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Summary

Integrating nutrition communication in agricultural intervention programs aimed at increased food

availability and accessibility in resource-poor areas is crucial. To enhance the sustainability and scal-

ability of nutrition communication, the present study piloted the approach of ‘nutrition integrated agri-

cultural extension’ and tested nutrition-related outcomes with two types of nutrition messages (spe-

cific vs. sensitive) and two delivery channels (public sector vs. private sector). The study intervention

comprised (i) vegetable seed kit distribution, (ii) ongoing agricultural extension activities by public or

private sectors and (iii) nutrition communication with two different messages. The intervention was

tested with three treatment arms and reached 454 farmers (>65% female) in rural Kakamega County,

Western Kenya. Pre-/post-surveys measured outcome variables focused on farmers’ nutrition-related

knowledge, attitudes and practices in vegetable production and consumption, and household dietary

diversity score. Results showed that all treatments increased nutrition knowledge (p< 0.05). Nutrition-

specific communication was more effective than nutrition-sensitive communication. Nutrition com-

munication through either the public or the private agricultural sector was both effective. Before the

study intervention, many participants believed that vegetable consumption was beneficial and wanted

to increase intake. After the intervention, the number of participants who felt eating more vegetables

was challenging decreased slightly. Nutrition communication was found to be especially important in

conveying recommended food amounts and promoting increased vegetable consumption.

Seasonality affected on-farm crop diversity and vegetable consumption results in this study.
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INTRODUCTION

Consuming diverse and nutritious diets helps to prevent

malnutrition and reduce risks of non-communicable dis-

eases (WHO, 2018). Yet, many resource-poor people

are unaware of healthy diets and consume insufficient

nutrient-rich food leading to micronutrient deficiencies

(von Grebmer et al., 2014). Nutrition knowledge, food

environments and social, cultural and economic status

are important determinants of dietary behaviors. To

promote healthy eating in resource-poor areas, integrat-

ing nutrition communication in the intervention pro-

gram aiming at enhanced food availability and

accessibility is crucial (Wardle et al., 2000; Dickson-

Spillmann and Siegrist, 2011) and inclusion of small-

holder farmers, both female and male in nutrition com-

munication is highly recommended (Gómez et al., 2011;

FAO, 2013; Gillespie et al., 2015).

It is well known that mothers’ knowledge of food

choices can influence family dietary quality (Wardle

et al., 2000; Aguirre et al., 2012). Nutrition education

for mothers in improving young child nutrition and

health is effective where good food is available (Penny

et al., 2005; Lartey, 2008). However, nutrition educa-

tion for other household members and especially those

responsible for food production has been less studied.

Traditional vegetables like amaranth leaves

(Amaranthus spp.), African nightshades (Solanum nig-

rum, Solanum scabrum and Solanum villosum) and spi-

der plant (Gynandropsis gynandra) contain high levels

of vitamins, iron, calcium and proteins (Yang and

Keding, 2009) that enrich diets and increase intakes of

micronutrients (Weinberger and Pichop, 2009;

Schreinemachers et al., 2015). Vegetable supply chains

in Sub-Saharan Africa are often short and smallholder

farmers are both vegetable producers and consumers.

Improved knowledge about the nutritional significance

of crops and food diversity with traditional vegetables

could influence decisions on the diversity of crops grown

and foods consumed (Njoro et al., 2013).

Delivery of nutrition messages has generally been con-

sidered the responsibility of public institutions, such as

departments of health or education (schools) and some-

times augmented by non-government organizations

(NGOs). However, government institutions are often

under-funded and have difficulty reaching rural popula-

tions; NGOs vary in size, types of outreach and funding

sustainability. Consequently, if nutrition messages could

be in addition communicated by further institutions this

could potentially increase the dissemination of nutritional

knowledge. Many seed companies and other private input

suppliers market seed and other products and services to

farmers, often establishing extensive distribution channels

in rural areas. Besides marketing crop varieties, some veg-

etable seed companies have technical advisors that train

farmers in crop production practices so farmers benefit

from the use of improved varieties and other inputs.

While nutrition promotion is not the mission of seed com-

panies, increased consumer demand and consumption of

vegetables would lead to increased production and farmer

seed purchases. Seed companies could be motivated to

spread nutrition messages that lead to increased demand

for vegetables. At the same time, seed and agribusiness

companies as a vehicle for nutrition education need to be

viewed with caution as with the profit motive they natu-

rally place increased importance on rising sales of seeds

and other inputs (Flachs and Stone, 2019) possibly at the

expense of accurate nutrition information. Still, it was de-

cided to test a local vegetable seed company against a

public institution/NGO in delivering nutrition messages

to small-scale farmers.

There are two general approaches to nutrition inter-

ventions, namely ‘nutrition-specific’ and ‘nutrition-sensi-

tive’. A nutrition-specific intervention addresses the

immediate causes of malnutrition, such as inadequate nu-

trient and dietary intakes, food-, water-, vector-borne and

infectious diseases, and some underlying causes, such as

poor childcare and poor access to hygiene and health

services. A nutrition-sensitive intervention also addresses

the underlying and basic causes of malnutrition by incor-

porating nutrition goals into the actions of other sectors,

such as agriculture or education (Ruel and Alderman,

2013). Nutrition messages and way of communication

can be designed based on the two approaches while at the

same time being tailored to the local context is highly im-

portant (Kumar et al., 2018).

