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Abstract

Background: The genus Aloe has long been known
for its use in healthcare and cosmetics. In Tanzania,
overexploitation is threatening some Aloe species
with extinction and yet, little has been documented
on the abundance and biocultural uses.

Material and Methods: Semi-structured
questionnaires were used to obtain ethnobotanical
information from 236 respondents across 22 villages
in four regions of Tanzania (Kilimanjaro, Tanga,
Mara, Katavi-Rukwa).

Results: A total of 23 Aloe species were identified,
20 of which were being used locally and were mostly
being collected from the wild. We report the uses of
A. mzimbana, A. volkensii subsp. volkensii, A.
leptosiphon, A. parvidens and A. bicomitum for the
first time in East Africa. The most preferred species
were A. lateritia, A. duckeriand A. secundiflora which
are three common, widely distributed species.
Diseases frequently treated with Aloe species
include malaria and general stomachache in
humans, and Newcastle disease in chickens. Some
Aloe species were found to have gone extinct locally
due to over-harvesting. Rare Aloe species were
perceived to be less preferred as they mostly
occurred far away from settlements.

Conclusions: We conclude that the genus Aloe is
widely used across Tanzania and needs strong
conservation measures to prevent individual species
from becoming extinct in the wild.
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Background

Aloe species are common in tropical and subtropical
areas of Africa (Carter 1994; Reynolds 2004;
Wabuyele et al. 2006) and are found in a wide range
of habitats, from forests to rock surfaces and cliffs
(Reynolds 2004). They range in size from about 30
cm in height, e.g., Aloe brevifolia Mill. (Cousins &
Witkowski 2012) to 9 m for Aloe dichotoma
(Reynolds 2004; Foden et al. 2007; Taylor et al.
2010; Warren et al. 2010). Aloe species were first
documented in the Ebers Papyrus (1500 BC) and
have been used both for physical and spiritual
purposes (Aboelsoud 2010; Bennett and Brown
2000; Tomov 2018). Currently, Aloe vera Burm f. is
popularly used in traditional and pharmaceutical
medicine due to its potential anti-inflammatory, anti-
arthritic, antibacterial and hypoglycaemic effects
(Manvitha & Bidya 2014; Pandey & Mishra 2010;
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Shahzad & Ahmed 2013; Yebpella et al. 2011).
Other Aloe species might also be useful, but little has
been done to promote their use or development for
commercial purposes (Verissimo 2016). For
example, only three of South African Aloe species
have been partially or fully commercialized (Van Wyk
2011).

Although there are therapeutic benefits of several
Aloe species, infusions of some Aloe species such
as A. chabaudii Schoénland, A. christianii Reynolds
and A. globuligemma Pole-Evans can also be deadly
when taken in higher doses than recommended
(Reynolds 2004). This lethal effect is due to
alkaloids, which vary in content and concentration
from species to species (Reynolds 2005). Aloe
species have not only been used to treat burns,
bruises and skin irritations but also for making
traditional beer and herbal wine (Bjora et al. 2015;
Trivedi et al. 2012) and as fodder for livestock (Bjora
et al. 2015). Since some species are beneficial to
humans while others might be lethal, there is an
urgent need to properly identify Aloe species and
their specific uses (Reynolds 2004).

Tanzania, a country rich in Aloe diversity, has
approximately 46 Aloe species, 25 of which are
endemic to the Tanzanian mainland (Reynolds 2004;
Wabuyele & Kyalo 2008). Some species are quite
common but 31% are threatened, while the current
population trend of some species is unknown
(Wabuyele et al. 2008). For instance, among the five
most critically endangered Tanzanian Aloe species,
A. boscawenii Christian has not been seen or
collected since the year 1953 (EAM & CFCPAP
2009). The wide use of Aloe species by local people
in Tanzania results from the traditional ways of
treatment (Pili 2007) and has been documented
across Tanzania such as in Mbozi, Kigoma and
Morogoro Districts (Amir et al. 2019). However, little
is known from other parts of the country on the use
and the bio-cultural value of Aloe species. Therefore,
there is an urgent need to understand not only the
current distribution and use but also to predict the
future accessibility of Tanzanian Aloe species, which
could lead to conservation concerns in the protection
of more species.

In this study, we assessed the folk taxonomy as well
as indigenous knowledge of traditional use, growth
and conservation of Aloe species. This study
complements a previously published pilot study on
Tanzanian Aloe ethnobotany (Amir et al. 2019).

Materials and methods

Study area

Ethnobotanical data were collected from December
2017 to August 2018 in Kilimanjaro, Tanga, Mara
(Serengeti district) and Katavi-Rukwa regions of
Tanzania (Table 1). The selected areas, except
Serengeti district, are among the Tanzanian Aloe
“hotspots” (Carter 1994). Serengeti district was
added because it had never been surveyed before.

Sampling technique

Ethnobotanical data were collected based on the
standards for collecting and reporting
ethnopharmacological studies (Weckerle et al.
2018). Permission to conduct this study was
obtained from respective district authorities. To study
the distribution of Aloe species, a total of 18 out of 23
districts in the selected regions were visited and from
each district, four to eight wards were surveyed.
Ethnobotanical knowledge was collected from 22
villages in areas of known high Aloe species diversity

(Fig. 1).

