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1. INTRODUCTION

Structural and technological change in American agricultural input markets has increased the
influence of seed company supplied information relative to other information sources in farmers’
decisions. Simultaneously, large seed companies have increased their investment in delivering in-
formation to farmers. These seed industry trends suggest that these companies are competing in
providing information to increase their market share, or to increase farmers’ willingness to pay.

Advertising (supplying direct or indirect information to potential customers) is the primary
economic example of non-price competition between firms. However, models of consumer product
firms’ decisions to advertise assume they cannot supply direct information to consumers. Due
to this assumption, these models fail to explain why seed companies supply direct information
to farmers in the form of yield trials. In light of seed companies’ increased control over product
information, I examine theoretically the incentives for biotechnology firms to provide reliable, useful
information to potential customers. The key question is How does firm-supplied information affect

price competition?

2. BIOTECHNOLOGY AND THE AVAILABILITY OF PRODUCT INFORMATION

Biotechnology has shortened the seed product cycle, increasing the relative importance of seed
company-supplied information. Advances in biotechnology facilitate the development of new germplasm,
so seed companies require less time to develop a seed with better genetics. Once developed, such a
seed can then be combined with different combinations of specialized traits to create multiple new
products; for example, seed company X develops a higher yielding seed A which can be offered to
the marketplace as seed A, combined with the gene for Bt as seed A-Bt, combined with the gene for
tolerance to Roundup Ready as seed A-RR, etc. Biotechnology enables seed companies to introduce
a larger number of new corn hybrids each year. For example, Pioneer’s 1998 Annual Report states

that “Prior to 1997, the Company typically introduced 15 to 20 new corn hybrids each year in



North America. Pioneer introduced 37 new hybrids in 1998 compared to 27 in 1997. The Company
expects to introduce more than 50 new hybrids in fiscal year 1999.” Since it is costly for firms
to expand their seed product line, seed companies discontinue some less profitable seed varieties
when they introduce new seed varieties.! Hence, product cycles for seed varieties are narrowing as
noted by Begemann (1997) and shown by the following excerpt from Pioneer’s 1998 Annual Report:
“New genetics account for more than 40% of current year unit sales...Approximately 70% of the
units sold in 1999 are expected to be from [corn] hybrids introduced in 1997 or later.”

In turn, new product use has increased rapidly for farmers. In recent focus group discussions,
Iowa farmers commented that every year they plant about 25% of their acreage to corn hybrids
they have not used before, a substantial increase from 10 years ago. When the seed product cycle
was longer, farmers could wait to plant the seed until they gathered information from their own test
plots, friends and neighbors who had planted the seed in the past, and the Towa State University
Cooperative Extension yield trials (ISUYT).2

If seeds are only available commercially for two to three years, farmers have a limited option to
wait for seed information generated by direct experience and third-party sources, which increases

the influence of seed company supplied information in the farmer’s decisions.

2.1. Structural change and competition through information. Several large firms have
emerged from a period of active mergers, acquisitions and alliances among suppliers of agricul-
tural inputs. Multinational chemical companies, like DuPont and Monsanto, that have have in-
vested heavily in agricultural biotechnology, have purchased major seed companies like Pioneer and
DeKalb. According to Kalaitzandonakes and Hayenga (2000), DuPont and Monsanto supply about

55% of the seed corn market. Monsanto, through its purchase of the foundation seed company

1 A seed company faces a number of limitations to broadening the seed product line. First, it is costly to store seed from one
year to the next. Second, for each seed, the company must maintain identity during harvest and transport. Finally, the
parent stock is limited, and often specific parent strains are used in multiple products. Seed companies will allocate each
parent strain to its highest valued uses. To eliminate inventories, leftover seed is blended and sold at a discount.

In 2000, entry in the ISUYT was limited to a maximum of 9 paid entries per district and only includes seeds that are com-
mercially available in quantities of at least 10 bushels, and a maximum of 3 check hybrids per brand. For 2001, the maximum
number of entries to the ISUYT has increased to 12 per district, and firms can now enter “advanced experimentals”.
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Holdens, influences another 30% of the seed corn market. These two dominant firms have increased
their investment in testing and distribution networks. These actions suggest that they may be
competing over the provision of information.

First, seed companies are restructuring their distribution networks (Kalaitzandonakes 1997).
Seed companies are moving away from their traditional network of farmer-dealers who sold seed in
during the winter and farmed during the growing season. Now seed companies are hiring dealers to
be full-time, year-round salesmen. Dealers are required to attend in-depth training meetings, and
to either have degrees in fields like agronomy or be certified in areas like pest control. One newly
hired salesman said that dealers are expected to be credible information sources on almost every
aspect of crop production.

Second, based on conversations with employees at Pioneer (DuPont), the firm has adopted
a strategy of increased testing intensity to improve effective product quality. Pioneer’s goal is
to identify the range of each hybrid’s highest potential yield. Traditionally, individual farmers
experimented to learn which products perform the best in their region. By only selling the best
set of hybrids in each region, Pioneer supplies a product that substitutes for farmers’ own-field

experiments.

