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Geophytes represent a nmctr neglected segnent of ttre
fynbos flora. Ttre taconcnric r€source of these plants

is not r,rell defined ard will rsmin so until
researcher:s pay rrDre attsrtion to tlre belorr-grourd

trnr:ts of plants wtrcn cqrducting rregretation surrreys or

describing species. Suctr life-forrns irdeed Eu€ a

crcrmon ard mjor qxnponent of this fire-prone

rediterzanean-terr=strial bicne of Souttrern Africa,

viz. fynbos, vtrer:e thery apgnar to assure irqnr*ance,

irt terrlts of bicrmss, irt ttreir overall su:rrirral ard

stability as herbaceous "w'inter annt.als" in ttre

urder^store1r.
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STiGRY

Poprlation ard tr*rysiological studies r,rere conducted in crcastal

fynbos in ttre Souttr-vestern Cape. I,tinor ecophysiological

studies IrrEI€ also ccnducted such as ttre soil rpistu::e crrntgrt

alrd 1[I. I\D species, viz. Ilmrtlnrs preses L.f .

substrncies preses ad ftaraxis gradifloa (de la Roctre)

frer. subspecies firrlrriata (I.am. ) Goldbl. ttet€ selected for ttre
project,. H. presss subsp. uhssrs is a tnrlbous

geophyte belonging to ttre family Amryllidaoeae ard S.

gradiflm subsp. fifuiata a corirrcus geophyle a nsnber of

ttre family Iridaceae. lltre species r,rer= classified eittrcr as a

1n:rennial Eeophyte wittr hysterarrttrous leaves or an annual

geophlte with synantlrous learzes. I\rc sites r,ere dsm-ncated on

the farn I(].ein I{eInDed at Perhill arxt near the Blackheattt

irdustrial a:ea for ttre project.

1[tre folloring trrtrrrlation studies r,rere crrrducted:

1. Age-strucEu:re strncies with herbaceous abovrylsurd

par:ts develop repeated sllbtelr€rnean rerkers ritlictt offen

accu::ate clues to an irdividual's age.

2. Age-states individuals of H. pUes subsp.

preses Ims not ctrarasterized bY ttreir age alone,

hrt by their state of develoSnerrt, wtLich has been shormr
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to be of g:eater usefulness for a nunber of strncies.

Seasonal ontogeny, p[rcnology ard darngraphy - ilfluencre

of envi-rornental conditions on ttre functional

lnrfo::mnces of the slncies, i.e. ttre seasonal grudttt

qrcIe changes.

@:crlination ard seedling establistment - stratcgies of

seed gernirntion ard necharrisnrs in ttre h:ria1 of ttre

storage organs r,rere e)ritmirred.

Life-history ard asIECts of adaptation to ttre

fi:e-regfue in flznbos.

Additional ppdation studies for S. gradttlca

Sttbsp. fintrriata her€ qcnducied, suctt as crcn=IatiOnS

betreen paJ.€nt- ard daughter corm ard leaf-nunber,

depth of h:rial \rersus qcrm diareter, alre \rer:sus corm

diareter ard influenqa of crcrm size qr floral iniation.

The pfirsiological studies harre entitled the folloring:

1. Seasonal nutrient ccncenb:ations of ttp strncies

crcnstituent pal:ts.

2. Seasonal bicnass ard resource allocaticn.

3. Seasonal production, IEr:titioning ard efficiency of

nrcbilization of dry rmtter, mineral nutrients ard

organic substances.

3

4

5

6
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IITRDTEII(I|

Ttte habit of bearing fleshy urdery:rourd storage orlptns,

classified as geophytes (Raunkiaer 1934), featu::es quite

p:urdlently in ilre flnbos flora both in ahrrdance of slncies ard

irt tlre apparent success of irdirdual strncies in th-is particular

bicnra. Plants o<hibiting ttpse featu:es occur nost ccnron\r in

those regicn:rs of ttre Southvestern Cape wtro= a str"ong seasonal

rainfall pattern is ccnbirred with periodic d:ottght (Specttt &

IbII 1983) ad soj.Is of lcru nut-risrt status (nay 1983). In

tlpse situations a plant is Iikely to have a o:npetitive

advantage if it [Dssesses urdergrourd stor:age organs, such as

corrllsi, hdbs, rhizcnes, stsn tubers or ::oot tubers, wtr-ich pe:mit

it to sr::rrirre r:nfavour:able curditions, ard to carrlr substantial

fractions of its nutrierrt rpsources f::crn one gpurring season to

tlre next. (Raunkiaen 1934; Pate & Dixon L982). Geophyces al€

also classified as "irxliLect florcring plarrts" because of the

interlnlation of a "r€st 1reriod" into ttreir life-history, and

the fact that flo::al initiation usually occtu:s in this period of

reduced vegetatirre growttr (C,rainger 1939 ) .

ttre Souttr-r,restern Cape a:ce rnrnocotlrledons

families AnEryllidac€ae, Liliaceae, Iridacreae

I'tcst geophltes

belonging to

Ln

ttp
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alrl Onchidacreae (C;oldblatt L978i Perry ert al. L9792 Bord &

Goldblatt 1984). I?rer= are several dicrctyledons, hrt ttre

petaloid geophytic nonocotyledons account for 16t of ttre Catrn

flora, ard t$D-ttliads of tlre nonocotyledons of tlr-is flora

(Goldblatt 1978).

Since ttp inception of ttre Flnbos Bicne PrcjecE, in ttre late

1970's r,trich greatly enlnnced ttre kncrrledge of disturbance

dynamics of crcnnunities ard ttre mineral nutrient status of ttre

bicne (I(ruger 1978), only miaor r€search projects harre focussed

on geophyte crcnrrunities. Althongh studies on ttre ptryrsiology,

poSrrlation stnrsture ard ccnposition of geophytes harre been taell

docwented elssitrer:e (Barlsmn 1980a & b; Dafni €!t al. 1981a e

b; Pate & Dixcn 1-992i KeeIry 1985; Fitter & Setters 1988), verY

little infoumtion o<ists on Eeophyle trntrrrlation dlmamics ard

phlsiology irr Souttr Africa. Past strdies on Eeophyle

po,prlations harre been largety limited to descriptirre accounts of

firc ecrrlogy (Bean L962i Le Maitre 1984) ard Enlitatitre
accounts on florcring rhytttrfts (I(nrger 1981). Altttottgh ttrc

pherrology in tlre flnfo-s Bicne has been revierrcd tty Pierce

(1984), only a srall paragraph rms devoted to geoph]ttes. II?p

neglect of ttris $ri1d in descriptive studies in ttre Flnbos Bicne

can be attrihrted to ttre folloring leasonss

1. ftrry do not crcnprise a large fracticn of above-grcurd plant

bicnass,

2. Itrry are only visiJcle for a pa::t of ttp )rear.

3. Although thry \rrill flcr,ver in ttre absence of fi:e ohviotls

https://etd.uwc.ac.za/
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blocrns of rmny only occur after a fire.

A studlr of ttre geophytic guild in the flnbos Bicne ltiErs

urdertaken with ttre arq*rasizes on tt,vo rmjor fields, viz.

trrprlatic'n biology ard seasonal physiology. The strncies

selested for ttre study rtere llamrtlnrs tr b"*r" L.f .

substrrecies preses (Anarlrtlidaceae), a bulbous geophlte, and

slaraxis gradiflca (de Ia Rocte) Ker. substrncies fifuiata

(I.am.) Goldbl. (Iridaceae), a crcr:rous Eeophyte. Bottr snbslncies

are endsrtc to ttp Soutlnrestern Cape. Of ttte 21 Hamrtlus

species, belonging to ttte family Anaryllidac€ae, 15 a:e endqnic

to tlre winter rainfall r=gion of Southern Africa (SnijIIEn

1984). Ttre 15 sraraxis species, belonging to ttp family

Iridaceae, Eu= enclusively fourxt irt the Soutlnrestern Cape

(Goldblatt 1959).

Itte r€asons for crcncentrating qr the trrc strncies lere:

Itrey ar= widely distribrted ard ahrdant on tlre scadtal

fimbos flats ard a:e endgnic to the Sor-rthq,es@rn Catrn.

H. ulbsrs subsp. 1uesss is :estricted to narine

ad aeoline sard (Snijnan, 1984) ard is tttus easy to

qollect,.

S. gradtflca subsp. fintrriata occurs on fairly dary

clay flats arxt hills arourd ca[p ltr^'n ard it tes trnssiJcle to

select. ard dsmrcate a suitable studlr site.

Suitable sites for destructive sanpling rter:e available at

ttre fasn KLein I€IIrDed at Llmdoch, ard at tlre Blacl<lpattt

1

2

3

4
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industrial al€Er. Ttre ctnnces of tlpse sites being

transfomed frsn natural vegetation to housing are high.

5. Coastal lcn^ilard _ sites ra-p_i$y being !4]<en \-tp_ fgr".

inrhretrjaJ- ard urlean dereleEmt -- so i"t* my.som- becqqp

difficult to study crcastal lcwlard qlecies urder rntural

qcnditions.

ftp study r,ns tlpr=fo::e initiated to prorride infosmtion on the

p'prlation stnrcEu:e, dlznamics ard physiologlz of ttre tr€
geophlftes irr ttre Soutlntrastern Cape. Ttre kery objectirrcs

identified heres

1. To docwent ard ccnpare the pcprlaticn strush.r.re of the trrc

strrecies.

2. Iro urderetard seasonal allocation of nutrient resources.

Ttris pruvided an opportr:nity to ffrrpare ttre nutrient

dynamics of greophltes irr tho differcnt localities rcith each

ottpr ard with pnrblished data for sclenophyllotts plant

crcnrrunities.

3. [b detq:nrine ]€souroe allocation irr ttre differcnt aged

leaf-bases of H. trfusers subsp. pUes. Itt-is

section r*rs not originally planned to foun part of the

ttrcsis, because it lms essentially designed for ttp testing

of ttre nettrods. After thorough crcnsider:ation it l€s

inctuded as a ctrapter to fosn an intega:aI par:E of ttrc

ttpsis.

https://etd.uwc.ac.za/
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The r,vork has been dqrnrcated

disssnination to ctrnrent jorrrnals

deta.iled necord of the r=search

literatr::e bottr local ard abload.

into chapters for ttreir

with each chapter having a

carzied otrt ard relevant

ccfi[Erison of

non-florering

in 1ntrrulation

A similar

out for S.

a:e p:=sented

,

Is--eaPeer--1-,*-*tJLe---Ipggl!"s---detail" tle. mtoEeny--and-dffi)gr--aphy

ef . q H. pressrs L.f . sr:bstrncies urtws .patrrfetion ql.

qcastal lcnrflard firnbos. I?rc identification of seasonal ontogreny

ard ptrcnology, alp strusturer d9€ states, life history and

aspects of the fi:re regine vere tlte key ccnponents of ttre study

ard pruvided a fralrsork for later crrrgnrisons (Chapter 3 & 5).

In Or4fter 2, astrEcts of trrtrulation biology of frlaraxis

gradtElca (de la Roche) subsp. firrtriata (Iam. ) Coldbt.

rter€ irnrcstigated ard findings a:e discrrssed in tIrc light of ttp

strncies ontpgeny, seasonal phenology ard bicrmss, ard trqruIation

pamnEters.

Ttre results presented in Or4ter 3 prrvide a

seasonal allocation irt florering (IratLlre) ard

(juvenile) plants representi-ng diffetstt stages

develotrnent for H. pUsts subsp. gtbes.

seasonal nut-rient allocation study t*ls car=ied

gradiflca subsp. fifrriata ard ttre fi-rdings

in Oryrcer 4.

https://etd.uwc.ac.za/
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Ttp fixal chapter is an arnlytical accrcunt of rpsource

allocation to diffqent aged leaf-bases. In Or4ter 5,

arnlltical str.rdies ccrnducted on 23 1rear old hilbs a:re p:=sented

in an attarpt. to assess allocation trntterns, ttrus pr.oviding

infor:ration of relevianqe to objective ttr:ree.

In tlre qcnclusion, a brief synopsis of tlre najor firdings of tlp
studlr is given, key points a:re add:essed ard arsas for futu:e

r€search are identified.
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1.1 nrmcDrEfr(N

Altttough ttre effests of disturbance irr tlre fynbos bicne ale

rnnifested at ttre crnrunity level it is necessary to conduct strdies

at the poprlation level to urdq:stard ttre crcnrnrnity dynamics

(I,Iarders & Cunliffe 1987 ) , ard tlpse str-ldies should inchde an

o<amination of life history strntegies. Most trnpulation studies il
ttre flmbos bicne have qcncerned taxa belonging to life fo::ns other

tttan geophltes. l,Itr-ile ttre taxoncnqr of ttre greoph]ft,ic auild has been

fairly trelI docurented surprisingly little ecrclogical attention has

been devoted to the group despite ttre fact that geophlted ccnprise

scrta 15t of the Cape Flora; a crcntrihrtj-on nnrch gneater ttran irt

other reditteranean clirratic :-gions of tlre rmrld (Goldblatt 1978).

EVen in phytosociological descriptions less arqfiasis has been placed

on the Eeophytes ttran other life fo::ns because " thry ar€ not

visilcle throughout tlre 1ear" or "thry a:ce not dcrdrnnt in to:ns of

bicnass orcept perhaps innediately after a fi.r=" (see ltlaodonald

1985; Boudter 1987).

the fact

qcnsidered

(Raunkiaer

that tlre adaptation of subrts:::anean life for:ns is

to be prinnrily conqerned with tlre a'rrcidance of drought

1934; Pate & Dixon 1982) is probably the r€ason for ttte
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lack of detailed studies relating to ttre fi:e regine. Fi:e is

hormrer tlre rmjor distr:rlcance factor il ttre bicne (Corlling 1987) ard

it follqrs that ttre rmjority of strrecies should harre life histories

t*t-ich enable trnrsistence through fir= disturbance, arxl the geophytic

guild should, therefo:=, be no e>rception. Irlrst refelrences to

geophltes ard ttre fire regfue a:e restrictsd to a fqr strncies vltrere

qualitatirre firdings irdicate that scnp geophltes o<tribit rrErss

flor'ering after a fire (e.g. Bean L962i Le Maitte L984; ) wtrile

other:s produce seed only in ttre first feur reeks after a fi:e (e.g.

Le\ryns 1956). Geop[*es ar= genera[y expected to be resilient to

rclatitrely f::equant fires (I(eelry 1986) ard a:e ep"hle of exterded

donrnncy i-rt ttrc absenqa of fire ard ttrer= is no eyidencre to suggest

t}try die out (Taylor & I(nrger 1978).

Tttis paper is concerned wittr astrncts of tlre life history of a qcnnrcn

hystoranthcus geophlte (tmlus nrhssts L. f . subsp.

pressts) cn a Lcrdtard Elnbos site. Ttris strncies rms ctrosen for

irvestigation because of its ahrndance on sandy subsUcates ard its

fairly rohlst nature wtlidr nade exca'vation of $re hrlb a r=Iatively

easy task. In addition, tlre production sequerrce of leaves, leaf

bases ard r=prrcductirre organs suggested tlat it $puLd be relatively

easy to categorise ildividrnl plants in terrns of their age states

arrd astual age. Age itself rray be a trrcr irdicator of size or

:=prrcductirrc activity (Harper L977) lrtrile the use of age states

(Rabotnov 1950) accuunts for scne of ttre limitaticns of calendar age

(I{arper L977). 1l?re detsanirntion of actual age ard age states !€s

iJlportant in ttris stu$r because one of ttte aims Yas to elramine
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as[Ects of the life history of ttre species in :elation to ttre
suggested frcErcnry of ttre fire regine in Iovlard fynbos.

L.2 }IEtrIIE

Itte ontogeny and seasonal develogrent of tlre ptant rms strdied fr.crn

destnrctirre sanpling of 20 irdividr:als of varying sizes at ronttrly

intenrals over a period of one 1€ar. Plants r,rrere selected rardcnrly

irr a t ha site at Lynedoctr (34065'5 ard 18o45'E) whe:e tlre

density ranged frqn one individual per 10m2 up to L22 irxlividr:als

IEr 1ftn2. T\D hurdred and forfy individuals rtere narked by neans

of stel rods so that tlre bdlbs corild easily be located uitren ttte

plants lvere in ttreir dorrnnt sbge. AII plants rtrere brought back to

ttte lalcoratory l*rere thry hele carefully cleaned ard cut ttuottgh

ttpir nedian longitudinal section. Leaf bases vere crcunted to

estirurte tlre age of ttre plants. Preliminary o<aminations of over

th:ree.. hurxlred plants frsn ttre field ard o<perinental beds irdicated

tharc ttre plants produce one leaf [Er annun (ttrerefore one leaf base)

in ttre pr=-reproductive phase ard t\rc learres [Er annttrn in t]p

r-eproductive phase. It rms ttrus trnssiJcle to csunt tlp Ieaf bases

prior to ttre reproductirre stalF ard crcnsider ttre nr.unber obtained to

be eqtrivalent to ttp actual age of ttre plant. For plants that had

r:eactred tlre reproductive tr*rase, age tms deterrnined by cruntfug t}te

leaf bases frsn ttre base up to nine (ttre catenden age rdren over 99t

of tlre test sarple first ftorered) ard ttren addilg ttris to half the

rsmini-ng nunber of leaf bases (to acocunt for ttre trrc leaf bases

produced per year) to girre tlre calender agre (see Figune 1.1).
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INFLORESCENCE STEM REMAINS

LEAF- BASES

STEM

ROOTS

Figure 1.L:Longitudinal section of a 16 year olo E. pubescens

subsp. pubescens buIb. Numbers indicating how the

plant was aged.
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Sni jlrnn (1984 ) reported that occasionaly thr.ee lea'ves a:e produced

IEr annum in tlre reproductive trfiase, ht in ttte study site only trr,o

irdividtnls vr€r€ ever seen in that crcndition wtlidr :=tr1=sented less

than 0r005t of ttre pcprlation. In addition to ageing tlre plants,

flor,ering trnttern r€s dets:nined by searcfdng for ttte r:qains of

repoductirre tissue betlr€en ttre axils of tlre leaf bases. Seascn:ral

phenological trerds lteL€ e:omined by considerirg not onfy ttp

alove-ground a1[Earance ard disatr4narance of plant pa]:ts hrt also by

ttre "dorrEnt bf,illc" for signs of leaf ard flcner

initiation, arxl :oot :ejuvenation. Ttre dry rmss of ttre ind.ividuat

hilbs rms also deterniled because it is }rrcrm tlrat nnrry hdbous

geophytes only florrer after rsactring a "critical hrtb nnss" (Rees

1969, L972).

In addition to tlre 240 plants used for the ontogerry ard seasonal

study a fr:::ttrer 153 plants vere selected rardcrnty at ttre site ard

used for ttre detsmination of age stat€s ard estination of ttrc age

stnrctr::re of ttre poprlation. FinaIIy, because t=productitre

allocaticn is suctr a vital cqponent of ttre life history tuo

additicnal sanples trere taken frqn the poptrlation. Ttre first of

ttrese inrrolrred ttre arnlleis of 92 flcnering irdividuals frqn tlte

1989 season to o<amine ttre t-r=nds in ttre nunber of flcrrer^s prrcduced

per inflorescence ard ttre fresh raeight of irdividr:al flqrers tEr age

class. Counts of tlre nr.unben of florers trnr infloresc€nce give scne

idea of ttre trntsrtial nngnitude of sonral reproducticn (Barlcrnn

1980a) even tlrotrgh ttre pncporf,ion of orzules fertilized varies

substantially frun ]iear to year ancl frqn site to site (Barlsmn
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1980a & b). Ttre seqcnd data set crcnsisted of 288 sarqrles f:sn ttre

reproductive age state wtr-ich rtere arnlyzed in terns of tlre flcrering

trnttern over tlrflc )Ears blr tracing ttp rsmins of ttp r=productirre

parts in ttp axils of ttre leaf-bases. tlnfortr:nately it !€s not

trnssible to o(amine ttre florering trnttern for a longer period as it
was difficult irr nnst cases to deter:rdne wtrettrer ttre plants had

flcr,ered ttuee or nrcre ]rears previously.

1.3 RESTIUIS AID DISTHiIcl|

1.3.1. Sesnl ctogry ad $unlogy

Figu:es L.2 - 1.4 shcns ttp seasonal develogrent ard phenology of

ttp seed, seedling, pre-:eproductirre ard reproductirze stages.

Ttre phenology is discussed in ter:ns of calendar rpnttrs durirg

tlre priod of obsenntion hrt it mrst be expecCed that the

actr:al timing of ttre events rculd ctrange deperding on ttrc

pa::tiorlar crcnditions of any one season. In ttre event of fndt

(berry) develogrent ttre pduncle lengttrens arxi finally bends

over urder tlre rrcight of ttre rmtu:e bq=ies (SnijnEn 1984;

trn:rsonal obsenation). Itre large berzies (10 to 22 rm in

dianeter) becrcne detactred on ttre soil surface. Dring ttte

npnttrs of Aprit arxt I,Iay ttre berzies beccne detrydrated ard ttte

seeds (1-5) a:e elposed ard Eeurdnate innediately.

