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Reoort on a•;p-ochemicals. By Peter Marsh. 12 

1. General outline ot the i ndustt-y. Agroc~emtc~ls ~re 

substances added to crops to aromote growth by interferi.1g with e~tern2l 

development. Another sector of agrochemi c.~.l s is c·:-~ncer-ned Ii-Ii th 

plant-growth 1-egulators~ which aid specific growth 3~oects ~hich a -armEr 

wisnes to encourage - for instance the promotion - ,. 
UT t:r-anctu ng in fruit 

trees. Total world agrochemicals sales are about S20bn a year and shc~ld 

·- qr-::>.-1 at S•:::>me 3 per cent a year in che 1990s, -:::.ccc~di n;i to 

analvsts'estimates,with particular expansion in less developed nations 

ag~ochemic~ls at present is relatively small. u~e of 

agrcchemicals (also called pesticides or crop-protec~1an compou~~s> is 

- ...... -
. t l _I_!'::: •-

ct~~r 3spects of ~arming supply businesses such as s~eds ~ro~is~on, a 

~~ctor wort~ ab::>ut $l3bn a year in retail sales. 

Agroche~icals sunply is dominated by the world's big che~icais companies 

such as Bayer of W~st Germany, Ciba-Geigy of Switzerl~nd, Du Pont cf the 

I~ ~rd Rri~a1n's Imperial Chemical Industries. The 14 b1gq9st companies 

in agrochemicals account for about 75 per cent of world sales, .:\CCOrdl !""1-J 

ta estimates <see t~ble in section 2.> 

l n part1 .::u I. ~r bi otechnol cqy or 

.~re 

tiles.;; 

I ~ 



means, t1e biological grGwth mechanisms of olants c~n be ~ltered to make 

them r~sistant to ins2ct or fungal attack the need for 

of 

of letting farmers sprav on greater quantit:es ot s:-::er:: if i c: 

coPficent t~at these would destrov on!~ weeds anc w~ulri the 

crops which had been genetically orotectea. Tne ~-t :>e ,:;f in 

oenetic engineering to aid 2qrochemicals applic~ticn is linked to seeds 

supoly in that seeds ccntaining altered genetic material would need to be 

provided to war~ with specific kinds of agrochemic.o.ls. In some cases, 

specific ~inds of seeds would de~elop in ~ nst.-:.>?:ce to 

produr::e µ!ants resistant to attack by certa1~ insects> w1tnc~~ tr·~ :H?ed 

-; O'r C•~nvePt.l Cr"\~i a·:;;r·:x:.-,em1 cal:;. :: t 

recent years. 

J~e of agroch~micals has in the past few vears otten heen l in'' -:!d to 

environmental proble~s. Many agrcchemicals are highly poisonous eith~r to 

pe~ple or wildlife if iPgested in large qua~t1t:es. and 

stori~g the compounds can thus sometimes be dangerous. O•:er application 

o~ th~ materials can also le~d to problems if the substanc~s into 

~:ater- S•.tppliec: pOSSiblV afts-r t"Win)ng off tram fields. ftv·.n-:- •:-3n also be 



2. 7 he agrochemicals m~rket These materi51s c2n .·=: C.:~1 11·· i .;to 

b.?sic types: L-!eedki 11 ers (a.l sn ca i. lea 

<according ~o figures from Cita-beiQ,~: 

~l;:?ec!ki l lers -; .. -

Insecticides '":•O 
~-·-· 

!=ungicides ·-· .. C• 

. Growth regulators / 

T~e industrialised blncs of Lal ~uro::::e. i,;.:•rt:-, Ame·-ica and .Japa:; c·:ms•-•me 
o.-J.. s-AJ.o 

some two thir~s of the world's agrocheAical product i err(;, acc·:;rd i ng to 

f1~ures frGm Shell. The Grea~down cf Scites by q2ograpnicai .::..r·ea :.s as 

follows: 

percentage :fbn 

N America 28 5.6 

W Europe 24 4.8 

Japc.n 13 2.6 

Latin America 11 2.L 

USSR/E Europe/China 'i 1.8 

F~r East Cnot inc Japa~> 9 1.8 

Afri ca/r'! East 4 <). 8 

Australia/N Zealand (1 .. 4 

N~t\On&i breakaowns are d~ff1cult. ;.. l qv ,. P'.:;, 

F.•.1ro,'.1+?. Ou:: c.r Uie tot::i.i Ui i -tr.lr:i, 
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thei.r 

jlocs, which ir:lude m~ny tropical or semi tropical areas where insect 

~ests a~e r2maant, B-e high users of insecticides. The highly developed 

agricultural industry in N America is, on the other hand, a big user of 

~eedkiller as part o~ its efforts to removing any possible imp~diments to 

W Eu~ope, meanwhile, is the biggest si ng:i. e Lt SE';-- cf 

furrgici oe used to check cr.::Jp disease, probably due to tr,e rel ati vel y ;.i gh 

'2lnfall in this part GT is often dssociated ~1~~ 

plant disease. Accor~ing to Ciba-3eigy, these are the figures fer 

oercentage shar~s i~ different regicns for the specitic parts of t~e 

agrochemicals sector: 

N America 

W Eur-ope 

Japan 

Rest of l!lor l d 

Tot <3.l .:-; 

Weedkiller 

36 

24 

9 

8 

·~·~ 
&..• • ..' 

