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Abstract: Agriculture in Myanmar has substantial development potential given the abundance of
land, water, and labor resources in the country. Despite this, agricultural productivity in Myanmar
is low and farm incomes are amongst the lowest in Asia. The underperformance of crops and low
yield is widely reported to be due to low fertilizer use by smallholders. This study investigated the
perceptions of smallholders about fertilizer use for cereal crops by considering their motives and
decision making. We reported results of a 600 smallholders’ survey and tested whether the reportedly
low fertilizer use by smallholders is generally true for central Myanmar. We compared the fertilizer
application timing against recommended “good management practices”. Among the surveyed rice
farmers, the average fertilizer applied was much higher than previously reported national average
fertilizer rates while the majority of the surveyed maize farmers were found to be applying less than
the national recommended rates. With respect to timing, nearly half of the surveyed smallholders
check for were not applying nitrogen at the estimated panicle initiation stage, which is often crucial to increase
updates yield, and the majority (82%) of smallholders were applying phosphorus throughout the growth
Citation: Thar, S.P; Farquharson, stages, when earlier applications are desirable. Smallholders may be able to reduce the cost of labor
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Myanmar is an agricultural country with an abundance of natural resources and
substantial potential for development. The agricultural sector plays a vital role in the
country’s economy, contributing 38% of the country’s GDP (Gross domestic product),
accounting for 25-30% of total export earnings and employing more than 60% of the labor
force [1]. Despite this, agricultural productivity in Myanmar is low and farm profits are
amongst the lowest in Asia [2].

During the Green Revolution, new plant varieties plus modern agricultural technolo-
gies such as utilization of fertilizers along with policies supporting price and investments in
seed technology, irrigation, roads, and extension were the main factors to boost agricultural
production [3]. Fertilizer application is an important strategy in increasing crop yield [4]. It
has been responsible for an average of 30 to 50 percent increase in yield in the USA and
England and much higher increases in the tropics [5]. According to the World Bank [6], the
use of fertilizer in crop production has increased world-wide crop yields by 40 to 60 percent.
Nitrogen (N), phosphorus (P), and potassium (K) are the major elements necessary to boost
conditions of the Creative Commons _ agricultural plant productivity and quality [7]. N is needed for plant growth as it increases
Attribution (CC BY) license (https:// ~ Protein content and grain yield [8]. P is required during early growth stages as it supports
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and increases plant tolerance to adverse climatic conditions, lodging, insect pests, and
diseases [9].

According to the 2016 World Bank database, the use of fertilizer in Myanmar is
estimated at 17.9 kg/ha of arable land which is low compared to neighboring countries
such as 289 kg/ha in Bangladesh, 503 kg/ha in China, 166 kg/ha in India, 162 kg/ha
in Thailand and 430 kg/ha in Vietnam [10]. Other reports have documented the use of
fertilizer by smallholders in Myanmar:

Maclean et al. [11], Rice Almanac [12]-33 kg product/ha (5 kg NPK/ha)
FAOSTAT [13]—48 kg Urea/ha (22 kg N/ha)

Gregory et al. [14]—56 to 71 kg Urea/ha (3644 kg N/ha)

Denning et al. [15], Garcia et al. [16]—59 kg product/ha (27 kg N /ha)
Naing et al. [17]—76 kg product/ha (35 kg N /ha)

LIFT [18]—115 kg product/ha (53 kg N/ha, 15 kg P,Os/ha, 3 kg K,0O/ha)

A household survey conducted by Stuart et al. [19] in Bago observed very low levels
of N use due to uncertainty in fertilizer decisions and suggested that N application rates
were one of the reasons for the rice yield gap. According to the Livelihoods and Food
Security Funds (LIFT) [20], most fertilizer decisions in Myanmar are made based on obser-
vations and advice of other farmers in the village. A survey by the International Fertilizer
Development Centre, IFDC [21] stated that Myanmar farmers have strong demand for
fertilizer but they have very limited understanding of the correct balance between plant
nutrients and maintaining soil fertility, with restricted access to affordable credit. On the
other hand, there are concerns over the national data quality with very limited represen-
tative survey data [22,23]. Therefore, in this study we tested whether the reportedly low
fertilizer use by smallholders is generally true for central Myanmar by comparing it with
national government agricultural agency recommendations.

The rates in Table 1 show the national recommended rates provided by the Land
Use Division, Department of Agriculture (DoA) [24] and Agricultural Extension Division,
Ministry of Agriculture and Irrigation Myanmar (MOAI) [25]. These general recommended
rates are aimed at achieving a target yield of 5.2 t/ha for rice and 4.9 t/ha for maize.

