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Abstract

The orange-fleshed sweet potato varieties have been adopted with the aim of increasing production, farmers'
welfare, and combating chronic malnutrition (ISTEEBU, 2019). This study analyzed the factors determining the
adoption of orange-fleshed sweet potato and the constraints associated with adoption in the commune of Gihanga
in Burundi. A survey of 385 households was conducted. The results of the logit model showed that adoption of
OFSP was positively and significantly influenced by the level of education of the head of household, family labor,
access to credit, access to extension services and membership of producer organizations, while the age of the head
of household and household size had a negative influence on OFSP adoption. Analysis of constraints using
Kendall's Concordance Coefficient revealed that unpredictable weather and climate, lack of capital, unavailability
of OFSP cuttings, insufficient arable land and high labor costs were the main constraints to adoption of orange-
fleshed sweet potato. The government and other players in the agricultural sector should do their part to raise
awareness, mobilize and support farmers to adopt sweet potato varieties. They should also disseminate and
facilitate access to cuttings in order to improve their adoption rate.
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Introduction

Sweet potato (Ipomoea batatas) is cultivated in more than 100 countries. It is the seventh among all food crops
worldwide from the point of view of total production, thirteenth in value of production and fifth in caloric
contribution to human diet (Nwankwo et al.,2014). Sweet potato is a major food crop renowned for its role in food
security, nutritional and health benefits and market value in sub-Saharan Africa (Andrade et al, 2017). The
agricultural sector is the cornerstone of the Burundian economy. The agricultural population is around 90%
according to the results of ENAB 2019. Nearly 90% of the developed area is devoted to food crops, which, while
contributing more than 80% to agricultural GDP, are 80% self-consumed (ISTEEBU, 2019). Sweet potato is the
third most important crop after cassava and banana, with 746,048 tons produced in 2016 (ISABU, 2019). However,
production of the sweet potato with white and yellow flesh roots widely cultivated in all provinces of Burundi is
constantly decreasing following the multiplication of viruses in these local varieties and the increased incidence
of drought and floods.

Several organizations, including the FAO and the IPC, have invested in researching and promoting new
varieties, including the orange-fleshed sweet potato (OFSP), which is grown in tropical and semi-tropical regions
of the world. Research into new varieties of orange-fleshed sweet potato has been developed in Burundi by ISABU
since 2018, and popularized by development organizations in the provinces of Muyinga, Ruyigi, Rutana, Cibitoke
and Bubanza.

Orange-fleshed sweet potato varieties are believed to have high yields and are therefore a means of increasing
sweet potato production at farm level, boosting household food security and are a natural source of healthy
nutrients for improving nutrition. Indeed, OFSP is extremely rich in easily bio-assimilable beta-carotene and easily
in vitamins A, vitamins C, E, K and B as well as other mineral salts (ISABU, 2018). The adoption of orange-
fleshed sweet potato varieties also aims to increase farmers' well-being, combat the chronic malnutrition rampant
in Burundi (ISTEEBU, 2019), improve women's empowerment and create income-earning opportunities, even for
poor households. Its good plant cover also helps prevent erosion, and its nutrient-rich leaves are an excellent daily
feed for cattle and pigs. Despite their importance, the new orange-fleshed sweet potato varieties have not yet been
adopted by all farmers, even though they could be adapted to all regions of Burundi. Few studies have looked at
the effects of adopting new technologies and new varieties in Burundi. For example, no research has been
conducted on the adoption of orange-fleshed sweet potato. The purpose of this study is to examine the determinants
and constraints of the orange-fleshed sweet potato in the commune of Gihanga.

The literature on the adoption of new technologies or improved varieties in agriculture has attracted the
attention of economists because a large part of the population in developing countries derives most of'its livelihood
from agricultural production (Feder ef al. 1985). The use of improved technologies would continue to be critical
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input for improved farm productivity (Ademiluyi, 2014). Utility maximization theory is used to explain farmers'
adoption of agricultural innovations. Farmers are assumed to make rational decisions about whether or not to adopt
innovations based on utility maximization (Nkamleu and Adesina, 2000). The decision to adopt a new improved
technology or practice can also be seen as an investment decision (Caswell ef al., 2001). The choice of whether or
not to adopt a new technology is therefore based on an assessment of a number of technical, economic and social
factors. The individual seeks to learn about the new technology, its functions and its advantages.

Intensification processes have made it possible to increase land productivity while reducing the risks
associated with climatic hazards. However, research has shown that farmers are true experimenters, that they
innovate and that their contribution to agricultural development is of prime importance (Chambers et al., 1994).

The adoption of an innovation will be influenced by exogenous factors such as age, household size, field size,
education, experience and farm enterprises, or by the intrinsic characteristics of the innovation (Adams, 1983).
The author states that the characteristics of a given technology are important determinants of adoption.

