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ABSTIRACT 

The dimensions of the food-populatioh icoblem for Asia are 
reviewed and the factors 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 irrLgatipn, fertilizer, and h igh
yielding varieties spread. The effecriveness of three stra
tegies for increasing future production is reviewed -- price 
subidization, extensi.on to 'lose the yield gap, and research 
to raise the possible yield. The expected future availabi. li
ty of rice and likely prices of rice producton inputs suggest 
the types of field-oriented research that may be needed to 
overcome the likelv future constraints to production. 
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IOCUIS I NC I1.D I,-1EI+SEARCII ON FLRI'II. CONS'TRAI NTS 
TO PRODUCtLtIITION(P 

lit purpo. of igr 'Iulira rs).arIh Is Lo develop 
ha far3 Ipo food,i.•ch oIl ' 3t,; he1lp mebrs li 'tc ' m re 

o' iilihi g,'er . a provyide more ;dequlaL 
n3u3r i t io !, r ,iII p,,opII . Rap id grlwt. h i po inlI n

-; t I I ot i o3 ralis th ,I .ar,g I ch,'3 , ,_ L i ll(,(! ln) 1.lhatL 

B the, y ' ri,3' will have' produrt ion 
,111de L,,1 Ih,.,,ci;i iiI
o3 ill,,- i Ill As ia. 

I i l+It i3n A'; i a1 r ising .nd pe r a rIceI,1re 'Ii 

i -, t1, 21 yea rs o.,', 11)3;L i,3 I i I 1 1," hall 10 or 31g, 

()nlv in3 tile st, dvA-d voltries of tileo region, 

:4 1h as3 13 .llJapan,ha3; per capita rive 'onsimpIt ion 

de.1iin,,d. 


The burden, of iicr,easing lr)durt on w l al 1I3l oin 

res)'irh. I';xtt.ns1ou services u.all Lra1n13 t now 

ideas to3 farmer,-; bIlt. c',lllI3Ot produce the new ro,'h-

n3l)o.ies that Ire, nee',3hdd. The exlpe'ted relative 

i:'ease, in price. of fossil i at 'l-doprndent inpuLs 

i33t',ll3,3 1h1l1 330W ;'0 113 If .i'e I Ion thatnerw1du3.'t 

(,.iv,. hig.h yitye l15 hut factor propor-d4), different 


Lions f rom thos0e now use3d wi I I have L
Lo t prhe urlIed 

by r.,spmrulh if the world is L meet tht food needs 

33 the 1980sI and the I)9ls . 

Til: I .IENMIONS i ll. : F0OI)-I 'IIINArION 
PI'R)I I N ASIAI.EM 


illustrate the
Projections made by te World Bank 

By the y'ear


dimensions of the population problem. 

rice eating people in Asia will
 

the number of
2 l00, 

irivreas,' hv 6O1 million (Tah'le 1). This will hap-

pen 3venthough in many33countries of Asia, the 

birth rate has declined over the past 15 years --

from 47 to 37 per i,000) in ndone0Si, from 36 to 

2h i.nSri lanka, from3 41 131 35 in India, and from 

45 13) 15 in the ilipi e (I'R)) 1079). rhis de-
c in3' obviousl' eases thu food produ(ct ion problem 

somewhata. It is, however, no cause f r complacen-
<v. Talking into account thesem decline- in birth
 

raltq and33proje,,ctingahead to a hypothetica: sta

i,33narv populaItion, which would he achie'ved in tie 


21t o3r 22d century in various countr e , tie World 

Bank proje'ction3 figure.s imply that the population 

ri1' et i p',,ple in \sia would increase by 

,I W.) billion.bout 


It I . di 3 i'l t,,. ,'<npro1hend the;t, numbers, huL't 

li3'.' imi (la I~ , '',.')ar7(1( , India hhmavetl1v h.' _ will ) 
h3(.,mo3re,33. -Iv ",3 ;,> . p, 3,013 , Ildones 0, and 

hl h,l.3.h,1h .' . :,,r,'. Pop, lat 13, :; ill 33tiler -ouu 

' ;im it r i,o .) I I i it ,' 33n-i'3 " pr )portmi. . If in 
,i a+' des~t,additi++ t-, 1,,tl iti~n wrwth "u xpi-va: moi 

n '.il ''t, i !1i,' .- <> t.l(n r I "t, [roduhlc!. ioili 'i I I 

halv,- t 1,) ta"l< a 3 ,i annualll l atverlage' rl'oll in 

As+i,i(I itPk 1 11i]). ,i+rw 1ghL' nirv,I1t ii, <Prie,; . s+l 1 
raplidly,, ri,v pri',lc t inn will haive+ no ilnvr,ai;i ait 

1.9! ,/ver. 


Ta le I. Estim;ited -. ,pulIat icn (million) in South,
 
Southeast, and Eas' Asia whose major food is ric(e,
 

I980. 

'Total Rice Annual Projected nn;a/ 
Site popula- eaters growth of rice eaterv-

Lion 1980( (z) Year St;u-t -on

1980 2000Lrv 

China 956 600 I .4 747 9 64 
India 6(O 416 2.0 632 I,151 
Indonesia 147 118 2.4 166 283 
.Japan 116 81 1.0 91 93 

Banplad,,sh 90 81 2.7 131 30)1 
Pakistan 80 24 3.0 42 1(1 

Vietnam 50 45 2.2 78 13/4 
Philippines 49 37 2.5 57 96 
Thailand 48 38 2.3 55 8/4 
Republic of 38 36 1.7 46 61 

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 3 

Malaysia 13 10 2.5 l6 23 
lemocratic Peo- 15 14 2.5 24 39 
ple's Republic
 
of Korea 

Kampuchiea 9 8 2.9 14 33 
Kampuceal 3 2.4 4 3 

Repble
ic 

Total Q/ 2,365 1,584 1.9 2,205 3,488 

a/ 
- Assuming ri.e eaters are in the same proportion
 

as in 1980. Projections are by the World Bank.
 

.I/Total also includes data for Iongkong, Singapore,
 
Bhutan, Portupuese Timor, and Macao. Sources:
 

Hluke 1982, IBRI) 1079.
 

If r pro ti nn3 f 1 keep ip ith tit ra 

of Increase in 1,niand, tih burden will fal I os1 

heavily oI3 the Poorest people i l31 regi to. That 

is because tle p)ooro,;t P)opl] already have the 

lowest consumption levels, 3ut they spend a3 higher 

fra ion of the I r ir13m,) 133l r i'o than3113133 the 

wealLhy. 1rhi3 ('3,os ' Iv rov high 's 1ia 3t i3 l .

d.'pende nt. c 1 ltri s l k e o Ingla .dsh (Tabile 2). It 

. dema d for riv'e, ir , . .33t.rr t an 1 i s :stil-

Ply, pric'.'; will rise,,and I.he, poo1r will Ib en. 

less, ble. t ) uaordw131,,,3tat,, s.t dlt 

Thisf problr i-mhas+ enormoustl dimensiis.+ E'ven In 
. 


those;i o'(untripst. intl; ha,l. adeh quaite l,;,ve t-I o 'ffoo l 

consumII~pt ion, ill hit+ , li',t aI % l)-IIl a prilqlol

ti+,u ,f thl,-lpoplllaIt~iiuv! haive inade(qutie
+ , l~ u p 

t ionl l,,vo,,l "1). ,i- il' toi (olet ,-a 'I(T ihl,, , nlai

tio)n inoro t han 'll ,(H)m i lin A ,ins had itladt(1Lu;it0. 
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levels of caloric intake in 1960. This increased 
to ML. th:an 600 million In the 1970s (Reutlinger 
and Aldo ntan 1980). If tood production proc,,e.
fast enough to insure that price; reiln con'u' nti 
througi 1990, the proport in tWe popul ation 
with inadequate diet; will fall, but the absolute 
number will I Increase by about IMo mil lion. If food 
prices increase by as lit te as I/year, the num-
her wi th ia dequ t l e tOs 'i I I i'reaSe V lla l 
ditlonal 50 '.ll 1on (Rot i t.i er and Alderman 
19 C). 

SOURCEIRS OF RICE PRODUCTION 
;Rf W'I'H IN THE PAST DECADES 

Since 1'53, Asia's rice production has grown at an 
avetlage rate of 2.7% -- slightly faster than pop-
tlai ion growth, but somewhat slower than the rate 
t oded to keep up with the growth In demand (Table 

4). the proport ion of output growth due to yield 
Incretases in' that due to area incre:ises have varied 
f-t,ia; 'ointtr\' to tttintrv, hut, ott the basis of a 
we iqjhted iverage , have rtnmailted remaltrkbilulv stable 


t
for thI region as a whole. S4 -ty to 654 of the 

growth was achieved through incre'ases in yield per 

unit area, the rest from expanding area. 


tlt- ,rowt h In1 land area ciotes from new land 
hi, i't prouict ion from increases inInto and 
d, hI v-'repping made pos-sible by upgradi.ng irrl-

itioi s'Ysteins. It is Impossible to separate the 
t' o r ire. of Int'ruased area from nLional level 
datat, lr most countrieos, but ba-ted o1 fragmentary 

i oi I tiInttintreased double-cropping is 
le' Llill souret. 

Yild Wr'a'st..s 'ire attributable to three sources: 
'm,r- :.,rt il izer. more irrgat-d area, and higher-
vic.ldiqi, mor- fetil1izer-responsive varieties. 

,itl on the lig i ttde "f 'higes in these factors 
di, lVdilble. Using thos, data and rough rules of 
!hh AIou r-sitnui to for' Ii tzer, o%, can attri-
but vivid ga.tins to fert i ier and a residual. 