3. RELEVANT LITERATURE

The adoption literature has demonstrated theoretically and empirically the importance of prod-
uct information in the farmer’s decision to adopt a new technology or product (Feder and O’Mara
1982, Lindner 1983).

There are two theoretical literatures that examine a firm’s incentives to supply product infor-
mation: advertising and learning. First, the theoretical literature on advertising describes the
incentives for an individual firm to provide product information to potential buyers. The infor-

mative advertising literature makes an informational distinction between two types of consumer
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goods: search goods where the quality of the good is observable before purchase, and ezperience
goods where the quality of the good is only observed during consumption (Nelson 1970).

The informative advertising literature asserts that for experience goods, consumers will only use
“hard” information from third party sources (Tirole 1988, Nelson 1974). Hence, even though the
firm knows the quality of its products, the firms will not directly provide this quality information,
nor can they pay a third party to certify it, because the consumer will not treat the information
as pertinent or credible. The most credible, relevant information for the consumer is generated
by consumer purchases. This theoretical approach does not explain the seed industry practice of
providing farmers with seed trial results.

Second, the literature on firms learning about demand focuses on experience goods, where con-
sumer purchases generate an information externality. In these models, firms learn about market
demand for a homogeneous product, the degree of product differentiation between two products,
or the value of a new product where the quality differential with respect to the incumbent product
is unknown and the products are differentiated vertically, horizontally or both. In all of these
models, firms indirectly generate information through their pricing strategy (Mirman, Samuelson
and Schlee 1994, Harrington Jr. 1995, Bergemann and Valimaki 1996, Bergemann and Valimaki
1997, Vettas 1998, Caminal and Vives 1999). Information on consumer valuation or product quality
is transmitted to uninformed consumers (potential new consumers) either through market price,
behavior of informed consumers (repeat purchases), or market share. Firms can engage in pric-
ing strategies such as penetration pricing, where they charge a low price, to capture new buyers
and repeat purchases. In essence, the firm’s pricing decision embodies both strategic price and
information considerations.

In applying the consumer-based definitions of search goods and experience goods to seed corn,
it is important to highlight some differences between consumers and producers. Producer utility

from production inputs (i.e., expected profit if the farmer is risk neutral) is more quantifiable and
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observable than consumer utility from any consumer product. Because of the correlation in product
performance between testing sites and individual farms, firms are able to generate information of
some value to producers. Even so, due to the costliness and difficulty of observing profitably
producer heterogeneity, firms cannot identify each individual producer’s demand for their product
(i.e., perfectly price discriminate).

Seed corn is best described as an experience good. While some seed qualities are observable
before purchase (for example, number of growing days), most seed qualities are only imperfectly
observed after the crop is planted and harvested, due to heterogeneous land quality, stochastic
weather, and stochastic pest shocks. Both the advertising literature and the learning literature
assume that firms will not directly provide information on experience goods to consumers. In the
case of the American seed corn industry however, we observe firms providing information from yield
trials to producers which cannot be explained by existing theory. This raises the question of why

firms invest in providing information to farmers.

4. MODEL OF THE SEED INDUSTRY

I examine the firm’s incentives to provide information directly to farmers. My approach is
different from the existing adoption, learning and advertising literatures. The adoption literature
focuses on the role of information in adoption and diffusion from the perspective of the farmer
rather than the firm. The advertising literature informs my model to the extent that seeds are
best defined as experience goods, and firms know the expected yield of the new seed, but they have
to convey it to the farmers through test station yields and indirectly through other farmers. The
learning literature examines the firms’ incentives to provide information relevant to the adoption
decision but restricts the firms to indirectly supply information through the pricing decision, rather
than directly.

In order to highlight the strategic aspects of supplying seed information, I compare demand for

a seed of known quality, supplied by the incumbent or old firm, to demand for a new seed where
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the new firm faces the decision to supply information. A firm introducing a new seed will maximize
profits by choosing the product price, and the quality of the product information. Accurate product
information is costly to supply. In the case of seed varieties, information is generated at firm-owned
testing stations. The new firm can increase the quality of information about the seed two ways:
first, by increasing the number of testing sites, and second, by increasing the number of years a
seed is tested before its commercial release. For the purposes of this model, I will focus on the first
case and have the firm choose the number of testing sites, each of which supply one observation
about the performance of the new product. The old firm’s problem is to maximize expected profits
choosing product price in each period. The new firm’s problem is to maximize expected profits,
choosing the number of testing sites in period zero and the product price in each period after that.
For simplicity, I assume that the costs of producing the product are zero. I only consider the case
where the average yield of the new seed at the company’s test stations is higher than the expected
yield of the old seed where the farmers know from experience the seed quality.