The results of empirical studies conducted on the adoption of new crop varieties in Africa highlight several
factors influencing the adoption of improved varieties. These are demographic, socio-economic and institutional
characteristics (Bouréma et al., 2021). The literature shows that the variables influencing adoption are age, area,
membership of a farmers' organization, number of cattle, distance from the market and contact with the agricultural
agent (Nwankwo er al, 2014; Ben-Chukwu et al, 2021; Diallo, 2022). Some authors (Ndimanya and
Ndayitwayeko, 2010) have highlighted the factors constraining the adoption of agricultural technologies, such as
diseases and pests, the lack of extension services, insufficient human manpower and difficult access to agricultural
credit by variety.

Research methodology

Study area

The commune of Gihanga is one situated in Bubanza province in north-west Burundi. It is bordered to the north
by the communes of Bubanza and Buganda, to the east by the commune of Mpanda, to the south by the commune
of Mutimbuzi and to the west by the Democratic Republic of Congo (DRC). It is subdivided into two zones:
Buringa and Gihanga. With an average altitude of 824m, it has a relatively flat plain with very gentle slopes. The
commune has a dry tropical climate with a marked dry season, an average temperature of 25°C and an average
rainfall of 494.6 mm (PCDC Gihanga, 2013). The commune covers an area of 287.32 km2, with 4,000 ha of the
Rusizi nature reserve and 1,550 ha of marshland. It stretches across the central part of the Imbo natural region
located in the natural trench of Lake Tanganyika.
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Figure 1-Map of the municipality of Gihanga
Source: author's compilation

Sampling and sample size
A multi-stage sampling procedure was used to select the sampled households. In the first stage, out of a total of 64
distribution sites in 3 provinces of the country by ISABU, the commune of Gihanga was selected. In the second
stage, six of the eleven distribution sites in the commune of Gihanga were selected. These were Gihungwe,
Rugunga, Gihanga, Bwiza bwa Ninga V6, Ninga V4 and Buringa, using a simple random sampling technique. In
the third stage, farmers were stratified into two groups according to whether or not they had adopted orange-
fleshed sweet potato varieties.

) The total size of the sample of households was determined using a formula developed by Cochran (1977): n

tpll-p)
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A total sample of 385 households was surveyed.

Data collection

Qualitative and quantitative data were collected using a questionnaire. The information gathered concerned their
perceptions, institutional factors affecting them and their socio-economic characteristics from 385 sweet potato-
growing households in the commune of Gihanga, including 161 adopters and 224 non-adopters. General
information on the socio-economic characteristics of the households and the constraints linked to the adoption of
orange-fleshed sweet potato, as well as other information on orange-fleshed sweet potato varieties distributed by
ISABU in the study areas were collected.

Choice of variables
The table below explains the different variables used in our study and their expected signs.
Table 1: Definition of study variables and expected signs

Variable Definitions Expected sign
ADOPT Adoption of orange-fleshed sweet potatoes N/A
AGE Age of head of household +/-
STAMATR Marital status +
EDUC Education of the head of household +
SEX Sex: gender of head of household +
TMEN Household size +
MACTIF Size of active household members -
SUPEMB Area planted +
ACCREDI Access to credit +
ORGPROD Participation in a producer organisation +
VULG Extension service +
ACINTRA Access to seeds +
DISMARCHE Distance between home and market -

Source: author's compilation

Selected demographic variables that are likely to influence adoption are age of household head, gender of
household head, household size, active household members, and marital status of household head. Socio-economic
factors are the area sown, distance to market and education of the household head, while institutional factors are
membership of a producer organization, access to extension, access to credit and access to seed.

Data analysis methods and tools

The empirical analysis followed a methodological approach. Using the logit model, the study assessed the factors
influencing orange-fleshed sweet potato adoption in the study area as well as the constraints associated with
adoption. Kendall's concordance coefficient was used to determine the constraints associated with the adoption of
orange-fleshed sweet potato.

Measuring constraints to sweet potato adoption
Kendall's concordance coefficient was used to assess the constraints on sweet potato production. Kendall's
concordance coefficient (W) is a measure of the degree of agreement between m sets of n ranks. Kendall's W is
defined as follows:

12%

m®(n¥-n)
Intermediate values of W indicate a greater or lesser degree of unanimity between the different respondents
(Mattson, 1986). The constraints were then ranked from the most restrictive to the least restrictive.

Modelling the determinants of adoption of orange-fleshed sweet potato varieties

This study adopted logistic regression to assess the factors that determine farmers' decisions to adopt orange-

fleshed sweet potato varieties. The logistic regression model, or logit model as it is often called, is a special case

of generalized linear model and analyses models where the outcome is a dummy variable. (Hosmer, 1989; Gujarati,

1995).

