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ABSTRACT

Pelargonium sidoidesasbeen used for centuries in traditional medicine in Lesotho and South Africa as

well as globally in modern medicine. ConsequerRly sidoidestubers have been wiltharvested

extensively in Eastern Cape and Lesotbomeet the growing trade demandn recert years,the

number of plant gatherers intending to supply markets and generate incomes have incrdaskesuls

are targeted because they contain medicinal properti€se medicinal compounds in the tubers are

thought to be highly correlated with colour, thitheir concentration increasing as the colour develops

towards darkred. Darkred coloured tubers seem to be preferred by the Pelargonium industdyaan

considered to be mature. Repeatedrvesting ofP. sidoideplants from the wild has been reportdd

resultin localizedpopulationdeclines This is exercabated by harvesting methods currently used which

involve entire removal of the plant and not filling up harvest hdtesafeguard tuber remnants left in

the soil Although various studies have irstggated the impacts of such harvesting operationsRn

sidoideswild populations, these studies have not provided information on tuber recovery rate and

suitable recommendations to ensure sustainable harvesP otidoidedrom the wild. Therefore this

study investigated (i) rate of tuber recovery i sidoideplants, (ii) impacts of wild harvest on its tuber

recovery and (iii) made recommendations on sustainable harvest options for the species. The
investigations were made usitigear and noHinearregression models and ANOVAngparisons were

donefora f 26 @St RE 691 aiSNY [/ I LIS -Staty) Regétehion Bg@®S f R¢ o[ Saz2i
The rate ofP. sidoidesuber recovery was measured by tuber recovery colour and biomass in previously
wild-harvestal sites.Tuber regrowth rate in cultivated sites was also investigated in the same manner to
determine prospects for cultivationlime since last harvest was found to affect tuber recovery colour

and biomass. As time since last harvksy ONB I a S 08 ¥ REKRAEWKEXSA R¢ @S3ASOl (A2
tuber recovery colour and biomass also increased (lowwéd0.63,P < 0.05, d.f = 7 and higkld- r’=

0.55,P < 0.05, d.f = B)In cultivated sitespnly tuber regrowth using biomass was found to increase
posiigSt e GAGK GAYS 6KSy adGdzRé airisSa FNBY (KS atz2g¢
combined (>= 0.68P< 0.03, d.f = 8).

P. sidoidesuber recovey size was found to be smaller pmeviouslywild-harvested sites compared to
tuber size in unharvest control sites inthex f 2 3 @St R¢ | YR G KA IK@BEIRE O
Fi1o5= 9.7226,P < 0.001, highveldF;z 95~ 7.0519,P < 0.001) Qultivated plantsalso had more tuber

(s}
L
(7))

regrowth size tharuber recovery size of previously witdirvested sitestsowing that cultivation can be

aviable option toproduce the resource and contribute to the conservation of the wild resaurce



Toascertain under which scenariés sidoidesan be harvested sustainably in the wild, factors which
affect sustainable hansting of P. sidoidesuch as effects of depth of harvest hole, mother tuber size
(biomass), canopy area and altitude on tuber recovery biomass, tuber recovery colour and number of
stems/plant were explored. Although results that were obtained variedndillharvest holes with sail
postharvest increased tuber recoveryobnass meaning that this fact@man be included ifP. sidoides
harvesting guidelines. Furthermore, tuber and tuber recovery biomass tended to increase with an
increase in canopy area suggest that canopy size can be used as a surrogate for tuber size (tuber
recovery biomasg’= 0.81P< 0.05, df = 7, tuber biomass= 0.57P< 0.05, df = 7).

Thefindings of this studyevealed that tuber recovery colour and biomass in previously-hatdested

sites increased positively with time. sidoideplantswere found toNB Ij dzA NE  xy &SI NAR F2 NJ
to developthe dark-red colouration andk mXb years for previously wildarvested plants to reach pre
harvest biomassFurthermore, tuber recovery size in previouslild-harvested sites was found to be
smaller comparedo tuber sizein unharvested sites everftar 8 years since last harvest suggesting that
tuber recovery size gnot reached prénarvest sizafter this period.Hence this confirms that even a
single return harvest event within 20 to 15 post harvest p&rd can negatively affect wild populations

of P. sidoidesThis period is however too lorigr a sustainable Pelargonium industry thus questioning
wild harvest as a viable methodology without rigorous ongoing monitoring and management of wild
harvest sitesThis is despitd¢raining on sustainable harvest, such as harvest methods provided by the
Pelargonium industry. Convedly, prospects for cultivation as a viableaatative to wildharvest seem
promising since dui A @I G4 SR LI I y years t@aydin&simidflprdasshdtiiat ofxubharvested
wild plants.Given that itis unclear what the Pelargonium industry considers as commercially acceptable
for P. sidoidesuber characteristicsthe tuber regrowth rate of years in cultivation may be shortened

to meet trade specifications

The study also showaetthat for sustainable wild harvest &. sidoidesharvest operations should entalil
effective closure of haest holes with soil to ensurthe survival of tuber remnantsAdditionally, plants

with biggercanopies may be targeted when harvestidgsidoidesn previouslywild-harvested and new
harvest areaslt must be noted though that a thorough investigation is needed to ascertain whether
canopy size can be confidently used as surrogate for tuber stmrefbre frther research into
sustainable harvest methods fd®. sidoidess recommended, and direct longer term monitoring of
selected sites would be usefiMore research is also needed on tubmyour development in cultivated

plants and what constits commercially harvestable tubers.
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Figure 2.11BRelationship between time since last harvest (years) and colour score for wild
KFENZSaGSR aArAisSa FNRY at2¢60StRé 6! {1 T ! ANBRGNRL
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HLE= Ha Lebelonyana)H 6) vegetation regions with the two trend lines fitted on one grégh.
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Figure 2.12Relationship between time since last harvest (years) and tuber recovery biomass in
wild-harvested sites from the two regiona € 13). THO= Thoteng (wilthrvested), HTWI= Ha

Tlhaku (wildharvested), TSA= Tsatsane (wiktvested), MAK= Makfakhoeng (wild

harvested), HLE= Ha Lebelonyane (hédvested), ASH= Airstrip (wilchrvested), JFH= Janine

Farm (wildharvested), Pl= Peddie | (witdrvested), Pll= Peddie Il (whdrvested),
VPI=Victoria Postl, (wHdarvested), VPII= Victoria Pos{(Wild-harvested), WI=Wesley | (wild
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Figure 2.13A.Relationship between time in cultivation and colour score in seird and

agricultural sites tm the two regions { T o d al2Taz2KFfSQa |1 2857
al .lTa2KIFftSQa 12S17 oOF3aINROdAZ GdzNF f 0 al hl -a2KIlf$
wild), HTSI=HA Tlhaku (sewild). RHI= Rhodes | (agricultural), RHII=Rhodes Il (agricultural),

BF= Ba Farm (semiwild), STS= Stutterheim (semiwild), STA= Stutterheim (agriculturab6

Figure 2.13BRelationship between time in cultivation (years) and colour score for-gefahi

and agriculturala A G Sa FTNRBY (KS af200StRéo0[ 0 owlLlI wK
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Figure2.14. Relationship between time in cultivation (years) and tuber regrowth biomass in
semiwild and agricultural sites from the two region:t € G0 ® al 2T a2z2KIl fSQa
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(agricultural), BF= Bold Farm (semiwild), STS= Stutterheim (semiwild), STA= Stutterheim

6= 1o [ [T U 11 (1 > ) P 68

Figure 2.15Relationship between time in cultivation and colour score in seitd sites from

the two regions 1f = 4). HTSII= Ha Tlhaku (semiid), HTSI= HA Tlhaku (semid), BF= Bold
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Figure 2.16. Relationship between time in cultivation (years) and colour score in combined
agriculturd sites from the two regionsn(=c 0 ® al 2T a2KFIfSQa 12813z al.
al hl' a2KI f S ORhodesa, RHIE Rhwdes IT, STA= Stutterheim...................... 69

Figure 2.17A.Relationship between time since last harvest/time in cultivation (years) and

colour score for all types of sites combined regardiestheir type or regionr{ = 24). MHW=
az2KFftSQa 12817 O6FaANROdzZ GdzNF f0oxX al .l az2KIlIfSQa
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Figure 2.17BRelationship between time since last harvest or time in cultivation (years) and
colour score for all types of sites2fty Gt 26 @3St Ré owl LT wK2RSAL 06 3
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Figure 3.1.Comparisons of podtarvest tuber recover size (Atuber recovery mass, B= tuber

recovery diameter, C= tuber recovery length and D= tuber recovery volumglafgonium

sidoides planttn wild-K  NS&a SR aAidSa 2F RAFFSNAYy3I 3Sa Ay
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Janine farm harvested (3 ges), ASH= Airstrip harvested (3 years), P I= Peddie | (4 years), P II=
Peddie Il (4 years), VP I= Victoria Post | (5 years), VP lI= Victoria Post Il (5 years), W I= Wesley |

(7 years) and W II= Wesley Il (8 years)). Error bars represent standard eeronedn. Bars

YEN] SR 6A0K RAFFSNByYy(d fS00G§SNR<COBS.. . .aA3y.8F A0 yi
Figure 3.2Comparisons of tuber recovery and tuber size (A= tuber recovery and tuber mass, B=

tuber recovery and tuber diameter, C= tuber recovery and tuber length, D= tuber recovery and

tuber volume) ofPelargonium sidoideplants in wid-harvested JFHJanine farm harvested

ASH= Airstrip harvested, P |= Peddie I, P lI= PeddiBI# VictoriaPost | WP II= Victoria Post II,

W I= Wesley | and W II= Wesley #nd unharested control plantsASC= Aistrip control, JFC=

Janine farm control, MF= McMaster farand DD= Doubi#® NJA F (i 0f 2AgQOSMKRE SIS |
region. Error bars represent standardr@ of a mean. Bars marked with different letters are

AAIAYATFAOF yite RKDISHReIOITabie . bokskeSideR @haptdr 3, Section

Figure 3.3.Comparisons otuber regrowth size (A= tuber regrowth mass, B= tuber regrowth
diameter, C= tuber regrowth length, D= tuber regrowth volumepelargonium sidoideslants

in semiwild (BF= Bold farm (2 years), STS= Stutterheim-aéchi(3 years)) and agricultural

sites (RH I= Rhodes | (1 year), RH II= Rhodes Il (2 years) and Stutterheim agricultural (4 years) of
RAFFSNAY3I | 3Sa Ay (GKS Wi29g0StRE @S3SGFGAZ2Y NB
Bars marked with different letters are significantly diffeien 6 C A & RENI)a.....[..{..BD5

Figure 3.4.Comparisons of tuber recovery, tuber regrowth and tuber size (A= tuber recovery,
tuber regrowth and tuber mass, tuber recovery, tuber regrowth and tutiameter, C= tuber
recovery, tuber regrowth and tuber length, D= tuber recovery, tuber regrowth and tuber
volume) of Pelargonium sidoideplants in wid-harvested JFHJanine farm harvestedASH=

Airstrip harvested, P I= Peddie I, P lI= PeddéRlI= ¢toria Post | VWP II= Victoria Post I, W |=
Wesley | and W II= Wesley I, semild (BF= Bold farmSTS=Stutterheim semiwild) and
agricdtural sites (RH 1= Rhodes |, RH II= Rhode=lISutterheim agriculturd and unhavested

control sites ASC= Aigp control, JFC= Janine farm control, MF= McMaster farm and DD=

DoubleDrift)int K62 a @St Ré¢ @S3ASHF A2y NBEIA2Yy D 9NNRBNI 6 N

XVi



. FNBR YIN] SR 6AGK RATFTFSNBY(G £ S (iFBNES).RMto & A Iy AT
Table 2.1 for site ages (Chapter 2, Section 2.3.1L.1)...ccoouuiiiiiiiieiiie e 99

Figure 3.5.Comparisons of tuber recovery, tuber regrowth and tuber size (A= tuber recovery,

tuber regrowth and tuber mass, B= tubezcovery, tuber regrowth, and tuber diameter, C=

tuber recovery, tuber regrowth and tuber length, D= tuber recovery, tuber regrowth and tuber
volume) ofPelargonium sidoidegglants in wildharvested (WH), senwild (SW), agricultural (A)

and unharvested canNR2 f o! /0 &aAridSa Ay (GKS af260StR¢ @S
A0FyYyRINR SNNEBNI 2F | YSIyd . NB YINJ]SR ¢gA0K RA
LSDP S 0.05)... ettt e ee ettt ettt et e ettt e, 102

Figure 3.6.Comparisons of canopy area (9nof Pelargonium sidoideslants in wildharvested

sites (A) (ASH, P I= Peddie I, P lI= Peddie Il, VP I= Victoria Post I, VP II= Victoria Post Il, W |I=
Wesley | and W II= Wesley Il and unharvested control sitea8@&)< Aistrip control, JFC= Janine

farm control, MF= McMaster farm and DD= Doubleft), semiwild and agricultural sites (C)

(Semiwild - BF= Bold farm, STS= Stutterheim sesitd and agriculturalRH I= Rhodes I, RH lI=

Rhodes Il and Stutterheim agricdtNJ £ 0 'y R € f GeLlSa 2F airxidSa Ay
Error bars represent standard error of a mean. Bars marked with different letters are
AAIAYATFAOF yitfe RKkUIEReBrfoliTable .1 frfsite lddesi(CHagted 2, Section

Figure 3.7.Comparisons on the number of stems/plantRélargonium sidoideglants in wild

harvested sites (A= ASH, P I= Peddie I, P II= Peddie II, VP I= Victoria Post I, \ialRo¥idto

W I= Wesley | and W II= Wesley Il), unharvested control sites (B= ASC= Aistrip control, JFC=
Janine farm control, MF= McMaster farm and DD= Doibi&), semiwild and agricultural

sites (C= Senwild - BF= Bold farm, STS= Stutterheim sasitd and agriculturalRH 1= Rhodes I,

wl LLI wK2RSa&a LL YR {GdzidSNKSAY I ANROdzZ { dzNJI |
represent standard error of a mean. Bars marked with different letters are significantly
RATTFSNBY (G P& COSHREE haXTable p.{ f6r Bite ages (Chapter 2, Section 2.3L08)

Figure 3.8.Comparisons on the number of stems/plant Bélargonium sidoideplants when

sites were groupedccording to site typ (WH wild-harvested, SWsemiwild, A agricultural

and UGdzy KI NWSaiSR O2y(iNRt aArdsSaov Ay GKS af250S¢t
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Figure 3.9.Tuber mass sizelass distribution ofPelargonium sidoideplants from dfferent

types of sites A- wild-harvested § = 67) and unharvested control sites (= 40), B wild-

harvested G = 67)and cultivated (semuild and agriculturaliges ( = 50)and G unharested

[n=40] and cultivated(=50)]Ja A 1 Sa Ay GKS af 24dSL.R£.A0S1AISGF GA 2
Figure 3.10Comparisns on tuber recovery, tuber regrowth and tuber colour intensity in wild
harvested sites (A= ASH= Airstrip harvested, P I= Peddie I, P ll= Peddie Il, VP I= Victoria Post I, VP
[I= Victoria Post Il, W I= Wesley | and W II= Wesley II), wild harvested lzenyested control

sites (B= unharvested control site&SC= Aistrip control, JFC= Janine farm control, MF=
McMaster farm and DD= Doublerift), semiwild and agricultural sites (C= Sewild - BF= Bold

farm, STS= Stutterheim semild and agricultural RHI= Rhodes I, RH ll= Rhodes Il and
{GdzGSNKSAY | ANAOdzf GdzNF f 0 FyR FEf GeLlSa 27F aj
represent standard error of a mean. Bars marked with different letters are significantly
RATTFSNBY (O P& COSHRES teIDable 2. X fér dite ages (Chapter 2, Section 2.31114)

Figure 3.11 Comparisons on tuber recovery, tuber regrowth and tuber colour intensity when

sites were grouped @&ording to site tpe [(WHwild-harvested, S\Wemiwild, A agricultural

and UG unharvested control site}Ad y G KS daf 26 @St RE @SIASGlIGAZ2Y NJ
A0FYyRIENR SNNEBNI 2F | YSIy®d . NB YINJ]SR gA0K RA
(IS S 01015 ) T PRSPPI 115

Figure 3.12 Comparison on tuber recovery, tuber regrowth and tuber colour distribution of
Pelargonium sidoideplants between different typs of sites [Awild harvested if = 67) and
unharvested control sitesn(= 40), B wild-harvested § = 67)and cultivated (sei-wild and

agricultural sitesr{ = 50)and G unharvested i = 40) and cultivatedn(= 50) siteq in the

Gf 26 0SSt R¢ @S 3 Stiiberiicalcuy frequdh&/kdoyr Bcorbisi in wild harvested

sites ASH= Airstrip harvested, P |= Peddie I, P II= Peddie Il, VP I= Victoria Post I, VP lI= Victoria
Post Il, W |I= Wesley | and W |I= Wesley II, -sdgldisites BF= Bold farm, STS= Stutterheim
semiwild, agricultural RH 1= Rhodes RH II= Rhodes Il and STA= Stutterheim agricultural,

unharvested control sitesASC= Aistrip control, JFC= Janine farm control, MF= McMaster farm
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and DD= Doubl6s NA TG X Ay GKS daf 2 Re&ftoRTable?d d08 site dge y NB
(Chapter 2, SECIM2.3. 1. 1) . e iieii et eee e e et e et e e et e e e e e et e e e eatan e eeeesannes 117

Figure 3.13Comparisons of podtarvest tuber recovery size (A=tuber recovery mass, B= tuber
recovery diameter, C= tuber recovery length and D= tuber recovery volumglafgonim
sidoidesplants in wildharvesteda A 1S4 2F RAFFSNAYy3I |3Sa Ay GKS
[HTW I= Ha Tlhaku wild (2 years), TSA= Tsatsane (2 years), THO= Thoteng (1 year), HNT= Ha
Nthunya (1 year), HLE= Ha Lebelonyane (3syeMAK= Makhoakhoeng (&ars)] Error bars

represent standard error of a mean. Bars marked with different letters are significantly
RATFSNEY ( PECOSH.KSNIDA. .. L5 iiieeeeeeeeeeeeeeeeen 119

Figure 3.14.Comparisons tuber recovery andiber size ofPelargonium sidoidegn wild-

harvested sites of differing ages (HTW I= Ha Tlhaku wild, TSA= Tsatsane, THO= Thoteng, HNT=
Ha Nthunya, HLE= Ha Lebelonyane, MAK= Makhoakhoeng) and unharvested control sites (TSI I=
Tsiame |, TSI lI= Tsiame Il,=LIkkhohloaneng, HMA= Ha Matsa, MKH= Makhoareng, KOM=
Komakoma, BPG= Basotho Pony Garden, KHR I= Katse I, KHR II= Katse Il, KHT I= Ha Theko I, KHT
II= Ha Theko II, MOL I= Molumong |, MOL II= Molumong Il, MAP I= Mapholaneng |, MAP lI=
Mapholaneng 1l, SWASwaartkop, MAI= MamBiNJ L X a! LLT alKALBAKINSf IRIE O
vegetation region. Error bars represent standard error of a mean. Bars marked with different

f SGGSNE NBE &AA3AYATAOP ¥ 0.05p Ref&y AtcF FalleN B/ far sit® @dest K S NI
(Chapier 2, SECHON 2.3.1.2) ....uuu e eeeiie e eee e e e e e e e e e e e e et e e e aata e e eesae s 122

Figure 3.15.Comparisons of tuber regrowtbf Pelargonium sidoideglants in semivild (BF=

Bold farm, STS= Stutterheim semiid and agricultural sites (HTS I= Haakih} semiwild, HTS

ll= Ha Tlhakudlsemig A f RX al 2T a2KlLFf I3REBOdzi2 BAzNIgtKA (181 . ' a
black  ANA Odzf (dzNJ £ £ al h-F IR @dzf SN |l 2S2TF 2RIBTVFSNAY
vegetation region. Error bars represent standardoerof a mean. Bars marked with different

f SGGSNAR NB AA3AYyATARPIOOD)L.2... RATFSNEY.A....0.Cl2% KS ND &
Figure 3.16 Comparisons of tuber recovery, tuber regrowth and tuber size (A= tubervesy,

tuber regrowth and tuber mass, B= tuber recovery, tuber regrowth and tuber diameter, C=

tuber recovery, tuber regrowth and tuber length, D= tuber recovery, tuber regrowth and tuber

volume) of Pelargonium sidoideglants in wildharvested (HTW I= H&lhaku wild, TSA=
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Tsatsane, THO= Thoteng, HNT= Ha Nthunya, HLE= Ha Lebelonyane, MAK= Makhoakhoeng),
semigAf R 61 ¢{ LI I} ¢fKF{dz L I¢{ LLI 1+ ¢fKI{d
white-al . I a2KIFfSQa 1281 o6fl O] ZduaHaiestedacéntol siteS Q& | 2
(TSI I= Tsiame |, TSI ll= Tsiame II, LIK= Likhohloaneng, HMA= Ha Matsa, MKH= Makhoareng,
KOM= Kom&oma, BPG= Basotho Pony Garden, KHR |= Katse |, KHR IlI= Katse II, KHT I= Ha
Theko I, KHT IlI= Ha Theko I, MOL I= Molumong |,IM®olumong I, MAP I= Mapholaneng I,

MAP II= Mapholaneng Il, SWA= Swaartkop, MAI= Mampier |, MAIl= Mampier Il) in the
GKAIKPGSEt RE @S3ASOFGA2Yy NBEIA2Yyd 9NNRBNI 6 NBE NB LN
different letters are significantly diff&y i 6 C A aPD NI Refef t§ Bable 2.2 for site

ages (Chapter 2, SECHON 2.3.1.2) .. .uuuiii et e e et e e e eeabens 128

Figure 3.17Comparisons of tuber recovery, tuber regrowth and tuber size (A= tuber recovery,

tuber regrowth and tuber mass, B= tuber recovery, tuber regrowth and tuber diameter, C=

tuber recovery, tuber regrowth and tuber length, D= tuber recovery, tuber regrowth and tuber
volume) ofPelargonium sidoidies wild-harvested (WH), senwild (SW), agrictdral (A) and

dzy KI NSaiGSR O2yGNRBE o!/ 0 araisSa Ay GKS aKAI@PSE
SNNBNJ 2F | YSFEy® . FNARA YIFEINJSR 6A0K RAFTPSNBylL f

Figure 3.18.Comparisons on canopy area @nof Pelargonium sidoideplants in wild

harvested sites (A= HTW I= Ha Tlhaku wild, TSA= Tsatsane, THO= Thoteng, HNT= Ha Nthunya,
HLE= Ha Lebelonyane, MAK= Makhoakhoeng) and all typge{B= HTW I= Ha Tlhaku wild,

TSA= Tsatsane, THO= Thoteng, HNT= Ha Nthunya, HLE= Ha Lebelonyane, MAK= Makhoakhoeng
(wild harvested), HTS I= Ha Tlhakusémiwild, HTS II= Ha Tlhaku Il (sewid), MHW=
az2KlFftSQa -1aaS{ @rRKIS SQa hil'z K2 KafEIS@EAE 12I1S1T 2 LISy
and TSI I= Tsiame I, TSI lI= Tsiame Il, LIK= Likhohloaneng, HMA= Ha Matsa, MKH= Makhoareng,
KOM= Kom&oma, BPG= Basotho Pony Garden, KHR |= Katse |, KHR II= Katse Il, KHT I= Ha
Theko I, KHT II= Ha Theko Il, MOL l-uMohg I, MOL II= Molumong II, MAP I= Mapholaneng I,

MAP II= Mapholaneng Il, SWA= Swaartkop, MAI= Mampier |, MAll= Mampier Il (unharvested
O2y iNRfav Ay GKS GKAIKGSEtReE @S3ASGlIGA2Yy NBIAZ2YyY
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Bars marked with diffesd G € SGGSNAR | NB &aA 3y A PxO05)Refebto RATF S|
Table 2.2 for site ages (Chapter 2, Section 2.3.1.2).....coouuuiiiiiiiiieee e 133

Figure 3.19Comparisons on the number of stems/plantRélargamium sidoidegplants in wild

harvested sites (A= HTW I= Ha Tlhaku wild, TSA= Tsatsane, THO= Thoteng, HNT= Ha Nthunya,
HLE= Ha Lebelony@nMAK= Makhoakhoeng), wilthrvested and unharvested control sites (B=

Tsiame |, TSI lI= Tsiame II, LIK= Likhohloaré¥g\= Ha Matsa, MKH= Makhoareng, KOM=
Komakoma, BPG= Basotho Pony Garden, KHR I= Katse I, KHR II= Katse Il, KHT I= Ha Theko I, KHT
lI= Ha Theko II, MOL I= Molumong |, MOL II= Molumong Il, MAP I= Mapholaneng |, MAP lI=
Mapholaneng II, SWA= Swaartkop, MA¥ampier I, MAII= Mampier Il ), seiwild and

agricultural sites (C= semwild= HTS I= Ha Tlhaku I, HTS II= Ha Tlhaku Il and agrieMtdYak-
az2KIfSQa -a2ST arxXi$§SQa 12S17 ot Ol alhl az2KIf
sites (D) intB o KA RED @S 3 S (i EntorAbary repkeBertistandard error of a mean.

. FNBR YIN]SR 6AGK RAFTFSNByYy(d S (FBNES).RNdBtoaA Iy A T
Table 2.2 for site ages (Chapter 2, Section 2.3.1.2).....cccuuuuiiiiiiiiiiieeeeeeeeeiii e 136

Figure 3.20Comparisons on the number of stems/plantsRélargonium sidoideglants when

sites were grouped according to site type (Wiid harvested, SWemiwild, A agricultural

and UG unharvested control sites) inthé KA 3IK@St R¢ @S3ASOF A2y NBEIA?2
A0FYRINR SNNEBNI 2F | YSIyd . NB YINJ]SR gA0K RA
(S5 S O 015 T PRSPPI 137

Figure 3.21Comparison b tuber mass sizelasses distribution dPelargonium sidoideglants

from different types of sites [Awild harvested if = 27)and urharvested control sites (n = 101)

B- wild-harvested § = 27) and cultivated (semwild and agricultural sitesn = 45), €

unharvested controlr(= 101) and cultivated sitee E45)JA Y (G KS GKAIKGPSEt RE @S3

Figure 3.22.Comparisons on tuber colour intensity Belargonium sidoideplants in wild

harvested sites (A= HTW I= Ha Tlhaku wild, TSA= Tsatsane, THO= Thoteng, HNT= Ha Nthunya,
HLE= Ha Lebealgane, MAK= Makhoakhoeng), whdrvested and unharvested control sites (B=

Wild harvestedHTW I= Ha Tlhaku wild, TSA= Tsatsane, THO= Thoteng, HNfharya N\HLE=

Ha Lebelonyane, MAK= Makhoakhoeng and unharvested controt $i&s= Tsiame I, TSI lI=
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Tsiame Il, LIK= Likhohloaneng, HMA= Ha Matsa, MKH= Makhoareng, KOMkoK@nBPG=

Basotho Pony Garden, KHR |= Katse I, KHR llI= Katse II, KHT I-oHaKHiEkI= Ha Theko II,

MOL I= Molumong I, MOL II= Molumong Il, MAP I= Mapholaneng I, MAP |I= Mapholaneng II,
SWA= Swaartkop, MAI= Mampier |, MAII= Mampier II), ®aldi and agricultural sites (C=

Semiwild -HTS II= Ha Tlhaku Il and agricultukHW= M2 KI £ SQa da2S | @RAKIS SQa
| 281 o0fFO1=2 alhl a2KIFftSQa 12S1 2Ly FyR Fftf
SNNENJ 2F | YSIFEy® . FNA YINJSR 6A0K RAFTPSNBYy(G f
0.05).Refer to Table 2.2 fasite ages (Chapter 2, Section 2.3.1.2).......ccoevvrriiiniiieeennnnnn. 141

Figure 3.23.Comparison on tuber colour intensity &elargonium sidoideplants when sites

were graiped according to site typ@&\(Hwild-harvested, S\Wemiwild, A agricultural anl UG

unharvested control sites) Yy (G KS GKAIKGSEtRE @SIASGLFGA2Y NBIA:;
SNNENJ 2F | YSIFEy® . FNA YINJSR ¢gA0K RAFTPSNBYy(G f

Figure 3.24.Comparison on tuber recovery, tuber regrowth and tuber colour distribution of
Pelargonium sidoideplants from different types of sites [Awild-harvested § = 27) and
unharvested control sitesn(= 101), B wild-harvested K = 27)and cultivated (serrwild and
agricultural sitesr{= 45) G unharvested contro{n = 101)and cultivated sitesn(= 45)]in the
GKAIKGZSE RE @S 3Atbhert cblau fyequiiByRdlodirysdore/Site in wild harvested

stess HTW I= Ha Tlhaku wild, TSA= Tsatsane, THO= Thoteng, HNT= Ha Nthunya, HLE= Ha
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Chapter 1

1.0.INTRODUCTION

1.1. Medicinal plantuse, trade and sustainability

All over the worldwild plants have been utilized by people as food, ornaments, fuel, spices and most
importantly in traditional medicine (Cunningham, 200&¢r thousand of years, wild plants have formed
the basis of traditional medicine systems and continue to provide mmankvith new remedies
(Samuedson, 2004Cragg and Newman, 200%5). traditional medicine, wild plants are usad medicinal
plantsto build health, stave off disease or even promote recovery from illness or misforfuman(
2000; Hamilton, 2008)Medicinal plants can also be used for spiritual, cultural and cosmetic purposes
(Dold and Cocks, 2002)his is mostly true for the poor and marginalized people who cannot afford
modern medicine and are therefore left with few alternatives but to resort to tiadal medicine
(Hamilton, 2008) Moreover many people, mostly in developing countries, also derive a large part of
their subsistence needs and income from wild plants (Igbal 1993; Walter .200a4¥ diring financial
difficulties, collection of medicinallants to sell can be a useful source of income for the economically
marginalized communities (Hamilton, 2008he high demand for traditional medicine is also caused
among others by high cultural value placed on traditional medicine, high population lyeovarapid
urbanization (Williamset al.,1997, 2007; Dold and Cocks, 2002).

It is estimated that 50 00070 000 plant species are used in traditional and modern medicine systems
throughout the world. Out of these, 3000 Medicinal and Aromatic Plants @yl8ecies are involved in
international trade (Schippmanet al., 2005). For example, in both Lesotho and South Africa, medicinal
plant species such d2elargonium sidoideslarpagophytum procumberesnd Harpagophytumzerheri,
Agathosma betulinaand Aloe f£rox are usedlocally in traditional medicine and by international
phytomedicine companies (van Wyand Gericke2000). In South Afrigat is estimated that 27 million
people use traditional medicine (Botled al., 2001) and the trade in medicinal plamgsestimated to be
worth R270 million per annunCunningham, 199 ander, 1998Dold and Cocks, 2002However, due

to increased demand for medicinal plantBarvesting of wild plants which used to be done by
experienced traditional healeiis being cared out byuntrained commercial gatherers to supply formal
trade (Cunningham, 1991Commercial harvesting is oftenore destructive than customary harvesting

practices (Williamst al., 1997)and hence can have devastating effects on targeted plants



Comnercialization of medicinal plants becomes a particularly difficult problem if these plaets ar
collected from the wild Pengen, 1991; Srivastavet al., 1996; Lange andcBippmann, 1997)hus
putting pressure on the wild populations to supply local angrmational makets. This is probably
because eammercialization ha been reported toexacebate difficultiesassociated withmananaging
harvested populations sustainab{fsodoy and Bawa 1993; Luogfaal.,2004).This is especially the case
whendemand is f[gh and harvesters lack tenure or strong usufruct rights and/or the customary rules of
uses have been eroded (Godoy and Bawa 1993; Leiogja 2004).

On the other hand commercialization of wild plants can be an important strategy in underdeveloped
countries where people are economically vulnerable and governments have been unable to provide
some basic services (Shackletiral.,2007). Thusharvesting of medicinal plants for tradeecomesan
integral component of rural livelihoods throughout the develgpworld, especially for women who are

the most vulnerable sector of rural society and who may have no other means of income generation
(Shackleton and Shackleton, 2004)ence the significance of medicinal pl@onservation stems from

the cultural, livé A K22 R 2NJ SO02y2YA O NRfSa GKIFIG GKS LXFyda
However this may be at odds with conservation objectives (Shackéttah,2007). Therefore finding a
balance between natural resource use and conservation of these ptamt¥ecome a challenge when
dealing with the commercial use of wild resources, especially by the rural poor (Ensralel2005;
Shackleton and Shackleton, 200This becomes even more so if the majority of the medicinal plants are
collected unsustainaly and the plants are collected for their tubers. Thibdsausethere is currentlya

lack of information on sustainable harvest levels for species collected for their tubers (Cunningham,
2001) Furthermore, mtensive harvesting of medicinal plants is\silered as one of the serious threats

to biodiversity and many wild populations of indigenous plants are in danger ofexydoitation and
extinction (Williamset al., 1997; Dold and Cocks, 2002).

Pelargonium sidoideis one such plant species whictharvested from the wild for its tubers. The plant
has been used for centuries as a traditional medicine in Lesotho (Phillipscit®d Tn Brendler and van
Wyk, 2008 Anon, 1931cited in Brendler and van Wyk, 2008nd South Afda Vatt and Breyer
Brandwijk, 1962;Hutchings, 1996; Matsiliza and Barker 2001; Letval., 2007 Brendler and van Wyk,
2008 as well as globally in modern medicine for the treatment of iépry problems (Brendler and

van Wyk, 2008)Several studies have reported unsustairmaliarvest from the wild as result of
extensive harvest to supply local and international markKstiok, 2003, 2005; Lewet al., 2006, 2007;
White 2007; Whiteet al., 2008 Newtonet al., in prep). These studies focused mainly on, among other

things, eimation of plnt densities, number of leavgser plant, resprouting and flowering abilitput
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not on how P. sidoidesdubers are affeced by harvest Although these previous studies have generally
been helpful, key information is lacking regarding sustailitg of wild harvest for plants harvested for

their tubers such aP. sidoidesind hence has implications for conservation.

