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Abstract

Rooibos tea is produced from the harvested shoots and leaves of Aspalathus linearis 

(Fabacaea),  a  species  endemic  to  its  limited  distribution  area  within  the  Cape 

Floristic Region of South Africa. The Heiveld Co-operative, an organisation of small-

scale farmers in the Suid Bokkeveld, Northern Cape, cultivate A. linearis and harvest 

wild plants of the same species to supply fairly traded organic rooibos tea to niche 

oversees markets.  Ploughing of its natural habitat for cultivated rooibos production, 

changes in local climate and economic pressures to over-harvest are key threats to 

sustainable management of wild rooibos populations.

Limited scientific literature was supplemented with the knowledge of local harvesters 

and land users throughout  this study on sustainable harvesting practices for  wild 

rooibos. Field data was collected by monitoring experimentally harvested plants on a 

monthly basis at a two rooibos farms – one mesic and one xeric site - in the Suid 

Bokkeveld. Semi-structured interviews were conducted with farmers and land-users 

in  the Suid  Bokkeveld  and the contents  of  these interviews  were  integrated with 

findings  from  field  experiments  to  arrive  at  recommendations  for  sustainable 

harvesting practices for populations in the wild. 

Research  was  conducted  within  a  Participatory  Action  Research  (PAR) 

methodological framework with emphasis on two-way learning between researcher 

and  farmers.  Data  was  gathered  with  participating  local  land-users  and  findings 

continually shared with a larger audience at appropriate community gatherings. The 

research  approach  was  adopted  for  its  suitability  as  a  research  methodology  to 

enhance local harvesters’ capacity to improve on-farm harvest management and in-

situ conservation of wild A. linearis populations.

Differences between wild and cultivated A. linearis, and the wild plants’ response to 

harvest intensity and harvest seasonality were investigated. From interviews and field 

observations, wild rooibos was found to differ from cultivated plants in morphology, 

life-history strategies and response to harvesting. 

Observations  and  data  corresponded  with  local  information  on  the  physical 

description and sprouting ability of wild populations. Wild rooibos plants shed less 
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litter less often than cultivated individuals; however, there was little difference in the 

phenology cycles between wild and cultivated rooibos.

Interviewees suggested that a severe harvest would result in dwarfing of the plants, 

but  that  plants  would  not  necessarily  die.  Data  gathered  from  field  experiments 

indicated that a severe harvest resulted in retarded growth and minimal flowering, 

especially of severely harvested individuals at the xeric site where only 8% of the 

original biomass was recovered after 12 months. A moderate harvest treatment at 

this  site  resulted  in  regrowth  of  59% of  the  original  biomass.  At  the  mesic  site 

moderately harvested plants exceeded the original biomass by 32%, while severely 

harvested individuals recovered 32% of the average biomass measured at the time 

of the initial harvest.

A study was conducted on the effect of harvest seasonality and harvest timing on 

post-harvest regrowth for wild A. linearis plants. Field data support the conventional 

practice of summer harvests that depend on a host of ecological and social factors. A 

January harvest (summer) resulted in the highest vegetative and reproductive output 

compared  with  plants  subjected  to  April  (autumn)  and  July  (winter)  harvest 

treatments.  A winter harvest favoured plants at the xeric site, causing regrowth of up 

to 94% of the original volume.  Wild rooibos individuals at the mesic site recovered 

only 55% of their initial average plant volume. 

Recommendations  based  on  the  key  findings  of  the  research  are  offered  on 

sustainable  harvesting  for  wild  rooibos  tea  populations  in  the  Suid  Bokkeveld.  A 

moderate harvest height of 60% or less is recommended for wild rooibos in the Suid 

Bokkeveld,  and a  corresponding  harvest  shoot  diameter  of  2mm.  While  a winter 

harvest  yielded  the  highest  regrowth  post-harvest  biomass  after  12  months, 

arguments are made for a summer harvest in January as this treatment facilitated 

optimal growth and reproduction in wild A. linearis plants. 

The  thesis  concludes  with  final  remarks,  a  summary  of  recommendations  for 

sustainable harvesting practices, and possibilities for future research directions on A. 

linearis in the wild.

Key words: Aspalathus linearis, Participatory Action Research, phenology, rooibos, 

Suid Bokkeveld, sustainable harvest, wild rooibos
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Chapter 1: The sustainable harvesting of wild rooibos (Aspalathus 

linearis): problem statement, objectives and context

1.1 General introduction

1.1.1       Problem statement  

Rooibos is produced from the harvested shoots and leaves of cultivated and wild 

rooibos (Aspalathus linearis), a species endemic to the Cederberg fynbos region.  Its 

health properties have earned rooibos market success for a diverse range of health-

promoting functional food and cosmetic products.  Rooibos tea is drunk on its own or 

blended  with  other  herbal  or  fruit  beverages (Trade and Investment  South  Africa 

2004).  Historically, rooibos tea is known for its anti-inflammatory and dermatological 

action (Hesseling and Joubert  1982),  and for  its  use as a mild digestive aid and 

general tonic (Morton 1983).

Aspalathus  linearis (Fabaceae)  is  one  of  about  278  species  in  its  genus  (Van 

Heerden et al. 2003) and is endemic to South Africa.  Its natural distribution is limited 

to the western interior of the country within the bounds of the winter rainfall region. 

The species  is adapted to grow in the acidic,  nutrient-poor sandstone soils of the 

Mountain Fynbos biome (Dahlgren 1968, Van Heerden et al. 2003).  Wild A. linearis 

(Photo  1.1)  of  the  Bokkeveld  Plateau  resprouts  after  fire  from  a  subterranean 

lignotuber, unlike its cultivated counterpart (Photo 1.2) which is a reseeder and dies 

after a fire event (Dahlgren 1968, Van Heerden et al. 2003).  Shrubs in the wild can 

grow up  to  1.5  m tall  and  can  live  longer  than  50  years  in  some cases  (Koos 

Koopman, pers. com.).  Tea harvested from the wild is generically known amongst 

local inhabitants of the Suid Bokkeveld as “veldtee” or “bossietee”.

The  Bokkeveld  Plateau  extends to  the  north  and  south  of  the  village  of 

Nieuwoudtville.  The  Suid  Bokkeveld  lies  south  of  Nieuwoudtville  and  along  the 

provincial border between the Western Cape and Northern Cape provinces of South 

Africa.  Historically, sheep farming, wheat farming and rooibos cultivation have been 

the primary agricultural activities in the region.  The farms owned or used by small-

scale farmers and harvesters are situated further south in  the Suid Bokkeveld,  a 

region prone to aridity and with limited arable land comprising mainly loose, acidic, 

nutrient poor sandstone-derived soils.
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Photo 1.1: A local harvester harvesting wild rooibos in the Suid Bokkeveld.   
Photo: Bettina Koelle.
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Photo 1.2: A harvester harvesting cultivated rooibos from a plantation near 
Nieuwoudtville. Photo: Noel Oettlé.
Deregulation of rooibos markets in 1993, and the commercial sale of wild rooibos to 

rapidly-expanding alternative trade markets in 2001 have recently led to economic 

opportunities for small-scale farmers and harvesters in the Suid Bokkeveld who have 

historically  relied  on  low-wage,  seasonal  income  for  their  household  livelihoods. 

Having  organised  themselves  into  a  co-operative,  the  Heiveld  Co-operative  Ltd., 

members of this rural community have secured premium prices for their rooibos.  As 

one of only two organically-certified, small-scale rooibos producers in South Africa 

(Wupperthal Rooibos Association in the north eastern part of the Cederberg is the 

other), the Heiveld Co-operative has been able to increase the relatively low incomes 

of harvesters and tea producers by means of higher prices realised in the “fair trade” 

market for high quality rooibos. 

With increased market demands  for rooibos products and premium pricing of wild 

rooibos,  members of  the Heiveld Co-operative and other organisations expressed 

concern that economic pressure to supply relatively slow-growing wild rooibos might 

lead  to  over-harvesting.   If  wild  rooibos  was  over-harvested  (i.e.  harvested  too 

severely  or  too  low  to  the  ground,  or  harvested  too  frequently)  and  showed 

decreasing returns, there would be little incentive for farmers to conserve the natural 
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fynbos vegetation in which the wild populations occur. The successful conservation 

of wild rooibos habitats would thus ensure the continued existence of wild rooibos 

populations co-occurring populations of co-ocurring species. 

To  date,  no  research  has  been  published  on  the  response  of  wild  rooibos  to 

harvesting  and there are currently  no  guidelines  available  for  the  industry.   With 

support from a local NGO, the Environmental Monitoring Group (EMG), the Heiveld 

Co-operative commissioned research to be carried out on wild  Aspalathus linearis 

plants in order to develop guidelines for the sustainable harvesting of this resource. 

The study commenced in January 2003, and its results are the core of this thesis.

1.1.2       Objectives of the study  

Drawing on empirical field data and local knowledge amongst harvesters and small-

scale rooibos producers, the objectives of this study were to:

• Ascertain  the  status  of  wild  rooibos  as perceived by local  harvesters  and 

users of wild rooibos;

• Compare the phenologies of wild and cultivated rooibos;

• Investigate  current  and recommended  sustainable  harvesting  practices  for 

wild rooibos with particular reference to the optimum height and season of 

harvesting of wild rooibos;

• Share  the  findings  and  recommendations  of  these  results  with  local 

harvesters and farmers so as to enhance their capacity for the sustainable 

harvesting  and  management  of  wild  rooibos  populations  in  the  Suid 

Bokkeveld.

1.2 Literature review

1.2.1       Sustainable harvesting  

Harvesting  of  wild  plant  resources  has  a  long  history.  However  recent  focus  on 

sustainable harvesting practices of wild plants grew from concerns of overexploitation 

of  natural  forest  vegetation  during  the  1980’s  (Ticktin  2004).   During  the  1990’s 

research interests became focussed on non-timber forest products (NTFPs) as these 

encompass a wider variety of forest products besides timber.  Plant-derived products 

(nuts,  bark,  roots,  leaves,  resins,  etc.)  were  perceived  to  have  more  direct 

consumptive and trade value for local communities (Shahabuddin and Prasad 2004). 

Subsequently,  growing  concern  stimulated research on the effects  of  sustainable 
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harvesting  practices  of  wild  species  with  commercial  value,  particularly  in  South 

America (Peters et el. 1989, Pinedo-Vasquez et al. 1990, Vasquez et al. 1989), Asia 

(Anderson 1984, Shankar et al. 1996, Tewari 1995) and Africa (Cunningham 1990, 

Marshall 1998, Banks et al. 1996).

In  South  Africa,  the  pressures  to  over-harvest  are  two-fold.   On  the  one  hand, 

members of South Africa’s rural communities rely on their surrounding biodiversity for 

domestic goods (e.g. food, fuel) and services (e.g. use of plant remedies for primary 

heath care intervention) (Shackleton 2001).   On the other hand,  local  and global 

market  demands  for  raw  materials  of  health-promoting  products  have  been 

increasing over the last two decades (Tregurtha and Vink 2002), creating income-

generating  opportunities  for  previously  marginalized  harvesters  and  small-scale 

producers  in  rural  areas.   Cultivation  of  medicinal  plants  as  a  means  to  divert 

harvesters  from  overexploiting  wild  populations  have  been  promoted  for  many 

species, especially those most threatened by over-harvesting.  However, preference 

for wild plant species over cultivated strains seems to dominate demand.  A survey 

on the use of plants in the Eastern Cape muti (African traditional medicine) trade, for 

example, revealed that more than 200 species of wild plants are sold in the province 

(Dold  et  al.  2003).   In  the  Witwatersrand  (Gauteng  Province)  an  estimated  500 

species  are  traded  for  medicinal  purposes,  with  half  of  the  most  popular  plants 

harvested for their roots, thus having a deletrious effect on harvested populations in 

the wild (Williams 1996).

The largest concentrations of species included in studies of sustainable indigenous 

plant  harvesting  in  South  Africa  occur  in  regions  outside  the  limits  of  the  Cape 

Floristic Region (CFR), especially in the Eastern Cape (Dold, et al. 2003, Victor et al. 

2003,  Matsiliza  et  al.  2004),  Kwa-Zulu  Natal  (Cunningham  1990,  Grace  2003), 

Gauteng  (Williams  et  al.  2000,  Higgins  et  al.  1999,  Botha  et  al.  2004)  and 

Mpumalanga (Botha et al. 2004, Grierson and Afolayan 1999).  Furthermore, the bulk 

of South African literature on sustainable harvesting is focussed on species that are 

used for their roots and bark in the traditional healing trade.  Because of the nature of 

plant  uses  (from whole  plant  use to  the removal  of  selective  organs)  studies  on 

harvest  height,  or  the defoliation of  stems and leaves of  herbaceous species are 

limited.  Fewer still exist on the sustainable harvesting of fynbos species harvested 

for commercial use in the alternative trade market.
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1.2.2       Sustainable harvesting of fynbos species  

While  rare  and  endangered  plant  species  are  rightfully  the  focus  of  sustainable 

harvesting research in South Africa, the need for similar studies in the Cape Floristic 

Region should not be underestimated.  The CFR covers an area of 87,892 km2  and 

supports 9 000 plant species of which an estimated 70% are endemic .  The direct 

consumptive value of fynbos is estimated at approximately R 76 793 500 (Turpie et 

al. 2003).  Fynbos is the dominant vegetation type in the CFR, and is well-adapted to 

the  summer  drought  conditions,  low  unreliable  winter  rainfall  and  nutrient-poor 

sandstone soils characteristic of  the western and southeastern coastal interiors of 

South  Africa  (Cowling  1992).   These  attributes,  together  with  high  degrees  of 

endemism  and  diversity  over  such  a  small  surface,  despite  adverse  growing 

conditions, has contributed to the global status of the CFR as a unique source of 

diverse natural plant products. 

Concern in the past over the over-harvesting of wild plants has led to the successful 

cultivation  of  several  commercially  viable  crops  genetically  derived  from  wild 

populations in the fynbos biome, amongst them buchu (Agothosma betulina and A. 

crenulata),  honeybush  tea  (Cyclopia  intermedia and  C. genestoides)  and rooibos 

(Aspalathus  linearis).   Despite  varying  degrees  of  success  in  the  cultivation  of 

commercially viable fynbos species, there are instances where cultivated yields are 

complemented with harvesting from the wild, or where wild plants make up the full 

quota of material.  Turpie et al. (2003) reports that about 50% of buchu (Agathosma 

spp.) and 57% of wildflowers are harvested from the wild.  The wildflower industry is 

one of the biggest commercial enterprises built on approximately 100 species in the 

family Proteaceae (Turpie et al. 2003) and in 1994 was worth more than R45 million 

(Heydenreych  1994).   Several  Restio  species  are  also  used  for  structural 

architectural purposes, the most common of which are in the genus Thamnochortus. 

Several species within this genus are harvested entirely from the wild (Turpie et al. 

2003).   Leaves and branches of  more than nine out of  twenty  Cyclopia spp.  are 

harvested for the production of honeybush tea. These are harvested mostly from the 

wild (Turpie et al. 2003).  Buchu is well known for its uses as a medicinal plant and 

as  a  flavourant  or  fragrance  in  the  food,  perfumery  and  essential  oil  industries. 

Despite concerns of over-harvesting of wild buchu as early as 1913, little is known 

about  the  species  and  its  responses  to  different  harvesting  regimes  (De  Ponte 

Machado,  2003).   According  to  Turpie  et  al.  (2003)  this  lack  of  information  is  a 

common phenomenon for wild fynbos species in the CFR.  Given the estimated and 

increasing demands on populations of wild fynbos species as functional foods and 
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medicinal  products,  research  on  sustainable  harvesting  of  indigenous  CFR plant 

species warrants urgent attention.

1.2.3       History of rooibos  

Wild  rooibos was historically used by the first indigenous people of the Cederberg 

region  who  brewed  a  hot  beverage  from  its  leaves  and  branches  for  medicinal 

purposes (Dahlgren 1968).  Historically, botanical recordings were made as early as 

the 18th century when Plukenet (c.a. 1700) and Burman (1768) described specimens 

of rooibos under  Borbonia cordata (Dahlgren 1968,  Ginsberg 1976) and  Psoralea 

linearis (Stassen  1987),  respectively.   Erroneous  nomenclature,  attributed  to  the 

species’ similarities with Lebeckia and with other members of the Aspalathus genus 

(A. pendula in particular), was further compounded by morphological and phenotypic 

variations amongst populations in the wild (Dahlgren 1968, Van Heerden et al. 2003). 

According  to  Dahlgren  (1968)  the  species  resorted  under  a  series  of  taxonomic 

classifications, among them Spartium contaminatum (Linneaus 1771, Harvey 1862) 

Aspalathus  contaminata (Druce  1917)  and  several  others.   Rooibos  was  finally 

classified by Dahlgren under the genus Aspalathus in 1963 (Stassen 1987).  In 1968 

Dahlgren devised a taxonomic system in which wild forms of Aspalathus linearis and 

next  closest  related  species  within  the  genus  were  subsumed  into  the  Nortier  

subgenus. The two species within the  Nortieria subgenus were  A. pendula and  A. 

linearis (subsp. linearis, pinifolia and latipetala) (Van Heerden et al. 2003).  Dahlgren 

(1968) also attempted further classification of A. linearis into types described as the 

grey type, the black type, the red-brown type and the red type (Van Heerden et al. 

2003). In 1988 Dahlgren undertook a comprehensive revision of Aspalathus linearis 

that included the establishment of a group Lebebeckiiformes  comprising 4 species. 

These  were  A.  linearis,  A.  lebeckioides,  A.  pendula and  A.  nudiflora.  The 

comparative taxonomic systems are clearly presented in van Heerden et al. (2003).

The commercial value of  rooibos was first realised in 1904 when an inhabitant of 

Clanwilliam,  Benjamin  Ginsberg,  exported  the  first  consignments  of  wild  tea  to 

Europe.  However, it was not until the 1930’s that formal research on rooibos was 

first undertaken by local Clanwilliam medical practitioner Le Fras Nortier to improve 

crops for commercial production.  In collaboration with local farmers in the Northern 

Cederberg  area,  he  conducted  successful  selection  trails  to  establish  cultivated 

rooibos from populations that occurred naturally in the wild (Dahlgren 1968).
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Although dwindling supplies of Eastern teas opened the market for rooibos during 

World War II,  production difficulties led to the sale of  inferior  products,  ultimately 

weakening the industry.  Following the return of Eastern teas to the South African 

market, the Clanwilliam Tea Co-operative was founded in 1948 to boost the declining 

rooibos market (Morton 1983).  Although production subsequently increased, weak 

markets  and  overproduction  further  negatively  affected  the  industry  in  the  early 

1950’s.   The Rooibos Control Board was established in 1954 and exports started 

increasing as the market stabilised (Dahlgren 1968).   The last major crisis in the 

rooibos  markets  occurred  in  1984  when  a  Salmonella scare  caused  a  dramatic 

decrease in production and led to a significant decline in the area under propagation 

(Stassen 1987).

Cultivated A. linearis has historically been far better researched than the wild plants, 

probably due to its commercial value.  Research data and results generated for the 

commercially cultivated rooibos, however, are not always freely available and in most 

cases remain the private property of industry stakeholders.  Stassen’s work in 1987 

is the only work publicly available on sustainable harvesting of rooibos. The present 

research  therefore  seeks  to  contribute  to  the  growing  appreciation  and  scientific 

knowledge of wild rooibos in South Africa.

1.2.4       Rooibos today  

Aspalathus linearis is one of the most successful commercial fynbos species to have 

been selectively cultivated from the wild (Stassen 1987, Van Heerden, et al. 2003). 

This  is  evident  in  growing  production  and  export  figures.   A  modest  8.6  tonnes 

exported in 1966 had increased to an estimated 3 300 tonnes by 2000 (Arendse 

2001) and to a further 10 400 tonnes by 2003 (Trade and Investment South Africa, 

2004).   Moreover,  wild  rooibos  tea  marketed  by  the  Heiveld  Co-operative  has 

recently secured a niche market as an organic Fairtrade-certified product notable for 

its flavour, aroma and biodiversity friendly approach to harvesting.  In 1999 the three 

countries with the largest rooibos imports were Germany (987 tonnes), Japan (309 

tonnes) and the Netherlands (199 tonnes) (Trade and Investment South Africa 1999). 

According to a report commissioned by the South African Department of Trade and 

Investment  and  the  recently  re-instated  South  African  Rooibos  Tea  Association 

(SARTC), rooibos exports outstripped local demand for the first time in 2001, and the 

margin, together with price increases has been increasing ever since (Fig. 1.1).
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Fig. 1.1: Rooibos tea sales figures (tonnes.yr--1) from 1990–2003.  Reproduced with 
permission  from  the  Department  of  Trade  and  Industry  Rooibos  Sector  Report, 
(2004).   Information  compiled  by  Willem Engelbrecht  from PPECB statistics  and 
other industry sources.
In  2001,  the  Heiveld  Co-operative,  together  with  the  Wupperthal  Co-operative, 

collectively contributed approximately 2% of the total rooibos output (Arendse 2001). 

The  Heiveld  Co-operative  has  been  selling  organically  certified  rooibos  to  an 

expanding Fair Trade market that now includes Sweden, Italy, Germany, the United 

Kingdom, France, the Netherlands and the USA.  Two years after its establishment in 

2001,  the  co-operative  managed  to  secure  a  niche  market  for  wild  rooibos  and 

exported its first consignment in 2003.  The Heiveld co-operative buys its wild rooibos 

from  members  at  R3/kg  more  than  the  cultivated  rooibos  (Petricia  Visser,  pers. 

comm.).  Despite  a  prolonged  drought  in  the  region,  the  Heiveld  Co-operative 

produced 38 tonnes of rooibos in 2004, 1.7% of which was wild rooibos harvested 

from two farms in the Suid Bokkeveld (Alida Strauss, pers. comm.). 

1.2.5       Rooibos research themes  

Growing  interest  in  its  health-promoting  properties  has  led  to  several  research 

studies on rooibos, although the focus of sustainable harvesting research has been 

on the cultivar rather than on plants growing in the wild.  Since the 1990’s research 

on the species has taken several directions.  These can be grouped into four broad 

areas of  research,  viz.  taxonomic  investigations,  biochemical  analyses,  ecological 

studies and sustainable harvesting experiments.  The diversity of research topics on 
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rooibos is reflected in the wide range of scientific and popular publications across 

different disciplines (Table 1.1).

Much attention has been focussed on the biochemical composition and anti-oxidant 

activity  of  Aspalathus  linearis, which  has  relevance  to  the  functional  foods  and 

cosmetics industries.  An early study on the biochemical analysis of what he termed 

“A. acuminatus (rooibos tea)” was published by Koeppen in 1961.  Following a lapse 

in the literature on the subject, research into the anti-oxidant activity of phenols in 

rooibos was carried out again during the 1990’s (Kawakami et al. 1993, Rabe et al. 

1994, Marais et al. 2000, Standley et al. 2001).  This work sought to identify and 

quantify the phenolic content of cultivated rooibos.  Notably,  Bramati et al.  (2002) 

determined amongst the nine polyphenols the presence of a monomeric anti-oxidant 

Aspalathin  which  is  unique  to  rooibos  and  to  which  the  anti-allergic  and  anti-

mutagenic  properties  of  the  tea  have  been  attributed  (Marnewick  et  al.  2004, 

Komatsu 1994, Kunishiro 2001). 
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Table 1.1: A summary of the key research themes on  Aspalathus linearis with the 
publication and main author of the work listed.

Research themes Publication Author(s)

Taxanomic 
investigations

Botany Notiser Dahlgren 1968.

Flora of South Africa Dahlgren 1988.

Biochemical Systematics 
and Ecology

Van der Bank et al. 1995; Van 
der Bank et al. 1999; Van 
Heerden et al. 2003.

Biochemical 
analyses

Phytochemistry Rabe et al. 1994; Marais et al. 
2000.

The South African Journal 
of Food Science & Nutrition

Joubert and Ferreira 1996.

Journal of Agricultural and 
Food Chemistry

Von Gadow et al. 1997a; 1997b

Free Radical Biology and 
Medicine

Bramati et al. 2002; 2003.

Ecological studies Plant and Soil Allsopp 1998; Muofhe and 
Dakora 1999; Dakora and 
Phillips 2002.

MSc. Thesis (University of 
Cape Town

Cocks 1994.

Phytophylactica Staphorst and Strijdom1975. 
Smit and Knox-Davies 1989.

African Entomology Gess and Gess 1994.

Veld & Flora Cocks and Stock 1993; Gess 
2000.

Oecologia Allsopp and Stock 1992.

Australian Journal of Plant 
Physiology

Muofhe and Dakora. 2000.

Sustainable 
harvesting 
experiments

DSc. Thesis (University of 
Pretoria)

Stassen 1987.

Landbouweekblad Schlesinger 1988.
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The findings  of  these studies fuelled  further research which  compared the active 

compounds of green unfermented rooibos tea with that of fermented rooibos tea (Von 

Gadow 1997a,  Standley  et  al.  2001)  and with  other commercial  green teas (Von 

Gadow 1997b, Marnewick 2003).  Following the findings of Bramati et al. (2002 and 

2003),  Van  Heerden  et  al.  (2003)  investigated  the  phenolic  constituents  of  wild 

populations of A. linearis.  While not all of the wild populations contained Aspalathin, 

they  had  higher  concentrations  of  other  flavinoids  suggesting  phenolic  variation 

between wild and cultivated rooibos, and within wild plants at the population level 

(Van Heerden et al. 2003).

Various studies on A. linearis have focussed attention on the ecological significance 

of the species.  Key studies include research on the N2  - fixing attributes of rooibos 

plants (Deschodt and Strijdom 1976; Cox 1994, Cox 2001), root physiology (Allsopp 

and Stock 1992, Muofhe and Dakora 1999, Muofhe and Dakora  2000, Dakora and 

Phillips 2002), pollination ecology (Gess and Gess 1994, Gess 2000) and pathology 

(Smit and Knox-Davies 1988, Smit and Knox-Davies 1989, Lamprecht and Kasdorf 

2001).  A study by Schutte et al.   (1995) on the fire-survival strategies of various 

leguminous fynbos species highlighted differences between sprouting and seeding 

populations,  and  pointed  out  the  congeneric  occurrence  of  both  life-histories  in 

Aspalathus linearis.  These findings, supported by biochemical studies by Van der 

Bank, et al. (1999) and Van Heerden et al. (2003) have particular relevance to the 

present study since the mode of regeneration has implications for the post-harvest 

phenology  and  regrowth  of  wild  and  cultivated A.  linearis plants.   These  are 

discussed in Chapters 4, 5 and 6.

In 1987 Stassen published a thesis on the vegetative response of cultivated rooibos 

to  different  harvesting  regimes.   Similar  to  the  present  study,  the  research  was 

carried out in response to producer concerns.  In Stassen’s case he was approached 

by the Rooibos Tea Control  Board in  1981 to investigate the impact  of  improper 

harvesting  practices  on the  amelioration  and negation  of  post-harvest  production 

(Stassen 1987).  In his study entitled the “Vegetative response of rooibos to different 

harvesting practices”, Stassen (1987) focussed on the effects of different harvesting 

intensitites  (height  and  frequency)  on  plant  nutrient  composition,  susceptibility  to 

fungal  infection,  biomass  production  and availability  of  carbohydrate  reserves  for 

post-harvest  regrowth  (Stassen 1987).   The aim of  the research was to suggest 

harvesting practices to rooibos farmers in the Cederberg region that would improve 

harvestable rooibos biomass quality and quantity.  Stassen’s (1987) thesis is the only 
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research  document  on  harvesting  practices  for  rooibos  in  the  public  domain. 

Research on wild rooibos has been sparse and intermittent.  The scientific studies 

published  on  wild  populations  are  few  in  number  and  limited  to  preliminary 

biochemical and systematic analyses.  Of the publications reviewed above, only five 

research studies concentrate exclusively on wild rooibos. These are Dahlgren 1968, 

Dahlgen 1988, Van der Bank et al. 1995, Van der Bank, et al. 1999 and Van Heerden 

et al. 2003. The present study focuses much needed attention on wild populations of 

A.  linearis,  and  seeks  especially  to  make  a  meaningful  contribution  to  scientific 

knowledge of wild rooibos and its physiological response to harvesting.

1.3 Significance of the present study
One of the potential threats to wild rooibos populations is the expansion of cultivated 

land (especially cultivated rooibos plantations) into its limited natural habitat as these 

areas are also favourable for cultivar propagation.  In 1981, rooibos was cultivated in 

the following areas: Nieuwoudtville and Van Rhynsdorp in the north, Clanwilliam and 

Citrusdal in the central Cederberg and, Porterville and Piketberg in the south.  The 

area under  cultivation  in  1981 totalled  17 500 ha (Stassen 1987).   By 1984 the 

magisterial  districts of Ceres, Hopefield, Malmesbury, Paarl, Tulbagh and Wellington 

had  been  added  to  the  roll  of  the  Rooibos  Tea  Control  Board  (Stassen  1987). 

Surges in market demands led to a 64% increase from 14 000 ha in 1991 to 23 000 

ha in 1999.  The area under rooibos cultivation in 2003 was estimated at 30 000 ha 

(Trade and Investment South Africa, 2004).  With increasing demands for cultivated 

rooibos, wild populations and their co-habiting plant and animal species are in direct 

competition for habitat resources in the rooibos production area.

The other major threat to wild  rooibos populations as identified by farmers during 

semi-structured  interviews  in  2003  was  the  matter  of  over-harvesting.   Farmers 

expressed concerns that lucrative opportunities, uncontrolled access to stands of wild 

rooibos and harvesting by unskilled harvesters brought in to work from outside the 

rooibos  distribution  areas,  are  leading  to  indiscriminate  harvesting  practices. 

Incorrect harvesting, whether too severe (i.e. too low to the ground), or during a time 

that does not favour adequate regrowth and reproduction, ultimately has a negative 

effect on the post-harvest regrowth ability of the plants.  In the face of increasing 

market demand and prolonged dry spells in the area, farmer’s concerns pertained to 

management and harvesting practices for wild rooibos populations.  Having gained 

input from farmers, three questions were identified for the purposes of this study:
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• What  are  the  phenological  differences  between  wild  and  cultivated 

rooibos?

• How does harvest height (harvest severity) affect regrowth phenology and 

reproduction of wild rooibos?

• What  is  the  optimal  harvest  season  for  wild  rooibos  in  the  Suid 

Bokkeveld?

