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ABSTRACT: The current study determined the factors influencing the perception of tea farmers towards organic tea production in Rulindo
District, Rwanda. This study used both qualitative and quantitative data from face to face interviews and questionnaires completed with 156
tea farmers and other key informants in the tea sector who were randomly selected in 2019. Using function step AIC in R's MASS package, the
final multiple logistic regression model showed that generating income from tea production, participation in Umuganda, conveying messages
at Thangari, participation to agricultural shows, and receiving training from Farmers Field Schools (FFS) influenced farmers’ perceptions
towards organic tea production. Thus, the results of this study could be useful to stakeholders in Rwanda's tea sector, such as policymakers
and decision-makers. They can act as a source of information when developing a more sustainable research-based tea extension program.
Moreover, the results of this study can be used during the capacity building of farmers about organic tea production.
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Determinates da percepcio dos cafeicultores de Rulindo em relacio a agricultural orginica: uma
abordagem MASS::stepAIC

RESUMO: O objetivo deste estudo é determinar os fatores que influenciam a percepgdo dos produtores de chd em relagdo a produgdo de cha
orgdnico no distrito de Rulindo, Ruanda. Esta pesquisa utilizou dados qualitativos e quantitativos de entrevistas e questiondrios presenciais
preenchidos com 156 cafeicultores e outros informantes-chave do setor de chad que foram alocados aleatoriamente em 2019. Usando a etapa
de fun¢ao AIC no pacote MASS de R, o modelo final de regressdo logistica multipla mostrou que a participagdo em Umuganda, transmitindo
mensagens na ihangari, discussoes com um revendedor Agro nas aldeias, obtendo renda com as vendas de folhas de cha verde fresco, acesso
dos cafeicultores a Internet, participagdo na exposicdo agricola e treinamento em escolas agricolas da Cooperativa Os cafeicultores tiveram
a previsao da percep¢do da produgdo organica de cha. Assim, os resultados deste estudo podem ser iteis para as partes interessadas no setor
de cha de Ruanda, como formuladores de politicas e tomadores de decisdo. Eles podem atuar como fonte de informagdo ao desenvolver um
programa de extensdo do chd mais sustentavel, baseado em pesquisa. Além disso, os resultados deste estudo podem ser utilizados durante a
capacitagdo dos agricultores sobre o cultivo de chd orgdnico.

Palavras-chave: cultivo organico de cha, escolas de campo para agricultores, Umuganda, Rulindo, RWANDA.

INTRODUCTION

Agriculture has been a back born of any
developing country (CINEMRE & KILIC, 2015), like
Rwanda for provoking economic growth. Rwanda’s
agriculture sector employed approximately 75.3
percent of the labor force, generated approximately
63 percent of the country’s export revenues and
provided approximately 30.9% of the country’s GPD
(INDEXMUNDI, 2019), which has had a massive
pie on the national budget than the mother industry
agriculture of (MINECOFIN, 2018). Coffee and tea

are among the main foreign exchange earner for the
country (INDEXMUNDI, 2019). Not only Rwanda’s
tea sector has earned about 64.3 million USD foreign
exchange compared to 64.1 Million USD of coffee
(MINECOFIN,2018) but has also employed 60%
of the workforce for the country (INDEXMUNDI,
2019). Among the 20 tea cooperatives in this
country (National Agricultural Export Development
Board,2019), Rulindo’s ASSOPTHE cooperative that
supplies 70% of SORWATHE tea factory (NAEB,
2019) has more than 3000 tea farmers with 70%
women and 30% men among other economic and
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social benefits of Rwanda’s tea sector (NAEB,2019).
This shows how strategic is Rwanda’s tea sector for
the country that is building on already impressive
success stories to achieve sustainable development
goals (SDQ) and its recently launched vision of 2050.
Now, with such social and economic developmental
roles the tea sector has continuously played, Rwanda’s
Agricultural Ministry in partnership with a private
tea processing and exporting company-SORWATHE
launched a massive campaign for organic tea farming
whose fresh green tea leaves harvests are fetching
higher premiums than non-organic tea. The campaigns
used different indigenous platforms such as “inteko
y’abaturage” and ‘“Umuganda” among others. This
campaign aimed to increase the rate of adoption of
organic tea production practices in Rwanda’s Rulindo
District. For this adoption to be successful and become
sustainable, the farmers should know how beneficial
is this technology (TATLIDIL et al., 2009; VAN
THANH et al., 2015) to own it. A decision to own new
technology depends on the perception the farmers
attach to the technology to influence the adoption rate
(SARKER & ITOHARA 2018). Earlier research has
shown that the perception of farmers on technology
is influenced by socioeconomic characteristics such
as land ownership and (TATLIDIL et al., 2009;
PATIDAR & PATIDAR, 2015; SAKTHI, 2017) and
information-seeking behaviors like Participating in
workshop-farming events (TATLIDIL et al., 2009)
and that this perception changes from one farmer
to another (BAGHERI, 2010; VAN THANH et al.,
2015). It is of great importance to explore the specific
factors that influence the perception of tea farmers in
Rwanda’s Rulindo district, in the end, would help the
concerned institution in designing a kind of customized
extension system (TATLIDIL et al., 2009) for increased
adoption of organic tea farming practices.

