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Abstract 
 
Smallholder farmers contributes significantly to world’s food and, yet they are the most food insecure. 
In Indonesia, 20 million people are malnourished, while food production in rural areas largely 
depends on smallholder farming systems. Trees can contribute significantly to the food security. It is 
of interest how trees contribute to the food security of smallholder farmers. This study aims to assess 
household food security of smallholder farmers and nutritional status of the women and children 
living in Buol, Central Sulawesi. A cross sectional survey was carried in December 2015 to January 
2016 in three sub-districts, Buol, Central Sulawesi. Data on general characteristics, agriculture 
situation, and socio-demographic were collected using a structured questionnaire. Dietary intake data 
of women and children were assessed using a-24-hour food intake recall. Anthropometry (weight and 
height) of the women and children, as well as haemoglobin level of selected women were also 
measured.In total 200 pairs of women and their oldest under-five children. Based on type of farming 
system and occupation, respondents were categorized into four groups, as follows annual- (n=69), 
tree-based- (n=34), mix-crop- (n=55) and non-farmers (n=42). More than 60% of tree-based farmers 
said that they had a side job during the last one year, perhaps due to the less- time allocated for the 
typical tree-based crop farming activities in the study area as compared to annual cropping activities, 
in addition to the need in purchasing family food. Less than 50% of the respondents utilized their 
gardens. The main production of annual crops was rice and nilam, while, coffee, cacao and coconut 
were mainly planted in tree-based field. Yearly income generated by the groups was not significantly 
different, however, the highest proportion of families who spent above 80% for food was found 
among tree-based crop farmers, followed by non-farmer because they did not cultivate food crops. 
The women and children in all groups suffered chronic undernutrition indicated by high prevalence of 
overweight/obese women, stunting and underweight among children. Similarly, anemia prevalence in 
all sub-sample women was also high. Prevalence of wasted children in the tree-based crop farmer 
families was the highest (26.5%), followed by non-farmer. Tree-based crop farmers suffer more 
severely due to food insecurity as compared to the other groups.  Recommended actions for tackling 
the food insecurity are promoting mixed systems among the tree-based crop farmers, better use of 
homegarden for planting crops or trees as source of food, as well as nutrition rehabilitation for the 
undernourished women and children.  
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List of Definition  
 
Anemia 
A decrease of red blood cells or Hb in the blood.  For children and pregnant women, Hb < 11 g/dl is categorized 
as anemia and Hb < 12 g/dl is classified as anemia for non-pregnant women.  
 
BMI classification 
Nutritional status classification for adult based on WHO 

Non Pregnant Women Nutrition Status based on BMI  BMI 

Underweight ≤ 18,49 

Normal 18,50 - 24,99 

Overweight / pre-obese 25,00 - 29,99 

Obese 1 30,00 - 34,99 

Obese 2 ≥ 35 

 
Community outreach worker/cadre 
A voluntary worker that is actively searching for wasted children within the community, thus, not waiting until 
the wasted child seeks emergency assistance in a clinic/hospital. 

Complementary feeding (WHO definition) 
Complementary feeding is defined as the process starting when breast milk alone is no longer sufficient to meet 
the nutritional requirements of infants, and therefore other foods and liquids are needed, along with breast milk. 

Stunting 
HAZ<-2 SD is categorized as stunting, while HAZ <-3 SD is classified as severe wasting. Stunting is often 
associated with the accumulated consequences of slowed skeletal growth and with long-term dietary 
inadequacy, repeated infectious disease or both. Furthermore, stunting is regarded as an index of poverty and 
deprivation. It is commonly used as an indicator of nutritional outcomes for a longer period of intervention. 

Supplementary feeding program (WHO definition) 
The provision of extra food to children or families beyond the normal ration of their home diets. Moreover, it 
can take place in the home, feeding centers, healthcare centers, and schools. 

Underweight (for children) 
WAZ<-2 SD is categorized as underweight, while WAZ <-3 SD is defined as severely underweight. 
Underweight indicates the presence of both acute (wasting) and chronic malnutrition (stunting) in a child. 
Therefore, the cause may be not only acute illness but also inadequate history food intake. 

Wasting 
WHZ<-2 SD is defined as wasting, while WHZ <-3 SD is categorized as severe wasting. Wasting indicates that 
a child has excessively low body tissue and fat mass according to his/her height, which can be a result of either 
acute weight loss or failure to gain weight. Under the conditions of inadequate food intake, its onset can occur 
rapidly, particularly during acute illness. Wasting is a common indicator of nutritional status of children under-
five in loud and silent emergency situations. 
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1 Introduction 
Representing 85% of the world’s farms and contributing at least 70% of world’s food (Harvey et al 
2014), smallholder farmers constitute a significant portion of the world’s population. Ironically, 
smallholder farmers are also estimated to represent half of the hungry people worldwide (Sanchez and 
Swaminathan 2005). The food security of smallholder farmers primarily depends on local agricultural 
productivity and food purchasing power. Consequently, smallholder farmers are vulnerable to food 
insecurity, any constraints on agricultural productivity or income will influence diet diversity and 
ultimately the nutritional status of the farmers (Headey and Ecker 2013; Johnston et al 2014). 

Indonesia, the fourth-most populous country in the world, is home to 22 million under-nourished 
people. In 2017 The Global Food Security Index ranked Indonesia as 69 out of 108 countries with the 
score of 51.3 based on food affordability, availability, quality and safety (The Economist Intelligence 
Unit 2017), an improvement from the score of 46.7 and ranked 74 in 2015. The large geographical 
variation of Indonesia manifest in significant variation of dietary patterns reflecting local availability 
and cultural differences. According to Ickowitz et al (2016) there is a relationship between different 
tree-dominated landscape and consumption of micronutrient-rich foods across Indonesia. Using 
national level aggregate studies, the paper suggested that forest and tree-based systems could play an 
important role in supporting dietary quality in Indonesia. However, details at local level may differ 
due to specificity of land use policies, type of tree-based systems and cultures. Hence, further research 
is needed to understand the exact mechanisms and the regional differences.  

