ha) {mzzha) (m) (%) . (m3)

. acac nigr 17 2 0,001 0.6 0,01 0.4
acac¢ nila 7 20 4.791 4.8 - -5.34  1482.2
“acac sied - 17 - - 28 0.001 Y 0.13 5.6
acac tort 17 113 2.810 - 3.4 24.03;.:7134 9
cenk hare ~ 9 2 0.001 6.5  0.00 - 0.1
dich sine - 17 74 0,210 1.2 1,82 309.3 -
- domly. rotu 28 3 0.030 4.5 " 0.23 . .B1,8
ehre rigi 4. . 4 0000 0.3 0.00, 0.0
grew f£lve 29 31 0.011 0.8 0.23  33.2
grew micx. 29 - 9 0.051 2.8 0.68 . 179.9
lipp java = 30 -2 0.001 0.7 0.01 2,2
rhus guen - 1 3 0,031 . 1.9 6.19 -  s55.8
sele birr = 1 o2 0800 10.8 3.3 2445 0
zizl mucr 23 . 20 . 0.041 1.0 J.43 - 96,7

. 313 2.5 11925 9




Réoipoort 9

W

| AcEd

TOTALS -

Family Density = Basal cannpy Browaa. .
S . .d&rea cover . volume
_ (#/ha) {(m2/ha} (%) {m3)
erie . 17 . - 111 - j1.35o15' " g.20 1884.82
acac mell 17 - - 240 ° 1.400 . 16.07 .3891.59
bos~ albi 77 25 0.120 0.62 136,11
_ehre rigi. o 234 0,211 0.57 128.46
grew flawv 28 379 0,580 » 8.32 1052.24
lyei hirs 27 7 0.002 . 0.21  33.80
* rhus laneg - 1 8- 0.001 6.05 R Vi J- S
‘mizd muer . - 23 8 0.011 . 0.37 82,62
TOTALS 804 3,666 34,36 7009.44
(j ) Rooi.pocrt 10
| Familyl Density . Basal Canopy Browse
.. Area cover ~ volume
— . _(#/ba) (m2/ha) (m) (%)~ (m3)
acac eric . 17 . .3  0.00L . 0.5 0,00 0.2
acac mell Ry . 8- 04010 . . 0.7 D.14 16.1.
acac tort 17 ‘31 - 00020 0.7 0.7 41.6
‘grew £lav 29 123 0.300 1.3 4.49  7137.0
~ lyel cine 27 -3 0,001 - L3 0.0L . 0.6 -
e chusg . lanc .. 1 A 0,000 S0.T 0400 S 0.2 .
 rhug undu . . 1 . 160  0.040 . 0.8  0.30- . 31.3
tare camp - 10 298 2.250 2.0 ‘16.9% 3866.5
zizi mucr Co23 . 44 . 0,070 1.8 1.1 235.4
| TOTALS 615  2.683 . 1.1 23.33 4729.6
(k) Rooipoort £ I _
Family Density ~ Basal - Canopy - Browse
. o . Area . cover  volume,
o _. (#/ha) = (m2/ha) (%) Am3).
acac mell 17 ‘898 -o.azo 15.36  1551.6
‘acac tort 17 . 244 0,190 - 3.83 . 468.8
bosc albi. ki 31 0,060 ' 0.82 26,9
ehre rigi 4 8. 0.001 0.01 0.2
grew flav -2 496 0730 . BJ77 . 924.1
1Yci cine ) 27 - 126 0;100 1010 9?-1
‘Lare camp i0. - 79 0.09¢ © .23 - 155.5.
zizi mucr 23 - 8. o0.010 - 6.12 - 11.0
1890 2,00t 3235.2




| TOTALS

'55.81_

-'{1}_Langjanf12
1E‘amily Dens:l.ty- ‘Bagal ' Mean _ canopy Browea
i . area he.i.ght; gover - volume
= {#/ha) (mﬂ/ha} Am) - %) (m3)
acaec erin 17 - I 0*- T Q02 . 1.8
acap mell 17 23 o, 020 - 1.1 0.40 82.1
hosg albi I AP 1.030 - 2.9 3.3 864.5. .
- bosc foat = . .7 14 0,191 C L.l LD A3 TRl
| comm pyro 2§ . 5  0.010. 0.8 0.06 4.4
‘dich sine o & R 23  0.0200 - 1.3 " D.46 - BBLE
ehre rigi & . 10 0,001 0.7 ¢.04 2.5
grew flav - 28 . 485 = . 1.Q00 . 1.7 . 16.24  3082.1
- grew flve - . 29 .25 F.030 - 0.87  170.8
-grew reti - 2% 3B 0.310 = T4 "1,21 . 248.7
grew vill - 29 3l 0,030 3.1 0.41 - 47.%1
‘lyci cine 27 5 0.0l0 1.3  0.15 - 19.2.
- term px:un R - - 204 . 1,390 1.7 . 9.82 ~ 2298.4
TOTALS - . - 078 4.633 - 1.4, 41.56 - 8409.8
{m} Langjan 13 ' _ _
Family Density . fBapal - Mean  Canopy .  Browse
o " area . height = cover . volume
_ o - {#/ha) - {mzlhal- m) - %) - (m3)
- acac burk = 47 2 2,860 11,0 . 2.03- 1519.7 -
acac ario R 3 -0.400 - 9.3  -1.93 - 1126.0
acae tort - 17 S22 0.0 3.8 g.35 - 95.9 -
alki forh - 17 S Az 0 Q.02 . 1.4 0.50 . 684.7
bosc dlbi. | g 14 -1.030 - 4T 2.99 889.5
* cant @ili . 2 -2 0.010 . 3.0 0.1 0 34.0.
_catu epin 24 77 0.040 0.8  0.80  161.0 -
- gomm. afri B 138 0.071 0.9 1 43m 183.6
coum moll - 14 0,041 2.2 0.17 . 34.7 -
- comm pyro .5 71 0,370 1.4 . 4.3 877.0
dich sine - 17 692 0,270 - 2.1 2.71 . B8%.9
eucl divi Al 230 8010 | 0.6 g.g2 ' &,0
grew bieo . - 28 7 0,090 = 2,8  '1.18 ~ 344.4
grew flav = 28 T 125 0.480. 1.7, 5.39 .1023.,1 -
“grew flva .- 29 . 84< 0.5860 2.8 7.26 1867.0
grew sp. - 29 o S + 41 B 30 7 1.86 . 431.1
grew reti 1 - 41 0.080 1.4 1,00 - 170.0
nzar pani 1 - 0.001 0.5 0.02. 1.0
plec arma = - 24 43 0.3331 3.1 2.77 . 788,95
scle birr i - 19 2,001 9.5 = 12.30 14756.8
‘gtry mada - 14 50 0,120 2.0  0.84  200.6
xime amer 20 T 6. 0,001 - 0.6 0.02° . 1.1
906 10.844 - 3.5 30936. B




ol

TOTALS

277

£ 4 -

{n) Messina 14 - . .
) s . et 3 s b ——
Family Dena:l.ty Basal Mean “Canopy - Browse
- ' . .area height cover  volume
| S (Rfha) (m2/ha) - (m) (%)  (md)

* acac sene 17 10 0.091 - L1 0.28 27.0
boze alhi 7 38 0.290 2.2 -1.26  244.9
hose foet 7. . 6 0.090 2.2 0.70  154.1

. colo mopa 6 314 2.940 2.8 20,11 6971.2

. comb apiec - % i86 0,850 2.2 ~8.28  2753.8
comm afri 5 16 0.480 4.4 2.57 718.3 |
conm moll 5. . .20 0.65¢. 3,8 = B.90  1534.5 °
dich cine 17 - 180  0.080 S 0.9 1.43 0 137.1
grew bicg 28 - . - 3. 0,110 g 5 .42, 21&.8
grew flav 29° g6  0.290 1,9 4,50  978.6
gicew hexa 29 - 41 0.040 0.0 g.a66 - 58.3°
iyei eine 27 18 0.050 1.7 0.54 . 88.3

