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Abstract
Although the production-to-consumption pathway is widely promoted to improve diet quality in developing world, its 
contribution to individual diet and nutrient intake remains unclear. We assessed this relationship among 377 children aged 
6 to 59 months in three zones characterized by landscape diversity along an agricultural intensification gradient from the 
state forest of Munesa to the nearby town of Arsi Negele, Ethiopia during the two harvest seasons. A repeated interactive 
multiple-pass 24-h recall method was used to collect intake data. Usual intake distributions for energy, protein, iron, zinc 
and vitamin A were estimated using the National Cancer Institute (NCI) method and compared with estimated average 
requirement values to determine the prevalence of inadequate intake. The usual intake of protein, zinc and vitamin A 
among children were inadequate and further exacerbated by seasonality. The extent of nutrient inadequacy was higher 
in the diverse landscape (“near to forest” zone) than in the less diverse landscape (“distant to forest” zone). However, 
the diverse landscape tended to provide a better buffering capacity against seasonal energy and nutrient stress than a 
less diverse landscape. The age of a child positively predicted usual intakes of energy, protein, iron, zinc and vitamin A 
along the gradient, while breastfeeding negatively predicted these intakes. Most of the food groups and nutrients con-
sumed were derived from on-farm production, whereas fruits and vegetables were via the market. Thus, introduction of 
nutrient-dense crops and increasing livestock productivity are vital to enhance consumption of diverse diets and thereby 
nutrients among children.
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1 Introduction

Consumption of diets low in diversity and quality is 
considered as the main factor for nutrient inadequacy in 
the diets of children in developing countries (Allen, 2012; 
Choudhury et al., 2019; Parikh et al., 2022). This is the 
case in Ethiopia where four out of five children under 
five years of age consume diets of inadequate diversity 
(Alemu et al., 2022; Jalata & Asefa, 2022). Inadequate 
intake of nutrients has a considerable negative impact on 
child growth and development (Bliznashka et al., 2021; 
Kakwangire et al., 2021; Miller et al., 2020). Strategies 
such as food fortification and supplementation are 
considered as effective measures to address dietary nutrient 
inadequacies (Dewey & Adu-afarwuah, 2008; Horton, 
2006). However, limited coverage to reach all individuals, 
high routine intervention costs and inconsistent findings 
on the impact are some of the factors hindering the 
scale-up of these strategies in developing countries (Baek 
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et al., 2022; Kannan et al., 2022; Saronga et al., 2022). In 
such contexts, agriculture-based nutrition interventions, 
particularly via the production-to-consumption pathway, is 
considered as a direct pathway to improve the consumption 
of diverse nutritious foods by the rural poor (Gillespie 
et al., 2019; Haddad, 2013). This is due to the fact that a 
significant proportion of the rural poor in the developing 
world rely on their own farm production as a main source 
of food for consumption (Diao et al., 2010). Yet market 
access can also impact consumption of diverse diets 
(Kiptoo et al., 2021; Nandi et al., 2021; Ogutu et al., 2020). 
Thus, estimating individual dietary and nutrients intakes, 
as well as the contribution of the different pathways is 
fundamental for identifying dietary gaps and developing 
interventions enhancing consumption of diverse diets.

Ensuring adequate availability and consumption of diver-
sified diets among the various demographic groups is one of 
the strategic objectives of the food and nutrition policy of 
Ethiopia (Federal Democratic Republic of Ethiopia, 2018). 
With this regard, both on-farm production and market could 
play a key role in securing diverse diets to rural households 
(Aragie, 2014; Carletto et al., 2015; Hirvonen & Hoddinott, 
2017; Kiptoo et al., 2021; Nandi et al., 2021; Ogutu et al., 
2020; Sibhatu & Qaim, 2018). However, given poor mar-
ket infrastructures in most rural areas (Gebiso et al., 2023; 
Usman & Callo-Concha, 2021), food supply is likely to be 
dominated by own production. Although own production 
dominates the supply system, production systems vary in 
production and diversity of food depending on the agroecol-
ogy and climatic conditions of a given area and the farmer’s 
production orientation, targeting either for own consumption 
or commercial purposes. Therefore, the ability of farms to 
provide diverse diets to households varies (Jones, 2017) and 
the extent to which production and diversity in the context 
of smallholder farming households impact individual diets 
and nutrient intakes remains unclear.

Moreover, food production in smallholder farming sys-
tems is largely rain-fed and varies across seasons. Seasonal 
fluctuations in food production greatly affect household 
food availability and consequently consumption, particu-
larly among vulnerable members of the household (Bai 
et al., 2020; Broaddus-Shea et al., 2018; Kaminski et al., 
2016; Oluwatayo, 2019; Shell‐Duncan, 1995). This is 
true in the context of Ethiopia where seasonality impacts 
both the nutritional status of children and household food 
availability. Compared to the post-harvest season, which is 
between October to December in most parts of the country, 
the prevalence of wasting among children and household 
food insecurity were found to be higher while per capita 
calorie consumption was lower during the pre-harvest 
season (between June to August) (Belayneh et al., 2020; 
Hirvonen & Hoddinott, 2017; Sibhatu & Qaim, 2017). 
However, less is known about the association between 

seasonality in agricultural food production and nutrient 
intakes at the individual level.

To better understand the potential of agriculture to 
improve nutrition (Kadiyala et al., 2014; Sharma et al., 
2021), there have been calls to strengthen the nature and 
scope of evidence on the link and contribution of diverse 
production systems to individual nutritional outcomes 
(Carletto et al., 2015; Gergel et al., 2020) in the context of 
smallholder farming systems. To this end, we conducted a 
longitudinal dietary intake assessment study that consisted 
of two harvest seasons to assess the link between and con-
tribution of own production to nutrient consumption among 
children in three landscapes (zones) different in crop pro-
duction diversity and livestock ownership across an agricul-
tural intensification gradient in Arsi Negele district, Ethiopia 
(Baudron et al., 2017, 2019; Duriaux Chavarría et al., 2018). 
We hypothesized that a diverse production at the landscape 
scale would provide a diverse diet that could contribute to 
adequate nutrient intake for children and a better buffering 
capacity against seasonal energy and nutrient stress than a 
less diverse landscape. The key questions addressed in this 
study were: (1) How does the intensification gradient from 
the forest (a landscape with diverse production) to the nearby 
town (a landscape with less diverse production) relate to the 
diet and nutrient intakes of children during the two produc-
tion seasons? (2) Which factors influence children’s nutrient 
intakes across the gradient?

