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FOREWORD

This Bulletin discusses the general increase in
fertilizer use in Asia over the past few decades, which has
made it possible for food production to increase at a faster
rate than the human population. As a result, the Asian
and Pacific region now accounts for 42% of world
fertilizer consumption.  The Bulletin discusses the
implications of thi. ‘rowing dependance on fertilizer, and
the extent to which various countries in the region have
achieved their theoretical optimum rate of fertilizer
application.  Current patterns of fertilizer use are
discussed, and their economic and environmental
implications.

The Bulletinis based on a paper first presented by its
author at an international meeting on " Sustainable Food
Production in the Asian and Pacific Region", held in April
1994 in Taipei, Taiwvan ROC. It was generally agreed at
this meeting that one of the most important technical
aspects of sustainable agriculture is increased fertilizer
efficiency. This Bulletin makes a valuable contribution to
discussions of how to measure efficiency in fertilizer use,

and how to achieve it.
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ABSTRACT

Since the scope for bringing additional fand wnder cultivation is limited, Asian and Pacific
countries  must rel - inereasingly on fertilizers and complementary inputs to inerease food and
agricultiwal production. The rvegion iy the world leader, with 2% of the 1992 ¢lobal fertilizer
wse 1507 million watrient nnt valued ar SU7 billion, out of the total world  consumption of 134
million wutrient tons valued at S0 billiony . and s importance in fertilizer production. trade. and
e 1y Bkely to merease. The region’s fertilizer conswmption: is - expected 1o reach 733 million
tons by the year 2000 This increasing dependence on fertilizer hichdichts, on the one hand, the
valnerabiiy ol Jernlizer importing countries oo disvuption: in supplies. due to human or natiral
canses, and on the other, forewarns of the possible adverse environmental consequences of high
fertilizer wse. Japan. Sowth Korea, and Tatwan may already be over-fertilizing by 23-634 thus
wasting a valuable resowrce and possibly comributing 1o environmental pollution  and  Mualaysia
i China may have reached therr “agrononic mavinnon™ level of fertilizer wse. By the vear
2000, Bangladesh, India, Pakistan, Indonesia, and the Philippines might also approach their
Cavronomic maxonam’ pestilizer e levels A comparison of o« countey's fertilizer use rate
aeainst ity theoretical “maximum”™ fertilizer wse level s a better mieaswre of the country's stage of
fertilizer wse development than a straieht comparison o wse rales aeross countries.

Yo help meet future food  needs, governments should  consider promoting wmi-cereal food
crops such as potato and vegetables which ailize land, water, and sunlight more efficiently and
vield 310 times more per hectare than cercals.  Finally, the possibilite of active “informal”
fertilizer trade (smugeline” 1 across some international boundaries is also postlated.

FOOD AND AGRICULTURE SITUATION countries  loomed  targe in the minds of
policymakers.  As o consequence, on

A Global Overview worldwide basis. during  the 1960-90 period,
food available for direct human  consumption

An o outstanding human  achicvement increased by I8 (from 2290 calories per
during the past three or tour decades has been capita per day to 2700 calories per capita per
the ability of the world 1o feed atsell. despite davy; and protein availabiliy, by 13% drom
a SO merease e population. This was due, 02.0 ¢ per ocapita per day o 709 ¢ per capita
i large part, to o the energies devoted to per davy (FAO 199200 Growth was even
agricubtural research and  extenston during the more  impressive o developing countries - i
10505 and T960s at o time when prospects of 2740 nerease i oper captta calorie avalability
widesprewd  tamine o several developing (from 1940 to 2475 calories per capita per

.

AL approvinate averare price of S0 utnent ton

Keywords: Aczia, cereals, fertiizer, food supply, maximum fertilizer use, optimum fertilizes use, pacific,
potato, vegetables
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day) and a 229 increase inoper capita protein
availability (from 497 ¢ 10 606 g per capita
per dayy - as o many Asian oand  Latin
Americian countries  managed o heep their
agricultural production growth  ahead  of  their
population  growth.
198090 penod, average wheat productivity  in
Ast increased by 09 (from 1700 Ke/ha 1o
2372 ke, and rice productivity, by 284
tfrom 2806 Kg/ha to 3582 Khe/ha. while
population mcreased by 199 (from 2.6 billion
o 3.1 hilliony.

For example, during the

Some Negative Features

However, there were abso some negative
features and  Tailures associated  with  this
growth (Avziz 1990y

Lodn certain regions, such as sub-

Saheltan Atrcar per capita food
consumption has remamed  stagnant at
about 2,050 calories/day.,

2o In many developing countries, rapid
ceonomic srowth, has been
decompanied by o worsenimg  pattern
of income distnibution and a4 wrowth
in poverty and malnutnion.

Yo The world's smallholder farmers and
landless  tenants hase  gencrally

benetitted linde trom the aencultaral

transformation,  Over the sears, prices
of many bisic agricultural
commodities such as wheat, rice.
maize, and sugar have dechned oreal
terms. Unlihe the manufacturing
sector, i which  gans trom higher
productivity hinve gone at least in part
to industrial workers through higher
real wages, productivity gains in
agriculture resalting trom Ingher vields

and Tower costs have pone parthy 1o

consumers and - partls o fand values,

Thus,  smallholders  and  landless

tenants  have  cenerally faced adverse

and decliung weims of uade. While

i developed countries. yoverniments

have  otten helped  tarmers by

providing  subsidies. the agncottral
sector his eenctally Laved
disincentives inomany - developimg

countries as - governments tended (o

promote  mdustralizanon especially

during the late 19R0s,

4. The  envitonmental  cost of the

t9

proaress achieved has also increased.
Apwt from the dangers inherent in
the overall ancreases in carbon diosnde
and acid rwn, the intensification of
agricultural production durmg the past
few decades has lead o other hanmtul
ceological ettects. These mclude the
leaching  of  nitrates it the
groundwater. and  soil contamination
from the overuse of tertthzers and
pesticides, Detorestation and - soil
degradation have  been additional
problems,
tnless these e tackled effecnively and
i oa umely manner. omay he dithicult o
sustin the agnculture sector’s productivity in
the ftuture.  Since viable aliernatives o the
tse of chenucal tertdizers doo not currently
appear on o the horizon tor large-scale
apphication, policies should  toens on how
fertilizer use can be sustained  with g
minimum impact on the environment (Besai
1Ouly,

AG.iiCULTURE IN ASIA

Importance in National Economy

Agricalture occupies e mportant place
m the cconomy and polities of many countries
ol the Asian and Pacitic region. In 1992 oy
example. s cantbution to the GDP among
the deselopmg countnies of the Asian and
Pacine region was veneradly upwards o 254,
rising to 02 e Nepal cAsan Development
Bank 1992 and o provides emplovment 1o 4
signtficant proportion of the ot labor foree
oy countries. In Japan. South Korea,
and Tanwan, whede aericuliure’s contnibution 1o
the GDP s under 109 conly about 14
Taiwany many  city dwellers nauntan their
rools in the conntiyside, where parenis o
other close retatives  stll hive on ancestral
fand. And while the cconomy of the Luter
countries s bed o mdastrial development,
governments are strugehing (o fid strategies to
maintam
development and aenicuitaral stabilus Then

balance  between  andustrial
huovant cconomies notwithstinding, they are
concerned  about  ssues of tood  and
annculturid secunty as thes mport imcreasinghy
Tirger quantities of tood and other agncaltaral
products. They are also concerned  about the

possible civieonmental and psyeholopical eftect
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ol the gradual vegetation

(OLECD 1988,

disappearance of

The Current Situation
A Performance of Agriculture
1982 and

grew by
countries

During the period  hetween
1992, total agricultural production
INGe to 889 in 17 of the 24
covered o this report. with the Philippines
and - Malayvsia the
(Jable 1), On the other hand, growth was

being  at WO extremes

sluggish o Fifi 8¢ and New Zealand (645,

and decreased by 42265 in tive other
countries  (Afghanistan, St Lanka. Japan,
Mongolia,  and  Tarwan). The  biggest

reductions  were in
(240,
i Afghanistan, and a0 significant reduction in
the net cropped area m Faiwan, contributed 1o
this reduction. With
being the major crop category in practically
all surveved  countries (the major exeeption

Afghanistan (264 and

Taiwan Disturbed political conditions

cereils  (mostly - riced

being Malavsia, the patiern of growth in ot
food  production closely paralleled the pattern

Table 1. Index of food and agricultural production, Asian and Pacific Region,

1982-92 (1979-81 = 100)
Food production Agricultural production

1982 1992 1982 1992
South Asia
Afghanistan 97 74 97 74
Bangiadesh 104 128 104 126
India 105 158 104 156
Myanmar 118 128 117 126
Nepal 100 146 99 144
Pakistan 109 165 109 168
Sri Lanka 101 96 99 92
Southeast Asia
Cambodia 130 183 129 190
Indonesia 106 174 105 170
Laos 1M1 148 11 148
Malaysia 122 232 115 188
Philippnines 105 119 106 118
Thailand 107 131 107 139
Vietnam 91 110 1M1 163
East Asia
China 11 164 113 166
Japan 102 99 102 96
Mongolia 105 92 104 93
North Korea 105 124 10U 126
South Korea 102 122 103 120
Tawan 101 93 104 76
Oceania
Australia 88 119 91 121
Fip 107 109 107 108
New Zealand 104 114 104 106
Papua New Guinea 106 146 104 131

