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L, INTRODUCTION

The growing nesds for the use of modern technology in the agricultural sestor
of developing countries brings with it a parallel need for estimating quantitativ.
requirements of inputm, among them fertilizers which are ons of the main compone;:::
of this modern technology. in turn, such forecasts of fertilizer uce and
requirements are useful in planning the orderly develc-ment of production and
distribution fanilities. At the same time, it im important to realise that the
projeotion of expeoted "fertiliser use" and of "fertiliger requirsmenta” can entcil
highly divergent methods and assumptions underlying the forecasts. Depending on
the nature of these, the resultant estimates of quantities of fertilizers to be
used or required can vary over a wide range.

It im the intention in thims paper to present a number of alternative projecticne
of fertiliser use and of fertilicer requirements. The diffsrence beiween "use"” and
"requirements” im not only a semantic one but it has also strong conceptual reasona.
In general, fertilizer use projeotionn are "objective" in the mensv that they do
not inocluds judgements on the desirability of thess use levels, they simply predict
:uhat the most probable future use leavel will be in the light of the analysis of
past trends and what is known about the future of factors influenocing fertilizer
use.

On the other hand, estimates of "requiremente' are generally "normative" in tha
sense that if msome kind of goal is set then, as a oonsequence, a given smount of
fertilimer should be used to reach the goal. Such goals may be set on the basis of
desirable or sinimum nutritional levels, general growth of the agricultural seotor,
or wore specific targets such as inoreased incomes of farmers, lowering the ocost
of produotion, or influencing the orsation of employment porsibilities within the
soonomy.

The approach taken is thim paprr ie to start off with the estimates of
| fertiliser requirements developed in the framework of the Indioative World Plan
(IWP) of PAO., This representa fertiliser requirements in relationship to gensral
' agricultural development goals which are above the level of past performance of
| sgriculture in the develo;ing world, These sstimates, and the underlying assumptions
and aethodology by which they were derived, ars desoribed in alternative A.

[oos




Alternative B prements &n adjuntmant nf +hear antimsates with rospect
to nutritional targets.

The adjustment of the TWP turgets Ln alternutive ¢ is nmeds in the light of
‘the inoressed growth targets prorosed in the Sacond Levelopment Decade of the
nited Natione (UN DD2).

In alternative D a comparisor is mads of the badic IWP estimateo with trende
Letweon 1962'3/ and 1970, and the growiL retes are exirapolated into the future.

It is hoped that by presenting these altarnativec, and the conceptm,
esgumptions and methodoiogies behind them, ii will help the intcrpretation of
rorpative estimates and their comparison with predic’ ions of probable use,

AMlternative A:

The IWP of FAO has carried out & relatively detailed anslysis of agricultural
davelopment needs, possibilitier and programmece in si.ty-five develcping countries
in four rsgions, inoludiug about 85 psrcsnt of the population of the developing
vwordd. The basic methodology of this study restsd on ieuamnd projcotions for
czricaltursl products. These wers hujlt up from & component of domestic demand
end export demand. The domestic demand projeciions wers derived from population
projections, income projections and emtimates of incouze elestiocity of demand. 2

Tentetive preliminary export targeis were usad ir the regional studies whioh
vara later adjusted when the results of the four rarionpal stvdies were oonfronted
with total comnodity balances at the world lev 1. In the esmtim tion of supply
targets an sssesament of land and water resources wnd possibiliiine for their
iovalopment were followed by inter-disciplinary team discumsgions on the development
of production programmes and policies a# related to individual crops and groups of
craps, Thus, changes foressen for the individual crops were reflected both in area
end yi»ld targets and, if the orop had heavy -eight in the total of agrioculture, it
a3 further broksn down intc sub—seotors ruch as irrigated vereus non-irrigated,
or modern versus itraditional sub--sectors,

Considerations for fertilicer uss were already eantering theme disoussions when
poasible yield increases were estimated. Oncs the yield and area targets were
gat, then the implications of thems for fertilizer use were caloulated.

fooo

i/ The une of the oxpression 1962+ denoium the 1951-63 period which vas used as the
= vese in the IWP Study.