Ihe seeds genrdmte on

part of ttp cotyledon

ttre surface of ttre soil arxl the apical

lgmins within ttre seed, wher= it

https://etd.uwc.ac.za/
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pr4esurnbly digests ard absorbs ttp reserrres of ttre endostrn:rn.

ltre radicle ard plurule of tlre seedl.ing a:e prshed dcrnvmrds

into ttre rrctilg redir.un hy ttre extension of ttre proxirml erd of

tlre crctyledonary sheattr. Dring ttris process ttp radicle emd of

ttre anbqo rslEins as a crc[I[EcEed inrerted crcrp of tissue , ard

it secr=tes nmcilage wtrich facilitates the dcrrrnmrd truretr^aticn

of ttre seedling shoot and rrcot into ttre soil. Wtt-il-e ttp

crctyledon expanas or srells, ttre first leaf h:rsts through ttte

cretytedonarlr sheattr ard energes above ttre soil. Ttuough tlte

tr*rotoslmttretic activity of ttre leaf , I=serlres. are laid dom in

tlre fircst leaf-base of ttre young tulb. Itre loung hllb is kuried

5-10 cm belo,v ttre surface hry ttre onset of ttre do::IrEnt trnriod.

Ttre seedling o<tribits qf,ntractile pnoperf.ies by IIEans of a

deeply-truretrating taproot tfiidl fo::tts during ttre fi::st lear of

gr.crdttr. 1[?re contraction which usually precedes the donmnry

period prlls ttre loung hrLb rmch deeper into the substrate than

the depth which rms previousty reached tlrrough the dorm4::orttt

of ttre octyledcnary sheattr. Bdbs of ]toung plants becrcne

progressively IIDIIe deeply hlried in subsequent seasons due to

tlre crcntr:actile activity of ttre gener^ations of achrcntitiotts

r@ts wtrich develorp frqn tlre stsn stocl< of tlre hrlb. A mture

plant IIEIy have its btilb hrried up to 25 cnr belcxc ttre soil

surface.

I-eaves of lffirilnrs prcsets L.f. subsp. pbsts ale

ephaneral stnrctues which EIIp for:red annually ard thery last

frsn atrploxirmtely April to Septsnber wtrereafter grolilEh ceases
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in l€slpnse to tlre cnset of ttre dry season. D:ring ttre

pereproductive stage ttre plant derzelops one leaf per 1rear ard

ttp subsequent leaf bases a:e arzanged alternately on ttre stsn

stock. Teaf initiation ard achrentitious rpot develotrxent takes

place durhg March. Ttre leaves energe above ttre soil after ttre

first autunrr shorrer^s durhg mid-April or early l4ay. Rapid

develoErent follcrps during tlre nrrrttr of I,Iay ard leaf mturity is
rcached during ttre early half of June.

the phenological events of leaf develogent in reproductive

plants aJ€ ttre sarrE as described above, o(cept that tr^D leaves

a:e foured on the stsn stock of the hrlb annrnlly.

Ttre inflor=scence begins de'velogrent at ttre stant of ttre leaf

die-back period ard is strongly developed by the @inning of

ttp do:crEnt period. 1l?rc plants extrnrience slcrv inflotescence

develotrxent r:ntil tlre trreduncle enErges during late-Februar1r.

Aft€r qlergence above tlre soil the pedr:ncle lengthens rapidly,

r:eactps its rraldJmrn lengrth within 3-4 &y=, ard the

inflorescence opens. Itris de1alred inflor=scence de'velorprent is

Qpical of tlre ltrgire-t1rye Eeophyte classified by Dafni €,t,

a-1. (1981a) wtrich is pr:obably a nschanisn to avoid pollinator

orrqntition (Dafni et. aI. 1981a).

Sinu,rltaneously with ttre enengence of the infloresc.ence above the

soil tlre de'velogrent of nenr adventitious mts takes place ard

teaf de'velognent ccrlrlEnces. H:uit formtion stalts during the
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latter part of March ard fralit setting occurs during April.

After the lengttrcning ard bending of ttte prduncle, the fnrits

becurp detached on the soil surface and thereafter the Sndunc1e

becures dehydrated ard eventually wittrcrs at€y. OnIy a trnrtion

of ttre peduncle is retained bet$ieen the leaf-bases.

L.3.2 ege stnrtrre

ftre oldest ird.ividr:al in ttre sarple rms 24 lears of agre with ttp

rmjority of irdividuals in ttre sarple being betrcen ten ard

seventeen lear^s o1d (Fig. 1.5). llttis suggests that recntitnerrt

to ttre poprlation rms r=latively high between 1973 ard 1979 ard

has be€n crcnsiderably reduced sirtce 1980, ttp rsasons for this

differrence being unlsrormr. lbw€ver, ttre alien, Acaci-a saligrn

has taken over tlre aJcea i:r this trnriod. Ttre r=latively lcr.r

nunbers fourd irt the alps greater tlran seventeerr )Ears ccruld

reflect lcru recmitrrerrt, during tlre lears 1955 to L972, or be a

cansequenqe of increased nortality in ttre older age-classes.

Itrere is obviously a wide variation in recnritrttent f:un lear to

]€ar ard ttris crluld be ascribed to rrariations in relatirre annr:al

Success of florcring ard/or seed production, ard go:rdnation

wtrich IIEry be cotrpted to prf.icular rpistu:e regines (Hadlry &

Levirr L967i Haeer L977). lltre effects of predation on seed,

seedlilg arxt adult nunbers has not been deterrdned ard rould

okviously also effect ttre recmitnent trnttern. ftre varied

:ecnritnrerrt trnttern also shcrm no r"elationship to tlo l'mcnm fi:=

events at tlre site (fig. 1.5). In ttre case of a fire event in

https://etd.uwc.ac.za/
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ttp srmrEr of L977 /78 ttre r=cmitrrerrt r€s greater i-n ttre

florcring period (1980) innediately befo:= ttre fire while in ttte

case of tlp fire event in the stfirrEr of 1985/85 the recmitnerrt

in ttre fir.st florering season after tlre fi:e rms lcrrer than ttp

previous }rear hnt higher than the seqmd pst-fire flo,ering

season. It is trnssible ttrat there rms a g:eater trnrcentage of

flcnering ard r=cnritnent within tlre trrtrrrlation innediately

after the fires hrt if so ttr-is is not reflected i-rt tlte

poprlaticn profile as arnlyzed irt 1988.

1.3.3 Age States

Of par-ticular inte:est irr Figue 1.5 is ttre Ftt€rm of

florering. tilrne of ttre i-ndividuals lounger than ten lears of

age florered i-n 1988, vrttich suggests that ttre juven-ile period

for this pogrlation of H. urbscts sr:bsp. pUses spans

nine 1€ar:s. ll?ris is cqrfi:crEd by the $raph in Figure 1.5 vttich

irdicates that the size of tlre hrlb inc:eased fairly rapidly up

to aSploxirmtely tgt lpare ard thereafter shcned minfuml

i-ncrease. It is rtrall docr.urerrted that irdividuals of tttcst

geoph$es need to reactr a critical mininun mss before thry

flcr'er (Rees L969, L972i Dafni et, a-I. 1981b) anf this vas

calcrr-Lated at 69.1 t 13.9 g for ltamrr1Jrus. Ttre florcring

lnttern !{as used as a basis for a pr=liminary classification of

tlre sanple potrxrlation into age states. Ttre age class one to

nine year^s is classified as jurrenile, ttre age class 10-13 )lears

https://etd.uwc.ac.za/
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as ]oung r€productiv,e where less than 50t of ttre irdividuals in

any age flcnered ard the age class 14 pars ard g:reater as

natu:re r=prcductirrre as flo,vering percentage rms greater tlran

50t. Tttis classification rras refined fV e:<arnining ttre f:esh

rleight of florrcrs ard ttre nr.unber of infloresc€nces produced per

irdividual for ttre different aged plants and these resul-ts a:e

presented in Figu:e 1.5 & 1.7.

Plants in tlre )Dung reproductive age-c1ass produced a r=latirrcly

lcrr nr.unber of flo*rars per inflor=scrence (23.84 t 5.95) ard a

relatively lor flqrer f:esh rteight (2.77 t 0.57 g) (Figuae 1.6 &

1.7). I?ris trnttern prorrides fu:ttrer sutr4nrt for classifyiag ttrc

ag{ror.rp 10-13 yaars as }roung reproductirre. I?e tmjority of

plants irr this age-class had thus not 1et hrilt up a sufficient

"shoftage furd' (Dafni et, aI. 198Lb) frsn wtlich r€sources

crluld be used to sustain naxiJrunn reproductirre de'rzelogrcnt.

ltre highest nr-unber of flsrers trrer inflorescence (41.075 ! 4.547)

rteL€ produced by irdividr.rals in ttre 14-17 lear agryrouP (Fig.

1.5). Itris pattern rms also tnre for ttre arrerage fresh neight

of flcrrers (5.27L t 1.51 g) and is shormr in Figu:e 1.7.

I?rer= vas g:reat variation in plants older than L7 yeare in terns

of ttre nr.unber of florrcrs produced trnr inflor.esc€noe ard their

fresh reight. Plants in ttris gioup shcrted a sr:rprisingly lor
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Figure 1.6: Number of flowers produced per inflorescence per

age-class of a H. pubescens subsp. pubescens

population at Klein Welmoed, Lynedoch.
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reproductirrra caSncity as reasured bry the nr.unber of florers per

iffIonescence (23.84 I 6.951) ard flcner fresh rrcight (2.77 !

0.67 g). ftre above fi:rdings enabled tlre rmtu:e :=prcductitre age

state to be subd-ivided into tr€ categories. ftre first

ccnprised irdividr:als irr tlre 14-l-7 lear old gaoup for wh-ich tue

retained tlre tern lratu]€ reproductive and ttte seqcnd for tlte

grollp older tlan L7 )Eal:s u*tidt r.ye r^efered to as old

r=productive. In tlre latter gpoup ttre lour replrcductitre

allocaticn (Fig. 1.5 & 1.7) ad srall nunbers of plants :ecorded

(Fig. 1.5) could suggest that plants rterrc entering a subsenile

$rase. ttre classification of H. pressrs sttbsp. preses

into age states is sr.urnarized in Table 1.1.

lllre florcrilg trntterns in ttre rrarious age states over a two lear

trnriod are pr=sented in Table 1.2. Ttre 1or:ng reproductive age

state (10 - 13 pars) is qrnfirlEd by this analysis because in

both 1987 ard 1988 <50 t of i-rdividuals flor'ered arrl 43t did not

flolner i:r any of ttre tlrc 1ears. It is ttrus likely tlnt a tdgh

trnrcerrtage of irdividr:als in this age state harre not 1et reached

ttreir critical bicrmss for florering ard scne revert to ttp

jtrven-ile stage after flcnering for ttre fi-L^st tiIIE. fhe tmture

reproductirre age-state is also cCInfilalEd because in both 1987

ard 1988 >50 t of individr:als flcrrered. A larger prsSnrtion of

irxiividuals flqrcred i:r both lrears ard only 30t failed to floner

in any of ttre tr,ro )Ears. lltre variation in the floreri:rg 1nttern

https://etd.uwc.ac.za/
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l.bble 1.1: Life history trnriods, age states ard atrp:oxirmte age for

a H. prbses L.f . sr:bsp. pbses po,prlation.

Life Ilistmy kriod Age State

(After Gatsuk €t, al.

1980 )

I. Iatent

II. Pre-reproductirre (2) Seedting

(3) Juven-ile

III. Reproductive (4) Young

(5) l,latu:e

(5) old

rV. Fbst-r=productive (7) Subsenite

(8) -Senile

(1) Fhait & Seed 0.00 - 0.25 Se

egnuimte ae
(Years)

0.25 - L

1-9

10-13

L4-L7
>Ll

qadol

(After

Rabotnov

198s )

91

92

9l

pI

j

litrt detenrdned s

t'Iot detq:nined s

tse = seed; pI = seedling; j = jtrverrile; g1 = su@riod of

gener:atirre ard rregetatirre vigour of irdividr:alsi g2 = sub[priod of

nwcirml gerrerative ard rregretative vigour of irdividuals (su@riod of

Iife crrlmiration)i 93 = su@riod of senescence; s = senile.
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pattern i-n

-L. f . subsp
the different age-states for a H-

rxrbes:ens for two Years ( 1987

Age State

Pereentage Flowering

Tota.l(No
of plants)

t987
Cnly

l_988
OnIy

1"987 & r.988
Both years

None

Young Reproluctive o.ui on q. 26.92 43.5 78

Hature F.eproductive 2.O2 16. 16 51.52 30.3 9g

Old Reproduetive Not sufficient data
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can prcbably be o<plained by insufficient allocation to ttre

"shotrage firrd" after ttre plants have reached ttreir critical
bicrmss (Dafni €t, a-t. 1981b). Dafni ert, a-1. (1981b) suggested

that once ttp critical bicnass has been readred ttrc plants wiII

flcnrer every )Ear arxl sugEested furf.her tlat in nrcderate ard

predictable habitats (li-ke the trdediter=anean-g6n clirmte of ttre

South+restern Cape) tlre "shortage furd" rrEty be qtrite srall.

I?r-is rrEElns that ttrere a:e fqrer chances for successirre bad pa:cs

ard that ttte "fund" needs only to be sufficient to sq4nft, ]rears

of shortage, so that florcring nny be eteecUea to occur every

]Ear. lhis idea is partly sutr4nrted because plants in ttre
rEture- ard old reproductirre age-states had hrilt-up a large

storage organ, with a large "shortage filrd, " wtlich is :eflected

by the r=latirrely high percentaEe of florcring (Table L.2).

Young r=prcducEive plarrts on the other hard had smllen storage

organs (Fig. 1.5) wtridr presr-urably irdicated a snall "shortage

furxl. " TtIe "shoftage furd' can thus be depleted in ttp event of

flonal ard leaf develoErent ard ttre plants reverf, back to their

juvenile-stagle ad nurst hrild-up ttre "shortage furd" once

agail. Ttrus florerilg rrill not occur in tlp subsequent ]Eaa^s

unless a sufficient "shortage furd" has been hrilt-up ard t}-is

is reflected by tlre results irr fbble 1.2 ard Figrrae 1.5. EVst

irt ttre mtu.re r=productive age class a r=Iatively trigh nunber

(30t) did not flcrrcr in eitlrer of ttre tv'o 1ears. lhis does not

necessarily IIEan an inadeqr:ate "shortage furd" hrt coutd be the
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ottrcr inhibiting influences (eg. tarqnratu:e,

rainfall).

1.3.4. LiIe Histoy ad aslnc*s of tle Fire Rryire

ltp hl4nttresis that fynbos is adapted to fi:e intenrals between

10 ard 30 ]Ear:s is suS4nrted by a nunber of life history sttdies

(Van Wilgen 1987 ) . firyenile trnriods of fimbos sSrecies seldcrn

exceed eight ]Ears (Kruger & Bigalke 1984) ard rnxinu.un

:eproductive effort is :sached at atrprsxinately 15 1€ar^s (Bc,nd

1980; Borcher 1981; lblt & Grbb 1981; Coliling 1987). Futheurpne

it is suggest€d tjrat fi:e intenrals of >30 lears @u1d result irt

the senesc€nce of scne kote strncies (Bond 1980) ard in tlte

case of Staavia drrli i ard ffihaus zqlgi betrteen 20 ard

30 pars (lbll & Grbb 1981; Boucher 1981).

Itlost of ttre life Nstory studies have crcncentrated on rpuntain

fynbos wtrere ttre pr=sent nean fi-re frequency is suggested to be

15 ]rears (Van Wilgen 1987). ffcffinan e,t a-1. (1987) suggest

that a lcrrger fi:re-return irttenral is ttre norrn in lcr,ilard flznbos

crcnnurrities. ltreir firdings lrelp based largely on strncies

richness vtrere ttre richness did not d:rcrp significantly in ttp

oldest post-fi:e age sanple (20 years) ard Eeophytes irt fact

shcnned an inc:sase in richness in tlre 20 year old sanple.

Alttrough H. prbessrs L. f . subsp. pfueets in ocnnrcn wittt
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ottrcr geophytes is able to sunrilre fi:es because of ttre pr€rence

of ttp urdergror:rd stor^age orlgan, aspects of its life history

tend to sutr4nrt ttre firdings of life tr-istory ptterns of ottrer

slrecies in :elation to ttre fire f:equency.

Ihe juvenile period for H. urhsgs L. f . subsp. rubssrs
sIEIls nine )rears u,ttidt fits the suggested juvenile period

rentioned above. Ttre strrecies r=actps mturity at t16 years wtLidl

irdicates slznduonization wittr tlre fi:e f::equenry suggested for

flmbos. Altlough ttre poprlation shcnm lcnr nr-unbers for

irdividuals >17 ]Ears wtrere allocation is also lcrr.r

this does necessarily rnearn senescence ard it is trnssible that

plants will surrive for rany l€ars.

F\:rttter:torc this Eeophyte did not shcnr mssirre rccnritnstt in

early trnst-fi:e periods as evident in sqIE nountaJn flznbos

Eeophyuic sSncies (eg. IEtsria gfrimata, Onlis prpre)

folloring an early auturr hrrn (Knryer & Bigalke 1984; Le Maitr€

1987 ) . Firdings by tbfftnan €t, a-1. (1987 ) also illusbcated

that Eeophytes on coastaL lovlard fynbos do not exhibit rassive

recnritnerrt in early post-fi:e periods.
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1.4 qIEIEICI|

Aspects of ttre life history of H. Fbscts L.f. sttbsp.

pftescls r€s successfully deter:rdned by using age ard age states.

ftre juvenile period (<9 pars) is similar to rany fynbos strncies ard

:eproductive raturiQr is readred at about 15 lears wtLictt suggests

that the life history of ttre species is r,rell syndrronized wittt tlp

suggested fil€ freErenry for lcr,rlard fynbos ard a mininun critical

hlb bicrmss is a p:cer=quisite for flcn'ering. Ivlassirrc tecnritnerrt

does not aptEar to take place innediately after a fire eventi a

str^a@y vlhidr vouLd not be essential as ttte plant can sunrirre fi::es

easily in its dor:rent state. I?re life tristory pattern of ttp

strncies is thus rryeII slzndr:onized wittr fi:e frrequenry hrt atr4na::s

not to be delurdent on fi:e for :eomitrrerrt. Seea Eernirntion ard

seedling estabtistnerrt occur inrediately after seed setting in

aututu,r uttich can be regarded as a sb:ateqy to arroid the adverse

envirorment dry suflrrEr efirviromrEnt. 1ltre fnait ard ccrttailed seeds

are soft ard fr:agile ard rcuLd ttrus easily be dessicated during tte

hot sr-urner rpnths.
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2.L rNmUEfrCt{

*araxis gradiflca (da La Rocte) Ker. sgbstrrecies fintrriata

(Iam. ) Coldblatt, is a crcr:lrcus ngnber of ttre family Iridaceae,

endsnic to ttre Soutlnrestern Cape (Goldblatt 1959) trtp:e it is

qlnfi:red to fairly dary clay flats ard tr-ills in the Cape Itolvn

vicinity (Goldblatt 1969). It is a synanttrous EeoeftyLe (Dafni et,

a-t 1981) wttidt [Dssesses an annuErl stoa'age organ.

In ttris region with its strongly seasonal rainfall pattern ccmbined

hrith periodic d:otrght ard soils of lcn'r nutrient status (Day 1983), a

plant is liliely to be at a ccn[Etitirre advantage if it trDssesres an

underrryormd storage organ ufiich pa:nits it to sr:rrrirre unfavour'able

crrrd,itions, ard allcrm ttre ptant to carrlr a substantial fraction of

its nut-rient restouLte fr:crn one qrc$ring seasll to tllg next.

Knodedge of lcrrgevity, potrrrlation age strrcture, ard gener:ation span

is lacking for npst Eeophytic species in ttreir natr:r^al habitat for

tlre fiznbos, ard with t}e inoeasing disnrption of irdigenous

poprlaLicns by sprawling irxlustrialization ard urtarrization it my
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beqrre even mcr€ difficult to study ttre strrecies urder natural

crcnditions. Itris paper e><amines tlre life fo::n, phenology and

reproductirre betraviour ard ttrese al€ o(amined in relation to factors

such as depth of b:rial, size ard age of the crcr:rs, ttre nunber of

Iearres produced per corm, ard ttre nr.unber of irdividuals per

age-class.

