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ABSTRACT While agricultural productivity in the developing world has made
tremendous advances in the past half century, productivity still lags well behind the
developed world. One particularly promising path to improve agricultural productiv-
ity is to employ mobile phones to enable farmers to make better decisions: through
advice on input choices, farming decisions, and input and output prices. This paper
takes a close look at the potential of ICT to improve input decisions by assisting
with the delivery of customized information about soil nutrient status. In South Asia,
fertilizers are often overused or applied in inefficient proportions. Governments in
India have invested heavily in soil testing, with the goal of distributing 140 million
“Soil Health Cards” (SHCs) directly to farmers. Yet with absent additional infor-
mation, farmers may have difficulty acting on the information provided in SHCs.
The primary contribution of this paper is to evaluate the prospects for ICT to assist
in the delivery of information about site-specific nutrient management practices.
We report on results from a “lab in the field” experiment examining whether a dis-
semination approach that employs simplified SHCs, supplemented with audio or
video messages, can contribute to the understanding of information in SHCs. We
begin by examining the reach of traditional extension services in India, and find that
they fall far short of universal coverage. If extension agents are not available, many
farmers turn to local agricultural sales agents for advice. We describe results from an
audit study evaluating the nature and quality of advice from these agents in the field.
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1. Introduction and Motivation

I tis difficult to overstate the importance of improving agricultural produc-

tivity for human welfare. A large fraction of the world’s poor are engaged
in agriculture. Moreover, as global incomes rise, the growing demand for
meat will dramatically increase the requirement for food grains, potentially
increasing prices as well.

Long-term Indian agricultural productivity growth has been 3 percent
per year and 3.5 percent since 200405, yet a substantial yield gap remains
(World Bank 2014). Early in this century, the concept of “site-specific crop
management,” or precision agriculture, began to gain traction, particularly in
developed countries. The basic idea is that, because conditions vary locally,
precise targeting of inputs may lead to significantly higher yields, potentially
ata lower cost. In countries such as the United States, this may take place via
tractors equipped with GPS devices, and equipment that varies the seeding
or fertilizer rate every few meters. A developing country equivalent, much
less reliant on technology, would be to provide smallholder farmers with
better information about local conditions (soil, weather, and temperature)
and opportunities (seed and input choices), such that they may make more
informed decisions. It is worth noting that the cost of many sensors is declin-
ing, such that technology-enabled solutions may become viable at scale in
developing countries quite soon.

Among the most important inputs, for both farmers and the government,
are fertilizers. India itself has witnessed a dramatic increase in fertilizer use.
Indeed, experts argue that in many cases, farmers apply too much fertilizer
(e.g., Blaise 2006).

Local variability in soil quality has helped motivate the governments of
many Indian states, and now the Central Government, to support or conduct
farmer-level soil tests. It is hoped that if farmers are directly provided highly
detailed information in the form of soil health cards (SHCs), they will be in a
position to optimize their input usage, increase productivity and profitability,
and safeguard the quality and fertility of their soil.

However, a number of things must happen for the government’s ambi-
tious intervention to have the desired effect. In addition to managing the
daunting logistical challenge of testing millions of plots and returning the
information to farmers, these conditions include: (a) soil tests administered
by the government must generate meaningful and useful information about

1. In comparison, between 2001 and 2014, this figure is 4.0 percent per annum for
Bangladesh, 4.2 percent for Indonesia, 3.8 percent for Brazil, and 1.1 percent for the United
States (Source: USDA agricultural TFP growth statistics).
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soil quality; (b) farmers must understand, trust, and be willing to act upon
the information provided by SHCs; and (c) the desire to act must not be
impeded by availability of inputs, credit constraints, or other factors.

This paper examines the first two of these conditions. We evaluate the
information content of soil tests by collecting soil from a set of randomly
selected farmers and having these soil samples evaluated in certified labora-
tories. We compare the test results and the corresponding recommendations
against the government SHCs for these farmers.

Second, we provide SHCs to farmers and evaluate their understanding of
the cards and the corresponding recommendations. We show that the typical
level of understanding is very poor, but that it is dramatically improved
when accompanied by additional explanation, such as an agronomist might
provide.

Unfortunately, it does not appear feasible to have an agronomist consult
with every farming family in India. We document that the reach of agricul-
tural extension officers is quite limited—nationwide, only about 6 percent
of farming families report having interacted with an extension officer in
the previous year.

Our primary contribution is to document the efficacy of ICT as an aid in
understanding SHCs. In a “lab in the field” experiment with approximately
550 farmers, we test the farmer’s understanding when provided with an SHC
with no supplement against the understanding when provided a simplified
SHC, accompanied with an audio supplement (which could currently be
delivered via mobile phone), a video supplement (which will likely be deliv-
erable in a cost-effective way in the next couple of years), or an in-person
explanation with an agronomist. Are ICT-based interventions as successful
as a visit by an agronomist in terms of promoting understanding?

Finally, we consider the possibility that farmers may be able to take
advantage of other resources to make sense of their cards. Previous research
suggests that agricultural input dealers frequently provide advice and guid-
ance to farmers; farmers report seeking advice from commercial agents at a
roughly similar rate to government extension agents. The final contribution
of this paper is to report on a separate exercise that evaluates the quality of
agricultural advice provided by input dealers for inputs such as pesticide
and fertilizer.

At the outset, we want to be clear about what this paper intends to show
and what it does not show. We show that (a) technical information, presented
in paper format, is largely incomprehensible to farmers and (b) an approach
using ICT and a simplified version of the technical information leads to
substantially higher levels of comprehension. These findings have important
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implications for service delivery, particularly with respect to agriculture,
where customized information may be particularly useful. However, this
paper does not show (nor does it attempt to show) that customized fertilizer
information leads to greater yields or profits, nor to support the view that the
government should continue to, or scale up, their efforts to deliver SHCs.
In fact, a primary finding of this paper—described in Section 3—is that the
SHC data is in fact quite noisy, and that further validation is likely necessary
to justify the distribution of this information (in any format).

This paper builds upon an important piece of research (Fishman et al.
2016) that evaluated the distribution of SHCs in Bihar, India. Their field
experiment sought to mimic efforts being scaled up throughout India. The
authors tested soil samples of over 800 farmers across three districts and
produced SHCs modeled after the government SHCs. The authors’ team
subsequently returned to the farmers, providing them with a copy of the
SHC, along with an in-person description of its results and implications,
for the farmers seeking to grow rice and wheat.

The authors returned several months later to collect information on actual
fertilizer use. They found that the SHCs did not affect fertilizer use.

Examining why the SHCs were ineffective, the authors note that the
farmers reported preferring to continue following their traditional input
practices, and that survey questions indicated that approximately 70 percent
of the farmers distrusted the recommendations given by extension workers.

Our experiment was designed, in some part, to overcome this lack of
trust. The audio, video, and agronomist scripts explained in detail how soil
samples were collected, why they were collected, and how they were tested.?

This paper contributes to two additional, related literatures. The first
evaluates the ability of agricultural extension services to promote produc-
tivity (Duflo et al. 2011; Feder et al. 1987; Gandhi et al. 2009). We see the
evidence here as generally mixed, though the ability to make certain claims
is limited by the difficulty of solving traditional identification problems. A
recent randomized controlled trial (RCT) in Africa (Yishay and Mobarak
2013) found positive effects of extension on the adoption of new technologies.

A second, more recent literature examines the role of ICT in agriculture
(Aker 2011). The early evidence in this space was somewhat mixed, with,
for example, Fafchamps and Minten (2012) finding no effect of SMS-based
agricultural advice services on farmer outcomes in Maharashtra.

Cole and Fernando (2016) implement an RCT to evaluate an ICT-based
extension service called “Avaaj Otalo” in Gujarat over a period of two

2. See Appendix Il for more details on the scripts used.
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years. The service was developed by Neil Patel, Tapan Parikh, and others
as a social enterprise called Awaaz De that provides mobile solutions for
social impact. The key features of the service included 3-5 minute-long
push notifications to farmers in the form of a weekly 3-5 minute message,
along with the chance for farmers to call in and record specific questions
about their farm, with an answer delivered back to them within 24 hours.
The service, which was free for farmers to use, achieved broad adoption,
as the median treatment respondent listened to 5.2 hours of content, and
88 percent of farmers called in to ask a question. The service caused sys-
tematic changes in farming practices, leading to higher cumin yields and to
higher cotton yields for a sub-group that had received reminder messages.

In 2016, one of the authors of this paper (Cole), along with Michael Kremer,
Dan Bjorkegren, and Heiner Baumann, founded a non-profit with the goal of
improving the quality and features of mobile phone-based extension services,
evaluating them rigorously and, if and when the evidence suggests, an attrac-
tive benefit/cost ratio, scaling services up. Since 2016, the non-profit PAD,
or Precision Agriculture for Development, has operated a service similar to
Avaaj Otalo, Krishi Tarang, for approximately 40,000 farmers in Gujarat state.

2. Existing Extension Landscape

Many view India’s agricultural extension workers as critical to the spread
of technologies that comprised the Green Revolution (e.g., Singh 1999).
However, traditional agricultural extension models are subject to a number
of limitations, including limited reach, limited control, and limited ability
to provide ongoing guidance.

At some level, Fishman et al. represents a “best case” scenario, as each
farmer was visited in person by someone trained to deliver information about
SHCs. In reality, despite substantial efforts, agricultural extension in India
falls well short of universal coverage.

Indian state governments collectively employ approximately 120,000
agricultural extension workers (Sajesh and Suresh 2016), against an esti-
mated 110 million farming households,® meaning, on average, each exten-
sion worker must cover approximately 750 farming households. Even if an
agent could be on the road 20 days a month, visiting pre-arranged groups
of farmers, it is difficult to see how most farmers could avail themselves of
extension services.

3. See http://pib.nic.in/newsite/PrintRelease.aspx?relid=113796, accessed June 2017.
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The agriculture-focused Schedule 33 of the 70" Round of the National
Sample Survey conducted in 2013 includes a question specifically on agri-
cultural extension. The survey asked respondents whether they had received
technical advice on their crops, allowing them to specify whether they
received the advice from extension agents, Krishi Vigyan Kendras (KVKS),
agricultural universities, private commercial agents, other farmers, media,
veterinarians, or NGOs. In Table 1, we report the share of households that
reported receiving technical advice from any source, alongside the share
that reported receiving advice from extension agents.*

Our basic finding is that while many farmers report receiving technical
advice from an outside party, relatively few interact with agricultural exten-
sion workers or KVK staff. India-wide, only 6 percent of farmers report
receiving technical advice from an agricultural extension worker. The most
popular sources of advice are “progressive farmers” and media (radio/TV/
newspaper/the Internet). VVeterinary departments and commercial agents are
the third and fourth most common sources of advice, respectively.

The state in which the highest share of farmers reported receiving tech-
nical advice is Karnataka at 66 percent, yet only 11 percent of that state’s
respondents reported interacting with an extension agent. In Table 1, we
examine geographic and demographic heterogeneity. Extension worker out-
reach is highest in Andhra Pradesh (29 percent), but most states achieve only
single digits. Gujarat reports 49 percent receiving any technical advice, with
only 7 percent interacting with an extension agent. Men appear to interact
with extension agents marginally more frequently than women, and fewer
of those with small landholdings report seeking advice. However, we find
no consistent pattern in extension agent access by landholding and income.

In contrast, column (1) of Table 1 demonstrates that mobile phone pene-
tration is quite high throughout all the states examined in the table. It is above
70 percent in all states except Odisha (69 percent), Bihar (68 percent), Assam
(59 percent), and West Bengal (54 percent). This number likely overstates
rural penetration, as it is a measure of the number of active lines divided by
the total population. However, it is also likely that individuals without their
own phone may be able to obtain access to phones through friends, family,
or neighbors. India is also well covered by networks: Ericsson’s June 2016
mobility report (Ericsson’s Mobility Report: India 2016) estimates that 95
percent of the country’s population was covered by GSM or EDGE as of
2015, with lower coverage rates for high-speed data.’

4. These statistics have been adjusted for the sampling weights.
5. See https://www.ericsson.com/assets/local/mobility-report/documents/2016/india-
ericsson-mobility-report-june-2016.pdf, accessed June 2017.
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The key take-away, in our view, is that while mobile phones are widely
accessible, agricultural extension workers reach, at best, a small fraction of
the Indian farming population.

