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ABSTRACT
Agriculture nutrition linkages have long been recognized as a potentially viable pathway of 
attaining food and nutrition security. However, these insights have started to influence 
mainstream thinking on agricultural development only recently and the empirical evidence in 
sub-Saharan Africa is non-conclusive. We evaluate the influence of farm production diversity 
on diet diversity in two semi-arid Counties of South Eastern Kenya by employing a sample of 
830 smallholder farmers selected using a three-stage sampling procedure and the data were 
analyzed using a Poisson regression model. On the average, households consumed food from 
seven food groups out of the 12 possible food groups. We show that farm production 
diversity has a positive and significant influence on dietary diversity, a proxy for diet quality. 
Other interventions that can improve dietary diversity include commercialization and wealth 
creation. Thus, pro-farm diversification interventions are recommended as potential strategies 
for improving the dietary diversity of rural farming households. Moreover, improving market 
infrastructure to enhance commercialization and supporting wealth creation through savings 
and asset accumulation can contribute towards more diversified diets.

1.  Introduction

The relationship between agriculture and nutrition has 
long been recognized (Haddad, 2000; Meeker & Haddad, 
2013; Ogutu, Gödecke, et  al., 2020). Agricultural produc-
tion improves food security access through the availabil-
ity and access dimensions of food and nutrition security. 
This became evident during the green revolution of the 
1960s when an increase in wheat and rice productivity 
contributed substantially to improved calorie consump-
tion in Asia and Latin America (Evenson & Gollin, 2003). 
The agriculture-nutrition linkages from a food quality 
and diversity perspective are not new, but these insights 
have started to influence mainstream agricultural devel-
opment interventions only recently (Burlingame & 
Dernini, 2012; Fanzo et al., 2013). About 800 million peo-
ple in the world are chronically hungry, a majority of 
whom are domiciled in the rural areas of developing 
countries in Africa and Asia (FAO, 2018). Women and 
children are the most vulnerable groups to malnutrition 
because of their high nutritional requirements for growth 
and development (Blossner et  al., 2005; FAO, 2000).

A fifth of the people in Africa are undernourished 
(FAO, 2018). In Kenya, the focus of this study, a quarter 
of the population is undernourished (FAO, 2018). 
Moreover, 26, 11, and 4% of Kenyan children are stunted, 
underweight, and wasted respectively (UNICEF, 2022). 
Malnutrition is more pronounced in Kenya’s food deficit 
regions that encompass the Arid and Semi-Arid Land 
(ASALs). For instance, stunting is estimated at 46% in 
the ASAL Counties of Kitui and West Pokot while wast-
ing in most ASAL counties in Kenya is estimated at over 
20% (UNICEF, 2022). Consequently, identifying viable 
pathways through which the nutrition status of rural 
farming households can be improved is of key impor-
tance for decision makers.

The literature identifies own production and mar-
ket access as some of the pathways to improving 
nutrition security (Hoddinott et  al., 2015; Koppmair 
et  al., 2017; Sibhatu et  al., 2015; Sibhatu & Qaim, 
2017; World Bank, 2008). However, a majority of the 
agricultural interventions in Kenya have focused on 
improving farm productivity through the adoption of 
high yielding crop varieties and livestock species 
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complemented with good agricultural practices, e.g. 
the Kenya Agricultural Productivity Program,1 and the 
Kenya Productivity and Agribusiness Project.2 The 
adoption of improved technologies rarely replaces 
existing enterprises but rather adds to existing enter-
prise portfolio, enhancing farm production diversity, 
a key driver of food and nutrition security (Appiah- 
Twumasi & Asale, 2022; Sibhatu et  al., 2022).

Farm production diversity emanates from the alloca-
tion of productive resources to a wider range of farm 
activities, such as managing numerous crop and live-
stock species (Kankwamba et  al., 2012; Mwololo et  al., 
2019). Previous studies report a positive association 
between farm production diversity and nutrition status 
using diet diversity as a proxy (Jones et al., 2014; Muthini 
et  al., 2020; Sibhatu et  al., 2015; Sibhatu & Qaim 2018). 
However, empirical evidence on the association between 
farm production diversity and nutrition is non-conclusive 
and existing literature is context specific and therefore 
may not be generalized (Muthini et  al., 2020; Sibhatu & 
Qaim 2018). Consequently, further research on agriculture- 
nutrition linkages is still required (IFPRI, 2011; Masset 
et  al., 2012).

To contribute to the agriculture-nutrition dis-
course, we assess the influence of farm production 
diversity on dietary quality in Machakos and Makueni 
Counties in South Eastern Kenya. We focus on the 
two ASAL counties since they rarely feature in exist-
ing literature, such as Liu et  al. (2022), Muthini et  al. 
(2020), and Ogutu, Fongar, et  al. (2020) which con-
centrate on the high potential agricultural areas. The 
implication of the gap is that, ASAL counties may 
not benefit from the highly contextualized evidence 
on this topic. This study extends the estimation 
undertaken in previous research by incorporating the 
use of the food consumption scores as a robustness 
check of the findings and the results are consistent. 