2.2 Mf,ERIAfS AIf) IIEtrUIS

2.2.L SUdy Site ild Sryftug IEtB

Ttre study site has located near ttre Blaciktreattr irdr:strial area

(34o52'E and 18o43'S). Ttris site is tlre rsmins of a rntural

habitat of Saralri-s g6adiflca subsp. firrtr"iata disntpted as a

result of spr:awling irdustrial derzeloEnerrt in the a:ea (Fig. 2.1 &

2.2\. I?ris micrp-habitat is a flat area on ttre Catrn flats wttictt is

rmterlogged dr:ring ttre wirrter gxcffing season (Fig. 2.31,

A L44 m2 brock l,vas dsmrcated in ttre study ar€'r' lhis !ftIs

subdivided irrto L2 quadr:ats of L2 m2 eactr ard sarpling r,as done

rrcrnttrly using rardcrn prrmrtations (Irlrses & Oakes 1963). Firre sods

(20 x 24 on) r,rere rsnrved eactr npnttr (by destmctirre digging) flult

ttre quadr^at arrt tlre plarrts in ttre sod r,ere carefully seeerated in the

Iabor:atory for arallnsis. Five soil sary)Ies rtete taken to detendne

ttre soil npistute contslt as a trnncerrtage of ttre soil dry IIElss, dried

at 80 oC until a crcnstant rrnss r,*rs reactred.
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rq

Figure 2.1: llatr-r::al habitat of S. gaAtfca subsp. firrtrriata

near Bladktreath, irt ttre Sorthcestern Gpe, dr:riag tte

dr1r, hot strrnEr rrf,nths.
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Figure 2.2: l.Iatr,rral habitat of S. grildifl6a subsp. firtrriata

near Blaciktreattr, irt the Soutlnrestern GPe, durilg

spriag wittt tlp strncies in flc'ter.
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Figu:e 2.3: tilatu:ral habitat of S. gfadiflm subsp. fintrriata

near Blacktreattr, i:r ttre Soutlft,estern CaF, dr:riag t]re

winter gpsrrirtg season.
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2.2.2 Plilrt, lIateria-I ad tlarvestirry of Plants

A total of 2880 plants herle exca\rErted frun tlre site during ttre study

period over ttre 1988/89 seErrcn. Recrords rryse taken of leaf number,

widttt ard lengttr, nr:rnber of crcrrnlets produced per plarrt, nr.unber and

lengttt of stsns, nr.unber of flcners ard fnaits produced trnr plant,

dianeter ard depth of hrial of crcnrs, arxl ttre nr.rnber of epido:raI

tunics arourd ttre colrnsr. llhis latter featu:e is of g:=at :eleuance

to ttre agping of plants because tlpse epiderrral tr:nics a:e highly

resistant to decay (Dixon & Pat€ 1978), arxl ttre gruent crcr:n is

replaced irt situ hy the daughter colan, which suggests that tr:nic

qJunts csuld be used as an irdicator of plant age. Ihnce with tine a

series of qcncentric Ia1er^s hrild up arourd a conni ttp outer:rpst of

these la1ers being ttre epider:m1 rsrnant f:sn ttre season of

recnritrnerrt. (Pate & Dixon 1982) as a new daughter crcr:n ard, tte

imeuncst laler being the epido:nis of ttre previous-seasffi's cor:n in

vrttidt tlre p:eserrt-s€scn's replacenent co::n is curzently developing.

Tlrn-ic nuiber uas taken as a di.rect. reasu:grent of plant age in ]Ears,

year one irt ttre life oj a plant r,as defined as a l2-npnth period

folloring its ap6narance as a qcrm frsn seed or qcr:nlet.

I?re count of 18 tr:nics, the resuLt of in situ replacenent of the

6n:rent clcrm, irdicated the r=sistance of ttrese dead lale:s of tissue

to decay, ard hor long cer-tain plants can crcntirrue to replace ttteir

corrls in situ r:rrler rntu::al conditions. It segned reasonable to

assurrE, tlrer=fore, u*ren e:<ardning trr;rulations r*rose rsnbers proved to
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be much srmller and trnssessed fster epiderml tr:nics ttran nentioned

above, that errors due to loss of outer tr:nics hry decay hould be

r=latirzely uniryortant. Goldblatt (1985) stated that alttrough ttre

astual age of Geissdriza r€s difficrilt to deteurdned they fourd

plants ririilr up to L2 annually produced Gcrm tunic lalers. In

fbqle!.ant]ta crcrfls ane crrrrcred by specialized layers of tr:nics wtrictr

are rcody in texture ard a single laler is produced annually

(Goldblatt 1982).

l[?re sarpled plant-s r,ere setrnr^ated into ttpir csnstituent organs (see

Fig. 2.4), vi,z.z parent corlrrs, replacurent or daughter crcrfls, mts,

stsn, Ieaves, flcrter:s, ard fnrit ard seed. Ttre respectitrc plant

organsr of eactr sod rere pmled ard dry neight qas tlrcn deteunined.

Inrestigations !'ere rmde of tlre ontogeny, phenology of growth ard

reproduction, age stnrctu:e ad age states of tte strncies. Itte

rontJlly collesticns lrere ca:ried otrt to follcrv seasonal changes in

dr1r natter crcntent of plant par:ts ard to er(amirre the fillirrg of ttte

seasdr's nqr cotrrrs urith drf, natter ard minerial elsrents.

2.3 REIIUII; AIf) DISSSICN

2.3.t mryy

I?ris strrecies has a for:n of ger:rdnation in wtlich ttre octyledon o<tends

g:eatly irr lengrth both above ard belor the grourd after ge:rdration

(Fig. 2.5). ltre plurnrle (P) is ttren 1rrlled urdergaourd by the

https://etd.uwc.ac.za/
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Figr:::e 2.4: Itre Eeopfircic life for:n ard

constituent plant parts of S.

firrtrriata.

roqphology of ttp

gradtElca subsP.

,!'rr,

JT

\i.
?

I

I

I

I

https://etd.uwc.ac.za/



-53-

cqnbined action of the domrg:onttr of ttre basal r=gion of this

octyledon ard ttre crcntractile activity of ttre prfumry :oot (R, CR)

(Figtre 2.5). llhe latter is ttre only root to fo::n in the first

season of grurttr. One to thrcee learres (L) a:e forred in ttp first

season. By ttre tine of dor:mncry (mid-lbvanber) at or near the end

of ttte fir:st grsiri-ng season, stsn tissue has s,rollen belcrv ttte apo<

to forn a diminutirre corm (CO) ard all tlre other trnrts of the

seedling, including ttre crcnb:actile rcot (G), have wit]tered ard

died.

2.3.2 hsnl Ptanlq1r ad Bimss

I,leasr:rsrents of tlre seasonal pherrology of plant oagans proved to be

highly variabl-e witlLin trrprlations ard betlreen seasons (eg. Haa"er

L977) ard vere ttrel=fore regarded as unreliable estinntors of vigour

ard age of the poprlation.

Seasonal ctranges irr distrilertion of dry rmtter is illustrated irt

Figir:re 2.5. Conn dorrranry spnned ttre five hot drlr npnths (Fig.

2.7). Itre par€nt corrn btoke dor:mncy during late lltarctr, ocincident

probably with lor"er soil ad air tsrsEratur€s during autr-urrr hrt

before the soil ras fully da€ndrcd bry the aututrt rairs.

Data for ttre rrErn nonttrly soil nrcistu:e content of ttre study site

(Fig. 2.8) ilh-rstr^ates ttre esserrtially lEditerr:anean-ty5E clirmte

with v*Li-ch ttre strrecies is tlpically associated.

https://etd.uwc.ac.za/
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Ttte learres gr€\l, to ttre soil surface in early April ard had expanOea

hy mid-April above ttre soil surface. DerreIogrent of new adventitious

rcots took place in association with leaf de-veloErent. Establistrrent

of ttre abor/egorlrd plant parts irt ttre early season of growttt

involved expenditu:ce of drly rmtter f:sn ttp previous season's storage

o4tran (par€nt crcr:n) (Fig. 2.5). B1r June a substantial portion of the

pa:rent qcrm dry ratter had been orhausted. lltris sSrecies initially
produces tlro to thJ.ee learres during autrmn hrt as ttre season

prrcgr€sses npr€ learres r,rere produced to a rrucinun of tveltre jn scne

plarrts. Ttre leaves rsmin grreen ard actirre r:ntil senescence in

October (E'ig. 2.6 & 2.7). Allocation of dry ratt€r to the daughter

corm and reproducEive stnrctu:es vas ttre najor assigflIEnt frqn Jtrne

to lbusnber. ltre nerly-for:ned photosynthat€ nnrst harre been ttte rajor

source of filling ttre daughter colan, since ttre abovegrourd

vegetative ard reproductirre paa^ts did not shcnr net losses of dry

ratter over ttre period dren nuxjnun accr.nulation of dry ratter rms

mde to ttre daughten qorm. ltre trn:rent co::n initlally shcr,red a slcrr

decline in dr1r ratter during ttre second half of the g:u,ring season,

droFped abnrptly frun Septanber to October arxl r,as totalty e:<haust-ed

by l{osnben. By August t}re drY natter of t}re daughter qc::n had

beq:ne greater than tlre initial dry lratt€r of the 5n::ent corm.

Itlzu<inun dry natter allocaticn in ttre plant r*ls achieved duriag

Septsnber to lrlovsnber.

https://etd.uwc.ac.za/
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Figure 2.62 Seasonal dr1r weight (g) changes in plant parts of a S.

granrriflora subsp. fimbriata population during a

calendar year in a natural habitat at Blackheath.
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IVonths of the YeCIr
Figure 2.8: Mean monthly soil moj-sture content (t) for the study

site at Blackheath.
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This strncies, vitrich flcrrcr^s frqn Augrust to Septenber, trnrtitioned

scrlE of its drlr ratter to flcrrcr and fradt forration vft-ile still in

tlte process of fiUing ttre daughter corm. l[?rus oonpetition exists

for tr*rotoslznthate betr,een ]Dung fndt ard tlre daughter qcrrn ard it
rnight r,'e11 be an iJrpoa-Eant factor affecting a season's seed

p:sduction ard the urdergrourd r=serves of the strncies (Pate & Dixon

1982). Itris hlculd happen in October (Fig. 2.6).

Ttp aloveg:ouna rzegetatirre ard reproductive plant parts serresce by

mid-llousnber ard in Decsnber tte only living plant part remining is

tlre daughter clcrfn wtrich becrclrEs ttre pa:urt crcnn of ttte nsr-season.

Gt enteri-ng dorrmnry ttp ccnbined season's production of dry mtter

for seed ard daughter col:n accounts for scne 78.0t of ttp total dry

natter plrcduction. GrIy sml-I amcunts uere incortrnrated into seed

production (2.3t) irr qxparison $dth ttre arpunt laid dqm in the

stoa^age organ (75.7t) (F.ig. 2.6). ltre filling of ttte seeds might

have been fuplanented by rpbilization of dry natter frsn the

vegretative parts ard florre::s since these orgars lost substantial

greater anpunts of dry natter during the senesc€nc€ period than rms

requir€d for grudttr of seeds (Fig. 2.6 & 2.7). ftrus ttris strncies

aplq@ a tr-igily efficient rechanign of retrieving dry rmtter for

its daughter coun ard seeds.

2.3.3 glaticr Par ters

A series of instnrstirre r=lationships ererged betqeen depth of hrial

of ttre plant's colm, size of daughter corm, nunben of learzes

https://etd.uwc.ac.za/
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produced, age of plants ard florering of plants irr the distinct, age

classes in ttre season of studlr.

lltre depth at wtrich the storage organ of tlre species r,ms hrried was

fourd to be shallcr,r, a h:ria1 tr-ighly cha::ateristic of crcnqnct clay

soils. lltp folloring crcnclusions r,rer:e dravar:

1. Co::ns here restricEed to 1.5 I cm belcn'r ttte soil

surface. Appr.oxirmtely sixQr peraent (59.5t) of ttrc plants

t€re crcncentrrated in ttre depttr zone 1.5 to 2.5 at, ard 37.7t

occurred in ttre 3-4 cm zone. Only 2.8t occur':-d in the 5-8

cm depth zone of ttre soil profile. lltre crcr:ns in the soil

p:ofile are e:<posed to dessication during sutmer ard to

rmterlogging or dr.endring durilg winter (Fig. 2.L & 2.3,

2.8).

Itre organic laler of tlre soil p:ofile extends to 3crn ard 80t

of tlre sarpled plants trere located brithirr this depth. Since

ttre strncies des not [pssess an e:rtssirre root slzstan it is

furpoL-tant for ttre plants' tpots to exploit tlre organic la1er

for nutrient absorption.

applying the data frun tunic count-s ttre folcrriag conclusions vete

nade frsn ttre pr:esured age distrihrtion (I'igure 2.9)z

1. ltre naxirnm age fourd rms 18 ]Ears.

2. Ttre shape of ttre age distriJarticn Nstogram suggests that 18

]rearc rrEy b near ttte rraxiJrnfir age attained cn ttre Blackheattt

stuq/ site.

2
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Ihe histrgram shcr*s strong skermpss to ttre left wtr-ich

irdicates tlat tlre hilk of ttre trrtrrrlation (86.18) vas fourd

in tlte 1-7 par classes.

Mrst of ttte rrariation irt size of ttre adjacent lear classes

is prcbably due to variations in initial gorrdnation ard

seedlhg sunrival successi both stages Eue sensitive to the

nristu:e regine (IGr:ster 1958).

E?qn the data cn pr^eswed age versusi depth of burial of cot:ns in the

soil profile the folloring crcnclusions rlere rmde:

1. A prog:essive inc:sase in the nean depth trEr age-class for

tlp first seven }reaJrs r*as fourd.

2. An even distrihrtion for depth of hrrial r,vas attained for

tlte 8-16 lear age classes (3.4 on).

3. About onequar-ter (27.8*) of tlrc trnpulation's plants v,ere

Iocated wittlirr ttre range of ttre nean depth of ttte I - 15

lear old plants.

4. ltre lqren rrEan depth of hrial vfiidl is orenplified in ttte

18 )rear age-class ras due to a lcr,r nunber of plants sanpled

in the r€slrcctive age-class.

5. ttre:e t*ts scrre erridence that olden plants raete located in

the 4-8 qn zone ralnge, hrt ottrerwise age has agnr^entty

Iitt1e effect on ttp nean depttr of crcr:n trrial ard rean age

lEr crf,I1n.

5. EIsn the data p:esent-d it can be suggested that plants in

this poprlation :eadred ttreir final depth after 8 1eas.

3

4
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Figure 2.9: Frequenry djstribution (N) of the number of individuals

per age-class in a S. granrriffora subsp. fimbriata

population.
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Cor:n dianeter for the various age-classes rms detq:nined for ttre

popilation ard is p:esented in Figru::e 2.L0. l[tre data orerplified ttp

folloring:

1. Ttte calcrrl-ated rrEan qcrm dianeter for tIrc gnprlation rms

0.839 t 0.347 crn.

2. A p:rcg:ressirre increase irt crcrm diareter tas fourd for ttp

fia^st four 1rears.

3. ftre poprlation extr-ibits uniforrnity in the rIE In cr)rfn dianeter

after forr lears

4. Only minor fluctuaticns shcrred in ttre 9-12 year age-classes.

FIsn ttre data c€rngaring corm dianeter vdth depth of hrrial ttre

folloring crcnclusions r,rrae nade:

1. Largest colrn dianeter rms obtairted in ttre 2-4 qt zone of ttre

soil profile.

2. Ttre srmllest coEn diarreter, as e>r[Ected, vErs obtajned in the

1.5 crn zone.

3. Considerable variation is evidence for the 5-8 cnr zcrre lttrictr

irdicated that crr-r:n dianeter rms not lnsitively crcrrelated

with depth of hrrial in ttre soil profile, perhaps cnly once

rrtatrrre, depth arxl size attained.

1[tre nrlnben of lea'ves produced [Er corm inczeased prrcg:essirrely with

ocrm dianeter. lltre rrnxirnln of tr,relve leaves rms produced b1r co::rs

with a diareten of >1 crn.

https://etd.uwc.ac.za/
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P::oduction of ne\nr irdividuals irr S. gradi:Eloa subsp. fifuiata

occura€d aso<r:ally tlrrough ttre rregetatir;e forrration of qorr[ets ard

son:ally ttuotrgh flo,rering ard seed develoErent. 1[?te relaticnship

betrcen rregetatively reproducing ard flo,vering irdividuals are

irrter:=lated as cor:nlets are for:red in tlre axils of ttp inflor=scence

stsn.

1. Itrer= rras no etridence that senual ard vegetative

reprrcduction rms determined dtring the preceding season, b.rt

presr-urably factors suctt as co::n depttr, size ard r,eight of

ttre pelrennating organ are inpor-tant detsmhants along wittt

envi:prnental conditions.

2. In other slncies ttrere is appa:ently a density related

influence on ttre relationsNp betr,reen rregetatirze ard sorual

r=producticn (Ituller 1979). In de*berry urder qcnditions of

tr-igh prprlation densitlr ttre proportion of bicrmss allocated

to reprrcduction is increased in favour of sorual

reproduction (abrahanson 1975). It is not ],rrom hcrr ttp

occumenc€ of florcring or bicrmss allocation in flo,rerhg

plants is ilfluenced hy prprlation density, hrt it seems

liJce1y that density is less inportant in deto:nining

ctraracteristics of flcrering ard rregetatirre reproduction.

3. It !'rrs fourd ttrat 77.4t of plants with a oc::tt size g:eater

than 0.78cm and a bicnass of >0.379, sarpled during the

florering season of tlre strncies, did florcr (n= 199).

4. It r*rs fourd tlat 85.5t of plants with a col:n size belcn'r

0.75 on (0.37 g d.m.) did not flcrrer (n = 238).

5. It eEts fourd that plants )rounger tnan 4 ]€ar.s did

https://etd.uwc.ac.za/
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not florrer (Fig. z.LL). It suggested that this slznanttrous

strncies required a "[Lirai-mtrn critical" corm bicnass ard size

(Rees 1969, L972) befor= flcnering crluld occur.

.Age ard bicrmss t€l€ equally iryoa-tant predictor^s of

flcrering status, hrt for a nunber of species total bicrmss

is erphasized as a better predictor for flotering than age

(Pritts & Hanqrck 1983).

ltte reproductirre stmctu:es accounted for a smll anrrr.rrt of

production. I,Iaxinun fnrit prcduction of 0.439 d.m. trnr

plant occtrr€d during October. P:odusticrr of rature seed

anu:aged L4.29 t 0.59 seeds per fnrit.
lbtal r=productirre effort, includiag bicrmss allocation to

inflorescence stalk, floral parts ad fruit derrclogrent,

amrunted to about 19.72 42.94 t of ttre obser:ved net

production betrcen Septsnber ard October. Bicrmss il rmture

seeds accrcunted for 4.92 - L1.24 t of net production, 25.9 -
38.4 t of the reproductive effort.

8
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2.4 murl;rcr{

Ihe phenology, darrcgraphy ard utilization of r:esources for

reproduction irt S. gradlflca subsp. fintnriata ressnbles that of

IIEmy annual synanttous Eeophytic s5recies, i.e. annual die-back of

alore-g:ounO herbaceous plant paal.s ard tlat a large protrnft.ion of

the annr-raI bicrmss production is inrrested in filling ttre storage

organ ard reproducLion. Ttre develogrent of an urxlergourd annual

storage organ ccupled with ttre annual die-back of afove-grourd

herbaceor:s plarrt Frrts irt S. gradtflm sr:bsp. firrtrriata can be

regarded as an adaptative strategy to cope with tlre lcrnr nutrient

status ard clirmtic corditicn:s of ttre rediterzanean-t1pe ecosystsn in

the Souttnest€rn Cape.

Ttte countiag of corm tr.rnics appeared to be a rcliable trcI for

establishing tlre age of tlre slncies. Se:<r:al raturity in ttris strncies

r,*rs forrrd to be rsactred after seven 1rears. Pogrrlatictn p::areters

sudt as IIEan oor:n size, rrEan coun depttr, a(p ard bicrmss velle fourd

to be equal furportant predictor^s of florering status. The

reprrcductirre str:ategy bihich tlre strncies erploys, vLz. sextral

prcducticn of a large nunber of seeds ard vegetatirre production of

ocnrlets, is irdicative of a r-str:ategist alttrough density is less

iJrportant in dete:nining retrlroduction. Ttre aoquisiticn of a "ITtiJLir[.trn

critical bicfiEss" for ttre corm is an furportant P=requisite for

florcring. It can also be suggested that ttre dense soil in wtrich tlte

strncies occtrL^s is an fuWortant deter:ninant of co:fit size.
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3.1 Ifitrdrti.ql

Ttre bnilbous p1ant, H. prbes L.f. subsp. presss, is a

pruninent nsnber of ttre winter grourd flora of ttre nutrient-trnor sads

of ttre Soutlnrestern Cape. It aestirrates during spring ard sunrer in

ttre for:n of a dor:mnt hitb ard spr=ads vegetatively b1'r reans of

btr-lb1ets, ard sexually by IIEanst of be:ries (Snijnnn 1984).

