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|. Problem satement

Mog of the privaie investment made in Argentina until the beginning of the 1970's was con-
centrated on the area of machinery and post-harvest techniques, whereas the public invest-
ment was manly made in such areas as hiologica innovation, plague control and naturd re-
sources. At present, the private sector is developing important cgpacities in areas previoudy
dominated by the public sector, genetic breeding being the mogt rdevart.

The Argentine government hes privatized many public companies over the lat years, and it
has been controlling and cutting down on the public expenditure of the centra adminidration
and decentralized agencies, which in some cases, such as the Nationd Inditute of Agriculturd
Technology (INTA), meant diminaing and/or cutting down very important agriculturd re-
search and extenson commitments.

This “retrest” on the pat of the date -together with the dgnificant advance of the private
megacompanies of agriculturd inputs, with strong investments in R & D, (i.e seedsf has
made it necessry to pose some questions, such as the following ones What kind of research
andlor extenson work should public inditutions cary out in an increesngly privae world?
Are there public good technologies that private companies are not willing to pursue? How
could these “public good" technologies be defined? If so, in what field of research andlor -
tenson?

Could public inditutions coordinete their actions with the private sector, or should they red-

locate their resources on those research areas where the private sector does not seem to have
commercid interest, eg. basic research?

The lagt quedtion is cosdy rdaed to the issue of property rights (Boehlje, 1998). Other ar
thors have dso made good comparisons concerning the way the public and private sectors
work jointly in the devedopment of new knowledge in plant biotechnology (Theodorakopou-
lou and Kdaitzandonakes, 1999).
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Il. Aims

To devdop an introductory framework to dassfy and andyze the different public/private
technologies generated on a public ingtitution-private firms network basis.

[11. Procedures

Public inditutions are commonly thought to offer only public goods, wheress private compa-
nies are generdly believed to be mainly “private good” suppliers.

This assumption is incorrect, snce the nature of goods —whether public or privae- is not de-
termined by the kind of inditution or company that produces them, but by thar intrindgc char-
acteridics in terms of rivary and excludability. “ The degree of rivalry is a purely technologi-
cal attribute. Purely rival goods are those precluded from being used by more than one com
pany or person, whereas purely non-rival goods, on the contrary, are by no means confined to
being used by only one firm or person. As to excludability, it is a function of both technology
and legal systems. A good is excludable if the owner can prevent others from benefiting from
itsuse” (Trader,1999).

However, in Demsetz's words (1970) there is nothing in the concept of public good that disal-
lows the ability to exclude. Frequently, there is confusion between the concept of public good,
such as | understand it, according to which it is possible for additional people to enjoy the
same unit of a public good at no cost for additional persons to enjoy the same unit of a public
good, and a different concept that might be identified as a collective good, which inposes the
stronger condition that it isimpossible to exclude non purchasers from consuming the good”.

The knowledge -that is theory, basc and applied research, inventions and designs and others
which are made available to the society a large.- makes up a public good and is in gened,
the man input for the generation of new technology or goods(Liebowit, 2000). This proves 0
in the case of cuttingedge agriculturd technologies, since the cost of generating and applying
knowledge generdly represents the mgor portion of production cod. In fact, dl intermediate
and finished goods are based on knowledge. In many cases, knowledge in itsdf may be spa-
raeed from its incorporaion into specific goods. For indance, the technical sages leading to
the atanment of a new variety of transgenic soybean may be commercidized in the “variety
market”, irregpective of who will use this knowledge for the production and trading of the
transgenic seeds.

Private supply of public goods is possble as long as exduson mekes up a feashble dternative,
(eg. a legd sysem protecting property rights). So, in order to profit aove the opportunity
cod, those who produce a certain technology consdered to be a public good need a legd S5
tem to be protected.

