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The Role of Industry
in the Research of Agrochemicals ()

1. ITroDUCTION

As long a3 maskind continues to cultivaie and grow plants for food, feed
and fibre, bis crops will be threviened by insect pests, diseases and weeds
Tt follows that the furure of pest control is hardly in dosbr, but the specific
divection it wil ke is being debared at great lengh, Much has been writien
sbout this subject.

1 shall assume that this background s generally koown and T shall abio
scept the validity of the premise that the judicious wse of chemicl agenrs will
wontiaue 10 be an essential part of furure plant provection wehnalogy. However,
the desire for integrated pest mansgement sctually sepresents a teal goal of
government palicy-makers, scientists and users. This poses a rechnical challenge
to the agrochemical Industry to produce products with !r!nl ﬂnmy againat zhc
tarpet pess and freedom from adverse side effesss

el koo Tk il i ch fihen St i gl oy
protection problems of wopical countries arise from inscct degradation, major
emphasis was laid on this area of pest contral

2. CHARACTERISTICS OF AGOCHEMICAL TknusTEY

Befure discussing the technical factors that are likely to limit or to exrend
fnngvation in the ageochemical industry, the size, shage and wrends of this Indusry
will be briefly reviewsd.

It is estimated (Wood Mackensie, 1985) that the globil enduser agrochenical
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macket has grown from § 850 m. in 1960 w § 159 b. in 1985. During this
period, herbicide sales grew by 16% o § 7.1 b, insecticides by 12% 10 § 5.0 b,
fungicides by 9% to § it growth regulators and others by 75%
$ 1 b, Litde chay pesitions of the pu coups it cxpeced be-
vween now and 1990, The charucier of the market in which the sgrochemical
industry operates, and is appormunizy for new prod
geopmaphical and. crop. breakdown
accu he developed
to the herbicide sector,
developing countrics of the world This-is no wonde:
wies, cashy <rops are coltivazed aecording 1 the economic
ensare the b m. possible vields and quality, These cm,, Include ot mlg
ruits, but e coffes, tea 1nd cocoa; fibre plants lnd. sugat
cane; and various spices which have 4 limired bat very profitable market. Crop
protection is an indispenable activity here and could nos be vt s
rulning the general economy of these counrries,

Vel ol sy 2 racfal e fr oo o s b developed
by indust n by academic, governmental, oc non
el st ol el i S
e aod inprored prodaci. Howcvr, sgrodenial fnovaton o cxpeodog
roubled times.  The mmpexm of technical problems and the expanding
Iatory. zequireme o prefusba

new products.
Comae

ot Introdaction, are indicated

i
?

organizations,

e to make it increasingly

ed figares are that some 8% of procesds is spcat anmually
in the industry.  Pethaps the major change which has taken place

in the R & D budger is thar :

threatening to fall consistently rather. than eccasionally

clements. of alled del 5 tstudies of revidues, metsbolise,
soscslogy aad environisenial o) i oo il
The ments now necessary for egisration and rerepisttation

o iy e R S
devlopi ntries, pose severe problenis for the innovation und development
S R i Now 1 um not using this paper to criticise the attitudes
ond demands of regivration suthorities. Tt is a fact that assurances of safery
are welcomed and observed by responsible industry. But it muse be realized
that the development of u really new and markewsble product takes at least
seven years from discovesy to commercialiation and costs over § 10 m. * This docs
he investment in new manufacturing facilities. One very onfortunate
igh ot i that i bas made it incessingly il and unprofiable
er to develop & m'lv»aurd which s specifically intended
rFlt(rl\r only in & st aid sosli ik g etemal gl
g wlancs T i mafclely s e eshiecanon sl s
mmdns 10 the specific properties end wes of o chemical In @ parsicular
risk fbenchit situation.
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3. Tux Nem ros New AGrocHRAICALS

