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Abstract: Decision Support Tools (DSTs) in agriculture have been widely developed but have not been
well accepted by smallholder farmers. One reason for the limited use is that the tools do not account
for the complexity of heterogeneous smallholder farming systems. Identifying farm typologies has
facilitated technology transfer to target groups of farmers. Accounting for heterogeneity in farm
systems can help in designing and deploying DSTs to address farmer needs. Typology analysis
was applied to a 600-household survey dataset to identify different farm system types. Qualitative
participatory research was used to assess the potential deployment of DSTs for fertilizer management.
Six types of farm systems were identified with distinct characteristics in the study area of central
Myanmar. Participatory research through focus group discussions with 34 participants from the six
different farm types validated the farm typologies and found that farmers from one type considered
that DSTs could be useful in gaining more information and knowledge. An important finding was
that DSTs providing prescriptive advice were inconsistent with what many farmers want. Farmers
indicated that discussion groups are a preferred learning-based approach rather than a prescriptive
tool. Farmers preferred video clips and infographics integrated into existing familiar digital platforms.
This study identifies heterogeneity within a large farm sample and develops a deeper understanding
of fertilizer decisions as well as knowledge and intentions related to the use of DSTs or apps via
follow-up focus group discussions. Incorporating a participatory research framework with typology
identification can have a beneficial role in direct interactions with smallholders that may increase
their acceptability of DSTs. This study has generated valuable information about farmer types and
serves as a starting point for developing a framework for discussion support systems that may better
relate to the needs of farmers.

Keywords: decision support tools; typology; participatory research; focus group discussion; small-
holder; Myanmar

1. Introduction

Myanmar is a country having abundant natural resources with substantial potential
for development. The agricultural sector plays a vital role in the country’s economy,
contributing 38% of the country’s GDP, accounting for 25-30% of total export earnings and
employing more than 70% of the labor force [1]. However, the crop yields are reported to
be generally low and agricultural productivity has underperformed compared to other
countries in Asia [2]. Reports have highlighted that uncertainty in fertilizer decisions
is a key factor contributing to the underperformance [3-6]. In Myanmar, most fertilizer
decisions are based on visual field observations and advice from other village farmers [7].
The agriculture extension services are under-resourced [8] and practice a ‘traditional
extension approach’ focusing on individual contact with ‘progressive farmers’ who are
generally resourceful and easiest to reach, leaving a majority of farmers neglected [9,10].
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Therefore, it is important to improve information access by smallholder farmers to enable
more effective decision making.

The focus on digital technology has been increasing, especially in developing countries
such as Myanmar, where 80% of the population now owns a mobile phone [11]. This
provides an opportunity for smallholder farmers to use mobile phones in farm-level
decision making. Thar et al. [12] found that farmers in Myanmar were optimistic and
positive towards agricultural mobile apps although there are many constraints to adoption.
Decision Support Tools (DSTs) are electronic-based information technologies that can
reduce uncertainty in farmer decision making [13]. The use of mobile device-based DSTs in
agriculture can help farmers access knowledge and information in a timely manner.

DSTs have been widely developed and are readily available in the field of agricul-
ture [14]. They are tools designed to provide solutions for crop preparation and planning,
and sowing and harvesting, as well as providing recommendations for different manage-
ment practices (e.g., seed rates, irrigation, pest and disease remedies, fertilizer application)
according to seasonal climate variability (e.g., rainfall and temperature) [15]. Despite
these potential uses and benefits, there is limited evidence of the acceptance of these tools
by farmers [16-19]. The challenges to successful uptake by farmers include limited user
participation and involvement in the design and implementation of the tool [17,20], lack
of trust in the information and recommendation provided [21,22], tools not being simple
and easy to use, and requiring advanced digital skills [23,24]. Socioeconomic [25] and
behavioral factors [26] are also important.

Applied research has been conducted to address these challenges and improve the
DSTs, including use of participatory approaches and consideration of user-centered aspects
for successful delivery of DSTs [27-35]. Participatory approaches have been successful in
gaining interest from farmers and policy makers with promising results for adoption. Yield
Prophet [36,37] is an example of a DST that integrated participation of farmers, advisers
and researchers [38,39] and is one of few tools still continuing today [40—42]. However, the
long-term sustainable adoption of DSTs continues to be doubtful [43].

There are many examples of technologies that have not been utilized by smallholder
farmers [44] as they fail to recognize the complex heterogeneity among farming popu-
lations [45]. Smallholder farming systems are heterogeneous because of differences in
socioeconomic and agro-ecological characteristics [46—48]. It is important to consider the
heterogeneity of the farmers so that any DST can be designed to reflect farmer needs and
target appropriate end users. This study addressed the research question of whether
different farm types exhibit significantly different patterns in the intention to adopt
mobile-based DSTs.

Farm typology analysis has been used to classify farmers with similar circumstances
based on selected criteria and has been helpful in targeting technological interventions for
rapid transfer and adoption [16]. Many studies have addressed the importance of farm
household typology influencing farm technology adoption [49], nutrient management
technologies [50-52], resource use efficiency [53], integrated pest management [46], and
climate smart agricultural practices [54,55].

