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Abstract: Food and nutrition security (FNS) rests on five pillars: availability, access, utilization,
stability, and sovereignty. We assessed the potentials of local agroforestry practices (AFPs) for enabling
FNS for smallholders in the Yayu Biosphere Reserve (southwestern Ethiopia). Data was collected
from 300 households in a stratified random sampling scheme through semi-structured interviews and
farm inventory. Utility, edibility, and marketability value were the key parameters used to determine
the potential of plants in the AFPs. Descriptive statistics, ANOVA, and correlation analysis were
employed to determine the form, variation, and association of local AFP attributes. Homegarden,
multistorey-coffee-system, and multipurpose-trees-on-farmlands are the predominant AFPs in Yayu.
Multipurpose-trees-on-farmlands are used mainly for food production, multistorey-coffee-system
for income-generation, and homegarden for both. The 127 useful plant species identified
represent 10 major plant utility groups, with seven (food, fodder, fuel, coffee-shade, timber,
non-timber-forest-products, and medicinal uses) found in all three AFPs. In total, 80 edible species
were identified across all AFPs, with 55 being primarily cultivated for household food supply.
Generally, household income emanates from four major sources, multistorey-coffee-system (60%),
homegarden (18%), multipurpose-trees-on-farmlands (13%), and off-farm activities (11%). Given this
variation in form, purpose, and extracted benefits, existing AFPs in Yayu support the FNS of
smallholders in multiple ways.

Keywords: food and non-food benefit; homegarden; multipurpose tree on farmland; multistorey
coffee system; multi-functionality; traditional agroforestry; Yayu Biosphere Reserve

1. Introduction

In the last four decades, agroforestry has been promoted as an option to address poverty and
food insecurity, as well as to enhance the adaptability of small-scale farmers to social-ecological
hazards [1-5]. For the former, its potential relies on its contribution to the strengthening of the five
pillars of food and nutrition security (FNS): availability, access, utilization, stability, and sovereignty
(Figure 1). Examples in local contexts are: (i) the presence of perennial staple food species in the
system, like Ensete ventricosum, Musa spp., Moringa stenopetala, or Manihot esculenta, which ensure
the availability of food [6-9]; (ii) the presence of species that secure cash to farming households,
which directly enhance their access to market-based foods, as is the case of Coffea arabica or Theobroma
cacao [10,11]; (iii) the utilization of dimension often enhanced via a diversity of species that offer scarce
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nutrients, e.g., fruit, leaves, or nuts, as well as the availability of fuel for cooking [11,12]; (iv) an increase
in the resilience to and reduction in household social-ecological vulnerability, by the diversity of
constituting species and their interactions [5,10,11]; and (v) providing options and choices in the means
to grow and/or purchase foods items according to the household’s needs in all seasons [9,13,14].
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Figure 1. Aspects of food security at the interface of land use and food systems.

Agroforestry practices (AFPs) vary in their composition, structure, and function, depending
on the biophysical, ecological, social, economic, and cultural conditions under which they occur.
Hence, taking into account this site-specificity is key before attempting any upscaling. Mbow et al. [5]
emphasized that although agroforestry has a considerable potential to improve food security, ” ... not
all agroforestry options are viable everywhere”. Therefore, before recommending or promoting any
agroforestry practice for a certain place or community, it is crucial to characterize and recognize its
features, attributes, and performance in view of intra- and inter-year variability.

In Ethiopia, a wide variety of local/traditional AFPs exist, with potential to contribute to the
ENS security of the practitioner communities. Different forms of homegardens are reported across the
country [15-18]. Croplands with scattered trees of Faidherbia albida are the oldest form of indigenous
agroforestry parklands, omnipresent in central and eastern Ethiopia [4,19,20]. The Enset-Coffee
gardens, Coffea arabica planted intermingled with Enset ventricosum, practiced by the Gedeo people,
are well-known to support millions of livelihoods in the most densely populated areas of the
country [15,21]. The traditional coffee system dominated AFPs in southwestern Ethiopia are a further
example of a well-established traditional AFP [22]. In Yayu, 60 to 80% of rural households rely on
these AFPs as the main source of their livelihood [23]; the area was considered food secure in the last
15 years, despite an increasing human population [24-29]. In spite of the potential of the local AFPs to
contribute toward FNS, empirical data on this topic are scarce.

For instance, during the last two decades, almost all studies conducted in Yayu mostly focused on
the ecology, biodiversity, and conservation of traditional coffee systems [30-36], giving lesser attention
to their potential for food and nutrient provision to local communities. Therefore, this study aimed
to explore the potential of local AFPs of Yayu to contribute to the FNS of rural households. Specific
objectives of the study were: (1) the identification of predominant AFPs and their purpose; (2) the
plant species composition of each practice; (3) the ethnobotanical knowledge of uses of the various
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species encountered; and (4) their respective potential for food provision and cash acquisition, as steps
towards (5) an appraisal of the five pillars of food security.

2. Materials and Methods

2.1. Study Area

Yayu is located in the Illubabor zone of the Oromiya state, southwestern Ethiopia, between
8°10'-8°39" N and 35°30'-36°4’ E (Figure 2). The area was registered by UNESCO in 2010 as a
biosphere reserve for the in situ conservation of wild Coffea arabica. The Yayu Coffee Forest Biosphere
Reserve comprises three concentric zones, i.e., the core area as well as buffer and transition zones,
covering about 28,000, 22,000, and 118,000 ha, respectively [22] (Figure 1). The climate is hot and
humid; the mean annual temperature is 20.5 °C, with average monthly values between 18.46 and
21.25 °C [35]. The area exhibits a unimodal rainfall pattern with a mean annual precipitation of
2100 mm [32]. Dominant soil groups include nitosols, acrisols, vertisols, and cambisols [37].

Woreda boundary

~
[:] Towns

Core zone
Buffer zone

Transition zone
Setema

Leakage belt

¢ Sample kebele -:—:—1220 Kilometers

Figure 2. Location of the study area and sampled Kebele, with reference to the three zones of the Yayu
Coffee Forest Biosphere Reserve and roads. Adapted from Reference [22].