. -h;his the resuiltq of the calculaitlons. 
I-i .'--v-vit' ivtortg.pqo are sed to i solate the uttder-
lvi hf,, tlnds b-us- th,' -car-, i-year weather- and 
pri.-indui'-l flticiutitIons are "nsiderable. Data 
for ",'itur eatrlier thn I9M when ertilizer's con-
tribloti n was i no in anty a e tr - not ;ava lIable. 
iiall t )'t i tie 22' puu'iods, expansilon if irrl-

, it,, .r ,',utd foir th,, bulk of the area it;-
,- ',i', t ha I , -'tirred. Ithe -'' it ribut in of ferLI-

Ii rt vtld b w l'iu-, but it over-,, ili'c;vas '.,-; ,an 
, ::, nbuthan,,, !!I .1 , it t ',- t i ing casett --

tti P1'i II 1 , in,'-<, , 1 ni, i ,. i , , ~rh , and Korea- , lt O ir 

! I I)/ " . -- t he i .:- , iin. d res idu lI was 
-, l .r.ill."; Iorq,.r ihow I -, , ,rit-i brI on of for-

IiI:z o i: 	 ot ol.. o t f' - , in, itt ext n Il 
irod { I! i l'r i'" 1:2,',. i: t I ,h ' -ntt1 r ie;. 

S T R A TE ; I E S I.FHR 1 1 : f/ .E. I N " R I KE tPRODIl YT I ON 

() i , -in ,' T , t ei ,,i .! ,of t hr , - h r ,,;id st r at e.g i e s t h a t 

rm ay b, . f , ol l , ow, . d t ', g o v e, n m e n ltsl i n t h e ir e f f o r ts t o 

I,i~l i ' , rall~ U o n ', t it , 	 I j ,U l I r d i o : 

a price subsidies to encourage farmers to use 
more inputs, 

@ extenston education programs to close the gap 
between possible and actual production, and 

a 	research to increase tie possible yield 
levels. 

Rice price subsidies 

Subsidies to lower the prive of agricultural in
puts, or to raise tile price of rice for producers 
while keeping its sale- price low for consumers,
Caln encourage increased farm production. If tle 
subsidie s are latge, however, they can bucuttL 
serious financial rdetis on govenOtiotit s ; for 
example, fertilizer subs idiiOs were est ima ted to 
have absorbed 75Z of agricultural deve I pment 
expenditures in P78--79 in atig lesh (ESCAP 
1980). The usual resiult is tihe i r rt duet ion or 
elimination. A determintd govertteit' i t it icy of 
subsidies can, if course, e fol Iowed, but itt 
countrles where a large fraction it tncmue is gen

erated wittin the agricultiral sector there ire 
serious limitations to the eapacity to f imtice 
such subsidies. 

Popular opinion notwithstatndi ng, governments have 
limits to their capacity to geierate funds. Taxes 
are te most obvious source. If a large fraction 
of the total econony is agriciltural, th n either 
agriculture will be taxed to subsidize itself, or 
the other sector will be taxed to subsidize agri
culture. Because most countries are trying to en
courage development of the nonalgr ictilt oral sector, 
they generally avoid taxing it heavily. A second 
source of funds Is defliit f inancing, sometimes 
accomplished by borrowing from the general public 
and at other times by !ncrensIltg tie money supply. 
Borrowing from the genteral public is difficult tit 
a developing et moIny because levels are, income 
low. The more usual course is the creation of 
money, which leads to inflation. The deliberate 
pursuit of a policy that encourages Infltit 1(an Is 
counterproduct ile because It results In higher 
prices, the very evil that was being avoided 
through subsidies. 

Of course, govermints iwy subsidize onte comumodity 
while taxing another and thereby avoid infIlaton
ary pressures. 'Tis iny be justLifed oi the basis 
that the subsidized conmiodlty is a necessit I and 
the taxed otte a luxury. 

Another factor t oh t, cinsti;i red is the t'ffecLive
ness o f pricet.'s t d i ;. Pr ice ;ublsid ies , whe ther 
desigined to IOwer I p ice of ani input Iike ftr
tilizer ,,r t,, rais;e the, pricceofl product like, 
riLe, inu relst t lit, itk C111.tiV't tLO lInn' itlpUts; iln pro
(IucL io/i. "l'lin i: iIIu,;L ralt d in1 li1 go,rc I1. TheL 
p r ic e I We s ( M) .d e , t i l,. r a tI i t) o i t h e Pr ic e Of in 
pnit to l -- Price ofl ouitput a'nd tilt- curvett shows tile 

pa c o f- t n o e,v ii ml t l e i ltli n t h v i d , , , r "~t.p t Lt . i f 
p r o d u c e r s wi s; h t o5 l i s t l l n p i l t ! i n i l l e c o n nli ct w a ll' 

t h e '", w i l o, h ) , t , l l " %, p s; ' I -, la , 1a t'lt t !ll .'t oi n t X2 , 

http:upgradi.ng
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Table 2. Relationship of income and quantity of rice and rive products consum dl Banglademh, India, and Krrur. 

. . ( _ 6 r .. ...... (1 96 4 -65L national) . ... 9 ri) -.. 

Incomv per capita Monthl rire Income Annua] rice Ir(om, AInoa ricVV 

constlmpt ion c ]las cOlsul[)t ion c l;1!s consumpLt ii 

2 7 47.2 <11.9 50. 72 74 .4 
29 .8 58.4 12-15.) 51.7 72-96 100.9 
35.6 63.3 16-18.) 51.8 96-120 124.6 

39.4 64.8 19-2! '1 61.3 20-144 '29.8 
41.7 65.2 22-28.% 02.8 144-l18 134.8 

48.9 72.6 29-43.9 63.6 16:-192 148.1 

94.5 74 .9 p-41 87.2 >192 164.3
 

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

Table 3. Selected indices of calorie deficiency of Asia based on income distribution data, 1960s to 19 90s. 

Per cap0ta calorie share ofpuj~lation with calorie deficits 

Site intak, as a 7 l'ro1ectedto 1990 
of requirements, Mid- 1973 Constant 1% annual increase 

mid-1960s 1960s rood Lr I,_.. in fo- irr ices 

Indonesia 63 80 66 30 37 
Pakistan 89 75 67 35 40 

Philippines 84 74 70 54 57 
(an i a 88 70 72 60 6. 

Sri lanka 100 60 62 44 49 

'Thai land 100 54 49 17 20 

Malaysia 101 54 34 14 16 
Korea 103 40 25 0 1 

Asia: millions of persons 540 613 643 707 

Source: Reutlinger and Aldermaln (1980). 

Table 4. Annual growth rates of rice production in Asia /(Source: USDA 1979).
 

1978-80 1953-63 1963-73 1972-79 

Site production '-itput z from Output 7 from Output 7 from 

(thousand t growth rate yield growrh rate yield growth rate yield 

China 140,500 2.54 85 2.86 59 2.82 71
 

India 74,989 3.37 55 2.19 (,7 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 1.0. 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 4.'.7 87
 
Philippines 7,272 3.89 24 4.89 76 5.39 85
 

Pakistan 4,893 3.00 19 7.24 72 / .95 4 
raiwao/ 3,258 3.99 100 1.80 100 0.40 1(0 

Nepa 1- 2,027 n.a. n.a. n.a. n.a. n.a. n.a. 

Malaysia 1 ,042 3.93 45 5.10 29 2.59 -26n / 

Sri Lanka 1,885 5.65 0 4.25 62 4.99 4 
Asia 347,115 1.62 60 1.62 62 1.73 (4 

"Calculatedb from 5-year averages centered on the years shown, except for the last 2 columns which use "-year 
a a Caverages. -n. a. = dat a not availaohlI. -Yields d[eclined over the: periol. 
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YI, X(, gi ve n pr iWe ratlos P2- tI, PO- Extension to c lose tile gap 
This; I IlIu rats Oinel of the I inltaL Ions of price 
subsidizit ion. If farmers are oper.it Ing wi th X2 A second Il)iivy strategy that might he followed is 
Ilvi , 1t av re lt. Ivuely he intxpensie tLo subsi- to prmnote a greater el fort to get proven rlve 
11 e t , ' t'1v' I ad il'I nI'easo ( l ut fruim Y2 pr(diuc t Ion technologies adopted by farelers, and 
t But to get to Y) level , I npuL hive t) ra Ise Lhe yIlds ofrLhe Iowes t-y Ilog frairne rt to 
b,, to1a1IlI subs Id eizd and hen, the I n- nike them closer to) those lit the lthighe;-ylIl ding, even 
rroaised til t from YI to YO Is small . farmers. 

TI, otlir :iJe O the argo n''nt oil prlce subsidies Ilese;ir ih "n the connstr;lint L"I high Vi elds Inlarn
s hould, however, also be iei'o,gnized. a iiy of tihe ers' fields, idone in 0 iiutrIleo bttw-t'I 1974 and 
Il,.i, in I I owed by governmentso 1977, dumno trti'd that yii. lds iwo)lld h I,iereasetdP:r(W,', 1ilit polI-it's 
lopits; tie prir'es of ariiiul tuiril protltits and by about I t/ha, hii,_th;tt in ma Y uIses II wiild 
1 uris'q the prices of agrl rulLtral I nputs, Lope- not be to the Ilturners eooinirl alv;lita t' to use 
,'fall',' r, lviv',t other eoiinxnij setiLrs. These the hgh-Inpilut , dlx I nimml-yield tli'mliuo gy that gave 
i()lIls have in oppositel those dis- tile yie l inre.ise (a;hl e 0),. )nly at 3 of the I()eWlet pu 

. abspd -- dlrive the use oif liputs Iowi. researih sitevs was it ps ibI tc acahieve adhove they 
K'vr ul,'nlt mlur po ly purlh,isis i)f r i t may hive bvnef i I-rost rat I() otI .4 or greatLr onl tll' in-
I hi n le t it, it.t lit' ln' mlt, imports ire c in creisedI level ot I opin t,, IIelleled t raise ylelts ili 
tir l Iod. Ili ' I tris,I;. prii li i in 'x ortl;ihle the wet seaon. At Llit' 7 i t s i tis, itIll stlr- or even 
pitt, , ' r lu' at '-il t rt l )V, r" t ,- i s t i r txp( .L1 those where, yield illrea Si'; Wer' as high l s 1.8g 
: i' 'l'hlland's 	 r' m,Th rice u, de'rease pro- 1/ha, lit. e'nilomic rt'tiLrn was not attractive, ol 

,ilt i it ilU'il Ives, the ave'a,e. 'hu yield ilo.ruas s were hi hly vari
able Within a given site and, therefore, r Isky, 
making it even more unlikely that farmers would 
use the high Input levels. 