The research was requested by the Heiveld Co-operative to broaden the existing 

knowledge base of its members, and so to build their capacity as on-farm managers 

of  wild  rooibos  populations.   This  study  sought  to  integrate  local  and  scientific 

knowledge through a Participatory Action Research approach.  Throughout the study 

there  has  been  a  strong  emphasis  on  widening  the  collective  knowledge  base 

between  researcher  and  community  members  and  thus  breaching  the  apparent 

divide  between  western  science  and  local  knowledge.   Research  questions  and 

results were  informed by questions and suggestions proposed by harvesters and 

land  users  demonstrating  the  validity  of  farmer-driven  natural  science  research. 

Participating  farmers  assisted  with  the  data  gathering  and  commented  on  the 

analysis of results throughout the study.

1.4 Frame conditions
Due to the nature of  variable  tenure in  the Suid  Bokkeveld,  controlled  access to 

natural stands of wild rooibos on which people depend for their livelihoods had to be 

negotiated.   This  was  intended  to  preclude  the  inevitable  risk  of  having  sites 

disturbed during the period of empirical observation when harvesters were granted 

access by landowners to harvest tea on their land.  To mitigate this risk, agreements 

were made with landowners regarding controlled access to stands of wild tea.  The 

research proposal was also presented at several community meetings.  Information 

was  shared  with  harvesters  and  landowners  throughout  the  study  to  facilitate 

custodianship amongst the broader community whose members ultimately shared 

the risk, responsibility and ownership involved with the research.  

The genetic make-up of rooibos in the wild is highly variable within small populations. 

This has two implications for this study.  One is that sample sizes and the number of 

replications were limited for each of the field experiments.  Larger sample numbers 

would have resulted in cross population studies and that would have caused more 

variation in the final data sets.  The other is that results generated for wild rooibos 
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communities in the Suid Bokkeveld are limited to the area and are not necessarily 

transferable to Wupperthal, the other community that exports wild rooibos.  However, 

similar research is being carried out in Wupperthal by other institutions.  Partnerships 

already  exist  between  the  two  communities  and  amongst  researchers.   Both 

communities  stand  to  benefit  from  comparative  studies  once  results  from  both 

regions have been generated and analysed.

Finally, the period for empirical data collection was limited to 12 months due to time 

and budget constraints.  This was further confounded by the fact that wild resprouting 

A.  linearis is  a  slow-growing  plant.  Observable  differences  in  phenophases,  for 

instance, were noticeable only after extended periods of time.

1.5 Thesis outline
The objectives  of  the  study  provide  the  general  framework  for  the  thesis.   The 

chapter on the study area (Chapter 2) offers a descriptive and historical background 

to the Suid Bokkeveld and to Blomfontein and Landskloof in particular, as these are 

the two rooibos farms where the research was conducted.  Chapter 3 introduces the 

methodological approach taken for this study and discusses the conceptual context 

in which the research methods were designed and implemented.  Chapters 4, 5 and 

6 each comprise one of the three research questions described above.  Each chapter 

starts with an introduction and literature review, which place the topic and contents 

into  the  broader  context  of  sustainable  harvesting  practices.   Methods,  results, 

discussion and conclusions are presented in that order for each of these chapters. 

Chapter  7 summarises the findings as they relate to the research questions, and 

concludes with recommendations for sustainable harvesting practices for wild rooibos 

in the Suid Bokkeveld. Furthermore, the chapter suggests uses of the results and 

findings  for  practical  implementation  in  the  Suid  Bokkeveld  and  elsewhere,  as 

appropriate  and  concludes  with  future  research  directions  based  on  the  findings 

conclusions of this study.

15



Chapter 2: The Suid Bokkeveld study area

2.1 Physical location
The Suid Bokkeveld is  an incised plateau situated to the north of  the Cederberg 

mountains, bounded by the R27 in the north and by the Doring River in the south 

(Fig. 2.1).  The area north of Nieuwoudtville (31° 23’S, 19° 07’E) is known as the 

Noord Bokkeveld,  and the area south of  the town,  the Suid Bokkeveld.   Two V-

shaped gorges mark the western and southern boundaries of the Suid Bokkeveld, 

with the Kobee River running from north to south along the western gorge into the 

Doring  River.   The eastern boundary is  formed by the shales  of  the Stinkfontein 

Mountains and the contiguous hills to the north. 

The area lies within the south-western most part of the Northern Cape, sharing a 

border with the Western Cape along the escarpment in the west and Doring River in 

the south. The Suid Bokkeveld falls within the Hantam Municipal area.  Other towns 

in the region include Clanwilliam (80 km south west), Klawer (80 km west), Vredendal 

(75  km  west),  Van  Rhynsdorp  (50  km  west),  Loeriesfontein  (70  km  north)  and 

Calvinia (68 km east).   A significant  neighbouring community in the Cederberg is 

Wupperthal, a Moravian Church community, and formerly a Rhenish Mission Station. 

The school at Welgemoed in the Suid Bokkeveld was originally established as an 

outstation  of  the  Wupperthal  Mission  Station,  and  family  ties  still  link  the  two 

communities.

2.2 Ecological context
Vegetation in the Suid Bokkeveld is characterised by succulent karoo biome plants in 

the north where Dwyka tillite and dolerite soils form the geological substrate (Photo 

2.1).  Fynbos biome vegetation in the west and south occurs on Table Mountain 

Sandstone (TMS) soils (Photo 2.2).  The Suid Bokkeveld area thus marks the 

transition zone between these two dominant vegetation types and includes patches 

of remnant Renosterveld populations that were largely ploughed out for expansion of 

monocultural wheat production (Koelle et al. 2003) and, more recently, rooibos tea 

cultivation (Oettlé 2002).
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Rich plant species diversity (approximately 1 350 species in the Nieuwoudtville area) 

and the presence of rare and endangered wildflowers have earned the Bokkeveld 

recognition as a global hotspot with high levels of endemism of geophytes in 

particular (Manning and Goldblatt 1997).  As such, the Suid Bokkeveld has been 

identified as an important area for conservation in terms of both the Succulent Karoo 

Ecosystems Programme (SKEP) and the Greater Cederberg Biodiversity Corridor 

(GCBC) planning domain. This recognition has enhanced biodiversity conservation 

and natural science research initiatives in the area. These initiatives are further 

discussed in Chapter 3.
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Fynbos is the dominant vegetation type in the relatively arid southern Suid Bokkeveld 

and is  adapted to the rainfall,  fire  and seasonal  weather  regimes that  govern its 

growth.   The area falls within the northernmost reaches of the natural distribution 

area for Aspalathus linearis, the species from which rooibos tea is produced.  

Rooibos tea is endemic to the south western part of South Africa and does not occur 

naturally anywhere else in the world.

Photo  2.1: Flowering annuals  and geophytes with predominantly succulent  karoo 
biome affinities at Groenrivier, Nieuwoudtville. Photo: Bettina Koelle.

17



Photo  2.2: Mr. Noel Oettlé (EMG) and Mr. Koos Paulse (Heiveld Co-operative) in 
typical fynbos vegetation at Blomfontein, Suid Bokkeveld. Photo: Timm Hoffman.

Photo 2.3: A rooibos tea plantation in the Suid Bokkeveld. Photo: Timm Hoffman.
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The Suid Bokkeveld receives predominantly winter rain (>80%) with summer thunder 

showers also occurring from time to time.  Annual rainfall ranges between 350 mm at 

the higher northern end of the plateau to 150 mm in the low-lying south.  Prolonged 

dry spells in the summer of 2002-3 and mild winters with minimal rain during the 

critical winter rainfall months (April – September) in 2003 and 2004 resulted in severe 

drought  conditions  in  the region.  The drought  resulted  in  widespread  fatalities  of 

cultivated rooibos plantations and general die-back of the fynbos vegetation. Most 

reliable springs in the area had dried up before the end of 2004.   

2.3 Social context
The Suid Bokkeveld has approximately 1 000  inhabitants. White farmers settled in 

the Nieuwoudtville area during the 18th century, displacing and mixing with groups of 

indigenous Khoi and San people (Koelle et al. 2003). In the Suid Bokkeveld today, 

the population is comprised predominantly of white and coloured people and black 

migrant labourers only rarely enter the community as employed on contract work (eg. 

construction  of  national  roads),  or  less  commonly,  as  seasonal  farm  workers. 

Coloured farm workers and their families make up the labour force on white-owned 

farms, and there is little deviation from this historical condition despite the changes 

ushered in by the election of a democratic government over a decade ago.

The level of formal education amongst adults in the Suid Bokkeveld is on average 4 

years for adults 50 years and older and 8 years for those aged 25 years and younger 

(Oettlé 2002).  Very few school leavers continue with tertiary education, partly due to 

a  severe  lack  of  funds,  and  partly  because  low  grades  limit  access  to  tertiary 

education institutions.  Real and opportunity costs are also constraining factors, as 

the nearest reputable tertiary learning centres are in bigger towns or cities, anything 

between 100  and  900  km away  from the Suid  Bokkeveld.   Despite  government 

initiatives  to  promote  employment  amongst  women  and  youth,  there  are  few 

employment  opportunities,  and these are limited  to administrative work  with  local 

business  and  domestic  or  farm  work  in  Nieuwoudtville,  the  Suid  Bokkeveld, 

Agterpakhuis, Clanwilliam and Wupperthal.  In the coloured community, small-scale 

farmers  work  for  between  one  and  six  months  on  their  own  properties  (e.g. 

harvesting tea on their  own land,  Photo 2.4)  and spend the rest  of  their  time as 

seasonal labourers further afield (Photo 2.5) (Oettlé 2002).
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Photo 2.4:  Harvested cultivated rooibos sheaves at the homestead of a small-scale 
producer in the Suid Bokkeveld. Photo: Noel Oettlé.

Photo  2.5:  Seasonal  workers  from  the  local  community  processing  cultivated 
rooibos on a farm elsewhere in the Suid Bokkeveld. Photo: Rhoda Louw
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2.4 Economic context
Historically, sheep farming and grain cultivation were the primary economic activities 

in the area. The expansion of wheat production reached its maximum after World 

War II (Koelle et al. 2003), coinciding with increased successes in the cultivation of 

rooibos tea.  Currently, sheep and goat production as well as rooibos tea cultivation 

are the primary agricultural activities in the area.  

Low agricultural  wage incomes are supplemented with monthly state child support 

grants (R170 per child for parents earning monthly incomes of R 800 or less) and 

pensions (R720 for qualifying persons over the age of 60 for women and 65 for men) 

(Oettlé 2002).  Most residents of the Suid Bokkeveld are at least 40 km away from 

the nearest bank in Nieuwoudtville.  Many transactions are therefore cashless, and 

are  based  on  bartering  within  social  networks  amongst  neighbours  and  family 

members.

Land tenure amongst small-scale farmers in the Suid Bokkeveld is highly variable 

(Oettlé et al. 2004).  A host of social arrangements were observed to exist amongst 

land owners, managers and harvesters around access and control of wild rooibos 

populations.  During the Apartheid era, land in the Suid Bokkeveld was not subject to 

the Group Areas Act, legislation that prohibited residence of people in certain areas 

based on their racial status. Coloured farmers were thus able to secure land the area 

during the 18th century (pers. comm. Koos Koopman), and in some cases ownership 

has been retained in families by inheritance of land from one generation to the next. 

Coloured-owned  farms  are  thus  concentrated  in  the  southern  part  of  the  Suid 

Bokkeveld, where the landscape is particularly arid. The area has limited arable land 

that comprises nutrient poor, acidic sandstone soils (Oettlé 2002). 

Poor  infrastructure,  bad  roads,  limited  access  to  markets  and  oppressive 

employment conditions were several of the challenges which small-scale farmers and 

their  families  had  to  overcome  in  order  to  sustain  their  livelihoods  in  the  past 

(Arendse and Oettlé 2001).  While conditions have improved since political reform in 

1994, improvements in the livelihoods of these households have been slow.  Lack of 

access to land remains a powerful constraint for the development and empowerment 

of small-scale rooibos farmers in the Suid Bokkeveld (Arendse and Oettlé 2001).
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2.5 Wild rooibos in the Suid Bokkeveld 
Wild rooibos tea was historically harvested in the Suid Bokkeveld for domestic use as 

a  hot  beverage.  Older  harvesters  interviewed  during  this  study  related  how the 

mixing of wild rooibos with Ceylon tea was a common practice.  Wild rooibos was 

considered “arm mans tee” (poor man’s tea), a substitute for coffee and Ceylon tea 

especially  in  the  years  during  and  following  World  War  II  when  both  imported 

commodities were rare.  Until recently, wild rooibos had very low economic status. 

However, it was historically a source of income for landless harvesters and seasonal 

workers.  Bushels  were  harvested by farm workers  and sold  to  white  commercial 

farmers (who had access to markets through the then Rooibos Tea Control Board) to 

supplement  their  otherwise  seasonal  income.   The wild  rooibos was used to aid 

fermentation of the “top tea” – young, green apical stems and shoots of one-year-old 

cultivated plants.  Having secured premium prices through the Heiveld Co-operative 

since  2001,  members  of  the  Suid  Bokkeveld  communities  have  been  able  to 

supplement the low incomes of harvesters and tea producers by exporting wild and 

cultivated organic rooibos  tea to a “fair trade” niche market (Photo 2.6).

Photo 2.6: Comparative examples of cultivated (left) and wild (right) rooibos on a 
farm in the Suid Bokkeveld. Photo: Rhoda Louw.
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2.6 Specific research site description
The two sites relevant to this study are situated in the Suid Bokkeveld: Blomfontein is 

47 km south of Nieuwoudtville, and Landskloof is a further 25 km south.  Landskloof 

is situated to the north of Sonderwaterkraal, the farm at the confluence of the Kobee 

and  Doring  Rivers.   Elevations  at  the  two  sites  are  approximately  850  m 

(Blomfontein) and 470 m (Landskloof) above sea level.

Annual rainfall for Blomfontein is approximately 300 mm while Landskloof, the more 

arid of the two sites, has an average rainfall figure of less than 150 mm.  Permanent 

natural water fountains at Blomfontein and Landskloof were nearly entirely dry by the 

summer of 2004.

Soils at the two sites are derived from Table Mountain Sandstone (TMS), with slight 

variations  in  soil  texture  and  structure.   At  Blomfontein  the  soil  surface  is 

characterised by a stony surface layer of weathered shale, known amongst locals as 

“koffie klip”.  The stones are indeed coffee-coloured, ranging from brown and red to 

yellow, with a small amount of quartz flakes also present.  Soils at Landskloof are 

deep and sandy, with minimal potential for water retention.

Rooibos tea is cultivated and harvested from the wild at Blomfontein and Landskloof. 

These  are  two  of  three  farms  that  deliver  wild  rooibos  tea  to  the  Heiveld  Co-

operative.  At Blomfontein wild rooibos tea was, in the past, frequently harvested by 

seasonal harvesters in exchange for their labour, gratis or at the request of those 

seeking  an  income.   As  a  result,  the  wild  populations  have  been  harvested  by 

different harvesters over the years, with no regulated harvest schedule or practice. 

By observation, these populations have been under harvest pressure, and vulnerable 

to inconsistent harvesting practices. 

With the value-added promotion of wild rooibos tea within the Heiveld Co-operative, 

the owner has made an agreement with the resident manager that includes sound 

management and supervision of the wild rooibos populations on the farm.  According 

to Mr. Koos Koopman (pers. comm.), wild rooibos plants at Landskloof were seldom 

harvested by the previous owner.  In contrast to the harvest history of wild rooibos at 

Blomfontein,  plants  at  Landskloof  have  been  harvested  less  frequently  and  less 

severely in the past.
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Chapter 3: Approach to integrate local knowledge and science

3.1 Introduction
Multiple forms of knowledge and perceptions inform human thought and behaviour in 

matters pertaining to natural resource management.  The main objective of this study 

was to investigate harvesting practices that would lead to sustainable use of wild 

Aspalathus linearis populations in the Suid Bokkeveld, Northern Cape (Chapter 1). 

The  research  objective  called  for  the  drawing  together  of  different  forms  of 

knowledge to build an understanding of what would constitute sustainable harvesting 

practices for wild rooibos in this area. 

Apart from the underlying motivation to conserve wild A. linearis on the grounds of its 

economic and ecological significance in the Suid Bokkeveld, the purpose of the study 

also included the intent to further farmer’s understanding of harvest sustainability so 

that they themselves could ensure sound harvest management of wild populations. 

This  more  developmental  approach  thus  focuses  not  only  on  the  empirical 

experimental data, and its analyses, but is geared towards inclusive research with 

resource users to actively promote awareness and conservation action that leads to 

sustainable resource use. 

While in chapter 2 the geographic and social context of the area were sketched, in 

Chapter  3  the  broader  theoretical  context  in  which  the  study  was  conducted  is 

presented, with specific reference to the methodological approach adopted.

3.2 Methodological grounding
Studies on the sustainable harvesting of plants from the wild have historically been 

rooted in the natural sciences.  The quantitative nature of these studies suggests a 

strictly  positivist  approach  to  questions  of  sustainable  harvesting  of  wild  plants. 

Understanding  plant  resource  management,  however,  is  often  a  multidisciplinary 

undertaking (Martin 1995) that calls for the integration of knowledge forms that do not 

necessarily fit any one theory or methodology. 

Vernooy and McDougall (2003) suggest three types of learning that reflect dominant 

paradigms in  research,  with  specific  reference to  the context  of  natural  resource 

management.  These  are:  reproductive  learning,  constructivist  learning  and 

transformative learning, and each reflects a particular paradigm as outlined below.
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Reproductive learning is rooted in positivist science, a paradigm in which much of the 

work  on  sustainable  harvesting  has  been  carried  out.  Positivist  science  has 

historically been highly esteemed for its power in shaping human and environmental 

history (Wright 1957) and has used reductionism to gain insight into the natural world 

and its components.  Positivist theory assumes a universal truth that is aspired to 

through  primarily  quantitative  data  collection  and  rigorous  testing  of  replicable 

experiments (Charmaz 2000).  In the positivist paradigm, the researcher remains an 

objective  observer  of  human behaviour  (Guba and Lincoln  2000)  and science  is 

artificially separated from experiential knowledge (Reason 1994).

Constructivist  learning  suggests  that  people  construct  their  own  versions  of  an 

uncertain reality, the emphasis being on discovery and multiple realities rather than 

replication  and  the  finding  of  universal  truth  (Vernooy  and  McDougall  2004). 

Constructionism, the theory that underpins constructivist learning is concerned not 

only  with  the  contents  or  means  of  knowledge  construction,  but  also  seeks  to 

elucidate  the  meaning  of  the  reality  from  which  knowledge  is  constructed 

(Terreblanche and Durrheim 2002). It has been asserted that constructivism relates 

closely  enough  to  forms  of  action  research  to  qualify  as  such  (Parker  1992, 

Greenwood and Levin 2000). However, it is the use of knowledge and learning to 

effect  transformation  that  perhaps  defines  more  clearly  the  differences  between 

constructivism and action research.

Transformative learning calls for a research approach that facilitates empowerment 

and action, especially of marginalised people (Vernooy and McDougal 2004).  In this 

typology of participation people internally plan to take action amongst themselves to 

change  a  situation,  rather  than  adopting  the  prescribed  approach  (Pretty  1994). 

While the present study held elements of constructivism, it was most closely related 

to transformative learning, the significance difference being the purposeful intention 

to  enhance  farmers’  capacities  to  improve  wild  rooibos  harvest  management 

amongst themselves.

3.2.1       Participatory Action Research  

Participatory Action Research (PAR) emerged from the disciplines of sociology and 

anthropology during the mid-1940’s (Huizer 1997).  PAR shares common elements 

with  action  science,  action  research  and  participatory  rural  appraisal  (PRA)  and 

together with these falls under a suit  of research approaches aimed at promoting 

stakeholder  participation  in  problem  solving  (Chambers  1994).  Since  its 
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popularisation in the 1970’s, PAR has been used in a diverse range of disciplines 

across the world, amongst them education, health (Le Grange 2001) industry and 

agriculture (Whyte 1991) and rural development (Chambers 1994). Emphasis is on 

empowerment of socially marginalised people through the sharing of knowledge from 

their  own  experiences  knowledge.  Participants  pro-actively  seek  solutions  for 

improvement  of  social  conditions,  material  well-being and educational  capacity  in 

response  to  a  social  problem and  are  empowered  through their  own  meaningful 

participation in a research project (Bhana 2002).

Several  traits  set  PAR  apart  from  a  positivist-based  research  approach.  In  the 

positivist paradigm there is an objective universal truth to which one aspires, while 

PAR emphasis multiple realities and a subjective response to personal experience of 

reality. Also, the research approach in PAR is directed towards the need of a small 

collective  group,  in  which  knowledge  is  created  and  shared,  with  no  complete 

ownership  of  knowledge  or  results  by  any  one  individual  (Bhana  2002).  In  this 

context there is no claim to individual intellectual property rights, but rather the group 

contributes to its own knowledge base. Positivist problem-solving is often reliant on 

linear  scientific  inquiry  and  abstraction,  while  PAR is  concerned  with  action  and 

change  brought  about  by  a  cyclic  process  of  learning  (Bhana  2002).  Further 

references to differences between PAR and traditional positivist methods of research 

are outlined in Table 3.1.

3.2.2       Context of PAR in the Suid Bokkeveld  

While the merits, advantages and success of PAR are contested (Le Grange 2001), 

PAR approaches in the Suid Bokkeveld have proven to be useful and effective in the 

region through several processes.  The Environmental Monitoring Group (EMG) and 

INDIGO development & change are two organisations located in Nieuwoudtville that 

have  worked  with  people  form the  surrounding  communities  using  PAR as  their 

methodological approach.  For instance, the EMG Rural Programme adopted PAR as 

a research approach to facilitate farmers’ capacity development to manage on-farm 

erosion control. As non-profit organisations, EMG and INDIGO have offered support 

to the Heiveld Co-operative since farmers’ decision to establish the organisation in 

2000 and have successfully employed PAR in their development practices. 
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Table 3.1:  Differences in principle attributes of the traditional scientific method and a 
Participatory Action Research (PAR) approach. Sources: Bhana, 2002; Farmer 
Support Group, 2002.

Scientific method Participatory action research 

Epistemology Find the objective truth to prove 

hypotheses through deduction 

and induction.

Reflect on subjective realities and 

engage in active participation in 

knowledge construction.

Aims and 

objectives

Individual gain of scientific 

results for publication 

contribution to science.

Applying a research question to 

an externally perceived 

problem.

Communal knowledge exchange 

between researcher and harvesters.

Undertaking research on a 

personally experienced problem.

Methods Exclusive control and monitoring 

of field study with little or no 

consultation with harvesters 

Sharing of risk and responsibilities 

regarding access control to research 

sites and monitoring.

Collection of empirical field data, 

e.g. monthly measure of canopy 

spread, phenological 

monitoring, rainfall recording

Semi-structured interviews with land-

users, harvesters and farmers.

Attendance and input at relevant 

community meetings where 

appropriate and when asked.

Engagement in social and household 

activities when in the field.

Results Scientific presentation of 

statistically significant results 

(graphs and tables)

Pictures and interactive materials (to 

accommodate various levels of 

literacy amongst the audience) with 

examples of practical application of 

results.

Ultimate goal External intervention and 

extension services

Internal problem-solving and 

capacity enhancement

The PAR approach had also been adopted at farmer-to-farmer knowledge exchange 

visits  (Oettle  and  Koelle  2003).   Outcomes of  these  knowledge  exchange  visits, 
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undertaken prior to the present study, contributed to the formulation of the research 

questions addressed here.

Given the success of its use in the past within the Suid Bokkeveld community and the 

goal to assist farmers in their capacity to manage their wild rooibos tea sustainably, 

PAR  was  considered  a  suitable  methodological  approach  in  the  context  of  the 

present study.

Initial funding for the present research had been made available by the South African 

Netherlands Programme for Alternatives in Development (SANPAD).  SANPAD had 

been funding research in the Suid Bokkeveld since 2002, and a team of researchers 

who had already been conducting research in the area in their different capacities 

was already established.   Members of the team and their institutional affiliations as 

they were in 2003 are displayed in Table 3.2 below. 

To the  team’s  advantage,  member  hailed  from a diverse spectrum of  academic, 

professional and personal backgrounds and thus collectively held a broad range of 

skills, perceptions and experiences.  Quite relevant to this study was the sharing of 

methods  and  data  with  the  other  postgraduate  students  in  the  group  who  had 

conducted research with farmers in the Suid Bokkeveld in previous years. 

Crucial  to  the  functioning  of  the  team  and  its  members’  operations  in  the  Suid 

Bokkeveld  was  the principal  of  our  research approach.  All  members in  the team 

subscribed (and still  do)  to a Participatory Action Research (PAR) approach.   By 

virtue of its necessary inclusion of land users into the research process (see below) 

and integration of local knowledge into research design and data sets, farmers who 

had  been  involved  with  team  members  with  previous  studies  had  already  been 

exposed to the research methodology.  

Farmers  and  researchers  thus  pooled  knowledge  to  enhance  the  mutual 

understanding of the effects of different harvest regimes on regrowth and phenology 

of  wild  rooibos.   The  integration  of  the  knowledge  forms  allowed  farmers  and 

scientists to inform each other’s thinking, empowering each group to inform actions 

that would ensure sustainable harvesting.  While the knowledge forms from which 

we as participants were making our various contributions were seemingly disparate, 

it was the content and communication of that knowledge that would ultimately serve 

the realisation of the objectives. In the context of  ensuring sustainable harvesting 
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practices, this is a crucial element of the research approach, as the improvement of 

harvest  management  is  but  one of  several  endeavours  that  support  conservation 

efforts in the area.

Table 3.2:  SANPAD Suid Bokkeveld team members (2003) and their institutional 
affiliations.

Team member Institution Position

Monique Salomon Farmer Support Group (FSG); 

University of Kwa-Zulu Natal

FSG Director

Nicky Allsopp Agricultural Research Council 

(ARC) – Range and Forage 

Institute

Senior researcher

Noel Oettlé Environmental Monitoring Group, 

Nieuwoudtville

Rural Programme Co-

ordinator

Bettina Koelle INDIGO development & change, 

Nieuwoudtville

Social geographer

Samantha Adey Wagenhingen University, 

Netherlands

PhD student: agricultural 

technology transfer

Wiesaal Salaam Botany Department, University of 

the Western Cape

MSc. student: natural 

resource management; 

supervised by N. Allsopp

Rhoda Louw Leslie Hill Institute for Plant 

Conservation, Botany Dept. 

University of Cape Town

MSc. student: sustainable 

harvesting of wild rooibos 

tea; supervised by Timm 

Hoffman and Noel Oettle.
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3.3 Methods

3.3.1       Initial field visits  

Initial  field  visits  to  the  Suid  Bokkeveld  and  Wupperthal  coincided  with  the  time 

rooibos of harvesting in these communities. Although it had originally been envisaged 

that Wupperthal would be included in the study area, the idea was abandoned due to 

the  distances  and  time  involved  in  monthly  site  visits.  Jackie  Goliath  from  the 

organisation Agribusiness for Sustainable Natural African Plant Products (ASNAPP) 

and a Master of Technology student at the University of South Africa (UNISA) has 

since undertaken research on sustainable harvesting of wild rooibos in Wupperthal. 

This study was thus limited to the Suid Bokkeveld.

Site  selection  at  Landskloof  was  done  with  Mr.  Koos  Koopman.   Mr.  Koopman 

offered useful points for consideration, and suggested a few research questions of 

his own, all of which were considered when the research questions were finalised. 

Mr. Koos Koopman also shared with us details of his family’s history and their ties 

with  rooibos tea farming (Photo 3.1 and Photo 3.2).   From these discussions we 

gained insights to some of the issues around sustainable harvesting and landuse in 

the  Suid  Bokkeveld  Active  participation  on  Mr.  Koos  Koopman’s  account  of  his 

experiences as a small-scale rooibos producer further contributed to this knowledge. 

Mr. Paulse assisted with site selection at Blomfontein where he lives and works as 

the farm manager.  With his extensive knowledge of the farm and the surrounding 

area, Mr. Paulse was able to point out wild populations that he thought might be 

appropriate for the study.  Both Mr. Paulse and Mr. Koopman had grown up in the 

area and  had  worked  as  farm workers  elsewhere  in  the  Suid  Bokkeveld.   Their 

knowledge contributions made a significant input on the research questions, design 

and methods.  Comments and suggestions made by the farmers on this occasion 

(and on previous occasions during knowledge exchange visits to Mr. Oettle) finally 

informed the research questions set out in Chapter 1. These introductions and initial 

discussion offered useful initial insights into the Suid Bokkeveld farming community 

and  paved  the  way  for  the  months  of  research  that  would  follow.   Within  the 

academic research team each of the researchers had the rare advantage of having 

been ushered into these communities by a development practitioner familiar with the 

biophysical  and socio-political  aspects  of  the Suid  Bokkeveld  and who  had been 

intensely involved with several of the farmers for more than two years.
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3.3.2       Field experiments  

Methods followed during monthly field visits to the experimental harvesting sites are 

detailed in each of Chapters 4, 5 and 6.  However,  to do full  justice to the PAR 

approach the methodological  bases for  these methods warrant  attention here,  as 

these elements  fundamentally  guided  the  overall  research processes,  connecting 

reflection, action and learning throughout the study. Choosing a location for the field 

experiments  was  again  guided  by  the  research  questions  and  by  issues  of 

accessibility.   Permission  was  gained  from land  owners  and  arrangements  were 

made with participating farmers regarding the overall work plan.

Photo 3.1: Mr. Koos Koopman at his parents’ grave sites at the Koopman family 
farm, Sonderwaterkraal. Photo: Timm Hoffman.

Monthly field visits were conducted between the 25th and last day of each month at 

Blomfontein and Landskloof.  (Geographic and biophysical  descriptions of the two 

sites are detailed in Chapter 2).  The frequency of visits had been decided by the 

research  team,  and  was  governed  by  the  number  of  fieldtrips,  budget  and  time 

constraints, and transport availability, as well as by the nature of the data we wanted 

to collect.  Monitoring slow-growing wild rooibos plants once every two months, for 
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instance,  would have saved costs.   However,  a lapse of two months would have 

defeated the purpose of recording the timing of phenophases, which are noticeable 

within a matter of weeks and days. 

Photo 3.2: Mr. Koopman’s original family home at Sonderwaterkraal where he and 
his siblings were born. Photo: Timm Hoffman.