. scle birg - 1 ‘4 U 0.320 - 6.0 1,35 . 540.1

. term prun g 680 0.700 . 0.8 6.81 1298.4
TOTALS dsgad - &.890 2.3 55.52 15690.4

(o) I.bwsr Sabie ]5

Eamily Density Bagal &  Mean . Canopy Browse
. - area - he:.ght cover  volume -
__(#fha) (ma/ba)  (m) o (8) (@d)
acac gerr .17 - - 123 - 0.260° 2.7 1.94°  893.5i
albi harv = » 17 665 0.680 1.7 6.4% 1136.5
bolu spec 21 10 0.910 - 3.4 0.97  651.1

. dalb mels . 21 ... 18 - Q.090 1.5 1.60 278.3

~dich eine 17 - 149 . 0.4300 2,2 3.88° 78l.6

* doyv caff 13- . - 2 o0.001 1.8 ©  0.09 - 15.2 °

* ahre amoe 3 - 77 - G.,020 0.4 . 0.40 31.6

- grew hexa 29 2 0,010 1.8 0.04 c7.2
grew mont 29 2 0,001 2.5  4.07 17.4
“lonc capp 21 61  0.080 - 1.9 0.53  115.3

mayt hete = 8 - 52 . 0.200 23 1.31 242.8
mayt @ene - . '8 . . B19 - D.220 . 3.71 445.3

~ochn nata . 19 .2 0.001 - - 2.% 0.05 S 4.9

- ormo krie 21 7 1466 - 0.250 0.5 . 1.82: 77.2
Bcle birr 1 31 . 0,790 - 6.0 3.51  3091.9
Becu viro 22 26 - 0.010 0.7 0.44 0.8
zizi mucr’ 23 z 0,001 1.6 - 0.08 12.7

3.943 2.2 26.04 1488.5




'{P) Timbavati 16 .

Mean:.

66,1 -

TOTALS . 1471

15.679

. Family Density Bagal Capcpy - Browse
- . 7 . . area height cover - volume
(#/ha) (m2/ha) (W} (%) (m3)
acac exuy - 17 - 29 - 0.011 1.9 0.29 49,7
acac nigr - 1Y - .78 2.021 7.6 13.83  7304.1°
bolu spee - 21 2 0.040 - 43 0,17 - 51.
comb apie. = 9 . 49  .0.040 1.4 0,51
comb here - 2 24 0,080 2.7  0.81 - 211.5
comb zeyh . - 9 6 0.020 2.5 Q.26 65.9
- cupm dfri . .- 5 70 ©.020 - 0.5 - 0,19 . 9.8
dalkh wela . 21 667  0.0891 - : 0.5 1.18 B82.6
dich cine .~ 17 a7 . 0.010 1.0 0.64 75.7
. shre rlgi 4 . .23 0,010 .. 0.9 - 0.08 ‘9.8
- eucl andu 1 12 . 0.001 - 0.9 0.07 3.2
grew bico 28 45 8.120 2.0 1.31  286.0
grew £lve = - 29. . 47 . 0.070 A0 o 1.020 172,56
“grewmont - 29 - 251  0.BA0 .- 2.4 13.75 3349.1
grew subs = . 29 111 0,610 2.8 8.96 . 2838.4
ormp. trie - 21 95 - 0.021 - 0.9 0.29 23.9.
ozér insi - . .1 -2 0 G,.010 . 3.8 6.17 = 62.2
scle birr . .1 - 18 '1.000 8.7 5.45 . 3285.7
‘sace vire - - 22 C 47 0.030 1.3° . 0.79 - 133.7
‘zizd mucr - 23 18 .0.011 2,1 ‘0,50 94.1
' TOTALS © . 1634 5,048 ‘2.4 30,10 18112,9°
{g) ‘Timbavati 17 -
-Family Dengity - Basal .. Mean Canopy Browse
o ' . area  height cover  volume
{(#/ha) - (m2/ha)  (m) - (%) - (m3)
acac eguv 17 120 0.060 1.6 1.54 193.6
‘acac gerr 17 6 - 0.010 2.5 0.27 6§7.6
albi harv 17 58 . 0.140 1.2 0D.74 113.0
comb here . 9 . 26 0.251 2.1 . . 0.57 345.1
comrm afri . & 7 o.0e1 0.6 0.10 . 6.3
" dich cine © 17 . 183 0.570 - 1.7 - 6.66 1281.2
dios mesp 11 - 6 2,820 . 15.0 . 4,08 4081.9 -
ehye rigi - 4 13 0.001 - 0.5 . 0.0L 0.5
euecl undu 11 Coz4 0.03) 2.3 . (.56 124.3
grew bico - 29 13 0.001 0.4 . D04 1.5
grew flav = - 2% 6 0.020 2.3 0.49 88,1
grew flve 29 18 0,100 1.7 0.86 212.3
_grew mont 29 . 20  0.020 1.2 0.37 = 45.5
lonc eapp 21 60  0.030 0.8 0.10 67
mayt hete 8 13 | 0.011 2.2 0.17  23.4
- mund seri = - 21 47 0.010 0.6 .10 5.6
-ozmg tric 21 100 . 0.020 0.6 0.16 1i.8°
scls bier . 1 88 10.491 8.8  63.68 57162.8°
apir afri 1z 7. 0.001 0.6 o 0.02 - i.2
gtry mada = 14 ' 53 0.030 0.7 0.25 - E8.&
term Beri e 598 - . 3.880 3.8 42.36 18233.4
zizi mucr 23 7 &.001 ‘1.0 0.10°  10.0
"2.5  119.13 77980.3




Pretoriuskep 18

. 50587

{r) _
. . Pamily :Bensity = Basal = Mean - Canoj Browee
S o o area height cover  volume
_ _.{#/ba} (m2/ha) - (m} - (%) - (m3)
‘anno sene 2 . o FL . 0.02 - - 3.5 o 0.31 110.15
ante veno . 12 33 . G4 - 2.4 1.21 - 290.13
dich cire . 17 . 2080 - 1.95 - 1.7  30.06  6987.&
diog lyci 117 . 87 . 0.01 S 0.6 0.6 9.79.
mayt . sene '8  i72 0.1 1.0 . 1.33 183.83
mund gexrl - -22° 67 0.01 ° 0.6 - 0.29 18.33 .
ochn nata 197 166 - 0,11 . 0.8 - 0.98  88.44
palt afri S 2 33 0.001 0.4 T 0.17 -Mn-i
rhus pyro” - 1 - 33  0.01 0.8 0.1 . 5.52
stle bire 1 67 . 0.01 0.3 . 0.08 2,63
Stry mada 14 - 3% « D.35 C 3.6 1.83 °© 703.83
- term brac 9 666 - 0,12 g.8 4.8 295,95
term seri 9 1295  Bu6 5.0 . 77.41 38197.05
| TOTALS - 4662 - 8.271 1.5 - 126.71 46494.14
Q- I . . e rrans
& o B e Dl
S '
(&) Pratoriuskop 19
Family. Densaty Basal Mean Canopy ' Browse
- s " area. height cover - volume
O (#/hay (m2/he) m) - (%) 7 (m3)
acag gerr 17 5. 0,020 2.9  0.25 . 48.5
. albi hary . 17 10 0.001 . 0.5, . 0.08. . 4.2
- comb aple . -9 2og\= 2,660 3.9 16.43 &
coinb coll g - 43 - 0.471. 3.7 4.87° 1857.6
. tomb here g . 2" 0.040 . 6.0 0.32  112.5
~comb zeyh 3 61 ' 0.511 3.5 .. 4,79 1700.0
dalb mela 21 158 . 0.030 0.4 0.52 25,4
dich cine 17 204  0.260 1,7 4.63  1740,5
domb rotu - 28 31 ©.010 0.8 Q.16 . 10.9
graw mont . 29 10 . 0.050 - 2.9 . 0,70 146.0
mayt hete - 8 . Bl 0.010 0.6 © 0.24 15.6 -
mayt sene 8 2% 0.001 0.7 - 0.05 - 3.9
mund geri, = 21 53 0.120 1.3 0.75 87.1
ozor insi 1 12 0.120 2.8  w.72 182.5
pelt afri - 6 10 0.010 0.8 0.13 - 9.6
‘xhus pent 1 10 0.001 1.4 0.03 . 4.1 .
scle birr 1 . 51 -1.280 4,4 - 5,89 2789.2 -
stry mada 14 286 0,460 1.5 - 3.72 1026.6
term brac g - 21 . 0,010 0.7 0.30 23.9
term sori 9. - 282 0.710 . 2.8 6.94. 1696.4
TOTALS 1506 . 6,704 2.2

17772.3

7575.5';:_'f“ .