Sesttce EAO 19920 and Lanwan Statetical Data Book 1992



In Malavsia,
where cereals occupy ondy about 1448 ol the

for total agricultural production.

net cropped wreas food  production grew by
13249 compared o the 889 prowth i ol
agricultural productiony. due to a major
ctiort  to paddy
Fhe Malavsian government’™s aim

government nerease
production.
i to be about 630 Sseltsutticient in tood

production.
Contributors to the Increased Production

Part ot the moreased otal agricultural
production i most countnes suivesed wias due
o an merease e the net cropped areas This
grew annualls by 0N 300 g south Asia and
by IS0 southeast Asn \imong the
cast Nsian countries, the area under caltivation
mcteased onby e Chieeand that by a mere
O e annualls In Tapans South Korea, and
Lanwan e decreased aimnadly by Lo o [
and 2050 rospeatinels s was due oo
dramane Shitt me tavor of mdusticdizanon and
urbanization Fyen i Chimae and Madavsia,
the net Gropped  wrea tHuctuated  due to
During the
TOR2.92 penod. the wrea under arable and

competimye demands 1o land.

permanent crops vresw annually o by around
OS5 an P T Nustralioe and 139 1
Papua New Gumeas However, ot decreased by
about O3 annoally e New Zeatand.

The rewon also gecorded gams e the
average per hectare crop vield. Phiv grew
amnuadly by oan aserare ot 093200 iy south
Asie D1 3 i southeast Nl and b

SA% e east Nsia Because of this sigmiheant
gamy e producinvaty, avncabaral production i
cast Asian countoies did not sl byas miuch
as ot could have e south o southeast s
had  there been w wannlar decrease e the
vltvated  area there In Oceana, cerea
productvin mcreased annuathy by gbout 3
e Australie D8 e New Zealand. and 17
m- And e Papoas New s Gaea, while
cercal producton decreased shivhthy, it of
toot craps tthe countiy s maor produce

mcreased modestlv by wbout 0270
C. Pattern of Agricultural Production

Inexanunmge copping patterns and - crop
productivity . the
notesworthy cAhmed 1994

o Ntable croppore potterns: While o the

foHowmy  points are

arca under cultvation ncreased in all
countries during the past 25 vears, the
cropping  pattern (interms  of  the
percentage arca under cercals compared
1o other crops) remained  quite stable
over the years, with the change being
under 5 percentage points in oa
majority of the survesed countries;

o Dominance of cereals i the cropping
patterns: Rice and  wheat, with o
smaller percentage of maize and
sorghum. have continued  to occupy
S0-80% of the net cropped area in
most of the countries surveved.  The
exceptions are Malavsia, Fijic and
Papua New  Guinea, where  cereals
make up under 153%  of the net
cropped area Clable 200 and

s Lower  productiviy of  cereals

compared (o other Jood crops: Cereals

are less etticient atlizers of  land,
wsater. sunhght, and tertilizer compared

o many noncereal tood crops. They

vield, on average. less than 5 nt/ha

while crops such as potato, vegetables,

and fruts vieldo onoan average, 10-40

mit/ha (Table 2y

Future Agricultural Production Needs
Future Agricultural Production Targets

To mamtatn the same total agriculural
production per capita that we have at present,
or slightly amprove it total agricaltural
production - south and  southeast Astan
countries and China should anerease by 164
3% Cthaddand and St Lanka wt the Jower
end and Pukistan at the higheny duning the
pertod 1990-2000  cNhmed 199050 This
retlects the rate of populatton growth, and
alsaassumes that the cropping pattern will
remain more or fess the same as it has been
over the past 25 vears, On the other hand,
the situation s very ditferent e Japan, South
Korea, and  Tamwan the three countnes in
which agncalture has tahen a0 “back seat™ in
the overall ceononue development. with the
arca undes agniculture gradoadly - decreasing,
Hereo durmg the 199620000 pernod, a0 modest
growth (870) 1« projected tor South Korea and
anoeven lower 2% e Twwan: e Japan a
declme ot about 190 nmght take place.
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Table 2. Agricultural situation in the Asian and Pacific Region, 1992 and year 2000

Country year Population Harvested crop area Agric. produg;ionﬂy ﬁ__mé\r/.wq’gg_yield ~

FCR NFC TTL FCR NFC TTL FCR NFC AV

tmithion) imillion haj tmilhion mt) (mt/ha)
i 2 (13) (4)

Afghanistan 19.1 2.3 0.1 2.4 3.8 0.1 39 1.6 1.9 1.6
Bangladesh 119.3 12.3 n.8 131 34.0 8.6 42.6 2.8 11.2 3.2
India 879.5 150.9 13. 164.8 3438 265.8 609.6 2.3 18.0 3.7
Myanmar 43.7 7.9 03 8.2 19.8 2.5 22.3 25 8.8 2.7
Nepal 20.6 31 0.1 3.2 7.3 1.3 8.6 23 24.0 2.7
Pakistan 124.8 13.7 3.6 17.3 32.0 43.7 75.7 2.3 12.0 4.4
Sri Lanka 17.7 1.0 0.3 1.3 42 3.0 7.2 4.2 10.8 5.7
South Asia 1224.7 191.2 191 210.3 4449 325.0 769.9 2.3 17.0 3.7
Cambodia 8.8 2.C neg 2.0 3.2 0.3 3.5 1.6 13.0 1.8
Indonesia 191.2 19.2 7.1 26.3 90.3 415 131.8 4.8 259 6.5
Laos 45 0.7 neg 0.7 2.2 neg 2.2 3.2 2.7 3.0
Malavsia 18.8 0.7 4.2 49 3.9 10.0 13.9 2.4 2.9 2.8
Phitippines 65.2 6.9 3.8 10.7 276 36.3 63.9 2.0 11.4 55
Thailand 5€1 13.7 3.5 17.2 53.1 50.3 103.4 3.9 14.4 6.0
Vietnam 69.5 8.5 0.3 8.8 36.1 7.2 43.3 4.2 24.0 49
S.E. Asia 4141 51.7 8.9 70.6 216.4 145.6 362.0 4.2 7.7 5.1
China 1188.3 125.3 1 136.4 723.2 108.2 831.4 5.8 9.7 6.1
Japan 1241 3.2 0.8 4.0 38.7 6.8 45.7 1.9 8.7 11.3
Mongotia 2.3 0.5 neg 0.5 0.6 neg 0.6 1.0 var1.0
North Korea 22.6 2.5 neg 2.6 18.9 0.1 19.0 7.5 1.5 7.3
South Korea 44.2 1.8 0.4 2.2 21.8 0.3 221 11.8 0.7 9.9
Taiwan 20.4 0.5 0.3 0.8 1.8 6.9 8.7 3.6 23.0 10.9
East Asia 1401.9 133.8 12.7 146.5 805.0 122.3 927.3 6.0 9.7 6.3
Australia 17.6 16.0 1.7 17.7 33.1 33.1 56.2 2.1 18.5 3.2
Fiji 0.7 .02 .07 0.1 0.1 3.8 3.9 5.0 54.0 39.0
New Zealand 3.4 0.2 0.2 0.4 2.6 0.6 3.2 13.0 3.0 8.0
P. New Cuinea 4.1 0.2 0.2 0.4 1.7 1.9 3.6 8.5 9.5 9.0
Oceania 25.8 16.4 2.2 18.6 37.5 39.4 76.9 2.3 17.9 4.1
A-P Region 3066.5 393.1 52.9 446.0 1503.8 632.3 2136.1 3.8 12.9 4.8

Source. FAO 19925 and Tanwon Statishical Dats Book  Jou?
FCR = Food Crops. NEC = NONFOOD CROPS, TTL = TOTAL



Options for Inereasing Food Production:
Cereals or Other Food Crops?