Respondents for this study were selected randomly
to capture a wide range of ethnicities, ages, gender,
and occupations (teachers, villagers, village leaders
and traditional healers). A total of 236 respondents
were interviewed, 91 in Tanga, 22 in Mara (Serengeti
District), 56 in Kilimanjaro and 67 in Katavi-Rukwa
regions. The youngest and oldest respondents were
18 and 85 years old, respectively (Fig. 2). The
education level of most respondents was primary
education (70%), followed by lower secondary
education (Ordinary Level) (14%) and then no formal
education (13%). Most respondents had lived in the
respective area for 10-30 years. Respondents spoke
different local languages based on their tribe: Pare,
Chaga, Kurya, Fipa, Sambaa, Bena, Muarusha,
Lungu, Gongwe, Pimbwe, Sukuma, Nyiha, Kamba,
Zigua, Digo, Maasai and Meru. Prior to interviews,
informed consent was sought from the participants.
A semi-structured questionnaire was administered to
gather ethnobotanical knowledge from local
respondents. We asked questions about the folk
taxonomy of different Aloe species, their phenology,
flowering season, estimated access to the species,
possible threat factors, harvesting methods and
timing, plant parts utilized, preparation, use and
potential side effects. We  supplemented
questionnaires by participatory field visits with the
villagers. During field visits, photos and direct field
observations were used to confirm folk taxonomy for
all the available species in the wild. We also collected
voucher specimens from each site. Voucher
specimens were deposited at the National
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Herbarium of Tanzania (NHT), Tropical Pesticides Salaam (DSM). Morphological identification of Aloe
Research Institute (TPRI), Arusha, at the Institute of species followed Carter (1994). We consulted a
Traditional Medicine herbarium (ITM)- Muhimbili botanist at the NHT, Botanist. Mr. Emmanuel Mboya,
University of Health and Allied Sciences (MUHAS), in case identification was difficult.

and at the herbarium of the University of Dar-Es-

Table 1. Elevation, average annual rainfall, average annual temperature and habitat types covered in this research

in the search for Aloe assessment in Tanzania.

Tanga

Region and habitat covered Elevation (masl) Rainfall (mm) Temp (°C)
Dry plains (Handeni, Kilindi) 200 - 600 500 — 800 22
Mountain belt (Lushoto, Handeni, Kilindi) 1000 — 2000 800 — 2000 17
Coastal belt (Mkinga, Pangani and Tanga

municipal) 0-15 800 — 1400 26
Kilimanjaro

Highlands (Same, Rombo, Marangu) 1000 — 1800 1250 — 2000 15-20
Intermediate lands (Rombo, Same, Moshi

Rural district and Mwanga) 900 - 1100 800 — 1250 20-30
Lowlands (Mwanga, Same, Hai, Siha and

Moshi Rural district) 900 700 — 900 30+
Katavi and Rukwa 1400 — 3400 800 — 1300 13-27
Mara (Serengeti district) 1300 — 1500 900 — 1250 28.5

Legend

Il Study locations
[] Regions

[ water_Body 0 100 200 300 400 km
T 1T T 1

Figure 1. Map of Africa and Tanzania, with shaded areas showing where interviews (n = 18 districts) were

conducted on Aloe species distribution and use.
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Figure 2. Age and gender distribution of all respondents (n=236) across the four study regions within Tanzania that

were asked about Aloe species distribution and their use.

Data Analysis

Data were analyzed using SPSS v. 20 (Sarper et al.
2009). Data were first tested for normality and
equality of variance with Shapiro-Wilkk and
Kolmogorov-Smirnov tests at a = 0.05 (Srithi et al.
2009). Ethnobotanical knowledge (number of uses of
Aloe species named by each respondent) and the
relationship between age groups, gender,
ethnobotanical knowledge and whether the
perception of the possible disappearance of Aloe
species was age-dependent werte analyzed using
Msnn-Whitney U-tests. The link between perception
on factors affecting Aloe species abundance and the
number of Aloe species used was tested using the
Kruskal Wallis Test (Number of uses =
ethnobotanical knowledge). Correlation analysis was
performed to determine if the number of uses was
influenced by Aloe species richness and human
population in a region.

Results

Folk taxonomy and flowering times of Aloe
species

All respondents knew the Aloe species present in
their area, and this was corroborated during our
participatory field assessment. An overwhelming
number of respondents (93%, n = 221) mentioned
that Aloe vera was the common name for all Aloe
species in their area but then distinguished them by
giving each a folk name in their local language
(Supplementary Data Table S1). Most respondents
distinguished Aloe species based on morphological
characteristics. For example, the Pare people in

Kilimanjaro region called all Aloe species Kithapa but
differentiated between the short and tall species, i.e.,
“Kithapa kidori” and “Kithapa kibaha", respectively.
In addition, they differentiated some species based
on their use, i.e., “Kithapa cha vujawa” (Aloe species
for beer brewing). A local beer called “vujawa” is
prepared from sugarcane and Aloe stems “miatini".
The Aloe stems are added to give the beer an
agreeable bitterness. A total of 151 (64%)
respondents were able to distinguish different Aloe
species. Species were differentiated based on types
of leaf spots (62%), shoot height (50%), leaf size
(19%), leaf colour (10%), the taste of the sap (3%),
and habitat in which they were found (3%). The
remaining 86 respondents (36%) claimed to have
only one Aloe species in their area, but we often
found more than one species during our field
surveys. Most of the morphologically similar species
were considered to be the same species by the
respondents and were used for similar purposes,
e.g., the “tall Aloes” A, ballyi Reynolds and A.
volkensii Engl. and the “short Aloes” A. rabaiensis
Rendle and A. deserti A. Berger.

The flowering periods of Aloe species followed the
rainy season but differed based on the region and
type of species (Fig. 3). In Kilimanjaro, Tanga and
Katavi-Rukwa regions, most species flowered in
June to August while in Mara (Serengeti District),
most flowered from March to May. However, some
species in the Tanga region, e.g., A. boscawenii, A.
leptosiphon A. Berger and A. massawana Reynolds,
flowered from January to March.

