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SUMMARY

This study analyses the factors that influence the adoption of certified seeds by smallholder
farmers in the districts of Chokwé (rice) and Sussundenga (maize) in Mozambique. Using the
Poisson econometric model with robust variance, we investigated a set of demographic,
socioeconomic, agricultural and access to services variables. The results indicate that for rice in
Chokwé, factors such as soil fertility, other sources of income, number of plots owned by
producers, number of visits by extension workers, experience in growing certified seeds,
availability of labour, ownership of livestock and the existence of support to producers’
agricultural activities influence the adoption of certified rice seeds by farmers. For the maize crop
in Sussundenga, we found that experience of using certified seed had a positive influence on the
likelihood of adopting certified seed. Due to the presence of an anomaly in this model
(heteroscedasticity), we conducted the Wald test, which allowed us to identify other variables such
as number of farm plots, visits from extension workers, household composition, livestock
ownership, production support, experience with certified seeds, mechanised and manual
production as having a positive/negative influence on the process of adopting certified seeds.
These factors highlight the importance of technical and financial support, as well as an
understanding of the social context, in the process of adopting certified seeds and introducing
new agricultural technologies. The results provide valuable evidence for the formulation of public
policies that encourage the adoption of agricultural technologies, with the aim of increasing the
productivity and sustainability of the agricultural sector.

Keywords: Technology adoption, certified seeds, Poisson model, robust variance, agriculture,
Mozambique, rice, maize, econometric analysis.
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1. INTRODUCTION

In Mozambique, there is a consensus recognising the role of agriculture in economic growth,
strengthening food security, reduction of poverty , and rural development (Come, et al. 2021).
This sector is the largest contributor to national production, accounting for around 21.8% of GDP*,
and is carried out by around 97.8% of the country's small and medium-sized rainfed farms.®

Maize and rice are the most commonly grown cereals on farms (83.8 percent and 12.5 percent
respectively) (IAl, 2020), granting their importance to the economy and diet.

Despite their importance, current productivity levels fall short of contributing to the structural
transformation of the sector (Mosca & Nova, 2023). The average productivity of maize and rice is
estimated at around 803 kg/ha and 633 kg/ha, respectively. These productivity levels are low
compared to the average productivity in most sub-Saharan African countries.®

The use of certified seed is recognised as a means of increasing productivity and production levels
(Smale, 1993 & Denning et al, 2009), but its uptake, particularly in Mozambique, has been slow
and low. Out of the total number of small- and medium-scale producers using certified seed, only
9.4 percent use it for maize and 4.5 percent for rice (IAI, 2020).

The structure and functioning of the seed chain has been identified as one of the aspects
contributing to the low adoption of certified seeds due to a number of constraints, namely: (1)
seed production and distribution are mostly informal; (2) lack of guarantee of seed quality; (3)
intervention by different players (public, private and NGOs); and, (4) highly variable demand for
seed (Louwaars, & De Boef, 2012, Nova, 2024a; Nova, 2024b). This is in addition to the fact that
purchasing certified seed entails high costs (seed prices) for producers, which in turn contributes
to poor access, given that the majority are poor (Munyiri, 2020; USAID, 2020).

The concern to understand the reasons for the adoption or non-adoption of technologies has
been a subject of study in various fields, given its relevance to the development of production
processes. In the agricultural sector, there are several empirical and theoretical studies that seek
to analyse and understand farmers' decisions on whether and how to adopt new technologies,
with a consensus that this decision is influenced by the characteristics of the technology itself and
a variety of conditions and circumstances (Mwangi & Kariuki; 2015; Sdnchez-Toledano et a/, 2018;
Ruzzante, et al, 2021).

The aim of this paper is to analyse the factors influencing the adoption of certified seeds by
smallholders in the Chokwé and Sussundenga districts for rice and maize respectively. To this end,
it was proposed to develop the analysis based on an econometric model - the Poisson model,
which is considered appropriate for analysing counted data, such as the adoption of agricultural
technologies, where the event of interest (adoption of certified seeds) can be counted. This model
makes it possible to model the counting of events over a fixed time interval or space and is
particularly useful for capturing the frequency with which producers adopt new technologies. The

4 Information taken from the INE database in 2024.

> MADER - Integrated Agricultural Survey (2020).

® Average maize productivity in neighbouring countries (2000-2022) is: Tanzania 1.57 t/ha, Malawi1.8 t/ha,
Zambia 2.3 t/ha, Zimbabwe 0.909 t/ha and South Africa 4.1 t/ha. In rice, the average productivity in
neighbouring countries (2000-2022) is: Tanzania 2.3 t/ha, Malawi1.8 t/ha, Zambia 1.4 t/ha, Zimbabwe 0.818
t/ha and South Africa 2.6 t/ha. This information was taken from the FAO database.
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robust variance adjusts the standard errors to deal with possible violations of the equi-dispersion
assumption, ensuring consistent and accurate estimates.

The model specification includes independent variables related to household characteristics,
producer services, farm characteristics and technologies used.

This analysis contributes to the understanding of the dynamics of agricultural technology
adoption and provides valuable evidence for the formulation of public policies that encourage
the adoption of certified seeds, thereby promoting productivity in the agricultural sector.

In addition to the introduction, the paper is divided into four sections. The second section briefly
summarises the main theoretical contributions on the subject, taking into account the objective
of the text. The third section is dedicated to the methodology used to collect the information and
build the econometric model. The fourth section analyses and interprets the results of the
econometric models used to understand the factors behind the adoption of certified seeds.
Finally, the fifth section presents general considerations and recommendations.

2. BRIEF THEORETICAL FRAMEWORK

2.1.Adoption theory and technological diffusion

Research on the processes of technology adoption and diffusion has evolved over time by
conceptualising possible factors that may explain the reasons for technology adoption, and this
process has resulted in the development of various theories and models (Sharma & Mishra, 2014).

On the one hand, there is the theory of technological adoption, which seeks to analyse an
individual's decision to adopt a particular innovation by trying to understand the context and
degree of appropriateness of that innovation. On the other hand, there is the theory of
technological diffusion, which describes how an innovation evolves over time in a given
population, i.e. it analyses the process by which an innovation spreads over time (Straub, 2009).
At present, there is no single model’ that explains an individual's decision-making process in
relation to the adoption of a technology, as it is understood that adoption is associated with
changes in behaviour that are influenced by various socio-economic, cultural, political and
environmental factors, among others (Straub, 2009).

However, authors such as Everett Rogers, in his 1962 work The Diffusion of Innovations®,
pioneered studies to understand the process of innovation and technological diffusion. The
author describes the adoption process through five stages, namely: knowledge, persuasion,
decision, implementation and confirmation, and also considers that there are four elements that
influence the diffusion of a new technology: the characteristics of the innovation, the
communication channels, time and the social system. These aspects culminated in the

" There are several models that seek to explain the process of technological adoption and dissemination,
namely: Theory of Reasoned Action (Fishbein and Ajzen, 1975); Theory of Planned Behaviour (Ajzen, 1991);
Social Cognitive Theory (Bandura, 1986); Technical Adoption Model (Fred Davis, 1989) and the Motivation
Model (Davis et a/, 1992).

8 Rogers, E. M. (2003) Diffusion of Innovations, Free Press, New York, Fifth Edition 2003.
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development of the S-shaped adoption curve, which Everett Rogers called the epidemic model of

adoption in 1995 (Straub, 2009; Sharma & Mishra, 2014).

According to the S-curve (Figure 1), when an . .

. . C e Figure 1. S-shaped Adoption Curve.
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2.2.Technology adoption factors in the agricultural sector (empirical studies)

In the agricultural sector, there are several empirical and theoretical studies that seek to analyse
and understand farmers' decisions on whether and how to adopt new technologies (Mwangi &
Kariuki; 2015; Sanchez-Toledano et al., 2018; Ruzzante, et al., 2021).

Authors, such as Feder et a/. (1981), have sought to study the way in which agricultural innovations
are adopted in developing countries through several studies that provide a description and
possible explanation of the patterns of innovation adoption in the agricultural sector. The authors
concluded that the contradictory results obtained from studies in different regions or countries
may in many cases reflect different environments with different economic, social and political
institutions in which the innovations were introduced.

