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A111 1 I"FI III,IZIS IOlR IOIE I'001) 

Il li UAN K \V. l',A 1riANI)N I t;w, It. Nir.asrr, 

A I)N Y(' RllIN I N \TINI, lIl:\NVliI NI \I' "!'l".NN I ' ll EY AIIITYIMIt 

W (' are dieh'ld('lr rljio livti;I I :intits for collvvi-frilg I'll' t'rll ,\g'of the qlll into 

11 'I'the.,rirllllt of 

h)*N.r'liu:fli f:il l.- over whih im:li -r. 


food for" m1 Id harwl . 'ool In01',I n:n prlit ens ilfllefr'red 
f'nt Iltn tIi, , ble I, 'o( 't., liii le e ttrol, ,9nd 

1), 5er'je' oif othi'' er ' tilt' li. s leatrie1d loi (,'imt ol 1(n :1eof. rinl dwi(egtov. 
Tlie lt fter ilrhloth, III(' gei. r'tic i:let'er of the hihllt, teI ('protection of the plant 
rigailst discnses :arid iwrrseef , ItIIe cliserv: Ilioll :ifd itli7:tioll if w tt'r, find the 
anti tlt.alit av:niin ilitY of mil'r:nii u flriefl s. 

The e(xflt to whiclh 111:111 li wo'hl's food reultiretfm(etnk inIlhe rwxt 10-20e'mu ,tetli1, 
y'earg will (epen(l if iens , (i :ihii lit t.l iilllatle Ihose factors over'i1n lii In ility 
which ie 11i soi('1)il! i)l. III il of the world, iile so-enlhd d(,veoped eoutntries, 
lie hias eOn 'Nilys ir',esfuIl :aln(d Irs lit'O(llI llre food Ihi;n is imniediately 
reqtuired to eet. his neels. Iii otlher plls of the world, the ilder(leveloped 
Countries, he has iot vel. le tied to ll'tiiplte sleeessfrillY thp factors to the satme 
degree alidi is suffering from al1)urit1! :Ind fneivig possible filliirie 'sult,.t ion aIs a 

])rS. jjrl(,I.(I lf :111id tuati iave dliselse(tI Iwo of Ile iTpo(r' tao fad ot's thtl, 
are subject I to manri's eorilrol. lhe genelihrharcfer of clop s :.id lh( control of pests. 
Progress in tiie former eve ill i tie less-developed countries has beeti so great, tht. 
the yield pt'It ml is iieensiigr, illld thire gap bet weeti lult ioartul aivetage yields and 
potentiil yields is becomiig inrger. The supply of pitl. tilrienis, therefore, is 
limit ing co'p proict ion to :1,11i1ieteasifig degree. 

The prodcrtin of good seed of improved (co) vtil'l ies is ia process of nilod(ern 
agrieiture. The processilig, Io':rge, tid sale of improved seed is vs",entihly i 
inutrial 'iti'ess t'eqrliritig good telillunv bi1t, of low :ttitil fl freigtt exchanger 
reqi'elrlI('lits l,ilsik'wise, tliectiit requiremeni,I lie proreductiot of i(st( otitol 
nate'ials is low. The (oveljltig cruitriis, Ilierefot'e, should have r(,hiIively liitle 
diflt'ilty in In('(,tilig their te(lrlireti(,tits f'r goodt seed antd itest cOnlttol 1it iet'inls. 
The prohlem at. les.! is of ir diflffrtl. or'der of it;giit.ride thtllt tihe )ro'ision of 
fertilizer, as,, willt e iii uti'ed Infter.
 

ThIe \iter f:itolot is 1()o croiiple-x Io ditiscruss ill Ihis tili. 
 \Wier siIpplyr, however, 
is nrotI (, mit jot jo'r lolot lilliil irtg pr'o(tiretlillt u t Iho 1rirgo a':ts liavin it t'ainfalli of 20 
or llore iltches. [is e f'iruy (if il, Ille-d to if itrille i( ;d by 11tini!biliition of soil, 
w ile t(' r t op lll get(tll r I t)'l' ice, . Itt Ilir.o' :r' ; ' oll iltts t1h:1. Ilt st b e handled 
it(, the firli level itird do lil, iotre ltire ntttlli c rithl . ()tl *N wheli it'rignt iol and 

devowltpel 'illit il iuvestil 
lLviig briefly coitlltilltited itt Ihi'e iltiii('irtil, titrollale factor's itiiluelncing 

tile Iant as li'lttv-('gy livle't irg oIrrptilisi, we will floW consider ii fourth factor-

driil:ge a to he m lilt' hirge ils reqitired. 