Published:30 December 2020

http://dx.doi.org/10.32859/era.18.43.1-28



Ethnobotany Research and Applications 5

100 A~
» 90 4
)
S 80 -
2
§ 70 A1
g", 60 -
s 50 -
& 40 -
3
c 30 A ~ .
g 20 A ,
Q. i o®

10 .,.l

0 )

Jan-Feb Mar-May June-July Aug-Oct Nov-Dec
Months

Kilimanjaro = === Serengeti

e o =Tanga eee++++ Former Rukwa

Figure 3. Aloe species flowering times reported by the study respondents (in %, n=236) across the four study

regions within Tanzania.

Aloe species uses by local communities

The level of ethnobotanical knowledge (number of
different uses known for Aloe species) was
significantly higher among older respondents (42-85
years) compared to younger respondents (18 to 41
years; Z = 2.144, p = 0.032). However, there was no
difference in ethnobotanical knowledge between
women and men (Z = 0.712, p = 0.476).
Respondents reported that mostly male family
members, i.e., fathers (40%) and grandfathers
(29%), passed on ethnobotanical knowledge, e.g.,
where to find and how to use Aloe species. Mothers
also passed on ethnobotanical knowledge, although
this occurred less frequently (13%). Harvesting took
place throughout the year but was mostly conducted
during seasonal outbreaks of malaria in humans and
Newcastle disease in chickens (i.e., following the
rainy season). However, the harvest of Aloe species
was reported to take place only when the need arises
i.e. seasonal outbreak of diseases (82%).

Twenty out of 23 Aloe species in the regions were
mentioned to be useful (Fig. 4). There was a
significant positive relationship between regions with
a high human population and the number of uses of
Aloe species (r = 0.96, p = 0.037); however, there
was no significant correlation between the diversity
of Aloe species with the number of uses of Aloe
species (r=0.73, p = 0.267). Aloe lateritia Engl. and
A. secundiflora Engl. were commonly found in
Kilimanjaro, Tanga and Mara regions, and together
with A. duckeri Christian were mentioned for 25, 23
and 24 uses, respectively and some uses were
similar among species (Fig. 4). The three species

that were never mentioned by any of our
respondents, i.e., A. boscawenii, A. confusa Engl.
and one unidentified Aloe species, were not known
to respondents even when they were shown a freshly
collected specimen.

The leading uses of Aloe species were treating
malaria in humans (20%), followed by treating
Newcastle disease in chicken (19%), and then
treating stomachache (7%), wounds, hernia, typhoid
and ringworm in humans (Supplementary Data Table
S2). In Rombo District, planting Aloe (A. volkensii) in
a banana field is believed to increase banana yields.

Over half (58%) of respondents said they walk less
than 1 km to find Aloe species. The most common
preparation of Aloe was by cutting and soaking the
leaves in water (48%), followed by boiling (26%) and
finally squeezing out the gel (16%). The preferred
method of administering Aloe for treating diseases
was through ingestion (80%), followed by direct
application on the skin and wounds (17%). Almost all
(97%) of the respondents claimed that the use of
Aloe species cured illnesses completely. A total of
171 respondents (72%) reported no side effects
during the treatment process while 28 % of
respondents reported diarrhoea or vomiting after
Aloe ingestion.

Conservation of Aloe populations by local
people

Out of all respondents, 81% said they used only Aloe
leaves, while 11% interchangeably used both leaves
and the entire plant (leaves, stem and roots). Among
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those who harvested the entire plant, 72% harvested
only one individual plant per use while 28%
harvested more than three individuals at a time. Most
respondents (88%) collected Aloe plants from the
wild while about a fifth (22 %) cultivated them on
farms and in homegardens. Most (98%) of the
plantings of Aloes were done by propagating

Aloe spp. (53)

A. dorotheae

A. parvidens

Aloe spp. (45)

A. chaubadii

A. volkensii subsp. volkensii
A. mzimbana

A. ballyi

A. massawana

A. deserti

A. bicomitum

A. rabaiensis

A. flexilifolia

A. macrosiphon

A. christianii

A. volkensii subsp. multicalius
A. leptosiphon

A. secundiflora

A. duckeri

A. lateritia

seedlings while only 2% used the stem. Two-thirds
(64%) of the respondents thought that there was no
need to cultivate Aloes because they claimed that its
availability in the wild was assured if good harvesting
techniques were observed.

0 5

15 20 25 30

Figure 4. Aloe species and their number of uses as mentioned by the 236 respondents across the four study
regions within Tanzania. See also supplementary Table S1 and S2.

Of all respondents, 78% claimed that Aloe
populations have decreased over the past five years,
while a few (7%) said their abundance was the same
today as in the past or had increased (6%). Over
one-third (39%) of respondents claimed that Aloe
plants were intermediate in availability while 35%
said the Aloe species were still abundant in the wild.
About a quarter (23%) of respondents thought these
species were difficult to find and 3% claimed some
species such as A. ballyi in Kisiwani, Kilimanjaro
region, and A. volkensii in Kideleko, Tanga region,
were locally extinct. According to one respondent,

the stem (miatini) of the rare species A. ballyi in
Kisiwani ward in of Kilimanjaro region, was collected
only opportunistically from the wild for making local
beer. The perception of a general decline in Aloe
populations were not significantly correlated with the
age of the respondent (Z = -0.524, p = 0.600) nor to
the number of uses of Aloes (p = 0.099, H = 5.058).
Anthropogenic activities, e.g., clearing land for
agricultural purposes, were reported to lead to the
decline in Aloe species availability (Table 2).

Table 2. Percentage of respondents who cited each threat as a factor in declining Aloe populations.