Increasing food  production 1o meet
domestic demand will continue 1o receive
priority an many countries. However, a heavy
reliance on cereal crops, while justified in the
past. may  need rethinking because, as stated
carhier. cereals eenerally vield much fess than
other tood  crops such  as potato and
vegetables. Under the cuarrently known
technolopy and even under the bhest of
arrcumstances, atomay o not be o possible o
mereise average cereal vields me tropieal
countries besond 5 mitvha (compated 10 the
average o wound LN ANmha now  obtained
in south and souwtheast Asen countries, Table
2r Potato and vegetables curremdy vield
more  than 10-40 mtzha an the ~same
countries with a potential tor much higher
stelds. They unhze sunheht Lind, water and
fertihzer more ethaendy than cercalds. Thus,
chances  of helpimy meet tood needs on a
log-term bases appear much hivher with them
than with cereals. So tar cercals have been
preferted texeept e countnes sach as Papua
New Guimneday because they e generally casier
o gron than toot crops and vegetables, They
alvorequire muoch less postharvest care, as
they are not pershable. However, now  that
farning stndards ine rsen i pracucally all
countries. and the antrastructural support
avarlable s also better. this mghe be an
appropriate tome too consider the gradual
promotion ol alternative tood crops, preterably
through nontimanaad niernvennon. Potato and
vewetables appear vood candidates  fon
consideration. Some cop combimations might
also be o better rom a0 standpoint ol human
nutrition,

A change e dictany habits usaally - tabes
place with oy atfluence, as has been the
trend e Lapan. South Korea, and Tawan over
the pist fesw decades. and as s happening
currently e Malinste ond - Thailand, However.
a ~hift o noncereal tood crops nin become g
necessiy monany conntries e the near future.
While  muny - factons suchas agrochimatic
suitubithes ol the crop. Grop natnent
requitements. pest problems, pershabilits of
the livest, and  dictuy preferences of - the
people need 1o be consdered e promoting
nes ocropss o sttt can be omade by

cncoutagimg  farmers tooogrow  potato and

6

vegetables for home  consumption,  where
appropriate. Fins would also make o dent in
monocropping. which has become all-pervasive
N ANy countries,

[t could be argued that countries such as
Japan. South Korea, and Taiwan, with g
comtortable: balance-of-paviments surplus, need
not worry  about producing  cnough tood
domestically as they  can castly aftord to
import i, It mught also be argued  that
countries with o comparative  advantage  in
producing  nontfood  crops (e.e. cotton, jute,
sugarcane, rubber. ol palme e would also
be better off not worrving  about praducing
cnough food.  However, o the estent tha
political realities make  these countries teel
cancerned aboat jood  pveciriry, the proposed
strategs of eraduadly mercasing the area under
noncercal  food  crops nnght deserve
constderation. A drastie shitt s not
suggested, but o graduatly  increased  promotion
of these “other crops™ should be considered.
The area under segetables, although startiro
from o low base, has grown faster than the
arca under cercals momany areas. bor
example. mosouth Asiac while the area under
cereals presw by 1790 L0, and 349
respectively i Bungladesh, India, and Pakistan
during  the 196390 perod, that under
vegetables  garew by 370900 069 and 3204,
respectively. Data tor Nepal and Sric Lanka
are ncomplete. Inosoqtheast Asian while the
arciunder cereals grew by 399 0 000 and
REAREET

Philippines during the same pertod, that under

Indonesia, Malavsia, and  the
vegetables grew by more than 130000 (from a
very low hasers 2590 and INSY L respectivels,
In Thahind, wiile the cereal area gren by
006, that  under
pnchanged: however, the area under oot crops

vevetables  remaned
mereased by Honoy In China. while the
arca under cereals grew by 290 thit under
vegetables gress by 12N And finally, in
Japan. South Koreao and Taiwan, where the
arca under cereals  decreased by 3G 300
and 424

vepcetables  either decreased by a0 Jower

respectively. the wea undes

percentage. o ogrew . Inoomany cases, this
change has taken place pimarily ar the dictate
of market forees,

Possible driwbacks i the production and
marketing of potato and vegetables iclude: (1
They require more inputs (fertihizer, labor,
water. cted iy They are more prone o pest
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damage by insects, discases, and weedsy: il
They require much better crop management:
tiv) They are more sensitive to weather
changes: (v They are perishable and thos
require much  greater post-hiarvest care: (vi
They are costhier 1o grow and more eapensive
to purchase mthe naehet; and (v Phey are
highly subject o price thuictuations. Al the
motre reason that an objechine teasiiliny study
be mmnated  carly e vanoos countries to
consider  the appropriate agrochmatic and
socioeconomic mche tor the minal promotton

ol these crops.

THE FERTILIZER SITUATION
Fertilizer Consumption
Quauntities

During the  TO81/82 FOUTA2 - pertod.
fertihizer consumption n the Asian and - Paaitic
regton grew by NI trom 309 nilhon i o
S0.7 ou tTuble 3 The regron used 42490 ot
the wotal global 199192 consumption of 134
nuthon me, (EAO - 19920 and s now  the
world's lareest terthzer consumer and the
fastest erowiny  market, A region waide

analysis fotlows:

Sewetlr Ve N doubling (10290 of

tertitbizer consumption recorded e south - Asia
was due primany o rapid growth in
Banvladesh o850 0 Indiac O Cvand Nepal
(200000 Pakistin 749 came a hitde behind,
More modest riates of growth were recorded
St Lanka (2000 and Adghanistan (1100, In
Muwwnar on the other hand, a 453 reduction
m - tertlizer consumption took place. The
reductton here and  the lted growth
Atvhanmistun could be attributed 1o the
prevathing disturhed polincal <ianon. Sn
Lanka™s smaller growth may also retlect the
tact that the Tevel ot ferdizer use there of 360
hehin s adready igh tor the crops grown
Clable 3.

Sontheat Y A robust 12290 arowth
ook piace o southeast Asiae due 1o ieh
crowth rates o Vietnam 223990 Thanland
17000 and NMalassi oL o
hehind,  white  the

Indonesia

(67 was  shiyhth

Philippies recordea a more modest vrowth of

LWAR However, ferthzer consumption
dearecased i Cambodia and Laos by 33 and
RN agan due o the disturbed pohitead

sttuation.

Fast Asia: East Asia’s growth ol 774
was due primanly to o a near-doubling  in
China’s fertilizer consumption (96 prowth),
while: Mongoha wand South Korea had - growth
rates  of only 23%  cach, and very modest
growth rites were recorded i North Korea
0 and Twwan (109 Japan experienced i
decrease ot 3% an tertilizer consumption, a
result ot the stenthicant reduction in the net
cropped area.

Occanta: Hereo fertilizer consamption
reniined  nearly  stagnant, with o growth of

only 3¢ - due o o modest 129 growth in
Austraha. The other three muajor fertitizer
consumers P New  Zealand. and - Papua

New  Guinea reeistered  decrcases of 200,
170 and 849 While the
reduction i Fipeowas due 1o the prevaihing

respectively.

disturbed pohtical  situation, that n New
Zealand as o Japan wias due tooa
stgmiticant dropoan the net cropped area.
Fertthizer consumption an French Polviesia,
New  Caledonma, and  other Pacitie islands
remained unchanged.

Rate of Fertilizer Use

Among the countries surveved, fertilizer
use rates  the/ha nutrients) ranged  in 1992
from 4 «Cambodia and  Laosy uand 8
Myammary, 1o S48 Chanvam, 4D Aapam), and
430 (South Korein,
mercase e tertilizer use has been tapering off

It more recent vears, the

- Japan. South Korea and - Taiwan:
consutnption: may have already peaked. These
three are amonyg the world™s heaviest tertilizer
users. Bstmanmyg New Zealand’s lesel of
feriifizer use s sorwewhat problenatic: because
1t s ditticult to assess the pereentage of
pasture fand that s teruhzed, It we donot
mclude s dand, the average tenhizer use
approviiates 938 ke NPK/ha which s
Biehly mtlated. Aod b we mclude all pastare
land. then the tirare drops 1o 27 kp/ha
which s a0 gross under estimate,

Because ol ditferences i agrochimatic
condittons and  crops grown, however, a
strarght comparison ot the Jevel ot fertilizer
use/ha across countties provides only partial
imtormation regarding the stage ot fertihzer
use development. A companson ol cach
county s oconsumption  agaimst ils o own
agronomic masimum” fertilizer consumption

7



Table 3. Fertilizer use in the Asian and Pacific region, 1981,82 to 1991/92, and

projections for the year 2000

Quantity (1000 nutrient tons)

1981-82 1991-92
Afghanistan 46 51
Bangladesh 40C 1003
India 6085 12763
Myanmar 126 70
Nepal 24 72
Pakistan 1080 1879
Sri Lanka 147 177
So:uth Asia 7908 16015
Cambodia 19 9
Indonesia 1454 2426
Laos 4 3
Malaysia 400 965
Philippines 320 437
Thailand 313 846
Vietnam 219 743
S.E. Asia 2447 5429
China 15153 29646
Japan 1879 1763
Mongolia 13 16
fNorth Korea 786 811
South Korea 769 945
Taiwan 398 438
East Asia 18998 33619
Australia 1144 1280
Fiji 19 14
New Zealand 463 383
Pap. New Guinea 12 1
Oceania 1640 1688
Total 30993 56751

Growth Quantity Application levels
(%) Year 2000 (kg/ba, 1991-92)
1 *56 21

150 1849 77
110 17890 77

{(45) *100 8

200 123 22
74 3384 109
20 252 136

102 23954 76

(53) *15 4
67 4065 92

{25) *5 4

141 1061 197
37 1258 41
170 1357 49
239 *1000 84
122 8761 77
96 34530 217
(3) 1989 441
23 *18 38

