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Aim. The re-establishment of Portulacaria afra in the landscape-scale Subtropical Thicket Restoration
Programme has exclusively used vertically-orientated truncheons (i.e. large cuttings with the main stem
planted 10-20 cm into the ground). Despite the planting of millions of truncheons, the rates of survival,
growth and restoration are low. This may be driven by browsing pressure and/or drought conditions
during the truncheon establishment phase. Here we conduct a common garden experiment to explore
the establishment of horizontal versus vertically orientated truncheons. Horizontal truncheons have their
main stem buried in the soil and only a few side branches exposed above ground — these truncheons
may experience reduced water stress. Here we compared the levels of water stress during the
establishment phase of truncheons with different orientation.

Location. Eastern Cape, South Africa.

Methods. Our experiment involved three planting treatments for truncheons: vertical orientation,
horizontal orientation, and horizontal orientation with exposed side branches clipped. Truncheons were
grown for two months and plants were well-watered. On two occasions during the experiment,
photosynthetic efficiency was measured on all plants to ascertain levels of plant stress. After the
experiment, the root, stem and leaf dry mass were recorded for each replicate, as well as leaf moisture.

Results. The root mass proportion (of the total plant) was not significantly different among treatments.
Despite this, leaf-level photosynthetic efficiency was recorded as significantly lower in vertical
truncheons versus horizontal truncheons.

Main conclusions. Smaller horizontally-orientated truncheons do not grow roots at a faster rate
(relative to their total size) than the larger vertically-orientated truncheons that have more leaf material
to support. Nonetheless, under well-watered conditions, the larger truncheons experienced stress
evidenced by lowered leaf photosynthetic efficiency values. Thus, we suggest that horizontal buried
truncheons may have a higher likelihood of survival under seasonal drought-stress conditions. It remains
to be tested whether horizontally-orientated truncheons (with less above-ground biomass) experience
lower rates of herbivory than the standard vertical cuttings.
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Abstract

Aim. The re-establishment of Portulacaria afra in the landscape-scale Subtropical Thicket
Restoration Programme has exclusively used vertically-orientated truncheons (i.e. large cuttings
with the main stem planted 10-20 cm into the ground). Despite the planting of millions of
truncheons, the rates of survival, growth and restoration are low. This may be driven by
browsing pressure and/or drought conditions during the truncheon establishment phase. Here
we conduct a common garden experiment to explore the establishment of horizontal versus
vertically orientated truncheons. Horizontal truncheons have their main stem buried in the soil
and only a few side branches exposed above ground — these truncheons may experience
reduced water stress. Here we compared the levels of water stress during the establishment

phase of truncheons with different orientation.
Location. Eastern Cape, South Africa

Methods. Our experiment involved three planting treatments for truncheons: vertical
orientation, horizontal orientation, and horizontal orientation with exposed side branches
clipped. Truncheons were grown for two months and plants were well-watered. On two
occasions during the experiment, photosynthetic efficiency was measured on all plants to
ascertain levels of plant stress. After the experiment, the root, stem and leaf dry mass were

recorded for each replicate, as well as leaf moisture.

Results. The root mass proportion (of the total plant) was not significantly different among
treatments. Despite this, leaf-level photosynthetic efficiency was recorded as significantly lower

in vertical truncheons versus horizontal truncheons.

Main conclusions. Smaller horizontally-orientated truncheons do not grow roots at a faster rate
(relative to their total size) than the larger vertically-orientated truncheons that have more leaf
material to support. Nonetheless, under well-watered conditions, the larger truncheons
experienced stress evidenced by lowered leaf photosynthetic efficiency values. Thus, we suggest
that horizontal buried truncheons may have a higher likelihood of survival under seasonal
drought-stress conditions. It remains to be tested whether horizontally-orientated truncheons
(with less above-ground biomass) experience lower rates of herbivory than the standard vertical

