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Agroforestry generally contributes to rural food and nutrition security (FNS). However,

specialization on commodity-oriented agroforestry practices or management strategies

can weaken local food sourcing when terms of trade fluctuate, as is the case of coffee in

Ethiopia. Hence, this study assessed the trade-offs that smallholder farming households

in south-western Ethiopia face between growing coffee in agroforestry systems and

their food and nutrition security based on home production as well as markets. Data

collected from 300 randomly selected households included: (i) attributes of agroforestry

practices (AFP) and plants: structure, use type, edibility, marketability, nutritional traits,

and (ii) the householders’ FNS attributes: food security status, nutritional adequacy,

and nutritional status. Data were collected both in food surplus and shortage seasons,

during and after coffee harvesting. Within these data, the number of plant species and

vegetation stories were significantly correlated with household food access security in

both seasons and for all AFP identified, i.e., homegarden, multistorey-coffee-system,

and multipurpose-trees-on-farmlands. The number of stories in homegardens and

the richness of exotic species in multipurpose-trees-on-farmlands were significantly

correlated with the biometric development of children below 5 years old during the

shortage season. The richness of “actively-marketed” species in all AFP correlated with

the food access security of the household, except in the multistorey-coffee-system,

oriented to coffee production. Also, families that cultivate all three AFP showed

significantly higher household diversity dietary during the shortage season. We conclude

that no single AFP can secure FNS status of the households by itself, but the combination

of all three can. Household and individual dietary scores were positively correlated with

the AFP diversity-attributes, especially in the shortage season. Thus, the diversity of

useful groups of plant species deserves to be promoted for instance by enriching AFP

with edible and storable crops needed during the shortage season.

Keywords: food and nutrition security metrics, homegarden, livelihoods, multipurpose trees, multistorey coffee,

traditional agroforestry, Yayu biosphere reserve
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FIGURE 2 | One-way ANOM of household food security indices across seven AFP combinations by household in two seasons (α = 0.05). (A) HFIAS; (B) HDDS. HG,

homegarden; MCS, multi-storey coffee system; MTF, multipurpose tree on farmland; HFIAS, household food insecurity access scale; HDDS, household dietary

diversity score.

DISCUSSION

For all AFP, more species and stories are related with the decrease
of the household food insecurity, as demonstrated by the various
indicators. Actually, a farming system involving more plant
species mimicking the structure of a forest will likely enhance
the FNS of smallholders, i.e., by availing diverse food, enhancing
productivity food production, generating cash for accessing
market foods, and improving environmental and economic
protection from production and market failures (Ickowitz et al.,
2014; Jemal et al., 2018). Regarding the richness of species, the
higher the number of woody species in MCS the lower the
household food insecurity. As Jemal et al. (2018) found, MCS in
Yayu are used primarily for income generation which ultimately
enable smallholders to access food from market. Thus, as the
MCS of Yayu originated from natural coffee forest, a higher
number of native woody plant species can happen either because
of the larger plots size which in turn guarantee larger coffee
harvest, or from other additional high-value forest products
beside coffee, mostly honey, spices or timber, whose optimum
production required a maintenance of additional woody species

over the common coffee and its shade tree species (Senbeta
et al., 2013; Jemal and Callo-Concha, 2017), which in both cases
improve household income to access market food. Similarly,
the more exotic species in HG the higher food security of the
household, because of enlarged list of merchantable and or edible
crop, mostly with different harvesting season from native crops
(Fernandest and Nair, 1986; Abebe, 2005) (Table 1).

Both the household’s and individual’s dietary diversity scores
during the shortage season were higher for households with more
plant species in their MCS (the mostly heterogeneous AFP).
Besides the cash-generating role of MCS plots, they provide
wild foods that play a considerable role in enhancing dietary
diversity, especially for children and women as vulnerable groups
(Powell et al., 2011; Senbeta et al., 2013). Meanwhile, with
the increasing number of herbaceous species in HG (mostly
dominated by low-story species), a degradation in household’s
and individual’s dietary diversity was detected; this might arise
from the dominance of herbaceous food crops during the
shortage season. Most of these food sources come from specific
plant families such as Araceae, Dioscoreaceae, and Brassicaceae
which are classified as belonging to only a few food groups,

Frontiers in Sustainable Food Systems | www.frontiersin.org 9 August 2021 | Volume 5 | Article 608868



Jemal et al. Coffee-Agroforestry and Household Food and Nutrition Security

FIGURE 3 | One-way ANOM of IDDS across seven AFP combinations by sensitive groups in two seasons (α = 0.05). (A) Non-breast-feeding children under age of 5;

(B) Women of reproductive age. HG, homegarden; MCS, multi-story coffee system; MTF, multipurpose tree on farmland; IDDS, individual dietary diversity score.

jeopardizing dietary diversity (Jemal et al., 2018). This argument
is supported by the perceived association between the number
of vegetation stories and HAZ of target children. Both species
diversity and structural complexity of HG contribute to FNS of
sensitive members of the household. The rest of the proxies used
had limited impact on the anthropometry of target groups, with
the exception of HG as a land use.

