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Summary

1. The harvesting of non-timber forest products (NTFPs) is a global phenomenon, the sus-
tainability of which has been studied for many species at the individual and population level.
However, the broader scale impacts of NTFP harvesting have been acknowledged but rarely
examined.

2. We assessed plant size and the soil attributes undercanopy and in the open, in replicate,
paired harvested and non-harvested sites for three NTFPs differing in the extent of biomass
removed, i.e. timber for firewood from a tree (Acacia karroo), fruits from a cactus (Opunita
ficus-indica) and flowering culms from a grass (Cymbopogon marginatus). Soil variables tested
included pH, resistivity, P, total N, nitrate nitrogen, ammonium nitrogen, K, Na, Ca and Mg.
3. The extent of loss of soil nutrients decreased across the three NTFPs relative to the pro-
portion of biomass removed. Thus, significant differences in more soil variables were evident
for the firewood species, least for the fruit species and intermediate for the grass species.
Lower soil pH, P, C and K were evident in soils collected underneath 4. karroo, while losses
in cations of Na, Ca and Mg were reported in soils underneath C. marginatus, and only
NO;N losses were recorded underneath O. ficus-indica.

4. Synthesis and applications. Our study reveals that while non-timber forest product (NTFP)
harvesting may affect soil nutrients, this is not uniform between species and is likely to be a
function of the extent of biomass removed and harvesting frequency. This indicates the need
for caution in generalisations about the ecosystem-level impacts of NTFP harvesting as well
as a concerted effort to better understand impacts at a greater range of scales than has been
the case to date.

Key-words: biomass, cations, nitrogen, non-timber forest product, phosphorus, plant size,

seasonality, South Africa

Introduction

Non-timber forest products (NTFPs) include an amazing
array of species and biological products that are harvested
from natural, partially and wholly transformed landscapes
for a range of uses by local communities (Belcher 2003;
Shackleton et al. 2011). Common uses are for household
consumption, cash saving, income generation, buffering in
times of household shock and for cultural purposes
(Shackleton 2015). Use of NTFPs is both geographically
widespread and intense in terms of the frequency of use
and amounts harvested. There is also growing evidence
that NTFP use is not restricted to developing nations
(although it might be more widespread and intense in
such settings) nor to rural communities. For example, use
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of NTFPs by urban communities has been reported in
both developing (Kaoma & Shackleton 2015; Schlesinger,
Drescher & Shackleton 2015) and developed countries
(Hurley et al. 2008; McLain et al. 2014).

Two core debates germane to the use and management
of NTFPs relate firstly to the potential of NTFPs to alle-
viate poverty and secondly the extent to which they can
be sustainably harvested. Whether use of NTFPs can alle-
viate poverty has been the subject of multiple studies
internationally over the last decade or so (e.g. Babulo
et al. 2009; Kar & Jacobson 2012; Angelsen et al. 2014).
There is perhaps an evolving perspective that use of
NTFPs can alleviate poverty for some in specific settings,
but for most they play a more poverty easing role (Shack-
leton et al. 2008; Angelsen et al. 2014). Irrespective, this
debate has revealed the tremendous value attached to
NTFPs, in consumptive, monetary and cultural terms,
which in turn, has served to illustrate the real or potential
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value lost, in monetary terms or to livelihoods, when they
are degraded or lost. Such reductions or loss may be the
result of heavy use of the NTFPs by local communities,
traders, a variety of other drivers (such as fire, alien inva-
sive species, herbivory or pests), land transformation or
synergies between any combinations of these (McGraw &
Furedi 2005; Mandle & Ticktin 2012; Ticktin 2015). Con-
sequently, the valuation of NTFPs has contributed to
debates and advocacy for sustainable land and resource
use, thereby linking into the second debate on the sustain-
able use of NTFPs.