On the other hand, the private production of collective items in those cases where the excu-
son cog is very dgnificant does not seem to be feasble Neverthdess, inferring that collec-
tive goods cannot be produced in sufficient amounts by private companies is an extreme con-
dusion. In many cases the consumption of a collective item can be “tied” to the consumption
of a second one, and then incentives for private production are likey to gppear (Demsetz,



1970). TV and radio shows can be cited as examples of this case. No one can be precluded
from consuming them -furthermore, there is no rivdry among consumes nevethdess there
ae a leest two groups involved in the program broadcast: advertisers and producers of TV
andradio sets.

In agriculture, an example of tha can be found in the extenson work involving certain agri-
culturd technologies amed a improving productivity or lowering the plowing cog (for in-
dance direct drill), which on many occasons are caried out by private firms -despite the fact
that this type of technology makes up a public good, since the soread of them is linked to the
trade of transgenic seeds and certain agrochemicd products (g Gliphosate).

A proposal to classify public and private technologies

A four-cdl matrix are usudly used to dassfy goods in terms of ther rivdry and excludabi-
ity. This sort of classfication categorizes goods as follows.

Public goods Absence o rivdry in tems of consumption — Absence of exdudability
among CONSUTEYS.

Private goods Exigence of rivdry in tems of consumption — Exigence of excludahility
among cansumers.

Semipublic goods. Exigence of rivary in terms of consumption — Absence of exdudsbil-
ity among consumers.

Semiprivale goods Absence of rivdry in tems of consumption — Exigence of excdud
ability among consumers.

In this paper, however, we propose a classfication of “private and public technology” which
conggts of six combinations and incorporates two more categories (Table 1):

Semiprivate/public goods non rivary in consumption, with exdudability among con-
sumers a the firsd sde, however, with non excludability laier on if the good could be dr
plicated &t low codt.

Private/Semi-public good: rivdry in consumption, with exdudability among consumers
a the beginning, however non exdudahility later on.

The “pure knowledge® of a new soybean vaieyfor example, without property rights is a
pudic good technology (Cdl 01). In this case, the market demand is the vertical sum of the
demand of dl users of such technology. For such a vaiey it is possble to know the price
that each individud would be reedy to pay. If we add of dl these prices it possble to deter-
mine the total amount that the market is ready to pay for such “public technology”.

This variety arises from the combination of basic agricultura and applied sciences. Within the
former we could mention: &) ecophysiology of crops (i.e. the determination of Maturity
Groupsin soybean) and b) genetic breeding (i.e. obtaining soybean varieties with high yied
per hectare, growth cycles and types adapted to specific management Stuations, rich in pro-
teinsand oil ,and disease resgant).



Table 1. A classification of Public and Private technologies

NON EXCLUDABILITY INCOMPLETE EXCLUDABILITY EXCLUDABILITY
Cdl 1. Cdl 2. Cdl 3.
> Public Goods Semi —Private/PublicGoods| [Semi -Private Goods|
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s pdinization (in case of wheat)
7 Soybean basic resear ch: CREA Groupg( privatefirms)
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z
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<
> .
z Open Extension System
z
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z
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o Soybean transgenic seedsin the US.
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(£ Hybrid seeds(i. e.. Corn and
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Sour ce: own elabor ation.




Within the gpplied sciences we find: choice of varieties, crop management, use of weter re-
sources and irrigation systems, laboring and crop sequences, weed contral, etc. (Giorday Ba-
gorri, 1997).

In the extensgon fidd, any open extenson of agriculturd practices relaed with crops is dso
conddered a public—good technology (i.e Direct drill ), snce its utilization is feesble for dl
and thereisnorivalry.

When the new variety hasa property right (cdl 03), it is then feasible to exdude some of
the potentid users and it is congdered as semi-private good-technology. According to Table

1, inthe case of the seed (cell 06) that have “incorporated’ anew soybean variety, its market
demand is smply the horizontd sum of individua demands. Seeds have the characterigtics of
private technology: utilization isriva and exduding. So, it isimportant to differentiate be-
tweenvariety and seed: vaidy isthe production of gpplied genetic knowledge that origi-
natesin the work of breeders. Seed is an agriculturd input thet “incorporates’ said technology
and can be produced by the breeder or by multipliers.