cuttings.
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Introduction

Much of the Albany Subtropical Thicket vegetation of South Africa (hereafter referred to as
“thicket”) has experienced extensive degradation, spanning many decades, due to overstocking
of livestock, primarily goats (Sigwela et al. 2009 ). Sustained heavy browsing by domestic
livestock can transform the canopy from dense closed-canopy shrubland into an open landscape
comprising remnant trees or thicket clumps within a field layer of ephemeral herbs (Stuart-Hill,
1992; Lechmere-Oertal et al. 2005; Sigwela et al. 2009). One of the abundant species in this
vegetation is especially sensitive to overbrowsing by domestic livestock: the succulent tree
Portulacaria afra (L.) Jacq. (locally termed “spekboom”)(Stuart-Hill, 1992). After severe
degradation, this species does not re-establish naturally even if livestock and game stocking

densities are reduced (Lechmere-Oertel, 2008).

Portulacaria afra is considered an ecosystem engineer in the more arid forms of thicket as it
increases soil moisture post-rainfall (van Luijk et al. 2013), and provides an environment for
seedlings of subtropical tree lineages to establish (Wilman et al. 2014). It is also drought-tolerant
and can shift from C3 photosynthesis to CAM or CAM-idling under low water conditions
(Guralnik and Ting, 1987; Guralnick and Gladsky, 2017). Also, P. afra readily resprouts from
stems or leaves, and plants establish from planted cuttings without irrigation or cultivation in a
nursery — cuttings of P. afra can be simply established by harvesting and planting directly into
the landscape for restoration (van der Vyver et al., 2012; Fig. 1A). This species is currently the
most widely used for large-scale restoration of degraded thicket landscapes in South Africa (Mills
et al., 2007; Mills et al., 2015) and other species are not considered economically viable (van der
Vyver 2012). The planting of P. afra cuttings has been mainstreamed by the South African
government in a combined environmental restoration and poverty alleviation program known as

Subtropical Thicket Restoration Programme (Mills et al. 2015). As part of this program, for
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example, an approximate 21 million cuttings were planted over the period of 2004-2016 across
the Addo Elephant National Park, Great Fish River Nature Reserve and the Baviaanskloof Nature
Reserve (Mills and Robson, 2017). However, survival was very low with an overall average of
72% mortality (Mills and Robson, 2017). High mortality is a general problem, as is the lower-

than-expected growth rates (Mills et al. 2015), and this has hampered the restoration initiative.

The standard restoration protocol involves planting large upright cuttings of P. afra, often
referred to as spekboom “truncheons”, with a basal diameter of ~25 mm (Mills et al. 2015; Fig.
1A). Due to the high mortality rate observed using vertical planting, we compared three planting
treatments for truncheons: vertical orientation, horizontal orientation, and horizontal
orientation with their exposed side branches clipped. We measured photosynthetic efficiency,
root, stem and leaf dry mass, as well as leaf moisture for all replicates. We expected that the
horizontal orientation would lead to faster root growth relative to the overall cutting size as the
there would be relatively less photosynthetic organs to support (side branches were trimmed
from these cuttings). As all treatments would be well-watered (relative to field conditions), we
also expected that no treatment should exhibit signs of drought stress. From our results, we

propose a new planting orientation for spekboom restoration, using smaller cutting sizes.

Materials and Methods

A common garden experiment was conducted to test the effect of planting orientation on
rooting and leaf photosynthetic efficiency; the experiment was undertaken from the 6 March
2018 to 6 May 2018 (total: 61 days). We explored how cuttings planted horizontally compare
with those planted using the standard vertical truncheon in terms of proportional root growth
and evidence of drought stress (using leaf chlorophyll fluorescence as a proxy of water stress;
Woo et al. 2008). Horizontally-orientated cuttings were planted with main stem buried and side
branches exposed above ground (Fig. 1C&D versus Fig. 1B). We also included a second horizontal
planting treatment of clipping the side branches at ~10 cm (Fig. 1C); herbivory is a major threat
to spekboom cuttings, especially in the establishment phase were entire cuttings are easily
removed and reducing the above-ground component would decrease the visibility of cuttings

during establishment. Cuttings are planted without roots, thus ratio of root to shoots is
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unbalanced and this will affect overall growth rates (lwasa and Roughgarden, 1984). Fifteen
replicates were used per treatment set (i.e. vertical planting, horizontal planting, and horizontal
planting with emergent branches clipped). Thus, the experiment consisted of a total of 45

plants.