3. Soil Health Cards Data

3.1. Background

Fertilizer use in India has been growing rapidly, from 11 kg per hectare in
1970 to 128 kg per hectare in 2010-11. However, an ICRISAT report on
soil health mapping commissioned by the Prime Minister’s Office reports
that the positive yield response to fertilizers is sharply declining, from about
25 kg of crop per kg of fertilizer in 1970 to only 8 kg of crop per kg of fer-
tilizer in 2003 (Wani et al. 2016). The report highlights widespread nutrient
deficiencies in soil across nine different states of India (including major
agricultural producers such as Madhya Pradesh, Karnataka, and Gujarat),
and attributes the same to imbalanced fertilizer use. In particular, fertilizers
containing macronutrients such as nitrogen are over-applied, at the expense
of micronutrients such as zinc, sulphur, and iron.

A growing body of research and policy work suggests that public sub-
sidies for urea have skewed farmer behavior towards this status quo (e.g.,
Fishman et al. 2016; Wani et al. 2016). A recent World Bank report on
agricultural productivity in India expressed a concern that subsidies led to
overuse of some fertilizers, not just to an extent that the marginal product
was below the marginal cost, but that overuse of fertilizer actually depressed
yields (World Bank 2014, p. xxvi). This imbalanced fertilizer use is believed
to have caused stagnating crop response (Wani et al. 2016). A recent IFPRI
report on land degradation in India also estimates that 44 percent of agricul-
tural land is degraded, with the primary culprit being the overuse of fertilizer
due to input subsidies (Mythili and Goodeeke 2016).

There is some evidence from small-sample studies on experimental
plots that site-specific nutrient management practices have the potential to
increase yields and improve net returns to fertilizer use for wheat (Khurana
et al. 2008; Sapkota et al. 2014), rice (Das et al. 2009; Singh et al. 2011),
cotton (Shivaraja et al. 2017), and pearl millet (Uppal et al. 2015). In each

6. Sample size in Sapkota et al. (2014) is 15 fields with 5 different treatments on each field
(within-field design); in Khurana et al. (2008) is 56 fields with 3 different treatments on each field;
in Singh et al. (2011) is 1 field with 5 different treatments; in Das et al. (2009) is 20 fields with
7 different treatments on each field; and in Shivaraja et al. is 1 field with 9 different treatments.
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of these studies, researchers control for other agricultural inputs such as
irrigation, pesticides, and sowing distance (or replicate farmers’ regular
practices of these other inputs), while systematically varying fertilizer use
across fields. Although sample sizes range from only 1 to 56 fields, positive
results on these plots offer the tantalizing possibility (not yet systematically
demonstrated in real farm settings in India, as far as we know) that farmers
could boost yields while reducing costs, and therefore dramatically increase
profits.” Indeed, analyses conducted in these small sample experiments
reveal a benefit-cost ratio greater than 1, and as high as 17.

Since at least 1845, scientists have attempted to design means of measur-
ing soil fertility (Anderson 1960). Modern soil tests identify the amount of
available nutrients in the soil, important among them nitrogen, phosphorus,
and potash, but also including micronutrients such as sulphur, zinc, and
iron. These soil tests are then combined with agronomic models to generate
specific fertilizer recommendations.

In the case of India, government agricultural universities have elected
to characterize macronutrient levels on a three-level scale (low, medium,
or high). Soil test reports typically recommend higher doses of fertilizers
that supply nutrients that are deficient in soil and lower doses of those that
supply nutrients abundant in soil. Optimal recommendations vary both by
crop and by whether the plot being cultivated is irrigated or not.

Starting in 2015, the central government of India planned to invest
US$100 million over three years for soil testing and the dissemination of
SHCs. These cards contain information on the macro- and micronutrient
content in a plot of land, as well as the levels of pH and organic carbon in
the soil. The cards recommend doses of fertilizers for a variety of crops.
Soil samples under this scheme are to be collected by village workers and
deposited at local agricultural universities, which perform soil tests and
upload results to the online portal. Paper copies of soil test results are also
to be provided to farmers.

While the scheme was initially envisaged by individual states, as far
back as 2004 for Gujarat, as a program testing soil from individual fields

7. It is not obvious that profits would rise in real farm settings as they do in the case of
experimental plots. In other countries, it has been found that fertilizer application has no net
positive returns when farmers change other input use in response to fertilizer use, for example,
for marginal farmers in Mali, on account of costly labor inputs that accompany greater fer-
tilizer use (Beaman et al. 2013), or in Kenya, because of high costs associated with fertilizer
procurement (Suri 2011). Additionally, current tests of how site-specific nutrient management
affects yields abstract away from general equilibrium effects of higher yields on local prices.
Since farmers are price-takers, it may still be profitable for them to maximize yields.
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and providing individually customized recommendations to farmers, the
central government’s version collects and tests soil samples in a grid-wise
fashion: one sample is collected for every 10 hectares of rain-fed land or
every 2.5 hectares of irrigated land. The average size of landholdings in
India is 1.15 hectares (2015 Agricultural Census), and a traditional soil test
costs between 150 and %500, depending on whether it tests only macro-
nutrients or also tests micronutrients. We offer some evidence below that,
at least in Gujarat, neighboring plots have fairly similar soil composition,
suggesting that grid-wise sampling might be appropriate. Similar evidence
exists for a watershed setting in Andhra Pradesh (Sahrawat et al. 2008). At
this time, we are unable to comment on the economic returns to soil testing
and the optimal geographic granularity of soil tests. Some current evidence
on the former is gleaned from the small-N studies described above, which
tend to find higher profits far exceeding the cost of tests for experimental
plots. However, how this plays out in actual fields remains an open question
(see Footnote 6). We are also unaware of any work on the second question
regarding the optimal resolution of soil testing, although ongoing work in
Gujarat aims to shed light on both these questions.

3.2. Progress and Plans

The government has set high targets for distribution of SHCs, stating in
the 2016-17 Budget: “The target is to cover all 14 crore [140 million] farm
holdings by March 2017.” According to the 2017-18 Budget statement, 42.5
million SHCs had been distributed as of December 31, 2016 (Union Budget
2017-18). Inthe 6 June 2017 Ministry of Agriculture update on the progress
of the SHC program, the overall target for the distribution of SHCs is about
123 million, while SHC distribution had increased to 81 million, or about
66 percent of the overall goal (Ministry of Agriculture 2017).

In Table 2, we display the Ministry’s breakdown of progress for a
selection of individual states. These numbers include progress made prior
to 2016 in the state-specific programs. Thus far, the program appears to
have made significant headway. However, progress is uneven, with states
including Himachal Pradesh, Madhya Pradesh, Tamil Nadu, Karnataka,
and Maharashtra enjoying nearly full coverage in SHC distribution, and
others such as Punjab and Assam at comparatively early stages in the
distribution process.

These figures may overstate the effective reach of the program. In a study
that sampled 480 Gujarati farmers from among those for whom SHCs were
generated, the authors found that about 50 percent did not have knowledge of
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TABLE 2. Reported Progress of SHC Distribution, June 2017

Distribution Target Pragress (% of Target)
Jammu & Kashmir 914,044 27%
Himachal Pradesh 385,011 100%
Punjab 4,619,621 16%
Haryana 4,360,555 26%
Rajasthan 6,886,000 64%
Uttar Pradesh 26,391,089 35%
Bihar 7,236,233 53%
Assam 1,540,968 10%
West Bengal 5,040,510 65%
Odisha 3,696,881 58%
Madhya Pradesh 8,872,377 100%
Gujarat 5,108,923 59%
Maharashtra 12,977,232 95%
Andhra Pradesh 7,455,204 81%
Karnataka 7,832,189 96%
Kerala 705,420 55%
Tamil Nadu 7,000,000 97%

Source: Ministry of Agriculture, “Statewise Status of Soil Health Card Scheme.” Accessed June 2017.
Available at: http://soilhealth.dac.gov.in/Progresscdpt.

their field being tested and 57 percent did not have a physical copy of their
SHC (Swain and Kalamkar 2016). In our study, over 90 percent of farmers
did not know of the government’s SHC scheme. These figures highlight the
challenge of implementing a large-scale intervention with limited capacity
to deliver services at the local level, as is also observed in other settings. For
example, Muralidharan and Singh (2018) find that an ambitious program
to improve school governance in Madhya Pradesh failed to affect student
outcomes due to failure on the part of government officials to monitor its
progress in an ongoing manner.

3.3. Data Validation of Soil Health Cards

Collecting tens of millions of soil samples, testing them reliably, and making
the results known to smallholder farmers is a challenging logistical and
organizational endeavor. In this section, we provide a validation check of a
set of soil tests conducted by the Government of Gujarat and a second set
of independent soil tests that we commissioned.

In 2004, the state Government of Gujarat embarked on an ambitious
plan to test soil samples of at least one field for every farmer in the state.
By 2015, the agricultural department reported having met 85 percent of this
goal (Swain and Kalamkar 2016). These SHC results were made available
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online (see Figure Al for an example of a downloaded SHC in Guijarati).®
We digitized this database for Surendranagar, Rajkot, and Morbi districts of
Gujarat. Between January and June 2017, we collected and tested individual
soil samples for a subset of these fields. Our soil sampling procedures are
detailed in Appendix I.

We engaged Junagadh Agricultural University (JAU) and Gujarat State
Fertilizers and Chemicals’ (GSFC) soil testing laboratories to conduct soil
tests; their testing procedures adhere to international standards and are
endorsed by the government.® JAU is certified by the Indian Council of
Agricultural Research (ICAR) to perform agricultural research and is part
of the consortium of state agricultural universities that prescribes fertilizer
recommendations for different crops in Gujarat.

Our research follows similar work in Tanzania and Kenya, where
Berazneva et al. (2016) compare the results of plot-wise soil tests with
high-resolution geospatial data that is interpolated from point observations
across geography. The authors find that publicly available geospatial data
is unable to capture local variability in soil chemistry. While the spirit of
our comparison is similar, its nature is different in that the publicly avail-
able SHC results to which we compare independent laboratory test results
are based on tests of individual plots as opposed to interpolation across a
number of plots.10

3.4. Sample Selection

Our soil samples were collected in two waves.

e January 2017: As part of a pilot study in Surendranagar and Morbi
districts of Gujarat, we made a list of all farmers in five villages whose
test results from post-2014 were available in the state government’s
online and publicly available database of SHCs. We then approached
these villagers in a randomized order with the goal of conducting
approximately 50 soil tests. We collected and tested a soil sample

8. See http://shc.aau.in/guj/home/soil.

9. For available nitrogen: potassium permanganate distillation and titration; for available
phosphorus: Olsen method; for available potash: distillation on flame photometer; for organic
carbon: Walkley & Black method. Descriptions: https://docplayer.net/26211159-Laborato-
ry-testing-procedure-for-soil-water-sample-analysis.html.

10. The central government’s SHC scheme looks to collect a single sample for a number
of neighboring plots and then interpolate the results of this one test to all the neighboring
plots. The SHCs we compare to individual soil tests were, however, part of the Gujarat state
scheme, which prescribed individual tests for every plot.
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from this field for the first 54 farmers who agreed to participate. All
54 fields form part of the cross-check sample.

» March-June 2017: As part of a larger, longer term study on soil
fertility in Surendranagar, Morbi, and Rajkot districts of Gujarat, we
identified 24 villages with a substantial number of individuals using
the Krishi Tarang mobile agricultural extension service. In each of
these villages, we randomly selected 50 Krishi Tarang users and tested
soil from their most important plot. We also administered a survey
collecting data on number of plots, crops grown, irrigation status of
plots, and fertilizer practices. For 10 percent of these farmers per
village, we also collected samples from and tested the soil of up to
four neighboring plots. Farmers not in the original sample of 50 but
whose plots were tested as neighboring plots were not surveyed. Soil
samples were tested in the soil testing labs of JAU and GSFC, (about
50 percent in each). We have thus far received test results for 936 plots
of the study sample and 196 plots of the sample of neighboring plots
(1,132 total). We matched these results with the Gujarat government’s
publicly available database of soil test results on the basis of village,
plot, and farmer identifiers, and were able to definitively match 239
(21 percent).

The total sample thus comprises 293 (54 + 239) plots, for which we
have both a government SHC and our own independent test. We are able to
match 52 percent of these based on the survey number of the field, which
is a number assigned by the government to each plot. The remaining 48
percent of the fields are identified by a farmer’s first, middle, and last
name, as well as by the village. We describe our matching algorithm in
Appendix I. Over 96 percent of the SHC data among matched samples is
from after 2010.

