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Introduction

Agricultural biotechnology sector in India, particularly its plant biotechnology
segment, is uniquely poised for amajor process of transformation. Asthe
country’s agricultural biotechnology sector made stridesin the 1990sin r-
DNA, transgenics and molecular marker assisted plant breeding process,
the Government of India responded with a matching policy support and
regulatory framework that was designed to render the path of progressin
R&D, sustainable and bio-safe. To a large extent, developments in the
policy front have been induced by a vibrant non-governmental sector that
intensely intervened on the sensitivities of modern biotechnology. Thispaper
discusses analysis of the issues and proceeds to further consider the path
of progress achieved by agricultural biotechnology companiesin Indiain
the areaof commercialization of biotechnology products. The special focus
of this paper ison plant biotechnol ogy.

The biotechnology sector in Indiain 2002-03 is estimated to have attracted
privateinvestmentsto thetune of US$ 140 million. Infrastructure and R& D
account for nearly 80 per cent of these investments.! During the period
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from 1986 to 2002 it is estimated that the Government of Indiainvested an
amount of US$ 275 million in the biotechnol ogy sector. The Government of
Indiahas al so extended venture capital support for biotechnology start-ups
through the Technology Devel opment Board and the New Millennium Indian
Technology Industry Leadership Initiative (NMITLI). Meanwhilethe States
of Andhra Pradesh, Karnataka, Maharashtra, Gujarat, Kerala and Tamil
Nadu have drawn up ambitious sub-national biotechnology policies, which
promise fiscal and infrastructure support measures to prospective
entrepreneurs. Some State Governments have launched their own venture
funds for supporting novel start-up ventures.

To catalyse the process, the Government of India accorded priority to IPR
protection. The Indian Patents Act of 1970 was amended to provide for
product patents for agro-chemicals, drugs and pharmaceutical s and micro-
organisms over atransitory period. A product patent regime would be in
placein Indiaby January 1, 2005. The new patent law extends protection
term for inventions from 14 to 20 years. To provide for protection of IPRs
in respect of new plant varieties, Parliament has enacted a sui-generis
legislation in the shape of the Plant Varieties Protection and Farmers Rights
(PVFR) Act in 2001. These developments have created favourable legal
conditionsfor international partnershipsin biotechnology R&D. By prioritizing
FDI investments in biotechnology, the Government of India has sent
appropriate signals to international investors. Further the fact that these
changes have been in consonance with the WTO-TRIPs has lent greater
creditability to these changes.

Meanwhile, the Government hasal so brought in regul ations over agricultural
biotechnology. Apart from the biosafety regulations that form part of the
Environment (Protection) Act 1986, the Indian Parliament has legislated
the National Biodiversity Act in the year 2002, to provide for regulatory
controls over accessto biological resourcesin India.

| PR Regimesfor Plant Biotechnology

Article27(3) of the TRIPs Agreement lays down that members shall provide
for the protection of plant varieties either by patents or by an effective sui-
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generis system or by any combination thereof. Article 27(3) in particular
iscritical to Indiaasthisrequiresusto provide protection of plant varieties
by conferring plant breedersrights either by way of patents or through sui-
generis plant variety protection legislations. Countries with strong R&D
base in plant genetic engineering such as USA have robust Plant Utility
Patent Legidations. Indiaiscertainly not inclined to adopt patent protection
regimesfor itsplant varieties. Indiaisrather inclined to adopt asui-generis
legislation which is non-‘patent’ based. There are many reasons for this
proclivity. Indiaisone of theten mega-diversity countries of theworld and
arich storehouse of landraces of principal agricultural crops. Indiahasa
strong R& D base in conventional plant breeding methods. Its strength in
plant genetic engineering isimpressive but not an overwhelming factor by
comparison. Thefirst two strengths explain India’s disinclination towards
plant patent regimes or towards asui-generislegislation whichis ' patent’ -
driven.

WhilePlant Utility Patents Act providefor broad patentsover plant varieties,
traits and genes and even the physical parts of the plants, plant breeders
rights provide for IPR only over varieties. Asiswell known, since 1990s
the UPOV (Union for the Protection of Varieties) has been largely viewed
by developing countries as offering the best regime for positioning their
national legidations.