Earlier studies conducted on the
determinants of perception of farmers showed
a positive relationship between socioeconomic
status and the perceived importance of sustainable
agriculture (BOZ, 2016; TATLIDIL et al., 2009), and
organic farming has been proved to be performing
well in various domains of sustainability like
decreased usage of pesticides (ROOS et al., 2018).
FAHAD et al., (2018) study showed that the level of
education and location were among the factors that
affected farmers’ perception. STEFANOVIC (2015)
used a binary logistic regression model, which results
showed that age and education level of respondents
were among the significant predictors of perception.
For adopting organic tea production practices to be
increased from the current levels, and a research-based

tea extension program to be developed, the perception
of tea farmers regarding organic tea production is of
great importance (MOTTALEB, 2018). In the end, it
will help to develop a more sustainable way of organic
tea production. Although, many studies have been
conducted on farmers’ perception around the world,
Rwanda lacks this type of research as only several
studies have been done on this issue (NABAHUNGU
& VISSER,2013; MC GUINNESS & TAYLOR,
2014). This study was the first attempt to determine
farmers’ perceptions of organic tea farming in the
northern district of Rwanda. In the determination of
the study purpose and objectives, earlier research of
ANDERSON et al., (2005), TEKIN et al., (2016),
YU et al., (2017), REGASSA et al., (2019), DIAZ-
PEREZ et al., (2019), and NUNEZ, (2020) were
explicitly used.

The overall purpose of this study was
to determine the factors that influenced Rulindo’s
farmers’ perception of organic farming. The specific
objectives included the following:

(N To  determine the  socio-economic
characteristics of tea farmers.

2) To measure farmers’ perception regarding
organic tea farming

3) To determine the factors that influence the
perception of tea farmers towards organic farming
4) To develop recommendations that will

increase the adoption of organic tea farming in the
region and contribute towards the achievement of
sustainable development goals (SDG’s)

MATERIALS AND METHODS

1 Study area

The data collection was carried in the
Rulindo district because of its closeness to Rwanda’s
capital Kigali, a market niche with a higher tea
purchasing power relative to the country’s other
Districts. Figure 1 shows the location of Rulindo
in the Northern Province of Rwanda. This district
has a tropical type of climate, characterized by
successions in rainy and drought seasons. It also
has an annual average precipitation and temperature
of 1,243.3 mm, and 19 °C, respectively. These
conditions offer a favorable climate for farming.
Rulindo’s hydrograph, climate, and topography
make this district endowed with cash crop acreage.
In 2015 Rulindo had 7619 hectares of agricultural
land devoted to vegetable production, 2302.47
hectares to coffee production, and 52 hectares to
Stevia (Stevia rebaudiana Bertoni) production. Also,
many other cash crops can economically be grown in
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Figure 1 - Location of Rulindo in the Northern Province of Rwanda.

the district (RULINDO DISTRICT, 2013). Rulindo
district has two tea cooperatives, one of them is non-
organic tea farmers’ cooperative (ASOPTHE) and
the other one is organic farmers’ cooperative (HOT).
By the time this study was being done, a total of
1023.191 ha of tea plantations were operating under
the ASOPTHE cooperation (ASSOCIATION OF
RWANDA TEA GROWERS, 2020). Alternatively, the
number of tea plantations under the HOT cooperative
was 125 ha. (HILLSIDE ORGANIC TEA FARMERS’
COOPERATIVE, 2019).