Tranggenic soybean in the United States is a private-good technology since there is a legd
protection sysem for propety rights and famers are required to buy origind seeds every
year (Cdl 06). In Argenting, however, it is a private/semi-public technology (Cdl 05) snce
famers can multiply the seed without buying the origind seed. The Argentine Associaion
for the Protection of Vegetd Breeders (ARPOV) edimated that in the 1999 season, 40% of
the seeds were acquired illegdly (Clarin journd, 04/01/2000). This does not necessaily im
ply low profit for the breeder but a loss of income that could be obtained should there be a
legd pratection system in place.

An ayiculturd extenson sydem that may dissaminate new technology may, in princple,
exdude some users through dosed learning groups. But it would be imposshle to make fu-
ture exclusons snce the techniques taught to the firg groups can be eadly disseminated to
other farmers (Cdl 02).

Fndly, an example of semipublic good techndogies is the utilization of underground weater
for irrigation purposes. There is rivdry among usars that cannot be excluded (Cdl 04). If the
state charged a cannon for the use of water, this technology would be a private one (Cell 06).

The dassficaion of the different kinds of technology which gppears on Table 1 facilitaies the
andyss of the posshle complementation or competition between the public and private sec-
tors in the generation and/or diffuson of agriculturd technologies Such dassficaion, more-
over makes it posshle to determine the presence of “market falures’ with respect to the pri-
vate supply of technologies The following are some examples of such “market falures’ re-
lated to research and technologies

Asymmeries gmdl and medium famersprocessors who are out of the internationd cir-
cuit of information about technologies.

Negative externdities, i.e. theimpact of chemicas on the environmen.

Absence of supply of “public goods’, i.e cetan products or technologies which private
companies are not interested in producing them by reason of low profitability,



Formation of oligopolies companies deding in private research, agrochemicad products,
feed, and food are merging more and more, which may give rise to future ologopoly
power.

Bdow are discussed some cases where interaction between the public and private sectors -
pears feasible.

Case 1. Complementation of the public and private sectors activity

Taking into account what was discussed above, let us condder the case of a private breeder
that sdls a new variety of soybean to a multiplie—either a private company or a public ingtitu-
tion involved in research and extenson. In this case, the multiplier’s busness smply cosds
in multiplying the seeds, even though the public inditution could dso run resserch programs
(i.e soybean genetic). The multiplier may indeed exercise its property rights through a license
therefore having alegal monopoly of the market of such aseed.

Traditiond economic andyss tdls us that this monopolis will determine the optima  produc-
tion levd by producing up to the point where margind cogt and margind income are equaled
and by verifying tha a this bresk even point the bendfit of the monopoly is higher than or
equa to the roydty pad. If so, the multiplier will have enough incentive to purchase the
rights, otherwise, the company will offer nothing, snce the totd cod is higher than the poten-
tid benefit.

Seed production under conditions of monopoly meens that the amounts sold will be lower
(and the prices higher) than conddered optimum in socid terms. Neverthdess, it is precisdy
this dtudion that encourages production, since should there not be monopoly-type profit there
would be no economic incentive for the breeders because of the large scientific and technica
invesment thet the generdtion of new varieties demands In such a Stuaion multipliers would
be working in conditions of pefect competition -or monopalisic competitionr where the in-
dividud profits of each company would be lower, which would in turn be reflected backwards
in the resarvation price they would be willing to pay for roydties on the varieties.

If the breeder gets a lump sum payment for eech license sold, the highest price obtained
would not be the price paid by each consumer of seeds, but it would be the totd income -net
of the seed multiplication costs provided that the seed multipliers get a normd return for the
investment that isincluded in the codt.

The following quedion could aise If the multiplier gets a ques-rent, then why does the
breeder not take up seed multiplication? That decison will depend on the transaction cods
that the verticd integration process may entall, as wel as on the seed market sze If the mar-
ket is smdl, the high cogts of research and development for the breeder may not dlow for the
addition of new cogs for the production of seeds induding market digtribution. In this case, it
would be advisable for the breeder to partner with independent multipliers.

