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Abstract

Increasing the use of chemical fertilizer is required to realize a sustained growth of agricultural
productivity in sub-Saharan Africa. In addition to various constraints related to input markets
and socio-economic characteristics of farmers, previous studies have shown that uncertainty
about crop yield response discourages farmers to use fertilizer. This study examines how site-
specific information about soil characteristics optimizes farmers’ decisions as to fertilizer
allocation by reducing the yield response uncertainty. Unlike existing similar works, our unique
approach is the use of simple binary information on expected effectiveness (EE) of fertilizer
application based on soil chemical analysis. We tested its effect in a randomized controlled
trial (RCT) conducted in Madagascar. The results revealed that the binary information
regarding EE at plot level induced more optimal allocation of fertilizer among plots as
information of high EE significantly increased the rates of nitrogen fertilizer application and
as a result achieved higher rice yield. In addition, high EE information led to increased use of
nitrogen fertilizer at household level. One important implication of this study is even simple
information about plot-level soil characteristics can influence farmers and induce
intensification of input use
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I. Introduction

It is widely recognized that sustained growth of agricultural productivity in sub-Saharan
Africa (SSA) requires a substantial increase in chemical fertilizer application (Morris et al.
2007; Xu et al. 2009; Holden 2018). The pace of increase in nitrogen fertilizer use in agriculture
has been substantially slower in SSA than in other parts of the world (Tsujimoto et al. 2019).
A large body of literature has identified various factors that explain the low use of fertilizer in
SSA, mainly focusing on demographic as well as market-related factors. For example,
education level of the heads and other household members (Asfaw and Admassie 2004),
accessibility to input and credit markets (Croppenstedt et al. 2003), and quality of inputs sold
in the market (Bold et al. 2015).

In addition, recently increasing publications show that site-specific recommendations about
soil characteristics can influence farmers’ fertilizer application. Harou et al. (2022) found that
plot-specific information provision together with inputs voucher significantly increased
farmers’ investment in mineral fertilizer and consequently productivity. Van Campenhout
(2021) pointed out that farmers face two types of information deficiencies: technical
information for correct implementation of modern inputs and information about the returns on
technology adoption. Based on the experiment in which impacts of releasing these two types
of information were compared, his study concluded that information about the expected returns
had a more prominent role on farmers’ productivity improvement. Regarding the former type
of information deficiency, the experiment of Abey et al. (2022) provided evidence that there
were mismatches between farmers’ perceptions about types of nutrients insufficient in soils
and nutrients actually in need. They concluded that site-specific information provision
contributed to productivity improvement because the mismatches were even yield-reducing.
Their findings are particularly relevant for smallholder farmers in SSA as their fields are known

to be highly heterogeneous in soil fertility or in responses to nutrient inputs even within small



distances due to the influence of topography and past management practices (Kihara et al.
2016; Zingore et al. 2011; Nishigaki et al. 2018). Thus, there should be no doubt that site-
specific information will improve productivity. But what kind of information should be
provided remains to be further investigated. The present study aims to answer this question.
Prior studies on the effect of soil information typically tried to figure out which nutrient is
deficient in soils at which extent and examined whether information could close the gap
between required rates and actual rates of application (for instance, Harou et al. (2022), Ayalew
et al. (2022), and Abey et al. (2022)). However, the relationship between soil analysis
information and crop response to fertilizer in field is not straightforward, which is to say that
the provision of comprehensive soil characteristics do not necessarily realize effective fertilizer
management (Tsujimoto et al. 2019). Therefore, our novelty relative to the prior studies is that
we adopted much simplified information of soil characteristics and showed even such an
intervention could improve farmers’ fertilizer use. More specifically, we provided farmers with
binary information related to the effectiveness of nitrogen fertilizer in one main plot for rice
production. The plot-level effectiveness was judged by a single soil property of oxalate-
extractable phosphorus (Pox, hereafter), a suitable indicator to assess phosphorus-deficiency
for lowland rice fields in tropics (Rakotoson et al. 2022). It is well known from agronomic
studies that the lack of nitrogen limits rice yield in SSA most severely (Saito et al. 2019;
Rurinda et al. 2020; Tanaka et al. 2017). However, instead of dealing with nitrogen deficiency
directly, we adopted an indicator of nitrogen fertilizer effectiveness based on Pox. This single
indicator is based on the following agronomic findings in the region where our study sites are
located: first, phosphorus-deficiency status greatly varied from fields to fields in the region
(Kawamura et al. 2019; Rakotoarisoa et al. 2020); second, rice little responded to nitrogen
fertilizer when Pox value was low because phosphorus-deficiency became a primary limiting

factor for rice growth (Asai et al. 2020).



As for the optimization of fertilizer use, we assumed that the observed sub-optimal allocation
of fertilizer among the plots occurred because farmers did not know the heterogenous
distribution of phosphorus in the soil. Therefore, we considered that information about
expected effectiveness (EE) of nitrogen fertilizer would reduce the uncertainty in fertilizer
responses and help farmers to decide in which plot and how much they should use fertilizer, or
in other word to optimize fertilizer allocation. In this regard, we hypothesize that farmers will
increase the probability of adoption of nitrogen fertilizer as well as its application rates in the
plots with high EE, while they will decrease such probability in the plots with low EE. Thus,
our optimization about the allocation of fertilizer is different from the existing studies that
consider the adjustment of fertilizer application rate to the recommended level from too high
rate (for example, Islam and Beg 2021) or too low rate (for example, Ayalew et al. 2022). Since
most of small-scale farmers in SSA cannot afford sufficient amount of fertilizer, how to allocate
limited amount of fertilizer is a more practical and relevant question. To our best knowledge,
this viewpoint has rarely been presented in the existing literature. We further expected that the
optimized fertilizer allocation would increase rice yield in plots with high EE because farmers
would use nitrogen fertilizer intensively in such plots compared to plots where EE status is low
or unknown. Thus, our second hypothesis is that the provision of EE information will lead to
higher rice yield and as a result better household welfare than otherwise.

The rest of this paper is organized as follows. In section 2, the experimental design is
explained. Analytical framework is proposed in section 3. Section 4 presents results of analysis

followed by additional analysis for robustness check in Section 5. Section 6 is conclusion.

