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Abstract

Agricultural technology remains under-adopted among smallholder
farmers in sub-Saharan Africa. We investigate how the variation in
(perceptions of) the quality of an agricultural technology�improved
maize seed�a�ects its adoption. Using a randomized control trial among
agro-input dealers and smallholder farmers in Uganda, we test three
hypotheses. In a �rst hypothesis, quality issues that constrain uptake are
caused by knowledge gaps at the level of agro-input dealers; a training
on proper storage and handling of seed at the agro-input dealer level
is expected to increase adoption on the farm. A second hypothesis
conjectures that information asymmetries similar to the lemons problem
constrain technology adoption. We test this hypothesis by setting up
an information clearinghouse that relies on crowdsourcing to make
hidden features of the technology visible to both agro-input dealers and
farmers. We also test a behavioral explanation, whereby we assume that
farmers attribute poor outcomes to the wrong causes. In this report, we
present results obtained from the endline survey that was collected two
agricultural seasons after the start of the project.
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1 Introduction

One of the most e�ective ways to increase agricultural productivity is through
the adoption of improved agricultural technologies and practices. These include
mechanization, but the Green Revolution has demonstrated that the largest
gains can be expected from improved inputs such as inorganic fertilizers and high
yielding cultivars. However, technology adoption remains lower than projected,
particularly among the poor in sub-Saharan Africa (Gollin, Morris, and Byerlee,
2005). As a result, di�erences in yields between sub-Saharan Africa and areas
that experienced a green revolution have nearly doubled since 1961 (Magruder,
2018). To reduce this yield gap, it is important to identify the drivers of, and
constraints to, technology adoption.

There are various reasons why some people adopt new technologies while
other stick to what they have been doing for ages. Key constraints to tech-
nology upgrading include poor access to information (Van Campenhout, 2021;
Ashraf, Giné, and Karlan, 2009), procrastination and time-inconsistent prefer-
ences (Du�o, Kremer, and Robinson, 2011), heterogeneity in the net bene�ts
to the technology due to high transaction costs (Suri, 2011), the lack of access
to insurance (Karlan et al., 2014), and learning failures (Hanna, Mullainathan,
and Schwartzstein, 2014).

In this study, we investigate quality related considerations about the technol-
ogy as a particular constraint to adoption, a topic that has received considerable
attention recently (Bold et al., 2017; Michelson et al., 2021). Indeed, as the qual-
ity of a technology (like improved seed or fertilizer) is not readily observable and
can only be (imperfectly) inferred ex-post, inconsistent quality will lead to lower
adoption than would be the case if quality would be consistent and/or perfectly
observable. Our study tests three hypotheses to assess the relative importance
of potential sources of these (perceived) quality issues. We do this using a �eld
experiment that involves agro-input dealers and smallholder farmers in Uganda,
where the focus is on improved maize seed.

In a �rst hypothesis, quality concerns that constrain uptake of the technology
are caused by knowledge gaps at the level of the agro-input dealers, who are
assumed to lack awareness and skills related to proper storage and handling
of improved agro-inputs. To test this hypothesis, we implement an intensive
training program that is expected to lead to improved maize seed quality sold by
agro-input dealers, in turn increasing adoption by farmers. A second hypothesis
conjectures that information asymmetries between seller and buyer with respect
to the quality of seed�a classic lemons technology�leads to under-adoption. To
test this hypothesis, we implement a crowd-sourced information clearinghouse
similar to yelp.com, where we ask farmers about their experience with agro-
input dealers, aggregate this data into rankings and feed this data back to both
farmer and agro-input dealers. A third hypothesis targets farmers directly, as
sub-optimal adoption is assumed to be caused by a particular type of learning
failure: As farmers have to pay more for improved seed, this may also lead
to altered expectations and behavior. In particular, we argue that farmers
may expect too much from seed and as a result exert less e�ort than they
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normally would, use less complementary inputs, and plant the improved seed
on sub-optimal plots. Disappointing outcomes may then be attributed to poor
input quality. An ICT-mediated information campaign that stresses that it is
important to pay attention to all input dimensions even when using improved
seed is implemented to test this hypothesis.

This report documents impact at endline after two full agricultural seasons
had passed since the start of the project. A similar report was written at the
time of midline data collection, looking at impact after one agricultural season.
Both reports closely follow a mock report, that was prepared after baseline data
was collected, and well as a pre-analysis plan, that was created at the time the
study was conceptualized and designed.1

We �nd that when reducing asymmetric information through an information
clearinghouse, shops get more customers, provide more e�ort and extend more
and better services to customers. Shops also seem more open to certi�cation
and are actively seeking inspection. More farmers use quality seed, and they are
more likely to use seed from agro-input dealer.s Finally, we �nd that farmers
that are exposed to the information clearinghouse treatment report higher pro-
duction and higher productivity. There is no indication that agro-input dealers
intentionally sell low quality seed - a training to improve quality does not further
increase quality.

This report starts with an outline of the research questions and hypotheses.
The interventions that were used to test the hypotheses are explained in the
subsequent section. This was done using a �eld experiment that is presented
in Section 4. Next, there is a section on data, that presents characteristics
of farmers and agro-input dealers at baseline, demonstrates balance between
treatment groups, and looks at attrition. We then present the results from the
impact analysis of the endline data.

2 Research questions and hypotheses

Seed quality issues, or the perception thereof, may arise at di�erent stages in the
seed supply chain. Poor seed quality may occur as a result of input dealer prac-
tices. This may be unintentional when the agro-input dealer is unaware of proper
handling and storage practices, or intentional if the agro-input dealer tries to
reduce cost by for example mixing poor-quality seed with good quality seed.
The problem may also be situated at the level of the smallholder farmer. For
instance, a farmer may lack con�dence in the input dealer or his/her products,
and the nature of the input may make it di�cult for the farmer to objectively

1This document was written using the open source LyX/Latex typesetting soft-
ware. The analysis is contained in an R script called �endline_report.R�, which
is run from within LyX/latex using the knitr engine. All code, data and doc-
uments are also under revision control using git and publicly accessible via github
(https://github.com/bjvca/Seed_systems_project). The fact that the entire project is under
revision control using git/github provides detailed and time-stamped recording of any changes
made over the course of the project, further reducing scope for �shing by the researchers and
increasing transparency with respect to the decisions made.
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assess quality. It may also be that the farmer wrongly attributes poor outcomes
caused by factors other than seed quality to seed quality.

We test potential quality related reasons for low uptake of improved maize
seed. One has its origins at the agro-input dealer level and is cognitive in nature.
A second reason is situated at the interaction between agro-input dealer and
farmer and tests a classic economic explanation. A third potential reason is
behavioral and happens in the farm. We discuss each research hypothesis in
detail below. In the next section we present the interventions that we will use
to test these hypotheses.

H1: Seed is of poor quality due to poor handling and storage at the

input dealer level

Lack of information is pervasive in developing countries and often leads to sub-
optimal outcomes for the rural poor. As a result, a simple piece of information
can make a big di�erence (Du�o and Banerjee, 2011). Also in the context
of agricultural technology adoption among smallholders, knowledge gaps have
been identi�ed as a key constraint, and governments around the world invest
in public agricultural advisory services (Anderson and Feder, 2004). While the
need for policies and interventions that strengthen input marketing capacity
and infrastructure has been acknowledged decades ago (Tripp and Rohrbach,
2001), we �nd few examples of studies that look at knowledge gaps at the input
dealer level.