Tlh I). 'erientage points of the annual compound growth rate in rice prodiiclion attributd to irrigated area, 
unoirrigad area, yield itierpases fomr fertilizer, and residual yield increases, Asia, 165-79. 

Ave- Perc'entage po into iingrowt h rate att r i hutaIhIT 
Pe i ragegrowth 'rota I Ir-i ga- Non i rr iga- Yield Fert iI- Res idual 

rate area teJ area 	 ted- area _ izer 

B gI, 1)7 	 1967-72 -0.1 0 0 0 -0.1 0.2 -0.3 
1972-77 2.8 0.8 0.2 0.6 2.0 0.5 1.5 

Bul 	 190u7-72 l.1 0.3 0.4 -0.1 0.0 0.2 0.6
 
1972-77 2.5 0.7 9.3 0.4 1.8 0.3 1.5
 

nia 	 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
 

til, ' ii 	 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
 

mria, 	 Republic of 1967 N 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 

Malavsia (Wt") 	 1967-72 7.9 6.3 5.3 1.0 1.6 1.1 0.5 
1972-1'7 2.1 3.6 0.7 2.9 -1.5 -0.6 -0.9 

i anit 	 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 

'll ippius' 	 1967-72 3.1 0.6 (1.6 0 2.5 l.q 0.6
 
1472-77 5.4 1.3 0.6 0.7 4.1 0.5 3.6
 

S1r1 Iki 	 1907-72 5.3 2.4 2.5 -0.1 2.9 3.4 -0.5
 
1972-77 1.5 0.2 o.5 -0.3 
 1.3 -0.7 2.0
 

1i v', 	 lti61-/2 -0.1 -0.8 0.9 -1.7 0.7 -2.6 3.3
 
l)72-77 1.0 
 0.3 0.2 1.1 0.7 3.5 -2.0 

*1I9 	 I961-726:7- 2 2.1 3.1 1.7 4.3 (.1 -1.3 - .2 
1972-77 3.0 3.3 ".0. n.a. 0.4 -11.7 -0.3 

I.'
 

, 'jim--uar rentrotl on tl',e
averages 	 ,,llA illi.ated, thus 19)W7 is the average of 1965-69, etc. 
i.a tt n t jaliI al I] . 
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in a detailed anilvsi.s of constrai nts data for 
Nuieva Eci a, Philippines, the yields and practices 
of 2K1 of the experiltents hit "e farmer>;' treat-
meatli i ye Itow viel s were co mpa edrd to those of 

the 25' of tht i'>xpteri t'l wher' 'tsfarmers' treat-
mci, g.ave Hilii'h, t '.' i lId. (Fig. 2). In the wet 
nvatot, the r'earhr'4 inputs raised 'ields sub-
stant iillv on ,lv I out of 8 of the low-vield 
armls, iatd raincd vivlId; modestlI on ttest of the 

higlh-vieid farms. For the, irrigated dr, -season 
,rop, the hi'lh inputs raised 'elds in almost every' 

he. low-vivld applid significantlyhe farms 
lower levels of fortilizer in loth seasons and sig-
nifi, itl ' lower levels of insu'ticid i n the wet 
:eason (Table '). 

We estIium ted a ! ii' tional re'IitIionship bi't Wi't le 

man ageil l ai ndtl P liv i r i mo't il fa o i s, th i 

used thit relitilinsii Io eiillain the (t1lt 'ri'el'e 

bt'wo te ill- Iiw- and hi 1gt-vi ldI l,iln; ( iu idaf and 

lherdt 1979). The diti renlt's I ilpit lev l I nd 

,heir Interictions icinted fir oly abu 2'!, " 

tle ei plii ned Yield dill t or 'net' 

aind ahi t 51; ii th. Irv ,t'lnseason 

l iriiu P i olf the viell di I fer. 
w 1s L c i lil a ,it ortllilL(' ,'piiitt 
ai onIl, insec' ts, and diL;casc;*s --

conit 'ru.'Flurmi rs' ti rl iii 

ihesI a , mil r,,;.,rgh ou1 r, 

rteI tiv, Iy i ip Iadutr, 

i ll 'A I,A te i 
k 

soth. Thr ,tniliri
'ityirtldsir iulilit 
" 

l 

ridIuotIs 1 1 t.Iii 17'iiipr t ilt I . wy'ti)7/ 

at and Ihat 

txi ting t tt i's I 

Fu'trthetr s;ilpport 40l 

d o pl t o r ts o ft dll r rlp 

L it ad op tt he d.t lil n 

i,ft, I i a v liir-r, 

' i lios lu liii first it u rn 
l !:,1 iad wll sf 

. im r i'lti of farmer' inhii levels of tes i tort i i 
iii I l,,d; iii. ltt, tl li'riid 

ii cit'g, ,ciid gglltgost tis 
xsII t vti1u I, 

)Iii, st (n.rop)ri I ritt trii 

.
 

Lht 

i d 

Ix.implo,c rpthSillr,ie l 'e,i ,:;p
iti'and 

lhe ,isiiiiin t wei t season 

(Iip. 3). ,1% 
i't'htw'' grlup' -- 
. ill w il rai 

!aicl,)rs hv 1.11u, 

t 

il tr , to, hiti 

.0. 

view' thatl tarmrslllF aIre ralpid..... 

to te c h n l ogy')' ', i s ; g~ gsil t v d' y, ; 

rv.74Tn1v ,I for 

,i l.'ii The, '' thil s '. . iIndo ic I. first. modernY 
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varlet ies were InItr-ohlred In the late 19Ms. Bly 
1971-72 , t ley ind s ml I I r v letr i!; w re h- Iig, 
grown on 25Z ot ldlon";i''tl rioe airea. When scri

(ill hriwa plIarith ppi' r iutb r,,al tht'hr t ain Il do
nesla's crep i 1974, thi' go'V'itiltiniit mhad' resis 

tait virl tl Ies lviiloahli. They rip idly s prad. t 

cover 25I l th,' lr. by 19/7h. When a lew brown 
l tplaeithi r i ot ll , t hreat'inied t it rI.op , Ven 

eelr virlet Ii's were relised and ov 'red '(), it 

the area wit hin "1years (ih'rusti.'en it i I92). 

The f;ct thai. firnm'rs 

use ind rapidly iilipt 

nolegy Iiidi,'-t,s Il!ii 

jump i[n Produc't iil t. 


eXtolsl O1. it agg'vst s 

there is inlv i small 

Yl 

Fig I . el t 

a df2 ilii,t o m' 


-. . .......
 

gii, or iipreo 

. . .. 
X2 

1t 18e3 

ire ohser, id LO effeCt ivoly 
prof itable avai lable te'h
we c'iriiit expe t a great 

,,"Compansy new programs of 
that for most condl t ions, 

I ntXpIleIted yield g1ap that 

_ _u 

rlr o f t 

pt-

t r j i in f 
________ 

X1 inherij 

it 

Input
I X O 

price ratios of ii.putRelationship between i 

outputt and optimal level of input applicaion. 
Fig. 1. pmtm o-d Iap li'r as i 

Taible 6). Econmic: compalrisons of farmers' anid htigh levels of test inlputs in constraints experiments in farmers' 

fields, 19)74-71 w seI. 

S iLe 

l, :;  

.hoydvbqnir, HangJAPA~


Sutbanig, lIndonesfial 


NueOva !'E'cil, PItli ilpinw':; 

[Dr"y illll , Sri' Lili", 

[.iLguna, Phi I IIpp 1;1e,> 

1Ilotilo, Phil ll ipp ,'u , 
(Centl M in]'T,I,' hai l I n 
Talli wan, c'h li(} 

Yo,'ikurtai, Itdoneisia 
Cait-rin u.,'tr, lhi l ippines 

St1ur' : Hirlt 197t. 

it 3 -1 . 

Trials Yield gaip Increa'sed input Inc~reased BYC oil 

(noe.) (I /ha) oultpt valuel co'st proHL t illtrinlilld 

(, hi) [~q q./h~ ) (SIJSSha) Mr uts 

52 0.Q] I143 "J0C 104l 3.7 

8 1.00 1"2;.! 00 56 1 . 
2 9 1 . I1) 1437 104 "}9 1 .4 

17 OA T) 16'8 140O 2 8 1.2 
41 1 .77 20)9 18] 26 1 .1 
23 I .30 156' 15I 5 1.0 
18 1 .?0 13}4 I100 -25 n.8 

0. 40 1 30 161 -31 0).8 

14 0.39 56 88 -32 0.6 
27 0).51 61 136i -75 0.5 
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can be tapped by intens Ifled exCens ion educati on. 'Table 7. Comparison of mean farmer's input levels, 
The crit i.al. role of extension will hnurease, how- soil factors, coimatic factors, and pest incidence
 
ever, as technology becomes more ,ompli x and more between ow-, and highvi.eldin; farms on which yield

difficult to understand. Fa rmers need Lituhndor- constraints expo,riments were run, Nueva Eeija,

stand why rLoy are benIng advi icd to fo I low c rta in Phiitppines, 1974-77 (Source: Mandac and lierdt
 
practices and to be able to Jldge Lhe v11te of 197J).
 
that advice for theIr own CondItLions.
 