I1. Experimental design
A. Study Context

The improvement of rice productivity has long been one of the central issues in



Madagascar’s national policies for poverty reduction and food security as rice is historically
the main staple food crop as well as the major income source for the rural population (World
Bank 2020). The study site is located in the Vakinankaratra region, which is in the central
highland zone, the major rice-producing area of the country. Although rice is the most
important crop in this region, majority of farmers do not use chemical fertilizer for rice
production in lowland (Ozaki and Sakurai 2021).
B. Soil nutrition information

We designed an experiment to provide simple binary information about expected
effectiveness (EE) of nitrogen fertilizer application. Based on the Asai et al. (2020)’s finding,
we use the Pox value as the indicator of the effectiveness of nitrogen fertilizer. More
specifically, the Pox value of 100 mg/kg was used as the base threshold (6). However, in the
villages where soil is affected by the volcano, although soil is rich in phosphorus most
phosphorus exists in a form which plants have difficulty in absorbing and utilizing. In such a
case, the Pox value of 300 mg/kg was employed according to a publicly available guideline for
fertilizer application in Japan (MAFF 2008). If the Pox value in a plot is more than the threshold,
the plot is considered to have high EE regarding nitrogen fertilizer use, and if the value is less
than the threshold, the plot is considered to have low EE.
C. Sampling procedure

Five villages were selected across two districts in the region of Vakinankaratra. Purposively,
two villages from the eastern part, another two villages from western part, and the other one in
between the two groups of villages were selected to evenly represent the agroecological
diversity?. All the five villages are located along the national road that runs east and west in the

middle of the region (Figure 1).

! The Vakinankaratra region has an asymmetric landscape: The altitude of its eastern part reaches nearly 1,800 meters above
sea level and there is a long mild slope descending towards the western end of the region. This asymmetry affects
agroecological environment and thus agricultural practices although rice production in lowland is a common practice.



Each village has several smaller administrative units. Based on these units, two enumeration
areas (EAs) were chosen in each village. The two EAs in a village have similar characteristics
in terms of distance from the national road, population, and rice cultivation practices based on
information collected in a preliminary field survey?. Then, we randomly selected farmers who
had grown rice in lowland plots in the 2018-19 rainy season. Before intervention, all the sample
farmers were asked to list all the agricultural plots used in that season and then to choose one
most important lowland rice plot (we call this plot “target plot”). We visited each of these target
plots and measured its location and its size by GPS. In addition, soil was taken from three
points in each plot to obtain composites of soil samples. All the soil samples were sent to a
national laboratory to examine phosphorus amounts. Based on the result of this soil analysis,
all the target plots selected were classified as either high EE or low EE.

D. Randomization

Figure 2 shows the assignment structure. The total number of participants was 70.
Randomization at EA level was more suitable than at household level to avoid information
spillover between households within an EA. Since two EAs in a village are geographically
apart and farmers in control EAs had no information about the selection of the treated EAS,
information spillover across EAs could be prevented.

After randomization, both the treatment and the control groups had 35 households.
Regardless of the assignment status, we provided all participants with common inputs that
consisted of free fertilizer (5 kg of urea), the size of the target plot that was obtained by GPS,
and general advice regarding timings and rates of urea application®. Because we would like to

test if farmers allocate nitrogen fertilizer based on the information about EE, we provided

2 When the national road passes through the target village, we selected one EA from the northern side of the national road, the
other EA was selected from the southern side of the road.

3 We recommended the rate of 1kg of urea for 1 Are of land. Recommended timings were 14 to 20 days after transplanting as
basal fertilizer application and 40 to 50 days after transplanting as top-dressing application. The actual paper distributed to all
participants is presented in appendix.



nitrogen fertilizer free to alleviate financial constraints to buy fertilizer. As for physical access
to the fertilizer market, we do not think it is a problem since all the villages are located along
the national road. When distributing the common inputs, participants were explicitly informed
that there is no restriction on the usage of urea from us and so they might apply it to any crop
in any plot, keep it, sell it, or even give it to others. The distribution was implemented in
October of 2019.

Then, when the common inputs were distributed, only farmers in the treatment group
received the (additional) information that consisted of the EE status, the Pox value in the soil
sample of the target plot (mg/kg), and relative ranking of the Pox value among the participants
in the same EA%. As a result, only the treated farmers could know whether urea would be
effective or not and use this information to make decisions about whether or not and how much
urea to apply on the target plot. Farmers in the control group had to decide how they would use

the given urea without knowing the EE status of their target plots.

III Analytical framework
A. Expected effectiveness to nitrogen fertilizer

Table 1 presents the summary of results of soil examination by EA. The Pox in soil as an
index of phosphorus deficiency status was analyzed as per Schwertmann (Schwertmann 1964).
The mean Pox values greatly varies across EAs from 36.1 mg/kg at EAL0 to 547.5 mg/kg at
EAL. Relatively high Pox values were observed at EA1, EA2, EA3, and EA4°. Soils of these
four EAs were considered to be affected by volcanic soils, and thus, the Pox value of 300 mg/kg

was applied as the threshold (&) to judge the EE. For the remaining EAs, 100 mg/kg was used

4 Although our main objective was to give the information of EE status, we also provided the treated farmers with the Pox
value and its ranking among the participants in the same EA. This is because farmers in the same EA tend to know plots of
each other, and the additional information may help farmers relate the results of soil examination to the actual situations that
they observe.

5 Nishigaki et al. (2020) conducted soil survey covering our study site and found that sporadic volcanic soil exists in Betafo
district in which the four EAs are located.



as the threshold. Applying this threshold, 8 out of 10 EAs embrace both high and low EE,
implying that soil P deficiency status differs even within a village.
B. Econometric specification

Three specifications are used in the analysis. The first model is to examine the impact of
intervention among the target plots by comparing the outcome variables between target plots
of treated households and those of control households. Thus, this analysis used only target plot
data. In our RCT setting, the impact of intervention can be obtained by simple comparisons of
mean values. However, following the argument of McKenzie (2012), this study employs an

ANCOVA model to improve analytical power®.