The central feature of the UPOV isthe protectionit affordsto plant breeders
who produce plant varietiesthat fulfil the criteriaof distinctiveness uniformity
and stability (DUS). The current version of the UPOV, viz. UPOV 1991
had added additional criteriaof ‘new’ to DUSthusrendering DUSasNDUS.
Contrary to the popular notion, the NDUS criteria of UPOV 1991 is not
substantively different from the principlesof ‘ novelty’, ‘inventiveness' and
‘industrial application’ (NI1) which applies for patents. The criteria of
‘novelty’ and ‘inventiveness' in Patent Laws are covered by the criteria of
‘new’ and ‘distinct’ in UPOV 1991. Thus by distinctness, the UPOV means
avariety of plant whichis* clearly distinguishablefrom other varietieswhose
existence is a matter of common knowledge'. It is apparent that this term
captures the attributes of ‘novelty’ and ‘inventiveness implicit in Patent
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Laws. Even in respect of ‘uniformity’ and ‘stability’ criteria the UPOV
does not offer different recipes. True, by ‘stability’, the UPOV conveys
that ‘relevant characteristics of protected plant variety remain unchanged
either for a specified period or after repeated propagations or cycles of
propagations . Itisalso truethat ‘stability’ isadifficult criteriafor a plant
breeder to fulfil. Attainment of * stability’ criterionisproblematic for cross-
pollinated plants and non-single homozygous lines of autogamous plant
varieties. This, inturn, reducesthe commercialisation potential of the plant
variety since inconsistency of genetic quality jeopardises commercial
application of the plant variety. The same holds true of the criterion of
“uniformity”. Therefore, the NDUS criteriaof UPOV 1991 are homologous
tothe NIl criteriaimplicit in Plant Utility Patent Laws.

The UPOV has undergone two major amendments since its inception in
1961, i.e. in 1978 and 1991. The main concern with regard to currently
operational UPOV 1991 has been its stringent provisions, which include
the additional attribute of ‘new’ to the DUS criteria. The scope of UPOV
1991 in terms of coverage is larger. While plant varieties of al taxa are
covered by UPOV 1991 only plant varieties of nationally designated species
were covered by UPOV 1961 and 1978. Further by defining clearly that
‘variety’ represents a ‘group of plants’, or ‘single’ or ‘several plants or
‘one’ or ‘several parts of a plant(s) the UPOV 1991 has considerably
enlarged the scope of its coverage. Going by this definition even sexua
and vegetatively propagated varieties are covered by UPOV 1991. The
US PVPA legislation has been quick to adopt the UPOV 1991 formula.
The amendments of 1994 to the US, PVPA broadens the term ‘plant
varieties' to include all materials harvested from the protected varieties.

The other drastic feature of UPOV 1991 has been abridgement of the
‘plant breedersexemptions’ and ‘ farmersprivileges conferred by theearlier
versions. Earlier versions of UPOV allowed farmers to re-use seeds
generated from their farmsfor self-use, and allowed breedersto freely use
protected varieties for further improvements. These concessions gave
UPQV a'less stringent’ face in comparison to ‘ patent’ laws. UPOV 1991
givesan option to National Governmentsto disallow thefarmersprivileges
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of retaining or re-using seedsfor self cultivation. UPOV 1991 also restricts
the breeders rights by enlarging the right of the breeder to close variations
of hiscultivar or ‘essentially derived varieties' . In other words, the breeder
of acosmetically bred variety would have to buy genetic dependency rights
fromthederived variety prior to commercialising thederived version. Further
the duration of protection have also been extended under UPOV 1991 to
20 years for crops and to 25 years for trees and vines. Thus in terms of
theserigorousfeatures, UPOV 1991 eliminatesthe arbitrage between plant
varieties protection and patent regimes.

| PRsand investmentsin plant biotechnology

Theimplicit rationalefor IPR protectionisthat they promoteinvestmentsin
plant breeding and bio-engineering. Thishypothesisis contested by section
of analysts. Neverthelessit isafact that the structure of IPRs do influence
investments. |PRsinducetheir own pattern of innovations. Thetimetaken
for R&D tofructify asinnovationsisacrucial aspect guiding investments.
Often IPR regimes play a key role in influencing the time pattern of
innovations.