Sampling and data collection

To draw an accurate sample size to
represent the tea farmers’ population in the district,
this study used DANIEL’s methods (1999) and
DANIEL et al., (2018). This method of sample size
determination was previously used by other researchers
(NAING et al., 2006; MUNENE AND KASAMANI,
2018). Using a 95% confidence level, 7.69% margin

of error (¢), and 60% proportion of respondents (P),
the minimum sample size was calculated as 156. This
was proportionally distributed among the villages and
respondents were selected randomly from each tea
collection center around Kinihira and the nearby
villages. The sample consisted of persons with
different levels of training especially key informants
who had a thorough understanding of the socio-
cultural and economic aspects of the study area
and finally all members that cultivating tea were
separately interviewed.

The data collection instrument of this
study included questions related to socioeconomic
characteristics of farmers, farm-level practices, and a
section focused on exploring the extent of tea farmers’
agreement with the statements related to the selected
indicators of organic farming. Data were collected
in July, August, and September 2019. Since farmers
met at different tea collection centers (lhangare in
the local language) on different tea-plucking days,
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most of the questionnaires were completed at these
centers. Because tea farmers were waiting for several
hours at the Thangare for their tea to be weighed and
loaded on FUSO trucks for transportation to the
SORWATHE factory (Rwanda’s oldest private tea
company), they had time to participate in this survey.
Their agronomist and sometimes an assistant of the
agronomist (Monagri in the local language) guided
them to respond to the questionnaires. The remaining
questionnaires were completed by visiting the farmers
on their tea plots and meeting them in their homes
and in the fields. Those who were unreachable were
replaced with others within the same village or tea
collection center. Data were collected on different
variables such as age in years, farm size in hectares,
education status by the number of years spent in school,
farming experience by the number of years involved
in farming, and gender as being male or female.

Model specification for determinants of the farmers’
perception of organic farming

To implement a binary logistic regression
model first organic farming perception index was
developed to create a dichotomous nature of our
dependent variable. To develop this index, 46
selected organic farming statements that cover the
four aspects (Ecology, health, fairness, and care) of
organic farming stated by IFOAM (IFOAM, 2019;
RUNDGREN & PARROTT, 2006) were asked on
a 5-point Likert scale with 1 = No importance, 2 =
Low importance, 3 = Moderate importance, 4 = High
importance, and 5 = Very high importance. Therefore,
if a respondent assigned the maximum rating of 5 to
every practice, he or she was assumed to have the
highest perception of organic farming 230 (46x5);
and conversely, if a respondent assigned the minimum
rating of 1 to every practice, he or she was assumed
to have the lowest perception of organic farming 46
(46x1). Using the ‘describe()’ of Hmisc package of R
language programming (R CORE TEAM, 2020), the
mean score of organic tea perception for all 156 tea
farmers was calculated and 162.7482 (SD=22.66951)
Considering this mean, with the help of ‘ifelse ()’
function, an index category of the selected organic
farming statements that cover the four t aspects of
organic farming was dichotomized with 0 or values
(<162.7482) as having low levels of perception of
organic tea farming and one or values (>162.7482)
were considered the higher level of perception
of organic tea farming. Therefore, the dependent
variable took the values of zero (0) and one (1) Using
Hmisc::describe (dichotomous variable) showed that
66.7 percent (n=56) had a lower perception and 33.3

percent (n=50) had a higher perception of organic tea
farming. The explanatory variables were selected from
social-economic characteristics and the information-
seeking behavior of the responding farmers.

xf

(yr=1= = f(=F)

1+e¥
Where prob (v = 1) is the probability of one.
e Is the base of the natural logarithm.
fxp) Is the standard logistic distribution function.
x Is the explanatory variable involving the selected
independent variable.
The odds ratios for all independent variables were
calculated considering the following formula:
Expp or odds = %

Results were transformed into odds ratios
(OR), which is always an indicator of the change in
the odds of an event occurring resulting from a unit
change of the predictor (NORTON et al., 2018). It can
be interpreted that holding other variables constant,
for a single independent variable how many times of
the likelihood of the respondents with a high level
of organic farming perception category increase
when the related explanatory variable is increased
by one unite. This method of data analysis was used
similarly by several researchers (SPRINCE et al., 2003;
OHLMACHER & DAVIS, 2003; JASINSKI et al., 2005;
RAUTIAINEN et al., 2009; MCDONALD, 2009).