Farm typology studies are useful for understanding factors explaining the adoption
and/or rejection of new technologies [56]. From a practical point of view, identifying the
reasons for farmer adoption and/or rejection of new DSTs is important for the agricultural
society, policy makers and related economic sectors. In particular, the typology of farmers,
along with their opinions on DSTs, can provide useful policy insights on whether and how
these tools can contribute to diffusion of innovations and rural development.

This study focuses on the types of smallholder farmers and their preference towards
information access in Myanmar. We used typology analysis, applied to a survey dataset, to
identify different farm system types and used qualitative participatory research to assess
potential deployment of decision support tools for fertilizer management. Previous studies
have utilized various participatory approaches but have not accounted for complexity
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of heterogeneous smallholder farming systems. The findings from this study may help
developers of tools for decision support. The research aimed to:

— develop farm household types for a population of smallholder farmers in central
Myanmar, and

— introduce the concept of a DST to farmers and explore whether farmers in different
farm types exhibit different opinions towards digital tools.

2. Method

A structured questionnaire-based survey was conducted using the CommCare® mo-
bile data collection platform to collect detailed information from 600 farm households. A
multivariate analysis developed typologies of farm types based on socioeconomic informa-
tion and the basis for fertilizer decisions. Subsequently, focus group discussions (FGDs)
were conducted with members from each farm type. The objectives of the FGDs were to
validate the farm typology, explore how farmers in each farm type make fertilizer decisions
for cereal crops, introduce the concept of a mobile-based DST, and obtain opinions about
using such tools in fertilizer decision making. We developed a deeper understanding of the
heterogeneity of farmer preferences to identify potential early adopters of a mobile-based
DST. Figure 1 illustrates the analytical framework of the study.

Data Collection
Surveyed 600 farm household to
obtain data on
* socio-economic aspects
* fertilizer use and decisions
* access to phones and

agricultural apps

) 2

Multivariate Analysis

Exploratory Data

EDA Analysis

PCA Principle

ﬁ Farm Typology Development

[TYPE] ]{TYPEZ ][TYPE3 J[TYPE4J{TYPE5] TYPEé]

omponent Analysis

|

Participatory Research

Cluster Analysis

(Focus Group Discussion)
» Typology validation
* Explore how different farm types make fertilizer
decisions in relation to risks
* Introduce the concept of DST to Myanmar farmers
* Identify potential early adopters of DSTs

Figure 1. Analytical framework of the study.

2.1. Study Area

The study areas were located in Central Myanmar, which is made up of the Central
Dry Zone (CDZ) and the upper Bago District. Central Myanmar is considered a major
agricultural region providing 35% of Myanmar’s grain cropping [4]. It is also recognized
as a priority area for agricultural development to fulfill the food production needs of the
country [57]. The study was undertaken in three townships within Central Myanmar:
Tatkon, Zeyarthiri and Taungoo (Figure 2). Tatkon and Zeyarthiri townships are in the
Nay Pyi Taw district within the CDZ, and Taungoo township is in the upper region of
the Bago district. Ten villages with the highest population of farmers from each township
were selected with the help of the local extension officers. Mobile phone ownership in the
study area was reported to be high, with 71% of farmers owning a mobile phone with 62%
owning a smartphone [12].
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Figure 2. Map of Myanmar showing the study areas.

2.2. Survey

A stratified systematic sampling technique [58,59] was used to randomly select the
farmers. A 20:1 sample-to-item ratio [60] was used to generate a representative sam-
ple of the farmer populations in each township. The survey questionnaire contained
30 items/topics; hence, 600 respondents were randomly selected for the study [61]. To have
respondents from each township equally, 6% of the farmers from the 10 selected villages
from each township were specified, comprising 258 respondents in Tatkon, 196 respondents
in Zeyarthiri and 146 respondents in Taungoo (Table 1). Based on the gender ratio within
the population in the study area, a ratio of 8:2 for male and female farmers was selected.

Table 1. Sample size determination.

Tatkon Zeyarthiri Taungoo  Total

Total population of farmers in 10 selected villages 4300 3261 2388 9949
Sample size 258 196 146 600
Male sample size 208 149 112 469
Female sample size 50 47 34 131

A total of 600 farmers were personally interviewed with a structured questionnaire
using the CommCare® mobile data collection app [62] from May to June 2018 [63]. In
general, the survey questionnaire was structured to understand farmers’ fertilizer use and
decisions. The dataset provided information on farm household demographics, farmland
and crops, inputs for farmer fertilizer and water use, factors influencing decisions on
fertilizer, outputs and other sources of income. Other information collected related to
farmers’ access to mobile phones (smartphones) and the use of agricultural mobile apps
for farm decision making. In total, the dataset included 410 variables.

2.3. Typology Construction

The typology approach has been used in studies to characterize farming systems [49,55,64].
Multivariate statistical methods, namely principal component analysis (PCA) and cluster
analysis (CA), are widely used to construct farm typologies [65,60]. Hence, PCA was
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used for data reduction via linear transformation of a large set of correlated variables
into an uncorrelated set of principal components. Information from the original set of
variables was preserved in this transformation. Principal components (PCs) were selected
based on examination of scree plots and cumulative variances [67]. The variables were
identified through exploratory data analysis (EDA) and carefully selected since PCA is
highly sensitive to outliers [68]. To ensure robustness, the variables were checked for
outliers using box and whisker plots. Subsequently, one household was eliminated from
the sample, resulting in a total of 599 respondents.