Table 1. Recommended fertilizer application rates from national government agricultural agencies.

Recommended Fertilizer Application Rates from Land Use Division, DoA (2020)

Urea T Super Potash
Crop Soil Test Value
kg N/ha kg P,Os/ha kg K>O/ha
Low 102 27 117
Rice Medium 90 22 59
High 57 11 15
Low 187 92 152
Maize Medium 176 86 95
High 142 27 22
Recommended Fertilizer Application Rates from Agricultural Extension Division, [25]
Manure Urea T Super Potash
Crop Application
Ton/ha kg N/ha kg P,Os/ha kg K;O/ha
. Basal
Rice Split (3 times) 2to6 86 51 112
. Basal 29 37
Maize Split (2 times) 7 57 57 36

To achieve economic, social, and environmental goals, the global 4R Nutrient Steward-
ship Framework, developed by the fertilizer industry, has also stated that “Right Time” of
fertilizer application is also important [26]. The timing of fertilizer applications can signifi-
cantly influence yields and profits of rainfed and irrigated rice farms [27,28]. For example,
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on-farm testing of fertilizer recommendations in Senegal increased irrigated rice yields by
1 to 2.3 Ton/ha and profitability by 216 to 640 USD/ha (compared to farmer practices) [28].
Much of the observed yield and profit increase was attributed to different fertilizer tim-
ing [28]. Changing the timing of fertilizer application has environmental impacts such as
pollution of water systems and emissions of potent greenhouse gases [29]. Unlike the rate
of fertilizer, farmers rarely need to invest more capital to improve fertilizer timing. In this
study, we compared the fertilizer application timing practices of smallholders with the
recommended “good management practices”.

Several researchers have analyzed factors affecting farmer decisions on fertilizer use
intensity. They found that fertilizer adoption is affected by prices, marketing, credit access,
agro-climatic conditions, and farmer characteristics. Characteristics of the farmer or farm
such as age, education, farming experience, and farm resources have been found to be
important [30-34]. Social scientists have argued for considering farmer perceptions in in-
fluencing adoption behavior [35]. The uncertainty in yield responses to added fertilizer as
well as the time of application remain important in farmer decision making [36]. Therefore,
this study investigates the perception of smallholders towards fertilizers and considers
farmer motives and decision making to apply fertilizer in terms of two dimensions, namely,
quantity applied, and timing of application based on a household survey of 600 smallhold-
ers in central Myanmar. It is widely noted that policy strategies for sustainable agriculture
are best promoted by understanding the perceptions of those involved in the process [37].
Understanding the perceptions of smallholders regarding utilization and management of
fertilizers, experiences, and their livelihood remains crucial in designing and implementing
successful interventions. Such understanding will help inform strategies aimed at enhanc-
ing productivity and profitability of smallholders in Myanmar. The results from this study
are valuable in clarifying how fertilizer management is being conducted by smallholders.
Moreover, this is the first substantive study to compare and clarify how fertilizer manage-
ment is being conducted by Myanmar smallholders and provides a sound basis for further
research and development and agricultural policy considerations in Myanmar.

2. Methods

A household survey was conducted during May to July 2018 to collect data on fer-
tilizer management by smallholder farmers in central Myanmar. In this study, the term
“smallholders” is used for farmers who not only possess relatively small plots of land
but are generally less well-resourced than commercial-scale farmers, practice farming as
a main livelihood activity, depend on family labor and/or may hire workers, and are
often vulnerable in the supply chain [38]. Myanmar’s agricultural sector largely comprises
smallholder farms between one and five hectares [18].

2.1. Study Area

The study area is based on the field trial sites of a project [39], studying soil and
crop fertility management for cereal crops in central Myanmar. The average farm size of
smallholders in central Myanmar is small with more than half of the farmers (54%) owning
less than five hectares and 83% less than 10 hectares [40]. Field trial sites were established
in three townships; Tatkon (1 site), Zeyarthiri (2 sites) and Taungoo (1 site) (Figure 1). This
study contributes to the project and focusses on the population of smallholders in these
townships surrounding the project trial sites, shown by black dots in Figure 1.
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Figure 1. Study area, townships, and trial sites in central Myanmar.

2.2. Household Survey Sampling

A multi-stage sampling technique [41] was used to select the sample and the respon-
dent smallholders. In the first stage, grids of 1000 m x 1000 m were overlaid for each trial
site. The purpose of the grid was to identify villages that would provide representative
contextual settings from which to access farmer opinions and practices regarding fertilizer
use. Then, within the grids, we identified village tracts, which are combinations of villages
and the villages included in the selected village tracts. The villages were selected based on
the number of farmers and the distance to the trial sites. Ten villages were selected from
each township, providing 30 villages in total.

