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savannas 

a 

grru~mg literllture md.l(~ates a simi1lar pa;ttem 

at 

on nh,~", .. ""tin .. '" 

rela~dtoralIltalll,itwash~)ott~si:zed 

areas are revlac<::d 

spe<nes. It was hyplotl1leSl:led 

I or water are 

was deileh)ped. 

IrrC)WlnQ season. 

is strclng.ly 

proces:ses con.trol are invol\i'ed. 

cover 

not even 

or more. It was hYl;KJthesilzc::CI. 

a slm,ple transplant renloval e){penmlent was perfomned 

lJa'ct}'loc:tel1iul'1t mll.<d,'n/p were trwlsplanted 

at Qf()Willlf:! season indicated 

grru;seson 

test a shortage olInmleral 

more 
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were 

common gn:lSS(~S were 

eX,(:lenmeltlts. tircDw1:h n;:spcms(~s to source ofrninleral 

SUJ)pllLea as 

amrnoniumoramrnonlummtrme. slgnitllCaIlt ditl(~reJnc~:s were 

.... I'",t."", OT(Iw1h rates \"'"' ...... " .• / aWJCllLtlOn to roots mass ftalcticm), n"'''''llI1th 

res~pons~:s to rate "nt"ln lv were a 

SP(~CU~S were 

a common, ..... ..., ..... 

o-rn',mh reSpOltlSe to COI1ce:ntI'ation, was not nhC1pnIf>n lns~tellLCl 

curves 

of I'esl>onses was VariOUS DlOma;ss aJlocaticm v,maLble:s, lflcluldmlg root 

mass tractilDn. area area. 

QU.11trfl!le\ traI1spianted to a 

sna.am,g was 

cOlldulcte:d over OTnWlrlU season. Shading was m~mllPulate:d 

availal,ili1ty was to 

shadmlg was 

similar facltorial eJ{perimlent was cOIlldu(~ted COrlCUI:Terltly at a semll-arlO 

Imgatlon at a means 

cover 

attributed to 

mo,sas,mbitcel1.Sis to 

causeCl a slgrllti(~ant decreru,e 

was 

no SigIlifi(:ant ette:cts. 

eXI)enments were COIIClulcte:Cl to test 

grru;ses at a 

root tre:nctles were on 

v 
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were crowns 

were measurea 

or tOi!etJler 

at 

were J.vuc.uu. 

eXJ)enme:nts, it was a 

'lronm.ent:s, it was 

resources 

IS 
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is to establish 

tOle:rant gra!;ses to compete 

s:pe:cltlC context 

SUP~IOrtS an abundance 

grazm:g-tc)lerant gras:ses. refierrc:~d to as 

to nei~~bc)UriJlg gI'llSseS 

centre arollUld 

two seC1tioDlS. 

resource re(luil~eIIlents 

relc::lvaince to 

secl)nd estaLbllslhes a cOD,ceptual fi'annew'ork 

were 

a markedly 

summer. 
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is a reserve 

over savanna 

is 

a coa:stailly m.o<11[Ie<1 clinlate mean annlual rainltall ranl~ing 99()InllTI at 

to miIlimum terrlpeJoature is 

mean maxunmTI tt:mJ)er,itw~e is JoH __ .... , is rare (B;aW)ur 

are 

nro'vide a general des~mption common as 

as nreviOllS cllanges 

HeJ'bivore nurnbers are UDtlSUlilly a sotlth(~rn CC>. .... n ....... reserve - unlgulate deJlsities 

peaked at 

common livc~stc)ck 

stocklng rates. 

UmtoloZl Se:cticm to reserve. 

.-lP~lClit'r across is ap~lro}(im.ately 

count 

2 
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South Africa - ., -

HLUHLWE­
UMFOLOZI 
PARK 

Contour In .... arval 
SO-150m 
151-200m 
201·300 m 
301 - 400 m 
401 - 5SO m 

.':.... _____ ..;.--~_--"":....~ ____ ..::40 _" 

n,.n \ .1. T 0\XIII1f*) de"" HluhI ..... lriolod ....... labrilN .. teo ... '*"- ~><d """ 1M rnI'Ik......J e:<rcrimml (Hilltop) ond "'. lriknd f.\(ItfltIwft. 1M"" ..... d .... 'itJcd 

Ioorlllpl<r) •• "ri'.,M ..... loi~of' ... '0::+ '\ ~ 1~1boIm<. NlmboIi. C--.II) ~"';bod it! ~~ . 
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Gnzine.lll ... n comf!luqin' chanrlrri\liC'" 

Sp«ics composition 

LIttle ph)10s0clological Malysis of the grasses (famil), Poaceae) of HUP has been done Mueh 

of the pa!lcm reganling graling laWrl$ is thcn:forc reponed from personal observalion, or from 

unpubhsho..-d data (nomcnclatLl(e follow5 Gibbs RusselI'I al 1990) In areas of Intermcdiale 

rainfall (approximately 7S0mm yea{ l) grazing lawns occur in lightly wooded areas as II mosaic 

of short, prostralc grass species (in appro~imatc order of abundance Dlgiwrill Ii)llgiflom, 

£rogrosllJ SI/perba. /kJlhrl()CJoa I"SO' /p"" Ch/Qris gUJmm. l)uC/I'/(X:ltmllm 111I3ml/I', Chloris 

{I)'C/WIhnx. Sporobolus nilells. Urochloa mOS$llmb,CtnJiS. Piupil/um srro/)iclI/lllllm. Pmllt"Um 

coIQrolllm. C\"1lodQII (Iacly/OII. Dlgllana /cr/Ww.) interspersed with clumps of much laller 

species (t>1""cally Sporobo/I'3 pyrilmll/Illis. The",edll trmndrll and En.gros/I! clln"lllu: "-ilt, 

1.2A). The fornler arc frequent ly graloo dunng the growing seuon (summer), while the Jailer 

arc largely IgJlOred, although they often grazed (apparently unintentionally) aI the Interface 

belween palches. The shon gras.s patches arc ollen inlcrspcrscd with forbs and, occasiooally, 

Arulidll b,pllrliru. 

In the more arid p3I1s (appro~imateJy 6S0mm )'car"), both within thc pan: and in neighbouring 

communal V.Q111b arcliS. grazing lawn s occur as ~ more oontmuoU!; cover of shon.. proslratc 

grasses (t'roch/Q(I mOSJllmlm·t'llSl.S. Panlcllm roiorolllfll. Sporobo/us IIi/ens, SporoOOlus 

loe/mIOl, Digl/anll 1I'1/yrogrupt<l, CI,Jons prCll()lhru, £rugrwllJ s"perbo. Chloris 1lI-gllfa, 

[rogfOfIl! IrIrllopiloro. 801ilnodOll mscu/pM. Trogl4 krterQtnallUS. &lIneapogOll 

ur.chroidf's, Urochlou /nchopu$. £rugros/IJ t"lK"cmosa). The spec1es arc generally slightly 

larg<:r, but basal cOler Io"CT than on the nlC$IC lawll$. and the occum:nce of rorbs lughcr (Fi, 

l ,lR) T,lIcr, appal"Cl'ltly ungr:ved species also occur within these: communitIeS (An.slidll 

colIgC:S/a bolrbirol/u. PCrQ(u JI(JIt:'U. Arullda udsrensiotns). but their d1S1nbution 15 gencnlly 

dispcncd rather than elumpc.t In the most arid p;u1S of the park, gnwng lawns are apparent l} 

excluded by I h1gh mtcoslty of granng (e.g. around W1ter &OUTeCS) Here, the herbaceous 

communny is reduced to I sparse CO\'C'r ofthc above u~lllable bunch Jf1I!i5cs, and forbs 

A thutllypc of grazing Ilwn occun; Wlder the Jpn:ading canoplcs of larger trca. Thcx occur 

across the r.lmfall gradicnt, but are more common 111 !he mesic pans. Wlthm these pennancedy 

shaded corrmum,ics. the strongly stoJonlferous species [)Qc1)/OClenl"m allS,,,.,I,. can oolTunalc: 

In palches orwcll 0\'C'r lOOmJ, nc forms a mosaic WIth tal ler graI$C$, u$ually Pallic"fIl 
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Fil:llrr 1.2. 
ClImmon gr:a ... 
communil;c,. in 
IlIullluwe-
Um 1OI1IZi I'an.. 
Soolll "rrica. 
A. A grazing b"n 
in;} more mesic 
1'''" oflhe park 
lrainlall 

" appro.\ imatcly 800 
I11m}C3r II. The 
Ilominam "f'OCic~ 
on llIe shon 
palches is 
lJij!/lar;u 
/""I:ijl,mr. palel!.:, 
"fbu...:h gns.<;M 
al\! lIlaul!)· 

""pt''''/)'' /''.' 
/1\.·"",;.1,,11.<. 
It " gr .... illjO lawn 
in lhe IlIQfC arirJ 
pan~ oflhe 1'3 .... 
lrninfalllco;s l/un 
700 mn. )C3r • I. 
Oommanl Sfl'«ic-< 
al"C /lr".:h/'HI 
.... 'l.m/l"~ ... <if 

alld ""'''''.Jo.,/r" , 
H!I<"l'. I ort>-< an.: 
M_ 
<.". Unoform 
,,,aN~ "fbundl 
I:rnsscs III lhe 
upper end orlhe 
aki ludirl:ll picm 
(rainfall 
IlflPN\imaid y 
IOOOmm'l. 
Ix.minalll <;tMXil. ... 
uI"C '/1re" .. "u, 
lri .. "dm alld 
'hparM'<!lIia 
jilip""dllh,. 
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occurs on 

are can 

(tyJnc,Llly ThE~mE~da trir.rndl~n on PaTilicu.m m,axin'lum on 

cae:spilto~;e SlleC:les cover a gre.ater area 

COltnnlUIlLltiC::ls is tvnlr.lll fill U;i:lJ:l savannas 

more areas Thten:led'a t,'inltdrn Hyparrlilenta ,filipeirldl',lla are most common 

t'alrlZCUm maximum. Plltr.hl~<iI dc[)minated 

more areas, cormnluni1ties are collectively n:ferred to as bUJllCb 

count 

gra2~mg marnml:lLls on gra2~mg mUl-SlllD1ner to 

most willdel)eest were 

at !.rr()wi:nS! season. 

utillize:d C()llUnmlltic,s were dODlumLted 
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summer areas 

des(~nb(;xt a corrununity was not was COIlslClenXl 

to to occurrence to 

a a rellitlv'elv cover 

sh8.lried graZlIILg ...... U'-', it 

ob:serval:1011. is 

autunm (Svvennn(~r 

over 

apll,ear to occur on 

is 

as 

a con,cen,trat:ion 

count a 

tree rec:rUltmlent ("h'l1",h en(~ro:acbtm~mt") occurred over 

Skowno et not 

on 

apparellltly SMlted trees. to act as grazinlg 

is a turnover 

Jm,nr{~nrn1Lm tl'id~O(;ar'Pum) more common on 

common (S,;velnnler et 

not as gnL'i~ing redllces starloulg bioIfLasS to 

QT()wilm! season 

more 

cross 

7 
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occur 

more common at 

COIUl[led to one 

at 

savarma 

1. 

as pat<:hes ranl~ing one or two to 

are 

are not 

• even 

CO[lSldlerable acclretI()n or shrmkage at 

on pelrsonal l"Ih,~p1"'ul:lt'll"In to reserve over 

coJ.1ected over 

conwurutiesareassc)cu~d 

or 

severe, epllsOlrJIC artllffill! ~t·ti'\jrlhl (grazing, Wrllllclwing: or 

IS no are 

densitic;;s on 

tor:age to graJ1!:ers IS ..... 0 .... "" .. on grazinlg 

co~~ntmre SigrlltiC:arttlyto 

nrolvlcle a habiitat 

as Ull1,rthil"la he.avily·uti]lizc~d areas 

8 
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3. apv,ear to mhIblt common 

4. not to 

partlCtUar intl~e~;t, as rates 

secc,ndwIY plrodtlcti'fity to gem~rate mc()me 

as 

que~stiC)fl was 

were more 

as 

fonnul.atic)fl olt m1mali!;errtent strategies to .. ...., •• u. .... "" 

was theret,ore chosen 

grru~ing mamnlals once roarned 

que~stI()fl was exten(ied to 

corrununitic;~s, as des(mbl;:d 0'1l.'-'" ...... 

Ilfowirll! s~~as(m), a rate 

!::unnlv (le.ldirlg to 

productivity (i]npl~(ing run "'''i,",UHL/IIU.Ul he:twe~en gi~azers 

is partictllar.ly ir:npclrtaJnt as it dls1tml!!;lllshes graiZln,g 

revers:al or SlO'WllU! a 

vrun 

CO]TInlUl11itlles are not common w('\rlrlw1irlp 

seems to at 

9 
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is 

to a state 

are apt)arcmtlY an 

unwsual alte:ma1tive state to overrgr!LZin:g. 

tree cover are 

conside:red at as important( {),C(mn()r 

grru~ing (DecrellSer spec;ies) are con.Slac~rea 

to dODlinate gra2:mg (Increaser II 

are 

to 

Sen[ll-2IllU areas 

occurrence never 

can 

are 

same as 

or are not 

on 

is or on 

measwre net et 

to recurrent measure 

some 

a 

is not as as 

rates seems cases to on 
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SeInI"arJ,Q areas 

degenerate to 

are incllud(~ 

can 

was 

is asS~[)Ci,lted 

cover, reduce:d lIltlltrat101n, greater 

some it seems 

.. was per'hat)S to vllA"LlI;;Ul!;1;; ccmv(:nti()flal ove:rgr:az1Ilg 

same as 

were more 

ones 

on h"'~IV11,! graz:ed OUI-Ilel~C1S. were 

morphj[)lo~;y to LJiR,'itaria longillora sP~!c1!~S common on 

more 

.. 

mm spe~::aes is consld(~ed pah:Ltablle, 

hea'vlly-grazed connnulllities are con.sldc~red degradc~ 

da4:::tv.ton can over 

• Pat'SOI1S et StO(~.k1rlg rate 

MI)Unlalan~~a was more 

a 

same 

occur 

co'mrnUJnal areas, 

a 

11 
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• 

cover, an 

a cornpalris()n 

~hn\l\i'f'!(1 no 

cover, 

to 

areas were 

to stem 

teedlIllg on pat(~hes on Lvr,lodlm illco,mviett.ls. a 

to as 

fre(~ue]nt gJrazmg over 

spe:cies, some 

a SeInl-·ano savanna Incrc~aser II conunul11ities 

dornil1late:d hc;')avIY-lgra:z:ed treatments 

nitens. 

grazing, was 

frec~uen1 W:azUlg was no measured. 

as Mich,'nc,loa 

some measure tor:age suplply was 

a ten 

hec:tarle) were not affi;')ct~~ 

rates more he'ivillY-~Ua:i~ed treatments ShC)Wfld a ch.m~~e 
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as 

more 

lightl:y-g;ra:1~ed ones. 

stems 

occurrence a 

are more prc,ducti"e are 

III occur across a "'.u ....... alltiulldinal g;r~ldllent a OU'iU1< ... H ... UJLAU gradumt; 

III are more common at 

• occur as a 

hlgJlest stOC~kltLg rate 

to a 

et 

never occurs 

more areas 

C1LU."' ... comes 

areas 

grwsses,). or are replac€xt 

mm raiI1tfall a 

to a repilacem.ent a cOIIlmuruty dom:matled 

some g;ralZltLg 
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hprhn'I"'Irp durmg a war as 

to measure net 

as was ar~~ed 

were 

a me~ta-·an:alv·sls '""1"'11,,,,,,," over 

net prilmrury plroductlvlly was 

gra:zed cOInmlUnities, c()ml)arf~O to uni;ra:<t>:eo ones, 

to 

I or sec;ondaty pro(luc:tiv'ity measurements 

were OVlerl()Ol<:eO. 

were not pn)tected areas 

some ex;am.pl(~s 

spt~ci!~s were .lV,.LU, .. , 

reSl)On:se to grru~mg 

inv()lve a cer1tain Oe{!ree spec:::ies turnover to more grazlfLg-l:01f:ratlt s"j:leclles llfartnett 

to 

not 

applears to declIne n...1.1"lJ'J.1 et 

bur:a81a at 

argumlem,asimulrulonu.vuv. 

Henngla was a 

Arnlen(;a are dOIlmmlted 

"'.Ju ...... et 

are not 

ste1ppt:s west 

a 
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it is are umlsWil, next to 

nrovidtE:s an nnT,nrlnnitv to iderltifY general ecologICal conditions nec:essary 

to 

abs,enc:e is a (ab:iobc) eJllvirormcmt, or !i:liTnnlu a 

graZllllg {'.uh ..... '" can attn.but(~d to antltrrol)Ogc~mc redluctIons 

1. 

2. 

a COInn1lun:ity, one is a 

two phil.oS.o'phic:al a}:.pro.achc~s, h.olIIsm or redllcticmisJn. 

appr.oa.c:h was decade:d 

two reasons. 

vaJiables is not undLerst.ood, as 

co:arse-s:caJle measurements 

available at 

was C.oIJSlcLere:d b,evcma 

occurs as pat:chc~s 

attempt:mg t.o 

photOigr~lpl1lS (~l1ttl.oUlgn some success 

PTl'I7eJ' nUlmbers were 

m.ore en~{ir(mntlerltal 

important eIlVir.onnlen1:al v!mal,les are idelrltitled, prec1icti.ons can 

.over valilabJles were smlpled. B:KtralPolatio,n be~vorld 

to 

errors. 
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Adopting a redluc1tiOlllst aPT,rollCh is p01:entiallly more c01npUCi!te1d, as one encounters a 

rete:renc::e to 

to 

1. 

2. 

3. 

4. 

one one 

spec:ies) eXptllses a wei!lth new cornpliexllty 

resources stresses (de:toliati.on, 

extreme teDlpe:rature:s, 

resources stresses one can 

CODrlpll:;)Xlty, a reductl.omst aI)prclach was ado])ted 

cornplexilty is redlllIldant, 

cOIIlple:Klty is redlllIldant, 

is one can det:errnillle 

eC()lOI-tICi:ll proc:es~;es invnhrerl are impolt1aJlt ones. a redllctic,nist applroac:h, 

l'...rirgin ec()1o:f:Q.cal plrOCt:;)Ssc~s are 

rate 

ceJtaln resources or stresses is responsible 

mtterent resources I stresses COITeiate sm[)n~~ly, 

can term pr~I)CE:SS4~S is 
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to to resources I stresses resources I str€~SS(~S 

assumes case, 

resources I stresses same 

1. a n",,,,nlthpC!1 resources I stresses are 

resource I stress 

3. 

is 

resources I stresses on j;L"'","UI'", 

"'" ............ 'u. on 

to 

IS 

was to 

are 

OTlll<::<::f'<:: are ,,"v.",",''' cannot C01nnete 
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nLawn grasses establish 

maintained or increased 

bunch erasses re-establish 

1.3. A COIlce]ptu:El.lmodel of how mCiuamg a stable can drive a grass-grazer 

lawn state. Non-selective graziIJtg tOlgether with the establishment leads 

other factors such as reduced risk of lpredajjoIl) on the 

grazm,g-t()lerant lawn grass 

to the formation of a lawn. Sut:leri4lr 

lawns results in a n""iti,!p HNU'lJill,;,!I. 

lawn state. Non-selective C'-'~~"e 

grasses, and I or dominance 

grass that bunch grasses can 

in dominance bunch grass 

mixed bunch grass that 

establishment and ISL ......... !» and the maintenaru:e 

... , .... v •• " .. , ..... , ... of lawn grasses results in elimination of all 

This leads to a decline in and a return to a bunch 

Selective grasses, 

This also leads to a decline in and a return to a 

bunch grasses can 

tenn is to 

18 
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true. 

occurs non-

season is not inv'olv'ed. I:'Ul1hc~mlor,e, gJrazmg tolleraJlce <>" • .1 ......... not 

a SlgIuti(;ant pOTitlOn 

are out 

spelr::les are assllffi1€~d to 

an ~hll1tv to attract gnlZers 

an to out1conlpete 

on grazmLg 

or 

a 

are pro1aw:;ea so 

some to 

not 

<::HT"Ill'llP on gJraZiI1Lg 

speC:;les was nec:ess,ary to explam gJrazer'-mdm;ed states 

gJra!.ses cat:egc)nc~s was not COIlslcLen::a 



Univ
ers

ity
 of

  C
ap

e T
ow

n

to inc()rporate further 

is COI1S1<llere<1. 

grru;ses to grazing, 

soec:nes to 

on ph~ytosocaol.ogILcal 

Rec:entlly, ten gra:i~ing 

ex(;lo!mr~es were across 

resl11lts so 

absolute • ..., ...... ,,' is 

a 

to is on a 

to 

are 

et 

et et 1 

some cases, can even act as a a to 

et 

van 

at as 

on 

over comes to 

to 

1 it 
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as tl\c$e halt' led 10 cril)(,lsm of tht' LISt' of Ih~ "[)c(:l'C'3ScT and "im-reascr- das~lficatlO11S 

{Mc:ntls 1983, Jame van Rensburg alld BoS<.il 1990). 

Despile Ihese: examples ,t IS 111:lInlllinOO that p.ing. and IIQt some: other process, eauses the 

replaccmc:nt o f bunch grasst'S by lawn grosses III IIUP. Fillitly. tht' ten gTlIzlIlg e~clO!iures In 

HUP. Ilhere thts pl'Ol:eliS h3$ bem obscr.eo:!, cOler a range of cnvironm~tal condItions. 

Secondly, IfI3ny of the common bunch spec ies III II UP have b«n reponed to suITer reduced 

tlbundancc, In rep$Onse to heavy pIing. In other areas. Theme,la "lomira (Mentis 1983: 

O'Connor 1985, Novellll~ 1988; Daock"'eT1S and Nel 1989. Hatch and Tainton 1990; Noveille 

1990; Ful5 1992; fo, lorris and T:llnton 1992, O'Connor mid PIckell 1992, Smll and Rcthman 

1992; O'Collnor 1994). HI!/I!/'0f>08I)" C01!/l)rlrl:r (O'Connor 1985, O'Connor and I'lekell 1992: 

O'ColllIQr 1994), ¥'<lrlU 1P},/l("l!IulU (Fuls 1992) C.1I11N.JpoRoli p/lll"llladis (O'Connor 1985, 

'1ovelhe 1988; Novdhe 19(0). fh1HlI"rllclli(l ji/ipemlulll (O'Collnor 1985). 1::'lJ/Iir/,)"S 

puspa/aldes (O'ConilOr 1(85) and ErII8rostr~ ('I/rI'I/lu (Fuls 1(92). Regardlnll13\\n y.uses the 

followmg Species, common In HUl'. are reported to domina,e he,lllly gra/e..l eommumhes (or 

increase w,th mcreasing grazer dens ,ty) 10 other areJS of southern Africa. UrocMoa 

m(l;rs(lmhlcl'nsis (O'Connor 1985; O'Connor and Pic\:ell 1992, Fynn 3nd O'Connor 2000) 

Sporobo/r,s mleilS (O'Connor and I' lckett 1992; Fynn and O'Connor 2000). CIt/om \-"1;(1/0 

(O'Connor and Pickell 1992. Fynn and O'Connor 20(0). D'g.lUrIO orgyrogrupta (O'Connor 

1985; F)'nn and O'Connor 2(00). Spl)robohu mdlldvs (F}lIn arid O'Connor 2000~ 

iJuc/I'IOC/C'II111" flus/mit! (F}l1n and O'Coonor 20(0). and BOillrlodoo msrulplo (O'Connor 

19S5) 

1) !)1'!Nlh t ' cn;u~ non-n·h.·f li l e graziol: 

I:.\CI"1 if the bunch grasses cannot wlt'fate gr:L(mg. grazing lal\ns I\ould not form un1Q;S Ihe 

m:tJontyof graS&C!I mthe system expcnence grazmg durng the growing season. Only personal 

OOsc"'atioo can be offered as n'l<knce for Ih,s. This Issue eeftainly desencs ~ allenllon. 

hoI\C"o'CT, as oon-sc:ln:!lI'e grazing 15 often aa:cptc:d as the mcchamsm underl}1ng ehanges In 

oommullltyeompoSI\Hln in resPOIlse: to gr.Wng Andc:non and Dnske (199S) pro, Ide a good 

example of Ihc non·selectl' c: gr.ll1ng I'l1«halllsm - In a field e:<pcnmem III a m~e prame 

(I\orth Ammea) seleell~e cliPPlllll of Ihe p:al:itJible species Scheue},r""'''' sCO(>Qrmm re:sullC"d 

m its rrplact'fllmt by eo-ocellmng unpalatable species. HOl\ner. "'"h non-seleeU\e chppmg. 

thiS species malnl31ned liS domlnancc. (Flemmer eI 0/ 1999) provides a Sllllilar eu~le. 
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In ~IUP seleclile llraJ:mg cenaully docs occur. resuiling 111 patches of wlpalatablc bWlch 

grasses. parcicularly Erllgros/'5 erln'IIlu and SporoboIrls p)7'lmru/<I/rs. on grlIZH1g la" n$ 1M Ihe 

mono mtsrc parls. Tllese specres ha\ e been shown 10 rncrease wllh grating III olher siudJl!:s. and 

U IS mamtalned thai this 15 II rcsuh of selecu,'c graZl11g (\1e11lis 1983; Moms and TamlOn 

1992) Barnell e/ III (1984) categorrzed these 1\1.1;) species as nmodcrnldy unpalatable" 10 cattle 

(m the baSIS of measures of allimal mtake. while O'lkal!ain (1993) fOWld thatlhey suffered far 

fe\\oC1 bues from sheep, as compared to II range of mheT local species (l11dl,ldlng the I!raling­

toleranl species C JUCfY/OIl), 110\\ e' cr. nOIl-selccth'c grazrng also occurs. III the malnx of lawn 

grasses which SurTOllnth the patches of tall unpalalable SpeCies. and many mdl,iduallufis (and 

presumably seedlings) of these species hove been observed 10 suffer se'ere 1!11Illlig here (Fig. 

1.48). The bifurcation between a graZing lawn state and a unpalalable·donlll1aled slate II' 

response to inlense gr;Wl1g (Fl\:. 1.3) therefore appears to develop al a nile resolulion \a fc,", 

square metres) 1M Ihe more meSIc pans of [{UP It IS likely Ihal Ihe \\ Ide· mouthed grazer 

species. such as \\ hile rhino, hille wildeheeSI and warthog, ore unable to feed selecu\ely and 

are responsible for Ihe nOll-selective grnlillg. For example, "hile rhino ha'., been observed to 

eal ROI/moe/all IIlScu/p'" (Owen-Smith 1988), another spe<:ies aVOided by caUle (O'Connor 

1(91). Furthemlore. wlule O'Connor found BOIhriodOllIIlSCU/pUl 10 be less frequt'llIly ped 

Ih~1 cO-OCCUlTing bUllch grass spC<:les such as T/II.'11/!'du /rImldra. $elUrlO IIIcrll!lSllIll and 

IIcJeropogon con/or/,rs, tull structure and prc\'lOUS graZlIIg histor) had a greater mfluence on 

I:flIZCT selttllon by callie than spe<:ies. ThiS suggests that if an "unpalatable" hllll('h grass is 

grazed before 11 reaches a certain SllC (as may happen accide11la1\y \\ ilh a high densuy or WIde 

moutlll:d !V'Jzcrs) it IS likely to be acceptable 10 all grazers Ihereafter. 

3) '1'11(' al1n~l lon of I~ "-n gnu~ 10 gn~.,rs 

GraJ:crs could choose 10 COl1centl1lle Ihei r summer feeding on ltf1I7.ing lav,lls for IWO reasons; 10 

reduce Ihe risk of predalion or because of a snpenOf supply of fo~ge (McNaughlon 1984) 

Evidence for Ihe fl;)nner process IS lackmg and seems wlhkcl)' for grazers such as the white 

rillno, The Jailer process has been U1'e5hgaled qu,lt' Ihoroughl), followtng suggeSls by 

McNau!!.htoll (1979) thai gr.ucrs can opllmi7e Iheir food $Upply through gr.wng, In the 

ScrengCli. grazl11g la\\'n fOnlge bas been 5/1O\\n 10 be superior In lenns of nile of sllpply(I.e. 

gI'O$I prodUCII"lly - McNaughton 1984. 1985b) and m lemu of the concentration of many 

rmnerals 1Jllponanl 10 grazen (McNaughton 1990), E\'en If quanlll)' of rOralle supply IS no 

greater on gralln!!. lawns. grazen could sull oblwn supeoor for.ge from tawns because of 

structural dIITCWICCS. I.e Ihe I'lIllio of lt~edead and of Itaf'slrucllD1ll maltnal l ~"'. 1.5) " 

2J 
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SlmulallOil model of dady mass gaIns by grazers based Oil the h"e:dead and slem:leaf rlIUO;S of 

for.age grasses by ()y.en-Smith (2002) found thaI gr.u:elS achieved lhe greatest gains (in lhe mid 

and late summer) from gra;tmg lawn grasses.. 