APFEND] ' lxs __

"The Woody plant fam:hes recorded over the range of savanna f&onstxc commumtles sampled,

. The faxmhes that were represented at each s1te are histed by number iri Appendlx 2 a-s.

(-2 RN . T T SN I

=
=3 .

o .Z! 1 .
Annouame :

i

'__Boragmaceae
‘Burseraceae -
. Caesalpmmdeaﬁf
. Capparacese
Ce]astraceae o |
Combretaceae .
'CQmPoszteae o
| Bbenceas
- Euphorbiaceae o
Flacourtiaceas

Logamaoeae

Malvaoeae

A
18
19

S om

2

24
26

28

)

Mimosoideae =

'.:-'Papﬂmnmdeae R
Polygalaceae '
" Rubjaceae
;Salvadoraceaé |

' 'SQIanaceae
: Starcuhaoeae

Verbenaceae



APPENDIX 4.

Woody plant funetional attributes of each spacles. The classes of each functional attnbute are listed in Table 2.2, The code representmg each
functional class corresponds with that in Table 2.2. The astensks denote rare specnes

Abbrev - Leaf Spin Leaf Leaf Pala Grnw cold Fire Drou Repr Parts Fruit -

dura Type Size =  Rate - Eaten Type
Acacia burkei acac burk 1 6 t. i 2. 1 3 2 a1 0 o 1
* Acacia caffra. acac caff 1 3t 1 11 i 1 g 0 o 0 1
Acacia erioleba _ . Aacac erioc 1 6t i 1 .01 2 1 o 1 o 1 2
Acacia exuvialis acac exuv 1 4 t 1 1 1 L' B o} o] 0. 0 1
Acacia gerrardii acagc'gerr 1 4t -2 1 1 1 i .0 0 i 1 1
Acacia grandicornuta . acacgran 1 4t 1 i 1 1 2. .0 0 o 1 1
* Acacla )leudoritzii .aca? leud. 1 S5 t 1 1 1 '3 0. 0 0 0. 0 .
- Acacid -y 2llifera - acac mell 1 6t 1. 2 1 D 0 0 1 6 - 7 1
Aoacia nigrescens | . acac nigr 1 6 t T .2 1 3 1 1 1 0 0 1
Acacia nilotica acsc nilo: 1 4 ¢ 1 1 L 3 1 o 1] o o 2
* hAcacia robusta _ acag rebu 1 4t 1 1 1 1. 1 o] 0. 0 0 1
Acacia glsberana - acac sleb 1 4 & 1 1 1 1 1 0 ¢ 1 1 1
* heapia senegal. ~acac sene 1 5t 1 1 1 1. 1 0 o 0 1 1
Acacia tortilise- : acac kort 1 6 t 11 1 3 1 3 1 1 -1 1
Acacia xanthophloea .. - @Aacscxant 1 68 1 11 3 2 0 o T 7 2
Albizzia forbsii albi forb 1 T 1 1 -1 3 2 G S + o -2
Rlbizzis harveyi _ albi bare. 1 1 1 1 1 3 2 1 o 1 8 1
* Ancylanthos monteiroi - ancy mont 0 1 2 2 .0 o c 0 o 0 0 3
* Bnnona genegalensis anno sene 1 1. 2 3 1 i .2 1 0 2 1 -3
* Antedesma venosum _ ante veno 2 1 2 .3 3 1 1 o 0 1] o -3
* RAzima tetracantha azim tetr 3 4 =8 2 3 1 [+ B ¢ Q -0 v o 3
Bolusanthus spaciosus bolu spec. 2 K 1 3 3 1 -1 9 o 1 -2 1
Roacia albitrunca : bose albi 3. 1 2 3 i 3 2 0 1 & 1 3
Bascia foetida boge feet 3 21 2 2 .1 0 1 o] 1 -0 o 3
Bageia species ~ bose sp. 2 1 2 2 r 0 0 0 1 o 0 5
* Brachylaena 4 - ~olor brac disc 3 iy 2 3 '3 1 g 0 o 0 o 6
Burkea africi . - burk afri 1 r*r 3 3 3 1 2 0 3 0 .2
{adaba natalensis - cada nata 3 1 -2 3 2 ¢ 0 0 o 0 o -3
* Canthium cilliatum cant cill O o 0 o 0 e ) 0 4 o V] 1]
. Capparis tomentosa capp tome 2 4t 2 3 i a 0 1] xi3 c o .3
- *-Capparis transvaalensis capp tran 1 4 t 2 i 1 3] o 0 o 1) G 3

4mumﬂx4umﬂﬁua&"-“n



Appeiﬁ& 4 continued..,

Abbrev Leaf Spin Leaf Leaf Pala Grow Cold Elre Drou Rspr Parts Fruxt

dura Type Size Rate Baten Type

Carissa bispinosa cari bisp 3 5+t 2 3 0 0 1 o o - 0 a

* Cagsine aethiopiga - cass aeth 1 1 2 5. -2 o 0 0 c 0 1. 3
Catunaregam spinosum catu spin 2 48 2 3 3 o o o 1 0 -0 5
Coddia rudis _ codd rudi 1 1 2 2.1 o o Z- 0 0 0 5

" Colophospermum mopane colo mopa 1 i 2 . 4 3 i 2 1 1 i 1 2
Combretum apiculatum -conb apie 1 i 2 4 i 3 2 a 1 0 o 6
Combretum colinum comb coli 1 1 2 5 i 3 2 a2 0 a -]
Combretum hererocenge : comb here 1 1 2 3 1 3 2 1] 1 o 0 6
Combretum molle comb moll 1 1 2 4. 1 1 2 1 0 E-X 0 6
Copthbretum zeyherd comb zeyh 1 1 2. 4 1 3 2 1 141 0 [+) 6
Cormiphora africdna .- comm afri 1 2 @& 3 4 2 1 o o 1 0 o 3

" Commiphora mollis : comm moll 1 28 3 1 1 2 ] i (] 3 3
Commiphora neglecta. comm negl. 1 2 a3 3. 3 2 "1 . 2 D 1 6 i 3
Commiphora pyrocanthoides comm pyro 1 28 3 4 2 Q o O 1.. 0 i 3

* Cordia species . ecord sp. o 0 o o 4. 0 0. 0 0 a .0 o
Dalbargia melanoxylon " dalbmela 2 2 s i 3. 2. 3 2 18 ¢ 1 3 2
Dichrostachys cinerea dich cine 1 3 s 1 b3 1 3 i 1 1 6 1 2
Diospyros lyciocides dios lyei 1 - 1 2 4 1 3 i ) 1 4] o 3
* Digspyreos mespilliformes dios mesp 2 1 2 4 2 1 2 a o 3} 1 3
+* Diplorhynchus condylocarpon dipl cond 1 1 2. & o 1 o 1 o o 0 5
- Dombeya rotundifolia domb rotu 1 L 2 4 3 i .1 o 0 0 -8 5
* Doyvealis caffra doyv caff 1 3 = 2 2 -2 o 1. 1) 0 0. 1 3
* Doyvealis longispina doyv long 1 335 r 5. 2 g 1 0 -0 o 1 3
Doyvealis rhamnoides doyv rham 1 3 s 2 3 2 0 -1 Q Q Q 1 3

% Ehretia amoena ehre amoe 1 1 2 4 a ) [+) 0 'Q a O k|
Ehretia rigida ' ehre rigi 1 I 2 3 1 0 4] 0 1 0 A 3
Buclea crispa _ eucl eria 3 1 .. 3 3 0 o 1 1 0 i I 3
Euclea divinorum . eucl divi 3 1 2. 3 - RS- 1 o 1 0 1 3
Buclea linearis - eucl line 2 1 2 2 .3 o .0 0 i 1] 0 5
Euclea natalensis : eucl nata 3 1 2 3 a0 0 2 1 0 1] 3
Juclez schimperi ' eucl achi 3 1 2 3 3 0o 0 (o Lo I ¢ Q 3
Euclea undulata eucl unda 3. 1 2 i 3 0 ¢ @ 1 o o 3
Eugenia. capensis euge cape 2 1 2 i 3 0 Q 1 0 o 1 k}

* Gardenia spatulifolia gard gpat 1 1 2 3 . 1 o 4] 0 6 o 5
* Goggypium herbaceum gogs herb O 0 0. © o 0 ‘0 .0 0 0 0 o
Grewla bicolor grew bico 1. 1 2 3 1 o o 0 i 0 1 3

Appendix 4 continuzd...