Determination of the conditions that foster ecological
sustainability during the use of NTFPs has not received
as much attention as the debates about their poverty alle-
viation potential, even though ecological sustainability is
a core tenet if any degree of poverty alleviation were to
be achieved (Ticktin 2004). This is partially a result of the
vast diversity of NTFP species, products, uses and settings
which mean that only a small proportion have been exam-
ined in detail (Ticktin & Shackleton 2011). Moreover,
realistic framings of sustainability require exploration
along temporal and spatial scales that very few studies
can afford or sustain (Ticktin 2004, 2015). Consequently,
modelling temporal and spatial variations in the ecologi-
cal conditions in which the NTFP species occur, as well
as variabilities in harvest patterns is important in under-
standing ecological sustainability (Gaoue, Horvitz & Tick-
tin 2011; Groenendijk et al. 2012; van Andel et al. 2015).
Spatially, the effects of harvest or other drivers on NTFPs
abundance and viability should, ideally, be examined from
the genetic level, through population and species levels, to
community and landscape levels (and even country and
international scales for highly traded NTFPs). Regards
examining the effects of NTFP harvesting on genetic
diversity, results have been mixed with some studies show-
ing that harvesting can have a negative impact on the
genetic diversity and structure of harvested populations
(Cruse-Sanders, Hamrick & Ahumada 2005), while other
studies have shown that harvesting has no effect on
genetic diversity and structure (Gaoue et al. 2014). With
respect to NTFP examination at landscape levels, this has
rarely been achieved, and the majority of studies focus on
the population or species levels (Ticktin 2004, 2015; Stan-
ley, Voeks & Short 2012). The same restriction charac-
terises the temporal scale of examinations, with most
studies limited to single determinations, with a few span-
ning a few seasons, and a handful incorporating long-term
monitoring of harvesting impacts beyond 5-6 years (Stan-
ley, Voeks & Short 2012), usually at a single spatial scale
as already observed. This means that many studies will
not have been able to gather empirical data covering the
wide range of single or interactive factors that drive fluc-
tuations in many NTFP populations, such as fires, pests,
droughts, alien species, land use change or herbivory,
which may interact with the effects of harvesting, increas-
ing the uncertainty underlying modelling projections or
management guidelines. These shortfalls are of concern

given the value of NTFPs to user households and local
and more distant markets, and increasing commercialisa-
tion in many regions (Campbell et al. 2002; Ticktin 2004;
Cunningham 2011).

The many relatively short-term studies at the popula-
tion or species levels reveal an assortment of sustainability
determinations, reflecting the wide range in contexts, spe-
cies and parts used, harvesting frequencies, seasons and
intensity, and interactions with other land use activities.
Some of the broad characteristics of the settings and spe-
cies and parts that contribute to a higher probability of
sustainable use have been summarised and help in initial
considerations for a new setting or product (e.g. Ticktin
& Shackleton 2011; Ticktin 2015). Stanley, Voeks & Short
(2012) systematically reviewed 101 published studies and
concluded that almost two-thirds, on the basis of the
information provided, were likely to be ecologically sus-
tainable, although nearly all were short-term assessments
at only the population level, and the degree of variance in
the main response variables between studies was high,
limiting the study’s conclusions. Matrix modelling is
increasingly used as a useful tool to extrapolate such stud-
ies over longer time frames (e.g. Ticktin e al. 2012; Val-
lejo et al. 2014). In a meta-analysis of matrix model use
in 46 NTFP studies, Schmidt er al. (2011) concluded that
leaf and fruit harvest of some plants (e.g. palms) and bark
harvest of some trees (e.g. Garcinia lucida) is sustainable;
however, whole-plant harvest of many herbs (e.g. Echi-
nacea angustifolia) is potentially unsustainable.