Gr055 primary prudlK'hvIly data cUlTCTllly being collceled uSIng monthly, mobile grazmg 

exclollU~s on tm grazmg lawns In IIUP (ZLGP) should soon ~"eal whclher forage on these 

13WI\5 15 5IJperior 10 ,hal from surrounding bunch grass communll'('s, in lerms of quanti ty. 

nnnerul con«nlrllUonS and hve:dead and learSINClU11I1 muos_ 

!own grWCI 

1\ 
,.......... 11'1" 11111' 

Hgur~ 1.5. D •• gummallC repl~""'[lllOn .ho"'IIi ,,'hy ,."'" IflIS$n may be mole IOkranl or slalIDa, Ind why 

~eJ1 moyoi>"'" SU~ fo~ge nOm JnL'.)IlR l.wn, Pnlndc:d pv.<n are 1101 ",leel"" Ind JrVe all pnn 

''''''1110' Slm,l., ht,ght. !be [Ill" bum;h IIJ1ISI q>o<:oes ",IT..- m:lfC ,,"h each .... 'n. CVC111 ... '0$1111 orha,",. 

prop<ll1,on.o'ely roo .. k3f Ire> "bO\ .. ~ ht,ght to "filch grucn foed (Ihe I'ale 10 ... ). The....",."., pro,,",'. 1'''11 

an" ~'''' or. able 10 ru:""' .. n • lUll< Ie:1f ..... bekJ-.. \he \11''''. 10 ... (,,"hoUl'n<\Im,. "'If-thad' .... Fonp 

IlIpJIly II SWp<:f'OI' f,om the 1",11 ~ ...... a •• ~ull ofa smolkr 1"'>JIOI11<," of c~1mI ( II lnd dnd I .. ,-es ( "J 
_mod 

4) Thl' t').d u~lon of lawII gl'll~~ b~ hUllch grUH$ 

If lawn gra5ses .... ert able 10 co-<:xiSl w'lh LLIli"'".ll:cd bunch gr.ISSeS. then Ihe ehmmation of 

bunch grasses by gr.lZlng would be of linle signi ficance: 10 lhe: esl:lbhshmel1l of grazmg 11I\\ n 

commumllcs The d'Sllppe311ll1« of Ill"'" specle:S after Ihe erttllon of grazing excJ.O!iurc:s III 

IIUP PiO\ldts ~,'ood e\ictc:oce lawn gr.as:ses are In f3('1 oUlcompc:1ed. \\'Ih hghl being the: 

ob\'10US resource: for which compel'l"," occurs (c.g. all ad-hoc measurement of !hc 

Iransmiss,on of photoS}l1lhel1cally at:li\e rad,allon through a fully dcveloped canopy of 

Tbfmf"dt, fnal1dra bunch grass prodlll.'td a mean 11111lsmission of only 7.4 -/ ... SD. 2.300,.). 
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While rcgular non-5ClecCl~e gI'lIlmg rna) \\ell explain the occllrrence of grazlllg la .... ns. II docs 

not explain their absence from so much of HUP (and man) other grass-grazCJ systems) II here 

gralCTS such as ",hlte mmo. blue II.l1debecst and .... arthog nrc free to room Even m the most 

mesic pans or1IUP (receWIIl& Hppro>:lIn:lIely lOOOmIll rainfall per year). grllZllig can malntam 

patches of bunch grasses at a height of less tb.,n Scm for an entire growing season hx-rs. obs.). 

II appc:us th:1I en'n with a potennally unhmlled frequency of non-selccllve gruilig then: arc 

certain ellvtronmenml eondniOl1$ thai will not 11.11011 for the fonnutloll and f or peniSlenci' of 

grazing lawns. In other worUs. II is suggested here thllt there are uddnlonnl key processes, over 

and alxl\e frequent. non-sek-ctive grnmg. IIhich control Ihe dist ribll1ion of grazing lall.1IS. 

Delemunmg whOlthesc key processes mc IS Ihe cenlral aim or this Ihesis. 8nd conSIHutes Ihe 

bull: of Ihe followmg chapters 

To answer this quesllon. h,o approaches hal'e been used Firstly, mlestlg.1tiol1.~ "ere made 

reganling which resources I stresses arc supplied al rclam'ely high mit'S on e~lsling grnzlllg 

lawns. Research in olher grass-grazer syslems suggCStS lhal Ihe supply of mmerols. (rom soli to 

plant, IS acceleraled by heavy grazmg (panleularly nnrogen - chapter 2). Secondly. on Ihe 

assumption Ihat lawn grasses arc oplimil-<:d (Ill lite evolUlionary sense). LiwCSllgallon lIere 

madc reganling any Irade-ufrS associated wilh the distlllllulshlllS grall1ll1 lawn 'flillCliOns' 

(grazlIlg·lo1crance and the abihty 10 supply superIor forage). Such trade-offs result from the 

funcllonal eOJ[ of acqulling a cenalll Iran and Ihere arc many evolutIOnary ecology 5tudn:s 

... ruch pro, ide e~ampitli (Begon el al 1990). If lawn grasses do posses °tmde_orr traits. the 

one e~n specu!ale lhat Ihese underlie key processes which reslnc t tlte distribution of the 

fUIKlioBaI group. 

U)'pothtsl'! 

The most likely a&htlonal ke) process oomrolhng gf3Z.Ing la ... n disttibul1<)n is hyJlOthesi7.ed 10 

be I high supply of nitrogen (from soil to pl~nt). This is based on ~h of Mci>laughton !lUI 

gra7lng ilCcekTIIIe$ nutm::nt cychng (Mci>laughton CI 01 19973) and speculallon that a trade-off 

a~lated "ilh grDllII! tolC'l'antt IS a high demand for mlrogen. ThiS Idea IS dISCussed and 

tested in ChapleT 2 Chapler 3 10' esligates Ille hypothesIS of mtrogen IImltollon limber. and 

explores anothCT hypothesiso namel) that 11 lOll supply of "Oller is a kC) process IIhleh restrICts 

lhe dl~tnblltlon of la"l1 grasses III selTl1-and areas. This IS based on firstly. th .. IIlerature cited 

" 
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rate to 

a 

measured as net millenilizati()fl use in 

cores, sholWTI to mcreruse 

Sen:mgc~ti (l'\l'1cl'~aul;ht(m et 

are a nwnb(~r 

It carlJon to mu'ogem 

N mirLeralizaltion \.I..I.'U.ll ..... ' ... 

tlO.llaIllO et a melchanisrn. 

a praiJie gr'assJand 

praine-do!1;s, lilOll:anO et an mcrea:se inr'ro~nl~N ~ln~nl"as a 

grw~mg haVIng: a leaomlg to a 

C\rcr~nll(,. matter higher rates 

grazinlg were 

a decrea:se root 
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N wastes 

a amount is to 

as waste 

more 

a 

was it was not a 

can 

access 

(MCN,aug;l1toifl et on evidellce to amInonia 

an increase 

root to rhizol)plllerc~) 

sholwn to tncrea!!ie 

DalwSiOn et 

1. 

a nUlnbc~r 

a 

a 

not 

rh1:z:ospl1ere mic:robi.al C 

C 

promo1ting a diffuse relc:ase 

2. 

anilmal wastes 

oas1ture spel:ies ffialWS()n et 

rates net 

root-
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3. 

is a rele:ase 

resources recluil:ed 

rate rate 

is an 

is some to 

it is 

to 

1 

to 

initiate an elec:tncaI 

is 

or wave 

root 

reason rhi:wd.ep()sition increases mitlefliliz,aticm 

a redllcticm 

orbe(:aw;e a rate oflnic:rot,ial turnover during 

knOlwn to one 

is a vast lite~ature 

eXl)ected to more strcmgly aJtlected 

season. 

tlssues to stora,ge org.ms, 

non-

strcm,gly dC;}peJt1dent on net assllmilaticm 

area pre:seJlt), is knCiwn to cOrJrelate strongly 

is on 

a 

an 

two 

one on 

Kylti,,~ga nervosa, a graLZiIlg-'tollerant 
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root iJOl.ttel,oua O'rfJ'rill'."'. a grazinlg-

spelcies are to explOit an mcreruse not 

ne<:essianly mean a 

test to£> 

on to not b 

not is 

et nervosa 

to same as 

were 

et 

nervosa 

more 

same is not 

a 

common 

tOXICl1:y to 

PT(\w1rh n,spiom;e was 1'\"" .. 1" rrleasuI'Ed, 

was sUllpl:Led asammomum at 

a reSllOn:se to 

exact me:arumg ""re:sponse to to are two reasons 

as as 

as a 

a ph~rsiologJLcal perspe,ctIv'e, vl:!ge1tatI'/e gr"oW1th re:sponse to 

an eco:system. 

can 

• chfmllcal source is SUI)pllied as, 

• 
• is once it is aCIClUllrell. 
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ege1tati,re !lI'owth can reduce:d to two cornpcme:nts, nnr'l"lv ph:YSllololgIc:al, is a 

measure a 

use etficierlCY) eccJlogIc:al, is a measure to acquire 

to use 

are dislcussed as 

Origin:ally nu1trient-'use effilcielDcy was ~i""nlv cal<mhllted as rate a over a 

Hovvevc~r. mltrient C(lnCCmmflu01ns wllthm a 

to a nutrient 

a IrrOWirlSl mternal COJlceJltra~tioll1S can tngger 

use 

as a measure 

use a nutrierlt. mai:ntailling a precilse e:x:pOI1lentllal supply a 

lim,itil1lg amount constant intc;:rn:al c(lnc'entJratilons 

can 

rel:atnre flrovvth rate, 

a more 

1rr()w1h is atti;:ctc~d not amount a nutnellt ac~qul1re'd, 

nutrtellt is maintclim:d is not 

account ettc~cmonnmneJrtwmover. 

nutneI1lt-w;e ej]icilenc:y was expandc,d to include a nutrieJlt 'Withiin 

is now aetme:a as 

1 reSl)On~Se to nu1nellt 

aCClluisiticln is me2LSurc;:d as 

measure is 
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a more COJnOleX 

as 

1. 

at a 

a tenloora 

Ma:zzrutino et 

as 

create 

to <II"'''UT"PnTnf as a 

root 

/ or dlftere:nc(~s a:rea 

hel"ea1tter as torae:IDe:, 
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pro~cef;s w'herebv an or ranntl~es w'lthlln 

is are 

to 

se, 

altJtlotum most mc()rporate a deg:ree tem,poral vlma1tion as nutrlent-

are not reIllew'ed. Re~~lmg 

resl)om;e to discrete nuls.es oJt- nl.lltnc:nts two 

as gras:ses, potlentlal to respond to spa1tlo-'temporal v~tnal:lon 

mO,dltymlg not 

altc~rilllg ramet braUlcltnng, 111Lter-rwnel 

ramets 
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reSl}Om;e to a pat~chy nutnerlt 'ulnn Ilv leaclmg to mcrea:sed OTO'Mh were 

to is 

it 

is 

not 

at a 

not 

rates 

OTclwth at a 

seecl1mlgs is usually exp:onc:mtllil, 

it is 

a Doltenltlal to mOino'pollze access to am}thcer resource "',I'l.A"~", a 

grc,wth rate at a a 

as some prt:linlinary eVlaeIlce 

reS})on:se to a HmveVI~. "]~est:lonl;e to is co]np]lex corlcel)t as it 

veg;eta'tive QTO'wth (in(;ludling nutrient use etllcierlcy) 

rate 

cha'pter focllses on veg;etaltive QIm!Vth. repl:odl.llctic'n. :S(~ctl(m 2 

chc::mical source sec1:1on 3 

on QIClwth maKes some pre:<11Cti011S n::gaJ~diI1lg 

~lI1rmlvon 
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on source ot JrIlUler:al 

source tor te~.tmg rate IdeI1ltl1:y an apPlropriate 

to test Wh,ethler a common pre:ferenc:e 

source 

kno,wn to two sources 

diflfere:nti:al use 

In"o,wth on, or orE~:LC 

mO'Lstulre are to inhibIt 

Howe'ver, it 

evcllve:d a(iaptati,ons to exploit differlent sources 

recently it 

supply on 

a n!:llm r'n 

is a coarse 

on dit]fere:nc~~s rates Ofloio'ate redUctase l'olctlvI1tv a J:Jan/{;'Sia "" vv .... ,lau,u 

Au:stra~l1a., Stewart et herbac:eo1.1S splecl~es use predorninantlly nitrate 

WOIJdv spei::aes amrnonlum {mtratereduct,ilse, as reductlase, are to 

TPnn('p mtl'ate to ammclnil.lm. 

the:retore cOIlSlclen:d a measure 
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Na!leUtlotter et differlent sources S1Dlllarly, it 

spel~les dorninatirlg di:fIelrenlt stalges otallloJgenlc SULcce:SSl(m are to exp,!ott Cl1llerelnt sources 

is a common prlete:rel1ce terms 

nitrate source is de]ivC~d sources Ul1i-h'111 a 

lite:rature on source. 

tnOiUgllt to 

....... ,'v ....... , it source, amourlt, is 

more amtnODmm as grru;slatld 

occurr€,d Sllbse:Quent to 

inte:rprc~ted as eVllrlence grSlZIrLg t~lCil:itatles n~lative_lv hi2h.er rates 

corlve:J:ted to mtJrate: J. Further 

comes 

was 

abundantrrelaltlve to 

rut~l~rofnin'Meisrehrtivelyhig~er anel outslele a 

gralZilllg ell::ch)SUlre over 

nitJ:ate cOIlce:ntrlitielD uLcre:ase:d more so 

grasshmd suc!cessnon is a redllced supply 
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I or sei/erlelv I'll c'tllrl,,"'rl 

theJ:-efore a cat~~gol':Y 

more 

was urf~atf~T 

grasse:s) was nr",.<>t~'r 

some Sp~:CH~S 

grasse:s) p:roduce:d more bioma:ss 

spc~cu~s common on graZlDlg 

su~~ge:st a nr",·,t", .. ~hlhtv to aCCluilre njltrat:e. F,n!'lliv et 

Selrenge1:i, KvlliinJ!.'a nervosa, prolduc:;edmore 

was as nitI:ate 

was re,'erl;ed at 

more use 

et 

is 

a 

reil:ltnre to 

as recent 

to 

is 

cost cOIltinuai re-use 

tnOUgJltto to neuLtrallize 

..:n'!,,\TT_TP'nTI costs 

et 

gnlat~~r water use 

cost 

""',F't"!:!!! costs 

syrlth(lsis is 

QIc.wth costs accrue over a I ny, Of'T t1mc~ 1)lenoa. 
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means even 

amrnonium is llImted, mrnlte more aV2ulable as a source 

designing an eXJ:,en:melnt to test gra!;ses to 

was not attlem]pted. l\.iiUl~a, 

were """"Inl,! "" •. ", .. u 

veg;eta'tive relative grO'wtlt rate. It can 

reproductLon as suu!t>lvis 
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common were 

DactyifoClfem'um flfL~'trfl.lp. ""'~I;;Ull., are on gratZll1lg 

mean antllual railllfall is apJ;,ro]:imatelly 8{)Omm 

tormer olnly occurs 

more 

it is 

on lin ..... thlgr~lZed 

is more common on 

two spe:Cles, 

are most common 

IOnneris 

tree carloples. 

tree canoplles 

is more common 

sp~::ies are referred 

to generic names herc~aftl~. Digit47ria Dalcty/,octEmiu:m are strolngly stoloni1'erolLls 

Irocmroa can is 

gra:!!:ed. I:'a,,"cum IS 

aIUllou~~ it 

spelcies are urumo'llVn, 

Uljy.tarrta are Rru;sel et 

were a at 

was at two 

were to 

occur to or mean or 

were 

or 

were two two 

as as ramet 

roots 
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to not same 

were two 

were were 

two two were 

two were 

were 

two one 

roots 

VI<>,.:hl' rec:ta:r:lgularpo'ts (':;~Jc)nx x 

two ph)10lI'ons 

1 

were once 

an to dlS1pla(~e 

SOllLltlcmwas au,,'''' .... NUltne:nts were Supipli(~d as Loll1g l\shtODl nutrie:nt S()lutllon, 

was as 

ammoloium u'ea1tme:nt) or 1 
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cul11m'e is more pnlctIcal 

is ass:imilate:d as ammCinl1.tm, 

- is reduce:d to + (L:ambelrs 

nutriel1t s()lution were 

deiionize:d water was 

cannot 

a proton 

to test urtIPtl-.PT' 

were c1I1Ppe:d to a U"'ll",ll" Vi 

mc,rplhmne1tnc measurements 

gro'wth V",L .• VU. :stc,lOIIS were rentlmred cornpl'etelly 

was ro()!ed DI:;:ycma 

was not rernove,c1. 

h!:ll"VP:",tp~rI once area 

a 

on 

were separated crown (mc ludinlg aJllY l:ooted l1v • .J. ... O=<' I, 

one rooltedl node) 

were c111,pe:d 

matter was at at 

constant mass 

mean rel:ath'e IZlrovvth rate over 

I 
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are at 

lZI'Clwth olcc1J!lTe:d at a constant eX)OILentlal rate over 

mOlLsmre content o'Ot1On of Inulltiple h,~nn"~t., to test 

as~mnlptiol1lS were correct. 

is not apI)lIcable. AJlocation to root was 

cal.cullate:d as root mass tra(~tloln 

were to test bet:we:en treatments 

trrullst'Ornl1atLon was to meet 

were was not 

overcome 

is not a Serl01.1S vliol~ltion 

are aJllallys~es were peltorme:d SlgJliti<:aJllt DIttere:nce test. 
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an 

De:cre:as(~s were not applear to 

treatments spe:Cles. ",',,,, .. n .. " mltralte tr'eatme:nt, dec:reases were OTp.!;ttp.r 

a 

treatments was 

6.5 r------....... ---....-------.....----, 
6,0 

5,5 

5.0 

4.5 

4,0 

3,5 

3,0 I.......--,, __ I.......-,---.JL....I.. __ _ 

nitrate mix ammonium 

6.5,.....---.---...,....---....... ---...---....... ---, 

6,0 

5.5 

5.0 

4,5 

4,0 

3,5 

3,0 I....... ........... _........L_ ......... -L..I.---'-_J.....!._-'---L_--'-_...I 

nitrate mix ammonium 

Urochloa 

niu'ate treatment 

nitrate mix ammonium 

nitrate mix ammonium 

Pan/cum 

2.2. The effect inorganic N source on mean of (iepletc~d nutrient drained from 

the of the three lawn grass and one bWlch grass (Pr.!I1ir.:um maxinJunt) grown in a 

sand culture. The initial of the nutrient solution added to every 3 was 6.8. Whiskers 

show 95% confidence intervals. 
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source 

Ne:lth(~r Sl)ec:les. treatment or "speCIIElS x trealtmc:::nt>7 intIElrac:::t1oln was 

wasnotsignificantlydiffi~~m 

spec:::ies comlbim~d or .nr ,·, ... en spel:::ies seplllfately Howetver. a ~tucLent' u".' valvY a slgntlt1~mt 

mtl'ate source t= p 

to root 

a 

to was no x 

a 

treatment treatment 

was treatment 

across was 

not so, across 

was 

Table :U. Main and interaction effects for the GLM factorial ANDY A models for the relative ..... ," w" ... "'" (I{GIK) ~md 

root mass fraction of the three lawn grass 1li,IJl;;I,;U;;lS, L'jfliitaria. D'QCI'yloctenium and UYl)chlfoa, and one bunch 

grass !!P!;:CU::JlS, Panicum grown in sand culture on either ammolUmD, nitrate or a combination of both sources of 

llitrogen. The model was not sigtJ.itlc:ant for RGR p forRMF 

p< Note that F values for the effects of the RGR model were not calculated as the model was not 

sigIlific:ant. SS sum :>I.fU:i1U;'~, df = degJrees of freedom. 

SS df F SS df F P 

0.159 I 176 0.0009 Fixed 8.14 115 0.0017 

0.0027 3 Random 0.212 3 12.3 0.0057 

Treatment 0.0005 2 Fixed 0.37 2 3.18 0.11 

x Treatment 0.0007 6 Random 0.035 6 1.48 0.21 

Error 0.0085 47 0.183 47 
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IJ.. 
:::!!: 

0. 
0. 
0. 

0. 

0. 
0. 

0. 
0. 
0.01 

0::: 0. 

0. 

A 

Dactyloctenium 

Urochloa 

B 

Dactyloctenium 

~i~ __ II!!!!!!I 

Urochloa 

Dlgltarla 

Panlcum 

D1g/tarla 

Panlcum 

... 1111"" '10, 2.3. The effect of llno:rganic N source on A. the mean and B. the mean root mass 

fraction for the three lawn grass and one bunch grass grown in a 

sand culture. For each variable and each "1-'";,,1\;;',,, the same letters show nOll-silgruificant differences 

accord.ing to a LSD test of a factorial AN OVA. Whiskers show 95% confidence intervals. 
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IrrO'wth on nitrate, 

Dactyl(OCI~em;um nrCllvlcle no sUT,port a prefere:nce 

nit1:ate source res:ewrch on source, 

pa1tteln is COllS1lrlereO, as are a nUlnbleT 

source on 

is to measure a 

is 

even more as 

were not an accurate 

it can a constant rate over 

or at a constant rate 

expeJrirrlerLt, as is case 

source eXJ)erlme:nts (Lamb1ers on 

arnl1Il()mllltn treatments 

can dislplac:;e nl11tnent catIons adslDrp€m to 

is unlikely as oc(;unred on coarse 

ao<lltlOn, as was lmmedultely tC)II olwed 
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eXlllolL tlIllg a source 

It is unliikely thlat too to a res'pOIlSe, as «::p."\r P.r!~ I 

is 

treatment ett(~cts are strcmg1er at 

niu"ate or am:moll1imrD was 

lOVirest cllr,n1"rate a 

Di2'itar'ia el'ial1ltha at C!ll1"1n 1v treatment 

approxlimately 1.1 , as cOIlnpared to 

too 

h".-'U"""t it seems unlikely' that 

more OTCiwth 

en()U~:h to Tp.nl H~P. ,",,{",uri h 

to exceed on atnlmOltllUlrD 

a further 2 mOl1tns to re-c;:stabli!;h 

2mol1ths 

OTf~l'Itf~T O'll"ntJ,rth on ammOlnI1J!D1, 

erilmUw e:I'oW1th on 

acqum~d to 

COlenlanet 

it is 

acclllffitllat(~d to 

were CllI)pe1d, 

were SUIlplied 

"".1'"",,,, were COIlsicierably 
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pattenls (\ln~""TVI'~rI are acc1urat:e, not 

a common pn~fererlce 

a pre:terence 

a lite:rature on source. 

of lpreier,enc:e is are dislcussed 

are some not on 

on measures 

Sp~:CH:S <:!1'lnlll",rI hUl'hpr PY'flw1h on ammC)mlllllat 20~)p~)m, 

or even at 

increa:sed blOma:ss pI·0<111CtH)ll was 

mai.ntai.ned at is sorne'lVhiilt SllPP'Drtf:<1 an 

..... 1& .. mcrea:se was more serlslt:lve to inc:re::lLSirlg 

a 

Clllmax Sl)eCleS are to a 

as 

not a ph'ys1()lo.gIcal 

reason 

ThE~mE~aa friI1nn'rn' was a .. " .... ,'''' plro<1uc~:r cla:ssitied as 

gerlenlLl, as most cllrnax spe4~les are 

andlro{logC)nOll<1s are et 
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grru;ses shmvinl! a pre:ference amlm()ru~um source IS thet"efore dc)ub1tful. 

is a 

same as one 

to 

more 

nervosa, 

on as to 

more on at a rate et 

SP(~cU~S were SU1Jpl1eO 

apll1earto IS mOllcatc;O hy filrstly, 

treatments to as as on 

treatment was not sIgnificantly 

amm()ru 1llfl11S 

ammo:niUlm treatment. on 

source et 

dlttuslLon rates 

root is common 

ammOlOlUlm was 

similar u ......... '"' .. et turn sug~~ests pre1:erellt1a1 uptake 

t!llC'tPT 'T!lIt~~C oj: al1lffilonium uptake were et 

redllced allolcati()fl to 

more 

SOl'utlcm are 

uptake was measureO 

not ne(;es~)an.l) 

gnLSS(~S are adfLpte:d to an ammC)flillm source as pre1:ereIltial uptake a 

as 

is evideIlce a 

two are suppli(:d tClge1:her .... " ... '"' .. et 
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same ecC)S\lst(;m as et measured rates 

net mirleralliz.atio1n, nj.tri iic at jon 

net mil1enllizaticm increru;e was greiater 1"l"'Ir1:l"Ip torrner. 

elativlelv more aVfulable 

at 

spelCles Irn".urn to increruse 

grw~ing - van OWjtstlOO]:n 

grazrnlg on 

mclU(le in 

relative o::u1"1nlv rates 

dis,cus:sioln assumes UUJ"""'} gJrasses use 

recent pr()lifera,tion a 

use 

savannas 

uptak:e comes 

NashclJrn. et 

et 

more recent 

ecoisystlems as div(~rse as aesl~rts, includirlg gI~asslancjs 

arbusc:ulal! rrtyciJrrlUZlie al)pe:ar to ..... "', ........ '" 

Pul~cinellia TJ,hry.lIall!od(~s. a gra;zin~~-tolerant 

use 

tn.' nl",,...·t,, is to 

is most 

is 

OTl"l'wino season, as a 
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events. at a 

ceases, it is 

to 

is can to an 

et can 

rates 

even 

occur to seer:. 

nr(vi1.I"'''' as 

reason to nplilP"P 

to conlslCler 
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secltlon replorts on expl;':Jrim:ents aeSllgIU:<1 to dete:nnilrle 

rate 

1 

a COItlmOn, reSl)Onl;e to 

not mc:on)or;ate 'res:pollSe' to 

most sImple asPI;':JCtS 'ref;pOlrlSe to 

secltIon L 

are teslted: Vej~etltn'e l'n"nurth rc~spIOIlli:e to a 

an atte:mpt to some lIlli:lgtlt 

allC)Catlon pattenlS were 

2 conSlde:rs 

3 disCllSses factcrrs 

2 

same eXJ,erimelrlts, 

two to sepl:Lfate resl>onl;e v~mal)les rellwa:nt to 

reSlPoDlses to a unitor:m 

resources should not int4;':Jrn~re, or should 

sinlpl.est means is to "",." .... 1" resources at 

a nOD:-liIltitiI1lg, as 

to mamt~llm:::d u;,ifhii .... a nOD,-llDlltulg 

2. 
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use prc)oll~ms. ~'~-~'''J one use a a flo'wil1ll:! 

wantmg to mclude 

or 

tecJ:miqlues are explem;lve 

rel:athre a(ldl1:lOn rate teClllnllque 

more accurate cOlltn)i 

Ul",,,,lr],,, nmewaJ, was ch()sen. 

COIIce:ntr,ltioln dlltlerences berwefm treatment 

de}:)letton betwefm nmewals is not to 

supplI(;:druacol1lcel1~~:Ion thOlUgJ1t to 

1 

SP(~CH~S were to 

not 

eXJ)eri.me:nts were pel:tolme:d clJns:eclltlvely one 

same manner COl1lduc:ted as as pos;slble 

can 

limitations an adequate mlIDber 

at one 

it 

were 

to 
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5 was 

as 

to test 

was SU1)PllOO on a gradielllt at 

a 

are dorninant on gw~ing nnC"",",lPti to 

tte(:juent gJrazjng, were 

to 

it 

it 

are 

was 

'-'" ...... ,," were pl~lced 

del,omsed water 

was set to 

1 

was 

to 

were 

names 

is 

on 

not 

2. 

a 

crowns 

were 2. 

on 

is 

et 

Irolcmoa, Dacrylocteniu1J1) or 

a quartl~r or 

a was 

was 

was 

It rose as as 

"''''''''". treatment two 

plastIc was cut or two to 

to roots to 
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pen.etralte to sati!dac'tory as emerglng roots 

or 

ten:lpeI'ature on plastlC rose as 

tolllowmlZ two exp'eriInelllts (LJactylc)ctentum were 

over a a methold 

similar to to sag~png 

plastic sheetlIlg (InaJi:imum temlper'atUJre re:corded on was 

3 4 5 or9 

were were 

excess water 

an were to 

to 

was to was 

a was 

a was 

was SUI)plied as i ''' .. L4.n' '-.1< 

were ini11allly stlppllied 

4l1truv'lOVer experinlent to 

was 3 

measurements at a po~atlcm so as 

were were toa 

to were one or two 

were 

at 

was 

to cause is to out 

a 



Univ
ers

ity
 of

  C
ap

e T
ow

n

was all()we:d to to to 

adjustme:nts is C!hn,nrn not 

were clil)ped to a 

Table 2.2. of the four solution culture to test the effect of N rate on lawn grass 

range in N concentrations and solution and recorded and ranges in PPFD 

recorded to NR not recorded. 

Dates N Max. PPFD 
range solution min. 

max. 
I 2 3 4 

Feb - 25-44 0.009 0.040 0.16 0.63 6.3 - NR 810 1080 
6.8 

Urochloa 18-46 0.016 0.052 0.21 1.0 5.2 - 32.7- 1010 (l 
6.8 39.1 1270 

14 46 0.009 0.052 0.21 1.0 5.2 - 29.0 - 980 (11 1245 
6.8 33.0 

22-49 0.009 0.052 1.0 40 5.1 - 29.0 - NR 
6.8 33.0 

2002 

len!;ths were measured 1.2 or 3 

was nec:rotic). 

sn(J;ots were cotmte:d at J."',1:;U.l,:U ifltP.1C'V$lh: 

tre(~ueJnt as roots 

root was measured rep,eate:dly bet:we:en one 

emerging roots at an acc:eS!Slblle lClcatlon 

crown I rhi;1;onle use 

measurements more dlttlcult a 

inl1.oresce:nce pro;dw::tio,n were rec()rded. 
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It was to h~l"VP'l:1t at an to 

on 

at 

recnve:red to nre:-ClllD plrOpfJrti,ons {JUfctge:<1 

were 

det)endinlg on were 

sele:ctt"rely chosen to replresent 

roots was m(~asun~<1, .. n,,,~a~ .. root scraP1:,e<1 

root. 

"'"" ........ area were me:aslure:<1 sc~aratlely a 1 scanner (Di.e:itGrria 

31 area meter \.LJl'-'U'~, 

on an mcll1vlc1ual \"',.. ......... pl<:mt~;) or a sul)saml,le ap]:Irmamatelly a 

area was me:aslrreci. 

Sh(;:attls were measured 

a 

two strcmglly stolonif(~rollS SJ:,ecH:S, 1)'if!it,aria 

was measured 

was 

mean bra:nch 

to 3 

a SUbSaIIlple 

was calcul.ate:<1 

roots 

4 6 seccm<1ary stc)lons 

matenal was at to constant we:tgln 
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ad~{anta~:e oJt repea~ted. h!lruPClt<l rfHatlve QTo'wth rate can 

as 

two COlJlsecuti,re 

rer:Dalnll1lg ones 

apt)erured to resume 

eXJ)oDlenltial rate over 

eX})erlmC::.lnt on PTl'.w1h 

is 

PT'(,wth oiccurrred at a constant eXJ)ol1lential rate over 

Da£:tyloctel1~ium eXp~::.lrimlent, an elec:trical 

some 

was sut,tralCte:d 

not root at h,. .... ,p,c::t nrmred to a 

to test arr.urth at a constant 

nUInbc~f was In~l:ranlstorm('d 

eICllDg:ati,on fates were calcullate:d as QT()wth rates: 

two measurements. 

elongl:ttl(m was a curve 

to a maxirDUIn as , ...... v"'''' ma,tured. were ms:pe,cte:d v llOllUj1UJ 

srrc,wth rates 

were to 

StBLtis'ttCI:tl rutlalvse:s were shc,we:d a 

reS)on:;e to spec::aes sh01wed maXUIia at a 

not a 
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a as 

not nmlvlcLe 

accurate SD(~CH~S over suppily gradleJnt 1rllSte~ld a moditied hyp€~rbolic 

filn.cticm was 

= + 

IS 

Le,renl)er~~-Marquarlc1t al.gOIlth1iJl to 

was on 

regreS:SlollS were cOI1npared a 1"I~1it'UJ,1.(:p manner tollo"lIlD2 

C0I111panso!n, a regres~llon was to C0I1nbl1tled 

(comb:mel1) IS 

IS sum 

F 

res:ldual sum 

reS:ldu:al sum 

is mean SQuare caicul.ated 

obtaim~d was det(~nni.ned et 

testing ditltere:nc€~s bl~tween respOlllse curves, malXlIDUliJl means were 

aF 

addlltlcm to 

a lieJner:al 
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RESULTS 

Visual observations 

All SPOXICS exhibited deficiency or loxicity symptoms 011 the lower arid highest N supply lc~cls. 

