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Citropsis articulata, the African cherry orange, is considered to be threatened in Ugandan forests as a result of its purported
aphrodisiac properties. This study, part of an ongoing eﬀort to address restoration needs of Mabira Central Forest Reserve in
Uganda, demonstrates the feasibility of restoring depleted C. articulata populations using seedlings transplanted from nurserygrown seeds. Phenology of 20 Mabira forest plants was monitored with the aim of collecting seeds. One hundred and ﬁfty-six ripe
fruits were collected, and 233 of the extracted seeds were planted in pots in a nursery during January–March 2019. During
November-December 2019, seedlings were planted near the sites from which fruits were collected. Seed germination success rate
was 89%, and ﬁfteen months after transplanting, in situ survival was 100%. These results suggest that depleted C. articulata
populations may be restored in situ using nursery-grown seeds.

1. Introduction
Citropsis articulata (Willd. ex Spreng.) Swingle & M. Kellerm
(Family Rutaceae) is an evergreen shrub or small tree of
rainforest and dry semi-deciduous forest. Mature plants range
from 2.5–7 m in height. Also known as the African or Uganda
cherry orange, it is native to tropical Africa, from Ghana to DR
Congo and Uganda. The branches have thorns 5–25 mm long.
It is sometimes harvested from the wild for its edible fruit and
medicinal uses (Tropical Plants Database) [1].
The species is reported to be popular in Uganda for
reproductive medicine [2]. Because the root is ground into a
powder imagined to serve as a male aphrodisiac, “harvesting” can often involve uprooting and thus killing the tree. As
a result of overharvesting, its populations are considered to
be threatened in the wild [2].
The reported reproductive eﬀects of C. articulata have
drawn a raft of studies on its medicinal applications [3–8].
However, the threat of overharvest has drawn less attention
[9, 10] and possible methods of in situ restoration have not
yet been investigated.
The objective of this study was to assess the potential for
use of seeds in enhancement of the wild populations. There is

currently no information available in the literature on
propagation of the species other than a note in the Tropical
Plants Database (Loc. cit) that seeds are rather slow to
germinate but plants usually come relatively true to their
parent and a note in Kamatenesi-Mugisha and Oryem-Origa
[2] that their propagation is ongoing. This study is a scaled
up version of a preliminary observation made during 2017
and 2018 when four seeds from one fruit were planted in a
nursery and then transplanted to natural forest where postplanting survival of the seedlings was monitored. All seeds
germinated, and seedlings were alive at least 15 months after
germination. This study is an upgradation of that experiment
and tries to answer the following questions. (i) What is the
germination success rate of the seeds when planted in a
nursery? (ii) What proportion of the seedlings survives when
transplanted in their natural habitat?

2. Materials and Methods
This study was conducted in Mabira Central Forest Reserve
in Uganda. It is part of wider ongoing eﬀort to document
and address the reserve’s restoration needs [9, 11].
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Figure 1: Map of Mabira Central Forest Reserve showing areas (shaded green) of search of C. articulata.

As the fruiting periods were barely known, the plants occur
in low density, and the fruits are rarely found on any given
adult plant [9]; the ﬁrst step was to design measures to ensure
success of collecting the fruits when available. Twenty large,
presumably mature individuals were identiﬁed in the southernmost areas of the reserve (Figure 1). Olupot and Sande [9]
documented the highest density of the species in this location.
These 20 individuals were then monitored on a bimonthly basis
for leaﬁng, ﬂowering, and fruiting (Figure 2). These phenology
follows were conducted from August 2018–March 2019.
During the course of these observations, we noted substantial
predation of the developing fruits by sympatric primates (redtailed monkeys (Cercopithecus ascanius) and grey-cheeked
mangabeys (Lophocebus albigena ugandae)). To help protect
the fruits from arboreal primates, we concealed them from
above by camouﬂaging them with leaves (Figure 3).
Fruits were collected upon ripening as indicated by yellowing. Yellow and yellowing fruits were collected during
December 2018–March 2019. Fruits that had not fully attained
the yellow coloration at the time of collection were stored and
covered under room temperature until they became fully
yellow. Seeds were readily extracted from fully yellow fruits by a
gentle squeeze which popped out seeds. The seeds were sorted
to separate the potentially viable (rounded seeds) from the