: (•() 

Insecticide Fungicides 

21 9 

15 39 

20 19 

4 11 

40 22 

100 1.1)•) 

•·-:;t:. sr..les LC/f.;7 <lt.n> 

·.~. 0 

·~:. ') 



(LIS) 

Sh~ll 1U~!Outch> 

3AS~ W G~rmany1 

rlc~chst (W Germanyl 

Do~ Chemi=~l tUSJ 

Scherinq <WGermany> 

Hmerican Cyanamid <US> 

c:.:· 
..J 

l. b 

i. 2 

1.2 

1 ,·, 

.:. • '!:_." 

l . (I 

•.).8 

0.6 

Otht~r significant companies in the bLlsi ness i nci ude Uni 1 ever ( IJ:-UDutch) , 

Eli Lilly, Rohm and Hads, FMC <US>, Kumia1 <JAPAN>. 

Differen~ companies hav~ diff~rent strength~ in the vario0s areas of 

crop protection. Thus in weedkillers, Ciba-Geigy is thought to be the 

bi~gest company with an e~timated 13 per ce~t of the world market. 

Monsanto is next with about 9 per cent, follo~ed by Bayer and BASF, 

both with about 7 ~er cent. In insecticides, Bayer is the biggest ~ompany 

~ith so~e 14 per =ent of the market. Rhone-F0ulenc is next with 

-'!< ; II . 



and atrazine; Bayer, the biggest insectic1ae coAP nv. ~as one big ~elling 

procktct in this ar-eci. m~thyl ~nd is also strongly 

represented in herbicides. Many cf the products in t~2 list are o'f 

patent (aatents r:orm&ll;t last fen- 17--20 ··-·e2r-s f·-.-_ .. ,, t.:-,e dat~ cf ir 0 ··.1ention> 

~nd can thus be sold in their generic rat~er tha~ Dr~r:de~ version by 

co~panies which copy the chemical +ormulas 7rom ~he in~enta~s o~ the 

mate!'""i al s. 

~- Links with agriculture inoust1y. 

In terms of market val.lie, the 14 bigg>?st aqr-•::.ct-:emic.:il sectors ac:;:ct•nt for 

roughly three quarters o+ the total :~ra:o-k~t, 

(source County NatWest WoodMac). 

Fruit/vegetable fungicides 

Fruit/vegetable in~ecticides 

Maize herbicides 

1'nkc.h
0wAe> 

Cotton h<:r" i • · ~s 

Soybean herbicides 

Fruit/vegetable herbicides 

Rice insecticides 

Pi.c:e herbic:ic:~s 

Fi. ce fungi r. ides 

W~eat ~ungicides 

M""1~~-= in,;ecti.::ides 

~-;al c?S 1 n l'-7'8/: 

Value C$bn~ in 1987 

1. 78 

1. 62 

1.54 

1.40 

1. 27 

.90 

L,:i'-lbn 

.· 49 

. '~'·-' 
.,1qr oc hem l c.: -• 1 ' .. : ,. Ir ~ '.# 

lf1' thH world, 1 tor: i • rr:IP 



v~qetables. ~ome o~ the p~incira1 tyo~s of agrochemicals ~sed 

$d..tlc:n. ~. 
- _ ...... 

The role cf agro~he~1c~ls i~ 

i.r· 

--pr-.ofound. Yi':'lds ;_n r-."'°ny ccur.tries, toth in the develc-:::'?d .,;;cid devel oo l n•:] 

world. h3ve b~~n bcosted enormously by appllcation of the materials. Vet 

even ~oc~y for ~2nv crops mo~e than a fifth o~ ~otent1al Vl~ld i ~ ;_ IJSt 

due to i.-Jeeds, i ns.=.ct 2-tf:ack .-:w -fungal d1 sen.s;:-_- "'ni ch, ! ri tlieor / at 

!l•i? JOr 

worldwide are give~ in the fallowing tscurce UN Food 

Agriculture Organisaticn): 

Total i asses disease insects 

(per cent• 

Wheat 10 9 c: 
.J :_4 

Rice d q 28 

Barley 9 8 4 

Oats 27 l •) 10 7 

Mtllet ~· / t :3 1 !) 9 

1 '"' 7 ·~ ,_, ._j .. Ry-? 

,),; t d on s' :ri1• • '-, t ·, ,-. ,,, .,., 1 r: t1.1r 



a 

<Source County Nat~est WoodMac> 

'-'-=· -
-.. - 22•) 

f' .. c. : i• 

··'""?St. -::T !·t; ·_, 

/~ .! 1 ~-; 

..-4fr1c2 .• 55 ,, 
1 .... 

Cnina. i ; •c:- ;:;9 I _, 

;·.c::-
7....J 4 ..:. 

Total 124 1545 49(l 

COTTON 

Cultiv3ted area <m ha> Herbicide Ir:::;ectic1de 

use C:f'll) •_1se < $m) 

(nclia 8 4 

China 6 195 

us 4 128 260 

USSR 295 

Paki sta11 6 <;' 

•-' 

:~r· '"'z i 1 

1 54(! 



SOYBEAN 

us 

China 

Ar-gen·C. i na 

Incia 

USSR 

Canada 

Other~ 

tot 11 

9 

C~ltivated area (m ha) 

1 l 

. .:. .. :_. 

CulLivated area <m ha> 

10 

8 

4 

1 

1 

1 

5 

11 ·~~· t .1. ._. -



i ~) -

i::rr:E 

In~ia ; 1 ::.· 1 ~_)t] 

:=:..:.} 4·:· : j -· -L,...:ina ~~~ ·:;. 