The timing of the model is described in Table 1. In period 0, the new firm chooses the number of
testing sites. In period 1, the test station information is available to farmers to make their adoption
decision, and both firms compete in prices. In period 2, farmers gain additional information about
the new seed from the yield outcome of the first period adopters. Again, the firms compete in
prices.

Table 1: Timing of the model

Period New firm’s decisions Old firm’s decisions | Seed- specific information in farmers’ prior

0 Choose number of test sites None None

1 Choose period 1 price Choose period 1 price Test station information

2 Choose period 2 price Choose period 2 price Test station information and
average yield of period 1 adopters

In order to examine how firm-supplied information affects price competition, I compare the
outcomes of a two period model (period 0 and period 1 described above), and a three period model.

In the two period context, the seed company invests in supplying test station information directly
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to the farmer to maximize profits. In the three period context, the firm can supply information
through two instruments, test station information and period 1 price which affects the number of
period 1 adopters. The three period context will reveal if the profit maximizing strategy continues
to be investing in test station information, and will highlight the efficacy of test station information

to generate demand relative to price.

4.1. Demand for seed and farmers’ beliefs: Regardless of the period, demand for each seed
depends on the farmers’ expected profit maximization decision. I assume the farmers are risk
neutral, that each farmer demands one unit of seed, and he will purchase the seed that he believes
yields the highest expected profit. In order to focus on the seed purchase decision, I abstract from
all other production costs and assume that all production costs, except for the seed, are invariant
to the seed decision.? Both seeds produce a homogeneous crop with the same output price, which
is exogenous and normalized to 1.

Each farmer’s decision can be written as:

mazE[r;;] = maz{Y —w;, [aj(mi—Y)+ Y] -7}

where Y is the expected yield of the seed of known quality, w; is the price of the seed of known
quality, r; is the price of the new seed, and «o;(m; — Y) +Y is the expected yield of the new seed,
given the available information. For the new seed, the farmer’s expectations depend on his prior
belief about the expected yield of the new seed given the available information (m;, described in

the next subsection), and his belief about the applicability of that information to his farm («;).

3 Alexander and Goodhue (forthcoming) and Alexander, Fernandez-Cornejo and Goodhue (2001) examine the role of input

costs and risk in the farmer’s adoption decision.



In focus groups, Iowa farmers treated information from seed companies differently than informa-
tion from other farmers and the ISUYT“. Some farmers believe seed companies and dealers only
report the best outcomes; other farmers trust their seed company or dealer completely. Hence, the
farmers are heterogeneous in their beliefs about the value of information supplied by the seed com-
pany. I assume for expositional convenience that farmers are uniformly distributed in their beliefs
about the value of seed company information and each farmer weights the seed company-supplied
information about the yield advantage of the new seed by «; € [0,1]. If a; = 1, the farmer assumes
the seed company-supplied information is accurate and relevant to his decision. If a; = 0, the
farmer completely ignores the firm’s information.

There are at least three explanations for the heterogeneity in farmer’s beliefs about the value
of seed company test data with respect to his own farm. First, farmers are heterogeneous in their
tendency to trust the seed company, as described above. A farmer who trusts the seed company
would believe that « is large, and have more confidence in the seed company information than
a farmer who believes « is small. Second, farmers are heterogeneous in their farming ability. A
high ability farmer, who consistently produces high yields, would have more confidence that his own
yield outcomes will be close to test station yield outcomes, and hence, believe « is large (Feder, Just
and Zilberman 1985). Finally, farmers have heterogeneous land quality and growing conditions. A
farmer who believes that his growing conditions closely resemble the conditions of the test stations
would believe that the test station outcomes are a better predictor of the seed’s performance on
his land compared to a farmer whose growing conditions are dissimilar to the test stations.

Demand is defined by the farmer who is indifferent between purchasing the seed of known quality,
and the new seed. Farmers who have more confidence in the information available at ¢ than the

indifferent farmer (a;; > «;) will purchase the new seed. Farmers who discount the available

4 (”Role of Marketing in Agricultural Biotechnology”, Focus Group Transcript 1, Mason City, Iowa 1999, ”Role of Marketing
in Agricultural Biotechnology”, Focus Group Transcript 2, Mason City, Iowa 1999, ”Role of Marketing in Agricultural
Biotechnology”, Focus Group Transcript 3, Albia, Iowa 2000)
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information more than the indifferent farmer will purchase the old seed. Since each farmer only
purchases one unit of seed, a; represents the share of farmers that purchased the old seed in period

t, and 1 — oy represents the share of farmers who adopt the new seed in period t¢.

4.2. Producer beliefs about the yield of the new seed: I explicitly describe how farmers
form expectations about the yield of the new seed using the standard Bayesian updating rule.
(See, for example Cyert and DeGroot (1970), Cyert and DeGroot (1974), and Townsend (1978).
Fischer, Arnold and Gibbs (1996) used it in a modified form.) I assume the yield of the new seed
is normally distributed with unknown mean (§) and specified precision (v2), which is the inverse of
the variance, or 01—2 Information from either seed company yield trials or farmers adopting the new
seed is treated as a random sample from this distribution. The farmer’s initial beliefs are normally
distributed with mean m. Once the farmer receives information from either seed trials or period
one users, the farmer updates his beliefs about the point estimate of the mean, m.