This study aimed to test the effects of different nutri-

tion messages using two delivery channels. Nutrition

messages were integrated into ongoing agricultural ex-

tension training of local government and a seed com-

pany. The effects were tested on vegetable farmers in

western Kenya by measuring nutrition-related knowl-

edge, attitudes and practices (KAP).
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A short history of agricultural extension

The agricultural extension can be described as support to

farmers in their endeavors to produce food and feed in the

face of a changing environment (Knorr et al., 2007). The

(documented) history of advising farmers reaches back to

around 1740 when the potato late blight epidemic in

Ireland resulted in extreme famine and the viceroy urged

local agricultural societies to advise impoverished small-

holder farmers on ways to diversify their production sys-

tem. Only in the mid-19th century ‘extension’ came up as a

term when university lectures were extended to non-

university towns in England (Jones, 1981, 1997).

Agricultural extension in Europe started with industrializa-

tion and the independence of farmers while it emerged in

the USA at the same time with the broad westward migra-

tion of settlers to new and unfamiliar regions who were in

need of research, training and advice about the farming

conditions of the new sites (Jones, 1981).

Several definitions of ‘agricultural extension’ are avail-

able and, depending on the cultural evolution of a region

or country, either participatory or rather top-down rela-

tions between the advisor and the clients exist (Knorr

et al., 2007). Purcell (1994), for example, understands

‘Agricultural Extension as a process of assisting farmers

to become aware of, and to adopt, improved technology

from any source to enhance production efficiency, income

and welfare’. Contado (1997) describes both the farmers’

and the politicians’ perspectives, when defining: ‘Farmers

correctly view extension as a form of assistance to help

improve their know how, efficiency, productivity, profit-

ability and contribution to the good of their family, com-

munity and society. At the same time, politicians,

planners and policymakers in many developing countries

view extension as a policy instrument to increase agricul-

tural production, to achieve national food security, and,

at the same time, help alleviate rural poverty’.

In many countries, the agricultural extension was at

first mainly directed at male farmers, while only gradu-

ally women were included in the extension services,

such as training, access to credit and in general support

for income-generating activities (USAID, 2016).

Extension services underwent several developments in-

cluding increased participation, toward a demand-

driven system (Chipeta, 2006) as well as becoming more

nutrition-sensitive and including nutrition education ag-

ricultural extension (Ruel et al., 2018). More emphasis

on nutrition education arose in the USA and other coun-

tries to alleviate nutrition and health problems in rural

areas while most recently the ‘One Health’ approach

combines human and veterinary medicine to achieve op-

timal health—including optimal nutrition—for people,

domestic animals, wildlife, plants and the environment

as a whole (Lerner and Berg, 2017).

METHODS

The study was implemented in selected sub-counties of

Kakamega County in Kenya in three stages: pre-

intervention (April 2016–January 2017), intervention

(February 2017–September 2017) and pre-/post-evalua-

tion (July 2016 and October 2017).

Study design

This study piloted the approach ‘integration of nutrition

messages into agricultural extension’ in rural areas and

tested whether different messages and different exten-

sion systems, which communicate the nutrition topics

would affect the results in terms of farmers’ KAP in rela-

tion to nutrition.

Pre-intervention

The pre-intervention included three activities: (i) con-

duct training needs assessment, (ii) design and pre-test

nutrition messages and (iii) build nutrition training ca-

pacity of agricultural extension workers.

The study began with three community sensitiza-

tion events to inform authorities and community mem-

bers. These very first meetings between researchers and

community are decisive to introduce the new project,

explain the upcoming activities, try to clarify any ques-

tions and seek for help with sampling of groups and

participants, e.g. through providing group and house-

hold lists by the community officials. For the needs as-

sessment, six focus group discussions (FGDs) were held

in non-intervention sub-counties of Kakamega using a

structured discussion guideline to identify knowledge

gaps and training needs. Separate groups for women

(n¼3) and men (n¼3) were created to encourage

women’s participation. The average FGD group in-

cluded 14 participants and FDG sessions averaged

2.5 h. Discussion topics focused on farmers’ KAP re-

garding nutrition, vegetable production and processing

and pathways for knowledge transmission. Participant

lists were provided by extension officers and local lead-

ers based on their involvement in the vegetable value

chain. Of the participants, 47% were farmers, 6%

were traders and 47% were both farmers and traders.

In the following, it is referred to either participants or

farmers and these terms are used interchangeably.

Two types of messages were designed to communi-

cate nutrition topics with small-scale farmers. Nutrition

topics were identified from the training needs assessment

Nutrition integrated agricultural extension 3



which is described in more detail below. Both messages

were pre-tested in non-intervention areas of Kakamega

County.