The total number of farmers within the grid for each township was identified with
the help of the local DoA extension officers. To generate a representative sample of the
farmer populations in each township, a 20:1 sample-to-item ratio [42] was used. The
questionnaire contained 30 items/topics; hence, 600 respondents were randomly selected
for the study [43]. In order to have equal respondents from each township, 6% of the farmers
from each township were specified, comprising 258 respondents in Tatkon, 196 respondents
in Zeyarthiri and 146 respondents in Taungoo.

A stratified systematic sampling technique [44] was used to randomly select the
sample. Farmer population was stratified by crop type and gender. Farmers cultivating
the focus cereal crops (rice and maize) were selected. The criteria for the sample farmers
included those who were head of the household, were the household member who led the
farm work, or were actively cultivating land either as a landowner or land tenant and were
available and willing to participate. A ratio of 8:2 for male and female farmers was selected
based on the gender ratio within the population in the study area.

2.3. Data Collection

A structured questionnaire was used to collect data from 600 farmers. The ques-
tionnaire included questions about socio-economic characteristics of the household, crop
production information including crops grown, management practices, inputs and labor
used, crop yields, marketing information and financing information such as borrowing
amount, sources of credit, and interest rate. Also included were questions specific to
each farmer about fertilizer management practices and decisions. The questionnaire was
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structured to understand how farmers make fertilizer decisions, their perception towards
fertilizers, and management practices. The survey was conducted using CommCare®, a
mobile application for data collection [45]. A questionnaire was initially drafted and built
in the CommCare HQ and then deployed to mobile phones/tablets. Survey enumerators
were used to conduct the survey with CommCare®. The draft questionnaire was pre-tested
with 10 non-sampled farmers.

2.4. Analytical Methods

We compared the fertilizer practices and application rates against the national recom-
mendation by the DoA and MOALI given in Table 2. The fertilizer timing practices were
compared with generalized “good management practices”, which were synthesized from
peer-reviewed and mostly on-farm research on rice fertilizer timing. The “good manage-
ment practices” in Table 2 are a synthesis which is unvalidated and may not be best in
individual situations.

Table 2. Generalized “good management practices” for rice fertilizer amounts and timing.

“Good Practice”

Threshold Supporting References

1. Limit early N applications

2. Avoid late N applications

3. Split apply N

4. Apply N at panicle initiation

5. Apply P early

6. Apply P once

Apply <1 third of applied N before 21 days (if direct seeded)
or 14 days (if transplanted) after planting.
Apply <5% of N < 55 days before crop maturity for
non-hybrid variety.
Apply N at least three times (including basal application). [28,46-48,53]
Apply 20 to 60% of applied N between 55 to 65 days before

[28,46-52]

[47,53]

. [47,54]
crop maturity.
Apply all P within 14 days of transplanting or 21 days of
. . [25,53]
direct seeding.
Apply P once (including basal application). [25,53]

Survey respondents with missing data for critical variables were excluded from
analysis. For example, respondents who transplanted rice were excluded from analysis
of “good management practices” #2 and #4 because data for seedling age at transplanting
were required and unavailable for estimating time of panicle initiation [48]. We assumed
all applied N and P were in the form of mineral fertilizer. Few respondents reported
application of organic fertilizers, and these were typically in small quantities and areas.
We also assumed all applied compound fertilizers contained 15% N and P as the nutrient
composition of most compound fertilizers sold in Myanmar is N:P:K (15:15:15). Finally, we
truncated the number of urea or compound fertilizer applications to the maximum of three.
Very few respondents reported four applications of the same type of fertilizer.

3. Results and Discussion

Smallholders in Myanmar have used fertilizers since 1965 when they were first intro-
duced into the country, but widespread use did not occur until 1978 when fertilizer prices
were subsidized by the government [55].

3.1. Perceptions about and Factors Influencing Fertilizer Decisions

We first asked about the perceptions of smallholders in central Myanmar concerning
use of fertilizer for crop growth (see Table 3). Ninety-three percent of farmers considered
that fertilizer increases crop yield, and 99% agreed that fertilizer quality is important.
Seventy-two percent of the surveyed farmers stated that they wanted to use more fertilizers
than the rates they were applying. Farmers were asked to specify the barriers preventing
them from using the desired amount and the responses can be summarized into three
main factors; lack of credit, limited repayment time, and uncertainty of seasonal weather
patterns. With respect to the fertilizer quality, 89% of the surveyed farmers were happy
with the quality of the fertilizers which was consistent with the findings from Nyi et al. [56],
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who reported that most commercial fertilizers in local markets are true to label. Fertilizer
decisions are made mostly (55%) by males with 33% making joint decisions (males and
females together).

