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Indigenous fruits/nuts of Africa’s humid tropics are increasingly being recognized for their con-
tribution to food security, health (nutrition/medicine), income generation, employment and envi-
ronmental benefits. However, cultivation of the trees yielding these fruits/nuts is constrained by
lack of improved planting materials that are true-to-type and have a short enough juvenile phase
to fruit production. In addition, information on both above and belowground growth attributes
of these species is scarce. This paper presents an overview of the results of a doctoral research fo-
cused on two African indigenous fruit tree species, i.e. Dacryodes edulis (G. Don) H. J. Lam (Burser-
aceae) and Allanblackia floribunda Oliv. (Clusiaceae), which are currently under domestication. For
D. edulis, the objective was to assess and compare the structural and fine rooting systems together
with the above ground growth attributes of fruiting trees propagated either sexually or vegeta-
tively. The research aim for A. floribunda was to shorten the long juvenile phase before first fruiting
through grafting techniques. In summary, the results from the studies on D. edulis suggest that
vegetative propagation of the species, reduces the long juvenile phase to fruiting and maintains
trueness in the transfer of desirable traits over generations, it also results in trees that are appar-
ently less competitive for below ground resources, have more stable root system, and are bigger in
stature and higher in carbon sinks compared to trees of seed origin. In parallel, A. floribunda was
shown to be amenable to grafting both under nursery and field (in situ) conditions. Furthermore, a
grafted A. floribunda tree transplanted in the field in 2007, flowered and carried a single fruit to ma-
turity after 4 years, thereby reducing the long juvenile period to first fruit production from about
10-12 years reported in literature to less than 5 years. The findings of this doctoral research are
therefore pertinent to efforts towards indigenous fruit/nut tree domestication. However, research
should be confirmed as it can be considered a pilot study, one that aims to obtain insights into the
effect of vegetative propagation methods on above and below ground growth and development of
improved planting materials of D. edulis and A. floribunda under domestication.
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Introduction

Dacryodes edulis (G. Don) H.J. Lam (Burseraceae) and Allanblackia floribunda Oliv. (Clu-
siaceae), are two African indigenous fruit tree species which are currently under domes-
tication because of their high food, income and environmental security values. Accord-
ing to Simon and Leakey (2004), domestication of agroforestry trees encompasses both
the socio-economic and biophysical processes involved in the identification and char-
acterization of germplasm resources; the capture, selection and management of genetic
resources; and the regeneration and sustainable cultivation of the species in managed
ecosystems. The importance of domesticating and integrating these high-value fruit trees
in agricultural landscapes by farmers is increasingly being recognized in Africa’s humid
tropics. However, in an agroforestry context, there has been scant research into the above
and below ground growth attributes of intercropped trees that determine whether the
association will be complementary or competitive. Similarly, indigenous fruit/nut spe-
cies propagation by grafting has been little studied. The focus of the present research on
D. edulis, was to assess and compare the structural and fine rooting systems together with
the above ground growth attributes of trees propagated sexually and vegetatively, while on
A. floribunda, the thrust was on how to reduce the long juvenile phase of about 10-12 years
before first fruiting through grafting techniques.

Rationale

Below ground and above ground growth attributes of vegetative/clonal propagules
seem to be different from those of plants grown from seeds. These growth attributes
have not been subject to extensive study and consequently are not well understood. Below
ground tree growth attributes (rooting pattern and distribution) are very important not
only for water and nutrient uptake, but also for support and anchorage. Knowledge of
rooting/root distribution and the development of root systems is essential to an under-
standing of the ecological niche of tree species which in turn makes it possible to opti-
mize the trees” productivity in various agroforestry systems (Huxley, 1983; Von Maydell,
1987; Toky and Khosla, 1989). Akinnifesi et al. (2004) and Vogt and Persson (1991), clas-
sified tree root systems into 2 main components based on root diameter: (i) a main struc-
tural roots component (diameter > 2 mm) for support and anchorage of the plant; and (ii)
a fine roots component (diameter < 2 mm), which consist of long exploratory, branching
roots with root hairs for water and nutrient uptake.

The spatial and temporal distribution of roots in multispecies agro-ecosystems is
known to vary according to species, tree husbandry and edaphic site factors (Akinnifesi
et al., 1995; Schroth 1995; 1998; van Noordwijk and Purnomosidhi, 1995). According to
van Noordwijk and Purnomosidhi (1995), desirable root architecture requirement dif-
fers for sequential and simultaneous agroforestry systems.