The vegetation cover of the area is relatively well conserved, comprising large areas of forests
intermingled with wild coffee plants. The adequate integration of human utilization and environmental
conservation makes the system one of the best performing traditional agroforestry systems of
Ethiopia [38,39]. However, these coexist with other farming systems, such as annual crop fields,
farmlands with scattered trees, homegardens, woodlots, grazing lands, and fallows [22,40]. Land uses
exhibit a mosaic arrangement, within which forests, agricultural lands, wetlands, and grazing lands as
the most prominent. The major forest uses are undisturbed natural forest, semi-forest coffee systems,
fully managed forest for coffee production, and old secondary forests [22,40]. Farming is carried out in
both around the farmer homestead and away from it [22,40].

2.2. Sampling Strategy

Prior to sample site selection, potential sources of errors were listed to control their effect on the
results of the study. Mainly, the relative distances of farming households to the forest core zone and to
market facilities were assumed to be the most influential factors [8]. Thus, the sample stratification
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was based on these factors. A kebele is the smallest administrative unit in Ethiopia, similar to a
ward, a neighborhood, or a localized and delimited group of households. Kebele including a forest
(core zone) in its jurisdiction were considered to be ‘near to forest’, while others were “far from forest’.
Similarly, those kebele located near a road were assumed to have better access to markets, and were
considered as 'near market’, while others were "far from market’. By using these levels of the two
factors, four proximity categories were constructed to which all kebele of the reserve were assigned,
and then two kebele from each category were selected randomly. Thus, a total of eight sample kebele
were used for data collection (Table 1). Based on the local administration office data, about 4300 (N)
households dwell in eight sample kebele, so 300 (1) households were assigned for the total sample [41].
Sampling intensity was proportionally allocated to each sample kebele based on population size. Finally,
sample households were randomly selected for data collection.

Table 1. Sampled kebele, altitudes, and size.

Kebele Altitudinal Range (m.a.s.])  Sample Size (n)
Wabo 1570 to 1624 27
Wutete 1565 to 1672 45
Sololo 1624 to 1688 43
Wangene 1562 to 1890 44
Weyira 1789 to 1973 26
Werebo 1725 to 1892 45
Beteli Gebecha 1754 to 1819 45
Elemo 1906 to 1981 25

2.3. Data Collection and Methodology

Data were collected from December 2014 to February 2015. First, key informant interviews
substantiated by field observation were applied to understand the rationale of local farming and to
identify the predominant AFPs. Based on this result, the household survey was designed, including
a separate dataset for each of the identified AFPs. The household head was questioned on the
socioeconomic and biophysical attributes of the household and agroforestry plots. The characterization
of the AFP included the location, size, and spatial arrangements of the components, the identification
of tree species and obtained products, and the uses and marketability of these. Field observation
complemented data gathering.

Plant species identification was supported by a local taxonomist and specialized literature [42-45].
Plant uses and services were obtained from each system and grouped in accordance with the functional
groups set by Mendez [46] and Abebe [8]. The food edibility potential was evaluated in two steps.
Species were identified as edible and non-edible by comparing first-hand observation with secondary
resources [39,44,45,47]. The ‘edible’ category was further subdivided into “potentially-edible” and
"active-food’ species. The former refers to edible plant species not primarily used as food, while the
latter refers to species primarily cultivated for food. ‘Active-food” was further re-classified into 10
plant food groups according to the United Nations Food and Agriculture Organization (FAO) [48]:
‘cereals’, ‘white root and tubers’, ‘“vitamin-A-rich vegetables and tubers’, ‘dark green leafy vegetables’,
‘other vegetables’, ‘vitamin-A-rich fruits’, ‘other fruits’, ‘legumes, nuts, and seeds’, ‘sweets’, and “spices,
condiments, stimulants, beverages, and additives’.

The potential of each agroforestry practice to generate income was assessed in two steps.
First, we estimated the amount and major sources of annual income of the household, both on farm
and off farm, establishing the relationship with the species and products of each AFP. Second, we listed
all species and their actual marketability status, classified into three classes: (i) actively-marketed
species, either cited as cash crops by at least one respondent and/or observed in local markets;
(i) passively-marketed species, mentioned by key informants or in the literature, but occasionally cited
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by farmers and rarely observed in markets; and (iii) non-marketed species, which included all species
not belonging to the previous two classes [39,44,45,47].
The species richness of each category, i.e., food group, utility, edibility, and marketability,
was calculated using Menhinick’s index Equation (1) [49].
D=S/y/N 1)
where D = Menhinick’s index, S = number of species of a given use type/food group of a given plot,
and N = total species per plot.
Statistical analyses included the calculation of descriptive statistics for relevant biophysical and
socioeconomic variables, and were conducted as a post-hoc analyses for subsequent testing, such as
one-way ANOVA, Tukey’s test, and Pearson correlation analysis. The variability in different categories

of each practice was tested separately across households. The tests were implemented using Minitab
17.0 software [50].

3. Results

3.1. Household Socioeconomic Profile

Males headed the majority of Yayu households (84%), where 44% of the households were within
the medium wealth class, 17% in the rich class, and 39% in the poor class. Average family size was about
five individuals, ranging between four and six. The average age of the respondents was 44.3 years.
Ethnically, 75.6% of the households belonged to the Oromo ethnic group, followed by Amhara (19.3%)
and Tigreway (4.6%). The majority of the respondents were native to the area, and 23.7% (mostly the
two latter ethnic groups) were settlers. The illiteracy rate was 41.4%; 36.8% had attended primary
school, and 18.3% had attended school to grade six or beyond. The average landholding size was
4.1 + 3.2 ha per household (Figure 3).
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Figure 3. Demographic, socioeconomic, and cultural attributes of sample households in Yayu.