' We" season Dry season I -

Factor Low t1igh Low IiighYield (I/ho) __ield yield 
__.......
...................... ... _
80 

N + -') 5+ K20 (kg/ha) 42 81 90 147*
 
25 % lop yield farms Insect control (F/ha) 50 133 136 171
 

25% bottom yield forms (mean 40 f/ha) Weed control (l'/ha) 35 56 144 115
 
60 (mean 1.6,',ha) Seedling age (days) 43 _37_ 31 29f*
 

Yield with hih inputs Seasona I ra infa I (mm) 100 59 99 14*
 
I Yield with formers inputs Solar radation (kcal/ Ii 18* 22 23
 

cm2) P". 

UTyphoon (av nlo. )/ If I * 1* 0*
 
40 DroughI, late (meq/ 2 5 0 2
 

:: 100 g) 

-- Soil (meq/i 0 g)-- 42* 31
ij~j ,CC 32 30 

Stein bor'J~c 5 5 ii 7*
 

20 X: B,cterial I af 2 0* 0 0
 
hi i[glItLP
NOW Bacteri.al leaf 5 * 0 0~ ~:uii~~~iLIN t low and hihvo ruswtiaesna 

Wet season 
 "i/TheIsterisks show significant differences between 
tihe, low- and higil-yield groups 6w Itin aL season. at 
tihe_5X level, usin a r-test , b/ nes r d 45 days 

Yea tr ) hefore harvest. - Crops were at tile vegetative 
( .taL when the typhoons struck, Even during the

25% tntom8,'peafrms 25". top felafarms dry seasons, typhoons caused the large difference 
in rainfall between tie low- and the higli-yield 

-- hr' 
4 

- , c asses. d/Other soil factors that were measured 
I L= b' i were 11o significantly different wereri: but % clay, 

- sand, X tilt, t,, ,oranic matter, ex
tractable P, and exchlangeab le K. e/Other insects 
tha t weri, monli tored alld found to )e not significant

ly Id ifferent grou ps 
rowmn planthopper, green leafhopper, and leaf folder. 

",tmmr diseases monit ored andfoUd to not 

I between were tlie whorI maggot, 

IIIIIIIIIII ,,ras.sv2C stunt, and sheath bliight. 

f(rtll'Zelr-res tnl;Lve varieLies. The rha]lenge to 
r ice rosei,,chers now Is to anitkcipate the condi

",y t [otis that wi I I prieva II hy tLe end of tile I 980s so 
that approprlate new i:echihology to meet tile btolo-

Fig. - . c - and tow d fam s , t\v' -;, physic al , s tc:ial , ail economic constraints 
Nueva Vrija, 1974-77. i~gre' in partot hoScS are of the fottre will he available when needed. 
mean vields wi th t farmter's inmputs;, 

Prir:e Itoii,:y and extension are sometImes suggosterd 
as the inswe rs tot nor I oconomin I c cons Ira lnts,

Rescarc.h to raise tie possible yield whereas researhi s vi eieed as the solutlon to 

tologi:al and physhVal tratits. HtIowever, one 
The I Imt itatis :loso 'ated with priT,, ,;, Ididles ,tantet tea I ly separAit, et'oiittiii from biological 
and ext entsloll o t (A' otl ,o'nstl Research the technology thalstgpe;t - IL If-il fof i'ro- lilit,, provides 
searc tt rat so the level of ittslili yl e d. "fh,- m;ik,.s prevlotsly untieCoomil c product.Ion profitable.
 
evidentve of tlhe past 20 yei r StIpports the lattr- flts can he Ii itstraLtei by FIgure 4.
 
tance of this role. I was after tie dovelitment
 
of fe rtillzer-respx)ns lve ri-ce varit lovs tha vi[.Id In rglon I of the diag rami, research constraints 
.lnr;ises bet:ame the mall solt'it of itllilt gro)wtit. ire overriding. There tie benefit-cost ratio (B:C) 
[nsert--resistant varteies Mode It posslibl, to ttt Inlts Ised In rice trUduction Is belou -zero 
sustalt tile gain.i made through Lh iltrodti.lull of there I!; no etonomi rally Sultable technology, so 

http:Bacteri.al
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additional research is needed to discover a sulta
ble technology. Of course, there 
that such a suitable technology 

is no 
will 

guarantee 
he disvo-

Returnperunitspent 
nrie in 

vered, but in the area near the boundary of region 
I and II, there may be a possibility. "o,/ 

ReuoMcf Moction ~ 
In region 11, technology exists hut is not adopted.-
Apparently, the technology has a positive i1:C he-

" - ...... . I / 
, / 

cause it is being recommended for adoption but B-Ca?...---,'!" . .," 
for some reason is not accepted by many farmers. _____ ". -sb,,,,an 

In region iII, the technology is adopted, perhaps... / ............. .,i inVdi'ir 

on a wide scale, but yields are still low. In 
this region, the B;:C is apparently high enough to -i -
generate adoption, but the resulting yields are 
disappointing to researchers or extension workers. / c 

Fig. 4. Relationship of three types of constraints 
to the suitability of land for rice production and 

Yied i/ho) the benefit-cosL ratio (I:() obtained from inputs
50 	 - ]used in rice production. 

.. .. .. -- . Soil 
-_05 T1 Soily ie successful research as the process of 

Uneq:a td (0691) shifting the B:C function upward so that .In a 
-ermtcs a di given situation returns are increased. This will,30 	 at the same time, change the range of research, 

.-	 adoption, and yield constraints. Market imperfec-
EbploiNvd (1671)-.1.. o ILin 01 that may hear more on particular socioeco

20 -- ( nionic groups may be viewed as operating so as to 
drAghtl reducre B:C. Thus, more attractive prices can subs
(098t) tilte for new technology and vire versa to a li

mited extent, but the major gains from research
10 .	 c ne from devising new technologles that exploit 

ro 25% relatively cheap inputs to change the production 
:Sottorn25% systems and shi ft upward the returns per unit 

0 	 . . .. .. .expenditure on production (or keep returns from 
Wel semAvin fill i g). 

Yiel Wh/o)
 

60
 
PROJI'ECTIN; INPUT AVAILABILITY AND PRICES 

50 - UIflopaineldInputs IrtecfIois 	 The main Inputs used in rice production are land,1 
(0031) (O34' (Oalt) Labor, water, fertilizer, pesticides, and animal 

! -olinrd mechanical Increased rice production can(/or power. 
40 (8) r be achieved either by increaping all resources ac 

.... ... (017t 1 the same rate or by selectively increasing the useof some resourc.es 	 more rapidly than others. If 
(046) 	 certain resources are expected to become scarce

30...more 	 rapidly than others, i.e. increase in rela
o -(002)_ \ tive price, It Is obviously preferable to increase 
.. their use less rapidly than resources that wll 

20. 	 become more abundant. 

U Top l.O/o 	 Labor 

i 25%10 

The number of laborers will swell as populations
i""M 	 continue to grow in developing Asian countries. 
0. 	 The availability of agricultural Laborers depends

Dry mn on the growth rate of nonagricultural, employment 
and the proportion of the labor force in the agri-

Fig. 3. Accounting for differences between low- caltural and nonagricultural sectors. One can ex
and high-yield farms, wet and dry se,,sons, Nueva press the relationship matheatlcally by noting 
Eci.ja , Philippines, 	 that the growth rate of the total Labor force (Z) 

http:resourc.es


i ; , . wigl.tod iv .irt I ti t i r t I tiIlt i wo !;W, - Iii. erjy, I ert ll ', anti jw .r 
t o I.l,: Z..7= ;ax 1- (1-,)) . D1t.1Iint II , X as; I he, growl It 
rt., ill r r,, _. 

I
,; r.l' l rol 1, flarmelq 1" d ,volopln)g r~until In, "mpl rplaLlwelim-- anld ;r tithe wt 	 Mo,)L 

n g r 	 "iI' tire, v (.Z - ax) /I Iy tmwi I I llI ;l III ;I lom, I energ.y Il ri-L yI-a. 	 tlm I IIu in 

forod, rt I l . I , - .1, countI. riIi,; I Ii+r , hasibeen I rt

i ll L ltn t ioardlit, ii;i, of maLrh i iltr, tor rido 
I it hr' o; I I I Ier y I It and v t u f h hr!trtrLhs 

,,klltr I 'TII(- I It I.hher rc- 4,xc' u- it rWI,. i1 . . airri ra I V Iin L lit e pII ir.u ti hehiiii I. I ( w iv.- it, r
l I 11,, d+,-vo I, )III It, ,,olliltI r[ o ot Llit( . wt ~gy ; ri ,rwt I Ih i. I t II)It, Iorc 11 II I . maji II i tI t W d 
,l l lt. [III- I iw hIc l .orll I .[tilI.t(I /v ii (IllIy ;i. f rt ie1 - oo l ant,;h , abovi, - 1z tl~l ;In'Impprr[t 