With 15 candidate variables in tablel for
the multivariate logistic regression model, there are
various selecting variable approaches like stepwise
that combine both forward selection and backward
elimination to be removed or added the predictor
candidates for the model solely on statistical backgrounds
without compromising the model prediction accuracy
(MCCULLAGH, 2019; SHI et al., 2018; HOSMER
& LEMESHOW, 2000). In this study, we used R’s
MASS::stepwiseAIC() which was developed by
VENABLES & RIPLEY (2013) to automatically
select a better subset of independent variables for our
predictive modeling that had the lowest AIC at the same
time decreasing the overfitting effect (GARCIA et al.,
2009; BARNES et al., 2008; CELIK & SENGER
(2014), BUSKIRK & KOLENIKOV, 2015; ZHANG,
2016; MOORE et al., 2016; ABDULQADER, 2017).
The final model was reached that had a higher
significance level by excluding the 2™ and 11
observations, which did not go well with the model.

RESULTS AND DISCUSSION
Sociodemographic characteristics

Socioeconomic characteristics included
in this study were age, marital status, farm size,
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cooperative membership, the time spent on tea plot,
livestock ownership, educational level, home-plot
distance, and income from tea production. In addition
frequencies of participation in Farmers Field School
training, participating in Umuganda, conveying
messages at [hangari, using the Internet, participation
in agricultural shows, and meeting with agri-dealers.
These variables were used were selected to describe
tea farmers’ sociodemographic characteristics as well
as to have a possible influence on farmers’ perception
towards organic tea production. Therefore, they were
properly coded and made the explanatory variables of
the stepwise logistic regression model (table 1).
Results of the study showed that the
mean age of Rulindo districts’ tea farmers who
participated in this study was 49, and most of
them were married. They operated an average of
0.66 hectares of agricultural land. All farmers are
members of tea producers’ cooperatives operating
in the region. They spent an average of 3.68 hrs per
day on tea plots to perform various farming activities
from maintaining the orchards to harvesting the tea
leaves. The average distance from home to tea plot
is 0.85 kilometers indicating that the tea plots are not
too far from farmers’ houses. Since tea is one of the
prominent cash crops in the district a large majority
of farmers (78%) own income from tea production.

These results indicated that an increased market value
of tea production in the district will make significant
contributions to the incomes and well-being of the
farmers residing in the district.

Farmers Field School, Umuganda, and
Thangari are critical regional organizations that
provide training to farmers, exchange information
on agricultural and rural issues and enable farmers to
come together in social terms. Farmers’ participation
in the events of these organizations is extremely
important, and it was assumed that the more farmers
occur in these events the better they deal with
farming and other rural issues. Results showed that
farmers spent approximately several hours a month
for participation in the training of Farmers Field
School, one hour a day in Umuganda, and one hour a
week for conveying messages at Thangary. Although,
farmers’ participation levels to these three events
were not too bad, frequency of using the Internet
(approximately one hour a month), participation in
agricultural shows (Rarely), and meeting with agri-
dealers (approximately one hour a month) was low.

Determinants of tea farmers perception

The R’s output shows the estimation of
the stepwise regression, along with the coefficients,
their respective standard errors, Wald z-statistic,

Table 1 - Descriptive statistics of both response and predictor variables in the multiple logistic reg model.

Variables Description of the variables Mean S.D
Dependent variable (1= higher perception, 0= otherwise) 0.33 0.46
Explanatory variables

Age of farmer Continuous variable (year) 48.88 14.16
Marital status 1 = Single, 2 = Married, 3 = Divorced, 4 = Widow Median (2) 0.9
Farm size Continuous variable (hectare) 0.66 1.74
Cooperative Membership 1 =Member, 0 = otherwise 1 0
Time spent on tea plot Continuous variable (Hours a day) 3.68 2.78
Livestock ownership 1= owned, 0 = otherwise 1 0.51