Kilimanjaro  Serengeti Tanga Katavi/Rukwa Total

Threat factor % (n=56) % (n=22) % (n=91) % (n=67) % (n=236)
Agriculture 41 66 27 40

Climate change 24 6 28 4

Fire 0 3 17 32

Livestock 2 0 1 10

Over-harvesting 17 0 9 6

Settlement 0 25 16 6

Wild animals 16 0 2 1
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Wild and domestic animals were also mentioned by
locals as a threat to Aloe plants (Fig. 5). In the
Kilimanjaro region, elephants were mentioned as
feeding and trampling tall Aloes (A. ballyi and A.
volkensii) in wards close to protected areas (e.g.,
Mkomazi National Park, Lake Chala and Kilimanjaro
National Park). In the Tanga region, monkeys were
reported to eat and destroy A. lateritia while in Katavi
and Rukwa regions, beetles and livestock (cattle and
goats) were mentioned and confirmed visually in
destroying A. duckeri and Aloe christianii. Reynolds.
The need for land to build infrastructure and
settlements was also cited as causing mortality of
Aloe plants; this factor was of particular note by
respondents in the Serengeti region. According to

Drought
Pumice mining fr—
Domestic animal pr—

Road construction

Unsustainable harvest p——

Wild animal !

Factors for decline

one government official, respondents who cultivated
Aloes species received subsidies during Serengeti
road construction. We were able to observe many of
the factors that respondents cited as threats to
Aloes; however, we did not encounter any wild
animal species that people claimed to be abundant
in the Kilimanjaro region or the Serengeti district.
Only four respondents (2%) reported that Aloe
species trade was low in their areas; the majority
(98%) claimed that there was no trade of Aloe
species. The latter is supported by the low prices for
Aloe leaves that we observed in the market: prices
ranged from 100 TSh to 1,000 TSh per kg (US$ 0.04
- 0.43).

W Katavi/ Rukwa
OTanga
B Mara

OKilimanjaro

Settlement

Fire

Agriculture = a

5 6 7 8 9 10

Frequency of occurrence

Figure 5. Factors for a potential decline of Aloe species based on field observations (in % of occurrence) from all

four study regions within Tanzania.

Discussion

Generally, the genus Aloe has had a positive effect
on human wellbeing in our study area, given its
multiple uses ranging from medicinal use, local beer
brewing to simply acting as an ornamental plant. The
use of Aloe species has been recognized worldwide
(Bjora et al. 2015; Grace et al. 2008; Manvitha and
Bidya 2014;Van Wyk 2013) and Tanzania can,
therefore, use its great biodiversity of Aloe species to
benefit its people if the utilization can be done in a
sustainable way.

Folk taxonomy of Aloe species

Most respondents from our study regions were able
to distinguish Aloe species that were locally present.
The locals were also able to differentiate Aloe
species from the morphologically similar genus
Agave based on the presence of spines along the
leaf edges in Aloes and their absence in Agave
species, e.g., Agave sisalana Perrine. Confusing
these two genera dates back to at least the 17"
century, when Agave had been considered to be part

of the Aloe family (Bogler et al. 2005). In our study
system, folk taxonomy used the same principle that
is applied in scientific binomial nomenclature (Berlin.
1973), although names were more strongly based on
prominent vegetative structures. The primary name
(in this case Kithapa = Aloe) included all species in
the genus and secondary names (kietha or kidori =
tall or short, respectively) often identified a species
or at least similar species. Similar naming systems
have been reported in studies of other species and
in other geographic areas (Berlin et al. 1966; Berlin
1973), who also hypothesized that folk taxonomy is
universal among cultures. In our study, knowledge of
folk taxonomy is possibly in decline since most
people particularly young ones referred to Aloe
species as ‘Aloe vera’ rather than using local names.
The decline of knowledge of folk taxonomy in this
case might be due to global importance of Aloe vera
products. This is now representing the “common
name” for any Aloe species that is encountered
(Otieno et al. 2015). Furthermore, urbanization,
spread of medical facilities and a formal education
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system may be contributing to less local knowledge
(Srithi et al. 2009; Amir et al. 2019) and might replace
the use of folk taxonomy. There is a trend of fewer
young people being exposed to Aloe species in their
natural habitats and few young Tanzanians
accompany those with knowledge of folk taxonomy
(i.e., grandfathers, fathers and, sometimes, mothers)
when they are collecting or working in areas with
native plants (Séukand & Kalle 2011).

General uses of Aloe species

In our study, traditional knowledge was more
common in older respondents. This highlights the
risk that this knowledge might be rapidly vanishing
as also other studies have found (Amir et al. 2019;
Srithi et al. 2009). Further, we found that men were
more involved in the transfer of ethnobotanical
knowledge and collecting of Aloes in the wild than
women. This might be a reflection of the traditional
role men play in the collection of herbal medicines
from the wild (Cunningham 1993; Van Hoang et al.
2008; Torres-Avilez et al. 2016).

The two Aloe species (A. lateritia and A.
secundiflora) that were most commonly used by our
respondents were widely distributed in Kilimanjaro,
Mara and Tanga regions. Similarly, A. duckeri was
found in most parts of Katavi and Rukwa regions,
where it was commonly used in traditional medicine.
These three commonly used Aloe species are a
succulent rather than a grassy form, and other
studies showed that this Aloe form was preferred
(Bjora et al. 2015; Grace et al. 2015). In our study,
the Aloe species were most commonly used in
traditional human and veterinary medicine but there
were some distinctions depending on the region. For
instance, in the Tanga region, use was influenced by
the taste, i.e., Aloe volkensii was referred to as “true
Aloe” and was preferred for medicinal purposes
because of its bitter taste. Similarly, in Kenya, A.
lateritia is not preferred for medicinal use due to its
lack of a bitter taste (Bjora et al. 2015). The stems of
the tall Aloes were an important ingredient in beer
brewing, which might have some medicinal effects.
For example, Aloe vera wine was found to have
antibacterial effects on pathogenic bacteria including
Salmonella typhimurium, Staphylococcus aureus
and Escherichia coli (Trivedi et al. 2012). Many Aloe
species in this study were used for similar purposes
as in other areas of East Africa (Table 3; Amir et al.
2019, Bjora et al. 2015, Grace 2011, Wabuyele
2006). However, in this study, we report the usage of
A. mzimbana, A. volkensii spp. volkensii, A.
leptosiphon, A. parvidens and A. bicomitum for the
first time in East Africa (Table 3 and Supplementary
Data Table S2). Not a single Aloe species was
mentioned to occur in all five studies that had been

reported (Table 3), which might be related to the
strong endemism of Aloe species (Wabuyele et al.
2006; Reynolds 2004).