They point to the following aspects as influencing the level of technology adoption: (1) fixed costs
associated with the implementation® of technologies, especially in the context of farms of different
sizes (small versus medium versuslarge farms); (2) technologies with limited packages, an example
being the cases of Nigeria and Mozambique'®, where government programmes have been
established with low long-term sustainability; (3) availability of labour (in the case of labour-
intensive technologies); (4) access to credit for initial investment; and, (5) risks and uncertainties

% In the text, the author refers to implementation costs as the costs inherent in the initial investment in the
process of introducing a new technology, such as: the time to learn the new technology, the process of
locating and developing markets, as well as the costs of training the hired labour force.

0 See in: Dad4, Y., A; Nova, Y. & Mussa, C. (2019). Public investment in agriculture: the case of agricultural
service centres; the Mozambique commodities exchange silos complex and irrigation. Observador Rural N°
81. Observatério do Meio Rural. Maputo.

Ohikere, J. Z. & Arudi, L. S. (2011). Challenges to the transfer of agricultural technologies in Nigeria. Journal
of the Society for Experimental Biology of Nigeria (NISEB). Volume 11, No. 1. Nigeria.
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(in relation to expected yield, unknown technology, climatic variations, susceptibility to pests,
among others).

In Ghana, a study conducted by Akudugu, et a/ (2012) attempted to analyse the factors
influencing the adoption of modern agricultural production technologies among producers in the
savannah agro-ecological zone of Ghana using the logit econometric model. The results showed
that farm size, expected benefits from technology adoption, access to credit and extension
services are the factors that significantly influence the technology adoption decisions of farming
families in the study area. However, households' decisions to adopt agricultural technologies also
depended on their socio-economic circumstances and institutional effectiveness.

In Ethiopia, the study conducted by Jaleta et a/ (2013) investigated the level of knowledge,
adoption and intensity of use of improved maize varieties among smallholder farmers. For this
purpose, a sample of 2,455 farming households was selected from 39 districts in five regional
states of Ethiopia. Poisson, binary and multinominal Probit Tobitand Heckman selection models
were used to analyse the results, concluding that household characteristics, availability of family
labour, wealth status, social networks and access to credit, soil fertility and depth and market
opportunities affect the number of improved maize varieties used by farmers, their adoption and
intensity of adoption. In addition to these aspects, the authors also argue that there are also
external factors that influence the decision to adopt and use a technology directly related to
access to technology, in the case of seeds, to the structure, dynamics and level of development
of the seed system itself (infrastructures, institutions, markets and political environments, etc.).

Similar results were found in the study by Cunguara et a/ (2019), for the case of Mozambique, in
which, from a perspective of analysing the seed value chain, they found that, as a general rule, the
limited supply of seeds results from the poor coordination and integration of the players along
the value chain and affects access to and adoption of seeds by producers.

The authors who carried out analyses of the level of adoption of technologies by agricultural
producers using econometric models for the case of Mozambique (e.g. Come et a/, 2021), when
analysing the level of adoption of the Matuba seed variety among 160 smallholder producers in
Sussundenga, using a Logit regression model, found that the variables influencing the adoption
of Matuba maize were the level of education, the gender of the head of the household and the
practice of other activities outside of agriculture.

In Malawi, the authors Katengez et al. (2012), using the double-hurdle econometric model and
the Tobit model, found that labour endowment, access to rural credit, livestock wealth, access to
extension, area and access to non-farm employment, age of the household head and the
proportion of household members engaged in non-farm activities were factors positively
associated with the intensity of adoption. However, the intensity of adoption of a technology by
producers is influenced by their experience with the technology: the more familiar producers are
with the technology, the more likely they are to continue using it.

Thus, in general terms, the determinants of technology adoption have been explained by a
number of factors, such as technological, economic, institutional and human:

e Technological factors - related to the characteristics of the technology itself and
compatibility with the environment in which the technology is implemented, play a critical
role in the adoption decision (Mignouna et a/, 2011).
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e Economic factors - related to the ability to generate income, both within and outside
agriculture, to finance investment in technology and the purchasing power of agricultural
producers (Oke et al 2013; Van den Berg, 2013; Foster & Rosenzweig, 1995).

e Institutional factors - as suggested by Uaiene et a/ (2009), who consider the impact of
social networks, access to credit and knowledge provided by rural extension services to
be important for individual decisions. Mignouna et a/. (2011) add that belonging to a
social group, which increases social capital, allows for trust, the exchange of ideas and
information, and it is in this type of environment that techniques and technologies are
disseminated.

e Human factors - intrinsic to individuals and households, such as: education, gender,
experience in agriculture, household characteristics, among others (Sanchez-Toledano et
al., 2018; Udimal et a/, 2017; Mwangi & Kariuki, 2015).

In the case of Mozambique, in addition to the factors mentioned above, the seed sector in general
faces a number of obstacles that condition the normal functioning of the seed chain and the
consequent adoption of seeds by producers. Among the problems, the following have a direct
impact on adoption levels: (1) seed supply and demand by producers and the relationship
between the formal and informal seed supply system'’; (2) limited budget for research and
development (R&D) with an effect on the development of varieties that correspond to farmers'
real needs; (3) limited capacity of institutions to regulate and control the seed sector, culminating
in the emergence of "seed piracy" with an effect on producers' confidence in the seeds made
available® (5) lack of coordination between the actors in the chain (public, private and NGOs)
with different logics and objectives within the chain; (6) ensuring quality standards to satisfy the
national market; among others (Walter et a/, 2006; Cunguara et al, 2019; Munyiri, 2020; Carrilho,
et al. 2021)

Given these general problems in the seed sector, it is appropriate to analyse, from the producer's
point of view, the factors that contribute to the low adoption of seeds, bearing in mind that there
are different actions that have been carried out, involving different stakeholders, with a view to
tackling the problem of low adoption. Understanding the intrinsic factors, through empirical
results, will contribute to the design of specific public/agricultural policies suited to the different
cultural and socio-economic ideologies that are directly related to the main stakeholders in the
development of programmes and projects focused on the problem of low adoption and better
functioning of this sector, as well as other initiatives aimed at improving production, food security
and reducing poverty, especially in rural areas.

" See the paper: Nova, Yara (2024a). Dilemmas in the rice seed value chain: The case of Chokwé. Destaque
Rural, N°273. Observatério do Meio Rural. Maputo.

12 See the paper: Nova, Yara (2024b). The Crossroads of the Maize Seed Value Chain: The Sussundenga
district case study. Destaque Rural, N°301. Observatério do Meio Rural. Maputo.
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3. METHODOLOGY

3.1.Description of the study area

Chokwé District

The Chokwé district is located in the province of Gaza, in southern Mozambique. The district
covers an area of 2,466 km? with a total population of 229,162 inhabitants™. The district is
administratively divided into four administrative posts: Chokwé (district headquarters), Lionde,
Macarretante and Xilembene. Agriculture and livestock production are the main economic
activities in the district, employing about 80 percent of the district's working population.

On the one hand, due to its hydrographic potential and for historical reasons, Chokwé has the
largest irrigation system in the country, with main canals around 115 kilometres long, secondary
canals 332 kilometres long and tertiary or irrigation canals of 1,050 kilometres long (Abbas, 2018
apud Vala, 2006). On the other hand, the ideal agro-climatic conditions, especially for rice
production (Kajisa, 2011), led the district to be considered the breadbasket of the country in the
past, due to its production history (rice and vegetables) and investments in production
infrastructure (irrigation) and production systems (Nova, 2024a).

Rice production in Chokwé is mainly carried out in the administrative posts of Chokwé, Lionde
and Xilembene, under the irrigation system, by both the family sector and the business sector
(USAID, 2020)

Sussundenga District

The district of Sussundenga is located in the province of Manica, in the Cento region of the
country, bordered to the north by the districts of Gondola and Manica, to the west by the Republic
of Zimbabwe and to the south by the district of Mossurize. The total area of the district is 7,060
km?, with a total population estimated at around 200,164 inhabitants'™ . The district is divided into
four administrative posts: Sussundenga (the district headquarters), Dombe, Muhoa and Rotanda.