potentially nonviable (ﬂattened and shriveled) seeds. Because
such information is not available in the literature, some of the
ripe fruits were dissected vertically and horizontally to measure
lengths and diameters using a ruler.
After 4-5 days of storage in room temperature and away
from direct sunlight, 233 potentially viable seeds were sown,
one per pot, into pots with a top diameter of 5 inches. The pots
were ﬁlled with soil collected from the forest ﬂoor. Care was
taken to not expose the pots to too much rain and too much
sunshine. Pots were monitored daily for seedling emergence.
All the germinated seedlings were planted in the forest near the
sites of fruit collection during November and December 2019
(Figure 4). A follow-up visit was made on 26th February 2021 to
determine post-planting in situ survival.

3. Results
Flowering and fruiting were observed during all the eight
months of phenology monitoring. Peak ﬂowering was
recorded in January, and peak fruit ripening was recorded
during February. Altogether, 156 fruits each with 0–4 seeds
were collected, and 354 seeds were extracted.
Sixteen ripe or ripening fruits averaged 2.0 cm
(SD � 0.214) in length and 2.1 cm (SD � 0.211) in diameter. A
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Figure 2: Flowers and unripe fruits of C. articulata.

Figure 3: An illustration of how predation on monitored fruits was reduced. In this case, a leaf collected from the site was used to obscure
sight of the fruits from above.

Figure 4: Seedling planting in the forest.

total of 233 seeds were sown. Out of these, 89% (208)
germinated. The duration from seed sowing to seedling
emergence varied from 16–24 days (mean ± SD �
20.954 ± 2.312, n � 95) (Figure 5).
Post-germination survival rates of the germinated
seedlings were 100% within the nursery. A monitoring visit
made 15 months after seedling planting in the forest determined that all the transplanted seedlings were surviving
(e.g., Figure 6).

4. Discussion
The high germination and post-planting seedling survival rates
suggest that restoration of impacted populations of the species
using seeds is possible. By considering active restoration, rather

than measures to enable natural regeneration, it is assumed that
natural regeneration would take a very long time to recover the
population of the species. This is because the “orange-like”
characteristic of the fruit may not easily render itself to seed
dispersal. It appears that the seeds can only disperse if a predator
chances upon the rare ripe fruit and the mechanical handling
causes the seeds to pop out or if the act of predation does not
damage the seeds and the seeds are spit out. Another possibility
is that the impact of a fall causes seed expulsion. Both of these
scenarios look remote because as a result of ﬂower and immature fruit abscission, as well as predation on raw fruits, very
few fruits may reach the ripe stage. When the ripe fruit does fall,
interception by vegetation and a cushioning eﬀect of the leaf
litter are likely to reduce impact of the drop to the extent that the
seeds are not expelled. The low rate of natural seed dispersal and
regeneration is suggested by the experience of Olupot and Sande
[9] who rarely encountered seedlings underneath or away from
the mature plants during their study.
Use of seed for enhancement of the population of this
species rather than roots, stems, or other genetic material is
recommended for two reasons. First is the sheer quantity of
planting material made available by seeds. Second is the consideration of the need to maintain genetic diversity. Prevailing
opinion is that if, as in this case, site degradation has not been
severe, “local” and “diverse,” seed sources are a logical starting
point [12]. Use of seed can ensure that the restored population
has the ability to evolve and recover from disturbances (e.g.,
[13]). Ability of populations to resist natural shocks when seeds
are used for restoration has for example been demonstrated in
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Figure 5: A plot of the distribution of number of seeds germinating
against the number of days elapsed since seed sowing for 95 seeds.
Size of blob corresponds to the number of seeds germinating with 1
and 4 being the minimum and maximum, respectively.

Figure 6: Seedling surviving in forest 15 months after planting.

seagrasses [14]. The study found that plants restored using seeds
rather than adult plants resulted in a higher genetic diversity and
a greater level of ecosystem resilience in the restored meadows.

5. Conclusions
This study demonstrates the feasibility of conserving
C. articulata populations in situ, using nursery germination
followed by transplantation to natural forest. It also suggests a
possibly less cumbersome procedure that wild populations
might be restored by planting seeds directly in appropriate
forest sites. Assessing the success of this approach will require
further experimentation together with detailed study of the
species’ ecology in the wild to guide choice of planting sites and
seed spacing.
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