A 1-day training of trainers (ToT) on delivery of the

two sets of nutrition messages was conducted for the

assigned Kakamega County extension officers and their

cooperative partners, and the training officers from a lo-

cal vegetable seed company (Simlaw Seeds). The ToT in-

cluded approximately one 3 h lecture and one 3 h hands

on practical and demonstrations.

Intervention

The study intervention included three components: seed

kit distribution, regular agricultural extension and nutri-

tion communication.

Seed kit distribution

The seed kit consisted of five nutrient-rich traditional

African vegetables: African nightshade, spiderplant, am-

aranth, jute mallow (Corchorus olitorius) and vegetable

cowpea (Vigna unguiculata) along with a two-page leaf-

let explaining on how to cultivate each vegetable. The

seed kits were produced by Simlaw Seeds and distributed

to all groups.

Agricultural extension

Two agricultural extension systems in West Kenya were

selected for the study: Kakamega government (public

sector) and Simlaw Seeds (private sector). Two NGOs,

German Agro Action and Anglican Development Service

had been collaborating in Kakamega government exten-

sion activities, and we combined the public and NGO

(Public/NGO) into one extension system for this study.

The Public/NGO extension conducted weekly and some-

times bi-weekly group meetings. Farmer groups were

trained within an existing group-based extension pro-

gram focusing on agricultural production practices. The

private extension provided by Simlaw Seeds trained

group members on vegetable production and followed

up with a total of four meetings in two crop seasons last-

ing 5–6 months. The two extension systems were also

the two message delivery channels for nutrition commu-

nication described below.

Nutrition communication

Two sets of nutrition messages were integrated separately

into the regular agricultural training. Both messages were

based on existing nutrition communication materials

(FAO, 2004, 2012; Bezner Kerr et al., 2011; Voster et al.,

2013; ACDI/VOCA, 2016) and were tailored to the local

situation with the gained information through the FGDs.

These were among others the need for detailed information

about food-based dietary guidelines (implemented in mes-

sage 1/M1) and that available nutrition information mostly

targets women’s roles only (implemented in message 2/

M2). For both M1 and M2, at least 3 h of lectures and a

cooking demonstration were provided along with the agri-

cultural extension to both male and female participants

(mixed groups). (M1) was developed with a focus on

‘food-based dietary guidelines’. M1 topics included basic

nutrition concept, introduction of the six food groups and

classifying foods into their groups, portion size of each

food group, weekly plan for recipes with vegetables and

general and national food-based dietary guidelines. (M2)

was used to communicate explicitly with farmers of both

genders. M2 topics included comparison of key stages of

crop and human nutrition, benefits and challenges of crop

and dietary diversity, differences in nutrient contents of

various vegetables and seasonality and replaceability of nu-

tritious foods (Table 1).

Table 1: Content of the two nutrition messages integrated into agriculture extension training

Nutrition message 1 (M1) Nutrition message 2 (M2)

• ‘Nutrition-specific’ approach

• Including cooking demonstration þ further hands-on

participation

• ‘Pure’ nutrition-based message

• Introduction of the six food groups and classifying common foods

into the six groups

• Daily portions of each food group that should be eaten

• Examples and recommendations based on a weekly plan with rec-

ipes for vegetables

• General food-based dietary guidelines

• ‘Nutrition-sensitive’ approach

• Including cooking demonstration

• Focus on integrating the nutrition message in crop produc-

tion-related training sessions

• Comparison of four key stages of crop and human

nutrition

• Benefits and challenges of diversifying on farm and

nutritionally

• Differences in the nutrient content of various vegetables

• Seasonality and replaceability of nutritious foods

4 G. B. Keding et al.



Sampling of participants and treatment groups

Multistage sampling was adopted to select sub-counties

and villages in Kakamega county. First, 6 sub-counties

out of 12 in Kakamega (Matungu, Navakholo, Malava,

Mumias West, Kwisero and Ikolomani) were chosen

based on high levels of malnutrition and prominence in

vegetable production. Second, 2–4 villages were chosen

in each sub-county, depending on the sub-county area

size, for a total of 16 villages. Third, the Public/NGO

and Private extensions chose one farmer group in each

village assigned to them. If possible, this was a mixed

gendered group, in four cases a women group took part

in the study. Finally, the farmer group leaders provided

a list of members, and farmers were randomly selected

proportional to the size of the group for a total of 454

participants.

Three treatment groups were randomly assigned to

the selected villages: the SK group received seed kits

only; SK þ M1 group: seed kits with the nutrition-spe-

cific message; and SK þ M2 group: seed kits with the

nutrition-sensitive message. The latter two are referred

to as ‘intervention group’. The SK group was meant to

be a control group, yet, for ethical reasons participants

had to receive some input and consequently received a

kind of treatment. The study is therefore a multiple

treatment arm study (White, 2013). The study interven-

tion reached 454 participants of which 375 participated

in the endline survey. However, those who participated

in the baseline survey were not necessarily among the

375 endline survey farmers. This is because farmers in

the baseline survey were randomly selected (the third

stage) from lists of all farmers in the 16 villages rather

than the lists provided by farmer group leaders at the fi-

nal (fourth) selection stage. Participant numbers in the

baseline and endline surveys and treatment groups are

listed in Supplementary Appendix Table A1.

