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Abstract: The objective of this essay is to analyze the effect of adopting agricultural innovations on household food security in
Togo. The study relates to a sample of 11,898 households drawn from the Harmonized Household Living Conditions Survey
(EHCVM, 2021). Several indicators are used, including the Food Consumption Score (FCS), the Household Dietary Diversity
Score (HDDS), and a composite food security index. Econometric analyzes based on ordered probit, generalized ordered
probit, and ordered logit models show that the adoption of innovations significantly improves food consumption and dietary
diversity. However, the overall index reveals that more than half of households remain food insecure, and adoption may exert a
short-term negative effect due to investment costs. These findings imply that the diffusion of innovations must be supported by
complementary policies, such as social protection mechanisms, women's inclusion, land tenure security, and improved market
access. The study shows that agricultural innovations are a necessary but insufficient condition for achieving sustainable and
equitable food security.
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I. INTRODUCTION

Food security, a multidimensional concept defined and interpreted differently, remains a strategic priority affecting
people's livelihoods and the national economy, and is also the foundation of national stability (Saboori et al., 2023; Moodi et
al., 2023). This concept, initially perceived quantitatively, now incorporates broader dimensions, both objective and subjective,
including the availability, access, utilization, and stability of food (Temple et al., 2015). However, Food security is defined as a
country's ability to produce enough safe and healthy food to meet the nutritional needs of its population (Zhang et al., 2022;
Liu & Zhou, 2021). However, in recent years, challenges such as the overexploitation of natural resources, climate change,
excessive soil degradation, and geopolitical instability have impacted food security (Tokhayeva et al., 2020). These challenges
are particularly acute in sub-Saharan Africa, where reliance on rain-fed agriculture, low yields, and high exposure to climate
shocks exacerbate the vulnerability of farming households. In the face of these challenges, agricultural innovations are
emerging as strategic levers for improving productivity, strengthening the resilience of production systems, and contributing to
food security.

Indeed, the theoretical literature assumes that agricultural innovations improve food security. For example, the literature
highlights a positive effect of agricultural innovations on food security for several reasons. First, technological innovations
accelerate the iterative upgrading of food diversity and contribute to stimulating food production (Yan et al., 2023; Xu et al.,
2022). Second, technological innovations enable improvements in the efficiency of the food consumption and distribution
chain (Wolfert et al., 2023; Mantravadi & Srai, 2023). Third, technological innovations and the digitization of financial
inclusion lead to higher agricultural yields and ensure food security (Liu & Ren, 2023; Alyahya et al., 2022). Through these
mechanisms, innovation is seen as a key factor in the development of quality agricultural products and the sustainability of
food systems (Zhao et al., 2024).

Despite these theoretical advances, food insecurity remains a global concern. Indeed, in 2022, 2.4 billion people
worldwide suffered from food insecurity, 11.3% of whom were in a severe situation (FAO et al., 2023). In Africa, more than
half the population was affected by 2017, with alarming projections for the 2030s. In Togo, the figures are also worrying, with
more than 16.1% of its population undernourished in 2021 and nearly 24% of children under five suffering from chronic
malnutrition (PAM, 2022). This situation is partly due to low agricultural productivity, itself caused by the very limited and
uneven adoption of agricultural innovations (Vall et al., 2013).

Following the 2007-2008 food crisis, investments in agricultural research and the dissemination of innovations were
intensified to improve food security for rural households living in poor regions of the world (Shilombolenia et al., 2019).
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However, the adoption of these innovations remains highly uneven. In Africa, although agricultural innovations, particularly
fertilizers, improved seeds, information and communication technologies, and mechanization, are recognized as essential
policy tools for promoting sustainable agriculture (FAO, 2018; Haile et al., 2017), their dissemination and use are hampered by
financial, institutional, and human constraints. Dependence on external funding, difficulty in investing sufficiently in research
and development, and limited infrastructure constitute the major obstacles (PARI, 2016).

In Togo, despite the implementation of policies favorable to agricultural innovation, farming households continue to
face significant constraints, including low levels of education, high input costs, a lack of technical training, and inadequate
rural infrastructure. At the continental level, the Comprehensive Africa Agriculture Development Programme (CAADP),
launched in 2003, aimed for 6% annual agricultural growth to reduce poverty. However, the low adoption of agricultural
innovations, particularly improved seeds and fertilizers, limits the achievement of these objectives (Kara & Kithu, 2020).

In a context marked by increasing environmental pressures and volatile markets, agricultural innovation is becoming
more necessary than ever. According to De Janvry & Sadoulet (2002), agricultural innovations contribute to poverty reduction,
increased farm incomes, and lower food prices. They can generate multiplier effects through job creation in processing, local
development, and the strengthening of rural markets (Moyo et al., 2007). Seeds, in particular, play a central role in improving
yields (McGuire & Sperling, 2016). The adoption of innovations is estimated to have contributed to 40% of the increase in
global crop production over the last few decades (Garbero et al., 2018). However, the link between agricultural innovation and
food security remains dependent on the context of infrastructure, agricultural policies, technological choices, and producer
involvement (Kabunga et al., 2011). However, three main channels help to understand the impact of agricultural innovations on
food security (Mucioki et al., 2018 ; McGuire & Sperling, 2011) : (1) direct production for self-consumption, (2) the sale of
surpluses to generate income, and (3) reduced food prices through improved access to inputs and financing. Access to
innovations remains strongly influenced by the geographical and social proximity of farmers (Mveng et al., 2023 ; Takam-
Fongang et al., 2018). In Togo, although efforts have been made to promote innovations, their adoption remains marginal.
Challenges include technical expertise, socio-economic behaviors, as well as governance and social cohesion issues
(Mugwagwa et al., 2010). In the case of Togo, legislation to improve food security emphasizes product quality. Thus,
households that adopt agricultural innovations can take steps to use them within reasonable limits in order to obtain good yields
with good quality and contribute to improving the food security of the population without disturbing the natural balance of the
environment.

In this context, this research aims to analyze the effect of agricultural innovations on the food security of farming
households in Togo. Thus, the main research question is: what is the effect of agricultural innovations on the food security of
farming households in Togo? While the literature generally agrees on their positive impact, the results remain mixed depending
on the country and the technologies used. For example, Mveng et al., (2023) Studies have shown that improved seeds
contribute to improved household food security. Indeed, Shilomboleni et al. (2019) conclude that the widespread adoption of
food security innovations in low-income rural settings has often failed to produce substantial and sustainable results, and this
poor performance can therefore be attributed to the dominant and linear approaches associated with the diffusion of
innovations, which involve research and development of technologies and their subsequent transfer to farmers.