Table 3. Perceptions about fertilizers.

Fertilizer Question Response % Overall

Yes 93%
Do you think fertilizer increases crop yield? No 6%
Do not Know 1%
. Yes 72%

?
Do you want to use more fertilizers? No 28%

=594

Fers =529 Is fertilizer quality important? Yes 99%
No 1%
Are you happy with the quality of the Yes 89%
fertilizers you are currently using? No 11%
Male 55%
Who makes fertilizer decisions? Female 12%
Both 33%
. P Yes 33%

- = ?
Non-users (n = 6) Do you want to start using fertilizers? No 67%

Farmer perceptions about fertilizer application practices are in Table 4. Most of the
sample agreed or strongly agreed that basal applications and split applications are impor-
tant, and that fertilizer is important for plant growth and tillering.

Table 4. Farmers’ response to fertilizer application practices.

Questions

Response (%)

Strongly Agree Agree  Neither Agree/Disagree Disagree  Strongly Disagree

Do you think you can receive
higher yield with basal application 13% 62% 1% 23% 1%

of fertilizer?

Do you think it is best to use split
application of fertilizer?

23% 73% 1% 3% 0%

Do you think urea fertilizer boosts
plant growth and tillering?

20% 69% 1% 10% 0%

The factors affecting farmer fertilizer decision making are in Table 5. Among the
respondents, 42% stated that decisions on the rate and time of fertilizer application are
made based on their personal decision depending on their experience. When deciding the
choice of fertilizer to use, farmers rely mostly on popular brands (45%). Only 9% of the
smallholders stated that price is considered in deciding the type of fertilizer, because most
farmers explained that they have no control over the fertilizer price and would choose
to apply good quality fertilizer regardless of the price because they consider that yields
can increase by 5% to 50% by using fertilizers. This finding was consistent with a study in
northern China [57].

The supply of fertilizer in the surveyed areas is reported to be adequate, with small-
holders having one to five fertilizer suppliers or retail shops to choose from. Most have
one or two regular suppliers. Ninety-two percent of farmers can buy the required amount
of fertilizer at the required time, and most (93%) were happy with their current suppli-
ers. Some smallholders change supplier depending on the delivery waiting period, up to
10 days. Accessibility is important as smallholders prefer input suppliers located in/near
the village so that it is cheaper for transportation and easier to get credit for repayment
after harvest.
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Table 5. Factors affecting farmers” decisions on fertilizer.

Questions Responses (%)

Use popular brands 45%

. Use what neighboring farmers are using 28%

How do you (.:lec1de what type Use what fertilizer retailers suggest 12%
of fertilizer to use? L . o

OW price 9%

Use what agricultural extension officers suggest 6%

Personal decision 42%

How do you make decision Suggestion from other farmers 24%

on how much or how often to Recommendation from fertilizer companies 15%

apply fertilizer? Recommendation from agricultural extension officers ~ 17%

Fertilizer package labels 2%

3.2. Fertilizer Use

Of the 600 smallholders interviewed in our study, 99% used fertilizers. Most small-
holders reported that they use urea and compound fertilizers for rice and maize. Fertilizers
were applied as basal and split applications. Basal applications are applied a day prior to
sowing or planting, while split applications are applied after sowing/planting once the
plants are established [58]. Broadcasting, in which fertilizers are spread across the surface
of the crop field by hand [59], was the method used to apply fertilizer by most farmers due
to lack of alternative methods.

3.2.1. Basal Fertilizer Application

When applying basal doses, compound fertilizer was mainly used with 26% applied
to monsoon rice, 25% applied to summer rice, and 79% applied to maize. Urea fertilizer
was not used as basal fertilizer application by smallholders in the study area.

The average basal fertilizer application rates applied by surveyed smallholders com-
pared with the recommended rate from Agricultural Extension Division [25] are shown in
Table 6.

Although 79% of the farmers cultivating maize reported that they use basal fertilizer
applications, the rates that they apply were very low compared to the rates recommended
by MOALI [25]. The amount of manure applied by survey farmers was also found to be
lower than the recommended rates for both rice and maize crops. This is due to a decline
in number of cattle associated with increased mechanization; one farmer stated “We no
longer used oxen for ploughing anymore as it is more efficient to use tractors. Farmers
who normally owned six oxen will now have two or none at all”.