Tables Al1.1 and A1.2 in Appendix | describe farming practices in this
sample. Over 46 percent of the plots are irrigated. About one in three plots
is the only plot cultivated by a farmer; 87 percent of the irrigated plots and
82 percent of the un-irrigated plots are used to cultivate cotton. We observe
high use of urea (nitrogen-rich) and di-ammonium phosphate or DAP
(phosphorus-rich) fertilizers, with 87 percent and 79 percent of the irrigated
and un-irrigated plots, respectively, using the former, and 81 percent and
84 percent of the irrigated and un-irrigated plots, respectively, using the
latter. Average expenditure on these fertilizers totals I4,100/hectare for
farmers cultivating irrigated plots and ¥3,476/hectare for those cultivating
un-irrigated plots.
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3.5. Cross Validation of Soil Health Card Data

Comparing results from the two independent soil tests is relatively straight-
forward, as both tests report the same set of nutrients: nitrogen, phosphorus,
and potash. However, since the JAU tests report nitrogen content directly,
we only compare numerical nitrogen values between GSFC and government
tests, both of which report organic carbon (which serves as a proxy for nitro-
gen availability). Phosphorus and potash are reported in all three reports.

3.5.1. NuTrIENT STATUS

Figure 1 plots the distribution of the measured quantities of three macronu-
trients, nitrogen (N), phosphorus (P), and potash (K), in the independent test
against their corresponding values in the SHC. These nutrients are critical
for plant growth and form the basis of the three most widely recommended
and used fertilizers: urea, DAP, and muriate of potash (MOP). Because
fertilizer recommendations are based on the category (low, medium, or
high) into which the numerically measured quantities fall, we report both
the correlation of numerically measured values and rank correlation among
their corresponding categories.

We observe very low levels of correlation in measured values across
the two reports—0.034 for nitrogen, 0.045 for phosphorus, and 0.080 for
potash. The Spearman rank correlation coefficient is also low—0.078 for
nitrogen, 0.028 for phosphorus, and 0.052 for potash; we are never able to
reject the null that it is equal to zero. These magnitudes are much lower than
the 0.5-0.6 correlation coefficients observed between two different soil test
results of the same plot in other contexts such as Kenya.

There are several possible explanations for weak correlation: the tests
were taken at different times and by different organizations—in particular
we believe the government sampling took soil tests at two points in the
year, while we collected soil only in April, after rabi harvesting. In addition,
there may be substantial micro-level variability, meaning that the method
of soil sampling, moisture, and temperature can all affect test results. While
nitrogen measures are less sensitive to the last two, phosphorus and potash
can be affected. The first of these—the timing of the tests—is particularly
important as soil health quality is known to change over time.

One possibility that we would like to rule out is that our methodology or the
laboratory we chose were flawed and provided “pure noise” rather than useful
results. To evaluate this (problematic) hypothesis, we exploit a fortuitous
feature of our data—in 42 cases (of the 1,132 in the March—June 2017 soil
sample collection), pairs of farmers who cultivate the same plot were randomly
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picked for soil sampling from our sampling frame (all Krishi Tarang users) in
a village. We thus have two independent test results for these plots. In Figure
2, we plot the analog of Figure 1 for these pairs of tests. Here, we observe high
numeric correlation—0.667 for nitrogen,'* 0.418 for phosphorus, and 0.558 for
potash. These magnitudes are consistent with across-test correlations found by
others. The rank correlation is 0.342 for nitrogen, 0.491 for phosphorus, and
0.224 for potash. For the first two, we are able to reject the null hypothesis
(5 percent significance) that this rank correlation coefficient is equal to zero.

A vast majority (over 96 percent) of SHC data is from after 2010; how-
ever, at least one extension service recommends testing soil every three—four
years, as the nutrient quantity may change over time.12 As the SHC scheme’s
intended goal is to furnish an updated SHC every three years, we replicate
the above analysis after restricting the sample to just those observations
where the SHC corresponding to the independent test was generated in the
last three years (2014-17). Figure 3 plots the analog of Figure 1 for this
sample. We again find no statistically significant correlation between the
government scheme data and the tests we conducted. While the data are
noisy, we can reject, at the 5 percent level, the hypothesis that the correlation
in nutrient quality is 0.6.

As described previously, when collecting soil and survey data for the
study sample during March-June 2017, we also collected soil samples
from immediately neighboring plots of 10 percent of the original sample.
As of now, we have test results for 80 sets of neighboring plots, with each
set having an average of 3.04 plots in it. Table A2 describes geographic
variability in nutrient categories assigned to plots within the same set of
neighbors and within the same village. For sets of neighboring plots, we
observe that 46 percent (n = 80) are characterized by the independent tests
as belonging to the same potash category (either low, medium, or high), 54
percent are characterized as belonging to the same phosphorus category, and
75 percent are characterized as belonging to the same nitrogen category. For
villages, 6 percent (n = 30) are characterized as having all plots in the same
potash category, 3 percent are characterized as having all plots in the same
phosphorus category, and none have all plots in the same nitrogen category.
In terms of numerical values, the standard deviation across villages is double
that across neighboring sets of plots. In sum, we observe relative similarity
in nutrient status across immediately neighboring plots, but variability in
nutrient status across different plots in the same village.

11. Note that here too we are only comparing nitrogen values in organic carbon.
12. See https://ask.extension.org/questions/156342.
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3.5.2. RECOMMENDED FERTILIZERS AND COSTS

Measured quantities of nutrients are important because they are used to
determine fertilizer recommendations. We translate nutrient status reported
in SHCs and independent tests into fertilizer recommendations based on the
most recently approved recommendations for BT cotton in the Saurashtra
region of Gujarat, where our study area lies. These recommendations
are detailed in Table A3. They were agreed upon during the 12" Annual
Meeting of the Agricultural Research Council (AGRESCO) of Gujarat state
agricultural universities in 2015-16.13 We choose cotton as it is cultivated
by over 80 percent of the farmers in our sample, and compare SHCs and
independent tests in terms of fertilizers that each would recommend for a
farmer growing either irrigated or un-irrigated BT cotton.

Table A4 reports the quantities of urea, DAP, and MOP fertilizers
recommended by the independent tests and government SHCs. For each
fertilizer, this recommendation can take one of three values—high (if
the corresponding nutrient is found to be low in soil), medium (if the
corresponding nutrient is present in average quantities), or low (if the
corresponding nutrient is high in soil).*4 Soil tests conducted by the gov-
ernment, on average, generate results that are more likely to prescribe
medium levels of fertilizer use (in the case of urea and DAP) and low
levels of fertilizer use (in the case of MOP) than the recommendations
that come from our tests. There is more variation in recommendations in
the independent laboratory test reports.

Both government SHCs and independent tests recommend, on average,
higher doses of nitrogen and potash-based fertilizers than are currently
used by farmers in our sample who cultivate cotton on irrigated plots. For
un-irrigated plots, the independent tests recommend higher doses of nitrogen
and potash-based fertilizers than currently used, while SHCs recommend
higher doses of potash-based fertilizers than currently used. Recommended
phosphorus matches farmers’ current use patterns.

The fact that farmers in our sample who are cultivating irrigated cotton
are using less nitrogen-based fertilizers than recommended (by almost 50

13. Fertilizer recommendations are based on experimental plots cultivated in the region
for which recommendations are being made. These recommendations are adopted at annual
meetings of the joint AGRESCO, i.e., meetings of all agricultural universities in Gujarat. Our
sample lies within the Saurashtra region of Gujarat, and the latest recommendations come
from the proceedings of the 12" AGRESCO meeting, held in 2015-16.

14. Urea recommendations are adjusted downward from the prescribed high/medium/low
quantities according to DAP recommendations, as 100 kg of the latter adds 46 kg of phosphorus
and 18 kg of nitrogen to soil. Therefore, for irrigated plots recommended high, medium, and
low amounts of DAP, the corresponding urea recommendation is reduced by 50 kg, 42 kg,
and 32 kg, respectively, from the amounts described in Table A4. For un-irrigated plots, the
corresponding reduction is 21 kg, 17 kg, and 13 kg, respectively.
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percent) is contrary to conventional wisdom, which dictates that high subsi-
dies for these fertilizers would lead to their overuse. Indeed, overuse of nitro-
gen-based fertilizers is documented in other states such as Bihar (Fishman et
al. 2016) and even among hybrid (albeit not BT) cotton-growing farmers in
the Surat district of Gujarat. We expect that the reason for this discrepancy
is twofold: first, that poor rainfall in our study area depressed farmers’ use
of nitrogen-based fertilizers in later parts of the 2016 kharif season. These
fertilizers are applied in multiple doses over the season, and farmers use less
when they do not have enough groundwater to irrigate fields.'® Indeed, we
find that farmers from these blocks reported using between 10-25 percent
more of these fertilizers when surveyed for a different study in 2014 (data
from Cole and Fernando 2016).

Second, as described above, we translate nutrient status into fertilizer
recommendations using the latest update to these recommendations for BT
cotton, which occurred in 2016. Prior to this, the set of recommendations
being disseminated by universities were generated in 2010-11 and were
for the hybrid cotton crop G-cot6. G-cot6 has only about two-thirds the
nitrogen requirement of BT cotton, and does not come with any phosphorus
or potash recommendations at all. While a vast majority of cotton farmers
in the area have transitioned to growing BT cotton in the past decade, they
might still be following nitrogen-recommendations for hybrid cotton, as no
specific BT-related recommendations existed until 2016.16 Farmers’ use
of DAP—a subsidized fertilizer that adds both nitrogen and phosphorus to
soil—would then be consistent with the theory of overuse in relation to lat-
est recommendations to which the general population, and farmers’ typical
sources of information, including farmer friends or agro-dealers, had access.

Finally, we note that our sampling frame was not designed to be representa-
tive of all India—the farmers we sample or the blocks in which we work may,
for example, be poorer or use less fertilizer, in general, than other farmers.

Potash fertilizers are neither subsidized nor were recommended for
cotton until 2015-16, which could explain their low use compared to the
recommended amount.

Table 3 directly compares the independent test with the SHC for the same
plot in terms of quantities and costs of recommended fertilizers. Columns
(1)—(4) of the table report results for the entire sample, while columns (5)—(8)
restrict the sample to those for whom the SHC was generated within the last

15. Total rainfall over the season was only about 50 percent of the last 50-year average
for the region.

16. That this recommendation for G-cot6 was to be used for BT cotton was last reiterated
during the 11t AGRESCO meeting in 201415, prior to the release of new recommendations
for BT cotton in 2015-16.
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three years. For the full sample, in 39 percent of the cases, the independent
test and SHC both recommend that the same quantity of nitrogen be applied
to the plot; this rate of agreement is 29.9 percent for phosphorus and 42 per-
cent for potash. When the independent test and SHC recommend different
doses of fertilizers, the former tends to recommend higher doses.

In the remainder of Table 3, we present the agronomic and economic
implications of the divergent recommendations for un-irrigated cotton (Panel
B) and irrigated cotton (Panel C). We report the difference in recommended
amount (kg of fertilizer per hectare) and the difference in estimated cost
per hectare in terms of mean and percentages. We choose cotton as it is
cultivated by over 80 percent of the farmers in our sample. On average, it is
more expensive to follow recommendations from the independent test than
from the SHC. For an un-irrigated plot, it would cost a farmer, on average,
an additional ¥108/hectare to follow the urea recommendation from the
independent test than from the SHC. This represents 12 percent of a farmer’s
current average expenditure on urea. For DAP, the difference is 0.3 per-
cent of the current average expenditure, and for MOP it is 259 percent (as
fewer than 4 percent of the farmers use potash-based fertilizer and average
expenditure is only ¥4/hectare). On an irrigated plot, it would cost a farmer
25 percent, 0.59 percent, and 952 percent (more) of average expenditure on
urea, DAP, and MOP, respectively, to follow recommendations from the
independent laboratory tests over those in the SHC.

There is no substantive change in these findings when we restrict the
sample to the last three years [columns (5)—(8) of Table 3] or when we
restrict to observations matched by survey number only (Table A5). When
we restrict urea (nitrogen-rich) recommendations to GSFC tests versus the
SHC (Table A6), we observe that differences in magnitude fall by half, but
recommendations still differ about 50 percent of the time.

In sum, we find high rates of disagreement between recommendations in
the SHC and independent tests. It is difficult to gauge the impact of this on
farmer yields in the absence of an experiment wherein each recommenda-
tion is applied to a subset of plots, as we do not know the underlying truth
with certainty.

We conclude, however, by emphasizing that soil testing is a difficult
enterprise. We believe that further work is warranted to cross-validate the
information provided by SHCs nationwide. Indeed, several efforts are pro-
posed or underway to validate and improve the quality of the SHC scheme
implementation.t” One more promising avenue of attack is to use kriging

17. See, for example, http://csisa.org/csisa-launches-collaboration-with-government-of-
odisha/.
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(a regression interpolation technique) to reduce the variability of individu-
al-level soil tests. If kriging is currently being used to generate SHC results,
this may also explain some of the discrepancy between our test results and
those of the government.