1.2. Species description and distribution

Pelargonium sidoidedC.(GeraniaceasectionReniformia)commonly kown as geraniunymckaloabo,
kalwerbossie (Afrikaaans), rabassam (Afrikaans), icwayiba (isiXhosa), uy@midl®sa), ikhubalo
(isiXhosa) khoara (Sesotho) or khoara e nyenyane (Sesotho) is a perennial plant with velutinous,
rosulate, fairly aromatic and velvety leavesaaiged in a basal cluster (van der Walt and Voster, 1988;
Dreyer and Marais, 2000). The leaf shape is described as-ovatate and the base as cordate (van der
Walt and Voster, 1988; Byer and Marais, 2000) (Figure 1)1 A

Theflowers of P. sidoidesre darkred or reddish purple in colour and are situatatithe top of 2030

cm long stalks (Watt and BreyBrandwijk, 1962; van der Walt and Vorster, 1988; Dreyer and Marais,
2000; Lawrence, 2001pers. obg. These flowersare presen almost throughout he yearbut occur
mostly from late spring to summer peaking in December (Octdbauary) (Watt and Brey@&randwijk,

1962; van der Walt and Vorster, 1988; Dreyer and Marais, 208@rence, 2001) (Figure 1.). Bhe
inflorescence comprises of a branchegstem of twefour pseudeumbels, each with three to seven
(occasionally up to 14) flowers (van der Walt and Vorster 1988). The flowers are 15 to 17 mm in
diameter with a short pedicel (VIok, 2005). It is very easy to corfussidoidesvith another simila
species calle®elargonium reniform€urtis as the two plants look morphologically similar except when

in flower. P. sidoidess distinguished fronf. reniformeby maroon to darkbrown petals with sepals that

are green with white margins where#&s renibrme has pink to purple petals with sepals that are red
with pink margins (Dreyer and Marais, 200(igure 1.1 C)he species identification becomes
problematic in South Africa as the two plants often occur together whereas there is no species
confusion i Lesotho a$. sidoidesccurs on its own (Newtomt al., in prep). P. sidoidesindergoes

both sexual (by seed) and asexual propagation (by means of tubers).

According to van der Walt and Vors{d988),P. sidoide$ias a thickened underground systemveall as

aerial parts sparsely branched from base. The plant is evergreen in cultivation but dies back in the wild
during winter.In large plants,te undergrounduber system can produce more thaone aboveground
stem (Vlok, 2003). Therefore it becomestemely difficult to determine the number of aboveground
stems (ramets) that one clump of plants (genet) has, because it is not easy to textiaweoften

extensivetuber system without breaking part of the system (VIok, 2003).



P. sidoideseems to prefemperiodic disturbance, such as fire and/or grazing, to remove competition
from other plants (Vlok, 2003). The species also seems to be displacAdasia karrop as plants
growing under these trees die bla once the trees are largehds bush encroachmeriy A. karrog a
common feature in the Eastern Cape where rangelands are mismanaged by overgrazing, thiPeatens
sidoideswild populations(VIok, 2003).P. sidoidess more abundant in partially disturbed sites, but
seemingly absent from transformed hadits such as fields/{ok, 2003). For example several plants were
observed in one site in Thomas Baine Nature Reserve around an 18 year alddhatong road sides
(pers. obs.).

The thickened underground system that penetrates deep into the groapplearsto be a special
adaptation which enables the plant to survive grass fires which occur almost annually throughout much
of its range (Vlok, 2003Figure 1.1 D)The same pattern to fire adaptation is also demonstrated by a
rare clonal species calldglanksigoodii which is a rhizomatous evergreen subshrub of Sewistern
Australia (Witkowski and Lamont, 199B. goodiiis capable of resprouting from concealed buds after
fire (e.g Lamont and Markey, 1995) and is less likely to be exposed to local extinitteoto frequent

fires than nonresprouting species (Witkowski and Lamont, 1997).

— — —

Figure 1.1. Appearance of P. sidoides @avith leaves arranged in a basal cluster (A), datk flowers
(B), and purple flowers of its close relative, P. reniéo¢@8) and P. sidoid@sxtensive root system (C).



P. sidoidie®ccurs naturally in short grasslands and sometimes on stony soils that vary from sand to clay
loam, shale or basalt. It is usually restricted to the Grassland and Savanna biomes and Grassy Fyb
(Vlok, 2003, 2005). It inhabits steep slopes in Lesotho Basalt Grassland vegetation and some parts of the
Afroalpine Grassland Zone (Newtenhal., in prep). The species has been recorded at altitudes ranging
from near sedevel in South Africa (vared Walt, 1988) and to,Z46metres above sea level (m.a.s.l.) in
Lesotho (Newtoret al., in prep). ThusP. sidoidesan tolerate a wide range of environmental conditions.

It is indigenous to Lesotho and South Africa and is predominantly found in the ie&stpe, Free State,
Gauteng,MpumalangaNorth-West and Western Cape provinces of South Africa. In both Lesotho and
South Africa, the plant is found in areas which receive rainfall in summer (Novévtayeh) varying

from 200-800mm per annum (van der Walbd Voster, 1988; Dreyemnd Marais, 2000) (Figure 1.2

Figure 1.2.Distribution nap for P. sidoides in South Africa and LesathS8ource: PRE (National
Herbarium, SANBI, Pretoria), SAM (South African Museum Herbaramsferred to NBG in 1956), 8B
(Compton Herbarium, SANBI, Cape Town), NMB (Herbarium, National Museum, Bloemfontein), GRA
(Selmar Schonland Herbarium, Albany Museum, Grahamstown), NH (KiNaZalllHerbarium, SANBI,
Durban), KEI (Herbarium, Walter Sisulu University, Umtata) localtty id Lesotho identified during
fieldwork for a nordetriment finding in Lesotho (Newton et al., in prep.) and PUC: A.P. Goossens
Herbarium, NortAWest University, Potchefstroom.

1.3. Medicinaluseand pharmacology

The tubers ofP. sidoidesplants havebeen used for centuries in traditional medicine as a therapeutic

remedy providing relief for colic, diarrhea, dysentery, bronchitis, asthma, fatigue and for removing



worms in calvesRhillips, 1917as cited by Brendler and van Wyk, 2008att and BreyeBrandwijk,
1962;Hutchings, 1996; Mats#a and Barke2001; Lewwet al., 2007;Brendler and van Wyk, 20p8The

plants are pepared as decoction® water or milk (Watt and BreyeBrandwijk, 1962) after which they

are administered orally to both humans afdestock.Globally the tubers oP. sidoide®iave been used

to treat respratory ailments (Brendler andan Wyk, 2008). Recently the species has become an
ingredient in a number of commercially produced medicinal remedies, including one called
G2 GNBFG O0NRYOKAIGRA 3etak,§997). Zhe Krodud&dzt G &

G! YO BE 2Hza SR

containingP. sidoidesuber extracts have been used internationally in countries like Germany, Ukraine,

Russia, Latvia, United Kingdom, Northern America and ddg@rendler and van Wyk, 2008jigure

1.3)

Figure 1.3. Psidoides containing medication called kaloba sold in England. SourdériRerg cited in

van NiekerkZ009.

Various metabolites extracted frorRP. sidoidestubers including phenoliccinnamic acids, tannins,
flavonoids and coumarins have been isolastl scientifically proven in variowdinical trials to have
antibacterial (Kayser and Kolodziej, 1997; Dascleedl., 2004; Hansmann, 2005; Thade al., 2007,

Wittschieret al., 2007ab; Beiland Kilian, 2007; Conraat al., 2007a,bg; 2008a,b,c) antimgobacterial,
antifungal (Taylor2003a,b; Seideind Taylor, 2004; Godecke, 2Q03ativandlelaet al.,2006, 2007) and
immunomodulatory properties (Kayset al., 1999, 2001, 2003; Kolodzief al.,2003; Kolodziejet al.,

1999,2005; Kolodziej and Kiderlen, 2007; Tetral.,2006; Koctet al.,2002; Janeckét al.,2007; Koch

and Wohn, 2007)These scientifically proven clinical trials which have shown positive clinical effects are

Oral drops
20 ml

Dr Wilimar Schwabe G
Willmar-Schwabe-Str. 4 H R he
D-76227 Karlsruhe
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likely to ercourage continued commercial harvesting of the species from tHd amd hence the
vulnerabilityof the species to oveexploitation.

The threeP. sidoidesextracts namely umckalin, gallic acid and-6iBydroxy5,7dimethoxycoumarin

seem to be the most d@we single compounds in fighting infections (Kayser and Kolodziej, 1997).
However pharmacological action of these extracts in fighting infections seems unclear and hence more
research is needed (Kayset al., 2003). This is because it seems the efficacytreating respiratory
infections might be due to the interactions of several components rather than that of a single main

constituent (Brendler and van Wyk, 2008).

1.4. Legal status

P. sidoidess legally protected in Lesotho and South AfricaLesdbo, the species is protected under

the Historical Monuments, Relics, Fauna and Flora Act 41 of 1967 legal notice of 2004 (Né&watoim

prep). According to the Act, a persomust obtain a permit from the Protection and Presation
Commission (PPC) faollection purposesHowever the At does not allow for trade in protected flora

and permits areonly issued for collection in connection witksearch purposes (Newtort al., in

prep). Additionally, the PPC no longexiss and when it existed hadaver issuegermits (Newton, et

al.,in prep). CurrentlyP. sidoidegraders are issued a bioprospecting pertjt DoE which stipulates the
conditions of bioprospecting activities as per the Environment Act 2Q@Ber pieces of legislation
which directlyaddress biodiversity conservation in Lesotho are the Local Government Act 1997, National
Parks Act 1975, Managed Resources Areas Q@lef 1993 andthe Environment Act 200@Newtonet

al., in prep; N. Ntsohi,LesothoDepartment of Environment [DoBpers. comm, 201Q Anon, 2010Q.
However, a major problem in implementing biodiversity lawd @sothois weak institutional systems

and fragmented laws which NB O2y iN} RAOG2NE I|yR dzylof$S (2 &dzld
(Anon, 2010). This situatiowill hopefully be addressed by the umbrelNature Conservationill
(Anon, 2010.

In South Africa, the permit system has to be used whenvésiing, transporting,and exporting
protected speciesbut for indigenous speciesuch asP. sidoidesonly a étter of consent from the
landowner or relevant municipality is neededdditionally a bioprospecting permit is also issusdthe
South African Department of Environmental Affairs (DEA) [atheeBioprospecting, Access and Benefit
Sharing (BABS) Regiais 2008]. Issuance of other types of permits mentioned aligas stipulated in

the Nature and Environmental Conservation Ordinance 19 of 1974, the Ciskei Nature Conservation Act
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10 of 1987 (Eastern Cape), Nature Conservation Ordinance 8 of 1969, QWNatwe Conservation Act

8 1976 ( Free State), Nature Conservatiordi@ance 12 of 1983 (Gauteng)lpumalanga Nature
Conservation Act 10 of 1998 (Mpumalanga), Nature and Environment Conservation Act 19 Of 1974,
Nature Conservation Ordinance 12 of 1983 (NdWest) and Nature Conservation and Environment
Management and Conservation Ordinance 19 @74 (Western Cape) (Newtom prep; Newtonet al.,

in prep; White, 2007;Anon, 2008) However under all these pieces of legislation, the species is only
protected as an indigenous plant but not a protected plant and therefore the control measures for the
species will not be as strict as for a protected plakdditionally in mostases the implemeation of

the legislation isoften reactive rather than prevente (Newtonet al., in prep). This means whilst
legislation and regulations may exist at district, provincial, national and international levels to protect
taxa and regulate trade involving threatened and protected species, in many instances conservation
measures are only enforced once a species has become threatened (Lange, 1998). This has been the
case withP. sidoidesnanagement in both countries. For instanée,sidoidesvas not legally protected

in Lesotho and following various reports of over harirggtin some parts of the country and the
confiscation of wild harvested plants by the polipers. obg, it was only then thathe Governmentof

Lesotho (Golipcluded the speciesnder the Historical Monuments, Relics, Fauna and FlorafAQ67.

1.5. Red ListingAssessment

Species classified according to the IUCN Red List system are preferred in indices that track the state of
biodiversity internationally (Butcharet al., 2006). i until recently, no population assessments had
been carried out foP. sidoidesso that the species cabe listed in the IUCN Red Data bodBut, by
2008, theSouth African Red Listing AssessmentHosidoidesad been carred out (Raimindcet al.,
2009) According to theassessment, the species has a huge distributiith e Exent of Occurrence
(EOO) of 480, @ knf in South Africa; however it is currently under severe harvesting pressure
(Raimindoet al., 2009. Although the plants coppice after harvesting, local extirpations can occur when
harvesting takes place taggularly and in the absence of adequasenfall (Viok, 2003, 2003Raimondo

et al, 2009. Thereforethe specieshas been classified d3ecliningbecause there are some localized
declines at sufpopulation level Declining is one of the categories deyatd specifically for the South
African plant conservation context (Raimindbal., 2009).The assessment does nitcludeP. sidoides
Area of Occupancy (AOO) and this rhaybecause the plant is al$ound in Lesotho which hatifferent

conservation pridties as well as economic status.



There has been no Red List assessment carried out for Lesotiate. The next best set of information

in terms of the species threat assessment is contained in the Lesotho NDF study (eeaitom prep.)
which has ken conducted for the Lesotho CITES (Convention on International Trade in Endangered
Species of wild fauna and flora) Scientific Authotgcording to the studyP. sidoide®ccurs in small
clusters throughout a relatively large aréaQO=approximately2,100km?) of the country and is also
thought to be experiencing localized populatidaclines due to severe harvesting.

Pelargonium industrhowever argued thatall the research done so far on distribution [Bf sidoides
does not present the true picturef the resource in the wild and hence is undmtimated(U. Feiter,
Parceval,pers. comm, 2008). Consequently the industry volunteered to fund a thorough resource
assessment for the species throughout its range Keiter, Parcevapers.comm, 2008).After funding
was approved fothe assessment fronthe South African Departmentf Environmentl Affairs (DEA)
and Lesotho DqHieldwork wascarried out in both countriegn 2010 According to the assessmerR,
sidoidesis widely distributed across Lesmt and Soth Africa and is mainly threatened by habitat
destruction(de Castreet al., 2010.

The Global Red List assessment for the species lig toompletedfor the species andhopefully the

results of the resource assessment will be helpful.

1.6. Traditional use and access rights

The people of South Africa and Lesotho htraditionally used the tubers oP. sidodiesor generations
to treat various ailmentsRhillips, 1917as cited by Brendler and van Wyk, 2008att and Breyer
Brandwijk, 198; Hutdings, 1996; Matsiliza and Barker 2001; Leatal., 2007;Brendler and van Wyk,
2008 however,the actual origin of the intellectual knowledge remains unknown (van Wyk, 1897).
traditional management systems of natural resource management, collecfionedicinal plants was
the domain of knowledgeable traditionhkalers (Cunningham, 19palthoughlocals could &lo harvest
occasionally wheia child or aranimal wassick. Thus the people of these two countries had customary
and accessights to harvestig the resource without any strict regulatison harvesting as is thease
currently due toover-exploitation For instance asoon asP. sidoidesvas protectedunder the Historical
Monuments, Relics, Fauna and Flora Act 41 of 1967 thréegdl notice 63of 2004in Lesotho there
was confusion from locals, local councils, chiefs and fi@dit healers on the implication of the
regulation on the use d?. sidoidegM. Letsie, ward chief of Ha Tlhaku, Quthipgrs. comm 2009) The

fear was that people wald be prosecuted for any form of harvesting and that they would have no



access to the resource they have been using for years. This is because conservation practices that take
resources away from local people or in this case limits their access to sswiwreces imposes undue

welfare loss (Letsela, 2004). For example, some conservation practices exclude communities from direct
utilization of resources by locking them in protected ar#fass favoring norutilitarian values(Pearce

and Turner, 1990)n thecase ofP. sidoideE NA IK{i (2 | 00Saa G(KS NBaz2dzaNDS
livelihoods as poverty is widespread in areas where it ocddodd(and Cocks, 200Rewuet al., 2007;

van Niekerk, 2009)The protection of the plant under bdiversity lawshasnot limited access to the

resource by the local peopl®/( Letsie, ward dlef of Ha TIhaku, Quthingpers.comm, 2009.

1.7. Benefit sharing

Benefits from medicinal plant trade have developed along unequal lines of benefit distribution (van
Niekerk 2009). Istruments that address these problems includeetadoption of the Convention on
Biological Diversity (CBD) by the international commuriitye CBD was developed after the realization
that benefits accruing from medicinal plant trade were concatged in northern user countries (Laird
and Wynberg, 2003xs opposed to producer countriesTheseproducer countries are mostly rich in
significant biodiversity and endemism as well as least develgPednelaet al, 2000) However ever
since the CBD wagslapted in 1992, many countries have struggled with creating enabling environment
for the implementation of benefit sharind.esotho and South Africa are among those countries that
have beerstrugglingwith benefit sharing agreements especially those relgtio P. sidoideswhile this

is the casepoth countries have to date been able to implement benefit sharing agreements between
traders and communities involved in harvesting the resource (P. Mgsdouth AfricanDEA pers.
comm,H A MAT wdesohdiDbERds. cdm[2010). Thus the Pelargonium industry became the
first industry in the two countries to comply with access and benefit sharing requirements as per
national and international laws (van Niekerk, 2009puth Africa has benefit sharing tegtions (i.e.
BABSegulations 2008yhile Lesothgstill lacks access and benefit sharing regulatiand hence it has

no guidelines on how tdraft andimplement access and benefit sharing agrease It is not clear as to
whichguidelines were used inrdfting the access and benefit sharing agreements but the assumption is
that international guidelines siicasthe @ . 2 Yy D dzhaR abeigefiseédas a framework.

Although benefit sharing agreements have been developedPfaidoidesvan Niekerk (208 believes

there is still a restricted amount of benefits to harvesters compared to benefits accruing to the
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Pelargonium industry (e.grices paid to harvesters [Table 1.1] compared to money the traders get i.e
GowarenterprisedR48],BZHR85],Parceva[R120] andschwabgR600]).

Tablel.1: Comparison of prices paid . sidoidesharvesters in South Africa and Lesothean Niekerk
(2009)

Lesotho South Africa
Price harvesters received (w{ R4.00 ~ R4.50/kg R1.60 ~ R4.00 /kg
weight)
Income per hargster per month| R570 ~ R850 R200 ~ R700
from P. sidoides
Income per harvester per yeg R4 000 ~ R6 000 R1 600 ~ R5 600
from P. sidoides (7-month season) (8month season)

1.8. Supply chain, market anttade volumes

Ever since the successful commergation ofP. sidoidess a western medicine, wild harvestinfthe
resource has intensifiedhe dominanexporter of P. sidoidesaw material (in the form of dried tubers)

is a South Africacompany called Parceval that is basedCiape Towrn(van Niekerk 2009). The raw
material is exported to Germanwhere a company called Schwabe processes the raw tubers into the
famous cough mixture known asmckaloabo (van Niekerk, 2009Jhe same company holds several
patents relating to extractiomethods(Brendlerand van Wyk, 2008)Because Schwabe hiwellectual
property rights orP. sidoidegsontaining products, it is able to export the tincture from the raw tubers of
the plant to several other countries such@kraine, Russia and Latvia (Brendler and van,\23®8).

In Lesotho there is only one middleman that collects harvested material fortnightly from the local
harvesters tairectly supply Par@val(H. Nieuwoudt, Bophelo Natural Produgtsrs.comm, 2007).

There is a different scenario in South Africaenehthere are several middlemen. The local harvesters
supply the harvested tubers to one middleman who in turn passes it on to another trader (K. Paulsen,
BZH pers. comm 2008). The latter mentioned trader supplies Parceval who exports to Germany. The

supply chain is illustrated below (Figure 1.4).
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Figure1.4. P. sidoides main supply chain from Lesotho and South Africa to local and interhationa
markets, source: van NiekerX009).

Locally, Parceval supplies South Africamjganies such as Nativa (whimakes a cough mixture called
Linctagon), Phyto Nova and Bioharmonyho manufacture upper respiratory tract medications
containingP. sidoidegvan Niekerk, 2009 herefore the popularity oP. sidoidegontaining medication
can contribute to an already booming market and hence more wild collection of raw matEaal.
instance,according taBrendler and van Wy{2008, Umkaloabads a fully licensed liquid herbal medicine
on the German market with LILINB E A89 hillidhturdover in 2006.

Up to now, no thoroughand formalresearch has been conducted on trade volumed okidoidesn
Lesotho and South Africdherefore there is lack of formailformation on trade volumes of the species
in both countries Additionally it is vey difficult to get trade volumes data from the industry and nature
conservation officers (Newtgimn prep; Newtonet al., in prep; Lewuet al., 2007; van Niekerk, 2009).
This is primarily because the industry are cautious about giving out their catifilerade information
(H. Nieuwoudt, Bophelo Natural Producpers. comm.2007) and conservation officers have to respect
the confidentiality of data collected in the course of their duties in terms of national laws.

Even under these circumstancegme studies have attempted to estimate the trade volumes for both
countries. According to Newtoat al. (in prep) the estmated trade volumes for South Afrigae about

45 tonnes foran eight month period andetween 2696 tonnes for a seven month periad Lesotho
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(Newtonet al, in prep). In another studylewuet al. (2007) recorded 2@onnes ofP. sidoidegubers
for a onemonth period in the Amtnole region and this translates to 208 tonnes a year (van Niekerk,
20009).

1.9. Tuber characteristics prefered

There is limitednformation on P. sidoideguber characteristics required by the Pelargonium industry
(White, 2007).van Niekerk (2009) also cited unwillingness of tRelargoniumindustry to share
information as a majolimitation to herstudy onthe contribution ofP. sidoidesrade to rural liveliroods

in Lesotlo and South Africa.hE reluctance to share information seems to be characteristic of all natural
product industriesand the P. sidoidestrade in particular seems to be surrounded by secrdegn
Niekerk, 2009)This reluctance may have been aggraved due to patent challenges by African Centre for
Biosafety (ACB) (van Niekerk, 2009). Consequently this may ewpiginhere such informatiorexists;

it is geneally not clear, often changing, ctvadictory and difficult to obtain fers. obs.

P. sidoidesharvesters areoften instructed by middlemen tocollect large tubers with darked
colouration(White, 2007; H. Nieuwoudt, Bophelo Natural Prodymdss. comm.2008;K. Paulsen, BZH,
pers. comm 2008;M. Letsie, area chiaff Ha Tlhakwillage Quthing, 2009pers. obg as thesetubers

are believed to be more poterdand thought tohave higher concentrations of the desired medicinal
compounds (White, 2007; H. Nieuwoudt, Bophelo Natural Produets. comm.2008; K. Paulsen, BZH,
pers. comm 2008; M. Letsie, area chief of Ha Tlhaku village, Quthing, 2@09; obsg. Other role
players in the Pelargonium industry however insist that there is no relationship between tuber colour,
tuber size andhe concentration of medicinal compound&pparently a paleoloured tuber can have
the same concentration of medicinal compounds as a-dacktuber and harvesters are only requested
to collect darkcoloured tubers to discourage harvest of recoveringdawith palecoloured tubers (U.
Feiter, Parcevalpers. comm 2008). Attempts to verify relationships between tuber colour and
concentrations of medicinal compoundskn sidoideare imited to the workof White (2007) and White

et al. (2008. Their sudy investigatedhe relationship between umckalin concentration and tuber colour
of P. sidoideplants. Teir results did notevealany significant riationships between the two variables
Thismayhave been due to their ageof single extract as oppoed tothe complex oextractsreported

by the Pelargonium industry to represent the medicinal fractiodPofidoides(H. Nieuwoudt, Bophelo
Natural Productspers. comm. 2008; K. Paulsen, BZplers. comm 2008; U. Feiter, Parceyaers.
comm, 2008) Kdodziezet al. (2003)also hypothesizd that there may be several possibilities fibre
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medicinal effect ofP. sidoidesyxamelythat various constituents work synesgically to fight infections
andthat unknown compounds yet to be isolatade responsible

It cantherefore be arguedthat the demandor darkcoloured tuberdy the Pelargonium industrig not
exclusively for sustainability purposes, but rather that thesa relationship between tuber sizeiber
colour and medicinal compounddhis argumenis raised becausd palecoloured tubers contained
similar amounts of the activeompounds;the Pelargonium industry would have ceased vhifttvest a
long time ago, be freed fromvild-harvest permitting requirementand concentrated on cultivated
stocks It seems unlikely though that the Pelargonium industry is willing to pursue cultivatidghe
exclusion of wileharvestconsidering that only few cultivation projects have been set up in Lesotho and
South Africgvan Niekerk, 2009)

For the purposes dhis study, it was deduced that tuber colour was correlated with higher levels of the
desired medicinal compoundsabed onthe abovementioned information summarized as (#)e
difficulty of obtaining consisint information from the tradeon the type of tbers preferred(b) what
harvesters are instructed to colledt;) the zero valueplacedon pale-coloured tubers(d) inconclusive
results from the workof White (2007) and Whiteet al. (2007) and (e}lhe possible medicinal
mechanisms ofP. sidoidesaised by Kolodzieet al. (2003).

Oneother requirement by the Pelargonium industry is fiubersto have no fungal infection as these
fetch a lower price (H. Nieuwoudt, Bophelo Natural Prodpets. comm.2008).Additionally,hie tubers
from Lesotho seem tbe preferred more than tubers sourced from South Africa (H. Nieuwoudt, Bophelo
Natural Productgpers. comm.2007). This mape because there is minimal contamination from other

similar species such &s reniformeasP. sidoidesccurs on its own throughut its range in Lesotho.

1.10 Wild harvestand sustainability

Although therapeutic benefits d?. sidoidefiave been known for many years, it is only since 2001 that
large scale commercial harvesting commenced in South Africa and more recently inoLesstipply
local and international market (Newtont al., in prep). The species is mostly harvested from the wild in
the Eastern Cape Province of South Africa and in the Ssmadtern and Northwestern districts of
Lesotho (Newtonet al., in prep).

A variety of harvesting tools such pisk axes, spades or anther sharpened metallic tools are used for
uprooting the plants to collect theubersduring harvestffers. obs. Because the harvesting tools used

have different shapes and sizes, they tdndccause varying degrees damage to harvested plants and
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the surrounding environmengpers. obg. For instance a spade was observed to cause more tuber
damage and more soil disturbangeefs. obs).

Several studiedave in the pasthave reported that wid populations ofP. sidoidesare harvested
unsustainably (VIok, 2003, 2005; Leetal.,2006, 2007; White 2007; Whitet al.,2008; Newtoret al.,

in prep) and a similar observation was made during this stymbrg. obg. As a result, in some areas
where there was previous wild harvest, lo@ttirpations have occurred (Vlok, 2005; Newtsinal., in
prep,; de Castroet al., 2010). This is becauseuding harvest, whole plants araprooted and any
unwanted small tubers arasuallynot replanted and as aesultclonal rejuvenation is threatened (Lewu
et al, 2006). In some areabarvestingholes are not always filled with soil (closg&jgure 1.8) and
other unwanted plant parts like stems and roots are not replanted (Letnal, 2007;pers. obs.)
Additionally, Newton et al. (in prep) observed that some harvest sites, especially those accessible by
road, are harvested repeatedlincreasing the rate of plant mortality and population decline. Newdbn

al. (in prep) also notedhat some holes created hyrevious harvest did not show evidence of recovery.
The assessment on the impacts of wild harvestindg® osidoidepopulations in the Eastern Capg VIok
(2005) also revealed that a too soonpeat harvest of the speciesignificantly reduce plant deniy
resulting inlocal extirpationsde Castreet. al. (2010 further confirmed that there is limited resprotuing

in previously harvested sites in some parts of Lesotho and South Africa as a result of a too soon repeat
harvest Lacalized population declireseem to banore pronounced in communal areaspecially those
that are easily accessible and close to townsl commonage areas the Eastern Cape Provinfélok,
2005; de Castret al., 201Q Newtonet. al, in prep; pers. obs).

Although there is arrently lack of information on the impacts of abowgentioned harvest methods on
the surrounding habiof P. sidoidesharvesting methodsurrently used have been observearesult in
environmentaldegradation The environmental degradation is in the fosoil erosion (Figure 1.5B) and
mortality of plants associated witR. sidoidesuch asEuphorbiasand Brachystelmapecies (D. Newton,

TRAFFIC East/Southern Africa [TE®A$, comm 2009;pers. obg.
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Figure 1.5. Unsustainable post harvest neetlof P. sidoides plant in the Eastern Cape that involves not
filling up harvest holes with sqih) and resultant soil erosion of surrounding habitat around a harvested
P. sidoideplant in Lesotho (B).

The Pelargonium industrijoweverinsist that someform of training on harvest methods is provided to
harvesters in their employ prior to harvesting operations (H. Nieuwoudt, Bophelo Natural Prpeusts
comm., 2008; K. Paulsen, BZHers. comm 2008; R. Gowar, Gowar Enterprises,litt., 2009 D.
Newton, TRAFFIC East/Southern Africa [TE®#Ag, comm 2008§.

In an effort to ensure sustainable harvestRf sidoidesvild populations, collection and bioprospecting
permits are needed as per Lesotho and South African legislation. However, even wptrihie system

in placethere have been cases of illegal harvest which lead to arrests being made in L&5ifband
South Africa Z000, 2003)Xvan Niekerk, 2009). No successful prosecutions were made though due to
limitations of existing laws governitige use ofP. sidoideat that time (van Niekerk, 2009).

Since it seems that harvesters are not adhering to harvest methods provitieth has resulted in
population declinesand even legislation seems to be lacking in regulating the us®.o$idoides
cultivation of P. sidodiesnay bethe next step to achieve sustainable use of wild populations. This
alternative is possible especially because propagatioR.dfidodiehas been reported to be relatively
easy using tuber cuttings, leaf petioldsewuet d., 2006 White, 2007; U. Feiter, Parcevpérs. comm.,
2008; Whiteet al., 2008;per. obs) and seedg¢Afolayan and Masika, 200ders. obs).

1.11 Rate of tuber recovery

While it was not possible to determine the rate of tuber recovesing biomassiuring the Non

Detriment Finding trainingxercise for the Lesotho CIT&S8entific Authority recorded in Newtaat al.
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(in prep), through interviews and field observations, it was possible to identify three approximate

stages of tubecolour developmenas follows:

White tuber phaseThese are formed in one dfiree possible ways, firstly from mature tuber
fragments left in the ground after harvest, secondly in the natural course of seedling
development, or thirdly in undisturbed plants as part of themal successional development of
young tubers from the previous age group of tubers. This life stage remains white for an
estimated one to two years

Pink tuber phaseThis phase is a more mature form of the white tuber and is distinguished by
the onset oflight to dark pink colouration at which stage the tuber age is estimated to range
from approximately 3 to 5 or more years.

Red or mature tuber phasdt is generally this phase that is commercially harvested. Tubers

develop the deep red colouration aftexbout 5 to 7 or more years. It becomes difficult to

estimate their age after development of red colouration.
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Figurel.6. P. sidoides hypothesized tuber colour phases and their approximate ageghif@tuber
phase, Bpinktuber phase, €red tuber phase).

During work by White (2007), the tuber development stages were identified for purposes of monitoring
tuber regrowth although they were not associated with age estimates. Old tuber growth was separated
from the new tuber growth based otuber colour andappearanceOld tuber growth haded/brown
colour as opposed tdhe cream white colour of new tuber growth. In terms of appearance, old tuber
growth was brittle while new tuber growth wasn-brittle. According to thePelargonium industrythe

white, pink and red tuber development stages may develop at different rates between sites (U. Feiter,
Parcevalpers. comm 2008).

During this studyjt was deducedhat following harvestP. sidoidegubers recoverin three different
ways.The first stag involves resprouting of stems from the point of cut (where the tuber was chopped
off during harvest), secondly, the stem elongates and thirdly, the stem swells and matures into a tuber

(pers. obs.

1.12. Management and monitoring

Up until 2010, in bth South Africa and Lesotho there was no form of management and monitoring
carried out for the species. This may have been because prior to 2010, there was no species
management plan foP. sidoidedo give guidance on how to manage the resource. In lbesdDoE is
invested with the responsibility of biodiversity management and conservation in the country while in
South Africa DEA and the Provincial departments. (Egstern Cape Provincial Department of
Economic Development and Environmental Affairs [D¥Ddte responsible for biodiversity
management. However, iboth countries, monitoring has beeleft entirely to the Pelargonium
industry (Newtonin prep; Newtonet al., in prep). The lack of an official management and monitoring
framework caused sever@roblems in managing the resource sustainably,uidiclg lack of harvested
volumes problems with permit issuance and deficient harvesting guidelines. However, with the
development and submission of the species management plan to DoE in Lesotho and S&Ahi

Africa this situation is expected to improve.
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1.13 Description of study areas

11316 [ &t RE @SASHF A2y NBIA2Y

1.131.1 Eastern Cape Province

This study was conducted in the Amatola and the Northern Ukhahlamba regions of the Eastern Cape. In
the Amatola region, 7 study sites were sampled, namely Peddie, Lokwe (formerly known as Victoria Post
Farm) (van Niekerk, 2009), Wesley, Stutterheim, Hogsback, Cathcart and Doifibiéature Reserve
(Figure 1.7) The only Ukhahlamba region study site wasua agricultural holding within the town of
Rhodes! £ f GKS &ai0dzRé aAdSa -oNB Mm2QAK i $HTRO SpteSs aQ@nk  Infs
ranging from 100 to 1,845 metres above sea level (masl). The Eastern Cape Province incorporates two of
tKS F2NNSN) aK2YStlyRaé¢ 2F (GKS ! LI NIKSAR LISNA2RI Yy
then part of the Cape Provinc®dld and Cocks, 2002he people of the Eastern Cape tend to be more
traditional and rural, but also significantly poorer aleds developed, than those in other Soutfrican
Provinces (Cocks anddNer, 2002). Therefore reliance on natural resources for utilization and trade can
become the easiest escape from poverty.