2/ The detailed methodology for the demand estimates is demcribed in FAO: Agricultural
Commodities Projsctions for 1975 and 1985, Volumes I and II, Rome 1967.
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A considerable amount of experimental work with fartilizers has been carried
out in mcst of the countries under study. 'Thase show that elthough their moils
vary widely in their inherent fartility, for high Yislde and continuous oropping
on all soils nitrogen and phosphoruse are required for most orops, with potassium
roquired on & amaller numter and at lower rotes. in ganoral, at the levels of use
proposed for 1985 the major nutriente are requirad on an N:P,‘)Osxi(zo ratio of about
2.8512,1111.00. It is also apparent from experirental evidencs that although the
relative amounts of nitrogen, phosphorus and potazsium required for a given crop
vary widely betwesn soils, the reaponse ofloropa por unit of total nutrisnts applied
was fairly uniform throughout individual regions and the response ratios based on
theso experimental results have therefore formed an important basis for the estimation
of fsrtiliser requirements in the IWP.

For this purpose "base” yields had to be established for each orop. These
are estimates of the yields which might be expected without the application of
fertiliser, but with the introdustion of other teshnologioal improvements, such as
plant proteotion, weed control, irrigation and improved seed, Thesse base yields
vary with the native soil fertility and degree of sgricultural development within
oountries., At the same time it must be stressed that because of the high degree
of oocmplementarity between inputs, the propcaed inoreases in yields expected to
rosult from ths uss of fertiliser would not be realized or would be only partially
realised without the adoption of the whole nackage of inputw.

In addition to sssuming similar respo 38 irends to fertilisers throughout the
region, it has been assumed that, with a few exceptions, the responses to fsrtiliser
are likely to be linear for ths rates of fertiliger that are envisaged. This
Seems {0 be a reasonable assumption for the modest rates of application reocommended
for the first decads, and with improved practices such as selsotion of better
verieties and better methods of cultivation, it should continue to be true for the
somewhat higher rates of application proposed by 1985 -]-'/ « The total fertilizer
requirement can thus be related direotly %o the desired incresse in orop production.
‘In faot, an inorease in response of rice and wheat to fertiliser is antioipated,
.due to the introduction of new highly responeive varieties, Thus, for example, for

India and Pakistan ths responss coeffioient has been inoressed from 10 kg of rice

/...

!

141/ If, in faot, the total amounts of fertilizer available Were to be spread over a
4  greater peroentage of the total area, instead of being concsntrated into high
potential sones as has been envisaged by the IWF, this would make the assumption
of a linear respofise ¢ven more valid.




per kg of autrient to 1l and i2 foe 1975 and 198% pespaciiv-ly, auo from 8 to 9
and 10 for wheat, i

Very a2l rale® ol growil s P4 pOgutl Lo Leriidaasit, Dadownlarly in the
7irst period of the plan up to 1975 vien an vrerall mumva. :hcrIcss of 14.3 peroent
nompound ig proposed. Whild: this might seocn srored.ngly vpvumetbic it ie not,
in faot, wuch mors rapid thau ihat ‘n ithe reveni past {(1954-1662) which avoraged
1C.6 pevcent, Hut whiok in mowe 30Un(Tied Lae reasead 2% coreaat 10 slhord periods
i1n “he recent ysars, Total vaiue ot feriiiizer appiie’ woula riwe from % 664
million in 1962 to § 3 682 mlilion in 14975 aad # 5 900 willycn Ln 1960,
~oprementing 32 percent of the toial valus of ull curreat inputd in that year. g/

in the immediate futura <. i@ wxpeoved *hat vlie tirvngsot iapetus for increased
fertiiizer use will come from the coatinusd axpras.Lot, of wroa under fertilizer
responsive high yielding verietiay of cerenyr, and of irpvoved plznting material
for psrennial export crope, The expansion of irrigrted araa, and of area under
miltiiple cropping systoms is likely to provide 4 basis for tho longer-term growih
of fertilizer congumpiion. Improvemen-s in fertil-oos Jdist=ibution ryntems,
#supslidies; and guasranteed prioces for some salacisd prodacts e also expeoted to
atimulate consumption as thev have ione in counirics whinh hove axparienced the
2t repid increase in Tertilizer use since 1962,

The inoreases proposed by IWP would remul® in a- averags p3r ectare use of
10 kg by 1980, comparsd with only £.7 /P~ in 1952 Toan yhim would be well
below levels currentiiy schieved in the more e rioculturally .dvanced cocuntries,
«nd considerable scops remains hoth for ircraasing area fertiligad and levels
*f use per hectare,

The IWP proposals for fertilizer requiraments in tsjmws o uoirient tons are
summarized below, In the case of South Awerioe, Ffartiligar raquirenenta for
roreasing production frow grasmlands wve dosn ideatified (0.9 willion tons NPK

oy 1980) in addition to thosc proposed for crops.