Most respondents indicated that they use Aloe
species based on their morphological structures,
although locals mentioned that at times, it is difficult
for local people to distinguish poisonous from non-
poisonous species. For example, A. ballyi, a
poisonous species (Reynolds. 2004), looks similar to
A. volkensii, a non-poisonous and commonly used
species. Thus, confusing of these two species may
threaten the health of consumers. The
misidentification of plant species either from the
same family or different families have been reported
to result in kidney injury (Colson & De Broe. 2005)
and sometimes even death (Colombo et al. 2009;
Furer et al. 2011; Ndhlala et al. 2013). Furthermore,
an overdose of some medicinal Aloe species can
result in electrolyte imbalances, low blood sugar
levels and even death (Surjushe et al. 2008).

Our study showed that the use of Aloe species has
not yet led to a decline in population sizes. These
results may stem from the behavior of respondents
as most people (89%) preferred to harvest only a few
leaves rather than stems and roots for treating
diseases. A lack of a decline has also been observed
in other studies of Aloe (Amir 2019; Kidane et al.
2014). An exception to stable populations may be for
A. ballyi and A. volkensii for making local beer and
A. leptosiphon for medicinal purposes. If these three
species continue to see declining populations, it may
be necessary to reduce and control the harvest of
plant parts. Respondents and our observations also
showed that some species, like the endemic A.
boscawenii, are not frequently used, but they are
often uprooted, burned or destroyed. This species
and other endemics, which are similarly at risk of
extinction, should be given high conservation priority.
The majority of respondents (81%) were able to
access Aloe species within a radius of up to 1 km
from their homes, suggesting that most common
Aloe species are still readily available. A plant
species is considered to be abundant if a collector
has to move only a short distance to find an individual
of that species (Castle et al. 2014). However, the
clearing of areas with a high abundance of medicinal
plants for development purposes has been found to
increase the distance and time a collector devotes to
searching for a particular plant (Castle et al. 2014;
Magoro et al. 2010). We found that the best time for
collecting flowering voucher specimens of Aloes in
Tanzania was immediately after any of the two rainy
seasons in the regions (February to April and June
to July, respectively), and this was also mentioned
by our respondents. This finding corresponds with
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that of other studies, which indicated that flowering
in most Aloe species is linked to climatic patterns
(Forbes et al. 2009; Symes 2017).

Aloe population trends and conservation

Aloe species in our study sites across Tanzania were
widely distributed, and many species were still locally
available and well known by local people. However,
there has been little cultivation of Aloe species.
Conserving the species by cultivating it ex-situ
reduces pressure on the wild populations (Cocroft
2005; Schippmann et al. 2005). However, in a study
on ethno-veterinary medicinal plants in the North
West Province of South Africa (van der Merwe et al.
2001), traditional healers claimed that cultivated
medicinal plants were less effective in treating
ailments compared to wild counterparts. This opinion
could potentially prevent lowering pressure on wild
populations. Respondents in this study pointed out
that unsustainable harvesting practices were
detrimental to the wellbeing of wild populations of A.
ballyi and A. volkensii and may have caused their
local extinction in Kisiwani and in Kideleko wards,
respectively (Fig. 5). Additionally, overharvesting
might be the main cause for the local extinction of A.
volkensii, as we observed in Kideleko ward. The
effect of fire has also been mentioned to be more
harmful to the Aloe seedlings and juveniles while the
mature individuals are fire-tolerant (Cousins and
Witkowski 2012).

Furthermore, local extinction of individual species
might cause people to shift their preference to other
species, thus, further aggravating the conservation
of Aloes in the area. The general decline of Aloe
populations in the wild mentioned by our
respondents  highlights the importance of
conservation actions that must be taken to ease the
pressure on wild populations. Domestic and wild
animals such as goats, cattle, elephants and beetles
were mentioned by respondents and also observed
by us in the field to destroy Aloe species and their
wild habitat. This has been previously observed by
Bhaludra (2013) and Breebaart et al. (2002).
Elephants (Cousins et al. 2013; Wiseman. 2001)
have similarly been reported to contribute to high
levels of destruction of Aloes in South Africa.
However, in addition to damaging plants, some
plant-insect interactions are important in the lifecycle
of Aloes. For instance, insects can also be crucial for
pollination; A. plicatilis (L.) Mill. is pollinated by
insects such as honeybees (Apis mellifera_L) and
perhaps monkey beetles (Scelophysa trimeni
(Péringuey, 1902)) (Cousins et al. 2013).

Conclusion

Our study shows that species in the genus Aloe have
multiple health and medicinal uses across Tanzania.
These results indicate the need for pharmacological
studies to determine the type of chemical
compounds found in Aloe extracts for potential
clinical and commercial application. However, to
ensure the future availability of Aloe species, given
their high medicinal value, conservation needs must
be addressed. Our study has shown that there is a
need to ftrain local communities and formulate
policies on sustainable harvesting techniques of
plants in the wild. Since we found that the cultivation
of medicinal Aloe species was not common, there is
a need to train local people on domestication
techniques so as to reduce pressure on wild Aloe
populations. Although Aloe plants and plant parts
were of low commercial value in the study area, local
authorities should control their harvest by traditional
healers as well as registered and unregistered
companies. Failing to take these conservation
activities could have detrimental effects on the
abundance of a number of species in the genus.
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Table 3. Uses of Aloe species recorded in our study (V) and according to five other studies (a — e) conducted in East Africa.