5= Master’s degree, 4= College degree, 3= High

Education level school, 2 = Primary school, 0 = Illiterate 228 435
Home-plot distance Continuous variable (Km.) 0.85 3.88
Income from tea 1 = Yes, 0 = otherwise 1.78 045
Frequency of participating in FFS trainings Measured on a 7 point Likert scale” 3.03 2.35
Frequency of participating in Umuganda Measured on a 7 point Likert scale” 6.25 2.13
Frequency of conveying messages at lhangari Measured on a 7 point Likert scale” 3.93 1.98
Frequency of using the Internet Measured on a 7 point Likert scale” 2.39 3.31
Frequency of participation in agricultural shows Measured on a 7 point Likert scale” 1.27 1.25
Frequency of meeting with Agrodealers Measured on a 7 point Likert scale” 2 2.72

“7=Rarely, 6= Approximately one hour a month, 5 = Several hours a month, 4 = Approximately one hour a week, 3 = Several hours a

week, 2 = Approximately one hour a day, 1 = Several hours a day.
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the corresponding p-values, and significance levels.
Looking at how well did predictor variables predict the
response variable the researcher used the “PseudoR2”
function of BaylorEdPsych package to get both the
Nagelkerke and Cox.Snell focusing on the predictive
power of various R2 measures. The initial model had
0.364 and 0.485 of Cox.Snell and Nagelkerke values,
while the final model had 0.573 and 0.719 Cox.Snell
and Nagelkerke values, respectively. Considering
the results of Nagelkerke test, it can be said that the
predictor variables in the final multivariate model
explained 71.9% of the changes in the response
variable/perception of tea farmers towards organic
tea farming. As far as the model’s fitness evaluation
is concerned, before stepwise regression, the AIC
value was 235.641 and after which it became 212.65
and thus, the final model was considered since it had
the smallest AIC value (AKAIKE, 1974). With the
variance inflation factor of less than 10, which was
obtained from the ‘vif()’ function, the researcher

concluded that no explanatory variable caused
multicollinearity issues.

The significant variables in the final model
were income from selling tea (TeaSosInc), frequency
of participation to Umuganda (Umuganda),
frequency of conveying messages at Thangari
(Ihangari4), frequency of participation to agricultural
shows (Agrisho6), and frequency of participation
to Farmers’ Field School training (CooperatFFS6).
These were associated with the perception of farmers
towards organic tea farming.

From the table 2 results, it can be seen
that keeping other variables constant, an increase in
the income generated from tea production by one 1
Rwandan francs, would increase the likelihood of
having a higher perception of organic tea farming
by 0.292 times and its significant p-value indicates
that it is significant in determining the perception.
The second significant variable was participation
in Umuganda, which had an increasing perception

Table 2 - Multiple logistic regression estimates of factors that determine the perception of organic tea farmers in Rulindo District.

Name of the variable Codes entered

Income from selling tea TeaSosInc

internel

Interne2

Interne3
Frequency of using the Internet Interne4
Interne5
Interne6
Interne7
Frequency of participation to Umuganda Umuganda
Thangari3

. Thangari4
Frequency of conveying messages at

Thangari Thangari5

Thangari6
Thangari7

Frequency of participation to agricultural

shows Agrisho6

Radio3
Radio6
Radio7
CooperatFFS
5
s . CooperatFFS
Frequency of participating to FES trainings 6
CooperatFFS
7

Frequency of listening to radio

Significant at <™ 0.05, and < 0.1 level.