4. Evaluating the SHC Intervention

Above we have explored the extent to which information generated through
soil testing is replicable for the same plot over time—speaking to the accuracy
and relevance of information disseminated to farmers. It is of independent
interest to understand the extent to which farmers are able to comprehend
this information in the manner currently presented on SHCs, and whether
low-cost ICT-based interventions can promote farmer understanding of
and trust in recommendations. This question has important implications for
service delivery, particularly with respect to agriculture, where customized
information may prove particularly useful (e.g., Cole and Fernando 2016).

4.1. Experimental Design and Estimation

Through a “lab-in-the-field” experiment with cotton farmers in Gujarat, we
explore how farmers’ understanding of and trust in government-issued SHCs
evolves when the SHC is accompanied by different forms of ICT-based or
in-person advisory explaining its recommendations in an easy-to-understand
manner.

Across 12 villages in two blocks of Gujarat where the Krishi Tarang ser-
vice is operational, we selected approximately 600 farmers to be assigned at
random to one of four conditions: an SHC only (C), an SHC along with an
audio recording (T1), video clip (T2), or agronomist visit (T3) conveying
its contents. Farmers in groups T1-T3 were also provided a written supple-
ment converting fertilizer recommendations from kg/hectare as in the SHC
to kg/vigha (the common unit of area used in Gujarat in this setting; see
Figure A2).18 For logistical simplicity, the SHCs were not from soil tests
of farmers’ own fields; instead, a farmer was presented with an SHC and

18. This design decision represented a trade-off: our early experiences with farmers sug-
gested that very few were familiar with hectares, the unit of measure on government SHCs.
The disadvantage of our approach is that we cannot distinguish between hectare-based soil
cards and the combination of say hectare-based soil cards with audio messages; however, we
feel that converting cards to local units is a sufficiently simple modification to the SHC so
that we chose to evaluate the combined intervention of a redesigned (or supplemental) health
card alongside the audio/video/agronomist information.
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asked to evaluate it as if it belonged to a friend or cousin who was asking
for agricultural advice.

Our provision of a supplement to the SHC is motivated by pilots that
revealed that farmers are unable to understand the content of SHCs on their
own (confirmed in the experiment). Swain and Kalamkar in a 2016 survey
also find that over 67 percent of 480 farmers in Gujarat cannot make sense
of recommendations contained in SHCs. Our redesign is similar in spirit
to an intervention conducted by Usman et al. (2011) in Pakistan, which
redesigned immunization cards for children in Pakistan to include graphics
conveying the benefit of various vaccines. The authors reported significant
increases in completion of the diphtheria-tetanus-pertussis immunization
in the treatment group.

Our experimental design permits both a within-individual design for
the approximately 400 participants in groups T1, T2, and T3 as well as an
across-subject design.

We first evaluated farmer beliefs without providing any soil nutrient
information, by asking the farmer to provide fertilizer recommendations
to a hypothetical friend or cousin cultivating irrigated cotton. Second, each
farmer in our sample was shown an SHC and asked to answer (a) factual
questions about specific urea, DAP, and MOP recommendations contained
therein and (b) opinion questions gauging his perception of the trustworthi-
ness of these recommendations. Finally, as per assignment, the SHC’s rec-
ommendations were also explained through an audio recording, video clip,
or agronomist visit (scripts of these interventions are included in Appendix
I1). Farmers were then asked to answer these questions again. At this time,
they were also asked other questions regarding their knowledge of soil fer-
tility, trust in recommendations under different scenarios, and willingness
to participate in lotteries whereby, if chosen, they would have to pay 3250
(or %200, or ¥150) to have a soil test worth ¥250 performed for their field.

Comparing farmers’ understanding of specific fertilizer recommendations
and trust in them from when they are only exposed to the card to when they
have received information from an audio, video, or an agronomist visit,
allows us to glean the effect on these variables from the additional advisory.

The sequence of activities remained the same for the SHC-only group,
except they were only asked to provide their interpretation of the SHC once.

In addition to inducing random variation in the mode of information
delivery, we also randomly varied an important aspect of the information
itself—in particular, whether the results of the SHC recommended higher
fertilizer use than is typically practiced by farmers in the area or lower
fertilizer use than is typically practiced. Each set of recommendations was
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FIGURE 4. Randomization Scheme and Sample Sizes

Low fertilizer

[ SHConly | (75 farmer)
(75 farmer)

Low fertilizer

SHC + audio __ (75 farmer)
__(150 farmers) | High fertilizer
600 farmers (75 farmer)
@ Low fertilizer
" SHC + video | (75 farmer)

(150 farmers) (" High fertilizer
(75 farmer)

Low fertilizer

SHC + agronomist (75 farmer)
M High fertilizer

Source: Experimental design by authors.

plausible, given the soil composition in the area. This was done to under-
stand whether trust in information is driven by a bias towards believing
that more fertilizers are always better than less (Fishman et al. 2016). Half
of the participants in groups T1, T2, T3, and C1 each received one type of
SHC (high/low). Figure 4 depicts the randomization scheme and sample
sizes in each group.

The scripts for the audio recording, video clip, and agronomist visit were
designed to convey information in a manner that is easy to understand and
directly relevant to farmers: for example, recommended fertilizer use was
converted from kilograms per hectare, as in the SHC, to kilograms or bags
per vigha (the unit of land area commonly used by farmers). It also acknowl-
edged that the recommendations provided a benchmark, which would have
to be adjusted according to rainfall—a common practice among farmers, and
one they cared about as we engaged in early pilots. The link between soil
nutrient status and fertilizer recommendations was clearly established, and
the benefits of using university-sanctioned recommendations were explained
in terms of potential gains in yields/reduction in costs.

To ensure that participants pay attention to the information contained in
this SHC for a hypothetical friend, we informed participants in advance that
we would provide a mobile phone top-up of ¥10 for every correct answer
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to a question about specific recommendations in the SHC. We were very
clear in stating that trust-related questions had no such associated incen-
tive, and that for these questions, we were interested in understanding the
participant’s honest opinion of the cards, potential reservations about its
use, and the extent to which he/she would endorse its recommendations to
a friend or relative.

We report results of two specifications for understanding and trust-related
variables. The first compares members of the SHC-only group with those
assigned to the audio, video, and agronomist interventions.

yiv=a + praudiow + B2videow + Bsagronomistiv + Av + &iv Q)

Here, y;, is an outcome variable for individual i in village v. Audio, video,
and agronomist indicate assignment into each of these treatment groups
(the omitted category is SHC-only). 4, is the village fixed effect and ¢; is
an individual-specific error. 3;, B,, and 35 are the coefficients of interest.

We also report results from a within-individual specification among those
in the audio, video, and agronomist groups.

Yit = @i + Opost; (2

Here, post;; is an indicator equal to O when individuals are only shown
the SHC, and equal to 1 after individuals are played the audio or video or
provided advisory by an agronomist as per their treatment assignment. J is
the coefficient of interest.

To evaluate differences in trust among those who receive SHCs with
high and low fertilizer recommendations, we restrict the sample to individ-
uals in the audio, video, and agronomist group (as we expect and observe
higher levels of understanding among these groups). We then evaluate the
following specification, where 7 is the coefficient of interest and high; is an
indicator equal to O if an individual receives a card with lower than typical
recommended fertilizer use and 1 if he/she receives a card with higher than
typical recommended fertilizer use:

yiv:a+nhighi+lv+8iv (3)

4.1.1. BASELINE CHARACTERISTICS

Table 4 reports baseline characteristics of farmers and checks for balance on
demographic variables, knowledge of soil health, and baseline understand-
ing of the SHC’s contents (prior to exposure to ICT or in-person advisory
explaining its recommendations). Panel A of the table reports demographic
and basic farming characteristics. Participants are, on average, about 36
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years old. About 70 percent are literate, nearly all are male, over 94 percent
grow cotton, and, for between 60 percent and 70 percent, the most important
plot is irrigated.

Panel B reports knowledge of soil fertility and testing. Between 20 per-
cent and 30 percent understand that the purpose of soil testing is to assess
the level of nutrients in soil and/or to recommend fertilizers based on soil
quality. Only 7 percent demonstrate familiarity with the government’s SHC
scheme, and about 10 percent report having ever had their soil tested.

Panel C reports participants’ ability to interpret the SHC after they are
shown it without any (audio, visual, or in-person) aids. Only between 2
percent and 10 percent are able to correctly answer questions on specific
fertilizer quantities recommended in the card. Yet over 90 percent of the
individuals in each group anticipate that they can either fully or somewhat
trust the recommendations (Panel D).

4.2. Experimental Results

4.2.1. EFrecT oF ICT AND IN-PERSON EXTENSION ON TRUST AND UNDERSTANDING

In Tables 5 and 6, we explore how the audio, video, and agronomist treat-
ments affect farmers’ understanding of SHC recommendations, trust in
them, and general knowledge of soil fertility and testing. We find significant
improvements in understanding as well as trust.

Table 5 compares the SHC-only group with audio, video, and agronomist
treatments. All three treatments dramatically improve the participants’ abil-
ity to interpret fertilizer recommendations from the SHC, with between 36
and 42 percentage points higher comprehension among treated individuals.
Of the three treatments, gains are found as being highest in the agronomist
intervention, followed closely by video and audio.

We also find that farmers in each of the three treatment groups (audio,
video, and agronomist) are more likely to report trusting recommendations
compared to those in the SHC-only group. Farmers visited by an agronomist
are 11.1 percentage points more likely than the SHC-only group to report
fully trusting recommendations in the SHC, and those played the audio
or video treatment are 5-7 percentage points more likely to report fully
trusting recommendations. Those visited by an agronomist are also more
likely to be willing to enter a lottery wherein, if selected, they would have
to pay a certain amount of money to have a soil sample from their own field
collected and tested.?

19. The monetary amounts vary from ¥150-250; the cost of the test is 150, but the total
cost of test, sample collection, and transportation is ¥250.
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In terms of knowledge, those in the audio, video, and agronomist treat-
ment groups are more likely than the SHC-only group to know which
fertilizers can add phosphorus, potash, and nitrogen to the soil. While this
difference is only consistently significant for the agronomist and video
groups, all point estimates are positive. Pair-wise comparisons between the
three treatment groups reveal the agronomist visit as having the greatest
impact on knowledge-related measures.

We find no evidence that those in the SHC-only group are any more or
less likely than any treatment group to understand the purpose of soil test-
ing, or that they are more or less likely to know that SHC recommendations
differ by plot.

Table 6 reports results of the within-individual specification described
in Equation (2). As before, we find very positive and significant results on
participants’ ability to interpret the SHC, with between a 35-40 percent
improvement in comprehension. The coefficient for trust is positive and sig-
nificant for the pooled sample as well as the audio and agronomist treatment.

To address concerns about multiple hypothesis testing, we create indices
by averaging all variables separately for understanding, trust, and knowl-
edge, and we assess the impact of treatment on these indices. All treatments
significantly improve understanding and fully trusting SHC recommenda-
tions, although the trust index for audio and video is insignificant due to them
not moving a participant’s willingness to pay to obtain a soil test. Video and
agronomist treatments significantly improve knowledge.

4.2.2. HETEROGENEITY BY LITERACY
Table 7 explores heterogeneity of results by literacy. One might expect that
the impact of ICT or in-person extension over only giving the SHC is dif-
ferent for literate and illiterate farmers, as only the former are able to read
SHCs. Additionally, we want to explore if results are being driven by written
supplements accompanying the audio, video, and agronomist interventions.
We find that all three interventions positively affect understanding among
illiterate as well as literate farmers, and trust among illiterate farmers.
Fewer than 4 percent of the illiterate farmers are able to interpret any rec-
ommendation in the absence of audio, visual, or agronomist aids. In contrast,
comprehension rises by between 12 and 21 percentage points when the SHC
is accompanied by an ICT-based or agronomist intervention. All effects are
statistically significantly different from zero (p < 0.01). Farmers exposed to
the audio, video, or agronomist advice are also more likely to report fully
trusting SHC recommendations. This effect is about 25 percentage points
for the audio and agronomist groups, and 17 percentage points for the video
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210 INDIA POLICY FORUM, 2017-18

group. Only the agronomist intervention moves farmers’ willingness to enter
a lottery wherein, if selected, they would pay to have a soil test performed
on their own field.

For this subgroup of illiterate farmers, the audio treatment performs
best on measures of both understanding and reported trust, followed by the
agronomist and video treatments. While the difference between audio and
the other interventions is not statistically significant for all measures, point
estimates for those assigned to audio are consistently higher. As before,
knowledge of soil fertility rises in the agronomist group.

Among literate farmers, comprehension of SHC recommendations rises
between 40 and 55 percentage points, and is significantly greater for all
three interventions when compared with the SHC-only group. Trust is not
appreciably affected by being exposed to the audio and video, although it is
positively affected by an agronomist visit. Unlike the subgroup of illiterate
farmers, knowledge of soil fertility is positively affected by both video
and agronomist interventions, and knowledge of the relationship between
specific nutrients and fertilizers rises among all three treatment groups.

