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Horticulture Innovation Lab Nutrition Research Program:
• Goal of our program is to improve production and 

increase consumption of AIVs to improve nutrition, 
generate income and improve health of nutritionally 
at risk populations in Eastern and Central Zambia and 
Western Kenya;

• Program builds upon a previous studies showing 
significant interest and acceptance of AIVs by rural 
farmers;

• We use the Rutgers Models of Market-First and 
Science Driven Development for Income Generation 
and Increased AIV Consumption. 



Considerations
• Project findings indicate that in the targeted rural and peri-urban 

households in western Kenya and Eastern and central Zambia AIVs are 
known to over 90% of the populations and viewed as culturally 
acceptable, desired as preferred food options but they are still rarely 
to periodically only  consumed. This translates to a potential untapped 
market demand of millions of dollars and a major economic 
opportunity for growers and a major opportunity for consumers to 
access nutrient rich foods that are of interest to them. 

• A systems approach to enhance access and adoption (production and 
consumption) has been leading to significant new income generation 
opportunities to those that were not previously involved in commercial 
horticulture production and a greater awareness to communities of 
their nutritional and health value.



Horticulture Innovation Lab Nutrition Research Program Builds 
Upon the 4 A’s:

Access Affordability

Availability

Adoption
(Increased Consumption)

Leading to Measureable Health 
Indicators in targeted populations in 

Kenya and Zambia

African Indigenous Vegetables:
Nutrition, Health, Income Generation



Obj. 1 Hypothesis: Appropriate interventions can
increase access to and consumption of AIVs
among producers & consumers in Kenya & Zambia. 

Lesson 1. Developing & identifying the 
most effective intervention methods 
toward improved access, affordability, 
availability, and adoption of AIVs must be 
based on solid survey consumer data

Pilot survey’s conducted indicated:
1. AIVs very popular- but not 

consumed regularly!
2. Kenya’s and Zambians would opt
to consume AIVs (at greater frequency 
and quantities) but don’t due to issues 
of access, affordability, availability, 
with many unaware of their nutritional 
benefit. 
3. Preference for specific AIVs,.
Their popularity drives our R&D.

AIV Rarely Sometimes Everyday

Green Maize 
(fresh)

66.7 29.4 3.9

Amaranth 24.1 69.0 6.9

Nightshade 46.2 53.8 0

Spider Plant 39.1 60.9 0

Cowpea 59.1 40.9 0

Jute Mallow 23.1 76.9 0

Kale 26.1 69.6 4.3

Sweet potato 
leaves

28.6 71.4 0

Orange sweet 
potato

64.3 35.7 0

Okra 26.9 73.1 0

Ethiopian 
mustard

35.3 64.7 0

African 
eggplant

41.4 58.6 0

Other AIVs 28.6 71.4 0



Women’s Dietary Diversity
Lessons Learned from Pilot Study in Kenya and Zambia

• Collected data on household consumption and dietary diversity.
• Data were used to inform subsequent baseline data collection 

conducted in 2016 and with data analysis completed in 2017
WDD is a robust outcome that will allow for differentiation between 

groups. 



AIV Consumption: Results from 500 Household survey 
Never % Rarely (once a month)% Sometimes (1-2 times a wee) % Everyday %

Zambia Kenya Zambia Kenya Zambia Kenya Zambia Kenya 
Field Maize 0 0 1.6 6. 7.4 10.8 91 83.2

