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Abstract: Several socio-economically important indigenous tree species of southern Africa show limited natural regenera-
tion while also being threatened by land conversion and overharvesting. Assisted tree regeneration — both artifi cial regen-
eration in nurseries and assisted natural regeneration in forests — is needed to allow the sustainable use of forest resources. 
Five studies of artifi cial and assisted natural regeneration of indigenous timber and fruit trees were performed independently 
from one another in Botswana, Namibia, and South Africa. They aimed to investigate and improve cultivation of seedlings, 
especially by testing the eff ects of temperature and diff erent seed pretreatments on germination in incubators and the eff ects 
of soil inoculation with plant growth–promoting bacteria in nursery conditions. One study compared direct seeding with 
enrichment planting in the forest. The germination tests showed that the seeds of most indigenous species tested should 
be given at least six weeks to germinate, with the exception of Bauhinia petersiana. Seed pretreatment, especially nicking 
and/or soaking, can improve germination for Strychnos cocculoides (+17%), Dialium englerianum (+68%), Erythrophleum 
africanum (+22%), and P. angolensis (+24%). Guibourtia coleosperma seed germinates well without any treatment. The ger-
mination rate of P. angolensis seed improved (+21%) after soil inoculation with plant growth–promoting and nitrogen-fi xing 
bacteria. The important fruit tree Schinziophyton rautanenii showed poor seed germination (7% to 30%), but the use of cut-
tings for S. rautanenii gave a 100% survival rate after about six months. Broadcasting seeds in the forest and covering them 
with soil resulted in more surviving seedlings than planting because of damage caused by rodents. Further nursery studies 
should focus on vegetative propagation and the optimal conditions for seedling growth and establishment of potential agro-
forestry tree species, while a range of assisted natural regeneration techniques remain to be tested for forests in the region. 

Resumo: Diversas espécies de árvores autóctones de importância socio-económica no Sul de África demonstram uma 
regeneração natural limitada quando ameaçadas pela conversão de terras e sobreexploração. A regeneração assistida de 
árvores é necessária para permitir o uso sustentável dos recursos fl orestais, através da regeneração artifi cial em viveiros 
e da regeneração natural assistida em fl orestas. Cinco estudos sobre a regeneração artifi cial e natural assistida de árvores 
autóctones de fruto e produtoras de madeira foram realizados de forma independente uns dos outros no Botswana, Namíbia 
e África do Sul. O objectivo foi investigar e melhorar o cultivo de plântulas, em especial ao testar o efeito da temperatura e 
dos diferentes pré-tratamentos de sementes na germinação em incubadoras, e o efeito da inoculação do solo com bactérias 
promotoras do crescimento de plantas em condições de viveiro. Um estudo comparou sementeira directa com plantio de 
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Introduction

Several socio-economically important 
tree species of southern Africa show 
limited regeneration in their natural en-
vironments. Pterocarpus angolensis is 
the most widely harvested timber tree 
in southern Africa (IRDNC, 2015; Von 
Breitenbach, 1973), as its wood, referred 
to as Kiaat and Mukwa in the region, is 
stable, easy to work, and aesthetically 
pleasing (ITTO, 2017) (see Figure 5 in 
De Cauwer et al., 2018). Forest inven-
tories in  Namibia and southern Angola 
show that natural regeneration is limited 
compared to other woody species (De 
Cauwer, 2016; Kabajani, 2016), similar 
to fi ndings in other parts of southern Af-
rica (Caro et al., 2005; Dirninger, 2004; 
von Malitz & Rathogwa, 1999). Rea-
sons suggested for the lack of regenera-
tion include high fi re frequency, grazing 
and browsing pressure, climate change, 
and lack of light because of plant com-
petition (Caro et al., 2005; De Cauwer, 
2016; von Malitz & Rathogwa, 1999). 
Baikiaea plurijuga is another important 
timber tree in Zambia, Zimbabwe, and 
Namibia. Its wood (Zambezi teak or 
Mukusi) is harder than that of P. ango-
lensis and is used for railway sleepers, 
furniture, and timber (DFSC, 2001). 
Limited natural regeneration in Zambia, 
caused by high fi re frequency, bush en-
croachment, and seed predation by ro-
dents, has led to the establishment of two 

