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ABSTRACT KEYWORDS

The population structure, phenotypic differences and ethnobota- Ethnobotany; Kunama-

nical knowledge of tamarind (Tamarindus indica L., Fabaceae) were ~ speaking communities;

studied in Kunama- and Tigrigna-speaking communities in the Tigrigna-speaking

Tigray Regional State of Ethiopia. A vegetation survey on 902  communities; land use

plots of 400 m? each was conducted along riparian forests and :T)]/pef.,.phenotyp{c traits;
edicinal plants; traditional

farmlands. Seed and pod morphology of sweet and sour morpho- food

types was compared based on 6 pods/tree from 20 trees. Thirty-

two key informants and 256 randomly selected general informants

were interviewed about the use and management of tamarind.

Tree densities differed significantly among sociocultural groups

and land use. Relatively more trees (6.0-17.5 individuals per hec-

tare) were found in riparian forests as compared to farmland

(4.0-7.8). Stem diameter class distribution has a bell-shape, indi-

cating a regeneration problem. Morphological characteristics (pod

length, pod width, pod weight, seed weight, pulp weight, and the

number of seeds per pod) differed significantly between sour and

sweet tamarind morphotypes (p < .05). Interviews identified seven

use categories of tamarind, including human and veterinary med-

icines and five food types, with a greater number of uses men-

tioned within Kunama communities. Results can be used to

support the sustainable use of tamarind in riparian forests and

on farms, including conservation of varietal diversity based on the

complementary knowledge of both communities.

Introduction

Tamarindus indica (tamarind) is a pantropical species grown for its edible fruits, medic-
inal values, and commercial uses. Cultivation of tamarind is believed to have begun in
Egypt by 400 BC (EI-Siddig et al. 2006). Genetic analyses showed tamarind diversity in
Africa is high. While there are arguments regarding its origin because it is more widely
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used in Asia (India is the world’s largest producer and exporter) tamarind is thought to
have spread from Africa to Asia in the 1°* millennium BC, with its presence reported in
India by 650 BC (Diallo et al. 2007). Fossil records from north-western Ethiopia show that
the legume tribe Detarieae (to which tamarind belongs) have diversified in northern and
north-eastern Africa (Pan et al. 2010). In many parts of Africa, fruits from indigenous
trees such as tamarind contribute to food security in rural areas (Ebifa-Othieno et al.
2017). Based on its medicinal and food values, it is one of the species conserved by
farmers when forest and savanna vegetation is cleared for agriculture (Boffa 1999). In
both Asia (Relwani 1993 cited in EI-Siddig et al. 2006) and Africa (Fandohan et al. 2011b),
tamarind is one of several tree species that farmers integrate with their agricultural crops
and livestock in home gardens and parkland agroforestry systems. In Ethiopia, it is
widely distributed in grasslands, woodlands, and Combretum bushlands, most frequently
in riparian habitats up to 1500 meters above sea level (Thulin 1989; Bekele-Tesemma
2007) and where the annual rainfall is 500 to 1500 mm (EI-Siddig et al. 2006). Its
distribution has been recorded from upland areas of Tigray, Gonder, Wollo, Afar,
Gojjam, Shewa, lllubabor, Keffa, Gamogofa, Sidamo, and Harerge floristic regions
(Thulin 1989).

Throughout its range, tamarind has become an important species for livelihood
diversification, yet unsustainable utilisation and habitat losses have led to the decline
of its population and likely genetic erosion. Fandohan et al. (2010) reported that
tamarind stem diameter distributions showed a non-normal shape in W National Park
of Benin and surrounding areas, suggesting low levels of recruitment. In the lowlands
of western Eritrea, tamarind is frequently used to make mortars for producing
sesame oil, resulting in population decline in some areas (Bein et al. 1996). Studies
of tamarind diversity across Asia and Africa indicate a genetic basis for variations in
fruit morphology, flower colour and sugar ratio in its fruits (El-Siddig et al. 2006).
However, strategies to document and conserve tamarind populations in Africa have
yet to include the north-east of the continent, where fossil records indicate there
may be genetic diversity worth exploring and conserving (Arbonnier 2004; Diallo
et al. 2007; Pan et al. 2010; Fandohan et al. 2011a, 2011b).