The district has great agricultural potential and is considered the breadbasket of Manica Province
(Mandamule & Manhicane Jr,, 2019), due to its contribution to production of basic crops (maize,
sorghum and beans), mainly in the family sector (95%). In addition to agricultural activities, the
district has forestry and energy resources, small industries and services, and also has potential for
ecotourism, as it is home to the highest point in the country, Mount Binga (MAE, 2005)."

3.2.Sampling and data collection

The data used in this study was collected by means of a survey with open and closed questions,
carried out on a total sample of 160 small and medium-sized producers' , 80 of them in the

3 INE - Chokwé district statistics 2018-2022.

4 Census 2017 (INE).

> MAE. (2005). Profile of the Sussundenga district. Mozambique.

16 JAI 2020 classifies smallholder producers as those who produce in rainfed areas of up to 10 hectares and/or
irrigated areas of up to 5 hectares. Medium producers are those who produce in rainfed areas of more than
10 hectares up to 50 hectares.
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district of Sussundenga, for maize cultivation, and another 80 in the district of Chokwé for rice
cultivation.

The choice of these districts was based on the fact that they are located in areas where there is a
research centre (agricultural station) working on seed improvement and because these districts
are major producers of the crops analysed.

The Bartllet formula (2001) for infinite populations was used to determine the sample size -
assuming that the number of smallholder producers in the selected districts is high and unknown.
Convenience sampling was used to select the sample members. This non-probabilistic technique
made it possible to select the elements of the population under study that were most accessible
to the research process and objectives. To this end, a margin of error of 10 percent and a degree
of confidence of 90 percent were taken into account, and a total of 80" surveys were defined for
each district.

Thus,

(Zo(/z)z*ﬁ*ﬁ _ (1,64—50(/2)2*0,5*0,5
- E? - 0'12

=64.6~ 65.

Where:

n=Number of individuals in the sample

Z, = Critical value corresponding to the desired confidence level

p =Population proportion of individuals belonging to the category we are interested in studying
G = Population proportion of individuals who do not belong to the category we are interested in
studying

£ = Margin of error

In the Chokwé district, the producers surveyed belonged to the administrative posts and were
distributed proportionally according to their population, namely: Chokwé-sede 30, Lionde 21 and
Xilembene 29'® . In the Sussundenga district, the following were surveyed: Sussundenga-sede 34,
Dombe 28, Mahua 12 and Rotanda 6

In addition to surveys, interviews were carried out with key players, namely: District Services for
Economic Activities (SDAE), Chokwé and Sussundenga agricultural stations, the Agricultural
Research Institute of Mozambique, the Seed Department, private seed companies (in the case of
maize, Emilia Comercial, Companhia do Zembe, Seed Co, SEMOC and some retailers), Lower
Limpopo Irrigation (RBL), Limpopo Food Industries (LIA), seed consultants and producers. The
survey was made up of open and closed questions related to the characteristics and management
methods of the production unit, seeking to relate them to issues directly linked to the use of
certified seeds. The interviews essentially consisted of open-ended questions about the seed value
chains of the crops analysed, incorporating technical aspects inherent to seed production, public
policies, relations between stakeholders, among others. The interpretive analysis technique was

7 In order to avoid type I and II errors to increase the precision of the estimates, the sample calculation is
based on the minimum sample required for the study.
'8 The administrative post of Macarretane was not included because it does not produce rice.
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used to analyse the interviews, along with the triangulation of alternative sources related to the
topic under analysis.

The interviews were conducted with producers in Chokwé from 13 to 27 August 2023 and to
producers in Sussundenga from 3 to 17 September 2023. The work was supervised by the authors,
and quality control the completed surveys was carried out immediately in the field

The data collected relates to the production technologies used by producers, production
management and organisation, land management, markets and prices (inputs and output), the
household socio-economic structure, among others.

3.3.Data analysis

The analysis of data on the adoption of certified seeds began with the use of /ogit and probit
models, methods commonly used to model binary dependent variables. However, when applying
these models, convergence problems arose, known as perfect separation. This problem occurs
when an independent variable perfectly predicts the dependent variable, leading to infeasible or
insignificant results. To overcome this limitation, we opted to use the Poisson model with robust
variance.

The Poisson model is an appropriate choice for analysing count data, such as the adoption of
agricultural technologies, where the event of interest (adoption of certified seeds) can be counted.
This model makes it possible to model the counting of events over a fixed time interval or space,
and is particularly useful for capturing the frequency with which producers adopt new
technologies.

The Poisson model with robust variance was chosen for several reasons, namely: (1) it is suitable
for count data, where the dependent variable is the number of times an event occurs; (2) robust
variance adjusts the standard errors to deal with possible violations of the equidispersion
assumption (the assumption that the mean and variance are equal); and (3) the approach allows
for more reliable and accurate results, especially in the presence of overdispersion.

One of the main advantages of the Poisson model is that it is simple to implement and interpret
the results. It assumes that the occurrences of events are independent and follow a Poisson
distribution. This facilitates initial analysis and the identification of patterns in the data. Another
advantage is its ability to deal well with small values or zeros, which are common in technology
adoption studies.

However, the Poisson model also has its disadvantages. The main one is the assumption of
equidispersion, which is not always true in real data. In situations of overdispersion, where the
variance is greater than the mean, the standard Poisson model can produce biased estimates. In
addition, the model can be sensitive to out/iers, which can distort the results of the analysis. The
assumed linear logarithmic relationship between the independent variables and the dependent
variable may also not capture all the nuances of real-world interactions.

The tool used to analyse the data was STATA software, known for its robustness and flexibility in
econometric analyses. STATA was essential for importing and cleaning the data, removing outliers
and dealing with missing values. In addition, the software enabled the application of the Poisson
model with robust variance, making it possible to identify the factors that influence the adoption

10
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of certified seeds. STATA also facilitated the assessment of the statistical significance of the
independent variables and the generation of figures and tables for interpreting the results.

In conclusion, the choice of the Poisson model with robust variance was motivated by the need
to overcome the limitations of the /ogit and probit models, ensuring a more robust and accurate
analysis of the factors that influence the adoption of certified seeds. The use of STATA as an
analytic tool provided a solid basis for understanding these factors, enabling the development of
well-founded recommendations to increase the adoption of modern agricultural technologies
among smallholder producers in Mozambique.

The selection of the independent variables was based on the existing literature on agricultural
technology adoption, with all these studies considering variables related to the producer's
economic situation, sociodemographic characteristics of the producer and the household, the
institutional environment, as well as the characteristics of the technology itself and the context in
which the technology is implemented (Jaleta et a/, 2013; Katengez et a/, 2013; Come et a/. (2021);
Salifu & Alhassan, 2015).

Therefore, based on the existing literature on agricultural technology adoption studies, the
following independent variables were selected and found to be significant:

For rice crop in Chokwé:

e Marital status, Literacy level, Generations of descendants in agriculture, Fertility level,
Producer's main source of income, Number of fields, Number of visits by extension
workers, Composition of the farm, Ownership of livestock, Support in agricultural
production, Experience in producing certified seeds, Labour used in production and
Equipment (mechanised).

For the maize crop in Sussundenga:

e Number of fields, frequency of extension visits, household composition, livestock
ownership, agricultural production support, experience with certified seed, use of
mechanised equipment and use of manual labour.

11



4. PRESENTATION AND ANALYSIS OF RESULTS

4.1.Characterisation of the surveyed population

Translation into English

Table 1. Socio-demographic profile of the surveyed producers

Rice farmers (Chokwé)

Maize farmers (Sussundenga)

Gender

Age (average)

Mearital status

Literacy level

Average number of FA members

Years of experience in agriculture

Socio-institutional relations

Main source of income

Having another source of income

Average cultivated area (rainfed)

Average cultivated area (irrigated)

Adoption of certified seed

Male (56.25%) and Female (43.75%)

54 years old

Single (23.8%), Married (18.8%),
Marital union (32.5%) and Widow
(25%)

Illiterate (11.4%), Literate (11.4%),
Complete primary education (29%),
Incomplete primary education
(22.8%), Basic level (16.5%),
Professional technician (2.5%) and
Other (6.3%)".