the tt11ply of pllltiu rtt rii'it.. ()lt willl dise tssion consider the following topics: 
limiting of yields by plnttint,nll'tiIs; rerii.etiiits for fertilizer; conisutmption and 
prodiie tion; technologiciti ptogress; iarkeling; andl he oppormity for the 
developiung coulitries anitd idtsU l'y. 

Limiting of Yic'd. by PIlant Nutricnts.-- lost of the soils of the less-develolped 
coutiries are low to very low in o1e or mio'e of the iamjor ihlt. nutriets, aflfl there 
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is ir caensnifg ('vi(hlc , Il :1 * '"r somare 

nillOr lrara.ric'lat. cl e rrts, 'l'l.ir I 


y of Itln ll lfiei.iI, in of Iie s,,vO)rl:.ry nnd 
hfrlriv strll s res lls'vi from their devlopillaeia .

uder high ((mgla'rnifilln'es 'rrac wn:11f:1i1v1rhl l' ot, ric,rail w(eit h 'a"rg nnil los, of
1ar1tri ,lsIs lem.c g.hiij Ill 'acllitihra, r:rav of Ihe :cn lh . ails linve lw'frl (.1111iv: ld ,I
long ilcii' wil onaly srm.ll :daflolaiolls of lawc rrImjlri(,h Is il farmai aimmure's. Tie rlel,effec., of lhc.sa' f:, ors; isre''fl c,d ill Ihlp r'salls of racore Ilin1c 30(0,000 soil cfsi ill
Inlial. Tly irclil, nial 5 pere n''itof lldialu soils tire Jnaw .,r medirm ill 'vaihablenit ri'igvlr :11 (I lliislhorls. :11(d ;.5 ,{r c(, l ,Ire low or' ine'lir ill :vtcihltl)e )ot:rslh.
Threfcure, wV woutld ('Xl)('- :1.go cd r('sponse of crolis .ochalinal fertilizer. Thn 
such is I he('cwe has hcrn widely (emons(hcrStratled ira field "xperiments fertilizer denmon
sltini>s, nanl ill f.,r'c prar.i ,1 in all regions of hflaworld inad most, of the less
(develoc'l cnaira ries. his is riot, the pltwe for a ficoronrgh review of the physical
a,nd ecocoaici re,aars from ilhe ,r e of f'riilizer's, bril, a slummllry is essent il for annrrrderstf rdiig of the nai're :ml rmagni.rde of ihe plal,ntirrieni problem.


FAO' has sunairizcrl fertilizer r(,spoase (at.a 
 for ;'ice it, nitie counaries of Asia 
and Af ic:c. 'hey, show a god re onse to nitrogen ira all co'u.tries, ail averagererln of 7,7 kg of riv'e pe' kilognim of raitrogen wheen applied at, a rate of 30 kg perliec(are. Sevec a'mlliries had a gooI response to phospha te, 6.9 kg of rice perkilogram of phosphl t.e. For cornrtries ht.-d molerate average retin Co po nisl,
3.7 kg of' rice per kilograa of lpotshi. The effect.iveness of fertilizer inacrop pro
duetion is confirned by statistics on fertiIizer consinpflion. In the nine colnir .ries,from 1955/1956to 1963/1961 tola ferti!izer consumptioa increased from ahout,470,000 metric tons of plant llrients to 1,160,000 tons, an increase of 145 per cent 
in 8 years. 

A second FAO report.7 provides an economic summary of 15,000 fertilizer demonstrations and 2,000 field experimeas conducted oar farms irn 16 couratries of the Near
East, Wcst, Africa, and noriern Lat-in America ira 1961/1962 to 1963/1961. Apositive economicteturn was seemcrel ira 90 per cent of the demonst-rations and 97
 
per cent, of the experimeats. 
 The average c'rop valhe-fertilizer cost, ratio for thebest, treatnetI ia the demonsirtitroas was 3.4 and for the experiaents, 8.7. These
ratler high ratios reflect very favorable returns on vege.ahle crops. The average

retirn on cereals was subsia t.ially lower.
 