4.2.3. EFFecT OF HIGH/LOW FERTILIZER RECOMMENDATIONS ON TRUST
Table 8 reports differences in trust among those who receive SHCs recom-
mending higher doses of fertilizers than typically practiced by farmers in
the area, and those who receive SHCs recommending lower doses than
typically practiced. Each set of recommendations was plausible given the
soil chemistry in the area.

We are not able to reject the null hypothesis that levels of trust among
those who receive SHCs with low recommendations are the same as among
those who receive SHCs with high recommendations.2°

4.2.4. LIMITATIONS
We acknowledge a number of limitations of this experiment.

1. Lower bound estimate of baseline understanding: The study likely
offers lower bound estimates of baseline understanding of SHCs
among farmers. Participants in our sample were not allowed to consult
with others when interpreting the SHC, although such consultation is
likely to occur in real life.

2. Questions administered a different number of times to treatment
and control group participants: Participants in the treatment groups
(audio, video, and agronomist) were asked twice to report their

20. This is an intent-to-treat estimate.
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interpretation of fertilizer doses recommended in the SHC—once
after just seeing the SHC and once after being administered the
treatment. They were also asked twice to respond to one question
pertaining to their trust in these recommendations. Participants in the
SHC-only group were asked all questions only once. It is possible
that because participants were able to venture two guesses instead
of one, they were more likely to get the answer right the second time
around, although it would be difficult for this mechanism to explain
the dramatic (30—40 percent) improvement in understanding.

3. Durability of knowledge: Since a participant was involved in the study
for a total of up to two hours, during which he/she was administered a
pre-survey, the intervention, and a post-survey, it is unclear whether
the results related to understanding of SHCs as observed in the audio,
video, and agronomists groups will endure over a longer time period.

4. Hypothetical trust may not translate into actual adoption: It is unclear
whether stated trust in recommendations translates into actual adop-
tion of recommendations. Fishman et al. (2016) observe very low
adherence to SHC recommendations among farmers in Bihar, even
after in-person extension was employed to explain these recommen-
dations. Because we did not present farmers with their own SHCs,
we are unable to track how stated trust translates into adoption of
recommendations. However, an ongoing study with 1,800 farmers
in Gujarat attempts to answer this very question.

5. A combined treatment: The audio, video, and agronomist treatments
also included the provision of a supplemental sheet that conveyed the
results from the SHC in a more user-friendly manner. In our view, this
is a direct policy relevant intervention, as it would not introduce any
significant cost relative to simply distributing the SHC. However, it
means we are unable to identify the effect of ICT-only treatment (e.g.,
in the absence of voice messages in this paper supplement). Ongoing
work is comparing the effect of the SHC-only to the SHC with the
paper supplement. We do note that the fact that our intervention has
important effects on illiterate individuals supports the view that our ICT
and agronomist interventions do change understanding and beliefs.

5. Audit Study of Agro-dealers
Many farmers seeking advice or guidance, particularly with respect to

agricultural inputs such as pesticide and fertilizer, may turn to agro-dealers
for advice. Agro-dealers, who often farm land in the same locality as their
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customers, observe a number of problems throughout the year and may be
particularly well-suited to guide farmers. Unfortunately, the evidence on
the quality of commissions-motivated advice is quite mixed (e.g., Anagol,
Cole and Sarkar 2016), should sellers seek to maximize profits rather than
consumer surplus.

In this section, we describe an audit study of agro-dealers, designed to
measure the quality of advice provided by input sellers.

In August 2012, a research team from the Institute for Financial
Management and Research (IFMR) Center for Microfinance conducted an
audit study of agricultural input dealers in two townships in rural Gujarat—
Chuda and Limbdi. Our surveyors approached every agro-input dealer in
the area, requesting permission to sit in and observe farmer purchasing
decisions over the period of a day. Agro-dealers were informed that the
purpose of the study was to “understand the purchasing patterns of farmers,”
and agro-dealers were offered a nominal amount (3100) to participate in the
study. Approximately 90 percent of the dealers agreed, resulting in a study
with 36 agricultural input dealers.

Accurately measuring the quality of advice is challenging, as both problems
and solutions are often nuanced and based on local context. To address this
challenge, we selected surveyors who were very familiar with local farm-
ing and provided them with intensive training, beginning with two days of
classroom training in our Ahmedabad office. The focus of the training was
on familiarizing the auditors with the various product names (i.e., pesticides,
fertilizers, and seeds) and the survey forms, including the inventory sheet,
and on conducting mock audits. These run-throughs helped the auditors to
develop listening and recording skills. The final day of training was comprised
of actual field visits, followed by a half-day debriefing to review the critical
pieces of information for data collection and to discuss strategies for scrutiny.

Each visit to an agro-dealer took approximately four hours. The sur-
veyor would find an inconspicuous location, and sit and take notes of all
conversations between the agro-dealer and his farmer customers. This
included documenting in writing the agro-dealer/farmer dialogue, and
covering points such as: the farmer complaint or issue, whether the farmer
requested a specific product, what further questions the agro-dealer asked,
and, finally, the advice provided by the agro-dealer to the farmer, including
the recommended products and dosage. On average, there were 7.3 farmer
observations per agro-dealer shop, with a maximum of 15 observations and
a minimum of three observations per shop. An “Additional Comments”
section was also included, and instructions were provided to the surveyor
to record more general observations, such as the agro-dealer’s attitude and
store advertisements.
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Finally, our surveyors conducted an inventory analysis with each agro-
dealer, to collect data on the types of products available in his store. Both
the type of pesticide and the brand/company name were collected. Survey
teams later noted that some agro-dealers may have been dishonest in report-
ing some of the products available in their shops.

Following the collection of the data, we had the recommendations ana-
lyzed by an agronomic expert with several years’ experience providing
guidance in cotton farming in this area. We instructed him to characterize
the advice on a scale of 1 to 5, where 1 was “strongly disagree,” and 5
was “strongly agree,” and also gave him an option to indicate “insufficient
information” to evaluate the recommendation.

Figure 5 describes the main results of this study: in 40 percent of the
instances, our auditing team did not record enough information such that
the agronomist could characterize the advice as appropriate or inappropriate.
However, for the remaining cases, the news is not good: our agronomist was
much more likely to “strongly disagree” (28 percent of the answers given)
than to “strongly agree” (17 percent of the answers).

Much of the inappropriate advice centered on the recommendation for
monocrotophos, a toxic pesticide that is not effective against many local
pests, but which reportedly imparts a green sheen on leaves, leading farmers
to (mistakenly) believe it enhances fertility. This apparent confusion moti-
vated an undergraduate student at Harvard College to use the audit data, plus
an additional field experiment, to document that farmers have an erroneous
mental model, which equates the use of monocrotophos with higher yields
(even in the absence of pests; Seo 2016).

FIGURE 5. Characterizing the Quality of Agro-dealer Advice

40 B Share

30

20

10

Cannot  Strongly Disagree  Neutral Agree  Strongly
Charcterize Disagree Agree

Source: Authors’ calculations based on their Agro-dealer Survey in Gujarat.



Shawn Cole and Garima Sharma 215
6. Discussion and Conclusion

The 2017-18 Union Budget (2017-18) increased funding for the agricultural
sector by 24 percent and set an ambitious goal of doubling farm incomes
within the next five years. The central government’s SHC scheme is an
important part of this strategy, with a budget allocation of over US$100
million over three years, a plan to set up soil testing laboratories in all 648
KVKs, and a goal to deliver customized fertilizer recommendations to every
farming household in the country by 2018.

Our study seeks to test and document how the use of ICT might improve
this specific but quite important undertaking to improve agricultural pro-
ductivity. In our view, the news is mixed.

One of the most important challenges is logistical—we are not in a
position to comment on the government’s execution, except to note that the
government appears to be taking a data-driven approach to SHC distribution.
This includes publishing a live dashboard indicating the number of samples
taken (over 25 million to date) and SHCs dispatched (over 86 million to
date), and allowing farmers to track their sample in real time.

This study delivers the promising news that farmers display high levels of
willingness to trust SHCs generated by the government. This stands in con-
trast to results from Bihar (Fishman et al. 2016), and more work is required to
understand what drives these differences. We find that over 90 percent report
that they would either fully or at least somewhat trust such a card if custom-
ized for their field, while 81 percent report that they would fully or somewhat
trust such a card even if no KVK worker came to collect their individualized
soil sample. The latter is particularly promising because the government’s
current strategy is to collect a single sample for every 10 hectares of un-irri-
gated land and every 2.5 hectares of irrigated land, and interpolated samples
may play an important role in disseminating information.

Our paper examines several (but not all) steps along a theory of change
in which soil testing leads to informed farmers, alternative input choices,
and higher yields (at lower cost). Specifically, we evaluate the accuracy,
accessibility, and comprehensibility of SHCs.

On the first, a primary finding from our study is that, absent further
validation, it is very unclear whether providing SHCs will be beneficial
to farmers. Our findings suggest an important need to cross-validate the
results of soil tests to ensure that farmers receive consistent, accurate, and
trustworthy recommendations. While we find low correlation between
measured nutrient status and fertilizer recommendations in an SHC, and
in an independent laboratory test for the same plot, we are encouraged by
the high correlation observed between two different laboratory tests we
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commissioned for a subset of plots. This indicates that, subject to uniformity
in sampling technique and a short enough window of time within which
two samples are collected, results can be at least verifiably consistent. The
Government of India SHC scheme involves sending 1 percent of the soil
tests to a higher-level laboratory to ensure the lower-level laboratory results
are accurate. We might suggest an alternative strategy, which would involve
sending a separate, independent team to duplicate 1 percent of the soil tests
and make these cross-validations public.

It is also worth noting that current scientific recommendations being dis-
seminated through the SHC scheme are geared towards maximizing yield,
which may or may not correspond with maximized profits. Indeed, in other
settings such as Mali (Beaman et al. 2013) and Kenya (Suri 2011), gains
from fertilizer use demonstrated on experimental plots do not necessarily
translate into higher profits for farmers. While beyond the scope of this
study, the consideration of how recommendations for maximum yield vary
from those for maximum profits remains an interesting and open question.
Even so, our findings suggest that getting valid estimates of soil charac-
teristics that remain relevant over time remains an important first step in
generating any sort of recommendation (to enhance yields or profits).

On the second topic of interpretability and accessibility of the current means
of information dissemination, we document significant gaps in extension,
which relies heavily on in-person visits. Only 11 percent of the farmers report
ever having had soil tests, and about half of this number report having ever
received a report (though government records suggest Gujarat has achieved
59 percent of the targeted distribution of SHCs). In the absence of reliable
information on how to manage soil fertility, farmers tend to rely on agro-deal-
ers and farmer friends for agricultural advice (this pattern is true not just for
Gujarat, but nationwide). An auditing exercise conducted in Gujarat raises
some concerns about the quality of advice provided by agricultural dealers,
who may be incentivized by a profit-maximizing motive, or who might
themselves not have access to accurate information on appropriate input use.

We find that ICT-based approaches offer a promising complement to a
strategy of distributing SHCs. When benchmarked against in-person exten-
sion, audio or video supplements delivered with a simplified card perform
comparably to in-person advice, both in terms of enabling comprehension
of SHC recommendations and eliciting trust in their accuracy. They perform
significantly better on both measures than just providing a farmer with an
SHC. Our experiment also suggests that these approaches might hold par-
ticular promise in reaching illiterate farmers, who comprise 32 percent of all
the farmers (NSSO 2015). This finding has important implications for the
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delivery of agricultural information. Recent work in Karnataka has empha-
sized the importance of delivering information to key individuals in a village
network to enhance diffusion (e.g., Banerjee et al. 2013, 2014). At least some
ICT-based services, such as Krishi Tarang, enable information-sharing among
farmers, and there exists the possibility to leverage village networks to make
information diffusion through ICT even more effective.

Finally, we again acknowledge a range of limitations to our study. First,
while we make use of national survey data, our most novel findings come
from a single state, Gujarat, and even more specifically, from a few districts
within that state. Second, a majority of the farmers in our experiment are
already receiving mobile phone-based agricultural extension, and so might
be more accustomed and receptive to learning through 1CT-based means
than members of the general population. Third, our outcomes are short-
term and focus primarily on understanding and on self-reported beliefs and
attitudes. There is clearly more work to be done to link SHC to changes
in behavior, and additional work to link behavior changes to yields/prof-
its. In ongoing work, we are conducting a two-year field experiment to
measure the impact of delivering customized SHCs, along with a series of
audio messages that will guide the farmer through fertilizer purchase and
application decisions.
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Appendix |

Soil Sampling Technigue

Trained individuals followed government guidelines to collect soil samples.
Samples were collected from eight different points in a field, selected in a
zig-zag manner. At each point, they were obtained from a depth of 15-20
cm by cutting the soil in a *“V” shape. The sample thus collected was mixed
thoroughly and then successively split into smaller quantities until a final
sample between 250 and 500 gm remained. Samples were bagged first in
plastic bags and then in a cloth container. They were transferred immediately
to soil testing laboratories for analysis.

