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Fe2gort on agrochesmicals. By Peter Marsh. 12 Brogash R4 LONDD

1. Beneral outline o+ the 1ndustry. sAgrochemicals are zrbivicial

-

substances added tc crops to aoromote growth by interferiang with externszil
-

in¥Yiuences harmiul Yo the olant., They do not  inciud=s fertilissrs

rarmally work By destroving, or rendering ineftectiye, orgenisns sooh as

ine=cts, wesds and disease—causing fungi that Zan owvsrept slart
development. Anothser sector of agrochemicals is concernsd with
plant—growth regulators, which aid specific growth ascects which a ~armer
wishes to encouraqs — for instance tke promcotion of btranching i fruo:t

rress. Total world agrochemicals sales are about ¥20bn 2 yveoar and shoulc
arow 3t sams I per cent a year in the 19%0s acccrding to
analvyvsts ‘estimates,with particular expansion in lsss developed nations
wh=re use of acrochemicals at present iz ra=lartively small. Use of
aarcchemicals (3lsco called pecsticides or crop-protscilon CompouIos)  1c
D IrNINGICAl iy CINRSCtea L0 Lhe warld agricuitiral o sest oy P - FO % R
other aspects of farming supply businesses such 2as s=zeds orovision, a

sacbor worth about $13bn a year 1n retail sales.

Aorochemic

Py

i1s supply is dominated by the world’s big chericais comparies

'y

such as Bayer of West Germany, Ciba-Geigy of Switzerlarnd, Du Font cf the
1€ and Britain's Imperial Chemical Industries. The 14 biggest companies

in agrachemicals account far about 75 per cent of world sales, according

-
u]

estimates (sze teble in section 2.)

Mew screntific ddeas, tn particular biotechnolegy or the artificial

meyripulation of gerstic fragments 1n prants by novel renThinn apEs, are

Lerroming increwsodiy ampartant in che agrochemicai s indastr v, By thesz
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means, tne niological growth mechanisms of piants can be altered to make
thea resistant to i1insact or fungal =sttack thus rerwvcingl the need for
s hodor agrachentcals or mzaning these materials ns=2d tao be apnlied in
sepsrller guantities. —nod 1= 1des 1s to "program’ o pLoanits by atisring their

cenetis mavs—uwen o make fhew resico

Fant ko o o ceok 3 cercain binds of
was dkillers shicnh ars normally meon—selective. Thel Coulg bavs the sdrect

af letting ftarmers sprav on greater gquantit:es of sSzecitic weed:illers
corfigent that these would destroy only weeds and wouiag nat atfzct the
crops which had been generically orotectea. Thne use af np=w l1osas 10
genetic engineering to aid zgrochemicals applicaticon is li1nked to sesds

supnly in that seeds corntaining altered genetic material wouid ne=sd to be
provided to word with specific kinde of agrochemiczls. In some cases,
zpecific kinds of sesds wouid develop Iin & =et way (+tor  nstence to

produce nlants resistant to attack by certain insects) wiipcut thz need

10O CoOnVENTIONSL ajrochaemlisal 5. = SMpE 2N Lavy BIEAR Zt e LA 30

agrociiemicals companies have nesn diversiiying into the sesds business o

recent years.

Jee of agrochemicels has in the past few vears otten heen linsed to
enviranmental problers. Many agrcocchemicals are highly prisoncous either to

eople or wildlife if irgested 1n large quastities. asnutactoring and
storing the compounds can thus sometimes be dangerous., fOver application
n+ tho materials can also lead to prablems if the substences lsach into
water supnlies possibly after running off trom fields. Thore ca2n also  be
drngers o pestinide residuss contained on Lhe leaves or stoalbs of Trops

ard friart and which rhen enter the huran tood supply. VYhess are  problems

atve ol the agrocihesniosls tivvinstry will certoinly need to albress oeroer in

oo coming decade.




The agrochemicals meriet . Thes2 materisics cen Sz anlis  iata bour
bazsic types: weedkillers (also catl=a harblorgese ingasctl cidees

rungicides and plant-growth veguianors. i trs §F, B 1 FYE acrio aarket i

agqrochemicals, the split betwsen  7hiz Tl--a3r 2o feoee 150 a3 el aows
{according to figures fram Llbe—bera,!:

W
dee

pat centangs

Yizeckillers 23 o
Insecticides e .0
Ffungicides i <

i
13

. Growth regulator

The industrialised blocs of W Swurocs, forkh Amerlca and Japan consuame

some two thirds of the world & asrochemical praductiqu according to

figures from Sheil. The srezudown of Saires by  gQ@ograpnicat area L1s  as
Foligws:
. percerntags Fbn
N America 28 5.6
W Eurcpe =4 3.B
Japan 13 L
tatin America 11 2.2
USSR/E Europe/China 7 1.8
Far East (not inc Japan) 4 1.8
Africa/M East 4 0.5
Australia/h Zealand P O, 4
ratisonas breakdowns are o tfrcult ey wome bva g e frmm Dbl D
hww;ver, are available to aive the aolit et woen agrochiemie b anles 00 W

Furope. Dot of  the  total marvat  of  wS.obn n VTR, Ve b L i}




TinErieg zoooonted +or thesse  estimated peErosntage charoes: France-329:
It iy aad W sermary 1o osacty 3 H-12; Hellend/Relcium, acandanavio, Sparn-—

7 owachy escs, Terbew- [ 2acni other s-d,
Dy £¥or-ent v =aians show Zit+erenit characteristics 1n terms o-  their

concsumption of sgeci fla agrochemicals tyoes. Hence the non inoucstrialised

hdlocs, which irtlude many tropical or seml tropicat areas whers insect
gsests ar-e rempant, a-e high users of insecticides. The highly develcoped

agricultursl industry in N Smerica :s, on the cther hand, a big wser of
weedkiller as part o+ its erforts to removing any possibie impedimeris to
hkizh orop yvieslds., W Burope, meanwhile, i the biggest singie usser of
fungicide used to check crop disease, probeably due to the relatively high
~zinfall in this part or thz worid «shich i1s often associatsd  w«l-b
plant diseass, According to Ciba-5eigy, these are the figu-es for

nercentage sharss i1n different regicns for the specitic parts of the
aarochemicals sechtor:
Wesdlkilier Insecticide Fungicid=s

N America 56 21 ?