Variables for PCA were selected using Kaiser-Mayer-Olkin (KMO) and Bartlett’s
sphericity tests to check data credibility [67]. Seventeen variables representing both so-
cioeconomic characteristics and fertilizer practices were used for the PCA. Orthogonal
rotation (varimax method) was used to group the study variables [69]. All PCs exceeding
an eigenvalue of 1 were initially retained for multivariate statistical analysis. These non-
related PCs were used as inputs for the CA, which was undertaken using model-based
clustering with the ‘mclust” algorithm [70]. This allows the number of variables to be
decreased while retaining the information of value in the dataset. An optimal number of
clusters was identified based on the Bayesian Information Criterion (BIC) [71,72]. Statistical
analyses were performed with R (version 4.0.2) [73], using ‘psych’ [74] and the ‘mclust’
packages [75]. The identified farm types were then used for the FGDs.

2.4. Procedure for FGDs

A farmer participatory approach allows researchers and farmers to work together
in a co-learning environment to explore different management options and learn about
conditions to develop sustainable interventions [76,77]. Many studies have identified
the importance of participatory approach in the development of technology such as
DSTs [29,33,78-80]. Carberry et al. [38] suggested that the participation of farmers and ad-
visors working alongside researchers was the key to success in the design, implementation
and interpretation to decision support. The focus group method is a participatory research
approach used to collect qualitative data [81]. Dimes et al. [78] reported an experience of
using crop models with a focus group of smallholder farmers in Zimbabwe. As the purpose
of the study was to introduce the concept of a DST and explore farmers’ opinions about
digital tools to understand the best ways to support farmers up-skilling and re-skilling
in the digital area, FGDs were adopted as an appropriate method to fully engage with
farmers. FGDs are designed to obtain participant perceptions on a well-defined area of
interest and are a valuable way to obtain a range of perceptions, feelings and opinions from
interviewed groups of people [82].

In FGDs, opinions of individual participants are converted to a more or less shared
group opinion [83]. In this study, six FGD workshops were conducted, one for each of the
farmer types derived from the typology analysis. This was undertaken because farmer
groups of similar types face similar constraints and may generate similar management
strategies. But individual farmer characteristics, decisions, values, culture, background,
and personal goals will remain different and the study can account for the observed
individual differences [84]. This approach enables investigation of more diverse views and
allows comparison of results between groups.

There were 34 participants in the six different farm types. These were a subset of
randomly selected farmers from the original household survey. The size and composition
of focus group members in terms of farm types and gender are indicated in Table 2.
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Table 2. Composition of focus group members.

Types Male Female Total
Type 1 3 1 4
Type 2 6 2 8
Type 3 5 1 6
Type 4 2 4 6
Type 5 0 6 6
Type 6 3 0 4
Total 19 14 34

Farmers were invited to the group discussions with the help of the local agricultural
extension officers. The FGDs were conducted by personal interview, and farmers were
given sticky notes on which to write their answers. Farmers who needed assistance with
writing were helped. Most farmers were able to write. The discussions were based on three
main topics:

(1) Typology Validation;
(2) Fertilizer Decisions/Risks; and
(38) Decision Support Tools/Apps.

Focus group responses were translated from Burmese to English and were analyzed
in NVivo Qualitative data analysis software (version 12.3.0) [85].

3. Results
3.1. Typology Identification

The KMO criterion confirmed that the PCA analysis was appropriate for the sample.
The value of KMO for the analysis was 0.7, which is regarded as acceptable, and all KMO
values for individual variables were equal or greater than 0.54, which is above the threshold
limit of 0.50 [67]. Bartlett’s test of sphericity hypothesizes that the original correlation matrix
is an identity matrix. We rejected the null hypothesis at the 5% level (p-value = 0 < 0.05)
with a Chi-square value of 9391, indicating that the relationship among the variables was
strong and appropriate for factor analysis. Furthermore, the determinant of the matrix
has a value of 0.00006, which is greater than the critical value 0.00001, which also rejects
multicollinearity among variables. The variables used for PCA are listed in Table 3.

Table 3. List of variables used in PCA.

Variables (Unit) Mean SD Description
Gender 1.2 0.4 Sex of the respondent; 1 = male, 2 = female
Age (year) 50 13 Age of the respondent

Education of the respondent categorized as
0 = no formal education, 1-5

Education (year) 5 3 years = primary school, 6-9 years = middle
school, 10-11 years = high school, 12 years
or >= tertiary education

Farming experience (year) 27 13 Total number of years working on the farm

Household size (number) 5 5 Total number of people living in the same
household

Number of crops (number) 2 1 Total number of crops grown by the

respondent within a year

Total livestock unit (number) 2 3 Total number of livestock raised on the farm
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Table 3. Cont.