The cuttings were harvested from a horticultural plantation of P. afra grown in Port Elizabeth.
The plantation consisted of a dense stand of large (>1.5 m) healthy plants. Cuttings were planted
on the day they were harvested. No cuttings showed any visible signs of stress in leaves or

stems at the time of harvesting or planting.

Cuttings were planted individually in plastic pots (height: 30 cm; diameter: 20 cm). The soil
mixture consisted of sifted topsoil from Enon conglomerate and shale-derived soils; P. afra, and
thicket vegetation in general, commonly occurs on such soils and P. afra is not selective
regarding soils (Mills et al. 2011). For the vertical orientation treatment, side branches were
trimmed from the lower 15-20 cm of the main stem, and then the each cutting was planted to a
depth of 15 cm in the pot; this follows the general recommendation of the Subtropical Thicket
Restoration Programme protocol. In the case of horizontally-orientated cuttings, the main stem
was trimmed to 10-15 cm and two side stems (on the same side) were kept while the rest were
trimmed. The main stem was planted ~5 cm below the soil with the untrimmed side stem above
ground (Fig. 1C and 1D). See Supplementary Figures S1 and S2 for further explanatory
photographs. All plants were watered weekly and six rainfall events occurred during the
experiment (five below 5 mm and one of 19 mm [Day 10]; a timeline of events is provided in

Table S1).

To monitor plant stress during the experiment, we recorded leaf-level photosynthetic efficiency
(Fv/F.) values on two occasions (9 and 25 April; i.e. Days 34 and 50; Table S1). On each occasion,
five Fy/ Freadings (each on a different leaf) were recorded per plant using Handy Plant
Efficiency Analyser (PEA; Hansatech, Norfolk, United Kingdom); all measurements were
conducted at least an hour after sunset. Photosynthetic efficiency ratios (Fv/F.,) provide an
understanding of the state of photosystem Il (PSIl) by measuring the chlorophyll fluorescence
(Murchie and Lawson, 2013). Chlorophyll fluorescence analysis is a non-invasive and easy
measure that indicates tolerance of plants to environmental stress (Paknajeb et al., 2007;

Murchie and Lawson, 2013).
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After 60 days, plants were removed from the pots, and roots, stems and a sample of leaves were
separated and dried; the buried part of the original stem was not included as part of the root
mass. In addition, an approximate 8-16 g of leaf material was sampled from each plant to
determine leaf moisture; some (n=9) plants had fewer leaves and less than 8 g was sampled. All
material was dried at 60°C for five days. Note that no new stem or leaf growth was observed in

any cutting at the time of harvesting (new shoot growth is characterised by having a red stem).

All statistical tests were conducting in R version 3.5.1 (R Core Team, 2018). Parametric and
nonparametric statistics (ANOVA and Kruskal-Wallis; stats library: aov() and kruskal.test(),
respectively) were conducted on the root mass percentage, mean (per plant) F,/F,, values and
leaf moisture. The post-hoc parametric Tukey Honest Significant Differences test (stats library:
TukeyHSD()) and nonparametric Dunn’s test for multiple comparison using rank sums (dunn.test
library, version 1.3.5: dunn.test() function) were conducted to assess significant differences
between treatments. Root mass percentage values were compared with those from unpublished
data (L. Guralnick and A.J. Potts) of P. afra plants grown from seed; seedlings (n=48) were
harvested between five and ten months after planting and weight variation ranged between

0.02 and 3.99 g (dry mass of total plant).