reserves to conserve the species (DFSC, 
2001; Gambiza et al., 2005). Plantations 
of both B. plurijuga and P. angolen-
sis have been limited to trial plantings 
(Caro et al., 2005; DFSC, 2001; Piearce, 
1979). There is also a high demand for 
the wood of Guibourtia coleosperma 
(IRDNC, 2015), traded under the ge-
neric term Rosewood and named Mu-
sivi in the region. Tree inventories in 
southern Angola, northern Namibia, and 
Zambia (De Cauwer et al., 2018) show 
that G. coleosperma is not very abun-
dant (< 10% stems), especially not in 
the smaller size classes. The important 
fruit trees Schinziophyton rautanenii 

(Manketti, Mungongo) and Strychnos 
cocculoides (Monkey orange, Figure 1) 
also show limited natural regeneration in 
northern Namibia (Kabajani, 2016). The 
major reason may be overharvesting of 
the fruit, and for S. rautanenii, harvest-
ing of the tree for its wood. 

Next to limited tree regeneration, 
a major threat to all forests in the re-
gion is the clearing for agricultural ex-
pansion (Pröpper et al., 2010; Rudel, 
2013). Many fi elds are left fallow for 
1 up to 30 years (Chidumayo, 2002; 
Hilukwa, Namibia University of Sci-
ence and Technology, unpubl. data). 
A study in northern Namibia showed 
that the seed density of woody species 
in the soil seed bank of the fallows was 
low (0.04 seed·m-2) and that the woody 
species diversity of the soil seed bank 
was much lower than that of the above-
ground vegetation, which consisted 
mainly of shrubs and resprouting tree 
species (Hilukwa, Namibia University 
of Science and Technology, unpubl. 
data). Reforestation projects in northern 
Namibia cannot rely on a quick natu-
ral restoration of the forest, especially 
when no tree root systems remain that 
allow coppice growth.

The harvesting of wood or fruits of 
indigenous tree species cannot continue 
in a sustainable manner if the future of 
the species’ populations is not ensured. 
Programmes that support tree planting 
or that deliberately aim to assist natu-

enriquecimento em fl oresta. Os testes de germinação mostraram que as sementes da maioria das espécies indígenas testadas 
devem ter, pelo menos, seis semanas para germinar, com excepção da Bauhinia petersiana. O pré-tratamento de sementes, 
em especial o seu corte e/ou imersão, pode melhorar a germinação de Strychnos cocculoides (+17%), Dialium englerianum 
(+68%), Erythrophleum africanum (+22%), e P. angolensis (+24%). As sementes de Guibourtia coleosperma germinam 
bem sem qualquer tratamento. A taxa de germinação de sementes de P. angolensis melhorou (+21%) após a inoculação do 
solo com bacterias fi xadoras de azoto e promotoras do crescimento de plantas. A importante árvore de fruto Schinziophyton 
rautanenii mostrou uma baixa germinação por semente (7% a 30%), mas o uso de estacas de S. rautanenii resultou numa 
taxa de sobrevivência de 100% após cerca de seis meses. A colocação de sementes na fl oresta e a sua cobertura com solo 
resultou em mais plântulas sobreviventes que através do plantio, devido aos danos causados por roedores. Futuros estudos 
de viveiro deverão concentrar-se na propagação vegetativa e nas condições óptimas para o crescimento de plântulas e o esta-
belecimento de potenciais espécies arbóreas agrofl orestais, ainda que uma série de técnicas de regeneração natural assistida 
continue por testar em fl orestas na região.

Figure 1: Strychnos cocculoides in woodland 
of northern Namibia (Source: V. De Cauwer, 
2011).
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ing (Aerts et al., 2007; Chazdon & Guar-
iguata, 2016; Ganz et al., 2003).

Several SASSCAL projects focused 
on studies to facilitate artifi cial and as-
sisted natural regeneration programmes 
of indigenous tree species. SASSCAL 
Task 182 focused on the collection and 
storage of B. plurijuga seeds in Zambia. 
SASSCAL Task 079 is monitoring thin-
ning experiments that aim to encour-
age juvenile tree growth in state forests 
in Namibia. This article will describe 
fi ve independently performed studies 
on germination and seedling survival 
of indigenous tree species performed 
by SASSCAL Tasks 038 and 335. The 
studies aimed to (1) investigate seedling 
germination and survival from seed and 
cuttings in nursery conditions, (2) test 
the eff ect of soil inoculation with plant 
growth–promoting bacteria on the germi-
nation of P. angolensis in nursery condi-
tions, (3) investigate factors infl uencing 
germination in controlled conditions, and 
(4) compare direct seeding with enrich-
ment planting in the forest.