Table 6. Basal compound fertilizer and manure applications compared to recommended rates.

Farmer Application Rates Recommended Application Rates ?
Crops
P Manure Ton/ha Compound Kg NPK/ha Manure Ton/ha N P05 K;O
Monsoon Rice 14 14 2to6 51
Summer Rice 1.2 13 2to6 51
Maize 2.1 17 7 29 57 37

2 From Table 1.

3.2.2. Split Fertilizer Application

With respect to split fertilizer application, most smallholders agreed that it is best to
practice split fertilizer applications rather than applying once, although the number of
applications varied according to the type of crop and the type of fertilizer (Figure 2).
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Figure 2. Split application of fertilizer based on the type of crop and fertilizer.

For monsoon rice, most farmers applied urea two or three times after sowing/planting.
The use of compound fertilizer was practiced by 64% of the smallholders growing mon-
soon rice. For summer rice, 86% of the fertilizer used urea and 69% of the farmers used
compound as split applications. For maize, most smallholders were split applying urea
fertilizer while very few farmers practiced split application of compound fertilizer, as many
were applying as basal application.

The average amounts of fertilizers applied by the surveyed farmers, based on the
number of split applications over various time periods, are in Figure 3 for each crop type.

Most smallholders applied fertilizer at the tillering and flowering stages of rice with
some farmers applying after panicle initiation (Figure 3A,B). For urea applied to monsoon
rice, 45% of surveyed smallholders applied an average of 100 kg N /ha in three applications.
Thirty-nine percent applied 76 kg N/ha in two applications, 7% applied 33 kg N/ha
in one application and 9% applied no urea fertilizer. For compound fertilizers, 17% of
the surveyed farmers applied 32 kg/ha in three applications, 27% applied 22 kg/ha on
two applications, 20% applied 14 kg/ha once and 36% applied no compound fertilizer.
These are average amounts applied in units of nutrient rates (i.e., kg/ha of N, P, or K).
For summer rice, the application rates were similar to monsoon rice for both urea and
compound fertilizers.

For maize, smallholders applied fertilizer during cob development with some ap-
plying till pollination (Figure 3C). Forty-five percent of farmers applied an average of
60 kg N/ha as urea in two applications. These results generally imply that these smallhold-
ers apply substantial amounts of fertilizer to cereal crops and the rates are significantly
higher than previously reported rates in Table 1.
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Figure 3. Average fertilizer application rates for each number of split applications at different times for monsoon rice (A),
summer rice (B), and maize (C); DAP = days after planting; DAE = days after emergence.

The distribution of urea fertilizer application rates by the surveyed farmers was com-
pared with the national recommended rates provided in Table 1. For this comparison, we
used recommended rates of 86 to 90 kg N/ha for rice (MOALI, rice split 3 times (86 kg N /ha)
and DoA median soil test value (90 kg N/ha)) and 176 kg N/ha for maize (DoA medium
soil test value). The comparisons are in Figure 4.
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Figure 4. Distribution of urea fertilizer application rates by surveyed farmers compared with national recommendation (-----
represents the national recommended urea fertilizer application rates from Department of Agriculture (DoA) and Ministry
of Agriculture and Irrigation (MOALI)).

Monsoon rice was cultivated by 89% of the smallholders in the survey sample. Twenty-
three percent of farmers were applying within the range of 69 to 92 kg N/ha while 47% of
the farmers were applying lower and 30% of the farmers were applying higher than the
recommended rates (Figure 4). Nine percent of farmers applied no urea fertilizer.

Summer rice was cultivated by 22% of the farmers in the survey due to limited access
to irrigation and only 20% applied urea fertilizer within the recommended range, while
49% of the farmers were applying lower and 31% higher than recommended rates.
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While there were smallholders applying substantial amounts of fertilizer in the study
area, there were also some farmers applying no fertilizer, or less than the recommended
rates, and some who were applying urea fertilizer at higher rates to their rice crops. While
the low use of N fertilizers is a sustainable challenge to increase the overall food production,
especially in developing countries where production is required to be doubled [60], high
use of N fertilizers is regarded as unsustainable for the environment since it can lead to air
pollution, degradation of water quality, damage to soil, and fertilizer waste [61,62]. Hence,
the concept of sustainability provides the definition of “right” in the source, rate, time, and
place of application which conveys how fertilizer applications can be managed to achieve
economic, social, and environmental goals [63]. Rahman and Zhang [59] reported that
fertilizer placement is one solution for sustainable fertilizer management in Bangladesh
and can be utilized by Myanmar smallholder farmers, given the similar socioeconomic
and demographic status. Site-specific nutrient management (SSNM), such as urea deep
placement (UDP), is a one-time application that allow plants to access N when required [26]
and has been introduced to Myanmar farmers since 2014 [64]. However, adoption of SSNM
has been slow and was not observed by farmers in the study area.