This study aims to provide further detail on the relationship between trees and food security in 
Indonesia. We surveyed communities managing different type of farming systems (crop and tree-
based systems) in Buol Regency, Central Sulawesi, one of the low-income province in Indonesia with 
the objectives to explore if the farming systems they managed influenced their household income, 
food expenditure, diet diversity and nutritional status. We focused on the nutritional status of women 
and children as the most vulnerable group in the community. 

 

2. Concepts and Methods 
2.1 Conceptual framework  
The 1996 World Food Summit defined food security as ‘… when all people, at all times, have 
physical and economic access to sufficient safe and nutritious food that meets their dietary needs and 
food preferences for an active and healthy life.’. Based on this definition, there are 4 dimension of 
food security: availability, access, utilization and stability that must be met simultaneously. 

Food availability, the first aspect of food security is achieved when adequate food is available, either 
from domestic production or trades. An adequate supply of food does not guarantee household food 
security. It will depend on household access to have sufficient resources in getting adequate nutritious 
foods that originated from farm production, purchase or donation. Through nutritious and safe diets, 
an adequate biological and social environment, as well as proper health care, utilization of food can be 
accomplished. Utilization encompass both the aspects of food (adequate diet, clean water) and non-
food (sanitation and health care) items. Stability refers to the condition when all the three components 
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of food security: availability, access and utilization are acquired always. Inadequate access, utilization 
and unavailability of food for a periodic of time is consider as food insecurity.  The four pillars of 
food and nutrition security are finally manifested in the nutritional status of the individual people 
(Maxwell and Smith 1992; Gross et al 2000, FAO 2006; Gartaula et al 2016). 

Besides the complex relationship between agricultural production and nutritional status of farmer 
family members (Masset et al 2011), the Indonesian Ministry of Health (MoHRI) reported that 
farmers were considered as the vulnerable group due to their monthly expenses being in the lowest 
quintile of the distribution and having the highest prevalence of stunted children (MoHRI 2010), 
which made the necessity in understanding the farmer family situation.  

The conceptual framework of the study (Figure 1) was developed based on UNICEF (1998), Gross et 
al (2000) and Masset et al (2011) The framework described that agricultural production leads to 
improved food accessibility indicated by the economic situation and dietary diversity of the family. 
The provided/consumed foods were converted into macro and micronutrient intake, which determine 
the nutritional status of the women and their children below five years old of age. In this framework, 
caring aspects play an important role on the nutritional status of the women and their children through 
its influence on the feeding practices as well as hygiene behaviour, sanitation and health care 
utilization. 

 
Figure 1. The conceptual framework of the food security and nutritional study in Buol.  

This paper focuses on how agriculture production and household income influence dietary diversity 
that leads to nutritional status of the women and children. 

2.2 Location and population under study 
Buol is a district situated in the northern part of Central Sulawesi, roughly 806 km or an 18-hour drive 
from Palu, the province’s capital city. The total area is approximately 3,562 km2. Buol’s land use 
varies considerably, ranging from mountainous forests in the south to tree-based systems and 
agriculture in the centre, and mangrove ecosystems along the coastal areas in the north. The main 
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tree-based systems managed by farmers were complex agroforestry systems, and clove, teak, and 
coconut plantations, while the main agriculture systems are irrigated paddies and dryland agriculture, 
including maize and vegetables (Wijaya et al 2015). The Human Development Index (HDI) of the 
provinces in Sulawesi is lower than the national average. In 2011, the national HDI average was 78.9, 
whereas for Central Sulawesi’s was 71.6, ranking 22 of the 34 provinces of Indonesia. The life 
expectancy for Central Sulawesi was 68.9, which is below the national average of 69.8, while the 
region’s economic growth for 2006–2010 was 8.18%. The total gross domestic product (GDP) of 
Buol was USD 175,348 in 2012 or USD 1.3 per capita per day, which is lower than the province’s 
average of USD 1.9 per capita per day. The population density in the sub-districts ranges from 7–134 
km2 with an average of 24 km2. 

Our present study is carried out in 11 villages from sub-district of Tiloan, Gadung and Momunu that 
represent the socio-ecological condition of villages in the regency (Table 1). 
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Table 1. General characteristics of the villages sampled in this study. 

Sub-
district 

Location Village Agricultural systems Community type Main livelihood 
options  

Environmental 
issues 

Access 

Tiloan Upland, 
Upstream 

Kokobuka 
Lomuli 

annual crops (maize, 
rice, vegetables, tubers) 
timber systems 
cacao systems (mostly 
abandoned) 

Transmigrant1, mostly 
from Java and Bali  

Agricultural activities Lack of water for 
irrigation, erosion 
in newly opened 
oil palm plantation 
areas 

Difficult, stone 
and dirt road, 
undulating 
terrain 

Upland, 
Midstream 

Balau 
Boilan 
Air Terang 

annual crops (maize, 
rice, vegetables, tubers) 
timber systems 
cacao systems 

Mixed between 
transmigrant, from Java 
and Bali 

Agricultural activities Flooding, river 
bank collapse 

Moderate, some 
parts of the road 
are in bad 
condition 

Momunu Lowland, 
swamp 

Pomayagon  
Guamonial 
Wakat 

Annual crops, sago 
(Metroxylon sago) 
systems, timber 
systems 

Mostly local people, some 
spontaneous migrants 
from other areas in 
Sulawesi such as 
Gorontalo, and South and 
North Sulawesi 

Agricultural activities, 
plantation worker 

Flooding Moderate too 
diffcullt, in some 
places access 
through canoe 

Gadung Coastal Matinan 
Lokodidi 
Taat 

cacao  
clove 
fruit trees (mixed 
systems) 
rice fields (few) 