Empirical studies and knowledge of the impacts and
sustainability of NTFP harvesting at other scales is lim-
ited (Stanley, Voeks & Short 2012) and understudied
(Ticktin 2015). At the ecosystem level, only the oft-cited
study of Witkowski & Lamont (1996) has considered the
export of soil nutrients during NTFP harvesting. They
reported that a 29% harvest of Banksia hookeriana flow-
ers over a 9-year period resulted in an approximately
30% reduction of N and P in the plant tissues and small,
albeit significant, reductions in soil organic C, NHy, NOs,
Mg and Ca in nutrient-poor, sandy soils in southwest
Australia. How applicable their findings and recommen-
dations are to other NTFPs and to other settings remains
unknown, and thus requires a suit of empirical studies to
help address this lack of understanding. Siebert (2001)
quantified potential nutrient exports associated with har-
vesting of rattans in Sulawesi (Indonesia) and espoused
that it was unlikely to affect soil nutrients. The meta-ana-
lysis of Johnson & Curtis (2001) for forest tree harvesting
concluded that impacts on topsoil carbon and nitrogen
stocks were generally not significant, but did differ
between coniferous and hardwood species and how much
of the tree biomass was removed. It is likely that the
extent of nutrient losses attributable to NTFP harvesting
will be a function of (i) the intensity of harvesting, (ii) the
contribution of the NTFP species to the above- and
below-ground biomass, (iii) the existing nutrient pools in
biomass and the soil and (iv) the rate of nutrient
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replenishment from weathering, fixation and wet and dry
deposition. To this end this paper reports on a study of
which the objective was to determine the effects of har-
vesting of NTFPs on soil nutrient pools by contrasting
harvested and unharvested populations. Three different
NTFPs were selected to provide a range in biomass
removed through harvesting, namely culms of a grass
(Cymbopogon marginatus (Steud) Stapf ex Burtt Davy),
the fruits of a cactus (Opuntia ficus-indica (L.) Miller) and
firewood from a tree species (Acacia karroo Hayne).

Materials and methods

STUDY NTFP SPECIES

The three species were selected to contrast relative biomass
removed during the harvesting process and thus cover a greater
range of possible effects and harvesting regimes (Table 1).

Acacia karroo Hayne (Fabaceae) is a widespread native tree
(3-15 m tall). The tree has a variety of uses that include food
(gum is eaten by children and herders as a confection), fodder
(foliage, flowers and green pods are important browse for live-
stock), apiculture, firewood (it burns brightly, with little smoke
and no odour), timber, tannin and traditional medicines (Barnes,
Filer & Milton 1996). It is a favoured firewood species through-
out much of its range.

Opuntia ficus-indica (Cactaceae) is commonly a multi-stemmed
tree cactus (up to 5 m tall). The species is native to Mexico, but
has been present in semi-arid regions of South Africa for over
two centuries (Zimmermann & Moran 1991). Once considered a
noxious invasive, it is now naturalised and invasions have been
severely limited by biological control agents. The plant is com-
prised of large spinescent cladodes (20-30 cm long). The apical
cladodes produce several spiny, egg-sized fruits in mid- to late
summer (December—March), which are collected directly from the
plant and consumed by the household or sold locally (Shackle-
ton, Kirby & Gambiza 2011; Wotshela & Beinert 2011).

Cymbopogon marginatus (Poaceae) is a perennial, densely
tufted, clump-forming grass, the culms of which can grow to
more than 2 m tall. The stems are cane-like and the narrow-
bladed leaves are approximately 1 m long. It grows on all types
of soils, but prefers heavy soils where it dominates. The grass is
rarely grazed by herbviores, except immediately after a fire. The
culms are widely used for thatching of roofs in rural villages.
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STUDY SITES

To contrast harvested with non-harvested sites, we identified two
protected areas that share boundaries with villages that are har-
vesting NTFPs. Fieldwork for A. karroo and C. marginatus was
conducted adjacent to the protected Ngcizele forest and the
neighbouring Qhora village (32°25-6'S; 28°39-6'E), whereas that
of O. ficus-indica was conducted in the Great Fish River Nature
Reserve and the adjacent Nomtayi village (32°56-6'S; 26°49-1'E)
(Fig. 1). Both Ngcizele forest and Great Fish River Nature
Reserve have been protected for decades by what is now the
Eastern Cape Parks and Tourism Agency who restrict entrance.
The Ngcizele forest is not fenced but has forest guards who
patrol the area. The Great Fish River Nature Reserve is fenced
as it houses large herbivores, such as rhinoceros, zebra and buf-
falo. The harvested sites have been subjected to harvesting for at
least four decades.