Research and farmer experience ira tie less-developed countries has shown thatbest. ret.urils are only ol)tained when fertilizers are used along with improved crop
variet'ies, pest, control, atd ade(quaate soil moisture. A striking example from Indiais given in i amn ,ral report. of the Rockefeller l'ounlal.ion. It, showed ihat. at. 50kg N per 'hertare, hybrid sorghrmi gave almost three tunies the response of the localvariety. FultIhermnore, (he hybridh responded to 150 kg of N, whereas the localvariety did mot, respond to more than 100 kg N per hectare. Similar data are avail
able for maize, wheat., rice, and other crops.

There is no questio about, file merits of a packnage of practices anad the need for
such a l)aekage to pro)(lrce really high yields and it, shorld he used whenl possible.
Nevert~heless, tfhcre is ample evidence tiht, properly selected single practices, goodseed, ferlilizer, or other raeastires often give satisfactory physical and economic 
returns on a,wide rarge of soils anid crops in Ihe less-developed counftries.


The following conclsions can be drawn from tlre agronomic data that, has been

developed through technical assistlance ira the last. 15 years. 

http:s,,vO)rl:.ry
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SfFrrliloir It r IoiV 

(I) l 1111 . Ilnfrivi, I lrv thep 11111jor lm iling fil,,lor ill !Ivrrivillfllral l-w', liclirll illK 

Ihe less-deveh w'h l ric . 

(2) \ modoriheili r:d otef Iiliz,:aim, .1) 70 Lg per elT . will "Mly ilir-tyse
the yiel of"vwrp- :11"1111 ,.Mp.r cold. 

(3) T hei 'ii~i .i f) f i.-ilizerIi yIi,host cmii .ol .it irm.l .,i0ttroii , w wi'l ii. is 
t1-4d w, i II i III o , I\v.:I ric Iic.- of vrolcI, p I'.: co' I I ro], :111 1 oofI soilI ' I f wnlr 111:11111 g 

11rni i pl is ,"s. 

(I) Iliigh hevels )f [c Ifilizlim), It) . )) l eln-, :niml re lyfg j icmrhr high .vvIds o 
prossil e wlell the erlilizr is useI'l oml ' ',mm bred for ulv .i, high le('el of ferfilily 
an~d dliscor': :111l i l v.- 4:11 , .I'( 

(5) Imvfilizre .nl i fhieuscII :is effec'tivmhv il the les-dvr Vrlol co)ullries -Isif
 
Nnn'lh :\m('livn 1: r.
w -o1w]]~, 

Al, itlij* point it IlIny h' :ulf'is:.i lm Io n.couihr tile rvihali on Ie we\',en frtilizers and 
foodl. (1a( foll of pf:lmi 111iii'i'llfs will Iroduc' :! li I1 lons oIf cre'ls, :36 million 
('alories, mllol!2J1 to provid' 2 11ff) cmlori s 1(1 I peoplo for a, year. A feriliizer plant, 

producing 01) 1oiu- 111l r m1wu"v lrf vicil,. (inl Ihrefore provide 2,100 calories per 
enpifa for : loiit I.5 million people frr a year. Isn't that, worth atn ilveI ment, of 

$60 million orI 1per apit? 

Iequiiremcnn frr I" i',li:zr.--[i 1962, PHrYer t estijmfed the nInomni, of fertilizer 
reglirel in 1080 Inin at a it rition hvels of 2:300 calori(,s per capita in theI ar East; 
anl 2,100-2170 in ofher region,, and somewhat. more anivnil protein in Asia an(1 

Africa. Otbviously, these ale mininum t rgets fill([ not really accept able for 1980. 
Threy lprobabhly shoulhe increaser! Iby 100 enlories. The esfi inate of food mieds w;as 
made by lA() and msWO iiiIar 0it Ihose wiven lot er in the Thiird World Food Sur-
Vey., 

