D.H. PARISH(*)

The Role of Fertilizers in Increasing
Food Productivity In Developing Countries ()

Agriculaural production & the end result of human [nitistive based on ex-
plolting the climace, salls, and plant ecology 10 mest man’s nceds for food,
fiber, and fucl.

The buman element i agricultural production is mativated by saciocon-
nomic considerstions.  Becsuso of the wide spectrum of cultum), social, and
esunomic notms. kn the developing countries, the Impact of the human element
o sgriculturs] production i extremely varied, The ssciocconomic makeup of
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these countsies Is dynami, but the degree of dyaumism s affectcd by government
policy ('), This means, in peactice, that developing country agriculture. ranges
from waditional penmoactized subsistence farming 1o farms that wse modern
technology and sell off ull their prodoce. Typically, bowever, the developing
country farmer s o small farmer (13 ha) who produces food for subsistence
and both food und indusirial or expost crops for cash and who uses 2 mixture
of trsditional and introduced crop prodsction peactiess,

The level of crop production per unit area achieved by farmers refloves
all crop production factors. Maay of these (insolation, temperature, eic.) are
uncontpollable.  Other factoss, howewer, csn be changed if safficient cconcaic
ioceative exists. Such factors swoald be the genetic poseatial of the crops grown
and correct agropomic pracsices including weier management (driinage and

th good geaetic poteatial and sound agtonomic practices, water and soil
fﬂuhy e the keps to bigh cop procstion levels.

conditions; 10 & large degree, these conditions dictate both the type of crops
hat can be grown uad the achiewable yields, T both rsipaed wad posiipated
aress, the major modifiable constralnt on erop production i Jow sl ferility
Tnprovemeat of sol fedliy ar the farm Jevel is sental I ciop yicks sre
to be mai

Scil fereilty. management is & comples fsue, Organic maner teeycling and
the use of legumes are peverally regarded as esential if soils are o remain
be lessened. In developing

cally demanding # 1o be unacceptable.  Organic marker recycling by the famer
does not increase: the level of plant nutricais of a firm; it merely shifts natricnts
from ane place on the farm to mother.
With the motable exception of mitrogen, inpors of fertilizers are needed
io bnceease the ferility levels of u farm. The potential for the fxation of
itdess, sad uncdoubtedly .,mmom
nitrogen will play un increasingly important role in supplying il
However, this is seen in the major cercal producing m-lhﬁlngmp]m
wry 1o fertilize nitrogen use and not 38 8 eplacement
For all armess the Integtation o fenlizer vse Sl sesiduc. mac
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T Deveeopms Countames awp Timi Nemn o Dicxeasen Fooo Pro-

The World Bank defines 94 mations as developing (or less

countries — 35 Jow-Income countries {wserage per capita GNP below $400) and
59 middleincome countries. They include all of Latin America, all of Asia
except Japan, and all of Africa and the Middle East except for the: high ncome
ol exportczs. Thrsefourths of the warld's people live in these counries. The
Americsn President’s Task Force on International Private Enterprise concluded
in 1984 that in developing countries “rapid population growth s the necd ta
improve the dicts of millions of people create rising demands for the most basic
human need — food”,

The Food and Agriealiure Organization (FAO) estimatcs that 500 million
people suffer from bumger and malnurrition. Between 1961 and 1980 food
production in developing countrics Encreased at an average mate of 269 fycer,
This was dlightly greatce than the sooual population growih ruts of 24%.
For the developing counteles &+ & whale, per capéta food prodiction rose at oaly
02%/yens, For sbSehuran Africs, food production sctually declined by
1.1% a year.

It is obsious from these pencaal figures tha food. prodiction mast be
incressed, prefersbly in the developing countries. themselves.  Yet many coun-
triex have only limited potential for expanding their area of fond crops. As shown
by the FAO estimares in Table 1, except for Latin America, Increases I erop
yields rathes than an expanslon of the cropped azea will have 1o socount for
most of the acditional food needed.