10

Human ailments Animal ailments
@ B L S 2
2 g 2 ; L2 = o ™ S
. | 288 o |8 |e_ |28 |E S|E s | & o c % 3
o = - 5 (=) o = © - — - ©
§ |33 5 |§ |55 |25(8¢% |8 |8|£ |o|E € |B |8 |8 |82 |8 |E
S 1228 3 |59 |52 8238 &5/ S|5 (8|5 |s.|& |E |£ |28 |3 |[£ |5
Scientific name 5 |»E|lcx o |as |20 |28 5 |0cld |O L (0 |osg|O0 | < o € | o o z
A. ballyi \ \ \ N \ N Vd
A. bicomitum \ N N J J J
A. chabaudii v Vo [Ve |e |b N v b N
b
A. christianii N N v o[V e e Ve v
b
A. deserti N de |de de [ Vd, |V R N de N de |d
e
A. dorotheae N N N J
A. duckerii N N N N N N N N v V,b v N
A. flexilifolia \ \ \ \ \ e N N
A. lateritia Voo [Vde |b [Vde |Vde [V [Vd [¥d |V [de [d [Vd |be d Vb [Vde [b [de [db
e e
A. leptosiphon \ \ \ \ \ N N \ N N
A. macrosiphon N N N N Ve [V N N c
A. massawana \ \ b \ N N
A. mzimbana v V v v N V N
A. parvidens \ N J J
A. rabaiensis N N N b N N N v o [Ve [ \
A. secundiflora Vd, | Vd, |[Vbde|b e Vbd, [ Vd, | Vde [ Vb, Vd, | Va | b, | Vbd, v Vbd, |[Vd |bd [bc
e e e e d,e e d d,e e e d
A. volkensii subsp. N vbde | b N Ve |V N Ve [Vb]e Ve N N vd [d d
multicalius
A. volkensii subsp. N N N N N N
volkensii
Aloe sp. (SA 45) N N N N
Aloe sp. (SA 53) N N N N N
Aloe sp. (SA 87) N J

NB: Findings in this study = vV, a = Wabuyele et al. 2006, b = Grace et al. 2009, ¢ = Grace 2011, d = Bjora et al. 2015 and e = Amir et al. 2019. The diseases were categorized
based on the classification of diseases and remedies in ethnomedicine and ethnopharmacology (Staub et al. 2015)
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descriptions as given by respondents (n = 236) in the study area within Tanzania.

