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ABSTRACT

The dimensions of the food-population problem for Asia are
reviewed and the facrors contributing to the growth of rice
output since 1953 are examined. Increases in yield per hec-
tare were the dominant source of rice output growth in most
countries in the 1970s as irrigation, fertilizer, and high-
yielding varieties spread. The effecriveness of three stra-
tegies for increasing future production is reviewed -- price
subsidization, extension to close the vield gap, and rescarch
to raise the possible vield. The expected future availabili-
ty of rice and likely prices of rice production inputs suggest
the types of field-oriented rescarch that may be needed to
overcome the likelv future constraints to production,
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By jobont W, deplty agricultural economist, International Rice Researeh Institute, Los Baios, Laguna,
Philippines. Submitted to the IRRD Research Paper Series Committee 10 December 1981,
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FOCUSTING FIELD RESEARCH ON

T0RICE

wrtenltural researeh is to develop
farmers produce more food,
provide more adejquate
peaples Rapid prowth in popula-
challenge to meeting that

The purpose of
technolopices that help
ohtain hiygher incomes, and
nutrition for all

tion raises the larpest

poal s By the vear 2007 pice production will have
to double to meet the cemand in Asia,

Tneomes  in Asia are rising and per capita rice
consumplion is higher than 10 or 20 years dgo.

Only in the most advanced countries of the region,
such as in Japan, has per capita rice consumption

deelined.

The burden of production will tall on
resedarchs Extension transmit  new
ideas to farmers but cannot produce the new tech-
needed, The expected relative
increase fuel=dependent inputs
means  that  new rice production that
pive high yields but use different factor propor-
tions from those now used will have to be produced
by research if the wortd is to meet the food needs
ot the 19808 and the 19905,

increasiog
servives  wvan

nolopies that are
in price of
systoems  of

fossil

THE DEPMENSTONS oF THE FOOD~t "ULATION

PROBLEM TN ASTA

Projections made by the World Bank illustrate the
dimensions of the populatien problem. By the year
2000, the number of rice ecating people in Asia will
inerease by 600 million (Table 1), This will hap-
pen even though in many countries of Asia, the
birth rate has declined over the past 15 vears --
from 47 to 37 per 1,000 in Indonesia, from 36 to

26 1n Sri Lanka, from 43 to 35 in India, and from
45 to 35 in the Philipoiaes (IBRD 1479y, This de-
¢line obvicusl, cases the food production problem
somewhat. 1t is, however, no cause 1or complacen-
ey, Taking into account these declinee iu hirth
rates and projecting ahead to a hypothetical sta-
tionary population, which would be achicved in the
Mst oor 22d century in various countries, the World
lank projection figures imply that the population
of rice cating people in Asia would inerease by
about 2.0 billion.

It i ditticalt o comprehend  these nunbers, but
they dmply that by the vear 20000 India will have
nearte O sote people, Tndonesia b0 more, and

Bange Lidesly 76 Populations in other
tries will similar proportion. It in
addition to population arowth one expects a modest
production will

WO e, coun-

fneredase in
inereane  of incames then rice
have to dnerease at oa d.on
Asia (IveRL 19/ 7y, 1t
rapidly, rice production will
3.9 /vear.

,
annual average rate in
incones prow sbipghtly more

Have Lo increase at

FUTURE CONSTRAINTS

PRODUCTION

Table 1. Estimated ropulation (million) in South,
Southeast, and Eas' Asia whose major food is rice,
1980},

Total Rice Annual Projected = al
Site popula~- eaters provth of rice caters™
tion 1980 (/) Year Stat ion=-
1980 2000 ary
China 956 600 1.4 747 964
India 660 416 2.0 632 1,051
Indonesia 147 118 2.4 166 286
Japan 116 81 1.0 91 93
Banglad:-sh 90 81 2.7 131 301
Pakistan 80 24 3.0 &2 101
Vietnam 50 45 2.2 78 134
Philippines 49 37 2.5 57 <096
Thailand 48 38 2.3 35 84
Republic of 18 36 1.7 46 0l
Korea
Burma 35 32 2.4 46 83
Taiwan 17 12 2.1 16 21
Sri Lanka 15 14 1.7 19 27
Nepal 15 9 2.3 14 31
Malaysia 13 10 2.5 16 23
Democratic Peo- 15 14 2.5 24 39
ple's Republic
of Korea
Kampuchea 9 8 2.9 14 33
Lao People's 4 3 2.4 4 q
Republic
Totalh/ 2,365 1,584 1.9 2,205 3,488

E/Assuming ri.e caters are 1n the same proportion
as in 1980. Proiections are by the World Bank,
b/Tatal also includes data for Hongkong, Singapore,
Bhutan, Portugucese Timor, and Macao. Sources:
Huke 1982, IBRD 1979,

If rice production fails to keep up with the rave
of fnerease in demand, the burden will fall most
heavily on the poorest people in the region. That
is because the already have the
lowest consumption levels, but they spend a higher
fraction of their rice  than do the
wealthy,  This s especially troe in high rice-
dependent countries like Bangladesh (Table 2). If
the demand for rice increases faster than its sup-
ply, prices will rise and the will be even
less able to afford adequate dicts,

poorest  people

income  on

poor

Even in
levels of

Thisg dimens ions,
those countries that have adequate
consumpt ion, on the averapge o substantial
tion of the
tion

tion more

problem  has  enormons
food
prapor-
populations have inadequate consunp~
(Table ). According to one raleula-

than 500 million Asians had inadequate

lovels
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levels of caloric intake in 1960. This increased
to me.o than 600 million fn the 1Y70s (Reutlinger
and Alderman 1980). If tood production proc.ed.
fast enough to insure that prices rewatln conecant
throuph 1990, the proportion of the population
with inadequate diets will fall, but the absolute
number will increase by about 100 million. [f food
prices increase by as lttle as 17/vear, the num-
ber with {nadequat: diets will increase hv an ad-
ditional 50 «ufllion  (Reutlinger and  Alderman
1920).