All the sites in the Eastern Cape are located in the8saGrassland and to a lesser extend the Albany
Thicket biomes and in particular the SHbcarpment Savanna, ShHbcarpment Grassland and
Drakensberg Grassland Bioregions. The Savanna Biome experiencesagicemsubtropical climate

with wet hot summes and dry mild winters. The mean annual temperatures (MAT) range from 17°C to
18°C with mean annual precipitation (MAP) ranging between 500 and 750 mm in areas outside the
Kalahari (Mucina and Rutherford, 2006). The mean daily maximum temperatures faraRebarely

drops below 26°C in some of the ledtitude areas in the East (Schulze, 1997), while they can drop to
18°C in higher altitudes. The mean daily minimum temperature for February can drop below 16°C in
higher lying areas and can remain at 20tCthe f 2 6 SNOSKtRXS | NBlFad Ly gAYy
temperatures are more variable with some eastern parts of the biome getting minimum daily
temperatures that remain above 10°C. Only the lodwéng parts of this Biome such as the Sub
Escarpment Savanna Bigien are considered frodtee. The Savanna Biome is dominated by the
Kaapvaal Craton, a stable continental crust which contributed to deep sandy soils and shallow lithosols
(Mucina and Rutherford, 2006).

The grassland biome is characterized by temperdimate with summer rainfall and cold winter
droughts. The MAT ranges from 4°C to 15°C (in the Drakensberg Grassland aBsc&pment
Grassland Bioregions) with MAP of between 423mm and 1,234mm. The topography is mostly flat to
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rolling but also comprisesmountains (Mucina and Rutherford, 2006). There are high lightning flash
densities which raises the probability of naturally induced fires; for this reason, Grassland is a fire prone
ecosystem (Mucina and Rutherford, 2006). Grazing and fire have a madjmnicé on canopy structure

and species composition. This Biome is underlain by the Karoo Supergroup rocks of the Clarens and Elliot
formation which are covered by the Drakensberg group in some areas. Sweet and sour grasses are found
in this Biome belongingo the subfamily Chloridoideae and Panicoideae respectively (Mucina and
Rutherford, 2006).

The Albany Thicket Biome also experiences a-seithito subtropical climate with an unpredictable
rainfall regime, ranging from 258677mm MAP. The annual preiation coefficient of variation (APCV)

is 2536%. The vegetation of this Biome is a dense, woody,-saatulent and thorny vegetation type

with average height of-8m (Acocks 1953; Everard, 1987). According to Acocks (1953, 1988), the Albany
Thicket comprises small patches of other vegetation types that are embedded within the thicket, such as
the Savanna Biome, which is whd?esidoidesiso occurs. Primary productivity studies have shown this
biome to have slow growing species (Aucamp and Taintord)19®e geology of the Biome comprises
folded strata of the Cape Supergroup with early Karoo Supergroup sedimentary rocks also folded in the
northern margin of the Cape Fold Belt. The Biome is typified by fine and deeptielured soils as

well as shdbw and coarse unstructured soils (Mucina and Rutherford, 2006). Dominant plant families
are Ebenaceae, Sapindaceae and Didiereaceae (Cawkhg2005).

Poverty is severe where harvesting f sidoideoccurs in theEastern Capé€Dold and Cocks, 2002
Lewuet al, 2007; van Niekerk, 20Q9Consequently, commercialization of medicinal plants sucR.as
sidoidesh & AAIYATFAOI yi (2 LiSerdJ®T)Eocks andWikrdur,2a0B)a o { KI O f

1.132.a 1 X0BK R¢ @S3ASGlI GA2y NBIAZ2Y

1.132.1. Lestho

¢tKS &aiddzRe gt a O2yRdzOGSR | vdzZikKAy3a o1t ¢fKF{dz Iy
situated in the southern part of the country, as well as Btithahe (Makhunoane) which is situated in

the northern part of the country. Due to the awvaliility of the Lesotho Scientific Authority non

detriment study findings (NDF), these data (Newttral. in prep) were used as well. The NDF study

gra O2yRdzZOGSR G vdziKAy3 o1t ¢fKF1dzZ 1 wlkdaSyYyl z
Letebg Likholtoanengg | I al 1aQlF X al {K2FNBy3uvs az2(Kz2Gf2y3 o6a
Mapholaneng), Thab@seka (Thabdaseka Basotho pony garden, Machaping, Katse Ha Ramokoatsi |,
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Katse Ha Ramokoatsi Il, Katse Ha Theko I, Katse Ha Theko II) and@uthgMaklvakhoeng,
Makhunoane) district§Figure 1.70 ¢ KS a G dzReé aAidSa I-obc TRYFgR WoPRISEDy
Hpec nnQ9 gAGK FfGAGddZRSE 2F 0SG8eSSy wmIpppYl at G2 w
specifically the Drakensberg GrasslarepiBn and to a lesser extent the Mesic Highveld Grassland
Bioregion, with the predominant vegetation being the Basalt Grassland vegetation. The two vegetation
regions experience temperate to suitmpical climate regimes, characterized by MAP of between

391Imm to 1,451mm. The MAT ranges from 4.0°C to 17.2°C (Mucina and Rutherford, 2006).

Lesotho is a mountainous country that is completely kouked by the Republic of South Africa and

occupies only 30,355 Knin size.Approximately three quarters of the catry represents the Maluti

range while the remaining one quarter comprises the lowlands and foothills. The majority of the
population (80%) lives in rural areas and depend on subsistence agriculture for their livelihood (Mokuku

et al, 2004). Howevermaninduced soil erosion has become common in Lesotho with soil loss
estimated at 2,000 tons per KnfChakela, 1981), and hence a great threat to agricultural production.

This is aggravated by the fact that already only nine percent of Lesotho is arabléMakak(i et al.,

2004) and population pressures have increased landlessness. Additionally, Lesotho is considered as one

of the fifty poorest countries in the world, with6.7% of its population living below the poverty line

(Anon, 2010B. The incidence of qverty coupled with landlessness can thus put pressure on local

people to opt for commercialization of medicinal plants as they have limited means of generating

income.

1.132.1.Free State Province

The study sites were located at Qwagwa (Tsiame villagd) Golden Gates Highland Nature Reserve
with altitudes of between 1,740 and 2,360mé¢BIgure 1.7%0 ¢ KS &G dzRé aAirdsSa | NS ¥F2d
-Hyc 00Q{ -HYyR wy®&9acn Qe ProvinlinBudiGgNte Study sites are situated in

the Grassland Biome and in particular the Drakensberg Grassland Bioregions and to a limited extent
within the Mesic Highveld Grassland. The Fgtate Province lies in the Karoo sequence of rocks
containing shales, mudstones, sandstones and the Drakensburglt.bd$e area experiences a
temperate climate characterized by warm to hot summers and cool winters. The areas in the east
experience frequent snowfalls, especially on higher places while the west can be extremely hot. The
Grassland (Mesic Highveld and Keasberg Grassland Bioregions) areas have MAT of from 4.0°C to
16.8°C with MAP of 543 to 1451mm. The grasslands are strongly dominated by grasses of the family
Poaceae (Mucina and Rutherford, 2006).
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The Free State Province is one of nine provinces inhSdiica and is centrally located in terms of the
geographic distribution of South Africa. Prior to 1994, the Province included two small areas that made
up part of the old Apartheid homelands of Bophuthatswana and thegsatérning territory of Qwaqwa
(Bradshawet al., 2000).

L 4 Lowveld sites
® Highveld sites

Figure 1.7. The location &f(i dzZR& &aAGS&a Ay (GKS af260St Ré ORAI Y

vegetation regions.

1.14 Rationale

The threats facing important biodiversity worldwide include invasion by alien species, ecosystems
destruction, and ovegexploitation through over harvesting, land conversion and habitat loss which
AYONBLIaAy3At e GKNBIFGSY | LILINBEA YL ( &ipgmannet al./R2005). 2 F

A widespread disturbance to plant populations in Southéfrica and elsewhere is the harvesting of

plants from the wild (Hoffman, 1997; Dzerefos and Witkowski, 2001) which is mostly driven by
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commercialization (Williamst al., 2000).Additionally, commercial pressures are mounting, driven by a
rapidly growingand urbanizing population. An estimated 80% of this population consults traditional
healers, based on affordability, accessibility and acceptability of traditional medicine compared to
western medicineFurthermore, high rates of poverty, unemploymentiglow level of formal education

has stimulated a rise in owmarvesting of most medicinal plants (Cunningham, 1988, Marshall, 1998;
Ghimire et al, 2005. The negative effects of wild harvest are manifested by habitat loss, species
extinction, and reductin in genetic variabilityAnon, 1997).

The expanding international medicinal plant trade, cliarvest for both traditional medicine and global
trade raises concerns about the impact on species for which available information on conservation
status is uknown or is outdated (Cunningham, 1988unningharret al, 1992).However, in Southern
Africa, past and present research efforts on the effects of disturbance such as harvesting have focused
on changes in species at a community level, essentially witpieservationist paradigm (Bothet al.,

2004) yet changes in community and population structure often occur before major shifts in species
composition or species logslarper, 197y and are a useful indicator of management and disturbance
impacts. Therefoe, due to the rapidly growing traditional medicine and expanding local as well as
international trade, intensive hargting of populaspecies such d2. sidoidess likely to increaseHence

there is need for more studies to assess the status of the fdgnabundant species and in particular to
determine the impact®f largescale harvesting owild populations.

P. sidoidess widespread, yet its wild tubers are collected in large quantities for both international and
local trade thus raising legitimat®ncerns about the impact of harvest on wild populations and hence a
high possibility of threat in future. Even though this species is widespread, repeated harvesting can
reduce its population density significantly, despite ability to resprout (VIok2005 de Castrcet al.,

2010; Newtonet al., in prep) and can thus lead to wild populations becompithreatened in the near
future. This is exacerbated by poor harvest methodology suchtase regular return harvest and poor

post harvest management of thearvest site (VIok, 2003, 2005; Newt@®04; Newtonet al.in prep).
Despite the current harvest pressure ¢h sidoidesfew studies in South Africa and Lesotho have
investigated conservation and management options to ensure its sustainable hanthstwild, (VIok,

2003, 2005; Newton, 2004; Levat al., 2006, 2007 White 2007; Whiteet al., 2008; Newtoret al., in

prep.). Furthermore except for the work of White (2007) and Whig al. (2008),there has been no
specific attempt to investigate theate of tuber recovery, impacts of harvesting on tuber recovery and
ideal harvest and post harvest techniques that will maximize recovetheofesource post harvest

Therefore the proposed study intends to investigate the tuber recovery aatkall aspets of pre and
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postharvest managemerguch as impacts of wild harveBt sidoidesuber recovery as well as possible
approaches to maximize tuber recovempe findings and recommendations of this study wikrefore
contribute towards sustainable managemt of P. sidoideshough informing the recently developdél.
sidoidesBMP which has been submitted to the Lesotho and South African Goverments.

The study also forms part of a biggbut recently completed project callésiaving Plants that Save Lives
and Livelihoodswhich wasaimed at supporting the conservation of MARBad their habitats and
establishment of sustainable use schenfstheet al., 2010) The projectwasimplemented through

five subprojects in six countries located in South Asia, S@atth Asia, South America and Southern
Africa The International Standard for Sustainable Wild Collection of MAP-MIB8&T developed by
WWEF, IUCN, TRAFFIC and BfN is the tool that was used to establish sustainable management
programmes for MAPs for present égriuture generatios (Anon, 2007) Lesotho and South Africa are
the two Southern African countries which were chosen to pilot the project. The Southern African sub
project aimed to determine sustainable harvesting methodsPRorsidoidesand to develop aegional
management plan to ensure the sustainable harvesting.dfidoide#n Lesotho and South Afri¢athe

et al., 2010) Thusthis study has directlycontributed to the overall implementation of the ISS@AP in

Southern Africa.

1.15 Study aims

Theaims of the study were:
e To research the capacity d®. sidoidesplants to regrow from remnanttubers and the
associated timdramesrequiredto regenerate commercially useful tubers.
e To investigate and analyze the sustainabilifyharvestingon P. sidailestubers and develop
harvesting recommendations that will maximize recovery of the resource post harvest.
In this context, the term remnant refers to the fragmentsRofsidoidesubers (regardless of their size)
that are left by harvesters in the groungthether deliberately (for conservation purposes) or not

deliberately (due to its extensive underground system, rocky soils e.t.c.) during and after harvesting.

1.16. Study objectives
Consequently the objectives of the study were:
e To determine the time tken by tubers regrowing from previously harvestedsidoidesuber

fragmentsto develop darkred colouration.
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e To determine the time taken by previously harvestedsidoidesuber fragments to regenerate
commercially harvestable tubers.

e To determine e potential impacts of harvestingn P. sidoidesuber recovery.

e To make recommendations on harvest methodology that will lead to sustainable production of
P. sidoidesubers.

e Torecommend overall management and monitoring optiondfosidoides

1.17. Hypotheses
The study tested the following hypotheses:
e Previously harvesteB. sidoidesuber fragments require a 7 year rotatidn regenerate mature
harvestable tubers.
e There isanuneven distribution of tuber coloubetween previously harvested and harvested

sites,with pale coloured tuberbeingmore common in previously harvested populations.

1.18 Structure of the dissertation

The dissertation is divided into five chapters.

The first chapter (1) is a general introduction into the background on uséaplants in traditional and
western medicine, their commercialization, trade and sustainability of wild harvest. The chapter also
includes more specific details dh sidoidesand the threats it faces in the wild. Following this is the

& (0 dzR & Q & ectivés ¥ril Byp@heses.

Chapters 2, 3 and 4 present research results each focusing apetsficresearch objective. The
chapters have been written as papers for ease of publication in futdagingusedthis format, there is
somerepetition although eforts havebeen made to keep thi® a minimum

Chapter 2 focuses on the capacity Bf sidoidesplants to regrow from remnant tubers and the
associated time spans required to regenerate commercially useful tubers.

Chapter 3 provides an investiga intothe impacts of harvestingn the recovery oP.sidoidegubers.
Chapter 4 discusses sustainable harvesting methods that can be applied in harvesting wild populations
of P.sidoidesand develops appropriate management and harvesting recommendations.

Chapte 5 provides a general discussion on the whole study, and lists final conclusions and

recommendations for management and further researchPorsidoides
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Chapter 2

Rate of post harvest tuber recovery oPelargonium sidoidesplants into

sustainably anccommercially harvestable tubers

2.1. ABSTRACT

Wild harvesting ofPelargonium sidoidetubers has been occurring extensively in some paof the
Eastern Cape and Lesotho for centuri@abers are targeted because they contain medicinal properties.
The medicinal compounds in the tubers are thought to be highly correlated with colour, with their
concentration increasing as the colour deveddpwards darked. Darkred coloured tubers seem to be
preferred by the Pelargonium industry and are considered to be mattuethermore, the industry
reportedly places lesgalue on pale coloured tubers to discourage harvesters targetting pale immature
tubers and thus tgromote sustainability of wiltharvest. However key information relating to the time

it takes for previouslywild harvestedP. sidoidegplants to regeneratesustainably anccommercially
harvestable tubers with a dafled colouration idacking thus limiting conservation optionsherefore

the rate ofP. sidoidesuber recovery, measured by tuber recovery coland biomass in previously wild
harvested sites was investigated using linear and-livagar regression model§.he rate ofP. siloides

tuber regrowthin cultivated plantsvas also investigated in the same manterdetermine prospects

for cultivation Relationships between time since last harvest and tuber colour score as well as tuber
recovery biomass were investigated farf 2 R @St 9 &4 0 SNYA IKAST Re WR SER (G K2
State) vegetation regions. Significant relationships were found between time since last harvest and
tuber recovery colour in both regiong$ 0.63P< 0.05, d.f = 7 and= 0.55,P< 0.05, d.f = 5). Sitaily,
significant relationships were detected when all types of sites {hdlidiested, semwild and
agricultural) were combined farach regior(r? = 0.79,P< 0.001, d.f = 12 and = 0.46,p < 0.01, df= 10).
Furthermore, combining wiltharvested sitesfrom the two regions also produced a significant
relationship(r’= 0.77,P < 0.001, d.f = 13). Finally, the relationship was also significant when all types of
sites from the two regions were combingd’= 0.77,P < 0.001, d.f = 23). When the rate of tuber
recovery was investigated using tuber recovery biomass, a significant relationship wasuoryirf the

ax 6 oSt Ré¢ @S 3 8% 0.72 0 €0/05 NB=TiAnzyltivated sites, significant relationships were
only detected whenrivestigationswere done on theeffect of time on rate of tuber regrowth using
biomassg KSy &idzRé aAraisSa FTNRY (KS aft260StRé =R GKA3IF
0.68,P < 0.03, d.f = 8)he study revealed that tuber recovery colaamd biomass in previously il
harvested sites increased positively with time. AdditiondlysidoidedJt | y 1 & NBIj dzA NB xy &3S
recovery todevelop darkred colouration andx mIb years for harvested plants to attagmiginal pre-
harvestbiomass This means that for a sustainable wild harvest, repeat harvest on sites previously
harvested should nboccur before ateast these periods have lapseshould the Pelargonium industry

find the 1615 yea harvest interval too longcultivation can be considereds an alternative. This is
because tuber regrowth rate of cultivated plantsas found to requirea shorter timel (9 yearsto
develop similar biomass to that of unharvested wild populationslowever, future research is
recommended to determinetuber colour development in cultivated plants and what constitutes
commercially harvestable tubers.
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2.2. INTRODUCTION

Wild plants have been used for various purposes such as medicine and are mostly harvested from the
wild (Lange andd&ippmann, 1997). However, little is known about the ldgagm effects of harvesting

on viability of wild populations (Lamoset al., 2001), espeially how populations recover post harvest.

This is more so for plants such Rslargonium sidoidethat are harvested for their medicinal tubers.
Furthermore, it can be difficult to envisage persistence of wild populations of medicinal plants because
vital ratessuch as mortalitywary over time as they respond to varying environmental conditions (Nantel

et al., 1996). The manner in which plants reproduce and regenerate is crucial in resource conservation
as it can determine how they respond to harvestiddthough largescale harvesting of medicinal plants

for commercial use damages some species, some of these species can easily withstand the damage
caused This is because some of these plants have cettaits that they usesuch as growth strategy

and growth form (Cunningham, 2001). For example, clonal growth is believed to give plants an
advantage in stressful abiotic environment (Pennings dDallaway, 2000). According toarv
Groenendaekt al. (1996), clonal growth, from for instance tubeis,the poduction of independent
offspring through vegetative growth. Many perennial plants reproduce sexually and clonally (Sthmid

al., 1995).P. sidoidegan also reproduce both sexually (through seed) and vegetatively from tubers and
tuber remnants (van dewalt and Vorster, 1988; Dreyer and Marais, 2(08€)s. obs.

Whether L I yia | NB & NBaSSRDNBE deterihe dhiils rddpiivide dixi BaNdsE
(Cunningham, 2001For instance, somepecies can resprout via rhizomatous or stoloniferous growth
(Pateet al., 1990; Luogat al., 2004), and these species may have an advantage over reseeder species
because vegetative growth generally occurs from an original individual, which may or may not have
been damaged by harvestingdditionally, these plantsnay be resilient to the impastof harvesting
because of a high resprouting/coppicing responSairningham, 2001 ® wS & LINB dzi SNB RS @S
0 | y4nd respond to any form of disturbance such as harvesting or fire by producing new stems
(Cunningham, 20018imilarly,P. sidoideseems to possad: @& 6 dzRon dsltuidrséwhich enables it

to develop new stems following harvesters. obk According to Harper (1977), thébud bank is
comprised of an accumulation of dormant meristems (buds) formed on mésp corms, bulbils and

tubers in the soil. Through, correlative inhibition, actively growing apical buds prevent growth of axillary
and adventitious buds situated below the apical meristem, a phenomenon referred to as apical
dominance. Therefore these ath buds remain available for vegetative regeneration until injury such as
harvesting breaks the apical dominance (Tuahal, 1994)Thust LJ | yiQa oAt Ade (2 N

is important for disturbance tolerance (Weihet al., 1999).However, resputing in individual plants
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can vary; for example, Kindschetr al. (2008) established that there was likely to be variation among
individual Echinacea angustifoliplants in their ability to resprout. Hence information on factors that
affect resproutingn medicinal plants and their long term implications for plant persistence is important
(Kindscheret al., 2008). Similarly, there is lack of information Bn sidoidegesprouting ability and
consequently it becomes difficult to estingatuber recovery rges in wildharvested populations.

Perennial plants, such & sidoidesthat produce tubers or rhizomes, build up carbohydrate reserves
for resprouting after a disturbance and also for spring growth (lwasa and Kubo, 1983)growth
strategy helps thes plants to persist in many habitats because among clonal strategies, rhizomatous
architecture has been reported to play an important role in plant persistence and spread (Hutchings and
Bradbury, 1986; Eriksson and Jerling, 1990; Orbony and Cain, 2@#tjonally, the clonal growth
strategy favors colonization of a wide range of habitats but mostly in grassland (van Groeretralael
1996). For example, in firgprone African and Australian grasslands and savannas, many resprouters
possess tubers thaproduce new stems after fire (James, 1984; Hansénal, 1991). Ahough
resproutersmay resprout after a disturbancehere should be enough assimilatagailable from their
storage organs to support resprouting (lwasa and Kubo, 1997). This is bedhese i$ a limited supply

of assimilates (maybe due to the relatively small size of the tubers), carbon availability can limit
regeneration (Klimesova and Klimes, 2007). Thus population recovery in perennial species post harvest
can depend on factors suds resource availability that stimulate or inhibit plant growth (Ticktin and
Nantel, 2004).Resprouters in general however, produce relatively few viable seeds (resulting in few
seedlings) and hence once the parent plant dies;es@blishment from seedsi usually rare
(Cunningham, 2001 Although information on sexual reproduction Ih sidoidess largely lacking, seed
production has been observed to be low (VIok, 2003, 2p88s. obs).

P. sidoidess reported to have a high resprouting capacity beeaimsmost areas where wild harvesting

of the species occurred in Lesotho, one to several small plants could be observed resprouting from
remnant tubers left in many previously harvested holes (Newdbal., in prep; pers. obs). Viok (2003

2005 also olserved high resprouting rates in some areas in the Eastern Cape where there was extensive
previous harvestinglt was observed during fieldwork for this study thBt sidoidesresponds to
harvesting in three different way3he first stage occurs some weefas early as 2 weeks) after harvest
where the plantsresprout from the pointwhere the tuber was broken off during harvesting. The next
stage is elongation of the stems, the length of which seems to be dependent on whether the tubers are
covered with sdipost harvest or not and how deep they were buried. The third stage is the swelling and

maturation of the stem into a tubeipgrs. obs). Tubers that are not covered with soil after harvest often
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desiccate, thus limiting stem resprouting. Furthermore, dulzolour intensity seems to also increase
with tuber maturity. However, the approximate time the tubers take to mature to a commercially
valuable size, colour and chemical constituent levels is unknown.

Newton et al. (in prep), estimated a return harvegperiod of 7 years folP. sidoidegubers to age
sufficiently. This age appeared to be correlated with a mature -gedkpurple colouration rather than

the pale cream colour associated with the youngest tubers. However, Nesttah(in prep) depended
onfield observations and interviews to obtain the 7 year period, and it is not clear if the 7 year period is
an estimation of tuber biomass recovery, the minimum time required for the tubers to become this
mature darkred colour or a combination of both. Wik a thorough scientific verification into the rate of
tuber recovery and ther colour developmenin previously harvested plantgasrequired

Some researchers have investigated the response of medicinal plants harvested for their tubers to
impacts of havesting intensity, timing and frequency (Nault and Gagnon, 1993; Nan&t|, 1996 Rock

et al., 2004; White, 2007; Whitet al., 2008). However, how the tubers recover, how long they take to
do so and the time required for the medicinal compounds toedep to sufficient concentrations is
usually ignored. White (2007) and Whitt al. (2008) used regression models to estimate tuber
regeneration time forP. sidoidess approximately averaging 56 years under field conditions. However,
using the lower and pper confidence limits, the regeneration time could range from 11.5 to 410 years
(White, 2007; Whiteet al., 2008). The discrepancies between tuber regeneration time established by
Newtonet al., in prep, White (2007) and Whitet al. (2008) may indicatthat the former estimated the

time using tuber colour while the latter used tuber biomass.

In other medicinal plants, Nault and Gagnon (1993) established through population projection matrices
that harvest rates between 5% and 15%Adfium tricoccumbulbs caused population declines of the
species. In another study, Roek al. (2004) examined the recovery 8f tricoccumpopulations post
harvest using experimental harvest of different intensities to predict the number of years required to
return to preharvest levels. They estimated that recovery time ranged from 148 years after a 95%
harvest to 2.5 years for a 5% harvest. This suggests that recovery time can depend on harvesting
intensity.

There is currently a lack of information & sidoidesuber chaacteristics required by the Pelargonium
industry, however, through informal interviews with harvesters, industry personnel and field
observations; it was possible to deduce that large tubers with deep red/purple colouration are preferred
(M.Letsie, area dbf, Ha Tlhaku, Quthing, 2007; K. Paulsen, owner of BZH compensy,comm H.
Nieuwoudt, Bophelo Natural Productgsers.comm., 2007 pers. obg. White (2007) and Whitet al.
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(2008) also found that tubers that are large and dee#t, as opposed to snlahnd pale coloured ones
are preferred as they are assumed to be commercially mature. The harvesters are instructed to collect
tubers with these characteristics as there seems to be a correlation betwesidoidesactive
compounds and colour with increiag amounts of the compounds as the tubers get to darker red (H.
Nieuwoudt, Bophelo Natural Productsers. comm 2007). However, information oR. sidoidesuber
characteristics favored by the Pelargonium industry seems to be confliatidgoften changg. For
instanceothers in the industry insist that tuber colour is not a requirement as pale coloured tubers can
also have the same concentration of active compounds as dark coloured ones but rather harvesters are
encouraged to harvest datled tubers (cosidered to be mature) on sustainability grounds (K. Paulsen,
owner of BZH companyers. comm.2008; H. Nieuwoudt, Bophelo Natural Produgters. comm.
2008 U. Feiter, owner of Parcevakers. comm 2009.
P. sidoidegubers have been found to contaiseveral secondary metabolites such as coumarins and
flavonoids (Kolodziej and Kinderlen, 2007). Secondary metabolites are needed for the interactions of a
plant with its ewironment, including as a defensegainst predators and disease (Kutchan, 2005).
Therefore harsh environmental conditions may induce an increase in the concentration of secondary
metabolites. Of the secondary metabolites, flavonoids are known to comprise the most common group
of polyphenolic plant secondary metabolites and function mgrents in flowers, fruits (Schijlen, 2004)
and in most plant tissues such as roots and tubers (Davies, 2004). Thus the flavonoids may be
responsible for pigmentation iR. sidoideglants, particularly in its tubers.
The information on tuber characterist required by the Pelargonium industry and the estimated 7 year
period required forP. sidoidegubers to recover to a commercially valuable size and -dedktuber
phase formed the hypothesis for this study. It is important to note that tuber recowseyinP. sidoides
can be measured byboth tuber colour and tuber biomass. Therefore the aim of this study was to
determine the capacity oP. sidoideslants to regrow from remnant tubersemaining from previous
harvest events, and the time required togenerate commercially useful tubers with a dark red/purple
colouration.
The study aimed to answer the following questions:

e Does it take 7 years fd?. sidoidedubers to develop theequired darkred tuber colouration

post harvest?
e Does it take7 years fo P. sidoidestubers to reover to a commerciallyand sustainably

harvestablesize post harvest?
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2.3. MATERIALS AND METHODS
2.3.1 Study Area

The distribution ofP. sidoide$n southern Africa occurs in high altitude regions such as Lesotho and the
SouthAfrican Free State Province, as well as lower altitude provinces such as the Eastern Cape. Hence
the study sitess SNBE O NRI Rt 8 RAQGARSRISKRiE?2 OSEBABIARY INBREA &K
comparsons on plant performance werenade, these clearly flerent ecological sites would be
considered.The Eastern C& t N2 Ay OS NBE OB RSy (DSH SHiKk S ARfy2 NSIA2Y
the FreeStatet N2 @A Yy OS NI LINBSRISK & SRS H KBl KAWPEKNEIA 2y @

Plant performance was also measured betwedld-harvested and unharvested control sites, semiid

and agricultural sites as well as across all types of sites-lfailcested, semwild, agriculturaland
unharvested control sitespites were found thatdd been harvested from 0.5 toy@ars previously,rad

were chosen from th two regions to represent wiltlarvested populationsWild-harvested sites with

known history of previous harvest (e.g. when they were last harvested) as well as cultivated sites (semi
wild and agricultural) were located with helpofn various role playeraithe Pelargonium industry such

as middlemen and harvesters

It must be notecdthat the accuracy of information oharvest histoy of a particular site tended to vary
depending on the role player the type of information requestedand the intended use of the
information. Middlemen for instancé&eep records of harvest sitéscation becaus¢hey are in business

hence they were able to providaccurate information on exact location of site®n the contrary,
harvesters usuallpave iformation on harvest tools and methods despite not keeping records because
they carry out the actual collectionThe intended use of information (e.g. setting harvest quotas,
management plan or ABS guidelines) may affect its accuracy dependingwothe person givinghe
information feels he/she maybe affeed. For instance, iddlemen are often reluctant to provideertain
information such as information ohow much they harvest per annum fearing that harvest quotas may

be set too lowor that release of cmmercial secrets may compromise their businf§sPaulsen, owner

of BZH companypers. comm 2008; H. Nieuwoudt, Bophelo Natural Produgisys. comm 2008 U.

Feiter, owner of Parcevabers. comm 2008. Hanesters on the other hand sometimes gainaccurate
information on harvest methods (i.evhether they fill harvest holes with soil post harvest or ng@rs.

obs) probablythinking that harvest maybe stopped by conservation officials concerned should they

factual It should be mentioned thasome information provided such as harvest methods was not
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verifiableunless harvest had occurred recently like 2 years. &agsuch cases, whether a harvest hole
was filled up with soil (closed) or not would still visible.

Semiwild sites were considerechs those sites in which plants were originalbjiected from the wild,
dividedinto propagules and placed in cultivation. These sites received minimal management, such as
weeding and watering until abandoned. Agricultural sites were considered as thiesengiere plants

were collected from the wild for their tubers, cut into propagules, and planted in established agricultural
lands and sites established from seeds (e.g. some sites in Rhodes). These cultivated plants were then
treated differently from seni-wild sites by receiving ongoingegular and intensive care, such as
irrigation, until harvest.

For unharveted control sites, farm owners, provinciahd national park managers were approached

and asked for permission to conduct research tbeir farms aml parks.Unharvested control sites
comprised sites not previously harvested or those unharvested plants that were sampled from a wild

harvested site.

HOPo OMAAEH RE[ 2853 S G GA2y NBIAAZ2Y

2.3.1.1.1 Eastern Cape Province

This study was conducted in the Atola and the Northern Ukhahlamba regions of the Eastern Cape. In

the Amatola region, 7 study sites were sampled, namely Peddie, Lokwe (formerly known as Victoria Post
Farm) (van Niekerk, 2009), Wesley, Stutterheim, Hogsback, Cathcart and Duiftoléature Reserve.

The only Ukhahlamba region study site was at an agricultural holding within the town of RAdidbs.

atdzRe aAridSa | NB f 200 cl S B{S (kdSRE yHpaoDon oG {K I+ £ G A G dzR ¢
100 to 1,845 metres above sea leyalasl). The Eastern Cape Province incorporates two of the former
GK2YStlFyRaé 2F GKS 1 LI NIKSAR LISNA2RI ylySte GKS /
the Cape ProvinceDpld and Cocks, 2002)he people of the Eastern Cape tend to be maaslitional

and rural, but also significantly poorer and less developed, than those in other 8fithn Provinces

(Cocks and Mler, 2002). Therefore reliance on natural resources for utilization and trade can become

the easiest escape from poverty.

All the sites in the Eastern Cape are located in the Savanna, Grassland and to a lesser extend the Albany
Thicket biomes and in particular the SHbcarpment Savanna, ShHbcarpment Grassland and
Drakensberg Grassland Bioregions. The Savanna Biome expsreesesarid to subtropical climate

with wet hot summers and dry mild winters. The mean annual temperatures (MAT) range from 17°C to
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18°C with mean annual precipitation (MAP) ranging between 500 and 750 mm in areas outside the
Kalahari (Mucina and Ruthertd, 2006). The mean daily maximum temperatures for February rarely
drops below 26°C in some of the laidtitude areas in the East (Schulze, 1997), while they can drop to
18°C in higher altitudes. The mean daily minimum temperature for February can diop bé°C in

higher lying areas and carlSY' Ay G Hnc/ @Ft REKSIH NRIGESINI Lay 2 g A vy
temperatures are more variable with some eastern parts of the biome getting minimum daily
temperatures that remain above 10°C. Only the louwéng partsof this Biome such as the Sub
Escarpment Savanna Bioregion are considered frest The Savanna Biome is dominated by the
Kaapvaal Craton, a stable continental crust which contributed to deep sandy soils and shallow lithosols
(Mucina and Rutherford, 2@).

The grassland biome is characterized by temperate climate with summer rainfall and cold winter
droughts. The MAT ranges from 4°C to 15°C (in the Drakensberg Grassland aisc&@pment
Grassland Bioregions) with MAP of between 423mm and 1,234mm. cffugriaphy is mostly flat to

rolling but also comprises mountains (Mucina and Rutherford, 2006). There are high lightning flash
densities which raises the probability of naturally induced fires; for this reason, Grassland is a fire prone
ecosystem (Mucinarad Rutherford, 2006). Grazing and fire have a major influence on canopy structure
and species composition. This Biome is underlain by the Karoo Supergroup rocks of the Clarens and Elliot
formation which are covered by the Drakensberg group in some areg&et@nd sour grasses are found

in this Biome belonging to the subfamily Chloridoideae and Panicoideae respectively (Mucina and
Rutherford, 2006).