* Average =+ standard deviation; ** Basic reading and writing skill from non-formal school attendance,

e.g., traditional/religious school, etc.
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3.2. Agroforestry Practices and Purposes

The collected information revealed that almost all of the farming activities of the area involve
deliberately perennial woody species, in three distinct types of niches, i.e., homestead, coffee plot,
and farmland, which locally identified as guwaro, laffa bunna, and laffa qonna, respectively. By adopting
the classification scheme of Nair [51], the locally recognized farming practices were identified as
homegarden (HG), multistorey-coffee-system (MCS), and multipurpose-trees-on-farmland (MTF).
An HG is a complex multispecies production system practiced around the homestead, locally named
guwaro. MCS is locally named laffa bunna, literally translated as coffee land. Although coffee cultivation
is present in most land-use systems, MCS is distinguished by involving naturally grown and/or
planted coffee with mostly native shade trees, resembling a multi-strata forest. The third type, MTE,
locally known as laffa gonna, literally farmland, refers to lands designated for the production of annual
crops that deliberately integrate perennial woody species to increase or optimize plot output.

About 81% of the respondents involve in all three practices. MCS alone is practiced by 97% of the
households, HG by 93%, and MTF by 85%. HG covers the smallest area (average 0.08 ha), and MCS
the largest (2.6 ha) (Figure 4a). Concerning the primary purpose, MCS is used entirely for income
generation, 66% of MTF is devoted to food production, in some cases also to wood and cash crop
cultivation, and HG focuses on food (40%) and cash crop production (40%) (Figure 4b). Regarding the
number of specific purposes/benefits per practice (annual crop production, fruit production, cash crop
production, vegetable production, etc.), the highest was in HG (max. eight) per household, and in
more than 90% of the households at least three specific outputs were generated. In contrast, the lowest
value was found in MCS (max. three) per household (Figure 4c). The main users or decision makers of
MCS and MTF are dominantly males (>83%). Females dominated in HG (62%) (Figure 4d).
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Figure 4. Characteristics of predominant agroforestry practices in Yayu. (a) Classification, number,
and size of households * Household count, relative proportion; ** size (mean + SD). (b) Relative
frequency of main purpose of outputs per practice. (c) Relative frequency of number of benefits
per practice. (d) Relative frequency of the main users per gender per practice. Homegardens (HG),
multistorey-coffee-systems (MCS), and multipurpose-trees-on-farmlands (MTF).
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3.3. Floristic Composition

One hundred and twenty-seven plant species from 47 families were identified in all three AFPs.
The highest number was found in HG (88), followed by MCS (65) and MTF (55) (Figure 5a). About 68.5%
were perennial (tree and shrubs); herbs were absent in MCS; 69% of the species were native to the Yayu
area (Figure 5b); and most herbs and exotic species existed in HG. A full list of species identification
and characterization is available on demand.
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Figure 5. Floristic composition of local agroforestry practices in Yayu, southwestern Ethiopia.
(a) Relative proportion per growth habit. (b) Relative proportion per origin. Homegardens (HG),
multistorey-coffee-systems (MCS), and multipurpose-trees-on-farmlands (MTE).

Concerning the frequency of occurrence of species, Coffea arabica, Mangifera indica, Persea americana,
and Brassica oleracea were dominant in more than 70% HG. Besides coffee, present in all MCS, shade tree
species like Cordia africana and Albizia gummifera were present in more than 70% of MCS. In contrast,
MTF was dominated by Zea mays (more than 95%), followed by Sesbania sesban (33%), Eragrostis tef
(31%), Sorghum bicolor (26.3%), and Eucalyptus grandis (20.8%). The multipurpose tree species Vernonia
amygdalina was the only species found in all three practices (Figure 6).

3.4. Plant Uses and Services

The existing 10 different types of plant uses and services [46] were observed in the three AFPs,
i.e.,, food; spices, condiments, and other food and beverage additives; stimulants; fodder; fuel;
timber; non-timber tree products; shade trees for coffee; other services, e.g., live fences, windbreaks,
demarcation, recreation, and ornamental; and medicine.

Almost all uses were observed in all three practices. Only ‘food” in MCS, ‘shade trees for coffee’ in
MTFE, and ‘spices, condiments, and other foods and beverage additives” were missing in both practices.
Regarding the species count for each use, ‘stimulants’ (2) and ‘fuel” (52) were the two extremes. Overall,
‘food” scored significantly high (p < 0.01), with 7.8 species per plot in HG, whereas ‘fuel’ was the
highest in MCS (7.1). Species richness per plot and count showed similar trends in all uses and service
categories (Table 2).
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Figure 6.  Relative frequency of the 10 most frequent species found in each of the
three agroforestry practices in Yayu. Homegardens (HG), multistorey-coffee-systems (MCS),
and multipurpose-trees-on-farmlands (MTF).

3.4.1. Food Production Potential

Out of the 127 species identified in all three practices, 80 were edible, while 55 were managed as
‘active-food’. Except three of the ‘active-food’ species, the rest were observed in HG, with an average
of nine species. The highest number of “potentially-edible” species was found in MCS (21), and the
highest number of ‘active-food” species was found in HG (52) (Table 2). The ratio between ‘potential’
and ‘active-food’ reveals the untapped value of edible species. In MCS, both in total and at the plot
level, the ratio reached 21:1 and 1.7:1, respectively (Table 3).

The ‘active-food’ category was subdivided into 10 different food groups. As expected,
HG exhibited the largest variety of species of all food groups. The food group ‘other fruits” scored
the highest in all AFPs, whereas ‘spices, condiments, and beverages’ and ‘cereals” showed higher
species richness in MCS and MTEF. The average species number and richness per household showed a
significant variation in HG and MTF (p < 0.01) (Table 4).
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Table 2. Count, percentage, average (£ standard deviation) number per household, and richness per household of species of 10 plant uses and service categories in
three AFPs and p-value for one-way ANOVA test among categories.