Fine root length, for example, is a relevant estimator of the rooting system's capac-
ity for water and nutrient uptake (Akinnifesi et al., 2004; Anderson and Ingram, 1993).
According to Schroth (1995) and van Noordwijk and Purnomosidhi (1995), data on root
abundance as a function of soil depth are needed to get an idea about the ability to com-
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pete for below ground water and nutrients. The decrease in fine root volume of shea tree
or karité (Vitellaria paradoxa) and néré (Parkia biglobosa) trees in the 0-20 cm soil stratum
following root pruning during the cropping season has been reported to reduce tree x
crop competition for below ground resources resulting in yield increase of (mostly annu-
al) companion crops (Bayala et al., 2004). Several authors have examined the distribution
of structural primary roots (Akinnifesi et al., 199g9; Asaah et al., 2010; Coutts 1983; Toky
and Khosla, 1989). Other research efforts have described and compared the fine root dis-
tribution of 8 tree species in India (Chaturvedi and Das, 2003); 13 multipurpose trees in
Nigeria (Akinnifesi et al., 1999); Grevillea robusta and Gliricidia sepium in Kenya (Odhiambo
et al., 2001); and Senna siamea in three regions of Togo (Vanlauwe et al., 2002). Until now,
little or no research work has been done on indigenous trees under domestication in Af-
rica with the aim of understanding the rooting system distribution of transplanted trees
of vegetative and seed origins, respectively.

Figure 1. Typical D. edulis trees of seed, cut-
ting and marcot origin in Cameroon

Tree of marcot origin

AFRIKA FOCUS — 2012-06 [63]



E.K. ASAAH, Z. TCHOUND]JEU, P. VAN DAMME

In addition, the authors are not aware of any published studies that have rigorously
quantified the effect of propagation methods on the above ground growth attributes of
any indigenous fruit tree under domestication in Africa, beyond those that looked at their
fruiting characteristics.

Of late, carbon sequestration has become a 'hot’ issue. Trees generally store carbon
(C) in above and below ground parts (stems, branches and roots. Most tree products
(fruits, nuts, vegetables, spices, bark, oils, resin, etc.) for which the trees are grown, can
be harvested with negligible impact on overall C stock of the production system. Trees in
agricultural systems constitute major potential C sinks capable of absorbing and storing
large quantities of atmospheric C in live biomass. If trees are integrated into agricultural
systems and judiciously managed together with crops and/or animals C sequestration
can even be improved over current figures (Albrecht and Kandji, 2003; Nair et al., 2009;
Soto-Pinto et al., 2010; Takimoto et al., 2008). It is in this vein that agroforestry was re-
cently recognized as a greenhouse gas mitigation strategy under the Kyoto Protocol for
biological C sequestration (Nair et al., 2009). Watson et al. (2000) reported that C seques-
tration rates ranging from 1.5 to 3.5 Mg C ha’ y* and a tripling of C stocks in a 20-year
period, to 70 Mg C ha"y” was achievable in mature agroforestry systems. Albrecht and
Kandji (2003) maintain that the C sequestration potential in agroforestry systems could
range between 29 and 53 Mg ha” y*in the humid tropics of Africa.

However, agroforestry which provides a dual function of strengthening food security
and C sequestration to fight climate change is still not well-understood. Consequently,
it was necessary to initiate this study in order to gain a better insight into the effect of
propagation methods — used in the clonal propagation of fruits trees — on their above
ground growth attributes. Knowledge of the above ground growth attributes of individ-
ual trees is a vital part of the effort to design and manage agroforestry systems and their
inherent agro-ecosystems services. In addition, selecting and domesticating fruit trees
that display high carbon sinks, would provide the necessary arguments to promote tree
crop cultivation, as farmers would not only gain from the tree products, but could also
gain extra revenue from the C stock in their trees offered by various environmental service
reward mechanisms.

Diversification of the 'mother’ clonal production population is crucial in developing
asuccessful domestication process for pest/disease risk aversion and/or to avoid poor per-
formance of individual trees as a result of inbreeding depression. Through agroforestry,
risk aversion can also be achieved by diversification of the agro-ecosystems through the
introduction of alternative tree species and food crops in ways that would provide food,
income and other agro-ecological system functions (nutrient recycling, erosion control,
habitat for flora and fauna, carbon sequestration, etc.) (Leakey, 1999; 2010).

Within the last decade, Allanblackia has become a subject of international interest
to Unilever and other commercial enterprises as the seeds contain a unique edible oil
that can be used to develop healthy food products, more specifically, healthy spreads that
are low in trans-fats (Ochieng, 2007). Unilever estimates that the potential market for
Allanblackia oil is more than 100,000 tons annually, provided the right quality standards
are met.
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Figure 2: Typical Allanblackia floribunda tree in the humid forest of Cameraon

In addition to a very slow germination rate of less than 5%, A. floribunda has a long
juvenile phase to fruiting of at least 12 years (Vivien and Faure, 1996). Recently, however,
new techniques developed in Ghana and Tanzania on A. parviflora and A. stuhlmannii res-
pectively, have greatly improved the nursery germination success rate (Ofori et al., 2011).