,r, i . ,i,., , d l. rI h cih hv, a i.!or part ti-rWii 	II rtii output pt owth in it-he 19/0-;. l inergy 

h i in n.rihe lll',d k" he iim 

1ii I,tit i . I ,rhu- I I l iu, rr I n onirts-l 

Ind th,, ir , II 'it th Itiii - l I.r mor al yi I+urvAlly t 	 rl ow, iL).tai 
I,,.r lI 'll , l l I ,hr . .Ill . w . , 'r t , In h ,	 ti-

lI 	 1 1, i - i l it , ti1ir )i t cl r,, r Iv r m iri Iwi r,eLie risLsin of 

energyI. wil I dtiIri v(t i 1) f e rt I ze r pr re '"lh s I s~ru-wIa -'- t 	 ;~ r , urIlia I '-t Wofrude,)I Ii c -~ Io it in s It I I urI (nIiil pisi aN I iinn, i Ik, tar nertell 

i.t... 	 i t gi I ini.iha d i l h.Il it,rw a t.-eburned at ie we I 

it a 	 ti i i showed 1head(. Th u-,weilted,,,r I e,. urha a r,, pril-h , I ;cc .,, r - I- 'linhl ir t1- -	 hy I I of 

WorId Rank tit tha t lk vhe pro:t ils 

nk ) IL o r in c re as 
I Ii i - t I v - l(, 

i i TII 	 , t t , "w d-,t , ilt II w i It I Is p u i v prv id , 1erCt n l 'a Lun atl oti , Wo rI ( ,a 


Viiil1I1it{liii- c lii.1.iliSw - litiilei bet'ilimorealW IltwniulyIiIii Iii- raiiirIfuturI nIild r iiiliIp n ots iti 
 Lha rnla nds 	 mu rh :up olotyist.h - he' IriIm-ii f irti , s Miiti1 yy lrcet ' , no rcela 	 a e vrII,-e0LiiI ;a1.- I i t t i ll l it il-	 gr1[ wthI,qliundr; 

o 	 A p I, r iIi- ' t II . I t' I I i [lpti I a t i o n l to r s rer d ei" .g IrI tit i t io n opI e r e 

hno I ,r t II I z r p rhIcmI, iaI I- .r v;Is e mo r e 
tr . i i t i i e ' or t i t i . . i i .- itl "h tI t o r h avi n LIt c s 

1 r)h-,)) 1 i s ,-i 1,; 1 ,r 1 ,'4h lpr ,,d o , t fv ,. .a r i c u I u r A I r ap id ly t ha"i p~r oe c t e .< 

tit,,ti -li,;, -i t -	 , riI,. - hIlic r. I eml It v s l ear that N i-.t I zk r wi II hIve mo e an ilm
so'lit 	 plr, I ta "i.- , l t ! ; Ir ,,t ,e i p)ort nt lr fuaphi to (u eyntof tur,.e r ie tutput growth, and
 

I'(., I t v.l I I 1)I. 1 ' t t Ii I - - IIpI[a)11,y s
i . y lot re sed I tL I Ir en V ihat be 	 incan ichieved 
lii! \-'J~. ' ithii ,pheiis ---1l~t iv ;hu< - iii It Ionetif'"4iret + i{ andwill t lPon l epr "oduc
"ic ,; I I i - '-li ivo hr,fllpruiwulu If " 1. ll v s to eIxt+,endhe imptrtr ete (whichlt r~lItsausm
' ,I -'t i ,'- lia I ,lIit ex I. l, , , alI a',t he	 o ott.iIt a I ht it I n 

1 can11 

k I ,.d t h, , thI t- wil addh lic av l ahl	 i lI I 
s l p pit , 	 i tr 

, 
I a nd . W a t e r 

rates Liii-on".i(;r ~i"I otal lniu force, Is L it~iCont rol of watr thraidh rratlon ha provided a
rlIc, I Ind I , . ,.'lt h1 , -I , t it ri.- rowtr IOfmajor so of rice, output ti e past%urce growthi Iver 

r i-i. 1 Im ofig -ah [r-i n p.ii t, veral denades. Irrigation - nd drainage Improve
(Ilhut ,,mr p -,lt be rowlt- -li77- vlthiu i- tu; yli)e d.; and extend h9 ricewh00h 77reai20lprodhc

tliWLn r'n be su.allned. The mern rice t3.1,nolo.y
towieP, "r, jn . 'i h , . , 1 * ,, I ce , 	 - developed over tht pa'st 15 year;s Is more produ'"all I,, -,:i f l n 11 1 lt ;liw11 ot o sc tive In Lhe dry ,svamcn wi th irrigatLon th;an in the 

sln Ip-ui I,Clitl 	 n;tliit i i,. 6i pply 2 3.lt5WeLth. ] Iir .,ng i,,.v iiit~tnt-a ,lai..l r fiorceIHc rria, In Ii7r- s49on 	 with raInfalI. Irrigatlio has been
IIsdentfld as a major stnurn, eW tutt growth inl. i ' , l ,) t Ihcro n ",il. 1 v i:. a 1 ab.d Ir YUt I ld ie production (Colombo el: a 1 197Mg). 

Xla~,. (;ro{wth rates,- of th. Itota;l laibor force,, itH nlon i';il cultural portlion, anld the' result ih; .'esidlual rate 
ofi vrl+owth inl thi' agricultural labor ftorutv, As';ia, l1970-2000. 

,S i;t r' 	 -u[ ]FI -b o r { o ''_r o tnJ n a g,r J c Itu ra l l-o r r-tva n (ona gr i c -l r utr a g r i c u l t u ra l f o r c e 

Tlti i and 2. " I2. 3 3.5 23 0. 94 
Pa'ki S LAll.114 3..) 4. 5 2 	 0 .861.67 -1 )7 - 1 3.711-7 297/ 	 1.47200
'hili, 	plnot o2.1 3.5 ; 	 2. 
 49 	 .74
B l':' ,dvs,:I, ?-. 1 2: 7 6.3 22 	 1 .68 

1l.9
Btw ma 1.4 	 3.8 45 1.46 
IndI ,,I. 1.( 3.1 27 1 .46 
1ndon.,S 0. 2.-l1 3.3 40 0.:47 
t I ai'. K,3 . h 3. 0 4.8 56 0. 71. 
Kort' ,, R'-tublit, of 2.9 1l. 1 5 .14 55 -2.38 

'T i,.it 1 .9 1. 6 4.4 66 -3.84 
iiitpti 1.3 0.f; 2.4 86 -9.03 

a;rowth rtt in uram populait ion stei ant a proxy. Ca]culated from data in IBRD (197q). 
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The data showing sourtes if output growth do not 
fully reveal the to f dry sem n vitd dd that 

;em to have contributed significantlv to the ave-

( I ),. 5 . TI ILe s.tiflC Is t t'--' it t lit-. IlIi I Ippi ites 

(Fig. Ii). In B(anigIadiesht anti easteirn Tnia, t.he dtry 

s eaisoi10tcr rduvdn si gni t n tty Iii lir yiei lds 

i ii-sca-on archtha ll m'Ina t ;- . Rse ill it' 

SAMIC I' At TRI 4 tciu oher researr'iinl I tg. Mati 
tait ios; d seas;,ry onera ly higther 

(I . ha) y. l ri clti onsl -, en I)t, p oinded, t hrt y,1y 

tilel s u t t tlilwa t r ol I ts t Lo e in eutllvrt likeI.ytateri, or pum p RLhat wahti~ hqmi deepth-r~ sou Ilre lot 
(ii till . l l lst I t I It-; ta o Lo 1i reas jig ricetIl ,rt. 

e ur tllLy 1 , 1teXt ro V TIhel i nelilt l' 'il 

1 ;nS'llrtio lif river div,,i or gii stir-high 

;I g' systLems t ittt tit If l ' .iv a it I, it 'oIi vet the 

we I o ul t ivnr el t I- e,-k s. Co 1L, I i lit 01 rlt 1r 

gat' 5Vl:i; s isis 1l hl i t1t . Ilt tat 

take, tit, fo ofil rol1t Irs (wlii il I cois nlic lrge 

til ts o I fil e I ) Lt s tS, gle in Iav'ip i,'ti rvce 

tihat IS Waiisi ' ll itd 1(volt 115 ilIg t-rrlk', an1 lOthler 

anergv-1t Ittoit l I 111s. t i Pll,' n wi t i,' Io it ', 

vetyance SyseMS ire i ikew so energy Irtnls iNt. 

r 
-ots-40)--,, t-I.-- -u ripen
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Fig. f). Rice yid on irrigated and rainfed farms, 

Pil Iippintes, 1960-6I to 197H-79. 