The vegetation in the Ngcizele forest is Scarp Forest (Mucina
& Rutherford 2006) with a well-developed canopy and under-
storey layers, but a poorly developed herb layer. Dominant tree
species include Buxus macowanii, Harpephyllum caffrum, A. kar-
roo, Drypetes gerrardii and Englerophytum natalense. The forest
patch is surrounded by grasslands dominated by Aristida junci-

formis subsp. galpinii, Stenotaphrum secundatum, Ehrharta erecta

and C. marginatus. The vegetation in the adjacent Qhora village
is more open with a mosaic of grasslands (dominated by the same
species) on rolling hills with small patches of forest in the valleys
(e.g. Ngcizele forest). The grasslands in the protected area and
around the village are burnt regularly, and are also grazed by
livestock, although to a lesser extent in the forest reserve. The
soils are generally sandy and clay loams and derived from the
Karoo Supergroup, consisting of mudstones of the Adelaide Sub-
group and shales, mudstones and sandstones of the Ecca Group
(Mucina & Rutherford 2006). The mean annual rainfall is
approximately 800-1000 mm per year, falling mostly in summer
(October—April), although winter rainfall is common. Mean tem-
perature ranges from 27 °C in summer to 3 °C in winter (Mucina
& Rutherford 2006).

The sampled area of the Great Fish River Nature Reserve is
classified as Southern Mistbelt Forest, dominated by a layer of
trees, a dense shrub layer and a well-developed herb layer
(Mucina & Rutherford 2006). Dominant tree species include
Afrocarpus falcatus, Celtis africana, Calodendrum capense and
Zanthoxylum davyi. The soils are generally deep and loamy,
developed from weathered dolerite intrusions or mudstones,

Table 1. Characteristics of the three non-timber forest products (NTFP) species and the nature of the harvesting regimen

NTEFP species

Attribute of NTFP species and harvest system  Acacia karroo

Opuntia ficus-indica Cymbopgon marginatus

Life form Tree
Part harvested
Use Firewood
Continuous or seasonal harvest Continuous
Relative proportion of the individual plant
biomass typically removed
Nutrient richness of biomass removed Medium
Relative proportion of the community High
biomass removed

Branches or whole tree

Variable (low to very high) Low

Grass

Dried flower culms

Thatching for roofs

Seasonal (late summer/autumn)

Cactus

Fruits

Direct consumption
Seasonal (mid-summer)

Medium
High Low
Low Medium
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Fig. 1. The location of the study sites (indicated in asterisk) in the Eastern Cape province of South Africa.

shales and sandstones of the Karoo Supergroup (Mucina &
Rutherford 2006). Vegetation in the adjacent Nomtayi village is
classified as Bhisho Thornveld (Mucina & Rutherford 2006). It is
characterised by open savanna that is dominated by 4. karroo
and Acacia natalitia and short-to-medium grasses, notably The-
meda triandra (Mucina & Rutherford 2006). Fire is uncommon in
this area. The mean annual rainfall is approximately 750 mm,
concentrated in summer (October—April) although some winter
rainfall occurs. Mean temperatures range from 28 °C in summer
to 3 °C in winter (Mucina & Rutherford 2006).

FIELD METHODS

Two focus group discussions (FGDs) per village were held with
five harvesters from each village. Members of the focus groups
helped with the identification of selected harvested sites. The
FGDs considered the harvesting sites, harvesting techniques, sea-
sons and benefits.

For each species, three paired (harvested and unharvested) sites
were identified. Harvested and unharvested areas were approxi-
mately 2-5 km apart, whereas the distance between individual
sites within each harvesting treatment was approximately 1 km
apart. At each site, five individual plants, approximately 10 m
apart, were selected for sampling. The height of each plant was
estimated using a height rod and diameter at breast (for tree spe-
cies only) was measured using callipers. The number of
C. marginatus inflorescences was counted per plant.

To ascertain that changes in soil properties are a result of
NTFP harvesting rather than other drivers like fire or nearby
plants, soil sampling was conducted at two different sampling
positions (underneath the plants and on adjacent open areas)
within each harvest treatment. Underneath the plant canopy, soil
samples were collected midway between the stem and the edge of

the crown. Adjacent to the plants, soil samples were collected on

open areas between the plants. The location of soil samples
underneath or adjacent open areas is hereafter referred to as the
sampling position. A total of 60 soil samples were collected for
each plant species [(5 samples underneath plant + 5 samples from
open areas) x 3 harvested x 3 unharvested sites]. Sixty samples
were deemed a sufficient balance between the financial costs of
analysis and the expected variation in the measured variables. We
did not expect marked differences in soil physico-chemical status
with either an increase in soil samples or a repeat in measure-
ments since soil sampling within each site was close (trees were
approximately 10 m apart), thereby ensuring that the sampled
trees were in a similar environmental space (e.g. water, sunlight
and temperature availability) except plant harvesting. Soils were
collected at a depth of 10 cm and diameter of 10 cm using a soil
corer, after first removing overlaying debris. Debris removal was
meant to reduce soil nutrient biases that are likely to be caused
by litter, as well as standardise soil collecting since some soils
were collected on open areas where there is little or no litter.