Allanblackia is an allogamous and dioecious species. Thus, vegetative propagation
techniques are needed to capture certain desirable fruit or tree traits so as to produce
planting materials that have the same genetic characteristics as the mother trees. Re-
cent studies by Atangana et al. (2006) on A. floribunda leafy stem cuttings recorded 68.7%
rooting success at 25 weeks after setting up the experiment with cuttings obtained from
juvenile shoots of a coppiced A. floribunda tree. These figures did not change till the end of
the experiment at 38 weeks. Though successful, this approach to vegetative propagation
is slow, and only a few roots are produced per cutting.

On farm cultivation of Allanblackia spp. is therefore constrained by propagation suc-
cess (both through sexual and vegetative propagation techniques) (Munjuga et al., 2008).
According to Bhojwani and Razdan (1996), a shift from sexual to clonal reproduction
allows for the faithful reproduction of individuals with superior features (traits) by elim-
inating the uncertainty in the transmission of favoured traits over reproductive cycles
which is associated with sexual reproduction. Vegetative propagation (grafting, budding
and marcotting) has also been used to achieve early fruiting and tree dwarfing (Akinnifesi
etal., 2008; 2009). For example, grafted Uapaca kirkiana began to produce fruits after only
2-3 years, while those derived from seedlings took 12-15 years before fruiting (Akinnifesi
et al., 2008; 2009). Moreover, dwarfing produces trees that are smaller at harvest, thus
facilitating fruit collection.
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Objectives

The main objectives of this research were to assess: (i) below ground and above
ground growth attributes of fruiting D. edulis trees of seed and vegetative origins (cuttings
and marcots), and (ii) the amenability of vegetative propagation techniques (grafting) in
the reduction of the long juvenile phase to first fruiting in A. floribunda.

Summary of research methods

The study on below ground growth attributes was conducted in D. edulis orchards
established in 1999 and 2001, respectively, by the World Agroforestry Centre (ICRAF) in
the equatorial humid forest zone of Cameroon. This orchard is situated near Mbalmayo
(30 40' N, 11° 00'E) at 650 m above sea level, with 1,500 hours/annum of insolation, and
a bimodally distributed total annual rainfall of 1,200 — 2,500 mm.

The orchard was originally set up as a comparative growth trial between D. edulis
trees of seed and vegetative (juvenile cuttings and marcots) origin from the same mother
plants that had at most three months difference in age. The trial was established as a ran-
domized complete block design of 10 replicates each laid out as single tree plots. Trees
were transplanted at a spacing of toxro m>. Tree density per hectare is thus 100. The soils
of Mbalmayo fall under the ferrasol major soil grouping with soil unit defined as a xan-
thic ferrasol (FAO, 1991). Weeds were manually controlled in the plots using cutlasses.

Below ground root systems of D. edulis trees of seed and vegetative origins were to-
tally excavated and structural root morphology described and quantified for each tree
type. Similarly, fine root (d < 2 mm) distribution patterns of D. edulis tree types (seed, cut-
ting and marcotting origins) based on root density (RD), root length density (RLD) and
root weight density (RWD) were assessed in soil profiles dug adjacent each tree type of
D. edulis. In a separate study, above ground growth attributes (tree height, crown spread,
diameter at breast height, and shoot density per tree type) of 10 year old trees of D. edulis of
seed and vegetative (cutting and marcot) origins were also assessed. In addition, a non-
destructive method was used in assessing the above ground biomass of D. edulis trees of
seed and vegetative origin. This data was subsequently computed into allometric regres-
sion models developed by Chave et al. (2005) to estimate above ground biomass. Simi-
larly, below ground biomass was estimated using regression models developed by Cairns
et al. (1997), which can predict root biomass based on above ground measurement data.
Carbon stocks in the biomass were estimated in line with IIPC 2006 guidelines.

The amenability of A. floribunda to grafting was assessed by grafting scions from
fruiting female trees onto eighteen month old rootstocks using side tongue, top cleft,
side veneer, and whip-and-tongue methods under nursery conditions. In parallel, side
tongue and inverted ‘T’ budding methods were also tested in situ on young A. floribunda
wildings growing under semi-deciduous and evergreen tree covers. In addition, the ef-
fects of protecting side tongue grafts with non-perforated, translucent plastic, perforated
translucent plastic and aluminium foil were assessed.