On the lower levels. chlorosis was common. bulleasl so for D'gHana and Sporobolr<r (sec Fig. 

2.-1) On the 40mM N level. all species had vcry dark green leaves. with ncrTOsls of the lips 

(even on young kavcs). For Urochloll In pa rl iculor, this nl'(:TOSLS was a dark brown colour, 

r~lhc'r Ihwi Ihe ligll' bill""" ~ul"ur of Ih~ 1I<:Clulie lCi1f lip~ .. , Ih" luwcr N Ic\' ~b AI~o. mallY 

cmcrgmg lean's sluck togeth.er BOlh ofth= s)n1p!Oms may renee! Ca deficiency. although a 

dark green leaf colour is also a symptom of e~ccss N supply (Jones 1998). DaCIY/OCIi?llIll'" 

pl:Lnts d<,>\-e!oped a kaf fungal infc'<.:lion, Wllh. Ihe area ofb[ades Infected ranging from 0-20"/ •. 

ThiS did no1 appear to affect the growth of Ihl.' plams. A vcry small amount of sail secretion 

occum..-d on the leaf blades of D'gllUlw In the first few doys of the experiment. Sporobol!4s 

produced largc secretions on its blades (along leaf margins as well as the abaxial side of the 

midrib) for up \0 two weeks. across aJltreatmcllls. 

Gro\\ Ih rales 

Esl"m31ioo ofRGR 

For Sporobolus. the increase HI shoot number over lime was father ("Tfatlc. especially at lowef N 

supply. presumably as a result of clipping. However. 10ganlhmic transformatIOn producl'd an 

ol'cnlil line3r f\'lalionship With time. regardless of N supply (Fig. 2.6) and the rate of Shool 

producllon did nOI appear to slow as the plants grew larger 

Daily leaf c1ongallon nltes for Urocil/QU and Sporobolu.f also Indieale thai gfl)\\th did not slow 

as plants grew larger. The GLZ .<\NCOVA model indicated no si~,'nilicant effect of 'day of 

mcasui1."· ( T~bJp 2.3). liowever. 'soJUllon renewal" ""as Important and clongallol1 was 

SIgniJicamly slower whell measured the day before renewal. as opposed 10 the day after renewal 

(Fig. 2.7A). This efR'CI was in proportion 10 elongation nlte when comparing belween spccles. 
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Figure 2.7. Daily k:afbl:kk: cloll/,:ation for U",x .. hlou IIfId !¥lOrobofus grown on aI k:asI five 
Ic\d; ofNI t~NOl supply in solution culture. A. The effi:ct of weekly solUlion renewal U. 
The: effi:cl orthe concetllmlion nfN supplied. BaB are means and whiskers show qS~. 

confkkncc inlervnls. See Table 2.3 for signiticance of tile differences. 
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"" ,tu-~ "''''' "" ~ieni lican! inT"""","nn he,,,,.,..., '<f"'Ci",,' and 'wlrrrinn r"nrwBI' In ,rnM nf '1 

supply. boIh SpecIes silo" ell ma~lmum daily gTO" Ih :11 I mm N supply ( Fig. 2.78), The dech" .. 

of daily gll:rMh ,,"h N supply \\;1IS agaIn proponlonal "hl:ll companng ~pecies (no slgrlllicalll 

'specu:s x ... !iUpply' lOlcratlion lhe separate slopes Al'\COVA - resuhs OO! sho"nj. fi nally, 

companng bcl"'ttTl spccics (and occounlrrlg for bolh Ihe above elTeclS) leaves of Urorh!oa 

elongaled 51smlie3mly f:asler lhan SporoholilS 

Tabk IJ, S'lI"'fi~ uf Ibt ttWII ~rr." ... (>pC<' ..... aDd '..,h'lIon """, .. ~I·. a"d ..."" .. 1<'10 (N supply k,d and 

'r:b.y 0{ nru....,·1 of "'" llU' ""'CO\',, ",odd finn! 10 1100 .brly kif ~1""K'lII>n d.tl~ r",m l'IlH'M"" "",I 

Spt""""'''' K""'" on .. 10'11 r,,~ k' rl. or MI,'o, wpply III tolr,U"" ~Dh ..... ~ 'Tho rrurJr:1 r«d • po".' ~nJ. 

funcuun and • pmrN ...... d.smbuloon ~ of f" ~'''~I.' ,,,,lacu. lhal .... ,,..,tld drd 1"0".1< 10 

odcquo~ fi, 

.:««, 
I~", 

"'s~y 

.. W • • d .call"ic , 

Il.y of "..,.>IIK 

Spc<"'1 

SoIo'_ ,."" ... al 
~..s ~ SolurlOn , ......... 1 

nnlofn, 

[lo"",,1>C<' 

~akd IlrY"~ 

II'CI 1100 ('Iu 

S<3kd P Chl 

Il.otI lrloWrood 

" HI) 

no 
HI) 

,39 

~8~571 '"" ." '''" ,.. 0_22~ 

81'" '"" '" DOll 

'" ono 

SU,l<lic SlllflIf 

'" PO, 
3~S 1.11 

'" 0_6~ 

'" '''' 
_11-4.0 

The biweekly ehpplllg did !lOt alTecl the fow species III the same way, WhIle chppmg "'lIS 

clearly dctnmcntal 10 growlh at the lowest lrealmenl lC\'el for all plants, Ihls effecl "lIS IlOI as 

clear as N supply increased, par1iculnrly for 
T.bl. !.-I . CO"·"' .. ,, .... (It'..,ffi<",m rOt rho nlUn dr-y 

Sporol>oll's ,," 
gmwth at higher" supply dId 1101 result 111 for lho f .... I.o ... n pu •• p<:e .... M,.,...n til o.:riuwn 

51gl11 fieamly grealer loss of Shool m~lerlol per ""1111 .... OIl ar k ... (,\'0 ,"" ... Is..r :">11,:">0, tol'Jllr 

chp for Ihese SpecIes ( Fill 2.8) WhIle there 

was a sigtufreant correlat'Ol1 bel,'cell RGR 

and c1ippc:d mass for Digilurill and UrocMoa, 

lhe .. frecl was IlOI partlculurly slrong for lhe 

fllnner ( l'lIhle 1"') 

,,,,,,,, 
U,.,.,h/fH 

()a(f1'IIX"'~~i" ... 

o./;",mQ 

SpllrobrAw, 

• 
" 
" 
" ,. 

, , 
,." '" 
'" ,. 005 

'" ~ ~Ol 

,0 11 OO~ 
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F'~ 1.1. Mc:. """'-1iW) "eoJhI' 101& W)bo .. cd.1) chppona ,-_ ",bu., pooollo rat~ (RGR) 
lOr 01,''''"1 • • l /rodHo.I ,1Jaa,w1dnOl". · _ 1IId~ • SJOI'II on • bst Ihe 
k:\"cbolNH.NO) IIIpPI) .. 1IOhot>on ""~ .. ~ Oral) "rodtIoo IIId /JtxIlOna .... -ed. S!F',rlUfll 
.... IllIouIOCkpt .. U _~.RGRI~T ... l." )_ 
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N 5upply affected thc growth of all four lawn grass spec ies " -ith severe redoctions in RGR al 

the lowe5t N supply levels ( FI I(. 2.9 ). rcsuhmg m significant fils of lhe non-hnear IlegresslOns to 

tile- RGR data 1 1'1I hl ~ 2.5 ). 

·hhl. 2.5 Summa.y ofllic non·II1I"" fl. kC N a;:'; 1(1 *1>.:0; * ,"}, .. -h:,., 'i .. the """""~\lonof 

'11,1'10,. (01' the (OU •• p«:>es oft ... ·n I"'~ lI",wn .n IOluuon culw"" on.' "'aot r" .• ""'·.Is or ~ 

'''I'I'ly. All n" "-'''' "~n.f""nl heww p 001 L nits'I"od",arcd all ""~ ~ llJ""flC.>nl 
below p a 0001 (NS:" .. (05) 

~ , " ~ killJ ( I:'.·' 
"";,Iuol 

Urofhll)J' " GO, 0016 019"'10~') HJ iO.3CoI 0.17 "'to ~81 
[)Q~II 'IIX I~~'U'" " '" (lOW 0.5(011, 4 78(0 .1) ),111011) 

D,g"~"Q J8 '" OQl)!q (lIQ(003ol) ~51(03JI I 2~ (0.016) 

SpoNbol .. !8 '" " ... o 18({1(1.1Co) 8.-0 (0 ~2) li)q(013) 

Gro\\ th responses dl ffered Slgm fic.mtly be.wcen Specll:!. both In lerms or the m~)lI mum RGR 

3chll'l'cd at high N suppl)', lind lhe ralC at "hlch RGR declined" Ilh declining N supply (T:lblc 

2.6) D(glillria and Spomhofus "CIle an elccpllon both 1l:3ehcd a similar maximum RGR. 31 3 

similar IeYel of N supply. and sho"·cd only small differences m lhe way RG R declined III 

respoTtSe 10 decreasing N supply_ UfTK'loIou sho"·oo thr strongesl liJO ..... th response, with a high 

maXlmWll RGR reached "cll abol'C Im~ 1 \i {posSIbly cI'cn above 40mM 'I 

However. at 1Illmnedsale N lewis Ih., sJI«'es showcd Shal'lX'T decreases III RGR. than the other 

Ihree species, "ith Its response ~ur.e falhng below lhose of the others. Urochloa WI\ll nOl 

grown al Ihe lowesl N supply tCI'd bUI cxtrapotallon of liS response curve fUIICIl01110 O.OO9mM 

~ suggestS llial thIS Species Iud lhe lowC11 RGR 3tthis level 

Urochloo (O.OIS S·lg'lday') < D,gllur/U (O.034) < [)(/(wlocw/UulI! (O.036) - S{JfIrohohlS 

(0,036). 

This is the re\'Cf"Se oflhe r.mklllK mthe specieS IIIlerms of ma'tlmum RGR Dacll1orlcl11111fl 

showfit an llllcrmedlatc response: to Ihal of /JrOt'hloa and DlgllurllJ I Sporoho/i js at high and 

U\lcrmeJl~(e lel·ds ofN suppl)', bUI ils grQ"lh decreased al a sImilar ralC as for ( 'rod,loll at 

low 'I supply. resulting a SimIlar RG R 10 [)'gl/arlU and Sporaooills allhc lowesl N supply 

Ie\d. For the: IWO siowesl growing species. Drgilllrju and SporooohU. RGR decreased shghtl)' 

ailhe highest N supply lelel 

68 
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ncuI'T 1.9. Rclal""e S""",h rate (RGR) data fIN ,he fou, la,," g....s species gro .. "n on 31 lea..! fh" ""cis 
0( NlI ,NO, ",,(>Illy tn soIlIllOn cull.W'e. All ClInes lined .. ..,re ._rocaflt , .... T.bk- 1.~1 Sa: ·ra ..... 2.6 ror 
II", SlJ;nitica'lOO of d,rrc'eno;:(:I betll'«:n the 'I'C't"'li. 
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Table 2.6. Pairwise cornpalrIS<Dns of the RGR response curves and maximum RGR means for the four lawn grass 

"'11'"'1,;11;;"'. F values and associated slgmtllCatlCe levels indicate differences between responses curves p> ... 
p< For maximum RGR means with the same SUtlSCI1'pt are not SlgJmII.carltly UUU;;,<;;lU ac(:or,wog 

toHSD 

levels 

for u.u,;1.1 ",I" sizes of a one-way ANOV A. N indicates the concentration 

lU.LA"''LI' "'''1)1}1.'<;;U for which maximum values were taken. For Urochloa no RGR maximum was 

reached - values from the 40mM are assumed to be maxin1al. 

N Mean 

1 40 

0.21 - 40 O. 

1.11 NS 0.16 - 40 O.lle 

0.21 40 O. 

eIClnJ;!:anon rates at 

spe:Cles. constant eXl'OIlLen1Llal rn-rnXTTn 

it 

n 

4 

19 

26 

18 

use 

tenns 

one 

to 
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at 

"'..,v'" ........ to spe:Cles. 

to measure 

resDo11Se to nutnellt 
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pn)p()ses, it seems it is 

cOllcentrati~Dn, even 

Irrclwth rates. 

is orc,vl<led at a 

reSipOnS(~s seen 

reac:hed a ma.::ICimum was sUf]prisingly 

to act:l1e,re 

"nt,nlvat cu.rv:es 

at a 

one acc:ep'ts patterrls ",1 ... "",,",,,,.11 were acc:unlte, 

Que:stIcm is dlS~~us:sed 

a conunon, is 

hablitats havmg a high,er maxiIltlUm 

Stu(lleS orclvlcLe e'fldence to SU]:1port 

a cOlnp Ilete 

to tert:illzati()fl some same 
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et a nnC!.tnl'" 

con~ela1tion hetwetm h'lbltat mean anIllual raIIlLfall 

a non.-linlitirlg supply 

not nec:ess:arilly mean 

et 

studie:s even 

as 

out a revers:al 

contrast to 

at 

a 

suglgest a 

supply is 

curves 

rates at 

is not 

not 

to 

Schlllize 1 

as 

on grru~mg 

to 

water 

as it 

SP€:lCU~s are common. 

a 

rates at 

treatment as as 

a tenuous at 

occur to 

at treatment 

spe'CleE'}. F1Jrth'em1.ore, a !Tallie-OIl was prc~dl,cted an 

none stml1es was 

spe~::ies ranldng at 

5 

supplIc:d at a enough a gra.dier:t to 

a nelltatiire ccme.latic)D be:rn;eleIl 

a lZI'o'wth tra(le-()tt ·reDortc~d 

1ZI'00wth reSlJ,onSles to trees. 

res:pollSe to a 

not indica1te a common, is 
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resource pa:rtitioInn;g, spel:::ies revl~rsiIlg at 

rates 
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nQT(lwi'h c1oTI<lition:s, gro'Vvth measurements h!:l1r'VP"Clt measurements 

were des:cnlt>ed 1 

Bio.mass allloc:atl,ons were cal(~ulaLted as are prefer,lble to 

mass ftw::tio,n IS 

crowns / rhi:z:onles: ........ "" ...... 

over root Wf':ip"rlt over 

root weight (L2ltl\lIF) was calculated. to 

). was not to excess stan<11mg 

two 

root V91ri9hl""1Ii: 

roots were to 

·nl'ri~.1 roots / root mass / 
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Dactyjfocteniium, brancbling int«msity was calc:::ul~lted as 

were prolduc:::ed as brancltles 

ori:ginal ramet was coumte;d as one u"', .. "" I' intll'!rltfllcl .. le:Dg1:b was 

\' ....... ~AJI was callcu.lated as 
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• • " 
..... ~ ... 2.10. L"", pku ()(..,.,. ~1oopI"", r", the ""'Iorll) u( , ...... 1 roo .. "",*,,1f<lIl (Of "",drAA' rl.m.. 8''''''' 
00 (,v<; k\"I;ls ci NIl.No, suprI., In 001111_ culture ROOI .... "", ....... :ourtd -r>flf"'\""ok:1v "'''''' I ... ., J.,'. 
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area 

greSS14t)ns were 

SU['S3.lnple as: 

+c. 

mass is Isomc:tri1c. 

zero, were ..,.1'\"' ..... "' ...... 

some 

was no as 

/ or 

to Table 2.6. coefficients from linear least squares 

regress:ion of leaf area leaf mass. See text 

pa:r311neters were not 

~ 

5 -15 

8 15 

9 14 

0.86 0.99 

0.83 0.99 

0.95 0.99 

same manner as 

some a 
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IUDlcmons were mlllm1:alIled as were 

1. 

paIameters elstuna1:ed are 

were 

was set as a raIIQC)m 
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shorter at 

before reac::hirlg an 

aPJ)eared to 

most 

<1.lIrvi"", to 

more or 

a a amount 

IrocJ'lloa sho'vved a her;nn~~bOlle p':l.ttelt11 root bnalncltling, 

1'n£\,~ti" unt)rarLchc~d plrlmary lat(~rals. L'tIlitariia was 

Dacry,wcireniiumwaslmc~nneru~e. ~p()rOj~oll~S stID~/ea 

most varlab.le root architc~cttrre: were sImIlar to 

were to 

apt)erured to a aec.l1ne 

roots was 

Dacry,{ociteniium was SP(~CH~S not to .... 1"f'I,rI,"'p Uow,ers. Numbers 

<1.111"1nlvon 

some cases ae'veloplmg mtloresc:ences were at 

de,'elolpinlg inlfloresc::ences were resu1ual por1tion con1tinuc~d to devc~loD. 

Sf}Orl)/JCI/U;S' , some were cll]Jpe:d <> ...... ?,1" bramc]led 

pro1auc:ea a new intloresc:enc::e 
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Table 2.S. Time 

the three lawn grass 

from the start of the eX1Per:imfmt) for inflorescence de,{el{)prrlent for 

which flowered. Each number rep1reslents a different incLividrull. 

• indicates individruils which re-flowered after their flrst inflorescence to a 

N supply (roM N) 
~ 

Urochloa -r 

0.009 20 

0.040 24,26 

0.052 13 13, 20· 20· 

0.16 26 

0.21 26,27 34 

0.63 26 

2.44 23,25 

10 25 

were 

.""".,..,t·,,,,,, cOlrreiatiorls were 

at int~:nnl~di<lLte 

res.po]nse curves 

Increased allc)ca1tlOn to root resl)on:se to decreru;ing 

a ",AU"UUJI m,lxilnum two ,,In'w~T 9TnwirHJ slJecies. DQ~ctyloc,temfum 

was 

to reSl)on:se curve tun.ctlC)fl 

> > Dil'litc.!ria 
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~lJI:"~ 1. 11. Oioolus alloca1;"" and morphoIogk'"lltI""'lh 'C$IlOO!<S I<w 'he fOOf I ....... grass Sfl«ill$ if<lWI' 
"" . , I""st five le>eb of Nft.NO, ... ""Iy in ""''''ion culture. A. R.U/:14 ma~ fi:>\:lioo (R,MF), B. ~le of J>OdaI 
tool ~looJIOIhon. C, $101"" brandll"H lrumsily. O. ",can !II"'!on in.ernode I""glh. t:. .... f(blade) ....... ,., 
I Li\lt~). r. leaf(blade) "'HI fts:1ior1 (LM Fft)' G. sp«if.c IeIf(bbdd ...... ISLA.I. II. ~'C hcI"", of leaves 
wmpo-i!ifl\l "rbl3des I BMfl, ..,d I. .he fivlion (If~_.1 ~1V"""d ",assconlfl'lUtcd of dead malerial 
( llMO",;) All Cu ....... finod ....... e sill",ficl.lIl t .... Table 1.7) and !.IlIniflClll,'iy differ.." """ ram other (sec 
T.bIool. IO), 
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Table 2.9. Correlations between relative 

variables and biornsss allocation variables 

rate and allocation variables, and between leaf area 

2.11 for exp:lanation of aCf()n)llns). Within 

correlations are Pearsons prciduc:t moment co-'efficieltlts, between are Splear:ma:n'a rank co-efficients. 

SigJtlific:aD(~e levels: NS p > ••• p < 0.001 

Between 
Within n r p n r p 

RGRvs: RGR vs: 

RMF Urochloa 26 -0.81 *** RMF 4 0.80 NS 

31 -0.88 *** 4 0.00 NS 

38 -0.68 .** 4 -0.20 NS 

25 -0.78 ••• 4 -0.20 NS 

3 -0.50 NS 

Urochloa 22 0.82 ••• 
27 0.70 ••• 4 OAO NS 

32 0.72 ••• 4 OAO NS 

25 0.85 ••• vs: 

3 NS 

Urochloa 26 0.88 ••• 
31 0.61 ••• 
32 0.70 •• * 

27 0.88 .** 

Urochloa 22 -0.40 NS 

27 0.63 .** 

32 0.68 *** 

26 0.52 ** 

Urochloa 26 -0.81 *** 

n.d. 

38 -0.74 .** 

25 -0.87 ••• 

vs: 

Urochloa 22 0.96 *** 

27 0.95 *** 

32 0.91 *** 

25 0.91 *** 

Urochloa 22 -0.27 NS 

27 0.91 *** 

32 0.91 ••• 
25 0.79 ••• 
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Table 2.10. Pairwise of the response curves and mean maxima I minima for the various 

allocation variables estimated for the four lawn grass grown in solution culture. F values and 

associated signifilcallce levels indicate differences between responses curves (* p < •• p < p < 

NT = not Maxima I minima means with the same are not signifi.caJltly different 

according to HSD pos:r-mJC tests for unc'qual sample sizes one:-WllV ANOVA's. N indicates the 

concentration level l''I£14!'"V3 suppli~'d for which maxima I minima values were taken. For Urochloa no 

maxima and minima were reached - values from the 40mM treatment level are assumed to be maximal I 

2.ll for 

Urochloa 

Urochloa 54. 

Urochloa 

Urochloa NT NT 

Urochloa NT 

NT 

of the allocation variable 

NT 

NT 

NT 

NT 

N 

40 

1.0 40 

0.63 - 10 

1.0 

40 

0.21 40 

0.24-40 

1.0-40 

40 

1 40 

0.63 2.4 

1.0 

all 

0.21 1.0 

0.16 40 

0.21 40 

40 

ND 

0.16 - 2.4 

Mean n 

O. 

O. 

O. 

(1 

o. 

4 

13 

16 

5 

2 

15 

7 

11 

4 

13 

8 

6 

22 

10 

20 

16 

4 

5 

15 
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.,,, ... ..,.1,, was not "''''''1..,.1" 

SUPlphl~S at was actl1e,red to 

op1tirn'um is to roots to madntain malXirnwn term 

herleaftier to .. nnnlv at 

maJ(:imum I mInlmum. 

shclwe:d a nm:1tnre cl)m~lation hef1lNp.fm sl)ec:les, 

was not sl1il;mJtlc,mt 

a 

root nu,mc)er mass 

root mass I 

mass I to 

was 

root elc'n~'atlon rate 

root mass I 

not a measure 

a 

> lJij"!ita:ria 

roots I 

were 

> 

to at 

appean~d to a rea~;omlb ly 

root 

can two 

root is 

root elong~lti(l,n 

diftenmcles bletween spe:cies. Neve:rthiele~;s, a strHd.ng pat1:em was nhC;:PTVI",rl 

Dal'.':tyll'Jcte.!nium !':hlowl~d a declme 

inclreas:e. I\i1:a:x:imum rates 

Sp()rol'Jolzts sl1lowled a 

root elOIlga1:ion appean~d to ret1ect(~d 

hi~~e:st rates at 

at spelCIes cOD,verged to SImIlar vall11es, 
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UrocMo/l "ere close \0 Ihose reponed for a crop grass specIes. Zea mays (up 10 8cm 

day per day - Cahn 1'1 "I. 1989). 

Nodal rOOI SRL (SI.R,) 

!nc-reased nodal rOOI elongation would only rcsull in inc-reased noda l root mass if 

tissue density did nOi change (i.c. SRLN remamed eoru;tanl). The GLM ANCOVA 

model for SRLN revealed no effect of N supply f r ahl.:' 2.11). Nodal rOOI length did 

account for some of the variance In the data; SRLN increased with root !cngth for 

Digll"r",. but showed the reverne trend for Uro<hio(! ~nd SporohQ/IIs I fiG ' l .t ) ,\ ) .. -\s 

a result thc 'species x length' imCf".!Ction lerm of lhc ANCOVA model was 

~lgnlfieal11ly dlfferem for Dlgllllrm rel:l1Ivc \0 Sporobolus. Urochloo anJ 

Daelyloc/(!IIIIIIII. Taking the effects of length in!o ac.oun!. the ANCOVA showed no 

effccl of N supply (non·signlficant 'species x length x N supply' interactions). Nodal 

root diameters did not appear 10 vary from one treauncnllcvel to lilt' Hc~t either (pers. 

obs.). This indicales thm Increases in nodal root elungation did '101 occur at Ihe 

e~pcnse of nodal root !Issue densiTY. 

Post-hoc analysis of the ANCOVA model (conHulhng for the effects of bolh length 

and N supply) indieuled Ihal the I\\'O slo\\,esl-gro" Ing SpeCies had sigmficamly 

differl'nt SRLN. while /J;/CIylocllinlul/I had sigruficamly hjgher SRlN• 3lld UfQch/(){, 

si&'TlIficanlly lower SRL, than Ihese 1\\0 species. 

90 
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Table 2.11. The effect of s.pec:ies, nodal root andN on the spe(:ific root of nodal roots 

of the four lawn grass grown in solution culture. Parameter estimates and standard errors for 

the GLM ANCOV A model fitted to the data are shown. B is the co~efficient for 

xN 

x 

x 

xN 

and l_flA __ '+l. \ are covariates. The model was sigrlificant: ? 
p < 0.001. The model was ovc;rr~parame1tertredwith B set to zero to Soclrol,o/tArs. 

was the main N 

R= 

F 1.39 0.31 0.000 

R 0.14 0.38 0.724 

Urochloa R ~0.91 0.33 0.005 

R 0.11 0.42 0.800 

R 0.00 

F -5.08 2.25 0.024 

F -0.13 0.08 0.097 

R 5.08 2.25 0.024 

Urochloa R 5.09 2.25 0.024 

R 5.08 2.30 0.028 

R 0.00 

R -0.13 0.10 0.170 

Urochloa R 0.26 0.09 0.003 

R 0.10 0.11 0.399 

R 0.00 

F 1.12 0.61 0.065 

x R -1.12 0.61 0.065 

Urochloa R -1.12 0.61 0.064 

R -1.15 0.62 0.065 

R 0.00 
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bUlL..,' ,',LL root 

a reasortablly 

root proldm:tlon alPpe:ared to 

versus 

was more or 

was not true 

root mass on pr<)pC)rtlon as roots 

'-' ... «v ..... m(~reas~~s were more or 

addition, £'iIlitar,ia roots 

account chang(~s root ''''''l}:<,"l, 

x 

spel:les (1Jii{!it'an~a > 

pr()dUlclIlg 1(ln:::ra,1S at a 

was no 

was 

Jac'tvlloctemum > ;:)m'Jroibolus > 

was not nh!u'!nJp.n as nel1ner 

spa,cl11lg heN/ee.:n ramets resl)om;e to 

mt,enS:lty was 1'1101'1'" vaI1at)le, to tonlgmg, 

It was. 

most braJtlchmg lJiIlit'ariia was on:gm:al crown 

stolODlS. l'\,,1l11t:'1, it was 

",hI""''''''; no chang(~s 

sho'wed a " nOltl-10lragmg , pattern, 

at not as a redllctiC)fl 



Univ
ers

ity
 of

  C
ap

e T
ow

n

a mean interrlodle ... .tAl'S,.,u. Flrl~ll,v were no appiareJot clnmges 

no ShC'Willl. 

Table 2.12. The effects on:pecies, nodal root andN on the mass fraction of nodal roots cO[lSis1ting of 

lateral roots for the four lawn grass grown in solution culture, Parameter estimates and standard 

errors for the GLM ANCOV A model fitted to the LatMF data are shown. B is the co-efficient for 

N 

xN 

x 

N x 

iesxN 

and '_fl ,_ ........ \ are covariates. The model was sigruncant: fl "" 
p < 0.001. The model was over-pllIarnetized with B set to zero to SO!Irol,o[ulS. 