Appendix 4 continued...

dura

Type Size'

Rate

Bbbrev Leaf Sp1n Leaf Leaf Pala Grow chd Fire Drou Repr Parts Fruit
: _ Eaten Typa

Grewiz
Grewia
- Grewis
Grewliz
* Grewia

Grewia:

Grewia
Grewia
Grewia
Grawia
Grewia
Lannea
¥ Lippia

flava
flavescens
hexanita
micrantha
microthyrsa
monticola
occidentalis
retinervis
species
subspathulata
villosa
dgiscolor
javanica

Lonchocarpus capassa

Lyecium
Lycium

Lyciam

* Lycium

acutifoliom
hirgutum
cinereum
species

Maytenus heterophylla

* Maytenus

* Maytenus polyacantha
Maytenugs senegalensis
Mundulea sericea

mosgambicensis

Ochna arborea
ochna natalita
Ochnia pulchra

ormocarpum trichocarpum
Dzoroa insignis w. ret

Gzoroa obaovata

* Ozoroa paniculosa
Pavetta zeyheri
Peltecphorum africanum -
Plectronielia armata

* Rhoicissus tridentata
Rhus gueinzii

* Rhwe lancea

grew

grew
grew
grew
grew
grew
grew
grew
grew

grew.

rew
lann
lipp
jone
laci
lyci
lyci
lyei
mayt
mayt

© mayt

mayt
mund

- pehn

ochn
ocbhn
Ormo
ozoxr
bzor
DZor
pave
pelt
plec
zhoi

- zhus

rhus

flaw
flve
hexa

micr

mico
mont
oeci
reti
8p.

subsa
will
disc
java

capa.-

acut
hirs

cine

5.
hete
moss
poly
Eena
geri
arbo

nata |

pulc
tric
insi

obhov’

pani
zeyh
afri
arma
trid
guen

lanc -
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Appendix 4 continued...

hAbbrev Leaf Spin Leaf Leaf Pala Grow Cold Fire Drou Repr Parts Fruit

dura

- Typa Size

Rate

Baten Type

* % %

Rhus leptodictya

‘Rhus pentheri

Rhus pyroides

Rhus undulata

Schotia brachypetala
Sclerocarya birrea
Securidaca longipedunclata
Sscurinega virosa .
Sideroxylon inerme

- Spirogtachys africana

Strychnos madagascariensis
strychnos pungens
Tarchonanthus camphoratus
Terminalia brachystemma
Terminalia pruniodes
Terminalia sericea
Trichilia emetica

_Vitax mombassae

¥itex rehmannili
Ximenia americana
Ximenis caffra
Ziziphus mycronata

rhus
rhus
rhus

- rhus

gcho
scle
secu
secu
side
spir
stry
stry

tarc

term
teorm
tarm
tric
vite
vita
xime
xime
sizi

lept
pent.
pyro
undu
brac

birr.

long
viro
iner
afri
mada
pung
camp
brac

Brun’

seri

amet

r-amb
rehm
amer
vaff
mucr
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APPEND]X 5‘

Grarmnmd species composmm and structural data recorded at. each mte. Full speues pames
are listed in Appendix 6. The rare specles at each site are mdmted with an astensk Totals
exclude values for rare species. ; o

(aj Hkuzi i
Dansity = Basal '.Hean val.
- - . hrea height index
N ©(#/ha)  (m2/100m2F . {m}  (m3)

" Aris bipa . 1890 - 0.037  0.22  0.80
Aris conj 11127  0.075 0,20 . 1.46
Arig gtip 14307 0.415 0.28  15.82

* Brac nigr 6358  0.007 = 0.09 . 0.07

. Dagt aust 135117 0,229 0.09° . B5.00 .
pigieria - 19075 . 0.219 = 0.12 5,70

# Digi leng 6358 . 0.005 0.13 0.07

% Brag curv . 6358 0,187 0.27- - 8.35
Frag mogqg . --22255 - 0.083 | 0.15 0.84
Pani maxi. - 84249 2,808 0.28 141.58
Pero pate - 11127  0.053 0.10 0.61
- ToTALS . 298847 . 3.889 0,18 172.81

(B) Miuzl Z2
'Density_ Basal .= Mean Vol. -
o Area  haight index
: B {#/ha) (m2/100mZ)  (m)}  {nd)

. Aris bipa 5493 0.058 0.15 0.95
Cene cili 1356 0.057  0.30 1.71
pigi dida = 2034%  0.516 N.14  11.51
Digi eria 5424 Q0,048 - 0.08 .42
Exag supe - 35269  1.163 0,28 . 32,53
Pani colo 48820  0.488 0.1  12.38
Pani deus 12208 0.779 0.3%  31.98
Pani maxi 21698 0.246 0.29 7.87
Spor nite . 4068 0,033 0,07 0.27
‘Tham trir 101707 4.513 0.36 204,33
Urog mosa 10849 0.047 - 0.24 0.69
TOTALS . 271220  7.948 . 0.22 304.64
" {c) Mkuzi 3

Deﬁsity Basal Mean Vol.
T Area haight  index
(#/ha) (m2/100m2) (1) {m3)
Genc ctli - 2186  Q,008  0.47 0.19 -
Pani maxi 39222 1.299 0 0.31 . 46.76

TOTALS 86260 1,350  0.36  48.92




"1_(dj Hkﬁg; 4. 

o Dengity - Bassl  Mean - Vol.
_ o - Area  height index
o U (#/ha) (m2/100m2) . {m) - «(m3)

Aris bipa - 11276  0.027  0.23  0.61
Andr gaya - 85605  3.004  0.63 < 221.06

. Chry merz . 1786  0.363 0,83 12.18

Digi exia c . &0BEY 0,195 ¢,32 - 6.27
‘Dine ampl . 38773 . 0.52 0.46 28,39 °
Erag spec . 22588 - 0Q.004- - 0,22 . 0.1D
Brag supe 4510 0,008 . - 0.18 0.14
~Busk pasp . 270&) 0.182 U 0.23 4.14
“Hete cont 36082  © 1.B02 @ Q.46 112,43
Meli repe = . 11276 0.059 0.3 2,31
" Pani maxi - .. 8785 0.193 0.35 5.97 .
Them tria 105991 @ 2.475 . 0.59  163.91

Trie gran = - - 4510 - - 0.012° = (.16 -F Q.18

Tric sona 22851 0.221 0,37 F 10.09
Teis spec . 13831  0.085. 0.36 - 3,36
Uroc mosa 4510  0.00F . 0.26 0.04 -

| poTALs 435676 = 9,132 . .0.35 567.68

A

. a) Mkuzl §

. Density  Basal = Meahn.  Vol. .

Area - height index

~(#/ha) (m2/100m2)  (m) (w3}

. Aris hipa 7422 . 0.009 0.13 = 0.10
Dact aust = 148873 ° 0,114 6.14 . 1,88
Digi agyr - ° 2721%  0.16% 0.14 - 2.91-
bigi eria - - 49896 D.044 - 0,12 - - 0.58
Erag supa © A48 0 0.021 - 0.12 . 0.23
Pani golo 17319 op.048 014 - 0.67
Pani maxi - - - 29DE8Y ‘0.213 '
_Pani speo T 2474 0.024
 8por -ioel - - 163281 - 1.507
Bpoy nite : 29689 - 0.132
Them tria. ... 9894 0.544
Uroc mosa | - 395845 0.391:
Uroe trie 7 7422 D.089

0.24
20.65
0,98
29,36
.28

Bsh

.