The �rst hypothesis asserts that poor handling and storage at the level of
the input dealer may lead to poor seed quality, in turn reducing the pro�tability
of seeds at the farmer level, resulting in low adoption. There is indeed some
evidence of input quality reduction at this level. In a comprehensive study of
the seed supply chain in Uganda, Barriga and Fiala (2020) document various
issues related to handling and storage that may reduce the quality of the input.
For example, farmers often need smaller quantities than what is in the standard
bags, and input dealers thus often repackage in smaller bags in sub-optimal
environments. Poor rotation of seed stock and storage in open bags in moist
conditions or in direct sunlight also reduce seed quality.

H2: Mismatch between seed quality delivered by agro-input dealers

and seed quality perceived by farmers

The second hypothesis focuses on the information asymmetry between seed
sellers and seed buyers. As argued in Bold et al. (2017), the market for seed
in Uganda appears similar to the market for used cars as described in Akerlof's
classic study (1970). In such a market, the quality of goods can degrade in
cases where the quality is known by the seller, but not (yet) by the buyer. This
problem can be solved by reducing information asymmetries between the two
parties.

Information asymmetry implies that agro-input dealers are better informed
about the quality of the products they sell than the farmers they sell to. This
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means agro-input dealers can compromise on quality to cut costs. In Uganda,
there are some indications that adulteration happens at some point in the seed
value chain. Bold et al. (2017) �nd that hybrid maize seed contains less than
50% authentic seed, while Ashour et al. (2019) �nd that nearly one in three
bottles of herbicide contains less than 75% of the labeled concentration of the
active ingredient.

H3: Seed is of good quality but farmers have in�ated expectations

and face learning challenges

In the context of new agricultural technology, production functions are not
known. Farmers learn from own experience (Foster and Rosenzweig, 1995) as
well as from observing the experience of others (Conley and Udry, 2010). Learn-
ing involves an iterative process of forming and updating beliefs about yield or
pro�t distributions. Many researchers have addressed how individuals process
information and update beliefs when making repeated decisions (e.g. Camerer
and Hua Ho, 1999). Barham et al. (2015) analyze how learning heuristics vary
across farmers and how they a�ect technology adoption decisions. Gars and
Ward (2019) test whether farmers' learning heterogeneity is a barrier to adop-
tion. They �nd that even though Bayesian learning is well suited to learn about
hybrid rice, it is also more cognitively demanding, such that only 25 percent
of farmers can be characterized as pure Bayesian learners while 40 percent rely
on �rst impressions. Present-biased learning and relying on �rst impressions is
likely to hinder technology adoption.

Erroneous perceptions and false beliefs at the farmer level may complicate
learning and a�ect technology uptake. For instance, high yielding varieties
may be less resistant to particular pests and diseases or to droughts than local
maize varieties that farmers in a particular area selected themselves over the
course of centuries. Therefore, additional inputs such as pesticides, insecticides
and irrigation may be needed to bring the seed to its full potential. Worse,
farmers they may think that improved seed is a guarantee for higher yield,
leading them to reduce management and use of other inputs. This may lead to
disappointing yields, and farmers may erroneously attribute these low returns to
poor input quality, which may lead to dis-adoption. The problem may thus be
rooted in negative experiences which con�ate low product quality with incorrect
management practices and can be characterized as a learning failure. Consistent
with this, Michelson et al. (2021) �nd that fertilizers in Tanzania meet the
requisite quality standards even though Tanzanian farmers persistently believe
that the fertilizer they purchase from the market is adulterated.

3 Interventions

To test the three hypotheses outlined in section 2, we designed three correspond-
ing interventions. In this section, we provide more details on these interventions.
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I1: Input dealer training on proper seed handling and storage

To test if lack of adoption is due to poor seed quality as a result of poor handling
and storage at the input dealer level, an intensive input dealer training to in-
crease input dealer skills regarding seed handling and storage was implemented.
This is expected to improve seed quality, in turn reducing risk and increasing
pro�tability at the level of the farmers. This will lead to more farmers adopting
improved seed and agro-input dealer to sell more improved seed. It is important
to note that this hypothesis implicitly assumes that the dealer is not aware of
the fact that he or she sells poor quality seed. In other words, sales of poor
quality seed is not intentional.

The trainings were developed based on expert consultations from the Ugan-
dan ministry of agriculture, from the seed sector and from input dealer as-
sociations in Uganda prior to the experiment. A consultation workshop was
organized in Bugiri, as well as a series of semi structured interviews with ex-
perts of di�erent institutions and organizations. During the workshop or the
semi-structured interviews, the facilitator kept the focus on �seed storage and
handling�. First, problems were identi�ed by determining what input dealers
typically do wrong in terms of seed storage and handling, leading farmers to end
up with sub-optimal seed quality. These problems were then ranked according
to how badly they a�ect seed quality and how many agro-input dealers are af-
fected by these problems. In a next step, solutions were associated to each of the
problems. The solutions were also ranked in terms of e�ectiveness, and it was
discussed if these solutions would be within reach of most agro-input dealers.2

Based on the information collected, we developed detailed training manu-
als that the trainers were instructed to adhere to. This ensured standardized
treatment. We also created visually appealing posters showing the most im-
portant best practices that were given to input dealers to mount in their shop.
The training was implemented by three trainers, one from Integrated Seed and
Sector Development (ISSD), one from Uganda National Agro-Input and Deal-
ers' Association (UNADA), and one agronomist that was part of the research
team. It was organized at a location that was easily reachable for all sampled
agro-input dealers within the treated catchment area. For each treated shop, we
invited the shop owner and the shop manager. As an additional incentive, we
also provided treatment agro-input dealers with a portable seed moisture meter.
The input dealer trainings were organized in May 2021, such that dealers can
use the handling and storage practices for seeds they buy in June/July 2021,
which are going to be purchased by farmers for the second agricultural season
that begins in August 2021.

I2: Information clearinghouse

This classic lemons technology problem can be solved by reducing information
asymmetries between the two parties. In Kenya, seed companies have started

2This led to the exclusion of capital intensive investments such as air conditioners or freezers
to preserve quality.
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marketing their seed using novel packaging features to signal product quality
and authenticity (Gharib et al., 2021). Uganda does regulate seed quality by
means of certi�cations and standards, but they provide farmers with a rela-
tively weak and unreliable indication of quality. For instance, during baseline
data collection, we purchased seed bags from agro-input dealers in our sample,
and only 8% of them had a certi�cation sticker from an inspection agency. Al-
ternatives such as electronic veri�cation systems have also been experimented
with, but the cost of implementation has proven challenging, and they depend
on the reliability of the underlying seed certi�cation system.

In our study, we test an alternative, decentralized clearinghouse that is
based on crowd-sourced information and works through reputational mecha-
nisms, much like yelp.com or tripadvisor.com. Studies in other contexts have
shown that new crowd-based sources of pre-purchase information can be partic-
ularly useful. For instance, Reimers and Waldfogel (2021) compare the impacts
of professional critics and Amazon star ratings of books on consumer welfare.
The aggregate e�ect of star ratings on consumer surplus is more than ten times
the e�ect of traditional review outlets.

