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KEY MESSAGES:

- When making decisions about which crops to plant, farmers consider both how to maximize profits,
and to minimize risks. They also have other goals in mind: diversifying crops to improve diets or
selecting crop combinations that improve soil health, for example.

-> Not only do farmers look at farm level but also at trends in their environment. Which crops are in
demand? Which are more vulnerable to disease? Which command higher prices?

- Inthis paper, we explore options for a typical smallholder farmer making decisions on their farm in
the context of different global trends with the aim of optimizing a variety of goals.

-> One objective is to see how crop diversity can help the farmer reach their goals even when confronting
different disturbances. The second is to quantify possible trade-offs and synergies between different
goals, depending on the planting decisions.
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Introduction

All human societies comprise a complex interaction

of people and nature. Our choices as consumers and
producers of food have a direct impact on the ecological
world, and in turn the natural world of crops, soils,
trees, air, water, insects and so on provides services

to us, such as food, clean air, clean water and income.
These interactions between people and nature are often
called socioecological systems and the services called
ecosystem services. Studies into vulnerability and
resilience assess the human and natural characteristics
of socioecological systems and their interactions (1).

Agricultural biodiversity consists of crops and their wild
relatives, trees, animals, microbes and other species that
contribute to agricultural production. It is a key element
of healthy and stable socioecological ecosystems and a
major driver of ecosystem services (2-5). It is important
for diversified and nutritious diets, as well as for the
genetic resources that allow farmers and plant breeders
to adapt a crop to diverse and changing environments,
for example under climate change (6). Biodiversity is a
key asset of the rural poor in lower-income countries,
who depend on agriculture for their livelihoods and
well-being (7). Farm households and rural communities
have long used agricultural biodiversity to manage
pests, diseases and weather-related stress, provide soil
health and water conservation, and to diversify their
diets (8-13).

Different levels of agrobiodiversity on farm can realize
different sets of farm goals (e.g. income, food and
nutrition security, soil health and natural environment)
that shape the vulnerability and resilience of
socioecological systems. Resilience is the capacity of the
system to ‘bounce back’ from a disturbance.

Climate change is one of the largest global challenges
to agriculture and food security, with agricultural
productivity set to decline and prices set to increase

as a result. This effect will, however, be unequally
distributed across regions and crops, with some areas
actually benefiting from new climatic conditions,

and some crop yields being more affected than

others. Climate change is expected to increase crop
vulnerability to pest and disease outbreaks (15). The
impact of pests and diseases on agricultural production
can vary from minor to completely devastating (16,

17). The real prices of all agricultural commodities will
increase until the year 2050, with the prices of maize,
rice and wheat projected to increase by up to 30% in
the most extreme climate scenario. The impact on food
security will be worst in sub-Saharan Africa (18).

Farmers manage vulnerability and resilience on their
farms by dynamically adjusting the practices they
use and the crops they plant. The initial management

choices, for instance cropping pattern, animals kept and
resources used, generate certain outcomes, like income
or nutrition. Following a disturbance, like a drought

or a decline in the price of a product, the outcomes
deteriorate and the farmer can respond by reconfiguring
the farm through changing the space she allocates to
her existing crops, or she can try new crops, farming
practices or inputs, in order to get the farm system’s
performance back to the pre-disturbance level.

When making decisions about which crops to plant,
farmers consider how to maximize yield, but minimize
risks. They also have other goals in mind: diversifying
crops to improve diets, selecting crop combinations
that improve soil health, among many others. Not only
do they look at farm level but also at trends in their
environment: Which crops are in demand? Which are
more vulnerable to diseases? Which command higher
prices?

In this paper, we explore the options for a typical
smallholder farmer making decisions on his farm in
the context of different global trends with the aim of
optimizing a variety of goals. One objective is to see
how crop diversity in particular can help the farmer
reach his goals even when confronting different
disturbances. A second objective is to quantify possible
trade-offs and synergies among different goals
depending on the planting decisions the farmer makes.