Tants 1 - Contribution of Changes to Incresses in Production in Developing
Counts - 1975 to 2000.
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BAO's Agriculture: Towerd 2000 contains . very televant . siaiement.
It reads:

Afier land and seater, Fertlisers. are. probebly the most important
Input leading to incremsed yields: They ate tesponsible for some 35%
of the Incrcass in yields in developing counerics between 1965 and 1976,
There s a clear reladionship between higher or increasing spplications
of feruilizers and above-aversge sgsicoltunl production.

Fertlizers will be an ssseatial component of crop production practices,
and their level of use rmust increase for the forescesble future.

Frviizes axy Increasen Foon Crop Propucrio

Given that fertilizens will be needed in incressing quantities if food pro-
dustion js to increac, it it necessary (o understand their role in Increasing. crop
yislds and the potential they offer for Increasing national levels of production.

The majos staples of the developing world are the cereals — rice, wheat,
maize, miller, sorghum, and other ceseals of the semlarid tropics, Starchy foods,

are major sources of calaries in the more bumid area, aze the oot crops
— cussava, yam, swect pouato, <ic., and the banaous, Including plantalns, Pulie
cr0ps are inporiant as scoross of prosein,

Within this wide range of both srops and the conditions under which they
are: grown, physical sesponses to fersilizey vary greatly.

56 of crop yiekd srends 1o Indicare the lmpact of & new yiekdincressing
technology can be used ealy with care. . For exumple, expansion of eropped aress
into less favoeable soncs- will bring down average cxop yiekd levels, Conversely,
eduction of the aren by ubandoning areas of marginal poduction w
ylelds.  Addicionally, the relishili i Certaialy
barvested area and crop yield om xoncs of mised cropping and of Jow
crop yiekls are often unselisble. Nevertheless, over.the long temm, the nationsl
impact of # new yickkincreating technology st be ssesscd o the busls nf
nstional statistes.

fncrea

Hice

Rice i ihe primary staple for more than two billion people in Asia wpd
for undseds of millions of people In Africa and Latin America. The countries
of South and East Asia account for more than 0% of the workl prodhuction
of rice. Table 2 shows the major riceprocacing couniries — all of them in Asia.

ice is grown in the mopics i five major situations — irrigared, rainfed
lowland, upland, decp water, and tidal wetlands; becavse of the importance of
irrigated tice, however, plant beeeding rescarch concentrated o this type of
culivation. . Although the yickds of tropical irriputed rice were low, they could
mot e incressed with fentilizer because Jocal varleties were all and they lodged
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Tases 2 - Enimate of Population Whose Major Food s Rice: South, Southeas,
and East Ads, 1983,
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cusily when ferdlioed with nltrogen. In 1962, therefone, scientiss at the Inter-
national Rice Research Tnstiare (IRRI) cromed o shortstatuced tice from China
with a thea-popalar Indonecsian variey, Pera, The revult was IRS,  sensidhwart,
Sl mpiie st e . Bt | sboms . fles of nimgen e
mum,wummu

The development of TR8 was « breakhrongh for tropial sice becusi it
doubled the sicld poendal of this crop. This “groen resolution” impacted <
scotially on irlgated rce, which accounts for sboat anehalf of the world's rice

of paddy production.

The impact of the ferilisesmodern tice variety nteraction asea on sverage

€ Whea escench vesles show respocse o isrogen fertlizee ey, t i ssumed tha
e onls of phiphte, piinl s b sl sl o mem
move generally

&ive high yiclds &
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yicd lovels is shown in Figure 2 for China and Figures 3 and 4 for Indonesia
and India, respectively. Also given is the harvess area.

China bas made steady progress, and vields have fneremed from 3 to mare
than 3 me/ha. Indonesia has followed the China pattern with steady increases
in yield of from 2 w around 4 me/ha. Both China asd Indonesia sought rice
self-sulficiency as national policies, and an increase n fertlizer use was @ key
stritegy followed in both countries. For India, rice yields also have evolved
steadily, and most of the increase has boen due 1o exploitation of the fertilise/
varicty Interaction, For China, Indoncsia, and Indis, which combined have
almast. o billion people who are mainly dependent on rice a5 o staple, the
aresn pevolution bas mecdted its name.