In period 1, when the seed company is the only source of information, then y is the mean of the
prior beliefs about the yield of the new seed, s is the number of testing stations, z( is the average
yield from the testing stations, and h is the precision of the test station information. I normalize

the precision of information by setting the precision of the period 0 prior to 1. The mean of the

farmers’ period 1 prior is
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. u+ shoZo
N 1 +8h0

If the seed company does not publicize the results of the yield trials, then the mean of the
farmer’s prior on the expected yield of the new hybrid would be equal to the expected yield of the
known hybrid (V).

Farmer beliefs in the second period will depend on outcomes of the two first period, the number
of adopters, and the average yield realized by the adopters. The share of adopters of the new seed
in the first period (1 — ;) determines the amount of information generated for the second period.
If a1 = 0, then all the farmers adopt the new seed in period 1. If a; = 1, then none of the farmers
adopt the new seed in period 1.

In period 2, farmers incorporate the new information generated by the farmers who adopted the
new seed in period 1. The share of farmers who adopted the new seed in period 1 is (1 — «;), the
average yield of the new seed in period 1 is £1, and the precision of information generated by the
period 1 adopters is h. The mean of the farmers’ period 2 prior is

o — w4+ shoZo + (1 — al)h137_1
> 1+ sho+ (1 —a1)h

4.3. The two period model: I begin by solving a two period model, where the firm offering the

new seed chooses the optimal number of testing sites in period 0, and taking the number of testing
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sites as given, the two firms compete in prices on the seed market in period 1. The two period
model focuses on the new firm’s incentives to supply direct information to potential consumers.

I solve for the new firm’s optimal decisions using backward induction, since the period 0 decision
regarding the number of testing sites influences the period 1 price competition. I present the
solution to the model following the logic of backward induction, presenting the period 1 problem,
followed by period 0, where the firm offering the new seed chooses the number of testing sites to

maximize its profits.

4.3.1. Period 1: Both firms maximize profits choosing period 1 prices, taking the information and

beliefs as given. The new firm’s profit maximization strategy is as follows:

(r1 — w1)
maz (1—ag)ri (1 — m)rl

The firm’s best response to the price offered by the incumbent firm is 71 (wq) = W

The incumbent firm offering the product of known quality will also maximize profits in each

period choosing seed price.

max alwl(w
w1 (m1 - Y)

The incumbent firm’s best response to the price offered by the new firm is wy (ry) = 5.

Given each firm’s best response function, the period 1 outcome is
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r _2[m1—17]
T3
w _ [mi Y]
! 3
a1:1/3
new_4[m1_Y]
! 9
ml—Y
Htl)ld_[ 5 ]

[17¢% is the profit of the new firm, and I1?!¢ is the profit of the incumbent firm. The incumbent
firm retains one-third of the market share, and the new firm captures two-thirds of the market. The
prices charged by both firms, and the profits of both firms are strictly increasing in the farmers’
beliefs about the expected yield of the new seed, mi. As m; increases, the perception of vertical
differentiation between the new seed and the incumbent seed increases. The increased profits are
consistent with the general result that product differentiation relaxes price competition, and allows
competing firms to achieve higher profits. The new firms’ decision in period 0 determines m; which
is a function of the number of testing sites. Due to the assumption that the test station yields of
a newly introduced seed will be above the expected yield of the current industry leaders (Zo > p),
my is strictly increasing in s. Therefore, the incumbent firm will receive higher profits when the
new firm chooses to increase the number of testing sites in period 0. The new firm also receives
higher period 1 revenues when it increases the number of testing sites, however, it incurs higher

costs in period 0.
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4.3.2. Period 0: The new firm chooses the optimal number of testing sites to maximize the sum of
period 0 and period 1 profits. In period 0, the new firm incurs the costs of the testing sites and
receives no revenues. I assume a fixed cost per test site, ¢, so there is a constant marginal cost to

supplying direct information. The new firm’s profit maximization problem is

4 v 4 u+shoZo v
g mals) =Y [ 5h ] s

s 9 9

The optimal number of testing sites is

_2 .fo—u_ 1
3 Ch() ho.