W Europe Z 15 39

E Eurone 8 4 11

Fest of World 23 40 22
Toxtals 100 100 1090

friee angest companias 1n Lhe agroinemcals Jusiness are as 0l ows
et . 2ales 1987 CEorn)
Poasens (U] ymrmarsy ) L)

Subreeeneg sy Chmy baer Larnd) atd




[ S AT ) Hales in FE714t. o0
R ool e (FRENTED L.&
S 2ot cHS) G
Moasanto (us} 1.2
Sheail il Dutbch) Lo
[ A3 W Germany: Il
Hoz2chst (9 Dermany? 1.0
S Chemizszl (US) .8
Schering (Whermany) .8
Zardos {Switzerland? T
american Cyanamid (US) 0.5

Cther significant companies in the business include Unilever (3 /Duteh),

m
2]
Pt

tiilv, Rohm and Haas, FMC (U5), Kumiai (JAFPAN).

Differen: companies have different strengths in the variaus areas of
crop protection, Thus in weedkillers, Ciba-3Geigy is thoucgiht to be the
bizgest company with an estimated 12 per cent of the world market.
Monsanto i1s next with about 9 per cent, followed by Bayesr and  BASF,
hoth with about 7 ner cent. In insecticides, Bayer is the biggest company
with some 14 per zent of the market. Rhone-Frouwlienc iz next wikth 10 per

cent. . FMC end Hozchst each have zhiat 7 per canbty; Cina-tGeiagy and 0T szach

.
-t
-
o

rave about o per cent fungicides, Bayer has 18 per cent of the world
ookl , Cina~Getgpy has 14 ner cont: Fhone-Soulerns 10 per centty (e Foart 3

ner conty BASF and vanton asbour 9 per cent each.

Tasle (6 (et achad) i vies o rabdown nk rhe bigosst setbineg  ace oo baedon o
praddue e worldwide, The source cor this o dounty MatWest WoodiMae a o I

e e 1) r1erm. i A ke o veere Feenmn Yhyr e, A hyab (Lr e Oy Vi, byse by qereee b




woesdkilier comcsny, hes twe highly iapartach oo 05 e IDis —1el SIREN
and atrazine: Bayer, tne bigasst insecticras vconpiny. hB2s one big s=2liing
nroduct  in this area - mathyl parateisty - 2nd 1s also stroraly
representaed 1n herbicides. Many of the productis 1n thbz list =zr= obftf
patent (oatsnts normally last for 1720 vears from the date of invention?
and can thus be sold in their generic wather 2han brandsd version by
companies which copy the chomical +ormelas srom the inventors or  the

materials.

3. Links with agriculture ingustey.

oy f

1t

in terms of market vaiue, the 14 biggest agrochemical sectors aciooent for
rgughly three guarters ot thes total markst. ey are  split down
(source County NatWest WoodhMach. Value (¥bn?: in 1957
}ruitlvegetable fungicides 1.72
fruit/vegetable incecticides 1.62
Maize herbicides 1.54

insedruides
Cotton hesbhrrides 1.54
Sovbean herbicides 1,59
Fru{t/vegetable herbicides 1.490
Wheat hegrbicides .22
Rice insecticides 1.04
Fice herbhiciczs .0
Fice fungicides Sales 1n 178/ ¥..5%0bn
Wheat fungicides L5 iTatal sales
M%xae insecticides . 47 v osectore
Gogar hbeet herbicides -0 219, LTom
Latton herb cudes .

ey the above Lable 1ndicates, neys b

armzd  at the 10 or 'so mainr  Ccrops Ln

agrochemcala

othe  world, whuch

¥

>

e




cotton,soyosan, suagearbsst, vines,  3sensr al rrei o an
somz oFf the noincigal tvpes of agrochemicals wsed i thess

The role of agrochericals In asi1ding acricuttor-al oroduction hes been
profound. Yields i many ccuntries, coth in the develcosd and develoocing

world., have besn boosted enormously by applicaticn of the materiais. v
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dues to weerds, inss=sci athack or fungdal diszass winich, 'a theor,; at le=st,

coutd e preyEInceg Chrouch a0y oCheemi o xS, L iend Losses v R 30r  Sroos
worldwide ars given in the following table fiscurce UN  Food ard
>égricu1ture Organisaticni:

Total losses Diie totweeas disease insects

{per cent:
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dabta on Soanee ot Feesr st crern bypes bor oshhachn agrachenicels  are

applicable are coven ners (fonr 6 B (cw\f” Mof VRS- VWAM“"/
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RIfCE Tulbivated area im had Herbioides Foeagicides insseticiides
IrnZia IR S 15 1o
Lmina 55 Sab S L
EBarngl adesh 10 L Lar {40
indonesia if L L 0
ma:s lzna = e ¥

Brazii A 23 = aa
Vietnam Y i = 15
Burma 5 1i 4 10
Fhilippines Z i 7 =5
Japan 2 S50 A5% GRO
S Korea e 25 4 57
us . - 1 - : 55 3 21
Eurqpe 1 =4 = =0

Others 16 4G Il &7

Total 1

I
Yo
9
[

i

540 1040

It can be seen from these tables that wide discrepancies exist for use of
agrochemicals between different nations with the developed countries
generally being far greater users of the materials than naticns in  the
non indistrialiced world. Thus for maize the U 18 ~esponsible for about

a ritth of the world’'e planted arza but mors: than halt herbicide use.