Species was the main N 

R= 

F -6.94 0.58 0.000 

R 6.50 0.60 0.000 

Urochloa. R 2.01 0.67 0.003 

R 5.04 0.74 0.000 

R 0.00 

F 6,08 5.59 0.277 

F 1.22 0.15 0.000 

R -6.10 5.59 0.276 

Urochloa R -6.21 5.59 0.267 

R -7.82 5.65 0.167 

R 0.00 

R -1.28 0.16 0.000 

Urochloo. R -0.49 0.17 0.004 

R -1.07 0.19 0.000 

R 0.00 

F -0.03 1.45 0.981 

x R 0.04 1.45 0.979 

Urochloa R 0.07 1.45 0.961 

R 0.50 1.46 0.734 

R 0.00 
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reSl)oruse to inclreruling 

res,pons(~S curves were 

two spe:cies. alth01uWl 

were no 

slglnificarLtly so 

contrast to 

at optllmum 

JLJrlL.L"'''''. ::iJ)c~rol'JolllS was inte:mu~diate b€~twleen LJif!.'itarta 

spec:aes COl1lverg:ed to similar v~lIH"!!l::. at 

(bl.adle) mass fracti(m 

COiTelatl<lns were two vaIlab,les ",-,ith." spel:les 

Howe'ver. COInp~mDlg bl~tw,een spe:Cles, rc;:sp<lnsces were 

Kespc)m;e curves were 

was no 

or opt:iIDlI.lltl 

two 

LJaC::tyI17ctemUlm. ac:hie'ved a similar ma:!(imlum 

were more graldual oc(;unred over a 

to 
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(bladle) area t..::JlJl..Jr'LIIU 

.I...U'L.L".... sho'wed a marked divc::rgence terms 

spe4:1es reSlPOI1LSeS to 

reSl)On!;e to 

two 

was 

were 

not to 

malterial at 

at a rate 

matenalat 

AlllJcal:ion to shc)we:d no 

two 

two 

sho'wed almlost no adjustJrneJlt 

not to 

was not even a slg:Illjtic~mt 

curves 

a mgner 

to 

was no 

it was me:aSlll'eld, 

most 

to 

reSjpOnSE~s were 
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to crowns at was 

not was an to 

to 

a at 

were not as severe as two 

a an 

at 
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tslolmass aJlocatlcm was measured 

sp~oies to 1'YI£1.t111v 

not 

some general pr(Jlble~ms regarding 

blor:nass aIlc,catlon patt1ems are dlSC~US!;ed. 

se can us 

natlllral cODldltlOns is addlresised. 

an att(~ml)t to uncover ad~lptatlcms enalble a 

resource is a resource 

resource sU1Pply a 

bloma:ss allocatlc.n is 

a surrog:ate measure ofI'esc,ur(~e a(~quisitlion. 

to a change occurs as a 

a treatment 

treatment 

to 

treatment Colem~m et 

ecologIc:al sl,gmlt1c3Jrlce, as argliled 

(Cc,ler:nan et 

resource aC(iuisitilon at 

were 

erronoous C0I1ClllSlcm 

reason is 

an 

Col,em:lUl et 

not 
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!!l'owirU! at mean 

!!l'()Win2 season it 

was collec1ted. 

it 

PTnW1TIO season lPo,tentlai bertefits 

con~etirorsmeM~cc~droil~amce 

AUc)me:tnc ~alysis > c~ to test 

mass ag:amst mass. Dittenmc~es 

treatment as it is pos,sible 

to tlmyPT 

at 

AlI~)ca110n pattenls are cOlmpare:d across a dr"r~!;e 

are 

a non­

not 

as 

accOlmt. use 

accoromgto a 

QeCIQUouS trees a hlgher 

trees not phytogcmetic C(mtr~lSts, as 

mcoq:loIlltioln o1t phlylogerLY is a rellitiv'elv new aPt)rOllCh to allC)Catlon studies, 

one lnvnlvlno gra£~ses was et et 
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a influeJnce on allc)cal10n 

SP(~CH~S is 

too to emplo,y phyllog.enc~tlc contrasts. HClwt::ver. it is 

are two dltlerelnt sllbtamilcles, were no C011Su;tel1t p.atte:ms 

versus 

are mass, mass not 

resource area 

rate area 

a measure 

is a - a measure rates 

turnover account. 

two 

turnover. as 

create resource a 

is 

accoUllt, as as Iv;:)Ii.tU;:) 
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to 

to 

resources are most 

to a 

vast 

two 

at is not 

as a two 

a 

<:tn ........ iv were geIlenllly hIgher 

sul)lecte:d to water stress a 

at h1ahpr onset tOXICll-:y at 

Keclente et 

an rate root 

or an roots 

rates root 

a 

roots I a measure rate root 

root mass I a measure 

rate 

two It 

to root an 

root root 
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particLllar.ly at 

<!t""~ri,, state is not entirelty 

root grclwth was 

spe:cies, S."ol·ob,olus, alPpalferltlv increa:sed rates root !:rro'wth (relati~/e to 

common 

at 

root 

at 

is not 

one 

Oeal(l-llVe roots at h>l1"Up.'1:lt(1,articl11la:rly 

pro,duc:ticln rates were sinlil~1I to 

unlieriestjmalted all(tcation to root 

root 

It is pos:slble 

a pot1ential Pl:oblem. 

on 

proportiorlately to 

is an a!ftielalct 

bioma,gs bcetw,een treatment 

recent m(~a··anahrSlS 

.t:nqUlst cai<:ulate an aVelraee 

alllDcfltlcin to roots is 

casts 

resoLlIce 

meta-
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at eXl)OIllent:iallly irlcn~asing rates Sh4)Wn a 

et 

it is mamt~llne:d a 

rellitn.'e to iloH"'/V~i:'. 

cliI'PUlg n~duces allclcation to roots 

graLZirlg-1tol{rraJlt SJ:leClles p~""""'"'' et 

are ex(;eptIolls (lJa'''S<lln et 

M(;N~lUghtcm et ,"-,LUI<Ul) mcreases it 

",h",t-h",,.. cliplping alten::d aJlloc;atllon to roots is 

occurn::d to a dItl:ere:nt d(~gn~e on ditl:erelnt treatment 

cliI'pirlg n~dUiced or even revlers«::d irLCr{:as(~s 

vllitnJ2"a nervosa was clilPpe:d ",,,,,,,,,11Th, 

no 

eXlperimen1ts were a"'~Uall) measure 

to as was case 

McNallghton et 

no 

et 

on root 

reSl)Om;e to 

error. 

reSl)On:se to dec:reased two grazm:g-t()lerant 

)avv!l::cm et 

cl1Plpmg nrmrenic;:d a SlgIllfi(;ant prolifel:aticm reSl)On:;e to decl:easc;.:d 

l'estu!ca ovina not 

root a 

allC)caltiolIl to root (relati"e to rest 
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1. a root area root 

area root or 

a root area 

as lor 

3. area - at 

one can root area 

rate et 

SUl1a(~e area 

or 

area 

me:chani.sIl1lS IS (1It11cult to measure, 

HClw~~ver. as no significaltlt Cltlanges were 

was not attlempted 

or ""'".u." ALI: one 
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at were hlC'llrvP~dp!11 at Howe'ver. as 

nh!:PT"IJPI1 cnaL11gl~s are 

was not is 

root a 

to 

is 

to more as 
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to stress 

to to it is 

a area root 

to roots at 
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amount was 

as roots to 
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more 

to 
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spe:cific ulptal(e rates cannot 

stu(lies inv~~sti~~atiIlg sD,ecitic U1)tall~e were one 

relating to Ho·we'i1er. most 

to can 

root ....... ,"" ... , supply was reduce:d 

upt~e rate at 

clipped 111i:IJlUi). as cOlltlpared to unc:liplped COIlltrol.S. even 
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P uptake 
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were not atlec1ted a gralZirlg-1:ol~:raJlt sl,eC:les was .... ~ HU 

as OPl1IO~:<1 to a recent smrlUllatlon .uv ..... "". 

a reSJ)oru;e to chaIlges 

(Dumb~lbin et 

no mtLuellce on nutrieJlt 

uptake rate are sim,ply detemlim:d 

to roots 

to roots 

on a is to rates 
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more un.,u""",,, to to 
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area or 

atnount area 

were to an 

rates 
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to rates to 

1lll1llted to 

AU()Caltion to 

uAl'A~,~rootwl«)ca~o~ W~"AJ'AUJ'~~'n area was me:asured 

increa:sed allC)Catlon to Uli:ilU,t,;::; can addlres:sed dm~tly. It is 

thel:etb:re Pi;')SSllble to detlermline UJ\1pth,FI" bloDllass allocati()n to 

l1Pl"1<:l11hJ Olccl1lITe:d as 
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is a common reSpOlrlSe to 

a SlgIutIC:ant 

COInp~mIllg bl~tween speCle:S) is it 

ph)'lo!l:en~r); (j'harmoum et 

no correl,atic'n bc~tween bloma:ss a 
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conrela1tion be1:'we(:ll alJocatlC)fl to 

reSl)on:se to nutnel1t Sllpplly 
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reSl)On:se to reduce:d 
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{m(~astrred as et 
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an ex(~eptlon. H,oweve:r. as M(~zl!me 
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to 

it is a case 
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a some et 
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a 

as 
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net assimilation rate 11 " ........ " rate 

varIable was not me.ilSUI:OO, 

not prol<1uc:e cllanges 

were reSpOltlSlllJle most 

to to 

ml:llgtlJitucle can 

== 

a pa1ttern nlnQ"''''''''''.rI 
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It was nh~~PnJPn at 

more one or two 

COI1LtritmtC:ld to crown I bIomass at hl'lT1JP"t 

mcreased crown mass tra4:tlO.n at ~U1'nlv was 

Kylltlzga nervosa , _____ '_ et was SUppliC:ld as mtrate. 

It was to 

not 

constant mass 

a to as 

to 

net 

are to 

at 

pa1ttetTI 1""'nn1rtpl1 is differen(~es 

shC:latlls were 

at Vi ... ' .... "''' was mc:re::lSe:C1 

o<:lnn,nlv ITPl!:ltnilp to shC:latlls """' ...... mass retnam€::C1 ... ,~I,,,h,,,pl,,, constant. 
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a 
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nutrieltlt stress 

Kyllir.rga nervosa, 

re]:Iro(luc:tlon, were not sutmorted. 
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season, 
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It not 

at optilmum 

are a nUlnb(~ 

reasons to not 

two 

at optimum 

a con~elaltion betwe€m 

et 

root allloc~ltI(Jln as an ad~lpt'ltioifl to SU1Jply as water 
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more '\1(11,1'1""1,, ac::cepte:d p,attc~rn is 

al1()Catlon to root 

a 

at 

as it 

measure root 

it 

were at 

a 

resl,oru:;e to nutrient ava~ilal)ili1;Y, at 

bv'ul<::tlc:e to comes 

resJ)oru;e to 

a 

was to 

rate or 

same measure as 

means 

no 

as a 

cannot as eVl(lefl(~e are ad~LPtt:d to hatntats 

is cwrvlJlmc~ inc:reSLsirlg most T!ll".itil" at 

was DreviOllslv predicted anaJvti.callv two pattenls 

not 

a faster-IlfIDwinll Slle4::1es experie:nce a 2fellter redllcticm 

optllmum to mmimum a neg;llgl.ble mCI"lease 

adjllstnlent ITPI!:Iti"'IP to a slmlVer"2foiwirtg sJ)eCleS). a 

1 
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.all'!ral root alllllCallti()ID 

root 

two Spt~CU~s common 

a 

et reverse paltteID 

one assumes 

Nic~otJra et 

pat1:em is SU1)i1)Olted 

enVirOl1Dletnts, as 

to roots is a retlec:tlon Olt halbltiat water aVl:tila.bility 

aUc,catlon to 

on 

was not A .. es,U ..... 

root SYSitern. 

a 

or 

et were a uni'vers:ru p.attc::m, it 

:::iplor(Jlbolus are adlltpted to a 

a handful 

difterelnt respOllses to 

emrlronmlenl:s, it is sug;gesited 

water (l111"1nlv 

density is generall) 

a 

terms 

not '"'VA ............ ',.... to 

hal:llitats, a pat1:em 

res'pOIlses to 

1 
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is theretiore reason to hellie"e 

a retllection ofllabitat .. "' ......... )' 

resp011se to to difIereIlces drOIUgJlt stress, 

two EW'opc~an speC:::les shclwe:d. no adlustlmellt 

to 

water use etliclC;mc:y. 

adaf)tatic)n to red.uce tr.ans],iration 

Rellsblurg et 

to 

water 

at 

de(;re;;tsed water ~lll"1nlv 

respollse to 

two 

sectI,on 3, chatlges 

c!111"1nlvon 

were 

resPollse to Si,g;nitic'ant dlltlerences were 

to to amoWlt 

no 

supply is an 

van 

apll1ear to 

terms 

area 

1 
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root I mass, alt1t:tollLgh 

measures 

spe:Cll1LC ulPtal:e I asslmilatl)ry rates roots turn-over 

en2lble~<1 a assessment 

no 

were occur., as 

relaticlm.hil1s are too to 
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1 2 com;ludl~d ditlereJrlt rc;)sp()DSC;:'S to a 

con.sidc::rable calutioln, p:llI'tllcubrrly as no 

extI~ap()latc~d to 

pattenls were 

bioI1o.ass allolcatic)D respOllses to 

cnstpte:r, a 

realistic ecological conditions are diSlcus!;ed. 

unJ:um1ercx1 root 

attected Qro'wth diflerelltlv at diflereJnt 

two 

more releVIUlc:e pn,rSlCal dllttelrencces, sol11tlcln cllltU1re nliOVldes a 

more 

roots leacchlIlg are to COI1LtritlUte a 

OfI1UtJOetlt slmnllv on 
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more 

as 

was 

some cases 

et 

as root areas 

measures as 

to 

omIlCIlCU zone 

itis to a 

carmot 

roots 

or an 

root 

to rlPI' .. ",·""p·rI 

to 

a root 

1 
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root dlame:ter was a 

PTc,w1'h rate laterals on an 

roots inhibit access to nUltrie:nt-·rich 

patche:s, as roots 

HULber-SanJrlwald et 

nutnel1t ... v ..... ....., ...... y is "e'rerl~lv mJ:llt>ltell, 

one spe:Cle:s, 

to 

Ifnl'sleJinG at 

SU1)P ly occurs at a 

eXt)ected to 

more 

ramet pla.ceIneIlt, as 

Hc'w(~ver. a 1"""'1""'X' 

or rhi,WITle QI'oWlth it is not ImpolrtaIlt 

CYlifOdtm dlletvton. a spe4~les renlarlcably ".H1U"" ITIOIl)hOlogy to 1JiJ?:tta'rta 

common on lY-A:;rru~ed areas 

resl)On~)e to mcrea:sed 

respolnse:s were 

to no de(~re:ase 

not occur 

Ph~{sl()lolgtc;al ullte,{l~atlon t>etwe(m ramets was not investigated 

a even 

ph)'SlOlogJlcal inte:gration enalt>le:d a to explOlt 

1 
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or£'l,wth reS1pOTILSeS to 

must 

tn011ght to decline 

resJ)ofllse to 

nTr,uTi n ..... season. 

merun 

more im0011aIlt 

SU1JPJY occurs at a resollLtlCln 1{1,nO'''T relc~vaJnt to 

bec:omle run Im'oo11aIlt Q."I-'",.,L 

across run QTClwjm! season. mineI'ali:zation rates are 

SP(~cIC~S occur, it 

as iJiJ?:itQ!ria not a 

all()calte rt::latJlvellv more acquirt::d to storage. 

across run it is 

to test 

ad(lltl1on, as crun inv·,.,h."" 

terms bec:omle a 

detlerrncinillg a spe:Cle:s' 'r1esp,ons1es to 

C!h{1,um to on 

mY'CO]:TIDZal assoclatlCJnS are more 

iniiectlion rates 

SIO,W-QTCIWlnf,1 SP(~CH~S more 

1 
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it serve to m:llgnlty 

et 

it seems unliktely ever occur 

amounts on 

is one can a it is 

resources or stresses were aUow'ed a realistic 

more severe 

McNal11ghton et 

can 

even 

cliJ,plIlg (lJaw'son et 

some on QTf1lwth 

too leni,ent to <:)lUlIU14t,.;; dleto.l1ation reg)mC;lS 

It 

more intlensive aetoll.atlC)fl 

more tre(lue:nt 

indirectly as it 

et 

car'bohv(:lrate StlppJlY to roots 

are 

occurs 

shown to 
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a roots turn 

increa:;e VlLllncerallililty to water stress fD:aw!;on et 

shOiwn to increa:se rluz()de]posHicm (J111"V~Ulln et 

two potlential teedback ette~cts. I-<· ... "tl" 

",",V\JV,. Sec;orul1''Y, it stirnul;atirllg net 

is dislDus:sed 

an imt)ortant 

to a 

shown to 

OTn'wth reslPonlses to 

IrO(:;:mC)a at a n0I1-sllLturatirlg "",. .. n1!" 

Howe'ver. as at 

nutrieJrlt ~11nnllv (l..Janlbe:rs et a 

serve to seen beltw(~en UrocJfJlo'a 

resources 

one can 

phosphorol11s dc~fic]ienc:y (l.amltlers et 

is not a Ull,rlf'lv 

enr.ich<~d pl:ltches was 

DIIJOrD et 

alll)Cllltlon so limlitatIolrlS lDrlposed are ....... ~ ... h, resources, 
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water stress 

occur eXJ)enlen(~e r(~gullar fir", ... " 

:::ipc)rol'JolI4S a~)pearS to 

swnmer drc)Ughts as 

appe:ar to reg1ene:rate additIon, a ("In~~plv relalteO spe~:::ies 

(Sporobo[lus slap//anus) is a reSlllITe:cti(m (Gtlase:mpour et It is POSiSlbie 

:::iplorc,bolus is to 

OTclwin 0- season, Jro(,;hlc)a is aWllpte:O to at 

water en''''" 1" 

It is ditlficuJt to rec:ruitmlent IS SlgJutu:::am:::e to 

reSl)OnlSe to 

tllrl'hpT eXJ)erilnumt~ltioln is to detlennline 

to a COILtralciict:ion 

not conrelate 

not a SImIlar, 
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, 

smmlvon more 

po1ten1tlally li1rrutmg resources, 

sunnlV is not to 

as discuss(~d 

controllied condItions cannot to an ecosvs1tem 

one at 

Ch~lptc~r are not more 

eXl>enlme:nts were COIlducted, two at 

areas 

was hyt)othes:ize:d to a 

or 
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an rates 

to a 

are a 

was 

a at a test 

on 

an was 

at same 

it 

is 

tlarnes et 

Latlem"oth et is 

to J;Uw;ses are eXC;lu(led. are dis~cus:sed 
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Med" .. n L 
MedIum N 

- - - -- , Grazinl! inlens ilv • ' ... ":;0 

1Iij:h l 
MedoumN 

HIgh L 
Ih'" N 

.. ~",.., J. I • .5<1 •• ",.".: ~"'" 0I'1hr II)l"'Ihrs.zed dT~. of •• nr.1I 01\ e"""II" IR !laN (l l and l!IOtgalle 

11"""",1"'-) 1I1'I'Ir!hal ...",... VI"b ...... "*" pwl,,&- It .ho edJe 01' IJI CA!t.Ilf'$ ""'."'i I"", '" "uwl\! rho 

com ...... or. bulle" FOMi.aa:I '0 • &PUnt ........ 

"liB 'tNI' - 1 ..... .,-.. , T , btoIIChgna. ~ 

Cnmllftillon ror 1'1 

The rcsuhli of the prel'iOU5 chapter ilklicatcd Ihal lhe 1\\'0 most common 13wn species in the 

more mesic pans of HUP, DIg/limit IQIIgrjlQl"Il and /)al'/ylQC/t'lIlulII UlUlfttlt' (referred to by 

theIr genCf'lc namet hereaner) can 8fO'" close 10 their maximum rela.,,,e growlb rail.' (RGR) al 

low COfl('(1HI"JI10n$ of rnorg.lmc N rn solulion culture Hov.'","er. this docs 001 nect'SSdily 

e1(elude lhe posslblht)' of N supply tel'erel), lim,ling lhel r 1P'O\\lh under more natural 

ooooillon$, This IS becauk' 
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1. rel:aticmsllrip betwefm rates 

are un.I!rnown, It is pm.slble 

most is as as 

2. was more 

res'poIlses to more natural cOD,dltlons <t'Inl"nlv rates 

SUl)P Iy rates resources 

It is pm,sible gre:ater ralltltaJll, even 

means 

a SlgIlltIc:antly 

are common, a reduction occur du'ectlv, 

cyc:l1ng. or ind:irec:tly. thr~Duf:!;h a 

gra2~ing to amc::lmrate 

gnlSs(~s create SU1)ply is not a new one, 

delnaJnd) can reduce 

to increa:sed allc)ca1:ion to stnlcttrral nTOJ'il1l;1 (pr1esumably an adapta1:ion to 

to an increw:;e 

a rel~ltIvelv ...... ""'~t_ supply 

more 

rel(~as~,a as 

aUDC<iltloln is not aUlerea 

spelCles CODlpolutlcm or eda:j)lnc factc)rs). 

is hlohpr 

bun1ing can decreru;e 

areas 

to mic:robes dcecolmpC)Smlg 

bec()miIlg iIltlffiC.bilized as 

it is 

most common 

cOl1centraticDns were 
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areas more ttequc:m.tlly over 

cornmillDi1ties on 

a gre,ater arn'<'ut'h respOllse to 

to a rel~ltivelv 

to 

rfl(iHI'~fl rates 

JellSe;n et a 

savanna can inc:re,lse 

create an en~{m)IU1neIlt a supply so it inhibits 

as it 

is no 

are lar~~ely urumo'WD. Howe'l/er. 

some supip0l1. a 

ammo:mum niitralte or 

SpC~H~S common on 

it is a tolc~ra:llCe a 

emlblc~s T. tnalnal"'a to dOlnIIltate over 

pote1:ltilll increases in 

conditIons to red'uce !:!un;nlv to a cri1tic3Llly 

to "p're1,,,t 

graZInlg were to inc:rellse on grl:llZlI1ig 

no eVHlen<~e a,rail~lble to detlermline arj;l,71t1iU a1:1ects rates 

grazilltg on areas sug,gests a 
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is bec:am;e 

a monthlly 

same pa1ttern occurs 

to denitrification. 

:Sluu.1lIlg is an ob"imlS 

1. 

2. 

et 

was related to 

an mClplelnt grazulg 

areas it would 

bUIlned area:; are hlohlv atu'actIve to gra:~ers et 

et 

at 

grru;ses to endlure ll;i)(IJ.UU epll;odc;,s 

a .......... " .. b Dosltllve rel:atlCmslnlp 

satlllrat:ed) rate a spel:aes (Lamb1ers et 

COIlVeJrted to 

gra:sses on an 

van 

resp011Ses. one exp,ectc~d an adcLithre 
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supply on gral;ses should not respofLd to mcr'easc:x1 

SUP;PlY is maxinlal. Hm'Never 

it is posisible an inte:racltive em(~rge at 

to test as as 

a 

treatments at a 

on an at 

two 

were 

was 

occur It 

treatments a 

or 

resource not 

is 
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mean to 

are common at it cannot 

areas most water 

to areas are 

more common not 

is 

common on reserves 

a comes a 

a 

were at 

cover as 

to 

It it to 

at can 

not to a 

at as are 

areas 

extreme to 

a are to 

it is a water / 

or can 

is no at is no 

as 

an 

was at one most 

ralIlltall is ... 1"'111"h.1 aSS~[)Ci,Lted 

southelITl r».H~\J". allmost no stu(iies were diI'ectlv measure 
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pr()Celsses, it is 

resources as 

C!nnnlv on grazin.g-t(}leIant grasses. 

a reducc:~d ~llnnllv 

is COI1Slclere:d 

not 

(McN:aug;hto>ll et 

water resllllts 

most ImloOItarlt. 

a gra;!~ing 

a 

a reaucC:ld ~11nnlv 

to exc:lucLe common, 

Serc'ng~~ti to rail1lfall events at ditter1ent on tertillzaticm 

reasons. 

1. IIDllerl!hzatl()n are atti,ctc:m sho·wn to dec.lme 

at water COllteJtlt nlWillt~1111rp. Ma;Z;ZaIlnO et 

2. 

COITelatlC:ms bevwet:ID v1ege:tat:ion cover 

or~:anic matter 

Mazzrurino et 

aJDount oq~anlc matter turn correhltes str(mgly 

occur sublseQluellt to 

to an ImpolrtaJlt source SOOlHliI1a systenls (Jv.ta:1~zari.no et 

3. uptake is cOIltIIllgellt on water up1take, as at 

mass (Lamb1ers et rates 

as (Lamb,ers et 
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water on are not 

even is some 

a to acqlulre 

water stress. 1"tilnl1l111'~ I roots 

were walteI'-stre~;sejd. Llkf~wiise. is 

some evideJICe to tol~era1te water stress. 

agricuJltural s~'eclles dlJIll1lg m"owme: season was 

on one 

expc::ct an mte:rac1tlve 

a was so 

treatments 

water a as 

to more to 

resources. it was 

a 

or treatment 

eXI)enments were perJfomled, over same Ilf()Wilne: season. 

at>U)tlc COllsU'ainlts on grru,ses at 

a 

anO-E:OO eXIJerim4ent tests a 

or 
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eXIten:meltlt was COI1ldu(;ted on crest at an altiltucle sea 

a a treatment (h~lrbllCl(le versus COlltr()l). 

was out 

slxt.een 2 x 2 assllgnc~Cl as a 

2!ru;ses emergmg a 

were a her'biclCle (R()uI1td-llP 

treatment were rel1nmleCl 

aPl)rOXlIlClately two Ul"",.Ir" 

were tr8.lClSplanteCl 

TranslJllants were water~~d on 

traIlspllantmg as species was 

comer central 1 x 1 two 
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transl,lants were 

one 10C!mon, L1aclylocte,niu,m 

were ho;,lMc,P'ctp'rl near 

Bio'mass was estllma.ted dltl:erellltly 

!!fc)winl:! season, to 

roots sl1!¥1t.ly were 

Cr()Wllls) were at 3 to 4 

meant metnold was not prc:LCtlcal 

sut)PI,ots was 

x a sul}-dIV1C1ed qmLdr::lLt. 

one or two x 

SUI)pl0t) was halrve:!;te:d same manner as to es1:Jmate a'\i'eral:!:e 

OlClm:ass on an area 2 x 2 

StOlOI1S were ho;""",p'ct"'rI 

same manner as 

prolducltton was me,LSun~d dUiTlng crrr".,;n 0 season. 

LH'-''''' ... racemes were rec:orcied 

racemes to grazmlg were cOlunlted as two racemes 

is rl:lCemes on a ilowerinl:! 

were counlted !!fOWi!H! season (mcludlIllg a sarnple at ho;,l"vpc!H st:artmg 

was bevwecm 7 

to estimate ",hnl'" halrvp.:~telrt root blo:mruss was estimated 

root mass 

bic)m~lSS' were oOltalIled 

must beN/een 0 1, 

1 
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were a 

x I + n= p< 

a 

== r== 

roots I 

was 

to it was 

were 

are is 

not was 

was 

to 

SUD"PI01:S, to a 

beNleenO 

racemes a sublplot) at one sannpling 

were racemes at 

was set to zero. 

1. a raceme at one sannplmg pre~;ent at next or 

2. a raceme was prC1<1ulc:e<1 belwE~en a saIIlples, it 

3. racemes pre:seJlt at one sannplmg next one. 

aSSlllDll)tioltlS are reruiona~ble. Kac,eme pro,duction 

sunlIDf:a to pro,<1u(;e a 
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irrClwth rate 

dete:rmined as one h~l'V".,d was pelrformed. Tl1lerc::fOlre. OTc"lIl1·h was ""''''''J'''VU 

it was sim,ply ass:urr.led 

not 

terms 

sigJrlifiCat1ltly betwe:en treatments 1. 

2. bloma:ss ac:cmnulatlcm was or tollloVlrect a simllar pat1:ern terms rates 

treatments 

to maj;nitude gre:ater on her'blC:lde treatment no 

h~rhll~lnlp treatment 

Thc::ret:ore diflfere:nc(~s were 

sep,arate test raceme Pf()dtlctllon 

(althc)UJ':"!:h treatment ditlerenc:es were not as 

were amllv!,ed 

a 

same 

not 

same was as 

eXl)erim~::nt were uT,thin 

one 

hUltld1"ed metres 

were cut at 

one 

start 

cOIltainiI1lg one repllcate 

one COIltrOl) two gradle:nt treatments. a 

cholsen on 

as bQiumiaIy rows 

veg,etation, an abs(mce 

5 rows 

creating tw~mhr-fi'/e 2 x 2 

5 

re-cut 

were 

as 

sub'plots w'ithiln a 
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boundary layer 1m wide Wig 3.2). The two );radicnt treatments were onhogonal. wnh levels 

lllercas,ng down Ihe stnps of a plot for Olle treatmcnl, and down Ihe rows for the other This 

rcsulted in II single control subplol (re<:e1\ing control level for both treatments). wnh the 

rcmaullng 2-1 subplots receIVIng one of the 24 potential combinations of the 4 Icvels o f thc each 

treatment) 

j"", ... ,,'l! 
k,.k 
(Wain ..... ' 1 , 

t 

Ro"~ 

r--------~--------~ 
lm '.,10"""""Y."'" 

tr.c:rea.i"ll i.'-cl . 
(tr .. nncnt 2) 

~~ 

-:E 
r 

o 0 !ocauon of 
tJan1plant, 
(lwo'1'<e,.,j 

~IKur~ J.:. The layout of 'he ptors u<cd fot appt~ It>. IWt> Otm.,gOtWl", .. me:nl gr.Id,.n" ,n 

Ihe n>tS1<·md.nd :lfid . .,nd <xpet,,,,,,,,,u conduc,td ,n lHuhiu",.·Umfolo" Pol"\: 

Pla nt H13tl'rb l 

Transplanting "-as done as for (he herhiride e~peritne nl. except lhal the first transplants WeTC 

plauled on tile 1-I1l> September 2000. and those Ilhieh died (10 of the origmal 3(0) were 

replaced on the !3'h and 14<11 October 2000. 
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Tre3tmcnt$ 

N addlllo" 

The N add,tion trcllmenl consisted of bimonthly fcrtilization. An ammoniurn fHtrate solullon 

was sprayed onto subplots with Iirc-fightlllg backpacks (Hg 3.3A). Sce Tubil' 3.1 for trealmem 

levels_ Concentrations of the solutions applied ranged from approxImately 16mM to 95m:>"1 N. 

The NH.NOl was applied three times through the growing season. on the IS" or 18'~ Oclober 

2001. 6"' Dttembel2001 and 30'" or 31 " January 2002. Each applieauon " ·as done ",tilln a day 

SlTlCe Ihe lasl rains and soils surfaces were weI at applic;llion. As lIm·e was a s ighl slope at Ih,s 

slle, 1,I01S were arranged $0 that the N addition gradient run down slope. with the hIghest 

treatment level at tte bouom end of each plot. 

The resuilmg tota] amount of N added ",as far less than In olher fcrhlinr experiments . 

IIlcreased grass grO\\-'lh In planted pastures or inlcnsely gr.lZed rangelands has been achieved 

uSlIlg Inels beTween 70 and -100 kg N ha·1 }-':3r-1 (Grunow and Rabie 1935; Ie Roux and 

MenllS 1986; Barnes CI ,,/ 1987; Andren cllIl 19%; Jarvis 2(00). willie responses ofnalllraJ or 

non·crop monocuituTC communities are typically reported to Decm in the range of S-I 10 .. 80 kg 

ha·1 yea(' (Day and Deitltng 1?90; Bobbtnk 1991; Ttlman and Wedin 1991; Wilson and 

Tilman 19"91. 1993: Turner 1'1 (l/. 1996; FoSk-r 1998) Wh,le adding such laTj!e amounts of N 

would be more lihely to produce nwasurahle gto"'th TCspons~. such responses would not 

m:cessanly be Cl:ologicaUy IIlfonnatlvc In this experiment. as n is unlikely that grazing could 

mcrease N supply to these levels. Funhl-rmore, The large growth increases reported for the 

experiments citcd abO\'C suggest lhal measurable responses would occur below the le\l~ls used. 