Results and Discussion

The cuttings in the vertical treatment produced significantly more roots than those in the
horizontal treatment (Fig. 2A; Fig. S3); however, this was not unexpected as the vertical cuttings
were far larger, with far greater stem mass, than those used in the two horizontal treatments.
Nonetheless, and contrary to our expectations, when comparing the root mass percentage (of
the total plant), there were no statistical differences amongst the three treatments (Fig. 2B). In
addition, if we assume that the seedling root proportion reporting in Figure 2 is also
representative of larger plants, then by the end of 60 days, all three treatments had rooting
proportions far lower than seed-grown plants. This is not unexpected given the short duration of
the experiment. However, this imbalance between rooting and the remainder of the cutting was
evident in the leaf physiology. On the larger vertical cuttings, despite a generous weekly

watering regime and this treatment having significantly higher overall root biomass, the leaves
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were showing visible signs of stress (e.g. shrinking and wrinkling). This was confirmed by
measurements of photosynthetic efficiency as the vertically-orientated treatment had
significantly lower F./F., values than the horizontal treatment (Fig. 3). Only severe stress can
cause such a reduction in F./F., (Ritchie, 2006). In addition, the leaves of the vertical treatment
had significantly lower moisture content than the horizontal treatment (Fig. S4). We suspect that
this stress was caused by the proportionally greater amount of leaf material that the larger
vertical treatment cuttings had to support (and few leaves were shed by any plant). Thus, our
results suggest that the horizontal orientation and burying the primary stem may improve the

drought-tolerance, survival, and establishment of P. afra cuttings in degraded landscapes.

There is little information in the literature to compare the effect of orientation on planting
success in drought-adapted or succulent tree cuttings. This topic has been almost exclusively
explored across a range of woody species that are associated with high soil moisture (e.g.
Bambusa vulgaris: Bhol and Nayak, 2012; Dalbergia sissoo: Chatuvedi, 2001; Salix schwerinii x
Salix viminalis: Lowthe-Thomas et al. 2010 and Edelfedt et al. 2015). In addition, there is no
consistency amongst the results from these studies, as horizontal planting does not consistently

outperform upright planting in terms of sprouting, rooting, survival or biomass.

Portulacaria afra is generally found in semi-arid landscapes and is drought-tolerant (Vlok et al.,
2003). Its dominance and density in thicket has led to its recognition as a vegetation type, i.e.
“spekboomveld” (Acocks, 1953). Spekboom abundance has also been included in the vegetation
descriptions of thicket by Vlok et al. (2003), i.e. Spekboomveld (in arid thicket types), and
Spekboom Thicket (in valley thicket types). These vegetation types are found in semi-arid
regions where mean annual precipitation ranges from ~150 to 600 mm. Both Spekboomveld and
Spekboom Thicket units have high proportions of moderately and severely degraded vegetation,
generally >50% (Vlok and Euston-Brown, 2002; Lloyd et al. 2003), and are thus targets for
restoration efforts. In addition to the generally arid environment, rainfall is highly variable and
both short-term and long-term droughts are common climatic occurrences in the Eastern Cape
landscape (Jury and Levey, 1993) and over these thicket types. Thus, despite the success of large
cuttings after establishment (e.g. Mills & Cowling, 2006), our results suggest that large cuttings
may experience an extended period of drought-stress due to the imbalance between leaf and

root biomass. However, in the Thicket-wide plot experiment (a large-scale ecological restoration
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experiment with 300 plots situated across the Thicket biome of South Africa; see van der Vyver
2017 for more details), smaller cuttings (i.e. 10 mm basal stem diameter) had significantly lower
survival than larger truncheons (i.e. 30 mm basal stem diameter) (van der Vyver 2017). This was
likely driven by the lower water storage capacity of the smaller stem volumes in the smaller
cuttings. Here, we suggest that the horizontal orientation, which includes trimming of side
branches, reduces the leaf biomass that needs to be supported but, importantly, still provides
the water holding capacity in the buried stem. Stem water storage is a crucial adaptation in arid
environments with unpredictable rainfall (Holbrook, 1995), and Portulacaria afra has a high
capacity to store water in its stems, with stem water content ~70% (versus <40% in woody trees;
Fig. S5). Thus, we suggest that by reducing the demands required by the above-ground stems
and leaves while maintaining the stem water storage capacity in the buried primary stem, there
may be a significant increase in cutting survival in the field. A series of field experiments in

different environments and climatic sequences is required to test this.