2  Materials and methods

2.1  Study area

This study was conducted in Arsi Negele Woreda (district) 
in the Oromiya region of Ethiopia and covered villages 
(kebeles) differing in landscape diversity along an 
agricultural intensification gradient from the state Munesa 
forest to the nearby Arsi Negele town. The three study zones 
were characterized by (Baudron et al., 2017), (Duriaux 
Chavarría et al., 2018) and (Baudron et al., 2019). Zone-1 
is close to the forest of Munisa and characterized by diverse 
crops, high prevalence of home gardens, high livestock 
ownership and access to the forest for feed and fuel (Fig. 1). 
Zone-3 is distant to the forest of Munisa but close to the 
town of Arsi Negele and is characterized by low crop and 
livestock diversity and low prevalence of home gardens. 
Zone-2 is intermediate. Agroecologically, the study sites 
are categorized as midland (“woinadega”) and are generally 
considered to be food secure areas (Baudron et al., 2017).

The agricultural activities in the three zones are cen-
tered around mixed crop and livestock production and 
follow three seasons based on the distribution of rain-
fall throughout the year: a long rainy season that lasts 
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from June to September, a dry season from October to 
January and a short rainy season from February to April 
(Duriaux & Baudron, 2016). There are two crop produc-
tion seasons: the Meher (during the long rainy season) 
and the Belg (during the short rainy season) (Fig. 1). The 

Meher crop harvest provides the largest quantity of food 
for household consumption, while the Belg crop harvest 
contributes a small share of the household food supply 
and is associated with the lean season where food stocks 
are gradually depleted.

Fig. 1  Map of the study area (a) and characteristics of the agricultural production seasons (b)
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2.2  Study design and participants

This study was a longitudinal community-based survey 
designed to assess the usual nutrient intake in the three zones 
and across the two harvest seasons. The first phase of the 
study was conducted after the main harvest season (Meher 
harvest) (January–February) and the second phase during 
the Belg harvest (July–August) of 2017. The target groups 
were children aged 6 to 59 months.

2.3  Sample size determination and sampling technique

We used a single population proportion formula (n) 
(Lwanga & Lemeshow, 1991) to determine sample size of 
children within the selected households. The assumptions 
used for the sample size estimation were a prevalence (P) 
estimate of 50% for inadequate intake of nutrients, a 
desired confidence level of 95% (z = 1.96) and desired level 
of precision (m) of 5%. Based on this, a minimum sample 
size of 384 children was estimated (n=

(

z

m

)2

P(1 − P) ). 
Knowing the total number of under five children in the 
study area (N = 3437), we further corrected the sample size 
for a finite population proportion using the formula 
(n = n

1+n∕N
 , where N = target population size), resulting in a 

sample size of 346. Given the longitudinal design of the 
study, an additional 20% was considered to compensate for 
loss to follow-up, resulting in a total sample size of 416 
children. We then allocated the estimated sample size 
(n = 416) to the three zones, according to the proportion of 
households with children 6–59 months in each zone (1118, 
1281 and 1038 in Zone-1, Zone-2 and Zone-3, respec-
tively). We accessed the complete list of households with 
children 6–59 months in each of the three zones from the 
health center to construct the sampling frame for each 

zone. We then selected households with children 6–59 
months using a systematic random sampling technique. For 
households with more than one child 6–59 months, we 
selected one child randomly using a lottery method. A total 
of 377 children completed the assessment in both seasons 
and considered in the analysis (Fig. 2).

2.4  Data collection

2.4.1  Dietary intake assessment

An interactive multiple-pass 24-h recall method was used 
to collect details of all the foods and drinks consumed by a 
child in the previous 24-h using a previously adapted ques-
tionnaire in the Ethiopian context (Ethiopian Public Health 
Institute, 2013; Gibson & Ferguson, 2008). Furthermore, 
duplicate/second-day recall data were collected from a sub-
sample (20%) of randomly selected children in each zone 
on nonconsecutive days to adjust for day-to-day variation 
in the distribution of usual nutrient intakes. Breastfeeding 
status of each child was recorded. However, nutrients from 
breast milk were not considered in the intake estimation 
due to a high variability in composition and quantity among 
rural mothers in Ethiopia (Abebe et al., 2019; Gebre-Medhin 
et al., 1976). The interviews were conducted by trained data 
collectors who had prior experience in dietary data collec-
tion. The mother or primary caregiver of the child was asked 
to recall details, including description, source, list of ingre-
dients, type, amount and cooking method, for each food and 
drink consumed and was recorded at various steps (passes) 
in the questionnaire. Weekdays and weekends were pro-
portionally represented during the data collection periods. 
Moreover, information on the use of supplements (bi-annual 
vitamin A supplementation for children under five years) 
was also collected.

Fig. 2  Flow chart of sampled 
children from the three zones 
during the Meher and the Belg 
harvest seasons, Arsi Negele, 
Oromiya region, Ethiopia, 2017
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The amount of food and drinks consumed by a child 
was directly weighed and measured in grams using a food 
scale. Standardized household measures, monetary value, 
a play dough model and water were used to estimate either 
the volume or weight equivalent (by developing an item-
specific conversion factor) of foods not available in the 
household during the time of the interview. For mixed 
dishes, the amount of edible portion of individual raw 
ingredients, cooking methods and weight of the cooked 
mixed dish were recorded. Based on this, the amount of 
each ingredient consumed from the mixed dish was esti-
mated proportionally. Standard local recipe data were 
developed for foods eaten outside of the home to estimate 
the amount of individual ingredients consumed.

Nutrient intake from all foods and drinks consumed was 
calculated using the Ethiopian Food Composition Tables 
(Ethiopian Health & Nutrition Research Institute, 1998a, 
b). For missing nutrients in the Ethiopian food composi-
tion table, mostly zinc for some foods, values were imputed 
from the USDA Food and Nutrient Database (USDA, 2007) 
with adjustment for differences in moisture content. The 
total intake for each nutrient was estimated from contribu-
tions from all foods and drinks consumed and the source 
was recorded as produced or purchased. For vitamin A, 
an absorbable vitamin A value of 167 µg RAE for chil-
dren between 6 to 11 months and 333 µg RAE for children 
between 12 to 59 months from a supplement (World Health 
Organization, 2011) was considered in the analysis.