Local people, 
spontaneous migrants  

Agricultural activities. 
Fishing and mining 

Coastal vegetation 
degradation, 
coastal abrasion, 
increased sea 
water levels 

Easy, along 
good-quality 
provincial road 

 

 

                                                           

1 The transmigration programme in Indonesia (from Dutch, transmigratie) was an initiative of the Dutch colonial government, which was later continued by the Indonesian government to move landless people from 
densely populated areas of Indonesia Java to the other islands such as Sumatera, Kalimantan, Sulawesi, Papua that are less densely populated. People who participated in the programme are called the transmigrants. 
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2.3 Design of the study 
Subjects of this study were women and their oldest under five children (aged between 6 and 60 
months) living with at least one household member who were occupied as farmers. Farmers were 
grouped according to the type of cultivated plants, as follows annual, tree-based and mixed crops, 
with additional group of non-farmers for comparison.   

A structured and quantitative questionnaire was used for data collection. Prior to the onset of the 
study, the questionnaire was pretested at the University of Hohenheim, Germany and in Buol district. 
During the data collection, mothers/caregivers of the eligible children were interviewed at home and 
asked about socio-demography and economy parameters (such as number of children, family size, 
household ownership and income), breastfeeding and child feeding practices. Then, the fathers were 
asked about agriculture related factors. The data for dietary intake of the children was collected by a 
24-hour food intake recall as the basis of dietary diversity. Furthermore, heights of the women and 
children were measured, and their weights were determined using SECA 201 scale. Mid-upper arm 
circumference (MUAC) of the respondents were measured using MUAC tape (photo below).  

 

 
Anthropometric assessment. Photo: Hohenheim University/Ratna Chrismiari Purwestri 

Hb level of sub-sample women was assessed using hemocue. In addition, focus group discussions 
(FGDs) for farmers (N=5) and women (N=4), as well as several key informant in-depth interviews 
(KII) were carried out in selected villages in the three sub-districts to understand the agriculture 
situation, local food habits of the women and children. Qualitative data were recorded, noted, 
transcribed for further analysis and reported elsewhere. 

2.4 Sample size  
Based on calculation, a total sample size of 95 pairs of mothers and children was needed to detect 
differences in the area having a wasting prevalence of 6.4% in Central Sulawesi based on Indonesian 
Health Profile (National Intititute of Health Research and Development, 2011) with a confidence level 
of 95%. By multiplying with design effect of 2, total of sample size required was 190 pairs women 
and their children. Furthermore, a total sample size of 34 per group was calculated for detecting mean 
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Hb level difference of 0.55 with standard deviation of 0.8 (Awasthi et al 2003) or mean height-for-age 
Z-scores2(HAZ) difference of 0.12 with standard deviation of 0.07 (Khomsan et al 2013). 

2.5 Data analysis 
Data analysis was performed, testing the relationship of family socio-economic and demographic 
situation, household expenditures, agricultural sector characteristics, dietary intake and nutritional 
status between groups.  

Data was checked for conformance to a normal distribution using QQ-plots of normality ((Wilk and 
Gnanadesikan 1968). For normally distributed data, differences in means were tested with ANOVA, 
while for the non-normally distributed data Kruskal-Wallis test was used. Categorical data was 
analysis using Chi’s square and Fischer exact test. 

Statistical analysis was performed using IBM SPSS Statistics Version 22. Data on weight and height 
of the children were transformed to Z-scores using Emergency Nutrition Assessment version 2011 
(ENA for SMART). Value larger than or equal to than two times standard deviations was considered 
as well-nourished, while value below of that standard was defined as undernourished (wasted, stunted 
or underweight). Body mass index (BMI) of the women were defined using a formula: weight (in kg)/ 
height2 (in m2). BMI below 18.5 was considered as underweight, 18.50-24.99 was normal weight, 
above 25 was categorized as overweight and obese. Anemia was defined when pregnant woman has 
Hb-level lower than 11 g/dl and non-pregnant woman has Hb-level lower than 12 g/dl. 

 

3. Results 
3.1 Respondents profile 
A total of 200 under-five children and their care givers were recruited in this study. Most of the 
caregivers were the mothers of the surveyed children with exception of three children who their care 
givers were their grandmothers. The main source of livelihood of the respondents were annual-crops 
(n=69), mixed-crops (n=55), tree-based crops (n=34) and non-farmer (n=42).  

Nearly all the farmer respondents were the father; only about 3-6% of them were the grandparents of 
the under-five children. Annual-crop farmers were considered the second oldest after the tree-based 
crop farmers, had significantly higher percentage of low education level (schooling ≤ 6 years), were 
from Javanese (>40%) and Buol (>26%) ethnic group. Most of the annual-crop farmers also owned 
their own house as compared to the other groups. More than  80% of the tree-based crop farmers were 
originally from Buol, while the mix-crop farmers were mostly from Buol and Java. About half of the 
tree-based and mix-crop farmers had low education level, and their average household size was more 
than four persons. Tree-based households had the highest number of children followed by mixed crop. 
In contrast, the non-farmer group had the lowest proportion of schooling ≤ 6 years, but the other 
indicators were comparable to other groups. Similar trends were found among mothers in all groups 
(Table 2).  More than 80% of the tree-based crop farmers were originally from Buol, while the mix-

                                                           
2 Height-for-age Z-scores is a standard indicator of growth used by the World Health Organization (WHO) for nutritional status (Mei and 
Grummer-Strawn 2007). 
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crop farmers were mostly from Buol and Java. About half of the tree-based and mix-crop farmers had 
low education level, and their average household size was more than four persons. Tree-based 
households had the highest number of children followed by mixed crop. In contrast, the non-farmer 
group had the lowest proportion of schooling ≤ 6 years, but the other indicators were comparable to 
other groups. Similar trends were found among mothers in all groups. 