Monthly trips from Cape Town to Nieuwoudtville (360 km) and to the Suid Bokkeveld 

(a further  70 km to Landskloof  furthest  south)  usually  resulted in  a round trip  of 

approximately 1 000 km.  The latter was particularly challenging as I did not own a 

vehicle of my own. Colleagues generously offered lifts to and from Cape Town and 

the use of their vehicles in the field when it  was possible.   The challenge of own 

transport was overcome when I was able to approach farmers for lifts to the farms 

and on site, especially at Landskloof.  After months of gradual integration into the 

community during extended field visits, and with input from Noel Oettlé and Bettina 

Koelle,  I became more aware of potential lift  options, and in the end was able to 

secure lifts with farmers when necessary.  At Landskloof where sample plants were 

32



an hour’s’ walk from the farmhouse, Mr. Barry Koopman and his son Lionel Koopman 

often offered Mr. Koos Koopman and myself a ride on the tractor.

Pertinent  to  the  PAR approach was  the participation  of  farmers in  all  phases of 

research (Bhana, 2000).  Contact with Mr. Paulse was challenging he does not have 

a telephone of his own.  An arrangement for the next visit  was always made the 

month before, and a message sent with one of the farmers passing that way to notify 

him of any changes.  Mr. Koopman and Mr. Paulse were the farmers who played key 

roles  in  the  research,  offering  insights  on  field  observations,  and  continually 

suggesting ways in which to improve fieldwork methods and offering interpretations 

based on their own experiences with rooibos.  The collaborative work ethic was key 

element to the generation of results, and is one of the many evidences of ownership 

facilitated within the PAR context.

3.3.3       Semi-structured interviews  

During semi-structured interviews with harvesters in the Suid Bokkeveld, it emerged 

that there are different factors influencing people’s harvesting practices.  Apart from 

the field experiments and literature resources (Chapters 4 to 6) local knowledge of 

people in the Suid Bokkeveld was considered one of the main sources of information 

for this study. 

Semi-structured  interviews  were  conducted  with  five  women  and  five  men  who 

harvest wild rooibos in the Suid Bokkeveld.  Interviews were taped with permission of 

the interviewees and information incorporated into research findings.  Although the 

interviews were scheduled take place at the beginning of the study period according 

to my personal workplan,  I  postponed this phase of the research until  November 

2005, by which time I had a far better understanding of the context of the people I 

was to interview.

Interviews were conducted with five men (between 31 and 67 years old) and five 

women (ranging in ages between 23 and 63).  Interviewees were selected so as to 

include both genders and a range of ages.  Interviewees were also selected on the 

basis  of their  self-perceived knowledge of wild  rooibos harvesting.   Six of the 10 

people  interviewed  were  over  the  age  of  50,  reflecting  a  bias  towards  more 

experienced harvesters.  As mentioned in Chapter 2, wild rooibos harvesting was a 

marginal  practice in  the past,  and became more so as cultivation expanded.   By 
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implication, knowledge of harvesting rooibos from the wild is more prevalent amongst 

older members of the community.

Contents of the local knowledge gathered through semi-structured interviewees have 

been incorporated, as appropriate, in Chapters 4, 5 and 6.

3.3.4       Workshops and presentations  

According to Reason 1994, dialogue is a significant element of PAR. In the case of 

the present study dialogue was facilitated at community workshops and meetings, 

where I was afforded the opportunity to present my findings to.  On these occasions, 

dialogue between and amongst participants and members of the research team lead 

to further insights amongst the group. Learnings from these workshops have been 

incorporated  into  the  discussion  sections  of  Chapters  4,  5  and  6.   Interestingly, 

several of these dialogue processes led to the formulation of research questions that 

have since been taken up into project  proposals through EMG and other partner 

organisations.

3.4 Results and discussion
Current  harvest  practices  are  better  understood  in  terms  of  people’s  individual 

experiential  sense  of  reality,  rather  than  a  collective  theorised  truth.  People’s 

perceptions of an ideal harvest method were dependent on a range of factors as 

discussed  later  in  this  chapter.   In  addition,  the  notion  of  objective  researchers 

forming neutral perceptions of the researched would have been neither useful nor 

appropriate, as a common desire to learn about wild rooibos overrode hierarchical 

definitions of our roles in the team and in the community.  

For this study a methodological approach was needed that would integrate local and 

scientific  knowledge effectively for mutual learning of all  participants. The artificial 

separation  of  experiential  knowledge  by operating  in  a strictly  positivist  paradigm 

would have excluded the rich body of local knowledge that ultimately informed much 

of  the  research.  Equally,  the  use  of  local  knowledge  without  sound  scientific 

investigation would have detracted from the resolution of findings and conclusions of 

the field research.  It can be argued that the use of any one of the knowledge forms 

on their  own would have undermined the underlying objective of the research: to 

inform harvesting  practices  so  as  to  promote  the  conservation  of  wild  stands  of 

rooibos in the Suid Bokkeveld.  
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On our first visit, Prof. Hoffman and I were invited by the Wupperthal team to observe 

their  tea  processing  methods.   We  were  shown  the  sheaves  of  wild  harvested 

rooibos that were being delivered from outstations around Wupperthal (Photo 3.3). 

This was a good opportunity to see the current harvest height and harvest diameter 

of bushes harvested in the wild.  It was also interesting to observe in this instance 

that farmers were paid on the basis of the wet weight of the green tea at the time of 

delivery,  suggesting  a  system  in  which  harvesters  could  not  easily  be  held 

accountable for unsustainable harvesting techniques.

Photo 3.3: Sheaves of wild rooibos delivered from an outstation to the Wupperthal 
tea court.  Photo: Timm Hoffman.

This  development  approach  to  the  research  has  facilitated  relationships  with 

members of the Suid Bokkeveld community without  which the academic research 

would  have been limited  in  its  scope and impact.   The same approach is  being 

adopted for  research on wild  rooibos  tea’s  response to the short  term effects  of 

climate change and will be considered in further research ventures, as appropriate.
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At the end of 2004, the Heiveld Co-operative in partnership with Natural Botanicals 

offered a training course on sustainable organic rooibos production, sponsored by 

PAETA (Primary Agriculture  Education  and Training  Authority).   At  this  occasion 

results and findings to date were presented to the trainees. Sustainable harvesting 

methods were discussed and to round off the input, Mr. Koos Koopman undertook a 

fieldtrip to the research sites on his farm to show trainee harvesters the effects of the 

different harvest regimes on regrowth of wild rooibos.  The Heiveld continues to offer 

harvester training courses and has recently appointed two mentor farmers under the 

Global  Environmental  Facility’s  Small  Grants  Programme supported  project.  The 

mentor farmers act as advisors to the Heiveld Co-operative’s members on matters 

concerning, amongst others, sustainable harvesting and use of natural resources.

3.5 Conclusion
A Participatory Action Research Approach was adopted for the present study.  Semi-

structured interviews and field experiments were conducted with local land users to 

gain data and information on wild rooibos in the context of sustainable harvesting 

practices. In the case of the Suid Bokkeveld Participatory Action Research was a 

useful and appropriate research approach as the ultimate goal of the research was to 

effect collective changes with and amongst farmers that would ultimately inform the 

sustainable harvesting and management of wild rooibos in the Suid Bokkeveld.
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Chapter 4: The phenology of growth and reproduction of wild and 
cultivated rooibos (Aspalathus linearis)

4.1 Introduction

4.1.1  Phenology in context

A  suite  of  inextricably  linked  physiological  and  environmental  conditions  governs 

plant  growth  and  reproduction  schedules.   These,  in  turn  are  interrelated  with 

phenology schedules within the species and between those of co-occurring species 

(Lieth 1974).  The study of the timing of plant phenophases, the endogenous and 

exogenous  factors  that  trigger  them,  their  duration,  and  effects  is  known  as 

phenology (Rathcke and Lacey 1885).  Phenophases are the developmental stages 

that constitute the plant’s annual life-cycle (Castro-Diéz et al. 1998).  In plants, the 

growth  phenophases  include  leaf  growth,  leaf  elongation,  and  leaf  shedding 

(abscission).  The reproductive phenophases comprise flowering, fruiting and seed 

set.

Phenology studies across Mediterranean eco-systems which are similar to the Cape 

Floristic  Region  (CFR)  (e.g.  the  Californian  chapparal  (Kummerow  1983)  and 

Australian heathlands (Dixon and Pate 1978)) have guided much of the research on 

fynbos species in the past (e.g. Moll and Sommerville 1982).  Comparative studies 

on the  phenology  of  local  species,  however,  have revealed anomalies  that  have 

warranted  further  research.  For  instance,  the  spring  growth  peak  in  other 

Mediterranean eco-systems (Kummerow 1983, Floret et al. 1987) was not found to 

be a general phenomenon for many fynbos species, in which growth peaks generally 

occur  during  summer  and  autumn  (Pierce  1984).   The  identification  of  such 

differences stimulated further research on the phenology of fynbos plant species and 

included notable contributions by Pierce and Cowling (1984a, 1984b), Campbell and 

Werger (1988) and Cowling (1992).

Relationships exist between plant phenology and different aspects of plant growth 

(Castro-Diéz et al. 1998).  Firstly, plant morphology (Dixon and Pate 1978, Floret et 

al. 1990) and life-history (Ruiters et al.1992) are influenced by phenology.  Secondly, 

different phenophases are characterised by the differential use of plant resources, 

and the latter are related to seasonal changes, amongst them, temperature, moisture 

availability  and  photoperiod  (Pierce  1984).   Seasonal  resource  allocation  (Pierce 
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1984, Ruiters and McKenzie1994) and environmental factors (Specht and Moll 1983, 

Del  Pozo  2002)  are  thus  also  associated  with  plant  phenology.   Thirdly,  plant 

phenology  influences  biomass  production  and  reproduction  during  different 

phenophases in the plant’s life-cycle.  These inter-relationships allude to the diverse 

mechanisms at play when studying plant phenology (Pierce 1984) and demonstrate 

the  complexity  involved  in  developing  optimal  management  practices  to  sustain 

harvestable biomass production.  

4.1.2 .Phenology, morphology and life history

The  relationship  between  plant  phenology  and  morphology  -  also  termed 

phenomorphology – is closely linked to plant life history.  The mode by which plants 

regenerate after such disturbances such as fire or harvesting is conventionally used 

to  broadly  classify  them  as  “seeders”  or  “facultative  sprouters”  (Le  Maitre  and 

Midgely 1992).  In “seeder” species the parent plant dies after a fire event, while in 

sprouting  species,  plants  are  able  to  regenerate  from  vegetative  tissue  despite 

severe damage to the individual  (Bellingham 2000),  provided that  damage to the 

meristematic tissue from which sprouting occurs has not been too severe (Vesk et al. 

2004).  The same principle would apply for harvest intensity.

In a study on Aspalathus spp. in the Western and South Eastern Cape, Cocks (1994) 

described A. linearis as a reseeding species based on the classification suggested by 

Bell  (1984).   Cultivated  A.  linearis in  the Suid  Bokkeveld  falls  into  this  category. 

However,  the wild  populations relevant  to this study in the Suid Bokkeveld areas 

subscribe to categories described by Le Maitre (1992) as facultative sprouters and 

obligate sprouters.  Wild A. linearis populations in the northern Cederberg are known 

to possess a lignotuber from which plants regenerate after fire (van Heerden et al. 

(2003)  (Photo  4.1).   Rooibos  in  the  Suid  Bokkeveld  thus  displays  both  seeding 

(cultivated plants) and sprouting (wild plants) responses at the population level (Van 

der Bank et al. 1999). 

Several  studies  have  postulated  that  sprouters  allocate  more  reserves  to 

underground root storage facilities (lignotubers) than seeders (Schwilk and Ackerly 

2005,  Bond  and  Midgely  2003)  limiting  aboveground  biomass  growth  and 

reproduction in strongly sprouting species.  There are trade-offs between sprouters 

and seeders with regard to plant morphology (Bell  et  al.  1996, Hodgkinson 1998, 

Pausas et al. 2004) and age at maturity (Lamont et al. 2003, Pausas et al. 2004). 

These factors (plant resources allocation, morphology, and life-history) are related to 
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plant  phenology.  By  implication,  wild  sprouters  and  cultivated  seeders  within  A. 

linearis may be expected to adhere to different phenology schedules.

Photo 4.1: Visible part of a lignotuber of a wild A. linearis plant at Blomfontein. 
Photo: Timm Hoffman.

4.1.3  Growth and abscission

Shoot growth in plants is generally affected by concentrations of nutrients in various 

organs  at  the  time  of  the  growth  phenophases.   In  his  study  on  the  vegetative 

response  of  cultivated  Aspalathus  linearis plants  to  different  harvesting  regimes 

Stassen (1987) made recommendations for harvesting practices to increase biomass 

regrowth  quality  and  quantity  based  on  carbohydrate  reserve  abundance  during 

different phenophases.  While Stassen’s (1987) study did not include phenology, per 

se, recommendations included harvesting once during May or possibly March, when 

sugar  and  starch  levels  were  at  their  highest  and  carbohydrate  reserves  were 

sufficient to support regrowth.  Shoot growth rates are generally slower in sprouters 

than  in  seeders  (Bell  1999).   On  the  premise  that  wild  rooibos  tea  is  a  strong 

sprouter, it  was expected that shoot growth rate would be slower for wild rooibos 

plants than for cultivated individuals.
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The effects of  plant  harvesting during different  phenophases are known to affect 

plant biomass. It is generally held that certain stages in a plant’s phenology cycle are 

associated  with  increased  plant  growth  or  regrowth  potential.   Menke  and Trlica 

(1981) concluded that the timing of plant reserve concentration in nine rangeland 

plant  species  significantly  influenced  growth  potential.   When total  non-structural 

carbohydrate  reserves  were  low,  growth  potential  decreased  and  was  inversely 

proportional to organic plant nutrient storage.  Of relevance to this study on sprouting 

wild rooibos, Cruz and Moreno (2001) found that seasonal trends in plant nutrients 

influence growth and reproduction in the lignotuberous Erica australis.

Abscission, the phenophase during which a plant sheds litter material, is an important 

element of  nutrient  recycling in plants (Mitchell  et  al.  1986).   In their  analyses of 

randomly collected litter material at Pella (dune fynbos), Mitchell et al. (1986) found 

that Ericoids contributed 59% and 50% of total litter collected and that the number of 

individuals shedding litter within this group was higher throughout the year than for 

Proteoids  and  Restioids.   Furthermore,  abscission  was  found  to  peak  between 

summer and autumn, with slight peaks for July in two consecutive years and a slight 

lag  in  the  timing  of  abscission  during  the  second year.   Similarly,  Cocks  (1994) 

reported abscission in  Aspalathus retroflexa,  A. abietina and  A. carnosa to occur 

during summer and autumn.

4.  1.4  Reproduction  

The relationship between plant  growth and reproduction can be addressed at the 

individual  level,  and at  the plant  community  level.   Since certain  organs develop 

during different phenophases, it could be expected that plant nutrients and reserves 

are  allocated  accordingly  with  the  developing  organs  receiving  the  highest 

concentration  of  resources  (Bloom  et  al.  1985).   The  result  should,  therefore, 

comprise a trade-off  between the timing and duration of  growth and reproduction 

phenophases.  However,  growth  and  reproduction  have  been  reported  to  occur 

simultaneously  in  members  of  fynbos  Proteaceae  species  (Pierce  1984).   Pierce 

(1984) suggested that this pattern of growth is a result of terminal flowering where 

growth leads to flowering.  However, this hypothesis is not likely to be applicable to 

Aspalathus linearis, since flowers are not produced on terminal buds.

Sprouters are reported by several authors to have a lower reproductive output than 

seeders because plant resources which could be used for reproduction are allocated 
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to lignotuber development (Lamont et al. 2003, Bell 2001).  Based on the premise 

that wild rooibos in the Suid Bokkeveld is a sprouter (van Heerden et al. 2003), wild 

rooibos was expected to have a lower reproductive output than the cultivated seeder.

Stassen (1987) did not discuss reproduction in his analysis of post-harvest growth in 

cultivated tea, but did present data on plant nutrient status at different times of the 

year.  Considering the high cost of producing reproductive organs in nutrient-poor 

soils  (Cowling  1992),  it  may  be  postulated  that  harvesting  during  a  particular 

phenophase affects subsequent plant reproductive output. 

4.1.5        Rationale for the study  

In the Suid Bokkeveld community, harvesters and small-scale farmers generate an 

income from the harvesting of leaves and shoots of A. linearis plants for rooibos tea 

production.  Harvestable biomass depends on the status of plant development at the 

time of harvest, since plant growth is influenced by nutrient availability and resource 

constraints (Summerfield 1996),  which in turn affects the plant’s ability to recover 

after having been harvested.  Harvesters and producers rely on optimal growth of 

high  quality  cultivated  and  wild  rooibos  to  supply  a  growing  niche  organic  and 

fairtrade market.    Cultivated rooibos tea is well known and well researched, being 

one of South Africa’s most successful indigenous commercial crops to date (Van der 

Bank et al. 1995, Arendse 2001, Reinten and Coetzee 2002).  However, prior to this 

study,  no  research  had  been  published  on the  phenology  of  wild  populations  of 

Aspalathus linearis.

With this study I compared the phenology of wild and cultivated rooibos plants at two 

sites  in  the  Suid  Bokkeveld  in  terms  of  their  growth,  reproduction  and  liitterfall 

schedules  over  12  months.   This  phenological  study  forms  the  basis  for  the 

investigations into plant harvest height (Chapter 5) and harvest seasonality (Chapter 

6) and in the broader context of this study on the sustainable harvesting of wild  A. 

linearis in the Suid Bokkeveld.  For the purposes of the present study the focus was 

on plant morphology, plant growth, abscission and reproduction.
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4.2 Methods

4.2  .1       Study area  

The two study sites were selected along a 150 mm rainfall gradient located over 40 

km running north to south along the Bokkeveld escarpment. Blomfontein (31°43'58"; 

19°08'20"), the mesic site, situated approximately 40 km south of Nieuwoudtville has 

an  annual  rainfall  of  approximately  250  mm.yr.-1.  The  xeric  site,  Landskloof 

(31°49'48";  19°03'50")  is situated approximately 50 km further south and receives 

approximately 150 mm.yr.-1.

4.2.2       Plant sample selection  

Five  cultivated  and  five  wild  replicates  of  Aspalathus  linearis were  subjectively 

selected for observation at the two sites in the Suid Bokkeveld. Plants were clearly 

marked with metal stakes and aluminium tags, and were left unharvested during the 

study period (between January 2003 and May 2004). Measurements of plant height, 

length and breadth were taken at the time of selection to ascertain differences in 

plant height, volume and morphology amongst cultivated and wild individuals. The 

objective was to ensure that the selection of plants for the study was not biased by 

observed plant size and potential differences in below-ground resources which were 

assumed to be related to above-ground biomass.

Growth  forms  of  A.  linearis plants  in  the  wild  are  highly  variable,  even  within 

populations. Furthermore, populations are limited to between 20 and 40 individuals 

per  population,  and  these  occur  in  remote  areas  that  are  not  easily  accessible. 

Selecting  plants  with  similar  morphological  traits  from  such  a  small  number  of 

available plants resulted in the selection of fewer plants and a lower sample numbers 

(n) than would have been desirable for statistical analyses.  These limitations should 

be born in mind in the interpretations of results presented below.

Canopy spread (plant height, length and breadth) were recorded on a monthly basis 

to monitor plant growth and changes in plant volume.  Volume was calculated as for 

an ellipsoid spheroid (Phillips and McMahon 1981):

V = π a  2   X b  

6

Where:

V = volume
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a = the average of length and breadth, or height, whichever is shorter

b = the average of length and breadth, or height, whichever is the longer 

Qualitative observations were recorded monthly,  noting the timing and duration of 

each of  the  following  successive  phenophases:  leaf  growth,  shoot  growth,  flower 

budding, flowering, onset of immature and mature fruits, seed set and senescence.

In addition, on each wild and cultivated Aspalathus linearis individual, three branches 

were subjectively selected and tagged with small  numbered aluminium tags hung 

loosely with wire from the branch node. Measurements from the branch node to the 

tip of the last green leaf or shoot were recorded monthly as an indication of shoot 

growth rate across biotypes and across the mesic and xeric sites. 

Brown plastic pots with a diameter of 15 cm (see Photo 4.2) were placed beneath 

each of the shrubs at the commencement of the study in January 2003 to capture 

litterfall. Discs of gauze were placed in the bottom of the pots to prevent litter falling 

through the holes in the pots but not to impede water drainage. The contents of the 

pots were collected monthly from January 2003 to January 2004. On each occasion 

litter was emptied into a brown paper bag clearly marked with the plant ID number, 

the date, and the plant type (wild or cultivated). Litter was sorted into leaves, stems, 

flowers,  immature fruits  and mature  fruits  (pods),  and weighed  by  category.  The 

weight of each category of litter (leaves, flowers, fruits and pods) collected from the 

five wild and five cultivated plants at each of the two sites (20 plants in total) were 

added and divided by five, so that the average cumulative weight for each of the wild 

and cultivated biotype from Blomfontein and Landskloof could be obtained.

4.2.3       Rainfall data  

Rainfall  data for  Blomfontein was sourced from Glenlyon which is situated at  the 

same elevation but 45 km north of Blomfontein.  For Landskloof a funnel rain gauge 

was used to record monthly rainfall data.  

4  .2.4       Statistical analyses  

The experimental  design fitted a Two-Way Analysis of Variance (ANOVA) design, 

allowing  computation  of  statistically  significant  differences across  types  (wild  and 

cultivated  A. linearis) and sites.  Data was processed using an ANOVA tool in the 

STATISTICA version 7 software programme (STATISTICA 7, 2004).  All tests (Tukey 

HSD  test,  student  t-tests,  F-tests  and  ANOVA)  were  conducted  at  the  5% 
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significance level  (p<0.05),  assuming normal  distribution  of  data.   Variables  were 

tested for normality of distribution before analysis.

At Landskloof two cultivated individuals had died by January 2004, presumably in 

response to drought stress. Where n had decreased due to fatalities, the Unequal N 

honestly significant difference (HSD) was used to analysed data. No other deaths 

were recorded throughout the study period. Standard student F tests were conducted 

where n=5.

4.3 Results

4.3.1       Local  perceptions  of  differences  between  wild  and  cultivated    Aspalathus   

linearis

Cultivated and wild rooibos are treated as the same species taxonomically (Dahlgren 

1968).   However,  according  to  information  from  knowledgeable  harvesters  and 

farmers in the Suid Bokkeveld, there are distinct differences between the cultivated 

and wild plants, particularly in their growth and reproduction characteristics (Table 

4.1, Photo 4.2, 4.3).  

Table 4.1: Information summarised from interviews conducted with 10 harvesters and 
farmers in the Suid Bokkeveld on differences between wild and cultivated A. linearis.

Trait Wild            Cultivated

Morphology Prostrate growth form Erect growth form

Growth Post-fire sprouting from basal stem

Slow-growing

Post-fire mortality

Fast-growing

Reproduction Post-fire seed germination

Low seed output

Post-fire seed germination

High seed output

Resilience Resilient against pests, drought and 

disease 

Susceptible to pests, drought and 

disease

Harvest regime Generally harvest once every two years Harvest once every year 
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Photo 4.2: An example of A. linearis cultivated individuals at Blomfontein showing 
the more erect growth form and higher branching pattern in cultivated rooibos plants. 
Photo: Timm Hoffman.

Photo 4.3: An example of a wild A. linearis plant at Blomfontein. Prostrate growth 
forms are common amongst these sprouting plants. Photo: Timm Hoffman.
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By observation, wild rooibos plants are more varied in their growth form and tend to 

take on prostrate morphologies, whereas cultivated plants are inclined to grow erect. 

The wild individuals are also often multi-stemmed at the base of the main stem, while 

stem branching occurs higher up in cultivated plants.

4.3.2       Plant morphology of wild and cultivated   Aspalathus linearis  

Differences in mean plant volume were not statistically significant at the start of the 

study between sites and between the five wild and five cultivated A. linearis 

individuals selected for phenological observation (Table 4.2).  The individual heights 

of cultivated plants at Blomfontein ranged between 90 cm and 121 cm.  Wild plants at 

this site (ranging between 67 cm and 125 cm in height) were observed to be more 

variable with regards to morphology than cultivated plants.  Plant morphology was 

more consistent within wild and cultivated plants at Landskloof, where growth forms 

were predominantly tall and erect.  Selected cultivated individuals at this more xeric 

site were between 100 cm and 120 cm in height and wild plants between 100 cm and 

130 cm in height

Table 4.2:  Average height (+std dev) and volume of five cultivated and five wild 
replicates of Aspalathus linearis at the start (January 2003) and the end (January 
2004) of the period of observation at Blomfontein (BF) and Landskloof (LK). No 
statistically significant differences were found (at p<0.05) between sites and types.

Year Site ID Type Average plant height 
(cm)

Average plant volume 
(dm3)

2003 BF Cultivated 107.8a ± 12.7 758.8a ± 287.9

BF Wild 85.4a ± 24.0 545.9a ± 398.6

LK Cultivated 109.0a ± 7.4 598.4a ± 193.4

LK Wild 107.0a ± 13.0 825.0a ± 257.7

2004 BF Cultivated 127.2a ± 9.6 1186.5a ± 351.0

BF Wild 91.2a ± 18.5 712.0a ± 344.6

LK Cultivated 130.7a ± 14.5 941.7a ± 522.6

LK Wild 103.4a ±   7.2 760.8a ± 111.2
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ANOVA tests revealed no significant differences in plant height or plant volume of 

cultivated and wild individuals at the 5% significance level, nor were there any site by 

type differences at Blomfontein and Landskloof for 2003 and 2004 (Table 4.3).

Table 4.3:  ANOVA summary table showing average plant height and volume of five 
replicates of cultivated and wild Aspalathus linearis selected for comparative 
phenology studies at Blomfontein (BF) and Landskloof (LK). 

Source of Variation            DF    SS MS F P

Plant height 2003 (cm)
Site ID 1 649.8 649.8 2.7 0.12
Type ID 1 744.2 744.2 3.1 0.10
Site ID x Type ID 1 520.2 520.2 2.2 0.16
Error 16 3 846.0 240.4

Plant volume 2003 (  dm3)  
Site ID 1 1 74.1 174.1 0.2 0.66
Type ID 1 1.3 1.3 0.0 0.96
Site ID x Type ID 1 2 398.1 2 398.1 2.8 0.11
Error 16 13 738.4 858.6

Plant height 2004 (cm)
Site ID 1 606.9 606.9 2.2 0.16
Type ID 1 691.2 691.2 2.5 0.13
Site ID x Type ID 1 403.2 403.2 1.5 0.24
Error 16 3 826.0 273.3

Plant volume 2004   (dm3)  
Site ID 1 1 74.1 1 74.1 0.6 0.45
Type ID 1 101.90 101.90 0.1 0.74
Site ID x Type ID 1 1 154.63 1 154.63 1.3 0.28
Error 16 12 883.4 920.2
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4.3  .3       Changes in volume of wild and cultivated   Aspalathus linearis  

Plant volume of cultivated individuals generally increased throughout the study period 

at Blomfontein, with marked increases in 2003 from January to March 2003 and July 

to September (Fig. 4.1).  The slight decrease in plant volume during October was 

followed by further growth from October to December 2003.   Cultivated plants at 

Landskloof showed a relatively rapid increase between January and June 2003, a 

decrease between Jul to Sep of the same year and another increase again after this. 

After  12 months,  cultivated plants  had increased in  volume by 56% and 50% at 

Blomfontein and Landskloof, respectively. Wild plants at Blomfontein showed a 30% 

increase  in  plant  volume  over  the  same  period  of  observation,  while  those  at 

Landskloof had decreased by 8%.
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Figure 4.1:  Changes in plant volumes (dm3) of cultivated (unshaded bars) and wild 
(shaded bars) Aspalathus linearis plants at Blomfontein (BF) and Landskloof (LK), 
January 2003 – January 2004. The graph includes average monthly rainfall recorded 
at Landskloof and Glenlyon, a farm five km’s south of Nieuwoudtville. Data for 
Glenylyon was supplied by the land owner, Mr. Neill McGregor.

4.3.4       Timing of growth and abscission  

48



Shoot growth was observed in all wild and cultivated individuals at Blomfontein and 

Landskloof  during  January  and  February 2003  (Fig.  4.2a &  4.2b).   Amongst  the 

cultivated plants at Blomfontein, shoot growth continued one month longer than for 

wild  counterparts until  March 2003.   A second phase of  shoot  growth  followed a 

period of dormancy (March – June 2003) and the % wild individuals with new shoot 

growth gradually increased from 20% in July to 100% in October 2003.  In contrast, 

new shoots were observed in cultivated individuals every month except during April 

2003.  However, the % individuals during this period stayed at a constant average of 

20% (one individual) until spring growth in October.  From October 2003 to January 

2004, shoot growth was observed for 100% of wild and cultivated A. linearis shrubs 

at Blomfontein.  Shoot growth phenophases corresponded with periods of abscission, 

particularly during January and February 2003.

At Landskloof, the shoot growth followed a bimodal trend, with peaks during January 

and February.   A peak in shoot  growth  in the % wild  individuals  (Fig.  4.2b) was 

followed by a corresponding peak in abscission during the following November (Fig. 

4.2d).  Shoot  growth  was  still  observed  in  cultivated  plants  during  March  and 

continued throughout the study period with a reduction from April to August, similar to 

trends in cultivated individuals at Blomfontein.  

Abscission, similar to shoot growth, showed a bimodal pattern in the cultivated and 

wild  plants  under  observation  (Fig.  4.2c  &  4.2d),  but  a  higher  percentage  of 

individuals  shed  litter  at  the  xeric  site.   Litterfall  was  minimal  during  the  winter 

months, from March to June.  Average weight of leaf litter was significantly different 

between sites and between rooibos  types.   These were  reflected in  site  by type 

differences (Table 4.5).  Although differences in average weights of abscised flowers 

were  insignificant  between  sites  and  types,  immature  fruits  and  pods  showed 

significant differences between sites only.  There was also a site difference in the 

mean weights of pods.  Total litter weights were significantly different between wild 

and cultivated rooibos tea.
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Blomfontein Landskloof

Shoot growth
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Fig 4.2: Shoot growth (a) and abscission (b) of wild and cultivated A. linearis individuals 
at Blomfontein compared with shoot growth at Landskloof (c) and abscission at 
Landskloof (d). Data recorded over 12 months from in January 2003, January 2004 for  
cultivated (unshaded bars) and wild (shaded bars) individuals.
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4.3.5       Monthly shoot growth  

Monthly  shoot  length  increased  in  wild  and  cultivated  plants  at  Blomfontein  and 

Landskloof between January and February 2003 (Fig. 4.3).  Wild plants at both sites 

gradually decreased in shoot length with little variation until October 2003.  A similar 

trend was observed in the cultivated individuals at both sites over the same three-

month period.  While shoot length increased in wild individuals at Blomfontein during 

October  2003  to  January  2004,  members  of  the  wild  populations  at  Landskloof 

showed a gradual decline in shoot length from February 2003 to the end of the study 

period in January 2004. 