3 *835 312
23 1020 430
10 440 548
77 38832 229
12 *1400 72

(26) *16 140

(17) *400 958/277
(8) 12 28

3 1830 91
82 73377 127

Source o Historeadd (EANOD 1992 and Pawan Fertilizer Co. Lid). Projectnons [Ahmed 1094, texeept tor countries
nuached wah s which wie prelmman estimates, based on bistorical tremdss

may be o better indicator (Ahmed and - Mapa
L9R0). This is discussed below,

Projected Fertilizer Demand in the Year 2000

To be able 1o meet projected agricultural
production turgets o the sear 2000, NPK - use
in the region should ncrease by about 29
compared 1o the 199192 Sitwation (Ahmed
1998 A country -wise discussion follows
(Table 3y

3

Sowth Asic. NPK use should grow  hy
about 50% ., with individual  country  growths
ranging  between 109 (A fghanistn and V6%
(Pakistany.
nesded an Bangladesh ¢8990 and Nepat (71,
while Indii. Nyvaomee, and S Lanka will

Relatively high growthe are also

need to line somewhat lower growths (-
30 cachy,
i ferlizer use e Bangladesh and India over

Fhis compares with a doubling

the past decade, and 710 and 174 growths
in Pakistan and Sri Lanka,



Southcast Asic: A 610 growth v needed
for the region as o whole, with more than 2
doubling taking place o the Philippines (1884
growthi. and high growths also being needed
- Cambodia (6770, Andonesta (0890 Laos
(67 ), and Tharlind (600, Oaly 10 Vietnam
G4 and Malavsia (1090 wre the projected
arowth rates lower,

Last Avia Because of the near saturation
Croversaturation”y with tertilizer tse e this
region, fertilizer consumption may o grow by
onlv 13 during the perrod 19922000,
Chine feads with o projected 169 vrowthe and
Japan and Mongoln may - hase abour 124
arowth cach. North and Sowth Korea nun
have ower growth rates of 3% and N
respectivels. Fertibizer use m P
have whewds peaked. o Tapan alsol projected
stowth ol 130 s based on the assumphon
that the covernment will tonulate policies 1
help briny about o modest merease mthe net
cropped area. AL cast Asian countries
tespedtally dapan. South Koreae and Taiwany
which are concerned about the decredase mnonet
cropped dreas may offer meentives o turn this
sttion dround,

ot N vronth ob only 8% might
tahe place o thas remon and that ar
primacly 1o 9% wronth i Aoastrahia b
and Papua New Guinea may have grovths of
910 and New Zealand may arrest the
dechnmy rend s fertthizer use and register
a4 b marcase.

NPA sanoss No magor shite oy ths
ratto s eapedted  over the T sear period m
the survesed counties, lo south and
southeast  Asran counmties texcept S Lanka
and Malavsian vovemments waill uy o narrow
the ratios and ~ome narowtny nireht take
place At about the ~ame speed as e the
past. I Sie ko and Nadavsias the ratios
are already guite narren because of the tvpes

ol crops grown,

The Increasing Importance of Fertilizers
in the Region

The e on addiional Tand that can be
brought under cultnvation i most countnes
icreases the cntical role ob dertithzers and
other complementary mputs e helpiie meet
tuture avncultural producton needs e all
An by tollow s cAhmed 1994y
South Vvas Compared to 19650 when

COULTTIeN.

fertilizer use accounted tor 0-6% ol the ol
agricultural production me Bangladesh, India.
Nepal, and Pakistan, and 300 a0 S Lanka,
fertihzer dependence had crown 1w 24520
1990, Thiv mght reach 395400 by the vear
20001 Thus. by that e, about onethird 1o
hall” of the ol aercaltural production needed
i south Nsie wall have 1o be o obtined by
usiy lertilizens,

Souwtheast Vs Because ot the haeh
terttlizer use already  presiahing e Japan,
South Korceu, and  Tarnwvan o B9e>30 the
dependence ot fertthizers o meet agncultoral
production was already high there ar that tme
(06 7200

tertihizer uses dependence rose at o slower

Because of the “near satwation”™ an

pace over the nest 23 vears than i south and
sottheast Asias s dependence might nse o
about 82870 by the vear 2000 [he
valnerabihity ot these countires o distuption n
terthizer supphes s thuss very hiehe
Chima, o ditterent prcture s secns Beaause
tertilizer use there averaved only 16 kesha
19605, dependence on ferhizers tor aeniculunal
production  was  almost non existent ot tha
nme. Howevero because o the napid vrowth
o tertthzer use over the past 27 vears,
fertilizer use s estimated 1o have heen
responsthle tor abour hadt ot the total
agricubtural production there me 1990, By the
vear 20000 s dependence might have nisen
to about 36t

Theovetical Maximum Level of
Fertilizer Use

Fhe mavimum™ lesel wo wihach tertihizer
USC Can rise meoans couniy s theoretical
ostimate which assummes that cach cropped
hectare receives  tertithizer appheations of the
recommended tae ot NPKO suitable tor local
conditrons  cNhmed 199 \n Coptium’”
tecononued level ot lerahieer recommendation
depends on the owmputanpar poce rato
However, sinee s dithicnlt oo estimiate what
this ato nueht be o vaoas countres 101
vears hences it s aeeamed  that the curentby
recoimmicnded pates ol lertthizer use wall
coitinue torepresent the “optinnum™ situation
o the future alsos A NPR O recommendations
brcome upddated and tine tuned Tor newer crop
vartenies e specthie aweas. the theoretical
manimum lesels of terilizer use sl also
Change accordmply.



The 1990 and 2000 theoretical masinium
fevels are indicated in Table . For the veur
2000, any expansion in the net cropped area
his been assumed 100 be proportional 1o the
1990 croppimg pattern. thereby influencing  the
ultimate use deve! e the same proporion,
This s based o the ceneral obseryation that
tetthzer recommendations for various Crops
have remamed anchaneed in practically all the
countries studied over the past TOS1S vears
fexeept that secondary and trace elements e
also bemy reconmended inocertam Cases,
Fhaso b countny ' net ctopped arca were 1o
merease by 0% 0 s assumed that the
thearetical “mavnmum™ tewilizer demand Tevel
Wil also mcrease by 10, Fhe tollowimg
points emerge trom Table b

oI four cast Asinn countnes ane
cither at therr mavmuome fevel ol fernlizer use
(Chinar or e already Toverusme” tertlizers
thapan. South Koreas and Fawany, Uniless
ferizer use o nonavnicaliural purposes e
oS _L'l‘“ COUISES, [MIK\. and torested areas IS
abso mcluded e the terthzer constimption
statistics of these counties without the
mchision of then fespedtine  dreas there
appeats oo be s considerable wastage i the
amount ob terithzer useds a0 wastage which
nnmcrcase ab the current tertibizer use
projections s reribizer over use can lead
o eovionmenial problens e futie. Sinee
fertthizer cost e small percentage ot the
Wl cost ool production i these countries
EAhmed 9 fmens want o0 cisue vood
siclds by nore than the recommended
feetthzer rates Lhes donot venerally - Know
that they e wasting money oreven
redacinye vrelds It appears that
tertilizer s “onverused” hecanse may - be
ovensubsidized By the vear 20000 1emalize

[ oChinay and

use s nneht tanve hetween
ESUT Chasans of the progected masinnnn use
fevels ar that e Fhise the wmount o
e use and wastare v Bhelv o mornease,

S the south and sontheast Nsan
counties appea oo he carrenty sy fertilizer
db o level of between 1t l\.'p.ll) o 107
CMalavsias of therr respective theoretioal
manimme terihizer use bevels s By the vea
2000 tertihzer use devels may e 1o between

Madaysia's “over use™ ob temibizen even i 1990 .

23 ONepahy and FISG oMalavsin ol the
theorencal mavmmum fevel at that time, In
Most countries of these two rezions, use levels
theothe sear 2000 will anee between 70001,
ot the theorencal masimum. The Philippines
might also be ar aboat “saturation point™ then.

Comparing Fertilizer Use Across
Countries

Because of varation i soil 1ypes.,
agrochate condinons. and - crops grown,
direct comparison of ertilizer use actoss
countries s onot o meanimelul measure ol e
stage ol fatthzer use e dilterent counties,
Acomparison of current tertihzer use e cach
country against ats theoretical “mavimuam’™ use
tcalculated  on the baas of JUTOnOmIC
recommendations,  discussed  aboyves nuny he
mote meanmetul cAhmed  and Napa (086
For examples Indie with an averaee canrent
tertlizer use ol about 77 ke NPR ha favaims
o theorenical optmunn fevel of 110 kevhan,
may - be o Chieher™ tertitizer user than
Pakistan, where the cuirent AN U TINTRININ
about 109 ke NPKha Gramst a0 theoreheal
optimam of about 225 keshay cTables 3 and
Do Thuss India's current fatbizer use s
around 700 oF s agronoaie optimam fevel,
while  Pakbistan's v about IS5 o s
dagrononne optimum Jevel. Fhe natronal
average optmume tertthizer use level ha
Indie appears 100 be abour hall of Pakistan's
because a0 Luee proportion o1 Dedia's
agriculture v o ennand  nnted ESUTIHITN
wiere the recommended testihzer apphicanon
rates tor most crops are about halt ot those
the mneated Pungab and Harasana provinees,
where sophisticated noeated  Lmime tahes

pl:lu‘.
FERTILIZER AVAILABILITY

Region's Inereasing Dependence on
[mports

Aboar onethird o the tertihzer used
During 199192, (o
cvaples the 20 countiies suveyed colfectnehy
miported o4t NPK onutnents (354 of then

the remon s unported.