SOURCES OF R1CE PRODUCTION
GROWTH DN THE PAST  DECADES

Since 1953, Asta's rice production has grown at an
average rate of 2.7% —-= glightly faster than pop-
wlation growth, but somewhat slower than the rate
needed to keep up with the growth in demand (Table
). The proportion of output growth due to yield

increases and that due to area increases have varied

from country to country, but, on the basis of a
welvhted average, have remained remarkablv stable
for the region as a whole. Si-ty to 65 of the
prowth was achieved through increases in yleld per
unit area, the rest from expanding area.

The  gprowth in land area comes from new land
brought  Into production and from {ncreases 1in
double=cropping mide possible by upgrading ilrri-
swation systems. It is Impossible to separate the
two sources of lncreased area from national level
data tor most countries, but based on fragmentary
data it seems that inereased double=cropping is
the min source,

Tield fnerceases are attributable to three sources:
more tertilizer, more drrigated area, and higher-
vieltdiog, wore  fersilizer-responsive varieties.
Data on the mapgnitude of changes in these factors
are avallables Using those data and rough rules of
humb about response to fer ilizer, owe can attri-
bute vield pains to ferti izer and a resfidual.
Fble 5 whows the results of the caleulations.
Five K
Pving trends because the vear- o=year weather- and
prive=induced fluctuations are -onsiderable. Data
Por o vears carlier than 1965 when “ertilizer's con-
tribution was minor in anv case ar» not available.
Taoall but 5 or the 22
sated area aecceounted for the bulk of the arca In-
Creiases that orearred.s The contribution of ferti-
Ficey to vield increases was large, but not over-

fear averages are used o isolate the under-

periods, expansion of irri-

whelmding, and in 0 namber ol interesting cases ==
thee Phillippioces, todonesia, Burma, and Korea in
e Dt 97 == the anexplained residual was
considerably Tareer than the contributton of fer=
Pilier, supsesting the importance ot extension-

production proprans in those countries.

CREASTNG RICE PRODUCTION

STRATEGTES FoR I

One can concelve of three broad strategies that
may be followed by povernments in thelr efforts to
inerease agricultural production:

® price subsidies to encourage farmers to use
more {nputs,

e cxtenslon education programs to close the pap
between possible and actual production, and

® rescearch to increase the possible yleld
levels.

Rice price subsldies

Subsidies to lower the price of agricultural in-
puts, or to raise the price of rice for producers
while keeping its sale price low for consumers,
can encourage increased farm production. [f the
subsidies are  large, however, they can  becanc
serious  financial  burdens on  governments; for
example, fertilizer subsidies were estimated to
have absorbed 757 of  agricultural  development
expenditures  in 1978-79 in  Bangladesh  (ESCAP
1980). The usual result is their redection or
elimination. A determined povermment poliecy of
subsidies can, of course, be followed, but in
countries where a large fraction ot income is gen-—
erated within the agricultural scctor there are
scerious limitations to the capacity to finance
such subsidies.

Popular opinion notwithstanding, governments have
limits to thelr capacity to generate funds. Taxes
are the most obvious source. If a large fraction
of the total economy is agricultural, th n either
agriculture will be taxed to subsidize itself, or
the other sector will bhe taxed to subsidize apri-
culture. Because most countries are trying to en-
courage development of the nonagricultural sector,
they generally avold taxing it heavily. A sccond
source of funds 1s deficit financing, sometimes
accomplished by borrowing from the general public
and at other times by increasing the money supply.
Borrowing from the general public s difficult in
a developing econany, because income levels are
low. The more usual course is the creation of
money , which leads to infiation. The deliberate
pursuit of a policy that encourages Inflatien is
counterproductive because ft results in higher
prices, the very evil that was being avoided
through subsidics.

Of course, govermments miy subsidize one commodity
while taxing another and thereby avoid inflation-
ary pressures. This miv be justified on the basis
that the subsidized commodity is a necessitv and
the taxed one a luxury.

Another factor to be considered is the ef feelive-
ness of price subsidies.  Price subsidies, whether
designed to lower the price of an tnput like for-
tilizer or to raise the price of a product 1ike
rice, increase the incentive to use inputs in pro-
duction. This is illustrated in Fiyure 1. The
price lines () show the ratio of the price of in-
put to the price of output and the curve shows the
impact of the input on the vield, or output, 1f
producers wish to use inpits in an ceonomic Wiy

thev will operate at the tanvency points ¥,
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Table 2. Relationship of income and quantity of rice and rice products consumed, Bangladesh, India, and Kerea,

_B-:mg Tadesh — 777
. {1968-69, rural)

ndia
(196465, national) _
Annual rice

Income

1 l)f)_/ow

Annual rice

ILncome per capita Monthly rice Income
consumpt ion class consumpt ion class consumpt ion

(1968 Re/mo) ____ (kg/louschold) (1964 Rs/mo) (kg per capita) (1464 won) - (Rp per capita)

2000 47,2 <11.9 50.6 72 4.4

29.8 58.4 12-15.9 51.7 12-96 100.9

35.0 63.73 16-18.7 51.8 46-120 124.6

19.4 64.8 19-21 " 61.3 120-144 129,48

1.7 65.2 22-28. 62.8 144-168 134.8

48.9 72.6 29-43.9 63.6 16:2-192 148.1

94.5 74.9 w44 87.2 >192 164.3

Sourcces: Alamgir and Berlage (1973) for Bangladesh, NCAER (1969) for India, Pak and Han (1969) for Korea.

Table 3. Selected indices of calorice deficiency of Asia based on income distribution data, 1960s to 1990s.