In summary, a private breeder may partner with:



a) Farmers -for multiplication of seeds or with famers organizations for  commercidiza-
tion, or,

b) Public inditutions of research and extenson, such as L.N.T.A. in Argentina An example
of the rdation between public research and private activity is the research and marketing
agreement between [.N.T.A., the Argentine Agrarian Federation (FAA), one of the
famer unions, and the Federated Argentine Farmers (AFA). According to this agreement
[.IN.T.A. runs the reseerch on cultivars, charging the FAA a roydty for its work on ge-
netic breeding, wheress both private entities ded with the commercidization.

Ancther good example of this kind of patnership is made up by the agreement between
I.IN.T.A, Monsanto, the FAA and the AFA, according to which Monsanto introduced four
tranggenic soybean varigties from the States, 1.N.T.A. dedt with adapting such varieties in its
experimental detions for two years and the unions were in charge of the commercidization
process. The varieties achieved were registered under the provisions of Argentine Seed Law.

Neverthdess, the characteridics of these partnerships varies according to whether the partners
are famers or a public inditution of research and extenson. In the first case, the farmers do
their economic and financid busness, the seed multiplication being pat of therr totd income,
and the breeder caries out the supervison and technica andyss of multiplication itsdf. In
the second case, a public inditution of resserch may or may not want to multiply and com
mercidize the seeds but it is likey to be interesed in offering the breeder its technica service

concerning the andysis of the seed adaptation to the different regions of the country .

Case 2. Concurrence between the public and private sectors

In the preceding case we pointed out that when the seed production is controlled by monopo-
ligs the market price is fixed & a levd above which is conddered optimum in socid terms.
However, there exigs the posshility of increesng the levd of production through the genera-
tion of new seed varieties on the part of the public sector. It should be taken into account thet
public inditutions are endbled to generate private technology. Although in such case the ob-
jective of increesing the whole production is achieved, there will surdy be a decresse in the
levedl of the private sector's participation. The public and private sectors compete with each
other. Then, it is obvious that, given the lack of information on individud and market de-
mand, the cos-benefit outcome may be ambiguousin socid terms

Whether or not the public sector should compete in the area of genetic technology generation
and dissamination has to do with a politica decison. Howewer, it is important for a society to
have a germplasm bank available to dl researchers like some sort of library, especidly when
it comes to food and medicines, where science is mking breskthroughs. Although a variety
(cdl 03) may be protected by law, the specific knowledge that generated it will be avalable to
society only fifteen or twenty years after being registered (cel 01), which means a long time,
especidly at present.

Furthermore, there should be rules which protect private activity so that this should be able to
get profitability in accordance with the high invesments made.So, how to solve this cor-
flict? The government should do research on basc genetics and could dso compete with the
private sector. The varieties crested by both sectors will be legdly protected, though those



generated by dae inditutions could, if necessary, be incorporated to the lig of public tech-
nologies (cdl 01) .

There is a case, however, where the private sector is likey not to be able to compete with the
dae Le us think of a public inditution which does not specidize in the ressarchvdiffuson of
any specific crop, eg. soybean; that is it works on severd species a a time. This inditution,
moreover, has severd experimentd dations in different regions of the country, as wdl as
laboratories, experimentd farms, reseerch gaff, etc.. If the soybean market is amdl, the aver-
age cods of research and multiplication of this inditution are likdy to be lower then those of a
private company with high technologicd dandards that specidizes in cetan crops For the
later the necessary investments will mean a highe number of tests in different areas with
different environmental characteristics, involving more specididts, ec.. As a reault, the spe-
dalized company will have higher average coss of production when the volume of produc-
tion is low, gnce it is not possble to dilute the initid overhead cods in the same way as in
the case of apublic inditution . (Fg. 1).