. Count of Total Species (%) Average Number of Species/HH (+SD) Average Richness/HH (£SD)
Use and Service Category

All HG MCS MTEF HG MCS MTF HG MCS MTF
Food 44 (34.6) 42 (46.6) 0(0) 10 (182) 7.8 (£2.9) 0.0F(£0.0) 1.8BC(£1.0) 1.6 (£0.5) F(£0.0) 098 (+04)
Spices, condiments, and other food and beverage additives 9 (7.1) 0(10.2) 0 (0) 0 (0) 0.6FG (+£09)  00F(£00) 00FE(+00) 01FC(+02) o o F(+0.0) 0.0P (x0.0)
Stimulants 2 (1.6) 2(2.3) 2(1.5) 1(18) 128G (+07) 1.0EF(+00) 01PE(+04) 02FF(+01) 04E(+01) 01P(£02)
Fodder 41(32.3) 27(29.5) 31(462) 29(52.7) 27CP(+27) 3.6BC(£34) 20B(+21) 06C (05 1.3C(x£11) 1.0B(+0.8)
Fuel 52 (40.9) 27(29.5) 46(69.2) 36(65.5)  4.5B (+2.1) 714 (£36) 294(£19) 09B(+04) 254(£05) 144 (+0.5)
Timber 34(268) 17(18.2) 31(46.2) 24(43.6) 15FF (x1.1)  34C(x26) 09°P (+1.1) 03PE(+£02) 11C(£0.6) 0.4C(£0.4)
Non-timber tree products 10(79) 545 10(138) 3(5.5) 0.1 G (£0.4) 03F(£07) 0.1PE(+03) 0.0 G (£0.1)  01F(x02) 0.01P(+0.1)
Shade trees for coffee 26 (20.5) 20(21.6) 25 (36.9) 0(0) 20CPE (£17)  47B(+£22) 00F(+00) 04P(+03) 16805  00P (+0.0)
Other services, e.g., live fences, windbreaks, etc. 18(142) 16(17) 15(215) 12(21.8) 19PE(£1.2) 20PE(+14) 09<P (+£0.9) 0 4 b (io.a) 070 (£05)  0.5C(£0.4)
Medicine 21(165) 21(227) 9(123) 7(127) 31C(+1.67  21P(£1.1) 04PE(+08) C(£03) 08P (+03) 02D (+0.3)

p-value <0.01 <0.01 <0.01 <0 01 <0.01 <0.01

Categories with at least one similar superscript do not significantly differ at least at « = 0.05; HH = household; HG = homegardens; MCS = multistorey-coffee-systems;
MTF = multipurpose-trees-on-farmlands.

Table 3. Count, percentage, average (+ standard deviation) number per household, and richness per household of species of three edibility categories in three
agroforestry practices (AFPs), and a ‘potential to “active’ ratio in each practice.

Count of Total Food Species (%) Average Number of Species/HH (+SD) Average Richness/HH (£SD)
Edibility Category/Ratio
All HG MCS MTF HG MCS MTF HG MCS MTF
Total edible 80 (62.9) 63 (71.6) 22 (33.8) 25 (45.5) 9.3 (£3.6) 2.7 (£1.4) 2.3 (£1.3) 2 6 (+0.6) 9(+03)  1.2(£04)
Potentially edible 25(19.7) 11 (12.5) 21 (32.3) 14 (25.6) 0.3 (£0.6) 1.7 (£1.4) 0.4 (£0.7) 1(£0.2) 0.6(+04) 0.2(£0.3)
Active food 55 (44) 52 (59.1) 1(1.5) 11 (20.0) 9.0 (£3.4) 1.0 (£0.0) 1.9 (£1.1) 2 5 (40.6) 4(+0.1)  0.96 (+0.4)
Ratio potential: active food 0.5 0.2 21.0 1.3 0.0 (£0.1) 1.7 (£1.4) 0.3 (+0.5) 0.0 (0.1) 7(£14) 03(£0.5)

HH = household; HG = homegardens; MCS = multistorey-coffee-systems; MTF = multipurpose-trees-on-farmlands.
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Table 4. Count, percentage, average (& standard deviation) number per household, and richness per household of species of 10 food groups in three AFPs and p-value
for one-way ANOVA test among food groups.

Food G Count of Active Food Species (%) Average Number of Species/HH (£ SD) Average Richness/HH (4 SD)

00¢ HIotp All HG MCS MTF HG MCS MTF HG MCS MTEF
Cereals 6(13.6) 3(71) 0.0(0.0) 6(54.5) 0.1 (+0.4) 0.0 (£0.0) 1.64 (£0.8) 01D (+0.1) 0.0 (£0.0) 1.2 4 (4+0.3)
White roots and tubers 6(13.6) 6(14.3) 0.0(0.0) 0(0.0) 1.5B (£1.2) 0.0 (£0.0) 0.0(£0.0) 048 (+03)  0.0(+0.0) 0.0 B (£0.0)
Vitamin A-rich vegetables and tubers 4(9.1) 4 (9.5) 0.0 (0.0) 0(0.0) 0.5 PE (+0.6) 0.0 (+£0.0) 0.0 (+£0.0) 02D (+0.2) 0.0 (+£0.0) 0.0 B (+0.0)
Dark green leafy vegetables 4(9.1) 4(95) 00(0.0) 0(0.0) 1.0 € (£0.7) 0.0 (£0.0) 0.0 (£0.0) 0.3C(£0.2) 0.0 (£0.0) 0.0 B (£0.0)
Other vegetables 5(11.4) 5(11.9) 0.0(0.0) 0(0.0) 0.5 PE (+0.7) 0.0 (£0.0) 0.0 (£0.0) 0.1P (£0.2) 0.0 (0.0) 0.0 B (£0.0)
Vitamin A-rich fruits 3(6.8) 3(7.1)  0.0(0.0) 0(0) 1.2BC (+0.7) 0.0 (£0.0) 0.0 (£0.0) 0.4 € (£0.2) 0.0 (£0.0) 0.0 B (£0.0)
Other fruits 12(27.3) 12(28.6) 0.0 (0.0) 0 (0) 2448 (£1.4) 0.0 (£0.0) 0.0 (£0.0) 0.8 (£0.4) 0.0 (£0.0) 0.0 B (£0.0)
Legumes, nuts, seeds 5(114) 5(11.9) 0.0(0.0) 4(36.4) 0.2DPE(+04) 0.0 (0.0) 0.18 (+0.4) 0.1P (0.1) 0.0 (0.0) 0.18(£0.2)
Sweets 1(2.3) 124) 0.0(0.0) 0(0) 0.1E (03) 0.0 (£0.0) 0.0 (£0.0) 0.0 (£0.1) 0.0 (£0.0) 0.0 B (£0.0)
Spices, condiments, and beverages 9(205) 9(214) 1.0(1.5) 0 (0) 0.7 P (£0.9) 1.0 (+0.0) 0.0 (+0.0) 0.6 B (£0.3) 1.0 (40.0) 0.18(£0.2)

p-value <0.01 N.A <0.01 <0.01 N.A <0.01

Food groups with at least one similar superscript do not significantly differ at least at o« = 0.05; N.A = test not applicable; HH = household; HG = homegardens;
MCS = multistorey-coffee-systems; MTF = multipurpose-trees-on-farmlands.
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3.4.2. Income Generation Potential