_Share of population with caloric deficits

Per capita calorice

Site intak» as a 7 Projected to 1990 _

of requirements, Mid- 1973 Constant 17 annual increase

mid-1960s 1960y food price in food prices
Indonesia 53 80 Hho 30 37
Pakistan 89 75 67 35 40
Philippines 84 74 70 54 57
India 88 70 72 60 64
Sri Lanka 100 60 62 44 49
Thailand 100 54 49 17 20
Malaysia 101 54 34 14 16
Korea 103 40 25 0 1
Asia: millions of persons 540 613 643 7107

Snurce: Reutlinger and Alderman (1980).

: . . al
Table 4. Annual growth rates of rice production in AsiaZ’ (Source: USDA 1979).

1978-80 1953~63 1963-73 1972-79
Site production Ntput 7 from Output 7 from Output 7 from
(thousand t) growth rate  vyield growth rate vield growth rate yield
China 140,500 2.54 85 2.86 59 2.82 71
India 74,989 3.37 55 2.15 67 2.46 72
Indonesia 26,443 1.79 39 4,38 67 3.80 67
Bangladesh 18,318 1.29 79 2.80 20 1.97 71
Thailand 16,500 2.25 55 4.89 55 2.96 25
vietnam 10,468 1.71 n.a. 1.13 n.a. -0.05 n.a.
Burma 9,940 4,18 35 1.02 75 3.0 68
Korea, Republic of 7,607 4.81 69 2,11 87 .77 87
Philippines 7,272 3.89 24 4.89 76 3.39 85
Pakistan 4,893 3.00 19 7.24 72 4,95 4
'I'uiw.'lg/ 3,258 3.99 100 1.80 100 0.40 100
Nepal- 2,027 n.a. n.a. n.a. n.a. n.a. n.a.
Malaysia 1,942 3.93 45 5.10 29 2.59 ~26S/
Sri lanka 1,885 5.65 0 4,25 62 4,99 4
Asia 347,115 1.62 00 1.62 62 1.73 G4

a - .
“Calculated, from 5-vear averapes centered on the years shown, except for the Jast 2 columns which use  ?-ycar
averages, -n.a. = data not available. “Yields declined over the period.
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Xy X, siven prive  raties Py, P, Pp Extension to close the gap

This ilTastrates one of the limitations of price

subsidization, I farmers are operatimg with X9 A second polivy strategy that might be followed is
tevel, it may relatively be inexpensive to subsi- to promote a greater effort to pet proven rice
dize te Ppootevel and  increase ontput  from Yo production technologies adopted by ftarmers, and
to Y. Bul to get to Yy level, inputs have to rafse the yilelds of the lowest=yielding famers to
be totally supsidized, and even then, the in- make them closer to those of the highest=yiolding
creased output from Y to Yo Is small. farmers,

Th other side of the argument on price subsidies Rescarch on the constraint to high vields in tam-
should, however, also be 1ecopgnized. Many of the ers' fletds, done in 6 conntrics between 1974 and
macroeconomic  policics  followed by  povernments 1977, demonstrated that yvields could be increased
depress the prices of agricaltural products and by about 1 t/ha, buc that in many cases iU would
increase the prices of agricultural inputs, espe- not be to the farmers' economie advantage to use
cially rel “fve to other ceononic scetors. Those the high=Input, maximum-yield technology that gave
policles have an effect oppusite to those dis— the yielda increase (Table 6. only at 3 of the 10
cussed above == they drive the use of inputs down. rescarch  sites wis it possible te achieve a
Government  monopoly  purchases of  rice wmay have benefit-cost ratfo of 1.4 or preater on tne in-
this ettect it, at the same time, imports are con- creased level ol Inpots needed to raise yields in
trolleds In covitries prodacing, an exportable sur- the wel  season. At the 7 other sites, even at
plac, soverment  control over esports or export those where yield increases were as high as 1.8
Caxes, like Thailand's rice prewium, decrease pro- t/ha, the economic return was nol attractive, on
duction inveatives, the average. The yleld increases were highly vari-

able within a given site and, therelfore, risky,
making ft cven more unllkely that farmers would
use the high Input levels.

Table 5. Percentage points of the annual compound growth rate in rice production attributed to irrigated area,
nonjrrivated arca, yield increases from fertilizer, and residual yield increases, Asia, 1965-79.

e e Avoo Percentage points in pgrowth rate attributable to Lz
‘i borioqd  rame
nite Serioc prowth Total Irriga- Nonirriga- Yield Fertil- Residual
e rate area ted area ted area izer

Bang tadeah 1967-72 -0.1 0 [§] 0 ~-0.1 0.2 -0.3
1972-77 2.8 0.8 0.2 0.6 2.0 0.5 1.5

Burmai 1967-72 1.1 0.3 0.4 -0.1 0.6 0.2 0.6
1672-77 2.5 0.7 3.3 0.4 1.8 0.3 1.5

india 1967-72 3.1 0.7 0.5 0,2 2.4 1.2 1.2
1972-77 2.9 0.9 0.4 0.5 2.0 0.7 1.3

indonesia 1967-72 4.8 1.4 1.9 -0.5 3.4 1.5 1.9
1972-77 6.4 1.6 1.6 0 4.8 1.7 3.1

Hored, Republic of 1967 72 2.4 -0.3 1.3 ~1.6 2.7 1.7 1.0
1972-77 5.4 0.5 0.4 0.1 4.9 0.5 4.4

Matavsia (Weet) 1967-72 7.9 6.3 5.3 1.0 1.6 1.1 0.5
1972-47 2.1 3.6 0.7 2.9 -1.5 -0.6 -0.9

Pakistan 1967-72 5.9 0.4 0.4 0 5.7 0.2 5.3
1972-77 5.2 4.5 4,5 0 0.7 1.1 -0.4

Philippines 1967-72 3.1 0.6 0.6 0 2.5 1.9 0.6
1972-77 5.4 1.3 0.6 0.7 4,1 0.5 3.6