Europe (which 1o vhis table includes USHH) a2occounts +or 12 per  cent  of

oyt

area and 22 per cent of herbicide concsumpt:voe, Do boae case of cotton  the

}

s has 12 per cont of the area and 16 per oot of o

Farcide use and S0

per cent or herioocade use, Looking ot oraoee Jansn hes o oonly  aboot

e ek aof olontrad area hot acooanbs o mere bl hai f Lot al mer 1o
b
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L N =0z 0 B 3N BT il SRR ES AR P 2 Biwtal 3 TS 1N

tic:d=2g
ST T AC Ly S SGE TO TRl Sals 1E parni .y reupInsiiole +o 0 2eon
Soms, gew el RRITIGTE hel o ra=n hacze elsewher=, [T i
Trertaiee Fres o oz s e - Tt af Gl Y =
dechinery, q@ora zoartzTioc Clisnats Sto, mIw: er 10 Seemns oo $ evidiest that
greater usSe ot S TCneTmldor® i Ty LTSI ISV LoTed nations ooeld pave  a
hig evfect 1im 1;:’easz"g 2QUiTalTere yr=las 1o it 1= oane
FEASCN Wity MmNy S50 CITSTicsl sunpliSss s strempting To step vpn thear
sfforts in thsss covtveoles, Tnge €20 the oosziility of 2 much larger
mar et fo- then aooas in hERe jess Sevesloran worid than hase heer ths casa

in the past.
Feasons why agrocnemicel consumpiion in iedss deveioped natiocng has  to
date been much itese than in otrher countries include @ lack of awareness

Arr=d manpower  1n

intensively farmed agricoiture systems in

not appear so appropriate; relative

-

agrochemicai=z 1~ Third Morld nations due

and small wmarkeiilng/csales efforts bv

suppliliers; lack ot traaning of farmers =n

Hee ot agecahvemeai s annorag {armers in dey
vt form, Fhoo by b denerd on how been the
organlTing v Wl srcpnad Rhe e
aprayings oF Seb brnes hetors doring arad

pacticolay crops. Hhee amoont of mechart v

Lher dizeyeres Vo oabvio s a0 4 armer (RE ST A0 O

€

i

developed nations; less

-
=

Yomi

wnich use o+ agrochemicals does

I
b

larc of avasilability of many

to absence ot lccal nanufacture

agrochemicals producers and

d ac-iculture workeres,

Gieroerdg arions 1s by i dieans
oeomr s N0 feciimlgse yiands  bv
pemnrr et o GEPTArCE Y specltic
TR bive  neown e season for
voar e B by et bl At arfect
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icailly linked to squipnent inc.uading cixing “acilities,

spraying systems and tractors., I+ the farmer 1z too malte fallest use o+

agrochemicals, he will need to invest 1o such egurpment at fairly high

levels, He will also nesd to keep it in geond condition. Acting agsinst  the

ceneral swing towarace rising sgrochemical vse , thers hes Gssno o2 traend in

some western countries irn recent yvears to stress  the gpossiily unplessant

environmental =ffects of agrochemicals. This has ited with littl

2]

g
reduct-on in use of the materials by many farmere on the grounds that thesy

want to minimise the risk of their actions causirng snvironmental problems.

Eoms farmers have gone to the lengths of rot using a23rcchemioatis b all -
this is part of the so-called organic farming movemer: rn which farmerg

sell their products with a "pesticide—free” 1lshel which they Hope will

sop2al to certain s=ctions of consumers.

Use of the materials for particular crop types will alsc depsng o a large
degree on the potency of specific agraochemical classes when wused with
certain plants. Another factor is selectivity -  +the extent too which a
weedkiller ins2cticide or fungicide will home 1a on a specific agent which
has a negative effect on a particular plant. Selectivity i all important
in the case of weedkillers. A large number of thess chemicals kill  all

nlamts with wh - they come 1nto contact. Hence thev ave of 1 USse in

ot}

soraying an bt fielde after germinstion hes crmarted and olanks  are
spronting oc oroducing leaves, Weedbkillers of thos  bwre (isuach 28

Foundup made by b

wto or paraguet made oy [0 can be copliad only prior

tor the growing e te Wther bypes of  weediirlier s b ferantyate hetween

plant ftyoes - atiacking only specific weeds aag Leaving «lone o crop such
asmo ek Zen o owherea s wlvi ol bhe barmer s bryurg to ooreddor e, and care thes o o
- B g - ! . !
appiiscd all sheeoshs the growing seasorn, frn o cat oo o ineecticides aqd
" o I I




fungicides 1S nften stffective on!
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3 G211Se  SErSYINg & Cor 200l v crmsSEss
—amz the idea that esgrochemicals’ effectivsness 1= marimissd only when a
tarmer as a high levei of Eknowlecgs soovet the interackion between

ohemicals and olant growth, backed up by the
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4. Mailn agrochemical types. Section 3 gave soms datas about dxrfrsrent tyrec
ot acrochemiczls as regerds spscific crops. The followina meovides

information about the most important kinds of crop protection compournds  in

terms of scientiftic ciassification. Sources for dat

WwoooMaz.

> 15 County Nathest

Herbicide market. Total value 1988 approx #9.2bn.

Triazinese. These are the biggest selling herbicides, with 1987 sales
ot ¥1.38bn. Yhey are applied to soil and can give selective weed control
tor a nurher of crops wncluding maize (the most importart  crop  types  for
thic Lind of herhicide) sorghum, sugarcane and pineapnie. Rig sunpliers
inciude Ciba-OHeilgy, «hich mekze atrazine, a produect isanched in L1557, Tt i
well out of ostant, Sales of atrarine, oade oy rioaetmioy o snd hy ottt
38a?anieg o i orcdhuoee generl e coplies af the choemical, ace weostimate) ar
n

oL iy P ek it R wordid s b o LsletA Y sen ] i) cpr e eemt o)