Detailed knowledge on the population structure and diversity of tamarind, as well as
its use and management by different sociocultural groups, are important for the identi-
fication of conservation strategies. For this reason, this study was undertaken to inves-
tigate tamarind population structure, phenotypic differences among local morphotypes,
and farmers’ knowledge on management and use. This is considered a first step toward
a comprehensive conservation strategy for this useful species in different habitats. The
objectives of this study were: 1) to assess differences in population structure and density
of tamarind trees between riparian forest and farmland, 2) to assess phenotypic differ-
ences between sour and sweet morphotypes of tamarind, and 3) to examine the
differences in use of tamarind as medicine, food and other purposes between Kunama-
speaking communities (KSC) on the one hand and Tigrigna-speaking communities (TSC)
on the other.
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Methods
Study area

The study was conducted in the Western and North-western administrative zones of
Tigray Regional State, Ethiopia. The communities within these zones speak Kunama and/
or Tigrigna languages. These communities share a long history in the region and have
distinct cultural traditions, including those related to values and uses of plants. Tahitay
Adiabo, Qafta Humera, and Asgede Tsimbila districts were selected based on
a preliminary assessment of tamarind distribution in Tigray. Within these three districts,
four subdistricts were selected to include both KSC and TSC (Figure 1). The study area is
characterised by hot to warm semi-arid lowlands and tepid to cool sub-moist mid-
highland agro-ecological zones (EIAR 2011). The study area has a unimodal rainfall
pattern (June to September) with an average annual rainfall of 676 mm and mean
temperature of 27.7°C. The vegetation of the study area comes in three major types
described as Acacia-Commiphora woodland, Combretum-Terminalia woodland, and ripar-
ian woodland (Friis et al. 2011). The woody species most frequently observed are
Tamarindus indica, Diospyros mespiliformis, Adansonia digitata, Acacia senegal, Acacia
abyssinica, Acacia polyacantha, Balanites aegyptiaca, and Ziziphus spina-christi. The land
use of the study area is composed of mainly farmlands, grazing areas and forest
(TAWOARD 2015; TAWoRLA 2015). Mixed crop-livestock farming is the primary livelihood
system. Sorghum (Sorghum bicolor), finger millet (Eleusine coracana), pearl millet
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Figure 1. Map of Ethiopia showing the location of Tigray Region, the study area and the sample
sites.
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(Pennisetum glaucum) and maize (Zea mays) are the primary food crops, and sesame
(Sesamum orientale) is the main cash crop in the area. Traditional gold panning and resin
production from Boswellia papyrifera and Acacia senegal are additional sources of
income.

Sampling design and data collection

Vegetation survey

Inventories of tamarind were conducted within 100 meters of the three major waterways
that are adjacent to both farmland and forest in Lemlem and Ademeyti subdistricts. The
midline of each waterway was digitized in Google Earth, and 100-meter buffer zones
(including the right and left banks of each river) were generated in ArcMap 10.4 (ESRI).
A 20 x 20 meter (400 m?) grid was established within each buffer zone, resulting in 902
plots encompassing 36 hectares following the method used by Kendie et al. (2019)
(Figure 2). The centre of each plot was assigned a unique code and uploaded to
a Garmin eTrex Legend GPS, which was then used to navigate. Within each plot, the
presence of tamarind and the land use type (farmland or forest) were recorded. For each
tamarind tree found in the sample plot, the diameter at breast height (DBH) and tree
height were measured.

Ethnobotanical survey

The communities in the study area identify two local morphotypes based on pod colour,
pod length, pod size, and taste, which they refer to in the same manner as ‘sweet’ and
‘sour’ types as earlier shown by Fandohan et al. (2011b).