The optimal number of testing sites depends on the farmers’ period 0 prior, the average yield at
the test stations, the precision of the test station information, and the cost per test station. As the
mean of the farmers’ period 0 prior on the new seed (i) increases, the optimal number of testing
sites decreases. As the mean of the test site yields (Zg) increases, the optimal number of testing
sites increases. As the cost of each testing site (c) increases, the optimal number of testing sites
decreases. As precision of test station information (hg) increases, the optimal number of testing
sites depends on the magnitude of the precision of the information. If the precision of test station
information is low relative to the yield gain divided by the cost of a test station ( h—lo > W),
then as the precision increases, so does the optimal number of testing sites. Alternatively, if the
precision of test station information is high relative to the yield gain divided by the cost of a test

[Zo—p]

station (h% < %%;-), then as precision increases, the optimal number of testing sites decreases.
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When precision is high, farmers have higher confidence in the test station information, and the
marginal test station has little influence on farmer beliefs. The marginal test station has a greater

influence on farmer beliefs when the precision of the test station information is low.

4.4. Three period model: I extend the model to 3 periods to allow the new firm to both di-
rectly and indirectly supply information to potential customers. The seed company now has two
instruments that affect the supply of information in subsequent periods, price and test station
information, to maximize the present value of expected profits over multiple periods. The seed
company’s initial pricing and information decision will determine the number of farmers who plant
the new seed in the first period, and thus the amount of information that will be generated for the
second period.

In period 0 the new firm chooses number of testing sites, and in period 1 and period 2 the firms
compete in prices. The outcome of the period 1 price competition will determine the number of
period 1 adopters of the new seed. The average yield achieved by the period 1 adopters will affect
farmer beliefs about the yield of the new seed in period 2. In this manner, the firms can indirectly
supply information about the yield of the new seed that is available before the farmers make their
period 2 production decisions.

In analyzing the three period model, I’ll first solve the model analytically for the case where
both firms ignore the information link between period 1 and period 2. Then, I’'ll present the
results of numerical simulations to examine how firm behavior changes when at least one of the
firms influences period 1 adoption in order to influence period 2 beliefs. Finally, I will discuss the
profitability of exploiting the information feedback of period 1 adoption relative to the case where

both firms ignore the feedback.

4.5. The three period model with no feedback: First, I examine the three period model
where the players choose not to influence period 1 adoption in order to influence farmers’ period

2 beliefs about the expected yield of the new seed. Again, I present the solution to the model



15

following the logic of backward induction, presenting the period 2 price competition, followed by
period 1 price competition, and lastly, followed by period 0 where the firm offering the new seed
chooses the number of testing sites to maximize its profits.

Period 2: For period 2, both firms maximize profits choosing period 2 prices, taking the infor-
mation and beliefs as given. For now, there is no discounting.

The new firm’s profit maximization strategy is as follows:

maz (1 — ag)re
T2

wo+mo -Y

The firm’s best response to the price offered by the incumbent firm is ro(ws) = 5

The incumbent firm offering the product of known quality will also maximize profits in each

period choosing seed price.

mar oWy
w2

The incumbent firm’s best response to the price offered by the new firm is wo(re) = 7.
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Given each firm’s best response function, the period 2 outcome is

r _2[7’7’)&—?]
2 3
= M2 =]
2 3
a2:1/3
new_4[m2_Y]
2 9
eld _ [m2 — Y]
2 9

As in the two period model, the prices charged by both firms, and the profits of both firms are
strictly increasing in the mean of the farmers’ period 2 prior mso. As mo increases, the perception
of vertical differentiation between the new seed and the incumbent seed increases. The increased
profits are consistent with the general result that product differentiation relaxes price competition,
and allows competing firms to achieve higher profits. The firms’ decisions in earlier periods de-
termine my which is a function of both the share of period 1 adopters, and the number of testing
sites.

Period 1: Both firms choose not to influence period 1 adoption and farmer’s beliefs in period
2. The outcome is the same as for period 2, except that prices and profits depend on m; instead
of my. The outcome of both firms ignoring the information link between period 1 adoption and

period 2 beliefs is the following:
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r _2[m1—17]
T3
w _ [mi Y]
! 3
a1:1/3
new_4[m1_Y]
! 9
ml—Y
Htl)ld_[ 5 ]

Period 0: In period 0, the firm offering the new seed chooses the optimal number of testing sites
to maximize the sum of profits from period 1 and 2, taking into account the cost of the testing sites

C(s) = cs.

maz 7 (mq (s)) + 57 (ma(s)) — cs

When both firms choose not to act on the information, I can differentiate total profits with
respect to the optimal number of testing sites in order to obtain an expression that defines s*. In
this case the optimal number of testing sites is an implicit function of the farmers’ prior u, average
test station yields %y, average yields of period 1 adopters z1, the precison of test station information

ho and adopter information hi, and the marginal cost of the testing sites c.

ho(@o —p) | hol(Zo —p) +hi(1 —on)(@o —71)]  9c _ 0
[1 +S*h0]2 [1 +S*h0+h1(1 —(11)]2 4
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Table 2 presents the comparative statics on the optimal number of testing sites.> As the mean of
the farmers’ prior on the new seed (i) increases, the optimal number of testing sites decreases. As
the mean of the test site yields (#)) increases, the optimal number of testing sites increases. As the
mean yield of the period 1 adopters (£1) increases, the optimal number of testing sites increases.
As the cost of each testing site (c) increases, the optimal number of testing sites decreases. As
the precision of the test station information (hg) increases, the optimal number of testing sites
also increases. As the precision of the information from the period 1 adopters (h;) increases, the
optimal number of testing sites decreases if the farmers have higher confidence in the test station
information relative to their confidence in the information generated by the first period adopters.