Variables (Unit) Mean SD Description

Sum of all types of machinery such as

D f hanizati
cgree ot mechanization 2 2 tractors, threshers, sprayers, and water

(number) pumps at household level

Total land ownership (ha) 2 3 Total area of land owned by the respondent
in hectares

Sown area (ha) 16 15 Area of land. under cultivation by the
respondent in hectares

. Total income received from cultivated crops
Crop income (USD/season) 277 289 per season in MMK ? converted to USD
Cereal intensity (number) 0.7 0.3 The degree of cereal crops grown

Total income received by the family per year

Off-farm income 253 639 from non-farm related activities in MMK @

(USD/month) converted to USD
Irrigated area (%) 10 20 The percentage of land area under irrigation
in hectares
. . Means of selling the produce; 1 = buyer
Marketing mode (indices) 2 14 comes to farm, 2 = takes to market, 3 = both
e 1 Means of buying urea fertilizer; 1 = cash,
Urea cash or credit (indices) 1.7 1.1 2 = credit, 3 = both.
Average N use (kg/ha) 58 37 The average amount of N used

4 MMK = Myanmar Kyats, we used the exchange rate of 1 USD = 1300 MMK when the survey was carried out.

In PCA, based on the scree plot (Figure 3) seven components with above one eigen
value were selected for cluster analysis. These components accounted for 70% of variability.

Eigen values of components

®*— o ___
—,
—_—
L d
—

L

®—e
.

T T T

5 10 15
Component number

Figure 3. Scree plot from PCA results for selecting components.

Figure 4 illustrates the contribution of variables to the PCs. Black lines indicate
positive contribution and red lines indicate negative contribution. Higher degrees of land
ownership, sown area, number of crops and crop income contribute to component 1. Age
and experience variables contribute to component 2. Component 3 is highly crop diversified
with high cereal intensity and high in marketing mode indices. Higher marketing mode
indices indicate the ability of the farmer to take the produce to the vendor. Component 4
reflects the higher degree of N use and irrigated area. Education and mechanization
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variables contribute highly and positively to component 5. Household size and livestock
units contribute more to component 6. Household size and off-farm income is higher for
component 7. These components were used for cluster analysis.

Urea cash
or credit

Cereal
intensity

Average
N use

:

Livestock

Figure 4. Contribution of selected variables to the PCs.

Following the methods explained above, six types of farm systems were identified.
This selection was based on BIC statistics generated from a model-based clustering VVV
(ellipsoidal, varying volume, shape, and orientation) model [72]. The selected six clusters
showed the highest BIC value. The farm types were named after key livelihood assets and
activities (Table 4). Details of the characteristics of the farm types are in Table 5.

Table 4. Name of farm types and their share in the sample.

Name of Farm Typologies Based on Their

. . o
Key Livelihood Assets and Activities Assigned Code Share in the Sample, n (%)

Small and subsistence Farm Type 1 113 (19%)

Large and semi-intensive on farm Farm Type 2 125 (21%)

Small and intensive Farm Type 3 191 (32%)

Diversified and off farm Farm Type 4 102 (17%)
Small and subsistence female farm Farm Type 5 50 (8%)
Commercial farm Farm Type 6 18 (3%)

Table 5. Characterization of identified farm types.

Farm Types
Variables (Unit)
1 2 3 4 5 6
Gender (1 = male, 2 = female) 1.1 1.4 1.1 1.3 2 1
Age (year) 46 40 52 51 51 49

Education (year) 6 7 5 6 3 5
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Table 5. Cont.

Farm Types
Variables (Unit)
1 2 3 4 5 6
Farming experience (year) 24 27 30 28 20 26
Household size (number) 4 4 5 6 4 6
Number of crops (number) 2 2 3 4 3 5
Total livestock unit (number) 0 2 2 1 1 7
Degree of mechanization (number) 2 2 2 2 1 4
Total land ownership (ha) 5 12 4 8 4 23
Sown area (ha) 2 6 4 4 2 15
Crop income (USD/season) 127 433 246 274 133 907
Cereal intensity (number) 0.5 0.7 0.7 0.7 0.5 0.7
Off-farm Income (USD/month) 35 10 42 289 71 327
Irrigated area (%) 0 15 0 10 0 30
Marketing mode (indices) 3 3 2 2.6 3 3
Urea cash or credit (indices) 1.2 2 1.5 1.8 1.6 1.3
Average N use (kg/ha) 45 60 66 65 47 41

Farm Type 1 (Small and subsistence) comprised 19% of the surveyed farm households.
It was male-dominated, with less than 1% female farmers in the group. This farm type
comprised farmers having small land holdings, middle-school education with low crop
diversification and cultivating on average two crops per year. This cluster was character-
ized by moderate crop income, low off-farm income and no livestock ownership. These
households, on average, secured most of their income from crops.

Farm Type 2 (Large and semi-intensive, on farm) comprised 21% of the surveyed house-
holds, with equal numbers of male and female farmers in the group. These farmers had
relatively large land holdings, middle-school education, low resource endowments of
livestock and machinery, and cultivated two crops per year. Farmers relied on farm income
and did not earn any income from off-farm work.