7 members
24 years old

Farmers' association (73%), Political
training (70%), Public institution
(18%), Relationship with
community leaders (14%)

Sale of production (86.3%), Wages
(10%), others (3.8%) @

Yes (45%) @

1.5 hectares ©

3.4 hectares

Yes (73.8%)

Note: ) Other refers to: secondary and higher education.
@ Other refers to: graduate, secondary and higher technical level
) Other refers to: mechanics and pensioners

Male (75%) and Female (25%)

47 years old

Single (35.4%), Married (31.6%) and
Marital union (32.9%)

Illiterate (6.3%), Literate (10%), Complete
primary education (31.3%), Incomplete
primary education (30%), Basic level
(12.5%), Professional technician (3.8%)
and Other (6.3%)®.

9 members
21 years old

Farmers' association (45%), Political
training (51.2%), Public institution (7.5%),
Relationship with community leaders
(31.3%)

Sale of production (78.8%), Wages (5%),

Trade in basic necessities (12.3%),
Remittances (1.3%), Earnings (2.5%)

Yes (61.3%) ©

7.3 hectares

1.4 hectares

Yes (72.8%)

@ The other sources mentioned were: driver, pensioner, social activist, poultry farmer, carpenter,
miner, mechanic, grocer and bricklayer.

®) The other sources mentioned were: tailors, grocers, millers, bricklayers, shopkeepers, fishermen

and earners.

©® Rainfed land is not used for rice production

Source: Authors.
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Table 1 describes the sociodemographic characteristics/profile of the producers surveyed in the
two districts (Chokwé and Sussundenga), by crop type. It can be seen that with regard to gender,
the majority of farmers surveyed in both rice and maize are male, 53.3% and 75% respectively.

It can also be seen that the average age of these producers is over 45 and the majority in both
districts are single and/or in a marital union.

In terms of literacy, producers with completed primary education predominate in both analysed
districts, although there are slight differences.

Among the producers interviewed, the average number of members per household is 7 in Chokwé
and 8 in Sussundenga.

In terms of years of farming experience, the surveyed producers have an average of 24 years in
Chokwé and 21 years in Sussundenga.

Producers are diverse in their social and institutional relations: they are members of producers’
associations and political organisations, some of them work in public institutions and have family
relations with local community leaders.

The majority of the rice producers surveyed have the sale of agricultural produce as their main
source of income (86.3 percent) and, to a lesser extent, salaries (10 percent) and other income (3.8
percent).

In the case of maize producers, the main source of income is relatively more diversified, with 79%
claiming to have the sale of production as their main source, 4.9% - Wages, 12.3% - Trade in
goods, 1.2% - Remittances and 2.4% - Earnings

With regard to the average cultivated area, rice producers mostly produce within the RBL irrigation
system on average area of 3.4 hectares. The average non-irrigated area is 1.5 hectares, but this
area is not used for rice, but for other crops such as maize and vegetables.

In the case of maize producers, the average area cultivated in rainfed systems are larger (7.3
hectares) than the average area cultivated in irrigated systems (1.5 hectares).



Translation into English

4.2. Technological diffusion process (rice and maize) - Rogers model (S-shaped diffusion
curve)

Graphic 1. Diffusion curve of the rice varieties Graphic 2. Diffusion curve of the maize varieties
favoured by the surveyed producers preferred by the surveyed producers
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Note (: The data for the diffusion curve was calculated on the basis of data from the producer survey. The
calculation is based on the sum of the number of years in which the producer started using a particular variety
and the year in which he stopped using it.

Note @: The year of release of the varieties was taken from the Official List of Varieties of the Seeds Department.
Note ®)¢ the case of maize, given the fact that the majority of producers did not identify the exact name of the
Seed co varieties, we opted to put the sum of the varieties, the main ones being Elephant (700), Zebra (500)
and Monkey (400).

Source: Authors.

Graphics 1 and 2 show the diffusion curves (S-shaped diffusion curve) of the rice and maize
varieties favoured by the producers surveyed. As suggested by Rogers in 1962, the process of
technological innovation and diffusion follows different phases. The initial phase of introducing a
new technology is characterised by a small number of adopters (known as the technology
awareness phase), in which adopters take risks to adopt the new technology in order to satisfy
individual objectives. Through the different existing communication channels, the adoption
process evolves, and the number of adopters increases, usually due to the evidence and success
stories of the technology, reaching the last stage, when the technology is accepted by the majority
of the population and the adoption rate begins to decline.

Graphic 1 shows that among the preferred rice varieties, ITA 312", released in 1995, had a slower,
longer adoption process among the producers surveyed, and reached the highest number of
adopters surveyed in 2015. It is a variety that is well accepted by a group of farmers, as 28 years
later it is still used and favoured by these farmers. Characteristics such as: high yield, less need for
agrochemicals, tolerance to excess water®, resistance to weeds, good germination capacity and
good cobs were considered to be the reasons for the preference and intensity of adoption of this
variety.

9 Producers refer to the ITA 312 variety as the Frelimo variety, as it was introduced shortly after
independence and was widely disseminated by local seed factories.

20 Considering the current drainage problems at the Chokwé irrigation site. See Nova, Yara (2024).
Dilemmas in the rice seed value chain: the case of Chokwé. Destaque Rural N°273. Observatério do Meio
Rural. Maputo.



Translation into English

In 2011, the Macassane variety was introduced and had a rapid adoption process by the producers
surveyed, taking around 9 years to reach the maximum level among the adopters surveyed. This
rapid adoption process was mainly driven by the introduction of the SUSTENTA programme,
which distributed this variety to producers. Productivity per hectare was cited as the main
advantage of this variety

In 2013, the Moz variety was introduced which, although it was one of the producers' favourites,
with the taste and level of productivity being cited as reasons for the preference, the process of
adopting it until it matured was short due to the fact that the variety was not well accepted by
the factories because it has ridges which make the peeling process more expensive, since the
ridges have to be removed before peeling.

The Simao variety was released in 2015. The process of its adoption among the producers
surveyed was relatively quick compared to the other preferred varieties. It took about 7 years from
its release to the peak in the number of farmers adopting it, and it is the main competitor of the
Macassane variety.

In the case of maize (Figure 2), Matuba, an open-pollinated variety (OPV), is the most widely
adopted of the varieties preferred by the producers surveyed. Matuba was officially released in
1995, and its adoption process was long. However, this variety has been well accepted by the
majority of producers due to some of its particular characteristics, namely: short cycle, good taste
of maize, tolerance to diseases ( Downy Meldew), good storage capacity and it has a hard grain
(flint) that allows easy separation of the grain from the bran when pounded, which is not often
the case with hybrid seeds, with a higher yield, but its grain is softer and breaks more during the
pounding process (Nova, 2024a).

The hybrid variety PAN 53 was introduced in 2011 and has been well accepted by a large number
of farmers due to the variety's characteristics (medium cycle and drought resistance), but also due
to the work done by the variety's owners in the process of disseminating it to farmers (publicity
and availability), taking around 8 years to reach the maximum number of adopters among the
farmers surveyed.

ZM523 is an OPV variety that was also released in 2011 and is the third most adopted variety by
the producers surveyed, competing with PAN 53. The adoption process of the ZM523 variety
among the producers surveyed has been variable, but has tended to increase, reaching the
maximum number of adopters 9 years after its release.

According to the Official List of Varieties, most of Seed Co's varieties were released in 2019.
However, the adoption processes for these varieties are still expanding.

In general, the level of adoption is influenced not only by the varietal characteristics of the
varieties, but also by the channels through which the varieties are publicised and by the demands
and needs of the market, especially in the case of rice, where the buying factories establish the
varieties they need.