Table 2: Comparative statics on the optimal number of testing sites in the three period model
when there is no feedback
s~
i

Js +

0%
ds*
011
Js*

oo +

ds* :

6_711 - if shg > h1(1 — 051)

9s*
dc

4.6. Three period model with feedback: When the firms act on the information link between
period 1 adoption and period 2, they have a different best response function in period 1. The
period 2 outcome is the same as previously described.

The firm offering the new seed chooses its period one price in order to influence information

through period 1 adoption.

maz (1 ay(ri)ry + L)) Z V]

5 The comparative statics hold if the average yield of the period 1 adopters is less than the average of the test station yields, or
only slightly above the test station yields (Z1 < o+ %) If the average yield of the period 1 adopters is substantially

[1+sho+hi(1—a1)]®

[T+shol® + 1], then the comparative static results are

above the test station average yields (1 > Zo + hlﬁé?jgl)[

reversed.
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The firm’s best response function, defined by the first order condition, to the price offered by the

incumbent firm is

my —Y — 2ry(w1) +wy + dhd
! e "9 + sho + (1 — o (ry, wy))ha]

5 =0

where d = [y — 21 + sho(zo — 71)]

The incumbent firm chooses period one price in order to influence information through period 1

adoption.

s anunyon + L7200 =)

The incumbent firm’s best response to the price offered by the new firm is

hod
9[1 + sho + (1 — at(ry, wr))hi]

1 — 2w (r) — 5 =0

If there is no additional information generated by the first period adopters, i.e. the average yield

obtained by the first period adopters is equal to the farmers’ prior for the first period, 7 = “fjggf" ,

then d = 0. When d = 0, the firms’ best response functions are the same as when the firm chooses
not to influence period 1 adoption. There are no gains to influencing period 1 adoption when the
period 1 adopters do not generate additional information.

Each firm’s best response to the other firm depends on whether the information generated by the
first period adopters (d) signals that the new seed offers a small or large yield advantage over the
incumbent seed. A period 1 average yield above the farmers’ period 1 prior, i.e. 7 > ’Tjiggfo =
d < 0, signals a large yield advantage to the new seed. With a signal of a large yield advantage, the

farmers revise their prior, i.e. 7 < % = d > 0, signals a small yield advantage. With a signal
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of a small yield advantage, the farmers revise their beliefs on the yield of the new seed downward
for period 2, mo < my, and period 2 profits for both firms are smaller than period 1 profits.

I use numerical simulations to examine how the three period model with feedback differs from
the three period model without feedback. Table 4 reports the numbers I used for the simulations.
Note that I've implicitly normalized the number of observations for each type of information by the
number of farmers. Each test station and each adopter generates one data point. The maximum
number of testing stations (s), normalized by the number of farmers is no more than 1.

Table 4: Values used in simulations

Variable

I 150 bu/acre
2o 160 bu/acre
71, d positive 151 bu/acre
Z1,d both positive and negative | 153 bu/acre
Z1,d negative 157 bu/acre
ho, h1 9

s € [0,1]
Cost of test sites -3s

Using these numbers, I compare the feedback case to the case where firms did not consider the
information feedback effect. Regardless of the sign of d, when the firms act on the information to
influence period 1 adoption and the second period prior, the outcome to the pricing game is such
that the period 2 prior (mg)is greater than or equal to what it would be in the case where the firms
do not influence adoption. Recall that the period 2 profits for both firms are strictly increasing in
mg due to the increased perception of vertical differentiation.

If the information generated by first period adopters signals a large yield advantage, d < 0,
then both firms will charge lower prices in the first period, and more farmers will adopt the new
seed relative to the case where the firms choose not to act on the information. If the information
generated by first period adopters signals a small yield advantage, d > 0, then both firms will
charge higher prices, and fewer farmers will adopt the new seed in the first period relative to the

case where farmers choose not to act on the information.
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5. PROFIT MAXIMIZING BEHAVIOR

Of course, each firm will choose whether or not to influence period 1 adoption, in order to
maximize total profits. All figures compare either the new firm’s net total profits or period 1
adoption of the new seed under 3 different optimization scenarios: 1) info, where both firms act on
the information, 2) optimal, where for d negative the new firm ignores the information and the old
firm acts on the information, while for d positive, the old firm ignores the information and the new
firm acts on the information and 3) no feedback, where neither firm acts on the information.

In Figures 1, 2, and 3, for all values of d, scenario 2 where only one firm acts on the information,
yields the highest profits for both firms. When d is negative, signaling the new seed has a large
yield advantage, both firms have higher profits than when d is positive.