According to Pindyck and Rubinfeld (1998), the equation for the probability of adoption can be written as follows:
1

P(x)=1+e7%
where P(x) is the probability of adoption and takes values between 0 and 1; Zi is the function of the explanatory
variables.
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The non-adoption equation therefore becomes:
1 1
[-P(x) == 14e T 14
Using the estimated logit model, the marginal effect of each explanatory variable on adoption can be calculated as
follows:

5?:‘ _ .
a =p;(1—p,)B

L
The marginal effect is used to calculate whether the probability increases or decreases with a one-unit increase in
the corresponding independent variable. The equation of adoption is the following:
Y1=BotB1Xi T B2 Xi+ B XitPaXi +PsXi+ e XitB7 Xi +PaXi+BoXitBroXit P11 XitPraXi+éi
Where i represents the grower, Y; represents the adoption variables, explained by the independent X; variables;
represents the parameters to be estimated and ¢;: error term
The specific pattern of adoption of the orange-fleshed sweet potato variety:
ADOPTION = B, + ByAGE; + B,EDUC; + BsXTMEN; + B,SEX; + BsXMACTIF; + B,SUPEM; + B,ACRED; +
BsORGPROD; +BoVULG;+B1oACINTRA;+By,STAMATR; +B,,DISMARCHE; +&i
The above variables were used to study the determinants of the adoption of the Orange-freshed sweet potatoes.

Results

Constraints to the adoption of orange-fleshed sweet potato varieties

The results of the study show that the adoption process was hampered by six institutional and environmental factors,
as well as by the characteristics and situation of the farmers themselves.

Table 2: Ranking of constraints linked to sweet potato production

Constraints on the adoption of OFSP Average rank Grobal rank
Capital shortfalls 4.58 2éme
High labour costs 2.27 5éme
Small areas 3.1 4éme
Unavailability of OFSP cuttings 4.34 3éme
Farmers' perceptions 2.08 6°8me
Climatic hazards 4.62 1ére
N 385

W de Kendall? 0.409

Chi-square 789.528

Ddl 5

Asymptotic significance 0.000

Note :  Kendall's concordance coefficient
Source: author's compilation

Climatic hazards were identified as the first constraint to the adoption of orange-fleshed sweet potato varieties.
due to the period of drought and water shortages. Lack of capital was also ranked second as a constraint to sweet
potato adoption. while unavailability of OFSP cuttings was identified as a third constraint to orange-fleshed sweet
potato adoption. Insufficient arable land was ranked as the fourth most limiting factor to the adoption of orange-
fleshed sweet potato. While the high cost of labor was also mentioned as a constraint to the adoption of orange-
fleshed sweet potato. Finally. farmer perception was mentioned as a constraint to new orange-fleshed sweet potato
varieties.

Determinants of orange-fleshed sweet potato adoption
The results of the factors influencing the adoption of OFSP varieties reveal six explanatory variables. The results
of the logit model are shown in Table 3.
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Table 3: Logit estimates of factors influencing adoption of orange-fleshed sweet potato varieties

Coefficient Std. err. V4 P>z Marginal effects
SEX 0.0041369 0.4003901 0.01 0.992 0.0008592
TAMATR 0.1075229 0.2518544 0.43 0.669 0.0223412
AGE -0.023368 0.0130122 -1.8 0.073* 0.004855
EDUC 0.6551056 0.2195196 2.98 0.003*** 0.1361182
TMEN -0.1241596 0.0683307 1.82 0.069* 0.025798
MACTIF 0.2490911 0.1276305 1.95 0.051%* 0.0517563
ORGAPROD 0.6140449 0.3788437 1.62 0.105 0.1176431
ACREDI 1.010946 0.3046763 3.32 0.001*** 0.1920742
ACINTRA 0.4406332 0.4679411 0.94 0.346 0.0974299
SUPEMB 0.00936 0.0120071 0.78 0.436 0.0019448
VULG 3.72169 0.6315624 5.89 0.000%** 0.4995738
DISMARCHE -0.047541 0.1182867 -0.4 0.688 0.009878
_cons -4.893646 1.228487 -3.98 0.000%**
Number of obs 385
LR chi2(12) 163.11
Prob > chi2 0.000
R2 username 0.3117
Log likelihood -180.1286

Note: ***significant at 1%. **significant at 5% and *significant at 10%.
Source: author's compilation

Education of the household head. extension services. and access to credit have a positive and significant
influence at the 1% level on adoption of orange-fleshed sweet potato varieties. An increase of one year of education
would increase the probability of adopting orange-fleshed sweet potato by about 13.6% and the presence of one
more extension worker would increase the probability of adopting orange-fleshed sweet potato by up to 49.95%.
Marginal effects also show that increasing credit accessibility by one unit increases the probability of adopting
orange-fleshed sweet potato by 19.2%. This shows that farmers who have access to credit adopt orange-fleshed
sweet potato more than those who do not. In addition. family labor has a positive influence at the 10% significance
level on the adoption of orange-fleshed sweet potato varieties.