Cibha-Geioy alon el on chemicals related Lo ateraz

meeowhbely tall anto P
|
Eovorine ol onos Lhesy o biale svmageinge,  amebeyoe ane oy omerbe yrie, bl b

which mabes oyonarine . o another Leadirg compary. oo atal g freed A
S S N 1 i § " ¢ N l‘ ' m L L Y




seen strong growth in the past but pstents on soma ot the alder esiablished

s

triazines have been 2:231ring 1n recent vears. teading o generic copies of

the chemicals becoming avaiiabis at a liowesr poice +

-y

-om Ccompanies othor than

the originzi devejlopsr, arcther faiare whicoh 1S supecta:d g reduce cales

is heavwv comperiion froa fi1val procecis. dawoording be county Natdest
WoodMac, sales growth rates between 1272 sc0c 1677 pare Ju0b 32r cenk a yvearg

sales are eupected to decline by 2.7 nsr cent a vear Sstwean 17871790,

amides. Est salss Til.oson (1937) 0 MPainiy wsEsd in me.rfe, soybean, rice.
ilsed to stop growih oF grasses and broad iearved weeas. Dominant ocroducer is
ﬁansanto - This company in 15966 launched z2lachior, which Monsantos sells
under the Lasso trand name and which 1s the biggest selling amide . Another
important amide is Dual (generic nams metolachlor: made by Cica-G2igy.
Total alachlor sales zre estimated at 250 in 1787, making 1t the world’'s
sinth biggest seliing ciop protection cosgoundg. Lthes  suppliers anclude
Rayer, Rochm % Haas, Schering, Fhone-Foulenc and Shell. 1972-87 growth rate

622 per cent a ysar; zupected to decline by 1.3 per c2nt & year 1987-%0.

o

n

Carbamates., Est ann. sales $#880m. Used for mai:e y Cer
P e ————————

i

als, sugar
cane , sugar beet.Biggest producer is ICI; others incledes Schering, BASF,
Rhone-Foulenc and several Japanese companies g Fumiai, Missan, Shionogi .
Growth rate 72-87 2.6 per cent sear: 1987-90 sxles nct expected to change

significiantly. Main products incinde Eradicane, % an, Ro-Neet, Vernam,

Tillam , all sold by ICL. Q! gained these products theough 1ts acouisition

o}-Savfter; o VS Ly, in 1987

brea-based herbicides., Markast #770m a year. Everope Ao 0 account for
—

virtually all tha: sales: these chemicals Jittle uses i Jdaran.  Linoron,
sold by hoth Hhesohiat aned Do Pocen , is bigoest sel bing arco oot Dibha-= Geiagy

is also important., the coemcals ere ettective at ot hoog youne gensdling




niants following uptaks $ron the scii as they germinate. 1272-87 growth 0.9

per cent a vear: m3r-.2t torecast to decline Z.4 ger cent a year 1987-90.
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~ga ajrocnemizal is methabenzthiazuron (Brand name Tribunil) sold

ot Flidm.

Toluidires., Sales in (8387 F#280m, dsed z2gainst weeds attacking soybean,

zottern, peanubs, cersales. Two ka’or praducts oniy 1n this area, which =re

Treflan, made by Zi: Liilv ang fmerican Oysnamid’'s Frow! {(alss marketes  as

kinds of herbicides bus thew have ceszed manufacture. Msriket grew at 4.1
pér cent a year 1572 —87: expescted to decliine 5.6 per cent a vzar  19687-%0.
Treflan had sales in 1987 ==t at $3Z0m, making it the world’'s fifth biggest

selling agrochemical.,

Hormone weedkillers. HMarket 3535mn. Widely vsed 1n smany crop arowth areas.
The chemicals were invented mainly after werld war two and are mostly  out
of patent. Dominant tvpe 1s 2,4-D. Other kinds are known Gy chemical names
MCFA and MCFP. Dow Chemical was a meior supplier aof 2.4,5-7T which has been
especially markedly linked with environmental hazards. Market was stable
during 1972-87: aover the next few vesrs large decline 1 market expected
due to competition +rom cther wezdkiller types. 2,4-D, marketed by Vertac
and other companies, had sale=s in 1787 st at $210m, which made it the

world's 12th biggest selling agrochemizal.

Diazines., f ~elat vealy fast ogroming cliass,witn sales in 19737 of $325m.

wares 7287 grew by 10 per oot oa vearsiibaly bo contines growing '8/7-90

Dut at e lower rete oFf sose S ooer cent o a yaer. Foor owmagor oroducts heres




metharola ‘brasd name =robe: =old by Sardoz: oxadiazsy  (Forstar) soid by
Rhone—-Foulenc: bentarons (Hasaoran) sold oy BaSF;  pyrazolats  (Sanbirg)
€2ld by [ansyr. Used tao = large degree 1o rice, cotbton, ce-eals

Dinkenvl sthers, ek Fqlo0n. Major  procucis 20 Sioezer  Soia v S8EF
JHIBronr (Hosohsty, PR (Metswuie o Jlass iwportant in JJaransse rig markat,
Ffacent weedkiilers o thiz sort have included Eaflex  trom [T, Challsnoe
fom Froane-Soo W oD R orrom FEG0 Market gres at 1h psr cent s ysar
1277871 will conbrinue to grow, ecioording to forecast, trom 57-70 2t sces
& per cent 3 wess.

Imicazolinones . Sz = 19537 $1c3m. Tnrez main oroducts, atl of then d= eloped
v American Lvaramd., Yhew are imarcaguin 1Sepler); ismzzzestbanenz ( fssert:
ard imazethapyr ( Purscit - Fain outliets are soyseans, wWwheat, bar ' syv. &11
these products are new to the markats the first, Scepter, was launched only
ir 1984, Thev are rectsned to have 3000 qrowth prospacis avers the next  faw
y;a'sﬁ esrtimated szles growth 1987-50 is 37 per cent & vyear. Sceptsr’s
sales are thought toc be about F1S50m o year.