Methods

Seedling germination and sur-
vival from seed and cuttings in 
nursery conditions — Botswana
The study tested the possibility of cul-
tivating S. rautanenii (n = 400) and 
Bauhinia petersiana (n = 400) from seed, 
and for S. rautanenii (n = 450) from cut-
tings. The seed pretreatments consisted 
of scarifi cation for B. petersiana, and 
removing the outer shell by cracking the 
nuts and soaking the kernel for 48 hours 
for S. rautanenii. Cuttings were taken 
from old-growth wood, young wood, 
and very young, pliable wood and plant-
ed in river sand. The nursery has net 
shading without artifi cial lighting. The 
experiment was performed from De-
cember to May 2017, with air tempera-
tures varying between 2°C (May) and 
38°C (December) and averaging 22°C. 
Watering was on a daily basis. Prelimi-
nary results are reported as the ratio of 
seeds that germinated after two months 
or as the ratio of cuttings that survived 
after six months. No statistical analysis 
was performed.

ral regeneration are needed if a growing 
population wants to continue using for-
est resources. Currently, many rural in-
habitants do not see the need for planting 
indigenous trees as they consider natural 
regeneration by forests and savannas to 
be suffi  cient (Gerhardt & Nemarundwe, 
2006). Most trees planted in the region 
are exotic trees, often because national 
forestry extension services focused on 
exotic species for many decades and 
because knowledge on indigenous tree 
cultivation is lacking in the region (Erk-
kilä & Siiskonen, 1992; Gerhardt & 
Nemarundwe, 2006; Mogotsi & Ngwa-
ko, 2011). Earlier studies have shown 
that some miombo and Baikiaea wood-
land tree species, such as P. angolensis, 
S. rautanenii, B. plurijuga, Pericopsis 
angolensis, and Julbernardia panicula-
ta, are diffi  cult to grow in nurseries and 
that problems arise at several stages: ger-
mination, seedling survival, and seedling 
establishment (Chidumayo, 1992; Chim-
belu, 1983; DFSC, 2001; Vander Hey-
den, 2014; Vermeulen, 1990; Vyamana 
et al., 2007). More research is needed to 
circumvent these diffi  culties, including 
determining the optimal physical envi-
ronment for germination and seedling 
survival (Ministry of Agriculture, Water 
and Forestry, 2011) and inoculation with 
native bacteria and mycorrhizal fungi to 
improve survival and growth (Schüßler 
et al., 2016). Such research is especially 
useful for potential crop trees or trees 
suitable for agroforestry and would al-
low the propagation of individuals se-
lected for desired tree qualities such as 
drought resistance, a long, straight stem 
for timber trees, or good fruit quality. As-
sisted natural regeneration is a less ex-
pensive technique for landscape restora-
tion (Ministry of Agriculture, Water and 
Forestry, 2011), but is rarely used in the 
region. Assisted natural regeneration re-
fers to low-cost methods that can be ap-
plied to natural forest stands to enhance 
natural regeneration, especially through 
the reduction of barriers to tree regen-
eration and preferably by involving local 
people (Ganz et al., 2003; Shono et al., 
2007). These include exclusion of graz-
ing, controlling of fi re, the use of pioneer 
shrubs as nurse plants, the removal of 
plant competition, and enrichment plant-