Farming in all three AFPs accounts for almost 90% of the households’ income; MCS has the largest
share (60%), mainly from selling Coffea arabica (Figure 7a,c). In HG, Coffea arabica generates 45% of
the cash, the rest is provided mainly by fruits and livestock-related activities (Figure 7b). As MTF is
mostly devoted to food production for self-consumption, the contribution to the households’ income
was slightly lower than that in MCS and HG (Figure 7a). Cash was rather generated through the sale
of cash crops such as Catha edulis (52%), and annual crops such as Eragrostis tef and Zea mays (38%)
(Figure 7d).

() (d)

Figure 7. Income generation in households by (a) main agricultural and non-agricultural activities;
(b) homegardens; (c) multistorey-coffee-systems; and (d) multipurpose-trees-on-farmlands.

Among the 127 species identified, 50 (39.1%) were reported as “actively-marketed species’. In terms
of species composition, HG showed the highest percentage of both active and passively (occasionally)
marketed species (47), followed by MTF scoring a much lower species count (nine). On the other
hand, only one actively-marketed species was reported in MCS (Coffea arabica). On average, the largest
number of cash crops per households was recorded in HG (7.6). Regardless of the mode of utilization,
whether for self-consumption or selling, almost all households had at least one actively-marketed
species. The species counts and richness of all marketed species categories in MTF were found to differ
significantly (p > 0.01). The actively-marketed species category was significantly different (p < 0.01)
from the passively-marketed and non-marketed category in all practices except in MCS (Table 5).
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Table 5. Count, percentage, average (4 standard deviation) number per household, and richness per household species of three marketability categories in three AFPs
and p-value for one-way ANOVA test among categories.

Species Count (%) Average Number of Species/HH (£SD) Average Species Richness/HH (£SD)
All HG MCS MTF HG MCS MTF HG MSC MTF

Actively-marketed species 50 (39.4) 47 (53.4) 1(1.5) 9(16.4)  7.64 (£2.8) 1B (£0.0) 214 (£1.1)  234(x06) 04B(£01) 114 (x04)

Passively-marketed species 18 (14.2)  13(14.7) 11(169) 10(18.1) 27B(+16) 13B(x09) 04B(x06) 05B(x03) 05B(x03) 02€(+0.3)

Non-marketed species 59 (46.5) 28 (31.8) 53(815) 36(65.5) 22B(+£16) 574(x3.6) 15°(£15) 068 (£04) 194(+07) 078 (+0.5)
p-value <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Categories with similar superscript do not significantly differ at least at « = 0.05; HH = household; HG = homegardens; MCS = multistorey-coffee-systems;
MTF = multipurpose-trees-on-farmlands.

Marketability Category
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4. Discussion

4.1. Agroforestry Practices and Purposes

The three major AFPs, i.e., HG, MCS, and MTEF have their own primary production purposes
and specific management, which enable smallholder farm households to diversify their production
across the year. Hence, all three are important for sustaining the livelihoods of farmers in Yayu.
This was confirmed by the fact that more than 80% of the households in Yayu practice all three
agroforestry systems.

However, each practice plays a predominant role. MCS is mainly used to generate money and,
for the majority of households, is the main, if not the only, source of cash. Most farmers use MTF to
produce food, and HG is used for both a source of food and cash to supplement the other two practices.
In the absence of either one or two practices, the importance of HG increases, becoming the main
source of food and/or income. Similar findings were obtained by Kebebew and Urgessa [52] in the
Jimma area, southwestern Ethiopia.

Besides these, each AFP provides other benefits. This is especially true in the case of HG,
as management practices tend to encourage the production of useful by-products such as fuel, fodder,
and timber. Contrarily, MCS and MTF have rather specific purposes, and activities not directly
contributing to yield maximization, as in the case of MCS, are discouraged [38].

In the three AFPs, gender roles differ. Women are mostly in charge of the management
and utilization of HG, securing the annual food provision and supplementary cash for the
household [40,53,54]. In contrast, the management and benefits of MCS and MTF are mostly controlled
by males—generally heads of the households [53,55].

4.2. Predominant Species Composition

The highest number of species was found in HG, followed by MCS and MTF. Only 19% of the
identified species were found in all practices, and 52% occurred in only one of the three AFP. So, species
distribution is practice/system-specific. The number of species in HG is similar to values reported in
other studies [15,16,18,56].

Regarding growth habits, as expected, perennial species were dominant but also shrubs
were common, although fewer in MCS and MTF due to the regular clearings carried out to
prevent competition.

Concerning the species diversity, based on their origin, about 70% of the species identified were
native, confirming that the Yayu area is naturally endowed with high biodiversity [39]. A higher
number of exotic species were observed in HG, followed by MTF and MCS. This confirms that coffee
forest production (MCS) is more environmentally friendly than the other two practices. This finding
validates those of Muleta et al. [38] and Gole et al. [22], who observed that local communities exert
their experience in managing the naturally grown coffee for commercial purposes. Nevertheless,
there is a remarkable dominance of individual species, especially in MCS and MTF, by Coffea arabica
and Zea mays, respectively. The dominance of Zea mays in MTF is consistent with similar reports from
the Koga watershed in northwestern Ethiopia [57]. In contrast, the species frequency distribution
in HG is rather flat, as the HG approach has multiple production objectives, i.e., stimulants, fruits,
vegetables, roots and tubers, and timber. However, Kebebew and Urgessa [52] reported that fruit trees
were a dominant group of species in HG of Jimma.