The information clearinghouse treatment we implement is a fairly complex
intervention that required collecting indicators of perceived quality of seed sold
by agro-input dealer from farmers. These quality ratings were then used to
construct scores to rank agro-input dealers, and these rankings and scores were
then provided back to farmers and agro-input dealers in an appealing way. This
entire process also happened twice, as we target two full growing cycles. In
particular, prior to the clearinghouse intervention, we collected baseline data of
farmers in catchment areas of the input dealers that were enrolled in the study.
During this baseline interview, we asked farmers to rate input dealers in their
catchment area on a number of characteristics. This was done in the Open Data
Kit (ODK) app, which had pre-loaded data on the agro-input dealers such as
name, location, and a picture of the store front. Depending on the location of
the farmer, the ODK app iterated through all agro-input dealers in the vicinity
of the farmer. Furthermore, depending on the treatment status of the agro-input
dealer, farmers were also asked to rate the seed the agro-input dealer sold.3

To construct the rankings of agro-input dealers, we used various questions
that farmers were expected to answer on a Likert scale. These included whether
seed yields are generally as advertised, are drought tolerant as advertised, are
pest/disease tolerant as advertised, and if time to maturity is as promised. We
also asked to rate seed germination, and the quality of the seed in general. These
ratings were translated into words (OK, good, very good, excellent) and stars,
so that they are easily understandable for farmers and dealers who are not used
to interpreting numbers.

The ratings were then fed back to farmers and agro-input dealers in vari-

3It may be argued that by asking farmers to rate agro-input dealers in a particular area,
you are also making farmers aware of the existence of all agro-input dealers in the area, and
this awareness e�ect may potentially confound the clearinghouse e�ect. We thus also iterate
through the agro-input dealers for control subjects, to make control farmers similarly aware
of the existence of agro-input dealers in their vicinity.
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ous forms before farmers start buying seed for the next agricultural season. To
farmers, ratings were disseminated both in-person, as well as through a series
of Short Message Service (SMS) messages. During in-person dissemination to
farmers, enumerators re-visited all farmers in our sample. We designed a visu-
ally appealing dissemination app which was shown to farmers on tablet com-
puters which cycled through all dealers in the proximity of each farmer (again
showing picture of store front etc.) and stated: "We wanted to let you know
that customers from shop name rate the quality of maize seed sold there as
okay/good/very good/excellent! The quality of the maize seed that this agro-
input shop sells got a score of score out of 5!" in treated catchment areas. The
app also showed the stars associated with the score.4 For the SMS based dis-
semination, we sent farmers one text message per dealer in their proximity with
similar information.5

Agro-input dealers received their ratings in the form of a report on laminated
paper which was delivered to their shops. The front shows a visually appealing
certi�cate with a logo and the shops general rating both in word and in stars.
Enumerators advised shopkeepers to display the ratings in the shop, similar to
a "certi�cate of excellence" of TripAdvisor. An example of the front of a report
can be found in the Appendix Figure A.1. The back of the report shows more
detailed information. In addition to the dealer's general rating, it shows the
dealer's speci�c ratings (overall quality, yield, drought and disease resistance,
time to mature, and germination) and the average ratings of other agro-input
dealers in the same catchment area in a table and visualized by stars. This
shows dealers their relative position in the area and is expected to motivate
agro-input dealers to perform better on areas where they can improve relative
to the immediate competition.

Information clearinghouse mechanisms in developing countries have been
studied to some extent, but mostly to address market price information asym-
metries between smallholder farmers and middlemen. Assuming that middlemen
are better informed about prevailing prices in the market than farmers, theory
suggests that providing farmers with price information increases their bargain-
ing power. However, evidence on their e�ectiveness is mixed: while Goyal (2010)
�nds that internet kiosks that provide wholesale price information signi�cantly
increased soy prices in India, Fafchamps and Minten (2012) do not �nd a sta-
tistically signi�cant e�ect of market information delivered to farmers' mobile
phones in a neighboring state. A study by Hasanain, Khan, and Rezaee (2019),
who set up a rating system for public veterinary services in Pakistan is probably
the closest to ours. They �nd that farmers who use the clearinghouse enjoy a
25% higher success rate of arti�cial insemination. Their research suggests that
this is mostly due to increased veterinarian e�ort, as few farmers seem to be

4As before, to account for the fact that simply visiting farmers and reminding them about
the existence of agro-input dealers may confound the clearinghouse e�ect, we revisited all
farmers in control catchment areas and also cycled through dealers, but simply asked a couple
of questions like e.g. "Do you know this shop name?".

5Also in control catchment areas, farmers received text messages with the names of dealers
in their proximity, so that they were aware of the presence of these dealers.
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switching from veterinaries that receive poor ratings to veterinaries that receive
good ratings.

An information clearinghouse could work through di�erent impact pathways.
First, farmers who did not buy (or who bought only a little) seed before may
start adopting (or start adopting more) improved seed when they realize that an
agro-input dealer in their vicinity has a better rating than what these farmers
expected. The literature indicates that this pathway of improving the perception
of quality without actually improving quality could be very relevant. Michelson
et al. (2021) establish that the nutrient content of fertilizer in Tanzania is good
and meets industry standards but that farmers believe that it is adulterated.
One would simply need to correct farmers' beliefs which are inconsistent with the
reality to increase adoption. Also Wossen, Abay, and Abdoulaye (2022) show
that farmers in developing countries routinely misperceive input quality and
that rectifying this misperception may improve farmers' investment choices and
productivity outcomes. Second, farmers could switch from low rated shops to
higher rated shops after learning that their preferred agro-input dealer received
a poor rating. Thirdly, farmers may pressure their usual dealers to increase
e�orts. Fourth, dealers could also start improving on their own (i.e. without
the pressure of farmers) after they have learned that their seed is rated poorly
and want to improve their products. Lastly, dealers could also increase their
e�orts after seeing that they were rated well and feel motivated and satis�ed
due to this reward.

I3: Addressing learning failures at the farmer level

The intervention that was used to test the learning failure hypothesis was built
around short, visually appealing videos, shown to the farmers on tablet com-
puters. Video's featuring role models have been found e�ective in changing
people's behavior in a range of applications (Riley, 2019; Van Campenhout,
Spielman, and Lecoutere, 2020; Vandevelde, Van Campenhout, and Walukano,
2018; Bernard et al., 2015). Similar to how the content for the input dealer seed
storage and handling training was determined, we consulted experts from the
Ugandan ministry of agriculture, from the seed sector and from input dealer
associations in Uganda prior to the experiment. Also here, a consultative work-
shop and semi structured interviews were organized with experts of di�erent
institutions and organizations.