The evidence provided in this study gives credence 
to recommend that development initiatives should 
pursue pro-farm production diversification policies as 
a viable strategy for improving dietary diversity, and 
thus diet quality. The results are also relevant to the 
County Governments of Machakos and Makueni 
which should be encouraged to embrace pro-farm 
diversification policies. The remainder of this paper 
proceeds as follows. Section 2 describes the study 
methods. The results of the study are presented in 
section 3 and discussed in section 4. Section 5 con-
cludes and provides some policy options.

2.  Study methods

2.1.  Conceptual framework

A micro-level framework at the household level is 
adapted from Ogutu, Fongar, et  al. (2020) in under-
standing the agriculture-nutrition linkages in a rural 
setting (Figure 1). Dietary diversity can be improved 
through the consumption of own produced or pur-
chased food. In a pure subsistence setting, farmers 
would consume own produced food, implying a per-
fect correlation between production and consump-
tion diversity. However, in practice, many smallholder 
farmers consume part of their own-produced food 
but at the same time, attain a marketed surplus mak-
ing market access an important source of farm 
income which in turn can contribute significantly to 
improved diets through food purchases (Kihiu & 
Amuakwa-Mensah, 2021; Ogutu, Fongar, et  al., 2020).

Often, farmers are also involved in off-farm eco-
nomic activities, such as managing small businesses 
and providing paid labor. In many African countries, 
off-farm income already accounts for over 50% of 
smallholder households’ total income (World Bank, 

Figure 1.  Agriculture-nutrition linkages at household level.
Source: Adapted from Ogutu, Fongar, et  al. (2020).
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2007). The proceeds of off-farm activities can enable 
farmers to access diverse foods from the market. 
Babatunde and Qaim (2010) showed that rising cash 
income among smallholder farmers can significantly 
increase dietary quality and micronutrient intake. The 
relationship between farm production diversity and 
diet diversity can also be influenced by other socio-
economic factors, such as education and age (Gitagia 
et al., 2019), and gender roles (Drammeh et al., 2020).

2.2.  Empirical model

We specify the relationship between farm production 
diversity and diet diversity in Equation (1) following 
Sibhatu et  al. (2015).

	 DD = + PD + +
i i n n i

Xα α α ε
0 1

� (1)

Where for the ith household, DDi is the dietary diver-
sity score and PDi is the farm production diversity score. 
X

n
 is a vector of other determinants of dietary diversity, 

such as market access, infrastructure, and wealth, α
n
 are 

coefficient estimates, and ε
i
 is the error term.

Equation (1) was estimated using the truncated 
Poisson regression model that uses the maximum 
likelihood estimator (Greene, 2007) for the three diet 
diversity scores; household diet diversity score 
(HDDS), women diet diversity score (WDDS), and 
child diet diversity score (CDDS). The model is justi-
fied since the dietary diversity scores, a proxy for 
diet quality, give rise to a discrete dependent vari-
able that is limited between 1 and 12 for the HDDS, 
1 and 9 for the WDDS, and 1 and 7 for the CDDS. 
The data is skewed to the left, a phenomenon that 
would make models, such as the ordinary least 
squares (OLS) yield inconsistent estimates (Mwololo 
et  al., 2019; Nzuma & Mzera, 2023). The equal disper-
sion and homoscedasticity of the standard error 
requirements of the Poisson model were fulfilled and 
thus, the model is appropriate.

The resulting coefficient estimates are semi- 
elasticities while the average marginal effects, which are 
presented in this study, are the direct elasticities and are 
specified in Equations (2) and (3) following Wulff (2015).
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Where for the ith household, ME
i
 is the marginal 

effect, i.e. change in diet diversity due to a small 
change in farm production diversity, P

i
 is the weighted 

probability of the coefficients. The rest of the param-
eters are defined in the same way as in Equation (1).

2.3.  Data sources and sampling

This study used primary data collected from 830 
smallholder farmers in Machakos and Makueni 
Counties3 in September 2021 (Figure 2). The two 
Counties are semi-arid receiving a mean annual rain-
fall of 500 mm with variations depending on alti-
tude. Farmers grow a wide range of food crops, such 
as maize, pulses (beans, cowpeas, green grams, 
pigeon peas) vegetables, sorghum, millet, and fruits 
mostly mangoes, pawpaw, and citrus. In addition, 
they keep livestock including indigenous cattle, 
goats, sheep, and chicken.

A three-stage sampling procedure was used to 
select the respondents. In the first stage, two 
Sub-Counties in each County were purposively 
selected based on their predominance in growing 
fruit trees and their ecological similarities. In the sec-
ond stage, a simple random sampling technique  
was used to select two Wards per Sub-County. In 
Machakos County, data were collected in Mwala and 
Muthetheni Wards of Mwala Sub-County while in 
Makueni County, Kathonzweni and Muvua/Kikumini 
Wards of Kathonzweni Sub-County were selected. A 
listing of the farming households in each Ward was 
obtained from the Ward agricultural extension office 
and an online random number application was used 
to draw a simple random sample of 200 households 
per Ward, attaining a sample of 800 households in the 
two Counties. To cater for non-response, the sample 
size was adjusted upwards by 34 farmers yielding a 
sample size of 834, with each county contributing half 
of the sample. The response rate for the survey was 
99%. The respondents were interviewed using a 
semi-structured questionnaire built into the kobotool-
box.org server and the data analyzed in Stata 
version 14.