Pre-/post-evaluation

Questionnaire

The nutrition-related KAP questions were developed

with reference to the FAO published ‘Guidelines for

assessing nutrition-related Knowledge, Attitudes and

Practices’ (Macı́as and Glasauer, 2015). The guidelines

include 12 models of KAP questions by nutrition topic.

The study questions were chosen and modified from

modules 5 (under nutrition), 6 (iron deficiency), 7 (vita-

min A deficiency) and 12 (food-based dietary guide-

lines). The questions were further modified for testing

KAP in vegetable production and consumption as the

agricultural extension was the major intervention in this

study. The outcome variables include:

1. Knowledge score: measured nine knowledge-related

questions with three choices: ‘Yes, I know the an-

swer’, ‘No, I do not know the answer’ and ‘I am not

sure’. The respondents answering ‘Yes’ were

requested to provide a concrete answer. The inter-

viewer decided if the answer was correct or incorrect

based on the questionnaire instructions about the

correctness of the answers. Responses were recorded

as yes and correct (1), or yes but incorrect/no/not

sure (0) and summed. The score ranged from 0 to 9.

2. Attitude toward increased vegetable consumption:

Measured using five questions about increased belief,

confidence, preference and readiness to increase fam-

ily vegetable consumption. Responses were coded as

positive attitude (1) or less certain/negative attitude

(0). As the differentiation between positive and nega-

tive attitude was less clear than for the knowledge

score we refrained from calculating an attitude score.

3. Practices: Two practices were measured: vegetable

diversity: number of different types of vegetables

grown on the farm and vegetable consumption: con-

sumed vegetables on the previous day of the inter-

view. Vegetable consumption was recorded using a

1-day food record.

The questionnaire asked about demographic and socio-

economic status and gardening activity. Respondent’s gen-

der, age, education and occupation, family size, land

ownership, agricultural and nutrition training received and

vegetable production practices were recorded. The ques-

tionnaire was pre-tested in a Kakamega non-intervention

village and modified before use in the baseline survey.

Data collection and analysis

Data were collected with an individual interview from the

selected participants using a structured questionnaire ad-

ministered by well-trained enumerators. The question-

naire was used in baseline (July 2016, n¼ 454) and

endline surveys (October 2017, n¼ 375) with �37% of

participants (n¼ 138) taking part in both. The analysis

was disaggregated by message type (M1 and M2), mes-

sage delivery channel (Public/NGO and Private) and pre-/

post-stage. Descriptive statistics were analyzed in STATA

14. Differences between knowledge, attitude and practi-

ces of participant groups were assessed using independent

t-test (for testing continuous variables between pre-/post-

intervention) and chi-square (v2) tests (for testing categor-

ical variables between pre-/post-intervention) and results

are shown in Tables 3 and 4. To test differences between

the three treatment arms, an ANOVA test was applied

and results are shown in the results section text. Only

37% of the participants (n¼ 138) were included in both

Nutrition integrated agricultural extension 5
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the baseline and endline survey, which would have been a

rather small panel data sample. Therefore, the difference

between pre- and post-stages for KAP was simply calcu-

lated as Diff ¼ group mean (post) � group mean (pre) for

the whole sample rather than applying the difference-in-

difference (DID) method which relies on panel data

(Buckley and Shang, 2003).

RESULTS

Characteristics of study participants

While overall mixed farmer groups participated in the

study, �68% of participants were female both during

baseline (311 women) and endline survey (254

women). Around 15% of participants lived in female-

headed households. About 50% of household heads

had finished primary school, �30% had secondary

education and 7% had no formal education (Table 2).

Households consisted of about six people with a

mean land size of �2.0 acres with 0.2 acres cropped

with vegetables.

Knowledge and communication gaps

Topics on nutrition, vegetable production and process-

ing and knowledge transmission were covered in

FGDs. We found: (i) basic nutrition concepts and food-

based dietary guidelines needed reinforcement and un-

derstanding of dietary diversity for better nutrition

were limited; (ii) there was little knowledge on how to

prepare traditional vegetables and little interest to con-

sume them among young people; (iii) food taboos for

certain vegetables and a negative image of green leafy

vegetables as ‘poor man’s crops’; (iv) available

nutrition information targeted women’s roles only; (v)

limited knowledge on available nutrition information

sources compared to information sources on vegetable

cultivation, processing and preservation. The FGD

listed 24 vegetable species consumed in the county (de-

tail in Supplementary Appendix Table A2).