S banka 196772 5.7 2.4 2.5 -0.1 2.9 3.4 -0.5
1972-77 1.5 0.2 0.5 -0.3 1.3 -0.7 2.0

Fafwan 1967-72 -0.1 -0.8 0.9 -1.7 0.7 -2.6 3.3
1972-77 1.0 0.3 0.2 0.1 0.7 3.5 -2.F

fhoat band 196772 2.1 3.3 0.7 h.3 0.1 -1.3 -1.2
197277 3.0 3.0 n.a. n.a. 0.4 -0.7 -0.3

al . . .
,Pivesvear averapes centered on the vears indizated, thus 1967 is the average of 1965-69, ctc,

taa, T odata not avarlable.
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In a detailed analvsis of constraints data for varleties were introduced [n the late 1960s. By
Nueva Ecija, Philippines, the vields and practices 1971-72, they and similar varietfes were hiing
of 257 of the experiments whe "¢ farmers' treat- prown on 25%Z of Indonesta's rice areas When seri-
ments gave low vicelds were compared to those of ous brown planthopper outbreaks threatened ITndo-
the 250 of the experiments where farmers' treat- nesia's crop in 1974, the povernmeat made resfs—
ments pave the hiphest vicelds (Fig. 2). 0 In the wet tant varicties available. They rapidly spread to
season, the rescarcher's inputs raised vields sub- cover 257 of the area by 1976, When a new brown
stantially on oanly 1 out of 8 of the low-vield planthopper  hiotype threatened  the crop, oeven
farms, and ratsced vields modestly on most of the newer varfetios were released and covered 507 of
high=-vield farms.  For the irrigated dry--season the area within 3 years (Bernsten et al 19K2).
crop, the high inputs raised vields in almost every

case,  The low-vield farms applied significantly The fact that farmers are observed to effectively
tower levels of fertilizer in both seasons and sig- use and rapidly adopt profitahle available teeh=
nificantly lower levels of insecticid: in the wet nolopgy tndicates that we cannot expect a great
season (Table 7). Jump in production to accompany new programs of

extension, It sugpests that for most conditlons,

We estimited a functional relationship between the there is only a small unexploited yteld gap that

managed  foputs and  enwvirommental  tfactors, then
used that relationship to explain the ditference
hetween the low= and hipgh-vield farms (Mandae and
Herdt 1979). The diftcerences in input levels and
rhelr interactions aceounted for only abont 25, of

the explained yield ditfersncee in the wet season Output
and about 50% in the dry scason (Fig. 3). Thue, Py
ma jor part of the vield ditference between proups Yo frmmmmm e e . &-
was due to typhoons and ditterences in selar radis i
ation, insects, and discases == Vactors hevond the :
farmers' control. Y| oo s e e |
i

These data from rescardh on constraints to hiph !
vields in tarmers' tields suppest that  there i« ’ E
relatively Titthe seope tor ceonomical Iy inereas= : :
ing vields through the more intensive application ! !
of known technalopies, eapecially io the wet sca- N ' H
son. There appears to he sonewhat more possibility ! ) '
in the drv season, Tha dv, faomers rapidly and i 5 i
rather completely cxploit technolopy that s ap= ! 5 !
propriate and that pives hipher protit than their 5 ‘ :
existing technolopy. ! ; :

. ; '
Further support of the view that tarmers are rapid R SR i :
adoptors of appropriate technolopy is sugpested by X X Xg Input

the data on adoption of modern varieties, for

example, the vase ot Indonesias The first modern Fig. I. Relationship between price ratios of input

and output and optimal level of input application.

Table 6. Economic comparisons of farmers' and high levels of tesr inputs in constraints experiments in farmers'
fields, 1974-77 wet scasons.

Increased

Site Trials Yield gap Increased input Increased B:C on
(no.) (t/ha) output value cost prorit increased
e Sy (USS/h)  (USS/ha) inputs
Joyvdebpur, Bangladesh 52 0.9] 143 19 104 3.7
Subany, Indonesia 8 1.00 122 606 56 1.9
Nuoeva Ecija, Philippines 29 1.10 1473 104 319 1.4
Dry cone, Sri Laba 17 0.89 168 140 28 1.2
Laguna, Phalippine, 4l 1.77 209 183 26 1.1
Ttoilo, Philippines 23 1.30 156 151 5 1.0
Cent ral Ploin, Thatland 18 1.20 134 160 -25 0.8
Taiwan, hina 4 0.40 130 161 =31 0.8
Yoprvakarta, Indonesia 14 0.139 56 88 ~32 0.6
Camarines Sur, Philippines 27 0.51 01 136 -75 0.5

Source: Her:dt 1979,
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is o weiphted average ol the rate in the two see- Fnerpy, tertilizer, and power

tors: 4 = ax + (I=a)y. Detining X as the prowth

rate In Il(lll;_l;(l'1!'!)““!‘4‘, and y as the growtic rate Most farmers in developing countries use relative-
in anricalture, v o= (4 - ax) /1=-a. ly small amounts of tossil fuel enerpgy olrectly in

product tan, In some countries there has heen a re-
cent turn toward the ase of michinery for land

Lable H shows dataon the Tahor toree for some proparat ion and for threshing hat this is still
Asfan cvantriess The apriceattaral Tabor foree in thee exeeption rather than the rules Howover, oner=
all the developin countries ot the region will gy fs a major input In fertilizer production, and
continue tooprow between boand 19 vears Only as shown .'l.l)I)Vl,', fortilizer has been an Important
Horea, Dilwan, and apan, which have aoma jor part source of rice ontput prowth in the 19706, Energy
ot their Labor toree in the nonagricaltural sector costs, especlally those of crude oil, are expected
ted wheieo e hove rapid prowth in the demand for non- to rapldly inerease In the Foreseciable future.