2.4.2  Household food insecurity assessment

The Household Food Insecurity Access Scale (HFIAS) 
score and the Household Food Insecurity Access Preva-
lence (HFIAP) were used to assess household food insecu-
rity, particularly the ‘access to food’ dimension, based on a 
set of nine standardized questions that assess the frequency 
and severity of experience related to anxiety and uncer-
tainty about food access, insufficient quality or variety of 
food, and actual experiences of going without food (Coates 
et al., 2007). The HFIAS score was computed by adding 
the response value of each item, which could result in a 
maximum score of 27 (when the household response to all 
nine frequency of occurrence questions was “often” and 
coded with response code 3) and a minimum score of 0 
(when the household respond “no” to all occurrence ques-
tions, frequency of occurrence questions was skipped by 
the interviewer and subsequently coded as 0). The higher 
the score, the more frequently the household experienced 
limited access to food (more food insecure). The House-
hold Food Insecurity Access Prevalence (HFIAP) is cal-
culated by determining the percentage of households that 

fall into different categories of food insecurity based on 
the frequency of household experiences with food inse-
curity conditions. Households are categorized as increas-
ingly food insecure as they respond affirmatively to more 
severe conditions and/or experience those conditions more 
frequently. These categories include food secure, mildly 
food insecure, moderately food insecure and severely food 
insecure. A food secure household experiences none of the 
food insecurity (access to food) conditions, or just experi-
ences worry, but rarely. A mildly food insecure household 
worries about not having enough food, or not being able to 
eat preferred foods, rarely, but doesn’t experience reduction 
in food intake pattern. A moderately food insecure house-
hold sacrifices quality, variety or desirability of the diet 
sometimes or often, and reduce the quantity and frequency 
of foods consumed. A severely food insecure household 
experiences any of the three most severe conditions (run-
ning out of food, going to bed hungry, or going a whole 
day and night without eating).

2.4.3  Minimum Dietary Diversity (MDD)

We quantified a Minimum Dietary Diversity score as 
defined in the WHO measurement guidelines as the num-
ber of food groups consumed out of seven food groups for 
nonbreastfeeding children (WHO, 2010) and out of eight 
food groups (where breast milk is considered the 8th food 
group in the newly recommended WHO/UNICEF guide-
line; (World Health Organization and the United Nations 
Children’s Fund (UNICEF), 2021) consumed for breastfeed-
ing children in the past 24 h for two seasons. A child who 
received foods from 4 and more food groups when not being 
breastfed, and 5 and more food groups in case of breastfeed-
ing is classified at a low risk for micronutrient inadequacy 
(WHO, 2010; World Health Organization and the United 
Nations Children’s Fund (UNICEF), 2021). Moreover, a 
10 g minimum intake restriction on the amount of each food 
group consumed was considered (Daniels et al., 2009; Diop 
et al., 2021; Mahmudiono et al., 2020).

2.4.4  Wealth index

A wealth index was constructed using household’s owner-
ship of selected assets, such as television, bicycles, and 
cars; dwelling characteristics (e.g. flooring materials), 
type of drinking water source, and toilet and sanitation 
facilities. Based on the value of the first component of a 
principal component analysis derived from their owner-
ship data, households were allocated to wealth quantiles 
following the method of (Vyas & Kumaranayake, 2006) 
and (Rutstein, 2008).
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2.5  Data analysis

Usual intake distributions for energy, protein, iron, zinc and 
vitamin A were estimated by adjusting for intra-individual 
(day-to-day) variation using the National Cancer Institute 
(NCI) method (Tooze et al., 2010). The NCI method mod-
els usual intake of nutrients as probability of consumption 
multiplied by amount consumed. Accordingly, for nutrients 
consumed “nearly-daily” by “nearly everyone” (nutrients 
with less than 10% reported zero intakes), the “amount 
only” (i.e. the probability of consumption is set be one) 
model was used, while for nutrients episodically consumed 
(nutrients with more than 10% reported zero intakes), the 
probability of consumption and amount consumed was 
estimated using the two-part model. In our case, the two-
part model was used only for dietary vitamin A intake dur-
ing the Belg harvest season (where more than 10% zero 
intakes were reported). For other nutrients, the “amount-
only” model was used. The usual intake of vitamin A was 
estimated from the food sources and supplement separately 
for children who were supplemented and not supplemented, 
and thereafter combined to get the total usual vitamin A 
intake. We estimated standard errors (SEs) with bootstrap 
analysis using 200 iterations. Intakes of these nutrients were 
stratified by age of the child and presented as mean intakes 
with standard errors (SE).

To assess dietary intake adequacy, the usual intake dis-
tribution of protein, zinc and vitamin A was used and com-
pared with the estimated average requirement values pro-
posed by the Institute of Medicine (IOM) (for protein and 
vitamin A) (Institute of Medicine, 2006) and the Interna-
tional Zinc Nutrition Consultative Group (iZiNCG) for zinc 
(International Zinc Nutrition Consultative Group, 2019). 
The prevalence of inadequate intake of these nutrients was 
calculated as the proportion of the population whose usual 
intake was below the EAR stated in the reference values. 
However, for iron, the full probability approach, which com-
pares the usual intake to requirements set at different levels 
of probability of inadequacy was used (Institute of Medi-
cine, 2006). Moreover, bioavailability factors of 10% for iron 
and 30% for zinc were considered to assess the prevalence 
of inadequacy (International Zinc Nutrition Consultative 
Group, 2019; World Health Organization, 2006).

Due to the repeated measure of the outcome variables 
(energy and nutrients intake), the data were clustered at two 
hierarchical levels (level-1: harvest season, and level-2: chil-
dren). To examine the relationship and variability simulta-
neously between the factors at the two hierarchical levels 
and the outcome variables, we used a multilevel model (lin-
ear mixed model) with unstructured covariance. However, 
before applying the model, a stepwise verification of the 
significance of individual-level effect (level-2) on outcome 
variation between individuals (in our case between children) 

was carried out using a restricted maximum likelihood test 
by comparing a single level model and the null multilevel 
model. Afterwards, for nutrients with observed individual 
level variation (level-2), a multilevel regression analysis 
with a random intercept and slope was performed.

The subsequent multilevel modelling process started with 
the null model (model-1). In model-1, no explanatory vari-
ables were added in the modelling process and were aimed to 
explain if there is a variation in the outcome variable between 
children. In model-2 (growth model), a level-1 variable sea-
son was included. In model-3, zone (level-2) specific analysis 
with cross-level interaction (with season) was conducted to 
assess the influence of the zones on the outcome variation. 
In model-4 (fully adjusted model), all variables (level-1 and 
level-2) combined with some cross-level interactions were 
considered. The detailed model results are provided in the 
online resource (Appendix 1). The effect of covariates on 
the outcome variables at different levels was estimated as a 
regression coefficient in the fixed effects part. The variance 
estimates in the random effects part were used to determine 
the variance at each level and the proportion of the observed 
outcome variation attributed at each level. To estimate the 
variation explained by covariates at each level, we compared 
the change in variance from the null model to the subsequent 
models. On the other hand, for nutrients where the use of a 
multilevel model approach was not justified (use of a ran-
dom slope model was not applicable), single level multiple 
regression analysis was performed. As a result, a regression 
coefficient that only describes the relationship between the 
factors at different levels and usual intakes was reported.