2.4.  Measurement of key variables

To understand the influence of farm production 
diversity on diet diversity, HDDS, WDDS, and CDDS 
were used as the dependent variable while the food 
consumption score (FCS) was used as a robustness 
check for the diet diversity score (DDS) models. DDS 
is an indicator of a household’s ability to access 
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diverse foods (Bilinsky & Swindale, 2005). We use 
DDS as a proxy for diet quality and compute three 
variants of it, HDDS, WDDS, and CDDS, as a count of 
the number of different food groups consumed for 
all the households surveyed. To calculate the HDDS, 
we use a 7-day food consumption recall comprising 
food prepared at home, following Muthini et  al. 
(2020). Besides, we calculate the WDDS and the 
CDDS using a single 24-h recall for households with 
a woman of child bearing age (15–49 years) and a 
child of 6–59 months old, respectively following 
Hussein et  al. (2018) and Rathnayake et  al. (2012). 
The WDDS and CDDS comprise food prepared and 
consumed at home as well as away from home. This 
approach explains the varying sample size for the 
CDDS models.

The food consumption recalls are an alternative to 
observing the actual quantities of the foods an indi-
vidual consumes. Fongar et  al. (2018) and Headey 
and Ecker (2013) demonstrate that DDSs are signifi-
cantly correlated with observed measures of nutri-
tion status and thus are reliable. The main strength 
of the individual 24-h recall is that it allows the 
researcher to record food prepared and consumed 
away from home, especially for those working 
off-farm. Its main weakness is that one requires  
multiple recalls to minimize measurement errors 
associated with consumption patterns. Ma et  al. 
(2009) recommend three recalls in assessing energy 
intake. Although this study used a single 24-h recall, 
it established before the interview that the diets of 

the respondents did not vary significantly during the 
usual days and comprised a starchy food (mostly 
maize, wheat, or rice meals), vegetable (mostly kales 
or cabbage), and a pulse (mostly beans, cow peas or 
green grams). Interviews were not conducted during 
the unusual days which were market days (mostly 
once a week) often characterized by fast food and 
carbonated drinks and weekends (Saturdays and 
Sundays). Saturdays were common with social func-
tions like weddings and burials that are characterized 
by rare meals including meat, cake, and alcohol and 
Sunday is the day most households attended church 
that is characterized by skipping lunch. Avoiding 
interviews on the unusual days was important to 
avoid undue influence on the individual DDSs.

The 7-day recall is appropriate for assessing diet 
diversity at household level since the data collected 
is only on the food prepared at home, minimizing 
errors associated with weekly consumption cycles. 
Villacis et  al. (2023) found that the 7-day recall tech-
nique has high predictive accuracy of between 78 
and 90%. It is worth noting that, none of the recall 
methods is adequate in isolation and therefore we 
utilize both of them concurrently as well as the food 
consumption scores to improve the reliability of our 
results. The foods included in computing the HDDS 
and the WDDS are as per the FAO (2010) guidelines 
(Kennedy et  al., 2011) while those included in the 
CDDS are as per the World Health Organization 
(WHO, 2008) guidelines (Table 1). The three diet 
diversity scores use different food groups given the 

Figure 2.  Map of Kenya; and inset—Machakos (Mwala and Muthetheni wards) and Makueni Counties (Kathonzweni and 
muvua/kikumini wards).
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difference in food requirements of women and chil-
dren for their physiological development.

The second proxy of diet quality was the food 
consumption score (FCS), measured as a count of the 
number of foods consumed by the household using 
a 7-day recall (Fite et  al., 2022). The respondents 
were provided with a list of 95 foods regularly con-
sumed in the study area to choose from. The FCS 
was used to check for the robustness DDS models.

The key explanatory variable in this study is the 
farm production diversity that was measured in three 
ways; (1) as a count of the number of crop and ani-
mal species managed by the household in the 
12 months preceding the survey, (2) using the 
Simpson’s Index, and (3) using a food group produc-
tion diversity score. The Simpson’s Index accounts for 
species richness (number of crops) and evenness 
(area allocated to a crop). Following Jones et  al. 
(2014), the index is defined as SI s

i j
= −1 2Σ , where for 

the ith household, s
j
 is the share of the cultivated 

land allocated to the Jth crop, calculated as s a A
j ij ij
= / , 

where a
ij
 is the area planted with the jth crop and  

A
ij
 is the total cultivated area. The Simpson’s Index is 

bounded between zero (0) and one (1) where, a 
value of zero indicates that a household grows only 
one crop (perfect specialization) and a value of one 
indicates infinite diversity. The limitation of the 
Simpson’s Index is that it applies to crops only and 
we address this weakness by using the Simpson’s 
Index together with the other two measures of farm 
production diversity to accommodate livestock.