apricultaral Tabor, will have a decrease In the

Labor torce in aericultare. . o
it is oot clear how much the rising costs of

enerpy will drive up fertilizer prices. This is
Land bec wase many  of  the new urea plants use natural
T gas  that wonld otherwise be burned at the well
head. Thus, world prices of urea are prejected by
the World Bank unit that makes such projections
(personal  communication, World Bank) to increase
more slowly than rice, and much rore slowly than
crude soil. However, there is no general apgredanent
on this, and fertilizer prices may {ncrease more
rapidly than projected,

Fhe data seen carlier o Table 5 showed that land
provided only one=third ot the rice outpont prowt h
in the past tew decadese 1towill lTikely provide
event less in the fature, bhecause the anused lands
of Asia either ave remote trom population centers,
requive larse Giwvestments tor settlement, or have
problen sails tor which prodoactive apricoltural

techoigues  are uanknown,  OF conrae the problem
e " ! I It 15 clear that fertilizer will have to be an im-

portant source of future rice output growth, and
any inereased efficiency that can be achieved in
fts use will be important.

seils  provide an opportonity tor  resecareh to
create  vatuable resourecs ont o ot less valuable
ones. Ioinespensive techniques of caltivation, or
new varictics that can exploit suelh areas; can he
Jeveloped, then they will add to the availabte
suppt. ot tand,

nl Water
One other source ot available, inexpensive land Is
the land presentiy used to prow only one crop of
rice per vears With Tong=duration riee varieties

Control of water through irrigation has provided a
ma jor source of rice output growth over the past
sceveral decades. lrrigation and drainage improve
yilelds and extend the area on which rice produc-
tion can be sustalined. The modern rice technology
developed over the past 15 vears Is more produc—
tive fn the dry scason with irrigation than in the
wet season with rainfall. lIrrigation has been
tdentified as a major source of tfuture growth in
rice production (Colombo et al 1978).

onlyv ooe crop could be prown because of moisture
Fimitations, With modern shart=daration varieties,
however, anoatier crop ol rice v 0 nonrice crop
can be oprown with tnoe same length o ob prowing sea-
son. lechnologies that permit greater cropping fo-
tensity will ettectively dincrease the supply of
Land, bot the physical availability of  land is
likely to remain nearly figed,

Table . Growth rates of the total labor foree, its nonagricultural portion, and the resultiug residual rate
ot yrowth in the agricultural labor force, Asta, 1970-2000.

Growth rate Growth rate of . 7 of force n T Resulting growth in
Site of labor forg nonagricultural fo reot! nonagricultur. agricultural force
o o _o 97097 1977 1970-75 197/ 1977-2000
Thailand 2.5 2.3 3.5 23 1.94
Pakistan 2.4 2.8 4.1 42 1.86
Philippines 2ol 2.6 3.5 40 1.74
Bany ladesh 2.3 27 6.3 22 1.68
Burma 1.4 1.9 3.8 45 1,46
India 1.7 1.9 3.1 27 1.46
Indonesia 20 1.9 3.3 40 0.97
Molavsia 1.6 3.0 4.8 56 0.71
Korea, Republic of 2.9 1.9 5.4 55 -2.38
Taiwan 1.9 1.6 4,4 66 -3.84
Japan 1.3 0.6 2.4 86 -9.03

af. . .
(,mwth rate in urhban population used as a proxy. Calculated from data in IBRD (1979).



The data showing sources of output prowth do not
fully reveal the vole of dry scasen vields that
seem to have contributed sipnificantly to the ave-
rage yield Increases obtained in many countrices,
In Mataysia, vyields of dry season riee have fo-
creased from below those of the miin-season crop
and are now above those of the mafo-season crop
(Fip. 5 The same Is trae in the Philippines
(Fig. 6). In Banpladesh and castern Iondia, the dry
scason crop produced signiticantly higher vields
than the main=season crope Research supports the
same Pinding. At IRRD and manv  other  resecarceh
statfons dry season vields are pencerally higher
than wet scason yields,

The cost of water control is likely to becone one
of the most limiting tactors to increasing rice
production in the Tuture because dfrripation is
extremely enerpy intensive, and enerpy costs may
rise sharplyv. Irripation can be provided throupgh
construction of river diversion or high dam stor-
ape  systems that utilize pravity to deliver the
wiater, or throuph pumps that Litt water trom deep
welle or rivers ond rrecks, Constraction of dirri-
gatlor systems uses  labor and capital. Capital
takes the torm of tractors (which consume large
amounts ot fuel), cement, steel, sand and gravel
that Is washed and moved using trucks, and other
energy—intensive fnputs. The pumps and water con-
veyance systems are likewise enerpy intensive.

Rice yeld (1/ha)
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Fig., 5. Dbryv and wet season rice vields in West
Malavsia, 19950-5]1 to 1977-78,
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Rice yield (1/ha)
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Fig. 5. Rice yield on irrigated and rainfed farms,
Philippines, 1960-61 to 1978-79.

A study of 10 dirrigation systems in the Phit{ip-
pines contrasted the cost structure of gravity Jand
pump systems (Table 9). Gravity and surface-puamp
systems had much lower fnvestment costs than deep
well pumps, but the ratio of labor to energy used
in thelr construction was similar. The pump sys-—
tems, however, uased much higher levels of energy
for operations —— uap to 20 times the enerpy/ha ot
gravity systems. Their total cost of operation,
when computed on an anoual  basis that  ineluded
both investment and operations costs, showed shal-
low pump systems nearly three times as expensive
as gravity systoms, and decep well pumps twice as
expensive as shallow 1ift pumps.

In his study of frrigatfon systems in Malaysia,
Taylor (1982) found that the construction cost, as
well as operation and malntenance cost, of pump
systems was higher than that of gravity svstoms,
although the ditferences were smaller than those
in Table Y. He did not allocate rvosts to their
labor and capital components.