All the usual intake and prevalence of inadequacy analysis 
were performed using SAS software version 9.4 (SAS Institute 
Inc., Cary, N.C., USA). The Simulating Intake of Micronutri-
ents for Policy Learning and Engagement (SIMPLE) macro 
and its extensions which are built on the existing National Can-
cer Institute SAS macros (MIXTRAN and DISTRIB) was used 
to generate all the required parameters estimates (Luo et al., 
2010). The details of this method were described elsewhere 
(Luo et al., 2021). Other statistical analyses were performed 
using Stata, version 14.0 (Stata Corp., College Station, TX, 
USA). Descriptive statistics were calculated and presented as 
frequencies, means and percentages. Mean differences were 
tested using a one-way analysis of variance (ANOVA) and a 
paired comparison test. For all analysis, a statistical level of 
significance was set at p value less than 0.05.

2.6  Ethical considerations

This study was approved by the Scientific and Ethical 
Review Committee of the Ethiopian Public Health Institute 
(EPHI 6.13/736). Written informed consent was obtained 
from the mothers or guardians of each child who participated 
in this study.
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3  Results

3.1  General sample characteristics

Most (65%) of the children who participated were non-
breastfeeding, aged between 24–59 months and received 
a biannual vitamin A supplement (59% during the Meher 
harvest season and 74% during the Belg harvest season) 
for their respective ages. More than half of the households 

from which children were selected had a household size 
between 6 to 10 members (which is more than the national 
average (Central Statistical Agency (CSA) [Ethiopia] and 
ICF, 2016)) and were food secure during the Meher har-
vest season. However, during the Belg harvest season, the 
majority of the households (67.4%) were moderately food 
insecure. The general characteristics of children, mothers 
and households included in this analysis are summarized 
in Table 1.

Table 1  Characteristics 
of children, mothers and 
households participated in the 
study during the Meher harvest 
and the Belg harvest seasons

Characteristics Meher 
harvest
season 
(n = 377)

Belg 
harvest
season 
(n = 377)

n % n %

Child level Age 6–23 months 131 34.8 96 25.5
24–59 months 246 65.2 281 74.5

Gender Male 151 40.1 151 40.0
Female 226 59.9 226 60.0

Breastfeeding status Breastfeeding 109 28.9 75 19.9
Nonbreastfeeding 268 71.1 302 80.1

Took vitamin A supplement Yes 224 59.4 278 73.7
No 153 40.6 99 26.3

Distribution per study zone Zone-1 (near to forest) 120 31.8 120 31.8
Zone-2 (middle) 148 39.2 148 39.2
Zone-3 (distant to forest) 109 29.0 109 29.0

Maternal level Occupation Farmer 179 47.5 179 47.5
Merchant 13 3.4 13 3.4
Government employee 3 0.8 3 0.8
Housemaker 175 46.4 175 46.4
Informal job 7 1.9 7 1.9

Education No education 123 32.6 123 32.6
Primary (1–4) 123 32.6 123 32.6
Primary (5–8) 77 20.4 77 20.4
High school and above 54 14.3 54 14.3

Religion Muslim 368 97.6 368 97.6
Other 9 2.4 9 2.4

Household level Household size 2–5 member 159 42.2 159 42.2
6–10 member 203 53.8 203 53.8
More than 10 members 15 4.0 15 4.0

Wealth Index Poorest 77 20.4 77 20.4
Poorer 78 20.7 76 20.2
Middle 75 19.9 74 19.6
Richer 71 18.8 75 19.9
Richest 76 20.2 75 19.9

Household food insecurity 
access prevalence (HFIAP)

Food secure 191 50.6 34 9.0
Mildly food insecure 50 13.3 15 4.0
Moderately food insecure 84 22.3 254 67.4
Severely food insecure 52 13.8 74 19.6

Household food insecurity access scale score (HFIAS) Mean Mean
377 3.27 377 9.11
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3.2  Food consumption pattern, food source 
and seasonality

Nearly all children consumed foods from the starchy sta-
ples (grains, roots and tubers) food group during the Meher 

harvest and the Belg harvest seasons (Fig. 3). A large pro-
portion of children also consumed foods from other food 
groups, such as fruits, vegetables, legumes and dairy during 
the Meher harvest and the Belg harvest seasons respectively. 
However, for some food groups, in particular legumes and 

Fig. 3  Proportion of children 
who consumed each food group 
in the study area and across the 
three zones during the Meher 
harvest and the Belg harvest 
seasons
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nuts, the proportion of children who consumed these food 
groups was considerably lower during the Belg harvest 
season (54.6% vs. 8.2%). Flesh foods and eggs were barely 
consumed in both harvest seasons (less than 10%). There 
were no statistically significant differences in the propor-
tions of different food groups consumed across the three 
zones (Fig. 3b–d). The contribution of own production and 
market as a source of foods consumed varied among the 
food groups (Fig. 4). Own production was observed as the 
dominant source for the consumption of grains, roots and 
tubers, dairy products and eggs groups (more than 65%), 
while most consumed legumes, fruits and vegetables of any 
kind were obtained from the market (more than 85%) in both 
harvest seasons.

The mean dietary diversity score (DDS) for children aged 
6–23 months and 24–59 months was low, averaging between 
2.1 to 2.6 and 1.6 to 2.4, respectively). Notably, during the 
Belg harvest season, the DDS was significantly reduced 
among children aged 24–59 months (Table 2). Moreover, the 
proportion of children aged 6–23 months and 24–59 months 
who consumed the minimum recommended food groups per 
day in the three zones was very low (5% and 11%, respec-
tively) and further reduced during the Belg harvest season 
(0% and 1.4%, respectively). Across the three zones, there 
was no significant difference in the mean DDS for both age 
groups, nor between male and female children during both 
harvest seasons. However, in the “distant to forest zone”, 
a significantly higher proportion (20.3%) of children aged 

24–59 months had consumed the minimum recommended 
food groups per day during the Meher harvest season.

3.3  Estimated usual intakes and adequacy 
of energy, protein and micronutrients

The usual intakes of energy and nutrients among children 
differed depending on the child’s age, zones and seasons. 
Children aged 24–59 months generally had higher usual 
intakes of energy and nutrients compared to those aged 
6–23 months. Regarding energy, the mean usual intakes for 
children aged 6–23 months were lower than those of their 
older counterparts (446.7 kcal/d vs. 828 kcal/d) (Table 3). 
Interestingly, during the Belg harvest season, there was a ten-
dency for the mean usual energy intakes to increase for chil-
dren 6–23 months, while for children aged 24–59 months, 
the intakes tended to decrease, except for those children in 
the “middle” zone where intakes slightly increased. Across 
the three zones, both age groups of children from the “distant 
to forest” zone had the highest mean usual energy intake dur-
ing the Meher harvest season (430.1 kcal/d and 907.8 kcal/d 
among children aged 6–23 months 24–59 months, respec-
tively). Conversely, during the Belg harvest season, the high-
est mean usual energy intakes for these groups (526.5 kcal/d 
and 895.2 kcal/d among children aged 6–23 months and 
24–59 months, respectively) were observed in the “middle” 
zone. Children from the “near to forest” zone had the low-
est mean usual energy intakes during both harvest seasons.