Sn)nlan (2002) for example. found slgnificanl changes III basal cover and AG production for a 

~uJ1J1lllU1ity ure. gJ"-"C' r..,.;~h 'fIg u,,1y 10 kg N I,a" yc"" I, 

I.Ighl (lddino" 

The second treatnltnl was desi~cd to t[\\!rcasc the amount of light reaching the transplanted 

lawn grasses below the canopy or bunch grasses amongst which they were planled. WhIle light 

'addi1Jon" h3s been achieved by the usc of mirrors (Eck and Zobel 1997) Ihis is nOI feasible in 

an en'trOmlltnl which contams many large herbIvores, or where bunch grass canop,es can be 

extremely dl'Ilsc. instead light addition was attempted by tying the canopies of bunch grass 

foliage togelher, as the bunch grew taller through the growing season ("ig. 3.38). In order 10 

create 3 gradlenl of light ·addillon·, dIfferent propor110ns of tile bunch grasses shadtn8 3 g,,·en 

transplant '~crc selecte<\to bc llcd up rrHble 3. 1). 

139 



Univ
ers

ity
 of

  C
ap

e T
ow

n

c 

• 

F~~ 3.3. Addu,.., oin>U<>pn.l.,t.....J " .. Ie< W ""n~sonK.r lbe ~ 

wJ onJ-cnd c."""""",,, ""odU<U/l on Hlub .... '....umr""'" r-k. South Afn<:a 

,o..:.mbC1 !OO()~ A h:H.NO) .. ., "I'f7"C'd onIO hubr.h sr ...... ODd lIanpl.ord . o( 

o.~....., Jo..,,,,,,,,, ood Il:><t>*'< .... , ... "",V .. I"Hdl"", .. ~\ a. lqjhl od.h, .... . 

b\-_ "'""1Ili up • ....,.,.... o/'blwh Ii"'IIelI ~ !bo 10"" (0'= 

~ ... .Ied >I Lbo HdllOp 1\ .. Ohr:ll'Tl>'" Ilio::M~ • D I~ 1r3IUpbn1) C 

lrnfahM ol a fIUI'II 10" .. d.nuI:o ... bo t '_Il10<< _~~.~" •• , tbt /o.ibyun" 

"" 



Univ
ers

ity
 of

  C
ap

e T
ow

n

was me:asulI'ed a Surille(;k 

MI:!:aS1urements were once 

enoUgh to 

etIec;ts as canopil~s Mc~aslurements were peJ'tbimt~ on an oVf~rcast to 

a din~cti(mal occurs on a 

-intp01·~t~.t1 measurement was 

carloPY, as measurements dir1ecflv 

peIletratiIlg to 

measure was 

avc~ra12;ed across resultiing v~ll1Pc! were asa 

a 

to hel'bn70n~s at to gra~;ses were 

stnngs were che:ck~~d most 

treatment was not aPt)bed <::i1."'U'V tl:rrougJltOtlt traJrlSulants on 

ext)enlenc:;eCl an erfllttc 

measurements were on on 

one 

were a on 

two axes 

were at 

an 11 were 

same manner, were 

to an 

were to 

same manner as 1. was 

same as 1. 
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bloma:ss was estimated squ.ares. llIon-'llnear regres:si011S on 

+ U.t..;"HS.:H tOt211 

n= p< 

t'= n=ll;p< 

manner, as were at 

it was roots an 

root was not a 

amount root 

was same manner as 

was same manner as 

1. 

a Irrclwtb rate turlctl,on was pn~chldf:d as two estI!mat,es blC)m':lSs were 

a constant rate 

were terms as 

exp1ermlent 1. HmiveVfrr. bloma:ss was mclludf~d 

bi()m:ass was not nec:essary 

to test bl01m,LSs. raceme proldw~tIoln 

a separate :u1ah!!':1!': tac:t011al AUV ......... was 

as a ran(lom catf:gorlcal van able 

blOrnass as covana~tes. 

was a ste1DW1Se manner to eXJ:Ila:11rled a 

.,lUlllHll amount otVaIlaI1Ce 

to perfonmirlg were chl::cl<~ed 

test (StatSofi traJlsmlission was !':ke:we:rl to 

was the:retore arc!nne trrurlstiDrnled {Ull-,,,,.,, X = arc!nne 
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Dalr::tylloctEmium as raceme pr()dllctllon were ske:we:d to 

root-root 

raceme root trwtlsionltlation prcldu(;ed 

prCloui:::eo a to normal 

were on 

VaJ:1aIICe bel:we:en O"f'n'nnC! was 

test (StatS:ott 

Table 3.1. Treatment levels for the addition' and N addition treatments of the mesic-end and the N 

addition and water addition treatments of the arid-end conducted in Hluluwe-Umfolozi Park:. 

Level addition 

%of Per mean 
year range in 

buncbgrass inter-rainfall interval 
tied up Mesic- Arid- intervals 

end end 

control 0 0 0 0 36 1.43 

1 25% 80 2.4 2.8 5 19 1.44 

2 50% 160 4.8 5.6 7 19 1.41 

3 75% 240 7.2 8.4 10 18 1.24 

4 100010 320 9.6 11.2 14 18 1.12 

chc)sen was 

hUIldre:d metres 

at an altitude 

a nearby 

area is 

OT(IW;,nO season 

QTClWlln1! season to vast ma~oIity 
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to a Ur()chtoa her'eafter) is 

common SPC~CH~S 

was no cover within 

aeSH!Il was same as 

L 

2. 

recut 

a 

two treatments aPl)l1ed were 

same manner as was reducc:d to 2 rows 

addl1hcm treatment was reduce:d to two 

were cut two 

most 

two 

out 

5 

{JT'('\urth was mc:asl11red on 

sP~::les were me:aslJr~d, 

sp~Cles pre!;ent at - no traJnS~)la:rltIr.Lg was invohi'ed 

are common on gr8lZlDlg 

centrall x 1 sublPlot were saItlpled. 

same manner as 

earllier, addlltlODlai terti!tzatic:,m was perforrned 

fertilizaticm were 

3 

raiIlLfall CVI;;UL:ii at .... .-AULA"" ..... was aPl)l1e:d to on two 

was one 

to dete:I1Ilille aJ'propna,te watelring ;1"It,,'nl,,1(! 

gIc)wiml: seasons I ~~;~/~;~ to 

were amlly:1:ed. 'GI'OWID2 seru;on' was deemed to 

as 
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Sep,temlber to was luntlPed to detlerrnline 

Table 3.2. Smnmary of rainfall data recorded at the Mbuzane 

for 10 seasons 

intlF':rvt'll was estl.mated to from 1988 to 2000. Data for both 

il'lt'~"J!:Ilc were 

create a 

to 

was not ,,.,,,hl,:> 

variables showed a gamma distribution - geoimetric means are 

so as to 

Inter-rainfall interval 

0.2 - 124 

1 70 

con1trol. HO'Never IogtStlCaI prOIl'HeIlIlS pllace:<l a 

a 

on maxirnmn Irlter-raJlnt~lll Irltp.TVt'l1 was 

most fre,qul~ntlly w'atered treatment 

were a<l1Ius1te<l to 1"I1'r,vulp a~{er:1Qe inter-railnfall il'ltp1'"IJ!:IIc 

7.33 

2.96 

no irrigation aImlost a canioo out 

int,encled treatment 

waterilllg event in,,'ol,/~ sprlilylIlg a 

a 

were the:reiore 

1 

is 

oc()unre<l on 

season, was rec:of(loo 

a 

tre,atIll'ten'ts are snolwn 

2rc)wl.ne season ratnta.ll was 

to ",al.'" ".LUUUl'> means: ). 

were me:asllIec1: two 10l1lge:st OJrthc)golnal axes crown (mcludlILg 

were 

no new Qf()w1h 

was pre:serlt, it was not oh'rtOll~ were 
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season. HClw<::ver. to nrl"Vll'\l1C! season, most 

j"rl ... ".r1 on 

aaC1ItlOn a SUbSaIIlple 

bOlmdary area were m<:'a51l1re:d as dU\J!Vv. washf;:<l at 

3 to 4 

season, to mClrpltlolOgl,cal measurements were 

limited to me:l'tSw'ing ortJtlO~~on:al axes crowns. 

assess wl1letller uneven grazlIllg C()ntoUlldf::d 

on 

",,I.,,,,,,,,,,.... s1toiclns were not common were sinnply c(lunted as one 

Sarnpling was on ':"VVV,'':''''''VI OTf,wino season 

meSlc-elllO e:lplertlment, it was nh!~P.nJf'l1 a 

amount root llUL~C'.UU 

mOlrphC)ioglcal variablc::s. InlSte~ld llJ'ow1th was estllnatc,d as a cha;nge 

crown area 

cal(~ullilted as 

indlividu:al crown mf::asllred, crown area was 

area an ellIpse bare two ortrLog(mal 

'-'.l'iJWU areas were sunlIJ1€:d to prolduc~e a central squlare metre 

was amllv~;ed. 

was c!l1'1nnlv 

one expemnenlts cr'eat(:Q an unba13l1lCed deSllgIl, 

treatment connbil1ati,ons repliC(1Lted some 

is use a 

some 

asa 
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em~ts were thel'eto]re onntted 

no qua.lita1tive on 

test a repleate~d measures re~~e~lsicm QieSl~~ 

was reqluu'ed, as variable was measured on a nUlnbc~r was 

a 

as a ralld()m ..... u ..... "' •• 

test eroiwtltl. a 

crown area as 

as 

simlpllhled as neclessary 

was as 

two trea;tme;nts, 

traJtlstiornled to meet 

trrlgatlon were 

was 

was pet·torme;d 

crown area, 

mOlae.ls was asslesse~a 

was 

same 
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control tre:atrrlen'ts were to 

a 

season to 

a cover were 

test < p< 

it was 

treatment were or 

were 

were ever are to 

were not signifi,carltly dHl:ereltlt b:tween tre,ltm,ent:s, 

shc)we:C1 more allll)C3Ltlon to roots control treatments 

Ralcenle plroductlon was slgmti.carltly h1ahpr test: < ,p< 

not an anomallous 

raceme prcKlu1ct1clD one 
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l\Irsi t' t'-lld cxpt'-rim('nt 

Oh~fl"\'lI tinn~ 

Almost all transplants showed some I§'Owth and pcn;isu:d to till: end o f the growing season (cf 

Lhe few mOr1alities. most were due to uampling by buffalo). The morpho logy of me majority d 

/JaclyloclcllllllIt Lr.msplHllts resembled that 011 grv.illg lawns, with all sOOots dC\'eloping lOW 

stolons. A vcry small propoTllon in lhe mOllt shaded suhplots adopted 3 'shal!~ growth fom", 

WI th a large number of small , vertical sOOots rather than a smaller number of largc stolons 

Most of the Digilllmi transplants. however, adopted a 'shade growth fonn', anI! few ind,,·tdua .s 

produced stolons. TIns was observed ~\'CI1 in subplots m which the majori ty of bunch gras.scs 

were lied up, 

Although the fu ll f~ctorial model did proYidc a significant fit for Digilaria, none of the terns 

were significant. Howc\'er, a reduced. additivc model indicated that both ini tial biomass and 

light addition had a positIve effect on final blomlLSS for Digilllria (Fig 3,5A; Table 3.3). 

For Daclyfoctenium the eff(X:ts of the treatments were more oomplex. The full factorial moc.eJ 

was significant and mdlcated that initial biomass, N addition and light addition had a POSI11~C 

iIIld multiplicative effect on filml biomass (Tablf 3.3). The interaction between N addition and 

iouial biomllSs al'f'eMed to be a result of fe-r1ilization only produ~ne ~n increas~ in linl 

biomass for transplants or intenuediate initial biomass - those with lower initIal biomass were 

little afTC(:too by fenili2.ation. while a lack of transplants with a large mitial bIomass on Ihe 

hIgher N addition levels mooe the relallOnYUp unclear for those wnh Inrge initial bioma.s! (fig 

3.58 ). There also a?peared 10 be on interachon of initial biomass and light {FiR 3.se). with 

transplants with smallcr ini tial b,omass oot responding to light addttlon. Finally. the mtcraetJOfl 

between light additicm and N addition was 3 fCSult of a lack of aN add iuon effect at low lcwls 

of light addition (Fig. 3.5D). Overall, anal biomass (even on the highest levels ofN and liyu 

addition) was far smaller than that in thc herbicide trc3tment of experiment I . 
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F'I«-.... J.s. M<sic-md npor<mml. Thedfcd rJflight lAd nit'OCfn (NH.NOJ fortiliution on two gruing 
lI"n spccicltnHlspllnled 1<> the mesic end oflhe ",inr.1I gndi~nl in Hluhluwe-UmfoiOli Park. A. final dry 
wtighl of Dlgifuria "crs.us inilill dI). weight and light .ddition (m~ as ""''''''''"ge (If !'AR pmclfllli"8 
(WerhClld bur>d> grass Qlnopies) B-D) FInal dry ~gh1 of Dacty/OC/eM;U'" ..... "'. H. initial dry "I:,ghllllld N 
addition. C. ,"ilill dry weight wright ;Wili,ion. () N addition and light oddi,ion. 
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RMF data comained more variance. and regression models accoumcd for lillie of it. As would 

be expected. HllIial biomass had no effect on RM F. For Digitario. treatmem effe<:ls were 

similar to Ihose for final biomass. alld wi lh lighl addition having a small poshive effect on RMF 

and no effect of N adduion (Table 3.3). For l)rJclyloclemum, regresSIOns models were nO! 

srgnlfiCllIll. indicating Ihallhe treatmenlS had no effect on allocation to TootS. 

Raccm~ !>rn\luetinll 

Raceme production cOI'T'Clatcd reasonably well ""ith final biomass for both species (fig 3.(.). As 

a result, the same tel1lls were Significant for the regressions models as for fin al biomass. 

T .bl. J.J. M .. ", ... Dd e.p.nrnem Sumrn.,1)' of ~ lI""",fll hoe .. model. for fmal dry we'&hI and I'OOIIIlIM 

rracllOll (RMF) for OlgiltlnQ ...:I Dacl}iocU'1l,"'" f ull models ,.re, 10 IictonaJ modd. WIth Plot. [njILl~ N. 

L and aU ""."'Ollons. "'II"""'. N s lOla! I'IH.!l:O, add<d; L - arc<iroc (PAR 1RlLSInLJ<IOn)" ; r ..... l - (r"",l 

dry "",gtutlJ
; lruwL! - (lru'Lll dsy _1~bi)O.J Si~Oill"" It,,,,ls; • p < 0.05; •• P <0.02; ••• P < 0.0 I 

MS - """'" oq"""" (.m.cr) 

t'!i"aL OR)' WtlGIlT RMt' 

l2i~/l;/d~ 

.·ull mod.1 r' - 0.66; Fn.!J - 4.34. P < 0.001 r' - 0.26; nO"! - ] ,~4; P " 0,01 

Rrou,'" "",dol Final - PIOI ' tmual t L RMF - NtL 

r' - 049:F •. ", · 181.p<0.001 r' - 0 24; F~" _ II~. P "0.001 

Sll"i'''a"! eff ... l, lrulial (0.47·") L (0.019'·') 

(MS I L(0.55'·') 

1'101(0.12') 

D<K"'{llm'~i~'1J 

. ·ullll",dr i r' -0.66. Fn. .. - 4.03. P" 0.001 r' - 0 10; F.-o< - L04. P - OAr 

Si~l\In...n! tm'e,~ PIO!. x N (0,26") 

1M:') Piol ~ Initiol (0.2] " ) 

Plm x N. In,h .. 1 (0.36''') 

PIO!. /II x L (0.23"') 

PIO! x [nju .. 1 x l. (0,2t') 

PIO! x hlllLlt x N x L (O.H'··) 
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DlgilG,ia /)tJ<tJ~t~~j~ .. 

r - O,49.~<O,OO l r - 0.61. p <: 0,001 

o. 

• 
• 

· . . • • • · .. • • • • · 0 • • 
• . . • · . • • 0 

0 · · • · 0 • · • 0 . 
· • • · · . · '. . • • · · . 

'. • 0 

• 0 • , · • . • · · • · · . 
" .. · · , 0 

0 • 0 · • .' · . • o. 

m '. · . • 0 · 0 • • '0 .. ' · , o· . . · , . . . : ..... , . • o • 

• 0 • • • " " .. " .. • n • • , .. , • • • • " .. " " • n • • • 
Fv.t dry ,...;g/"d (g) 

f1e.n J,i. M .. IC-end •• pen~ "The number of r.:emn poodocedo,.,.,ho IfDw,n& ""..".. vtTSUS the 
fi~ Il10 ..... gf IW<> ..,..,nl' . .... 'pee'" tr>rl..,Janl<d td "'" m<Sic .. d of Lh< r.,nr.11 pic., In 
HI""I.wc-UmfulOlI POlk. ~"""'·'COI'T.I.o""n ...... mOlel'll. and .. """.cd p ". lues ... lkown abcwc 
_h plot. 
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\ rid·('nd (' \!ll' rim l' lIl 

While the total num!J.tr of leavt'$ per U'ochiO(J ilKh vidual varied greatly through the season. the 

munbcr of these billen showed less variance. resulting In large changes in the proportion 0( 

leaves blUtli ( fllg. 3.1). While tile mixed-model Gl.M did provide a SIgnificant fit 10 this dat.} 

(~ .. O.lb. 111~.m .. 8.7S, P < 0.001). the only term wbieh WII5 sigmficanl below the HI" ... 

eonfidmc:e level wMlhe dnte ohnmplillg. 

Crownma 

Total crown area per subplot was It'$s 

at the end of the growing season than 

at the bc:g1r1nmg. The l1:gTt'$sion model 

1I11:hcalcd Ihal these rcdllChons "'tre 

significantly arrcclcd by an intemction 

of the effects of initial crown area and 

ImgDtion (T.ble 3.4). Subplots with 

greater initial ,rown area had greater 

fillll ,,'Own area as ",ell, bIlt 

T_bIt H. And-cnd ~""""- Summary 0( dot laIOnt 

IInnr I1'IOdd UHd fQ' fmlt tn:no.'D am of Urrx1"_. nc 

IIIOCkI ...,. tuUy 1K1OnI1. W\Ib IJIIIIIL S. II' ..:I LU 

__ .. _ . 11111111- llllwol o;nnro'D _e-. r; - 1\ lent. 

W t- - -,--. s.,.ur1C~ 1e,..,II. ' P < 

0.10.·' p < 0 M MS - me .. $QIW' .. {"fTn;l) 

\1 adtl.IImm1r)' r' • Q.Sof. h .... 8 6(j ~ JI ~ 0 001 

Silnilltul drtcll tMS) 11111111 tlO72'; 

[\;.WI29lJ') 

hllll.l, W t~508") 

,,,rprismgly. rcducuons in iuter·rainfall IntefVals brought about by lilt Img:mon lrealmCtI 

resulted III greater reducliOO$ In crown area (FIg. J.8). As WIth the mtSit-eod expeTllncnt ("Ie 

Interaction bctw~ the measure orllllllal size (mllial crown area) and the slgrllficam trcalmrnl 

Vllriablc (imgruion) was a result or a lack of tffect of the lrealmcnt on Sm:lll mdlviduals. 

Ahhoollh N adell lIon was no! a significant lmll in the model the imcmcllOn or N addillon a.'ld 

Imlial crown area as "'til as N addition and Irrigauon did have reJall\'ely latge tffects (T.blt 

3.4). and excluding N addnion reducal !be: proponion of van:mce e)[plamcd by the mOliel 

(from 0.S4 to 0.49). 

1be decrease in crown arca Kross all subplots conll'llStoo wtlll the number of crowns per 

5Ubplol which had increased by !be: end of the growing season (data not sho"'n). This appell"cd 

to be the resuh ofboth a rrouelion in lIle size of large crowns. and an Increase in Ihe numbel of 

TOOled StOlon nodes (pelS. obs.). 
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DISCUSSION 

Herhicide c.'"perimcnl 

Despite potential differences In the Initial sizes of transplants, as well as die indirect measure c r 

final SIZes. the results from the herbicide experiment are cleaf. The massi\'c increase in 

growth (and basal cover) of Digilaria and DaclylQClcnwlII in the absence of bunch grassu 

shows that abiollc factors do not prevent the formation of grazing lawns by these two specl!.'';'' 

Competition musllherefore be lhe primary factor limiting the distribution o[these twa spIXies 

in the mesic paris ofHUP. 

Re~ llh s rrom lh~ analYSIS of the R.\1F data, although not sigmficant, s uggest \hal much of Itc 

compelitioll IhaL the transplanted lawn grasses expcrienced when grown with bunch grasses 

was fOT below-ground resources - if competition was for light only, OIle would expect a 

decrease in RMF (a response to shading shown by a wide range of species, many hl.'TbaccoU!' . 

Pooner and Nage l 2(00). The high variance, and resulting lack o[statistlcal sigru ri cance of this 

difference. may simply have bc-en a result of the method used to calculate R..'vlF, wblcb WJS 

based on pl.1I1S gm"'n in a very different environment Md which contained a fair amount Jf 

error itself. 

While lUCerne production clearly followed tile same IXlllem as final biomass, variance was 

agllln far greater. A likely reason is thc grazing c)l:pencoced by transplants in the herbici.jc 

subplots. While tbese transplants prescllted a fairly obvious targct to herbivores, they were 001 

grazed evenly at any ODe grazing event (pers. obs). l,(lw raceme production in some subplols 

may therefore be an artefact of more frequent grazing in those subplots. 

Mesic-end experiment 

E5Iimallon of growlh 

A potential problem in a trnnsp lant experiment is U1.11 acclimation and 1'C(:00'ery from st~ss 

caused during transplanting may obscure treatment elTccts. This IS unlikety to have occu~d in 
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the m~sif-end eXJl~rim c r", as the initial measurements were done II number of weeks after 

transplanlHlg, and all LrJnsplants had producw many new leaves and even culms by this 5tage. 

A more likely source of experimental error is the methods used to e-stimatc initial and final 

biomass - in both cases Lhe regressions used contained [I faiT amount of unexplaliled \·anance. 

However, there was no Otht-r practical means of e-stlmating root biomass. The soils at the 

experimental SHe had II high clay content and invariably cracked when digging up transplants, 

resulung In most nodal TOOts breaking. 'fhe, inclusion of an estimate of initial size proved vital 

In the .... gression ~n a lyseo ~naLysi. of final bioma •• alone indicated no significant IJ"ClIlmcnl 

effects. Furth<:mJore. an approximately linear relationship between initial and final sizes 

5-Uggests that biomllSS accumulation followed a more or less linear tre1td at"TOSS all trealment 

le\"els. 

N add ition 

The growth responses to the rather small amounts ofN added sugge-st that bunch grasses at Lhe 

meSIC extrt:me of the rJmfaJl gra<hent In HUP do cre.ate a shortage ofN for Dar;ty/oc/elli/lm, but 

not DigllllrUl. As the growtJl rntes of both species in this experiment were far lower than In the 

herb icide ~xperiment.the results also suggest that bunch grass competit ion reduces the supply 

of soil resources other than N, even If grazinK eliminates shading. However, as discussed 

below. light shortages were not properly eliminated by the light addi tion treatment, and 1\ is 

possihle that shading caused the lower growth rates even on the high light addLtion Lreatme11ls. 

Also. the interactIVe effcct of light and N found for the growth nf DaC/y/oc/e",,,,,, mIght have 

resulted a stronger response to f<'rtilization in an elwlronmC"l1t with more hght, such as an 

incipient gmzlng lawn. Alternatively, tlte amount of N added may have been too small 10 

compt'flS3te completely for N compet ition with the bunch grasses, and more ferti lization may 

Itave produced rates of growth comparable to the herbicide expenmcol for DaclyIOCW",/lm. 

The complete lack of response of Digilnria to N supports the results of chaptet" 2 (sectIOn 3) 

Ilhich showwthat Digl/arw has a 10ller 'demand' for N than Darly/IX/('niu",. If f)'gllilrin 

doc-s not in fact experience shortage ofN supply when compeung with Ullgrazed bunch grasses. 

il follows Ihal Litis species would certamly not expericnce any N shortages amongst regulal)" 

gntZed bunch 8I""$,C" wher<: N ~upply i31ikcly 10 be higher (ifnny different ~L nil). Howe-·cr, 

morc careful considerntion of why D'gilaria showed no response to N addition SIIO"S that this 

conclUSion must be treated with caution. as two a lternat ive conclusions arc: plausible. 
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I} Ligb t limita tion 

1"be m~ of light addilion created a rathcl'" unnatural gndicnt of light supply_ Fil'1tl)" 11M: 

PAR tranSlIlIssion dau showed a more or leu nonnal distribution indll;aung an unbalaneo.:l 

hghllddiuon grudicnt, wilh a lack of replication al thc low and high end. Secondl)" as a J"e$U11 

of the height to I'.hich the: bunch grass canopies grew, even when tied together, the 'high' light 

addition treatml,:nts consisted of columns of light between tall pillar5 of bunch grass canopies. 

Thi' appeamlto crtate a light environment more: shaded than that which would occur between 

grazed bunch hlfis on an Incip,ent lawn. Dady variations III light supply were probably far 

greater as well, wllh transpJana experi<-'IJClng either full sunlight Of dc:cp shade as tho: sun 

moved IICroU the sk)', Thmlly, Iil<: unfortunate break in !be maintcnanec: of the: experiment 

resulted In IrM!plnnls of thc 'high light' treatment levels being oveT-topped for Ilmost a month. 

Thcrefort, although PAR trAnsmis.sion .... 'IS IUcuurcd as c:lo.sc 10 100'"-' fOl'" many of these 

subploti, il IS unltke:ly Ihat Ihe lawn gnw tmlSplant then:: experienced a similar light supply as 

that which OCCUI'1 on melpient grazing la",'IlS. 'The observation that IllOSl of the DlgilarlU 

Imnsplanls, including man)' in the: 'high liglu' subplots, adopted lhe 'shade: growth fonn' 

SUllpon.l Ihis 

II follows that shading may han: prevmted Digiumll from responding to the: addition of "01, 

even on 1M: hlghesl light additIon treatment lC\·d. For Ductyloclcmmn, the response 10 N al 

hij;hct" PAR tmnlmission was probably faclhtated by the grcater Shade-tolerance of this species 

(suggested by itl abundance under tree CanoPIes), 

.!) IJtDbllil )' II) rl) m pt'l r f Dr ~ 

Another potmlial expl.mation fOl'" the: lack of a re5pOfISI.! shown by Digitar/a to N addition is 

that this species was unable to IICqulfe a lignilleMt amount of the: NH.NOJ added. dcspllc N­

IImllC"d 3fV"'lh. This rou'd not hove been due to competition with Dacl)'/oclCnilll1t - the spacing 

of the tfIInSplanl.! .... ould have prevented any ovtrlap of their TOOts, Instead, Digllana 

transplants may h.we unable 10 Illke up this N before It entered one of the other potmlial ~mu 

ofinorganie l\ in the soil system (Jarvis 2000), namely: 

• uptake by ne:ighbouring bunch gr.lsses; 

• uptake by soil microbrs, followed by either immobilization or denitrification (t~ 

pnxc:sses Iltc: dlscu$5Cd further III the discUJIlOn of the arid-ead u;per imclll); 

• leaching to soillaycB below the rooting depth of the transplants. 
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The laller sink is unlikely as the soil althe site lias a lligh clay content, lind halfofthc N".<IS 

added as :lmmomwn. Howcl'('f, It IS possible that more effiCl(lflt uptake of the fertihzer by 

microOcs or bunch grasses precluded uplake by Digit(lri(l. The o\'L'TSighl of not measuring plant 

and soil N concentralions means lhal lhe importance of these two sinks in this expcrimenl is 

unknown. 

Ughl addition 

The interaction of hght and N supply for Docty/oclenillm suggests that greatC1 shading from 

bunch gTassc5 on nn incipiCll I grazing la"'"Il in lhe mesic areas of HUP, could conlribUle 10 Ihe 

exclusioll of this specics. The even stronger influence of lighl on the gro"'lh of Digitaria cou1t1 

also indicalc thai shading alone reduces the growth this species on IIlcipicol lawns. Agam, 

however, the nature of the light environments created by lhe light addition trcatmenlS means 

t/tat lhese conclusions must be maled with caution. The survival of tl1lllSplants in evcn lhe 1Il(lS\ 

shaded subplols indicates that even if illlense grazing were 10 occur as infr~"qu~'Il!ly as once a 

growmg season, shading alone would not exclude either lawn species. 

>'rid-end (' .~ p C' rilllC'1I1 

t:S!imalion of growth 

Thc indirect mCllSurcs of initial and final biomass wen: probably even less accurate in Ihis 

cxpcrimclII than III thc mesic-end experiment, but again direcl mcasures proved Impossible. 

Enor may have arisen from. firstly, Ihe fnet thaI it was nol clear '" hich crowns (Dr which pans 

of them) ",ere actually alive at the beginning of the experiment. Secondly, just two measures of 

crown dlm~T1sions w<:re used as a sunogatc for whole plaOi size, allhough dala from Urochloa 

phillIS grown in solulion eul ture (chapter 2) did show a strong correlatioll bet'" een luft area and 

whole planl dry weight (r - 0.90) over a" ide rangc of size and RMF. 

Changes in the number of grccn leaves per plnnt suggest that growth through the season was 

nCltbcr linear, nor followed a simple nOll-linear pattt'JTI. such as with exponential or logistiC 
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gt'O'A-1h (fig 3.7). Howe,cr, the hoear relationsillp between the milial and final measures of 

pllll1l 51« was again IIS5IUDCd 10 mdicate that biCNlla5S accumulation followed an overall lil)CaJ 

Imld regardless of treatmenl effecls. 

flo' addit Ion 

Assuming the abo"e potcnhal em'lrs wen: negligible, the laele response of Uroch/()(l to the 

feruhur suggests thaI the growth of lawn gnlS5Cfi is nol limi ted by N supply 00 grazing lallo'llJ 

• the semi·arid extreme of HUP. This result WII5 surpnsing, considering thai Urochloo show",l 

such a strong response 10 N 10 solution culture (thapter 2 scctlOn ). The optimwn N 

concentration for this species in solution culture was between I and 4OmM, whlcb means th;:1 

either the Urochloo plilllt5 in this expenmcnt Were acquiring the equivalent rate of N suppl)' 

(e\tn without fertilization) or their growth was hmlted by the supply of olba (('sources. "I"he 

fonner point is not unreasonable· dala collected from I range of gnu species in !he semi·an.:! 

parts of HUP, Including Urochloo. had • mean ieafbladc N cOlICcnlmion of approximately 4"-' 

(Coc!See 2002). This is an exceptionally high valuc for C. grassts· c'·en when fct1!lized Wllb a 

250 kg N hs' ! year I Peflnlulum c/allf/('Sli""m, a C. pasture ipCCics, \Ooas found to bn"C 

approximatcly the same mean !caft/lade N concentration (4 I~/ • . M3rais 1990) - and indieatQ 

an unusually high supplyofN. 