In the Philippines (Figure 5) progress bas been somewhat slower, but rice
yields bave increased steadily since 1972. The national aversge yield of around
25 mi/he, bowever, shows that the modern rice technology available is not
being fally utilized, This s due partly to the fact that there are both roe-
deficit and ricesurplus areas in the Phillppines. The latter arcas, us- o result
of mn Insdoguate marketing Infranructure, bave ide encouragement 1o incresse
their yiclds.

The griphs for Thallind (Figase 6) sbow that the Impact of ‘the green
revolution on a rice-cxporting country has been insignificant, There are two
reasons for his lack of Impact: riee production from the lrrigated areas of
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RAICE AREA FOR INDIA
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Thailand is small comparcd to the cotal sice area and, important also, Thai rice
15 4 highquality internstionally wraded commodity. Because of these two factors,

bus oot used TRRI varicvics but bas developed o major mational rice
breeding program to mest its special needs,

Whear

After rice, wheat is the major staple of the developing world  Wheat is an
important czop In those developing countrics of the tropics with & coal season.

e green revolution In tropical rice production was 4 succewsat 1o the
green revolution in wheat production. As with the tropical rice plant, & smaller %
suatured wheat plant was needed; Norin 10 from Japan provided the genes that
the Rockefeller Foundation scientists working In Mesico used to create new
aad Improved dwurf s secvidwarf varieties, This work Jed to a series of wheat
varieties highly resporuive to nitrogen feriilizer (Figare 7). The International
Maise and Wheat Improvement Center (CIMMYT), which has been ap the core
of trapkal wheat improvement since its foundatian, lsunched the green revalution.

in 1967 Figures 8, 9, 10, und 11 show thar wheat yickls I Mexico, India
Pakistan, and Bangladesh, respecively, contisue o rise.

Maize

Maize is. an important food crop in ity bome continent of Latin Americi,
bat It is alio » staple in many parts of Africa and Asis, Among cereal crop.
species, Zes muys (maiae) possesses the highest geaetic yield porential, bas
enoemous genctic vatlition, and is adapied to an exemely wide sange of clicatic
wnd soil condiions. The green revobution for maize occurred I the 19505 in
the United States with the introduction of ferilizer.responsive hybid muze.
¥ilds In the Unived States now excced 7,3 mit/ba

In most of the developing countrics In which msize is an Emportant food
crop, yields wc low, averaging sbout 15 mi/hs. Although oneball of the
workl's maiee wrcw is planted in the developing countrics of Asi, Africs, and
Latin Ametica, only onchind of the world cmp is harvested there. Most of
the maize produced in these countries is grown s & subsistence crop, usually
on solls of low fertility and under minfed conditions charscrerized by scaional
problems of molituce sizess and poor weed contral,

Genenally, tiopical maize plans are 100 tall to make cficient use of feriilicer
aid spuce, and they often lodgs at maturity, In some parts of the tropics, maize
s grown as @ mixed crop with beans, and these sall plants are not switsble for
ruch association. Within the wll tmopical maize plans, & relatively greater part
of energy goes Into stover instead of grain

CIMMYT, which s at the center of tropical malze and wheat resestch,
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Is putting more Emphasis om reducing plane height while selecting fo yickd and
other desirable agronomic (hn:ntuu:s CIMMYT is now providing the national
programs with tropical maire plants -that are mote and fersiliver-
responsive and that have the poteatisl of greater pain yield per hooure
[CIMMYT, 1980)

. thg of wheat hestare)

ml»
5000 -
Sonorn 64
w00
Lerma Rojo
Joo0 |
Sonara 63
3000
ca0
1000,
i i e i NPT
1 0 @ B 10 1» o e 10 \m
Kitogranot o witragen appled per hestare N
~1000]

Fig. 7 - Production funcicns for some Mesioan snd traproned Indian whesss,
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WHEAT AREA FOR INDIA
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countries. A typical example of the problem of increasing maize s found
in Kenya, Allan (1971) showed the following resulis of maize ¢
out in Keny.