1deally, crop proteetion should prevent damaging effects from pests, discases
and weeds: conomically, safely and without harming the environment, Present
methods, hused maialy on agrochemicals and resftant crop varietics, effectively
control many damaging organisms but have limitations. The continuing develop-
ment of resistance , the lack of good solutions 1o some existing
problems, the climination of older agrochemicals with an nsufficient safety
margin are well acknowledged reasoms for discovering aew produsts, As slssady
pointed out, the slors into which new compounds will it become fewer and the
criteria with remect to performance snd sccoptability become mare sringen.
This does not mean, of course, thar there arc no oppormunities fefr. There ks o
continuous scarch for different types of activity in both coaventional and wme
allid aress. The cvolamion in ngrochemical research, which bas taken plice over
the last 15 years, has manifesiad itself in an imensive Inerdisciplinry effars
which inclides chemists, biologiats, biochemists, toxicalogists und other speciafists
When sich groups sre well motivated 1o work together, the chances of success
are incremed.  However, It s equally inportant that industry and scademia
collaborate. The univorsitics have nusde and are making significiat. contributions
o agrochemical scicoce and I espect them to make further efforns t explose
selectod Biclds of plant and inseer physiology and biochemisiry.  Scientists
working in subtropical and rropical regions have increased in number and pro-
fossional. capabilicy during the past two decades. They also must peoside basic
information. on the peculiss features. of subtropical and tropical crop coosystems.
“This information s of fundamental mportance 1o claborate an approsch to.per
tcat problems by mare rationsl biochemical and chemical means.

4. AcnocHEMICAL RATIONALE AND Desion

Most of the agrochemicals in use today weré discovered by empinical’ sym.
thesis end rondom scrcening.  Althongh this approach lacks intellecrual Finesse,
it has prodiced compoonds of very high biclogical activicy and exemplary selec-
vivity. Year after year, it is besoming obicus that owing 10 the huge mmsber
of compounds alreadsy synthestzed and tesied, the chances of discovering a macker-
sbie agrochemical by such an approxch are very low. The mest productive
approaches are chemica] modifications and biochemical design.

Chemical modifications probably form the preater pari of preseat seseicch
projects, The busic stroceure which is 1o be modified can arise from the random.
screening, the techaical Lterature, o it could be & biosctive natural p
In recent years great progress has been made in the development of mn-m.ml
methods 1o save chemists some of their work. By using these methods, & chemist
can be more confident thar a given serics hav been fully exploited and that all
ressonably sccessible substructares with poteatially weful sctivity have been
ade. Paradoxically, progeess has been Jess in the abilty to discorer new leads
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insecticides (Fig. 2).' Tt wok about 30 yeurs of inensive fundamental reseacch
before sufficient general know-how had been built up to cause s break.through
with the introduction of photostable pyrethroids.

this time spun, the most progress has been in providing wseful products
enly with compounda of phosphorus and carbamates,  All theie act with the
same toxic mechanicos, thus giving rise to many possibiities n! crass resviance,
“This simation represents: the maln resson for ¢ o (m.imr
G ek LB e i e Sy e
dexribe s sleted examples o les of lodustsal reseas, chosen 1o oairais
the range of present ppport

3.1 Natursl nsecticides of microbisl origin

The successful use of antiblotics apsinst human bactcrs
10 largescale screening of fermentation products for crop p
1983) compeise
lacsanes (Fig. 3) bolaed from ih
se compounds has been
ity against @ number of i

properiics
4 group of dlosly rclted macrocycic

invertbrae. snincberis st (GABAY toceptoc andchlor
o of high tewscity and high specificicy to invertcbrates glves

po The suructure of avermeetin is clasely
related 10 anothes group of natutal macrolide products, the milbemycines (Fig. 3]
also exhibit high activity against phytophagous mites and some other pests

R =DISACCHARIDE
Avermectin Byy Milbemycin D

Fig. 3. - Seroceares of Avermecs
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(Mishina, 1963). Almost certalnly milbemycines their action at the same
recepror sites of avermecting,  Discovery wnd exploiration of further such proto.
ypes should be rewarding.
Other classes of microbinl agents for inssct conerol are bacterial insecticides.
“This i an atea in which a substaniial amount of acudemic snd government research
has been conducied iny years and to which indhustry. has. also tmade some
significant contribations.  Several produces are already on the mirket and have
been developed by tradi e nrl\nd-\ Most are bacteria that attack
a nemow range of pess, the targer one, The best known
bacterial agent is Bacilius rh.mmm whnls is used for the control of caterpillars,
wich 25 the gypry moth, and of mosquitoes. Other biopesticides already developed
Include virus preparations 1o, attack a specific insect. pest.