The es inmtes inlpircafe thiat. iegio"nal food reqiirements for tOe Far East, Near 
East, Africa, andl Latin Americ. would Ie 219, 190, 17t4, ;a i( 1-t per ,ent, respec
tively, of the 1960 fu rul ls1ppyl.The stlin'l d felilizer required to aclhieve these 
in.reases was 20.0, 1q, 8., and 7.1 million ow of mint ricits, a. total of 39.5 million 
tols. The estlltes alhoved for ilrc"sed prodlut ion from olher yield-increasing 
praetices but, not. for increases inIHin area of crop laind. The estimnaed 1980 ferti
lizer rerIirernent, therefore, was re ceed t~o 8)0.0 mil!inn tois, 7.5 times 1960 con

.sUmplt ionl imithe less-ilevelo ieil cmoltries "Imrl equal to world consumption in 1961. 
That quanltiy of feit iliz(r enfctively used womhl 1roruie enough lalrhitiovil food to 

provrle 2.100 calories lI(~l' aper rl:mv 1.2 billion Iwople for 1 year.c for allhot 
snlbsequent, estimates of rerluirelieils have usually been lrojetioisof ioislllflj)

dion and are comsidered il Ile helx irl of this paper. There is obviously it need 
for a revision of tie foregoing esolilltv s of long-lterm reqireniments using, the lu test 
estilnat es of food re(rnireln.ls for impuroved nutrition, popullation, and crop response 
to fertilizers. 

Con.l sumplion (ntd Irodwr'/ion.- World fer(ilizer collstillftion ilwreased from 3.5 

million tons of miurivets iii 1920 to 9.A al 10.0 mitlli tson in 19.17 inl 196, re
tpect ively. The, nmimin rate(of increase ill coItsuiluullioul was 5.1 per (eml, vo1

Ioiunid(ml in 1920 -1939, 8.0 per v .t in 1917-196, ama! hn W ased to 10 "iwr ceit,ii 


itl the last :3 year... fin 196.I aul, 89 per ('et (of tle wo'u1 ferlilizer wals Ii,(d 
il the Imore-develolwed coultt'ies nd only H1 per cent, ill the less-developed cout

1)
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t rieS. Ilowevor, ilie proportion is ,linigi og lt.; Ilhe rifle of iticrease ill consunption 
it) fil le'"s-developed rorll it is Iis -(lcverlni ,rti1n ill Il,Ilinro ole(I. 

1
Coletn- Ewell, 4 T'l\'A,' . llt,ii'tiin;il Wliwrt oril (hvtni,.ils Corpor'
lio n lve r,'o'ivr lwel,,ifs, wvorll firlilizer vioimrplioyi for 1970. Their Vsti' ' 
Inales, in ltlirig i iiil: l ('hi lljl. ,,!(ro million ()nqirt~ frro 6 of nutrievitq wi th 
th ree of the foir ill', ne,:r fh,, hiiln'r figlrre. Ry 1970 ille loss-developed 
colilnries will he wl'ing :1nmtl 12 tillion Iloii, '210 petr (.rn of the world fertilizer, 
lmos t wiw , ll(,i.eel:w , -,di 1)GI.hep v 

fnl ortlioit, I \li Is l (II(')R estimatep world con.lr:l ( hOiTn Icls (orpor:finn 
SUrnmpiotr in J!)S0 will he, 11:1 tiilhii lotis s,61th abottl 26 per etif. being usied in the 
less dvveloped (olitlrics. he'l,1('\ I!I1) i1j IVOf 30.5 millin tons for the less
developed vouttii rn's is ili veryv 'losiengretitul.- withl:nrker's2 eslinmale of require
menils, :80 million Iois. If hot h (etioint es prove to he nuurate, file food situation 
in 1980 shoulld he slightly htlet tha n it Ist(Iy. If the miritional (a-gels were 
inrease'd hY 100 v: norie- per' a, there woudd he ,istatil gap between ferti
lizer reqttuirieni ,atI pojeleId rotusinpliitl il the hless-developed vountlries. 
That the govertiietnts and i hlyt re pIaming for the higher eslimated levels 

"
of coisTmi in1ion is inflii tae hy ; revti I'VA ' s.it'(ly of world fertilizer pro(luctiot 
capacity. Itindivi:es Ilhl world en plm:ri Iy ,s 41.5 millioti ons in 196,5 (Consump
tion wns .10 million Io.l o h)0 1npacity), and wouldF pohi'lion averngv 80,, of rted 
be 85.5 million os in 1970, ,tiincrease of 72 per ceti. Ifoperated at, 80 per rent, 
Capavily, world prohitton will he 8.5 million Ions, essentially the same as the 
higher estimat('s of 1970 'onsttnption. However, both the TVA and UNI reports 
indieate fertilizer production in ,he. less-developed countries will he below the 
estimited constunption. '['here is olbviously a need to itcrease product.ion in many 
of the developi tg cotn Irips. This should be a priority item incountry agricultural 
prograins. 