The food group production diversity score was 
used as an alternative to the species count. It is a 
desirable measure of farm production diversity since 
the same species may provide products that belong 
to different food groups (e.g. chicken that delivers 
eggs and meat) or different species may belong to 
the same food group, e.g. maize and sorghum. The 
food group production diversity score counts the 

number of different food groups produced on a farm 
(Sibhatu & Qaim 2018). The use of multiple measure-
ments enabled us to test for the consistency of the 
estimates.

A commercialization index was used as a proxy 
for market access. Following Carletto et  al. (2017) 
and Ogutu and Qaim (2019), the index was calcu-
lated as the value of farm produce sold divided by 
the value of total farm produce. Commercialized 
households were expected to consume more diver-
sified diets. The value of household assets including 
the main house, electronics, and farm implements 
were used to estimate the wealth status of the 
farmers. Farmers were asked to estimate the value 
of a particular asset, e.g. ox-plough if they were to 
purchase it in its current form. Although the method 
is subjective, farmers are cognizant of asset depre-
ciation and provide intuitively reliable estimates. 
Wealth was thereafter computed by summing the 
value of individual asset value for each household 
according to Akter and Francis-Tan (2021) and 
Mwololo et  al. (2022). Other independent variables 
included were the age and formal education of the 
household head in years and the sex of the house-
hold head as a dummy.

3.  Results

3.1.  Sample characteristics

Table 2 presents the descriptive characteristics of the 
study respondents. Households in Makueni County 
were more diversified than those in Machakos 
County, in terms of crop production diversity, but 
there were no significant differences in livestock 
diversity of farms between the two Counties. 
Regarding food consumption, households in Makueni 
County consumed a significantly higher number of 
foods, an average of 23 foods, compared to an  

Table 1.  Food group classification for different dietary diversity scores.
# Household dietary diversity score (HDDS) Women’s dietary diversity score (WDDS) Child dietary diversity score (CDDS)

1 Cereals Starchy staples Grains, roots, and tubers
2 White roots and tubers Dark green leafy vegetables Legumes and nuts
3 Vegetables Other vitamin A rich fruits and vegetables Dairy products (milk, yogurt, cheese)
4 Fruits Other fruits and vegetables Flesh foods (meat, fish, poultry, and 

liver/organ meat)
5 Meat Organ meat Eggs
6 Eggs Meat and fish Vitamin A rich fruits and vegetables
7 Fish Eggs Other fruits and vegetables
8 Legumes, nuts, and seeds Legumes, nuts, and seeds
9 Milk Milk and milk products
10 Oils and fat
11 Sugar and sweets
12 Spices, condiments, and beverages

Source: FAO (2010) and WHO (2008).
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average of 21 foods consumed by households in 
Machakos County. On the average, households con-
sumed foods from seven groups most of which were 
from own production, typical of subsistence farming. 
The household dietary diversity score was not sig
nificantly different between the two Counties but  
the women and children dietary diversity scores in 
Makueni County were higher than in Machakos 
County. Farm commercialization in the study area 
was low with only a quarter of the farm produce 
being marketed and the difference between the two 
counties was not statistically significant.

3.2.  Association of farm production diversity and 
dietary diversity

Table 3 presents the truncated Poisson regression 
estimates of the association between farm produc-
tion diversity and dietary diversity in Machakos and 
Makueni Counties, Kenya. The data were tested for 
multicollinearity using the variance inflation factor4 
and the partial correlation coefficient whereas the 
error term was tested for heteroscedasticity. The 
model did not suffer from heteroscedasticity since 
the Breusch-Pagan/Cook-Weisberg test for heteroske-
dasticity was not statistically significant (Chi2 = 0.03; 
Prob = 0.86). The deviance and Pearson goodness of 
fit were also not significant (P = 1). The hypothesis 
that the data were over dispersed was rejected indi-
cating that the Poisson model was appropriate. 
Moreover, the Wald Chi2 statistic for all the models 
was significant at the 1% level, indicating a high pre-
diction power although the McFadden’s Pseudo R2 
values were low.5 The models’ diagnostic tests are 
robust and hence the study’s results are reliable.

Overall households consumed staples, vegetables, 
and fats and oils. All households consumed maize- 
based meals while 74, 81, and 80% of all households 
consumed boiled potatoes, white rice, and wheat- 

based meals respectively. Almost all sampled house-
holds (over 96%) consumed onions and tomatoes 
making the two vegetables the most commonly con-
sumed foods in the study area. Other common veg-
etables were cabbage and kale each consumed by 
82% of the respondents and spinach which was con-
sumed by 67% of the farmers. Over 97% of the 
households consumed nuts and pulses while animal 
products, such as meat and dairy products were con-
sumed by 77 and 94% of the respondents.