Scientific name Vernacular name Tribe Translation Informant description
. Kithapa/Kisapa Pare Aloe Tall Aloe
Aloe ballyi Reynolds (SA-172, 180) Kithapa/Kisapa cha vujawa | Pare Aloe Tall Aloe
Aloe bicomitum L.C.Leach Tembosha/ltemboshya Fipa Aloe Sizcétted Aloe from the lake
Sword like Aloe from the lake
(SA-137, 145) Tembosha/ltemboshya Lungu Aloe side
Tembosha/ltemboshya Gongwe Aloe Green Aloe
Aloe christianii Reynolds Tembwisha Pimbwe Aloe Green Aloe
Igaka/lughaka Sukuma Aloe Green Aloe
(SA-106, 108, 110, 112, 113, 125, 132, 133, 138) Tembosha/ltemboshya Nyiha (Mbozi) Aloe Green Aloe /gnspptted Alos
with sharp spine like sword
Tembosha/ltemboshya Fipa Aloe Green Aloe
. Kithapa/Kisapa Kamba Aloe Tall Aloe
Aloe deserti A.Berger (SA-181) Kithapa/Kisapa Aloe Short spotted Aloe
Aloe dorotheae A.Berger (SA-47, 48, 49, 69, 76) Kikoli chekundu Zigua Red Aloe Red with spots
Ivata or Amavata (plural) ?Sﬂﬁbawanga) Aloe Huge spotted Aloe
’:\gf ?lgjgﬁegngcgstl?g 1(8%11?4(1)1?4;1174;)1 8,122, Igaka/Lughaka Sukuma Aloe Huge spotted Aloe
’ e ’ ’ ’ ’ ’ Tembwisha Pimbwe Aloe Spotted and Green Aloe
Tembosha/ltemboshya Fipa, Nyika Aloe Huge spotted Aloe
- Aloe with long . .
Aloe flexilifolia Christian (SA-34, 37) Kovongo ya majani marefu | Sambaa leaves Hanging on cliff surface
Kovongo Sambaa Aloe Aloe with dark leaves
Likulakula Bena Aloe Short spotted Aloe
Ratuni/Inaboru Chagga Aloe Short Aloe with wide leaves
Aloe lateritia Engl. (SA-28, 29, 31, 39, 42,44, 46, 67, Kovonao baridi Sambaa Cool Aloe Spotted and soft, not a true
73,74,77, 82, 85, 88, 155) 9 Aloe vera.
Kovongo Sambaa Aloe Spotted Aloe with thin leaves
Ekighaka/Kighaka Kurya Aloe Spotted Aloe
. . . Spines at the side, bitter
Aloe leptosiphon ABerger (SA-20, 21, 22, 23,30, | Katani ya dawa Sambaa Medicinal sisal |\ g0
32, 33, 35, 36, 41) . Bitter Aloe .
Kovongo kali yamakungu Sambaa from the cliff Spots, bitter taste
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Aloe with Used as grease for locally
Kovongo Sambaa ;
sports made bicycles
Kashaza fupi Sambaa Short Aloe Designating ancestor’s grave
Kovongo ya majani mafupi | Sambaa i’-\loe with short Short Aloe
eaves
Katani Jamakupgu or Katani Sambaa A[oe from the Bitter Aloe with spots
za kwenye majabali cliff
Sisal for Aloe, which turns red in hot
Katani ya dawa Sambaa . areas and green in cold
medicine
areas
. . . Short spotted Aloe,
Aloe macrosiphon Baker (SA- 51, 57, 59, 62) Ekighaka/Kighaka Kurya Aloe sometimes turns red
Aloe massawana Reynolds (SA-27, 83, 90, 92, 98, Shubiri Digo Aloe Short spotted Aloe
163) Kikoli Zigua Huge green spotted Aloe
. Small spotted Aloe from the
Aloe mzimbana Verd. & Christian (SA-120, Tembosha/ltemboshya Fipa Aloe cliff
127,130) Ivata or Amavata (plural) Nyika Aloe amall spotted Aloe from the
Kinabwele Pare Aloe Spotted Aloe
Aloe parvidens M.G.Gilbert & Sebsebe (SA- 171, Kithapa/Kisapa Pare Aloe Spotted Aloe
174) Kinabwele Pare Aloe Spotted Aloe
Kithapa/Kisapa Pare Aloe Spotted Aloe
Aloe rabaiensis Rendle (SA-176-179, 182, 183) Ratina Muarusha Aloe Spotted Aloe
Kithapa/Kisapa Pare Aloe Short spotted Aloe
Olsukuroi miguu mingi Maasai Aloe with Short unspotted Aloe
many legs
Romomoi Muarusha Aloe Short Aloe with wide leaves
Olsukuroi Meru Aloe Short Aloe with wide leaves
Olsukuroi Maasai Aloe Short Aloe with wide leaves
Aloe secundifiora Engl. (SA-150, 152, 169, 184) Inabory Chaga Aloe _ Short Aloe
_ N . Aloe with
Olsukuroi miguu mingi Maasai Short unspotted Aloe
many legs
Romomoi Muarusha Aloe Short Aloe with wide leaves
Olsukuroi Meru Aloe Short Aloe with wide leaves
Kinabwele Pare Aloe Unspotted Aloe
Olsukuroi Maasai Aloe Short Aloe with wide leaves
Aloe volkensii Engl. (SA-24, 68, 84, 89, 91, 94, 96, Mangoda Sambaa Aloe Tall Aloe
160, 161, 162, 166, 168, 175, 185,186) Ekighaka/Kighaka Kurya Aloe Tall with spots when young
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Mangoda Sambaa Aloe Tall Aloe
Kithapa/Kisapa cha vujawa | Pare Aloe Tall Aloe
Olsukuroi mguu mmoja Maasai i’-;lge with one Tall Aloe
,\KAaShaza ndefu or Sambaa Tall Aloe Tall Aloe
aoza/oza
Isale la njovu (tembo) Chaga Aloe Tall Aloe
Shubiri pori Digo Wild Aloe Tall Aloe
Likulakula Bena Aloe Tall Aloe
Ratuni Chaga Aloe Tall Aloe with wide leaves
Inaboru Chaga Aloe Tall Aloe and short Aloe
Aloe (Unidentified) . .
(SA-45) Kikoli Zigua Aloe Red/green Aloe
Aloe (Unidentified) Ekighaka/Kighaka Kurya Aloe Tall Aloe

(SA-53)
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Supplementary Data Table S2. Different uses of Aloe species in the study areas across Tanzania and their IUCN Red List status. The description of the IUCN Red List status:

CR = Critically Endangered, EN = Endangered, VU = Vulnerable, LC = Least Concern and NE=Not Evaluated.

Local IUCN Red
Scientific name Human ailment Animal ailment | Cosmetic Others List
brew
Status
A. ballyi Cough, Fever, Malaria, Stomachache, Ulcers, Alcohol Tlredness, To remove EN
Wounds jiggers from the body
Amoeba, Bengu (Mpima in Fipa-yellow feces
accompanied with blood and swollen/tumor in | Chicken
A. bicomitum the stomach especially for children), Cough, Newcastle NE
Fever, Flue, Headache, STD’s, Stomachache, | disease
Typhoid, Poison, Wounds
. Chicken
A. chabaudii Heart prp blems (Prgmature ventricular . Newcastle Drunkenness NE
contractions), Hernia, Stomachache, Typhoid .
disease
Amoeba, Bgngu, Coggh, 'Earache, Ear pas, Chicken Sharp pain (Kichomi),
. Fever, Hernia, Malaria, Ringworms, .
A. christianii . Newcastle Sprains, Drunkenness, NE
Stomachache, Swellings, Swollen legs, disease Poison
Typhoid, Wounds
Earache, Fever, Kidney problems, Malaria, C:étLIJ?nonia Uvula (Kilimi)
A. deserti Rashes, Spleen problems, Stomachache, P ’ Alcohol . ’ VU
Cattle East Tiredness
Wounds
Coast Fever
Chicken
A. dorotheae Skin rushes, Diabetes, Malaria Newcastle CR
disease
Bengu, Burns, Colic, Cough, Pur?gu, Earaghe, Chicken Malassezia Against snake bite,
. Ear pus, Fever, Headache, Hernia, Ovulation furfur . .
A. duckerii ) . Newcastle Poison, Sprains, Speed | NE
Disorder (O.D), Ringworms, Stomachache, disease (Utangotango ub labor and delive
Typhoid, Ulcers, Wounds wa ngozi) P i
. . . . . Chicken .
ep 1 Back pain, Colic, Diabetes, Ear pain, Fainted Dandruff, Lubricant for wooden
A. flexilifolia . o . . Newcastle . . CR
person, Female infertility, Fungal infection, disease Cracks in feet tires
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Headache, Heart diseases, Hernia, HIV,
Malaria