However. the age of the head of household and the size of the household had a negative influence on the
adoption of orange-fleshed sweet potato varieties at the 10% significance level.

Discussion

The unpredictability of weather and climate conditions was identified as the primary constraint to the adoption of
orange-fleshed sweet potato varieties. due to the period of drought and insufficient water. The study area is a
drought-prone region and irrigated areas are reserved for rice. despite the interest shown by farmers in growing
sweet potatoes. The unavailability of OFSP cuttings was also mentioned as a constraint to orange-fleshed sweet
potato production. The distribution of cuttings as the dry season approaches and competition from livestock
farmers are the main causes of this shortage of cuttings.

Lack of capital was ranked as the second most important constraint to the adoption of new sweet potato
varieties. Farmers in the Gihanga commune need capital to buy cuttings. rent land and provide family labor. all of
which affect the adoption of new orange-fleshed sweet potato varieties.

The lack of arable land is another factor limiting the adoption of orange-fleshed sweet potatoes. Around 85%
of respondents cultivate on rented land. Sweet potatoes compete with other crops. including maize and rice.
Moreover. sweet potatoes are more productive in irrigated wetlands than in dry areas. However. this area is
increasingly being taken over by rice cultivation. in line with the new agricultural strategy required by the local
administration.

The high cost of labor was also mentioned as a constraint to the adoption of orange-fleshed sweet potatoes.
Family labor continues to decline and most farmers depend on hired labor. which has also become scarcer. The
Gihanga commune is also an area where labor costs are high.

The other constraint is farmers' perception. Some farmers do not appreciate the taste of orange-fleshed sweet
potato compared with other sweet potato varieties. and the perceived production of orange-fleshed sweet potato
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by some farmers compared with other local varieties is also a barrier to adoption.

The results on sweet potato determinants showed that education influences the adoption of sweet potato
varieties. Farmers with more years of education adopt OFSP varieties. especially as they are able to compare
different varieties and make more accurate choices. This study has shown that extension services increase the
likelihood of adoption of orange-fleshed sweet potato. Farmers who have access to extension services are more
likely to adopt the technology (Abdulai and Hufmann. 2005). This shows the importance of extension services and
demonstration plots in the adoption process of orange-fleshed sweet potato varieties in the study area.

Access to credit makes it easy for farmers to adopt the orange-fleshed sweet potato. Credit is important in
agriculture in the Gihanga commune because farmers need cash to rent land. buy labor and purchase agricultural
inputs. Improving access to institutional support services. including credit. should therefore be an important part
of efforts to promote the adoption of modern technologies (Khonje, 2015).

The results show that family labor force has a positive and significant influence on the adoption of orange-
fleshed sweet potato varieties. since households with a relatively high labor force adopt improved varieties more.
Household size. on the other hand. had a negative influence on the adoption of orange-fleshed sweet potato
varieties. Large households adopt orange-fleshed sweet potato less than small ones. In this commune of Gihanga.
members of households whose children do not provide agricultural labor and constitute a source of additional
expenditure; this reduces the likelihood of adopting orange-fleshed sweet potato varieties.

Conclusion

Analysis of the results of this study revealed that unpredictable weather and climate conditions. lack of capital.
unavailability of OFSP cuttings. insufficient arable land. high labor costs and farmers' perceptions were the main
constraints to adoption of orange-fleshed sweet potato. The results of the logit model show that adoption of orange-
fleshed sweet potato was positively influenced by. among other things. the level of education of the head of
household. family size. family labor. access to credit. access to extension services and membership of farmers'
organizations. Non-adoption of new varieties. on the other hand. was associated with the age of the household
head. Further studies using robust empirical methods are recommended on the effects of adoption. both nationally
and in other regions. in order to provide robust empirical evidence on the adoption of orange-fleshed sweet potato
varieties in the study area and in the country as a whole. taking into account regional specificities.

Recommendations

It is recommended that the government strengthen and improve the policies and strategies in place to facilitate the
adoption of new varieties of orange-fleshed sweet potato and the establishment of mechanisms for the conservation
and processing of this crop. Development organizations are asked to raise awareness of the importance of the
orange-fleshed sweet potato. its countless income-generating opportunities through the processing of by-products.
and to improve and broaden dissemination strategies and extension packages for these varieties to help increase
the rate of adoption across the country.
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