Another possible benefit of having the primary stem of the cutting buried with limited above-
ground branches is the reduced influence of herbivory. Van der Vyver (2017) identified herbivory
as a significant predictor of mortality within the Thicket-wide plot experiment, and suggested
that herbivory likely drives the unexplained low survival observed in monitoring of large-scale
plantings of P. afra (e.g. Mills and Robson, 2017). Testing whether horizontally-orientated
truncheons (with less above-ground biomass) experience lower rates of herbivory than the

standard vertical cuttings in the field requires urgent attention.

Acknowledgements

The authors are grateful to Klaas Basson and Andrew Knipe from the Gamtoos Irrigation Board
for providing the soil used in this experiment, as well as the valuable discussions on this topic

with many delegates of the Thicket Forum 2017.

Peer] Preprints | https://doi.org/10.7287/peerj.preprints.27543v1 | CC BY 4.0 Open Access | rec: 19 Feb 2019, publ: 19 Feb 2019




210

211
212
213

215
216
217
218
219
220
221
222
223
224
225
226

228
229
230
231
232
233
234
235
236
237
238
239

References

Acocks, J.P.H., 1953. Veld Types of South Africa. Memoirs of the Botanical Survey of South Africa
28, 1-192.

Bhol, N., Nayak, H., 2012. Effect of planting alighment and cutting size on propagation of

Bambusa vulgaris. Journal of Tree Sciences 31, 69-75.

Cao, Y.,2011. Biomass production and control of nutrient leaching of willows using different
planting methods with special emphasis on an appraisal of the electrical impedance for roots.

Dissertationes Forestales 125, 32.

Chaturvedi, O.P.,, 2001. Effect of root cutting diameter and planting orientation on sprouting,

rooting, survival and growth of Dalbergia sisoo Roxb. Journal of Tropical Forestry 17, 19-24.

Edelfeldt, S., Lundkvist, A., Forkman, J., Verwijst, T., 2015. Effects of cutting length, orientation

and planting depth on early willow shoot establishment. BioEnergy Research 8, 796-806.

Guralnick, L.J., Gladsky, K.,2017. Crassulacean acid metabolism as a continuous trait: variability
in the contribution of crassulacean acid metabolism (CAM) in populations of Portulacaria afra.

Heliyon 3. doi:10.1016/j.heliyon.2017. e00293.

Guralnick, L.J., Ting, I.P., 1987. Physiological changes in Portulacaria afra (L.) Jacqg. during a
summer drought and rewatering. Plant Physiol. 85, 481-486.

Holbrook, M.N., 1995. Stem Water Storage, in: Gartner, B.L. (Ed.), Plant Stems. Academic Press,
San Diego, pp. 151-174.

Iwasa, Y., Roughgarden, J., 1984. Shoot/root balance of plants: Optimal growth of a system with
many vegetative organs. Theoretical Population Biology 25, 78-105.

Peer] Preprints | https://doi.org/10.7287/peerj.preprints.27543v1 | CC BY 4.0 Open Access | rec: 19 Feb 2019, publ: 19 Feb 2019




240
241
242
243
244
245

247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270

Jury, M.R,, Levey, K. (1993) The Eastern Cape drought. Water SA 19, 133-137.

Lechmere-Oertel, R.G., Cowling, R.M., Kerley, G.1.H., 2005. Landscape dysfunction and reduced
spatial heterogeneity in soil resources and fertility in semi-arid succulent thicket, South Africa.

Austral Ecology 30, 615-624.