 

 
Figure 2. Residential of the respondents by groups  

 

Table 2. General characteristics of respondents by farmers type. 

Characteristics  Farmer  
Non-farmer 
(n=42) 

 Annual-crop 
(n=69) 

Tree-based crop  
(n=34) 

Mixed-crop  
(n=55) 

Age (years)     

Father 34.0±12.2 36.0±10.4 35.9±7.7 33.5±7.8 

Mother 29.6±6.7 31.6±6.5 30.5±7.5 30.3±7.3 

Education level (<= 6 years of schooling) 

Father (%) 66.7  44.1  50.9  35.7  

Mother (%) 62.3  50.0  54.5  28.6  

Presence in the house (Yes)     

Father 94.2  97.1  100.0  100.0  

Mother 100.0  100.0  100.0  100.0  

Household size     

> 4 members (%) 40.6  73.5  56.4  54.8  

Range  3-9 3-10 3-10 3-10 

Number of children (range)     

All children 1-7 1-6 1-7 1-6 

Under-five children  1-2 1-3 1-2 1-3 

Housing ownership (%)     

Owned property 73.9  52.9  65.5  59.5 

Parent’s house 5.8  5.9  3.6  2.4  

Patrimony 15.9  41.2  29.1  31.0  

Family/other’s house 5.8  5.9  3.6  2.4  

50

63.6

26.5

79.7

19.0

25.5

67.6

2.9

31.0

10.9

5.9

17.4

0 20 40 60 80 100 120

Non-farmer (n=42)

Mixed-crop farmer (n=55)

Tree-based crop farmer (n=34)

Annual-crop farmer (n=69)

Tiloan Gadung Momunu
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On average 70% of all farmer groups still cultivated and depended on revenue from their agriculture 
production. Tree-based (17.6%), mixed- (25.4%) and annual-crop farmers (27.5%) worked as farm-
worker or casual workers (on daily basis wages) to supplement their income. Approximately 61.8% of 
tree-based crop farmers had a second job, followed by mixed- (52.7%) and annual-crop farmers 
(43.4%). For non-farmers, 40% of them were employed by government or private company, about 
20% self-employed or seller and 28% were farm-workers (with no land). Many of them worked at the 
private palm-oil company. About three of them owned farmland, but did not cultivate instead 
depending on wages farm-work.  

 

 
Figure 3. Main occupation and secondary employment of the farmers. Casual workers include carpenter, 

building construction worker, sand and gold miner. 

More than 80% of women in the three farmer groups were housewives. About 3-6% of them were 
farmers, farm worker, self-employed or employed by the government/private company. In contrast, 
19% of women from non-farmer group were employed, followed by 2.4% and 7.1% of the women 
were self-employed and worked as farm-worker respectively. 

3.2 Farming systems: plant diversity and productivity  
In general. There are four types of field managed by farmers in Buol: homegarden, paddy-field, 
dryland field and tree-based syetems. Homegarden is field or yard around the farmers home. Paddy 
field or sawah is a specific term for field planted with rice and always in inundated condition. Dryland 
field or ladang is define as non-irrigated field/plots, typically located further from home and planted 
with annual or perennial crops. Kebun or tree based systems also located far from home and is non-
irrigated. Nearly all respondents had homegarden, excluding those who rented /borrowed their houses. 
However, in Buol less than 50% of them utilized and specifically planted the field. In general, plants 
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in homegarden are for own consumption while plants in dryland field are for commercial and own 
consumption (Table 3).  Rahayu et al (2015) provides further information on plant species found in 
farming systems in Buol. 

The largest median homegarden size belonged to mixed-crop farmer group (390 m2), followed by 
annual-crop (360 m2), non-farmers (254 m2), and the smallest was tree-based crop farmers. Mixed-
crop farmers were found to own more fields than annual-crop farmers (Figure 4). Different kinds of 
fruits were commonly planted in homegarden (Table 3), by tree-based (36.7%) and mixed-crop 
farmers (37.7%).  

Table 3. Plant species typically found in the various land use systems found in Buol.  

Land use type Plant species 

Homegarden  Tree fruits: rambutan (Nephelium lappaceum), mango (Mangivera sp), guava 
(Psidium guajava), papaya (Carica papaya), banana (Musa sp.), orange (Citrus 
sp), jackfruit (Artocarpus heterophyllus) 

Dryland field (ladang) Food crops: maize (Zea mays), rice (Oryza sativa), eggplant (Solanum 
melongena), chilli pepper (Capsicum sp) 

Perennial crops: patchouli (Pogostemon cablin) 

Tree-based (kebun) Tree-crops: coffee (Coffea arabica), cacao (Theobroma cacao), coconut (Cocos 
nucifera) 

Tree fruits: durian (Durio Zibethinus), mango (Mangivera sp), rambutan 
(Nephelium lappaceum), clove (Syzigium aromaticum), duku (Lansium 
domesticum), pala (Myristica fragrans) 

Timber trees: teak (Tectona grandis), jabon (Anthocephalus chinensis), nantu 
(Palaquium obtusifolium) 

 

 
Figure 4. Land ownership of the respondents by group  

 
Paddy fields were owned mostly by annual and mixed-crop farmers (Figure 4). Rice varieties 
commonly cultivated in the study area were Mekongga and Limboto. Half of the rice farmers 
produced for own consumption. Mixed and annual-crop farmers significantly consumed their 
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cultivated rice production more than that of non-farmers and many farmers consumed and sold their 
rice (Table 4). 

The size of dryland field was in the range of 0.5 to 1.0 ha. Most farmers cultivated food crops in their 
field (Table 4). Recently patchouli became a popular perennial crop due to its high price. The leaves 
were processed for oil used in perfume making. Many farmers were converting their unproductive 
cacao field to patchouli. Unfortunately, the price of patchouli is unstable, leaving many farmers 
disappointed.  