[oon

i/ Thene may appear to he low ir the lighu of some oi the exparimental evidenoce
whioh shows reaponses up 10 18 kg for paddy and i3 kg for wheat. Relatively
consorvative valuss are used here necauu- the widespresd uage of fertilizers
will include some sreas vith poorer quality RoLin, luLe eecurs water supplies,
inadequate availability of other inpute, and lower lovela of nanegement, thus
the averagee must be expacted iu ba lower thun those 1nhigreq . xperimentally.,

2/ 1f thewe figures estimated for %4 countrios are extrapol-ted to cover all

developing countries (excspting Mainland China! sa ndiusiment fanctor of 1,788 needs ;
to be applied, resulting in 5 4 224 and & & 494 mil'ion regpectively,




/

Table L. 1975 and 1980 Pertiliger Requirsmerta for Cropm (expressed in NPK) Y

—— v+

13{y wrowta 1980 Growth
quantity  Index: Hute Quantity Index Rate
'000 m ts (1962%-100) 1962- '€ m tw {1975-100) 1975~
197, 1980
Latin America 3 il 385 1G.9 47N 206 5.5
Africa South of
the Sahara 277 531 13.7 443 239 10.1
Near East and
N.W. Africa 13y 273 9.4 1 981 186 1.4
Asia and Far
East 9 319 173 17,0 15 117 218 9.1
Study Countries 14 657 569 14.3 22 379 213 8.9

The requiremenis coagidered neoessary by IWP to meet the production objectives
are gomewhat higher than ths emovnts indisated by exirapolation of recent trends
from countries for which there are records of past fertilizer use. In terms of
growth rates, the average implied by the propoasale for the period 1962-1980 would be
equal to 12.7 percent per annum, whilae past growih for the period 1994-62was 10.°
percent per annum. This reflectm ihe uoward changez in the growth of output
proposed by IWP "or most major Jrep8 a8 comparcd with past trends in yields anc in
produotion, Yim) larly, the proposed higher contribution of yisld inoreases and
double oropping to production compared with thal (rom expsnsion of net area under
oultivation calls for a more than proporticnats inoresss in fertilizer use.

The growth rete of feriiliger use proposed for the first period up to 1975
is oonsiderably faster than that Tor the psriod 1975~1980(14.3 percent compared to
3.9 peroent). The ressuns for tkis are twofolds

(1) In the first period a rapid increase of fertiliser uee 1is

proposad in conjunction witk the spread o: ihe highly fertiliser
responsive ceresl varinties in order to achieve the rapid growth required
for cereals in the Amiau Regionj

(2) The high growth rates in the iirst period refleat the low base of
fertilizer use from which many countries started, implying & rapid
inorease in consumption rates to reack quantities which would make a
significant impact on production. / .

l/ These figures are adjusted valuss of IWP information by interpolating for 1980.
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"rlrrative Bi

As pointed out in the introduotion, thi: atterniiive .a - (he VP estinates
<4 edjustm them upwards wherever necnsoArr 8c u Ao vaceh dsairs’ T nutritional
werpats, The IWP model made use of nuiritional tsr;:~is in iwd wryty o iirast,
sairitioral cunsistency ohecks wers used in ibe gau.iotion ol incems elrstioity
ceefticoients.  The methodology used for demanc projeci.o. resulie 1. "lood
bamkit," the magnitude and ocomposition of which is wedrny depeiinut o the level
3 pevaonal income, traditional food habits and ohervwn in ii1to.  “.osn if the
‘stisinted demand cen be matohed by aupplies given tina vary low siec.ivg points for
~:loria iptakes in some of the countries and the relaiivel  slc- grewth of income
Iorescon, the caloric intake resuliing from the incrswssd "food i-.si-i" should rise
L7 only 10 psroent between 1962 and 1975 and 5 percent astwvewn 1975 ant 1980,

I this wars to happen, the avorage oalorie intake Io. the .ouatrics s.udied would
#cnod eatimated requirements 1 by 4 percaent and & persent in 1975 ord 1980
reapactively.