Based on the information obtained from these consultations, we developed
a video that shows what complementary inputs and practices are important
to create an enabling environment for improved seed to �ourish. A treatment
and a control version of the video was produced. The only di�erence between
the treatment and the control video is that in the treatment video, after each
complementary input or practice that is shown, the actor stresses that these
inputs or practices are particularly important if improved seed varieties are
used. The videos were shown to farmers individually on tablet computers.
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4 Experimental design

To test the three hypotheses, the three interventions are combined in a �eld
experiment where various treatment and control groups are randomly assigned
to either a treatment or control condition. The randomized control trial (RCT)
takes the form of a 23 factorial design, with each intervention corresponding
to one hypothesis. Factorial designs allow recycling of treated units in the or-
thogonal factor to be used as controls. As such, to estimate main e�ects, less
observations are needed than would be the case in parallel designs. The facto-
rial design is essentially a split plot trail, where the crossed interventions are
randomized at di�erent levels. For the �rst two factors, corresponding to the
input-dealer training and the information clearinghouse, randomization hap-
pened at the level of the catchment area. For the third factor that address
learning failures of farmers, randomization happened at the level of the village.6

The resulting layout, with sample sizes indicated in each treatment cell is
illustrated in Figure 1. The �rst two interventions are implemented at the
catchment area level. A total of 112 catchment areas are included in the study.
Half of these are randomly allocated to the �rst treatment: all input dealers
in 56 catchment areas received the input dealer training, while input dealers
in the remaining 56 catchment areas functioned as the control for this treat-
ment. Orthogonal to the �rst factor, the second factor is placed, corresponding
to the second treatment that is also implemented at the catchment area level.
Also here, in half of the 112 catchment areas an information clearinghouse was
implemented, and half of the catchment areas functioned as a control for this
treatment. However, this was done in such a way that balance with respect to
the �rst treatment was preserved in both treatment and control groups for the
second treatment. This means that the treatment group of the second treat-
ment consisted of 28 catchment areas that received the �rst treatment and 28
catchment areas that functioned as the control for the �rst treatment. Simi-
larly, for the control catchment areas for the second treatment, half consisted
of catchment areas where input dealers received the input dealer training and
half of catchment areas where input dealers did not get trained.

Even though the third treatment was implemented at the level of the village,
it is also important to preserve balance in the orthogonal factors. In other words,
we needed to make sure that an equal number of villages that were assigned to
receive a treatment against learning failures are drawn from catchment areas
where input dealers received the training as from catchment areas where the
input dealer training did not take place. Similarly, orthogonality should also be
maintained for the second treatment. Therefore, in each of the four treatment
cells formed by interacting the �rst two treatments, 40 villages (347 villages in
130 catchment areas, i.e. 2,67 villages per catchment area, so that 14 areas

6The main motivation to randomize at the village level is to eliminate potential spillover
e�ects for the third treatment. However, as we will discuss later, we make sure there is
correspondence between villages and input dealers, which would allow us to also look at the
impact of the farmer training treatment on outcomes at the input dealer level. However, at
that level, spillovers may a�ect results.
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correspond to 37,37 villages) will be randomly assigned to the third treatment
while another 40 villages will be assigned to the control.

5 Data

5.1 Sample

Our sample consists of agro-input dealers and smallholder maize farmers who
live in the catchment areas of these dealers. The dealer sample was obtained
by listing all input shops in 11 districts in southeastern Uganda, which roughly
corresponds to the Busoga kingdom, during a census. It consists of 348 dealers,
su�cient to detect treatment e�ects according to our power simulations. After
the census, agro-input dealers were assigned to catchment areas. The 348 shops
in Busoga were assigned to 130 catchment areas. Between 1 and 18 dealers
operate in an area, with a mean of 2.7. A computer algorithm used this list of
catchment areas for the allocation of the treatment as the catchment area was
the level of randomization for the �rst two treatments (I1 and I2).

To connect agro-input shops and villages, we asked every dealer where most
of his or her customers came from. Then enumerators were instructed to ran-
domly sample ten households that grow maize in these villages. Consequently,
about 3500 smallholder maize farmers were sampled, su�cient to detect treat-
ment e�ects according to our power simulations. For some outcome variables,
e.g. seed spacing or rate, details at the plot level are needed. However, farmers
often have more than one �eld. As outcomes on di�erent plots from the same
farmer are likely to be strongly correlated, it is not cost e�ective to ask questions
about all �elds. An unbiased estimate of the outcome at the household level can
be obtained by randomly selecting one plot. To do so, we ask enumerators to
�rst list all �elds, with names farmers use to refer to these plots (e.g. home plot,
plot near the sugar cane factory). The Computer-Assisted Personal Interviews
software then randomly selects one plot for which detailed questions are asked.

We measure the outcomes of interest before and after the intervention, so
that we can condition the treatment e�ect estimates on baseline values of the
outcome variables to increase power. Baseline data was collected from dealers
in September and October 2020 and from farmers in April 2021. Midline data
was collected in January and in February 2022, and endline data was collected
in July and August 2022.

5.2 Descriptive statistics

In this section, we provide descriptive statistics and orthogonality tests for the
baseline data.

Information about the average agro-input shop can be found in the �rst col-
umn of the top panel of Table 1, with standard deviations in brackets below the
means. For example, we see that the average respondent that was interviewed
in the shop, usually the shop manager, is about 32 years old. In 60 percent of
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the cases, the interviewed person was male. The average shop received about
41 customers on a given day and sold 911 kilograms of maize seed in the season
preceding the baseline survey. We see that 65 percent of shops reported that
they had problems with pests such as mice and rats.

Table 1 also reports means and standard errors in the farmer sample (�rst
column of the bottom panel). Here, we see that 78% of household heads in our
sample are male and the average household head is 49 years old. About half
of the farmers in our sample indicate that they used improved seed varieties on
at least one plot in the season preceding the baseline survey. We further asked
farmers to rate the quality of the seed they used in the previous season on a
scale of 1 (poor) to 5 (excellent). We see that farmers rate the quality of the
seed they use fairly high (3.4/5). The average farmer harvested 500 kg of maize
from one acre.

Detailed tables with descriptives can be found in the appendices, including
minimum and maximum variables for each variable and the number of observa-
tions. Tables A.1 to A.3 report baseline summary statistics at the agro-input
dealer level. Tables A.4 to A.7 reports baseline summary statistics for the farm-
ers in our sample.

To test if treatment and control groups are comparable in terms of a set of
baseline characteristics, i.e. to test for balance at baseline, we include standard
orthogonality tables with pre-registered variables. Some of these characteristics
are unlikely to be a�ected by the intervention, while others are picked from the
primary and secondary outcomes. In the second to fourth column of the top
panel of Table 1, we test balance at the level of the agro-input dealer for selected
variables; the full balance table for agro-input dealers as it was pre-registered
can be found in the appendix (see Appendix Table A.8). In the second to fourth
column of the botom panel of Table 1, we test balance at the level of the farmers
for selected variables; the full balance table for farmers as it was pre-registered
can be found in the appendix (see Appendix Table A.9). We conclude from
these balance tables that there are no structural di�erences between treatment
and control at both agro-input dealer and farmer level.

5.3 Orthogonality tests of survey attrition

While random attrition only reduces statistical power, attrition which is cor-
related with one of our treatments could bias estimates. We focus on limiting
attrition during data collection because it is di�cult to solve ex post. That is
why we recorded the respondents' full names, primary and secondary telephone
numbers, and enumerators captured the locations i.e. the GPS coordinates
of the interviews. We collected this information for every participant during
baseline data collection. We additionally asked the agro-input dealers for other
(nick)names that they are known by, enumerators took pictures of their shops
and wrote down eye-catching features to later identify it. Based on this infor-
mation, enumerators will trace missing participants for mid- and endline data
collection. Due to these measures and because the surveys are conducted over
a reasonably short time period, we expect most baseline respondents to also be
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available for the mid- and endline survey and hence low attrition rates.
Table 2 shows that despite our e�orts to minimize attrition, we failed to

collect endline data from 14% of agro-input dealers who were part of the original
sample. This is probably due to COVID-19 that led to the closure of many
businesses in Uganda. In the sample of farmers, there is hardly any attrition as
we were able to track 3441 of the 3470 original farmers. The table also shows if
attrition is related to the treatment. There is some indication that attrition is
lower in the group of agro-input dealers that were exposed to the clearing house
treatment.