Pangl adesr-. 1 (I t .L l \ ) 4:) 

indonesia 1;) 
~ ~ ~ i 31 ) 

- 1L"°"'. 
~ ,:: ..,. r'I ::.<: 1 ::.~:i:i ~~ 

-.·.·· ::; 24 ...:... . ..:,,. B:--azi 1 6 

1 - 1 = 
·-~ ,_J Vietnam b 

1 i 4 1 I) Burma -= . } 

Philippines ~~ 1 .:+ ; ..:::i 

Japan 2 59~) 45~) ·~-~(, 

-.= 54 57 "~ . .J s l<ror-ea 1 

58 
..,. 

2 1 ._;, us 1 

Europe 1 54 - 3~) 

Others 16 40 l 1 6 7 

Total 141 905 640 1 1)40 

It can be seen from these tables that wide di~crepancies exist for use of 

agrochemicals between different nations with the developed countries 

generally being far greater users of the materials than nations in the 

non indistrialis~d world. Thus for mai?e the US 1s ~espons1ble for about 

a. fifth of t:r-1~:? ww--ld's planted area bul-. mc;t'>· th~;n half herbicide us:.e. 

~11,.·r- c:r::·nt nt hnr·:,·1.c1d•::! uc::;r~. L ook'i. ;19 ·~.\I-

1 .. nt ... .:d 
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t ! 

.-. ~ - • -: ·. 'l ! ·~-
·-·-=~ 1 r. 

_..:...,~ .- ·-=·.-_'.lt--·ffrJ. •-= =:. i S l ·:= +.-·-

•• - .I- -' .......... 

It is one 

step L·.P the1 r 

eff1-:.rts ir. t:--;~~-e c.::i1•·-.i·~:.es. Tne·-.-· s2;· t_!"""!~ ;:-c:-=.:: :ilit~/ J ;,;.rger-

in the past. 

natirn·1s !:as to 

date been much le~s th2~ in ot~er countr-ies iGclude lack ·=if a.wa.reness 

of chemicals 2~d of trair~d manpower- i r. l~_ss dt·vel oped nations; less 

intensively farmed agr-icuiture systems in wnich use o~ agr-oc~emicals does 

not so appropr-iate; f'"eldtive of of man1 

agrochemicais 1~ ThLrd World nations due to abse~ce ot local manufacture 

and sm~l l m.=tr-kei:. 1 nq Isales ~ff or-ts b\' ::..qre:1:herrii Cct •. s producers and 

t tn ! form. 1··1·. • t-· 1-1 1. 1 

I 1 I ~~, speciti« 

r.: '· i_, •' t r ~ . .• f nr 

t • r •fl 1-1 L I l n i ·.;• ·, At f t"C t. 

,-, f 
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so-~ying sys~ems and tracto~s. If the farmer is 

agrochemicals, he will need to invest 1~ such eou.1pr.1ent at -f-3.irly high 

~evels. He will dlso need to keep it in good conditi0n. ~ctinq a~ainst the 

c~~er3l swing tow2roe rising aqrochemical Lse , ~here ~~s b~en ~ tr~~d in 

some western countries i~ recent years to stress the pcssibl':/ '.t.npleasar:t 

e~vircnmental effects of agrochemicals. This has ied with little doG~t tc a 

reduct:.on in use of the m:;.terials by many farmer-;. on the grounds tf""1at 

want to minimise the risk of their actions causing enviro~mental 

this is cart of the so-called organic farminq 

sell their products with a "pesticide-f~ee" 1 a.bel 

2~peal to certain s9ctians of consumers. 

p~oblems. 

- , , 
d..l. J 

Use of the materials for particular crop types will atso d~pend to a large 

degree on the potency of specific agrochemical classes when used with 

certain pl~nts. Another factor is selectivity t:hE"· e:'. tent a 

weedkiller insecticide or fungicide will ho~e in an 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 thes~· c~emicals kill all 

nla.rsts "'1.i.t'·, 1.·.it. · thay ccmE~ into cont;;i.ct. Her.co;:. th9··1 ;•n•· of n·-, use in 

t: C) germination h2s ;.;nd ::.;lants 

2.S 

o;,uch 

I hi .. c;; •'if·:· 

' 
?·l".) !•) J \ C: ic.1 (. I ("1n 
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fungicjdes is nf~en ef~ective only when 

has had tiwe to have a large ~ffect on plant grow~h. ~ f~rrner to boe 

Tt":i s 

~orne the idea t~at 2grochemicals' effectiv~ness is ma~1mised c~r-r l ·-~· 

farmer has a high levei of the in~e~action 

chemicals and ~lant grQwth, backed up by the n2cessary training. 

4. Main ·agroch~ffiical types. Section 3 gave some dat~ a~oL•t a1f+~rent 

anrochemicals as regards specific -::···c;vi des 

information about the most important kinds of crop protecticn compounds in 

terms of scientific classification. is County NatWest 

Woi:::idMac. 

Herbicide market. Total value 1988 approx $9.2bn. 