saevested by able 0 el b reintorce oar by pothesis that

some o this fertdizer s actally being smageled o Thadand and not being ased e Aty i

10



Table 4. Theoretical maximum level of fertilizer demand in Asia, with projected
level of fertilizer demand

(1) (2) (3) (4) (5)
Theoretical Projected  Theorgtical Proiected Projected demand
maximum maximum  maximum fertilizer as % ol theoretical
fertilizer harvested fertilizer demand max. consumption
use arca consumption
Country Year (kg/ha) {mt/ha) (mt) {mt)
{(Col. 1 x 2) (Column 4/Column 3)
Bangladesh 1990 150 13.7 2.055 0.933 45
2000 155 13.8 2.139 1.849 86
India 1990 110 165.9 18.029 12.561 70
2000 115 170.0 19.550 17.890 91
Nepal 1990 130 3.5 0.455 0.073 16
2000 135 3.6 0.486 0.123'N% 25
Pakistan 1990 228 17.7 4.036 1.893 47
2000 230 18.0 4.140 3.684 89
Sri Lanka 1990 221 1.4 0.309 017 55
2000 225 1.5 0.338 0.252 75
Indonesia 1990 205 23.2 4,756 2.510 53
2000 210 23.5 4,935 4,065 82
Malaysia 1990 182 49 0.892 0.952 107
2000 185 5.0 0.925 1.371" 148
Phitippines 1990 103 11.4 1.174 0.588 50
2000 105 1.5 1.207 1.258'NS) 104
Thailand 1990 144 16.9 2.434 1.044 43
2000 150 17.0 2.550 1.357" 53
China 1990 194 137.7 26.714 27.077 101
2000 200 140.0 28.000 24.530 123
Japan 1990 347 3.4 1.180 1.839 156
2000 350 3.4 1.190 1.989 167
S. Korea 1990 395 2.0 0.770 0.970 123
2000 400 1.9 0.760 1.020 134
Taiwan 1990 365 0.7 0.256 0.417 163
2000 365 0.6 0.219 0.415 1689
Source  Ahred taud
NS Results tor SNepad and b Phadippines were oot datetoadls seanticant Pertifizer demand projections are mdicated
bere dor completencss onlv o and choald net beoconsndered scoirate Resalts tor Malassia and Thaland may hase
been attected by posable tertilizer simuevhing tom Malinvsia o Thaland See Lo



total nutrient needs), vatued as $3.8 billion®
{Table 5). Seven countries (Nepal, Cambodia,
Laos. Thailund, Mongolia, Fiji. and Papua
New Guineay are 1009 dependent on fertitizer
imports. With  25-50¢%  of thewr total
agricultural production being  dependent on
tertilizer use. the vulnerability of  these
countries to distuption in- fertilizer supplies s
very high indeed. Heneeo fertilizer security is
as amportant g consideration as food  security.,
Other countries with o high vulnerability (o
disruption - tertilizer supplies are N vanmar
(509 mmport dependenty, Sri Lanka (849,
Vietam (S8, Japan 41700 Australia (644 ),
and - New Zealand 1300 And although
Bangladesh. Indui, Pakistan, and Ching are 23-
potential
vulnerabihity 1o disruption in - fertilizer supplies

M import-dependent. their

I abso large becaise of the Targer volume of
their total food and agricaltural - consumption
and also because of the high dependence of
their respective cconomies on agriculture.

In terms of volume. the two biggest
fertilizer smporters are China and  India,
Duaring 1991-920 China imported 9.8 mt NPK
B33 ol s needs) valued at approvamately
S29 bilion: and India, 28 mt 1299 of s
needs) . valued at S840 mitlion. These two
countries are also the world™s bigeest fertilizer
tmporters. Duaring 1991920 they collectively
mported 639 of the region’s ol fertilizer
iports. Their share of the Region™s ol
NPK consumption during that year was 7604

Outlook for Future Fertilizer
Production

While  the fertilizer
production s expected o inerease by about
309 during the next iew vears ofrom 38,3 mut
in 1991 1w onearhy 32 mi Table 65 unless

region’s  own

additional  facilities are constructed.  the
shorttall i avarlabilny may rise from 159
million: mt by the vear 2000 Chable 7). And,
while the percent shorttall will be only
shightly eher than i 199192 QU 40 of
estimated consumption versus 2920 iy 1991,
the vadue of the estimated fertilizer imports
will merease from USSER hillion in 1991 10
USSO.8 bithon by the year 2000, at the 1991/
92 estimated average tertilizer price of $300/
mt NPK.

.
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AL an approsimate average Cl price of $300 per nutnient ton

The production of nitrogenous fertilizers
(primarily urca) has grown significantly  over
the past 25 years in Astac Indonesia, South
Korea, Japan, Malavsia, Bangladesh, and  the
Philippines  have been the major fertitizer
exporters.
South: Korea, Taiwan, and the Philippines rmay
China, Japan, South Korea, and the
Philippines are the region’s major exporters of
phosphatic fertilizers. So far, China and
Tatwan are the region's only  countries
producing  small  guantities  of
fertilizers. With the recent discovery o a
major potash deposit in Thailand, a fairly lage
K-producing unit is now under construction
there. This will put Thailand among  the
world’s few K exporters.

However, exports from Japan,

dectine.

potassic

*Informal” Fertilizer Trade between
Neighboring Countries

Significant guantities of  fertilizer may
currently  be smuggled from Nepal o India
and from Malavsia o Thailand.  This is based
on the tollowing considerations:

Nepal-India  case: (1) The  border
between these two countries s very  porous;
(2 Ferulizer prices in Nepal have  generally
been about S30-132/mt lower i various vears
than in Indiaz (3) Frequent fertilizer shortages
have been oceurring in the ncighboring  state
o Uttar Pradesh in India: and 5 No
statistical  relationship between agricultural
productivity/ha and  fertilizer use/ha was
i contrast to the highly
stgniticant relationship obtained in several
other countries (Ahmed 1994, Although a
movement of, sav, 10000 mt fertilizer from
Nepal to Indic would  bardly make a0 demt
cither - India’s total fertilizer consumption or
it total agricubural production. it would
have o significant impact i Nepal on both
accounts, To minimize smugghing, the

observed in Nepal

Nepalese  government has recently decided 1o
mainiain ferulizer el prices inthe country
at levels 5-1007 higher than o India.
Malaysia-Thatland  case: 11y The border
hetween these two countries is also very open;
(23 There is a0 sigmficant price differential,
with prices for urea and TSP being USS10-
192/me dower in Malaysia than in “Thailand;
and (3) Using the “need-based™ miethodology



Table 5. NPK trade in countries of the Asian and Pacific Region, 1992

Nitrogen Phosphate Potash Total NPK % IMP dependence

Prd Imp Exp Prd Imp Exp Imp Con Prd Imp Exp Total expoit {Less)
Afghanistan i3 2 0 0 6 0 0 51 43 8 0 16 16
Bangladesh 757 6 64 50 214 0 72 1003 807 293 64 29 23
India 7302 566 12 2596 968 0 1236 12763 9898 2770 12 22 22
Myanmar 61 18 2 0 15 0 5 70 61 37 2 53 50
Nepal 0 61 0 0 16 0 6 72 0 83 0 100 100
Pakistan 1045 359 0 106 257 0 15 i879 1151 631 0 34 34
Sri Lanka 0 104 0 6 21 0 23 177 6 149 0 84 84
S. Asia 9214 1116 78 2758 1497 0 1357 16015 11972 3971 78 25 24
Cambodia 0 4 0 0 5 0 0 9 0 9 0 100 100
Indonesia 2255 n 696 501 13 34 184 2426 2756 208 730 9 **(27)
Laos 0 2 0 0 1 0 A 3 0 3 0 100 100
Malaysia 325 172 184 0 170 0 53 965 325 871 184 90 7
Philippines 143 301 35 192 30 122 143 437 335 473 217 100 57
Thailand 0 486 0 0 236 0 149 846 0 870 0 100 100
Vietnam 21 578 0 68 60 0 16 743 89 654 0 88 88
S.E. Asia 2744 1554 375 761 515 156 545 5429 3505 3088 1131 57 36
China 15309 4683 16 4636 2706 58 *2413 29646 20042 9782 75 33 33
Japan 931 172 213 425 299 29 500 1763 1356 971 242 55 a1
Mongolia 0 10 0 0 4 0 2 16 0 16 0 100 100
N. Korea 660 9 10 137 0 0 4 811 797 24 10 3 2
S. Korea 580 72 187 398 0 147 359 945 978 437 334 46 11
Taiwan 257 74 5 78 0 0 18 438 392 92 5 21 20
E. Asia 17137 5000 431 5674 3009 234 3296 33619 23565 11322 666 34 32
Austratia 233 293 22 229 400 7 144 1280 4062 838 22 65 64
Fiji 0 10 0 0 2 0 2 14 0 14 0 100 100
New Zeaiand 57 23 34 170 70 5 105 383 227 198 35 52 43
PNG 0 6 0 0 2 0 2 11 0 n 0 100 100
Oceania 290 332 56 392 474 1 253 1688 689 1061 57 63 59
AP region 29385 8002 1540 9592 5495 391 5451 56751 39731 19442 1932 34 31
TChina abso evported 600 mt potash dunng 1991202 ains s ancluded i Cluna’s export data
=t Tanvan also prodoced 370000 mp patash” ahn s aactuded i Tarwan™s producnion datan.
Seurce FAQ {Tuu2b] and Twwan Fertihzer Coo Lad