The dmpact or future price increases on lrripation
costs can be il lustrated as follows, Assume energy
costs increase 1504 between 1978 and 1985, \ssume
capital costs inecrease at half that rate. It is
likely tmit rice prices and tabor prices will fn-
crease Gt about  the same rate, but more slowly
than capftal, It this happens, the annual cost per
heetare of  gravity {rripgation will increase from
USS4l to USS71 wheveas the annual cost of shallow
pump irvigation will increase from USSHI4 to
158225/hn and the annual cost of deep well pumps
will be double that at around USS450/ha. The lat-
ter will amount to 567 of the value of a 4 t/ha
rice crop!

Clearly, farmers will be unable to pay such costs,
Unless these expenses are subsidized by govern-
ments, farmers will use frrigation to grow higher-
value crops or seek ways to economfze on the costs
of water for rice production,
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Table 9. lovestment and operation and maintenance cvosts attributable to labor and encergy for 3 types of
irrigation in 10 svstems io the Philippines (Source: Movia ot al 1980).

oo ST Labor and — Direer  Material o ) (u'.l (”'\;)/ll'lw __ o
Items overheod cnerpy od o machinery Labor Encrpyi / Totatl
(UsS000) (USS000) (Usso00) A o

Investment costs

Gravity systems (4) 191.07 :’j 12947 19%5. 87 147 .47 593,74
Surface pump svstems (3) H3.20 iz/ 11,60 187 .87 252,00 4739 47
Deep well pumps (1) 101,13 ? 1137.87 Hah. 3y 878,00 1523.33
Annuat operal ions and miintenanee
Gravity sve Loms ';.37-:-}; 0.53 2.9 4.00 1.47 7.47
Surface pump syvstems 4.60 21.07 240 20,73 47,47 69.20
Deep well punps 4.00 10.80 1.07 25,47 75.33 100. 80
Annualized total }:_()_:;‘L_(y
Gravity svstems 15.87 0.51 23,778 16.27 24.9) 41,20
Surtace pump systems 16.93 21.07 12,173 38.53 75.47 114.00
Deep well pumps 12.00 10,80 11.87 76,40 144,40 220,80

HY . . b . . of.
4'“"'“1 eneryy and m-'llt'rla'us and machinery. '4"(‘,]!!([(‘(' under materials and machinery., - ()Ar(-('l labor cost plus
SO of "repairs” costs. CComputed assuming 67 interest, a 60-year 1ile for dams, 30-year life for canols, and

h-vear Tite for pumps and engines.

Table 100 Labor and capital inputs usceid per bectare in vice prodoction in the Philippines, Malaysia, and Bang-
ladesh, 1979,

ST T T pro= T Crop estabe Fertility T T Water T T T WGed T TS ee U T T Tiarvest
o oparacion Mishment  contrel o control  comtrol control - postharvest
Central tuzon, Philippines®/
Davs labor 19 22 2 10 [ 2 26
Davs animals 6 1 0 0] 0 0 0
Machinery (kg rough rice) 430 0 (] 41 0 0 88
Chenicals (kg rough rice) 0 0 262 0 25 61 0
sceed (kg rough rice) 0 83 0 0 0 0 0
West Mﬂlaysiah/
Davs labor 16 55 3 10 20 5 80
Davs animalst 4 0 0 0 0 0 0
Machinery (kg rough rice) 251 0 0 31 d/ 0 0 0
chemicals (kg rough rice) o) 0 330 0 0 54 0
Seed (kg rough rica) 0 46 0 0 0 0 0
Bang]adczshf’./
Davs labor 52 76 1()’_ . 2 62 2 74
NYavs cnimals 44 0 17~! 0 G 0 0
Machinery (ky rough rice) 0 0 0 47 0 0 0
Chemicals (ky rough rice) 0 0 £V 0 9 0
Seed (ko rough rice) 0 48 0 0 0 0 0

A . b, . . C . .

('.éz)urm-: [RRT 1979 wet season loop survey, Shource: faylor (1982). Ehtiributed 80% of land preparation costs
to machinery. dhe of construction cost plus operation nn(l{mninr(-'.*:mcu. Chource:  Bangladesh Ministrv ot Agri-
culture and Forests, Agro-economic Research Unit (1980). (’Muv of animal manures converted to equivalent value

of workdays.
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Fip. 7. Key functions in rice production,

when yields of rices in thove trials are plotted
against the moisture index (Ip) or the long-term
average rainfall of each site, a clear pattern
emerges (Fige 8). The averapge vields of all en-
trivs (Y) is positively related to molsture avail-
ability, as would be expecteds The yleld of the
toval cheek (LC)Y is almost unrelated to molsture
stress, i.e. local checks are hiphly stable where
there Is drought. The yield of the two highest
vielding varieties (Y') at each site responds po-
sitively to added water, but also outpertorms the
local checks of all levels of inr)iHLm'n'. demon=-
strating that better pertorming rices can be de-
veloped for droughty arcas (0'Toole and Novero,

unpubl.).

Research on the tmpact of drought at the time of
flowering provides convineing evidence of the im-
pact severe water stress has at that time (Cruz et
al Tuslye Given that the most economically ef fi-
cient use of wiater on vice is at the time of flow-
ering, there is g premium on the ability of groups
Worarmers to organize their rice fields so that
G the tields served by a single irrigation
turne-t flowered within a short time. Thus, re-
search Tike that being conducted by IRRI's Irri-
pation Water Management Department to tell us how
to efiiciently orpanize farmers and the techniques
that can be used to poet them to organize themselves
should have a hivh pav-off (IRRI 1980b).

Input cost data seem to indicate that relatively
few Inputs are used In weed control. However, when
one recopnizes that o major function of both land
preparatlon and water [s to control weeds [t he-
comes apparent that a large fraction of total re-
sources are uscd for this purpose.