Lechmere-Oertel,R.G., Kerley G.I.H, Mills A.J, Cowling R.M., 2008. Litter dynamics across
browsing-induced fence line contrasts in succulent thicket, South Africa. South African Journal of

Botany 74, 651-659.

Lowthe-Thomas, S.C.,Slater, F.M., Randerson, P.F. ,2010. Reducing the
establishment costs of short rotation willow coppice (SRC) - a trial of a novel lay flat planting

system at an upland site in mid-Wales. Biomass and Bioenergy 34, 677- 686.

Lloyd, JW., Berg, E.C.v.d., Palmer, A.R., 2002. Subtropical Thicket Ecosystem Planning Project
(STEP): Patterns of transformation and degradation in the Thicket Biome, South Africa.
Unpublished Report, Terrestrial Ecology Research Unit. University of Port Elizabeth, Port
Elizabeth.

Mills, A.J., Cowling, R.M., 2006. Rate of carbon sequestration at two thicket restoration sites in

the Eastern Cape, South Africa. Restoration Ecology 14,38-49.

Mills, A.J., Cowling, R.M,, Steyn, D., Spekreijse J., Van den Broeck D., Weel S., Boogerd C., 2011.
Portulacaria afra is constrained under extreme soil conditions in the Fish River Reserve, Eastern

Cape, South Africa. South African Journal of Botany 77, 782-786.

Mills, A.J., Turpie, J., Cowling, R.M., Marais, C., Kerley, G.I.H., Lechmere-Oertel, R.G., Sigwela,
AM., Powell, M., 2007. Assessing costs, benefits and feasibility of subtropical thicket restoration
in the Eastern Cape, South Africa. In: Aronson, J., Milton, S.J., Blignaut, J. (Eds.), Restoring
Natural Capital. Science, Business and Practice. Island Press, Washington DC. 179-187.

Peer] Preprints | https://doi.org/10.7287/peerj.preprints.27543v1 | CC BY 4.0 Open Access | rec: 19 Feb 2019, publ: 19 Feb 2019




271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299

Mills, A.J., van der Vyver, M., Gordon, |, J., Patwardhan, A., Marais, C., Blignaut, J., Sigwela, A.,
Kgope, B., 2015. Prescribing Innovation within a Large-Scale Restoration Programme in Degraded

Subtropical Thicket in South Africa. Forests 6, 4328-4348.

Mills, A.J., Robson, A.,2017. Survivorship of spekboom (Portulacaria afra) planted within the

Subtropical Thicket Restoration Programme. South African Journal of Science 113,1/2.

Murchie, E. H., Lawson,T., 2013. Chlorophyll fluorescence analysis: a guide to good practice and

understanding some new applications. Journal of Experimental Botany 64, 3983-3998.

Paknejad, F., Nasri, M., Moghadam, H.R., Zahedi, H., Alahmadi, M.J.,2007. Effects of drought
stress on chlorophyll fluorescence parameters, chlorophyll content and grain yield of wheat

cultivars. Journal of Biological Sciences 7, 841-847.

R Core Team, 2018. R: A Language and Environment for Statistical Computing. R Foundation for

Statistical Computing. Vienna, Austria.

Ritchie, G.A. ,2006. Chlorophyll Fluorescence: What Is It and What Do the Numbers Mean? In:
Riley, L.E.; Dumroese, R.K.; Landis, T.D., tech. coords. 2006. National Proceedings: Forest and
Conservation Nursery Associations - 2005. Proc. RMRS-P-43. Fort Collins, CO: U.S. Department of

Agriculture, Forest Service, Rocky Mountain Research Station. 34,42.

Sigwela, A.M., Kerley G.I.H., Mills A.J., Cowling R.M.,2009. The impact of browsing-induced
degradation on the reproduction of subtropical thicket canopy shrubs and trees. South African

Journal of Botany 75, 262-267.

Stuart-Hill, G.C., 1992. Effects of elephants and goats on the Kaffrarian Succulent Thicket of the
Eastern Cape, South Africa. Journal of Applied Ecology 29, 699-710.