Sulphonyl urea herbicidesz. Tales 87 about #200m. Dominant materiasl is
chlorsulphuron (Zlearn) whinh 35 nade oy Du Font, the discaoverer of this
class of agrochemicals. Du ~ont put Glean on the market in 1982 and has
followsd this wi with <+ rumber of otier chemicals of the same clas., eq
Classic, Canopy, Oemir . wondeze, tast,  Express,  Hermony,, “lly o0 Baies
Crmth 1987-20 prcediciend v be shout 210 cop cent o Lcur ., ttaanly uses
vheat , parley, sovivean,

Dovaterarsy mmeonivnm f e by (R AT RN NN S Yot & A o | [ AT L Doy wpak b and




ram2 Gramarxocae, sold oy ICI. This i1s a non selective weedkiller, which

:1ils »ll olants bBot 15 deactivated by soil and so0 haxs no iona  issting
ctezct, Henca Cans Con D successtully grown after wesd removal o witihe B

cokerias. Farsousk 13 tne world’s fowth biggest selling agrochesicsl  webh

bod

“ater

1o

2lvpnesate—-von

if]

2ls. = @main product in this cestegory 13 Rowndes |

s3id oy Monsanto, whizcn is  ths oo peobesd

2cond biggest seliing

i

SorGeane o Sonaal al

Hil
(]
il

are 2bout FH20m,. Like paraguat 1t i1s non celecy:

e,

<

tt ois alse non residuzxl and can be uvused with a variety of crops. & r=2latsa
material to Fouwndup 1= gluphosinate {Basta) which Heechst Rkzs started

marketing cver the past few y=ars.

insscticide market. "otal szles 1788 $#5.8bn.

Srganophosphates. Market worth $2.2bn in 1987. This is sbout a3 third of

total arnual insecticids sales. There are about 80 well known materiels
scld as insecticidecs which belong to this category. Some doubts zbout their
anplication due to environmental and handling problems which result from
their relatively high toxicity in large doses. Used with virtuelly all the
main crops. Biggest selling compound is methyl parathion, & chemical first
sald in 17947 ana now markzted by a variety of comparies i1ncluding Bayesr.
Tirre had calecs 1n 1687 eatimated at $480m, giving it the posatior of  *the
An~les’=z thaird  Suggest selling agrochemical. fArniother ANy se2iling
v amannosphate 18 cnicropyrifos (Dursban) sold by Low Chemicol . leading
nanutactursrs hesyides Bayer indlude Sumitoma, IC(, Foncsanto  Aand American

LA n . Del oannaal o sales (770 -3/ increased at some . L par cend A yErar s

bibely booarow ab L2 perocont vesr during 198750,
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G sales e~ 1IET O Si.SC lis= e : smid cili b s
o< 2R BT LT3 =le3C0, gz 2a3rnu e N EEREM i Elats]

i iaracturaers, fhese materials are based on nateral zobstance: in

the +or: v oyratirun sowder skisacoed drom the neags of  certair +lowsrs

=CSTLIAg L ohe chrvesntheaum t:il . Big S21oing oonoowredT oo ki b

zre dElTameineys Decin: sold by Row o=l Uoiad and  tensalerstes whacoh 1s
g oneer 2 o vicsieby of trade rames (0 Sumiboas. D Sont o oang ezt ther
importank py-sthralds iaclade karate vron ICI, Rody  and  Susd—kipha  from
Sumttomo, Mevrik from Sandon,; Baytreaid from Sayer. The wazterizls first

went o sale in the 1970z and have had cood growth rates.  £nndszt gGrowth
rates Suring 1987 to 1990 in terms of sales ars iikeiv to be zbout 8 ner

cent, according to estimates.

Carbamates., Markst in 1987 #1.3bn. Main MenUractue-ers include
~rhone-fFoulenc, FMC, Bu Font, PMrteubishi, Sumitomo, Hokvo, BHaver. The
biggest selling product is Sevin, originally sold by Union Carbide. The
product becam2 the property af Rhone-Foulenc after the French firm bought
the agraocherical interests of LUnion Carbide in 19687. Sevin was trhe material

madse at the Bhopal plant of Urion Carbide in India which suffered a

carasirnnic accident oo 1984, Lilling 2,000 p=zop: 2 wehe 2 iioud of
itsoTtyanate g=5 vsed e bk pradaction proc2¢e escaned Froes pinemork,
Sedee pn biors o =ecbor gesae ab o svsoxge oFf some Loper ooy woweear aring

t772-07. For oarast opromth rabe L2790, abouwl o ger coat oa vear,

Leaanaehlor coe S oL s e s mg oyt RNOmL, b 0 0 peean o vampetde,
weevaelooed A ber Seconcl Bior i v ol v MOTE R oo ate gl 1 e L RS A TR I

st airmes Ehyery bBoaesee by s bl weth errva e oameni ol per b e, i g
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Funpicides. Total market #¥3.3bn in 1982,
fFithiocarbamates. Sales in 15987 =bout 81w, Migdsly wuwsed commocity

chemicals ~ith many manufacturers. Used ageinst potalts bl .ght  and other
gilseases affecting a wide range of +rueit and vegetables.biggest produect is
Maneb, sold by Du Font and cthers . Sailes of this som2 F2axm it L1387,
making 1t the seventh bigaest selling agrechemical. Ditter important
suppliers include Rhone-Foulznc, Rohm % Haas, HMonteciscon, Baver, Hoechst,
8ASF. Sales have been growinc slowly in recent vyears but  market now

mature and sales expected to declins in the 1990s.

Inorgenics. Sales in 1987 some #620m. E=pexielly i1mportant inn freii znd
vines. Many of these compounds contain sulphur and copper . Main producers
include Rhone-Foulenc, Sandoz, CF Ches. HWMarket Ras besn stable ar 0

decline in recent vears.