Furthermore, Zhu & Begho (2022) found a positive correlation between agricultural innovations and food security in
China. These authors demonstrated that the development of alternative foods is an important aspect of sustainable food security
in China, thereby reducing the negative environmental impact of fertilizer use. Bigini et al. (2021) and Abecassis et al. (2018)
showed that the use of biotechnology improves cereal disease resistance and increases yield and grain quality (Zhu et al.,
2021). Also, according to Pare (2022), the use of fertilizers and improved seeds has a positive effect on agricultural production.
These authors argue that the combined effect of improved seeds and chemical fertilizers increases agricultural production and
ultimately contributes to improved food security. A weak effect of the use of improved maize seeds and chemical fertilizers
was observed by Pare (2022) and the World Bank (2013) in Burkina Faso. However, Koussoubé & Nauges (2015) concluded
that the adoption of agricultural innovations such as improved maize seeds and fertilizers has a weak impact on agricultural
production and food security. This research aims to contribute to the empirical debate on the effectiveness of agricultural
innovations in food security within the Togolese context, which is characterized by significant structural vulnerabilities.

The rest of the research is organized as follows. Section 2 presents a literature review on agricultural innovations and
food security. Section 3 is devoted to the methodological approach used. The results and discussions are reported in Section 4,
and finally, Section 5 is devoted to the conclusion and policy implications.

II. AGRICULTURAL INNOVATIONS AND FOOD SECURITY: A LITERATURE REVIEW
Despite the crucial importance of food security, which stems from agriculture, most Asian and African countries have
failed to implement a comprehensive agricultural revolution. However, in developing countries, agricultural innovations are
considered a valuable adaptation strategy for addressing food insecurity. This section presents the concept of food security, the
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theoretical foundations of the link between agricultural technological innovations and food security, and some empirical
studies.

A) The concept of food security and its measurement

The concept of food security is complex and of great concern within the international community. It remains a relevant
and highly relevant topic. Food security is a concept that has evolved over time (Robert et al., 2013). Its initial definitions
emerged in the 1970s from international organizations and have since been modified by evolving approaches to economic
policy (Paolo , 2012). It was initially conceived as a matter of sufficient food availability to meet growing demand and
fluctuations in production and prices (Dury & Eve, 2010). According to this understanding of food security, simply increasing
global food production would be enough to address the deficit linked to population growth. For Llabrés (2011), food security
consists of producing a food supply that, in sufficient quantity and quality, allows rural food producers to feed themselves, sell
their surpluses to generate a satisfactory income, encourage their productivity, and meet the effective demand of both rural
non-food producers and urban populations. From this definition, the author distinguishes two dimensions of food security:
restricted and general. Restricted food security aims to secure the food supply. This involves producing all the basic foodstuffs
necessary to meet the food requirements of rural and urban populations, and ensuring the marketing of these products to
generate income for the purchase of agricultural inputs. The general dimension, on the one hand, consists of making non-food
agricultural production profitable so that rural households can acquire the food they do not produce themselves, and on the
other hand, promoting the appropriate conditions so that urban populations in the secondary (industry) and tertiary (trade and
services) economic sectors can also acquire the factors of production they need.

Economic literature, beginning with the mercantilists, shows that the state must monitor, regulate, and intervene in
markets, if necessary, to guarantee a fair equilibrium price. These food policies are not the sole domain of the mercantilists
(Malthus, 1815). These theories were challenged by liberals who proposed that the market is self-regulating and that food
products are like any other commodity. For them, the best way to ensure food security is to let the market operate freely. For
the physiocrats, agriculture is the sole creator of wealth and must be independent. There is no contradiction between abundance
and high prices (Loic, 1998). Any increase in production can contribute to a reduction in food and nutritional deficiencies.
According to Malthus, who developed the first theory of famines in 1798, the arithmetic growth of supply could not ultimately
satisfy the needs of a geometrically growing population. Events have refuted this theory. The exceptional growth in food
production that the planet has experienced has not, however, ended the problem of famine (Azoulay, 2016). The world
continues to fail to feed its inhabitants. These are most often women and children living in sub-Saharan African countries.

Nevertheless, women play a key role in agriculture in sub-Saharan Africa, and their access to land can positively
influence income, food supply, the well-being of farming households, health, and food security. Malthus (1815) argued that
population growth is geometric and that livelihoods, even under the most favorable conditions for industry, can only grow
arithmetically. Because population growth combined with the growth of human activities is likely to deplete natural resources
and threaten the future of generations to come, the Malthusian thesis was controversial. Sen (1981) then reopened the
theoretical debate on food insecurity and explained that the food availability-to-population ratio, so dear to Malthus, is
insufficient to explain food insecurity. Food security is the ability to ensure that everyone, at all times, has physical
(distribution networks and infrastructure) and economic (citizens' purchasing power) access to the food they need (Heidhues et
al., 2004; FAO, 2010). Clay (2002) and the World Bank (1986) highlighted the temporal dynamics of food insecurity and the
distinctions between chronic food insecurity, associated with persistent poverty and low incomes, and transient food insecurity,
which is more linked to periods resulting from natural disasters.

Economists disagree on the role of agricultural production in food security. According to orthodox economists,
increased cereal and livestock yields improve food security (Vall et al., 2017; Dury et al., 2017). However, according to
Agidew & Singh (2018), the determining factors of food insecurity are the scarcity of arable land, recurring drought, climate
shocks, lack of rainfall, and land degradation. The complete absence of a literature review on impact studies of agricultural
policy in the WAEMU (West African Economic and Monetary Union), which could have revealed whether this agricultural
policy has boosted food security in the various member states of the Union or whether it incorporates mechanisms to mitigate
the effects of future international food price shocks, was noted (Savadogo, 2009). The concept of food security is
multidimensional and complex to define, encompassing four dimensions: availability, accessibility, utilization, and stability or
sustainability. In the literature, approximately two hundred indicators have been used to measure food security (Hoddinott et
al., 2008). However, despite the implementation of numerous indicators in past decades, no single indicator has yet been
chosen that is sufficient on its own to encompass all four dimensions (Dandonougbo et al., 2023). Therefore, this study uses a
combination of two frequently used indicators in the context of food security to address at least two of these aspects: the
dietary diversity score, which measures utilization, and per capita food expenditure, which takes accessibility into account.
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The Household Dietary Diversity Score (HDDS) is a score that encompasses both food frequency and diversity. This
indicator measures improvements in food access, food consumption, and dietary quality. This indicator was chosen because it
offers advantages and is easy to collect, group, and calculate. It is calculated by grouping sixteen food categories into twelve
subgroups and adding their frequencies. For each subgroup, a new variable with two values is created: 1 if the household
consumed that food in the subgroup and 0 otherwise. To calculate the values for the dietary diversity variable, all the food
categories included in the food consumption score are added together in twelve subgroups. For the dietary diversity score, see
the table below. The new variable, "Dietary Diversity Score" (HDDS), takes values from 0 to 12, corresponding to the number
of food categories collected (FAO, 2013). Furthermore, other indicators can also be used to measure food security, such as
dietary frequency and diversity indicators and dietary behavior indicators (WFP, 2014). In recent years, dietary diversity
indicators have become increasingly popular due to their relative cost-effectiveness (Headey & Ecker, 2013).