Peer] Preprints | https://doi.org/10.7287/peerj.preprints.27543v1 | CC BY 4.0 Open Access | rec: 19 Feb 2019, publ: 19 Feb 2019




301
302
303
304
305
306
307
308

310
311
312

314
315
316

318
319
320

322
323
324

326
327
328
329

van der Vyver, M.L., Cowling,R.M., Campbell, E.E., Difford,M.,2012. Active restoration of woody
canopy dominants in degraded South African semi-arid thicket is neither ecologically nor

economically feasible. Applied Vegetation Science 15, 26-34.

van der Vyver, M.L., 2017. Factors affecting effective ecological restoration of Portulacaria afra
(spekboom)-rich subtropical thicket and aboveground carbon endpoint projections. PhD Thesis.
Botany Department, Nelson Mandela University, Port Elizabeth, p. 167.
(http://hdl.handle.net/10948/23250)

van Luijk, G., Cowling, R.M., Riksen, M.J.P.M., Glenday, J., 2013. Hydrological implications of
desertification: Degradation of South African semi-arid subtropical thicket. Journal of Arid

Environments 91, 14-21.

Vlok, J.H.J., Euston-Brown, D.L.W., 2002. Report by biological survey component for conservation
planning for biodiversity in the thicket biome. Unpublished report. Regalis Environmental

Services, Oudtshoorn.

Vlok, J.H.J., Euston-Brown, D.I.W., Cowling, R.M., 2003. Acocks' Valley Bushveld 50 years on: new
perspectives on the delimitation, characterisation and origin of subtropical thicket vegetation.

South African Journal of Botany 69, 27-51.

Wilman, V., Campbell, E.E., Potts, A.J., Cowling, R.M., 2014. A mismatch between germination
requirements and environmental conditions: Niche conservatism in xeric subtropical thicket

canopy species? South African Journal of Botany 92, 1-6.

Woo, N.S., Badger, M.R., Pogson, B.J., 2008. A rapid, non-invasive procedure for quantitative

assessment of drought survival using chlorophyll fluorescence. Plant Methods 4, 27.

Peer] Preprints | https://doi.org/10.7287/peerj.preprints.27543v1 | CC BY 4.0 Open Access | rec: 19 Feb 2019, publ: 19 Feb 2019




330 Figures

331

332

333

334

335

336

337

Figure 1. A:Successfully established cuttings of Portulacaria afra (commonly known as
spekboom) in the Baviaanskloof region. These plants were established using the vertical
planting protocol. B: Example of the vertical planting orientation, versus C & D: the

horizontal planting orientation.
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Figure 2. A: Comparison of the dry biomass of stem and leaves versus roots of
Portulacaria afra cuttings (60 days after planting) across three planting treatments (n=15
per treatment): vertical planting (standard protocol), horizontal planting of primary stem,
and horizontal planting of the primary stem with the above-ground side stems clipped at
15 cm). The vertical treatment had significantly higher dry root biomass than the other
two treatments (F.4,=125.70, p<0.001; H=29.38, p<0.001). B: Root mass fraction (i.e.
root dry mass/total plant dry mass). Root mass fraction did not significantly differ
amongst treatments (F.4,= 2.72, p = 0.08; H=4.81, p=0.09). Root mass fraction of
seedlings (from unpublished data, Guralnick and Potts) is shown for discussion
purposes. See text for further details and supplementary material for images of the
treatments.
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351

352 Figure 3. Photosynthetic efficiency (F./Fn.) across the planting orientation treatments (15
353 plants with 5 measurements per plant) at two points during the experiment (total

354 days=60). There were significant differences in means on both sampling days (Day 34:
355 F,4,=29.7, p<0.0001, H=25.1, p<0.0001; Day 50: F,4,=34.2, p<0.0001, H=29.2,

356 p<0.0001). Significant differences amongst treatments are shown with dissimilar

357 superscripts (parametric Tukey and nonparametric Dunn post-hoc tests were

358 congruent).
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