Letually, beosuse of supply consiraints beerin: nainly or maat, fich, milk
rocucts, vegetables, oils and animal fats, the level of dauiand, in terms of
cnlories, will probably not be attained. Food supplios s projlctod will Just
wvCll requirements in 1975 and will be slightly abovs it ry 1940,

Mere this to happen, available per caput ocalorie i pplics would be 6 percent
..0VY Paguirements, This margin of safety, althourh: louer inan thet of the
« volcped countries itod &y should allow appreoc: .bls improvelsat 1 thae dietary
lavels of the most deprived groups provided an offori ‘o onoae 1o 1. .luea the
<witalities of distribution within countries. Nevaritalaay, 1. 15 rrabable that
% problem of undernourishment will rnot bs entiraly solved, ,izies 20 sount. ies,
~ortlcularly in the Andean rogion and the arid zones oi' Africe and lisor Fast, and
six. in Asia will not have reached this level oy will bove just o mght up with
crmironente, Looal regional or sossonable deficits .11} vey, probobly persist in
none overpopulated paurts of Asia.

Thuos the indjications are that relativoly little edjustiiom’ iz roequired in the
droituction, and thus IWP fertiligzer raquirement targots to progey anceptable calorie in'a
I.-slm which would ofter also safety of diet for the lowest inroms group.

<o, 8 detailed explanation of calorie requirementn raforeir.> shovld be made

‘o Calorie Requirements (Report of the Second Committee on Calopis Requirementss i
¥AQ Mutritional Studies No. 15, 1957). The mesn ernval teaparaturc and the overall  °
average body weights of males and females esgunind for each country are the main {
factors defining its level.




i :
The 20 countries -/ #Bics have baen Ldeniified au belng somewhat below the

required oulorip intakes, aven (" the vla 8 taregais are fal illad, will sontain by

1980, 480 million peuple. ®ar pimpling Win dake 1, 4 Assumed that this gap in

oalorie inteke could be al:iminatnc by 'nereased “i:63% productiony  the rayuired per
/

Capu’ additional :ntake of wheat could he BIBWLET S0 equal U, 4 K& per annum g/. Thie

. N /
ib equivalent t¢ 4,5 m1.ii4, vonks o wpoagt, o howould o useful to agsgume herae

two ways by which this additjons’ vheatl product o, {or wheat squivalent) could be
achisved, In the iirs( neme onn “0.1d poeiulate that 50 peroent of this added
rroduction would come from che ugse of Jeotors of produc 1on other than fertiliger,
t1d in the second case t)e asBumk Lion vould be that wli of the inoreass would cone
from fertiliver use, Apply ing a respunge ratic of 1.8 for plant nutrients: wheat,
the required additional Tertiliger would come to 281 thoumand tone, and %62 thousand
tons, respectively tor the iw. ast li:ates 98 outi ined above, Thewe are indeed small
adjusitrents representing only 1.3 persent and .0 percent of total fertilizer
requirements proposed fur 198° by the original plan.

Alternative O:

This alternative relates to adjustmente made in the INF targets in the light
of the higher economic growtk rates proposed in the Seoond Development Decade of
thes United Nations (UN pn2). In both this and in alternative D an attenpt is unde
1o trace the relationship “etwoern - 4on- oaomen growth and fertilizer requirements,
Conceptually this chain of relationships coaratan through a complex of many faciora,
but here I would ]ike 10 restrict the discussion to those whish we may postulate as
the most important ~neg,

First come the influsnces excrted on the demand side fur food and agrioulturel
raw materials. The higher the population growih rate, ana the higher the growth
of income per caput, the mnre agri-ultural products will bas demanded, At the same
time, il neede to be recognised that ihe compomition of this demand will change

46 incomeerige and the Bovement, in general, im f{rom basic etarchy staples such aa

/
el /u..'

l/ Bolivia, volombia, Ecuador, Nalawy, Mornooo, Tvinywia, Algeria, Iran,
Jordan, Seudi-Arabis, Afghanistan, Uhad, Fthiopia, Niger, Upper Volta,
Pakistan, Philippines, Panams, 'ganda, and Demco. liap. of Congo.