The most widely used measure of dietary diversity at the household level is the Household The Dietary Diversity Score
(HDDS) on a scale of 12, developed by the Food and Nutrition Technical Assistance (FANTA) project of the United States
Agency for International Development (USAID), and the Dietary Consumption Score (DCS), which is a frequency-weighted
dietary diversity score calculated from a seven-day household food consumption recall, available from the World Food
Programme's (WFP) Vulnerability Analysis (SCAVA) ( Hidrobo et al., 2018; Sraboni et al., 2014 ; Headey & Ecker , 2013 ;
WFP, 2008). Both DCS and HDDS are measures of diet quality ( Hidrobo et al., 2014). According to the World Food
Programme (WFP, 2008), the Food Security Score (FSS) is based on dietary diversity, meal frequency, and the relative
nutritional importance of different food groups. Three food consumption profiles can emerge based on the FSS: (i) poor (0 <
FSS < 21), (ii) borderline (21.5 < FSS < 35), and (iii) acceptable (FSS > 35). Table 9 summarizes the food groups used to
calculate the different food security scores. Furthermore, the share of agricultural innovations used by farming households
serves as an indicator of food security.

Table 1: Analysis of Household Food Security Based on Food Groups

Food groups Food groups
1. Cereals 1. Cereals
2. Roots and tubers 2. White roots and tubers
3. Plants rich in vitamin A
4. Dark green leafy vegetables 3. Vegetables

5. Other vegetables
6. Fruits rich in vitamin A

7. Other fruits 4. Fruits
8. Meats
9. Liver, kidneys, heart and/or other organs 5. Meats
10. Eggs 6. Eggs
11. Fish/Seafood 7. Fish and Seafood
12. Legumes 8. Legumes, nuts and seeds
13. Milk and Dairy Products 9. Milk and Dairy Products
14. Oils/fats/butter 10. Oils and fats
15. Sugar or sweets 11. Sweets
16. Spices/condiments 12. Spices, condiments and beverages

Source: FAO, 2013

B) Theoretical and empirical foundations

a. Theoretical Foundations

The economic literature presents theoretical works on the determining causes of food insecurity and agricultural
innovations. Since the Second World War, the concept of innovation has remained largely unused, with technological
progress being the dominant focus. For a long time, diffusionist approaches to innovation held sway in research, before the
1980s saw the emergence of critiques of the agricultural development model and a renewed understanding of innovation.
By agricultural innovation, we mean anything that utilizes agricultural inputs (improved seeds, fertilizers) and electronic
devices such as computers or mobile phones, and that can be exchanged via networks like the internet. Innovation thus
constitutes a strategy that can advance and sustain productivity and, consequently, food security. However, the key
elements of technological innovation in the agricultural sector are necessarily research and development and
commercialization (Yao et al., 2014). The neoclassical theory of expected utility, the dominant approach, analyzes the
decisions of farming households to adopt agricultural innovations in their production systems to improve food security
(Von Neumann & Morgenstern, 1994). According to this theory, economic agents operating in an environment
characterized by risk and uncertainty are so rational.
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Empirical studies have shown that the superior performance of a sector, in this case the agricultural sector, is driven by
its capacity for technological innovation (Song et al., 2005; Ju et al., 2013; Krasnikov & Jayachandran, 2008). Although
research and development capacity is central to technological innovation, the benefits of technological resources are
increasingly lacking in the market (Yao et al., 2014). Investment in research and development and marketing capabilities
forms the basis for combining the theory of technological innovation and marketing theory (Yao et al., 2014). According to
Yang et al. (2009), in the theory of technological innovation, technological innovations emphasize new products and market
gains, which are the activities of marketing and technology. In marketing theory, a firm's research and development
capacity is its ability to effectively utilize technologies to create new and efficient products and services. In research and
development, technological innovations in the agricultural sector are characterized by a lengthy research and development
process, strong involvement of agricultural stakeholders, country-specific characteristics, and the promotion of publicity
(Yao et al., 2014). Due to the inherent contradiction between the availability of qualified technological innovations and
farmers' limited marketing skills, innovative companies are compelled to adopt demonstration and extension strategies to
promote the development of new techniques. It has been recognized that innovation enables farmers to produce more
efficiently with existing resources and to reduce production costs, while ensuring that more sustainable production methods
are implemented to conserve natural resources and guarantee household food security (FAO, 2018).

According to Mutisya et al. (2016), education is considered the determining factor in food security. However,
education enables individuals to acquire greater capacity to engage in agricultural activities, contributing to household food
security (De Muro & Burchi, 2007)and also providing guarantees of employment opportunities, improved diets and
nutrition, thereby promoting health, market access, and decision-making. The economic approach to the effect of human
capital by Becker (1962), Psacharopulos (1981), and Schultz (1961) has been widely criticized (Robeyns, 2006; Sen, 1997).
In contrast, according to the capabilities approach, human capital (education), through social change, can have an effect on
food security. Indeed, the sociodemographic characteristics of the head of household can significantly influence household
food security (Bogale & Shimelis, 2009; Babatunde et al., 2008). However, investment in farmer training and agricultural
innovations contributes to ensuring food security.

The relationship between agricultural technological innovations and food security demonstrates significant theoretical
and practical importance for promoting agricultural and technological development (Gouvéa et al., 2022). According to
Gaffney et al. (2019), agricultural technological innovation contributes to solving problems in the food production process
and fosters sustainable agriculture. In China, Begho & Zhu (2023) and Zhu & Begho (2022) argue that alternative food
development remains a key element in the sustainable development of food security and can contribute to reducing the
negative environmental impact of fertilizer use. Agricultural technological innovations can help overcome the challenges
associated with the scarcity of arable land and water (Lei et al., 2023). To improve climatic and environmental conditions in
sub-Saharan Africa and mitigate the rise in food insecurity in urban areas, (Wakweya, 2023)the use of climate-smart
agricultural technological innovations is proposed. It is worth noting that agricultural technological innovations were used
in all food production chains (Li et al., 2023), from consumption to distribution, while providing the agricultural sector with
a significant contribution to its sustainable development (Adenle et al., 2019) in order to ensure food security (Amorim et
al., 2023).

