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Abstract

The intermittent and widespread occurrence of drought in rainfed upland rice fields across
sub-Sahara Africa has led to tremendous decrease in food security in the region. Although
high yielding, drought tolerant varieties have been developed over years to mitigate this trend,
limited adoption had been recorded for most of these materials. This study investigated
farmers’ perceptions on drought stress and their preferred traits in new upland rice varieties
across two major upland rice growing states in Nigeria. Participatory Rural Appraisal was
conducted among 119 rice farmers using comparative approach, probing and semi structured
interviews. Result based on farmers knowledge of changes in rainfall pattern and preferred
traits such as plant architecture and grain shapes in a new upland rice variety differed
significantly across the two state. The results identified drought stress as one of the main
constraints to upland rice production across communities. The ideal upland rice variety
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desired by most respondents in both states should be of medium plant height (115-130cm)
characterized by white, long and bold grains. This study has demonstrated the importance of
understanding farmer’s desired traits in a new upland rice variety and the need to incorporate
identified traits in creation of resilient new upland rice varieties adaptable to rain-fed upland
rice growing regions of Nigeria.

Keywords: drought, participatory rural appraisal, rainfed, semi-structured interviews
1. Introduction

Rice is a popular food crop across different cultural, religious and geographical boundaries. It
is consumed by the high and low income citizens in Sub-Sahara Africa (Ajah and Ajah, 2014).
The demand for rice has been increasing (10% per annum) in Nigeria more than in any other
Africa country with an average Nigerian consuming about 24.8 kg of rice per year (FMARD
2012; Oladimeji and Abdulsalam, 2013; Ajala and Gana, 2015; Apata et al., 2018). This high
demand for rice might be attributed to increasing population with changing consumer
preferences due to rapid urbanization (Singhet al., 1997; Dauda and Dzivama, 2004,
Aondoakaa, 2013). Rice is prepared and served in different forms based on localities and
tribes in Nigeria. The preferred form among the Yorubas and Ibos includes Jollof and white
rice served with sauce (Ologbon et al., 2012). It is also prepared into flour and cooked with
boiling water to make Tuwo in Northern Nigeria.

Five major rice growing ecosystems have been reported in Nigeria: rainfed upland, rainfed
lowland, irrigated lowland, deep inland water and mangrove swamp (Imolehin, 1991; Fashola
et al., 2006; Van Oort and Zwart, 2018). Rainfed upland rice system is the dominant upland
rice production system in Nigeria and is practiced across Abeokuta, Ado-Ekiti, Abakiliki,
Ogoja in the south, Zamfara, Gombe and Yola in the north (Lontau, 2003; Nwaobiala and
Adesope, 2013; Olanrewaju et al., 2018). Upland rice production is usually done by
smallholder farmers with minimal crop production inputs throughout the growing seasons
resulting to low grain yield not exceeding 2 t ha™ (Atlin et al., 2004; Saka and Lawal, 2009;
Ologbon et al., 2012). Rainfed upland rice production systems are characterized by low yield
resulting from intermittent drought stress due to sole dependence on unpredictable rainfall as
the main source of water (Kumar et al., 2014).

Unpredictable varying weather conditions with increasing human population across
Sub-Sahara Africa have reduced availability of suitable land for agriculture (Hoffmann 2013;
Arimi, 2014). Increasing variability in rainfall pattern across most rice growing communities
in Nigeria has resulted to drought stress within rice growing seasons (Adejuwon, 2004;
Agbola and Ojeleye, 2007; Ajetimobi et al., 2011; Ali et al., 2017). Increased drought stress
adversely affects rice crop physiology which might lead to lower grain yield and quality
(Bernier et al., 2008; Kumar et al., 2014). Unfortunately, most upland rice farmers in Nigeria
practice rainfed agriculture and do not have access to the huge capital and technical expertise
needed to establish and manage efficient irrigation systems in case of drought stress in their
field. Development and release of resilient high yielding drought tolerant rice varieties with
better response to agronomic inputs becomes very imperative if the negative effects of
drought are to be mitigated (Saka and Lawal, 2009; Gumm, 2010). There is also need to
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identify other characteristics apart from drought tolerance that are of significance to upland
rice farmers which can be deployed as selection criteria in creation of new elite upland rice
varieties (Kimani et al., 2011; Shebi et al., 2018). Partnering with farmers from the onset of
varietal development ensures that their preferences for a new variety are captured and
incorporated in a breeding programme to enhance ease of adoption (Witcombe and Joshi,
2003; World Bank, 2007; Atlin et al., 2006, Cobb et al., 2019). Interaction with farmers in
targeted locations will not only ensure that farmer’s preferences are captured but also help to
avoid channeling of resources and time to fruitless breeding activities. Thus, this study was
carried out to determine farmer’s awareness and perceptions to changing rainfall patterns
across two rice growing states in south western Nigeria. We also assessed their preferred
traits in new upland rice varieties.