Fig. 4  Contribution (%) of own production and market for each food group consumed across the three zones during the Meher harvest season (a) 
and the Belg harvest season (b)
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A large proportion of children aged 6–23 months had 
usual intakes below the EAR for protein (ranging from 
25.4% to 40.2%) and zinc (ranging from 59.5% to 64.1%) 
across the three zones during the Meher harvest season 
(Tables 3 and 4). The prevalence of inadequate protein 
intake further increased, while zinc intake decreased during 
the Belg harvest season, except for children in the “near to 
forest” zone. In contrast, for children aged 24–59 months, 
the prevalence of inadequate intake of protein and zinc was 
generally low but increased during the Belg harvest season. 
Although inadequate intake of iron was proportionally lower 
compared to the other nutrients, over 20% of children aged 
6–23 months were at risk in the “near to forest” and the 
“middle” zone. However, the prevalence decreased across 
the three zones during the Belg harvest season. Meanwhile, 
for children aged 24–59 months, the prevalence of inade-
quate intake of iron was low and differed little between sea-
sons. Inadequate intake of vitamin A was prevalent among 

both age groups, particularly among younger children, with 
more than 85% affected by inadequate consumption dur-
ing the Meher harvest season and increased extremely dur-
ing the Belg harvest season, especially for children aged 
24–59 months across the three zones (Table 4). Within a 
zone, no noticeable difference in inadequate consumption of 
nutrients was observed between male and female children of 
both age groups (Supplemental Tables 1 and 2). The extent 
of dietary inadequacy for protein, zinc, iron and vitamin A 
among children in the study zones had shown consistently a 
similar pattern during the Meher harvest and the Belg har-
vest seasons: low risk of inadequate intakes in the “distant 
to forest” zone and high risk of inadequate intakes in the 
“near to forest” zone.

In addition to dietary vitamin A intake, supplemental 
vitamin A was considered in our estimation of total vita-
min A intake. Accordingly, we found that the mean intake 
of vitamin A from supplement was high (between 145.8 

Table 2  Dietary diversity score and consumption of food groups among children in the three zones during the Meher harvest and the Belg har-
vest seasons

Superscripted letters are used to show the statistical difference among the three zones for each season separately. Mean DDs and percentage val-
ues followed by a common letter are not significantly different by Bonferroni test at 5% level of significance. Between seasons, statistical differ-
ence in mean DDS for each zone is reported in terms of p-values

Food group Age group Season n Study zone Total

Near to forest Middle Distant to 
forest

DDS (mean) 6–23
months

Meher harvest 131 2.5a 2.5a 2.8a 2.6
Belg harvest 96 2.0a 2.1a 2.3a 2.1
Meher vs Belg (p-value) 0.1 0.5 0.2
Meher
harvest

Male 57 2.7a 2.6a 2.9a 2.7
Female 74 2.3a 2.4a 2.8a 2.5
Male vs Female (p-value) 0.7 0.9 1.0

Belg
harvest

Male 44 1.7a 2.2a 2a 2
Female 52 2.2a 2.1a 2.4a 2.2
Male vs Female (p-value) 0.3 1.0 0.7

24–59
months

Meher harvest 246 2.2b 2.3ab 2.6a 2.4
Belg harvest 281 1.5a 1.6a 1.7a 1.6
Meher vs Belg (p-value) 0.0 0.0 0.0
Meher
harvest

Male 94 1.9b 2.6a 2.6a 2.4
Female 152 2.3ab 2.2b 2.6a 2.3
Male vs Female (p-value) 0.4 0.2 1.0

Belg
harvest

Male 107 1.5a 1.6a 1.7a 1.6
Female 174 1.6 1.6 1.8 1.6
Male vs Female (p-value) 0.9 1.0 0.9

Consumption 
of 5 or more 
food groups 
(%)

6–23
months

Meher harvest 131 4.2a 2.1a 8.6a 5.0
Belg harvest 96 0 0 0 0

Consumption 
of 4 or more 
food groups 
(%)

24–59
months

Meher harvest 246 5.6b 6.0b 20.3a 10.6
Belg harvest 281 1.2a 1.8a 1.2a 1.4
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µg RAE/d to 264.5 µg RAE/d among children aged 6–23 
months, and between 180 µg RAE/d to 274 µg RAE/d 
among children aged 24–49 months) (Table 4) and con-
tributed to a remarkable reduction in the prevalence of 
inadequate intake of vitamin A among children compared 
to dietary vitamin A intake alone. In particular, during 
the Belg harvest season, the prevalence of inadequate 
intakes of vitamin A reduced by morethan 50% across 
the three zones when supplemental vitamin A was con-
sidered in the analysis. Yet, more than 15% of children 
across the three zones remained at risk for inadequate 
intake of vitamin A during the Meher harvest as well as 
the Belg harvest seasons.

Furthermore, the sources of energy, protein, iron, zinc 
and vitamin A intakes among children were categorized and 
quantified in percentages contributed from each source: own 
production vs. market (Supplemental Fig. 1) and animal vs. 
plants (Supplemental Fig. 2). Own produced foods contrib-
uted to more than 65% of the usual intakes of dietary energy, 
protein, iron and zinc during both the Meher harvest and the 
Belg harvest seasons. Compared to the contribution of own 
production, the market had a limited role; only about one-
third of energy, protein, iron and zinc intakes was contrib-
uted via foods purchased from the local market. However, 
for dietary vitamin A intake, the market had a pronounced 
contribution, particularly during the Belg harvest season 
where more than 60% of dietary vitamin A intakes in the 

“near to forest” and the “middle” zones were contributed 
through foods purchased from the market.

Plant-source foods were the main contributor (about 
90%) to the usual intakes of energy, protein, iron and zinc. 
In contrast, animal source foods were not commonly con-
sumed and had a very limited contribution to the usual 
intakes of energy and nutrients except for dietary vitamin 
A intake where the contribution was relatively high. Among 
the three zones, the contribution of plant source foods to 
the usual intakes of energy and nutrients was significantly 
higher in the “near to forest” zone than in the “distant to 
forest” zone during both harvest seasons. However, in terms 
of animal source foods contribution, a significantly higher 
contribution was observed in the “distant to forest” zone 
than in the “near to forest” zone during both harvest sea-
sons. There was no observed significant difference in the 
contribution of plant and animal source foods in each zone 
between harvest seasons.