The literature agrees on the key role of agricultural innovations in improving food production and food security. Some
authors have concurred that agricultural technological innovations play a crucial role in food production chains to ensure
food security (Gui et al., 2022; Tian et al., 2016). The impact of agricultural innovations on food security is primarily
manifested through intermediary mechanisms. According to Liu et al. (2023), digital financial inclusion could contribute to
food security and lead to increased agricultural yields. To ensure improved efficiency in the food consumption and
distribution chain, Wolfert et al. (2023); Mantravadi & Srai (2023) proposed the use of digital technologies, highlighting
the importance of developing the Internet of Things (IoT) in food industry supply chains to enhance access to diverse and
high-quality food (Wang & Mu, 2022; Alam et al., 2023). However, it is important to note that a low level of experience
and skills among farmers in mastering the use of new agricultural technologies could impact productivity and efficiency,
and consequently food security, unless these farmers receive support (Dandonougbo et al., 2023). Access to training and
technical support for farmers helps overcome the constraints related to their lack of expertise. Several frameworks exist that
explain the link between agricultural innovations and the food security of farming households. However, agricultural
innovations affect the food security of farming households by increasing productivity, reducing the environmental impact
of the agricultural sector, decreasing food losses, creating economic opportunities, facilitating the adaptation of farming
practices, and strengthening the resilience of food systems (Djinadou & Mensah, 2024). The socioeconomic characteristics
of farmers and farms also influence the adoption and effectiveness of innovations. It should also be noted that institutional
factors, such as extension services and access to credit, facilitate the adoption of innovations and optimize their impact on
intermediary mechanisms. All of these moderating factors explain why some farms benefit more from innovations than
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others and justify the inclusion of interaction terms in models to assess the effect of innovations on food security. Figure 1
below illustrates the conceptual framework of the link between agricultural innovations and food security.
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Figure 1. Link between Agricultural Innovations and Food Security
Source: Author based on literature

b. Some empirical studies

In the empirical literature, the effect of agricultural technological innovations on food security has been little studied
in both developing and developed countries. In Africa in general, and in Togo in particular, many agricultural innovations
are either unavailable or poorly adopted by households, which may be due to unfavorable conditions or unsuitable features
of the innovations (Kabunga et al., 2011; Smale & Tushemereirwe, 2007; Barrett et al., 2004). Previous studies on adoption
and impact are of great importance for better analyzing and understanding which types of agricultural innovations work in
which areas. Recent research has analyzed the effect of different agricultural innovations on productivity, income, and
poverty (Cunguara & Darnhofer, 2011; Christiaensen et al., 2010). As can be seen, there is a bidirectional, interactive
relationship between agricultural innovation and food security. However, there are very few empirical studies linking
agricultural innovations to household food security.
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However, empirical results show that agricultural technological innovations and food security exhibit positive trends.
Kabunga et al. (2011), in studying the impact of banana tissue culture technology on farm household income and food
security in Kenya, used treatment effect models and found that the adoption of tissue culture technology significantly
reduces food insecurity and increases farmer and household incomes by 153% and 50%, respectively. Huang et al. (2017),
in their study, used the degree of coupling and coordination model to conclude that agricultural technological innovations
significantly improve food security in China. However, Liu et al. (2023); Cai et al. (2023), in studying the interaction model
between agricultural innovation and food security, used the coupled coordination model in the grain-producing area of
China and concluded that the fundamental solution to the food problem lies in technological innovation. This is due to
China's recent commitment to implementing basic food self-sufficiency policies and the vigorous promotion of agricultural
innovations (Liu et al., 2023).

Zhao et al. (2024) studied the coupling coordination relationship between agricultural technological innovation and
food security in provincial areas of China. Using the entropy value implementation method, the coupling coordination
model, and the exploratory spatial data analysis method, they showed that the level of agricultural technological innovation
and the development of food security in China from 2008 to 2020 generally increased, and that the development of
technological innovation outpaced that of food security. Similarly, Affoh et al. (2024), using a multinomial endogenous
switching regression approach and a multinomial endogenous treatment effect approach on the decision to adopt climate-
smart agricultural practices and their impact on household food security among smallholder farmers in Togo, found a
positive effect of agricultural technology adoption on food security. Similarly, other studies have shown that the adoption of
technologies has improved crop yields and increased farmers' incomes (Olasehinde et al., 2023; Wekesa et al., 2018).

III. RESEARCH METHODOLOGY

A) Conceptual framework and theoretical foundations

This research falls within the framework of the economic theory of farm households, according to which rural
households simultaneously make production and consumption decisions in a context of imperfect factor and product markets
(Becker, 1965; Singh et al., 1986). In developing countries, farm households are both producers and consumers of the food
they produce, thus justifying a unified approach to production and consumption. Within this framework, decisions regarding
the adoption of agricultural innovations (improved seeds, fertilizers, and pesticides), land allocation, and the use of factors of
production directly influence production levels, incomes, and ultimately, household food security. According to the agricultural
household utility model (Singh et al., 1986; Ogundari, 2017), food security can be understood through the household's food
demand, which depends on its socioeconomic characteristics, productive resources, and the adoption of agricultural
technological innovations. The household program in the model is as follows:

Max U[(Cd ’ Cn )9 ¢ma ]’ ki (Zl)
S/C @

With U being the twice-differentiable and strictly quasi-concave utility function, Cd domestic or own production, Cn

the good purchased on the market, @,,, the non-food good, k,- leisure demand, and Z ;a vector of sociodemographic

characteristics including agricultural technological innovation, the constraint represents, respectively, household expenditure

and income for equality from left to right: P N Cn the value of food purchases consumed on the market, P f Cma the value of

non-food expenditure, P dCd the purchase value of one's own good produced on the farm, and Sk leisure expenditure.

Regarding household income, P; @, the value of agricultural output, N non-agricultural income, and SL the value of labor used.

To obtain the optimal value for household food consumption, the ]Jrogram is solved using the constrained Lagrange method:

0,=|P,.P,,.P..S,Y"(P,,S,N,4°,K").Z, @

ma?’

Where P d’P ma,f; represent respectively the price of food products produced by the household, the price of the non-

food good and the price of the food good purchased on the market; S the wage rate in the economy, Y " the total household
income on which consumption decisions are made; A ° the quantity of fixed land of the household and K ° the stock of fixed
capital.
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According to Ogundari, (2017) and cited by Dandonougbo et al., (2023), household food demand ( ¢, ) can be considered as a

measure of food security (FS) and is written as follows:

0, =SA=[SCA,SDA, Dep,. ,IP,I_.... )

With SA a vector of various indicators of household food security (Food Consumption Score, Food Diversity Score,
Food Expenditure, Production Index or Undernourishment Index ( Obayelu , 2012; Lokosang et al., 2011).

B) Empirical specification of the model

The objective of this study is to determine the effect of agricultural technological innovations on household food
security in Togo. To do this, we will rewrite the relationship between food security and its determinants using the reduced
equation (2) and considering equation (3) as follows:

GIS; = [V, P, IT;, X;/a, p] + & “4)

With GIS a categorical composite index derived from the combination of two food security indicators (food consumption score

and food diversity score) representing the household food security index, I Tl vectors of agricultural technological innovations,
X ; other household characteristics, & and 0 the parameters to be estimated and € the error term.