The association of farm production diversification 
and other exogenous variables with the DDS is pre-
sented in Table 3 (columns 1–4) while the FCS out-
come variable (columns 5–8) is used to check for the 
robustness of the HDDS models. All the proxies of 
farm production diversity had a positive and signifi-
cant association with HDDS. Growing an extra crop 
species was associated with a 7.7% increase in the 
HDDS (Table 3, column 1). The livestock diversity had 
a larger association with HDDS compared to crop 
diversity with an extra breed being associated with a 
23.4% increase in HDDS (Table 3, columns 2), point-
ing to the importance of livestock and livestock 
products in enhancing diet quality, especially as a 
source of high-quality protein, e.g. meat, milk, 
and eggs.

Considering the Simpsons Index, we interpret a 
small change in the index since it is impossible for a 
farm to change from zero (specialization) to one 
(infinite diversity) and vice versa. Thus, a 10% increase 
in the Simpson’s Index was associated with a 15% 
increase in the HDDS (Table 3, column 3). When farm 
production diversity was measured as a count of the 
food groups produced, including an extra food group 
in the farm had a positive and significant association 
with HDDS and the magnitude was double that of 
crop diversity since various crops may have belonged 
to the same group (Table 3, column 4). All the esti-
mates of the association of farm production diversity 

Table 2.  Sample characteristics of farmers in Machakos and Makueni counties.
Machakos (n = 416) Makueni (n = 414) Difference

Crop diversity (number) 5.19 (0.11) 5.81 (0.144) −0.61*** (0.09)
Livestock diversity (number) 2.60 (0.04) 2.69 (0.04) −0.10 (0.06)
Simpson index (score 0–1) 0.61 (0.01) 0.59 (0.01) 0.02** (0.01)
Food group production diversity (number 1–12) 6.29 (0.07) 6.53 (0.08) −0.24** (0.11)
Food consumption score (number) 21.26 (0.31) 22.60 (0.29) −1.34*** (0.42)
Household Diet Diversity Score (1–12) 7.24 (0.07) 7.44 (0.07) −0.19 (0.10)
Women Diet Diversity Score (1–9) 4.96 (0.07) 5.30 (0.07) −0.34*** (0.09)
Child Diet Diversity Score (1–7) 3.89 (0.09) 4.19 (0.09) −0.29** (0.13)
Household head age (years) 52.97 (0.70) 50.63 (0.64) 2.34*** (0.95)
Household head formal education (years) 8.42 (0.17) 9.44 (0.16) −1.01*** (0.23)
Wealth (‘000’ Kenya shillings) 824.90 (39.88) 988.99 (45.02) −164.10*** (60.12)
Household size (number) 5.17 (0.09) 4.88 (0.08) 0.30*** (0.12)
Commercialization (ratio 0–1) 0.25 (0.01) 0.27 (0.01) −0.13 (0.02)
Household head is male (yes = 1, no = 0) 0.70 (0.02) 0.73 (0.02) −0.03 (0.03)

***, ** differences were significant at the 1 and 5% levels. Standard errors in parentheses.
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and FCS were consistent in direction and significance 
level, suggesting that the results are reliable (Table 3, 
columns 5–8).

In addition to farm production diversity, we iden-
tified other drivers of dietary diversity. 
Commercialization had a positive and significant 
association with HDDS and the magnitude of the 
estimates were consistent and comparable across all 
the models, other than in Table 3, column 4. 
Households with a child of 6–59 months were 21–23% 
more likely to have a higher HDDS than those house-
holds without a child of such age. Moreover, male 
headed households were 29–36% more likely to have 
higher HDDS relative to their female headed coun-
terparts (Table 3, columns 2 and 3). Wealth had a 
positive and significant association with HDDS. A 1% 
increase in the wealth index was associated with an 
increase in the HDDS in the range of 26–30% (Table 
3, columns 3 and 4).

Farm production diversity was also positively associ-
ated with the women diet quality at least at the 5% 
level (Table 4). More commercialized, wealthier, and 
male headed households were more likely to consume 
more diverse diets (Table 4). A 1% increase in the com-
mercialization index was associated with an increase in 
the WDDS of between 46 and 52%. Women from 
wealthier households were 22–27% more likely to con-
sume diverse foods while diets of those from male 
headed households were 33–38% more likely to con-
sume diversified diets (Table 4).

Regarding the diet diversity of children, only the 
crop and the food group diversity had a significant 
association with the dietary quality (Table 5). An addi-
tional crop species grown was associated with a 10% 
increase in the CDDS whereas an additional food 
group was associated with 12% increase in the CDDS 
(Table 5, columns 1 and 4). An interesting observa-
tion was that the education level of the caregiver, 
often the child’s mother, had a positive and signifi-
cant association with the child’s diet quality (Table 5). 
An extra year of formal education for the caregiver 
was associated with a 5% increase in the CDDS (Table 
5, columns 1 and 4). Household wealth was also pos-
itively associated with the CDDS. Diets of children 
from wealthier households were 21–27% more diverse 
compared to children from poor households. Similarly, 
older children were 1% more likely to consume diver-
sified diets (Table 5, columns 1–4).