Work is corrently undec way to use pencric engineering techniques to increase
lence of the insecticidal baeteria, as well s 1o make them more tolerant

the
10 environmental conditions. and pézhaps 1o broaden. thelr specirum of action
While few investigators believe that these improved microbial agents will replace
chemical wedhods, there Is 4 peneral consensus that they may play an important
role as supplementary sgemts in many integrated pest management programmes

52 lusect belwviowr modifiers

Amidinzs (Fig. 4) ore » group of compounds <ffective agains a limited zange
i i (Hallingworth, 1976]. The subocute roxic effects underly
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ing the activity of these prodcts have only recently been the subject of investi:
gations (Hollingworth and Lund, 1983). Sublethal sctivity of amidines and
relsted compounds can produce repellentlike behaviour in lepidopicrous lasvas,
and the subsequent non

i can lead 1o death by starvation or desiccation.
This observotion poiats 1o  concluion which may have far-reaching impli
cations for the chemical control of insect pests: crop tants need nat be
lethal to be clfective, and modifiers of inscct behaviour mighe represent & prac-
tieal alternative to insecticides.
rersl antifecdants have been isalated and characterized by plasts. The best
known and studied antifcedsnt it axsdirechiin (Fig. 3), avallable from processed
seeds of the Indian neem tree, Avadirschts mdde\l Neem culture and the use
of i ensde cxtraces have of o proposed as an indigenous industry for
ping countries as & means of folfilling part of theis agrochemical require
meats. lndeed, neem oil seems 1o have poential in mansgement of rice pests
and viruses transmirted by them ond it may suit crop provection needs of revourse-
limited farmers of rice-growing countries of Asia and Africa (Saxena, 1986)
Recent studies (Krauss of of, 1986) have shown that azadirac)
systemic insect growth regulating properties on holometabolous insects
capable of ecdysls s = below levels at
All the biokgicsl effects of this product are mi
susceptible 1o the buildup of resistance kn insects than those of
of ol antfeeduns. - Unfoctunaiely, the strocure of the peoduct. tepresans
s formidable obstacle 1o further syathe

hein has ks
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In the recent past, most work on insect eontrol by behaviour modification
has centered oa sex pberamanes (Piccardi, 1980), whose chemical composition
s naw known for  large oumber of knscct species. Nowadays, while we recognize
that impressive results have alresdy been achieved with pheromones In moaltoring
devices for pest management, we must alio recognize that their application in
the diect control of peata i sill largely in the cxploratory phase. Before the
methods will ave 4 noticeable inpuce on curtent pes control practic, & number
of techaical sbstacles will sill have io be oversome. In my opinion, there are
sctually ooly a few pese complexes and bighvaloe, Intensively managed crops that
can justify or require imeer conyrol with pheromoncs, and cven In these cases
pheromane application should be integrated with other tools.

3.3 Irbidirors of chitin

Benzoplphenyt areas (Fig, 6) wese found (Verlop, 1976) 1o be a selective
class of insecticides which indirectly cause the death of pests by virtue of their
unique inhibitery sction on chitin depesition. The compounds.also show ovicids]
and chemosterilant effects, mﬂuhmmn ‘was the first preduct of the class and
was discorered in the course of @ syathesis program simed at searching for new
uren herbicides. It has a very low level of scute toxicity to man, fish sod
wildlife, and, due o a combination of factors, it s relatively safe w most
natural predatoss.

These outsianding properties mide the product particularly well accepsed
in many integrated pest management programmes 1o protect orchards. and fosests
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However, it did not obeain sabstantial marker it CrOp s0CTors.
T believe that this faikure i de mainly 1 the advent of photostable pyrethrolds
which ovenshadowsd the prosduct, and 1o s relatively slow-killing action a5 com
pared with that of ather insecticides. of these drawbacks, the search
for new benaoy) ueews is still under way and second genecation proshucts
luve been announced (Piccardi, 1986),  There are reasons to bellewe. tha
the ncoeased Inchdericsof esiatant peohieins i pyrethroid, peodces of < ype
will play a more sigaificant eole kn crop protection

54 Imsect growth regulonts and antiboriones

ign of insecticides that interere with the endocrine processes that contral
metamatphosis and reproduction In insects i 1o u large extent an unconquered
frontier. For all the effort thar has been par into scarch for juvenile hormone
anslogues ( |H(\ﬂ (Fig. 8), commercial success has not followed  The main draw.

backs 1o the widespread use of JHAs are strictly relatod to the nature of their
siological effeets wions o thelr application can, ia fact, be snticipated
it the imect’s destictive stage is the lareal one. This appens 1o be 5o In the

case of the great majority of agriculiural pests, so that |hc wse of JHAs has been
raeacd miil 1 Diptrs i s b blic and animal bealth. Rather
thae, wpplying mimics of juvenile hormane, [t would be theoretically prefesatie
12 S a6 ek o one e P i g
plant, Aegeratuse Eoustomianuat, Bowers (1976) isolated compoands (Fig. 9) that
caused precocious metamorphosis in a few hemipteran species, thus
model for intensive followsp synthesis in several
rucorics. Lisile success has been achieved 30 far, The gencral impression i that
i control agents of this type are 1o be made, then e researeh into
inscct. physiology and biocliemistey will be tequired to identify possible sites of
=t that % syt o drpion i 4 vy wold coks - bec

and more us pectrum of activity on the compounds.