To estimate the parameters of equation (4), it is necessary to choose a particular distribution for the perturbations.
Fundamentally, two models are mainly considered, namely the probit model and the logit model, just as in the case of a
variable with two modalities.

C) Analysis Methods

In this study, household food security is measured using two complementary indicators. The Food Consumption Score
(FCS), which combines the frequency of consumption and the nutritional importance of different food groups, was used to
classify households into three levels: low, borderline, and acceptable. The Food Consumption Score (FCS), a proxy used by the
World Food Programme (WFP, 2014), is a composite indicator developed to assess food security. It is calculated as follows:

SCA=Y",(Fi X Pi)

Or
Fi: is the frequency of consumption of the number of days during seven days of food group i.
Pi: is the nutritional weight assigned to food group i.
n : the total number of food groups

In parallel, the Dietary Diversity Score (HDDS), based on the number of food groups consumed per household during
the 24-hour reference period, was divided into three categories corresponding to low, medium, and high diversity. It is
calculated as follows:

SDA=Y", Zi

Or

Zi=1 if at least one food from group ia was consumed by the household during 24 hours, otherwise Zi =0
n : the total number of food groups considered.

To obtain a composite measure, these two indicators were combined using multiple correspondence analysis (MCA),
which yielded a factor score reflecting the common dimension of food security. This score was then transformed into a
continuous index and grouped into three classes to facilitate comparisons between household groups.

Given the potentially endogenous nature of agricultural innovation adoption, a simple ordered logit / probit model
would risk producing biased estimates. To correct this bias, we used a Conditional Mixed Process (CMP) simultaneous
equations approach, which allows for the joint estimation of the adoption decision (probit) and the effect of this adoption on the
food security score (ordered probit). This approach allows for the correlation of error terms between the two equations, thereby
capturing endogeneity related to unobserved factors. Thus, joint estimation improves the validity of causal inferences
compared to an isolated ordered model (Roodman, 2011; Wooldridge, 2010). The model generally takes the following form:

Yi* :ﬂXi +7/Zi +é;
Or:

N
Y. : the latent variable of food security intensity (food insecurity, borderline or acceptable security)
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,B And y : vectors of the parameters to be estimated
X ; - drivers of agricultural innovations, including plant protection products, fertilizers, and improved seeds
Z, : vectors of control variables

& ; + error term

D) Descriptive Data and Statistics

This research uses data from the Harmonized Household Living Conditions Survey (EHCVM) conducted by INSEED
in Togo in 2020-2021. Data were collected from 6,171 households and their members across the country. Information on
agricultural inputs, access to different food sources, and other characteristics of farming households is used in this research.

Table 2 provides descriptive statistics for the different variables used in this research. It shows that, on average,
approximately 1.4% of farming households have a low food consumption score; 9.5% have a borderline food consumption
score; and 89.1% have an acceptable consumption score. This would suggest that most farming households in the study sample
have acceptable food security, but it should be noted that a minority, nearly 11% of households, remain food insecure, which is
a concern in a vulnerability assessment. Regarding the food diversity score, it appears that, on average, 36.9% of farming
households have a low score; 32.9% a medium score; and 30.2% a high score. It is clear that, in the study sample, most
households have low to medium food diversity, highlighting their vulnerability to food insecurity. In terms of agricultural
innovations, in the study sample, on average, over 38.4% of farming households did not adopt any agricultural innovations,
while over 61.6% adopted at least one. The table also shows that, in the study sample, farming households used an average of 2
hectares of land. The gap between agricultural innovations and the area cultivated demonstrates significant heterogeneity in
agricultural practices in Togo.

The average age of household heads is approximately 40 years, with a minimum of 17 years and a maximum of 99
years. This indicates a predominantly working-age adult population. The average household size is approximately 3 people.
Overall, this indicates that households in the study sample are relatively small. The table also shows that agricultural
households are primarily headed by women (53.5%) compared to 46.5% headed by men. Furthermore, the majority of
household heads live in rural areas (88.2%) and practice agriculture as their main activity (88.1%), but are constrained by very
weak land tenure security (6.9%), which remains a vulnerability factor. Overall, average annual expenditures are 8,288 FCFA.
The education level of agricultural households in the study sample is relatively low, with a predominance of primary education
(52.1%), followed by secondary education (43.3%), and very little access to higher education (2.2%).

Table 2: Descriptive Profile of Agricultural Households: Food Security, Adoption of Innovations and Socio-
Demographic Characteristics

Variables Observation Mean Std. Dev. Minimum Maximum
SCA
Weak 9,115 0.014 0.119 0 1
Limit 9,115 0.095 0.293 0 1
Acceptable 9,115 0.891 0.312 0 1
HDDS
Low diversity 9,115 0.369 0.483 0 1
Average diversity 9,115 0.329 0.470 0 1
High diversity 9,115 0.302 0.459 0 1
Education level
None 2,781 0.024 0.153 0 1
Primary 2,781 0.521 0.500 0 1
Secondary 2,781 0.433 0.496 0 1
Superior 2,781 0.022 0.148 0 1
Agricultural innovations
No adoption 9,115 0.384 0.486 0 1
Adoption 9,115 0.616 0.486 0 1
Marital Status
Bachelor 8,670 0.210 0.407 0 1
Married or in a common-law 8,670 0.656 0.475 0 1
relationship
Separated/Divorced/Widower 8,670 0.134 0.341 0 1
Region
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Maritime 9,115 0.124 0.329 0 1
Plateaux 9,115 0.225 0418 0 1
Central 9,115 0.158 0.365 0 1
Kara 9,115 0.257 0.437 0 1
Savannas 9,115 0.231 0.421 0 1
Greater Lomé 9,115 0.006 0.075 0 1
Religion
Muslim 9,115 0.177 0.381 0 1
Christian 9,115 0.442 0.497 0 1
Animist 9,115 0.309 0.462 0 1
Other/Non-religious 9,115 0.073 0.260 0 1
Sex
Male 9,115 0.465 0.499 0 1
Female 9,115 0.535 0.499 0 1
Age 7,436 40.178 16,266 17 99
Household size 9,115 2.752 2.498 1 24
Living environment
Rural 9,115 0.882 0.323 0 1
Urban 9,115 0.118 0.323 0 1
Area 9,037 2.083 2.775 0 8.923
Credit
Yes 258 0.895 0.307 0 1
No 258 0.105 0.307 0 1
Member of a group
Yes 5,442 0.157 0.364 0 1
No 5,442 0.843 0.364 0 1
Spent 9,115 8.288 1.546 3.912 14,947
Non-agricultural activity
Yes 9,115 0.119 0.324 0 1
No 9,115 0.881 0.324 0 1
Land security
None 5,226 0.931 0.254 0 1
Legal document 5,226 0.069 0.254 0 1

Source: Author Based On EHCVM, 2020-2021 (Togo)

IV. RESULTS AND DISCUSSION
A) Effect Of Agricultural Innovations on the Food Consumption Score
Table 3 below shows the distribution of households according to their food consumption score. An examination of the
food consumption score (FCS) reveals that the vast majority of households (89.1%) fall into the "acceptable" category,
indicating relatively sufficient and regular food consumption. However, nearly 9.5% of households are in the "borderline"
category and 1.5% in the "low" category. While these proportions may seem small, they remain concerning as they refle ct
situations of overt or latent food insecurity.