high ’ I [
Yin2020 = @ + ,31Tihlg + BoTE™ + BsYinzoro + B4PCin + BLHC, + Bevillage + wyp ... (1)

where Y;n2020 1S One of outcome variables in target plot i of household h in the rainy season of
2019-2020. Two types of outcome variables are used in this model: binary variables and
continuous variables. The binary variables are those for the adoption of urea, nitrogen fertilizer,
and organic fertilizer in the target plot. These variables take a value of one if the target plot
received these inputs. It is important to note that these variables capture only the adoption status
of the target plot. Thus, they take a value of zero as long as the target plot does not receive
these inputs even when a participant used these inputs in other plots than the target plot.
Nitrogen fertilizer refers to any kind of chemical fertilizer products which include nitrogen as
one of its nutrients such as NPK composite-type fertilizer and urea. The continuous outcome
variables include rice yield in kg/ha, application rates of urea in kg/ha, nitrogen application

rates in kg/ha which is calculated from the typical nutrients composition in each type of

6 ANCOVA stands for Analysis of Covariates. It improves analytical power especially when an outcome variable of interest
has high variability and has non-zero but low autocorrelation. McKenzie (2012) gives income and consumption of households
in poverty as examples for the appropriate cases of application of this model.



fertilizer product’. When the outcome variables are binary type, models become linear
probability model where each coefficient, 8, shows the marginal effect of change in one unit
of each explanatory variable on the probability of adoption of each of those inputs. The key
feature of the ANCOVA model is the inclusion of the outcome variable in the previous season,
Yin2019, t0 control for the effects of pre-conditions of each plot. The inclusion of the lagged
dependent variable enables us to interpret the effects as the impact on the change in outcome
variables from the previous season.

As for the treatment variables, our treatment would affect farmers’ decisions differently,

depending on whether the information was high or low. Thus, two dummy variables of
treatment status were separately included in the model. Tif;fgh takes 1 if a participant was
assigned to the treatment group and received information that urea would be effective in the
target plot of his or her household. T}?" takes 1 if a participant belonged to the treatment group

and information was low EE. These two dummy variables take 0 for those who belonged to the
control group. Thus, we expect that 3,, the coefficient for Ti’,’ligh, is positive, and significantly

different from zero, but that S,, the coefficient for T/°", is not significantly different from zero.

In addition, plot level, household level, and village level control variables are included. PC;,
is a vector of plot level covariates that include plot size in ha, squared value of plot size. HC},
is a vector of household level covariates: household size, years in education of household head,
age and sex of household head, log of per-capita value of asset, and risk preference of
household head®. These variables should be included because EE might be correlated with
some observable household characteristics due to the non-random selection of target plots.

Village dummy variables to control unobserved factors attributable to village characteristics

7 For imputation of nitrogen amount, nitrogen is considered to account for 46% and 16% of the total weight in urea and NPK
fertilizer available in the study area.

8 Risk preference of household head was measured by a simple hypothetical game. The preference was scaled from 0 to 10
where smaller number indicates relative risk-averseness. When we could not find the household head at the time of interview,
we conducted the game with another household member who responded to interview.



are also included as village. B3 — [ are vectors of parameters to be estimated, «, is a
constant term, and wu;, is the error term.

The major concern in estimating this model is the small number of EAs, which were the unit
of sampling and hence standard errors must be clustered at this level. In order to deal with this
problem, we employed wild cluster bootstrapping (WCB) suggested by Roodman et al. (2019).

The second model examines the impact of intervention within a household level by
comparing the target plot with non-target plots of a household. Thus, unlike equation (1), all
the rice plots cultivated by the sample households including upland rice plots were used for

this analysis. The model specification is as follows.

high high
Yin = .31Iihlg + B IRV + :33N1ihlg + By NIV

+ fssizey+ BeSize_sqin+ Bruprice;, + HHFE, + wyy, ... (2)

where Y;, is one of outcome variables in a plot i of a participating household h. The outcome
variables include the quantity of urea, that of nitrogen, and rice yield. The units of these
variables are the same as specification (1). All the plots are classified as either target plot or
non-target plot. The target plots are further classified into four categories by expected
effectiveness (EE) of nitrogen fertilizer and treatment status: namely target plots with high EE
of treated households, target plots with low EE of treated households, target plots with high EE
of control households, and target plots with low EE of control households. The corresponding
binary dummy variables are denoted as Il.h,fgh, v, Nlih,fgh, and NIX™. Note that in the case of
treated households, the information about EE was provided to the households before planting
rice, while in the case of control households, such information was not provided although the
soil was sampled and the Pox value was obtained in the laboratory. Thus, these four dummy

variables in equation (2) capture all the possible patterns of assignment status for target plots,



setting non-target plots as the reference category. In this specification, B;, B,, B3, and B,are
the parameters of interest. Each parameter indicates whether and how each type of assignment
status has an effect on the outcome variables in comparison with non-target plots in the same
household. In general, we expect that 3, is positive and significantly different from zero, while
B is negative and significantly different from zero. But 5 and g,are not significantly different
from zero.

Plot level control variables are also included. size;,and size_sq;, are plot size in ha and its
squared value of plot i of a household h, and uprice;;, isa dummy variable which takes a value
of one if a plot is arice plot in upland. Since upland rice cultivation is popular in the study area
(Ozaki and Sakurai 2020) and many farmers in this dataset have rice plots both in lowlands
and uplands, non-target plots include both types of rice plots. As the growing condition is
different between the two, this dummy variable intends to capture the effect of being planted
on uplands. HHFE,, is household fixed effect that captures unobserved effects of a household’s
traits that commonly affect all rice plots. u;;, is the error term.

The third model is for household level impact. This model focuses on measuring the impact

of intervention on household welfare.

Yizoz0 = @o + BiT" + B, T + BLHC,, + Byvillage + uy, ... (3)

where Y},,020 1S One of outcome variables that include crop income per capita and monetary
value of the total consumption per capita of household h. Data for outcome variables were
collected in August 2020, approximately 3 months after the harvesting month of the year. T,f‘ig n
and T° in (3) are dummy variables which decompose T}, by the types of information that a
treated household receives. HC;, include the same list of variables in specification (1) as

observable factors that also affect outcome variables. village is a vector of dummy variables



of village of residence. Since we do not have household level outcome variables in the previous
year, we cannot apply ANCOVA specification to the household level analysis. However, in the
case of rice yield and fertilizer applications, we use the values in the previous year at the target

plot instead of household level data to control for the levels before the intervention.