When the information generated by first period adopters signals a small yield advantage (d > 0),
the firm offering the incumbent seed maximizes profits by choosing not act on the information. The
new firm chooses to act on the information, and charge a higher period 1 price and capturing a
smaller share of the market relative to the case where the new firm ignores the information. Since
period 2 profits will be lower than period 1 profits due to the signal, both firms act defensively to
take more profits in period 1 when the farmers’ perception of vertical differentiation is greatest.

When the information generated by first period adopters signals the new seed has a large yield
advantage (d < 0), the firm offering the new seed maximizes profits by choosing not to act on the
information. Essentially, the firm offering the new seed recognizes that it has a product that
“can sell itself”. The marginal gain in period 2 profits from increasing period 1 adoption in
order to strengthen the positive signal is less than the marginal cost in period 1 profits from
the intensified price competition. The firm offering the incumbent seed chooses to act defensively
on the information, and charges a higher period 1 price, has a lower market share, and higher

period 1 profits relative to the case where the firm does not act on the information.
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When both firms act on the information, they influence adoption to a greater degree and achieve
lower profits relative to the case where only one firm acts on the information. Namely, period 1
adoption of the new seed deviates further from the no feedback level of (%) when both act on the
information relative to just one firm. In Figure 4, when d is negative, there is a higher level of
period 1 adoption of the new seed when both firms act than just one. As shown in Figure 5, when d
is positive, there is a lower level of period 1 adoption when both firms act than just one. Influencing
adoption is costly because it intensifies the price competition between the firms, resulting in lower
profits when both firms act on the information relative to just one firm.

As d increases in magnitude, this indicates that the information generated by period 1 adopters
is more informative, i.e. that the difference between the period 1 prior and the period 1 outcome is
increasing. For a small d, the new firm’s profits, and period 1 adoption are close to the case of no
feedback. As d increases in magnitude, the firms’ gains from exploiting the information feedback
increase.

The new firm faces a choice of how much to invest in test station information relative to how
much to influence first period adoption. The simulations suggest that the information generated
by the period 1 adopters is a substitute for the information generated by the testing sites. Figures
4 and 5 show that, in the models with feedback, as the number of testing sites increases, the
resulting level of period 1 adoption decreases. The optimal number of testing sites will depend
on how favorable the test station information is relative to the information supplied by the first
period adopters. I examined how the profits for the new firm changed as the number of testing
sites increased, for different average yields obtained by the new adopters. In Figure 1, when the
average yield of the new adopters was 157 bushels per acre, then the optimal number of testing
sites is about 0.5. When the average yield of the new adopters falls to 153 in Figure 2, the optimal
number of testing sites increases to about 0.6. Finally, when the average yield of the new adopters

falls to 151 in Figure 3, the optimal number of testing sites is between 0.6 and 0.7. Consistent with
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the comparative statics for the three period model with no feedback, as the information supplied
by the period 1 adopters becomes more favorable, the optimal number of testing sites decreases

ds*
(5z <0)-
6. CONCLUDING REMARKS

I examine the incentives for seed companies to supply information to potential customers, and
the role of this information in price competition. In particular, I focus on the relative efficacy of
two instruments: test station yields, and price. I find that the efficacy of these two instruments
depends on the magnitude of the additional information supplied by period 1 adopters, and which
provides more favorable information. First, the extent to which the firms benefit from exploiting the
information feedback from period 1 adoption depends directly on the amount of information they
supply. If the farmers’ period 1 prior correctly predicts period 1 yields, then period 1 adopters do
not supply additional information and there are no gains to influencing adoption. As the magnitude
of the information supplied by the period 1 adopters increases, so do the gains from exploiting the
information feedback. Second, since the information generated by the test stations and the period
1 adopters are substitutes, then the instrument with the more favorable signal will have a greater
impact on profits.

Both firms benefit when the price competition is less intense. The firms can minimize the price
competition in two ways. First, both firms gain higher profits when only one firm exploits the
information feedback from period 1 adopters. Second, as the farmers’ perception of the value of the
new seed increases, so does the perception of vertical differentiation which reduces the intensity of
price competition.

Analyzing the signal from period 1 adopters, provides insight to the new firm’s decision of
introducing new seeds, and how much test information to supply for the new seeds. When the
signal from the period 1 adopters reinforces the test station information (d < 0), both firms profit.

The new firm profits the most when the introduced seed has performed well in seed trials, and
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farmers also realize a substantial yield gain. In this case, the new firm’s profit maximizing strategy
will be to supply test station information, but not to offer low introductory prices to influence
period 1 adoption. In contrast to the learning literature, when the firms have to option to directly
supply information to consumers, penetration pricing is not the optimal strategy.