Itre concept of allocation inplies ttre nrcvsrent of naterials

diffelrentially to ard flsn rrarious organs (Fitter & Setters 1988) ard

nost rrcrker^s have illustr^at€d that miner:al elqrcnts ard bicrmss ar€ not

allocated slmdr:snously (eg. Abr:ahanson & CasrcIl L982i C,:oss €,t, a-1.

1983; Vitrighan 1984; HurE & Cava:s 1983; r.Iault & Cagnon 1988). It is

also veIl docurentsd that nutrient concentrations vary gaeatly betrteen

plant oagans arxt at diffqent grsrrrth stages (eg. Abrallamson & Casvell

L982i Grpss et, a-1. 1983; I*righam 1984; IIuIE & Carrers 1983; tlault &

Ga$on 1988) ard tlat nutrient ard bicrmss allocation do not

neoessarily shcrr similar reslpnses to envir€nllEntal Gcnditions (eg.

Danst 1980; Van Arde1 & Vera L97?). ftre hrlbous habit allcrps for tlte

trntsrtial carry<ver of substantial alrtcunts of nutrierrts ard food

resen/es frrcrn one gircllrirrg season to ttre next. E\u^ttterro€, i:r

geophytes with hlrcterantlrous leaves an accumlation of storage
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raterials is a prerequisite for florrering (Brrt L970i Rees 1969, L972i

Ftontiaer L973i see also Chapter 1) . In tlr-is rmy f lo'ering can be

crcnpleted even if ttre:e is a shortage of :esenres in the cun€nt ]Ear

(Dafni et. a-1. 1981). Dafni e,t at. (1981) postulated that irr

rpderate ard predictable habitats ttre "shortage furd," (the r=serrres

above the consurption of one lear) rtsy be quite snall since ttp:e is a

lcr,r p:obability of successirre dry 1rca::s. I?rry sugrgrested furttrer that

if a storage organ is large enough, wtrich irdicates a large " shortage

furd", florering is likely to occur alrrcst every year. Ottrer rrcrkers

harze irdicated that otter triggers such as terqnratu:ce can be very

furportant (Hartsara 1951; Rees 1955).

Itte objective of ttre study ras to e>(amirte hcnr tlre slrecies allocated

bicnass ard l=sources to its constituent parts ard hcr'r r€sourses here

nnniplatcd frsn season to season. Ttre allocation ad partiticrrilg of

bicnass, phosphorus, [ptassiun, calcir.un, rmgnesirm, sodirtrn, niErcgen,

zistc, @Fperr i-rpn, rrEngErnese, soluble cartohydrates ard starctr to ttre

diffeLstt stnrctu:es of ttre plant t'Er€ o(amined over a period of one

}'ear.

Ihe study atterpted to ascertain wtrettrer tlrere rter= differences betveen

the allocaticn patterns of bicrmss ard ttre various nut-rients, ard if

so, $itlictt resources differ frqn bicrmss, ard wtrich foIlq,r tlre sane

pattern. Allocation patterns lv€re e:crrdrred setrn::ately for florering

ard non-florerirg plants.
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3.2 S\rdfr Site

See chapter L for ttp description of tlre study site.

3.3 I,EtHs

3.3.1 bllecticn of Secinprs

A plot of Lg2 *2 ,*= selected htrich iacluded a large, well-protected

polrrlation of H. plUes subsp. ufiessts. Ttre plot \m.s

snbdivided into 15 quadrats of L2 m2 eactr ard sarpting rms done

according to a rardcrn porrutation rettrod (I,Ioses & Oakes 1953) for a

fuLl calendar )rear. Fifteen to tvrenty plants here exca\rated ronthly.

Of ttpse five non-floreri:rg (<9 lears) ad five flcx^ering plants (see

Chapter 1) rrere selected eactr rrcnttr for chsnical analysis. Ttre

florcrilg plants r€le selested as those htridr $Duld florren or had

flqrered in tlre calendar lear. l[?re non-florerilg plants inchded only

"flEdiLtrIFsized" plants, l*rile flo"ering plarrts rer€ "large sized" (see

Chapter 1) . 1l?re interpretaticn of bicrmss ard nesotrrce allocation

ptterns necessitatcd ttre ca:efu1 crcnsideration of ttp fact. that tlp

five plants selecEed rardcrnly eactr nrcnttr for anallrcis rould be expected

to \raay considerably irt size. It is not alvals trnssible to use suctt

data to dmw fi.r:n conclusions about ttre nrrvgrent of rmtenials, because

Ern inocease or decrease in tlre total arrrcllnt in an organ can cqIE about

hy (i) iryort or o<5nrt, (ii) a change of identity (eg. Iearres can

d"), (iii) loss, parf,icrrlarly of rots ard fnaits, or (iv) sinple

sarpling el::pr (E'itt€r & Setters 1988). ltre ter:n inflotescence l€s
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used for the reproductirre stnrctr::es f:sn llcvsnber to Febr^r:ary because

it \^ras difficult to distingruish betneen ttre dlfferent floral par:ts at

all tfues. Ttre floral par:ts rere only setrnrated during }Iarch, hrt for

the allocation lntterns ttrery r,ver= cqrbined to avoid crcnfusion.

3.3.2 Omical Arn-Iysi.s

lltre plants arxt soil herp dried in an oven at 60 oC until a crcnstarrt

IIEss t€s reached. I{ater crcntent r€s oq)l€ssed as percentage of bottr

the fresh ard the dry rrErss. Itre dry rnterial rms gr.ourd with a Wiley

lnill to pass through a forty nesh prior to chsrfcal ana11ces.

Concentrations of rmcro- ard micro+lsnents r,rer€ deter:rdned on

sultr*ruric-trnroxide digests with a PIre Un-icam SP9 atcrnic absorption

s@ (Allen ert a,1. 1985). Phosl*ro:ous vas detq:r[ned in

ttrc saIIE digests as ttre phosphorollrbdate blue-ocrplor (AIIen €rt a-1.

1985) v,ihile soluble caa'lcohldmtes ard st€urch rryere detsmined acocrding

to ttp anttusne reagent ard perchloric acid nettpds restr=ctirrely (Allen

€t, aI. L974). Ihry rtere ttren deterniled qcloriretrically with a

Varian IlechtJon rrcdel 635 double beam s@. Nitrogen tns

deter:nined hy Kjedahl analleis (AIIen e,t, a-1. 1986).

3.3.3 Hre Eertraticns ad Allmticrr
Resotrrce conc€ntrations r,rer€ deter:nined as ttte anount prpsent irt 0.59

dry rrErss of ttre constituerrt plant parf,s. Concerrtration trerds lrete
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identified for ttre plant pafts ard levels of significance hEre

ccngtated accrcrding ttre st#t test. Ihus ttre allocation of

resources r€s calculated as ttre prrcduct of the dry nass and ttp
qrtcentrations of ttte r€sources. lltre values used for plotting the

bicrmss graphs are rrean values for total plant rteight; ard ttrus

dqpnsbrate tsrporal ctranges in Gcrnponent rteights htLidr aJ€

irdependent of diffqrences in tlre total reight of plants. Seasonal

soil tttcisture qcntsrt tes deter:nined as a [Eroentage of ttre soil's drlr

IIEISS.

3.4 RESTIIilS AID DISESICN

3.4.1 Bimss

ltre seasonal distrilerticn of bicrmss for :eproductive ard

ncn-reproducEive plants is shcx*n in Figures 3.1 & 3.2

respctively. I?re nean perrentage ronthly soil rpistu:e scntent

(Fig. 3.3) for ttre study region illustr:ates ttte essentially

rcdito=aneartpe clirmte with r.itLich ttre strrecies is tlpically

associated.

Itre leaf-bases accounted for ttre largest pencentages (70.3 - 90.7t)

for bottr florvering ard non-florering plants of ttre total bicnass

t}roughotrt ttre ]rear. I-b€ver, ttre entire hrtb (leaf-bases ard

stsn) attained arxt rraintained over 80t of tlre total plant bicrmss.

Itre rnean hrlb bicrmss, 6.737 t 0.8379 dry nass, for ncn-florcring

plants vrrs crcrnsiderably lcxrer tlran ttre "milai-lrl.un critical bictmss"
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suggest€d for flo,ering plants (see Chapter 1). I-eaves @an

developrent in l,larch ard accsunted for 1.0 - 15.8t of ttre total
plant bicrmss betseen March ard August (Figs. 3.1 & 3.2). ltre

inflor:escrence derzeloped slcnvly betveen Septsnber ard Maarh ard

rcached relatirre peak bicrmss during April wtren tlre percentaEe

allocation to ttre inflor=scence t*ts ttre highest. Tbtal

reproductirre effort (i.e. all tlre reproductirrc stnrcEures) was

IlEirttairted betrcen 2* ard 68 of tlre total plant bicnass frun

I{ovsnber until April (Fig. 3.1). Itre rrcts in bottr cases represent

only a srmll frastion of ttre total plant bicrmss, wittr prcentages

ranging beB€en 0.59 ard 2.39*.

Ihe hilb dr1r rrnss does not shcr.r any rajor inc:eases for bottt

florcri-rtg ard ncn-flcr'ering plant during ttre trnriod of rapid grcffttt

betueen April arxt Septqnber alttrotrgh one r.ouLd ereect, an i-ncrease

in hilb dry rIESS as a resu-Lt of tlre addition of ns,v leaf-bases.

Inc:sases in hilb dr1r rrErss during ttris period rnrst irdicate

U:ansfer of naterial frqn ttre learres to ttre leaf-bases ard stsn.

Changes irr dry rteight of ttre non-1*rotoslzntlretic infloresc€nce stalk

increases frgn lrlovsnber to }Iar.ch.

3.4.2 Nrtri.ert Eertratims

Concent-ration patterns of tlre nacrsnutrients, organic substances

ard micronutrients wtrich Err€ described for rregetatitre trfiases of
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flo,rering plants €rre also atrplicnhle to tlre non-florering plants

(see Table 3.1; Afpendix 3.7.L - 3.7.4) so only ttrose for florering

plants Eu€ presented. ftre crrncent-ration rtrnges for ttre

leproductirre stnrctu:=s, vlz. inflor=scrences, flcners, fnuit and

inflorescence stalk, tvere not included in Table 3.1 hrt a:e to be

fourd i-rt Appendixes 3.7 .1 & 3.7 .2. Itre overall concentration

Ernges \^rill be discrrssed irt :elatiqt to other firdings. ltp
calendar IEar rftrs divided into four phenological trnriods ard the

results €rr= discussed in relation to ttpse. Iftrqe r=source

crcrncsrt-::ations ard allocations have similar patterns significance

levels are only presented for one or tcrc resources.

3.4.2.L e54nautly arnrmrrt. ppgid with mdd ryoArcAitte

&velqun belo gutrd (Jannry - krnry)

Dring tttis period al-I rmcro-nutrients, ocoept lih, harre relatively

trigh crrncentrations irt ttre reproductirze stnrctu:es. The

crcncentrcation levels for l,Ia r,rer= significantly tligher in the trcots

than elsq*pre {t(4) = 315.703, p < 0.00005} rcith the ranfing order

being rcots (R) > -:eproductirre strustr::es (RS) > stem (St) >

leaf-hases (I,B). Eryally high l=lative concenbrations of soluble

cartohldr:ates rrere present in the reproductive stnrctu:es,

Ieaf-hases ard stsn, hrt starctr had significantly lcner

crcncEntJratiorrs irt tlre r=produc{ive stmctu:res than the stgn ard

Ieaf-bases {t(6) - -Q.275, p = 0.0052} wittr t}p ranking order being

ccncentrations in all plant prts.
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3.4.2.2 Re1rodEtive 1rerid (lrardr - A1riJ.)

The tmc:o-nutrient concentrations w-6t= rraried in all ttre

qcnstituent plant parts, hrt rrer= sigrnificantly higher in tlre
l-earres (L) than elsev*rqe {eg. K: t(21) = 22.376, p < 0.00005) wit}r

the ranking order being L > Reproductive strrstu:es (Florcrs, fnrit

ncnstrrrctural cardcohld::ates (M), soh:ble cartohldrates ard

starctr, ueLre ru.rch higher in tlre leaf-bases ard stsn than elsewtrere

{eg. SoI. CIXS: t(L8) = 3.413, p = 0.0031} wittt the ranfing onder

being LB > St > L > R.S > R. Tlre micrc-nutrierrts Or, I&t ard Fe r,rere

generally higher in ttre mts ard repr^oductirre stmctr::es than

elsqihere, hrt rrer= not significant {eg. Fe: t(19) = L.422, p =

0.235) wittr ttre rarking order being R > R.S > L > St > LB. 1l?re

Gcnqentr^atic,n levels of 7,n r€re generally ocnstant in all tle plant

paa'ts atttrangh ttre follcr,ring r"r*irrg order las identified: St . LB

of[)R^S>L.

3.4.2.3 Vefta;Uive pernd (rny - Aryust)

Drring ttris priod the mqp-nutrients N, trQ ard phos$nte (P) ware

significantly higher in tlre leaves t}an i-rt any other plant par:t

{eq. N: t(32) = 4.746r p < 0.00005) urith t}re ranking being L > R >

St > T.B. Ihe crcnc€ntraticn levels for K ard tila vere ructt higher in

the learres ard :oots than elss*trele, ht higher ccncentr^ations nere

fourd in ttre learres than ttre roots {eg. K: t(32) = 4.562, p =

differrences in Ca conc€ntr:ations \,rere fourd for all ttre plant
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pa::ts. Ihe TIE crcncentration levels rrc:e significantly higher in

the stem ard leaf-bases tlran elsewtrq= {eg. So1. CtXf,: t(381 =

L4.284, p < 0.00005) with the rankirtg order being St > LB > L > R.

ltp miqc-nutrients ltr ard Cu have significant high ocncentrations

irt the roots than in any otlrer plant pa::t {eg. Cu: t(35; = 13.453,

p < 0.00005) with tlre rantcing onder being R > r.B > L > St. Dring

ttris tine of tlre lear it aIIEars that ttre leaf-bases have higher

Gonc€nt-Liations of 7.n ard Ee tlan other plant par:ts hrt these a:e

not significant {eg. Zn: t(351 = L.227, p = 0.24L31. ltp ranldng

orderisLB>R>St>L.

3.4.2.4 rerar1""= "id (Se$fu - reoe*pr)

Drring ttris trnriod ttre a@ts have significantly higher

crcncentr:ation levels of tlre nacrp-nutrients N, I4f arxt P tltan

elser*rere {eg. N: t(33) = 13.919, p < 0.00005} wittr the mnfing

order being R > LB > St. lltre qcncentr:ations for tla ard K rrere also

significantly higher in ttre r@ts ttran tlre other qcnstituent plant

parts {eg. K: t(39) = 19.359, p < 0.00005} wit}t ttrc ranJcing order

being R > St > T.B. Ca crrncent:atiqrs here not significantly higher

for any of ttre plant parts tt(39) = 0.432, p = 0.6681). Ttp stsn

arxt leaf-bases have significantly tr-igher crcncentrations of IIE than

ttre lrcots {eg. So1. CtxS: t(33) = 18.829, p < 0.00005} with the

rantcing order being LB > St > R. the :pots have significantly

higher crcncentrations of ttre miqp-nutrients Mn ard Crr {eg. Cu:

t(39) = 10.956, p< 0.00005)wittrarar*ingorderR>LB> St, hrt

differrences for ?,n arxt Fe vtrere not sigrrificant teg. zn: E(27) =
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0.724, p = 0.4947\ alttrough ttre ranJcilg order LB > St > R was

identified.

ftrc qcncerrtration ftmges for all tlre rmcro-nutrients, er(clspt K, rte:e

corparatively lcr'r to ttre prrcposed "t1pical" ranges for plants (Table

3.1). Ilre mic:o-nutrients ccnqnre farrou::ably wittr tlre rangles, hrt for

the mts ttre crcncentration ranges rrer€ generally higher. lltre ranges

for starch her€ higher tlran tlrose fourd in otler stor:age organs, hrt

ttrc rralues for soh:bIe carbohldrates c€n[Er€s favourably. I?re

stiprlated ranking orders ve:e the dcnrirnnt 1Etterns for ttre r€souLces

for the phenological Snriods, hcnvever minor derriations r,ere present.

llhe leaves ard reproductirre stnrctures had ttre highest crcncentration

for mcst of tJre mcrpnutrients (Tabte 3.1; Appendix 3.7.1) ard terqnral

differcnces betrc€n ccnponents r.ere parf,icularly striking for N, P, K,

soluble carbohld::ates, ard sta::ch, all of s*dch have been dsrcnstJrat€d

elssrhere to be b:anslocated or leacted frsn senescirg stmctu:es,

pa::Lioflarly leaves (Staaf 1982). Leaf N aver^aged L.524 t 0.201

g.kg-l frsn l{archduly ard rsrained high until t}re t}re leaves

senesced in August retren N crrncentrations declined. N crcncent-rations

for ttp inflorescences (infloresc€nce stalk ard flcrrc::s irclusive) rc:e

relatirrely high for ttre enti-re flcr,ering period ard, unlike tlrc learres,

did not decline as ttre inflorescence rmtured. It sesrs like1y that N

rqained high in tlre r=productirre stnrcEures because of ttre high N

rcquirsrEnt of de'veloping seeds wtrere it is stored (V*tigttam 1984 ) .

Elrcept, for trigh values during the mrrttrs of lGrctr ard I,Iay for tlte stant,
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N in the hrlbs shored no distinct tenporal patters. Ttre high root N

concent-rations might be attrilrrted to tlre presence of vesicu-Lar

arbrscrrlar micrcrzhizae i:n ttre roots, a crrmpn featr::e of plants

inhabiting envirolrllEnts with a lov nutrient status, wtr-ich ttrus

fascilitate uptake of inorganic nitrogen (N. Allsopp trErs. cqrm. i

Ianncnt 1982).

1[?pte lrerc no terqnral trends for any of tlre nacro-nutrients in ttre
stgn ard leaf-bases. Like N, P ard K concentrations uere highest in

nsil leaves ard declined in senescing learres. W, Ca ard tila

crcncentrations lvere also high in ne*'r lea'ves ard ttreir concentriations

vere sLill rcIatirrely trigh irr senescing learres. fttra & Mitchel (1955)

have dernrnstrated tlat cancent-rations of irnncbile elsrents like Ca

incrsase or asrain high i:n senescing st:rrctu:es prinarily because thry

are :etaired in cell raalls.

Ittiopnutrient crcncentrations (h, F€, I4n ard Ol) verc rrDr€ rrariable

thart the naoonutrient qcncentriaticrrs ard seasonal trntterns rre:e also

appa:srt. Ivlicrpnutrient crcncentrations ttere generally high in tlre

Ieaf-bases, stam, Iearres ard leprrcductirre strustur€s ard all had a

t-erdenry to i-ncrsase late in ttre lear (July ard August). ftte high leaf

values for July ard August suggest that tley are not translocated nor

Ieadred frun serrescing leaves ard are ttrus retained in the cell tmlls

(Grtra & I4itctrell 1955 ) . l[tre data for the micrpnut-rients suggest that

thry might be sto::ed tltoughout tlre plant in Enntities sufficiently

lange enough to nask arry clear patterns of translocation.
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Soluble cartohldrate ard starctr crf,nc€ntJiations in ttre mts ard learres

hele generally lcr.r ard varied qcnsiderably for all ttre seasons. Ttre

leaf-bases and stqn crcntained tr-igh crcncentrations of soh:lcle

carbohldrates p:obably because thry serve as rmjor sinks for storage

artd as najor sourc€s frsn wtr-ich TIE are translocatea a,rring vegetatj-rre

ard teproductive develotrnent. Ihis inplies that ttre rmin fi:nction of

ttte hilb might be to hrild up sr:rplus resources ard t}rat ttre aerial

parts develop at the erysse of ttpse rpsources in the hitb hrt i.rr

return tlte leaves produced photoslznthate. Ttre reproductive stnrctu::es

(inflorescences, inflorescence stalk, flcrrer:s ard fndts) crcntained

high concentriations of TlE. Ttris irdicates that a considerable anu:nt

of reserres are :equired for ttre initiation of reproductirre organsi.

3.4.3 hssnl ltutri-ent Allmti.an

Although ttre leaf-bases rt€re regaaded as ttre mjor storage plant

part, four gerrer^al allocation patterns r,'ere identified ard are as

folloes:

1 Relatively large alrounts of tlre t€sources N, P, K ard Or a:e

allocated to ttre leaves ard stsn f::crn llay to Atrgust (Fig.