- " =

ofoadocoo0
=5 T e B3 b O
B 3 3

-1 )

£

. ToTALS . 484924 3,188 74,57

4,51



{fj_Ngiéviey'g _

Basal

vel,

TOTALS

204656

Density Mean
L ‘Area  heightt - index
© (#/ha) (m2/100m2)  (m)  (m3)
‘Aris arge 5687 0.019 L0.33 0.0
. Aeis eonji -1625  ©0.019 . 0.32 0.52
Both inac . - 1625 0.02¢ . 0.46 - 1,08
© Brac geir ~1625 - 0.014 . 0,19 . 0.33
Digi eria 99128 1.888 - 0,22 41.7%
Dibe ampl . 812 - 0.029 - 0,54 @ 1l.54
~ Brag lehm . 4062 . 0. 106 0.27: 3,84
Erag pall - - - 24375 0.63¢ - 0,50  37.01 .
" Hete cont © 1625 0.336 °  0.48 . 21.11-
Loud simp 0 - 1625  0.113  0.57 . . 6.35 -
Meli repe 1628  0.061 0.34  1.97
--Pand maxi 11378 0.134 - 0.2 © 3.90
Pexro pate - 3260 -0.109 - 0.13. - 1l.02
Seta spha - - 2437 0.274 0,45 | 12,93
~ Them tria 1625  0.184 . 0,80 . 12,28
' TOTALS 162458 . 3.B8D . 0,39 146.34
" {g) Nylsvley T
o Dansity Basal. Mean . Vol.
N _ <" . .Bpea . helght. =~ index
CEo 0 {#/ha) (m2/100m2) - - {m) . (m3)
"Allo gemi 1044 G.003° 0,48 c.08
Andr schi 2088 - D.008 0.21 - 0.27
Aris conj 2088 . 0.054 . 0,37 2.70
-Aris Aiff 1044 0.001.  0.20 0.03
Erac sarr 5221 0.026 0.25 0.87
- Digl eria .- 7309 - 0.04 0,18 0,68
Dihe ampl 36546 0.958 0.34  40.52 -
‘Elyo mubi T -BZ221 0.085 0,29 3.24
Erag race - 6265 0.189 . 0.22 4.05
Bete cont o 6268 0.208 0,38 ‘9,13 -
‘Loud eimp 26104  0.596 10.25 - 23.33
. " Mell nery . - 6265 = 0.201 0.40 - T.684
~Pani colo 2088 . D.00% - Q.31 - 0.29
Seta spha 51164 0.96 -~ 0,29 40.99
. Them tria 46987 1,168 .  0.38 62,798
4.4%5 0.31 186.29

B —



 (h) Nyleviey 8

o _ﬂangit&:

(#/may

Basal
Avea

. _height
(m2/100m2)

Medan

T im)-

vol. -

index
(m3)

Arisz con)
Cenc cili
Cyno dact
Erag barb
. Erag pall .-
Brag rigi
-Hete cont -
Pani maxl -
schm papp = .
Troc mosa

2358

74283
.. B254

A537

25940
12358
20477 -
7075 -
53059
29477

0.05¢
0.002 . . 0_.30
0.477  0.19
0.305
0.003
1,933
0,006 -
- D.04

. 8.9
S 0.14

0.26
.52

0-41

0.31

o.21

Q.06 -

10,74

"1.93.
75.78

‘0,19
Q.4%F

'3;1'-2358;9

108.28 .

- TOTALS.

. fii”deipﬁart.é .

.  :.;#$§?néitY

'{wfﬁt#/ha}

" Basal = Mean
Arga  height
{m2/100m2)

(m)

- vol.

index -
(m3)

arim conj
"Erag lehm
Erag pall
Schm papp

. 3099 -
82909

48041 - -
20921

0.033
0.358
0.301"

0.24
. 0.21

0.43
0,30

C1.29

10,26

 ToTALS.

154970 |

0.833

26,51 -

{3) Rooipoort 10

Density
(#/ta)

.  Basal Mean

. Area

height

vel.
index
(m3)

© Brag supe.

53690
4474
6711
297532
6711

‘Aris conj |
Aris stip

. Cymk pluxr
‘Brag lehm

Erag pall

2237
42508

Hete cont -
Pogo BQua
- Schm papp

2237

31319 o

{(m2/100m2)  (m)
‘D.042
0,001

1,105
- D.016
0.011
0.009
0.1
0,837

0.73
0.18
0.22
0.26

0013'

0,21
0.21

0.62

0.03
13,17 -
28,11

0.54
0.30

0.30

2.80
24.42

OTALS -

447416

'2.739 - 0.24

' 70.29




(k) Rocipoort 11 -

Mean -

0.542

‘Density  Basal.
o " - Area ' helght index
(#/ha) (m2/100m2}  (m) . (m3)
Aris coni . 2265 0,003 0.22 0.06
- Arie vast 22653 0.333F - 0.23 . 9.63
Cenc oili = = 4531 0.064 0.24 1,28
Enpie scop 9081,  0.033 0.25 0.88
Brag lehm 294492 - 1,92 0,16 - 37,05
Brag pipnd - - - | 15857 0.144 “0.09 0 1.72
Erag obtu 33980  0.484 . 0,18 . 131,30
‘Heta cont - . 8061 . 0.269 . 0,29 7,71
' Schm papp . . 2265 0.026 - 0.13 - 0.3%
Spor fimb _ 4531 - 0.023 = 0.15 . 0.38
Droc pand =~ 2265 .- 0.001 -0.10 0.01
TOTALS - . 446267 . "3.777 0.19 =~ B82.61
" {1} Langjan 12 § _ ;
‘Density Basal Mean Vvol.
...~ hrea  heaight index
. ~ (#/ha)"(m2/100m2) . m) {m3)
“Arisg cbnj - - - 208%8 @ 0.033 . 0.10 . 0«51
‘Aris-gtip- - 17599 0,007 . 0,11 0.09 -
~Cene eill 153%9 - 0.031 - 0.13 ~ 0.75
Enne cenc . 93492 ° - 0.171 0,16 =~ 2.88
Hete cont 2200 .0.002 0.06" 0.00 .
Schm papp ° © 1100 0.011 '0.33 0.35
Trag bart .. 9899 0.009 Q.04 0.07
. Upoe mosa . 48396 0.174 - 0.11 2,49 .
Ques spac 110999 0.023 - .05 0.06
TOTALS . 208983 - 0.437 .. 0.13  7.14
{m) Langjan 13
' Denglty  Basal " Maan vol.
a Area height index
| (#/ba) (m2/100m2) . {m)  {(m3)
Aria conj - - 466  0.002 - 0.185 0,03
Digl eria 24467 0.316 0,02 0.30
Enne cenc © 4883 0.014 - c.08 0,06
Erag leha 11185 0.143 = 0,02  0.13
Erag tric : 699 0.004 .00 . 0.00
Pani maxi 3961 0.049 0.10 1,26
Schm papp. 699 0.018 0.12 0.39"
Urce mosa. 233 - ©.000 0,12 ° -0.60
0.08 . 2,17

TOTALS . . 458904



- {n) HMessina 14

Bagal

" Mean

: ;Vbl;