2 Materials and Methods
2.1 Description of Study Area

The study was carried out in Ekiti and Ogun States, located in southwestern Nigeria.
Southwestern Nigeria is home to Yoruba speaking tribes. Ekiti and Ogun States (Fig. 1) are
agrarian states dominated by rainfed upland rice ecosystem and it contributes about 16% of
total rice output in Nigeria. Ofada rice cultivars characterized by short grain and sweet aroma
are the predominant upland rice materials across the two states. It is cultivated across
southwestern Nigeria and is known to attract high premium for rice farmers and traders
across the region and surrounding states (PrOpCom, 2007).
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Figure 1. Map of the study area
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Southwestern  Nigeria has tropical climate with two distinct seasons: rainy
season (April-October) and dry season (November-March). The peak rainy season is usually
around June accompanied by two to three weeks break in August. A short period of rainy
season comes up from September until the commencement of dry season popularly referred
as Hamattan in November. The region is also characterized by bimodal rainfall with mean
annual rainfall of the two states ranging between 1200 - 1400 mm and a mean annual
temperature of about 27<C. The vegetation spans from rain forest in the south to Guinea
savanna in the north with the soil largely rich in organic minerals. Ogun state also has an
extensive industrial encroachment leading to high population density due to its proximity to
Lagos state, the business hub of the country.

2.2 Sampling Procedures

The study was carried out from 2015 through 2016. Three upland rice growing communities
from three local government areas were selected from Ekiti while two local government areas
comprising of four communities were selected in Ogun state. The communities chosen for
survey in each state were identified and selected based on background information provided
by extension agents and President of Rice Farmers Associations (RFA) in charge of the
communities. The head of programme for Agricultural Development Programme (ADP) Ado
Ekiti (capital of EKiti state) scheduled meetings with upland rice farmers through the
assistance of extension agents overseeing each of the chosen communities while in Ogun
state, the President of RFA facilitated the meetings through his members in neighboring
communities. No restriction was placed on the number of rice farmers interviewed in a
village since the study focused strictly on upland rice farmers. In all, 119 farmers comprising
of 82 upland rice farmers from EKiti State and 37 farmers from Ogun State participated in the
study.

It is vital to note that two states out of the six states that make up southwest Nigeria may not
fully capture the interest and views of all upland rice farmers across the region on the focus
of this study. However, we believe that the information derived from this study based on the
two states is important on account that this will help rice breeders to focus their breeding
efforts towards incorporating the preferred traits identified in this study to create new
adoptable upland rice varieties that are most adaptable to south western regions of Nigeria.
Furthermore, this can serve as a useful base for further studies on the effects of changing
rainfall pattern on rice production in the region.

2.3 Data Collection and Analysis

To understand farmers awareness on changing rainfall pattern in their environment and
preferred choices in a new rice variety, Participatory Rural Appraisal (PRA) techniques
involving focused group discussions (with semi-structured questions), iteration, probing,
preference ranking and pair wise ranking were employed according to Efisue et al. (2008).
Data was generated through a questionnaire administered to farmers by facilitators.
Information was gathered on number and types of rice varieties, seed sources, important
variety characteristics, major constraints to upland rice production, farmers’ knowledge of
changing rainfall pattern with crop growth stages most affected by drought stress in the field.
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Focused group discussions and structured questionnaires were deployed in such a way that
enabled the farmers express themselves without bias from friends or other members of the
community. The farmers listed varieties they cultivate, ranked them, and identified traits they
preferred in new rice varieties. Furthermore, the facilitators also used pictures and cards that
had drawings representing various traits to assist the farmers during discussions. For
pair-wise ranking, traits of interest were compared pair by pair; groups were asked which of
the two they preferred, and why.