For modelling purposes, we imagined a small-scale
banana-growing farm in Uganda facing challenges of
a banana disease outbreak and climate change over
the coming 30 years. The farmer grows nine (basic)
Crops: banana, plantain, maize, cassava, sweet potato,
beans, coffee, yam and grassland. We considered seven
additional (intervention) crops, which the farmer could
potentially add to the farm. These are avocado, mango,
pawpaw, groundnut, jackfruit, Irish potato and tomato.

Setting the context

In Uganda, bananas and plantains are among the most
important staple food crops, contributing to rural
populations” household food security, revenues and
culture. Additionally, bananas play an important role

in environmental conservation, because they provide

a good, permanent soil cover that reduces soil erosion

on steep slopes, and are a principal source of mulching
material for maintaining and improving soil fertility (19).
Smallholder banana systems dominate banana-farming
systems in Uganda (20). These systems are perennial, low
input and rural based. The first purpose of these systems
is food security, but commercial interests have become
increasingly important as of recent years.
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Banana production is affected by fungal, bacterial and
viral diseases, like Panama disease, black Sigatoka or
banana Xanthomonas wilt (21-23), as well as by other
environmental issues due to climate variability, including
floods and droughts (15). Bananas are particularly
vulnerable to disease as a result of very low genetic
diversity — cultivated bananas are practically seedless and
so are reproduced by using tissue culture (like cuttings),
making them essentially clones of the original plant

(24). Panama disease (Fusarium wilt), which in the 1900s
wiped out production worth at least US$2.3 billion (in
2000 prices) and caused major socioeconomic crises in
affected regions, is a prime example of the risks that are
inherent in the use of crop monocultures and bananas in
particular (25).

Modelling concept

In order to assess the potential role of crop diversity in
reducing vulnerability and improving resilience, we
combined two existing modelling tools.

IMPACT stands for the International Model for Policy
Analysis of Agricultural Commodities and Trade.

It is used to support scenario analysis of long-term
opportunities and challenges related to food security,
climate change and economic development facing the
global food and agricultural sector. It is set up in annual
time steps and currently runs scenarios covering years
2005 to 2050. A multimarket model of the global economy
links agricultural commodity markets for around 62
internationally traded (primary and processed crop and
livestock) commodities and 159 countries or country
groupings.

FarmDESIGN shows the consequences of decisions

at farm and field level, and explores relations between
different productive, socioeconomic, nutritional and
environmental farm goals (26, 27). We set the model

to reflect the conditions of a banana-producing farm

in Uganda that produces for both home consumption
and market. It owns no cattle and the size is 5.3ha with
around 40% dedicated to bananas. We collected data for
the model by conducting interviews with 1,217 randomly
selected households in 11 districts in 2015.

We combine the two models — of global agricultural
markets and of farmer management decisions on the
farm — so that we can assess the implications of climate
change or a banana disease outbreak for four important
farm goals (income, food and nutrition, agrobiodiversity
and soil health), and trade-offs and synergies between
the goals until the year 2050 (Figure 1). We considered
three different future scenarios (baseline, climate change,
disease incidence), and two sets of crops available for
cultivation (nine basic plus seven intervention crops) (28).
We modelled how farm resilience would be affected by

stress disturbances resulting from disease incidence or
climate change, and associated price changes until 2050.

We answer three main questions using the integrated
models:

1. Under the three future scenarios, what is the
potential for crop diversity to increase resilience
and in what ways might climate change or disease
outbreak increase vulnerability?

2. What are the trade-offs and synergies between
different farm goals ?

3. How does the cultivation of different individual
crops influence the farm goals?

Climate change

Banana disease

Supply

Agricultural
sector

Demand

IMPACT
Yelds, prices
Farm DESIGN Farm
“4—’
Farm
v outcomes

Food and
nutrition

Agrobiodiversity Soil health

Three global future scenarios

In the model, we consider three scenarios representing
possible global futures, built around climate change,
socioeconomic trends and a banana disease outbreak.!