3.4). ll?re rajor resen/es rsmins in the leaf-bases.

2 l,tajor stor^age of Ca, I'tg ard ltn occlrrsi in the leaf-bases, hrt

considerable allocation to ttre stsn th:oughout ttre lear ard

minor allocations to tlre learres ard reproductive st-ructu:es

(Fig. 3.s).
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Ilajor storage occurs in ttre leaf-bases ttuotrghout tte 1rear

altlrough tlre stsn also seryes as a sirk, eg. soluble

cartohld:rates, starctr, ?,n arxl Fe. Relatirlely srmll anounts

are allocated to ttre learres (April Attgrtst), tsots

(th:otrghout ttre year) ard reproductirre stlanctur.es (Jan

April) (rig. 3.5).

I4ajor storage of I,Ia in tlre learres vhictt senle an inportant

storage ccrtpartnEnt for ttre elsrent during the growttt season.

Arpunts allocated to ttre rsots ard stsn are rpderate

th:oughout ttre ]Ear. Negligille alluunts a:e allocated to the

reproductive strrctures (Jan - April) (fig. 3.7).

E'or ttre non-florcrilg plants allocation trntterns mi:=ored ttpse of

r=productirrc plants ard a:ce ttrer=fo:e not discussed setrrerat-ely.

Ttre seasonal allocation of r=sources wiII be discrrssed in tlp four

periods as identified in ttre previotrs secticn. Ihe storage ongans

\rere fourd to crcntain 82.2 - 88.3t of the f:esh rl,eight as vat€r

throughout ttre lear h*Iich irdicates ttnt r,eter stor:age rsrains

crcnstant tlrrough tlre seasons ard it is thus not discrrssed

selnr:ately for each period.

3.4.4.1 eprsrUfy arrrrmrrt pgrnd wiul mded nepoard'ce

&celqut blm grud (Jan - Eb)

Ttre hrlb (Ieaf-hases ard stsn) accrcunted for ttre enti:e nutrient

hdk during ttris period (Fig. 3.4 - 3.7). Considerable anpunts

4
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of llEtcrp-nutrients, rt€ ard micro-nutrients rrcu1d be expected to be

allocated to reproductive stmctu:es develotrrrent. Ilre leprrcductive

stnrstures accpunted for 1.4 to 5.7t of ttre nnc:p-nutrients, 0.4 to

3.4t of ttre M ard 0.7 to 5.3t of ttre mic:o-nutrients of ttre totat

starxling nutrient stocl<. lltre leaf-bases crcntained ttre largest

alrlf,unt of rmcrpnutrients pr=sent in ttre plants. I?ris r=pr=sented

greater than 80t of tlre total tmqpnutrient crcntsrt of ttre plants.

lltt€ general trrerd for ttre rmqpnutrient crcntents rras tttat

exhibited by Sntassir-un (Fig. 3.4). Only sodiun is differrent (Fig.

3.7).

3.4.4.2 nepmaraine 1rerid (Irardr - A5ril)

lftrc hilb also accrcunted for tlre largest nutrient tnilk during tl.is
period. A laryre amcunt of tlre nacrenutrients, lIE ard

micro-nut-rients $DuId also be er<pecE€d to be allocated to

t=productitre stn-rcEu:es ard seed develogent ard for ttre initiation

of nen leaves (F.ig. 3.4 - 3.7) althotrgh ttre reproductirre stnrctr::es

accCIunted for only 6t of ttre total plant bicnass. It is cunonly

sul4nsed that florcring ard fnriting nrake a drain upon the food

resouroes of a plant (Grainger 1941). Reproductive oagansi

(inflotesc€nces, inflorescence stalk, flcr,ers ard fndt) accountsd

for a sml-I arrount (0.2 to 8.2t) of ttre total rmcrsrutrient, 0.2 to

5.9t of the Ittr ard 0.9 to 12.8t of ttre micronut-rient stardirg

stak v,tlictr dsnlnstrate ttte retabolic dsrerds. of ttrese reprrcductive

organs. ttre reproductirre organs r.ere pr:ticrrlarly enriched in K,

soLuble carlcohyCrates ard to a lesser extent P (see Apeendix 3.7.1)
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while N, Ca, Iq ard starch shorrcd minor ctrangres except in April

wtrcn fruit develotrnent !€s crcrpletect. Itre fnrits crcntained

considerable arrpunts of mc:pnutrients (8.2t), organic sr:bstances

(5.9t soluble car:icohldrates ard 0.8t starctr) ard miorcnutrients

(2.4 to 12.8t) at ttre end of tlreir develorgrent. Teaf initiation
accsunted for 0 .2 to 1 .4t of ttre TtiC, 0. 3 to 9 .2* of ttre

mopnutrient afit 0.5 to 5.5t of ttre micrcnutrient starding stock

hitLictt also dsncnstr^ate retabolic dsmrds.

3.4.4.3 Vqetatire perid (llily - Aryust)

llhe hrlbs ser:ved as a rmjor food ard nut-rient source for r=sotrrce

ocnsuqtion during ttre establistnent of herlcaceous abore-grourd

organst ard mts. At ttre @inning of ttre grcuring season, ttrc

aIIDunt of TIE increased ::apidly drich my have been a :esult of

astive photoslznthesis or starch, tlre stor^age mterial during tlre

unfavourable leafless trreriod, being h1d:olized to rrDrro- ard

disaccarides. Carbohldrates stored in ttre hilb prsvided for rapid

gasrrEh of learres during winter. As tlre leaves erearded

aloregrouna the nevrly produced mtter accr.uru,rlated in ttre hilbs

tttaough translocation, v,tridr guarantd tr-igher net productivity.

lhe nrcst puninent featr:re of ttr.is period r,as that the leaves

serrrcd as strcng sinks for K (L2.4 to 20.1t), N (10.9 to 21.8t), lE

(5.9 to 16.1t) ard pa::ticularly for tla (28.4 to 50.1t), hrt for Or

(7.2 to 10.5t) ard ltn (7.3 to 9.9t) only during the latter part, of

vrirrt€r. tr&derate ailrcunts (1.5 to L7.1t) of P, e;a, 7.n ard Fe r,ele

allocated to ttre learres, hrt correspondingly lcr'er levels (0.4 to

2.9t) here fourd for soluble cartohyCrat€s ard sta::ctt. Corpared
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with Imcaonutrients, Icrr,er percentages in tq:ns of allocation for

the micrpnutrients r,rere for:nd in ttre leaf-bases, stem ard leaves.

Corpared wittr ttp rmcronutrients no nujor diffqrences in

pencentaEes of Fe (approxirmtely 53.68 - 90.76t), Cu (approxinately

74 .01 84 .03t ) , 7n (approxtuetely 51 . 35 85.75t ) ard lrr
(appoxinately 55.55 85.51t) terc fourd in ttrc leaf-bases. t?re

stem accurnrlated 0.0034 to 0.2900 ug (0.84 to 43.45t) of ttrc

miosnutrients present in ttre plants (Fig. 3.4 - 3.7; see Appendix

3.7.1 ard 3.7.5).

Ttre mts r,rer= urder-l=tr1:=sented in terrns of the alLocation of TIE

ard 0.30 to 14.39t of tlre total nacrcnutrisrt stock of ttre plants

uere allocated to tlre mts.

3.4.4.4 rrurlgas [rerid (Sept. - Ec)

Dring ttlis period ttre leaf-bases ard stern a:= the tmjor storage

sites (see Apeendix 3.7.5). Stored food for r:nfavourable

crcnditions is usually irr ttre for:n of sta:rch (It[coney & Billings

1950, 1951, 1955; Fonch & Bliss L965i Risser & Cottam 1958; Hc c

Rees 1,975). 1[tre dec:ease in starctr f:sn ttre end of the groring

season, if any, can be attrilerted to :espi::ation (Risser & Blisser

1968), because att active cells respi:e ocntinously ad

cartohldrates sewe as respi:ratory subsb:ates (Salishry & Ross

1985). Star:ctr is tlre prirmry reserr/e naterial ard is stored alrncst
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when assimilation stants, appa:rently at ttre @inning

ard rcaching a rrExiJrlnn at ttre crcnclusion of ttre g:oriring

season.

An furpoa-tant featu:e of ttre TIE results p:esented is that irt H.

pteses subsp. pbes floral for:mtion begins at ttre tine

of mxinun carbohldrate content of ttre hrlb, viz. drlring ttre latter
part of ttris period (Fig. 3.5; see also Chapter 1). It is also the

tfuie of ttre highest ratio betrcen total niErcgen and total

carbohldnate (1 : 117). Chael & Winsor (1965) stated that nitrogen

deficienry delaled flcrter hxl differcntiation ard also decreased

tlp size of ttre learres, flcr,er:s ard reduoed hilb yield (Nistrii &

Tsutsui 1963). Although ttre auttro::s stress tlre irrqnrtance of

niUrcEen for floral delrclogrent tlrry haven't sutrplied data to back

tteir statgrcrrts, hrt for ttr-is pa::ticular trrtrulation ttre ratio 1:

117 r€s sufficient for ttre plants to florer. l[he aoquisition of a

sufficient nitrcgen to ItiE r:atio ccmbined rqittr a mi-rrinun "critical

bic[Ess", can be regaaded as an inqnrtant adaptaticn for floral

initiation of plants inhabiting nutrient trcr ec)slstems. Florer

iritiatiqt cetainfy ap[Ears in general to take place only wtrcn

tlrere ar€ adequate sutrlglies or stores of r=sources, €{1. ItiE, ard

the hrlb has reached an initial "critical minfumm bicrass" (see

Chapter 1). I?re present results shcrc that th-is strncies, raking its

inflorescence irLitial at ttre @inning of ttre do::rnnt lnriod, when

it has ttre highest crrrtent of TIE in the tutb ocnpared to ottpr

tines of the year (Fig. 3.1 & 3.5).
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Dring ttte leafless rrcnths ttre leaf-bases crcnstituted 53.91 to

89.81t of ttre total rmcrsnutrient crcntents. Ttre stsn accrcunted for

3.55 to 34.32* of tlre plarrt's nacronutrients. It can be said t}rat

tlte stgn seryes as ttte secord la:rgest sill< for the mcrpnutrients.

Itre results p:esented for ttre micrp-nutrients in ttre previous

period (Uay - Augir:st) a:e also atrplicahle to this period.

llhe changes of dry r.,reight a:e fairly closely rcflected b5,r similar

changes in tlre total cartohydrate (Grainger 1941) as might be

e4rected, sincre this kfud of resource account-s for such large

Inraentages of the dry lteight - nearly 90t when abor/rytpurd g:silth

c€ases iJl Arqust (Fig. 3.1 & 3.5). the total nitrcEen in ttds

strrecies cornrersely is in general lon due to ttre h-igh total

carboh],rCrat€ arxf dry rteight (Figs. 3.1; 3,2i 3.4 & 3.5).

Ctrnielsmki & Ringius (1987 ) stated that dry weight can be used as

rrEasure for bicrmss-allocation patterns for the follcnring rsErsonss

f . it reflects ttre integration of all physiological processes

ttuonghont ttp season (Abratramson & CasseII 1982);

2. it is sfuple ard fast to use;

3. bicnass reflects ttre fi:nctional astrrects of all assimilatiots;

4. it is the best arrailable rEasure of resou.nce allocation for

cqrgaring strrecies gludng in differrent envirrcnllEnts wtrcn the

arrailability of ard slncies requiaqlEnts for, pa::ticular

nutrients a:e unlsrcmn (C,rcss et, al. 1983); ard

5. energy ccntslt ard dry rteight eryalty reflest energy
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allocation trntterns in plants (HiclsrBn & Pitelka 1975).

As a IIEastu= of resource allocation, ttre proportion of bicrmss (dry

ueight) in various stnrstures !€s used. Alttrough ttre use of dry r,veight

as a llEasure of resource allocation in plants has been criticized

(llhcnpson & Ste$rar:t 1981), it has been shcr*n ttrat bicnass is ttre best

atrailable rlEasure of r.esource aI]ocaticn concerning the strncies

re+LiaqIEnts for particular nutrients (Grcss €t. a.t. 1983) if they

harre not been detendned.

As descrilced H. presets sr:bsp. preses allocated a ocnsiderable

proportion of its bicrmss to its belcrvjrourd stnrctu:re. Resource

allocation Sntterns ttrat were calcrrlated on the basis of total plant

raeight rrEry be biased hy tlre inclusion of tte prennial belcn'rjrourd

stnrctu:res tlat r=present serreral ]rear^s accr-urnrlation of bicrmss (Gross

et, at. 1983). In contr:ast, above-grcurd st:rrstures in herlcaceous

perurrials represent only one year's or fevr mmths grclvttt. Ttris

strncies shcx*s a relatirrely constant annual allocaticn of bicnass to its

hrlbs, pa::ticrrlarly with ttre addition of leaf-bases, in bottt

reproductirre ard non-reproductirre plants. Itre reprrcductitre stnrcttr:es

accounted for a gmll arrrcunt of plant production. l[?re leaves shcnrcd a

par^Licularly mcderate propoft,ional investnerrt in bicrmss ard l=sotrrces

at tlre tine of rradrmm 1*rotoslmtlresis. Leaves rtere rictr in trntassium,

calcir:rn ard parf.icularly soditun. Thry also ccntaJled qcnsidq:ab1e

antcunts of iron ard oopper.

lltte dange

aptEars to

frsn rregetative to r=productirre phase in ttris species

be deteunined by ttre accuru.rLation of reserve food irt the
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hrlb as descri-bed for AILirm victcialis ssp. platl4tryllrm (Kar,mno

& l{agai 1975). Ihis is perhaps an optjnal betravior:r in an envi:orrrent

wtt-ich generally has high stability ard predictability. Pitelka ert

a-1. (1980) regaded son:al r=production as a hxr:ry in drich a plant

irdulges irt to ttre exEent that r=sources Snrrnit, as !*rs tlre case in

Aster aorninabrs. In particular ilre very high mineral crcst of so<r:a1

reproduction IIEry dictate ttris betraviour trnttern, ard ttris is sutr4nrted

by the incr=ased elqrent allocation to son:al r=producticn i:: H.

pressts subsp. plUes. Van Ardel & Vera (L977 ) stated that ttre

allocation of mineral nutrients to :eprrcductirre tissues rose wittr

incr:easing nutrient level (efeenaix 3,7.L & 3.7.2; Figu:es 3.4.1 -
3.4.4), hrt not irt a rrrulner prcportional to ttre arrf,unt of nutrients

absorbed per plant.

lltte hdb is ttre storage orlan of H. ubssrs subsp. prbssts ard

Gorltains a substantial f::action of total bicrmss ard resources

throughout the )rear. Ihe fuI1 develotrnurt of reproductirre stmctu:es

occur=t in llarctr, using reseryes accurnrlated in the hrlbs. Allocation

patterrs of bicrmss ard l=sources irt :eproducEive plants trete fourd to

be omsiderably differcnt. Itre fact that ttp flonering ard

non-florvering plants o<tribit ttre sane relative dry ratter allocation to

various vegetatirre organs, suggests that ttris strncies [Dsresses a

rather fixed pro$arnE of drlr rmtter allocation to varying vegetative

crcmponent parts of the plants.
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fhe nechanisnrs governing ttre differrentiation ard erq>ression of

reproduction irt th.is strrecies a:e not raell r:rxier:stood at present. lltre

irdividuals with scnsihat larrger bicnass aIIEar to e>qr:ess r=producLion

(Fig. 3.1 & 3.2), sincra the dryrmtter econcmy of ttris slrecies is of a

tlpical perenial t1pe. Rodrigues-Perei::a (1954) has dqonstrated ttre

pr€senc€ of gibberellin-Iilce substances irr Iri.s h,tli& are

translocated to ttre atrnx during crcld trreaErEnt whidr noumlly preced.es

flcr,er initiation. Ib suggestcd that the failure of florering in snnll

hilbs might be due to an insufficient total arrcunt of gi-bboel-1in-Iike

substances i.tr tlre h.rLb-scales. tb stated tjat ttre concentration of

gi-bberellin in ttre hrlb scales is r=latirrcIy crcnstant, hrt that a large

hilb r^Duld qcntain a larger total anount; it is thsefore rorc likely

to flcnrer than a smller hrtb. If ttrese substances are shcrrt to be

fupticated irt flor:a1 initiation in hrlbs, it rrculd parl,ially erplain

the depndence of flotering on hrlb size. A sirnilar recharrisn night

otrn::ate to ilfluerrce hrlb-size in H. plbes subsp. urbsts ard

a "shortage furd," cCIu-Id regulate floral initiation.

According to van Arde1 & Vera (L977 ) resource allocation patterns

differ fron slncies to species, ttrus ttre dissimilarities betrteen

bicnass allocation patterns ard resou:rce allocation ptterns fourd irt

one trq>ulation of a strncies cannot be gener:alized or ortralnlated to

other sSncies. Different intraspcific 1ntt€rns have been obsewed

betrreen pprlations of rre,rtnson tlt4nrs ard di-fferent interstrncific

ptterns betheen s1=cies of SoUdry (ebrahanson & Caslrell 1982).

Similar allocaticn trntterns \rere fourd in different trntrxrlations of
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ftgrlaria di,sofc (Vfrigtram 1984). T?rus tlre data pr=sented here for

H. Fbsqts subsp. pressrs nnrst be trcated with caution as it
represents only cne trntrrrlation.

I?p cuncentrations of nutrients in rapidly developing stnrstu:es, such

as the learres irt Marctr, crrrresSnnds to patterns of ottrer strncies

(Vhigttam 1984; tihult & Cagnon 1988). Ttre tsrporal displacurent bet$Een

florcring ard leaf forrration rray allcnr orptinnl utilization of

r€sources. Ihe rapid senescence ard deorrposition of tlte learres

releases tlte nutrients to the soil, wtrene ttrey ray be reabsorbed bry the

rmts.

Bicrmss allocation trntterns il non-r=productirre plarrts r.ere fourd to be

inegular ard to \rary qcnsiiderably f:sn npnttr to rnrnth (Fig. 3.2) ard

can be ascribed to ttre variation in sizes of ttte htlbs selected. Ittis

is also atrplicahle to flotering plants, hrt bicnass allocation trntterns

irr rmture ard old reproductive plants are expected to be t=Iatitrely

uniforrn ard stable (Fig. 3.1; see Chapten 1). It is not }ncxpn hclc tte

occlrrrence or bicnass allocation in florerirg plants is influenced b1r

p6nlation density.

T?re rrain surrirral strategy of ttre strncies ap[Earst to be c€ntered on

lraintaining r=sen/es accr.ururl-ated i:r tlre bulb. tt. pbees subsp.

ut'essrs shored a relatirrely fixed bicrmss allocation strategy for

tlre najority of irdividuals wittrin the poErlation. Similar regiularity

has been obsewed in ALLirn wictcialis sr:bsp. platl4ftylfm (Kauano

& tfagai 1975). Itre ability of the slncies to
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ncbilize ard r=-use restricbed r=sources is an iJrpoatant prcperty wtren

coping with soils of a 1or nutrient status (Bcrurcn 1984) characteristic

of flnbos soils (Grrves et, a-1. 1983). Efficient rusage reans ttp
withdraval of large prsSnrtions of nutrients such as K, P ard N f:sn

leaves just before thry senesce. Alttrough elsrents present in fallen

Ieaves reptesent a net loss to ttre p1ant, the :elease of innrcbile ions

such as Ca, lih, tr@, Cu ard Zn hrould occur only th:ough decrcnqnsition

(Bcrren 1984). Bouren (1984) stated that ttre ability to store

appteciable quantities of nutrients vitren not requi:ed for grovrth is

urdotrtedty a nnst furyortant attrilerte in coping wittr lotr nutrients.

!€stman & Rogers (L977 ) sugEested that tlte develoErcnt of large

urder4ourd bicnass, such as ttrc hrlb, is a reslrnse to trnor nutrition,

ard partly a strategy for protecting mino:al ard drlr mtter resources

frcrn firae. I?rc advantage in ttre develogrent of an urdergrcurd sto::age

organ is its substantial catrncity for storing nutrient-s, an ability
wttidt shotrld hrffer ttre plant against rrariaticrns in sqply ad dsrErd

of nutrients frsn season to season ard after fir€ (Read €,t aI.