Statistical analyses were performed in SPSS (Release 15.0) computer package, and R
statistical package 2017. Relationships were estimated through frequencies, descriptive
statistics. Chi-square analysis was used to test for significant relationship between data from
the two states. Data were transformed where necessary before subjecting to analysis.

Lower number (37 upland rice farmers) of respondents were interviewed in Ogun state
compared to EKiti state, because most of the farmers live in small farm settlements with
difficult terrain far away from their villages.

3. Results
3.1 Socio Economic Characteristics

The age of respondents varied from 21 to 71 years across the two states with 76.8% and 80%
of respondents being male in Ekiti and Ogun states, respectively (Table 1). All respondents in
Ogun State were married while 92.6% of respondents in Ekiti were married. Mean household
size was about 6 persons per household with an average farm size of 4.4 hectares (Table 1).
About 58% and 63% of those interviewed at Ekiti and Ogun States respectively had
vocational training while all the famers interviewed in Ogun State and 87.7% of those in EKkiti
State had regular contact with extension officers. However, personal observation revealed that
some of the Ofada rice farmers in Ogun State lived in farm settlements far away and isolated
from the villages with poor telecommunication and road networks systems thereby creating a
huge challenge for most extension agents to access them easily. It was also observed from the
survey that most of the upland rice farmers in communities having regular contact with
extension officers from the state Agricultural Development Agency (ADP) are more updated
on the current trends in rice production compared to those having less contact with extension
officers.
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Table 1. Distribution of respondents by socio-demographic Characteristics

N =119 Ekitti State Ogun State
No. % No. %
Gender
Male 63 76.8 27 80.0
Female 19 23.2 7 20.0
Marital Status
Married 75 92.6 34 100.0
Single 6 7.4 0
Vocational training 49 57.6 17 62.5
Contact with extension officers 71 87.7 34 100.0
Belong to cooperative group 55 69.6 34 100.0
Practice upland rice system 77 90.6 32 86.4

Absentia=one
3.2 Constraints to Upland Rice Production

Many constraints to rice production were listed by the farmers during the focus group
interactions (Table 2). Pests (91.6%), and weed infestations (86%) were the most important
biotic stresses limiting upland rice production in the two states followed by drought stress
(76.6%). Flooding (29%) was the least important constraint identified (Table 2). Farmers in
areas frequently visited by extension officers had better understanding of how to manage
most of the constraints highlighted in this study through application of basic agronomic
practices such as delayed planting until when the rains are stable and the use of improved rice
varieties.

Table 2. Constraints to upland rice production across the two states

Constraints No. %

Pest 98 91.6
Weed 92 86.0
Drought 82 76.6
Lack of farm machineries 68 63.6
High cost of input 65 60.7
Poor soil fertility 63 58.9
Diseases 55 51.4
Lack of access to improved seed 51 47.7
High cost of improved seed 50 46.7
land shortage 49 45.8
Erosion 40 374
Flooding 31 29.0

N=19
3.3 Respondents’ Knowledge of Changes in Rainfall Pattern

The frequency of rainfall in Ogun State was observed to be higher than in Ekiti (Table 3).
Most respondents agreed that the rainfall patterns have changed over the past 10 years with a
decrease in amount of rainfall during crop growing periods in the field.
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Table 3. Distribution of respondents based on their knowledge of changes in rainfall pattern in
the two states
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N =119 Ekiti Ogun
No % No % Chi square
Frequency of rainfall on weekly basis
Once 20 31.7 5 15.8
Twice 22 34.9 7 21.1 0.0001242
Thrice 21 33.3 20 63.2
In agreement to incidence of drought within crop growing period 63 90 19 68.8
In agreement to observable changes in rainfall pattern 50 90.9 28 100
Changes in rainfall pattern between year 2000- 2014
The same 10 13.3 0 0 0.0007505
Increased 29 38.7 16 47.4
Decreased 36 48 17 52.6
Negative impacts of drought stress in recent years
Low 28 37.3 2 5.6 7.21E-04
High 33 44 26 83.3
Severe 14 18.7 3 111

Accurate prediction of the likelihood that it will rain within a

specific time of the day compared to 10 years ago

No 64 95.5 37 100 0.09516
Yes 3 45 0 0

P=0.5

3.4 Crop Development Stages Most Affected by Drought Stress in Farmers’ Fields and
Deployed Techniques to Mitigate the Effects