'rhe indicated inrease inft.ilizer pInti capacily will require capital expenditfnrrs 
of ahnolt. $6.3 and $2.8 hillion il the developed and less-developed countries, re
spectively. The forcign exchange reluiretnnls of the latter countries will probably 
he about, $1.5 billion, most oif which ain be provided by inidustry. 

Technological !rotrcsz.-The uprip'edennted boom in fertilizer producti n and 
use isbeing acrom p"It ied by great, iehnologienal ehiges in production, transporta
tion, andi mnarketing. '[The process starts with the development, of new sources of 
raw material. New sources for the produttion of nitrogen, phosphate, and polash 
fertilizers are being discoverod and(developed at. a rate adequate to meet foreseeable 
requirements. There is a shortage of ,lemental sulfur, and the industry may have 
to utilize other forms or use processes ihat. require less sulfuric acid. 

The remarkable changes itt the technology of' ammonia production have sub
.
stantially lowered the cost, of prodtction.l , 1 1 There have been substantial im

provements in the urea process" and itnthe producthon of ammonium phosphates, 
nitrophosplmtes, and complex fertilizers. These changes, are well summarized in 
the report, of the UN Ferl ilizer Seminar. 

Anhydrous amnmonia, the basic material for ill nitrogen fertilizer, is now shipped 
in 10,000-ton refrigerated tankers and ibrges. This makes possible its production 
in very large plants af. lotal.ionq where low-priced natural gua is abundant, with sub
sequent shipment. to any port. When more fully exploited, this should reduce the 
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(I)no r ,l of :1,,i izis ',:rl ill i : I l 1 ,!1111
ii . il l :iu 'i,' hlrchit ' i 111rivill. 

r11,f1,11 ili ivv:. , 1i I '(',l It I of ild ,Ivi ltr'i o z pl i.-Z'.11 ' t1'" lr' iIv , l Ii e111o pIt,' riall 
II I '-,I It:'t-.:icl It i f v l' Irritill III 1 II ' e , I :. li, e, I hos fI-iI'( fi I : !. i I fli ltan I i r

lil iil.. ' II I'l(lt ' t I .'rlif illI 9.M i ln 11e V i ill ) (; I."l'I fher liZI.t ill 
' f': hoi Ir:Iw :II-(i Iof ' ot:lit' I . ,vrII I i-II, i I IIll i u ' IIii k, ( m t el1ainll i 1l:1ff antllrivillr 

( y ie sp irt o f 1he r ifkI 1970, liq h , ni ,i I : ,.ler f , :)fll l ,ligogra nrrtpv)i es 

A v ! r'fi[1(.( i "etlig li riers ol untisl l; lier e v fo rma i., eeot tfertilizers. 
I I 'wlI I, i1',' ,ea" iliz -IIu: li ue' ivI' o ft' er. le t ',"Iivorv t g iV re ly don.l xr.I-

Ier,,  s,'. Inj'st ii r i pil es i I I I Ie ,, I til,,d , l ink o ('rtlr ;rwe'rr' l l G per roll "Is 

fit l'o( li lv'inmist vefovl vnsThe ow r lu,v f )rol '.io,l pmo l Shoul i l ri'v'e i (smld 11:1v well rdli,.-, Ohw pIv.o to, f:1i" s. ill mmv voli ries. (-)I the, rilher l1:111, 

ill h(sdenit h' u i -vvvl prd'rli liril", in, huvr fiente t rr to. AS a resul i,fhe 
t' sitit-ll ntelnul~e ,fot i n e -tmer-orf ferliniuwulsnd ilizerpm re., 