Pr
Odds-Ratio  Estimate(B) Std. Error Z value = | V4 | )
02922926  -1.230e+00  5.262¢-01 2.338 0.0194
05199618  -6.540e-01  1.542¢+00 -0.424 0.6714
3.128e-08  -1.728¢+01  2.783e+03 -0.006 0.9950
04186664  1.755¢+01  2.194e+03 0.008 0.9936
07426726 -2.975¢-01  1.847e+00 20.161 0.8720
3.708¢-08  -1.711e+01  3.956e+03 -0.004 0.9965
3.987e-09  -1.934e+01  2.640e+03 -0.007 0.9942
1.443398 3.670e-01  1.052e+00 0.349 0.7273
16.81044  2.822e+00  1.563e+00 1.806 0.0710%
1.475062 3.887¢-01 9.430e-01 0.412 0.6802
80.15803 4384e+00  2.069e+00 2.119 0.0341 ™
3.043475 1.113e+00  9.682e-01 1.149 0.2504
1.340711 2.932¢-01 1.002e+00 0.293 0.7698
8.482456  2.138e+00  1.779e+00 1.201 0.2296
1487103  5.002¢+00  2.305e+00 2.170 0.0300
1.688e-17  -3.862e+01  5.595¢+03 -0.007 0.9945
1.000000 2.754e-11  5.595¢+03 0.000 1.0000
1.55131 4391e-01 5.698e-01 0.771 0.4409
0.9961
02636149  1.939e+01  3.956e+03 0.005
0.1679
0.0834923  -2.483¢+00  1.801e+00 -1.379
0.0468
0.1610565  -1.826e+00  9.185¢-01 -1.988
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towards organic tea farming. A 16.810 odds value
indicates that moving upper-level participation among
the 7-point Likert scale increases farmers’ belonged
to the high perception group by almost 17 times. A
study conducted in the same region reported similar
results (MUHAMADI & BOZ, 2016). The third
significant variable influencing farmers’ perceptions
towards organic tea production was conveying
messages at lhangari (lhangari4- representing the
frequency of spending approximately one hour a
week). The significant odds value indicates that
moving to the frequency level of several hours a week
holding all other variables constant, increase the
likelihood of having a higher perception of organic
tea farming by 80.158. The fourth significant variable
of the model was the frequency of participating in
agricultural shows (Agrisho6) with the frequency
of participating for one hour a month. The odds
ratio associated with this variable indicates that the
likelihood of having a higher perception towards
organic tea farming is increased by 148.710 times
as farmers move to an upper level of participation
in agricultural shows. Finally, the fifth significant
variable influencing Rulindo farmers’ perceptions
towards organic farming was participation in Farmers
Field SchoolinCooperatFFS7) training. FFS training
increases farmers’ attitudes and behavior, which
makes them innovators and role model farmers.
Therefore, these are useful activities particularly
giving training to increase the knowledge of organic
tea farming. Results showed that the least frequency
level (Rarely) of participation to FFS training had
a negative sign, indicating that the less farmers
participate in these trainings the lower the perception
they have towards organic tea farming. The odds ratio
indicated that moving from “Rarely’ frequency level
to “one hour a month” frequency level would increase
the likelihood of having a higher perception towards
organic tea farming by 0.161 times, holding all other
variables constant.

CONCLUSION

For Rulindo district authorities to use
its tea climate favorable conditions used to further
reduce poverty among residents that mainly depend
on agriculture, with NAEB’s need to increase
national tea export volumes and SORWATHE’s urge
to increase its production volumes among others, the
three signed MOU (Memorandum of Understanding)
in 2017 that would see more organic tea farming
hectares increase. If organic tea farming is to be
highly adopted in Rulindo, it is; therefore, necessary

to know the factors that could drive the perception
of tea farmers. This research indicated that Rulindo
districts’ tea farmers that participated in this study
were all married with a mean age of 49 years, had a
primary level of education with 2.28-mean of years
spent at school, a mean farm size of 0.66 ha, all were
members to the tea cooperatives, on average they spent
3.68 h on the tea plots and traveled an average 0.85
kilometers from their residentials to the tea plots. The
face-to-face interview with tea farmers results showed
that getting income from fresh green tea leaves sales,
participation in Umuganda, messages conveying
at Thangari, participating in agricultural shows, and
participation in Cooperative’s FFS training proved
to be significantly associated with predicting the
perception of organic tea farming. Thus, the results
of this study can be used for policy implementations.
This is the first study conducted in the research area to
measure farmers’ perception of organic tea farming.
Its results are useful to stakeholders in Rwanda’s tea
sector such as policymakers and decision-makers, as it
can act as a source of information concerning drivers
of organic tea perception. Thus, it is recommended
that scientific communication points that would help
to further scale up the adoption of organic tea farming
be done when farmers in Umuganda, at tea collection
centers/Ihangari, Agricultural show, and during the
tea cooperatives’ Farmer Field School training.
Additionally, we commend this study’s output is used
during the capacity building of farmers about organic
tea farming. Finally, it is worth saying that this research
focused on the perception of tea farmers on organic
tea farming but did not predict whether these farmers
would adopt organic farming practices. Thus, it is of
great importance to conduct a study on the likelihood
of the farmers to adopt organic tea farming practices.
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