5/ At this level calorie intake i1n this gToup of oountries would reach 105%
of calorie requirementis,

3/ This quantity je °qual to 1.2% of the total sereal production of the studied
countries (442 million tons).




(ccealy and tubern towards a higher value diet coviaininy =~ rs snwal produois,

‘ruity ol vagelables. The growing deman! w.a L .., = v, o0 intsrpreted
inie production targetr and related fertiliser vequireserts, #amportant

iatnorvenirg verisole Lerd 1w Shu elvdauiine webe coeavonow Tur {ea 0ot foustering or
Looparing the growth in feriilizer use, What iniorossting sredustion terpets
into fertilizer targets an importral vosiable nere will Lo e aveilability of
cponstunities rfur expanding ares of the o.:p ver~ua the tec. Lo raiso yields.

‘1 tle supply side, tha imporiant ver.ablas it e o ooatlomility of
Foroipn exchnage for importing fertilizers or the exti cuuy o 2 wunestic capaoity
*srcthay wihn a well funotiouning dimtrioution zyei: o ro murlud [y cdvice to farmers
o fupiilizer ume,

Tp the UN LUZ the mejor change from the ¥ *e ¢.y .1 $lin higuer rales of
- oncmic growih which sre proposed, at 5.0 percen ns cor; sui with approximately
©,7 perceant which wad assumsed on the avevag: 2. tay rowce o o007 Lo the 65
rielopang ~ountries studied, The iaplications f such aigacr growth rates in
¢ 4 gsenony woule be thet agrioultural productinr s2clg prow st 4.0 percent to

‘@t dreriduy nads on thia sactor as ~ompered cith CLu porcont o the INP. The
Arplest shortcut method to eatimatiig the resui-yar shougns in Jertiliger
1 guiscrents ie to use the ounoept 01 oiu@tisity uF "astilicesr use that relates
:.-*. to ;roavetion, X The wvalue of tnis paramsder Lue L.ur o3 nted as 4.04 for
1hy 19 2%=1975 pariet and 2.12 for ths 19{5-1980 po:iod oo thy beals of toe IWP
5y ply FProgrense proposals. Jenceyta TN, e s aagortont to adjust
Lier? slanticities upwards in the ‘iernt of farcap rowth e foquirasd in
roednetion and in consideration of tae relative sic.n.=> of ¢+panting the land and
vater base vor agriculltlare. N> sx=act quentitetive cetlirne ol v magnitiude
ot uuth am adjustment is available, bui for daconstratios puarponce it wes arbitrarily
-rumnd to ba 10 percont, resulting in an olssticit: soricient of 2,59 for the
aeoducticn proposals of the UN DD2,
The total fertilizer requirements for developiryg aovr'rics, using the above

~:i=mticity are shown in the table helcw;

oo

1/ Cuoh an elasticily saows the percentage chung: i ‘erill zev ke
i 1 relation to a verocent change in agricuilural prodceticn,
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Tablell. Fortiiiaer
Requirerenis Growth Rates
o 1980 1970-1975 1975-1980
{willion tons NPK)

"UN-DD:" Hoquiremants:
Stacting from aoctual 1970
bacs 13,2 27.2 16.3 15.6

In the oalnoulations for the above teble the starting point has been the
actual trend in fertiliser use whioch was nssociated with & 2.7% growth rate in t.o
G from agriculturs of the studied ocountries. Then the difference in production
wae oalcvlated between the values of agriocultural GCDP based on continued trends a:d
thoze oaloulated as targetis for DD2. Using the above stated average elasticity
ooceffioient, the fertilizer requireoments for f31ling this gap were then caloulated.
These resulted in an increass of 8% over tha trend by 1975 and an inoreass of

a6% vy 1980.

Lltovnativo Dt

The effects of the earlier outlinsd influenoing variables show up best "in
total" through an exsmination of reoent past trends, thus it appears useful to r:uke
an edjustment in the IVP targets in ithe 1ight of the performance of the developing
eoconcmies in the first eight years of +he puriod covered by the plan.