4.  Discussion

We evaluated the influence of farm production diver-
sity, the independent variable of interest on diet Ta
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diversity, a proxy for diet quality by estimating three 
truncated Poisson regression models each for the 
household, women, and children diet diversity scores. 
The model’s estimated results, while controlling for 
other covariates are consistent, indicating that the 
results are robust. We find a positive and significant 
association between farm production diversity and 
the household as well as the women diet diversities 
confirming our earlier hypothesis of a positive influ-
ence. These influences are in congruence with our 
conceptual framework in Figure 1 that, diversifying 
farm production is a viable pathway for improving 
diet quality and also corroborates earlier findings by 
Gaillard et al. (2022), Kissoly et al. (2020), and Muthini 
et  al. (2020). Households on the average consumed 
meals from seven food groups (to the nearest whole 
number) while producing six food groups on aver-
age, indicating that own production contributed 

about 86% of the diet diversity of the households 
typical of subsistence farming. Subsistence farming is 
often characterized by small farms of <5 acres as 
defined by Debonne et  al. (2021) and Samberg et  al. 
(2016), low returns to labor (Gollin et  al., 2014), and 
limited access to markets (Ngenoh et  al., 2019) as is 
the case in this study where the marketed surplus 
constituted a quarter of total farm production.

As expected, the livestock diversity had a larger 
association with dietary diversity than the crop diver-
sity, three times larger for the household diet diversity 
and two and half times larger for the women diet 
diversity. Livestock and livestock products are often 
sold for cash and therefore rural diets are often defi-
cient in livestock products. It is plausible that if 
included in rural household diets, livestock, and live-
stock products would enhance diet diversity a great 
deal and thus diet quality since they are sources of 

Table 4.  Poisson maximum likelihood estimates of the association of farm production diversity and women 
diet diversity.

Variables

Women Diet Diversity Score (WDDS)

[1] [2] [3] [4]

Crop diversity (species count) 0.078*** (0.02)
Livestock diversity (species count) 0.184*** (0.06)
Simpson index (score 0–1) 0.855** (0.39)
Food group production diversity (number) 0.176*** (0.03)
County (Machakos = 1; Makueni = 0) 0.213** (0.09) 0.254*** (0.09) 0.284*** (0.09) 0.227*** (0.09)
Commercialization (ratio 0–1) 0.516*** (0.20) 0.587*** (0.20) 0.590*** (0.20) 0.464** (0.20)
Child of 6–59 months present (yes = 1) 0.096 (0.09) 0.094 (0.09) 0.089 (0.09) 0.106 (0.09)
Household head age (years) −0.009** (0.00) −0.008** (0.00) −0.007 (0.00) −0.010*** (0.00)
Household head formal education (years) 0.005 (0.01) 0.002 (0.01) 0.001 (0.01) 0.002 (0.01)
Wealth (ln of KES) 0.236*** (0.03) 0.236*** (0.03) 0.267*** (0.03) 0.215*** (0.03)
Household head is male (yes = 1; no = 0) 0.340*** (0.10) 0.332*** (0.10) 0.377*** (0.10) 0.335*** (0.10)
Sample size (n) 830 830 830 830
Wald Chi2 146.80*** 138.21*** 128.84*** 166.43***
McFadden Pseudo R2 0.015 0.014 0.013 0.016

***, ** differences were significant at the 1 and 5% levels.

Table 5.  Poisson maximum likelihood estimates of the association of farm production diversity and child diet 
diversity.

Variables

Child Diet Diversity Score (CDDS)

[1] [2] [3] [4]

Crop diversity (number) 0.099*** (0.02)
Livestock diversity (number) 0.118 (0.07)
Simpson index (score 0–1) 0.887 (0.56)
Food group production diversity (number) 0.119*** (0.04)
County (Machakos = 1; Makueni = 0) −0.162 (0.12) −0.197 (0.13) −0.243 (0.13) −0.183 (0.13)
Commercialization (ratio 0–1) −0.137 (0.29) −0.025 (0.29) −0.067 (0.29) −0.121 (0.30)
Age of household head (years) 0.006 (0.01) 0.005 (0.01) 0.006 (0.01) 0.006 (0.01)
Age of child’s caregiver (years) −0.012 (0.01) −0.009 (0.01) −0.009 (0.01) −0.012 (0.01)
Household head is male (yes = 1) 0.070 (0.15) 0.072 (0.15) 0.119 (0.15) 0.072 (0.15)
Formal education of household head 

(years)
−0.030 (0.02) −0.041 (0.02) −0.039 (0.03) −0.041 (0.02)

Formal education of child’s caregiver 
(years)

0.048** (0.02) 0.049 (0.03) 0.046 (0.03) 0.052** (0.02)

Wealth (ln of KES) 0.213*** (0.05) 0.252*** (0.05) 0.274*** (0.05) 0.232*** (0.05)
Child’s age (months) 0.011*** (0.00) 0.010** (0.00) 0.010** (0.00) 0.010** (0.00)
Sample size (n) 345 345 345 345
Wald Chi2 87.87*** 56.16*** 56.20*** 66.16***
McFadden Pseudo R2 0.018 0.015 0.016 0.016