Baseline scenario: assumes the status quo of the
socioecological system. In this scenario, there is no
climate change, meaning that climate-related variables
are constant until 2050. When it comes to socioeconomic
development, we assume similar growth as observed in
the past — uneven demographic and economic growth
globally.
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Bad climate scenario: assumes severe climate change
coupled with high unsustainable socioeconomic growth,
producing high greenhouse gas emissions. The other
factors are the same as in the baseline scenario.

Banana -50% scenario: assumes a banana disease
outbreak that reduces banana and plantain yields
annually by 50% in East Africa until 2050. The other
factors are the same as in the baseline scenario.

The first step is to analyze these three scenarios with
the IMPACT model to draw implications for the food
sector, in particular crop productivity and food prices.
The resulting sets of output levels and prices until 2050
are then introduced into the FarmDESIGN model to
assess the consequences of possible farm configurations
for revenues and allow calculation of trade-offs between
various farm goals.

Farm goals

High and stable income

Nutrition security
Crop diversity
Soil health

Farm outcomes
and goals

We linked possible distributions of the farmland

among crops (different farm configurations) to four
desirable farm outcomes: high and stable income, food
and nutrition, agrobiodiversity and soil health. We
selected six indicators to measure (some aspects of)
these outcomes that we considered to be important in
the context of a small farm in Uganda (Table 1). Through
modelling with FarmDESIGN we explored trade-offs
and synergies between these goals.

Indicators

Maximize revenues from crops

Minimize variance of crop revenues

Maximize vitamin A yield

Maximize crop diversity measurement (Shannon index)
Maximize farm nitrogen balance

Minimize erosion potential

High and stable income: We chose to maximize revenues from crops, and also to minimize variance of crop revenues because
excessive food price volatility has broad negative consequences, primarily affecting poor producers and consumers, by elevating
risks of future prices (29, 30). As a result of high volatility, net food producers, especially in low-income countries where financial
markets do not function well, may lower their input use and consequently their agricultural output (31-33).

Nutrition security: We chose vitamin A yield as the nutrition security indicator. Vitamin A deficiency is considered one of the most
prevalent micronutrient deficiencies worldwide, mainly affecting children in low-income countries (34). In East and Central Africa, the
prevalence of vitamin A deficiency significantly exceeds the World Health Organization threshold of 15% (35). Vitamin A deficiency
can be addressed through supplementation programmes (administering concentrated doses of vitamin A to at-risk populations),
food fortification (adding micronutrients to food), and dietary diversification (adding naturally vitamin A-rich foods to diets). While
all of these are valid approaches (36), the first two have generally proven difficult to implement in low-income countries such as
Uganda. Dietary diversification is considered to be an intervention strategy that is sustainable without external support and can

simultaneously combat multiple micronutrient deficiencies (37).

Crop diversity: We aim to maximize crop diversity on farm, because it is one strategy farmers use to strengthen resilience to
climate change and pests. The contribution may arise from the choice of crop (climate- or pest-resistant, for example), the portfolio
effect of having different crops which react differently to different disturbances, increasing the chances that not all crops are equally
vulnerable, or from synergies between different crops (for example, growing nitrogen-fixing legumes like beans alongside pumpkins).

Soil health: When it comes to soil health, we focus on minimizing soil erosion while maximizing nitrogen balance. Soil erosion
affects productivity negatively due to loss of nutrients, and has negative environmental consequences due to pollution of natural
waters or adverse effects on air quality due to dust and emissions of gases (38). Soil nutrient depletion is one of the major causes
of declining per capita food production in sub-Saharan Africa. Adequate soil management will be required to sustain food security in

the light of increasing population densities (39).
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Vulnerability

and resilience

of smallholder
farmers under
different scenarios

A farmer’s room to manoeuvre is determined by the
farm configuration and management options she has
available. The more opportunities a farmer has to
recover system performance after a disturbance to get
her farm goals back to or beyond original performance,
the more resilient the farm is.

The potential for crop diversity to reduce
vulnerability and increase resilience

We analyzed the consequences of cultivating only

the nine basic crops versus adding seven intervention
crops to the farmer’s portfolio. Adding intervention
crops improved the farmer’s possibilities of achieving
all her goals. This means that the farmer has more
opportunities to respond to future disturbances related
to climate change or banana disease outbreak. Higher
species diversity increases farm resilience.