Soil inoculation with plant 
growth promoting bacteria for 
P. angolensis — Namibia
The eff ect of soil inoculation with plant 
growth–promoting and nitrogen-fi xing 
bacteria, particularly rhizobial root nod-
ule symbionts, on the germination of 
P.  angolensis seed (n = 90) in nursery 
conditions was tested. In SASSCAL 
Task 51, wild legumes in Namibia were 
inspected for root nodules, and their bac-
terial nitrogen-fi xing symbionts were 
isolated and characterized. A strain of 
the genus Bradyrhizobium that nodulated 
P. angolensis in sterile laboratory culture 
was tested on soil in Namibia. A factorial 
design was used with two factors: (1) in-
oculation/no inoculation and (2) source 
of the seeds (pods collected from tree or 
ground). All seeds were removed from 
the pods and scarred. The soil was a mix-
ture of commercial potting soil with sand. 
Seeds were raised in pots placed in full 
sun during March and April with water-
ing when the soil was dry. The average 
surface temperature over the 7-week ex-
periment was 26°C, while air tempera-
tures varied between 10°C and 29°C. 
Germination results were analysed us-
ing a linear regression with inoculation, 
source of the pods, and the interaction 
between the two as variables.

Factors infl uencing germination 
in controlled conditions — 
Namibia
The eff ects of temperature (26 and 30°C), 
and seed pretreatments (control, nicking, 
soaking in cold/warm/hot water, and com-
binations of these) on the germination of 
Dialium englerianum (n = 540), Eryth-
rophleum africanum (n = 540), G. cole-
osperma (n = 540), P. angolensis (n = 320), 
and S. rautanenii (n = 362) were tested. All 
seeds were surface sterilised and placed on 
fi lter paper in sterilised petri dishes in an 
incubator. The seeds were monitored for a 
period of 14 days, after which seed viabil-
ity was tested with a tetrazolium solution. 
Germination results were analysed with a 
two-way analysis of variance (ANOVA) 
or Kruskal-Wallis. The research design 
was based on the results of earlier studies 
(Moses, 2012; Vander Heyden, 2014), and 
more information can be found in You-
nan (2015) and De Cauwer and Younan 
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(2015), with the latter describing the data 
analysis methods. 

Factors infl uencing germination 
in controlled conditions — 
South Africa
The eff ects of no (control) and fi ve seed 
pretreatments on germination were com-
pared for S. cocculoides (n = 180) and 
G. coleosperma (n = 180) in an incuba-
tor at a constant temperature of 25°C. The 
seed pretreatments consisted of soaking in 
cold/warm/hot water, scarifi cation, and im-
mersion in 32% hydrochloric acid (HCl). 
A blocked factorial design was used, with 
results reported as the ratio of seeds that 
germinated after 7 weeks and data analysis 
done through ANOVA. More details on the 
methodology are given in Heita (2015).

Comparison of direct seeding 
with enrichment planting — 
Namibia
Enrichment planting of nursery seedlings 
in a state forest in the Otjozondjupa region 
of Namibia (mean annual rainfall 480 mm) 
was compared with direct seeding for P. an-
golensis, B. plurijuga, and G. coleosperma. 
Seeds were collected near the study area; 
hence provenances were from the driest lo-
cation possible for those species, as advised 
by Weber et al. (2015). A blocked factorial 
design was used with as treatments within 
the blocks and per species: (1) broadcast-
ing of seeds (n = 180), (2) broadcasting of 
seeds and covering with soil (n = 180), and 
(3) planting of nursery-raised seedlings 
(n ≤ 180). Seeds of P. angolensis were 
extracted from pods and nicked, seeds of 
B. plurijuga were soaked in warm water 
for 24 hours, and seeds of G. coleosperma 
were not pretreated. The seedlings in the 
nursery were grown in 30 cm deep poly-
ethylene bags for four months with water-
ing every second day during the fi rst two 
months decreasing to two times a week by 
the time of planting. The experiment was 
repeated in the early (January) and late 
(April) rainy season of 2016. Although 
planting at the start of the rainy season is 
preferable (Aerts et al., 2007), it does not 
guarantee that the study area will receive 
rain for the fi rst months, as rainfall is lim-
ited, has a high temporal and spatial vari-
ation, and is thus unpredictable. Historical 
plantings showed that most planted seed-

lings are destroyed by browsers when all 
other vegetation is still dry. A small pilot 
project was also set up to test to what ex-
tent tree protectors can prevent small mam-
mals from predating on the seedlings. Tree 
protectors were applied around 50 nursery 
seedlings (Fig. 2). Preliminary results are 
given as the ratio of seeds that germinated 
or as the ratio of seedlings that survived 
after 9 to 12 months. Statistical analysis re-
sults will be published by Chaka (Namibia 
University of Science and Technology, un-
publ. data).