Can lower-cost, more eftfective weed control sys-
tems be developed? Suppose chemical weed control
techniques that would reduce tne use of energy for

Irrigation by half can be developed. Suppose fur-
ther that the costs of water and weed control che-
micals will in the tuture more fully reflect thelr
energy input. Table 1D illustrates the result of a
technolory that would nse one-halt the water and
five times the chemicals used in conventional sys-—
tems where weed control s accomplished by keeping
standing witer in wetland rice ficlds. The energy
used in the present syvstem is about twice as much
as the amount  projected in the possible alterna-
tive. The main problem is the development of a
weed  control svstem adequate to deal with the
weeds in the absence of standing water, This s a
ma jor challenpe for technology development.

Fertility control

Fertility control makes uap a large fractfon of
current rice production costs. It s the one {nput
that can be casily increased through direct policy
action, and rates ot fertilizer application in
most rice producing conntries are stilt far below
the  maximam  profitable  level  that  might  be
achiceved with varions improvenents in management,
On the other hand, the price ot rertilizer 1is
likely to increase rapidly In the fuature.

With present techniques a considerable fraction of
the fertitizer applifed to rice {s lost and not
used by the rice plant. The prodectivity of ferti-
lizer, cespecially urea, rcan be improved by proper
placement and timing of applications within con=
venttonal puddled soil systems but peactical me-=
thods to place the tertilizer bencath the sofl
surface still must be deve loped. What woulld happen
to fertilizer productivity in nonpuddled frrigated
rice? Would incorporation of topdressed tertilizer
fmprove its productivity in a nonpuddled a;stem?
Do farmers apply their fertilizer at a later date
than agronanists helieve is optimal  because of
their desire to slow weed prowth?

Rescarch on alternatives to ordinary prilled urea
has been going on for some time, organized under
the INSFFER network. A summiry ot the results of
the first 3 years' data from that work indicates
that although there is some promise that sulfur=-
coated urea or urea  superprannles  can o increase
fertilizer etfiviency, there Is preat variability
In the results, particalarly in the wet season
(Table 12), Mare research on ideatifving situa-~
tions in which such materials are worthwhile and
on  the  reasons  tor  observed  variability s
needed.

Alternative bhiological sources of nitrogen and
other plant nutrients should be investigated with
the recognition that only under exceptional condi-
tions do As'a's rive farmers have 5 em of standiag
witter In thedir fields throaghout the season. It
must also be recopnized that most rice tields dry
out completel, ot least onve a season. Can lepgumes
provide an appreciable amount of fixed nitropen in
sach rields? How <an such contributions be maxi-
mized?
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Yield (t/ha)
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Fig. 8. Relatvionship of vield of International Upland kice Yiecid Nursery (ITURYN) entries
1974, 1975, 1976, and 1977 and Thornthwaite moisture iadex (Carter and Mathers 19660) and
long~term ratnfall (Thornthwaite Associates 19673) for the prowing scason at each site,

Y o= mean vield of all varieties (no= 29) at a site. Y' = mean of two hiphest-vielding
varivtics at a site; tocal cheek = locally adapted variety grown with same agronomic
priactives at TURYN entries (0'Toole and Novero, unpublishedy,

Table 11, Caleulated enerpy tradeoff between water
and herbicides o wet land rice production (coeffi-
cients from Fuether and Hutf),

T T T Present T Tossible . e o U
system alternative Fable 12, Frequency distr Hlem} 'of differential
e s e s e e e response of sulfur-coated urea (SCU) and urca super-
prancle (USG) relative to prilled ureca. two N rates,

by secason, in INSFFER trials, 1975-79.

Inputs

3, a/

Water pumped fm”)- 3000 1500

Fuel for pumping (liters) 150 75 YioTd vaims e vl
Hand weeding (dayvs) 10 5 lt,“ refa= o Ry ‘(,'.‘.".'_);.” I'ﬂll‘_".i‘_‘_"_
Herbicide (ky a.i.) 1 5 ”.I(I‘IU; “(ff N ‘h"{l”m - l'(j\f N N
Horbieide application (no.) 1 5 pritie Srate o rate o orate o orate

ooourea oo ser USG 0 SCE USG S USG SCUUSG
Enerpy ivalents
nergy equivalents Mot seasons (n = 91)
6 fH

Fuel energ 5654 . (€ 2827 3 % 10 ;

el wneray 1004 3 10, 710, Bettor 1720 % 27 1 23 41 30
Enerpy embodied in pump 91 J % 10 470 0 » 10 . .

: . . . O cc 6 No difference 72 69 52 06! 79 76 57 67
Encergy embodied in her- 110 3 x 10 Y50 J x 10 ‘ ) ) !

L Worse 2 1 2 3 2 1 2 3
bicide o ‘
Total fossil 6705 1 x 10 3847 0 v 10
’ ‘ bry seasons (n = 45)

:/"-'”“"-‘_.Nnru_m”_w—WWHMH‘”M” .v-“ R Better 11 20010 42 24 45 36
=Morooka et ol (1979) show 2,000-6,000 m ‘/h:l per No diffoerence 24 31 24028 531 09 53 67
crop used to supplement rainfall at Los Banosg Worse 2 3 | 1 5 7 2 2

17 m? warer pumped/liter of fuel. Kuether and
Duff (1979) show much lower leveil of fuel used per
hectare.  This table uses an intermediate level., Source:  De Datta and Gomez (1981).
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lnsect and disease control Machinery and land Intensi{fication

Researchers concerned with {nsect and digease con~ In lght of the Ilkely increase in the labor-land
trol may have aan advantage over those concerned ratio, 1t secems that technologles to more effec-—
with other problems because there is a great di- tively utllize more labor per hectare would have
verslty of methods to control these pests. Chemi- an advantage In most developing Aslan countrles.
cal coutrol, which requlres high energy inputs, Is Such technologles miy he grouped (n two classes:
only one option, Inteprated pest control, which

uses blolopfea!l conservation of natural enemies, e those that use mote labor by intensifylng {ts
host reststance, cultural control, and other Lnno- use with existing cropplng patterns; and
vatlons has maich promise. St{ll, the research job

needed Lo design optimal Insect pest management e those that absorb more labor by {ncreasing
strateple, 1s Immente. the number of crops grown per year.