Procedure for Matching Independent Test Results from March to June
2017, with the Government Soil Health Card Database

We first matched farmer-plot pairs with their corresponding publicly avail-
able SHC (see Figure Al) using village names and plot survey numbers,
which are unique identifiers assigned to every plot in a village. Farmers
from 60 percent of the 1,132 fields we tested reported their survey numbers,
while 90 percent of the records in the publicly available database contain
survey numbers.

A conservative name-matching algorithm was subsequently employed to
match as-yet-unmatched farmer-plot pairs with corresponding SHC results
from the government database. From all plots matched by this algorithm,
we remove all instances of more than one farmer-plot pair from our sample
that matches with the same record in the government database or different
records in the government database that match with the same farmer-plot
pair. All matches were confirmed by hand. In effect, we are left only with
unigue name matches.

The name-matching algorithm described above is predicated on the
assumption that no two different farmers in the government database have
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the same first, middle, and last names. To check robustness, we therefore
also report results after excluding all observations that match by name. There
are no substantive differences in results with and without this sub-sample.

Through this process, we were able to match 239 (21 percent) fields
from our sample with the corresponding government test results. Whenever
a field had more than one test in the government database, we matched it
with the latest available test result. To these, we added the 54 fields from
January 2017, making a total of 293 matches. Of these, 52 percent are based
on the survey number of the field and 48 percent are based on the name of
the farmer. Over 96 percent of the public data among the matched samples
is from after 2010.

Tables Al.1 and Al.2 summarize characteristics of the overall sample
and match characteristics.

TABLE A1.1. Farmer Characteristics

Farmer Characteristics

Irrigated Unirrigated
(1) 2)
N 437 499
Cultivate only one plot 32.49% 37.68%
Grow cotton 87.84% 82.97%
Of cotton growers:
Use urea 87.20% 79.32%
Use DAP 81.07% 84.43%
Use MOP 4% 0.50%
Avg. expenditure on urea (per hectare) 1292.42 925.39
(1168.58) (919.37)
Avg. expenditure on dap (per hectare) 2823.36 2550.20
(2351.56) (2068.98)
Avg. expenditure on mop (per hectare) 40.11 4.79
(216.82) (74.64)

Source: Authors’ calculations based on data collected for the experiment.

TABLE A1.2. Match Characteristics

N 293
Matched by

Survey number 52%
Name 48%
Year of SHC generation

2001-2010 3.07%
2010-onwards 96.93%
Lab test by GSFC or JAU

GSFC 50%
JAU 50%

Source: Authors’ calculations based on data collected for the experiment.
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TABLE A2. Geographic Variability in Nutrient Categories and Values

Neighbor Plots Village
N P K N P K
No. of groups (N) 80 80 80 30 30 30
Avg. no. of plots per group 3.04 3.04 3.06 38.2 38.2 38.2

% of groups for which all plots  75.00% 53.75% 46.00% 6.66% 3.33% 0%

in same nutrient category

Avg. mean - 31.07 307.77 - 31.23  319.37
Avg. sd - 9.90 107.92 - 18.77  164.66

Source: Authors’ calculations based on data collected for the experiment.

Notes: This table depicts geographic variability in nutrient categories. Columns (1)-(3) report on groups
of neighboring plots, whereas Columns (4)-(6) report of plots within a village. The third row reports the
percentage of groups for which all plots in the group are characterized as having either low, medium, or
high levels of N, P, and K respectively. For example, in column (1): among 80 sets of neighboring plots,
where each set has on average 3 plots with soil test results available, 75% (i.e., 60 sets) have all plots in
them categorized as possessing the same (high, medium, or low) level of nitrogen. Row 4 reports the mean
numeric value of nutrients assigned to groups (average of average value assigned to groups) Rnd row 5
reports the mean standard deviation in this assigned value across groups. Values of nitrogen were in some
cases reported in organic carbon (if test performed by GSFC) and in other cases were reported directly (if
test performed by JAU), and are therefore excluded in the numeric reporting.

TABLE A3. Standard Fertilizer Recommendations and Fertilizer Cost

Recommendations for Recommendations for
Irrigated Cotton Unirrigated Cotton
(kg/Hectare) (kg/Hectare) Cost
High  Medium Low High  Medium Low (3kg)
(1) (2) (3) (4) (5) (6) (7)
Urea (N)* 600 480 360 196 157 118 6
DAP (P) 136 109 82 54 43 33 22
Muriate of Potash (K) 313 250 188 83 67 50 18

Source: Proceedings of the Twelfth Meeting of Combined Joint Agricultural Research Council of State
Agricultural Universities in Gujarat, 2015-2016.

Notes: This table reports standard fertilizer recommendations generated by local agricultural universities
in Gujarat. These recommendations are based on experimental plots cultivated in the region for which
recommendations are being made. They are adopted at annual meetings of the joint agricultural research
council (AGRESCO) of Gujarat, i.e. meetings of all state agricultural universities in Gujarat. Our sample lies
within the Saurashtra region. Columns (1)-(3) report the quantity of fertilizers to be applied in kg/hectare
on an irrigated plot which has low, medium, and high availability of nitrogen, phosphorus, and potash,
respectively, which requires high, medium, and low quantities of urea, DAP, and MOP fertilizers. Columns
(4)-(6) report the analog for an unirrigated plot. Column (7) reports the per kg cost of fertilizers.

* Urea recommendations are to be adjusted based on recommended values of DAP, as every 100 kg of
the latter adds 46 kg of phosphorus and 18 kg of nitrogen. Every 100 kg of urea adds 46 kg of nitrogen.
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TABLE A4. Quantity and Cost of Recommended Fertilizers

Lab Test Recommendation

Avg. Cost  Avg. Cost for
for Irrigated  Unirrigated

High Medium  Low Cotton Cotton
N Use Use Use  (3JHectare)  (3IJHectare)
(1) 2) (3) 4) (5) (6)
Urea (N) 290 72.85%  27.15% 0.00% 3142.74 1004.22
DAP (P) 291  49.14%  27.84% 23.02%  2553.15 1014.27

Muriate of Potash (K) 286 11.81%  43.75% 44.44% 4137.98 1104.03
Government Recommendation

Avg Cost  Avg Cost for
for Irrigated  Unirrigated

High Medium  Low Cotton Cotton
N Use Use Use  (3IJHectare)  (IHectare)
(1) 2) (3) 4) (5) (6)
Urea (N) 290 32.30% 61.51% 6.19% 2807.4 895.74
DAP (P) 291 39.73%  43.15% 17.12% 2532.30 1004.48
Muriate of Potash (K) 286 9.31% 13.79% 76.90% 3747.37 997.50

Government Recommendation Restricted to Last 3 Years

Avg Cost  Avg Cost for
for Irrigated  Unirrigated

High Medium  Low Cotton Cotton
N Use Use Use  (JJhectare)  (3IJHectare)
(1) 2) (3) (4) (5) (6)
Urea (N) 136 35.29%  62.50% 2.21% 2852.58 912.00
DAP (P) 137 37.23%  56.20% 6.57% 2580.12 1021.64
Muriate of Potash (K) 133 0.74%  10.37% 88.89% 3516.38 936.13

Source: Authors’ calculations based on data collected for the experiment.

Notes: Fertilizer recommendations are based on the available amount—low, medium, or high—of nitrogen
(N), phosphorous (P) and potash (K) in the soil. Differences in recommended doses of fertilizers in the
independent lab test results and soil health card created by the government are owing to differences in
their assessment of available N, P, or K in a farmer’s soil. To calculate average cost per hectare, we first
estimate the average recommendation in kg/hectare as per prescribed standards linking nutrient status to
fertilizer use for irrigated versus unirrigated plots (documented in Table A3). We then multiply this average
recommendation by the cost per kg of the fertilizer (also documented in Table A3) to arrive at average cost
per hectare. Since DAP provides both phosphorus and nitrogen to soil, whereas urea provides only nitrogen,
we adjust required quantity of urea based on recommended DAP for every observation prior to calculating
cost. Source for government soil health cards: http://shc.aau.in/guj/home/soil.
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TABLE A5. Cross-validation of Fertilizer Recommendations (Only Keeping
Observations that Match by Survey Number)

Panel A Fertilizer Recommendation
Public Data Public Data
Same Recommends Recommends Lower
Nutrient N Recommendation  Higher Requirement Requirement
(1) (2) (3) 4)
Nitrogen™ 151 41.06% 7.28% 51.66%
Phosphorus 151 24.50% 26.49% 49.01%
Potash 149 40.94% 14.76% 44.30%
Panel B Comparison for Unirrigated Cotton
Amount of
Fertilizer Cost To Farmer Difference in

(Lab Test - Public ~ (Lab Test — Public ~ Cost as % of Avg.
N Data) (kg/Hectare)  Data) (3Hectare) ~ Farmer Expenditure

(7 2) 3 4)
Urea (N) 151 18.60 111.61 12.54%
(28.40) (170.40)
DAP (P) 151 2.12 46.77 1.84%
(11.57) (254.49)
Muriate of Potash (K) 149 6.24 112.35 2,382.98%
(15.28) (275.07)
Panel C Comparison for Irrigated Cotton
Amount of
Fertilizer Cost to Farmer Difference in
(Lab Test - SHC) (Lab Test - SHC) Cost as % of Avg.
N (kg/Hectare) (JHectare) Farmer Expenditure
(7 2) (3) 4)
Urea (N) 151 58.10 348.56 26.93%
(86.47) (518.80)
DAP (P) 151 5.18 114.08 4.04%
(29.37) (646.03)
Muriate of Potash (K) 149 22.92 412.55 1,029.67%
(57.24) (1,030.25)

Source: Authors’ calculations based on data collected for the experiment.

Notes: This table restricts the sample to those individuals who match with the government database on
survey number of their field. Fertilizer recommendations are based on the available amount—low, medium,
or high—of nitrogen (N), phosphorous (P) and potash (K) in the soil. Differences in recommended doses of
fertilizers in the lab test results and public data (soil health card created by the government) are owing
to differences in their assessment of available N, P, or K in a farmer’s soil. Panel A reports the fraction
of individuals for whom the government soil health card recommends the same, lower, or higher dose of
fertilizer than the lab test result performed at Junagadh Agricultural University or GSFC. Panel B reports
average differences in the amount of each fertilizer as well as cost of procuring that fertilizer for a
1-hectare plot of unirrigated land cultivating cotton. Panel C reports the analog for an irrigated plot of land.
Source for government soil health cards: http://shc.aau.in/guj/home/soil.

“The rate of similarity in required nitrogen is an upper bound for the rate of similarity in required urea, as
amount of urea to be applied depends on recommended nitrogen as well as recommended phosphorus. This
is because every 100 kg of DAP provides 46 kg of phosphorus and 18 kg of nitrogen to soil. Farmers who
are recommended DAP must thus accordingly adjust urea to supply the remaining nitrogen requirement.
Every 100 kg of urea provides 46 kg of nitrogen to soil.
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TABLE A6. Comparing Lab Test Results with Public Data (Restricting
Nitrogen Comparison to GSFC versus Government)

All Years

Panel A Fertilizer Recommendation

Public Data Public Data

Same Recommends Recommends Lower
Fertilizer N Recommendation Higher Requirement Requirement
(1) 2) (3) 4)

Nitrogen™ 146 51.37% 15.07% 33.56%
Panel B Comparison for Unirrigated Cotton

Amount of Fertilizer ~ Cost to Farmer (Lab  Difference in Cost
(Lab Test - Public Test - Public Data)  as % of Avg. Farmer

N Data) (kg/Hectare) (3/Hectare) Expenditure
(1) 2) (3) 4)
Urea (N) 146 6.27 37.64 4.07%
(28.29) (169.74)
Panel C Comparison for Irrigated Cotton
Amount of Fertilizer Cost to Farmer Difference in Cost
(Lab Test - SHC) (Lab Test - SHC)  as % of Avg. Farmer
(kg/Hectare) (Hectare) Expenditure
(1) 2) (3) 4)
Urea (N) 146 21.57 129.45 10.02%
(87.36) (524.15)

Source: Authors’ calculations based on data collected for the experiment.