6. Reseancy Opportusimies mw i Convrot or FuseAL PLNT DisEAsss

ce. the Second World War, which marked the starting point for present
plant. protection technology, about 13 differcnr structural classes of osganic fun.
giides have been developed (Fig. 10), Fungicides can be cassificd as those
thar are not taken up by the bost plant (proteciant fungidides) and those. that
can penetre the plant cuticle and translocate within the plant to the sites

infection (syseemie fngicides). 1t is remarkable that after the saccessful
ductioa of she first systemic agent, benomyl, many oher compounds have been
developed, 50 it there Is now an impressive number of products with systemic
sctivity. Within the systemic fungidde sector, the most important commerchl
isations bave been from the group of chemicals that act as ergosterol biosynthesls
tors (Schwinn, 1983) in fungal onganisms.  In contrast to other biologically
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active:organic moleculss, their spectrum of action corers an unusually wide group
rganisms, comprising plant and. heman. pathogenic fungl and bacteris, and the
morphogenesis of green plants, Their chemical versatility and low risk of losi
elficacy due (o the development of resistance, seem to render them stll sttractive
for future improvements. Indeed, the chemical and biological poteatial of ¢
<lass has pot yet been fully explored, pamicululy in the field of plant growik
regulation. Inhibitors of sierol blosyntbesis have greatly facilitated fundsmental
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cated sreening sysems foc inhibitors of sterol biveyathesis with a new action
mechanism
Research o the mode of action of fungicides and the resisance mechanlsms
acquired agaioat them will continue fo be investigated 15 u pare of 5 e
vt o identify new target sites within provide a guldeline
for the correct and sustained we of establ There are many exam-
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ples of the uiility of this résearch approach, such as the practical use of some

systemic. products, in combination, or in formalstian, with synerglstie chemicals

The search for new fungicides may be viewsd from snother pesspective
Novel apprasches could be directed towards the activation of phytoalexin syo-
thesis o1 other natatal defence mechanisms of the plant by the use of the socallod
1986). However, prospects seem to be limited
e discovery of such alternative chemicals. sent, the orgin and the
chemical composition of the signalle) invalved in these systemic defence mecha-
rpely unkoown, Their further investigation shoold be rewarding
ly sccessible, such signal sbstances may provide & new method of
plant disease contsal fn the future.

7. Risseancit Qprosvusiming i Wiko Contnon

In economic terms, the total value of hesbicides now sold is. impresive
ez, the expiration of pate:
lack of resistance problems compared to the other agroci
ntsoduction of very sctive and sale products combine i i
difficult 10 find profitable new herbicides. Such a situasion b boand to have
repercussions upon restarch, since only exceptionally sctive products will be
developed to she marker stage. New and fascinn
by biotechology. Theee are many coment weeds
eontrolled by potent existing products, bu =
they alvo dimage the crop. umlcw plant breeding 1o select toleranc. seruin
rakes @ Lot of time and lind advanced biotechnology
in the development of berbicidc-resistan fer 4 grear chance
o e Tt | td B e f e e st otk
contro] weeds In the crop concerned.

make |

istas have now been opened
hich could be u{mnly
4 bec

8. Concrusioss

The chemical indusiry has shown in the past lis loventiveness and, with very
few exceptions, irs sense of responsiblity; 1 am convineed that, under improved
cxernal conditions, its. contribution to solving sgricultural problems can be
Incressed even further. Compared with the pharmaceutical indusery, sclentific
kaowledge in agrochemical research i seil limited, but there are examples of
real breakthrough to jreat improvements in safety, sclectivity and cont effectiveness
of the realized products, Fundamental scsearch into biological and bochemieal
processes s the comersione on which ta build pew advances b the discovery
ltural chemicali. Most of the burden for this research lies in the
and research (mstimtes.
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discases determine whether or not the efforts of farmers are economically worth-
while and often are lﬂrul-li\!c for the emire loss of a In these countries,
cslritad grouth . foid odicion heuire sclatims 1Al waki)tie beselii
the greasest while reducing the costs and risks to the minimom. Chemistry's oo
in helping to solve these problems muse be viewad in this light
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