The Albany Thicket Biome also experiences a-geithito subtropical climate with an unpredictable
rainfallregime, ranging from 256677mm MAP. The annual precipitation coefficient of variation (APCV)

is 2536%. The vegetation of this Biome is a dense, woody,-saatulent and thorny vegetation type

with average height of-dm (Acocks 1953; Everard, 1987cérding to Acocks (1953, 1988), the Albany
Thicket comprises small patches of other vegetation types that are embedded within the thicket, such as
the Savanna Biome, which is whd?esidoidesilso occurs. Primary productivity studies have shown this
biome to have slow growing species (Aucamp and Tainton, 1984). The geology of the Biome comprises
folded strata of the Cape Supergroup with early Karoo Supergroup sedimentary rocks also folded in the
northern margin of the Cape Fold Belt. The Biome is typlfiedine and deep webtructured soils as

well as shallow and coarse unstructured soils (Mucina and Rutherford, 2006). Dominant plant families

are Ebenaceae, Sapindaceae and Didiereaceae (Cawkihg2005).
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Table 2.1: Different types of study sites y' R

GKSANI £t 201 GA2Y AY

iKS af260St

Name of site | Abbreviation Site age| Site type Altitude  (m) | GPS coordinatg
(years) above sea level| (degrees,
minutes and
seconds)
Janine  Farn| JFH 3 Wild-harvested 1412 S322305.5
harvested E26 57 42.4
Airstrip ASH 3 Wild-harvested 1222 S321621.8
E27 08 55.8
Peddie | Pl 4 Wild-harvested 354 S332304
E27 0322
Peddie Il Pl 4 Wild-harvested 363 S33133.3
E27 0208.7
Victoria Post | | VP | 6 Wild-harvested 549 3254 54.5
E26 49 57.0
Victoria Post 1| VP 1I 6 Wild-harvested 560 S32 55 15.8
E26 50 28.3
Wesley | W 7 Wild-harvested 139 S331%9.2
E27 16738
Wesley Il W I 8 Wild-harvested 140 S331848.9
E27 17 09.2
Boldfarm BF 2 Semiwild 1450 S323313.2
E26 54 29.5
Stutterheim STS 3 Semiwild 745 S32 38 13.8
semiwild E27 30 18.2
Rhodes | RH | 1 Agricultural 1842 S3047 39.2
E27 57 41.6
Rhodes Il RH I 2 Agricultural 1841 S3047 41.7
E27 57 40.7
Stutterheim STA 4 Agricultural 769 S32380.20
agricultural E27 3017.6
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Air stip | ASC Unharvested 1223 S32 16 22.6
control control E27 08 56.0
Janine  farm JFC Unharvested 1413 S32 23 05.5
control control E26 57 42.5
McMaster MF Unharvested 1360 S32 20 58.3
farm control E27 04 57.7
DoubleDrift DD Unharvested 563 S32 %5 59.4
control E26 49 53.7

HOPo OMPAIDE Kid A@KISGIFGAZ2Y NBIAZ2Y

2.3.1.2.1 Lesotho

¢tKS aiddzReé gt a O2yRdzOGSR |G vdziKAy3 o1t ¢fKF{dz Iy
situated in the southern part of the country, as well as Behwdhe (Makhunoangwhich is situated in

the northern part of the country. Due to the availability of the Lesotho Scientific Authority non
detriment study findings (NDF), these data (Newttral. in prep) were used as well. The NDF study

was conducted at Quthing (Ha Tlek | I wl GSYF>X 1| [So6St2yeélySox vl
[ SGSO0FZ[A]TK2KE2FySy3ax 1 aliGaqQls al(1K2FNBy3vsz a2
Mapholaneng), Thab@seka (Thabaseka Basotho pony garden, Machaping, Katse Ha Ramokoatsi |,

Katse Ha &mokoatsi Il, Katse Ha Theko |, Katse Ha Theko Il) and-Buttha (Makhoakhoeng,

al {Kdzy2FyS0 RAAGNAOGAD® ¢KS addazRen AA{l SlaypR NB7 & 9 wag R
altitudes of between 1,595masl to 2,746masl. The study sites occupBihssland Biome, specifically

the Drakensberg Grassland Region and to a lesser extent the Mesic Highveld Grassland Bioregion, with

the predominant vegetation being the Basalt Grassland vegetation. The two vegetation regions
experience temperate to sutvopical climate regimes, characterized by MAP of between 391mm to
1,451mm. The MAT ranges from 4.0°C to 17.2°C (Mucina and Rutherford, 2006).

Lesotho is a mountainous country that is completely kouked by the Republic of South Africa and

occupies only30,355 km in size.Approximately three quarters of the country represents the Maluti

range while the remaining one quarter comprises the lowlands and foothills. The majority of the
population (80%) lives in rural areas and depend on subsistence agrictotutheir livelihood (Mokuku

et al., 2004). However in recent years, misgluced soil erosion has become common in Lesotho with

soil loss estimated at 2,000 tons per kifChakela, 1981), and hence a great threat to agricultural
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production. This is aggrated by the fact that already only nine percent of Lesotho is arable land
(Mokuku et al.,, 2004) and population pressures have increased landlessAdsitionally, Lesotho is
considered as one of the fifty poorest countries in the world, with 56.7% qoisilation living below

the poverty line Anon, 201@).The incidence of poverty coupled with landlessness can thus put
pressure on local people to opt for commercialization of medicinal plants as they have limited means of

generating income.

2.3.1.2.2 Free State Province

The study sites were located at Qwagwa (Tsiame village) and Golden Gates Highland Nature Reserve
GAGK FfOGAGdZRRSE 2F 0SG6SSY wmItnn YR HIewyicYladd @ ¢K
YR Hyayon@R9 Q9 d ¢SBidie ProWred iscludbdldBeS study sites are situated in the
Grassland Biome and in particular the Drakensberg Grassland Bioregions and to a limited extent within
the Mesic Highveld Grassland. The F#&tate Province lies in the Karoo sequence of rocksaating

shales, mudstones, sandstones and the Drakensburg basalt. The area experiences a temperate climate
characterized by warm to hot summers and cool winters. The areas in the east experience frequent
snowfalls, especially on higher places while the tween be extremely hot. The Grassland (Mesic
Highveld and Drakensberg Grassland Bioregions) areas have MAT of from 4.0°C to 16.8°C with MAP of
543 to 1451mm. The grasslands are strongly dominated by grasses of the family Poaceae (Mucina and
Rutherford, 206).

The Free State Province is one of nine provinces in South Africa and is centrally located in terms of the
geographic distribution of South Africa. Prior to 1994, the Province included two small areas that made
up part of the old Apartheid homelands Bbphuthatswana and the sejfoverning territory of Qwaqwa
(Bradshavet al., 2000).

Table2.2Y S5AFTFSNBYyG GelLlSa 2F addzRe airidisSa FyR GKSANI f 2

Name of site Abbreviation | Site age| Site type Altitude(m) GPS
(years) above s@ | coordinate
level (degrees,

minutes and

seconds)

Ha Tlhaku wild HTW | 2 Wild-harvested | 2134 S30 09 15.0
E28 14 10.7
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Tsatsane TSA 2 Wild-harvested | 1880 S3028 05.4
E280011.4
Thoteng THO 1 Wild-harvested | 2109 S3009 14.4
E281411.4
Ha Nthunya HNT 1 Wild-harvested | 2190 S300911.7
E 28 1360.5
Ha Lebelonyane | HLE 3 Wild-harvested | 2200 S301114.0
E28 00 23.8
Makhoakhoeng MAK 3 Wild-harvested | 2182 S28 39 03.3
E28 28 03.3
Ha Tlhaku semi HTS I 2 Semiwild 2140 S3009 21.0
wild | E28 14 31.3
Ha Tlhaku semi| HTS I 1 Semiwild 2113 S3009 23.8
wild 1l E28 14 23.6
az2KlFfSQa|MHW 0.5 Agricultural 1592 S30 08 45.6
white sand E27 28 19.1
az2KlIfSQa|MHB 0.5 Agricultural 1594 S30 08 45.4
black sand E27 28 19.9
az2KlIfSQa|MHO 1 Agriculural 1593 S30 08 46.4
open E27 28 18.9
Tsiame | TSI | Control Control 1740 S28 18 47.6
E28 58 50.0
Tsiame Il TSI Control Control 1794 S28 19 08.4
E28 58 47.5
Likhohloaneng LIK Control Control 2100 S300377.3
E28 4326
Ha Matsa HMA Control Control 2149 S3003 87.3
E28 43 35.4
Makhoareng MKH Control Control 2146 S3002 53.0
E28 53 35.9
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Komakoma KOM Control Control 2273 S2936 28.1
E28 40 51.0
Basotho Pony BPG Control Control 2230 S2932115
Garden E28 3745.3
Katse | KHR | Control Control 2329 S2921 27.2
E28 28 36.2
Katse Il KHR Il Control Control 2324 S29 2139.2
E28 28.69
Ha Theko | KHT | Control Control 2312 S291905.3
E28 30 50.6
Ha Theko I KHT Il Control Control 2355 S29 1816
E28 3073.9
Molumong | MOL | Control Control 2667 S29 2155.2
E29 00 02.5
Molumong I MOL Il Control Control 2736 S292200.9
E29 00 08.7
Mapholaneng | MAP | Control Control 2400 S290951.4
E28 52 02.5
Mapholaneng Il MAP I Control Control 2413 S90951.6
E28 51 59.8
Swaartkop SWA Control Control 2353 S2832 31.3
E28 34 19.5
Mampier | MAI Control Control 2204 S28 31 37.9
E28 38 26.4
Mampier Il MAII Control Control 2218 S283141.2
E28 38 33.6

2.3.2 Sampling of plants in the field
Plants were sampled itwo periods in the Eastern CapeheTfirst sampligtook place in Felrary 2009
and the second ona November 2009. lhesotho and FreState, here was aly one sampling periad

Plants were sampleduring March 2009n Lesotho andiuring May 2009in the FreeState After the
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Golden Gate Nature reserweas sampled, the park managers indicated tRatargonium reniformenay
also occur in the reserve. This species is morphologically simifardidoidesnd hence sampling of the
incorrect species was a distinct possibility. Since sampling occurred ahthef the growing season in
May when the plants were not in flower, the two species could not be differentiated since that can only
be done when they are in flower. Hence to make sure, after completion of the fieldwork, the tubers of
30 plants were excated from the Golden Gate Nature Reserve, and then planted at Goldfields
Environmental Centre shade (using 80% shade cloth) house in Johannesburg. These tubers were planted
in standard potting soil and exposed to normal weather conditions. This was dometscobserve the
flower colour (pink or purple folP. reniformeor darkred/maroon for P. sidoides At the time of
publication of this dissertation, fiveub of the thirty planted tubershad produced thedark-red flowers
of P.sdoides
Four types of sis were sampled to determinB. sidoideplant performance: (a) wild harvested sites,
(b) semiwild sites (c) agricultural sites and (d) unharvested control skesach type of sitéen plants
(n = 10) were sampledn wild harvested sites, plants thahowed evidence of previous harvest (Figure
2.1A (i)) were individually selected and thereafter a’tmadrat was placedyith the plant at the centre
and number and date card on the sitfeestimate canopy area and total vegetation cover (Figure 2.1A
(ii)).
Evidence of previous harvest was taken as the following:

1. Harvesting holes

2. Digging marks

3. Evidence of one, two or more resprouting stems clustered around a harvesting hole
However, upon digging, an unharvested plant would still occasionally be obtanen after following
the abovementioned selection criteria for harvested plants. Hence, fromwdtl harvested sitesthe
number of previously harvested plantdbtainedranged from 4 to 8 out of the 10 excavatethis wa
the case with plants that wersampled in the first sampling period in the Eastern Qapg Peddie,
Lokwe (formerly known as Victoria Post Farm) (van Niekerk, 2009) and Wesley) and all plants sampled in
Lesotho and the Fre8tate.This is because during tHisst sampling periodthere was nanstantaneous
repeat sampling upon encountering unharvested plants to top up the number of previously harvested
plants to 10. This problem was rectifiéok some sites in the Eastern Cape in the next sampling period
whereby repeat sampling wasonducted immediately whenever an unharvested plant was found.

Regardless of this it proved difficult to get the exact 10 harvested plants and hencerttiegvaumber
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of samples per site. On the contrary, it was not possiblsupplement the sampled plas to make a
total of 10 plarii & A K A H K @e§diaRahregion since there was only one sampling period.
All the other types of sites (semiild, agricultural and unharvested sites, except the NDF sites) were
sampled by randomly selecting the plamtsa given site and then placing the 1 x 1 m quadrat over the
plant, together with numbered cards (with site name, plant number and date, which also aided in the
taking of labeled digital photographs.
Thefollowing actions were performed on each selectédr:

1. Photographs of the plant, the quadrat and labeled cards were taken.

2. GPS coordinates were recorded for each plant.

3. Estimates of ground cover (using ovsory, understory, litter cover and rock cover) were

recorded.

2.3.2. Data collection and colaowelineation
After sampling of plants, various measurements were taken on the above and below ground plant parts.
The following abovground measurements and counts were made on eBclsidoidegplant before
digging it up:
1. Number of flowers, stems and q@outing shoots
2. Canopy length (MY and width (W) using a 30 cm plastic ruler
3. Ramet height using a 30 cm plastic ruler
Harvested plants were separated from unharvested ooese uprootedbased upon their appgrance
Harvested plants have a tuber with abvious point of cut (where the tuber was chopped or broken off
during harvesting), while unharvested plants have tubers that do not posses this feature. The following
terminology was used to differentiate differemtiber parts in plants samplefiom different types of
sites:
1. 6¢dzo SNI NEO2@FSNEBEY C¢KAa g & 2uidt RrméFrgiitheRGNB R | &
of the postharvest cuton tubers sampledrom wild-harvested sitegFigure 2.1B i, ii).
2. a2GKSNJ (1dzo SNEY ¢ KA & N& poSIEdyds fhe ot ofic@i§ure22NB I A v | f
P 126SOSNE Ay LRGlIG25as GKS GSNY GY20KSNE
LINR LI Il GA2Yy 6KAES KIFENBSalGSNBR 2F 5S@AfQa Ofl g |
the rest of the tubers (segpRI NB (G dzo SNEUOV RS@St 2L FNRBY |a | a4y
2003).
3. AawSYIAyasyY LG ¢l a O2yaiReaBsRubers, asinvkllSis theSmottier 2 T (1 K
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tuber, remaining in the ground pos$tarvest(Figure 2.1B ii).
4. d ¢ dzo SNEY ¢idlefed as all idtact @Beys from unharvested control sites without any
obvious point of cut (Figure 2.1C i).
5. G¢dzo SNI NEAINRPGgGKeEY ¢KAA NBFSNNBR G2 [ff GKS {dz
used for initial propagation) in semiwild and agdiural sites. The term was also used to refer to
new tuberous formation of plants sampled from sewild and agricultural sites where seeds
were used for initial propagation (Figure 2.1D ii).
6. G/ dzf (A @I :Ti8sRvadiitet giiedetal term when refeing to plants fromsemiwild and
agricultural sites.
The following meas@ments of belowground plant pats (listed and explainedbove were carried out
immediately after removabf plants(before the plants lost too much moistur@yigure 2.1C i, iiij,jiiv).
1. Maximum tuber length (using a 30 cm plastic ruler)
2. Average tuber diameter (using vernier calipers)
3. Individual tuber mass (using an electronic weighing scale accurate to 0.001 g).
4. For tuber colour, new plastic laminated Pantone Colour CharS) R felttip pens were used.
A finger nail was used to scrape off the tuber epidermis to expose the colour of the internal
tissuesfor comparison against the PClhe code for the PCC colour matching the tuber colour
was recordedFigure 2.1C iii).
Partone colours are standardized colours owned by the company Pantone Inc., best known for its
Pantone Matching System (PMS). The idea behind the PMS is to allow designers to 'color match' specific
colours when a design enters the production stage, regardiédbe equipment used to produce the
colour. In 2001 Pantone began providing computer based simulations of their PMS colour guides using
the proportional mix of red, green and blue (RGB) to create various colsnon( 201M) on Microsoft
Excel. Havingnixed the colours using the Microsoft Excel colour feature and using the name of the
colour allocated by the computer programme, it was possible to sort the colours into a sequence of 12
categories ranging from the whitest/cream to darkest red/purple. Ehegquential categories (=
AYONBI aAy3d O2f2dz2NJ AyGaSyaAadasSao YIRS AlG L2aairofts

frequencies.
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recovery

48



f127cs PANTONE 134 CS : PANTONE 1345 CS
2e12 R240G:212B:122 R:240 G:209 B:140

Parent
A tuber
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uber
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Figure 2.0 The sampling procedure used during field work for thidystterminology as well as various
measurements that were taken. A(i)= evidence of previous harvest, A(ii)= sampling-banwisted

plants, B(i) and B(ii)= wHdarvested plants with evidence of tuber damage, C(i)= photographs of
uprooted tubers fromy K NSa G SR aO2yiNRté¢ aAridsSas [/ 6AAOT YSI &
of tuber colour against PCC, C(iv)= measurement of tuber diameter, D(i)= sampling-ofldeand

agricultural plants, D(ii)= tuber regrowth in cultivated plants.

Tubervoly S gl & OF f OdzZf F (SR dzaAy3 | dzoSNRa F2NNdzA | Fa F2

Volume (v) =L /4

wheren=Pij, d= diameter of the tuber at mitbngth; and L= tuber length (Cunningham, 2001)

Canopy area of each ramet was determined as follows (Witkostski, 1994):

Cangy area= 0.7854\WV,
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where W= widest canopy width; ¥¢ width perpendicular to W
Newtonet al. (in prep.)used a different sampling procedure to the one used in this study by laying out
transects and measuring a limited number of variables. At eacheoR0 sites that were surveyed, five
transects were laid by first measuring a 100m bhse that ran perpendicular to the direction of the
slope. Each of the 50m long individual transects were then laid out up the slope, i.e. perpendicular to
the 100m bas-line. GPS coordinates were marked at the start and finish of each transect. A 1.8m long
pole was carried along each transect line (hence 0.9m on either side of the transect line) and each plant
occurring within the poles brefth was counted to get plandensities. One plant would then be picked
at random along each transect line and dug up. After sampling, plants were photographed. The
following belowground measurements and counts were taken:

1. Number of stems and resprouts

2. Wet tuber mass (whole plant), mimum tuber diameter, maximum tuber diameter and

maximum tuber length (using a ruler and vernier caliper)

However, since the Lesotho NDF exercise was carried out to determine the impact of traéle on
sidoidespopulations, most sampled sites were unharegstontrol sites. Of the 20 sites that Newten
al. (in prep) sampled, only three sites had a history of previous harvest. The NDF study sampled a
minimum of three plants and a maximum of 6 plants per site 8 andh = 6).
In order to transform the NB data to the same format as that collected for this study, estimations and
observations were made from photographs. The estimations were made possible by using the scale
measure on each NDF photograghmust be noted that estimationsn NDF datavere cone on all
different tuber parts (as listed and explained aboas)was the case with plants sampled during this
study. Additionally, harvested plants were separated from unharvested ones by looking at the point of
cut feature.
The estimation methodology &xplained below:

1. Wet tuber length (mm): The following equationagsto estimate wet tuber length:

L= (l"L)/Fe

Where = actual tuber length, g measured tuber length from photograph, L= actual length of scale
item in photo and f= measured scaléem length from photograph.
2. Average tuber diameter (mm): Since Newtenal. in prep only measured wet maximum and

minimum individual tuber diameters for each plant (meaning if one plant had four tubers, only

50



two had their diameters taken) therefore awage individual wetuber diameters had to be
estimated from the dried NDF tubers using a conversion factor described below. Fresh average
diameter for each tuber was estimated by measuring dry average maximum and minimum
diameter for each tuber (ovedried plants were kept after fieldwork and stored at Goldfields
Environmental Centre in Johannesburg). Since fresh maximum and minimum diameter
measurements for each plant were taken during the NDF, dry maximum and minimum tuber
diameters were subtracted fromhe wet diameter values for each plant. The differences
obtained for each tuber were added and divided by the total number of tubers whose fresh
diameters were measured during NDF to gearrage dryindgactor (shrinkage factor).

To estimate the dryingsfirinkage) factor average, the following equation wasal

Ds= (B-Da)/N

Where Q= drying (shrinkage) factor averagerBresh maximum and minimum diameters=D
dry maximum and minimum tuber diameters and=Notal number of tubers whose fresh
average diameters were measured during NDF.

Thus, = 774/222= 3.46im

Therefore to estimate average tuber diamettre following equation was used:

D= Dot Qi

Where = estimated average fresh tuber diameteg=0Irying factor average,qB dry average

diameter of individual tubers whose diameters were not measured during NDF.

Individual tuber mass (g): Newtat al. in prep did not get individual tuber masses but rather

took whole plant masses. So to estimate individual tuber mass, tuber volumes hbd to

OF £ Odzf F ISR dzaAy3 | dzoSNDa F2NNdA + & aKz2gy | 02
volumes as individual tuber lengths and average diameter measurements were calculated in 2
above. For each plant, total tuber volume was calculated by adalingber volumes together.

Having done this, it was then possible to get the ratio of individual tuber volume to total tuber

volume for each plant (individual tuber volumef/total tuber volume). This ratio was then

multiplied by whole plant mass and thuglimidual tuber mass was determined.
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The following equation was used éstimate individual tuber mass:

Mi= (MV)*My,

where M= individual tuber mass,% individual tuber volume, ¥ total volume/plant, M,= whole
plant mass
4. Tuber colour and gund cover were determined by looking at the photographs. However, it
was difficult to note tuber colour from photographs as some tubers were not damaged during
uprooting hence tuber colour eshates were notccurate.
It was possible to estimate some iabrles as shown above. The sole exception was for canopy width
(W; and W) which due to the two dimensional nature of photographs was difficult to estimate and

hence was not determined.

2.3.3 Data analyss

hyt 80 &N NBORIZOSINE £ NNE/ RNIANPRYE  andl tab¥ricalodr data was analysed in

various waysn this chapterto determine rate of tuber recovergnd rate of tuber regrowthThe other

data on different tuber parts (e.gx Y 2 (i K S NJs éxqtairfeddh thé above sectpmas used for

analysis in subsequent chapters (eQhapters 3 and 4).

In order to perform statisticainalysis ot (1 dzo0 SNJ NBEO2 3SNE ¢ | yR G idz SNJ NS 3N
had to be quantified. This was done by ranking the colours from pale to dark purple withd thein

palest and 12 the darkest colougince colour scores were assigned to represent colour intensities,
wherever the phrase colour score is used it must be interpreted as a proxy for colour intensity.

To determine the time required fdP. sidoidesubers to develop dark red/purple colourationineéar and

non-linear regression models were used to determine relationships between variables. These were
relationships between time since last harvest, time in cultivation @nd dzo6 SNJ NB O2 GSNER ¢ 2
regrowthe colour score.

Linear and no#linear regression models were also used to determine the time require® faidoides

tubers to recover to a commeally valuable size post harvest by investigating relationships between

time since last harvest, timeintui A @F GA 2y | YR aidzo SNI NSO2@3SNEE 2NJ ai

Micro-soft excel 2007 analysis tool packagas used to conduct the analyse
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2.4. RESULTS

HoOn OMBS AR 60SIASHIF A2y NBIAZ2Y

2.4.1.1 Effect of time on chour of tuber recovery for wildharvested plants

Tuber recovery colour was expected to intensify witficreasingtime since harvest. Therefore the
relationship between time since last harvest and tuber recovery colour score was investigated. There
was a positive logarithmic relationship betwete two variables® < 0.05) (Figure 2.1) and thus tuber

colour intensifies as time since last harvest increases.

9 . y=3.773In(x) + 0.343
£ o R2=0.626 Wi
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Figure2.1. Relationship between time since last harvest (years) and colour intensity dnawiksted
sites (n =8). ASH=Airstrip, JFHRanine Farm, PlPeddiel, PlIPeddiell, VPI«¥ictoriaPostl, VPII=
VictoriaPostll, WIVesleyl, WilVesleyll.

2.4.1.2 Effect of time orntuber recovery biomass for wiltdarvested plants

Tuber recovery size was expected to increase with time sinceebtaivherefore the effect of time on

tuber recovery biomass mass was determined. A significant exponential relationship was found between
the two variablesR < 0.05) (Figure 2.2). This implies that as the time since last harvest increased, tuber

recoverymass also increased. Thus given time, the tubers that were damaged by harvesting recover.
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Figure 2.2Relationship between time since last harvest and tuber recovery biomass ‘hawitsted
sites (n =8). ASH=Airstrip, JFH= Janine Farm, Meddiel,Pll=Peddiell, VPI¥/ictoriaPostl, VPII=
VictoriaPost Il, Wi= Wesley |, WNtesley II.

2.4.1.3 Effect of time on colour of tuber regrowth for cultivated plants (semild and

agricultural plants)

P. sidoidesultivation plots have been established insbtho and South Africtherefore information
relating to when tuber regrowth colour is commercially acceptable is nee8edit was important to
determine the effect of time orcolour of tuber regrowthin cultivated plants. The relationship was

however, na significant, although a linear and positive trend was obsered,.05) (Figure 2.3).
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Figure 2.3. Relationship between time in cultivation (years) and colour shade irwitenaind
agricultural sites (n 5). RHI=Rhodesl| (agricultural), RHIRhalesll (agricultural), BFBold Farm
(semiwild), STSStutterheim (semiwild), ST/tutterheim (agricultural).

2.4.1.4. Effect of time on tuber regrowth biomass for cultivated plants

The Pelargonium industry not only prefers daddoured tubers but largepnes too Therefore, the
effect of time in cultivation on tuber regrowth biomass was investigated. A significant relationship was
not found between time in cultivation and tuber regrowth biomass although a positive expahenti

trend was observe@> 0.09 (Figure 2.4
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Figure 2.4 Relationship between time in cuhition (years) and tuber regrowth biomasssemiwild and
agricultural sites (n = 5). RHI= Rhodesl (agricultural), RHII= Rhodesll (agricultural), BF= Bold Farm
(semiwild), STS= Stutterheiseiwild), STA= Stutterheim (agricultural).

2.4.15. Effect of time on colour of tuber recovery or tuber regrowth when all types of sites
were combined (wildharvested, semivild and agricultural sites)

When all types of sites were combined to investigéte effects of time on tuber colour, a strong
positive and significant relationship was obtaindd € 0.05) (Figure 2.B). The highly significant
relationship implies that colour intensification during tuber recovery or tuber regrowth is a function of
time. This simply means that over time, tuber colour intensifies whether the plants are in the wild or in

cultivation
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Figure 2.3. Relationship between time since last harvest or time in cultivation and colour score-in wild
harvested, semwild and agricuural sites (n= 13). RHI= Rhodes | (agricultural), RHII= Rhodes I
(agricultural), BF= Bold Farm (semiid), STS= Stutterheim (sewild), STA =Stutterheim (agricultural),
ASH=Airstrip (wikharvested), JFH3anine Farm (wiltharvested), Pl= Peddie | I@vharvested), PlI=
Peddie Il (wilharvested), VPI= Victoria Post |, (Wilmrvested), VPII= Victoria Post Il (wWilhvested),

WI= Wesley | (wiltharvested), WIl= Wesley Il (wharvested).

The threef A Y ST NJ G NBy R OfSX yRE a OB Hod)ivéir& &se fittedAtEoaeigraph so that
differences in their slopes coulcelzompared (Figure 28j. It should be noted that some of the trend
lines that were fitted for the relationships on the previous graphs were-liv@ar but to test for

significanceamong the slopes, a linear fit had to be us@&tiere was no significant difference detected

among the trend lines suggesting that tuber colour development is similar across different types of sites.
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Figure 2.B. Relationship between time since last Vst or time in cultivation and colour score in wild
harvested(n = 8) semiwild and agricultural sites (8 5) and all types of sites (n = 18jth the three
trend lines fitted on one graph.
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2.4.2.1 Effect of time oncdour of tuber recovery for wildharvested plants

Environmental conditions vary wheRe sidoidesccurs, so how tuber colour development occurs has to

be studied for various locations. Therefore, the effect of time on tuber recovery colour intensity was
Ay@SaidAalriSR F2NJ 0KS aKAIK@GSt Re @S3ASHIGA2Yy NBIAA2Y
time since last harvest and colour scoRe<(0.05) (Figure 2)6Thus as time since last harvest increases,

tuber colour intensifies.
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Figure 2.6 Relationship between time since last harvest (years) and colour score in wild harvested sites
(n =6). THO= Thoteng, HNT= Ha Nthunya, HTWI= Ha Tlhaku, TSA= Tsatsane, MAK= Makhoakhoeng,
HLE= Ha Lebelonyane.

2.4.2.2 Effect of time ontuber recovery biomassor wild harvested plants

When investigating the effect of time on tuber rect@® Y I &4 F 2 Niheieknds na KA I KJS
significant relationship K > 0.05) (Figure 2)7 The limited number of harvested sites may have
contributed to thisweak relationshipFurthermore available experimental sites did not vary much (only

ranging 13 years) in the times since they were last harvested.
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Figure 2.7 Relationship between time since last harvest (years) and tuber recovery biomass (@) in wild
harvested sites (= 6). THO= Thoteng, HNT= Ha Nthunya, HTWI= Ha Tlhaku, TSA= Tsatsane, MAK=
Makhoakhoeng, HLE= Ha Lebelonyane.

2.4.2.3 Effect of time on colour of tuber regrowth for cultivated plants (semild and agricultural
plants)

{AYAT NI G2 GKS cehichotkeSeffaRtéof thé arStiberiichl@uy development was
explored. However, no significant relationship was obtairfeg 0.05) (Figure 2)8The unavailability of
sufficient cultivated sites may have contributed to the absence of a significant relaifiohstween the
two variables. Additionally there was little variability in terms of ages of the-maldestedsites ranging

from 0.5 to 1.5years since the last known harvest.
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Figure 28. Relationship between time in cultivation (years) and colowesoosemiwild and agricultural
sites(n=p0® al 2T a2z2KIFfSQa 1251 oF3INROdz (GdzNF f 0 al . T
Hoek (agricultural) HTSII= Ha Tlhaku (seitd), HTSI= HA Tlhaku (semiid).

2.4.2.4. Effect of time on tuber regrowth bmass for cultivated plants
Cultivation can be a conservation option for medicinal plants in trade. Therefore information is needed
on tuber regrowth rate foP. sidoide®specially across different vegetation regions. To generate such

information, the eféct of time on tuber regrowth® 2 Y 84 ¢l a Ay @Sa i vegétaid®R Ay

region.No significant relationship was however found betwekatwo variableqFigure 2.9.
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Figure 2.9 Relationship between time in cultivation (years) and tuberawth in semiwild and
I INA Odzft (GdzN>F € &aAidSa oy ' pod alz2T az2zKFtsSQa 1281
alhl' a2KIFfS8Q&a | 281 6 3N itttf, HT&INHA Tohakl Gdmiid). I' 1 I ¢ f KI

2.4.2.3 Effect of time on colour of tuberecovery or tder regrowth when all types of

G K A 3 Ks#eS fvdRetcombined (wiktharvested, semivild and agricultural sites)

All types ositesh Y G KS a KA IKSS fwere medgeditS ekplaliei@wtubéi Bobur eyelops
over time A weak but ignificant relationship was found between time since last harvest/ time in
cultivation and colour scordP(< 0.05) (Figure 2.29. Combining all types of sites increased the number
of data points and thus the relationship was significant despite includittivated sites. This result is

v A s oA X 4 oA~

AAYAE NI G2 GKS LRaAidAdS tAYySIENI NBYR RSGSOGSR Ay
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Figure 2.18.. Relationship between time since last harvest or time in cultivation (years) and colour score

in wild-harvested, semild ard agricultural sites (FMMO ® al . ' az2KlFtSQa 1281 ol
azKFtSQa 1 2S1 ol 3N Odffavestbd), HOSH= Ha [Thaku G, iHSIV=THa 0 6 A f R
Nthunya (wildK F N3Sa i SR0OX al hl a2KFf SQa | 2S5 urad)HAWE Kadzt (i dzNI
Tlhaku (wildharvested), TSA= Tsatsane (wiktvested), MAK= Makhoakhoeng (whldrvested), HLE=

Ha Lebelonyane (widarvested).

Similar to the lowveld region, the three tredithes were constructed on a single graph so that
differencesin their slopesouldbe compared (Figure 2.B). The trend lines for wildharvested sites and
all types of sites were not significantly different implying that tuber colour development is similar.

However, a significant difference was observed betwedd-harvested sites and cultivated sites.
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Figure 2.18. Relationship between time since last harvest or time in cultivation and colour score for all
sites (n= 11), wildharvested (= 6) and semild and agricultural sites (a 5) with the three trendries

fitted on one graph.

HOndod G[ 20 PSERE WPHRSGKANARY NBEIA2y A

2.4.3.1 Effect of time on chour of tuber recovery for wildharvested plants

O2Y0AYSR

When data from wileharvested sites from the two regions was combined to investigateefffiect of

time on tuber recovery colour, a highly significant relationship resulked Q.05) (Fige 2.11A). These

results imply that irrespective of the different environmental conditions wheresidoide®ccurs, the

colour of recoveringubers intensiies with time.
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Figure 2.1A. Relationship between time since last harvest (years) and colour score -lmawidted
sites in the two regions (n ). THO= Thoteng (wilthrvested), Ha Nthunya (widarvested), HTWI=
Ha Tlhaku (wildharvested), TSA=sdtsane (wileharvested), MAK= Makhoakhoeng (wildrvested),
HLE= Ha Lebelonyane (wlildrvested), ASH= Airstrip (witdrvested), JFH= Janine Farm (wild
harvested), Pl= Peddie | (wildrvested), Pll= Peddie Il (wildrvested), VPI=Victoria Postl, (wild
harvested), VPII= Victoria Post Il (#Wiltvested), Wi= Wesley | (wicirvested), WIl= Wesley |l (wild
harvested).

The two regression trend lines for relationships between these variables irhailebsted sites for the

two regions were also fitted owmne graph inorder to compare the slopes and therefore determine
significant differences between thewb lines (Figure 2.H). There was however no significant
difference between the two trend lines suggesting that tuber recovery colour development betilreen

two regions occurs at the same rate.
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Figure 2.1B. Relationship between time since last harvest (years) and colour scavédfbarvested

aAGSa PEEReéaO2G 1T ! ANRGNRLIE WCIT WHYAYS CIENXX tL
VPII= VictoriaPost I, Wi= Wesley |, WIl= Wesley M) (ny 0 | §Rf R&KAEAKI hT ¢K2GSy 3z
Nthunya, HTWI= Ha Tlhaku, TSA= Tsatsane, MAK= Makhoakhoeng, HLE= Ha Lebelory&e) (n
vegetation regions with the two trend lines fitted on one graph.