Notes: Urea recommendations are based on the available amount—low, medium, or high—of nitrogen (N) in
the soil. Differences in recommended doses of fertilizers in the lab test results and public data (soil health
card created by the government) are owing to differences in their assessment of available N in a farmer’s
soil. Panel A reports the fraction of individuals for whom the government soil health card recommends
the same, lower, or higher dose of fertilizer than the lab test result performed at GSFC. Panel B reports
average differences in the amount of fertilizer as well as cost of procuring that fertilizer for a 1-hectare
plot of unirrigated land cultivating cotton. Panel C reports the analog for an irrigated plot of land. Source
for government soil health cards: http://shc.aau.in/guj/home/soil.

“The rate of similarity in required nitrogen is an upper bound for the rate of similarity in required urea, as
amount of urea to be applied depends on recommended nitrogen as well as recommended phosphorus. This
is because every 100 kg of DAP provides 46 kg of phosphorus and 18 kg of nitrogen to soil. Farmers who
are recommended DAP must thus accordingly adjust urea to supply the remaining nitrogen requirement.
Every 100 kg of urea provides 46 kg of nitrogen to soil.
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FIGURE A2. Soil Health Card Supplement Provided by Study
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Source: Authors’ SHC supplement created for the study.

Note: This is a supplement accompanying the soil health card created for the purpose of the experiment
described in Section 4 of this paper. It translates fertilizer recommendations for four main fertilizers (urea,
DPK, potash, and sulphur) from kg per hectare into kg per vigha, a traditional measure of area more easily
understood in the area, and describes the proper timeline for fertilizer application.

Appendix Il

Scripts for Audio, Video, and Agronomist Explanation of SHCs
GENERAL SCRIPTS

Script 1: Introduction (why get soil tested; that there is a relationship
between nutrients, fertilizers, productivity, and costs)
Namaskar, this is Krishi Tarang agriculture information service. In this
message, we will talk about soil health management. In a recent survey of
500 farmers in Surendranagar and Rajkot, we found that over 90 percent
use some form of fertilizer. Even as fertilizers have become prevalent in our
farming, we are prone to knowingly or unknowingly use a higher or lower
amount of chemical fertilizers than is actually advisable. The imbalanced
use of fertilizers can severely lower productivity, often by as much as 50
percent. The overuse of certain fertilizers also directly increases our cost
of production and pollutes both soil and water. Persistent imbalanced use
of fertilizers affects long-term soil productivity and our earning capacity.
Before starting to grow any crop (like cotton, groundnut, or wheat), it is
thus essential to plan our fertilizer requirements and application. This is easy
to do once we know both which nutrients are required for our crop and the
composition of those particular nutrients in our soil. Fertilizers can then help
make up for any deficiency in nutrients particular to our soil. For example,
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if a cotton farmer’s soil is deficient in sulphur, she can add ammonium sul-
phate; if her soil is deficient in nitrogen, she can apply urea; and so on. Local
universities, like JAU and Anand Agricultural University, have analyzed
actual farming experiences to develop optimal fertilizer recommendations
for crops commonly grown by farmers like you in Surendranagar and Rajkot.

The first step to making use of these recommendations is to test our soil
to identify its nutrient composition. A soil testing report based on our field’s
soil sample then gives us both the exact availability of different nutrients
in our soil and, based on this, which and what amount of fertilizers need to
be applied to it.

In the next message, we will discuss how to sample soil and where soil
samples can be given for testing. Then, we will discuss how to interpret a
soil testing report.

Script 2: How to interpret the SHC

Namaskar, this is Krishi Tarang agriculture information service. In previ-
ous messages, we talked about the importance of optimal/proper fertilizer
application, and how to sample soil and have it tested. Once you have
submitted a sample for testing, any laboratory will give you a detailed soil
testing report. In this message, we will describe the information contained
in this report and how to interpret it.

A soil testing report provides details on the status of particular nutrients
in your soil—either low, medium, or high. It also describes the specific
fertilizer requirements for your soil based on these test results.

Please look at this hypothetical SHC:

On the front of the card, in order of appearance:

1. pH means reaction of the soil,

2. Electrical conductivity (EC) means the amount of salts in the soil,

3. Macronutrients (nitrogen, phosphorus, and potash) essential for crop
growth and,

4. Micronutrients (sulphur, zinc, and iron), which also promote growth.

On page 2 of the SHC specific fertilizer recommendations for different
crops are provided based on whether these elements are present in low,
medium, or high concentration in the soil. For each crop, the specific nutri-
ents (N, P, and K) that you should apply appear in Columns 1, 2, and 3,
respectively, and the type and quantity of fertilizers that are required for
these nutrients appears in the last three columns.

For example, urea fertilizers supply nitrogen to the soil, DAP fertilizers
supply phosphorus, and MOP fertilizers supply potash to the soil.
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Gypsum of sulphur fertilizer provides sulphur to the soil, zinc sulphate
fertilizer provides zinc, and ferrous sulphate fertilizer provides iron.

The specific recommended fertilizers are the ones on the card, and in the
quantities also described in the card.

By looking at this soil report, we understand that we apply fertilizers to
supply certain nutrients that are contained in the fertilizer, that are required
by our crop, and that are deficient in our soil. We should only apply the
amount of fertilizer according to the nutrients status in our soil and actual
requirement. The selection of different brands of fertilizers can be done
based on its availability in our area and our budget.

SPECIFIC SCRIPTS FOR AUDIO AND VIDEO (SHC)

Script 1
Namaskar, this is Krishi Tarang agriculture information service. In this mes-
sage, we will talk about a hypothetical SHC report and the status of EC, PH,
and of macronutrients (nitrogen, phosphorus, and potash) and micronutrients
(sulphur, zinc, and iron) according to that card.

Our key takeaway for this hypothetical report is that the soil is deficient in
a, requiring the application of more/less fertilizer x. The soil has sufficient
quantity of b, thus requiring less of fertilizer y.™

Now, as per the soil testing report, EC is low/medium/high (which
means this soil is normal/salted/highly salted); pH means reaction of the
soil is normal/acidic/basic.

Macronutrients:

The proportion of nitrogen in this soil is low/medium/high relative to the
general requirement.

The proportion of phosphorus in this soil is low/medium/high relative to
the general requirement.

The proportion of potash in this soil is low/medium/high relative to the
general requirement.

Micronutrients:

The proportion of sulphur in this soil is low/medium/high relative to the
general requirement.

" Bold-underlined words are dynamically changed according to the report.
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The proportion of zinc in this soil is low/medium/high relative to the gen-
eral requirement.

The proportion of iron in this soil is low/medium/high relative to the
general requirement.

This was information on the proportion of different macro- and micro-
nutrients in the soil as per this soil test report. In the next message, we will
talk about recommendations of the macronutrients (nitrogen, phosphorus,
and potash) and fertilizers required for this crop.

Script 2A (Cotton)

Namaskar, this is Krishi Tarang agriculture information service. In our previ-

ous message, we discussed the status of different macro- and micronutrients

in the soil according to a hypothetical soil testing report. In this message,

we will discuss recommendations for different macronutrients (nitrogen,

phosphorus, and potash) and fertilizer required for an irrigated cotton crop.
According to this soil test report:

The proportion of nitrogen in this soil is low/medium/high, so it is advised
to apply 50 kg/40 kg/30 kg of nitrogen per vigha for an irrigated cotton crop.
To achieve this, the soil requires 100 kg/80 kg/60 kg of urea fertilizer per
vigha during the entire season.

The proportion of phosphorus in this soil is low/medium/high, so it is
advised to apply 40 kag/30 kg/20 kg of phosphorus per vigha for an irrigated
cotton crop. To achieve this, the soil requires 70 kg/50 kg/40 kg of DAP
fertilizer per vigha during the entire season.

The proportion of potash in this soil is low/medium/high, so it is advised
to apply 50 ka/40 kg/30 kg of potash per vigha for an irrigated cotton crop.
To achieve this, the soil requires 60 ka/50 kg/40 kg of potash fertilizer per
vigha during the entire season.

This was the information on macronutrients for a hypothetical soil
sample. In the next message, we will talk about recommendations for
micronutrients (sulphur, zinc, and iron) and the fertilizers necessary for an
irrigated cotton crop.

Script 2B (Cotton)

Namaskar, this is Krishi Tarang agriculture information service. In our previ-
ous message, we discussed recommendations for using macronutrients and
fertilizers according to a hypothetical soil testing report. In this message, we
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will discuss recommendations for different micronutrients (sulphur, zinc,
and iron) and the fertilizer necessary for an irrigated cotton crop.
According to this soil test report:

The proportion of sulphur in this soil is low/medium/high, so it is advised
to apply 15 kg/12 kqg/10 kg of sulphur per vigha for an irrigated cotton crop.
To achieve this, the soil requires 15 kg/12 kg/10 kg of sulphur fertilizer
per vigha at the time of sowing.

The proportion of zinc in this soil is low/medium/high, so it is advised to
apply 10 kg/08 ka/07 kg of zinc per vigha for an irrigated cotton crop. To
achieve this, the soil requires 10 kg/08 kag/07 kg of zinc sulphate fertilizer
per vigha at the time of sowing.

The proportion of iron in this soil is low/medium/high, so it is advised to
apply 25 ka/20 kg/16 kg of potash per vigha for an irrigated cotton crop.
To achieve this, the soil requires 25 kg/20 kag/16 kg of ferrous sulphate
fertilizer per vigha at the time of sowing.

Script 2C (Cotton)
Namaskar, this is Krishi Tarang agriculture information service. In our previ-
ous messages, we spoke about the status and recommendations for different
macro- and micronutrients according to a hypothetical soil testing report,
and the type and amount of fertilizers that would be necessary based on
this soil test report. In this message, we will talk about which fertilizers are
required as a basal application at the time of sowing an irrigated cotton crop.
At the time of sowing (as basal application) for an irrigated cotton crop,
the soil requires:

Urea fertilizer: 10 kg per vigha

DAP fertilizer: 8 kg per vigha

Potash fertilizer: 20 kg per vigha
Sulphur fertilizer: 5 kg per vigha

Zinc sulphate fertilizer: 2 kg per vigha
Ferrous sulphate fertilizer: 3 kg per vigha

Please calculate the total amount of these fertilizers required by multiply-
ing these amounts with the area (number of vighas) for sowing your irrigated
cotton crop. This is the total amount of fertilizer needed to be applied at the
time of sowing.



Comments and Discussion”

Pramod K. Joshi
International Food Policy Research Institute

I would like to congratulate Shawn Cole and Garima Sharma for an excel-
lent paper. It is different from the papers generally written by agricultural
economists. IFPRI also did an interesting study in Bihar on soil health cards,
but our results were not very encouraging.

The fertilizer sector is receiving considerable attention from the govern-
ment and also from researchers. One reason for this is that it is adding to
our fiscal deficit as huge subsidies of around $11 billion are going to the
fertilizer sector, and the government is exploring ways to save this large
subsidy. The second reason is the imbalanced use and often over-use of
fertilizers, especially nitrogenous fertilizers. This is polluting and degrad-
ing our precious soil and water resources. Third, it is also contributing to
greenhouse gas emissions. In India, agriculture contributes roughly 20 per-
cent of greenhouse gas emissions, a large part of which is due to fertilizers
and rice crops. Therefore, there is a need to cut fertilizer consumption to
help reduce greenhouse gas emissions. Fourth, the overuse of fertilizers is
adversely affecting human health.

The government is taking various initiatives to improve the efficiency
of fertilizer use. Recently, it initiated a new fertilizer pricing policy. Direct
benefits transfer is another area that has been receiving a lot of interest as
a way of reducing leakages and shifting subsidies to the end user. Several
pilot projects are in progress in this sphere. Another initiative is the use of
neem-coated urea to improve fertilizer-use efficiency by reducing leakages
and leaching. IFPRI is undertaking a study on the informal trade in fertilizers
between India and Nepal; you would be surprised to note that in a few years,
roughly 70 percent of Nepal’s fertilizer requirement will be met through
this informal trade from India to Nepal. The latest initiative is the flagship

* To preserve the sense of the discussions at the India Policy Forum, these discussants’
comments reflect the views expressed at the IPF and do not necessarily take into account
revisions to the conference version of the paper in response to these and other comments in
preparing the final, revised version published in this volume. The original conference version
of the paper is available on www.ncaer.org.
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program of the Government of India on soil health cards, which was first
introduced in Gujarat, and later introduced as a national program when the
new government came to power. Considerable resources are being used to
test soils for nutrient management under this program, which represents a
new approach being implemented on a large scale in Indian agriculture.