1983). ltp nutrients Err= used for ttre establistnent of herbaceous

aloregrruna stnrctues ard rots whidr in turn a:e involved in ttte

assimilation of photosynthate ard tlre absorpEion of elerents whictl

crcrrtri-hrte tsmrds tlre replerristnerrt of ttre nutrient stock. At the

crcnclusion of tlre g:s,sth season tlre nutrients a:e retrieved ftsn ttp

senescing stnrctr:re for storage. Itris fi:nctional behaviour of

geophltes is regarded as h-rxrry ccnswption (witkomki e Mitchell

1989). I?re leaves ard reproductive paa'ts harre r:apid deccnposition

::ates ard ttrus ttre nutrients a:e :eleased easily ard leached into the

soil ard thus a:e arrailable for reabsorption.
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3.5 qlgIErcls

Ttte results confircn tlnt r=source ard bicnass allocation trntterns rrcre

distinct. Ttrus irr estirmting ttre allocation strategy withirr

trqnlations of ttr-is strncies, it $Dul-d not be pndent to neasu:e bicrmss

ard assuIIE ttlat it :eflected allocation of aII resources. Itre hilbs

shcrrcd rrariable storage calucities for hardling ttre :esources. Ttre

derrcIogrent of an urdergrourd storage organ i:n H. pees subsp.

ulbssts might be regarded as a rectranisnr to cope wittr tlre lcrur

nutrient status of tlre fynbos bicne. ll?rus the de'velorgrent of

urdergrourd storagie oagans can be ocnsidered as an admntage ccngareO

to other life for:ns in fynbos. I'ltren ccryarcd wittr sclero,phyllous

sSrecies the nutrierrt stock of geophytes Eu€ safenuarded against

disturlcances wtrer=as irt sclelrcphyllous str=cies nutrient stocks a:e

qcncentrated in the abovejrourd phltcrmss ard can thus be lost during

disturdcance, €9. fiae, thlptryh tlre volatilization of cer:tain nutrients

ard also the nmrcff of nutrierrts detrnsited as ash drring tlrc rairry

season.
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APPENDTX 3.7.2: Micronutrient (mg.kg-1 d.*) concentrations in
the plant parts of h.

(reproductive plants).
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APPEIIDIX 3.75: Biomass (9. dry mass) changes in the plant parts of

reproductive plants of E. pubescens subspecies pubescens.
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APPEIIDIf, 3.7.6: Biomass (g. dry mass) chahges in the plant parts of

non-reproductive plants of II. pubescena subspecies pubescens.
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4.1 INEMEMCN

Since leaf ard shoot grovttr, flcnering ard fruiting rcquirc nutrients

o\ler ard above those necessarlr for plant m.intenance, it is obrious

that the seasonality of these activities nurst be :=lated to patterns

of absolute ard seasonal amilabilitlr of nutrients.

At tlp GxrrlEncsrEnt of eactr na,v g:ovttr season, mineral nut-rients ard

organic substances carzied over in ttp cor:n f:sn the pretrious season

ale used for production of a nsr generation of leaves ard roots, ard

flcns:s if the plant has rcactred reproductirre age. these organs

then beccne in uptake of furtlrer mineral nutrients f:sn ttp
enviroruIEnt ard assimilation of organic substances wtrich ccnprise a

pool frun whidt the ne!,r season's corm ard seed will d::aw.

In ttris paper the seasonal ctranges in allocation trntterns for certain

miner:al nutrients ard organic sr:bstanqas are described. Nibrcgen,

trntassiuun, nagnesir.un, calcitun, ptrospton-rs, sodir.trn, zinc, IlElnganese,

qlpper ard ircn ard ttre organic sr:bstances starch ard soluble

cartohldrrates (CxO) vrEle i:vestigated. Seasonal changres irt

allocation trntterns for eactr of ttpse nutrients r,rer= plotted in a

rrEulner that rms descri-bed for dry veight in Chapter 2.
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4.2 nEtrG

4.2.L S:trdy Site ild seqrtirry

See Chapter 2 for a detailed acqctrnt of tlre studlr site ard ttre

sarpling rretttods aplo5pd.

4.2.2 PLnrt l|ateri^al ad narvestirry of Plants

See Chapter 2 for a detailed acqcunt.

4.2.3 ernl1eis of PLilrt egars fc llater ad Hres

See Chapter 3 for a detailed acqcrrnt of ttp netlrods eplol@.

4.2.4 Hre Esrtraticns ad Allmtian

See Chapter 3 for the rettrcds arplo5@.

4.3 RESTIUII; AID DISISSION

4.3.1 Hre Esrtratiqs

Concentration trntterns wittr

constituent plant paft.s ar€

]rear $rts divided into four

levels of significance for ttte

girren in Table 4.1. Itre calemder

tr*renophases ard the r=sult^s a:e

https://etd.uwc.ac.za/
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Table 4.1 Concentration patterns irr the eonstituent Lrlant
part,s of S- SarrCiflora subsp. fir*rllata durirrg
bhe differenb prhsnologi,:al phases of the year.

Symbols:
#* = p < rl.D1 (Hiehly Significarrt)
* = p j. 0. Cl-: (Signif icant.)
NS = Not SiElnifir:rnl

L: Leaves; C = {lorrn; R = Rcrol-s; RS.= Reg-,scdr,-,a.ive St.ructures

PHENOPHASES CONCENTRATION PATTERNS RESOURCES

Dc.rmant Pericd
(Jan - March)

Corm Only AII Elenenis

Vegetative Perir-d
(Marctr - August )

Repruluc.tive Period
(Aug - Oct)

L :,** R )l'* C

L >*x. Ll ;NS g

R >'t,r. L ,>XS g
C >*,F L >++ R

K

P, N, Ca, Mg
Na, Mn, Zn, Fe
Starch;SoI.CHO;Cu

L )x,r. RS >** R >i.r. c
RS .r+ C 2Ns L >+,r. R
R >'F* L >,F'r. C >Ns RS

c >'Fr RS >r.x L >*JF F.

P, Ca, Mg, K
N

Zn,Fe, Hn,Cu,Na
Starch, C[{O

Seriescent Period
(Oct - Dec)

L >{.,t RS >** C

RS rlts L >** C

RS >+ C >+.,t L
L >,r.* C 2xs pg

C. >,** RS 2xs 1

Ca, K
l'lg, P
N, FC

Mn, Zn, Na
Cu , Starch, CHO
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discussed in r.elation to tlese.

4.3.1.1 [ffirt. krid (Jan - I{ardr)

For this period t}re crcrm is tlre only aestirrating rregetativre plant

part,.

4.3.L.2 Vegetal i\le Erid (I|aadl - Aryust)

ltrst of tlre nacrpnutrient ocncentrations rner€ significantly

higher in ttre lea'.res, micrpnutrients ard tla in ttte mts ard

starch, CIx) ard Cu in ttre Gcrrrs. I?re leaves r€re par:ticularly

furyortant during ttr.is trfiase.

4.3.1.3 nryoarUve krid (Aqust, - mfu)
Ttre pttern of the rregetative period rras largely naintained

duriag ttte r=produciirre period, wittr tlre :reprrcductive stnrctu:es

also having csnsiderable conc€ntrations e:<cept, for tlte

micrpnutrierrts ard Na wtr-ich rer€ significantly higlrer in the

mts. lhe corrn, as alr,alzs contained significantly higher levels

of sta:rch, hrt ttre Gf,ncEntrerticrrs of soluble cariohldlates in tlp

oorm v€r€ not significantly {t(40) = 1.0357 p = 0.3067} higher

than ttpse irt ttre reproducEirre stnrsEr.u€s although thry tele

significantly higher than in the ottrer vegetatitre pafts.

4.3.1.4 Sercsstt kid (mtu - re#)
@ncent-rations of ttre soh:ble cartohld::ates, starch ard Or wale

significarrtly higher in ttre clcrfn. Itre learres still had
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significantly higher sf,ncentrations of ttre nac:pnutrj-ents K ard

Ca, ard tila ard tlre micrpnutrients }tn ard Zn, ttnn occtrrz€d

elssrtrere. Ttre nutrients (resources) N, F€, I4f ard P tqe
generally higher in tlre ::eproductirre stmstu:res than else,itrcr=,

hrt this rcas not significant for l,lg ard P {eg. Iqs t(41) = L.027,

p = 0.3268).

4.3.1.5 Gerela-l Di.sorssicn

Ttre learres crcnstituted tlre rmjor plant prt for ttp rmcro- ard

micronutrients ttr:oughout tlre assimilatory trfnse. Ttte

crcncrentrations irt ttre learres rtere significantly higher for all

nutrients than in ttre ottrer plant trnr:ts. Ihe mioo+larents,

inrzolrrcd photoslznthetic activiFl, vLz. 7.n, ffiI ard Fe (Evans &

Sorger L965i I'ltrigtnm 1984), hd ccncentraticns that rraried frqn

0.011 to 0.262 rg.kg-l (see efeenaix 4.5.1). In tlre case of

reproductirre croncentration, ftorrers r,'81€ r=Iatirrely lcnv in ttp

mjority of ttre elatents, occept for N, P ard K wtrictt rtele

particularly enrictred (see Apperdix 4.5.1). fte fruits qcntai-ned

a significantly higher crcncentration of a1l ttre nutrients tlnn

the flcners, e)rqspt for Ca ard lila.

Drring tlre fia^st Urc rcnths of vegetatirre grotcttt ttp roots

accurrrlatcd considerable lerzels of nutrients. Itrelsafter ttte},

shcned a substantial decline for N, K ald P. Itre lnttern of ttte

tlu€e rsrn-ining rmcr:o-nut-rients here consistent with a fevr minor

flucEuations. A possi-bility l^as that nutrients rlrele tmnslocated

to ttre rpots f:sn ttre paLEnt colm dr:ring ttre initiat g:owttt
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phase. At ttre end of the g:owth season thqf nay be translocated

to the above grcurd IEI:ts as it senesced, or ttp nutrients nay

sinpty be lost to ttre soil ard later :eabsorbed by the plant,

wittr or wittrout an interuaning clale of U-tter deo:nqnsition

(Boren 1981).

4.3.2 Rmne allmtiqr
Ctrnielsmki & Ringuis (1987 ) stated that dry weight can be used

as a rrEasurenEnt for bicrmss (see Fig. 2.5) allocation lntterns

for ttre folloring l€asonss

(i) it :eflects ttre integration of all physiological

pr:ocesses thruughout ttre season (Abrahamscn & Castilell

L982)i

(ii) it is sinple ard fast to usei

(iii) bicrmss reflects ttre functional astrncts of all

assimilations;

(iv) it is ttre best arrailable rrEasurp of resou::ce allocation

for cqearing slncies gnsdng in differcnt ervi:prnents

wtren ttre arrailability of ard species requirslents for,

particular nutrients EII€ r:nlgrcnvn (C'rcss et, al. 1983);

ard

(v) enel3y crcntgrt ard dry rteight equally reflect' eneagy

allocation trntterns in ptants (fndsnan & Pitelka 1975).

ftrey sbcessed that differsrces i:r allocation of :esources to

various tissues nay irdicate differences in adaptation or life

tr-istory str:a@ies.
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Alttrough ttre corm was for:nd to be ttre rmjor storage plant organ,

six general trntterns rtra= identified ard a:e as follops:

1. Relatively large anounts of tlre rmcrpnutrient K are

atlocated to ttre learres than to ttre storage organ during

both ttre vegetative ard reproductive periods (Fig. 4.1).

l[tre trerd is tlre sane for P, l0 ard Ca ard the leaves while

pr€sent are mjor sinks for thes elsnents.

2. Relatirrely similar anpunts of Ua (Fig. 4.2) a:e allocated to

ttre rpots ard lea'ves at ttre @inning of tlre rregetative

period. Equal alrounts ale allocated to tlre learzes ard

daughter oclrn during ttre reproductive period with an abntpt

decline at ttre @irrning of ttre senesc€nt period (Oct, -
IIov). lltre sane is t-nre for ttre leaves. Relatitrely c.onstant

arrrlunts of tila were pteserrt in tlre p:rent cor:n ttrroughottt its

Iife-strnn. D:ring tlre latter paaf. of ttre senesoent period

ttrere t€s an increase irt tlre arcunts of tila in the

inflorescencra stsn ard leaves.

3. Relatirrely large amcunts of tlre micronutrients Zn, Itn ard Fe

are allocated to ttre roots ard lea',res during ttre v,egetatitre

ard reproductive stages of the s1=cies. fhis trnttern is

irdicated for ?.1 in Fig. 4.3 ard is similar for ttre ottrer

trrc miqpnutrients.

4. Starch (Fig. 4.4) !ftIS unique irr that tlre parent- ard

daughter coIIIt5 11el€ ttre orly mjor sites for allocation.

llegligible allpunts of ttre 1€sourc€ r,rqe allocated to tlp

otter plant paa^ts ttroughout active Fcr,'rttt.
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See Fig. 2.6 (Chapter 2) for the symbols.
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Figure 4.6: Seasona-l. changes in nitrogen allocation (mg) in S.

graudiflora subsp. fimbriata plant structures.
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For the soluJcle carbohldrates (Fig. 4.5) ttrc pa:rent ard

daughter corrrs senred as mjor allocation sites, hrt

npderate arrDrrrlts here also allocated to the reproductirre

parts ard to tlp learres tlusr:ghout ttreir life-span.

For N ard Cu ttre Ieaves bec.cnre less irqnrtant in terms of

allocaticn after ttre incepEion of tlre r.eproductirre organs.

Tttis lnttern is irdicated for N in Fig. 4.5 ard is similar

for Cu.

llat€r is an essential resen/e for the slncies tluoughotrt the 1ear.

ltle coEIEi sho,ved a rrariable raater crcntent of 32.9 - 80.2t (Fig.

4.7). Itre storage organs of ttr-is strncies a:e often within 1.5 - 2.5

cm of the soil surface, wtrer= thry a:e o<trnsed to sever€ heat ard

dessication in surnEr ard to fr=quent r,nterlogging during winter

wtr,ich explains ttre fluctr:aticn in ttre trnrcent water qcntent of tlte

storage organ. I?ris crrrr=Iation bet1teen r,nter cEntslt of the oc]ftls

ard soil rrcistr:re crrntsrt (Fig. 2.8) r,,as highly significant (n = L2,

r = 0.7663, p = 0.0037, y = 1.555x + 34.915).

Itre allocation 1Etterns for the l€sources during the phenophases al:e

sunmrized in Table 4.2 ad ane disctrssed in relation to ttp

tr*rcnotrfiases.

4.3.2.1 IM, krid (Jarnnrlr - ilaadl)

Itre Gclan accrcunted for ttre enti:e nutri-ent bu-lk during tttis

period (Fig. 4.1 - 4.5; see aepenaix 4.6.1)

5

6
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ALloca.Lir-rn palterns; in l-he constituent 6_,]:lt.,1. part_s
of S. grandiflora subsp. grandiflora,Juring
rlifferent pl-rencrL-:gical phases of the yeat.

'table 4.2:

See TabLe 4. L fr,'i symbols

Phenopha':;es AIlor-:ation Patterns Resoui'ee

Dornract- Ferictl t--orm ,-,lnly A11 Elenrerits

N;P
K; Mg; Ca; I,tn;
Zr:; Fe; tlu
Na
Starch; CHO

Veget-ativi: Peri_od
(l'{arch - Ar:gusl,t

L2wsC>*+R
L >,rr. ft ;nS f

L 'r{.* C >NS R

C )'Fi' L >,Fr. R

B.eprodut: L i';e Per icd
(Aug - Oct,,\

Sertesc.:nt Pericd
(Cct - D-.' )

L >'r.'r. C _>'r.'F RS >* R Mg; Ca; Cu; Na;
Hn; K; P
Zn; Fe
Starch; CHO

L )** C >NS R >x,r RS
C '>** RS _rNS L )** R

C >NS L )*,t RS
C ',++ T ..# pC

l4o'
D.
rrun

l.l ;

Ca; K; Na
l'ln; Zn; Fe

c >+* F.S >.** L Cu; Starch
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4.3.2.2 VegetaLive krid (llardr - AryusE)

ltansfer of r€sources f:sn ttre parurt to ttre daughter crcr:n is

initiated during tJ..is trnriod. Itre leaves sera/e as a rnjor sirtk

to v*tich ttre rmjority of tlre rmcronut-rients, eq. N (up to

57.07t), K (up to 78.59t), Ca (up to 69.94t), tih (up to 54.50t),

I4g (up to 71.65t) arxl P (up to 64.20*) re:e allocated (see Table

4.2i Fig. 4.L, 4.2 & 4.5). Ttre micronutrierrt allocation to ttre

learres, {eg. Cu (up to 70.9t), 7,n (up to 58.70t), Fe (up to

70.95t) anf Ih (up to 59.50t)) follo*s ttre sare trnttern as ttte

rajority of mcrsrutrients.

Allocation of resources to the learzes are inportant since abready

irr April leaf ilitiation accrcr:nted for up to 28. 63t of ttre total

nacrrcrutrients, up to 16.99t of tlre total- micronutrients ard up

to 8.25t of ttre M starding nutrient stpcl< wtrich dsncnstrate the

netabolic dsmrds of leaf initiation alttrotrgh thry have

repr.eserrted only 11.53t of ttre total bicnass (see Fig. 2.5i Fig.

4.1 4.6). Root initiation also dsrpnstrated high retabolic

dsrards for nacrpnutrients (up to 51r68t), micronutrients (up to

53.67t) ard T!tr (up to 9.06t) dr:ring April alttough the trcots

only accsunt for 22.2L* of ttre total bicnass (see Fig. 2.6i Fig.

4.1 4.6). A.s ttre in sibr replacurent of the 1Elrent ocrn by a

daughter qc:rn takes place (see Chapter 2) tte alrrnrnt of resotrrces

allocatcd to ttre lna€nt colrn ar€ r=duced or diminished witlt ttte

daughter colln Ueccnring ttre rajor site for allocation during the

Iatter part of ttre vegetative period. Itre only exoeption is t'la
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for which ttre allocation trnttern r:smined r=Iatively crcnstant in

tlre parent cpr:n ard roots tlr:oughcrut the g:ohriag season. It€ in

ttre parurt ocrxr prorrided for rapid gruirttt of the leaves ard :oots

during w.inter. Ancunt of carbohldrates translocated to the

:rcots, wtlich also deterrrdle rpot grohrttt (Davidson 1968), lcts

orceptionally lcr,r ttuotrghotrt ttre glcffttl season. A.s the leaves

becrcne estasblished abovegrourd the ner^ily produced ratter is

trranslocated to ttre daughter colfn, $rhich guaranteed higher net

productivity. the leaves contailed consider^able amcunts of

soh:ble carbohldrates (8.25 to 51.51t) of ttre total starding

nutrierrt stocl< wtridr can be ascri-bed to astive tr*rotosynttrcsis

during ttlis priod.

4.3.2.3 Qrdraire Rrid (Aryust - Octtu)

l,Ia:rinnnr allocation to ttre reproductive orrgans (Tab1e 4.2i FLg.

4.1 4.5) occurred for aII ttre r€sour:ces during ttris period.

Reproductive organs (inflol=sc€nce stsn, flcrrcrs ard fruit)

acqcunted for up to 25.31t of tlre total naopnutrients, up to

12.40t of ttre total micronut-rients ard up to L7.61t of ttp TlE

starxling strck wtrich dsncnsb:atsd ttre retabotic dsmrds of tlsn.

It is ccrrlpnly sq4nsed titat florering ard fnriting rake a

senious dl:ain ulpn ttre food l=sources of a plant (e;raingen

1941). Itre :eproductirre organs r,re= particularly enriched in P,

N, K, soluble carlcohldrates ard to a lesser extert I'Ig. AcocrdiJlg

to Knaus & I0:a)rbi1l (1918) plants usr:aIly tsd to flqter when ttte

latio of cartohydrate to nitroEen is high as depicted in Figures
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4.4 4.6. The daughter corn becane the rnjor plant par^t to

vtrich tlte rmjority of ttre r=sourc€s r,vere allocated, orceSt for K

ard P for r*rich the leaves served as a rmjor storage si-nk, as ttp

parcnt corrn becare delnuperate to*a:ds ttre end of tttis period.

Ctranges in ttre amcunts of soh:ble *rt oryat t"" in ttre

inflorescence stqn ard fndt rrer= striking (Fig. 4.6), since

these organsi ar= initially ga.een ard crruId rnnufastu:re

carbohldr^ates to scrrE degree (Grainger 1941) . Ilre :elative

alrcunt of so}:ble carbohldrates incr=ased in tlp daughter coun

(46.L7 to 58.40t) wtrilst tlat of tlre leaves, r=prrcductitre

st-rtrctu:es ard pa:rent corm diminished hy a similar amcunt,

irdicating the transfer f:sn ttre plant parEs to ttte daughter coun

tcrnrds tlre end of this period. I,legligitable arrnrnts of sta:rctt

her€ present il ttre learres (0.71 to 4.1t), :oots (0.134 to 1.07t)

ard reproductive pr:ts(0.43 to 8.74*).