Triazines. These are the biggest selling herbicides~ 1987 sales 

of Sl.58bn. 1hey are applied to soil and can give selective weed control 

for a. nwr:t:>er· c·f ;:n:;ps i.ncluding -naize <the most import:-=:•rt 

pin~:ap·;l.e. fli g 

'' 1:· •:•1 .. i··1L~llll C:•:•.J . 

into 

f ii.( .~! £~ 
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seen strong growth in the past but o~tents on so~e ot the ~Ider established 

tr-ia:::ines have oeen ?::·:nrinq lr. recent ·1ears. teat'Hr.g :-o generic copies of 

is heavv c0rape~iio~ 

sales are e::pect . .o'd ~c· dec:l i ne !Jy :Z. 7 c.~r c-=-nt 2 ·/-?:O.:'" t":~tween ! ?87-1990. 

Amides. Es~ sa!es rt.06~n (1987> in rice. -
Monsanto • This company in 1966 launched 2lachlor. w~ich Monsant8 sells 

under the La5so trand na~e and which is the biggest se!ling amide . A~other 

important ~mide ts Dual <qeneri~ name metolachlor> made by Ci~a-Geigy. 

'~ Total alachlor- sales an~ estimated at~ in 1987, m.:.fring it the world's 

si:-:th biggest sei i Ir;.~ cn::rp pr-otect::.on co:'°:pound. Gthe·- suppliers ~n~lude 

Bayer, Rohm & Haas, Schering, Rhone-Poulenc and She!l. 1972-87 growth rate 

6:2 per cent a year; =~pected to decline by 1.3 oe~ c~nt a year 1987-90. 

Carbamates. Est ann. sales $880m. Used for mai~e cer2als, sugar 

cane , sugar beet.Biggest producer is ICI; others include Schering, BASF, 

Rhone-Poulenc and several Japanese companies eg Kumiai, Nissan, Shionogi 

Growth rate 72-87 3.6 per cent ;ear: 1987-90 sales not expected to change 

signi f i ci anti y. Main firnducts incl• ide Eradi cane, S· .:\n, Ro·-Neet, Vernam, 

Tillam , all sold Dy IL!. IC! 
8j.~uffl.r1 " VS ~I ifl 19f;J-. 

gained these products thr0ugh its acquisttjon 

U~ea-based herbicides. Mark0t $JJOm a year. ;,;1.cr..·::-11 .. 1.nt: for 

virtually all tt-1'? ~:;al~~;: thr.:~·:;e •.:herr.icals J :.tl:le u.;;,~:,,: Li..-.oron, 

\ .. : ! i I• <I "y'':.:1.1.1"1(" 

.... 
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plants following uptake fro~ ~he sc1i as they germinate. 1972-87 growth 0.9 

per cent a ~ear: ma~ et torecast to decline 2.4 oer cent a year 1987-90. 

Biqgest urea agro~n~mi~al is methabenzthiazuron (trand ~ame Trib~nil> sold 

Toluidires. Sales in ~887 $~80m. Used against weeds attacking soybe~n, 

cotton, peanuts. cereals. Twc ma~sr pr0ducts on~y in this area~ 

Treflan, made bv ~11 Li ily and Pmer1c~r Cy~n~mid's Prowl (al~~ marketed as 

Stomp;. Ci ba-:3ei gy d,-,,j BAS:-· have in f:i1e pa.st be>:-n 1 n tr:e 1narket for 

kinds of herbicidEs bu~ ~he~ h~ve cea~ed m2nuf2cture. Mar~et qrew at 4.1 

per cent a year 1972 -87: e>'.oe•:ted to .jecl i ne :::.:.. 6 pe~- cent a year 1987-SO. 

Treflan had sales in 1987 est at $320m. making it the world's fifth biggest 

selling aqrochemicai. 

Hormone weedk1lle1-s. !1at-~.:et :t::i:::.::;~T:. Widely used in .T1any :::rop growth areas. 

The chemicals were i~vented mainly after we-Id war two and are mostly out 

of patent. Dominant type is 2,4-D. Other ~inds are known by chemical naules 

MCPA and MCPP. Dow Chemical was a major supplier of 2.4,5-T ~hich has been 

especially markedly linked with environmental hazards. Market was stable 

during 1972-87: over the next few years large decline irl market expected 

due to competition from other we~dk1ller types. 2,4-D, marketed by Vertac 

and other companies, had sales in 1987 ~st at S210m~ 

world's 12th bigqest s~lling ~grcchemi~al. 

which made it the 

~.~les in :$525m. 
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SQ:_.-j 

Rh·3ne-Poul ~nc: B;.:,SF; 

Ci~ss ~mport6nt in Ja~anese rice m~rket. 

~r0m 

and imazeti-raoyr ( ;:·ursL-i ': 

these products are new to tne m~rk~t; the first. Scepter, was lauGc:led only 

in tC84. They are ~e~k~ned to h~ve 1ood growth prospects aver· the next fe~ 

yea~s: estim~ted s?les growth 1987-90 is 37 per cent a yed.r. ScO?pt.:;;r 's 

sales are t~ought t~ be about S150m ~ year. 

Sulphonyl urea he~bicides. Eales ·97 about $200m. Dominant material is 

chlorsulphLir·on (r.:Olear:) i.-J:i.1.•-:n i'~ n.~de oy Du Po!lt, the discov~rer of this 

class of agrochem:~als. Du ?ant put Glean on the mar~et in 1982 and has 

the same ~las., eq 

E:~ pre-:;;s. AL 1 -1 '-Jai. t?S 

"'. -' I r• l '/ 'J·:,,e·-:-.: lll 

,_ 
t Ill :• -11 r • · i 1.- 'il 1 •· .--;. I ; - f ,,- :.nrl 
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selective weedki::.ler. 