Through comparing the options under the three
different global scenario results, we see that climate
change will create more income opportunities —
potential and average crop revenues are the highest
under the climate change scenario. However, this
comes with higher uncertainty of income — the highest
average and potential revenue variance are also under
this scenario. These results suggest that climate change
can increase vulnerability of smallholder farmers in
Uganda with respect to their income. Banana disease
significantly decreases the potential for achieving
vitamin A yield and slightly increases soil erosion
potential. Implications are that banana disease can put
pressure on nutrition and sustainability of production.

The trade-offs and synergies among
different farm goals

Analysis of trade-offs and synergies between the
selected farm goals reveals intuitive patterns. For
instance, increasing revenues from cropping comes
with a trade-off of slightly more erosion potential (Table
2). The biggest trade-off was between the economic
indicators of revenues and their variance. A focus on a
small number of profitable crops means higher revenue
in good years, but more risk of crop failure. Adding
more crops to the farm has a significant positive impact
on soil health (especially soil erosion) and nutrition
(vitamin A yield). Although on average crop diversity
slightly increases revenue variance, the lowest variance
of revenue was found at the highest levels of crop
diversity.

Crop diversity High and stable income Nutrition security Soil health

Shannon index Crop revenues  Revenue variance  Vitamin Ayield  Erosion potential Nitrogen balance
Shannon index 0177 -0.361 0.399 0.627 0.240
Revenue variance _ -0.154 -0.148
Vitamin A yield 0.278 0.498
Erosion potential 0.307

Nitrogen balance
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Influence of different crops on the farm
goals?

Finally, we analyze how each crop impacts the farm
goals (Table 3). Correlations between areas of specific
crops and the performance indicators can be used to
inform farmers about the consequences of their planting
choices. The production of yam was strongly correlated
with crop revenues, but would also lead to higher
erosion potential and variance of revenues, hence more
economic and environmental risks for farmers. Tomato
cultivation could contribute strongly to vitamin A yield

and the nitrogen balance of the farm, while generating
significant but volatile revenues. The worst performing
crops from an economic, environmental and nutritional
perspective were groundnut, beans and coffee.
Introduction of the new, intervention crops (marked in
grey), would positively influence crop diversity (increase
Shannon index).

TABLE 3 - Correlations between the area of different crops and the performance indicators [sorted by declining

correlation with crop revenues) for the ‘Business as usual’ scenario.

The intensity of a colour indicates the strength of correlation between a crop area and a performance indicator. Shades of green are
assigned to positive (desirable) impacts and shades of red to negative (disadvantageous) impacts.

Crop Crop diversity

High and stable income

Nutrition security Soil health

Shannon index

Crop revenues

Yam
Tomato

Avocado

Pawpaw
Mango
Jackfruit 0134

Grassland 0.102

Revenue variance

Vitamin Ayield  Erosion potential ~Nitrogen balance

-0.302

0.228

0.080 0.074 -0.013

Cassava -0.024 0.025

0.022 0.047 0.115

Irish potato -0.022

Maize

Plantain

‘Sweet potato -0.027
‘Sweet bananas
Coffee 0.143
Beans

Groundnut

0.045 0.075 -0.132 0.115

-0.009 0.054

-0.059 0.031

0.029 0.192
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Conclusions: What
does this mean
for farmers and
policymakers?

This study contributes to an important discussion

on trade-offs between various objectives related

to agricultural production, keeping in mind the
complexity of a farm as an agroecological system and
the complexity of human needs, going beyond calories
and income. We analyze farm-level goals in the light

of global challenges to agricultural production of the
future. We show that crop diversity can significantly
improve resilience to climate change and banana disease
of a small farm in Uganda over the next 30 years.