Likewise. a shonage of olber reJl)UI'CC$ prcvenunl! 1 responsc to N II abio 1 pllllSlble. 

Ironically. light 5Upply may hal'l: been hmlhn&- Although the SlIe chosen was hea\'ily avazed in 

Inc preceding season. dJll:c! obscn'allon. rCBIJlar l:ounl5 of a/llma! dung and lrar::ks, and (lC 

morphology of !he grasses at this sitc indicated that grazing WIS mfrtquent dunng he 

cxpcnmental pc:riod. Tlus was almost ccrumly due to the ract thltthe ~a $Umlundlnglbc s.te 

did not burn in the prKcwog dry sc.ason. while 11010$1 80"1. of the enurt part. did (0. Balfcur 

pcrs. comm.), As regrowth on burnt :tJ'C1S 11 favoured by grazers (Vinton ffl al. 199); lu\:&e 

1995; van de Vij~er eI of. 1999). ibiS probably attracted them away from the $Ite (Dr much of 

the gmwmg scasoo. As II result, the Urochfou plants dC\'elopcd an upng!1t, tufted 1I1O\\,h (0'111 

and probably began seU-shading C3Ily 10 the season Funhcrmore. many eo-occurring species. 

especially P. nuu;;mllm and certain rorb species. grew qUJle tall and shaded ml1l\y Uroclt.oo 

p[anUi for much of the growing season. 

61 



Univ
ers

ity
 of

  C
ap

e T
ow

n

The lack of grazIng and associaled shading lead one 10 question the validity of the results 0( 

litiS experimenl Two allemlllive explanalions for the lack of H growlh response of /Jrochloo to 

N addilion. "'hieh allow for the possibility thaI Ihis SpecIes is limiled by N supply 00 SCUlHII'i·J 

grazmg lawns in Keneral, arc considered below. 

I) ErrtttJ of mort' ~r\"l're gruing 

Would have N have become limiting with more frequent grazing? N demands may LOCTellSle 

with dt'foliotion (chuplcr 2 section I) and light supply (l..ambcrs ~ uf. 1998). Thcn:fore, il is 

pos~lIble tlmt Ihe growth of Urochloo IS limited by shadmg 10 the absence of grllZIIlg. but 

IImneU by 0 shOJ1age ofN when frequenl graztnK removes eliminates shading 

2) Abllily 10 cutnllc lt for N 

As was lLfSued for Dlgll(lrla. It is possible thllt Urochloo plants dId c.xperienee N shortages. bal 

weTC unab le 10 ocquLre any oflhe added NH.NOJ. Of the Ihree oJlemaUvt sill1r;s for lhe added '>I 

menlioned above, only the mIcrobIal one is hkely 10 ha,·c been 51roog enough 10 d'\'en N from 

uptake by Urorhloo. L..eoching is agllln unhkely. due 10 the re.uonllhle high clay romenl o f 11.e 

soLIs. Uptake by co-occuning planlS is also unlikely 10 ha\e been importanl, as UrocMoo .... u 

by far the moSI abundanl SpeeLe$ at the SIte. In adtiilLon, Ihe nc.,1 mon abunwlllt $pedel, ;>. 

mruillllJnI, has shown a lack of response 10 NI"4NOJ feruh ter. eo.·en II \"t.ry hIgh Jeo.el5. In I 

long term feniliz3tion expenmenl (O'Conoor 1999). TIUI; ICilvcs Ihe possibility that all added N 

was immobilized and I or denitrificd by soil microbial acli"ity. 

I ",,,,obd!=at IOn 

StudIes which have analysed the fat e of aJded N in the plant-soi l s)'5lem by means of labdh'lg 

fertiliZe!" WLlh Iht' UN isotope show thai immobdiwioo of added N IS common. HoWC\·er. all 

these studics indicate at lellS! some uptake by target planUi lIS .... ell. in a Colondo seml·and 

grassland, appro:Untalely 25"/. oflhe Ig N mol added (os I~H. "N{h) was taken up by gr:ma 

afle!" I manth, and approximltely 33% by the end of the grov.ing season (Epstein n 01. 200 . ). 

Worlcing In the ~rne ~systent. (Schintt'l 1986. Cited by Epstein ~ 0/. 2001) found bet ..... een 11 

and 14·~ uptake after first gro ..... tng season. in tempmtte, I.Il1ensi\;t'ly grazed C] grussland. 

Lcdgatd cl /II (1998) repan thaI 27",. ofN (added lIS NlLSO.) had been taken up by grasses 

afler only 3 days. ..... ith only approximatt'ly 11». ImmobLlized as nueroblaJ btomass. Finaly, 

Immobilization of" from UN labelled Ut"el applied 10 a ",heat field ac<:ounted for ooly 13- 16·,. 

of lhe N applied (R~us and Machet 1999) These results suggesl that a certain proporuonof 
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the N added would not have been available to Urochioa, but whether this means that this 

species still experienced N shortages IS unknown. 

Dcni/rificlllIC/I 

N losses through denilnfication from heavily grazed grasslands can increase drumaucally after 

fertilization. bill never account for II significantly large pol1ion of the N added (Jorvls1000). 

Funhemlore. the results of Frank Wid GrolTman (1998a) suggest Ihal deOllnficalion IS not of 

mtlrh significW'lce in semi-arid environments_ 

Whi Ie the above points may 11()t he val id for this experiment. they show IhHI Ihe concl1lliion thal 

Urocliloa IS not limited by N sUf!ply on tile semi-and grazing lawns of HUP must be treated 

with caullon. The bpcrimCnt would need to be repeated, under conditions of II gremer grazing 

inlcnslIy, to accept this COncl1lliIOn with confidence. Tracking Ihe f.lte of the N added, as in the 

studies Cited ai>(tve, would be useful for il1lcIprcting results (more SO than measunng leaf N 

concentr.tlions. which would not indicate whdher target plants were outcompcted for adduional 

N. or Simply lacked the ability 10 acquire it due to a shonage of other resources). 

Irrigation 

The imgalloll treatment of experiment ] was far tOO subtle. The maximum level. mtended to 

rOOtlee the umbient mean inter-ramfaB interval by half. only achieved a reduction of about onc 

fifth (Table 4.2). In addition, due to the unanticipated intcmJption of the lITigation schl:dule, all 

treatmcnts le~e l s ended up with a far greater Tange 111 inter-nllnfallll1tCfval than imcnded (up to 

IS days) The fact that irrigation still caused a response. but one completely opposite to that 

expected. is \'cry dimc~1t to explain. 

TWIl factors likely to be r<,sponsiblc for this result arc the abovc-,lVcrnge rainfall and the 

unll$uany low gra7ing at the experimental site during the 2000/01 growing season. The mean 

gro .... 1ng season rainfall from the IO-year data set was 568mll1. while 621mm Wll'i recorded 

dunng 2000/01. III addition. the III'er3ge intcr-ralilfa ll interval was less that half that from the 

lIJ..year data sct. Together with the lack of grazing. Ihis resulted in marked vertical growth of 

both C(HlCOlITlI1g grasses and forbs. which may have suppressed the growth of Uroch/fXJ 

(either through shading or competition for SOil rOSOUTee:5 other than water and N). 
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TIle resu1ls orthe irrigation treatment therefore prollide insight into how lawn grass gro",h in Il 

semi-arid el\ lIironmcl\I is IIlTected by abollc-allemge water, and below-alleragc grazing 

intel1.!iity. The f:let that thi! led to reduced cOlier of a grazing lawn species supports thc gl'37.tnS­

lawn model presented in chapler 1. Howe\'er. it does not illdicate whelher waler would be 

luniting in a growing season with a\'eragc or belo" '-allcmge minfall. As with Ihe ferti lizer 

treatment, the irrigation would need 10 be repeated, in a drier year and with a more rigorous 

Irrigation regime. 

Co nclusion 

or the three experimeJUs perfonncd, only the herbicide experiment prollided a conclusillc 

result , lI3!T1e ly thot competition rather thaI abiotic factors exelude lawn grasses from the most 

mesic parts of HUP The N addition treatments of thc meslc- and arld-end experiments 

suggest that N shortages may limit the distrihution of lawn grdSSCS at the ml"!lie end of the 

rainfall gradienl only, and Ihen only for certain species. This conclUSIOn is tcntmille, as il 

cannot be said whether the two species which did not respond 10 the fertilization (Diglflm(1 and 

Urochfoo) were prevented from doing so by a shortage of other resourcl"!l or more efficient 

uptake by other species. The light addition treatment of the mesic-t nd experiment. while DOC 

"ell designed or implemented. dId ",weal thai both species are influenced negalilld), by 

shading bul 00\ to the point that this wonld preYeDI their Sunillill between grazing ellcms. 

finally, the irrigation treatment or lhe arid-end flperi menl provided no insight into whether 

Urochloo. a common lawn species at the arid end of the rainfall gradIent in flUP. IS excluded 

rrom the heavily gra1.ed areas b)' a shortage ofwalcr. 
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CHAPTER 4 

Population growth patterns of two 

mesic lawn species 

INTROD UCTION 

ThiS chapler invt5I1Wn¢s I\,hellltr the tvidence for bunch grass competrtion ~pof1ed In lhoe 

prevlOu:! chapler are rclc\am to the groy"th of lawn Grasses In the hea\II)'·~td, !1lC'SIC 

en\in:mm~n1S of HUP If Ihc$c: l'ewhs are applicahle, one would expect slgmfK:anl groy.\h 

lJIcrcases in response 10 the eliminatioll ofbclow·ground (00) compell1ion for DaC(r/«lenillm. 

WIll alxl\c-ground (AG) competition for Drgrlarlfj. (",hen grolung amongll hea'lly-gr.vcd 

bunch grasses) Altcmalilely. as the prc~IOUS c:xpcnmclIt tonslderal BO competilion III the 

form of ~ supply only, Cllher speclCS mIght respClfld to the elimmatlon ohll BG eompetitlon as 

a rcsuh of an mcrc:ased supply of another rc:sou!tt To lest for the effects ofoolh BG and AG 

competition imposed by gr.I~ed bunch gr3SSCS, D mol trcnebmg expenmcnl Wa!i desl191ed In 

addlliOll, a non-manipulalilc expcnmerll 1\115 poerfanned 10 determine \II !lether the mtenslty of 

bunch grass eompcuuon dIn-en bet"ttn dner areas of IIUP (where grazillg lawns are 

common) aud the most mesic pans (\\here tbeyare all btu abs.cllli_ ThIS simply ln~olHtI 

measunng the growth of CSlabhshalla\\TI gras§e5 at dIfferent sites at a range of almudcs. 

Experim{'n lal d£'S igns 

In ehapler 2. it WlIS hypothesized that BG compc1ition, for nitrogen in pmicular. limits the 

dlstnbulion oftawn grasses In the more mesic parts ofHUP. Ch:lpter 3 Introduced the idea Umt 

e\CIJ wlIh he.a\ Y gra.ling. lawn grasses could experimce competItion for tight, as the re·gro .... 1h 

ofbuoch ~ Mrwet'n grazmg cvelliS could be great moug.h 10 begin shadmg them. For the 

trenching experiment a dcslgn was required whIch could ehmin.ate one of each type of 

competition (AG or 00) .... ,thout inteTfcring with the mtensity oftbe other Howc\cr. as was 
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learned from the mesic-end experiment perfomlcd in Ihe previoUll chapter this is extn."lTlely 

difficult to achIeve. If n01 Impossible. As a compromise, an additive (ralher Ihan factonal) 

designed was u.'led. 

The design aimed to eliminate eIther BG competition imposed by grazed bunch grasscs through 

the I.ISe of root trcnchcs, Wid both AG and BG competition through the usc of root trenches and 

the removal of all AG bunch gr:t.sscs pans. It was expected 1hat Ihe Importance of BG 

eompetition to 10\\ol\ grasses would be revealed by differences in growth between the control 

and ;trenchmg only' treatmem. and Ihe importance of AG compellIIon by differences betwccn 

the 'trenchIng only' and the ' trenching and clearing' lrcalmcnl5. 

R{'S ]lOllse \·a riahles 

All previous ~xperiments of this thesis rove measured growth us short-term (ie. less than a 

year) biomass production and flower produclioo. Short-te1l11 biomuss production may be the 

besl measure of " ilh in·season growth. but for environments where growth is annually 

mtemtpted by a dry season it introduces tho: question of how much biomass produced in one 

growing season pet$ists to the following growing season. As the topic of thiS thesis concerns a 

pal1crn of lawn grass distribution which has persisted for many yean; (if nOI (enturies), it is the 

carry-ovcr of growth from ye:tr to year (referred to as muhi-season gro",lh hereafter) thot is of 

prime Importance. Mcasunng hlomass acCUmUlallOn accurately also requires estimates of mltia! 

biomass (i.e. bIOmass althc start of the growmg season) which provcd to be \·cry difficult 10 

measure 1Il the previous field ~xpcrimen\. 

Therefore lor Ihe IWO experiments of Ihis study. alternative measures of growth wcrc 

ernploytld. fiiI:. 4.1 shows all the palhways by which on established lawn grass genet (I .e. a 

single genc:! individual) could grow. For withm·season gro"'th, many pathlO.ays ore possible for 

plants of a donal growth form, such as the Iwo lawn grass species used in thiS study. All of 

these could result in storage of assimilates by the crown of an established genet. Which is 

known to contribute 10 multi·season growth, (although for species of different growth form. 

Grime 2(01). Howcvcr. most within·5Cason growlh WIll be lost, as shoots. stolons and flower> 

do not persist through the dry season for the species in question (pelS. obs.). 
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Only seleeted pathways in rig. 4.1 ~suJt in reproduction (sexual or \'egetative) which would 

contribute tile most to multi-season growth. as it enables the exploitation of resources at 

multiple points in space. In addition, for lawn grasses the resulting increase in horizontal CO\Cl" 

(spread) may Increase the anmction Qf grazers to an incipient lawn, thus reducing CQmpctihon 

aOO il1CTeasing growth further. There are tWQ reproductive pathways: the productioo of rooted 

stolon nodes which persist to tnc following growing season, and the production of seeds which 

germinate successfully the fQllmving grQwmg seasQll. Genetie analYSIS Qf clonal mats Qf the 

pnS 13wn species AmJI'Of'OfJ0Jl sre"nlt'ayi in the Senmgeli ruS8~l thai lawn gr:lJise. 

reproduce sexually fairly regulurly (Belsky 19863). However, it is lhe production of rooled 

nodes which is ofpanicular interest· this has been shown 10 be imponant fQr multi-season 

growth (under conditions Qfheavy grazing) fQr aoother $!lUthem African stoloniferous spe<:ies, 

DIg/lana eriUIllha (O'COnOOT 1991b). "hile seed recroilment has been shQwn to be of vCf)' 

limited Impllrtance for a number of gruing·lolerrull species (Belsky 1986b; O'Connor and 

Pickett 1992). The production of rooted nodes might also contributc dlTectly to wltmn·season 

gnm1h through tnc exploitation of resources distant to a genet's original crown, and possibly 

by increasing grazing pressure. However, it is only when TOOled nodes remain alive until the 

foHmo'mg growing season that they would contribute directly to multi·seawn growth. 

Ideally. one would measure eaeh pathway depicted in rig. 4.1. mcluding direct measures of 

reproduction the following $Cllson. However. time CQnstramts mcal1l the measurements could 

only be taken within a single growing seaoon, while practical constraints precluded 

mt:lSUTemenl:S of storage. In the end direct measurements of Qnly oomc of the within·season 

growth components were measured. and surrogates 

used fOT only somc of the multi·season gro\\1h components (see F1g. I ) 
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r-'IynH .Sd ....... uc .."r=ma""" of all J>M'tb~ grO'W1b c~nU {or III",." VISS lmol. "II JU-(h""YI W11h., "1!10W'"J '~bOn 
<oWd ",,",eao<" tru,,1h of <he: 1>31"" CTm<\n III !he 1iJ1Io"""t! 111_'''1 ""bOn. Ihfougb ,he: IlOr. of 1$$,,,,,1>'01, For ""Iy l f • ..., path' ... ya 
dDH V'>",11 ~LlDlJI: ,""" ..,.. f~Ilow"'l! &roWlnK"'a.on, .... 1lI~ '" • "'1<1'·a .... ",I'C'p!<xluc;1><>Il of ~lt f'i'ei,t crown. Nurnbcre<l 
f'l1h .. ~ .. arc lho>sr r ... "In<h ...., ..... ' ........ 11 ""3S an""1'lcd 
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METHODS 

Speci('S 

For bolh experiments the 11"0 mesic lawn spttics Dig/lUriD fongif1orD Dnd Do~lIlorU!IIIII/II 

mUlrlllc, used IIOd described in ehaptcrs 2 and J. \\I:TC u5Cd (lIgall), they.o:: refcrmlto by their 

gClIcnc nalllcs) 

Sites 

I. Trenching t~prrinll'nl 

Separate SHes were used for each Sp<.'C1CS. The SIlC for f)1I('tl'1QC'1l'11II11I1. Mbomtx:. \'08.s localed 

on the crest of one of the hlghcsl hltls In IIUP (Fig .. 4.1,\ . sec RI:. 1.1 for location). 11 consISted 

of three patches of naturally occurring lawns (approxlm:udy 10 J[ 10m) dominaTed by 

Darn/ce/ell;""'. The soil and the composition of the surrounding bunch grolSS COmnlumly are 

the same as Ihal described f~ c\pmmenl I and 2 HI chaplCl' J . Afromonlane (orcsllinro the lop 

of lhe hill above 1he slle, Il!ld at some pomts \las only a few mClen rrom two of lhe 

/)acfl~()CII!/!"'m lawns. Although no trees O\'(T-Ioppcrl these patches. they dId experience some 

shadlDg in the late afternoon. Other species recorded on the laWn! were ChlOf'is ~(J)'all", 

77lemetfa mam/ra , BOlhrlocloa bladhl;. Hl'parrhlmw jiilpelll/u/u. Sporolmlll$ ajrlm/tlu and 

SporoboIUJ pwamidaflS 

For lhe DIf{lIario cIO.pcnmenl !III ar1lfieial laWll was erealed as no D,gllar;a-dommak'tllawns of 

adequate silt could be found at the mesic eXlreme ofHUP The Slle chosell (Mbombc High I) 

ran aJOfij!. the lOp of a ridge. about 100m down slope of lhe Mbombc Slle ( fig. 4.2 ). II conslS!oo 

of a IlIr¥e paleh (appro.~lmalcly 20m x 20m) ofsbonly-grazed bunch grasses (appro~imalcly 

Xm lall), "hi~h appeared 10 ha\C ~ hc-a~ily gr.ucd for at lcast Ihe prevIous searoll. A 

number of deprnslollS ofbare SOIl indicated fl'N]lICIll visils by large hcrbivores (Ihe depreSSions 

being used (or rollmg. scenl marking or lemtorial displays) Sail al the sne was clayey. as al 

\1bomhe, bul shallow and rocky. The domlnanl species was Ill'pa,r/tcniu jilipclldu/a: others 

reconkd wtTI: Themeda IrlOlh/ro, ,~nslt./(1 blpalma, Cb/oris g<ll"Ulta. rris",C'/tYIl /euC'Qlhri.r, 
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Pllspall/III scrobindillum. E,i/alill I'il/OW and PUIllCIlIII roll/rllll/l11 The surrounding ungn~ed 

bunch grass communny was the same as that at Mbombe. 

IndIVIdual DigilllrllllUfis wert transplantw from two small (2 x 2m) Digllurill-dominated lawn 

patches IllCaled nearby the Mbmnbc site. 30 indi"iduals were tl1illsplanted in late Seph!mb<:r 

2()()1. A fe" which did not survl~e were replacw in early Octob<:r. See Table 4.1 for the 

altitude ilild an estImate of ram fall for these sites. 

2. Land~cape pallHn~ 

For DllclyIQCII'nmm, 3 scTles of sites ",ere located do",nslopc from the Mbombe site. Thesc 

SItes ,.ere all patches of DIIClrlo.-/cm"m-dominau:d la"'lIS. at least 2m in diameter and ",ere not 

directly shaded by trees . One (Mbomhe Mid I) was direct ly adjacent to a warthog burrow. 

suggesting a long history or intense ~ing. Another (Mbombe Mid 3) consisted of three lawn 

patches around a white millo midden wId wallow Two further si tes (Nombali I and 

Dunngnmili) were ehosen many kilometres south of the Mbomhe lull, in a more arid part or 
HUP where Dtler,",orlClwlm lawns are common and more extensive. ThIS resu lted m a SCI1es of 

sites down all altnudinal gradient. w;th the col\lrol plants of the trenching experimcnt m 

Mbombe representing the highest a1tuude site. 

No Di,l:illlrill-dominated lawns ",ere found further down the Mbombe hill. and 311 altitudinal 

gradicllI of sites could not be eSloohshed. The sites included therefore represenl the hil(h and 

10'" end of the altuudinul !, .... .idient only. Ag~in, the control plants ofthc trenching experiment 

wen:: used as the highest al titude site (Mbombc High I). These were supplememed by t"'O 

smull patches of natur<llly occumng, D,gllaf/ll-domLn3ted laWllS. One (Mbombc) \V:lS 

approXImately 100m upslope from Mbombe l-hgh ! and consisted of the two patches from 

whieh transplants werc tuken for the trenchmg experiment. The other (Mbombe High 2) was 

approximately 200m down slope from Mbombe High I, and consisted of:l small p~tch of 

DlgilllrifJ adjacent to both :I rocky outcrop WId 3llOthCT bare depression. In addlllon. a sm~1I 

l.(IUup of DI&lIl1rW indIviduals was found amongst a sward ofunbunll. ungrazw bunch grass, 

less than 50m from the Mbornbc High I si te. This was included as an additional high altitudc 

sIte. For the low_altitude end of the gradient, 11utt sites were chosen in a more and patl ofHUP 

where D'glllmlJ lawns arc most common. One of these (Nombali I) was the same site used for 

Dae/JfOCIi'nlllm above Its consisted of a large (approximately 30 x 30m) laWT\ with both 
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Dlgllaria- and Dm:tyll.lclenillm-dominated pmhes. Another (Nombali 2) was locau:d udjaeen 

\0 the cOfllrol area of the Nombali grn.Zlflg exclosure of the Zululand Grasshmds Project. 1le 

thin! (Crossroads) was located on a large (20 x 20m) lawn_ All sites had dolerite bedroc{ 

(Research 1979) and clay-rich soil (I)'PCS unknown). Altitudes arc given in T.blt 4.1 . 

Exuerimental design 

I. Trenching txpcrimcnt 

AI each site a cotllrol (C) and two trenching treatmellts were crC"~led. with 10 replicates eac 1-

The uenching trealmCltlS were: 

1. Trenching only (T): a narrow trench at least IScm deep and 30cm long was dug on bo·h 

sides of an established lawn grass crown. in lhe direction of a young, growing stolon 

(Fig. 4.3) . Trenches were dug at an angle of no more than about 30" to the direct ion :>f 

slope. so as not 10 Ifllerrupt any lalCTllJ movcmem of soil water downslope. ThIck 

polyethylene sheeting was inserted in each trench (lfld soil rep laced on the side oflle 

plastic funhest away from the slolon. All {orbs and bunch grasses were removed from 

the strip between a pair of trenchf..'S by scraping with a pick (Ih is rcmnved crowns bu 

left the roots. 
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I ahl. 4.1 Summ .. ')' Qf til. ~n""<I<\mC:H\l1 ,'S."bl~ "r.lwml ul In~ ,~ ! luI' "hof( \101"", of v,J(''''rll< .nd v...l)l<K/nI'~'" " ... < moruJ .,..J 'o",,,,,,II ~nI 

Ahltw.: ,,'>$ dctmnll'l<d ulong. h.ucih<;41 ~jl'S '" .,1",,,,1<:<1 from. I 50 000 10p<lil~plt>C ""'I' h. tleh specIe>, tI'I< r'0l'MI"", of MOloriJ lNu~" III rub ""<rval. ...... DOl 

>o.smlkantly d,fFerent ~, ... etn , 1'<11 j(tu.kal W.lh\ lel t) Mean disl>n<t 10 Io.oncl1 V""''''' Is IOf rncal...,..",..nM 10 .,j!hI .......... t bllJldo &n<"<'> for .,.,1> Itnl"" ., a "or. F .... 

cac~ <po:iro, dlff.~", IUI"''''''''!'!! ,how !>glllfteIIN ,htTer.""n he,,,,,..., '''t'S, "'<Onll,,!! '"~ a HSn pD<1.buc I<s. or. t><SInI "'SOV" I_ Tabl. 4 .5) IUolnfoll "U 

,,,,,,rdnI 01 ~ .. rhy "'"~Ih,", '1'''~'''', f .. ,m nud·!>cptrnohc, 200 1 to nOO."ptI11OO1 

O,a"mg 0",,1>« • MtOIl dt..w.:. (Clw) M~_ ~"""'~ "' N".ll(Ilon1 Alurutlo 
Spt'cio Site >cason ~ ... • ..... .~ !IDiom b,nrn pn n..m...J 

ntartM 1m. .. .l1 
, .. nfill ... 11011 I~m) ISO) lranrtl 

IJtJ'Il<Trin , !'>100mb. " '" on 2 )$ ,'/23 2) 10 (0 SO, -

(rmgiflom 2 Ml:><'>mbe 1l,V' I (Wng"/M)' " .. ., 6!2 2.' tl.s' (6 16) I) 10 '" 3 Mbo<ri>e Hj~ 1· " "., 966'13781 74(0 '" 
• Mborrt>e Iltl)lt Z " "'" 

311>" ( 13.)) 010-67) , ""rmal, I " 140 ,OJ " 7~4'fl6 ~) '" "J 
0 "oa,h,oJ, 2 " '" 392 , 6')4"f2J S) 6_7 jO -ll) , C~_ " '" )~l " BrINO) IO jO_221 

[Jcrlyl"",uiw", , \11>0 ....... " '" on , 22I 'IlH) 6'10 33) 

nu .. ",'~ , MI:oomhe H,gb " "'" ,n B 2~ rt!2 I) '" 20) 

3 MbQom,: Mod 1 " '" 254"0071 IOjO - 14) 

• MbornI><! Mol 2 " '" 307"(120) 'to 20, , Moo""'" /l.hd 3 " 320 ~6 ff (~ 2 2) Il3(0-30) , Milo""'" \11.14 " '" n8'1(2 4) 6.710 l~) , 1o.:orri>ah 1 " 240 392 " toO 7' (32!) 10(0 - 60) , """-"" " '" '" " S97'(3) OlO-14) 
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of the removed plants b~hi nd). The aim of thi s treatment was to exclude BG 

(;Ompetilion between the marked stolon and surrounding bun(;h grasses . 

2. Trenching and clearing ([X): trenches were dug as abovc. In addition, all forbs and 

bunch grass in a 30cm bonier stnp on the outside of the lrCTlches was deared as wdI 

(Fig. 4.3). The aim here was to ciiminate any possible shading by sUlfounding bunch 

grasses and thus eliminate both BO and AG rompctition. 

Trench paH~ were Cl lendoo as necessary. when stol0l15 grew exceptionally long 

gowed bunch 8....... ta",nps""",n marked Slolon 

.. ....... ... " ..... .. , ... ' ................ ... .. , .. . "~ ' ••• """ I"""" • .. ....... . .. ·7··· , " """' ...... ,. " ...... , ......... , !.... J'".- l ;,;., :';.:.:';,;.> .. -:.:-:-:- .. :--: I :: ~ .>ACm, ...... rdr:r$trJp 

~~jf,t)/W . ;,~ . ·: i:~ ~m . '.'. ::;:;:::;:;:;:;:;:;' . . ,',. 
':.:.:.:<':.:« • • -:.:-:-: ..... . ::: 1':"" 30cm (bonkr tlnp) :-:.:,;.:-;,;,;,:,; ,. ... .. .' 
.,", .. " .. :.;.;.> > ;.:' ;':;" ., .... ', '. 
" ,',','.' ....... ,' ..... '. '. '. 
' .. ,.,., ......... ',. ,',',' ... ', 

elea~d of all 
I>wKh 8r ... 
(TX) only e1e .... dohll bunl:b VI" 

(T and TX) 

Fill'" 4.3 . Tn:nchmg "p",.·rn .. m. LlYOUI of the rreo<bo, and ~ ... 
deocN around ~Kh marl:ed .1<>100 for the T (,",ncb only) ~nd TX 
(,",lCh WIth b<:order nnps c\ean'il). Ttenches " .. ~ Ipproxonolely 150m 
<kqo and lined "'th polynhl)'Ull! shot1ong. 

In order to determine the ~ffcc tivcness uf Ihe root trmching. root densit), was measured at the 

end of th~ growing $Cason. This was done by tnking rool cores (deplh IDem. diameter Scm) in 

early April 2002. Ttn cores were taken from. inside trenches (either T or TX), where no stolc.ru; 

had rooloo, and len between bunch grass crowns in the surrounding control area. Roots w.:re 

washed and scparuloo from soil with the use of a sie\·e (2mrn mesh), dril'd (OJ 2 days al 7C"C 

and weighed 10 2 significant flgun:s. While il is Ih'c root which was of imen:st. II pro\·oo 

impossible 10 dist inguish live roots from dead roots without microscopic enmUJation (Ihis \,las 

due 10 Ihe orgwuc conlent of the soil whrch appeared to dye all roots the same broY.TI oolcuT, 

regardless of Iheir \·hality). ROO! densit), was therefore calculaled as the dry weight of all not 

mailer per cml of soJ. 
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In ordef to cshmate the degree to which the TX treatment reduced shading, lhe height of bunch 

grasses was measured alongside both T and TX trenches, as well as at random points around 

~ontrol individuals. This was douc on the 19/1212001, in Ihe middle of the growing season. 