~ii!s ~ll 3l~nts t~t is deactivated by soil and so r-.-::..s 

ti·= 

s~id by Monsanto, whicn is the second biggest seliin9 c:r-r::;:; 

~t is also non residual and can be used with a variety of crops. 

ma•erial to Ro~n1up is gluphosinate \Basta> which Hcecn~t start:ed 

~arketing o~er the p3st ;ew vears. 

insecticiui:. m,::,~-ket. ·:otai s.::.les 1988 $5.Bbn. 

G~ganophosphates. Market worth S2.2bn in 1987. This is ~bout a tf-:i rd of 

total annual insecticide sales. There are about 80 well known mc.-.ter-i al s 

scld as insecticides which belong to this category. Some doubts about their 

application d~e to environmental and handling problems which from 

their relatively high toxicity in large doses. Used with virtually all the 

main crops. Biggest ~elling compound is methyl parathion, a ch~Rical first 

s0ld in 1947 and now marketed by a variety of companies 

5el 1 i.ni.:J agrochemical. 

p•:r C"·n·~ 

includ•ng Bayer. 

._, f +:he 

selling 

l_~adi nq 
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c,+ 

Big ::ei .1r:·~ c_.-::.:ic•-,,_,.-·.:j~ ··.:.~--

from 

Bayer-. f 1..-st 

w~nt nn sale in t~e 1970~ and have had ~ood growth 

rates durina ~987 to 1990 in terms of sales are i~keiv to be 3boi_tt 8 

cen~, according to estimates. 

M~rket in 1987 :f.1. -3bn. Hain !Tl<= nuf actu~e..-s include 

~hone-Poulenc, FMC, Du Pont, l"li tsubishi, Sumitomo, Hok~"o, Bayer. 

biggest selling product is Sevin, originally sold by Union Carbi.de. 

The 

The 

product became the property of Rhone-Poulenc after the Fr-ench firm bought 

tt-.e agrocher.•ical interests of Union Carbide in 1987. '3evin wa5 tt·-e ma~_erial 

mad~ at the Bhopal plant a+ Ur.ion Carbide in 

l :-r 1984, l:i 1 1 inc; 

JP 

India which suf f e-rJ?d 

-~ r : r:ud 

f::Er- f ."Ii:· 

~, r 1 .•i • I • · 11· • 

d 

of 

; (f 
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':.·=·::icity. i,Jo...,adays 

.in·~r.s -...-~t· 

to:-: a:::.hene. 

Shell, V2lsicol and Rhone-Poulenc are amang tiE ~akers. SaiEs 3re ~xp~cted 

~unaic~des. Total market S3.8bn in 1982. 

Dithiocarbamates. Sales ill 1987 2bout l>iid2!y useu ccm1i;ociity 

chemicals Aith many manufacturers. Used agairst and ott-,er 

diseases affecting a wide range of +ruit and vegetables.Biggest prodvct is 

Na~eb, sold by Du Pont and o~hers s.~ies of tn~s som~ S2~0m J.lt 

:r.aki:ig it the seventh biggest selling Ot~er i :-nportant 

sL:.ppliers include Rhone-Poulenc, F;ohm ~~ H.?.as~ Mc·ntecisi.:.n, Bayet·, Hoechst. 

BASF. Sales have been gro~ing in re·::ent ye.:irs but rri2.r- kel now 

mature and sales expected to decline in the 1990s. 

In~rganics. Sales in 1987 some S600m. Ecoexially i r.iperrtant i fi fr•_· it~ ~nd 

vines. Many of these compounds contain sulohur and copper • Main oroci1_1cer-s 

include Rhone-Poulenc, Sandoz, ;:::p Chert;- !1-:..rket j",as been ] ii 

je~!ine in recent years. 

.,,, j. "'·•:: r 



scrme ... ~ .. :"' .. • per 

!. i-: ~·a~ 1 et·.; i r:c l udi n·.~ 

'' .l L • 

t!.<.lo th:.rcts of 

to ::·st1 t:"ates. 

d?veloo2d on~v ln tne 1910s and sales growth is exoected to be good in the 

Grganophosphorus mate~1ais.Sales Used especially in ri.::e, 

v1nes, citrus and vegetables. Thera are just four big selling products in 

this categm-y. They are :<itoz1n, sol•j by l<t•.'niai; Ci.1.ra.:nil <Hoechst;; Aliette 

(?hone-Poulenc>; Hinosan <sold ~y Nihcn lokushu Nohyaku Seizo, Japanese 

atfiliate of Baier>. Sales haJe ~een gr~w1~q in the 1972-87 period at about 

6 cer cent a y~ar: this is eApe~t~d to continue over the n~xt f~w years. 



5. Research and development. 
after the Second Wcrld War 

wn~r.~~gr0ch~mic~1~ 

r~l,:ol'..i'-'el~ little 

first became 

was spent on 
important 
R&tl. The 

materials 
LIS'!.ng LlnC·:lmp 1 i cated 

The ai ::-

:;·_:;-_ . ..-. __ ::I'~._ . .:.. 

doses 

fr-ore stti n1.;re.-·· ~., if' !_ ·- t_. - • - .i. ::s S•:l:Ttt? 

.. -,an~! t :?..c::t-tre,- in +or;: i ;1g ffflre 

aqroc:hemica.ls tu 

ensure that environmentei prootems are n1ni~1sed. All these factors push up 

-3.LCOU.ic: !O oer -:ent Gt. 

turnover of aqrochemicai companies. ~he re5earc~ c~sts apply net onlv to 

; __ _ :.~:; ~ .. - ·- -·-·=- . __ -
_ ... 

