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Background

A Smallholdeagroecosystems produceotiehi rd of the worl dés food
Institutional supportmaking thenvulnerableto nutritional insecurity and environmental degradation.
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*Presenting author: aestrat@umich.edu

Indicator Framework

Table 1. Indicator framework for ecological and nutritional functions of agroecosystems. Indicators were adapted from prior
frameworks (refs. 24). Indicators correspond with FAO dimensions of food and nutritional security{refs indicated in

parentheses below each indicator nanide Stabilitydimension is nested within each indicator pair.

A Given that smallholder farmers rely on household production to meet their nutritional needs,

Indicator Pair

Indicator Type

Indicator

Agroecosystem Function

management of soil fertility, biodiversity, and other ecological characteristics of agroecosystems

Total crop production per

Produce crops over time and under varial

directly affects small hol dersd capacity to p 1 Ecological (E) . .
- area environmental conditions
Study purpose Productivity
. L . . . . . L Supplysufficient quantities oktaple crops
A We lack explicit frameworks linking ecological and nutritional functions of agroecosystems, as well ¢  (Availability) Nutritional (N) | Staple food availability P H h C: d calor dp >
research exploring farmersdé adaptive capaci t] i 0 meet housenold caloric needs
agroecosystemesilience (Figure 1). I _ , _
J 4 (Fig ) o Fill distinct ecological niches and contribu
A To address these gaps, we developed an indicator framework to evaluate the complementary roles |of . . . . .
. . . - . 2 Ecological Crop diversity to longterm productivity by varying crop
ecological and nutritional functions of agroecosystems for smallholder resilience (&t right _ _ _
L Diversity species over time and in space
Main findings
A Using case study data from 60 farms in eastern Guatemala, we found that ecological and nutritional (Acces .. . - . . | Provide access to diverse food crops,
. . . o N Ntd)tnu%n%l Access tg a dJ]versmed diet . _ . .
I ndi cators were significantly related (Kendall |l ds tau| = . , |z = ., p <O pofefti@hinpactisgudiet@ealityt 1 n g
management practices increassgroecosystem functions related to bo8DG2 (food and L ) 3 3
nutritional security)and SDG 15ecosystem functioning) iour sample. N | & ]o]s s | E} %[ v “S_FE] VS
A We found that farmers using ecological adaptation strategies such as cover cropping and agrofores Ecological !3enef|c.|al SPECIes _and rep.roduct_lorln ey Emeicl _
had significantly higher levels of agroecosystem functioning and resilience than farmers who were 3 Interactions interactions within and between trophic
coping with shocks by working eféirm or renting land from plantations. : levels
. . . . . . ualit
A Our findings demonstrate t_he Importance of linking eco!oglcal and nutrltlongl functlo_ns of (Uiiglizatiz)/n) Increase crop nutrient content and elicit
agroecosystems through diversified management practices to leverage their synergies. - | | ohytochemical responses through
Nutritional Edible crop quality e Ll . . . .
facilitative species interactions, improving
COnCeth al M Odel crop nutritional quality for human diets
Enable a functional safety net by planting
4 Ecological Functional diversity and crops with diverse ecological functional
Functional J redundancy traits and levels of associated nanop
Diversity species diversity
(Utilization) . . Fulfill nutritional needs for household diet
. Nutritional functional . . .
Nutritional by growing crop species that provide

diversity

complementary and diverse nutrients

Figure 1. Conceptual diagram of interactions between agroecosystem functioning and resiliéacs

management affects ecological and nutritional functions, which in turn drive changes in agroecosystem resilience.
Green arrows inside the circle represent the interactions between ecological and nutritional functions, which are 3

mediated by agroecosystem management practices and the adaptive capacity of farmersevarm

management decisions are embedded within food systems and associated governance and landscape conditions;.

which can trigger positive (+) or negativeféedbacks in agroecosystems.