2.4.3.2. Effect of time orntuber recovery biomass for wiltdarvested plants

A too soon repeat harvest in previously harvested sidoidesplants has been reported to cause
population declines. As such the effect of time on tuber recovery biomass was intestigapositive
exponential relationship was found between the two variables (0.05) (Figure 2.)2This implies that

an increase in the time since last harvest resulted in an increase in tuber recovery biomass.

64



y = 0.825082562x

14 1 R2=0.542
o p=0.003
w12 - e WII
[7)]
®©
£
> 10 -
Q
>
3
© 8
o]
o]
2 6 -
C
[
(]
= 4 -

HTW IMAK  p, e VP
i . ¢ VPII
27 THe® e
0 T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9

Time since last harvest (years
Figure 2.2. Relationship between timgince last harvest (years) and tuber recovery biomass in wild
harvested ges from the two regions (n £3). THO= Thoteng (widarvesed), HTWI= Ha Tlhaku (wild
harvested), TSA= Tsatsane (Wiktvested), MAK= Makhoakhoeng (whldrvested), HLE= Ha
Lebelmyane (wildharvested), ASH= Airstrip (wharvested), JFH= Janine Farm (\Wmddvested), Pl=
Peddie | (wilcharvested), Pll= Peddie Il (whidrvested), VPI=Victoria Postl, (whdrvested), VPII=
Victoria Post Il (wildharvested), Wi=Wesley | (wdtcrvested), Wil= Wesley |l (wiléhrvested).

2.4.33. Effect of time on colour of tuber regrowth for cultivated plants (semild and

agricultural plants)

Cultivation ofP. sidoidess essential to take pressure off wild populations. Therefore, an understgndi
on tuber regrowth colour development in cultivated plants is needed. There was no significant
relationship between time in cultivation and tuber regrowth colour scdee>(0.05) (Figure 2.19.

However the trend obseved followed a linear pattern.
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Hgure 2.13\. Relationship between time in cultivation and colour score in-s@chiand agricultural

sites from the two regions (n o ® al 2Taz2KFftSQa 1281 o 3INROdA Gdz
6F ANROdzE (1dzNF f 00X al hT a2 Kl SQ@emwldy HTSEHAATMAKD G&mii dzNJ £ 0
wild). RHI= Rhodes | (agricultural), RHII=Rhodes Il (agricultural), BF= Bold Farm (semiwild), STS=
Stutterheim (semiwild), STA= Stutterheim (agricultural).

The two trend lines for each region wefitted in one graph (Figre 2.138) to illustrate each regions

contribution to thenon-significant relationship
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Figure 2.1B. Relationship between time in cultivation (years) and colour score forwskeimand
ad NRA Odzf § dzNJ f aASitSRE o NROY Ok S tuirél X, wRki=RRBiédes Ll (agriculural, O dzt
BF=Bold Farm (semiwild), STS= Stutterheim (semiwild), STA= Stutterheim (agricultar&l) &md
GKOPERReéOI 0 oal2l a2z2KFfSQa 1281 o6F 3INKROdzt (dzNIF £ 0 =
az2KIlfsSQa | 295HTSH+ HaNhakdef (dewiid,l HTSI= HA Tlhaku (semiid)) (n = 5)
vegetation regions with the two trend lines fitted on one graph.

2.4.3.4. Effect of time on tuber regrowth biomass for cultivated plant

Cultivation can be an alternative to alleviateepsure of wild collection oP. sidoidegopulations. As
such the rate of tuber regrowth in cultivated plants needs to be known. In this regard, the effect of time
on tuber regrowth biomass was determined. There was a significant linear relationshipdrethe two
variables (Figure2.}4uggesting that given time, cultivat®d sidoideplants can produce theequired

biomass.
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Figure 2.14Relationship between time in cultivation (years) and tuber regrowth biomass invskemi
and agricultural sites &m the two regions (79).al 2 a2 KI £ SQ4&
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(semiwild). RHI= Rhodes | (agricultural), RHII=Rhodes Il (agricultural), BFEaBul (semiwild), STS=

Stutterheim (semiwild), STA= Stutterheim (agricultural).

2.4.3.4 Effect of time on colour of tuber regrowth for semiild plants

I 2 S

0l INA Odz i d

There was no significant relationship between time in cultivation tabér regrowthcolour score whe

all semiwild sites were combined®> 0.05) (Figure 2.)5Furthermore, no obvious trend was detected,

probably due to limited data points.
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Figure 2.15Relationship between time in cultivation and colour score in-galichisites from the two
regions(n =4). HTSIlI= Ha Tlhaku (semiid), HTSI= HA Tlhaku (semiid), BF= Bold Farm (semiwild),
STS= Stutterheim (semiwild).

2.4.3.5 Effect of time on colour of tuber regrowth for agricultural plants

Combining all agricultural sites together from both s did not produce any significant relationship
between time in cultivatiorandtuber regrowth colour scoréP> 0.05)(Figure 2.15 However, although

there was no significant relationgh) a linear trend was observed.
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Figure 2.16 Relationship betwaetime in cultivation (years) and colour score in combined agricultural
sites from the two regions (hnc0 @ al 2T a2KlfSQa 12812 al.l a2KlfSQ
RHI= Rhodes |, RHII= Rhodes IlI, STA= Stutterheim.

2.4.3.6 Effect of time on colour oftuber recovery or tber regrowth when all types of

Gf 26 0SSt Re | \siRRs wele kdnkige8 (wikiitarvested, semivild and agricultural

sites)

When all types of sites regardless of the region were combined, a highly significant relationship between
time andtuber colour was obtainedR < 0.05) (FKjure 2.1A). These results implhat tuber colour
development is a linear function of time. Thus, as time incregsemlour intensity of the recovered or

regrowing tubers intensified
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Figure 2.1A. Relatimship betveen time since last harvesithe in cultivation (years) and colour score

for all types of sites combined regardless of their type or region nn=0 @ al 2T a2KIl f SQa&
OF ANRXROdzA GdzNIF f X al . T a2z2KlFfSQa |1 28 turad, RANIRIDIeS (i dzNJ f
(agricultural), RHII= Rhodesll (agricultural), STA= Stutterheim (agricultural), HTSII= Ha Tlhakildjsemi

HTSI= HA Tlhaku (sewild), BF= Bold Farm (semiwild), STS= Stutterheim (semiwild), THO= Thoteng
(wild-harvested), HNT= HattNinya (wildharvested), HTWI= Ha Tlhaku (wharvested), TSA= Tsatsane
(wild-harvested), MAK= Makhoakhoeng (whldrvested), HLE= Ha Lebelonyane @ild/ested), ASH=

Airstrip (wildharvested), JFH= Janine Farm (Muddvested), Pl= Peddie | (whdrvested), Pll= Peddie Il
(wild-harvested), VPI= Victoria Post |, (wWillvested), VPII= Victoria Post Il (wiktvested), WI=

Wesley | (wileharvested), WIl= Wesley Il (whdrvested).

The all types of sites trend lines for the two regions were fittedome graph in order to assess
significant differeces in their slope (Figure 2BY There was no significant difference between the

three trend lines implying that tuber colour development between the regions occurs at similar rate.
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Figure 2.1B. Relatiaship between time since last harvest or time in cultivation (years) and colour score
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Farm (semivild), STS= Stutterheim (sewild), STA =Stutteriva (agricultural), ASH= Airstrip (wild

harvested), JFH= Janine Farm (Wdavested), Pl= Peddie | (whdrvested), Pll= Peddie Il (wild
harvested), VPI= Victoria Postl, (wilrvested), VPII= Victoria Post Il (wilshvested), WI= Wesley |
(wild-harvesed), WIl= Wesley | (@K} NBSa i SR0 o0ySH Remo®wyl yR MwmkA IXS IS
dal . I' a2KFfS8Qa 12817 O6F3INROdA GdzNF fvox al2T -az2KIlIfS$§
harvested), HTSII=Ha Tlhaku (seifd), HNT= Ha Nthunya (wiltarvested), M hT a2 K f SQa | 2
(agricultural), HTSI=Ha Tlhaku (agricultural), HTWI= Ha Tlhakuh@vildsted), TSA= Tsatsane (wild
harvested), MAK= Makhoakhoeng (whildrvested), HLE= Ha Lebelonyane (wddsested) with the two

trend lines fitted on one graph.

2.44. Determination of rate of tuber recovery otuber regrowth

Hon dn OmMIPE IRER 2 G K D $efelation regiors rate of tuber recoveryusing tuber
colourand tuberbiomass

The linear and notinear regression modelthat were fitted to investigate the déct of time ontuber
recoverycolour in wild-harvested and cultivated plants (semild and agricultural sitesas well as on
tuber recovery biomass were used to estimate return harvest intervithés was dondy using the
availablemean tubercolour scoe for unharvested plantgy-value, Table 2.3) the equation to solve for

the xvalue (minimum time taken for tubers of unharvested plants to be dadj. It was possible to do
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this becausd1) time was found to have a significant positive effect oneubecovery colour and tuber
recovery biomass in wildarvested plants and (Zstimations on tuber colour for unharvested plants
were done during the sampling perio@ihe logic was that hawnsolved for the walue for unharvested
plants, it would makeense to deduce that wiltharvested plants would take a minimum of thavalue
(time) to get to the preharvest tuber colour.

To estimaterate of tuber recovery using tuber recovery biomakeear and noHdinear regression
modelsthat werefitted to determine the effect of time on tuber recovery biomass were used. In order
to do this, the yvaluehad to be estimateds explained belowlhe assumption was that previously wild
harvested plants would need that tuber biomass sizedlye) to get to preharvest size.

The following equation was used to calculate the/glue:

Y=Uyp-Re

Where Y= prénarvest mean tuber biomassof wild-harvested plants U,= mean tuber biomass of
unharvested plants, ¥ YSIy (dzoSNJ 6A2Yl &d&a 2F ANBYlIAyaéo
The calculated yalue was then used in the regression model (table, 2.3) to solve for-tladue (time

required for wildharvested plants to reach piiearvest tuber size).

HOndndHd a[ 26 0SEtRE YR GaKAIK@SERE @SASOHFGAZY
colour andtuber biomass

The effect of time on tuber regrowth colour was not significant therefore estimations on how long it
takes for tuber regrowth to be darted in cultivated plants were not don&ut since trendlines fitted

followed a similar trend to that figd for wildharvested sites, it was inferred that cultivated plants may

take a similar time to be dasted.

It was not possible during this study to sample from previously harvested cultivated sites. Thus it proved
difficult to estimate the walue (preharvest mean tuber regrowth biomass) for cultivated plants.

| 26 SAGSNE FT2NJ I NHdzySydQa ari1S FyR digeificantposivé G KI @
relationship on tuber regrowth biomasthe y-value estimated above for wiltlarvested plants was

used It must be noted though thatnaccuracieswvere inevitablewhen time to maturity (xvalue) for

cultivated plantsvas determined with the yalue that was calculated this way
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The yvalue estimated above was used in the regression model fitted to investigateffect of time on
tuber regrowth biomass (when sites from the two regions were combined) to solve forthkig (time,
Table 2.3).

Table2.3.: Return harvest intervals for P. sidoides plartsy G KS a[ 2 6 @S Jegetatoy R & KA 3

regions estimaéd using tuber recovey colour (tuber recovery and tuber recovery biomass (tuber

recoven)
Region Site type Equation Y-value [mean | X-value [time
tuber colour | (years]
score or mean
tuber  biomass
(grams]
G[ 26 @St R{ Wildharvested Y= 3.773In(x)+0.343 8.604754 9
(tuber recovery) (Figure2.1)

G[ 26 @St R{*Alltypes of sites | Y=1.497C% 8.604754 8
(tuber (Figure2.54)
recovery/tuber
regrowth,)

G[ 26 @St R{Wildharvested Y= 0.4178%3"™| 169 10
(tuber recovery) (Figure2.2)

G1 A IKGSt | Wild-harvested Y=0.75x+1.928Figure| 7.983526 8

2.6)

1 AIKGSE [ *All  types  of| Y= 0.729x+1.78] 7.983526 9
siteqtuber (Figure2.104)
recovery/tuber
regrowth,)

G[ 26 @St R{Wild-harvested Y= 0.831x+1.961 8.480508 8

G KIKPSTE R{ (tuber recovery) | (Figure2.11A)

d 206 @St RE| *Alltypes of sites | Y= 0.882x+1.42| 8.480508 8

GKIKPSE R{ (tuber recovery & (Figure2.17A)

tuber regrowth)

73



[ 26 @St R{Wild-harvested Y= 0.825%"%°%*| 36.7¢ 15
G KI KPSt R{ (tuber recovery) (Figure2.12)

4 2605t R{*Cultivated  dbs | Y=3.940%+2.8693 | 36.7g 9
G KAIKGSTE | (tuber regrowths) | (Figure 2.1%

*All type of sites (wildharvested, semwild and agricultural sites) *Cultivated sites (semwild and

agricultural sites)

2.5. DISCUSSION

This study has revealed important information ceht@sustainable use d?. sidoidesThis information

will be relevant especially SOl dz& S dzaS yR O2YYSNOALFtATFGAZ2Y 27
livelihoods, paiticularly the rural poor. However, imost cases, this is at odds with consergati
objectives (Shackletoet al, 2009. Currently open harvesting permits have been issued by the Lesotho
and South African governments R sidoidedraders. The open permits simply mean that the traders

are not guided on how much to collect per year ghd frequency of harvest per site. The reason for
issuance of these kinds of permits is probably lack of critical information such as the return harvest
interval to base management decisions on. Farthore, in 2007, DEDHEAposed a moratorium on wild
harvesting ofP. sidoidesn the Eastern Cape suspecting that the resource was under threat (N. Bam,

DEDEApers. comm 2009).

2.5.1 The effect of time on tuber recovery colour intensity

Pigmentation(caused by presence of secondary metabolites suchaasribids)in plants is affected by
many factors such as light and drought (Davies, 20B4#thermore, ecological, climatiages of the
plant, season, miobial attack, grazing, compé&tn and nutritional status havébeen reported to
modify concentratios of secondary metabolites in plantdgrbone 1982).Thus the older the plants
are, the more time they are exposed to environmental conditions that might contribute to varying
pigmentation or colour in their tissues. Hence tuber recovery colous aepectd to intensify with
time. In all wildharvested sites regardless of the region, linear and-tioear regression models that
were fitted to investigate the effect of time on tuber recovery colour intensity yielded significant
relationships. The signifioha results made it possible to estimate the rate of colour development in
tuber recovery. In the lowveld vegetation region, the harvest interval for -héldrested ges was

predicted to be9 yrs years while in the highveld\itas 8years. Combining all pes of sites in the
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Gt 26 0SSt RE @SASGI GA 2yof coldddeligpment o §darS Rnd 8 Kedranithke G S
GKAIKGSE RE @SSO ( MmeryesteNBitasAfrany tihe twokeg)igns Welref combikeld, Rhe

tuber recovery colour development rateas predicted tde 8years and 8 years when all types of sites

from the two regions were combined. The expectation would be that in wild harvested sites from the

Gt 26 0St RéE @SIASGIFGA2Y NBIA2YS GKS GAYS Odrede Sk NEO
O2f 2dzNI A2y g2dzZ R o6S fSaa GKFry GKFG Ay GKS aGKAZIEF
pigments such as flavonoids are known to increase with drought conditions (Davies, 2004) and the

Gt 26 0St RéE @S3ISUF GA2Y NB Fagetsfion kegionReNgedaMd whekelthg stidK S ¢ K 7
sites were locatd. On the other handsolar radiation(Wilsonet al, 1998; Wulffet al., 1999) and low
temperatures (Bilgeet al,, 2007)are known to increase flavonoid conceation in plans more than

drought which would suggest that tuber colour development would be quicker indh& A I K St RE
vegetation region. For the same reasons, it was thought that when all types of sites were combined
irrespective of the region, the tuber recovery colour developmeaierwould increase, however it

decreased.

Furthermore the variation . sidoidesuber recovery rates obtained in this study may be attributed to

other factors such as the number of available wilitvested sites and unharvested control sites. The

variaion could be explained to have been caused by the unequal number of sites for the two regions.
C2NJ AyaildlyOS GKS STFFSOG 2F GAYS 2y (dzoSNJ O2f 2 dzNJ ¢
region @ = 8) probably due to more wildarvested sites thap SNB dza SR Fa 2LIIR2aSR {2
vegetation regionr{ = 5). Furthermore, it was possible to obtain wlildrvested sites that varied much in

when they were last harvested. For example Wlld NJS&0SR aAdSa FTNRY (GKS af 2¢
3to88SFNBE YR 6SNBE Ifa2 NBLIAOIGSRD® 1 2SHSNE Ay (K
were last harvested 8 years ago but rather the available sites used for this study were only harvested 1

year to 4 years ago. The variation at regional lewehow long the tubers take to become dardd may

have been due téack of significant relationshigsetween time in cultivation and tuber colour intensity

in semiwild and agricultural sites. Varying colour scores for the unharvested controls from the two

regions may also have contributed to different rates.

The absence of significant relationships between time and colour of tuber regrowth in cultivated plants

has negative implications for the commercial cultivatioriPokidoidesThis is because the tmrequired

for the tuber regrowth to attain the darked colour could not be estimated in cultivated plants. This is

more so because cultivation &f. sidoidedas been suggested as one way to achieve sustainability of

the resource. (Vlok, 2003, 2005; Leetual.,2006 2007; White 2007; Whiteet al.,2008; Newtoret al.,
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in prep. On the other hand, since the trend lines followed a positive linear trend, the rate of tuber
regrowth colour development when all types of sites were combined could be employeh w
conservation decisions are made. Several factors may have contributed to absence of significant
relationships in semwild and agricultural sites. Some of these factors may be attributed to
unavailability ofsufficient cultivatedsites from both regios and regular management that these sites
receive such as irrigation. This is because secondary metabolites such as coumarins (to which umckalin
belongs) are known to be produced when plants experience water stress (Ojala, 2001) thus it can be
expected tha the higher the availability of water for plants the lower the amount of umckalin
concentration. Therefore it makes sense that tubers from cultivated plants that receive water regularly
showed no significant relationships with time. Another contributiragtér could have been that
coumarins are produced by plants as an allelopathic response (Ueitahj 1999) meaning plants that

are in cultivation cannot produce a lot of the coumarins as there is no competition from other plants
due to regular weedingHowever, although coumarins may be thought of as marker compounds for
efficacy ofP. sidoideshigh pharmacological activity of this plant may be attributed to a combination of a

number of chemical constituents (White, 2007; Kolodziej and Kiderlen, 2007)

2.5.2 The effect of time on tuber recovery biomass

The Pelargonium industry does not only require dastt tubers, but alsamature andlarge ones.

Therefore rate of tuber recoverysing biomass forP. sidoidesvas also estimated. The relationships
bewSSYy GAYS |yR (dzoSNJ NSO2@SNE o0A2Ylaa NBadzZ SR
@SASGHIFGAZ2Y NBIA2Y odzi y20 Ay (KS a-KakvastedsidsRam @S3 S
the two regions were merged, significant relationships wergesded. The rate of tuber recovery

biomass in wilcharvestedplants was estimated to be 18 S+ N& Ay (GKS daf 260St Ré ¢
However, when wileharvested data from the two regions was used, the regression models predicted it

to be 15 years The diferent return harvest interval values obtained may be attributed to unequal

number of sites that were used to run the regression analyses. For example, only fehawidsted

sitesal’ y0 6SNB dzaSR Ay (KS af 24 0 ShanRksted i&SHSiithedwb 2y NB 3
regions were combined the number of sites increased (4).

The results of this study concur with findings of other authors on the long harvest intervals experienced

by medicinal plants harvested for their tubers. White (2007 ahite et al. (2008) estimated the

return harvest interval foP. sidoidess approximately 56 years under field conditions. Furthermore the

same authors established that the return harvest interval could range from 11.5 years to 410 years
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when the regresion equations for the lower and upper confidence limits were used. In another study,
Rocket al. (2004) estimated recovery time fév. tricoccunthat ranged from 2.5 years for 5 % harvest to

148 years for 95% harvests.

2.5.3 The effect of time on tuberegrowth biomass

aSRAOAYLFE LXtFyda LXIFE | LA@G2GFE NRES Ay adadlAyAy
traditional medicine and as trade commodities (Schippmanal., 2006). Extensive wild harvest Bf

sidoidesto meet the tradedemand can thus be detrimental to its populations and to people who

depend on it. Cultivatiorhas therefore been recommended for medicinal plants to reduce pressure

from wild populations (Lambewtt al., 1997). FoP. sidoidesfew cultivation plots haveden setup in

Lesotho and South Africa. However, it is not cleamwhat extenttubers have been sourced from

cultivated stock to supplement wildharvested ones in meeting trade demands. This maybe due to lack

of information on tuber regrowth rate in culMtated plants across different vegetation regions
Investigations on the effect of time in ¢wiation on tuber regrowth biomass did not produce significant

NEBf I GA2YyaAKALIA Ay (GKS af 2egiahs DdRpite this/ positiektrerdfessedn R¢ @05 3
indicating that maybe given more study sites (hence data points) per region, relationships would have

been more pronounced. Indeed when study sites from the two regions were combined, significant
relationships were found. Tuber regrowth rate in ¢udtted plantswas found to taked years when

compared against the tuber biomass size required by previouslyhaitdested plants to reach pre

harvest sizeThis period is not thought to be vialdier commercial production buhevertheless shorter

than the 10-15 year tuber recovery periodetermined forwild-harvested plants.However, since the 9

year period was determined using tuber biomass data for Wwidvested plants, it might be inflated
suggesting that cultivated plants might require a shorter timeeach harvestable size.hi§ period may

alsoprove inpractical particularly because cultivation of medicinal plants requires high input(tbsts

Feiter, Parcevapers. comm 2008).

2.6. CONCLUSION

The results of this studsevealed that tuber receery ortuber regrowth colour intensity (quantified as
colour scores) as well as tuber recoyer tuber regrowthbiomass is dependent on tim&oth colour
development from pale to darked or darkpurple colourationand tuber recovery or tuber regrowth

biomassincreagd with time. Previously wildharvestedP. sidoidesubers were found to require at least
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8 yearsfor their tuber recoveryto developthe darkred colouration. Howeverthe 8 year period
required for the tubers to develop the darkd colouraton is not enough on its own to base
sustainability decisions orsince the Pelargonium industry seems to also require large tubers.
Consequently the study furtherstablished that tuber recovery biomastpreviouslywild-harvestedP.
sidoidesplantsmay equire at least 10 to 15 yeats reach the preharvest tuber biomassConversely,
tuber regrowth in cultivated plants may gaire 9years toattain similarbiomassto that of unharvested
wild populations Since iisunclear what the Pelargonium industtgnsides as commercially acceptable
for P. sidoidesubers,the tuber regrowth rée of 9years in cultivation can be flexible to suit the trade
requirements. Hence this period may be shortéturther investigations in to what constitutes
commercially acqatable P. sidoidesubers is thus needed.

It must be noted though that there aractorsthat may contributeto increasing or decreasingte of
tuber recoveryor tuber regrowth(measured in colour and biomass)P. sidoidesSome of these factors

are dedt with in subsequenthapters €.g Chapter4).
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Chaper 3

The impacts of harvestingn the tuber recovery oPelargonium sidoideplants

3.1. ABSTRACT

Pelargonium sidoidetibers have been wiltharvested in some parts of the &arn Cape and Lesotho

for centuries Harvesting ofP. sidoideplants has bee reported to be impacting negatively on its wild
populations.This is exacerbatdxy harvesting method currently used whicimvolve entire removal of

the plant and not filling up harvest holes. However key information idgrigon the impacts of harvest

on P. sidoidesuber recovery and hence has implications for conservatidrerefore ANOVA was used

to compare tuber size (tuber mass, tuber diameter, tuber length and tuber volume) and -gbowed

plant size (canopy area and number of stems/plant) acdifésrent types of sites (wiktharvested, semi

wild, agricultural and unharvested sitestomparisons were done foo f 2 6 St REI KSR R & K
vegetation regionsA significant difference was found in tuber recovery mass acrosshaiicested sites

for eachvegetation region(lowveld F s~ 11.0219,P < 0.001, fghveld F 5= 3.7634,P < 0.028)
Similarly, significant differences were observed for both regions when comparisons on tuber mass
between wildharvested and unharvested control sites were ddf@vveld F; 9= 9.7226,P < 0.001,
highveld F394= 7.0519,P < 0.001) Comparing tuber mass across all types of sites also produced
significant differences for eaategion (lowveld Fi 145 9.542,P < 0.001, Ighveld Fg 135 7.9993P <
0.001). All theother tuber size variables were also significantly different across all sites whether
comparisons were done in wHalarvested, semwild, agricultural and unharvested sites as well as across
all types of sites. InthéZ ¢ St R¢ @S 3 Sabdvdguhd plantBizwas/l&gén sites last
harvested 8 years ago compared to those harvested 4 to 7 years ago (canopy~aseab.0054,P <

0.001, number obtems/plant F; 5= 3.9956 P = 0.0012). Similarly, aboxggound plant size was larger in
sites tarvested8 years agdhan unharvested sitesc@nopy areaky; o= 5.9258,P < 0.001, number of
stems/plant F; o5= 3.5084 P < 0.001) However, when all types of sites were compared, seitd and
agricultural sites had largeboveground plant size congred to all the other sitescénopy areakFi; 14~
11.6244,P <0.001, number ofstems/plant(Fs 14~ 9.5121,P < 0.001). Inthed KIKFSt R¢ @SIASG
region although unharvested sites tended to have larger abgraind plant sizecanopy area(Rss:=
3.9058,P< 0.003, number adtems/plantkz; ¢s= 2.092P = 0.007) than wiléharvested sitesno obvious

trend was detected for canopy area. Furthermore, sevidd Y R | I NX Odzf (i deNMIKI@Sd RES & f &
had larger canopies when all types of siteseveompared(l; 9= 7.8019P = 0.0001). However, semi

wild and unharvested sites had more stems/plant than the rest of the agricultural anehailasted

sites (ks 135 2.917P < 0.001).The results show that tuber recovery size in previously hardesites is
smaller comparedo unharvested sites even 8tyears since last harvest, suggesting that tuber recovery
size has not reached piearvest size even after this periotllence this confirms that to sustainably
harvestP.sidoidesglants from the widl, repeat harvestshould only occur after @5 years (Chapter
2).Therefore, despitetraining on sustainable harvest, such as harvest methpdsvided by the
Pelargonium industrytuber recovery ofP. sidoidegplants can benegatively affected by harvestirif

there is a too soon repeat harvest.
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3.2. INTRODUCTION

Many medicinal plants that have been utilized for subsistence use are now also used commercially in
traditional and western medicine. These plants are mostly collected from the wild (Lange and
Shippmann, 199Y despite that awidespread disturbance to plant populations in southern Africa and
elsewherehas been reported to be causéy wild harvesting (Hoffman, 1997) which is mostly driven by
commercialization (Williamst al., 2000). However, th@ampacts of harvesting on medicinal plants are
rarely quantified and this is more so for plants harvested for their bejosund parts. Thus, the ability

to manage the affectegpopulations becomedimited (Bothaet al, 2004). The shift in use patterns
towards commercialization has major implications for conservation of medicinal plants hence the need
to understand the impacts of harvest on wild populations. This is more so because harvesting of
medicinal plants can result in negative impacts on survivastagrowth, reproduction and associated
impacts on population structure and dynamics (Ticktin, 2004

When determining the impacts of harvesting on plants, it is important to obtain information on their
abundance, distribution and how plants respond tarvesting (Cunningham, 2001). Efforts to
understand how plants respond to harvesting should be aimed at individual, species, plant population,
ecosystem, as well as landscape level as harvesting may change ecological process at all these levels
(Hall and Bwa, 1993; Ticktin, 20®. Understanding how individual plants respond to harvesting is
however the most important aspect.

The response of plants to harvest depends on several factors. These are factors such as growth strategy
and growth form, plant partharvested, harvesting methods, frequency and intensity as well as
environmental factors (Cunningham, 2001; Ticktin, 20)04lants have different growth forms and
strategies that can determine how they respond to unfavourable growth conditions. For exasophe
authors have suggested that shade intolerant species usually maximize dry matter production by
increasing leaf area and shoot/root ratio (Grime, 1966; Loach, 1970; Mygren and Kellomaki, 1983). In
the same manner, plants devise various growth stée which enable them to counteract the effects

of harvest. For instance, other than reproducing sexually through seed, perennial plants can also
undergo clonal reproduction.P. sidoidesundergoes both sexual and asexual (vegetative or clonal)
reproduction (van der Walt and Vorster, 1988; Dreyer and Marais, 2000) the latter being achieved
through its tubers. In most plants, clonal reproduction is a survival strategy for when growth conditions
are unfavorable (Werger and Huber, 2006) such as after a testge in the form of harvesting. Some
species can resprout from dormant buds which are located on stems after disturbances such as those

caused by hurricanes (Zimmermanhal., 1994) or fires. In firprone grasslands, savanna and woodland
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systems of Soutifrica, and Australia, woody plants resprout and produce new stems from lignotubers
(James 1984; Hansezt al., 1991; Bell and Ojeda, 1999. sidoidesan also resprout from its tubers

(Vlok, 2003, 2005; Newtoret al., in prep after harvest and prodie new stems which ultimately
develop into tubersgers. obg. Thus, using this growth stratedy, sidoideplants are able to minimize

the impacs of harvestFor successful resprouting, there has to be enough g@siest tuber biomass

left to provideassimilates to the developing stems (Huletaal., 2003). Tuber harvesting has negative
AYLIE AOFGA2ya F2N) aNBaLINRdziSNBR¢é Fa GKSe& Yz2aidfeée LINR
declines once the parent plant dies (Cunningham, 2001) Prailoides clonal reproduction is more
established than sexual reproduction hence due to the limited seed bank in the soil its populations may
go into decline should there be ovharvest of clonal material.

Clonal plants can also spread horizontally frofmeve they occur using their rhizomes or stolons, and
establish themselves in areas of differing resource supply (Eriksson, 1986). Through a process of clonal
integration, resource translocation occurs between ramets (Marshall, 1990) especially for pamssp
occurring across heterogenous environments (Hutchings and de Kroon, 1994). Consequently, plant
survival is improved in situations where resources are limiting as there will be resource translocation
from source sites to sink sites (Pitelka and Ashml®85). This becomes particularly true for clonal
plants in resource poor and stressful environments (Jonsdottir and Watson, 1997). Similarly, following
harvest, there may be resource translocation from one ramet to anothé®. inidoideplants and this

might ensure persistence after a disturbance. No studies have been conducted however on the degree
of clonal integration irP. sidoideso determine the degree to which it can minimize harvesting impacts

on the species. On the other hand, in disturbed ketisi clonal integration may be reduced due to
increased risk of spacer breakage by disturbances (Birch and Hutchings, 1999; Dietz and Steinlein, 2001).
Although resource translocation may occur between rametB.isidoidesramets maybe disconnected

if harvesting is severe. Furthermore, in many species ramets are not physically integrated (Eriksson,
1993).

The impacts of harvest can also be determined by the plant part harvested. For instance, harvesting of
leaves, seeds or fruits is less harmful to pia®@ & dzZNIDA @ f (G KFy KI NBS&ad 2F NP+
(Cunningham, 2001). For example, harvest of roots before a plant has produced seeds can end the
chances of future growth and regeneration (Sheldaral., 1997). Additionally, damage causedrbpt

harvest reduces the efficiency of water uptake by plants and susceptibility to fungal infections (Williams
et al., 2000). On the other hand, harvesting of plant parts such as leaves can seldom lead to mortality as

they are regarded as renewable (Staidet al., 1997). Furthermore, although harvesting of tubers
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usually means that the whole plant is removed, the impact of destructive harvesting at a plant
population level also depends upon tuber size class selection (Cunningham, 2001). Harvest of tubers
from the smaller sizelasses can be more harmful than that from larger -siassesThis is because
plants from smaller sizelasses are often immature and if they are harvested cannot contribute to the
reproductive pool (Ghimiret al., 2005). Accordingp Conditet al. (1998) and Miller (1998), a healthy

and growing population is considered as the one with abundant juveniles relative to adults. Thus
changes in demographic profile of species may alert conservation officials to declining populations
(Waller et al., 1986; Shackletort al., 1994 Wiegandet al, 2000; Wilson and Witkowski, 2003).
However, no population structure studies have been carried ouP osidoideget to establish the tuber

size classes that are mostly harvested.

Harvesting techniges can also have adverse impacts on the wild populations of medicinal plants and
this can depend on whether medicinal plants are harvested for subsistence or commercial use. In most
cases, commercial harvesters harvest in large quantities without beilegtse on whether a plant is
mature or immature. For example, Ghimie¢ al. (2005) working on two Himilayan medicinal plants,
found that harvest ofNardostachys grandifloraand Neopicrorhiza scropulariiflordy commercial
harvesters was detrimental whe®2 YLJ NEBR (2 GKIFd o0& GKS a! YOKAGE
Tibetan medicine) who use the plants only for local health care. This was the case because other than
harvesting in large quantities, commercial harvesters were not selective and did noictrdbeir
harvest to any specific seasam plant sizeclasses Furthermore, mature plants were found to have
higher survival rates as compared to younger ones.

Other than selective harvesting, harvest methods can have dramatic effects on the wellobgilagts

in the wild. Harvest methods that include non replacement of plants andabasure of harvest holes

can negatively impact plant populations. It has been observed that following haRestioideplant

parts such as stems, roots and youngdsdts are rarely replanted and that harvest holes are not closed
(Lewuet al., 2006, 2007; Newtort al. in prep pers. obs. Wild harvesting coupled with thedwrvest
methods have contributed to localized declines Bf sidoidesby negatively affecting wsvival of
remanant tubers and rate of tuber recovery which has been found to take up to between 10 and 15
years (Chapter 2).