Gengdly spesking, companies that specidize in certain activities can profit from economies
of scde which mekes it possble for them to operate with lower unit cods Such economies
of scde is a reault of the fact that the invesment in specidization bascaly makes up an initid
aunk cos. This reasoning assumes that the specidized firm mekes the necessary investment
and produces large volumes. This posshility is shown in fig. 1, where D (demand generated
by economic growth, devedopment of new crop aess etc) dlows the e of specidized pro-
duction. When the price is equad to P; the average cods or the private companies will be
lower than those of the public ingtitution.
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In the case of autogamous seed production (whest, soybean) the characterigtics of incomplete
exdudability can, moreover, delermine a smdler-szed market which redrains specidization.
In such cases the public sector can play @ least two possible roles. On the one hand, it could
produce more differentiated seeds in order to enter a segment of the market where the private
sector does not compete. This could mean, of course, sdling & a price which is lower than the
unit cod, a gdtuaion judifidble by nondrictly-economic reasons, such as achieving equiteble
digribution and socid congderaions On the other hand, the public sector could introduce
inditutiona changes for encouraging a higher degree of excluson, eg. an improvement in the
mechanisms which dlow breeders effectively exercise their property rights.

Case 3. Private production of public goods (not involving rivalry and ex-
cludability)

In many cases the consumption of a private good can be “tied” to that of a public one. Conse-
quently, there may be private incentives which encourage the production of the “tied” good,
snce exdudon is possble Casss of research in agriculturd technology and extenson (nonri-
va/nonexcdludable ones) can be found in the agriculturd sector. For indance, research and
diffuson of direct drill makes up a case where the private sector takes part actively. The e-
search done on this technique -as wdl as its diffuson- is essentidly a nonexcludable public
good (Cdls 01 or 02 in Table 1). However, the more farmers adopt it the more the consump-
tion of certan agrochemicd products —such as gliphosate- eaborated by the same companies
that do reseerch on transgenic soybeen varieties and seeds (combination of Cels 01 or 02 with
cdl 06). So, the use of public technologies is “tied” to the use of private ones —and to the use
of private inputs.

In Argentina, many privale companies Sgn up cooperdion agreements with inditutions which
are linked to extenson technologies For indance, the Argentine Associgion of Direct Drill
Famers (AAPRESID) organizes congresses, which are sponsored by Dekab, Monsanto, etc..
Moreover, I.N.T.A. and some universties are running direct drill resserch programs  that
famers then incorporae to their production methods. Ancther private indtitution, the Agricu-
turd Expeimentation Regiond Consortia (AACREA) has odebrated agreements  with
I.N.T.A. and private companies to work on specific projects of research and extension.

Of course, ateching technologies to make it possble to bring together the public and private
sectors does not guarantee by itsdf an optimum supply in terms of volume. The determination
of efficient supplies exceeds the purpose of this paper; however, it is cear that the coopera-
tion between both sectorsin this matter isfeasble.

Case 4: Incomplete excluson owing to the ease of duplication: autogamous
species seeds (wheat, soybean)

Autogamous or opentpallination seeds can be multiplied by users and this cannot be avoided
by breeders. Origind multipliers sdl a ceatan volume of “authorized” seed, and then unau-
thorized duplications are made (Cdl 05). This means tha the breder of a vaiety cannot re-
cave the whole potentid income from the sde of such a variety, which would determines a
lack of economic incentives for private technologica innovation.
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However, even in the absence of the posshility of full exduson, mutipliers can dill get in
come for the use of ther products. For ingtance, it could be thought that the fact of being the
fird to introduce a seed in the market endbles the breeder to caich a dgnificant pat of the
potentid benefit. The introduction of a new seed and its diffuson will mean for its breeder an
important initid volume of sdes moreover, it might teke unauthorized usrs some time be-
fore they are dble to deteriorate this monopoly postion in the market.

Ancther potentid way in which origind multipliers can saize bendfits is by indirectly appro-
pricting the payments made by users who purchase unauthorized duplicated seeds Those
farmers who make unauthorized multiplication of seeds could indirectly pay the breeder if the
multiplier that buy authorized duplicated seeds, took into account the resde vaue when they
buy the origina seed.