All seeds were collected in north-east-
ern Namibia except for study 1, which 
was performed with seed and cuttings 
from Botswana.

Results

Seedling germination and sur-
vival from seed and cuttings in 
nursery conditions — Botswana
Seedlings of B. petersiana were suc-
cessfully raised in the nursery with a 

100% germination rate after 7 days. Ger-
mination rate of S. rautanenii was only 
30% after 20 days. The survival rate for 
the cuttings was 100% for the old-wood 
cuttings and 80% for the young to very 
young-wood cuttings after 6 months, 
with the cuttings still growing and shoot-
ing by the end of 2017 (Fig. 3). However, 
no root development had taken place. 

Soil inoculation with plant 
growth–promoting bacteria for 
P. angolensis — Namibia
The inoculation signifi cantly (p < 0.05) 
increased the germination rate from 
16% to 37% (Tab. 1). There was, how-
ever, a signifi cant (p < 0.05) interac-
tion eff ect between inoculation and 
the source of the pods: inoculation 
appeared to have an eff ect only on 
the germination success of seeds from 
pods collected from the ground. The ef-
fect of inoculation on germination time 
was very signifi cant (p < 0.0001), with 
germination time decreasing from 25 
to 12 days.

Germination rate (%) Germination time (days)

Pods from
ground

Pods from
tree TOTAL

Pods from
ground

Pods from
tree TOTAL

Inoculation 50 25 37 11 13 12
No Inoculation 8 25 16 20 27 25
Total 28 25 27 12 19 16

Figure 2: Tree protector tested around a 
nursery seedling (Source: M. Chaka, 2016).

Figure 3: Schinziophyton rautanenii plants 
developed from tree cuttings 
(Source: S. Tshwenyane, 2017).

Table 1: Mean total germination rate and mean germination time of Pterocarpus angolensis 
seeds after 7 weeks. Treatments were soil inoculation with plant growth–promoting and 
nitrogen-fi xing bacteria and source of the pods from which seeds were extracted. 
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Factors infl uencing germination 
in controlled conditions — 
Namibia
Table 2 shows the germination results for 
temperature and seed pretreatments com-
bined. G. coleosperma seed had the high-
est germination rate and S. rautanenii the 
lowest. The seed pretreatments showed 
signifi cant eff ects (p < 0.05) only on the 
germination capacity of D. englerianum, 
E. africanum, and P. angolensis seed (De 
Cauwer & Younan, 2015), especially 
pretreatments that included nicking. All 
treatments did shorten the germination 
time of G. coleosperma by an average 

of 5 days compared to the control. Ger-
mination was slightly better at 26°C but 
this was signifi cant only for two species 
and may have been caused by quicker 
discarding of mouldy seeds during the 
experiment at 30°C. A tetrazolium test 
showed that most nongerminated seeds 
were still viable after two to three weeks.

Factors infl uencing germina-
tion in controlled conditions — 
South Africa
Germination results indicated clear dif-
ferences between species and certain 
pretreatments (Tab. 3). The treatment 

with HCl and scarifi cation resulted in sig-
nifi cantly lower (p < 0.001) germination 
rates for both species and a longer ger-
mination time for G. coleosperma. Seeds 
of both species responded best to soak-
ing in warm water, although soaking did 
not signifi cantly improve germination for 
G. coleosperma seed, which germinated 
well without any treatment. Maximum 
germination time for G. coleosperma was 
reached after six weeks, while S. coccu-
loides seeds were still germinating after 
seven weeks.

Comparison of direct seeding 
with enrichment planting — 
Namibia
The preliminary results of the early rain 
season show that regeneration from seeds 
covered with a layer of soil was much 
better compared to that of broadcasted 
seeds and planted nursery seedlings. Af-
ter the fi rst nine weeks of regeneration, 
60% of the covered seeds of all species 
combined resulted in surviving seedlings 
(Fig. 4) compared to 0.2% of the noncov-
ered seeds. However, the seedling sur-
vival rate of the covered seeds started to 
decline afterwards. All nursery seedlings 
were dug out by small mammals within 
the fi rst 4 weeks after planting (Fig. 5). 
After a period of 1 year, the seedling 
survival rate from seeds covered with a 
layer of soil was 11%, and that from non-
covered seeds was 1.3%. Some 16% of 
the broadcasted noncovered seed were 
still present and intact on top of the soil. 