Nutrition knowledge before and after the
intervention

Before the intervention, a high percentage of partici-

pants (>70% on average) knew that ‘vegetables contain

nutrients needed for growth and health’ (Q1, Table 3),

could name some vegetables high in iron (Q4) and rec-

ognized the importance of consuming vegetables daily

(Q8). After project intervention, more participants

(>85% on average) gave positive answers to these ques-

tions (Q1, Q4 and Q8). About half of participants be-

fore the intervention understood that vegetables contain

different types and levels of nutrients (Q2), could name

some high vitamin A vegetables (Q3) and recognized the

importance of consuming diverse vegetables (e.g. 2–3

types) daily (Q9). An additional 15–30% of participants

improved their knowledge for Q2, Q3 and Q9 after

project intervention. Few participants (<10% on aver-

age) before project intervention were aware of the rec-

ommended quantity and portion size for daily vegetable

intake (Q6 and Q7) and after the intervention partici-

pants showed significantly enhanced knowledge of daily

intake amounts (Q6 and Q7) from <10% to 20–47%.

Influence of message type on knowledge score

The nutrition knowledge score (0–9) measured the over-

all nutrition knowledge gains. The knowledge scores of

participants receiving different messages (M1 and M2)

provided by the same delivery channels were compared

(Table 3). In the Public/NGO delivery channel, knowl-

edge scores among the SK, SK þ M1 and SK þ M2

groups ranged from 4.1 to 4.7 before the intervention

and significantly (p<0.01) increased to 5.7–6.3 post-in-

tervention. In the private delivery channel, the knowl-

edge scores of the SK, SK þ M1 and SK þ M2 groups

ranged from 4.1 to 4.8 before intervention and signifi-

cantly (p< 0.01) increased to 5.7, 6.7 and 6.1, respec-

tively, after the intervention. Results indicated that the

three treatments (SK, SK þM1 and SK þM2) enhanced

participants’ nutrition knowledge regardless of the deliv-

ery channel. The trend SK þ M1> SK þ M2> SK from

higher to lower knowledge score was found after the in-

tervention for both channels but was only statistically

significant for the private channel (p< 0.01). The results

implied that agricultural extension with nutrition-

Table 2: Characteristics of study participants by pre-/post-

surveys

Treatment group Baseline Endline

Number of participants 454 375

Gender HH head (% F) 14.8 16.8

Gender of participants (% F) 68.5 67.7

Education of participants

No general education (%) 7.7 5.6

Primary (%) 52.4 49.1

Secondary (%) 31.1 34.7

Higher education (%) 8.8 10.7

Age of HH head 51 (15) 51 (13)

Age of participants 47 (14) 48 (13)

Household size 5.6 (2.1) 6.1 (2.2)

Land size (acres) 2.0 (2.3) 2.0 (2.1)

Values as an absolute number, percentage or mean value (standard deviation).
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Table 3: Pre-/post-results of nutrition-related knowledge by message type and delivery channel

Questions Public/NGO Private

SK SK 1 M1 SK 1 M2 SK 1 M1 SK 1 M2

Pre N ¼ 109 113 95 72 65

Post N ¼ 129 89 81 35 41

(A) Knowledge: nutritional values of vegetables

Q1. Do vegetables contain nutrients

needed for growth and health?

(%)

Pre 74.31 76.11 80.00 70.83 75.38

Post 88.37 95.51 88.89 85.71 87.8

Diff 14.06 19.4 8.89 14.88 12.42

Sig. ** ** ns ns ns

Q2. Do all vegetables have similar

nutrient values? (%)

Pre 51.38 55.75 62.11 55.56 53.85

Post 75.97 86.52 80.25 82.86 85.37

Diff 24.59 30.77 18.14 27.3 31.52

Sig. ** ** ** ** **

Q3. Could you name vegetables that

are high in vitamin A (or good for

your eyes and protect against night

blindness)? (%)

Pre 50.46 56.64 57.89 52.78 64.62

Post 83.72 77.53 77.78 82.86 73.17

Diff 33.26 20.89 19.89 30.08 8.55

Sig. ** ** ** ** ns

Q4. Could you name vegetables that

are high in iron (or good for your

blood and protect against ane-

mia)? (%)

Pre 72.48 70.80 68.42 70.83 66.15

Post 83.72 87.64 91.36 85.71 87.80

Diff 11.24 16.84 22.94 14.88 21.65

Sig. * ** ** ns ns

(B) Knowledge: vegetable quantity recommended

Q5. Do you know how many por-

tions (handful) of vegetables you

should eat each day (yes/no)? (%)

Pre 23.85 31.86 38.95 31.94 47.69

Post 40.31 52.81 49.38 65.71 53.66

Diff 16.46 20.95 10.43 33.77 5.97

Sig. ** ** ns ** ns

Q6. How many portions a day? (%) Pre 3.67 2.65 8.42 4.17 9.23

Post 18.6 28.09 28.40 51.43 19.51

Diff 14.93 25.44 19.98 47.26 10.28

Sig. ** ** ** ** ns

Q7. How much vegetable in gram

per day? (%)

Pre 1.83 7.08 8.42 4.17 7.69

Post 22.48 30.34 24.69 34.29 31.71

Diff 20.65 23.26 16.27 30.12 24.02

Sig. ** ** ** ** **

(C) Knowledge: benefit of vegetables and vegetable diversity

Q8. What is eating vegetables every

day good for? (%)

Pre 76.15 72.57 78.95 75.00 83.08

Post 86.82 98.88 95.06 97.14 95.12

Diff 10.67 26.31 16.11 22.14 12.04

Sig. * ** ** ** ns

Q9. Does it matter whether you eat

one type of vegetable or more than

2–3 types of vegetables in a day?