3.4  Factors that influence usual intakes of energy 
and nutrients

Based on a preliminary examination on the variability of a 
particular nutrient between children, two categories of nutri-
ents were identified. The first category includes nutrients 
with observed variation such as usual intakes of energy, iron 
and zinc; and the second category includes nutrients without 

Table 3  Estimated usual intake and prevalence of inadequate intake of energy, protein and iron among children in the three zones during the 
Meher harvest season (MH) and the Belg harvest season (BH)

n1 sample size during the Meher harvest season, n2 sample size during the Belg harvest season, Inadequate intake (%) the percentage of a group 
with usual intake below the EAR (estimated average requirements), The EAR for protein were taken from the Institute of Medicine (IOM) 
(Institute of Medicine, 2006). EAR values for protein: 1 g/kg/d body weight for children between 6 to 11 months, 0.87 g/kg/d body weight for 
children between 12 to 47 months and 0.76 g/kg/d body weight for children between 48 to 96 months. For iron, a full probability approach was 
used. NA Not applicable

Age group Near to forest Middle Distant to forest

Energy
(kcal/d)

Protein
(g/kg/d)

Iron
(mg/d)

Energy
(kcal/d)

Protein
(g/kg/d)

Iron
(mg/d)

Energy
(kcal/d)

Protein
(g/kg/d)

Iron
(mg/d)

6–23 months
     n1 48 49 34
     n2 35 34 27
    Mean ± SE: MH 384.6 ± 33.7 1.2 ± 0.1 12.5 ± 1.5 378.6 ±30.5 1.1 ± 0.1 13.1 ± 1.5 430.1 ±40.2 1.4 ± 0.1 19.0 ± 2.7
    Mean ± SE: BH 472.2 ± 31.8 0.8 ± 0.1 10.5 ± 0.9 526.5 ± 39.6 1.0 ± 0.1 11.4± 1.3 488.0 ± 36.0 1.0 ± 0.1 14.0 ± 1.4
    Inadequate intake (%): MH NA 36.8 24.2 NA 40.2 22.2 NA 25.4 11.0
    Inadequate intake (%): BH NA 62.2 18.1 NA 48.4 14.5 NA 40.1 8.5

24–59 months
     n1 72 100 74
     n2 86 113 82
    Mean ± SE: MH 775.3± 40.1 1.7 ± 0.1 30.8 ± 2.9 846.3 ± 33.7 1.8 ± 0.1 37.4 ± 2.9 907.8 ± 57.8 2.1 ± 0.1 46.2 ± 5.6
    Mean ± SE: BH 738.8 ± 31.0 0.9 ± 0.1 17.1 ± 1.1 895.2 ± 38.5 1.1 ± 0.1 20.8 ± 1.4 803.8 ± 41.3 1.2 ± 0.1 23.6 ± 1.9
    Inadequate intake (%): MH NA 7.8 3.2 NA 5.3 1.6 NA 2.3 0.5
    Inadequate intake (%): BH NA 47.7 5.2 NA 28.7 2.4 NA 26.8 1.1
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observed variation such as usual intakes of protein and vita-
min A. For the former category, the variation attributed to a 
higher hierarchical level was estimated (Table 5). Accord-
ingly, of the total observed variability, between children dif-
ferences accounted for the largest source of variation for 
usual intakes of energy (83%) and zinc (56.0%). In contrast, 
only 22.3% of the total observed variability in the usual 
intake of iron was attributed to between children differences.

In the subsequent model, the influence of harvest season 
(model-2) on the usual intakes of energy, iron and zinc 
were further elaborated and the proportion of variation 
explained by seasonality was estimated. Seasonality has 
shown a positive influence (statistically significant) on 
the usual intake of energy (higher by 45 kcal during the 
Belg harvest season) and was able to explain a significant 
proportion (65.6%) of the variation observed in the usual 
energy intakes of a child. On the contrary, usual intakes 
of iron and zinc was negatively influenced by seasonality; 
intakes tend to decrease by a factor of 12.7 mg/d and 0.9 
mg/d for iron and zinc respectively during the Belg harvest 
season. We found that seasonality was able to explain the 
majority of the variation observed in the usual intakes of 
iron (96.8%) and zinc (92.2%).

The estimated average intake of energy, iron and zinc 
was positively influenced by the position on the agricul-
tural intensification gradient. During the Belg harvest 
season, intakes of energy, iron and zinc were significantly 
increased in the “middle” and in the “distant to forest” zones 
compared to the “near to forest” zone. However, the posi-
tion on the agricultural intensification gradient alone could 
explain a very small proportion of the variation observed 
in the usual intake of energy, iron and zinc (Supplemental 
Tables 1, 2 and 3). Other factors such as age of a child were 
found to positively influenced the usual intakes of energy, 
iron and zinc, while breastfeeding status was found to nega-
tively impact these intakes. DDS has shown no influence on 
the usual intakes of energy and zinc, but found negatively 
influence the usual intakes of iron during the Belg harvest 
season. All level-1 and level-2 factors combined (model-4) 
explained a large portion of the observed variation in energy 
(91.4%), iron (98.5%) and zinc (97.2%) intakes at different 
levels; particularly a variation within a child.

For nutrients without observed variation (second cate-
gory), results from the adjusted ordinary regression analysis 
that only describes the relationship between factors at differ-
ent levels and the outcome variables; usual intakes of protein 
and vitamin A are presented in Table 6. Compared to the 
Meher harvest season, usual intakes of protein and vitamin 
A were significantly lower during the Belg harvest season 
(by 0.8 g/kg and 500 µg RAE/d respectively). However, 
the intakes of these nutrients were different in magnitude 
between the three zones. Children from the “middle” and the 
“distant to forest” zones had significantly higher protein and 

vitamin A intakes compared to children from the “near to 
forest” zone during the Belg harvest season. Factors such as 
age of a child and position on the agricultural intensification 
gradient had a significant positive effect while seasonality 
and breastfeeding status had a significant negative effect on 
the usual intakes of protein and vitamin A during the Belg 
harvest season. The other remaining household level factors 
such as food insecurity status, wealth index and household 
size had no significant influence on the usual intakes of 
energy and the other nutrients.

4  Discussion

Although the importance of smallholder farming systems for 
household food provision is well recognized in the context 
of developing countries, their contribution to the consump-
tion of adequate nutrients at individual level has seldom 
been analyzed. To this end, we conducted a longitudinal 
dietary intake assessment study during two harvest seasons 
to assess the link and contribution of own farm production 
to children’s diet and nutrient intake in three zones, located 
along an agricultural intensification gradient. We found, 
irrespective of the landscape diversity along the intensifi-
cation gradient, that the diet and most of the nutrients con-
sumed among children were not adequate and were largely 
derived from own farm production during both harvest 
seasons. Usual nutrient intakes appeared to be significantly 
higher for children from the less diverse landscape (“distant 
to forest” zone) compared to those from the diverse land-
scape. Furthermore, this study demonstrates the extent of the 
variations in the diet quality and nutrient adequacy among 
children in the three zones and the seasonality of diet and 
nutrient intakes of children.