Table2. Results of multiple correspondence analysis between individual pairs of ecological and nutritional indicators, repregentin

tradeoffs or synergies, across all farms (n=60) in a case study in eastern Guatefihaladicators showed significant positive
(indicators 3 and 4) or negative (indicator 1) witpiar relationships at a 95% confidence interval. See ref. 1 for a visual
representation of the analysis. Castedy metrics (measures of the broader indicatavgye derived from interview data except
edible crop quality, which was measured by analyzing maize grain samples for protein concentration.

ldentifying synergies between ecological and nutritional

resilience of smallholder agroecosystems
Anne Elise Strattof, Laura Kuh Jennifer Blesh

1School for Environment and Sustainability, University of Michig&thool of Public Policy and Urban Affairs and International Affairs ProgiNortheastertniversity

Case Study Results

A Aim: Use case study data from 1dllages ireastern Guatemal@ identifyhow interactions
between ecological and nutritional indicatansour framework can affedrends in agroecosystem
functioning and resilience.

A Findings: Adaptive management practices tended to produce synergistic ecological and
nutritional relationships, whereas coping and maibeénted strategies prioritized basic
nutritional functions while undermining ecological ones (Figure 2).

AExi stence of ecological and nutr.i
degraded environments (Table 2, 3).
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Table 3.Matrix showing relationshipsacrossall ecological and nutritional indicators for 60 farms in the
an cp?se studyrelationships between paired indicators are shown in boldyeié significantly related. The

- e
U s{iﬁongest relationship was between the Functional Diversity indicators, 4E ardoffbaired indicators had positive

t

. Case Study Case Study McNemar's -
Indicator Ecological Metric| Nutritional Metric —1 af p-value Synergy or tradeoff:
1 . . . tradeoftf:
Productivity :i:rgoep Y] Gl >[/)ig‘|d(:|t/surplus Malze 1 56.73 3 [6.70x 1€ |negative ecological;
positive nutritional
5 ;
| | Agrobiodiversity (data not available for| 3 3
Diversity case study)
3 . . Maize protein
Quality Multi-cropping concentration 25.67 3 |1.1x1¢ |[synergy
4
. Ecological crop  |Nutritional crop El ~&]°/ 5
ngr\]lcetr';?;l functional diversity|functional diversity  |Exact) 3 |2.2x10° Isynergy
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relationships (synergiesjith the exception othe negative relationship (tradeoff) between ecological Productivit)
(1E) and Quality (3E) indicators.

1E 3E 4E 1IN 3N 4N
No No
1E NA Tradeoff : : Tradeoff -) Syner : :
L relationship () Synergy relationship
dl I arfl No
3E Tradeoff NA : :
relationship
NoO No No
4E : : NA : : : :
relationship relationship| relationship
N
1IN Tradeoff I.\IO : I.\IO : NA .O :
relationship | relationship relationship
No No
3N -) Syner : : NA : :
() Synergy relationship relationship
N N
4N : ° : : : : ° : NA
relationship relationship| relationship

Figure 2. Coping and adaptation strategies in
smallholder agroecosystems eastern
Guatemala Farmer strategies to cope or adapt to
shocks are shown in relation to the ecological
(4A), nutritional @B), and overall sums of
Indicators represented by the Agroecosystem
Function Index (AFIIQ. Primaryadaptation
strategies were ecological, marketiented, or a
hybrid approach using both ecological and
marketoriented practices. Coping strategies
Included renting land, offarm work on
plantations, and increasing pesticide use.
Ecological strategies included incorporating
agroforestry technigues, use of leguminous cover
crops, and integrating multiple crop diversification
practices. Markebriented strategies included
Increasing crop sales, growing hybrid maize
varieties, and higher fertilizer and pesticide
application ratesDifferentletters indicate
significant differences by household coping or
adaptationstrategy(p<0.05; Tukey's H D v e
iIndicates no significant model effectgillage was
Included as a random effect in all models

Conclusions

A To foster resilient agroecosystems, we
must meet the dual goals of bolstering
ecological functions while producing
sufficient higiguality food to ensure food
security and nutrition.

A Our framework establishes that
smallholder farmers can adopt
management strategies in line with both
ecological and nutritional goals.

A This adaptable indicator framework can
help identify best practices that lead to
ecological and nutritional synergies in
diverse agroecosystems contexts and
could aid decisioimakers in targeting
supportive resources to the most
vulnerable households.