***, ** differences were significant at the 1 and 5% levels.
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high-quality protein. Similar findings have been 
reported by Bakhtsiyarava and Grace (2021) and 
Zanello et  al. (2019). Surprisingly, the livestock diver-
sity did not have a significant association with child 
dietary diversity possibly due to the slow onset of 
weaning foods for children. In the African rural set-
ting, livestock diversity, such as having chicken, goats, 
cattle, etc. is an indication of a higher social status 
and therefore may be associated with other indicators, 
such as wealth that have a significant association with 
diet diversity as reported by Fatch et  al. (2023).

In addition to our finding that farm production diver-
sity is a potential pathway for improving diet diversity, 
other complementary strategies observed were com-
mercialization, wealth creation, and education of the 
child caregivers. The association of commercialization 
with diet diversity was positive, significant, and consis-
tent across the household, women, and children diet 
diversity scores implying that it is an important strategy 
when targeting households with women and children 
like was the case for 42% of the households in our sam-
ple. This is conceivable even for highly diversified farms 
because it is difficult to produce all the foods a house-
hold consumes, especially livestock and livestock prod-
ucts. For instance, a household may keep goats but it is 
rare for a goat to be slaughtered for home consump-
tion. Instead, farmers would consume goat milk and 
occasionally sell the goat for income that is used to 
access a variety of basic needs. Comparable results are 
reported by Huang and Tian (2019), Ogutu, Fongar, 
et  al. (2020), and Onyeneke et  al. (2019).

Wealth has a positive and significant association 
with diet diversity and therefore wealth creation is 
another pathway through which households can 
improve their diets. Wealthier farmers had more 
diverse diets for the household, women and children 
diet diversity scores. Wealth can complement own 
food production because wealthier households can 
afford to purchase food. Wealth is particularly an 
interesting and strong indicator given its compound 
nature and association with other indicators. Mwololo 
et  al. (2022) found a positive association between 
wealth status and farmer empowerment in Kenya, 
whereas Lukwa et  al. (2020) found that food insecu-
rity was prevalent among rural poor in Zimbabwe.

In addition to the three viable pathways that can 
be applied to improve dietary diversity, the gender 
of the household, the formal education of the child 
caregiver, and child’s age returned a significant asso-
ciation with diet diversity and therefore are worth 
discussing. Women headed households are often 
poorer compared to their men headed counterparts 
owing to gender inequalities (Wrigley-Asante, 2008) 

and therefore limiting their capacity to either afford 
the cost associated with farm production diversifica-
tion or purchase of food. Our results show that male 
headed households reported more diverse diets 
compared to female headed households and this 
finding is in agreement with Muthini et  al. (2020). 
Male farmers are more likely to have access to pro-
ductive assets, such as land and capital, and have 
more decision-making power. Mwololo et  al. (2021) 
found that men were more empowered than women 
in decisions regarding farm production and income 
use in Western Kenya.

The formal education of the caregiver, often the 
mother, has a positive and significant association 
with the diet diversity of the children. In line with 
other studies, such as Dafursa and Gebremedhin 
(2019) and Onyeneke et  al. (2019), education 
improves the caregiver’s knowledge of diets and 
influences their diet choices. Moreover, educated 
mothers are more likely to get better paying job 
opportunities enhancing not only diet choices but 
also their purchasing power. The child’s age was also 
positively associated with their diet diversity score. 
This finding was not unusual as it corroborates the 
findings of Berti et  al. (2004) and Masset et  al. (2012). 
A plausible explanation is that a child’s diet diversity 
increases with age as they are weaned from exclu-
sive breast feeding (Harvey et  al., 2017).

5.  Conclusions and policy recommendations

The key finding of this study is that farm production 
diversity is a viable strategy to improving the dietary 
quality of farming households through the diet 
diversity pathway. Thus, development and policy 
interventions targeting to diversify the diets of small-
holder farmers should pursue pro-farm production 
diversification policies. An important entry point is to 
keep additional livestock species because livestock 
diversity has a higher influence on dietary diversity 
than crop diversity. We observe that measuring farm 
production diversity based on food groups diversifi-
cation returns a stronger association with the diet 
diversity than species diversification suggesting that 
farm diversification should be guided by the food 
groups a household manages.

Since commercialization returned a positive and 
significant association with diet diversity, then it can 
be concluded that commercializing farms is a viable 
strategy for improving the diet quality of smallholder 
farmers. County governments should therefore prior-
itize investments towards improving market infra-
structure, especially rural roads and market sheds to 
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enhance farm commercialization. Such investments 
would reduce the cost and time of accessing agricul-
tural markets, e.g. rural roads would reduce the dam-
age of produce while market shades would protect 
traders and their produce from adverse weather con-
ditions, such as direct sun light and rain that jeopar-
dize the quality and value of farm produce while 
lighting open markets would reduce insecurity at 
night and on the flip side, increase trading hours.