Modelling different scenarios, different crop
configurations and different goals is important for
farmers and policymakers when making decisions to
achieve short- and long-term goals in dynamic situations
of change. This kind of exercise can be used at a national
or regional level by those designing policies to reach
multiple goals (nutrition, soil health, revenue etc). It can
also be useful for farmers to help design their farms to
better meet their complex needs.

The models indicate that increasing crop diversity is
generally a good strategy — it leads to more resilience,
better soil health, more stable income and better
nutrition. However, decision-makers need to be
mindful of the trade-offs between different objectives.
Increasing the number of cultivated crops will improve
most farm-level goals, but will not achieve the highest
potential income. On the other hand, growing a small
selection of the most profitable crops maximizes
potential revenues, but also increases risk, due to their
volatility. Since banana disease and climate change
can have a negative impact on nutrition and soil
productivity, diversity-maximizing polices supporting
these outcomes will be very relevant.

This example of modelling a smallholder banana farm
in Uganda is relevant elsewhere. In the framework of
Agenda 2030, in which the Sustainable Development
Goals are “an indivisible whole” policymakers need
solutions which combine economic prosperity, social
justice and environmental protection. Integrating
models that combine on-farm decision-making with
global agricultural market trends is an approach

that can be used in low-, middle- and high-income
countries to understand how to generate synergies and
manage trade-offs so that global goals of crop diversity
conservation, nutrition, environmental protection

and human nutrition can be considered and managed
together. For smallholders and actors working with
them, analyses of trade-offs and synergies open spaces
for increasing resilience at a farm-household level that
link up to strengthen resilience at regional and global
levels.
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Notes

! This methodology is called scenario analysis. It is
different from forecasting, which should take into account
all important factors that will affect food supply, demand
and governance in the future. These factors are very
difficult or impossible to predict over the next decades.
On the contrary, scenario analysis uses information about
the current dynamics of the food system to understand
how possible future changes of the major drivers, grouped
into scenarios, could affect the food system. Scenarios are
different, internally consistent narratives about the future
(40).

i Crop revenues were calculated based on the market
prices generated in IMPACT. Production costs were not
taken into account. Nutrients produced on 1ha of every
crop were calculated based on the food composition table
for Central and Eastern Uganda (41). Soil erosion was
calculated based on the crop cover factor (C-factor) of

the Revised Universal Soil Loss Equation (RUSLE). The
C-factor links soil loss to land cover and land management
and is independent of the environmental conditions (42,
43). Nitrogen balance was calculated based on data on the
nitrogen content of farm inputs and crop products using
food composition tables of HarvestPlus and USDA (41, 44).
The Shannon diversity index (H) was used as an indicator
of crop diversity. It quantifies the ecological diversity and
‘evenness’ of distribution of species in a farm (measured
as a farm’s frequency distribution). H = 0 if there is only
one species on the farm and H reaches its maximum when
each species occupies the same area on the farm. Thus, a
monoculture results in a low value for the Shannon index
(38).

References

1. Gallopin GC (2006) Linkages between vulnerability,
resilience, and adaptive capacity. Global Environmental
Change 16(3):293-303.

2. Duncan C, Thompson JR, Pettorelli N (2015) The quest
for a mechanistic understanding of biodiversity-
ecosystem services relationships. Proceedings
Biological Sciences 282(1817):20151348.

3. Hooper DU, et al. (2012) A global synthesis reveals
biodiversity loss as a major driver of ecosystem
change. Nature 486(7401):105-108.

4. Love B, Spaner D (2007) Agrobiodiversity: its value,
measurement, and conservation in the context
of sustainable agriculture. Journal of Sustainable
Agriculture 31(2):53-82.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

FAO (Food and Agriculture Organization) (2019) The
State of the World's Biodiversity for Food and Agriculture
eds Belanger J, Pilling D (FAO Commission on
Genetic Resources for Food and Agriculture
Assessments, Rome, Italy) Available at: http://www.
fao.org/3/CA3129EN/CA3129EN.pdf.

Fowler C, Hodgkin T (2004) Plant genetic resources
for food and agriculture: assessing global availability.
Annual Review of Environment and Resources 29(1):143—
179.