Farm Type 3 (Small and intensive) comprised 32% of the surveyed farm households, with
only 2% female farmers. Farmers in this type were very experienced with an average of
30 years farming history. This cluster was characterized by smaller areas of land holdings,
primary-school education levels, low resource endowments (livestock/machinery), and
cultivated three or more crops per year. The cluster members earned low crop income and
low off-farm income.

Farm Type 4 (Diversified and off farm) comprised 17% of the surveyed farm households,
with a quarter of members being female. The farm type consisted of farmers having
moderate-sized land holdings, middle-school education, low livestock ownership, mod-
erate ownership of machinery, and cultivated four or more crops per year. The farmers
belonging to this cluster had high off-farm income to offset their low crop income.

Farm Type 5 (Small and subsistence female farm) comprised 8% of the surveyed farm
households and were all female farmers. They possessed small land holdings, primary-
school levels of education, low resource endowments (livestock/machinery), and cultivated
three or more crops per year. Female farmers had less farming experience. They obtained
moderate income from crops but secured a substantial proportion of off-farm income from
sewing, working as street vendors or operating small shops.

Farm Type 6 (Commercial farm) represented highly resourced farmers and comprised only
3% of the surveyed farm households. The farmers belonging to this farm type were male
with very large land holdings, middle-school education and high resource endowments.
They have emerged as integrated farms with high crop diversification to generate higher
income with minimal risks. These farmers are diversified, with animal husbandry (high
livestock ownership) and high mechanization, with high off-farm income.
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3.2. Typology Validation

To verify whether the model-generated typologies resemble reality, validation was
undertaken by discussion with an expert group of extension officers, followed by FGDs
with members from each of the farm types. Common indicators (e.g., landholding, livestock
ownership, on/off-farm income) for each farm type were identified by discussing with
the expert group of local extension officers based on Haileslassie et al. [86]. Using these
identified indicators, a qualitative comparison (low, high) between the different typologies
was obtained for farmers from the focus group of each farm type. And this was confirmed
by local experts. A comparison of the six identified farm types in terms of key indicators
is in Table 6. These results were found to resemble and match the model-generated
farm types.

Table 6. Comparison of the six identified farm types to validate the typology.

Farm Types
Indicators
1 2 3 4 5 6

Land holding Small Large Small Moderate Small Very Large

Livestock ownership Low Moderate Low High Low High
Crop diversification Low Moderate Moderate High Moderate ~ Very High
Crop income Low High Moderate Moderate Low Very High

Off-farm income No No Low High Moderate High

Gender M.ale Mixed Ma.ale Mixed Female Male

dominant dominant

3.3. Fertilizer Decisions/Risks

Once the model-generated farm system types were validated, FGD participating
farmers were asked if they apply any fertilizer to monsoon rice and the crop yield achieved.
All participating farmers were using fertilizer. Farmer answers were placed on a graph, so
farmers were able to see that they apply different rates, and even if some applied the same
rates, they receive different yields (Figure 5). The relationship between yield and fertilizer
(N rates) was explained to farmers. Later, the reasons for different yields were asked of
the farmers: “why they think they obtained less/more yield”. Nominated factors included
crop variety, soil condition, weather, pest and disease infestation, water availability, input
affordability as well as risk taking by the farmers.

100 ----mmeemeeeme oo € 100 bsk/ac
i 1b
90 i -
80 e ILB(;l;sk/ac ------------------------------ ®
--------------------- 3 255 , 80 bsk/ac
70 75 bsk/ac 2.5 bags
g 60 i 50 bsk/ac 21
i 1bags !
S 50 5‘—‘
° :
o 40 !
= s
30 :
20
10
0 ! f ;
0 05 1 15 2 25 3
Fertilizers (bags/ac)

Figure 5. Diagram used to help explain the relationship between yield and fertilizer (participation of
farmers from Type 4). Bag = 50 kg bag of fertilizer, 1 bsk = 20.9 kg of rice.
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Farmers mentioned the risky cropping environments due to variability in climate and
market prices. Farmer fertilizer decisions depended substantially on economic consid-
erations as they must borrow money to buy fertilizer and pay interest and principal in
repaying the loan. Farmers were asked about “the important factors they consider in making
these investment decisions”. Interest rates and market prices were the two main factors
emphasized by farmers in all farm types. Incentives to invest and opportunities to reduce
risk were also mentioned. Most farmers in all farm types were borrowing money for farm
operations (Table 7).