Pod collection and morphological measurements

Key informants who know the trees from past fruit collection were asked to identify 10
trees of each type. Before engaging informants, free, prior informed oral consent was
obtained from each. Informants were asked to specify each based on the common
criteria used by their community and their own experience. Six pods were collected from
each tree (two from the top of the crown, two from mid-level branches and two from
lower branches). Morphological characters were described following established proto-
cols, including the length, width, and weight of each pod. Pods were dissected to
measure seed weight, pulp weight, and the number of seeds per pod.

River 1 River 2 : River 3

Figure 2. A grid scheme design for vegetation sampling along rivers.
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Community knowledge regarding medicinal and food uses as well as management of
tamarind was documented using a combination of structured interviews with general
informants and semi-structured interviews with key informants. Structured interviews
were conducted with 256 randomly-selected individuals, stratified by age, gender, and
sub-district (Tongco 2007). Semi-structured interviews were conducted with eight key
informants (four men and four women) in each sub-district, including two young adults
(18 to 35 years old), four adults (36 to 60) and two elders (60 to 81).

Data analysis

Trees with DBH greater than 5 cm were included in further analysis following standard
practice (Fandohan et al. 2010). To determine the population structure, diameter classes
of 10 cm intervals were defined. Stem density was calculated as the number of tamarind
individuals per hectare for each diameter class. To compare differences in density
among land use types and sociocultural groups, the non-parametric Kruskal Wallis test
was used, followed by the post hoc Dunn’s Test, using the ‘agricolae’ and ‘dunn.test’
packages in R (version 3.5). The ‘e1071' R-package in R was used to test for the skewness
of the diameter distribution. Two-sample t-tests were conducted to compare mean pod
length, pod width, pod mass, pulp mass, seed mass, and the number of seeds per pod
between sweet and sour morphotypes.

Frequency distributions of responses obtained during structured and semi-structured
interviews were used to compare medicinal and food uses of tamarind between KSC and
TSC. In addition, we analysed the explanations for change of tamarind populations
provided by general informants in different communities and sociocultural groups. For
those informants who reported a decline, explanations were coded following an open,
iterative approach. Contingency tables of the number of informants providing similar
explanations per community were subjected to correspondence analysis (CA) using the
‘FactoMineR’ and ‘factoextra’ packages in R.

Results
Density of tamarind by cultural group and land use

The densities of tamarind differed significantly between KSC and TSC areas in the two
land use types (p < .05, Kruskal Wallis test, Figure 3). The density of tamarind in the KSC
forest was significantly higher than all others, including KSC farmland. Similarly, the TSC
forest showed significantly higher numbers of trees per hectare as compared to farm-
land. Densities of tamarind in TSC forest and farmland were similar (not significantly
different) to those in the KSC farmland (see data in supplemental file).

In both communities and land use types, the diameter class distribution of tamarind
followed a bell-shaped curve rather than an inverted J shape, indicating recruitment or
regeneration problems (Figure 4). In DBH class 0-9 cm there was no tamarind in the forest
habitat, and only a few were observed in the farmlands, indicating serious recruitment
problems. The localities of KSC had consistently higher densities per diameter class; the
exceptions were in farmlands, where trees in the 0-9 or 10-19.9 cm DBH classes were found
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Figure 3. Mean density of tamarind by sociocultural group (KSC and TSC) and land use; error bars
show standard error of the mean; letters indicate significant differences according to post hoc Dunn’s
test.

only in the TSC. Farmlands also had a slightly higher density of large diameter trees (DBH
classes 70-79 and 80-89) than forest in both KSC and TSC (see data in supplemental file).

Phenotypic characteristics of the fruits of tamarind local morphotypes

Community knowledge of morphotypes

All informants in both KSC and TSC reported that there are two local morphotypes of
tamarind with distinct local names. Key informants distinguished between sweet and sour
trees by taste, pod number, pod size, and colour at ripening. The sour trees produce fewer
fruits, have a thinner pod, and a light brown colour at ripening. In addition, the wood of
sour trees is hard and brittle, meaning it is easily broken. Based on these characteristics,
sour tamarind is considered to be ‘male’ by both KSC and TSC. By comparison, the sweet
tamarind variety is considered female because it produces more fruits each year, has
thicker pods that are reddish at maturity, and its wood is neither hard nor brittle.