Maize was cultivated by only 15% of farmers in the survey. With respect to urea
fertilizer application, 25% of the farmers did not apply any urea fertilizer and 95% applied
less than the recommended rate. The practice of low fertilizer use on maize has also been
observed in other countries [65,66]. Maize is typically known as a heavy feeder crop and
increased fertilizer application is necessary to increase productivity [67]. Many African
countries have adopted fertilizer subsidy programs to encourage fertilizer use after the
success of the program in Malawi [68]. Although these subsidy programs were successful
in increasing fertilizer use, improvements in yield were very limited [69,70]. Increases
in crop yield depend not only on the use of fertilizer. Other factors preventing higher
yields include unavailability of suitable high-yielding varieties (HYVs), poor infrastructure
and related high transport costs, inadequate institutional support (extension), political
instability, and diverse agro-ecological complexities, including climate change [71,72].

3.2.3. Economic Considerations

The national recommended fertilizer rates in Table 1 are based on soil and agronomy
targets and may not include the economic dimensions of farm-level decisions [73-75].
Studies have discussed the economics of optimum fertilizer inputs [75-77]. Anderson [78]
noted that the level of net benefit is small when management practices are varied within
the optimal region because the economic profit functions are relatively flat. Pannell [79]
also described the economic pay-off functions for many agricultural inputs as being rela-
tively flat around the optimum. The implication of flat rate pay-off functions is that it is
unnecessary to be precise about the optimal rate of an input such as fertilizer at the top of
the input-profit response curve. This allows for flexibility for farmers to adjust rates by
considering other factors such as risk, labor, soil type, climate, and availability of finance
or environmental impacts. Farquharson [80] accommodated the flatness of response issue
by requiring a minimum target Return on Investment (ROI) (or Marginal Rate of Return)
for cereal fertilizer decisions. In the face of uncertainties “it is better to be approximately
right than precisely wrong” [81]. Despite the imprecision in assessing economic rates for
fertilizer, accounting for the economics means that application rates are likely to be less
than agronomic recommendations for maximum yield.

Farmers also react to uncertainties by adopting a level of input in the suboptimal
region (for maximum economic profits) to avoid irrecoverable damage or loss [82]. Risk
and risk aversion by decision makers have been used to describe the amounts of inputs
used [83]. Many authors have considered risk [84,85], risk analysis [74,86] and risk in utility
analysis [87], uncertainty and decisions in adopting new technology [83,88], processes
of adaptation in farm decision making [89], managerial decision making [90,91], and
approaches such as the use of intuition [92] in making real-life decisions [93]. Accounting
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for risk in farm decision making is important [94] when deciding or recommending input
rates for fertilizer.

3.3. Fertilizer Timing Analysis for Rice

The timing of fertilizer applications practiced by surveyed smallholders was compared
with the six recommended timing “good management practices” for rice production
described in Table 2. There has been no study in Myanmar considering the fertilizer
application timing in cereal crops. The results are in Figure 5.
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Figure 5. Timing of fertilizer application practices by surveyed rice farmers compared to “good management practices”.
Graphs (A-F) refer to fertilizer management practices. Green columns represent practices that are aligned with the
generalized “good management practices” and red columns represent those not aligned.

Most reported farmer practices were aligned with the first three “good management
practices”. More than 75% of analyzed farmers avoided excess early application of N
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(Figure 5A), approximately 90% avoided late applications of N fertilizer (Figure 5B), and
approximately 85% applied N fertilizer at least three times (including basal applications).
In this analysis, multiple applications on the same day or multiple basal applications were
counted as one application (Figure 5C). The high number of N splits is mainly due to the
high number of compound fertilizer applications. Thind, et al. [95] reported that increases
in number of N applications beyond three did not increase yield in an Indian research
trial. Hence, many smallholders could reduce the number of compound fertilizer split
applications and save labor costs as it is likely to have negligible impacts on rice yield. In
contrast, nearly half of the surveyed farmer practices did not align with the fourth analyzed
“good management practices” (apply N at panicle initiation between 55 to 65 days before
crop maturity) (Figure 5D).