4.3.2.4 Seresrt kriod (mtu - mffi)

Ttre:e rES rrExiJrrfii allocation to ttre daughten crcrm during ttlis

peniod (Table 4.2i Fig. 4.L, 4.3 - 4.5), except for tila wtlidl

shcned a declease (31 .23 tD 26.57\) for ttre amlunt present in ttte

daughte corm during ttre reproductirre period (fig. 4.2). Ttte

parerrt coEn becrcnes totatly detrnutrnrate hV ttre end of October,

those r€senres ard ttre photoslznthate f:sn ttre leaves, rrcots ard

reproductirre organs are translocated to ttre daughter clcr:n

atttrough it has constituted only 54 to 75.59t of ttre total

bicnass. It seryed as a par-tiarlarly sbrcng sink for ttp
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occurred in Septsnber, orcept for nitrcgen, copper ard starch

wttich reached lrnxiJmnn allocation dr:ring l,Iorzsnber. lrtileral

nutrients ard organic substances r,rere rpbilized frsn ttre

vegetative ard reproductive orgclrs to the derrcloping daughter

carrn during ttrc assimilatory trfiase (Fig. 4.1 - 4.5; see Fig.

2.6). At ttp end of the senesoent-phase variable net losses r.,e:e

reocrded in the plant par:ts for all ttre resouroes.

P ard K are verfr phloan-lrobile ard a-re generally withdrawn frun

serrescing organs $dth tr-igh efficienry (Ioneragan e,t, a-1. L976), ttrus

it is surprising that ttre senesced learres and reproductive organs

r=tained Iarge arruunts of ttpse elsrents at ttre end of tte senescent

trnriod (Fig. 4.1). K is also associated wittr ttre rsvsrent of sugars

irrto ard out of tlre phlom (Baker 1978i Saftner & I{yse 1980), vttich

is the generally accepted pathvny for redistrilertion of carbohldrates

ard minerals (Loneragan €t, aI. 1975). Zn, Ifn anf Fe a:e nutrients

wittr limit€d robilitlr whictr Erre generally transfea'rced frstt the xylsn

to ttre phlen ard tJcanspnr-ted to ttp rrarious plant parts (Loneragan

et, aI. L976i IIiII €t, a-I. 1979) (Fig. 4.2). Ca, tr$ ard tila a:ce

gerrer:ally descri-bed as innrobile elsrents in tlre phloan (Canny L973i

van Die L974i l-one:agan €t, a-1. L975i Ziegler 1975) ard ttrc very

high anpunts in ttre senesced vegetative ard reproductive plant parts

is tlre:efore not surprising (Fig. 4.1 & 4.3). Lono:agan €,t al.

( 1976 ) erphasized tlat ttre robility of ttre u:ace-elsrent Cu is

qcnditioned by a nlmber of factors including ttre ctrr:rent

envirumental conditions, the leveI of external supply, tlre

nutritional status of ttre plant ard its stage of de'rrcloErant at ttte
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Table 4-3: Loss of reserves (%) f rcn vegetative and reproductive
i-11ant parts during the senescent pericd (october to
December).

x Denotes an increase

Table 4-4: M.bilizsgien of reserves (i() from parent corm during
esbablishnent of new sesson's growth (Harch to August)

Table 4.5: Sr:asonal- productivity factor in terms of increase in
Jry* iratt,-.r and r.'eserve capital.

Table 4-6: Factor indicating
for reproduction.

dry matter and reserve partitioning

N

Reserves Plani Part

Parent corm Leaves Inf1. sten Roots Fruit
Phosphon:s
Nitrogen
Pr:tassium
Sodium

97
98
g3
15
34
85
gB

97
oo

79
f.t4
gg

t.l

B4
7lt
57
?o,U
6D
82
7B
Bg
77
81
65

76
96
36
31*
17
23*
l{'
A?r*
=t
20
20
90
85

90
83
86
39
81
64
6B
83
57
75
74
90

94
82
S5
an
oa
g3

BO

85
57
-,tr

gt
g6

lUn
Calcir.:rn
Copper
HanElanese
fron
Zinc
SolubLe CHO
Starch S

ct{o P I'r^rict Ca l,n Culle Mn lltareh
g194

IT

35

H

(1tr atC 9745 B6 on

Fe

;59 gg. B79

D. H. CHO t)
L K IIa Ca He Zn Mn Cu Fe Stareh

2.7 aa .7A 3.1 !.i) 1.4 1.8 7.7 1.3 1.9 otrU.J 2 2.9

D.l'{ cHo P N K Na Ca Mg Zn I'fn Cu Fe Stareh

7L 298 49 25 83 45 118 37 18 119 2L4 L4 3293
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in relation to drlr rEtter, mineral nutrition ard organic substances

carre f:sn assesrrEnt of ttre ability of ttrc plant to irtc:rease its
capital in tlre daughter crcr:n (Table 4.5). This vas orpr=ssed as a

"productivity rating" (Pate & DeII 1984), in wtr-ich the arpr:nt of dry

rmtter, minq:al nutrients ard organic substances in ttte strrecies at

the end of the gruring season (in daughter corm and seed) ras d.ivided

by the alrJunt of tlpse r€sourc€s present at ttre beginning of the

grui/th seasrr in the prent co:mr (Pate & Dixon 1981). According to

Pate & Dixon (1981) a productivity value of less than unity r.tould

denote loss of that resource frsn ttre plant during the growttr season,

wtt-ilst a r,a1ue greater than unity rrculd denote a gain of capitat b1r

the plant ard its reprrcductive trn::ts (Table 4.3 & 4.5). Dry tmtter

ard reserfre pa::titioning for rregetatirre ard sorual r=production rms

erplolzed as a curqnrison of ttre :elatirre crcsts in tqcns of

5*rotoslznthate in fillilg ttre cpnn versus forning seeds (Table 4.6).

Table 4.5 shq*s hcw effectively this geophytic strncies added to the

capital rlhidl it had ca:ried over f:sn ttre previous lear. Table 4.4

strcrss that ttre econcrfi]r of P, N, ard K to harre been o<tretely

efficient (85-95t) in tne utilization of ttre sta:ting :eserrres of ttre

pa:ert Gcrm for gru,{th earty in ttre season. An alrpst equally

efficient withdrarml of ttrese sarrE nutrierrts frqn senesced vegetatitre

ard retrlroductirre parts at ttre end of ttre gr.cmring season.is etzident

(fbb1e 4.3). Itre resuLts descri-bed for t}-is strrecies Gmpar€

farrourably with o<isting data for geophytes (Pate & Dixon 1982; Pate

& Beard 1984).
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Ihe ocrm of this slncies incrreased in dry rteight frqn its inceptic,n

tiII ttre etd of ttre grcrrttr season ard during th-is tine becanE a

prog:essirzely nore inqnrtant sirrk for photoslznttrates. lltre dsrard for

assimilates by tlre corm could be an iryortant factor irt tlre

regulatic'n of the ptrotoslmtlretic activity of leav,es ard florcring

stqn sirtce it has been st:lessed that the presence of an actirrc sink

for rurcving photosynthate frsn ttre leaves is inqnrtant to mintain

high rates of leaf photoslzntlresis (Ginzo & LoveII 1973). l]pically
annual ircreases for tlre bicnass ard ttre resources associated wittr

developing crcrrrs for ftgrl.aria (Vltrigtran 1984), Strylidirm

ptiolare (Dixon et, aI. 1983) ard for tlre nsrest gnr:ticns of

rhizcnes in Aster aonirnUrs (Ashnun €t, a-1. L982) have beert

fotrrtd.

In the case of tlre ottpr elsrents (trQ, Ca, lih, Fe, Or, Zn ard lfir) the

rpbilization frsn ttre rregetatirre ard reproducEive bicrmss $er€ lo,"er,

eslncially in the case of Ca, tila, ard Fe vltre:e senescence losses nay

r=pr=sent frsn 15 to 87t of an initial r€surce. ftre incteased

rralues denoted for ttre funobile elsnents lih, Ca, Cu & Fe (Table

4.3)can be ascribed to ttre fact ttrat tlpse elenents becrcne tied up in

ttre crall rmlls (Grlla & l4itctrell 1955). Pate & DeII (1984) stated

that seasonal loss frqn rregetatirre ard :eproductive pa:f,s (orcept

seed) of ttre plant rrEy be visrcd as a rrecharlisn of ridding ttrc plant

of ercqess arpunts of ttpse ard ottrer elsrents suctr as CI. Ttp rralues

girren irt Table 4.5 shorred rrariation i.rt "productivity rati::tgs. "

Specific elsrents (P, N ard K) ard tlre organic sr:bstances shorted

'values of betr,reen 2.8 ard 3.4. l[tre micro+Iqents ard ttte rsraining
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ntscrp-nutrients shcr^Ed relatirrely lcnr rralues of betreen 1.3 and 2. A

h-igh vaLue of 3.5 r€s recrcrded for Cu. SoIubIe caftohydmtes ard

starch shcrrcd rralues of 2.2 ar:d 2.9.

Ttte robility of K, N ard P, ard solulole carbohldrates and ttre

Jnnobility of Ca, Iih, W, 7,n, Cu, Fe ard !h a:e rteIl docurented

(fonda & Bliss L966i Risser & Cottam 1968; Epstein L972; Ginzo &

Lovell L973i l-onelngan L976i rran Ardel & Vera L977 i Bayly & Shiblery

L978; Pate & Dixon L978, 1981 & 1982; Abrahanson & Cas\€U 1982i

!'flttigham 1984; I{auLt & Cagnon 1988). T?rus, it sesns togical that t}re

variability i.tr resourc€ allocation fourxt rrrrs r=al ard was to be

er<pected. rlhat t€s inpressirre r^lere ttre clear trends in :esource

allocaticn even witlrout accrcunting for all ttre trnssiJcle sources of

variability.

Bovren (1981) stated that ttre ability of a plant to store atrpreciable

quantities of rpsotrrces v*ren not requircd ard to ttobilize ard re-use

rest-ricted l€sources is an inqnrfant proper^ty wtrcn coping with lcnr

nutrient-s. It therefore secrues an adeqr:ate sutrply of one or IIDre

Iimiting nutrient(s). An o<anple of efficient re-usage r,,as ttp

withdraml of large prcpor-tions of nutrients suctr as trntassitrn,

nibmgen, phosphorus, soluble cartohyd:rates ard starch frcrn ttrc

rregretative ard reprrcductirre plant parts before ard during senescence

(Fig. 4.1 4.6i Table 4.3). IGrIson (1985) stated that efficient

internal reutilization of nutrients couLd be anottrer featu:e enabling

a species to ccmbine a smII rrct sllstan with a large inrestnent in

reproducticn. Alttrough elsrents pr€sent in senesced learres :=present
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a net loss to ttp plant at that point in tine, wittrout scne

phosphate, [Dtassiun ard nitrogen ard ottrer elsrents in ttre litter,
Iittle deocnposition and release of inrnrbilized ions such as calcium,

copper and zinc hrculd occur (Bcr$En 1981). The ability of ttris

slncies to store nutrients during periods of incrsased active g:urttr,

wttich are used dr:ring periods of reduced availabiliQr is regarded as

Iuxury consurption (Stock et, aI. L987 i Witkorcki 1989 ) . Ttese

plants thus [pssess scne ccngretitirre aduantages over sclerotr*ryllous

species httictt perfitit geophges to surrirre unfarrourable corxlitions,

ard to carry rpsources frsn one gruiring season to the next.

I€stman & @er^s (L977 ) suggested that the large urderground bicrmss

is partly a reslnnse to trnor nutrition, ard parf,Iy a strategy for

p:otecting dry nutter, mineral ard organic r€sources fr^crn fi:re ard

unfavour:able qcnditions, ttrus ensuring rapid re$fiption of shot ard

leaf rregeneraticn after hrning ard dr:ring ttre onset of favou:cable

clirmtic qonditions.
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APPENDTX 4.6.22 Monthly biomass weights (g. dry mass) for
component parts of s. granrrifrora subsp. fimbriata. Arl values

are means (t standard error) for five samples.
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5.1 I}{mCtIEft(N

H. 1uhses L.f. sr:bsp. preses is an endsnic geophytic

strrecies of ttre Souttr-rtestern Catrn, utr-ich sunrirres ttre unfavourable

season in ttre fonn of a dor:mnt hilb (Srr-ijrrErr L984). It stores

Iesourc€s irt laterally ccrq>:essed scale-lile leaf-bases wtrich a:re

packed togettrer irt tvo ranks on a vertically-ccnpacfed stsn

(Raunkiaer 1934; Pate & Dixon L982i Snijrnn 1984).

Geophytic ronoscts acqcrrnt for 15t of tlre Cape Flora, ard for

tvo-ttti:ds of the mcnocots of this flora (Goldblatt 1978). Studies

of l€source allocation in Eeopfiftes for ttre Souttr-qestern Caln have

been neglected altttotrgh ccrrceptual fr:anerrorks ocist to descri-be

allocation Ftterns (I{ar"er & Ogden L970i ttic}sran & Patelka L975i

ItuLler L979i Abraharson & Casuell L982i Grpss et, a-I. 1983; llure &

Cavers 1983; Vrhigham 1984).

The cc'ncept of r=source allocation is gmo:ally described as ttre

qcnnection betl"Een fitness ard ttre allocation of sqre cnrcial

substances irt a strncies. Allocation inplies ttre mrvqrEnt of

tmteriaLs differcntially to ard frqn mrious oagans (Fitter &

Sett€rs 1988). Resource allocation trntterns of plants are crcmsidered

https://etd.uwc.ac.za/
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a furdanental astrnct of ttreir life-history strategies wtr.ich inchde

iJrpoatant fi:nstions such as g:or,*rttr, reproduction ard ttre naintenance

of vegetatirre stnrcEtr:es (IGruano & t'Iagai L975i Abraharson 1979).

Ttte use of bicnass allocation (the protrnrf.ion of total bicnass

stored in each organ) vuas originally introduced as a rrErrrs to study

r€source allocation by l{artr:er & Ogden (1970). ftrcnpson & Stermr:t

(1981) questicned the use of carlcon as the primrlr limiting r€source

i.rt plants ard suggested that nutrient qmtent also be inrzestigated

irr r=source allocation studies because in certain geophyEic strrecies,

as for this s1=cies, ttre bicrmss of ttre belcr'r4ror:rxt storage organ

repr=sents ttte sumation of several lrears of gru*th (C,:oss €rt, a-1.

1983).

lltp plants harre a hleter:anttrous florering trnttern vtrich allorm ttre

arroidance of Snlliration o:npetition (Dafni €'t a-1. 198L) ard tlp

leaf-trnriod spans ttre favotrrable winter season. It \tould thus be

oq:ectea tlat lrSrrlations of this s1=cies rculd also be adapted to

tieir ervirorrrent in a p:edictable nenner with :espcE, to resou.rce

allocation. Ibrk has shcrrn that r.eso:rce allocation in plants is

ttp result of both tlpir grenotlpe ard their envirorurEnt ard intm-

ard inter^specific rrariation harre been illusb:ated for bottr bicrmss

ard nutrient allocation (ttarper & Qden L970i I{aa"er L977 i

Abraharsqr & CasreI1 1982).

Wittr these considerations irr miJd a studlr of tlre l€ffirrce allocation

otessre subsp. urhssts hulbs l*ts urdertaken in orderofH
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to gain a better urderstarding of its life-tr-istory strategy. Ttre

objectirres of tlp study \rer=:

1. to describe ttre bicrmss allocaticn in the leaf-bases of bulbs of

reproductirre age,

2. to deterrrdne ttp concent-r:ations of ttre .rzarious nut-rient elsrents

ard carbohldrates ard see if ttrele is any trnttern within ttre

leaf-bases,

3. to crrnparc ttre allocation of various nutrients irt tlre

leaf-scales ard stsn of ttre btr-lbs

4. to inrrestigate wtnt nutrients o<tr-ibit aLlocation trntterns

simil-ar to bicnass, ard

5. to fird out hcnv ttre storage capaciQr of the stal crrrqnr"es wittr

that of the leaf-bases.

5.2 SITB DEnIPII(N

See Chapter I for detail site descriptiqr.

5.3 I{EtrUE

5.3.1 offr^Flrof G sEmElE;

A single, Iarge, rtell protecEed trqrrlation r,,as selected for ttris
stuCy. Itre poprlation r,uas sacrifioed b1r destnrctive rsnc\ral of

the plants for ageing ard chsnical anaI1rees. Sarplilg rms done

irt SegtemUer 1988 after ttre seasonal die-bad< period of ttre
alove-g:ouna lnrtion of ttre foliagre learres. AI1 tlre strncinens

her€ brcught to tlre labor:atory wttere thry t,rete cleaned ard

dissected. Ihry here crrt through ttreir longitrdinal redian

https://etd.uwc.ac.za/
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aged as illustr^ated in Figrre 5.1 ard descri-bed in

ll,rcnty-ttu€e ]Ear old plants her= used for ttre resource

allocation Snttern strdies. ftre plants rter= trnoled into thl€e

batctps of thr.ee eactr. lltre leaf-bas€s rt€re dissecEed frqn ttre

stern ard g:ouped accrording to ttreir ages aflt dried at 60oC

until tle veights stabilized. Itre stgns rtere dried setrnrately.

5.3.2 enallzsi.s of lffi, stmqe Ggill fc mter, dry mttetr,

nirsa-I qrterrt ad car+drtr+rates

Water qcntent !*ts exp:essed as a percentage of bottr tlre f:esh

ard ttre dry rrEtss. Ilre pooled drlr mterial rms ground wittr a

Witry mill to pass th:otrgh a forty resh prior to chenrical

anal1ces.

See Chapter 3 for a detailed acof,trnt of ttre nettrods arploled for
qcncentration ard allocation deteurdnations of tlre resources.

5.4 REIIIilS AID DISISSIC{

Ctrnielewski

neasr:.Erent

IF'ISONS3

f. ir

& Ringius (L987) stated t}at dry rrElss can be used as a

of bicrmss allocation Sntterns for the follcr,ring

reflects tte intcAration of all phleiological prpcesses

https://etd.uwc.ac.za/
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Figure 5.1: Longitudinal section of a Sixteen year old E.

pubescens subsp. pubescens Bulb (Numbers indicate

how the chronological age of the leaf-bases was

determined).

o€,

c)
d.-/
i.f"e
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ttupughout the season (abr:ahalrsc,n & Cas\,€II 1982);

it is sirple ard fast to use;

bicrmss reflects ttre functional astrEcts of aII assimilates;

it is ttre best available rreasure of resource allocation for

ccrparing strrecies gpstiring in differrent envircnrEnts wtrcn

ttp ar,railability of ard species re+rirsrents for,

par-ticular nutrients are unlsrcnrin (C,rcss c,t, a-I. 1983); ard

energy content ard dry reight equally reflect energy

allocation tEttems in plants (fnclsran & Pit€lka 1975).

5.4.1 ffiraticn of Nrtrigrts in hrlb parts

Data obtairted for crcrntraticns of ttre elqents K, ?,n ard for ttre
organic sr:bstance starctr Err= shom in Figul€s 5.2 - 5.4. Liaear

legression anallzses lvEE atrplied to ttpse pr:cnrinent crcncentration

tr€nds. the iJrportant obsenvationsi a.r= Iisted belon.

1. Firre of ttre iJrpoa-tant raclp+Isnents (P, th, I'Ig, K, Ca),

soluble cartohldrates ard tvo of ttre mic:p-elqerrts (Fe ard

Or) shcnted a rrDl€ or less ccnstant c€ncentJration. (eg.

trntassiun, Fig. 5.2). Ttre astr.ral croncrenbsations of tlre

i:rdividual sr:bstances differed crcnsiderably with bottr

substance arxl organ.

2. NiErcEen shcrred a declining crcnc€ntration frun tlre loung-

to ttp old leaf-hases {n = 59, r(67) = -0.3262, p < 0.0062,

y = 1.355 - 0.190x). 1l?re sane trnttern r€s e:rcrrplified hy

starch {n = 69, r(67) = -0.4058r p < 0.0005, y = 29.96 -
0.326x) (eg. nitrrcEen, Fig. 5.3).

2

3

4

5
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In the case of tlre b,rc rqtaining nic:p+lsrents (Zn ard ltn)

qrncentration increased with leaf-base age {Zn: n = 59,

r(67) = 0.5137r p < 0.00005, y = 0.0614 + 0.0033x ard lfrr:

n = 69, r(67) = 0.4097, p < 0.0005, y = 0.036 + 0.0015x)

(eg. zinc, Fig. 5.4).

Itp absence of rmrked qcncentration tlrelds for p ard K is not

surprising since ttpse elenents are very phloan-robile and a::e

generally w"ittrdravm f:sn senescing organsr with high efficienry

(Loneragan €t, at. L976). Potassir-un is associated closely wittr ttre

mgvsrent of sugars into ard out of tlre phloan (Baker L978i Saftner &

Vfyse 1980), which is ttre gerrerally accrepted patlnmy for

redistrilrrtion of cartohldrates ard mirter^a1s (Loneragan G,t a-1.