n Age
(years)

Germination
(%)

Germination time
(days)

Dialium englerianum 540 < 1 41 7.4
Erythrophleum africanum 540 12 20 8.0
Guibourtia coleosperma 540 3 91 7.3
Pterocarpus angolensis 320 1–2 23 6.6
Schinziophyton rautanenii 362 2–12 7 i10.8

Table 2: Mean total germination rate and mean germination time of indigenous tree seeds 
across all treatments after 2 weeks’ incubation in an incubator. The age of the seeds refers 
to the storage period.

Weeks Control Cold water Warm water Hot water HCI Scarification

Strychnos
cocculoides

2 0 0 0 0 0 0
4 27 30 27 17 0 0
6 57 47 60 23 0 3
7 63 70 80 40 0 3

Guibourtia
coleosperma

2 0 7 3 0 0
4 63 73 70 60 50 57
6 80 80 83 67 63 63
7 80 80 83 70 67 67

Table 3: Total germination rate (%) of Strychnos cocculoides and Guibourtia coleosperma 
seeds over a period of 7 weeks in an incubator. 

Figure 4: Guibourtia coleosperma seedling 
germinated from broadcasted seed covered 
by a layer of sand (Source: M. Chaka, 2016).

Figure 5: Holes dug out by small mammals at a site where nursery seedlings were planted 
(Source: M. Chaka, 2016).
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None of the late rainy-season treatments 
resulted in surviving seedlings: no ger-
minations were recorded for either direct 
seeding treatment, and the survival rate 
of the nursery seedlings after six weeks 
was 0% because all were destroyed by 
small mammals. The tree protectors were 
able to protect the seedlings from small 
mammals (Fig. 2), as all seedlings could 
still be observed in the tree protector after 
a year. However, all those seedlings had 
died of desiccation by the end of 2016.

Discussion

Seed pretreatment can improve germina-
tion for S. cocculoides, D. englerianum, 
E. africanum, and P. angolensis. Soaking 
S. cocculoides seed in water overnight 
increased the germination rate, with 17% 
after 7 weeks compared to no seed pre-
treatment (study 4), while the germina-
tion rate of D. englerianum increased 68% 
with nicking and soaking in water (study 
3). In contrast, the seed of E. africanum 
and P. angolensis should only be nicked 
and not soaked (study 3). Seeds of most 
indigenous species tested need more than 
2 weeks’ germination time, at least 6 to 8 
weeks, as there were a large number of vi-
able, nongerminated seeds after 2 weeks 
in studies 2, 3, and 4. Vander Heyden 
(2014) observed that although germina-
tion of P. angolensis seeds in controlled 
laboratory conditions (at 26°C) started 
after 12 days, it continued for over a year 
and reached a germination rate of 47%, 
much higher than that obtained in stud-
ies 2 and 3, which lasted less than two 
months. The only species that showed 
a high germination rate (> 90%) within 
two weeks were B. petersiana (study 1: 
7 days) and G. coleosperma (study 3: two 
weeks). It is not clear why it took G. cole-
osperma 6 weeks to reach a germination 
rate of 80% in study 4, especially as the 
seeds were two years younger than those 
of study 3. Probably, it is caused by a 
slightly lower incubator temperature and 
because the seeds in study 4 were thrown 
away as soon as they developed mould, 
while study 3 found that many seeds with 
mould still germinated. 

Future studies should investigate the 
eff ect of diff erent day lengths and tem-

Figure 6: Seedlings ready for planting at 
the University of Agriculture and Natural 
Resources, Botswana (Source: S. Tshwen-
yane, 2014).