When applying P, farmer practices generally did not align with the recommended
“good management practices” (apply P during the early growth stages of rice as it supports
flower, root, and stem development [7]). Only 18% of the farmers applied total P early
(within 21 days after seeding or 14 days after planting) (Figure 5E). Most farmers (82%)
were applying P throughout the growth stages when it may have been needed earlier. It
is also recommended to apply P only once as it is relatively immobile [25,53] and so the
cost of labor for fertilizer application can be saved by applying only once. Only 34% of the
farmers were found to be applying P once (Figure 5F).

Smallholders could improve the timing of fertilizer application if they stopped ap-
plying compound fertilizer and instead applied single nutrient fertilizer such as urea, T
super, and potash when individual N, P, and K nutrients are needed throughout the crop
growth stages. However, compound fertilizers also commonly contain micronutrients.
The decisions on compound fertilizer applications appear to be associated with labor-
saving considerations.

4. Policy Implications

The current fertilizer law in Myanmar focusses on fertilizer trade, registration and
licensing, and quality control. Some implementing regulations are deficient in terms of
completeness and clarity based upon international standards [96]. Agricultural policies
in Myanmar have been focused on increasing yield by encouraging increased use of fer-
tilizers [97] but care should be taken to avoid excessive recommendations. From this
study, 30-31% of the surveyed farmers were applying more than the recommended urea
fertilizer recommendations for rice. Increased fertilizer use is necessary for sustainable
intensification by reducing deforestation and preserving production potential of the land.
However, it must be combined with land conservation [98]. Application of fertilizer by
the broadcasting method can lead to excessive use of fertilizers [59]. Hence, blanket rec-
ommendations should be avoided, and SSNM practices should be encouraged. Accurate
and accessible soil assessments combined with programs to increase farmer literacy on
soil and environmental health will assist with fertilizer management. Studies on farm
typology can distinguish specific farmer groups, based on the levels of fertilizer use, to
enable training to increase smallholder fertilization knowledge and adoption of advanced
fertilizer management technologies. Policies aimed at not only increasing fertilizer applica-
tion but also reducing over-fertilization, are desirable. Fertilizer policies which emphasize
the implementation of placement methods may be valuable.

Issues of sustainable development focus on three pillars, namely environment, econ-
omy, and society [99]. Porter and van der Linde [100] implied that “the best choice for
sustainability should meet the needs of society and are environmentally and economically
viable, economically and socially equitable as well as socially and environmentally bear-
able”. There is a trade-off between the three pillars where there is a choice between aiming
for economic growth, environmental conservation, or social equality [101]. This trade-off is
more prominent in developing countries where economic growth is commonly prioritized
as the population needs money to survive and economic growth means more jobs in the
economy [102].
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However, the reality in many countries, including Myanmar, is that reducing poverty
and improving food security are the primary aims. The main objective of many projects
from international organizations in Myanmar focuses on reducing poverty and improving
food security [18,103] with less attention on the environment. Focus on economic devel-
opment, such as increasing yield for the growing population, can lead to increased use of
fertilizers which inevitably causes pollution.

Policies can be developed to include a charge in the price of N for excessive use
of chemical fertilizers. However, an integrated modelling approach by Wei, et al. [104]
found that raising the price of N delivers little benefit to society and increasing the water
prices is the better policy instrument. In Myanmar, the existing policy and administration
of water resources is scattered and unfocused [105,106]. Studies have found that one of
the main reasons for farmers overusing fertilizers is due to lack of knowledge in the
N application rates [107], and hence training and educational programs for sustainable
fertilizer management may improve the sustainability of the agro-ecosystem.

From the study, 95% of the surveyed maize farmers were found to be applying less
than the national recommended rates. Evidence from other countries has shown that
fertilizer subsidy programs have been effective in increasing fertilizer use but have had
little success in increasing yield. In particular, the Green Revolution productivity increases
were predicated on using more N, while there is enough (irrigation) water and use of
HYVs [108]. Although more N might be used through subsidies, if the crop varieties used
are not able to fully express this enhanced fertility in increased crop yields, then the policy
aim of yield improvement cannot be achieved. Farmers in the study area were found to
be using CP888, a hybrid maize variety, which may help explain why an increase in N
use might not lead to an increase in yield [109]. In the case of rice, farmers in the study
area were found to be mainly using HYVs [109]; however, the quality of the HYVs may be
of concern. In Myanmar, shortage of good quality seeds has been identified, with there
being only about 10% of the supply of improved seeds and 90% from farmers’ saved seeds
from the previous season’s harvest [106]. There is a need for cost-effectively generating
and delivering improved seed varieties to farmers. Hence, policies need to address more
than just increasing fertilizer usage.