Table 4 presents the main crops produced in the study area. Rice production was dominant among the 
annual-crop farmers, in terms of its production and revenue almost matched by patchouli planted by 
mixed-crop farmers. Rice was planted mainly for own consumption, while patchouli purely for 
commercial purpose.  

In the tree-based systems, cacao has higher productivity than clove. However, revenue derived from 
clove is higher than cacao. Other trees that were cultivated in this system were coconut, jati and 
various fruits trees. Qualitative results revealed that main crop production had decreased 20-30 
percent due to the long drought season in 2015. Therefore, it was likely that the 2015 production was 
lower than the usual production 

Table 4. Agriculture production in the study area. 
Characteristics  Farmer  Non-farmer 

(n=42)  Annual-crop 
(n=69) 

Tree-based 
crop (n=34) 

Mixed- crop  
(n=55) 

Rice (n) 49  46 6 
Land size (ha) – median 
                        - 1st quantile, 3rd quantile 

0.50 
(0.25, 0.75) 

 0.50 
(0.13, 0.97) 

0.23 
(0.11; 0.47) 

Purposes     
- for own consumption 93.9 (46)  93.5 (43) 83.3 (5) 
- for sale 87.8 (43)  56.5 (26) 60.0 (3) 
- for other uses2 34.7 (17)  39.1 (18) 60.0 (3) 

Production (in quintal/year) 12.0 (6.8; 22.5)  8.5 (3.1; 30.0) 4.0 (2.8; 5.0) 
- for own consumption  

(in quintal/year) 
2.4 (1.5; 4.5)  3.0 (1.5; 40.0) 1.9 (1.1; 3.3) 

- for sale 10.0 (3.5; 20.0)  4.3 (0.1; 16.9) 1.0 (0.1; 2.9) 
- for seeding 0.0 (0.0; 0.2)  0.0 (0.0; 0.0) 0.0 (0.0; 0.0) 
- for other uses 0.0 (0.0; 1.0)  0.0 (0.0; 1.8) 0.4 (0.1; 1.4) 

Revenue from rice sales (n) 43  26 3 
- Total (in million Rp/year) 10.2 (0.5; 18.0)  4.5 (0.01; 21.1) 1.0 (0.01; 4.6) 

Patchouli 14  10  
Purposes     

- for sale 100.0 (14)  100.0 (10)  
- for seeding 0.07 (1)  0.0 (0)  
- for other uses 0.07 (1)  0.0 (0)  

Production (in quintal/year) 18.0 (2.5; 22.5)  10.0 (0.3; 25.0)  
- for sale (in kg/year) 13.5 (2.5; 22.5)  10.0 (0.3; 25.0)  

Revenue from nilam sales (n) 14  10  
- Total (in million Rp/year) 6.7 (2.5; 13.0)  9.0 (3.3; 26.6)  

Cacao 1 14 27 6 
Production (in quintal/year/ha) 9.6 2.9 (1.2, 10.0) 2.2 (0.7; 6.0) 4.6 (1.4: 14.1) 
Revenue from cacao sale (n) 1 14 27 6 

- Total (in million Rp/year) 23.0 5.9 (2.8; 20.7) 4.3 (1.5; 14.0) 18.2 (3.5; 33.8) 
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Clove  16 10 3 
Production (in quintal/year)  0.4 (0.04; 2.2) 0.6 (0.1; 1.1) 0.4 (0.1; 0.5) 
Revenue from clove sale (n)  16 10 3 

- Total (in million Rp/year)  14.9 (5.9; 28.0) 6.1 (0.9; 11.1) 5.4 (1.0; 5.5) 
Coconut  5 8 3 
Production (in quintal/year)  0.4 (0.1; 3.5) 8.7 (0.2; 15.0) 4.5 (3.0; 80.0) 
Revenue from coconut sale (n)  5 8 3 

- Total (in million Rp/year)  1.6 (0.6; 18,1) 5.7 (0.2; 14.0) 2.7 (1.2; 24.7) 

Note: Data are presented in median (25th; 75th) or % (n). 

3.3 Household income and expenditure 
Table 5. Household income and expenditure per year1 

Characteristics 
(in million Rp) 

 Farmer  Non-farmer 
(n=42) Annual-crop 

(n=69) 
Tree-based crop 
(n=34) 

Mixed- crop  
(n=55) 

Yearly total income 17.9 (13.1; 30.3)a 23.3(15.2; 47.6)a 24.2 (15.1; 42.0)a 22.6 (14.6; 48.6)a 

Total yearly 
expenditures 

15.5 (11.7; 21.7)a 18.2 (15.4; 25.8)a 18.7 (13.2; 27.7)a 19.5 (16.1; 28.3)a 

- Agricultural activities 0.8 (0.1; 2.2)a 0.0 (0.0; 0.7)b 0.9 (0.3; 2.8)a 0.0 (0.0; 0.0)b 

- Food 8.3 (6.0; 12.9)a 12.9 (9.6; 15.8)b 9.8 (5.8; 15.2)a 11.7 (7.6; 16.2)b 

- Cigarette 1.1 (0.0; 2.4)a 1.3 (0.0; 2.6)a 1.1 (0.0; 3.6)a 2.0 (0.0; 3.7)a 

- Transportation 0.9 (0; 1.6)a 0.1 (0.0; 2.1)a 1.0(0.0;1.6)a 1.0 (0.0; 1.6)a 

- Health 0.0 (0.0; 0.08)a 0.0 (0.0; 0.05)a 0.0 (0.0; 0.04)a 0.0 (0.0; 0.03)a 

- Education 0.0 (0.0; 0.06)a 0.0 (0.0; 0.1)a 0.0 (0.0; 0.1)a 0.0 (0.0; 0.07)a 

- Housing facility 0.7 (0.4; 1.6)a 0.8 (0.4; 1.3)a 0.6 (0.3; 1.8)a 0.9 (0.2; 2.1)a 

- Others 0.6 (0.4; 1.6)a 0.3 (0.07; 1.6)a 0.5 (0.2; 2.1)a 1.5 (0.02; 4.4)a 
1 Data are presented in median (25th; 75th) and analyzed using Kruskal Wallis test for the whole groups 
Mean values with different letter in a row are significantly different as indicated by Mann-Whitney test. 
 