IV. Results
A. Descriptive statistics about households

Table 2 presents descriptive statistics of participants’ households. A household consisted of
5 people, and cultivated a total area of 0.49 ha of land on average. The number of rice plots
was 3.5 per household on average, and one of them was the target plot whose mean size was
0.15 ha. The description indicates that the participants were small-scale, but had multiple
choices of plots for fertilizer allocation. After randomization, 10 out of 35 households who
belonged to the treatment group had plots with high EE and 25 of them had plots with low EE.
Between the treatment and the control groups, there were no systematic differences with
respect to these variables (see Table Al).
B. Descriptive statistics about outcomes

Table 3 shows descriptive statistics of rice yield and fertilizer use in the target plots. The
number of plots was the same as the number of households because we targeted one plot from
each household. In the last rainy season before the intervention, 20% of these plots had received
any nitrogen-containing fertilizer, of which 17% was urea. After the intervention, the
percentage of urea-applied plots was increased to 61%. This suggests that more than half of
farmers are willing to use fertilizer if they can obtain it. The percentage of manure-applied plots
little changed before and after the intervention. The average rice yield was 4795.22 kg/ha

before the intervention, and 4548.10 kg/ha after the intervention.



After the intervention, urea was applied in 7 out of the 10 target plots or 70% in high EE
sub-groups and 12 out of 25 plots or 48% in low EE sub-group (Table 4). We expect that the
share of urea applied plots in the control group should be between the two treatment sub-groups.
Although the share, 68.6 %, fell between the two, it is very close to the high EE group. Anyway,
the shares are not statistically different as shown in the last column of the table.

C. Impact of intervention on fertilizer application in target plots

Table 5 presents the results of the regressions of specification (1) regarding fertilizer use at
the target plots on the treatment variables. The impact of the intervention is examined by
comparing between target plots of treated farmers and those of control farmers.

After controlling for the pre-intervention level of outcome variables, the result shows that
receiving information of high EE did not affect urea application compared with control plots
(columns (1) and (2)), but it had a significant positive impact on nitrogen application quantity
by 41 kg/ha (column (4)). On the other hand, low EE information resulted in a significant
decrease in the probability of urea application by 12% points and nitrogen application by 11%
points compared with control plots (columns (1) and (3)). Moreover, low-EE information had
a significantly negative impact on fertilizer purchase (column (6)). Please note that the adoption
and the quantity of nitrogen fertilizer accommodate not only urea but also NPK as a source of
nitrogen. No impact on the quantity of urea is found for either type of information though the
signs of coefficients were consistent with the hypothesis (column (2)).

The insignificant impact of high-EE information on the use of urea can be attributed to the
high adoption rate of urea among control farmers: 24 out of 35 farmers in the control group
used the provided urea as shown in Table 4. Considering that the high-EE information had a
significant impact on the application rate of nitrogen, its insignificant coefficients on urea use
may be because 5 kg of urea was distributed to all participants equally before planting.

Although 70% of farmers who received information of high-EE applied the given urea to their



target plot, it was not sufficiently different from the percentage in the control group. On the
other hand, low-EE information significantly reduced the use of urea because control farmers
tended to use distributed urea to their target plots.

The fifth column shows that probability of using manure in the target plot declined by 22%
points compared with the control group when farmers received information that would
encourage urea application. This result indicates that farmers with high EE information
substituted manure with nitrogen, i.e. urea and/or NPK.

The last column shows that there is no significant impact on rice yield in spite of the several
significant changes in fertilizer use due to the intervention. However, if the decision of not
using nitrogen fertilizer reduce the production cost without compromising vyield, the
information provision will contribute to the efficiency gain among rice farmers.

D. Impact of intervention on fertilizer allocation within a household

Table 6 presents regression results of specification (2). This model compares target plot and
non-target plots in each household that had at least two rice plots controlling for unobserved
household characteristics by household fixed effect. Hence, 10 households who had only one
rice plot were excluded from the analysis. Including rice plots both in lowlands and uplands,
the total number of observations was 207 from the total of 60 households.

We expect that in the case of positive information (i.e. high-EE information) farmers are
likely to follow the information regardless of their subjective assessment of soil characteristic
unless they have a very strong belief against the information. On the other hand, in the case of
negative information (i.e. low-EE information), in which plots farmers will use urea cannot be
predicted, and hence their decisions will not be different from control farmers who do not
receive any information.

The first row shows the impact of the provision of high-EE information: it significantly

increased the quantity of urea and the quantity of nitrogen applied to the target plot by 43.79



kg/ha and 53.42 kg/ha as shown in columns (1) and (2) respectively. These results imply that
farmers followed the positive information as expected. As a result, it is found that rice yield
was significantly higher in the target plot than non-target rice plots. The difference is 948.75
kg/ha on average after controlling for upland plots as well as household unobserved
characteristics as shown in column (3).

The second row presents the impacts of low-EE information on the target plot. There are no
significant differences between the target plot and non-target plots in terms of the quantity of
urea, the quantity of nitrogen, or rice yield, which is also as expected. Since low-EE
information does not tell in which plot the farmer should use urea or nitrogen unlike high-EE
information, the insignificant effect seems to be natural.

The coefficients in the third and fourth rows are also estimated to be insignificant, suggesting
that without information, participants in the control group evenly allocated fertilizer among
rice plots within a household. The results imply that farmers do not know the effectiveness of

nitrogen in their plots and providing such information will help their decisions.

E. Impact of intervention at household level

Table 7 shows the impact of the intervention on household level variables using specification
(3). Outcome variables include the average rice yield, average intensities of application of urea
and nitrogen to rice, crop income per capita, and monetary value of the total consumption per
capita.

Column (1) shows that neither high-EE nor low-EE information affected rice yield at
household level. But although it is not statistically significant, the sign and the size of the
coefficient of high-EE seems to be reasonable. They did not have any impact on urea
application rate at household level either as shown in column (2). However, nitrogen
application rate in column (3) increased when a household received information that urea

would be effective in their target plots. The results can be interpreted that farmers did not use



more urea than they equally received, but they increased nitrogen use by purchasing if their
plots are judged as high EE. The intensified nitrogen use was sufficient to have a statistically
significant effect on the yield.

To see whether the intervention contributed to welfare improvement by enhancing rice
production efficiency, two outcome variables were regressed on treatment variables. But
neither crop income per capita nor consumption per capita were significantly affected by the
information provision, as shown in columns (4) and (5). Since the impact on rice yield was not

large enough, the intervention could not have significant effect on household welfare.