GfaZ.lng mlensil), was very low during the firs! half of the growing season. apparently as a 

result of a fire III early September 2001 which bumt most of the Mbombe hill, but not the area 

immediately surrounding Mbombe and Mbombe High 1. This led to a substantial bUllCh gra's 

canopy developing and a level of ~hadlllg that was nol anticipated, particularly for the 

DacryiocreniulII lawns at Mbombe. Both Sites were there fore mowed 10 a height of 

approximately Scm after the grass heights measurements on the 19/1212001. Mowing thcre8ft.~r 

proved unnecessary, as the majority of the bunch grasses remained 81 thi~ height (this appeartd 

10 be lhe result of both lower rainfall in the second half o r the growing season, and an innux 'If 

grazers in response to the mowing). 

TIle landscape: pattern experiment IIIvol ... ed no manipulation of KID"'ing eonditio!lll. Rather 

differences 1Il altitude were assumed to create differef'CCS in Ihe abiotic environment (which In 

lum was assumed to create dirrereTlCes in lhe intensity of COmpelilion imposed by bun;h 

grasses). Measurements were made on cslltbhshed lawn grasses at each oflhe sites selected (ce 

Table 4.1 for replication). The following environmental variables were measured: 

1. Rai nrall. at the high and low altitude sites only. This was esumaled from Ihe amoum of 

l1Iinfall m:orded for the 2000-2001 growing season at nearby weather stations. For low 

altitude sites, data was oblained from an aUlomated weather station at the Nombali 2 

grazmg excJosure mentioned above. For the high allitude sites. data was obtained from 

the Hluhluwe Research centre. which liC!l at IlPproximately the same alti tude ali Ihe 

Mbombe site. 

2. DiUlInce$ rrom established lawn grasses to the eight lIeilrt'Si bunch grass tufts, as an 

eslimale of the intensity of both AG and BG competition. Only buoch grnsses WIth a 

crown larger than 2 x 2cm (major and minor axes) were included. 

3. Rool d ensIty, at high and low altiwde siles only. The root mass data eollected from 

control areas in the trenching experiments were used for Daclyloctenium at Mbon:be 

and Dlgiwria at Mbombe Iligh I. 10 root cores were also taken in ungT'llZed bunch grl5:5 

swards surrounding eao;;h ohhese sites. For the low-altitude sites. root mass densily data 
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was obtained from the Zulul:utd Grassland Project conuol plot :11 Nombah I This data 

was collected in the immtdiuce vicimty orthe Nombah I Site on the 25'" March 2002 III 

the same manner as described abo\e. 

4. Gruhlg huensily. as the proportIon of marked stolons which were blUen. 

Growth meuurf mtnh 

For hath the trenching and landscape pilttem cxpcnments. the same growth wriable-s wen:: 

meas!lrOO. and the same response variables ca lculated. Stolons were marked wllh a small pIece 

of plll5lic coated WITt', wblt'h was twisted loosely around the first Hltemode. Young "01Ms. as 

short as could be marked in thiS way, wert' chosm. The following measurements wert' made. _ 

regul:lf intervals through the growing Kasan: 

l. The number of Other shoots on the parent croWl1 of Ihe 8101011 (tbls included 1111 shoo," 

not Just those WIth culms or 51olons). 

2. Sioion length, measured from the Junction wuh the crawn to the diSlal node lto W 

nearc:sl 5mm). 

3. The numbcrofnodes which ""ere roottd. 

4 If the 5tolon had been billen, or bad developed mto an inflorescence, Ihis was r«Orded. 

Measurements began !iOOI1 after the first rams of lhe growing season .... hen all grnsscs .... Tn" 

green and gro .... ing. The date of first measurement varied from 20'* SC'ptt'lllber 2001 at the­

higher alti[ude Illes, [0 the 10111 October the lower altitude sites. Intervals bc:twOC1l 

measun:mcnls r.angc:d from 8 to 21 dara. Final measurements were liken between the 5'" and 

9'" April 2002 lit aU sites. 

If stolOf\S had dIsappeared, or had nowered. a new stolon Wa.!l chosm. iI5 close as possiblc to 

the anginal. and marked and measured as abo\·e. If stolons had been blllcn. this was noted but 

measurements continued. If a stolon had grown exC"Cplionally long or had a SC\'ered intcmode-, a 

final measurement WII5 made and 3 new stolon was marked and measured as abo\'c. 
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Reprodut tion l' arlahl l'S 

Flo",cring was estimatcd as the proportion of all stolol1!i which produced an inf1ores<:crlc~. 

Vegct:llive reproduction, In tcnns of the ratc ut which stolons produced phYSiological y 

Jndl:'jX'ndcnt (rooted) nodes could riot be estimated directly. Rather, the proponion of mark cd 

stolons ",lllch had rooted nodes at the time of last measure was used as thc variable. TIris 

assumes thaI firstly, onc (and only onc) of the rooled nodes on these stoloJlS would pem st 

through tbe dry season until the following growing season. Secondly, the last interval of Ile 

sludy was nOI pcrfonned right at the end of the growing season, and rainfall did occur shor.ly 

thereafter Therefore, il is assumed that Ihe fr~'qucncy of stolons with rooted nodes did rot 

change after the last measurement IIllerval. Stolons which grew particularly fllSt and wcre 

replaced during the growing season were also included. 

Shool production and stolon elongation 

For bolh the rale of shoot prodUCtion Md stolon clonganon, growth cun'e analysIS (Sl'rsu 

Potvin et <If. 1990) was not hc ancmpted as gruphical analysIs showed thm the p3ltcm of charge 

of bolh shoot number and stolon length wllb lime was complex and involved many cmuc 

changes (including negative gro\\1b). Instead. a repeated·measurcs ANOVA approach vas 

adopted [von Ende 1993). Tbis Involved calculating the rate of shoot production, and stOlon 

elongation. which occurred within each measurement interval: 

rule = (shoot 00. al tl - shoot no. at t l) I inlerval length (days) 

(and likeWIse for stolon lengtb) 

This assumes that cbanges 111 shool number, or stolon length, th~t occurred within an mterval 

were linear with respect \0 time (whether positive or negallve) . stolon elongation h.as tJ.een 

shown to be vcry close to linear for two olher gran speeies (Cruz lind Boval 20(0) Stolons 

which had dird back ~omplct('ly were not Illclllded (i .e. if \hl." I."nllre s\olon had duxl Ihere .vas 

no value for elQng;Jtion for Ibe IIlterval III which il died), 

For the trench11lg expcnmellt. differences in defoliation tJ.etwecn treatmC1l1S were observe-l It 

lIpPCill\.'d that with all surrounding grasses cleared, the marked slolons presented a clear target 

to grn7.ers (which included wanhogs. bufTllo, white rhino. and blue wildebeest) . In ordu to 

remove the potentially confoundmg elT~'Ct of grazing. all imerval·slOlon eOmblll3110nS for 
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whiCh a bite was recorded were exclu(loo from the calculations of stolon elongaTion ror thi; 

cxpenmenT. 

ROOTed node producTion 

A growth curve type of analysis was again precluded due to the complex paltcms of change Il 

roott<J node numbers. In addition. the replaecment of stolons through the season may ha"C 

confounded treatment eITl'(:ts. as stolons which grew faster were more likely to be replaced, but 

may also have produced more rootcd nodes (per unit length). Therefore. a tqlt3ted rncasur.'$ 

approach was adopted as above. TIle number of rooted nodes per unit stolon length \\;J..S 

calculated. for each marked stolon. for each intetva!. This enabled analysis of how treatmeots 

aITected the number of rooted nodes produced per stolon within each interval. although the 

approach does assume that the productiou of rooted uodes is lndcpcf\deut of stolon lcugth 

For the trenching experiment. bmen stolons could lIot excluded, as stolons with rooted ~Jes 

had a hIgh probability of being grazed, and their exclusion left too few replicates for ST31lstcal 

analysis. 

Sloion sun'iva1 

Stolon survival was calculated as the number of days bet .... cen the firsT date ofmeasuremenL and 

the dale at .... blcll a stolon was recorded as dead (or had disappeared). As only siton 5100ns 

were selected .... hen doing initial measurements, this is likely to have approximated stolon 11fe­

spans R"asonably wei!. 

Statistical anah'sis 

AU statistical analyses wen: perfonned usmg Stalistica 6.0 (SlatSoft 200 I ) 

En.'lronmenlal . 'ariahle~ 

Trenching ex perlmenl 

Root mass dcnslIy dala were slightly ske,,-,ed. but did \lot show significantly different y:w;ance 

between trench and control groups. and "ere analysed wilh a student's T t~-st , Grass height data 

wen: heaVily skewed to the right fOT all treaTmelllS, with some of the TX groups conSisting only 
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of 0'5. Data were therefore rescaled to clumnate zeros, and analysed with a GCllcralil.OO Linea­

Model (GLZ) one-way ANOVA. using a separate model for each site. A gamma dlstributioll 

funclion '" ilh IU1 idemity I ink was uS<..>I\, to a<:enunt for the skew cd distributions . Goodness of fi t 

W"ilS assessed on the basis of Ihe distribution of residuals. and deviatIon of the Pearwn Ch,­

squared stali stie. deVIance statistic and log-likelihood values from I (SImSon 200]). 

Land5cape l,altern 

G',,:i/1[; Inlf'nsit)' 

Although all slles had billen SIO]OnS, :II one lnlerval or another. the frequency distriblllion of the 

proponion of SIOJOI1S binen was skewed left. with modes always equal \0 zero. Normality could 

not be achieved through standard transformadons. while a GLZ Model ANOVA with a gamrra 

distnbution did not provide a satisfactory fit to the data (a model not suitable fOI repeated 

measures analysis in lU1y case). While the non-parametric Kruskal- Wallis test docs not aC1:ount 

for repeated-measures eiLhcr, 1t was employed to test for very large differences between SHes. 

DiS/{Illce 10 bW1Ch 

Data were rool transfonncd to Improve normality and chminate inc~ases of variance wi:h 

means. This also decreased heterogeneity of valiance bcl .... ecn groups, al though this remained 

significantly high (as tested ..... ith the BanleU Chi-squared test). For each species. differcnc~s 

bet ..... een sites were lested using a Gi:neral Linear Model (GLM) nested ANOVA. with dal3 br 

ea.::h m:m.:ed Slolon nested within si te. Post-hoc differences weTl' Tested using the unequal N 

HSDtesl. 

RQQJ mas .. drmsi!), 

Although not directly rc1c\'ant to the experiment. root mass density data for ullgmzed swards at 

Mbombc and Nombali I .... ere included in the analysis. Data ..... ere In tnmsfonned to meeT 

assumpl10ns of nonnalily and tesled with a GLM one-way MOV A. 
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Respon§e \'a riahlf~ 

Each response Ilariable was analysed in the same manner for each experiment-species 

combination, 

Reproduction "ariable~ 

DifTo:-rences III the proportion of marked stolons which flowered. and the proponlon which had 

rooled nodes at the time of last measurement, were lested with Chi-squared analysis. uSing lhe 

Log-linear Module ofSralislica \'6.0. 

Shoot prodnctioll and stolon elongatioo 

The (act that marked slolons often disappeared and were regularly repl3Ced resulted in an 

unhalan~ed design, wilh the numheT ofreplicatcs varying from treatmenl to treatment and from 

one interval to the next. This precluded the use of a repeated-measures ANDV A. Instead a 

Mixed Linear Model (MLM) was used. winch effectively allows for the use of ANDVA models 

for unbalanced dam containing random elTects. To account for the repeated measures design. a 

GLM model wllh the folloll'lJIg terms was used (following von Endc 1993): 

• shoot production I stolon elongation for each marked stolon (random effect, nested 

within treatment) 

• treatment (fixed effect) 

• interval (fixed effect) 

• 'treatment x interval' (fixed effect) 

Shool prot!lIclion 

Data W~'fe 3pproximately normally distributed, bUI showed severe kunosis. Standard 

tnmsformations do nOL eliminate Ihls, and raw data were used for botb expenments, for both the 

D'K,larlO and DuCly/oc/fmium analyses. In all cases, the assumptions of homogeneity of 

\-arian~~ between groups was "iolated, but Lhere was little increase in \'llIiance with means. 

Stolon elongmion 

FOT the trenching experiment. daLa were skewed right for Digilaria, particularly for the control 

treatment (this seemed to be a resul1 of exe1uding biuen stolons - cf. landscapoe pauern analysis 

below). Nevertheless lhe assumplions of nonnalllY were upheld and ray, data were used for the 

analyses. For Dact},/oc/cniuIII. stolon elongallOn data were skewed nght for the T and TX 

treatment only. There was both significant heterogeneity ofllarian~e between groups. as ",el l IlS 
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an increase in variance with melUl5. Rescaling of the uala as well as a uoublc log transformation 

(i.e. X " In {In (x + I + minimum)}) cre:lled the most nonna! distributIOns. and el iminated the 

increase of variance with mean. Ho"e\'cr, 00 tr.msfonnation could produce homogeneity of 

variance between groups. Data were analysed with thc above trlUl5fonnation anyway, as this is 

nm a panicularly serious violation of the ANOVA assumptions (StalSofl 2001). 

When the experiment was designed. it was assumed that marked stolons would take root as 

they grew down the strip between the root trenches, and thus e~pcrience the benefit of the 

trenchmg despite the fact that their parent crowns were located right at the end of the trenches. 

Unfonun3tely this was ollen IIOt the ease, as many marked stolOll5 did not produce rooted 

nodes as they grew. This experimental error may IIOt have been pankularly serious in temlS of 

eliminating AO competition - in the TX treatments, the marked stolons would IIOt necessarily 

ha'e to take root 10 benefit from decreased shading. However. in tenns of eliminating BO 

competition. it IS may ha'"e been very serious - non-rooted stolons would rely cmirely on 

parent erowns for the supply o f water and nutrients, at>d these crowns may have expcneneed 

root competition for but«:h grass around the trenches. In an altempt lo control for this error. the 

above II/UIlyscs were re-run e~duding all data for intervals for wh ich a given marked stolol1 did 

not have any rooted nodes. 

For the landscape pallcms experiment, stolon elongatioll data for D;gllaria were II(lpro~lmately 

normal for all sites and the ANOVA assumptions of normal ity were 1I0t violated. For 

Duety{octen;wlI, data distributions were appro~imately normal. although some sitC5 were 

skewed right. Data were therefore Te-scaled and root transformed (i.e. X ~ root {~ + 

minimum!}. This eliminated an increase in variance wilh group means, bUI did 001 eliminate 

Significant heterogeneity of variance between groups. 

Rooted node pmduelinn 

Data for 'rooted nodes r Itolon length' were highly skewed, usually with modes equal to zero 

and long tails. No transformation could produce normality, precluding the use o f a MLM 

repeated-measures M'OVA as abo"e. Again. as neither a GLZ ANOVA model. oor the 

Kruskal-Wallis non-parametric test arc appropriate for repeated-measures analyses, the effa:t 

of tr!.'31mcnts 011 the ' rooted nodes I stolon length' was not tC5ted statisllcally. 
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SloloB sunil'a l 

Standard sUI"\'ival analysis (also called failure-time analysis) was used to test for diffe~~s In 

stolon longevity. using the Survival AnalYSIS module of Statistica \16.0. Ahooutlh eSTimating 

the longevity of a stolon invoh'es repealed observations. repeaTed-measures ANOVA analysis 

as above is oot appropriate. This is b«ause survival time data are usually strongly skewed and 

the me"dn and variance do not describe the data well (Fox 1993). Furthenno~. MOVA does 

001 al low for the inclusion o f censored dala. In the case of This design. eensored data involved 

only right eeru;Q~d dala. I.e. those s!Ohms which were not observed 10 die during the study 

period. either because their marten; went missing or they were 'un-tagged' when they 

no ..... -eud. AlLllough the longe\ l1y of these slOlons is unknown. they still provide useful 

infomlDlion in the fonn ora 'minimum' esumate of longevity (Fox 1993) 

To account for the above features of survil'al \lme data. graphical analysts is usually done in !he 

fonn of II fe table analYSIS, and slgnifielUlee testmg by melUlS of filti ng non-I inear distributiOl1!l 

{Fox 1993; SlatSon 2001 J. For tife table analysis the lengTh or the study period is divided into 

equal mt('fllsls. For each interval the effective population size. as well as the probability of an 

indlvidual dying in that intClVal, is calculated (Fox 1993, provides all formulas) Of alltM 

variables which can be ealculaled thercafter (on an intemll by internl basis). the most useful 

for companson is the estimated cumulative survival probabili ty, which is the fraction of 

individuals which has nOI died by !he stan of a given interval. An interval of 28 days was 

chosen for tlte life table unlliysis of lhe slolon survival data.. as this generally incorpornted two 

observations 

To TCIiI for the significance of obscr-.'oo diffcn:nccs in tlte cumulative distribution of survival 

limes. one must choose between acceJ,miled failure time models Of proponional hazanl models 

(Fox 1993). The fonner assumes thaI treatments and covariatcs (including time) atTect the 

fraction of individuals surviving multiplicatively (i.e. a Ifeaunent would cause thc chance of 

dying 10 increase for each interval). The latter assumes that chances of dying will only be 

inc ..... ased by a ircatmcnl. for certain timCll of 'hazard' (i.e. for cetto;n Interval. only). For Ihe 

analysis of stolon longevi ty, the proportional hozard model seemed appropriate, as it was 

expected thaI stolon death would occur during summer droughts, and that these would occur at 

the same time acrOSS all treatments (or sites). but would bc made more severe by eertain 

treatments (or aT certain siTes, sueh as the lowest altitude sites). Therefore. the eo" proportional 

hazards model was used. IncIdentally. further analYSIS found that the use of an accelerated 
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failure-lime modd (spe<:iticaUy a linear hazard modd) produced the same results. In all these 

modds. 'date of fina mea5un::ment' was induded as a covariate, as it was observed that stolon 

mortality appc;!red to be increase towards Ille end of the growing season. Statistica uses the 

maxImum likehhood procedure to ~imate the paramelen for these models. and the goodllCS! 

of tit is assessed using the Chi-squ31'1..'d distribution (St3tSOf\ 2001). 
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RESULTS 

I. Trenching experiment 

Trt'IIching did reduce end-of-season rOOI densities (Fig. 4.4A) but difTerenccs were only 

significant for Dig/laria (students T test: Digullria: [\7" 2.43, P ~ 0.026; Daclylocfenlum: 120-

J.l6, P - 0.26). At the Digllaria site. Ihe clearing of bunch grasses alongside the trenches 

worked as inlendcd and the TX treatment bad fat lower average bunch grass heights in tbe 

I Scm stnp alongside trenches. Howe~er, Ihe T treatments also reduced bunch grass heigh;s, 

relative to control9, which was flOl an Intended cffe<:1 (Fig. 4.48). The GLZ nested ANO\-A 

modd indicated thaI while differences between the comrols and T trealm~'t11 mean heigbts were 

highly significant. tho T and TX mean heights \\eTe not signi ficantly differently (Table 4.2). At 

Ihe Dacl)1rx:lenium SLle, bunch grass heights W~ bight,., and clearing had no\ achieved .he 

intended effcct (Fig. 4.48). The GLZ nested ANOVA model indicatoo bunch grass heigh!!' in 

the TX treatment were not Significantly lower than for the comrols, ahhough heights were 

Slglllficamty higher ill the T treatment (Table 4.2). 
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The proportJOTl of marked sloloM which flowered was nOi found 10 dIffer 5lgIlilicanily between 

nnlmenUi (fOf Digltarla: n t "" 0.36, P _ 0,83; for ~)IOC1c,,"'m : nl '" 0.74, p" 046) 

Flowmng appeared 10 decrease $lighlly WIth trenchmg for Dlgltarw. btu was hIghest for lhe 

TX lrealment fur Darl)1ocrenwm (Fig. 4.SA) 

Final rool«l nodes 

The ClIl-SjUIIrC'd an.alYS15 f"C\Icalc:d no $igmficanl tn:almenl effect! for Ihe propon ion ofmmcd 

5101001 whIch bad fooltd nodes al the Inne oflast mcasurcmcnl (for Vig/larill: Dlgitaria- n l ~ 

1.54, P - 0,46; for Dadyirxlemum: nl - 2.01, P -.. 0.35). Howc\'cr, val ue$ wcre lW lce as hIgh 

with trenching for Digllanu (Fi&:- 4.58). For Dart),locrclJlllm, Ihe reverse was true, with II slight 

0ecrea5e in fi nal footed node fi"equcocy obscrvtd ror both In':llchmg Irealmems 
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Digitaria Dactyloctenium 

flgurt 4.5, T renc:hmg C'xpenrllent The pn>pOf1ton of marked D'gif(mll Ind DIlC'Iyl«lt",wm 
$1.,11)115 which nowered dUl1ng the pcr;od of nleuurc:ment (A), or had rooled !>Odes al the time 
urlasl mC:lw!"Cment ( 0 ), for the control (C). trench (T) and 'trench and clear' ITX) treatment_ 
Difftn':nc:C'3 were not 118nt flu"t fOT C'i theT 8pecl~_ 
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Shoot product ion 

Rates of shoot production (withm intervals) were similar across all treatmenls (Fig. 4.6A). As a 

result. the MLM repealed·measum; ANOVA's did not provide significant fit s to the data (for 

DJglllmu: F1J2.219 - 0.70, P - 0.99; for DoclyIQClfm/"m: F\J'I.2J,.o" 0,94, P - 0,65), NOle thai on 

the box and whisker plots. the confidence interval is far wider than one standard de\~ation, 

indicating the strong kunosis oflhe data. Shoot production was close to zero for most lntm'als, 

However dunng certain mten'als crowns would produce a burst of new shoots. only 10 lose 

them all al a l:lIer interval, re5ulting in the wide 'tails' in the data. This was particularly evident 

for Digi(<lM"O. At first thiS was thought 10 be in response to rainfall bUI neither the wriance not 

skev.ednesss of dal3 withm an interval appeared to be related 10 the ramfall of Ihe interval 

(compare "' Ig. 4.6A and Fig. 4.60), 

Stu' un growth 

Stolon growth was far more variable bc1ween treatments and the MLM repealed·measures 

ANOVA 's did provide significant fits \0 the data (Table 4..1). However, for Dig/IDno Ihere was 

no significant cffect of tnmtment, nor the 'treatmenl x interval' interaction. Despite lhis, Fig. 

4.6B sugge61s Ihat some trealment effects did occur in the second half of the growing season -

for mtervals 10 to 14. median rates of elongal!on (withm an interval) were conSistently higher 

fo.- Ihe TX treatment. This was "fter most of the r .. in for the se.ason h:ad f.allen (Fig. 4.6D), .. nd 

when grazmg intensity Wlls hIgher (pen. obs.) 

FOf [)uctyloctcnium, the trealment effocT was far stronger, although nOI significantly so at the 

0.05 level (Table 4.J). Again Ihere were a number of intm'a!s where elongation was 

consistl:Tltiy fasler for the trenching trtalments (intervals 4 to 7 - Fig. 4.68), These were all 

fatrly weI mlen'ats (Fig. 4.6D), and II \\--as during these inlcn'ats that bunch grasses on the 

Dactylodenillm lallo'05 WCfe hardly gnued and began 10 grow tail 

Excluding all sloions withom rooled nodes did not prove to be mformative. For DlgifDna, 83% 

of Ihe dat3 had 10 be excluded, IUld the rc-sulling MLM ANOVA model did not provide a 

slgJnficanl iii 10 the data (p - 0.23), Dactyl()('temlllll is far more cfficient in terms of 

establishing TOOled nodes :md only 44% of the Ibla wen: excluded. However, the resulllOg 

model gave: a very similar result (T ab le 4.3). 

187 



Univ
ers

ity
 of

  C
ap

e T
ow

n

Digitaria 

" A 

• 
~ I ~. I 

I 
I 

• 
• B 

c 

t • 
l " 
j " ~~~~~~ f , f ¢-
i 

, 

" 
" • , , , , , 

" " " " .. " 
c 

I -• j 
I 

.00 

~IIU" 4 .• T •• ndu,,!& up.fO,n •• n. SIOIorI II""'''' , .. """_ fOr caeh _ •• mom 'n, .. '~1 (on ....... I' 

dunuo ......... beI_' And 21 <1&",). '" ,lao t:onrrol (0 ). nmch ( ~ ) And b.nch o.nd <In, t 0 I 
IftArmonq, A. Mn .. ohvrnSC lI.'oorohooo p",duruo"- Bo. eI >how 1he9~% ..onr .... "".I'm" .. whllok ... 
• how one $tandan! do .... '''''' B. Med...,. ohft""o ",Ie of JIOIoa oloap'oon. Il<>J«'I <h<> ... ,lao 2~'" 10 75th 
po<UIIbI ..... hooka .. loo .. 1ID&C1- C. Medoao numbct of.-N nodet per sroloo !cnam. Bo.. .. ,ho .. rbc 15th 
10 nib po,,<nlllel. .. lmktn Ihow ........ No IfIIIIlrontU d,ff...,,.;eo wtte h...,.j rOf lOY or "'" ... ".hlcJ 0 
Ra,oflll fot _h ,nlCl'VlLI,H'KoIded ., ..... ,11)' weorbcr s .......... Afro ... LIIdoca",,!he u"'" of mow, "I 



Univ
ers

ity
 of

  C
ap

e T
ow

n

• 0, 
{ o. 

DaCI),loctell ium 

Fig .... " .11 Conllnued 



Univ
ers

ity
 of

  C
ap

e T
ow

n

All thI: analyses 500....'00 a ,cry strong effecl of lIllcr.al. I.C. HvcragOO across all trealments. 

ralCS differed $Igllllicantly between llltefYals. Ho,",evcr, there were no sigmficanl (OIT(:llIllOns 

between tilhcr shoot pnxluClion and rainfall 01" sloion clongation and rain fall for either $pccies, 

T.bIe U . Trcnd."e ~ MIXed ~ Model t't'j)C"I<!d."","'~ ANOVA .",,1)'118 f", 
"''nag< QIn of ""Ion donpUO<\ /",obl" ' rIICT,..isl h markc:d ''0I0.0I of D'Ii'Jarl(, ond 
aom-w.-........... f".",. all """1)'$<1 dolO (or "'Iud> >IOton.ltad ~n baleR "Crt neludcd. Jf 
~ or r.<od<>rl~ \IS ~ "",an $\1m of oquarn. 

""" " lli , , 
, 
rll~rlo .. 11 dlt .. FIlL,,, · I 75,,, < 0.001 

T ... ' ...... ' 
F,xed , 

" 0.27 076 

Inl< • .-.I r ",cd " " " <0001 

r~'I"""" ;n" .. ·.1 
Fi.cd " " 086 OM 

'" " 't:r .... 

I 

t"m.-r,."Iv .... 1I do .. 
r",.lll • 2,36. p. 0.001 

· .... 'mr'" F,~~d , 0021 " 0.084 

In'.nol F"od " o ();IS " <0001 

~ ••• ' '''''''' ., in' . .. ·. 1 Fixed " """ " o 16 

""r US o (lO70 

lor/<·","",. OIolon. ,",lth rooted no<ki only 1'""", • J .57. P < 0,001 

Fixed , OOlI " 0,089 

In • .,.v.1 I'i~.d " 0,028 " <0.001 

·mlln,. ,,1 .,. inlcO"·.1 ~·'x«l " 0.0075 U '" ,ro, '" ""'" 
Rooted nodr production 

Wlule differences in the number of rooted nooo:-s I slolon length ... ere not tested slallstieally, 

Fig. 4.6C ind icates that no consistent elTects were created by the treatlTlC'nts. Agum. flO 

relationship between lhis vanable;md r.unfal1 was evident 
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SlololI 10Ilg~\' it~ 

Stolon sun-ivai tnnes did not dilTcr much bet\\<CCII tre:llmellls, and cumulative survival CUI"\'e'! 

snowro lI'crl~p ror both specics (fig, 4,7 ), For Diglillrill, the mortality of stolons under 

a[lpro~lmately 100 days old appca.rcd to be slighlly lower for the trenching trcatmcnlf. 

!lOv.c"eT, the Cox propomonal modds mdicatro no significant difference between treatment" 

for eitllcr species (T:ablc 4..1 ), Date of first measure rbirth date') did in fluence: survival times 

the sigrllficanl, positive parameter eSl1matcd for this vanablc lIKlicatlng that stolons pmduee.J 

later 111 the season had greater longl:'.'ity (for both spC("ies). This may ha"e: simply been an 

anefact of the: shoner measurement period for stllioos prodUCed later 1 n the $Cason. 

-robl< 4.4. Tt.",,,blf\i ~~p,"'n""'l1 . Sun ....... !')" or Iho CO" proponion;ol h ..... ,,1 ~t. fo, 

Dli:II,m'u ~Ild o",/)'/ocu'rr"111 .lOlon ''''''1,..1 times n' "IlleS P<'>"de, mus",. "rthe 

~""'IJlC'" or fil or III<' modo!! lJoth llIe 1·,,,,10< and w.td 11I1I>lIe 01. Iho"n rut uch 

'tllkr<tllknl ,.,.,.blt 'Bum d.a~' Itf"", 10 tlw fu)1 tbt. of "",a."""",nl. "lI<'n .101011$ 

"Mro ""I)'. f." .,..n"""'I," 10"", 

r--- ['.r.lllme 

I t. U!!\!1C 

DigJ/iln" n: , 30J.df-l,p 'OOl.n'"118(62Jlihlemson'd) 

T,..,.lI1ltnl -0087 

o 0111 

Tru" ... nl 0,t4 

8iroh dOlt 0018 

016 

ooon 

'" 
O(J(l)7 

'19 

0,11 on 

" 

• 

'"' 
<001 

'" 
<001 

J 
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Figurr 4.7. Trenchillg e.~perimclll Sloion survival curw-s for rnarlr.ed lawn gross stolons of 
rile control ( -, ), trench (~ )ancJ 'I~nch alld clear' ( • ) treatments. Whiskers show 
standard errors. 
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1. I.andscape I)atlern~ 

Sil t difrtn-ncH 

Tabk 4.1 summarizes diffCITflCH m ramf;dl. mc:an distance to bunch grasses. and ping 

mlCTlSlly (as esllmlllcd by hllten stolon proportions) for the slIn for which Ihesc I~en: recortkd 

There "'~re roo 51a1istically sigu ifical11 differences for Ihe CSlmUdC of gt'J.1int: frequent) aeross 

all IIIl,-"",als (Kruskal Wallis Iesl. for D'gIlIJr",: H '"' 7 6. n ... lOS. fl - 0.28; for VIJcrr/Ol'fcmum 

H ... 7,5. n - 104. fl - 0,27). HO\\ eler. for any gil en mlmaJ Ihe fr~'1ucncy of stolons bllll:n 

could lal)" great ly from site 10 Sltl'. an CIT<:'I:t obS(ured by IIOt using a rqJe:llcd· mcasures 

anal)'Sis. Thus Ihe~ ,5 Ihe polcnl,all.'lTOt Ihal grumg "'as confounded "'"h tc5fl'CCIIO 0100 

emllUnJ11o:'1llal lariables. t,g. dunng an mlerval \\hen all sites expcno:'llccd high ramfall. onl} 

some may have expencnced heavy {or low I gr.l.ZlIIg as "ell. 