Table 7. Borrowing practices, attitudes to risk and sources of trusted information by different

farm types.
Farm Types
Criteria P
1 2 3 4 5 6
Borrow money Yes Yes Yes Yes/No Yes Yes
Risk taking High (4.5) High (4.2) Average (3) Low (2.5) Low (1.4) Very High (5)
Sources Experienced  Fertilizer Other Other Experienced . .
Field trials
farmers trust persons agents farmers farmers male farmers

The degree of risk-taking differed among farmers, with some willing to take more risk
than others [87]. Farmers’ attitudes to risk are often related to the financial ability of the
farmer to accept a small gain or loss [88]. The attitudes of farmers can be categorized as:
risk-averse, those who avoid taking risks; risk-takers, those who are open to riskier business
options; and risk-neutral, farmers who lie between the risk-averse and risk-taking [89].
Farmers were asked to rate their willingness to take risks in making decisions on a five-
point scale (1 = risk-averse and 5 = risk-takers). Overall, as indicated by the average scores
in Table 7, commercial farmers in farm Type 6 were high risk takers (as they have other
sources of income) and smallholders generally do not take risks because they do not have
other assets or alternative income sources. Female smallholders were also less likely to
take risks as they focus more on the possible negative outcomes. One farmer in farm Type
6 believed that the higher the investment, the more the profit, so he takes risks. Discussions
on trusty information sources are shown in Table 7.

With respect to fertilizer decisions, smallholders in Farm Type 1 trust information
provided by experienced people with an agricultural background or experience, including
extension officers and foreigners. Farmers in Farm Type 2 rely on fertilizer agents for
information, while farmers in Farm Types 3 and 4 trust other farmers who are doing well.
Female farmers in Farm Type 5 look up to experienced male farmers and often ask them
for advice. Farm Type 6 farmers are more pragmatic, and one farmer stated that “I only
believe when I can see the outcome”.

3.4. Decision Support Tools/Apps
3.4.1. Describing a DST to Farmers

After discussing fertilizer decisions and risks, the concept of a mobile-based fertilizer
DST was introduced to the FGD groups. A DST was a new concept to smallholders. Al-
though some farmers had not previously heard of a DST, many farmers were aware of
agricultural mobile apps and had some understanding of their ability to provide infor-
mation. The agricultural mobile apps currently available in Myanmar and the functions
available were discussed and listed on a flip chart. It became clear that there is no program
providing information regarding N fertilizer and yield or cost/benefit calculations that
could be used by farmers.

An example prototype of the RiseHarvest mobile-based DST was shown to farmers
for demonstration purposes (Figure 6). The application was still in the testing stage and
the recommendations provided were not necessarily accurate. However, farmers were
provided with a general understanding of how the tool operates, and they were shown
the information they need to enter and how the recommendations would be delivered
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based on their data input. Farmers liked the picture icons and the voice features, especially
farmers who could not read. Farmers were confused about why the information needed to
be repeated for every season and saw no reason for this information over the long term.
Some comments were:

“I'll probably just use it maybe once because the information I'll enter will be the same”.

“We often save seeds for the next season so we use the same inputs every time so there
won’t be any difference”.
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Figure 6. Prototype of RiseHarvest app used to demonstrate the concept of a DST to farmers in central Myanmar.

Then farmers were asked “what information would be most helpful for you from a DST?”
The answers varied among and between the farm types (Table 8).

Table 8. Information most helpful to farmers.

Farm Types

What Information Would Be Most Helpful to You from a DST?

Type 1
Type 2

Type 3
Type 4
Type 5

Type 6

Pest and disease information

Time of application of fertilizer

Rates to apply based on symptoms of plant

Planting time of crops based on seasonal weather variability
Information based on each planting stage

Cost-benefit calculation to know profit with the current market price
Seasonal weather information

Pest and disease information

Rate of fertilizer based on soil condition (to reduce the amount)
Seasonal weather information

Farmers in Farm Type 1 were mainly interested in pest and disease information as
they had bad experience with pests on rice in the previous years. Farmers were aware
of the Plant Protection app [12] because they have seen extension officers using it. This
app has information about pesticides based on crop type. But farmers prefer to have the
extension officer using the app instead of using it themselves. Some comments were:

“Last year there was an aphid outbreak and farmers were not sure what to do. We asked
our local extension officer, and she opened an app on her phone and told us what pesticide
to use and it was resolved”.



Agriculture 2021, 11, 516 13 of 20

“We prefer when extension officers to use app when we ask them because we consider it is
like getting a third opinion when we are unsure about our decision or something else”.

Farm Type 2 farmers were keen to know more about the signs and symptoms of the
plant indicating when fertilizer should be applied. They wanted more information so they
can decide themselves and not be given direct information of the time or rate to apply.
Some comments were:

“We use fertilizer based on the plant condition. When the plant is showing some signs
such as yellowing of leaf color, we apply fertilizer”.

“We only know to apply fertilizer when the plant is yellow. We will like to learn other
signs and symptoms of the plant which shows when to apply fertilizer. We will also like
to know how much to apply based on what nutrients are deficient, so we don’t apply when
it’s not necessary”.

Farmers in Farm Type 3 had concerns about climate change and preferred information
about planting and fertilizer application times based on seasonal weather variability. These
changes are having an impact on crop yields and influencing decisions about investing in
crop inputs. The uncertainty in crop yields due to climate change is a friction on the use of
more crop inputs. The need for drought resistant crop varieties was also raised by farmers.
Some comments were:

“We experience crop failure and loss due to irreqular weather patterns such as drought
during cultivation time and unseasonal rainfall during harvesting time”.

“It will be beneficial to us if we can cultivate according to climate variation at each
planting stage”.

“We are not sure when to start planting as the monsoon season is becoming shorter”.