Yearly total income was derived from different sources of income based on occupation, field 
ownership and crop production. In the study area, the yearly total income and expenditure of all 
groups was not significantly different. Mix-crop farmers spent more on agricultural activities than 
tree-based crop farmers and non-farmer group (p=0.01). Tree-based crop farmers had significantly 
high food expenditure (p<0.001) than the others, followed by non-farmers. After the conversion of 
yearly income to monthly income and comparison with 2016’s regional minimum wage (Rp 
1,670,000) set by the national government, the median monthly income of the household from annual-
crop farmer group was below the minimum wage. However, when the total monthly food expenditure 
was categorized based on < and ≥80% as above and below poverty line, it was found that 26.5% of 
households in the tree-based crop farmer group were classified as poor, followed by non-farmer 
(16.7%), annual- (14.7%) and mix-crop farmer group (12.5%).  

3.4 Dietary diversity and dietary intake factors 
More than 30% of women from annual- and mix-crop farmer group consumed their own rice 
production, with above 60% of women purchasing rice in a retail store, in a weekly market, or from a 
vendor (‘tukang sayur’). Almost all women in tree-based and non-farmer group bought rice. The 
second most consumed own-production crop was vegetable. The women also collected wild 
vegetables in the forest (e.g. spinach, swamp cabbage, etc). Animal-based foods that were mostly 



12 

consumed were fish/seafood and egg. Even though many of the farmers raised chicken, it seemed the 
main purpose was to sell. The following Figure 5 and Figure 6 showed that generally, the women in 
our study area consumed monotonous diet by consuming mostly rice and vegetables, sometimes with 
tempe/tofu or rice with fish (see also 6). 

Table 6. Percentage and number of women that consumed the corresponding food groups  

Food groups1  Farmer  Non-farmer 
(n=42) 

 Annual-crop 
(n=69) 

Tree-based crop 
(n=34) 

Mix- crop 
(n=55) 

 

Cereals (rice) 100.0 (69) 100.0 (34) 100.0 (55) 100.0 (42) 

Roots, tubers or other starchy 1.4 (1) 8.8 (3) 5.5 (3) 11.9 (5) 

Vegetables  60.9 (42) 64.7 (22) 70.9 (39) 61.9 (26) 

Fruit  37.7 (26) 47.1 (16) 36.4 (20) 47.6 (20) 

Meat  5.8 (4) 5.9 (2) 9.3 (5) 9.5 (4) 

Fish  42.0 (29)B 88.2 (30)A,C,D 60 (33)B 59.5 (25)B 

Eggs  17.4 (12)c,d 17.6 (6)c,d 32.7 (18)a,b 45.2 (19)a,b 

Pulses and legumes  37.7 (26) b,d 14.7 (5) 45.5 (25)b,d 21.4 (9) 

Dairy products  17.4 (12) 8.8 (3) 18.2 (10) 14.3 (6) 

Oil  95.7 (66) 100.0 (34) 92.7 (51) 100.0 (42) 

Median of consumed food groups 4 5 5 5 

≤4 FAO/WFP food groups (%,n) 59.4 (41) 47.1 (16) 45.5 (25) 42.9 (18) 
1 Data is presented as % (n), or median (25th, 75th percentile) 2 Data was analyzed using Chi’ square test (for categorical data) 
and Mann-Whitney test (for not normally continuous variables) 
Significant level at p value < 0.001 with A: Annual-crop farmer, B: Tree-based crop farmer, C: Mix-crop farmer, D: Non-farmer 
Significant level at p value < 0.05 with a: Annual-crop farmer, b: Tree-based crop farmer, c: Mix-crop farmer, d: Non-farmer 
 
All respondents consumed mostly or solely rice, very few of them ate ‘sago’ as their staple food. The 
annual-crop farmers were found to consume the least diverse food (median:4), as compared to the 
other groups (median: 5), which made them more vulnerable to the changes in agriculture production 
(Table 6). Fish was commonly consumed among tree-based crop farmers because they lived mostly 
near coastal area. Pulses/nuts or tempe/tofu was a typical diet among annual- and mix-crop farmers, 
perhaps because most of them were originally from Javanese/Balinese transmigrants.  
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Figure 5. Plant-based food source in the study area 
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Figure 6. Animal-based food source in the study area 
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Percent-fulfilment of the selected nutrients from the women’s habitual intake between groups was not 
significantly different. In total all women could fulfilled 50% of their energy requirement, while 
protein intake was between 57-67% of the Indonesian women recommended nutrients intake 
(Indonesia 2013). The lowest percent-fulfilment was found in iron intake of all women by ±13%. 
(Figure 13). 

 

 
 

Figure 7. Intake fulfillment of selected nutrients from the women between groups  

Of 200 under-five children, 74 of them were breastfed during survey period. Breastfeeding practices 
seemed to protect the breastfed children by approaching or exceeding their recommended intake 
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to the non-breastfed children (Figure 8 a and b). Selected micronutrient intakes were lacking in all 
children. 
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    (a)         (b) 
 

Figure 8. Intake fulfilment of breastfed (a) and non-breastfed children (b) by group 
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3.5 Characteristics and nutritional status of the women and 
children 
Anthropometric characteristics of the mothers and children were similar between groups. as presented 
in Table 7. 