Average monthly shoot length was significantly different between wild and cultivated 

plants at the two sites in both years (Table 4.4 & 4.5).  After 12 months of growth 

average  shoot  lengths  of  rooibos  plants  (Table  4.4)  were  significantly  different 

between wild and cultivated plants at the two sites (Table 4.5).  Shoot growth rate 

was  consistently  highest  at  Blomfontein  and  lowest  at  Landskloof,  for  wild  and 

cultivated plants.  
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Figure 4.3:  Average monthly shoot length (cm) recorded from January 2003 to 
January 2004 for cultivated and wild Aspalathus linearis plants at Blomfontein (BF) 
and Landskloof (LK).
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Table 4.4:  Differences in average shoot lengths (Jan 2003 and Jan 2004) (cm ± std 
dev) and shoot growth rate (Jan 2003-Jan 2004) (cm.month-1 ± std dev)) between 
cultivated and wild Aspalathus linearis plants at Blomfontein (BF) and Landskloof 
(LK).  Statistically significant differences (p<0.05) for each variable between sites and 
biotypes are denoted by different superscripts.

Table 4.5:  ANOVA summary table showing average shoot length of cultivated and 
wild Aspalathus linearis selected for comparative phenology studies at Blomfontein 
(BF) and Landskloof (LK). The study was conducted from January 2003 to January 
2004. Statistical significance at p< 0.05 is indicated with an asterisk (*).

Source of Variation DF SS MS F P
Shoot length 2003 (cm)
Site ID 1 54.2 54.2 1.3 0.27
Type ID 1 858.9 858.9 20.4 0.00*
Site ID x type ID 1 1.1 1.1 0.0 0.88
Error 16 674.0 4.2
Shoot length 2004 (cm)
Site ID 1 1 665.6 1 665.6 2.6 0.13
Type ID 1 1 963.1 1 963.1 3.1 0.00*
Site ID x type ID 1 2 153.1 2 153.1 3.4 0.08
Error 16 10 278.9 642.4
Shoot growth rate (2003-2004) 

(cm.month  -1  )  
Site ID 1 1.9 0.7 2.7 0.09
Type ID 1 1.5 6.2 24.5 0.13
Site ID x type ID 1 0.0 0.0 0.0 0.88
Error 16 4.0 0.3
4.3.6 Litterfall

Average  cumulative  weight  of  litter  material  collected  from  wild  individuals  at 

Landskloof  was  significantly  different  from  cumulative  litter  weights  of  all  other 

sample plants under observation (Fig. 4.4, Table 4.6).  Total weight of litterfall was 

highest at the mesic site (Blomfontein) for wild and cultivated biotypes, exceeding 

weights of wild and cultivated counterparts at the xeric site (Landskloof) by 32% and 

Site ID Biotype Average shoot length (cm) Average monthly 
shoot growth rate 

(cm/month-1 )

          2003          2004       2003-2004

BF Cultivated 46.1a ± 5.2    59.2 a ± 7.1          1.1a ± 0.9

BF Wild 35.5b ± 7.7 37.8 b ± 2.4       0.4a ± 0.7

LK Cultivated 48.9a ± 7.8 57.0 a ± 15.3       0.4a ± 1.2

LK Wild 36.3b ± 4.6 34.2 b ± 4.8         -0.2b ± 0.3
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41%, respectively (Fig. 4.4).  A trade-off between biomass growth and reproductive 

output was reflected in a breakdown of the weights of litter components (Fig. 4.5).
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Fig  4.4:  Cumulative  litter  weights  (+std  error)  collected  from  cultivated  and  wild 
Aspalathus linearis plants at Blomfontein (BF) and Landskloof (LK) between January 
2003 and January 2004.
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Fig. 4.5: Average % weight of litter components of cultivated and wild Aspalathus 
linearis individuals collected over 12 months since January 2003.
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Table 4.6:  ANOVA summary table showing average weights of leaves, flowers, fruits 
and pods of wild and cultivated Aspalathus linearis. Selected plants were observed at 
Blomfontein (BF) and Landskloof (LK). The study was conducted from January 2003 
to January 2004. Statistical significance at p< 0.05 is indicated with an asterisk (*).

Source of Variation DF SS MS F P

Leaf litter weight (g)
Site ID 1 5.0 5.0 3.1         0.10
Type ID 1 66.2 66.2 40.1 0.00*
Site ID x type ID 1 15.6 15.6 9.4          0.01
Error 17 23.1 1.6

Flower litter weight (g)
Site ID 1 0.0 0.0 0.0 0.93
Type ID 1 1.8 1.8 0.9 0.36
Site ID x type ID 1 3.2 3.2 1.6 0.23
Error 17 28.6 2.0

Fruit litter weight (g)
Site ID 1 763.4 763.4 3.3 0.09
Type ID 1 1 285.4 1 285.4 5.6 0.03
Site ID x type ID 1 48.0 48.0 0.2 0.65
Error 17 3 217.3 229.0

Pod litter weight (g)
Site ID 1 1.6 1.6 18.0 0.00*
Type ID 1 1.0 1.0 11.5 0.00*
Site ID x type ID 1 1.2 1.2 14.2 0.00*
Error 17 1.2 1.1

Total litter weight (g)
Site ID 1 716.7 716.7 3.0         0.11
Type ID 1 1 904.0 1 904.0 7.9 0.01*
Site ID x type ID 1 34.6 34.6 0.1         0.71
Error 17 3 367.6 240.5

4.  3.7       Reproduction  

Flowering was limited to summer months and occurred twice within the latter months 

of  the study period across sites and biotypes (Fig.4.6a & b).   At Blomfontein the 

maximum  number  of  flowering  individuals  (100%  of  wild  and  70%  cultivated 

individuals) were recorded during January 2003.  The number of flowering individuals 

gradually  decreased until  the end of  the  phenophase by April  2003.   Landskloof 

yielded  similar  results,  with  the  exception  of  the  cessation  of  flowering  in  wild 

individuals one month prior to those at Blomfontein.  Flowering commenced at both 
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sites during September 2003 and, at Blomfontein continued throughout the rest of the 

study period until January 2004.  Wild and cultivated plants at Landskloof flowered 

only during October 2003 and January 2004 during this reproductive cycle.

Immature fruits were  present  throughout  the year,  except  during September (Fig. 

4.6c & d).   While  more individuals  bore fruits  at  Blomfontien  during  the summer 

months of  2003 and 2004,  fruiting activity was generally  limited to those periods. 

However, fruiting of fewer individuals occurred, but was observed almost throughout 

the year at Landskloof. At both sites fewer wild rooibos plants produced reproductive 

organs compared with their cultivated counterparts (Fig. 4.6a-f)

4.5. Discussion

During 10 interviews conducted with as many local harvesters in the Suid Bokkeveld 

between March and December 2003, all respondents stated that wild rooibos differs 

from the cultivated plants in terms of morphology, growth and flowering patterns, and 

in  their  responses  to  fire  and  harvest  regimes.   These  statements  are  partially 

confirmed  by  results  of  monthly  field  observations  made  on  the  phenological 

schedules of growth, reproduction and abscission in wild and cultivated Aspalathus 

linearis plants. Wild individuals at Blomfontein were observed to grow prostrate and 

were wide in length and breadth while wild plants at Landskloof were tall and erect in 

their  growth  forms.  Plant  morphology  was  more variable  in  wild  plants  cultivated 

plants, a finding commonly cited in several studies on the species (Dahlgren 1968, 

Van der Bank et al. 1999, Van Heerden et al. 2003). 
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Figure 4.6: Monthly % of A. linearis individuals observed with flowers, immature fruits and mature fruits 
at Blomfontein (BF) and Landskloof (LK) within five cultivated and five wild individuals between January 
2003 and January 2004. 
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The  morphological  differences  between  wild  and  cultivated  rooibos  plants  could 

possibly  be  ascribed  to  differences  in  life-history  strategies.   In  accordance  with 

information  gained  during  the  interviews,  the  literature  confirms  that  Aspalathus 

linearis displays  both reseeding and resprouting  life  history  strategies  in  a single 

species (Dahlgren 1968, Schutte et al. 1995, Van der Bank et al. 1995, 1999, van 

Heerden et al. 2003).  It is probable that wild populations in the Suid Bokkeveld, fall 

within the “northern resprouter” category, according the descriptions by Van Heerden 

et  al.  (2003),  while  the  commercially  popular  Rocklands  type  is  known  to  be  a 

“seeder”.  Genotype, the age of the plants, environmental factors and disturbance 

history should also be taken into account in understanding the differences in height 

and morphology observed in the field and reported by interview respondents.  

Landskloof was the only site where fatalities occurred, resulting in the loss of 3 out of 

five individuals by July 2003.  Reduction in the sample number accounts for the high 

degree of  variation in  the datasets for  cultivated plants  at  Landskloof.   Wild  and 

cultivated plants at both sites and at Landskloof in particular, gradually deteriorated 

as they were left unharvested between 2003 and 2004, resulting in a decrease in 

average plant volume of 8% by January 2004. In contrast, surrounding rooibos plants 

that  had been harvested in  January 2003 showed signs  of  health  and vigour  12 

months  later.   The differences  in  the  condition  of  harvested  versus  unharvested 

plants clearly demonstrated the importance of harvesting for the stimulation of new 

growth,  particularly  at  the  xeric  site  where  leaving  plants  unharvested  had  a 

deleterious effect on cultivated individuals.

Notably,  the  number  of  individuals  with  new  shoots  peaked  during  the  periods 

between  August  and  May,  which  corresponds  with  Stassen’s  (1987)  report  of 

cultivated rooibos growth during the same period.  Minimal aerial growth throughout 

March to June, and more so in wild individuals than in cultivated plants, is probably 

an  indication  of  the  trade-off  between  aboveground  and  belowground  biomass 

growth. Shoot growth in wild  A. linearis generally occurred from July to February, 

while  shoot  growth  in  cultivated  plants  continued  almost  throughout  the  year, 

indicating a higher level of growth response to external factors in cultivated rooibos 

than  in  wild  plants.  Leaf  growth  patterns  were  erratic  and  followed  no  seasonal 

patterns, but showed a strong response to precipitation. New leaves appeared soon 

after even light precipitation events (<5 mm) and in response to heavy mist or dew.  
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In the Suid Bokkeveld, the months June to March correspond with peaks in winter 

and summer rainfall, and according to Stassen (1987) are the months during which 

concentrations of soluble sugars, starches and carbohydrates increased in cultivated 

rooibos plants.  Assuming that wild A. linearis plants allocate reserves and nutrients 

to underground lignotuber development during these winter months, it is clear that 

harvesting during this phenophase has implications for regrowth and reproduction of 

wild rooibos.  Harvesting is most likely to stimulate regrowth at a threshold gradient 

that favours sufficient allocation of nutrients for the shoot growth and reproduction 

phenophases.

Later onset of shoot growth in wild plants at Landskloof and Blomfontein relative to 

cultivated plants represents a lag in the optimal harvesting window.  Since leaves 

and  shoots  are  harvested  for  the  production  of  rooibos  tea,  it  would  be  in  a 

harvester’s best  interest  to harvest at  that  crucial  stage between peak periods of 

shoot growth and liitterfall to procure maximum harvestable biomass. Wild rooibos 

may  thus  be  harvested  later  than  cultivated  tea  without  jeopardising  maximum 

harvestable biomass. These results support the current common practice in the area. 

According to several  interviewees,  as well  as Mr. Koos Koopman, it  is  a general 

practice in the Suid Bokkeveld to start the harvesting of wild rooibos one month after 

the cultivated plants had been harvested. Growth and abscission schedules and the 

inter-relationship  between  endogenous  phenology  schedules  and  exogenous 

environmental  factors  have  direct  bearing  on  the  season  of  harvest.   Their 

implications  are  further  examined  in  Chapter  6  where  harvest  seasonality  is 

discussed.

Monthly shoot growth further confirms that wild rooibos is slower to produce above 

ground  biomass than  cultivated plants.   At  both  Blomfontein  and Landskloof  the 

differences in average monthly shoot growth between wild and cultivated A. linearis  

plants was  similar.   Respondents  indicated  that  wild  rooibos  tea  yields  optimal 

harvestable biomass if harvested once every alternate year.  Interestingly, one of the 

older harvesters and residents of the Suid Bokkeveld commented that harvesting of 

wild rooibos depends on rainfall.  According to this respondent, a long time resident 

and harvester in the Suid Bokkeveld who was interviewed at Blomfontein in 2003:

“Wild rooibos can be harvested every year, even twice in the same year.  But only  

when it’s a good rainfall year.  We haven’t had a year like that since the 60’s.  These 

days, one can only harvest once every two years… because of the drought.”
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Characteristic of the region, aridity is most pronounced during the summer months. 

Landskloof, the xeric site, showed substantial declines in shoot growth in wild and 

cultivated rooibos during the summer months from October onwards.  Incidentally, 

this is the time of the flowering and fruiting phenophases in A. linearis (Stassen 1987) 

and  precedes  the  start  of  the  harvesting  season  in  December/January  by  two 

months.  On the contrary, the rise in shoot growth at the mesic site indicates that 

these plants  had the  ability  to  increase in  growth  despite  the  demands on plant 

reserves for the production of flowers and fruits.  Aridity limits biomass production, 

especially  in  cultivated  rooibos.   However,  while  wild  rooibos  plants  are  slower 

growing  than  the  cultivated  plants,  they  proved  able  to  sustain  growth  more 

consistently during periods of drought stress.  These findings confirm statements by 

interviewees that wild rooibos is in fact more resilient to drought than cultivated plants 

of the species.

Wild  A. linearis plants were more conservative in their abscission of litter material 

than  cultivated  individuals.   A  break  down  of  litter  material  into  the  products  of 

different  phenophases  provided  further  evidence  of  increased  growth  and 

reproduction  output  in  cultivated  rooibos  relative  to  wild  plants.   This  could  be 

ascribed to the higher rates of growth and reproduction in the cultivated seeders.  In 

addition  cultivated plants  are relatively  more sensitive to drought  stress and their 

heightened productivity in response to adverse environmental conditions would have 

resulted in increased litterfall during the abscission phenophase.  Compared with wild 

plants at Blomfontein, those at Landskloof had the highest percentage of abscised 

flowers.  The percentage weight of leaves showed an inverse relationship with the % 

weight of flowers, indicating the trade-off between leaf and flower production.

Wild  and cultivated rooibos individuals  exhibited  strong summer-autumn flowering 

trends at both the mesic and xeric sites.  Flowering was bimodal at both sites and for 

both types of rooibos.  Three interviewees from three different farms in the area (two 

of  them from the sites  in  question)  reported  excessive  flowering  during  years  of 

drought stress, and added that the second bout of flowering would not produce viable 

seed.  Wild plants were later to flower than cultivated individuals at both sites.  Given 

the lag in growth mentioned above, it may be that later flowering in wild plants is the 

result of a higher turnover of phenophases in cultivated plants.  This is difficult to 

ascertain given the short period of observation over twelve months and that the study 

was conducted during a drought cycle.
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4.6 Conclusions
According  to  local  harvesters  wild  rooibos  is  morphologically  more  varied,  more 

robust and better able to survive disturbances or adverse growing conditions (e.g. 

drought,  harvesting,  and  damage  caused  by  pests  and  disease)  than  cultivated 

rooibos. After leaving plants unharvested for twelve months plant volume decreased 

by 8% and caused mortality of three plants at the xeric site. At the mesic site the 

increase in  plant  volume of  cultivated individuals  exceeded that  of  wild  plants  by 

26%. Wild plants were slower growing, more conservative in their abscission of plant 

material and more consistent in their  growth than cultivated plants. However,  wild 

plants  at  the  xeric  site  (Landskloof)  abscised  more  material  than  their  cultivated 

counterparts on the same farm, and wild and cultivated plants at Blomfontein, the 

mesic site.   Growth,  reproduction and abscission schedules of wild  plants lagged 

behind those of cultivated plants by approximately one month, suggesting a later 

harvest window for wild rooibos than for cultivated plants.

Differences  in  life-history  strategy  of  wild  sprouting  and  cultivated  seeding 

Aspalathus linearis plants in the Suid Bokkeveld probably account for most of the 

differences  between  wild  and  cultivated  rooibos.  Since  wild  rooibos  populations 

demonstrate congeneric speciation in the same environment they would be ideal for 

comparative studies with other wild seeding and sprouting populations elsewhere in 

the  area.   Given  the  limitations  of  low sample  numbers  and  a  limited  period  of 

observation  of  one year  during a  drought  cycle,  there are questions  around wild 

rooibos  that  deserve  further  attention  under  different  frame  conditions.   Further 

investigation on the responses of sprouting and seeding rooibos plants to harvest 

and fire management regimes are crucial for the management and conservation of 

wild rooibos plants. In addition, given the interview accounts of excessive flowering of 

rooibos during periods of drought stress and the growth response to rainfall and other 

forms of precipitation, the impact of drought and other effects of climate change on 

plant growth in such a low nutrient environment  as the Suid Bokkeveld warrants 

urgent research attention.
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Chapter 5: The effect of harvest height on phenology and regrowth of 
wild rooibos (Aspalathus linearis)

5.1 Introduction
Wild rooibos tea harvesting is an important aspect of livelihood sustainability for rural 

communities in the Suid Bokkeveld (Chapter 2).  In 2001 wild rooibos tea’s economic 

value was enhanced with the establishment of a niche fairtrade market for organic 

tea from the wild.  Small-scale farmers and harvesters rely on the natural sustainable 

growth of high quality biomass to supply this lucrative market.  Biomass quality, in 

turn, is dependent on the quantity, frequency and position (height) of harvest, as well 

as the plant’s phenology in relation to the timing and amount of precipitation.  Where 

harvesters are paid per unit wet weight, there is increased economic pressure to over 

harvest from individual plants by harvesting as low to the ground as possible, thus 

including heavier, but unusable thick stems in the harvested bundle.  The effects of 

harvest height on the regeneration of wild rooibos tea are not known.  However, local 

knowledge suggests that a low harvest height reduces the plant’s ability to recover 

sufficient biomass for profitable harvest the next year.

Generally  there  is  a  trade-off  between  the  height  of  harvest  and  the  degree  of 

regrowth.  In an experiment on the effect of grazing selection and height on regrowth 

of the grass Themeda triandra, Dube et al. (2000) found that severe grazing resulted 

in reduced nutrient levels, which in turn, reduced the quantity and quality of regrown 

biomass.  Similar results have been reported for a range of sprouter species, e.g. 

Ipomoea batatas (sweet potato) (An et al. 2003) and Eucalyptus marginata (Abbott et 

al. 1993).  Collin (2000) found that harvest height, together with the time and position 

of harvest determined optimal growth in common ash seedlings (Fraxinus exeslior). 

Teague (1988) reported that severe harvesting and grazing of the leguminous Acacia 

karroo reduced  plant  reserves,  and  thus  compromised  post-defoliation  regrowth. 

However,  a  light  defoliation  regime  favoured  photosynthetic  rates  and  biomass 

production.  Similar  to  wild  rooibos  tea,  the  lignotuberous  Agathosma  betulina, 

popularly known as buchu and harvested in the Cederberg is in growing demand. 

The buchu industry was valued at R 1.5 million two years ago (Turpie et al. 2003) 

and increasing prices have led to higher risks of overexploitation.  A study by De 

Ponte  Machado  (2003)  on  the  sustainable  harvesting  of  Agathosma  betulina 

suggested  that  lowered  harvest  height  and  increased  harvest  frequency  have  a 
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negative effect on post-harvest regrowth and can lead to heightened incidences of 

mortality.

Plant regrowth and its relationship with moisture availability is species specific, and is 

influenced by plant phenology (Pavon 2001, Whitehead et al. 2004).  While Teague 

(1988) found soil moisture to be of significantly less consequence than defoliation 

intensity in the regrowth of Acacia karroo, Milton (1988) reported a direct correlation 

between moisture availability and growth for  A. tortilis.  Studies on smooth brome 

(Bromus inermis Leyss.) and Kentucky bluegrass (Poa pratensis L.) (Donkor et al. 

2002) showed that moisture did not have a significant effect on underground plant 

storage reserves.  Moisture stress did, however, result in a significant increase in root 

to shoot ratio and a significant decrease in crude protein yield.  In a study on the 

leguminous  A. karroo, plants with  the same harvest  height  yielded the same leaf 

output as plants subjected to 4-weekly and 12-weekly harvests.  Site moisture also 

had no significant effect on regrowth.  These results suggested that harvest height, 

more  than  harvest  frequency  or  rainfall,  determined  the  degree  of  post  harvest 

regrowth (Teague 1988).

Stassen’s (1987) investigation on optimal harvest height for cultivated  Aspalathus 

linearis plants revealed that a higher harvest height increased biomass production by 

8%.  Furthermore,  after  the third harvest  season regrown biomass of  plants with 

respective harvest heights of 30 cm and 45 cm showed no significant differences. 

However, in stronger favour of increased harvest height, Stassen (1987) contended 

that a harvest wound lower down on the thicker stems resulted in a larger exposed 

surface area,  which  was  more susceptible  to  fungal  infection  than shoots  with  a 

smaller harvest diameter higher up in the plant structure.  According to Stassen the 

losses (reported for 90% of a production area spanning 8 490 ha as reported by the 

Rooibos Tea Board in 1977) could be attributed to die back caused in this manner. 

Two sites in Nieuwoudtville within the production area cited suffered losses of 71.1% 

and 45.8% respectively of harvestable biomass in plants five years and older.  The 

effects  of  harvest  height  on  regrowth  of  cultivated  rooibos  tea  were  sufficiently 

significant  to  warrant  communication  to  farmers  in  a  popular  article  in  the 

Landbouweekblad.   In  the  article  Schlesinger  (1988)  reported  Stassen’s  (1987) 

results and suggested that higher harvest heights would increase biomass regrowth 

and minimise the potential for fungal infection in cultivated rooibos tea. 
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In addition to biomass regrowth, effects of harvest height on plant reproduction have 

been  reported  for  a  number  of  plant  species.   Efforts  to  elucidate  sustainable 

harvesting practices for hardwoods, shrubs and conifers led MacDonald et al. (2004) 

to conclude that lowered harvest height had a negative impact on reproduction of the 

cone-bearing plants.   Anderson et  al.  (2003) observed an increase in above and 

below ground biomass, but a significant decline in reproduction of grassland species 

under  severe defoliation  treatments.   Members  of  Eucalyptus  spp.  (Wirthensohn, 

1998)  subjected to different  harvest  heights  similarly  showed a trade-off  between 

harvest height and reproductive output.  

For this part of the study I adopt an experimental approach to investigate the effect of 

harvest height on regrowth and reproductive output in wild rooibos plants from the 

Suid Bokkeveld.  I asked the following questions:

• Is there a significant difference in post-harvest biomass yield 12 months after 

initial harvest in plants subjected to moderate and severe harvests at a mesic 

and xeric site?

• How does harvest  height  affect  the  phenology  and reproductive  output  of 

moderately and severely harvested plants at the two sites?

The  objective  of  the  study  was  to  generate  results  on  which  to  base 

recommendations  for  the  optimal  harvest  height  for  wild  rooibos  tea  in  the  Suid 

Bokkeveld.

5.2 Methods

5.2.1       Study area  

Wild  A.  linearis  plants  were  subjectively  selected from two  farms along a  rainfall 

gradient in the Suid Bokkeveld escarpment of the northern Cederberg.  The mesic 

site, Blomfontein (31°43'58"; 19°08'20") has a mean annual rainfall of 300 mm while 

Landskloof (31°49'48"; 19°03'50"), the xeric site, has a mean annual rainfall of 150 

mm.  

Monthly  rainfall  was  measured  with  manual  rain  gauges  at  Blomfontein  and 

Landskloof.   However,  due  to  a  lack  of  confidence  in  the  monthly  readings  for 

Blomfontein, rainfall  data was also sourced from Glenlyon, a farm situated 45 km 

north of the Blomfontein study site but at approximately the same elevation (750 m 
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above sea level).  By comparison, elevation at Landskloof was recorded at 470 m. 

Because  the  amount  of  annual  rainfall  in  the  region  is  strongly  correlated  with 

elevation, Glenlyon was considered a suitable surrogate station for Blomfontein and 

one with which to contrast rainfall data from Landskloof.

5.2.2       Harvest treatment  

Ten plants  of  similar  volume and  morphology  were  selected  at  each  site.  Great 

variation in plant morphology within populations comprising less than 40 individuals 

was recognised to be a limitation.  To minimise the effects of variation on results, few 

samples  with  similar  morphological  traits  were  selected.   Shrub  volume  was 

calculated  as  if  the  plant  were  an  oblate  spheroid  (Phillips  &  McMahon  1981) 

according to the formula:

V = π a  2   X b  

6

where:

V = volume

a = the average of length and breadth, or height, whichever is shorter

b = the average of length and breadth, or height, whichever is the longer 

Plant height, canopy spread (measured as the length of two orthogonal axes) and 

basal diameters were recorded for each selected plant.   This was done to ensure 

that the results of harvest treatments were not biased by observed plant size and 

potential differences in below-ground resources which were assumed to be related to 

above-ground biomass.  

A moderate harvest treatment (approximately 60 – 70% of harvestable volume) was 

administered to five plants and a severe harvest treatment (removal of approximately 

80 – 90% of harvestable volume) was carried out on the remaining five plants at each 

site (Photo 5.1).  Plants were harvested initially during March 2003, the middle month 

of the conventional harvesting season in the Suid Bokkeveld.  Mr J. Paulse and Mr. 

J. Koopman, experienced harvesters in the region, carried out moderate and severe 

harvest treatments at Blomfontein and Landskloof, respectively.  Post-harvest plant 

height  (which is the same as the harvest height),  remaining plant  canopy spread 

(calculated as above) and branch diameter at the height of harvest of five harvested 

branches on each plant were measured immediately after the harvest.  Stakes and 

tags  were  used to  mark  sampled  individuals  and  arrangements  were  made with 
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harvesters and land users regarding public access to the sites and protection from 

harvesting of individual plants.

Harvested material was placed in large brown paper bags and marked according to 

date, site ID, plant ID and treatment ID.  All samples were oven dried at 75 °C for 

seven days to ensure complete drying.  Wet weights were not considered.  Samples 

were all weighed on the same electronic balance.  Stems and leaves were separated 

after drying.  Dry weights of stems, leaves, total dry weights and leaf to stem ratios 

were compared across treatments and sites.

Monitoring of the phenology of harvested plants took place during the last week of 

every month for  twelve  months between March 2003 and March 2004.   Monthly 

recordings included plant height, plant canopy spread, presence of shoot and leaf 

growth,  and  litter  fall.  The sequential  visibility  of  flower  buds,  flowers,  pods  and 

mature fruits were recorded as measures of reproduction rates.

Photo 5.1: Stems of harvested cultivated rooibos plants indicating a severe harvest.
Photo: Noel Oettlé.
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The same plants  that  were  harvested  in  2003  were  re-harvested  at  the  original 

harvest height in March 2004. Harvested material was again dried and separated into 

stems and leaves.  The % regrowth was calculated as the weight of the regrown 

material divided by the weight of the initial harvest material, multiplied by 100. 

5.2.3       Statistical analyses  

The experimental design fitted a Model 1, 2 X 2 factorial ANOVA design (Zar 1974). 

Statistically significant differences across treatments and sites were tested using an 

analysis  of  variance  tool  (ANOVA).   Where significant  differences were  detected 

across sites or harvest treatments, a post-hoc Tukey’s honestly significant difference 

(HSD) test was performed to detect the source of variation. All statistical analyses 

were conducted using STATISTICA 7 software package (STATISTICA 7, 2004).  All 

statistical  tests  were  conducted at  the  5% significance level  (P<0.05).   Variables 

were tested for normality of distribution and those that were not normally distributed 

were log transformed (Zar 1974) before analysis.

One  of  the  severely  harvested  individuals  at  the  xeric  site,  Landskloof,  died  in 

September  2003,  seven  months  after  the  initial  harvest  treatment.  The  sample 

number  at  Landskloof  for  plants  under  the  severe  harvest  treatment  was  thus 

reduced from n = 5 to n = 4 after September 2003.  ANOVA’s were conducted on the 

average dry weights of leaves and stems and on total weight and leaf to shoot ratio 

after moderate and severe harvests at Blomfontein and Landskloof.  Each variable 

was analysed separately to test for differences across sites and harvest treatments. 

Harvested material  was separated and analysed separately for 2003 (n = 5) and 

2004 (n = 4),  respectively.   To avoid  bias in  the analysis  of  dry  weights  and % 

regrowth  weight  due  to  the  death  of  the  individual  at  Landskloof,  comparisons 

between datasets preceding and following September 2003 were analysed using the 

Unequal N HSD test for the 2004 datasets. 

5.3 Results

5.3.1       Local knowledge on wild rooibos harvest height  

Harvesters usually select harvestable material from the crown rather than from the 

peripheral shoots at the basal stems of wild A. linearis individuals. Seeking out young 

shoots  from  amongst  thicker  stems  at  the  base  of  the  primary  stem  is  time 

consuming  and  awkward.  Besides  forfeiting  harvestable  leaves  and  stems,  the 
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branches left behind at the base of the stem develop thick bases, and so are not 

harvestable by the next year.  As one harvester pointed out: 

“...Jy moet hom nie te laag sny nie. Sny jy hom te laag, dan sny jy hom dood. En  

daai tak wat jy nou daar los, die’s volgende jaar net so `n stok.”  […You shouldn’t 

harvest it (wild rooibos tea) too low down.  Harvest too low down, and you harvest 

the plant to death.  And the branch you leave behind is just the same as last year.] 

(Interview # 1, Blomfontein, November 2003).

Harvesters demonstrated what they deemed reasonable harvest heights on actual 

plants.  Harvest height is usually estimated approximately an inch above the previous 

harvest  scar.  In  this  regard harvest  shoot  diameter  was one indirect  measure of 

harvest  height  that  was  common to local  and scientific  perception  and helpful  in 

quantifying what is otherwise a qualitative, intuitive measure. 

5.3.2       Differences in plant height, volume and basal diameter in selected plants  

Average plant height of wild  A. linearis individuals at Blomfontein selected for the 

study ranged between 73.2 cm and 74.0 cm,  while  those selected at  Landskloof 

ranged between 88.0 and 95.0 (Table 5.1).   

Table 5.1:  Average (+std dev) pre-harvest height, volume and basal diameter of five 
replicates  of  wild  Aspalathus  linearis selected  for  moderate  and  severe  harvest 
treatments  at  Blomfontein  (BF)  and  Landskloof  (LK).   Statistically  significant 
differences  (at  p<0.05)  between  sites  and  treatments  are  denoted  by  different 
superscripts. In all cases n = 5.