(%)

Pre 57.8 60.18 70.53 68.06 75.38

Post 72.87 76.4 75.31 82.86 78.05

Diff 15.07 16.22 4.78 14.80 2.67

Sig. * * ns ns ns

Overall knowledge score

Q1—Q9 (score 0–9) Pre 4.1 4.3 4.7 4.3 4.8

Post 5.7 6.3 6.1 6.7 6.1

Diff 1.6 2.0 1.4 2.4 1.3

Sig. ** ** ** ** **

Data as % of respondents providing positive answers. Diff ¼ Post�Pre.

Sig.: nsp-value � 0.05;
*p < 0.05;
**p < 0.01.
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specific messages (M1) resulted in higher nutrition

knowledge gain.

Influence of delivery channel on knowledge
score

The knowledge scores of participants receiving the same

nutrition message, yet, from different delivery channels

(Public/NGO and Private) were also compared

(Table 3). In general, knowledge scores increased at the

post-stage (p<0.01) with either SK þM1 or SK þM2.

A trend Private > Public/NGO > SK from higher to

lower knowledge score was noted after the intervention

for SK þM1, yet, the difference was not significant. The

results indicate that the message delivery channel did

not have a significant effect on knowledge score though

private seed company training with message 1 showed

higher knowledge gain.

Attitudes toward increased vegetable consumption

At the baseline participants’ attitudes toward increasing

vegetable intake was positive (Table 4). Above 90% of

participants on average believed that daily vegetable

consumption benefited family health (Q10, 11) and they

wanted to increase consumption (Q11). More than 65%

of participants planned to increase family intake of vege-

tables (Q13) even though many participants (52–71%)

felt eating more vegetables was somewhat difficult

Table 4: Pre-/post-results of nutrition-related attitude and practices by message type and delivery channel

Questions Public/NGO Private

SK SK 1 M1 SK 1 M2 SK 1 M1 SK 1 M2

Pre N ¼ 109 113 95 72 65

Post N ¼ 129 89 81 35 41

Q10. How important do you think

eating vegetables every day is for

your family health? (% ‘very

important’)

Pre 97.25 96.46 98.95 98.61 93.85

Post 95.35 87.64 95.06 100 78.05

Diff �1.9 �8.82 �3.89 1.39 �15.8

Sig. ns * ns ns *

Q11. Do you want to increase vege-

table consumption by your family?

(% ‘yes’)

Pre 86.24 92.04 93.68 90.28 89.23

Post 88.37 91.01 97.53 94.29 92.68

Diff 2.13 �1.03 3.85 4.01 3.45

Sig. ns ns ns ns ns

Q12. How difficult is it for your fam-

ily to eat more vegetables? (%

‘somewhat difficult’)

Pre 70.64 60.18 53.68 51.39 58.46

Post 67.44 61.80 45.68 57.14 63.41

Diff �3.2 1.62 �8 5.75 4.95

Sig. ns ns ns ns ns

Q13. Do you have a plan how to in-

crease consumption of vegetables

in your household diet? (% ‘yes’)

Pre 65.14 80.53 81.05 75 73.85

Post 80.62 88.76 88.89 85.71 97.56

Diff 15.48 8.23 7.84 10.71 23.71

Sig. ** ns ns ns **

Q14. Do you spend money on pur-

chasing vegetables? (% ‘yes’)

Pre 76.15 81.42 82.11 86.11 86.15

Post 71.32 64.04 72.84 77.14 39.02

Diff �4.83 �17.38 �9.27 �8.97 �47.13

Sig. ns ** ns ns **

Vegetable diversity: Number of dif-

ferent vegetables grown on the

farm

Pre 3.88 3.44 3.48 3.53 3.57

Post 5.57 5.49 5.96 6.40 5.24

Diff 1.69 2.05 2.48 2.87 1.67

Sig. ** ** ** ** **

Vegetable consumption: Percentage

of participants who consumed

vegetables on the previous day of

the interview (%)

Pre 99 98 99 97 100

Post 98 81 91 91 73

Diff �1 �17 �8 �0.06 �0.27

Sig. ** ** * ns **

Data were % of respondents providing positive answers. Diff ¼ Post� Pre.

Sig.: nsp-value � 0.05;
*p < 0.05;
**p < 0.01.
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(Q12). Around 80% of participants on average pur-

chased vegetables.

Positive attitudes toward increasing vegetable con-

sumption (Q10, 11) remained in the endline and some-

what less, namely 45–67% of participants, still felt

eating more vegetables was challenging (Q12). More

participants in the SK group (þ15.5%, p< 0.01) and in

the SK þ M2 group trained by the private sector

(þ23.7%, p<0.01) planned to increase household vege-

table intake (Q13). That the study intervention reduced

numbers of participants who purchased some vegetables

was noted in all treatment groups and the agricultural

extension activity may have led to increased home-

grown vegetable production. Overall, we found high

numbers of participants at baseline who believed vegeta-

ble consumption was beneficial and already wanted to

increase the intake.