6 Results

The remaining tables (Table 3 to A.19) all test di�erences between treatment
and control groups for the three hypotheses. We have separate sections for
outcomes at the agro-input dealer level and the farmer level. We also de�ne a
set of primary outcomes to test overall impact and various secondary outcomes
to explore impact more in detail and look at mechanisms.

6.1 Agro-input dealer

6.1.1 Primary outcomes

Primary outcomes at the dealer level are reported in Table 3. A similar table
that corrects p-values for multiple hypothesis testing following Sankoh, Huque,
and Dubey (1997) can be found in Appendix Table A.10.

Looking at the primary outcome indices, we see that the clearinghouse in-
tervention signi�cantly increased outcomes at the agro-input dealer level. The
e�ect is driven by a substantial increase in the number of customers that agro-
input shops attract and by an increase in the index that measures the dealer's
e�ort and services (this index is composed of 7 variables: whether shop of-
fers explanations, complementary input recommendations, extension/training,
discounts for larger quantities, credit, did not receive seed related customer
complaint, accepts mobile money). Furthermore, all other treatment e�ects go
in the right direction, and some are close to the signi�cance threshold. For
instance, we see that agro-input shops in the clearinghouse treatment group ap-
ply more of the proper seed storage and handling practices, have lower moisture
levels in randomly sampled seed bags and sell more improved seed varieties.

Results are more puzzling for the agro-input dealer training. Here, we �nd
that agro-input dealers that were exposed to the training are actually selling less
improved seed. We also do not �nd that dealers that received the training use
more of the proper storage and handling practices that they were taught. The
index of primary outcomes con�rms that the dealer training had no statistically
signi�cant impact.

Finally, primary outcomes of agro-input dealers with clients that received the
video to make salient the fact that improved seed varieties also need comple-
mentary inputs were not di�erent from agro-input dealers with clients who did
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not receive this intervention. This is not so surprising�we would have expected
most of the e�ects to manifest itself at the farmer level.

6.1.2 Secondary outcomes

As a �rst set of secondary outcomes, we construct a series of indices to assess
things like motivation, knowledge etc. This is reported in table 4. The outcome
variables in 4 are not further adjusted for multiple hypothesis testing by means
of an overall index or p-values adjusted according to Sankoh, Huque, and Dubey
(1997) because they are all indices.

Apart from a positive impact on dealer's knowledge about seed storage and
handling from the clearinghouse treatment, we do not �nd a lot of e�ects. A
�rst index that proxies dealer's motivation and satisfaction (and is composed
of 3 variables: whether dealer sees him-/ herself working as agro-input dealer
in future, would recommend working as dealer, how happy dealer feels when
he/ she comes to work) remains constant among treatment groups. A second
index that re�ect self-ratings of agro-input dealers is similarly una�ected by the
three treatments. While the primary index on that measures the dealer's e�ort
and services was based on what dealers reported, we also asked farmers what
serviced the dealers o�ered. In particular, we asked whether the shops o�er
refund/insurance, credit, training/advice, delivery, after-sales service, accepts
di�erent payment methods, and sells small quantities.

The index of dealer's knowledge about seed storage and handling, an index
that is composed of 5 variables (whether dealer knows how long seed can be
carried over, how seed should be stored after repackaging, what the minimum
distance between �oor and seed should be, how seed should be stored in store-
room, and whether seed should be repackaged). Looking at the individual vari-
ables we �nd that for some storage and handling practices, baseline knowledge
is already fairly high. Somewhat surprisingly, we do not �nd that knowledge is
signi�cantly a�ected by the training that we provided, but does increase due the
information clearinghouse. This seems to suggest that if agro-input dealers are
provided with the right incentive, they actively seek out information. However,
merely providing the information to agro-input dealers does not further increase
their knowledge.

We also look at outcomes for particular seed types. As not all agro-input
dealers always stock all seed types, sample sizes are smaller when we look at
particular seed types. Table 5 looks at dealer level outcomes related to a popular
hybrid maize seed, while Appendix Table A.11 gives the same information but
adjusted for multiple comparisons.

Results for Longe 10H are generally consistent with �ndings in the table
of primary outcomes, albeit somewhat less convincing due to smaller sample
size. Most importantly, we �nd a signi�cant and positive overall e�ect of the
clearinghouse treatment as judged by the indices. This is driven by increased
sales of hybrid seed by treated agro-input dealers and a reduced number of
stockouts, for which both coe�cient estimates are just above the signi�cance
threshold.
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For the agro-input dealer training, we do not �nd an overall e�ect. The only
outcome that comes close to being signi�cant is the amount of seed that was
lost or wasted, which seems to be somewhat lower in the treatment group. We
also do not �nd e�ects of the farmer level treatment.

Table 6 looks at farmer level outcomes related to a popular open-pollinated
variety (OPV) (Longe 5), while Appendix Table A.12 gives the same information
but adjusted for multiple comparisons.

Results for Longe 5 are again consistent with the primary outcomes and with
Longe 10H. We �nd a signi�cant positive e�ect of the clearinghouse treatment
if we control for baseline outcomes. We �nd that this result is primarily driven
by increased sales of Longe 5. We do not �nd an e�ect of the dealer training
on Longe 5 related outcomes. Somewhat surprisingly, we �nd that agro-input
dealers that are connected to farmers that were exposed to the farmer level
treatment have larger carryovers. This is consistent with the �nding that farmers
in this treatment group bought signi�cantly less OPV maize seed during midline
(that is in the previous season).

We now turn to outcomes that are related to registration and quality control.
Results are in Table 7 (and corresponding Appendix Table A.13 providing results
adjusted for multiple comparisons). We �nd that the information clearinghouse
treatment has a positive impact on an index that aims to capture registration
and quality control. This seems to be driven by an almost 12 percentage point
increase in the likelihood that the agro-input dealer is registered with UNADA.
The treatment also seems to crowd-in inspections in the previous year. This
may be due to the increase in registration. Alternatively, agro-input dealers
may want to signal to consumers that they provide quality by actively seeking
inspection. The agro-input dealer training did not a�ect registration and quality
control. Finally, we �nd that agro-input dealers that are connected to farmers
that were shown the video treatment are somewhat more likely to have received
a warning. The index is also signi�cantly negative, but the e�ect may be due
to di�erences that were already there at baseline.

In each shop, we also purchase a random seed bag which is then analyzed.
Tables 8 (and Appendix Table A.14) provides comparisons. Results are again
strongest for the clearinghouse treatment, even though we do not �nd signi�cant
e�ects. For instance, we �nd moisture levels to be lower in a random seed bag.
We suspect that the small sample size may make it di�cult to detect a signi�cant
e�ect.

The �nal table, Table 9, reports some additional assorted outcomes (with
associated Appendix Table A.15 that adjusts for multiple comparisons). We
do not �nd any signi�cant e�ect on the number of di�erent seed in stock, even
though the coe�cient estimate for the clearinghouse treatment is consistently
positive. We do �nd a signi�cant e�ect on the likelihood of owning a moisture
meter for agro-input dealers that were allocated to the agro-input dealer train-
ing. This is not surprising since agro-input dealers that attended the training
were given such a device.
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6.2 Farmer

We now turn to the impact of the interventions at the farmer level.