Site ID Harvest 
treatment

Average plant 
height

Average pre-harvest 
plant volume 

Average basal 
diameter

(cm) (dm3) (cm)

BF Moderate 74.0a ±   6.6 272.5a ± 173.1 10.8a ± 1.9

BF Severe 73.2a ± 10.3 314.8a ± 207.7 10.4a ± 1.5

LK Moderate 88.0ab ± 10.3 232.0a  ±  74.4 11.9a ± 1.3

LK Severe 95.0b ±   4.1 297.7a  ±  78.7 10.1a ± 2.4

An ANOVA indicated an inter-site difference in pre-harvest plant height of individuals 

selected  for  the  severe  and  moderate  harvest  treatments  at  the  two  sites, 

Blomfontein and Landskloof (P = 0.00, F = 23.5, n = 5) (Table 5.2).  However, further 
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analysis  showed no statistical  significance at p < 0.05 for inter-site differences in 

plant volume (F = 0.2, P = 0.66, n = 5) and basal diameter (F = 0.3, P = 0.58, n = 5). 

None of these variables showed significant site by treatment effects.

Table 5.2: ANOVA summary table showing average pre-harvest height, volume and 
basal diameter of five replicates of wild Aspalathus linearis selected for moderate and 
severe harvest treatments at Blomfontein (BF) and Landskloof (LK). In all cases n = 
5 and statistical significance at p< 0.05 is indicated with an asterisk (*).

Source of Variation    DF     SS     MS         F      P

Pre-harvest height (cm)
Site ID 1 1 602.1 1602.1 23.5 0.00*
Harvest treatment 1 48.0 48.0 0.7     0.41
Site ID x harvest treatment 1 76.1 76.1 1.1       0.31
Error 16 1 092.8 68.3

Pre-harvest volume (d  m  3  )  
Site ID 1 41.5 41.51 0.2 0.66
Harvest treatment 1 145.8 145.8 0.7 0.42
Site ID x harvest treatment 1 6.8 6.8 0.0 0.86
Error 16 3 394.4 212.1

Pre-harvest basal diameter (cm)
Site ID 1 0.9 0.9 0.3 0.58
Harvest treatment 1 6.1 6.1 2.1 0.17
Site ID x harvest treatment 1 2.5 2.5 0.8 0.38
Error 16 47.4 3.0

5.3.2       Harvest treatment  

The post-harvest height of moderately and severely harvested plants at Blomfontein 

was significantly different from the height of moderately harvested, but not severely 

harvested plants at Landskloof (Table 5.3).  

Table 5.3: Average (+std dev) harvest height, % harvested plant volume and harvest 
shoot  diameter  for  five  moderately  and  five  severely  harvested  wild  Aspalathus 
linearis plants  at  Blomfontein  (BF)  and  Landskloof  (LK).   Statistically  significant 
differences (at p<0.05) for each variable between sites and treatments are denoted 
by different superscripts. 

Site ID Harvest treatment Average 
harvest height 

Average 
volume 

harvested 

Average 
harvest shoot 

diameter 
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(cm) (%) (mm)

BF Moderate 42.2a ± 5.2 64.6a ± 6.6 2.1a ± 0.3

BF Severe 35.4a ± 8.8 85.3b ± 5.9 4.4b ± 0.8

LK Moderate 51.8b ± 6.3 71.8a ± 6.0 1.9a ± 0.3

LK Severe 38.8a ± 4.7 86.9b ± 3.8 4.1b ± 0.3

An ANOVA indicated statistically significant differences in mean post-harvest plant 

height between sites (F = 5.1, P = 0.04, n = 5) and between treatments in 2003 (F = 

11.9,  P =  0.00,  n  = 5)  (Table  5.4).   Since harvest  height  had been significantly 

different between the two sites in the first instance (see Table 5.1), harvest height 

was not a clear indicator of differences in harvest treatment. Mean % harvested plant 

volume and average harvest shoot diameter were used as indicators of the difference 

between moderate and severe harvest treatments. 

Significant differences in % harvested volume (F = 49.2, P = 0.00, n = 5) and harvest 

shoot  diameter  (F =  118.3,  P =  0.00,  n  =  5)  showed that  moderate and severe 

harvest treatments were,  in fact,  significantly different (Table 5.4).  There were no 

significant differences between sites for the two variables indicated. Nor were there 

site by treatment effects. 

In addition to the differences in average volume and average harvest shoot diameter 

between treatments, there were also significant  differences between treatments in 

the mass of leaves and stems harvested at the initial harvest as well as between the 

leaf:shoot ratio of moderately and severely harvested plants (Tables 5.5 & 5.6).
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Table 5.4: ANOVA summary table showing average post-harvest height, volume and 
harvest  shoot  diameter  of  five  replicates  of  wild  Aspalathus  linearis  selected  for 
moderate and severe harvest treatments at Blomfontein (BF) and Landskloof (LK). In 
all cases n = 5 and statistical significance at p< 0.05 is indicated with an asterisk (*).

Source of Variation DF SS MS         F   P

Post-harvest height (cm)
Site ID 1 211.3 211.3 5.1 0.04*
Harvest treatment 1 490.0 490.0 11.9 0.00*
Site ID x harvest treatment 1 48.1 48.1 1.2     0.30
Error 16 661.6 41.4

% Harvest volume
Site ID 1 94.0 94.0 2.9    0.11
Harvest treatment 1 159.1 159.1 49.2   0.00*
Site ID x harvest treatment 1 39.6 39.6 1.2    0.28
Error 16 517.5 32.3

Harvest shoot diameter (cm)
Site ID 1 0.4 0.4 1.8    0.20
Harvest treatment 1 26.0 26.0 118.3 0.00*
Site ID x harvest treatment 1 0.0 0.0 0.1    0.78
Error 16 3.5 0.2

Table 5.5: Average (+ std dev) dry weight (g) of wild Aspalathus linearis individuals at 
the time of the first experimental harvest in March 2003. Significant differences are 
indicated with different superscripts.

Site 
ID n Harvest 

treatment                                         Leaf/stem dry weight (g)

Leaves (g) Stems (g) Total (g) Leaf:shoot 
ratio

BF 5 Moderate 45.7a  ± 24.9 38.9a ± 25.0 84.6a ±   49.8 1.3ab ± 0.2

BF 5 Severe 99.5ab ± 53.2 103.4b ± 56.1 203.0b ± 108.4 1.0a  ± 0.1

LK 5 Moderate 50.7a  ± 18.3 37.2a ± 10.1 87.9a ±  27.3 1.4b  ± 0.2

LK 5 Severe 118.9b  ± 26.1 137.7b ± 43.9 256.6b ±  60.2 0.9c + 0.3

Table 5.6: ANOVA summary table showing leaf, dry weight, stem dry weight and total 
dry weight of five replicates of wild  Aspalathus linearis  selected for moderate and 
severe harvest treatments at Blomfontein (BF) and Landskloof (LK). In all cases n=5 
and statistical significance at p< 0.05 is indicated with an asterisk (*).
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Source of Variation DF SS MS F P

Leaf dry weight 2003 (g)
Site ID 1 740.5 740.5 0.7        0.43
Harvest treatment 1 18 623.3 18 623.3 16.7       0.00*
Site ID x harvest treatment 1 259.9 259.9 0.2       0.43
Error 16 17 870.0 1 116.9

Stem dry weight   2003 (g)  
Site ID 1 1 330.1 1 330.1 0.9       0.35
Harvest treatment 1 34 023.0 34 023.0 23.5 0.00*
Site ID x harvest treatment 1 1 618.2 1 618.2 1.1        0.31
Error 16 23 189.7 1 449.4

Total dry weight   2003 (g)  
Site ID 1 4 055.6 4 055.6 0.9       0.36
Harvest treatment 1 10 2990.0 10 2990.0 22.1 0.00*
Site ID x harvest treatment 1 3 175.2 3 175.2 0.7       0.42
Error 16 74452.7 4653.3

Leaf: stem ratio   2003 (g)  
Site ID 1 0.0 0.0 0.0       0.90
Harvest treatment 1 0.7 0.7 15.5 0.00*
Site ID x harvest treatment 1 0.0 0.0 0.3       0.57
Error 16 0.7 0.0
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5.3  .3       Effect of harvest height on plant growth   

Plant volume remained little changed for the first five months after the initial harvest 

in  March 2003 (Fig.  5.1).   However,  between August  and December 2003,  plant 

volume increased at both sites for both treatments.  Change in plant volume was 

most notable at the higher rainfall site of Blomfontein under both treatments.  Plants 

harvested severely at  Landskloof  yielded the lowest  volumes of  regrown material 

over 12 months and expressed the slowest growth rates of all harvested plants.

Rainfall and other forms of precipitation had an influence on regrowth (Fig 5.1), but 

did not affect plant volume directly. Winter rainfall commenced in July and reached a 

maximum of  70 mm in August.   No rainfall  was recorded at  Landskloof  between 

March  and  June  2003,  in  November  2003  and  from  February  to  March  2004. 

Although mist and dew occurred throughout the study period its influence on plant 

growth was not quantified. 

The  number  of  moderately  harvested  individuals  on  which  shoot  growth  was 

observed declined at Blomfontein from 100% to 40% between April and June 2003 

(Fig. 5.2a).  In contrast, two out of five severely harvested plants set new shoots by 

April  2003 and one month later this number was reduced to one individual.   The 

number of severely harvested plants with new shoots exceeded that of moderately 

harvested individuals during June and July by 40% and 20%, respectively.  Under a 

moderate harvest treatment, the number of individuals with new shoots increased to 

80% in August, reaching a peak of 100% in October.  This peak was maintained until 

March 2004, the end of the period of observation.  By June the number of severely 

harvested individuals  with  new shoots had increased to 80%.  Shoot  growth was 

subsequently  recorded  for  80% to  100% of  all  severely  harvested  individuals  at 

Blomfontein between August 2003 and March 2004.

One month after  the initial  harvest  at  Landskloof,  shoot  growth  was recorded for 

100% of moderately harvested plants, but only for 40% of those individuals subjected 

to  a  severe  harvest  treatment  (Fig.  5.2b).    Between  May and  July,  moderately 

harvested individuals on which shoot growth was observed increased from 40% to 

80% for  moderately  harvested plants,  whereas  for  severely  harvested  plants  the 

number of individuals increased from 20% to 100% during that time.  Shoot growth 

was recorded for all five of the moderately harvested plants from September 2003 to 

March  2004.   The  number  of  severely  harvested  individuals  with  new  shoots, 
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however, decreased by 40% by March 2004, having maintained a peak at 100% from 

September to December 2003.
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Figure 5.1: Post-harvest  plant  volumes (dm3)  over 12 months for moderately and 
severely  harvested  wild  Aspalathus  linearis plants  at  Blomfontein  (BF)  and 
Landskloof (LK). Average recorded rainfall for Glenlyon (GL) and Landskloof for the 
same 12 month period are included.

Abscission  of  plant  material  generally  occurred  from  April  to  July  2003  at  both 

Blomfontein and Landskloof (Fig. 5.2).  At both sites severely harvested individuals 

ceased  to  abscise  material  one  month  earlier  than  their  moderately  harvested 

counterparts.  Following a sharp decrease in abscising individuals from 100% in May 

to 20% in June, wild A. linearis individuals at Blomfontein that had been subjected to 

severe harvest treatments showed no signs of abscission between June 2003 and 

March 2004, while those under the moderate harvest treatment at this site, showed 

signs  of  abscission  again  during  November  and  December.   At  Landskloof, 

moderately  harvested  plants  abscised  during  October  and  again  from December 

2003 to March 2004.  
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Fig 5.2: Wild A. linearis shoot growth at Blomfontein (a) and abscission at Blomfontein 
(b) compared with shoot growth at Landskloof (c) and abscission at Landskloof (d). 
Data recorded between time of the initial harvest in March 2003, and second harvest in 
March 2004 for moderately (unshaded bars) and severely (shaded bars) harvested 
individuals.
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The number of abscising plants at the xeric site was higher during April and June 

2003, exceeding severely harvested plants at the mesic site by 20% during those 

months.   Abscission  ceased  in  August  2003  at  both  sites  and  across  harvest 

treatments,  resuming  first  at  Landskloof  in  October  2003,  and  a  month  later  at 

Blomfontein. Of the latter, only plants under the moderate harvest treatment shed 

litter.  Abscission was not observed for any of the severely harvested individuals at 

Blomfontein from July 2003 to February 2004, though abscission was noted again 

during March 2004.  During October 2003, the number of abscising individuals at 

Landskloof under the severe harvest treatment was 40% less than that of moderately 

harvested plants.  Abscission was noted for severely harvested plants at Landskloof 

only during October 2003, (20%), December 2003, (60%) and March 2004 (20%), 

whereas moderately harvested individuals continued to abscise from December 2003 

to  March  2004.  The  number  of  abscising  individuals  at  Landskloof  subjected  to 

moderate and severe harvest treatments peaked during December 2003 at 80% and 

60%,  respectively.   Similarly,  the number  of  moderately  harvested individuals  for 

which abscission was observed reached a maximum (60%) at Blomfontein during 

December 2003.

5.3.4       Effect of harvest height on plant reproduction phenology  

Flower  production  for  plants  under  moderate  and  severe  harvest  treatments 

commenced in October 2004 at  Blomfontein,  lagging one month behind plants at 

Landskloof (Fig. 5.3a). The moderately harvested individuals at both sites showed 

the highest reproductive activity during October 2003, moderately harvested plants 

peaking at  100% flowering individuals.  The number of flowering individuals  under 

severe  harvest  treatments  during  that  month,  however,  was  limited  to  60%  at 

Blomfontein and 20% at Landskloof.  
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Figure 5.3.  The % of wild Aspalathus linearis individuals (n=5) from April 2003 to March 
2004 after moderate (unshaded bars) and severe harvest treatments (shaded bars) which 
were (a) flowering and (b) fruiting at Blomfontein (BF) and (c) flowering and (d) fruiting at 
Landskloof (LK).
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Only one out of five individuals subjected to severe harvest treatments continued to 

flower at Landskloof throughout the study period.  Between 60% and 40% of plants 

subjected to severe harvesting at Blomfontein (the mesic site) showed reproductive 

activity from October to February, while flowering outputs were lowest for severely 

harvested plants at Landskloof (the xeric site) at 20% during October and December 

2003, and January 2004.

A second flowering phase commenced in December 2003 and ended in February 

2004. The output was considerably lower than for that of the previous flowering event 

in October.  At the xeric site, Landskloof, 20% flowering individuals were observed 

during October 2003 to January 2004.  

Immature  fruits  were  visible  on  moderately  harvested  plants  during  October  and 

November 2003, and again from January 2003 to February 2004 at Blomfontein (Fig. 

5.3c).  The number of severely harvested individuals with fruits peaked at 40% in 

January 2004, and only one individual continued to fruit during the remaining months 

until  March  2004.   Similarly,  immature  fruits  were  observed  on  wild  A.  linearis 

individuals during August 2003, and again from October 2003 to March 2004.  Fruit 

set was limited to one individual at the xeric site for the entire fruiting period from 

November 2003 to January 2004.

5.3.5       The impact of harvest treatment on regrowth  

Dry weights of biomass harvested from moderately harvested plants yielded lower 

values  than severely  harvested  plants  at  Blomfontein  and  Landskloof  after  initial 

harvest  in  March  2003  (Table  5.5).  There  was  a  significant  difference  between 

moderately  and severely  harvested  A.  linearis individuals  at  the  two  sites  in  the 

average dry weights of leaves (F = 16.7, P = 0.00, n = 5), stems (F = 23.5, P = 0.00, 

n = 5), total dry weight and leaf to shoot ratios (F = 15.5, P = 0.00, n = 5) (Table 5.6). 

Inter-site differences for these variables were insignificant at P < 0.05, as were site 

by treatment effects. For severely harvested plants at Blomfontein and Landskloof, 

dry weight of leaves was lower or equivalent to that of stems (leaf to shoot ratio > 1), 

indicating a low harvest height closer to the ground and on the thicker stems where 

leaf distribution is more sparse.

At the second harvest in March 2004, average weight yield for dried material of re-

harvested  plants  from  Blomfontein  was  significantly  different  from  those  at 

Landskloof, regardless of harvest treatment (Table 5.7). With the exception of plants 
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under  the  moderate  harvest  regime that  exceeded  original  harvested biomass at 

Blomfontein there was a general decrease in dry weight of harvested biomass across 

sites and treatments. However there was a ubiquitous increase in leaf to shoot ratio. 

One individual  subjected to severe harvest treatment died at  Landskloof  between 

September and October 2003. This was the only fatality recorded for this component 

of the study.

Severely harvested plants at both sites showed significantly lower levels of recovery 

compared to moderately harvested plants (Fig. 5.4). Under a moderate harvest, the 

mean percentage regrowth of  plants at  Blomfontein exceeded that  of  the original 

mean biomass by 32%, while moderately harvested plants at Landskloof recovered 

an average of 59% of the original  mean biomass.  Mean percentage regrowth of 

severely  harvested  plants  at  Blomfontein  and  Landskloof  yielded  32%  and  8%, 

respectively of the original harvested biomass.

Table 5.7: Average (+ std dev) dry weight (g) of wild Aspalathus linearis individuals at 
the time of the first experimental harvest in March 2004. Significant differences are 
indicated with different superscripts.

Site 
ID n Harvest 

treatment Leaf/stem dry weight (g)

Leaves (g) Stems (g) Total (g)      Leaf:shoot ratio

BF 5 Moderate 70.3a ± 62.2 42.1a ± 37.1 112.4a ±  99.3 1.7a ± 0.2

BF 5 Severe 41.3a ± 31.0 24.1a ± 17.8 65.4a ±  48.6 1.8a ± 0.4

LK 5 Moderate 35.1a ± 24.7 16.8a ± 10.7 51.9a ±  35.4 2.0a ± 0.2

LK 4 Severe 17.6a + 9.1 10.0a + 5.5 27.5a ±  14.6 1.8a ± 0.2
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Table 5.8: ANOVA summary table showing average dry weights (g) of leaves, stems 
and total dry weight as well as leaf:shoot ratios of wild Aspalathus linearis individuals 
after moderate and severe harvest treatments at Blomfontein and Landskloof. In all 
cases n = 4.

Source of variation DF SS MS F P

Leaf dry weight 2004 (g)
Site ID 1 3 966.5 3 966.5 2.7 0.12
Harvest treatment 1 2 632.7 2 632.7 1.8 0.20
Site ID x harvest treatment 1 176.7 176.7 0.1 0.74
Error 15 22 293.1 1 486.2

Stem dry weight   2004 (g)  
Site ID 1 1 909.7 1 909.7 4.0 0.06
Harvest treatment 1 682.7 682.7 1.4 0.25
Site ID x harvest treatment 1 128.0 128.0 0.3 0.61
Error 15 7 175.4 478.4

Total dry weight   2004 (g)  
Site ID 1 11 380.8 11 380.8 31. 0.10
Harvest treatment 1 5 996.8 5 996.8 1.6 0.22
Site ID x harvest treatment 1 605.4 605.4 0.2 0.69
Error 15 54 519.3 3 634.6

Leaf: stem ratio   2004 (g)  
Site ID 1 0.5 0.5 0.4 0.06
Harvest treatment 1 0.4 0.4 2.7 0.12
Site ID x harvest treatment 1 0.0 0.0 0.0 0.90
Error 15 0.1 0.1
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5.4 Discussion
During interviews with harvesters several interviewees explained that harvesting wild 

rooibos is a difficult task and preferences and decisions on harvest height are based 

on  plant  morphology,  mode  of  payment,  and  value  and  quantity  of  harvestable 

material.  Apart  from  the  knowledge  of  local  harvesters  and  a  brief  reference  in 

Stassen’s  (1987)  comprehensive  work  on  the  vegetative  response  of  cultivated 

rooibos  tea  to  different  harvesting  regimes,  results  of  harvest  height  studies  on 

Aspalathus  linearis,  and  on  wild  plants  in  particular,  are  limited  and  not  readily 

available  in  the  public  domain.  This  study,  together  with  contributions  from 

knowledgeable harvesters in the Suid Bokkeveld, demonstrates the response of wild 

Aspalathus  linearis to moderate and severe harvest  height  manipulations  ranging 

from overcompensation at a mesic site to resource depletion at a xeric site. 

The  height  at  which  a  plant  is  harvested  influences  the  quality  and  quantity  of 

biomass regrowth (Chen 1998) and post  harvest  reproduction (Gustafsson 2004). 
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These effects  are due to changes in  carbohydrate  concentrations  (Langley et  al. 

2001),  allocation  of  nutrient  resources (McNaughton  1983)  and plant  metabolism 

(Ferraro et al. 2002). The leaves and shoots harvested from wild Aspalathus linearis 

for high quality rooibos tea production results in the loss of functional aerial parts that 

contain  large concentrations  of  nutrients,  photosynthetic  material  (Stassen 1987), 

and growth regulating hormones. Severe harvesting (harvesting as low to the ground 

as  possible)  in  response  to  local  economic  pressures  and  international  market 

demands for  wild  rooibos tea could compound the negative effects of  defoliation. 

While harvesting generally has a negative effect on plant regrowth in most studied 

species there is a critical harvest height threshold at which regrowth is activated and 

which can be manipulated such that regrowth exceeds original harvested biomass 

(Teague 1989) – a phenomenon that Belsky (1996) termed overcompensation. This 

threshold is dependent on the degree and mode of post harvest response specific to 

species,  and  even  variation  amongst  individuals  (Ferrero  2002,  Verdaguer  et  al. 

2000). It is evident that harvest height affects the quantity of biomass production in 

woody plants and it follows that harvest height in wild rooibos can be manipulated to 

manage the quantity and quality of harvestable biomass for rooibos tea production.

Average plant height of wild rooibos plants selected for moderate and severe harvest 

treatments generally  indicated that  differences exist  in  plant  morphology between 

prostrate  growth  forms  at  Blomfontein  and  the  taller,  erect  growth  forms  at 

Landskloof (Table 5.1).  Morphological variation is a common phenomenon in wild 

populations  and  has  been  cited  in  several  studies  on  wild  Aspalathus  linearis 

(Dahlgren 1968, van der Bank et al. 1995; 1999, van Heerden et al. 2003).  Despite 

these differences in morphology there was no significant difference in mean plant 

volume of selected plants across sites. Morphological  variation between individual 

plants, however, significantly influences the way in which plants are harvested and by 

implication, their regrowth response. Prostrate plants, for instance, are more difficult 

to harvest, as the leaves and shoots grow lower to the ground.

Local  harvesters usually  have their  own qualitative  and quantitative  measures  of 

sustainable harvesting (Martin 1995). For the purposes of this study it was necessary 

to use measures of harvest height that would be easily integrated into existing local 

perceptions  and  practices  of  wild  rooibos  harvesting  in  the  Suid  Bokkeveld. 

Furthermore,  comparable  measures  of  harvest  height  had  to  be  suitable  for 

qualitative  references of  manual  harvesting  and quantitative  methods of  scientific 

analysis.  Consequently  harvest  volume,  harvest  shoot  diameter  (HSD)  and dried 
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weight of harvested material, rather than the distance between the ground and the 

primary stem apex, were chosen as measures of harvest height.

Higher  biomass regrowth  at  Blomfontein  across  harvest  treatments  can likely  be 

ascribed  to  higher  rainfall  and  higher  soil  water  retention.  Wild  rooibos  has  an 

extensive  shallow  lateral  root  system  that  aids  maximum  absorption  of  surface 

moisture.  In  addition,  wild  rooibos  plants  in  the  Suid  Bokkeveld  possess  an 

underground lignotuber (Van Heerden et al 2003) that stores carbohydrate reserves. 

Consistency  in  aboveground  plant  volume  indicated  minimal  aerial  growth  from 

March to August 2003, with no congruency between plant volume and rainfall. In this 

study,  although the effect  of  dew or  mist,  amounting  to less then 1  mm did  not 

influence plant volume directly, new leaf buds were often observed after even small 

amounts of precipitation were received in the study area from this source.  Cruz et al. 

(2001) ascribed the lack of  aboveground growth three months after  defoliation  in 

Erica australis to energy allocation for belowground development of the lignotuber. 

The relationship  between above and below ground resource allocation  in  wild  A. 

linearis deserves further attention and may shed light on the effects of drought on 

post harvest regrowth.

There  was  a  significant  difference  in  the  regrowth  of  moderately  and  severely 

harvested plants at both the mesic (Blomfontein) and xeric (Landskloof) sites over 

the same 12 month period (March 2003 – March 2004). Moderately harvested wild A. 

linearis plants  at  Blomfontein produced on average 32% more biomass than had 

originally been harvested from these plants.  However,  even moderately harvested 

plants at the xeric site (Landskloof) did not perform as well. Even under a moderate 

harvest treatment plants at the xeric site did not produce as much new growth in 12 

months as was originally harvested at the start of the study. In addition to the death 

of one individual at Landskloof, regrowth of severely harvested plants was negligible.

According to Stassen (1987), an increase of 15 cm in plant harvest height resulted in 

8% increase in production of cultivated rooibos tea. Comparison between results of 

the two studies is limited since Stassen measured direct harvest height  (distance 

between ground and apex of the primary shoot), and superimposed harvest height 

with  irrigation  and harvest  frequency.  However,  it  is  clear  from both  studies  that 

harvest height has direct implications for regrowth and sustainable production of both 

cultivated and wild plants.
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Wild  rooibos  resprouts  from  an  underground  lignotuber  (Van  Heerden  2003),  a 

subterranean organ that stores carbohydrates for regrowth after disturbance. Several 

studies  across  lignotuberous  species  (Ipomoea  batatas, An  et  al.  2003; Erica 

australis, Cruz et al. 2001; Dischelostemma capitatum  (Anderson et al. 1999) and 

Erica  arbodea,  Canadell  et  al.  1998)  show that  defoliation  causes a decrease in 

lignotuber size, and, thus, plant nutrient reserves. In his investigation on the effect of 

harvesting on carbohydrate reserves in cultivated A. linearis, Stassen (1987) points 

out  that  the  aerial  parts  used  in  the  production  of  rooibos  tea  contain  high 

concentrations  of  mono-  and  polysaccharides  and  that  harvesting  –  even  at  a 

moderate height – causes considerable loss of nutrient reserves. He also found that 

harvested plants had lower  concentrations of  carbohydrates,  sugars and starches 

than unharvested individuals. Further investigation on the effects of lignotuber size, 

composition  and  longevity  in  wild  rooibos  would  be  useful  in  developing  an 

understanding  of  the  relationship  between  harvest  height  and  quality  of  regrown 

biomass,  an  increasingly  important  aspect  of  product  marketing  and  sustainable 

harvesting management.

Aspalathus linearis plants persisted throughout  the study period, despite an initial 

decline in the overall condition of severely harvested plants. Fruiting occurred twice 

under  moderate  harvest  treatments  at  both  sites,  but  occurred  only  once  for  a 

severely harvested individual at Landskloof.  Fruiting started earliest for moderately 

harvested  plants  -  in  August  at  Landskloof  and  September  at  Blomfontein. 

Landskloof  showed  the  highest  %  fruiting  individuals,  peaking  at  80% and  60% 

during  November  and  February,  respectively.  A  similar  trend  was  observed  at 

Blomfontein, but with lower peaks (60%) during October 2003 and (20%) January 

2004.  Severely  harvested  plants  at  Blomfontein  fruited  once  between  December 

2003 and March 2004, while plants at Landskloof consistently yielded 20% fruiting 

individuals from October to February. Onset of fruiting thus started later, and lasted 

for a shorter period in plants subjected to severe harvest treatments as opposed to 

those under a moderate harvest regime. These results suggest a trade-off between 

vegetative  growth  and  reproduction  after  defoliation.  Similar  results  have  been 

reported for Protea cv. Carnival (P. compacta R. Br: x P. neriifolia R. Br.) (Gerber et 

al. 2002) and several wine grapes (Hunter 1995, Howell 1999) where, in response to 

intense biomass removal, nutrient reserves are allocated to support compensatory 

vegetative growth at  the expense of  reproduction.  The height  at  which a plant  is 

harvested  influences  reproductive  output  of  wild  rooibos  plants.  Contrary  to  the 

general  theory,  however,  Cruz  et  al.  (2001)  found  no  trade-off  between  sexual 
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reproduction  and  resprouting  in  the  lignotuberous  Erica  australis.  The  authors 

contend that this species invested more heavily in belowground carbon reserves than 

sexual or vegetative reproduction during the study period.  Such energy allocation 

trade-offs – replenishing rootstock rather than aboveground biomass - accounted for 

the lack of aerial growth three months after clipping in their experiment. Further work 

on the allocation and timing of carbohydrate reserves in lignotuberous wild A. linearis 

individuals is necessary to understand post-harvest effects on the replenishment of 

rootstock, regrowth of photosynthate and production of reproductive organs.

One of the individuals at the xeric site died seven months after being subjected to 

severe harvest treatment in March 2003. A study by Candadell et al. (1998) on the 

response  of  two  lignotuberous  species  to  clipping  treatments  offers  a  probable 

explanation. The Mediterranean shrubs  Arbutus unedo and  Erica arborea suffered 

mortalities  of  10%  and  30%  respectively  after  increased  clipping  frequency 

(Candadell  et  al.  1998).  Analysis  of  the  plants  that  had  died  indicated  a  96% 

depletion of starch reserves and low concentration in surviving individuals.   While 

mortality in the present study was limited to only one individual at the xeric site, it 

offers an indication of how the lignotuberous wild  A. linearis, already under drought 

stress, is likely to respond to increased pressure as a result of heightened harvest 

frequency and intensity.

Plant  nutrient  levels,  energy  allocation  and  carbohydrate  reserves  are  directly 

influenced by harvest height. They are also direct cues that induce changes from one 

phenophase to another (Mooney and Kumerow 1980). Harvesting may also affect the 

timing and duration of growth and abscission. A study on the effect of herbivory on 

white spruce indicated that increased defoliation intensity resulted in earlier onset of 

different  phenophases  (Carroll  et  al  2003).  It  is  thus  likely  that  harvest  height 

indirectly influences the timing and duration of post-harvest growth and abscission 

and  that  these  differences  would  be  evident  between  individuals  subjected  to 

moderate and severe harvest treatments of wild Aspalathus linearis individuals.

Differences in shoot growth between moderately and severely harvested plants were 

similar across sites with little variation in timing and duration. More notable were the 

differences  in  abscission:  severely  harvested  plants  at  both  sites  were  more 

conservative in their  shedding of plant material than moderately harvested plants. 