However, if the new firm expects a negative signal from period 1 adopters (d > 0), then the new
firm’s profit maximizing strategy will be to supply test station information, and charge higher prices
in period 1 and reduce the level of adoption to minimize the availability of negative information in
the second period. The new firm realizes substantially lower profits when the new seed flops, which
implies that it has an incentive to introduce seeds that will perform as promised.

Based on conversations with Pioneer employees, my model’s profit maximizing behavior of sup-
plying seeds with a large yield advantage, and with accurate information, is consistent with Pioneer
policy. First, Pioneer only introduces new seeds that have, after extensive testing, met its yield
advantage threshold. Second, Pioneer considers the first year of release to be a final testing phase,
and only releases a new seed in limited quantities. Not only does a new seed need to perform well
at company test stations, it has to perform well for Pioneer customers. By gathering information
on the performance of a new seed on farmer’s fields, as well as at company test stations, ensures
that the company-supplied information provides a more accurate signal to farmers. In fact, one
Pioneer representative remarked that his yield book, which is complied from his customer’s test

plots, provides the most useful information for selling seed.



25

REFERENCES

Alexander, Corinne and Rachael E. Goodhue, “The Pricing of Innovations: An Application to Specialized
Corn Traits.” Forthcoming in Agribusiness, July, 2002.
_, Jorge Fernandez-Cornejo, and Rachael E. Goodhue, “Effects of the GMO Controversy on Corn-
Soybean Farmers’ Acreage Allocation Decisions,” April 2001. Working Paper.
Begemann, Brett D., “Competitive Strategies of Biotechnology Firms: Implications for U.S. Agriculture,” Journal
of Agricultural and Applied Economics, 1997, 29, 117-122.
Bergemann, Dirk and Juuso Valimaki, “Learning and Strategic Pricing,” Econometrica, 1996, 64, 1125-1149.
and , “Market Diffusion with Two-Sided Learning,” RAND Journal of Economics, 1997, 28 (4),
773-795.
Caminal, Ramon and Xavier Vives, “Price Dynamics and Consumer Learning,” Journal of Economics & Man-
agement Strategy, 1999, 8 (1), 95-131.
Cyert, Richard M. and Morris H. DeGroot, “Bayesian Analysis and Duopoly Theory,” Journal of Political
Economy, October 1970, 78, 1168-1184.
and , “Rational Expectations and Bayesian Analysis,” Journal of Political Economy, June 1974,
82, 521-536.
Feder, G. and G.T. O’Mara, “On Information and Innovation Diffusion: A Bayesian Approach,” American
Journal of Agricultural Economics, February 1982, 64, 141-145.
Feder, Gershon, Richard E. Just, and David Zilberman, “Adoption of Agricultural Innovations in Developing
Countries: A Survey,” Economic Development and Cultural Change, January 1985, 83, 255—-298.
Fischer, A.J., A.J. Arnold, and M. Gibbs, “Information and the Speed of Information Adoption,” American
Journal of Agricultural Economics, 1996, 78 (4), 1073-1081.
Harrington Jr., Joseph E., “Experimentation and Learning in a Differentiated-Products Duopoly,” Journal of
Economic Theory, 1995, 66, 275—-288.
Kalaitzandonakes, Nicholas, “Mycogen: Building a Seed Company for the Twenty-first Century,” Review of
Agricultural Economics, 1997, 19 (2), 4563-462.
and Marvin Hayenga, “Structural Change in the Biotechnology and Seed Industrial Complex: Theory
and Evidence,” in “Transitions in Agbiotech: Economics of Strategy and Policy, Part II, Industry Issues, Chapter
12” Regional Research Project NE-165 2000.
Lindner, R.K., “Farm Size and Time Lag to Adoption of a Scale Neutral Innovation,” 1983. Mimeographed.
Adelaide: University of Adelaide.
Mirman, Leonard J., Larry Samuelson, and Edward E. Schlee, “Strategic Information Manipulation in
Duopolies,” Journal of Economic Theory, 1994, 62, 363—384.
Nelson, Phillip, “Information and Consumer Behavior,” Journal of Political Economy, 1970, 78 (1), 311-329.
—, “Advertising as Information,” Journal of Political Economy, 1974, 82, 729-754.
”Role of Marketing in Agricultural Biotechnology”, Focus Group Transcript 1, Mason City, Iowa, De-
cember 1999.
”Role of Marketing in Agricultural Biotechnology”, Focus Group Transcript 2, Mason City, Iowa, De-
cember 1999.
”Role of Marketing in Agricultural Biotechnology”, Focus Group Transcript 3, Albia, Iowa, January 2000.
Tirole, Jean, The Theory of Industrial Organization, 10 ed., Cambridge, Massachusetts: The MIT Press, 1988.
Townsend, Robert M., “Market Anticipations, Rational Expectations, and Bayesian Analysis,” International
Economic Review, June 1978, 19 (2), 481-494.
Vettas, Nikolaos, “Demand and Supply in New Markets: Diffusion with Bilateral Learning,” RAND Journal of
Economics, 1998, 29, 215-253.