Multi response analysis was carried out to determine crop growth stages (from seedling to
grain filling) most affected by drought stress under farmers’ field (Table 4). In Ekiti State, the
growth stages most affected by drought stress were seedling (47.5%), flowering (43.9%), and
grain filling stages (40.4%). However, most respondents from Ogun State agreed that
reproductive stage drought stress had the most devastating effect on rice yields within their
communities. Less than 10% of the farmers use improved rice varieties and also study the
weather to ensure stability of rainfall before planting. However, majority of the farmers
believed in consulting God the creator for rain or making sacrifices to appease the gods in
times of drought stress. None of the interviewed farmers had access to irrigation facilities and
so they depend strictly on rainfed as source of water in their rice fields.
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Table 4. Crop developmental stages most affected by drought stress in farmers’ field

Responses
STATE Villages Crop growth stage No. %
Seedling 29 47.5
EGBEMO Tillering 5 8.2
Flowering 27 44.3
EKITI
Seedling 17 41.5
IROKO EKITI Tillering 6 14.6
Flowering 19 43.9
Seedling 18 38.3
IWAJI EFON Tillering 10 213
Flowering 19 404
AJANA ODO Flowering 10 100
JOGAORILE Flowering 7 100
OGUN
Flowering 7 100
MOLOKOASIPA G rain filling 10 60
Flowering 4 50
OGBEERUKU  Grain filling 3 50

3.5 Preferred Grain Size, Shape, Grain Color and Plant Height across the Two States

Most upland rice farmers in EKkiti state preferred medium plant heights with white long and
bold grains (Table 5). In Ogun state, 50% of the respondents preferred upland rice varieties
with white, long and large grains while 45% of the respondents preferred white, short-round
grain. Most of the farmers in the two states preferred medium plant height and showed less

preference for semi-dwarf or tall varieties.

Table 5. Distribution of respondents for their preferred plant height and rice grain shape

N =119 EKITI OGUN
No. % No. %  Chisquare
Grain size and shape
Long and slender 4 5 0 0
Long and bold 52 69 17 50 1.00E-04
Medium 19 25 2 5
Short and round 0 0 15 45
Grain colors
Red 7 9.2 5 15  0.004501
White 55 72 17 50
Gold 14 18 12 35
Plant height
Dwarf 0 0 9 25 1.00E-04
Medium 70 92 26 75
Tall 6 7.9 0 0
P=0.5

Table 6 shows the various attributes associated with each of the listed upland rice varieties
cultivated across the different communities. Significant level of difference was recorded for
choice of plant height and grain related traits among the upland rice farmers from the two
states used in this study. The desired traits that determine the acceptability of most popular
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upland rice varieties cultivated and identified in this study were good tastes, seed shape,
earliness, tolerance to diseases and pest, high yielding and resistance to lodging (Table 6).

Table 6. Preferred traits of some popular upland rice varieties cultivated across the two states
of study

OFADARICE

Likes Dislikes

Good taste and high sales Late maturing

Good taste Tall and prone to lodging

Good grain appearance after milling Low yield (1 - 1.5 t/h)

Short and round seed highly preferred by consumers Susceptible to drought stress, diseases and pest
ITA 150

Likes Dislikes

High yielding None

Early Light brown colour of milled grains

Good market returns

Highly adaptable

Tolerant to drought

Good grain appearance after milling

IGBEMO RICE

Likes Dislikes

Long grain and high yield Moderately susceptible to diseases and pest
medium height

High sales

Good grain appearance after milling

NERICAS8

Likes Dislikes

High yielding Poor grain appearance after milling
Medium height Low market demand

Resistance to major abiotic and biotic stresses

4. Discussion

The socio-economic characteristics of respondents indicated that majority of rice farmers in
the two states were male thereby confirming dominance of male farmers in upland rice
cultivation over women in the study areas. The gender ratio in favor of men might be
attributed to the hard labor involved in activities of upland rice production in the region due
to use of crude technologies. Similar findings have been reported in other studies on the role
of gender in rice production. This agrees with the findings of Saka and Lawal (2009); and
Owolabi et al. (2015) but disagrees with the findings of Afolabi (2008) who reported gradual
dominance of women over arable crop cultivation in Nigeria. However, from their survey in
the Sikasso region of Mali, Efisue et al. (2008) reported the dominance of men in upland rice
production while the women dominated lowland and irrigated rice production systems.