Children’s diets in the three study zones were dominated 
by a limited number of food groups, mainly starchy sta-
ples, dairy products, fruits, and vegetables. Consumption of 
nutrient-dense animal source foods such as flesh foods and 
eggs were extremely low and made a very small contribution 
to the diet in the three zones. As a result, a large propor-
tion of children, particularly those aged 6 to 23 months, fell 
short of meeting average requirements and were at risk of 
inadequacy for protein, iron, zinc and vitamin A during the 
Meher harvest season. In contrast, the risk of inadequacy 
for protein, iron and zinc was low among children aged 24 
to 59 months. In particular for iron, less than 6% of chil-
dren aged 24 to 59 months had inadequate intake. This is, 
in fact, due to high intake which is attributed to non-dietary 
sources (e.g. soil iron contamination during threshing of 
staple grains) via consumption of cereal products (Guja & 
Baye, 2018). On the other hand, both age groups had a high 
prevalence of inadequate intake of vitamin A. Fortunately, 
the routine biannual supplementation of vitamin A given 
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to children had a remarkable contribution in reducing the 
prevalence of inadequate vitamin A intake among children. 
The overreliance on plant-based diets, particularly for vul-
nerable groups such as children, may compromise the diver-
sity of diets and nutrient intakes and increase the risk of 
inadequacy for these nutrients. Thus, the provision of animal 
source foods for children in this case would have a two-fold 
benefit of; improving the diversity of diet as well as nutrient 
intakes (Neumann et al., 2002; Zhang et al., 2016). This is 
however conditioned by factors such as livestock ownership 
and production, and affordability of animal source foods for 
households that don’t own livestock (Daba et al., 2021; Kim 
et al., 2019).

Across the three zones, the distribution of low intakes 
of energy, protein, zinc, and vitamin A, as well as lower 
DDS among children showed a similar pattern during both 

seasons. Children from the “near to forest” zone consistently 
had lower intake compared to those children from the “dis-
tant to forest” zone. This deviated from our initial hypoth-
esis which states that a diverse zone along an intensification 
gradient would provide a diverse diet and adequate nutrient 
to children. The observed contradiction could be linked to 
differences in animal sources foods contribution to energy 
and nutrient intakes (Supplemental Fig. 2), where higher 
contribution to usual intakes was observed in the “distant to 
forest” zone. Otherwise there was no significant difference 
observed in the contribution of market to nutrient intakes 
due to the proximity of a zone across the gradient to the 
nearby town. A similar finding has been reported from a 
study in Kenya, where production diversity was not asso-
ciated with child dietary diversity (Muthini et al., 2020a, 
b). On the contrary, in studies where a direct association 

Table 6  Multivariate regression 
model predicting usual intakes 
of protein and vitamin A intake 
among children in the three 
zones

***p < 0.001; **P < 0.01; *p < 0.05

Variable Protein (g/Kg) Vitamin A (µg RAE)

Coef. [95% CI] Coef. [95% CI]

Intercept 1.5*** [1.4, 1.6] 498.8*** [425.5, 572.2]
Level-1 variable
Harvest season
    Meher harvest (Reference)
    Belg harvest (Season-2) -0.8*** [-0.9, -0.7] -500.2*** [-578.2, -422.1]

Individual-level (Level-2) variables
Study zones
    Zone-1 (Reference)
    Zone-2 0.1*** [0.06, 0.1] 65.3** [25.3, 105.2]
    Zone-3 0.3*** [0.3, 0.4] 126.8*** [83.1, 170.6]

Child gender
    Male (Reference)
    Female -0.01 [-0.03, 0.02] -23.0 [-47.3, 1.2]

HFIAS score 0 [-0.003, 0.00] -0.02 [-3.8, 3.7]
DDS -0.01 [-0.03, 0.01] -8.8 [-26.6, 9.1]
Breastfeeding status
    Nonbreastfeeding (Reference)
    Breastfeeding -0.5*** [-0.5, -0.5] -171.5*** [-205.6, -137.4]

Wealth Index
    Poorest (Reference)
    Poorer 0.02 [-0.01, 0.1] 18.3 [-19.0, 55.7]
    Middle 0.02 [-0.01, 0.1] 8.0 [-30.1, 46.1]
    Richer 0.02 [-0.02, 0.1] 9.1 [-30.9, 49.1]
    Richest 0.01 [-0.03, 0.1] -6.0 [-47.2, 35.2]

Age 0.01*** [0.004, 0.01] 6.7*** [5.7, 7.8]
Household size 0 [-0.01, 0.01] 1.4 [-3.9, 6.8]
Zone1 X Season-1 (reference)
Zone-2 X Season-2 0.1*** [0.04, 0.1] -23.2 [-79.4, 33.0]
Zone-3 X Season-2 -0.1*** [-0.2, -0.1] -98.3 [-159.6, -37.0]
DDS X Season-2 0.1*** [0.04, 0.1] 51.4*** [23.0, 79.8]
HFIAS score X Season-2 0 [0.0. 0.0] 1.2 [-3.6, 6.0]
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between production diversity and dietary diversity was 
demonstrated (Baudron et al., 2017; Esaryk et al., 2021; 
Kumar et al., 2015; Tobin et al., 2019), differences in the 
intrahousehold food distribution among household members 
were not considered and the scale of analysis was often at 
larger scale (national level) compared to our study which 
was conducted at village level. Moreover, despite the diver-
sity in production along the gradient, household decision 
regarding which foods to consume from their own produc-
tion could contribute to the observed disparities (Aberman 
& Roopnaraine, 2018).

The extent of nutrient inadequacy and low consumption 
of diverse diets among children was further exacerbated by 
seasonal fluctuations in agricultural food production. Com-
pared to the Meher harvest season, the prevalence of inad-
equate dietary intake of protein, vitamin A and zinc was 
increased and almost none of the children had the minimum 
recommended number of food groups per day during the 
Belg harvest season. The effect of seasonality was more 
profound among children aged 24 to 59 months. However, 
the magnitude by which intakes were influenced depended 
on the age of a child. Except for the intake of energy among 
children aged 6 to 23 months, nutrients intake among both 
age groups of children tended to decrease during the Belg 
harvest season, which coincides with the lean season in the 
study area. The low prevalence of inadequate intake of iron 
and zinc among children aged 6 to 23 months during the 
Belg harvest season was primarily due to differences in the 
proportion of children between seasons rather than improve-
ment in intake levels. However, the increased intake of 
energy among children aged 6 to 23 months during the Belg 
harvest could be due to age related differences in their intake 
capacity to consume food, as these children had grown older 
by five months during the Belg harvest season. Across the 
three zones, seasonality had shown a slight change in energy 
and nutrient intakes among children, particularly those aged 
24 to 59 months, in the “near to forest” zone compared to 
the “distant to forest” zone. This could partially affirm the 
hypothesis that a diverse landscape could provide a better 
buffering capacity against seasonal energy and nutrient 
stress than a less diverse landscape. Nevertheless, energy 
and nutrient intakes remained higher in the less diverse land-
scape (“distant to forest” zone) during both seasons.