PRD = production. IMP = Import: EXP - Exportt CON = Consumiption
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Table 6. Feriilizer production outlook, 1990/91-2000

Nitrogen fertiiizer

Rated

Total

Phosphatic fertilizer

Total

Total NPK fertilizers

Rated Total Rated

1991 Projected Capacity 1991 Projected Capacity 1991 Projected Capacity
Country Capacity Addition Qutlook Capacity Addition Qutlook Capacity Addition Outlook
Afghanistan 58 0 58 0 0 0 58 0 58
Bangladesh 855 €680 1,535 57 0 57 912 680 1,592
India 8,414 2,810 11,224 686 33 719 9,100 2,965 11,943
Myazamar 211 0 211 0 0 0 21 0 211
Nepal 0 0 0 0 0 0 0 0 0
Pakistan 1,225 1,598 2,823 neg 0 neg 1,225 1,598 2,823
Sri Lanka 0 0 0 9 0 9* 9 0 *9
South Asia 10,763 5,210 15,973 752 33 785 11,515 5,243 16,758
Cambodia 0 0 0 0 0 0 0 0 0
Indonesia 2,775 2,094 4,869 172 0 172 2,947 2,094 5,041
Laos 0 0 0 0 0 0 0 0 0
Malaysia 328 0 328 0 0 0 328 0 328
Philippines 140 0 140 392 0 392 532 0 532
Thailand 0 0 o 0 0 0 0 600 600
Vietnam 60 0 60 0 0 0 60 0 60
SE Asia 3,303 2,094 5,397 564 0 564 3,867 12,694 '6,561
China 18.013 4,229 22,242 139 848 987 218,272 35,557 2323829
Japan 1,100 0 1100 700 0 700 1,800 0 1,800
Mongolia 0 0 0 0 0 0 0 0 0
North Korea 867 0 867 0 0 0 867 0 867
South Korea 688 0 688 344 160 504 11032 160 1‘4192
Taiwar, 300 0 300 75 0 75 437 0 . 437
East Asia 20,968 4,229 25,197 1,258 1,008 2,266 2422,408 ,5.717 23428,125
Australia 233 ? 233 229 ? 229 462 ? 462
Mlevww Zealand 57 ? 57 170 ? 170 227 ? 227
Oceania 290 ? 290 246 ? 246 536 ? 536
Total 35,324 11,533 46,857 2,820 1,041 3,861 2438,326 13,654 1.23.451 980
PoIncludes 600000 i o potsh e Thadand. 2 Includes 1200000 mp ot potish m China 3 Includes 480000 mt of potash in China.
S Includes 02000 m o porash in Tawan, 0 May reduce somewhat

Sourde FADINAP

and personad commumcanon with terihizer mdusn officials mosvanous countries,



Table 7. Fertilizer “security” of selected Asian countries, 1990/91 and 2000
(1000 NPK nutrient mt)

NPK consumption NPK production NPK supply/demand balance
Country 1991/92 2000 1991/92 2000 1991/92 2000
Afghanistan 51 56 58 58 5 2
Balgladesh 933 1,849 912 1,592 (21} (257)
India 12,561 17,890 9,100 11,943 (3,461) (5,947}
Myanmar 72 100 AR 211 139 M
Nepal 73 123 0 0 (73) {123)
Pakistan 1,893 3,684 1,225 2,823 (668) (861)
Sri Lanka 171 252 9 9* (162) (243)
South Asia 15,754 23,954 11,515 16,636 (4,2417) (7,318)
Cambodia
Indonesia 2,564 4,065 2,947 5,041 383 976
Laos 3 5 0 0 (3) (5)
Malaysia 952 1,371 328 328 (624) (1,043)
Philippines 588 1,258 532 532 (56) (726)
Thailand 1,044 1,357 0 600 (1,044) {(757)
Vietnam 743 1,000 60 60 (683) (940)
Southeast Asia 5,894 9,056 3,867 6,561 {2,027) (2,495)
China 27,077 34,530 18,272 23,829 (8,805) (10,701)
Japan 1,839 1,989 1,800 1,800 (39) (189)
Mongolia 16 18 0 0 (16) (18)
North Korea 811 835 867 867 56 32
South Korea 970 1,020 1,032 1,192 62 172
Taiwan 417 415 437 437 20 22
East Asia 31,130 38,807 22,408 28,125 (8,722) (10,682)
Australia 1,280 1,400 462 462 (818) (938)
Fiyi 25 28 0 0 (25) (28)
New Zealand 383 400 227 227 (156) (173)
Oceania 1,713 1,828 536 536 (999) {1,139}
ASIA 54,491 73,645 38,326 #51,858 {15,898) (21,634)
SOy reduce somewhat e T assamed that no new capaciy will be added n Oceama
Souzce cEAOL UMb FADINAP, 19920 Shmed 99
for fertitizer need  projection (Ahnied 1994, Nepal has doner. The Tatter option wanld
the varmtion between  the calculiated 1990 undoabtedly draw  protests from Malassian
fertihzer consumption and actual consamption farmers. however as wis also evpeneneed

wan much ugher e these two countries than
Malavstie and 509 fo

apposed to 100 or less

chsewhere: 279 tor
Thaitand as
vinrittton e other countries havine stenificant
R vatues. Hothes hypothesis s correct, the
Malavsin government has o choreer caher et
the sony quo continue, o which case 1t will
continne to subsidhize the Tha farmers and

probabhv 1o o lrper evtent the smugglers,
or rase the tertilizer prices o bring them o a

fevel comparable to these over the border (as

by Nepal.

AGRICULTURE-FERTILIZER INTERFACE:
AN OVERVIEW

Agriculture’s Increasing Dependence on
Fertilizers

Fertthzers are cunrently ased o produce
about St of the total apnculturad
among the countiies survesed (ap rom around

harvesl

5



0% m 1965). the range being trom  about
20%% i the Philippines ¢where fertilizer use is
about 52 kg NPK/Aha) 1o S1-804 of the total
agriceltural harvest in Japan, South Korea and
Tarwan (where fertilizer use is between 384
S95 Ke/hay CFable 2y By the vear 2000,
fertilizens along with complementary inpits

may be needed to help produce 0874 of
the projected  total agricultural production
needs amony the survesed countries, merely 1o
maintan the same output per capita as
1990 This bighhghts the growing strategic
mmportance ol tertilizers, as well as the
sulnerabiliny of fertifizer mporting countries
tnowhich category many Asian countries fallh
to distuption e tertilizer supphes due 1o
mural or human causes. This increasing
dependence on o fertilizens sugeests a
reexammation ot the terthzer-sastamabiliny
tsues The ssue s not whether growth
fertihzer ose o deswable. but how 1 can be
sustamed with w ninmmuam adverse impact on
the environment (Desar 1991,

Issues of Sustainability

Agriculture s not sustainable it it
resource base dechmes, or il has an adverse
mpact on the environment. or if at feads 1o
ceononie hardship tor farmers especially for
limited resource tarmers and - Landless tenant
cultivators. The dechne moresource base muay
ocear tivugh ol degradation idepletion of
outtients or the development ot sl problems
such s salines o alhadinaty . waterlogemg, or
aciditya the cnting ol torests. reduction in
water guahitys or changes o the prevaling
Attempts 1o
mtensty - arncnlture s nanemal arcas may

chmate (Swandale 1092y,

also tnepeer such Chanyes

Bxcessive o mmpreper e ol tertilizers
may lead o senons envronmental . problems,
Inadequaate and unbalanced use mav adso canse

W hle
civionmental nnpacts trome terhizens e not

stmilat problems adverse
asdinatie as those trome pesticades, they are
nevertheless msrdions. with as ver
tndeternnned  Jony tern elttedts on human
bemges  and  the envoonment Problems ol
Me tosions e donk i water, catrophication
ob lakesand binkd up of heany mctals sach
as cadnnum o ompony e some phosphatic
tertihizers, which has been tound 1o be

carcmogenic) have alieady heenr observed  in
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certin Jocalties: and o build-up of  nitrous
oxides anthe atmosphere twhich may attack
the ozone Lyery has been speculated (OFECD
TONS). Thus, suitable Tepislanon 10 regalate
the production and use of fertihizers should be
cacted inall countries and - then complianee
monitored. The fevels o tertilizer nutrients in
soil, groundswater. and fakes should also be
monitored. Greater eovitonmental - awareness
is abready stimolatmg reseasch o alternative
agriculture. We e rediscovering the virtues
of crop rotution. mnved farmeing, the use of
cover crops, and the reeycling o agricubtural

Wastes.,

Agriculture’s Adverse Environmental
Impact

While  agricalture  sull makes g
signtficant contribution o the landscape in
nmany - oarcas.  a stgnificant
eavironmentl problems hive emerged because
of the Gulure o integrate agncultural and
emvironmentad policies (Bockman er al. 1990,

number ol

These include:

LA reduction s the arca of biotyvpes
vilued Tor amature conservation, For
example. s estimated that w33
told increase has tahen place in the
rate of  speaies estinction in o the
mtensinve crop production area of
Niedersachen, Germany, where 14
species became extinel between 1930
and 19700 with S50 of the losses
bemg  attnbuted  to apncultaral
practices.