Only limited research has been conducted on the impacts of wild harvestifyy sidloidepopulations

(Vlok, 2003, 2005; Lewat al., 2007; White, 2007; Whitet al., 2008; Newtoret al., in prep). All these
studies have concluded that the wild populationsPofsidoidesre harvested unsustainably and may be

facing a future threat of decreased populations and even local extirpatidithough these studies have
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attempted to investigate the impacts of wild harvesting Bnsidoidesthey have some limitations. For
example, they only focused on measurements of abgreund plant biomass, counts of reproductive
structures and estimatio of plant densities but not on how harvesting impacts on tuber recovery. With
the few that managed to investigate harvesting impacts such as White (2007) and &Vhite(2008),
the methodologyusedwas unclear. White (2007) and Whi&t al. (2008) depeded on novel harvest
simulation methods for their study which included removal of varying proportions of differenitops
of the plant. $ce these were novel harvest methods, inaccuracies could have occurred as they
simulated how the harvesters carry the actual harvest. Secondly, the plants which were collected
were unharvested plants hence why the authors had to carry out harvest simulation methods. Thirdly,
the plants that were used for their experiments were uprooted and replanted which could have
decreased plant regrowth as they were initially disturbed. Lastly, it is not clear which part of the-below
ground part ofP. sidoideplant was remweed for the study. For instanceé/hite (2007) and Whitet al.
(2008) throughout their study referred to od which is not the commercigllharvestable part. Ithis
study, it was understood that what they were actually referring to was tubers.
This called for a more thorough investigation into the impacts of harvesting®orsidoideguber
recovery,which invdved measuring tuber recovery in previously wWilarvested sites. Thaim of this
study wastherefore to determine the impacts of current harvesting methods Bn sidoideguber
recovery.
To achieve the abovmentioned aim, the study addressed the follogiobjectives:
e To compare tuber size between previously harvested and unharvested control sites
e To compare tuber size across wildrvested, semivild, agricultural and unharvested control
sites
e To compare population structuref previously harvested anchharvested control populations
e To compare tuber colour intensity across wildrvested, semwild, agricultural and
unharvested control sites
e To compare tuber colour intensity distribution across wilitvested, semwild, agricultural and
unharvested conbl sites
e To compare abovground plant size (canopy area and number of stems/plant) across wild

harvested, semwild, agricultural and unharvested control sites
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3.3. MATERIALAND METHODS

Refer to Chapter 2, section 2.3.1, 2.3.2 and 2.3.3

Whilethe ttNY @& (1dz0 SNE 6+ a dzaSR (2 NBFSNI (2 GdzoSNE FTNRY
also used when comparisons on tuber size were made acrosthamested, semwild, agricultural and
unharvested control sites. Thus it was sometimes used aflective term to avoid always having to say

tuber recovery (wileharvested sites), tuber regrowth (semild and agricultural) and tuber

(unharvested control sites).

3.3.3 Data analysis

Above and below grounglant datawas analyedin various way$o compare plant performance across
different types ofsites (wildharvested, semwild, agricultural and unharvested control sites) and across
NBIA2Yya 6aAAKG®SHE RE | WS 3 §dideribim2afistiddiadaly sy tdbécdiour PCC

codes were gantified as explained in chapter 2.

To determine the impacts of harvest on tuber recovaryP. sidoides Jt I yia> & dzo SNI NBEO2 ¢
NBINRgGKE | YR & (uber Sovbr dalaivas Yeonipadred lag/oBs different sites aatl

various levels (e.g oying out analysis per site type and across site type).

One way analysis of variance (ANOVA) was used to compare tuber size, canopy area, number of
stems/plant and tuber colour intensity acrodiferent types of sitesTuber size was measured as tuber
mass, tuber diameter, tuber length and tuber volume. Where significant differences were detected,
CAaKSNRa [Stad { rldytasF(RSOR<y0ids5) was PeR@mMED b &stblishlwhedeilthe
differences layZar, 1996)Both mean of mean and meaof total tuber recovery, tuber regrowth and

tuber size values were used in the analysis.

Student ttests were ado used to compare between wilthrvested, semivild, agricultural and

dzy K NPSaGSR O2y G NRf aAi Ot RENPOMRGOEGS Goniz22ys @St R¢ YR
Additionally, to allow for visual comparions, tuber mass-siass distributions (SCDs) and tuber colour
frequencies were displayed graphically. Tuber colour frequencies/colour score/site were also
constructed. Kolmogore®mirnov tests were uset compare mass sizeass distributions and tuber

colour frequencies.

Staistica 6 and 8 was used to analyaber size, canopy area and number of stems/plant comparisons.
Microsoft excel 2003 and 2007 was also used to construct colour frequency distnfutuber mass

and tuber diameter sizelasses.
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3.4. RESULTS
3414[ &t RE @SASGFGAZ2Yy NBIA2Y
3.4.1.1 Belowground plant growth across sites
3.4.1.1.1 Comparisonn tuber recovery size in wikharvested sites
To compare tuber recovery size (masgnoeter, length, volume) across wildirvested sites, mean
tuber recovery mass of plants which were previously harvested (harvested 3 to 8 years ago) was
compared. There was a significant difference in tuber recovery mass across the eighamédted
sites that were compared {Bo= 11.0219P < 0.001) (Figure 3.1A). Plants fromlMMesley II) had more
tuber recovery mass than plants from all the other sites. Similarly, a significant difference was detected
when mean tuber recovery diameter was compéacross wileharvested sites (lse= 6891,P < 0.001)
(Figure 3.1B). Of all the compared sites, W Il was found to have plants with larger tuber recovery
diameter than all the other sites. On the contrary, mean tuber recovery length was not significantly
different across wileharvested sites @k~ 1.2061,P = 0.314) (Figure 3.1C). However, there was a
significant difference found when tuber recovery volume was compared acrosshaviiested sites
(F s~ 3.6755P = 0.002) (Figure 3.1D). Although tubecagery volume of plants from W Il was higher
than that of plants from other sites, it was not significantly higher than that of plants from VP Il (Victoria
Post 1) and W | (Wesley ).
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Figure 3.1. Comparisons of pdstrvest tuber recovery size (Asber recoverymass, B= tuber recovery

diameter, C= tuber recovery length and D= tuber recovery volume) of Pelargonium sidoides plants in
wild-harvestedd A 1S4 2F RAFTFSHWEHRE 385 3 S i Janink Byhdaidkesed By 6 WCI
years), ASH= Airstrip hasted (3 years), P |= Peddie | (4 years), P ll= Peddie Il (4 years), VP I= Victoria
Post | (5 years), VP II= Victoria Post Il (5 years), W I= Wesley | (7 years) and W Il= Wesley Il (8 years)).
Error bars represent standard error of a mean. Bars marked elffarent letters are significantly
RATFSNBYG O6CAAKSNRa [{5Z t f ndnpod

Similarly, when total tuber recovery values for mass, diameter, length and volume were used, the same
results as those obtained above when mean tuber size values were used fora&atbieswere found
(Appendix 1Figure 3.1

3.4.1.1.2 Canparisons on tuber size in wiktharvested and unharvested control sites

Tuber size (mass, diameter, length and volume) was compared betweenhavildsted and
unharvested control sites. There wadighly significant difference found when mean tuber mass was
compared between wildharvested and unharvested control sites; (= 9.7226,P < 0.001) (Figure
3.2A). Plants from unharvested control sites had significantly larger tuber mass than plantsvifth
harvested sites. Likewise, a highly significant difference in mean tuber diameter was found between
wild-harvested and unharvested control sitegi(f= 19. 7951P < 0.001) (Figure 3.2B). Unharvested
control sites had plants with significantly dgar tuber diameter than jants from wildharvested sites
Furthermore, when mean tuber length was compared, a highly significant difference between wild

harvested and unharvested control sites was found d&& 10.2224P < 0.001) (Figure 3.2C). Plantsnfr
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unharvested control sites were found to have significantly longer tubers than plants frosmariésted

sites. JFC (Janine farm harvested) had plants with the longest tubers although these were not
significantly longer than tubers from ASC (Airstrigmtonl). As expected, mean tuber volume was
significantly higher in unharvested control sites than viildvested sites (o= 10.3868,P < 0.001)
(Figure 3.2D).
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Figure 3.2. Comparisons of tuber recovery and tuber sizauf@er recovery and tuber mass, B= tuber

recovery and tuber diameter, C= tuber recovery and tuber length, D= tuber recovery and tuber volume) of
Pelargonium sidoides plantsild-harvested JFHJanine farm harvestedSH= Airstrip harvested, P I=

Peddid, P ll= Peddie, /P |= Victoria Pbk W II= Victoria Post Il, W I= Wesley | and W lI= Wesleg I
unhanested control plantsASC= Astrip control, JFC= Janine farm control, MF= McMasten fand

DD= Doubls NR T (i 0f 2A0/D S KRE  o2i6rd Brridr bérd @pfeseNtStaAndard error of a mean.

.FNBE YFEN] SR 6AGK RAFFSNByYy (G f SiidSNBERdeNdTableA2Ayoh FA O v
site ages (Chapter 2, Section 2.3.1.1.).

Comparisons were also made using total tuber magser diameter, tuber length and tuber volume
values and same results as above were obtained when mean tuber size values were used (Appendix 1

Figure 3.2

3.4.1.1.3 Comparisons on tuber regrowth size in semnild and agricultural sites

Plants from culvated sites (semwild and agricultural sites) were expected to have large tubers and
agricultural sites were expected to have larger tubers. Therefore, comparison on tuber regrowth mass
was made between serwild and agricultural sites. There was a Myghkignificant difference in tuber
regrowth mass between senwild and agricultural sites {fx= 6.9455P < 0.001) (Figure 3.3A). Plants
from STS (Stutterheim semild) and STA (Stutterheim agricultural) had larger tuber regrowth mass
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than plants from he other sites. Similarly, STS and STA had plants with significantly larger tuber
regrowth diameter than plants from the other sites, (= 13.8546P < 0.001) (Figure 3.3B). However,

STS tended to have larger tuber regrowth mass and diameter. Convexely, mean tuber regrowth

length was compared, STA had more tuber regrowth length than STS although this was not significantly
different from that of plants from other agricultural sites (RHRhodes I) and senwild sites (BFBold

farm and STS) (k= 4.6347,P = 0.003) (Figure 3.3C). When mean tuber regrowth volume was
compared, STS was found to have plants that had significantly larger tuber regrowth volume than plants

from all the other sites ¢fas= 10.0906P < 0.001) (Figure 3.3D).
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Figure 3.3. Comparisons of tuber regrowth size (A= tuber regrowth mass, B= tuber regrowth diameter, C=
tuber regrowth length, D= tuber regrowth volume) of Pelargonium sidoides plants iméleniBF= Bold

farm (2 years), STS= Sturheim semiwild (3 years)) and agricultural sites (RH I= Rhodes | (1 year), RH II=
Rhodes Il (2 years) and Stutterheim agricultural34 yNB 0 2 F RA T % SNAGST RI£ 3T IBS ISy |
region. Error bars represent standard error of a mean. Bars mavikkbdlifferent letters are significantly
RATFSNBYG O6CAAKSNRa [{5Z t f ndnpod

Tuber regrowth size was also compared using total tuber regrowth size (mass, diameter, length and
volume) values and similar results to those found when mean values were uséd\ees were obtained
(Appendix 1 Figure 3.8 However, tuber regrowth volume results were slightly different. For example,
STA was found to have larger tuber regrowth mass than all the rest of the sites when total values were
used whereas when mean valuegre used STS had larger tuber regrowth volume. This was probably
because STA had more tubers/plant than STS and hence using total tuber regrowth size values produced

a biased result.
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3.4.1.1.4 Comparisons on tuber recovery, tuber regrowth and tuberesiacross all types of sites (wiHd
harvested, semiwild, agricultural and unharvested control sites)

Comparison on tuber recovery, tuber regrowth and tuber size was also made across all types of sites.
There was a highly significant difference in tuber rey, tuber regrowth and tuber mass detected
across sites (k= 9.542,P < 0.001) (Figure 3.4A). Plants from unharvested control sites had
significantly larger tuber mass than plants from all the other types of sites. DD was found to have largest
tuber mass than all the other sites although this was not significantly different from tubers obtained
from MF (McMaster farm). In the same manner, a highly significant difference was found across sites
when tuber diameter was compared i~ 19.2302P < 0001) (Figure 3.4B). Similarly, unharvested
control sites had plants with larger tuber diameter than plants from the other types of sites. Of the
unharvested control sites, plants from DD and MF had larger tuber diameter than plants from the rest of
the other sites. Furthermore, comparisons on mean tuber length produced a significant difference
across sites (k4= 12.4004P < 0.001) (Figure 3.4C). Plants from agricultural sites (STA) had tubers that
were longer than those from the other types of sitesn @he other hand, the tubers were not
significantly longer than the tubers from some seniid (BF Bold farm) and unharvested control (3FC
Janine farm control) sites. When tuber volume was compared across sites, a highly significant difference
was found(Fe 14~ 10.1436,P < 0.001) (Figure 3.4D). The unharvested control sites had plants with
larger tuber volume than plants from the other sites. However, this was not significantly different from

tuber regrowth volume of plants from STS.
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Figure 3.4. Comparisons of tuber recovery, tuber regrowth and tuber size (A= tuber recovery, tuber
regrowth and tuber mass, tuber recovery, tuber regrowth and tuber diameter, C= tuber recovery, tuber
regrowth and tuber length, D= tuberecovery, tuber regrowth and tuber volume) of Pelargonium

sidoides plants in \wd-harvested JFHJanine farm harvesteSH= Airstrip harvested, P I= Peddie I, P lI=

Peddie |IVP I= Victoria Post VP II= Victoria Post Il, W |= Wesley | and W [I= Wé}legrhiwild BF=

Bold farm STS=Stutterheim semwild) and agricultural sites RH |= Rhodes I, RH II= Rhodes Il and
Stutterheim agriculturgland unhavested control sitesASC= Astrip control, JFC= Janine farm control,

MF= McMaster farm and DD=Ddets NA FiG 0 Ay GKS Wi 246@0St Reé @SIASHI (A
A0FYRIFENR SNNEBN 2F | YSFIy®d® . FNE YFENJ]SR 6A0GK RATFTFSN
0.05).Refer to Tabl@.1 forsiteages (Chapter 2, Section 2.3.1.1

The resuk obtained when total tuber size values were used differed from abgationed results

from using mean tuber size values (AppendiX¥-igure 3.1 The varying number of tubers/plant may
have caused this. For instance, plants from sefifd and agricultual sites had more tubers/plant than
plants from other site types, therefore basing a comparison on total tuber size values would have

favoured these more than the other sites.

3.4.11.5. Comparisons on tuber size when sites are grouped according to sipe t(wild-
harvested WH, semiwild- SW, agricultural A and unharvested contrelUC sites)

To investigate tuber size of plants growing under different management regimes, comparisons on tuber
size was done across wildirvested, semwild, agricultural andunharvested control sites. There was a
highly significant difference in mean tuber mass across sitess#F35.2965P < 0.001) (Figure 3.5A).
Unharvested control sites were found to have plants that had significantly larger tubers than plants from
the other types of sites. Similarly, when comparing tuber size across sites using mean tuber diameter,
significant differences were detecteds;(s+= 46.5085P < 0.001) (Figure 3.5B). Plants from unharvested
control sites had larger tubers than plants frometbther sites. However, when comparisons were made
across sites using mean tuber length, agricultural sites had plants with longer tubers than plants from
the other types of sites but the tubers were not significantly longer tubers from unharvested control
sites (kB 15= 54.0368P < 0.001) (Figure 3.5C). Comparisons of tuber volume also produced significant
differences across site typess (k= 34.0645P < 0.001) (Figure 3.5D). Unharvested control sites had

plants with significantly more tuber volume thalants from other types of sites.
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Figure 3.5. Comparisons of tuber recovery, tuber regrowth and tuber size (A= tuber recovery, tuber
regrowth and tuber mass, B= tuber recovery, tuber regrowth, and tuber diameter, C= tabeemne

tuber regrowth and tuber length, D= tuber recovery, tuber regrowth and tuber volume) of Pelargonium
sidoides plants in wildarvested (WH), senwild (SW), agricultural (A) and unharvested control (UC)
ariSa Ay (KS af 24 0SbRSrep@sed Standaidiegoy of ABehn. Bafsmakad NP
GAGK RATFTFSNBY(G fSGUGSNE IINB aA3IYyAFAOLYydte RAFTFSNBY

Other than making comparisons using mean tuber size values, total tuber size values were also used.
However, the results tht were obtained varied (Appendix, Figure 3.k For example, plants from
agricultural sites were significantly larger (in tuber mass, tuber diameter, tuber length and tuber
volume) than plants from the other site types. The discrepancy may be a reautiegtial number of

tubers/plant across types of sites. Agricultural sites had more tubers/plant than other site types.

3.4.1.2 Aboveground plant growth across sites

3.4.1.2.1 Comparisons of canopy area acrosges (wildharvested semiwild, agricultural

and unharvested control sites)

There was a significant difference in canopy area across thehaildested sites that were compared.
Plants from W II (Wesley Il, harvested 7 years ago) were found to have bigger canopies than all the other
plants (Fs= 5.0054P< 0.001) (Figure 3.6A). This was probably the case because this site had been last
harvested 8 years ago meaning disturbance from harvest happened a long time ago compared to the
other sites. On the other hand, canopy area of plants fromhallrest of the wildharvested sites was

not significantly different. Similarly, when wildhrvested and unharvested control sites were compared,

a highly significant difference was observeg (E 5.9258P < 0.001) (Figure 3.6B). Of all the sites, W I
(wild-harvested) and MF (unharvested control) had plants with bigger canopies.

Canopy area was also found to be significantly different among-géohiand agricultural sites {=
4.9580,P< 0.001) (Figure 3.6C). Plants from STS (Stutterheimveitadhihad bigger canopies than plants

from the other sites. However, canopy area of plants from this site was not significantly from STA.
Furthermore, canopy area of plants from the other 3 sites- @#d farm, RH 4IRhodes Il) was not
significantly differen

To also check if canopy area varied across all sites, comparisons were made. Canopy area was found to
vary significantly across sites;{k~ 11.6244P <0.001) (Figure 3.6D). STS site was found to have

plants with bigger canopies than all the regtthe sites.
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Figure 3.6. Comparisons of canopy area’Javh Pelargonium sidoides plants in whldrvested sites (A)
(ASH, P I= Peddie I, P II= Peddie Il, VP I= Victoria Post |, VP II= Vattdri&Pe Wesley | and W 1I=
Wesley Il and unharvested control sites (B) (ASGstrigicontrol, JFC= Janine farm control, MF=
McMaster farm and DD= Doubl2rift), semiwild and agricultural sites (C) (Sewild - BF= Bold farm,
STS= Stutterheim semuild and agricultural RH |= Rhodes I, RH Il= Rhodes Il and Stutterheim

I ANR Odzf GdzNF £ 0 FyR Fff GeLlSa 2F aaidSa Ay GKS aft260
of a mean. Bars marked with different letters are significantly differenK(GisN a [ { SREferto £ 51 dn

Table 2.1 for site ages (Chapter 2, Section 2.3.1.1.).

3.4.1.2.2 Comparisons on the number of stes/plant across sites (wildharvested, semiwild,
agricultural and unharvested control sites)

To determineP. sidoidesboveground plant growth in wileharvested sites, the number of stems/plant
was compared. There was a significant difference in the number of stems/plant across wild harvested
sites (Fs= 3.9956,P= 0.0012) (Figure 3.7A). Plants from W Il tended to have is@mify more
stems/plant than plants from all the other sites although these were not significantly different from
stems/plant from JFH (Janine farm harvested). When wild harvested and unharvested control sites were
compared, plants from wiltharvested siégs were found to posses significantly more stems/plant than
plants from unharvested control sites; (k== 3.5084 P < 0.001) (Figure 3.7B). Similarly, W Il was found

to have plants with significantly more stems/plant than all the other sites.

Aboveground plant performance using the number of stems/plant was also determined between semi
wild and agricultural sites. There was a significant difference in the number of stems/plant between
semiwild and agricultural sites {= 16.1665P < 0.001) (Figure.3C). Plants from RH | (Rhodes I) had
significantly more stems than plants from the rest of the other sites.

Additionally, comparisons on the number of stems/plant across all types of sites yielded significant
relationships (ks 146= 9.5121P < 0.001) (FEjure 3.7D). Semwild and agricultural sites had plants with
significantly more stems/plant than the other types of sites. Furthermore, RH | was found to have
significantly more stems/plant than all the other sites. The number of stems/plant was noticagilif

different across all the wiltharvested and unharvested control sites.
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Figure 3.7. Comparisons on the number of stems/plant of Pelargonium sidoides plantsharvaisted

sites (A ASH, P I= Peddie I, P II= Peddie Il, VP I= Victoria Post I, VP lI= Victoria Post II, W 1= Wesley | and
W lI= Wesley II), unharvested control sites (B= ASGtipAccontrol, JFC= Janine farm control, MF=
McMaster farm and DD= Doubl2rift), semiwild and agricultural sites (C= Semild - BF= Bold farm,

STS= Stutterheim semuild and agricultural RH |= Rhodes I, RH Il= Rhodes Il and Stutterheim

F ANR Odzf GdzNF £ 0 Ay (GKS af2¢6@StRe¢ @SASHIGA2Y NBIAA2Y
markedwil K RAFFSNBYy G f SGGSNEB || NB aA IRefefid Tabley2ii foRsiteRA FF S N
ages (Chapter 2, Section 2.3.1.1.).

3.4.1.2.3 Comparisons on the number of stems/plant when sites are grouped according to
site type (wild-harvested WH, semiwild- SW, agricultural A and unharvested contrelUC

sites)

When various types of sites were grouped according to site type, a highly significant difference
in the number of stems/ plant was found ;(Es= 23.9684,P = 0.0001) (Figure 3.8). Plantiom
agricultural sites had significantly more stems/plant than plants from the other site types. This was the
case even though sites were grouped according to different site types irrespective of the times since last

harvest/cultivation.

Black: wild-harvested
Light grey: semi-wild

g Dark grey: agricultural
Clear: unharvested control
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SW uc
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Figure 3.8. @mparisons on the number of stems/plant of Pelargonium sidoides plants when sites were
grouped according to site type (Wiild harvested, SW8emiwild, A agricultural and U€unharvested
O2yGNBf aArdSav Ay GKS af 2 ¢ 0 st Randad SribSdf & mear BarsNB I A 2

YFN] SR 6AGK RAFTFSNBYyG ftSGGSNE INB aAayAFAOLydfte R

3.4.1.3 Tubermasssizeclassestuber colourintensity anddistribution across sites
3.4.1.3.1 Tuber massizeclassescross sites
To determine population structure oP. sidoidesacross different types of sites, tuber mass siigess
distribution was compared between wiltarvested against unharvested sites, wlildnested against
cultivated sites (semwild and agricultural), as wells unharvested against cultivated sites. In wild
harvested sites, most tubers fell into theS0g sizeclasswhereas in unharvestedites, tubers occupied
almost all sizeclassesThere was no significant difference betweernulber mass sizelass distribtion
for wild-harvested sites andnharvested sites (Kolmogorédmirnov D 6.625 P > 0.05) (Figure 3.9A)
However, the distribution tended to be different @& < 0.10. Similarly the tuber mass sizelass
distribution for wildharvested sites did not déf significantly to that of cultivated sites (Kolmogorov
Smirnov D =0.375P > 0.05) (Figure 3.9B) Furthermore, comparisons on tuber mass siiass
distribution between unharvested and cultivated sites also showed no significant differences
(KolmogorovSmirnov D =0.373> 0.05) (Figure 3.9C).
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Figure 3.9. Tubanasssizeclass distribution of Pelargoniusidoides plants fromitferent types of sites
(A-wild-harvested[n = 67] and unharvested control sites [n = 40],wHd-harvesta [n = 67] and
cultivated (s,emi/\[ild and agricqltgral §ites [n’:ASO] Aan,el l([hlharvested [n = 40] and cultivated [n = 50]
siteshy UKS 4aft200StRé @SISUluAz2Yy NBIAZ2Y

3.4.1.3.2 Comparisons on tuber colour intensity acrosies (wild-harvested tuber recovey, semi
wild- tuber regrowth, agricultural tuber regrowth and unharvested control sitesuber)

Tuber recovery colour intensity was significantly different across-mdldested sites (flss= 14.9177P<
0.001) (Figure 3.10A). Although plants from Welevfound to have tuber recovery colour intensity that
was slightly darker than plants from JFH and ASHs{ixr harvested), this was however, not
significantly different.

When comparisons on tuber recoveaynd tuber colour intensity were made betweenild harvested
and unharvested control sites, significant differences were foungde£F 16.1949P < 0.001) (Figure
3.10B). Plants fromanharvested control sites had tubeolour that was significantly more darkd than
plants from wild harvested site©f all the unharvested controls, DouHI¥ift (DD) had more darted
tubers than all the other sites although this tuber colour intensity was not significantly different from
that in other unharvested contrdites

There vas a significant difference inlber regrowthcolour intensity between semiild and agricultural
sites (F45= 9.6196P < 0.001) (Figure 3.10C). STA and STS were found to have plants with significantly
darker coloured tuber regrowththan plants from the other sites except for RH HisTimplies that the
more time the plants arén cultivation, the darker the tuber regrowttolour.

A significant difference ituber recovery, tuber regrowth antiber colour intensity wagound across all
sites (ks 13= 39.2169P < 0.001) (Figure 3.10DThus plants from unharvested control sites were found
to have significantly dark colouredber colour intensity than plants from the other sites. DD was tbun

to have significantly darkeuber colour intensity than all the other sites.
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Figure 3.10. Comparisons on tuber recovery, tuber regrowth and tuber colour intensity in wild harvested

sites (A= ASH= Airstrip harvested, P |= Peddie I, P lI= Peddie II, VP I= Victoria Pogtdtovi Rest II,

W I= Wesley | and W lI= Wesley II), wild harvested and unharvested control sites (B= unharvested control
sites ASC= Astrip control, JFC= Janine farm control, MF= McMaster farm and DD= Dbiufplesemi

wild and agricultural sites (CSemiwild - BF= Bold farm, STS= Stutterheim seid and agriculturalRH

L' wkK2RS&a LX wl LLI' wk2RSa LL FyR {{dzZidSNKSAY
vegetation region. Error bars represent standard error of a mean. Bars maritedifigrent letters are
AAIAYATAOlI yiGtf e RATT RNE0Table 24 fer KitS &Bs3Chapfes23Sedtion2.3. 1) p O @

3.4.1.3.3 Comparisons on tuber colour intensity when sites are grouped accordingite s
type (wild-harvested (WH) tuber recovery, semwild (SW) tuber regrowth, agricultural (A)

tuber regrowth and unharvested control (U€uber sites)

There was a significant difference in tuber colour intensity when sites were grouped according to site
type (k15— 75.4811P< 0001) (Figure 3.11). As expected, the unharvested control sites had tubers that
were on average darker than the rest of the sites. On the other hand, plants frorhamested sites

had significantly darcoloured tuber recovery than tuber regrowth seni-wild and agricultural sites.
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Light grey: semi-wild
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Figure 3.11. Comparisons on tuber recovery, tuber regrowth and tuber colour intensity when sites were
grouped according to site type ((Wiild harvested, S¥gemiwild, A agricultural and U€unharvested

control sites) iINMif KS af 26 @St Ré¢ @SASGIGA2Yy NBEIA2Y D 9 NNERNJ

YFEN] SR 6AGK RAFTFSNBYyG tSGGSNAR | NB

3.4.1.3.4 Tuber colour distribution across sites

It was hypothesized that tuber colois unevenly distributed between different types of sites, with more
pale coloured tubers in previously wilchrvested sites compared to unharvested sites which have more
dark-coloured tubers. To test this, comparisons on distribution of different tulouwrs ranging in
increasing intensityrom 1 to 12 were made between site types. There was no significant difference in
tuber colour between previously wildarvested sites and unharvested sites (Figure 3.12A) (Kolmogorov
Smirnoy D =0.1667P > 0.05). Snilarly, significant differences in tuber colour distribution could not be
detected between wileharvested and cultivated (sdmwild and agricultural) sitegFigure 3.12B)

(KolmogorovSmirnov, D =0.185% > 0.05) In the same manner, comparisons betweenharvested

AAAYATFAOI yif e

and cultivated sites did not yield significant results (Figure 3.12C) (Kolme§oriomov, D =0.211% >
0.05).

Although no statistical analysis was done on comparing tuber colour distribution per site due to limited

sites, the distribution wa constrieted and displayed graphicallyigure 3.12D).
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Figure 3.12Comparison on tuber recovery, tuber regrowth and tuber colour distributiBelafgonium

sidoides plants between different types of siteswiid harvested [r= 67] and unharvested control sites

[n = 40], B wild-harvested [n = 67] and cultivated (sewild and agricultural sites [n = 50] and C

dzy K NWSaGSR wy ' nné |FyR Odz GA @ GSR Deaybericoloprn 8 aAi
frequency/colou score/site inwild harvested sitesASH= Airstrip harvested, P |= Peddie I, P lI= Peddie II,

VP I= Victoria Post I, VP lI= Victoria Post Il, W |= Wesley | dadNWEdley lisemiwild sites BF= Bold

farm, STS= Stutterheim sewiild, agricultural RH £ Rhodes |, RH II= Rhodes Il and STA= Stutterheim
agricultural,unharvested control siteASC= Agtrip control, JFC= Janine farm control, MF= Md&fas

farm and DD= DoublBrift,t Ay (G KS af 2 6 @St RRefer@dTabke 2.0 forisigeageN@Simpie? y ©

2, Section 2.3.1.1.).

0PN PH@SHRAIRSASOHI A2y NBIAZ2Y

3.4.2.1 Belowground plant growth across sites

3.4.2.1.1 Comparisons on tuber recoveryza in wildharvested sites

Tuber recovery size was compared across-héddvested sites of differing tigs since last harvest. A
significant difference in mean tuber recovery mass was observed across sitgs 3F634,P < 0.028)

(Figure 3.13A). Although HNT (Ha Ntho) was last harvested 1 year ago, it was found to have plants that
had significantly largemean tuber recovery mass than plants from the other sites. Additionally, when
comparing tuber size using mean tuber recovery diameter, a significant difference was detected across
sites (k1= 4.1981P = 0.001) (Figure 3.13B). Plants from HLE (Ha Lejme) had significantly larger
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tuber recovery diameter than plants from the other sites. This was probably because plants from this
site were last harvested 3 years ago. In contrast, plants from HTW | (Ha Thlaku) had larger mean tuber
recovery length thamlants from some sites (TSAsatsane and HLE) although this was not significantly
different to plants from THO, HNT and MAK (Makhoakhoeng). Furthermore, there was a significant
difference in tuber recovery size across sites when comparing sites basetcan tuber recovery
volume (k5= 6.0373,P = 0.003) (Figure 3.13C). As expected, plants from HNT had significantly larger

tuber recovery volume than plants from the other sites.
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Figure 3.13. Comparisons of pdsirvest tuber recovery size (A=tuber recovery mass, B= tuber recovery
diameter, C= tuber recovery length and D= tuber recovery volume) of Pelargonaidesidlants in
wild-harvestedd A 1 Sa 2F RAFHKONRKYIS (IRZS WSS Gt KEd2¢d NBEIA2Y ol
years), TSA= Tsatsane (2 years), THO= Thoteng (1 year), HNT= Ha Nthunya (1 year), HLE= Ha
Lebelonyane (3 years), MAK= Makhoakhoeng (3 yjedtsor bars represent standard error of a mean.

.FNB YIN]JSR 6A0K RAFFSNBYyG tSGGSNBE INB aA3ayATAoly

Slightly different results were found when tuber size was compared using total tuber size values
(Appendix 1 Figue 3.13. For example, there was no significant difference detected across sites when

comparisons were based on tuber diameter.

3.4.2.1.2 Comparisons on tuberecovery and tuber size in wiltharvested and unharvested

control sites

To determine the impaabf harvesting on tuber recovery &f. sidoideglants, tuber size was compared
between previously wildharvested sites and unharvested control sites. Mean tuber mass was found to
be significantly different between wibarvested and unharvested controltes (k3os= 7.0519,P <

0.001) (Figure 3.14A). Some unharvested control sites tended to have tubers that were significantly
larger in tuber mass than tubers from wildirvested sites. However, tubers from most unharvested
control sites were not significaly larger in tuber mass than tubers from wihdrvested sites. Of all the
unharvested control sites, TSI Il had plants with tubers that had significantly larger mean tuber mass
than plants from the other unharvested control sites and wilttvested sitesOn the other hand, when

tuber size was compared based on mean tuber diameter, all unharvested control sites (except fer KHT I
Katse Ha Theko and SW8waartkop) tended to have plants that had significantly larger tuber diameter
than plants from unharveed control sites (ko= 10.3421,P < 0.001) (Figure 3.14B). Furthermore,
tuber size was compared using mean tuber length and significant difference across sites were detected
(Fes o= 5.1941P < 0.001) (Figure 3.14C). However, there was no obviousmpatthserved. For instance,
although TSI 1l was found to have plants with longer tubers, these were not significantly different to
tubers obtained from other two wikharvested sites (HTW | and HNT). Moreover, tubers from HTW |
and HNT were significantlgriger than tubers from most unharvested control sites. Similarly, although
unharvested control sites had plants with larger mean tuber volume than plants frorhasilcested

sites, this was not significantly different to mean tuber volume of plants frofd-kérvested sites
(R0~ 5.8808P < 0.001) (Figure 3.14D). However, TSI Il had plants with significantly larger mean tuber

volume than plants from other unharvested control sites and swidvested sites.
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Figure 3.14. Comparissriuber recovery and tuber size of Pelargonium sidoides irharicested sites of

differing ages (HTW I= Ha Tlhaku wild, TSA= Tsatsane, THO= Thoteng, HNT= Ha Nthunya, HLE= Ha
Lebelonyane, MAK= Makhoakhoeng) and unharvested control sites (TSI I= TE@Ink=ITsiame I, LIK=
Likhohloaneng, HMA= Ha Matsa, MKH= Makhoareng, KOM= {oma, BPG= Basotho Pony Garden,

KHR I= Katse |, KHR lI= Katse Il, KHT I= Ha Theko I, KHT lI= Ha Theko I, MOL I= Molumong I, MOL II=
Molumong II, MAP |= Mapholaneng |, MAP Mapholaneng 1Il, SWA= Swaartkop, MAI= Mampier I,

MAII= Mampier ) inthéK A A KPSt R¢ @S3ASGHlI GA2Yy NBIA2Yyd 9NNRBNI 6 N
.FNE YFEN]J SR 6AGK RAFFSNByYy(d f SiiGSNBERdeNdTalA2TFof A TA O y
site ages (Chapter 2, Section 2.3.1.2.).