4.3. Species Uses and Services

All three practices provide additional uses and services besides food. HG was found to be the
most versatile, as it delivers 10 different groups of uses and services. Similar values were observed
in Abebe [8], Senbeta et al. [39], and Méndez [46]. The types of uses and services by practice were
cross-analyzed, e.g., food uses in HG were inversely correlated with the MTF size, i.e., as the size of
MTF increases, the number of food crops in HG plots decreases (Table A1, Appendix A). According to
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the local farmers, this relation is common in the area because those households who produce a
sufficiently large amount of cereals from their MTF are less interested in using their HG for growing
food. Similarly, the production of ‘stimulants’, specifically Coffea arabica, in HG, decreases as the
households have larger MCS plots (Table A1, Appendix A). Both cases show the complementarity that
exists among the AFPs of Yayu.

Most uses and services except ‘food’, ‘spices, condiments, and other food and beverage additives’,
and ‘shade trees for coffee” were provided by all AFPs. Local farmers confirmed that ‘fuel” is mainly
a by-product of MCS pruning, weeding, thinning, and clearing. Meanwhile, in HG-specific species,
such as Vernonia amygdalina, are cultivated solely for the production of fuel. The situation is similar
with regard to ‘fodder’, where multipurpose trees supplement the hay obtained from the communal
grazing lands [40,55].

On the other hand, some uses and services are limited to specific practices. For instance,
‘shade trees for coffee” was observed only in MCS and HG, as Coffea arabica is hardly present in
MTFE. Similarly, ‘other services’ such as live fences and hedges are more important for MTF and HG
than for MCS, as was reported for the area by Etissa et al. [56].

4.4. Food Production Potential

MTF and HG were found to be the main food-supplying practices. The number of all edible
species identified (80) was considerably higher than in other areas with a similar ecological profile in
Ethiopia, e.g., 23 by Senbeta et al. [39] in Yayu, 59 by Abebe [58] in HG of Sidama. However, differently
from these studies, which considered only native species, the present study included both native and
exotic species.

HG has the larger share of active foods species (82.5%) compared to 1.5% in MCS and 20%
in MTE. The dominant active food species in MTF are Zea mays, Sorghum bicolor, Eleusine coracana,
and Eragrostis tef, which are ingredients of the traditional food Enjera (main source of carbohydrates).
Other second-order species are Vicia faba and Pisum sativum, which are leguminous providers of protein.
Similar values were observed in the Jimma zone [52] and the upper Blue Nile basin [57].

Noticeable is the low supply of staple foods by MTF during the ‘food gap’, the window of
time between seasons. This is generally filled with food cultivated in HG [40,53], including species
such as Ensete ventricosum, which is available throughout the year [6-8,59], and Colocasia antiquorum,
Dioscoreaal alta, and Solanum tuberosum, which are available during the ‘food gap’ specifically, and are
complemented by leafy vegetables such as Brassica oleraceae spp. and Brassica carinata [40,55,60,61].

Concerning the presence of ‘active-foods’, MTF is dominated by cereals but lacks vegetables
and fruits, which are mostly provided by HG, endowed by a broader diversity of active food species
from different food groups, e.g., Carica papaya, Prunus persica, Daucus carot, Cucurbita pepo, Capsicum
frutescens, Brassica oleracea, Brassica carinata, etc., which are also key sources of micronutrients.

4.5. Income Generation Potential

Household economic capability to acquire food in the market is key for the food access
pillar [62,63]. As shown, 95% of the monetary income in Yayu comes from selling Coffea arabica
harvested from MCS. This cash is used not only to buy food but also to cover other expenditures [40,54].

However, this high dependency on Coffea arabica creates a concomitant cash shortage.
Alternatively, HG provides a diversity of merchantable products, e.g., dairy products, fruit, livestock,
spices, and even other cash crops that are sold throughout the year, but especially during that
‘cash gap’. The findings of Etissa et al. [56] confirmed this. Similarly, in MTF, with Catha edulis
being harvested several times throughout the year, can generate a continuous flow of cash, and in
the case of annual crops, whenever surplus is achieved it may also be sold. An interesting paradox
occurs with Eragrostis tef, the most valued staple, which sometimes is sold to buy cheaper staples like
Zea mays and Sorghum bicolor.
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Regarding the species richness of each marketability category, most species cultivated in HG,
such as Catha edulis, Musa paradisiaca, Mangifera indica, and Rhamnus prinoides, were actively sold in the
area. Contrastingly, MCS and MTF were dominated by non-marketable tree species in number but not
in area. This is likely due to the priority given to Coffea arabica in MCS, and to annual crops such as
Zea mays and Sorghum bicolor in MTF. In general, the non-marketed species exceeded the marketable
categories, suggesting a potential of improvement via conservation, transformation, and /or marketing.

4.6. Relationships among Household and Agroforestry Attributes

The correlation analysis conducted between attributes of the household and agroforestry practices
(see Table A1, Appendix A) disclosed that altitude and proximity to market are the two most important
household attributes, which influencing the species composition and richness of a given AFP in Yayu.
As the traditional coffee production system causes minimum damage on the existing vegetation and
as it exists in a biosphere reserve, the residual influence of the original vegetation on the current
species composition of AFPs was expected. The original vegetation is mainly a result of the local
topography and ecological factors. These results agree with those of Addi et al. [64], who focused on
the correlation of natural vegetation composition and altitude in southwestern Ethiopia, and those of
Bajigo et al. [17], who observed a similar association of altitude with woody species diversity in HG of
the Wolayita zone.

Similarly, the market has a considerable influence on the type of species grown and their purpose
of management under each AFP of Yayu. For instance, in Yayu, households located near to the market
had better species richness than those farther away. In facts, both negative and positive influences
of the market on different traits of AFPs have been reported. For instance, in line with the present
study, the authors of Reference [8] reported a positive correlation between the species richness of
agroforestry plots and proximity to markets in the Sidama zone in Ethiopia. In contrast, Reference [65],
studying HG diversity in Indonesia, revealed that HG near to markets tended to be dominated by a few
commercial crops. In Yayu, the major reason for the higher species richness in HG near to markets may
be the dominance that Coffea arabica already has on MCS, while the others are purposefully managed
to meet household and market demands.