2o Apncultural

pollution  problems

assocrated  wath the growth ot
intensive anmmal hushandiny

3o A pollution problems trom intensive
ammal production. manure spreading,
and crop spraving,

4o Sol salnization problems, which are
contumuittimy  water supphies and
causing losses e sold productivaty
and Landscape ameniny values,

S0 Losses e handscape ameniy values
and waldhite habiar Gaused by the
anutbgamation ot s, spread ol
monocalture: temoval ol hedpes,
wallsv, and terraces: doonimy ol
wetlands: and  detenroration and

destroction ot raditronal farm
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Table 8. Some adverse

environmental

effects of fertilizer use

Fertilizer
Practice

Soil

Nitrogen
apphication

Phosphate
application

Manure,
slurry
application

Sewage
sludge
application

Accumutation of

heavy metals heavy
metals (cadmium, etc)

Accumulation of
phosphates and

copper (pig
slurry)

Accumulation of
heavy metals
and
contaminants

Effect on
Groundwater Suface water Flora  Fauna Other
Nitrate leaching
affecting water
Accumuiation of Run-off Effects on
(cadmium, etc) leaching, or microflora
direct discharge
_ Eutrophication leacing to:
1) excess algae i) oxygen
and water depiletion
plants affecting
fish
Accumulation of Eutrophication Eutrophication lead.ng to: Stench.
nitrates and 1) excess algae i} oxygen ammonia
phosphates and water depletion
plants affecting
fish
Accumulation of Residues

heavy metals
and
contaminants




buildings.

’

of fiermany, 3070 of the hedperows

For exanmple, inoone part

were cut down between 1954 and
1971, In another, 3000 of hedgerows
were cut between 1971 and 1979,

6. Soil
poliution,
produactivity losses, a0 dechine i the

compaction,  crosion,  and

which  have  led 1o

gquahity of water resources, and g
reduction i water storage capacity,

7. Adverse ceffects on human health of

chemical fertilizers, syathetic

pesticrdes, heavy metals, feed
supplements. and other contammants
in soils water, tood products, and the
Durtng  the  fast few

vears, for exvample. 360 pesticrdes

food  chamn.

have been detected e groundwater m
the US.AL
8. Contamination of ground and  surbace
waters and  the cuttophication of
surbace  waters by mitrates and
phosphates, feading o local health
rivhs. dechine i the quabiny ot
auuatie resources. doss e recreational
values of the attected arcas. and
mereased water teatmene and supply
CONIS,

The Lst o pomts e discossed below. .
Overuse of Fertilizers

Fhere s mountinge evidence of fertilizer
overuse. For examples o osuvey e the UUSUA,
showed that over halt ot the mtrogen applied
o the cormn belt was not needed 1o achieve
masimuwm profbis. Inoae sunves e Sweden, it
was tound  that net farm mmcome could
morease by ESSTO IS ha ot tarmers used only
the amount o tetuhizer needed tor nueamum
proftits. ~upplemented by anomal maanure
(OFRCD 1985,
ferthzer use wath the recommended use with

Vhimad compared  actual

the recommended ase devels e Tapan (A hmed
L9930 and concluded that Japanese tarmers
man be overusinye tertilizer by 20050¢,

Reavoens oo fertdier onerise: While

reasons  vars . they can be summarzed as
tolliws:

I developed countnies. the cost 1o
Farmers of o margial increase e the
amount of tenhizer used s small,
while  tived
application cosis, are gh,

costs, particubardy

20 Fertilizer use rates tor individual
ficlds are not accurately known: thus,
over-appheation appears 1o be an
optimal risk-averse stratepy.,

Lo Farmers find 0 too expensive 1o
utihze amimal manuare or are unaware
of its tertilizer value,

40 The hvestock densiny ot individual
farms is too tugh deading 1o overase
ol wnimial manuie).

5. There iy peer pressure on farmers (o
produce high vickds of nseers and
discase-frece crops,

6. In many  cases production imcentives
and  guaranteed  matket prices reduce
the sk of tngh mput use

7. Sometimes marketing regulations,

dssistange

governnient programs,

pioduct  guarantees. etes require the
use of certam practices and chemicals
which have adverse elfects on the
chavironment,

K. Sometimes  food  processois require
farmers 1o use certam pesticides on
fraits. vegetables, and other cash

Crops.,
Problems with Excessive Fertilizer Use

The major envionmental problems with
ferthzer uses summarized o Table 8. are as
tollows  (Bockman er af. 1990; Constant and
Sheldrick 1992):

Denitrifrcanion volanlization: N loss 1o
the atmosphere through dennntication (change
of N compounds imto mitrous ovde)y may
contribute to “preenhotse pases™ e the
atmosphere, thereby exacerbating the problem
ol the breahmy down of the vzone liver. N
losses can be o partcularlsy high from
mtenstvely cultnvared  and terthized  land,
whether the tertlizer s trom organice or
INOTEINIC Sourees.

Nitrate deachine: The nitiate ton (NO )
peroose s not Lo, Fhe concern s with
mirite (NO O which s tormed by baciernial
reduction ol oitrate e the bods. It s also
produced o soil by the process ol
demtrihication of  the mirate on. Copeern
about mitrate antahe s based ong dostly, a
concern lor antant healths as bt feed made
with water continimy mote Ui SO my ntrate
per hitte s belicsved o o mvolve a0 sk of

attacks  of avate mtant Methemoplobinemia



"blue  babies™.
that nitrate: may react with tood  components
in the
compounds, such s mitrosamimes. thus causimg

Secondly, there s coneern

stomach 1o torm carcinogenic

cancer, especrdyoof the stomach, but also of

the hiver and esophagus. The third concern s
that nmitrate may - cause a0 varnety ol other
discases such as ponters maltormations. and
heart problems.

Natrate voncentration i drinking water s
approachime the Waorld Health Oreamization
fWHOY wnd Furopean Communny oBC) Tt
ot 30 mye mitrate per hitre e parts ot
Denmarks Boeland, France, Germany, Sweden,
and the LSA In France approvmately |
million peopler and e the Umited Kingdom
Loomdhon peoples are reportedly alreads
bemg  supphed with donkme water in which
Htrate concentration may at times exeeed this
statutory i Fhere s also concern about
nitrate dischawree ante coastal waters trem
couttthutor (o

rversodas a0 possible

cutrophication Nitrates e the groundwater
come anly trom agnicultural operations,
Nitrates monvers and surface waters onginate
from nculiure and arban sewaye,

Fuvopicaton o waters: \IT excessine
accutnhinon ot dissolved nwtents such as
phosphorus. nitroven. sithieons and other
clements n water lewds 1o an eveess
production ot aleal bonmass. This requites
cortespondmy ancreased supply of osveen tor
decomposinon ot thie orcanie matenial - When
the alvae and therr remnanes sk 1o the
botom. reduced ovveen content and eventaally
anacrobic condittons may - preval This s
sviptomatic: of severe cattophication and - oy
fead to a4 senous foss ot marme hite, blockage
ol aquatic: passapes. and amor redacnion
real estate value of the attected areas. The
normsl nirogen:phosphorus o an waters s
around 20010 Aleal crowth mcrcases when
this ratio drops o around 701

Scenous pollation and  catrophication now
oceur an the Baloe Seas the Kattepat Skagerrak
wea, the southeastern parts of the North Sea,
and anomany adjomime coustal and Hord areas
(Bockman eroal 1990 \dditionally, e the
Dutch. Germane and - Danish coastal regions,
currents  tansport over water wath nutnents
along the coaste evacerbating the problem,
This s also happenmy e the Mediterranean
Seaand coastal repons o the USA The
nutrient input mto the Baltue Sca has mercased

above its nataral level by tactor of about |4
for nitrogen and N tor phiosphorus: Tor the
Kattegat-Shagereak arca. the carresponding
Factors are 6 and  10-20 respectively (Bockman
et oal 1990),

I the North sea area as a whale,
nutrients e tansported with mver water and
tnd dramage, and the effect is particularly
felt i the coastal regions, Here, nitrate
concentration: has now increased  four-told, and
phosphate concentration is seven times above
the natural level.  The selative  contribution
from agricultal, indostrial, and urban sources
I ouncertun. but oo estmited  that, ol the
nutricnts  cominy from human activiy, about
60% ot the mitrogen and 234 ot the
phosphorus might ongmate trom agniculture,
with most ot the balance comimg  trom
SUM R,

Cadvigm Cdz Cadomme s highty tovie
to humans but less so 1o plants. Rock
phosphates. and  theretore phosphorus
fertilizers, may contmn traces of Cdo There s
a concern that the use ot P oternlizer will
stowly mcrease Cdodevel o osoils. The
problem was st observed e Japan e the
1960s. when the grar-itar disease (poisoning)
wis associted waith the use of rice grown in
helds rmganed sath water containing cadmium
from w0 peological mime,

Policy options

Suitable  tegisiation 1o regulate  the
production and use ot Tertilizers and pesticides
should be enacted i all countries, and  their
compitance  monitored, The levels of
chemicals in sorls groundwater, and  Takes
should also be monmitored.
measures (OFECD 9S8y mclude:

LoStctlhy enforame and strengthening

the existing envitomuental regulitions,

Suitable  policy

2o Controthng  agricultural production
through decoupling mcome suppon
from price support. chommating target
prices, and, in some countries,
reducing the total aea cultivated.