3673_65

- Density
- - Area haight  index
{#/ha) (m2/100m2} . . (m) {m3)
Aris bipa 2171. .0.001 . ~ .0.16 0.01
- Aeis conj 162798 . 0.554 0.15 9.46
Digl eria 1085° - 0 . 0.18 0.00°
~ Enne cenc 23877 0.064  0.16 0.95
. Erag lehm 13024 0.046 ¢.i8 " 0.87
Pani maxi 1085 0.025 0.24 0.60
.. Schm papp 1085 o .. .08 0.00
. Trag bert - 5427 ° 0.009 . 0.07 0,04 ’
Trid gran 3286 0.004 0.10. °  0.05
" Uroc mosa 3256  0.0068 0.09 - 0.05 °
TOTALS 217063 0.708 . 0.13 12.03
{a) Lowsr Sabie 15 _
© Density -  Baeal ~Mean = Vol.
s Arez height . index
{#/ha) {m2/100m2)  (m) (m3)
Both imse = 76959 - 0.856 0.40 - 42.97
Digl eria ©. 262943 © 2.%310 . 0,38 128,72
- Erag. supe - 6413 6.067  0.50. - 3.33
Eust pagp - 25653 0.216 - 0.37 8,20
Hete cont . . - 16033 . Q.1l54 - G.55 11.00
Pani colo 19240 - 0,136 ‘0.39 . 6.54
Pani maxi 64132 = 0.546 -0.81 . 34.71
Them tria i66744  2.673 0.47 150,20
- Uro¢ mopa 3207 0.083 0.41 3.3% .
TOTALS - - 641323 7.851 0.44 389.06
 {p) Timbavati 16
bensity Bagal Maan Vol.
: Area  helght index
(#/ha) (m2/100m2} (m) - {m3)
Aris adsc 7357 0.005 0.28 0.14
Aris bipa 1839 0.018 0.31 0.55
Aris conj 1839 -0.005 0.25 - .0.13
Both inse 14715 0.135 0.37  5.41 .
Cene eild 5518 0.961 0.52 3.01
Digi eria 25751 0.384.°  0.30  14.34
Enne acop - 60698 0.733 0.31 26.84
Erag supe 7357 0.083 .35 X.38
PFing afri 12875 © 0.49 0.33  26.68
Hete cont - 62537 0.62 0.36. 28.85
Pani colo 1229 - 0.059 0.40 2.34
Pani masxi 22072  0.743 . 0.54 58,14
Schm papp 34547  0.143  0.23 374
Spor nite 12875 . Q.082 . 0.15 1.28
Them txria 47823 0.71 - 0.39 35.258
Uroc mosa - 47823 1.061 . 0.31  40.28
TOTALS 5.322 - 0.34 250.35




@

Timhavati 17 .

- TD'I‘BI-S

335.86

Density. _Bagal  Mean - Vaol. = .
- " HKrea hei ht - index
P g -_-.(#!ha) (m2/100m2} (m)  (m3)
_ nris-barb-- - 1988 0.01%. - - 0.30 . G.87 .
Aris conj 1988 0.001 0,24 - 0.03
Anls stip . 23852 0.044 - .36 1.69
_Digi exia 77518 - 0.275 - 0.22 - 6.56
Brag barb o 13813 0.3101 g.28 @ 2.80
Brag lehm - 23852 ° D.113 . 0.35 T 3.83 0
. Brag pall . ~. 5863 . 0.931 .27 - 0.8% - .
- Erag rigli - 35777 . 0.224 0.40 9. 15; .
‘Loud simp . = 3975 0.049 ©  0.32 - 0.95 -
- Pafii colo iseor - - 0.08% . 0.33 @ 3.42
Pani vaxi ' 129196 2,106  0.35  84.23
" Paro {ate J189C1 .- 0.13 0.19 2.53
Poge jgua -5963 - 0.007 - 0.27 - - 0,24
‘Bchet papp - - 5963 (0,058 - 0.3%. . . 0.92
reic gran 5963 . 0.0L 0.22 0.23 :
" Trice mona 5963  .0.03% 0.54 1.37-
Uroe moga = 23852 0,345  0.24°  8.91
~ TOTALS . . 397526 - 3.621 . 0.29 128,34
(r) Pr&toriuskpp 18 _
Deﬁsity'- Bagal =  Mean Yol.
: 7 Area height“. index -
. (#/ha) (m2/100m2)  (m) (w3}
Aris bipa 2040.  0.001 0.48 - 0.03
Both- insc 4080  0.009 - 0.23 0,19
Cymb plur - 4080 0.016 S 0.27T 0 Q.42
. Cyno dact - 16321 . 0.177. 0.31 12.76
pigi eria 34681 @ 0,099 0.27 2.81
Dihe ampl 85683 . 1.58% C0.54 98.35
‘Erag rigi = - 4080  0.D12  0.28  0.43
‘Erag Bupe - 2040 . 0.079 0,39 -~ 3,06
. Hate cont -20401 = 0.249 - 0.48 - 12.11
" Hype diss . 30601 1,006 . 0.82°. 85.76
Hypp £iii 8160 . 0,018  0.53 . 1.14 -
Loud simp .34681 ‘0.414 9.3% - 13,69
- .Pani maxi 28561 0.417 0.57  23.95
‘Pero pate . 12240 - - D.04 0.23 - 0.93
PFego sguia = 4080 0,032 0.42 1.36
Sehi sang 44882 1,399 0.46  67.48
Seta spha - 38761 0.267 - 036 9.8%9
Spor stap 12240 - 0.114 0.21 . 2.36
Erag mpec 4089 . -0.05%  0.63 3.56
% Trac spic 4080  0.287 0.92 ' 21.35
- Tric gran 83120 - 0.022 - 23 0.48
- 385572 5.941 - Q.38



931514

- (s} Pretoriuskop 19
_ Density - - Basal Hean - v::l. A
' Area - height - index =
o _{#/ha) {mZ/lDOmZ) oo {m) 0 (m3)
' Aris barb 9315  0.003  0.33 ° . 0.10 .
. Arie bipa - - 9315 0.007 0.29 “ Q.20 7
Digt eria 172330 1,589 0,25 47.59
Pike ampl 23288  0.672 0.46 - 45,24
Blyo muli =~ . 4658 = . 0.095 .. 0,49 -~  4.63
Erag wigl - - 4658 ° 0.083 . 0.70° 4,39
Hete cony - . 130412  3.201  0,3% 140.38
Hype diss . 4858 . 0,008 - 0.21 - . 2,20
" Loud simp . A39727  6.261 - - 0;31_;:231,51
Pani maxi -~ 18630 ¢.113 0.42 - - 22
Pero pate =~ 37261  0.126 S 0.21 3,32
' Pogo Bgua. 79179  0.149 ' 0.35 - . 5.32 - .
Schm papp 32803, 0,221 6.22 '5.78
Seta apha . 250324 . 2,633 0.47  141.30
15,149 0.36 635.97

- ToTALS -



APPENDIX 6.

Graminoid functional attributes of each species. The classes of each funcuonal attribute are fisted in Table 2. 3. The code representmg each
functmnal class corresponds with that in Table 2.3, The asterisks denote rare species.

Species“name ' _ ' ' phen phys gfor repr size no. disp graz . pala suee fres fusl sfam trib
' ) : N C ‘earl late wint

* Allotetopsis semi-alata allo semi

. bDactyloectenum australe dackt aust
- Digitaria agyrograpta digl agyr

3 2 6 -2 .3 2 32 2 3 1 1 1 0o 4 3 4
Andropogon gayanus . andr gaya 3 2 1 3 -2 2 1 2 3. 2 1 20 4 - 3 &
* Andropogon schirensis andr schi 3 2 1 3 2 2 1 2- -3 2 1 2 0 4 3 6
Arigtida adscensionls aris adse 1 2 1 3 2 1 1 - 3. 2 1 i 1 ¢ 3 1 1
Aristida argentea aris arge 3 2 1 32 i 1 2 2 1 1 1 0 3 1 i
Aristida barbicollis aris barh 4. 2 1 3 2 1 1 3 2 1 1 1 1 .1 1 1
Eristida bipartita arig hipa 3 2 1 3 -3 T 1 3 2 1 T 1 o1 i 1
Aristida conjesta _ aris conj 4 2 1 3 "2 1 1 3 2 1 1 2 0 1 1 12
* Aristida diffusa aris diff 3 2 1 3 2 2 1 3 1 i 1 1 o 1 1 1
Aristida junciformis aris junc 3 - 2 6 2 1 1 1 3 2 1 1 i 0 3 i 1
Aristida stipitata - aris stip 1 2 1 31 1 1 3 1 1 1 1 o 2 1 1
Aristids vestita .. aris vest 3 2 1 3 i 1 1 3 .1 1 1. 2 0 2 1 1
Bothrjochloa insculpta  both inse 3 2 5 2 2 1 1 k| - 2 1 2 .2 7 3 6
* Brachiaria nigropedata  brac nigr 3 3 6 2 2 2 2 1 3 3 3 3 0 "3 3 4
Brachiaria serrata brac serr 3 3 6 2 2 2 2 1 3 3 3. 3 o 3 3 4
Cenchrus ciliaris cenc cilii 3 3 7 e 2 2 4 1 3 3 2 3 o 6 3 4
Chloris gayana chlo gaya 3 3 5 2 1.1 2 1 4 3 3 3 0 2 2 3
Chrysopogon serrulatus chry serr 3 - 2 & 2 2 2 1 1 3 3 3 3 o 3 3 L:
Cymbopogon ‘excavatus oymbh exca 3 2 1 . 3 2 2.1 2 3 1 i § 3 0 9 3 6
Cymbopogon plurinodis cymb plur 3 2 1 3 2 2 1 2 4 2 1 3 i 9 3 6
Cynoden dactylon eyno dactk 3 3 4 -2 1 2 2 3 4. 4 4 1 .0 1 2 3