At this point, some problems are likdy to arise The power of indirect approprigtion may be-
come weskened when different numbers of copies out of esch origind are made. Breeders
have difficulty in appropriating duplicator's benefit when duplictions are made only out of
some origind varieties, snce this dters their rddive vaue In such cases, the breeder should
have some way to detect those users who are likdy to duplicate the originds and those who
are unlikdy to do so. If the breeder is undble to discriminate prices, the price of dl origind
seeds should be increesed, snce they ae potentidly duplicable. Consequently, only those
who redlly intend to duplicate the seeds will buy them.

Ancther dternative consgts in lowering the price in order to sl larger amounts. So, the seed
will be bought by both kinds of usars, which will mean a lessr gppropriation of the economic
aurplus by those userswho intend to duplicate the seeds.

Let us imagine an extreme Stuation where there are only individuas who want to make unau-
thorized duplication. If the monopoli appropriadion of income originaed in the introduction
of the variety were reduced, then he posshility of getting bendfits on the pat of private pro-
ducers would be dmogt non-existent. This case does not seem to be a very usud one, since,
for ingance in Argentina the development of wheat vaidties was led by only one private
company -Klen- in spite of the ease of duplication and of a legd context which mede it diffi-
cult to exert property rights.

This suggests -even though there is no detalled empirica evidence- that the benefits proceed-
ing from the introduction and sde of the variey dong with the posshility of indirectly appro-
pristing the unauthorized duplicator's surplus probably conditute enough incentives for the
development of the private sector in this area.

10
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V. Concluding comments.

It isgeneraly accepted that, at present, the public sector should devote most of its resources
to the Sudy of basic agricultura sciences, wheress the private activity should devoteits & -
forts to the gpplication of knowledge in the development of products. The relationship be-
tween both sectors would be given through a* natura” complementation between these two
research areas in a unidirectiona manner, either from basic sciences to gpplied sciences or
viceversa, from applied sciences (the world of “business’) to basic sciences.

Although in many casesthisistrue, the public/private rdationship is much more complex

than asmple lined relationship. However, this rdationship acquires a much grester potentia
when seen from the angle of the complementarities between both sectors: aprivate good, gen-
eraed by a private company may have a much broader market if it is“tied” to a public good.
Infact, the latter acts as an dly rather than like an enemy. For example, the case of gliphosate
and transgenic soybean (both private goods) and direct drill (public good).

Likewise, private breeders of new varieties could improve their marketing Strategiesif they
related with a public system of agricultural extenson. Regiond extensonists have vduable
technicd information on farms but aso, and thisis the mogt relevant part, they are acquainted
with the production sysems and the idiosyncrasy of farmers. Genetic tests are usudly donein
plots but in fact farmers work with a production system.

The public sector is qudified to compete with the private sector in the field of genetics. With
apatent law to protect both sectors, the government can, @) cause adrop in the red price of
seeds; b) guarantee the availability of genetic “public knowledge’ to be used a any time to
obtain new varieties offering better quaity and higher yield per hectare, or ese containing
genesthat could be utilized for the trestment of human diseases. In this way the government
would stimulate competition in this research areato the benefit of society asawhole.

If the 9ze of the seed market is smdll, then the public sector is likely to have the exclusveness
inthe generation of varieties Snce for a private breeder it may not be profitable to enter this
business. On the other hand, the greater the market, the greater will be the cost advantage to
the private breeder in connection with the public sector, unless the latter is congtantly ypdated.

The key areasto be consdered in order to create a successful relationship between the public
and the private sectorsin the area of research/agricultural extension would be, @) alaw to pro-
vide for legd protection of the varieties obtained by both sectors, b) an efficient public re-
search/extenson system (with researchers of excdlent level and “high” salaries) snce no pri-
vate sector will be willing to partner with a public indtitution without sufficient human and
financid resources which, as such, is not prepared to act as a counterpart in the long term re-
search, and ) afunding system for the public sector to determine who covers the research
expendtures. consumers and/or agroindustries and/or private breeders.
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