Itisawell-known fact that conventional plant breeding methods are dilatory
and time consuming. It requires7 to 8 generations of repeated breeding to
reduce heterozygosity of new genotypes. As Vossen (1985) observes
Arabica Coffee subject to three to four cycles of breeding still display
heterozygosity and itisnot until 20to 25 years (spanning 4 to 5 generations)
that one arrives at true breeding varieties. This time lag is even more
pronounced for the Arabusta coffee variety (inter-specific hybrid of Arabica
and Robusta Coffee) where segregation of unfavourable characteristics
could till occur even after several generations of backcrossing and selfing.?
Another interesting exampleis the one cited by Evenson (1991) about the
long gestation period in regard to rice varieties in India. According to
Evenson, India released 306 rice varieties for planting during the period
1965-1986 after performing 20,000 crosses over aperiod of over 15 years
since 1950.2 It must be understood that this long process of backcrossing
was preceded by considerable time spent on location and identification of
individuals plants with requisite traits. The speed or pace at which plant
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varietiesqualify for being rel eased for planting have economic implications
on investment behaviour in seed/plant breeding industry.  Asexual modes
of plant breeding whichinclude plant genetic ‘ engineering’ and transgenic
techniques could obviate the long gestation period associated with pre-
rel ease preparations encountered conventional breeding.® It is a different
matter than biosafety concerns may delay releases of these varieties.

Thetime lag in release of plant varieties fulfilling the criteria of novelty,
distinctness, uniformity and stability (or alternatively the requirements of
novelty, inventivenessand commercial application) raisefundamental issues
from the view-point of capital investments. Thetimelaginvarietal release
is potentially least in the case of transgenic and non-sexually produced
varieties while for traditional or classical methods the time lag can be
greater.® The UPOV 1991 based plant IPR regimes could induce longer
time lags as compared to the situation when an IPR regime is based on the
1978 version of the UPOV. Thisisdueto thefact that the minimum genetic
distance concept implicitin UPOV 1991 precludes’ closecousin’ varieties
from acquiring protection rights, unless the techniques of genetic distance
determination by themselves are inadequate.

UPOV 1978 would facilitate capital investments to some extent as the
release of plant varieties is periodically more frequent. Even under the
plant patent regimes, investments could bring about short-term returns,
though the volume of investments will have to be larger on account of
capital intensity of advanced plant genetic engineering technologies. By
comparison, UPOV 1991 regimeis least conducive to capital investments
asplant variety releases can be painfully slow under thisregime. Therefore
sustenance of conventional plant breeding under UPOV 1991 regimes, can
only be ensured by infusion of low discount capital.

Paradoxically it isthe reduced availability of low discount public fundsfor
plant breeding that hasinduced countrieslikelIndiato goinfor Plant Varieties
Protection Legislationsmodelled on UPOV lines. Theimplicit assumption
inundertaking thisstep isthat private fundsfor R& D in plant breeding will
‘crowd in’, if protection plant varietiesrights are accorded. But the reality

46



Agricultural Biotechnology Sector inIndia

isthat inliberalised deregul ated devel oping economies, privateinvestments
have ‘crowded in’, in short return promising avenues.” In other words,
private investment funds for R&D are not likely to be channellised into
medium tolong return yielding areas.

Letr,r & r_bethediscount ratesrelevant for regimes A, B & CinFigure
I. Then therelative rates of discount will be

rn>r,<r [1]
and relative present worth will be
pa< pb > pc [2]

Consequently classical plant breeding activitieswill suffer for want of funds
in the UPOV 1991. In other words, UPOV 1991 modelled national
legislationswill not necessarily hold attraction for private sector investors
in R&D projects involving classical plant breeding as compared to say,
UPQV 1978 or the Plant Patent regimes. Rather privateinvestmentswould
be catalysed better by sui-generis plant protection legislations, which
partake of plant patent elements and focus in the main on hybrids and
genetically engineered varieties.