LABORATORY METHODS

After collection, the soils were sieved using a 2-mm sieve to
remove stones and plant debris before being assessed for soil pH,
soil resistivity, P, total nutrient concentrations of N and C, avail-
able N in the form of NO3N and NH4N as well as exchangeable
cations (K, Na, Ca and Mg). Soil pH was measured in 1 : 5 soil-
KCl extract (Rhoades 1982). Soil resistivity was measured using a
resistivity meter. Soil phosphorus was analysed using a Bray II
extract method as described by Bray & Krutz (1945). Total nitro-
gen was determined by complete combustion using a Eurovector
Euro EA Elemental Analyser, while nitrate and ammonium were
determined using an auto analyser. Total carbon was determined
using a modified Walkley-Black method (Chan, Bowman &
Oates 2001). Cations were extracted in a 1:10 ammonium
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acetate solution using the centrifuge procedure (Thomas 1982),
filtered and analysed by atomic absorption spectrometry (SP428,
LECO Corporation, St. Joseph, MI, USA).

DATA ANALYSIS

Data for all measured plant parameters (height, diameter and
inflorescence count) and soil properties were normally distributed
following testing via a Kolmogorov—Smirnov test and Levene’s
test for homogeneity of variances. To compare differences in
plant morphology (plant height, diameter and inflorescence
counts) between harvested and unharvested sites (harvesting
treatments), data were analysed using a z-test.

To determine the effect of harvesting on all measured soil
properties, we used the mixed-design analysis of variance (split-
plot ANOVA) in r (R Development Core Team, 2015) using the
library MASS. Use of the split-plot ANOVA was because the
experimental design was a mixed-design with two independent
groups, namely harvesting treatment and sampling position. The
split-plot ANOVA allowed comparisons between harvesting treat-
ment (harvested and unharvested sites) and sampling positions
(under plants and open areas) being nested in harvesting treat-
ments to be conducted.

Results

EFFECTS OF A. KARROO HARVESTING ON SOILS

Both height and diameter of A. karroo trees were signifi-
cantly (P < 0-01) greater in unharvested compared to har-
vested sites (Table 1). The average tree height and
diameter in unharvested sites were 2-70 £ 0-14 m and
49-1 + 2-41 cm compared to 2-08 + 0-12 m and 37-5 £+
2-40 cm in harvested sites (Table 2). The FGDs revealed
that harvesting for firewood occurs throughout the year.
Most is harvested for domestic use, but some people do
harvest to sell firewood. Harvesting is relatively frequent,
using an axe, because there is no electricity in the village
and thus firewood is the primary energy source.

With regard to harvesting treatment, soil pH, resistivity,
P, total C and K were significantly (P < 0-05) higher in
unharvested compared to harvested sites (Table 3). Con-
trary, Na, Ca and Mg were substantially (P < 0-01) lower
in the unharvested sites compared to the harvested ones
(Table 3). Nitrogen (total, NOs;N and NH4N) showed no
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significant (P > 0-05) differences between harvesting treat-
ments (Figs 2 and 3).

When sampling was nested in harvest treatments, soil
pH, total N, total C, K, Na and Ca were significantly
(P < 0-001) higher in soils underneath the trees compared
to soils from open areas. Only resistivity was significantly
(P < 0-001) higher in soil from open areas compared to
soils from underneath the trees (Table 3). NH4N showed
no significant (P > 0-05) differences between sampling
positions, whereas NO3;N was significantly (P < 0-01)
higher in open areas (7-20 £ 1-26) than underneath the
trees (2-86 £ 0-63).

EFFECTS OF O. FICUS-INDICA HARVESTING ON SOILS

The FGDs revealed that harvesting of O. ficus-indica
fruits is done in summer (December—March) when the
fruits are ripe. Harvesters remove the fruits using a wire
rod and remove the spines before consuming or selling
the fruits. The height and diameter of the sampled
0. ficus-indica trees was significantly (P < 0-05) higher in
harvested (1-74 £ 0-13 m and 532 + 3-15 cm respec-
tively) than unharvested (126 £ 0-16 m and
35-0 £ 2-32 cm respectively) sites (Table 2).