3 3 2 2 i 3 1 3 4 4 a4 2 0 i 2 3

3 3 & 2 2 2 2 1 4 4 & 3 2 2 3 4

Digitaria didactyla digi dida 3 . 3 5 2 2 2z 2 1 3. 2 2 2 0 2 3 4

Diglitaria eriantha =~ = digi eria 3 ~ 3 4 2z 2 2 2 1 4 4. 1 3 4 4 I 4
* bigitaria longiflora digi long 4 3 5 2 1 i 2 2 2 2 W 1 0 2 3 4

Diheteropogon amplectans dihe ampl 3 2 ] 2 2 2 1 1 4 4 4 c I 1 £ 4 3-8
Echinochleos crus=galll echi crus 1 i 5 1 1 T 2 o 3 3 3 1 0 3 3 4
Elyonurus nmuticus elyomuti 3 2 i 3 1 2 2 3 3 1 i 1 2 6 3 6
Enneapogon cenchroides  enne cenc 3 3 1 3 1 2 4 3 2 2 2 1 o 2 2 2
Enneapogon scoparius — enne scop 3 3 1 3 1 2 4 5 1 1 1 4 o 2 2 2

AWHmdhﬁﬁaMHMuata'



Appendix 6 continued...

Speacies name

phen phys gfor repr size no. disp graz

pala

snec fres fuel sfam téib

Eragrostis

* Bragrostis
Eragrostis
. Bragrostis
Eragrostis

Eragrostio

Eragrostie
Eragrostis

Eragrostin

Bragrostis
Bragrostis
* Bragrostis

barbinodig
curvula
gummiflua
lehmanniana

‘moggli

nindensis
obtusa
pallens-
racemosa
rigidior
superba
trichophora

Eustachys paspaloide:s
. Fingerhuthia africana
Heteropogon corfFrrtus
Hyperthelia diswnsluta

* Hypparrhenia filipendula

Hypparrhenia hizta
Loudetia simplex
Melinis nerviglumis
Malinis repens
‘Panicum coloratum
Panicum deustum
Panicum maximum
Paspalum distichum
Perotis patens _
Pogonarthria sgquarrosa
Sacciolepsis curvata

Schizocarium sanguineum
Schmidtia pappophoroides

Setaria incrassata
Setaria sphacelata

* Sporobolus
Sporobolus
Sporobolus
Sporobolus

fimbriatus.
joclados
nitens
stapfianus

erag.

erayg
eraq
erag
erag
erag
erayg
erag
erag
arag
eray

| erag

eust
£ing
hete

hype.

hypp
hypp
loud

- meli

meli
pani

. pani

pani

pasp

Pero
poge
saca
schi
schm
seta
geta

. Bpor
spor.

spor
spor

barb

curv
gumm
lehm

mogg
nind

obtu
pall.

raoe

rigi

gupe
tric

pasp

afri
cont

diss

£i14

hirt

simp
nerv
repe

colo.
deus

maxi

dist
pate

sgua
curv

sang .

Fapp

incr

spha
£imb
iocl
nite
stap
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Appendix 6 continued...

Species name ' phen phys gfor repr size no. disp gra# .pala succ fres £uel efam trib
: : : earl late wint

Btipagrostis uniplumis Etip unip

3 2 ) 2 % 2 1 -1 3 3 3 3 0 2 i 1

Themeda triandra them tria 3 2 & 3 3 3 i 1 4 £ 4 3 i 7 3 5

* Trachypogon spicatus trac spic 3 2 6 2 3 2 1 kY 4 z 1 3 by 3 3 6
Pragus berteronianus . trag bert 4 k| i 3 2 1 3 3 1 1 1 1 2 1 2 3
Tricholeana monachne tricmona 3 3 1 1 1 1. 2 a . 2 1 1 2 0 1 3 4
Trichoneura grandiglumis tric gran 3 3 i ‘1 2 i 2 a2 2 -2 2 o 2 2 3
Urelytrum agropyreides ure] agre 3 2 1 1 2 2 1 2 2 i 1 2 o 4. 3 6
Urochloa mosambicensis  uroc mosa 3 3. 5 & 2 1 2 3 4 4 4 4 4 3 3 4

* Urochloa panicoides uroe pani 1 3 1 3 2 1 2 3 2 2 2 1 0 1 3 4
* Urochloa trichopue uroc tric 1 3 1 3 2 1 2 3 2 2 2 1 Q. 1 3 4



" Forb structural data record corded af_ each site,
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|  APPENDIX 8. N
Graminoid species composition and graminoid and forb. structural data recorded at the end
of the growin season t thres sites in Mz, Full species names are given in Appendix 6.

‘(a) Mkuzi 1 (Repeat)

Density - Basal Mean Mass = Mean  Mean Mean

Area height  index . circ basal mass

(#/ha) (m2/1060m2 - {m}y ~ (m3) {m) ared - index

Arig bipa 6082 -0.011 -0.16. 0,17 0.045 0.003 D.042
Aris conj . 1820 0.001 0.40 0.04 . 0.03Q 0.001 0.044
Aris stip - 9323 - 0.098 0.3 2.90 0.087 . 0.0i6 0.483
Brag mogy | ~l0643 - 0.019 0.25 0.48 0.036 0.b03 0.r58

. Brag pall - 10643 0.044  0.42 2.24  0.059  0.006 - 0.320
. Dackt aust - 1B8B0& © G.137 0.15 .3.03 0.027 0.001" 0.029
pigi eria 15204 - ©0.032 - ©0.12  ©0.39 0.047 0.003 0.039
Pani maxi - 45145 - 0.987 0.40 5@.38 0.083 g.ol1g 0.200
Pero pate _ 3041  0.012  0.20 - 0.24 0.070 0.006 0,118
0.24 60.06 0,048 0,007 6.300

Totals -~ 304089  1.351

(b) Mkuszl 2 (Rgpe_at) :

-Density Basal Mean Mass Mean Mean Mean

s Area  height  index circ - basal - mass

(#/ha) (m2/100m2 {m) (m3) (m} = area index

Aris pbipa - 1928 0.074 0.350 2.59 ¢.220 0.974 2,594
Cene cili 1925 g.019 0.580 -~ 1.02 0,110 0:019  1.019
Digi dida - 28868 0,434 0.164 .56 0.110 0.029 - 0.504
Digi eria 44264  0.361 0.326 - 13.65 - 0.082  0.01§ 0.594
Erag supe - 28868 0.438 - 0.359 18.00 0.117 . 0.02% 1.200
Busgt paap - o823 0.032 0.392 o 1.23 0.058 0.006 0.24&
Pani colo : 69282 = 0.3%9¢9 0.291 12.85 0.070 0.011 - 0,357
Pani. deus 42339 0.598 0.366 24.89 0,110 0.027 1.131
Pani maxi 32717 1.044 ° 0.470 61.84 0.156 0.G6) 3.638
Spor nite 1925 0.039 0.190 0.75 0.160  0.03% G.745
Them tria 121244 . 2,383 0.484 127.35 0.123 0.037 2.021
Uroo mosa 1525 0.001 0,250 0.02 0.020. @.001 0.015
Totals . 384500 5.792 0.375 271.76 0.108 0.029 1.359

© {¢) Mkuzli 2 {Repeat)

Density  Basal = Mean Mars Mean Mean Mean

Ares height index etrg bagal = mase

{#/ha} (m2/100m2 (m) {m3d) {m) area index

Pani maxi 6310 0.052 .77 3.48 0.081 0.00Q40 0.021
Pani deus 859 0.047 0.75 .78 . 0.207 0.002 0.164
Cenc cili 261 0.005 0.83 0.49 0,140  0.001 0.071

- Uroc moasa .37 0.000 0.75 Q.02 0.0%0 0.000 o.018

fotals 7467 - 0.105  0.77 . 7.77  0.088  0.001  0.039
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APPENDIX §.