A sttdy of 0 irrigation systms in tiit' PiipIll

1, ti Uttrlistett the cost strULtre of gravt tY and 
:! 9iiti 

muc Iniltsystems (la 9).e vs Imet111 slir thaneiiiii 
we Iy1 1Imp , rat io Of lot L t il-iil1itLit( 11111 

ruf't Io111Wa . VS-In tittI r CoinStr M si tar, fT IMIl L 
lo studyillpir systemsrl iis , xenhne ato thre ivep
 
teits, i e t el an r igtid lnve ris ofi o
ih lll,g 

fir otpertations v t,, 21J t m wistilt'h 1111 gy/iiatillSpt 
gttav I ty sys I;ins . I1 r t t ens (if 1 t rat ito I , 

when cotilit t on' 11(l ts iannualt Ir' tt Lv l ias IX pl15 I vt'e 

as gray I t5 s tt e-' 5 , .1ti l deep wieI I llumps t wity ;la 
ex__- ive sh l I 9). p;ttft surps.IyVtems 
Ift or p ;ti ,. . -- -lp t,) i . nt g tht )/hi o1(LaI up n s.t 

In haii study of IirII t g;,t 11It 5 t tells ill Malaiysia,The Imvit s' o tt ureTh ir o Increase's onf ilriation , 
lio , 

We I as p e tilt It r lt il tI iail cos(' t , of iu imp 

Taylor (19M2) found that theit'rllistt'ts [h11 t is 

lt tO 
;llbou e m, r ( I(4, -;hored 

SYSIL'S WaSyigllr tian ha gwriv I tL ynSSt(Ills , 
b1r-ah iV 't ll(l t si t - bu s l ly

lla t hi dit 1 i'en w oit; stila ler t it t osy itiiug ft 


ii ' o9 . He ilt i ; its Ls I0ntilr'
lntabl dlilt Ih1L. L r 

rusits i tll't'.151 15(1/ btetweent 1978 Iiti 1985. 15111550 

l t 1e(1;ikt ' t niyit i(, I tIll (11 ) it r ri1) 1 wII I I il-

I es ahrt lby,{(IIIo 'f t,th dxpnso ittiIb; dt ~ g'ovest)ste ps ivei s hilt ltwhis tiit s annua If I r 
wit oi I [ t itr i llilin ist llstudy inc realielit 

annet o
T~meits, fm i ll u e r ,, l{ri¢ Irrigat o (lg o igher

ll forl rice, product im on.r c s wi l Ill wi ,io int [ i 1)5 li/ f t t ill'c ' I i t of . a / I h 

1950 ,' 1965-619sy Ims75 i 9BO-81 C te ftinlrs wl I I h nittiit al iityuch 1,1st s.S.rih 61 iit y, 
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SYSTEMS APPROPRIATE TO LIKELY FUTURE CONSTRAINTS 

Population and :grIcultutll labor force will con-
tinue to grow in most Asian countries. Energy 
costs will continue to rise. Land will not become 
,more plentiful. 

Some implications of these likely changes may be 
drawn by considering the key functions in rice 
production (Fig. 7). It is obviously essential 
that the crop be established, that It grow, and 
that it be harvested. Farmers do crop establish-
meat and harvest, and seek to control fertility, 
wateri, weeds, and- insects- or diseases. The' sun 
provides the energy to make the plant system func-
tion. Certain activities contribute to several 
functions. Regardless of the future course of 
events, these functions will have to continue to 
be performed if rice is to be produced. 

There are alternative ways in which these various 
functions can bc performed. Examination of data on 
costs and labor used for rice production in 3 
countries shows that human labor Inputs range from 
87 days/ha in the Plilippines to 278 days/ha In 
Bangladesh (Table 10). Animal labor is much higher 
in Bangladesh than in tie Philippines. Machinery 
is used for land preparation and postharvest oper
ations in Central Luzon, but not in Bangladesh. 
Fertility control is obtained by chemical fertili
zer In Central Luzon, but animal manures are used 
in Bangladesh. inputs of chemical fertilizer, 
measured in kg of rough rice 2 /ha, are highest in 
Malaysia. Inputs for water control are also high-
est there. Farmers studied In the Philippines and 
Malaysia used about the same amount of capital for 
Insect control, about three r imes as much as in 
Bangladesh. 


Two generalizations can be derived from these 
data: 

L.Land preparation, fertility control, and water 
control are tiLe three largest users of inputs 
in all systems. 

is 	 net1 used in land preparation2. 	Where machinery 
and harvesting, a large amount of human and 
animal labor is used. This is explained in 
part )y the relative factor prices -- labor is 
relatively inexpensive in Bargladesm and rela-
Lively expensive in the Philippines. 

2/No adequate direct intercountry comnparisons of 
capital use is possible because each country uses 
different nor rency and their exchange rp tes are 
set by government policies. Tile solut:ion i(cpted 
here is to express input use in terms ot kg of 
rough rice equivalent per hectare by dividing the 
monetary value by the rough rice price. This mea
sure also reflects government policies on those 
rice prices, but it Is directly comparable anross 
countr los. 


One 	 cannot, however, claim that any of the systems 
uses. significanly lower levels of total "inputs 
than any other system. Indeed, the Philippine and 
Bangladesh sytems seem to Illustrate two extremes 
of conventional technology. One uses low energy 
and high human tLime and the other higher energy 
and low humain time. A true alternative would use 
less of both energy and time to produce the same 
output. 

Clearly, finding such an alternate technology is 
not 	 a simple or obvious process of combining avhi
lable resources In a slightly different pattern 
than 'now used.-The- future will bring radically, 
higher costs for energy-intensive inputs, and I 
believe radically new systems of rice production 
must be developed to reduce the use of such in
puts. Such systems will be developed only if there 

f imaginative thinking about all the functions 
Involved in production,-- they will not result by 
experimenting with slight modifications of exist
ing 	 systems. There is need to examine andi under
stand why each operation is carried out, and then 
devise alternative ways to achieve the same re
sult, as opposed to modified ways to execute a 
current operation. 

Land preparation 

The activities involved in land preparation absorb 
a major part of the labor and power (energy) in
puts used in production. Land preparation provides 
a suitable transplanting medium, promotes the de
composition of organic matter, promotes water con
servation through minimizing percolation, and 
helps control weeds. Are there viable alternatives 
Lu the land pruparatLion methods now in widespread 
use? Can rice be established with zero tillage? If 
so, what alternatives to control weeds are availa
ble? Many countries have nad experience with di
rect seeding of rice, hut this has been done 
largely on puddled soil -- a practice that saves 
little of thc inputs required for conventional 
crop establishment. Radically new systems are 
needed to reduce the level of inputs for this 
operat ion.
 

Water control 

Even with current energy prices water control ab
sorbs a large share of costs. As researchers seek 
ways to productively utilize land during tie dry 
season the high cost of water will become an in
creasing constraint. In current systems, water 
serves three functions -- it aids in land prepa
ration, it helps control weeds, and it helps rice 
plants grow weli and produce high and stable 
yields. Tv what extent tan other inputs be substi
tuted for water? Can we develop rices that will 
give high yields under less than saturated soil 
moisture conditions? How much water ani cost will 
be saved if rice fields are alowed to dry out 
during the cropping season? 

Evidence from the 1974, 1975, 1976, and 1977 
International Upland Rice Yield Nursery shows that 
drought-resistant rices can, Indeed, be developed. 
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Tab Itu 9. Investment and ape r'l ill ,ild maliot LLrrwt cos ( s at t r i btit a bt I Io lab r ;in( ('-rigYV for 3 t yp ;; of 
irrigat-iair it) I()sY:;LnCus in tit(e PihiI lppinw (Sqiource '1,,i tt alI 198(0) 

.; r il ii r,, M.t(.ri al 	 CI!;t (1S,.)/h1.i 

Itc lw , 	 ,vt.lh1;,d ,u,,r;v .11,ui1,,1li,,. I,,,,, . . ' r,:y l . . ti t -l 
(I1551)()1) (tisS ]1) (I "'00)I)) 

I lv .ilITt-l ('it5 , 

Gravity 	sy-ste_,ms (4) 191 .07 1)/ '9 .47 19)5 .87 337 87 533.74 
Stirl-rete rIll ;sv,,tenis (3) 81.21) 	 II/..... 78 9(1 418Sil'-/t!;."S ( )83.9 	 ,11 IIIT1)S 187 .87l 252.)1) .87.00{ 	 .M )34A 

I)ep wel I prirIrls (1) 101 .33 	 117.87 OV',. '7*187H.) 1523.33 

iAn.;LL iralti.onsand 	matii nt tn!,e 

Grav it , 	 'i1.87£ 0 . 53 2.) 0.1)0 3.47 7.47 
SUrI-i't,' i l ; items t1. 21.17 21.73 	 69.200 ' :1.4 0 47.47 

Deep w+ ll )rlrli.r 4.0) 10.80 1.07 25.47 75.33 100.80
 

AnritIta I i zt-l t a i c st /nt 	 -


Gr,v i L ,nv! ti.i 15.81 (. 51 23.7 1 16.27 24.93 41 .20
 
punp I(I. 38.53
Sr i'ce sys4vteirs 93 21.07 12.13 	 75.47 114.00( 

:)cepllwe. tllll)5 1 .00 10.8( 11 .87 70.40 144.4) 2,10.80I 	 12 

1r.rt irg ird mteOr i)s ;arrl nic;ichinery. Irlirclitled mider mat erinls and machinery. -)i reit labor inst plrs 

rt' of 	 n is trst . + in,t.d assumi ng 6Z interest , a r()l-ye;ir i F for Ilams, 30-year life for can;,!s, crd
 
IIv foripnllp antI wlgiilts.
 

TiIht 10. labor ;11n(1ca1pit.11 inputls ise, per uec tare iit rii' I)trl( in tihe Phililppines , and Bang-thc'iolm Malaysia, 

I ilt-;ht, 197),
 

LInampre- Crap Fert i I i ty 	 Weedl stir[estab- WItLr L Ilarvi.st: 
irI ent rt tn t tLh Lpa.ra., 1ili .ca t l i orn .lcont rol . _ rcr . pIQa 

-. a /
- 1 P 1pirizia I itie -Cen t I 

'avsl ,thor I(1 22 2 1) 6 2 26 
D<vs animals 6 1 (I 0 0 0 0 
Maci neY (kg roigh rice) 430 0 0I 41 0 (0 88 
(hemicals (kg rough rice) 0 0 262 0 25 61 0 
:;-ud (kg rough ri.ce) 0 83 r 0 0 0 0 

West Malaysia-/
 

Da's labor 	 16 55 3 10 20 5 80 
)a,'S ii) inn) I 5 :-	 4 0 0 0 0 0 0 

- /
M"i-h iler'. (ke rough rice) 251 0 0 313L 0 0 0 
t;hernicakI 	 s (ki, rough rice) f) 0 330 0 0 54 0 
Steed (kg rough rice) 0 46 0 0 0 0 0 

/
Bangl adeshicI

l hor 	 52 76 10 2 62 2 74 
-
;in I 	s 44 0 17 0 C 0 0 

Mac IItlcrv (kg rngbh ric,) 0 0 0 47 0 0 0 
Cleiucil (kg notln,h rice) 0 0 59 0 0 1) 0 
Serud (ki, rl inh rice) 0 48 0 () 0 0 0 

alirI-'C InR;1(19 wet seasino loop survey. -Alourct, TayIor (1982). E4ttributed 8014 of land preparat ior ca; st 
to ma. hinery. A?/ of const rurction cotist plus operatinn and rainti-ance. O:-oirc'fs Bangladesh Ministrv al Agri
ctili. anii Research Unit (1980). fkbalire of animal mnitirres converted nt v-tI icaul.r;ts, Agro-ecoromic to equiva Ill 
af worrkdays, 

http:Ilarvi.st
http:ca1pit.11
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Fig. 7. Key functions in rice production. 