Teivazoles. Market in 1987 about #5500, Used widely 1o orchards, SrReyar (i

and fiela containing cereals, udar beet, sovbeans., Henomy) bznlate;  eold

iy Do Pont, 15 the most 1oportant furonclor an Lerins  oF Senf e [OXTE EENN IS g
arpiAal males of some E2030m, Howsotinn, sk and  bMippon ada e alan

peppar b ont cuappirers, There have boen -ome peoobemss wibh Fhecage o i o

re e an envieronmental pont of vrew, Marbsbt o daring Y270 87 g e e P




at 12,56 ner cent T ovear. Tuap2ntss vn o conibous o orow, ous at smziler rats
« 2% same £.7 per gent 3 ySac LTRi-te.,
“rrazoles. Sziec in wREYL R EEYe dimsg e = cariety of  oraps irncluading

careals, friit, vecstabls, vines., Main b oTaT RS tNClude  Bayieton  Baumor,
Rzytan, Bzvfidan , all eoia ¢ Bzyer: Loz ang {opas zos—asrgw oW T,

Radar , Impact (ICI). Launched 1n more recsrs wssrs nave inhcluded Furch (Du
Fant) and Systhans (Rohm % Haasi. Daver zocounwng for sbovt two  thirde of

tctal sales in tiis geoun, 2:zoocr:ng to zsiipates.  lTiiese procucts wers

-’

Jzveleged onlv 1in the 1370

\,

s and sales growth i1s sxpzcted to be good in Lhe

19905,

&rgano&hosphorus materi1ais.Sales 187 #270m. Used especially in rice,
vines, citrus and vegetables. Thers are just four big selling produckts in
this categorv. They are #itezin, scld by Fumisiz Cuwramnil (Hoechst); 4liette
(~hone—-FPoulenc); Hinosan f{sold 5v MNMihon Tokushu NMohyaku Seizo, & Japanese
arfiliate of Bayer). Sales have zesn growlng 1n the 1772-37 period at about

6 cor cent & yzar: this is esprctad to continue over the next few vears.




important

5. Research and develiopment. Wnerdraarochemiczls first became
a;ter the Secend dorid War relacively little was spent on  R&D. The

produced us:ng uncomplicated

gqe.vy sSisple ohemicay

poe
1Y)
-

materials were

manufacturing arocessas. 1odey he fifastisee 1S guite different. The ai=

inicreaz1aal « b0 CRe G oobe il el OTLESS 1S LT tind new matsrials capatie
af destroviog oon o, ISe T O vl wiRioiny wiil have  as  gold as ior
SeEbor) an SresT AT D2 1T lal e Tl IS s P omaberisis owoh owhich have ower
ToNte 2Frsri Z o e e e Pl 1) s n smaller doses to alni-alss
ErvireRESAnal P TEEmE. eIt @ity L3 P wEEE Y e CRESNICALS wor 2 sessctive

so they havz an evyrecy onl- o0 = w33 gt w2eds or otie or 3AN1SMS.

In recent yesars, relul >clon® 10w 10g

rore strinoers, 10 @aiy CEVEORE D LowTeT 1UE &3 S1SC 1t Some eV Eioning

nations. That Ras nac i =t rect tovh AafierICTAres in torciag aore

3t

ddetsiled s7d lsrgihy trisis vwo ftesr sumiteawitnrty of  agrochemicals andad o

ensure that snvironmental procilems a2 win:aissd. All these factors push up
R T costs.NMowadays Lh=se Tin 2aSiiy SCCount tar some 1O per  Tent of.
turrnover of agrochemical companies. ‘he resszarch costs spply not oriy  to
- ALY LN T S T B PRrIS Rl S S S < K S N E B E S Sheots
make them appropriate for rew bkinds of  aorcl:caticens , eg for =2 1d

different cron types or fighiing rew glrds o 226ts.

The RY¥D process in mary agrochemica: compariss 1s extremely abororiousg
eqg a* Bayer researchers test somne (14,000 ns=w compounds 2 year to test

pecific crop Types. ine work 1s  Zone either in gl

sS

al
vt
n
1w

efficacy alaln
houses where different strains of crops can be grown for testing with novel

chemicals -, fmr jarger scale tests, :n fields.

Toree coete o Ehis work 100 kerms of dewddosor ag Hiew compounds  Can DEe very




high. Feor instance,it can eas:ly take $60m and about eignt years to develop

a new agrochemnical from scratch, get it through the necessary trials
grocedures intzended teo demonstrate acceptable lack of  towloc:ty and

environasnta: probieas and then put it on the market at a3 suitable nrice

TOF FTarsaeers Lo bue tive naterial in reasonanle quantities.

b

e bymes Gr o sellvl losi rasirunent, 29 Mase specTromelers or il

— - -— b +
Lo =T T

vy

Gquiontitites of matssisi. 07 i ST A

pzetul it e desesionment Lrocsdures. in this way, for wnstancs, rogesroboess

Can Sevali ting guanticites of agrochemical which may remain or ooz atbes
The ¢/ <= vz =il turned intg racd and whicnh may cdepenc ag 3y e

STEIIFI0 LTUICTl gy coaractaristios of the chenicas) 62 bhargdil Lo oz ith.

Frobably 20007 a aguarter of thefcash spent

]

o E%D in aagrochemicals
1z purs soisntifio Fessarct, with the rest taken up with the developasnt

trials. In thz purs research sres, scientists are trying to come up with new

. Ep o IR e i U0 L DEVL P OwLn [OCUlan 1S shblaies victds
[Y. helpes nere to understand the basics of how most agrorbemicalzs wark.  HMost

“wzedbillers contarn chemicals that stop operating vital biclog:cal fragments
such as encymes chat are contained in plant or animal celis. ihese are
nezded (f specific weesds or other plants are to grow . In this way , for
y 251 enrochemical micht bind to a particular chemical site on  a
specific enzyme. This enzym2 might be one that is linked with the process in
2 plznt or weed that takes nutrients from Ehe soil and turns these intc
enargy. I[he 2otron of th2 chemical woule be biock the site, so proveniing
the enzvme coameectlne up 1n a chemical reaction to a2 protein molecole. 'hat

viredd Deewe e ettoot of sioopiodg the werk ot bne enzvme, as a0 cesuit o




this preventing the nlant g=aining the eneray it nesds ro

the developrent of the plant or wess would be saverely slovaed dowe .