The information on A horizon soil chemical properties sent to the soils experts for their use in ratmg the sml fertlhty of the nmcteen sites.
Site numbers are as gwen in Table 2.1.

Profits M. 1 2 3 4 5 & ¥ 2 8 10 1t 12 1% 1 15 15 1w i 1o
S famy vutiosn | Banhem | Dunses | Mapan | Vaisser | dition | Mapan ] vuitee Huton | Glerwozs | Geomsn | maye | suner | Gientosa | Bonheim | staye | Carter | clovely | Hunan
Parerd siptera) Dune | Basat | Amuvium { Riyome | Sancstons | Ssndstons | Felste | Sandsne § Sandst | Samdsioe §| Angeste | asst | Swndsions | Quatde | Basatt | Gabbro [ Grante | Grante | Grante
A hatizan geplh {cm} ) a0 44 3 2% Eis - 25 20 84 37 28 a0 a8 24 ) 1 2a s
Putide ste
%Clay. <G.002mm 1w | 63 4 ® | 23 2 [ a | w | 2w | 1 a0 SET 56 34 “ 13 1
LELT ONZnml | 4 15 18 18 7 | 3 g 4 TR T 5 { =& 2z | 4 | u 10 8 § 7 ]
- 0.87mm . . .
WSEZE  0.02mmin 2 & 2 | 1 & z |7 T2 8 7w | a § 3 6 8 2 5 3 4
a0 _ - :
%fmd 005mm | w0 | e 28 s | =2 81 53 L 7a | = - L 0 2 1.2 | 7w | e
Textural cas= . [ Sandy clay clay’ sandy sandy Toamy -Sanoy 1 1ty ) sandy w.:, l sa:my .sendy ¥ . iy sandy clay sngy sandy sandy sindr
laam foam foam clay ivam sami elay tear | TV Kam ofey foarse - loam oy sam! Toam clayany | lam | lam | loam
Bk 455 | s90 [. &M 585 so0 410 190 | 4@ saa ¢ sa6. | apm | a2 | gz | sim 45 G40 | %o [ 485 | s20
Cations {cmalf+Jkg '} : | : _ N ﬁ i - _ _ . -
- Ca aag | 572 | 2007 | 13se LT 184 162 518 | . ag3 - esr |} true 3 1469 | 1756 | saxe | 249 | o1am | aze
Mg 123 448 ig5 18 | zm- arr | ew ust | 17 184 am . - A 20 383 408 a9 072 { o9
K cfose | 18 112 § ps? o564 | os4a | o2 | am 081 o | 0835., - . . D59 031 t.26 o8¢ | .o60 . oss | nar
Exdriciabis acelly 571 |2 | 1m.] 128 a7 | 548 | mas | om 1 im g | asm ) oz 67 | teo | am s | 17} pee
(emolp=%g™® _ ¥ . - - N - - :
ECEL fermalie)hg®. Goo | 2400 | 2692 | 1785 mar (173 umn 727 | 702 1051 z2en | 4t | s4m 1780 | 2415 | 4288 | mwr | 445 | 545
| R extractabie 3ps | 1380 | 1938 | 1708 11.88 23t §. 118 wae | a6 £33 . E8t 2818 gde } evan | 2485 | 1212 | ae3 | &3 | as?
Fhosphoms (mg kg ') : - _ - [ : | . _ : .
Totaf ntrugen fmg ky'y | 30735 | r4pa5s [ 107526 | 125506 | suzze | 2avom | soses | oswaz | rasae | aemze | amree [tocets | zvoss | o20m4s | mevss | sn2az | apase | 212se §oszas |
| Percentags | oes § 3s | tar | 287 185 uss 102 079 et | o3 | . oz 128 0.8 081 | 285 226 | oar § o038 1 03t
oegank; eaban _ : - - : : -t
ety rfing




 Sol stractural properties at cach site. Adepth and Bepth refer to the depths of the A and -
B horizons respectively. Pdepth is the soil depth from the soil surface to the bottom of the - -

B horizon.

Site - %stones  Adepth(om). - Bdepth m) - Pdepth (om)
e 2. . e . 9%
a0 2000 3% 50
o 0.00 4‘4  . -'-.60'_:_'_ T 104
%000 31 8 2
o8 2 o8& 3
e 17 810
S e00 .2 100 3
08 s s 100
oGm0 & o100
o300 e .6 128
700 37 1 s
1000 2 12 40
om0 T . 100
00 38 92 130
w0 24 %50
w0 3% 10 49
o oW s e
5.00 28 L o 9%
000 = 30 2 s8

- RN - T R N




APPENDIX 11.

B horizon soil properties (stone content corrected). Sites were divided into geological groups and ordered within each group according to -
perceatage sand in the A horizon. Site numbers are as given in Table 2.1. Key to the geological paren* material at each site: Kar-sand =

Karoo sandstone; Wat sand = Waterberg sandstone; Quat sand = Quaternary sands; Kala sand = Kalahari sands; Quar = Quartzite; Wat sa-nd

(+) = Waterberg sandstone + nutrient ensichment; Gran midl = Grasite midlands; Gran upld = Granite uplands; Mar sand = Marine
sandstone; Muod = Mudstone; Ande = Andesite; Fels = Felsite; Rhyo = Rhyolite; Tim gabb = Timbavati gabbro; Kar bas = Karoo basalt;

Alluv = Alluvipm; SR bas = Sabie River basalt; Bas = Basalt. ' o o : -

(1§ AcltBe & nutrfant poor ' om . ) (4) Bask: & nutrlent rich
Site 13 ] 1 | 9 14 ] 8. 1 7. | 5 10 " {7 | 4 18 2 { a 15 2
Geolagy Kar | Wat Ouet | Weta | Quar Wat ) Gres | Gree ) Gan | Mar | Mud f| Ande | Feis . | fhwo m | ke | Aw | SR Has
sand sand sand snd . sand# midi | uptd gl sand - : : . . psbh | bay . bas -

Taxtum: ' . ’ - : o _ ] _ B

% zand- a4 8- a2 a0 rZO 74 w | ™ as | . e4 | s | . g0 ]| 58 ... 8 | 12 { 8

o it M 2 4 5 [ 8 8 2 | 8 B 13 a - w7 | - 18 14 12 9 [ 15 { ta

% clay 12 18 14 15 0 0 | 14 16 A 4 T 27 - | = n 42 28 ) m
pH {1k KkCH. sa0 | 410 385 510 [ 510 { 4850 § 430 400 585 490 835 || &e0 - 430 a20 | 625 | 555 | 460 500
Caliohs | ) ] ’ |
{emo+)kg) . _ : : ] 1. . g : :

Ca 208 012 508 213 =T} 328 pes | 180 285 an | 3 | pee | - 013 | msy | srew | wizs | man | zoet

Kg | 2sr 053 £Ba oa 239 850 nss5 682 082 408 233 02 {. - 015" at | 207 267 ] 580 547

X 053 ] os2- | 050 us7 057 688 [ D047 054 058 085 077 073 | - ogor § on .89 ors | o091 | oae
Acidity 1 otz | o04e .58 Gos | on4 0.0z o 054 a0s | nor | o1z 008 | .81 022 | o33 005 | 617 | ‘ot
{emol{+ g} . : : ; . h
Effzctva calion ; ' _ - : 1 E .
exchange capacdy | 529 276 | 803 aer | 1256 || 486 | =208 260 428 | m2m { 258 || aws2e | - | s [ aves ] 4008 | 1s00 | 2946 § a2vas
{amali+)kg"} : i : : i L ) : I : . _
Base saburstion £47. F 117 748 - | 3wt | 1282 § 484 tgs ) 326 | 428 [ mz2z § 2mae || oavax | . 6.3 [ arsr | snes | tdes | w00 | g -
{amals k) - _ . . _ -
Phosghorua 213 | sz | 402 | 22 f 1rox Y aeze | tea | oz | 2es ) v2es | et || sow | - ] nas f 662 | ems | vz | ses o3 |
{mgikg) ) : : -

=
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