The study by Cole and Sharma adds to our understanding of the role of
ICT and its linkage with soil health cards. This study and the underlying
innovation can help us assess and enhance the progress of digitization in
the agriculture sector, where digital applications are still very weak. The
study leads to two broad conclusions. The first is that when soils were first
tested by the authors and then separately by the government department,
there was a very weak correspondence between the two soil tests. The farmer
recommendations from the government agencies were also, therefore, dif-
ferent from those of the authors. It is important to identify the reasons for
this discrepancy. While the government is equipped to carry out a large
number of soil tests, civil society organizations or the farmers themselves
are not. The reasons for these discrepancies are not clear. Do they stem
from the methodology or the sampling procedures? A lot of factors could
be responsible for the different recommendations emanating from these soil
tests. The discrepancies between different tests therefore need to be flagged
and brought to the notice of the authorities.

The second issue is the premise that we have poor extension agencies.
Roughly one extension person has to attend to around 1,000 or more farm-
ers, which is a difficult task. Recent NSSO reports reveal that the major-
ity of farmers are accessing information from other progressive farmers,
who are linked themselves with extension agencies like the Krishi Vigyan
Kendras and state Agriculture Universities. The majority of farmers are not
directly in touch with extension personnel, and this gap can be bridged by
the use of ICT. The study identifies the following four ways of using the
power of ICT for providing useful information to the farming community:
(a) soil health card recommendations; (b) audio messages; (c) video mes-
sages; and (d) visits by an expert, especially an agronomist.

In the case of soil health cards, it was found that there was no difference
in the application of fertilizers, irrespective of whether the farmer had a
soil card or not. There are three broad reasons for this. First, farmers do not
comprehend the idea of individual, soil-based, nutrient management as they
usually use generic fertilizer recommendations, which are easier to follow.
Second, there is lack of trust among farmers on the recommended doses of
nutrients. Third, farmers fear that a reduction in the application of fertilizers
would lead to loss of productivity and yields.
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| feel that there may be five more reasons for farmers not accepting
recommendations concerning the use of fertilizers. First, these recom-
mendations are based on agronomic trials, which give recommendations
for maximizing yields, as, for example, in a case where the marginal
physical productivity in the production function is zero and where
productivity is the highest. The experiments are conducted in a very
precise environment on very small plots of, say, 3 meters x 3 meters, or
a maximum of 6 meters x 6 meters. In contrast, farmers have large plot
sizes. Second, they seek to maximize not yields but profits, and thus
incorporate the prices of both fertilizers and outputs. Third, farmers have
their own response function, which is much less than the agronomists’
production function or response function due to the size of the holding,
resource endowments and socio-economic characteristics. Therefore,
farmers ignore the recommendations of researchers and agronomists/
economists. The fourth reason why farmers ignore recommendations is
the financial constraints faced by them, especially small and marginal
farmers, who do not have access to credit. The final reason is that farm-
ers also constantly face risks stemming from frequent droughts, floods.
or sudden rainfall, and they do not invest in the recommended resources
to be able to cover these risks.

This Cole—Sharma study includes the use of ICT (both audio and video)
and agronomists’ visits to farmers’ fields. It is important to note that these
treatments are improving the use of fertilizers. Our IFPRI study showed
that one or two visits by experts did not make any difference and that more
frequent visits were required to convince farmers to invest appropriately
in fertilizers. We thus need to develop a strategy for improving farmers’
perceptions about test-based soil nutrient management, including the use
of audio and visual aids for persuading farmers to implement fertilizer use
for enhancing their productivity and profitability.

The results are very interesting and very promising. Going forward, we
need to think differently about the innovative uses of the soil health cards,
and how to sensitize farmers to the quality of their soils. One question is
whether we should go with the individual farmer’s soil health card or think
collectively. Another question is how to incorporate in these studies the farm
yard manure, organic fertilizers, and compost—which contain nitrogen,
phosphorus, and other nutrients—that a majority of the farmers use since
they are genuinely concerned about their soil. These practices do not get
incorporated in most of these studies.

It is good for individual farmers to have a soil health card that tells
them about their soil. But simultaneously, soil fertility maps should also
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be used. We already have access to high-resolution soil fertility maps pre-
pared by the Indian Council of Agricultural Research in collaboration with
the National Bureau of Soil Survey and Land Use Planning. These maps
provide information on how much nitrogen, phosphorus, zinc, and other
nutrients are contained in the soil. If these fertility maps show that there is
not much difference in soil fertility between adjoining fields in one village,
then they can be used for generic recommendations: it does not make a big
difference if 5 kg more or less fertilizer is applied. Therefore, we can make
generic recommendations that are more likely to be adopted by the farmers
with fields in those areas. For example, we could have four clusters in one
village, and make recommendations for each cluster that are more likely to
be adopted. We need pilot studies in these areas on promoting the use of
soil maps, and making comparisons between the impact of generic recom-
mendations based on soil maps and individual recommendations based on
farmers’ soil health cards.

Second, all these experiments have shown that giving soil health cards
alone is not making much of a difference. We need to link soil cards with
extension, either through ICT or in person, with government programs
involving frontline and farm demonstrations. We can demonstrate to farmers
that the productivity losses they fear using soil health cards are not likely.
We can link farm demonstrations that are already routine with soil health
cards to change farmers’ perception. Once they see with their own eyes that
productivity will not decline, they are more likely to adopt the soil card-
based recommendations.

The third issue is of nutrient management based on crop performance.
Plant leaves can clearly reflect the deficiency of nutrients. CIMMYT has
developed a leaf color chart showing how plants reflect nutrient deficiency
based on the color of the leaf at every stage of growth and varying with the
nutrients. Anyone with an agriculture background should be able to identify
the deficient nutrient in the soil by looking at the plant, which also helps
in recommending how much fertilizer (or nutrient) needs to be applied to
overcome the deficiency. This is a very cost-effective method, and | propose
that the authors add this in their next study.

Fourth, we need more research on developing simple, farmer-friendly
tools and apps that can monitor soil health. The final point is about the role
of the private sector. The government has already done enough to promote
this approach, and the private sector should now take it forward by devising
soil tests in the future. | fully agree with the authors that we should harness
the power of ICT in this respect.
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Sachid Madan
Technico-Agri Sciences Ltd, ITC

We all are aware of the current rural distress, and anything and everything
we can do to improve the situation is useful. Since physical agri-extension
is difficult to provide, ICT would be the preferred route. In keeping with
the paper’s title, with so much attention being focused on ICT in agriculture
globally, we have been looking at farmers doing everything themselves, as
in the case of the self-driven tractor, and the use of electrophotoscopy to
look for all kinds of diseases in plants and soil. Although there are not too
many success stories yet, hopefully, they will emerge. So, | am very happy
that you have taken this up.

In talking about fertilizers, we certainly worry about the excess applica-
tion of fertilizer and also the misapplication of fertilizer. But between 1970
and now, we have moved from being a country not able to feed its people
to a situation where our farmers are actually producing enough to export
and even have a surplus. So that fertilizer is getting used somewhere.
But perhaps the efficacy of the fertilizer is coming down, and the reason
is that our farms are now getting over-farmed. Therefore, soil nutrition
and the use of farm manure are falling, and the need for extra chemical
fertilizers is going up.

There is certainly a misapplication, as Dr Joshi mentioned. The farmer
is maximizing his profitability like any entrepreneur. If he is getting
something cheap, he is using it. But when we talk about yields and yield
gaps, what we sometimes forget is that in the United States there is one
crop, a summer crop that is exposed to considerable day length, whereas
in Punjab, there are three crops. So, along with yield gaps, we need to
look at the amount of sunlight that the crop gets, the number of days that
the crop grows, and so on.

The soil health card is a bold new initiative, and we need to see its impact.
This paper has come at an appropriate time, when so much money is being
put behind soil health cards. First, let me start with the basic premise of how
good soil health cards are. However, the authors’ conclusion, like our own
work, shows a lot of gaps in this initiative, which could be because these
are early stages of the initiative or because somebody is not doing their job
right. There are gaps also because farmers do not yet trust the soil health
cards. We have also seen gaps when an acidic soil is shown to be alkaline.
This becomes a little disconcerting, and therefore, it is something we need
to work on.



238 INDIA POLICY FORUM, 2017-18

The authors’ finding that 11 percent of farmers have reported soil sam-
pling and only half have received soil cards is at variance with the govern-
ment’s claims that this figure is 66 percent. As the authors have pointed out
in the paper, the government realizes that errors can creep in and suggests
a 1 percent audit of the soil health cards. | think the authors have rightly
suggested that this audit should be done by an independent agency, and the
data checked and then put into the public domain. We look forward to seeing
this data because once that comes in, the rigor of the soil card will improve.
Obviously an ICT initiative that is dependent on the soil card cannot be good
if the soil card itself is not good.

Second, a lot of the standard recommendations for farmers used with
the soil fertility cards were made several years ago by universities when
soil health itself and farm productivity were very different. No field tests
have been done since then. As we know, the amount of output is based on
the amount of fertilizer that gets applied. Since productivity has changed,
we have found in our experience, based largely in North India, that the
recommendations are for lower applications than what is actually being
used on the ground. Since there is divergence across India, | think these
recommendations ought to be brought up to date.

The process of using a soil health card is also very complex, almost like
visiting a doctor who gets tests done and then looks at the clinical symptoms.
Sometimes we need to look at other symptoms, for example, if the acidity
of the soil is high, the fertilizer recommendation would be very different. If
the soil is sandy and not heavy, the recommendation on fertilizer has to be
different and has to be adjusted for these factors.

The next area is that of trust, and | think the authors have covered that
very well. | think they also mention that if farmers are skeptical about the soil
health card, the trust level is declining. This lack of trust is understandable
because for the farmer, this is his livelihood. You are asking him to change
something and he is concerned as to whether this change is going to get him
agood crop or not. Clearly, if you are talking about giving advice to another
person as compared to advice for your own farm, it is going to be vastly
different. That is why the next stage, with the next sample of 1,800, is what
will drive the action. We also need to be very sure that we are making the
right recommendation so that the poor farmer is not impacted in any way.
But the level of trust will be very different when it is his own farm, and
therefore achieving the 90 percent level that we are talking about would be
very difficult. Hence, we are really looking forward to the findings of the
authors’ ongoing study of 1,800 farmers, and the learnings from this will
give us a lot more, going forward.
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General Discussion

Kirit Parikh wanted to know if the authors had assessed the gain in terms
of yield or profit, and whether they had taken into account the impact of
weather. He asked why profitability was being ignored in the yield experi-
ments being carried out by agronomists on farmers’ fields. The agronomists’
recommendations seemed to be based on simple fertilizer trials in these
experiments. He referred to a study undertaken in eastern Uttar Pradesh
by the Integrated Action for Research and Development, which found that
smaller farmers were putting in more fertilizer and getting less yield, and
that part of the problem was the excess fertilizer available in the 50-kg bags
for which they had no use. He said that the use of generic data from the land
survey’s soil quality map prevents farmers from accessing specific data they
might need for their individual fields.

Rajnish Mehra queried if any reliable independent tests were being
conducted for soil cards. He referred to some studies conducted by Esther
Duflo and co-authors on the returns to fertilizers, but said that no concrete
information on returns is available in these studies.

Rohini Pande raised questions about the quality of the data available
from testing. She said that the takeaway from the paper is that the program
for using the ICT platform should not be expanded before more details are
available about the soil health cards.

Devesh Kapur narrated his experience of a past experiment with farm-
ers in southern Karnataka wherein they would take pictures with their cell
phones of plants and an Al program in the phone would automatically diag-
nose the health of the crop. But farmers lost interest in the experiment when
a drought wiped out their crops. Hence, it is important for micro studies to
consider the challenges of Indian agriculture faced by farmers across the
country such as the vagaries of the weather, procurement issues, and fixing
of the minimum support price.

Mihir Desai suggested that the authors should first determine the prob-
lems that can be solved by the use of ICT in agriculture. For instance, it may
help in countering the problem of illiteracy among farmers or in delivering
expertise, but it may not be an answer to other underlying problems such
as mis-measurement, or unreliable soil testing.

Rakesh Mohan alluded to his own past work on the productivity of
extension, and how the use of ICT could help improve the osmosis of
information within the farmer community, as farmers tend to rely more on
word-of-mouth advice from other farmers than on experts. He also said that
extension works best for farmers in the middle-level size category rather than
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for progressive and large farmers or very small and marginal farmers who
are too far down the scale to be able to optimally utilize the information.

Karthik Muralidharan questioned the basis for the decision to undertake
large-scale upscaling of the ICT program without first taking care of the
fundamentals or identifying the variables that need to be measured in such
a program.

Dilip Mookherjee asked if the program would have any effects on yields,
profits, and other outcomes. According to him, the main challenge is one of
designing the experiment in a way that would take into account pitfalls such
as mis-measurement, heterogeneity of the farmers, the manner in which they
process the information, and the issues of social learning and risk aversion.
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