Wealthier farmers reportedly consumed more 
diversified diets than their less wealthy counterparts. 
Consequently, wealth creation strategies should be 
promoted including savings, asset accumulation, and 
livelihood diversification. With the advent of climate 
change that has had adverse effects on agricultural 
production potential, wealth becomes crucial in 
boosting diet diversity through market purchases. 
Since the education of the child’s caregiver, often the 
child’s mother, is positively associated with the child’s 
diet diversity, interventions should prioritize invest-
ing in educating the girl children who are the future 
mothers. Educated mothers are more likely to make 
better choices regarding the quality of diets which 
when coupled with higher earning capacity improves 
diet diversity. This is particularly important consider-
ing the long-term effects of child malnutrition includ-
ing cognitive disability and reduced economic 
potential of the affected (Siddiqui et  al., 2020).

Lastly, the finding that male headed households 
reported more diverse diets is an indication that 
women may be limited in various ways. Farming 
households in rural Kenya are patriarchal with men 
owning or having more decision-making powers over 
the utilization of productive assets, such as agricul-
tural land and income utilization. To narrow the diet 
diversity gap between men and women headed 
households, women can benefit from empowerment 
as shown by Baye et al. (2021) and Kassie et al. (2020).

While the several tests we conducted confirm the 
robustness of our findings, some limitations remain. 
First, the use of cross-section data limits the strength 
of the identification strategy and does not control 
for endogeneity which is almost always inherent in 
humans, e.g. innate capabilities thus weakening the 
external validity of the results. Consequently, we only 
report associations as opposed to causality. Second, 
the 7-day food consumption recall data provides a 
rational snapshot of diets at the household level, but 
it may not account for periodic consumption cycles 
that are beyond one week, e.g. households with for-
mally employed members may follow a monthly 
cycle. Lastly, the use of 12-months recall period for 
the farm production data may result in recall error. 

Given the three limitations, our findings are valid for 
Eastern Kenya. Therefore, findings in this study may 
not directly apply beyond the two study counties.

Notes

	 1.	 https://ieg.worldbankgroup.org/sites/default/files/
Data/reports/ppar_kenyaagriculture.pdf. Accessed on 
8th November 2022.

	 2.	 ht t p s : / / p ro j e c t s . wo r l d b a n k . o rg / e n / p ro j e c t s - 
operations/project-detail/P109683. Accessed on 8th 
November 2022.

	 3.	 Inclusion of the two counties (Machakos and 
Makueni) was not for comparison purposes per se 
but rather to enhance the external validity from a 
geographic scope point of view since the study uses 
cross section data that suffer from weak external va-
lidity.

	 4.	 The average VIF was 1.19 and ranged from 1.05 to 
1.34 for all the variables whereas the partial correla-
tion coefficients were in the range of 0.01–0.14 thus 
the model did not exhibit multicollinearity.

	 5.	 All the models returned low McFadden’s Pseudo R2 
values ranging between 1.1 and 5.9%. Although a 
higher value of the McFadden’s Pseudo R2 is desir-
able, it is not uncommon for nonlinear models to 
return such ratios. Chaudhry et  al. (2020) provide a 
plausible explanation that the McFadden’s Pseudo R2 
is not an equivalent of the standard R2 found in lin-
ear models, i.e. the proportion of variance in the de-
pendent variable that can be explained by the inde-
pendent variables included in the model. Therefore, 
the McFadden’s Pseudo R2 should not be interpreted 
directly to imply the model’s goodness of fit.

Ethical approval

Since this study used a survey to collect cross-sectional 
data of farmers’ socio-economic characteristics, such as 
their farm production diversity and diet diversity, major 
ethical concerns do not arise as would be the case with 
randomized control trials, where for research purposes, the 
control group may be denied treatment that they actually 
need. However, we ensured to eliminate any further ethical 
concerns in three ways. First, before the start of the inter-
view, enumerators briefed the farmers including mention-
ing that the data collected was for academic purposes and 
would not be used for commercial gains. Farmers were 
also briefed on some of the key variables of interest and 
that the data analysis would be anonymized. After the 
brief, the farmers were asked whether they were willing to 
proceed with the interview. Two options were possible, if a 
farmer was willing, she or he was interviewed, otherwise, 
the enumerator terminated the interview and proceeded 
to the next farmer on the list. All the farmers in the sam-
ple agreed to be interviewed. Secondly, the preliminary 
findings of the study were shared in a dissemination work-
shop that included a group of randomly selected farmers 
from among those interviewed. The workshop was orga-
nized by the funder of the study, the African Economic 
Research Consortium (AERC).

https://ieg.worldbankgroup.org/sites/default/files/Data/reports/ppar_kenyaagriculture.pdf
https://ieg.worldbankgroup.org/sites/default/files/Data/reports/ppar_kenyaagriculture.pdf
https://projects.worldbank.org/en/projects-operations/project-detail/P109683
https://projects.worldbank.org/en/projects-operations/project-detail/P109683
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