The farmers’ family sizes also gave an indication of the amount of labour force that could be
available for agricultural activities. Average family size reported in this study is in line with
Owolabi et al. (2015) who reported 4-6 persons in a household from a study conducted with
rice farmers in EKiti State, Nigeria. Ogun State had more educated farmers compared to EKiti
State. Higher number of educated farmers in Ogun State with a well-organized farmers’
association might have contributed to the willingness indicated by majority of the farmers to
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interact with extension officers. Muneer (2008) reported that educated farmers were more
innovative and open to new technologies than non-educated ones. The findings of this study
with reference to EKiti state contradict those of Arimi (2014) who reported that a small
number of farmers in southwest Nigeria (29.8%) had contacts with extension agents.

Constraints such as weeds, drought, pest and diseases affecting upland rice production as
observed in this study have been reported earlier by different authors. Singh et al. (1997);
Longtau, (2003) and Adebayo et al. (2012) reported pests, weeds and drought stress as the
major agronomic constraints to rice production in Nigeria. In a different study, Edeh et al.
(2011) observed variability in rainfall pattern as a significant environmental risk factor
affecting rice production in Ebonyi State of Nigeria. This implies that these constraints if not
properly managed, might lead to poor yield resulting in loss of income and reduced standards
of living for the entire farmer’s household.

Higher frequency of rainfall experienced in Ogun State compared to EKiti State might be
attributed to the fact that EKkiti is closer to the savanna belt than Ogun State that is located in
the rain forest belt of western Nigeria. General decline in annual rainfall across many parts of
Nigeria has been reported in previous research findings (Odjugo, 2009; Umar, 2011). The
findings of Adebayo et al. (2012) showed that some negative effects of varying rainfall
pattern include reduced crop yield and frequent dry spells during crop growing seasons in the
field. This also corroborates the results of Kimani et al. (2011) that drought stress resulting
from forest cover depletion caused reduced rainfall during the rice growing seasons in Kenya.
Boyan et al. (2008) summarized that changes in rainfall pattern were already felt in our
environments in many ways and in different dimensions further confirming the results of this
study.

Most farmers from the two states reported that highest yield loss is usually recorded with the
occurrence of drought stress at reproductive stage of their crop in the field. This confirms the
reports of O’Toole (1982) and Boonjung (1993) that the rice plant is most affected by drought
stress between the stages of flowering and grain filling. However, most rice farmers across
the two states, despite being aware of the devastating effects of drought stress at different
developmental stages of their rice crop, were less equipped with the right facilities and
technical know-how needed to check the negative effects of drought stress in their fields.
Most of the farmers relied on prayer and sacrifices offered to the gods to intervene and
mitigate the adverse effects of drought stress in their rice field rather than the use of improved
high yielding, early maturing, drought tolerant varieties that are feasible and sustainable in
the long run. The results of this finding contradict the reports of Adebayo et al. (2012) that
majority of farmers in Adamawa State of Nigeria employed different agronomic practices to
alleviate the negative impacts of drought stress in the region compared to prayers as observed
in this study. This might be attributed to the fact that Adamawa State is located in the Sudan
savannah agro-ecology of Nigeria characterized by minimal rainfall distribution all year
round thus compelling farmers to develop and adopt improved farming techniques that
enables them to adapt to their drought prone environments.

Dalton (2004) reported that yield is not the only determinant factor controlling the level of
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adoption of a new rice variety by farmers across sub-Sahara Africa. Most farmers in this
survey preferred medium plant height to semi dwarf and tall varieties due to backache usually
induced by stress associated with bending down to harvest semi dwarf varieties while tall
ones are highly susceptible to lodging. These findings agree with Efisue et al. (2008); and
Oko et al. (2012) but deviate from the popular opinion that preferred traits for upland rice
varieties are plants with semi dwarf architecture producing long and slender grains as
promoted by most researchers and authors.