L976 ) . Ihus ttre stanctr ard caaicohldate qcncerrtriaticrn trends for

this particular strdy do not depict a situaticn of tr-igh

ccncentrations irt ttre ]roung ard centnal/middle locatsd leaf-bases.

7.n, lh ard Fe a.:e nutrients vrith limited nrobility wtrictr a:e no::ral1y

tJransferred f:sn ttre )ryIsn to tlre phloan ard transtrnrted to tlre

rrarious vegetalirre parts of plants efficierrtly (Loner:agan et. al.

L976i nill et, aI. L979). Fig. 5.4 depicts that tlre zn (arxf l,In)

wtlictt rtEI€ taken up by ttre rsots or t-ranstrnrted f:sn tlre learres

during prerrious lears are :etained (tied-up) in ttre older leaf-bases

as a r:esult of thei-r limit€d robility. 6, W ard tla a:re grenerially

described as inrncbile elsrents in ttre phlen (Canny L973i Van Die

L974i Ionoragan €t. a-1. L976; Ziegler L975) ard ttre verlr even

ccncentr:ation distrileltion is ttrus suryrising. I-ono:agan €,t. al.

(1976) arphasized that the robility of trace<lsrents such as Or is

3
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Leci-bcse age 1n yeors
Figure 5.2: Concentration (g.kg-1 d.^.) trend for potassj-um in

he leaf-bases and stem of H. pubescens subsp.

pubescens bulbs.
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Figure 5.4: concentration (g.kg-1 d.*.) trend for zinc in the
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ocnditioned hy a nr-unber of factors includilg tlre ctrl:€nt

envirormental qenditions, tlp IerrcI of external sutrply, ttte

nutritionaL status of tlre plant ard its stage of develoSrrent at ttp

tine of studS'r. Grha & I4itchell (1955) stated tlnt ccncerrtrations of

furpbile elerents, eg. Ca inc::eases in senescing strustu:es

prirmrity because they ar€ tied-up in tlre ceII rmlls. lttus one

hould ereect high csnc€ntrations of the funobile rrElcrp- ard

micrsnutrients in ttre oldest leaf-bases wittr ccncentr^ation cunres

similar to Zn ard lfrr wtrich did not occur.

Ttre crcncentraticrns of ttre various rrErcrp- ard micr.o+Isrents ard

organic substances for tlre crcnstituent leaf-bases ard stsn of H.

pbses sr:bsp. urhssts bnllbs ar.e girren in appendix 5.7.1.

1[tre rrean concsrbration 'ralues for tlre nutrient elsrents ard

carbohld:cates of ttre ccnstituent hlb paft,s are given in Table 5.1.

llhe follorring crcnclusions r,vere rrEdes

1. Itre rmcrpnutrients shcrred relatirrely loc rralues wtrcrt

cqrearcd urith tlpical ranges (Epstein 1972i tEl.dtt & Snittl

L974i Iarctrer 1980 see Chapter 3 for ttre tlpical
qrncenb:aticn ranges in plant parts).

2. The micrpnutrients s<tribit typical high rralues wtrcn crcrnpar€

to tlre tlpical ranges (Stiles 1951; Epstein L972i fbhritt &

Snitt L974i Iarctrer 1980). ltris can be ascribed to ttpir

limited robitiQr (Loneragan et, a-1. L974).

3. Itre soluble carbohldrates rralues crcrrparce farrou:rable wittt

ttpse fourd in otlrer belornror:rd storage organs, hrt ttrc

https://etd.uwc.ac.za/



Table 5.1 Coneentrations

micronutr ierrts

(e. ke-1 d .m. )

pubescens subsp

':f the .macro-

(mg.kg-1 d.rn.) and

in the leaf-bases

prbescers bulbs.

(g-kg-1 ,-1.m. ),

r:arbohydrates

and stem of H-

Resource l-eaf -bases litem

xx SE SE

N

nr

K

1r.270

L.?27

13.366

:1. t'-:i63

[i .480

r.t.975

0 ..{5

a.D?2

0.394

rl.3c0

0.409

D.i)44

6.59

2. 188

13.4L3

6.288

10.085

0 .872

1.00

0.886

a ,.'t AL. OL+

0.958

2.831

0. 15sl.{,:

I{a

Ft:

LLI

Cr-t

Hn

Stareh

SoI. CHO

ji..i16

r-r I r-r 1r_'. i'j1

r"r ar'l')

,-t 
. r i54

ill,,3 .70

244.O2

0 . 021-

6.37x10-e

1 .34x10-e

2.7?xLO-s

6.930

11 Q.).)

r..) 1 Ofl

0.024

0.066

245.28

U . U.J+

n r..lo,l

r1.007

0.012

16.360

.2.500s.280 263.00
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starch \ralues \,ver:e qcnsiderable higher (Graiager L94li

Fonda & Bliss 1966 ) . It ttrus illust-rates their inportance

as a storage resenre for netr grurth ard retabolic

prpqesses.

Shatrer (198L) statcd that "ttle essentially ognsite betraviour of ttre

minq:al elgrents ver:$x; car&on trnols suggests an interastion bet$Een

tttstt. " lilrnally tlre lcrr nutrient le've1s lead to acstrrurlaticrr of

total nonstnrctr:::a1 car:lcohydrates (Sharrer 1981). This statenent is

based on ilre interpretation that girowttr is rrDle sensitive ttran

pttotoslznttrcsis to rrariation in mins:al nutritional status. Harrron

(1955 ) ocncluded in her study tlat in nutrientdeficient plant

o:nnnrnities, phosphate levels interact with ard have alr^a1ns

qrntrolled ttrc ecrcrronlr of ottrer nutrients, ilcluding nit:rcgen.

5.4.2. Bi-mss, lfirsal mrtrierrt ad Organic $Has Allmtiqt
Patterrs, ild llater as a Stcqe kre.

the variations in elgrerrt qmc€ntration betrteen diffel€nt parts

of plants harre been lsrcnmr for nany years (Snittr L962i Chapin

1980), hrt fse studies harre s<amined tlre tr*rerrcnencn of resou.rce

allocaticn in an ecological context or have lmked for its

ecological crcnelates. One asIECt is tlrat son:a1 reproductitre

stmctr::es accr.ururl-ate certairt minenal substances npre than do

vegetative strrstures. Itr-is has been noted for tJ@som

ttryrs ard several Soli@o strrecies (Abraharson & CasrcIl

L982) ard for Serscio syhratiors ard Ctmereiqt
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aryustifolirm (Van Ardel a Vera L977) in ccnparatirre studies.

Ttre leaf-bases and stqn accr-unrlated distinctly differrent anpunts

of bicnass, nutrients and organic substancras during develotrnent

(Fig. 5.5 5.8). Itre nutrient allocation for ttre leaf-bases

ard stern r€s e>rpressed as a per.centage of ttre total arflf,unt

accurnrlated irt ttre tr,o vegetatirre hilb prt,s. Itre r=sults rter=

o<pressed hy takiry tlre nean of trrc crrnsecrrtirre lears.

Lorest bicnass allocation (t) r*as to ttre older leaf-bases forred

during the jtnrcnile stage of ttre hilbs (Fig. 5.5). Highest

bicrmss allocation rms found in ttre central or middle leaf-bases

vtt-ich develcrped dr:ring t}re natu:= :=producLive stages ard a

lorner allocation was nnke to ttre loung leaf-bases fonred dr:ring

ttp old reproductirre stages of ttre bdtbs (see Chapter 1).

I?te r=sources wittr crcnstant Gcnc€ntrations (see setion 5.4.1.1:

Fig. 5.2) o<tribit allocation trntterns similar to that of bicrmss

allocation. ttutrient allocation is gener:ally described as a

ptrcduct of drlr rteight ard nutrient crcnc€ntration. lttre rmjoritlr

resource allocation lntterns miJoor ttre bicnass allocation

trnttern (eg. trntassiun; Fig. 5.5). Nitrogen ard starctr, wtr-ich

exh.ibit declining concentration trends (see section 5.4.1.2i Fig

5.3), ha're an allocation pttern wtrich deviates slightly frun

that of bicnass in that they r=ached pak allocation in ttre
leaf-bases that a:e trrc lears )rounger (eg. nitrrcEen, Fig. 5.7).
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ltrseafter thry shorred a decline similar to bicrmss. Zinc ard

rrEmgErnese, dtr increased conc€ntrations with leaf-hase age (see

sestion 5.4.1.3; Fig. 5.4) shored a decline in allocation that

des not tail off as rapidly as ttrat of bicnass (ages L4 -22)

(eg. zinc; Fig. 5.8).

Itre najoriQr (>50t of ttre total arount) of the bicnass, mirte::al

nutrients ard organic substanqes examined raere located in ttte

cenbral leaf-bases (9 15 years of age) (efeenaix 5.2).

Considemble lesser anpunts occarr€d in ttre 1or:ng leaf-bases

(i.e. recently fol:red leaf-basesi 1 - 8 ltears old qcntairted 23.5

36.5t) ad p:rc9:=ssirrely sraller anuunts (L2.8 - 18.3t) we:e

foud in tlre older leaf-bases (15 - 23 lears old). Fe ard Ca

rrele ttre only trrc miner:al elqnents with <50t allocation in ttre

cerrtral leaf-bases, with 46.2 ard 49.1t restrrectively. Cu has

had ttre highest accr-unrlation in ttre above-nentioned leaf-bases,

viz. 58.8t. Itre rmjority of tlre miner:a1 nutrients ard organic

substances harre had allocaticrn percerttaEes betveen 50 ard 55t

for ttre above-nenticned leaf-bases. Only four mineral elarents,

vLz. F€, N, Ca ard lih, harre had allocaticn trnrcentages f::crn 31

to 37t irt tlre loung leaf-bases. Itre narjority of substances had

Inr^centages betrcen 23.5 ad 29.4\. lltre trnftion of mireral ard

organic substances allocated i:r the older leaf-bases hatre

ccrrstituted L2.8 to 18.3t of ttre nutrient h'rIk stored in ttp

hilbs. ltre fracticn accr:nnrlated in ttre stsn raas or[y 2.2 to 8.0t

of the nutrient hrLk for ttp total hilb.
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ScnE 78t of ttre leaf-bases shcrred h,ater crcntents of >80t. the

stsn crcntained 83.64t of its f:esh r,reight as raater. A graph

shcn'ring ttre range of rmter contents obtained is shcr,rt in Figu:e

5.9.
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5.5 @EIISI(N

The allocation of ttre rajority of ttre r€sources does not differ frqn

that of bicnass. ftris is not a nov,el ocnclusion: variations in

elsrent crcncent-raticrn betrcen different paa-t of plants have been

loo*n for IIEny ]rears hrt fsr str-rdies harze sramined ttris pherrcnenon

in an eorlogical crcntext.

Itte leaf-bases do o<tribit differ€nt storage catrncities. F,:sn ttris

study it is crcnspicuous that ttre older leaf-bases are generally less

iJrportant i.rt terms of bicnass ard r=source allocation. I6st of ttre
:=lative bicrmss ard r=source storage takes place in ttre rniddle aged

leaf-bases. ltlre loung (i.e. mcst :=cent leaf-bases) stor€

retatirrely less :esources than ttre middle aged ones.

In this species ttre develotrnerrt of a crlptic adaptirre strategy can

be regarded as an ability to store atrpreciable qr:antities of

nut-rients when not rcquircd for g:srth is urdo$rtedly a nost

iJlporEant attrihrte in ocpirg with soils of a lcr'r nutrient status.

l[tp develognent of large bicrmss is regarded as trnr:tly a

res[Dnse to the lqc a\railability of nutrients, arxi partly a strategy

for protecting mineral ard dry rEtter l€sources frqn fi:re, a rmjor

disturlrance factor in fynbos ard regarded as ttte rmjor selectirre

agent for ttte life histories of seeders ard resprotrters. Itris study

girres scre irdication hcxu hlsteranttrous hilbotrs geopfi*es might

differurtially allocate ttreir r€sotrrces to ttre diffqent constituent

parts of the hdbs.
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crErlsI(x

lttre nesults of tlre pl=sent anallees of ttre orpr=ssion of ttrc

Iife- c1rcIes, pa€grarnE of energy expenditu:e (nutrient

utilization), afil reproductive efforts irdicated tJrat ttre trto

Eeopffirc.ic strrecies harrc strikingly differ:ent life history

str:ategies.

a S. gradiflca subsp. fir*riata is classified as an

annr:al qclalous EeophyUe wittr synantlrous leaves. Leaves ard

ftorrer^s are sinurltaneous ard tfie cpurse of events is grurth,

storage, ftotering ard donmncY.

H. pressrs subsp. plbsts is classif ied as a

perrennial btilbous geophlte wittt hyster:anttrous lea'ves, in

wtlich flcrrer:s arxl learres ap[Ear sequentially ard the crcu::se

of events is gruvttr, storage, doumnry ard flcr,ering.

1l?re storlge orlans of both strrecies have the characteristic

of rctainiJlg ard supplying r€sen/es for grorcttr in periods

v*ren net prcduction is reduced. I?re accunrnrlation of a

critical minfunnn le-rzel of storage mterial il.l the tt€

slncies is qcnsidered as a Prcrequisite for flor'ering'

b
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In H. urtesrs sr:bsp. preses a relatirrely long period of

ten ]Ear:s of vegetatirre grcffttr paec€des transition to tlre

florering ard fnritilg shge. In contrast S. gladiftoa
subsp. firrftriata requi::es a period of only four ]EarS of

vegetative grcrirttr before transition to ttre flouering and

fruiting stage takes place. l[tre ctrange frsn tlre vegetative to

rcproductirre phase in bottr these strncies aptEars to be

detesnined hy tlre accurru,rlation of reser/ed l€sources in ttre
urdergroud storage organsr to acquir,'e a "mirli_rtu.un critical
bicrtass". In ttre case of H. pbsers sr:bsp. pbeers the

"mirai-nun critical bicrmss" rms deter:nined as 69.1 t 13.19 f:esh

IIEss ard for S. gradtflera subsp. finftriata a crcrfn diareter

of 0.78 cm (0.37 g d.m. ). In tlre case of H. pbsrs sr:bsp.

qlhssrs it has shcr,m that irdividr:al plants my rerrert to

the jwenile stage if a "shortage furxl" is not sufficient.

S. gradiflca subsp. fintrriata, wtlictr can be regarded as a

colonizing strncies, allocates a gl€ater protrnr:tion of its
r=souroen to reproduction than does ttrc perunial Ionger lived

H. urbsqts subsp. urhssrs plants. Ihese Ionger lived

plants also reqrrirE rrDr€ r=sourc€s for self-fiEintenanc€.

Results have gerrerally sutr4nrted ttre ttreory that a tr-igh

reproductive allocation will be farnrred r:rder crcnditions of

densiQr irdeSurderrt norfality (r-sb:ategists) ard lcrc

retrrroductive allocEion urder densiQr detrurdent rortaliQr

(K-strategists). It follorre frqn ttrese results that an annr:al

EeophyUic plant suctt as S. gradiflea subsp. firtrriata has
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a higher :eproductive allocation (r-strategist) than ttre
perennial geopLrytic slrecies H. prbsrs subsp.

(K-strategist). Ttp strategy e><h-ibited by S. gradtElca

subsp. fintrriata is essentially one of in situ replacurent of

ttte cpnn crtpled hrittr extensive seed production. Resource

allocation is divided bet$jeen these tvo rmjor sinks ard urder

envircmlEntal qcrditions restricting grqrttr ttre crcr:n beq:nes

relatively rorc inqnrtant tlran seed production.

Marked differrences her= fourd irt tlre rorphological trntterns

arrf,ngst seedlings of tlre strdied slncies :elating to the tnrial
of the storage oagan for:red during tlre first season of growttt.

In the hilbou"s sSncies dcnn grurvttr of ttp octetldonary sheattr

ard activity of crontractile rrcots lver= ttre agencies fourd

resSnnsi-ble for prlling ttre shmt apo( urxfergrourd, ttrus

ensurirg adeqr:ate depttr of placurcnt of ttre hilb wtrich

subsequently fot:ted aaourd ttr-is truried aIEx. In ttp corfncus

strncies domnmrd placurent of the storage organ vas o<tribited

thptrgh the ag€ncy of conbactile roots. Ttre life-histories

explained for ttre strrecies represent a srml1 trnrtion of ttre

rrariations rrrtrid can ocist in Eeophges. It is eqfiasized that

the on@eny of a storage organ in seedling stages my provide

vital clues as to the norphological natu:e of the stoa.age organs;

of the rrErture plant.

Darogr:aphic str.ldies of ttre strrecies, shcrred ho* plants couLd be

aged by @unting rsraixs of previous season's sto::age organsire[J.
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tunics, or strbterranean rarkers wtr-ich derzelop repeatedly, e9.

Ieaf-bases. Itre denograptr-ic data hcr,ever, harre severaI unique

featu:es, suggesting that furttrer er<ploration of behavioural

trntterns in ttre selected ard ottrer strecies might be remrding.

Contrasting strategies htere displalred bett,een ttp sttldied

strncies irt relaticn to tlre ronttrly content of raater, organic

sr:bstances ard mineral elsrcnts irr ttreir crcnstituent plant

parts. Ttr-is can par^tly be explained bV the diffetrences in ttpir

phlnsiological betnviour ard probably ttreir adaptations to ttte

strrecific habitats frsn t*rictr ttrry r,rere ocllected. lbbilization

of r€sources frqn tlre trnrent c1crm, reproductirre ard vegetative

par-ts during a nsr-season's growEh to the daughter corm,

occr:r':-d wittt variable efficienry in S. gradiflca subsp.

fintrriata. In H. pbees subsp. pUers rpbilization

of rpsotrrces cnly takes place frqn ttre afove-SrounO rregetatitre

ard reproductive parfs to ttre hulb ccnponents, ht tte tmjority

of r=sotrrces vret€ fotlrd to be located in ttre central located

leaf-bases. lltre rrater crcntent of frnraxi.s grildiflca subsp.

firtriata colans fluctuated with soil t€t€r atrailabilitlr,

wtrersas irt H. 1umees sr,rbsp. 1rrrescts it ngrained

qrnstant.

As is ttre case wittr the geophytic habit, nutrients are a tmjor

selecti:ng forte for sclerrcphylly since plants wit]t

sclerotr*rylIous learres occur prirmrily on nutrientdeficient

soils. ltrere is firn evidence in fynbos ttlat ttre decrcrpositic'n
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of prcteoid Ieaf litter and restioid litter is very slor.r.

Periodic fi:res are regarded as a rrDre iJrportant agent for the

release of nutrients frqn litter la1ers than deccnposition for

sclerotr*ryllons strncies. lltris rnineralization of nutrients is an

iJrportant nechanign of mking it available to plants throuqh

leaddng during tlre rtret season. In crontrast, nutrients in

geophltes are retrierzed f:sn senescing strusEur€s at ttrc erd of

the grcwttr season vrtrich is regarded as a luxurlr ocnqnsition.

Itreir leaves harre high deccnqnsition rates ard tltus the

nutrients a:re released easily and leactpd into the soil ard rade

available for reabsorpticn. l[?rus trnriodic fires a.re not

prer=quisites for ttre r=leasing of nutrients frsn foliagp in

geophltes.

It is stressed tlrat thqe is no single stlat€gy for coping wittt

lcxe nutrient soils. l[tre Eeophytic life-forxr can be :-garded as

one suctt str:ategy to cope with lcrr nutrient soils. the

aoquisition of an urdergrourd storage organ can be regarded as a

ccnqetitirre for - geophltes because it crcntains large

quantities of quiddy arraitable food, ard allcrrs verlr rapid

grqdttr after natu:iaI distr:rlcance, viz. herlcirrcry, fire, etc.,

ard ccrnsenration of ttre limit€d arrailable nutrients ttuough

internal :=-utilization .

F\rtu:e researctr:

Frrtu::e r€search crrncerniag geophltes in ttte Souttt-kestern CalE
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crruld inchde ttre folloring. 1. Arhrantages in ttre trnllination

syrdrqrEs of slznantlry, hysterantlry and protantlry. 2. Influence

of tlp firc-regine on geophyte 1if+-qrcIes, eslEcially on tlpir

florering-rhltlutt, ard ttre effest of trq>ulation densitlr on

bicrmss allocation ard florering. 3. l,Iicrsscotrlic ard

tr-istochsnical o<arnirntion of stor^age r=ser:ves of stor:age organs

ard ror= elaborate phlmiological studies.

4. Inportance of soil t14ns ard edaphic factors, eg. rainfall,

tarqnrture, Iatitrde, altitude, etc., in ttre geographical

distrilarticn of strrecies. 5. A.spects of herbivory on trrprlation

stnretu:e. 6. Phytochsrflstry arxl $n:emcological str.rdies.
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