Table 7. General characteristics of respondents by groups 

Characteristics 
 Farmer  

Non-farmer 
Annual-crop Tree-based crop Mixed- crop  

Eligible child, n 69 34 55 42 

Age, mo 39.3±13.1 34.3±14.9 39.5±13.1 37.2±13.9 

Girls, n (%) 47.8 (33) 55.9 (19) 50.9 (28) 52.4 (22) 

Weight, kg 12.4±2.5 11.3±2.3 12.3±2.1 11.5±2.4 

Height, cm 91.0±8.9 87.5±10.1 90.1±9.8 88.9±10.0 

Women 69 34 55 42 

Weight, kg 51.3±10.4 53.9±14.2 55.3±9.3 54.9±10.3 

Height, cm 150.9±4.6 146.5±26.1 151.1±4.5 151.8±4.7 

MUAC, cm 26.6±3.5 28.2±4.4 27.8±3.5 27.2±3.6 

Subsample non-pregnant women 59 27 45 34 

Hb level, g/dl 12.4±1.1 12.8±1.9 12.3±1.3 12.6±1.1 
 

 
Figure 9. Nutritional status of the children by group 

 
Anthropometric assessment is a method to draw conclusions about the nutritional status of individuals 
and populations by measuring part of the human body and comparing the measurement with 
international growth reference data. Weight and height are considered as the basic anthropometric 
measurements for growth indicators. This method is commonly used because of several advantages; it 
is non-invasive, inexpensive, and easy to obtain. However, it is important to accurately train field 
workers to get precise measurements. Weight-for-height Z-score/WHZ < -2 SD indicates wasting, 
weight-for-age Z-score/WAZ<-2 SD defined as underweight, while height-for-age Z-score/HAZ<-2 
SD is categorized as stunting (WHO 1995). 
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Prevalence of underweight and stunted children were very high in all groups; they were all above 20% 
and 30% for underweight and stunted children (WHO 1995). This showed that they suffered from a 
chronic food insecurity. Prevalence of wasted children from tree-based crop and non-farmer was 
considered an alarming situation (above 10%) (WHO 1995); they experienced acute food shortage as 
shown in Figure 15. Prevalence of overweight/obese women in the study area was strikingly high. 
Even among tree-based crop households, the proportion of overweight/obese women exceeded the 
normal weight BMI (Figure 10). At the same time, prevalence of underweight women still existed, 
particularly among women from annual- and mix-crop farmer households (9%), which made them 
more vulnerable to the weather changes. Although no statistical significant different was found 
between groups, a high anemia prevalence (above 29%) indicated by Hb level below 12 g/dl among 
non-pregnant women was found, especially among non-farmer women (45%).  

Nutritional status of the women and children in the study area indicated that the women suffered from 
acute and chronic malnutrition. This was aggravated by long drought season. The situation hit not 
only farmer households but also the non-farmer households in the study area. 

 

 
§ anemia (subsample): annual-crop (n=59), tree-based (n=27), mixed-crop (n=45), non-farmer (n=34) 
 

Figure 10. Nutritional status of the non-pregnant women based on BMI and anemia status 
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4. Discussion  
4.1 Food security in Buol District 
Mixed-crop farmers were found to own more fields the other groups and larger land size. In addition 
to planting tree-based (cash) crops, the mixed-crop farmers also cultivate food crops (rice and various 
fruits) in their fields enable them to be more food secure in respect to food availability.  

Income and expenditure are used as proxies to food accessibility. In the study area, the tree-based 
crop farmers had significantly higher food expenditure (p<0.001) followed by non-farmers. The high 
cost on food was likely because tree-based crop and non-farmers did not plant food crops, therefore 
the income they received was utilized for buying foods. Even, the highest proportion of poor families 
indicated by monthly food expenditure ≥ 80%.  

In terms of nutritional status, prevalence of underweight and stunted children was very high in all 
groups; they were all above 20% and 30% for underweight and stunted children (World Health 
Organization 1995), which showed that they suffered from a chronic food insecurity. Furthermore, 
prevalence of wasted children from tree-based and non-farmer was considered an alarming situation 
(above 10%). They experienced acute food shortage. Wasting indicates that a child has excessively 
low body tissue and fat mass based on his/her height, which can be a result of either acute weight loss 
or failure to gain weight. Under conditions of inadequate food intake, its onset can occur rapidly, 
particularly during acute illness. However, this condition is only temporary. Nutritious food, hygienic 
feeding preparation for children, improved sanitation and better care from mothers or the main care 
taker will help the child to regain weight and catch up in growth. Wasting is a common indicator of 
nutritional outcomes of under-five children and it represent a silent warning of an emergency 
situations. In 2005, wasting among children (WHZ < -2 SD) resulted in about 14.6% or about 1.5 
million of all children’ death globally. Severe wasting (WHZ < -3 SD) also accounted for 4.4% 
mortality of the children under five years old (Black et al 2008). Stunting signifies the accumulated 
consequences of slowed skeletal growth often associated with long-term dietary inadequacy, repeated 
infectious disease or both (Gibson 2005). Growth failure in the first 2 years of life leads to reduced 
adult stature, low school enrolment, and reduced adult income. The stunted children have an increased 
risk of suffering from overweight/obese and chronic degenerative diseases in the later life. The 
stunted women also have a increased risk of giving birth to low birthweight babies. The babies are not 
only associated with higher risk of neonatal mortality but also with poor child growth and 
development; thus, the vicious cycle of undernutrition is continued (UNICEF 1998; Victora et al 
2008). Stunting is generally regarded as an index of poverty and deprivation; indeed, it is more 
frequently found under poor economic conditions. Therefore, stunting is commonly used as an 
indicator of nutritional outcomes of a long-term intervention project. Underweight indicates the 
presence of both acute (wasting) and chronic malnutrition (stunting) in a child, so the cause may not 
only cause acute illness but also poor food intake history (Gibson 2005).  