Gender also correlates with the richness of some species groups, depending on the purpose
of management, plot location, and labor demand of the species. For example, cultivating legumes
and cereals in MTF plots requires higher cropping and guarding labor, which the female-headed
households often lack. According to the local people, the females in those households are often
widows or divorced mothers. These avoid labor-demanding crops in their MTF plots and convert a
share to cash-generating tree species such as Eucalyptus grandis and give the rest to sharecroppers [53].
On the other hand, the HG plots of female-headed households were rich in food groups such as
vitamin A-rich dark green vegetables and tuber and root crops, which are of great importance for the
food security of these households during shortage times. A study conducted on the driving forces of
changes in the structure of traditional HG agroforestry of southern Ethiopia reported a more significant
relation between women and food crops than between women and cash crops grown in HG [66].

In general, the migrant and resettled households had AFP plots that were less rich in native
useful species, including edible ones, than the native households, except for the actively-marketed
species. This because they have relatively less knowledge about the type and uses of native
plant species. According to the local people, the resettled households change the species of their
AFP into merchantable exotic species more frequently than the natives. This implies that the
impact of migration has a considerable impact on the environment, especially on non-marketable
species. Lemenih et al. [67] confirmed the negative relationship between migration and environmental
management as a lack of formal or informal structure and poor social capital with respect to the
native environment.
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4.7. The Five Pillars of Food Security

This study demonstrated that each AFP has considerable potential, but differentiated contribution
toward the five pillars of FNS of small farming households of Yayu. MTF primarily contributes to
the ‘availability” pillar by serving as the main supply of the annual food. MCS is solely to contributor
to the ‘access’ pillar by generating the annual cash the household uses to purchase food and other
food-related inputs from the market. The HG plots of smallholders usually are used to fill the seasonal
and unexpected food and cash supply gaps by producing crops with different harvesting seasons,
which ultimately enhance the stability of the above two pillars. Furthermore, the diversity in all three
AFPs plays an important role for the ‘utilization” pillar by providing fruits, vegetables, fuel, and fodder,
which ultimately increases the access of the household to diverse and healthy foods. The final pillar,
‘sovereignty’, is mainly assured by the HG as its management and selling of products are mostly
controlled by the female family members, who manage the type of food prepared for the household.

5. Conclusions

Yayu agroforestry practices (AFPs) constitute a remarkable case study concerning potential
local-based efforts to improve food and nutrition security (FNS). The local farmers use three
different AFPs, namely homegarden (HG), multistorey-coffee-system (MCS), and multipurpose-trees
on-farmland (MTF), with different spatial and temporal arrangements, structures, and compositions.
Each has a main purpose, i.e., MTF for food production, MCS for cash generation, and HG for both.
Inter- and intra-practice variations exist with respect to species composition and utilization. Making the
best use of their differences, farmers manage and utilize these practices in a synchronized way to
sustain their livelihoods.

Based on the correlation analysis, it is concluded that the species composition, structure, and mode
of utilization of a given AFP in Yayu is a function of household attributes such as elevation, proximity
to market, gender, and settlement history.