4.3.Poisson model (results)

Rice crop - Chokwé District

Table 2. Results of the Poisson model for rice crop

Translation into English

. . . . Robust
Explanatory variables (significant) Coefficient Std. Error ‘ 1zI<P
Dependent variable: Have you ever used certified seed (dummy 1=yes, 0=no
Independent variables:
Marital status (categorical: 1= single, 2= married, 3=marital union, 4=
divorced, 5= widowed)
1= Single -.3341966 (0.099) *
Literacy level (categorical: 1=illiterate, 2=illiterate, 3=complete primary
education, 4=incomplete primary education, 5=basic level, 6=vocational
technician, 7= other)
5=basic level -1.199122 .3095415 (0.000)***
7=other -1.400018 4089624 (0.007)***
3=complete primary education -.6890385 3113551 (0.027)**
4=incomplete primary -.7051519 .3336532 (0.035) **
Generations of descendants in agriculture (categorical: 1=7"
generation, 2=2"? generation, 3=3° generation, 4=4" generation,
5=more than 4 generations)
2" generation -.490311 1763767 (0.005)***
3" generation -.6393695 .2846457 (0.025)**
Fertility Level (categorical: 1=unfertile, 2=poorly fertile, 3=reasonably
fertile, 4=fertile, 5=very fertile)
1=infertile -12.38599 1.15907 (0.000)***
3=reasonably 4869346 .1888637 (0.010)***
Source of income (categorical: 1=sale of agricultural produce, 2=wages,
3=trade in basic necessities, 4=sale of construction materials, 5=sale of
forestry products, 6=shipments, 7=livestock, 8=earnings, 9=other)
2=wages .8905734 .3561026 (0.012)**
Number of fields (numerical) 1162094 .0636849 (0.068)*
Number of visits by extension workers (numerical) .0199956 .011596 (0.085)*
PA composition (numerical) -.0705619 .031419 (0.025)**
Ownership of livestock (@ummy 7=yes, 0=no) .3600833 .1850419 (0.052)**
Support for agricultural production (@dummy 7=yes, 0=no) 7536136 .2218559 (0.007)***
Experience in producing certified seeds (dummy 7=yes, 0=no) 1.918292 .2602263 (0.000)***
Labour (manual) (dummy 7=yes, 0=no) 1.630624 .3307131 (0.000)***
Equipment (mechanised) (@ummy 71=yes, 0=no) -.806322 4093044 (0.049)**
_Constant -2.296957 77956 (0.003)***
Number of observations 80
F-statistic (45.34) 6.51
P-value 0.0000
R? 0.8960
Adjusted R? 0.7584
Standard Deviation (Root MSE) 021764
Wald chi(45) 350.99
Prob > chi 0.0000
Pseudo R 0.1788
Log Pseudo likelihood -63.20799

Note: significant at ***(1%), **(5%) and *(10%).
Source: authors.




Translation into English

a) Analysing model results - Rice

The results provide significant insights into the determinants of certified seed adoption among
rice farmers in the Chokwé district. With a total of 80 observations, the model uses 45 independent
variables to predict the adoption of certified seeds, offering an in-depth understanding of the
factors that influence this decision.

The statistical significance of the model's results, evidenced by the very low p-va/ue (0.0000) and
the high F-statistic (6.51)2', suggests that the independent variables together have a substantial
effect on the dependent variable. This result is corroborated by the high R? value (0.8960),
indicating that the model explains 89.6% of the variation in the adoption of certified seeds,
highlighting the relevance of the selected variables.

The adjusted R*?? of 0.7584 (75.84%) provides a more accurate measure of the variance explained
in smaller samples, reflecting the model's adjustment to the number of explanatory variables. The
standard deviation of the residuals (Root MSE) of 0.21764 suggests a relatively small dispersion
of the model's errors, indicating good predictive accuracy.

In short, the analysis of the model results provides significant evidence on the determinants of
the adoption of certified seeds, emphasising the importance of the conditions related to the
independent variables mentioned.

b) Interpretation and discussion on Poisson Model results

The Poisson model used has adoption of certified seeds as the dependent variable, a binary
variable that takes on the value 1 if the producer has already adopted certified seeds and 0
otherwise. The independent variables include a variety of demographic, socio-economic,
agricultural and access to services factors, detailed in the document provided.

In the Poisson model, the coefficients represent the (log) expected rate of change in the adoption
of certified seeds for one unit of change in the independent variable, while all other variables
remain constant. This analysis is carried out considering the significance levels (10%, 5% and 1%),
the percentage interpretation of the coefficients and the economic and agrarian justifications.

21 The F-test is commonly used to analyze statistical models that have been fitted to a set of data, with the
aim of identifying whether the model fits the population whose sample has been the subject of data
collection. To validate it, two hypotheses are assumed: the null hypothesis states that the model without
independent variables fits the data as well as its intercept-only model; the alternative hypothesis states that
its model fits the data better than the intercept-only model.

If the p-value is less than the significance level, your sample data provides sufficient evidence to conclude
that your model fits the data better than the model without independent variables. See:
https://statisticsbyjim.com/regression/interpret-f-test-overall-significance-regression/

22 Adjusted R?is a measure of quality of fit (model accuracy) corrected for linear models. It identifies the
percentage of the model's variance that is explained by the input or inputs of the explanatory variables, and
the closer it is to 100 per cent, it indicates that the model explains all the variability of the explanatory
variables around their mean. See: https://www.ibm.com/docs/pt-br/cognos-analytics/11.1.0?topic=terms-
adjusted-r-squared



https://statisticsbyjim.com/regression/interpret-f-test-overall-significance-regression/
https://www.ibm.com/docs/pt-br/cognos-analytics/11.1.0?topic=terms-adjusted-r-squared
https://www.ibm.com/docs/pt-br/cognos-analytics/11.1.0?topic=terms-adjusted-r-squared

Translation into English

The value of the intercept (-2.296957) suggests a low base rate of adoption of certified seeds in
the absence of the explanatory variables. This negative value may reflect producers' initial
resistance to adopting new technologies without adequate incentives or information.

o Variables that contribute to increasing the likelihood of adopting certified seedss:

Slightly fertile land (coefficient: 0.4869346, p-value: 0.010) is associated with an increase
of approximately 62.7% [(exp(0.4869346) - 1) * 100] in the rate of adoption of certified
seeds. It is assumed that producers with this type of land can see significant benefits in
their productivity levels with the adoption of certified seeds. Producers' perception of the
potential/quality of their land influences the decision to adopt certified seeds.

Producers who have salaries as one of their main sources of income (coefficient:
0.8905734, p-value: 0.012) have a higher adoption rate, approximately 143.6%
[(exp(0.8905734) - 1) * 100]. In principle, a stable or additional source of income can
increase producers' chances of investing in higher quality agricultural inputs, such as
certified seeds.

A large number of fields (coefficient: 0.1162094, p-value: 0.068) is associated with an
increase of approximately 12.3 percent [(exp(0.1162094) - 1) * 100] in the adoption rate
of certified seeds. Producers with more land and therefore considered to be well endowed
with reserve resources, may be more inclined to experiment with new technologies to
maximise productivity because the existence of more fields may allow them to diversify
risks in the event of, for example, climate change, unsuitable technologies and/or poor
production results, among others.

The frequency of visits from extension workers (coefficient: 0.0199956, p-value: 0.085) is
associated with an increase of approximately 2.0% [(exp(0.0199956) - 1) * 100] in the
adoption rate of certified seeds. Regular visits by extension workers can provide
producers with information about the technology and make producers more aware of the
existence of these technologies. Farmers' perception of innovation depends to a large
extent on their level of knowledge and information and can increase or decrease their
adoption rate. Extension workers therefore act as the link between the innovators
(researchers) of the technology and the users of that technology.

Livestock ownership (coefficient: 0.3600833, p-value: 0.052) is associated with an increase
of approximately 43.34% [(exp(0.3600833) - 1) * 100] in the adoption rate of certified
seeds. Livestock ownership in Mozambique is seen as a savings instrument and serves as
a means of obtaining greater economic capacity and willingness to invest in agricultural
technologies.

Participation in production support programmes (coefficient: 0.7536136, p-value: 0.001)
is associated with an increase of approximately 112.46% [(exp(0.7536136) - 1) * 100] in
the adoption rate of certified seeds.”® These programmes usually provide production

23 But they have long-term negative effects, especially when these supports introduce free or subsidized
agricultural inputs, whether in the aftermath of disasters and/or government programs, because they distort
the market, reduce the effective demand for seed produced in private sector companies and disrupt the
normal functioning of the value chain (Nova, 2024b)



Translation into English

inputs (seeds, agrochemicals, machinery and equipment) which allow short-term access
to these innovations and the knowledge needed for producers to experiment with and
adopt new agricultural technologies.