The somparison of feriilizur uee staw . proposed by the IWP and the actual uao
by 1970, ard {ts evivapnlaticrr 4n 1975 r 4 19RO apre shown in Table III;

Table III. Quantities of NI'K - million m tons
1962* 1970 = 1975 1980 Growth Rates
—— —_ A%e-70
A, IWP Propusals 2.6 7,5 14.7 22.4 14.3
B. Apparent Use l/ 2.6 €.2 10.7 18.4 11.5
Exoess of A over B - 1.3 4.0 4.0 -
Excess an % of B - 21 37 22 -

(% refers to 1969/70)

oo

-1-/ "Apparent use" is employed here becauss most fertiliser statistios
refer actually to "fertiliser distributed."”
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As oan be seen from Table III,there was already a short fall in apparent
fertiliser use levels ae comparusd wila ihe [wr proposala. The main differences
gre in those ocouniries where the mid and lrte nixtien have seen r very rapid rise
in fertilizer use whioh, in turn, hss slackened by 1969/70.  Thus, for example,
in Paistan sotual consumption at .4 miliion tons has reached only less than
50 parcont of the target set, and in Argentina it has reached only 80 thousand tons,
instead of the 340 thousand tons propossd in the IWP.

The case of India, the largeai individual user of fertiligers among developing
countries is also important here. The figures shown in Table III refer to the
standard definition of use which is in reality fertiliser "distributed" and in eny
ons yeer there may be a substantial difference between this and actual use. Thus
ihs quantity used for India in this table is 1.4 million tons whioh is described
in Indian stetistios as "dispatches made by ihe Central Fertilizer Pool and
¥anufactiurers to different states."” At the same time the Fercilizer 3tatistiocs
for India published a figure for "consumption" of fertilizers which is equal to
2.0 million tons NPK and the diffsrence comes from stocks held previously in the
distribution channels. If thim higher value would be used, then the difference
botween IWP proposals and actuml use would bscome only 0.7 million tons, less
than 10% of the IWP target.

By extirapolating the actuai growth rates for future oonsumption the gap
hetween the "projected" consusption and need based 'requirement" estimates are the same
in 1975 and 1980,but 'y 1980 there is a reduc ion in the disoreyancy in terms of
persent as the growth rates for "requirements" are lower for the latter part of the
deosde.

[ooo
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I1I. CONCLUSIONS

The four alternatives diecuseed in thie paper for estimating future
fertiliger requirementis in the 4«. lcping  suniries have yielded substantially
different quantitiee for the 1975 and 1980 plenning datee. A comparison of the

quanvities implied is given in Table IV, Logether with the growth rates whioh
ore a3sociated with thems

I-hle IV, A ocomparison of aliernatives

Quantities Raquired Crowth Rates

million m tons percentage p.a.

1970 1975 1980 1962-70  1970-75 197580
Alternative A (IWP) 1.5 14.7 22.4 14.3 Y 16.4
Alternotive B g/ 7.5 15,0 23,0 - 11,6
(Nutrition)

Alternative C (DD2) 6.29/ 13.2 27.2 11.5 16.3 15.6
‘Lternative D (Trend) 6.2 Y 10.7 18.4  11.5 11.5 11.5
1/ 1962-1975 2/ Using higher figure 3/ Using 1.4 million toms for Indi%

Mguroe 1 provides this information in graph form,

The major conolusione emergins from this comparison show that the IWP approach
which is normative but, ut the same time attempts to eet targets which are well within
thy reach of the developing oountries, has yielded fertiliser requirement eetimates
which ars relatively olose to both a modified nutritional demand based estimate of
fortilizer requirements and is about 20% above recent trends and their extrapolation.
Substantially larger differences exiet with reepect to the high growth ratee proposed
within the UN DD2.

This comparieon of slternative eetimates aleo pointe cut how important it is to
know what the goale are of, and assumptions ueed in, the setting up of normative
fortiliser requirements estimates bafors they can be used as an additional importent
guidepost in eetimating effective future demand for fertilizere in the developing

- sountries,

oo
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Comparison of alternative estimates of

fertiliser use in 64 developing countries
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