Given the linkages between plant breeding and the seed industry these
perverse investment behaviour trends can produce major economic
consequences. The Seed Laws in various countries, both advanced and
developing, are getting to be progressively oriented towards restricting
market circulation to varieties that are conferred with plant breeder or
patent rights. The UPOV guidelines on DUS are used world wide not only
as the basis for establishing varietal distinctiveness and descriptions but
also for seed certification purposes. The DUS guidelines are employed for
recognising and registering not only the‘basic’ seedsused for multiplication
of ‘pedigree’ seeds but also for certification of the pedigree seeds
themselves.® Evenson (1991) explains how absence of IPR rights will
reduce Margina Variable Costs (MVC) of seed multiplication. Tougher
controls by certification of seeds could ensure that seed supply iskeptina
‘constricted mode’ and MV C of seed multiplication are raised. Thisin
turn, will produce its own supply-demand dynamics as Figure | depicts.®
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Figurel: Supply-demand dynamicsfor seedsin different | PR regimes
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Figurel brings out theimplications of IPR regimesin terms of the supply
curves for seeds. AsFigure | showsthat in a situation of ‘liberal’ plant
varieties protection laws (which do not provide for genetic distance) and
equally liberal ‘ seed laws which permit non-registered varieties (including
landraces) to be sold in open markets, the macro-supply curve of seedswill
be elastic (S1). When these regimes shift towards ‘ genetic dependency’
PBR regimes and tighter seed lawsthat prohibit marketing of non-registered
varieties, the supply curve will tend to be relatively inelastic (S2).
Analogously, demand curves could shift from D1 (wherein demand for
protected varieties will be elastic on account of availability of landraces
and non-protected varieties in the markets) to D2 (where the demand for
the protected variety will beinelastic on account of ban on sale of landraces
and other non-protected varieties). Inthe D1-S1 situation, supply constraints
and demand flexibility could induce low price regimeswhilein D2-S2 the
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reverse situation would occur. D2-S2 situation isnot desirablefor countries
likeIndiafor other reasonsaswell. The experience of transitional economies
of East Europe, which had re-modelled their Seed Lawsin conformity with
European Community Seed Laws, has been sad. Farmers of the East
European bloc cultivating and conserving landraces have been adversely
affected by new seed laws, which by prohibiting trade in non-registered
varieties not fulfilling the DUS criteria have contributed to the erosion of
landraces in these countries. It isthus clear that agro-biodiversity can be
adversely affected by the uniformity criteria of DUS, which brings about
resultant changes in demand and supply position of seeds.

Post R& D regulationsand investments

Post-R& D regulations play a critical role in deciding on the pace of
investmentsin the biotechnol ogy sector. Evenif astart-up enterprise enjoys
afavourable | PR regime, that rewardsitsinventions, itisunlikely that it will
invest in product development, in case post-R& D regulations arerigid and
dilatory in nature. This then forms the backdrop for strategic aliances
between start-up ventures and downstream industrial complexes.

Multi-layered regulationsin the post-R& D phaseinvolve complexitieswhich
areexpressed in thedelaysin commercial application/utilization of invented
products or technologies.’® In the case of third generation plant
biotechnologies, such as transgenics, the problem is compounded by the
fact that regulations by themselves are complex and less understood by the
regulators themselves.** A transgenic plant would have to undergo multi-
stage regulatory checks and clearances before finding commercial
application.

India is uniquely situated as far as biotechnology investments and
infrastructure are concerned. In the area of plant biotechnology, advances
have been made in transgenics of rice and wheat carrying stress tolerant
genes such as CodA, COR47 and HVAL. The larger challenge is to take
these products through the regulatory processes. More formidable is the
issue of market devel opment and appropriate pricing of transgenic seeds.
There are many imponderables here. Market shares for seeds in India
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havevaried from crop to crop and from region to region. The‘demand’ for
transgenic plants or seeds may be even more uncertain, given the ‘ safety’

dimensions and risk aversion propensity of Indian farmers. In the dry
agricultural pocketsof Central and South India, farmerstend to be attached
totraditional drought-hardy varietiesof plants, which inturn contributesto
their initial ‘inertia’ to shift to transgenics. Thusthe task of marketing and
pricing of novel biotechnology plants getsto be complex in such environment
of ‘demand incoherence’. A high margin pricing strategy for seeds may
choke demand for transgenics. Thusthe degree of risksin commercializing
transgenic plants could be of ahigh order. Given theserealities, theidea of
strategic alliances between start-ups and downstream entities |ooks to be
realistic. Thefact that premier R& D institutions such asthe Indian Institute
of Science, has set up its own start-up biotechnology venture, renders a
strategy of tie-ups, alogical option. Much will depend upon the complexities
inherent in product development and the willingness of competent
downstream entitiesto signup agreements. To alarge extent, thiswill depend
upon enabling policies at the upper end of the value chain.

To sum up, India's agricultural biotechnology industry has the necessary
policy and regulatory support to promote active R&D. However, in the
critical area of product development and commercialization much more
attention needsto be paid. The multi-tiered regul atory framework that exists
could serioudly affect the performance of start-up companies that would
liketo runthrough the entirelife-cycle of biotechnology product devel opment.
Consequently, partnerships and strategic alliances should be encouraged
between start-up ventures and established companiesthat have high product
development capabilities. The experience of other countries in the Asia
Pacific region could be akey input in framing development strategies for
biotechnology productsin India
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