Almost all measured soil properties showed no signifi-
cant (P > 0-05) differences between harvesting treatments,
other than NO3;N and P (Table 3). The former was 30%
higher in unharvested than harvested sites (13-71 + 1-31
and 9-69 + 1.60 respectively), while P was the opposite,
being higher in harvested (50-83 4+ 7-47) than unharvested
(12-63 £ 1-28) sites (Table 3).

Similarly, when sampling positions were nested in har-
vest treatments, significant (P < 0-05) differences were
only measured in NO3;N and Na (Table 3). Open sites
(14-33 + 1-76) had higher levels of NOs;N than under-
canopy sites (9-07 = 0-99). The opposite applied for Na
with mean amounts 40-56 + 2-37 underneath O. ficus-
indica and 28-06 £+ 1-68 in open areas (Fig. 2).

EFFECTS OF C. MARGINATUS HARVESTING ON SOILS

Harvesting of C. marginatus culms for thatching occurs in
autumn (March—May) after the culms have shed seed and

Table 2. Plant height, plant diameter and inflorescence count of three non-timber forest products from harvested and unharvested sites.

Data are means + SE and ¢-test results are shown

Statistics
Species Measure Harvested Unharvested t P
Acacia karroo Plant height (m) 2:08 £ 0-12 2:70 + 0-14 3:33 0-002
Plant diameter (cm) 3747 £+ 240 49-07 + 241 3-41 0-002
Opuntia ficus-indica Plant height (m) 1.74 £ 0-13 126 £ 0-16 2-30 0-030
Plant diameter (cm) 53:20 + 3-15 3500 + 2-32 456 0-001
Cymbopogon marginatus Height (m) 0-87 £+ 0-07 2:39 + 0-15 926 0-001
Inflorescence count 3-40 + 0-64 15-27 £ 1-08 9-46 0-001
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Treatments: F = 4:15, P = 0-04
Sampling positions nested in treatments: F = 3-77, P =0-03
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Fig. 2. Soil NO;N results of three non-timber forest products (a) Acacia karroo, (b) Opuntia ficus-indica and (c) Cymbopogon marginatus
from harvested and unharvested sites. Bars are means + SE and ANOVA with harvest treatments and sampling positions nested in

harvest treatments are shown.

dried, but before the grasslands are too dry and burnt.
Harvesters cut the entire crop of flowering culms per
plant (at about 30 cm above-ground level) and then dis-
card on site those that are too short along with any leaves
or leaf tips that were cut with the culms. Harvesting
reduced the height and number of culms per plant
(Table 2). Mean height of plants in the unharvested site
was 2-39 & 1.05 m, while in the harvested site it was
0-87 £ 0-07 m. Corresponding figures for the number of
flowering culms per plant 153 £ 1-08 and
3.4 £+ 0-64 respectively.

The soils at the unharvested sites were significantly
(P < 0-05) higher in pH and the cations of Na, Ca and
Mg than the harvested site (Table 3). However, NH4N
was the opposite, being significantly (P < 0-001) higher in
the harvested site (Fig. 2).

When sampling position was nested in harvesting treat-
ment, there were relatively few differences between under

were

grass ‘canopy’ and in the open, other than for NHyN
(Fig. 3), Na and Mg (Table 3) which were significantly
(P < 0-05) higher in the open than under the grass.

Discussion

The impacts of harvesting on plant size were readily
observable on all three NTFP species. Plants were smaller

in the harvested sites than their corresponding protected
sites for A. karroo and C. marginatus. The opposite
applied for O. ficus-indica, but we interpret that to be a
consequence of active strategies to clear it in the protected
site because it is regarded as an invasive alien species.
Large, mature O. ficus-indica trees are more visible and
are therefore more easily targeted for removal, meaning
that the population in the protected site is dominated by
smaller individuals. A reduction in plant stature is a com-
mon response to frequent loss of above-ground biomass
through processes such as herbivory (Pfab & Witkowski
1999; Kettenring, Weekely & Menges 2009), fire (Grady
& Hoffmann 2012), harvesting by humans (Botha, Wit-
kowski & Shackleton 2003; Ghimire et al. 2008) or some
combination of such pressures. This is a result of either
genetic selection for smaller individuals under such pres-
sures or because larger individuals are removed first and
there is limited opportunity or time for their replacement.