These results suggest that, despite an overall favorable situation, a significant proportion of households remain exposed
to food insecurity, particularly in the event of seasonal or economic shocks. This underscores the need for targeted policies to
improve the resilience of these vulnerable households, through interventions focusing on production diversification, improved
access to inputs, and social protection.

Table 3: Distribution of households by levels of food consumption score (FCS)

FCS Category | Number of employees (N) | Percentage (%)
Weak 132 1.5
Limit 865 9.5
Acceptable 8,118 89.1
Total 9,115 100.0

Source: Author, Based on EHCVM 2021
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Table 4: Results of the Estimation of the Effect of the Adoption of Agricultural Innovations on the Food Consumption
Score

Food Consumption Score (FCS)

| Ordered probit | Extended Probit

Variables Equation 1 Equation 2
Agricultural innovation 0.272%* 0.276%*
(0.094) (0.128)
Age -0.002 -0.013%** -0.002
(0.004) (0.004) (0.004)
Member of a group 0.306*
(0.163)
In surface area -0.630%***
(0.067)
Women 0.241** 0.072 0.241%*
(0.097) (0.113) (0.099)
Education level (Reference=None)
Primary 0.604%* -0.121 0.604**
(0.267) (0.460) (0.250)
Secondary 0.552%%* -0.027 0.552%*
(.0270) (462) (0.251)
Superior 0.748 -0.569 0.749
(0.463) (0.623) (0.431)
Marital status (Reference = Bachelor)
Married or in a common-law relationship 0.101 0.498%** 0.101
(0.140) (0.159) (0.144)
Widowed/divorced/separated -0.332%* 0.400* -0.333*
(0.197) (0.230) (0.200)
Place of residence (Reference=Urban)
Rural -0.282%* 0.462%** -0.283*
(0.145) (0.151) (0.148)
Land security (Reference = None)
Legal document -0.559%*** -0.247 -0.559%**
(0.157) (0.221) (0.158)
Constant 0911*
(0.500)
cut 1 -1.610%**
(0.323)
cut 2 -0.662**
(0.320)
rho 12 (correlation) -0.006(0.112)
Number of observations =1.187
Wald chi2(21) =143,260
Prob > chi2 =0.000

Significance rating of standard errors in parentheses: (¥*p<0.1; **p<0.05; ***p<0.01)
Source: Author, based on EHCVM 2021

Table 4 presents the results of the joint estimation of agricultural innovation adoption and the household food
consumption score (FCS). These results do not reveal a significant correlation between the error terms of the two equations (pi2
=-0.006; p > 0.1), as the correlation parameter tho 12 is not significant and indicates weak endogeneity between the equations.
Nevertheless, the extended probit confirms the robustness of the results, showing that the determinants of adoption and food
security, while related, are not entirely interdependent. In other words, the unobserved factors that influence the probability of
adopting agricultural innovations do not significantly affect household food consumption. This lack of endogeneity suggests
that the adoption of agricultural innovations influences the food consumption score primarily through direct and observable
effects, rather than through unobservable determinants common to both phenomena. Thus, the observed effect of adoption on
food consumption can be interpreted more robustly as a structural effect, rather than simply reflecting selection bias related to
unobserved household characteristics. The results of the ordered probit model show that the adoption of agricultural
innovations has a positive and significant effect on the food consumption score, confirming that adopting households improve
their food diversity and quality. This result corroborates, to some extent, those of Wainaina et al. (2016) and Kassie et al.
(2015), who showed that the adoption of improved seeds and modern inputs strengthens the food security of rural households.
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The age of the household head is negatively and significantly associated with the adoption of agricultural innovations, but does
not influence the food consumption score. Households headed by older heads are less likely to adopt innovations, but their food
security does not appear to be directly penalized by age. This result is consistent with those of Mwangi & Kariuki (2015), who
showed that younger people are often more open to change and risk-taking than older people. However, the age of the head of
household does not directly influence the food consumption score, suggesting that older households compensate with their
experience, accumulated assets, and diversified income (Genius et al., 2014; Barrett, 2010). Indeed, while youth fosters
innovation, seniority does not necessarily compromise food security.

Regarding gender, the results show that having a female head of household significantly improves food consumption
scores. This highlights the important role of women in food and nutrition decisions and resource allocation within the
household. This finding is similar to that of Sraboni et al. (2014), who emphasize that female-headed households tend to
prioritize food expenditures and diversify their diets. However, gender does not appear to be a significant determinant of the
adoption of agricultural innovations. This lack of a direct link may be due to structural constraints that limit women's access to
inputs, credit, land, and extension services (Peterman et al., 2014). Despite the essential role of agricultural innovations in food
production and management, these constraints reduce households' capacity to adopt and experiment with new agricultural
technologies.

The results show that the level The education of the head of household has a positive and significant effect on the food
consumption score. This result is consistent with the work of Asfaw et al. (2012), who emphasize that education increases
households' capacity to understand and apply nutritional information, diversify their diets, and improve food security.
Similarly, Burchi & De Muro (2016) These findings confirm that education strengthens autonomy in food choices and
promotes the adoption of healthy nutritional practices. However, the level of education does not appear to be a significant
factor in the adoption of agricultural innovations. This paradox can be explained by several factors. On the one hand,
institutional barriers (limited access to credit, lack of appropriate extension services) reduce the capacity of educated
households to translate their knowledge into the effective adoption of innovations (Feder et al., 1985). On the other hand,
financial and land constraints can hinder investment in new technologies, even when human capital is relatively high (Doss,
2018). The results indicate that marital status influences the adoption of agricultural innovations. Married households are more
likely to adopt innovations, which can be explained by a greater availability of family labor and more efficient organization of
agricultural tasks. This finding aligns with the analyses of Abdulai & Huffman (2014), which show that married households
have comparative advantages in terms of family labor and collective resource management. Conversely, widowed or divorced
households appear more vulnerable in terms of food security, reflecting the impact of social and family shocks on food
security, as already observed in other African contexts (FAO, 2011).