Most farmers still maintain and cultivate their landraces across the communities visited
despite the low yield recorded per hectare. The NERICAs and ITA 150 were developed and
released to African rice farmers by AfricaRice and IITA respectively while the Ofada and
Igbemo rice are adapted local upland rice cultivars named after the two rice growing
communities “OFADA and IGBEMO towns” where they are largely cultivated in south
western Nigeria (PrOpCom, 2007). The “FUNAABORs 1 and 2” are released upland rice
varieties in Nigeria developed by Federal University of Agriculture, Abeokuta, Ogun State
Nigeria through mass selection and purification of existing local Ofada rice collections from
farmers field in south western Nigeria (Showemimo et al., 2011). However, the most popular
and cultivated varieties in the two states covered were the low yielding unimproved upland
rice landraces rather than the improved high yielding genotypes. This agrees with Dalton
(2004) that yield is not the only determinant of farmers’ willingness to adopt and cultivate a
new variety but should be complemented by other agronomic traits of interest such as aroma,
good plant architecture (resistance to lodging), grain shape and quality as preferred by the
farmers and end-users.

The differences in choices between the two states in terms of grain characteristics might be
due to the types of upland rice varieties that are already established in each of the localities
over time. The two upland rice cultivars Igbemo White and Igbemo Red prevalent in EKiti
State are of long and bold sized grain while Ofada rice cultivar that is widely cultivated
across Ogun State is characterized by short and round grains. This emphasizes the need for
rice breeders in the region to employ breeding strategies directed towards breeding for
improved grain quality in addition to high yield potential. No strong reasons were reported by
the farmers for the preferred grain shapes and sizes across the visited communities. Although
most of the improved rice varieties had yield advantage over the landraces and were also
more tolerant to most agronomic constraints prevalent in the study areas, unimproved low
yielding landraces were still popular among farmers. This might be attributed to the fact that
most of these new improved varieties were not bred considering the needs of the end users
such as grain shape, grain quality and plant architecture that may vary across regions and
localities. For instance, most upland rice farmers in the study areas reported that even though
the improved varieties are high yielding and tolerant to major diseases and pests in the region,
they had poor taste and appearance after cooking.

4.1 Importance of Findings to Upland Rice Genetic Improvement in Nigeria

The impact of changing unpredictable rainfall pattern such as drought stress and its
devastating effects on the environment and agricultural output has been reported in recent
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years (Adejuwon, 2004: Owolabi et al., 2015). Rice production in Nigeria is not exempted
from impacts of the complex dynamics associated with changing rainfall pattern (Ajetomobi
et al., 2011). From the results of this study, it can be deduced that indigenous upland rice
farmers in south western Nigeria were aware of the changes in rainfall pattern within their
environments but are handicapped on how best to adapt to these changes. This underscores
the need to develop new resilient upland rice varieties adaptable to the changing
environments with full participation of the farmers in the developmental process. Such
approach will ensure that research efforts and resources are directed to create improved
varieties that will address farmers’ needs (Morris and Bellon, 2004).

Prior knowledge of farmers preferred traits in upland rice varieties as identified in this study
and successful incorporation of these traits into farmers’ adapted varieties will facilitate
adoption of new improved varieties by farmers. The low adoption rate recorded for most
released improved upland rice varieties in Nigeria, despite giving higher yields compared to
the local cultivars might be attributed to the absence of desired traits such as good plant
architecture and grain quality preferred by farmers and consumers in these regions. Increase
in rice production output will still remain a big challenge unless rice breeders in the region
develop and distribute improved varieties with desired attributes preferred by the local rice
farmers and end users.

5. Conclusions and Recommendations

Farmer’s awareness to changes in rainfall pattern and their preferred agronomic traits in a
new upland rice variety were determined across the rice growing communities covered in this
study. Most of the upland rice farmers were aware of changes in rainfall pattern resulting to
decreased amount of rainfall during the crop growing seasons. However, majority of the
farmers are poorly equipped to mitigate the devastating impacts of drought stress in their
upland rice fields. Farmers across the two states preferred medium plant height with Ogun
State farmers exhibiting higher preference for round and medium grain shape whereas long
and large grain size was preferred by farmers in Ekiti State. It is vital to encourage creation of
new varieties with farmers’ preferred traits that are also adaptable to specific rice growing
region using participatory plant breeding approaches that allow farmers to contribute their
own quota from the early developmental stages of the breeding programme. Incorporation of
farmers preferred traits such as plant architecture and grain qualities complemented by high
grain yield under drought stress and non-stress environments in upland rice breeding
programs as highlighted in this study might enhance ease of adoption.
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