Jarvis D, Sthapit B, Sears L (2000) Conserving
Agriculture Biodiversity in Situ: A Scientific Basis for
Sustainable Agriculture (International Plant Genetic
Resources Institute, Rome).

Di Falco S, Chavas J-P (2009) On crop biodiversity,
risk exposure, and food security in the highlands of
Ethiopia. American Journal of Agricultural Economics
91(3):599-611.

Bellon MR (2004) Conceptualizing interventions to
support on-farm genetic resource conservation. World
Development 32(1):159-172.

Jarvis DI, et al. (2008) A global perspective of the
richness and evenness of traditional crop-variety
diversity maintained by farming communities.
Proceedings of the National Academy of Sciences
105(14):5326-5331.

Johns T, Sthapit BR (2004) Biocultural diversity in the
sustainability of developing-country food systems.
Food and Nutrition Bulletin 25(2):143-155.

Bélanger ], Johns T (2008) Biological diversity, dietary
diversity, and eye health in developing country
populations: establishing the evidence-base. EcoHealth
5(3):244-256.

Hajjar R, Jarvis DI, Gemmill-Herren B (2008) The
utility of crop genetic diversity in maintaining
ecosystem services. Agriculture, Ecosystems &
Environment 123(4):261-270.

Darnhofer I, Fairweather ], Moller H (2010) Assessing
a farm’s sustainability: insights from resilience
thinking. International Journal of Agricultural
Sustainability 8(3):186-198.

Rosenzweig C, Iglesius A, Yang XB, Epstein PR,
Chivian E (2001) Climate change and extreme weather
events - Implications for food production, plant
diseases, and pests. Global Change & Human Health
2(2):90-104.

Oerke EC (2006) Crop losses to pests. The Journal of
Agricultural Science 144(1):31.

Strange RN, Scott PR (2005) Plant Disease: A Threat to
global food security. Annual Review of Phytopathology
43(1):83-116.

Ignaciuk A, Mason-D’Croz D (2014) Modelling
adaptation to climate change in agriculture (Paris)
doi:https://doi.org/10.1787/5jxrclljnbxqg-en.

Kalyebara MR, et al. (2006) Economic importance

of the banana bacterial wilt in Uganda. African Crop
Science Journal 14(2):93-103.



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Thought Pieces

Kikulwe E, et al. (2018) Does gender matter in
effective management of plant disease epidemics?
Insights from a survey among rural banana farming
households in Uganda. Journal of Development and
Agricultural Economics 10(3):87-98.

Butler D (2013) Fungus threatens top banana. Nature
504(7479):195.

Jesus Janior WC de, et al. (2008) Worldwide
geographical distribution of Black Sigatoka for
banana: predictions based on climate change models.
Scientia Agricola 65(spe):40-53.

Smith J], Jones DR, Karamura E, Blomme G,
Turyagyenda FL (2008) An analysis of the risk from
Xanthomonas campestris pv. musacearum to banana
cultivation in Eastern, Central and Southern Africa
(Montpellier, France).

Ordonez N, et al. (2015) Worse comes to worst:
Bananas and Panama Disease—when plant and
pathogen clones meet. PLOS Pathogens 11(11):e1005197.
Ploetz RC (2005) Panama disease: An old nemesis
ACrears its ugly head: Part 1. The beginnings of the
banana export trades. Plant Health Progress 6(1):18.
Groot JCJ, Cortez-Arriola J, Rossing WAH, Massiotti
RDA, Tittonell P (2016) Capturing agroecosystem
vulnerability and resilience. Sustainability 8(11):1-12.

Groot JCJ, Oomen GJM, Rossing WAH (2012) Multi-

objective optimization and design of farming systems.

Agricultural Systems 110:63-77.

Robinson S, et al. (2015) The international model
for policy analysis of agricultural commodities
and trade (IMPACT): Model description for version
3. (November). IFPRI Discussion Paper No. 01483.
International Food Policy Research Institute.

von Braun J, Tadesse G (2012) Global Food Price
Volatility and Spikes: An Overview of Costs,

Causes, and Solutions ZEF- Discussion Papers on
Development Policy No. 161, Center for Development
Research, Bonn.