Regarding place of residence, rural households are more likely to adopt innovations but have a lower food consumption
score. This duality suggests that, although rural areas are the primary location for the diffusion of innovations, structural
constraints on access to markets, infrastructure, and food diversity limit the translation of these innovations into nutritional
improvements. These results confirm the findings of Barrett (2010), who highlights the persistence of food insecurity in rural
areas despite agricultural technological advances. Finally, land tenure security, measured by possession of a legal document, is
negatively associated with the food consumption score. This seemingly counterintuitive result can be interpreted by the fact
that households that have invested in land formalization dedicate a significant portion of their financial resources to securing
their rights, at the expense of immediate food expenditures. This observation is supported by the work of Fenske, (2011), who
emphasizes that land tenure security can generate substitution effects between land investment and short-term consumption.

B) Effect Of Agricultural Innovations on the Food Diversity Score (HDDS)
Table 5: Distribution of Households by Levels of the Food Diversity Score (HDDS)

Category HDDS | Number of employees (N) | Percentage (%)
Weak 3,363 36.9
Average 3003 33.0
High 2,749 30.1
Total 9,115 100.0

Source: Author, based on EHCVM 2021

Analysis of the Household Dietary Diversity Score (HDDS) reveals that more than a third (36.9%) have low dietary
diversity, while 33.0% have medium diversity and only 30.1% have high diversity. This finding highlights that, despite the
apparent availability of food (as suggested by the FCS), a significant proportion of households are unable to access a varied
and balanced diet.

Low dietary diversity is generally associated with monotonous diets, often dominated by grains and starches, with
limited intake of animal protein, fruits, and vegetables. This increases the risk of nutritional deficiencies, particularly in
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essential micronutrients. Thus, even if households consume sufficient quantities, nutritional quality remains inadequate for a
significant portion of the population.

Table 1: Results of the Estimation of the Effect of the Adoption of Agricultural Innovations on Household Dietary
Diversity Scores

Dietary Diversity Score (HDDS)

| Ordered probit Extended Probit
Variables Equation 1 Equation 2
Agricultural innovation 0.309***(0.068) 0.289*** (0.090)
Age 0.004 (0.003) -0.013***(0.004) 0.004(.003)

Member of a group

0.302 (0.163)

Lnsurface -0.633(0.067)

Sex (Reference=Male)

Women 0.109 (0.068) 0.072(0.113) 0.108(0.069)
Education level (Reference=None)
Primary 0.100(0.224) -0.122(0.459) 0.100 (0.211)
Secondary 0.088 (0.226) -0.027(0.461) 0.089(0.213)
Superior 0.493 (0.329) -0.561 (0.620) 0.491 (0.330)

Marital status (Reference = Sin,

le)

Married or in a common-law relationship

-0.146 (0.099)

0.498 **%(0.159)

-0.145(0.099)

Widowed/divorced/separated

-0.342%* (0.146)

0.397 (0.229)

-0.340%%(0.143)

Residential environment (Reference=Urban)

Rural

-0.089 (0.095)

0.462%%%(0.150)

-0.087 (0.095)

Land security (Reference = None)

Legal document -.0023(0.132) -0.242 (0.218) -0.004 (0.145)
Constant 0.917(0.495)
cut 1 -0.050(0.254)
cut 2 0.873(0.254)

rho 12 (correlation) 0.028(0.080)

Number of observations =1.187
Wald chi2(21) =117,930
Prob > chi2 =0.000

Significance rating of standard errors in parentheses: (¥*p<0.1; **p<0.05; ***p<0.01)
Source: Author, based on EHCVM 2021

Table 6 presents the results of the joint estimation of agricultural innovation adoption and household dietary diversity
score (HDDS). These results do not reveal a significant correlation between the error terms of the two equations (pi2 = -0.28; p
> 0.7), as the correlation parameter rho 12 is not significant and indicates weak endogeneity between the equations. The
absence of a significant correlation between the equations means that the endogeneity bias related to unobserved factors is
limited. Thus, the positive effect of innovation on the dietary diversity score can be interpreted more causally. The results show
that the adoption of agricultural innovations is positively and significantly correlated with the dietary diversity score. This
result confirms that the integration of innovations (improved seeds, inputs, production technologies) improves not only
productivity but also the diversity of food consumed by the household. Indeed, innovations increase agricultural incomes and
facilitate access to a wider variety of food products, either directly through self-production or indirectly via the market (Kassie
et al., 2015; Snapp & Fisher, 2015). These results are consistent with the work of Jones et al. (2014), who showed that the
adoption of innovations in sub-Saharan Africa promotes improved food quality.

Age significantly reduces the likelihood of adopting innovations, but it does not directly affect the dietary diversity
score. This dual finding suggests that younger households are more inclined to experiment with and adopt new technologies
(Mwangi & Kariuki, 2015), while older households can compensate through experience, income diversification, and asset
accumulation (Barrett, 2010; Genius et al., 2014). This compensation would explain the lack of a direct effect on dietary
diversity despite lower adoption of innovations. Being a female head of household significantly improves the dietary diversity
score, although this effect is less pronounced on the adoption of innovations. This result confirms that women allocate a larger
share of their resources to the household's food and nutritional needs (Doss, 2018 ; Sraboni et al., 2014). However, the lack of
effect on technology adoption reflects the structural constraints they face, particularly limited access to productive resources
(land, credit, inputs) (Peterman et al., 2014). The household head's education level is positively associated with the dietary
diversity score, demonstrating that education increases households' capacity to value innovations and diversify their diets
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(Asfaw et al., 2012; Babatunde & Qaim, 2010). Conversely, education does not appear to be a determining factor in adoption,
which may be linked to persistent institutional and financial barriers (Feder et al., 1985). Thus, while education promotes better
resource use, it does not necessarily guarantee increased adoption of agricultural technologies.

Married households adopt more innovations, likely due to the increased availability of family labor and spousal support
(Abdulai & Huffman, 2014). In contrast, widowed or divorced households have lower dietary diversity scores, reflecting
increased vulnerability. This finding is consistent with studies showing that single parenthood or the absence of a spouse
reduces household food security (Quisumbing et al., 2015). Rural households adopt innovations more frequently but have
lower dietary diversity scores than urban households. This paradox suggests that, despite the production gains associated with
adoption, constraints on access to markets, infrastructure, and diverse food products persist in rural areas (Barrett, 2010 ;
Sibhatu et al., 2015). These results highlight that technological adoption alone is insufficient to improve the quality of diets
without better market access. Surprisingly, possessing a legal land tenure security document does not improve dietary diversity
scores and even appears negatively correlated in some models. A plausible explanation is that households investing in land
tenure security allocate some of their financial resources to formalizing their rights, thereby reducing their food expenditures
(Fenske, 2011). This finding highlights the need for land policies accompanied by economic support measures to avoid an
adverse short-term substitution effect on food consumption.