Producers with previous experience with certified seeds (coefficient: 1.918292, p-value:
0.000) have a higher adoption rate, at approximately 580.93% [(exp(1.918292) - 1) * 100].
The experience gained by the producer in planting certified seeds, which is associated
with the level of knowledge about handling certified seeds (use of seeds and
complementary inputs), can increase producers' confidence in the effectiveness of
certified seeds, thus encouraging continued adoption.

Manual production (coefficient: 1.630624, p-value: 0.000) is associated with a significant
increase, of approximately 410.7% [(exp(1.630624) - 1) * 100], in the adoption rate of
certified seeds. Producers who rely on manual labour may be more willing to experiment
with new seeds that promise higher productivity, seeking to improve the efficiency of
their farming practices. The availability of labour proved to be important in a context
where mechanisation costs are high.

o Variables that contribute to reducing the likelihood of adopting certified seeds:

Being single (coefficient: -0.3341966, p-value: 0.099) is associated with a reduction of
approximately 28.41% [(exp(-0.3341966) - 1) * 100] in the adoption rate of certified seeds
when compared to married couples. On the one hand, this may be related to the fact that
single producers may have fewer financial responsibilities and therefore less incentive to
adopt new agricultural technologies. On the other hand, in the rural Mozambican context,
where the spouse plays a fundamental role in labour-intensive agricultural work, being
single may be a disincentive to adopting certified seeds, as improved varieties tend to be
demanding in terms of inputs and labour.

Belonging to the second generation of farmers (coefficient: -0.490311, p-value: 0.005) is
associated with a reduction of approximately 38.75 percent [(exp(-0.490311) - 1) * 100] in
the adoption rate of certified seeds. This may reflect an adherence to traditional farming
practices, with less willingness to experiment with new technologies. Rice farmers in
Chokwé have a preference for older varieties and, as the number of generations working
in agriculture increases, the adoption rate decreases. As the results show, belonging to
the third generation of farmers (coefficient: -0.6393695, p-value: 0.025) is associated a
reduction of approximately 47.2 percent [(exp(-0.6393695) - 1) * 100] in the rate of
adoption of certified seeds, indicating a possible intergenerational resistance to changes
in agricultural practices. This can also be explained, as mentioned by Sdnchez-Toledano
et al, 2018, by the fact that farmers with extensive experience from previous generations
were better able to evaluate information about agricultural technology and better
appreciate the advantages it offers.

Unlike the results of many studies indicating that the level of schooling has a positive
effect on the level of technological adoption (Ojo & Baiyegunhi, 2019; Neway & Zegeye,
2022; Come & Neto, 2017), the results of the model show that producers with a complete
primary level (coefficient: -0.7051519, p-value: 0.035) have a reduction of approximately




Translation into English

50.59% [(exp(-0.7051519) - 1) * 100] in the rate of adoption of certified seeds. Producers
with incomplete primary level (coefficient: -0.6890385, p-value: 0.027) have a reduction
of approximately 49.79% [(exp(-0.6890385) - 1) * 100] in the rate of adoption of certified
seeds, and producers with basic level (coefficient: -1.199122, p-value: 0.000) have a
reduction of approximately 69.9% [(exp(-1.199122) - 1) * 100] in the rate of adoption of
certified seeds. This can be explained by the fact that producers have empirical knowledge
about certified seeds that is not essentially acquired in formal education. Rice is known
by producers as a self-sown crop?), so many producers believe that they can save their
grain for use as seed for at least two to three production cycles without significant loss in
productivity, and this knowledge is acquired through practical experience.

Low fertility land (coefficient: -12.38599, p-value: 0.000) is associated with a drastic
reduction of almost 100 percent [(exp(-12.38599) - 1) * 100] in the adoption rate of
certified seeds. Low fertility may discourage producers from investing in new seeds due
to the perception that the benefits would not be sufficient to justify the costs of investing
in certified seeds. The Chokwé district has suffered from the problem of soil salinisation
associated with the poor functioning of the drainage system, which has resulted in an
estimated 6,000 hectares of land being left unused® due to this problem.

A higher number of members in the household (coefficient: -0.0705619, p-value: 0.025) is
associated with a reduction of approximately 6.8% [(exp(-0.0705619) - 1) * 100] in the rate
of adoption of certified seeds. This result may be linked to the fact that in a low-income
household with a larger number of dependent members, most of the income is used to
meet basic needs, reducing the possibility of investing in agricultural technologies.

Production with mechanised equipment (coefficient: -0.806322, p-value: 0.049) is
associated with a reduction of approximately 55.4% [(exp(-0.806322) - 1) * 100] in the
adoption rate of certified seeds. This result may be associated with the trade-offbetween
investment in certified seeds versus investment in the use of agricultural mechanisation
by the producer, considering the scarcity of financial resources. As mentioned in the work
by Capaina (2022), who analysed the costs of rice production in the Limpopo Valley, the
costs of land preparation (mechanical tillage, harrowing, levelling and harrowing), sowing
(seeds, sowing labour, harrowing) and fertilizers account for 15%, 34% and 15%,
respectively, of the total cost of production per hectare The use of mechanised equipment
should be understood here only as a way of relieving manual labour on the farm and not
as a way of optimising productivity,

These results suggest that public policies that encourage experimentation with certified
seeds, provide financial and technical support, improve soil fertility, address educational
barriers, and increase the frequency of visits from extension workers could significantly
increase the adoption of more capital-intensive agricultural technologies. These specific
interventions may be more effective by targeting producers based on the characteristics
identified as significant in this study.

24 Self-fertilization occurs when pollen (male gamete) fertilizes an ovule (female gamete) from the
same plant, which makes it possible to create pure strains, i.e. they develop characteristics that do
not vary over time.

% These saline areas are currently being allocated to aquaculture investments.



Translation into English

c) Diagnostics and post-estimation tests: evaluation of robustness and anomalies of the
estimated model

Multicollinearity Test

To make the results of the marginal effects estimated above more robust, some post-estimation
analyses were carried out.

By default, STATA assumes homoscedastic standard errors, so the model had to be adjusted to
account for heteroscedasticity. An important assumption for the multiple regression model is that
the independent variables are not perfectly multicollinear. When multicollinearity is present, the
standard errors can be inflated. Multicollinearity is therefore checked using the VIF (Variance
Inflation Factor).

The Variance Inflation Factor (VIF) table shown provides a quantitative view of the multicollinearity
between the model's independent variables. The VIF measures how much the variance of an
estimator is increased due to multicollinearity: if VIF>10 it is often considered to indicate
problematic multicollinearity, while if VIF<10 it generally indicates that multicollinearity is not a
significant concern for the interpretation of the regression coefficients.

Graphic 3. Multicollinearity analysis (VIF and 1/VIF) - rice
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Source: Authors - result using STATA.

The graphic shows that the VIF values range from 1.99 to 8.73, with an average VIF of 4.43. These
values indicate that multicollinearity between the independent variables is probably not a problem
for this particular model, as all values are below the threshold of 10. This suggests that although
the variables may be correlated to some extent, this correlation is not strong enough to
significantly inflate the variances of the estimators of the regression coefficients.

The VIF analysis in the results of this model indicates that the independent variables chosen do
not suffer from severe multicollinearity, which increases confidence in the stability and validity of
the coefficient estimates obtained by the regression. It is therefore possible to interpret the
regression results with a reasonable degree of confidence that multicollinearity does not
significantly distort these estimates.

Homoscedasticity Test

rrrrr



Translation into English

The Breusch-Pagan / Cook-Weisberg test, presented below, is a test for analysing
heteroscedasticity in regression models.

Breusch-Pagan / Cook-Weisberg test for heteroskedasticity
Ho: Constant variance
Variables: fitted values of ADOP2

chi2 (1) = 2.63
Prob > chiZ2 0.1048

We interpret the results as follows, with a chi-squared value of 2.63 and an associated p-value of
0.1048:

Null Hypothesis (HO0): The null hypothesis of the Breusch-Pagan / Cook-Weisberg test is
that the errors have constant variance, i.e. homoscedasticity.

p-value: The p-value is 0.1048. A p-value greater than 0.05 indicates that the null
hypothesis of homoscedasticity is not rejected. In this case, with a p-value of 0.1048, there
is not enough statistical evidence to suggest the presence of heteroscedasticity in the
regression model.