Studies have documented seasonal variations in energy 
and nutrient intake among children in rural African house-
holds. These studies consistently reported significantly 
higher energy and nutrient intake during the post-harvest 
season. Differences in food consumption pattern, resulting 
from the seasonality of food production and access, between 
the harvest and pre-harvest seasons were the main factors 
contributing to seasonal differences in energy and nutrient 
intake among children (Arsenault et al., 2014; Caswell et al., 
2020; Waswa et al., 2021). Our findings are comparable to 

these findings on the influence of seasonality on nutrient 
intake and low consumption of food groups, particularly leg-
umes, nuts and animal source foods during the Belg harvest 
season, which may explain the seasonal variation in nutrient 
intake among children in the three zones. Household food 
insecurity, which is often strongly influenced by seasonality 
(Aweke et al., 2022; Bonuedi et al., 2022), had no influence 
on the usual intake of nutrients in our study.

A range of factors related to individual children and house-
holds was considered in our analysis to identify the factors 
that influence the usual intake of energy and nutrients. Indi-
vidual-level factors, such as the age of a child and breastfeed-
ing status influenced nutrient intakes among children. How-
ever, DDS which is often positively associated with nutrient 
intake adequacy among children (Diop et al., 2021; Kennedy 
et al., 2007; Moursi et al., 2008; Wondafrash et al., 2016), had 
no influence except for the usual intake of iron. Moreover, 
we found that wealth index, household size and household 
food insecurity had no influence on the usual intake of energy 
and nutrients. The lack of association between nutrient intake 
and household characteristics could be related to the fact that 
young child nutrition is less sensitive to changes in household 
and demographic characteristics (Saaka & Osman, 2013). 
The variation observed in the usual intake of energy, iron, 
and zinc among children was largely (more than two-thirds) 
explained by seasonality, and very little by the position of the 
zone across the intensification gradient. Therefore, address-
ing seasonal nutrient stress could reduce the risk of nutrient 
inadequacy among children in these three zones.

The interplay of own production and market in the food 
supply system played a substantial role in terms of the food 
and nutrients consumed by children in the three zones. 
Most of the food groups consumed were sourced from farm 
production, which consequently led to the largest share of 
energy, protein, iron and zinc being consumed by children. 
The market contributed a significant share of consumed 
legumes, fruits and vegetables of any kind, which are good 
sources of protein and vitamin A. Although own production 
outweighed the market’s contribution for foods and nutrients 
consumed, neither of the two pathways provided adequate 
nutrients for a child to meet the requirements for protein, 
zinc, and vitamin A. This finding would provide a precau-
tionary measure on the current contrasting views on the rela-
tive importance of own production pathway over market and 
vice versa as an effective strategy for improving dietary qual-
ity in the context of developing countries (Chegere & Stage, 
2020; Muthini et al., 2020a, b; Olabisi et al., 2021; Sinyolo 
et al., 2021). A deeper understanding of the context, beyond 
household-level consumption, is required to draw a conclu-
sive remark on the relative importance of both production 
and market pathways in the food supply system.

The strength of our study comes from three elements. 
First, the longitudinal nature of the study design enabled 
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us to assess the consumption pattern and nutrient intakes 
among children during the Meher harvest and the Belg har-
vest seasons, which are associated with different degrees of 
household food availability. In addition to dietary intakes, 
nutrient intakes from supplement (e.g., biannual vitamin A 
supplementation) were included in the estimation of nutri-
ent adequacy. Second, the source of each food consumed 
was recorded and the proportion contributed from own 
production and market was estimated. Third, we applied 
an appropriate statistical method and procedure to estimate 
the usual intake distribution and prevalence of inadequate 
intakes of nutrients among children. However, some pre-
cautions should be considered in interpreting the findings 
from this analysis. First, given the small area and sample 
size included in this study, little can be said for the larger 
and more diverse landscape in rural Ethiopia. Thus, our 
study could be extended to other landscapes in different 
parts of the country to explore the role of landscape diver-
sity in the provision of foods and nutrients for a particular 
group. Second, the contribution of breast milk to the usual 
intakes of nutrients for breastfeeding children was not con-
sidered and at the same time, we refrained from making 
assumptions based on average breastmilk intake to estimate 
nutrient intake due to the recent recommendation by the 
Intake-Center for Dietary Assessment and others (Abebe 
et al., 2019; Deitchler et al., 2020). Thus, the prevalence of 
inadequate intake of nutrients for breastfeeding children in 
this study is less likely to be overestimated.

The present research provided empirical evidence on the 
relationship between position of a landscape along an agri-
cultural intensification gradient and consumption of foods 
and nutrients by rural children. DDS, a proxy indicator, has 
been widely used to demonstrate the link between production 
diversity and consumption at the household level (Kissoly 
et al., 2020; Nkonde et al., 2021). However, DDS is reported 
to be a less sensitive indicator to explicitly measure such an 
association at an individual level (Muthini et al., 2020a, b). 
This was also observed in our analysis where DDS was not 
significantly different across the three zones which differed in 
production diversity. Measurements that go beyond the use of 
DDS (e.g., nutrient consumption level) are required to quan-
tify the contribution of the production systems at landscape-
level to individual diets and nutrient consumption. Beside the 
dietary sources, biannual high dose supplemental vitamin A 
given to children through the health extension program had 
contributed to the reduction (by more than 50%) of the preva-
lence of inadequate intake of vitamin A. Thus, understanding 
the role of production, market and other health interventions 
will allow policymakers and stakeholders to identify the gaps 
and opportunities for designing nutrition-sensitive agricul-
tural interventions that could improve nutrient intakes and 
reduce the influence of seasonality. Moreover, the findings 

of this study add to our understanding of the contribution of 
the agricultural pathways (production vs. market) to food and 
nutrient consumption in the context of developing countries. 
Future exploratory analysis that aims to address the associa-
tion between production, market and diet quality should con-
sider the source of foods consumed and intra-household food 
and nutrient distribution.

5  Conclusion

The diet and nutrients consumed by children in the three 
zones were inadequate to meet their requirements and were 
highly influenced by seasonality and individual level factors 
such as the age and breastfeeding status of a child. How-
ever, the extent of nutrient inadequacy for protein, zinc, iron 
and vitamin A among children was higher in the diverse 
landscape (“near to forest” zone) than in the less diverse 
landscape (“distant to forest” zone) along an agricultural 
intensification gradient. Thus, improving the current produc-
tion system in these zones through the introduction of nutri-
ent-dense crops, increasing livestock productivity, and using 
agricultural inputs and technologies are vital to enhance the 
consumption of diverse diets and to reduce the prevalence 
of inadequate nutrient intake among children.
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