All data were subjected to statistical analysis and unless otherwise stated, statistical
significance is given at the 5% level.
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Summary of results

The results of our investigations on D. edulis indicate that trees of seed origin were
characterized by a tap root, reaching depths of about 1.20 m, whereas trees of cutting
origin showed three strong vertical roots (d > 5 mm) with the longest reaching depths
of 1.31 m Similarly, trees of marcot origin were observed to have thick, relatively short
prominent vertical roots, reaching depths of 1.15 m (Asaah et al., 2010) (Fig. 3).
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Figure 3: Root morpholagy of 5 years old D. edulis trees of seed, cutting and vegetative origins, Cameraon

In addition, trees of seed origin had greater fine root density (RD) (P < 0.001) than
trees of vegetative origin (cuttings and marcots) in the upper soil stratum (o-30 cm). Trees
of seed origin were also shown to have an exponential distribution pattern for fine root
density and root length within depth to 8o cm. In contrast, the distribution patterns of
fine roots of trees of vegetative origin (cuttings and marcots) were quadratic for the same
variables which increased in the 20-30 cm soil depth stratum before declining steadily to
a depth of 8o cm (Asaah et al., in press). Furthermore, shoot density, defined as number
of shoots per tree, and height differed significantly (p =0.004 and p=0.005, respectively)
amongst tree origins. Trees of seed and cutting origins had single-stem shoots whereas
marcots had 6 shoots per tree on average. Trees of cutting origin grew tallest, with a
mean height of 8.4 + 2.2 m compared to 6.7 + 0.9 m and 7.6 + 1.9 m for trees of marcot
or seed origins, respectively. Mean carbon (C) sequestration estimated using allometric
models differed significantly (p = 0.014) between trees of vegetative origin and those of
seed origin, with 10 years old D. edulis trees of cutting and marcot origins sequestrating
averagely 26.8 + 19.1 Mg C ha™ and 21.74 + 12.8 Mg C ha™ respectively over 10 years, com-
pared to 13.10 + 9.4 Mg C ha™ for trees of seed origin (Asaah, 2012) (Figs. 4 and 5).
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Figure 4: Biomass, carbon and CO_ sequestrated aboveground in 10 years old D. edulis trees of seed and vegetative origins
(mean +s.e.d Mg ha)
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Figure 5: Biomass, carbon and CO__ sequestrated belowground in 10 years old D. edulis trees of seed and vegetative origins
(mean +s.e.d Mg ha )

In summary, the results from the studies on D. edulis suggest that vegetative propaga-
tion of the species, besides reducing the long juvenile phase to fruiting and maintaining
trueness in the transfer of desirable traits over generations, also results in trees that are
apparently less competitive for below ground resources. In addition, vegetative propa-
gated trees of D. edulis were shown to have an apparently stable root system with trees
bigger in stature and higher in carbon sinks than trees of seed origin.

Concomitantly, A. floribunda scions were taken from female trees, and grafted onto
rootstocks using side tongue, top cleft, side veneer, and whip-and-tongue methods un-
der nursery conditions. In a separate experiment, side tongue and inverted ‘T’ budding
methods were also tested in situ on young A. floribunda wildings growing under semi-
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deciduous and evergreen tree covers. In addition, the effects of protecting side tongue
grafts with non-perforated, translucent plastic, perforated translucent plastic and alu-
minium foil were assessed. A. floribunda was shown to be amenable to grafting both under
nursery and field (in situ) conditions. Under nursery conditions, side tongue grafts were
significantly more successful (80.0 + 6.3%), than grafts of side veneer (52.5 + 7.9%),
top cleft (55.0 + 7.9%) and whip—and-tongue (50.0 + 7.9%). The success of side tongue
grafts was further increased (86.7 + 6.2%) under evergreen shade when grafts were pro-
tected by non-perforated translucent plastic (Asaah et al., 2011). A grafted A. floribunda
tree transplanted in the field in 2007 flowered and carried a single fruit to maturity after
4 years, thereby reducing the long juvenile period to first fruit production of about 10-12
years (Vivien and Faure, 1996) to less than 5 years (Asaah, 2012) (Fig. 6).

Scion domar plus tree
A. floribunda feer

A Jlaribunda graft Aowering

it thee nursery A floribends grafts ready

for field planting

4 years old dwarf fralting
A fleribunda tree

Uniform A. flonkunds faits

Figure 0: Juvenile phase to fruiting in A. floribunda shortened to 4 years via grafting, Cameroon
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Conclusion

To the best of our knowledge, the effect of propagation methods on the below
ground and above ground growth attributes and their C storage potential examined in
the present study on D. edulis, has not previously been the subject of research and publi-
cation. Similarly, the reduced juvenile period to first fruit production to less than 5 years
in A. floribunda grafts reported in this research is apparently the first evidence of this sort
published on the species. The findings of this research are therefore pertinent to efforts
towards indigenous fruit/nut tree domestication. However, the research should be con-
sidered as a pilot study aimed at obtaining insights into the effect of vegetative propa-
gation methods on the above and below ground growth and development of improved
planting materials of D. edulis and A. floribunda under domestication. Further research
on these species should focus on water use efficiency and fruit production in trees of
seed and vegetative origins. In addition, species-specific allometric regression model(s)
should be developed to assess carbon stock in trees of seed and vegetative origins with
more precision.
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