Conclusion: As the p-value is greater than 0.05, the null hypothesis of homoscedasticity
is not rejected. This means that, based on the data provided, the variance of the error
terms appears to be constant. Therefore, the model does not suffer from the problem of
heteroscedasticity, at least not in a way that is detectable by this particular test.

Confirming homoscedasticity is important because it guarantees that the variance of the errors is
constant, thereby increasing confidence in the results obtained by the regression model. Public
policies and recommendations based on this model can be made with greater certainty, knowing
that the results are not affected by problems of heteroscedasticity.

Residual Normality Test

The asymmetry and kurtosis test for normality of residuals is an essential statistical tool for
assessing the assumptions of linear regression models. This test assesses whether the model's
residuals are normally distributed, which is a fundamental assumption for the validity of many
inferential procedures in regression analysis.

Based on the output obtained, the test results are as follows: the number of observations is 80.
The p-value for asymmetry (Pr(Skewness)) is 0.2238. This indicates that there is no statistical
reason to reject the null hypothesis that the residuals are symmetrical, i.e. the asymmetry of the
residuals is not significantly different from zero, suggesting that the distribution of the residuals
is not skewed.

The p-value for kurtosis (Pr(Kurtosis)) is 0.0360. This value is slightly lower than the common
significance level of 0.05, which suggests a certain tendency to reject the null hypothesis of that
the kurtosis of the residuals is normal. This implies that there may be some evidence that the
distribution of the residuals has a different kurtosis to that expected from a normal distribution
(it may be more "flattened" or more "pointed"”).



Translation into English

The joint test, which combines asymmetry and kurtosis in an adjusted chi-squared statistic, results
in a value of 5.64 with a corresponding p-value of 0.0597. This result means that, at the global
level, we don't have enough evidence to reject the null hypothesis of normality of the residuals.
Although the p-value is marginally higher than 0.05, suggesting that the null hypothesis of
normality cannot be rejected with strong confidence, it is close to the usual threshold.

Skewness/Kurtosis tests for Normality
joint
Variable | Obs Pr(Skewness) Pr(Kurtosis) adj chi2(2) Prob>chiz2

resid | 80 0.2238 0.0360 5.64 0.0597

Therefore, according to this test, the residuals of the model do not deviate significantly from
normality, allowing the continued use of standard statistical inference procedures based on the
assumption of normality of the residuals. This contributes to the robustness of the statistical
conclusions drawn from the regression model, since the normality of the residuals is a key premise
for the application of the Central Limit Theorem and for the validity of the confidence intervals
and hypothesis tests on the estimated coefficients.

Model Specification Test

When interpreting the results of specification tests, in particular statistical goodness-of-fit tests
such as the chi-squared test and Pearson's test, we consider the model's ability to explain the
observed data.

Goodness-of-fit chi2 = 7.018123
Prob > chi2 (34) 1.0000

The goodness-of-fit test with the chi-squared statistic (chi2) of 7.018123 with 34 degrees of
freedom has a p-value of 1.0000.



Translation into English

Chi-squared statistic (chi2):

The chi-squared statistic of 7.018123 is a measure of the deviation between the observed
values and the model's expected values. In a good fit, this statistic should be low, indicating
that the observed values do not differ much from the expected values.

Degrees of Freedom (df):
The 34 degrees of freedom (indicated in brackets after the chi2) reflect the number of
restrictions or model parameters that have been estimated. This suggests that the model
is relatively complex.

P-value (Prob > chi2):
The p-value of 1.0000 is extremely high and indicates that there is no evidence to reject

the null hypothesis that the model fits the data well. In practical terms, this means that the
probability of obtaining a chi-squared statistic of 7.018123 or greater, assuming the model

is correct, is practically 100 percent.

Interpretation of these results indicates that the specified model fits the observed data very well.
The extremely high p-value (1.0000) suggests that there is no significant deviation between the
observed data and the model's expected values. In terms of econometric analysis, this means that
the model is appropriate and there is no evidence of misspecification.

Therefore, the conclusion is that the model appears to be adequately specified and provides a
good fit to the data. In practical terms, there is no further need to revise or adjust the model based

on the results of this goodness of fit test.

Maize crop - Sussundenga district

Table 3. Poisson model results for the maize crop

Robust
Explanatory variables Coefficient Std. 1zI<P
Error
Dependent variable: Have you ever used certified seed (dummy 7=yes, 0=no)
Marital status (categorical: 1= single, 2= married, 3=marital union, 4=
divorced, 5= widowed)
1=Single -.1647047 | 1215964 0.176
3=Marital union -.1628497 | 1498926 0.277
Literacy level (categorical: 1=illiterate, 2=illiterate, 3=complete primary
education, 4=incomplete primary education, 5=basic level, 6=vocational
technician, 7=other)
1=illiterate -.1566683  .3184565 0.623
5=basic level .2058156 | .2056188 0.317
7=other 0674726 | .1780076 0.705
3=complete primary education .031468 .0804028 0.696
4=incomplete primary education -.0011241 | .1048208 0.991
6=professional technician -.0254563 .094339 0.787
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Explanatory variables

Robust
Coefficient Std. 1zI<P
Error

Generations of descendants in agriculture (categorical: 1= generation,
2=2'9 generation, 3=3" generation, 4=4"" generation, 5=more than 4
generations)
2" generation
3 generation
Fertility Level (categorical: 1=unfertile, 2=poorly fertile, 3=reasonably fertile,
4=fertile, 5=very fertile)
5=very fertile
2=poorly fertile,
3=reasonably fertile
Source of income (categorical: 1=sale of agricultural produce, 2=wages,
3=trade in basic necessities, 4=sale of building materials, 5=sale of forestry
products, 6=shipments, 7=livestock, 8=earnings, 9=other)
8=win-win
6=shipments
2=wages
1=sales of agricultural production
Number of fields (numerical)
Number of visits by extension workers (numerical)
PA composition (numerical)
Ownership of livestock (@ummy 71=yes, O=no)
Support for agricultural production (dummy 7=yes, 0=no)
Experience in producing certified seeds (@ummy 71=yes, 0=no)
Labour (manual) (dummy 7=yes, 0=no)
Equipment (mechanised) (@ummy 7=yes, 0=no)
_Constant

0052131 0926166 0.955
-.06648 130107 0.609

1065927 1319811 0.419
-.0178625 | .0452201 0.693
-.0815885 | .0826995 0.324

-.3019996 | .2328063 0.195
-.1984524 | 1399195 0.156
-.0930446 | .1743135 0.593
-.0928899 | .1168558 0.427
0024546 | .0350066 0.944
-.0392445 | .0320835 0.221
.0019327 | .0051383 0.707
.0649907 | .0702584 0.355
022725 .0613639 0.711
2443212 | 6828875 0.000***
.0695496 .0618166 0.261
-.011337 0798477 0.887
-2.298676 | 7776062 0.003***

Number of observations

80

F-statistic (45.34)

P-value

RZ

Adjusted R?

Standard Deviation (Root MSE)

Wald chF(45)

Prob > ch?

Pseudo R?

Log Pseudo likelihood

0.1824
-62.673397

Note: significant at ***(1%), **(5%) and *(10%).
Source: authors.

a) Analysing the model results - Maize

The analysis for the maize crop in Sussundenga was conducted using a Poisson model with robust

variance due to the presence of heteroscedasticity.

However, of the independent variables in the model, only previous experience of producing with
certified seed proved significant (coefficient: 2.443212, p-value: 0.003) and is associated with a
1050.99% [(exp(2.443212) - 1) * 100] increase in the rate of adoption of certified seed, i.e. In other
words, producers are much more likely to adopt certified seed if they have experience of using it.
The experience that producers gain from planting certified seed, i.e. the more familiar they are

with a technology, the more likely they are to continue using it.
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The multicollinearity analysis, carried out by calculating the VIF (Variance Inflation Factor), showed
that there were no significant problems of multicollinearity between the explanatory variables,
with all VIF values being less than 10 and the average VIF being 2.16.

b) Wald Test for Joint Significance

Given the results of the Poisson model for maize, an analysis of the significance of the estimated
model coefficients was carried out using the Wald test, which analyses the relations between the
independent and dependent variables.