'.::.. -r 

make them appropriate fer ~ew of anr::l~;:at~cns eg for ••.se 

The R&D process in many agroc:hem1ca1 campa~ies is •. aborr:-... i ous; 

eg a~ Bayer researchers test sone l~,ooo compounds c. year to test 

15 cone either in ql ::tSS 

hou5e~ where different strains of crops can be grown for testing with novel 

chemicals o··, for- J.ar-qer sea.le t~sts, ::.r-r ftt::·lds. 

.-:u-np(·,:_1n•.ls .::.:;r, oe ver v 



1-
high. For instance,it can eas1ly take S60m and about eight years to develop 

a new agroche11ical from scratch. get it through the necessary trials 

pr~~erlures int~nded to dem0nstrate acceptable lack of 

+or +arM~rs ~c bu•· ~h~ nater1al in reasonaole qu~ntit1es. 

!!"1a.te~-1=4'.i .. :f is .•. 

qi~~tL~ites of agrochemical 

·-. jepen.--_ i .--1i~ 
,_ 
! ,. 

"~ 2.•EJU-i: a quarter of tt-:e~ash spent or: F:&O i .-, agroc.hefT:i c~.l s 

i·:=. pur~ scientific ~-._,se~r·c·-,, with tt"-e rest tc;.ken up with the deveJ.op.:1ent 

trials. In ~~? pure research 3rea, scientists are trying to come up with new 

. ,=.-. '. f I-~~ . -
·- '...J .. it:lL·~- .. 

I 1-.• helps •·:E:'"E to under-stand the basics of how mcst agr·~--b~mi cal:; wa~k. Most 

~e~d~1Jlers contain chenicals that stop operating vital biclog:cal fragments 

s~ch as enzymes chat are contained in pl~nt or animal eel is. ihese are 

needed if specific weeds or other plants are to grow • In this way for 

chemi.cal s~ te on 

specific enzyme. Tt.is en::?ym2 might be one that is linked with the process in 

~ plant o~ weed that takes nutrients from the soil and turns i ntc: 

sci pr ~.:ven i·: i r :CJ 

•hat 
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~ ~-. -_-.. 'r :·-: l .- ·~l -··t::-

~- -~:: '-· f.· .. -

·=-+ 

Sf) in th? ~·· .::.•.-. - ~ t:o "1'"-C•l,\.1 

nor-mall ·.1. 

For insect1c1d~s ar fun~icides, the strate9y is cf 

r: -'.l .::.:.~: - ._..± ·: ·.~! 

I': c:oul ti be tha.t the chemical : nterteres 1-11 t:h en:vm~s 

bi~che~ical~ iinked to these organis~s su=cessful development. 

The above is a r-t:!LFJh e~·:planation of how many of toda.-y's agr • ..:;chemica1<:> wrJrk. 

It does not, however, describe how most of them have been dev~lcped. Up 

until about fiv~-" y'1ars <HJO there was ·1irt~1aliy no pcss1b1l1ty ot -~ =..c.:.~·ntist 

designing an .::t1Jrochemical to work th<? ·jescr i bed, .T,ost 

comE- t. •) 

nr·.t-

~ fr •'I f l l 11.! r: f'i f •: • • •. :. ~ 1 1 1 • 1 1 • , r ~ ( . 
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activity o+ this sort, they go on to r• .•. 1n 

pr~ceaures. r2rhaps modifying the ch2m1cal ln 

efficiPnt or reduce 3ny toxic side effects. 

;~:e~r1 shc·wn to w•.Jrk .jo t.he scierrtists co1Ttf".: un l \~ :. i_ : -, 

:.·!•_.. . -::.. ~ 

-·:·.:-, design camp.::.unas to do cc. ~pecific ..)Oba 

-·., --
·::t.! ~w 

evicent in dr~gs industry research. Scientists hav~ oe~~ +-ni.s 

qeneral trend by biotechnology which in recent y~d~s ~as b~=om~ ~ 

is the 

umor-ella ter-m for a r-ange of scientific tect"n-,i ques, mc•st:! y .:.n·1ented Jn 

f<agm~nts in plant or animal cells. Usinq a 

~esearcher can thus pinpoint aspects of the cenetlc nakeup ot thL ~~ter1als 

i~ plant cells that control growth of 

chemical that will interfere with this activ:ty in a set way 

blocking sites on enzymes in the fashion d2scribed abov0. in a ~1mi.Ar way, 

parts of the proteins and other biclogic~l the 

development of pests which a researcher wants Jestrcyed c~ .. 1 inter·+ er-•..:>d 

with to stop biolo~ical growth and reduce Che nazards to crops ~>-.1h l er. the 

pesl 1:.iql-it c~ ,f: or ct.her~iise inter-+to:~e wi tn. :'ic i ;~·nr.1 -fl c 

i mpor-ta.····t include computerised :"(:ljtj i:: 1• [ l I .:j h~O?l i) 

1::; . .1.?'1 
'·' i 

·· l·. \. ,. f· 



o. B1ocne~icai crop con~roi raethods. Lln~eci ~i~h ~he wcrid ~f 

-~ .-_-.. + 

C•f1 thi 5) - ,· 
•_I"'; 

ait~red IT:C;"'e 0L1.l = . ! -'f 

is toxic to a~ insec~ that 

pl ·::f:t 

f' he 

tc 

effect 

-?~1 i ~Ttal eel is. 