If the stature of plants in the population is diminished,
then it is probable that soil nutrient stocks may also be
reduced because of the lower above-ground biomass,
unless the magnitude of the below-ground biomass com-
pensates in some way. However, at first glance, the results
were equivocal in two respects. Firstly, differences in vari-
ous soil variables were not uniform between harvested
and unharvested populations of the three study species.
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Fig. 3. Soil NH4N results of three non-timber forest products (a) Acacia karroo, (b) Opuntia ficus-indica and (c) Cymbopogon marginatus
from harvested and unharvested sites. Bars are means + SE and ANOVA with harvest treatments and sampling positions nested in har-

vest treatments are shown.

For A. karroo most of the soil variables displayed a sig-
nificant difference between the harvested and unharvested
treatments, only a few did for C. marginatus and only two
for O. ficus-indica. Secondly, the direction of the differ-
ence was not uniform within and between NTFP species.
For example, for 4. karroo five of the soil variables were
significantly higher in the unharvested sites, but three
were significantly lower. Thus, the direction of the differ-
ences for this species, as well as the other two, was not
uniformly in favour of the unharvested treatment.
Thirdly, for specific soil attributes, the direction of signifi-
cant differences was in favour of the unharvested site for
one of the NTFP species, but the harvested site for
another; for example, P for 4. karroo and O. ficus-indica
or Na, Ca and Mg for A4. karroo and C. marginatus.

In terms of the first, i.e. variable impacts between NTFP
species, we interpret that it is likely to be related, to some
degree, to the relative proportion of biomass removed
through harvesting. As indicated in Table 1, this can be at
the scale of the individual plant, or also the community
scale, which is a function of the dominance of the target
species in the community. Removal of a high proportion of
the biomass of a species in low abundance will represent
only a small proportion of the community biomass (Siebert
2001). In contrast, a lower harvest of a dominant species
could represent a noteworthy proportion of the community
level above-ground biomass. With respect to the three

NTFP species examined, the harvesting of 4. karroo repre-
sented a loss of significant above-ground biomass for both
the individual trees as well as the community because it is a
community dominant. This was consequently reflected in
the higher number of soil attributes that showed differ-
ences between the harvested and unharvested sites. At the
other extreme was O. ficus-indica, for which the harvesting
of fruits represented only a small proportion of the plant
and the community biomass, resulting in few soil attributes
differing between the harvested and unharvested popula-
tions. Cymbopogon marginatus was intermediate between
these two. It is a community dominant, but only the dead
flowering culms were removed (along with a few leaves),
representing 10-25% of plant biomass. Consequently, only
a few soil variables showed any effects.

The picture is more complex than just the proportion
of biomass removed. A second dimension of any harvest-
ing regime is the frequency (Ticktin 2015). If harvests are
infrequent, even if severe, there is opportunity for nutrient
replenishment through wet and dry deposition and litter
decomposition. Many NTFPs are seasonal resources, such
as fruits, flowers, seeds, which imposes some limit on the
proportion of the above-ground biomass that may be
removed, which in turn, may limit impacts on soil nutri-
ent stocks. Other NTFPs can be harvested all year round
(such as firewood, leaves, bark), resulting in a continuous
harvest which is likely to have greater impacts on soil
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nutrients than a seasonal harvest would. Our results con-
form to this, with 4. karroo harvest, which is continuous,
showing greater impacts on soil attributes than the sea-
sonal harvest of the other two species, acknowledging that
the proportion of biomass removed interacts with this. It
is possible that the impacts on soil nutrients of seasonally
harvested species will depend upon when any assessment
is done in relation to the time of harvest, being highest
immediately after harvest; this needs to be examined.