This phenomenon of minimal abscising individuals could be a result of the limited 

biomass left on the plant after a severe harvest treatment. Shoot growth was also 
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significantly lower for plants harvested severely. These differences suggest that there 

is a relationship between abscission and harvest severity in A. linearis, more so than 

between shoot growth and abscission.

Post  harvest  timing and duration  of  phenophases  bears  some importance in  the 

context of sustainable harvesting in the Suid Bokkeveld.  A deference or shortening 

of  the  abscission  phenophase  is  beneficial  to  harvesters  if  plant  reserves  are 

alternatively allocated to increased biomass quantity and quality.  On the one hand, 

prolonged abscission due to drought stress, for instance, would result in the loss of 

harvestable material, an additional loss to already lower crop yields.  On the other 

hand,  rooibos  tea  harvest  and  production  periods  are  set  within  a  wider  socio-

economic and market-related temporal framework that leaves little room for flexibility. 

Ideally  current  and  future  information  on  the  effect  of  harvest  height  on  growth 

phenology would contribute to better-informed decisions on harvest height as well as 

harvest timing so as to increase good quality biomass for rooibos tea production in 

the Suid Bokkeveld.

Harvest height determines the point at which new shoots and leaves emerge after 

harvest  (Gill  1995,  Bellingham  and  Sparrow 2000).  For  example,  Teague (1989) 

found that harvesting  Acacia karroo higher up in the canopy significantly affected 

regrowth,  more so  than  a  harvest  height  lower  down  in  the  plant  structure.  The 

concentration and nature of plant growth hormones at different locations in the plant 

structure (Cline 1994) implies that the site of harvest influences post harvest growth 

and development of new shoots and leaves. 

Depending  on  plant  morphology  and  structure,  mass  removal  of  photosynthetic 

material – leaves and shoots for rooibos tea production – stimulated vigorous growth 

in plants under severe harvest treatment. Teague (1988) reported the same vigorous 

regrowth  in  Acacia  karroo plants  subjected  to  severe  harvest  treatments.  In  this 

study, A. linearis leaves developed in the canopy as well at the base of the stem at 

ground level, the latter subsequently differentiating into shoots and branches. Similar 

response to severe harvest treatment has been reported for  Acacia tortilis  (Milton 

1988). Furthermore, increases in A. linearis leaf to shoot ratio in severely harvested 

plants at both sites and especially at  Landskloof also indicate an increase in leaf 

output  lower  down the stems. According to Hodgkinson (1998),  this phenomenon 

may be ascribed to an increase in activation of meristematic points along the stem; 

however, the position of emergence so close to the ground may limit the new leaves’ 
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access to sunlight. Given the removal of more than 70% of the plant canopy, lack of 

exposure  to  sunlight  need  not  be  considered  for  this  study.  Rather,  the  nature, 

development and structure of the lignotuber and the position of axilliary buds may be 

more relevant to the position of meristematic points (Vesk et al. 2004). Plants that 

were subjected to moderate harvest  treatments (approximately  between 65% and 

70% harvested volume), however, had no leaf output at the base of the stem. Under 

moderate harvest treatments new leaves developed in the canopy,  increasing the 

harvestable biomass of the plants.

Harvest  height  is  perhaps  the  most  direct  measure  of  an  individual  harvester’s 

economic incentive to over-harvest, especially where payment is made per unit wet 

weight. Under such conditions, harvesters are more inclined to harvest closer to the 

ground or  below the recommended harvest  height  – e.g.  “an inch above the old 

harvest scar” - to increase their earnings at the tea court. Farmers delivering the tea 

for Fairtrade marketing may also be inclined to increase the biomass of tea delivered 

for increased payments, since the price per kg of wild rooibos tea is approximately 

15% more than that  for  the cultivar.  The Heiveld Co-operative has two mitigation 

strategies that prevent these practices that could lead to over-harvesting. 

Under Fairtrade policy, employers within the Heiveld Co-operative are obliged to pay 

harvesters of wild rooibos tea a daily wage that for some workers exceeds their usual 

daily  minimum  wage  by  more  than  40%.  Harvesters  are  thus  paid  a  set  wage 

regardless of the weight  of harvested material,  and there is no direct incentive to 

over-harvest.  Secondly,  there  are  also  no  direct  incentives  for  farmers  to  over-

harvest on the premise of premium pricing, since farmers are paid per kg of the final 

product, after the tea has been sifted and sorted. The leaves and fine branches are 

the only parts used for the production of high quality tea. The inclusion of woody 

stems  may  add  bulk  weight,  but  it  degrades  the  quality  of  the  tea  and  could 

potentially damage the blades of the cutting machine during production. According to 

the interviewee responsible for quality control at a tea court in the Suid Bokkeveld, 

blades cannot be purchased singularly. If passing thick stems through it damages a 

blade, a set of three blades would have to be purchased at more than R 3000.00 per 

set to replace the damaged part (Interview # 3, Suid Bokkeveld, 2003). This is an 

important consideration for sustainable harvesting practices, and demonstrates how 

the capacity  and power  to  monitor  and promote  sustainable  harvesting  practices 

starts with onsite personnel as early as the primary production phase. This can, of 
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course, be extended to the field where harvesting takes place and where harvesters 

cut under supervision of an experienced and knowledgeable harvester.

Collecting seed from the wild is no longer a common practice in the Suid Bokkeveld. 

However, according to interviewees, the option of reviving the practice has not been 

ruled  out.  This  may  be  a  viable  option  for  sourcing  genetic  material  to  boost 

production, given that amidst increasing market demands and institutional standards, 

the  Suid  Bokkeveld  and  surrounding  areas  have  been  under  increasing  drought 

stress, notably since 2002. Plants at the xeric site showed a 40% reduction in the 

number of flowering individuals compared with plants at the mesic site. While it could 

be argued that asexual reproduction of  A. linearis is sufficient to ensure population 

longevity,  lowered sexual reproductive output has to be considered in the light of 

implications to seed bank maintenance. Further investigation on the effect of aridity 

on  sexual  reproduction  in  wild  A.  linearis would  be valuable  in  future studies  on 

sustainable harvesting of wild biotypes of the species. 

5.6 Conclusions
Harvest height has significant implications for the quantity and quality of post-harvest 

regeneration  in  wild  rooibos  plants.  In  the  Suid  Bokkeveld  where  harvesters’ 

livelihoods  depend  on  good  quality  biomass  of  Aspalathus  linearis for  profitable 

rooibos  tea  production,  the  maintenance  of  harvest  height  that  ensures  optimal 

regeneration is crucial. 

Wild Aspalathus linearis populations in the Suid Bokkeveld are known to have strong 

sprouting ability. Resprouters are not likely to die following a severe defoliation even 

such as a severe, since their natural recruitment strategy is an evolutionary response 

to  complete  above  ground  defoliation  after  fire.  Results  of  this  study,  however, 

suggest that intense harvesting can be detrimental to plant recovery in resprouting 

populations of wild rooibos, especially at sites prone to aridity.

After 12 months of regrowth,  severely harvested plants yielded significantly lower 

values for dry weights of stems and leaves than moderately harvested plants at both 

sites.  Results  also  suggest  that  post  harvest  response  to  severe  and  moderate 

harvest treatments affect the timing and duration of growth and abscission. However, 

periods of observation longer than one year and on more individuals are necessary 

to make definitive statements about the effects of harvest height on plant regrowth 

and reproduction of sprouting wild A. linearis plants. 
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Chapter 6: The effect of harvest season on phenology and regrowth of 
wild rooibos tea (Aspalathus linearis)

6.1  Introduction
Plant growth and development are affected by seasonal fluctuations in temperature, 

photoperiod, soil moisture and nutrient availability (Pierce 1984), as well as by the 

genotypic  traits  such  as  phenology  (Rathcke  and  Lacey  1985)  and  life  history 

strategies (Bond 1995) of the species involved.  These factors are also influenced by 

seasonal  fluctuations  in  plant  nutrient  levels  within  different  growth  forms,  in,  for 

example,  grasses  (Shackleton  and  Mentis  1992,  Perkins  and  Owens  2003), 

geophytes  (1993;  1994)  and  vines  (Hunter  1994).   It  follows  that  post-harvest 

regrowth potential of plants is optimal during seasons that favour nutrient availability 

and allocation for regrowth (Stassen 1987).  Knowledge about a plant phenology and 

its response to seasonal change is thus helpful in plant harvest management (Pierce 

1984; Hoffman and Cowling 1987; Adjei et al. 2000). More specifically, harvest timing 

is  a  useful  management  tool  for  influencing  biomass  production  as  the  time  of 

harvest  can  be  manipulated  to  coincide  with  favourable  periods  of  growth 

(Summerfield et al. 1996).

Wild rooibos (Aspalathus linearis) is a leguminous fynbos plant species is able to 

resprout after fire and is well adapted to grow in the dry acidic sandstone soils that 

characterise  its  natural  distribution  area  (Dahlgren  1968,  Van  der  Bank  1999). 

Conventionally, in the Suid Bokkeveld, stems and leaves of cultivated rooibos plants 

are harvested annually during the mid-summer and autumn months between January 

and March (Photo 6.1) while wild rooibos is harvested in the late summer or early 

autumn months between March and April (Photo 6.2).  The time of harvest coincides 

with the dry period in this winter rainfall region when weather conditions are suitable 

for  drying,  fermenting  and  processing  of  rooibos  tea.   Sustainable  biomass 

production has a direct income benefit for small-scale harvesters and producers of 

wild  rooibos in the Suid Bokkeveld who supply an international niche market with 

high quality tea. 

6.1.1       Seasonal nutrient fluctuations and lignotuber development  

The presence of a subterranean lignotuber in wild rooibos (Dahlgren 1968; Van der 

Bank 1999; Van Heerden 2003) is thought to be a fire-adaptive trait (Schutte et al. 

1995).   The lignotuber  functions  as  a  carbohydrate  storage organ that  facilitates 
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regrowth by activating meristematic tissue in dormant buds after a fire event (Carter 

and Paton 1985; Mesleard and Lepart 1989; Canadell and Lopez-Soria 1998; Noble 

2001).  Growth periodicity in Mediterranean plant species (Bowen and Pate 1993; 

Bell et al. 1996), and Fynbos in particular (Bond 1984; Cowling 1992), has been the 

subject of many studies, especially with regards to implications of their fire-survival 

strategies.  It is generally held that plants in fire-prone Mediterranean ecosystems are 

adapted to survive periodic fires by synchronously allocating maximum resources for 

post-fire regrowth (Pierce 1984; Cowling 1992).  By implication plant reserves could 

be expected to be highest during the dry summer months when fires are most likely 

to  occur  (Cruz  et  al.  2001).   It  follows  that  harvesting  at  this  time in  the  plant’s 

phenology cycle when plant resources are at their maximum, favours regrowth.  The 

presence  of  a  lignotuber  in  members  of  wild  rooibos  populations  of  the  Suid 

Bokkeveld distinguishes them from reseeding populations elsewhere in the region, 

and may have different post-harvest implications for regrowth in relation to harvest 

season.

Photo 6.1: Cultivated rooibos plants are harvested in summer after the spring growth 
and  reproduction  phenophases  (August  to  October)  ,  but  before   the  onset  of 
abscission (January  to March). Photo: Timm Hoffman.
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Photo 6.2: Within the Heiveld Co-operative, wild rooibos is harvested from March to 
April, after the cultivated rooibos has been harvested. Photo: Noel Oettlé.

Lignotuber  development  and  functioning  in  sprouting  plants  imply  trade-offs  in 

seasonal resource partitioning between aboveground and belowground phytomass 

production.  Van Wilgen et al. (1992) found that for several mountain Fynbos species 

aerial growth rate of seeders (plants that regenerate from seed) exceeded that of 

sprouters.  Root concentrations of starch and carbohydrate reserves that form the 

substrate for regrowth are also known to be lower in seeders than in sprouters as 

was proven for 92 species across 15 genera of Epicradaceae (Bell and Ojeda 1999. 

Contrary  to  the  hypothesis  that  root  starch  and  total  non-structural  carbohydrate 

(TNC) reserves in  the lignotuber  of  Erica australis were  expected to be maximal 

during the summer fire season, Cruz and Moreno (2001) found TNC concentrations 

in  the organ to be relatively  low throughout  the time of  maximum fire  risk.   The 

authors  concluded  that  genotypic  and  environmental  stresses  rather  than  fire 

adaptation  were  the  cause for  seasonal  carbohydrate  fluctuations  in  this  species 

(Cruz  and  Moreno  2001).   Nothing  is  known  of  the  seasonal  fluctuations  in  the 

carbohydrate content in the lignotuber of wild rooibos tea.  However, Stassen (1987) 

found that  starch concentration in the roots of  unharvested cultivated rooibos tea 
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remained relatively high from mid summer (March and April) to mid winter (August) 

and then, similar to Erica australis, decreased during the spring and summer months. 

Stassen (1987) ascribed lowered concentrations of starch in the whole plant at this 

time to the investment in growth and reproduction during the spring season.  Vieira 

and  Figueiredoribeiro (1993) suggested that regrowth of the tuberous  Gomphrena-

Macrocephala St-Hil  (Amaranthaceae) was a result of root fructose availability rather 

than that of starch.  

Stassen (1987)  found  the  sugar  levels  of  cultivated rooibos  to  be  relatively  high 

between March/April  and August.   According to Stassen (1987) the most suitable 

time to harvest  cultivated rooibos is  late in  the growing season (March)  as plant 

nutrients and reserves are sufficient to support regrowth at this time.

In cultivated rooibos growth occurs from August to May, but peaks in spring, while in 

wild rooibos this peak occurs about a month later (Chapter 4, present study; Stassen 

1987).  Stassen’s (1987) investigation into the effects of different harvest treatments 

on  regrowth  of  cultivated  rooibos  showed  seasonal  changes  in  carbohydrate 

reserves and plant nutrients.  Plant starch, soluble sugars, P, N and CO2 decreased 

at the end of the growth period, and changes were minimal during winter dormancy 

(June to July).  Plant nutrients and reserves were highest during October at the peak 

of  flowering.   Based  on  these  results  Stassen  (1987)  suggested  that  cultivated 

rooibos  should  be  harvested  during  periods  when  plant  nutrient  status  and 

carbohydrate reserves are maximal (i.e. during spring/autumn growth periods) and 

when plants are best able to recover from the impact of harvest by drawing on their 

reserves for regrowth.

6.1.2       Effect of harvest season on reproduction  

Harvest season is known to impact on reproduction output and timing as seasonal 

resource availability fluctuates with the demands of different phenophases (Pierce 

1984).   Vegetative  growth  is  generally  slowed  during  reproduction  as  resource 

allocation is adjusted to cope with the energy demands of flower and seed production 

(Anderson  and  Rowney  1999).   Stassen  (1987)  found  that  a  November  harvest 

resulted  in  profuse  flowering  the  following  October  and  the  highest  number  of 

fatalities amongst the harvest seasons for cultivated A. linearis. In contrast, only 5% 

of plants harvested in March flowered the following spring. However, these plants, 

harvested in March, yielded the highest cumulative biomass after 7 years (Stassen 
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1987).  This is a clear indication of the long-term effects of harvest timing on biomass 

production  and  reproduction,  and  is  an  important  aspect  to  consider  within  the 

context of sustainable harvesting practices.

While  harvest  during  different  growth  phenophases  is  known  to  influence  plant 

regrowth (Kays and Canham 1991; Chen et al. 1998; Oppong, et al. 2002; Anderson 

and  Frank  2003),  finer  temporal  resolution  of  harvest  timing  within  the  growing 

season can further  increase regrowth  potential.   Teague and Walker  (1988)  and 

Teague (1989)  reported that  grazing of  the leguminous  Acacia  karroo during  the 

spring  growth  flush  was  more  detrimental  to  the  plants’  recovery  than  biomass 

removal during the rest of the growing season when carbohydrate levels were higher. 

Similarly,  Stassen  (1987)  found  that  harvesting  earlier  in  the  growing  season 

(January) led to an earlier onset of leaf abscission the following year in cultivated A. 

linearis.   These plants were also more susceptible  to die-back and dwarfing than 

those harvested later in the growing season.  Stassen (1987) ascribed die-back in 

plants harvested in January to the fact that harvesting of young leaves in their growth 

phase does not allow for sufficient photosynthetic activity or storage of photosynthate 

prior to harvest.  Since mature leaves are better able to take up CO2 than young 

leaves, harvesting at a time when leaves have reached maturity allows ample time 

for CO2 assimilation in the plant.  On the other hand, harvesting much later in the 

growing season (e.g. in May) resulted in regrowth being delayed until spring, placing 

further demands on resources that would otherwise be allocated for reproduction. 

The May harvest resulted in higher incidences of fatalities and fungal infection than 

the January harvest.  Based on these results, Stassen (1987) concluded that harvest 

during the middle of the growing season (March) was the most suitable harvest time 

for  cultivated  rooibos  tea.   In  the  Suid  Bokkeveld  wild  rooibos  tea  is  typically 

harvested after the cultivar.  The benefit is that wild individuals produce leaves after 

early autumn rains just before harvest, marginally increasing biomass shortly before 

harvest.

Further findings reported by Stassen (1987) on the seasonal effects of post-harvest 

growth  in  the  commercially  popular  A.  linearis cultivar  are  summarised  here.   A 

March  harvest  resulted  in  the  lowest  incidence  of  die-back  and  the  highest 

cumulative  yield  over  seven  years.   Plants  harvested  in  May  had  the  highest 

incidence of  fatalities,  fungal  infection and weakest  flowering  during  the following 

flowering period in October.  This harvest season also resulted in lower stem growth 

than plants harvested during November and January.  While November and January 
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harvests resulted in harvestable regrowth as early as one month after harvest, plants 

harvested in May took three months to recover suitable harvest biomass.  Based on 

these findings and on the seasonal carbohydrate, sugar and nutrient fluctuation in 

these plants, Stassen (1987) suggested that cultivated A. linearis plants be harvested 

once  annually  during  March  when  plant  reserves  are  optimal  for  regrowth  and 

reproduction and when risk of die-back and fungal infection are minimal.

Harvest  season timing is  a useful  crop management  tool  that  enhances biomass 

production control, especially in the context of  sustainable harvesting.  Drawing on 

information  gathered  amongst  small-scale  rooibos  tea  producers  and  harvesters 

through semi-structured interviews conducted during December 2003 to March 2004, 

the following questions were considered:

• What  are  the  effects  of  harvest  season on growth  and abscission  of  wild 

rooibos tea?

• How does harvest season affect reproduction phenology in wild rooibos tea?

• What harvest season results in optimal regrowth after 12 months?

6.3 Methods
Plants for this study were selected at two rooibos tea farms in the Suid Bokkeveld, 

Northern Cape. The sites are situated 40 km’s apart  along a north-south transect 

parallel to the northern Cederberg escarpment.  Mean annual rainfall at Blomfontein 

(31°43'58";  19°08'20") and Landskloof (31°49'48";  19°03'50") is approximately 250 

and 150 mm.yr-1, respectively.  

Five plants were  harvested at each site in each of the three seasons giving a total of 

15 plants per site and total of 30 plants used in this experiment.  Selecting plants with 

similar morphological traits across two sites was challenging given the high level of 

variation within populations of limited size.

The seasons were summer (January),  autumn (April) and winter (July).   Seasonal 

harvest  treatments  were  administered  during  the  middle  month  of  each  season 

starting in mid-January 2003 during the time when cultivated rooibos tea is usually 

harvested.  Experienced rooibos tea harvesters carried out the harvests at both sites. 

Mr. J. Paulse carried our harvests at Blomfontein and Mr. J. Koopman at Landskloof.
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The  study  on  seasonal  harvest  treatments  on  wild  rooibos  tea  commenced  in 

January 2003 during the conventional rooibos cultivar harvest season.  Due to small 

population sizes, sample numbers were limited to five wild  A. linearis replicates per 

harvest treatment.

6.3.1       Plant growth  

Prior to each harvest treatment plant height, length and breadth were recorded and 

mean  volumes  compared  to  ensure  that  plant  selection  was  not  biased.   Plant 

volume was calculated as appropriate for an ellipsoid spheroid according to Phillip 

and McMahon (1981):

V = π a  2   X b  

6

where:

V = volume

a = the average of length and breadth, or height, whichever is shorter

b = the average of length and breadth, or height, whichever is the longer 

Mean  %  harvested  plant  volume  was  calculated  to  ascertain  whether  harvest 

treatments had been uniformly carried out across sites and harvest treatments.  Post-

harvest height, length and breadth were recorded for harvested individuals and plant 

volume calculated as above.  Five harvested stems per plant were measured with 

Vernier callipers to calculate average harvest stem diameter.  Harvest volumes were 

calculated as a percentage of the original plant volume so as to maintain statistically 

consistent harvest heights across harvest treatments and sample sites.

Harvested material  was placed into suitably  marked brown paper  bags and oven 

dried for seven days at 75˚C to ensure complete drying of the schlerophyllous leaves. 

Dried leaves and stems were subsequently separated and weighed on a top load 

electronic  balance.   Leaf  to  stem ratio  was  calculated  for  all  plants  under  each 

treatment.  The total dry weight of harvested leaves and stems was calculated 12 

months after the initial harvest to compare post harvest regrowth across sites and 

across harvest treatments.  In other words, plants harvested during January 2003 

were again harvested during January 2004 at the same harvest height, and regrowth 

calculated as a percentage of the total harvested leaf and stem dry weights at the 

time of the initial harvest. 
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Plant canopy spread was measured on a monthly basis for twelve months following 

each  harvest  treatment  to  monitor  fluctuations  in  plant  volume.   The timing  and 

duration of shoot growth, abscission, flowering and fruiting was also recorded for all 

individuals in each harvest treatment over the same period. 

An uncontrolled harvest during April  by an unknowing harvester reduced the total 

number of  plants  at  Blomfontein to  n=2 and n=3 for  the April  and July  harvests, 

respectively.  At Landskloof, 3 plants died as a result of pest attacks thereby reducing 

the total number of plants to two by January 2004. 

6.3.2       Statistical analyses  

Due to the limited number of replicates and weak indications of normality, data was 

subjected to a nonparametric two-factor ANOVA, using an extended version of the 

Kruskal-Wallis test conducted at the p < 0.05 significance level (Zar 1984).  Sample 

losses  due  to  deaths  and  uncontrolled  harvests  were  taken  into  account  when 

calculating  the  %  regrowth  and  leaf  to  stem  ratio’s  across  sites  and  harvest 

treatments. 

6.4 Results

6.4.1       Changes in plant volume  

Average  pre-harvest  plant  volume  of  wild  rooibos  plants  at  Blomfontein  ranged 

between  357.8  dm3 and  465.6  dm3 and  between  304.6  dm3 and  489.7  dm3 at 

Landskloof  across  seasonal  harvest  treatments  (Table  6.1).   A  Kruskal-Wallis 

ANOVA (Zar 1984) revealed no significant differences in plant volume between sites 

prior to harvest (d.f. = 1; H = 23.7; p > 0.05), or across harvest seasons (d.f. = 2; H = 

26.3; p > 0.05). Site by treatment effects were not statistically significant at the 5% 

level (d.f. = 2; H = -22.7; p > 0.05).  Similarly, differences in % plant volume removed 

with each harvest treatment were insignificant between the two sites (d.f. = 1; H = 

26.1; p > 0.05) and across harvest treatments (d.f. = 1; H = 26.1; p > 0.05).  There 

were also no significant site by treatment effects for this variable.

Growth rate of plants harvested in July exceeded those resulting from January and 

April harvest treatments while the January and April harvest treatments resulted in 

gradual regrowth after the first month of harvest.  Wild rooibos plants at Blomfontein 

and Landskloof generally followed similar growth trends across the three seasonal 
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harvest treatments.  In all cases average plant volume remained little changed from 

the time of harvest until about October 2003.  At Blomfontein plants harvested during 

January 2003 there was minimal change in plant volume between the time of harvest 

and the following October (Fig. 6.1a).  However, average plant volume at this site 

gradually increased from 125.3 dm3 in October 2003 to 286.2 dm3 in January 2004. 

At Landskloof an increase of 91% in plant volume between January and March 2003 

was followed by a 20% decrease in April that year.  With the exception of a slight 

increase in  June 2003 plant  volume subsequently  remained relatively  unchanged 

from April (159.5 dm3) to September (164.5 dm3) at this site.  A further increase of 

80% was noted between October 2003 and the following January at Landskloof.

Table 6.1: Average pre-harvest plant volume, % harvested plant volume and average 
% harvested plant volume (± stdev) of A. linearis individuals (n = 5) selected for 
seasonal harvest treatments at Blomfontein (BF) and Landskloof (LK) in 2003.

An April 2003 harvest treatment resulted in similar growth trends at Blomfontein and 

Landskloof  throughout  the  twelve  month  period  of  observation  (Fig.  6.1b).   Six 

months  after  the initial  harvest  little  change was  noted in  average plant  volume. 

However, a notable increase in plant volume of 75% and 73% was recorded for wild 

rooibos plants at  Blomfontein and Landskloof,  respectively,  between October and 

December  2003.   Average  plant  volume  remained  relatively  unchanged  from 

December onwards, showing signs of gradual increase only as of April 2004.

After harvest in July 2003, plant volume at Blomfontein remained relatively constant 

from July to October that year followed by a rapid increase from October (Fig. 6.1c).  

Site ID Seasonal harvest 
treatment

Average pre-
harvest plant 
volume (dm3)

Average % harvested plant 
volume

BF January 371.5 ± 251.3 67.8 ± 6.8

BF April 357.8 ± 246.3 63.3 ± 6.4

BF July 465.6 ± 134.4 61.4 ± 19.0

LK January 304.6 ± 199.5 67.1 ± 15.1

LK April 285.7 ± 117.4 76.9 ± 7.2

LK July 489.7 ± 370.0 65.4 ± 6.4
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Figure 6.1: Changes in plant volume (dm3) over 12 months following seasonal 
harvest treatments in January (a), April (b) and July (c) of A. linearis individuals at 
Blomfontein (open squares) and Landskloof (dots). 
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By January 2004 plant volume had increased by 72% at Blomfontein, and continued 

to increase, though minimally, over the next four months.  Again, similar changes in 

average plant volume were recorded for wild rooibos at Landskloof as at Blomfontein. 

Plant volume reached a maximum during January 2004, following an 80% increase 

since September 2003.  Apart from a slight decrease in March 2004 plant volume 

remained virtually unchanged during the six months that followed.

6.4.2       Growth and abscission  

Fewer  individuals  at  Blomfontein  showed  signs  of  new  growth  than  those  at 

Landskloof (Fig. 6.2a).  Shoot growth occurred in 100% of plants one month after the 

initial harvest at both sites, then declined to 0% at Blomfontein in March and to one 

individual at Landskloof one month later.  After a period of limited growth from March 

to May shoot growth commenced as late as June at Blomfontein while most plants at 

Landskloof continued to grow throughout the rest of the study period. Between July 

2003 and January 2004 the number of  individuals  with  new shoot  growth ranged 

between  60% and 100% at  the  two  sites.   The number  of  plants  shedding litter 

peaked  during  autumn,  ceased  between  July  and  October  2003  and  increased 

thereafter, particularly at Landskloof.  The number of abscising plants peaked during 

autumn and spring, and was reduced during winter, with no activity during August 

and September.

After an autumn harvest in April 2003, shoot growth was present in 80% and 100% of 

harvested plants at Blomfontein and Landskloof respectively (Fig. 6.2b).  The number 

of individuals with new shoots gradually decreased to 20% in June at Blomfontein, 

but stayed consistently high (80 – 100%) at Landskloof during the same period.  The 

number of individuals with new shoots maintained a peak of 100% at Blomfontein 

from September 2003 to April  2004, while abscission ceased completely over this 

period.   Landskloof  plants with  shoot growth peaked again in October and finally 

decreased  in  December,  while  the  number  of  plants  dropping  leaves  continued 

minimally in July and August and increased from November to December.  Plants 

subsequently died in January 2004 and the treatment observation discontinued.  The 

number of abscising individuals was minimal for this autumn harvest season peaking 

at both sites only after the initial harvest and reduced in number during winter.
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Fig. 6.2: The % individuals for which shoot growth (shaded bars) and abscission (unshaded 
bars) were recorded after seasonal harvest treatments of wild A. linearis individuals at 
Landsklfoof (LK) and Blomfontein (BF). 99



The July harvest resulted in vigorous growth with 100% individuals growing shoots in 

the first  month after the initial  harvest and continuing throughout the study period 

(Fig. 6.2c).  Apart from a 20% decrease during August and September at Blomfontein 

and  December  at  Landskloof,  the  number  of  plants  with  new shoot  growth  was 

maintained at 100% at both sites.  Abscission was restricted to November (20%), 

December (60%), February (40%) and March (100%) at Blomfontein.  At Landskloof, 

patterns of abscission were more erratic, occurring in October (20%) and December 

(60%) 2003, and March June 2004 (40% of the plants in both cases).

6.4.3       Reproduction phenology  

Under a January harvest treatment flowering occurred from October 2003 to October 

2004.   In  contrast,  flowering  was  only  observed  at  Landskloof  in  October  2003 

(100%), followed by an 80% decrease in November and ceasing with one individual 

in December 2004.  No flowers were observed at this site during November.  Fruiting 

occurred from October  2003 to January 2004  at  Blomfontein,  with  the  maximum 

number  of  fruiting  individuals  recorded  in  October  2003  (60%).   At  Landskloof, 

however, fruiting maximum occurred in November, the only month when immature 

fruits were observed in these plants.

Flowering  and fruiting also occurred twice  in  Blomfontein  plants  harvested during 

autumn (April),  but once at Landskloof. 100% of plants flowered in October 2003, 

followed by 60% in January and February 2004.  At Landskloof only 60% of plants 

reached flowering phenophase, and only in October.  Similarly, fruiting was observed 

only in November and limited to 40% of all individuals at Landskloof.