“Because of weather uncertainty, we decide not to add many inputs as we cannot afford
to take such risks since most of the inputs were bought on credit”.

Cost-benefit calculation to estimate profit was the most important information that
farmers in Farm Type 4 wanted in a DST. Some comments were:

“We will like to know how much we will profit before investing in inputs such as
fertilizers”.

“These days market prices of crops fluctuate a lot, so it is hard for us to decide if we are
going to profit or lose”.

Farm Type 5, which were the all-female farmers, also stated the importance of seasonal
weather information. Female farmers have raised the issue of not having access to water as
they cannot go out to the field at night to pump the water. Therefore, they can only depend
on rainwater. Some comments were:

“We don’t have access to water because we cannot go out at nighttime. Male farmers can
Qo out to the field at night to pump water”.

Farmers in Farm Type 6 are more commercially oriented and have income sources
from businesses (renting machinery, livestock breeding/selling) or from different crops
grown, providing offsetting income. Therefore, they can take risks. They can also afford
tube wells, so they depend less on rain or water from dams to irrigate their fields. Some
comments were:

“I know I use more fertilizer than other farmers, but I don’t want to reduce the amount
because I don’t know how much exactly I need to put based on the plant and soil condition,
so I always put more. So, a fertilizer DST can be beneficial for me because, it might help
me to reduce the use of fertilizer”.

“I have 6 wells where I can pump water to irrigate my fields so I don't count on rain but
strong winds during flowering time can damage crops. It would be good if we can know
earlier to prevent”.
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3.4.2. Farmer Opinions on Fertilizer DSTs

Farmers were asked questions relating to their preferences for information access,
including their intention to use the DST and whether they thought it would be beneficial.
They were asked to provide their opinions about DSTs. The results are shown in Table 9.
Farmers in Farm Type 2 were optimistic and thought that the DSTs may be useful in
allowing them to gain more information and knowledge. They appeared more likely to
adopt the fertilizer DST than other farmers. Farmers in Type 1 showed slight interest in
the tool. Some cultural barriers were noted by farmers in Farm Type 3, such as farmers
not taking phones to the field because they wear longyi (traditional outfit worn by men
in Myanmar), which lacks pockets. Lack of digital literacy and quality of the mobile
phones were also mentioned as reasons against using the tools. Comments from farmers in
Types 4 and 5 (Table 9) were inconsistent with the DSTs developed with crop yield targets
and based on N budgeting approaches. Hence, a new paradigm for thinking about fertilizer
decisions can be considered.

Table 9. Farmers’ opinions on fertilizer DSTs.

Farmers Opinion on Fertilizer DSTs

Farm Types
Optimistic Opinion Pessimistic Opinion
“I will use if it is not complicating” We have seen extensions officer using agri mobile
“ : . apps but I prefer to have them use and look for us
Images and video clips are more . o ”
Type 1 . o . , because I am afraid that I will misinterpret
interesting”“I will use if I don’t have to “ , . oy
. . We don’t need recommendation on fertilizer, we need
open internet . : ”
recommendation on pest and diseases
“it will be useful, so we don’t have to wait
for extension officers who do not come often”
“I am open to learn new technology”
“Anything that will assist with our farming,
we are open to it”
“Our ancestors have been farming the
Type 2 traditional ways with less p/rl’oﬁt and it is
time to change
“I am happy to pay for internet if it is going
to benefit our farming because we use it for
Facebook anyways”
“We can gain knowledge and new
information”
“I have good experience with agri apps”
“I will read information, but I won't use it reqularly”
“Phone screen is too small to read”
“We wear longyi so don’t have a place to put phone
Type 3 . L .
while we are working in the field
“We leave phone at home when we go to the field so
that it doesn’t get stolen when we are in field”
“There are a lot of many new apps, no space in phone”
“market price of rice is very low these days so we can’t
Type 4 follow recommendations even if we want to”

“we have to apply what we can afford”
“market price is more important because we won’t get
profit if the market price is low even with high yield”

“We will not use because we don’t know how to”
“We don’t have time to learn to operate apps because
we also have other housework and have to look after
Type 5 . ”
children
“we will like to learn through video clips not apps”
“some recommendations are costly and not useful”

agri apps give generalized recommendations which

Type6 are not specific to my fields”

In addition, when farmers were asked “how do you want the information delivered?”,
they were not keen on a prescriptive DST, i.e., a tool developing a specific recommendation
of how much fertilizer to use. Instead, farmers interested in the technology considered that
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discussion groups were a better learning environment and preferred a learning-based tool
rather than a prescription-based tool. Some comments were:

“We don't like to be told how to manage our field we will like to learn”.

“We prefer discussion support because we can discuss and ask specific questions or seek
new ideas with other farmers”.

“Allowing us to discuss with other farmers can prevent us from misinterpreting because
these apps and tools are still new to us”.

“I may not continue to use the apps by myself, but I am happy to maintain regular
discussions with other farmers”.

Farmers emphasized their preference for video clips and infographics integrated in
digital platforms, including social media and existing agricultural apps. Female farm-type
members mentioned video clips being more practical and entertaining for them. Some
comments were:

“Video clips are good for us because we can watch at our free time”.