A.(lt 0ditIire t~luinof n.,er 1ifofi o f''tflizv, inetImaienpin . e ih tNtile the tifrae mil awi.sou iroviue farmers of:1.1 whe11v.'-rt it' Wld f or fertilizr andeouidrie he tcln lforverulr ito n ' lmigeo for mukeima fertilizers to rucerv'. 
rn ho'ile . hie-sa " fertilizer dl ,vel lmte g is frvylutwilly do Oir I , fill-rei rii by" 

m ii~ i,. iotuilic linpr'l'h s lopi i of foude ioin ille oiiies io iii o d siese 

enseer ofiustillers. i th imi'leuirllr, iitr Therewlleded, torewok 'loselyith
 
thrsIe re1i, e*teion1, : ,I'nsfrmierud the vriejs 


flilt,rvate p(le~(i'v11.1(of n ncli Allil cti dul e Idev, l ti ieh'iolmlllltpt d innol 

and g,, cr aeihrds; used in 1e, lUnitled 
, mSp'rtlrsof . e r ihl p l l d some 


e tholdt sero rwhen 


rtwht' .fheremilli('e., 
SAeralgood l (eving suti provide fr miii , l e rket jug ng

whrn, it is leeded. iesli -isly, provision mIu.it', hei" "rie for ,aelehu ell so
tOt f,seeliverimiculty be lint r ketly.T hrs;'teiut - tv i for .aret uti nt 

rlenillalso provide l li trovice Sich,inlednea lin elil tofirill'es. 
servii, shoidd iwle inf-rnnlinl oiltie sofrf iiento,,d sed,i'vlilizr, ringd re
rated r actmices'.. rhii wvill require mell who will go to file f: vxi- ather tit 1 A,'mil2for ia:rmersq lo comve to ihiem. The ,systeyn should imike the fertlilizer lp'rldievi 

re.sponsible for the sale of ilhe lprdilef, so 1.lmtl, fill-settlie prodluction will deplend~ ()It 
mmvls mul li ,, 1er fmunilir [he. falrevsthe tv'r~d il! o witdh pr'olems lilt(] (he 
end-usp of fertilizer's. The marketinvg or'pqiiklinn will need to work clo.'mlf with 
the research, extension, an~d :I grie ll r.ad cedit ag.ewiies ,all Imly, ill 1110, lmndI(le 
par'f of 1he credit. 

Se'veral hpss-develnprl m.)v in s nirv rle'vvl ill p,oor fer'ti lizer 11':1rk eli ng rr: i.o
merits. Other ecountries couldl lrofillibly Studyv the vielml;.; 1. evl ill Mexico, 
"Ill;iwall, the P'hilippliwes, lPalisi:111. anod Some off Owi .o(unfive ill ihroli, ius well lis 
Che Unwited ,SI,-ces 

]IL .svm sHup l tl ilk the , m'rkr4&i sy,"loiell ImuIst. pr'ovide for"m relm il liel.f 
who wvill sell ff,d'ilimzer, seed, fm-mv equipmenti, pw%'lividvs, wmi other form supplies. 
IU'nwill jilso procvidt- ;vdi luratml m; l lechiic l service0,fo , slollvi's loslippldenievnt. 
that providhed by gownviifilr ancv(ies. Such-I :Ill rfir'lli. m i nmrkelivng System 



20( I t i hi ,f i ' . in ' l i t l i' V*~a i i p ro i .~ I , ,il i f I f f1 1 ' il i r : 1 1 ) ( es f IS (p reio i i j l 

Ilf' i : 11 v til ifxr wi''h o e lielk N1111 11r risIt 'i ii'f 01il i t wil's v li'g h:I iit(8i ft 
velilig T'lhc i'snt Illis '\* l~i it' :iiitI forcigo 1 ,11 Nw'i' offge
'i no' 


uuii~ :gtic Ili-t1 pli 'ldc Ieeliiwil aif ('Iflc igjlts \60itf ll. lrvlf l 1 ~II 
(l\'vOnk~:11d i :i'Sh41-1i1ft f (.i'ii t' :Iissi f1 i ltli l l(1ill if- llblig' i f.iII 

ioligliuise Tlif livi l 71:111111 :ill'11i): m l"O lw (4IIf cs ) f-l 1 11ho fifi-

Wiol t 11('111cn ll, Alt Ili (iisiihei dou iii li :Istt'tlt~ii rto rllil'S~'thIl 
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