Plants harvested in January 2003 flowered profusely (80 to 90%) during October that 

year.   Flowering  at  Landskloof  occurred in  the  maximal  number  of  individuals  in 

October  (80%).   Harvest  administered  in  July  resulted  in  the  highest  number  of 

flowering individuals in October 2003 and one individual continually flowering during 

December 2003 and in two plants in January 2004.   One individual  continued to 

flower throughout until February 2004. Fruiting followed a trend similar to flowering at 

Blomfontein.  The number of individuals peaked in October 2003, with one individual 

fruiting in January and March 2004 after a month of cessation in December 2003. At 

Landskloof, fruiting was minimal (20% - 40%), but spread out over 6 months.
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Fig. 6.3: % A. linearis individuals with flowers (shaded bars) and immature fruits (unshaded bars) 
recorded over 12 months at Blomfontein (BF) and Landskloof (LK) following seasonal harvest 
treatments.
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6.4.4       Regrowth  

Average  % regrowth  was  consistently  higher  at  Blomfontein  than  at  Landskloof 

across  harvest  seasons  (Fig.  6.4).   However,  differences  in  seasonal  harvest 

treatments between sites were insignificant for p = 0.05.  In addition, regrowth of 

plants  harvested  at  Blomfontein  during  April  differed  significantly  from  those 

subjected to April harvest treatments at Landskloof (Unequal N HSD test; MS = 1 

543.1; d.f. = 21; p = 0.02).  At Landskloof, the average total dry weights of stems and 

leaves at initial harvest in January, April and July 2003 were 1 661.1 g, 677 g and 1 

022.9 g, respectively.  After 12 months the weight of new growth exceeded that of 

harvested material by 34% for the summer harvest, 23% for the autumn harvest and 

57.4% under winter treatment at Landskloof. 
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Figure 6.4: % Regrowth (+ stdev) of wild A. linearis plants 12 months after seasonal 
harvest treatments at Blomfontein (open bars) and Landskloof (solid bars). Summer, 
autumn and winter harvests were administered in January, April and July (2003), 
respectively. Statistical differences are denoted by superscripts.

6.5 Discussion
The increase in the percentage volume of post-harvest biomass was higher after 12 

months for wild rooibos plants harvested during July at both sites, compared with 

January and April  harvest seasons  However,  flowering and fruiting outputs were 

reduced for plants harvested in July compared to the other treatments.  Vigorous 

biomass regrowth during the initial months following a July harvest could be ascribed 

to the  availability  of  plant  reserves at  this  time in  the plant’s  phenological  cycle. 

Although not measured the bulk of these pre-harvest reserves are likely to have been 

concentrated  in  the  lignotuber  during  the  winter  months.   Resource allocation  to 
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aerial parts after harvest in July would have resulted in a lowering of plant reserve 

concentrations of plant reserves in the lignotuber which provides the reserves for the 

spring growth  flush from September  to November.   While  a winter  (July)  harvest 

stimulated regrowth significantly more than a January or April harvest it is very likely 

that the reserves allocated to plant regrowth during winter will have had a negative 

effect on lignotuber development.  By implication, exposure to further risk that would 

require the plant to rely on lignotuber reserves in the future would compromise the 

individual’s regrowth potential.  Such risks might include harvest height, drought, fire 

and grazing.  The effect of harvest season on lignotuber development is thus crucial 

to ensuring sustainable plant biomass in wild rooibos tea. 

According to Stassen (1987) the production of photosynthate takes precedence over 

reproduction.   Cultivated rooibos plants that were harvested in his study invested 

more in the production of leaves and shoots than in flowers.  The quantity and quality 

of  flowers and fruits during the spring-summer reproductive peak observed in the 

present study is thus considered an indication of the levels of post-harvest resources 

available for regrowth and other plant functions.  While a January harvest resulted in 

heavy flowering and abscission, flowering was limited to three months, as opposed to 

longer periods for April (4 months at Blomfontein and 6 month at Landskloof) and 

July  harvest  treatments.   For  plants  harvested in  July,  flowering  occurred during 

October as for the January and April harvest treatments.  However the percentage of 

flowers  per  plant  was  between  5%  and  10%  per  individual,  indicating  poor 

reproductive  capacity.   These  results  suggest  that  a  July  harvest  resulted  in 

increased regrowth of wild A. linearis plants at the expense of reproduction.

According  to  experienced  harvesters,  the  second  flowering  phase  in  the  later 

summer months occurred as a result  of  drought stress and would have produced 

unviable seed or “windsaad” (pers. comm. Mr. H. Hesselman, Mr. J. Paulse, Mr. J. 

Koopman).  This emphasises the importance of drought-induced anomalies in growth 

and reproduction in wild rooibos tea.  The presence of fruits at both sites throughout 

the 12 months after initial harvest may also be uncharacteristic of rooibos populations 

in the Suid Bokkeveld.  Average rainfall peaked at 80 mm during July 2003 after a 

prolonged  dry  spell  since  the  summer  of  2002.   The  combination  of  higher 

temperatures and a later  onset  of  winter  rains are likely  to  have influenced post 

harvest growth and reproduction of rooibos in 2003 and 2004.  Further investigations 

on the effects of drought and other aspects of climate change on rooibos have been 

proposed for a 12 month period commencing July 2005.  Seasonal fluctuations and 
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how  they  correlate  with  regional  rainfall  will  enhance  farmer’s  ability  to  make 

temporal adjustments to harvest schedules to maximise harvestable biomass and at 

the  same time  ensuring  that  plant  regrowth  is  not  negated  by  seasonal  harvest 

treatments.

Wild rooibos individuals  subjected to an April  harvest  at  the dry site (Landskloof) 

suffered the highest incidence of fatalities as a result of pest infestation. While an 

autumn  harvest  in  April  resulted  in  the  most  deaths,  the  reasons  for  those 

pathologies deserve further investigation.  In November 2004 Mr. J. Paulse found the 

larva of  the coddling  moth (Conopia  spp.)  (Dr.  M.G. Wright,  pers.  comm.) in  the 

lignotuber of one of the April-harvested bushes that had died at Landskloof late in 

2003.  Three of those bushes had died within a month during autumn that year, all 

following  similar  symptoms  of  excessive  desiccation,  followed  by  death  and 

abscission  of  leaves.   Mr.  Paulse  had  pointed  out  a  similar  example  of  pest 

infestation at Blomfontein in January 2003.

Stassen (1987) reported that  fungal infections on harvest  wounds were  prevalent 

amongst cultivated rooibos individuals harvested in May.  The lack of canopy growth 

during winter soon after harvest also left plants exposed.  While wild rooibos tea in 

the Suid Bokkeveld is considered by local harvesters to be more resistant to pests 

and diseases than cultivated rooibos, the question of the effect of harvest season on 

the impact of damage caused by pests and pathogens warrants further investigation.

Rooibos harvesting and production are seasonal  activities in  the Suid Bokkeveld. 

Harvest schedules and seasonal tea production are structured according to harvest 

schedules  of  other  commercial  crops  in  the  region,  as  well  as  other  agricultural 

activities  (e.g.  ploughing  after  the  first  autumn rains,  preparing  land,  maintaining 

stock etc.)  These agricultural practices are inextricably linked with culture and social 

conventions.   There  is,  for  instance,  little  point  in  harvesting  tea  in  winter  when 

weather conditions are not suitable for fermenting and drying of harvested material. 

In addition,  wild  rooibos is harvested after  the cultivar  has been harvested.   The 

benefit  of harvesting in this way is that wild individuals produce leaves after early 

autumn rains and just before harvest, thereby marginally increasing individual plant 

biomass  just  before  harvest.   These  preferential  decisions  in  these  contexts  are 

important  considerations  when deciding  on harvest  schedules  that,  depending on 

their  circumstances,  may limit  or  enable  harvesters and small-scale  producers to 

make  adjustments  to  harvest  schedules  of  wild  rooibos  tea  for  purposes  of 
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maximising  biomass  regrowth  without  compromise  to  long-term  growth  and 

reproduction potential.   They are also useful  as human decisions ultimately drive 

sustainable harvesting practices of wild rooibos in the Suid Bokkeveld. 

6.6 Conclusion
In the Suid Bokkeveld, the harvesting of wild rooibos usually takes place annually 

during late summer to early autumn months between the months of March and May. 

An  experimental  harvest  during  a  mild  winter  in  July  2003  stimulated  vigorous 

biomass growth, but minimal reproductive output, limiting the seed output for the next 

season. Regrowth occurred at the expense of quality seed production in the spring. 

An April harvest at the beginning of a dry winter resulted in the death of wild rooibos 

individuals at the xeric site, most probably caused by pest infestations.  A January 

harvest had the least impact on regrowth capacity and reproduction in wild A. linearis 

individuals.   Finer temporal adjustment may be investigated for wild rooibos in the 

Suid Bokkeveld.  For example, farmers might consider experimenting with different 

seasonal harvest treatments between February and May when plant  reserves are 

presumably  at  their  highest  levels.   Due  consideration  should  be  given  to  such 

factors as drought, changes in the timing and amount of rainfall and the presence 

and distribution of pests and disease throughout the year.  The quality of regrowth 

biomass  following  different  harvest  schedules  should  also  be  considered  when 

deciding on appropriate harvest schedules.  Short-term harvesting goals for biomass 

production and economic profit might favour a winter harvest.  However, based on 

the available field data and input from local knowledgeable harvesters, to maintain a 

sustainable yield of wild rooibos, a summer or autumn harvest between January and 

April would be most favourable for optimal post harvest regrowth and reproduction. 
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Chapter 7: Recommendations and conclusions

7.1 Rationale for the study
Small-scale farmers in the Suid Bokkeveld harvest wild A. linearis shoots and leaves 

for the production of organic rooibos tea for niche fairtrade markets in Europe and 

North  America.  Concern  around  over-harvesting  and  a  desire  to  enhance  the 

capacities of its own members to manage the wild resource in a sustainable manner 

spurred  the  Heiveld  Co-operative  to  commission  academic  research  that  would 

inform recommendations for sustainable harvesting practices of wild rooibos in the 

Suid Bokkeveld. Key questions were formulated with participating farmers pertaining 

to:

• The differences in growth, phenology and reproduction schedules of  wild and 

cultivated rooibos;

• The effect  of  moderate  and severe  harvest  treatments  on  the  phenology, 

reproduction and regrowth of wild rooibos;

• The effect of seasonal harvest treatments on the phenology, reproduction and 

regrowth of wild rooibos.

Contents  of  semi-structured interviews  conducted with  local  harvesters  and land-

users in the area were integrated with data gathered from field experiments at two 

rooibos farms in the Suid Bokkeveld. The objectives of this study, and the methods, 

results and ensuing discussions form the basis for this thesis and are discussed in 

detail in Chapters 1 to 6.

In this final chapter, key findings of the research are summarised and the research 

methodology is reflected upon in light of future research. From the perspective of 

producers,  the  overall  objective  of  the  research  will  ultimately  be  met  with  the 

presentation of recommendations for sustainable harvesting of wild  rooibos in the 

Suid Bokkeveld as presented in the next section.

The  chapter  concludes  with  suggestions  for  future  research  directions  that  will 

contribute to the sustainable harvesting and management of wild rooibos as a valued 

and valuable resource for small-scale farmers of the Suid Bokkeveld community.
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7.2 Key findings
Key findings on which recommendations are based are briefly summarised below:

According to local harvesters wild rooibos resprouts from the basal stem after fire, 

while cultivated seeders usually die during a fire event.  Cultivated rooibos plants 

were  found  to  grow  uniformly  tall  and  erect  while  wild  rooibos  individuals  were 

observed to be more variable in plant morphology, ranging from wide and prostrate to 

tall and erect growth forms at Blomfontein and Landskloof, respectively.

After 12 months cultivated rooibos plants increased in average plant volume by 56% 

and 51% at the mesic and xeric sites, respectively.  Regrowth of wild plants during 

the same period increased by 30% at the mesic site, and decreased by a mere 8% at 

the xeric  site.  While there was a statistically  significant  difference across sites in 

average plant height, there was no difference in the average plant volume of selected 

plants, proving that there was no bias in plant sample selection.

Shoot length at the mesic site increased by 28% from January 2004 to January 2005 

and  by  19% at  the  xeric  site  during  the  same  period.   By  contrast,  wild  plants 

increased in average shoot length by 9% and a decrease of 5% was calculated for 

wild rooibos individuals at the xeric site.  Reproductive outputs of wild plants were 

consistently  lower  than  that  of  cultivated  plants.  In  keeping  with  other  known 

sprouting  plants  reported  in  the  literature,  wild  rooibos  was  found  to  be  slower 

growing than cultivated individuals.

Harvest  height  affects  post-harevest  regrowth  and  reproduction  potential  of  wild 

sprouting A. linearis plants.  Plants harvested at a moderate height (removal of 60% 

or  less  of  aerial  parts)  resulted  in  the  highest  average  %  regrowth  at  both 

Blomfontein  and  Landskloof.  The  mean  percentage  increase  in  plant  volume  of 

moderately harvested plants at Blomfontein after 12 months was 32% more than the 

original mean biomass volume of those plants. At Landskloof, a moderate harvest 

resulted  in  a  59% mean  regrowth  volume.   Plants  subjected  to  severe  harvest 

treatments  (removal  of  70% or  more of  above-ground  biomass)  resulted  in  32% 

regrowth at Blomfontein, the mesic site, and a mere 8% at Landskloof, the dry site. 

Moderately  harvested plants  were  able  to  reproduce,  100% of  individuals  having 

flowered  by  October  2003.  The  percentage  of  individuals  with  flowers  amongst 

severely  harvested  plants  was  limited  to  60%  at  Blomfontein,  and  only  20% at 

Landskloof.
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Wild  A. linearis plants harvested in January (summer) showed the lowest  rate of 

regrowth but showed the highest regrowth of biomass  and, simultaneously yielded 

the best reproductive output after 12 months at both sites. At the mesic site plants 

exceeded the original average plant volume by 91%, and by 14% at the xeric site. An 

autumn harvest  in April  resulted in 29% and 26% average volume excess of  the 

original volume, however, this harvest treatment resulted in the death of three wild 

rooibos individuals at the xeric site. A July (winter) harvest resulted in the highest rate 

of regrowth, but the lowest regrowth volume. and flowering of only one individual. 12 

months after the July harvest, plants at the mesic site had recovered only 55% of the 

original average volume, while plants at the xeric site increased by 94%.

7.3 Recommendations for sustainable harvesting of wild rooibos
Recommendations for the sustainable harvesting of wild rooibos presented here are 

based on suggestions by local harvesters and key findings from field research.  While 

these recommendations  are intended specifically  for  those populations  that  occur 

naturally  in  the  Suid  Bokkeveld,  they  may  well  apply  to  populations  of  similar 

physiology elsewhere in the region.

As is known to be the case with cultivated rooibos, wild rooibos plants should be 

harvested to stimulate growth.  In the case of older stands, infrequent but regular 

harvests are recommended to ensure health of individuals and whole populations. 

This  recommendation  is  based  on  the  observation  that  plants  that  were  left 

unharvested,  especially  those at  the  xeric  site,  declined  in  their  overall  condition 

during  the  time  of  observation.   Of  the  cultivated  plants  (which  had  not  been 

harvested), two died during the study period, while neighbouring plants that had been 

harvested between March and January during the previous harvest  season were 

observed to be healthier and more vigorous in their growth.

A moderate harvest of 60% or less of the whole plant volume and a corresponding 

harvest shoot diameter of 2 mm or less are recommended for wild rooibos plants. A 

severe harvest treatment (removal of 70 % or more of the plant’s volume) is likely to 

result in depletion of plant resources and lowered reproductive output. Although wild 

sprouting  plants  are  less  likely  to  die  due  to  severe  defoliation,  the  demand for 

nutrients needed to support regrowth and reproduction is likely to exert pressure on 

the store of carbohydrates in the subterranean lignotuber. This recommendation is 
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particularly valid for xeric sites, in the light of the fact that one plant at Landskloof 

died after a severe harvest treatment and that others of the sample were observed to 

be limited in their capacities for regrowth.

Wild rooibos plants should be harvested once every two years, depending on rainfall 

conditions, as suggested by local harvesters. Although this recommendation is made 

with specific reference to drought stress, other factors that in extremity would result in 

plant stress (e.g. temperature, soil nutrient availability) and that could limit or delay 

regrowth, should also be considered detrimental to rooibos individuals in the wild..

Wild  rooibos  should  be  harvested  during  summer  to  ensure  the  combination  of 

sustained  regrowth  of  harvestable  biomass  and  reproductive  output.  An  autumn 

harvest resulted in the highest number of deaths at the xeric site, and resulted in 

delayed  regrowth  of  harvestable  material.  Stassen  (1989)  also  reported  higher 

fatalities during March for cultivated rooibos, a period that coincides with the onset of 

winter rains and during which plants are more susceptible to fungal infections and 

disease causing die-back.  While a winter harvest resulted in the greatest volume of 

vegetative  regrowth,  these  plants  expressed  the  lowest  reproductive  output, 

suggesting a trade-off between harvestable biomass regrowth and seed production. 

According to local harvesters, and in line with industry practice, wild rooibos cannot 

be processed adequately during cold wet winter months, as the high temperatures of 

summer are needed for the fermentation process.  Furthermore, the autumn rains are 

likely to damage and wash away rooibos that is being processed in these months. 

On these grounds a winter harvest is not recommended, as it is likely to affect tea 

quality and will delay replenishment of the seed bank for another growth cycle.

In the context of harvest management, it is recommended that harvesters should be 

paid per unit weight of the final product, after sifting, sterilization and screening of the 

tea.  According to the Heiveld Co-operative’s tea-maker and quality control manager, 

thick stems damage blades and lower the quality of the tea as the woody material 

does not ferment. Where payment is made for harvested bulk weight, harvesters are 

more likely to harvest low to the ground to fill  quotas of  harvested biomass.  The 

recommended system of  payment,  to which the Heiveld Co-operative subscribes, 

allows indirect but effective control over harvest practices within the co-operative.
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7.3 Reflections on the methodology
Research methods and methodology are described in detail in Chapter 3 and each of 

Chapters  4,  5  and 6.  Reflections  are  offered here  of  the  broader  context  of  the 

research and on the methodological approaches and field methods that presented 

limitations and opportunities during the research process.

Field  research was  conducted during  2003  and 2004,  a period  during  which  the 

region was experiencing atypical climate conditions of extreme temperatures and a 

considerable decreased in rainfall.  While these conditions were not favourable for 

knowing how wild rooibos plants respond during years of typical climate conditions, 

they  allowed  insight  into  the  growth  response  of  these  plants  during  dry  spells 

characteristic of the region.

At one of the research sites wild plants under research observation were harvested 

by  people  unaware  of  the  research  site  boundaries.  The  result  was  a  further 

reduction  in  the  number  of  limited  replicates.  While  the  uncontrolled  harvests 

presented challenges in analysing the data, this incident did shed light on the reality 

that on-farm control of harvest management is often limited, especially in the case of 

wild rooibos where harvesters are dispersed in the veld.

The numbers of replicates for each of the experiments were limited to five plants, 

although a higher number of replicates, perhaps ten or more, would have been more 

preferable.  Morphology  was  also  highly  variable  amongst  wild  individuals  within 

populations.  Plants of  similar  height  and morphology had to be carefully selected 

from a limited numbers of plants to avoid biased results. 

Wild rooibos populations grow in isolated patches, and in the Suid Bokkeveld there 

are populations  that  are remote and difficult  to reach.  In the absence of  an own 

vehicle, local farmers were often relied upon to reach research sites and other sites 

where wild rooibos grows.  Reliance of local farmers to visit sites allowed time with 

them to interact with them on the research and also gain insights from conversations 

about social conditions and contexts.

The  broader  PAR  approach  has  been  a  useful  way  to  engage  farmers  in 

conservation-oriented management practices for harvesting wild rooibos. The study 

has  increased  local  ownership  of  the  research  process  and  results  and  has 

contributed to the capacities of local farmers.  Viability of existing institutions in the 
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Suid  Bokkeveld  have  also  been  enhanced  and  strengthened.   Apart  from  the 

research  results  and  recommendations  on  sustainable  harvesting  of  the  wild 

resource  in  the  Suid  Bokkeveld  the  research  has  also  contributed  to  integrated 

development  in  the  region.  Farmers  have  shown  an  increasing  appreciation  of 

scientific  methods  and  the  usefulness  of  the  PAR  approach  is  evident  in  the 

generation  of  research  questions  by  farmers  who  have  been  involved  with  the 

research process.

7.5 Directions for future research
In  2004  EMG  in  partnership  with  the  Climate  Change  Systems  Analysis  Group 

(CSAG), initiated a research project aimed at testing the viability of rooibos tea as an 

indicator species for changes in climate. Following the methodological approach of 

the present  study,  participating farmers started monitoring the growth of  wild  and 

cultivated  rooibos  plants  on  their  farms  on  a  monthly  basis  from July  2005.  By 

conducting  the  research  themselves,  farmers  have  developed  their  capacity  to 

record, organise and interpret their own data. The study was in progress at the time 

of submission of this thesis, and was due to continue until June 2006. The project 

was funded by the World Wide Fund for Nature (WWF-SA).

During September 2005 EMG initiated a project funded by the Critical Ecosystems 

Programme Fund (CEPF) on the distribution of wild A. linearis in the Suid Bokkeveld, 

Wupperthal, Elizabethfontein and Nieuwoudtville. Objectives of the study include the 

collection  of  local  knowledge  on  wild  rooibos  distribution,  infraspecific  taxonomic 

identification  amongst  local  users  of  types  of  wild  rooibos,  development  of  a 

bioclimatic  envelope  for  the  species  and  further  investigation  with  users  of  the 

resource  on  sustainable  harvesting  and  management  practices  that  will  lead  to 

conservation and amelioration of individuals in the wild.

While the present study has been useful in unearthing questions around wild rooibos, 

much more research is needed on the autecology and physiology of plants in the wild 

to  promote  sound  management  practices  locally  and  within  the  broader  rooibos 

industry.  The  research  directions  mentioned  below  ensue  from  findings  and 

observations made during the present study.  

Many of the findings on the differences between wild and cultivated rooibos (Chapter 

4)  seem to  be direct  consequences  of  the  reseeding  and  resprouting  life-history 
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strategies of the two types of rooibos. The ecological implications of reseeding and 

resprouting life-history strategies in wild populations in terms of their response to fire, 

herbivory, harvesting and other forms of disturbance deserve further investigation. 

Given the land-use pressures threatening wild  populations in  the broader  rooibos 

production area, these questions are highly relevant for conservation of wild rooibos 

populations. 

The question on harvest frequency relates closely to the research questions dealt 

with in this thesis. The convention in the Suid Bokkeveld is to harvest wild rooibos 

once every two years, or less frequently during years of prolonged dry spells. Harvest 

frequency  will  have  implications  for  regrowth  and  reproduction  potential  of  wild 

rooibos plants, and is thus one of the main research questions to be addressed in the 

context of management of the natural resource.

The present study was conducted during 2003 and 2004, a time during which the 

Suid  Bokkeveld  experienced  a  drought  and other  deviations  from typical  climatic 

conditions. The area is prone to aridity and low rainfall, and effects of climate change 

are already evident in weather and rainfall  patterns. Growth of wild rooibos during 

years of  normal temperature and rainfall  should  be recorded for  comparison with 

growth  response  of  A.  linearis during  years  of  drought.  Another  climate-related 

question concerns the impact of pests and disease on wild and cultivated rooibos in 

relatively drier and wetter periods and the impact of drought on seed set and seed 

virility.

7.6 Conclusion
Research on wild rooibos has hitherto been limited, and an attempt has been made 

with this study to contribute to the scientific and local knowledge on wild rooibos and 

its  response  to  different  harvesting  regimes.  One of  the  main  threats  to  rooibos 

populations  in  the  wild  is  the  conversion  of  its  natural  habitat  for  production  of 

cultivated rooibos. The promotion of sustainable harvesting and management of wild 

rooibos  is  crucial  to  ensure  its  longevity  and amelioration  of  the  impacts  on this 

species and other co-ocurring species in its natural habitat. The small-scale farmers 

and knowledge harvesters of  the Suid Bokkeveld  have much to contribute to the 

broader industry on wild rooibos management and sustainable harvesting. It is hoped 

that  this  study  will  have  created  the  platform  for  further  research  and  deeper 
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appreciation  for  the  valued  and  valuable  resource  that  wild  rooibos  is  amongst 

members of the Suid Bokkeveld community.

113



References

Abbott, I., Van Heurck, P. and Burbidge, T. (1993). Impact of frequency and intensity 

of defoliation on growth of Jarrah (Eucalyptus marginata): an experimental study with 

saplings. Forest Ecology and Management 56(1-4): 175-183.

Adjei, M. B., Mislevy, P.  and Chason, W. (2000).  Timing, defoliation management, 

and nitrogen effects on seed yield of ‘Argentine’ Bahiagrass.  Agronomy Journal 92: 

36 - 41.

Allsopp, N. (1998).  Effect of defoliation on the arbuscular mycorrhizas of three 

perennial pasture and rangeland grasses.  Plant and Soil 202(1): 117-124.

Allsopp, N. and Stock, W. D. (1992).  Density dependent interactions between Va 

Mycorrhizal Fungi and even-aged seedlings of 2 perennial Fabaceae species. 

Oecologia 91(2): 281-287.

An, L. V., Frankow-Lindberg, B. E. and Lindberg, J.E. (2003). Effect of harvesting 

interval and defoliation on yield and chemical composition of leaves, stems and 

tubers of sweet potato (Ipomoea batatas L. (Lam.)) plant parts. Field Crops 

Research 82(1): 49-58.

Anderson, M. K. and Rowney, D. I. (1999).  The edible plant Dichloestemma 

capitatum: Its vegetative reproduction response to different indigenous harvesting 

regimes in California.  Restoration Ecology 7(3): 231-240.

Anderson, M. T. and Frank, D. A. (2003).  Defoliation effects on reproductive 

biomass: Importance of scale and timing.  Journal of Range Management 56(5): 

501-516.

Arendse, A. (2001).  Trade, environment & sustainable development. Briefing 

document: 4. Rooibos trade and small-scale production.  Environmental Monitoring 

Group, Cape Town.

Arendse, A. and Oettlé, N.M. (2001).  Trade, environment & sustainable 

development. Briefing document: 4. Rooibos tea trade and small-scale production. 

Environmental Monitoring Group, Cape Town.

114



Arnold J. Bloom, A. J., Chapin, III, F.S. and Mooney, H.A. (1985).  Resource 

Limitation in Plants--An Economic Analogy.  Annual Review of Ecology and 

Systematics 16: 363-392.

Bhana, A. (2002).  Participatory action research: a practical guide for realistic 

radicals. In: Terre Blanche, M. and Durrheim, K. (eds).  Research in practice: applied 

methods of the social sciences. University of Durban-Westville, Durban.

Bell, T. L. and Ojeda, F. (1999).  Underground starch storage in Erica species of the 

Cape Floristic Region - differences between seeders and resprouters.  New 

Phytologist 144(1): 143-152.

Bell, T. L., Pate, J. S and Dixon, K.W. (1996).  Relationships between fire response, 

morphology, root anatomy and starch distribution in South-west Australian 

Epacridaceae.  Annals of Botany 77(4): 357-364.

Bell, T.L., Pate, J. S. and Dixon, K. W.  (1996).  Relationships between fire response, 

morphology, root anatomy and starch distribution in South-West Australian 

Epacridaceae.  Annals of  Botany 77(4): 357-364.

Bellingham, P.J. (2000).  Resprouting as a life history strategy in woody plant 

communities.  Oikos 89(2): 409-416.

Bond, W. J., Maze, K. and Desmet, P. (1995).  Fire life-histories and the seeds of 

chaos.  Ecoscience 2(3): 252-260.

Bond, W. J., Vlok J. and Vivier, M. (1984).  Variation in seedling recruitment of Cape 

Proteaceae after fire.  Journal of Ecology 72(1): 209-221.

Bond, W.J. and Midgley, J.J. (2003).  The evolutionary ecology of sprouting in woody 

plants.  International Journal of Plant Sciences 164(3): S103-S114.

Bowen, B. J. and Pate, J. S. (1993).  The significance of root starch in postfire shoot 

recovery of the resprouter Stirlingia latifolia R Br (Proteaceae).  Annals of Botany 

72(1): 7-16.

115



Bramati, L., Minoggio, Gardana, C., Simonetti, P. Mauri, P. L. Pietta, P. G. (2002). 

Quantitative characterization of flavonoid compounds in Rooibos (Aspalathus 

linearis) by LC-UV/DAD.  Free Radical Biology and Medicine 33: 520.

Burman, N.L. (1768).  Florae Capensis prodomus. Flora Indica. Lugduni Batavorum 

and Amtelaedami.

Campbell, B.M. and. Werger, M.J.A. (1988).  Plant form in the mountains of the 

Cape, South Africa.  Journal of Ecology 76(3): 637-653.

Canadell, J. and Lopez-Soria, L. (1998).  Lignotuber reserves support regrowth 

following clipping of two Mediterranean shrubs.  Functional Ecology 12(1): 31-38.

Carter, A. S. and Paton, D. M. (1985).  The role of the cotyledonary node in the 

induction of lignotuber formation in Eucalypts.  Australian Forest Research 15(4): 

509-513.

Castro-Díez, P., Puyravaud, J.P., Cornelissen, JHC and Villar-Salvador, P. (1998). 

Stem anatomy and relative growth rate in seedlings of a wide range of woody plant 

species and types.  Oecologia 116(1-2): 57-66.

Chambers, R.  (1994)  The origins and practice of participatory rural appraisal. 

World Development  22(7), 953-969.

Charmaz, K (2002) Grounded theory: objectivist and constructivist methods. In: 

Denzin, N.K. and Lincoln, Y.S. (eds). Handbook of Qualitative Research. Second 

edition. 

Chen, R., Corlett, R. T. and Hill, R.D. (1998).  The biological sustainability of biomass 

harvesting.  Agriculture, Ecosystems & Environment 69(2): 159-170.

Cline M.G. (1994). The role of hormones in apical dominance: new approaches to an 

old problem in plant development. Physiologia Plantarum 90: 230 - 237.

116



Cocks, M. P. (1994).  The ecology and nitrogen fixing ability of selected Aspalathus 

species in fynbos ecosystems.  MSc. Thesis. Botany Department. University of Cape 

Town.

Cocks, M. P. and Stock W.D. (1993).  Forgotten fynbos: the often overlooked fynbos 

genus Aspalathus.  Veld & flora 79(4): 110-111.

Cocks, M.P. (1994).  The ecology and nitrogen fixing ability of selected Aspalathus 

species in fynbos ecosystems.  MSc. Thesis.  Botany Department. University of Cape 

Town.

Collin, P., Epron, D. Alaoui-Soss E. B. and Badot P.M. (2000). Growth responses of 

Common Ash seedlings (Fraxinus excelsior L.) to total and partial defoliation. Annals 

of Botany 85(3): 317-323.

Cowling, R. M. (Ed.) (1992).  The ecology of fynbos: fire, nutrients and diversity. 

Oxford University Press, Cape Town.

Cruz, A. and Moreno, J.M. (2001). No allocation trade-offs between flowering and 

sprouting in the lignotuberous, Mediterranean shrub Erica australis. Acta Oecologica-

International Journal of Ecology 22(2): 121-127.