Fruit morphology

Tamarind pods were observed to vary from curved to straight (Figure 5). The colour of
the sour variety pods and fresh pulp are a light brown, while the sweet variety pods and
fresh pulp are normally deep brown. Pod length, pod width, pod weight, seed weight,
pulp weight, and the number of seeds per pod were consistently lower for sour
tamarind compared to sweet tamarind (p < .05, t-test, Table 1). Average pod length of
sour and sweet morphotypes was found to be 7.77 + 0.09 cm and 852 + 0.09 cm
respectively (see data in supplemental file).
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Figure 4. Comparison of population structure of tamarind (based on diameter size classes) in KSC
versus TSC on farmland (a) and in forests (b).

Uses of tamarind by Kunama- and Tigrigna-speaking communities

Both the KSC and TSC use tamarind for medicine, food, timber, fodder, soil fertility,
fuelwood, and shade (Figure 6). When asked about its primary use, among the KSC, most
frequently it was cited for use in the order of medicine (28%), food (26%) and fodder
(12%). By comparison, the TSC frequently said they use tamarind primarily as food (22%),
medicine (17%) and timber (15%). Similar percentages of both groups mentioned using
tamarind to improve soil fertility (14% KSC & 16% TSC), as fuelwood (17% both), and for
shade (20% both). Analyses of informant characteristics showed no significant
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Figure 5. Fruits from sweet (left) and sour (right) varieties of tamarind.

Table 1. Morphological characterization of tamarind fruits (n = 120), showing independent t-test
values.

No Variables Variety Mean+SE p-value from t-test

1 Pod length (cm) Sour 7.77 + 0.09 p=1134x 107%7
Sweet 8.52 + 0.09

2 Pod width (cm) Sour 143 + 0.02 p =4536x10""
Sweet 1.64 £ 0.03

3 Pod weight (g) Sour 10.49 + 0.37 p =9.501x 107"
Sweet 14.79 + 0.47

4 Seed weight (g) Sour 2.95 + 0.12 p=2012x10"
Sweet 476 £ 0.18

5 Pulp weight (g) Sour 4.76 £ 0.16 p=1939x107"°
Sweet 6.62 * 0.22

6 Number of seeds/pod Sour 552 +0.18 p=3741x10""
Sweet 6.91 + 0.19

relationships between reported use and the village, ethnicity, age, wealth class, gender
or education of the informant as related with the level of tamarind use, on the whole,
providing no evidence that tamarind use is determined by these factors and this
translates to the entire population of the study area.

When it comes to the parts used for medicinal and food purposes, informants most
frequently mentioned using tamarind fruits (73% in KSC and 67% in TSC) followed by
pulp (15% in KSC and 20% in TSC) (Figure 7). The leaves, fruit, seed, and pulp of the
tamarind are made into a drink to treat human ailments, whereas only the leaves are
reported for use to treat livestock ailments (Figure 8).

The food use of tamarind was similar between KSC and TSC (Figure 9). KSC and TSC
most commonly mentioned using tamarind as a sauce (38% and 56% respectively) and
juice (31% and 19%).

The use of tamarind as a medicine varied between KSC and TSC (Figure 10). Tamarind
is used as medicine for humans and livestock by both sociocultural groups. The KSC
most frequently mentioned using tamarind for abdominal pain (31%), followed by skin
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Figure 6. Primary use of tamarind by Kunama-and Tigrigna-speaking communities(n = 256).
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Figure 7. Tamarind parts used for food and medicine by Kunama- and Tigrigna-speaking commu-
nities (n = 256).

problems (13%) and malaria (13%), whereas the TSC reported using tamarind to treat
abdominal pain (31%), malaria (31%), and giardia (13%). The KSC reported three med-
icinal uses of tamarind (for heart pain, as an anti-emetic, and to treat tapeworm) that
were not mentioned by the TSC.