Asthma, Abscess/ boil, Back pain, Bile, Colic,
Diabetes, Fungal infection, Gas in the

Removing thorns,

stomach, Gonorrhea (STDS), Hernia, Kidney,

disease, Cattle

remove Uvula (Kilimi)

. . Chicken Ornamental plant, To
o stomach, Heart diseases, Hernia, Blood . L
. lateritia L . Newcastle Cracks in feet remove stains in LC
pressure, Female Infertility, Rushes, Ring . .
disease clothes, Lubricant for
worms, Stomachache, Toothache, Wounds, .
. wooden tires
Typhoid
Back pain, Colic, Cough, Diabetes, Female Chicken
infertility, Headache, Heart diseases, Hernia, Newcastle .
, . . . . Lubricant for wooden
. leptosiphon Joint pain, Malaria, Blood pressure, Rashes, disease, Cattle tires. Pesticide CR
Tooth ache, Tooth cavity, Typhoid, Ulcers, East Coast ’
Wounds. Fever
Abscess/ boil, Blood clotting after getting a
wound, Cleaning the stomach, Cough, Flue,
macrosiohon Fungus, Numbness (Ganzi), Heart diseases NE
’ P (control heart beats), Bilharzia, Malaria,
Dysmenorrhea, Pimples, Stomachache,
Typhoid, Worms, Wounds, Yellow fiver
Being numb, Hernia, Malaria, Prevent Chicken
. massawana bleeding, Ringworms, Round worms, Newcastle VU
Toothache, Ulcers, Wounds disease
Stomachache, Bengu, Fever, Hernia, Chicken Malassezia
. : furfur Speed up labor and
. mzimbana Pungu/Ndondo- (worms coming from the Newcastle ) NE
. . (Utangotango delivery
anus), Typhoid, Wounds disease .
wa ngozi)
. parvidens Malaria, Wounds Na|rob| fly bite, LC
Tiredness
Bile, Earache, Fever, Kidney, Liver problems, gz:lse; 525;
. rabaiensis Malaria, Rashes, Spleen, Stomachache, ’ Alcohol Tiredness LC
. Cattle
Ulcers, Pneumonia, Wounds .
pneumonia
Bile, Cancer, Colic, Cough, Diabetes, Chicken To remove oil in meat
. secundiflora Earache, Eye ache, Fever, Gas in the Newcastle Alcohol soup, Tiredness, To LC
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Leg pain, Malaria, Pneumonia, Rashes, (gas in the
Spleen, STD’s, Stomachache, Toothache, stomach), Cattle
Wounds East Coast
Fever

East Coast
Fever, Chicken
Newcastle
disease

Cattle
constipation To prevent bad eyes
(Kitasura- and allows bananas to
Chaga), Cattle Alcohol flourish (local beleives),
East Coast Tiredness, To clean the
Fever, Chicken bowel, To remove oil in
Newcastle meat soup

disease
Chicken
Hernia, Malaria, Stomach ache, Wounds Newcastle
disease
Chicken
Malaria Newcastle
disease

A. volkensii ssp.

volkensii LC

Diabetes, Malaria, Stomachache, Wounds

Cough, Diabetes, Eye ache, Halitosis, Hernia,
Malaria, Pneumonia, Spleen, STD's,
Stomachache, Tooth ache, Wounds

A. volkensii var.

multicalius LC

Aloe (Unidentified-
SA 45)

Aloe (Unidentified-
SA 53)

Footnotes to references: ' Dioli, Maurizio, T O M Mccoy, Maurizio Dioli, and Tom Mccoy. “Aloe elkerriana (Asphodelaceae), A new Ethiopian species from the type locality of
Aloe jacksonii and Aloe Elkerriana (Asphodelaceae). Cactus and Succulent Society of America,” 2007, 34-37; 2Wabuyele, E, Charlotte Sletten Bjora, Inger Nordal, and
Leonard E Newton. “Distribution, Diversity and Conservation of the Genus Aloe in Kenya.” Journal of East African Natural History 95, no. 2 (2006): 213-25. doi/10.2982/
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Supplementary Data. Photographs for some of the Aloe species we found during our study and that had been
utilized by the respondents (n =236) in the study areas of Tanzania.

Supplementary Figure 1. Aloe ballyi collected from Lembeni, Kilimanjaro, in July 2018 (photo Siri Abihudi)
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Supplementary Figure 2. Aloe christianii, collected from Tanganyika, Katavi, in May 2018 (photo Siri Abihudi)
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Supplementary Figure 3. Aloe dorotheae, collected from Handeni, Tanga, in April 2018 (photo Siri Abihudi)
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Supplementary Figure 4. Aloe duckerii, collected from, Kalambo district, Rukwa, in July 2018 (photo Siri Abihudi)
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Supplementary Figure 5. Aloe lateritiria, collected from Handeni, Tanga, in April 2018 (photo Siri Abihudi)
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Supplementary Figure 6. Aloe macrosiphon, collected from Kisangura, Mara, in March 2018 (photo Siri Abihudi)
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Supplementary Figure 7. Aloe mzimbana, collected from Mshani, Rukwa, in June 2018 (photo Siri Abihudi)
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Supplementary Figure 8. Aloe secundiflora, collected from Chemka, Hai Kilimanjaro, in July 2018 (photo Siri
Abihudi)
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Supplementary Figure 9. Aloe volkensii subsp. multicalius, collected from Mialo, Tanga, in July 2018 (photo Siri
Abihudi)
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