Maize/Millet/Sorghum 0 4.7 35.8 16.6 36.5 21.5 27.7 57.2

Amaranth 0 2.6 16.2 4.4 57.1 67.7 26.8 25.3

Nightshade 2.6 2.3 60.5 4.1 34.2 70.9 2.6 22.7

Spider Plant 0.6 7.3 44.8 11.7 47.2 64.2 7.4 16.8

Cowpea 0 2.8 11 1.2 58.5 67.8 30.5 28.1

Jute Mallow 0.3 5.4 27.2 10.9 60.6 64.9 11.9 18.8

Kale 0 3.1 6 4.6 36 53.1 58 39.3

Okra 0 98.3 13.7 0.3 67.3 0.3 19 0.3

Ethiopian Mustard 0 41.9 50.0 10.3 6.5 37.8 43.5 10

African Eggplant 0 89.2 43.1 4.7 50.9 4.7 6 1.4

Pumpkin Leaves 0 5.2 6.3 14.7 34.1 63.8 59.6 16.3

Lumanda (hibiscus) 0 98.3 44.3 0 5.1 1.3 50.6 0.4

Mundambi (hibiscus) 1.5 100 57.4 0 33.8 0 7.4 0

Moringa 0 99.6 56.3 0.4 25 0 18.8 0
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500 households with at least one woman of childbearing age and at 
least one child were surveyed in both Kenya and Zambia in 2016 to 
evaluate baseline AIV consumption in communities prior to 
intervention activities.
Our Approach:  
125 households are now either being provided with: (T1) Nutrition 
education intervention activities; (T2) Production intervention 
activities; (T3) Both types of intervention activities; and (T4) A 
Control group treatment

Consumer Surveys to compare effect of production 
and nutrition-education interventions

Follow-up consumption surveys following intervention activities will allow a 
quantitative evaluation of the effect of each intervention approach.



Sites of Surveys and Interventions in Zambia and Kenya

Lesson 2: 98.8% producers want access to better management practices,
technology and pest management



Nutrition Education Intervention (BCC)
500 Individuals in Kenya and Zambia will be provided with on-going nutrition education 
trainings (BCC):
• Nutrition content of AIVs
• Recommended intake amount
• Health Applications
• Recipes and meal preparations

Lesson 4 Learned: Parents, grandparents and even 
school teachers far more excited about AIVs when they
understand their nutritional content! Source of pride,
source of tradition, easy to collect yet still perceived
to be wild harvested not cultivated and “undervalued”.





Obj. 2: Hypothesis: Appropriate promotion and expansion of availability of 
AIVs at the local level will strengthen market access and sales for producers 
of AIVs:

In each Zambia and Kenya, 300 AIV producers and 75 intermediaries 
were surveyed to identify the most substantial bottlenecks in 
productivity to guide the focus of production interventions. 

Lesson 3: Growers report AIV requires same level of 
management and skills as vegetables and report difficulties in:
*Access to seeds and plant materials; unaware of different germplasm 
that is available with some problems with current AIVs; high price of 
fertilizers and farm credit  limiting, and insect problematic with a few 
AIVs. 75% of producers cant access credit (agric. inputs after medical 
bills identified as primary use of credit)



Obj. 3. Determine best management practices for AIV production, 
increase capacity and access to AIVs
Participatory research prioritized by survey results  

to provide accurate information and 
recommendations for farmers

• Cultural practices
• Management technologies
• Improved seed
• Integrated pest 

management
• Irrigation and drought 

tolerance
Lesson 5: 90.9% producers ant 
better AIV seed quality.
Lesson 6:  75% of producers 
want training for production 
during dry seasons & drought.

Solar Dryer < $100 to build



AMMI results

Fe Ca Mg Zn Total Yield Height Spread

Env <.0001 0.0009 <.0001 <.0001 <.0001 <.0001 <.0001

rep(env) 0.6617 0.264 0.0194 0.0113 0.045 0.0453 0.0001

Gen <.0001 0.002 0.0366 0.004 <.0001 <.0001 0.0004

env*gen 0.0004 0.0009 0.0624 0.3097 0.0085 0.0035 0.088

Results of additive main effects and multiplicative interaction effect (AMMI) analysis of the 
four accessions which were grown in common across the three environments: PI 674263, 
AC-NL, AH-TL, and Madiira 1.