31e T hers 1s that the researchsr witl want oo St B Y- Trowmth
OFf & eesa et hrze tnat the orop 02 198 inRereSto o g Sectki en wmald
P oz oo F ST ) Lens e, ih Chali oS ST N L RS I A CveE
resear sy DoMEs un o 211l Nav? & BlacHIng  Brre0T Sn 0l v REs Lrewrr ved
witiy the development srocsss of both nns wesds and tre TrSOE . 10 s, ol oaues
Ali wouid sotfes. The traick bere 18 to select f2r bicec 1r SR PR Pich
15 niahly woorTant i A weed oot (el anTe o+t e v Foret oo wowmiy
Ciraretiesistics ara metapolic tehavicur ot Shd e Wil
SPETCIMERS) LS noT S0 saporcant in the  crop  trs SRR s B
normalls.
For inszecticides or funiicides, the stratecy 1s ditferent ine  aode of
Fobahy NEr € 1o DO NECTS0 W, LR DLRE DEST OF tung s ThAat SOSSS o sl SEar e e
fhe croeg .- I could be that the chemical inter+eres with enIymss  or gltiyer

biachemicalz iinked to these organises’

1]

suzcessful deveiopment.

The above is a rough explanation of how many of today ' s agrochemicais

wor k.

It dJoes not, however, describe how most of them have b=en developed. Up

until about five yveare age there was virtually no possibility ot 2

designing an agrochemical to work ir the way described. Ra

*

agrochemicals developed in the past fow decades have come to 1tk AV |
rather font and ai1ss Lectnlque.Resesrchiers maindy nave  chometed  unoe e

Materials using o brial and ervor praresss  n s5opeen tiens sp

milizens, of knven synthevar chaerdcais oo rmaboe sl onbim - amess b o- NS BV SR N 0
POVE DY B LT O rervany el LN T T R LV IS S N T B A T R s Siragbas b b el




aciivity ot this sort, they go on to .+  «=r  stages 16 tievel opment.
procedures, rarhaps modifying the chamical In some way  to make it meere
2tficient or reduce any toxic side effects. Unly aromr vhe seastzsncs hag
w2t shown Eo work do the scientists  come  wupn wiis rreds e - R R S ST
WL TANLSME SUON a5 SRZYMe aTi1on etc — enpilalirecg bBoas g7 " .

in orecent vears, tne nature of the researc process aes Changeze. Habtass then
Taak 0y aew cheaicals in Lhis random mannes, scientists are CCer e
= desiagn campoungs to do & specific iob. inis 1S suswmsd g and®s bR
aeaersl titlie ot the customised product Spproacii. Simiiacr  Breacs are 5130
sviaent 1a drugs industry research. Scientists f#ave oesn aelaen ia thiis
ceneral trend by biotechnology which in recent vears sas becoms 3 Diwer+il

ﬁ
]

=l i agrochemical (as well as pharmaceutioal) R&G. Brotec nolungy iz the
umareila t=rm for a range of scientific technigues, mosiiy invented i the

1 SedS,y FO0Or UNdEernianiing ToE o laibe

i
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T
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b
y
-
-
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"
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fragments in plant or animal ceils. Using ciatzchnciogy moethods.

a
researcher can thus pinpoint aspects of the cenetic rmakeup or the fabterials

1 plant cells that control growth of the alant. =2 can  +fhen d4zgign 3
chemical that will interfere with this activity i1n 3 set way — such  as gy

blocking sites on enzymes in the fashion described above. in & imi. & Way,

parts of the proteins and other biciogical fragmerts  which contral  the
development of pests which a researcher wants destroved c.v be intertersd
with to stop biological growth and reduce the hazards to crops whtich  bthe
pest nighl cof or ctherwise intertere with. Scisntifio  Lools which  are
importast  here  include computerised e b ol iment whi iy b2l
resesrcherds o design novel  comoounds  which  can e tailoced  boo ol

e

Specitil pacrces of the piological fragments,




erop e avhivilies oF insecis ind fundr that souid Rsve 3 negsative edfect
o thisy by ther g=netic chsrs terrzvr-s of plent e crimal  celis,
I whi g wmaw, 7 =, DR Drants LeneiiC crnasacieristics could ko
altered ko smabe them Grgw MOre GOYTOLy L3 Lo Sdete CEec ripeEning fraii,
Fnother eramiis Ccould be PO wmaswe Lo plant Seo: a ca=eitic substance that
1S thlC to an 1n3ect thaitl normally couses growtn of the ntant Lo be
stunted. Many ot the  LGp 20roC3En1c . ToUDanilEs are investigating  the
aossizitities ot thess piochemicai orop consro! wethods, In the future theese
Wl HE I P U = O I A SR AT S I [ Y - T Tl -’:'.':!:'-;v'_!'x-é'v'nll':aii‘, =3

part of the drive tc improve crop vields,

he interest 15

thie ares 15 intrinsicali

seeds sactir.

ares dovinated by companies which

Unt:il recently s=eas produc

had

Yy Liaked to aevelopments in the

TION W3S tragmented, low-tech

grown out ot the conventional

agtochenical supply industries. The w2 .8 of braded szeds  nroduction  each

¥13lbnm.,

is much

igher: .nat '3 becavse much use of seoids, #=pecially in inird World
Counbries, ovfezs B i FOCMEr T [rralinl Loy iy, crr Sote e coosurotion on
L L =3 S G WIN T o ST L X

bovee roosi oy HHERETINEE X ST IO TUE RT3 I8 APRRVINTE o 7o BN EPETITY Sy st e iy by at e A
AT PO et £ 5 i e i i e brens o B I A R S A WA TR s YA TR 1 bives
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produechice. D rEIann veara.

research ant

T omoveEs ir tihis o s
incluce ICI, SALODT . CET20i 1l shed sasds
Cconpanies, :ooiuding ftee - Fionesr ang Dsralo cahicn s owaed
by the pharmaceutical companys Sfizsrd — Rave sisc bhesn iy higloow

vased technigues to improve their seeds packages. Smalier companlies set  up

i

in recent vear

1include Mycogen,

i

LIRSV ST i s FALLT

investigated by big food compz=niess such as WR

L=mpbel Scoup, all ot which ars lcoking at  bio

possible ways of devzloping unitorm crops whblon couid be  mor

m

nsetal for-

processing into food.