.4iin yields of rices in tho!oc trials are plotted 

agalist the moisture Index ( I ) or the long-termm


aIverage r;iinfal I of e;-;,h site, a clear pintterr 

elergees (Fig. 8). The average yields of al1 0'1-

t us (Y) is; positively relaLed Lo miiniir' avail-

01b 11LV, ais would he expected. The yilelt of- the 
I 1 01i 'k ( i.C)i1, a i1115 t 1U1nrelat t LI 1 tllre 

strss, I.e. ilo:il checks are highly sLeiii Where 


thbre Is lluglit. The yield of Lhe two ii h,st. 

yielding varieLties (y) at each sit e respllldS po-

,ilively to Mided water, hut ii s onl pe rforms tlie 

Io ,r i I tlt'.k 1 of ;i I I ('e Is lt MO1ist ire , deton-

stra tLI thiit bet tier PtrIcirming ric1e,; ran hi de-

v, 110d or drouglhty areas ((I'I1o11 intldNIverlo, 
ung hbI.). 

R, cir Il tilt irip;Wct of dr"OighL it the time of 

ifocw1'.iq provides ('onvincing evidelnce of the in-

PA, t :;i(l' waLer stress has at that time (Cruz eL 

i 1 81 It. (;M en tillha t ' ,ll;st eOonoi'ciiilv effi-

Aclt uli, of wlter oi rice is lit the time of flow

,riy, Whe.rte is a pr-emiium Lt ,bi I ofn t iLy lrea roups 

,I falrmill%s To orga;nizet7 heir ric'e fieldi; so thalt 


ii tne li Id> served by a sil e irrigal oll 


LiiiIl ' it'low a tIn'. re-
I r d withini siort Ths, 

searcih Ike t g Inlglll' cLed IRRI'slIlt i'hat d b Irri-

,itirn k'itcr Ma-ilgi. t )epartment Io tell 115 how 

i" ef ii' ntl' ' l itn ze farmeinrs and the techniques 

that 'ian h' lSeidh to get iOM Lorgize themselves 

should h ve iilply-off (IRRI 1980h). 

WOe d 17()L ro I 

[llpuL 4cos1I.1da4taiSem'lriLII indi iti LhaL relatively 

few loipi iri' used lIn weed ronLrol. However, when 

liiiereo izlZes Lhiti a 1t lir flitllr[(11(If boti land 

pr'paraLt l ili d witer Is tll coiLrol weed; itlbe-
comes ippirnillt that i lirge frict Ion of total re-
soulrces lIre uL d for this r1llrise. 


Can lower-cuj.L, more AfeleLive weed onLrol sys-

tents le develop d? Spt{p0S1 '! i'm ital wee0iiid on. roi 

techliques Lhat would redhic ti. use of energy for 


IrrIgaLi on by hillf 'an he devel oped. Suppoise fur
ther tIlit Ow cost s of wlter ItdlWeed'ilcontrol che

Ilihli'i will I ni lie titiur, mo're, lillv rtflect their 

tOenerg Iop illist rit s is' result of. 'f;i IleI11 It 
':soi m - w1 [, ndll ' o n I I y e non h a I I h i r 1a 

y 5l~t'IT- i - 'Ill -' i illl i i hed by' ko p I lg 

'-standing water in w tland ric i d The energyeI s. 
iii ,isc ;- li ioi 0415 I51 i s .ihou ti -i muc I 

L'ire. Th., n). i1 proble k-1I Lhc, developnment of a 
we e d1 .- cm (Ie hi;o I ILrI y V,t tI (I i I i t' Lo i I i it1' tleweedi 1111t ri I sow t<,1 deqiiate to dieal with the 

weeds liu Liii Iih c. (.'of s Land i ng Watr. 'I'siis a 
irir :I I1i'i tl r te. . no d v' I open Llil ogy 

Fort ii Lv contIlI 

FertiiI '.I r "M iiiks '.lp a large fract Ion ofy: 1 
current rit' ilidut ion csly *It Is the one inputL 

that cal hi'ea Vs ill rtased throlllh di ret. policy 

action, iltd rates 0 lert l[i;er appI 1cat ion in 

m lts ric,, proi'- I ii;,con1il rios are sti I far below 

Liie maxihii plrof tahio levI that might be 
ahiet'ved wi tit var i(11"implclven,e 11Ls l ,iilgeme11t. 

(ill ilt otlher h1,nd, the price ot icrtilizer is 

Iikely L'o inc''rease ripid ly In the tuLure. 

Wit i p t .l11111 considt, rable t tion ofrt'-eli its a frhio 

the torLilier appld to Mi eI s lost and not 

uy d by tle' ric'e plant. Tlhe, prl dloctlvity of ferti

lizer, OSlwviill Iir11., -''il he imroved by proper 
illaell-ien'ltHu11d timing ot aplpli'-ations within con-

VontL 1011.11 piddlII'd yo I S'SteTlnS hiL p,'-it.lcal me-

L t4011s t I a,-,' Ih' ; * teI r t lr'hitlath tie sail 

sur ,ire siLiII must i edue,, loped. W1h;at wo1ll) happen 

to ft rt il i Irir' d, t ivi 1 n' 11 lnloipuddled Irrigated 

ric ? Would in orllI r;it Ion of topdressed fertilizer
 

Iimprove I Is ' t h II i ;a s's tn?
'11u11 I i nopldd led 

Dto falIt' rs a411pply heir fir t.I hz r Lta ili ttr date
 

thin ;.grurtniisty KlI Ieve is upt imaI beciuse of 

their di'sirei L" sIow weed gt'IwLh? 

Resoar!-h -)ilatterliL iS to ordinary pril led 
has beenl gu inll (,it i!l" suillt Lim,,( organizePd unider 

liRt' s MITiviry o of.4(lu htL
tLt INSF"';l n k. A l , r-sul t s 

the first. 3 ylir';' data from tit w ck IlindiciiLes 
, 


that illillltl Lihri'i Iis some
l11' u i Ii thit snilfuir

c.'Oated ulrol or lr'e Ihilp l'ral'lilllll'5 i i inli-rease 

fert ill/er ill irill'4y, tht ,'c in gailt viia iiliLv 

In tLe restlt 4, Nirit ularIv in Li wetL se.'astln 

Monr, ma tich n tiiW ' 

SIonls In h .I tI I ire. wo'L hwhii e 

(TiIble 12). 5i'l il idnt1 1A i itua

whi lnalt r ia : , ,ilId 

o1 LIt-. tor cvid tyreoisis ohs il' viri ahi II Is 

needed.
 

AlL\erriLive hlliiogiv.il solures o1 nitro enlil,iid 

other plant nuLrililts shouild he i11vest igiLi'wd swith 

the recogniLilon that only tnder except1lonal11 e ndi

ltIons do As5' ;'sr-ive7,fallers have ' cin olt slindi g 

water IQi th~ir iields thri,,ihllilt tie iea5sun. It 
lust ailsi bt: r Io ilized l haL 1n(;L rice' I il ds (ry 

ou1[1 171ili11I e'1,i K17Lli' -; once a siiS(ll. Can"t l eglgmes 

provdllh in apprtI abiile amolln if f ixed nit roge'ii in 

sicuh fields? llow '7114 sulc1h ontLri 1tfulns ho maxi

mlized? 

http:hlliiogiv.il
http:ifocw1'.iq
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Fig. 8. Re I at i nalh i of yie'Idof I nterna t i ona Up land It I.', Y i c id Nursery (I IRYN) en tr ies 
1974, 1975, l)970, and 11)77 amd Ihornthwa ite moi sturr, j'(Ilx (Carter ;id Mathers 196(0) and 
long-term rinirifall (Tiorithwa it e A!0,soci;it-s 1)03) for 'rowinlg ';i-il l e;i [It'.the aO(} 
Y = wai vi'ld o aII varioti(.'s (n -225) at a site. ' = meanI rf two higlilsl-vio lding. 
viarlt, IL'!; ;It ;I I i A;l iiCe k l W; I1v ad;lted V;ar-icLy grown with sint' ;Iigroi i (' 

pratt i(t,!;at IiRYN iiirain; (Ol"1 ' and Novero, inpuhl is:it,d). 

'lah)e I I . Calculatd oII'rer(v tradI-iOf bliltwil-l watoI 

and oIrbicidI'; illwit lauid rice product ion ( io('ffi

ci'nts from k-:lt ihr aid luff). 

Pr sltii I'o';s il )1 
Freri tion 

response of suilftir-coat od nr,,a (SCU) and urea .uper

grantle (USG) relat ive t l pr i IIl-d irta . two N rates, 
by se'ason , ii INSFIR tr iaIs, I 75-79. 