In general, these results suggest that themost diverse AFP (HG
and MCS) can have high positive impacts on landholders’ food
security and nutrition (Jemal et al., 2018). These two agroforestry
practices differ from each other in composition and purpose,
i.e., MCS hold multiple strata and focus on coffee production
while HG are very diverse and provide foodstuff, also generating
eventual income. But their diversity in species composition
(woody vs. herbaceous) and structural arrangements (number
of story), matter. Also, the correlation values were slightly
higher in the shortage season, what is explained that during the

surplus season, most households have access to similar types of
acquired and shopped foods, whereas in the shortage season the
dependence on local foods increases, and diets tend to be similar.
These findings agree with previous studies (Savy et al., 2006;
Ngala, 2015) (Table 1).

In Yayu, the number of species’ uses in all AFP also
matter for the household FNS. In contrast, the richness of
“actively marketed” species in MCS was not detected as an
important factor. As coffee is the key and dominant cash crop,
the marketability of other species had a limited influence on
householders’ food and nutrition.Where such effects occurred, in
HG andMTF, they could be attributed to alternative cash sources
before the harvesting season of coffee (Jemal et al., 2018). This
finding was confirmed by the present study, when the richness
of “actively marketed” species of HG positively correlated with
the dietary diversity score of smallholders. The positive impacts
of the tradable species on households and individual’s food and
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FIGURE 4 | One-way ANOM of WAZ and WHZ across seven AFP combinations in two seasons (α = 0.05). (A) Weight for age z-score (WAZ); (B) Weight for height

z-score (WHZ). HG, homegarden; MCS, multi-story coffee system; MTF, multipurpose tree on farmland.

nutrition security, adds up and complement to the ones on the
number and richness of species. Evidently here the role of coffee
is key. Similar finding of farmers’ HG in southern Ethiopia were
reported by Mellisse et al. (2017), and by Remans et al. (2011) for
smallholders in Malawi (Table 2).

Regarding the number and richness of edible species, the
results align with previous findings that the diversity of all,
or of specifically marketable, species diminishes the risks of
malnutrition. Diversity effects were less pronounced in MTF,
assumedly focused to the production of staples, where woody
components perform rather other roles, like fencing or fodder
provision, and stronger in HG and MCS (Table 3) (Jemal and
Callo-Concha, 2017).

Predictably, cereals, as primary staple, were the most relevant
food group for the reduction of malnutrition risks, and
correspondingly for the increase of households and individuals’
food and nutrition security. Beyond that, we found that
vegetables and root species, likely enset, appear to specifically
benefit sensitive groups, NBF<5 and WRA. Fruit provision
appears also to be important, in general coming from HG,
especially for children development through the provision of
micronutrients, especially in the shortage season (Table 4).

In general, AFP attributes and features related to their
diversity, showed a consistent association with the decrease

of household food insecurity. Regarding household and
individual diet diversities, the associations tended to be
more marked based during the shortage season, which
surely relate to the oscillation in the householders’ diets
themselves: determined by the dominance of purchased foods
-more homogeneous and dominated by starchy foods - in
the surplus season. Consumption of locally-produced foods
in the shortage season qualitatively improved diets (Jemal,
2018).

Finally, while comparing the overall roles of the practices,
it became clear that there is no single superior AFP that can
ensure FSN of the households. Rather, a combination of all
three AFP generated better nutritional outcomes, through both
direct food provisioning and income. Each AFP appears to
fulfill a specific role in the local livelihoods and missing any
of these AFPs would weaken the household’s ability to address
the FSN pillars. In Yayu, the main food supply comes from
MTF, and the cash from MCS. Households who do not own
at least one of both practices confront difficulties to meet food
security across the year. In most cases, the observed seasonal
gap in food and cash supply is filled by the HG. Similar
results were observed in Myanmar (Choa et al., 2016) and
in other sub-Saharan African countries (Munyua and Wagara,
2015).
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CONCLUSIONS

Food and nutrition security of smallholding farming households
of Yayu were correlated with household ownership of all
the three dominant Agroforestry Practices in Yayu, namely
Homegardens, Multistorey Coffee Systems, and Multipurpose
Trees on Farmlands. No single Agroforestry Practice could
guarantee the overall Food and Nutrition Security status of the
households, but the combination of all three could.

Several attributes of the Agroforestry Practices, mainly
related to their overall and specialized species diversity,
are inversely correlated with household food insecurity.
Regarding the household and individual dietary scores, these
are positively correlated, especially in the shortage season, with
the Agroforestry Practices attributes (mainly diversity of species,
tradable species). Furthermore, the correlations if specific traits
with anthropometric scores of sensitive household members
were weak. Market-based cash inflow from coffee selling was
a key factor in determining the diet and food intake of the
households, especially during the surplus season. Local dietary
preferences did not always match nutritional advice under
these conditions.

After our findings, few suggestions can be made: biodiversity
of useful groups of species should be promoted, especially in
all strata for Multistorey Coffee Systems and in the lower strata
of Homegardens. The latter are particularly important, as they
are the main providers of micronutrients for small children.
Enriching the currently used Multipurpose Trees on farmlands
and Homegardens with edible, storable crops, e.g., cereals, can
contribute to prevention of food insecurity during the shortage
season. All three dominant Agroforestry Practices should be
promoted and where possible further diversified, as together
they increase the local food and nutrition security of small
farming households.
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