6.2.1 Primary outcomes

Just like when we assessed the impact of the intervention at the agro-input
dealer level, we de�ne a set of primary outcomes to assess the impact of the
di�erent treatments on farmers. These are in Tables 10; Appendix Table A.16
provides a similar table that corrects p-values for multiple hypothesis testing
following Sankoh, Huque, and Dubey (1997).

Looking at the index, we see that the information clearinghouse has a pos-
itive impact at the farmer level as well, even though the e�ect is just not sig-
ni�cant if we control for the index value at baseline. Looking at the individual
primary outcomes, we �nd that farmers that were exposed to the clearinghouse
treatment are 4.2 percentage points more likely to use improved seed on at least
one of their plots. Many of the other primary outcomes go in the expected direc-
tion. One important outcome is related to the perceptions of maize seed quality
sold by agro-input dealers on which the rating system was based. Information
on these perceptions in the control group was only collected during endline. To
be able to calculate the index at the farmer level, the farmer needs to have rated
at least one agro-input dealer in the neighborhood on all the components of the
index, which leads to a reduction of the sample size which in turn may have
a�ected power. Other variables that go in the expected direction include the
likelihood that farmers buy form agro-input dealers, the likelihood that farmers
switch agro-input dealer, or the index of e�ort and services that farmers receive
from agro-input dealers. It is also encouraging that results at the farmer level
are consistent with outcomes at the agro-input dealer level. For instance, in
Table 3 we also see that agro-input dealers report more customers and provide
more e�ort and services. We do not �nd an impact of the agro-input dealer
training on farmers. We similarly do not �nd an impact of the farmer level
treatment.

6.2.2 Secondary outcomes

We start by look at secondary outcomes at plot level. To do so, we selected a
random �eld from all �elds cultivated by the farmers and asked detailed ques-
tions on the type of seed that was planted (Table 11 and Appendix Tale A.17).
We �nd that farmers that were exposed to the information clearinghouse are
more likely to have planted seed that was bought at an agro-input shop. Most
of the other variables also go into the expected direction (less use of farmer
saved seed and more use of hybrid seed), but estimates are not signi�cantly dif-
ferent from zero. According to the index, we also do not �nd an impact of the
information clearinghouse. We �nd no e�ect of the agro-input dealer training
on seed use on a selected plot. There is also no impact of seed use from the
intervention that aims to correct learning failures at the farmer level.
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We also go more into detail with respect the seed that was used on the
randomly selected �eld (Tables 12 and Appendix Table A.18). Outcomes we
include in this family of outcome are related to satisfaction of seed and price.
We do not �nd any impact from any of the interventions.

We further look at production related outcomes and disposal of maize (Tables
13 and corresponding Table A.19 in the Appendix). We �nd that, judged by the
index, the clearinghouse treatment had a signi�cant and positive impact on this
family of outcomes. This is drive by a signi�cant increase of production and an
equally large increase in productivity (suggesting the increase in production is
due to an increase in the intensive margin). We do not �nd a signi�cant e�ect on
production and disposal related outcomes for the agro-input dealer training. We
do �nd a signi�cant and negative impact of the farmer level treatment. Making
salient the fact that seed also needs complementary inputs and e�ort seems to
reduce sales and income derived from maize.

We further register a family of secondary outcomes that are somewhat un-
related to each other in Tables 14 (and corresponding Appendix Table A.20).
The most interesting outcome here is the index of farmer knowledge on how to
manage improved maize seed. This index is based on a number of questions
that were included to test if the message that we want to give in the farmer
level treatment came across. To avoid priming, these questions were only asked
during endline data collection. As expected, we �nd that farmers that were
exposed to the video have also more aware that supplementary inputs and good
agronomic practices are equally if not more important when using good quality
seed. We also �nd that farmers that were exposed to this intervention know
slightly more improved varieties, but the increase is not signi�cant from zero.

The other two outcomes in the table are constructed from the farmer-input
dealer dyads. In particular, for each farmer, we �rst calculate what percentage
of agro-input dealer the farmer i) knows and ii) knows and bought seed from
in the previous season. We see that farmers on average bought seed last season
from one out of four agro-input dealers in their catchment area and that this
share is signi�cantly higher in areas where the information clearinghouse was
implemented.

7 Conclusion

In this report, we provide tables for all pre-registered outcomes for a study
on �Demand and supply factors constraining the emergence and sustainability
of an e�cient seed system�. This study was started in 2020 and ran for two
consecutive agricultural seasons. The study took the form of an RCT with
interventions at both farmer and agro-input dealer level. It aims to test three
hypotheses. First, it tests if seed is of poor quality due to poor handling and
storage at the input dealer level. To test this hypothesis, a random sub-sample of
agro-input dealers was exposed to an intensive training on proper seed handling
and storage. A second hypothesis tests for asymmetric information resulting
in a mismatch between seed quality delivered by agro-input dealers and seed
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quality perceived by farmers. To test this hypothesis, we set up an information
clearinghouse similar to yelp.com or trustpilot.com. Finally, we test if farmers
su�er from learning constraints and in�ated expectations about improved seed
varieties. Here we convey the message to farmers that use of complementary
inputs and e�ort is particularly important when improved seed is used.

We �nd signi�cant impact of the information clearinghouse on virtually all
important variables along the impact pathway. We see that agro-input dealers
that are exposed to the information clearinghouse have more customers and
provide more e�ort and services. They are also more knowledgeable about
proper storing and handling techniques. The e�ects are mirrored at the level
of individual seeds sold by agro-input dealers, with fewer stock-outs and less
wastage, and higher quantities sold of both hybrid and open pollinated seed
varieties. We also �nd that agro-input dealers that are exposed to customer
scrutiny become more likely to register with professional organizations and seem
to actively seek inspections to signal quality.

Results at farmer level are consistent with results at the agro-input dealer
level. Here we �nd that farmers are more likely to use quality seed if they live in
locations where the information clearinghouse was implemented. There are also
indications that farmers rate seed sold by agro-input dealers in their vicinity
higher if the information clearinghouse was implemented. Zooming in on plots,
the likelihood that farmers use improved seed from agro-input dealers on a
random plot is also higher in the clearinghouse treatment arm. Finally, we also
�nd e�ects on productivity, with farmers in where the information clearinghouse
was implemented reporting a 10 percent increase in maize yields.

For the agro-input dealer training, we do not �nd signi�cant e�ects. Even on
�rst order outcomes such as knowledge related to proper storage and handling
of maize seed, there is not impact. For the intervention implemented at the
farmer level, where we provide farmers with the message that it is important to
also use complementary management practices and inputs such as fertilizer, we
only �nd that at endline treated farmers have increased awareness about this.
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A Appendix

Kafuko Farm Supply

scores

4.0 out of 5

This was based on 18 reviews.

This score means that farmers in the area think that the

quality of the maize seed this shop sells is:

Excellent!