Factors threatening tamarind populations

The vast majority (87.1%) of general informants reported that tamarind populations are
in decline, while 7.4% said that they are relatively stable and only 5.5% that they are
increasing. Informants who reported decline provided 21 explanations, of which the
most frequent (43.8%) was that tamarind is cut to fashion a traditional mortar (known
locally as a moGuUE) to press sesame (Sesamum orientale) oil, a valuable agricultural
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Figure 8. Tamarind (Tamarindus indica) in farmland (top left) and along a dry river bank (top right);
stumps used for pressing sesame oil in the study areas (bottom left) and a large diameter tree
(bottom right).
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Figure 10. Use of tamarind as medicine for humans and livestock by Kunama- and Tigrigna-speaking
communities (n = 32).

product. The next most common explanations were that tamarind is harvested for use as
timber (35.9%), fuelwood (14.8%) and fodder (7.8%). In addition, 9.4% of informants
attributed tamarind decline to illegal cutting and 6.3% to flooding (91.4%).
Correspondence analysis of the reasons for decline reveal differences among com-
munities (Figure 11). The first two dimensions of the CA explained 48.1 and 33.1% of the
variance in reasons for the decline (Figure 11a). Seven factors made more than a 5%
contribution to the variance among communities, including illegal cutting, fuelwood
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Figure 11. Correspondence Analysis (CA) of reasons for decline of tamarind populations reported by
two Kunama- and two Tigrigna-speaking communities, including: (a) scree plot showing percent
variance explained by the three dimensions of the CA, (b) Contributions of reasons for decline to the
first two dimensions of the CA, and (c) Biplot of relationships between reasons for decline and
communities, with colour indicating the degree of association.

collection, agricultural expansion, lack of replanting, timber harvest, deforestation in
general, and flooding (Figure 11b). Reports of fuelwood collection were more frequently
reported among the KSC (Lemlem and Kunama Adigesu, Figure 11¢). lllegal cutting, lack
of management, and agricultural expansion are associated with Kunama Adigesu,
whereas soil erosion, lack of replanting, and general deforestation were more commonly
reported in Dedebit (TSC). Use of tamarind as timber and specifically to fashion
a traditional mortar were reported across all communities, hence their central location
in the biplot (see data in supplemental file).

Discussion
Density of tamarind by cultural group and land use

The difference in density per hectare in this study showed differences according to land
use type and ethnicity. Similarly, Fandohan et al. (2010) reported variation of tree density
per hectare between habitat types in Benin: 18.2 = 10 in gallery forests; 5 £ 4.5 in
savannah woodlands; and 2.5 + 0.4 in farmlands. Densities in forests in KSC areas are
similar to those of gallery forests in Benin. Investigations of the factors contributing to
tamarind growth have found higher densities along riverbanks (Axel and Maurer 2011),
as well as associations with primates (Blumenfeld-Jones et al. 2006). The findings of this
study and those cited above suggest that tamarind densities are higher in forests than
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farmlands, and therefore suggests that encroachment of farmers into riparian areas
threatens the regeneration and in situ conservation of tamarind in their natural habitats
(El-Siddig et al. 2006).

Overall, the data show that there are fewer larger diameter trees in the forest habitat as
compared to the farmlands, even though there are more trees in the forest habitat. This may
be an indicator that the larger diameter trees are selectively cut in the communal forest
habitat and maintained in the private farmlands. The only 0-9 cm DBH tamarind stems were
found in private farmlands, as opposed to communal forest habitats. Though the forest
habitat is less disturbed than the farmlands, the lack of regeneration, particularly in the TSC,
is a potential cause for concern. Fandohan et al. (2010) found that there was a serious
regeneration problem in Benin, with the riverine forest having 10-fold higher rates of
regeneration than the savanna woodland. They also found there was no regeneration in
the farmlands, while in our study the only recent regeneration was found in farmlands.
Though tamarind density is higher in the forest habitat, (Fandohan et al. 2010; Axel and
Maurer 2011), the lack of regeneration suggests a lack of care given to emerging seedlings in
the open-access forest habitat as opposed to care given in the privately-owned farmland.
Other possible explanations are allelopathic competition (Shahnaz Parvez et al. 2003) and/or
mycorrhizal associations (Bourou et al. 2010), both requiring further research to improve
land management and ensure effective regeneration for the future.