The results obtained above using mean tuber size values differed from those found when using total
tuber size values (Appendix Eigure 3.1% For instance, plants from MKH (unharvested control site)
were found to have significantly larger total tuber mass than plants from the other unharvested control
sites and wileharvested sites. However, total tuber mass of plants from MKH was not significantly larger
than that of plants from TSI Il. Furthermore, MO[Mblumong II) had plants with largest total tuber
diameter than other unharvested control sites (except HMa Matsa, KOMKomakoma, KHR- Katse

Ha Ramokoatsi I, MOE Molumong | and MAP -IMapholaneng IlI) and wildarvested sites. When
comparing siés based on total tuber length, HMA had plants with longer tubers than plants from other
few unharvested control sites and wildrvested sites. Lastly, plants from MOL Il had larger total tuber
volume than plants from some unharvested control sites and-tvarvested sites. The inconsistency in

the results may have been caused by unequal number of tubers/plant of different sites.

3.4.2.1.3 Comparisons on tuber regrowth size in semild and agricultural sites

Comparison on tuber regrowth size was madéween semiwild and agricultural sites to investigate
whether tuber regrowth size varied. There was a significant difference in mean tuber regrowth mass
observed (Fis= 8.7809Pf ndnnmM0O OCAIdzZNBE odmp! 0P t fagrfultirta) FNRY a
were found to have larger tuber regrowth than plants from other sites, however, this was not
significantly different from plants obtained from HTS | (s&nhd). Similarly, MHO had larger mean tuber
regrowth diameter than other agricultural and sewmild stes, however, this was not significantly
different from mean tuber regrowth diameter of plants from HTS £ 5.1141,P = 0.003) (Figure
3.15B). Additionally, there was a significant difference in mean tuber regrowth length acrossiggmi

and agricltural sites (4= 3.3246,P = 0.019) (Figure 3.15C). All agricultural sites as well as one semi
wild (HTS 1) site had significantly longer tuber regrowth than plants from HTS Il (Ha Tlhaku Il). Mean

tuber regrowth volume was also significantly differesatross sites (k= 8.5184,P < 0.001) (Figure
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3.15D). Likewise, MHO and HTS | had plants with significantly larger tuber regrowth volume than plants

from other sites.
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Figure 3.15. Comparisonstaber regrowth sie (A= tuber regrowth mass, B= tuber regrowth diameter,

C= tuber regrowth length, D= tuber regrowth volum&lPelargonim sidoides plants in semild (HTS I=

Ha Tlhaku (2 years)HTS lI= Ha Tlhaku Il (1 yeand agricultural sitesMHW= M2 K I £ S Quhitel 2 S {
(O5yearsy al . I' az2Kl fSoadp28BIraNBIVEG al hTl' popdfferingages | 2 S
Ay KKSK@StReé @S3ASGFGA2Yy NBIA2Yyd 9NNEBN) oF NE NBLINEB:
different letters are significantly differedt CA A K SNRa [ {52 t f ndnpo d

Nevertheless, using total tuber size values to compare sites produced minor differences (Appendix 1
Figure 3.1 For example, only HTS | was found to have plants with significantly larger tuber regrowth
than all the other sitesThis was the case when tuber regrowth size was measured based on tuber
rgrowth mass, tuber regrowth diameter, tuber regrowth length and tuber regrowth volume. This was
probably the case because HTS | was longest in cultivation as compared to all theimbeand had

more tubers/plant than other sites.

3.4.2.1.4 Comparisons on tuber recovery, tuber regrowth and tuber size across all types of
sites (wildharvested, semiwild, agricultural and unharvested control sites)

To investigate how tuber size was across different management regimes, comparisons were made
across all types of sites. There was a highly significant difference found in mean tuber mass across sites
(Feg135= 7.9993,P < 0.001) (Figure 3.16A). Although this was not detected in a&,sitnharvested
control sites tended to have plants with significantly larger tuber mass than plants from other types of
sites. Plants from TSI Il had significantly larger tuber mass than plants from all other sites. Similarly,
when comparisons on tuberzg were based on mean tuber diameter, unharvested control sites had
plants with significantly larger tuber diameter than plants from other site types;{& 13.3518P <

0.001) (Figure 3.16B). Additionally, tuber size was compared using mean tubdr @mijtsignificant
difference across sites was observees (k= 4.7816,P < 0.001) (Figure 3.16C). However, although no
obvious pattern was evident, agricultural sites had longer tubers than all the other site types. For
example, while HTS | was found have larger tubers than all the other site types, this was not
significantly different to mean tuber length of sites from some of the \ddvested and unharvested
control sites. However, unharvested control sites had significantly larger mean tuberesttham plants

from other types of sites fki35= 7.4373P < 0.001) (Figure 3.16D) although this was not the case with

other unharvested control sites.
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Figure 3.16. Comparisons of tuber recovery, tuber regrowth and tuber siztul§&r recovery, tuber

regrowth and tuber mass, B= tuber recovery, tuber regrowth and tuber diameter, C= tuber recovery,

tuber regrowth and tuber length, D= tuber recovery, tuber regrowth and tuber volume) of Pelargonium
sidoides plants in wildarvested(HTW I= Ha Tlhaku wild, TSA= Tsatsane, THO= Thoteng, HNT= Ha
Nthunya, HLE= Ha Lebelonyane, MAK= MakhoakhoengyskehtHTS I= Ha Tlhaku I, HTS IlI= Ha Tlhaku

LL FYyR I INRA Odzft G dzNF &t aArxdSar ca2RIiFf 3Kl F 58 02501
Hoek open) and unharvested control sites (TSI I= Tsiame |, TSI I[I= Tsiame Il, LIK= Likhohloaneng, HMA= Ha
Matsa, MKH= Makhoareng, KOM= Kockwna, BPG= Basotho Pony Garden, KHR I= Katse |, KHR II=
Katse Il, KHT I= Ha Theko I, KHT II= Ha Theko I, MOL [-oiMpluvOL lI= Molumong II, MAP I=
Mapholaneng I, MAP II= Mapholaneng Il, SWA= Swaartkop, MAI= Mampier |, MAIl= Mampier Il) in the
GKAIKGPSEt Ré @S3IASGIGA2Y NBIA2Yy D 9O9NNRBNI 6F NE NBLINBASY
letters are significd G f @ RAFFSNBY (i 06 Refedts Sail A2 f¢r i Aged (Chaptem2pn p 0 @
Section 2.3.1.2.).

When tuber size was compared based on total tuber size values, the results found differed from above
mentioned results (Appendix, Figure 3.1% Insead of TSI Il having significantly larger tuber mass as
above, MKH (Makhoareng) was found to have larger tuber mass than other sites although this was not
significantly different to tuber mass of plants from TSI Il. Furthermore, using total tuber diavadtes
resulted in MOL 1l to have larger tuber diameter than other sites although this was not significantly
different to plants from TSI Il. Additionally, HTS | had plants with significantly largest tuber length when
using total tuber length values wheredMHO was found to have largest tuber length when mean tuber
length values were used. As expected, results for tuber volume also differed. MOL Il was found to have
larger tuber volume when total tuber volume was used while TSI Il had larger tuber vollues wen

mean tuber volume values were used.

3.4.2.1.5 Comparisons on tuber recovery, tuber regrowth and tuber size when sites are
grouped according to site type (wiltharvested WH, semiwild- SW, agricultural A and

unharvested control UC sites)

Sites were grouped according to their type regardless of the times since last harvest or times in
cultivation. When comparisons were made across these types of sites, highly significant differences in
tuber size (mass, diameter, length and volume) were det ¢k 6= 15.765P < 0.001) (Figure 3.17A).
Plants from unharvested control sites had significantly larger mean tuber mass than plants from other
site types. Equally, unharvested control sites had plants with significantly larger mean tuber diameter
than plants from other site types ¢kes= 70.2567,P < 0.001) (Figure 3.17B). However, plants from
agricultural sites had significantly larger tuber length than plants from other types of siées~(F

10.6696,P < 0.001) (Figure 3.17C). On the other hanmaharvested control sites were found to have
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plants with significantly larger mean tuber volume than plants from other site typass#F18.0158P <
0.001) (Figure 3.17D).
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Figure 3.17. Comparisons of tuber recoverygetukegrowth and tuber size (A= tuber recovery, tuber
regrowth and tuber mass, B= tuber recovery, tuber regrowth and tuber diameter, C= tuber recovery,
tuber regrowth and tuber length, D= tuber recovery, tuber regrowth and tuber volume) of Pelargonium
sidodies in wildharvested (WH), semwild (SW), agricultural (A) and unharvested control (UC) sites in

iKS hag&iA@é ©83SGFGA2y NBIA2yd ONNEBNI o0 NE NBLNBaSY

RAFTFSNBYG fSGOGSNB || NS DAPA<DYR.FAOlI yifte RAFTFSNBYyG 6CA

While the results obtained when using mean tuber size values as above did not differ from those found
when using total tuber mass values (Appendj¥-gure 3.1y, semiwild sites had significantly longer
tubers than all the other site typesHowever, when mean tuber length values were used, agricultural

sites had larger tuber length than all the other site types.

3.4.2.2 Aboveqground plant growth acoss sites (wileharvested semiwild, agricultural and
unharvested control sites)

3.4.2.2.1 Comparisons of canopy area i&ss sites (wildharvested semiwild, agricultural

and unharvested control sites)

To determine the impacts of harvest ¢h sidoideplants, comparisons of aboyground plant growth
measured using canopy area were made aggites. Canopy area was found to be igantly different

across wiléharvested and unharvested control siteg 4 3.9058P < 0.003) (Figure 3.18A). Plants from

TSI | (Tsiame 1) had bigger canopies than plants from other sites, however, this wsagnifatantly
different from canopy area of plants from other unharvested control sites such as TSI Il (Tsiame II) and
the wild-harvested sites. Likewise, canopy area across all sites was highly significant {019 ,P=

0.0001) (Figure 3.18B). Sewild and agricultural sites had plants with bigger canopies that-wild
KINDSaGdSR I'yR dzyKI NBSaGSR O2yiNRt aradaSaoeo tflyda

to have bigger canopies than plants from the rest of the other sites.
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Figure 3.18. Comparisons on canopy area’@hPelargonium sidoides plants wild-harvested sites

(A= HTW I= Ha Tlhaku wild, TSA= Tsatsane, THO= Thoteng, HNT= Ha Nthunya, HLE= Ha Lebelonyane,
MAK= Makhoakhoeng) and all types of sites (B= HTW [Hhd&u wild, TSA= Tsatsane, THO= Thoteng,

HNT= Ha Nthunya, HLE= Ha Lebelonyane, MAK= Makhoakhoeng (wild harvested), HTS I= Ha Tlhaku |
semiwild, HTS ll= Ha Tlhaku Il (sémh f RO S al 2T a2Khf SRaa?2BRS|SA@aXxALSS
al hl' a2KLIft SQ@gridulirdl]) andd I8 £ Tsiame |, TSI II= Tsiame I, LIK= Likhohloaneng,
HMA= Ha Matsa, MKH= Makhoareng, KOM= K&waa, BPG= Basotho Pony Garden, KHR |= Katse I,

KHR lI= Katse Il, KHT I= Ha Theko I, KHT II= Ha Theko Il, MOL I= Molumong |, M@loiig IMAAP

I= Mapholaneng I, MAP lI= Mapholaneng Il, SWA= Swaartkop, MAI= Mampier |, MAIl= Mampier I
6dzy K NSaGSR O2y iNRfav Ay GKS GKAIK@GSEtRE @S3Salr
mean. Bars marked with different letters are sign® | y it @ RA T FSNB Y (Refér ©Nablk SNDa |
2.2 for site ages (Chapter 2, Section 2.3.1.2.).

3.4.2.2.2 Comparisons on the number of stes/plant across sites (wildharvested, semiwild,
agricultural and unharvested control sites)

P. sidoide plants recover from harvest by developing stems. Therefore to investigate the impacts of
harvest on abovground plant growth, the number of stems/plant was compared across sites. There
was however, no significant difference in the number of stems/plaa®ss the wild harvested sites
(Rs.15= 0.5248P = 0.754) (Figure 3.19A). On the other hand, the number of stems/plant in wild harvested
and unharvested control sites was compared, a significant difference was obtaineg (E.092,P =

0.007) (Figure3.19B). Unharvested control had significantly more stems/plants than-haitdested

sites. TSI | was found to have the highest number of stems/plant than other sites. However, this was not
significantly different from the number of stems/plant from sevestiier unharvested control sites.

When semiwild and agricultural sites were compared, semiid sites had plants with significantly more
stems/plant than agricultural sites {l= 8.5797,P < 0.001) (Figure 3.19C). Furthermore, plants from
HTS | (Ha Téku 1) were found to have more stems/plant than all the other sites. Comparisons on the
number of stems/plant across all sites produced a highly significant outcome with TSI | and HTS | having

the highest number of stems/plant than all the rest of the si{6s 135= 2.917P < 0.001) (Figure 3.19D).

133



(A

Number of stems/plant

HTWI TSA THO HNT HLE MAK
Site name
(B

5

Black: wild-harvested

Clear: unharvested control

cd
4 abcd
abed bed
abc
3 abcd abc
abc ab abc
ab ab
a abc - abc ' ab

Number of stems/plant

z 0
S m

o - Mo
! [0}]
TsA I
o
THO I
HNT T ©
HLE I
MAK I
T o
®
»

TSI
TSIl
LIK
HMA
MKH
KHRI
KHRII
KHTI
KHTII
MOLI
MoLIl

MAPI -
MAPII
SWA
MAI
MAII

HTWI

Site name

134



(©)

Light-grey: semi-wild

Dark-grey: agricultural

<t

® o~
juejd/swajs Jo Jaquinp

MHO

MHB

MHW

HTS I

HTS |

Site name

(D)

pp ‘
apog
oge i ]
UUQN ——
Jepoge S 1
poge
apoqe ]
ogqe —i—
§epoq, U i E
apoge:
poqe —
Jjopogqe——
© page o : .
-
= oqe -
5 S e
B m epoge. o
L Sm
S 1
: 2
-
S poge -
—
[
£35 >
20 °
e oqe
- © q
S e
fr
e 3 spoge
s o=
&w 8poge -~ I—
o o0 I
B oge  IE—
T q
S P08 —
o ©
-0 (e IE——
< o) o~ - o

jue|d/swajls jo JaquinN

IIviN
IVIN
VMsS
lIdVYIN
IdVIN
MO
ITON
IILHM
ILHA
IIdHM
IHM
9dd
INOM
HMYIN
VINH
M1
lisL
ISL
OHIN
gHIN
MHI
Il SLH
1S1H
MV
IH
INH
OHL
Vsl
IMLH

Site name

135



Figure 3.19. Comparisons on the number of stems/méRelargonium sidoides plants wild-harvested

sites (A= HTW I= Ha Tlhaku wild, TSA= diatsTHO= Thoteng, HNT= Ha Nthunya, HLE= Ha
Lebelonyane, MAK= Makhoakhoeng), wilitevsted and unharvested control sites (B= Tsiame I, TSI II=
Tsiame Il, LIK= Likhohloaneng, HMA= Ha Matsa, MKH= Makhoareng, KOMkadfwan&8PG= Basotho

Pony Garden, KHRKatse |, KHR lI= Katse Il, KHT I= Ha Theko I, KHT II= Ha Theko I, MOL I= Molumong |,
MOL II= Molumong Il, MAP I= Mapholaneng I, MAP II= Mapholaneng II, SWA= Swaartkop, MAI=
Mampier |, MAII= Mampier Il ), semvild and agricultural sites (C= sewild= HT$= Ha Tlhaku I, HTS II=

Ha Tlhaku Il and agricultured | 2 T a2 Kl t SQ&all FSa2&KKX&E8a 1281 ot O
I 2S1 2LSy0 FyR Fff (GelLlSa 2F aaasSa o650 Ay GKS aK
Error bars represent stalard error of a mean. Bars marked with different letters are significantly
RAFTFSNBY (G 06CA R&S toIDable .4 f& Site agesr(Chapter2pSection 2.3.1.2.).

12
A3

3.4.2.2.3 Comparisons on the number of stems/plant when sites are grouped adoay to
site type (wild-harvested WH, semiwild- SW, agricultural A and unharvested contrelUC
sites)
A significant result was obtained when the number of stems/plant were compared across
different sitesgrouped according to site type and irrespectioktimes since last harvest or time in
cultivation (1657 6.7763P < 0.001) (Figure 3.20). Sewild and unharvested control sites had plants
with significantly more stems/plant than all the other site types. However, this may be a biased result as
times since last harvest and times in cultivations varied greatly per site type.

4

Black: wild-harvested
Light-grey: semi-wild b

Dark- grey: agricultural
J; b

Clear: unharvested control

Number of stems/plant

sw uc

Site type
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Figure 3.20. Comparisons on the number of stems/plahBelargonium sidoides planighen sites were
grouped according to site type (Wiild harvested, SW8emiwild, A agricutural and UCunharvested
O2y GNRf &aArAidSav Ay (GUKS GKAIKGSEtReE @S3ASGFaGA2Y NBIA:
YFEN] SR 6AGK RAFTFSNBYyG tSGGSNAR FNB aiA3dayAfFaorydate R

3.4.2.3 Tuber mass sizelasses, tuberaour intensity and distribution across sites

3.4.2.3.1 Tuber mass sizelasses across sites

Harvesting operations may alté&. sidoidegpopulation structure.To determinethis, tuber mass size
class distribution was compared between wildrvested againsunharvested sites, wiltharvested
against cultivated sites (semiild and agricultural), as well as unharvested against cultivated sites. In
wild-harvested sites, most tubers fell into the50g sizeclass whereas in unharvestedites, tubers
occupiedall sizeclasses. Tuber mass sidass distribution for wildharvested sites was found to be
significantly different to that of unharvested sites (Kolmoge8mirnoy D =0.75,P < 0.05)(Figure
3.21A) However, the tuber mass sipdass distribution for wil-harvested sites did not differ
significantly to that of cultivated sites (KolmogofBmirnoy D =0.375P > 0.05)Figure 3.21B)Similarly,
comparisons on tuber mass sigkass distribution between unharvested and cultivated sites did not

produce signitant results (Kolmogore8mirnoy D =0.375P > 0.05)(Figure 3.21C)
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Figure3.21. Comparison on tubenasssizeclas®s distribution of Pelargonium sidoides plants from
different types of s@s (A wild-harvested [n = 27] and unhaested control sites [101]- Bild-harvested
[n = 27] and cultivated (semwild and agricultural sites) [45]-@nharvested control [101] and cultivated
sitesh=45) Ay (KS daKAIKGStRé @SIASGFIGA2Y NBIA2Yy P

3.4.2.3.2 Comparisons on tuber colour inteity across sites (wilkdharvestedtuber recovery,
semiwild- tuber regrowth, agricultural tuber regrowth and unharvested control sitesuber)

Since tuber colour can also determine whetlfersidoideglants are commercially mature, comparisons

on tuber recovery, tuber regrowth and tuber colour intensity was made across sites. Tuber recovery
colour intensity across wild harvested sites was not significantly differem=B.791P = 0.573) (Figure
3.22A). Thus tuber recovery colour from the six viiédvested sites was not significantly darker or paler
across sites. Heever, comparisons between wiltarvested and unharvested control sites showed
significant differences in tuber colour with TSI | and TSI 1l (Tsiame Il) having darkest tuhgrs (F
11.204 P< 0.001) (Figure 3.22B). Equally, a significant difference in tuber regrowth colour intensity was
obtained when comparing senaiild and agricultural sites {f= 10.584P < 0.001) (Figure 3.22C). MHO
6az2KFftSQa 1281 2LISyYy0 4 lurdd tibé degrdvth Ghan the lreBtDf tHelothgy SNJ O 2
sites.

Additionally, there was a significant difference in tuber colour intensity when all sites were compared
(R7130= 32.5396,P < 0.001) (Figure 3.22D). As expected, plants from unahrvested controlhsites

darkest tubercompared to all other wildharvested, semiwild and agricultural sites.
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Figure 3.22. Comparisons on tuber colour interwdifyelargonium sidoides planta wild-harvested sites

(A= HTW I= Ha Tlhaku wild, TSA= Tsatsane, THO= Thoteng, HNT= Ha Nthunya, HLE=y#mé&.ebelo

MAK= Makhoakhoeng), wiidarvested and unharvested control sites (B= Wild harvesiddVv I1= Ha

Tlhaku wild, TSA= Tsatsane, THO= Thoteng, HNT= Ha Nthunya, HLEbeldaydree, MAK=
Makhoakhoeng and unharvested control sttdsl I= Tsiame |, TSI ll= Tsiame Il, LIK= Likhohloaneng,
HMA= Ha Matsa, MKH= Makhoareng, KOM= Ké&wmaa, BPG= Basotho Pony Garden, KHR I= Katse |,

KHR lI= Katse Il, KHT I= Ha Theko I, KHT ll=ekalTMMOL I= Molumong I, MOL IlI= Molumong Il, MAP

I= Mapholaneng I, MAP ll= Mapholaneng Il, SWA= Swaartkop, MAI= Mampier |, MAIl= Mampiekt II), semi

wild and agricultural sites (C= Sewild -HTS Il= Ha Tlhaku Il and agricultuall 2 I' a2 KI f SQa | 2

white-al . I a2KlFfS8Qa 1281 ofl 012 alhl a2KlFfSQa 1 28]
NELINBaSyd adFyRFNR SNNEBNJI 2F | YSIy®d .| NA YINJSR ¢
LSD, P < 0.05).

3.4.2.3.3 Comparisons on tuber recovgr tuber regrowth and tuber colour intensity when
sites are grouped according toits type (wild-harvested (WH) tuber recovery, semiild
(SW} tuber regrowth, agricultural (A) tuber regrowth and unharvested control (UG)tuber
sites)

Tuber colour intenisy is expected to increase with time. Therefore, tuber colour intensity was compared

when sites were grouped according to site type and regardless of times since last harvest or time in
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cultivation. There was a highly significant difference in tuber coliotensity across sites {ks+
252.1648P< 0.001) (Figure 3.23). Plants from unharvested control sites were found to have tubers that
were darker than those obtained from the other types of sites. However,-hédldested sites had

darker coloured tubes than the semivild and agricultural sites.

Black: wild-harvested
Light-grey: semi-wild
Dark-grey: agricultural
Clear: unharvested control

ab

Tuber colour score

sw uc

Site type

Figure 3.23. Comparison on tuber colour intensity of Pelargonium sidoides plants when sites were
grouped according to site type ((Wikild harvested, S¥gemiwild, A agricultural and U€unhanested

controla A 1 Sav XSt RES GSABAKGAZ2Y NBIA2Yyd 9O9NNRBNJ 6F NA NB
YN]SR 6AGK RAFFSNByYy(d tSGGSNAR INBX airAayrAfFalolryidfte R

3.4.2.3.4 Tuber colour distributionacross sites

One of the hypotheses fahis study was that there is uneven distribution of tuber colour between sites,
with pale coloured tubers more concentrated in whdrvested sites compared to dadoloured tubers

in unharvested sites. Therefore, to investigate this, tuber colour diginh between wildharvested

and unharvested control sites was made. However, there was no significant difference between the
distributions KolmogorovSmirnov, D =0.2% > 0.05)(Figure 3.24A)Similarly, a significant difference
between distributions wa not found between wildharvested and cultivated (semiild and agricultural)

sites (Kolmogorosdmirnov, D =0.3333 > 0.05)(Figure, 3.24B)In the same manner, no significant
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differences were detected between unharvested and cultivated sites (Kolmegnornov, D =0.4167,

P> 0.05)Figure 3.24C)

Furthermore, tuber colour distributions were determined and displayed graphically per site, however,
due to limited data, no statistical analysis was made (Figure 3.24D)
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Figure 3.2. Comparison on tuber recovery, tuber regrowth and tuber colour distribution of Pelargonium
sidoides plants from different types of sites \{ld harvested [n = 27] and unharvested control sités|

101], B wild-harvested [n = 27] and cultivated (sewiid and agricultural sitesn[=45], G unharvested
controlh=mnm8 FyR OdzZ 6§AGFGSR aAdisSa oy T -mbedcolouh y GKS
frequency/colour score/site in wild harvested sitésTW I= Ha Tlhaku wild, TSA= Tsatsane, THO=
Thoteng, HNT= Ha Nthunya, HLE= Ha legtyane, MAK= Makhoakhoengemiwild- HTS4Ha Tlhaku I,

HTS Il= Ha Tlhaku Il and agricultueall 2 ' a2 KF f SQ&m I l. FSja2&KKk X BHa 1251 of
a2 KI f S aen,lugth&nlested control site$SI I= Tsiame |, ITS= Tsiame Il, LIK= Likhohloaneng,

HMA= Ha Matsa, MKH= Makhoareng, KOM= K#&wmaa, BPG= Basotho Pony Garden, KHR I= Katse I,

KHR II= Katse Il, KHT I= Ha Theko I, KHT II= Ha Theko I, MOL I= Molumong I, MOL II= Molumong Il, MAP
I= Mapholaneng |, MAP lI=ay@iholaneng Il, SWA= Swaartkop, MAI= Mampier |, MAIl= Mampkieefdr

to Table 2.2 for site ages (Chapter 2, Section 2.3.1.2.).

3n®od G[IAROMMBALREK @SISEFGA2Yy NBEIAZ2Y

3431 BelowdNR dzy R LI I yi 3INRSGK 0 8DBISBY iahIegEASE R ¢
according to site type

3.4.3.1.1 Comparisonn tuber recovery size in wikharvested sites

Tuber recovery size was compared inwild NS&aGSR aAdSa FTNRY (KS af 2605t
regions to investigate whether it varies. Themas however no significant difference in mean tuber

recovery mass between the regionsett 1.48,P = 0.1419) (Figure 3.25A) although plants from the

Wi 2g@0St Reé ©@S3ASGHFGA2Y NB3IA2Y GSYRSR (2 KIFI@S Y2NB
recoverydiameter was found to be significantly different between regiogs=(2.69,P= 0.0086) (Figure

OoPHP. VD aSIy (dzoSNJ NBO2@SNE RAIFYSGOSNI 2F LIX lyda TN
f I NBSN) KFIy GKFdG 2F LX Iy GragionF WBew tukbekrEcovénk $iza8 WasS t R €
compared using mean tuber recovery length, no significant difference was detected between the
regions (¢¢=- 1.67,P = 0.0976) (Figure 3.25C). Although there was no significant difference in mean

tuber recovery lengttd SG 4SSy NBIA2yas LIk lFyda FNRY (KS GKAIKQD
f2y3ISN) GdzoSNER GKIYy (K2aS FTNRBY (KS aft260St R¢ @S3Si
tuber recovery volume produced a significant difference between the regions (afdS af 2 6 St R
vegetation region was found to have plants with larger tuber recovery volugge 2t16,P = 0.0339)

(Figure 3.25D).
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Fgure 3.25. Comparisons of polsarvest tuber recovery growth (A=tuber recovery mass, B= tuber
recovery diameter, C= tuber recovery length and D= tuber recovery volume) of Pelargonium sidoides

plants in wildK I NJS & (i SR
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Error bars represent standard error of a mean. Significant differences detected using using student t

tests.
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The results obtained above when tuber size was comgdrased on mean tuber size values did not
differ to those found using total tuber size values except for tuber recovery diameter (Appendix 1).
When using total tuber recovery diameter, there was no significant difference observed whereas using

mean tuberrecovery diameter yielded significant results.

3.4.3.1.2 Comparisons on tuberregrowth size in semg At R aAiSa FNBY af 2
GKAIKPGSERE @S3ASOFGA2Yy NBIA2Y A

¢CKSNBE ¢6la I KAIFKEe@ aA3adyAFTAOIY(d RAFFSNBYREDISRE dzo ¢
vegetation regions when comparisons were made based on mean tuber regrowth mas4.26,P =
noennnam0d OCAIdzZNBE odHc! 0P ¢KS aft260St R @S3ASOFGAZ2Y
larger in mean tuber regrowth mass than platNRE ¥ (G KS daKAIKGSt Ré @SIASHF (A2
FNRBY (KS aGf2¢0StRe¢ @S3ASGFrGA2y NBIA2Y KIR aA3ayATAO
GKAIKDSE RéE  OSaE%.459PE d@Y) (FiyleR3R@BY. Orotlie other hand, while tslmm

0KS aft260StRe @S3AShHlIGA2y NBIA2Y (GSYRSR (G2 0S af A=z
FNRBY (GKS GKAIK@GSEtRe @S3ASGFiA2Yy NBIA2WZ 18RS RATTFS
0.0697) (Figure 3.26C). Comparison on tulegrrowth size using mean tuber regrowth volume however

resulted in significant difference between the two regiong<t3.28,P= 0.0023) (Figure 3.26D).
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Figure 3.26. Comparisons of tuber regrowth growth (A=tuber recovery mass, B= tuber recovery diameter,
C=tuber recovery length and D= tuber recovery volume) of Pelargonium sidoides plantsaildssiteis

TNRY (GKS aft260StReé 021 [0 YR aKAIOSEtRE 02110 O
error of a mean. Significant differences were detected using students.

When tuber regrowth size was compared based on mean tuber regrowth azedove, the results

obtained were not different from the results obtained when total tuber regrowth values were used
(Appendix 1). However, tuber regrowth diameter was not significantly different between regions when

total tuber regrowth values were usdeas opposed to above when mean tuber regrowth values were

used.

3.4.3.1.3 Comparisons on uber size in agricultura@ A 1 S& FNRBY Gf260St R¢ |

vegetation regions

¢t2 AYy@SadA3alrisS K2g (dzo SNI NBINR g (G K avedetbtionZFégds,Sa 0 S
comparisons were made based on mean tuber regrowth mass, tuber regrowth diameter, tuber regrowth

length and tuber N2 g 1 K @2f dzyYSof 2o DFURE FRBISWIKEA 2y NBEIA2Y
significantly larger mean tuber regrowtfil 3a GKFy LI I ydad FNRY (K& aKAIKE

z A

350,PI' nédénnamnv OCAIdzZNBE odHT! 0P LY (K alYS Yl yySNE
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significantly larger tuber regrowth diametér K I 'y LJX | y (i a F NRgétatinkKr&io ¢tskA I K FS T F
275PT nonnynd O0CATdzZNBE oduHT. 0P | 26SOSNE | f K2dzaAK LI}
to have larger mean tuber regrowth lengih K I y LJ I y i a F NugétationKr&giond ek I K @S |
difference was not significantsg= 1.77,P= 00829) (Figure 3.27C). Using mean tuber regrowth volume

to compare tuber regrowth size however resulted in significant difference between region with plants
FNRBY GKS af260StRE @S3ASGHFGAZ2Y NBIA2Yy RSLAOGAY3T (1
tKS GKAIKQGSE Re ££383Pe 0.0002 (FigueB.Z7RDR2 Yy 0
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Figure 3.27. Comparisons of tubegrowth growth (A=tuber recovery mass, B= tuber recovery diameter,

C= tuber recovery length and D= tuber recovery volume) of Pelargonium sidoides plants in agricultural
arAidSa TFTNRY GKS aft2g0StReé 021 [0 YR aKie3@St RE 6
standard error of a mean. Significant differences were detected using stutbstst

Although the results obtained above when comparing tuber size using mean tuber size values were
similar to those found when total tuber size values were usedihgugotal tuber regrowth values

resulted in highly significant differences in tuber regrowth size between regions (Appendix 1). This can

be attributed to different times since cultivation of sites from the two regions which resulted in sites

having unequalnumber of tubers/plant. Hence basing tuber regrowth comparisons on total tuber

regowth sizes only was biased.

34314/ 2YLI NRaz2ya 2y (dzoSNJ aAl S Ay dzyKF NBSaids
GKAIKGSERE @S3ASOHFGA2Yy NBIA2YV A

Tuber size of plants fromthé f 2 6 St REOSH YRR @KSADBGI GA2y NBIA2Yya 41 &
varies between regions. A significant difference in mean tuber mass was found between the two regions

(tu= 2.96,PT ndnnoc0 OCAIdzZNE odHy! 0@ ¢ KS withfsigndicddly R¢ @S
larger dz0 SNJ YI a4 (Kl yKABKFIARFINBYISIKISGARY NBEIAZ2Y D | 2¢
was not significantly different between the regions,ft 0.53,P = 0.5969) (Figure 3.28B). Comparing

tuber size based on tuber lengthrquuced significant difference between the regions with plants from

GKS af260StRe @S3ASHFiA2y NRBEAAGYIKK QU NBY RARKYEEROF N
vegetation region 4= 5.95,P < 0.0001) (Figure 3.28C). Similarly, mean tubéunae was significantly
fIFNHSNI Ay (KS af200St BR O8AFKBSKRY KNSIALHH465M 8y ORKA
< 0.0001) (Figure 3.28D).
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Figure 3.28. Comparisons of tuber growth (A=tuber recovery mass, B= tuber recovery diameter, C= tuber
recovery length and D= tuber recovery volume) of Pelargonium sidoides plants in unharvested control
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Comparing tuber size in unharvested control sites between regions usitad) tuber size values

LINE RdzZOSR O2YL) SiSte RAFTFSNByd NB&adzZ & 06! LIISYRAE
observed to have larger tubers when using mean tuber size values, using total tuber sizempliges

0KF G LI Iy (0Aa3 KIONPEWRioen fegiSnadeke larger. The inconsistent results may have been

caused by unequal number of tubers/plant between the two regions.

3.4.3.2 Aboveqground plant growth across sites (wikharvested semiwild, agricultural and
unharvested control sites)

3.4.3.2.1 Comparison on canopy area between vegetation regions

Canopy eea between the regions wasignificantly differebin wild-harvested sites §t=-2.3918,P =

0.0192 (Figure 3.29Ar f I yia FNRY (KS GaKAIKOStRéE Gadphits GA2y
FTNRY (KS daf 26 0St Rd sigdifeantSdifferénde2wsre obfaidetl inyeamopies between

semiwild sites from the two regions 4=1.2703,P = 0.212) (Figure 3.29B). Agricultural sites also had

canopy area that did not differ significiy between the regions £= 1.2188P = 0.8005) (Figure 3.29C).