Wat er pumped (m3)al 3000 1500 

.I nae 12. ietiiyCV di tr-libl of diffel'intial 

Flil for pumping (Ii ter;) 150 75 .... .. .. . ...... ... .......
 
Hland wet'li ig 1.0 Yi 1'01a- ) ( -(days) * old _.C;tslm. FLreujewnv )f ases 

lherbi(id, (kq.g a.i.) 1 5 Liwr to !,ow N MIliminn N low N Mhd i u N 
Ihl'bic ide app) irat io~n (ni.) l prild I-;]t v ra ti raLte . raL 

p MCII 'SC SC I SC)!14; sG tIIs G USC 

Enerit, ei~Wet 'son.iIs_ (I_- -9-[ 

Fuel tel'ory 565- J x 106 2827 J 10e2 

Energy emihodjod in pump 941 J x 1) 6 470 J .D0 Bett, I 1 1 '3 27 t1 23 41 30 
r I , 6 No diffm'ni:o 1.' 9 52 61 71) 76 57 67

Enorgy i'mhmditd in 1,er- 110 2 x 101 55( .3 0 Wosttt3hi d'Worsl' 2 1 2 "1 22 11 2 3biAid  0 0 
Io tal fos sil 7 05.1x I10 38 47 ,1x 1 0v s (t~ry seasLons (in 4 5) 

B/etter ilt II 20 10 /42 24 45 36 
or-ooki et I (1i)7) )th;ow 2,.(0ll-0, 0 tit 1/ha por No di fft-,rut 24 31 21 28 53 69 53 07 

cr IP;I;td t'iI 11)1 lll l-, I t Ii. I a I; at 1ao!; a s ; Wor;e 2 3 t I 5 7 2 ' 

17 mt wa 'tv pump, d / I I' o tf ul) . K1I ;nith'r 
Duff (1979) dwhiiw m ich Iowolr I1,v,,,,I fItI] 1 lldpt'r 
herttCa I'i . Thi t;,1 I I; - 'a ,II i it , I i I , t - 1 -ve I . Source : Dll;t ta ;IM d ComeZ (1981). 
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Insect ;and disease control 	 Machinery and land intensification 

Researchers concerned with Insect and disease con- In light of tlie likely Increase Iinthe labor-land 
rol may li.ve ani:dvantage over those concerned rat io, It sOems that. technologies to more effec

with other problems because there is a gr'_at di- tively utilize nore labor per hectare would have 
verstLv of methodsi to control these pests. Cheml- an advantage In most deve lopi ng As Ian cnuntrles. 
cal coitrol , whlicl requires high energy Inptits, is Such technologies may be grouped In two classes: 
only olc opt ion. In tog rat 'd post cont rol , wh iclh 
lises blalo;cp,. oliarvat ion of natural enemies, * those that Ise mote labor by Intensifying its 
hosL rcslIstaice, ctiltural control, and other inns- use with existing cropping patterns; and 
vations; has i i:h promiso. St:Ill, 'he research Job 
needed to dt'sl ,g optimal I nsect pest nanagtment * those that absorb more labor by Increasing 
st rateplIs is the of grown year.l;mmen!e. 	 number crop; per 

Consider thl' [s it,eof s ynchron i 7ed1plant Iig, a One seems to be faced with the di lemma that cer
c ornerstone of almost any prescription for Insect 
control. Ii n experiment comparfnip weekly plant- tar farm maclinery may be needed to increase thelo,, af r le gr own withou laIInect c ides to the c2reps grown per year hout at tie same t Inclit may
ri haricegrvest o rc tI cdea year tile reduce the labor used per crop. Research can helpg r o w i n g a n d h a r v e s t i n g odiiif r ic e ye a r t iheI if yy whilch ofe fectf t c r a t p s of machim c l netye yli~ 4ideot t w ic e a , d n i W ch ccerLa inn typtes of 

colit inLOllS' p1 alnt up 55y,,telii 1hd n10 greater insectc~oitriios lattn,,svtmadno ,ratr nsctactually have. For example, in Central Luzon, 
problem than the conventional field (Fi . 9). The Ic t I I> he. fu1 xi Ic, In en a increone

cl~ it a n a to n s ~ iilm l I g ie v' o l pp ttn c r io i t I ncr e a s edc t ;i s t h d i s th e s, p p i nog I nt e n si le s: have 

aturalI eneiroies that staemtly 
 kept tilInsects considerably over tie past 15 years. The use of 
ini cecik (IeRI th9at). tractors for land preparation 	 has also Increased,whereas the rise of threshers has fluctuated. Exam

ination of the data In Table 13 shows that tile use 
There are iloy unanswered qtustions In tile pest of tratctors is posI t ive ly associated with in
(:olLtrol area. Why iio farmers, even those In ad- c reased Iiti11d 5is(intensity wlere;ts the Ilse of 
vancetd areas, cons Istetly underapply Ilniecticideq thresher.; i negatively associated with increased 
-- fii terins of recommended levels of active Ingre- Intensitv. The iSt' of tIreFhers has Increased 
di ents per hectare -- (Marctano et at 1981)? Would rapidly II certain plac,s In Iloilo where double-

Lh ' t tt 'ravs hi pt-it Ical? croppln of rice has alaso increased. ResearchUltra Ow-volini in 

Are Irsiut' ld s ri:l;onihl, and practl ;l fo rI se the are;i !;howS, however, that 63% o' tile rainfed 

by most A,;in firm,-r;? Woiild sy;tei 1 that ml inize farms wi th threshers (lid not Increase their crop
stind op witer in rie I litdo enourig hr dils- ping Intensi ty after adopting thrt shers. In ad
:,siripi' the buildi it is-iLt:; aid dlPtlISeaS? What. ditiion, fa'rmers with threshers and two crops/year 
i!! the t litUri' fin- 1priiuit s dove Ioptd from botilnl c- had more than a week longer turnariund time than 
it oilurll' ;? Whit kinds , imlnlll tor lig arnd siles farmer,; whi ised craditional threshing techniques 

.v ;temo art, pract[itm lt for siich pi dlut-s? (Jiart-z i' idl tlff 1980). 

Table 13. Chi-square test of independence between frequency of double-cropping, methond of threshing, and 
method of land preparation, farms in IRRI's Central Lu70on loolp survev for 1966, 1970, 1974, and 1977. 

Observed % of farms in each cateory and chi-square statistics 
1966 1970 1974 1979 

Technology 	 Single Double- Single Double- Single Double- Single Double

cropped cropped cropfeL_ro (pe ropped ci-Oplped cropped cropped 

Threshing method 

i;anial ( ) 7 16 12 18 26 24 12 37 
Ma-thint ()_ 75 2 67 3 38 12 39 12 
Chi .qta ro h/ 53.8** 39.2** 6.2* 27.0* 

Land preparation power
 

Atiimal (1 ) 75 12 47 1-8 40 1.2 24 9 
Tractor (7) 7 7 32 3 24 24 23 43 

s
Chi-square 	 9.4** 2 .9 ns 3.7 27.4** 

Tt/ireshi gF method for first crop. -b-**Thehypothe,:is that the two factors are distributed independently 
is rejected at tile .01 level; * at the .05 level. 
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Some machi can used do that l lvelop clolipolnlt technologie.s for a )rolad 

not Otherwlse he done -- for ex imple the(. s;Impl, range of radically diffrerit systems Of 

LITA rotary punch pl anter appears to he adhptid t a prodlucon. 

d r eCt ;, edi ng of gra in leg nits ol lowintg rice 

larvest WitlOuL 1.110 iitel for I and preparat I on[I. * Evai1u11e techlogies much more withi n ll t-

Smi I I wind-powe red I rr igaLi (n piiimiis that ! I I factor experimnita l designs -- e.g. tilig;ie 

proviellt, lnei Ir two Siipplileitial I rr Iglt.lolns to vs herhicides vs w;iteor vs weding -no variety. 

drylaod cropsi Iollow Ig rice lire anlher example 

of noiliiihor-lispl;ielolg malhinery that reqluires a Recognize that, for Mo1(st ieveIlopinog Asian 

nore AdvvelopinenLtalI reseairc-h. couilntri'es, siibsti tes for land ire vi lilIv 

important, hut substiti.s for lair reslL 

inS a talraisfor of earninogs from one class to 

)nery he to tasks o 	 a 

anothir wit hout incre;isii lll ii).RICE RESEARCH M4)R TIlE 198 )s 

ii:t yive rive researclh for the 198(s will have to e Develop w;iays to uinilderst and hie soc i i svstemLns 
fa il) to Lte re itile; of- ;I world where energ~y that control thie i all oiati on of water t and 

is ilh more ixpeosive than In tho past. The sLra- affect the poso hi. i it it's for svinuiironi;d 

whIlch wiirked In the rico plroulllction. 
1900s.< anld 1910sl, ,i 1 lt dilticl l t the 198 0S. 
tLgy fertilize and irrigate, 

Irrg;itlil aind fertilizer will cotl inue to he Im

plrlant fill 1i-ds, resiarili wl 11 coiitlyil ell hii 
tbute to farml andc na!tionail welfaire Inl a way aplpro- 41EFERE'NCi.S C;I'TED1 

1r1iilte fir it' litlMro It It seeks toi: 

+ 	 Alamgir, M. and 1973. Cross-seot louli, L 1erllge. 
" Ih'vo'lo l Illoio t I' i ctol ',,1.iv t, "so' ir'liga;- anl ni nql of' foo~dgrailn detriand tII ;I low-inrome* II' Ii 'p;i1. , i~ I~l i ] i' ,ri i '~ l II.. fHi ll'! fh y s if ndriI o a d n a 11- om 

1,1 -ir .io 1rt I r to labIiv farmers eoconony: the case of h ngin dla i.esh, BaingIladleshion 
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