The women in our study area consumed monotonous diet by consuming mostly rice and vegetables, 
sometimes with tempe/tofu or rice with fish, similar to the study carried out by Jati et al (2012). In 
total all of the women could only fulfilled 50% of their energy and 57-67% of their protein intake 
using Indonesian women recommended nutrients intake. This chronic inadequate dietary intake may 
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have resulted from the long drought season. In contrast, overweight/obese prevalence among women 
was also very high, which might be due to the impact of small stature among women (±146–151 cm) 
causing them to be more vulnerable to the weight gain. It is assumed, that the long drought season 
might have slightly decreased their original bodyweight, but could not decrease the BMI status to be 
below 25.  Intake of fish and tempe/tofu seemed to give a better contribution for percent-fulfillment of 
protein intake. The lowest percent-fulfillment was found in iron intake of all women by ±13%, which 
was confirmed by a high proportion of anemic women in all groups in the study area.  

4.2 The influence of climatic factors of food security 
From June to November 2015 the Indonesian Agency for Meteorology Climatology and Geophysics 
forecasted that Indonesia would experience a long drought season accompanied by a thick fog from 
forest-burn (Indonesian Agency for Meteorology Climatology and Geophysics 2015). The effect of 
extreme weather has proven to decrease agriculture production in China (Wei et al 2017), Zambia 
(Lekprichakul 2008), and Indonesia (Lassa 2012; Surmaini et al 2014) causing the farmer families to 
cope during lean season. Lassa (2012) reported that drought in Indonesia has caused significant 
reduction in rice paddy and maize production. The effect being more severely when accompanied by 
flood attack, like in Momunu sub-district. Drought season alone in the country have shown to 
decrease the rice paddy production by 40% (Surmaini et al 2014). In December 2015 World Food 
Program (WFP) carried out a survey in four provinces of eastern part of Indonesia (East Java, East 
Nusa Tenggara, West Nusa Tenggara and Papua) to investigate the drought effect on farmer families 
(World Food Programme 2016). They found that 40% of rice farmers decreased up to 50% of their 
rice paddy production. With less income farmer families had to cope by reducing food bought and 
non-food expenditure, thus relying on their second job or reducing amount, type and frequency of 
meal. In our study, tree-based crop farmers were found to have the highest proportion of farmers 
having secondary job (61.8%), followed by mixed-crop farmers (52.7%). Because tree-based crop 
farmers in the study area basically practiced traditionally or based on demand farming activities, 
therefore it was likely that time allocated for tree-based farming activities was not as tight as the 
annual-cropping system, which allowed the tree-based crop farmers to have the second job. The need 
on purchasing foods was also the other main reasons to generate off-farm income, since they did not 
produce their own foods. Qualitative study that was done prior to the survey revealed that main crop 
production had decreased 20-30 percent due to the long drought season in 2015. Therefore, it was 
likely that the 2015 production (either annual or tree-based crops) was lower than the usual 
production 

Regardless of the groups, the 2015’s long drought season existed during the survey period seemed to 
strongly affect the agriculture, dietary intake, health and nutritional situation of the women and 
children in the study area. The farmers complained of the decreased crop production, which led to a 
decrease in income generated from agriculture activities.  Wasting prevalence among children from 
tree-based crop farmer was above the critical WHO value of emergency situation, followed by that 
from non-farmer group. Infectious diseases were also more prevalent during drought season, which 
was worsen by the polluted air from forest-burned. 
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5. Conclusions and the Way Forward 
Tree-based crop farmers seemed to suffer more severely due to food insecurity as compared to the 
other groups. They had the highest proportion of father having second job. They also had the second 
highest prevalence of respiratory infection among children and the highest prevalence of wasted 
children above 10% (20.6%) indicating the severe condition of income deprivation and food 
insecurity within the families.  In addition, they did not plant food crops, consequently they had to 
allocate their income for food expenditure and resulted to a high proportion of poor families 
(indicated by monthly food expenditure ≥80%). It is recommended to combine cultivation of food and 
cash crops for reducing the food expenditure. As the study has shown although annual-crop farmers 
had the lowest median yearly income, the proportion of poor families was lower than tree-based crop 
farmers. The mix-crop farmers seemed to have a better-off socio-economic condition as compared to 
the other farmer groups. Non-farmer group seemed to be the second highest in food insecurity after 
the tree-based crop farmers. This might be because of widely spread income of respondents from a 
common farm worker to a successful businessman.  

 In the study, it was revealed that less than 50% of the respondents utilized their garden. We proposed 
that the utilization of the garden for planting carbohydrate-source of foods (e.g. sweet potatoes) and 
micronutrient rich-foods (e.g. carrots, tomatoes, different type of coloured fruits) as well as livestock 
raising for the protein production. 

Low dietary intake, high prevalence of underweight and stunting children and anemia prevalence 
among non-pregnant women indicate the need for nutrition intervention in rehabilitating the 
nutritional status of women and children in the study area. For the undernourished children and 
women, it is necessary to rehabilitate their nutritional status by providing supplementary food, 
combined with a complete package of health/nutrition education targeting the mothers and the other 
caregivers (e.g. grandmothers). After the women/children have recovered, they should be offered a 
well-balance home-based meal for maintaining their nutritional status. It is also proposed to develop a 
women’s group for doing sport activity together. Nutrition education regarding portion size and 
healthy meal for the women needs to be given.  

We recommended that the anemic women should be given iron tablets on weekly basis. For 
maintaining their iron status, the women should be taught to consume iron-rich foods every week, e.g. 
chicken liver. Commonly consumed foods or drinks that promote and inhibit the iron absorption 
should be identified as part of the nutrition education. 

Since the survey was carried out during a lean season, we propose to carry out a study during harvest 
season to give a complete picture of the food and nutrition situation in the study area.  
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