V. Robustness check
A. Impact of plot size

In the intervention, all the participants received information about the exact size of the target
plot (see Figures A2 and A3) as well as the general instruction of fertilizer application
regardless of the treatment assignment status (see Figure Al). The recommended rate of
application was 5 kg of urea for 0.05 ha. The urea provided for free was not enough to cover
all the area of the target plot for most participants as the average size of the target plot was 0.15
ha. Therefore, farmers might have given up using the urea just because the size of their plot is
larger than 0.05 ha, areas that could be covered by the free urea. To see whether or not this was
the case, an additional regression was run by using specification (1). In this model, instead of
plot size variables, a dummy variable for the plot whose size is over 0.05 ha, and its interaction
terms with treatment assignment variables were included. Results are presented in Table AG.
None of three newly added variables are statistically significant, implying that whether the plot

size was larger than 0.05 ha did not affect the farmers’ decisions.

VI. Conclusion



The large variation of soil characteristics necessitates site-specific advice regarding fertilizer
management because conventional blanket recommendation might result in disappointing
outcome in some plots where crop yield response to the fertilizer is low due to inherent soil
properties. However, what kind of site-specific information will influence farmers’ soil fertility
management and improve crop yield remain largely unknown. In order to answer this question,
we created a unique binary indicator about fertilizer effectiveness and tested if such simple
information could work. The indicator was based on Pox value in the soil and firmly supported
by agronomic evidence. However, we did not know if such simple information can motivate
farmers to shift from current practices with no or low fertilizer use to improved practice with
more fertilizer.

We conducted a randomized controlled trial in Madagascar and found that the provision of
plot-level simple information regarding expected effectiveness (EE) of nitrogen fertilizer could
optimize farmers’ fertilizer use and enhance rice yield: high EE information significantly
increased application rate of nitrogen fertilizer and its consequent rice yield compared with the
case of low EE information and no information.

Considering the general needs of increase in nitrogen use in SSA rice cultivation, this study
made an important contribution to the discussion by showing that there is a possibility to
simplify the design of intervention by focusing on a single soil property. Various attempts,
including subsidy programs, credit lending and training about how to use fertilizer have been
implemented in SSA to promote fertilizer use by farmers, but they are not so successful. The
policy implication of this study is that even simple information will make conventional
fertilizer policies more effective to promote fertilizer use.

The use of simple indicator of nitrogen effectiveness is the uniqueness of this study because
prior studies dealt with multiple soil properties to show what and how much of mineral fertilizer

to be applied in each plot. This idea is agronomically sound because increased number of soil



properties in the information does not necessarily improve the accuracy of the information
(Tsujimoto et al. 2019), but also practically important considering the cost and time to examine
many soil properties and the feasibility of interventions with multiple soil properties. Of course,
we should not simplify the reality too much, and agree with Burke et al. (2019)’s comments
on Marenya and Barret (2009) suggesting that crop yield response is affected by complicated
soil structure. With this respect, further studies to explore whether complex information that
consisted of multiple soil properties leads to higher or lower impacts on farmers’ practices than
simple information based on a single soil property as used in this study, taking account of the
cost of information generation, will be meaningful for both researchers and policy makers.
Limitations of this study are as follows. First, the experiment was implemented in only a few
villages in the region and the number of observations is small. Considering criticism about
external validity of many RCT studies in addition to the small sample problem, generalization
of the results of this research will require a particular care. Some similar interventions with
larger scale will be important to confirm the key findings from this study. Second, this study
only examined the impact of information in the season of 2019-20 which started just after our
intervention. Additional data in the following seasons would be useful to see whether the

impacts would last without free fertilizer provision.
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Figures and Tables

Figure 1: Location of study sties

VAKINANKARATRA

illage 3

\\\ ANTSIRABE

Study Sites [ ]
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Target Districts -
Capital of Region [l
National Road ~ ——

Source) Authors created based on data obtained from Humanitarian Data Exchange
(HDX) https://data.humdata.org/dataset/madagascar-administrative-level-0-4-population-
statistics
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Figure 2 Assignment Structure

Total Participants (70HHSs)
<Common inputs>
Urea 5kg for free
Size of target plot
General advice of rate and timing of
application

Treatment (35 HHSs) Control (35 HHs)

<Additional information provision>
Whether urea will be effective in this plot or not

High Expected Low Expected
Effectiveness Effectiveness
(10 HHs) (25 HHs)
P> 0 P< 0

Notes) P denotes the amount of phosphorus in soil in mg/kg. Phosphorus was measured as
oxalate-phosphorus following Asai et al. (2020). 6 is threshold value which defines the soil
sample as either high EE or low EE. Two different thresholds were used because soils in 4 out

of 10 EAs are considered to be affected by a volcano.
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Table 1 Summary of variation of phosphorus amount by EAs

Villages EA Mean S.D. Min Max Volg?? 1€ 0
1 1 547.53 228.82 228.27 823.08 Yes 300
1 2 335.54 175.34 66.56 576.31 Yes 300
2 3 321.71 145.13 94.16 586.60 Yes 300
2 4 316.25 117.60 136.88 481.96 Yes 300
3 5 122.38 38.51 98.60 166.81 No 100
3 6 74.74 26.55 44.61 108.24 No 100
4 7 64.13 29.81 26.69 116.71 No 100
4 8 57.29 22.09 30.26 89.78 No 100
5 9 37.14 11.97 22.76 57.83 No 100
5 10 36.13 12.04 25.02 63.22 No 100

Notes) Unit is mg/kg of dried soil. Phosphorus amount is measured as oxalate phosphorus.
S.D. stands for standard deviation.
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Table 2 Descriptive statistics about participants’ household

Treatment

Treatment

Variables Unit O(VNe_“;g) High EE  Low EE C(‘I’\?fgosl)
(N=10)  (N=25)
Household size number 5.21 (1.82) 4.30(1.06) 5.48(2.35) 5.29(1.51)
Sex of household head % 92.86 90.00 92.00 94.28
Age of household head years 46.57 (12.12)46.30 (13.57)47.44 (15.25) 46.03 (9.18)
Education of head years  6.00(3.20) 5.50(2.76) 5.76(3.53) 6.31(3.13)
Total size of rice plots ha 0.49 (0.58) 0.18(0.24) 0.73(0.79) 0.39(0.37)
Number of rice plots number 3.49 (1.56) 2.90(0.99) 3.64(1.66) 3.54(1.62)
Size of target rice plot ha 0.15(0.15) 0.09 (0.08) 0.21(0.22) 0.12(0.08)
. 3 146.46 201.34 145.45 131.50
Value of asset per capita  10°MGA ) 56y (15046)  (158.89)  (243.42)
Risk preference 0-10 5.53(2.70) 6.90 (2.47) 5.36(2.53) 5.26 (2.83)

Source) Authors.