This study also acknowledges the existence of a knowledge gap regarding the detailed
contributions of AFPs to the current FNS of smallholder farm households in Yayu. Thus, empirical
research should assess the FNS status of smallholder farm households to relate this with the observed
attributes of each AFP. As shown, the Yayu area is endowed with untapped resources of edible and
marketable plants, whose contributions should be explored in depth, particularly of those within local
AFPs, toward the enhancement of FNS as well as the living standards of smallholder farm households
of Yayu and other similar areas.
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Appendix
Table Al. Pearson correlation coefficients between attributes of three agroforestry practices and household characteristics in Yayu.
Attributes Appendix A Appendix A Appendix A Appendix A Appendix A Appendix A Appendix A Appendix A Appendix A Appendix A Appendix A Appendix A Appendix A Appendix A Appendix A Appendix A
HG —0.16* —0.18* —0.03 —0.17 % 0.11 —0.17 0.13* —0.01 0.11 0.15* 0.14* 0.16 ** 0.28 ** 0.14* 0.11
Type of main purpose MCS —0.04 —0.05 0.01 —0.04 0.04 0.05 —0.01 —0.04 —0.03 0.04 0.14* 0.18 ** 0.07 0.17 ** 0.09
MTF —0.25* —0.22% 0.06 0.03 0.14* 0.01 —0.01 —0.08 0.03 0.03 0.14* 0.16 ** 0.15 ** 0.16 ** 0.07
HG —0.24 —0.19 —0.06 —~0.12% 0.15* —0.2% 0.17 ** —0.08 0.04 0.22 ** 0.23 ** 0.22 % 0.51 ** 0.23 ** 0.10
Number of benefits MCS —0.15* —0.15 0.09 —0.17 % 0.05 —0.02 0.04 0.01 0.06 0.20 ** 0.3** 0.34 % 0.25 ** 0.34 ** 0.15 **
MTF —031* —0.30* —0.02 —0.08 0.17 ** —0.14 0.11 —0.03 0.06 0.15* 0.23 ** 0.24* 0.28 ** 0.22** 0.14*
HG —033* —0.30* —0.12 0.01 0.08 —0.15* 0.16 ** 0.01 0.15* 0.12* 0.09 0.13* 0.17 ** 0.25 ** —0.12
Total no. of species MCS —0.27 % —0.33* 0.08 —0.08 0.06 —0.16* 0.18 ** 0.10 0.06 0.17 ** 0.14* 0.25** 0.11 0.33 ** —0.01
MTF -0.13% -0.12 0.09 —0.10 0.05 —0.14% 0.13* 0.08 0.10 0.22 ** 0.09 0.17 * 0.15* 0.20 ** 0.03
HG —0.17 % —0.09 018 —0.02 0.04 ~0.30 % 0.27 ** —0.01 0.18 ** 0.07 0.09 0.10 0.17 ** 0.17 ** —0.05
Number of native species MCS —0.27 —0.33* 0.08 —0.08 0.05 —0.16* 0.18 ** 0.10 0.06 0.17 ** 0.14* 0.24 % 0.11* 0.32 ** —-0.01
MTF —0.07 —0.07 0.11 —0.08 0.06 —0.14* 0.12 0.08 0.13* 0.21 ** 0.07 0.15* 0.12 0.18 ** 0.02
HG —0.36 ** —0.38* —0.02 0.03 0.08 0.05 0.00 0.02 0.06 0.12* 0.06 0.11 0.11 0.23 ** —0.13*
Number of exotic species MCS —0.08 ~0.09 0.07 0.02 0.07 0.00 0.03 0.05 0.02 0.07 0.08 0.14* 0.05 0.23 ** —0.06
MTF —0.21* —0.19 % —~0.04 -0.10 -0.03 ~0.04 0.04 0.01 —0.05 0.08 0.10 0.10 0.12 0.11 0.04
Number of species cultivated as food HG —0.26 * —0.3** —0.02 0.08 0.13* —-0.12% 0.15* 0.05 0.09 0.04 —0.04 0.04 -0.05 0.13 * —0.17 **
P MTF 0.32** 0.38 ** —0.16 * —0.19 ** —0.02 —0.08 0.04 0.04 0.00 0.07 0.14* 0.17 * 0.11 0.03 033 **
Number of species cultivated HG —0.29 ** —0.26* 0.09 —0.10 —0.02 —0.2* 021 * 0.06 0.11 0.04 0.15* 0.06 0.14* 0.11 —0.06
umber o SPECI‘I’S cultivated as MCS 0.29 ** 0.35 ** —0.09 0.13* —0.05 0.15 ** —0.18* —0.12% —0.06 —0.18* —011 —0.15* —0.11 —0.21* 0.02
stimulant MTF —0.34 % —0.34 % 0.12 —0.02 0.10 -0.08 0.11 —0.05 0.13* 0.13* 0.12 0.22 % 0.18 ** 0.29 ** -0.10
HG —0.35* —0.36 * -0.01 0.09 0.11 -0.10 0.11 0.00 0.09 0.05 —0.02 0.06 —0.01 0.17 ** —0.20 %
Richness of edible species total MCS —0.04 —0.08 0.02 0.06 —0.07 —0.03 0.05 —0.07 0.02 0.07 0.00 0.06 —0.06 0.13* —0.01
MTF 0.15* 0.13* —0.01 —0.13* 0.02 —0.15* 0.14* 0.12 0.11 0.11 0.02 0.11 0.02 0.07 0.13*
Richness of active-food species HG —0.34* —0.37* 0.03 0.11 0.11 —0.11 0.11 —0.01 0.10 0.02 —0.06 0.02 —0.05 0.13* —0.21 %
P MTF 0.19 ** 0.25 ** -0.12 —0.2% 0.03 -0.12 0.09 0.02 0.07 0.12 0.19 ** 0.26 ** 0.18 ** 0.15* 0.30 **
HG ~0.35 ~0.38 * 0.07 0.02 0.08 0.03 —0.03 —0.02 0.04 0.04 —-0.12% 0.05 0.00 0.16 * ~0.20 %
Richness of actively-marketed species MCS 0.25** 0.29 ** —0.10 0.11 —0.03 0.11 —0.14* —0.13* —0.05 —0.18** 0.02 —0.09 —-0.10 —0.13* 0.00
MTF —0.08 —0.05 —0.10 —0.14* 0.13* —0.13* 0.12* —0.04 0.04 0.17 ** 0.22* 032 % 0.27 ** 0.27 ** 0.26 **
Rich f corcal HG 0.00 —0.04 —0.09 0.08 —0.12 —0.08 0.11 0.14* 0.07 —0.05 —0.18* —0.25* —0.13* —0.13* —0.47 **
ichness ot cereals MTF 0.28 ** 0.27 ** —-0.12 —0.14% 0.02 —0.07 0.04 0.07 0.052 0.14* 0.16 ** 0.15* 0.09 0.05 0.27 **
Richness of roots and tubers HG —0.08 —-0.14% -0.11 0.15* 0.19 ** —0.34 % 0.40 ** —0.05 0.16 ** 0.02 —0.07 ~0.01 -0.02 0.06 —0.03
Richness of leatmes and nuts HG ~0.01 —0.05 0.07 0.06 -0.03 —0.08 0.01 0.08 0.08 —0.09 —0.21% —0.21 % —0.13* —0.12 —0.27 **
& ‘ MTE 0.14* 0.25 ** —0.11 —0.15* —0.09 —0.07 0.04 0.03 —0.02 —0.05 0.10 0.06 0.04 —0.03 0.18 **
Richness of vitamin A-rich vegetables HG —0.01 0.10 0.08 —-0.02 0.05 0.20 ** —0.19* —0.05 —0.10 0.03 0.03 0.05 0.01 —0.03 0.07
Richness of dark green leafy vegetables HG 0.13* 0.19 ** —0.05 0.02 —0.09 —0.12* 0.13* 0.01 0.04 —0.03 —0.13* —0.09 —0.14* —0.11 —0.05
Richness of vitamin A-rich fruits HG —0.26* ~0.23* -0.10 ~0.10 —0.03 0.01 —0.02 —0.05 0.05 0.05 0.06 0.09 0.11 0.13* —0.07
Richness of other vegetables HG 0.07 0.06 0.18 ** 0.02 0.00 0.39 ** ~0.39% —~0.14% —0.17 % 0.00 0.02 0.08 —0.01 0.08 0.06
Richness of other fruits HG —0.26 * —0.38 % —0.01 0.01 0.15* -0.10 0.11 0.07 0.06 0.09 0.03 0.18 ** 0.09 0.26 ** 0.02

* significant correlation at p < 0.05; ** significant correlation at p < 0.01; § nominal variables.
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