COLL~ d 

plant 

fr-._ti t. 

..__ 
•-U be 

i n\1est i g2t i ng 

oossi~il1ties ot ~he5e oiochemic~1 crop co~~ro! ~ethods. In the f~t~re these 

.: : '·' ..::._ :;."·....! t- .l . i. -~, 1_:; - • : ·. ·~ ·-- .-:._ -:_.,·. ~ J. -:=t.S 

part of the drive to improve crop yields. 

The interest in this area is intrinsically l~~ked to aevcJ.opments in 

seeds sectc~. Lint1l recently s~eas ~roduc~ion w . .:;.s a freigmented, low-tech 

ar1:2 do ni nati?d bv 
f companies whir: :-1 h:t.d OU'.: o+ the conventional 

seed·:; !-.roducti on each 

vear is thougti t to b~ about J: L3bn. Volume of seeds production is much 

bi qh~~r: ... n.; t 1 s hec a•.•se in lnird Wor·ld 

.:o ··sulf,iJt 1 on on 

L·I ,''''I'.' .. 'i"• i if I .).t . : ~!I 

I I r 1 Jlljt' 11:, <-11 I: 
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th~.t 

- ·- - -'. ; :·:.·.''.::;,t_~ 

incluce ICI., 

lS 

by· the phar-ff~-~ceu.t. i •::_.::._]_ co!T•;_:,a.n··/ ~·+ i zt~t-· biology· 

based techniques to improve their seeds packages. Smaller companies set up 

in rece~t yea~5 to =ome up ~ith n~w biology ~ased metheds o- con i:r-ol 

include Mycogen, CalqenE, A1rac2~us and Crc? Genetics~ ali o~ the and 

t. ~ ·, 2 ; __ :;.::: c !-lfi .· ! :.:' i ·- t;i_ lS a.lso 

investigated by big ~ood comp3nies such as WR :Jr ace, !<el!. O•;:Jg, ar,d 

i:i.t bi. Dl OCi\,· as 

possible ways ot d~-..rc~lupini; uni.term crop·::; 1r.11>1r:;; cou.i.a be mor-e U.SEL.d 

processing i~to food. 

lung 

impJications of these developments. However it seems likely that fe~ of the 

partly 

:ri;:;, ... , \/ •.:: r the 

·:·,·, 1 I· r. ... ,,,. •.h;::;t:. i ·t: 

: I .', 
0

1 ; .. , i .(I· I J. •. ,.;! •/. 
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Manv bioloqic<:>l control techniqu.es appear to offer the ch.::-.nce c·-f- h~1 ... :q 

more environmentally friEndly 

·-Li: 1 n~ed tcr be appli~d. 

than conven-<:ional methods oi· 

biological materi a.ls 

ttii-=. rea~or· 

__ .._ 
~·-

i~ practice Diclogical crop control methods can be split into 

ar-e.~.s: 

c-:o•_• l ,J 

~::: 3·.- --:: '-

Chemical shielding. This applies to methods to make crops resist~~t 

t0-~2structicn from specific weedkillers. Seveal herbicides, in~lu~1ng 

M·.:.nsantn 's Roundup ar.d paraqu.at sold by ICI, ar~ non select:ve ln 

oth~r words they kill all plant life, not just the weeds tnat the 

f~rmer ~ant~ to destroy but any crops present on the field 

about when he apulies such 

~a~eri~ls. They otviously cannot be used when his crops hAve st.art.ed 

to qrow. Th~t lPads ta inf 1 e;: i bi lit y in 

r.::,~18Cl~.LC 

1. : .. , 
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..::..•.:J, 

.h this .jc::.r:e, 

r..ieeds t~se er r::rn5 

1 JI;_·.(} 

•; :: . ·7'. 1:-: l •. _. l 

.·;_:.1 

cl ,~s2. -._.- seds 

tr:.· ?P ~~·-:_,.-e . :. L 
LI 1 '.'"':' t trte dnor-r_:rL!t·1 .::-t-?. t·:-··JP cc1r·ta! ned 

Genetic uniformi~y. ~ variatio, o~ th~ a~:IOVE i de~. to 

prat2ct1on to cert~i0 sp?cies ~f d c~op. ~ ··11 s itl•:J•-·. l .j 

~e to ensure that on:y s~ecit1c strains oF cert~in ~l2nts survived an 

applicatio0 of a herbicide; wnicn would ~iil all the str~ins a +armer 

did not w~~t alang with ~ny weeds. This t:-,e e+f•~c t of 

e~suri~g a crop with uni for-m qen~?t i c.: makeup 

important in food processinq and i~dustrial applications. the 

W2st German company, nas been doing research along 1 i nes. 

wants to ensure that with oil seed rape, only snecitic gra~es the 

plant develop. Tha.+: is i.mport2.:1t from tr;e point ot Df the oil 

extracted from t~e crap. Different genetic spec1 ec~ pr-aduce 

di f ~ er'?r1t ,,,: . .1.i. Labl.e for <:>ppJ~.c::r.t1or-- t<-,e 

1")ne 

(' i I • ~ ! ~ l ! ' t I 1 . • :; 

_, : p.I 1.:•nt l .t '.·•::.· :·1 i'.·:.:; 



Tailored pi~n~s. i~~ :dea h~r2 is ro inser~ gen~s 

t:' :. :· .. ;·_ -:). 1roduce 

r -:-· L''.." .- . ·-·'"'~!·· 

mar:/ other- ki ;;.:::s .-,+ .. -.. _., 

p·-oc~~s~;i~:C! C.•t-..-·-:.r. -·'. :-;C ..... t~ ... : ! :-.. ~- .. _.~ :._-_. 