Figure 7: Schinziophyton rautenenii tree plant-
ing in the garden of the University of Agriculture 
and Natural Resources, Botswana 
(Source: S. Tshwenyane, 2014).

peratures on germination, especially as 
study 3 was not conclusive. More stud-
ies on seedling growth and establishment 
are especially needed (Ministry of Ag-
riculture, Water and Forestry, 2011), for 
example as related to shade conditions, 
as performed by Graz (2003) for S. rau-
tanenii. Additionally, superior genetic 
material should be collected to cultivate 
potential agroforestry or crop species 
with high drought tolerance and desired 
characteristics such as bole length or fruit 
yield, such as is being done for Sclero-
carya birrea (Marula) (Gouwakinnou et 
al., 2011; Leakey et al., 2002). Propaga-
tion of tree species with low germination 
rates may be better done via tissue cul-
ture techniques (Vander Heyden, 2014) 
or through vegetative propagation in 
nursery conditions, as demonstrated for 
S. rautanenii in study 1. However, results 
of study 1 showed that vegetative propa-
gation should be studied over a much 
longer period (> 1 year). No recent infor-
mation is available on vegetative propa-
gation of the species.

Mean germination time of P. angolen-
sis in nursery conditions declined from 
3.5 weeks to 12 days (study 2) when us-
ing soil inoculated with nitrogen-fi xing 
bacteria. The results are more promis-
ing than a study by Moola et al. (2009) 
that tested the eff ects of mycorrhizae on 
both germination and seedling growth 
of P. angolensis and showed a benefi -
cial eff ect only on growth; by contrast, 
this study also showed a positive eff ect 
on germination. More experiments are 
needed to test the use of nitrogen-fi xing 

and other microorganisms on seedling 
growth of indigenous tree species. The 
bacteria serve various purposes includ-
ing quick establishment of root nodules 
for nodulation of plants, enhancement 
of root formation, phosphate mobilisa-
tion from the soil, and a protective role 
via the formation of siderophores (Chim-
wamurombe et al., 2016; Grönemeyer et 
al., 2012). The use of plant growth–pro-
moting bacteria is more environmentally 
friendly and sustainable compared to 
chemical fertilisers.

Direct seeding of woody species in 
natural forest is a promising propaga-
tion method if the seeds are covered by 
soil. The covering appears to provide 
 protection against predation compared 
to the noncovered seeds. SASSCAL 
Task 182 also reported a high predation 
pressure on B. plurijuga seeds by vari-
ous rodents in Zambia, while Fors (2002) 
found a high predation of broadcasted 
P. angolensis seeds in forests in Tanza-
nia (66% in 10 days). Timing of direct 
seeding is crucial for the development 
of seedlings. Study 5 showed that only 
direct seeding in the early rainy season 
worked compared to direct seeding in the 
late rainy season, but this will have been 
infl uenced by the below-average rainfall 
of 286 mm in the study area during the 
rainy season of 2015/2016. Optimal is to 
seed at the start of a long and good rain-
fall period; this is an unrealistic method, 
however, because of the unpredictability 
of rainfall, especially for remote forest 
areas for which logistics are diffi  cult to 
organise.
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Enrichment planting of nursery seed-
lings in the forest was not successful be-
cause of predation and uprooting by small 
mammals unless the seedlings are pro-
tected. Hall (2008) also reported preda-
tion and/or uprooting by small mammals 
of 48% of planted tree seedlings within 
weeks of planting in a secondary forest in 
the Central African Republic. He demon-
strated how enclosures with chicken wire 
increased survival of the seedlings. The 
tree protectors used in this experiment 
(Fig. 2) did provide protection but were 
not able to shelter the seedlings from 
high temperatures during the summer. 
A tree protector that would allow more 
air to fl ow through could be considered 
for potential crop trees, but planting un-
der nurse shrubs (Aerts et al., 2007) or in 
between thorn shrubs may be economi-
cally more viable. Nursery plants with a 
large root/shoot ratio should be used, as 
they have a better chance of survival in 
the fi eld (Weber et al., 2015).

Considering the limited results with 
forest seeding and planting, other as-
sisted regeneration measures should be 
tested in the region, especially fi re and 
browsing protection, forest thinning, 
and  protection of root systems on fallow 
lands. Programmes to promote the culti-
vation of indigenous trees should focus 
on potential agroforestry species and 
include raising community awareness 
of the need for indigenous tree planting. 
Cultivation can be encouraged through 
demonstration plots and community 
nurseries (Figs. 6 and 7), as is already 
done in Botswana (Mogotsi & Ngwa-
ko, 2011). This approach demonstrates 
the potential to domesticate indigenous 
woody species and build the capacity of 
local populations in indigenous tree cul-
tivation.
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