“It is also entertaining, and we gain knowledge”.

4. Discussion

The typology analysis provided a deeper understanding of the heterogeneity of farmer
preferences to identify potential early adopters of a mobile-based DST. The participatory
focus group discussions provided the opinions and beliefs of farmers within different farm
types. Different farm types have different degrees of risk taking when making decisions
and different opinions towards mobile-based DSTs. The large and semi-intensive, on-farm
farmers (Farm Type 2) were positive towards fertilizer DSTs and the potential to use mobile-
based tools as early adopters. The high level of trust among farmers was also noted, and it
is important to introduce such new technology for fertilizer management to these large
and semi-intensive, on-farm farmers initially and build a trusted relationship where they
can later pass on the knowledge and skills to other farmers.

Interestingly, farmers were keener about Discussion Support instead of Decision Sup-
port. Discussion Support is a collaborative approach between farmers, whereas Decision
Support is more prescriptive in providing recommendations that can be misinterpreted.
Discussion Support can be used by individual farmers, groups of farmers or a group of
farmers with extension officers, enabling discussion of alternative management decisions,
asking specific questions and seeking new ideas about adjusting farm decisions to meet
smallholder management objectives. Table 10 shows differences between Decision Support
and Discussion Support as indicated in the FGDs.

Table 10. Difference between decision support and discussion support.

Decision Support Discussion Support
Prescriptive approach Collaborative approach
Prescription-based tool Learning-based tool
Easy to misinterpret Ask specific questions/seek new ideas
Trust issues Less trust issues
No interaction with other farmers Interactive and can share knowledge
Moderate/High digital literacy Low digital literacy

Farmers felt that guided discussion platforms were a better learning environment and
preferred a learning-based tool rather than a prescriptive tool. A major challenge associated
with DSTs is limited ongoing funding for maintenance and updating [90]. Studies have
reported that most of the developed tools are not used after funding finishes and there is
no further support [21,90,91]. A study by Thar et al. [12] found that incorporating useful
information and decision-support functions on social media platforms could have a more
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useful and sustainable impact and eliminate issues such as lack of awareness, lack of use
and long-term servicing and sustainability. Hence, future extension activities should be
centered on guided discussion platforms and remotely aided by extension officers. These
guided discussion platforms could be mounted on popular and familiar social media with
support materials. Video clips and infographics could be integrated into digital platforms
where farmers can comment, share and learn from each other as well as consult with
extension officers and researchers.

Videos can reach many people, and Afroz and Singh [92] found that farmer videos
were more convincing to farmers than extension officers talking. Bently and Mele [93]
stated that farmers enjoy learning from farmers farther away even if they are from different
countries. Demonstration videos, with farmer participation, can be suitable for delivering
new technology to farmers in their language with their participation.

5. Conclusions

This study set out to answer the research question of whether different farm types
exhibit significantly different patterns in the intention to adopt mobile-based DSTs. Six
different farm types were identified with different attitudes about mobile-based DSTs.
Although the participating farmers had no prior knowledge of DSTs, they readily engaged
in examining the DST example and provided considered opinions. Farmers in only one
group (Farm Type 2) were optimistic about DSTs, and more focus could be given in the
introduction and training of such digital tools to these types of farmers. These results
can assist consideration of mobile-based DSTs for different farmer types. These results
provide an improved understanding of farmer beliefs and attitudes towards DSTs and
will assist the development of DSTs according to the needs of specific farmers. They can
help implement policies for digital extension services to further support smallholders
in Myanmar.

An important finding is that the concept of decision support in providing prescriptive
advice was inconsistent with what many farmers want. Farmers in general identified that
a discussion support format is more useful. They believe that discussion groups provide a
better learning environment and prefer a learning-based tool rather than a prescription-
based tool. Smallholders, especially female farmers, preferred video clips and infographics
integrated into digital platforms, including social media and existing agricultural mobile
applications. We conclude that incorporating a participatory research framework with
typology identification is potentially valuable in assessing potential for new technologies
and may have a beneficial role in direct interactions with smallholders, which may increase
their acceptability towards DSTs.

This study, however, is subject to some possible limitations as it is challenging to fully
capture the degree of diversity existing in the farming systems of the study area and it is
recognized that the typology is limited in its ability to accurately represent every variation
that exists. Furthermore, due to the dynamic nature of agriculture, the typologies can only
provide a static snapshot of farm systems in time.

Given the likely increased future demand for digital services, these results can help to
identify farm system types when considering the introduction of mobile-based decision
tools. The contribution of the study is identification of distinct groups or types of farmers
among a heterogeneous farmer population so that DSTs can be designed to reflect farmer
needs and target appropriate end users. Previous studies have utilized various participa-
tory approaches with farmers but have not accounted for the complexity of heterogeneous
smallholder farming systems. The statically robust method and subsequent development of
a more detailed understanding of fertilizer decisions and risks through FGDs is important
information. The results include knowledge of, and intentions related to, DSTs and apps.
This study generated valuable information about farmer types and serves as a starting
point for developing a framework for discussion support systems that may better relate to
the needs of farmers.
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