There is much excitemart irn the aarochepicals nLSiness
implications of these developments. However it seems Likzly that few of the

techniques will bec

ame midely applied bhefores rnes 1w partly

(mi

mEntury . the

R

because of the 'nowiit resistance in the agricoliure COMmTL Ly

i

A

-

RS 1ieas

¥
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and partly bDecavse v the Lorg ceve L ooamens
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Many bioleagical control technigques appear to offer the chance of bheing
min-e environmentally $friendly than conventional methods o crao

control using sgrochemicals. They are more tied In 1n many Cases Lo

s of natwally  occurring biociogical materials whlohy couited

= lass airsruptive sttect on toe envivcaonment. hers 1

o
Y]
I3
it
il
-

T

dev st de ag oenwil itee oF  soms o nheed

P LvYeEs The rElesss 1t flelds ot somes YIS 20
Geiensines 3ad other organisms. lie=e could, in tnemory at leasi ER s
TTNeriers b ot life — e markind o enimals -k

=t biinn i cells. For this  reasaor :

e es dariag the devslopment stage of biological crop fontror mennocs
i { reed T e apoliod.

in practice oiclogical crop control methods can be split into

Chemiczl shiesiding. This applies to methods to make crops resistant
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pecific weedkillers. Seveal nerbicidess,; inzluoing
Monsantoc’'s Roundup ard paraguat sold by ICI, are non selective In
other words they ill all plant life, not just the weseds that the
tarmar wants to destroy but any crops present on the fieid as  wel:.
et means a farmer has to be careful  about when he apnlies  such
rateriale., They cbviously canncot be used when his crops have cstartsd
to qgrow. That iteads to inflexibility in application., The des  of

chmaloal shriaidiog 1s bo bulld into the genetic struactore oF o lanig oA

ettt 1 s regiciant o the action ot & specirio weedbs Ular Pttt
vest e apeer ate by, for tnebaece,  acding a8 partrouiar Sraomeno P hab

prouks the oaotian ot oo park ot tine chemicel chaio v the omesch 1) L er




that has the erfech of stapnping crop growbh, iv this wero done, a

farmar woeld Le aitle to spray on ERs herpbio_odes onviaoant tirat ocnilwy

weeds  wownia e biiied  reaving  the aqrowth of el w351 Diotacoend

asnstioalbs vroEE s Tl pesd, IRRTINEG o8 Y- i ir Talut S TS & SR s
chesica, Shiel 3o 1 ntoae [ERE=T e I R R [l e w T —Ta T
ang o Fort, The soesosch 1o Tiosels sivis! T 2esos peoduction in
thest ths soroonescica. zunoliss doald work las Witk 2 seds
develoos to =0 Het o nrant seedes ot the zoprootists tvos cortained
o2 right time of Enetic grotecticn. they «oula shisny hs i3 arter
clenticrg with bbhe stecidio aqrochenios: R ownios Thes ownrs mosistant.

Genetic uniformity. & variation orn ths above ides i1s to introduc

(1]

protzction o certair spaciss of « Crop. fhe idea or ftais  wownid

2e to ensure that on:y specific straing of cercain slants survived  an

application of a herbicide, wiaich would #1111 all the strzins a farmer .

did not want along with any weeds. This wowlda #ave

s

e &

s,

tack

+

(]

eisuring a crop with = uniform genstic maksup . wiiich  could ba
important in focod processing and industrial applications.  dBayer, the
Wast German company, nas been doing research along these lines. Ic

want:

mw

to ensure that with oil seed rape, oiily soecitic gracdes of the
plant develop. Tha* is importenst from the point ot viow of thz oil
extracted from the crop. Different genetic species praducs slightly

difrersnt oils which may nob e wsuitelle  for he  applroztiorn tne

developer of bhe coon fan Lnoming - &g b aEo 160
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Tailored piants. ihe {(des hers 15 1o 1nSer: genes  i1pts 3 sesd  bhst

Wwili maike 3 Si-nt arom 10 2 S3wci+ic wav, (0D w3g mad some Sticcaas i
Femroaranmisg  Fsaoio plras o sroducs ol KR! S Bl 4 TIES L OND
Fasrartee i bary diont Lol o Canr Leng. Foc s¥aonre  ros - e
Garli|r Tha . Aormsi aeaces os ngant 0F DFEOQUWoS 2 et f hiaT je ieas
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raturally. it makes a tsxin to Kili corn bhorers, inseats thar  damages

mxize growth. Similar ideas could be used ke comost ST e
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7. The futwe.
Agrochemicais compani=s genzrally are +airiy optimistic  abouir the
1990s wihich they reckeon should s=e growth restored to an industry that
was somewhat stagnant in the mid 1980s. That would mean the total
sales of agrochemicalis rise by several per cent a vear on the current
total revenues cof some $Z0bn annually. Mewer s Mmore environmentally
friendly crop protection compounds, aided by tne slow introduction of
the novel biological crop control methods, should give a boost tc the
industry. Much, however, depends on the <ctate of farming generally
around the world. In W Europe and the US agriculture has been 1n
difficulties for much of the i?SDs aue to overproduction and
problems with government payment methads tor crops. The nroblems were
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growth in less develoned countries, particutariy Chira, 17d1a  anc

other As:an countries. Elsewhere, Eastern Europe and countriss :n o
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America like Brazil and Argentina are expected to oecome mo-e <=elf
sutticient 1in food production zand hence 1ncrease tneir vge  of

agrochiemioale,
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How the industry in all parts of the worlc is iikely

to

"develop in terms of employment opportunities is not known. filsc trade

statistics on agrochemical use are difficult to come bv. But ger - liy

suppiy of these materials is dominzted by the irndustrialised

countries. Less developed nations consequently have @ large negative

trade balancs in these substances. Sometimes & probiem for many less

developed nations is their reliance an COmpanies from the

incustrialised worid ior supply anc tne fast they nave few indicinous

cavrces . The picture is slowly changina Tomever , wite Some combani 25

fro.. the sess daveioped nations entering .nrto scrochetical aroduction.

Such comsanies and state organisstions inciuce MNl: in  Tanzania

Margan in Iran, MNitrochlor i~ BErazii end Mztilsna: JUraganic Chemicals in
India.
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