Cruz, A. and Moreno, J.M. (2001).  Seasonal course of total non-structural 

carbohydrates in the lignotuberous Mediterranean-type shrub Erica australis. 

Oecologia 128(3): 343-350.

Cunningham, A. B. (1990).  Vultures and the trade in traditional medicines. Vulture 

News. 24: 3-10.

Dahlgren, R. (1968).  Revision of the genus Aspalathus II: The species with ericoid 

and pinoid leaves. 7 subgenus Nortieria. With remarks on Rooibos cultivation. 

Botany Notiser 121: 165-208.

Dahlgren, R. (1988).  Revision of the genus Aspalathus. In: Flora of Southern Africa. 

16(3,6): 1-430. National Botanical Institute, Pretoria.

117



Dakora, F. D. and Phillips, D.A. (2002).  Root exudates as mediators of mineral 

acquisition in low- nutrient environments.  Plant and Soil 245(1): 35-47.

Del Pozo, A., Ovalle, C., Aronson, J. and Avendano, J. (2002).  Ecotypic 

differentiation in Medicago polymorpha L. along an environmental gradient in central 

Chile.  I.  Phenology, biomass production and reproductive patterns.  Plant Ecology 

159(2): 119-130.

Deschodt, C. C. and Strijdom, B. W. (1976).  Effective nodulation of Aspalathus 

linearis ssp. linearis by rhizobia from other Aspalathus species: research note. 

Phytophylactica 8(4): 103-104.

Dixon, K.W. and Pate, J.S. (1978).  Phenology, morphology and reproductive-biology 

of tuberous sundew, Drosera erythrorhiza Lindl.  Australian Journal of Botany 26(4): 

441-454.

Donkor, N. T., Bork, E. W. and Hudson, R.J. (2002). Bromus-Poa response to 

defoliation intensity and frequency under three soil moisture levels. Canadian Journal 

of Plant Science 82(2): 365-370.

Druce, G.C. 1917 Nomenclature notes: chiefly African and Australian. Second 

supplement, report. Botanical Society and Exchange Club of the British Isles 1916. 

Oxford.

Dube, S. and Gwarazimba, V. E. E. (2000). Effects of selective defoliation and height 

of defoliation on tiller dynamics and herbage yield of Themeda triandra in a semi-arid 

rangeland in Zimbabwe. African Journal of Range & Forage Science. 17: 52-59.

Farmer Support Group (2002). Research and research methodology: participatory 

research. Scottsville, Kwa-Zulu Natal.

Ferraro, D. O. and Oesterheld, M. (2002). Effect of defoliation on grass growth. A 

quantitative review. Oikos 98(1): 125-133.

Floret, C., Galan, N. J., Lefloch, E., Orshan, G. and Romane, F. (1987).  Local 

characterization of vegetation through growth forms - Mediterranean Quercus ilex 

coppice as an example.  Vegetatio 71(1): 3-11.

118



Floret, C., Galan, M. J., Lefloch, E., Orshan, G. and Romane, F. (1990). Growth 

forms and phenomorphology traits along an environmental gradient - tools for 

studying vegetation.  Journal of Vegetation Science 1(1): 71-80.

Gerber, A. I., Theron, K. I. and Jacobs, G. (2002). Defoliation alters spring growth 

flush characteristics and inhibits flowering in Protea cv. Carnival. Scientia  

Horticulturae 94(3-4): 345-350.

Gess, S. K. (2000).  Rooibos - refreshment for humans, bees and wasps.  Veld & 

Flora 86(1): 19–21.

Gess, S. K. and Gess, F.W. (1994).  Potential pollinators of the Cape-group of 

Crotalarieae (Sensu Polhill) (Fabales, Papilionaceae), with implications for seed 

production in cultivated rooibos.  African Entomology 2(2): 97-106.

Goldblatt, P. and Manning, J. C. (2002).  Plant diversity of the Cape Region of 

southern Africa.  Annals of the Missouri Botanical Garden 89(2): 281-302.

Gustafsson, C. (2004). The effect of timing and amount of leaf removal on survival, 

growth and reproduction in the perennial herb Sanicula europaea L. Plant Ecology 

170(1): 29-34.

Harvey, W.H. (1862).  Leguminosae (1-285) in Harvey, W.H. and Sonder, O.W., 

Flora Capensis, 2.  Dublin.

Hesseling, P. B. and Joubert. J.R. (1982).  The effect of rooibos on the type I allergic 

reaction.  South African Medical Journal 62(27): 1037-1038.

Hodgkinson, K.C. (1998).  Sprouting success of shrubs after fire: height dependent 

relationships for different strategies.  Oecologia 115(1-2): 64-72.

Hoffman, M. T. and Cowling, R. M. (1987). Chapter 1. Plant physiognomy, phenology 

and demography. 142: 1-34.

Howell, S. (1999). Sustainable grape productivity and the growth-yield relationship: a 

review. Honorary research lecture. ASEV Annual Meeting, Reno, Nevada

119



Huizer, G. (1997).  Participatory action research and people’s participation: 

introduction and case studies.  Sustainbale Development Department (SD), Food 

and Agricultural Organisation of the United Nations (FAO). Online publication: http://

www.fao.orgg/sd/PPdirect/PPre0030.htm

Hunter, J. J., Ruffner, H. P., Volschenk, C. G. and D. J. Leroux (1995). Partial 

Defoliation of Vitis-Vinifera L Cv Cabernet-Sauvignon/99-Richter - Effect on root-

growth, canopy efficiency, grape composition, and wine quality. American Journal of 

Enology and Viticulture 46(3): 306-314.

Hunter, J. J., Skrivan, R. and Ruffner, H.P. (1994).  Diurnal and seasonal 

physiological changes in leaves of Vitis Vinifera L - CO2 assimilation rates, sugar 

levels and sucrolytic enzyme activity.  Vitis 33(4): 189-195.

Joubert, E. and Ferreira D. (1996).  Antioxidants of Rooibos - a possible explanation 

for its health promoting properties? Review.  The South African Journal of Food 

Science & Nutrition 8(3): 79-83.

Kawakami, M.,Kobayashi, A., Kator, K. (1993).  Volatile constituents of Rooibos 

(Aspalathus linearis) as affected by extraction process.  Journal of Agricultural and 

Food Chemistry 41(4): 633-636.

Kays, J. S. and Canham, C. D. (1991).  Effects of time and frequency of cutting on 

hardwood root reserves and sprout growth.  Forest Science 37(2): 524-539.

Koelle, B., Oettlé, N., Thobela, M. and Arendse, A. (2003) Learning partnership to 

conserve biodiversity. Findings of the social research team of the Conservation 

Farming Project. Unpublished report. National Botanical Institute, Cape Town. Pp. 

1-28.

Koeppen, B. H. (1961). The flavonoid constituents of Aspalathus acuminatus.  DSC. 

Thesis. University of Stellenbosch, Stellenbosch.

Kummerow, J. (1983).  Comparative phenology of Mediterranean-type plant-

communities.  Ecological Studies 43: 300-317.

120

http://www.fao.orgg/sd/PPdirect/PPre0030.htm
http://www.fao.orgg/sd/PPdirect/PPre0030.htm


Lamont, B. B. and Wiens, D. (2003).  Are seed set and speciation rates always low 

among species that resprout after fire, and why?  Evolutionary Ecology 17: 277–292.

Lamprecht, S. C. and Kasdorf, G. G. F. (2001).  Black-tip disease of rooibos 

(Aspalathus linearis) - an overview; Fusarium graminearum, associated with Acacia 

mearnsii and Eucalyptus grandis in South Africa; Identification of three viruses on 

Pisum stivum (pea) in South Africa: abstracts. South African Journal of  Science 

(Supplement) 97(1/2): 13-14.

Le Grange, L. (2001).  Challenges for participatory action research and indigenous 

knowledge in Africa. Acta Academica 33:136-150.

Le Maitre, D. C. and. Midgely, J.J (1992). Plant reproductive ecology.  The ecology 

of Fynbos: fire, nutrients and diversity. R. M. Cowling (ed). Cape Town, Oxford 

University Press: 135 - 174.

Le Maitre, D.C. (1992). The relative advantages of seeding and sprouting in fire-

prone environments: a comparison of life histories in Protea neriifolia and Protea 

nitida. Fire in South African Montain Fynbos: ecosystem, community and species 

response at Swartbskloof. B. W. Van Wilgen, Richardson, D.M., Kruger, F.J. and van 

Hensbergen, H.J. (eds) Heidelberg, Berlin, Springer-Verlag. 93: 123 - 144.

Lieth, H. (1974). Phenology and seasonality modeling.  New York, Springer Verlag.

Linnaeus, C. (ca. 1771) Mantissa plantarum altera. Holmiae.

MacDonald, G. B., M. L. Cherry, and Thompson, D.J. (2004). Effect of harvest 

intensity on development of natural regeneration and shrubs in an Ontario boreal 

mixedwood stand. Forest Ecology and Management 189(1-3): 207-222.

Manning, J. and Goldblatt, P. (1997).  Nieuwoudtville, Bokkeveld Plateau and 

Hantam.  South African Wildflower Guide No. 9.  Botanical Society of South Africa, 

Cape Town.

Marais, C., Van Rensburg, W.J., Ferreira, D, and Steenkamp, J. A. (2000).  (S)- and 

(R)-eriodictyol-6-C-beta-D-glucopyranoside, novel keys to the fermentation of rooibos 

(Aspalathus linearis).  Phytochemistry 55(1): 43-49.

121



Marnewick, J.L., Batenburg, W., Swart, P., Joubert, E., Swanevelder, S and 

Gelderblom, W.C.A. (2004).  Ex vivo modulation of chemical-induced mutagenesis by 

subcellular liver fractions of rats treated with rooibos (Aspalathus linearis) tea, 

honeybush (Cyclopia intermedia) tea, as well as green and black (Camellia sinensis) 

teas.  Mutation Research 558: 145–154

Marnewick, J.L., Joubert, E., Swart, P., Van der Westhuizen, F. and Gelderblom, 

W.C. (2003).  Modulation of hepatic drug metabolizing enzymes and oxidative status 

by Rooibos (Aspalathus linearis) and Honeybush (Cyclopia intermedia), Green and 

Black (Camellia Sinensis) teas in rats. Journal of Agricultural and Food Chemistry 

51(1): 8113-8119. 

Martin G.J. (1995).  Six disciplines which contribute to an ethnobotanical study. In: 

Martin G.J. (ed.) Ethnobotany: People and Plants Conservation Manual. Chapman 

and Hall, London.

McNaughton SJ. (1983). Compensatory plant growth as a response to herbivory. 

Oikos 40: 329 - 336.

Menke, J.W. and Trlica, M.J. (1981).  Carbohydrate reserve, phenology, and growth 

cycles of nine Colorado Range species.  Journal of range management, 34(4): 269 - 

277.

Mesleard, F. and Lepart, J. (1989).  Continuous basal sprouting from a lignotuber – 

Arbutus unedo L and Erica arborea L, as woody Mediterranean examples. 

Oecologia 80(1): 127-131.

Milton, S. J. (1988). The effects of pruning on shoot production and basal increment 

of Acacia tortilis. South African Journal of Botany. 54: 109-117.

Mitchell, D. T., Coley, P. G. F., Webb, S. and Allsopp, N.  (1986).  Litterfall and 

decomposition processes in the Coastal Fynbos vegetation, Southwestern Cape, 

South-Africa.  Journal of Ecology 74(4): 977-993.

Moll, E.J. and. Sommerville, J.E.M. (1982).  Phenological studies in Mountain 

Fynbos.  South African Journal of Botany 1(3): 82-82.

122



Morton, J. F. (1983).  Rooibos, Aspalathus linearis, a caffeineless, low-tannin 

beverage.  Economic Botany 37(2): 164-173.

Muofhe, M. L. and Dakora, F. D. (1999).  Nitrogen nutrition in nodulated field plants 

of the shrub tea legume Aspalathus linearis assessed using N-15 natural abundance. 

Plant and Soil 209(2): 181-186.

Muofhe, M. L. and Dakora, F. D. (2000).  Modification of rhizosphere pH by the 

symbiotic legume Aspalathus linearis growing in a sandy acidic soil.  Australian 

Journal of Plant Physiology 27(12): 1169-1173.

Nakano, M., Y. Itoh, Y., Mizuno, T. and Nakashima, H. (1997).  Polysaccharide from 

Aspalathus linearis with strong anti-HIV activity. Bioscience Biotechnology and 

Biochemistry 61(2): 267-271.

Noble, J. C. (2001).  Lignotubers and meristem dependence in mallee (Eucalyptus 

spp.) coppicing after fire.” Australian Journal of Botany 49(1): 31-41.

Oettlé, N. (2002).  Suid Bokkeveld case description.  Unpublished report. 

Environmental Monitoring Group, Cape Town.

Oettlé, N., Arendse, A., Koelle, B. and van der Poll, A. (2004).  Community exchange 

and training in the Suid Bokkeveld: A UNCCD pilot project to enhance livelihoods and 

natural resource management.  Environmental Monitoring and Assessment 99: 

115-125.

Oettlé, N. and Koelle B. (2003).  Capitalising on local knowledge:  community 

knowledge exchange.  A toolkit for the preparation, implementation and evaluation of 

community-to-community knowledge and learning exchanges.  Toolkit I. 

Methodological overview and case studies.  The World Bank.  African Region. 

Indigenous Knowledge for Development Programme. 

Oppong, S. K., Kemp, P. D., Douglas G.B. and Foote, A.G. (2002).  Effects of season 

and frequency of harvest on browse yield and root carbohydrate reserves of willows 

(Salix spp.) in. New Zealand.  New Zealand Journal of Agricultural Research 45(2): 

87-95.

123



Pausas, J. G., Bradstock, R. A., Keith, D. A. and Keeley, J. E.  (2004).  Plant 

functional traits in relation to fire in crown-fire ecosystems.  Ecology  85(4): 

1085-1100.

Pavon, N. P. and Briones, O. (2001). Phenological patterns of nine perennial plants 

in an intertropical semi-arid Mexican scrub." Journal of Arid Environments 49(2): 

265-277.

Perkins, S. R. and Owens, M. K. (2003).  Growth and biomass allocation of shrub 

and grass seedlings in response to predicted changes in precipitation seasonality. 

Plant Ecology 168(1): 107-120.

Peters, C.M., Balick, M.J., Kahn, F. and Anderson, A.B. (1989).  Oligarchic forests of 

economic plants in Amazonia: utilisation and conservation of an important tropical 

resource.  Conservation Biology 3(4): 1523-1739.

Phillips, D.L. and McMahon, J.A. (1981).  Competition and spacing patters in dessert 

shrubs.  Journal of Ecology 69:97 – 115.

Pierce, S. M. (1984). A synthesis of plant phenology in the Fynbos biome. Cape 

Town, South African National Scientific Programmes.

Pierce, S.M. and Cowling, R.M. (1984).  Phenology of Fynbos, Renosterveld and 

Sub-Tropical Thicket in the South Eastern Cape.  South African Journal of Botany 

3(1): 1-16.

Pierce, S.M. and Cowling, R.M. (1984).  Seasonal growth of the overstorey and 

understorey in Mediterranean-type shrublands and heathlands in the South Eastern 

Cape, South-Africa.  South African Journal of Botany 3(1): 17-21.

Plukenet, L.  (1700) Almagesti botanici mantissa. Londini.

Pretty, J. N. 1994. Training for Learning: PRA Notes: Special issue on training. 

International Institute for Environment and Development, London, U.K., 19:5–12.

124



Rabe, C., Steenkamp, J.A., Joubert, E., Burger, J.F.W. and Ferreira, D. (1994). 

Phenolic metabolites from rooibos (Aspalathus linearis).  Phytochemistry 35(6): 

1559-1565.

Rathcke, B. and Lacey, E.P. (1985).  Phenological patterns of terrestrial plants. 

Annual Review of Ecology and Systematics 16: 179-214.

Reason, P. (1994).  Inquiry and alienation In: Reason, P. (ed.): Participation in 

human inquiry.  Sage publications, London.

Reinten, E. and Coetzee, J.H. (2002).  Commercialization of South African 

indigenous crops: aspects of research and cultivation of products.  In: Janick, J. and 

Whipkey, A. (eds.) Trends in new crops and new uses, ASHSS Press, Alexandria, 

VA.

Rouget, M., Richardson, D.M.,Cowling, R.M., Lloyd, J.W. and Lombard, A.T.  (2003). 

Current patterns of habitat transformation and future threats to biodiversity in 

terrestrial ecosystems of the Cape Floristic Region, South Africa.  Biological  

Conservation 112(1-2): 63-85.

Ruiters, C. and McKenzie, B.  (1994). Seasonal allocation and efficiency patterns of 

biomass and resources in the perennial geophyte Sparaxis randiflora subspecies 

fimbriata (Iridaceae) in Lowland Coastal Fynbos, South Africa.  Annals of Botany 

74(6): 633-646.

Ruiters, C. and McKenzie, B, (1993).  Seasonal allocation of biomass and resources 

in the geophytic species Haemanthus pubescens subspecies pubescens in Lowland 

Coastal Fynbos, South Africa.  South African Journal of Botany 59(2): 251-258. 

Ruiters, C., McKenzie, B. and Raitt, L. M. (1993).  Life-history studies of the perennial 

geophyte Haemanthus pubescens subspecies pubescens (Amaryllidaceae) in 

Lowland Coastal Fynbos, South Africa.  International Journal of Plant Sciences 

154(3): 441-449.

Schlesinger, F. (1988). Oes een keer per jaar vir hoogste opbrengs: rooibostee. 

Landbouweekblad (543): 28-31.

125



Schlesinger, F. (1988). Oes een keer per jaar vir hoogste opbrengs: rooibostee. 

Landbouweekblad, Iss 543, p.28-31.

Schutte, A. L., Vlok, J. H. J. and Van Wyk, B.-E.  (1995).  Fire-survival strategy - a 

character of taxonomic, ecological and evolutionary importance in Fynbos legumes. 

Plant Systematics and Evolution 195(3-4): 243-259.

Schwilk, D. W. and Ackerly, D.D. (2005).  Is there a cost to resprouting? Seedling 

growth rate and drought tolerance in sprouting and nonsprouting Ceanothus 

(Rhamnaceae).  American Journal of Botany 92(3): 404-410.

Shackleton, C. M. (2001).  Re-examining local and market-orientated use of wild 

species for the conservation of biodiversity.  Environmental Conservation 28(3): 

270-278.

Shackleton, C. M. and Mentis, M. T. (1992).  Seasonal changes in nutrient content 

under three defoliation treatments in two casual grassland communities of Transkei. 

Grassland Society of Southern Africa 9: 30-37.

Shahabuddin, G. and. Prasad, S. (2004).  Assessing ecological sustainability of non-

timber forest produce extraction: the Indian scenario.  Conservation and Society 2(2): 

235-251.

Silverman D. (2001).  Interpreting qualitative data: methods for analysing talk text 

and interaction. Second edition. Sage Publications, London.

Smit, W. A. and Knox-Davies, P. S. (1989).  Crown and root rot of rooibos caused by 

Macrophomina phaseolina and Neocosmospora vasinfecta.  Phytophylactica 21(3): 

291–295.

Smit, W. A. and Knox-Davies, P.S. (1988).  Die-back and root rot of rooibos, 

Aspalathus linearis.  Phytophylactica 20(1): 95.

Sommerville, J.E.M. (1983). More fynbos phenology. South African Association of 

Botanists Congress, University of the Witwatersrand.

126



Specht, R.L. and Moll, E.J. (1983). Heathlands and schlerophyllous shrublands - an 

overview. New York, Springer.

Standley, L., Winterton, P., Marnewick, J. L., Gelderblom, W. C. A., Joubert, E. and 

Britz, T. J. (2001).  Influence of processing stages on antimutagenic and antioxidant 

potentials of rooibos.  Journal of Agricultural and Food Chemistry 49(1): 114-117.

Staphorst, J. L. and Strijdom, B. W. (1975).  Specificity in the Rhizobium symbiosis of 

Aspalathus linearis (Burm Fil) R Dahlgr ssp linearis: research note.  Phytophylactica 

7(2): 95-96.

Stassen, P. J. C. (1987). Aspalathus linearis (Rooibostee): die invloed van 

oespraktyke op sekere vegetatiewe en fisiologiese aspekte. Department of 

Horticulture, Agricultural science faculty. Pretoria, University of Pretoria: 143.

Stassen, P.J.C. (1987). Aspalathus linearis (Rooibostee): Die invloed van 

oespraktyke op sekere vegetatiewe en fisiologiese aspekte. Unpublished DSc. 

thesis. Department of Horticulture, Agricultural Science Faculty. Pretoria, University 

of Pretoria.

Summerfield, R. J., Ellis, R. H. and Craufurd P.Q. (1996).  Phenological adaptation to 

cropping environment. From evaluation descriptors of times to flowering to the 

genetic characterisation of flowering responses to photoperiod and temperature. 

Euphytica 92(1-2): 281-286.

Teague, W. R. (1988). Effect of the intensity and phenophase of defoliation and 

water stress on the rate of photosynthesis and the recovery of carbohydrate reserves 

in Acacia karroo Hayne. Grassland Society of Southern Africa Journal. 5: 223-226.

Teague, W. R. (1989a). Effect of intensity and frequency of defoliation on aerial 

growth and carbohydrate reserve levels in Acacia karroo plants. Grassland Society 

of Southern Africa. 6: 132-138.

Teague, W. R. (1989b). The response of Acacia karroo plants to defoliation of the 

upper or lower canopy. Grassland Society of Southern Africa Journal. 6: 225-229.

127



Teague, W. R. and B. H. Walker (1988). Effect of intensity of defoliation by goats at 

different phenophases on leaf and shoot growth of Acacia karroo Hayne. Grassland 

Society of Southern Africa. Journal. 5: 197-206.

Ticktin, T. (2004).  Review: The ecological implications of harvesting non-timber 

forest products.  Journal of Applied Ecology 41(1): 11.

Trade and Investment South Africa (2004).  CSP Development for Rooibos Sector. 

Department of Trade and Industry, Cape Town.  Pp. 1-32.

Turpie, J. K., Heydenrych, B.J. and Lamberth, S.J. (2003).  Economic value of 

terrestrial and marine biodiversity in the Cape Floristic Region: implications for 

defining effective and socially optimal conservation strategies.  Biological  

Conservation 112(1-2): 233-251.

Van der Bank  M., Van der Bank, F. H. and Van Wyk, B. E. (1999).  Evolution of 

sprouting versus seeding in Aspalathus linearis.  Plant Systematics and Evolution 

219(1-2): 27-38.

Van der Bank, M., Van der Bank, F.H. and Van Wyk, B.-E. (1995).  Biochemical 

genetic variation in four wild populations of Aspalathus linearis (Rooibos tea). 

Biochemical Systematics and Ecology 23(3): 257-262.

Van Heerden, F. R., Van Wyk, B.-E., Viljoen, A. M. and Steenkamp, P. A. (2003). 

Phenolic variation in wild populations of Aspalathus linearis (rooibos).  Biochemical  

Systematics and Ecology 31(8): 885-895.

Van Wilgen, B. W. and Forsythe, G.G. (1992). Regeneration strategies in Fynbos 

plants and their infleunce on the stability of community boundaries after fire. In: Fire 

in South African Montain Fynbos: ecosystem, community and species response at 

Swartbskloof.  B. W. Van Wilgen, Richardson, D.M., Kruger, F.J. and van 

Hensbergen, H.J. Heidelberg, Berlin (eds). Springer-Verlag. 93: 54 - 80.

Verdaguer, D. and Ojeda, F. (2002). Root starch storage and allocation patterns in 

seeder and resprouter seedlings of two Cape Erica (Ericaceae) species. American 

Journal of Botany 89(8): 1189-1196.

128



Vernooy, R. and McDougall C. (2003).  Principles for good practice in participatory 

research: Reflecting on lessons from the field.  In: Pound, B., Braun, A. and 

McDougall, C. (eds): Managing natural resources for sustainable livelihoods: Uniting 

science and participation.  Earthscan, London and IDRC, Ottawa. Pp. 113-141.

Vesk, P. A. and Westoby, M. (2004). Funding the bud bank: a review of the costs of 

buds. Oikos 106(1): 200-208.

Vesk, P. A., Warton, D. I. and Westoby, M.  (2004).  Sprouting by semi-arid plants: 

testing a dichotomy and predictive traits.  Oikos 107(1): 72-89.

Vieira, C. C. J. and Figueiredoribeiro, R. C. L. (1993).  Fructose-containing 

carbohydrates in the tuberous root of Gomphrena macrocephala St-Hil 

(Amaranthaceae) at different phenological phases. Plant Cell and Environment 16(8): 

919-928.

Von Gadow, A., Joubert, E., and Hansmann, C.F. (1997a).  Comparison of the 

antioxidant activity of aspalathin with that of other plant phenols of rooibos 

(Aspalathus linearis), alpha-tocopherol, BHT, and BHA.  Journal of Agricultural and 

Food Chemistry 45(3): 632-638.

Von Gadow, A., Joubert, E. and Hansmann, C.F. (1997b).  Effect of extraction time 

and additional heating on the antioxidant activity of rooibos (Aspalathus linearis) 

extracts.  Journal of Agricultural and Food Chemistry 45(4): 1370-1374.

Whitehead, D. and Beadle, C. L. (2004). Physiological regulation of productivity and 

water use in Eucalyptus: a review. Forest Ecology and Management 193(1-2): 

113-140.

Whyte, W. F. (ed.) (1991).  Participatory action research. Sage Publications, 

California, United States of America.

Wirthensohn, M. G. and Sedgley M. (1998). Effect of pruning on regrowth of cut 

foliage stems of seventeen Eucalyptus species. Australian Journal of Experimental  

Agriculture 38(6): 631-636.

Zar, I.O. (1984) Biostatistics. Fourth edition. Springer and Verlag. Berlin.

129



Zar, J.H. (1974).  Biostatistical analysis.  Second edition.  Englewood Cliffs, Hemel 

Hempstead.  London Prentice-Hall.

130


	Abstract										   iii
	Chapter 1: The sustainable harvesting of rooibos (Aspalathus linearis):
	problem statement, objectives and context
	1.1	General introduction								
	1.2	Literature review								
	1.2.1	Sustainable harvesting						   4
	1.2.2	Sustainable harvesting of fynbos species				   5
	1.2.3	History of rooibos							   6
	1.2.4	Rooibos today								   8
	1.2.5	Rooibos research themes						   9
	1.3	Significance of the present study					             12
	1.4	Frame conditions							             13
	1.5	Thesis outline							          	             14
	2.1	Physical location							             15
	2.2	Ecological context							             15
	2.3	Social context								             19
	2.4	Economic context							             21
	2.5	Wild rooibos in the Suid Bokkeveld 					             22
	2.6	Specific site description						             23
	6.1	 Introduction								             88
	6.1.1	Season nutrient fluctuations and lignotuber development	             88
	6.1.2	Effect of harvest season on reproduction			             91
	6.3	Methods								             93
	6.3.1	Plant growth							             94
	6.3.2	Statistical analyses						             95
	6.4	Results
	6.4.1	Changes in plant volume				             95
	6.4.2	Growth and abscission					             98
	6.4.3	Reproduction phenology					           100
	6.4.4	Regrowth							           102
	6.5	Discussion								           102
	6.6	Conclusions								           105
	% Regrowth (+ stdev) of wild A. linearis plants 12 months after seasonal harvest treatments at Blomfontein (open bars) and Landskloof (solid bars). Summer, autumn and winter harvests were administered in January, April and July (2003), respectively. Statistical differences are denoted by superscripts.
	Chapter 1: The sustainable harvesting of wild rooibos (Aspalathus linearis): problem statement, objectives and context
	1.1	General introduction
	1.1.1	Problem statement
	1.1.2	Objectives of the study
	1.2	Literature review

	1.2.1	Sustainable harvesting
	1.2.2	Sustainable harvesting of fynbos species
	1.2.3	History of rooibos
	1.2.4	Rooibos today

	1.2.5	Rooibos research themes
	Oecologia

	1.3	Significance of the present study
	1.4	Frame conditions
	1.5	Thesis outline
	4.1	Introduction
	With this study I compared the phenology of wild and cultivated rooibos plants at two sites in the Suid Bokkeveld in terms of their growth, reproduction and liitterfall schedules over 12 months.  This phenological study forms the basis for the investigations into plant harvest height (Chapter 5) and harvest seasonality (Chapter 6) and in the broader context of this study on the sustainable harvesting of wild A. linearis in the Suid Bokkeveld.  For the purposes of the present study the focus was on plant morphology, plant growth, abscission and reproduction.

	4.2.4	Statistical analyses
	4.3	Results
	Type

	Source of Variation
	4.3.3	Changes in volume of wild and cultivated Aspalathus linearis
	Source of Variation
	Fig 4.4: Cumulative litter weights (+std error) collected from cultivated and wild Aspalathus linearis plants at Blomfontein (BF) and Landskloof (LK) between January 2003 and January 2004.
	Source of Variation
	Total litter weight (g)

	4.5.	Discussion
	5.1Introduction
	5.2.2	Harvest treatment
	5.2.3	Statistical analyses
	5.3	Results
	5.3.1	Local knowledge on wild rooibos harvest height
	5.3.2	Differences in plant height, volume and basal diameter in selected plants
	5.3.2	Harvest treatment
	Harvest treatment

	5.3.4	Effect of harvest height on plant reproduction phenology
	5.3.5	The impact of harvest treatment on regrowth
	Harvest treatment

	5.4	Discussion
	5.6	Conclusions
	6.1	 Introduction
	6.3	Methods
	6.3.1	Plant growth
	Prior to each harvest treatment plant height, length and breadth were recorded and mean volumes compared to ensure that plant selection was not biased.  Plant volume was calculated as appropriate for an ellipsoid spheroid according to Phillip and McMahon (1981):
	6.3.2	Statistical analyses

	6.4	Results
	6.4.1	Changes in plant volume
	6.4.4	Regrowth

	Figure 6.4: % Regrowth (+ stdev) of wild A. linearis plants 12 months after seasonal harvest treatments at Blomfontein (open bars) and Landskloof (solid bars). Summer, autumn and winter harvests were administered in January, April and July (2003), respectively. Statistical differences are denoted by superscripts.
	Stassen (1987) reported that fungal infections on harvest wounds were prevalent amongst cultivated rooibos individuals harvested in May.  The lack of canopy growth during winter soon after harvest also left plants exposed.  While wild rooibos tea in the Suid Bokkeveld is considered by local harvesters to be more resistant to pests and diseases than cultivated rooibos, the question of the effect of harvest season on the impact of damage caused by pests and pathogens warrants further investigation.
	6.6	Conclusion