In Myanmar there is a limited credit supply for maize farmers from the Myanma
Agricultural Development Bank (MADB). MADB is the largest institution financing agri-
cultural activities at a subsidized interest rate [110]. However, it only finances farmers with
formalized land tenure and to produce certain crops, and the amounts are specified by crop
type. Maize farmers can only borrow USD 95 per ha, substantially less than rice farmers
(USD 280 per ha). According to Fang and Belton [111], this amount covers only 4% of the
total maize production cost. This may explain the low use of fertilizer by maize farmers. A
study by Tadesse [112] provided evidence that the probability and intensity of fertilizer
use increased significantly with better access to credit. Hence, there is a need for maize
farmers to have better credit access and to identify ways of disbursing formal agricultural
credit to smallholders without formal documentation of land tenure or title. Innovations to
improve rural credit access are worth further study.

Another reason for the low use of N in maize compared to rice by farmers could be
due to cash flow implications. The country’s rice self-sufficiency policy has led farmers
to consider that rice is a more important crop than any other crops [113]. This remained
consistent with the survey results where rice was cultivated by 89% of the farmers while
only 15% cultivated maize in the study area. Hence, when farmers have limited money for
fertilizers, they will use the limited budget for N fertilizer primarily on rice.

Some limitations of this study need to be noted. Although the sample size of the
study covers 6% of the population of the project area, the study location had greater than
average access to input retailers and agricultural support services. The field trial locations
were located at sites associated with or close to government research stations or university
land. This provided easier access for local extension officers but not for all farmers. Study
areas for further research could be located at remote and under-resourced areas covering a
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wider landscape. The study mainly focused on applications of urea and compound (N:P:K)
fertilizers by smallholder farmers and did not consider other micro-nutrients, manure, and
organic fertilizers. Further studies on these can be useful.

5. Conclusions

In this study we report results of a survey of 600 smallholders in central Myanmar.
Smallholder perceptions that fertilizers increase cereal crop yields have been the primary
motivation for fertilizer use. There are many types of fertilizer brands available in central
Myanmar. When deciding which fertilizer to use, smallholders mainly rely on popular
brands and opinions of other farmers. Most fertilizer decisions were made by male farmers.
Fertilizer quality was not of concern to most of the smallholders.

The second part of the study highlighted the fertilizer practices of smallholders in the
study area. We tested whether the reportedly low fertilizer use by Myanmar smallholders
is generally true in the study area. We compared their fertilizer practices to national
agricultural agency recommendations. We also compared the timing of fertilizer application
against recommended “good management practices”. This is the first study to compare and
clarify how fertilizer management is conducted by Myanmar smallholders, and the findings
are valuable in discussing whether, and what type of, interventions could be developed.

The survey results revealed that 99% of the smallholders in the study area were using
fertilizers. Smallholders understand the crop yield responses to basal and split fertilizer
applications of N. They apply compound fertilizers to ensure that other nutrients, apart
from N, are not limiting. The average fertilizer application rates were generally found to
be substantial. Hence, the reported national-level data and farm-level research implying
low fertilizer use by Myanmar farmers is not confirmed by this contemporary study in
central Myanmar. However, the distribution of fertilizer applications showed that there
were farmers applying no fertilizer and others were over-applying fertilizer. Only 20 to
23% of the surveyed farmers were found to be applying within the national recommended
range of urea fertilizer in rice. Smallholders were found to be applying substantially lower
N levels than the recommendations for maize.

But smallholders are rational; they have good reasons for doing what they do. Farmers
applying no fertilizer may be in a subsistence mode and the others who are using fertilizers
are in a semi-subsistence or commercial mode. An understanding of the economics and
risk associated with farm-level decisions is important when considering practices of farm
input usage by smallholders.

With respect to fertilizer application timing, smallholders’ practices were generally
aligned with the first three N timing “good management practices”. However, nearly
half of the surveyed farmer practices did not align with the fourth practice (apply to N at
panicle initiation). This was an important recommendation for farmers in the study area in
Myanmar. With respect to P timing, most farmers were applying throughout the growth
stages, when earlier applications are desirable. Smallholder farmers may also be able to
save the cost of labor for fertilizer application by reducing the number of P applications and
avoiding late application. Overall, these farmers are using better fertilizer management
than indicated by the literature and careful consideration is needed to improve smallholder
fertilizer management.
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