In the same way, canopy area between unharvested control sites was not significantly diffesent (t

1.2150,P= 0.8597) (Figure 3.29D).
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Figure 3.29. Comparisons of canopy area of refdum sidoides plas in wildharvested (Awild

harvested lowveld WHLV, wileharvested highveldWHHV), semwild (B semiwild lowveldSWLYV,

semiwild highveld SWHV), agricultural (@gricultural lowveld ALV, agricultural highveldAHV) and

unharvested control sites {iinharvested control lowveldJCLV, unharvested control highveldlCHV)

FNRBY (GKS af260StRé YR GaKAIKGSEtRE @S3ASGHIGAZ2Yy NB3I)
Significant differences were detected using studdssts.

3.4.3.2.2 Comparisos on humber of stems/plant between vegetation regions

The nunber of stems/plant between wikkk  NS&A 1SR aAdiSa FTNRY (KE®SdtREs DSt

(WHHV) vegetation regions did not differ significantjy=(t1.2862P = 0.0810) (Figure 3.30A). Siiy,

there was no significant difference in the number of stems/plant between seifdisites from the two

regions (SWLibwveld and SWHYighveld) (t= 1.0040,P = 0.0985) (Figure 3.30B). Conversely,

F ANRK Odzf G dzNF £ &aAGSa FTNRYAARIFAFADSPEE RE YRBIBA 2Yi S&a .
region (AHV) &= 5.2237P < 0.0001) (Figure 3.30C). In the same way, the number of stems between

dzy K NSaGSR O2yiaNRf aArdisSa TFTNRY (KS aft260St R o)
significatly (tue= 3.1187PI' n®nnpt0 O CAIdZNB odon50d ¢KS dzy Kl NIBIS:
region had more stems/plant than plants framK S af 2 6 @3St R¢ @S3ISGlF GA2Yy NBEIA2
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Figure 3.30. Comparisons on number of stems/plant of Pelargonium sidoides plants from different site
types (WHLV, SWLV, ALV, UGLEV2 6 @St R | YR 2 UQH¥&K {PKAST REIO Ay GKS
FYR GKAIKGStRe @SASOHFdA2Yy NBEIA2Yyd 9NNRBNI 6F NB NS LN
were detected using studentésts.
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3.4.3.3 Tuber mass size classes, tuber colour intensity and distributiomss sites

3.4.3.3.1 Tuber colour intensity between vegetation regions

There was a highly significant difference in tuber recovery colour intensity betweeihariested sites

TNRY G(GKS daf260StRé 021 [+0 | YR (K& 5Q509FAKMDBDI)RE 02 |
(Figure 3.31A). The wd NWSAGSR aAidSa FNRY GKS af260Sft RE KIR
GKSAN) O2dzy G SNLI NIlAa FNRY @#RERARAABASTFREBY [(KBSHX 295X
were found to have tuber recovempat was darker than that fromthe semsiA ft R aAGSa Ay GKS
(SWHV) @= 3.8332P = 0.0251) (Figure 3.31B). However tuber recovery colour intensity did not differ
significantly between agricultural sites from both regions @#dwveld and AHVhighveld) (¢s=-0.1171,

P = 0.0901) (Figure 3.31C). Likewise, there was no significant difference in tuber colour intensity

between unharvested control sites from the two regiongdt 0.5464P = 0.0825) (Figure 3.31D).

(A) (B)

7 4

6 N

3

5 1
() ()
o S
[S] (8]
2 2
3 3
5 3 _ 1 5
Qo Qo
S5 =}
= [

2

1
1
0 0
WHLV WHHV SWLV SWHV
Region name Region name

155



©Q (D)

3 9
8 1 ——
o 2 6
S bt
o o
@ @
5 55
o o
o ©
o © 4
5 @
2 S
Pl F 3
2
1
0 0
ALV AHV ucLv UCHV
Region name Region name

Figure 3.31. Comparisons on tuber colour intensitiPelargonium sidoides planits different site types
(WHLV, SWLV, ALV, UGLV 2 6 §St R¢ YR 211 +t@KNIH@ASE REIO ZA Y] /U KS
GKAIKGSEt RE @SASOHIGAZ2Y NBIA2Yyd 9ONNEBNI oF N&E NBLINBaS
detected using studenttests.

3.5. DISCUSSION

3.5.1 Below-ground plant growth across sites (wibarvested, semwild, agricultural and

dzy KI NWSaiSR O2yGNRBE aAiSao Ay (KS af260St RE
3.5.1.1 Comparisons on tuber size across sites (vilttvested, semivild, agricultural and
unharvested control sites)

The way species respond to disturbances is dependent on their life history and physiological traits; and
by characteristics of a disturbance (Gone¢al., 1999). For medicinal plants, the ability to reproduce (or
regenerate tubery post harvest can determine how they respond to harvest as well as environmental
conditions (Ticktin, 20G). Furthermore, for perennial plants, storage organs enable them to start
spring growth (Heilmeieet al., 1986) and to bridge temporal gaps thatesf exist between resource
availability and demand (Blooat al., 1985; Chapiet al., 1990). However, it usually becomes difficult to
predict how long wild populations of medicinal plants will persist when part of the population is
frequently harvested beause vital rates vary over time as they respond to different environmental

conditions (Nanteét al., 1996).
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Tuber recovery sizeinwdF NSaiGdSR aAiSa o6l a F2dzyR (2 RAFFSNI &aa
vegetation region, sites that had tHengest time to recover (8 years) had tuber recovery size that was
significantly larger than tuber recovery size from sites that were last harvested 3 to 7 years ago. For
example, plants from W Il (Wesley II) had larger tuber recovery mass, diameteolangevthan plants

from the rest of the sites (Figure 3.1). This indicates Ehagidoidesubers can recover if harvested sites

are left for 10 to 15 years post harvest without any repeat har¢@sapter 2) On the other hand, in the
GKAIKGDSE BrE regds Brie (site(ithat was last harvested a year ago {HMT Ntho) had
significantly larger tuber recovery mass, tuber recovery length and tuber recovery volume than sites that
were last harvested 3 years ago (Figure 3.13). These kind of results neapdev obtained probably
because the sites that were covered by the NDF study may have been harvested in the past for
subsistence use but had no record of commercial extraction.

While P. sidoidestubers seem to recover post harvest, tuber recovery rateetakery long for
ddzA Gl AyFroftS O2YYSNDAIE (NI Réds lagmBny pepdh inddez@ldping y A y 3
countries derive an important portion of their livelihoods from harvest and sale of medicinal plants
(Igbal, 1993). Long population recoveiyes have also been reported for other medicinal plants such as
cycads. Raimondet al. (2003) found that althougBncephalartos cycadifoliis highly persistent, it also

has low levels of recruitment and is unable to recover within a reasonable cotisartine frame (<

100 years)Thus the conservation of loAiyed plants can be a challenge for conservation (Raimatdo

al., 2003).

WhenwildK I NBSaGSR | yR dzy K NWSAGSR O2yGNBf airidSa oSNB
unharvested controkites had significantly larger tuber mass, tuber diameter, tuber length and tuber
volume than wildharevsted sites except for ASC (Airstrip control) (Figure 3.2). The explanation for ASC
having smaller tubers than other unharvested control sites may bebated to overharvesting that

has been reported in the area (McMaster, Private farm owpers. comm 2009). This indicates that
almost all mature plants had been previously harvested through too regular return harvest and that
during field work, althagh the plants that were selected had been unharvested, they may have been
young or recovering from very small remnant tubers. These results suggest that there is a negative
impact of harvest orP. sidoidesuber recovery as a result of collection to mdetal and interational
demand. Thus gpulations of species of anthrogenic importance have frequently beessociated

with reduction in frequencies of larger size classes (@al., 1990; Shackletost al., 1994) and also
regeneration bottlenecks (e.§Vilson and Witkowski, 2003Furthermore, the results showhat even

after 8 years, wildharvested populations have stilbhrecovered to pre harvest size which was found to
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take 1015 years (Chapter @ { A YA f | RX B E D S\fyR 0 KBS This FrdmiuBhdrveSt&II A 2 v S
control sites had larger tuber size than plants from wiltvested sites (Figure 3.16). However, only
four unharvested control sites had significantly larger tuber mass, tuber diameter and tuber volume
than tuber recovery of plantsdm wild-harvested sites. When using tuber length, whlarvested and
unharvested control sites had similar tuber size except for some few sites. On the other hand, most
unharvested control sites from the NDF did not differ significantly in tuber sizetwli#r recovery from
wild-harvested sites. One reason might have been that sample size from some of the NDF sites was too
small (e.g.n= 2) which might have obscured presence of significant results. Secondly, although
unharvested, some plants from the NDBKes looked small and immaturgdrs obs). Ohe major
limitation for this study was lack of information on age structuréo$idoides

Many studies have found that population recovery following harvest of medicinal plants varies between
land use typs or different land management regimes andalso dependent on diameter sizasses
selected. For example, Ghimiet al. (2005) established that rhizomes Nardostachysgrandifliora
extracted from the national park (where harvest for trade is prohibjiteetre larger in diameter than

those collected from the buffer zone (where harvest for trade is permitted). Furthermore, harvesters
collecting rhizomes in the national park seemed to concentrate on mature size classes and left immature
ones to grow and aa result population declines were reported in the buffer zone. In another study,
although the population ofAdansoniadigitata was found to be generally stable in northern Venda,
Venter and Witkowski (2010) concluded that there were lower densities ohjleseto mature trees in
villages. This suggested that adult trees in the villages did not recruit as successfully as those in the
plains. Botheet al. (2004) also noted that basal diameters and heighCatha edulisvere significantly

lower in harvestegopulations as opposed to unharvested populations.

On the contrary, other authors have argued that some disturbances may be associated with increased
plant abundance and the net impact of extractive use restrictions may therefore depend ondffade
between a population composed of many small plants and one composed of a few large plants
(McGeochet al., 2008). This maybe because species respond differently to disturbances depending on
where they fit along the continuum betweenadd r strategies (PrimacRD02 Shackletoret al., 1994).
Generally, tuber regrowth size was similar betweensgmift R | YR | INA Odzf (G dzNI £ & A (S
GKAIKOSEt Ré @838 GAZ2Y NBIAZ2YE 6CATdzNB odo +FyR CAA3
some semiwild sites (STSStutterheim semiwild) had significantly larger tuber regrowth volume than
agricultural sites despite being in existence for three years compared to agricultural sites established

four years ago (ST/Stutterheim agricultural). This wamexpected because plants under agricultural
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care received more water than plants from semild sites and were thus expected to have larger tuber
regrowth size. Additionally water was seen to increase the number of tubers/plpets. obs). This

may bebecatse irrigation has been suggested to increase biomass yldn 1993. Other authors

have also foundhat plants grown under greenhouse conditions where they receive irrigation yield more
than those grown under field coiitibns. For example, White (20p&nd Whiteet. al. (2008)concluded

that P. sidoideplants grown under greenhouse conditions exhibited six times more leaf and tuber yield
than those grown under field conditions. Thus cultivatiorPofsidoideplants can be one conservation
strategyused to produce the resource and hence reduce pressure on wild populations. von Willet and
Sanders 4004 however warn that water can be lamiting factor for cultivation in the dry areas of
Southern Africa (von Willet and Sanders, 2004).

Comparisons acrgsall sites regardless of their type from both regions also produced significant results
with unharvested control sites having significantly larger tuber mass, tuber diameter and tuber volume
than plants from wiléharvested, semwild and agricultural site Plants from semwild and agricultural

sites had more tuber regrowth length. This mag because cultivated sites received more water than
other types of sites. Similarly, when sites were combined according to site type despite the age,
unharvested conbl sites had plants with significantly larger tuber mass, tuber diameter and tuber
volume than other types of sites. On the other hand, agricultural sites were found to have significantly
more tuber regrowth length than tuber recovery or tuber length frother types of sites.

Comparisons on tuber mass sidasses andtuber colour frequencies between sites produced
inconsistentNB a dzf 1a Ay O(KSEIKDRURWSt REIASYIRG AKXy NBIA2yad L
region, significant differences in tubenass sizelasses were not found & < 0.05 (Figure 3.9A).
However, they were found aP < 0.10 suggesting that increasing replication would have vyielded
different results. A significant difference in tuber masssilass was found between wilthrvestal and

dzy K NWSaGSR O2y(iNRf aAraiSa Ay (KS GKAIK@GStRE @S3S
distributionsand tuber mass sizelassesvere also not significantly different between different types of
aridSa Ay GKS af 2 ¢ dsfiénRegionk. A &all sdnpld §28 probRbly re@ufied $to
these type of resultparticularly because there seemed to be significant results when the data was

displayed graphically.

159



3.5.1.2 Aboveground plant growth across sites (witarvested, semwild, agricultural and
dzy KI NSadSR O2yGNRt aAadSao Ay GKS at260StRéE |
In a changing environment, plants have various ways to adapt and they can do this when resources are
limiting (Lepiket al., 2004). When there is nutrieshortage, plants allocate more biomass to fine roots

and root: shoot ratio may increase (Aedsal., 1991; Shibaiket al., 1996; Let al., 1999; Calhill, 2003).

[ Fy2L® FNBlF ¢gla airxayAFAOryidate RATTFSNEyonregicdNRE &a aAi
Ly U(KSR&t@&BDShl GA 2y -HaBe3tad2sifeE weseKcSnypared AsiteR that were last
harvested 8 years ago (W Wesley II) had plants with bigger canopies than plants from sites that were
harvesed 3 to 7 years ago (Figure B)6 This may have been the case because there was a lot of
vegetation in this sitepers obs) which may have caused these plants to grow taller and bigger to trap
enough light for photosynthesis. However, to retain competitive ability akgreeind, espeeilly at high

nutrient levels, root: shoot ratios usually declifi@hibaikeet al., 1996; van Hinsberg and van Tieratg

1997). Tere was less vegetation on the other sites thus no need for plants to grow taller to get light.
Another reason may have beehat W 1l was found where there was cow dupgré.obs) and this may

have contributed to more fertile soils. When wit@rvested and unharvested control sites were
compared W Il had bigger canopies although this was not significantly different from canegyof

plants from MF (McMaster Farm). Furthermore, because W Il was harvested 8 years ago, the plants had
more time to grow. This may be becausewplus of belowground biomass can cause plants to grow
bigger and form denser canopies (Shibaétal., 1996; van Hinsberg andan Tienderen, 1997; Huber

and Hutchings, 1997).

Plants perform differently under different habitats which differ in environmental conditions. For
example, the dominant environmental stress in arctic and alpine habitaliswistemperature. Rant

growth in such environments can be severely restricted by low temperatures as well as by desiccation
and mineral nutrient stress (Sonnesson and Callaghan, 1991). Canopy area was significantly higher in
wild-harvested sites compared to unhaiévéi SR O2y i NRBf aAdSa Ay (KS aKAIK
3.18). This was probably because most hidalvested sites were located at lower altitudes compared to
unharvetsed control sites such as Golden Gates Highland Nature Reserve located at ltitghes.a
Furthermore, plants that were obtained from wildhrvested sites that were located at lower altitudes

had significantly bigger canopies than plants from sites located at higher altitudes. In particular, TSA had
plants with bigger canopies thanl dhe other sites. This may have been because plant species that
inhabit harsh environments often have inherently low maximum relative growth rates compared to

species from more favourable conditions (Chapin, 1980; Lambers and Poorter, 1992) such &®tmose
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lower altitudes. Additionally, the lower growth rates may be associated with low specific leaf area values

of high altitudes plant (Korner and Diemer, 1987; Atdial., 1996). On the other hand, sammi season

differed between wildharvestedand urharvested catrol sites. For instance, wikdarvested sites were

sampled in the middle of March 2009 whereas the unharvested control sites were harvested in May

2009 which was towards the end of the growing seasorPfm@idoides

Ly GKS af 2 KOSt RE IOBWRSAKAA 2y NB I ARilgand dglicyltaraldtitest NS 0
ga aAYAETI NI 6CAIdZNE odc FyR CATdzZNE odmyod | 2S@SN
had slightly bigger canopies than STA although this was not signifidéfelent. An explanation can be

that STS was found in a site that had lots of vegetation and as plants strive towards maximum sunlight
SYUNI LIYSyilz GKS@ RS@OSt2LISR 0A33ISNI OFy2LIASad [A]S¢
vegetation regionsvere compared, plants from semiild and agricultural sites had larger canopies.

Therefore plants from cultivated sites tend to have more abgieund biomass than those from wild

harvested and unharvested control sites.

The number of stems/plant was si§ipantly higher in sites that were last harvested 8 years ago
compared to those harvested 3 to 7 years ago in¥ild NSaid SR aAiSa FNRY (G(KS ¢
region (Figure 3.7). For instance, W Il had more stems/plant than all the othehavil@stedsites. This

indicates that mother tubers had more time to accumulate enough biomass to recover. On the other

hand, the number of stems/plant was similar inwid- NS&a0SR airaiasSa Ay GKS aKA3I
(Figure 3.19). This was probably becausesswvere last harvested only-3 years ag@and hence there

was not much variation in the times since last harvest to produce significant results.

When wildK  NSEaGSR &dAiGSa 6SNBE O2YLI NBR gAGK dzy Kl NBSa
region, wildharvested sites had higher number of stems/plant than unharvested control sRes.
sidoidesseems to recover from harvesting by regenerating new stems from the point gberg,(©Obs),

thus plants from wileharvested sites would have more stems in order recover compared to
unharvested plants which eve not disturbed by harvesthis trait seems to be dependent on whether

the harvesting hole was covered or not covered post harvest, size of the mother tuber, time since last
harvest and on the positioningf the remaining mother tuberpers obs). This may explain why the

trend (more stems/plant in wildharvested versus unharvested control sites) was not observed across all
wild-harvested sites. Furthermore, the ability to resprout after a disturbance dépends on surviving

meristems and availability of enough stored reserves to support regrowth (Bond and Midgley, 2001).
Similarly, comparisons on the number of stems/plant between ¥wddvested and unharvested control

arAiSa Ay GKS darkgiod prad&édiaificant St WO AR $ Ay (GKS af 250St
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region, unharvested control sites had higher number of stems/plant than -heéldested sites.
Specifically, TSI | (Tsiame I) and TSI II (Tsiame 1l) had more stems/plant than othexstethaites and
wild-harvested sites. This trend might have been detected becausehailkested sites that were

compared with unharvested control sites were harvested quite recently implying that the mother tuber

had still not recovered and matured full

Ly GKS at2¢0StReé @S3ISGIGA2Y NBEIA2Y S | INROdz G dzNJ f
wild sites (Figure 3.7). Furthermore, RH | (Rhodes I) had more stems/plant than other agricultural sites

and semiwild sites despite being in cultivatidor one year. One reason for these results might be that

the seeds that were used for initial propagation at RH | came forsidoidegultivars that were fast

growing compared to RH II, other agricultural sites (established from tubers) anehdlelsites. These

results suggest thal. sidoideplants established from seeds might have more stems/plant than those
established from tubers. Conversely, senilid sites had more number of stems/plant than agricultural
arAGSa Ay GKS & KAME KaéverRsince SctmilBsitds iak Pegn ilNdbIEvAtian longer

than agricultural sites, the time difference may have biased the comparison.

When alltype2 ¥ &aA0Sa 6SNBfOFYEE RBR OS5 @S (-Kil8 an#t figricliBralA 2 Yy = &
sites producd significantly more stems/plant than other sites and this shows Ehatidoidesesponds

gStt Ay OdzZ GAGIGA2Yyd | 26SOSNE Ay GKS aKAIKISERQ
wild sites had higher number of stems/plant than whidrvestedand agricultural sites. The times since

last cultivation of wildharvested sites and times in cultivation of semiid and agricultural sites might

KIS ' TFSOGUSR GKS Fylfeaia YR KSyOS GKS NBadzZ Ga
region agricultural sites had higher number of stems/plant than all other types of sites when sites were
grouped according to site type and regardless of times since last harvest or times in cultivation (Figure
3.8). On the other hand, semiild and unharvestedontrol sites had more stems/plant than agricultural
andwildK I NS & (i SR K& aKSQdtaReh regienS d

To adapt to the changing environment, plants produce a variety of secondary metabolites (S&tdlen

2004). Flavonoids are some of thecendary metabolites that are produced by plants and give them
pigmentation (Shijleret al., 2004). IrP. sidoideglants, dark red coloured tubers are preferred by the
pelargonium industry (H. Nieuwoudt, Bophelo Natural Prodyssss. comm.2008; K. Pdsen, BZH,

pers. comm 2008). Tuber recovery colour intensity varied across sites irhaitdested sites from the

6t 26 0SSt R¢ GSASGHLEGAZ2Y NBIA2Y D ¢dzo SNI NBEO2UISNE FTNRY
more darkred coloured than tuber recary from sites that were last harvested 3 years ago. The results

indicate that tuber recovery colour intensifies with time. Furthermore, findings of the previous chapter
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confirmed that tuber recovery colour takes at least 8 years to get to the commerpraflgrred dark

red colouration (Gapter 2. This was expected because sites that were last harvested 4 to 8 years ago

have experienced more environmental stress and hence an increase in their amounts of secondary
YSGUlIo2t A0Sad Ly I KegionatébarIecaedyt cBldur waSsiildr In édlksieg after 3

years since last harvest which was not surprising because sites that were last harvested 3 years ago in
0KS af260StRQ @S3SGlFGA2Yy NBIA2Yy | faz2 KekrRoloarA YAt I NJ
between wildharvested and unharvested control sites also produced significant outcomes. Generally,
unharvested control sites were found to have darked coloured tubers than tuber recovery in wild

harvested sites; however, this was not sigrahtly different to tuber recovery colour of plants from W |

(Wesley I). This may indicate that tuber recovery colour requires at least 8 years to beedark

coloured. Similarly, tubers from unharvested control sites were more -tatkcoloured than tube

recovery fromwildkK  NSaiGSR aAidSa Ay (KS GKAIK@GSEtRe @S3aASGL G
wild-harvested sites did not have dar&d coloured tuber regrowth.

Tuber regrowth colour was similar between sewmiid and agricultural sites irktS & f 2 6 39St R¢ @S3¢
region. These kind of results were obtained despite seild sites being somehow closer to wild

harvested sites in management regime than agricultural sites and were thus expected to have darker
tuber regrowth colour than agricultal sites. This is because some secondary metabolites have been
hypothesized to be produced when plants experience water stress (Ojala, 2001). This means plants from
semiwild sites would have darker red coloured tuber regrowth than plants from agricllsires as

they received less water. Additionally, in sewiid sites, plants experienced more competition from

other plants compared to agricultural sites which would have caused more stress. This is because some
authors have concluded that secondary maéites can also be produced as an allelopathic response to

the surrounding environment (Uritani, 1999; Urdangaghal®> wHAanno® | 26SPASNE Ay
vegetation region, agricultural sites had darker coloured tuber regrowth than-sélahisites.

Whey +ff (GeLlSa 2F ariasSa 6SNB O2YLI NBR Ay (KS af2g
wild-harvested sites that were harvested 4 to 8 years ago had darker red coloured tubers than tubers

from semiwild, agricultural and wildharvested sites that wre last harvested 3 years ago. Likewise,

G§dzo SNE FTNRBY dzy KI NWSaiSR O2yidNERf aAGSa Jegthan KS G KA
tubers from wildharvested, semwild and agricultural sites. In the same manner, grouping sites
according to siteype and regardless of their times since last harvest or times in cultivation in both
regions gave significant results. Unharvested control sites had significantly dadkeoloured tubers

than wild-harvested, semwild and agricultural sites. However der recovery from wileharvested sites
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was a darker red colouration than semild and agricultural sites. The results indicate that tuber

regrowth colour intensification in cultivated sites takes longer than in-Wad/ested sites. One reason

for this mght be that under cultivation, secondary metabolites that are usually produced by plants in
response to environmental stress are reducedh{omannet al, 2002). These results have negative
implications for conservation of wild populations Bf sidoidesThis is more so because tuber recovery

seems to be impacted by harvest and therefore cultivatiof o§idoidesnaybe one option to conserve

wild populations of. sidoides

353 BelowdINR dzy R LX I yd 3INRGUK 0308CRY GERS®SEHR2ZY
according to site type

3.5.3.1 Belowground plant performance

Significant differences were detected in tuber recovery size based on tuber recovery diameter and
volumeinwildK F NSaiSR aArAiGSa o0SieSSy (KS af Hov@dt Ris | YR &
trend was not detected when tuber recovery size was measured based on tuber recovery mass and

f Sy3dke tftlyda FTNRBY GKS af2¢0@0StRe @S3aShldAaz2y NB3I
GKFy LIXFyda FNBY GKS .dWileIiess 3dsuRs indigate Irdativilandested NS I A 2
LX FyGda FNBY (KS at260StRé @S3ASGFiA2y NBIA2Yy KI @GS
result of variation in the times since last harvest between the regions. For instancd)amildsted sites

Ay (GKS Wt2¢@0StR¢ @S3ASGIGAZ2Y NBIAZ2Y GFNASR YdzOK A
harvested 3y &SI NABR 320 FyR (Kdza KIFIR Y2NB GAYS (2 NBO:
vegetation region, wiléharvested sites that were usedrfthis study were last harvested3.years ago.

Therefore, there could have been an age bias in-hiéld/ested sites between the two regions which

FI @2d2NBR (KS af2¢6@0StRe @S3aASHIGA2y NB3IA2Yy (2 GKS «
recovee f Sy3IdK gra y20 arayArAFTFAOlIyidifte RAFFSNBydG o0Sias
vegetation region seemed to have larger tuber recovery length. This may indicate that harvesters fill up
KFENPSald Kz2fSa LkRad K NS a igionARfrtheimkrs, adcdtoing RodilSet Ré B¢
Pelargonium industry personnel (H. Nieuwoudt, Bophelo Natural Produsts. comm.2008), harvest

K2f Sa NS Of 2aSR dzLJ L)2aid KFN@BSad yR GKS aryS 206a
vegetation regionpers obs). Filling up harvest holes post harvest can be expected to increase tuber

recovery size, especially tuber recovery mass and length. This is more so becausgrbatmivstem in
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other plants such as potatoes has been reported to elongate as endthibers are planted deeper
(Stalhametal., 2001).

Plantsfromsemg Af R I YR | ANR Odzf GdzNF¥ £ aAiSa FTNRY (KS af260
1dzo SN NBANRSGK aAl S (KIy LEFyda FTNRBY (KS eteKAIKOSH
YR @2ftdzYS 6SNB T2dzyR G2 068 fINBSNI Ay GKS af2p¢
vegetation region. However, this may have been caused by different times in cultivation of sites from

the two regions. For instance, cultivated sites were-estf A A KSR NBf F GA St & || gKACT
#S3ASGFGA2y NBIA2Yy O2YLI NBR (2 (GK2a$8 Ay (GKS GKAIKE
former region an advantage l&hts from the two regions had similar tuber regrowth length.

Plant growthrates depend on factors such as habitat and environmental conditions (Ticting)2at

example, outcrop habitats are characterized by harsh environmental conditions that limit plant growth

(de Lange and Norton, 2004). Tuber size (tuber mass, lengtiianohe) except for tuber diameter was
AAIYATAOIYGEE fFNABSNI Ay dzyKI NBSadGSR O2yiNRE &aAridsa
GKAIKGBSEt Ré @S3ASGIGAZ2Yy NBIA2Yyd ¢KS aKAIK@PSEtRE @S3S

environmertal conditions typical of higher altitudes hence tuber size would be smaller.

3.5.3.2.Aboveground plant size

P. sidoidess widely distributed across a wide range of habitats with varying altitudes (Van der Walt and

Vorster, 1988; Dreyer and Marais, ®@). The selective pressures for leaf growth rates and duration

change with altitude probably due to declines in temperature and growing season (Ge@fr, 1

Billings, 1974). &hopy area did not vary significantly between different types of sites fromtwe

regions. Therefore canomrea in wildharvested, semwild, agricultural and unharvested control sites

FNRY (GKS af260St RE | YyR & KA 3 Krapy tha altituNiBaRdpectg do nétl & a A Y

determine canopy size iR. sidoideglants. This is despite thahéreases in altitude changes many

parameters of the environment which makes growth conditions more severe for plants at high altitude

versus plants at low altitudes (Kornet al., 1989). This suggests thgtowth of P. sidoidesplants

growing at high altitudes mape negatively affected. Additionally, growing season Forsidoideds

AK2NISNI Ay @KBS 4 KMPHISNIREZA2Y O2YLI NBR (2 (GKS 4f 2

plants from the former region would have smallemopy a6 I @ C dzNJi K S NJY 2 N&j&tatighK S & K A |

NEIAZ2Y A& O2ft RSNJ GKIy (KS aft260St RQ @S3SaliAzy NB

The number of stemglant did not vary between wiltharvested and semiild sites. However, there

GSNE Y2NBE adSyakLX Fyd A 20/KSya tl TiNASXdR 0 dS 3 S EFATIASRy
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@S3ASGLIGA2Y NBIA2Yyd® hy GKS O2yGNINEBXZ GKS dzy Kl NS
adsSyaxkLittyd GKFry (K2aS FTNRY (GKS at2¢0StRE @S3aShl
Tuber recovery colour was found to be signifidgardifferent between regions in wiltharvested and

semiwild sites. Tuber recovery colour was more dartkklB R Ay G KS af 26 @0St RQ @S3Si
0KS GaKAIKBSEtRQ @S3SGFrdAz2y NBIA2Yyd ¢KS NBadet Ga adz3
NEO2OSNE TFTNRY (GKS af2008tRe @S3aSGlIdGA2y NBIA2Yy P ¢
recovery of plants last harvested 4 to 8 years ago is more concentrated than in tuber recovery of plants
harvested 3 years ago. However, since shiddvesS R a4 A (1 Sa T NRvegetditisnJegiantwered St R ¢
last harvested up to 8 years ago, they had more time to recover and develop intense tuber recovery
colour. Similarly, tuber regrowth colour in semild siteswa@ Y2 NB Ay (i Sy a Segetagfoni KS  a f
rSAA2Y O2YLI NBR (2 VKSBAK2FAGROSA RS ¥ag&idl® degiankv@e af 26 O
Lidzi Ay OdzZt GAGIFGA2Y o &SFNR |32 gKSNBlIa Ay GKS aK
difference in the times in cultivation between the iBgy @ O2dzf R KI @S vegeioni KS 64 €
region at anadvantage. Uiber regrowth and tuber colour intensity was similar in agricultgitds from

the two regions.Unharvested control plants frofmoth regions also had similar tuber colour intensity.

3.6. CONCLUSION

The resits of this study have revealettiat tuber recovery size of previously wildirvested plantdgs
smaller compred to tuber size of unharvested plargsen at8 years since last harvesthuscoupled
with slow tuber recovery rates as @hn in chapter 2 (145 years), extensive harvest Bf sidoides
plants can negatively affect its wild populatioeBould such harvest occurefore 1615 yearshas
elasped This simply means extensive harvest can only be sustainable if it occurs aftéryHars
(Chapter 2)Thus althoughP. sidoideseems to be a good resproutduber recovery in wileharvested
sites is very slow for sustainable commercial harv@stthe other hand, owing to itwide distribution,

it is unlikely thatP. sidoidesvild populations are facing immediate threat of ecological exiimctdue to
harvest. bcalizedcommercial extinction is however likely if repeat harvest is carried out befor£510
years in previously wilarvested sitesAlthough a too soon repeat harvest camegatively affect
previously wildharvestedP. sidoidespopulations, dher researchers have argued that the greatest
threat to wild populations oP. sidoidess not wild harvesting but habitat destruction (de Castal., in
prep). To counteract thiscultivation of P. sidoidesan be increased in Lesotho and South Africa to

supply the trade demandrhis is particularly so because this study has also shown that tuber regrowth
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biomassof cultivated plants is larger than tuber recovdrpmassof wild-harvested plants even after 8
years since they were last harvestékhis ca be a viable alternative sindaber regrowth biomas®f
cultivated plants attained similar biomass to that of ambested control plants after only 9ears
(Chapter 2) This is as gposed to tuber recover of wild harvested plants that only attagsimilar
biomass tathat of unharvested plants after 205 yearsHowevertuber colourwhich appears to be the
A Y Rdza (i NB Q& dewlBdp daarélBowl$ vinder cultivation. Hence more reskds required on

producing darker coloured tubers that are presumed to be high in the required medicinal compounds.
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APPENDIX 1. Results on comparison of begpaund and aboveground plant sizgusing total

tuber size valuey in Pelargonium sidoidesplants across different types of sites (wHd

harvested, semiwild, agricultuNJ f | YR dzy K NPSaiGdSR O2y GNRBf ai
GKAIKGSEtRE @S3ASGFdA2y NBIA2Y A
3.4 RESULTS

odndm G[260StRe @S3ASHIGA2Y NBIAZ2Y
3.4.1.1 Comparisons on tuber recovery size in wild harvested sites
(A) (F50= 11.6338P< 0.0001) (B)(Fr 5= 3.9481P= 0.001)
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Figure 3.1. Comparisons of péstrvest tuber recowy growth (A=tuber recovery mass, B= tuber
recovery diameter, C= tuber recovery length and D= tuber recovery volume) of Pelargonium sidoides
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plants in wildK  NSaidSR aAdSa 2F RAFFSNAYy3I | 3Sa Ay GKS
harvested (3 gars), ASH= Airstrip harvested (3 years), P |= Peddie | (4 years), P lI= Peddie Il (4 years), VP

I= Victoria Post | (5 years), VP lI= Victoria Post Il (5 years), W I= Wesley | (7 years) and W lI= Wesley Il (8
years)). Error bars represent standard error aofmean. Bars marked with different letters are
AAAYATFAOLIYy(lGte RAFFSNBY(d O0CAAKSNRa [{5X t f nodnpovd

3.4.1.2 Comparisons on tuber growth in wild harvested and unharvested control sites
(A) (F11’95: 11.6672P< 0001)
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(C) (Ru05= 7.2384P< 0.001)
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Figure 3.2. Comparisons of Pelargonium sidoides plant growth iRKWIINJZS & G SR 0 & ( dzo S NJ
JFH=Janine farm harvested (3 years), ASH= Airstrip harvested (3 years), P |+ @egeias), P =

Peddie Il (4 years), VP |= Victoria Post | (5 years), VP lI= Victoria Post Il (5 years), W |= Wesley | (7 years)
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