Notes) MGA is local currency, standing for Malagasy Ariary. Standard deviations for

continuous variables are in parenthesis.

T-test was conducted regarding size of target rice plot between treatment-high EE group and
treatment-low EE group, and it detected a significant difference at 10% level.
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Table 3 Descriptive statistics about outcome variables

Overall Treatment Treatment Control
Variables Unit v HighEE  Low EE &2305)

N0 wN=10) (N=25)

Plot level (target plots)
Before intervention
4795.22 6810.48 4002.15 4785.91

Rice yield kgla — 570006)  (274644) (2943.98)  (2263.91)
Urea use (0/2) 0.17 0.40 0.12 0.14
Urea application rate kg/ha 30.69 4990 24.87 29.35
(90.11) (73.30) (74.13) (105.08)
Nitrogen use (0/1) 0.20 0.50 0.12 0.17
Nitrogen application rate  kg/ha 16.21 33.19 12.44 14.04
(44.96) (48.94) (38.33) (48.28)
Manure use (0/1) 0.31 0.60 0.20 0.31

After intervention
4548.10 5984.01 3581.68 4828.15

Rice yield kgha — og5125)  (4016.77)  (2306.09)  (2205.97)
Urea use (0/1) 0.61 0.70 0.48 0.69
Urea application rate kg/ha 60.99 117.94 31.63 65.69
(103.66)  (111.50) (57.41) (120.74)
Nitrogen use (0/2) 0.61 0.70 0.48 0.69
. . 32.71 86.76 14.59 30.22
Nitrogen application rate  kg/ha (58.64) (93.19) (26.40) (55.51)
Manure use (0/1) 0.36 0.50 0.28 0.37
Household level (after intervention)
Rice yield at household ke/ha 4422.04 6784.55 3501.48 4404.57
level (2711.13)  (3497.23)  (2312.97)  (2374.40)
. . 3 167.21 91.06 190.45 172.37
Crop income per capita 10°MGA o756y (13908 (154.80)  (217.27)
. . 3 246.99 319.07 168.88 282.19
Per capita consumption 10° MGA (375.78) (405.80) (130.97) (472.84)
Nitrogen quantity applied ke/ha 22.82 55.97 12.33 20.84
to all the rice plots (33.05) (67.22) (15.41) (21.09)
Urea quantity applied to ke/ha 42.23 75.19 26.12 4432
all the rice plots (48.71) (69.89) (33.85) (46.89)

Source) Authors.
Notes) MGA is local currency, standing for Malagasy Ariary. Standard deviations for
continuous variables are in parenthesis
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Table 4 Urea adoption in the target plot by assignment status

Fisher’s

Adopt Not Adopt Total % exact test
Treatment (Low EE) 12 13 25 48.0

Treatment (High EE) 7 3 10 70.0 p=0.243
Control 24 11 35 68.6
Total 43 27 70 61.4

Source) Authors
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Table 5 Impact of soil characteristics information on outcome variables at target plots

(1) () 3) (4 (5) (6) (7)
Ureause  Urea quantity Nitrogen use '\l'J'at;?geDl Manure use  Purchase of  Rice yield
(0/2) (kg/ha) (0/1) a (kg /h;/) (0/2) fertilizer (0/1)  (kg/ha)
. -0.24 40.81 -0.23 41.02 -0.22 0.03 160.38
Treatment (High EE) (0.15) (41.73) (0.15) a7.7n"  (0.10)" (0.13) (884.27)
Treatment (Low EE) -0.12 -17.34 -0.11 -13.99 -0.08 -0.21 -756.16
(0.07)" (13.83) (0.06)" (11.63) (0.05) (0.08)" (344.63)
Urea use in the last season (0/1) (8'2‘11)
Urea quantity in the last season (kg/ha) (g'gg)
Nitrogen use in the last season (0/1) (8'(1)2) (8'(1)‘2)
Nitrogen™ quantity in the last season 0.88
(kg/ha) (0.35)
Manure use in the last season (0/1) ('(? 2169)
Yield in the last season (kg/ha) (001'2)2***
Plot size (ha) 0.25 39.40 0.18 14.84 2.81 1.45 -10272.37
(0.90) (86.62) (0.91) (39.62) (1.01)™ (0.73)” (4609.47)"
Plot size squared -0.62 -23.14 -0.56 0.53 -2.21 -0.95 7079.70
a (0.63) (59.70) (0.65) (23.53) (0.90) (0.58) (3610.57)
Number of household members -0.01 -0.52 -0.01 0.75 -0.05 0.03 99.11
(0.04) (2.13) (0.04) (1.90) (0.02)™ (0.02) (106.10)
Age of household head (years) <0.01 -0.21 <0.01 -0.28 -0.01 -0.01 32.18
g y (<0.01) (0.43) (<0.01) (0.24) (0.01)™ (<0.01)" (14.55)"



-0.01 -50.47 -0.04 -18.31 0.31 0.18 -1289.30
Sex of household head (0/1) (0.18) (53.77) (0.17) (18.76) (0.20) (0.17) (1813.48)
Years of education of household head “0.01 0.31 “0.01 -0.40 ~0.03 <001 30.05
(0.02) (1.57) (0.02) (1.13) (0.02) (0.01) (79.76)
Log of household asset value 0.37 92.01 0.28 69.12 -0.36 0.35 4551.56*
(0.57) (56.73) (0.54) (53.20) (0.33) (0.37) (2721.93)
Risk preference (0 to 10) -0.02 0.41 -0.02 1.40 -0.02 0.02* 90.08
(0.03) (2.34) (0.03) (1.36) (0.03) (0.01) (127.63)
Village dummy Yes Yes Yes Yes Yes Yes Yes
Constant -0.02 -132.55 -0.56 -148.43 2.58 -0.75 -9450.84
(1.54) (154.44) (1.12) (153.86) (0.79) (0.85) (5888.85)
Adj.R-Square 0.189 0.507 0.167 0.590 0.414 0.416 0.447
Observations ™ 70 67 70 67 67 67 67

Notes)

“ Amount of nitrogen is imputed from any type of chemical fertilizer products that contain nitrogen in its composition. For imputation, urea (N46-

P0-KO0) and NPK (N11-P22-K16) were used.