'\n carried

Yiclds of Maize (afha)
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The graphs of Kenya maize yields and maiee areas (Figure 12) show national
avesage yields of asound 13 mi/ha. Allan obiained maize yields of 73 mt/ba
almast 20 yeurs sgo.

Yields of the 6 million ba of maize grown in India (Flgure 13) arc alio

by factors otber than & lack of

yield-improving wd\mimu

Sorghum and Millet

Soigham sad millet are siaple cereals of most of the 730 million people,
mainly In Alrica and Asis, living in the semisrid tropics (SAT) (Map 1). These
cereals provide most of the energy wnd protein of the SAT poople, who arc
among the poorest in the world and whose crop production s almost entirely
for subsisicnce.  Crop residucs are importand 1o wost farmers, but the stalks
of sotghum aad millet, which aze used for building and fuel, et are almort a
essemial 1o the SAT farmer as the grain fuelf. Sorghum wnd il

inant cereals over moat of Africa and the nonsicegrowing aress of
Sauth Asia before the inwroduction and widespread cultivation of malze. In the
fertile and better-watered tegions, maise is ow the preferred crop because

it cutyields sorghum, stores better, s Tardly damaged by bicds, and s easier
o process for food. However, there are lirge sreas where minfall is low and
uncertain andl solls are of marginal fertlity. In these areas sorghum and millet
ase the more relisble crops. because of their adspiability 1o 2 wide tange of
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MAIZE AREA FOR INDIA
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Map. 1+ Lovation of she workfs semiarid and sbbramict lands

esological conditians (Dogeett ¢t al., 1970). Sorghum and millet will continoe
1o bave an fmportant place in SAT apricultuse as population presswe mquires
&uﬂ-mﬂm of marginal Jands unsuitable for maize or other cereals.

majos aone of sorghum and millet prodoction in Africa muns throogh
anumo‘d-eSATlm in a band scross titude 10N, These are the
countries that rely oa the sorghum s milles crops for survival, and the recent
droughts and_ consequent famine have cruelly Musteated the face that food
peodiscion and popelation growth sre out of balunce during those years in which
<iop vlelds ars seduced by droaght, Even in good years, however, increasing
popalation pressure and. declining soil fortility mean that adequate per capita
on producion I bisonlg inceadogy dfi

crop exists, L., cotton or prowadaut, the ceres] crop bencits

s s il o of i ol i s v s o, Ty i
ulaly true for the costonsorghum end the groundnuvimiller zotstlons of the
Sabel zone. The highly subsidized festilize of Nigeria is also widely used in
the sorghumaille: 3one of Migetia snd the nelghboring countrics.

Improved sorghum varieties ate beooming increaringly available, but most
of these canmot compese with Joeal varictics when grown upder SAT smalbfarm
<onditions or with maize where rainfal and sell ferilisy tre adequate.

In Nigesi, the major. sorghum prodocer I the  Afrin SAT, there has
beet 00 progress ia lncressing yields (Figure 14). In Inbia (Figare 13), aversge
yields are aill very low, but there is a distinct vpwasd trend. New sorghom
varietes devcloped by Intemational Crops Research Insttute for the Semi-Arid
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Tropis (ICRISAT) huve been widely teleased in Toula, and incressingly sigai-
ficant arcas of these arc being gown uader inigated and ferilized conditions.
Milles production has esscatially been unatfected by modern technologies.

Recent work of the FAQ Fertiizer Programme In Africa (Joly, 1983) has
shown that under farm conditions the physical response of sorghum and milles,
e, the amount of exra grain prodoced by 1 kg of plant nutrieas, sversges
about 6.5 kg wheress that of maize averages almosr 12, The low physical
responsc of the local sorghums and millets to fertlizers and the low matket
value of these grains mean that govemments will have 1o make particularly
suoag elforts 10 improve farm Incomes and develop efficient input and outpot
marketing éystems for the SAT zones of their respective eoumrics.  [temnified
tescarch on the- particular problecs of the SAT is greatly meoded.