Thirdly, the impacts of NTFP harvest on soil nutrients
may also be a function of the nutrient richness of the bio-
mass harvested. In our study, the harvest of branches or
the whole plant of 4. karroo includes removal of nutrient-
rich leaves. Being a nitrogen-fixing species, the leaves and
litter have high nutrient concentrations (Ndagurwa, Dube
& Mlambo 2014). High leaf litter nutrient content has
been associated with higher decomposition rates (Joanisse
et al. 2007). Therefore, if A. karroo litter is associated
with high nutrients as well as decay and decomposition
rates, removal of most of the leaves could have a signifi-
cant effect on the availability of litter, which will subse-
quently affect soil nutrients. Witkowski & Lamont (1996)
argued that nutrient depletion (particularly N and C) in
their study arose largely from the removal of the plant
leaves during the harvest of the flowers. The same did not
apply to O. ficus-indica as the fruits are borne on the tips
of large, stout cladodes and there is no accidental harvest
of these with the fruits. With respect to C. marginatus, the
quality of the biomass removed was low because it was
mostly dead and dried culms. There is usually some
removal of the tips of some of the leaves but only a small
proportion of the total leaf biomass.

The comparison of subcanopy and open locations indi-
cated a similar trend. The largest NTFP, ie. 4. karroo
showed significantly higher nutrient pools under the
canopy than between trees, whereas there were relatively
few differences for O. ficus-indica or C. marginatus. Such
nutrient enrichment beneath trees in patchy environments
is well documented, especially in drier ecosystems (Dohn
et al. 2013). The few differences evident between sub-
canopy and open sites for C. marginatus indicated higher
Na, Mg and ammonium nitrogen between plants than
under them. We speculate that this may be related to the
deposition of residual material (short culms and cut leaves)
on the ground after cutting, but would require further
investigation. The above suggestion has been reported for
other NTFPs where leaving residuals on site resulted in
increased soil C and N, whereas residual removal may
result in a reduction in soil C and N, depending on species
(Pennock & van Kessel 1997; Johnson & Curtis 2001).

An unanticipated finding was the significantly higher
levels of several cations (Na, Ca and Mg) on the har-
vested A. karroo sites relative to the unharvested sites.
The reasons for this are unclear and we recognise that it
requires further investigation. One possibility relates back
to the effect of the loss of nutrient-rich leaves when whole
trees are harvested. As mentioned above, the removal of
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leaves could reduce decomposition and bacterial activity.
In turn, reduced bacterial activity may result in lowered
cation binding. Reduced cation binding causes less cation
uptake and use by the plant which causes increased cation
availability in the soil due to cations not being used (Oer-
tli 2008). Elevated cations were also reported by Ruther-
ford, Powrie & Husted (2014) in comparing heavily
browsed sites with low above-ground vegetative biomass
to less browsed sites with higher biomass. They suggested
that it might have been a result of nutrient enrichment
from livestock urine and dung. There is some livestock at
the harvested site, but not in particularly high numbers.

Conclusions and management implications

In conclusion, the harvesting of the three NTFPs had vari-
able impacts on soil nutrients. Most impacts were associ-
ated with the largest and most intensely harvested NTFP,
i.e. A. karroo, and effects declined with lower biomass
removal as illustrated by the other two species. Any sus-
tained loss of soil nutrients could have a direct and indirect
effect on ecosystems, e.g. nutrient cycling and availability,
which will affect plant growth. Further studies are required
to determine explicit relationships between actual volume
and quality of biomass removed and changes in soil nutri-
ent stocks, as well as the rate and sources of replenishment.
This would provide insight into the proportion of biomass
that could be removed at an ecosystem level without long-
term depletion of soil nutrients.

Three management implications of this study are evi-
dent. First, in agreement with the recommendation of
Witkowski & Lamont (1996), is the need to promote
retention on site of harvested, but unused, residual bio-
mass, such as twigs and leaves of A. karroo, and short
culms and leaves of C. marginatus. Leaving unwanted
residuals on site can trigger a temporary increase in soil
nutrients (Johnson & Curtis 2001). Second is the promo-
tion of rotational harvesting spatially and temporally to
provide for periods of nutrient replenishment through lit-
ter decomposition and wet and dry deposition. The dura-
tion of non-harvest periods should be scaled in relation to
the extent of biomass removal during harvesting. It would
also be dependent on the capacities of local governance
institutions to design and promote compliance. Third, is
specific to O. ficus-indica, the results for which showed no
reductions in soil nutrients in the harvested site. Conse-
quently, we suggest that there would be no harm in per-
mitting harvesters access to populations within the
protected area, which would not only be of benefit to
them but also help the management agency control the
plant as an invasive species.
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