*2 The number of observations is different in (1) and (3) from other columns. This is because 3 observations were excluded in all but (1) and (3) as
rice was not planted in the season of 2019-20 or only very small portion of the plot was used in these 3 observations. Since no or a little planting rice
can be considered as a decision of not using urea provided from us in the target plot, these 3 observations were included in (1) and (3). However,

since the rest the outcome variables should be considered as decisions related to rice cultivation, these 3 observations were excluded.

Robust standard errors clustered at EA level before wild bootstrapping are in parentheses. ™, ™ and * indicate p<0.01, p<0.05 and p<0.1 obtained by

wild bootstrapping.
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Table 6 Impact of soil characteristics information on allocation of fertilizer within a household

(1) (2) 3)
Urea quantity Nitrogen quantity™ Rice yield
(kg/ha) (kg/ha) (kg/ha)
Treatment variables
Treatment (High EE) (0/1) 43.79 (19.09)™ 53.42 (29.65)" 948.75 (474.35)™
Treatment (Low EE) (0/1) 15.26 (12.30) 7.23 (5.68) 115.70 (374.95)
Control (High EE) (0/1) 0.05 (24.17) 1.27 (10.92) -538.95 (780.48)
Control (Low EE) (0/1) 38.89 (35.16) 16.07 (16.49) 765.99 (507.63)
Plot level covariates
Plot size (ha) -134.40 (49.10)™  -67.32(22.80)™" -9506.06 (2645.23)""
Plot size squared 95.85 (36.97) 47.58 (17.23)""  5314.64 (1871.00)™
Upland rice plot (0/1) 28.50 (11.04) 15.34 (5.21)™ -759.86 (451.40)"
Household Fixed Effect Yes Yes Yes
Observations 207 207 207
Number of groups 60 60 60
Note)

“I Amount of nitrogen is imputed from any type of chemical fertilizer products that contain
nitrogen in its composition. For imputation, urea (N46-P0-K0) and NPK (N11-P22-K16) were
used as major compositions of nutrients of each fertilizer products based on our field
observations.

*2 The number of groups are 60 which is different from the total number of participating
households because 10 households had only one rice plot. To compare outcome variables in
Robust standard errors clustered at household level are in parentheses. ™, ™ and ~ indicate
p<0.01, p<0.05 and p<0.01.
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Table 7 Impact of soil characteristics information at household level

(1) (2) 3) 4) (5)
Rice vi Urea Nitrogen™ Crop income Consumption
ice yield L L : .
at household level application rate application rate per capita _per capita
(ka/ha) at household  at household , in 33months
level (kg/ha)  level (kg/ha) (10°MGA) (10°MGA)
Treatment variables
Treatment (High EE) 545.29 (338.25) 6.54 (11.15)  20.84 (2.97)"  -66.05(32.72) -13.58 (149.33)
Treatment (Low EE) -85.40 (221.00) -6.69 (7.47) -4.58 (6.41) -33.59 (37.25)  -125.23 (60.74)
Other control variables
Yield of target plot in the previous year ~ 0.38 (0.05)™"
Ure_a application in target plot in the 0.13 (0.13)
previous year
Nitrogen application in target plot in
the previous year 0.29(0.25)
Total size of rice plot (ha) -4281.14 (1541.04) -31.95(18.75) -15.41(10.65) 121.60 (128.88) -503.40 (222.93)
Total size of rice plot squared 1064.22 (410.21)" 7.49 (4.27) 3.81 (2.58) -15.57 (36.18)  192.56 (68.67)
Number of household members 154.05(128.11) 2.28 (1.66)" 1.35(1.48) -13.98 (10.38) 11.17 (30.06)
Age of household head (years old) 27.43 (20.17) -0.29 (0.38) -0.32 (0.27) 1.70 (1.61) 4.81 (6.36)
Sex of household head (0/1) -177.12 (1769.20) -14.15(15.03) -3.67 (6.27) 76.67 (28.35)°  64.10 (132.71)
Years of education of household head 80.58 (96.31) 1.20 (1.17) 0.52 (0.79) 0.13 (6.63) -5.23 (14.86)
Log of household asset value 3221.17 (2523.62) 65.21(32.33)™ 51.69 (33.63)" 460.48 (172.14)™ -71.05 (580.09)
Risk preference (0 to 10) 56.15 (106.13) 0.35 (1.25) 0.59 (0.80) -1.89 (9.27) -2.17 (18.78)
Village dummy Yes Yes Yes Yes Yes
Constant -6168.03 -79.97 -95.38 -1118.02 359.78
Adj. R-Square 0.551 0.521 0.437 0.174 -0.174
Observations 70 70 70 70 70

Notes) “* Amount of nitrogen is imputed from any type of chemical fertilizer products that contain nitrogen in its composition. For
imputation, urea (N46-P0-K0) and NPK (N11-P22-K16) were used as major compositions of nutrients of each fertilizer products
based on our field observations.

Robust standard errors clustered at EA level before wild bootstrapping are in parentheses. *
p<0.1 obtained by wild bootstrapping.