Distances 10 bUllCh IlfaSllC:5 could be anal)~l-d by more po\\erful paramdnc means. Ihanls to 

larger sample Sill'S. NC)lcd A1"QVA sho,,~'d a strong effecl lIf Sile for ho:h Sp«lH (Tablt 

" .S) , Generally. Ihe distance 10 hUllch grasses decreased '" Ith dec.rcaslllg alhtude, and thiS effect 

appeared to be !I1Caler for 

the n,/[il"rill S,les. ("I able 

".1 ). 

ROOI mass denSity dlftcn..'(\ 

hlllc bt'l"'een Ihe twO high 

alhlUde la",. Slles 

(1'.lbombe and Mbombc 

High 1) anJ onl: of the 10\\ 

allitude lawn SlitS 

{l\ornbalo 2. Fil:. 4.8) 

Whllc '00' mass density 

W~ higher. '" lerms or 
medians .,d maxima r" 
Ihe adJaccm ungr.ued a1 the 

high alhlude SltCS. mean 

differences "'ere 00' 

l'ablt 4.S. I.alld.sc'ape poll.ms GL\t neslN AI'>O\A of d",,",,,,,,, 11. bun<b 

~,_ (boa 1<>0 Dlii/"'''''' and Dacf' .. I",,~~;u .. 11 Ibe U OIOlll ",In a' .. 1".:b 

.wl"," .. ftc """ltd no. .,~b' .... 1fftI """"h IR' .... 10 earn Sln10n "'cr. 

In,,, •• ur<'d. and ,best doll .... 10<1 ",lIun ..... , , 

,Oili/llar;" l~ng'llrmz ' f" '" 2~.1'<0.QI 

I "It ro<p' FIX.d 19S5) "'" <0 001 

Sh~ Fix"" , m " "'0001 

So"I" IO (SI1~) R.ndom " '" " 0.001 

Error ~, '"' 
adU<:I<'nrl"" ~oa""/e F .. " , ~ 7, 4. P <: 0,01 

In''' .. 'p' F'XN H990 ~711 <: 0001 

." f ,,"<! , 124 ;,0 0001 

Slolo1O {Silol ..... W" " " :.3 0001 

EfT'" .. , " J 
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significant (Table " .6) A! Nombali 1, the ungrazw bunch grass roo! mass d~sliles \\cre 00 

diITen:n!lhan on lhe la\\n, bUI were Sl!;1llfieantty tOiler than loose ror lhe ungrazed swards 3t 

the higher siles. 

" I • I 
I • I " 

". " i 
E " f 

" ! - • 
• 

~ " • 

0 I I 0.' • I I • -
M 

...,., ~H"",I -, 
MontIe lunpuod) IoIborrttII Higto I twvazad) Nmt11112~) 

Fllur~ 4.8 LJlIIb("lf><' ~!lcrlli !-le<,I,an fOOl mm dtIIilI)l, Incn ""Ib lOcm fOOl rom "' d>o: "'''' all,. 
Da.·t}'ltKt~mu", "It< (_\ib<Nnl:o<), IdJ ..... m b\l.Dch S'-- ~"'llds 11 Ml>onItoc. '''''' luSh alLi.Udoo DiBII,m .. su •• 

(Mbontoe Il'''' 1100 IdJa<.m u"&'Vcd 1J1e). ltIJ I"" \0 .. all"..Jr: DlgII_ sno's (~, 2 XMI adpo:.m 

IlrIgl1<oJ. bunch VU' silO) fOI 11>0 bO""Iu ... 'per1II1<1IIlJlOS (\lbornbo .nd Mbornbo,lI,p I) doIa .... from 

"""ide In:nr:hr:s oaly Ik».o slllr4 tht 251h Ind 75th port't",des. .... "',,'Uri tht ""8. • 1""" of JilOS 

~"'JllflCO"!ly d,/fcl.'" 'I' '" 0 OJ) 1C«Ifdu>a III • IlSD 1""1 __ .... 11501 of.n A "'-OVA US"" In 1nIIifi>nnN (b ... 

T.bIt 4,0. Lan<hclf><' p;l11Cm5. GI~\-I A':'OVA of In IIInSbnrd IOCM ma,. dem.!)' .tala. 
~ .. ttO lakn .. ,111 lOan fOOl cor .. nom II",,, 1'- silOS and IdjIK"CIIl '''~J(b <of 
~ bundI. VO'" 11 , ..... hiP .tuNdo and ..... low ailuudo .~ ( .... ~1~. 7 lOr po:Il.""" 
«rrt1'I,,,"ns) 

:,",-----,,~" ,----.C-----:,C-----, 

." S 2_8 50 < 0001 

1: ...... 5-1 0.53 
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G ro .. lh •• r lab l"" 

Mt produf llutl 

Sites varied greatl), In lams of tile proportion of marked stolons which produt«l an 

ml1oresccnc'e, but onl), significantl)' so for Digitarla (Clu-squared analysis; D'g,faria: n 1
• 17. 

p 0_008. Ducl)locfellillm: nl - 8.84. 11 - 0.26), For Dlgitaria, II greater proportion of stolons 

!lo ..... ered at the higher altitude si tes ...... hile for DlICf)'/oclfmirlm then: was no trend wrUt a1mude 

( Fig. 4.!lA). Ilowcver, for bolh species flowering ..... as absent or minimal at Utc sites located in 

the drier part of HUP (Nomlmli I, Nomb'lh 2, Croasroads. Durmllamizi), 

The proportIon of stolons \\o hrch had at least one rooloo node at the tIme of the last 

mcasumnt'lll sho",cd a more ronsiStcnl pallem for DtI('I)'/OCltnium. whIch produt«l far mvre 

stolons with rooted nodes Ihan Dig/111m. (Fig. 4.90). au-squared 1llUl)'Ull mdleliled that 

between sites. differences wen: nol significant for either speclCS (DIgJlarla: n l - 6.7, P - 0.35; 

DaC1)'loc/{~"'II"': nl - 3.0, P '" 0.88). There was no obvious efT«t of altitude. although for 

Dlgjfaria, it ",as the oontrol tnlnSplants al lhe highe!il sitc (Mbomhe) whIch had the grea'cst 

proporllon ofslolons With rOOloo nodes. 

ShOOI]lrodul'ljon 

1,11;. 4.10,\ shows thBt. wht'll a.'CI"1lgcd across Inlerv:tls, Ihere was hnle diITcrmce in r:1I~ of 

shoot production (w(!hio intCTVals) bct""ea! Sites, for either species. and the MU<I ~ 

measures ANOVA's did 001 provide sigruficant fits 10 the data. 

The variance In the data gencrall)' inc~ "'1 th decmlStng altnude for Dlgl/flrla. ThIs was 

because rotes of shoot production at the }oy...aJtilude siles (Crossroads particularl),) ",cre .. cry 

hIgh dunng certain Ullcrvals. and "cry low (i.e. nc-gativc) dunng olben. ThIS mdlcatc:s a nore 

stable gro\\oUt Clwironment for Digilari/l al higher altitude with slow but conlUlUOUS gtbW\h 

(",htch appeared 10 be the case for l)ocl)locttnmm. al aU sites). Howe,·er. overall mean rates 

",ere li\mtlar and close 10 I.era for all SHes. The pal1cm of more extmne IVOWth al b'ol-er 

altitude was obsen'ed to occur In response to Large ramfall C\·cnlS. aI 1C'.lSt at the Crossroads 

Site. but agam no significant conela1loos Wen' found between shoot production and tilmra!. (p<.1" 

InICTVaJ)_ 

Siollifl r lona:ation 

For Digllurlu, the treatments had htllt cffect on mes of stolon elongation, wll h large variance 

In the data, both bclwem treatment groups and measurement Intervals. As a resul t. the Ml..M 
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Digitaria 
0.24 r.-----:= :------, 

I 

I 
l 

, 
l t 

I I 
I 

Ii! i 
i I I 
I 

Dactyloctenium 

A 

, 
I I 

figure 4.9. Llodscapc patterns. 11le proponton of marked stolons which flowered duri~ the 
pcnod of measurement (A). or had rooted nodes at the time Mlast measurement (8 ), for rhe 
variO\lS sues Ut which Dlgimri<J and Dacryiocrclllum stolons Were measured. In cach &mPh. 
plots are arnnged in order of descending altlludc. DiffcTC1ICcs were only SIgnificant for Ihe 
proprmion of Digi/(m(l stolons which produced rooted nodes (see text for details) 
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1'qK'31~'~n:s analysis of did fJ{)l p<o\.\Ie a $ll!Ililkant iiI 10 chII.' data (p 0.10). Il0000c\ff 

means were dearly IOI"C!" allhe Ihree loy, ahltudc silll."S ( F".~. L08). 

1·.bI~ ~.7. yndK:~ pal ....... \tL\j rrpn.m. ............ Ar-OVA 

Dr nrncc ... ". 0( .,,,Ion elongallDll (w"hln "'''1"\'aal rar 

~fI.J .... r",'_ M .l;Ibt ., .... In IILTP 1l>c ",odd ,,~ •• igruflclnl 

I' ""M 12li. P '00'> 

'""" " '" I , 
f"" fl,rd , Ol~ 

" 
'10 

Im ... ul FI~td " 02. )' < 0.1)01 

jsI •• ~ 1t",,,,·.1 '0" " 0.12 
" 

O.~I 

bro.- ,,. , .. 
For /)aC"lyloc/e'UlIIII vprianee "~as plso hillh bIn sccmed 10 decrease slighlly wilh almOOe [ I'"ig. 

~.l08 ). The rel:uions./llp bet"~'en means was 11\orc comphcated. al1hough the three hlghesl 

altlludC' slles had greater mcans lhal the IWo JO"e51 sites. The ML.\1 repealro-rneast.lm; 

ANOYA did provide a sil,'Ilificant fit 10 Ihe nlodcl. "Jlh the significant ·sues x mlet"a!" 

mtcraction indicallng thaI difference$ bet"een $1le5 \ari¢d from mleo'alto mlcr.al (Tahlll." ~ .7) 

Rooled Door produclion 

With the exception of those al Crossmad$, DigrlUriu stotOllS had. on average, no rooled nodes 

(Fig. -I.IOC). Ilowe\·cr. dun ng some mlervals some of Ihe longer siolons dId produce a fey, 

l"OOled nodes, hence the long posJli\-e lail In the data. [n lerms of maJCimnm \";I lues.. there dId 

appear 10 be sorne d,ffercnt"e!; bety,ccn SlIes. bm both high and 10 .... ahitude SItes had the hIghest 

maxinlum l"lItUCS. Allhe high altiLUde y,1!a-e tht tTCochmi expenment ",as conducled (Mbombc 

Ihgll I) Slolon5 of the conlrol U"eatmenl produced Ihe smallCSl !"Iul1lber of rooled nodes per 

5lolon length 

VclCtl/oal.''''IINI stolons took root OlOI"C readily. and <lala werc less skewed ( FIll. ~.lOC ) In 

:edUltlon. lhere appeared to be a di,ide belween the Ioy,er and lugller altitudC' siles· very hi!lb 

~lIJUC$ (Illweaung thai all or almo$! aU nodes had roolcd - pers. obs.) wcre recorUcd Ilt the 

IO\ICSI ahlludc siles only. 
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F"IIurt ".10. I ... r."upc pill'cm. Slolnn 1Il1)Wlh I'np<lnKI. IvOl ",td IItrCln in,,,,,,.I,, ('" DtIl""'14 IIId 
D<lctyI_!~", ., ... h"1e III Hluhluwc·Umralo~; Park .. hM: .hey "'''c m .. ,urN A. Me .... of ."nlll<' rain "I 
.booo prO<hochOf1 ",nh.n an .111 ...... 1 Boxn .h"", 'he 95% funfldtn« itm.\S. "'h"k"~ !-how Onl' J'~ncL"d 
dcvtal.on B. M .... of 1'o'Cta&e I'~I oh,alo" eloni"'ion ""thin an lII~rval Bo .... lbo .. rbe 95% confldcllCC' 
lamM" ... hllll:." ,bow IKIt IWldard dev,""O" C. M«l,"n "umbel of l<><>Itd nod .. pcr .. olon knltk ,n ~o ,111 .. ,.1 
Box .. ,bow !he Brh 10 75th pnctT1l1l.o. whISkers ,how r ...... S,," '"' IJT1II\II«!1JI ""de. of doKald'I\III. ullMk­
[»fr .. """" , ... m: only IIIJI,r",a11l for Ive .. &_ Irolon .1""lIll1on ra1el for ()t,~"'llX'tr.,,,,,, ( .... Tobl. " .7) 
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Sioion lo n g~vi ly 

As wlth the Trenching el(pmmcnI, sioion survIVal times were short wi lh only a small proportlGr 

of lhe marked swloru; surviving for The cll!ire duralion of the sTUdy pcnod. Life !able analYSI! 

revealed unly slight differences betwCC11 sites. For Digiwrill, the eumub.live survival plo~ 

show that 5toiollS al twO of the driest si tes (Nom bah I aJld NombaJi 2) had the lowest surviva. 

tImes, while the those at the highest sile (Mbombc) had the greatest longevity (l"lg. 4. 11 ). 

HowevC1. the other high and low altitude SlIes (Mbombe High I and Crossroads) showed 

overlapping. intl'ffilcdiate values, and the COl( proportional hazards model indicated no 

significant differences Ifl survival times between the various sites (fable 4.8). Agalfl 'blrth 

date' had a very significant effcct. The cumulative survival curves showed even greater overl~p 

for Dacty/oclenirlm (Fig. 4.1 1), aOO Ihe IWO siles with the shortest sUTvival limes were bolh tho!: 

highest (Mbombe) and one of the lowest (Mbombc Mid J). The Co,( proporllOnal 1liIl.ard.l 

mode! showed no significant effecT ofstle (Table 4.8). 

Tablr 4.8: Lan<kcape pauems. AIIOI)"Lo aflloe Ca~ proportional hazard rnc><I..l, 

lOr D'IlimrilJ /lmgijliJITJ and Da~')"I<>t'ten/um IImlral~ 51<11on !lWV1~1 I""". "' 

vln(),," ""'1. n ' ..... t .... provide: I ltl<'""'" of the aoodt>es$ of fit of Ill. model. 

Both the I·value and Wald St>llIloc If., obo ... 'o for ~"'" ~I variabk 

'Blf.h date' fer",.. to \he f"" dalC of rneJ.<UJCmrnl. whon slolOllS '.i., .... only l few 

"",'slong 

.. ,h"... rrroc 
1----

.·.-.Iu< \\'ald , 

Dlgiraril1/onglf/""" n '· :14, df 2. P < 0,001. D - 192 (73 nghl c.....".cdj 

Sh 

Rlrll! dale 

•. 00<>8 

0.012 

'.O<U 
0.001 

0.0.13 

" c O.OOI 

,o".,ryl""tr~ium IIlIStrnw n' - J9, dr~ 2. p < 0.1101. n - 266 (154 "gill CetlllOrctl) 

Sit. .0.072 0.047 " 013 

0.014 Q.OO2S ,. 
" < 00()1 

", 
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- """"",,"I_J ----_. s...-.... -
I' • -.., - ", .. 0/'100,_ 

" 

00 0-." ..... 

, 
" " 

f)/gil(Jna 

.. '" '" ". , .. 

.. '" '" ". 
"-

"'lure 4.II .l.3nIlstapt JIlIltcTnS S l~ lurma! C\I1\" ror nw~ed stolons ror the $lIes al 
" .. hleh Otgfll"IU and Dact)'kx1<:"m", SI<J/(In:J ... ..,rt meawrcd. In the: IclrCnd!1.. $iWs arc 
ll/'f'arIG':d in ordc.'r of~ndin; a lt llulk'. Whisll;~ show standard CTT'OIS. 
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llac~~d~niumis~tf~cte:d a hea~vil~,-grazed, 

treatment ette:cts. 

rootmlg. was prc)bably a 

SlmIlar rates 

not cortsidlere:d 

grIlISS(~S occurs thriDU£lTI 

to context sources 

not 

to 

as no use a were 

treatments 

rates over not occur COIlsisiterLtly 

is 

is urumo'Wll. 

grllISSt~S occurs thrIDUIld'l 

it 

cornp(~titlion is 

error. 

to 

was 

use 

some 

at rates to 

treIlchles was 
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are to 

a 

geIler:!llI'Y prolCluc::eCl more rooteCl pre:swnalbly a orl'·~tf~T iI,pn~:itv 

roots unthin exp,lanaticln is to cOlIlpletely 

or 

versus 

measurements indlicacted cOInpc~tition was not 

achieVf:d as mte:nCle:Cl, p:U'tliCUlllrly was respOlrlSllble 

applears to case, as rates 

sim.ilar across 

rainliaJI cannot explam 

intp.nTl'\14 

orflw1'h on 

treatments 

cle;ariflg treatment. 

it was """.til" gn:atc,r 

gnlSs~~s were 

grlllSS(~S were 

elong~ltioin were COIlSis,tet1ltly rugner 

gnJlSS€~S were 

treatments. 

treatment em~ts as e:rc,wth on 

treatment was not COIlsis:teIlltly gre,:.tter 

season 

resI)oncling to 

was ,gre:ate:r. 

treatment at 

lntl"1"V!:Il~ 4 to 6 

c T 

seascn, 

llIlllltatlons to szrmm.h. 

roots 

elOllgal:10n as 

crowns 

grru;ses relative to 

Cle~,encls on whethler roots occ~uI'lreCl 

treIlchc~s as on 
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mass l'iP.1Hllf·v nlrnh,~hlv 0'ver'est1mated COlnp(~tlt1.on, as it not mcludle 

roots. 11l\,;lUllvU some roots 

inc:lucied roots nOl[l-t~ln!(~t StOl011S a' .• v""' ...... to 

trerlch(~s as aOaltIon, as 

sarnplles, some root mass rec:orcLeO 

it is V'););:)lILJlv 

bel<)flgc~O to 

some 

stollons. Ho'we'ifer. as 

seems 

mte:gra1tion is limited 

p01[eo1tial errors 

were 

a slgrlific:ant pOr1tion 

a basllpetal OlLTec:nOltl) 

crowns onto 

root mass 

some 

on 

addlltiC)fl to trer1chmg treatments not seem to einTIlI1late cOlnpc~tItllon 

grasses, as mt(~ndleO, are two lUl1hc~ e:Kp<:ml1nerltai errors 

cover """'U"'.HJ COlnslst<::O a lJacty,toCI:emum stol,ons. Urumal~e to 

stolOIlS was m<:~vlt:ab.le trencJ1es were even 

were to 

tre:nclles must 

spe:cies. p:arbcuillfly on treatment. 

can 

a slgnitlcrunt error. 
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treatment 

an 

case-

to 

a 

extreme 

grc,at(~r rates 

gra:l!':ers to 

analys~es was intE~ndc~ to correct 

stolOI1S were more 

treatment. 

cannot 

treatments. 

rates root as 

was 

whethcer one acc:epts 

are common, 

is not COIlstl~aIrled 

withiln-seas,on PT()w1:h was no 

a 

a 

rates 

can 

on 

treatments 

at 

or 

at 
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at mdl,cate an absl.::nce 

QfO'wth at 

it 

at are 

even 

as was at 

was a not over 

season. at were 

to asa not occur at 

one mdJLcat~~s reduCI~d within-s(~as(m QT'oW1th at 

is Dactyloc'teniul1'1. l\i'ia:x:imum rates were 

gre'llterat 

retle:ct a gre;ater degree a higher cover 

crowns. HC:IWI~Ve~1'. as not trarlslate 

rates elongaltlO:n, or are unlikellyto 

mass as a measure 

cover 

at is not 

root mass root mass a 

roots are to same across 

tum 

is is 

resources, 

root mass not 

on root mass is a 

rates resource mass not 

must to root mass 

as no was roots. 

cover it is more 

root mass were at 
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roots malOI1lg 

root mass deJISl1:y patt(~m. 

besides a """UlU.... inte:nsilty 

me:asureIl1lent are: 

contlPetItlCm at 

• 

must 

rep,rodluction was estJim13Lted 

a 

root measurements 

most 

one to 

as common at 

wazmg,isnmcmltraructea 

COIltrlbute, is root mass 

SImIlar e:ro'wth pattenls over 

intI'asp,ecitic c()m})etIltlon at 

QTClw1th is 

were ov,erI4r.>0}ced 

imJ)ortant. particular as reproductIOn is kno,wn to 

beltwe:en QTc.wlnQ seasons is to an Iml)Or1:ant 

was not me,asulred. raUJllaU was partictllarJly 

eXJ>erime:nt was COl1lduc:ted a dittereJtlt 

rate root prlJdllctJLOn were 

maxirnwn rates 

rates not transl.ate 

on AVU' ........ 

at season were 

current measure not. l'wttlerm()re, dltterClnCc::s 
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a rooted trellching treatments 

trellchmg ext:1eriJmell1t were evideJlt 

self~tl"e grazmlg. Tltleretore a potientially important term 

at more to 

rates 

seasons 

to was not 

rates at two 

it at 

a net resour::e 

at 

was not to 

were not a :m 

a more not 

to a 

is an reason. 

not 

it not to rate 

as 

can 

is most 

case 

seasons. 

grc)wing season during eXJ)eriments were C011dulcted was a 

gra2~mg mte:nsl1ty were constarlt, rulgnc~r rainii:lll 

grru;ses beNl'een gr~~ing "'''''" .•. ,,- leadulg to grelater sha(llng 
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case, potlentlal w·eat.~r 2l'0W1th gnlSs(;':s ""' ..... "111'1 not counter 

as not 

an Optimlum !::Hnnlv 

lJiJ'(ttQ'rta at 2 

an mcrea:se cOInpc~lltlon C1urmg a wet was 

severe, it urnHlrl not elimina'te gral:lses. Ho",vevl~r. a nunlber 

pOImlaltiolls m.cre~lSeC1 as 

to 

not 

grasses. H.oweve:r. it seems unlike'ly 

QTClwth were 

COIlse<lueltlCe to 

enoUgh to 

even 

reducc:d to 

excllus1(m dumng a must 

tren:chitlg e}l'perlme.nt nl'OVlded no evi(ieD';e 

lJisriroriaorlJac~{oclteni:um altJ.tudle areas 

root treIlchles resllllts were sub!stwl1tiated 

Ilfc)wimt seasons must caultlo:n, as multi-:sea:son Ilfo,wth was not measured dirlectlly 

re~~arcl, as ........ ""' ..... 1"'1'1 

root prolduc:tlo!n 

seasons 
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not nrclvicle S11PIllort 

in clllapter 1. 

as th(linrelflvance to QT8iSS-QTaZer svstenlS 

are 

is not cOIlstI:airled 

a multitude 

nOIl-se:lechve gra2~ing is limiting Systerrls are eXt)iOIred. 

"'''''''''''"'' ch:apters are retiernld to gellerlc names 

common pr.~tererlce source ornitro,.~en chaoter 2 section 

ve~~etative l2fowth reS1DOfises to sUPJ:lly (chap1:er 2 sec1tlOn 

of I1eSP()llse to ier1tlliz:ati()n 

species to root trellching (chapter is not a 

ni1tra1te SO\l:'ce 

Da,cty/octEmiu!m re:spcmd(~d to 

res'ults cannot explain 

even a is 
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to 

were sUl>erseeled 

occurs 

are common. 

PolteDltial errors 

SOllLltICIn cl11tUJre e~,penrn.ents, it is not knf1IWTI whethler 1I:!unnlvat 

2l"O'wth dItjtere:nc<~s hj~tween spel(aes were are eOlliv,alelnt to 

natlJral COIllditions was not mCIDrplDralteCl. not 

to spelCles slgrutlcantJy. at 

10ngertenn 

UIl(lerc~sti:mated. However none 

poltenltial errors are COI1SldLere:d 

is not ne4::eSSaIV 

alttllou~~ a Clecreruse 

eno·ugn to dIs(~redllt 

occurrence some 

it is malintawled 

an increa:se occurre:d at a slightly 

not 

a 

a 
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to an 

are tv.ro .... n·t"' .... h 

1. a 

resources I or 

~_""JA 1 IS 

as 

<:'H''' ..... '' is not a it 

relJ.ortmg an Increase 

co:nc€mtratiOI1S were .:ue .... u .• "' .. ,.uu 

L 

emrrrcmnlents was me:ntliom::a 

1 



Univ
ers

ity
 of

  C
ap

e T
ow

n

to 

rates et 

is not "'VJlLOL' ............. u. 

are uncommon 

occur 

cannot 

not uu.u .... u .. , .... 

a same 
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a a 

an adapta1:ion 

is SUI)pclrted 

md.lca,ted mirllmal stress at a 

.... VULJ. ..... (chapter 2 sectIon rates 

a dlsl1dv;anhlge, 

acclept~lble to not 

a 

sunnlv is entJlan(~ed lor 

gra!;ses to tolerate 

grru;ses is an one 

C01DnlUr.Litil:!s nin":P!TVf'rI to occur resp011se to fert:ilizatic)fl was 

prc)po:sed to tox:ici1ty as 

spel:ies are sen:sltnle to was mentllDne:d as 

was 

a recent eXlperlment '1"",nl,,,',.,," f!~lalt1V,elv 

he1,neafa tJ'"lflJu1r'rt SllOV\led a Sllllllar, 

tox.ici1:y is unlikl:!ly to "",,,Iii",, as a 

apI)eaJrs to occur not 

to is 

two common 

are as to a 

it seems occur 

no were 
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is to a 

"lm,nlv is not a 

miltler:al resources 

(M(~Naughlton et 

a 

graZlI1tg ..... 'n "''''. it is dltltictlllt to 

species (Lmnbers et 

an acc"umlulation 

on 

mcludlIlg two 
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Iml)orl:ant tor Dacty,{ocitenlfum it cannot explan 

as Sp(']robolu8) 

an altelnattve al>pro!ach 

some dejl:reeol~~:mg 

litelrature on etlc~cts. ofcliI)pirlg on grru;ses rev,eale:dno UlUqUetO 

is actlle\red sta1ure (CcmgJtlenour et 

UU1ldslllerg et 

et mOll'nC)loglcal adalptatilons - an 

UJ.AUIUty to CODrlpete is no eVldellce 

cl1~,plrlg - root QTO'l.ifth 

Ho(igkins(m et 

Thlomtonet - no evideJlce was 

bc()loJ'!..Y is a sCI,enc:e cOllmte:r-exaIlnplles to 

a dlttenent resource stress even a different set resciurcles I stre~ises) 
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a most 

more 1ac:tOl's, 

important e(:olc~gIcal PI'ocesses are ortllog()flal to tteclueIlt, nl)n-~;ele:ctn/e 

anUIIlber unlq1Jle resource recluu'emlen1ts. 

more cOlnplex one - a veI1ltab,le 'redllctionist's mg;htnllar!e' scenario is a 

eviciem::e to sUP1Port 

is some 

spelCles res):lond to 

a i:)llJI~U4;U 

rat1lgellamis is 

different cases, 

as are 

most 

to aml~liorate 

a dlSCW;siC)D on 

,f'n ....... 1"It .. .,t eco'loglcaJ pro1ces.ses are cOIlteJl~tu~ll, 

case reg;an1.mg 

not seem to 

as on 

most simlple ex):,lanatIc)fl an abs()flce 

ditlt"erent ones Im1)0r1tant 

resources 

is eXJ)1OI'eCl, nanlelY tte(luelDcy ot 110D.-se.lecl1ve gn12~mg is too 

ch8]pter 1 

most slmlple 

are two pot1ential s(~enari()s prClau(~e a 

most 



Univ
ers

ity
 of

  C
ap

e T
ow

n

is not m eqlI111brtwm). 

graZil1Lg even svs1t~ism~ulililmum). 

as a SVS1[em 

the: pr~:sent area 

reserves, anllrnal nUlrnbers were n~'ert:hel.ess reduce:d 

exact Im}:Iact is uru;no'Wll. There'!lfie:r. 

era<11cate tsetse 

was spare<1 

neilghbouringareas were not. 

a 

ul .... ,it .... h,'nn most prcibalbly oC(;unred 

poplUla1tion con1tinues to 

two common nOlt1-s~:Ie<~ti'\i'e Sl)ecJLes. 

is theJ:efbre ClllTeltltlv 

carr:ying capacity, at 

is 

is a hYllOtltlesis 

tt~luent grazang, it W'i1ISSC~S to reC:OlCim2~e areas 

is at eqllilil)ritl1ll, 

QTowirlQ'to 

drirlkirlg water can is an ext,ensive netwn'rk 

Imt)oI1:ant as 

are inunUIleto densiti~:s are more 
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is case 

reqlllired to pro(iuce 

a as are inl(1,wn to disco\'lraj~e 

are tte:qu.ently seen on even 

rerrlaining ext:,lan.ati<>n is are 

C0I1SIClere:d to season 

nrc,ducti~{e ones rep,resentatnre 

den.sltll~s are 

qWlllltiity njr wint,,,,. lClrallte is no 

c::nllrv,plti areas nIh", .. ", "l1, .. ,t", .. tor;alIe is not ad(~quate to SUl)port 

as cornpared to 

grru;ses aUc)cat:ing more to stnlCnrral materilals 

to gre;ater a 

COrnmlUIl'lties. Jjuttalo can a 

not as 

extent to 

po]pulatl()ns are h"..-'k", .. more 

as bUInUllg causes g11liZeJrs to concentrate on res:pf()utitng 

OT'C~Wln 0' season 

2f8SS-lIfazer systenlS (\./.ntnn et 

areas duruig 

as 
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was not a 

occurrence 

was not asa 

as a 

is not severe to at 

occurs. 

seem 

It is is more 

a resources I 

or most 

it is 
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pblBtOSYlilthletit" rate to 
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In1te21ratin2 resource he1ter'og.me~ity 
a patchy 
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se~lSOlllal movement 

se~LSOlllal movements 

1 
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KyllilllRa nervosa. 
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rellatilonsbilp b,envee~n r">.lat'ive O'r'''1JIl1~h rate 
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