Practices

Table 3 also presents the pre-/post-results of vegetable

production and consumption-related practices. Crop di-

versity increased at endline for all treatment groups

(p< 0.01) with the difference of increase (Diff) from

higher to lower SK þ M2> SK þ M1> SK for Public/

NGO channel and SK þ M1> SK þ M2> SK for

Private channel. No significant difference was found

among treatment groups (SK, SKþ 1, SK þ M2) for

both delivery channels. Vegetable consumption on the

day before the interview was generally high for all

groups at baseline and endline (>80%), except for one

group (SK þM2 from Private at endline). A reduction in

the number of people consuming vegetables on the pre-

vious day was recorded at endline. Food availability and

seasonality can affect food consumption, particularly

for resource-poor populations. Decreased vegetable con-

sumption at endline could be due to seasonality due to

differences in data collection month for baseline in July

2016 and endline in October 2017.

DISCUSSION

Nutrition education is defined in different ways and

most definitions include a behavior change component

(McNulty, 2013). This study focused on integrating nu-

trition communication into ongoing agricultural exten-

sion training which is increasingly practiced by more

programs (FAO, 2017). While the general impact of nu-

trition training on farm household production and con-

sumption was assessed before, this study compared

nutrition-specific versus nutrition-sensitive messages de-

livered by two different channels on farmers’ knowledge

and the diversity of vegetable production and consump-

tion in smallholder households.

Some nutrition knowledge gaps identified in the

FGDs could have been addressed by general nutrition

education for which material is already available [e.g.

(FAO, 2004)]. Nevertheless, the best training content

takes into account regional differences, economic levels,

cultural beliefs and other local factors. One major chal-

lenge found during FGDs was that available nutrition in-

formation mostly targets women’s roles only. In fact,

there is a lack of nutrition messages that are not explic-

itly targeted at women as is often the case, for example,

messages on infant and young child feeding, comple-

mentary feeding and breastfeeding (FAO, 2018). While

to the best of our knowledge there are no explicit studies

on nutrition education for men in East Africa, it is well

known that male-headed households have in general

higher dietary diversity (Ochieng et al., 2018) and that

men’s dietary knowledge can have a positive effect on

the dietary diversity of women, children and the whole

household (Ambikapathi et al., 2021). Similar to the lat-

ter study from Ethiopia we also suggest that men need

to be involved in behavior change communication activi-

ties regarding dietary diversity and nutrition knowledge

more strongly as this offers great potential to improve

households’ nutrition.

Interestingly, the SK group participants who received

seed kits without nutrition communication showed sig-

nificantly increased knowledge at the endline, although

the increased score was less than the other two groups

who received agricultural training and different nutri-

tion messages. Seed kit availability probably enabled

farmers in the SK group to increase vegetable production

and possibly increase vegetable consumption. In addi-

tion, the baseline and endline interviews containing sev-

eral questions about vegetables and nutrition may have

sensitized the SK group to this topic and they may have

gained information through the surveys. Other training,

partly also on nutrition, took place during the study in-

tervention period in study villages and knowledge shar-

ing and distributing new seeds/crops were possible

(Stewart et al., 2015).

Compared to the SK group, the intervention groups

(SK þ M1 and SK þ M2) showed improvement in

knowledge on the numbers of vegetable portions to be

eaten daily. This knowledge is important in household

food selection and consumption of a balanced diet, and

nutrition training seems to be especially important in

conveying messages on recommended amounts of foods.

Significant differences between the two nutrition mes-

sages were mainly seen for the sections on ‘vegetable

quantity recommended’ and ‘benefits of vegetables and
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vegetable diversity’. The most obvious difference be-

tween message types was on knowledge of the number

of portions of vegetables to be eaten daily, which was

stronger in the nutrition-sensitive message (M2), al-

though only for the private company participants.

Regarding participant acceptance of the training, some

trainers who carried out the ToT before the intervention

reported that M1 was well received by farmers since it in-

volved direct nutrition messages. It is important to note

that M1 training had much hands-on participation includ-

ing sticking food pictures onto appropriate food groups

and weighing different foods based on the nutrition re-

quirement quantities to better visualize the required portion

sizes. Obviously, the hands-on training enabled farmers to

take up nutrition messages more easily. This kind of partic-

ipatory nutrition training was also highly successful in pre-

vious studies (Waswa et al., 2015) and together with

participatory agricultural interventions can significantly

improve child growth (Bezner Kerr et al., 2011) or be inte-

grated successfully in larger agriculture platforms

(Kadiyala et al., 2016). In comparison, it was slightly more

difficult for farmers to relate M2 directly with nutrition.