SeedAdvisor certificate 2021

Figure A.1: SeedAdvisor certi�cate
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b
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d
li
n
e
(1
8
2
a
t
b
a
se
li
n
e
a
n
d
2
4
9
a
t
e
n
d
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n
d
a
rd

e
rr
o
rs

b
e
lo
w

in
b
ra
ck
e
ts
;
th
ey

a
re

c
lu
st
e
re
d
a
t
th
e
le
v
e
l
o
f
ra
n
d
o
m
iz
a
ti
o
n
;
5
th

c
o
lu
m
n
re
p
o
rt
s
n
u
m
b
e
r
o
f
o
b
se
rv
a
ti
o
n
s;

*
*
,
*
a
n
d
+

d
e
n
o
te

si
g
n
i�
c
a
n
c
e
a
t
th
e
1
,
5
a
n
d
1
0
p
e
rc
e
n
t
le
v
e
ls
;

†
in
d
ic
a
te
s
th
a
t
th
e
v
a
ri
a
b
le

is
in
c
lu
d
e
d
in

th
e
o
v
e
ra
ll
in
d
e
x
;

(
†)

in
d
ic
a
te
s
th
a
t
th
e
v
a
ri
a
b
le

is
in
c
lu
d
e
d
in

th
e

o
v
e
ra
ll
in
d
e
x
n
o
t
c
o
n
tr
o
ll
in
g
fo
r
b
a
se
li
n
e
;
la
rg
e
r
in
d
ic
e
s
in
d
ic
a
te

m
o
re

d
e
si
ra
b
le
o
u
tc
o
m
e
s.

1
O
n
ly

6
2
1
fa
rm

e
rs

a
re

in
cl
u
d
e
d
in

th
is
re
g
re
ss
io
n
b
e
c
a
u
se

th
e
v
a
ri
a
b
le

is
d
e
�
n
e
d
o
n
ly

fo
r
fa
rm

e
rs

w
h
o
re
p
o
rt
e
d
th
a
t
th
e
y
b
o
u
g
h
t
q
u
a
li
ty

m
a
iz
e
se
e
d
a
t
a
n

a
g
ro
-i
n
p
u
t
sh
o
p
a
t
b
a
se
li
n
e
a
n
d
a
t
e
n
d
li
n
e
(6
6
9
fa
rm

e
rs
).

T
h
e
re
m
a
in
in
g
m
is
si
n
g
4
8
fa
rm

e
rs

b
o
u
g
h
t
q
u
a
li
ty

m
a
iz
e
se
e
d
a
t
a
n
a
g
ro
-i
n
p
u
t
sh
o
p
a
t
b
a
se
-
a
n
d

e
n
d
li
n
e
b
u
t
d
id

n
o
t
a
n
sw

e
r
th
e
q
u
e
st
io
n
a
b
o
u
t
th
e
a
m
o
u
n
t
a
t
b
a
se
-
o
r
e
n
d
li
n
e
.

2
T
h
e
in
d
e
x
o
f
fa
rm

e
r'
s
m
a
iz
e
se
e
d
ra
ti
n
g
s
fo
r
sh
o
p
s
n
e
a
rb
y
c
o
n
ta
in
s
6
ra
ti
n
g
s:

g
e
n
e
ra
l
q
u
a
li
ty
,
y
ie
ld
,
d
ro
u
g
h
t
to
le
ra
n
c
e
,
p
e
st
/
d
is
e
a
se

to
le
ra
n
c
e
,
ti
m
e
o
f
m
a
tu
ri
ty
,

g
e
rm

in
a
ti
o
n
.
T
h
is
in
d
e
x
ra
n
g
e
s
fr
o
m

-3
.1
4
to

1
.8
8
a
t
e
n
d
li
n
e
.
O
n
ly

1
6
6
4
fa
rm

e
rs

ra
te
d
a
t
le
a
st

o
n
e
sh
o
p
n
e
a
rb
y
o
n
a
ll
6
se
e
d
ch
a
ra
ct
er
is
ti
c
s
a
t
e
n
d
li
n
e
.

3
T
h
e
in
d
e
x
o
f
fa
rm

e
r'
s
g
e
n
e
ra
l
ra
ti
n
g
s
o
f
sh
o
p
s
n
e
a
rb
y
c
o
n
ta
in
s
6
ra
ti
n
g
s:

g
en
er
a
l
q
u
a
li
ty
,
lo
c
a
ti
o
n
,
p
ri
c
e
,
p
ro
d
u
c
t
q
u
a
li
ty
,
st
o
ck
,
re
p
u
ta
ti
o
n
.
T
h
is
in
d
e
x
ra
n
g
e
s

fr
o
m

-3
.1
0
to

1
.1
1
a
t
e
n
d
li
n
e
.
O
n
ly

1
7
0
6
fa
rm

e
rs

ra
te
d
a
t
le
a
st

o
n
e
sh
o
p
n
e
a
rb
y
o
n
a
ll
6
g
e
n
e
ra
l
ch
a
ra
c
te
ri
st
ic
s
a
t
e
n
d
li
n
e
.

4
T
h
e
in
d
e
x
o
f
se
rv
ic
e
s
o
f
sh
o
p
s
n
e
a
rb
y
a
c
c
o
rd
in
g
to

fa
rm

e
rs

c
o
n
ta
in
s
7
v
a
ri
a
b
le
s:

w
h
e
th
e
r
sh
o
p
o
�
e
rs

re
fu
n
d
/
in
su
ra
n
c
e
,
c
re
d
it
,
tr
a
in
in
g
/
a
d
v
ic
e
,
d
e
li
v
e
ry
,

a
ft
e
r-
sa
le
s
se
rv
ic
e
,
a
c
c
e
p
ts

d
i�
e
re
n
t
p
a
y
m
e
n
t
m
e
th
o
d
s,
se
ll
s
sm

a
ll
q
u
a
n
ti
ti
e
s.

T
h
is
in
d
e
x
ra
n
g
e
s
fr
o
m

-1
.8
5
to

0
.8
4
a
t
e
n
d
li
n
e
.
O
n
ly

3
2
0
fa
rm

e
rs

a
n
sw

e
re
d
a
ll

7
q
u
e
st
io
n
s
fo
r
a
t
le
a
st

o
n
e
sh
o
p
n
e
a
rb
y
a
t
b
a
se
li
n
e
a
n
d
a
t
e
n
d
li
n
e
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5
T
h
e
in
d
e
x
o
f
fa
rm

e
r'
s
p
ra
c
ti
c
e
s
o
n
ra
n
d
o
m
ly

se
le
c
te
d
�
e
ld

c
o
n
ta
in
s
1
0
v
a
ri
a
b
le
s:

w
h
e
th
e
r
fa
rm

e
r
sp
a
c
e
d
se
e
d
c
o
rr
e
c
tl
y
,
so
w
e
d
co
rr
e
c
t
n
u
m
b
e
r
o
f
se
e
d
s/
h
il
l,

a
p
p
li
e
d
o
rg
a
n
ic

m
a
n
u
re
,
D
A
P
/
N
P
K
,
U
re
a
,
p
e
st
ic
id
e
s/
h
e
rb
ic
id
e
s/
fu
n
g
ic
id
e
s,

w
e
e
d
e
d
su
�
c
ie
n
tl
y,

w
e
e
d
e
d
a
t
c
o
rr
e
c
t
ti
m
e
,
p
la
n
te
d
a
t
c
o
rr
ec
t
ti
m
e
,
re
-s
o
w
e
d
.

T
h
is
in
d
e
x
ra
n
g
e
s
fr
o
m

-0
.8
9
to

1
.2
7
a
t
e
n
d
li
n
e
.