1 nsF·cts !.S 

combated by spr2y1n~ agrochemic~is. Qften the threat to ~he olant is 

a significant vJe<.y, t•Jt. ·1.tru:=es that it can-ies. Calgene~ a. US ·=or.ipany, 

is one of"several bio~ech businesses looking at ·the ·possjbility of 

i~troducing into ~larts 11ke rotten segments of 

varLation on this is to introduce a g~ne th3t wil: 

bioloqical 

con-rer 

,., 
H 

~r·otect 1 on 

against pa.r-ticul.~t vin.1ses th-3+: 21'1 :insec:: mav c2.rry. rto~t lS Si :Ir! 1 .~t.t" 

in i:•r i nci pl e peo•J le ?.qainst l .• ke 

me;isles. 

aga.i nst diseases sucn as SLHi-:;t.r- b-=:et yell 01 ·• 

D ! C: l 1.JC. l Ca J 

; I ,-1 ! ::11 

;· .-, ,.. ~ :1r-•i"r'; f: :< 1 f_i. t 1 r 1r1 ,.·~·-·' ··~.n~· ,._•n·: 

l!f 'r-• . '· 
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l fl\1T:L!i1 i t y 

.-;, ; - : : .· -:.-..;,: 

c• chemicals . ~-- ;. .... _ i ~-

---. .. - .- - ls 

.· ........ 

. _.-.-:- caterni 11 ~r-s a~. - - . ,_ i:.- - ... ...;_.: 

t'-•.:': product 1r1i i. l be or. the Tsar ket i ·: tr1E- ne'-'. -· .... ~ ·• -•• - ~ 

!=tY-ofusion in na.ture. It is ho~ many ~lant species surv~~e 

this kind using pur-elv their ovm resourr:es. The- icee- 1~ .. c: 

c~ganisms to target specific species. Several co~oan:0~ 

0n the idea o~ injecting into naturaliy occurri~g ~act@ri~ a qe~e f~om 

a~cther bacterium called Bacillus thuringienis. !his 0J~~er1um 

makes ::t t·:j}:in to kil i corn ~.i•.Jl""Ers, i~1sP.·_:t.·-= U:~t 

rr.~ize g:""owth. Sif•lila~- 1deas co•.•ld be used tc· comr)~t (ii 

insects which interfere with the growth of other cra~s. 

1.-!·:·n i'l app 1 i .__at i. on -'-·• • i ·~ \ ··.• r; . / 

1n which l ·-
"' •·=•.JI' ! l ; ·• · 1 't· - .,- ,·,r·,; 1 t_rJ 

. .:' l ~ • . . • . ' ~. 

!1 ". ··- '!.1· 

p · .=.tn 1 s to .,.-,_; r 11f - ; l ':. 
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7. The fvt•_we. 

Agrochemic21s cc•m,::anies gen2rally ~re +airly opt1m1st1c o.bout tr.e 

1990s which they ,-eckon sho•-tld see gr-owth restored to .,:m industry th2t 

was somewhat stagnant in the mid 1980s. wo~ld mean the total 

sales of agrochemicals rise by several per cent a vear on the current 

total revenues cf some $20bn annudlly. Newer more environmentally 

friendly crop protection compounds, aided by the slow introduction of 

the novel biological crop control methods, should give a boost t~ the 

industry. Much, however, depends on the state of farming generally 

around the world. In W Europe and the US agric .. 1ltur-e r1as been in 

difficulties for much of the 1980s cue to overprc-.. juct.i on and 

problems with government. payment met.hods for crops. lhe problems were 

. r ~-- -- .. 
: ' '=. r-1 -· : ,_ ~ ·- ! .; ~-

growth in iess developed countries, particularly Cn:na. 

other As!an countries. E!sewhere, Eastern Europe a~d coupcr1es :n S 

America like Brazil and Argentina are expected to become mo-e self 

sutt1cient in food production a.nd hence 1nc...-ec-se tne::i r- •.•.se of 
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How the industry in all parts of the worl~ is likely to 

·develop in terms of employment opportunities is not known. Also trade 

statistics on ag:--ochemical use are diff1::ult tc. co;•-.t~ bv. But ger - -.J ly 

I 

suppiy of these materials is domineted by the 

countries. Less developed nations conseq•.lentl y have a 

i Pdustr-i al i se1 

large negative 

trade balanc~ in t!"tese substances. Someti·11es a prob1em fc:~ m.;.ny less 

developed nations is their reliance on ·=ompanies fr-om the 

i:idus.trialised wor-ld tot- sui:iply anc t:»e fa·=t:. they r.,:.h'e fe~., indigin·::>us 

fro~ the :pss developed nations entering -n~o acroche~1ca~ ~roduction. 

Such companies and state organisc-ti·:ms i!':·=lu,-,e NC: in Tc;.r:z.:mia 

i\iarga.n in Ir-~n, Nitrochlor i··· Br·a;;:ii. .:nd i'~~x1·.:;na1 urG£<r11c.: Cnemi::als in 

India. 

~· '.·.' 
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