Other Food Graps

Even though the o0t crops — , cocoyams, and sweer
ey — e s ekl ARy Mgl i, et ¢ i
on yams when the furmer bas good scccss 1o the larger urban markets, The
present varieties and cultural practices are components of typical lownput
systems where pields can be improved by betier sgronomic practices without
the need for purchused inputs. The same situstion pplies to the local banansy
and plantains

The pulse crops, particularly groandmnes and sopbeans, gencrally respond
o feseilives phasphase, but disease sonirol is # majoe problem.

Frxmicmes m Deverovme CousTeres

Most soils now cultivated need additions of plant nutrients for satisfacrory
yiclds. Usder aversge conditions, farmers we only comparatively. large. quan-
tites of ritroges, phosphoros, and potassiain.

, magncsium, and wlfir e also needed for good cop growih
Morsover, missonmtrien: defiiencics ogeur in lage areas. To obisin bigh cco-
aoaiial yiclds, the farmer must emare that bis crops roceive all of the plant
nutcients tat they need in carefully balanced smounts; however, I ractice,
world fertiizer we is dominated by fertilizers contsining nitrogen, phosphate,
and potash cither scparately or in various combinatioas,

Fertilizee Production

Table 3 gives total world fertilizer production in terms of nitrogen (N),
phosphate (Ph), and porash (KO) and by both developed und developing
regions. In 1984/85 a record 1393 million mt of femiliser nutrients were
produced in the world. Mitrogen accounted for 53% of production, phosphate
26%, aod potash Z15.
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mmmmmm.umw-d!dmmmab,ﬁ
ferilizer Industries of the developing countries. These countries as a group
increased production from 12.1 million me in 1974/75 to 361 million mt in
1984/83, for a growth rate of over 11% per anoum. The developed couniries,
meanwhile, grew at an enaual rate of coly 24% per anoum. Inm«u‘vd-
conntries produced 26% of the wodld's fertlizer
oaly 13% 10 years earlir,

Fentlizer Congumption

Duta on ferilizer consumption for any ope year can be unrelisble in that
scrml {nventories of wored fertilizes or of fertilizer in tramit arc usvally not
known. Table 4 gives detsils of world fertilizer consumption by region for
the years 1974/75 and 1984/83.

Fertilizer conmmption growth faies. over the 10.year period declined in
Wesiern Enope, North Americs, Eastern Europe, and Oceanla. Both Asia and
the USSR, increased their share of the world's consumption during this time.

The developing countrics, as & group, increased comsumption almest 9%
anneally during this period while the developed counties incressed their con-
sumpeion a2 & tate of only abous 2% annually, Table 3 gives compusative data
for the deveboped and developing countries. In 1984/83 the developiog coun-
trics consumed 379 of the woekd's fenilizer nutricnts compared with only 23%
10 years earlicr, Figare 16 gives the actual toral consumption of N, POy, and
KO from 1974 10 1984 and a “projecied” consumption from 1985 1o 1996 for
the developed and developing countries, Before the cnd of this ccntury, the
developing countries will likely be the major comsumers of feralizers.

Tamie 3 - Wodd: Fertliser Production by Region, 1974/75 sad 1984/85"
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Tasws 4 - World: Ferilizer Consumption by Region, 1974/75 and 1984/85°
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Fertilizer Use

Figure 17 shows the use of fertiluer nutrients on arable land snd land [
under permanent crops for 1982, The werage for all developing countries 1
e 50 /b For Al the S o 10 5 o fflm vzt s
bectare is misleadiog because Egypt {onc of the world's heaviest nsers of fer-
tlsec — 335 kg cutticat/ha) and South Africa wcther we mare than ane hall
of all the fertilier used on the continent. |

2 shows s mose of foodsids Afvin b vty b el cf
in these countrles s used i
on cxport or mdmuhln-uplmdlnm:o&u‘omm.lmm o, palm, <rc.