% *

*, ™ and " indicate p<0.01, p<0.05 and
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Table Al. Results of t-test for each variable

Variables Unit Control  Treatment Pr(T >t)
Expected effectiveness ( =1 if High) % 34.29 28.57 0.613
Household size people 5.29 5.14 0.746
Sex of household head (=1 if male) % 94.29 91.43 0.648
Age of household head years old 46.03 47.11 0.711
Years of education of household head years 6.31 5.69 0.416
Total size of rice plots hectare 0.39 0.58 0.190
The number of rice plots number 3.54 3.43 0.761
Size of target rice plot ha 0.12 0.17 0.147
Value of asset per capita 10° MGA 131.50 161.42 0.545
Risk preference (from 0 to 10) score 5.26 5.80 0.404
Rice yield at household level (weighted) kg/ha 440457  4439.50 0.958
Crop income per capita 10° MGA 172.37 162.05 0.820
Per capita consumption in 3 months MGA 282.19 211.790 0.437
Rice yield at the target plot kg/ha 4828.14  4268.09 0.381
Nitrogen use in the previous year (0/1) % 17.14 22.86 0.557
Nitrogen application rate in the previous year kg/ha 14.04 18.37 0.690
Urea use in the previous year (0/1) % 14.29 20.00 0.533
Urea application rate in the previous year kg/ha 29.35 32.03 0.902
Manure use (0/1) % 31.43 31.43 1.000
Observations 35 35

Source) Authors calculation from the dataset.
Notes) MGA is local currency, standing for Malagasy Acriary.

36



Figure Al. The instruction paper distributed to all participants

UREA DISTRIBUTION GUIDANCE

‘What is recommended area for UREA application?

10m
For
10m 1 Are 1Are 1Are 1Are 1Are
| |
When do we apply UREA?
Sosdmny Transplanting Tilaring Flowering Maturmy
l Lrmage fruem Enserremianal Rice Research Imtinse
<As basal fertilizer> <As top-dressing fertilizer=
14 - 20 days after transplanting 40 - 50 days after transplanting

I have received 5 kg of UREA. I understand that there is no restriction to the usage of this UREA. [t may be used
for any purpose such as applying any crops, selling or giving to anyone, keeping, etc. [ understand that FYVARY
team will come again and I accept to cooperate for their survey. | will promise to answer all the question, including

the usage of the UREA given today. | understand that I must pay 25,000Ar in case | fail to do it

Signature Date

November /2019
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Figure A2 An example of information provided to the control group

List of plots with Phosphorus in MORAFENO

Name Plot Dry season Area
- L.1.1(1) Carrot 6.8 Ares
- L5.1(1) Rice 15 Ares
- L.2.1(1) Fallow 18.7 Ares
- L.7.1(1) Onion 11.4 Ares
_— L.1.1(1) Carrot 6.2 Ares
m 0 ] L.1.1(1) Onion 6.3 Ares
T L.1.1(1) Rice 0.7 Ares
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Figure A3 An example of information provided to the treatment group

List of plots with Phosphorus in AMPOTAKA AFOVOANY

UREA is effective when the amount of Phosphorus in the soil is above 100 mg/k g.

Please note that UREA application may not be effective if the amount of Phosphorus is less than 100 mg/ke.

The amount of .,
Expected
Name Plot Dry season Area Phosphorus .
) effectiveness
Lmg, '|r.1;_.|

= L.1.1(3) Vegetable 0.6 Ares 184.22 ligh
L.1.1{1} Carorte 5.3 Ares 137.38 ligh
L.1.1 Fallow 14.9 Ares 116.71 ligh

L.1.1(2) Tomato 0.6 Ares 101.34 ligh

L.2.1(2) Fallow 13.3 Ares 84.64 Low

L.1.1{4) Green bean 1.5 Ares 83.51 Low

L.1.1{1) Fallow 23 Ares 63.39 Low

L.1.1 Fallow 28.2 Ares 56.55 Low

= L.1.1 Fallow 5 Ares 55.08 Low
L.1.1{3) Wary aloha 1.6 Are 54,22 Low

= L.1.1{1) Fallow 31.2 Ares 16.23 Low
L.1.1{1) Fallow 29.2 Ares 10.79 Low

— L.1.1{(2) Onion 3.2 Ares 39.80 Low
L.1.1 Fallow 20.3 Ares 26.69 Low

L.1.1(2) Vary aloha 0.6 Ares 23.48 Low
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Table A2 Additional regression results using plot size dummy

1) (2) 3) (4) (%)
Urea Nitrogen  Nitrogen Purchase of
Urea use . 2 .
(0/1) quantity use quantity fertilizer
(kg/ha) (0/2) (kg/ha) (0/1)
, -0.23 52.66 -0.25 35.73 -0.15
Treatment (High EE) (0.15) (3842  (0.16)  (19.71)  (0.27)
-0.16 9.13 -41.37 -0.70
Treatment (Low EE) (0.12) (28.13) -0.19 (0.14) (31.24 (0.37)
Urea use in the last season (0/1) (ggg)
Urea quantity in the last season 0.52
(kg/ha) (0.13)
Nitrogen use in the last season 0.08 0.03
(0/1) (0.14) (0.13)
Nitrogen™ quantity in the last 0.88
season (kg/ha) (0.38)"
. 0.02 32.32 -0.06 -11.64 -0.36
Plot size is over 0.05ha (0/1) (0.25) (26.76) (0.23) (13.33) (0.40)
plot size over 0.05ha x -0.04 -3.42 <|0.01] -1.18 0.24
treatment (High EE) (0.17) (13.28) (0.17) (6.16) (0.33)
plot size over 0.05ha x 0.01 -26.88 0.06 31.96 0.66
treatment (Low EE) (0.16) (29.43) (0.17) (28.56) (0.44)
Household level variables Yes Yes Yes Yes Yes
Village dummy Yes Yes Yes Yes Yes
Constant -0.13 -158.30 0.24 -134.10 -0.51
(1.52) (143.84) (1.38) (135.97) (0.96)
Adj.R-Square 0.163 0.507 0.109 0.604 0.414
Observations 70 67 70 67 67
Notes)

“I Amount of nitrogen is imputed amount from any type of fertilizer products that contain
nitrogen in its composition. For imputation, urea (N46-P0-K0) and NPK (N11-P22-K16) were
used.

“2 The number of observations is different in (1) and (3) from other columns. This is because 3
observations were excluded in all but (1) and (3) as rice was not planted in the season of 2019-20
or only very small portion of the plot was used in these 3 observations. Since no or a little planting
rice can be considered as a decision of not using urea provided from us in the target plot, these 3
observations were included in (1) and (3). However, since the rest the outcome variables should
be considered as decisions related to rice cultivation, these 3 observations were excluded.

Robust standard errors clustered at EA level before wild bootstrapping are in parentheses. ™, ™
and " indicate p<0.01, p<0.05 and p<0.1 obtained by wild bootstrapping.
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