Consider the flssue of synchronfzed planting, a
cornerstone of almost any prescription for Llnsect
control. In an experiment comparing weekly plant-
{ng of rice grown without insccticfdes to the
growlny and harvesting of rice twice a year, the
continuous planting system had no preater Insect
problem than the conventtonal fleld (Fir. 9). The
cont fnuous production system had higher levels of
natural enemies that apparently kept the [nsects
{n check (IRRI 1Y980a).

One scems to be faced with the di lemma that cer-
taln farm machinery may be needed to Increase the
crops grown per year but at the same time Lt may
reduce the labor used per crop. Research can help
{dentify which effect certain types of machinery
actually have. For example, {n Central Luzon,
Philippines, cropping intensities have increased
considerably over the past 15 years. The use of
tractors for land preparation has also increased,
whereas the use of threshers has fluctuated. Exam-
fnatfon of the data In Table 13 shows that the use

There are many unanswered questions In the pest of tractors s positively assoclated with {n=-
control area. Why do farmers, even those In ad- creased  land use {ntensity whereas the use of
vanced areas, conslstently underapply Insecticides threshers s negatively assoclated with increasea
-~ in terms of recommended levels of active Ingre- {ntensity., The use of threshers has Increased
dlents per hectare —— (Marciano ot al 1981)? Would rapldly In certain places in Ilotlo where double-
the use of ultratow=volume spravs be practical? cropping of rice has also {ncreased. Research in
Are Insectlcfdes reasonable and practical for use the area shows, however, that 63% of the ralnfed
by most Asfan farmers? Would syvstems that minimize farms with threshers did not Increase thelr crop-
standing water in rice f(felds encourage or dls- ping intensity after adopting threshers, In ad-
courage the bufldup of fnscets and diseases? What dition, farmers with threshers and two crops/year
is the tuture for products deve'oped from botanfe- had more than a week longer turnaround time than
al sources? What kinds of manutacturing and sales farmers who used craditional threshing techniques
systems are practical for sueh products? (Juarez and Duff 1980).

Table 13, Chi-square test of independence between frequency of double-cropping, methad of threshing, and
method of land preparation, farms in TRRI's Central Luzon loop survey for 1966, 1970, 1974, and 1977.

Observed % of farms in each catepory and chi-square statistics

1966 1970 1974 . 1979
Technology Single Double~- Single Double- Single Double- Single Double-
. cropped cropped cropped cropped cropped  cropped cropped cropped

Threshing method

Manual (% if/ 7 16 12 18 26 24 12 37
Machine ()% 75 2 67 3 38 12 39 12
Chi-square b/ 53.8%% 39.2%% 6.2% 27.0%

Land preparation power

Animal (%) 75 12 47 18 40 12 24 9
Tractor (%) 7 7 32 .3 24 L 24 23 43
Chi-square 9. hkk 2.9"¢ 3. 274k

af.. ) . . . . .
~ Threshiug method for first crop, b/ wwphe hypothetis that the two factors are distributed independently
i¢ rejected at the .01 level; * at the .05 level.
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Population [Muctuations of green leafhoppers (GLID,

whitebacked planthoppers (WBPH), brown planthoppers (BPID,
and spiders in continuously cropped and double-cropped fields

of TETII7. IRRI, 1979 wet

could
simple

Some machlinery can he used to do tasks that
not otherwise be done -- for cexample the
LITA rotary punch planter appears to be adapted to

dlrect sceding of grain lepumes tollowing rice
harvest without the need for land preparation.
Smill  wind=powered frripation pumps that  «{1]

supplemental  drrigatlons to
arce another exoample
that  requlres

provide one or two
dryland crops following rice
of  nonlabor=displacing michinery
more ‘dt'vulmnncntnl rescarch.

RICE RESEARCH FOR THE 1980s

Ef fective rlce research for the 1980s will have to
face up to the realfties of a world where encergy
{s much more expensive than In the past. The stra-
tegy fertilize and drrigate, which worked In the
19605 and 19705, will be difficult {n the 1980s,
Irrtcatton and fertilizer will continue te be {m=
portant for high ylelds, but research will contri=-
bute to tarm and national welfare tn a way appro-

priate for the future tt {t secks to:

Watvs Lo use irripa-
farmers

o Develop more ety icient
and tertilizer to
the high

Lion water vnab e

Lo continne to reap vields now

possibleg and
o Continue =secliny solutions to the insect
and divease problems that accompany high-
vielding, intensive production practices,

for areas
techuolopy,

the
served by

In addition, to mect challenges
still not adequately

research must:

new

e Pay much more attention to increasing wet
scason vields, especially in rainfed areas
like castern India, northeastern Thailand,
the aus and aman crops or Banpgladesh, and
the main-season crop of Malavsia,

e Develop fertility sov-ces that provide ade-
quate nutrients without high inputs of fossil

fuel energy.

S¢dson

(TRRT

1980¢) .

e Develop component technologices for a broad
range of radically different systems of
production,

e Evaluate technologies much more within mult i-
factor experimental designs -~ e.g, tillape
vs herbicides vs water vs weeding vs variety.,

e Recopnize that, for most developing Asian
countries, substitutes for land arce vitally
important, but substitutes for labor result
in a transfer of carnings from one cliass to
another without increasced output.,

e Develop wavs to understand the social
that control the allocation of water and
affeet the possibilities for svnchronised
rice production,

syvstoems
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