C) Effect of agricultural innovations on the food security index
Table 7: Categorization of Households According to the Food Security Index

Food security index category Number of employees (N) Percentage (%)
Weak 5,743 63.0
AVERAGE 2,375 26.1
Pupil 997 10.9
Total 9,115 100.0

Source: Author, based on EHCVM, 2021

Analysis of the food security index distribution reveals that the majority of households (63.0%) fall into the "low"
category, reflecting a situation of high food vulnerability. A significant proportion of 26.1% are in the intermediate ("medium")
category, suggesting unstable food security and exposure to economic or climate shocks. Only 10.9% of households achieve a
"high" level of food security, indicating limited and unequal access to a diverse and sufficient diet. These results highlight the
persistence of significant difficulties in accessing food resources for a large proportion of households, despite the existence of
pockets of resilience. They also underscore the importance of targeted investments in agricultural productivity, income
diversification, and improved market access to reduce the proportion of households experiencing chronic food insecurity.
Figure 1 below illustrates the distribution of households according to the food security index.

I nsccurite alimentaire [ Sécurité limite
I sécurité alimentaire

Figure 2. Distribution of households according to food security index categories
Source: Author, based on EHCVM, 2021
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Table 2: Results of the estimation of the effect of agricultural innovations on the food security index

Explanatory variables

Adoption of innovations ( Probit )

Food safety ( Ordered) Probit )

Cultivated area

-0.628%** (0.067)

Age of the head of household

-0.013*** (0.004)

0.001 (0.003)

Sex (1 = Female)

0.072 (0.113)

-0.152*%* (0.073)

Education level (Ref. = none)

Primary -0.114 (0.462) -0.278 (0.278)
Secondary -0.016 (0.463) -0.195 (0.279)
Superior -0.559 (0.624) -0.481 (0.371)

Marital status (Ref. = single)

Married/Common-law partner

0.507*** (0.159)

-0.016 (0.107)

Widowed/Divorced/Separated

0.403* (0.230)

0.209 (0.159)

Place of residence (Rural=1)

0.464%** (0.150)

0.201* (0.105)

Land security (legal title)

-0.262 (0.218)

0.276* (0.143)

Group affiliation

0.311* (0.162)

Innovation adoption

-0.385%** (0.089)

rho 12 (correlation)

0.066(0.081)

Number of observations =1,187
Wald chi2(21) =138.47
Prob > chi2 =0.000

Significance rating of standard errors in parentheses: (*p<0.1; **p<0.05; ***p<0.01)
Source: Author, based on EHCVM, 2021

Analysis of the results highlights distinct determinants of agricultural innovation adoption and food security. Regarding
adoption, cultivated area and the age of the household head have a significant negative effect. This suggests that farmers with
large landholdings and older farmers are less inclined to integrate new practices, preferring traditional methods perceived as
safer. The negative link between land area and adoption corroborates the analyses of Feder and Umali (1993), which show that
large farms are more risk-averse. The adverse effect of age aligns with the findings of Mwangi and Kariuki (2015), who found
that younger people are more willing to adopt new technologies. Conversely, membership in a farmers' group, marital status
(married or in a common-law relationship), and rural residence promote adoption, confirming the role of social networks,
community organization, and family stability in the diffusion of agricultural technologies. The importance of peasant groups
and social networks is confirmed by Doss (2006) and Wollni & Andersson (2014), who emphasize the central role of social
structures in the diffusion of innovations.

Regarding food security, as measured by an index combining food diversity and consumption, the results show that the
adoption of innovations has a significant negative impact. This can be attributed to the initial costs of acquiring inputs
(improved seeds, fertilizers, pesticides), which temporarily reduce the resources available for household food. This paradoxical
effect of adoption is consistent with Marenya & Barrett (2009), who explain that the benefits of innovations often appear in the
long term, while the immediate costs weaken households. The gender of the household head also appears to be a determining
factor : female-headed households are more vulnerable in terms of food security, reflecting persistent inequalities in access to
productive resources. The disadvantage faced by female-headed households confirms the analyses of the FAO (2011), which
highlights the significant impact of gender inequalities on food production and security. Furthermore, land tenure security has a
significant positive effect, highlighting that legal title strengthens investment and household economic stability, with a
favorable impact on their food security. The positive contribution of land tenure security aligns with the findings of Place
(2009), which emphasizes that secure land rights promote agricultural investment and improve food resilience.

V. CONCLUSION AND IMPLICATIONS OF ECONOMIC POLICIES

Food security remains a major challenge globally, and particularly in sub-Saharan Africa, where rural households face
significant vulnerability due to climate variability, low agricultural incomes, and limited access to productive resources. In this
context, the adoption of agricultural innovations is often presented as a strategic pathway to increase productivity, improve
incomes, and ultimately enhance food availability and quality. However, the effects of these innovations on food security are
not automatic and vary according to socio-economic, institutional, and territorial contexts. In Togo, a country heavily reliant on
agriculture, food security is central to public policy, yet households continue to face persistent insecurity. This research is
situated within this context. The objective of this study was to analyze the effect of adopting agricultural innovations on
household food security in Togo, using data from the Harmonized Survey on Household Living Conditions (EHCVM, 2021).
To achieve this objective, several indicators were constructed, including the Food Consumption Score (FCS), the Dietary
Diversity Score (HDDS), and a composite food security index. Econometric estimation was performed using ordered and
extended probit models, allowing for consideration of the specific characteristics of the data and testing the robustness of the
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results. The main findings show that adopting agricultural innovations has a positive and significant effect on food
consumption and diversity, reflecting an improvement in the quality and variety of diets among adopting households. However,
the analysis of the overall food security index reveals a more concerning situation: a large majority of households remain in the
low food security category.

Furthermore, the effect of adoption on this overall index appears paradoxically negative in the short term, likely due to
the initial investment costs associated with acquiring inputs and technologies. These results suggest that while agricultural
innovations contribute to improving certain aspects of nutrition, they are not sufficient on their own to guarantee sustainable
and equitable food security. Several policy lessons emerge. First, it is essential to accompany the diffusion of agricultural
innovations with social protection measures (targeted subsidies, cash transfer programs, safety nets) to mitigate the short-term
negative effects on the consumption of vulnerable households. Second, the implementation of more inclusive gender policies is
crucial to strengthen women's participation in the adoption of innovations, while capitalizing on their central role in household
food management. Third, while land tenure security is associated with a positive impact on food security, it must be
accompanied by financial and institutional mechanisms to prevent formalization costs from negatively affecting food
expenditures. Finally, improving rural infrastructure and market access remains essential to translating gains in agricultural
productivity into genuine nutritional improvements. Ultimately, this study highlights that promoting agricultural innovations is
a necessary but not sufficient condition for sustainably strengthening food security. It must be linked to appropriate social,
land, and nutrition policies capable of reducing structural vulnerabilities and building household resilience to economic and
climate shocks.
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