Phenotypic characteristics of the fruits of tamarind local morphotypes

Community knowledge of morphotypes

Community knowledge and characterization of tamarind trees and fruits were consistent
with studies by Fandohan et al. (2011b). It appears that the main criterion used by
communities in differentiating between tamarind morphotypes is taste. Other studies
have found variation in fruit tartaric acid and sugar content between genotypes, with
the sweet morphotypes having more sugar and less tartaric acid (El-Siddig et al. 2006)
than sour ones. In Ethiopia, it is common to name crop varieties ‘male’ or ‘female’
according to their characters and use, for example as has been documented with enset
(Ensete ventricosum, Musaceae), a banana-like tree that is commonly cultivated in the
south and southwestern parts of the country (Bizuayehu 2008). This has implications in
conservation, as the local knowledge of diversity can be used to ensure it is monitored
and maintained for future use and long-term sustainability.

Fruit morphology

Fruit morphology was significantly different between the two locally-recognized morpho-
types. The two morphotypes observed were smaller than those measured in Uganda by
Okello (2010), who reported an average pod length of 11.69 cm and width of 3.12 cm.
A study of tamarind in India reported average pod length of 11.20 cm; pod width of 2.00 cm;
pod weight of 18.15 gram; pulp weight of 9.65 gram; and seed weight of 5.9 gram, all higher
than the measurements taken in our study (Sinha 2010). A third study from the humid
Guineo-Congolian region found that pod and pulp mass, as well as the number of seeds per
pod, varied significantly, but did not result in significant variation in fruit yield per tree
(Fandohan et al. 2011b). In comparison, our study found that the sweet tamarind trees
produced more fruit pulp, seed, seed size and weight than the sour trees. This has
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implications for the domestication, improvement, use, and development of the fruit of
tamarind. For example, since it appears that pulp mass and sweetness are associated,
breeders would likely be able to increase volume and improve the taste of Ethiopian
tamarind.

Uses of tamarind by Kunama- and Tigrigna-speaking communities

Studies from other parts of Africa have documented how tamarind provides multiple
uses to local communities. For example, a study in Uganda listed 18 uses of tamarind,
including as a beverage, food, windbreak, for oral hygiene, shade, flavouring, aesthetic
purposes, firewood and charcoal, teaching aid (the seeds are used as beads for counting
and educational games), food preservative, source of income, construction material, feed
for livestock, tool handle, mulch, support for plants, and a medicine for both humans
and livestock (Ebifa-Othieno et al. 2017). Although 100% of the Ugandan respondents
reported using tamarind for food, only 15% reported using it for medicine, including
13% who use it for veterinary medicine. By contrast, the present study shows that
tamarind is valued as both a food and medicine in Tigray. In this case, tamarind is not
only an agroforestry tree, but also a valuable nutraceutical plant.

The food use of tamarind is one of its primary values. In a study in Uganda (Ebifa-
Othieno et al. 2017) tamarind was mentioned for being used as a beverage by all
respondents, whereas in our study, only 31% of key informants in KSC reported drinking
tamarind juice, and fewer in TSC. By contrast, the more common use of tamarind as food
by both sociocultural groups is as a sauce; sauces are a prominent feature of Ethiopian
cuisine. Finally, another food-related use of tamarind is that its stumps are used as
a mortar for pressing sesame seeds to extract the edible oil. In a study in neighbouring
Eritrea, this use was shown to have contributed to the destruction and loss of tamarind
populations (Bein et al. 1996).