3o Reviewing curtent rescarch programs
and developing new ones which seek
ta reduce the pollunon associated
with the use ot aerncultural chemiseals.

4 Redocimg the intensiy ol cultivation
pracces via inpul tases.

Leaching  of nitrates s a0 principal
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environmental and health issue related 1o
fertilizer use. Current disagreements center,
not on whether measures showld be tahen 1o
prevent deterioration of water reservoirs, bt
on what measures are appropriate when effects
and benefits are taken into consideration,
Muajor problem in Alegislation: A problem
in antroducing  suitable legislation s the
difficulty in assessing the tevels of chemical
fertilizers that may pose an environmental
problemy. and also the selitive contribution of
organic ferthzers. In 1991 after two o years
of debate, the EC
agreed onoa dratt directive 1o reduce the

environmental  ministers

nitrate fevels o4 manimum of S0 my per
Ier by amending current agriculiural practices
(Constant and - Sheldrick 1991, Under the
new directives member states will have 1o
establish “nitrate: vulnerable arcas™ where NO
fevels eaceed 30 me/l or where there s a
risk ot cutrophication. No mandatory  levels
of N ouse are 1o be set up by the BEECD and
cach stte v 1o set it own national level by
1999, Howevere o mandatory devel of
morganic - manure  application witl  be
established by the ECo About 10 million
hectares of aericubiural Tand  may be alfected
by this fegislation.

In- North America. the problem of
nitrates e drinking water is ot as great as in
Furope.  For example. a recent geological
sursey showed that in 91 of the principal
aquifers an -Ho states, NO - evels were below
Fomg/lo whike the levels i the other four
states were 3410w/l owith the “manimum
contaminant level™ (MCL) bemg 10 mg/ly. A
1990 EPA stady showed  that about 2440 of
private drinkimg  wells were contaminated
above the MNCTL Most stadies seem 1o
stuggest that the contwmmation mas - be from
organic sources  rither than from chemicat
tertthzers. Since terulizer use lesels i USA
e been stable over the Last decade, the
problem ol NO - contamination may not be ay
hieh as e BEurope. However, there is no
room tor complaceney.

Research needs: There s also o need 1o
recast our rescarch prioriies in agriculture (o
mimize tuture adverse environmental eftects,

Sustwinable agriculture aims - mantaining, il

not cenhancmg, ~oill organic matter content,
Greater
cnvironmental  avwareness  has  stimulated

espectdls e the  wpsoil,
rescarch mto alternative agriculture. We are
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rediscovering  the virtues ol crop rotation,
mised farming, the use of cover crops, and
the reeycling of agpricultural wastes. Japan's
organic fanmimg system, in which farmers and
consumers jointly - participate in production,
pricing, and  marketing  decisions, and
consumers also help moweeding, needs 10 be
cunined o assess the eatent o which 1
could be emulated i other countries (Ahmed
fU93),

Because ol the imadequacs  of economic
analyses of the cost of soil degradation, and
our fack of knowledge regarding  farmer
perceptions  of its importinee (Anderson and
Thampaptllai 1988y the rescarch agenda in
sail science for sostainable  agricalture must
cmphasize determining physical thresholds tor
the man degradation processes  (Swindale
[992), Such data already  exists for soil
crosion in some countries. The rate of
formation of topsoil. for example, varies
widels according 1o the action of various soil
forming  tactors  (E1-Swaify er al. 1982).
Research on sastainable agriculture should
theretore inchde o determination of thresholds
or standards of rates of soil loss, salinization,
and fertilis dechine. Physical and - biological
rescarch s needed 10 obtain data from more
sites: and socioeconomie research is needed to
encourage wider adoption of the application of
thresholds and standards.,

Steps to Overcome the Environmental
Problem

There is thus o need for integration of
policies so that,  whenever  possible, mutual
benefits can be realized and  whenever
necessary,  conscious  trade-ofts can be made
between  agricultural  and  environmental
objectives. Thus, consideration needs to be
given e oa trilogy ol independent factors:

Need o positive

contribution that - avriculture  makes to

enliance the

the environmenr: This can be facilitated
through the introduction of management
agreements similar
arrangements  which can produce  the
expected envitonmental beactits through
agriculture  with  minimum  adverse
covironmental impact. In o some cises,
farmers may need 10 be compensated for
the lost net value of production and
The main

and other

additional maintenance costs,



use of agreements should be to mmprove
landscape  amenity  and  conservation
values.

Need 1o reduce aericultural pollution:
Ditterent measures, cither individually or
in combination, need to be considered.
In some  cases,  the
enforcement ol standards would be the

setting  and

most ctfective: in other cases. the
implementation of advisory procedures.,
or the application ol cconomic meastires
sueh as ineentives or o charges, may be
superion o regulatory enforcement. In
all cases. the “Polluter Pays™ principle
should be considered. Ettorts should be
made  to overcome  the perccived
ditficulties associated  wubk applving  this
principle to the control ot agrcultural
pollution from diverse sources,

Need 1o adapt aericultural  policies 1o
take the environment imto acconnt:
Policies destgned o achieve agricultural
and other scectoral objectives, such as the
reduction of agnicultural support. should
maximum

also he 1o produce

environniental beoetits,

CROPPING PATTERNS, FOOD
PRODUCTION, AND THE ENVIRONMENT

Root crops and vegetables vield three 1o
five times more perounit area than cereals
under  most agrochmatie conditions,
Governments m tood-deheit countries such as
Bangladesh  should  consider encouraging an
increase in the area under these crops at the
Although
the intihe of vegetables usually rises  wath

expense ol the wea under cereals,

rising atiluence, we teel at should rise out of

necessity Notwithstanding  the  tact  that
perishaivie crops. such as vegetables  usoalbly
require. more pre- and  post-harvest care, there
15 room tor g greater attention too therr
promotion.  Hereo some lessons may be leart
trom Japan’s orgame farmnng  system, the
founditions  of which are composting, crop
rotation. crop diversity . followiny  the natural
crop culendirs and weediny G\himed 1993,
Where  possible, cold starage faailities for
meeting the needs o Targer urban centers for
these  perishable commodities should  also he
constructed

In vast parts of south and southeast Asia

where monocropping with cereals is the order

preferably by the provate sector,

of the day, encouraging tarmers 1o set aside @
small piece of Lind for growing vegetables for
home  consumption would be a beginning, R
would also help reduce  pest problems,
marketing nutrient
deficieney problems that may arise with

problems.  and  soil
HICHSIVe monocropping.,
ISSUES OF EQUITY

Isstes of agricultural sustwnability are
also dinked (o issues of cquity, aceess o
oppoertunities. and social qustice. For example,
while  Asia's muach-heralded “green revolution™
of the 1960s and 19705 helped  boost
agricultural production significantly through the
imtroductton and  spread ot high-vielding
varicties (HYVs)y of nee and wheate 1t also
widened the gap between rich farmiers who
could afford to purchase the mputs needed for
successtul adoption of HYNS and their poorer
netghbors.  Rising prices have also toreed
many - himited-resource farmers o sell their
meager  landholdings and magrte 1o urban
arcis exacerbating  the problems ot city
slums in the process. Thus, government
pohicies which promote rural development,
soadl-seale farmmg, villagebised  industries,
backed ap by suitable
shill-butlding

and assured  markets
rescarch,  extension, and
opportunities which empower peasamts to - help
improve thewr cconomic well-beiny are also

needed.
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DISCUSSION

Inthe Discussion. Dro Hong of Korea discussed the theoretical manimum fertilizer use s

applicd 10 Koreas and the 63 overuse estimated by Dic Sadeeny Ahmied, who explaned that ts

estinrate was bised oo e ecommended fevels tor cach crop multiphied by the cropping area,

compared 1o actual consuimption
mo Korea oy have been mdduded with that

resulis

Howeser: possibby ghe aerthizer ased on parks and voll courses
used meavniculiores and may bne distonted e

He ponted ot that the higwes piven ot the theoretical optimum ete. m his paper were

only st approvimation. and - hoped  scenntic colleagues such as b, Hong would help in

retmnng these.
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