Table 4. Wald test results for continuous independent variables and dummies and categorical

variables
Test 1: Continuous variables and dummies | Test 2: Categorical variables
Chi2 (8) = 89.03 Chi2 (13) = 2.79
Prob > Chi2 = 0.0000 Prob > Chi2 = 0.9986

Source: Authors - results using STATA.
Interpretation (test 1):

e The Wald test for the variables: number of fields (MACH_w), number of visits by extension
workers (VISIT_www), composition of the AF (FAM_w), ownership of livestock (EFEC_PEC),
support in agricultural production (SUPPORT_PROD), experience in producing certified seeds
(EXP_CERTIF), production with (mechanised) equipment (PROD_MEC) and production with
(manual) labour (PROD_MAN), results in a chi-square value of 89.03 with a p-value of 0.0000,
indicating that these variables are jointly significant in the model.

Interpretation (test 2):

e The Wald test for the categorical variables, namely: marital status (i.CIVIL_w), literacy level
(i.LIT_w), number of generations in farming (i.GEN_AGRI_w), soil fertility level (i.FERT_w)
and main source of income (i.REND_ww), results in a chi-squared value of 2.79 with a p-
value of 0.9986. This extremely high p-value indicates that, together, these variables are
not significant in the model.

5. GENERAL CONSIDERATIONS AND RECOMMENDATIONS

Overall, the impact analysis of the factors for the adoption of certified seeds developed for the
two crops shows that the adoption of certified seeds by the producers surveyed is influenced by
a combination of socio-economic, socio-demographic and technical and/or institutional factors.

The analysis of the process of diffusion/dissemination of certified seed technology revealed that
there are a number of elements that influence this process, including the following for the crops
analysed: (1) the characteristics of the certified seed itself: linked to the variety characteristics that
best meet producers' needs, such as yield level, flavour, ear formation, resistance to pests, diseases
and climate changes, production cycle, level of input requirements and the easiest way to handle
the seed; (2) communication channels: with emphasis on extension workers (who are well trained
and prepared to meet the demands of the producer and the dynamics of the market) who are the
main links in the communication and dissemination of technologies (certified seeds) between
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suppliers and users (the producers), as well as programmes to support producers linked to the
distribution of seeds via vouchers or free of charge - which, in the short term, has positive effects
on access and availability of seeds for producers, but in the long term, it has negative effects
linked to market distortion and the marketing/advertising of seed companies that help producers
access information on available seeds; and (3) the markets, which define their preferences, to
which producers have to adapt, using the type of certified seed that best responds to the
preferences defined by the market. All these elements have a strong influence on the decision to
adopt, the number of adopters and the duration of adoption of certified seed in the analysed
crops.

The analyses of the econometric models provide a set of socio-economic and demographic
explanatory variables that have a direct impact on producers' decision to adopt certified seeds. In
analysing rice production in Chokwé, the results indicate that variables such as soil fertility level
(linked to producers' perception of the quality of their soil), diversification of income sources
(linked to sources of income outside agriculture that make it possible to increase the availability
of resources for reinvestment in agriculture), number of farmers' fields (linked to diversification of
the risks of the activity), number of visits by extension workers to farmers' fields (linked to the
sharing of information on production technologies and techniques), previous experience of
growing certified seeds (linked to the knowledge acquired about the use of certified seeds), the
availability of labour (in contexts where mechanisation costs are high), ownership of livestock
(seen as synonymous with wealth and savings) and the existence of support for producers in their
agricultural activity (credits, subsidies, easy access to inputs, among others) all have a positive
influence on the likelihood of producers adopting certified rice seeds. These factors indicate the
importance of technical and financial support and an understanding of the social context in the
process of adopting certified seeds and introducing new agricultural technologies.

For the maize crop in Sussundenga, the analysis was conducted using a Poisson model with robust
variance due to the presence of heteroscedasticity. Only the previous experience acquired by the
producer in planting certified seed has a positive effect on increasing the probability of adopting
certified seed.

However, due to the anomaly in the results obtained from the model (heteroscedasticity), the
Wald test was carried out, which enabled other variables to be identified, such as the number of
fields, visits from extension workers, household composition, livestock ownership, production
support, experience with certified seeds, mechanised and manual technology, as having an
influence on the process of adopting certified seeds, but did not provide information on the type
of influence.

For acceptance and adoption by producers, it is important to take into account several factors
simultaneously in the process of developing seed varieties and subsequent certification, namely
the context in which the certified seed is introduced. Socio-demographic aspects, linked to the
structure and composition of family households, labour relations and management of the
production unit; socio-economic aspects, related to income diversification and investment in
agriculture, specifically for the purchase of production inputs; technical and/or institutional
aspects, related to the role of extension workers with a strong influence on access and experience
of producers, all have an influence on the decision to adopt certified seeds. But also, national
objectives in terms of production (quantities needed domestically, existing markets, infrastructure



Translation into English

to facilitate disposal, processing plants, among others) must be aligned so that producers'
investments in production inputs (seeds, chemicals, machinery and labour) are viable.

In view of the results observed, it is suggested that in order to increase the adoption of certified
seeds in rice and maize crops in Chokwé and Sussundenga respectively, it is essential to adopt an
integrated approach that combines technical, financial and social support. Public policies and
agricultural development programmes must take into account the factors identified as significant,
providing a favourable environment for producers to adopt and benefit from the agricultural
technologies that are to be introduced. Strengthening these aspects will contribute to increasing
agricultural productivity and food security in the region. The following factors were identified as
critical:

e Technical support and training - For both crops, the implementation of technical training
programmes covering aspects of new production technologies, involving not only
agricultural extension technicians but also producers, is crucial to the process of adopting
certified seeds. Technical assistance to producers, through regular visits and the provision
of information considered useful to producers, such as: the type of seed adapted to the
soil and climate, the agricultural calendar, contributes positively to increasing producers'
knowledge of the benefits of certified seed and provides practical guidance on its use, thus
encouraging adoption. However, there is a need to modernise the programmes for
disseminating information about certified seeds using the various existing platforms,
seeking to involve the various stockholders (public, private and NGOs) that operate along
the seed chain. There is a need for these three types of actors involved in the seed chain
to work together, as individual actions do not contribute positively to the development of
this chain.

e Itis necessary to take into account the context (such as the composition of the household
- linked to the availability of labour and soil and climate characteristics) in which
agricultural technologies are introduced so that they are more effective in meeting the real
needs of producers.

e Programmes aimed at diversifying producers' activities are necessary, such as incentive
programmes for livestock ownership in order to increase producers' financial security,
giving them greater scope for allocating the financial resources generated for agricultural
activity.

e Financial support and subsidies - expand financial support and subsidy programmes to
reduce the initial costs and risks associated with adopting new technologies. This support
can include the provision of agricultural inputs, technical training and access to markets.
Agricultural production support can reduce the costs and risks associated with adopting
new technologies, making it more viable for producers to adopt certified seeds.

e Practical experiences and demonstrations: encourage exchange of experience between
producers, especially those with previous experience of producing certified seeds. Practical
demonstrations and Vvisits by extension technicians to producers can help spread
knowledge and confidence in the effectiveness of certified seeds. Previous experience is a
strong indicator of continued adoption, as producers with practical knowledge of the
advantages of certified seed are more likely to continue using it.
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6. STUDY LIMITATIONS

The main limitation of the study was the results of the Poisson model for maize adoption, which
could violate one of the econometric assumptions due to the problem of heteroscedasticity
identified between the explanatory (independent) variables. Given this problem, we opted for the
Wald test, which only provides information on the explanatory variables that influence the
adoption of maize seeds but does not provide information on the type of influence. It is therefore
suggested that future studies be carried out to determine and analyse the type of influence these
factors have on the adoption of certified maize seeds.
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