The uses of tamarind as medicine are similar to those reported by other cultural
groups in Africa. For example, the Giziga of Cameroon use tamarind leaves, bark, and
fruit pulp to treat malaria (Saotoing et al. 2011) a practice quite similar to the one
reported by 31% of informants in the TSC. In Nigeria, because tamarind seeds are
sources of zinc, they are used to make porridge commonly consumed during pregnancy
(Keen and Zidenberg-Cherr 1994; Lockett et al. 2000). Also in Nigeria, tamarind is used to
treat trypanosomiasis in domestic animals (Atawodi et al. 2002).

Medicinal use of tamarind, especially that of the sour morphotype, was appreciated
by the informants in this study. Other ethnobotanical studies in the Tigray Region
concur that tamarind fruits are used for treating abdominal problems and hypertension
(Zenebe et al. 2012; Darcha and Birhane 2015). Tamarind is also used for abdominal
problems in southern Ethiopia, as well as to treat diarrhoea and as an anti-emetic
(Kidane et al. 2014). In our study, a small proportion of key informants from both
sociocultural groups reported using tamarind leaves to treat livestock for foot and
mouth disease (6%) and bloating (6%). Gidey et al. (2015) reported that KSC use
tamarind as a medicine for humans and livestock since ancient times; however, their
study found that tamarind’s medicinal use was limited to dermal infections (locally
called Hamot). The present study documents its use to treat a wider array of ailments
by both cultural groups.
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Factors threatening tamarind conservation

This study clearly shows that tamarind in Tigray are under threat as there was little to no
recent recruitment detected in the vegetation survey and close to 90% of general
informants reported population decline. That nearly half of these informants explained
that tamarind is used to fashion traditional mortars for sesame oil suggests that finding
an alternative material to serve that purpose may contribute to tamarind conservation.
Though not reported as one of the top factors the fuelwood deficit in Tigray is one of
the main causes of deforestation and forest degradation, including in areas where
tamarind grows (Zenebe et al. 2012). Although fuelwood collection was more frequently
identified in KSC, general deforestation reported in TSC may be attributed (at least in
part) to fuelwood collection. Key informants mentioned other practices (debarking for
medicine, pruning for fodder and fruit harvest) that might pose threats to tamarind.
Overall, the people using and living around tamarind recognize its value and that it is
under threat from natural and anthropogenic factors, and identify improved riparian
forest management and better management of individual trees on farm as the keys to
protecting its populations.

Conclusions and recommendations

The future of tamarind populations in Tigray will likely rely on the protection of
naturally-regenerating trees. Diameter size distributions showed a bell-shaped curve,
indicating a serious problem in regeneration across both communities and habitats.
However, there were significantly higher densities of trees in forest habitat, particularly
in those associated with KSC, indicating that those communities may be particularly
knowledgeable about how to manage its populations. Nonetheless, both communities
recognize that tamarind is under threat and requires attention to improve possibilities
for sustainable use. Conservation efforts should focus on identifying alternative timber
and fuelwood sources, as well as materials for traditional mortars; enhancing recruitment
by protecting seedlings and saplings; and supporting local governance to curb illegal
cutting.

Significant differences in morphological characteristics were observed between sweet
and sour morphotypes of tamarind. In general, sweet tamarind fruits were larger than
those of sour morphotypes. The morphological evidence and community knowledge
differentiating these two morphotypes highlights the need for conservation of their
populations in northern Ethiopia. While this research demonstrated phenotypic variation
between the morphotypes recognized by local communities, a more detailed study that
includes genetic analyses is necessary for conservation of intraspecific diversity. In
addition, further scientific analysis is needed to evaluate the uses of tamarind as
medicine. Research to identify the active compounds responsible for the medicinal
benefits identified by key informants can be used to encourage the sustainable use of
the tree and make it available to a larger population.

Both KSC and TSC use tamarind for food, medicine, mortars, fuelwood, and fodder.
Both communities use and therefore value the tree in similar ways and are concerned by
recent population decline. New conservation strategies should be designed through
discussion with the local communities, using their knowledge to ensure that recruitment



16 (&) H.GIRMAY ET AL.

is enhanced and diversity of morphotypes is maintained, so that this valuable resource
continues to contribute to their food and livelihood security.
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