Obj. 4. Evaluation of nutrient composition of AIVs:
Determining the content and stability of micronutrients in AIVs

Lesson 7: Selection and breeding for micronutrients possible.
2017. Brynes, D., F. Dinssa, S. Weller and J.E. Simon. Elemental micronutrient content and 
horticultural performance of vegetable amaranth types. JASHS: 265-271.
Result:  A new high Fe Amaranth being developed by us with 
new variety release expected in 2019.

Lesson 8: Many of the AIVs are
Nutrient rich and can be submitted
to USDA for inclusion.

Result: Spiderplant flower rapidly 
ca. 1 month field limiting 
production. We then screened 
populations for photoperiodicity 
and identified spiderplants that 
remain vegetative and slow 
bolting potentially offering 
multiple harvests/planting cycle.



Selecting Vegetable Amaranth for Elevated Fe, Ca and Mg

• Ca and Mg above “high-source” thresholds in all amaranth populations 
grown in Tanzania and New Jersey in all field trials and across years

• Fe varies by line and environment; yet we identified a WVC PI 674263 from 
which we made further improvements with:  RUM24 High Iron Amaranth
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(A) Relative and absolute mean 
chemical compositions of the 
population of hibiscus eaves. 

Abbrev: “5-HMF” 5-
(hydroxymethyl)furfural; “Neo” 
=neochlorogenic acid; “Chl” 
=chlorogenic acid; “Cry”= 
cryptochlorogenic acid; “Q”= 
quercetin; “K”= kaempferol.

(B) Inhibition of nitric oxide 
synthetase (NOS) by extracts of H. 
sabdariffa leaf (80 μg/ml) on LPS 
induced RAW 264.7 cells;.

Zhen J., T.S. Villani, Y. Guo, Y. Qi, K. 
Chin, M.H. Pan, C.T. Ho, J.E. 
Simon and Q.L. Wu. 2016. 
Phytochemistry, antioxidant 
capacity, total phenolic content 
and anti-inflammatory activity of  
Hibiscus sabdariffa leaves. J. 
Food Chemistry 190: 673-680.

Evaluation of Hibiscus leaves from a Global Collection for Nutrient Composition



Science-Driven 



Increasing Access to Youth: Peri-Urban; Urban, Schools
Evaluating Sack-Gardens: Tumaini Center for Street Boys, Kenya

Our Project is:
Providing Training in AIV production, research methods and marketing to the boys
and assisting in farm productivity 
Lesson 9: Linking to Youth within our project provides new avenue to reach

‘new generation of farmers’, urban gardening/farming and  families to
improve health and generate income

In Years 4 and 5: We will now test these sac gardens out in Kibera, Nairobi (w/ Mirror of Hope,NGO)



Key Takeaways
• Households and communities in rural areas are far more interested in 

AIVs (and other horticultural crops) when used to generate income 
streams and for their own household consumption. 

• We found a statistically significant difference between consumption 
patterns in rural versus urban Zambia. 

• Effective BCC venues can be identified by community members.
• AIVs targeted in this project are among those selected by those surveyed 

and which can be scientifically shown to be nutrient rich.  Nutritional 
benefits can be a key driver in the increased consumption & trade in 
indigenous plants such as AIVs. 

USAID Program in Integrated Horticulture/Nutrition
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Summary
• Our key goal is to link and bridge horticultural production by 

producers to increased consumption by consumers using the 
four ‘A’s: Access, Availability, Affordability, and Adoption.  

• For Growers: Adoption=producing and consuming AIVs.
• For others, Adoption means purchasing and/or possibly starting 

to grow AIVs increasing consumption to improve health. 
• We are tracking the nutrient content of the AIVs grown locally, 

identifying those which are rich sources of vitamins & minerals. 
• We are now tracking dietary diversity now of 1,000 households 

(500 in Kenya; and 500 in Zambia) and separating them into 
different treatment groups to allow us to better understand what 
drives individuals to consume more AIVs or to grow AIVs. 

USAID Program in Integrated Horticulture/Nutrition
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