Kalkuhl M, Kornher L, Kozicka M, Boulanger P,
Torero M (2013) Conceptual Framework on Price
Volatility and its Impact on Food and Nutrition
Security in the Short Term. FOODSECURE working
paper no. 15. The Hague: LEI Wageningen UR

Binswanger HP, Rosenzweig MR (1986) Behavioural
and material determinants of production relations in
agriculture. Journal of Development Studies 22(3):503—
539.

Donato R, Carraro A (2015) Modelling Acreage,
Production and Yield Supply Response to Domestic
Price Volatility. 2015 Fourth Congress, June 11-12, 2015,
Ancona, Italy.

Haile MG, Kalkuhl M, von Braun J (2014) Inter- and
intra-seasonal crop acreage response to international
food prices and implications of volatility. Agricultural
Economics 45:1-18.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Wirth J, et al. (2017) Vitamin A supplementation
programs and country-level evidence of Vitamin A
deficiency. Nutrients 9(3):190.

WHO (World Health Organization) (2009) Global
prevalence of vitamin A deficiency in populations at
risk 1995-2005. WHO Global Database on Vitamin A
Deficiency (Geneva, Switzerland).

Chakravarty I (2000) Food-based strategies to control
Vitamin A deficiency. Food and Nutrition Bulletin
21(2):135-143.

Tontisirin K, Nantel G, Bhattacharjee L (2002)
Food-based strategies to meet the challenges of
micronutrient malnutrition in the developing world.
Proceedings of the Nutrition Society 61:243-250.

Lal R (1998) Soil erosion impact on agronomic
productivity and environment quality. Critical Reviews
in Plant Sciences 17(4):319-464.

Drechsel P, Gyiele L, Kunze D, Cofie O (2001)
Population density, soil nutrient depletion, and
economic growth in sub-Saharan Africa. Ecological
Economics 38(2):251-258.

Wilkinson A, Kupers R The essence of scenarios :
learning from the Shell experience. Amsterdam:
Amsterdam University Press.

Hotz C, Abdelrahman L, Sison C, Moursi M, Loechl
C (2012) A Food Composition Table for Central and
Eastern Uganda (HarvestPlus, Washington DC and
Cali).

Renard KG, Foster GR, Weesies GA, et al. (1991)
RUSLE Revised universal soil loss equation. Journal of
Soil and Water Conservation 46(1):30-33.

Renard KG, Foster GR, Weesies GA, Mccool DK, Yoder
DC (1997) Predicting Soil Erosion by Water: A Guide
to Conservation Planning with the Revised Universal
Soil Loss Equation (RUSLE) USDA.

USDA. USDA Food Composition Databases. Software

developed by the National Agricultural Library
v.3.9.5.2_2019-05-07. https://ndb.nal.usda.gov/ndb/



i

Cleaning and drying grains in the Tigray region, Ethiopia. Credit:
Chiara Mancini

This thought-piece is part of the Agrobiodiversity Index Report 2019: Risk and Resilience.
The perspectives presented in the thought pieces are the authors’ own and do not necessarily reflect those of Bioversity International.

Bioversity International Headquarters
Via dei Tre Denari, 472/a - 00054 Maccarese (Fiumicino) - ltaly
Tel. (+39) 06 61181 - Fax. (+39) 06 61979661 - bioversity@cgiar.org - www.bioversityinternational.org

Agrobiodiversity Index contact: agrobiodiversityindex@cgiar.org

Alliance
® s
2\ =CAT =&

Bioversity
International

CGIAR

Bioversity International is a CGIAR Research Centre. CGIAR is a global research partnership for a food-secure future. www.cgiar.org
Bioversity International is registered as a 501(c)(3) non-pro_t organization in the US.
Bioversity International (UK) is a Registered UK Charity No. 1131854.

v MG RO

Some rights reserved. This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives
4.0 International License (CC BY-NC-ND 4.0 https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode)