The degree of eficeacy of the feriliser distibution s the crop macketing |‘
Spstems, crop and ferilizer price raton, and mational policy all affect the fertitnes
s practices of the farmer who improves his production kevels only & a response
10 economic incentives.

Relisble data oa fectlses sse by individual crops are not geerally svailable
Thi best available national level data from 2 developing country are from Indis |
These data were established during a major statistical survey in the mid1970s.

Table § shows the azcss of the major fooed erops of Tndia, the percentage of each |
acen that i lreigated, irrigated and nonisrigated yields, and foally the percentage ‘
o 1ol national consumption of fertlizer nittogen used on each crop. T ks
Gleialy seen that ot tice, sorgham, millet, and maire, irrigation Is essential for

R
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Map. 2 - Afrca: Map of erelier cumient we per hectre of ssble lnd and and in permasent
coops, 1983, (Sonrees 1984 FAQ Ferdlzer Yebook].

Tancs 6 - Major Food Crop Ascas, Pescent Irrigation, Yields, and Percent of
National Use of Fenilizer Nitrogen by Crop (INDIA 1975:77).

Ares Yield % Fernllaes

G Toul Inigied Usiriguied  Mewn  Dorgaied Usircgaed N Used
(million ha)  {3%5) (%) {kg/ha}

Rice 4 = & 137 208 8 »

Whent n2 @ 3 1T LeM L 7%

Sorghuem 163 3 ” ™ e e 15

Peul nills 110 3 ” o L K% 13

Aser 57 1 L 108 266 ™ 213

Semrcr: FAO
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Fig. 17 Woakd: feriiner use per hecuare of arble land sod land s pemenent crops, 1982
(Sawrce: FAO).

high yields. For the major irrigated rice sres, the rice grown in mainly of the
hpml sentidwati type and i, thercfore, very feriliser sesponsive, which
the high of ferlier misrogen e on .

Wi production, whete gt o ot xsealy based om improved
waricties; it used 28% of the total fertilizer nitrogen consumed in India in the
fid 15705, Wheat snd fice togather sccount for fwothirds. of the total fer
tilizet use in India.

Fertificer Demend Projections

The fucreasiog sole of the developing countries in feriliser prodaction and
consumprion fs expeced 10 continue and, in fact, must continue if the sapidly
growing population s to be adexquatcly fed

Posential growth ratcs of fersilizer dmu\d in the developed countries appear
16 be low than 1% per yess while for the doveloping countries growth s

_
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bigher thin 3% are expecied through 1995/96, The fenilizer sector of most
developing countrles will have 10 be greatly improved if this growih raic is i
be exceeded

A whole range of policy and infrastrucrural problems will have 10 be re-
solved. Many of these problems wre selfreated, ie.,
of knowledge of real farmer demand, ex
bation and stomage system, and the pooe communication links ameng research,
extenion, and the famer. Finally, erop and fertilizes prices must be such o
the production of higher yiclds based on. improved technclogy Is profisble.

Concrusion

The preen revlution exploiied the modern coreal vasicry fertiizer inter
action and led to quantum Jeaps in production per uni: atea of two major crops
in developing conntries — wheat and irrigazed rice. The impact o otber major
cereal crops of the tmopics has boen less marked, due in the cwse of maize 10
eavironmental and iafrstructure problems and in the ease of sorghum and millet
in Africa sod India w0 a lack of technology competitive with curcent SAT
practices,

The important starchy root and froit crops and the proteinaich pulse crops
have ot been affected greatly in terms of incressed yields by modern production
techaologies. Thersfore, many of the poorer furmers of the developing countries,

[ ruin output
— Fertilizer Consumption

— '
o s 0 TS TE TR M M M W W

Fa. 16 - Céon: gain prodoction and vl comampeon, 193284 (Saaree; Fertfser
Toncrnaions No. 214, Oetober 31, 1987)
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Fig. 23 - Fartlizers and food - Bangladesh. [Sauree: FADH

coraal ourpar. exampies
wheat (Figures 21 o 22, rspectively) and Busgladesh based on rice and whest
23]
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