6
O
n
ly

2
1
6
7
fa
rm

e
rs

a
n
sw

e
re
d
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is
q
u
e
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n
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t
b
a
se
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n
e
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n
d
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t
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n
d
li
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e
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7
0
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.0
2
2
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.0
1
7
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rm

er
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rm

er
sa
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ed

se
ed

†
0
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9
1
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.0
0
9

-0
.0
1
6

0
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1
2

3
2
4
0

(0
.5
0
0
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(0
.0
2
1
)

(0
.0
2
1
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.0
1
7
)

F
a
rm

er
p
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te
d
se
ed

b
o
u
g
h
t
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t
a
g
ro
-i
n
p
u
t
sh
o
p
†

0
.4
5
6

0
.0
1
2

0
.0
3
6

-0
.0
1
1

3
2
4
0

(0
.4
9
8
)

(0
.0
2
0
)

(0
.0
2
0
)

(0
.0
1
7
)

F
a
rm

er
p
la
n
te
d
h
y
b
ri
d
n
o
t
fa
r
m
e
r
s
a
v
e
d
se
ed

o
r
a
n
O
P
V
(n
o
t
r
e
c
y
c
le
d
to
o
o
ft
e
n
)

0
.5
8
5

-0
.0
0
4

0
.0
2
1

-0
.0
1
3

3
0
4
7

(0
.4
9
3
)

(0
.0
2
2
)

(0
.0
2
2
)

(0
.0
1
7
)

M
a
x
.
n
u
m
b
er

o
f
o
b
se
rv
a
ti
o
n
s

3
4
4
1

N
o
te
:
1
st

c
o
lu
m
n
re
p
o
rt
s
sa
m
p
le
m
e
a
n
s
a
n
d
st
a
n
d
a
rd

d
e
v
ia
ti
o
n
s
b
e
lo
w
in

b
ra
ck
e
ts
;
2
n
d
-4
th

c
o
lu
m
n
re
p
o
rt
s
d
i�
e
re
n
c
e
s
b
e
tw
e
e
n
tr
e
a
tm

e
n
t
a
n
d
c
o
n
tr
o
l
g
ro
u
p
s

a
n
d
st
a
n
d
a
rd

e
rr
o
rs

b
e
lo
w

in
b
ra
ck
e
ts
;
th
ey

a
re

c
lu
st
e
re
d
a
t
th
e
le
v
e
l
o
f
ra
n
d
o
m
iz
a
ti
o
n
;
5
th

c
o
lu
m
n
re
p
o
rt
s
n
u
m
b
e
r
o
f
o
b
se
rv
a
ti
o
n
s;

*
*
,
*
a
n
d
+

d
e
n
o
te

si
g
n
i�
c
a
n
c
e
a
t
th
e
1
,
5
a
n
d
1
0
p
e
rc
e
n
t
le
v
e
ls
;

†
in
d
ic
a
te
s
th
a
t
th
e
v
a
ri
a
b
le

is
in
c
lu
d
e
d
in

th
e
o
v
e
ra
ll
in
d
e
x
;

(
†)

in
d
ic
a
te
s
th
a
t
th
e
v
a
ri
a
b
le

is
in
c
lu
d
e
d
in

th
e

o
v
e
ra
ll
in
d
e
x
n
o
t
c
o
n
tr
o
ll
in
g
fo
r
b
a
se
li
n
e
;
la
rg
e
r
in
d
ic
e
s
in
d
ic
a
te

m
o
re

d
e
si
ra
b
le
o
u
tc
o
m
e
s.
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.0
6
0

-0
.0
2
0

3
1
2
3

(0
.6
0
8
)

(0
.0
4
0
)

(0
.0
4
1
)

(0
.0
2
1
)

F
a
rm

er
w
a
s
sa
ti
s�
ed

w
it
h
se
ed

q
u
a
li
ty

†
0
.7
2
8

0
.0
1
2

0
.0
0
2

-0
.0
2
0

3
2
9
9

(0
.4
4
5
)

(0
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9
9
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7
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1
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o
u
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f
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ed
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rm

er
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in
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9
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9
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6
7
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6
8
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)
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ce
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se
ed
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G
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/
k
g
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2
5
7
7
.6
4
7

1
2
4
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4
2

1
6
3
.6
8
8

-6
2
.6
9
7

3
0
4
7

(3
2
2
9
.9
3
3
)

(1
4
5
.0
7
8
)

(1
4
8
.9
6
5
)

(1
1
1
.2
4
3
)

T
ra
n
sf
o
rm

ed
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st
o
f
se
ed

in
U
G
X
(I
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S
)

5
.1
1
2

0
.2
8
3

0
.3
5
0

0
.0
2
1

2
9
4
2

(5
.3
5
9
)

(0
.2
2
0
)

(0
.2
2
1
)

(0
.1
9
1
)

M
a
x
.
n
u
m
b
er

o
f
o
b
se
rv
a
ti
o
n
s

3
4
4
1

N
o
te
:
1
st

c
o
lu
m
n
re
p
o
rt
s
sa
m
p
le
m
e
a
n
s
a
n
d
st
a
n
d
a
rd

d
e
v
ia
ti
o
n
s
b
e
lo
w
in

b
ra
ck
e
ts
;
2
n
d
-4
th

c
o
lu
m
n
re
p
o
rt
s
d
i�
e
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n
c
e
s
b
e
tw
e
e
n
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e
a
tm

e
n
t
a
n
d
c
o
n
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o
l
g
ro
u
p
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a
n
d
st
a
n
d
a
rd

e
rr
o
rs

b
e
lo
w

in
b
ra
ck
e
ts
;
th
ey

a
re

c
lu
st
e
re
d
a
t
th
e
le
v
e
l
o
f
ra
n
d
o
m
iz
a
ti
o
n
;
5
th

c
o
lu
m
n
re
p
o
rt
s
n
u
m
b
e
r
o
f
o
b
se
rv
a
ti
o
n
s;

*
*
,
*
a
n
d
+

d
e
n
o
te

si
g
n
i�
c
a
n
c
e
a
t
th
e
1
,
5
a
n
d
1
0
p
e
rc
e
n
t
le
v
e
ls
;

†
in
d
ic
a
te
s
th
a
t
th
e
v
a
ri
a
b
le

is
in
c
lu
d
e
d
in

th
e
o
v
e
ra
ll
in
d
e
x
;
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†)

in
d
ic
a
te
s
th
a
t
th
e
v
a
ri
a
b
le

is
in
c
lu
d
e
d
in

th
e

o
v
e
ra
ll
in
d
e
x
n
o
t
c
o
n
tr
o
ll
in
g
fo
r
b
a
se
li
n
e
;
la
rg
e
r
in
d
ic
e
s
in
d
ic
a
te

m
o
re

d
e
si
ra
b
le
o
u
tc
o
m
e
s.

1
T
h
e
in
d
e
x
o
f
fa
rm

er
's
se
e
d
ra
ti
n
g
s
c
o
n
ta
in
s
6
ra
ti
n
g
s:

g
e
n
e
ra
l
q
u
a
li
ty
,
y
ie
ld
,
d
ro
u
g
h
t
to
le
ra
n
c
e
,
p
e
st
/
d
is
e
a
se

to
le
ra
n
c
e
,
ti
m
e
o
f
m
a
tu
ri
ty
,
g
e
rm

in
a
ti
o
n
.
T
h
is

in
d
e
x
ra
n
g
e
s
fr
o
m

-2
.2
7
to

1
.7
7
a
t
e
n
d
li
n
e
.
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