Starting with crop production was not necessarily helpful

to better understand human nutrition issues and the

production-nutrition connection was not easily communi-

cated according to the trainers. However, this was only

true for the private company training where M1 training

yielded higher knowledge scores than M2 training. Still,

the more hands-on training (M1) as a participatory com-

munication strategy is preferable to the M2 training, yet, a

hands-on training part could be also integrated into the

M2 approach. So far to the best of our knowledge, there is

no review study to compare different nutrition education

approaches integrated into agriculture interventions or

platforms in developing countries and in general a clear

definition of different approaches of ‘nutrition education’

and ‘nutrition training’ in these environments is needed.

Nutrition-sensitive training was tested in Ethiopia by

Agricultural Cooperative Development International and

Volunteers in Overseas Cooperative Assistance (ACDI/

VOCA) and showed that awareness of nutrition and die-

tary diversity increased among participants and that house-

hold dietary diversity level improved as well as good

agricultural and hygiene practices (ACDI/VOCA, 2016).

An important step in our study was to tailor this training

to the local context as was reported from other nutrition-

sensitive agriculture interventions (Kumar et al., 2018). In

this study, we found that direct nutrition-specific training,

even when targeting both men and women farmers might

be more effective. However, the naming of the nutrition

approaches should not be confused with ‘nutrition-sensitive

agriculture’ interventions which, for example, add nutrition

training (of a different kind) to agriculture activities and

have shown to be effective in improving nutrition (Carletto

et al., 2015), although a successful behavior change com-

munication in the context of agriculture programs is usu-

ally time and resource-intensive (Ruel et al., 2018).

Our results offer evidence that seed companies

could capably integrate nutrition messages into their

training programs and deliver favorable outcomes on

par with the Public/NGO. Knowledge dissemination

should, therefore, not only be channeled through public

extension sectors here in combination with NGOs, and

the private agricultural sector should be also consid-

ered as knowledge vehicles for nutrition topics.

Although Simlaw Seeds was a project partner, it was se-

lected because it was interested in nutrition and already

promoting the nutritional values of African traditional

vegetables. Because many local seed companies have

extensive contacts with farmers through marketing and

technical networks and through promotional events,

such as field days, they could potentially be important

allies in the spread of nutrition messages in rural areas.

Most seed companies, however, do not presently pro-

mote nutrition but might do so if convinced that in-

creased sales of more and diverse types of vegetable

seeds could follow from increased demand for vegeta-

bles. As mentioned before, the teaching of accurate nu-

trition information should be the focus while critically

evaluating the seed companies profit motive as they

might naturally place increased importance on rising

sales of seeds and other inputs (Flachs and Stone,

2019).

For logistical reasons the baseline and endline sur-

veys were carried out in different months, namely July

(dry season) and October (wet season), coinciding with

different seasons complicating interpretation of the

results of treatment impacts on vegetable production

and consumption. Vegetable diversity grown by farmers

was lower at baseline and higher at endline for the SK

group and nearly the same as the intervention groups.

Seed availability is often a constraint for farmers and

seed provided through the project likely enabled some

interested farmers to grow vegetables. Participants pur-

chased more vegetables during baseline than during end-

line (SK þ M1 group) and the availability of vegetable

seeds may have allowed farmers to grow more vegeta-

bles at endline and reduce vegetable purchases.

Study limitations

The study design was meant to use a quasi-experiment,

eventually, we were not able to do so. The farmers ran-

domly selected at the village level for the baseline survey
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could not be randomly assigned to treatment and com-

parison groups due to the limitation of ongoing exten-

sions, which were an ‘in-kind’ project activity. Farmers

participating in the intervention and endline survey were

selected from narrowed-down lists of target farmers pro-

vided by the public and private extensions, and only

37% of the study participants took part in both baseline

and endline surveys. Thus, we compared the changes

with the difference between pre-/post-group means in-

stead of the difference between pre-/post-participant

data. Applying DID analysis and using participant data

would have been more powerful and convincing.

However, the baseline data covering the 16 selected vil-

lages from six different sub-counties out of twelve re-

main representative and valid and comparing pre-/post-

group means were also meaningful.

Several agriculture and health-related projects and

extensions were ongoing in western Kenya and these

could have influenced study results. Other trainings re-

ceived were monitored and, indeed, the study found in-

creased numbers of participants received other trainings

during the study period and 16% of participants said

these programs included nutrition topics. This could

have partially contributed to the positive nutrition

knowledge gains found in this study. However, the posi-

tive effects due to the study intervention on farmers’ nu-

trition knowledge measured by each knowledge-related

question or overall knowledge score are obvious with

statistical significance.

Study implications

We found that (i) nutrition-specific message communi-

cation in regard to consumption, even when targeting

farmers of both sexes and not just those directly respon-

sible for household food preparation, was more effective

than a nutrition-sensitive message communication; (ii)

nutrition knowledge can be channeled through public

extension and motivated private companies; (iii) nutri-

tion communication is especially important in conveying

recommended amounts of vegetables, and other food

groups; (iv) distribution of vegetable seed kits alone

showed positive effects on nutrition knowledge but the

combination of seed kit distribution and agricultural

and nutrition training was more effective.

SUPPLEMENTARY MATERIAL

Supplementary material is available at Health Promotion

International online.
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